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(57) ABSTRACT 

There are described novel S-O-mycaminosyltylonide 
(OMT) analogs possessing increased antibacterial activity 
toWard Gram positive and Gram negative bacteria as Well as 
macrolide resistant Gram positives and pharmaceutically 
acceptable compositions comprising a therapeutically effec 
tive amount of a compound of the invention in combination 
With a pharmaceutically acceptable carrier. Also described 
are a method for treating bacterial infections by administer 
ing to a patient a pharmaceutical composition containing a 
therapeutically-effective amount of a compound of the 
invention, and processes for the preparation of such com 
pounds 
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23-O-SUBSTITUTED 
S-O-MYCAMINOSYLTYLONIDE DERIVATIVES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/126,076, ?led Apr. 19, 2002. This 

application is also related to commonly assigned US. patent 
application Ser. No. 10/125,840, ?led on Apr. 19, 2002 
(Attorney Docket Number ENP-029) and US. patent appli 
cation Ser. No. 10/796,840, ?led on Mar. 9, 2004 (Attorney 
Docket Number ENP-029CON). 

TECHNICAL FIELD 

[0002] The present invention relates to novel macrolides 
having antibacterial activity and useful in the treatment and 
prevention of bacterial infections. More particularly, the 
invention relates to a novel class of 4‘-substituted 16-mem 
bered macrolides, compositions containing such compounds 
and methods for using the same, as Well as processes for 
making such compounds. 

BACKGROUND OF THE INVENTION 

[0003] Macrolide antibiotics play a therapeutically impor 
tant role, particularly With the emergence of neW pathogens. 
Structural differences are related to the siZe of the lactone 
ring and to the number and nature (neutral or basic) of the 
sugars. Macrolides are classi?ed according to the siZe of the 
lactone ring (12, 14, 15 or 16 atoms). The macrolide 
antibiotic families (14-, 15- and 16-membered ring deriva 
tives) exhibit a Wide range of characteristics (antibacterial 
spectrum, side-effects and bioavailability). Among the com 
monly used macrolides are erythromycin and josamycin. 

[0004] The 16-membered ring macrolide antibiotics con 
stitute an important clinically useful series of naturally 
occurring compounds Within the macrolide class of antibi 
otics, as they shoW some advantages over 14-membered ring 
compounds (gastrointestinal tolerance and activity against 
strains expressing resistance of the inducible type). Sixteen 
membered macrolides usually contain an amino-disaccha 
ride-4-O-(L-mycarosyl)-D-mycaminose and/or D-desos 
amine. One class has only neutral sugars. The sixteen 
membered macrolides can be classi?ed into tWo major 
groups—the leucomycins and the tylosin series. 

Jan. 27, 2005 

[0005] The tylosin series is divided into tWo groups—IIA 
and IIB—Which differ at the C-6-side chain and the nature 
of the sugars on the chromophore. Tylosin consists of a 
substituted 16-membered ring lactone (tylonolide), an ami 
nosugar (D-mycaminose) attached to C-5, tWo neutral sug 
ars (D-mycinose attached at C-23 and L-mycarose attached 
at C-4‘) and an acetaldehyde at C-6. 

Tylosin 

[0006] Considerable research efforts have been carried out 
on tylosin and its derivatives but not much success has been 
observed With this subclass. The search for macrolides 
active against MLSB-resistant strains (MLSB=Macrolides— 
Lincosamides-Type B Streptogramines) has become a 
major goal, in addition to improving the overall pro?le of the 
macrolides in terms of acid stability, tolerance and pharma 
cokinetics. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides a novel class of 
5-O-mycaminosyltylonide (OMT) analogs possessing 
increased antibacterial activity toWard Gram positive and 
Gram negative bacteria as Well as macrolide resistant Gram 
positives. In addition, the present invention provides a class 
of 5-O-mycaminosyltylonide analogs that are more acid 
stable and overcome bacterial resistance. 

[0008] In one embodiment, the present invention provides 
compounds represented by Formula I, or a pharmaceutically 
acceptable salt, ester or prodrug thereof: 

(1) 
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[0009] In Formula I 

[0010] A is selected from the group consisting of: 

[0011] (1) —CHO or a protected aldehyde; 

[0012] (2) —CN; 

[0013] (3) —CH=N—NR6R7, Wherein R6 and R7 are 
each independently selected from the group consist 
ing of: 

[0014] (a) hydrogen; 
[0015] (b) C1-C6-alkyl, optionally substituted With 

one or more substituents selected from the group 

consisting of: halogen, aryl, substituted aryl, het 
erocyclic, and substituted heterocyclic; 

[0016] (c) C2-C6-alkenyl, optionally substituted 
With one or more substituents selected from the 

group consisting of: halogen, aryl, substituted 
aryl, heterocyclic, and substituted heterocyclic; 

[0017] (d) C2-C6-alkynyl, optionally substituted 
With one or more substituents selected from the 

group consisting of: halogen, aryl, substituted 
aryl, heterocyclic, and substituted heterocyclic; 
and 

[0018] (e) R6 and R7, taken together With the 
nitrogen atom to Which they are connected, form 
a 3- to 7-membered ring Which may optionally 
contain a hetero-function selected from the group 

consisting of: —O—, —NH—, —N(C1-C6 
alkyl)-, —N(aryl)-, —N(heteroaryl)-, —S—, 
—S(O)—, and —S(O)2—; 

[0019] (4) —CH=N—OR6, Where R6 is as previously 
de?ned; 

[0020] (5) —CHZX, Wherein X is selected from the 
group consisting of: 

[0021] (a) hydroXy or protected hydroXy; 

[0022] (b) halogen; 

[0023] (c) —NR6R7, Where R6 and R7 are as pre 
viously de?ned; 

[0024] (d) —NR6C(O)—R8, Where R6 is as previ 
ously de?ned and R8 is selected from the group 
consisting of: 

[0025] i. hydrogen; 

[0026] ii. C1-C6-alkyl, optionally substituted 
With one or more substituents selected from the 

group consisting of: halogen, aryl, substituted 
aryl, heterocyclic, and substituted heterocyclic; 

[0027] iii. CZ-CG-alkenyl, optionally substituted 
With one or more substituents selected from the 

group consisting of: halogen, aryl, substituted 
aryl, heterocyclic, and substituted heterocyclic; 

[0028] iv. C2-C6-alkynyl, optionally substituted 
With one or more substituents selected from the 
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group consisting of: halogen, aryl, substituted 
aryl, heterocyclic, and substituted heterocyclic; 

[0029] v. aryl; 

[0030] vi. substituted aryl; 

[0031] vii. heterocyclic; and 

[0032] viii. substituted heterocyclic; 

[0033] (e) —NR6C(O)—NR7R8, Where R6, R7, 
and R8 are as previously de?ned; 

[0034] —NR6—NR7R8, Where R6, R7 and R8 
are as previously de?ned; 

[0035] (g) —NR6—NR7C(O)—R8, Where R6, R7 
and R8 are as previously described; 

[0036] (h) —S(O)n—R9, Where R9 is selected from 
the group consisting of: aryl, substituted aryl, 
heterocyclic, and substituted heterocyclic, Where n 
is 0, 1 or 2; 

[0037] —S(O)n—(C1-C6-alkyl), optionally 
substituted With one or more substituents selected 

from the group consisting of: aryl, substituted 
aryl, heterocyclic, and substituted heterocyclic, 
Where n is as previously de?ned; 

[0038] —S(O)n—(C2-C6-alkenyl), optionally 
substituted With one or more substituents selected 

from the group consisting of: aryl, substituted 
aryl, heterocyclic, and substituted heterocyclic, 
Where n is as previously de?ned; 

[0039] (k) —S(O)n—(C2-C6-alkynyl), optionally 
substituted With one or more substituents selected 

from the group consisting of: aryl, substituted 
aryl, heterocyclic, and substituted heterocyclic, 
Where n is as previously de?ned; and 

[0040] (l) —O-M-Y, Where M is: 

[0041] i. absent, 

[0042] ii. —C(O)—, 

[0043] iii. —C(O)N(R6)—, Where R6 is as pre 
viously de?ned, 

[0044] iv. C1-C6-alkyl-N(R6)—, Where R6 is as 
previously de?ned, 

[0045] v. C2-C6-alkenyl-N(R6)—, Where R6 is 
as previously de?ned, or 

[0046] vi. C2-C6-alkynyl-N(R6)—, Where R6 is 
as previously de?ned, and Where Y is: 

[0047] i. hydrogen, 

[0048] ii. C1-C6-alkyl, optionally substituted 
With one or more substituents selected from the 

group consisting of: halogen, —OR6, aryl, sub 
stituted aryl, heterocyclic, and substituted het 
erocyclic, Where R6 is as previously de?ned, 



US 2005/0020823 A1 

[0049] iii. C2-C6-alkenyl, optionally substituted 
With one or more substituents selected from the 

group consisting of: halogen, —OR6, aryl, sub 
stituted aryl, heterocyclic, and substituted het 
erocyclic, Where R6 is as previously de?ned, 

[0050] iv. C2-C6-alkynyl, optionally substituted 
With one or more substituents selected from the 

group consisting of: halogen, —OR6, aryl, sub 
stituted aryl, heterocyclic, and substituted het 
erocyclic, Where R6 is as previously de?ned, 

[0051] v. aryl, 

[0052] vi. substituted aryl, 

[0053] vii. heterocyclic, or 

[0054] viii. substituted heterocyclic; 

[0055] (6) heterocyclic or substituted heterocyclic; 

[0056] R1 and R2 are each independently selected from the 
group consisting of: 

0057 1 h dro en; 

0058 2 h droX ; 

0059 3 rotected h droX ; 

[0060] (4) —OC(O)—C1-C12-alkyl, optionally sub 
stituted With one or more substituents selected from 

the group consisting of: halogen, aryl, substituted 
aryl, heterocyclic, substituted heterocyclic, —OR6, 
and —NR6R7, Where R6 and R7 are as previously 
de?ned; 

[0061] (5) —OR6, Where R6 is as previously de?ned; 

[0062] (6) halogen; 
[0063] (7) —NR6R7, Where R6 and R7 are as previ 

ously de?ned; and 

[0064] (8) R1 and R2 taken together are=O; 

[0065] R3 is selected from the group consisting of: 

[0066] (1) hydrogen; 

[0067] (2) a hydroXy protecting group; 

[0068] (3) —C(O)—C1-C12-alkyl, optionally substi 
tuted With one or more substituents selected from the 

group consisting of: halogen, aryl, substituted aryl, 
heterocyclic, substituted heterocyclic, —OR6, and 
—NR6R7, Where R6 and R7 are as previously 
de?ned; 

[0069] (4) Cl-C?-alkyl, optionally substituted With 
one or more substituents selected from the group 

consisting of: halogen, aryl, substituted aryl, hetero 
cyclic, substituted heterocyclic, —OR6, and 
—NR6R7, Where R6 and R7 are as previously 
de?ned; 

[0070] (5) C2-C6-alkenyl, optionally substituted With 
one or more substituents selected from the group 

consisting of: halogen, aryl, substituted aryl, hetero 
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cyclic, substituted heterocyclic, —OR6, and 
—NR6R7, Where R6 and R7 are as previously 
de?ned; and 

[0071] (6) C2-C6-alkynyl, optionally substituted With 
one or more substitutents selected fron the group 

consisting of: halogen, aryl, substituted aryl, hetero 
cyclic, substituted heterocyclic, —OR6, and 
—NR6R7, Where R6 and R7 are as previously 
de?ned; 

[0072] R4 is -M-Y, Where M and Y are as previously 
de?ned; 

[0073] R5 is -M-Y, Where M and Y are as previously 
de?ned; and 

[0074] Rp is hydrogen or a hydroXy protecting group. 

