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Novel 3-descladinose—2,3-anhydroerythromycin compounds and pharmaceutically acceptable salis and esters thereof having antibac-
teria] activity selected from the group consisting of: (a) (I), (b) (11}, (¢) (1I), and (d) (IV), pharmaceutical compositions comprising a
therapeutically effective amount of a compound of formulas (I)-(IV) of the invention in combination with a pharmaceutically acceptable
carrier, us well as a method for treating bucterial infections by administering to a mammal a pharmaceutical composition containing a
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3-DESCLADINOSE-2,
3-ANHYDROERYTHROMYCIN DERIVATIVES

Technical Field

The present invention relates to novel semisynthetic macrolides having antibacterial
activity and useful in the treatment and prevention of bacterial infections. More particularly,
the invention relates to 3-descladinose-2 3-anhydroerythromycin derivatives, compositions
containing such compounds and methods for using the same, as well as processes for
making such compounds.

Backeround Of The Invention
Erythromycins A through D, represented by formula (E):

Ervithromvcein R? RE
A -OH  -CH,
B -H -CH;
C -OH -H
D -H -H

(E)

are well-known and potent antibacterial agents, used widely to treat and prevent bacterial
infection. As with other antibacterial agents, however, bacterial strains having resistance or
insufficient susceptibility 1o erythromycin have been identified. Also, erythromycin A has
only weak activity against Gram-negative bacteria. Therefore, there is a continuing need to
identify new erythromycin derivative compounds which possess improved antibacterial
activity. which have less potential for developing resistance, which possess the desired
Gram-negative activity, or which possess unexpected selectivity against target
microorganisms. Consequently. numerous investigators have prepared chemical derivatives
of erythromycin in an atternpt to obtain analogs having modified or improved profiles of
antibiotic activity.

Although Agouridas. er al. (U.S. Patent 5.444,0531. issued August 22, 1995) have
disclosed a 9-O-((2-methoxyethoxy)methyl)oxime of 2-deoxy-2.3-anhydro-3-O-des(2,6-
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didcox_v-3-C»memyl-}o-mcthyl-Dc-L—ribo—hexopyranosyl)-6-0-methyl—erythmmycin. ne
utility nor method of preparation was disclosed.

We have, however, discovered novel 3-descladinose-2,3-anhydroerythromycin
derivatives that possess significant activity against selected microorganisms.

Likewise, various C3-modified erythromycin compounds are known, but none
possess the C2-C3 modifications of the present invention (see, for example, Agouridas, er
al., European application EP 676409, published October 11, 1995; Kashimura, et al..
European application EP 559896, published September 15, 1993; and Asaka, ez af., PCT
application WO 93/21200, published October 28, 1993).

Summary Of The Invention

The present invention provides a novel class of 3-descladinose-2,3-anhydro-
erythromycin compounds which possess antibacterial activity.

In one aspect of the present invention are disclosed novel 3-descladinose-2,3-
anhydroerythromycin compounds selected from the group consisting of’

(a) » (@

L (I
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NMe;
o) CHgy
, (I}, and
NMEQ
o) CHy
. (V)

or pharmaceutically acceptable salts and esters thereof.
In formulas (I) - (V) above,
R1 is selected from the group consisting of:

()
(b)
(©
(d)
(e)
)
(8)

hydrogen;

hydroxy;

0-C1-Cyo-alkyl;
0-CO-C-Ceg-alkyl;

0-CO-NHp;
0-CO-NH-CO-Cy-Cyp-alkyl; and
0-CO-NH-S0»-C1-Cyp-alkyl;

R? is hydrogen or a hydroxy protecting group;
RS is hydrogen or C;-Cg-alkyl;
R is selected from the group consisting of:

(a)
(b

hydrogen:

Ci-Cg-alkyl optionally substituted with one or more substituents
selected from the group consisting of:

(1 aryl;

()  substituted-aryl;
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(iv)
%
(vi)

(vi)

(viil)
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heteroaryl;

substituted-heteroary!;

hydroxy;

C;-Cs-alkoxy;

NR3R4, where R3 and R4 are independently selected from
hydrogen and C1-Cg-alkyl, or R3 and R* are taken with the
nitrogen atom to which they are connected to forma 3- to 7-
membered ring which, when the ring is a 5- to 7-membered
ring, may optionally contain a hetero function consisting of
-O-, -NH-, -N(C;-Cg¢-alkyl-)-, -N(aryl)-, -N(aryl-C{-Cg-
alkyl-)-, -N(substituted-aryl-C-Cg-alkyl-)-, -N(heteroaryl)-,
-N(heteroaryl-C1-Cg-alkyl-)-, -N(substimted-heteroaryl-Cy-
Cg-alkyl-)-, -S- or -5(O)y-, wherein nis 1 or 2;
-CHy-M-RS,

wherein M is selected from the group consisting of:

(az) -C(O)-NH-;

(bb)  -NH-C(O)

(cc) -NH-

(dd) -N=

(ee) -N(CHs)-

#H  -0-

(gg) -S(O)p-, whereinnis 0,1 or 2;
(hh) -CO-O-

(i  -0-Co-

iy -CO-;and

R3 is selected from the group consisting of:
(aaa) C1-Cgalkyl, optionally substituted with 2
substituent selected from the group consisting of:
@ anb
(1) substituted-aryl;
(i)  heteroaryl; and
(iv)  substimted-heteroaryl;
(bhb) aryl;
(cce)  substituted-aryl;
(ddd) heteroaryl;
(eee) substituted-heteroaryl; and
(fff)  heterocycloalkyl; and

_4-
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(©)  C3-Crcycloalkyl:
(d)  aryl
(6)  substimted-aryl;
6 heteroaryl;
‘ (g)  substtuted-heteroaryl;
W is absent or selected from the group consisting of -O-, -NH-CO-, -N=CH-, -NE-
and -N(C;-Cg-alkyl)-;
A, B, D and E are independently selected from the group consisting of:
(a) hydrogen;
(b)  Cy-Cg-alkyl, optionally substirated with one or more substituents
selected from the group consisting of:
@  amk
(i)  substimted-aryl;
(li)  heteroaryl;
(iv)  substituted-heteroaryl,
(v) heterocycloalkyl;
(vi)  hydroxy;
(vil) Cy-Cg-alkoxy;
(viii) halogen consisting of Br, Cl, F or I; and
{ix)  NR3R4, where R3 and R4 are independently selected from
hydrogen and C;-Cg-alkyl, or R3 and R4 are taken with the
nitrogen atorn to which they are connected to form a 3- to 7-
membered ring optionally containing a hetero function
consisting of -O-, -NH-, -N(C;-Cg-alkyl-)-, -N{aryl-C;-Ce-
alkyl-)-, -N(substituted-aryl-C;-Cg-alkyl-)-, -N(heteroaryl-
C}-Cg-alkyl-)-, -N(substituted-heteroaryl-C;-Cg-alkyl-)-, -5-
or -S(0O),-, wherein nis 1 or 2;
© C3-Cy-cycloalkyl;
{d aryl;
(e} substituted-aryl;
3} heteroaryl;
® substituted-heteroary!;
(h) heterocycloalkyl; and
1) a group selected from option (b) above further substituted with
-M-R3, wherein M and R3 are as defined above;
or
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any one pair of substituents, consisting of AB, AD, AE, BD, BE or DE, is taken
together with the atom or atoms to which they are attached to form a 3- to 7-
membered ring optionally containing a hetero function consisting of:
-0O-,
5 ' -NH-,
-N(C-Cg-alkyl-)-,
-N{aryl-C}-Cg-alkyl-)-,
-N(substituted-aryl-C;-Cg-atkyl-)-,
-N{heteroaryl-C;-Cg-alkyl-)-,

10 -Nsubstituted-heteroaryl-C;-Cg-alkyl-)-,
-S- or -§{Q)y-, whereinnis 1 or 2;
-C(0)-NH-;
-C(0)-NR5-, wherein RS is as defined above;
-NH-C(0)-;

15 -NR3-C(0)-, wherein RS is as defined above; and
-C(=NH)-NH-.

The compounds and compositions of the present invention have antibacterial
activity.
In another aspect of the present invention are disclosed pharmaceutical compositions
20 for wreating bacterial infections comprising a therapeutically effective amount of a compound
of the invention in combination with a pharmaceutically acceptable carrier. Suitable carriers
and methods of formulation are also disclosed.
Still another aspect of this invention is a method for treating bacterial infections
comprising administering to a mammal in need of such weatment a pharmaceuticat
25 composition containing a therapeutically-effective amount of a compound of the invention.
In a further aspect of the invention are provided processes for the preparation of
tricyclic macrolide derivatives of Formulas (I) - (IV) above. 4
In another aspect of the invention are provided novel compounds (¢f. compound (4)
of Scheme 1) having use as intermediates in the preparation of compounds of Formulas (T)-
30 (IV) above.
In still another aspect of the invention is a process for the preparation of a novel 3-
descladinose-2.3-anhydroerythromycin intermediate compound having the Formula of
Compound (4) of Scheme 1; R1=0Me (¢f. Scheme 1 below).
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Detailed Description Of The Invention
In one preferred embodiment of the invention are compounds having the formula (T):

NMGz

(D

wherein R1, R2, R, and W are as defined above.
In a more preferred embodiment of the invention are compounds of formula (I)
5 wherein W is absent or is an -NH- grouping.
In another preferred embodiment of the invention are compounds having the
formula (1I):

. (I

wherein R1,R2 A. B, D, and E are as defined above.

In a further embodiment of the invention are compounds having the formula (TII):
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NMEQ

, (HI)

wherein Rl, RZ, A. B, D, and E are as defined above.
In still another embediment of the invention are compounds having the formula (IV):

bR ocp R?  NMe,
NS ‘
O,,'

% o7 YoH,

(V)

wherein R}, R2, RS, A, B, D, and E are as defined above.

Representative compounds of the invention include:

5 Compound of Formula (I); R1=H; R2=H; W is absent; R=4-phenylbutyl;

Compound of Formula (I); R!=methoxy; R2=H; W is absent; R=4-
phenylbutyl;

Compound of Formula (I);- R!=methoxy; R?=H; W is absent; R=3-
phenoxypropyl;

10 Compound of Formula (I); Rl=methoxy; R2=H; W is absent; R=2-

((phenylmethyl)amino)ethyl:

Compound of Formula (I); R!'=methoxy; R%=H; W is absent; R=3-(N-
methyl-N-phenylamino)propyl;
Compound of Formula {I); Rl=methoxy; RZ=H; W is absent; R=3-(4-
15 chlorophenoxy)propyl;
Compound of Formula (I); R!=methoxy; R2=H; A=B=C=D=H;
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Compound of Formula (I); R1=methoxy; R2=H; W is absent; R=3-(1-
quinoyloxy)propyl:

Compound of Formula (I); Rl=methoxy; R2=H; W is absent; R=4-(4-
chlorophenyl)-3(Z)-butenyl;

Compound of Formula (I); R1=methoxy; R2=H: W is absent; R=2-
phenylethyl;

Compound of Formula (I); Rl=methoxy; RZ=H; W is absent; R=2-(3,4-
dichlorophenylethyl;

Compound of Formula (I); RI=methoxy; R2=H; W is absent;
R=phenylmethyl;

Compound of Formula (I); Rl=methoxy; R%=H; W is -NH-; R=3-
phenylpropyl;

Compound of Formula (I); R}=methoxy; RZ=H; W is absent; R=3-(4-
phenoxyphenyhethyl;

Compound of Formula (I); R '=methoxy; R2=H; W is absent; R=3-
phenylpropyl;

Compound of Formula (I); R1=methoxy; R?=H; W is absent; R=2,2-
diphenylethyl;

Compound of Formula (1); Rl=methoxy; R2=H; W is absent; R=H;

Compound of Formula (IV); R1=methoxy; R2=H: A=B=C=D=H; R=H;

Compound of Formula (I); R1=methoxy; R2=H; W is -NH-; R=H; C10
methyl is epi-isomer;

Compound of Formula (I); R1=methoxy; R%=H; W is -NH-; R=H; C10
methyl is natural isomer;

Compound of Formula (I); R1=methoxy; RZ=H; W is -NH-; R=(4-
quinolinyl)propyl: C10 methyl is natural isomer;

Compound of Formula (I); R l=methoxy; R2=H; W is absent; R=3-(2-
naphthyloxy)propyl;

Compound of Formula (I); R l=methoxy; R2=H; W is absent; R=3-(3-
pyridyloxy )propyl: ,

Cornpound of Formula (I); R l=methoxy; R?=H; W is absent; R=3-(2-
pyridyloxy)propyt:

Compound of Formula (I); R1=OH: R?=H; W is absent; R=4-phenylbutyl:

Compound of Formula (I); R’=0CONH?; R2=H; W is absent; R=4-
phenylbutyl;

Compound of Formula (I); RI=OCONHCO-methyl; R?=H; W is absent;
R=4-phenylbutyl:
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Compound of Formula (I); RI=0CONHSO2-methyl; R2=H; W is absent;
R=4-phenylbutyl:

Compound of Formula (I); R1=0Me; R2=H; W is absent; R=phenyl;

Compound of Formula (T); R1=OMe; RZ=H; W is absent; R=3-pyridyl;

Compound of Formula (I); R!=OMe; R2=H:; W is -O-; R=H;

Compound of Formula (I); R1=0Me; R2=H; W is -O-; R=Me;

Compound of Formula (I); R1=0Me; R2=H: W is -NH-CO-;

R=phenyl;

Compound of Formula (H); R'=OMe; R2=H; A=benzyl; B,D E=H;

Compound of Formula (I1); R1=OMe; R2=H: A,D=3,4-pyrrolidiny};
B,E=H;

Compound of Formula (II); R!=0Me; R?=H; A,B,D,E=H:

Compound of Formula (IV); R!=0Me; R?=H; A=benzyl; B,D,E=H; R=H:

Compound of Formula (IV); R1=0Me; R?=H; A D=3 4-pyrrolidinyl;
B,E=H: R=H:

Compound of Formula (IV); R1=0Me; R2=H: A,B,D,E=H,
R=CH;CHyCH»C¢Hs;

Compeund of Formula (IV); R1=OMe; R2=H; A,B,D,E=H, R=2 4-
dinizobenzene;

Compound of Formula (IV); R1=0OMe; R2=H; A,B.D,E=H, R=4-quinoly!:

Compound of Formula (I); R!=methoxy; R2=H; W is absent; R=(4H-4-
oxo-1-quinolyl)propyl;

Compound of Formula (1), Ri=methoxy; R2=H; W is absent; R=2-(4-
nirophenyljethyl;

Compound of Formula (I); R1=methoxy; R2=H:; W is absent; R=2-(4-
aminophenyljethyl:

Compound of Formula (I); R!=methoxy; R2=H; W is absent; R=3-
ethoxypropyl;

Compound of Formuia (T); Rl=methoxy; R2=H; W is absent;
R=isopropyl:

Compound of Formula (I): Rl=methoxy; R2=H; W is absent: R=2-(4-
bromophenyi)ethyl:

Compound of Formula (I): R!=methoxy: R2=H; W is absent; R=2-(4-
hydroxyiphenyliethyl;

Compound of Formula (I); R'=methoxy: R?=H; W is absent; R=2-(4-
fluorophenylethyl:

S10-

L
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Compound of Formula (I); R1=methoxy; RZ=H; W is absent; R=2-(3-
methoxyphenyl)ethyl:

Compound of Formula (I); Rl=methoxy; R3=H; W is absent; R=3-
vinyloxypropyl:

Compound of Formula (I); R'=methoxy; R2=H; W is absent; R=2-(3-
trifluoromethyl)phenylethyl;

Compound of Formula (I); Rl=methoxy; RZ=H; W is absent; R=2-
thienylethyl;

Compound of Formula (I); Rl=methoxy; R2=H; W is absent; R=2-(3 4-di-
benzyloxyphenyljethyl;

Compound of Formula (I); R l=methoxy; R2=H; W is absent; R=2-(4-
methylphenyl)ethyl;

Compound of Formula (I); R1=methoxy; R2=H; W is absent; R=allyl;

Compound of Formula (I); R1=methoxy; R2=H; W is absent; R=13-

dihydroxypropyl;

Compound of Formula (I); R1=methoxy; R2=H: W is absent; R=1,3-
dihydroxypropyl (10-epi);

Compound of Formula (I); R l=methoxy; R2=H; W is absent; R=3-
hydroxypropyl:

Compound of Formuta (I); R l=methoxy; R2=H; W is absent; R=3-
hydroxypropyl (10-epi);

Compound of Formula (I); R l=methoxy; RZ=H; W is absent; R=propyl;

Compound of Formula (I); R l=methoxy; RZ=H: W is absent; R=isobuty};

Compound of Formula (I); R1=methoxy; R2Z=H; W is absent; R=2-
(benzoylamino)ethyl;

Compound of Formula (I); R1=methoxy; R>=H; W is absent; R=3-
{benzoylamino)propyl;

Compound of Farmula (I); R l=methoxy; R2=H; W is absent; R=3-
{(acetylamino)propyl;

Compound of Formula (I): Rl=methoxy: R2=H; W is absent; R=H (10-
epiy.

