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Preparation and Antibacterial Activity of Some Spiramycin Derivalives
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In an effort to broaden the antibacterial activity of spiranvein, varions derivaiives of the antibiotic have

been prepared,

The macrolide antibiotics, spiramycins, were iso-
lated from Streptomyces®® and their complete struc-
tures were reported by Kuehne.*

Pinnert-Sindico, et al.,® reported the protection, by
spirainycin, of mice infected with virulent cultures of
hemolytic streptococci, pneumococdi, and staphylocoeci.
Tts high tissue affinity® and low toxieity made spiraniy-
cin a potentially attractive antibiotic.

The present work deals with an attempt to increase
the spectrum of spiramyein.  Modifications were made
to evaluate such factors as hydrophilic character and
cfficiency of the fuuctional groups. The preparation
used as starting material was a mixture of spiramycin A,
B, aud (', which are, respectively, an alcoliol, its acetate,
and its propionate; thus the products are, of neces-
sity, siimilar mixtures.

Table I lists the derivatives of spiramycin which
were prepared for mierobiological evaluation against
Escherichia coli, a gram-negative, and Staphylococcus
albus. o gram-positive orgamsm. In Table IT are

TasLe 1
ANTIBACTERIAL ACTIVITY OF SPIRAMYCIN DERIVATIVES
=MIC,* ug/1nl-—

No. Compd S. albus E. coli
1 Spiramycin dimethiodide 62.5 150.0
2 Spiramycin oxime 250.0 500.0
33 Spiramycin thiosemicarbazone 25.0 300.0
4 Spiramyein di-N-oxide >150.0  >130.0
5 Tetrahydrospiramycin di-N-oxide >250.0  >5H00.0
6 Triacetylspiramycin 220 62.5
T Dibenzoylspiramyecin 100.0 2500
S Spiramyein maleate i1.2 6.5
O Triacetyl tetrahydrospiramyein 25.0 250.0
10 Spiramyein hydrazone 1%.75 >75.0
11 Spiramyein phenylhydrazone >25.0 >75.0
12 Spiramyein-2-benzothiazolyl >25 .11 >75.0
hydrazone
13 Spiramycin-2-quinolylhydrazone >25.0 >75.0
14 Dihydrospiramyein >25.0 >75.0
15 Neospivamyein dimethiodide >250.0 100.0
16 Tetrahydroneospiramyein 12.0 215
17 Hexahydronenspiramycin >25.0) 20,0
I8 llexahydrospiramyein 6.1 22,5
10 Spiranyein 13.4 $2.2
20 Tetrahydrospiramycin 5.4% 25.0
21 Neovspiramyein 6.2 19.6
22 Forocidin >25.0 >75.0

« Minimnm inhibitory concentration.

(1) (a) CIBA IFellow in Microbiology. {b) To whom all correspondence
sloultl be atctdressed.

¢y R. Corbaz, L. Etlinger, L. Gavmann, W. Keller-Schierlein, I.
[Kradolfer, F.. Kyburg, L. Neipp, V. Prelog, A. Wettstein, and H. Zabhner,
Help. Chim. Acta, 39, 304 (1954).

t3) 8. Pinnert-Sintico, L. Ninet, I. Prend'Homme, and C. Cosar.  3rte-
Lioties Annual, Medical Eneyelopuedia, Ine., New York, N. Y., 1954, p 724,

t4) M. 1. Kvehnennd B. WV, Benson, ./. Am. Chkent, Soc., 8T, 1060 (10645},

i M.1L Lepper, Deqefiiionee, 178, 363 (1407),

given the yields, melting points, and microannlytieal
datiof the substances studied.

Experimental Section

The melting points were determined in a Hershberg apparats
and are corrected. The nltraviolet spectra were measured in
methanol o a Cary recording spectrophotonieter.  Nmur specira
were determined at 60 Me with o Varian Associates A-60 -
strimnent with tetramethylsilane us an mternal reference <tandard.
The term spiramycin s used to designate the mixture described
in the introdunetion.

