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57 ABSTRACT

Novel 2'-0,3'-N-bridged macrolides useful in treatment of
inflammatory diseases. More particularly, the invention
relates to 2'-0,3'-N-bridged 14-membered macrolides and to
2'-0,3'-N-bridged 15-membered azalide macrolides useful in
treatment of neutrophil dominated inflammatory diseases
resulting from neutrophilic infiltration and/or diseases asso-
ciated with altered cellular functionality of neutrophils, to
intermediates for their preparation, to the methods for their
preparation, to their use as therapeutic agents, and to salts
thereof.
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Figure 1
correlation of inhibition of IL-6 production in vitro and inhibition of cell infiltration into BALF
in vivo.
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2°-0,3’-N-BRIDGED MACROLIDES

FIELD OF THE INVENTION

[0001] The present invention relates to novel 2'-O,3'-N-
bridged macrolides useful in the treatment of inflammatory
diseases. More particularly, the invention relates to 2'-O,3'-
N-bridged 14-membered macrolides and to 2'-O,3'-N-
bridged 15-membered azalide macrolides useful in the treat-
ment of neutrophil dominated inflammatory diseases,
especially in the treatment of neutrophil dominated inflam-
matory diseases resulting from neutrophilic infiltration and/
or diseases associated with altered cellular functionality of
neutrophils, to intermediates for their preparation, to the
methods for their preparation, to their use as therapeutic
agents, and to salts thereof.

BACKGROUND OF THE INVENTION

[0002] Inflammation is the final common pathway of vari-
ous insults, such as infection, trauma, and allergies to the
human body. It is characterized by activation of the immune
system with recruitment and activation of inflammatory cells
and production of pro-inflammatory mediators.

[0003] Most inflammatory diseases are characterized by
enhanced accumulation of differing proportions of inflamma-
tory cells, including monocytes/macrophages, granulocytes,
plasma cells, lymphocytes and platelets. Along with tissue
endothelial cells and fibroblasts, these inflammatory cells
release a complex array of lipids, growth factors, cytokines
and destructive enzymes that cause local tissue damage.
[0004] One form of inflammatory response is neutrophilic
inflammation which is characterized by infiltration of the
inflamed tissue by neutrophil polymorphonuclear leucocytes
(PMN, i.e neutrophils), which are a major component of host
defence. Neutrophils are activated by a great variety of
stimuli and are involved in a number of clinical conditions
and diseases where they play a pivotal role. Such diseases
may be classified according to the major neutrophil-activat-
ing event (Table 3, page 638 of V. Witko-Sarsat et al., Labo-
ratory Investigation (2000) 80(5), 617-653). Tissue infection
by extracellular bacteria represents the prototype of this
inflammatory response. On the other hand, various non-in-
fectious diseases are characterized by extravascular recruit-
ment of neutrophils. These non-infectious inflammatory dis-
eases may be the result of an intermittent resurgence (e.g.
flare in autoimmune diseases such as rheumatoid arthritis), or
continuous generation (e.g. chronic obstructive pulmonary
disease (COPD)) of inflammatory signals arising from under-
lying immune dystfunction. Non-infectious inflammatory dis-
eases include chronic obstructive pulmonary disease
(COPD), cystic fibrosis (CF), diffuse panbronchiolitis (DPB),
bronchiolitis obliterans (BOS), bronchitis, bronchiectasis,
emphysema, adult respiratory distress syndrome (ARDS,
known also as acute respiratory distress syndrome), as well as
glomerulonephritis, rheumatoid arthritis, gouty arthritis,
ulcerative colitis, certain dermatoses such as psoriasis and
vasculitis. In these conditions neutrophils are thought to play
acrucial role in the development of tissue injury which, when
persistent, can lead to the irreversible destruction of the nor-
mal tissue architecture with consequent organ dysfunction.
Consequently, correlation between neutrophil number in spu-
tum or bronchoalveolar lavage fluid and disease severity and
decline in lung function is demonstrated in patients with
chronic obstructive pulmonary disease (Di Stefano et al., Am
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J Respir Crit Care Med. (1998), 158(4): 1277-1285), cystic
fibrosis (Sagel S D et al., J Pediatr. (2002), 141(6): 811-817),
diffuse panbronchiolitis (Yanagihara K et al., Int J Antimicrob
Agents. (2001), 18 Suppl 1: S83-87), bronchiolitis obliterans
(Devouassoux G et al., Transpl Immunol. (2002), 10(4): 303-
310), bronchitis (Thompson A B et al., Am Rev Respir Dis.
(1989), 140(6): 1527-1537), bronchiectasis (Sepper R et al.,
Chest (1995), 107(6): 1641-1647), adult (also known as
acute) respiratory distress syndrome (Weiland J E et al., Am
Rev Respir Dis. (1986), 133(2): 218-225), to name a few. In
addition, there is increasing evidence of neutrophil inflam-
mation in asthmatics, particularly in patients with severe dis-
ease and patients who smoke (Chalmers G W et al., Chest
(2001), 120: 1917-1922). Evidence of the importance of neu-
trophils in several lung diseases has prompted a search for
drugs that inhibit neutrophilic infiltration into lungs and con-
sequent inflammation (reviewed in Barnes P J, J Allergy Clin
Immunol. (2007), 119(5): 1055-1062).

BRIEF DESCRIPTION OF THE FIGURES

[0005] FIG. 1. shows correlation of inhibition of IL.-6 pro-
duction in vitro and inhibition of cell infiltration into BALF in
Vivo.

SUMMARY OF THE INVENTION

[0006] The present invention relates to novel 2'-O,3'-N-
bridged derivatives of macrolides represented by Formula (I):

Formula (I)
R4
\(CH)
\ 2/n
N
[0007] wherein,
[0008] A is a bivalent radical selected from —C(O)—,
—NR)CH,—, —CH,N(R>)—, —NHC(O)—, —C(O)

NH—, —CH(OH)— and —C(=NOR®%)—;
[0009] R®is the a-L-cladinosyl group of formula (I1);

an
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[0010] R?ishydrogen;
[0011] R?is hydrogen or C, _salkyl;
[0012] R*is

[0013] (i) C,_, alkyl optionally substituted by hydroxyl,
methoxy or thiomethyl;

[0014] (i1) N,N-di(C,-C;-alkyl)amino;

[0015] (iii) Cq_jparyl optionally substituted by one or
two groups selected from C, ;alkyl, halogen, hydroxyl,
C, _salkyloxy and CF;;

[0016] (iv) a 3-6 membered monocyclic heterocyclic
ring or a fused 9-10 membered bicyclic heterocyclic ring
which is saturated or partially unsaturated containing
one or two heteroatoms selected from oxygen, nitrogen
and sulphur;

[0017] (v) a 5-6 membered monocyclic heteroaromatic
ring or a fused 9-10 membered bicyclic heteroaromatic
ring containing 1 to 2 heteroatoms selected from oxy-
gen, nitrogen and sulphur;

[0018] R’ is C,_,alkyl or hydrogen;
[0019] R®is hydrogen;
[0020] nisaninteger from zero to 3 provided that ‘n’ cannot

be zero when R* is N,N-di(C,-C;-alkyl)amino, or a hetero-
cyclic ring or a heteroaromatic ring attached via an heteroa-
tom;
[0021]
[0022] The present invention also relates to pharmaceutical
compositions comprising a compound of Formula (I) or a
pharmaceutically acceptable salt thereof.

[0023]
methods of treating neutrophil dominated inflammatory dis-

or a salt thereof.

Furthermore, the present invention also relates to

eases resulting from neutrophilic infiltration and/or diseases
associated with altered cellular functionality of neutrophils
comprising administration of a therapeutically effective
amount of a compound of Formula (I) or a pharmaceutically
acceptable salt thereof to a subject in need thereof.

[0024] According to another aspect, the invention relates to
a compound of Formula (I) or a pharmaceutically acceptable
salt thereof for use in human or veterinary medical therapy.
[0025]
pound of Formula (I) or a pharmaceutically acceptable salt

In another aspect, the invention relates to a com-

thereof, for use in the treatment of neutrophil dominated
inflammatory diseases resulting from neutrophilic infiltration
and/or diseases associated with altered cellular functionality
of neutrophils.

[0026] In another aspect, the invention relates to the use a
compound of Formula (I) or a pharmaceutically acceptable
salt thereof in the manufacture of a medicament for the treat-
ment of neutrophil dominated inflammatory diseases result-
ing from neutrophilic infiltration and/or diseases associated
with altered cellular functionality of neutrophils.

DETAILED DESCRIPTION OF THE INVENTION

[0027] Inone particular embodiment, the present invention
is directed to the novel 2'-0,3'-N-bridged 14-membered mac-
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rolides and to 2'-O,3'-N-bridged 15-membered azalide mac-
rolides represented by Formula (I):

Formula (I)
R4
\(CH)
\ 2/n
N
[0028] wherein,
[0029] A is a bivalent radical selected from —C(O)—,
—NR)CH,—, —CH,N(R>)—, —NHC(O)—, —C(O)

NH—, —CH(OH)— and —C(—NOR®)—;

[0030] R®is the a-L-cladinosyl group of formula (I1);
an
Yy,
....... Ol
“noH
H—

[0031] R?ishydrogen;
[0032] R?is hydrogen or C, _salkyl;
[0033] R*is

[0034] (i) C,_, alkyl optionally substituted by hydroxyl,

methoxy or thiomethyl;

[0035] (ii) N,N-di(C,-C;alkyl)amino;

[0036] (iii)) Cq_jparyl optionally substituted by one or
two groups selected from C,_;alkyl, halogen, hydroxyl,
C, _salkyloxy and CFj;

[0037] (iv) a 3-6 membered monocyclic heterocyclic
ring or a fused 9-10 membered bicyclic heterocyclic ring
which is saturated or partially unsaturated containing
one or two heteroatoms selected from oxygen, nitrogen
and sulphur;

[0038] (V) a 5-6 membered monocyclic heteroaromatic
ring or a fused 9-10 membered bicyclic heteroaromatic
ring containing 1 to 2 heteroatoms selected from oxy-
gen, nitrogen and sulphur;

[0039] R’isC,_jalkyl or hydrogen;
[0040] R®is hydrogen;
[0041] nisaninteger from zero to 3 provided that ‘n’ cannot

be zero when R* is N,N-di(C,-C;-alkyl)amino, or heterocy-
clic ring or heteroaromatic ring attached via an heteroatom;

[0042] or a salt thereof.

[0043] Compounds of the present invention inhibit infiltra-
tion of neutrophils into inflamed lung tissue (as demonstrated
hereinafter). Therefore these compounds have potential util-
ity in acute and chronic treatment of inflammatory patholo-
gies, especially of those pathologies associated with exten-
sive neutrophil infiltration into the lung tissue, for example



US 2011/0039795 Al

chronic obstructive pulmonary disease (COPD), cystic fibro-
sis (CF), diffuse panbronchiolitis (DPB), bronchiolitis oblit-
erans (BOS), bronchitis, bronchiectasis, adult respiratory dis-
tress syndrome (ARDS, known also as acute respiratory
distress syndrome), severe or steroid-resistant asthma (Sim-
pson J L et al. Am J Respir Crit Care Med. (2008), 177:
148-155), and emphysema or into the respiratory tract, for
example chronic rhinosinusitis (with or without nasal poly-
posis) (Wallwork B et al. Laryngoscope (2006), 116: 189-
193). In addition, compounds of the present invention can be
used for the treatment of other diseases associated with
altered cellular functionality of neutrophils, for example
rheumatoid arthritis (Kitsis E and, Weissmann G, Clin Orthop
Relat Res. (1991), 265: 63-72), gouty arthritis, inflammatory
bowel diseases (such as ulcerative colitis and Chron’s dis-
ease), glomerulonephritis (Heinzelmann M et al., Am J Kid-
ney Dis. (1999), 34(2): 384-399), damage from ischemic
reperfusion (Kaminski K A etal., Int J Cardiol. (2002), 86(1):
41-59), atherosclerosis (Henriksen P A and Sallenave J M. Int
J Biochem Cell (2008), 40: 1095-1100), dermatoses such as
psoriasis (Terui T et al., Exp Dermatol. (2000), 9(1): 1-10)
and vasculitis, systemic lupus erythematodes (SLE), sys-
temic inflammatory response syndrome (SIRS), sepsis,
ischemia-reperfusion injury, rosacea, periodontitis, gingival
hyperplasia and prostatitis syndrome.

[0044] The induction of lung neutrophil infiltration in
rodents by the local application of bacterial lipopolysaccha-
ride (LPS) is widely used as a test model for neutrophilic
infiltration of human lungs during pulmonary inflammatory
disease. We have observed a correlation between the inhibi-
tory activity of compounds on cell infiltration into broncho-
alveolar lung fluid (BALF) of mice treated intranasally with
LPS and their inhibition of interleukin-6 (IL-6) production by
LPS-stimulated mouse splenocytes in vitro (FIG. 1). There-
fore, inhibition of IL-6 production in LPS-stimulated murine
spleen cells may be a suitable in-vitro model (biomarker) for
the in-vivo activity of compounds in treating inflammatory
diseases resulting from neutrophilic infiltration and/or dis-
eases associated with altered cellular functionality of neutro-
phils.

[0045] A compound analyzed using the biological assays
defined herein is considered to be active if it exhibits 40% or
more inhibition of at least one variable, suitably 50% or more
inhibition of at least one variable.

[0046] In a further embodiment the present invention also
relates to 3'-N-thiocarbamoyl intermediates of formula (III)
useful for the preparation of compounds of Formula (I)

(1)
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[0047] wherein,

[0048] A, ,R',R?*R3 R* R® R®andnhave the meanings as
defined for Formula (I) hereinabove.

[0049] Inone aspect the present invention relates to a com-
pound of Formula (I) or a salt thereof wherein the salt is a
pharmaceutically acceptable salt. For a review on suitable
salts see Berge atal.,J. Pharm. Sci., (1977), 66: 1-19. Suitable
pharmaceutically acceptable salts can include acid or base
addition salts.

[0050] Suitable addition salts are formed from inorganic or
organic acids which form non-toxic salts and examples are
hydrochloride, hydrobromide, hydroiodide, sulphate, bisul-
phate, nitrate, phosphate, hydrogen phosphate, acetate, trif-
luoroacetate, maleate, malate, fumarate, lactate, tartrate, cit-
rate, formate, gluconate, succinate, salicylate, propionate,
pyruvate, hexanoate, oxalate, oxaloacetate, trifluoroacetate,
saccharate, glutamate, aspartate, benzoate, alkyl or aryl sul-
phonates (eg methanesulphonate, ethanesulphonate, benze-
nesulphonate or p-toluenesulphonate) and isethionate. For
example, hydrochloride or acetate.

[0051] Those skilled in the art of organic chemistry will
appreciate that many organic compounds can form com-
plexes with solvents in which they are reacted or from which
they are precipitated or crystallized. These complexes are
known as “solvates”. For example, a complex with water is
known as a “hydrate”. Solvates of the compounds of the
invention are within the scope of the invention. The salts of
compounds of Formula (I) may form solvates (e.g. hydrates)
and the invention also includes all such solvates.

[0052] In one aspect, compounds of the present invention
may be in the form of pharmaceutically acceptable salts,
solvates or solvates of salts. In a further aspect, a compound of
Formula (I) of the present invention may be in the form of a
pharmaceutically acceptable salt.

[0053] References hereinafterto “a compound according to
the invention” or “compounds of the present invention”
include both compound(s) of Formula (I) (whether in sol-
vated or unsolvated form), and pharmaceutically acceptable
salts (whether in solvated or unsolvated form) thereof.

[0054] With regard to stereoisomers, the compounds of
Formula (I) have more than one asymmetric carbon atom. In
the general Formula (I) as drawn, the solid wedge shaped
bond indicates that the bond is above the plane of the paper.
The broken bond indicates that the bond is below the plane of
the paper.

[0055] It will be appreciated that the substituents on the
macrolide may also have one or more asymmetric carbon
atoms. Thus, the compounds of Formula (I) may occur as
individual enantiomers or diastereomers, or mixtures thereof
including racemic mixtures. All such isomeric forms are
included within the present invention, including mixtures
thereof.

[0056] Separation of diastereoisomers may be achieved by
conventional techniques, e.g. by fractional crystallisation,
chromatography or H.P.L..C. An individual stereoisomer may
also be prepared from a corresponding optically pure inter-
mediate or by resolution, such as H.P.L..C., of the correspond-
ing mixture using a suitable chiral support or by fractional
crystallisation of the diastereoisomeric salts formed by reac-
tion of the corresponding mixture with a suitable optically
active acid or base, as appropriate.
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[0057] It will be appreciated that compounds of the inven-
tion may exist as geometric isomers (cis/trans or (E)/(Z)). The
present invention includes the individual geometric isomers
of the compounds of the invention and, where appropriate,
mixtures thereof.

[0058] The compounds of Formula (I) may be in crystalline
or amorphous form. Furthermore, some of the crystalline
forms of the compounds of Formula (I) may exist as poly-
morphs, which are included in the present invention.

[0059] Inone aspect of the invention A is a bivalent radical
selected from —N(R’)CH,—, —C(O)— and —NHC(O)—.
[0060] Inone aspect of the invention A is a bivalent radical
selected from —CH(OH)—, —C(O)NH— and —CH,N
(R%)—

[0061] Inone aspect of the invention A is a bivalent radical
—N(R®)CH,— wherein R is C,_jalkyl, and R? is hydrogen.
In a further aspect of the invention A is a bivalent radical
—N(R®)CH,— wherein R is methyl, and R? is hydrogen.
[0062] Inone aspect of the invention A is a bivalent radical
—N(R®)CH,— wherein R’ is methyl, R® is hydrogen and R*
is C,_,alkyl. In a further aspect of the invention A is a bivalent
radical —N(R*)CH,— wherein R” is methyl, R is hydrogen
and R* is methyl, ethyl, isopropyl or tert-butyl. In a yet further
aspect of the invention A is a bivalent radical —N(R*YCH,—
wherein R” is methyl, R? is hydrogen and R* is methyl, ethyl
or isopropyl.

[0063] Inone aspect of the invention A is a bivalent radical
—N(R®)CH,— wherein R’ is methyl, R® is hydrogen and R*
is Cq_,paryl. In a further aspect of the invention A is a bivalent
radical —N(R*)CH,— wherein R” is methyl, R is hydrogen
and R*is C,_, jaryl selected from phenyl and naphthyl. In a yet
further aspect of the invention A is a bivalent radical —N(R?)
CH,— wherein R’ is methyl, R® is hydrogen and R* is
Cs.10aryl substituted by one —OCH, group.

[0064] Inone aspect of the invention A is a bivalent radical
—N(R*)CH,— wherein R” is methyl, R® is hydrogen and R*
is a 3-6 membered monocyclic heterocyclic ring or a fused
9-10 membered bicyclic heterocyclic ring which is saturated
or partially unsaturated containing one or two heteroatoms
selected from oxygen, nitrogen and sulphur. In further aspect
of the invention A is a bivalent radical —N(R*)CH,—
wherein R® is methyl, R® is hydrogen and R* is a 3-6 mem-
bered monocyclic heterocyclic ring which is saturated con-
taining one or two heteroatoms selected from oxygen, nitro-
gen and sulphur. In a yet further aspect of the invention A is a
bivalent radical —N(R*YCH,— wherein R’ is methyl, R> is
hydrogen and R*is 6 membered monocyclic heterocyclic ring
which is saturated containing two heteroatoms selected from
oxygen and nitrogen.

[0065] Inone aspect of the invention A is a bivalent radical
—N(R®)CH,— wherein R® is methyl, R? is hydrogen and R*
is a 5-6 membered monocyclic heteroaromatic ring or a fused
9-10 membered bicyclic heteroaromatic ring containing 1 to
2 heteroatoms selected from oxygen, nitrogen and sulphur. In
a further aspect of the invention A is a bivalent radical
—N(R®)CH,— wherein R’ is methyl, R® is hydrogen and R*
is a fused 9-10 membered bicyclic heteroaromatic ring con-
taining 1 to 2 heteroatoms selected from oxygen, nitrogen and
sulphur. In a yet further aspect of the invention A is a bivalent
radical —N(R*)CH,— wherein R® is methyl, R is hydrogen
and R* is quinolinyl.

[0066] Inone aspect of the invention A is a bivalent radical
—N(R*)CH,— wherein R® is hydrogen and R? is hydrogen.
In a further aspect of the invention A is a bivalent radical
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—N(R®)CH,— wherein R is hydrogen, R? is hydrogen and
R*is C,_,alkyl. In a yet further aspect of the invention A is a
bivalent radical —N(R*)CH,— wherein R® is hydrogen, R? is
hydrogen and R* is isopropyl.

[0067] Inone aspect of the invention A is a bivalent radical
—CH,N(R®)— wherein R® is methyl, R? is methyl and R* is
C, 4alkyl. In a yet further aspect of the invention A is a
bivalent radical —CH,N(R>)— wherein R’ is methyl, R? is
methyl and R* is isopropyl.

[0068] Inone aspect of the invention A is a bivalent radical
—C(0)—and R? is hydrogen or C,_,alkyl. In a further aspect
of the invention A is a bivalent radical —C(O)— and R? is
hydrogen or methyl.

[0069] Inone aspect of the invention A is a bivalent radical
—C(0)—,R*ismethyland R*is C,_,alkyl. Ina further aspect
ofthe invention A is a bivalent radical —C(O)—, R is methyl
and R* is methyl, ethyl or isopropyl. In a yet further aspect of
the invention A is a bivalent radical —C(O)—, R is methyl
and R* is ethyl.

[0070] Inone aspect of the invention A is a bivalent radical
—C(0)—,R*ismethyland R*is C,_, jaryl. Ina further aspect
ofthe invention A is a bivalent radical —C(O)—, R is methyl
and R* is unsubstituted C,_,,aryl selected form phenyl and
naphthyl.

[0071] Inone aspect of the invention A is a bivalent radical
—C(0)—, R? is hydrogen and R* is C4_,paryl. In a further
aspect of the invention A is a bivalent radical —C(O)—, R?is
hydrogen and R* is unsubstituted C,_, ,aryl. In a yet further
aspect of the invention A is a bivalent radical —C(O)—, R?is
hydrogen and R* is phenyl.

[0072] Inone aspect of the invention A is a bivalent radical
—CH(OH)— and R? is hydrogen or C, salkyl. In a further
aspect of the invention A is a bivalent radical —CH(OH)—
and R? is hydrogen or methyl.

[0073] Inone aspect of the invention A is a bivalent radical
—CH(OH)— and R? is hydrogen or methyl and R* is
C, _alkyl. In a further aspect of the invention A is a bivalent
radical —CH(OH)— and R? is hydrogen or methyl and R* is
ethyl or isopropyl.

[0074] Inone aspect of the invention A is a bivalent radical
—CH(OH)— and R? is hydrogen or methyl and R* is
Cq.10aryl. In a further aspect of the invention A is a bivalent
radical —CH(OH)— and R? is hydrogen or methyl and R* is
unsubstituted C,_;jaryl. In a yet further aspect of the inven-
tion A is a bivalent radical —CH(OH)— and R? is hydrogen
or methyl and R* is phenyl.

[0075] Inone aspect of the invention A is a bivalent radical
—NHC(O)— and R? is hydrogen or C, ,alkyl. In a further
aspect of the invention A is a bivalent radical —NHC(O)—
and R? is hydrogen or methyl.

[0076] Inone aspect of the invention A is a bivalent radical
—NHC(0)—, R? is methyl and R* is C,_jalkyl. In a further
aspect of the invention A is a bivalent radical —NHC(O)—,
R?is methyl and R*is methyl, ethyl, isopropyl or tert-butyl. In
a yet further aspect of the invention A is a bivalent radical
—NHC(O)—, R? is methyl and R*is methyl, ethyl, isopropyl.
In a even further aspect of the invention A is a bivalent radical
—NHC(0)—, R? is methyl and R* is isopropyl.

[0077] Inone aspect of the invention A is a bivalent radical
—NHC(0)—, R? is methyl, R* is N,N-di(C, -C,alkyl)amino
and n is 3. In a further aspect of the invention A is a bivalent
radical —NHC(O)—, R? is methyl, R* is N,N-diethylamino
and n is 3.
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[0078] Inone aspect of the invention A is a bivalent radical
—NHC(O)—, R? is methyl, R*is C,_,aryl (suitably phenyl
or naphthyl, specifically phenyl or 1-naphthyl). In a further
aspect of the invention A is a bivalent radical —NHC(O)—,
R?is methyl, and R*is unsubstituted C,,_, jaryl. Ina yet further
aspect of the invention A is a bivalent radical —NHC(O)—,
R? is methyl and R* is Cy_, jaryl substituted by one or two
substitutents selected from halogen (suitably fluoro) or
—OCH; group.

[0079] Inone aspect of the invention A is a bivalent radical
—NHC(O)—, R? is methyl, R* is a 3-6 membered monocy-
clic heterocyclic ring or a fused 9-10 membered bicyclic
heterocyclic ring which is saturated or partially unsaturated
containing one or two heteroatoms selected from oxygen,
nitrogen and sulphur. In further aspect of the invention A is a
bivalent radical —NHC(O)—, R is methyl and R* is a 3-6
membered monocyclic heterocyclic ring which is saturated
containing one or two heteroatoms selected from oxygen,
nitrogen and sulphur. In a yet further aspect of the invention A
is a bivalent radical —NHC(O)—, R? is methyl and R* is 5-6
membered monocyclic heterocyclic ring which is saturated
containing one or two heteroatoms selected from oxygen and
nitrogen.

[0080] Inone aspect of the invention A is a bivalent radical
—NHC(0)—, R? is methyl, R* is a 5-6 membered monocy-
clic heteroaromatic ring or a fused 9-10 membered bicyclic
heteroaromatic ring containing 1 to 2 heteroatoms. In a fur-
ther aspect of the invention A is a bivalent radical —NHC
(O)—, R? is methyl, R* is furyl or quinolinyl.