[0075] In another embodiment, the present invention pro 
vides a process for preparing novel compounds represented 
by Formula I Wherein the groups A, R1, R2, R3, R4, R5 and 
Rp are as previously de?ned. 

DETAILED DESCRIPTION 

[0076] A?rst embodiment of the invention is a compound 
represented by Formula I as described above. 

[0077] Representative compounds of the invention are 
those selected from the group consisting of: 

[0078] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=4-quinoline 
carboXyl and RP=H; 

[0079] Compound of Formula I; A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=3-pyridyl 
acetyl and RP=H; 

[0080] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3H, R4=H, R5=3-pyridine-pro 
pionyl and RP=H; 

[0081] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=3-pyridine 
acrylyl and RP=H; 

[0082] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=C(O)NH2 and 
RP=H; 

[0083] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=C(O)NHPhe 
nyl and RP=H; 

[0084] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=C(O)NH-p 
tolyl and RP=H; 

[0085] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=C(O)NH-4 
methylthiophenyl and RP=H; 

[0086] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=C(O)NH-4 
methoXyphenyl and RP=H; 
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[0087] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=C(O)NH-4 
dimethylaminophenyl and RP=H; 

[0088] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=C(O)NH-4 
phenoXyphenyl and RP=H; 

[0089] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=C(O)NH-4 
cyanophenyl and RP=H; 

[0090] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=C(O)NH-4 
nitrophenyl and RP=H; 

[0091] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=C(O)NH-ot,ot, 
ot-tri?uoro-p-tolyl and RP=H; 

[0092] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=C(O)NH-4 
?uoro-3-nitrophenyl and R1=H; 

[0093] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=C(O)NH-3,4 
di?uorophenyl and RP=H; 

[0094] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=C(O)NH-3,5 
di?uorophenyl and RP=H; 

[0095] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=C(O)NH-4 
acetylphenyl and RP=H; 

[0096] Compound of formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=C(O)NH-(4 
?uoro)phenyl and RP=H; 

[0097] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=C(O)NH-(4 
chloro)phenyl and RP=H; 

[0098] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=C(O)NH-(4 
bromo)phenyl and RP=H; 

[0099] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, 
R5=C(O)NHCH2Phenyl and RP=H; 

[0100] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, 
R5=C(O)NHCH2CH2Phenyl and RP=H; 

[0101] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, 
R5=C(O)NHCH2CH2Br and RP=H; 

[0102] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, 
R5=C(O)NHCH2CHCH2 and RP=H; 

[0103] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, 
R5=C(O)NHCH2CHCH-3-quinolyl and RP=H; 

[0104] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=CH2OCH3 and 
RP=H; 
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[0105] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, 
R5=CH2OCH2Phenyl and RP=H; 

[0106] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=CH2OCH2Phenyl, R4=H, 
R5=CH2OCH2Phenyl and RP=H; 

[0107] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=CH3 and 
RP=H; 

[0108] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=CH2CCH and 
RP=H; 

[0109] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=(CH2)4Br and 
RP=H; 

[0110] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5 
CHZCHCHCHZCI and RP=H; 

[0111] Compound of formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=CH2Phenyl 
and RP=H; 

[0112] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=CH2CHCH2 
and RP=H; 

[0113] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=CH2CHCH2, R4=H, 
R5=CH2CHCH2 and RP=H; 

[0114] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=H, R5=CH2CHCH 
(3-quinolyl) and RP=H; 

[0115] Compound of Formula I: A=—CHO, R1 and R2 
taken together are=O, R3=H, R4=CH2CHCH-(3 
quinolyl) and RP=H; 

[0116] Compound of Formula I: A=CHO, R1 and R2 
taken together are=O, R3=H, R4=(t-butoXycarboXy)-3 
(3-quinolyl), R5=CH2-phenyl, and RP=H; 

[0117] Compound of Formula I: A=CHO, R1 and R2 
taken together are=O, R3=H, R4=CH2CHCH2, R5=H 
and RP=H; 

[0118] Compound of Formula I: A=CHO, R1 and R2 
taken together are=O, R3=H, R4=CHCHCH2-3 
quinolyl, R5=H and RP=H; 

[0119] Compound of Formula I: A=CHO, R1 and R2 
taken together are=O, R3=H, R4=CHCHCH2-3 
quinolyl, R5=—C(O)NH-Phenyl and RP=H; 

[0120] Compound of Formula I: A=CHO, R1 and R2 
taken together are=O, R3=H, R4=CH3, R5=H and 
RP=H; 

[0121] Compound of Formula I: A=CHO, R1 and R2 
taken together are=O, R3=H, R4=CH2-phenyl, R5=H 
and RP=H; 

[0122] Compound of Formula I: A=CHO, R1 and R2 
taken together are=O, R3=H, R4=CH2-phenyl, R5=H 
and RP=H; 
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[0123] Compound of Formula I: A=CHO, R1 and R2 
taken together are=O, R3=H, R4=CH2CCH, R5=CH3 
and RP=H; 

[0124] Compound of Formula I: A=CHO, R1 and R2 
taken together are=O, R3=H, R4=2-?uoro-3-nitroben 
Zyl, R5=CH3 and RP=H; 

[0125] Compound of Formula I: A=CHO, R1 and R2 
taken together are=O, R3=H, R4=(2-pyridyl)thiophe 
nyl, R5=CH3 and RP=H; 

[0126] Compound of Formula I: A=CHO, R1 and R2 
taken together are=O, R3=H, R4=CH2CC-(3-quinolyl), 
R5=CH3 and RP=H; 

[0127] Compound of Formula I: A=CHO, R1 and R2 
taken together are=O, R3=H, R4=CH2CC-(3-pyrim 
idyl), R5=CH3 and RP=H; 

[0128] Compound of Formula I: A=CHO, R1 and R2 
taken together are=O, R3=H, R4=CH2CC-(3-pyridi 
nyl), R5=CH3 and RP=H; 

[0129] Compound of Formula I: A=CHO, R1 and R2 
taken together are=O, R3=H, R4=CH2CHCH-(3-pyri 
midinyl), R5=CH3 and RP=H; and 

[0130] Compound of Formula I: A=CHO, R1 and R2 
taken together are=O, R3=H, R=CH2CH2CH2-(3-pyri 
midinyl), R5=CH3 and RP=H. 

[0131] De?nitions 

[0132] The terms “C1-C3-alkyl,”“C1-C6-alkyl” or “C1 
C12-alkyl,” as used herein, refer to saturated, straight- or 
branched-chain hydrocarbon radicals containing betWeen 
one and three, one and six or one and tWelve carbon atoms, 
respectively. Examples of Cl-C3 alkyl radicals include, but 
are not limited to, methyl, ethyl, propyl and isopropyl, and 
examples of Cl-C?-alkyl radicals include, but are not limited 
to, methyl, ethyl, propyl, isopropyl, n-butyl, tert-butyl, neo 
pentyl and n-hexyl, and examples of C1-C12-alkyl radicals 
include, but are not limited to, methyl, ethyl, propyl, iso 
propyl, n-butyl, tert-butyl, neopentyl, n-hexyl, n-octyl, n-de 
cyl, and n-dodecyl. 

[0133] The term “C2-C6-alkenyl,” as used herein, refers to 
straight- or branched-chain hydrocarbon radicals containing 
betWeen tWo and six carbon atoms With one or more double 

bonds in the chain. Examples of C2-C6-alkenyl include, but 
are not limited to, propenyl, isobutenyl, 1,3-hexadienyl, 
n-hexenyl, and 3-pentenyl. 

[0134] The term “C2-C6-alkynyl,” as used herein, refers to 
straight- or branched-chain hydrocarbon radicals containing 
betWeen tWo and six carbon atoms With one or more triple 
bonds in the chain optionally containing one or more double 
bond. Examples of C2-C6-alkynyl include, but are not lim 
ited to, propynyl, isopentynyl, 1,3-hexadiynyl, n-hexynyl, 
3-pentynyl, and 1-hexen-3-ynyl. 

[0135] The term “Cl-C?-alkoxy,” as used herein, refers to 
a C1-C6-alkyl group, as previously de?ned, attached to the 
parent molecular moiety through an oxygen atom. Examples 
of Cl-C?-alkoxy include, but are not limited to, methoxy, 
ethoxy, propoxy, isopropoxy, n-butoxy, tert-butoxy, neopen 
toxy and n-hexoxy. 

[0136] The term “C1-C3-alkyl-amino,” as used herein, 
refers to one or tWo C1-C3-alkyl groups, as previously 
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de?ned, attached to the parent molecular moiety through a 
nitrogen atom. Examples of C1-C3-alkyl-amino include, but 
are not limited to, methylamino, dimethylamino, ethy 
lamino, diethylamino, and propylamino. 

[0137] The term “aprotic solvent,” as used herein, refers to 
a solvent that is relatively inert to proton activity, i.e., not 
acting as a proton-donor. Examples include, but are not 
limited to, hydrocarbons, such as for example, hexane and 
toluene, and the like, halogenated hydrocarbons, such as, for 
example, methylene chloride, ethylene chloride, chloroform, 
and the like, heterocyclic compounds, such as, for example, 
tetrahydrofuran, N-methyl pyrrolidinone, and the like and 
ethers such as for example, diethyl ether, bis-methoxym 
ethyl ether and the like. Such compounds are Well knoWn to 
those skilled in the art, and it Will be apparent to those skilled 
in the art that individual solvents or mixtures thereof may be 
preferred for speci?c compounds and reaction conditions, 
for example, depending upon such factors as the solubility 
of reagents, reactivity of reagents and preferred temperature 
ranges. Further discussions of aprotic solvents may be found 
in organic chemistry textbooks or in specialiZed mono 
graphs, for example: Organic Solvents Physical Properties 
and Methods of Puri?cation, 4th ed., edited by John A. 
Riddick et al., Vol. II, in the Techniques of Chemistry Series, 
John Wiley & Sons, NY, 1986. 

[0138] The term “aryl,” as used herein, refers to unsub 
stituted carbocyclic aromatic groups including, but not lim 
ited to, phenyl, 1- or 2-naphthyl and the like. 