Hydrogenation ol spiramyvein and its derivatives was carried
out by the procedure of Wettstein und co-workers® in the hyvdro-
genation of individual spiramyein components.

Neospiramyein (23) was prepared by the method of Paul.:

Spiramycin Dimethiodides (1 and 15).-—To a =tirred =omtion
of 2 g ot the uppropriate spiramyein derivative in 20 ml of dry
2-propanol, was added 1 g (7 mmoles) of methy! iodide and 1 g
of anhydrous Nuw.CO; The suspension was heated 1o 70°
for 2.5 hr and filtered lior.  The clear filtrate was evaporated,
and the oily residue was solidified by the addition of auhydrons
ether.  The diguaternary =alts were purified by reprecipitation
from isopropyl alcohol with anhydrons ether.

Spiramycin oxime (2} wus prepared by refluxing T g (1 nimole:
of spiramyein and 0.1 g (15 mmoles) of hydroxylamine hydro-
chloride in 20 ml of ethanol for 4 hr. The ethanol was removed
nnder reduced pressnre and the residue wax purified from a
CHCls-hexane mix(ure.

Spiramycin Dibenzoate (7). To 2 g (2 mioles) of xpiramyein
and 1.2 g of anhydrous NaHCO; in 50 ml of anhydrous aeetone
wits added 1 g (¥ nmwoles) of benzoyl chloride.  The resction
mixture was stored for severnl days at 4% to separation of an oil,
which wax tuken up in ether.  The ester was precipitated by the
addition of petroleumn ether.

Spiramycin triacetates (6 and 9) were prepared (roun the ap-
propriate spiramyein derivative by the method of Wagner and
co-workers® i their acetylation o) magnaniyenn.

Spiramycin Di-N-oxide (4).---To ¢ solution of 2 g (4 vumotes;
of spiramyein in 100 ml of methanol wax added slowly 100 1l of
a mixture of 3 vol of 3007 0 wnd ¢ vol of methanol.  The
vellow reaction mixture wix nllowed to stand for 24 hr and
evaporated.  The residud oil wax taken np in ethanol and
precipitated with ether.  This purification procedure wies re-
peated three times.  The ulttaviolel spectrum showed the
presence af a conjugated diene with a maximum nt 231 ni.

Tetrahydroxyspiramyein Di-N-oxide /5. --The Lyvdroxyviating
agent was prepared according to Daniels and Fischer® To a
solution of 2 g (2 numoles) ol =pirmuyein ire 10 ml of acetone and
3 ml of ether was added 2.6 ml of 507 1,04, followed by the
dropwise addition ol 0.5 ml 1.5 X 1073 mole of 0s0,) of the
hydroxylating reagent.  The reaction vessel was capped and
kept at 30° for 16 hr.  Upon the addition of 40 ml of ether, a
white precipitate Tormed. 1t was collected and further purified
by reprecipitation from an absolute ethanol-ether mixture.  The
ultraviolet spectrum failed 1o show the presence of a conjugated
diene.

