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Case 970-3793

PLEURCMUTTLIN COMPLEXES

The present invention relates to pleurcmuta.lm derivatives. 1In
partlcula.r it provides complexes of a pleuramt:.lm derivative and
cyclodextrin and pharmaceutical preparations containing theses complexes.

- Pleurcmutilin derivatives are antibiotics with excellent
micro-biological activity against a series of pathogenic microorganisms.
In particular, the pleuramutilin derivative of formmla I

namely 14-O-{1-((D)-2~amino-3-methylbutyrylamino)-2-methylpropan-2-ylthio-
acetyllmutilin, in free base or in acid addition or quaternary salt fomm,
is highly effective against many gram~positive and gram-negative bacteria.
Due to these properties the above conmpound may be employed as an
antibiotics for the treatment of conditions induced by these pathogens,
predominantly in veterinary medicine, for example on poultry, pigs, cattle,




na i+ 14- 0- [I-((D) 2- am no- 3- et hyl butyryl am no) - 2- met hyl propan-2-yl t hi o-
acet_ ]rrutr lin, in free base or in acid. addrtdon or- quaternary satt form

pr edd 'nantIy I n veterinary iredi ci ne, for- exanpl e on poultry, pigs, cattle, 3

- 2- Case 970-9793 sheep and goats, especially in
the tfeatment of respiratory tract disord®ts and dysentery. Case 970~9793
Cycl oflextrins are cyclic ollgosaccharldes made up of [err]- (I->4) - linked

D gl kopyrangs 8] err]..and rr]-cycl odextrin, respectively
of 6,§7 or & 5%? dt&?ﬁ‘ eﬁpgcb%ls]% Hh e |?Fe%g’f'%{}tl °¥ FeSREFAtOFR itagh alisexders
in J.§ Szej tland tiy:ge;iteste.xt rin Technol ogy", Kl uwer Acadeni c Publishers (1988)
and ip D. Duchene "Cycl odextrins and their Industrial Uses", Editions de

Sant e] (1987). In the preparations according to the |nvent|on any
cycl ofextrin, C}CExe'Flf{Se@#q cyelist QHIQOLSM:MMQ; tade vptofs e~ {hepeps

my bp used. llrbcbdllﬁ-g@ﬁé‘cﬁﬁ&%&s% Lo i e O, BB U ggae[glrn or a
derivhtive thereof @ispecr ally [err or [err]|-c I odext I n erf] -
[err]} and yEPE Yr9t$r af @ i (?’hé HHedhinsetaid imdde

wit holit ri sklmrahmemse;u s ad. swjtmt,engctcsz{ex@fﬁt TEEARBISAM, OkRweMHRQUE
in mapy cou ﬂﬂleg rdg% ?’{‘fgeXt BB S a ,$ erm ssibleas a food additive
for hhiman us 'S ' Lhedr Jadustriaber s
with | ower aUSEd’TolEdltswnSt dasSantéh;ﬂlgtsy):J odaxttkrei preparat:.ons according to the

Qigrrg;gfz[ ?P%%%%‘Q%gr%? %c? Osron corrp ln:;j-él (| ncl %on con’it)}Tenelglléi‘a)erd%ur(E
appropri at e EeRzeef fvebeused. wit| is preferghie dgewieed~ r 1 heycdbdedtirin aiat ai ned
Wi th the resgbtivgtiveO¥RERWEF especially p- or y-cyclodextrin. o-, B~ and

' y-cyclodextrins are non~toxic compounds which may be used without risk as
pharmaceutical excipients for oral preparations. Moreover, in many
countries p-cyclodextrin is also permissible as a food additive for human
use.

Derivatives of cyclede_xtrin are for example ethers with lower
alcohols, such as methylcyclodextrin or hydroxypropirl,cyclodextrin.

It is known from the literature that cyclodextrins can form
inclusion compounds (inclusion complexes) with appropriate gueet molecules,
while the consequences on the effects obtained with the resultant complexes
are difficult to predict. Based on the properties of the preparations .
according to the invention, it can be concluded that inclusion complexes
similarly exist here. The observed desirable properties cannot be obtained
solely from mere physical mixture.

It is observed that, surprisingly, with the compound of formula I
in free base or in acid addition or quaternary salt form the formation of
complexes with cyclodextrins results in a marked improvement of the
properties of the resultant pharmaceutical preparations, particularly as
regards stability in feed mixtures upon storage.