[0081] Inone aspect of the invention A is a bivalent radical
—C(O)NH—, R? is methyl and R* is C,_jalkyl. In a further
aspect of the invention A is a bivalent radical —C(O)NH—,
R? is methyl and R* is isopropyl.

[0082] Inone aspect of the invention A is a bivalent radical
—C(O)NH—, R? is methyl and R* is C,_, aryl. In a further
aspect of the invention A is a bivalent radical —C(O)NH—,
R?is methyl, and R*is unsubstituted C,,_, jaryl. Ina yet further
aspect of the invention A is a bivalent radical —C(O)NH—,
R? is methyl and R* is phenyl.

[0083] In one aspect of the invention R? is hydrogen.
[0084] In one aspect of the invention R? is methyl.
[0085] In one aspect of the invention R* is C,_jalkyl and n

is zero. In a further aspect of the invention R* is methyl, ethyl,
isopropyl or tert-butyl and n is zero. In a yet further aspect of
the invention R* is isopropyl and n is zero.

[0086] In one aspect of the invention R* is C,_,alkyl sub-
stituted by methoxy and n is zero. In a further aspect of the
invention R* is propyl substituted by methoxy and n is zero.
[0087] In one aspect of the invention R* is N,N-di(C,-
C,alkyl)amino and n is 3. In a further aspect of the invention
R*is N,N-diethylamino and n is 3.

[0088] In one aspect of the invention R* is C_ saryl. In a
further aspect of the invention R* is phenyl or naphthyl. In a
yet further aspect of the invention R* is 1-naphthyl.

[0089] In one aspect of the invention R* is C_, jaryl substi-
tuted by one or two halogens. In a further aspect of the
invention R* is phenyl substituted by two halogens. In a yet
further aspect of the invention R* is phenyl substituted by two
fluorine atoms. In a even further aspect of the invention R*is
2,6-difluorophenyl.

[0090] In one aspect of the invention R* is fused 10 mem-
bered bicyclic heteroaromatic ring containing one nitrogen
atom. In a further aspect of the invention R* is quinolyl. In a
yet further aspect of the invention R* is 4-quinolyl.
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[0091] In one aspect of the invention R* is 5 membered
monocyclic heteroaromatic ring containing one oxygen
atom. In a further aspect of the invention R* is furyl. In a yet
further aspect of the invention R* is 1-furyl.

[0092] Inone aspect of the invention R’ is methyl.

[0093] Inone aspect of the invention R’ is hydrogen.
[0094] In one aspect of the invention integer n is zero, 1 or
3.

[0095] In one aspect of the invention integer n is zero.
[0096] In one aspect of the invention integer n is 1.

[0097] In one aspect of the invention integer n is 2.

[0098] In one aspect of the invention integer n is 3.

[0099] It will be understood that the present invention cov-

ers all combinations of aspects, suitable, convenient and pre-
ferred groups described herein.

[0100] The term “C,_,alkyl” as used herein, refers to satu-
rated, straight or branched-chain hydrocarbon radicals con-
taining between one and four carbon atoms. Examples of
“C,_jalkyl” radicals include: methyl, ethyl, propyl, isopropyl,
butyl and tert-butyl.

[0101] The term “heterocyclic ring” refers to a 3-6 mem-
bered monocyclic ring or a fused 9-10 membered bicyclic
ring which may be saturated or partially unsaturated contain-
ing 1 to 2 heteroatoms selected from oxygen, nitrogen or
sulphur. Examples of such monocyclic rings include pyrro-
lidinyl, azetidinyl, pyrazolidinyl, oxazolidinyl, piperidinyl,
piperazinyl, pyranyl, morpholinyl, thiomorpholinyl, thiazo-
lidinyl, oxiranyl, oxetanyl, dioxolanyl, dioxanyl, oxathiola-
nyl, oxathianyl, dithianyl, dihydrofuranyl, tetrahydrofuranyl,
dihydropyranyl, tetrahydropyranyl, tetrahydropyridinyl, tet-
rahydropyrimidinyl, tetrahydrothiophenyl, tetrahydrothiopy-
ranyl and the like. Examples of such bicyclic rings include
indolinyl, isoindolinyl, benzodioxolyl, benzopyranyl, tet-
rahydroisoquinolinyl and the like.

[0102] The term “aryl” as used herein refers to a C,
monocyclic or bicyclic hydrocarbon ring wherein at least one
ring is aromatic. Examples of such groups include phenyl,
naphthyl, tetrahydronaphthalenyl and the like.

[0103] The term “heteroaromatic ring” as used herein
refers to a 5-6 membered monocyclic aromatic or a fused 9-10
membered bicyclic aromatic ring containing 1 to 2 heteroat-
oms selected from oxygen, nitrogen and sulphur. Examples of
such monocyclic aromatic rings include thienyl, furyl, pyrro-
lyl, imidazolyl, oxazolyl, thiazolyl, isothiazolyl, isoxazolyl,
pyranyl, pyrazolyl, pyrimidyl, pyridazinyl, pyrazinyl,
pyridyl, and the like. Examples of such fused aromatic rings
include quinolinyl, isoquinolinyl, quinazolinyl, quinoxalinyl,
cinnolinyl, phthalazinyl, naphthyridinyl, indolyl, isoindolyl,
azaindolyl, indolizinyl, indazolyl, pyrrolopyridinyl, furopy-
ridinyl, benzofuranyl, isobenzofuranyl, benzothienyl, ben-
zoimidazolyl, benzoxazolyl, benzoisoxazolyl, benzothiaz-
olyl, benzoisothiazolyl and the like.

[0104] The term “halogen” refers to a fluorine, chlorine,
bromine or iodine atom.

[0105] The term ““inert solvent” or “solvent inert to the
reaction”, as used herein, refers to a solvent that cannot react
with the dissolved compounds including non-polar solvent
such as hexane, toluene, diethyl ether, diisopropylether, chlo-
roform, ethyl acetate, THF, dichloromethane; polar aprotic
solvents such as acetonitrile, acetone, N,N-dimethylforma-
mide, N,N-dimethylacetamide, dimethyl sulfoxide, pyridine,
and polar protic solvents such as lower alcohol, acetic acid,
formic acid and water.
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[0106] The term “lower alcohol”, as used herein, refers to a
C, _alcohol, such as for example, methanol, ethanol, pro-
panol, isopropanol, butanol, t-butanol, and the like.

[0107] In one aspect, the present invention comprises a
compound of Formula (I) selected from:

[0108] N'-benzyl-2'-O,3'-N-(carbonimidoyl)-3'-N-dem-
ethyl-9-deoxo-9a-methyl-9a-aza-9a-homoerythromycin A;
[0109] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-9-
deoxo-9a-methyl-N'-(1-naphthyl)-9a-aza-9a-homoerythro-
mycin A;

[0110] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-9-
deoxo-N'-isopropyl-9a-methyl-9a-aza-9a-homoerythromy-
cin A;

[0111] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-9-
deoxo-N'-[3-(diethylamino)propyl]-9a-methyl-9a-aza-9a-
homoerythromycin A;

[0112] N'-(benzyl)-2'-O,3'-N-(carbonimidoyl)-3'-N-dem-
ethyl-6-O-methyl-9a-aza-9a-homoerythromycin A;

[0113] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-6-O-
methyl-N'-(1-naphthyl)-9a-aza-9a-homoerythromycin A;
[0114] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-iso-
propyl-6-O-methyl-9a-aza-9a-homoerythromycin A;

[0115] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-[3-
(diethylamino)propyl]-6-O-methyl-9a-aza-9a-homoerythro-
mycin A;

[0116] N'-benzyl-2'-O,3'-N-(carbonimidoyl)-3'-N-dem-
ethyl-6-O-methyl-erythromycin A;

[0117] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-6-O-
methyl-N'-(1-naphthyl)-erythromycin A;

[0118] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-iso-
propyl-6-O-methyl-erythromycin A;

[0119] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-[3-
(diethylamino)propyl]-6-O-methyl-erythromycin A;

[0120] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-me-
thyl-6-O-methyl-erythromycin A;

[0121] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-
ethyl-6-O-methyl-erythromycin A;

[0122] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-
ethyl-6-O-methyl-9a-aza-9a-homoerythromycin A;

[0123] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-6-O-
methyl-N'-(4-quinolyl)-9a-aza-9a-homoerythromycin A;
[0124] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-(2,6-
difluorophenyl)-6-O-methyl-9a-aza-9a-homoerythromycin

[0125] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-6-O-
methyl-N'-(tert-butyl)-9a-aza-9a-homoerythromycin A;
[0126] or a salt thereof.

[0127] In further aspect, the present invention comprises a
compound of Formula (I) selected from:

[0128] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-me-
thyl-6-O-methyl-9a-aza-9a-homoerythromycin A;

[0129] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-6-O-
methyl-N'-[2-(4-morpholinyl)ethyl]-9a-aza-9a-homoeryth-
romycin A;

[0130] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-[3-
(methyloxy)propyl]-6-O-methyl-9a-aza-9a-homoerythro-
mycin A;

[0131] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-[3-
(methylthio)propyl]-6-O-methyl-9a-aza-9a-homoerythro-
mycin A;

[0132] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-6-O-
methyl-N'-[4-(methyloxy)phenyl]-9a-aza-9a-homoerythro-
mycin A;

Feb. 17,2011

[0133] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-6-O-
methyl-N'-(tetrahydro-2-furanylmethyl)-9a-aza-9a-homo-
erythromycin A;

[0134] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-(2-
furanylmethyl)-6-O-methyl-9a-aza-9a-homoerythromycin

[0135] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-iso-
propyl-(95)-9-dihydroerythromycin A;

[0136] N'-benzyl-2'-O,3'-N-(carbonimidoyl)-3'-N-dem-
ethyl-(9S5)-9-dihydroerythromycin A;

[0137] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-
ethyl-6-O-methyl-(9S)-9-dihydroerythromycin A;

[0138] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-iso-
propyl-6-O-methyl-(9S)-9-dihydroerythromycin A;

[0139] N'-benzyl-2'-O,3'-N-(carbonimidoyl)-3'-N-dem-
ethyl-6-O-methyl-(9S)-9-dihydroerythromycin A;

[0140] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-iso-
propyl-erythromycin A;

[0141] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-
ethyl-erythromycin A;

[0142] N'-Benzyl-2'-O,3'-N-(carbonimidoyl)-3'-N-dem-
ethyl-erythromycin A;

[0143] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-iso-
propyl-6-O-methyl-8a-aza-8a-homoerythromycin A;
[0144] N'-benzyl-2'-O,3'-N-(carbonimidoyl)-3'-N-dem-
ethyl-6-O-methyl-8a-aza-8a-homoerythromycin A;

[0145] N'-benzyl-2'-O,3'-N-(carbonimidoyl)-3'-N-dem-
ethyl-9-deoxo-9a-aza-9a-homoerythromycin A;

[0146] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-iso-
propyl-9-deoxo-9a-aza-9a-homoerythromycin A;

[0147] N'-benzyl-2'-O,3'-N-(carbonimidoyl)-3'-N-dem-
ethyl-6-O-methyl-9-deoxo-8a-methyl-8a-aza-8a-homo-
erythromycin A;

[0148] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-iso-
propyl-6-O-methyl-9-deoxo-8a-methyl-8a-aza-8a-homo-
erythromycin A;

[0149] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-iso-
propyl-9-deoxo-9a-aza-9a-propyl-9a-homoerythromycin A;
[0150] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-me-
thyl-9-deoxo0-9a-methyl-9a-aza-9a-homoerythromycin A;
[0151] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-
ethyl-9-deoxo-9a-methyl-9a-aza-9a-homoerythromycin A;
[0152] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-[3-
(methylthio)propyl]-9a-methyl-9a-aza-9a-homoerythromy-
cin A;

[0153] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-[4-
(metoxy ))phenyl]-9a-methyl-9a-aza-9a-homoerythromycin
A.

[0154] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-(tert-
butyl)-9a-methyl-9a-aza-9a-homoerythromycin A;

[0155] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-9a-me-
thyl-N'-(4-quinolinyl)-9a-aza-9a-homoerythromycin A;
[0156] 2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-9a-me-
thyl-N'-[2-(4-morpholinyl)ethyl]-9a-aza-9a-homoerythro-
mycin A; and

[0157] N'-benzyl-2'-O,3'-N-(carbonimidoyl)-3'-N-dem-
ethyl-9-deoxo-9a-aza-9a-propyl-9a-homoerythromycin A;
[0158] or a salt thereof.

[0159] “Treating” or “treatment” of neutrophil dominated
inflammatory diseases, especially those resulting from neu-
trophilic infiltration and/or diseases associated with altered
cellular functionality of neutrophils means the alleviation of
the symptoms and/or retardation of progression of the dis-
ease.
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[0160] Inone aspect, inflammatory diseases resulting from
neutrophilic infiltration and/or diseases associated with
altered cellular functionality of neutrophils include chronic
obstructive pulmonary disease (COPD), cystic fibrosis (CF),
diffuse panbronchiolitis (DPB), bronchiolitis obliterans
(BOS), bronchitis, bronchiectasis, adult respiratory distress
syndrome (ARDS), severe or steroid-resistant asthma,
emphysema, chronic rhinosinusitis (with or without nasal
polyposis), rtheumatoid arthritis, gouty arthritis, inflamma-
tory bowel disease (ulcerative colitis and Chron’s disease),
glomerulonephritis, damage from ischemic reperfusion, ath-
erosclerosis, dermatoses such as psoriasis and vasculitis, sys-
temic lupus erythematosus (SLE), systemic inflammatory
response syndrome (SIRS), sepsis, ischemia-reperfusion
injury, rosacea, periodontitis, gingival hyperplasia and pros-
tatitis syndrome.

[0161] In a further aspect, inflammatory diseases resulting
from neutrophilic infiltration and/or diseases associated with
altered cellular functionality of neutrophils include chronic
obstructive pulmonary disease (COPD), cystic fibrosis (CF),
diffuse panbronchiolitis (DPB), bronchiolitis obliterans
(BOS), bronchitis, bronchiectasis, adult respiratory distress
syndrome (ARDS), severe asthma, emphysema, glomerulo-
nephritis, rheumatoid arthritis, gouty arthritis, ulcerative coli-
tis, damage from ischemic reperfusion, atherosclerosis, and
dermatoses such as psoriasis and vasculitis.

[0162] In one aspect, the present invention provides a
method of treating chronic obstructive pulmonary disease
(COPD), cystic fibrosis (CF), diffuse panbronchiolitis (DPB),
bronchiolitis obliterans (BOS), bronchitis, bronchiectasis,
adult respiratory distress syndrome (ARDS), severe or ste-
roid-resistant asthma, emphysema, chronic rhinosinusitis
(with or without nasal polyposis), rheumatoid arthritis, gouty
arthritis, inflammatory bowel disease (ulcerative colitis and
Chron’s disease), glomerulonephritis, damage from ischemic
reperfusion, atherosclerosis, dermatoses such as psoriasis and
vasculitis, systemic lupus erythematosus (SLE), systemic
inflammatory response syndrome (SIRS), sepsis, ischemia-
reperfusion injury, rosacea, periodontitis, gingival hyperpla-
sia and prostatitis syndrome in a subject in need of such
treatment comprising administering to the subject a therapeu-
tically effective amount of a compound of formula (I) or a
pharmaceutically acceptable salt thereof.

[0163] In one aspect, the present invention provides a
method of treating chronic obstructive pulmonary disease,
cystic fibrosis, diffuse panbronchiolitis, bronchiolitis obliter-
ans, bronchitis, bronchiectasis, adult respiratory distress syn-
drome, severe or steroid-resistant asthma, emphysema and
chronic rhinosinusitis (with or without nasal polyposis) in a
subjectinneed of such treatment comprising administering to
the subject a therapeutically effective amount of a compound
of formula (I) or a pharmaceutically acceptable salt thereof.
[0164] In one aspect, the present invention provides a
method of treating chronic obstructive pulmonary disease,
cystic fibrosis, diffuse panbronchiolitis, bronchiolitis obliter-
ans, bronchitis, bronchiectasis, adult respiratory distress syn-
drome, severe asthma and emphysema.

[0165] In one aspect of the invention the present invention
provides a method of treating chronic obstructive pulmonary
disease.

[0166] In a further aspect, the present invention provides a
method of treating bronchiolitis obliterans in a subject in need
of such treatment comprising administering to the subject a
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therapeutically effective amount of a compound of formula
(D) or a pharmaceutically acceptable salt thereof.

[0167] In a further aspect, the present invention provides a
method of treating severe or steroid-resistant asthma in a
subject in need of such treatment comprising administering to
the subject a therapeutically effective amount of a compound
of formula (I) or a pharmaceutically acceptable salt thereof.
[0168] In a further aspect, the present invention provides a
method of treating cystic fibrosis in a subject in need of such
treatment comprising administering to the subject a therapeu-
tically effective amount of a compound of formula (I) or a
pharmaceutically acceptable salt thereof.

[0169] In one aspect, the present invention provides a
method of treating chronic rhinosinusitis (with or without
nasal polyposis) in a subject in need of such treatment com-
prising administering to the subject a therapeutically effective
amount of a compound of formula (I) or a pharmaceutically
acceptable salt thereof.

[0170] Inone aspect of the invention the present invention
provides a method of treating psoriasis.

[0171] In a further aspect, the present invention provides a
compound of Formula (I) or a pharmaceutically acceptable
salt thereof for use in medical therapy.

[0172] In a further aspect, the present invention provides
the use of a compound of Formula (I) or a pharmaceutically
acceptable salt thereof in the manufacture of a medicament
for the treatment of chronic obstructive pulmonary disease
(COPD), cystic fibrosis (CF), diffuse panbronchiolitis (DPB),
bronchiolitis obliterans (BOS), bronchitis, bronchiectasis,
adult respiratory distress syndrome (ARDS), severe or ste-
roid-resistant asthma, emphysema, chronic rhinosinusitis
(with or without nasal polyposis), rheumatoid arthritis, gouty
arthritis, inflammatory bowel disease (ulcerative colitis and
Chron’s disease), glomerulonephritis, damage from ischemic
reperfusion, atherosclerosis, dermatoses such as psoriasis and
vasculitis, systemic lupus erythematosus (SLE), systemic
inflammatory response syndrome (SIRS), sepsis, ischemia-
reperfusion injury, rosacea, periodontitis, gingival hyperpla-
sia and prostatitis syndrome.

[0173] In a further aspect, the present invention provides
the use of a compound of Formula (I) or pharmaceutically
acceptable salt thereof in the manufacture of a medicament
for the treatment of chronic obstructive pulmonary disease,
cystic fibrosis, diffuse panbronchiolitis, bronchiolitis obliter-
ans, bronchitis, bronchiectasis, adult respiratory distress syn-
drome, severe or steroid-resistant asthma, emphysema and
chronic rhinosinusitis (with or without nasal polyposis).
[0174] In a further aspect, the present invention provides
the use of a compound of Formula (I) or pharmaceutically
acceptable salt thereof in the manufacture of a medicament
for the treatment of chronic obstructive pulmonary disease,
cystic fibrosis, diffuse panbronchiolitis, bronchiolitis obliter-
ans, bronchitis, bronchiectasis, adult respiratory distress syn-
drome, severe asthma and emphysema.

[0175] In a further aspect, the present invention provides
the use of a compound of Formula (I) or pharmaceutically
acceptable salt thereof in the manufacture of a medicament
for the treatment of chronic obstructive pulmonary disease.
[0176] In a further aspect, the present invention provides
the use of a compound of Formula (I) or pharmaceutically
acceptable salt thereof in the manufacture of a medicament
for the treatment of bronchiolitis obliterans.

[0177] In a further aspect, the present invention provides
the use of a compound of Formula (I) or pharmaceutically
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acceptable salt thereof in the manufacture of a medicament
for the treatment of severe or steroid-resistant asthma.
[0178] In a further aspect, the present invention provides
the use of a compound of Formula (I) or pharmaceutically
acceptable salt thereof in the manufacture of a medicament
for the treatment of cystic fibrosis.

[0179] In a further aspect, the present invention provides
the use of a compound of Formula (I) or pharmaceutically
acceptable salt thereof in the manufacture of a medicament
for the treatment of chronic rhinosinusitis (with or without
nasal polyposis).

[0180] In a further aspect, the present invention provides
the use of a compound of Formula (I) or pharmaceutically
acceptable salt thereof in the manufacture of a medicament
for the treatment of psoriasis.

[0181] In another aspect, the present invention provides a
compound of Formula (I) or a pharmaceutically acceptable
salt thereof, for use in treating of chronic obstructive pulmo-
nary disease (COPD), cystic fibrosis (CF), diffuse panbron-
chiolitis (DPB), bronchiolitis obliterans (BOS), bronchitis,
bronchiectasis, adult respiratory distress syndrome (ARDS),
severe or steroid-resistant asthma, emphysema, chronic rhi-
nosinusitis (with or without nasal polyposis), rheumatoid
arthritis, gouty arthritis, inflammatory bowel disease (ulcer-
ative colitis and Chron’s disease), glomerulonephritis, dam-
age from ischemic reperfusion, atherosclerosis, dermatoses
such as psoriasis and vasculitis, systemic lupus erythemato-
sus (SLE), systemic inflammatory response syndrome
(SIRS), sepsis, ischemia-reperfusion injury, rosacea, peri-
odontitis, gingival hyperplasia and prostatitis syndrome.
[0182] In another aspect, the present invention provides a
compound of Formula (I) or a pharmaceutically acceptable
salt thereof, for use in the treatment of chronic obstructive
pulmonary disease, cystic fibrosis, diffuse panbronchiolitis,
bronchiolitis obliterans, bronchitis, bronchiectasis, adult res-
piratory distress syndrome, severe or steroid-resistant
asthma, emphysema and chronic rhinosinusitis (with or with-
out nasal polyposis).

[0183] In another aspect, the present invention provides a
compound of Formula (I) or a pharmaceutically acceptable
salt thereof, for use in the treatment of chronic obstructive
pulmonary disease, cystic fibrosis, diffuse panbronchiolitis,
bronchiolitis obliterans, bronchitis, bronchiectasis, adult res-
piratory distress syndrome, severe asthma and emphysema.
[0184] In another aspect, the present invention provides a
compound of Formula (I) or a pharmaceutically acceptable
salt thereof, for use in the treatment of chronic obstructive
pulmonary disease.

[0185] In a further aspect, the present invention provides a
compound of Formula (I) or a pharmaceutically acceptable
salt thereof, for use in the treatment of bronchiolitis obliter-
ans.

[0186] In a further aspect, the present invention provides a
compound of Formula (I) or a pharmaceutically acceptable
salt thereof, for use in the treatment of severe or steroid-
resistant asthma.

[0187] In a further aspect, the present invention provides a
compound of Formula (I) or a pharmaceutically acceptable
salt thereof, for use in the treatment of cystic fibrosis.
[0188] In a further aspect, the present invention provides a
compound of Formula (I) or a pharmaceutically acceptable
salt thereof, for use in the treatment of chronic rhinosinusitis
(with or without nasal polyposis).

Feb. 17,2011

[0189] In another aspect, the present invention provides a
compound of Formula (I) or a pharmaceutically acceptable
salt thereof for use in treating psoriasis.

[0190] The present invention is also directed to composi-
tions comprising a compound of Formula (I) or a pharmaceu-
tically acceptable salt thereof in an amount eftective for thera-
peutic treatment of chronic obstructive pulmonary disease
(COPD), cystic fibrosis (CF), diffuse panbronchiolitis (DPB),
bronchiolitis obliterans (BOS), bronchitis, bronchiectasis,
adult respiratory distress syndrome (ARDS), severe or ste-
roid-resistant asthma, emphysema, chronic rhinosinusitis
(with or without nasal polyposis), rheumatoid arthritis, gouty
arthritis, inflammatory bowel disease (ulcerative colitis and
Chron’s disease), glomerulonephritis, damage from ischemic
reperfusion, atherosclerosis, dermatoses such as psoriasis and
vasculitis, systemic lupus erythematosus (SLE), systemic
inflammatory response syndrome (SIRS), sepsis, ischemia-
reperfusion injury, rosacea, periodontitis, gingival hyperpla-
sia and prostatitis syndrome in a subject in need of such
treatment.

[0191] In another aspect, the present invention is also
directed to compositions comprising a compound of Formula
(D) or a pharmaceutically acceptable salt thereof in an amount
effective for therapeutic treatment of chronic obstructive pul-
monary disease, cystic fibrosis, diffuse panbronchiolitis,
bronchiolitis obliterans, bronchitis, bronchiectasis, acute res-
piratory distress syndrome, severe or steroid-resistant
asthma, emphysema and chronic rhinosinusitis (with or with-
out nasal polyposis), in a subject in need of such treatment.
[0192] The present invention is further related to a pharma-
ceutical composition for the treatment of chronic obstructive
pulmonary disease (COPD), cystic fibrosis (CF), diffuse pan-
bronchiolitis (DPB), bronchiolitis obliterans (BOS), bronchi-
tis, bronchiectasis, acute respiratory distress syndrome
(ARDS), severe or steroid-resistant asthma, emphysema,
chronic rhinosinusitis (with or without nasal polyposis),
rheumatoid arthritis, gouty arthritis, inflammatory bowel dis-
ease (ulcerative colitis and Chron’s disease), glomerulone-
phritis, damage from ischemic reperfusion, atherosclerosis,
dermatoses such as psoriasis and vasculitis, systemic lupus
erythematosus (SLE), systemic inflammatory response syn-
drome (SIRS), sepsis, ischemia-reperfusion injury, rosacea,
periodontitis, gingival hyperplasia and prostatitis syndrome
comprising a compound of Formula (I) or a pharmaceutically
acceptable salt thereof.

