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PLEUROMUTILIN DERIVATIVES AS
ANTIMICROBIALS

Matter enclosed in heavy brackets [ Jappears in the origi-
nal patent but forms no part of the first and this reissue
specification; matter printed in italics indicates the addi-
tions made by the first reissue. Matter enclosed in double
heavy brackets [ [ ]] appears in the first reissue patent
but forms no part of this reissue specification; matter
printed in bold face indicates the additions made by this
reissue.

CROSS REFERENCES TO RELATED
APPLICATIONS

This application is a reissue application of U.S. Re.

39,128E, granted on Jun. 13,2006 which is a reissue appli-
cation of U.S. Pat. No. 6,281,226, granted on Aug. 28, 2001 ;

which is a national phase entry under § 371 of International
Application No. PCT/GB98/03211, filed Apy. 27, 2000; which
claims the benefit of priority of Great Britain Application

Nos. 9722817, filed Oct. 29, 1997 and 9513689, filed Jun. 25,
1998.

The present mnvention relates to novel compounds, to pro-
cesses for their preparation, to pharmaceutical compositions
containing them and to their use 1n medical therapy, particu-
larly antibacterial therapy.

Pleuromutilin, the compound of formula (A), 1s a naturally
occurring antibiotic which has antimycoplasmal activity and
modest antibacterial activity. It has been shown that the anti-
microbial activity can be improved by replacing the glycolic
ester moiety at position 14 by an R—X—CH,CO,— group,
where R 1s an aliphatic or aromatic moiety and X 1s O, S, or
NR' (H Egger and H Reinshagen, J Antibiotics, 1976, 29,
023). Tiamulin, the compound of formula (B), which 1s used
as a veterinary antibiotic, 1s a dervative of this type (G Hoge-
nauer 1n Antibiotics, Vol. V, part 1, ed. F E Hahn, Springer-
Verlag, 1979, p.344).

(A)

HOCH,CO, -

Y

(B)

Et;N(CH;), SCH,OC hes

Y

In this application, the non-conventional numbering system
which 1s generally used 1n the literature (G Hogenauer, loc-
.cit.) 1s used.
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WO 97/235309 (SmithKline Beecham) describes turther
modification of the acyloxy group, disclosing 14-O-carbam-
oyl dervatives of mutilin or 19, 20-dihydromutilin, 1n which

the N-atom of the carbamoyl group 1s unsubstituted, mono- or
di-substituted.
WO 98/05659 (SmithKline Beecham) discloses 14-O-car-

bamoyl derivatives of mutilin or 19, 20-dihydromutilin, in
which the N-atom of the carbamoyl group 1s acylated by a
group which includes an azabicyclic moiety.

WO 98/14189 (SmithKline Beecham. International Publi-
cation Date Apr. 9, 1998) discloses the use of the topical
antibacterial agent mupirocin for treating bacterial infections
associated with the colonisation of the nasopharynx by patho-
genic organisms, 1n particular, the prophylatic treatment of
recurrent sinusitis and recurrent otitis media, especially with
novel spray or cream formulations adpated for administration
to the nasopharynx. In addition, Nsoul1 (Annals of Allergy,
Asthma and Immunology, January 1996, 76(1), 117) has
described a clinical study involving the use o1 a 0.2% aqueous
solution of mupirocin 1n reducing the attacks of sinusitis.

We have now found that further novel pleuromutilin
derivatives have improved antimicrobial properties.

Accordingly, the present invention provides a compound of
general formula (IA) or (EB):

(IA)

OH
R?—(CH,),,— X —(CH,),—— CH,CO, - e
IIII|||--‘
R*—(CH,) =X —(CH,),,—— CHyCO e
in which:

cach of n and m 1s independently 0, 1 or 2;

X 1s selected from —O—, —S—, —S(0O)—, —SO,—,
—C0O.0—, —NH—, —CONH—, —NHCONH— and
a bond;

R' is vinyl or ethyl;

R” is a non-aromatic monocyclic or bicyclic group contain-
ing one or two basic mitrogen atoms and attached
through a ring carbon atom;

R is H or OH; or the moiety R*(CH,)),. X(CH.,),CQO at

position 14 of (IA) or (IB) 1s replaced by
R*R°C—CHCOO in which one of R*and R” is hydrogen
and the other is R? or R* and R® together form R?, or
a pharmaceutically acceptable salt thereof.
When R” is monocyclic, it typically contains from 4 to 8
ring atoms, and, when bicyclic, 1t typically contains from 5 to
10 ring atoms 1n each ring, and 1s optionally substituted on
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carbon by up to 3 substituents. Suitable substituents include
alkyl, alkyloxy, alkenyl and alkenyloxy, each of which may be
carried by either a bridgehead or a non-bridgehead carbon
atom. In addition, the or each nitrogen atom may be substi-
tuted by oxygen, to form an N-oxide, or by mono- or dialkyl,
in which case it will be appreciated that a quaternary cation
can be formed. The counterion may be a halide ion such as
chloride or bromide, preferably chloride. The aza ring system
additionally may contain one or more double bonds.
Representative bicyclic and monocyclic groups for R”
include pipenidinyl, pyrrolidyl, quinuclidinyl, azabicyclo
[2.2.1]heptyl, azabicyclo[4,3,0]nonyl, azabicyclo[3.2.1]oc-
tyl, azabicyclo[3,3,0]octyl, azabicyclo[2.2.2]octyl, azabicy-
clo[3.2.1]octenyl, azabicyclo[3.3.1]nonyl and azabicyclo
[4.4.0]decyl, all of which may be substituted or unsubstituted.

Preferred examples for R” include quinuclidinyl.
The compounds of formula (IA) in which R is hydroxy

have the (2S) configuration at the carbon bearing this hydroxy

group.

Preferably, n 1s 0. Preferably, m 1s O or 1.

Preferred compounds are those of formula (1A).

Alkyland alkenyl groups referred to herein include straight
and branched groups containing up to six carbon atoms and
are optionally substituted by one or more groups selected
from the group consisting of aryl, heterocyclyl, (C, _s)alkoxy,
(C,_g)alkylthio, aryl(C, _)alkoxy, aryl(C, _)alkylthio, amino,
mono- or di-(C, _s)alkylamino, cycloalkyl, cycloalkenyl, car-
boxy and esters thereof, amides of carboxy, ureido, carbam-
imidoyl (amidino), guanidino, alkyl-sulfonyl, amino-sulio-
nyl (C,_g)acyloxy, (C,_s)acylamino, azido, hydroxy, and
halogen.

Cycloalkyl and cycloalkenyl groups referred to herein
include groups having from three to eight ring carbon atoms
and are optionally substituted as described hereinabove for
alkyl and alkenyl groups.

When used herein, the term “aryl” means single and fused
rings suitably containing from 4 to 7, prefterably 5 or 6, ring
atoms 1n each ring, which rings may each be unsubstituted or
substituted by, for example, up to three substituents. A tused
ring system may include aliphatic rings and need include only
one aromatic ring. Representative aryl groups include phenyl
and naphthyl such as 1-naphthyl or 2-naphthyl.

Suitably any aryl group, including, phenyl and naphthyl,
may be optionally substituted by up to five, preferably up to
three substituents. Suitable substituents include halogen,
(C,_s)alkyl, aryl, aryl(C, _,)alkyl, (C,_y)alkoxy, (C,_s)alkoxy
(C,_¢)alkyl, halo(C,_calkyl, aryl(C,_¢)alkoxy, hydroxy,
nitro, cyano, azido, amino, mono- and di-N-(C,_c)alky-
lamino, acylamino, arylcarbonylamino, acyloxy, carboxy,
carboxy salts, carboxy esters, carbamoyl, mono- and di-N-
(C,_g)alkylcarbamoyl, (C,_s)alkoxycarbonyl, aryloxycarbo-
nyl, ureido, guanidino, sulphonylamino, aminosulphonyl,
(C,_s)alkylthio, (C,_s)alkyl sulphinyl, (C,_,)alkylsulphonyl,
heterocyclyl and heterocyclyl (C, _)alkyl. In addition, two
adjacent ring carbon atoms may be linked by a (C,_;)alkylene
chain, to form a carbocyclic ring.

When used herein the terms “heterocyclyl” and “heterocy-
clic” suitably include, unless otherwise defined, aromatic and
non-aromatic, single and fused, rings suitably containing up
to four heteroatoms 1n each ring, each of which 1s selected
from oxygen, nitrogen and sulphur, which rings, may be
unsubstituted or substituted by, for example, up to three sub-
stituents. Each heterocyclic ring suitably has from 4 to 7,
preferably 5 or 6, ring atoms. A fused heterocyclic ring sys-
tem may include carbocyclic rings and need include only one
heterocyclic ring.
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Preferably substituents for a heterocyclyl group are
selected from halogen, (C,_s)alkyl, aryl(C,_o)alkyl, (C, ()
alkoxy, (C,_s)alkoxy(C,_c)alkyl, halo(C, s)alkyl, hydroxy,
amino, mono- and di-N-(C, _s)alkyl-amino, acylamino, car-
boxy, carboxy salts, carboxy esters, carbamoyl, mono- and
di-N-(C, _s)alkylcarbonyl, aryloxycarbonyl, (C, _.)alkoxycar-
bonyl(C, ()alkyl, aryl, oxy groups, ureido, guanidino, sul-
phonylamino, amino sulphonyl, (C, _.)alkylthio, (C, _;)alkyl-
sulphinyl,  (C,_g)alkylsulphonyl,  heterocyclyl  and
heterocyclyl(C, _.)alkyl.

Depending on the position of attachment of substituents,
two or more diastereoisomers may be possible. In that situa-
tion the present invention includes the individual diastereoi-
somers and mixtures thereol.

Preferred examples of compounds of the invention include:

Mutilin 14-(quinuclidin-4-yl-sulfanyl)-acetate;

Mutilin 14-(quinuclid-4-ylmethylsulfanyl)-acetate;
Mutilin-14-(1-methylpiperid-4-ylsulfanyl)-acetate, and

Mutilin 14-(exo-8-methyl-8-azabicyclo[3.2.1]oct-3-ylsul-
fanyl)-acetate.

The compounds of this invention may be 1n crystalline or
non-crystalline form, and, 11 crystalline, may optionally be
solvated, especially hydrated. This invention includes within
its scope stoichiometric hydrates as well as compounds con-
taining variable amounts of water.

The compounds according to the invention are suitably
provided in substantially pure form, for example at least 50%
pure, suitable at least 60% pure, advantageously at least 75%
pure, preferably at least 85% pure, more preferably at least
95% pure, especially at least 98% pure, all percentages being
calculated as weight/weight.

The compounds of the invention may be in the form of free
bases or acid addition salts. Compounds carrying a carboxy
substituent may be 1n the form of zwitterions, or alkali metal
salts (of the carboxy group). Pharmaceutically acceptable
salts are preferred.

Pharmaceutically acceptable acid-addition salts include
those described by Berge, Bighley, and Monkhouse, J.
Pharm. Sci., 1977, 66, 1-19. Suitable salts include the hydro-

chloride, maleate, and methanesulphonate; particularly the
hydrochloride.

Compounds of the present invention may be readily pre-
pared form available starting materials by adapting synthetic
processes well known 1n the art.

Accordingly, 1n a first aspect, the present invention pro-
vides a process for preapring a compound of formula (I)

which comprises reacting a compound of formula (IIA) or
(I1IB):

(1IA)
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-continued
(1IB)

in which Y 1s hydrogen or a removable hydroxy-protecting
group, and R'* and R>* are R' and R” are as defined for
formulae (IA) and (IB) or groups convertible to R" and R>,

with an active derivative of a carboxylic acid of formula
(11I):

R2A_(CH,), —X—(CH,)),—CH,CO,)H (I11)

where R** is R* as defined for formulae IA and IB or a group
convertible to R*, under ester forming conditions and, where
required or desired,

converting Y to hydrogen,

converting an R'*, R** or R>* group to a R', R® or R”

group, and/or

converting one R", R or R® group to another R', R* or R’

group.

Conventional methods for ester formation are described in
the literature, for example 1n Comprehensive Organic Func-
tional Group Transformations, Vol. 5, ed. C I Moody, p.
123-130, Elsevier Scientific, Oxtord, 1995. The active deriva-
tive used as an acylating agent may be for example an acid
chloride, acid bromide, a mixed anhydride, or an N-acyl-
imidazole. The preferred agent 1s an acid chlonide. General
methods for forming such acylating agents are described in
the chemical literature (see 1 O Sutherland, Comprehensive
Organic Chemistry, Vol. 2, ed. I O Sutherland, pages 875-883
(Pergamon Press, Oxtord, 1979), and references therein).

The ester-forming reaction can be carried out in the pres-
ence of an organic base, an mnorganic base, or an acid. Organic
bases include pynidine, 2,6-lutidine, triethylamine, and N,N-
dimethylaniline. Inorganic bases include sodium hydride,
lithium hydnde, potassium carbonate, lithium hexamethyld-
isilazide, and sodium hexamethyldisilazide. Acids include
p-toluenesulphonic acid, benzene sulphonic acid, and sul-
phuric acid. Optionally, when the reaction 1s carried out 1n the
presence ol a base, an acylation catalyst (G Hofle and W
Steglich, Synthesis, 1972, 619) such as 4-dimethyamino-py-
ridine or 4-pyrrolidino-pyridine may also be added to the
reaction mixture. Solvents for the ester forming reaction
include tetrahydrofuran, 1,4-dioxane, acetonitrile, N,N-dim-
cthylformamide, diethyl ether, dichloromethane, and chloro-
form. A preferred solvent 1s tetrahydrofuran.

Usetul methods for acylating the 14-hydroxyl in the
present invention include the use of the following: acid chlo-
ride in N,N-dimethylformamide at elevated temperature (e.g.
100° C. to 120° C.), acid chloride 1n the presence of an organic
base (e.g. pynidine, 2,6-lutidine, 2,4,6-collidine, di-1so-pro-
pylethylamine) or an morganic base (e.g. sodium or lithium
hexamethyldisilazide); carboxylic acid in the presence of
dicyclohexylcarbodiimide and an acylation catalyst (e.g.
4-dimethylamino-pyridine, 4-pyrrolidinopyridine); a mutilin
14-chloroformate derivative plus carboxylic acid, tertiary
base (e.g. triethylamine, di-isopropylethylamine), and an
acylation catalyst (e.g. 4-dimethylamino-pyridine, 4-pyrroli-
dino-pyridine).
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Conversions of an R'*, R** orR°* grouptoaR", R* or R”
group typically arise when a protecting group 1s needed dur-
ing the above coupling reaction or during the preparation of
the reactants by the procedures described below. Interconver-
sionofone R*, R* or R? group to another typically arises when
one compound of formula IA/B i1s used as the immediate
precursor of another compound of formula IA/B or when 1t 1s
casier to introduce a more complex or reactive substituent at

the end of a synthetic sequence.

Preferably Y 1s a hydroxyl protecting group such as an acyl
group, for example so that —OY 1s trifluoroacetyl or dichlo-
roacetyl. When the intended R is also hydroxyl, then R** is
also preferably acyloxy, for example acetyl or dichloroacetyl.
Hydroxyl groups at positions 11 and 2 (as groups OY and
R>*) may be protected using, for example, dichloroacetic
anhydride and pyridine in tetrahydrofuran or N-trifluoro-
acetyl-imidazole in tetrahydrofuran at 0° C. After the reaction
with the dertvative of acid 111 1s complete the protecting acyl
groups may be removed to restore the hydroxyl groups by
hydrolysis e.g. using NaOH 1n MeOH.

Itmay also be necessary to protect substituent groups in the
acid component (11I) prior to reaction with the the compound
of formulae (ITA) or (IIB), for example protecting N atoms
with alkoxycarbonyl, for example t-butoxycarbonyl.

Suitable hydroxy, carboxy and amino protecting groups are
those well known 1n the art and which may be removed under
conventional conditions and without disrupting the remain-
der of the molecule. A comprehensive discussion of the ways
in which hydroxy, carboxy and amino groups may be pro-
tected and methods for cleaving the resulting protected
derivatives 1s given in for example “Protective Groups 1n
Organic Chemistry” (T. W. Greene, Wiley-Interscience, New
York, 2nd edition, 1991). Particularly suitable hydroxy pro-
tecting groups include, for example, triorganosilyl groups
such as, for instance, trialkylsilyl and also organocarbonyl
and organooxycarbonyl groups such as, for istance, acetyl,
allyloxycarbonyl, 4-methoxybenzyloxycarbonyl and 4-ni-
trobenzyloxycarbonyl. Particularly suitable carboxy protect-
ing groups include alkyl and aryl groups, for instance methyl,
cthyl and phenyl. Particularly suitable amino protecting
groups include alkoxycarbonyl, 4-methoxybenzyloxycarbo-
nyl and 4-nitrobenzyloxycarbonyl.

R™* is typically the R group vinyl, and this may be con-
verted to the alternative R' ethyl group by hydrogenating the
vinyl group to form an ethyl group, typically by hydrogena-
tion over a palladium catalyst (e.g. 10% palladium-on-car-
bon) 1n a solvent such as ethyl acetate, ethanol, dioxane, or
tetrahydrofuran.

R># is typically hydrogen or protected hydroxyl, such as
acyloxy. After the coupling reaction, protecting acyl groups
may be removed to restore the hydroxyl groups by hydrolysis
¢.g. using NaOH 1n MeOH.

Alternatively a compound of formula (IA) in which R° is

hydrogen may be prepared by treating a compound of formula
(11C):

(IIC)
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where R"* is as defined for formula (ITA) and (1IB),

with an active derivative of the acid of formula (III) under

ester forming conditions, and

then treating the product with an acid, and, where required

or desired,

converting an R*** or R** group toa R" or R* group, and/or

converting one R* or R” group to another R" or R* group.

The acid treatment indicated above converts the epimutilin
configuration of formula (IIC) to the usual mutilin nucleus of
formula (IIA). Typically this conversion 1s carried out by
treatment with conc. HCI or Lukas reagent (conc. HCI satu-
rated with ZnCl,) in dioxane.

As in formulae (ITA) and (IIB), R** is typically the R’
group vinyl, and this may be converted to the alternative R*
group by hydrogenating the vinyl group to form an ethyl
group. Also it may again be necessary to protect substituent
groups 1n the dertvative of acid compound (I11I) prior to reac-
tion, for example protecting N atoms with, for example, t-bu-
toxycarbonyl.

In cases where the intermediate of formula (IIA) and (11B)
(such as Y=acetyl) are used, a base-labile protecting group
may conveniently be removed at the same time as the group Y
1s deprotected. In cases when the intermediate of formula
(IIC) 1s used, an acid-labile protecting group may conve-
niently be removed at the same time as the acid treatment that
converts the epi-mutilin configuration nto the desired con-

figuration of the compounds of the imvention.
The compounds of formulae (IIA), (I1IB) and (IIC) may be
prepared from compounds of formulae (IV) and (V)

(IV)

(V)

Suitable compounds as formula (IV) include 11-O-acyl muti-
lin dervatives, e.g. mutilin 11-acetate (A J Birch, C W Holza-
plel, R W Richards, Tetrahedron (Suppl.), 1966, 8, Part II,
359) or mutilin 11-dichloroacetate or mutilin 11-trifluoroac-
ctate. Formula (V) 1s (3R)-3-deoxo-11-deoxy-3-methoxy-
11-ox0-4-ep1-mutilin (H Berner, G Schulz and H Schneider,
Tetrahedron, 1980, 36, 1807).

Compounds (IV) and (V) are effectively the compounds of
formula (ITIA) and (IIC) respectively in which R** is vinyl and
R># is hydrogen (compound IIA). They may be converted
into the corresponding compounds in which R** is ethyl by
hydrogenation, typically by hydrogenation over a palladium
catalyst (e.g. 10% palladium-on-carbon) 1n a solvent such as
cthyl acetate, ethanol, dioxane, or tetrahydrofuran.
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Copmpounds of formula (ITA) in which R>* is hydroxyl
may be obtained by first preparing 2-hydroxymethylene
mutilin from a compound of formula (IV). Using procedures
based on that described by A. J. Birch, C. W. Holzapiel and R.
W. Rickards (Tet (Suppl) 1996 8 part 111 359), a compound of
formula (IV) 1n toluene and methyl formate is treated with
sodium methoxide and stirred under argon. The product is a
mixture of the desired 2-hydroxymethylene compound and
corresponding compounds substituted by formate at position
11 (if OY 1s OH) and/or position 14. The formate groups may
be removed when desired by treatment with potassium
hydroxide in methanol.

The product mixture may however be used directly to
prepare 2-diazo-mutilin dernivatives using the method
described by H Berner, G Schulz, and G Fisher, Monatsh.
Chem., 1981, 112, 1441, for example reacting a solution of a
2-hydroxymethylene-mutilin and the formate derivatives 1n
dichloromethane at —10° C. under argon with tosylazide and
triecthylamine. Removal of the formate groups as described
above leaves 2-diazo-mutilin. which may be reacted with a
carboxylic acid to give a 2-acyloxy-mutilin, effectively a
compound of formula (ITA) in which R** is protected
hydroxyl. Suitably reaction with dichloroacetic acid gives
2-dichloroacetoxy-mutilin, which can be deprotected as
described above to provide 2-OH. preferably after coupling
with the dervative of acid (III). This reaction produces (25)-
2-hydroxy derivatives.

Compounds of formula (IIB) are either 1,2-didehydro-
mutilin or obtainable therefrom by manipulation of OY and
R'* as described above. 1,2-Didehydro-mutilins may be pre-

pared using the method described by G Schulz and H Berner
in Tetrahedron, 7, 1984, 40, 905.
The above described modifications to the mutilin nucleus
may also be carried out after coupling of compounds of for-
mula (ITA) and (IIC) where R’# is hydrogen (i.e. based on
mutilin an d epi1-mutilin) with the active derivative of acid
(11D).

In another aspect, the present invention provides a method
for preparing compounds of the invention in which X 1s O, S,
NH, CO.O or CONH which comprises reacting a compound

of formula VIA or VIB

VIA
R4 &
& oY
R!—(CH,),,CHy— COO - i
|||II||l-‘
O R3A
VIB

where Y 1s hydrogzen or a removable hydroxy-protecting,
group. and R'* and R** are R and R” as defined for formulae
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A and IB or groups convertible to R' and R”, n is as defined
for formulae IA and IB, and R" is a leaving group or OH or
NH,, with a compound of formula (VII):

R2A_(CH,), —XH (VID)

where R** is R* as defined for formula (IA) and (IB) or a
group convegible to R*, and X and m are as defined for
formulae IA and IB, or

when X 15 CO.O with an active derntvative of the acid of
formula (VII),

by one of the procedures set out below,

and where required or desired

converting Y to hydrogen,

converting an R'* or R** group to an R*, R* or R> group,
and/or

converting one R', R* or R” group to another R', R* or R’
group.

As 1n the method discussed above startin from compounds
(IIA/B/C), preferably Y 1s a hydroxyl protecting group such
as an acyl group, for example so that —OY 1s trifluoroacetyl
or dichloroacetyl. When the intended R is also hydroxyl then
R>*is also preferably acyloxy, for example acetyl or dichlo-
roacetyl.

It may also be necessary to protect substituent groups 1n the
compound of formula (VII) prior to reaction with the com-
pound (VIA) or (VIB), for example protecting N atoms with
alkoxycarbonyl, for example t-butoxycarbonyl.

Suitable hydroxy, carboxy and amino protecting croups are
those well known 1n the art and are discussed above.

R'* is typically the R' group vinyl, and this may be con-
verted to the alternative R* ethyl group by hydrogenating the
vinyl group to form an ethyl group, typically by hydrogena-
tion over a palladium catalyst (e.g. 10% palladium-on-car-
bon) 1n a solvent such as ethyl acetate, ethanol, dioxane, or
tetrahydrofuran.

R>* is typically hydrogen or protected hydroxyl, such as
acyloxy. After the coupling reaction, protecting acyl groups
may be removed to restore the hydroxyl groups by hydrolysis
¢.g. using NaOH in MeOH.