[0139] The terms “C3-C5-cycloalkyl- and C3-C7-cy 
cloalkyl,” as used herein refer to carbocyclic groups of 3 to 
5 or 3 to 7 carbon atoms, respectively, such as for example, 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and cyclo 
heptyl. 
[0140] The term “C1-C3-alkyl-C3-C5-cycloalkyl,” as used 
herein refers to a C3-C5-cycloalkyl radical, as de?ned above, 
attached to a C1-C3-alkyl radical by replacement of a 
hydrogen atom on the latter. 

[0141] The terms “halo” and “halogen,” as used herein, 
refer to an atom selected from ?uorine, chlorine, bromine 
and iodine. 

[0142] The term “heteroaryl,” as used herein, refers to a 
cyclic aromatic radical having from ?ve to ten ring atoms of 
Which one ring atom is selected from S, O and N; Zero, one 
or more ring atoms are additional heteroatoms indepen 
dently selected from S, O and N; and the remaining ring 
atoms are carbon, the radical being joined to the rest of the 
molecule via any of the ring atoms, such as, for example, 
pyridinyl, pyraZinyl, pyrimidinyl, pyrrolyl, pyraZolyl, imi 
daZolyl, thiaZolyl, oxaZolyl, isooxaZolyl, thiadiaZolyl, oxa 
diaZolyl, thiophenyl, furanyl, quinolinyl, isoquinolinyl, and 
the like. 

[0143] The term “heterocycloalkyl,” as used herein, refers 
to a non-aromatic 3-, 4-, 5-, 6- or 7-membered ring or a bi 
or tri-cyclic group comprising fused six-membered rings 
having betWeen one and three heteroatoms independently 
selected from oxygen, sulfur and nitrogen, Wherein each 
5-membered ring has 0 to 1 double bonds and each 6-mem 
bered ring has 0 to 2 double bonds, (ii) the nitrogen and 
sulfur heteroatoms may optionally be oxidiZed, (iii) the 
nitrogen heteroatom may optionally be quaterniZed, and (iv) 
any of the above heterocyclic rings may be fused to a 
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benzene ring. Representative heterocycles include, but are 
not limited to, pyrrolidinyl, pyraZolinyl, pyraZolidinyl, imi 
daZolinyl, imidaZolidinyl, piperidinyl, piperaZinyl, oxaZo 
lidinyl, isoxaZolidinyl, morpholinyl, thiaZolidinyl, isothia 
Zolidinyl, and tetrahydrofuryl. 

[0144] The term “heterocyclic,” as used herein, refers to 
heterocycloalkyl and heteroaryl. The term “substituted het 
erocyclic,” as used herein, refers to substituted heterocy 
cloalkyl and substituted heteroaryl. 

[0145] The term “substituted aryl,” as used herein refers to 
an aryl group, as de?ned herein, substituted by independent 
replacement of one or more of the hydrogen atoms therein 
With, for example, but not limited to, F, Cl, Br, I, OH, NO2, 
CN, C(O)—C1-C6-alkyl, C(O)-aryl, C(O)-heteroaryl, CO2 
alkyl, CO2-aryl, CO2-heteroaryl, CONH2, CONH—C1-C6 
alkyl, CONH-aryl, CONH-heteroaryl, OC(O)—C1-C6 
alkyl, OC(O)-aryl, OC(O)-heteroaryl, OCO2-alkyl, OCO2 
aryl, OCO2-heteroaryl, OCONH2, OCONH—C1-C6-alkyl, 
OCONH-aryl, OCONH-heteroaryl, NHC(O)—C1-C6-alkyl, 
NHC(O)-aryl, NHC(O)-heteroaryl, NHCO2-alkyl, NHCO2 
aryl, NHCO2-heteroaryl, NHCONH2, NHCONH—C1-C6 
alkyl, NHCONH-aryl, NHCONH-heteroaryl, SO2—C1-C6 
alkyl, SO2-aryl, SO2-heteroaryl, SOZNHZ, SO2NH—C1-C6 
alkyl, SO2NH-aryl, SO2NH-heteroaryl, C1-C6-alkyl, C3-C7 
cycloalkyl, CF3, CH2CF3, CHZCIZ, CHZOH, CHZCHZOH, 
CHZNHZ, CH2SO2CH3, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, benZyl, benZyloxy, aryloxy, het 
eroaryloxy, Cl-C?-alkoxy, methoxymethoxy, methoxy 
ethoxy, amino, benZylamino, arylamino, heteroarylamino, 
C1-C3-alkyl-amino, thio, aryl-thio, heteroarylthio, benZyl 
thio, C1-C6-alkyl-thio, or methylthiomethyl. 

[0146] The term “substituted heteroaryl,” as used herein 
refers to a heteroaryl group as de?ned herein substituted by 
independent replacement of one or more of the hydrogen 
atoms therein With, for example, but not limited to, F, Cl, Br, 
I, OH, NO2, CN, C(O)-C1-C6-alkyl, C(O)-aryl, C(O)-het 
eroaryl, CO2-alkyl, CO2-aryl, CO2-heteroaryl, CONH2, 
CONH—C1-C6-alkyl, CONH-aryl, CONH-heteroaryl, 
OC(O)—C1-C6-alkyl, OC(O)-aryl, OC(O)-heteroaryl, 
OCO2-alkyl, OCO2-aryl, OCO2-heteroaryl, OCONH2, 
OCONH—C I—C6-alkyl, OCONH-aryl, OCONH-het 
eroaryl, NHC(O)—C1-C6-alkyl, NHC(O)-aryl, NHC(O) 
heteroaryl, NHCO2-alkyl, NHCO2-aryl, NHCO2-heteroaryl, 
NHCONH2, NHCONH—C1-C6-alkyl, NHCONH-aryl, 
NHCONH-heteroaryl, SO2—C1-C6-alkyl, SO2-aryl, SO2 
heteroaryl, SOZNHZ, SO2NH—C1-C6-alkyl, SO2NH-aryl, 
SO2NH-heteroaryl, C1-C6-alkyl, C3-C6-cycloalkyl, CF3, 
CH2CF3, CHZCIZ, CHZOH, CHZCHZOH, CHZNHZ, 
CH2SO2CH3, aryl, heteroaryl, benZyl, benZyloxy, aryloxy, 
heteroaryloxy, C1-C6-alkoxy, methoxymethoxy, methoxy 
ethoxy, amino, benZylamino, arylamino, heteroarylamino, 
C1-C3-alkyl-amino, thio, aryl-thio, heteroarylthio, benZyl 
thio, C1-C6-alkyl-thio, or methylthiomethyl. 

[0147] The term “substituted heterocycloalkyl,” as used 
herein, refers to a heterocycloalkyl group, as de?ned above, 
substituted by independent replacement of one or more of 
the hydrogen atoms therein With, for example, but not 
limited to, F, Cl, Br, I, OH, NO2, CN, C(O)—C1-C6-alkyl, 
C(O)-aryl, C(O)-heteroaryl, CO2-alkyl, CO2-aryl, COZ-het 
eroaryl, CONH2, CONH—C1-C6-alkyl, CONH-aryl, 
CONH-heteroaryl, OC(O)—C1-C6-alkyl, OC(O)-aryl, 
OC(O)-heteroaryl, OCO2-alkyl, OCO2-aryl, OCOZ-het 
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eroaryl, OCONH2, OCONH—C1-C6-alkyl, OCONH-aryl, 
OCONH-heteroaryl, NHC(O)—C1-C6-alkyl, NHC(O)-aryl, 
NHC(O)-heteroaryl, NHCO2-alkyl, NHCO2-aryl, NHCO2 
heteroaryl, NHCONH2, NHCONH—C1-C6-alkyl, 
NHCONH-aryl, NHCONH-heteroaryl, SO2—C1-C6-alkyl, 
SO2-aryl, SO2-heteroaryl, SOZNHZ, SO2NH—C1-C6-alkyl, 
SO2NH-aryl, SO2NH-heteroaryl, C1-C6-alkyl, C3-C6-cy 
cloalkyl, CF3, CH2CF3, CHZCIZ, CHZOH, CHZCHZOH, 
CHZNHZ, CH2SO2CH3, aryl, heteroaryl, benZyl, benZyloxy, 
aryloxy, heteroaryloxy, C1-C6-alkoxy, methoxymethoxy, 
methoxyethoxy, amino, benZylamino, arylamino, heteroary 
lamino, C1-C3-alkyl-amino, thio, aryl-thio, heteroarylthio, 
benZyl-thio, C1-C6-alkyl-thio, or methylthiomethyl. 

[0148] The term “substituted cycloalkyl,” as used herein, 
refers to a C3-C7 cycloalkyl group, as de?ned above, sub 
stituted by independent replacement of one or more of the 
hydrogen atoms therein With, for example, but not limited to, 
F, Cl, Br, I, OH, NO2, CN, C(O)—C1-C6-alkyl, C(O)-aryl, 
C(O)-heteroaryl, CO2-alkyl, CO2-aryl, CO2-heteroaryl, 
CONH2, CONH—C1-C6-alkyl, CONH-aryl, CONH-het 
eroaryl, OC(O)—C1-C6-alkyl, OC(O)-aryl, OC(O)-het 
eroaryl, OCO2-alkyl, OCO2-aryl, OCO2-heteroaryl, 
OCONH2, OCONH—C1-C6-alkyl, OCONH-aryl, OCONH 
heteroaryl, NHC(O)—C1-C6-alkyl, NHC(O)-aryl, NHC(O) 
heteroaryl, NHCO2-alkyl, NHCO2-aryl, NHCO2-heteroaryl, 
NHCONH2, NHCONH—C1-C6-alkyl, NHCONH-aryl, 
NHCONH-heteroaryl, SO2—C1-C6-alkyl, SO2-aryl, SO2 
heteroaryl, SOZNHZ, SO2NH—C1-C6-alkyl, SO2NH-aryl, 
SO2NH-heteroaryl, C1-C6-alkyl, C3-C6-cycloalkyl, CF3, 
CH2CF3, CHZCIZ, CHZOH, CHZCHZOH, CHZNHZ, 
CH2SO2CH3, aryl, heteroaryl, benZyl, benZyloxy, aryloxy, 
heteroaryloxy, C1-C6-alkoxy, methoxymethoxy, methoxy 
ethoxy, amino, benZylamino, arylamino, heteroarylamino, 
C1-C3-alkyl-amino, thio, aryl-thio, heteroarylthio, benZyl 
thio, C1-C6-alkyl-thio, or methylthiomethyl. 

[0149] “Hydroxy-protecting group,” as used herein, refers 
to an easily removable group Which is knoWn in the art to 
protect a hydroxyl group against undesirable reaction during 
synthetic procedures and to be selectively removable. The 
use of hydroxy-protecting groups is Well knoWn in the art for 
protecting groups against undesirable reactions during a 
synthetic procedure and many such protecting groups are 
knoWn. See, for example, T. H. Greene and P. G. M. Wuts, 
Protective Groups in Organic Synthesis, 3rd edition, John 
Wiley & Sons, NeW York (1999). Examples of hydroxy 
protecting groups include, but are not limited to, methylthi 
omethyl, tert-dimethylsilyl, tert-butyldiphenylsilyl, acyl 
substituted With an aromatic group and the like. 

