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The chemistry of macrolide antibiotics (especially erythromycin I) has developed par-
ticularly intemsively in recent years with the object of improving their antibacterial,
pharmacological, and physicochemical properties and of solving several important problems
in molecular biology [1].

There are few data in the literature on the furan derivatives of I, although a lot of
work has been done on the transformation of this antibiotic. Several communications have
been devoted to the synthesis of erythromycin esters and to the description of their physi-
cochemical and biological properties [2-7]. 1In [6], among 20 new esters of I, its furoate
is mentioned, although the empirical formula of the latter and its carbon analysis data are
given erroneously.

The present work is devoted to the preparation and study of the properties of the 5-
nitrofuroate and furoate monoesters of erythromycin, since it is known that many compounds
containing nitrofuran groups have a broad activity spectrum, high acid stability, and re-
sistance to them develops slowly.

The acylation of I was carried out with the acid chlorides of 5-nitro-2-furan- and 2-
furancarboxylic acid, B-(5-nitro-2-furyl)acrylic acid, and B-(2-furyl)acrylic acid, in
acetone with a reactant ratio of 1:1 in the presence of a fivefold amount of sodium bicar-
bonate. This gave 65-85%7 yields of the practically pure reaction products II-V:
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Compounds II-V are optically active and are weaker bases (pKa 6.7-7.1) than the start-
ing erythromycin, the pKs of which is 8.6. They readily form water-soluble phosphates and
hydrochlorides (Table 1).

Acylation of I with the above carbonyl chlorides in the absence of sodium bicarbonate
leads to the formation of a precipitate which, according to chromatographic analysis data,
consists of a mixture of the hydrochloride of I, one of esters II-V, and its hydrochloride.

The UV spectra of compounds II-V confirm the presence of residues of the corresponding
furan~ and 5-nitrofurancarboxylic acids (see Fig. 1). 1In the IR spectra, the absorption
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bands in the 1735-1740, 1020-1180, and 1690 cm™ ' regions indicate that the lactone ring at
the erythronolide keto groups are retained [4, 8]. Since the ester carbonyl group also
absorbs at 1735 cm™', its presence can only be established by analyzing the relative inten-
sities of the corresponding bands. By means of PMR spectra we proved unequivocally that
acylation proceeded through the hydroxyl group of the desosamine function. The resonance
of the C} and especially the C} protons is shifted to low field compared with unsubsti-
tuted I. The huge paramagnetic shift in the absorption of the C} hydrogen atom (v 1.2ppm)
is particularly important; it can arise only when the hydroxyl at Ci is acylated (Table 2).
This is in good agreement with the literature data concerning the higher reactivity of the
hydroxyl group in the desosamine part of the antibiotic [4]. The ease with which esterifi-
cation takes place in this position is explained by the proximity of the N(CH;). group,
which acts as an intramolecular catalyst for O-acylation. It is known that the 2' esters
of erythromycin are readily absorbed when administered per os, giving high concentrations
in the blood serum. This is connected with two factors, viz., the increased lipophilicity
of the ester and its reduced basicity compared with I. To manifest biological activity

of this kind, the esters must be hydrolyzed to erythromycin in the organism [7]. If the
degree of hydrolysis of the 2' ester is low, the observed higher concentration of the ester
in the blood will be counteracted by the low concentration of the active base I.

As can be seen from Table 3, compounds II-V possess high activity against Staph. au-
reus, Strept. hemolyticus, C. diphtheriae, and B. anthracoides, and do not differ signif-
icantly from I in this respect. Only ester IV had a somewhat weaker action. Like the
starting compound I, the preparations studied showed only insignificant activity, of no
practical interest, against Gram-negative bacteria. Esters II and III had appreciable
activity against pathogenic fungi.

In a study of the chemotherapeutic effectiveness of compounds II-V in experiments on
infected mice, they displayed a less pronounced action than I. The activity of V does mnot
differ significantly from that of I against staphylococcal and pneumococcal infections, but
is considerably inferior against streptococcal sepsis. It should be noted that the toxicity
‘of compounds II, IV, and V (see Table 3), as determined by intraperitoneal administration to
white mice, is considerably lower than that of erythromycin.

Thus, except for a decrease in acute toxicity, we have found no advantages in compounds
II~V over I with respect to antimicrobial activity, either im vitro or im vivo. However,
the compounds studied are of theoretical interest as starting materials for the synthesis
of new preparations of this type for potential use as drugs.

EXPERIMENTAL

The starting material needed for the work, i.e., erythromycin A, was recrystallized
from chloroform; it was chromatographically pure and its physicochemical properties matched
the literature data [9]. The purity of the erythromycin esters was monitored by thin-layer
chromatography on Silufol using the butanol—water—acetone—ammonia (8:6:1:1) system (system
1) and the methylene chloride—benzene—methanol (16:2:3) system (system 2), and using "al-
dehyde—sulfuric acid" as developer. The IR spectra were recorded with a UR-20 spectropho-
tometer, and the UV spectra were recorded with a Specord spectrophotometer on 10 “ M al-
cohol solutions (I = 0.5 cm). The PMR spectra of compounds I-V were recorded with a
Perkin—FElmer R-12A instrument using 157 solutions in deuterochloroform and deuteroacetone,
with tetramethylsilane as internal standard. The basicity of esters II-V was measured po-
tentiometrically using a Seibold GVN potentiometer with glass and silver chloride elec-
trodes. Compounds II-V (0.5 mmole) were dissolved in 5 ml of dimethylformamide (DMF),
treated with 80 ml of 66% aqueous DMF, and titrated with 0.1 N hydrochloric acid.