Procedures for coupling the group R~(CH.,) CH,CO.0—
with compound R**—(CH,),.—XH include the following:

(a) when R" is a leaving group, such as 4-MeC H,SO., 0O,
MeSO,0, F,CSO,0, Bror Cl, and X 15 O, S orNi
(1) Where X=0, the alcohol Rz—(CHz)m—OH may be

converted 1nto the alkoxide by reaction with an inor-
ganic base, such as sodium hydride, lithium hydrnde,
sodium hexamethyldisilazide, or lithium hexameth-
yldisilazide, 1n a non-hydroxylic solvent, such as
N,N-dimethylformamide or tetrahydrofuran, prior to
reaction with the compound of formula VIA/B;
(i1) where X=S, the thiol R*—(CH,))_—SH may be
reacted with the compound of formula VIA/B 1n the
presence of an morganic base, such as sodium meth-
ox1ide, sodium ethoxide, sodium hydride, sodium hex-
amethyldisilazide, or lithium hexamethyldisilazide,
in a solvent such as 2-propanol, ethanol, methanol,
N,N-dimethylformamaide, or tetrahydro furan.

(i11) where X=NH, the amine R°*—(CH,), —NH, may
be reacted with the compound of formula VIA/B 1n a
solvent such as N,N-dimethylformamide or tetrahy-
drofuran, optionally 1n the presence of a base such as
potassium carbonate, pyridine, N,N-di-(isopropyl)-
cthylamine, or triethylamine.

(b) when X 1s CONH, a compound of formula VIA 1n
which R"™ is amino may be reacted with a compound of
formula R**—(CH,)_.—CO,H, or an acylating agent

derived therefrom, using one of the general methods for
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amide formation that are described 1n the chemical lit-

crature. General methods for amide formation are
described by B C Challis and J A Challis in Comprehen-
stve Organic Chemistry, Vol. 2, ed. 1 O Sutherland, pages
959-964 (Pergamon Press, Oxford, 1979).

(¢) when X 15 CO.0, a compound of formula VIA/B 1n
which R" is hydroxy may be reacted with an acylating
agent derived from a compound of formula R**—
(CH,)_—CO,H, using one of the general methods that
are described 1n the chemical literature, for example
treating the acid with oxalyl chloride and reacting with
R™=hydroxy in a suitable solvent such as DMF.

Alternatively the above reactions may be carried out using

a compound of formula (VIC):

(VIC)

R!—(CH,;),,CHy——COQOm+

where Y and R are as defined for formulae I1A and IIB and
R" is as defined for formulae (VIA) and (VIB)

with the compound (VII) by the procedures (a), (b) or (c) set
out above,

and then

treating the product with an acid,

and where required or desired

converting an R'* or R** group to a R or R* group, and/or
converting one R' or R* group to another R' or R* group.

As mentioned previously, the acid treatment indicated
above converts the epi-mutilin configuration of formula
(VIC) to the usual mutilin nucleus of formula (VIA). Typi-
cally this conversion 1s carried out by treatment with conc.
HCI or Lukas reagent (conc. HCI saturated with ZnCl,) 1n
dioxane.

As in formulae (VIA) and (VIB), R'* is typically the R’
group vinyl, and this may be converted to the alternative R
group by hydrogenating the vinyl group to form an ethyl
group. Also 1t may again be necessary to protect substituent
groups 1n the compound (VII) prior to reaction, for example
protecting N atoms with alkoxycarbonyl, for example t-bu-
toxycarbonyl.

The compounds of formulae (VIA), (VIB) and (VIC) may
be prepared by reacting the corresponding compounds of
formula (IIA), (I1IB) and (1I1C) by conventional methodology
to introduce acyl groups substituted by hydroxyl or amine or
a leaving group.

Reterence 1s directed to the preparation of the chloride and
tosylate by K Riedl in J. Antibiotics, 1976, 29, 132; and the
tosylate and mesylate described by H Egger and H Rein-
shagen 1n J. Antibiotics. 1976, 29, 915; starting from pleuro-
mutilin or 19,20-dihydro-pleuromutilin (n=0). Also com-
pounds where R" is chloro or bromo may be prepared by
reacting Br(CH,)), (CH,)COOCI or CI(CH,) (CH.,)COOCI
with compounds IV and V above. It will be appreciated that
when n=0, compounds where R" is hydroxy are pleuromutilin
and 19,20-dihydro-pleuromutilin. Compounds where R" is
NH, may be prepared from the compound where R" is a
leavmg group, for example treating a tosylate with sodium
azide, followed by treatment with triphenyl phosphine and a
base.
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Compounds of formula (IA) wherein X 1s S(O) or SO, may
be obtained by preparing the corresponding compound in
which X=S and treating 1t with an oxidising agent; for
example, 3-chloroperoxybenzoic acid in chloroform, or cata-
lytic osmium tetroxide plus N-methylmorpholine N-oxide 1n
tetrahydrofuran and tertiary-butanol.

It will be appreciated that it 1s also possible to carry out the
reaction of the compounds VIA/B/C with compound VII with
the substituents reversed, 1.e. with —CH,(CH,) XH as a
14-mutilin substituent and R™~ on the R**—(CH,),,— resi-
due. For example 22-deoxy-22-sulfanyl-pleuromutilin (U.S.
Pat. No. 4,130,709) may be reacted with a compound of
formula R**—(CH,), —R", where R" is a leaving group,
such as 4-MeC H_,SO,0, MeSO,0, CF,SO,0, or Cl, 1in the
presence ol an inorganic base, such as sodium methoxide,
sodium ethoxide, or sodium hydride, 1n a solvent such as
2-propanol, ethanol, methanol, or tetrahydrofuran.

The compounds (I11) and (VII) are commercially available
or may be formed by conventional methodology from com-
pounds that are commercially available compounds or
described in the literature.

Where intermediates disclosed for the above processes are
novel compounds, they also form part of this invention.

The compounds of the present mvention may contain a
chiral centre, and therefore the products of the above pro-
cesses may comprise a mixture of diastereoisomers or a
single diastereoisomer. A single diastereoisomer may be pre-
pared by separating such a mixture of diastereo1somers which
has been synthesised using a racemic starting material, or by
synthesis using an optically pure starting material.

The products of the processes of this invention may be in
crystalline or non-crystalline form, and, if crystalline, may
optionally be hydrated or solvated. When some of the com-
pounds of this ivention are allowed to crystallise or are
recrystallised from organic solvents, solvent of crystallisation
may be present in the crystalline product. This invention
includes within 1ts scope such solvates. Similarly, some of the
compounds of this invention may be crystallised or recrystal-
lised from solvents containing water. In such cases water of
hydration may be present in the crystalline product. This
invention includes within 1ts scope stoichiometric hydrates as
well as compounds containing variable amounts of water that
may be produced by processes such as lyophilisation.

The compounds obtained according to the processes of the
invention are suitably worked up to a substantially pure form,
for example at least 50% pure, suitable at least 60% pure,
advantageously at least 75% pure, preferably at least 85%
pure, more preferably at least 95% pure, especially at least
98% pure, all percentages being calculated as weight/weight.
An 1mpure or less pure form of a compound according to the
invention may, for example, be used in the preparation of a
more pure form of the same compound or of a related com-
pound (for example a corresponding derivative) suitable for
pharmaceutical use.

The present invention also includes pharmaceutically
acceptable salts and derivatives of the compounds of the
invention. Salt formation may be possible when one of the
substituents carries an acidic or basic group. Salts may be
prepared by salt exchange 1n conventional manner

Acid-addition salts may be pharmaceutically acceptable or
non-pharmaceutically acceptable. In the latter case, such salts
may be useful for 1solation and purification of the compound
of the invention, or intermediates thereto, and will subse-
quently be converted 1into a pharmaceutically acceptable salt
or the free base. Pharmaceutically acceptable acid-addition
salts include those described by Berge, Bighley, and
Monkhouse, J. Pharm. Sci., 1977, 66, 1-19. Suitable salts

10

15

20

25

30

35

40

45

50

55

60

65

12

include the hydrochloride, maleate, and methanesulphonate;
particularly the hydrochloride.

It will also be understood that where the compound of the
invention contains a free carboxy moiety, 1t can form a zwit-
terion.

The compounds of the present invention and their pharma-
ceutically acceptable salts or derivatives have antimicrobial
properties and are therefore of use 1n therapy, in partiuclar for
treating microbial infections in animals, especially mammals,
including humans, in particular humans and domesticated
amimals (including farm animals). The compounds may be
used for the treatment of infections caused by, for example,
Gram-positive and Gram-negative bacteria and mycoplas-
mas, including, for example, Staphylococcus aureus, Staphy-
lococcus epidermidis, Enterococcus faecalis, Streptococcus
pyogenes, Streptococcus agalactiae, Streptococcus pneumo-
niae, Haemophilius sp., Neisseria sp., Legionella sp.,
Chlamydia sp., Moraxella catarrhalis, Mycoplasma pneumo-
niae, and Mycoplasma gallisepticum.

The present mvention also provides a method of treating
microbial infections 1n animals, especially in humans and in
domesticated mammals, which comprises administering a
compound of the invention or a pharmaceutically acceptable
salt or dertvative or solvate thereot, or a composition accord-
ing to the mvention, to a patient 1n need thereof.

The invention turther provides the use of a compound of
the invention or a pharmaceutically acceptable salt or deriva-
tive or solvate thereot 1n the preparation of a medicament for
use 1n the treatment of microbial infections.

Compounds of the present invention may be used to treat
skin and soft tissue 1nfections and acne, by topical applica-
tion. Accordingly, 1n a further aspect the present invention
provides the use of a compound of the ivention or a phar-
maceutically acceptable salt or dertvative or solvate thereof in
the preparation ol a medicament adapted for topical admin-
istration for use 1n the treatment of skin and soft tissue 1nfec-
tions and also 1n the treatment of acne in humans.

Compounds of the present invention may be also used for
the elimination or reduction of nasal carriage of pathogenic
bacteria such as S. aureus, H. influenzae, S. pneumonia and
M. catarrhalis, 1n particular colonisation of the nasospharynx
by such organisms, by the administration of a compound of
the present invention thereto. Accordingly, 1n a further aspect,
the present mvention provides for the use of a compound of
the invention or a pharmaceutically acceptable salt or deriva-
tive or solvate thereof 1n the manufacture of a medicament
adapted for administration to the nasal cavity, for reducing or
climinating the nasal carriage of pathogenic organisms. Pret-
erably, the medicament 1s adapted for focussed delivery to the
nasopharynx, in particular the anterior nasopharynx.

Such reduction or elimination of nasal carriage 1s believed
to be usetul 1n prophylaxis of recurrent acute bacterial sinusi-
t1s or recurrent otitis media 1n humans, in particular 1n reduc-
ing the number of episodes experienced by a patient over a
given period of time or reducing the time mtervals between
episodes. Accordingly, 1n a further aspect, the present mven-
tion provides for the use of a compound of the mnvention or a
pharmaceutically acceptable salt or denivative or solvate
thereol 1n the manufacture of a medicament adapted for
administration to the nasal cavity, for prophylaxis of recurrent
acute bacterial sinusitis or recurrent otitis media.

Compounds of the present mvention are also useful 1n
treating chronic sinusitis. Accordingly, 1n a further aspect, the
present invention provides for the use of a compound of the
invention or a pharmaceutically acceptable salt or dervative
or solvate thereof in the manufacture of a medicament, for
treating of chronic sinusitis.
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The compounds according to the invention may suitably be
administered to the patient at a daily dosage of from 1.0 to 50
mg/kg of body weight. For an adult human (of approximately
70 kg body weight), from 50 to 3000 mg, for example about
1500 mg, of a compound according to the invention may be
administered daily. Suitably, the dosage for adult humans 1s
from 5 to 20 mg/kg per day. Higher or lower dosages may,
however, be used 1n accordance with normal clinical practice.

To lessen the risk of encouraging the development of resis-
tant organisms during prophylaxis of recurrent otitis media or
recurrent acute bacterial sinusitis, 1t 1s preferred to administer
the drug on an imntermittent, rather than a continual, basis. In a
suitable intermittent treatment regimen for prophylaxis of
recurrent otitis media or recurrent sinusitis, drug substance 1s
administered on a daily basis, for a small number of days, for
instance from 2 to 10, suitably 3 to 8, more suitably about 5
days, the administration then being repeated after an interval,
for instance, on a monthly basis over a period of months, for
instance up to six months. Less preferably, the drug substance
may be administered on a continuing, daily basis, over a
prolonged period, for instance several months. Suitably, for
prophylaxis of recurrent otitis media or recurrent sinusitis,
drug substance 1s admimstered once or twice a day. Suitablyv
drug substance 1s administered during the winter months
when bacterial infections such as recurrent otitis media and
recurrent sinusitis tend to be more prevalent. The drug sub-
stance may be administered at a dosage of from 0.05 to 1.00
mg, typically about 0.1 to 0.2mg, 1n each nostril, once or
twice a day.

More generally, the compounds and compositions accord-
ing to the mvention may be formulated for adminmistration 1n
any convenient way for use in human or veterinary medicine,
by analogy with other antibiotics.

Accordingly, 1n a further aspect, the present invention pro-
vides a pharmaceutical composition comprising a compound
of the mvention or a pharmaceutically acceptable salt or
derivative or solvate thereof toether with a pharmaceutically
acceptable carrier or excipient.

The compounds and compositions according to the inven-
tion may be formulated for administration by any route, for
example oral, topical or parenteral. The compositions may,
for example, be made up 1n the form of tablets, capsules,
powders, granules, lozenges, creams, syrups, sprays or liquid
preparations, for example solutions or suspensions, which
may be formulated for oral use or in sterile form for parenteral
administration by 1njection or infusion.

Tablets and capsules for oral administration may be in unit
dosage form, and may contain conventional excipients
including, for example, binding agents, for example, syrup,
acacia, gelatin, sorbitol, tragacanth, or polyvinylpyrrolli-
done; fillers, for example lactose, sugar, maize-starch, cal-
cium phosphate, sorbitol or glycine; tabletting lubricants, for
example magnesium stearate, talc, polyethylene glycol or
silica; disintegrants, for example potato starch: and pharma-
ceutically acceptable wetting agents, for example sodium
lauryl sulphate. The tablets may be coated according to meth-
ods well known 1n normal pharmaceutical practice.

Oral liquid preparations may be in the form of, for
example, aqueous or oily suspensions, solutions, emulsions,
syrups or elixirs, or may be presented as a dry product for
reconstitution with water or another suitable vehicle before
use. Such liquid preparations may contain conventional addi-
tives, including, for example, suspending agents, for example
sorbitol, methyl cellulose, glucose syrup, gelatin, hydroxy-
cthyl cellulose, carboxymethyl cellulose, aluminium stearate
gel or hydrogenated edible fats; emulsiiying agents, for
example lecithin, sorbitan monooleate or acacia; non-aque-
ous vehicles (which may include edible oils), for example
almond o1l, oi1ly esters ({or example glycerine), propylene
glycol, or ethyl alcohol, preservatives, for example methyl or
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propyl p-hydroxybenzoate or sorbic acid; and, 1f desired,
conventional flavouring and colour agents.

Compositions according to the invention intended for topi-
cal administration may, for example, be 1n the form of oint-
ments, creams, lotions, eye ointments, eye drops, ear drops,
nose drops, nasal sprays, impregnated dressings, and aero-
sols, and may contain appropriate conventional additives,

including, for example, preservatives, solvents to assist drug
penetration, and emollients 1n ommtments and creams. Such

topical formulations may also contain compatible conven-
tional carriers, for example cream or omntment bases, ethanol
or oleyl alcohol for lotions and aqueous bases for sprays.
Such carriers may constitute from about 1% to about 98% by
weight of the formulation; more usually they will constitute
up to about 80% by weight of the formulation.

Compositions according to the invention intended for topi-
cal administration, 1n addition to the above, may also contain
a steroidal anti-inflammatory agent; for example, betametha-
sone.

Compositions according to the mvention may be formu-
lated as suppositories, which may contain conventional sup-
pository bases, for example cocoa-butter or other glycerides.

Compositions according to the invention intended for
parenteral administration may conveniently be 1n fluid umit
dosage forms, which may be prepared utilizing the compound
and a sterile vehicle, water being preferred. The compound,
depending on the vehicle and concentration used, may be
either suspended or dissolved in the vehicle. In preparing
solutions, the compound may be dissolved 1n water for injec-
tion and filter-sterilised belfore being filled 1nto a suitable vial
or ampoule, which 1s then sealed. Advantageously, conven-
tional additives including, for example, local anaesthetics,
preservatives, and buffering agents can be dissolved 1n the
vehicle. In order to enhance the stability of the solution, the
composition may be frozen after being filled into the vial, and
the water removed under vacuum; the resulting dry lyophi-
lised powder may then be sealed 1n the vial and a accompa-
nying vial of water for injection may be supplied to reconsti-
tute the liqud prior to use. Parenteral suspensions may be
prepared 1n substantially the same manner except that the
compound 1s suspended in the vehicle instead of being dis-
solved and sterilisation cannot be accomplished by filtration.
The compound may instead by sterilised by exposure to eth-
ylene oxide belore being suspended in the sterile vehicle.
Advantageously, a surfactant or wetting agent 1s included in
such suspensions in order to facilitate uniform distribution of
the compound.

A compound or composition according to the mvention 1s
suitably administered to the patient 1n an antimicrobially
elfective amount.

A composition according to the invention may suitably
contain from 0.001% by weight, preferably (for other than
spray compositions) from 10 to 60% by weight, of a com-
pound according to the invention (based on the total weight of
the composition), dependin on the method of administration.

When the compositions according to the invention are pre-
sented 1n unit dosage form, for instance as a tablet, each unit
dose may suitably comprise from 25 to 1000 mg, preferable
from 50 to 500 mg, of a compound according to the invention.

Preferred compositions of the present invention include
those adapted for intranasal administration, in particular,
those that will reach 1nto the nasopharynx. Such compositions
are preferably adapted for focussed delivery to, and residence
within, the nasopharynx. The term ‘focussed delivery’ 1s used
to mean that the composition 1s delivered to the nasopharynx,
rather than remaining within the nares. The term ‘residence’
within the nasopharynx 1s used to mean that the composition,
once delivered to the nasopharynx, remains within the
nasopharynx over a course of several hours, rather than being
washed away more or less immediately. Preferred composi-
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tions include spray compositions and creams. Representative
spray compositions include aqueous compositions, as well as
o1ly compositions which contain amphiphilic agents so that
the composition increases 1n viscosity when in contact with
moisture. Creams may also be used, especially creams having
a rheology that allows the cream to spread readily in the
nasopharynx.

Preferred aqueous spray compositions include, in addition
to water, further excipients including a tonicity modifier such
as a salt, for instance sodium chloride: preservative, such as
benzalkonium salt; a surfactant such as a non-ionic surfac-
tant, for instance a polysorbate; and builer, such as sodium
dihydrogen phosphate; present in low levels, typically less
than 1%. The pH of the composition may also be adjusted, for
optimum stability of the drug substance during storage. For
compounds of the present invention, a pH in the range 5 to 6,
preferably about 5.3 to 3.8, typically about 5.5 1s optimal

Representative oily spray and cream compositions are
described in WO 98/14189 (SmithKline Beecham).

Suitably, the drug substance 1s present 1n compositions for
nasal delivery in between 0.001 and 5%, preferably 0.005 and
3%, by weight of the composition. Suitable amounts include
0.5% and 1% by weight of the composition (for oily compo-
sitions and creams) and from 0.01 to 0.2% (aqueous compo-
sitions).

Preferably, an aqueous spray composition 1s used. Such
compositions are found to show similar retention 1n the target
area (nasal cavity and nasopharynx) in gamma scintigraphy
studies and have superior release rates 1n synthetic membrane
diffusion studies when compared to an oily composition as
described 1n WO 98/14189. In addition, an aqueous base was
found to be preferred to an oily base 1n sensory analysis
studies.

Spray compositions according to the present invention may
be delivered to the nasal cavity by spray devices well known
in the art for nasal sprays, for instance an air lift pump.
Preferred devices include those which are metered to provide
a unit volume of composition prefereably about 100 ul, and
optionally adpated for nasal administration by addition of a
modified nozzle.

The following Examples illustrate the present invention
and particularly the preparative procedures outlined above,
by reference to the preparation of specific compounds within
the scope of the present invention.

Note on Naming of Pleuromutilin Analogues

In the Examples, compound (a), which in the IUPAC sys-
tem has the systematic name (1S, 2R, 38, 45, 6R, 7R, 8R,
14R)-3,6-dihydroxy-2,4,7,14-tetramethyl-4-vinyl-tricyclo
[5.4.3.0"*tetradecan-9-one, is referred to using the trivial

name mutilin and with the numbering system described by H
Berner, G Schulz, and H Schneider in Tetrahedron, 1981, 37,

915-919.

(a) IUPAC numbering
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-continued

(a) Mutilin numbering

Likewise, compound (b), which has the systematic name
(1R, 2R, 4S5, 6R, 7R, 8S, 9R, 14R)-6-hydroxy-9-methoxy-2,
4,7,14-tetramethyl-4-vinyl-tricyclo[5.4.3.0"*]tetradecan-3-
one, 15 named as (3R)-3-deoxo-11-deoxy-3-methoxy-11-
0x0-4-epi1-mutilin.

(b)

EXAMPLE 1

Mutilin 14-(quinuclidin-4-yl-sulfanyl)-acetate

Quinuclidin-4-thiol hydrobromide (1.9 g, 0.009 mole) (W.
Eckhardt and E. A. Grob, Helvetica Chimica Acta (1974), 57
(8)m 2339-2345) was added to a stirred solution of sodium
cthoxide (1.72 g, 0.0253 mole) in ethanol (30 ml) under argon
at room temperature. The mixture was stirred for 10 minutes
betore adding a solution of mutilin 14-toluenesulfonyloxyac-
ctate (K. Ridel, J. Antibiotics (1976), 29m 132-139) (6.23 g.
0.0117 mole) 1n methyl ethyl ketone (20 ml). The mixture was
stirred overnight at room temperature under argon, then con-
centrated 1n vactio. The residue was partitioned between
dichloromethane and water. The organic layer was washed
with water, dried over magnesium sulphate, and concentrated
in vacuo. The crude product was purified by chromatography
on silica gel eluting with chloroforrn/methanol/35% ammo-

nia solution (19:1:0.1) to give the title compound as asolid 1.8
g (40%): "H NMR (CDC],) inter alia 0.75 (3H, d, J 6.7 Hz),

0.88 (3H, d, J 7 Hz), 1.25 (3H, 5), 1.46 (3H, s), 1.68 (6H, 1, J
7.6 Hz), 2.93 (6H, 1, J 7.6 Hz), 3.18 (2H, ABq), 3.35 (1H, m),
5.19 (1H, dd, J 17.5 and ), 5.33 (1H, dd), 6.45 (1H, dd, J 17.4
and 11 Hz). MS (EI) m/z 504 (M*).

EXAMPLE 2

Mutilin 14-(quinuclidin-4-yl-sulfanyl)-acetate
Hydrochloride

Mutilin 14-(quinuclidin-4-yl-sulfanyl)-acetate (1.0 g) was
dissolved 1n a minimum volume of acetone and a 1M solution
of HCI 1n ether was added. The heterogeneous mixture was
concentrated 1n vacuo. The residue was triturated with ether

(20 ml) and 1M HCl/ether (5 ml) to give the title compound as
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a beige solid (0.94 g); '"H NMR (D,O) inter alia 0.63 (3H, d,
I16Hz),0.86 (3H,d,J6.8 Hz), 1.09 (3H,s), 1.36 (3H, s), 2.05
(6H, m), 3.40 (6H, m),3.49 (1H, m), 5.10 (2H, m), 5.64 (1H,
d,J83Hz),6.29 (1H,dd,J17.4and 11 Hz). MS (EI) m/z 504
(M+).