[0193] The present invention is further related to a pharma-
ceutical composition for the treatment of chronic obstructive
pulmonary disease, cystic fibrosis, diffuse panbronchiolitis,
bronchiolitis obliterans, bronchitis, bronchiectasis, acute res-
piratory distress syndrome, severe or steroid-resistant
asthma, emphysema and chronic rhinosinusitis (with or with-
out nasal polyposis), comprising a compound of Formula (I)
or a pharmaceutically acceptable salt thereof.

[0194] The benefit to a subject to be treated is either statis-
tically significant or at least perceptible to the subject or to the
physician.

[0195] “Subject” refers to an animal, in particular a mam-
mal and more particularly to a human or a domestic animal or
an animal serving as a model for a disease (e.g., mouse,
monkey, etc.). In one aspect, the subject is a human.

[0196] A “therapeutically effective amount” means the
amount of a compound that, when administered to a subject
for treating a neutrophil dominated inflammatory disease
resulting from neutrophilic infiltration and/or diseases asso-
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ciated with altered cellular functionality of neutrophils is
sufficient to effect such treatment. The “therapeutically effec-
tive amount” will vary depending on the disease and its sever-
ity and the age, weight, physical condition and responsive-
ness of the subject to be treated and will be ultimately at the
discretion of the attendant physician.

[0197] Pharmaceutical Compositions

[0198] Whileitis possible that, for use in the methods of the
invention, a compound of Formula (I) or a pharmaceutically
acceptable salt thereof may be administered as the bulk sub-
stance, it is preferable to present the active ingredient in a
pharmaceutical formulation, for example, wherein the agent
is in admixture with at least one pharmaceutically acceptable
carrier selected with regard to the intended route of adminis-
tration and standard pharmaceutical practice.

[0199] Accordingly, the present invention provides a phar-
maceutical composition comprising a compound of Formula
(D or a pharmaceutically acceptable salt thereof in conjunc-
tion with at least one pharmaceutically acceptable carrier.
[0200] The term “carrier” refers to a diluent, excipient,
and/or vehicle with which an active compound is adminis-
tered. The pharmaceutical compositions of the invention may
contain combinations of more than one carrier. Such pharma-
ceutical carriers can be sterile liquids, such as water, saline
solutions, aqueous dextrose solutions, aqueous glycerol solu-
tions, and oils, including those of petroleum, animal, veg-
etable or synthetic origin, such as peanut oil, soybean oil,
mineral oil, sesame oil and the like. Water or aqueous solution
saline solutions and aqueous dextrose and glycerol solutions
are preferably employed as carriers, particularly for inject-
able solutions. Suitable pharmaceutical carriers are described
in “Remington’s Pharmaceutical Sciences” by E. W. Martin,
18th Edition. The choice of pharmaceutical carrier can be
selected with regard to the intended route of administration
and standard pharmaceutical practice. The pharmaceutical
compositions may comprise as, in addition to, the carrier any
suitable binder(s), lubricant(s), suspending agent(s), coating
agent(s), and/or solubilizing agent(s).

[0201] The phrase “pharmaceutically acceptable”, as used
herein, refers to salts, molecular entities and other ingredients
of compositions that are generally physiologically tolerable
and do not typically produce untoward reactions when admin-
istered to a mammal (e.g., human). Suitably, as used herein,
the term “pharmaceutically acceptable” means approved by a
regulatory agency of the Federal or a state government or
listed in the U.S. Pharmacopoeia or other generally recog-
nized pharmacopoeia for use in mammals, and more particu-
larly in humans.

[0202] A “pharmaceutically acceptable excipient” means
an excipient that is useful in preparing a pharmaceutical com-
position that is generally safe, non-toxic and neither biologi-
cally nor otherwise undesirable, and includes an excipient
that is acceptable for veterinary use as well as human phar-
maceutical use. A “pharmaceutically acceptable excipient™ as
used in the present application includes both one and more
than one such excipient.

[0203] The present invention is further related to a pharma-
ceutical composition for the treatment of a neutrophil domi-
nated inflammatory diseases resulting from neutrophilic infil-
tration and/or diseases associated with altered cellular
functionality of neutrophils comprising a compound of For-
mula (I) or a pharmaceutically acceptable salt thereof.
[0204] The present invention is even further related to a
pharmaceutical composition comprising a) 10 to 2000 mg of
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a compound of Formula (I) or a pharmaceutically acceptable
salt thereof, and b) 0.1 to 2 g of one or more pharmaceutically
acceptable excipients.

[0205] It will be appreciated that pharmaceutical composi-
tions for use in accordance with the present invention may be
in the form of oral, parenteral, transdermal, inhalation, sub-
lingual, topical, implant, nasal, or enterally administered (or
other mucosally administered) suspensions, capsules or tab-
lets, which may be formulated in conventional manner using
one or more pharmaceutically acceptable carriers or excipi-
ents. In one aspect, the pharmaceutical composition is formu-
lated for oral administration.

[0206] The compounds of the invention can be adminis-
tered for immediate-, delayed-, modified-, sustained-, pulsed-
or controlled-release applications.

[0207] Inone aspect, oral compositions are slow, delayed or
positioned release (e.g., enteric especially colonic release)
tablets or capsules. This release profile can be achieved for
example, by use of a coating resistant to conditions within the
stomach but releasing the contents in the colon or other por-
tion of the GI tract wherein a lesion or inflammation site has
been identified. Or a delayed release can be achieved by a
coating that is simply slow to disintegrate. Or the two (de-
layed and positioned release) profiles can be combined in a
single formulation by choice of one or more appropriate
coatings and other excipients. Such formulations constitute a
further feature of the present invention.

[0208] Suitable compositions for delayed or positioned
release and/or enteric coated oral formulations include tablet
formulations film coated with materials that are water resis-
tant, pH sensitive, digested or emulsified by intestinal juices
or sloughed off at a slow but regular rate when moistened.
Suitable coating materials include, but are not limited to,
hydroxypropyl methylcellulose, ethyl cellulose, cellulose
acetate phthalate, polyvinyl acetate phthalate, hydroxypropyl
methylcellulose phthalate, polymers of metacrylic acid and
its esters, and combinations thereof. Plasticizers such as, but
not limited to polyethylene glycol, dibutylphthalate, triacetin
and castor oil may be used. A pigment may also be used to
color the film. Suppositories are be prepared by using carriers
like cocoa butter, suppository bases such as Suppocire C, and
Suppocire NAS50 (supplied by Gattefossé Deutschland
GmbH, D-Weil am Rhein, Germany) and other Suppocire
type excipients obtained by interesterification of hydroge-
nated palm oil and palm kernel oil (C4-C, ¢ triglycerides),
esterification of glycerol and specific fatty acids, or polygly-
cosylated glycerides, and whitepsol (hydrogenated plant oils
derivatives with additives). Enemas are formulated by using
the appropriate active compound according to the present
invention and solvents or excipients for suspensions. Suspen-
sions are produced by using micronized compounds, and
appropriate vehicle containing suspension stabilizing agents,
thickeners and emulsifiers like carboxymethylcellulose and
salts thereof, polyacrylic acid and salts thereof, carboxyvinyl
polymers and salts thereof, alginic acid and salts thereof,
propylene glycol alginate, chitosan, hydroxypropylcellulose,
hydroxypropylmethylcellulose, hydroxyethylcellulose, eth-
ylcellulose, methylcellulose, polyvinyl alcohol, polyvinyl
pyrrolidone, N-vinylacetamide polymer, polyvinyl meth-
acrylate, polyethylene glycol, pluronic, gelatin, methyl vinyl
ether-maleic anhydride copolymer, soluble starch, pullulan
and a copolymer of methyl acrylate and 2-ethylhexyl acrylate
lecithin, lecithin derivatives, propylene glycol fatty acid
esters, glycerin fatty acid esters, sorbitan fatty acid esters,
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polyoxyethylene sorbitan fatty acid esters, polyethylene gly-
col fatty acid esters, polyoxyethylene hydrated caster oil,
polyoxyethylene alkyl ethers, and pluronic and appropriate
buffer system in pH range of 6.5 to 8. The use of preservatives,
masking agents is suitable. The average diameter of micron-
ized particles can be between 1 and 20 micrometers, or can be
less than 1 micrometer. Compounds can also be incorporated
in the formulation by using their water-soluble salt forms.
[0209] Alternatively, materials may be incorporated into
the matrix of the tablet e.g. hydroxypropyl methylcellulose,
ethyl cellulose or polymers of acrylic and metacrylic acid
esters. These latter materials may also be applied to tablets by
compression coating.

[0210] Pharmaceutical compositions can be prepared by
mixing a therapeutically effective amount of the active sub-
stance with a pharmaceutically acceptable carrier that can
have different forms, depending on the way of administration.
Pharmaceutical compositions can be prepared by using con-
ventional pharmaceutical excipients and methods of prepara-
tion. The forms for oral administration can be capsules, pow-
ders or tablets where usual solid vehicles including lactose,
starch, glucose, methylcellulose, magnesium stearate, di-cal-
cium phosphate, mannitol may be added, as well as usual
liquid oral excipients including, but not limited to, ethanol,
glycerol, and water. All excipients may be mixed with disin-
tegrating agents, solvents, granulating agents, moisturizers
and binders. When a solid carrier is used for preparation of
oral compositions (e.g., starch, sugar, kaolin, binders disin-
tegrating agents) preparation can be in the form of powder,
capsules containing granules or coated particles, tablets, hard
gelatin capsules, or granules without limitation, and the
amount of the solid carrier can vary (between 1 mgto 1 g).
Tablets and capsules are the preferred oral composition
forms.

[0211] Pharmaceutical compositions containing com-
pounds of the present invention may be in any form suitable
for the intended method of administration, including, for
example, a solution, a suspension, or an emulsion. Liquid
carriers are typically used in preparing solutions, suspen-
sions, and emulsions. Liquid carriers contemplated for use in
the practice of the present invention include, for example,
water, saline, pharmaceutically acceptable organic solvent
(s), pharmaceutically acceptable oils or fats, and the like, as
well as mixtures of two or more thereof. The liquid carrier
may contain other suitable pharmaceutically acceptable addi-
tives such as solubilizers, emulsifiers, nutrients, buffers, pre-
servatives, suspending agents, thickening agents, viscosity
regulators, stabilizers, and the like. Suitable organic solvents
include, for example, monohydric alcohols, such as ethanol,
and polyhydric alcohols, such as glycols. Suitable oils
include, for example, soybean oil, coconut oil, olive oil, saf-
flower oil, cottonseed oil, and the like. For parenteral admin-
istration, the carrier can also be an oily ester such as ethyl
oleate, isopropyl myristate, and the like. Compositions of the
present invention may also be in the form of microparticles,
microcapsules, liposomal encapsulates, and the like, as well
as combinations of any two or more thereof.

[0212] Examples of pharmaceutically acceptable disinte-
grants for oral compositions useful in the present invention
include, but are not limited to, starch, pre-gelatinized starch,
sodium starch glycolate, sodium carboxymethylcellulose,
croscarmellose sodium, microcrystalline cellulose, alginates,
resins, surfactants, effervescent compositions, aqueous alu-
minum silicates and crosslinked polyvinylpyrrolidone.
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[0213] Examples of pharmaceutically acceptable binders
for oral compositions useful herein include, but are not lim-
ited to, acacia; cellulose derivatives, such as methylcellulose,
carboxymethylcellulose,  hydroxypropylmethylcellulose,
hydroxypropylcellulose or hydroxyethylcellulose; gelatin,
glucose, dextrose, xylitol, polymethacrylates, polyvinylpyr-
rolidone, sorbitol, starch, pre-gelatinized starch, tragacanth,
xanthane resin, alginates, magnesium-aluminum silicate,
polyethylene glycol or bentonite.

[0214] Examples of pharmaceutically acceptable fillers for
oral compositions include, but are not limited to, lactose,
anhydrolactose, lactose monohydrate, sucrose, dextrose,
mannitol, sorbitol, starch, cellulose (particularly microcrys-
talline cellulose), dihydro- or anhydro-calcium phosphate,
calcium carbonate and calcium sulfate.

[0215] Examples of pharmaceutically acceptable lubri-
cants useful in the compositions of the invention include, but
are not limited to, magnesium stearate, talc, polyethylene
glycol, polymers of ethylene oxide, sodium lauryl sulfate,
magnesium lauryl sulfate, sodium oleate, sodium stearyl
fumarate, and colloidal silicon dioxide.

[0216] Examples of suitable pharmaceutically acceptable
flavourings for the oral compositions include, but are not
limited to, synthetic aromas and natural aromatic oils such as
extracts of oils, flowers, fruits (e.g., banana, apple, sour
cherry, peach) and combinations thereof, and similar aromas.
Their use depends on many factors, the most important being
the organoleptic acceptability for the population that will be
taking the pharmaceutical compositions.

[0217] Examples of suitable pharmaceutically acceptable
dyes for the oral compositions include, but are not limited to,
synthetic and natural dyes such as titanium dioxide, beta-
carotene and extracts of grapefruit peel.

[0218] Suitable examples of pharmaceutically acceptable
sweeteners for the oral compositions include, but are not
limited to, aspartame, saccharin, saccharin sodium, sodium
cyclamate, xylitol, mannitol, sorbitol, lactose and sucrose.
[0219] Suitable examples of pharmaceutically acceptable
buffers include, but are not limited to, citric acid, sodium
citrate, sodium bicarbonate, dibasic sodium phosphate, mag-
nesium oxide, calcium carbonate and magnesium hydroxide.
[0220] Suitable examples of pharmaceutically acceptable
surfactants include, but are not limited to, sodium lauryl
sulfate and polysorbates.

[0221] Suitable examples of pharmaceutically acceptable
preservatives include, but are not limited to, various antibac-
terial and antifungal agents such as solvents, for example
ethanol, propylene glycol, benzyl alcohol, chlorobutanol,
quaternary ammonium salts, and parabens (such as methyl
paraben, ethyl paraben, propyl paraben, etc.).

[0222] Suitable examples of pharmaceutically acceptable
stabilizers and antioxidants include, but are not limited to,
ethylenediaminetetraacetic acid (EDTA), thiourea, toco-
pherol and butyl hydroxyanisole.

[0223] The compounds of the invention may also, for
example, be formulated as suppositories e.g., containing con-
ventional suppository bases for use in human or veterinary
medicine or as pessaries e.g., containing conventional pes-
sary bases.

[0224] The compounds according to the invention may be
formulated for topical administration, for use in human and
veterinary medicine, in the form of ointments, creams, gels,
hydrogels, lotions, solutions, shampoos, powders (including
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spray or dusting powders), pessaries, tampons, sprays, dips,
aerosols, drops (e.g., eye ear or nose drops) or pour-ons.
[0225] For application topically to the skin, the compound
of the present invention can be formulated as a suitable oint-
ment containing the active compound suspended or dissolved
in, for example, a mixture with one or more of the following:
mineral oil, liquid petrolatum, white petrolatum, propylene
glycol, polyoxyethylene polyoxypropylene compound,
emulsifying wax, sorbitan monostearate, a polyethylene gly-
col, liquid paratfin, polysorbate 60, cetyl esters wax, cetearyl
alcohol, 2-octyldodecanol, benzyl alcohol, and water. Such
compositions may also contain other pharmaceutically
acceptable excipients, such as polymers, oils, liquid carriers,
surfactants, buffers, preservatives, stabilizers, antioxidants,
moisturizers, emollients, colorants, and flavourings.

[0226] Examples of pharmaceutically acceptable polymers
suitable for such topical compositions include, but are not
limited to, acrylic polymers; cellulose derivatives, such as
carboxymethylcellulose sodium, methylcellulose or hydrox-
ypropylcellulose; natural polymers, such as alginates, traga-
canth, pectin, xanthan and cytosan.

[0227] Asindicated, the compound of the present invention
can be administered intranasally or by inhalation and is con-
veniently delivered in the form of a dry powder inhaler or an
aerosol spray presentation from a pressurized container,
pump, spray or nebulizer with the use of a suitable propellant,
e.g., a hydrofluoroalkane such as 1,1,1,2-tetrafluoroethane
(HFA 134AT) or 1,1,1,2,3,3,3-heptafluoropropane (HFA
227EA), or a mixture thereof. In the case of a pressurized
aerosol, the dosage unit may be determined by providing a
valve to deliver a metered amount. The pressurized container,
pump, spray or nebulizer may contain a solution or suspen-
sion of the active compound, e.g., using a mixture of ethanol
and the propellant as the solvent, which may additionally
contain a lubricant, e.g., sorbitan trioleate.

[0228] Capsules and cartridges (made, for example, from
gelatin) for use in an inhaler or insufflator may be formulated
to contain a powder mix of the compound and a suitable
powder base such as lactose or starch.

[0229] For topical administration by inhalation the com-
pounds according to the invention may be delivered for use in
human or veterinary medicine via a nebulizer.

[0230] The pharmaceutical compositions of the invention
may contain from 0.01 to 99% weight per volume ofthe active
material. For topical administration, for example, the compo-
sition will generally contain from 0.01-10%, more preferably
0.01-1% of the active compound.

[0231] A therapeutically effective amount of the compound
of'the present invention can be determined by methods known
in the art. The therapeutically effective quantities will depend
on the age and on the general physiological condition of the
subject, the route of administration and the pharmaceutical
formulation used. The therapeutic doses will generally be
between about 10 and 2000 mg/day and suitably between
about 30 and 1500 mg/day. Other ranges may be used, includ-
ing, for example, 50-500 mg/day, 50-300 mg/day, 100-200
mg/day. The daily dose as employed for acute human treat-
ment will range from 0.01 to 40 mg/kg body weight, suitably
2 to 20 mg/kg body weight, or suitably 5 to 10 mg/kg body
weight, which may be administered in one to four daily doses,
for example, depending on the route of administration and the
condition of the subject. When the composition comprises
dosage units, each unit will contain 10 mg to 2 g of active
ingredient, suitably 200 mg to 1 g of active ingredient.
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[0232] Administration may be once a day, twice a day, or
more often, and may be decreased during a maintenance
phase of treatment of the disease, e.g. once every second or
third day instead of every day or twice a day. The dose and the
administration frequency will depend on the clinical signs
with the reduction or absence of at least one or more, prefer-
ably more than one, clinical signs of the acute phase known to
the person skilled in the art. In one aspect of the present
invention, administration is once daily oral dosing.

[0233] Method of Preparation:

[0234] Compounds of Formula (I) and salts thereof may be
prepared by the general methods outlined hereinafter or any
method known in the art, said methods constituting a further
aspect of the invention. In the following description, the
groups A, R', R?, R?, R* R®, R® and n have the meaning
defined for the compounds of Formula (I) unless otherwise
stated.

[0235] It will be appreciated by those skilled in the art that
it may be desirable to use protected derivatives of intermedi-
ates used in the preparation of the compounds of Formula (I).
Protection and deprotection of functional groups may be per-
formed by methods known in the art. Hydroxyl or amino
groups may be protected with any hydroxyl or amino protect-
ing group (for example, as described in Green and Wuts.
Protective Groups in Organic Synthesis. John Wiley and
Sons, New York, 1999). The protecting groups may be
removed by conventional techniques. For example, acyl
groups (such as alkanoyl, alkoxycarbonyl and aryloyl groups)
may be removed by solvolysis (e.g., by hydrolysis under
acidic or basic conditions). Arylmethoxycarbonyl groups
(e.g., benzyloxycarbonyl) may be cleaved by hydrogenolysis
in the presence of a catalyst such as palladium-on-carbon. 1,2
diol groups may be protected as acetal by reaction with dim-
ethyl acetal of N,N-dimethylacetamide (DMADMA) or dim-
ethyl acetal of N,N-dimethylformamide (DMFDMA) which
may be removed by hydrogenolysis or methanolysis at reflux
(Tetrahedron Lett. 12 (1971), 813-816, Collection Czech.
Chem. Commun. 32 (1967), 3159).

[0236] The synthesis of the target compound is completed
by removing any protecting groups, which are present in the
penultimate intermediate using standard techniques, which
are well-known to those skilled in the art. The final product is
then purified, as necessary, using standard techniques such as
silica gel chromatography, HPL.C on silica gel, and the like or
by recrystallization.

[0237] Compound of Formula (I), may be prepared by an
intramolecular coupling reaction of 3'-N-thiourea derivative
of Formula (III),

(I
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[0238] usingan activating agent such as carbodiimide, such
as 1-ethyl-3(3-dimethylaminopropyl)carbodiimide (EDC) or
using 2-chloro-1-methylpyridinium iodide (Mukaiyama
reagent, Shibanuma T et al Chem. Lett. (1977) 575-576).
[0239] The reaction may be carried out for example using 1
to 5 equivalents of 1-ethyl-3(3-dimethylaminopropyl)carbo-
diimide (EDC), 2-chloro-1-methylpyridinium iodide (Mu-
kaiyama reagent), copper(1l) chloride (CuCl,) or p-toluene-
sulfonyl chloride (TsCl), optionally in the presence of an
organic base such as triethylamine, in an inert organic solvent
such as acetonitrile or halohydrocarbon (e.g. trichlo-
romethane, dichloromethane) and at a temperature within the
range from 0° C. to 80° C., suitably in the range from 40° C.
to 60° C.

[0240] Compound of Formula (II1), may be prepared from
compound of Formula (IV)

av)

[0241] by reaction with isothiocyanate of Formula (V)
s V)
R*—¢CH, —N J
[0242] The reaction may be carried out using 2 to 4 equiva-

lents (such as 2-3 equivalents) of isothiocyanate of Formula
(V) in an inert organic solvent such as acetonitrile, dichlo-
romethane or toluene, optionally in the presence of an organic
base (such as triethylamine), at a temperature within the range
from 0° C. to 80° C., suitably in the range from 40° C. to 60°
C.

[0243] In yet another embodiment compound of Formula
(D, may be prepared from compound of Formula (IV) using
isothiocyanate of Formula (V) and 1-ethyl-3(3-dimethylami-
nopropyl)carbodiimide (EDC) or 2-chloro-1-methylpyri-
dinium iodide (Mukaiyama reagent), without isolation of
3'-N-thiourea derivative of Formula (III) in one pot reaction.
[0244] Compounds of Formula (IV) are known compounds
or they may be prepared by conventional techniques for
mono-demethylation of the 3'-NMe, group, for example by
reaction of compound of Formula (VI) with iodine under UV
radiation (preferably with 500 W halogen lamp), in the pres-
ence of sodium acetate trihydrate (U.S. Pat. No. 3,725,385
and W02004/013153), or by reaction of compound of For-
mula (VI) with iodine in the presence of an amine (suitably
2-amino-2(hydroxylmethyl)-1,3-propanediol, known as
Trizma® base) (as described in WO2007/067281 and Tetra-
hedron Lett. (2008), 49: 598-600), or by reaction of com-
pound of Formula (VI) with N-iodosuccinimide in acetoni-
trile at room temperature (J. Org. Chem. (2000), 65: 3875-
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3876) or with benzylchloroformate, followed by elimination
of’benzyloxycarbonyl groups at position 2' and 3' as described
in U.S. Pat. No. 5,250,518.

VD

[0245] Compounds of Formula (VI) wherein A represents
—C(O)— and R? is methyl, may be prepared according to J.
Antibiotics (1984), 37: 187-189.

[0246] Compounds of Formula (VI) wherein A represents
—C(=NOH)— and R? is hydrogen or methyl, may be pre-
pared according to U.S. Pat. No. 3,478,014 or J. Antibiotics
(1991), 44: 313-330.

[0247] Compounds of Formula (VI) wherein A represents
—CH(OH)— may be prepared from compounds of formula
(VD) where A is —C(O)—using reducing agents, for instance
hydrides (sodium borohydride, lithium borohydride, sodium
cyano borohydride or lithium aluminum hydride) according
to J. Antibiotics (1990) 1334-1336.

[0248] Compounds of Formula (VI) wherein A represents
—NHC(0O)— or —C(O)NH— and R? is methyl are known
compounds or they may be prepared from corresponding
6-O-methyl compounds of Formula VI wherein A is
—C(—=NOH)— by Beckmann rearrangement according to
the procedure described in W099/51616.

[0249] Compounds of formula (VI) wherein A is —C(O)
NH— and R? is hydrogen are known compounds or they may
be prepared from the corresponding erythromycin A (97)-
oxime by Beckman rearrangement according to the proce-
dure described in Bioorg. Med. Chem. Lett. (1993), 3: 1287-
1292.

[0250] Compounds of Formula (VI) wherein A represents
—N(R*)CH,— or —NCH,(R®)— and R® is hydrogen may
be obtained by reduction of the corresponding 9a- or
8a-imino ether and than followed by reductive N-alkylation
give analogues with R is C,_salkyl according to the proce-
dure described in J. Chem. Soc. Perkin Trans (1986) 1881-
1890, J. Chem Res. S(1988) 152-153; (M) (1988) 1239-1261
and EP0508725.

[0251] Compounds of Formula V are commercially avail-
able or may be readily prepared by methods well known in the
art.

[0252] Pharmaceutically acceptable acid addition salts,
which also represent an object of the present invention, may
be obtained by reaction of a compound of Formula (I) with an
at least equimolar amount of the corresponding inorganic or
organic acid such as hydrochloric acid, hydroiodic acid, sul-
furic acid, phosphoric acid, acetic acid, trifluoroacetic acid,
propionic acid, benzoic acid, benzenesulfonic acid, methane
sulfonic acid, laurylsulfonic acid, stearic acid, palmitic acid,
succinic acid, ethylsuccinic acid, lactobionic acid, oxalic
acid, salicylic acid and similar acid, in a solvent inert to the
reaction. Addition salts are isolated by evaporating the sol-
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vent or, alternatively, by filtration after a spontaneous precipi-
tation or a precipitation by the addition of a non-polar cosol-
vent.