G) A, Wettscein. £ Vischer, and (1. Hickel, Gerotaw FPutent 1,077,221
sAbareh 10, 1960).
(71 R. Panl and 2. Tehelitebefl, Bufl, Sor. Chim, Franece, 150 (15103,
{8y R, L. Wagner, I, A, Hochstein, K. Murai, N. Messing, and P12
Pogie, f. e, Chere Soc., T8, 4684 €1053).
ey R, Dgoieks nad 1L, Fiseher, J. (g, Cheore,, 28, 320 (19630,
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TapLE 11
ANILYTER L D ary oF Seiavvyon Derivamves
Caled.? 7 —— ——Found, Ypem——————
Compd % yield® Mp. °C (o] H N C H N
1 80.5 175-180 48.56 7.39 2.46 48 .23 7.6 2.94
2 95.0 173-177¢ 54 .8 8.19 4.38 54 .44 8.56 4.07
3 83.0 140-145¢ 57 .4 8.56 7.53 56.9 8.50 7.45
4 66.0 133-136¢ 54 .49 8.66 2.86 53.55 8.41 3.11
5 21.8 163-165 54.8 8.27 3.2 55.02 8.11 2.90
6 1.5 125-128 60.02 8.27 2.8 61.27 8.72 2,59
7 57.5 130-133 64.75 7.92 2.57 64.36 7.57 2,25
8 37.8 143-145/ 58.70 8.15 2.89 58.2 7.71 2.53
9 79.0 102-105 60.83 8.63 2.78 60.48 8.72 2.90
10 51.5 137-142¢ 60.0 8.83 6.30 59.65 8.79 6.15
11 33.2 135-137 62.55 8.40 5.78 62.51 3.60 5.79
12 33.1 148-151 59.90 8.16 6.73 59.66 7.85 6.60
13 49.0 125-128 62.71 8.33 6.87 62.20 8.54 5.9
14 26,8 127-130 60.91 8.99 3.19 60.45 9.07 3.35
15 28 .8 173-176/ 44 .89 7.49 2.66 44 .50 7.26 2.70
16 25.2 112-114 61.40 9.60 3.81 62.03 9.60 3.67
17 31.6 105-108 61.23 9.87 3.84 61.48 9.27 4.08

= No attempt was made to increase the yields.

? The calculated values were obtained only after repeated elemental analyses of the

starting matervial, which was reported to be of approximately equal parts of spiramyeins A, B, and C, by Rhone-Poulenc of Paris (private

communication). ¢ As the dihydrochlovide.
spiramyeins. ¢ As the tetrahydrate. / As the mouochydrate.

Spiramycin maleate (8) was synthesized by the method used
by Stephens® for the preparation of erythromycin maleate.
The ultraviolet spectrum showed a maximum at 232 my.

Dihydrospiramycin (14 ) was prepared according to the procedure
used by Whaley!! for the preparation of relomycin from tylosin.

Hydrazone Derivatives of Spiramycin (11, 12, and 13)—
A solution of spiramyein in absolute ethanol was boiled for 4 hr
with an equimolar amount of the appropriate hydrazine. The
solvent was evaporated, and the residue was stirred overnight
in 100 ml of cold water. The hydrazone derivative was dried
and washed several times with petroleum ether (bp 30-60°).

Discussion

Taubeneck'? has reported that erythromyein is
1000 times more active against L forms of Profeus
mirabilis than against the gram-negative organism
itself. Guze and Kalmanson'® and Shockman and
Lampen!* with similar experiments, using streptococet
and protoplasts, have shown no such difference in the
activity of erythromycin. Improved penetration of
the cell wall of gram-negative bacteria appears to be
one means of broadening the spectrum of macrolide
activity.

Agents such as dimethiodides 1 and 15 and di-N-
oxides 4 and 5 of the spiramycins were tested with the
expectation that they would act at the cell surface.?
The agents were inactive in the test system used be-
cause the lack of surface activity precluded their ab-
sorption.

Since the cell walls of the gram-negative organisms
are lipid in nature,’® a more hydrophobic derivative

(10) V. C. Stephens, " Antibiotics Annual,"" Medical Encyclopaedia, Inc.,
New York, N. Y., 1953-1954, p 514.

(11) H. A. Whaley, E. L. Patterson, A. C. Dornbush, E. I. Backus, and
N. Bohonos, 'Antibiotic Agents and Chemotherapy," Braun-Brunfield,
Inc., Ann Arbor, Mich., 1963, p 45.

(12) U. Taubeneck, Nature, 196, 195 (1962).

(13) L. B. Guze and G. M. Kalmanson, Science, 146, 1299 (1964).

(14) G. D. Shockman and J. O. Lampen, J. Bacteriol., 84, 508 (1962).

(15) N. D. Weimer, F. Hart, and G. Zografi, J. Pharm. Pharmacol., 17,
350 (1965).