EXAMPLE 3

19,20-Dihydromutilin
14-(quinuclidin-4-yl-sulfanyl)-acetate

A solution of mutilin 14-(quinuclidin-4-yl-sulfanyl)-ac-
ctate (0.314 g, 0.00063 mole) 1n ethanol (30 ml) was hydro-
genated over 10% Pd—C paste (50% moisture content) at
room temperature for 1 hour. The catalyst was filtered off and
the filtrate concentrated in vacuo. The residue was dissolved
in chloroform and washed with saturated aqueous sodium
carbonate and dried over magnesium sulphate. The resulting
solution was evaporated to dryness 1n tacuo to give the title
compound (0.18 g) (57%); "H NMR (CDC],) inter alia 0.71
(3H, 1d,1 6.6 Hz), 0.78 3H, t,J 7.5 Hz), 0.94 (3H,d, J 7 Hz),
0.96 3H, s), 1.43 (3H,s), 1.7 (6H, t, ] 7 Hz), 2.40 (1H, m),
2.94(6H,t,J7.5Hz),3.19(2H,s),3.41 (1H,d, 1 8.4 Hz), 5.60
(1H, d). MS (EI) m/z 506 (M™).

EXAMPLE 4

Mutilin 14-(quinuclidin-3-yloxy)-acetate
hydrochloride

3-Quinuclidinol (0.635 g) in dry DMF (4 ml) was stirred
under argon and treated with sodium hydride (0.21 g ot a 60%
dispersion in o1l). After 1 hour the mixture was cooled to —15°
C. and a solution of mutilin 14-methanesulfonyloxyacetate
(2.28 g, see H. Egger and H. Reinshagen, J. Antibiotics 29 (9),
915) in dry DMF (4 ml) was added dropwise. The mixture
was allowed to warm gradually to room temperature, lett 1
hour and diluted with water (30 ml) and chloroform (30 ml).
The layers were shaken and separated, the organic phase
washed twice more with water, dried over MgSQO, and evapo-
rated. The residue was chromatographed on silica, eluting
with dichloromethane/methanol/3 5% ammonia solution (19:
1:0.1) to 1solate a compound at R, approx. 0.45 on silica tlc,
cluting with the same solvent mixture. A solution of this
compound in chloroform (5 ml) was treated with 1N HCI 1n

cther (2 ml) and evaporated to provide the title compound as
a butt toam (0.339 g); "max (CHCI,) 3562, 3435 (broad),

2447 (broad), 1735 cm™"; "H NMR (CDCL,) inter alia 0.71
(3H, d, J 6.7 Hz), 0.90 (3H, d, J 6.7 Hz), 3.1-3.6 (7H, m),
3.8-4.13H,m),5.22 (1H,d, 17.5Hz), 5.38 (1H, d, J 10.8 Hz),
5.81(1H,d,J8.3 Hz),6.48(1H,dd,J14.7and 11.0Hz), 12.3
(1H, broad s, disappears on D,O exchange); MS (+ve 1on

electrospray) m/z 488 (MH™, 90%). 186 (100%).

EXAMPLE 5

Mutilin 14-(quinuclidin-3-ylsulfanyl)-acetate

The preparation of quinuclidin-3-thiol was based on patent
literature (J. Barriere. C Cotret and J. Paris, E.P. 248703
[19877]). A solution of triphenylphosphine (12 g) in THF (85
ml) was 1ce-cooled under argon and treated dropwise with
duisopropyl azodicarboxylate (9 ml). After 30 minutes a solu-
tion of 3-quinuclidinol (2.9 g) and thiolacetic acid (3.24 ml) in
THF (170 ml) was added dropwise over 1 hour. The mixture
was stirred overnight at room temperature, evaporated and the
residue taken up 1n ether (250 ml). This solution was extracted
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with 1M hydrochloric acid (2x40 ml), the combined aqueous
extracts washed with ether (100 ml) and evaporated to dry-
ness. The residue was desiccated under vacuum over PO for
4 days to provide a pale yellow solid. A portion of this solid
(0.443 ¢) was dissolved 1n ethanol (10 ml) and treated with
sodium methoxide (0.216 g). After 1 hour, mutilin 14-meth-
anesulfonyloxyacetate (0.912 g) was added, the mixture
stirred a further 1 hour, diluted with chloroform (30 ml) and
water (30 ml), shaken and separated. The organic layer was
washed with water (30 ml), dried over MgSO, and evapo-
rated. Chromatography of the residue on silica eluting with
chloroform/methanol/35% ammonia solution (19:1:0.1) pro-

vided the title compound as a pale yellow foam, 0.62 g (62%);
“max (CHCl,) 3563, 1730 cm™"; 'H NMR (CDCl,) inter alia

0.74(3H,d,J6 Hz),0.88 3H,d,J7Hz),5.1-5.4(2H, m), 5.76
and 5.77 (1H, 2d,J8.3 Hz),6.49 (1H,dd, J 17 and 11 Hz); MS
(+ve 10n electrospray) m/z 504 (MH™, 100%), 202 (55%).

EXAMPLE 6

Mutilin 14-(quinuclidin-4-yl-sulfanyl)-acetate

Step 1. Quinuclidin-4-thiol hydrochloride
Crude quinclidin-4-thiol hydrolodide (Eckharat et al.,
Hely. Chem. Acta, 57 (4), (1974) 2339-2345 (15.1 g, 0.057

mole) was dissolved in water (200 ml). Sodium carbonate
(21.0 g, 0.2 mole) was added. The mixture was extracted with
chloroform (200 mlx7). The combined organic extract was
dried over MgSO,, and concentrated 1n vacuo. To the concen-
trate was added 1M hydrogen chloride 1n ether (100 ml). The
mixture was evaporated to dryness 1n vacuo to yield the title
compound as a white solid 7.135 go (71%); 'H NMR (D,0O)
2.18 (6H, t, ] 8 Hz), 3.40 (6H, t, J 8 Hz), MS (EI) m/z 144
(IM-HCDHH]™, 100%).
Step 2 Mutilin 14-(quinuclidin-4-yl-sulfanyl)-acetate
Quinuclidin-4-thiol hydrochloride (5 g) was stirred with
cthanol (110 ml) under argon and solid sodium methoxide
(3.15 g) added. Atter 30 minutes mutilin 14-methanesuliony-
loxyacetate (12.7 g) was added, followed by ethanol (30 ml).
After a further 30 minutes the mixture was diluted with chlo-
roform (250 ml) and water (250 ml), shaken and separated.
The organic layer was washed with water (200 ml), dried over
MgSQO,, and evaporated. Chromatography of the residue on
silica, eluting with chloroform/methanol/35% ammonia solu-
tion (19:1:0.1) provided the title compound as a pale coloured
foam (12.24 g), i1dentical by NMR with the product of

Example 1.

EXAMPLE 7

Mutilin 14-[N-(2,2-dimethylazabicyclo[4.3.0]non-4-
ylmethyl)]-aminoacetate

Step 1 (x) Equatonal 4-cyano-2,2-dimethylazabicyclo[4.3.0]
nonane

To a mixture of (x) 2,2-dimethylazabicyclo[4.3.0]non-4-
one (4.7 g, 0.028 mole), (F. D. King, J. Chem. Soc. Perkins.
Trans 1,447, 1986) and tosylmethylisocyanide (6.47 g, 0.033
mole) 1n dry dimethoxyethane (100 ml) at -10° C. was added
cthanol (3.4 ml) followed by potassium-tert-butoxide (7.21 g,
0.064 mole). The mixture was stirred at —10° C. for 1 hour
then warmed to 50° C. for 2 hours. The mixture was allowed
to cool and diethyl ether (500 ml) added. Filtration and con-
centration of the filtrate in vacuo gave an oil. Column chro-
matography on silica gel elutin with ethyl acetate gave the

title compound as an 0il 3.0 g (60%); 'H NMR (CDCl,) 0.95
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(3H, s), 1.21 (3H, s), 1.35-1.51 (2H, m), 1.61-1.91 (4H, m),
2.15-2.19 (1H, m), 2.28-2.39 (2H, m), 2.57-2.71 (1H, m),
2.89-2.98 (1H, m).

Step 2 () Equatonial aminomethyl-2,2-dimethylazabicyclo
[4.3.0]nonane (x) Equatorial 4-cyano-2,2-dimethylazabicy-
clo [4.3.0]nonane (1.0 g, 0.0056 mole) in tetrahydroturan (50
ml) was treated with lithium alumimum hydnde (1.07 g,
0.028 mole) and stirred at ambient temperature for 18 hours.
Diethyl ether (50 ml) was then added followed by a mixture of
water (4 ml) and 10% aqueous sodium hydroxide solution

(1.5 ml). Filtration and concentration of the filtrate 1n vavuo
gave the title compound 0.97, (95%) as an oil; "H NMR
(CDCl;) 0.95 (3H, s), 1.20 (3H, s), 1.25-1.95 (9H, m), 2.25-
2.40 (2H, m), 2.55 (2H, d, J 6 Hz), 2.89-2.97 (1H, m).
Step 3 Mutilin 14-[N-(2,2-Dimethylazabicyclo[4.3.0]non-4-
ylmethyl)]-aminoacetate

(x) Equatorial aminomethyl-2,2-dimethylazabicyclo
[4.3.0]nonane (0.1 g, 0.0006 mole) was treated with mutilin
14-toluenesulfonyloxyacetate (0.25 g, 0.0005 mole), (K
Biedl, J Antibiotics 29 (2), 133, 1976) and N,N-diisopropyl-
cthylamine (0.1 ml, 0.0006 mole) 1n ethanol (20 ml) and
heated under reflux for 6 hours. The mixture was then con-
centrated 1n vacuo and the residue partitioned between satu-
rated sodium hydrogen carbonate solution and dichlo-
romethane. The organics were separated and dried (Na,SO,).
Chromatography on silica gel eluting with chloroform/
methanol/35% ammonia solution (90:9:1) gave the title com-
pound 0.08 g, (31%); ' HNMR (CDC1,)0.71 (3H, d, ] 6.5 Hz)
0.90 (3H, d, J 6.5 Hz), 0.95 (3H, s), 1.25-2.55 (38H, m),
2.85-2.97(1H,m),3.19-3.39 (2H, m), 5.15(1H,d, J 16.5 Hz),
531 (1H,d,J11.1 Hz), 5.78 (1H, d, J 8.6 Hz), 6.50 (1H, dd,
] 15.0 and 11.1 Hz). MS (+ve 1on electrospray) m/z 543
(MH™, 100%).

EXAMPLE 8

Mutilin 14-(quinuclidin-4-ylcarbonylamino)-acetate

Step 1. Mutilin 14-azidoacetate

To a stirred solution of mutilin 14-toluenesulfonyloxyac-
ctate (5.33 g, 0.01 mole) 1 acetone (50 ml) was added a
solution of sodium azide (0.7 g 0.011 mole) in water (6.5 ml).
A solid precipitated briefly then redissolved. The homog-
enous mixture was stirred for 2 hours at ambient temperature
then heated to reflux for 3 hours. The mixture was concen-
trated 1n vacuo to low volume then diluted with chloroform.
The resulting solution was washed three times with water
then dried over magnesium sulfate. Concentration 1n vacuo
gave a pale yellow foam which was purified by chromatog-
raphy on silica gel. FElution with ethyl acetate/hexane mix-
tures provided the title compound as a white foam 3.3 g
(82%); '"H NMR (CDCL,) inter alia 0.73 (3H, d, J 6.8 Hz),
0.89(3H,d,J7.1Hz),1.23(3H,s),1.47(3H,s),3.37 (1H, dd,
110.7 and 6.6 Hz), 3.77 (2H, s), 5.22 (1H, dd, J 17.4 and 1.3
Hz), 5.38 (1H, dd, J 11 and 1.3 Hz), 5.86 (1H, d, J 8.5 Hz),
6.49 (1H, dd, J17.4 and 11 Hz).
Step 2. Mutilin 14-(triphenylphosphinimino)-acetate

Triphenylphosphine (0.275 g, 0.00105 mole) was added to
a stirred solution of mutilin 14-azidoacetate (0.404 g, 0.001
mole) in dichloromethane maintained under an atmosphere of
argon. The solution rapidly became homogenous and a gas
was evolved. Stirring was continued for 17 hours; the mixture
was then concentrated in vacuo to give the title compound as

a white solid, obtained by filtration after trituration in petro-
leum ether 0.638 g (100%); MS (+ve 10on electrospray) m/z
638 (MH™, 100%)
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Step 3. Mutilin 14-aminoacetate

Mutilin  14-(triphenylphosphinimino)-acetate (1 g,
0.00157 mole) was suspended in ethanol (25 ml) and potas-
stum hydroxide (0.175 g, 0.00314 mole) was added. The
mixture was stirred for 17 hours during which time it became
homogenous. 2M hydrochloric acid (1.7 ml) was then added,
stirring continued for ten minutes and the mixture concen-
trated 1n vacuo. The residue was taken up 1n 2M hydrochloric
acid and the solution washed three times with dichlo-
romethane. The aqueous phase was then layered with dichlo-
romethane and the pH adjusted to 11 by addition of solid
potassium carbonate with vigorous stirring The organic phase
was then separated, the aqueous phase extracted with dichlo-
romethane, the combined organic extract washed with brine,
dried over magnesium sulfate and concentrated in vacuo. The

title compound was obtained as a white foam 0.505 g (85%);
"H NMR (CDCL,) inter alia 0.71 (3H, d, J 6.5 Hz), 0.89 (3H,
d,J6.9Hz),1.17(3H,s),1.45(3H,s),3.33 (3H, m), 5.21 (1H,
d,J17.4 Hz),5.36 (1d,J 11 Hz), 5.78 (1H, d, ] 8.4 Hz), 6.52
(1H,dd, J17.4 and 11 Hz).

Step 4. Quinuclidin-4-ylcarbonyl chloride hydrochloride

Quinuclidine-4-carboxylic acid hydrochloride (0.192 g,
0.001 mole) was suspended 1n dichloromethane (5 ml) and
dimethylformamide (1 drop) and oxalyl chloride (0.436 ml.
0.635 g, 0.005 mole) were added. The resulting suspension
was heated to retlux under an atmosphere of argon for six
hours. Following concentration of the suspension in vacuo the
residue was suspended 1n dichloromethane, concentrated in
vacuo and finally dried 1n vacuo to give the title compound as
a pale brown solid.

Step 5. Mutilin 14-(quinuclidin-4-ylcarbonylamino)-acetate

Quinuclidin-4-ylcarbonyl chloride hydrochloride (0.001
mole theoretical, Step 4) was suspended in dichloromethane
(6 ml) and mutilin 14-aminoacetate (0.126 g, 0.00033 mole)
was added. To the stirred suspension, under an atmosphere of
argon, was added triethylamine (0.278 ml. 0.202 g 0.002
mole) and stirring continued for 18 hours. Chloroform and
water were added and the pH of the aqueous phase adjusted to
11 by addition of ter shaking,
the phases were separated, the organic phase was washed

solid potassium carbonate. A:

once with saturated aqueous sodium hydrogen carbonate and
once with brine, dried over magnesium sulfate and concen-

trated 1n vacuo to give the crude product as an off-white foam.

Purification by chromatography on silica gel eluting with
chlorofom/methano1/35% ammonia solution provided a pale

yellow glass. The product was dissolved in 2M hydrochloric

acid, the solution washed twice with dichloromethane, then
layered with dichloromethane. The pH of the aqueous phase

was adjusted to 11 by addition of solid potassium carbonate.

After shaking, the organic phase was separated, dried over
magnesium sulfate and concentrated in vacuo. The residue
was repeatedly dissolved 1n chloroform and concentrated in
vacuo. Finally the residue was triturated with diethyl ether to

give the title compound as a buff solid 0.0019 (11%); 'H
NMR (CDCI;) mter alia 0.71 (3H,d, 1 6.9 Hz), 0.88 (3H, d, J
7Hz), 1.18 (3H, s), 1.45 (3H, s), 2.96 (6H, m), 3.37 (1H, m),
393(2H d,J4.9Hz),5.23(1H,d,117.4 Hz), 5.36 (1H, d, ]
11Hz),5.79 (1H, d, J8.5 Hz), 6.02 (1H, m(br)), 6.47 (1H, dd,
I17.4 and 11 Hz); MS (+ve 1on electrospray) m/z 515 (MH™,

100%).
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EXAMPLE 9

Mutilin 14-[(3R,4R)-Azabicyclo[2.2.1
|hept-3ylcarbonylamino]-acetate

Step 1. (3R,4R)-Azabicyclo[2.2.1]hept-3-ylcarbonyl chlo-
ride hydrochloride
3R,4R-Azabicyclo[2.2.1]heptane-3-carboxylic acid
hydrobromide (0.127 g 0.0005 mole) was suspended in
dichloromethane (2 ml) and dimethylformamide (1 drop) and
oxalyl chloride (0.131 ml, 0.191 g, 0.0015 mole) were added.
The mixture was stirred for 4 hours under an atmosphere of
argon. The resulting homogenous solution was concentrated
1n vacuo, the residue was dissolved in dichloromethane, con-
centrated in vacuo and finally dried 1n vacuo to give the title
compound as an off-white solid.
Step 2. Mutilin 14-[(3R,4R)-Azabicyclo[2.2.1 ]hept-3ylcar-
bonylamino]-acetate
(3R,4R)-Azabicyclo[2.2.1]hept-3-ylcarbonyl chloride
hydrochloride (0.0005 mole theoretical, Step 1) was dis-
solved 1n dichloromethane (4 ml) and mutilin 14-aminoac-
ctate (0.126 g, 0.00033 mole) was added. To the stirred solu-
tion under an atmosphere of argon was added triethylamine
(0.134 ml. 0.101 g, 0.001 mole). The resulting solution was
stirred for 17 hours. Chloroform and water were added and
the pH of the aqueous phase adjusted to 11 by addition of
solid potassium carbonate. After shaking, the phases were
separated, the organic phase was washed once with saturated
aqueous sodium hydrogen carbonate and once with brine,
dried over magnesium sulfate and concentrated in vacuo to
give the crude product as an off-white foam. Purification by
chromatography on silica gel eluting with chloroformn/
methanol/35% ammonia solution provided the product as a

white foam 0.142 a (86%); "H NMR (CDCL,) inter alia 0.72
(3H,d, 1 6.9Hz),0.89 (3H,d,J7Hz), 1.18 (3H, s), 1.46 (3H,
s),3.37 (1H, m(br)), 3.96 (2H,d, 15.1 Hz),5.22 (1Hd, ] 17 .4
Hz), 536 (1H, d, J 11 Hz), 5.78 (1H, d, 8.4 Hz), 5.96 (1H,
m(br)), 6.47 (1H, dd, J 17.4 and 11 Hz),; MS (+ve 10n elec-
trospray) m/z 501 (MH™, 40%).

EXAMPL.

(L]

10

Mutilin
14-(1-methylpiperid-4-ylcarbonylamino)-acetate

Step 1.1-Methylpipernid-4-ylcarbonyl chloride hydrochloride

1-Methylpiperidine-4-carboxylic acid hydrochloride (0.09
g 0.0005 mole) was suspended 1n dichloromethane (5 ml)
and dimethylformamide (1 drop) and oxalyl chloride (0.131
ml, 0.19 g, 0.00135 mole) were added. The mixture was stirred
for 4 hours under an atmosphere of argon. The resulting
homogenous solution was concentrated in vacuo, the residue
was dissolved in dichloromethane, concentrated in vacuo and
finally dried i vacuo to give the title compound as an oil-
white solid.
Step 2. Mutilin 14-(1-methylpiperid-4-ylcarbonylamino )-ac-
ctate

1-Methylpiperid-4-ylcarbonyl chloride hydrochloride
(0.0005 mole theoretical, Step 1) was dissolved 1n dichlo-
romethane (4 ml) and mutilin 14-aminoacetate (0.126 g,
0.00033 mole) was added. Triethylamine (0.139 ml, 0.101 g,
0.001 mole) was added to the stirred solution under an atmo-
sphere of argon. After 2 hours chloroform and water were
added and the pH of the aqueous phase adjusted to 11 by
addition of solid potassium carbonate. After shaking, the
phases were separated, the organic phase was washed once

with saturated aqueous sodium hydrogen carbonate and once
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with brine, dried over magnesium sulfate and concentrated in
vacuo to give the crude product as an off-white foam. Purifi-
cation by chromatography on silica gel eluting with chloro-
form/methanol/35% ammoma solution provided the product
as a white foam 0.150 g (90%); "H NMR (CDCL,) inter alia
0.71 (3H,d,J6.8 Hz),0.89 (3H,d, ] 7 Hz), 1.18 (3H, s), 1.45
(3H, s), 3.36 (1H, m), 3.94 (2H, d, J 5 Hz), 5.9 (1H, d, J 18.6
Hz), 5.35(1H,d, J12.2 Hz), 5.78 (1H, d, J18.4 Hz), 5.99 (1H,
m(br)), 6.47 (1H, dd, J 17.4 and 11 Hz); MS (+ve 10n elec-
trospray) m/z 503 (MH™, 25%).

EXAMPLE 11

Mutilin 14-[3-(1-methylpiperid-4-yl)]-propionate

Step 1. 3-(1-Methylpiperid-4-yl)propionyl chloride

A suspension of 3-(1-methylpiperid-4-yl)propionic acid
hydrochloride (WO 9620173 Al, Example 1)(0.33 g,
0.00159 mole) 1n dry dichloromethane (10 ml) was treated
with dimethylformamide (1 drop) and oxalyl chloride (0.416
ml, 0.605 g, 0.00477 mole) under an atmosphere of argon.
After stirring for 3%2 hours the mixture was concentrated in
vacuo. The residue was dissolved in dry dichloromethane and
concentrated 1n vacuo to give the title compound as a white
solid.

Step 2.

A solution of 3-(1-methylpiperid-4-yl)propionyl chloride
(0.00159 mole theoretical, Step 1) and (3R)-3-deoxo-11-
deoxy-3-methoxy-11-oxo-4-epi-mutilin  (H Bemer. G.
Schulz and H. Schneider, Tetrahedron, 1980, 36, 1807) indry

dimethylformamide was heated at 110° C. under argon for 17
hours. The mixture was then concentrated in vacuo and the
residue chromatographed on silica gel eluting with dichlo-
romethane/methanol/35% ammonia solution mixtures. The
title compound was obtained as a pale yellow o1l 0.284¢g,
(49%); '"H NMR (CDCL,) inter alia 0.79 (3H, d, J 6.9 Hz),
0.99(3H,d,16.4Hz), 1.18 (3H, s), 1.24 (3H, s), 2.37 (3H, s),
2.97 (3H, m), 3.23 (3H, s), 3.48 (1H, m), 5.01 (1H,d, J 17.6
Hz), 5.30 (1H,d, J10.7 Hz), 5.74 (1H, d, J 10 Hz), 6.67 (1H,
dd, J 17.5 and 10.6 Hz); MS (+ve 10n electrospray) m/z 488
(MH,, 100%).
Step 3. Mutilin 14-[3-(1-methylpiperid-4-yl)]-propionate

A solution of (3R)-3-deoxo-11-deoxy-3-methoxy-11-0x0-
4-epi-mutilin (0.355 g, 0.000728 mole) 1n dioxan (3 ml) was
treated with concentrated hydrochloric acid (3 ml). After 4
hours the mixture was diluted with water, layered with dichlo-
romethane and the vigorously stirred mixture adjusted to pH
11 by addition of solid potassium carbonate. The phases were
then separated and the aqueous phase extracted with dichlo-
romethane. The combined organic extract was washed with
saturated aqueous sodium hydrogen carbonate and brine,
dried over magnesium sulfate and concentrated in vacuo. The
residue was chromatographed on silica el eluting with dichlo-

romethane/methanol/35% ammoma solution (90:9: 1) to give
the title compound as a white foam 0.284 g (82%); '"H NMR

(CDCl,) mter alia 0.70 3H, d, ] 6.6 Hz), 0.88 (3H, d, ] 7 Hz),
1.17(3H,s),1.45(3H,s),2.44(3H,s),3.05 (2H,m),3.36 (1H,
dd,J11.4and 7.4 Hz), 5.20 (1H,d, J17.5 Hz), 5.36 (1H, d, ]
11Hz),5.74(1H,d,J8.4Hz),6.51 (1H,dd,J17.5and 11 Hz);
MS (+ve 10n electrospray) m/z 474 (MH™, 100%).

