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Four hybrid antibiotics combining structural features of chloramphenicol (1a), sparsomycin (2b),
lincomycin (5¢), and puromycin (6d)—lincophenicol (1¢), chloramlincomycin (5a), sparsolincomycin
(5b), and sparsopuromycin (6b)—were synthesized. They were investigated as inhibitors of several
partial reactions of procaryotic and eucaryotic protein synthesis as well as potential antimicrobial
agents. Lincophenicol (1¢) was active as inhibitor of Escherichia coli ribosomal peptidyltransferase-
catalyzed puromycin reaction. Both lincophenicol (1¢) and sparsophenicol (1b) inhibited the
binding of the iodophenol analogue of sparsomycin to E. coli ribosomes. The results are discussed
in terms of a retro-inverso hypothesis advanced earlier for interpretation of biological activity of
chloramphenicol (1a) and sparsophenicol (1b). Chloramlincomycin (5a) suppressed the growth

of Streptococcus pyogenes with MIC 6.25 ug/mlL.

Antibiotics inhibiting ribosomal protein synthesis such
aschloramphenicol (1a), sparsomycin (2b), and lincomycin
(5¢) are effective antibacterial agents.! Other inhibitors
of this group, such as puromycin? (6d) and sparsomycin®
(2b), were once considered as antitumor agents, but later
studies revealed the toxicity of both agents.4® More
recently, several lipophilic analogues of sparsomycin (2b)
were found to inhibit protein synthesis as well as the growth
of various bacteria and tumor cell lines,®? and some of
them have apparently progressed to the stage of clinical
trials.® These compounds, including the most potent
derivative ethyldeshydroxysparsomycin® (3b), are also able
to potentiate the antileukemic effect of cisplatin in mice.
Last but not least, phenol-alanine sparsomycin (4b) is a
more effective inhibitor of ribosomal binding than spar-
somycin (2b).8

Despite extensive studies of these antibiotics, details of
their mechanism of action are still far from being eluci-
dated. This is especially apparent in case of the struc-
turally simplest antibiotic of this group, chloramphenicol
(la). Over the years, several different concepts!®-12 were
invoked to interpret its inhibitory properties in molecular
terms. Attempts to find common links related to the
biological function in this group of antibiotics led to
investigation of “hybrids” comprising structural features
of two antibiotics, e.g. puromycin (6d) and chloramphenicol
(1a). Thus, N-(dichloroacetyl)puromycin (6a) and, con-
versely, 4-methoxy-L-phenylalanine derivative of chloram-
phenicol base 1d were found to exhibit moderate inhibition
of polyphenylalanine synthesis in Escherichia coli cell free
system.!3 Sparsophenicol (1b), an inhibitor of puromycin
reaction catalyzed by E. coli ribosomes,!¢ combines the
structural features of chloramphenicol (1a) and sparso-
mycin (2b). Quantamycin (7¢), a hybrid of lincomycin
(5¢) and the 3’ terminal adenosine unit of peptidyl tRNA
designed by computer-assisted molecular modeling and
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obtained by ingenious synthesis,!® displays some inhibition
of lincomycin (5¢) binding to ribosomes, but it lacks
antibacterial activity.

The design of sparsophenicol (1b) was based on a
hypothesis!®!4 stipulating that antibiotics inhibiting pro-
teinsynthesis and carrying an acylamido function attached
to a D-aminopropanol moiety (structure 8), such as
chloramphenicol (1a), sparsomycin (2b), and lincomycin
(8¢), can beregarded as retro-inverso analogues of L-amino
acid residue of puromycin (6d, see structure 9) or the
terminal 3’-O-(aminoacyl)adenosine unit of aminoacyl-

- tRNA. The scope and limitations of this hypothesis can

be studied by interchange of acyl residues of 1a, 2b, and
5c and inhibition of protein synthesis by the resultant
hybrids. This contribution describes synthesis and bio-
logical testing of four new hybrids, lincophenicol (le¢),
chloramlincomycin (5a), sparsolincomycin (5b), and spar-
sopuromycin (6b). The latter compound which contains
an acylamido function found in sparsomycin (2b) is not
a retro-inverso analogue in terms of structures 8 and 9.
Rather, compound 6b belongs to a group of hybrids such
as N-(dichloroacetyl)puromycin aminonucleoside!? (6a)
or quantamycin!5 (7¢) combining the relevant features of
antibiotics or peptidyl tRNA according to a different
rationale.