[0253] Compounds of Formula (I) exhibit 40% or more
inhibition of interleukin-6 (IL-6) production in LPS-stimu-
lated splenocytes treated by the compound at 50 uM or/and 25
UM concentration. Suitably compounds of Formula (I)
exhibit 50% or more inhibition of interleukin-6 (IL-6) pro-
duction in LPS-stimulated splenocytes treated by the com-
pound at 50 uM or/and 25 uM concentration. Some com-
pounds of Formula (I) exhibit more than 50% inhibition of
interleukin-6 (IL-6) production in LPS-stimulated spleno-
cytes treated by the compound at 50 uM concentration.

[0254]

[0255] The potential for a compound of the present inven-
tion to have an advantageous profile for providing therapeutic
benefit in the treatment of neutrophil dominated inflamma-
tory diseases resulting from neutrophilic infiltration and/or
diseases associated with altered cellular functionality of neu-
trophils may be demonstrated, for example, using the follow-
ing assays.

[0256] The following abbreviations are used in the text:
DMSO for dimethy] sulfoxide, DMEM for Dulbecco’s modi-
fied Eagle medium, LPS for bacterial lipopolysaccharide,
PBS for phosphate buffered saline and BALF for bronchoal-
veolar lavage fluid.

Biological Assays

In Vitro Screening Protocol

[0257)]

[0258] Test and reference substances used in an in vitro
assay are dissolved in dimethyl sulfoxide (DMSO) (Sigma
Chemical Co., USA) at a concentration of 50 mM and are
further diluted to final concentrations of 50 uM, 25 uM, 12.5
uM, 6.3 uM and 3.1 pM in Dulbecco’s modified Eagle
medium (DMEM) (Gibco, USA) supplemented with 1% heat
inactivated fetal bovine serum (FBS) (BioWest, Ringmer,
United Kingdom).

[0259] Inhibition of IL-6 Production in LPS-Stimulated
Murine Splenocytes in Vitro

[0260] After cervical dislocation, mouse spleens were
removed using sterile dissection tools. Spleens were trans-
ferred to a pre-wetted cell strainer in a 50 mL sterile conical
tube and cell suspension was made by gentle puddle. Cells
were centrifuged (20 min, 300xg) and resuspended in 2 m[. of
sterile phosphate buffered saline (PBS) (Sigma Chemical
Co., USA). Red blood cells were lysed by addition of 3 mL of
sterile water and occasionally gentle shaking for 1 minute.
Afterwards, the tube was filled to 40 mL with DMEM
medium and centrifuged (20 min, 300xg). Cells were resus-
pended in DMEM supplemented with 1% FBS and seeded in
a 24-well plate, 1x10° cells per mL medium. Cells were
pre-incubated with the test compounds for 3 h at 37° C., in an
atmosphere of 5% CO, and 90% humidity. Afterwards, cells
were stimulated with 1 pug/mlL. lipopolysaccharide (LPS, E.
coli 0111:B4, Sigma Chemical Co., USA) and incubated
overnight. Concentration of IL.-6 was determined in cell
supernatants by sandwich ELISA using capture and detection
antibodies (R&D Systems, USA) according to the manufac-
turer’s recommendations.

Compound Preparation
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[0261] Inhibition (as percentage) was calculated using the
following formula:

% inhibition=[1-(concentration of IL-6 in sample—

concentration of IL-6 in negative control)/(concentra-

tion of IL-6 in positive control-concentration of IL-6
in negative control)]x100.

[0262] The positive control refers to LPS-stimulated
samples that were not preincubated with the compounds.

[0263] The negative control refers to unstimulated and
untreated samples.

In Vivo Screening Protocols

[0264] Lung Neutrophilia Induced by Bacterial
Lipopolysaccharide (LPS) in Male BALB/cJ Mice

[0265] For intraperitoneal administration (i.p.) compounds
are dissolved in a final concentration of 10 mg/ml. The
required amount of compound is first dissolved in dimethyl-
sulfoxide (DMSO, Sigma) and then diluted with 0.5% (w/v)
methyl-cellulose so that the final DMSO concentration is 5%
(v/v). The obtained solution is applied in a dose volume 0f 0.2
mL per 10 g of animal. Therefore, the compound dose is 200
mg/kg.

[0266] Male BALB/cJ mice (Charles River, France), with
an average weight of ~30 g are randomly grouped (n=8 in
testing group, 10 in positive control and 8 in negative control).
Mice receive intraperitoneally (i.p.) a single dose of 200
mg/kg of test compound. Two hours after administration, 2 g
of LPS (from FEscherichia coli serotype 0111:B4, Sigma),
dissolved in sterile PBS in a volume of 60 pl, is intranasally
administered to all experimental groups except the negative
control group, which receive the same volume of vehicle
(PBS). Animals are sacrificed approximately 24 hours after
application of LPS in order to obtain bronchoalveolar lavage
fluid (BALF), which is used to determine absolute number of
cells and the percentage of neutrophils. Results are expressed
as percentage decrease in total cell number and number of
neutrophils in BALF of treated animals compared to positive
control (LPS challenged, but untreated animals).

[0267] Phorbol 12-Myristate 13-Acetate Induced Ear
Edema in CD1 Mice

[0268] Male CD1 mice (Charles River, France) weighing
30-40 g are randomly grouped (n=8 in test group of which the
untreated ear serves as negative control; 8 in positive control
group which also serves as their own negative control group).
Test compounds, as well as vehicle (Trans-phase Delivery
system, containing benzyl alcohol 10%, acetone 40% and
isopropanol 50%) (all from Kemika, Croatia), are adminis-
tered topically to the internal surface of the left ear 30 minutes
prior to administration of phorbol 12-myristate 13-acetate
(PMA) (Sigma, USA). Test compounds are administered at a
dose 500 pg in 15 pL. per ear. 30 minutes later, 0.01% PMA
solution in acetone is applied topically to the inner surface of
the left ear of each animal in a volume of 12 pl, per ear. During
the treatment and challenge, animals are anesthetized with
anesthesia by inhalation. 6 h following challenge, animals are
euthanized by intraperitoneal thiopental injection (PLIVA,
Croatia). For assessing the auricular edema, 8 mm discs are
cut out of left and right auricular pinna and weighed. The
degree of edema is calculated by subtracting the weight of 8
mm disc of the untreated ear from that of the treated contralat-
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eral ear. The inhibition of edema in the treated animals is
expressed as percentage compared to control mice.

Examples

[0269] The following abbreviations are used in the text:
DMSO for dimethyl sulfoxide, EtOAc for ethyl acetate,
MeOH for methanol, DCM for dichloromethane, TEA for
triethylamine, DEA for diethylamine, EDC for 1-ethyl-3(3-
dimethylaminopropyl)carbodiimide hydrochloride, DIPEA
for N,N-diisopropylethylamine and RT for room tempera-
ture.

[0270] The compounds and processes of the present inven-
tion will be better understood in connection with the follow-
ing examples, which are intended as an illustration only and
not limiting the scope of the invention. Various changes and
modifications to the disclosed embodiments will be apparent
to those skilled in the art and such changes and modifications
including, without limitation, those relating to the chemical
structures, substituents, derivatives, formulations and/or
methods of the invention may be made without departing
from the spirit of the invention and the scope of the appended
claims.

[0271] Where reactions are described as having been car-
ried out in a similar manner to earlier, more completely
described reactions, the general reaction conditions used
were essentially the same. Work up conditions used were of
the types standard in the art, but may have been adapted from
one reaction to another. In the procedures that follow, refer-
ence to the product of a Description or Example by number is
typically provided. This is provided merely for assistance to
the skilled chemist to identify the starting material used. The
starting material may not necessarily have been prepared
from the batch referred to.

[0272] 9-deoxo0-9a-methyl-9a-aza-9a-homoerythromycin
A, may be prepared by the procedure as described inJ. Chem.
Res. (S) 1988, page 152.

[0273] Intermediates:

[0274] Intermediate 1

3'-N-Demethyl-6-O-methyl-9a-aza-9a-homoerythro-
mycin A

[0275]
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[0276] To a stirred solution of 6-O-methyl-9a-aza-9a-ho-
moerythromycin A (10 g, 13.2 mmol), and sodium acetate
trihydrate (3.7 g, 27.2 mmol) in MeOH (250 mL), solid iodine
(3.9 g, 15.4 mmol) was added. The reaction mixture was
irradiated with 500 W halogen lamp for 5 hours, then stirred
at room temperature overnight. The solvent was evaporated,
solid residue dissolved in EtOAc (250 mL), filtered, and the
filtrate washed with saturated aqueous Na,SO; (3x100 mL)
and NaCl (1x100 mL), dried and evaporated to dryines to give
crude product (1.4 g). To the combined Na,SOj; layer (300
mL) EtOAc (100 mL) was added (pH 5.3), pH adjusted to 9
extracted with EtOAc (2x100 mL), dried over Na,SO, and
evaporated to afford additional amount of the crude product
(8.3 g). The combined crude products were crystalizated from
EtOAc/n-hexane to afford title product (7.3 g), MS (ES+)
m/z: 749.3 [M+H]".

[0277] Intermediate 2

3'-N-Demethyl-6-O-methyl-erythromycin A

[0278]

[0279] To astirred solution of 6-O-methyl-erythromycin A
(10 g, 13.4 mmol), and sodium acetate trihydrate (5.8 g, 42.6
mmol) in MeOH (250 mL), solid iodine (3.8 g, 15.0 mmol)
was added. The reaction mixture was irradiated with 500 W
halogen lamp for 4 hours, cooled to room temperature and the
solvent evaporated. The residue was precipitated from EtOAc
(500 mL) and water (400 mL.), redissolved in CH,Cl,/MeOH/
NH,OH (90:9:1.5), impurities removed by filtration and fil-
trate evaporated giving crude product (12.4 g). Additional
amount of crude product was obtained by evaporation of ethyl
acetate layer (4.5 g). The combined crude products were
purified using column chromatography (CH,Cl,/MeOH/
NH,OH (90:9:1.5)) to afford title product (9.35 g), MS (ES+)
m/z: 734.3 [M+H]".
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Intermediate 3

[0280]

3'-N-Demethyl-9-deoxo-9a-methyl-9a-aza-9a-homo-
erythromycin A

[0281]

[0282] A solution of 9-deoxo-9a-methyl-9a-aza-9a-homo-
erythromycin A (10 g, 13.3 mmol) and N-iodosuccinimide
(7.5 g, 33.3 mmol) in acetonitrile (250 mL) was stirred at
room temperature for 1.5 hours. Acetonitrile was evaporated
and solid residue dissolved in CH,Cl, (300 mL), washed with
saturated aqueous Na,SO; (5x70 mL) and saturated aqueous
NaHCO; (5x70 mL), dried over Na,SO, and evaporated to
afford 10.78 g of yellowish solid. The solid residue was
dissolved in the mixture of water (50 mL) and CH,Cl, (200
mL), pH was adjusted to 4.1, and layers separated. Extraction
at pH 4.1 was repeated two times with water (2x50 mL). To
the combined aqueous layers CH,Cl, (200 mL.) was added,
pH adjusted to 9.3 and extracted with CH,Cl, (100 mL). The
combined organic extracts at pH 9.3 were dried over Na,SO,,,
and evaporated to afford title product (8.8 g) as a white solié,
MS (ES+) m/z: 735.2 [M+H]".

[0283] Intermediate 4

3'-N-(N'-Benzylthiocarbamoyl)-3'-N-demethyl-6-O-
methyl-9a-aza-9a-homoerythromycin A
[0284]

[0285] To a solution of Intermediate 1 (0.33 g, 0.44 mmol)
1n acetonitrile (10 mL), TEA (61 puL, 0.44 mmol) and benzyl
isothiocyanate (116 uL., 0.88 mmol) were added. The reaction
mixture was stirred at room temperature for 24 hours. After

15
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evaporation of the solvent crude product was purified on the
Flashmaster 1I-solid phase extraction techniques (SPE 5 g)
using gradient solvent system (98-95% CH,Cl,/(MeOH/
NH,OH=9/1.5) and 10 mL./min flow rate) to afford title prod-
uct (260 mg), MS (ES+) m/z: 898.4 [M+H]*.

[0286] Intermediate 5

3'-N-[N'-(1-Naphthylthiocarbamoyl)]-3'-N-dem-
ethyl-9-deoxo-9a-methyl-9a-aza-9a-homoerythromy-
cin A

[0287)]

[0288] A mixture of (0.5 g, 0.68 mmol) Intermediate 3 and
1-naphthyl-isothiocyanate (0.126 g, 0.68 mmol) in dry
CH,CI, (5 mL) was stirred for 30 minutes at room tempera-
ture to complete the reaction. Solvent was removed under
reduced pressure. The isolation of the pure compound was
performed by chromatography on a silica gel column in a
solvent system CH,Cl,/MeOH/NH,OH=90/9/1.5 to afford
title product (0.4 g), MS (ES+) m/z: 920.7 [M+H]".

[0289] Intermediate 6

3'-N-Demethyl-(9S5)-9-dihydro-erythromycin A
[0290]
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[0291] To a stirred solution of (95)-9-dihydroerythromycin
A (5 g, 6.9 mmol; may be obtained from erythromycin A
according to procedure of J. Antibiotics (1990) 1334-1336)
and sodium acetate trihydrate (1.85 g, 22.5 mmol) in MeOH
(125 mL), solid iodine (1.95 g, 7.7 mmol) was added. The
reaction mixture was irradiated with 500 W halogen lamp for
6 hours. The solvent was evaporated, solid residue dissolved
in EtOAc (100 mL), and filtered. The filtrate was washed with
saturated aqueous Na,SO; (2x100 mL). To combined aque-
ous solutions fresh EtOAc (100 mL) was added, pH of the
resulting mixture adjusted to 9, and layers separated. Com-
bined organic layers were dried over anhydrous Na,SO, and
evaporated to afford crude product (4 g) which was purified
by flash column chromatography (using MeOH/CH,Cl,/
NH,OH (9:90:0.5)) to afford title product (2.4 g), MS (ES+)
m/z: 722.5 [M+H]".

[0292] Intermediate 7

3'-N-Demethyl-6-O-methyl-(9S)-9-dihydroerythro-
mycin A

[0293]

[0294] Into solution of Intermediate 2 (2.0 g, 2.73 mmol) in
ethanol (50 mL), NaBH,, (1.0 g, 27.3 mmol) was added and
the reaction mixture stirred at RT for 24 hours. Solvent was
evaporated, residue dissolved in CH,Cl, (50 mL), water (50
ml.) was added, and pH of the resulting mixture was adjusted
to 2.5 (IN HCI) and then reised to 9.5 (aqueous NH,OH).
Layers were separated and aqueous one additionally
extracted with CH,Cl, (4x30 mL). Combined organic layers
at pH 9.5 were evaporated and the residue purified by Biotage
SP1 system (10 g cartridge, using CH,Cl,-MeOH/CH,Cl,/
NH,OH (7.5:90:0.75)) to afford title product (520 mg), MS
(ES+) m/z: 736.14 [M+H]".

[0295] '*CNMR (125 MHz, CDCL,) [8/ppm] 174.9, 101.9,
96.3,81.9,80.1,78.6,78.3,77.7,77.1,75.0,74.7,72.6,70.8,
68.3,65.8,60.1,50.7,49.3,45.2,38.3,37.2,34.9,34.5,33.1,
32.4,214,21.2,203,18.6,16.7,16.4,10.5,9.7.
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[0296] Intermediate 8

3'-N-Demethyl-erythromycin A

[0297]

[0298] To a stirred solution of erythromycin A (10 g, 13.6
mmol) and sodium acetate trihydrate (5.9 g, 71.9 mmol) in
MeOH (50 mL), solid iodine (3.8 g, 15.0 mmol) was added.
The reaction mixture was irradiated with 500 W halogen lamp
for 2 hours. The solvent was evaporated, solid residue dis-
solved in EtOAc (250 mL), and filtered. The filtrate was
washed with saturated aqueous Na,SO; (3x100 ml.) and
evaporated to afford crude product which was then purified by
flash column chromatography using solvent system MeOH/
CH,CL,/NH,OH (9:90:0.5) to afford title product (10.1 g),
MS (ES+) m/z: 720.71 [M+H]".

[0299] Intermediate 9

3'-N-Demethyl-6-O-methyl-8a-aza-8a-homoerythro-
mycin A

[0300]

. MI’"OH
T

[0301] To a stirred solution of 6-O-methyl-8a-aza-8a-ho-
moerythromycin A (0.9 g, 1.2 mmol; may be obtained accord-
ing to W0O99/51616, example 3), and sodium acetate trihy-
drate (0.33 g, 4.0 mmol) in MeOH (25 mL), solid iodine (0.35
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g, 1.3 mmol) was added. The reaction mixture was irradiated
with 500 W halogen lamp for 1.5 hour. The solvent was
evaporated, solid residue dissolved in EtOAc (50 mL), and
filtered. The filtrate was washed with saturated aqueous
Na,SO; (2x50 mL) and NaCl (50 mL), dried over K,COj,,
and evaporated to afford crude product which was then pre-
cipitated from mixture EtOAc/n-hexane. The precipitate was
further dissolved in CH,Cl, (50 mL), water (50 mL) was
added, and pH adjusted to 4.0 (1N HCI). Layers were sepa-
rated and to aqueous layer fresh CH,Cl, (50 mL) was added
and pH adjusted to 7.3 (aq. NH,OH). Layers were separated
and aqueous layer further extracted with CH,Cl, (2x50 mL).
Combined organic extracts at pH 7.3 were dried over anhy-
drous Na,SO, and evaporated. The obtained residue was pre-
cipitated from mixture EtOAc/n-hexane and then purified
using column chromatography (CH,Cl,/MeOH/NH,OH (90:
9:1.5)) to afford title product (0.24 g), MS (ES+) m/z: 749.57
[M+H]".

[0302] '*CNMR (125 MHz, CDCl,) [8/ppm] 174.2,177.3,
177.2, 102.3, 95.1, 80.0, 78.8, 77.9, 77.0, 74.7, 74.2, 72.8,
70.3,68.5,65.4,60.3,51.8,49.3,45.6,42.8,42.4,42.2,41.0,
37.2,34.6,33.1,23.8,21.5,21.1,20.9,18.3, 16.1, 15.1, 11.0,
9.6.

[0303] Intermediate 10

3'-N-Demethyl-9-deoxo-9a-aza-9a-homoerythromy-
cin A

[0304]

[0305] 9-Deoxo-9a-aza-9a-homoerythromycin A (400 g,
0.54 mol) and Trizma® base (326 g, 2.69 mol; also known as
2-amino-2(hydroxylmethyl)-1,3-propanediol) were stirred in
acetonitrile (6 L) under nitrogen. Then, iodine (612 g, 2.42
mol) was added in portions keeping the reaction mixture
temperature not higher than 25° C. The reaction mixture was
stirred at room temperature for 2 hours, N-iodosuccinimide
(67.2 g, 0.30 mol) was added and stirring continued over-
night. Then acetonitrile was removed in vacuo, brown solid
residue was dissolved in ethyl acetate (3 L) and stirred with
1M aqueous potassium carbonate solution (3 L) and 12.5%
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sodium sulphite solution (3 L). The aqueous phase was sepa-
rated and the pH adjusted from 9 to 10 by the addition of 1 M
aqueous potassium carbonate (3 L). The obtained mixture
was stirred for 1 hour resulting in formation of white precipi-
tate, which was collected by filtration, washed with water (2
L) and dried overnight at 50° C. under vacuum. This material
was slurried in dichloromethane (700 mL) for 1 hour, solid
was collected by filtration, washed with dichloromethane
(300 mL) and dryed at 50° C. under vacuo overnight to afford
title product (150 g) as a white solid, MS (ES+) m/z: 721.5
[M+H]".

[0306] Intermediate 11

3'-N-(N'-Benzylthiocarbamoyl)-3'-N-demethyl-9-
deoxo-9a-aza-9a-homoerythromycin A

[0307]

[0308] A solution of Intermediate 10 (3 g, 4.16 mmol) in
acetonitrile (200 mL.), was heated to 60° C., benzyl-isothio-
cyanate (552 ul, 4.16 mmol) was added and the reaction
mixture stirred for 2 hours. Then solvent was evaporated and
the residue purified by Biotage SP1 system (50 g cartridge,
using CH,Cl,-MeOH/CH,C1,/NH,OH (7.5:90:0.75)) to
afford as a second fraction crude product, which was further
purified by precipitation from acetonitrile to afford title prod-
uct (2.6 g).

[0309] HRMS (ES+) theoret. [M+H]* C,,H,,N;0,,S 870.
5150, determined 870.5146 [M+H]*.

[0310] 3C NMR (125 MHz, CDCl,) [8/ppm] 184.2, 178 4,
137.9,128.7,127.8,127.5,102.9, 95.0, 84.1, 78.0, 7.9, 77.9,
73.8,73.5,72.9,72.8,72.7,68.0, 65.6, 60.4, 57.2, 56.6, 50.2,
49.4,45.1,42.0,41.6,36.3,34.8,30.9,29.7,27.2,21.8, 21.6,
20.9,20.9, 18.2, 16.0, 15.0, 14.1, 11.1, 9.6.
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[0311] Intermediate 12

3'-N-(N'-Isopropylhiocarbamoyl)-3'-N-demethyl-9-
deoxo-9a-aza-9a-homoerythromycin A
[0312]

HO,
W

\“‘\

\\\\“.4

HO. Cl—S=0
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[0313] A solution of Intermediate 10 (3 g, 4.16 mmol) in
acetonitrile (150 mL) was heated to 60° C., isopropyl isothio-
cyanate (666 L., 4.16 mmol) was added and the reaction
mixture stirred for 2 hours. Then solvent was evaporated and
white foamy residue purified by Biotage SP1 system (50 g
cartridge, using CH,Cl,-MeOH/CH,CI1,/NH,OH (7.5:90:0.
75)) and precipitated from acetonitrile to afford title product
2e.

[0314] HRMS (ES+) theoret. [M+H]" C,,H,cN,O,,S 822.
5150, determined 822.5181 [M+H]™.

[0315] '*CNMR (125 MHz, CDCl,) [8/ppm] 182.8, 178.6,
103.0,94.9,83.9,78.0,77.8,78.0,73.8,73.6,72.9,72.8,72.8,
67.9,65.6,60.0,57.2,56.7,49.5,47.5,45.2,42.0,41.8,36.4,
34.7,30.9,29.7,27.2,22.7,21.8,21.6,20.9,20.9, 18.2, 16.0,
14.9,14.0,11.0,9.5.

[0316] Intermediate 13

3'-N-Demethyl-6-O-methyl-9-deoxo-8a-methyl-8a-
aza-8a-homoerythromycin A

[0317]

NaBH,
—_—
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-continued

Step a) 6-O-Methyl-erythromycin A 9,12-iminoether

[0318] A suspension of p-toluenesulfonyl chloride (14.99
g, 79 mmol) in diethyl ether (30 mL) was added rapidly into
ice-cold solution of 6-O-methyl-erythromycin A 9(Z)-oxime
(20 g, 26.2 mmol) in dry pyridine (150 mL). The resulting
yellowish solution was stirred at 0° C. for 2 hours, then
diluted with CH,Cl, (50 mL) and water (100 mL), and pH
adjusted to 9.5 (using 10 N NaOH). Layers were separated
and aqueous layer was extracted with CH,Cl, (2x40 mL).
The combined organic layers were dried over anhydrous
Na,SO,, filtered and evaporated to afford yellow solid which
was dissolved in a mixture of EtOAc/n-hexane (1:2). Evapo-
ration of the solvent afforded title product (18.5 g) as yellow-
ish solid, that was used in next step without purification.

Step b)
6-O-Methyl-9-deoxo-8a-aza-8a-homoerythromycin
A

[0319] A solutionof 6-O-methyl-erythromycin A 9,12-imi-
noether from Step a (18.5 g, 24.83 mmol) in ethylene glycol
(150 mL)) was cooled in ice bath and stirred under N, stream.
Then, sodium borohydride (2.349 g, 62.1 mmol) was added in
two portions within 1 hour. Following the borohydride addi-
tion, resulting suspension was stirred for 1.5 hour in an ice

bath, and then overnight at room temperature. Reaction mix-
ture was diluted with water (100 mL) and CH,Cl, (100 mL),
stirred vigorously, and layers were separated. Aqueous layer
was further extracted with CH,Cl, (2x40 mL). The combined
organic layers were evaporated and dissolved in a mixture of
2-propanol (100 ml) and hexane (40 mL). Solution was
evaporated to afford title product (15.2 g) as a white foam that
was used in next step without purification; MS (ES+) m/z:
749.70 [M+H]™.

[0320] '*CNMR (125 MHz, CDCl;) [8/ppm] 178.9,103.1,
95.2,79.8,79.0,78.2,78.0,75.8,75.1,72.6,70.9, 68.7, 68.2,
65.4,51.6,50.8,49.4,44.8,42.9,42.2,40.3,34.6,33.8, 28.9,
22.0,21.5,21.4,21.1,209, 18.4,16.2,15.0,12.3, 11.2,9.1.

Step ¢) 6-O-Methyl-9-deoxo-8a-methyl-8a-aza-8a-
homoerythromycin A

[0321] To asolution of 6-O-methyl-9-deoxo-8a-aza-8a-ho-
moerythromycin A from Step b (10 g, 13.35 mmol) in chlo-
roform (60 mL), formaldehyde (1.124 ml., 14.69 mmol) and
formic acid (1.434 mL, 37.4 mmol) were added. The resulting
solution was stirred at reflux temperature overnight, diluted
with CH,Cl, (150 mL) and water (120 mL), and stirred vig-
orously for a few minutes. The CH,Cl, layer was discarded
and fresh CH,Cl, was added (100 mL). The pH of the result-
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ing mixture was adjusted to 9.5 (aqueous NH,OH). Layers
were separated and aqueous layer was additionally extracted
with CH,Cl, (2x40 mL). The combined organic layers were
dried over anhydrous Na,SO,, filtered, and evaporated to
afford foam that was further dissolved in warm ethanol (24
ml) and water (12 mL), and stirred at RT for 5 minutes to
afford white precipitate. The mixture was diluted with more
water (12 mL), stirred, and cooled in ice bath, and then left in
a refrigerator overnight. The mixture was filtered, collected
solid was rinsed with a mixture of ethanol/water (12 mL; 3:1),
and dried under reduced pressure to afford title product (4.8 g)
as a white solid; MS (ES+) m/z: 763.80 [M+H]".