The compound of formula I is known from e.g. Sandoz USP 4‘675/330
as Example 12 therein.
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Apart from the stability requirement of the feed, other essential

requirements for application are good absorption, inexpensive productioh,
costs, a simple production process and acceptance by the treated animal.

It has now been found that preparations containing complexes of
the compound of formula I in free base or in acid addition or quaternary
salt form with a cyclodextrin fulfill these requirements to a large extent.

The invention thus concerns complexes of the pleuromutilin
derivative of formula I as defined above in free base or in acid addition

or quaternary salt form and a cyclodextrin, hereinafter briefly named "the
complexes of the invention".

The invention further concerns pharmaceutical preparations
comprising a coamplex of the pleuromutilin derivative of formula I as
defined above in free base or in pharmmaceutically acceptable acid addition
or quaternary salt fomm and a cyclodextrin, -together with at least one
pharmaceutically acceptable carrier or diluent, hereinafter briefly named
"the preparations of the invention®.

The complexes of the invention can be prepared by a process which
comprises complexing the ccmpound of formula I in free base or in acid
addition or quaternary salt form with an appropriate cyclodextrin.
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from about 1:0.25 to about 1 : 2, preferably a ratio of from about

1 : 0.75 to about 1 : 1.25 is employed, especially a ratio of about 1 : 1.
It is demonstrated by e.g. H-NMR spectroscopy (see under 3.

below) that a chemical bond comprising at least hydrogen bonding or Van der -

Waals forces.is formed between the compound of formula I and the

cyclodextrin. '

The preparations of the invention are manufactured in conventional
manner, e.g. by a process which comprises mixing a complex of the
pleuromutilin derivative of formula I as defined above in free base or in
pharmaceutically acceptable acid addition or quaternary salt form and an
appropriate cyclodextrin together with at least one pharmaceutically
acceptable carrier or diluent. |

The preparations of the invention can be manufactured with the
compound of formula I in free base form or in water-soluble or
water-insoluble salt form. Preferably the hydrochloride is employed.
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For the compound of formula I the complex binding constant is
1050 M~! with B-cyclodextrin and 1400 M~! with y-cyclodextrin.

2. Calorimetry
In micro-calorimetric examination of the complex of the compound

of formula I in the form of the hydrochloride and f-cyclodextrin
(L.E. Briggner et al. Microcalorimetric titration of f-cyclodextrine with

adamantane~l-carboxylate, Thermochimica Acta 109 [1986] 139-143), a complex
binding constant of 1004 M~} is obtained.

3. 1lH-NMR-spectrum:
In the lH-NMR-spectrum of a solution of the compound of formula I
in the form of the hydrochloride and p-cyclodextrin in D0, marked changes

in the signal position appear when compared with a pure solution of the
compound of formula I, and these are attributable to the following
functional groups:
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W O0/0-9793 ' : compound of
: Proton no. Compound, ofy)| g | Complex 9t cycl odextrin
 onpound roton no. formula, L}grocm or in clodextrin yid £oRDeUNG |
$pl e 3) {hydroch ¢hpm formula I {Example 3) (ppm)
d_0.73 {ppm) s broad (PP®) 69 17
s broad 0. 96 18 S
6 s a 0.73- 49 8¢  sbroaa 0.8 1.9
1. 7%7 4 0.97 s 2.56 s broa 0.9¢ S broad
20. 2013 dd 5:24 fd brgads  5.35
8e dd 6. 37 d 1.99 s br OQﬂ - 6. 5 1.72
4 s 2.56 8 broad 2,58
20.20 dd 5.24 dd broad 5.35
19 dd 6.37 s broad ~6.5

4. Differential scanning calorimetry:

A preparation of y-cyclodextrin and the compound of formula I in
hydrochloride form corresponding to Example 1 shows in differential
scanning calorimetry an endothermic signal of 10°K/min at 193°C.