[0150] The term “protected-hydroxy,” refers to a hydroxy 
group protected With a hydroxy protecting group, as de?ned 
above, including, for example, but not limited to, benZoyl, 
acetyl, trimethylsilyl, triethylsilyl, methoxymethyl groups. 

[0151] “Aldehyde-protecting group,” as used herein, 
refers to an easily removable group Which is knoWn to 
protect an aldehyde group against undesirable reaction dur 
ing synthetic procedures and to be selectively removable. 
The use of aldehyde-protecting groups is Well knoWn in the 
art for protecting aldehyde groups against undesirable reac 
tions during a synthetic procedure and many such protecting 
groups are knoWn. See, for example, T. H. Greene and P. G. 
M, Wuts, Protective Groups in Organic Synthesis, op. cit. 
Examples of aldehyde-protecting groups include, but are not 
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limited to, acetals, ketals, O-substituted cyanohydrins, sub 
stituted hydraZones, imines and the like. 

[0152] The term “protected aldehyde” refers to an alde 
hyde group protected With an aldehyde protecting group, as 
de?ned above, including, for example, but not limited to, 
dimethyl acetyl, 1,3-dioxolane, 1,3-dioxane and the like. 

[0153] The term “protogenic organic solvent,” as used 
herein, refers to a solvent that tends to provide protons, such 
as an alcohol, for example, methanol, ethanol, propanol, 
isopropanol, butanol, t-butanol, and the like. Such solvents 
are Well knoWn to those skilled in the art, and it Will be 
apparent to those skilled in the art that individual solvents or 
mixtures thereof may be preferred for speci?c compounds 
and reaction conditions, for example, depending upon such 
factors as the solubility of reagents, reactivity of reagents 
and preferred temperature ranges. Further discussions of 
protogenic solvents may be found in organic chemistry 
textbooks or in specialiZed monographs, for example: 
Organic Solvents Physical Properties and Methods of Puri 
?cation, 4th ed., edited by John A. Riddick et al., op. cit. 

[0154] Numerous asymmetric centers may exist in the 
compounds of the present invention. Except Where other 
Wise noted, the present invention contemplates the various 
stereoisomers and mixtures thereof. Accordingly, Whenever 
a bond is represented by a Wavy line, it is intended that a 
mixture of stereo-orientations or an individual isomer of 
assigned or unassigned orientation may be present. Further, 
in those cases Where a bond betWeen carbon atoms of the 
macrolide is a double bond both the cis and trans forms are 
Within the scope of the invention described in this applica 
tion. 

[0155] As used herein, the term “pharmaceutically accept 
able salt,” refers to those salts Which are, Within the scope of 
sound medical judgment, suitable for use in contact With the 
tissues of humans and loWer animals Without undue toxicity, 
irritation, allergic response and the like, and are commen 
surate With a reasonable bene?t/risk ratio. Pharmaceutically 
acceptable salts are Well knoWn in the art. For example, S. 
M. Berge, et al. describe pharmaceutically acceptable salts 
in detail in J. Pharmaceutical Sciences, 66: 1-19 (1977), 
incorporated herein by reference. The salts can be prepared 
in situ during the ?nal isolation and puri?cation of the 
compounds of the invention, or separately by reacting the 
free base function With a suitable organic acid. Examples of 
pharmaceutically acceptable, nontoxic acid addition salts are 
salts of an amino group formed With inorganic acids such as 
hydrochloric acid, hydrobromic acid, phosphoric acid, sul 
furic acid and perchloric acid or With organic acids such as 
acetic acid, oxalic acid, maleic acid, tartaric acid, citric acid, 
succinic acid or malonic acid or by using other methods used 
in the art such as ion exchange. Other pharmaceutically 
acceptable salts include adipate, alginate, ascorbate, aspar 
tate, benZenesulfonate, benZoate, bisulfate, borate, butyrate, 
camphorate, camphorsulfonate, citrate, cyclopentanepropi 
onate, digluconate, dodecylsulfate, ethanesulfonate, for 
mate, fumarate, glucoheptonate, glycerophosphate, glucon 
ate, hemisulfate, heptanoate, hexanoate, hydroiodide, 
2-hydroxy-ethanesulfonate, lactobionate, lactate, laurate, 
lauryl sulfate, malate, maleate, malonate, methanesulfonate, 
2-naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, 
palmitate, pamoate, pectinate, persulfate, 3-phenylpropi 
onate, phosphate, picrate, pivalate, propionate, stearate, suc 
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cinate, sulfate, tartrate, thiocyanate, p-toluenesulfonate, 
undecanoate, valerate salts, and the like. Representative 
alkali or alkaline earth metal salts include sodium, lithium, 
potassium, calcium, magnesium, and the like. Further phar 
maceutically acceptable salts include, When appropriate, 
nontoxic ammonium, quaternary ammonium, and amine 
cations formed using counterions such as halide, hydroxide, 
carboxylate, sulfate, phosphate, nitrate, loWer alkyl sul 
fonate and aryl sulfonate. 

[0156] As used herein, the term “pharmaceutically accept 
able ester” refers to esters Which hydrolyZe in vivo and 
include those that break doWn readily in the human body to 
leave the parent compound or a salt thereof. Suitable ester 
groups include, for example, those derived from pharma 
ceutically acceptable aliphatic carboxylic acids, particularly 
alkanoic, alkenoic, cycloalkanoic and alkanedioic acids, in 
Which each alkyl or alkenyl moiety advantageously has not 
more than 6 carbon atoms. Examples of particular esters 
include formates, acetates, propionates, butyrates, acrylates 
and ethylsuccinates. 

[0157] The term “pharmaceutically acceptable prodrugs,” 
as used herein, refers to those prodrugs of the compounds of 
the present invention Which are, Within the scope of sound 
medical judgment, suitable for use in contact With the tissues 
of humans and loWer animals Without undue toxicity, irri 
tation, allergic response and the like, commensurate With a 
reasonable risk/reWard ratio, and effective for their intended 
use, as Well as the ZWitterionic forms, Where possible, of the 
compounds of the invention. The term “prodrug” refers to 
compounds that are rapidly transformed in vivo to yield the 
parent compound of the above formulae, for example, by 
hydrolysis in blood. A thorough discussion is provided in T. 
Higuchi and V. Stella, Proa'rugs as Novel delivery Systems, 
Vol. 14 of the A.C.S. Symposium Series and in EdWard B. 
Roche, ed., Bioreversible Carriers in Drug Design, Ameri 
can Pharmaceutical Association and Pergamon Press, 1987, 
both of Which are incorporated by reference herein. 

[0158] Antibacterial Activity 

[0159] Susceptibility tests can be used to quantitatively 
measure the in vitro activity of an antimicrobial agent 
against a given bacterial isolate. Compounds Were tested for 
in vitro antibacterial activity by a micro-dilution method. 
Minimal Inhibitory Concentration (MIC) Was determined in 
96 Well microtiter plates utiliZing the appropriate Mueller 
Hinton Broth medium (CAMHB) for the observed bacterial 
isolates. Antimicrobial agents Were serially diluted (2-fold) 
in DMSO to produce a concentraion range from about 64 
pig/ml to about 0.03 pig/ml. The diluted compounds (2 
pal/Well) Were then transferred into sterile, uninoculated 
CAMHB (0.2 mL) by use of a 96 ?xed tip-pipetting station. 
The inoculum for each bacterial strain Was standardiZed to 
5><105 CFU/mL by optical comparison to a 0.5 McFarland 
turbidity standard. The plates Were inoculated With 10 
pal/Well of adjusted bacterial inoculum. The 96 Well plates 
Were covered and incubated at 35+/—2° C. for 24 hours in 
ambient air environment. FolloWing incubation, plate Wells 
Were visually examined by Optical Density measurement for 
the presence of groWth (turbidity). The loWest concentration 
of an antimicrobial agent at Which no visible groWth occurs 
Was de?ned as the MIC. The compounds of the invention 
generally demonstrated an MIC in the range from about 64 
pig/ml to about 0.03 pig/ml. 
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[0160] Pharmaceutical Compositions 

[0161] The pharmaceutical compositions of the present 
invention comprise a therapeutically effective amount of a 
compound of the present invention formulated together With 
one or more pharmaceutically acceptable carriers. As used 
herein, the term “pharmaceutically acceptable carrier” 
means a non-toxic, inert solid, semi-solid or liquid ?ller, 
diluent, encapsulating material or formulation auxiliary of 
any type. Some examples of materials Which can serve as 
pharmaceutically acceptable carriers are sugars such as 
lactose, glucose and sucrose; starches such as corn starch 
and potato starch; cellulose and its derivatives such as 
sodium carboxymethyl cellulose, ethyl cellulose and cellu 
lose acetate; poWdered tragacanth; malt; gelatin; talc; excipi 
ents such as cocoa butter and suppository Waxes; oils such 
as peanut oil, cottonseed oil; safflower oil; sesame oil; olive 
oil; corn oil and soybean oil; glycols; such a propylene 
glycol; esters such as ethyl oleate and ethyl laurate; agar; 
buffering agents such as magnesium hydroxide and alu 
minun hydroxide; alginic acid; pyrogen-free Water; isotonic 
saline; Ringer’s solution; ethyl alcohol, and phosphate 
buffer solutions, as Well as other non-toxic compatible 
lubricants such as sodium lauryl sulfate and magnesium 
stearate, as Well as coloring agents, releasing agents, coating 
agents, sWeetening, ?avoring and perfuming agents, preser 
vatives and antioxidants can also be present in the compo 
sition, according to the judgment of the formulator. The 
pharmaceutical compositions of this invention can be 
administered to humans and other animals orally, rectally, 
parenterally, intracisternally, intravaginally, intraperito 
neally, topically (as by poWders, ointments, or drops), 
bucally, or as an oral or nasal spray. 

[0162] Liquid dosage forms for oral administration 
include pharmaceutically acceptable emulsions, microemul 
sions, solutions, suspensions, syrups and elixirs. In addition 
to the active compounds, the liquid dosage forms may 
contain inert diluents commonly used in the art such as, for 
example, Water or other solvents, solubiliZing agents and 
emulsi?ers such as ethyl alcohol, isopropyl alcohol, ethyl 
carbonate, ethyl acetate, benZyl alcohol, benZyl benZoate, 
propylene glycol, 1,3-butylene glycol, dimethylformamide, 
oils (in particular, cottonseed, groundnut, corn, germ, olive, 
castor, and sesame oils), glycerol, tetrahydrofurfuryl alco 
hol, polyethylene glycols and fatty acid esters of sorbitan, 
and mixtures thereof. Besides inert diluents, the oral com 
positions can also include adjuvants such as Wetting agents, 
emulsifying and suspending agents, sWeetening, ?avoring, 
and perfuming agents. 