Synthesis. The synthesis of hybrid 5b followed the
procedure described previouslyl for sparsophenicol (1b).
The corresponding acid!6 10b was activated with isobutyl
chloroformate and triethylamine in acetonitrile. The
resultant active ester was reacted in situ with methyl
thiolincosaminide!” (5e) in aqueous acetonitrile to give
hybrid 5b in only 10% yield. The yield increased
considerably (to 49%) when both activation and reaction
were carried out in dimethylformamide!8 (DMF). There-
fore, the syntheses of compounds le, 6b, and dimethy-
lamide 11b were all performed in DMF asasolvent. Thus,
hybrid 1¢ was obtained from trans-L-4-propylhygric acid!®
(10c¢) and chloramphenicol base le in 44% yield. In a
similar fashion, the reaction of acid 10b with puromycin
aminonucleoside (6e) afforded compound 6b (64 %) where-
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as with dimethylamine compound 11b resulted in 54%
yield. Hybrid 5a was prepared by a prolonged reflux (40
h) of methyl thiolincosaminide (5e) with methyl dichloro-
acetate in acetonitrile in 22% yield. An alternate method
was sought for the synthesis of sparsophenicol (1b). The
reaction of chloramphenicol base (le) with acid 10b,
N-hydroxysuccinimide (HSI), and dicyclohexylcarbodi-
imide (DCC) in DMF?0 resulted in formation of three
products which were separated by column chromatography
on silica gel: N-hydroxysuccinimide ester 12b (44%),
dimethylamide 11b (17%) and sparsophenicol (1b, 7%).
Apparently, the reactivity of 12b is significantly lower than
that of active ester generated from isobutyl chloroformate.

Inhibition of Ribosomal Protein Synthesis. The
following testing systems were employed to determine
activity of hybrid antibiotics in ribosome- (peptidyltrans-
ferase-) catalyzed protein synthesis: (i) inhibition of the
puromycin reaction (formation of a single peptide bond)
catalyzed by ribosomes from E. coli® and rat liver;2! (ii)
suppression of the polyphenylalanine synthesis (model of
polypeptide formation) catalyzed by ribosomes from E.
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Table I. Inhibition of the Puromycin Reaction in E. coli
Ribosome System

concentration (M)
inhibitore 1X107 1xX106 1xX105 1X104 1X103

sparsolincomycin (5b) 101.1 98.1 973  105.1 82.6
lincophenicol (1¢) 101.8 93.4 91.3 28.8 7.3
chloramlincomycin (5a) 100.7 1054 107.3 103.8 71.1
sparsopuromycin (6b) 100.0 100.3 101.7 107.0 87.8
sparsophenicol (1b) 103.1 1044 92.7 32.3 13.2
sparsomycin (2b) 50.6 13.7 2.8 1.1 1.8

e The results are expressed as percent of controls without inhibitors.
For details see the Experimental Section.

Table II. Inhibition of the Puromycin Reaction with Hybrid
Antibiotics in a Rat Liver Ribosome System

puromycin concentration (M)

inhibitora* 2Xx 104 1x103
sparsopuromycin (6b) 69 76
sparsolincomycin (5b) 90 91
sparsophenicol (1b) 83 86
lincophenicol (1c) 100 98.5

@ See Table L. ® Inhibitor concentration was 5 X 10~ M.

coli and Saccharomyces cerevisiae;® (iii) inhibition of
binding of iodo analogue of phenol-alanine sparsomycin
(4b) to ribosomes® from E. coli. Sparsomycin (2b) was
used as a positive control in assays (i) and (ii). The results
are summarized in Tables I-IV and Figure 1.

Itis clear that the only active hybrids are sparsophenicol
(1b) and lincophenicol (1¢), both derived from chloram-
phenicol base (le). Compounds 1b and le¢ have similar
activity profiles in inhibition of the puromycin reaction
(Table I) and binding of the iodo analogue of phenol-
alanine sparsomycin (4b) to E. coli ribosomes (Figure 1).
Compounds 1b, 1¢, and 5b did not inhibit the puromycin
reaction catalyzed by rat liver ribosomes (Table II).
Sparsopuromycin (6b) exhibited only a low activity in the
latter system, and it was a noncompetitive inhibitor of
puromycin (data not shown). All hybrids were inactive as
inhibitors of the polyphenylalanine synthesis in procary-
otic and eucaryotic systems (Table III and IV). These
resultsindicated that analogues 1b and 1e comprising one
CONH (amide) grouping are capable of inhibiting the
synthesis of only a single peptide bond in procaryotic
system (E. coli).