S. Complex analysis:

Determination of the content of a preparation corresponding to
Example 1 resulted in '
- compound of formula I (hydrochloride) 28.6 %
- Ha0 5.9 %

This content corresponds to a molar ratio of 1 : 1 of compound of
formula I (HCl) to cyclodextrin. . '
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{ Case 970-9793 I.-n the follow ng
nltatlve Exanples all tenperatures are in degrees Centigrade:
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n ound of formula I (hydrochl oride) are added.
utloﬁgﬁggég \J&f%ggo ed to 5 whilst stirring. The resultant white

4l line precipitate is decanted and dried in a vacuumdrying chamber.
e 2: le 1: /-8 g [err]-cyclodextrin are dissolved in 60 m of

wat er junder and 3. 87 compound of -formula I drochloride) are
added§ The sol ution3; % QVEIRYFE?@}‘:FEP &E§ riggolvpdein rlédﬂgé’é patessepder The

dry rgsidue Heatend!aned shgastdBodndl ofMoThE€ME I (hydrochloride) are added. The
solution is slowly cooled to 5° whilst stirring. The resultant white
crystalline precipitate is decanted and dried in a vacuum drying chamber.

Example 2:

7.8 g p-cyclodextrin are dissolved in 60 ml of water under heating
and 3.87 g compound of formula I (hydrochloride) are added. The solution
is evaporated to dryness under reduced pressure. The dry residue is
crushed through a 1 mm sieve.

Example 3: , :

The procedure is effected in a manner analogous to Example 2, with
the exception that the solution is spray-dried at an air temperature of
180°,

Example 4:

The procedure is effected in a manner analogous to Example 2, with
the exception that the solution is frozen to =-40° during 3 hours and
lyophilized.

Example 5:

2.9 g y-cyclodextrin are dissolved in 10 ml of water under heating

is spray-dried at an air temperature of 180°.

and 2.5 g of compound of formula I (hydrochloride) are added. The solution
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nd Oth !‘égp | (hydrochloride) are nixed W'th" 15.5 g .
cycl ‘and 15 ml of water are added in a kneadi ng machi ne. The

fmass i s kneaded 9 soeprsindeafy fooula hdhydrochlotidek LAreenyinedt ‘kzychdu .esdgl n
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cycl JUERE (Fassaht kgeadady ipteraivedyl £o5 13 heuss. 6 Jhols Subsequently dried in

a vacuum drying chamber and crushed through a sieve.

Example 7:

3.5 g compound of formula I (hydrochloride) are mixed with 14.1 g
f-cyclodextrin and ground in a ball mill for 6 hours.

Example 8: Pre-mix

The preparations corresponding to Examples 1 to 7 are mixed with a
1 meal feed mixture to a 2 % pre-mix. The pre-mix is diluted to a

concentration of 200 ppm of compound of formula I by mixing in a freefall
mixer with further meal feed mixture.

% Example 9: Feed gg' llets

A feed mixture according to Example 8 is pressed into feed pellets
using a appropriate pellet press and steam.

i R oA ¢



p: 8. Pre-m x The preparatiops, :corresponding,to. Exanples 1 to
nxed with a neal feed mxture to a:2 %pre-mx. .The.pre-nix is --

H to a concentration of 200 ppm of conpound of fornmula | by mxing in
all- mxer with further neal feed m xture. Exanpl e 9: Feed pellets .
m xture according to Exanple 8 is pressed into feed pellets using a -
fiate pellet press and steam

Case 970-9793 -g- Sone user-rel @é@gtgm-g-;g;,
pr [ ies of the preparations according to the invention are described in
I 1 owi ng tests: 1. Feed stability As nodel feedaready

f eed gor piglets ofsombeusentidloiay posgertiéd @F tie pserhrations according to the
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. Wheat 8.0 % soya scraps
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wheat 8.0
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calcium carbonate 1.0
dicalcium phosphate 1.5
iodized cattle salt 0.2
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(mineral-vitamin) .5
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Various fomms of the preparation are mixed with the ready feed in
a concentration of 200 ppm of campound of formula I and stored for several
weeks at 30°. Both the starting value of the fresh mixtures and the
content values after storage for 2, 4 and 8 weeks are analysed by high
pressure liquid chromatography (HPIC). '

Table 1 shows the improvement in storage stability when using the
complexes of the invention in a feed mixture, as compared with a
corresponding preparation containing no cyclodextrin:

Table 1
Content (in %)
Feed mixture
with ' initial after after after
value 2 weeks 4 weeks 8 weeks
Campound of formula I 100 15 8 6
(hydrochloride) alone
Camplex of Example 3 100 89 87 %0