[0163] Injectable preparations, for example, sterile inject 
able aqueous or oleaginous suspensions may be formulated 
according to the knoWn art using suitable dispersing or 
Wetting agents and suspending agents. The sterile injectable 
preparation may also be a sterile injectable solution, sus 
pension or emulsion in a nontoxic parenterally acceptable 
diluent or solvent, for example, as a solution in 1,3-butane 
diol. Among the acceptable vehicles and solvents that may 
be employed are Water, Ringer’s solution, U.S.P. and iso 
tonic sodium chloride solution. In addition, sterile, ?xed oils 
are conventionally employed as a solvent or suspending 
medium. For this purpose any bland ?xed oil can be 
employed including synthetic mono- or diglycerides. In 
addition, fatty acids such as oleic acid are used in the 
preparation of injectables. 
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[0164] The injectable formulations can be steriliZed, for 
example, by ?ltration through a bacterial-retaining ?lter, or 
by incorporating steriliZing agents in the form of sterile solid 
compositions Which can be dissolved or dispersed in sterile 
Water or other sterile injectable medium prior to use. 

[0165] In order to prolong the effect of a drug, it is often 
desirable to sloW the absorption of the drug from subcuta 
neous or intramuscular injection. This may be accomplished 
by the use of a liquid suspension of crystalline or amorphous 
material With poor Water solubility. The rate of absorption of 
the drug then depends upon its rate of dissolution Which, in 
turn, may depend upon crystal siZe and crystalline form. 
Alternatively, delayed absorption of a parenterally admin 
istered drug form is accomplished by dissolving or suspend 
ing the drug in an oil vehicle. Injectable depot forms are 
made by forming microencapsule matrices of the drug in 
biodegradable polymers such as polylactide-polyglycolide. 
Depending upon the ratio of drug to polymer and the nature 
of the particular polymer employed, the rate of drug release 
can be controlled. Examples of other biodegradable poly 
mers include poly(orthoesters) and poly(anhydrides) Depot 
injectable formulations are also prepared by entrapping the 
drug in liposomes or microemulsions Which are compatible 
With body tissues. 

[0166] Compositions for rectal or vaginal administration 
are preferably suppositories Which can be prepared by 
mixing the compounds of this invention With suitable non 
irritating excipients or carriers such as cocoa butter, poly 
ethylene glycol or a suppository Wax Which are solid at 
ambient temperature but liquid at body temperature and 
therefore melt in the rectum or vaginal cavity and release the 
active compound. 

[0167] Solid dosage forms for oral administration include 
capsules, tablets, pills, poWders, and granules. In such solid 
dosage forms, the active compound is mixed With at least 
one inert, pharmaceutically acceptable excipient or carrier 
such as sodium citrate or dicalcium phosphate and/or a) 
?llers or extenders such as starches, lactose, sucrose, glu 
cose, mannitol, and silicic acid, b) binders such as, for 
example, carboxymethylcellulose, alginates, gelatin, poly 
vinylpyrrolidinone, sucrose, and acacia, c) humectants such 
as glycerol, d) disintegrating agents such as agar-agar, 
calcium carbonate, potato or tapioca starch, alginic acid, 
certain silicates, and sodium carbonate, e) solution retarding 
agents such as paraf?n, f) absorption accelerators such as 
quaternary ammonium compounds, g) Wetting agents such 
as, for example, cetyl alcohol and glycerol monostearate, h) 
absorbents such as kaolin and bentonite clay, and i) lubri 
cants such as talc, calcium stearate, magnesium stearate, 
solid polyethylene glycols, sodium lauryl sulfate, and mix 
tures thereof. In the case of capsules, tablets and pills, the 
dosage form may also comprise buffering agents. 

[0168] Solid compositions of a similar type may also be 
employed as ?llers in soft and hard-?lled gelatin capsules 
using such excipients as lactose or milk sugar as Well as high 
molecular Weight polyethylene glycols and the like. 

[0169] The solid dosage forms of tablets, poWders, cap 
sules, pills, and granules can be prepared With coatings and 
shells such as enteric coatings and other coatings Well 
knoWn in the pharmaceutical formulating art. They may 
optionally contain opacifying agents and can also be of a 
composition Whereby they release the active ingredient(s) 
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only, or preferentially, in a certain part of the intestinal tract, 
optionally, in a delayed manner. Examples of embedding 
compositions Which can be used include polymeric sub 
stances and Waxes. 

[0170] Solid compositions of a similar type may also be 
employed as ?llers in soft and hard-?lled gelatin capsules 
using such excipients as lactose or milk sugar as Well as high 
molecular Weight polethylene glycols and the like. 

[0171] The active compounds can also be in micro-encap 
sulated form With one or more excipients as noted above. In 

such solid dosage forms the active compound may be 
admixed With at least one inert diluent such as sucrose, 

lactose or starch. Such dosage forms may also comprise, as 
is normal practice, additional substances other than inert 
diluents, e.g., tableting lubricants and other tableting aids 
such a magnesium stearate and microcrystalline cellulose. In 
the case of capsules, tablets and pills, the dosage forms may 
also comprise buffering agents. 

[0172] Dosage forms for topical or transdermal adminis 
tration of a compound of this invention include ointments, 
pastes, creams, lotions, gels, poWders, solutions, sprays, 
inhalants or patches. The active component is admixed 
under sterile conditions With a pharmaceutically acceptable 
carrier and any needed preservatives or buffers as may be 

required. Ophthalmic formulation, eardrops, eye ointments, 
powders and solutions are also contemplated as being Within 
the scope of this invention. 

[0173] The ointments, pastes, creams and gels may con 
tain, in addition to an active compound of this invention, 
excipients such as animal and vegetable fats, oils, Waxes, 
paraf?ns, starch, tragacanth, cellulose derivatives, polyeth 
ylene glycols, silicones, bentonites, silicic acid, talc and Zinc 
oxide, or mixtures thereof. 

[0174] PoWders and sprays can contain, in addition to the 
compounds of this invention, excipients such as lactose, talc, 
silicic acid, aluminum hydroxide, calcium silicates and 
polyamide poWder, or mixtures of these substances. Sprays 
can additionally contain customary propellants such as chlo 
ro?uorohydrocarbons. 

[0175] Transdermal patches have the added advantage of 
providing controlled delivery of a compound to the body. 
Such dosage forms can be made by dissolving or dispensing 
the compound in the proper medium. Absorption enhancers 
can also be used to increase the ?ux of the compound across 
the skin. The rate can be controlled by either providing a rate 
controlling membrane or by dispersing the compound in a 
polymer matrix or gel. 

[0176] According to the methods of treatment of the 
present invention, bacterial infections are treated or pre 
vented in a patient such as a human or loWer mammal by 

administering to the patient a therapeutically effective 
amount of a compound of the invention, in such amounts 
and for such time as is necessary to achieve the desired 
result. By a “therapeutically effective amount” of a com 
pound of the invention is meant a suf?cient amount of the 
compound to treat bacterial infections, at a reasonable 
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bene?t/risk ratio applicable to any medical treatment. It Will 

be understood, hoWever, that the total daily usage of the 
compounds and compositions of the present invention Will 
be decided by the attending physician Within the scope of 
sound medical judgment. The speci?c therapeutically effec 
tive dose level for any particular patient Will depend upon a 
variety of factors including the disorder being treated and 
the severity of the disorder; the activity of the speci?c 
compound employed; the speci?c composition employed; 
the age, body Weight, general health, sex and diet of the 
patient; the time of administration, route of administration, 
and rate of excretion of the speci?c compound employed; 
the duration of the treatment; drugs used in combination or 

coincidental With the speci?c compound employed; and like 
factors Well knoWn in the medical arts. 

[0177] The total daily dose of the compounds of this 
invention administered to a human or other mammal in 

single or in divided doses can be in amounts, for example, 
from about 0.01 to about 50 mg/kg body Weight or more 
preferably from about 0.1 to about 25 mg/kg body Weight. 
Single dose compositions may contain such amounts or 
submultiples thereof to make up the daily dose. In general, 
treatment regimens according to the present invention com 
prise administration to a patient in need of such treatment 
from about 10 mg to about 1000 mg of the compound(s) of 
the compounds of the present invention per day in single or 
multiple doses. 

[0178] Synthetic Methods 

[0179] The compounds and processes of the present inven 
tion Will be better understood in connection With the fol 
loWing synthetic schemes Which are illustrative of the meth 
ods by Which the compounds of the invention may be 
prepared. The groups A, R1, R2, R3, R4, R5, R6, R7, R8, R9, 
and Rp are as de?ned previously, and unless otherWise noted 
beloW. 

[0180] Abbreviations 

[0181] Abbreviations Which have been used in the descrip 
tions of the scheme and the examples that folloW are: Ac for 
acetyl; AIBN for aZobisisobutyronitrile; BSA for bis(trim 
ethylsilyl)acetamide; Bu3SnH for tributyltin hydride; BZ for 
benZoyl; CDI for carbonyldiimidaZole; DBU for 1,8-diaZ 
abicyclo[5.4.0]undec-7-ene; DCC for 1,3-dicyclohexylcar 
bodiimide; DEAD for diethylaZodicarboxylate; DIEA for 
diisopropylethylamine; DMAP for 4-N,N-dimethylamino 
pyridine; DMF for dimethyl formamide; DMSO for dim 
ethyl sulfoxide; DPPA for diphenylphosphoryl aZide; EtOAc 
for ethyl acetate; HMDS for hexamethyldisilaZane; 
KHMDS for potassium bis(trimethylsilyl)amide; MeOH for 
methanol; NaN(TMS)2 for sodium bis(trimethylsilyl)amide; 
NMO for N-methylmorpholine N-oxide; PCC for pyri 
dinium chlorochromate; PDC for pyridinium dichromate; 
TBAF for tetrabutylammonium ?uoride; TBDMS for tert 
butyldimethylsilyl; TBDP for tert-butylchloro-diphenyl; 
TBDPS for tert-butydiphenylsilyl; TEA for triethylamine; 
TFA for tri?uoroacetic acid; THF for tetrahydrofuran; TMS 
for trimethylsilyl and TPP for triphenylphosphine. 
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-continued 

[0182] One synthetic method of the present invention 
pertaining to the preparation of the compounds of Formula 
I is illustrated in scheme 1. In scheme 1,2‘-protected tylosin 
(1 of scheme 1, Where ORp is an ester) is treated With dilute 
aqueous acids (0.1-5N), such as hydrochloric acid, sulfuric 
acid, p-toluenesulfonic acid, 10-camphorsulfonic acid, trif 
luoroacetic acid, acetic acid, or the like, optionally in an 
organic solvent such as acetone, acetonitrile, methanol, 
ethanol, or the like, or combinations thereof, at a tempera 
ture from about 0° C. to about 100° C. for 0.5-24 hours, to 
provide protected 2 Where ORp is an ester. 2 is treated With 

acetyl chloride, hydrochloric acid, p-toluenesulfonic acid, 
10-camphorsulfonic acid, acetic acid, or the like, to provide 
a pH from about 1 to about 4 in an alcoholic solvent, such 

as methanol, ethanol, ethylene glycol, or the like, to provide 
an acetal 3, Where R‘ and R“ are independently or together 
alkyl, alkenyl or alkynyl. 3 is further treated With a silylating 
agent such as HMDS, BSA, TMSCl, triethylsilyl chloride, 
TBDMSCl, TBDPSCl, or the like, optionally With the addi 