Regardless of rationale, it seemed unlikely that chloram-
lincomycin (5a) and lincophenicol (l¢) whose parent
antibiotics are selective inhibitors of procaryotic protein
synthesis could effectively participate in any inhibition of
eucaryotic peptide bond formation. Also, active hybrids
resulted only from a combination of chloramphenicol base
(le) with acylamido functions found in sparsomycin (2b)
or lincomycin (5¢). Other analogues, such as compounds
5a, 5b, and 6b, were inactive. It is then obvious that the
validity of the retro-inverso hypothesis within the group
of tested hybrids is restricted to analogues of chloram-
phenicol (1a). Although binding of CONH moiety is,
among other factors, important for biological activity of
puromycin?? (6d) and lincomycin?® (5¢) the relative
contributions of different functions to the overall binding
capacity of a given antibiotic cannot be assessed. Affinity
of such groups for appropriate binding sites on peptidyl-
transferase may well surpass that of CONH moiety. It
was argued!! that inhibitory activity of aminoacyl deriv-
atives of chloramphenicol base is at variance with retro-
inverso hypothesis. However, configuration of an ami-
noacyl residue does not substantially affect the magnitude
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Table III. Inhibition of the Polyphenylalanine Synthesis with Hybrid Antibiotics in E. coli Ribosome System

concentration (M)

inhibitore 1x10% 5x 108 1X 104 5X 105 1x 104 5% 10+ 1x103

sparsolincomycin (5b) 103.1 102.2 111.2 106.4 103.1 97.4 84.5
lincophenicol (1¢) 95.5 97.6 92.0 96.4 107.6 94.4 87.4
chloramlincomycin (5a) 95.1 93.7 91.0 99.8 121.7 108.6 113.9
sparsopuromycin (6b) 94.9 92.4 87.0 94.5 97.8 96.8 94.4
sparsophenicol (1b) 94.6 97.1 100.3 79.4
sparsomycin (2b) 77.3 52.8 41.3 39.4 20.2
lincomycin (5¢) 85.8 66.5 45.3 28.0
¢ See Table 1.

Table IV. Inhibition of the Polyphenylalanine Synthesis in S.
cerevisiae Ribosome System

concentration (M)

inhibitor® 1X105 1X 10+ 1x 103
sparsolincomycin (5b) 100.9 97.7 93.4
lincophenicol (1¢) 101.8 102.0 99.5
chloramlincomycin (5a) 97.3 90.9 96.8
sparsopuromycin (6b) 106.3 95.8 95.7
sparsophenicol (1b) 115.2 98.9 79.0
sparsomycin (2b) 44.1 30.3 15.5

o See Table I.
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Figure 1. Inhibition of binding of [*?I]iodophenol analogue of
sparsomycin to E. coli ribosomes with hybrid antibiotics: (D)
chloramlincomycin (5a), (O) sparsopuromycin (6b), (A) spars-
ophenicol (1b), (@) sparsolincomycin (5b), (®)lincophenicol (1¢).

of inhibition!® of the respective analogues of chloram-
phenicol (1a), and it is not clear whether such a factor will
influence activity of dipeptide analogue 1f. Also, as
indicated in structures 8 and 9, the configuration of amino
acid moiety of puromycin (6d) must be related to the
chloramphenicol base (le) and not to the N-aminoacyl
residue.!!

Antibacterial Activity. Analogues 1b, l¢, 5a, 5b, 6b,
and 11b were screened for antimicrobial activity against
23 microorganisms (supplementary material, Table 1).
Compounds which showed any antimicrobial activity were
quantitatively tested against 11 microorganisms (Table
V). Lincomycin (5¢) and chloramphenicol (1a) were used
as positive controls. It is interesting that chloramlinco-
mycin (5a), a hybrid antibiotic completely inert in all cell
free systems investigated, inhibited the growth of Strep-
tococcus pyogenes with minimal inhibitory concentration
(MIC) of 6.25 ug/mL (Table V). Some activity of 5a was
also observed in Staphylococcus aureus (MIC 50 ug/mL)
and Streptococcus pneumoniae (25 ug/mL). The MIC of
sparsophenicol (1b) in S. pyogenes was only 50 ug/mL. It
is noteworthy that activity of 5a against S. pyogenes
retained 50% of inhibitory potency of chloramphenicol
(la, MIC 3.12 ug/mL). It would then seem that target
receptor of 8a in S. pyogenes is different from ribosomal

peptidyltransferase or that the ribosomal function in the
latter organism is modified relative to that of E. coli. The
rest of hybrid analogues were inactive in most of the
microbial cultures employed. This is hardly surprising in
view of the results of inhibition of partial reactions of
protein synthesis in cell free systems (vide infra) and the
fact that in preliminary assays!4 sparsophenicol (1b) did
not exhibit any antibacterial activity. Thus, hybrid
antibiotics 1b and le, active in some partial reactions of
procaryotic protein synthesis, are either unable to pen-
etrate the cell membrane using active transport systems
of parent antibiotics and/or to inhibit the protein synthesis
in the intact cells.