[0322] '*CNMR (125 MHz, CDCl,) [8/ppm] 102.6, 95.4,
79.5,78.7,77.9,76.9,76.2,72.7,70.9,70.2, 68.8, 65.3, 62.8,
55.6,50.7,49.3,45.6,41.5,40.5, 40.2,34.8,32.0, 28.8,22.2,
21.4,21.2,183,163,15.0,13.9,13.5,11.3,9.7.

Step d) 3'-N-Demethyl-6-O-methyl-9-deoxo-8a-me-
thyl-8a-aza-8a-homoerythromycin A

[0323] To astirred solution of 6-O-methyl-9-deoxo-8a-me-
thyl-8a-aza-8a-homoerythromycin A from Step ¢ (2 g, 2.62
mmol) and sodium acetate (1 g, 12.19 mmol) in MeOH (100
mL), solid iodine (0.8 g, 3.1 mmol) was added. The reaction
mixture was irradiated with 500 W halogen lamp for 30
minutes. The solvent was evaporated and residue dissolved in
CH,Cl, (50 mL) and H,O (50 mL). The pH of the mixture was
adjusted to 9.8 (aqueous NH,OH). Layers were separated and
organic layer washed with saturated aqueous Na,SO; solu-
tion (50 mL). The organic layer was evaporated and residue
purified by Biotage SP1 system (25 g cartridge, using
CH,Cl,-MeOH/CH,C1,/NH,OH (7.5:90:0.75)) to afford
title product (120 mg); MS (ES+) m/z: 749.79 [M+H]*.
[0324] '3C NMR (125 MHz, CDCl,) [8/ppm] 95.6, 79.5,
77.9,77.1,76.7,74.9,72.7,68.7, 65.6,60.2, 55.5, 50.4, 49.3,
45.5,40.7,40.6,37.4,34.8,33.3,32.0,21.5,21.1, 18.3, 16.2,
13.7,11.3,10.0.

Examples 1 to 48
Example 1

N'-Benzyl-2'-0,3'-N-(carbonimidoyl)-3'-N-dem-
ethyl-9-deoxo-9a-methyl-9a-aza-9a-homoerythromy-
cin A

[0325]
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[0326] Method A:

[0327] A mixture of Intermediate 3 (0.47 g, 0.64 mmol),
benzyl isothiocyanate (0.34 mL, 2.0 mmol), TEA (0.3 mL,
4.0 mmol) in acetonitrile (25 mL.) was shaken in the vial at 60°
C. for 3 hours. Then, EDC (0.5 g, 2.6 mmol) was added and
shaking continued for 3 days at 60° C. Additional amount of
EDC (0.05 g, 0.26 mmol) was added and shaken overnight at
60° C. Solvent was evaporated and the residue purified on the
Flashmaster personal-solid phase extraction techniques (SPE
30 g, using MeOH/CH,C1,/NH,OH (4.5:90:0.25)) to afford
title product (250 mg) as a single isomer.

[0328] HRMS (ES+) theoret. [M+H]* C,H,,N,0,, 850.
5429, determined 850.5444 [M+H]*.

[0329] '3C NMR (125 MHz, CDCL,) [8/ppm] 178.7, 157.0,
141.6,128.1, 127.5, 126.4, 99.8, 95.2, 84.8, 80.6, 78.8, 74.1,
73.3,78.0,77.6,73.1,74.2,70.1, 70.0, 65.8, 62.9, 62.4, 49.8,
49.4,45.1,42.0,41.2,36.4,36.4,34.8,32.1,27.3,26.7,21.9,
21.6,21.1,20.8, 18.1, 15.1, 16.2, 11.2, 8.7, 7.4.

[0330] Method B:

[0331] A mixture of Intermediate 3 (0.5 g, 0.68 mmol),
benzyl isothiocyanate (0.27 mL, 1.6 mmol), TEA (0.3 mL,
4.0 mmol), and P-Mukaiyama reagent (0.85 g, 1.18 mmol/g,
1.0 mmol) in acetonitrile (25 mL.) was shaken in the vial at 60°
C. overnight. Then an additional amount of P-Mukaiyama
reagent (0.16 g, 0.19 mmol) was added and shaken in the vial
at 60° C. for 4 hours. Solvent was evaporated and the residue
purified by the Flashmaster personal-solid phase extraction
techniques (SPE 25 g using MeOH/CH,C1,/NH,OH (4.5:90:
0.25)) to afford title product (380 mg) as a single isomer
having identical analytical data as product from Method A.

Example 2

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-9-deoxo-
9a-methyl-N'-(1-naphthyl)-9a-aza-9a-homoerythro-
mycin A

[0332]

HO,

3
!
!
0
W

W
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[0333] A mixture of Intermediate 3 (0.47 g, 0.64 mmol),
1-naphthyl isothiocyanate (0.37 g, 2.0 mmol), TEA (0.3 mL,
4.0 mmol) in acetonitrile (25 mL) was shaken in the vial at 60°
C. for 1 hour. Then EDC (0.6 g, 3.1 mmol) was added and
shaking continued overnight at 60° C. Solvent was evapo-
rated and the residue purified on the Flashmaster personal-
solid phase extraction techniques (SPE 30 g, using MeOH/
CH,C1,/NH,OH (4.5:90:0.25)) to afford crude product (600
mg) which was further purified by Flashmaster personal-solid
phase extraction techniques (SPE 30 g, using 1.5% MeOH/
CH,C1,-MeOH/CH,C1,/NH,OH (3:90:0.17)) to afford title
product (245 mg) as a single isomer.

[0334] HRMS (ES+) theoret. [M+H]* C,H,(N;0,, 886.
5429, determined 886.5451 [M+H]™.

[0335] '*CNMR (125 MHz, CDCl;) [8/ppm] 178.6, 154.8,
143.0,134.2,129.6,127.5,125.6,125.5,124.7,124.3,122.3,
117.9,99.9,95.2,84.8,80.5,78.5,78.0,78.0,74.2,73.2,73.2,
74.2,70.2,70.2,65.8,62.6,62.6,49.6,45.1,41.9, 41.3,36.5,
36.4,34.8,31.8,27.3,26.6,22.4,21.6,21.1,20.8, 18.1, 15.0,
16.2,11.2,8.3,7.1.

[0336] It will be appreciated by the person skill in the art
that the title compound may be also prepared from Interme-
diate 5 in a similar manner to that described in Example 5
hereinbelow.

Example 3

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-9-deoxo-
N'-isopropyl-9a-methyl-9a-aza-9a-homoerythromy-
cin A

[0337]

[0338] A mixture of Intermediate 3 (0.47 g, 0.64 mmol),
isopropyl isothiocyanate (0.22 mL, 2.0 mmol), TEA (0.3 mL,
4.0 mmol) in acetonitrile (25 mL) was shaken in the vial at 60°
C. for 1 hour. Then, EDC (0.6 g, 3.1 mmol) was added and
shaking continued for 2 days at 60° C. Solvent was evapo-
rated and the residue purified on the Flashmaster personal-
solid phase extraction techniques (SPE 25 g, using MeOH/
CH,C1,/NH,OH (4.5:90:0,25)) to afford title product (290
mg) as a single isomer.
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[0339] HRMS (ES+) theoret. [M+H]* C,,H,N50,, 802.
5429, determined 802.5444 [M+H]*.

[0340] '>C NMR (125 MHz, CDCL,) [8/ppm] 178.7, 155.9,
99.9,95.3,84.9, 80.4, 78.8,77.6,77.5, 74.3,73.3,73.2, 74.2,
70.2,70.1, 65.8, 62.9, 62.4,49.4, 45.1, 41.9, 41.0, 36.5, 36.4,
34.8,32.3,27.3,26.7,21.9,21.6,21.1,20.8, 18.1, 15.2, 16.2,
11.2,8.5,7.3.

Example 4

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-9-deoxo-
N'-[3-(diethylamino)propyl]-9a-methyl-9a-aza-9a-
homoerythromycin A

[0341]

[0342] A mixture of Intermediate 3 (0.47 g, 0.64 mmol),
3-(diethylamino)propyl isothiocyanate (0.36 mL, 2.0 mmol),
TEA (0.3 mL, 4.0 mmol) in acetonitrile (25 mL) was shaken
in the vial at 60° C. for 2 hours. Then, EDC (0.6 g, 3.1 mmol)
was added and shaking continued overnight at 60° C. Addi-
tional portion of EDC (0.1 g, 0.31 mmol) was added and
shaking continued overnight at 60° C. Solvent was evapo-
rated and the residue purified by the Flashmaster personal-
solid phase extraction techniques (SPE 30 g, using 1.5%
MeOH/CH,C1,-MeOH/CH,C1,/NH,OH (4.5:90:0.25)) to
afford title product (90 mg) as a single isomer.

[0343] HRMS (ES+) theoret. [M+H]* C,sH,N,O,, 873.
6164, determined 873.6198 [M+H]*.

[0344] 3C NMR (125 MHz, CDCl,) [8/ppm] 179.3, 157.0,
100.1,95.4,84.8,80.9,78.8,78.3,78.0,74.2, 73.7,73.6, 74.5,
70.5,70.4, 66.2, 63.2, 62.9,49.9, 49.9, 47.1, 45.6, 43.7, 41.9,
41.9,36.8,36.6,35.1,32.3,27.7,27.1,25.6,22.3,21.9, 21.1,
21.1,18.4,16.6,15.2,11.5, 9.6, 8.7, 7.5.
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Example 5
N'-Benzyl-2'-0,3'-N-(carbonimidoyl)-3'-N-dem-
ethyl-6-O-methyl-9a-aza-9a-homoerythromycin A
[0345]

[0346] To asolution of Intermediate 4 (0.2 g, 0.22 mmol) in
CHCI; (6 mL), EDC (85.4 mg, 0.44 mmol) was added. The
reaction mixture was stirred at room temperature for 24 hours
and then extracted with saturated aqueous NaHCO; (3x10
mL), brine (2x10 mL), and water (2x10 mL) and dried over
K,CO,;. After evaporation of the solvent crude product was
purified by the Flashmaster II-solid phase extraction tech-
niques (SPE 10 g, using gradient solvent system 97-96%
DCM/(MeOH:NH,OH=9:1.5) and 10 mL/min flow rate) to
give title product (140 mg) as a single isomer.
[0347] HRMS (ES+) theoret. [M+H]* C,sH,,N;0,, 864.
5184, determined 864.5184 [M+H]*.
[0348] 13CNMR (125 MHz, CDCL,) [8/ppm] 179.6, 177.4,
157.4,138.1,128.2,127.7,126.4,99.5, 95. 8 81.0,80.2,79.1,
78.6,77.8, 77.0, 74.3 73.1 73.0, 70.2, 66. 0, 62. 8, 51. 6, 49. 5,
49.5.45.5.44.6,40.8.40.0,36.4, 35.6,34.8,32.1,21.5.21.0,
20.8, 20.6, 19.5, 18.3, 16. 2 15.4, 14. 0, 11.2, 8.9.
Example 6
2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-6-O-me-
thyl-N'-(1-naphthyl)-9a-aza-9a-homoerythromycin A

[0349]

HO,
W

o

o
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[0350] A mixture of Intermediate 1 (0.48 g, 0.64 mmol),
1-naphthyl isothiocyanate (0.37 g, 2.0 mmol), TEA (0.3 mL,
4.0 mmol) in acetonitrile (25 mL.) was shaken in the vial at 60°
C. for 2 hours. Then, EDC (0.6 g, 3.1 mmol) was added and
shaking continued overnight at 60° C. Solvent was evapo-
rated and the residue purified by the Flashmaster personal-
solid phase extraction techniques (SPE 30 g, using 1.5%
MeOH/CH,C1,-MeOH/CH,C1,/NH,OH (3:90:0.17)) to
afford title product (305 mg) as a single isomer.

[0351] HRMS (ES+) theoret. [M+H]* C,,H,,N;0,; 900.
5222, determined 900.5248 [M+H]".

[0352] '*CNMR (125 MHz, CDCl,) [8/ppm] 179.4,176.9,
154.5,141.8,133.9,129.4,127.3,125.4,124.9,124.3,123.7,
1223, 117.8, 99.4, 95.4, 80.2, 79.9, 78.7, 78.2, 77.5, 76.6,
73.8,72.7,72.5,69.9,65.5,62.0,51.1,49.2,44.9,44.2, 40.4,
39.6,36.1,35.2,34.4,31.5,21.2,20.4,20.5,20.0, 19.0, 17.8,
15.8,14.9,13.6, 10.8, 8.1.

Example 7

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-isopro-
pyl-6-O-methyl-9a-aza-9a-homoerythromycin A

[0353]

HO,

[0354] A mixture of Intermediate 1 (0.48 g, 0.64 mmol),
isopropyl isothiocyanate (0.22 mL, 2.0 mmol), TEA (0.3 mL,
4.0 mmol) in acetonitrile (25 mL.) was shaken in the vial at 60°
C. for 2 hours. Then, EDC (0.6 g, 3.1 mmol) was added and
shaking continued for 24 hours at 60° C. Solvent was evapo-
rated and the residue purified by the Flashmaster personal-
solid phase extraction techniques (SPE 25 g, using 1.5%
MeOH/CH,C1,-MeOH/CH,CL,/NH,OH (4.5:90:0.25)) to
afford title product (290 mg) as a single isomer.

[0355] HIRMS (ES+) theoret. [M+H]* C,,H,N,0, 816.
5222, determined 816.5231 [M+H]*.

[0356] '>C NMR (125 MHz, CDCL,) [8/ppm] 179.3, 177.0,
154.6,99.5,95.4,79.6,79.8,78.8,78.2,77.5,76.7,73.8,72.6,
72.6,69.8,65.5,62.4,51.2,49.0, 46.3, 45.0, 44.2, 40.3, 39.6,
36.0,35.1,34.4,31.9,24.1,24.1,21.1, 20.4, 20.5, 19.9, 19.0,
17.8,15.7,15.1, 13.7, 10.8, 8.2.



US 2011/0039795 Al

23

Example 8

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-[3-
(diethylamino)propyl]-6-O-methyl-9a-aza-9a-homo-
erythromycin A

[0357]

Z

~

[0358] A mixture of Intermediate 1 (0.48 g, 0.64 mmol),
3-(diethylamino)propyl isothiocyanate (0.37 mL, 2.0 mmol),
TEA (0.3 mL, 4.0 mmol) in acetonitrile (25 mL) was shaken
in the vial at 60° C. for 2 hours. Then, EDC (0.6 g, 3.1 mmol)
was added and shaking continued for 2 days at 60° C. Solvent
was evaporated and the residue purified by the Flashmaster
personal-solid phase extraction techniques (SPE 25 g, using
1.5% MeOH/CH,Cl,-MeOH/CH,C1,/NH,OH (9:90:0.5)) to
afford crude product which was additionally purified on
Biotage SP1 system (10 g cartridge, using CH,Cl,-MeOH/
CH,C1,/NH,OH (7.5:90:0.75) to afford title product (105
mg) as a single isomer.

[0359] HRMS (ES+) theoret. [M+H]* C,sHsN,0, 5 887.
5957, determined 887.5925 [M+H]*.

[0360] '>C NMR (125 MHz, CDCL,) [8/ppm] 179.6, 1773,
155.7,99.8,95.6,79.9,79.8,79.0,78.4,77.8,76.7,74.1,72.9,
72.8,70.0, 65.8, 62.6,51.4, 50.5, 49.4, 46.8, 45.4, 44.8, 44.5,
40.7,39.9,36.4,35.5,34.7,32.0, 28.3, 21.4, 20.8, 20.6, 20.3,
193,18.1,16.0, 15.2, 13.9, 11.6, 11.1, 8.5.
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Example 9
N'-Benzyl-2'-0,3'-N-(carbonimidoyl)-3'-N-dem-
ethyl-6-O-methyl-erythromycin A
[0361]

[0362] A mixture of Intermediate 2 (0.47 g, 0.64 mmol),
benzyl isothiocyanate (0.34 g, 2.0 mmol), TEA (0.3 mL, 4.0
mmol) in acetonitrile (25 mL) was shaken in the vial at 60° C.
for 2 hours. Then, EDC (0.6 g, 3.1 mmol) was added and
shaking continued for 2 days at 60° C. Solvent was evapo-
rated and the residue purified by the Flashmaster personal-
solid phase extraction techniques (SPE 25 g, using 1.5%
MeOH/CH,C1,-MeOH/CH,CL,/NH,OH (4.5:90:0.25)) to
afford title product (370 mg) as a single isomer.

[0363] HRMS (ES+) theoret. [M+H]* C,sH,;N,O, , 849.
5113, determined 849.5133 [M+H]".

[0364] '*CNMR (125 MHz, CDCl;) [8/ppm] 221.2,176.0,
156.9, 142.2, 128.5, 127.8, 126.6, 100.0, 96.7, 82.1, 80.9,
79.2,78.4,78.2,77.1,74.6,73.2,70.6,69.5,66.3,63.0,51.1,
50.4,49.8,45.7,45.3,39.4,38.8,37.7,36.8,35.3,32.5,21.8,
21.4,200,21.3,18.7,18.4,16.5,16.3,12.7,10.9, 9.1.

Example 10
2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-6-O-me-
thyl-N'-(1-naphthyl)-erythromycin A

[0365]

)
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[0366] A mixture of Intermediate 2 (0.47 g, 0.64 mmol),
1-naphthyl isothiocyanate (0.37 g, 2.0 mmol), TEA (0.3 mL,
4.0 mmol) in acetonitrile (25 mL) was shaken in the vial at 60°
C. for 2 hours. Then, EDC (0.6 g, 3.1 mmol) was added and
shaking continued overnight at 60° C. Solvent was evapo-
rated and the residue purified by the Flashmaster personal-
solid phase extraction techniques (SPE 30 g, using 1.5%
MeOH/CH,Cl1,-500 ml MeOH/CH,C1,/NH,OH (2.25:90:0.
125)) to afford title product (400 mg) as a single isomer.
[0367] HRMS (ES+) theoret. [M+H]* C,,H,;N,O, , 885,
5113, determined 885.5147 [M+H]™.

[0368] '*CNMR (125 MHz, CDCl;) [8/ppm] 220.9,175.7,
154.8,142.4,134.2,129.7,127.6,125.6,125.6,124.8, 124.2,
122.6, 118.1, 99.7, 96.4, 81.9, 80.7, 78.9, 78.0, 77.8, 76.7,
74.2,73.0,70.3,69.1,65.9,62.4, 50.6,49.6,45.3,44.9,39.1,
38.5,36.4,36.4,34.9,31.8,21.5,21.1,20.9, 19.6, 18.3,17.9,
16.0,15.9,12.3, 10.6, 8.5.

Example 11

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-isopro-
pyl-6-O-methyl-erythromycin A

[0369]

[0370] A mixture of Intermediate 2 (0.47 g, 0.64 mmol),
isopropyl isothiocyanate (0.22 mL, 2.0 mmol), TEA (0.3 mL,
4.0 mmol) in acetonitrile (25 mL) was shaken in the vial at 60°
C. for 2 hours. Then, EDC (0.6 g, 3.1 mmol) was added and
shaking continued for 24 hours at 60° C. Solvent was evapo-
rated and the residue purified by the Flashmaster personal-
solid phase extraction techniques (SPE 25 g, using 1.5%
MeOH/CH,C1,-MeOH/CH,CL,/NH,OH (4.5:90:0.25)) to
afford title product (325 mg) as a single isomer.

[0371] HRMS (ES+) theoret. [M+H]* C,,H,5N,0,; 801.
5113, determined 801.5138 [M+H]*.

[0372] '3C NMR (125 MHz, CDCL,) [8/ppm] 220.4, 175.2,
155.7,99.2,96.0,81.7,80.6,78.6,77.6,77.3,76.4,73.9,72.6,
69.96,68.7,65.7,62.3,50.3,49.1,46.7,44.9, 44.5,38.6,38.0,
36.9,35.8,34.6,32.1,23.7,23.6,21.1,20.7,20.5, 19.2, 17.9,
17.6,15.7,15.5,12.7, 10.2, 8.2.
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Example 12
2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-[ 3-
(diethylamino)propyl]-6-O-methyl-erythromycin A

[0373] w

[0374] A mixture of Intermediate 2 (0.47 g, 0.64 mmol),
3-(diethylamino)propyl isothiocyanate (0.37 mL, 2.0 mmol),
TEA (0.3 mL, 4.0 mmol) in acetonitrile (25 mL) was shaken
in the vial at 60° C. for 2 hours. Then, EDC (0.6 g, 3.1 mmol)
was added and shaking continued for 3 days at 60° C. Solvent
was evaporated and the residue purified by the Flashmaster
personal-solid phase extraction techniques (SPE 25 g, using
1.5% MeOH/CH,C1,-MeOH/CH,C1,/NH,OH (9:90:0.5)) to
afford crude product which was additionally purified on
Biotage SP1 system (10 g cartridge, using CH,Cl,-MeOH/
CH,C1,/NH,OH (7.5:90:0.75)) to afford title product (95
mg) as a single isomer.

[0375] HRMS (ES+) theoret. [M+H]* C,sHg,N;0,, 872.
5848, determined 872.5856 [M+H]™.

[0376] '*CNMR (125 MHz, CDCl,) [8/ppm] 220.8, 175.5,
155.6,99.7,96.3,81.6,79.9,78.8,77.9,77.7,76.7,74.1,72.8,
70.1, 69.0, 65.8, 62.6, 50.6, 50.6,49.4, 46.8,45.5,44.7, 44.7,
38.9,38.4,37.1,36.3,34.8,32.0,28.4,21.4,20.9,20.8, 19.5
18.3,17.9,15.9,15.8,12.2, 11.6, 10.5, 8.5.

Example 13
2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-me-
thyl-6-O-methyl-erythromycin A

El

[0377]




US 2011/0039795 Al Feb. 17,2011

25
[0378] A mixture of Intermediate 2 (0.47 g, 0.64 mmol), Example 15
methyl isothiocyanate (140 mg, 2.0 mmol), TEA (0.3 mL., 4.0 2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-ethyl-
mmol) in acetonitrile (25 mL) was shaken in the vial at 60° C. 6-O-methyl-9a-aza-9a-homoerythromycin A

for 2 hours. Then, EDC (0.6 g, 3.1 mmol) was added and [0385]
shaking continued for 3 days at 60° C. Solvent was evapo-
rated and the residue purified by the Biotage SP1 system (50
g cartridge, using CH,Cl,-MeOH/CH,C1,/NH,OH (7.5:90:
0.75)) to aftord crude product which was additionally purified
using the same system and 50 g cartridge to afford title prod-
uct (145 mg) as a single isomer.

[0379] HRMS (ES+) theoret. [M+H]* C;,HN,O, 5 773.
4800, determined 773.4815 [M+H]*.

[0380] '*CNMR (125 MHz, CDCl,) [8/ppm] 220.8,175.5,
156.9,99.7,96.3,81.7,80.3,78.9,77.9,77.7,76.6,74.2,72.8,
70.1,69.0, 65.9,62.7,50.6,49.4,45.2,44.8,38.9,38.4,37.2,
36.3,34.8,32.9,31.9,21.4,20.9,20.8,19.5, 18.3,17.9, 16.0,
15.8,12.3,10.5, 8.4.

Example 14

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-ethyl-
6-O-methyl-erythromycin A . .

[0386] A mixture of Intermediate 1 (0.9 g, 1.2 mmol), ethyl
[0381] isothiocyanate (0.305 mL, 3.6 mmol), TEA (0.665 mL, 8.9
mmol) in acetonitrile (50 mL) was shaken in the vial at 60° C.
for 2 hours. Then, EDC (1.1 g, 5.7 mmol) was added and
shaking continued overnight at 60° C. Solvent was evapo-
rated and residue purified by the Biotage SP1 system (50 g
cartridge, using CH,Cl,-MeOH/CH,CI1,/NH,OH (7.5:90:0.
75)) to afford crude product which was additionally purified
using same system to afford title product (370 mg) as a single
isomer.
[0387] HRMS (ES+) theoret. [M+H]* C,,H,,N,0,, 802.
5065, determined 802.5071 [M+H]™.
[0388] '*CNMR (125 MHz, CDCl,) [8/ppm] 179.6,177.3,
156.8,99.5,95.8,80.7,80.1,79.0,78.5,77.7,76.9,74.1,73.0,
72.9,70.1,65.9,62.6,51.5,49.4,40.4,45.3,44.5, 40.5,39.9,
36.2,35.4,34.7,32.0,21.4,20.6,20.8,20.2,19.3,18.1, 16.2,
16.0,15.4,14.0,11.1, 8.5.

Example 16
2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-6-O-me-
thyl-N'-(4-quinolyl)-9a-aza-9a-homoerythromycin A
[0389]

[0382] A mixture of Intermediate 2 (0.47 g, 0.64 mmol),
ethyl isothiocyanate (0.168 mL., 2.0 mmol), TEA (0.355 mL,
4.6 mmol) in acetonitrile (25 mL) was shaken in the vial at 60°
C. for 2 hours. Then, EDC (0.613 g, 3.2 mmol) was added and
shaking continued 2 days at 60° C. The crude product (260
mg) which precipitated during the reaction was filtered off
(260 mg) and purified by the Biotage SP1 system (10 g
cartridge, using CH,Cl,-MeOH/CH,C1,/NH,OH (7.5:90:0.
75)) to afford title product (250 mg) as a single isomer. The
additional amount of the product was obtained by evaporation
of the reaction mixture (780 mg) and crystallization from
acetonitrile (55 mg).