Compound of Formula (I); R l=methoxy; R?=H; W is absent; R=3-
phenylpropyl (10-epi);

Compound of Formula {I): R1=methoxy; R2=H: W is absent; R=3-(4-
phenoxyphenyliethyt (10-epi);

Compound of Formula (I); R l=methoxy; R2=H; W is -NH-; R=3-(4-
chlorophenyl)propyl:
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Compound of Formula (I); R l=methoxy; R2=H; W is -NH-; R=3-(3-

chlorophenyl)propyl;

Compound of Formula (I); R '=methoxy; R?=H; W is -NH-; R=3-(2-

chlorophenyl)propyl;

Compound of Formula (I); Rl=methoxy; R%=H; W is -NH-; R=3-(2,4-

dichlorophenyljpropyl;

Compound of Formula (I); R 1=methoxy; R2=H; W is -NH-; R=3-(4-

hydroxyphenyl)propyl;

Compound of Formula (I); Rlzmethoxy; R2=H: W is -NH-; R=3-(3-

hydroxyphenyl)propyl;

Compound of Formula (I); R I=methoxy; R2=H; W is -NH-; R=3-(2-

hydroxyphenyl)propyl;

Compound of Formula (I); R !=methoxy; R?=H; W is -NH-; R=3-(4-

methoxyphenylypropyl;

Compound of Formula (I); R1=methoxy; RZ=H; W is -NH-; R=3-(4-

nitrophenyl)propyl;

Compound of Formula (T); R I=smethoxy; R%=H; W is -NH-; R=3-(3-

nitrophenyl)propyl;

Compound of Formula (I); R l=methoxy; R2=H; W is -NH-; R=3-(2-

nitrophenyl)propyl;

Compound of Formula (I); R I=methoxy; R%=H; W is -NH-; R=3-((4-

(acetylamino)phenyl)propyl;

Compound of Formula (T); R{=methoxy; R2=H; W is -NH-; R=trans-3-

phenylprop-2-enyl;

Compound of Formula (I}, R I=methoxy; R>=H; W is -NH-; R=2-

phenylethyl;

Compound of Formula (I); R }=methoxy; R?=H; W is -NH-;

R=phenylmethy!;

Compound of Formula (I); R!=methoxy; R?=H; W is -NH-; R=(3-

indolylmethyl:

Compound of Formula (I); Rl=methoxy: R?=H; W is -NH-; R=(4-

methaxyphenyl)methyl;

Compound of Formula (I): Rl=methoxy; R2=H; W is -NH-: R=(4-

acetylaminophenyl)methyl;

Compound of Formula (I): R!=methoxy:; RZ=H; W is -NH-; R=(4-

chiorophenylymethy!;

- 12-
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Compound of Formula (I); Rl=methoxy; RZ2=H; W is ;NH—; R=(4-

dimethylaminophenyl)methyl:

Compound of Formula (I); Rl=methoxy; R®=H; W is -NH-; R=trans-3-(4-

nitrophenyl)prop-2-enyl;

Compound of Formula (I): RI=methoxy; R?=H; W is -NH-; R=(4-

nirophenylymethyl;

Compound of Formula (I); Rl=methoxy; R2=H; W is -NH-; R=(3,4-

dihydroxyphenylymethyl;

Compound of Formula (I); R l=methoxy; R2=H: W is -NH-: R=(2,5-

dihydroxyphenyl)methyl;

Compound of Formula (I); R1=methoxy; R2=H:; W is -NH-; R=(2-

hydroxy-S-nitrophenyl)methyl;

Compound of Formula (I); Ri=methoxy; R2=H; W is -NH-; R=(4-

hydroxymethylphenyl)methyl;

Compound of Formula (I); Rl=methoxy; R?2=H; W is -NH-; R=trans-3-(5-

nitro-2-furanyl)prop-2-enyl;

Compounnd of Formula (T); Rl=methoxy; RZ=H; W is -NH-; R=(4-

hydroxyphenyl)methyl;

Compound of Formula (I); Rl=methoxy; R2=H; W is -NH-; R=(3-

hydroxyphenyl)methyl;

Compound of Formula (I); R1=methoxy; R2=H; W is -NH-; R=(2-

hydroxyphenylmethyl;

Compound of Formula (I); R!=methoxy; R2=H; W is -NH-; R=(4-

mifluoromethylphenyl)methyl;

Compound of Formula (I); R'=methoxy; R?=FH; W is -NH-; R=(4-

Cyanophenylimethyl;

Compound of Formula (I); R!=methoxy; R2=H; W is -NH-; R=(2-

pyridylimethyl;

Compound of Formula (I); Rl=methoxy; R2=H; W is -NH-; R=(3-

pyridylymethyl;

Compound of Formula (I); R1=meth0xy; R2=H; W is -NH-; R=(4-

pyridy)methyl;

Compound of Formula (I): R!=methoxy: R2=H; W is -NH-: R=(2-

hydroxy-1-naphthyl)methyl:

Compound of Formula (I); Rl=methoxy; R2=H: W is -NH-: R=(4-

dimethylamino- 1-naphthyl)methyl;

- 13-
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Compound of Formula (I); R1=methoxy; RZ=H; W is -NH-; R=(4-
(methylthio)phenylimethyl;

Compound of Formula (I); R!=methoxy; R2=H; W is -NH-; R={4-
phenoxyphenylymethyl;

Compound of Formula (1): R I=methoxy; R2=H; W is -NH-; R=3-(4-
fluorophenyl)propyl;

Compound of Formula (I); R!=methoxy; RZ=H; W is -NH-; R=(trans-3-
(4-nitrophenyl)prop-2-enyl;

Compound of Formula (T); R l=methoxy: R2=H; W is -NH-; R=(4-
aminophenyl)methyl:

Compound of Formula (I); R l=methoxy; R2=H; W is -NH-; R=3-(4-
aminophenyl)propyl;

Compound of Formula (I); R l=methoxy: R2=H; W is -NH-: R=3-(3-
aminopheny!)propyl;

Compound of Formula (I); R l=methoxy; R?<H; W is -NH-; R=3-(2-
arminophenyl)propyl;

Compound of Formula (I): R}=methoxy; R2=H; W is -NH-; R=trans-3-(4-
acetylaminophenyl)prop-2-enyl;

Compound of Formula (I); Rlzmethoxy; R2Z=H; W is -NH-; R=trans-3-(4-
(4-nitrobenzoylamino)phenyl)prop-2-enyl;

Compound of Formula (I); Rl=methoxy; R2=H; W is -NH-; R=3-(2-
benztriazolyl)propyl;

Compound of Formula (T); R l=methoxy; R2=H: W is -NH-; R=3-(1-
benztriazolyl)propyl;

Compound of Formula (I); R l=methoxy: R2=H; W is -NH-; R=3-(4-
phenylimidazolyl)propyl:

Compound of Formula (I); R l=methoxy; R2=H; W is -NH-; R=3-(I-
anhydro-1-cladinosyl)propyl;

Compound of Formula (I): RI=methoxy; R2=H; W is -NH-; R=3-
phenylpropyl (10-epi);

Compound of Forrmula (I); R!=methoxy; R2=H; W is -NH-; R=isopropyl;

Compound of Formula (I); R1=methoxy; R?<H; W is -NH-; R=1,3-
diphenyl-2-propyl; and

Compound of Formula (I): R=methoxy; R?>=H; W is -NH-; R=3-pentyl.

The present invention provides a process for the preparation of a compound having
the Formula (I):
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(D

R1is selected from the group consisting of:

(a)
(b)
(c)
(d)
{e)
63

g)

hydrogen;

hydroxy;

0-Cy-Cyz-alkyl;
0-CO-C-Co-alkyl

0O-CO-NH3y;
0-CO-NH-C0-C-C2-alkyl; and
0-CO-NH-S02-C-Cyp-alkyl;

RZ is hydrogen or a hydroxy protecting group;

R is selected from the group consisting of:

{a)

(b)

hydrogen;

C1-Cg-alkyl optionally substimited with one or more substiments

selected from the group consisting of:

®

(ii)
(i)
(iv)
v
{vi)

(vii)

aryl;

substimted-aryl;

hetercaryl;

substituted-heteroaryl;

hydroxy;

C-Ce-alkoxy;

NR3R4, where R3 and R? are independently selected from
hydrogen and C}-Cg-alkyl, or R3 and R4 are taken with the
nitrogen atomn to which they are connected to form a 3- to 7-
membered ring optionally containing a hetero function
consisting of -O-, -NH-, -N(C;-Cg-alkyl-)-, -N(aryl-Cy-Cg-
alkyl-)-, -N(substituted-aryl-C}-Cg-alkyl-)-, -N(heteroaryl-
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C-Cg-alkyl-)-, -N(substituted-heteroaryl-Cy-Ce-alkyl-3-, -S-
or -S(O)y-. whereln n is 1 or 2;
(viii) ~CHz-M-RS,
wherein M is selected from the group consisting of:

(aa)  -C(O)-NH-;

(bb) -NH-C(O)-;

(cc) -NH-

(dd) -N=;

{ee) -N(CHg)-

(M -0

gg)  -S(O)y-, whereinnis 0, 1 or 2;
(hh) -CO-O-

(i  -O-COo-

4y  -CO-;and

RS3 is selected from the group consisting of:
(aaa) Cp-Cs-alkyl, optonally subsumted with a substituent
selected from the group consisting of:
@ aml
(i) substituted-aryl;
(i)  heteroaryl; and
(iv)  substtuted-heteroaryl;
(bbb) aryh;
{cce)  substituted-aryl;
(ddd) heteroaryl;
(eee) substituted-heteroaryl; and
(fff)  heterocycloalkyl: and
(c) C3-Cy-cycloalkyl;
(d  aryl
(e) substituted-aryl;
(f) heteroaryl;
(g)  substituted-heteroaryl; and
W is absent;
the method comprising:

@) treating a compound having the formula:

J16-
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wherein R! is selected from the group consisting of hydrogen, protected hydroxy, O-CO-
C1-Cg-alkyl, O-C1-Cpp-alkyl, O-CO-NHp, 0-CO-NH-CO-C)-Cy2-alkyl, and O-CO-NH-
§07-Cy-Cyp-alkyl: and R? is a hydroxy protecting group, with a primary amine RNH>,
wherein R is as defined above, in a suitable organic solvent at room temperature to reftux
temperature for about 4 to about 48 hours, extracting, optionally deprotecting, and isolating
the desired compound.

In a preferred embodiment of the process immediately above R is hydrogen, C1-Cs-
alkyl, C3-Cy-cycloalkyl, aryl, substituted-aryl, heteroaryl or substituted-heteroaryl, and the
solvent is selected from the group consisting of methylene chloride, tetrahydrofuran, N-
methyl-pyrrolidinone, diethyl ether, bis-methoxymethyl ether, dimethyl formamide,
acetonitrile, acetone and aqueous mixtures thereof.

The present invention also provides an alternate process for the preparation of a
compound having the Formula (I):

(D

wherein
R1 is selected from the group consisting of:
(a) hydrogen:
(b hydroxy;
(¢ 0-Cy-Cyp-alkyl;

-17-
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@  ©O-CO-Cy-Cgalkyl;
(&)  O-CO-NHp;
(H 0-CO-NH-CO-C;-Cyp-alkyl; and
(g) O-CO-NH-S0,-Cy-Cyp-alkyl;
R? is hydrogen or a hydroxy protecting group;
R is selected from the group consisting of:
(a) hydrogen;
(b) C1-Cg-alky] optionally substimted with one or more substituents
selected from the group consisting of:
63] aryl;
(i) substituted-aryl;
(i)  heteroaryl;
(v}  substituted-heteroaryl;
(v)  hydroxy;
(vi) Cy-Ce-alkoxy;
(vil) NR3R#, where R3 and R4 are independently selected from
hydrogen and Cy-Cg-alkyl, or R3 and R# are taken with the
nitrogen atom to which they are connected to forma 3- to 7-
membered ring which, when the ring is a 3- to 7-membered
ting, may optionally contain a hetero function consisting of
-0-, -NH-, -N(C;-Cg-atkyl-})-, -N(aryl)-, -N(aryl-C;-Cs-
alkyl-)-, -N(substituted-aryl-C1-Cg-alkyl-)-, -N(heteroaryl)-,
-N(heteroaryl-Cy-Cg-alkyl-)-, -N(substituted-heteroaryi-C-
Cg-alkyl-)-, -S- or -S(O)y-, wherein n is 1 or 2;
(viii) -CHy-M-RS,
wherein M is selected from the group consisting of:

(aa) -C(O)-NH-

(bb) -NH-C(O}-;

(ce) -NH-

(ddy -N=;

(ee) -N(CHz)-

fth -0

28} -S(O)p-, whereinnis 0, 1 or 2;
(hhy  -CO-O-

(iy -O0-CO-

()  -CO-;and

R is selected from the group consisting of:

J18-
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(aaa) Cy-Cg-alkyl, optionally substituted with a
substituent selected from the group consisting of:

@ ayh
(1) substituted-aryl;
(i)  heteroaryl; and
(iv)  substituted-heteroaryl;
(bbb) aryk
(cce)  substituted-aryl;
(ddd) heteroaryl;
(eee) substituted-heteroaryl; and
(fff)  heterocycloalkyl; and
() C3-Co-cycloalkyl;
@ aryl
(e) substituted-aryl;
(f)  heteroaryl;
(g) substituted-heteroaryl; and
W is selected from the group consisting of -NH-CO-, -N=CH-, -NH- and -N(C;-
Ceralkyl)-;
the method comprising:
(a) treating a compound having the formula;

wherein R is selected from the group consisting of hydrogen, protected hydroxy, O-CO-
C1-Cs-alkyl, O-Cy-Cyz-alkyl, O-CO-NH3, O-CO-NH-CO-C)-Cyz-alkyl, or O-CO-NH-
502-C}-C1p-alkyl: and R2 is a hydroxy protecting group, with 2 reagent selected from the
group consisting of hydrazine and a substituted hydrazine in a suitable organic solvent at
room temperature to reflux for about 4 to about 48 hours to afford the desired compound;

S19-
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(b)  optionally acylating the compound of Formula (I) obtained in step (a)
wherein W is -NH- and R is H with an acylating agen: to afford a compound of Formula D

wherein W is -NH-CO-:

{¢)  optionally condensing the compound of Formula () obtained in step (a)
wherein W is -NH- and R is H with an aldehyde to afford a compound of Formula {0
wherein W is -N=CH-;

(d)  optionally reducing the compound of Formula (I) obtained in step (c)
wherein W is -N=CH- with a reducing agent to afford a compound of Formula (I) wherein
W is -NH-:

()  and exmactng, optionally deprotecting, and isolating the desired compound.

A preferred embodiment of the process immediatety above is the one wherein the
solvent is selected from the group consisting of methanol, ethancl, propanol, isopropanol,
butanol, t-butanal, methylene chioride, tetrahydrofuran, N-methyl-pymrolidinone, diethyl
ether, bis-methoxymethyl ether, dimethy! formamide, acetone, aqueous acetonitrile,
agueous DMF, and aqueous acetone.

In one embodiment of the process immediately above the product is a compound of
Formula (I) wherein W is -NH- and R is H, and the hydrazine reagent is hydrazine.

In another embodiment of the process immediately above the product is a compound
of Forrnula (I) wherein W is -N(Cy-Cg-alkyl)-, the hydrazine reagent is a substituted
hydrazine RR¥NNH», wherein R is as defined for Formula (I) and R4 is C1-Ce-alkyl.

In still another embodiment of the process immediately above the product is a
compound of Formula (T) wherein W is -NH-CO-, the hydrazine reagent is hydrazine, and
the product obtained in step (a) having the Formula (I) wherein W is -NH- and R is H is
treated with an R-acyl acylating agent, wherein R is as defined for Formula (I). Ina
preferred embodiment the acylating agent is selected from the group consistin g of an acid
chloride. an acid fluoride, an acid anhydride, a carboxylic acid in the presence of
carbonyldiimidazole, and a carboxylic acid in the presence of 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride.

In yet another embodiment of the process immediately above the product is a
compound of Formula (I) wherein W is -N=CH-, the hydrazine reagent is hydrazine, and
the product obtained in step (a) having the Formula () wherein W is -NH- and R is H is
treated with an aldehyde having the formula R-CHO, wherein R is as defined for
Formula (I).

In an additional embodiment of the process immediately above the productis a
compound of Formala (I) wherein W is -NH- and R is not H, the hydrazine reagent is
hydrazine. the product obtained in step (a) having the Formula (I} wherein W is -NH- and &
is H is treated with an aldehyde having the formula R-CHO. wherein R is as defined for
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Formula (T}, and the product obtained in step (¢) havihg the Formula (I) wherein W is
-N=CH- is treated with a reducing agent. In a preferred embodiment of this process the
reducing agent is selected from the group consisting of sodium cyanoborohydride, sodium
borohydride, sodium triacetoxyborohydride, borane-tetrahydrofuran complex, and borane-
piperidine complex.