Experimental Section

General Procedures. Acetonitrile and dimethylformamide
(DMF) were stored over Linde molecular sieves 4A. Thin-layer
chromatography (TLC) was performed as described* on alu-
minum sheets of silica gel in the following solvents: S;, CHy-
Cl,-MeOH (9:1); S,;, CH,Cl,-MeOH (95:5); S;, CH,Cl,-MeOH
(4:1); and S, 2-propanol-NH,OH-H,0 (7:1:2). For preparative
TLC loose layers?t and column chromatography Kiesel Gel 60
was employed. Paper electrophoresis was performed as de-
scribed® at 15 °C and 40 V/cm for 1 h in the following buffers:
0.02 M Na,HPO, (pH 7), 0.02 M Na,B,0; (pH 9), and 0.056 M
sodium citrate (pH 3.5). The 'H NMR spectra were determined
at 100 MHz with an FX-100 Fourier transform NMR spectrometer
JEOL (100 MHz) or at 300 MHz with QE 300 instrument. The
13C NMR spectra were measured at 75.48 MHz with QE 300
instrument. The Me,;Si was used as a reference. Chemical
ionization (CI-MS) and fast atom bombardment (FAB-MS) mass
spectra were determined with a Kratos MS80 RF A high-resolution
instrument. 2-Methylpropane was used as an ionization gas in
CI-MS and 1-thioglycerol (m/z 108) as a matrix for FAB-MS. UV
spectra were determined in 0.01 M Na,HPO, (pH 7) unless
specified otherwise. Circular dichroism (CD) spectra were
obtained at pH 7 as described.!4%

Starting Materials. Chloramphenicol base (1e) and puro-
mycin aminonucleoside (6e) were products of Sigma Chemical
Co., St. Louis, MO. Lincomycin hydrochloride (Lincocin, 5¢)
and trans-L-4-propylhygric acid (10¢) were gifts of the Upjohn
Co., Kalamazoo, MI. Compound 10¢ was also obtained by acid
hydrolysis!? of lincomycin (5¢) or hydrazide!” of 10c as described.
Methyl thiolincosaminide!” (5e) and acid!¢ (10b) were obtained
according to the literature.

Reaction of Acid 10b with Chloramphenicol Base (1a)
Using N-Hydroxysuccinimide/Dicyclohexylcarbodiimide
Reagent. A mixture of chloramphenicol base (1e,0.21 g, 1 mmol),
acid 10b (0.2 g, 1.01 mmol), and N-hydroxysuccinimide (HSI,
0.12 g, 1.03 mmol) was dissolved in warm DMF, and it was made
anhydrous by evaporation in vacuo (oil pump). The residue was
redissolved in DMF (6 mL), the solution was cooled in an ice
bath, and dicyclohexylcarbodiimide (DCC, 0.22 g, 1.06 mmol)
was added. The mixture was stirred at 0 °C for 2 h, at room
temperature for 24 h, and at 60-65 °C (bath temperature) for
another 26 h. The reaction was monitored by TLC (S,). After
cooling in an ice bath, new portions of reagents (HSI, 1.03 mmol
and DCC, 1.06 mmol) were added. The stirring at room
temperature was then continued for a total of 5 days. The mixture
was filtered, the filtrate was evaporated, and silica gel (2 g) was
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Table V. Inhibition of Microbial Growth with Hybrid Antibiotics
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minimal inhibitory concentration (MIC, ug/mL)

UcC chloramlinco-  sparsolinco- sparso- linco- linco- chloramphen-
organism® no.b mycin (5a) mycin (5b) phenicol (1b)  phenicol (1¢)  mycin (5¢) icol (1a)
Staphylococcus aureus 76 50 >400 >400 800 0.78 6.25
6685 >400 >400 >400 800 >400 6.25
6690 50 >400 >400 >800 0.78 50
Enterococcus faecalis 694 >400 >400 >400 50 6.25
Streptococcus pyogenes 152 6.25 >400 50 200 0.20 3.12
Streptococcus pneumoniae 41 25 >400 >400 100 0.78 3.12
Escherichia coli 45 >400 >400 >400 >800 >400 3.12
Klebsiella pneumoniae 58 >400 >400 >400 800 400 3.12
Salmonella schottmuelleri 126 >400 >400 >400 >800 >800 6.25
Pseudomonas aeruginosa 95 >400 >400 >400 >800 >400 100
6676 >400 >400 >400 >400 200