EXAMPLE 12

Mutilin 14-(] [quinuclid] Jquinuclidin-4-ylmethyl-
sulfanyl)-acetate

An 1ce cooled solution of triphenylphosphine (1.19 g,
0.0042 mole) i dry tetrahydrofuran was treated dropwise
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with dusopropyl azodicarboxylate (0.85 g, 0.0042 mole).
After 30 minutes a solution of quinuclid-4-ylmethanol (0.565
g 0.004 mole) and thiolacetic acid (0.315 ml, 0.0042 mole)1n
dry tetrahydrofuran (20 ml) added dropwise over a period of
10 minutes. The mixture was left at 5° for 72 hours then
concentrated 1n vacuo and the residue dissolved 1n ether (200
ml). The resulting solution was extracted with 1M hydrochlo-
ric acid (3x50 ml). The combined extract was concentrated in
vacuo and dried 1n vacuo to give a gummy residue 0.65 g. The
residue was dissolved 1n ethanol (30 ml) and treated under
argon with potassium tert butoxide (0.785 g, 0.007 mole) for
30 minutes. Mutilin 14-methanesulfonyloxyacetate 1.38 g.
0.003 mole) was then added to the ethanolic solution and the
mixture stirred overnight under argon. The insoluble byprod-
ucts were filtered off and the filtrate evaporated to dryness.
The residue was partitioned between chloroform and water.
The organic layer washed with brine and dried over magne-
sium sulfate and evaporated to dryness. Chromatography of
the residue on silica gel eluting with chloroform/methanol/
35% ammoma solution (19:1:0.1) provided the title com-
pound as a white foam, 0.48 g (31%); "H NMR (CDCl,) inter
alia 0.74 (3H, d, ] 6.6 Hz), 0.88 (3H, d, J7 Hz), 1.76 (3H, s),
1.44 (6H,t,J7.7Hz),2.47 (2H,s),2.87 (6H,t,J7.5Hz), 3.09
(2H,s),3.36 (1H, m), 5.1-5.4 (2H, m), 5.75 (1H, d, ] 8.3 Hz),
6.48 (1H, m); MS (+ve 10n electrospray) m/z 518 (MH™,
100%).

EXAMPL.

L1

13

19,20-Dihydromutilin
14-(quinuclhidin-4-ylsulfonyl)acetate

19,20-Dihydromutilin =~ 14-(quinuclidin-4-ylthio)acetate
(0.05 g, 0.0001 mole) 1n dry tetrahydroturan (2 ml) and tert-
butanol (0.2 ml) was treated with N-methylmorpholine oxide
(0.036 g. 0.003 mole) and a catalytic amount of osmium
tetroxide under argon for a period of 4.5 hours. The mixture
was extracted with ethyl acetate. The organic solution was
filtered to remove mmorganic residues. The filtrate was con-
centrated in vacuo. Chromatography of the residue on silica
gel eluting with chloroform/methanol/35% ammoma solu-
tion provided the title compound as a foam, 0.043 g (80%); 'H
NMR (CDCI,) mter alia 0.70 (3H, d, ] 7 Hz), 0.82 3H, t,J7
Hz), 0.93 (3H,d, J'7 Hz), 0.96 (3H, s), 1.92 (6H, t, ] 7.5 Hz),
3.01 (6H,t,17.5Hz),3.41 (1H, m), 3.73 (1H, d, J 13.3 Hz),
3.87 (1H, d, J 13.3 Hz), 5.68 (1H, d, J 8 Hz); MS (+ve 1on
electrospray) m/z 538 (MH™, 60%).

EXAMPL.

14

(Ll

19,20-Dihydromutilin
14-(quinclidin-4-ylsulfoxy)-acetate

A cooled solution of 19,20-dihydromutilin 14-(quinucli-
din-4-ylthio)-acetate (0.152 g, 0.0003 mole) and glacial ace-
tic acid (0.06 g, 0.001 mole) 1in chloroform (5 ml) was treated
with 80% 3-chloroperoxybenzoic acid (0.069 g, 0.0032
mole) at 0° C., allowed to warm to room temperature and
stirred for 72 hours. The solvents were removed 1n vacuo.
Chromatography of the residue on silica gel eluting with
chloroform/methanol/35% ammonia solution (20:1:0.1) pro-
vided the title compound as a white solid, 0.064 g (41%); 'H
NMR (CDCl,) interalia 0.72-0.95 (12H, m), 1.45 (6H, t, I 8.5
Hz), 1.74 (6H, t, ] 8 Hz), 2.13-2.25 (3H, m), 2.39 (1H, m),
3.02 (6H, t, J 7.6 Hz), 3.35-3.42 (3H, m), 5.71 (1H, d, ] 8.4
Hz); MS (+ve ion electrospray) m/z 522 (MH™, 100%).
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EXAMPLE 15

Mutilin-14-(1-methylpiperid-4-ylsulfanyl)-acetate

A solution of triphenylphosphine (5.51 g, 0.021 mole) 1n
dry tetrahydrofuran (100 ml) was 1ce-cooled under argon and

treated with dilsopropyl azodicarboxylate (4.25 g, 0.021
mole). After 30 minutes a solution of 4-hydroxy-1-methylpi-
peridine (2.3 g, 0.02 mole) and thiolacetic acid (1.54 g, 0.02
mole) i dry tetrahydrofuran (50 ml) was added over a period
of 30 minutes. The mixture was stirred overnight at room
temperature, evaporated 1in vacuo and the residue taken up in
cther (200 ml). The ethereal solution was extracted with 1M
hydrochloric acid (50 mlx4). The combined aqueous extract
was washed with ether, evaporated to dryness and dried in
vacuo to give a yellow gum (2.4 g). A portion of this gum
(0.517 g) was dissolved in ethanol and treated with potassium
tert-butoxide (0.785 g) under argon for 30 minutes. Mutilin-
14-methanesulionyloxyacetate (0.92 g, 0.002 mole) was
added and the mixture stirred overnight, then concentrated 1n
vacuo. The residue was partitioned between chloroform and
water. The organic layer was washed with brine, dried over
magnesium sulfate and concentrated 1n vacuo. Chromatogra-
phy on silica gel eluting with chloroform/methanol/35%
ammonia solution provided the title compound as a foam,

0.557 g (57%); "H NMR (CDCl,) inter alia 0.73 (3H, d, ] 6.5
Hz), 0.87 (3H,d,J7Hz), 1.30 (3H, s), 1.67 (3H, s), 2.25 (3H,
s),3.16 (2H,s),3.36 (1H,m), 5.28 (2ZH, m), 5.77 (1H, d, J 8.5
Hz), 6.47 (1H, m); MS (+ve ion electrospray) m/z 492 (MH™,
100%).

EXAMPLE 16

Mutilin 14-{(3RS,4SR)-1-aza-bicyclo[2.2.1hept-3-
yl-sulfanyl}-acetate

The title compound was prepared i 32% overall yield
from endo-3-hydroxyazabicyclo[2.2.1 heptane (5. M. Jen-
kins et al, J. Med. Chem.; 1992, 35, 2392-2406) using the
procedure described 1n Example 5. The title compound was

isolated as a colourless solid, in the "H NMR spectrum the 8
line multiplets at d 3.05-3.40 and 6.43-6.56 indicate a 1:1

mixture of diastereoisomers; 'HNMR (CDCl,) inter alia 0.74
(3H, d, J 6.4 Hz), 0.88 (3H, d, ] 7.0 Hz), 3.05-3.40 (ZH, m),
5.21(1H,d,J17.5HZz),5.35(1H,d,J11.0Hz),5.75-5.80 (1H,
m), 6.43-6.56 (1H, m); MS (+ve electrospray) m/z 490
(MH™).

EXAMPLE 17

Mutilin 14-{(3RS,4SR)-1-aza-bicyclo[2.2.1 |hept-3-
yl-sulfanyl }-acetate hydrochloride

The title compound was prepared from mutilin 14-{ (3RS,
4SR)-1-azabicyclo(2.2.1]hept-3-yl-sulfanyl }-acetate using
the procedure described 1n Example 2. The title compound
was 1solated as a colourless solid, 1:1 mixture of diastereoi-
somers; 'HNMR (DMSO-d,.) interalia0.65 (3H, d, ] 6.4 Hz),
0.84 (3H, d, ] 6.8 Hz), 1.09 (3H, s), 1.39 (1H, s), 4.61 (1H, d,
1 5.2 Hz, exchanged with D,0), 5.05-5.12 (2H, m), 5.60 (1H,
d,J7.9 Hz), 6.14 (1H,dd, J 18 and 10.7 Hz), 10.4-10.6 (1H,
br, exchanged with D,O); MS (+ve electrospray) m/z 490
(MH™ of free base).
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EXAMPL.

(L]

18

Mutilin 14-(quinuclidin-3-ylidene)-acetate hydrochloride
(both Geometric 1somers)
Step 1. Methyl quinuclidin-3-ylidene acetate hydrochloride
A suspension of quinuclidin-3-one hydrochlornde (3.23 g)
in DMF (20 ml) was treated with sodium methoxide (1.08 g)
and stirred vigorously for 30 minutes. A solution of trimethyl
phosphonoacetate (4.05 ml) and sodium methoxide (1.35 g)
in DMF (20 ml) was added dropwise over 15 minutes and
stirred a further 24 hours. The DMF was evaporated and the
residue treated with dry ether (100 ml), triturated and filtered.
The filtrate was treated with 1N HCI 1n ether (30 ml), the
resulting solid triturated and the ether decanted. Ether (200
ml) was added, the suspension stirred vigorously for 30 min-
utes, the solid filtered off and heated at 60° C. under vacuum
for 2 days. The resulting methylquinuclidin-3-ylideneacetate
hydrochloride (3.93 g) was a ca. 1:1 mixture of geometric
isomers; 'H NMR (D,O) inter alia 5.84 (broad s) and 5.94 (t,
1 2.5 Hz) (vinyl protons of the two geom. 1somers).
Step 2. Quinuclidin-3-ylideneacetic acid hydrochloride
Methyl quinuclidin-3-ylideneacetate hydrochloride (1 g)
was heated 1n concentrated hydrochloric acid (10 ml) at 60°
C. for 18 hrs and the solution evaporated to dryness. The
residue was kept under vacuum over P,O. for 3 days to give
quinuclidin-3-ylidene acetic acid hydrochloride, 0.91 g
(97%) as a white solid; "H NMR (D,O) inter alia 5.77 (broad
s) and 5.86 (broad s) (ca. 1:1, vinyl protons of the two geom.
1Isomers).
Step 3.  (3R)-3-deoxo-11-deoxy-3-methoxy-11-0x0-4-
epimutilin 14-(quinuclidin-3-ylidene)-acetate
Quinuclidin-3-ylideneacetic acid hydrochloride (0.204 g)
was suspended in chloroform (5 ml), stirred under argon and
treated with 1 drop DMF and oxalyl chloride (0.87 ml). After
2 hours the solvent was evaporated, toluene (10 ml) added to
the residue and evaporated. The residue was taken up 1n DMF
(2 ml), treated with (3R)-3-deoxo-11-deoxy-3-methoxy-11-
oxo-4-epimutilin (0.334 g, prepared according to H. Berner,
(. Schulz and H. Schneider, Tetrahedron (1980) 36, 1807)
and heated at 100° C. under argon for 3 hours. After leaving at
room temperature overnight, the mixture was diluted with
chloroform (20 ml), washed with aqueous NaHCO, and
water, dried and evaporated to dryness. Chromatography on
silica. eluting with chloroform/methanol/3 5% ammonia solu-
tion (19:1:0.1) separated the 2 geometric 1somers of the title

compound.
Lesspolarisomer, 0.1 g (20%); "HNMR (CDC],) inter alia

3.23 (3H, s),3.4-3.6 (1H, m), 3.96 (2H, ABq, J 20 Hz), 5.02
(1H, d, J17.5 Hz), 5.34 (1H, d, J 10.5 Hz), 5.64 (1H, t, J 2.5
Hz), 5.81 (1H,d, J10Hz), 6.74 (1H,dd, J 17.5 and 10.5 Hz);
MS (+ve 1on electrospray) m/z 484 (MH™, 100%).

More polar isomer, 0.234 g (48%); 'HNMR (CDCIl,) inter
alia3.12 (2H, s),3.23 (3H,s),3.4-3.5(1H, m), 5.01 (1H, d, ]
17.5 Hz), 5.30 (1H, d, J 10.5 Hz), 5.78 (1H, d, ] 10 Hz), 6.37
(1H,d,J0.95Hz),6.65(1H,dd, J17.5and 10.5 Hz); MS (+ve
ion electrospray) m/z 484 (MH™, 100%).

Step 4. Mutilin 14-(quinuclidin-3-ylidene)-acetate hydro-
chlornde

The less polar geometric 1somer of (3R)-3-deoxo-11-
deoxy-3-methoxy-11-oxo0-4-epimutilin = 14-(quinuclidin-3-
ylidene)-acetate (0.1) was dissolved 1n dioxan (3 ml), briefly
cooled 1n 1ce-water and treated with conc. HCI1 (2 ml). After 5
hours at room temperature CHCI, (10 ml) and water (20 ml)
were added, followed by solid NaHCO, until basic. The lay-
ers wee separated, the aqueous re-extracted with CHCI, and
the combined organic dried and evaporated. The residue was
chromatographed, eluting with chloroform/methanol/35%
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ammonia solution 97:3:0.3 and the product in chloroform
solution treated with 1M HCI 1n ether (1 ml). Evaporation

gave the less polar geometric isomer of the title compound as
a white foam. 0.105 g; "H NMR (CD.SOCD,) inter alia 2.85
(1H, s), 4.38 (2H, ABq, J 19 Hz), 4.59 (1H, d, J 6 Hz,
disappears on D,O exchange), 5.0-5.2 (2H, m), 5.64 (1H, d, ]
8Hz),5.92(1H,s),6.27 (1H,dd, J17.5and 11 Hz), 10.7 (1H,
broad s, disappears on D,O exchange); MS (+ve 10n electro-
spray) m/z 470 (MH™-HCI, 100%).

In the same manner, the more polar geometric 1somer of
(3R)-3-deoxo-11-deoxy-3-methoxy-11-oxo-4-epimutilin
14-(quinuclidin-3-ylidene)-acetate (0.116 g) was converted
into the more polar geometric 1somer of the title compound
(0.096 g) as an off-white foam; 1H NMR (CD,SOCD,) inter
alia4.62 (1H, d, J 6 Hz, disappears on D,O exchange), 5.0-5.2
(2H,m), 5.65(1H,d,J8 Hz),6.18 (1H,dd, J17.5and 11 Hz),
6.64(11H, s), 11.42 (1H, broad s, disappears on D,O
exchange); MS (+ve 1on electrospray) m/z 470 (MH"-HCI,
100%).

EXAMPLE 19

Mutilin 14-[(x)-quinuclidin-3-yl]-acetate
hydrochloride

Step 1. (x)-Quinuclidine-3-acetic acid hydrochloride

A mixture of methyl quinuclidin-3-ylideneacetate hydro-
chloride (Example 18, Step 1) (2 g), ethanol (50 ml), 2M
hydrochloric acid (3 ml) and 10% Pd/C (1 g) was stirred for 24
hours under H, at atmospheric pressure, filtered through
celite and evaporated to dryness. The residue was dissolved 1n
concentrated hydrochloric acid (10 ml). heated at 60° C. for
18 hours, treated with a further 10 ml of concentrated hydro-
chloric acid, heated at 80° C. for 6 hours and evaporated to
dryness. The residue was kept under vacuum over P,O. for 3
days to give the title compound as a white solid (1.8 g); MS
(+ve 10n electrospray) m/z 170 (MH™, 100%).
Step 2.  (3R)-3-deoxo-11-deoxy-3-methoxy-11-0x0-4-
epimutilin 14-[(x)-quinuclidin-3-yl]-acetate

(£)-Quinuclidine-3-acetic acid hydrochloride was con-
verted 1nto acid chlornide and reacted with (3R)-3-deoxo-11-
deoxy-3-methoxy-11-oxo-4-epimutilin in the manner of
Example 18, Step 3. Chromatography of the product gave the
title compound as a white foam (68%); '"H NMR (CDCl,)
inter alia 3.23 (3H, s5),3),3.3-3.5(1H, m), 5.01 (1H, d, J 17.5
Hz),5.32(1d,J10.5Hz),5.75(1H,d,J9.8 Hz), 6.68 and 6.69
(1H,2dd,J17.5and 10.5 Hz); MS (+ve 1on electrospray) m/z
486 (MH™, 100%).
Step 3. Mutilin 14-[(zx)-quinuclidin-3-yl]-acetate hydrochlo-
ride

Rearrangement of (3R)-3-deoxo-11-deoxy-3-methoxy-
1 1-0x0-4-epimutilin 14-[(x)-quinuclidin-3-yl]acetate 1n the
manner of Example 18. Step 4 gave the title compound as a
white foam (95%); '"H NMR (CDC,) inter alia 5.1-5.4 (2H,
m),S5.74 (1H,d, J8.3 Hz), 6.43 and 6.47 (1H,2dd, J17.5 and
10.5 Hz); MS (+ve ion electrospray) m/z 472 (MH™, 100%).

EXAMPLE 20

Mutilin 14-[(zx)-quinuclidin-3-ylacetoxy]-acetate
hydrochloride

(£)-Quinuclidine-3-acetic acid hydrochloride (0.206 g)
was suspended 1n chloroform (5 ml) under argon, treated with
DMEF (1 drop) and oxalyl chloride (0.87 ml) and stirred1 hour.
The solution was evaporated, toluene was added and evapo-

rated and the residue taken up 1n DMF (2 ml). Pleuromutilin
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(0.378 g) was added and the mixture stirred under argon for
18 hours, then heated at 110° C. for 30 minutes. It was diluted
with chloroform (10 ml), washed with aqueous NaHCO,
(twice) and water, dried and evaporated. The residue was
chromatographed, eluting with chloroform/methanol/35%
ammonia solution (9:1:0.1). A chloroform solution of the

material obtained was treated with 1M HCl in ether (2 ml) and
evaporated. Trituration under ether and filtration gave the title
compound as an off-white solid, 0.22 g (42%): "H NMR
(CD,SOCD,) interalia 4.5-4.7 (3H, m, reduces to 2H, m on
D,O exchange); 5.0-5.2 (2H, m), 5.59 (1H, d, J 8 Hz), 6.10
(1H, dd, J 17.5 and 10.5 Hz), 10.06 (1H, broad s, disappears
onD,O exchange); MS (+veion electrospray) m/z 530 (MH™,
100%).

EXAMPL.

L1l

21

Mutilin 14-(quinuclidin-3-ylmethylsulfanyl)-acetate

Step 1. Mixture of (x)-quinuclidin-3-ylmethylsulfanylacetate
hydrochloride and (z)-quinuclidin-3ylmethanethiol hydro-
chloride

(£)-Quinuclidine-3-methanol (L. I. Mastafonova, L. N
Yakhontov, M. V. Rubtsov, Khim Geterotsikl. Soedin., Akad.
Nauk Latv. SSR. 1965(6), 858-863) was converted into the
title mixture using the procedure of Example 5. MS (+ve 10n
electrospray) m/z 200 (MH™ for thioacetate, 100%), 158
(MH™ for thiol, 40%).
Step 2. Mutilin 14-(x)-quinuclhidin-3-ylmethylsulfanyl)-ac-
ctate

The mixture from Step 1 was reacted with mutilin ' *-meth-
anesulfonyloxyacetate in the manner described in Example 5
to provide the title compound as an off-white foam (28%); 'H

NMR (CDCI,) inter alia 0.75 (3H, d, 1 6.7 Hz), 0.89 (3H, d, J
7.0Hz),3.12(2H, s),3.37 (1H, broad, becomes d, ] 6.3 Hz on
D,O exchange), 5.21 (1H,d, J17.5Hz), 536 (1H,d, J 11 Hz),
5.75(1H,d, J 8.4 Hz), 6.51 (1H,dd, J 17.5 and 11 Hz); MS
(positive 10n electrospray) m/z 518 (MH™, 100%).

EXAMPLE 22

1,2-Didehydromutilin
14-(quinuclidin-4-ylsulfanylacetate

Step 1. 1,2-Didehydromutilin-14-methanesulfonloxyacetate

1,2-Didehydropleuromutilin (0.2 g, 0.00033 mole) (G.
Schulz and H. Berner. Tetrahedron, (1984) 40, 905-17) was
converted to 1,2-didehydromutilin-14-methanesulfonyloxy-
acetate by the method previously described for pleuromutilin

(H. Egger and H. Reinshagen J. Antibiotics (1976), 29, 913-
22) providing the product as a yellow foam, (100%); 'HNMR
(CDCl,) inter alia 0.80 (3H, d, J 6.7 Hz), 1.10 (3H, d, ] 7.0
Hz),1.16 (3H,s), 1.54 (3H, s), 3.21 (3H, s), 4.67 (2H, s), 5.22
(1H, dd, J 17.4 and 1.3 Hz), 538 (1H, dd, J 11 and 1.2 Hz),
5.81 (1H, d, 1 8.9 Hz), 6.05 (1H, d, J 6.1 Hz), 6.44 (1H, dd,
173 and 11 Hz), 7.74 (1H, d, J 6.1 Hz).
Step 2. 1,2-Didehydromutilin 14-(quinuclidin-4-ylsulfanyl)-
acetate

A solution of 1,2-didehydromutilin 14-methanesuliony-

loxyacetate (0.00033 moles) 1n ethanol was treated with qui-
nuclidin-4-thiol hydrochloride (0.105 g, 0.000383 mole).

After 15 minutes sodium methoxide (0.057 g, 0.00106 mole)
was added to the stirred solution. After 1 hour the mixture was
concentrated in vacuo to a slurry. Chloroform and water were
then added. The pH of the aqueous phase was adjusted to
11-12 by addition of solid potassium carbonate. The phases
were separated and the aqueous re-extracted with chloroform.
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The combined organic extract was dried over magnesium
sulfate and concentrated 1n vacuo. Purification by chromatog-
raphy on silica gel eluting with chloroform/methanol/35%

ammonia solution provided the product as an off-white foam
0.19 g (72%); '"H NMR (CDC],) inter alia 0.80 (3H, d, J 6.4

Hz), 1.08 (3H,d,J7Hz), 1.15 (3H,s), 1.55(3H, s), 3.20 (2H,
ABq), 5.20(1H,dd,J17.4and 1.4 Hz), 5.35 (1H, dd, J11 and
1.4Hz),5.74(1H,d,J8.7Hz),6.04 (1H,d, J6.1 Hz), 6.47 (1H,
dd, J 17.3 and 11 Hz), 7.74 (1H, d, J 6.1 Hz); MS (-ve 10n
clectrospray) m/z 500 ([M-H]~, 50%).

EXAMPLE 23

2a-Hydroxymutilin
14-(quinuclidin-4-ylsulfanyl)-acetate

Step 1. 2-Diazomutilin 14-methanesulfonyloxyacetate

2-Diazopleuromutilin (0.809 g, 0.002 mole) (G. Schulz
and H. Berner, Tetrahedron (9184), 40, 905-17) was con-
verted to 2-diazomutilin-14-methanesulionyloxyacetate by
the method described for pleuromutilin (H. Egger and H.
Reinshagen, J. Antibiotics (1976), 29, 915-22) providing the
product as a bright yellow gum (100%); 'H NMR (CDCl,)
inter alia 0.75 (3H, d, J 6.9 Hz), 0.93 (3H, d, ] 6.9 Hz), 1.18
(3H, s), 1.50 (3H, s), 3.20 (3H, s), 4.65 (2H, s), 5.24 (1H, d, J
17.5Hz),5.37(1H,d, 11 Hz), 5.84 (1H, d, J8.5 Hz), 6.43 (1H,
dd, J17.4 and 11 Hz).