The present invention further provides a process for the preparation of a compound
having the Formula (T):

wherein
R1 is selected from the group consisting of:
(@) hydrogen;
(b)  hydroxy;
©  0-Ci-Cro-alkyl;
(d)  0-CO-Cj-Cgalkyl;
(€)  O-CO-NHyp;
(f) 0-CO-NH-CO-Cy-Crz-alkyl; and
(g  O-CO-NH-S02-Cy-Cip-alkyk:
R? is hydrogen or a hydroxy protecting group;
R is selected from the group consisting of:
(a) hydrogen;
by  C1-Cg-alkyl optionally substituted with one or more substituents
selected from the group consisting of:
iy  aryl
(i) substituted-aryl;
(1)  heteroaryl:
(iv)  substituted-heteroaryl;
(v} hydroxy:
(viy  C-Cg-alkoxy;
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(vii)

(viid)
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NR3R#, where R3 and R4 are independently selected from
hydrogen and Cj-Cs-alkyl, or R3 and R* are taken with the
nitrogen atom to which they are connected to form a 3- to 7-
membered ring which, when the ring is a 5- to 7-membered
ring, may optionally contain a hetero function consisting of
-0-; -NH-, -N(C;-Cg-alkyl-)-, -N(aryl)-, -N(aryl-C;-Cg-
alkyl-)-, -N(substituted-aryl-C1-Cs-alkyl-)-, -N(heteroaryl)-,
-N(heteroaryl-C1-Cg-alkyl-)-, -N(substituted-heteroaryl-Cy-
Cg-alkyl-)-, -S- or -S{O)y-, wherein nis 1 or 2;
-CHy-M-R3,
wherein M is selected from the group consisting of:

(aa) -C(O)-NH-;

(bb) -NH-C(O)-

(ccy -NH-

(dd) -N=;

{ee) -N(CHa)-

fnH O

(gg) -S(O)p-, wherelnnis 0, L or 2;
(hh) -CO-O-

G -0-CO-

i  -CO-;and

RS is selected from the group consisting of:
(aza) Ci-Ce-alkyl, optionally substituted with a
substituent selected from the group consisting of:
@ ayk
(ii) substitated-aryl;
(i)  heteroaryl; and
(iv)  substituted-heteroaryl;
(bbb) aryl;
{cce)  substituted-aryl;
(ddd) heteroaryl;
(eee) substituted-heteroaryl; and
(fff)  heterocycloalkyl: and

C3-Cy-cycloalkyl:

aryl;

substituted-aryl;
heteroaryl;
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(g)  substituted-heteroaryl; and

Wis-0-;
the method comprising:
(a) treating a compound having the formula:

wherein R is selected from the group consisting of hydrogen, protected hydroxy, O-Cy-
C2-alkyl, O-CO-C3-Cg-alkyl, 0-CO-NHy, O-CO-NH-CO-C;-Cq2-alkyl, or O-CO-NH-
802-Cy-Cip-alkyl; and R2 is a hydroxy protecting group, with a hydroxylamine reagent
selected from the group consisting of unsubstituted hydroxylamine and an 0-C1-Cy-
alkylated hydroxylamine in a suitable organic solvent at room temperature to reflux for about
4 to about 48 hours, to give the desired compound;

(b)  optionally treating the product obtained in step (a) having the Formula (T)
wherein W 15 -O- and R is H with a suitable base and an appropriate electrophile having the
formula R-L, wherein R is selected from the group consisting of Cj-Cg-alkyl, C3-C7-
cycloalkyl, aryl, substituted-aryl, heteroaryl and a substituted-heteroaryl group, wherein
these terms are as defined for compounds of Formula (I) above and L is suitable leaving
group. to give the desired compound of formula (I) wherein W is -O- and R is selected from
the group consisting of C|-Cg-alkyl, C3-Cy-cycloalkyl, aryl, substituted-aryl, heteroaryl
and a substituted-heteroaryl group; and

©) extracting, optionally deprotecting, and isolating the desired compound.

In one embodiment of the process immediately above the product is a compound of
Formula (I) wherein W is -O- and R is H and the hydroxylamine reagent is unsubstituted
hydroxylamine.

In one embodiment of the process immediately above the product is a compound of
Formula (I) wherein W is -O- and R is 0-C{-Cg-alkyl and the hydroxylamine reagent is an
0-Cy-Cg-alkylated hydroxylamine.

In still another embodiment of the process immediately above the final product is a
compound of Formula (I) wherein W is -O- and R=C}-Cg-alkyl, the hydroxylamine reagent

-23 -
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is unsubstituted hydroxylamine, and the intermediate product having the Formula (1)
wherein W =0 and R is H is eated with a suitable base and an alkyl halide.

In still another embodiment of the process immediately above the final productis a
compound of Formula (I) wherein W is -O- and R is selected from the group consisting of
C3-Cy-cycloalkyl, aryl, substituted-aryl, heteroaryl and a substituted-heteroary! group, and
the intermediate product having the Formula (I) wherein W is -O- and R is H is treated with
a snitable base and an electrophile having the formula R-L, wherein R is as defined above
and L is a suitable leaving group. In a preferred embodiment of this process the base is
selected from the group consisting of sodium hydride, potassium hydride, lithium hydride,
lithium diethylamide, and butyllithium, and L is selected from the group consisting of
halide, methanesuifonyl and p-toluenesulfonyl. .

The present invention also provides a process for the preparation of a compound
having the Formula (I):

I

wherein
R! s selected from the group consisting of:
(a) hydrogen;
(b)  hydroxy;
(c)  O-Ct-Cpp-alkyl;
(d) 0-CO-Cy-Cg-alkyl;
(e)  O-CO-NHpy;
(1) 0-CO-NH-CO-Cy-Cq2-alkkyl; and
g} O-CO-NH-S0,-C;-Cjz-alkyl;
RZ is hydrogen or a hydroxy protecting group:
A, B. D and E are independently selected from the group consisting of:
(a) hydrogen;
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C1-Ce-alkyl, optionally substituted with one or more substituents

selected from the group consisting of;

©
{d)
{e)
43]
(g
h)

(1)

M) aryh

) substituted-aryl;

(i)  heteroaryt;

(iv)  substituted-heteroaryl;

(v)  heterocycloalkyl;

(vi)  hydroxy;

(vil)  Ci-Cg-alkoxy;

(viii) halogen consisting of Br, Cl, For I; and

(ix)  NR3R#, where R3 and R4 are independently selected from

hydrogen and C;-Cg-alkyl, or R3 and R4 are taken with the
nitrogen atom to which they are connected to form a 3- to 7-
membered ring which, when the ring is a 5- to 7-membered
ring, may optionally contain a hetero function consisting of
-0-, -NH-, -N(C;-Cg-alkyl-)-, -N(aryl)-, -N(aryl-C;-Cg-
alkyl-)-, -N(substituted-aryl-Cq-Cg-alkyl-)-, -Ntheteroaryl)-,
-N(heteroaryl-C;-Cg-alkyl-)-, -N(substituted-heteroaryl-C|-
Cg-alkyl-)-, -8- or -S(O)p-, wherein n is 1 or 2;

C3-Cy-cycloalkyl:

aryl;

substituted-aryl;

heteroaryl;

substituted-heteroaryl;

heterocycloalkyl;

and

a group selected from option (b) above further substituted with -M-

R3, wherein M is selected from the group consisting of

(aa) -C(O)}-NH-;
(bb)  -NH-C(0)-;
(cc) -NH-

(dd)  -N(CH3)-
(eey -O-

(ffy  -S(O)p-. whereinnis 0, 1 or 2:
gg)  -C(=NH)-NH-:

{hh) -CO-O-

iy -0O-CO-
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Gy -COo-;
and R s selected from the group consisting of:
{aaa) Ci-Ce-alkyl, optionally substituted with a substiment selected
from the group consisting of:
H  awk
(i) substituted-aryl;

wn

(1)  heteroaryl; and
(iv}  substituted-heteroaryl;
(bbb) aryt;
10 (cce) substituted-a;yl;

{ddd) heteroaryl
{eee)  substituted-heteroaryl; and
(fff)  heterocycloalkyl;

or
15 any one pair of substituents, consisting of AB, AD, AE, BD, BE or DE, is taken
together with the atom or atoms to which they are attached to form a 3- to 7-
membered ring optionally containing a hetero function consisting of:
-0-,
-NH-,
20 -N(C;-Cgrakkyl-)-,
-N(aryl-Cy-Ce-alkyl-)-,
-N(substituted-aryl-Cy-Cg-alkyl-)-,
-N(heteroaryl-C1-Cg-alkyl-)-,
~-N{substituted-heteroaryl-C1-Cg-alkyl-)-,
25 -§- or -§(0)p-, wherein nis 1 or 2:
-C(0Q)-NH-;
-C(0)-NR3-, wherein RS is as defined above:
-NH-C(0)-;
-NR5-C(0O)-, wherein RS is as defined above; and
30 -C(=NH)-NH-;

the method comprising:
{a)  weating a compound having the formula:
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wherein Rl is selected from the group consisting of hydrogen, protected hydroxy, O-C;-
Ciz-alkyl, 0-CO-Cy-Cg-alkyl, O-CO-NHp, 0-CO-NH-CO-C1-C1z-alkyl, or O-CO-NH-
502-Cy-Cro-alkyl: and R? is a hydroxy protecting group, with a compound having the

formula:
D

Eun) NHe
A
g "NHp

>

wherein A, B, D, and E are as defined for compaunds of Formula (II) above, in a suitable
solvent at room ternperature to reflux temperature for about 4 to about 48 hours to give the
bicyclic intermediate compound having the formula:

e PN, CH N(CHy),
Al o A P,
B
e 5 CHy
OY o, o) CHp
o)
’ CH,
HiC
o
(b)  deprotecting said bicyclic intermediate compounds to give the second

intermediate compounds having the formula:
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i

(¢)  cyclizing said second intermediate compounds by treatment with dilute
concentration of a strong acid in a snitable organic solvent for a period of from about 4
hours to about 10 days at a temperature from amnbient to reflux temperature of the solvent to
give the desired compounds; and

5 (d) extracting, optionally deprotecting, and isolating the desired compound.

A preferred embodiment of the process immediately above is the one wherein in step
(2) the solvent is selected from the group consisting of methanol, ethanal, propanol,
1sopropanol. butanol, t-butanol, methylene chloride, terahydrofuran, N-methyl-
pyrrolidinone, diethyl ether, bis-methoxymethy] ether, dimethyl formamide, acetone,

10 aqueous acetonitrile, aqueous DMTF, and agueous acetone; and in step (¢) the solvent is
selected the group consisting of methanol, ethanol, propanol, Iso-propanol, butanol, so-
butanol and r-butanol,

The present invention provides an altemate process for the preparation of 2
compound having the Formula (II):

CH,

» (I

15 wherein A. B. D, E. R1 and R2 are as defined for Formula (ID) above,
the method comprising:
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(a) treating a compound having the formula:

wherein R! is selected from the group conststing of hydrogen, protected hydroxy, O-C;.
Cir-alkyl, O—CO—Cl—Cs—aIkyl, 0-CO-NH;, O-CO-NH-CO-C1-C12-alkyl, or O-CO-NH-
S02-C-Cyp-alkyl; and R2 s 4 hydroxy protecting group, with a compound having the
formula;

2

£\ OH
A

B " NH;

wherein A, B, D, and E are as defined above, in a suitable solvent at0 - 70 °C for about 4
to about 48 hours to give a bicyclic intermediate compound having the formula:

(b)  treating the bicyclic intermediate compound from step (a) with
wiphenylphosphine and djphcnylphosphoryl azide—djcthylazodicarboxylatc in
tetrahydrofuran under Mitsunobu reaction conditions to prepare the second intermediate
azide compound having the formula;

.29 .
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N(CH,),

CH,

(c) reducing the second intermediate azide compound to prepare the third
intermediate compound having the formula:

D
Ex 3
A
B

i

(d) cyclizing said third intermediate compound by treatment with a dilute

concentration of a strong acid at ambient temperature to reflux temperature for about 4 honrs
5 to about 10 days in a aqueous alcohol solvent 1o give the desired compounds; and

(e) extracting, optionally deprotecting, and isolating the desired compound.

In a preferred embadiment of the process described immediately above in step (a) the
solvent is selected from the group consisting of methanol, ethanol, propanol, isopropanol,
butanol, t-butanol, methylene chloride, tewahydrofuran, N-methyl-pynolidinone, diethyl

10 ether, bis-mcthoxymethyl cther, dimethyl formamide, acetone, aqueous acetonitrile,

dialkylaluminum hydride; and in Step (d) the solvent is selected the group consisting of
methanol. ethanol, Propanol, iso-propanol, butanol, iso-butanol and t-butanol.

In an alternate embodimen; of the alternate process described immediately above,
Step (b) thereof is replaced with two Steps consisting of:

(b} reacting the hydroxy group of the bicyclic intermediate compound with a
sulfonating agent selected from the &roup consisting of sulfonyl chloride, alky! sulfonic
anhydride, aryl sylfonic anhydride, and trifluoromethanesulfonic anhydride, in an aprotic
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solvent at -78°C to room temperature to give an intermediate compound wherein the
hydroxyl group has been replaced with a sulfonate ester moiety; and
(b"}  reacting the sulfonate ester of step (b") with an alkali metal azide in an aprotic
solvent at from about 0°C to about 100°C to give the second intermediate azide compound.
5 The present invention also provides a process for the preparation of a compound
having the Formula (IIT):

» ()

wherein
A, B, D and E are independently selected from the group consisting of:
(a) hydrogen:

10 (b C1-Cs-alkyl, optionally substituted with one or more substituents
selected from the group consisting of:
@ anyk

(i) substituted-aryl;
(i)  heteroaryl;
13 {tv)  substituted-heteroaryl;
(v)  heterocycloalkyl;
(vi)  hydroxy;
(vil) C;-Cg-alkoxy;
(viii} halogen consisting of Br, Cl, F or I; and
2 (ix)  NR3R4, where R3 and R# are independently selected from
hydrogen and C;-Cg-alkyl, or R3 and R4 are taken with the
nitrogen atom to which they are connected to form a 3- to 7-
membered ring which, when the ring is a 5- to 7-membered
ring, may optionally contain a hetero function consisting of
23 -O-, -NH-. -N(C-Cs-alkyl-)-, -N(aryl}-, -N(aryl-C;-Cg-
alkyl-)-, -N(substituted-aryl-C1-Cs-alkyl-)-, -N¢heteroaryl)-.
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-N(heteroaryl-Cy-Cg-alkyl-)-, -N(substituted-heteroary]-C;-
Cg-alkyl-)-. -S- or -§{O),-, wherein nis 1 or 2:

(©) C3-Cy-cycloalkyl;

d)  aryl

" (e substituted-aryl;
H heteroaryl;
(g substituted-heteroaryl;
(h)  heterocycloalkyl;

and

(1) a group selected from option (b) above further substituted with -M-

R3, wherein M is selected from the group consisting of

(aa)
(bb)
{cc)
(dd)
(ee)
(fH

(eg

-C(0)-NH-;

-NH-C(0)-;

-NH-

-N(CH3)-

-O-

-S(O)y-, wherein nis 0, 1 or 2; and
-C(=NH)-NH-;

and R3 is selected from the group consisting of:

(aa2)

C1-Cg-alkyl, optionally substituted with a substituent selected

from the group consisting of:

(bbb)
{cce)
(ddd)
(eee)

(tff)

or

@ agl

(it) substiited-aryl;
(iii)  heteroaryl; and
(iv)  substituted-heteroary;
aryl;

substituted-aryl;
heteroaryl;
substituted-heteroaryl; and
heterocycloalkyl;

any one pair of substituents, consisting of AB, AD, AE, BD. BE or DE, is taken

together with the atom or atorns to which they are attached to form a 3- to 7-

membered ring optionally containing a hetero function consisting of:

-0-,

-NH-,

-N(C}-Cg-alkyl-)-,
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-N(aryl-C;-Cg-alkyl-)-,
-N(substituted-aryl-Cy-Cg-alkyl-)-,
-N(heteroaryl-C;-Cg-alkyl-)-,
-N(substituted-heteroaryl-C-Cg-alkyl-)-,
-S-or -$(O)y-, whereinnis 1 or 2;
-C(O)-NH-;
-C(0)-NR3-, wherein R5 is as defined above;
-NH-C(0)-;
-NR3-C(O)-, wherein R5 is as defined above; and
-C(=NH)-NH-;
R1is selected from the group consisting of:
(a) hydrogen;
(b)  hydroxy;
(€) 0-Cy-Crp-alkyl;
(dy  O-CO-Ci-Cg-alkyl;
(e) 0-CO-NH3;
f) 0-CO-NH-CO-C)-Cqy-alkyl; and
) 0-CO-NH-80,-C}-Cyp-alkyl; and
R? is hydrogen or a hydroxy-protecting group;
the method comprising:
(a) reacting a compound having the formula (I):

NMEz

CH,

. (I,

wherein R! is as above or is a hydroxy protecting eroup and R?, A, B, D, and E are as
defined above, with a suitable oxidizing agent to oxidize the imine nitrogen to the nitrone
and the nirogen atom on the desosamine moiety to the N-oxide to give an N-oxidized
intermediate: and

233
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(b)  treating the N-oxidized intermediate with a reducing agent to reduce the
desosamine N-oxide, and extracting, optionally deprotecting, and isolating the desired
compound.

A preferred embodiment of the process described immediately above is the one
wherein in step (a) the oxidizing agent is selected from the group consisting of hydrogen
peroxide and a carboxylic peracid; and in step (b) the reducing agent is selected from the
group consisting of triphenylphosphine and hydrogen in the presence of @ catalyst.