2 For details, see the Experimental Section and supplementary material. * UC = Upjohn culture.

added to the residue along with CH;Cl,-MeOH. The solvents
were evaporated, and the solids were put on the top of silica gel
column (50 X 1.5 cm) which was eluted with CH,Cl; (0.5 L) and
solvent S, (2.4L). Compound 12b was eluted first (elution volume
ca. 600 mL), and the appropriate fractions were evaporated to
give a solid which was washed with CH,Cl, (90 mg in two crops,
44%), homogeneous on TLC (S,): mp 273-274 °C dec; UV
(ethanol) max 316 nm (e 14 000), sh 266 (¢ 4400); 'H NMR (CDs-
SOCD3) 4 7.66 and 7.16 (2d, 2, E-CH=CH, J = 15.5 Hz), 2.82
(s, 4, CHz), 2.36 (s, 3, Me) Anal. (C)gH11N306'0.25H20) C, H,
N

Amide 11b was eluted at an elution volume of 1-1.4 L, and the
product was rechromatographed on two 2-mm-thick 20 X 20 cm
loose layers of silica gel which were developed in solvent S; and
then several times in S,. Evaporation of the eluate afforded
amide 11b which was filtered off after addition of methanol, 40
mg (17%), mp 320-323 °C dec, identical with an authentic sample
(vide supra).

A continuing elution of the column with solvent S, (0.4 L) and
S;(0.5L) gave sparsophenicol (1b) which was rechromatographed
on a loose layer of silica gel in solvent S; (double development)
and thenin S;, 30 mg (7% ), identical with an authenticspecimen:
141H NMR (300 MHz, CD;SOCD5) 411.18 (s, 2, NH-uracil), 8.11
and 7.56 (2 dd, 4, 4-nitrophenyl), 7.77 (d, 1, NH, amide,? Jxun-2
= 9 Hz), 7.02 and 7.01 (2 s, 2, CH=CH), 5.78 and 4.84 (poorly
resolved d and broad s, 2, OH), 5.01 (apparent s, 1, H;), 4.09 (dd,
1, Hy), 3.55 and 3.29 (2 m, 2, Hjy), 2.16 (Me); ¥*C NMR
(chloramphenicol base portion) 151.87 (C,), 146.16 (C,), 127.16
(Caf, Csf), 122.67 (sz, Csf), 69.16 (C)), 60.29 (Cz), 56.15 (Ca); (3'
(6-methyluracil-5-yl)acryloyl residue) 165.85 (C;), 162.64 (Cy),
153.62 (Cy), 149.77 (Cs), 129.98 (C¢), 121.53 (Ca), 104.49 (Cy),
16.62 (Me). FAB-MS 499 (21.8,M + H + 108), 391 (31.1, M +
H), 148 (100.0).

Sparsolincomycin (5b). A. In MeCN. Isobutyl chloro-
formate (0.13 mL, 1 mmol) was added to a stirred mixture of acid
10b (0.2 g, 1 mmol), triethylamine (0.14 mL, 1 mmol), and MeCN
(10 mL) cooled in an ice bath. After 15 min a solution of methyl
thiolincosaminide (5e, 0.25 g, 1 mmol) in 40% aqueous MeCN
(10 mL) was added dropwise. The mixture was stirred at 0 °C
for 30 min and at room temperature for 1 h. The precipitated
product 5b was filtered off, 70 mg (16%), mp 260-262 °C dec,
and it was recrystallized from water (10 mL), 47 mg (10%), mp
290-292 °C dec, uniform on TLC (S,) and paper electrophoresis
at pH 7 (mobility 0.14 of 5¢) and pH 9 (mobility —0.36 of 5e):
UV max 303 nm (¢ 22 800), sh 268 (¢ 13 900); CD max (pH 7) 305
nm (0 4000); *H NMR (CD;SOCD; + D;0) 6 7.28 and 7.07 (2 d,
2, J = 15.4 Hz, E-CH=CH), 5.18 (d, 1, H,, J,; = 5.4 Hz), 2.27
(s, 3, Me uracil), 1.99 (s, 3, SMe), 1.07 (d, 1, 8-Me, Js 7 = 6.1 Hz).
Anal. (Cy;H2:N12068-2H,0) C, H, N, S.