R50 

10 

tion of a catalyst such as, DMAP, imidaZole, or the like, in 
an aprotic solvent such as methylene chloride, ethylene 
chloride, THF, chloroform, DMF, acetonitrile, or the like, at 
a temperature from about 00 C. to about 50° C. for 148 

hours, to provide 4, Where RP1 and RP3 are hydroXy protect 
ing groups. Selective deprotection at 4‘ is achieved by 
treating 4 With an acid such as acetic acid, propanoic acid or 

phenolic acid, and the like, in an organic solvent such as 

acetone, acetonitrile, methanol, ethanol, or the like, or 
combinations thereof, at a temperature from about —20° C. 
to about 100° C. for 1-24 hours, to provide 5. 5 can be 

alkylated by an alkylating agent such as an alkyl halide, 
alkyl sulphonate, alkynyl halide, alkenyl halide, arylallyl 
halide, heteroarylallyl halide, benZyl halide, or the like, in an 
aprotic solvent such as methylene chloride, THF, DMSO, 
DMF, dioXane, acetonitrile, or the like, or miXtures thereof, 
optionally containing Water (1-90% in volume), at a tem 
perature from about —20° C. to about 100° C., in the 
presence of a base such as lutidine, DBU, DMAP, sodium 
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hydroxide, potassium hydroxide, sodium hydride, potassium 
hydride, potassium tert-butoxide, potassium hydroxide, 
KHMDS, or the like, optionally adding a phase-transfer 
catalyst such as tetrabutylammonium iodide, benZyltriethy 
lammonium chloride, n-cetyltrimethylammonium bromide, 
tetraphenylphoshonium bromide, 18-croWn-6, or the like, to 
provide the corresponding ether 6. Simultaneous deprotec 
tion at C-20 acetal and C-23-bis-siloxyl groups on 6 With an 
aqueous acidic solution of sulfuric acid, hydrochloric acid, 
hydro?uoric acid, acetic acid, or the like, in an organic 
solvent such as acetone, acetonitrile, THF, 1,4-dioxane, or 
the like, or combinations thereof, at a temperature from 
about 0° C. to about 100° C. for 1-24 hours, to provide a 
2‘-protected intermediate Which is further deprotected by 
methanolysis at temperatures ranging from about room 
temperature to about re?ux, thereby removing the Rp pro 
tecting group at the 2‘-position, Where ORp is an ester or 
siloxyl group, to provide a compound of Formula I, Where 
A=CHO and R5 is hydrogen. 

[0183] The C-23-siloxyl group of 6 can be selectively 
deprotected by treatment With an acid such as acetic acid, 
propanoic acid, or the like, in an organic solvent such as 
acetone, acetonitrile, methanol, ethanol, or the like, or 
combinations thereof, at a temperature from about 00 C. to 
about 100° C. for 1-24 hours, to provide 7. 

[0184] In one embodiment of scheme 1, 7 can be further 
acylated by an acylating reagent such as carboxylic acid, 
acyl chloride, anhydride, mixed anhydride, or the like, in an 
aprotic organic solvent such as methylene chloride, ethylene 
chloride, THF, chloroform, DMF, acetonitrile or the like, at 
a temperature from about 0° C. to about 100° C. for about 
0.5-48 hours, optionally in the presence of a base such as 
triethylamine, pyridine, DBU, DMAP, imidaZole, sodium 
hydride, potassium hydride, potassium tert-butoxide, potas 
sium hydroxide, KHMDS, or the like, and a condensation 
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agent such as DCC, CDI, para-nitrophenyl chloroformate, 
molecular sieves, or the like, to provide the corresponding 
ester 8, Where RZ can be C1-C6-alkyl, C2-C6-alkenyl or 
C2-C6-alkynyl, each optionally substituted With one or more 

substituents selected from the group consisting of halogen, 
ORG, aryl, substituted aryl, heterocyclic and substituted 
heterocyclic, Where R6 is as previously de?ned. 

[0185] In another embodiment of scheme 1, 7 can also be 
treated With an isocyanate reagent in an aprotic solvent such 

as methylene chloride, ethylene chloride, THF, chloroform, 
DMF, acetonitrile, or the like, at a temperature from about 0° 
C. to about 50° C. for 1-48 hours, optionally in the presence 
of a base such as triethylamine, pyridine, DBU, DMAP, 
imidaZole, sodium hydride, potassium tert-butoxide, potas 
sium hydroxide, KHMDS or the like, to provide the corre 
sponding carbamate 9. 

[0186] In yet another embodiment of scheme 1, 7 can be 
alkylated by an alkylating agent such as an alkyl halide, 
alkyl sulphonate, alkynyl halide, alkenyl halide, arylallyl 
halide, heteroarylallyl halide, benZyl halide, or the like, in an 
aprotic solvent such as methylene chloride, THF, DMSO, 
DMF, dioxane, acetonitrile, or the like or mixtures thereof, 
optionally containing Water (1-90% in volume), at a tem 
perature from about —20° C. to about 100° C., in the 
presence of a base such as lutidine, DBU, DMAP, sodium 
hydroxide, potassium hydroxide, sodium hydride, potassium 
hydride, potassium tert-butoxide, potassium hydroxide, 
KHMDS, or the like, and optionally adding a phase-transfer 
catalyst such as tetrabutylammonium iodide, benZyltriethy 
lammonium chloride, n-cetyltrimethylammonium bromide, 
tetraphenylphosphonium bromide, 18-croWn-6, or the like, 
to provide 10. Removal of the protecting groups on 8, 9 and 
10 (as described above for 6) provides compounds of 
Formula I. 
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-continued 

R50 

R50 

[0187] In yet another process of the invention for the 
preparation of the compounds of Formula 1,3 of Scheme 2, 
Where ORp is an ester can be alkylated by an alkylating agent 

such as an alkyl halide, alkyl sulphonate, alkynyl halide, 
alkenyl halide, arylallyl halide, heteroarylallyl halide, ben 
Zyl halide, or the like, in an aprotic solvent such as meth 

ylene chloride, THF, DMSO, DMF, dioxane, acetonitrile, or 
the like or mixtures thereof, optionally containing Water 
(1-90% in volume), at a temperature from about —20° C. to 
about 100° C., in the presence of a base such as lutidine, 

DBU, DMAP, sodium hydroxide, potassium hydroxide, 
sodium hydride, potassium hydride, potassium tert-butox 
ide, potassium hydroxide, KHMDS, or the like, and option 
ally adding a phase-transfer catalyst such as tetrabutylam 
monium iodide, benZyltriethylammonium chloride, 
n-cetyltrimethylammonium bromide, tetraphenylphosho 
nium bromide, 18-croWn-6, or the like, to provide 11. 11 is 
then treated With a silylating agent such as HMDS, BSA, 

R50 

R50 

triethylsilyl chloride, TMSCl, TBDMSCl, TBDPSCl, or the 
like, optionally With the addition of a catalyst such as, 

DMAP, imidaZole, or the like, in an aprotic solvent such as 

methylene chloride, ethylene chloride, THF, chloroform, 
DMF, acetonitrile, or the like, at a temperature from about 0° 
C. to about 50° C. for about 1-48 hours, to provide 12, Where 

RP3 and RP4 are hydroxy protecting groups. Selective depro 
tection at 4‘-position is achieved by treating 12 With an acid 
such as acetic acid, propanoic acid or phenolic acid or the 

like in an organic solvent such as acetone, acetonitrile, 

methanol, ethanol or the like, or combinations thereof, at a 

temperature from about —20° C. to about 100° C. for about 

1-24 hours, to provide 13. 13 can be further derivatiZed at 

the 4‘-position to provide 14 by the methodologies of 
synthesiZing 8, 9 and 10 from 7 at 4‘-position as described 

above in scheme 1. Removal of protecting groups on 13 and 

14 as described above for 6, provides 15 (of Formula I). 
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[0188] In yet another process of the invention for the 
preparation of the compounds of Formula I, 14a of Scheme 
2 is obtained by alkylating 13 With allyl bromide or prop 
argyl bromide, as described earlier in scheme 1. The prop 
argyl group of 14a is reduced With a variety of borane or 
stannane reagents to give vinyl boronic acid 14b for further 
palladium catalyzed Suzuki or Stille coupling reactions to 
provide 14c (see (a) Suzuki, Chemical RevieWs, 1995, 95, 
2457; (b) Suzuki, Pure &Appl. Chem. 1991, 63, 419). 14a 
is treated With an aryl halide or aryl tri?ate in the presence 
of a palladium catalyst [Pd(0) or Pd(II)] to provide 14c: (See 
(a) Heck, Palladium Reagents in Organic Synthesis, Aca 
demic Press: NeW York, 1985, Chapter 1; (b) Sonogashira, 
Comprehensive Organic Synthesis, Volume 3, Chapters 2,4; 

R50 

(c) Sonogashira, Synthesis 1977, 777). Under the Heck 
coupling conditions, regio isomers and steric isomers of the 
double bond are possible. Alternatively, 14a can undergo a 
cross metathesis reaction With vinylaromatic derivatives 
using ruthenium catalysts (see (a) J. Org. Chem. 2000, 65, 
2204-2207; (b) RevieWs: Synlett. 1999, 2, 267; (c) RevieWs: 
Ivin, K. J.; Mol, J. C. Ole?n Metathesis and Metathesis 
Polymerization, 2nd ed.; Academic Press: NeW York, 1997; 
(d) J. Org. Chem. 1999, 64, 47984816; (e) Angew. Chem., 
Int. Ed. Engl. 1997, 36, 2036-2056; Tetrahedron 1998, 
54, 4413-4450). Alternatively, 13 of scheme 2 is reacted 
With a tert-butyl allyl carbonate or an tert-butyl arylallyl 
carbonate catalyzed by a palladium catalyst [Pd(0) or Pd(II)] 
to provide 14c directly: (See (a) Trost, B. M. Angew. Chem. 
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Int. Ed. Eng. 1989, 28, 1179. (b) Heck, Palladium Reagents 
in Organic Synthesis, Academic Press: NeW York, 1985, 
Chapter 1. (c) Tsuji Tetrahedron Lett. 1992, 33, 2987.). The 
multiple bonds conjugated With the aromatic ring at the 
4‘-position of 14c can be saturated With a reducing reagent 
such as hydrogen, cyclohexene, 1,3-cyclohexadiene, ammo 
nium formate, tri-n-butyltin hydride, triethylsilane, borane, 
alane, trimethylphosphine, stannous chloride, or the like, 
optionally in the presence of a metallic catalyst such as Pd, 
Rh, Ir, Pt, Ru, Cu, Co, Fe, Ir, or the like, to provide 14d. 