[0383] HRMS (ES+) theoret. [M+H]* C,,H,,N,O,, 787,
4956, determined 787.4958 [M+H]".

[0384] '*CNMR (125 MHz, CDCl,) [8/ppm] 220.8,175.5,
155.8,99.8,96.3,81.8,80.0,78.8,771,77.7,76.6,74.2,72.8,
70.1,69.0, 65.8, 62.6, 50.6,49.4,45.2,44.8,38.9,38.4,37.2,
36.3,34.8,40.7,32.0,21.4,20.9,20.8,19.5, 18.3,17.9, 16.5,
16.0,15.8,12.3, 10.5, 8.5.
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[0390] A mixture of Intermediate 1 (1 g, 1.33 mmol),
4-quinolyl isothiocyanate (0.283 g, 1.52 mmol) in DCM (50
ml.) was stirred in the round-bottomed flask at room tempera-
ture for 24 hours. Then, EDC (0.768 g, 4.01 mmol) was added
and stirring continued overnight at room temperature. The
reaction mixture was extracted with saturated NaHCO;,
brine, and water and dried over Na,SO,. Solvent was evapo-
rated to afford crude product (1.8 g) which was purified by the
Flashmaster personal-solid phase extraction techniques (SPE
20 g, using solvent system gradient 100-95% CH,Cl,/
(MeOH:NH,OH=9:1.5)) to afford title product (410 mg).
Precipitation of 400 mg of the obtained product from CH,Cl,
afforded title product (103 mg) as a single isomer.

[0391] MS (ES+) m/z: 901.66 [M+H]+.

[0392] '*CNMR (125 MHz, CDCl,) [8/ppm] 179.6,177.2,
156.0,150.7,150.5,149.2,128.9,128.7,125.8,124.8, 123.9,
112.7,99.4,95.8,80.1,80.3,79.0,78.6,77.7,77.0,74.1,73.0,
72.9,70.1,65.9,61.8,51.5,49.5,45.3,44.4,40.4,39.9,36.2,
35.8,34.7,31.4,21.4,20.7,20.6,20.2,19.2, 18.2,16.0, 15 4,
13.9,11.8, 8.6.

Example 17
2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-(2,6-
difluorophenyl)-6-O-methyl-9a-aza-9a-homoerythro-
mycin A
[0393]

[0394]
[0395] A mixture of Intermediate 1 (0.6 g, 0.8 mmol), 2,6-
difluorophenyl isothiocyanate (309 ul., 2.4 mmol) and TEA
(444 L, 3.2 mmol) in acetonitrile (30 mL.) was shaken in the
vial at 60° C. for 3 h. Then, EDC (764 mg, 4.0 mmol) was
added and shaking continued for 2 days at 60° C. Then an
additional amount of EDC (382 mg, 2.0 mmol) was added and
shaking continued for 3 days at 60° C. Solvent was evapo-
rated and the residue dissolved in CH,Cl, (50 mL), water was
added (50 mL) and pH of the resulting mixture adjusted from
6.0 to 6.5 using aqueous NH,OH. To the organic layer water
was added (50 mL) and pH adjusted to 5.0 using IN HCI.
Layers were separated and to the organic one water (50 mL)
was added and pH of the mixture adjusted to 6.0, layers were
separated and the organic one was dried over anhydrous
Na,SO,, solvent was evaporated to afford crude product
which was purified by the Biotage SP1 system (50 g cartridge,
using CH,Cl,-MeOH/CH,C1,/NH,OH (15:90:1.5) to afford

Method A:
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title product which was further purified by the Biotage SP1
system (10 g cartridge, using 2% DEA/EtOAc-hexane) to
afford title product (50 mg) as a single isomer.

[0396] MS (ES+) m/z: 886.5 [M+H]*.

[0397] '*CNMR (125 MHz, CDCL,) [8/ppm] 179.6,177.2,
157.0, 156.8, 155.1, 124.8, 122.2, 110.7, 99.5, 95.7, 80.5,
80.2,78.9,78.4,77.8,77.2,74.1,73.9,72.8,70.1, 65.7, 62.6,
51.4,49.4,45.2,44.4,40.6,39.8,36.3,35.5,34.7,31.5,21 .4,
20.8, 20.6,20.2, 19.3, 18.1, 16.0, 15.4, 13.9, 11.1, 8.0.
[0398] Method B:

[0399] A mixture of Intermediate 1 (1.5 g, 2.0 mmol) and
2,6-difluorophenyl! isothiocyanate (778 plL, 6.0 mmol) in
acetonitrile (80 mL) was stirred at 60° C. for 2 hours. Then
EDC (1.92 g, 10.0 mmol) was added and stirring continued
for 2 days at 60° C. Solvent was evaporated, the residue
dissolved in CH,Cl, (80 mL), water (80 mL) was added, and
pH adjusted to 5.2 using aqueous NH,OH. Layers were sepa-
rated and organic layer dried over anhydrous Na,SO,. Evapo-
ration of the solvent afforded crude product which was puri-
fied by silica gel column chromatography, using CH,Cl,-
MeOH/CH,CL,/NH,OH (7.5:90:0.75) to afford crude
product which was further purified by silica gel column chro-
matography, using DEA/EtOAc/hexane (1:5:10) to afford
title product (657 mg) as a single isomer having identical
analytical data as product from Method A.

Example 18

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-6-O-me-
thyl-N'-(tert-butyl)-9a-aza-9a-homoerythromycin A

[0400]

[0401] A mixture of Intermediate 1 (0.6 g, 0.8 mmol), tent-
butyl isothiocyanate (1.5 ml, 12.2 mmol) and TEA (444 nL,,
3.2 mmol) in acetonitrile (30 mL.) was shaken in the vial at 60°
C. for 2 h. Then an additional amount of tert-butyl isothiocy-
anate (1.2 ml, 9.7 mmol) was added and shaking continued
overnight at 60° C. Then, EDC (768 mg, 4.0 mmol) was added
and shaking continued overnight at 60° C. Solvent was evapo-
rated and the residue dissolved in CH,Cl, (50 mL), water (50
ml.) was added and pH of the resulting mixture adjusted from
7.3 to 6.5 using 1N HCI. Layers were separated and organic
one was evaporated. The residue was dissolved in EtOAc (50
ml), water was added (50 mL.) and pH of the mixture adjusted
to 4.0, layers were separated and to the aqueous one CH,Cl,
(50 mL) was added, pH of the resulting mixture adjusted to
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7.6. Layers were separated and organic layer was dried over
anhydrous Na,SO, Solvent was evaporated to afford crude
product that was purified by the Biotage SP1 system (10 g
cartridge, using CH,Cl,-MeOH/CH,C1,/NH,OH (15:90:1.
5) to afford title product that was further purified by the
Biotage SP1 system (10 g cartridge, using 2% DEA/EtOAc-
hexane) to afford title product (200 mg) which was dissolved
in EtOAc (30 mL), water (30 m) was added and pH of the
mixture adjusted to 4.0 using 1N HCl. Layers were separated
and to the aqueous one CH,Cl, (30 mL.) was added, pH of the
mixture adjusted to 8.4. Layers were separated and the
organic was dried over anhydrous Na,SO,, solvent was
evaporated to afford title product (100 mg) as a single isomer.
[0402] MS (ES+) m/z: 830.60 [M+H]*.

[0403] 3C NMR (125 MHz, CDCl,) [8/ppm] 179.6, 177.4,
152.8,99.7,95.7,79.9,79.7,79.1,78.6,77.8,76.9, 74.1,73.0,
72.9,70.0, 65.8,62.1,51.9, 51.5,49.3, 45.3, 44.5, 40.6, 39.8,
36.4,35.3,34.7,32.6,30.5, 21.4,20.9, 20.6, 20.1, 19.2, 18.1,
16.0,15.5,14.0, 11.1,9.2.

Example 19

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-me-
thyl-6-O-methyl-9a-aza-9a-homoerythromycin A

[0404]

[0405] A mixture of Intermediate 1 (450 mg, 0.6 mmol),
methyl isothiocyanate (132 mg, 1.8 mmol) and TEA (333 ulL,
2.4 mmol) in acetonitrile (25 mL.) was stirred at 60° C. for 2
h. Then EDC (574 mg, 3.0 mmol) was added and stirring
continued at 60° C. overnight. Solvent was evaporated, the
residue dissolved in CH,Cl, (50 mL), water was added (50
ml), and pH adjusted to 4.1 (1N HCI). Layers were separated
and aqueous layer additionally extracted with CH,Cl, (3x30
ml). Combined organic layers were dried over anhydrous
Na,SO,. Evaporation of the solvent afforded crude product
which was purified by Waters Mass Directed Autopurification
system using Waters XBridge C18, MS column (19x100 mm,
5 mm) with 17 mL/min flow rate (60% 10 mM NH,HCO,
pH=10.0 and 40% CH,CN) to afford title product (55 mg) as
a single isomer.
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[0406] HRMS (ES+) theoret. [M+H]" C;cH,N,O, 5 788.
4909, determined: 788.4909 [M+H]*.

[0407] '*CNMR (125 MHz, CDCl,) [8/ppm] 179.6,177.3,
156.7,99.7,95.7,79.9,79.0,78.5,77.8,76.9,74.1,72.9,72.8,
70.1,65.8,62.7,51.5,49.4,45.3,44.5,40.7,39.9, 36 .4, 35.5,
34.4,33.1,31.9,21.4,20.8,20.6,20.3,19.3,18.1,16.0, 15.3,
13.9,11.1,8.4.

Example 20

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-6-O-me-
thyl-N'-[2-(4-morpholinyl)ethyl]-9a-aza-9a-homo-

erythromycin A

[0408]

[Oj

HN

|

- N_
“non
f

[0409] A mixture of Intermediate 1 (0.6 g, 0.8 mmol), 2-(4-

morpholino)ethyl isothiocyanate (376 ul., 2.4 mmol) and
TEA (725uL, 3.2 mmol) in acetonitrile (30 mL.) was stirred at
60° C. for 2hours. Then EDC (768 mg, 4.01 mmol) was added
and stirring continued at 60° C. for 2 days. Solvent was
evaporated, residue dissolved in CH,Cl, (50 mL), water (50
ml) was added, and pH adjusted to 6.5 (1IN HCI). To the
organic layer water (50 ml) was added and pH adjusted 4.0
(IN HCI). To the aqueous layer fresh CH,Cl, (50 mL) was
added and pH adjusted to 6.8 (eq. NH,OH). Layers were
separated and the organic one was dried over anhydrous
Na,SO,, solvent was evaporated to afford crude product
which was purified by Biotage SP1 system (10 g cartridge,
using CH,Cl,-MeOH/CH,Cl,/NH,OH (7.5:90:0.75) to
afford title product (20 mg) as a single isomer.

[0410] HRMS (ES+) theoret. [M+H]* C,H,;N,O,,: 887.
5593, determined: 887.5606 [M+H]".

[0411] '*CNMR (125 MHz, CDCl,) [8/ppm] 179.6,177.3,
156.2,99.7,95.6,79.9,79.9,79.0,78.5,77.8,76.9,74.1,72.9,
72.8,70.0, 67.0, 65.8, 62.6,60.0, 53.8,51.5,49.4,45.3, 44.5,
43.5,40.7,39.9,36.4,35.6,34.7,31.9,21.4,20.8, 20.6, 20.3,
19.4,18.2,16.0, 153,139, 11.1, 8.7.
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Example 21

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-[3-
(methyloxy )propyl]-6-O-methyl-9a-aza-9a-homo-
erythromycin A

[0412]

[0413] A mixture of Intermediate 1 (0.6 g, 0.8 mmol) and
3-metoxypropyl isothiocyanate (306 pl., 2.4 mmol) in aceto-
nitrile (30 mL) was stirred at 60° C. for 2 hours. Then EDC
(461 mg, 2.4 mmol) was added and stirring continued at 60°
C. overnight. Solvent was evaporated and the residue dis-
solved in CH,Cl, (40 mL.), water (40 mL.) was added, and pH
of'the resulting mixture adjusted to 6.5 (1N HCI). The organic
layer was evaporated and the residue dissolved in EtOAc (50
ml), water (50 mL) was added, and pH of the resulting
mixture adjusted to 4.0 (1N HCI). Layers were separated and
aqueous one was additionally extracted with EtOAc (20 mL).
To the aqueous layer CH,Cl, (50 mL) was added and pH of
the resulting mixture adjusted to 5.0 (aqueous NH,OH).
Than, aqueous layer was additionally extracted with CH,Cl,
(2x20 mL). Combined organic layers at pH 5.0 were dried
over anhydrous Na,SO,. Evaporation of the solvent afforded
crude product which was purified by Waters Mass Directed
Autopurification system using Waters XBridge C18, MS col-
umn (19x100 mm, 5 mm) with 17 mL/min flow rate (linear
gradients from 70% 10 mM NH,HCO; pH=10.0 and 30%
CH,CN to 50% 10 mM NH,HCO, pH=10.0 and 50%
CH,;CN over 20 min) to afford title product as a single isomer
(45 mg).

[0414] HRMS (ES+) theoret. [M+H]* C,,H,(N;0,, 846.
5327, determined 846.5327 [M+H]™.

[0415] '*CNMR (125 MHz, CDCl;) [8/ppm] 179.6,177.3,
155.9,99.8,95.7,79.9,79.8,79.0,78.5,77.8,76.9,74.1,72.9,
72.8,71.1,70.1,65.8,62.6,58.4,51.5,49.4,45.3,44.5,40.7,
39.9,36.4,35.5,34.7,32.0,31.4,31.1,21.4,20.8, 20.6, 20.3,
19.3,18.1,16.0, 15.3, 13.9, 11.1, 8.5.
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Example 22

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-[ 3-
(methylthio)propyl]-6-O-methyl-9a-aza-9a-homo-
erythromycin A

[0416]

[0417] A mixture of Intermediate 1 (0.7 g, 0.94 mmol) and
3-(methylthio)propyl isothiocyanate (375 pL., 2.8 mmol) in
acetonitrile (35 mL) was stirred at 60° C. for 2 hours. Then
EDC (538 mg, 2.8 mmol) was added and stirring continued at
60° C. overnight. Solvent was evaporated, the residue dis-
solved in CH,Cl, (40 mL.), water (40 mL.) was added, and pH
of'the resulting mixture adjusted to 6.5 (1N HCI). The organic
layer was evaporated, residue dissolved in EtOAc (40 mL),
water (40 mL) was added and pH of the resulting mixture
adjusted to 4.0 (1N HCI). Layers were separated and to the
aqueous one fresh CH,Cl, (40 mL) was added, and pH
adjusted to 5.0 (aq. NH,OH). Layers were separated and
organic layer dried over anhydrous Na,SO,. Evaporation of
the solvent afforded crude product that was purified by
Biotage SP1 system (10 g cartridge, using 2% DEA/EtOAc-
hexane) to afford product that was precipitated from diethyl
ether to afford title product as a single isomer (108 mg).
[0418] HRMS (ES+) theoret. [M+H]" C,,H,cN,O, ;S 862.
5099, determined 862.5081 [M+H™*.

[0419] '*CNMR (125 MHz, CDCL,) [8/ppm] 179.6,177.3,
155.9,99.8,95.7,79.8,80.0,79.0,78.5,77.8,76.9,74.1,72.9,
72.8,70.1,65.8,62.7,51.5,49.4,45.5,45.3,44.5,40.7,39.9,
36.4,35.5,34.7,32.0,32.0,31.1, 21.4,20.8,20.6,20.3, 19.4,
18.1,16.0, 154, 15.3,13.9, 11.1, 8.6.
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Example 23

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-6-O-me-
thyl-N'-[4-(methyloxy)phenyl]-9a-aza-9a-homo-
erythromycin A

[0420]

[0421] A mixture of Intermediate 1 (0.7 g, 0.94 mmol) and
4-methoxyphenyl isothiocyanate (392 pl, 2.8 mmol) in
acetonitrile (35 mL) was stirred at 60° C. for 2 hours. Then
EDC (538 mg, 2.8 mmol) was added and stirring continued at
60° C. overnight. Solvent was evaporated, the residue dis-
solved in CH,Cl, (50 mL), and washed with water (50 mL).
Organic layer was evaporated, the residue dissolved in EtOAc
(50 mL), water (50 mL) was added, and pH of the resulting
mixture adjusted to 4.0 (1N HCI). Layers were separated, and
the organic layer was additionally washed with water (2x30
mL). After evaporation of the organic layer, the residue was
dissolved in CH,Cl, (50 mL), water (50 mL) was added, and
pH of the resulting mixture adjusted to 6.6 (aqueous
NH,OH). Layers were separated and the organic layer evapo-
rated to afford crude product which was first purified by
Biotage SP1 system (10 g cartridge, using CH,Cl,-MeOH/
CH,C1,/NH,OH (7.5:90:0.75)) and then precipitated from a
mixture of acetone/water to afford title product as a single
isomer (226 mg).

[0422] HRMS (ES+) theoret. [M+H]* C,H,,N;0, , 880.
5171, determined 880.5200 [M+H]*.

[0423] '3C NMR (125 MHz, CDCL,) [8/ppm] 179.7, 1773,
155.1,154.0, 139.3,124.6,113.6,99.7, 95.7,80.0, 80.3, 79.0,
78.5,77.8,76.9,74.1,72.9,72.8,70.1, 65.8, 62.1, 55.4, 51.5,
49.5,453,44.5,40.7,39.9,36.4,35.5,34.7,31.7,21.4, 20.8,
20.6,20.3,19.3, 18.1, 16.0, 15.3,13.9, 11.1, 8.7
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Example 24

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-6-O-me-
thyl-N'-(tetrahydro-2-furanylmethyl)-9a-aza-9a-ho-
moerythromycin A

[0424]

[0425] A mixture of Intermediate 1 (0.7 g, 0.94 mmol) and
2-tetrahydrofurfuryl isothiocyanate (359 pL, 2.8 mmol) in
acetonitrile (35 mL) was stirred at 60° C. for 2 hours. Then
EDC (538 mg, 2.8 mmol) was added and stirring continued at
60° C. overnight. Solvent was evaporated, the residue dis-
solved in CH,Cl, (50 mL.) and washed with water (50 mL.). To
the organic layer fresh water (50 mIL.) was added and pH of the
resulting mixture adjusted to 4.0 (IN HCl). Layers were
separated, and the organic one was dried over anhydrous
Na,SO,. Evaporation of the solvent afforded crude product
which was purified by Biotage SP1 system (10 g cartridge,
using CH,Cl,-MeOH/CH,C1,/NH,OH (7.5:90:0.75)) to
afford title product (260 mg) as a mixture of diastereomers in
approximately 1:1 ratio.

[0426] HRMS (ES+) theoret. [M+H]* C N0, , 858.
5319, determined 858.5327 [M+H]*.

[0427] 3C NMR (125 MHz, CDCl,) [8/ppm] 179.6, 177.3,
156.1,99.7,95.7,79.9,79.8,79.6,79.1,78.5,77.8,76.8, 74.1,
72.6,72.8,70.1, 68.0, 65.8,62.6,51.5, 51.0,49.4, 45.3, 44.5,
40.8,39.9,36.3,35.4,34.7,31.9,29.2, 21.4,20.8, 20.6, 20.3,
19.3,18.2,16.0, 15.4, 13.9, 11.1, 8.5.
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Example 25

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-(2-
furanylmethyl)-6-O-methyl-9a-aza-9a-homoerythro-
mycin A

[0428]

[0429]
2-furfuryl isothiocyanate (281 pl, 2.8 mmol) in acetonitrile
(35 mL) was stirred at 60° C. for 2 hours. Then EDC (538 mg,
2.8 mmol) was added and stirring continued at 60° C. over-

A mixture of Intermediate 1 (0.7 g, 0.94 mmol) and

night. Solvent was evaporated, the residue dissolved in
CH,Cl, (40 mL), and washed with water (40 mL). Organic
layer was evaporated, the residue dissolved in EtOAc (40
mL), water (50 mL) was added and pH of the resulting mix-
ture adjusted to 4.0 (1N HCl). Layers were separated and the
aqueous one additionally extracted with EtOAc (2x30 mL).
To the aqueous layer CH,Cl, (60 ml.) was added, and pH of
the resulting mixture adjusted to 9.3 (aqueous NH,OH). Lay-
ers were separated and the organic one was dried over anhy-
drous Na,SO,. Evaporation of the solvent afforded crude
product which was purified by Biotage SP1 system (10 g
cartridge, using CH,Cl,-MeOH/CH,C1,/NH,OH (7.5:90:0.
75)) to afford title product (160 mg) as a single isomer.
[0430] HRMS (ES+) theoret. [M+H]* C,5H,,N;0,, 854.
5014, determined 854.4996 [M+H]™.

[0431] 3C NMR (125 MHz, CDCl,) [8/ppm] 179.6, 177.3,
156.7,155.1, 141.1,109.9, 105.5, 99.7, 95.7,80.0, 80.1, 79.1,
78.5,77.8,77.1,74.1,72.9,72.9,70.1, 65.8, 62.6, 51.5, 49.4,
45.3,44.5,43.5,40.6,39.9,36.3,35.5,34.7,31.8,21.4, 20.8,
20.6,20.3,19.3, 18.1, 16.0, 15.4, 13.9, 11.1, 8.6.
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Example 26

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-isopro-
pyl-(9S)-9-dihydroerythromycin A

[0432]

[0433] A mixture of Intermediate 6 (0.6 g, 0.83 mmol) and
isopropyl isothiocyanate (266 pl., 2.49 mmol) in acetonitrile
(30 mL) was stirred at 60° C. for 1 hour. Then EDC (478 mg,
2.49 mmol) was added and stirring continued at 60° C. during
30 h. Solvent was evaporated, the residue dissolved in
CH,CI, (40 mL), water (40 mL) was added, and pH of the
resulting mixture adjusted to 6.5 (1N HC1). Organic layer was
separated and evaporated. The obtained residue was dis-
solved in EtOAc (40 mL), water (40 mL) was added, and pH
of the resulting mixture adjusted to 4.0 (IN HCI). To the
aqueous layer CH,Cl, (40 mL) was added, and pH adjusted to
8.5 (aq. NH,OH). Layers were separated and the organic one
dried over anhydrous Na,SO, Evaporation of the organic
solvent afforded crude product which was purified by Biotage
SP1 system (10 g cartridge, using CH,Cl,-MeOH/CH,Cl,/
NH,OH (7.5:90:0.75)) to afford title product (350 mg) as a
single isomer.

[0434] HRMS (ES+) theoret. [M+H]* C,oH,5N,0, 5 789.
5113, determined 789.5103 [M+H]*.

[0435] '>C NMR (125 MHz, CDCL,) [8/ppm] 176.8, 154.5,
99.9,96.3, 83.9,82.9,79.6,79.9, 77.7,77.5,75.2, 74.5, 72.8,
70.5,65.9, 62.6,49.2, 46.5,44.7,39.9, 36.3,35.5,34.9, 34.3,
32.2,31.7,25.9,24.6,24.4,21.8,21.4,20.8,20.2, 17.9, 16.4,
15.6, 14.9,10.9, 8.6.
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Example 27

N'-Benzyl-2'-0,3'-N-(carbonimidoyl)-3'-N-dem-
ethyl-(9S)-9-dihydroerythromycin A

[0436]

[0437] A mixture of Intermediate 6 (0.6 g, 0.83 mmol) and
benzyl isothiocyanate (331 pL, 2.49 mmol) in acetonitrile (30
ml) was stirred at 60° C. for 3 hours. Then EDC (478 mg,
2.49 mmol) was added and stirring continued at 60° C. over-
night. Solvent was evaporated, the residue dissolved in
CH,Cl, (40 mL), and washed with water (40 mL). To the
organic layer water was added (40 mL), and pH adjusted to
6.5 (IN HCl). Layers were separated and the organic layer
evaporated. Residue was dissolved in EtOAc (40 mL), water
(40 mL) was added, and pH adjusted to 4.0 (1N HCI). Layers
were separated and aqueous layer additionally extracted with
EtOAc (2x30 mL). Combined organic layers were evaporated
and purified by Biotage SP1 system (10 g cartridge, using
CH,Cl,-MeOH/CH,C1,/NH,OH (7.5:90:0.75)) to afford
title product (100 mg) as a single isomer.

[0438] HRMS (ES+) theoret. [M+H]* C,,H,5N,0,; 837.
5113, determined 837.5146 [M+H]*.

[0439] '>C NMR (125 MHz, CDCL,) [8/ppm] 176.9, 156.3,
141.9, 127.9, 127.4, 126.0, 99.7, 96.2, 83.7, 83.1, 80.1, 79.7,
77.1,77.6,75.2,74.4,72.7,70.4,70.4, 65.9, 62.5, 50.1, 49.4,
44.7,40.2,36.3,35.7,34.9,34.8,32.0,31.7, 26.0,21.4, 21 4,
20.8,20.1, 18.0, 16.4, 15.4, 14.8, 10.9, 8.8.
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Example 28
2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-ethyl-
6-O-methyl-(95)-9-dihydroerythromycin A
[0440]

‘ ",I"’OH
,(|)

[0441] A mixture of Intermediate 7 (0.2 g, 0.27 mmol) and
ethyl isothiocyanate (71 pl, 0.82 mmol) in acetonitrile (10
ml) was stirred at 60° C. for 1 hour. Then EDC (156 mg, 0.82
mmol) was added and stirring continued at 60° C. overnight.
Solvent was evaporated and residue purified by Biotage SP1
system (10 g cartridge, using CH,Cl,-MeOH/CH,Cl,/
NH,OH (7.5:90:0.75)). The crude product was dissolved in
CH,C1, (10 mL), water (10 mL) was added, and pH adjusted
to 6.5 (1IN HCI). Layers were separated and organic layer
evaporated to afford title product (120 mg) as a single isomer.
[0442] HRMS (ES+) theoret. [M+H]* C,,H,;N,O, 789.
5113, determined 789.5131 [M+H]".