The invention further provides a process for the preparation of a compound having
the Formula (IV):

. (1V)

wherein
A, B, D and E are independently selected from the group consisting of:
(a) hydrogen;
(by  Cy-Cg-alkyl, optionally substituted with one or more substituents
selected from the group consisting of:
@ ayl
(1)  substituted-aryl;
(iii)  heteroaryl;
(iv)  substituted-heteroaryl;
(v)  heterocycloalkyl;
(vi)  hydroxy;
(vii) C;-Cgalkoxy;
(viil) halogen consisting of Br, Cl, F or I; and
(ix)  NR3IR4, where R3 and R# are independently selected from
hydrogen and C|-Cg-alkyl, or R3 and R4 are taken with the
nitrogen atom to which they are connected to forma 3- to 7-
membered ring which, when the ring is a 5- to 7-membered

ring, may optionally contain a hetero function consisting of

S34-
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-0-, -NH-, -N(C-Cg-alkyl-)-, -N(aryl)-, -N(aryl-C;-Cg-
alkyl-)-, -N(substituted-aryl-C-Cs-alkyl-)-, -N(heteraaryl)-.
-N(heteroaryl-C(-Cg-alkyl-)-, -N(substtuted-heteroaryl-C -
Cg-alkyl-)-, -S- or -S{O),-, wherein nis 1 or 2;
3 () C3-C-cycloalkyl;
(@ aryk
(e) substituted-aryl;
f) heteroaryl;
(g) substimuted-heteroaryl;
10 (h) heterocycloalkyl;
and
1 a group selected from option {b) above further substituted with -M-
R3, wherein M is selected from the group consisting of:

(aa) -C(O)-NH-
15 (bb) -NH-C(0)-;

(cc) -NH-

(dd) -N(CHs)-

(ee) -O-

(ff)  -S(O)p-, whereinnis 0, 1 or 2; and
20 (gg) -C(=NH)-NH-;

and R3 is selected from the group consisting of:
(aaz) Cy-Cg-alkyl, optionally substituted with a substituent selected
from the group consisting of:
iy  anyk
25 (ii) substituted-aryl;
(ii)  heteroaryl; and
(iv)  substituted-heteroaryl;
(bbb) aryl;
(ccc)  substituted-aryl;
30 (ddd) heteroaryl;
(eee) substituted-heteroaryl; and
(fff)  heterocycloalkyl;
or
any one pair of substituents, consisting of AB, AD, AE, BD, BE or DE, is taken
35 together with the atom or atoms to which they are attached to form a 3- to 7-
membered ring optionally containing a hetero function consisting of
-0-,

S35
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-NH-,

-N(C1-Cg-alkyl-)-,

-Nfaryl-Cy-Cg-alkyl-)-,
-N(substituted-aryl-C-Cg-alkyl-)-,
-N(heteroaryl-C-Cg-alkyl-)-,
-N(substituted-heteroaryl-Cq-Cg-alkyl-)-,

-S- or -S(0)y-, wherein nis 1 or 2;
-C{O)-NH-;

-C(0)-NR5-, wherein RS is as defined above;
-NH-C(0)-;

-NR3-C(0)-, wherein RS is as defined above; and
-C(=NH)-NH-;

R1is selected from the group consisting of:

(a)
{b)
©
(d)
(e)
(f)

2)

hydrogen;

hydroxy;

0O-Cy-Cyp-alkyl;
0O-CO-Cy-Cg-alkyl;

0O-CO-NHp;
O-CO-NH-CO-C;-Cyp-alkyl; and
0-CO-NH-50,-C-Cy3-alkyl: and

RZ is hydrogen or a hydroxy-protecting group;
R6 is hydrogen or C-Cg-alkyl;
the method comprising:

(a) reacting a compound having the formula:

NM92

CHy

PCT/US97/07051

wherein R! is as above oris a hydroxy protecting group and R2, A, B, D, and E are as

defined above with a reducing agent in a suitable organic solvent to afford the desired

compound wherein R6 is H;

.36 -
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(b)  optionally reductively alkylating the amino the product of step (2) with a
reducing reagent in the presence of a Cj-Cg-alkyl-group precursor to afford the desired
compound wherein R is C1-Cg-alkyl; and

(¢} exracting, optionally deprotecting, and isolating the desired compound.

A preferred embodiment of the process described immediate above is the one
wherein in step (a) and in optional step (b) the reducing agent is selected from the group
consisting of sodium cyanoborohydride, sodium borohydride, sodium
triacetoxyborohydride, borane-tetrahydrofuran complex, and borane-piperidine complex.

The inventon also provides for a novel intzrmediate compound having the formula:

wherein R is selected from the group consisting of:
(a) hydrogen;
(b)  protected hydroxy;
©) 0-C3-Crp-alkyl;
(d)  O-CO-Cy-Cealkyl;
®) 0-CO-NHg;
6] 0-CO-NH-CO-Cy-Cyp-alkyl; and
(g  O-CO-NH-S$0»-C;-Cjz-alkyl; and
R2is hydrogen or a hydroxy-protecting group.
A preferred embodiment of the intermediate compound is that wherein
R1is O-Cj-Cyp-alkyl.
A more preferred embodiment of the intermediate compound is that wherein
R!is methoxy.
The present invention also provides a process for the preparation of a compound
having the formula;

.37.
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o CHy
wherein R! is selected from the group consisting of:
(a) hydrogen;
(b)  protected hydroxy;
) 0-C1-Cpp-alkyl;
5 @ 0-CO-Cy-Cg-alkyl;
(e) 0-CO-NHy;
) O—CO—NH-CO-C]-CIz-aIkyI; and
(&) O-CO-NH-SOZ-CI-Clz-alkyl; and
RZis hydrogen or a hydroxy-protecting group;
10 the method comprising:

(a) treating an erythromycin A compound having the formula:

compound having the formula:

-38.
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(b) hydrolytically removing the cladinose moiety from the intermediate
compound of step (a) by eatment in an aqueous alcohol suspension with a dilute
concentration of a strong acid at ambient iemperature for about 0.5 to about 24 hours,
exmacting and eptionally isolating the compound having the formula:

N(CHj),

() teating the compound of step (b) with a suitable hydroxy group protecting
reagent in an aprotic solvent, and extractively isolating the compound wherein R2 is a
hydroxy protecting group;

(d)  weating a solution of the compound of step (¢) with a sulfonylating agent at
from about 0°C to ambient temnperature for about 1 to about 24 hours, and extractively
1solating the compound having the formula:

S39-
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wherein R7 is alkyl or aryl:

(e) dehydrating the compound of step (d) with a hydride base in the presence of
carbonyldiimidazole in an aprotic solvent at a temperature from about -20°C to about 70°C
for from about 0.5 hours to about 10 days, and extracting, optionally deprotecting, and
isolating the desired compound.

In a preferred embodiment of the process immediately above, in step (a) the
dehydrating reagents consist of an organocarbonate compound selected from the group
consisting of ethylene carbonate, propylene carbonate, trimethylene carbonate, dipropyl
carbonate, dibenzy! carbonate, isobutyl carbonate, dimethyl carbonate and diethyl carbonate,
in the presence of a base selected from the group consisting of triethylamine,
diisopropylethylamine, pyridine, 2,6-dimethylpyridne, 1,8-diazabicyclo[5.4.0lundec-7-ene,
N-methylmorpholine, N-methylpyrrolidine, N-methylpiperidine, sodium carbonate,
potassium carbonate, sodium bicarbonate and potassium carbonate; in step (b) the alcohol is
chosen from the group consisting of methanol, ethanol, propanol, iso-propanol, butanol,
iso-butanol and r-butanol, and the acid is selected from the group consisting of hydrochloric
acid, sulfuric acid, dichloroacetic acid and trichloroacetic acid; in step (¢) the hydroxy group
protecting reagent is selected from the group consisting of acetyl chloride, acetic anhydride,
benzoic anhydride, benzyl chloroformate, trimethylsilyl chloride and triethylsilyl chloride,
and the aprotic solvent is selected from the group consisting of methylene chloride,
chloroform, dimethylformamide, terahydrofuran, N-methylpyrrolidinone and mixtures
thereof; in step (d) the sulfonylating agent is selected from the group consisting of
methanesulfonyl anhydride. methanesulfonyl chloride, ethanesulfonyl chloride and p-
toluenesulfonyl chloride. and the base is selected from the group defined in step (a) above;
in step (e) the hydride base is selected from the group consisting of sodium hydride,
potassium hydride and lithium hydride and the aprotic solvent is as defined for step (C).

~ Inamore preferred embodiment of the process immediately above R! is H and steps
(d) and (e) are replaced with a single step (d") consisting of:
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(d") reatment of the compound from step (¢) with sodium hexamethyldisilazane at
from about -50 to about -28°C under an inert atmosphere followed by addition of
carbonyldiimidazole a from about 0°C to about ambient temperature for about 15 minutes to
about 6 hours, and extracting, optionalty deprotecting, and isolating the desired compound.

5 The present invention also provides an alternate process for the preparation of a
novel 3-descladinose-2,3-anhydroerythromycin intermediate compound having the formula:

wherein
R! is selected from the group consisting of:
(a) hydrogen;
10 (b)  protected hydroxy;
(o0 0-C1-Cpp-alkyl;
(d)  O-CO-Cj-Cgalkyl;

(e) 0-CO-NHy;
) 0-CO-NH-CO-Cy-Cyz-alkyl; and
15 (g9 O-CO-NH-S0,-Cj-Cpp-alkyl; and

RZ is hydrogen or a hydroxy-protecting group;
the method comprising:

(2)  hydrolytically removing the cladinase moiety from an erythromycin A
compound having the formula:

-41-
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wherein R1 is as described above by treatment in an aqueous alcohol suspension with a
dilute concentration of a strong acid at ambient ternperature for about 0.5 to about 24 hours,
extracting and optionally isolating the first intermediate compound having the formula:

(b)  optionally treating the first intermediate compound with a suitable hydroxy
group protecting reagent, and extractively isolating the second intermediate compound
having the formula of the compound of step (a) wherein R? is a hydroxy-protecting group;

{c) treating the second intermediate compound with an excess of a carbonylating
reagent and isolating by aqueous work up the third intermediate compound having the

formula:

-42-
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wherein R! may not be hydrogen but is otherwise as defined above;

(d) treating the third intermediate compound with a suifonylating agent at from
about 0°C to ambient temperature for about 1 to about 24 hours, and extractively isolating
the fourth intermediate compound having the formula:

5 wherein R7 is alkyl or aryl;
(e) treating the fourth intermediate compound with a base, extracting and
optionally isolating the to afford the fifth intermediate compound having the formula:

N(CHy),

63)] treating the fifth intermediate compound with a hydride base and

carbonyldiimidazole in an aprotic solvent at a temperature from about -20°C to about 70°C
10 for from about 0.5 hours to about 10 days, and extracting, optionally deprotecting, and
1solating the desired compound.

In & preferred embodiment of the process immediately above in step (a) the alcohol is
chosen from the group consisting of methancl, ethanol, propanol, iso-propanol, butanol,
iso-butanol and r-butanol, and the acid is selected from the group consisting of hydrochloric

15 acid. sulfuric acid, dichloroacetic acid and trichloroacetic acid; in step (b) the hydroxy group
protecting reagent is selected from the group consisting of acetyl chloride, acetic anhydride,

benzoic anhydride. benzyl chloroformate, trimethylsilyl chloride and triethylsilyl chloride,
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and the aprotic solvent is selected from the group consisting of methylene chloride,
chloroform, dimethylformamide, tetrahydrofuran, N-methylpyrrolidinone and mixtures
thereof; in step {(c) the carbonylating reagent is selected from the group consisting of
phosgene, diphosgene and triphosgene; in step (d) the sulfonylating agent is selected from
the group consisting of methanesulfonyl anhydride, methanesulfonyl chloride,
ethanesulfonyl chloride and p-toluenesulfonyl chloride; in step (e) the base is selected from
the group consisting of triethylamine, diisopropylethylamine, pyridine, 2,6-
dimethylpyridne. 1,8-diazabicyclo[5.4.0}undec-7-ene, N-methylmorpholine, N-
methylpyrrolidine, N-methylpiperidine, sodium carbonate, potassium carbonate, sodium
bicarbonate and potassium carbonare; in step (f) the hydride base is selected from the group
consisting of sodium hydride, potassium hydride and lithium hydride.

In a more preferred embodiment of the process immediately above, in step (b) the
hydroxy protecting reagent is benzoic anhydride and R? is benzoyl, and steps (c), (d) and
{e) are replaced with a single step (¢') consisting of:

(¢’)  weatment of the compound from step (b) with sodium hexamethyldisilazane
at from about -30 to about -28°C under an inert atmosphere followed by addition of
carbonyldiimidazole at from about 0°C to about ambient temperature for about 15 minutes to
about 6 hours, and extracting, optionally deprotecting, and isolating the desired compound.

Definitions

The terms "Cy-Cs-atkyl", "Cy-Cg-alkyl", "Cy-Ciz-alkyl” or "C;-Cig-alkyl” as used
herein refer to samrated, straight- or branched-chain hydrocarbon radicals containing
between one and three, one and six, one and twelve, or one and eighteen carbon atoms,
respectively. Examples of C1-Cs alkyl radicals include methyl, ethyl, propyl and isopropyl,
examples of C|-Cg-alkyl radicals include, but are not limited to, methyl, ethyl, propyl,
isopropyl, n-butyl, rers-butyl, neopentyl and n-hexyl, examples of C;-Cyp-alkyl radicals
include all of the preceding examples and n-heptyl, actyl, n-decyi, n-undecyl and n-
dodecyl, for example, and examples of C;-Cyg-alkyl radicals include all of the preceding
exampies and n-triadecane, n-tetradecane, n-pentadecane, n-hexadecane, n-heptadecane,
and n-octadecane. for exampie.

The term "C)-Cg-alkoxy" as used herein refers to an C}-Cg-alkyl group, as
previously defined, attached to the parent molecular moiety through an oxygen atom.
Examples of C1-Cg-alkoxy. but are not limited 10, methoxy, ethoxy, propoxy, isopropoxy,
n-butoxy. terr-butoxy, neopentoxy and n-hexoxy.

The term "Cy-C3-alkyl-amino” as used herein refers to one or two Cj-Cz-alkyl

gronps, as previously defined, attached to the parent molecular moiety through a nitrogen
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atom. Examples of C;-Cs-atkyl-amino include, but are not limited to methylamino,
dimethylamino, ethylamino, diethylamino, and propylamino.
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,
5 hydrocarbons, such as hexane and toluene, for example, halogenated hydrocarbons, such
as, for example, methylene chioride, ethylene chloride, chloroform, and the like,
heterocyelic compounds, such as, for example, tetrahydrofuran and N-methyl-
pyrrolidinone, ethers such as diethyl ether and bis-methoxymethy! ether, as well as various
other compounds like dimethyl formamide, acetonitrile, acetone and ethyl acetate. Such

10 compounds are well known to those skilled in the art, and it will be obvicus to those skilled
in the art that individual solvents or mixtures thereof may be preferred for specific
compounds and reaction conditions, depending upon such factors as the solubility of
reagents, reactivity of reagents and preferred temperature ranges, for example. Further
discussions of aprotic solvents may be found in organic chemistry textbooks or in

15 specialized monographs, for example: Organic Solvents Physical Properties and Methods
of Purification, 4th ed., edited by John A. Riddick, et a/., Vol. II, in the Techniques of
Chemistry Series, John Wiley & Sons, NY, 1986.

The term "aryl" as used herein refers to unsubstituted carbocyclic aromatic groups
including, but not limited to, phenyl, 1- or 2-naphthyl and the like.

20 The term "C3-Cs-cycloalkyl- and C3-Cs-cycloalkyl” as used herein refers to
carbocyclic groups of 3 to 5 or 3 1o 7 carbons, respectively, for example, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, and cycloheptyl.

The term "Cy-Cs-alkyl-C3-Cs-cycloalkyl”, as used herein refers to a C3-Cs-
cycloalkyl radical, as defined above, atached to a Cy-Cs-alkyl radical by replacement of a

25 hydrogen atom on the latter,

The terms "halo" and "halogen” as used herein refer to an atom selected from
fluorine, chiorine, bromine and iodine.

The term "halo-C)-Cs-alkyl” as used herein refers to a C 1-Cz-alkyl group as defined
above wherein 1, 2 or 3 hydrogen atoms thereon are independently replaced by a halogen

30 atom.

The werm "heteroaryl", as used herein, refers to a cyclic aromatic radical having from
five to ten ting atoms of which one ring atom is selected from S, O and N: zero, one or two
ring atoms are additional heteroatoms independently 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

35 of the ring atoms. such as. for example, pyridinyl, pyrazinyl, pyrimidinyl, pyrrolyl,
pyrazolyl. imidazolyl. thiazolyl, oxazolyl. isoxazolyl, thiadiazolyl. oxadiazolyl, thienyl,
furanyl, quinolinyl, isoquinolinyl, and the like.

-45.-
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The term "heterocycloalkyl” as used herein, refers to a non-aromatic 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 (i) each 5-membered ting has 0 to 1 double bonds and each 6-membered
ring has 0 to 2 double bonds, (ii) the nirogen 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 benzene ring. Representative heterocycies
include, but are not limited to, pyrrolidinyl, pyrazolinyl, pyrazolidiny!, imidazolinyl,
imidazolidinyl, piperidinyl, piperazinyl, oxazolidinyl, isoxazolidinyl, morpholinyl,
thiazolidinyl, isothiazolidinyl, and tetrahydrofuryl.

"Hydroxy-protecting group”, as used herein, refers to an easily removable group to
which are 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, cf., for example, T.H.
Greene and P.G.M. Wats, Protective Groups in Organic Synthesis. 2nd edition, John

Wiley & Sons, New York (1991). Examples of hydroxy-protecting groups include, but are
not limited to, methylthiomethyl, rers-dimethylsilyl, tert-butyldiphenylsilyl, acyl substituted
with an aromatic group and the kike.

A the term "protected-hydroxy" refers to a hydroxy group protected with a hydroxy
protecting group. as defined above, including benzoyl, acetyl, trimethylsilyl, triethylsilyl,
methoxymethyl groups, for example.

The term "protogenic organic solvent” as used herein refers to a solvent that tends to
provide protons, such as an alcohol, for example, methancl, ethanol, propanol,
isopropanol, butanol, -butanol, and the like. Such solvents are well known to those skilled
in the art, and it will be obvious to those skilled in the art that individual solvents or
mixtures thereof may be preferred for specific compounds and reaction conditions,
depending upon such factors as the solubility of reagents, reactivity of reagents and
preferred temperature ranges, for example. 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 Purification. 4th ed., edited by John
A Riddick, er al.. Vol. II, in the Techniques of Chemistry Series, John Wiley & Sons,
NY, 1986.