(16) M. R. I. Salton, "'Microbial Cell Walls,"' John Wiley and Sons, lne.,
New York, N. Y., 1960, p 48.

@ Prepared according to the method of Paul”in the synthesis of derivatives of individual

should have better penetrating ability. Neospiramy-
cin (21) prepared by mild, acid hydrolysis after Paul/’
lacks one of the sugars, myecarose, and thus, would be
expected to be a more hydrophobic agent. Indeed,
the substance was twice as active as spiramyecin against
both test organisms. When more vigorous acid hy-
drolysis was carried out according to Corbaz and co-
workers,? two sugars, forosamine and mycarose, were
cleaved from the ring. The resulting lactone, called
forocidin (22), had greatly reduced activity in the
assay. The hydrophobic nature of foroecidin would not
differ greatly from neospiramycin, since forosamine,
the second sugar which was lost, has little polar char-
acter, The lack of activity of forocidin might be
ascribed to the loss of the dimethylamino group con-
tained in the forosamine moiety.

Saturation of the conjugated diene system by hydro-
genation using the procedure of Wettstein,$ gave tetra-
hydrospiramycin (20), which was twice as active as
spiramycin against the test organisms. Then neo-
spiramycin was hydrogenated in an effort to combine
the activity gains made by mild hydrolysis and by
hydrogenation of the parent compound. Tetrahydro-
neospiramycin (16) was only half as active against
S. albus as neospiramycin and tetrahydrospiramycin
(18) and hexahydroneospiramycin (17). With all of
the partially hydrogenated derivatives, the activity
against gram-negative organisms remained constant
at twice the activity of the parent compound. The
results suggest that the diene system may be im-
portant for activity against S. albus. The presence of
a conjugated diene or dienone system is common to
many of the large-ring macrolides for which the activity
ratio, gram-negative:gram-positive, is low, 4.e., mag-
namycin, magnamyecin B, and oleandomycin. Oleando-
myecin, while not having an «,8-unsaturated carbonyl,
has an exocyclic epoxide, adjacent to a ketone which,
according to Wolff and co-workers,"” may act as an un-
altered sp? system, The regions of sp? character could

(17) M. E. Wolff, W. Ho, and R. Kwok, J. Med. Chem., T, 577 (1964).


file:///rivjis

O34 SPENCER, KNGLE, YU, [ixcw, WarsoN, [SBETINO, AN Jounsoy

funetion by forming a 7 complex with a receptor site.
Recently, I'ried®™ has shown along these lines that
fusidiec neid and related steroidal derivatives, which
have antibacterial activity, require at least one anlonic
site close to an oxygen function or to the sp* clectrons
of a double bond.

The aldehyde group was found to be essential for
maximum activity.  Replacement of the carbonyl by
a smali hydrazone derivative resulted in compounds
which still had relatively sinall, iminimum inhibitory
concentrations against S. albus. The hydrazone (10)
and thiosemicarbazone (3) derivatives had about half

(18) I. I'rted, G. W, Krakower, DD, Rosenthal, and H. Baseh, J. Med.
Chem., 8, 279 (1965).

Vol o

the activity of spiramyemn, while bulkier hydrazone
derivatives were inactive,  Reduction of the aldehyde
to the alenhol, dihydrospirtnmycin (14), veduaced he
activity at Teast twofold. This is scen also in (he
hexahydroneospiramyein, which is only half as netive
as the tetrahydro derivative,  The electrouie chiaraeter
of the group appears to be mmportant for maxinmmn
activity but can be mmsked by bulley  <ubstictencs
resulting in the toss of activity,

Acknowledgment.-~The authors wish to thank M.
. Dorfman for performing the microannlyses and
running the ultraviolet and nmr spectia.
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The preparation and anticoceidial activity of a number of 6,7-dialkoxy-4-hydroxy-3-quinolinecarboxyla(es are

reported.
are discussed.
nndergoing extensive evaluation.