Step 2. 2a-Dichloroacetoxymutilin-14-methanesulfonyloxy-
acetate

2-Diazomutilin-14-methanesulionyloxyacetate  (0.002
moles theoretical) from Step 1 in dichloromethane (20 ml)
was cooled 1n an 1ce bath under an atmosphere of argon. To
the stirred solution was added dichloroacetic acid (0.309 g,
0.0024 mole), dropwise over 2 minutes. Stirring was contin-
ued for 2.5 hours. The mixture was diluted with dichlo-
romethane and washed twice with saturated aqueous sodium

hydrogen carbonate and once with brine. After drying over
magnesium sulfate concentration 1n vacuo gave the product
as a pale yellow foam (100%); "H NMR (CDC,) inter alia
0.76 3H,d,J6 Hz), 093 (3H,d, J7Hz), 1.12 (3H, s), 1.49
(3H,s),3.20(3H,s),4.66 (2H,s),5.05(1,t,J9 Hz), 5.25 (1H,
d,J17.3Hz),5.38(1H,d,J11 Hz),5.83(1H,d,J8.5Hz), 5.97
(1H, s), 6.43 (1H,dd, J 17.4 and 11 Hz).

Step 3. 2a-Hydroxymutilin 14-(quinuclidin-4-ylsulfanyl)-
acetate

2-Dichloroacetoxymutilin-14-methanesulfonyloxyacetate
(0.001 mole theoretical) from Step 2 in ethanol (2 ml) was
added to a pre-mixed solution of quinuclidine-4-thiol hydro-
chloride (0.27 g, 0.00135 mole) and sodium methoxide (0.162
g, 0.003 mole) 1n ethanol (8 ml). After stirring for 1 hour the
mixture was diluted with chloroform, washed twice with
saturated sodium hydrogen carbonate and once with brine,
then dried over magnesium sulfate. Concentration 1n vacuo
was followed by silica gel chromatography, eluting with chlo-
roform/methanol/35% ammonia solution. The product was
obtained as a white foam 0.2 g (38% overall, 3 steps); 'H
NMR (CDCl;) mter alia 0.75 (3H,d, 1 6.5Hz),0.92 (3H, d, ]
7Hz),1.17 (3H, s), 1.48 (3H, 5), 3.19 (2H, ABq), 3.99 (1H, t,
187Hz),5.20(1H,d,J17.3 Hz), 5.33 (1H,d, J 11 Hz), 5.75
(1H,d,J8.4Hz), 6.45(1H,dd,J17.3 and 11 Hz); MS (+veion
electrospray) m/z 520 (MH™, 100%).
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24
Mutilin 14-(quinuclidin-4-yl)-acetate

Step 1. Quinuclidin-4-ylmethanol
Quinuclidine-4-carboxylic acid hydrochloride (6.0 g,
0.031 mmoles) in tetrahydrofuran (300 ml) was treated with
lithium aluminum hydride (5.0 g, 0.137 mmoles) at ambient
temperature for 18 hours. Water (20 ml) and 10% aqueous
sodium hydroxide (7.5 ml) was added carefully and the mix-
ture filtered, washing with diethyl ether. The combined {il-
trates were evaporated to dryness to give the title compound
as a white solid 4.04 g, (91%): MS (+ve 1on electrospray) m/z
142 (MH™, 100%)
Step 2. Quinuclidin-4-ylacetonitrile
Quinuclidin-4-ylmethanol (2.19 g 0.0015 moles) was con-
verted to the corresponding mesylate by treatment with tri-
cthylamine/methanesulphonyl chloride in chloroform. Wash-
ing the organics with saturated potassium carbonate, drying
over sodium sulphate and evaporation to dryness gave the
mesylate 3.24 g (95%). The mesylate was dissolved 1n dry
dimethyl formamide (50 ml) and treated with sodium cyanide
(2.26 g,0.0046 moles) and heated to 130° C. for 18 hours. The
mixture was evaporated to dryness and the residue partitioned
between saturated potassium carbonate and chloroform. The
organics were dried (Na,SO,, ) and chromatographed on silica

gel eluting with 0-10% methanol/chloroform. This gave the
title compound 1.1 g (50%); 'HNMR (CDC1,) 1.45 (6H, t, ]

9 Hz), 2.12 (2H, s), 2.85 (6H, t, ] 9 Hz); MS (+ve 10n elec-
trospray) m/z 151 (MH™, 100%).
Step 3. Ethyl quinuclidin-4-ylacetate

Hydrogen chloride gas was bubbled through a solution of
quinuclidin-4-ylacetonitrile (1.1 g, 0.007 moles) in ethanol
(40 ml) at reflux for 48 hours. The mixture was concentrated
in vacuo and treated with saturated potassium carbonate.
Extraction with chloroform (4x50 ml), drying and chroma-

tography on silica gel elutin with 0-10% methanol/chloro-
form gave the title compound 1.0 g (69%); "H NMR (CDCl,)

1.25(3H,t,J8Hz),1.45(6H,t,J9Hz), 2.08 (2H, s), 2.85 (6H,
t, J 9 Hz), 4.05 (2H, q, ] 8 Hz).

Step 4. Quinuclhidin-4-ylacetic acid hydrochloride

Ethyl quinuclidin-4-ylacetate (1.0 g, 0.005 moles) was
heated under reflux in SM hydrochloric acid (60 ml) for 18
hours. Evaporation to dryness and trituration with acetone
gave the title compound 0.93 g (89%) 'HNMR (CD,SOCD,)
1.71 (6H, t, J9 Hz), 2.15 (2H, s), 3.05 (6H, t, ] 9 Hz), 10.35-
10.55 (1H, brs), 12.19-12.29 (1H, br s).
Step 5. Quinuclidin-4-vylacetyl chloride hydrochloride

Quinuclidine-4-acetic acid hydrochlonide (0.5 g, 0.0024
moles) was converted to the title compound using the method
of Example 8, Step 4. MS (+ve 10n electrospray in methanol)
m/z 183 (MH™ for methyl ester, 100% showing complete
conversion).
Step 6. (B3R)-3-Deoxo-11-deoxy-3-methoxy-11-ox0-4-
epimutilin 14-(quinuclidin-4-yl)-acetate

Quinuclidin-4-ylacetyl chloride hydrochloride (0.54 g,
0.0024 moles) and (3R)-3-deoxo-11-deoxy-3-methoxy-11-
oxo-4-epimutilin (0.84 g, 0.0025 moles) were heated together
in dry dimethylformamide (15 ml) at 100° C. for 6 hours. The
mixture was evaporated to dryness and the residue partitioned
between saturated sodium hydrogen carbonate and chloro-
torm. The organic layer was dried and chromatographed on
silica gel eluting with 0-6% methanol/chloroform to give the

title compound 0.4 (39%) as a foam; 'H NMR (CDCl,) 0.87
(3H, d, J 7 Hz), 0.98 (3H, d, 1 7 Hz), 1.05-1.70 (19 H, m),
1.95-2.03 (2H, m), 2.15 (2H, d, J 5 Hz), 2.17-2.21 (1H, m),
2.35-2.45(1H, m), 2.85-2.97 (8H,m), 3.15(3H, s5),3.35-3.45
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(1H,m),4.95(1H,d,J17Hz),5.30(1H,d,J12Hz),5.70 (1H,
d,J 12 Hz), 6.67 (1H,dd, J 17 Hzand J 10 Hz); MS (+ve 1on
clectrospray) m/z 486 (MH™, 100%).

Step 7. Mutilin 14-(quinuclidin-4-yl)-acetate

(3R)-3-Deoxo-11-deoxy-3-methoxy-11-0xo-4-epimuti-
lin-14-(quinuclidin-4-yl)-acetate (0.37 g, 0.008 moles) 1n
1,4-dioxan (5 ml) was treated with concentrated hydrochloric
acid (5 ml) and stirred at ambient temperature for 4 hours.
Water (20 ml) was added and the mixture basified with
sodium hydrogen carbonate. The product was extracted nto
chloroform (2x25 ml), dried (Na,SO,) filtered and evapo-
rated to dryness to give the title compound as a white foam
0.33 (92%), 'H NMR (CDC],) inter alia 0.7 (1H, d, J 7 Hz),
0.85(1H,d,J7Hz),1.1 3H,s), 1.4 3H, s), 2.85 (6H, 1, ] 9
Hz), 3.30-3.45 (1H, brs), 5.18 (1H, d, ] 17 Hz), 5.31 (1H, d,
J10Hz),5.75 (1H, J, 10 Hz), 6.50 (1dd, J 17 and 10 Hz). MS
(+ve 1on electrospray) m/z 472 (MH™, 100%).

EXAMPLE 25

Mutilin 14-(quinuclidin-4-ylmethyl)-aminoacetate

Step 1. 4-Cyanoquinuclidin

Quinuclidin-4-ylcarbonylchloride hydrochloride (Ex-
ample 8, Step 4) (3.4 g 0.0016 moles) was dissolved 1n aceto-
nitrile (150 ml) and treated with 35% ammonia solution (50
ml). The mixture was stirred for 18 hours at ambient tempera-
ture then concentrated to dryness 1n vacuo. 1 g of the residue
was then treated with phosphoms oxychloride (8 ml) at reflux
for 5 hours. The mixture was then concentrated 1n vacuo and
the residue partitioned between saturated potassium carbon-
ate and diethylether (4x50 ml). The combined organic
extracts were dried (Na,SQO,), filtered and concentrated. Col-
umn chromatography on silica gel elutin with 0-3% metha-

nol/chloroform gave the title compound 0.34 g (75%); 'H
NMR (CDCl,) 1.85 (6H t, J 10 Hz), 2.91 (6H, t, J 10 Hz).

Step 2. 4- Aminomethylquinuclidine

4- Cyanoquinuclidine (0.31 g, 0.0028 moles) was reduced
with lithium aluminium hydride (0.45 g, 0.012 moles) 1n
tetrahydrofuran (20 ml) at ambient temperature for 18 hours.
Diethyl ether (20 mls) was added followed by water (1.8 ml)
and 10%w/v aqueous sodium hydroxide (0.68 ml) and the
mixture stirred for 30 minutes. The mixture was then filtered
and the filtrate concentrated 1n vacuo to give the title com-

pound 0.3 g (94%).
Step 3. Mutilin 14-(quinuclidin-4-ylmethyl)-aminoacetate

4- Aminomethylquinuclidine (0.2 g, 0.0014 moles) 1n chlo-
roform (20 ml) was treated with diisopropylethylamine (0.54
g, 0.0042 moles) and mutilin 14-methane sulphonyloxyac-
ctate (0.65 g, 0.0014 moles). The mixture was heated under
reflux for 4 hours then allowed to cool. The solution was
washed with saturated sodium hydrogen carbonate solution
(2x20 ml). The organic phase was separated and drned
(Na,SO,) and concentrated. Chromatography on a Sep-Pak
silica gel (10 g) cartridge eluting with 0-10% (9:1 methanol/
35% ammonia solution) in chloroform gave the title com-
pound 0.0065 g (1%);, '"H NMR (CDCL,) inter alia 0.71 (3H,
d,J7Hz),089 (3H,d,J7Hz),1.1 (3H,s),1.41 (3H, s), 2.80
(6H, t, ] 10 Hz), 3.28 (2H, q, J 1 Hz), 5.20 (1H, d, J 17 Hz),
5.35(1H,d, J11 Hz),5.75(11H,d, J8 Hz), 6.52 (1H, dd, 1 17
and 11 Hz), MS (+ve 1on electrospray) m/z 501 (MH™, 30%).
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EXAMPLE 26

Mutilin 14-[3-(quinuclidin-4-yl)-acrylate]

Step 1. N',O-Dimethylquinuclidin-4-yl amide
Quinuclidin-4-ylcarbonylchloride hydrochloride (Ex-
ample 8, Step 4) (16.5 g, 0.079 moles) in acetonitrile (600 ml)
at 0° C. was treated with N,O-Dimethylhydroxylamine
hydrochloride (8.8g, 0.09 moles) and pyridine (20 ml. 0.24

moles) and stirred at ambient temperature for 18 hours. The
mixture was concentrated 1n vacuo and the residue partitioned
between saturated potassium carbonate and diethyl ether. The
organics were dried (Na,SO,) filtered and evaporated to dry-
ness to give the title compound 8.8 g (57%); 'H NMR
(CDCl;) 1.88(6H,t,J10Hz),2.91 (6H,t,J10Hz),3.13 (3H,
s), 3.65 (3H, s),
Step 2. Quinuclidine-4-carboxaldehyde N,O-Dimethytqui-
nuclidin-4-yl amide (8.77 g 0.044 moles) in dry toluene at
-70° C. was treated with 1.5 molar diisobutylaluminiumhy-
dride (45 ml, 0.067 moles) and allowed to warm to ambient
temperature over 2 hours. The reaction was quenched with
excess SM hydrochloric acid, basified with potassium car-
bonate and extracted into diethyl ether. The organics were
dried (Na,SO,), filtered and concentrated. Chromatography
on silica gel elutina with 0-10% (9:1 methanol/880 ammonia)
in chloroform gave the title compound 1.3g (21%); "H NMR
(CDCl,) 1.59 (6H,t,J10Hz),2.90 (6H,t,J 10 Hz), 9.40 (1H,
S).
Step 3. Ethyl [3-(quinuclidin-4-yl)-acrylate]
Triethylphosphonoacetate (1.6 ml, 0.0077 moles) in
dimethoxyethane (50 ml) was treated with sodium hydride
60% dispersion 1 o1l (0.35 g, 0.0088 moles) at ambient
temperature for 1 hour. Quinuclidine-4-carboxaldehyde (1.0
g 0.0072 moles) was then added and the mixture heated
under reflux for 2 hours, allowed to cool and concentrated 1n

vocuo. Chromatography of the residue on silica-gel, eluent as
in Step 2, gave the title compound 0.71 g (47%); '"H NMR

(CDCl;)1.29(3H,t,J10Hz),1.55 (6H,t,J10 Hz), 2.99 (6H,

t,J 10 Hz), 4.18 (2H, q, J 10 Hz), 5.65 (1H, d, 1 19 Hz), 6.79

(1H, d, J 19 Hz).

Step 4. 3-(Quinuclidin-4-yl)-acrylic acid hydrochloride
Ethyl 3-(quinuclidin-4-yl)-acrylate (0.7 g, 0.0033 moles)

was heated under reflux in 5 molar hydrochloric acid (30 ml)

for 18 hours, cooled then concentrated 1n vacuo to an oil.

Trituration w1th acetone gave the title compound as an ofl
white solid 0.43 g (60%). MS (+ve 10n electrospray) m/z 182

(MH™, 100%).
Step 5. 3-(Quinuclidin-4-yl)-acryloyl chloride hydrochloride
The title compound was prepared from 3-(quinuclidin-4-
yl)-acrylic acid as 1n the method of Example 8. Step 4 (0.24¢g,
100%). MS (+ve 10n electrospray) m/z 196 (MH™, 100%-
methyl ester from reaction with methanol).
Step 6. (B3R)-3-Deoxo-11-deoxy-3-methoxy-11-ox0-4-
epimutilin-14-[3'-(quinuclidin-4-yl)-acrylate]
3-(Quinuclidin-4-yl)acryloyl chlonnde (0.24 g 0.001
moles) and (3R)-3-deoxo-11-deoxy-3-methoxy-11-0x0-4-
epimutilin (0.34 g, 0.001 moles) were heated together 1n
dimethylformamide (15 ml) at 110° C. for 18 hours. The
mixture was allowed to cool and concentrated 1n vacuo. The
residue was partitioned between chloroform and saturated
sodium hydrogen carbonate solution. The organic layer was
dried (Na,SO,), filtered and evaporated to dryness. Chroma-
tography on Sep-Pak silica gel 10 g cartridge eluting with
0-10% (9:1 methanol/35% ammonia solution) in chloroform
gave the title compound 0.035 g (6.5%): MS (+ve 101 elec-
trospray) m/z 498 (MH™, 100%).
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Step 7. Mutilin 14-[3-(quinuclidin-4-yl)-acrylate]

The title compound was prepared from (3R )-3-Deoxo-11-
deoxy-3-methoxy-11-oxo0-4-epimutilin-14-[3'-(quinuclidin-
4-yl)-acrylate] (0.035 g, 0.00007 moles) as 1n the method of
Example 24, Step 7 0.026 g, (76%); 'H NMR (CDC,) inter
alia 0.61 (3H,d,J7 Hz),08 3H,d, 17 Hz), 1.1 (3H, s), 2.80
(6H,t,J10Hz), 5.12 (1H,d, J 17 Hz), 5.28 (1H, d, J 11 Hz),
549(1H,d,J15Hz),5.70 (1H,d, J8 Hz), 6.49 (1H, dd, J 17
and 11 Hz), 6.64 (1H, d, J 15 Hz); MS (+ve 10n electrospray)
m/z 484 (MH™, 85%).

EXAMPLE 27

Mutilin 14-[3-(Quinuclidin-4-yl)]-propionate

Step 1. 3-(Quinuclidin-4-yl)-propionic acid hydrochloride

3-(Quinuclidin-4-yl)-acrylic acid (Example 26, Step 4)
(0.2 g, 0.0009 moles) was hydrogenated at atmospheric pres-
sure and ambient temperature over 10% palladium on char-
coal (0.05 g) for 18 hours. The catalyst was filtered ol and the
filtrate evaporated to dryness to give the title compound 0.18
g (89%); MS (+ve ion electrospray) m/z 184 (MH™, 100%).
Step 2. 3-(Quinuclidin-4-yl)-propionylchloride hydrochlo-
ride

The title compound was prepared from 3-(quinuclidin-4-
yl)-propionic acid hydrochloride (0.18 g, 0.0008 moles) as 1n
the method of Example 8, Step 4 0.19 g (100%). MS (+ve 10n
clectrospray) m/z 198 (MH™, 100%)-methyl ester from reac-
tion with methanol).

Step 3. (3R)-3-Deoxo-11-deoxy-3-methoxy-11-0x0-4-
epimutilin 14-[3'-(quinuclidin-4-yl)-propionate]

The title compound was prepared from 3-(quinucliding-
yl)-propionyl chloride hydrochloride (0.19 g, 0.0008 moles)
and (3R)-3-deoxo-11-deoxy-3-methoxy-11-0xo-4-epimuti-
lin (0.27 g, 0.0008 moles) as 1n the method of Example 24,
Step 6 0.19 g (48%). MS (+ve 10n electrospray) m/z 500
(MH™, 100%).

Step 4. Mutilin 14-[3'-(quinuclidin-4-yl)-propionate]

The title compound was prepared from (3R)-3-deoxo-11-
deoxy-3-methoxy-11-oxo0-4-epimutilin  14-[3'-(quinuclidin-
4-y1)-propionate] (0.18 g, 0.0004 moles) as 1n the method of
Example 24. Step 7 0.15 g (83%); "H NMR (CDC],) inter alia
0.69 3H,d, J7 Hz), 0.87 (3H, d, J 7 Hz), 1.15 (3H, s), 1.45
(3H,s),2.85(6H,t,J10Hz), 5.17 (1H,d, 117 Hz), 5.33 (1H,
d,J11Hz),5.69(1H,d,J8 Hz), 6.51 (1H,dd,J17and 11 Hz),
MS (+ve 1on electrospray) m/z 486 (MH™, 100%).

EXAMPLE 28

Mutilin 14-(quinuclidin-4-ylmethyloxy)-acetate

Step 1. Quinuclidin-4-ylmethanol
Quinuchidine-4-carboxylic acid hydrochloride (3.0 g,
0.016 moles) was treated with lithium alumimium hydnde
(2.5 g, 0.066 moles) 1n tetrahydrofuran (150 ml) at ambient
temperature for 18 hours. The reaction was worked up as in
the method of Example 25 Step 1 to give the title compound
2.24 g (100%). MS (+ve electrospray) m/z 142 (MH™, 100%).
Step 2. Mutilin 14-(quinuclidin-4-ylmethyloxy)-acetate
Quinuclidin-4-ylmethanol (0.3 g, 0.002 moles) 1n dry dim-
cthylformamide (5 ml) was treated with sodium hydride 60%
dispersion 1n 01l (0.095 g, 0.0022 moles) at ambient tempera-
ture for 1 hour. The mixture was then cooled to -10° C. and
mutilin 14-methane-sulphonyloxyacetate (1.0 g, 0.002
moles) was added. The mixture was stirred for 4 hours at
ambient temperature then concentrated 1n vacuo. The residue
was partitioned between saturated sodium hydrogen carbon-
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ate and chloroform. The organic layer was dried (Na,SQO,)
filtered and evaporated to dryness. Chromatography on Sep-
Pak silica cel (10 g) cartridge eluting with 0-10% (9:1 metha-
nol/880 ammonia) 1n chloroform gave the title compound
0.12g(12%); "HNMR (CDCl,)interalia0.71 (3H,d, I 7 Hz),
0.88 BH,d, J7Hz),1.15(3H, s), 1.40 (3H, s), 2.85 (6H, t, ]
10Hz),3.14 (2H,dd, J10and J 2.6 Hz),3.93 (2H, q, ] 17 Hz),
5.19(1Hd, 117 Hz), 5.35(1H, d, J 11 Hz), 5.82 (1H, d, J 8
Hz), 6.52(1H,dd,J17andJ11 Hz), 5.82 (1H, d,J8 Hz), 6.52
(1H,dd,J17and J 11 Hz). MS (+ve 1on electrospray) m/z 502
(MH™, 100%).

EXAMPLE 29

Mutilin 14-[(3R)-quinuclidin-3-ylamino]-acetate

The title compound was prepared from (R)-(+)-3-amino-
quinuclidine dihydrochloride and mutilin 14-methane-
sulphonyloxyacetate as 1n the method of Example 28 Step 2

0.05 g (9%); "H NMR (CDCL,) inter alia 0.72 (3H, d, ] 7 Hz),
0.88 BH,d,J7Hz),1.18(3H,s), 1.45(3H, s), 5.20(1H, d, ]
17 Hz), 5.35(1H,d,J 11 Hz), 5.78 (1H, d, ] 8 Hz), 6.52 (1H,
dd, J 17 and J 11 Hz). MS (+ve 10n electrospray) m/z 487
(MH™, 82%).

EXAMPLE 30

Mutilin 14-(quinuclidin-4-yl-amino)-acetate

Step 1. 4- Aminoquinuclidine dihydrochlonde

Quinuclidin-4-ylcarbonylchlornide (Example 8, Step 4)
(1.0 g, 0.0048 moles) was treated with sodium azide (0.34 g,
0.005 moles) in dimethylformamide (10 ml) at 50° C. for 18
hours. The mixture was concentrated 1n vacuo and the residue
partitioned between saturated potasstum carbonate and tolu-
ene. The toluene solution was separated, dried (Na,SQO,),
filtered and the filtrate was heated under reflux for 1 hour to
give the 1socyanate. The mixture was allowed to cool and then
extracted with 5 M hydrochloric acid (3x20 ml). The com-
bined acid extracts were then heated under retlux for 1 hour,
cooled then evaporated to dryness. Trituration with acetone
gave the title compound as a white solid 0.56 g (60%). M.S.
(+ve 1on electrospray) m/z 127 (MH™, 100%).
Step 2. Mutilin 14-(quinuclidin-4-ylamino)-acetate

The title compound was prepared from *-aminoquinuclid-

ine dihydrochloride and mutilin 14-methanesulphonyloxyac-
etate as in the method of Example 28 Step 2 0.023 g (3%); 'H

NMR (CDCI,) inter alia 0.7 (3H, d, J 7 Hz), 0.88 (3H, d, J 7
Hz),1.17 (3H,s),1.48 (3H,s),2.95(6H,t,J10Hz), 5.20 (1H,
d,J17Hz),5.35(1H,d,J11 Hz),5.75 (1d, J8 Hz), 6.49 (1H,
dd, J 17 and J 11 Hz), M.S. (+ve 10n electrospray) m/z 487
(MH™, 100%).

EXAMPL.