The term "substituted aryl” as used herein refers to an aryl group as defined herein

substituted by independent replacement of one, two or three of the hydrogen atoms thereon
with Cl, Br. F, 1. OH, cyano, mercapto, nitro, C-Cs-alkyl, halo-Cy-Cs-alkyl, C)-Cs-
alkoxy, thio-C1-Cg-alkoxy, methoxymethoxy, amino, C 1-Cs-alkyl-amino. di(Cy-Csz-alkyl-
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Jamino. formyl, carboxy, alkoxycarbonyl, C1-Cs-alkyl-CO-0O-, C|-Cs-alkyl-CO-NH-, or
carboxamide; except that tetrafluorophenyl and pentafluorophenyl are also included within
the definition of 'substituted aryl”.

The term "substituted heteroaryl” as used herein refers to a heteroaryl group as
defined herein substituted by independent replacement of one, two or three of the hydrogen
atoms thereon with Cl, Br, F, 1, OH, Cy-C3-alkyl, C;-Cs-alkoxy. methoxymethoxy,
amino, or Cy-Cs-alkyl-amino, or may also refer to a mono-oxo substituted heteroaryt
compound, such as 4-oxo-1H-quinoline, for example.

The term "substituted heterocycioalkyl” as used herein, refers to a heterocycloalkyl
group, as defined above, substituted by independent replacement of one, two ar three of the
hydrogen atoms thereon with Cl, Br, F, I, OH, cyano, mercapto, nitro, C1-Cs-alkyl, halo-
C1-Cs-alkyl, C-Cg-alkoxy, thio-Ci-Ce-alkoxy, methoxymethoxy, amino, C1-Cz-alkyl-
amino, di(Cy-Cs-alkyl-)amino, carboxaldehydo, carboxy, alkoxycarbonyl, C;-Cs-alkyi-
CO-0-, C;-Cs-alkyl-CO-NH-, or carboxamide.

Numerous asymmetric centers may exist in the compounds of the present invention.
Except where otherwise 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.

As used herein, the term "pharmaceutically acceptable 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 commensurate with a reasonable benefit/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 final isolation
and purification 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, sulfuric 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,
aspartate. benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate,
camphorsulfonate, citrate, cyclopentanepropionate, digluconate, dodecylsulfate,
ethanesulfonate. formate, fumarate, glucoheptonate, glycerophosphate, gluconate,

hemisulfate. heptanoate, hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate,
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lactate, laurate, lauryl sulfate, malate, maleate, malonate, methanesulfonate, 2-
naphthalenesulfonate, nicatinate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate,
persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, stearate, succinate,
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 pharmacentically acceptable salts include, when
appropriate, nontoxic ammonium, quaternary ammonium, and amine cations formed using
counterions such as halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, loweralkyl
sulfonate and ary! sulfonate.

As used herein, the term "pharmaceutically acceptable ester" refers 1o esters which
hydrolyze in vivo and include those that break down readily in the humnan body to leave the
parent compound or a salt thereof, Suitable ester groups include, for example, those
derived from pharrmaceutically 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 includes
formates, acetates, propionates, butryates, acrylates and ethylsuccinates.

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 filler, 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 cellulose acetate: powdered
tragacanth; malt; gelatin; talc; excipients such as cocoa butter and suppository waxes; oils
such as peanut oil, cottonseed cil; 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 aluminum hydroxide; alginic acid;
pyrogen-free water; isotonic saline; Ringer's solution; ethy! 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, flavoring and perfurning agents, preservatives and antioxidants can also be
present in the composition, 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, intraperitoneally,
topically (as by powders. ointments, or drops), bucally, or as an oral or nasal spray.
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Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, microemulsions, 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 emulsifiers such
as ethy! 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), glyceraol,
tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and
mixtures thereof. Besides inert diluents, the oral compositions can also include adjuvants
such as wetting agents, emulsifying and suspending agents, sweetening, flavoring, and
perfuming agents.

Injectable preparations, for example, sterile injectable 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, suspension or emulsion in a nontoxic parenterally acceptable
diluent or solvent, for example, as a solution in 1,3-butanediol. Among the acceptable
vehicles and solvents that may be employed are water, Ringer's solution, U.S.P. and
isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medium. For this purpose any bland fixed oil can be
employed including synthetic mono- or diglycerides. In addition, farty acids such as oleic
acid are used in the preparation of injectables.

The injectable formulations car: be sterilized, for example, by filtration through a
bacterial-retaining filter, 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 pricr to use.

In order to prolong the effect of a drug, it is often desirable to slow the absorption of
the drug from subcutaneous 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 administered drug form is accomplished by dissolving or suspending 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 conmolled. Examples of other biodegradable polymers include
poly(orthoesters} and poly(anhydrides). Depot injectable formulations are also prepared by
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enmapping the drug in liposomes or microemulsions which are compatible with bedy
tissues.

Compositions for rectal or vaginal administration are preferably suppositories which
¢an be prepared by mixing the compounds of this invention with suitable non-irritating
excipients or carriers such as cocoz butter, polyethylene glycol or a suppository wax which
are solid at ambient temperature but liquid at body temperature and therefore mel: in the

o

Tectum or vaginal cavity and release the active compound.

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

10 inert, pharmaceutically acceptable excipient or carrier such as sodium citrate or dicalcium
phosphate and/or a) fillers or extenders such as starches, lactose, sucrose, glucose,
mannitol, and silicic acid, b) binders such as, for example, carboxymethylcellulose,
alginates, gelatin, polyvinylpyrrolidinone., sucrose, and acacia, ¢) humectants such as
glycerol. d) disintegratin & agents such as agar-agar, calcium carbonate, potato or rapioca

15 starch. alginic acid. cemain silicates, and sodium carbonate, e) solution retarding agents such
as paraffin, f) absorption accelerators such a8 quaternary ammonium compounds, g) wetting
agents such as. for example, cety! alcohol and glycerol monostearate, h) absorbents such as
kaolin and bentonite clay, and i) lubricants such as talc, calcium stearate, magnesium
stearate. solid polyethylene glycols. sodium lauryl sulfate, and mixtures thereof. In the case

20 of capsules. tablets and pills. the dosage form may also comprise buffering agents.

Solid compositions of a similar type may also be employed as fillers in soft and
hard-filled gelatin capsules using such excipients as lactose or milk sugar as well as high
molecular weight polyethylene glycols and the like.

The solid dosage forms of wmblets. dragees, capsules, pills. and granules can be

25 prepared with coatings and shells such as enteric coatings and other coatings well known in
the phammaceutical formulating art. They may opuonally contain opacifying agents and can
also be of a composition that they release the active ingredient(s) only, or preferentally, in a
certain part of the intestinal tract, opuonally, in a delayed manner. Examples of embedding
compositions which can be used include polymeric substances and waxes.

30 Solid compositions of a similar type may also be employed as fillers in soft and
hard-filled gelatin capsules using such excipients as laciose or milk sugar as well as high
molecular weight polyethylene glycols and the like.

The active compounds can also be in micro-encapsulated form with one or more
excipients as noted above. The solid dosage forms of tablets. dragees, capsules, pills. and

33 granules can be prepared with coatings and shells such as enteric coatings. release
controlling coatings and other coatings well known in the pharmaceutical formulating art.

In such solid dosage forms the active compound may be admixed with at least one inert
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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 snd
other tableting aids such a magnesium stearate and microcrystaliine cellulose. In the case of
capsules, tablets and pills, the dosage forms may also comprise buffering agents. They
may optionally contain opacifying agents and can also be of a composition that they release
the active ingredient(s) 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 substances and waxes.

Dosage forms for topical or transdermal administration 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, ear drops, eye ointments, powders and solutions are
also contemplated as being within the scope of this invention.

The ointments, pastes, creams and gels may contain, in addition to an active
compound of this invention, excipients such as animal and vegetable fats, oils, waxes,
paraffins, starch, wagacanth, cellulose derivatives, polyethylene glycols, silicones,
bentonites, silicic acid, talc and zinc oxide, or mixtures thereof.

Powders and sprays can contain, in addition to the compounds of this invention,
excipients such as lactose, talc, silicic acid, alumninum hydroxide, calcium silicates and
polyamide powder, or mixtures of these substances. Sprays can additionally contain
customary propellants such as chiorofluorohydrocarbons.

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
flux 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.

According to the methods of weatment of the present invention, bacterial infections
are treated or prevented 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 compound of the invention is meant a sufficient
amount of the compound to treat bacterial infections, at a reasonable benefit/risk ratio
applicable 1o any medical reatment. 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 medicat judgment. The specific
therapeutically effective dose level for any particular patient will depend upon a variety of
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factors including the disorder being treated and the severity of the disorder; the activity of
the specific compound employed; the specific 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 specific compound employed: the duration of the
treatment; drugs used in combination or coincidental with the specific compound employed:
and like factors well known in the medical arts,

The total daily dose of the compounds of this invention administered 1o a human or
other mammal in single or in divided doses can be in amounts, for example, from 0.01 to
50 mg/kg body weight or more usually from 0.1 10 25 mg/kg body weight, Single dose
compositions may contain such amounts or submultiples thereof 1o make up the daily dose.
In general, weatment Tegimens according to the present invention comprise administration to
a patient in need of such treatment from about 10 mg to about 1000 mg of the compoundy(s)
of this invention per day in single or multiple doses.

Abbreviations

Abbreviations which have been used in the descriptions of the scheme and the
examples that follow are: 9-BBN for 9-borabicyclo[3.3.1jnonane; AIBN for
azobisisoburyronimile; Bu3SnH for tributyltin hydride; CDI for carbonyldiimidazole; DBU
for 1,8-diazabicyclo]s A.0Jundec-7-eng; DEAD for diethylazodicarboxylate; DMAP for 4-
dimethylaminapyridine; DMF for dimethy] formamide; DPPA for diphenylphosphoryl
azide; EtOAc for ethyl acetate; MeOH for methanol: NaHMDS for sodium
hexamethyldisilazane; N aN(TMS); for sodium bis(trimethylsilyl)amide; NMMO for N-
methylmorpholine N-oxide: TEA for triethylamine; THF for tetrahydrofuran; TPP for
triphenyiphosphine.

Svnthetic Methods

The compounds and processes of the present invention will be better understood in
connection with the following synthetic schemes which illustrate the methods by which the
compounds of the invention may be prepared. The groups A, B, D, E, R! and R2 are as
defined above unless otherwise noted below.
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Scheme 1

Preparation of Intermediate Compound (4}

In accordance with Scheme 1 is prepared an interrediate compound 12-0-
acylimidazolide-2,3 anhydroerythromycin compound (4) used as a starting material in
Schemes 3 -5 below. An erythromycin A compound (1) (wherein R is hydrogen,
protected hydroxy, O-Cj-Cyz-alkyl, O-CO-C;-Cg-alkyl, 0-CO-NHj, O-CO-NH-CO-Ci-
Ciz-alkyl, or O-CO-NH-50;-C1-C2-alkyl, and R2=H or a hydroxy protecting group) is
dehydrated at the | 1-hydroxy position to form an intermediate compound (1a, not shown)
having a C10-C11 double bond. The dehydration may be accomplished by treatment of
compound (1) at reflux temperature in an aproti¢c solvent with an organocarbonate in the
presence of base. Suitable organocarbonate compounds include, but are not limited to,

ethylene carbonate, propylene carbonate. trimethylene carbonate, dipropy! carbonate,
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dibenzyl carbonate, isobutyl carbonate, dimethyl carbonate and diethyl carbonate. Suitable
bases which may be utilized, include for example, wiethylamine, diisopropylethylamine,
pyridine, 2.6-dimethylpyridne, 1,8-diazabicyclo[5.4.0Jundec-7-ene, N-methyimorpholine,
N-methylpyrrolidine, N-methylpiperidine, sodium carbonate, potassium carbonate, sodium
bicarbonate and potassium carbonate.

The cladinose sugar moiety is then removed from intermediate compound (1a) by the
reaction with a dilute concentration of a sirong acid at ambient temperatre for about 0.5 to
about 24 hours. Suitable swong acids include, bur are not limited to, hydrochloric acid,
sulfuric acid, dichloroacetic acid, wichloroacetic acid and the like. The reaction may be
accomplished with a suspension of the reagents in agueous alcohol, such as for example,
methanol, ethanol, propanol, iso-propanol, butanol. iso-butanol and #-butanol, for example.
The reaction mixture is then neutralized with an alkali metal base, the product is extracted
with a suitable organic solvent, such as ether, ethyl acetate or methylene chloride, for
example, and the organic iayer washed and dried. The compound is optionally isolated, but
preferably is carried forward in solution.

The 2-hydroxyl group is then protected by reaction with a suitable hydroxy group
protecting reagent (¢f. T.W.Greene and P.G.M. Wuts, Protective Groups in Organic
Synthesis, 2nd ed., John Wiley & Son, Inc., 1991) such as acetyl chioride, acetic
anhydride, benzoic anhydride, benzyl chioroformate, wimethylsilyl chioride or miethylsilyl
chloride in an aprotic solvent that does not adversely affect the reaction, preferably
methylene chloride. chioroform, dimethylformarmnide. terahydrofuran, N-
methylpyrrolidinone or a mixture thereof. in the presence of a base such as wiethylamine,
with stirring at ambient temperature for 0.3 to 24 hours, for example. Preferably, a
trialkylsilyl chioride or acetic anhydride is the protecting reagent. Exiractive workup as
before affords the desired 2'-protected macrolide of the formula (2) wherein R is as above
and R is a hydroxy protecting group. When R! is a protected hydroxy group. it is
preferred that the protecting group portion of it be the same as the R? protecting group.

Compounds of formula (2} are then reacted with a sulfonylating agent, such as
methanesulfonyl anhydride. methanesulfonyl chioride. ethanesulfonyl chioride, or p-
toluenesulfonyl chloride. in a aprotic solvent with stirring at from about 0°C to ambient
temperature for about 1to about 24 hours. The crude product is isolated via an extractive
workup similar to that described above 10 afford the desired 3-O-methanesulfonylated
macrolide of the formula (3. wherein R7 is an alkv] or aryl residue. such as methyl. ethyl or
p-tolyl.

Treatment of compound (3) with a hydride base in the presence of
cmemmmMmkmmmmmmmhmwhmamxmemmm@wmmpmekmmE}
O-acylimidazolide-2.3 anhydro macrolide (4). The hvdride base may be, for example,
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sodium hydride, potassium hydride, or lithium hydride, and the aprotic solvent may be one
as defined above. The reaction may require cooling or heating, depending on the
conditions used. The reaction temperature may be from about -20°C to about 70°C, and
preferably from about 0°C to about room temperature. The reaction may require about 0.5
hours to about 10 days, and preferably about 1-5 days, to complete.

In an alternate process for compounds wherein R is H, it is possible replace the
sulfonylating and dehydrating steps described above with two different steps: first treatment
with NaHMDS at from about -30 to to about -28°C under an inert atmosphere followed by
addition of carbonyldiimidazole at from about 0°C to about ambient ternperature for about 15
minutes to about 6 hours, or until the reaction is complete. The compound (4) is obtained
after quenching of the reaction and extraction of the product.

Scheme 2 provides for an alternate method of synthesis of the macrolide compound
(4). Hydrolytic removal of the cladincse moiety from compound (1), wherein R1is as
defined in Scheme 1 and R? is H is accomplished by the procedure described for Scheme 1,
followed by protection of the 2'- hydroxyl group, also by the procedure of Scheme 1,
affords the macrolide compound (5). WhenRlisa protected hydroxy group, it is preferred
that the protecting group portion of it be the same as the R2 protecting group.

Subsequent treatment of compound (3) with an excess of carbonylating reagent,
such as phosgene, diphosgene, or triphosgene, for example, in an aprotic solvent followed
by aqueous workup yields the 11,12-carbonate (5a, not shown) in which the 3-hydroxy
group is unprotected. ‘

Sulfonylation of the 3-hydroxy group of cornpouﬁd (5a) by procedures similar to
those described above for macrolide compound (3) in Scheme 1 affords the desired
compound (6) wherein R7 is as defined in Schemne 1.

Treatment of compound (6) with a base in an aprotic solvent affords the diene
macrolide (7). Suitable bases which may be utilized, include for example, triethylamine,
diisopropylethylamine, pyridine, 2,6-dimethylpyridne, 1,8-diazabicyclo[5.4.0Jundec-7-ene,
N-methylmorpholine, N-methylpyrrolidine, N-methylpiperidine, sodium carbonate,
potassium carbonate, sodium bicarbonate and potassium carbonate. Compound (7) can be
treated with a hydride base and carbonyldiimidazole in an aprotic solvent to give the key
intermediate macrolide (4).

In an alrernate procedure for Scheme 2 wherein compound (1) is the 6-deoxy-
erythromycin A compound (R! is H), removal of the cladinose residue from compound (1)
and protection of the 2~ hydroxyl group to give the macrolide compound (5), wherein R! is
H and R is benzoyl follows the methods described above. However, the compound (3),
wherein R! is H and R2 is benzoyl may then be treated directly with an excess of sodium
hexamethyidisilazane at -28 to -50°C under an inert atmosphere, then with carbonyidi-

-85




WO 97/42205 PCT/US97/07051

imidazole at 0°C or at ambient temperature stirring for 15 minutes to 6 hours or untl the
reaction is complete to obtain the compound (4).

Scheme 2
5 ' Alternate Preparation of Intermediate Compound (4)
N(CH
N(CHy), (EHl
o o,
N{CH3),
o VCH, :
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Scheme 3
Preparation of compounds of Formulas (1) and ([0

N(GHy),

4y

In accordance with Scheme 3 compound (4), wherein R1 and R2 are as defined in
Scheme 1, is converted 10 desired compounds of the invention having Formulas (I) or (II).