R50 

R50 

[0189] In yet another process of the invention for the 
preparation of the compounds of Formula I, 14 of Scheme 
2 is treated With TBAF or hydro?uoric acid, to remove the 

3-silyl protecting group to provide 16. 16 can be further 
derivatiZed at the 3-position by an alkylating agent such as 
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an alkyl halide, alkyl sulphonate, alkynyl halide, alkenyl 
halide, arylallyl halide, heteroarylallyl halide, benZyl halide, 
or the like in an aprotic solvent such as methylene chloride, 

THF, DMSO, DMF, dioxane, acetonitrile, or the like or 
mixtures thereof, optionally containing Water (1-90% in 
volume), at a temperature from about —20° C. to about 100° 
C., in the presence of a base such as lutidine, DBU, DMAP, 
sodium hydroxide, potassium hydroxide, sodium hydride, 
potassium hydride, potassium tert-butoxide, potassium 
hydroxide, KHMDS, or the like, and optionally adding a 

R50 

R50 

phase-transfer catalyst such as tetrabutylammonium iodide, 
benZyltriethylammonium chloride, n-cetyltrimethylammo 
nium bromide, tetraphenylphoshonium bromide, 18-croWn 
6, or the like, to provide 17. Removal of protecting groups 
on 17, as described earlier for 6, provides 18 (of Formula I). 
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[0190] In yet another process of the invention for the 
preparation of the compounds of Formula I, 17a of Scheme 
5 is obtained by alkylating 16 With allyl bromide or prop 
argyl bromide, as described above in scheme 1. The prop 
argyl group of 17a is reduced With a variety of borane or 
stannane reagents to give vinyl boronic acid 17b for further 
palladium catalyzed Suzuki or Stille coupling reactions to 
provide 17c (see (a) Suzuki, Chemical RevieWs, 1995, 95, 

R50 

2457; (b) Suzuki, Pure &Appl. Chem. 1991, 63, 419). 17a 
is treated With an aryl halide or aryl tri?ate in the presence 

of a palladium catalyst [Pd(0) or Pd(II)] to provide 17c: (See 
(a) Heck, Palladium Reagents in Organic Synthesis, Aca 
demic Press: NeW York, 1985, Chapter 1; (b) Sonogashira, 
Comprehensive Organic Synthesis, Volume 3, Chapters 2 
and 4; (c) Sonogashira, Synthesis 1977, 777). Under the 
Heck coupling conditions, regio isomers and steric isomers 
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of the double bond are possible. Alternatively, 17a can 
undergo a cross metathesis reaction With vinylaromatic 
derivatives using ruthenium catalysts (see (a) J. Org. Chem. 
2000, 65, 2204-2207; (b) RevieWs: Synlett. 1999, 2, 267; (c) 
RevieWs: Ivin, K. J .; M01, J. C. Ole?n Metathesis and 
Metathesis Polymerization, 2nd ed.; Academic Press: NeW 
York, 1997; (d) J. Org. Chem. 1999, 64, 4798-4816; (e) 

Angew. Chem., Int. Ed. Engl. 1997, 36, 2036-2056; Tetrahedron 1998, 54, 4413-4450). Alternatively, 16 of 

scheme 2 is reacted With a tert-butyl allyl carbonate or an 
tert-butyl arylallyl carbonate catalyZed by a palladium cata 
lyst [Pd(0) or Pd(II)] to provide 17c directly: (See (a) Trost, 
B. M.Angew. Chem. Int. Ed. Eng. 1989, 28, 1179. (b) Heck, 
Palladium Reagents in Organic Synthesis, Academic Press: 
NeW York, 1985, Chapter 1. (c) Tsuji Tetrahedron Lett. 
1992, 3, 2987). The multiple bonds conjugated With the 
aromatic ring at the 4‘-position of 17c can be saturated With 
a reducing reagent such as hydrogen, cyclohexene, 1,3 
cyclohexadiene, ammonium formate, tri-n-butyltin hydride, 
triethylsilane, borane, alane, trimethylphosphine, stannous 
chloride, or the like, optionally in the presence of a metallic 
catalyst such as Pd, Rh, Ir, Pt, Ru, Cu, Co, Fe, Ir, or the like, 
to provide 17d. 

R50 

R50 

[0191] 
preparation of the compounds of Formula I, 18 of scheme 6 

In yet another process of the invention for the 

can be derivatiZed to an amino derivative via reductive 

amination methods by treating With an amine compound in 
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the presence of sodium borohydride, sodium cyanoborohy 
dride, or the like, in an alcoholic solvent such as methanol, 
ethanol or isopropanol or in acetonitrile, or the like, at a pH 
from about 2 to about 6 to give 19. 18 can also be reduced 
to the corresponding alcohol With various hydride reducing 
agents such as sodium borohydrides, lithium borohydrides 
or the like, in an organic solvent such as methanol, ethanol, 
isopropanol, acetonitrile, THF, or the like, to provide 20. 20 
can be converted to an ether compound of the invention by 
treatment With an alkyl halide, alkyl sulphonate, propargyl 
halide, allyl halide, arylallyl halide, heteroarylallyl halide, 
benZyl halide or the like in the presence of a base such as 
sodium hydride, potassium hydride, potassium tert-butox 
ide, potassium hydroxide, KHMDS, or the like, in an aprotic 
solvent such as THF, DMSO, DMF, dioxane, or the like or 
mixtures thereof, from a temperature from about —20° C. to 
about 60° C. to provide 21. 19, 20 and 21 can be deprotected 
by stirring in methanol at a temperature, from about room 
temperature to about re?ux, to remove the Rp protecting 
group at the 2‘-position Where ORp is an ester, to provide 
compounds of Formula I. 

R50 

R50 

[0192] The procedures described above for preparing the 
compounds of Formula I of the present invention Will be 
better understood in connection With the folloWing examples 
Which are intended to be illustrative only, and not limiting of 
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the scope of the invention. Various changes and modi?ca 
tions to the disclosed embodiments Will be apparent to those 
skilled in the art. Such changes and modi?cations, including 
Without limitation, those relating to the chemical structures, 
substituents, derivatives, syntheses, 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. 

EXAMPLES 

Example 1 

[0193] Compound of Formula I: A=—CHO, R1 and R2 
taken together=O, R3=H, R4=H, R5=C(O)-3-quinolyl, and 
RP=H 

[0194] Step 1a. 2 of Scheme 1: RP=H and R4=H, 

[0195] A solution of tylosin (916 mg, 1.0 mmol) in aque 
ous TFA (0.50 M, 30 mL) Was re?uxed for 1.5 hours With 
stirring. After being cooled to room temperature, the solu 
tion Was basi?ed With NaHCO3. The mixture Was extracted 
With methylene chloride. The combined extracts Were dried 
(Na2SO4) and evaporated. The residue Was chromato 
graphed on silica (previously basi?ed With triethylamine, 
CH2Cl2:MeOH/95 :5) to give the title compound (OMT) 
(314 mg, 52.6%). 

[0196] MS (ESI) III/Z 598 (M+H)+. 

[0197] 13c-NMR (100 MHZ, CDC13): 6 203.4, 203.1, 
173.7, 148.1, 142.5, 135.1, 118.2, 103.8, 80.7, 75.1, 73.1, 
70.6, 70.5, 70.0, 67.2, 61.6, 46.9, 44.5, 43.5, 41.5, 40.3, 39.3, 
32.4, 31.8, 25.3, 17.6, 17.2, 12.9, 9.5, 8.7. 

[0198] Step 1b. 2 of Scheme 1: RP=—COCH3 and R4=— 
COCH3; 
[0199] Amixture of the compound from step 1a (1.195 g, 
2.0 mmol) and acetic anhydride (1.50 mL, 16.0 mmol) in 
acetone (10 mL) Was stirred at room temperature for 2 hours 
and then evaporated. The residue Was dissolved in toluene (5 
mL) and evaporated (the process Was repeated tWo more 
times), giving the title compound (1.355 g, 99.3%) after 
drying. 

[0200] MS (ESI) m/Z 682 (M+H)+. 

[0201] 13c-NMR (100 MHZ, CDC13): 6 203.7, 203.1, 
173.7, 169.7, 169.2, 148.1, 142.2,135.4,118.0, 101.5, 80.5, 
74.9, 71.2, 70.8, 70.3, 66.9, 66.5, 62.0, 46.9, 44.8, 43.3, 41.0, 
40.6, 39.2, 31.5, 30.9, 25.2, 21.1, 21.0, 17.3, 17.0, 12.9, 9.5, 
8.4. 

[0202] Step 1c. Compound of Formula I: A=—CHO, R1 
and R2 taken together=O, R3=H and R5=Rp=R4=Ac, (ii) 
R,=oH, RP=R4=Ac and (iii) R5=R4=OH, RP=AC. 

[0203] The compound from step 1a (1.195 g, 2.0 mmol) 
Was acetylated With acetic anhydride as described in step 1b 
for 2 hrs. The reaction mixture Was partitioned betWeen 
EtOAc and saturated NaHCO3. The organic layer Was 
treated With Et3N (0.5 mL) for 45 minutes and then evapo 
rated. Chromatography on silica (CH2Cl2:MeOH/ 
99:1~92:8) afforded three products: 1) the title compound 
(98 mg, 6.8%); 2) the compound of step 1b (884 mg, 64.8%) 
and 3) a side-product (178 mg, 13.9%) 

[0204] MS (ESI) III/Z 724 (M+H)+. 
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[0205] 13c-NMR (100 MHZ, CDC13): 6 203.1, 203.0, 
173.6, 170.7, 169.7, 169.2, 147.5, 140.0, 135.6, 118.6, 
101.6, 80.5, 74.4, 71.3, 70.9, 70.4, 67.0, 66.6, 63.3, 44.9, 
43.6,43.4,41.1,40.7,39.2,31.4,31.0,25.2,21.2,21.1,20.6, 
17.3, 17.0, 12.9, 9.4, 8.4. 

[0206] The side-product (Compound of formula I: 
A=—CHO, R1 and R2 taken together=O, R3=H, R4=H, 
R5=H and RP=H) 

[0207] MS (ESI) III/Z 640 (M+H)+. 

[020s] 13c-NMR (100 MHZ, CDC13): 6 203.7, 203.1, 
173.6, 169.1, 148.1, 142.3, 135.3, 118.0, 101.6, 80.0, 74.9, 
72.7, 70.3, 70.1, 68.9, 66.4, 61.8, 46.9, 44.8, 43.3, 41.1, 40.6, 
39.2, 31.4, 31.0, 25.1, 21.3, 17.6, 17.3, 12.9, 9.5, 8.4. 

[0210] Into a solution of the compound from step 1b 
(1.738 g, 2.55 mmol) in dry MeCN (7.0 mL) and MeOH (7.0 
mL) Was added camphorsulfonic acid (651 mg, 2.80 mmol) 
at 0° C. The mixture Was kept at 0° C. for 2 hours and Et3N 
(0.40 mL, 2.87 mmol) Was added. After evaporation, the 
residue Was partitioned betWeen EtOAc and saturated 
NaHCO3. The organic layer Was Washed successively With 
saturated NaHCO3, Water and brine. The organic layer Was 
dried (Na2SO4) and evaporated to give the title compound 
(1.826 g, 98.4%). 