(L]

31
Mutilin 14-[4-(quinuclidin-4-yl)]-butyrate

Step 1. Quinuclidine-4-acetonitrile
Quinuclidin-4-ylmethanol (1.94 g, 0.014 moles) was con-
verted to the corresponding mesylate by treatment with meth-
ane sulphonyl chloride and triethylamine 1n chloroform. The
mesylate was dissolved in dimethyliormamide (50 ml) and
treated with sodium cyanide (1.4 g, 0.028 moles) at 120° C.
for 18 hours. The mixture was cooled and concentrated 1n
vacuo. The residue was partitioned between saturated potas-
sium carbonate and chloroform. The organic layer was sepa-

rated and dried (Na,SQO,), filtered and evaporated to dryness.
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Chromatography on silica gel eluting with 0-10% methanol/
chloroform gave the title compound 1.5 g (72%). M.S. (+ve
clectrospray) m/z 151 (MH™, 100%).
Step 2. Quinuclidine-4-acetaldehyde

Quinuclidin-4-ylacetonitrile (3.0 g, 0.02 moles) 1n dry
toluene (100 ml) was treated with 1.5 molar diusobutyl alu-
minium hydride (19.7 ml, 0.03 moles) at ambient temperature
for 5 hours. The mixture was quenched by adding 2 M hydro-
chloric acid (50 ml) and stirring for 30 minutes. The mixture
was then basified with potasstum carbonate and extracted
with chloroform. The organics were separated, dried
(Na,SQ,), filtered and evaporated to dryness to give the title
compound as an o1l 2.2 g (72%). ML.S. (+ve 101 electrospray)
m/z 154 (MH™, 100%).
Step 3. Mutilin 14-[4-(quinuclidin-4-yl)]-butyrate

The title compound was prepared 1n 6 steps from quinucli-
din-4-ylacetaldehyde analogously to Example 26 Steps 3-4
and Example 27 Steps 1-4 0.08 g (3% overall, 6 steps); 'H
NMR (CDCI,) inter alia 0.65 (3H,d, 17 Hz),0.81 3H,d, J7
Hz),1.10(3H,s), 1.39 (3H,5),2.95 (6H,t,J10Hz),5.12 (1H,
d,J17 Hz), 5.27 (1H,d, J 11 Hz), 5.65 (1H, d, ] 8 Hz), 6.43
(1H,dd, J 17 and J 11 Hz), M.S. (+ve electrospray) m/z 500
(MH™, 100%).

EXAMPLE 32

(£) Mutilin 14-(1-azabicyclo[3,3,0]oct-4-ylmethyl-
sulfanyl)-acetate

The title compound was prepared as in the method of
Example 15 from (x)-1-azabicyclo[3,3,0]octan-4-ylmetha-
nol (1.85 g, 0.007 moles) (Pizzomno, M. T., Albornico S. M.,
J. Org. Chem. (1974) 39, 731). This gave 1.3 g (71%); 'H
NMR (CDCI;) inter alia 0.75 (3H,d, 1 7Hz),0.88 3H,d, I7/
Hz),1.17(3H,s),1.45(3H,s),5.20(1H,d,J17Hz), 5.35(1H,
d,J11Hz),5.75(1H,d,J8 Hz), 6.50 (1H,dd, J17and 11 Hz),
M.S. (+ve 1on electrospray) m/z 518 (MH™, 100%).

EXAMPLE 33

(£) Mutilin
14-(1-azabicyclo[3,3,0]oct-3-ylsulfanyl)-acetate

The title compound was prepared as 1n the method of
Example 15 from (x)-1-azabicyclo[3,3,0]octan-3-0l (0.6 g,
0.0047 moles) (Schnekenburger, J. Pharm. Inst., Univ. Kiel,
Kiel. D-2300. Fed. Rep. Ger. Arch. Pharm. (1988), 321(12),
025-9). This Dave 0.21 g (9%); 'H NMR (CDCL,) inter alia
0.72 (3H,d, 17 Hz), 088 (3H, d, J 7Hz), 1.18 (3H, s), 1.45
(3H,s),5.20(1H,d, J17 Hz), 5.34 (1H,d,J11 Hz), 5.74 (1H,
d, T 8 Hz), 6.46 (1H, dd, J 17 and J 11 Hz). ML.S. (+ve 10on
electrospray) m/z 504 (MH™, 35%).

EXAMPLE 34

Mutilin 14-(endo 8-methyl-8-azabicyclo[3,2,1]oct-3-
ylsultanyl)-acetate

The title compound was prepared as 1n the method of
Example 15 from exo 8-methyl-8-azabicyclo[3,2,1]octan-3-
ol (1.8 g, 0.0127 moles) (Nickon, A., Fieser, L. F., J. Amer-
can. Chem. Soc. (1952) 74. 5566). This gave 0.1 g (.5%); 'H
NMR (CDCI,) inter alia 0.73 (3H,d, 1 7Hz),0.88 3H,d, J7
Hz),1.17(3H,s),1.47(3H,s),5.18(1H,d,J17Hz),5.32 (1H,
d,J11Hz),5.75(1H,d,J8 Hz), 6.47 (1H,dd, J17and 11 Hz),
M.S. (+ve 10on electrospray) m/z 518 (MH™, 100%).
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(x) Mutilin
14-(1-azabicyclo[4,3,0]non-4-ylsulfanyl)-acetate

Step 1. (£) 1-Azabicyclo[4,3,0]nonan-4-ol
1-Azabicyclo[4,3,0]nonan-4-one (1.0 g, 0.0072 moles)
(King, F. D., J. Chem. Soc. Perkin. Trans. 1, (1986) 447) 1n
tetrahydrofuran (50 ml) was treated with lithium aluminium
hydride (0.7 g. 0.0185 moles) at ambient temperature for 18

hours. Work up 1n the usual way gave the title compound 1.0
g (100%). M.S. (+ve 10n electrospray) m/z 142 (MH™, 95%).

Step 2. (x) Mutilin 14-(1-azabicyclo[4,3,0]non-4-ylsulia-
nyl)-acetate

The title compound was prepared as 1n the method of
Example 15 from (x) 1-Azabicyclo[4,3,0lnonan-4-0l (1.0 g,
0.0072 moles). This gave 1.12 g (28%); '"H NMR (CDCI,)
inter alia 0.72 (3H, d, J 7 Hz), 0.88 (3H, d, 17 Hz), 1.20 (3H,
s), 1.47 (3H, s), 5.21 (1H, d, J 17 Hz), 5.34 (1Hd, J 11 Hz),
5.77(1H,d,J8 Hz), 6.48 (1H, dd,J 17 and 11 Hz). M.S. (+ve
ion electrospray) m/z 518 (MH™, 100%).

EXAMPLE 36

(£) 19,20-Dihydromutilin
14-(1-azabicyclo[4,3,0]non-4-ylsulfanyl)-acetate

The title compound was prepared as 1n the method of
Example 15 from (z) 1-azabicyclo[4,3,0]nonan-4-0l (0.66 g,
0.0047 moles) and 19,20-dihydromutilin 14-methanesulpho-
nyloxyacetate (2.43 g, 0.0047 mmoles) to give 0.44 g (18%);
"H NMR (CDCI,) inter alia 0.71 (3H, d, J 7 Hz), 0.8 (3H, t, ]
9 Hz), 1.45 (3H, s), 3.15 (2H, s), 5.65 (1H, d, ] 8 Hz). M..S.
(+ve 1on electrospray) m/z 520 (MH™, 100%).

EXAMPLE

37

Mutilin
14-(1-carboxymethylpiperidin-4-ylsulfanyl)-acetate

Step 1. tert-Bu tyl (piperidin-4-one-1-yl)-acetate

4-Piperidone monohydrate hydrochloride (5 g, 0.033
moles) was treated with tert-butylbromoacetate (6.98 g, 0.037
moles) and potassium carbonate (13.65 g, 0.099 moles) in
dimethylformamide (100 ml) at 100° C. for 24 hours. The
mixture was cooled and concentrated in vacuo. The residue
was partitioned between saturated potassium carbonate solu-
tion and diethyl ether (2x50ml). The combined organic layers
were dried (Na,SO,), filtered and evaporated to dryness to
give the title compound 7.36 g (94%) 'H NMR (CDCl,) 1.45
(OH, s), 2.45 (4H, t, 17 Hz), 2.3-2.4 (4H, m), 3.29 (2ZH, s).
Step 2. tert-Butyl (piperiditi-4-ol-1-yl)-acetate

tert-Butyl (piperidin-4-one-1-yl)-acetate (3 g, 0.014
moles) was treated with sodium borohydride (1.13 g, 0.028
moles) in methanol (150 ml) at ambient temperature for 1
hour. Glacial acetic acid (1.68 g, 0.028 moles) was added and
the mixture stirred for 15 minutes. The mixture was concen-
trated 1n vacuo and the residue partitioned between saturated
sodium carbonate and ethyl acetate. The organics were sepa-
rated, dried (Na,SQ,,), filtered and evaporated to dryness to
give the title compound (2.9g, 96%). M.S. (+ve 10n electro-
spray) m/z 216 (MH™, 100%).
Step 3. Mutilin (1-carboxymethylpiperidin-4-ylsulfanyl)-ac-
ctate
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The title compound was prepared as 1n the method of 65

Example 15 from tert-buty(piperidin-4-ol-1-yl)-acetate (1.5
g, 0.007 moles). The tertbutyl ester group 1s hydrolysed 1n the

36

workup. This gave 0.3 (8%); "H NMR (CDCl,) inter alia 0.7
(3H,d,J7Hz),0.88 (3H,d,J7Hz),1.17 (3H, s), 1.47 (3H, s),
5.22(1H,d,J17Hz), 535 (1H,d, 111 Hz), 5.75 (1H, d, J 8
Hz), 6.45 (1 H,dd, J 17 and 11 Hz), M.S. (+ve 10n electro-
spray) m/z 536 (MH™, 100%).

EXAMPLE 38

Mutilin 14-(piperidin-4-ylsulfanyl)-acetate

Step 1. 1(tert-Butoxycarbonyl)piperidin-4-ol

1 (tert-Butoxycarbonyl)-4-piperidone (5 g, 0.025 moles)
was treated with sodium borohydride (1.89 g, 0.05 moles) as
in the method of Example 37, Step 2 to give the title com-

pound 5.07 g (100%); "H NMR (CDC].,) inter alia 1.45 (9 H,
s), 1.29-1.41 (2 H, m), 2.42-3.05 (2H, m), 3.75-3.99 (3H, m).
Step 2. Mutilin 14-(1-tertbutoxycarbonylpiperid-4-ylthio)-
acetate

The title compound was prepared as 1n the method of

Example 15 from 1-(tert-butoxycarbonyl)piperidin-4-ol (2.5
g, 0.012 moles). ML.S. (-ve 10n ¢lectrospray) m/z 576 (M-H,

100%).
Step 3. Mutilin 14-(piperidin-4-ylsulfanyl)-acetate

The product from Step 2 was treated with trifluoroacetic
acid (10 ml) in dichloromethane (100 ml) at 0° C. for 2 hours.
The mixture was concentrated 1n vacuo and the residue par-
titioned between saturated sodium hydrogen carbonate and
chloroform. The organic layer was separated, dried (Na,SO,)
filtered and evaporated to dryness. Chromatography on silica

gel eluting with 0-1 0% (9:1 methanol/880 ammonia) 1n chlo-
roform gave the title compound 1.01 g (26%); '"H NMR

(CDC,) inter alia 0.75 (3H, d, 1 7 Hz), 0.9 (3H, d, ] 7 Hz),
1.18 (3H, s), 1.45 (3H, s), 5.20 (1H, d, J 17 Hz), 5.35 (1H, d,
J11 Hz), 5.80 (1H, d, J8 Hz), 6.52 (1H, dd, J 17 and 11 Hz).
M.S. (+ve 10on electrospray) m/z 478 (MH™, 65%)).

EXAMPLE 39

Mutilin
14-(1-methylpiperidin-4-ylmethylsulfanyl)-acetate
hydrochloride

Step 1. 1 -Methyl-4-(hydroxymethyl)piperidine 1-Methylpi-
peridine-4-carboxylic acid hydrochloride (J. Med. Chem.
1988, 31. 812) (1 g, 0.007 mole) was added portionwise to a
suspension of lithium aluminium hydride (1.3 g 0.035 mole)
in dry tetrahydrofuran (100 ml) under argon at 0° C. The
mixture was heated under reflux overnight after which 1t was
cooled to 0° C. and treated dropwise with water (1.3 ml). 10%
sodium hydroxide solution (1.95 ml) and water (3.25 ml) and
stirred for 1 hour at room temperature. The resulting slurry
was filtered through celite and the filtrate evaporated 1n vacuo
to atford the title compound 0.90 g (99.7%) as a pale orange
oil; '"HNMR (CDCl,) 1.18-1.53 (3H, m), 1.67-1.81 (2H, m),
1.83-2.12 (3H, m), 2.28 (3H, 5), 2.79-2.94 (2H, m), 3.50 (2H,
d, J'7 Hz); MS (+ve 10n electrospray) m/z 130 (MH™).
Step 2. (1-Methylpiperidin-4-ylmethylsulfanyl)-acetate
Triphenylphosphine (3.67 g, 0.014 mole) was dissolved 1n
dry tetrahydrofuran (25 ml) and cooled to 0° C. under argon.
Diisopropyl azodicarboxylate (2.75 ml, 0.014 mole) was
added dropwise and the mixture was stirred at 0° C. for 0.5
hour. The product of Step 1 (0.90 g, 0.007 mole) and thiolace-
tic acid (1.0 ml, 0.014 mole) i dry tetrahydrofuran (50 ml)
were added dropwise and the mixture stirred at room tem-
perature overnight. The solvent was removed 1n vacuo and the
residue was partitioned between 1M hydrochloric acid and
diethyl ether. The aqueous layer was washed with diethyl
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cther until all triphenylphosphine oxide had been removed,
basified with solid potasstum carbonate, extracted into
dichloromethane, dried (magnesium sulfate) and evaporated

in vacuo to afford the title compound 0.60 g (46%) as a pale
yellow oil; '"H NMR (CDCI,) 1.22-1.59 (3H, m), 1.72-1.85

(2H, m), 1.95 (2H, dt, J 13 and 3 Hz), 2.28 (3H, s), 2.35 (3H,
s), 2.80-1.85 (2H, m), 1.95 (2H, dt, J 13 and 3 Hz), 2.28 (3H,
s),2.35(3H, s), 2.80-2.98 (4H, m); MS (+ve 1on electrospray)
m/z 188 (MH™).

Step 3. Mutilin 14-(1-methylpiperidin-4-ylmethylsulfanyl)-
acetate hydrochloride

The productof Step 2 (0.19 g. 0.001 mole) was dissolved in
dry ethanol (10 ml) under argon and treated with sodium
methoxide (0.054 g, 0.001 mole). The mixture was stirred for
1 hour and mutilin 14-methanesulfonyloxyacetate (0.456 g,
0.001 mole) was added. The mixture was stirred at room
temperature overnight. The solvent was removed in vacuo
and the residue partitioned between water and dichlo-
romethane. The organic layer was dried (magnesium sulfate)
and evaporated 1n vacuo. The residue was purified by column
chromatography, eluting with dichloromethane to 13%
methanol/dichloromethane. The resulting gum was converted
to the hydrochlonde salt to afford the title compound 0.17 g
(34%) as a white foam; '"H NMR (CDC],) inter alia 0.73 (3H,
d,J7Hz),0.90 (3H,d,J7Hz), 5.23 (1H, dd, ] 17 and 3 Hz),
5.35(1dd, J 13 and 3 Hz), 5.73 (1H,d, ] 7Hz), 6.48 (1H, q, J
1”7 and 10 Hz), 12.26-12.69 (1H, br s); MS (+ve 10n electro-
spray) m/z 506 (MH™Iree base).

EXAMPLE 40

Mutilin 14-{(3S,4R)-1-azabicyclo[2.2.1hept-3-ylm-
ethylsulfanyl}-acetate

Step 1. (3S,4R)-1-Azabicyclo[2.2.1 hept-3-ylmethanol

The title compound 0.60 g (84%) was prepared from (35S,
4R )-1-azabicyclo[2.2.1]heptane-3-carboxylic acid hydro-
chloride (WO 98/05659, SmithKline Beecham) using the
method of Example 1 Step 1; 'H NMR (CDCl,) 1.38-1.65
(1H,m), 1.83-2.00 (1H, m), 2. 12-2.6 (7H, m), 2.78-3.05 (2H,
m), 3.49-3 .81 (2H, m); MS (+ve 10n electrosprav) m/z 128
(MH™).

Step 2. [(3S, 4R)-1-Azabicyclo[2.2.1 ]hept-3-ylmethylsulia-
nyl]-acetate

The title compound, 0.58g (66%) was prepared from the
product of Step 1 using the method of Example 1 Step 2: 'H

NMR (CDCl,) 1.36-1.63 (2H, m), 1.90-2.01 (1H, m), 2.10-
2.29 (1H,m), 2.34 (3H, s), 2.40-2.58 (4H, m), 2.78-2.96 (2H,
m), 3.00-3.13 (2H, m), MS (+ve 10n electrospray) m/z 186
(MH™).

Step 3. Mutilin 14-{ (3S,4R)-1-azabicyclo[2.2.1 Jhept-3-ylm-
ethylsulfanyl}-acetate

The title compound, 0.21 g (42%) was prepared from the
product of Step 2 using the method of Example 1 Step 3.
Purification of the compound was achieved by flash column

chromatography on silica gel eluting, with 10% methanol/
dichloromethane; '"HNMR (CDCL,) inter alia 0.76 (3H, d, J 7

Hz), 0.90 3H, d,J7 Hz),3.13 (2H, s), 5.20 (1H, dd, J 18 and
2Hz),5.34(1H,dd, J12and 2 Hz), 5.78 (1H, d, I 7 Hz), 6.51
(1H, g, J 18 and 13 Hz); MS (+ve 10n electrospray) m/z 504
(MH™).
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EXAMPLE 41

Mutilin 14-(quinuclidin-2-ylmethylsulfanyl)-acetate

Step 1. (Quinuclidin-2-ylmethylsulfanyl)-acetate
The title compound. 0.78 g (55%) was prepared from qui-
nuclidin-2-ylmethanol (J. Am. Chem. Soc., 1988, 116, 1278)
using the method of Example 1 Step 2; 'H NMR (CDCl,)
1.08-1.22 (1H, m), 1.40-1.58 (4H, m), 1.73-1.90 (2ZH, m),
2.35 (3H, s), 2.66-3.28 (7TH, m); MS (+ve 10n electrospray)
m/z 158 (MH™ thiol).
Step 2. Mutilin 14-(quinuclidin-2-ylmethylsulfanyl)-acetate
The title compound, 0.20 g (39%) was prepared from the

product of Step 1 using the method of Example 1 Step 3; 'H
NMR (CDCIl;) mter alia 1.75 (3H, d, J 7 Hz), 0.90 3H, d, J7

Hz), 3.18 (2H, d, 1’7 Hz), 5.21 (1H, dd, J 18 and 2 Hz), 5.37
(1H,dd,J12and 2 Hz), 5.75 (1H,d,J 7 Hz),6.50 (1H, q, J 18
and 12 Hz); MS (+ve 1ion electrospray) m/z 518 (MH™).

EXAMPLE 42

Mutilin 14-(1-azabicyclo[2.2.1]hept-4-ylmethylsul-
fanyl)-acetate

Step 1.
ctate

The title compound 0.55 g (42%) was prepared from
l1-azabicyclo[2.2.1]hept-4-y] methanol (WO 93/15080)

using the method of Example 1 Step 2; '"H NMR (CDCl,)
1.21-1.35(2H, m), 1.50-1.68 (2H, m), 2.29 (2H, s), 2.38 (3H,
s), 2.53-2.70 (2H, m), 2.99-3.05 (2H, m), 3.28 (2H, s); MS
(+ve 1on electrospray) m/z 186 (MH™).
Step 2. Mutilin 14-(1-azabicyclo[2.2.1]hept-4-ylmethylsul-
fanyl)-acetate

The title compound. 0.14 g, (28%) was prepared from the
product of Step 1 using the method of Example 1 Step 3; 'H
NMR (CDCIl;) mter alia 0.78 (3H, d, J 7 Hz), 0.90 3H, d, I 7
Hz),3.16 (2H, 5)5.22 (1H,dd, J 18 and 2 Hz), 5.37 (1H, dd, ]
12 and 2 Hz), 5.78 (1H, d, I 8 Hz), 6.50 (1H, q, ] 18 and 12
Hz); MS (+ve 1on electrospray) m/z 504 (MH™).

(1-Azabicyclo[2.2.1 ]hept-4-ylmethylsulfanyl )-ac-

EXAMPLE 43

Mutilin 14-{(3R,4S)-1-azabicyclo[2.2.1]hept-3-ylm-
ethylsulfanyl}-acetate

Step 1. (3R, 45)-1-Azabicyclo[2.2.1]hept-3-y] methanol

The title compound, 0.68 g (95%) was prepared from (3R,
45)-1-azabicyclo[2.2.1] heptane-carboxylic acid usin; the
method of Example 1 Step 1; '"H NMR (CDCl,) 1.37-1.71
(2H, m), 1.82-2.00 (1H, m), 2.10-2.72 (6H, m), 2.77-3.05
(2H, m), 3.47-3.76 (2H, m); MS (+ve 10n electrospray) m/z
128 (MH™).
Step 2. [(BR,45)-1-Azabicyclo[2.2.1 ]hept-3-ylmethylsulia-
nyl]-acetate

The title compound, 0.22 g (25%) was prepared from the
product of Step 1 using the method of Example 1 Step 2; 'H
NMR (CDCl;) 1.40-1.70 (2H, m), 1.93-2.09 (1H, m), 2.12-
2.31 (1H,m), 2.35(3H,s),2.51-2.70 (4H, m), 2.78-2.98 (2H,
m), 3.0-3.15 (2H, m); MS (+ve 10n electrospray) m/z 186
(MH™).
Step 3. Mutilin 14-{(3R,4S)-1-azabicyclo[2.2.1]hept-3-ylm-
ethylsulfanyl }-acetate

The title compound 0.12 g. (20%) was prepared from the

product of Step 2 using the method of Example 1 Step 3; 'H
NMR (CDCIl,) mter alia 0.72 (3H, d, J 7 Hz), 0.89 (3H, d, J7

Hz), 3.13(2H, s), 5.21 (1H, dd, J 18 and 2 Hz), 5.35 (1H, dd,
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J12 and 2 Hz), 5.76 (1H,d, J 7 Hz), 6.50 (1H, q, J 18 and 12
Hz); MS (+ve 1on electrospray) m/z 504 (MH™).

EXAMPLE

44

Mutilin 14-(1-azabicyclo[3.2.1]oct-5-ylmethylsulia-
nyl)-acetate

Step 1. 1-Azabicyclo[3.2.1]oct-5-ylmethanol

The title compound, 2.05 g (93%) was prepared from
1-azabicyclo[3.2.1]octane-3-carboxylic acid hydrochloride
(J. Med. Chem., 1991, 34, 2726-2735) using the method of
Example 1 Step 1; "HNMR (CDCl,) 1.39-1.90 (5H, m), 2.61
(2H, s), 2.70 (4H, m), 3.35-3.75 (4H, m); MS (+ve 10n ¢lec-
trospray) m/z 142 (MH™).
Step 2. [1-Azabicyclo[3.2.1]oct-5-ylmethylsulfanyl]-acetate

The title compound, 1.0 g, (33%) was prepared from the
product of Step 1 using the method of Example 1 Step 2; 'H
NMR (CDCl,) 1.45-1.89 (6H, m), 2.47 (3H, s), 2.60 (2H, s),
2.70-2.94 (3H, m), 3.00-3.17 (3H, m); MS (+ve 10n eiectro-
spray) m/z 200 (MH™)
Step 3. Mutilin 14-(1-azabicyclo[3.2.1]oct-5-ylmethylsulfa-
nyl)-acetate

The title compound, 0.19 g (7%) was prepared from the
product of Step 2 using the method of Example 1 Step 3; 'H

NMR (CDCI,) inter alia 0.73 (3H, d, J 7 Hz), 0.90 (3H, d, J 7
Hz),5.20(1H,dd, J18and 2 Hz), 5.37 (1H,dd, J 12 and 2 Hz),
5.76 (1H.d,J7Hz), 6.48 (1H, q,J 18 and 12 Hz); MS (+veion
electrospray) m/z 518 (MH™).