To prepare a compound of Formula (I) wherein W is absent, compound (4) is
reacted with a primary amine RNH; in a suitable solvent at room temperature to reflux
temperature for about 4 to about 48 hours. Suitable solvents include alcohols such as
methanol. ethanol, propanol, isopropanol, butanol, t-butanol, and the like, aprofic solvents
such as methylene chloride, tetrahydrofuran, N-methyl-pyrrolidinone, diethyl ether, bis-
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methoxymethy] ether, dimethyl formamide, and acetone, for example, as well as aqueous'
mixtures thereof, Preferred solvents are aqueous acetonitrile, aqueous DMF, and aqueous
acetone.

In the primary amine RNH; and in the resulting compound of Formula (I, R may
be hydrogen, C;-Cg-alkyl, C3-Cj-cycloalkyl, aryl, substituted-aryl, heteroaryl or
substituted-heteroaryl. When R is a Cy-Cg-alkyl substient, the alkyl group may be
optionally substituted with one or more substituents such as aryl, substituted-aryl,
heteroaryl, substituted-heteroaryl, hydroxy, Cj-Cg-alkoxy, NR3R4, wherein R3 and R4 are
independently selected from hydrogen and C;-Cg-alkyl, or NRIR4, wherein R3 and R% are
taken with the nitrogen atom to which they are connected 10 form a 3- to 7-membered Ting,
In the instance wherein the NR3R4 substituent is a 5- to 7-membered rin g. the ring may
optionally contain a hetero function consisting of -O-, -NH-, -N(C) -Cg-alkyl-)-, -N (aryl)-,
-N(aryl-C;-Cg-alkyl-}-, -N(substituted-aryl-C)-Cg-alkyl-)-, -N(heteroaryl)-, -N(heteroaryl-
C1-Cg-alkyl-)-, -N(substituted-heteroaryl-Cy-Cg-alkyl-)-, -S- or -S(O)p-, whereinn is 1
or 2. Additionally, when R is C}-Ce-alkyl it may bear an optional substituent of the
formula -CH»-M-R3, wherein M may be -C(O)-NH-, -NH-C(0O)-, -NH-, -N=, -N{CH3)-,
-0-,-8(O)q-, wherein n is 0, 1 or 2, -CO-0-, -0-CO-, or -CO-: and RS may be aryl,
substituted-aryl, heteroaryl, substituted-heteroaryl, heterocycloalkyl, or a C1-Cgralkyl
optionally bearing one or more substituents such as aryl, substitated-aryl, heteroaryl, or
substituted-heteroaryl. Chromatographic weatment of the crude reaction product affords
both the natural and epi isomers at position C- 10 of the molecule.

To prepare a compound wherein W is -NH-, compound (4) is reacted with a
hydrazine reagent such as unsubstiruted hydrazine or a substituted hydrazine in a solvent
such as described immediartely above to afford the desired compound of Formula (I). The
natural and C-10 epimers of these compounds may be isolated from the reaction mixrure.

Thus, treatment of compound (4) with unsubstituted hydrazine affords the
compound of Formula (I) wherein W is -NH- and R is H.

Also, wreatment of (4) with a substituted hydrazine RR4NNH», wherein R is as
defined for Formula (I) and R4 is C1-Ce-alkyl, gives the compounds of Formula (T} wherein
W is -N(C)-Cg-alkyl)-,

Optionally, the compound of Formula (I) wherein W is -NH- and R is H can be
treated with an R-acyl acylating agens, wherein R is as defined for Formula (I), to afford a
compound of Formula (I) wherein W is -NH-CO-. The acylating agents can be, for
example. an acid chloride. an acid fluoride. an acid anhydride. or a carboxylic acid in the
presence of a carbodiimide coupling reagent such as carbonyldiimidazole or 1-(3-
dimethylaminopropy!)-3-ethylcarbodiimide hydrochloride, for example. wherein R is as
defined above.
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Optionally, the compdund of Formula (I) wherein W is -NH- and R is H can be
treated with an aldehyde R-CHO, wherein R is as defined for Formula (1), to afford a
compound of Formula (I) wherein W is -N=CH-,
Optionally, the compounds of Formula (I) wherein W is -N=CH- can be reduced 1o
5 yield additional compounds of Formula (I) above, wherein W is -NH- using reducing
reagents such as sodium cyanoborohydride, sodium borohydride, sodium
triacetoxyborohydride, borane-tetrahydrofuran complex, and borane-piperidine complex,
for example.
Also shown in Scheme 3 is the procedure by which compounds of Formula {T)

10 wherein W is -O- and R is H or O-C-Cg-alkyl may be prepared. Under reaction conditions
similar to those shown above for hydrazine reagents, treatment of compound {(4) with
unsubstituted hydroxylamine or an 0-Cy-Cg-alkylated hydroxylamine affords the desired
compound.

For example, treatment of compound (4) with an excess of hydroxylamine affords

15 the compound of formula (T) wherein W is -O- and R is H.

Treatment of compound (4) with an 0-C1-Cg-alkylated hydroxylamine affords the
desired compound of Formula (I) wherein W is -O- and R is Cy-Cg-alkyl.

Optionally, it is possible to further treat the compound of Formula (I) wherein W is
-0-and R is H with a suitable base and an appropriate electrophile to prepared a compound

20 wherein W is -O- and R is Cy-Cg-alkyl, C3-Cy-cycloalkyl, aryl, substituted-aryl, heteroaryl
or a substituted-heteroaryl group, wherein these terms are as defined for compounds of
Formula (T) above. The base may be an alkali metal hydride or an organo-alkali metal
compound, in¢luding but not limited to sodium hydride, potassium hydride, lithium
hydride, lithium diethylamide, and butyllithium. The electrophile is a compound having the

25 formula R-L, wherein R is as defined immediately above, and L is halide or another suitable
leaving group. such as a methanesulfonyi or p-toluenesulfonyl moiety.

Optional deprotection of any of the compounds wherein W is -O- may be
accomplished by standard methods as described by Wuts and Greene (op. cit.).
Compounds of Formula (IT) may also be synthesized as outlined in Scheme 3.

30 Thus, a starting material compound of formula (4) is reacted with a 1,2-diamine compound

with a compound having the formula:
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wherein A, B, D, and E are as defined above, in a suitable solvent at room temperature to
reflux temperature for about 4 to about 48 hours to give the bicyclic compound of formula
(8). The 1,2-diamine compound may have substituents A, B, D and E, as defined above for
the compounds of Formula (IT), but with C2 or Cs symmetry or A=B=H. Suitable solvents
include alcohols such as methanol, ethanol, propanol, isopropanol, butancl, t-butanol, and

w

the like, aprotic solvents such as methylene chioride, terahydrofuran, N-methyl-
pyrrolidinone, diethy! ether, bis-methoxymethy! ether, dimethyl formamide, and acetone,

. for example, as well as agueous mixtures thereof. Preferred solvents are agueous
acetonitrile, aqueous DMF, and aqueous acetone.

10 The 2’-hydroxy protecting group on compound (8) is then remnoved by standard
methods as described by Wuts and Greene (op. cit.). When ORZ is an ester, for example,
such as acetate or benzoate, the compound is preferably deprotected by treatment with
methano] or ethanol. When R2 is a trialkylsily! group, the compound may be deprotected by
treatment with fluoride in THF or acetonitrile. The reaction time required may be from

15 about 1 to about 24 hours.

The deprotected compound of formula (8) wherein R2 is H is then cyclized to give
compounds of Formula (I) by treatment with a dilute concentration of a strong acid at
ambient temperature 10 reflux temperature for about 4 hours to about 10 days in a suitable
organic solvent. Suitable acids include, but are not limited to, hydrochloric acid, sulfuric

20 acid, dichloroacetic acid, trichloroacetic acid and the like. The reaction may be
accomplished with a suspension of the reagents in aqueous alcohol, such as for example,
methanol, ethanol, propanol, iso-propanol, butanol, iso-butanol and +butanol, for example.

Optional deprotection may be accomplished by standard methods as described by
Wuts and Greene (op. cit.).

25 Scheme 4 illuswrates an alternate preparation for compounds of formula (I).
Starting material (4) is reacted with a compound having the formula:

D

€1 O#
A
g T NH,

s

wherein A, B. D. and E are as defined above, in a suitable solvent at O - 70 °C for about 4
. to about 48 hours to give compound (9) where Y=0H. Suitable solvents are those such as
methanol. ethanol, propanol. isopropanol, butanol, t-butanol. methylene chloride,
30 tetrahydrofuran. N-methyl-pyrrolidinone, diethyl ether, bis-methoxymethyl ether, dimethyl
formamide, acetone. aqueous acetonitrile, aqueous DMF, and aqueous acetone, for

example.
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Scheme 4

Alternate Preparation of compounds of Formula (11

®

The azido intermediate, compound (9} Y=N3, is prepared by Mitsunobu reaction by
treating compound (9) wherein Y=OH with triphenylphosphine and diphenylphosphoryl
azide-DEAD in tewahydrofuran under Mitsunobu reaction conditions. Compound (9)
wherein Y=N3 is then deprotected by standard methods as described by Wuts and Greene
(op. cit). When ORZis an ester, for example, such as acetate or benzoate, the compound
may be preferably deprotected by reatment with methanol or ethanol. When R21s a

w

trialkylsilyl group, the compound may be deprotected by treatment with fluoride in THF or
10 acetonitrile. for example.

The azido intermediate, compound (9) wherein Y=N3, is then reduced to the amino
compound (9) wherein Y=NH,. Preferable reducing reagents are triphenylphosphine-
water, hydrogen with a catalyst, sodium borohydride, or dialkylaluminum hydride.

Compound (9) wherein Y=NHj is then cyclized to prepare the compound of

{3 Formula (I) by meatment with a dilute concentration of a strong acid at ambient ternperature
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to reflux temperature for about 4 hours to about 10 days in a suitabie organic solvent.
Suitable acids include, but are not limited t0. hydrochloric acid. sulfuric acid, dichicroacetic
acid, trichloroacetic acid and the like. The reaction may be accomplished with a suspension
of the reagents in aqueous alcohol, such as for example, methanol, ethanol, propanol, iso-
propanol, butanol, iso-butanol and #-butanol, for example. This treatment also Temoves
protecting groups at positions R! and R2.

Alternately, the hydroxy group (Y=OH) in compound (9) may be activated by
reatment with a sulfonating agent, such as sulfonyl chloride, alkyl or aryl sulfonic
anhydride or wifluoromethanesufonic anhydride, in an aprotic solvent {e.g., diethyl ether,
dichloromethane, tetrahydrofuran, chloroform, pyridine or a mixture thereof) to give the
compound (9) wherein Y is a sulfonate ester. The reaction requires cooling or heating,
depending on the conditions used. The reaction ternperature is preferably -100°C to 10 °C,
The reaction may require 20 minutes to 24 hours to complete, The sulfonate ester activated
hydroxy group in (9) (e. 8- Y=-O8C2CF3) is then converted to an azide to give the second
Intermediate azide compound (9, Y=N3) by reacting with an alkali metal azide, such as
lithium azide or sodium azide, in the same solvent defined above. The reaction temperature
1s preferably about 0°C to about 100°C. The azido compound is then converted to
compound (8) according to the procedures described above.

As outlined in Scheme 5 below, the tricyclic macrolides of formula (1), wherein
substituents A, B, D and E are as defined above, can be further transformed into macrolides
having the formulas () and (IV). Treatment of the imine nitrogen atom of compound (IT)
with a suitable oxidizing agent, such as hydrogen peroxide or a carboxylic peracid, oxidizes
the imine nirogen to the nitrone and the nitrogen atom on the desosamine moiety to the N-
oxide, to give an N-oxidized intermediate which is directly treated with a reducing agent
such as wriphenylphosphine or hydro gen In the presence of a catalyst, for example, to reduce
the desosamine N-oxide, to give the desired compound of formula (III). Optional
deprotection may be accomplished by standard methods as described by Wuts and Greene
(op. cit.).

Macrolides of the formula (II) can also be treated with reducing agents such as
sodium cyanoborohydride at pH 4-5 or sodium borohydride in a suitable organic solvent to
yield the tricyclic amine of the formula (IVa), which is a compound of formula (TV) wherein
RéisH. Compounds of the formula (IVa) can be further wansformed into compounds of
type (IVb), which are compounds of formula (IV) wherein R6is C 1-Ce-alkyl, via reductive
alkylation of the amine with a reducing reagent. preferably sodiam cyanoborohydride,
sodiurn borohydride, sodium triacetoxyborohydride, borane-tetrahydrofuran complex, or
borane-piperidine complex, in the presence of a C1-Cg-alkyl-group precursor. Gptional
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deprotection may be accomplished by standard methods as described by Wuts and Greene
(op. cit.).
Scheme 5
5 . Preparation of compounds (HIT) and (TV)

The compounds and processes of the present invention will be better understood in
connection with the following examples, which are intended as an illustration of and not a
limitation upon the scope of the invention.

263 -




10

15

30

WO 97/42205 PCT/US97/07051
Examples '

The procedures described above for preparing the compounds of the present
invention will be better understood in connection with the following examples, which are
intended as an illustration of and not a limitation upon the scope of the invention. Various
changes and modifications to the disclosed embodiments will be apparent to those skilled in
the art. Such changes and modifications, including without limitation those relating to the
chemical structures, substituents. derivatives, intermediates, syntheses, formulations and/or
methods of use of the invention, may be made without departing from the spirit and scope
thereof.

The NMR data for the central portion of the erythromycin compounds exemplified
below are given in Table 1, which is placed after Example 133.

Example 1
Preparation Of Intermediate Compound (3) (Scheme 1): R1=OMe
Step la. Compound of Formula (2) Scheme 1. R1=OMe: R2%=H

A suspension of Clarithromycin (MW = 747.97, 98.48g, 131.69 mmol, obtained
from Abbott Laboratories), ethylene carbonate (50 mL) and triethylamine (200 mL) was
refluxed for 29 hours, additional ethylene carbonate (~30 mL) was added, and the reaction
mixture refluxed for an additional 18 hours. The tiethylamine was removed in vacuo, 2%
aqueous HCI (600 mL.) and EtOH (50 mL) were added (pH=1-2), and the mixture was
stirred at room temperature for 24 hours, Subsequent basification with 10% aqueous NaOH
to pH ~12-14 yielded a precipitate. The aqueous layer was decanted, and the precipitate was
taken up in EtOAc (500 mL), which was washed with 200-mL portions of saturated
aqueous NaHCO3, H20 and brine. The solution was dried (MgS04) and concentrated to
afford the crude product as a light brown foam. Decolorization with charcoal and silica gave
65.94 g of the title compound (87%). MS myz 572 {M+H)*.

Step 1b. Compound of Formula (3) (R1=0OMe: R2=CH3C0)

A solution of the compound from step 1a (25.00 8. 43.72 mmol), acetic anhydride
(823 ml., 87.45 mmol) and triethylamine (12.18 mL, 87.45 mmol) in CH2C3 (250 mL)
was stirred at room temperature for 7 hours. Then the organic layer was washed with 100
mL portions of saturated aqueous NaHCO3 (2 x), H20 (1 x), brine (1 x), dried (MgS04),
and concenwated to afford the crude product as a brown foam (26.88 g, quantitative crude
vield). MS m/z 614 (M+H)*.
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Step Ic Compoynd of Formula (3) (R1=OMe; R%=CH3CO)
A solution of the compound from step 10 (26.84 g, 43,72 mmol) and

methanesutfonic anhydride (9.14 g, 52.47 mmol) in pyridine (40 mL) was stirred at room
temperature for 24 hours. Then the pyridine was removed in vacuo, and the resulting solid

5 was washed with 300-mL portions of saturated aqueous NaHCO3 (2 x), H20 (1 %), and
hexane (1 x) to afford the crude product as a brown solid (27.65 g, 91% crude yield). MS
m/z 692(M+H)+.

Step 1d. Compound of Formula (4) (R?=CH3CQ: R!=0Me)

10 A solution of the compound from step Ic (5.00 g, 7.22 mmol) in a mixture of DMF
(45 mL) and THF (15 mL) was weated with CDI (5.86g, 36.1 mmoL) followed by NaH
(1.15g, 60 wt %, 28.9 mmoL) at 0°C under N7. The cooling bath was removed, and the
reaction mixture was stirred at room temperature for 2 hours. The reaction mixture was
then slowly quenched into a mixture of saturated aqueous NaHCO3 (150 mL) and EtOAc

15 (300 mL). The layers were separated, and the aqueous layer was washed with an additional
portion of EtOAc (150 mL), then the combined organic layer was washed with 150-mL
portions of H20 (3 x) and brine (3x) and dried (MgS04). The solvent was removed to
afford the crude product as a white solid (5.28 g, theory=4.98 g). MS m/z 590 (M-112)*.

20 Example 2
Compound of Formula (T); R1=H; R?=H; W is absent; R=4-phenylbutv]

Step 2a. Compound (5) (Scheme 2). R1=H: R2=H

6-Deoxyerythromycin A (50 g, 72 mmol, obtained from by the procedures of
McAlpine, er al., 30th Interscience Conference on Antimicrobial Agents, Atlanta, US,
(1990), Abstract No. 810 and Webber, er al., Science 252:114-117 (1991)) was suspended
in 570 mL of water and 145 mL of IN HCl was added. The compound went into solution
within a few minutes, and the solution was stirred at room temperature for 16 hours. The
reaction mixture was made basic by addition of 145 mL of LN NaOH, and the resuiting

b
Ln

30 precipitate was removed by filtration, This material was resuspended in water and
refiltered. CHCl3 (400 mL) was added, and to the resulting ermulsion was added 200 mL of
saturated brine and 200 mL of NaHCOs3. The organic layer was separated, and the

> emulsion was re-exmacted with three additional portions of CHCls. The extracts were
combined and dried over NapSQs. The solvent was removed and the residue dried under

{ad
wh

high vacuum to afford 24 g of crude product.
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Step 2h. Compound ( SL.(Scheme 1), R!=H; R%=benzoyl

The compound from step 2a (24 g, 44 mmol) was dissolved in dry methylene
chloride (200 mL), triethylamine (122 mL, 88 mmol) and benzoyl anhydride (20 g, 88
tnmol) were added, and the mixture was stirred under Ny for 15 hours. The reaction was
quenched by addition of 200 mL of sanrated NaHCOs solution, and the resulting mixture
was extracted with methylene chloride (2 x 100 mL). The extracts were combined, washed
with water and brine, and dried over NapSOs. The solvent was removed, and the residue
was flash chromatographed on silica gel, eluting with 1:1 to 3:1 ethyl acetate:hexane to
afford the title compound (4.06 g).