[0443] '*CNMR (125 MHz, CDCl,) [8/ppm] 175.0,157.7,
99.6,96.7,81.9,79.8,79.8,79.4,79.4,77.6,77.5,74.8,72.8,
70.9,70.1, 65.9, 62.6, 50.7,49.3, 45.0, 40.8,37.9, 36.3, 35.0,
34.7,34.4,32.5,32.0,21.3,21.3, 16.6, 16.6, 10.5, 8.7.

Example 29
2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-isopro-
pyl-6-O-methyl-(9S)-9-dihydroerythromycin A
[0444]
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[0445] A mixture of Intermediate 7 (110 mg, 0.15 mmol)
and isopropyl isothiocyanate (48 ul, 0.45 mmol) in acetoni-
trile (8 mL.) was stirred at 60° C. for 1 hour. Then EDC (86 mg,
0.45 mmol) was added and stirring continued at 60° C. over-
night. Solvent was evaporated and residue purified by the
Biotage SP1 system (10 g cartridge, using CH,Cl,-MeOH/
CH,C1,/NH,OH (7.5:90:0.75)) to afford title product (70
mg) as a single isomer.

[0446] HRMS (ES+) theoret. [M+H]* C,,H,sN,O, 803.
5269, determined 803.5295 [M+H]™.

[0447] '>C NMR (125 MHz, CDCL,) [8/ppm] 175.0, 154.5,
99.7,96.7,81.9,79.8,79.6,79.5,79.3,77.7,77.5, 74.8, 72.8,
70.9,70.1, 65.8, 62.6,50.7, 49.3, 46.5, 45.0, 37.9, 36.3, 35.0,
34.7,34.4,32.5,32.3,24.7,24.4,21.3,21.3,21.3,20.9, 20.2,
18.2,16.5,16.8, 16.1, 10.5, 8.7.

Example 30

N'-Benzyl-2'-0,3'-N-(carbonimidoyl)-3'-N-dem-
ethyl-6-O-methyl-(9S)-9-dihydroerythromycin A

[0448]

HO,

' ..,,,I/OH
T

[0449] A mixture of Intermediate 7 (150 mg, 0.20 mmol)
and benzyl isothiocyanate (81 pL, 0.61 mmol) in acetonitrile
(8 mL) was stirred at 60° C. for 3 hours. Then EDC (117 mg,
0.61 mmol) was added and stirring continued at 60° C. over-
night. Solvent was evaporated and residue purified by the
Biotage SP1 system (10 g cartridge, using CH,Cl,-MeOH/
CH,C1,/NH,OH (7.5:90:0.75)) to afford title product (115
mg) as a single isomer.

[0450] HRMS (ES+) theoret. [M+H]* C,sH,sN,O,; 851.
5269, determined 851.5289 [M+H]™.

[0451] '>C NMR (125 MHz, CDCL,) [8/ppm] 175.0, 156.2,
141.9, 127.4, 127.9, 126.0, 99.5, 96.7, 81.9, 80.1, 79.8, 79.3,
79.4,77.6,77.5,74.8,72.7,70.9,70.1, 65.9, 62.5, 50.8, 50.0,
49.3,45.0,37.9,36.3, 34.,34.7, 34.4,32.4,32.0, 213,21 3,
213,209,202, 183, 16.5, 16.7, 16.1, 10.5, 8.8.
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Example 31
2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-isopro-
pyl-erythromycin A

[0452]

‘ .”""OH
/(|)

[0453] A mixture of Intermediate 8 (200 mg, 0.28 mmol)
and isopropyl isothiocyanate (89 ul, 0.83 mmol) in acetoni-
trile (10 mL) was stirred at 60° C. for 1 hour. Then EDC (160
mg, 0.83 mmol) was added and stirring continued at 60° C.
overnight. Solvent was evaporated and residue purified by
Biotage SP1 system (10 g cartridge, using CH,Cl,-MeOH/
CH,CL,/NH,OH (7.5:90:0.75)) to afford title product (65
mg) as a single isomer.

[0454] HRMS (ES+) theoret. [M+H]* C,,H,,N,O,, 787.
4931, determined 787.4956 [M+H]*.

[0455] '*CNMR (125 MHz, CDCL,) [8/ppm] 221.9, 175.4,
154.5, 100.1, 96.4, 84.4, 80.3, 79.6, 77.7, 76.9, 74.5, 74.5,
72.7,70.2, 68.8,65.7,62.8,51.1,49.3,46.5,44.6,45.2,38.4,
38.0,37.6,36.3,34.9,32.2,26.8,24.7,24.4,21.4,20.9, 20.8,
18.2, 18.1,16.2, 15.9, 12.0, 10.5, 8.5.

Example 32
2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-ethyl-
erythromycin A

[0456]
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[0457] A mixture of Intermediate 8 (400 mg, 0.56 mmol),
TEA (774 uL, 5.56 mmol), and ethyl isothiocyanate (146 L,
1.67 mmol) in acetonitrile (50 mL) was stirred at 60° C. for 1
hour. Then EDC (320 mg, 1.67 mmol) was added and stirring
continued at 60° C. overnight. Then, additional amount of
EDC (745 mg, 3.89 mmol) was added and stirring continued
at 60° C. for 20 hours. Solvent was evaporated, residue dis-
solved in CH,Cl, (30 mL), water (30 mL.) was added, and pH
adjusted to 6.5 (1N HCI). Layers were separated and organic
layer evaporated. Residue was dissolved in EtOAc (30 mL),
water (30 mL) was added, and pH of the resulting mixture
adjusted to 4.0 (IN HCI). Layers were separated, and to the
aqueous one fresh CH,Cl, (30 mL) was added, and pH
adjusted to 9.5 (aqueous NH,OH). Layers were separated, to
the organic layer water (10 mL) was added, and pH adjusted
to 5.1 (IN HCI). Layers were separated and organic layer
evaporated. Residue was purified by Biotage SP1 system (10
g cartridge, using 2% DEA/EtOAc-hexane) to afford title
product (80 mg) as a single isomer.

[0458] HRMS (ES+) theoret. [M+H]* C;,HgoN,O,, 773.
4800, determined 773.4825 [M+H]*.

[0459] '*CNMR (125 MHz, CDCL,) [8/ppm] 221.9, 175.4,
155.8,99.9,96.4,84.4,80.3,79.9,77.7,76.9,74.6,74.4,72.7,
70.2,68.8,65.7,62.7,51.1,49.4,44.7,44.6,45.1, 38.3, 38.0,
37.7,36.3,34.9,32.0,26.8,21.4,21.0,20.8, 18.2, 18.2, 16.6,
16.2,15.9,12.0, 10.5, 8.5.

Example 33

N'-Benzyl-2'-0,3'-N-(carbonimidoyl)-3'-N-dem-
ethyl-erythromycin A

[0460]

. '"I"’OH
T

[0461] A mixture of Intermediate 8 (300 mg, 0.42 mmol),
and benzyl isothiocyanate (166 ul, 1.25 mmol) in acetonitrile
(15 mL) was stirred at 60° C. for 2 hours. Then EDC (240 mg,
1.25 mmol) was added and stirring continued at 60° C. over-
night. Solvent was evaporated and the residue purified by
Biotage SP1 system (10 g cartridge, using CH,Cl,-MeOH/
CH,CL,/NH,OH (7.5:90:0.75)) to obtain crude product
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which was precipitated from EtOAc/hexane mixture to afford
title product (25 mg) as a single isomer.

[0462] HRMS (ES+) theoret. [M+H]* C,,H, N,O,, 835.
4956, determined 835.4968 [M+H]".

[0463] '*CNMR (125 MHz, CDCL,) [8/ppm] 221.7,175.5,
156.3,141.9,127.9,127.4,126.0,99.8, 96.4,84.2, 80.3,80.2,
77.6,76.9,74.6,74.4,72.7,70.2, 68.8, 65.6, 62.6, 51.1, 50.0,
49.4,44.6,45.1,38.4,38,0,37.7,36.3,34.9,31.9,26.7,21 .4,
21.0,20.8,18.2, 16.3, 15.9, 12.0, 10.5, 8.6.

Example 34

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-isopro-
pyl-6-O-methyl-8a-aza-8a-homoerythromycin A

[0464]

. "'I"’OH
T

[0465]
and isopropyl isothiocyanate (499 ul., 4.68 mmol) in aceto-
nitrile (30 mL) was stirred at 60° C. for 3 hours. EDC (448
mg, 2.33 mmol) was added and stirring continued at 60° C.

A mixture of Intermediate 9 (584 mg, 0.78 mmol)

overnight. Solvent was evaporated, residue dissolved in
CH,CI, (40 mL), water (40 mI.) was added, and pH adjusted
to 4.0 (1N HCI). Layers were separated, to the aqueous one
CH,C1, (10 mL) was added, and pH of the resulting mixture
adjusted to 6.5 (aqueous NH,OH). Layers were separated,
organic layer evaporated and the residue purified by Biotage
SP1 system (10 g cartridge, using CH,Cl,-MeOH/CH,Cl,/
NH,OH (7.5:90:0.75)) to afford title product (66 mg) as a
single isomer.

[0466] HRMS (ES+) theoret. [M+H]* C,,H,,N,0,; 816.
5222, determined 816.5250 [M+H]*.

[0467] 3C NMR (125 MHz, CDCl,) [8/ppm] 176.8, 174.9,
154.5, 1003, 95.6, 81.5, 79.6, 78.5, 77.9, 77.9, 77.0, 74.2,
72.9,70.3,70.3, 65.5,62.7,51.8,49.3, 46.5,45.4, 42.8, 42.4,
41.7,41.1,36.4,34.8,32.3,24.6,24.423.7,21.5,21.5,21.2,
20.8,17.9,16.0, 153, 11.0, 9.6, 8.7.
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Example 35
N'-Benzyl-2'-0,3'-N-(carbonimidoyl)-3'-N-dem-
ethyl-6-O-methyl-8a-aza-8a-homoerythromycin A
[0468]

[0469] A mixture of Intermediate 9 (120 mg, 0.16 mmol)
and benzyl isothiocyanate (64 pl, 0.48 mmol) in acetonitrile
(8 mL) was stirred at 60° C. for 3 hours. Then, EDC (92 mg,
0.48 mmol) was added and stirring continued at 60° C. over-
night. Solvent was evaporated, residue dissolved in CH,Cl,
(10 mL), water (10 mL.) was added, and pH adjusted to 6.5
(aqueous NH,OH). Layers were separated, organic layer
evaporated and the residue purified by Biotage SP1 system
(first: 10 g cartridge, using CH,Cl,-MeOH/CH,C1,/NH,OH
(7.5:90:0.75), and then 10 g cartridge, using 2% DEA/
EtOAc-hexane) and then precipitated from EtOAc/hexane to
afford title product (30 mg) as a single isomer.

[0470] HRMS (ES+) theoret. [M+H]* C,sH,,N;0,, 864.
5222, determined 864.5223 [M+H]".

[0471] '*CNMR (125 MHz, CDCL,) [8/ppm] 177.3,174.1,
156.4, 141.9, 127.9, 127.3, 126.0, 100,0, 95.3, 81.0, 80.0,
78.5,77.9,77.0,77.0,74.2,72.9,70.3,70.2, 65.5,62.7,51.9,
50.0,49.3,45.4,42.9,42.4,41.9,40.9,36.4,34.6,32.0,23.8,
21.5,21.4,20.7, 20.6, 18.0, 16.1, 15.1, 11.1, 9.5, 8.7.

Example 36
N'-Benzyl-2'-0,3'-N-(carbonimidoyl)-3'-N-dem-
ethyl-9-deoxo-9a-aza-9a-homoerythromycin A
[0472]

34
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[0473] A mixture of Intermediate 10 (750 mg, 1.04 mmol)
and benzyl isothiocyanate (110 ul, 0.83 mmol) in acetonitrile
(20 mL) was stirred at 60° C. for 2 hours. Then EDC (199 mg,
1.04 mmol) was added and stirring continued at 60° C. over-
night. Solvent was evaporated, residue dissolved in CH,Cl,
(40 mL), and washed with water (40 mL.). To the organic layer
water (40 mL) was added and pH of the resulting mixture
adjusted to 4.0 (1N HCI). Layers were separated, to the aque-
ous layer CH,Cl, (40 mL.) was added, and pH of the resulting
mixture adjusted to 6.5 (aqueous NH,OH). Layers were sepa-
rated, organic layer was evaporated, and the residue was
purified by Biotage SP1 system (10 g cartridge, first using
CH,Cl1,-MeOH/CH,C1,/NH,OH (7.5:90:0.75), and then
using 2% DEA/EtOAc-hexane) and then precipitated from
EtOAc/hexane to afford title product (330 mg) as a single
isomer.

[0474] HRMS (ES+) theoret. [M+H]* C,,H,,N,0,, 836.
5273, determined 836.5265 [M+H]™.

[0475] '*CNMR (125 MHz, CDCL,) [8/ppm] 178.5, 156.5,
142.1,127.9,127.4,125.9,99.9, 95.4, 84.6, 80.2, 78.8, 77.9,
77.9,73.7,73.3,73.3,73.0,70.0, 65.6,62.9,57.0, 56.7, 50.1,
49.3,45.0,41.7,41.1,36.4,34.8,32.0,29.6,27.1,21.8,21.5,
20.8,20.8,18.0, 15.9,15.3,13.9,11.0,8.7.

[0476] It will be appreciated by the skill in the art that the
title compound may be also prepared from Intermediate 11 in
a similar manner to that described in Example 5 hereinabove.

Example 37

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-isopro-
pyl-9-deoxo-9a-aza-9a-homoerythromycin A

[0477]

OH

[0478] A mixture of Intermediate 10 (500 mg, 0.69 mmol)
and isopropyl isothiocyanate (0.222 ml, 2.08 mmol) in
acetonitrile (30 mL) was stirred at 40° C. for 24 hours. Then,
EDC (399 mg, 2.08 mmol) was added and reaction mixture
stirred at 60° C. overnight. Solvent was evaporated, residue
dissolved in CH,Cl, (50 mL), water (50 mL) was added, and
pH or the resulting mixture adjusted to 6.5 (1IN HCI). The
aqueous layer was separated and further extracted with
CH,Cl, (3x50 mL). Combined organic layers were evapo-
rated under reduced pressure to give crude product which was
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purified using Flashmaster 1I-solid phase extraction tech-
niques (SPE 5 g) using gradient solvent system (100-90%
hexane-EtOAc/DEA (9:1)) and 8 ml/min flow rate to afford
product, which was further purified by mass directed auto-
preparative HPLC using acetonitrile-water (0.5% formic
acid). Collected fractions were passed through a SAX column
to remove formic acid and then freeze dried to afford title
product (20 mg) as a single isomer; MS (ES+) m/z: 788.4
[M+H]".

[0479] '*CNMR (125 MHz, CDCI3) [d/ppm] 178.6,154.8,
100.1,95.3,84.6,79.7,78.8,77.9,77.9,73.2,73.4,73.0,73.6,
70.1,57.0,65.7,62.9,56.8,49.3,46.5,45.1,41.6,41.2,36 4,
34.8,32.3,27.0,29.6,24.6,24.4,21.8,21.5,20.7,20.8,17.9,
15.3,15.9,13.7,11.0, 8.5.

[0480] It will be appreciated by the skill in the art that the
title compound may be also prepared from Intermediate 12 in
a similar manner to that described in Example 5 hereinabove.

Example 38

N'-Benzyl-2'-0,3'-N-(carbonimidoyl)-3'-N-dem-
ethyl-6-O-methyl-9-deoxo-8a-methyl-8a-aza-8a-
homoerythromycin A

[0481]

[0482] A mixture of Intermediate 13 (120 mg, 0.16 mmol)
and benzyl isothiocyanate (21 pl, 0.16 mmol) in acetonitrile
(10 mL) was stirred at 60° C. for 1 hour. Then EDC (31 mg,
0.16 mmol) was added and stirring continued at 60° C. over-
night. Additional amount of benzyl isothiocyanate (42 plL,
0.32 mmol) was added and reaction mixture further stirred at
60° C. for 5 hours. Then, additional amount of EDC (62 mg,
0.32 mmol) was added and stirring continued overnight at 60°
C. Then, solvent was evaporated, residue dissolved in CH,Cl,
(40 mL), water (40 mL.) was added, and pH adjusted to 4.0
(IN HCI). Layers were separated, to aqueous one CH,Cl, (40
ml) was added and pH adjusted to 5.2 (aqueous NH,OH).
Layers were separated and organic layer was again extracted
with water (20 mL). To combined aqueous layers CH,Cl, (40
ml) was added and pH adjusted to 7.0 (aqueous NH,OH).
Layers were separated and organic layer was evaporated. The
obtained residue was purified by Biotage SP1 system (10 g
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cartridge, using CH,Cl,-MeOH/CH,CI1,/NH,OH (7.5:90:0.
75)) to afford title product (40 mg) as a single isomer.
[0483] HRMS (ES+) theoret. [M+H]* C,,H, N;0,, 864.
5586, determined 864.5587 [M+H]™.

[0484] '3C NMR (125 MHz, CDCL,) [8/ppm] 177.0, 156.4,
142.0, 127.9, 127.4, 126.0,99.7, 95.7, 80.2, 80.2, 79.0, 78.1,
77.8,77.2,76.2,72.9,70.1,65.7,62.7, 5.6, 50.9, 50.1, 49.3,
45.4,40.5,40.5,36.4,34.8,32.3,32.1,22.3,20.8, 21.5, 20.8,
18.1,163,15.7, 143, 14.1, 11.4, 9.0.

Example 39

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-isopro-
pyl-6-O-methyl-9-deoxo-8a-methyl-8a-aza-8a-ho-
moerythromycin A

[0485]

[0486] A mixture of Intermediate 13 (130 mg, 0.17 mmol)
and isopropyl isothiocyanate (19 ul, 0.17 mmol) in acetoni-
trile (8 mL) was stirred at 60° C. for 1 hour. Then, EDC (67
mg, 0.35 mmol) was added and stirring continued at 60° C.
overnight. Solvent was evaporated, residue dissolved in
CH,CI, (40 mL), and water (40 mL) was added. Layers were
separated, to the organic layer water (50 mL) was added and
pH adjusted to 4.2 (1IN HCI). Layers were separated and
aqueous layer additionally extracted with CH,Cl, (20 mL).
Then to the aqueous layer CH,Cl, (40 m[.) was added and pH
adjusted to 7.0 (aqueous NH,OH). Layers were separated and
organic layer evaporated. The residue was purified by Biotage
SP1 system (10 g cartridge, using CH,Cl,-MeOH/CH,Cl,/
NH,OH (7.5:90:0.75)) to afford title product (30 mg) as a
single isomer.

[0487] HRMS (ES+) theoret. [M+H]* C,,H,3N;0,, 816.
5586, determined 816.5607 [M+H]™.

[0488] '*CNMR (125 MHz, CDCL,) [8/ppm] 177.0, 156.4,
99.9,95.7,80.3,79.7,79.0,78.1,77.8,77.3,76.1,72.9,70.1,
65.6,62.8,50.9,49.3,46.5,45.4, 40.5,40.2,36.4,34.8,32.3,
24.7,24.4,223,21.5,208,18.0,16.2,14.1,11.4, 8.8.
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Example 40

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-isopro-
pyl-9-deoxo-9a-aza-9a-propyl-9a-homoerythromycin
A

[0489]

36
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Step a) 2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-
N'-isopropyl-9-deoxo-9a-aza-9a-(2-propyn-1-yl)-9a-
homoerythromycin A

[0490] A solution 0f2'-O,3'-N-(carbonimidoyl)-3'-N-dem-
ethyl-N'-isopropyl-9-deoxo-9a-aza-9a-homoerythromycin
A, Example 37 (240 mg, 0.31 mmol), propargyl bromide (34
pl, 0.31 mmol), and DIPEA (160 uL, 0.91 mmol) in DMF (4
ml.) was heated at 80° C. under microwave irradiation for 20
minutes. Additional amount of propargyl bromide (170 pL,
1.55 mmol) was added and the reaction mixture heated at 80°
C. under microwave irradiation for 10 minutes. Then, addi-
tional amount of propargyl bromide (136 pul, 1.24 mmol) and
DIPEA (107 pL, 1.55 mmol) were added and reaction mix-
ture heated at 80° C. under microwave irradiation for 15
minutes. Then EtOAc (8 mL) was added, washed with water
(2x10 mL), and dried over anhydrous Na,SO,. Solvent was
evaporated and residue purified by Biotage SP1 system (10 g
cartridge, using CH,Cl,-MeOH/CH,CI1,/NH,OH (7.5:90:0.
75)) to afford title product (170 mg) as a single isomer.

[0491] HRMS (ES+) theoret. [M+H]* C,3H, N,0.,, 826.
5429, determined 826.5452 [M+H]*.

[0492] '>C NMR (125 MHz, CDCL,) [8/ppm] 178.4, 154.7,
100.0,95.1,84.6,80.0,79.7,78.5,77.9,77.6,74.2,74.2,73 7,
73.0,70.2, 65.7, 63.9, 62.9, 62.0, 49.3, 46.5, 44.9, 42.3, 41.2,
37.2,36.3,34.7,32.3,26.9,26.2, 24.6,22.0,21.5,21.2, 20.8,
17.9 16.2, 15.0, 11.1, 10.0, 8.5.

Step b) 2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-
N'-isopropyl-9-deoxo-9a-aza-9a-propyl-9a-homo-
erythromycin A

[0493] A suspension of 2'-O,3'-N-(carbonimidoyl)-3'-N-
demethyl-N'-isopropyl-9-deoxo-9a-aza-9a-(2-propyn-1-yl)-
9a-homoerythromycin A from Step a (140 mg, 0.17 mmol)
and 5% Pd/C (20 mg, 9.4 umol) in ethanol (30 mL) was
hydrogenated at RT for 40 minutes. Then, catalyst was
removed by filtration, solvent evaporated, and residue puri-
fied by Biotage SP1 system (10 g cartridge, using CH,Cl,-
MeOH/CH,Cl,/NH,OH (7.5:90:0.75)) to afford title product
(30 mg) as a single isomer.

[0494] HRMS (ES+) theoret. [M+H]* C,3Hz N0, , 830.
5742, determined 830.5759 [M+H]*.

[0495] '>C NMR (125 MHz, CDCL,) [8/ppm] 178.1, 154.7,
100.0,95.7,84.5,79.8,79.5,77.8,77.8,74.6,74.1,73.8,72.9,
70.0, 65.7,64.9, 62.9,61.6,52.5,49.3,46.5 , 44.8, 40.7, 40.0,
36.4,34.9,32.3,28.6,27.1,24.6,22.5,21.5,21.2, 20.6, 20.6,
18.0,16.2,153,12.1, 11.1, 8.7.
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Example 41
2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-me-
thyl-9-deoxo-9a-methyl-9a-aza-9a-homoerythromy-
cin A

[0496]

",'I/’OH
T

[0497] A mixture of Intermediate 3 (0.4 g, 0.54 mmol) and
methyl isothiocyanate (60 mg, 0.82 mmol) in acetonitrile (20
ml.) was stirred at 60° C. for 2 hours. Then, TEA (76 pl, 0.54
mmol) and CuCl, (73 mg, 0.54 mmol) were added and reac-
tion mixture was additionally stirred at 60° C. for 2 hours. The
solvent was evaporated, residue dissolved in CH,Cl, (40
mL), water (40 m[) was added, and pH adjusted to 8.0 (aque-
ous NH,OH). Layers were separated, organic layer was
evaporated and residue purified by Biotage SP1 system (10 g
cartridge, first using CH,Cl,-MeOH/CH,C1,/NH,OH (7.5:
90:0.75)) and then 10 g cartridge, using 2% DEA/EtOAc-
hexane) to afford title product (100 mg) as a single isomer.
[0498] HRMS (ES+) theoret. [M+H]* C;,H,,N;0,, 774.
5116, determined 774.5126 [M+H]™.

[0499] '*CNMR (125 MHz, CDCl,) [8/ppm] 178.6, 156.8,
99.9,95.2,84.6,80.0,78.8,77.9,77.5,74.6,74.2,73.2,73.0,
70.0,70.0 65.7,62.9, 62.2,49.3,45.0,41.9, 40.9, 36.3, 36.3,
34.8,33.1,31.9,28.6,27.2,22.5,21.5,21.0,20.7, 18.0, 16.2,
153,11.1,7.3, 8.4.

Example 42
2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-ethyl-
9-deoxo-9a-methyl-9a-aza-9a-homoerythromycin A

[0500]

37
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[0501] A mixture of Intermediate 3 (0.9 g, 1.23 mmol) and
ethyl isothiocyanate (322 puL., 3.68 mmol) in acetonitrile (35
ml) was stirred at 60° C. for 2 hours. Then EDC (1.6 g, 8.57
mmol) was added and stirring at 60° C. continued overnight.
Solvent was evaporated, residue dissolved in CH,Cl, (50
mL), water (50 ml) was added, and pH adjusted to 5.2 (IN
HCI). Layers were separated and aqueous layer was addition-
ally extracted with CH,Cl, (2x30 mL). Then to the aqueous
layer CH,Cl, (50 mL) was added and pH adjusted to 6.1
(aqueous NH,OH). Layers were separated and aqueous layer
was additionally extracted with CH,Cl, (2x20 mL). The com-
bined organic layers were dried over anhydrous Na,SO,.
Evaporation of the solvent afforded crude product which was
purified by Biotage SP1 system (10 g cartridge, using
CH,Cl,-MeOH/CH,C1,/NH,OH (7.5:90:0.75)) and then by
precipitation from mixture of acetone/water to afford title
product (311 mg) as a single isomer.

[0502] HRMS (ES+) theoret. [M+H]* C,,H,,N;0,, 788.
5277, determined 788.5301 [M+H]™.