EXAMPLE

45

Mutilin 14-{(R)-1-Methylpiperid-2-ylmethylsulfa-
nyl }-acetate

Step 1. (R)-1-Ethylcarbamoylpiperidine-2-carboxylic acid

L-Pipecolinic acid (0.50 g, 0.004 mole) in dry dichlo-
romethane (10 ml) was cooled to 0° C. under argon and
treated with triethylamine (0.65 ml. 0.0046 mole) followed
dropwise by ethyl chloroformate (0.37 ml, 0.004 mole) indry
dichloromethane (2 ml). The mixture was stirred overnight at
room temperature after which 1t was diluted with
dichioromethane, washed with 5M hydrochloric acid and the
organic layer dried (magnesium sulfate) and evaporated 1n
vacuo to atford the title compound 0.60 g (77%) as an orange
oil; "HNMR (CDC1,) 1.12-1.84 (8H, m), 2.15-2.40 (1H, m),
2.88-3.20 (1H, m), 3.90-4.28 (3H, m), 4.77-5.07 (1H, m),
5.68-6.82 (1H, br s),
Step 2. (R)-1-Methylpiperidin-2-ylmethanol

The product of Step 1 (0.60 g, 0.003 mole) 1n dry tetrahy-
drofuran (10 ml) was added dropwise to a suspension of
lithium aluminium hydride (0.57 g, 0.015 mole) 1n dry tet-
rahydrofuran (20 ml). The mixture was heated under retlux
for 2 hours and stirred at room temperature overnight. The
reaction mixture was cooled to 0° C. and water (0.5 ml) was
added dropwise, followed by 10% sodium hydroxide solution
(0.9 ml) and water (1.4 ml). The mixture was stirred for 1
hour, filtered through Celite and the filtrate evaporated in
vacuo to afford the title compound 0.31 g (80%) as a pale
yellow oil; "THNMR (CDC1,) 1.17-2.00 (8H, m), 2.14 (1H, dt,
J 13 and 2 Hz), 2.30 (3H, s), 2.76-2.96 (1H, m), 3.40 (1H, dd,
J13 and 1 Hz), 3.88 (1H, dd, J 12 and 5 Hz); MS (+ve 1on
electrospray) m/z 130 (MH™).
Step 3. [(R)-1-Methylpiperid-2-ylmethylsulfanyl]-acetate

The title compound, 0.30 g (71%) was prepared from the
product of Step 2 using the method of Example 1 Step 2; 'H
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NMR (CDCl,y) 1.16-1.76 (6H, m), 2.00-2.18 (2H, m), 2.29
(13H, s), 2.35(3H, s), 2.80-2.92 (1H, m), 3.00-3.23 (2H, m);
Step 4. Mutilin 14-{(R)-1-Methylpiperid-2-ylmethylsulfa-
nyl}-acetate

The title compound, 0.19 g (22%) was prepared from the
product of Step 3 using the method of Example 1 Step 3; 'H
NMR (CDCl;) inter alia 0.75 (3H,d, 1 7Hz),0.89 3H,d, J7
Hz),3.11 (2H,s),3.36 (1H,q,J12and 7 Hz), 5.19 (1H, dd, J
18 and 2 Hz), 535 (1H,dd, J 12 and 2 Hz), 5.75 (1H, d, J 7
Hz), 6.50 (1H, q, J 18 and 12 Hz); MS (+ve 101 electrospray)
m/z 506 (MH™).

EXAMPLE 46

Mutilin 14-{(S)-1-Methylpyrrolid-2-ylmethylsulfa-
nyl}-acetate

Step 1. [(S)1-Methylpyrrolid-2-ylmethylsulfanyl]-acetate
The title compound, 0.64 g (85%) was prepared from (S)
(—)-1-methyl-2-pyrrolid-2-ylmethanol using the method of
Example 1 Step 29 1H NMR (CDCl,) 1.44-1.61 (1H, m),
1.65-1.85 (2H, m), 1.87-2.04 (1H, m), 2.15-2.42 (2ZH, m),
2.35(3H, s), 2.38 (2.38 (3H, s5), 2.82-2.94 (1H, m), 3.05-3.14
(1H, m), 3.28 (1H, dd, J 13 and 3 Hz); MS (-ve 10n electro-
spray) m/z 130 (M-H {for thiol).
Step 2. Mutilin 14-{(S)-1-Methylpyrrolid-2-ylmethylsulfa-
nyl}-acetate
The title compound, 0.17 g (23%) was prepared from the

product of Step 1 using the method of Example 1 Step 3; 'H
NMR (CDCI,) mter alia 0.76 (3H, d, J 7 Hz), 0.90 3H, d, J 7

Hz),3.18 (2H, s),3.35(1H,q,J10and 7 Hz), 5.20 (1H, dd, ]
18 and 2 Hz), 5.35 (1H, dd, J 12 and 2 Hz), 5.75 (1H, d, I 7
Hz), 6.50 (1H, g, J 18 and 12 Hz); MS (+ve 10n electrospray)
m/z 492 (MH™).

EXAMPLE 47

Mutilin 14-{(R)-1-methylpiperid-3-ylmethylsulfa-
nyl}-acetate

Step 1. (R)-Ethyl 1-ethylcarbamoylpipernidine-3-carboxylate

(R)-Ethylnmipecotate (J. Org. Chem., 56, 1991, 1166-1170)
(3.0 g, 0.019 mole) 1n dry dichloromethane (50 ml) was
cooled to 0° C. under argon. Triethylamine (3.19 ml, 0.023
mole) was added, followed dropwise by ethyl chloroformate
(1.83 ml, 0.019 mole) 1n dry dichloromethane (6 ml) and the
mixture was stirred overmght at room temperature. The reac-
tion mixture was diluted with dichloromethane, washed with
water, dried (magnestum sulfate) and evaporated in vacuo to
afford the title compound 3.45 g (79%) as a colourless oil; 'H
NMR (CDCl,) 1.28 (6H,t, 17 Hz), 1.38-1.82 (3H, m), 2.00-
2.15 (1H, m), 2.38-2.55 (1H, m), 2.77-3.13 (2H, m), 3.91-
4.04 (1H, m), 4.07-4.35 (5H, m).
Step 2. (R)1-Methylpiperid-3-ylmethanol

The title compound, 1.8 g, (92%) was prepared from the
product of Step 1 using the method of Example 7 Step 2; 'H
NMR (CDCl;) 0.90-1.12 (1H, m), 1.50-1.90 (3H, m), 1.94-
1.99 (1H,m), 2.25 (3H, s), 2.57-2.74 (1H, m), 2.79-2.92 (1H,
m), 3.14-3.71 (3H, m); MS (+ve 10n electrospray) m/z 130
(MH™).
Step 3. [(R)-1-Methylpipernid-3-ylmethylsulfanyl]-acetate

The title compound, 0.59 g (81%) was prepared from the
product of Step 2 using the method of Example 1 Step 2; 'H
NMR (CDCl,) 0.87-1.06 (1H, m), 1.44-1.94 (6H, m), 2.27
(3H, s), 2.34 (3H, s), 2.62-2.92 (4H, m); MS (+ve 10n elec-
trospray) m/z 188 (MH™)
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Step 4. Mutilin 14-{(R)-1-methylpiperid-3-ylmethylsulfa-
nyl}-acetate

The title compound, 0.26 (34%) was prepared from the

product of Step 3 using the method of Example 1 Step 3; 'H
NMR (CDCI,) mnter aha 0.74 (3H, d, J 7 Hz), 0.90 (3H, d, J 7

Hz), 3.12 (2H, d, J 2 Hz), 3.30-3.44 (1H, m), 5.22 (1H, dd, J
18 and 2 Hz), 538 (1H,dd, J 12 and 2 Hz), 5.76 (1H, d, J 7
Hz), 6.50 (1H, q. J 18 and 12 Hz), MS (+ve 10n electrospray)
m/z 506 (MH™).

EXAMPLE 48

Mutilin 14-(quinuclidin-4-ylmethylsulfanyl)-acetate

A solution of triphenylphosphine (1.1 g, 0.0042 mole) 1n
dry tetrahydrofuran (50 ml) was 1ce-cooled under argon and
treated with dusopropyl azodicarboxylate (0.85 g, 0.0042
mole). After 30 minutes a solution of thiolacetic acid (0.315
ml. 0.0042 mole) and quinucildin-4-ylmethanol (0.565 g,
0.0042 mole) in dry tetrahydrofuran was added dropwise. The
mixture was then allowed to stand at 5° C. for 72 hours.
Following concentration 1n vacuo the residue was partitioned
between diethyl ether and 1M hydrochloric acid. The aqueous
phase was washed with diethyl ether then concentrated in
vacuo to give a solid (0.65 g). The solid was dissolved in
cthanol and treated with potassium tert-butoxide (0.785 g,
0.007 mole). After stirring for 30 minutes mutilin 14-meth-
anesulfonyloxyacetate (1.38 g, 0.003 mole) was added. The
mixture was stirred under argon for 18 hours then concen-
trated 1n vacuo. The residue was partitioned between chloro-
form and water. The organic phase was washed with brine,
dried over magnesium sulfate and concentrated 1n vacuo.
Chromatography on silica gel eluting with chloroform/
methanol/35% ammonia solution (10/1/0.1) provided the title
compound 0.478 g (31%); "H NMR (CDCL,) inter alia 0.74
(3H,d,J6.5Hz),0.88(3H,d,J6.7Hz),1.17(3H,s),1.40 (6H,
t, J8 Hz), 1.49 (3H, s), 2.47 (2H, s), 2.87 (6H, d, ] 8 Hz), 3.0
(2H, s), 3.36 (1H, m), 5.1 to 5.4 (2ZH, m), 5.75 (1H, d, J 8.3
Hz), 6.48 (1H, m); MS (+ve ion electrospray) m/z 518 (MH™,
100%).

EXAMPLE 49

Mutilin 14-(8-methyl-8-azabicyclo
[3.2.1]oct-3-ylmethylsulfanyl)-acetate

Step 1. (8-methyl-8-azabicyclo[3.2.1]oct-3-yl)methanol

The title compound was prepared from 8-methyl-8-azabi-
cyclo[3.2.1]octane-3-carboxylic acid hydrochlonde salt
(WO 98/05659 Example 25, Step 3) using the process
described in Example 24 Step 1 0.78 g (100%); '"H NMR
(CDCl,) inter alia 1.3-2.0 (9H, m), 2.25 (3H, s),3.16 (2H, m),
3.44 (2H, d, J 6.3 Hz); MS (+ve 10n electrospray) m/z 156
(MH™, 100%).

Step 2. Mutilin 14-(8-methyl-8-azabicyclo[3.2.1]oct.3-ylm-
cthylsulfanyl)-acetate

The title compound was prepared from (8-methyl-8-azabi-
cyclo[3.2.1]oct-3-yl)methanol and mutilin 14-methanesulio-

nyloxvyacetate using the process described in Example 15
0.101 g (19%); "HNMR (CDCL,) inter alia 0.74 (3H, d, ] 6.5

Hz), 0.88 (3H, d, J 7.0 Hz), 1.25 (3H, s), 1.49 (3H, s), 2.34
(3H, s),2.48 (2H, d,), 3.1 (2H, s),3.15(2H, m), 3.36 (1H, m),
5.1-54(2H,m), 5.74(1H,d, 8.5 Hz),6.48 (1H, m); MS (+ve
ion electrospray) m/z 533 (MH™, 85%).
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EXAMPLE 50

Mutilin 14-(exo-8-methyl-8-azabicyclo[3.2.1]oct-3-
ylsultanyl)-acetate

The title compound was prepared from endo-8-methyl]-8-
azabicyclo[3.2.1]octan-3-0l and mutilin 14-methanesulfony-
loxyacetate using the process described in Example 150.09 g
(17%); '"H NMR (CDCL,) inter alia 0.74 (3H, d, J 6.7 Hz),
0.99(3H,d,J7.5Hz), 1.18 (3H, s), 1.63 (3H, s), 2.28 (3H, s),
3.0(1H,m),3.13 (2H,s),3.16 (2H, m), 3.36 (1H, m), 5.15 to
5.37 2H, m), 5.77 (1H, d, ] 8.3 Hz), 6.49 (1H, m); MS (+ve
ion electrospray) m/z 518 (MH™, 100%).

EXAMPLE 51

Mutilin
14-[(3-(quinuclidin-4-ylsulfanyl)]-propionate

Step 1. Mutilin 14-acrylate-11-trifluoroacetate
Mutilin 11-trifluoroacetate (WO 97/25309 Example 85

step 2) (3.0 g, 0.0072 mole), triethylamine (3.74 g, 0.037
mole) and a catalytic amount of 4-dimethylaminopyridine in
dichloromethane (100 mls) was treated with acryloyl chloride
(3.33 g, 0.037 mole) overnight at room temperature under
argon. The reaction mixture was partitioned between water
and dichloromethane. The organic layer was dried over mag-
nesium sulfate and the solvents removed 1n vacuo. Chroma-
tography of the residue on silica gel eluting with ethylacetate/
petroleum ether 40-60° (1:10) provided the title compound 15
g (37%); "H NMR (CDCL,) inter alia 0.69 (3H, d, J 6.6 Hz),
0.84 (3H,d,J7Hz),1.06 (3H, s), 1.52 (3H,s),2.11t02.4 (4H,
m), 2.65 (1H, m), 5.0 (1H, d, 6.9 Hz), 5.20-5.37 (2H, m),
5.72-5.86 (2H, m), 6.0-6.1 (1H, m), 6.3-6.5 (2H, m).
Step 2. Mutilin 14-[(3-quinuclidin-4-ylsulfanyl)]-propionate
Mutilin 14-acrylate-11-trifluoroacetate (0.376 g, 0.008
mole) was treated with preprepared potassium quinuclidin-
4-sulfanate from quinuclidin-4-thiol hydrochloride (0.145 g,
0.0008 mole) and potassium tert-butoxide (0.094 g, 0.000838
mole) 1n ethanol (15 ml) under argon at room temperature
overnight. Solvents were removed 1n vacuo and the residue
chromatographed on silica el using chloroform/methanol/
35% ammonia solution (10:1:0.1) mixture. This chromato-
graphed product (0.262 g) was dissolved 1n tetrahydrofuran/
water (5:1) (6 ml) and treated with 0.5 M sodium hydroxide
solution (1 ml) for 3 hours at room temperature. The reaction
mixture was concentrated in vacuo. The residue was chro-
matographed on silica gel using chloroform/methanol/35%

ammonia solution (9:1:0.1) mixture to provide the title com-
pound 0.152 g (36% overall); 'H NMR (CDCl,) inter alia

0.72(3H,d,J6.5Hz),0.87(3H,d,J7.0Hz),1.08 (3H,s), 1.63
(3H, s), 1.69 (6H, t, ] 8 Hz), 2.00-2.47 (7H,m), 2.74 (2H, t, ]
7.8 Hz), 3.36 (1H, m), 5.17-5.38 (2H, m), 5.74 (1H, d, J 8.5
Hz), 6.52 (1H, m); MS (+ve 10n electrospray) m/z 518 (MH™,
100%).

EXAMPLE 52

Mutilin
14-[3-(quinuclidin-4-ylmethylsulfanyl)]-propionate

To an 1ce-cooled solution of triphenylphosphine (1.1 g,
0.0042 mole) 1n dry tetrahydrofuran (50 ml) was added drop-

wise diisopropyl azodicarboxylate (0.85 g, 0.0042 mole).
After 30 mins a solution of thiolacetic acid (0.335 g, 0.0042
mole) and quinuclidin-4-ylmethanol (Example 28, Step 1)
(0.565 g. 0.004 mole) 1 dry tetrahydrofuran (20 ml) was
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added dropwise. The mixture was stirred under argon for 72
hours, evaporated 1n vacuo and taken up 1n ether. The ethereal
solution was extracted with 1M hydrochloric acid. The aque-
ous extract was washed with ether and evaporated to dryness
to give a solid (0.65 g). The title compound was prepared from
the latter solid and mutilin 14-acrylate-11-trifluoroacetate

(Example 51. Step 1) according to the procedure of Example
51.Step 20.41 g (80%); "HNMR (CDCL,)inter alia0.72 (3H,

d,J 6.8 Hz), 0.87 (3H, d, J 7 Hz), 1.09(3H, s), 1.45 (3H, s),
1.48 (6H, t, 8 Hz), 2.46 (2H s), 2.52 (2H, m), 2.75 (2H, m),
2.95 (6H,t,1 7.8 Hz),3.44 (1H, m), 5.28 (2H, m), 5.75 (1H,
d,J8.5 Hz) 6.52 (1H, m); MS (+ve 1on electrospray) m/z 532
(M{“L 100%).

EXAMPLE

53
Mutilin 14-[>-(1-methylpiperid-4-ylsulfanyl)]-propi-
onate

A solution of triphenylphosphine (3.51 g, 0.021 mole) 1n
dry tetrahydrofuran (100 ml) treated with diisopropyl azodi-
carboxylate (4.25 g, 0.021 mole). After 30 minutes a solution
of 1-methylpiperidin-4-ol (2.3 g, 0.02 mole) and thiolacetic
acid (1.54 g, 0.02 mole) 1n dry tetrahydrofuran (50 ml) was
added over a period of 30 minutes. The mixture was stirred
overnight, concentrated 1n vacuo and the residue taken up 1n
cther. The ethereal solution was extracted with 1M hydro-
chloric acid. The aqueous extract was washed with ether,
evaporated to dryness and dried 1n vacuo to give a yellow gum
(2.4 g). A portion of the gum (0.252 g) was treated with
sodium methoxide (0.120 g) 1n ethanol and subsequently with
mutilin 14-acrylate-11-trifluoroacetate (Example 51, Step 1)

(0.376 g) according to the procedure of Example 51 Step 2 1o
give the title compound 0.3 g (74%); '"H NMR (CDCIB) inter

alia0.73 (3H,d,J6.8 Hz),0.87 (3H,d,17.0Hz), 1.17 (3H, s),
1.46 (3H, s), 2.18 (2H, m), 2.25 (3H, s), 2.40 (2H, m), 2.51
(1H, m), 2.80 (4H, m), 3.35(1H, m), 5.27 (2H, m), 5.74 (1H,
d, 8.3 Hz), 6.52 (1H, m); MS (+ve 10n electrospray) m/z 506
(MH™, 100%).

EXAMPLE

>4

19,20-Dihydromutilin
14-(1-methylpiperid-4-ylsulfanyl)-acetate

Step 1. 19,20-Dihydromutilin 14-methanesulfanyloxyacetate

The title compound was prepared from 19,20-dihydropleu-
romutilin (A. Birch et al, Tetrahedron (1966) Suppl. 8 part 11,
359-387) using the literature process for pleuromutilin (H.

Egger and H. Reinshagen, J. Antibiotics 29 (9), 915); 'H
NMR (CDCI,) inter alia 0.71 (3H, d, I 7 Hz), 0.77 (3H, t, 7.5
Hz), 0.95 (3H, d, 1 9.5 Hz), 0.97 (3H, s), 1.42 (3H, s), 3.21
(3H, s), 3.42 (1H, m), 4.66 (2H, m), 5.72 (1H, d, 8.2 Hz).
Step 2. 19,20-Dihydromutilin  14-(1-methylpiperidin-4-yl-
sulfanyl)-acetate

The title compound was prepared from 4-hydroxy-1-me-
thylpiperidine and 19,20-dihydromutilin 14-methanesulio-
nyloxyacetate using the process described in Example 15
0.42 g (83%); '"H NMR (CDCL,) inter alia 0.71 (3H, d, J 6.8
Hz), 0.78 3H, t,J 7.6 Hz,), 0.94 (3H, d, J 7.6 Hz), 0.97 (3H,
s), 1.43 (3H, s), 2.25 (3H, s), 2.42 (Im), 2.81 (2H, m), 3.42
(1H,t,J6 Hz),5.63 (1H, d, J 8 Hz), MS (+ve 1on electrospray)
m/z 494 (MH™, 75%).

EXAMPLE

D3

19,20-Dihydromutilin 14-(8-methyl-8-azabicyclo
[3.2.1]oct-3-ylmethylsulfanyl)-acetate

The title compound was prepared from 19,20)-dihydro-
mutilin 14-methanesulfonyloxyacetate (Example 54, step 1)
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and 8-methyl-8-azabicyclo[3.2.1]oct-3-ylmethanol using the
process described in Example 15, 0.335 ¢g(45%); 'H NMR

(CDCly) mteralia0.71 (3H,d, J 6.5 Hz), 0.79 (3H, t,J7.3 Hz),
0.93 3H,d,J7.0Hz),0.97 (3H, s), 1.0to 2.2 (27H, m), 2.28
(3H,s),2.41(1H,m),3.11(2H,s),3.17(2H,m),3.42 (1H, m),
5.62 (1H, d, J 8.3 Hz); MS (+ve 10n electrospray) m/z 520
(MH™, 60%).

EXAMPLE 56

Mutilin 14-[4-(quinuclidin-4-ylsulfanyl)]-butyrate
Stepl. Mutilin 14-(4-bromobutyrate)-11-trifluoroacetate
Mutilin 11-trifluoroacetate (WO 97/25309, Example 83,

Step 2) (1.25, 0.003 mole) and pyridine (0.237 g, 0.003 mole)

in dry dichloromethane (20 ml) were treated with 4-bromobu-
tyroyl chloride (0.56 g, 0.003 mole) for 72 hours. The mixture
was concentrated 1 vacuo and the resulting residue chro-

matographed on silica gel using, dichloromethane, providing

the title compound, 1.5 (93%); '"H NMR (CDCl,) inter alia
0.72(3H,d,J6.7Hz),083(3)H,d,J7Hz), 1.05 (3H, s), 1.43
(3H, s), 2.62 (1H, t, 17 Hz), 3.46 (2H, t, ] 6 Hz), 5.0 (1H. d,
J16.7Hz),5.3 (2H,m), 5.69(1H,d, J8 Hz), 6.37 (1H, m); MS
(+ve 1on electrospray) m/z 532 (MH™, 40%).
Step2. Mutilin 14-[4-(quinuclidin-4-ylsulfanyl)]-butyrate
Quinuclidin-4-thiol hydrochloride (0.339 g, 0.002 mole) 1n
cthanol (10 ml) was treated with sodium methoxide (0.216
2.0.004 mole). After 30 minutes mutilin 14-(4-bromobu-
tyrate) (0.565 g, 0.001 mole) was added and the mixture
allowed to stand overnight under argon. The reaction mixture
was concentrated 1 vacuo and the residue partitioned
between water and chloroformn. The organic layer was dried
over magnesium sulfate and concentrated 1n vacuo. The resi-
due was chromatographed on silica gel using chloroform/

methanol/35% ammonia solution (10:1:0.1) to give title com-
pound, 0.190 g (35%); "H NMR (CDCL,) inter alia 0.71 (3H,

d,J6.5Hz),087(3H,d,J6.8Hz),1.16 (3H, s), 1.59 (3H, s).
1.81 (14H, m), 2.06 (2H, t, ] 8.5 Hz), 2.49 (2H, t, 1 7.3 Hz),
2.94 (6H,t,17.3 Hz), 3.35 (1H, m), 5.29 (2H, m), 5.75 (1H,
d,J8.5Hz), 6.52 (1H, m); MS (+ve 1on electrospray) m/z 532
(MH™, 100%).