Step 2¢. Compound (4) (Scheme 2): R1=H: R2=benzoyl
The compound from step 2b (541 mg, 0.816 mmol) was dissolved in 8 mL of THF
under nitrogen, and the solution was cooled to -40°C in an acetone/dry ice bath. NaHMDS

(1.6 mL, 1.6 mmol) was added dropwise with strring over a 3 minute period. The reaction
mixwre was stirred for 10 minutes, then CDI (560 mg, 3.46 mmol, dissolved in 12 mL of
THF) was added over a 15 minute interval. The reaction mixture was stirred for 5 hours at
ambient temperature, then cooled to 0°C and quenched with 25 mL of 5% aqueous KHyPO4
solution. The mixture was extracted with ethyl acetate (2 x 40 mL), and the extract was
washed with brine and dried over NaySO4. The solvent was removed, and the residue was
flash chromatographed on silica gel, eluting with 1:1 1o 0:1 hexane/acetone to afford 230 mg
of the title compound.

Step 2d. Compound (I) (Scheme 3);
RI=H; R2=benzoy!: W is absent; R=4-phenylbutyl

The compound from step 2¢ (180 mg, 0.250 mmol) was dissolved in 0.9 mL of
acetonitrile and 0.1 mL of water. To this solution was added 4-phenylbutylamine (0.300
mL, 1.90 mmoL. Aldrich), and the reaction mixture was stirred at 50°C under nitrogen for

5.5 hours. The reaction mixture was cooled to room temperature and diluted with 30 mL of
methylene chioride. The solution was washed with 5% aqueous KHaPOy4 solution and
brine and dried over Na2SO4. The solvent was removed, and the residue was flash
chromatographed on silica gel. eluting with 15 to 20 % acetone/hexane to afford 73 mg of
the title compound.
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Step 2¢ Compound of Formula (I: R'=H: R2=H; W is ahsent: R=4-phenvibutv}
The compound from step 2d (70 mg) was dissolved in 5 mL of methanol, and the
solution was stirred at room temperature for 14 hours. The solvent was removed, and the

residue was flash chromatographed on silica gel, eluting with 5 % methanol in methylene
chioride to afford the tile compound. MS m/z 699 (M+H)*. Anal.Calcd. for
C4oHs2N20g: C, 68.74; H, 8.94; N, 4.01; Found: C, 68.57; H, 8.91; N, 3.88.

Example 3
Compound of Formula (I); R*=methoxy: R2=H: W is ahsent; R=4-phenylbutyl

Step 3a. Compound of Formula (I); R l=methoxy;
R=acetyl; W is absent: R=4-phenylbutyl

The title compound of Example 1 (231 mg, 0.334 mmol) and 4-phenylbutylamine
(0.177 mL, 1.105 mmol, Aldrich) were dissolved in 3 mL of DME, and the solution was
stirred at room temperature for 24 hours. The solution was diluted with ethyl acetate (40
mL), washed with 30 mL portions of water and brine, then dried over MgS0Oy4. The solvent
was removed. The residue was flash chromatographed on silica gel, eluting with hexane -
25% acetone/hexane, to afford the title compound (147 mg, 57% yield). MS mv/z 771
(M+H)*,

Step 3b. Compound of Formula (T); R!=methoxy;

R2=H: W is absent: R=4-phenylbutyl
The compound from step 3a (140 mg) was dissolved in 3 mL of methanol, and the

solution was stirred at room temperature for 40 hours. The solvent was removed, and the
residue was flash chromatographed on silica gel, eluting with 0-4 % methanol in methylene

chloride to afford the title compound (50 mg, 37% yield). MS m/z 729 (M+H)+,

Anal.Caled. for C41HgaN20g: C, 67.55; H, 8.85; N, 3.84; Found: C, 67.17; H, 8.95; N,
3.66.

. Example 4
Compound of Formula (I): Rl=methoxy: R2=H: W is absent: R=3-phenoxypropyl

Step 4a. ompound of Formula (I); R l=methoxy;
R2:=acetyl: W is absent: R=3-phenoxypropyl

The title compound of Example 1 (1.00g, 1.45 mmol) was dissolved in 3 mL of
acetonitrile. 3-phenoxypropylamine (1.1 g, 7.28 mmol, prepared in a manner similar to that
described by K. Smith, er al., J. Chem. Soc. Perkin Trans. 1, (1988) 77-83) and 0.3 mL of
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water were added, and the reaction mixture was stirred for 21 hours. The solution was
diluted with ethyl acerate (100 mL), washed with 5% aqueous KHyPOqy, water and brine,
then dried over NasSOy. The solvent was removed. The residue was flash
chromatographed on silica gel, eluting with 1:2 acetone/hexane, to afford the title compound
(490 mg). MS myz 773 (M+H)*.

Step 4b. Compound of Formula (T); Rl=methoxy;
R2=H: W is absent; R=3-phenoxvpropyl

The compound from step 4a (400 mg) was dissolved in 20 mL of methanol, and the
solution was stirred at room temperature for 27 hours. The solvent was removed, and the
residue was flash chromatographed on silica gel, eluting with 4% methanol in methylene
chloride containing 0.1% NH4OH to afford the title compound (237 mg). MS m/z 731
{(M-+H)*. Anal.Calcd. for Ca0HgaN2010: C, 65.73; H, 8.55; N, 3.83; Found: C, 6547;
H, 8.71; N, 3.66.

Example §
Compound of Formula (I); R l=methoxy;

R2=H; Wis absent; R=2~((phenvlmethyl)amino)ethyl

Step 5a. Compound of Formula (T); Rlzmethoxy;

R2=acetvl: W is absent: R=2-({phenylmethylamino)ethyl

The title compound of Example 1 (500 mg, 0.724 mmol) was added to a solution of
N-benzylethylenediamine (0.5 8, 3.33 mmol, Eastman) in 1.5 mL of acetonitrile and 0.15
mL of water, and the reaction mixture was stirred for 40 hours. The solution was diluted
with methylene chloride, washed with 5% aqueous KH;POy, water and brine, then dried

over Na3804. The solvent was removed. The residue was flash chromatographed on silica
gel, eluting with 3% methanol in methylene chloride containing 0.1% NH4OH, to afford the
title compound (151 mg). MS myz 772 (M+H)y*.

Step 5b. Compound of Formula (I); Rl=methoxy;

RI=H: W js absent; R=2-((phenylmethyDamino)ethy]

The compound from step Sa (145 mg) was dissolved in 10 mL of methanol, and the

solution was stirred at room temperature for 27 hours. The solvent was removed, and the
residue was flash chromatographed on silica gel, eluting with 3.5-5% methanol in
methylene chloride containing 0.1% NH4OH to afford the title compound (118 mg). The
NMR was consistent with the C-10 epimeric form of this compound. MS m/z 730
(M+H)*. Anal.Calcd. for CaoHg3N30g: C, 65.82; H, 8.70; N, 5.76: Found: C, 65.58:;
H. 8.66: N, 5.76.
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Exampie 6

Compound of Formula (I); R l=methoxy;
RZ=H: W is absent; R= i

Step 6Ga. Compound of Formula (I); Rl=methoxy;
__RZ=acetyl; W is absent; R=3-(N-methyl-N-phenylaminopropv]

The title compound of Example 1 (500 mg, (.724 mmol) was dissolved in 1.5 mL
of acetonitrile, N-(3-aminopropyl)-N-methylaniline (0.50 g, 3.05 mmol, TCT) and 0.15 mlL
of water were added, and the reaction mixture was stirred for 16 hours, The solution was
diluted with ethyl acetate (50 mL). This solution was then washed with 5% aqueous

KHPO4, water and brine, and dried over NaS04. The solvent was removed, and the
residue was flash chromatographed on silica gel, eluting with 2.5 % methanol/methylene
chioride, to afford the title compound (410 mg). MS my/z 786 (M+H)*,

Step 6b. Compound of Formula (I); R1=meth0xy;
RZ=H: W js absent; R=3-(N-methyl-N-phenylamino)propyl

The compound from step 6a (398 mg) was dissolved in 10 mL of methanol, and the
solution was stirred at room temperature for 16 hours. The solvent was removed, and the

residue was flash chromatographed on silica gel, eluting with 4 % methanol in methylene
chloride containing 0.2% NH40H to afford the title compound (205 mg), which was
recrystallized from hexane/ethyl acetate (120 mg). mp 155-156°C. MS m/z 744 (M+H)+.
Anal.Calcd. for C4;HgsN309: C, 66.19: H, 8.81; N, 5.65; Found: C, 66.38; H, 8.87; N,
5.49.

Example 7
Compound of Formula (I); R l=methoxy;

R?=H; W is absent: R=3-(4-chlorophenoxypropyl

Step 7a. Compound of Formula (I); R1=mcthoxy;
RZ=acetyl: W is absent: R=3-(4-chlorophenoxy)propvl

The title compound of Example 1 (500 mg, 0.726 mmol) was dissolved in 3 mL of
acetonitrile, 3-(4-chlorophenoxy)propylamine (470 mg, 2.53 mmol, prepared in a manner
similar to that described by K. Smith, et al., J. Chem. Soc. Perkin Trans. I, (1988) 77-83)
and 0.3 mL of water were added, and the reaction mixture was stirred for 19 hours. The
solution was dituted with ethyl acetate (100 mL). This solution was washed with 5%
aqueous KHaPQj, water and brine, then dried over NazSO4. The solvent was remaved.
The residue was flash chromatographed on silica gel, eluting with 3% methanol in
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methylene chloride containing 0.1% NH40H, to afford the title compound (328 mg). MS
n/z 807 (M+H)+.

Step 7b. Compound of Formula (1); Rl=methoxy;

R2=H: W ig absent: R=3-(4-chlorophenoxy)propyl

The éompound from step 7a (322 mg) was dissolved in 10 mL of methanol, and the
solution was stirred at room temperature for 21 hours. The solvent was removed, and the

Tesidue was flash chromatographed on silica gel, eluting with 4 % methanol in methylene
chloride containing 0.1% NH4OH to afford the title compound (162 mg), which was
recrystallized from hexane/ethyl acetate. mp 183.5-185°C. MS myz 765 (M+H)*,
Anal.Caled. for C40He1 CIN2019: C,.62.77; H, 8.03; N, 3.66; Found: C, 62.78; H, 8.17:
N, 3.53.

Example 8

Compound of Formula (II); R!=methoxy: R2=H; A=R=C=D=H

Step 8a. Compound of Formula (I); W absent:
Rl=methoxy; R2=acetyl; A=<B=C=D=H

The title compound of Example 1 (2.0 2, 7.899 mmol) was dissolved in 5 mL of
DMEF, ethylenediamine (2 mL, Aldrich) was added, and the reaction mixture was stirred for
22.5 hours. The solution was diluted with ethyl acetate (60 mL), and this solution was
washed with water and brine, then dried over Mg804. The solvent was removed to afford
the title compound, which was used without further purification. MS m/z 682.

Step 8b. Compound of Formula (ID: R!=methoxy; R2=H:; A=B=C=D=H
A solution of the compound from step 8a, dissolved in 6 mL of methanol, was

stirred at room temperature for 19 hours. This residue was purified by chromatography on
silica gel, eluting with 5% methanol/1% triethylamine/CHCl3. The material was
rechromatographed eluting with 5% methanol/CHCI3 to afford the title compound (138 mg).
mp 183.5-185°C. MS m/z 622 (M+H)*, Anal.Caled. for C33HssN30g-H20: C, 61.95;
H, 8.98: N. 6.57; Found: C, 62.22; H, 8.83: N, 6.50.
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Example 9
Compound of Formula (I): R !l=methoxy: R?=H; W is absent: R=3-( 8-guingyvloxyipropyl

Step Sa. Compound of Formula (I); Rl=methoxy;
RZzacetyl: W is absent; R=3-(8-auinovloxypropyl

The title cornpound of Example 1 (508 mg, 0.737 mmol) was dissolved in 3 mL of
10% aqueous acetonitrile containing 3-(1-naphthyloxy)propylamine (500 mg, 2.5 mmol,

prepared in a manner simiiar to that described by K. Smith, et al., J. Chem. Soc. Perkin
Trans. 1, (1988) 77-83). The reaction mixture was stirred for 21.5 hours, then dituted with
ethyl acetate (100 mL), washed with 5% aqueous KHpPOx, water and brine, then dried
over NapS30y. After removal of solvent the residue was flash chromatographed on silica
gel, eluting with 3% methanol in methylene chloride containing 0.1% NH4OH, to afford the
title compound (495 mg). MS m/z 824 (M+H)*.

Step 9b. Compound of Formula (T); Rl=methoxy; .
R2=H: W is absent: R=3-(8-quinoyloxy)propyl

The compound from step 9a (485 mg) was dissolved in 20 mL of methanol, and the
solution was stirred at room temperature for 18 hours. The solvent was removed, and the
residue was flash chromatographed on silica gel, eluting with 5% methanol in methylene
chloride containing 0.1% NH4OH to afford the title compound (218 mg), which was
recrystallized from hexane/ethyl acetate. mp 168-170°C. MS m/z 782 (M+H)+.
Anal.Caled. for C43Hg3N3010: C, 66.05; H, 8.12; N, 5.37; Found: C, 66.02; H, 8.21;
N, 5.28.

Example 10
Compound of Formula (T); R1=methoxy; R2=H;

W is absent: R=4-(4-chlorophenyl)-3(Z)-butenyt

Step 10a. Compound of Formula (I); R 1=methoxy;
R2=acetvl: W is absent: R=4-(4-chloropheny!)-3-butenyl

The title compound of Example 1 (750 mg) was dissolved in 4 mL of 10% agueous
acetonitrile containing 4-(4-chlorophenyl)-3-buteneamine (0.5 ml, prepared in a manner
similar to that described by D. Olsen, ez al., J. Org. Chem. (1980) 45, 4049-4052), and the
reaction mixture was stirred for 12 hours, The solution was diluted with ethyl acetate (100
mL). washed with saturated aqueous NH4Cl and brine, then dried over NaySQ4. The
solvent was removed, and the residue was flash chromatographed on silica gel, eluting with
2.5% methanol in methylene chioride containing 0.1% NH4OH. to afford the title
compound (513 mg).
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Step 10b.  Compound of Formula (f); Rl=methoxy;
R2=H; W is absent: R=4-{4-chlorophenyl)-3-butenvl

The compound from step 10a (513 mg) was dissolved in 30 mL of methanol, and

the solution was stirred at room temperature for 18 hours. The solvent was removed, and
the residue was flash chromatographed on silica gel, eluting with 3.5% methanol in
methylene chloride containing 0.1% NH4OH to afford the title compound (200 mg), which
was recrysiallized from hexane/ethyl acetate (120 mg). mp 180-182.5°C. MS m/z 761
(M+H)*. Anal.Caled. for C41HgiCIN2Og: C, 64.68; H, 8.08; N, 3.68; Found: C, 64.75;
H, 8.14; N, 3.45.

Example 11
Compound of Formuta (I); R!=methoxv: R2=H; W is absent: R=2-phenylethyl

Step 1la. Compound of Formula (I); R I=methoxy;
RZ=acetyl: W is absent: R=2-phenylethyl

The title compound of Example 1 (500 mg, 0.724 mmol) was dissolved in 3 mL of
10% aqueous acetonitrile containing 2-phenylethylamine (0.5 mL, 3.62 mmol, Aldrich),
and the reaction mixture was stirred for 16 hours. The solution was diluted with ethyl
acetate (100 mL}, and this solution was washed with saturated aqueous 5% agueous
KHzPOy4, water and brine, then dried over NagSO4. The solvent was removed, and the
residue was taken directly to the next step.

Step 11b. Compound of Formula (T);
Rl=methoxy; R2=H: W is absent; R=2-phenylethyl

The compound from step 11a was dissolved in 10 mL of methanol, and the solution

was stirred at room temperature for 18 hours. The solvent was removed, and the residue
was flash chromatographed on silica gel, eluting with 4% methanol in methylene chloride
containing 0.1% NH4OH to afford the title compound. MS m/z 701 (M+H)*. Anal.Calcd.
C39HgoN209: C, 66.83; H, 8.62; N, 3.99; Found: C, 66.80; H, 8.58; N, 3.97.

Example 12
Compound of Formula (I); Rl=methoxy;

RZ=H; W is absent; R=2-(3 4-dichlorophenylethyl

Step 12a. Compound of Formula (I); R l=methoxy;
2=acetyl: W is absent: R=3-(3 4-dichlorophenvl)ethyl

The title compound of Example 1 (500 mg, 0.724 mmol) was dissolved in 5 mL of
10% aqueous acetonitrile containing 2-(3.4-dichlorophenyl)ethylamine (0.7 g, 3.62 mmol,
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Aldrich), and the reaction mixture was stirred for 72 hours. The solution was diluted with
ethyl acetate (100 mL), and this solution was washed with saturated aqueous 5% aqueous
KHyPOQy, water and brine, then dried over NagSOy. The solvent was removed, and the
residue was taken directly to the next step.