[0503] '*CNMR (125 MHz, CDCL,) [8/ppm] 178.5, 155.9,
99.9,95.6, 84.8,80.0,79.0,77.9,77.6,74.2,74.5,73.3,73.2,
70.1,70.1 65.7,62.8, 62.1,49.3, 44.9,41.9, 40.7, 40.6, 36.4,
36.4,35.3,32.1,28.6,26.6,21.9,21.5,21.0,20.8, 18.0, 16.6,
16.1,153,11.1,7.3, 8.5.

Example 43

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-[ 3-
(methylthio)propyl]-9a-methyl-9a-aza-9a-homo-
erythromycin A

[0504]

' '"I/"OH
T

[0505] A mixture of Intermediate 3 (1 g, 1.361 mmol) and
3-(methylthio)propyl isothiocyanate (0.545 mL, 4.08 mmol)
in acetonitrile (50 mL) was stirred at 60° C. for 1 hour. Then
EDC (0.783 g, 4.08 mmol) was added and stirring continued
at 60° C. overnight. Additional amount of EDC (0.783 g, 4.08
mmol) was added and reaction mixture stirred at 60° C.
overnight. Precipitate was filtered off, and filtrate evaporated.
The residue was dissolved in CH,Cl, (50 mL), water was
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added (50 mL.), and pH adjusted to 6.5 (1N HCI). Layers were
separated, to the organic layer water (50 mL) was added and
pH adjusted to 4.1. Layers were separated and aqueous layer
additionally extracted with CH,Cl, (50 mL). To the aqueous
layer CH,Cl, (50 mL) was added, and pH adjusted to 9.2
(aqueous NH,OH). Layers were separated and aqueous layer
additionally extracted with CH,Cl, (3x50 mL). Combined
organic layers at pH 9.2 were dried over anhydrous K,CO;,
solvent was evaporated to afford crude product which was
precipitated from diethylether and purified by silica gel col-
umn chromatography (using CH,Cl,/MeOH/NH,OH (90:5:
0.5)) to afford title product (214 mg) as a single isomer.
[0506] HRMS (ES+) theoret. [M+H]" C,,H,;N,O,,S 848.
5306, determined 848.5292 [M+H]".

[0507] '*CNMR (125 MHz, CDCL,) [8/ppm] 178.7,159.1,
99.9,94.9,84.6,79.9,78.5,77.9,77.5,74.1,73.9,73.3,73.0,
70.1,70.0,65.7,62.9,62.3,49.4,45.4,45.1,41.9,41.3,36.3,
36.2,34.7,32.1,32.1,31.1,27.3,26.7,21.9,21.5,21.1, 20.7,
17.9,16.1,154,14.9,11.1, 84, 7.1.

Example 44

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-[4-
(metoxy)phenyl]-9a-methyl-9a-aza-9a-homoerythro-
mycin A

[0508]

. ""I"OH
T

[0509] A mixture of Intermediate 3 (1 g, 1.361 mmol) and
4-metoxyphenyl isothiocyanate (0.570 mL, 4.08 mmol) in
acetonitrile (50 mL) was stirred at 60° C. for 1 hour. Then,
EDC (0.783 g, 4.08 mmol) was added and stirring at 60° C.
continued overnight. Additional amount of EDC (0.783 g,
4.08 mmol) was added and the reaction mixture stirred at 60°
C. overnight. Precipitate was filtered off, and filtrate evapo-
rated. The residue was dissolved in CH,Cl, (50 mL), water
was added (50 mL), and pH adjusted to 6.5 (1N HCI). Layers
were separated, to the organic layer water (50 mlL.) was added
and pH adjusted to 4.1. Layers were separated and organic
layer evaporated. The residue was dissolved in EtOAc (50
ml) and extracted with water (50 mL). To the aqueous layer
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CH,CI, (50 mL.) was added, and pH adjusted to 9.2 (aqueous
NH,OH), Layers were separated and aqueous layer addition-
ally extracted with CH,Cl, (3x50 mL). Combined organic
layers at pH 9.2 were dried over K,COj,, solvent was evapo-
rated to afford crude product which was purified by silica gel
column chromatography (using CH,Cl,/MeOH/NH,OH (90:
5:0.5)) to afford title product (363 mg) as a single isomer.
[0510] HRMS (ES+) theoret. [M+H]* C,sH, (N0, 866.
5378, determined 866.5402 [M+H]".

[0511] '*CNMR (125 MHz, CDCL,) [8/ppm] 178.7, 155.0,
1543, 139.6, 124.6, 113.5,99.7, 95.0, 84.6, 80.4, 78.5, 77.9,
77.5,74.1,73.9,73.2,73.1,70.0, 70.0, 65.7,62.4, 62.3, 55.3,
49.5,45.0,41.9,41.2,36.2,36.4,34.7,31.7,27.2,26.6,21.8,
21.5,21.1,20.7, 18.0, 16.1, 15.0, 11.1, 8.5, 7.2.

Example 45

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-N'-(tert-
butyl)-9a-methyl-9a-aza-9a-homoerythromycin A

[0512]

A ..,,,//OH
T

[0513] A mixture of Intermediate 3 (1 g, 1.361 mmol) and
tert-butyl isothiocyanate (1.036 mL., 8.16 mmol) in acetoni-
trile (50 mL) was stirred at 60° C. overnight. Additional
amount of tert-butyl isothiocyanate (0.173 mL, 1.361 mmol)
was added stirreding at 60° C. continued for 8 hours. Then
EDC (0.783 g, 4.08 mmol) was added and reaction mixture
stirred at 60° C. overnight. Solvent was evaporated, the resi-
due dissolved in CH,Cl, (50 mL), water was added (50 mL.),
and pH adjusted to 6.5 (IN HCI). Layers were separated and
organic layer evaporated. The residue was dissolved in
EtOAc (50 mL), water was added, and pH adjusted to 4.1 (1IN
HCI). Layers were separated, to the aqueous layer CH,Cl, (50
ml.) was added, and pH adjusted to 9.2 (aq. NH,OH). Layers
were separated and aqueous layer additionally extracted with
CH,CI, (2x50 mL). Combined organic layers at pH 9.2 were
dried over K,COj;, solvent was evaporated to afford crude
product which was purified by solid-phase extraction tech-
nique (SPE 20 g, using CH,Cl,/MeOH/NH,OH (90:5:0.5))
to afford title product (143 mg) as a single isomer.

[0514] HRMS (ES+) theoret. [M+H]* C,,H,N;0,, 816.
5586, determined 816.5581 [M+H]™.

[0515] '*CNMR (125 MHz, CDCl;) [8/ppm] 178.7,152.8,
100.0,95.0,84.6,79.8,78.6,77.9,77.5,74.1,73.9,73.3,73.0,
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70.1,70.0, 65.6,62.3,62.3,51.7,49.3, 45.1, 41.8, 41.3, 36.2,
36.4,34.7,32.7,30.5,27.2, 26.6,21.8,21.5,21.0, 20.8, 17.9,
16.1,15.1,11.1, 8.9, 7.2.

Example 46

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-9a-me-
thyl-N'-(4-quinolinyl)-9a-aza-9a-homoerythromycin
A

[0516]

[0517]
4-quinolinyl isothiocyanate (0.760 g, 4.08 mmol) in acetoni-
trile (50 mL) was stirred at 60° C. for 2 hours. Then EDC
(0.783 g, 4.08 mmol) was added and stirring at 60° C. con-
tinued overnight. Solvent was evaporated, residue dissolved
in CH,Cl, (50 mL), water was added (50 mL), and pH
adjusted to 6.5 (aqueous NH,OH). Layers were separated and
organic layer evaporated. The residue was purified by Biotage
SP1 system (10 g cartridge, using CH,Cl,-MeOH/CH,Cl,/
NH,OH (7.5:90:0.75)) to afford title product (116 mg) as a
single isomer.

[0518] HRMS (ES+) theoret. [M+H]* C,,H,.N,0, , 887.
5381, determined 887.5362 [M+H]*.

[0519] '3C NMR (125 MHz, CDCl,) [8/ppm] 178.6, 156.1,
151.2,150.4, 149.2, 128.9, 128.8, 125.7,124.9, 124.6, 124.1,
112.9,99.4,95.2,84.9,81.1,78.8,77.8,77.5,74.2,74.1,73.1,
73.2,70.1,70.0, 65.7, 62.2, 62.1, 49.5, 44.9, 41.8, 40.8, 36.3,
36.3,34.8,31.3,27.1,26.6,21.8, 21.5, 20.9, 20.7 18.0, 16.0,
152,11.1,8.4,7.2.

A mixture of Intermediate 3 (1 g, 1.361 mmol) and
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Example 47

2'-0,3'-N-(Carbonimidoyl)-3'-N-demethyl-9a-me-
thyl-N'-[2-(4-morpholinyl)ethyl]-9a-aza-9a-homo-
erythromycin A

[0520]

[0521] A mixture of Intermediate 3 (1 g, 1.361 mmol) and
2-(4-morpholino)ethyl isothiocyanate (0.703 g, 4.08 mmol)
in acetonitrile (50 mL) was stirred at 60° C. for 1 hour. Then
EDC (0.783 g, 4.08 mmol) was added and stirring at 60° C.
continued overnight. Solvent was evaporated, residue dis-
solved in CH,Cl, (50 mL), water was added (50 mL), and pH
adjusted to 6.5 (IN HCI). Layers were separated, to the
organic layer water (50 mL) was added, and pH adjusted to
9.2 (aqueous NH,OH). Layers were separated and aqueous
layer additionally extracted with CH,Cl, (3x50 mL). Com-
bined organic layers were dried over K,CO;, solvent was
evaporated to afford crude product which was purified by
silica gel column chromatography (CH,Cl,/MeOH/NH,OH
(90:5:0.5)) to afford title product (63 mg) as a single isomer;
MS (ES+) m/z: 873.88 [M+H]".

[0522] '*CNMR (125 MHz, CDCL,) [8/ppm] 178.6, 156.4,
99.8,94.9,84.4,80.1,78.4,77.9,77.5,74.1,73.9,73.2,73.1,
70.0,70.0, 66.9, 65.7,62.8,62.3, 60.1, 53.9,49.4, 45.0, 43.5,
41.9,41.3,36.4,36.2,34.7,31.9,27.3,26.7,21.9,21,5,21.1,
20.7,17.9,16.1,14.9,11.1, 8.5,7.2.
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Example 48 Step a) N'-Benzyl-2'-O,3'-N-(carbonimidoyl)-3'-N-
N'-Benzyl-2'-O,3'-N-(carbonimidoyl)-3'-N-dem- demethyl-9-deoxo-9a-aza-9a-(2-propyn-1-yl)-9a-
ethyl-9-deoxo-9a-aza-9a-propyl-9a-homoerythromy- homoerythromycin A

A
o [0524] A solutionofN'-benzyl-2'-O,3'-N-(carbonimidoyl)-

3'-N-demethyl-9-deoxo-9a-aza-9a-homoerythromycin A,
Example 36 (260 mg, 0.31 mmol), propargyl bromide (346
pl, 3.11 mmol), and DIPEA (272 uL, 1.56 mmol) in DMF (4
ml.) was heated at 80° C. under microwave irradiation for 20
minutes. Then EtOAc (8 mL) was added, washed with water
(10 mL), and dried over anhydrous Na,SO,. Solvent was
evaporated and residue purified by Biotage SP1 system (10 g
cartridge, using CH,Cl,-MeOH/CH,CI1,/NH,OH (7.5:90:0.
75)) to afford title product (64 mg) as a single isomer.
[0525] HRMS (ES+) theoret. [M+H]* C,,H, (N0, , 874.
5429, determined 874.5446 [M+H]".

[0526] '*CNMR (125 MHz, CDCl,) [8/ppm] 178.4,156.5,
142.0,127.9,127.4,126.0,99.8, 95.2, 84.5, 80.1, 80.1, 78.5,
77.9,77.6,74.4,74.3,74.3,73.7,73.0,70.1,65.7,63.9, 62.8,
62.0,50.1,49.3,44.9,42.3,41.2,37.2,36.4,34.7,32.0,26.8,
26.2,22.0,21.5,21.3,20.7,18.0,16.2,14.9,11.2, 10.1, 8.7.

[0523]

Step b) N'-Benzyl-2'-0,3'-N-(carbonimidoyl)-3'-N-
demethyl-9-deoxo-9a-aza-9a-propyl-9a-homoeryth-
romycin A

[0527] A suspension of N'-benzyl-2'-O,3'-N-(carbonimi-
doyl)-3'-N-demethyl-9-deoxo-9a-aza-9a-(2-propyn-1-yl)-
9a-homoerythromycin A from Step a (260 mg, 0.30 mmol)
and 5% Pd/C (26 mg, 12.0 umol) in ethanol (30 mL) was
hydrogenated at RT for 2 hours. Then, catalyst was removed
by filtration, solvent evaporated, and residue purified by
Biotage SP1 system (10 g cartridge, using CH,Cl,-MeOH/
CH,C1,/NH,OH (7.5:90:0.75)) to afford title product (25
mg) as a single isomer.

[0528] MS (ES+) m/z: 878.75 [M+H]".

[0529] '*CNMR (125 MHz, CDCl,) [8/ppm] 178.0,156.5,
142.0,127.9,127.4,126.0,99.8, 95.7, 84.6, 80.2, 79.5, 77.8,
74.6,74.1,73.9,72.9,70.0,65.7, 65.0, 62.8, 61.6, 52.4, 50.0,
49.3,44.8,40.9,40.0,36.4,34.9,31.8,28.5,27.1,22.5,21.5,
21.2,2038, 20.6, 18.0, 16.2,15.2,12.0,11.1, 9.1, 8.8.
[0530] In Vitro Assay

[0531] The in vitro potency of the compounds has been
measured using the methodology described in the in vitro
protocol for Inhibition of IL-6 production in LPS-stimulated
murine splenocytes in vitro. Compounds of examples 4, 8, 15
and 24 exhibited more than 40% of inhibition of interleukin-6
(IL-6) production, compounds of examples 7, 14, 22, 23, 34
and 47 exhibited more than 60% of inhibition of interleukin-6
(IL-6) production and compounds of examples 1 t0 3, 5, 6, 9
to 13,16, 17, 18, 20, 26 to 33, 35 to 46 and 48 exhibited more
than 80% of inhibition of interleukin-6 (IL-6) production in
LPS-stimulated splenocytes at 50 uM or/and 25 uM concen-
tration of the compound.

[0532] In Vivo Assay

[0533] The in vivo potency of the compounds has been
measured using the methodology described in the in vivo
protocol for Lung neutrophilia induced by bacterial
lipopolysaccharide in male BALB/cJ mice and/or using the
methodology described in the in vivo protocol Phorbol
12-myristate 13-acetate induced ear edema in CD1 mice.
Compounds of examples 3, 7, 11, 14 and 24 showed more
than 70% inhibition and compounds of examples 5, 6 and 9
showed more than 50% inhibition of total cell number and
number of neutrophils in BALF of treated animals which
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received intraperitoneally (i.p.) a single dose of 200 mg/kg of
test compound. Compounds of examples 1to 3,510 8, and 11
to 15 showed more than 50% inhibition of edema applied
topically once in a dose 500 pg/ear.

What is claimed is:
1. A compound of Formula (I):

Formula (I)

HO,

w

A is a bivalent radical selected from —C(0)—, —N(R?)
CH,—, —CH,N[R’)—, —NHC(0)—, —C(O)NH—,
—CH(OH)— and —C(=NOR%—;

R is the a-L-cladinosyl group of formula (II);

an

R? is hydrogen;
R? is hydrogen or C,_salkyl;
R*is

C,_, alkyl optionally substituted by hydroxyl, methoxy
or thiomethyl;

(i1) N,N-di(C, -C;-alkyl)amino;

(iii) Cg4_joaryl optionally substituted by one or two
groups selected from C, ;alkyl, halogen, hydroxyl,
C, salkyloxy and CF;

(iv) a 3-6 membered monocyclic heterocyclic ring or a
fused 9-10 membered bicyclic heterocyclic ring
which is saturated or partially unsaturated containing
one or two heteroatoms selected from oxygen, nitro-
gen and sulphur;

(v) a 5-6 membered monocyclic heteroaromatic ring or
a fused 9-10 membered bicyclic heteroaromatic ring
containing 1 to 2 heteroatoms selected from oxygen,
nitrogen and sulphur;

R? is C,_alkyl or hydrogen;
R is hydrogen;
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n is an integer from zero to 3 provided that ‘n’ cannot be
zero when R* is N,N-di(C,-C,-alkyl)amino, or a hetero-
cyclic ring or a heteroaromatic ring attached via an het-
eroatom;

or a salt thereof.

2. A compound as claimed in claim 1, wherein A is a
bivalent radical selected from —N(R*)CH,—, —C(O)—and
—NHC(O)—.

3. A compound as claimed in claim 1, wherein A is a
bivalent radical —N(R*)CH,—, R® is C,_jalkyl and R> is
hydrogen.

4. A compound as claimed in claim 1, wherein A is a
bivalent radical —C(O)— and R? is hydrogen or C,_jalkyl.

5. A compound as claimed in claim 1, wherein A is a
bivalent radical —NHC(O)— and R>® is hydrogen or
C,_salkyl.

6. A compound as claimed in claim 1, wherein R? is hydro-
gen.

7. A compound as claimed in claim 1 wherein R? is methyl.

8. A compound as claimed in claim 1 wherein R* is
C,_salkyl and n is zero.

9. A compound as claimed in claim 1 wherein R* is
Ce.0aryl.

10. A compound of Formula (I) as claimed in claim 1,
selected from:

N'-benzyl-2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-9-
deoxo-9a-methyl-9a-aza-9a-homoerythromycin A;

2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-9-deoxo-9a-
methyl-N'-(1-naphthyl)-9a-aza-9a-homoerythromycin
A
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-9-deoxo-N'-

isopropyl-9a-methyl-9a-aza-9a-homoerythromycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-9-deoxo-N'-[3-

(diethylamino)propyl]-9a-methyl-9a-aza-9a-homo-

erythromycin A;
N'-(benzyl)-2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-6-

O-methyl-9a-aza-9a-homoerythromycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-6-O-methyl-

N'-(1-naphthyl)-9a-aza-9a-homoerythromycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-isopropyl-

6-O-methyl-9a-aza-9a-homoerythromycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-[ 3-(diethy-

lamino)propyl]-6-O-methyl-9a-aza-9a-homoerythro-

mycin A;
N'-benzyl-2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-6-

O-methyl-erythromycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-6-O-methyl-

N'-(1-naphthyl)-erythromycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-isopropyl-

6-O-methyl-erythromycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-[ 3-(diethy-

lamino)propyl]-6-O-methyl-erythromycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-methyl-6-

O-methyl-erythromycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-ethyl-6-O-

methyl-erythromycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-ethyl-6-O-

methyl-9a-aza-9a-homoerythromycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-6-O-methyl-

N'-(4-quinolyl)-9a-aza-9a-homoerythromycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-(2,6-difluo-

rophenyl)-6-O-methyl-9a-aza-9a-homoerythromycin

]
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2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-6-O-methyl- 2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-(tert-butyl)-
N'-(tert-butyl)-9a-aza-9a-homoerythromycin A; 9a-methyl-9a-aza-9a-homoerythromycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-methyl-6- 2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-9a-methyl-N'-
O-methyl-9a-aza-9a-homoerythromycin A; (4-quinolinyl)-9a-aza-9a-homoerythromycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-6-O-methyl- 2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-9a-methyl-N'-
N'-[2-(4-morpholinyljethyl]-9a-aza-9a-homoerythro- [2-(4-morpholiny])ethyl]-9a-aza-9a-homoerythromy-
mycin A; cin A; and
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-[3-(methy- N'-benzyl-2-0,3'-N-(carbonimidoyl)-3'-N-demethy1-9-
loxy)propyl]-6-O-methyl-9a-aza-9a-homoerythromy- deoxo-9a-aza-9a-propyl-9a-homoerythromycin A;

cin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-[3-(meth-
ylthio)propyl]-6-O-methyl-9a-aza-9a-homoerythromy-
cin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-6-O-methyl-
N'-[4-(methyloxy)phenyl]-9a-aza-9a-homoerythromy-
cin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-6-O-methyl-
N'-(tetrahydro-2-furanylmethyl)-9a-aza-9a-homo- R4
erythromycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-(2-furanyl- (C{IZ)W
methyl)-6-O-methyl-9a-aza-9a-homoerythromycin A; NH
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-isopropyl-
(95)-9-dihydroerythromycin A;
N'-benzyl-2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-
(95)-9-dihydroerythromycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-ethyl-6-O-
methyl-(9S)-9-dihydroerythromycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-isopropyl-
6-O-methyl-(9S)-9-dihydroerythromycin A;
N'-benzyl-2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-6-
O-methyl-(9S)-9-dihydroerythromycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-isopropyl-

or a salt thereof.

11. A compound of Formula (I) or a salt thereof as claimed
in claim 1 wherein the salt is a pharmaceutically acceptable
salt.

12. A compound of Formula (IIT)

(I

erythromycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-ethyl-eryth- wherein,

romycin A; A is a bivalent radical selected from —C(O)—, —N(R>)
N'-Benzyl-2'-0O,3'-N-(carbonimidoyl)-3'-N-demethyl- CH,—, —CH,N(R®)—, —NHC(O)—, —C(O)NH—,

erythromycin A; —CH(OH)— and —C(=NOR®)—;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-isopropyl- R! is the a-L-cladinosyl group of formula (II);

6-O-methyl-8a-aza-8a-homoerythromycin A;
N'-benzyl-2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-6-
O-methyl-8a-aza-8a-homoerythromycin A; an
N'-benzyl-2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-9-
deoxo-9a-aza-9a-homoerythromycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-isopropyl-
9-deox0-9a-aza-9a-homoerythromycin A;
N'-benzyl-2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-6-
O-methyl-9-deoxo-8a-methyl-8a-aza-8a-homoerythro-
mycin A;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-isopropyl-
6-O-methyl-9-deoxo-8a-methyl-8a-aza-8a-homoeryth-
romycin A;

2'-O,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-isopropyl- R? is hydrogen;
9-deoxo-9a-aza-9a-propyl-9a-homoerythromycin A; R is hydrogen or C, alkyl;
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-methy1-9- 4. yarog 1-3 ’
deoxo-9a-methyl-9a-aza-9a-homoerythromycin A; R 1.s ) )
2'-0,3'-N~(carbonimidoy!)-3'-N-demethyl-N'-ethy1-9- 1N Cy, alkyl optionally substituted by hydroxyl, meth-
deoxo-9a-methyl-9a-aza-9a-homoerythromycin A; ..oxy or t.hlomethyl; ]
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-[3-(meth- (i) N,N-di(C, -C5-alkyl)amino;
ylthio)propyl]-9a-methyl-9a-aza-9a-homoerythromy- (iii)) Cq4 joaryl optionally substituted by one or two
cinA; groups selected from C, jalkyl, halogen, hydroxyl,
2'-0,3'-N-(carbonimidoyl)-3'-N-demethyl-N'-[4-(me- C,.;alkyloxy and CFj;
toxy)phenyl]-9a-methyl-9a-aza-9a-homoerythromycin (iv) a 3-6 membered monocyclic heterocyclic ring or a

fused 9-10 membered bicyclic heterocyclic ring

]
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which is saturated or partially unsaturated containing
one or two heteroatoms selected from oxygen, nitro-
gen and sulphur;

(v) a 5-6 membered monocyclic heteroaromatic ring or
a fused 9-10 membered bicyclic heteroaromatic ring
containing 1 to 2 heteroatoms selected from oxygen,
nitrogen and sulphur;

R? is C,_alkyl or hydrogen;

R is hydrogen;

n is an integer from zero to 3 provided that ‘n’ cannot be
zero when R* is N,N-di(C, -C5-alkyl)amino, or a hetero-
cyclic ring or a heteroaromatic ring attached via an het-
eroatom;

or a salt thereof.

13. Process for the preparation of compounds of Formula

(D according to claim 1 comprising reacting a compound of
Formula (I1I)

(1)

HO,

\\\\“u

with an activating agent selected from carbodiimide and
2-chloro-1-methylpyridinium iodide.

Feb. 17,2011

14. A method for the treatment of neutrophil dominated
inflammatory diseases resulting from neutrophilic infiltration
and/or diseases associated with altered cellular functionality
of neutrophils selected from chronic obstructive pulmonary
disease, cystic fibrosis, diffuse panbronchiolitis, bronchiolitis
obliterans, bronchitis, bronchiectasis, adult respiratory dis-
tress syndrome, severe or steroid-resistant asthma, emphy-
sema, chronic rhinosinusitis, rheumatoid arthritis, gouty
arthritis, inflammatory bowel disease, glomerulonephritis,
damage from ischemic reperfusion, atherosclerosis, psoria-
sis, vasculitis, systemic lupus erythematosus, systemic
inflammatory response syndrome, sepsis, ischemia-reperfu-
sion injury, rosacea, periodontitis, gingival hyperplasia and
prostatitis syndrome in a subject in need of such treatment
comprising administering to the subject a therapeutically
effective amount of compound of Formula (I) according to
claim 1 or a pharmaceutically acceptable salt thereof.

15. The method of claim 14, wherein disease is selected
from chronic obstructive pulmonary disease, cystic fibrosis,
diffuse panbronchiolitis, bronchiolitis obliterans, bronchitis,
bronchiectasis, adult respiratory distress syndrome, severe or
steroid-resistant asthma, emphysema and chronic rhinosi-
nusitis.

16. A pharmaceutical composition comprising a com-
pound as claimed in claim 1 or a pharmaceutically acceptable
salt thereof, in association with at least one pharmaceutically
acceptable excipient, diluent and/or carrier.

17. (canceled)

18. (canceled)

19. (canceled)