EXAMPLE 57

1,2-Didehydromutilin
14-(1-methylpiperidin-4-ylmethylsulfanyl)-acetate

Step 1. 1,2-Didehydromutilin 11-dichloroacetate

A solution of 1,2-didehydromutilin (1.41 g. 0.0044 mole)
(prepared by analogy to the procedure described for 1,2-
didehydropleuromutilin, G. Schulz and H. Berner. Tetrahe-
dronb, 1984, 40, 905-17), pyridine (0.56 ml. 0.0066 mole)
and N,N-dimethylaminopyridine (0.02 g) in tetrahydrofuran
(30 ml) was treated with dichloroacetic anhydride (1.16 g,
0.0048 mole) m tetrahydrofuran (5 ml). After 18 hours the
mixture was concentrated 1n vacuo and the residue partitioned
between ethyl acetate and dilute hydrochloric acid. The
organic phase was separated, washed with water and brine,
dried over magnesium sulphate and the solvent removed 1n
vacuo. Chromatography of the residue on silica gel elutin
with 20% ethyl acetate 1n hexanes gave the title compound
(1.3 g, 69%) as a colourless solid; "HNMR (CDCL,) inter alia
433 (1H,d, J 7.7 Hz),4.57 (1H,d, J 7.0 Hz), 5.34 (1H, d, ]
11.2 Hz), 548 (1H, d, ] 17.8 Hz), 5.99 (1s), 6.10(1H, d, 6.1
Hz),6.11(1H,dd,J17.8and 11.2Hz),7.67 (11H,d, J6.1 Hz).
Step 2. 1,2-Didehydromutilin 11 dichloroacetate-14-chloro-
acetate
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A solution of 1,2-didehydromutilin 11dichloroacetate (1.2
g, 0.0028 mole), pyridine (0.7 ml) and N,N-dimethylami-

nopyridine (0.01 g) in dichloromethane (10 ml) at 0° C. was
treated with chloroacetyl chloride (0.33 ml, 0.0042 mole).
After stirring at room temperature for 18 hours the mixture
was concentrated 1 vacuo and the residue partitioned
between ethyl acetate and dilute hydrochloric acid. The
organic phase was separated, washed with water and brine,
dried over magnesium sulphate and the solvent removed 1n
vacuo. Chromatography of the residue on silica gel eluting

with 20% ethyl acetate 1n hexanes gave the title compound
(0.7 g, 50%) as a colourless solid; "HNMR (CDCL,) inter alia

0.79(3H,d,J6.8Hz),1.04(3H,d,J7.1 Hz),1.10(3H, s), 1.58
(3H,s),4.00(2H,s),4.60 (1H,d,J7.0Hz),5.30 (1H,d, 117.7
Hz), 536 (1H,d, J11.7Hz), 5.70 (1H, d, 1 8.6 Hz), 5.97 (1H,
s), 6.10 (1H,d, J 6.2 Hz), 6.34 (1H, dd, J 17.7 and 11.7 Hz),
7.66 (1H, d, J 6.2 Hz),
Step 3. 1,2-Didehydromutilin 11-dichloroacetate-14-(1-me-
thylpiperidin-4-ylmethylsultanyl)-acetate

The title compound (0.36 g, 49%) was prepared from 1,2-
didehydromutilin 11-dichloroacetate-14-chloroacetate (0.7
g, 0.0012 mole) and (1-methylpiperidin-4-ylmethylsulia-
nyl)-acetate (0.224 g, 0.0012 mole) using the process
described 1in Example 39
Step 3. '"HNMR (CDCL,) inter alia 0.80 (3H;d, ] 6.3 Hz), 1.03
(3H,d,J7.0Hz), 1.90 (3H,s),1.56 (3H, s),2.26 (3H, s), 3.13
(2H, s), 4.60 (1H, d, 1 6.8 Hz), 5.30 (1H, d, J 17.5 Hz), 5.34
(1H,d,J10.7Hz), 5.66 (11H, d, J 8.4 Hz), 5.97 (1H, s), 6.09
(1H,d,J6.1 Hz),6.34 (1H,dd,J17.5and 10.7 Hz), 7.65 (1H,
d, J 6.1 Hz); MS (+ve ion electrospray) 616 and 614 (MH™).
Step 4. 1,2-Didehydromutilin 14-(1-methylpiperidin-4-ylm-
cthylsulfanyl)-acetate

A solution of 1,2-didehydromutilin 11-dichloroacetate-
14-(1-methylpiperidin-4-ylmethylsulfanyl)-acetate (0.18 g,
0.0003 mole) in dioxane (3 ml) was treated with a aqueous
potassium hydroxide (1M, 0.36ml). After stirring at room
temperature for 1 hour the mixture was neutralised with dilute
hydrochloric acid and the solvent evaporated in vacuo. The
residue was partitioned between ethyl acetate and sodium
hydrogen carbonate solution. The organic phase was sepa-
rated, washed with water and brine, dried over magnesium
sulphate and the solvent removed in vacuo. Chromatography
on silica gel eluting with dichloromethane/methanol/35%

ammomnia solution (20:1:0.1) gave the title compound (0.12 g,
80%) as a colourless solid: '"H NMR (CDCL,) inter alia 0.81

(3H,d,J6.5Hz),1.08 (3H,d,J7.1Hz),1.15(3H,s),1.55 (3H,
s),2.26 (3H, s),3.12 (2H, s), 5.20(1H, dd, J 17.5and 1.4 Hz),
5.36(1dd,J10.9and 1.4 Hz), 5.72 (8.6 Hz), 6.04 (1H,d, 1 6.1
Hz), 6.47 (1H,dd, J17.5and 10.9Hz), 7.73 (1H,d, 1 6.1 Hz);
MS (+ve 10n electrospray) 504 (MH™).

EXAMPLE

S8

Mutilin 14-(exo-8-methyl-8-azabicyclo[3.2.1]oct-3-
ylsultanyl)-acetate

22-Deoxy-22-sulfanylpleuromutilin (U.S. Pat. No. 4,130,
709, 1978) (0.1 g, 0.00025 mole) i ethanol (4 ml) was treated
with sodium methoxide (0.014 g, 0.0026 mole) and the result-
ing mixture stirred for 30 minutes. A solution of endo-3-
methanesulionyloxy-8-methyl-8-azabicyclo[3.2.1]octane
(prepared from endo-8-methyl-8-azabicyclo[3.2.1]octan-3-
ol and methanesulfonyl chloride) (0.061 g, 0.00028 mole) 1n
cthanol (1 ml) was then added. Stirring was continued for 68
hours; a further portion of endo-3-methanesulfonyloxy-8-
methyl-8-azabicyclo[3.2.1]octane (0.061 g, 0.00028 mole)

was then added and stirring continued for a further 18 hours.
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The mixture was then diluted with dichloromethane, washed
twice with aqueous potassium carbonate, once with brine,
dried over magnesium sulfate and concentrated 1 vacuo.
Chromatography on silica gel eluting with chloroform/
methanol/35% ammonia solution (9:1:0:1) gave the fitle
compound 0.035 g (27%), i1dentical to the compound
described 1n Example 50.

EXAMPLE 59

Mutilin 14-(1-carboxamidomethylpiperidin-4-ylsul-
fanyl)-acetate

Mutilin (1-carboxymethylpiperidin-4-ylsulfanyl)-acetate
(Example 37) (0.08 g, 0.00015 mole) 1n dichloromethane (3
ml) was treated with oxalyl chlonide (0.032 ml, 0.00036
moles) and dimethylformamide (1 drop) and stirred at ambi-
ent temperature for 2 hours. The mixture was then evaporated
to dryness and the residue suspended 1n tetrahydofuran (3 ml)
and treated with 35% aqueous ammonia solution (25 ml) and
stirred for 2 hours. The mixture was evaporated to dryness and
the residue positioned between saturated sodium bicarbonate
and chloroform. The organic layer was separated and dried
(Na,SQO,), filtered and evaporated to dryness. Chromatogra-
phy was saturated on silica gel eluting with chlorotform/
methanol/35% aqueous ammonia solution (90:9:1). Tritura-
tion of the residue obtained with methanol/diethyl ether gave
the title compound 0.035 g; M.S. (+ve 10n electrospray) m/z
535(MH™, 88%).

Antibacterial Activity

The following Table illustrates the antibacterial activities
ol representative mutilin 14-esters. Activities are given as
minimum inhibitory concentrations 1n micrograms per milli-
liter (10~° g/ml), and were determined using a standard broth
dilution method 1n microtitre.

Corn- Com- Com-

pound pound pound

from from from
Organ- Example Example Example
1SIm Plevomutilin Tiamulia 1 15 50
S.a. 2 0.25 =0.06 =0.06 =0.06
S.p. 8 0.25 =0.06 =0.06 =0.06
E.c. >64 >64 16 64 32
H.1. 2 2 0.25 0.5 0.5
M.c. 0.5 0.125 =0.06 =0.06 =0.06

5.a. = Staphylococcus aureus Oxford;
S.p. = Streptococcus pneumoniae 1629;
E.c. = Escherichla coli DCU:;

H.1. = Haemophilius influenzae Q1,;
M.c. = Morazella catarrhalis Ravasio

PHARMACEUTICAL COMPOSITIONS

Example 1

Oily Spray Formulation

A carrier for a nasal spray formulation was prepared by
forming a blend of 67% w/w Iractionated coconut o1l (me-
dium chain length)* and 33% w/w of glyceryl monooleate **.
To this blend was added 0.2% w/w of powdered lemon juice
flavour, followed by 0.5 or 1.0% w/w of drug substance
(erther 1n solution or, 1f mmsoluble, micronized) ***.
Commercial product Miglyol, obtainable from Condea.
Commercial product Mvverol 18-99, obtainable from Eastman.

for example, the compound of Example 1 or Example 8.
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The resultant formulation has a viscosity which 1s spray-
able at 20° C. or above. When sprayed into the nose of a
patient, the liquid coats the nasal passages and contact with
moisture 1nside the nose (from the mucous membranes, and
the humid environment generally) causes the carrier to
thicken. This prolongs the residence time of the sprayed for-

mulation on the nasal surfaces. A spray volume of about 100
ul contains approximately 0.5 or 1 mg of drug substance.

Example 2

Aqueous Spray formulation

Compound % Purpose

Drug 0.001-1.00 Active

Sodium Chloride 0.5-0.9  Toxicity modifier

Benzalkonium chloride 0.02 Preservative

Disodium edetate 0.1 Part of preservative
system; chelating agent

Polysorbate 80 0.2 Surfactant; solubiliser

Sodium dihydrogen orthophosphate 0.2 Buffer

Water gs Carrier

Hydrochloric acid and sodium hydroxide were used to
adjust the pH of the composition to about pH 5.5. The drug
molecule shows optimum stability at this pH.

What 1s claimed 1s:
1. A compound of general formula (IA) or (IB):

in which:
each of n and m is independently O, 1 or 2; [and]
X 1s selected from —O— —5— —S(O)—, —SO,—,
—C0O0.0—, —NH—, —CONH—, —NHCONH— and
a bond; [or

nis lor2 andmis 2 and X 15 —S

R' is vinyl or ethyl;

R* is optionally substituted quinuclidinyl, azabicyclo
2.2.1]heptyl,  azabicyclo[4,3,0lnonyl, azabicyclo
3.2.1]octyl, azabicyclo[3,3,0]octyl, azabicyclo[2.2.2]
octyl, azabicyclo[3.2.1]octenyl, azabicyclo[3.3.1 |nonyl

; and]
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or azabicyclo[4.4.0]decyl; wherein R° is attached

through a ving carbon atom,
R> is H or OH; or
the moiety R*(CH.,) . X(CH,),CH,COO at position 14 of
(IA) or (IB) is replaced by R*R°C=CHCOQOOQO in which
one of R*and R is hydrogen and the other is R* or R*and
R® together form R?; or
a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1 in which R? is substi-
tuted by alkyl, alkyloxy, alkenyl or alkenyloxy, which are
optionally further substituted by one or more groups selected
from aryl, heterocyclyl, (C,_s)alkoxy, (C,_)alkylthio, aryl
(C, _s)alkoxy, arvl(C, _,)alkylthio, amino, mono- or di-(C,_)
alkylamino, cycloalkyl, cycloalkenyl, carboxy and esters
thereof, amides of carboxy, ureido, carbamimidoyl (ami-
dino), guanidino, alkyl-sultonyl, aminosulfonyl (C,_;)acy-
loxy, (C, _¢)acylamino, azido, hydroxy, and halogen.

3. A compound according to claim 1 in which n 1s O.

4. A compound according to claim 1 1n which m 1s O or 1.

5. A compound according to claim 1 in which R” is quinu-
clidinyl.

6. A compound according to claim 1 which has the formula
(IA).

[7. A compound according to claim 1 selected from:

mutilin 14-(quinuclidin-4-yl-sulfanyl)-acetate;

19,20-dihydromutilin  14-(quinuclidin-4-yl-sulfanyl)-ac-
ctate;

mutilin 14-(quinuclidin-3-yloxy)-acetate;

mutilin 14-(quinuclidin-3-ylsultonyl)-acetate;

mutilin 14-(quinuclidin-4-yl-sulfanyl)-acetate;

mutilin 14-[N-(2,2-dimethylazabicyclo[4.3.0]non-4-ylm-

cthyl)]-aminoacetate;

mutilin 14-(quinuclidin-4-ylcarbonylamino)-acetate;

mutilin  14-[(3R,4R)-azabicyclo[2.2.1 Jhept-3-ylcarbony-

lamino]-acetate;

mutilin 14-(quinuclidin-4-ylmethylsulfanyl)-acetate;

19,20-dihydromutilin 14-(quinuclidin-4-ylsulfonyl)

acetate;

19,10-dihydromutilin 14-(quinclidin-4-ylsulfoxy)-ac-
ctate;

mutilin ~ 14-{(3RS,4SR)-1-aza-bicyclo[2.2.1]hept-3-yl-

sulfanyl}-acetate;

mutilin 14-(quinuclidin-3-ylidene)-acetate;

mutilin 14-[quinuclidin-3-yl]-acetate;

mutilin 14-[quinuclidin-3-ylacetoxy]-acetate;

mutilin 14-(quinuclidin-3-ylmethylsulfanyl)-acetate;

1,2-didehydromutilin =~ 14-(quinuclidin-4-ylsulfanyl)-ac-
ctate;

2a-hydroxymutilin 14-(quinuclidin-4-ylsulfanyl)-acetate;

mutilin 14-(quinuclidin-4-yl)-acetate;

mutilin 14-(quinuclidin-4-ylmethyl)-aminoacetate;

mutilin 14-[3-(quinuclidin-4-yl)-acrylate;

mutilin 14-[3-(quinuclidin-4-yl)]-propionate;

mutilin 14-(quinuclidin-4-ylmethyloxy)-acetate;

mutilin 14-[(3R)-quinuclidin-3-ylamino]-acetate;

mutilin 14-(quinuclidin-4-yl-amino)-acetate;

mutilin 14-[(3R)-quinuclidin-3-ylamino)]-acetate;

mutilin 14-(quinuclidin-4-yl-amino)-acetate;

mutilin 14-[4-(quinuclidin-4-yl)]-butyrate;

mutilin  14-(1-azabicyclo[3,3,0]oct-4-ylmethylsulfanyl)-
acetate;

mutilin 14-(1-azabicyclo[3,3,0]oct-3-ylsulfanyl)-acetate;

mutilin 14-(endo 8-methyl-8-azabicyclo[3,2,1]oct-3-yl-
sulfanyl)-acetate;

mutilin 14-(1-azabicyclo[4,3,0]non-4-ylsulfanyl)-acetate;

19,20-dihydromutilin = 14-(1-azabicyclo[4,3,0]non-4-yl-
sulfanyl)-acetate;
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mutilin 14-{(3S,4R)-1-azabicyclo[2.2.1]hept-3-yImethyl-
sulfanyl } -acetate;

mutilin 14-(quinuclidin-2-ylmethylsulfanyl)-acetate;

mutilin 14-(1-azabicyclo[2.2.1]hept-4-ylmethylsulfanyl)-
acetate;

mutilin 14-{(3R,48)-1-azabicyclo[2.2.1]hept-3-ylmethyl-
sulfanyl }-acetate;

mutilin 14-(1-azabicyclo[3.2.1]oct-5-ylmethylsulfanyl)-
acetate;

mutilin 14-(quinuclidin-4-ylmethylsulfanyl)-acetate;

mutilin 14-(8-methyl-8-azabicyclo [3.2.1]oct-3-yImethyl-
sulfanyl)-acetate;

mutilin 14-(exo-8-methyl-8-azabicyclo[3.2.1]oct-3-ylsul-
fanyl)-acetate;

mutilin 14-[(3-(quinuclidin-4-ylsulfanyl)]-propionate;

mutilin 14-[3 -(quinuclidin-4-ylmethylsulfanyl)]-propi-
onate;

19,20-dihydromutilin = 14-(8-methyl-8-azabicyclo[3.2.1]
oct-3-yvlmethylsulfanyl)-acetate;

mutilin 14-[4-(quinuclidin-4-ylsulfanyl)]-butyrate; and

mutilin 14-(exo-8-methyl-8-azabicyclo[3.2.1]oct-3-ylsul-
fanyl)-acetate.]

8. A process for preparing a compound according to claim

1 which comprises:

(a) coupling mutilin or epi-mutilin having a protected
hydroxy group at position 11, with an active derivative,
such as an acid chloride, of a carboxylic acid R**—
(CH,)_ —X—(CH,),—CH,CO,H, where R** is R as
defined 1n claim 1 or a group convertible thereto, and n,
m, and X are as defined in claim 1, and 1f necessary
converting the epi1-mutilin to mutilin, and where neces-
sary or desired, before or after the coupling, modilying
the mutilin nucleus to introduce 2—OH; 19,20-dihydro;
or 1,2-dehydro substituents; or

(b) providing a mutilin or epi-mutilin derivative having
(CH,) CH,CO as an O-acyl group at position 14, where
the acyl group is substituted with R", which is a leaving
group, OH or NH, coupling the 14-O-acyl-(ep1) mutilin
derivative with a compound R**(CH.,), XH or an active
derivative therof, and if necessary converting the epi-
mutilin configuration to mutilin, and where necessary or
desired, before or after the coupling, modifying the

mutilin nucleus to ntroduce 2-OH; 19,20-dihydro; or
1,2-dehydro substituents.

9. A process for preparing a compound according to claim
8(b) 1n which

(a) when X is O, S or NH, R" is a leaving group and is
reacted with
(1) the alcohol R*—(CH2)_—OH:;

(i1) the thiol R*—(CH,,)_—SH;
(ii1) the amine R*—(CH,), —NH.;

(b) when X is CONH, R" is amino and is reacted with the
acid R*™*—(CH,),—CO,H, or an acylating agent
derived therefrom;

(c) when X is CO.O, R" is hydroxy and is reacted with an
acylating agent derived from the acid R**—(CH,)_, —
CO,H.

10. A pharmaceutical composition comprising a com-
pound according to claim 1 and a pharmaceutically accept-
able carrier.

11. A pharmaceutical composition according to claim 10 in
the form of a spray adapted for administration to the nasal
cavity.

12. A pharmaceutical composition according toclaim 11 in
which the spray 1s an aqueous spray.
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13. A method of treating bacterial infection which method
comprises administering an anti-bacterial effective amount of
a compound of formula (IA) or (IB) according to claim 1 to a
patient 1n need thereof.

14. A method of reducing or eliminating the nasal carriage
of pathogenic organisms which method comprises adminis-
tering an effective amount of a compound of formula (IA) or
(IB) according to claim 1 to a patient 1in need thereof.

15. A method of prophylaxis of recurrent otitis media or
recurrent acute bacterial sinusitis which comprises adminis-
tering an effective amount of a compound of formula (IA) or
(IB) according to claim 1 to a patient 1n need thereof.

16. A compound according to claim 1 wherein X is —S5—,
nisOandmis 0or 1.

17. A pharmaceutical composition according to claim 10
adapted for topical administration.

18. A pharmaceutical composition according to claim 17 in
the form of an ointment.

19. A pharmaceutical composition according to claim 17 in
the form of a cream.

20. A pharmaceutical composition according to claim 17 in
the form of a lotion.

21. A method of treating bacterial infections of skin or soft
tissue which method comprises topically administering an
antibacterially effective amount of a compound of formula
(IA) or (IB) according to claim I to a patient in need thereof.

22. Amethod according to claim 21 wherein the infection is
caused by a Gram-positive bacteria.

23. Amethod according to claim 21 wherein the infection is
caused by a Gram-negative bacteria.

24. Amethod according to claim 21 wherein the infection is
caused by a mycoplasma.

25. The compound mutilin 14-(exo-8-methyl-8-azabicyclo
[3.2.1]oct-3-visulfanyvl)-acetate.

26. A compound selected from

mutilin 14-(quinuclidin-4-vl-sulfanyl)-acetate;

19, 20-dihydvomutilin  14-(quinuclidin-4-yl-sulfanyl)-ac-

etate;

mutilin 14-(quinuclidin-3-vloxy)-acetate;

mutilin 14-(quinuclidin-3-yisulfanyl)-acetate;

mutilin 14-[N-(2,2-dimethyviazabicyclo [4.3.0]non-4-yim-

ethyl)[-aminoacetate;

mutilin 14-(quinuclidin-4-yvlcarbonylamino)-acetate;

[ [mutilin  14-[(3R,4R)-acabicyclo[2.2.1]hept-3-ylcarbo-

nylamino]-acetate;] |

mutilin  14-/(3R,4R)-azabicyclo[2.2. 1] hept-3-vicarbony-

lamino[-acetate;

mutilin 14-(quinuclid-4-vimethyvisulfanyl)-acetate;
19,20-dihydromutilin 14-(quinuclidin-4-visulfonyl)

acelate;

[ [19,20-dihydromutilin  14-(quinclidin-4-ylsulfoxy)-ac-
etate;] |

19, 20-dihydvomutilin  14-(quinuclidin-4-yisulfoxy)-ac-
etate;

mutilin 14-{(3RS,4SR)-1-aza-bicvclo[2.2.1] hept-3-visul-
fanyl}-acetate;

mutilin 14-(quinuclidin-3-ylidene)-acetate;

mutilin 14- [quinuclidin-3-yl]/-acetate;

mutilin 14-[quinuclidin-3-vlacetoxy]-acetate,

mutilin 14-(quinuclidin-3-vimethyisulfanyl)-acetate;,

1, 2-didehvdromutilin  14-(quinuclidin-4-yisulfanyl)-ac-
etate;

2a-hyvdroxymutilin 14-(quinuclidin-4-visulfanyl)-acetate;

mutilin 14-(quinuclidin-4-yl)-acetate;

mutilin 14-(quinuclidin-4-vimethyl)-aminoacetate;

mutilin 14-[3-(quinuclidin-4-y)-acrylate; ]

mutilin 14-[3-(quinuclidin-4-yl)]-propionate;
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mutilin 14-(quinuclidin-4-vimethyvioxy)-acetate;

mutilin 14-[(3R)-quinuclidin-3-ylamino/-acetate;

mutilin 14-(quinuclidin-4-yl-amino)-acetate;

mutilin 14-[4-(quinuclidin-4-vl)]-butyrate;

mutilin  14-(I-azabicyclo/3,3,0]oct-4-vimethyisulfanyl)- 5
acetate;

mutilin 14-(1-azabicyclo/3,3,0]oct-3-visulfanyl)-acetate;

mutilin 14-(endo 8-methyl-8-azabicyclo[3,2,1]oct-3-yi-
sulfanyvl)-acetate;

mutilin 14-(1-azabicyclo[4,3,0]/non-4-yisulfanyl)-acetate; .,

19,20-dihvdromutilin  14-(1-azabicyclo[4,3,0]non-4-yi-
sulfanyl)-acetate;

mutilin 14-{(3S,4R)-1-azabicyclo[2.2.1]hept-3-yImethyl-
sulfanyl}-acetate;

52

mutilin  14-(1-azabicyclo[3.2.1]oct-5-yvimethyisulfanyl)-
acetate;

mutilin  14-(8-methyl-8-azabicyclo[3.2.1]oct-3-vimethy!-
sulfanyl)-acetate;

mutilin 14-(exo-8-methyl-8-azabicyclo[3.2.1]oct-3-yisul-
Janvl)-acetate;

mutilin 14-[(3-(quinuclidin-4-yisulfanyvl)]-propionate;

mutilin ~ 14-[3-(quinuclidin-4-vimethyisulfanyl)]-propi-
onalte;

19, 20-dihydvomutilin  14-(8-methyl-§-azabicyclo/3.2.1]
oct-3-vimethyisulfanyl)-acetate; and

mutilin 14-[4-(quinuclidin-4-yisulfanyl)]-butyrate;,

or a pharmaceutically acceptable salt thereof.

27. A compound according to claim 26 which is mutilin

mutilin 14-(quinuclidin-2-ylmethylsulfanyl)-acetate; 15 14-(exo-8-methyl-8-azabicyclo[3.2.1]oct-3-ylsulfanyl)-

mutilin 14-(1-azabicyclo[2.2.1]hept-4-yimethyvisulfanyl)-
acetalte;

mutilin 14-{(3R,4S5)-1-azabicyclo[2.2.1]hept-3-vimethyl-
sulfanyl}-;

acetate, or a pharmaceutically acceptable salt thereof.
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