B. In DMF. The reaction was performed as in method A on
a 0.87-mmol scale in DMF (4 mL) instead of MeCN. Addition
of isobutyl chloroformate was followed by an immediate pre-
cipitation of NEt;-HCl. Base 5¢ in DMF (15 mL) was added
after 2 min. The mixture was stirred at 0 °C for 20 min and at
room temperature for 3h. The solution was evaporated in vacuo
(oil pump), water (10 mL) was added, the pH was adjusted to 10
with NH,OH, the product 5b was filtered off and dried, 0.23 g
(57%), mp 285-287 °C dec, uniform on TLC (S,) and paper

electrophoresis (pH 7). Recrystallization from water (35 mL)
with the aid of Norit A and Celite gave 0.2 g (49% ), mp 298-299
°C dec, [a]p 184.8° (¢ 0.5, DMF), and identical with a sample
prepared by method A.

Lincophenicol (1c). The experiment was performed on a
1-mmol scale as in case of sparsolincomycin (5b, method B) with
chloramphenicol base (1e), acid 10¢ (hydrochloride, Upjohn Co.),
and triethylamine (0.28 mL, 0.2 mmol). After filtration of
NEt3-HCI the mixture was evaporated and the crude product
was partitioned between CH,Cl, (256 mL) and water (15 mL).
The aqueous phase was extracted with CH,Cl; (15 mL). The
combined organic layers were washed with water (15 mL), dried
(MgS0.,),and evaporated to give lincophenicol (1¢),0.19g (52%).
Crystallization from benzene (3 mL) afforded 0.16 g (44%), mp
137-139 °C, ninhydrin-positive (yellow on Whatman No. 1 paper,
violet onsilicagel?’). Recrystallization from 50% aqueous ethanol
(3 mL, Norit A) gave 90 mg (256%), uniform on TLC (S,, S; and
MeCN-H,0, 1:1) and paper electrophoresis at pH 7 (mobility
0.68 of 5e) and pH 3.5 (mobility 0.79 of 5e): mp 140-142 °C; [a]p
—63.6° (c 0.5, ethanol); UV max 277 nm (¢ 9600); CD max (pH
7) 330 nm ([6] -500), 280 ([©] -500), 246 ([6] 2000); 'H NMR
(CD;COCD; + D;0) 4 8.20 and 7.72 (2 d, 4, 4-nitrophenyl), 5.33
(bs, 1, Hy), 4.19 (poorly resolved t, 1, Hy), 3.72 (m, 2, Hj), 2.29
(s,3,NMe), 1.22 (m, 4, CH, of 1-propyl), 0.86 (t, 3, Me of 1-propyl);
pyrrolidine ring multiplets at 4 3.13, 2.75,2.00 and 1.66; *C NMR
(chloramphenicol base portion) 149.09 (Cy), 147.33 (Cy), 126.69
(Cy, Cs), 123.36 (Cy, Cy), 68.43 (C)), 62.68 (Cy), 55.70 (C3); (4-
propylhygric acid portion) 176.00 (CO), 72.67, 63.15, 41.64, 37.89,
37.48, 35.36, 21.51, 14.12; CI-MS 366 (22.3, M + H), 126 (100.0).
Anal. (C]eH27N305) C, H, N.

Compound 1c¢ was also obtained by reaction of acid 10c
prepared by acid hydrolysis!’19 of lincomycin (5¢) or hydrazide
of 10c.

Chloramlincomycin (5a). A stirred mixture of methyl
thiolincosaminide (5e, 0.5 g, 2 mmol) and methyl dichloroacetate
(4 mL) was refluxed in MeCN (40 mL) for 40 h. After cooling,
asmall amount of tan solid was filtered off (cotton plug), and the
filtrate was evaporated. Theresidue was crystallized from MeCN
(7 mL) with the aid of Norit A (0.1 g) to give product 5a which
was washed with ether (10 mL) and dried, 0.39 g (49% ), uniform
on TLC (8S,, detection by charring with 10% HClO,), mp 169-
171°Cdec. For analysis, it was recrystallized twice from MeCN,
0.16 g (22%): mp 179-181 °C dec; [alp 198.6° (¢ 0.5, ethanol);
'H NMR (D;0) 4 6.27 (s, 1, C1,.CH), 5.29 (4, 1, H,, J, » = 5.6 Hz),
2.06 (S, 3, SMe), 1.11 (d, 3, 8-Me, J8'7 =61 HZ). Anal. (CHng'
CINOgS) C, H, C], N, S.