3-Cladinosyl-5-[2'-0-(5-nitro-2-furoyl) ]desoaminylerythronolida A (II). Erythromycin

(2.00 g, 2.72 mmole) was dissolved in 25 ml of acetone prepurified by the method described
in [10]. The solution was treated with 1.01 g (12 mmole) of dry, finely divided sodium
bicarbonate, and a solution containing 0.48 g (2.72 mmole) of 5-nitro-2-furoyl chloride in

6 ml of acetone was added dropwise over 20-30 min while stirring (room temperature, protec-
tion from atmospheric moisture). Stirring was continued for 6-7 h, and the mixture left
overnight. The further treatment and isolation of the product were carried out as described
in [6], to give 2.08 g (88%) of a lightly colored crystalline powder, mp 182-186°. This was
dissolved in 40 ml of acetone, treated with OU-A carbon, and reprecipitated with water. The
product was dried under vacuum over phosphorus pentoxide to give 1.40 g of chromatographi~
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cally pure pale-yellow acicular crystals of monoester II, mp 197-196°. The compound had

a slightly bitter taste, was readily soluble in acetone, ether, and DMF, but sparingly solu-
ble in water and glycerol. IR spectrum (in nujol), cm™ ': 3450 (OH), 1735 (ester and lac-
tone CO), 1690 (CO of erythronolide keto group), 1350, 1540 (CNO;), 1020, 1060, 1080, 1115,
1135, 1170 (lactone C=0=C). UV spectrum in ethanol, Agax, nm (e): 213 (10,800), 293
(10,800); pKa 6.65 (in 66% aqueous DMF).

Phosphate of II. A vigorously stirred solution of 1.00 g (1.17 mmole) of II in 180 ml
of absolute ether was treated dropwise with 0.08 ml of 85% phosphoric acid in 60 ml of
ether, and refrigerated for 20 min. The precipitate was filtered off, carefully washed
with ether, and dried under vacuum over phosphorus pentoxide, to give 0.86 g (78%) of the
phosphate in the form of a white powder, mp 142-144° (decomp.), readily soluble in water
and acetone; [a] = —25.3° (c = 2, water). Found, %: N 2.83. C4zHes0; N3*HsPO,. Calcu-
lated, 7%: N 2. 89

Hydrochloride of II. A stirred solution of 0.61 g (0.7 mmole) of IT in 100 ml of ab-
solute ether was treated dropwise with a solution of 0.7 mmole of hydrogen chloride in
50 ml of ether. The precipitate was rapidly separated, carefully washed with ether, and
dried under vacuum over calcium chloride to give 0.47 g (73%) of the hydrochloride, mp
109-113° (decomp.). Found, %: C 55.54; H 7.64; N 3.04. C,2HeeO,sN,.HC1. Calculated, %:
C 55.47; H 7.65; N 3.08.

3-Cladinosyl-5-[2'-0- (5-nitro-2-furyl)acryloyl]desosaminylerythrnolide A (III), 3-
Cladinosyl-5-[2"'-0-(2-furyl)acryloylldesosaminylerythronolida A (I11),3-Cladinosyl-5-[2"~
0-(2-furoyl) ]desosaminylerythronolide A (V). These were prepared by reacting I with the
acid chlorides of B-(5-nitro-2-furyl)acrylic, B-(2-furyl)acrylic and 2-furancarboxylic
acid, and were isolated and purified under the conditions described for monoester I1. Es-
ter V was then recrystallized from anhydrous acetone.

The antibacterial activity <n vitro was studied by serial twofold dilution ina liquid
nutrient medium. Tests were carried out on 11 strains, including 4 types of Gram-positive
bacteria (Staphyloccceus, Streptococcus, B. anthracoides, and C. diphtheriae) and 5 types
of Gram-negative bacilli (&, coli, Salm. typhosa, B. dysenteriae, B. pyocyaneus, and P.
vulgaris). The fungistatic activity of the compounds was determined against two strains
of pathogenic fungi (Candida albicans 67/846 and Trichophyton gypseum 4/3) in a Saburo
nutrient medium. The experiments with the Streptococcus were carried out using a meat—
peptone broth containing 10% normal equine serum, and those with the other bacteria were
carried out using a Hottinger broth.

Generalized infection in mice weighing 18-20 g was induced by intraperitoneal injec~-
tion of the bacteria in a 0.25% agar solution. The challenge dose of "Zhaev' staphylococci
was 400 million microbial cells, and that of the hemolytic streptococcus was 295-350 million
microbial cells. Phenumococcal sepsis was produced by intraperitoneal injection of 0.5 ml
of a one-day culture grown on a 10% serum meat—peptone broth and diluted to 10™7 with
peptone water. 1In the case of the staphylococcal and streptococcal infections, the prepa-
rations were tested at a daily dose of 400 mg/kg or less, and in the case of pneumococcal
sepsis the daily dose was 200 mg/kg or less. The preparations were administered internally
twice a day for two days. The treatment commenced immediately after the challenge. The
chemotherapeutic effectiveness of the preparations was assessed from the surviving animals.
The mean therapeutic dose (TDso) was calculated by the method of Reed and Muench [11].
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