Complex of Example 6 100 9 92 88
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re liquid chr omat ogr aphy (HPLC3 S Table ‘1 shows the
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t (in 9% Feed m xture _ wth. initial

after after ' val ue 2
week 4 weeks 8 weeks - Compaypd of fornula I e 970-979
15 8 6 (hydrochl ori de) al one Cbnplex of é& ?
3 100 89 : 87 - 90  Conpl ex of Exanple 6
108 91 For detem@Bation of th8&ptimm ratio of compound of formula. I t:c:f
-10- §. oL _determ nation o
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Table 2
Content (in %)
Initial
Ratio value after after after
1 month 2 months 3 months
1:0 100 9 9 7
q 1:2 100 86 89 91
1:1 100 90 89 96
1:0.75 100 49 45 38
1:0.5 100 18 9 8
1:0.25 100 14 8 9

2. OQral absorption:

Absorption following administration to rats and pigs of 25 mg/kg
body weight of a preparation according to Example 3 is tested and campared
with pure compound of formula I (hydrochloride) in the drinking water.
Blood samples are taken after a pericd of 24 hours and the concentration of
active substance in plasma determined by microbiological analysis. The
results in Table 3 show the resorption of the compound of formula I when
administered in the form of a complex of the invention:




;,t (in % Initial Ratio ' value after

: after _ - t manth = : 2 nonths -
t hs 1:0 100 ' 9. 9 7
1100 _ . 86 89 L 91 1:1
: 90 89 96 1: 0.75 100
_ 45 38 1. 0.5 100. 18 9
-4 :0.25 100 14 8 9 2. Oal
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and @npared with pure conpound of formula | (hydrochloride) in the
ng water. Bl ood sanples are takefak¥e r a period of 24 hours and the

concgntration of active substance in plasm determ ned by m crobi ol ogi cal
anal ysis. The Tesults 1Tn Tapre 3 sShow the resorprionof —ttre—Ttompound of
for a | when adm nistered in the formof, a conpl ex of the invention:
Case J070- 9793 | Crax (Mg/ml) TablAEC 3(hg/ml . h)
[err]§ ( [err]/m) AUC ([err]/m™ . h)
rat pig rat pig
Compound of formula I 8.6 1.2 139 21.4
(hydrochloride) alone
Complex according to 11.7 1.6 294 24.3

Example 3

Cmax = maximum plasma concentration
AUC = area under curve
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prem xes. subject to be treated and the treatment desired. However, in general,
satisfactory results are cbtained when the complexes are administered at a
daily dosage in e.g. pigs of from about 1 mg/kg to about 100 mg/kg body
weight, conveniently from about 5 mg/kg to about 10 mg/kg, if desired given
in divided dosages 2 to 4 times daily.

The complexes of the invention may be administered in similar
manner to known standards for use in such indications. The complexes may
be admixed with conventional pharmaceutically acceptable carriers and
d:.luents and, optionally, further excipients, and administered e.g. orally
i :.n such forms as feed pellets and premlxes

The invention further includes complexes of the pleuramutilin
derivative of formula I as defined above in free base or in
pharmaceutically acceptable acid addition or quaternary salt fomm for use
as pharmaceuticals, especially in veterinary medicine.
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CLAIMS FOR ALL CONTRACTING STATES EXCEPT ES AND GR:

1. A complex of the pleuromutilin derivative of formula I
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in free base or in acid addition or quaternary salt fomm and a
cyclodextrin.

2. A pharmaceutical preparation comprising a complex of the pleuromutilin -
derivative of formula I as defined in claim 1 in free base or in
pharmaceutically acceptable acid addition or quaternary salt form and a

cyclodextrin, together with at least one pharmaceutically acceptable
carrier or diluent.

3. A complex according to claim 1 or a pharmaceutical preparation
according to claim 2 wherein the pleuromutilin derivative of formula I
is in the form of the hydrochloride.

4. A complex according to claim 1 or a pharmaceutical preparation
according to claim 2 wherein the cyclodextrin is p- or y=-cyclodextrin.
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A conpl ex according to claim1 or a pharnaceutlcal preparation
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7. A complex according to claim 1 or a pharmaceutical preparation
according to claim 2 wherein the molar ratio of pleuromutllln
derivative to cyclodextrin is 1 : 1,

8. A process for the preparation of a complex as defined in claim 1 which
 comprises complexing the compound of formula I as defined in claim 1 in
free base or in acid addition or quaternary salt form with an
appropriate cyclodextrin,

9. A process for the manufacture of a pharmaceutical preparation as
defined in claim 2 which comprises mixipg a complex of the
pleuromutilin derivative of formula I as defined in claim 1 in free
base or in pharmaceutically acceptable acid addition or quaternary salt
form and an appropriate cyclodextrin together with at least one
pharmaceutically acceptable carrier or diluent.