Sparsopuromycin (6b). Thereaction wasrun on a0.5-mmol
scale as described for sparsolincomycin (5b, method B), only
base 5e was replaced with puromycin aminonucleoside (6e). A
foamy residue obtained after evaporation of DMF was converted
to a solid by addition of water (5 mL). The product 6b was
filtered off, washed successively with water (2 mL), dilute NH,-
OH (pH 10, 3 mL), and water (2 X 3mL), and dried, 0.2 g (85 %),
mp 207-209 °C. Crystallization from 50% ethanol (40 mL)
afforded 0.15 g (64%) of 6b, mp 212-214 °C, uniform on TLC
(S:and Sy), and paper electrophoresis (pH 7, mobility 0.0) showed
absence of 6e and 10b: [alp -75.5° (¢ 0.5, DMF); UV max 279
nm (¢ 34 100), sh 306 (¢ 22 500); CD max (pH 7) 290 nm ([6]
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-21 100), 262 ([6] 12 000); *H NMR (CD;SOCD; + D;0) 4 8.38
(s, 1, Hg), 8.17 (8, 1, Hy), 7.27 and 7.08 (2 d, 2, E-CH=CH, J =
15.4 Hz), 5.97 d, 1, Hy, Jy o = 2.2 Hz), 4.5 (m, 2, Hy + H3), 3.40
(s, 6, NMey), 2.30 (s, 3, Me uracil); FAB-MS 581 (7.9, M+ H +
108), 473 (9.0, M + H), 164 (100.0). Anal. (CyoH3NgO¢1.5H,0)
C,H,N.

N,N-Dimethyl-8-(E)-1,2,3,4-tetrahydro-6-met hyl-2,4-dioxo-
5-pyrimidineacrylamide (11b). The reaction was performed
on a 1-mmol scale according to the procedure described above
for sparsolincomycin (5b, method B). Base 5e wasreplaced with
dimethylamine hydrochloride, and therefore, 2 mmol of trieth-
ylamine was used. The crude product was dissolved in NH,OH
(15%, 50 mL), and the solution was evaporated to dryness. The
residue was washed with water (4 mL) and it was dried to give
0.16 g (72%) of dimethylamide 11b, uniform on TLC (S;). This
material was crystallized from 50% ethanol, furnishing 0.12 g
(54%): mp 320-323 °C; UV (ethanol) max 306 nm (¢ 21 200), sh
268 (e 11 300); 'H NMR (CD:SOCD; + D;0) 8 7.47 and 7.20 (2
d, 2, E-CH=CH, J = 15 Hz), 3.00 and 2.86 (2 s, 6, NMe;), 2.22
(s, 3, Me). Anal. (C)0H13N303‘0.5H20) C, H, N.

Biological Assays. Puromycin Reaction. A. E. coli
Ribosomes. Ribosomes were prepared from MRE600 cells grown
inrich medium at mid-log exponential phase.® Cells were ground
with alumina and ribosomes were separated by centrifugation
following standard methods.2! The ribosome solutions had e
4.8 X 107. The estimated “molecular weight” of 70S ribosome
was 2.5 X 106, The S-100 fraction corresponds to the supernatant
after centrifuging the bacterial cell extracts using a Sorvall T 860
rotor at 48 K for 2 h. The reaction mixture contained in 25 uL:
E. coli ribosomes (10 pmol), poly U (100 ug/mL), N-acetyl-[*H]-
Phe-tRNA (15 pmol), MgCl; (20 mM), KCI (30 mM), NH,C1 (50
mM), and Tris-HC] (30 mM, pH 7.8). The mixtures were kept
at 37 °C for 30 min, puromycin (6d, 20 mM, 1 uL) was added,
and the incubation was continued for additional 5 min. After
addition of Na,CO; (0.1 M, 0.25 mL) and ethyl acetate (0.7 mL),
the mixtures were shaken for 1 min and centrifuged to separate
the phases, and aliquots (0.5 mL) of the organic phase were taken
for radioactivity counting. In control experiments without
inhibitors, an average of 0.65 pmol of N-acetyl-[*H]-Phe-
puromycin was obtained. For results, see Table I.

B. Rat Liver Ribosomes. Rat liver polyribosomes were
prepared as described.?! Puromycin (6d) and hybrid antibiotics
stocks were in dimethyl sulfoxide (DMSO), so that final DMSO
concentration was 8%. The assay mixtures contained in 0.125
mL: Tris-HCl (50 mM, pH 7.6), NH,Cl (20 mM), KCl (60 mM),
MgCl; (20 mM), 2-mercaptoethanol (1 mM), GTP (potassium
salt, 0.5 mM), poly U (15 ug), N-acetyl-[*H]-L-phenylalanyl-tRNA
(16 ug, 4200 cpm), G-factor (200 ug protein), NH,Cl-washed rat
liver ribosomes (170 ug), and puromycin or hybrid antibiotics as
indicated in Table II. The mixtures were incubated at 37 °C for
15 min; Tris-HCI (100 mM, pH 7.6, 0.5 mL) and ethyl acetate
(1.5mL) were added. After shaking (0.5 min) and centrifugation
a 1-mL portion of the clear supernatant was counted in instagel.
In control experiments (spontaneous hydrolysis of N-acetyl-[*H]-
L-phenylalanyl-tRNA) the incubation mixtureslacked puromycin
and hybrid antibiotics.