QOur interest in the synthesis and biological evalua-
tion of quinoline compounds® led to the sereening of
these compounds for auticoccidial properties. Several
6,7-dialkoxy-4-hydroxy-3-quinolinecar boxylates. which
are useful intermediates in the synuthesis of many
types of 4-substituted quinolines, were found to possess
desirable activity. Accordingly, a more extensive
program was initiated to study the effect of certain
structural changes on the anticoceidiad activity of
this type of quinoline compound.

Chemistry.—Most of the compounds in Table I
were prepared by known procedures.? The appropri-
ately substituted 1.2-dialkoxybenzenes were obtained
by alkylation of catechol with alky! halides or alkyl
sulfates in ethanol or dimethylformamide i the pres-
ence of un base such as sodium methoxide, sodium hy-
droxide, or potassium carbonate. Nitration of the
ethers with dilute nitric acid readily produced the 1,2-
dinlkoxy-4-nitrobenzenes which were then reduced
catalytically. The substituted anilines were con-
densed  with diethyl ethoxymethylenemalonate or
dimethyl methox ymethylenemalonate, and cveliza-
tion of the anilinomethylenemalonic esters was effected
in boiling Dowtherm A% 3 after the procedure of Price,
el al ! to give the 4-hydroxy-3-quinolinecarboxylates.

(11 {a) R. K. Bickerton, R. I. Dailey, W. T. Rockhold, aul R. H. Buller,
J. Plarmacol. BExptl. Therap., 144, 218 (1964): (h) G. R. Petitt and A, B.
Neill, Can. J. Chem., 42, 1764 (1964); (c) British Patent 942,524 (1963).

{2) 1a) M. Conrad and L. Limpach, Ber., 20, 944 (1887): (b) R. G. Govld
antt W. A. Jacubs, .J. Am. Chem. Soc., 61, 2890 (1939): (c¢) B. Riegel, G. R.
Lappin, I3, Tl. Adelson, R. L. Jackson, C. J. Albisetti, Jr.. R. M. Dodson, amt
1. I1. Baker, J. Am. Chem. Soc., 68, 1264 (1946); (d) C. C. Price and R. M.
Robects, thid., 68, 1204 (1946).

1) A commercial heat-transfer Liquid, wbich is a eatectic of 26.5% hi-
pheaviand 73.57%, dipheny! ether.

A nnmber of highly active componnds were obtained, and the velationships of strneture and activity
One of the most active compounds, ethyl 4-hydroxy-6,7-diisobutoxy-3-quinolinecarboxylate, is

Esters other than ethyl or methyl were prepared
by two general procedures. The methyl or cthyl
quinoliniecarboxylates were cither heated with the
appropriate aleohol in the presence of p-toluenesulfonic
actd or were saponified and treated with thionyl chlo-
ride and then with the appropriate alcohol.

Compounds 4 and 13 (Table I) were prepared by
acetylation of the corresponding hydroxy derivatives
with a mixture of acetic anhydride and sodium acetate.

Biological Methods and Results.—White Rock
Cross chicks (Cobb’s strain) 7-14 days of age were
used in the anticoceidial cvaluations. The chicks
were maintained in wire-floored battery eages, 20
chicks/cage, equipped with outside feeders and
waterers.

An open formula, custom mix, chick starter mash
composed of natural feedstuffs and supplemented
with minerals and vitamins but containing no other feed
additives was used as the basal ration. The com-
pounds under fest were mixed in desired amounts with
6.8 kg of mash. The mixing was done in a stainless
steel twin-shell mixer. The medicated feeds were
placed in the feeding troughs immediately after the
moculation of the chicks with sporulated oocysts of
Yimeria tenello.

The chicks were wmoculated by gavage with a 1-ml
tuberculin syringe. The inoculum was standardized
to provide 250,000 sporulated oocysts suspeunded in
1 ml of 0.759; carboxymethylcellulose. The tests
were terminated 10 days after inoculation.

Im all experiments, two groups (20 chicks/group) of
nomnedieated, inoculated chicks were maintained for
controls,
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