[0211] MS (ESI) III/Z 728 (M+H)+. 

[0212] 13c-NMR (100 MHZ, CDC13): 6 204.0, 173.5, 
169.7, 169.2, 147.5, 142.0, 135.3, 118.3, 102.3, 101.8, 80.9, 
74.9, 71.3, 70.7, 70.4, 67.0, 66.6, 61.9, 53.4, 49.8, 46.9, 44.8, 
41.2, 41.0, 39.6, 32.7, 32.5, 30.8, 25.1, 21.1, 21.0, 17.5, 17.0, 
12.9, 9.5, 8.5. 

[0213] Step 1e. Compound of Formula I: A=—CHO, R1 
and R2 taken together=O, R3=R4=H, R5=—COCH3 and 
RP=H. 

[0214] A solution of the compound from step 1c (40.0 mg, 
0.055 mmol) in MeOH (2.0 mL) Was stirred at room 
temperature for 70 hours. The solution Was evaporated to 
give the title compound (35.3 mg, 100%). 

[0215] MS (ESI) III/Z 640 (M+H)+. 

[0216] 13c-NMR (100 MHZ, CDC13): 6 203.1, 202.9, 
173.8, 170.8, 147.6, 140.1, 135.6, 118.4, 103.9, 81.0, 74.5, 
73.3, 70.9, 70.8, 70.1, 63.4, 47.1, 44.6, 43.7, 41.6, 39.4, 32.7, 
31.9, 25.3, 20.7, 17.8, 17.3, 12.9, 9.5, 8.9. 

[0217] Step 1f. Compound of Formula I: A=—CHO, R1 
and R2 taken together=O, R3=H, R4=—C(O)CH3, R5=— 
C(O)-3-quinolyl, and RP=—C(O)CH3; 
[0218] Amixture of the compound from step lb (55.0 mg, 
0.081 mmol), 3-quinolinecarboxylic acid (17.0 mg, 0.097 
mmol), DMAP (12.2 mg, 0.10 mmol) and DCC (0.2 M in 
CH2Cl2, 0.48 mL, 0.96 mmol) Was stirred at room tempera 
ture for 13 hours. The solution Was chromatographed on 
silica (CH2Cl2:EtOAc/9 1~1:1) to give the title compound 
(65.1 mg, 96.4%). 

[0219] MS (ESI) III/Z 837 (M+H)+. 

[0220] 13c-NMR (100 MHZ, CDC13): 6 203.1, 202.9, 
173.6, 169.7, 169.2, 165.8, 149.8, 149.1, 147.2, 139.6, 
136.1, 133.9, 130.1, 129.8, 128.3, 125.3, 124.9, 122.2, 
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119.0, 101.7, 80.5, 74.2, 71.3, 71.0, 70.4, 67.0, 66.6, 64.6, 
44.9, 43.9, 41.2, 40.8, 39.3, 31.5, 31.0, 25.4, 21.2, 21.1, 17.4, 
17.2, 13.0, 9.5, 8.5. 

[0221] Step 1g. Compound of Formula I: A=—CHO, R1 
and R2 taken together=O, R3=H, R4=H, R5=C(O)-3-quinolyl 
and RP=H. 

[0222] The title compound (20.9 mg, 36.9%) Was obtained 
using the procedure described in step 1e from the compound 
of step 1f (63.0 mg, 0.075 mmol) after chromatography on 
silica (CH2Cl2:MeOH/92.5:2.5~95:5). 

[0223] MS (ESI) III/Z 753 (M+H)+. 

[0224] 13c-NMR (100 MHZ, CDC13): 6 203.0, 202.8, 
173.8, 165.8, 149.9, 149.1, 147.3, 139.7, 136.1, 134.0, 
130.1, 129.8, 128.4, 125.3, 125.0,122.2,119.3, 104.0, 80.8, 
74.3, 73.3, 71.0, 70.8, 70.0, 64.7, 44.6, 44.0, 43.7, 41.7, 39.4, 
32.6, 32.0, 25.5, 17.8, 17.3, 13.0, 9.6, 9.0. 

Example 2 

[0225] Compound of Formula I: A=—CHO, R1 and R2 
taken together=O, R3=H, R4=H, R5=—C(O)CH2-3-pyridyl 
and RP=H. 

[0226] Step 2a. Compound of Formula I: A=—CHO, R1 
and R2 taken together=O, R3=H, R4=—C(O)CH3, R5=— 
C(O)CH2-3-pyridyl and RP=C(O)CH3; 

[0227] The title compound (51.0 mg, 72.1%) Was obtained 
from the compound of step lb (60.2 mg, 0.088 mmol) using 
the procedure described in step 1f. 

[0228] MS (ESI) III/Z 801 (M+H)+. 

[0229] 13c-NMR (100 MHZ, CDC13): 6 203.4, 203.2, 
173.8, 170.6, 170.0, 169.4, 150.4, 148.9, 147.5, 139.8, 
137.0, 136.0, 129.5, 123.7, 119.1, 101.9, 80.8, 74.4, 71.6, 
71.2, 70.7, 67.3, 66.9, 64.2, 45.2, 44.0, 43.7, 41.4, 41.0, 39.5, 
38.6, 31.7, 31.2, 25.5, 21.5, 21.4, 17.6, 17.4, 13.1, 9.7, 8.7. 

[0230] Step 2b. Compound of Formula I: A=—CHO, R1 
and R2 taken together=O, R3=H, R4=H, R5=—C(O)CH2-3 
pyridyl and RP=H. 

[0231] The title compound (37.2 mg, 81.6%) Was obtained 
from the compound of step 2a (51.0 mg, 0.064 mmol) using 
the procedure described in step 1 e after chromatography on 
silica (CH2Cl2:MeOH/92.5:2.5~90:10). 

[0232] MS (ESI) III/Z 717 (M+H)+. 

[0233] 13c-NMR (100 MHZ, CDC13): 6 203.1, 202.9, 
173.7, 170.3, 150.2, 148.6, 147.4, 139.6, 136.9, 135.8, 
129.3, 123.5, 119.3, 104.0, 80.9, 74.3, 73.3, 70.9, 70.8, 70.1, 
64.1, 44.6, 43.8, 41.6, 39.4, 38.3, 25.4, 17.8, 17.3, 12.8, 9.5, 
8.9. 

Example 3 

[0234] Compound of Formula I: A=—CHO, R1 and R2 
taken together=O, R3=H, R4=H, R5=—C(O)CH2CH2-3-py 
ridyl and RP=H. 

[0235] Step 3a. Compound of Formula I: A=—CHO, R1 
and R2 taken together=O, R3=H, R4=—C(O)CH3, R5=— 
C(O)CH2CH2-3-pyridyl and RP=C(O)CH3; 
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[0236] The title compound (37.7 mg, 70%) Was obtained 
from the compound of step lb (45.0 mg, 0.066 mmol) using 
the procedure described in step 1f. 

[0237] MS (ESI) III/Z 815 (M+H)+. 

[023s] 13c-NMR (100 MHZ, CDC13): 6 203.2, 203.0, 
173.6, 172.1, 170.0, 169.2, 149.7, 147.9, 147.4, 139.8, 
135.8, 135.7, 135.5, 123.4, 118.8, 101.7, 80.6, 74.3, 71.3, 
71.0, 70.5, 67.1, 66.6, 63.5, 44.9, 43.7, 43.5, 41.2, 40.8, 39.3, 
35.0, 31.5, 31.0, 27.9, 25.2, 21.3, 21.2, 17.4, 17.2, 13.0, 9.5, 
8.5. 

[0239] Step 3b. Compound of Formula I: A=—CHO, R1 
and R2 taken together=O, R3=H, R4=H, R5=— 
C(O)CH2CH2-3-pyridyl and RP=H. 

[0240] The title compound (33.5 mg, 99.1%) Was obtained 
from the compound of step 3a (37.7 mg, 0.046 mol) using 
the procedure described in step 1e. 

[0241] MS (ESI) III/Z 731 (M+H)+. 
[0242] 13c-NMR (100 MHZ, CDC13): 6 203.1, 202.8, 
173.7, 172.1, 149.7, 147.8, 147.5, 139.8, 135.8, 135.7, 
135.5, 123.4, 119.2, 104.0, 80.9, 74.3, 73.3, 70.9, 70.8, 70.1, 
63.6, 44.6, 43.7, 41.7, 39.4, 35.0, 27.9, 25.3, 17.8, 17.3, 12.9, 
9.5, 8.9. 

Example 4 
[0243] Compound of Formula I: A=—CHO, R1 and R2 
taken together=O, R3=H, R4=H, R5=—C(O)CH=CH-3-py 
ridyl and RP=H. 

[0244] Step 4a. Compound of Formula I: A=—CHO, R1 
and R2 taken together=O, R3=H, R4=—C(O)CH3R5= 
C(O)CH=CH-3-pyridyl and RP=—C(O)CH3; 
[0245] The title compound (39.9 mg, 74.4%) Was obtained 
from the compound of step 1b (45 .0 mg, 0.066 mmol) using 
the procedure described in step 1f. 

[0246] MS (ESI) III/Z 813 (M+H)+. 
[0247] 13c-NMR (100 MHZ, CDC13): 6 203.2, 203.0, 
173.7, 169.7, 169.2, 166.0, 151.2, 149.8, 147.5, 141.9, 
139.9, 135.8, 134.3, 130.0, 123.7, 119.4, 118.8, 101.7, 80.6, 
74.4, 71.3, 71.0, 70.4, 67.1, 66.7, 63.7, 45.0, 43.8, 43.5, 41.2, 
40.8, 39.3, 31.5, 31.0, 25.3, 21.3, 21.2, 17.4, 17.2, 13.1, 9.6, 
8.5. 

[0248] Step 4b. Compound of Formula I: A=—CHO, R1 
and R2 taken together=O, R3=H, R4=H, R5=—C(O)CH= 
CH-3-pyridyl and RP=H. 

[0249] The title compound (35.0 mg, 97.8%) Was obtained 
from the compound of step 4a (39.9 mg, 0.049 mmol) using 
the procedure described in step 1e. 

[0250] MS (ESI) III/Z 729 (M+H)+. 
[0251] 13c-NMR (100 MHZ, CDC13): 6 203.1, 202.8, 
173.8, 166.0, 151.2, 149.8, 147.5, 141.9, 139.9, 135.8, 
134.3, 129.9, 123.7, 119.4, 103.9, 74.5, 73.3, 70.9, 70.8, 
70.1, 63.7, 44.6, 43.8, 43.7, 41.7, 39.4, 25.4, 17.8, 17.3, 13.0, 
9.6, 8.9. 

Example 5 
[0252] Compound of Formula I: A=—CHO, R1 and R2 
taken together=O, R3=H, R4=H, R5=—C(O)NH2 and RP=H. 
[0253] Step 5a. Compound of Formula I: A=—CHO, R1 
and R2 taken together=O, R3=H, R4=—C(O)CH3, R5=— 
c(o)NH2 and RP=—C(O)CH3; 
















