Inhibition of Polyphenylalanine Synthesis.® A. E. coli
Ribosomes. The ribosomes were prepared as described for the
puromycin reaction assay, method A. The reaction mixtures
contained in 50 yL: ribosomes (0.3 uM), tRNA (1.25 mg/mL),
poly U (2.5 mg/mL), phosphoenol pyruvate (2.5 mg/mL), pyruvate
kinase (20 ug/mL), S-100 fraction (5-10 uL), GTP (1 mM), ATP
(10 mM), 2-mercaptoethanol (5 mM), MgCl; (15 mM), NH,Cl
(90 mM), and Tris-HC1 (50 mM, pH 7.4). The reaction was
initiated by the addition of [*H]phenylalanine (30 uM), and the
mixture was incubated at 37 °C for 30 min. After quenching
with trichloroacetic acid (5%, 1 mL), the mixtures were placed
in boiling water for 3 min and filtered through a glass fiber filter.
In control experiments without inhibitors ca. 80 000 cpm of
phenylalanine (300 cpm/pmol) was polymerized which corre-
sponded to 17 pmol/ribosome. The results are summarized in
Table IIL

B. S. cerevisiae. The ribosomes from S. cerevisiae were
prepared® as described for E. coli ribosomes. The assays were
performed as in method A, but phosphoenol pyruvate and
pyruvate kinase were replaced with creatine phosphate (20 mM)
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and creatine phosphokinase (50 ug/mL). The E. coli tRNA was
substituted with yeast tRNA (0.5 mg/mL). In control experi-
ments 8-9 pmol of phenylalanine/pmol ribosomes was polym-
erized. For results, see Table IV.

Inhibition of Binding of [!?I]Iodophenol Analogue of
SparsomycintoRibosomes. The binding was performed8under
the conditions of polyphenylalanine synthesis asdescribed above.
Concentration of ribosomes and labeled sparsomycin derivative
were 0.3 and 0.1 uM, respectively. About 600 cpm of analogue
per picomole of ribosomes were usually bound in the control
experiments which corresponded to ca. 0.2 molecules/ribosome.
For results, see Figure 1.

Antimicrobial Activity. Disk-Diffusion Assay. Foreach
test organism an appropriate agar medium was prepared and
sterilized. The agar was cooled to 40-50 °C, and then it was
inoculated with a suspension of organism. The seeded agar was
poured into a plastic assay tray (22 X 53 cm), and it was spread
to form a uniform layer. The agar was allowed to solidify at
room temperature. This procedure was repeated for each of 23
test organisms. Compounds were dissolved in DMF, and water
was added to yield a final concentration of 1 mg/mL drugin 40%
DMF. Absorbent paper disks (12.7 mm) were loaded with drug
solution (80 uL/compound), and they were air-dried. The disks
were then applied to the surface of the organism-seeded assay
trays. The trays were incubated overnight under conditions
appropriate for the growth of each organism. The diameter of
the inhibition zone was measured to the nearest millimeter. For
results, see Table 1 in the supplementary material.

Minimal Inhibitory Concentration (MIC) Assay. The
MIC values were determined by an agar dilution method. Serial
2-fold dilutions of solution of tested compound were prepared
in 1.0-mL volumes of sterile water. Molten (47 °C) brain heart
infusion agar medium (BHIA, 9.0 mL) was added to each 1.0-mL
dilution. The drug-supplemented agar was mixed, it was poured
into 15 X 100-mm Petri dishes, and it was allowed'to solidify and
dry at room temperature prior toinoculation. Thetestorganisms
were grown overnight on BHIA medium at 35 °C under aerobic
conditions. Colonies were harvested with a sterile swab, and cell
suspensions were prepared in Trypticase Soy Broth (TSB) to
equal the turbidity of a 0.5 McFarland standard. A 1:20 dilution
of the suspension was prepared in TSB, and the drug-supple-
mented agar plates were inoculated with a 1-uL drop of the diluted
cell suspension. The final concentration of inoculum was
approximately 10¢ colony-forming units per drop. The plates
were incubated for 18 h at 35 °C. The MIC was read at the
lowest concentration of compound that inhibited a visible growth
of organism. For results, see Table V.
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