10. A complex of the pleuromutilin derivative of formula I as defined in
claim 1 in free base or in pharmaceutically acceptable acid addition or

quaternary salt form and a cyclodextrin for use as a pharmaceutical in
veterinary medicine.
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in free base or in acid addition or quaternary salt form and a
cyclodextrin which comprises c‘omplexihg the compodnd of formula I in
free base or in acid addition or quaternary salt form with an
appropriate cyclodextrin.

2. A process according to claim 1 which comprises contacting the compound
of formula I as defined in claim 1 with an appropriate cyclodextrin
under conditions suitable for complex formation.

3. A process according to claim 1 or 2 which comprises bringing to dryness
an aqueous solution of the compound of formula I as defined in claim 1
and a cyclodextrin by lyophilization, spray-drying and/or evaporation,
or by moistening a physical mixture of the compound of formula I as
defined in claim 1 and a cyclodextrin with water and kneading
intensively, or by trituration of a such physical mixture, or by
crystallization of a such physical mixture from a solution or a solvent
mixture.
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5. A process for the preparation of a complex according to claim 1 or the
i manufacture of a pharmaceutical preparation according to claim 4
wherein the pleuromutilin derivative of formula I is in the form of the
hydrochloride.

i 6. A process for the preparation of a complex according to claim 1 or the
manufacture of a pharmaceutical preparation according to claim 4
wherein the cyclodextrin is p- or y-cyclodextrin.

7. A process for the preparation of a complex according to claim 1 or the
manufacture of a pharhaceutical preparation according to claim 4
wherein the molar ratio of pleuromutilin derivative to'cyclodextrin is
from 1 : 0.25 to 1 : 2,

8. A process for the preparation of a complex according to claim 1 or the
manufacture of a pharmaceutical preparation according to claim 4
wherein the molar ratio of pleuromutilin derivative to cyclodextrin is
from 1 : 0.75 to 1 : 1.25. '

9. B process for the preparation of a complek according to claim 1 or the
manufacture of a pharmaceutical preparation according to claim 4

wherein the molar ratio of pleuromutilin derivative to cyclodextrin is
1:1.
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formHa | as defined in claiml in free base or in pharmaceutically -

- acceptabl e acid addition or quaternary-salt formand an approprlate ,'1
cycl odextrin together with at |east one pharnaceutlcally accept-abl e

carrier or diluent. 5. A process for the preparation of a conplex
according to claim1 or the manuf acture of a pharmaceuti cal preparatlon
according to claim4 mherein the pleuronutilin derivative of fornmula I E;
isin the formof the hydrochl oride. =~ 6. A process for the
preparation of a conplex according to claim1 or the manuf GOG34
pharmaceutical preparation according to claim4 wherein the

cycl odextrin is [err]- or [err]-cyclodextrin. 7. A process for the
preparation of a conplex according to claim1 or the manuf acture of a
phar maceut iAcB| S (I BpAGffeon according to claim4 -~ wherein the nolar ratio
of pleuromutilin derivative to cyclodextrin is froml: 0.25to 1 : 2..
8. A process for the preparation of a conplex according to claim11l.or the
manuf acture of a pharmaceutical preparation according to claim4

wherein the nolar ratio of pleuronutilin derivative to cyclodextrin is
froml1l: 0.75to 1 : 1.25. 9. ﬁ&%@%&@%s fo gg ﬁreparation of a conpl ex
according to claim1l or the ] rmaceutical preparation

according to claim4 wherein the nolar ratio of pleuromutilin
derivative to cyclodextrin is 1. 1. 6300/ RE4586/ VA3319
Complexes and pharmaceutical preparations containing complexes of
’ the pleuromutilin derivative of formula I
0
2 NHZ
CH3 CH3

CH

3 H

in free base or in acid addition or quaternary salt form and cyclodextrin
are described.

They can be prepared by complexing the above pleuromutilin
compound with an appropriate cyclodextrin.

They are indicated for use as pharmaceuticals, e.g. as
antibiotics, especially in veterinary medicine, e.g. as feed additives.