Step 12b. Compound of Formula (I); Ri=methoxy;

R2=H: W is ahsent: R=2-(3.4-dichlorophenyllethyl

The compound from step 12a was dissolved in 10 mL of methanol, and the solution
was stirred at room temperature for 18 hours. The solvent was removed, and the residue
was flash chromarographed on silica gel, eluting with 4% methanol in methylene chioride
containing 0.1% NH4OH to afford the title compound. MS myz 769 (M+H)*. Anal.Calcd.
for Cy9H5gClaN209g: C, 60.85; H, 7.59: N, 3.63: Found: C,60.22; H, 7.19; N, 3.63.

Example 13
Compound of Formula (I): R !=methoxy; R2=H; W is absent; R=phenyirmethvl

Step 13a. Compound of Formula (I); R l=methoxy:

R2=acetyl; W js absent: R=phenylmethyl
The title compound of Example 1 (500 mg, 0.724 mmol) was dissolved in 5 mL of

10% aqueous acetonitrile containing benzylamine (0.4 g, 3.62 mmol, Aldrich), and the
reaction mixture was stirred for 16 hours. The solution was diluted with ethyl acetate (100
mL), and this solution was washed with saturated aqueous 5% aqueous KHpPOy, water
and brine, then dried over NasSO4. The solvent was removed, and the residue was taken
directly to the next step.

Step 13b. Compound of Formula (I); R=methoxy;
R2=H: W is absent, R=phenylmethvi

The compound from step 13a was dissolved in 10 mL of methanol, and the solution

was stirred at room temperature for 18 hours. The solvent was removed, and the residue

was flash chromatographed on silica gel, eluting with 4% methanol in methylene chloride
containing 0.1% NH4OH 10 afford the title compound (83 mg). MS m/z 687 (M+H)*.
Anal.Caled. for C3gHsgNzOg: C, 66.44; H, 8.51; N. 4.07; Found: C, 66.23; H, 8.19: N,
4.21,
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Example 14
Compound of Formula (I); Rl=methoxy: R2=H: W is -NH-: R=3-phenyvipropyl

Step 14a. Compound (1) of Scheme 1: Rl=methoxy: R2=H; W is -NH-; R=H

The title compound of Example 1 (2.0 g, 2.90 mmol) was dissolved in 10 mL of
DMEF, hydrazine (0.225 mL, 7.1& mmol, Aldrich) was added, and the reaction mixtare was
stirred for 0.5 hours. The solution was diluted with methylene chloride (125 mL), and this
solution was washed with saturated aqueous 5% aqueous KHaPOy, water and brine, then

dried over Na>8Qq. The solvent was removed, and the residue was dissolved in methanol
and allowed to stand for 16 hours. The solvent was removed, and the residue was flash
chromatographed on silica gel, eluting with 2.5% methanol in t-butyl methyl ether
containing 0.5% NH4OH, to afford the mixture of compounds. The solvent was removed,
and the residue was again flash chromatographed on silica gel, however eluting with 5%
methanol in methylene chloride containing 0.1% NH4OH to 10% methanol in methylene
chloride containing 0.2% NH4OH to give the title compound (0.19 g). MS m/z 612
(M+H)*.

Step 14b. Compound of Forrnula (I);
Rl=methoxy: R2=H: W is -N=- R=phenyiethyl-CH=

The compound from step 14a was dissolved in toluene (5 mL), 3-phenylpropanal

(0.200 mL, Aldrich) and 4A molecular sieves were added, and the reaction mixture was
stirred for 48 hours. An additional portion of 3-phenylpropanal was added, and the reaction
mixture was stirred for an additional 6 hours. The mixture was filtered, the solvent was
removed, and the residue was flash chromatographed on silica gel, eluting with 4%
methanal/methylene chloride containing 0.1% NH4OH to give the title compound (181 mg).
MS m/z 728 (M+H)*.

Step l4c. Compound of Formula (I);
Rl=methoxv: R2=H: W is -NH-: R=3-phenylpropvl

The compound from step 14b {170 mg, 0.234 mmol) was.dissolved in 5 mL of

methanol. NaBH3CN (30 mg, (.47 mmol) was added, and the solution was stirred at room
temperature for 4.5 hours. Saturated aqueous NaHCO3 was added, and the mixture was
extracted with methylene chloride. The extract was washed with saturated aqueous
NaHCO3, water and brine. then dried over Na»S04. The solvent was removed, and the

residue was flash chromatographed on silica gel, eluting with 5% methanol in methylene
chloride containing 0.1% NH4OH to afford the title compound (135 mg). MS m/z 730
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(M+H)*. Anal.Calcd. for C49HgzN309: C, 65.82; H, 8.70: N, 5.76; Found: C, 65.97;
H, 8.79; N, 5.64.

Example 15

Compound of Formula (I); R1=methoxy; R2=H;
W is absent; R=3-(4-phenoxyphenyl)ethvl

Step 15a. Compound of Formula (I); R l=methoxy;
R2=acetyl: W is absent; R=3-(4-phenoxyphenyl)propyl

The title compound of Example [ (0.4 mg, 0.0.58 mmol) was dissolved in 5 mL of
10% aqueous acetonitrile containing 2-(4-(phenoxy)phenyl)ethylamine (0.618 g, 2.89
mmol, Trans World Chemicals), and the reaction mixture was stirred for 20 hours. The
solution was diluted with ethyl acetate (100 mL), and this solution was washed with 5%
NaH3zPOy4, water and brine, then dried over Na2504. The solvent was removed, and the

residue was flash chromatographed on silica gel, eluting with 1-2% ethanol in chloroform to
afford the title compound (270 mg), mixurre of natural and epi isomers.

Step 15b. Compound of Formula (I); R l=methoxy;

R2Z=H: W is absent: R=3-(4-phenoxyphenylethyl

The compound from step 152 (80 mg) was dissolved in 5 mL of methancl, and the
solution was stirred at room temperature for 20 hours. The solvent was removed, and the
residue was flash chmmétographcd on silica gel, eluting with 4% methanol in methylene
chloride to afford the title compound (19 mg) as a mixture of natural and epi isomers. MS
m/z 793 (M+H)*. Anal. Calcd. for C45HgqN2Ojg: C, 68.15; H, 8.13: N, 3.53; Found:
C. 68.23; H, 8.15; N, 3.62.

Example 16
Compound of Formula (I); R!=methoxv: R2=H: W is absent: R=3-phenylpropyl

Step 16a Compound of Fermula (I); R1=methoxy:;

RZ=acetyl: W is absent; R=3-phenylpropyl

The tile compound of Example 1 (500 mg, 0.724 mmol) was dissolved in 5 mL of

10% aqueous acetonitrile containing 3-phenyl-1-propylamine (0.5 mL, 3.62 mmol,
Aldrich), and the reaction mixture was stirred for 16 hours. The solution was diluted with
methylene chloride, and this solution was washed with 5% aqueous NaHoPOy, water and
brine, then dried over Na2SQ4. The solvent was removed. and the residue was taken

directly to the next step.
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Step 16b. Compound of Formuia (I): Rl=methoxy;
R2=H; W ig absent; R=3-phenylpropyl

The compound from siep 16a was dissolved in 5 mL of methanol, and the solution

was stirred at room temperature for 16 hours. The solvent was removed, and the residue
was flash chromatographed on silica gel, eluting with 4% methanol in methylene chloride to
afford the title compound.(mixture of natural and epi isomers). MS m/z 715 (M+H)™.
Anal. Calcd. for C4oHgpN20g: C, 67.19; H, 8.74; N, 3.91: Found: C, 67.23; H, 8.70: N,
3.90.

Example 17
Compound of Formula (I): R l=methoxy; R2=H: W is absent; R=2.2-diphenvlethyl

Step 17a. Compound of Formula (I); Rl=methoxy;
R2=acetyl: W is absent; R=2.2-diphenvlethyl

The title compound of Example 1 (300 mg, 0.434 mmol) was dissolved in 5 mL of
10% aqueous acetonitrile containing 2,2-diphenylethylamine (420 mg 2.174 mmol,

Aldrich), and the reaction mixture was strred for 16 hours. The solution was diluted with
methylene chloride, and this solution was washed with 5% aqueous NaH2POy, water and
brine, then dried over NapSO4. The solvent was removed, and the residue was taken

directly to the next step.

Step 17b. Compound of Formula (T); R1=methoxy;
2=H: W is absent: R=2.2-diphenylethvl
The compound from step 17a was dissolved in 5 mL of methanol, and the solution
was stirred at roomn temperature for 16 hours. The solvent was removed, and the residue
was flash chromatographed on silica gel. eluting with 4% methanol in methylene chloride to
afford the title compound (as a mixture of natural and ¢pi isomers). MS m/z 778 (M+H)*.

Example 18
’ Compound of Formula ) R!=methoxy: R2=H: W is absent: R=H

Step 18a. Compound of Formula (T); R1=methoxy: R?=acetyl: W is absent: R=H

The title compound of Example 1 (300 mg, 0.434 mmol) was dissolved in
acetonitile, placed in a pressure bottle and NH3 was inwoduced. The reaction mixture was

stirred for 17 hours. The solution was diluted with methylene chloride, and this solution
was washed with 5% aqueous NaH7POy4, water and brine, then dried over NapS04. The

solvent was removed. and the residue was taken directly to the next step.

-76 -
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Step 18b. Compound_of Formula (T3 R1=methoxy; R2=H; W is absent; R=H

The compound from step 17a was dissolved in 5 mL of methanol, and the solution
was stirred at room temperature for 16 hours. The solvent was removed, and the residue
was flash chromatographed on silica gel, eluting with 4% methanol in methylene chloride to
afford the title compound. MS m/z 597 (M+H)*. Anal. Caled. for C3;H52N20g: C,
62.39; H, 8.78; N, 4.69; Found: C, 62.19; H, 8.77; N, 4.72.

Example 19
Compeund of Formula (IV); R!=methoxy; R?=H; A=B=C=D=H; R=H

A sample of the compound of Example 8 (166 mg, 0.207 mmol) (Formula (I);
Rl=methoxy; R?2=H; A=B=C=D=H) was dissolved in 6 mL of methanol and 0.5 mL of
acetic acid. To this solution was added NaBH3CN (126 mg,2.0 mmol), and the mixture
was stirred at room temperature for S hours, The reaction was diluted with methylene
chloride, washed with saturated aqueous NaHCQO3, dried and concentrated. The residue
was chromatographed on silica gel, eluting with 3-10 % methanol/methylene chloride to
give 63 mg of the title compound. MS m/z 624 M+H)*,

Example 20

Compound of Formula (I); Rl=methoxy;
R2=H: W is -NH-: R=H: C10 methyl is epi-isomer

A sample of the compound from Example 14a (300 mg) was further purified by
flash chromatography on silica gel, eluting with 10% methanol/t-butyl methyl ether, to
separate the mixture into two fractions. Fraction A had the C10-methyl group of the
opposite epimeric configuration compared to the orientation of the C10-methyl group in
natural erythromycins and is characterized herein, and Fraction B is characterized in the
following Example. Fraction A: MS m/z 612 (M+H)*. Anal Caled. for C31H53N309:
C, 60.86; H, 8.73: N, 6.87; Found: C, 60.94; H, 8.85; N, 6.50.

Example 21

Compound of Formula (I); R1=methoxy;
R2=H: W is -NH-; R=H: C10 methyl is nagiral isomer

Fraction B from Example 20, possessing the C10 methyl group in the orientation of
the C10-methyl group in natural erythromycins, was characterized as follows. M3 m/z 612

ST
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(M+H)*. Fraction B: Anal.Calcd. for C31H53N30g: C, 60.86; H, 8.73; N, 6.87;
Found: C, 60.97: H, 8.74; N, 6.54.

Example 22
Compound of Formula (T); R1=methmy,

o

Step 22a. Ethyl 3-{4-quinolinyl)propenoate
LiCl (972 mg, 22.9 mmol) and 60 mL of CH3CN were placed in a dry flask, and

10 tricthyl phosphonoacetate (4.55 mL, 22.9 mmol, Aldrich) and DBU (3.05 mL, 20.4 mmol)
were added. The mixture was stirred until the reagents were dissolved, and quinoline-4-
carboxyaldehyde (3.00 g, 19.1 mmol) was added. The reaction mixture was stirred under
nitrogen for 6 hours, and the reaction was quenched by addition of 5% KHyPO4. The
mixture was exiracted with ether, and the organic extract was washed with water and brine

15 then dried over MgSO4. The solvent was removed, and the residue was flash
chromarographed on silica gel, eluting with t-butyl methyl ether, to afford the title

compound.
Step 22b. Ethyl 3-(4-guinolinyl)propionate
20 The compound from step 22a (2.60 g) was dissolved in 20 mL of methanol, and

hydrogenated at 1 atm while stirring over Pd/C catalyst for 17 hours. The mixture was
filtered, and the solvent was removed. The residue was flash chromatographed on silica
gel, eluting with 50% ethyl acetate/hexane, to afford the title compound.

25 Step 22c. 3-(4-Quinolinylpropanal
The compound from step 22b (1.51 g, 6.59 mmol) was dissolved in 60 mL of
toluene, and the solution was cooled to -78°C. DIBAL-H (13.2 mL, 13.2 mmol) was
added, and the reaction mixture was stirred under nitrogen for 2 hours. The reaction was
quenched by addition of water (0.25 mL) and acetic acid (1 mL) dissolved in 3 mL of ether.
30 The mixture was allowed to warm to room temperanure then filtered. The solvent was

removed, and the residue (1.2 g) was flash chromatographed on silica gel, eluting with 75-
100% ethy! acetate/hexane, to afford the title compound (0.79 g, oil).

Step 22d. Compound of Formula (I): R!=methoxy; R2=H;
33 W is -N=CH-: R=(4-quinolinyl}-CH2-CHo-: 1 methyl is natura] isomer

A sample of the compound of Example 21 (270 mg, 0.442 mmol) was added to a

solution of the aldehyde compound of step 22¢ (0.50 g, 2.7 mmol) in 10 mL of toluene.

-78 -
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Molecuiar sieves (44) were added, and the mixture was stirred under nitrogén for 16 hours.
A small amount of p-toluenesulfonate~HyO (98 mg) was added, and the mixture was stirred
for 26 hours. The mixmure was filtered, the solvent was removed, and the tesidue was flash
chromatographed on silica gel, eluting with 4-5% methanol/methylene chloride containing
0.1% NH4OH, to afford the title compound (242 mg). MS m/z 779 (M+H)*.

Step 22e. Compound of Formula (I); Rl=methoxy; R2=H;
W is -NH-; R=3-(4-gninolinyDpropyl; Cyp methyl is natural isomer

A sample of the compound of step 22d (235 mg, 0.302 mmol) was dissolved in 10
mL of methano!l and NaBH3CN (40 mg) was added as well as enough acetic acid to turn
bromocresol green indicator yellow, and the reaction mixture was stirred for 5 hours. The
reaction was quenched with saturated NaHCO3, and the mixmre was extracted with
methylene chloride. The solution was washed with saturated NaHCQ3, water and brine,
then dried over NapSOy. The solvent was removed, and the residue was flash
chromatographed on silica gel, eluting with 5% methanol/methylene chloride containing
0.2% NH4O0H, to afford the title compound (128 mg). Flash chromatography was
repeated, eluting with 10% methanol/t-butyl methy! ether to give 108 mg of title compound
MS m/z 781 (M+H)*.

Example 23
Compound of Formula (I); R1=methoxy:

R2=H; W is absent; R=3-(2-naphthyloxy)propyl

Step 23a. N-(3-(2-naphthyloxy)propylphthalimide

A mixture of N-(3-bromopropyl)phthalimide (8 g, 29.83 mmol, Aldrich), 2-
naphthol (4.30 g, 29.83 mmol) and KoCO3 (20.61 g, 149'mrnol) 1n acetone (150 mL) was
heated at reflux for 16 hours. The resulting suspension was filtered, and the filtrate was

concentrated to give the title compound (10.28 g).

tep 23b. 3-{2-paphthyloxy)-1-propylaming

A sample of the compound from step 23a (10.28 g, 31.06 mmol) was suspended in
ethanol. hydrazine (1.07 mL, 34.16 mmol) was added, and the mixture was heated at reflux
for 21 hours. The mixture was cooled to room temperature, and the ethanol was removed.
The residue was dissolved in IN HCL, and an attempt was made to extract the solution with
ethyl acetate. A stubborn emulsion formed, which was broken by adding KaCOs to pH 10.
The layers separated, the ethyl acetate fraction was discarded. and the aqueous layer was
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extracted with methylene chloride. The solvent was dried and removed to afford the title
compound.

Step 23c. Compound of Formula (I); Rl=methoxy;

R2=acetyl; W is absent; R=3-(2-naphthvloxy)propy!

The title compound of Example 1 (500 mg, 0.724 mmol) and 3-(2-naphthyloxy)-1-
propylamine from step 23b (720 mg, 3.62 mmol) were dissolved in 10 mL of 10% aqueous
acetonitrile, and the reaction mixture was stirred for 16 hours. The solution was diluted
with methylene chloride, and this solution was washed with 5% aqueous NaHp POy, water
and brine, then dried over NapS0O4. The solvent was removed, and the residue was taken

directly to the next step.

Step 23d. Compound of Formula (I); R l=methoxy;
R2=H: W is absent; R=3-(2-naphthyloxy)propyl

The compound from step 23¢ was dissolved in § mL of methanol, and the solution

was stirred at room temperature for 16 hours. The solvent was removed, and the residue
(640 mg) was flash chromatographed on silica gel, eluting with 4% methanol in methylene
chloride containing 0.1% NH4OH to afford the title compound (180 mg). MS m/z 781
(M+H)*. Anal. Caled. for C44HgaN2Q1o: C, 67.66; H, 8.25; N, 3.58; Found: C, 67.70;
H, 8.25: N, 3.61.

Example 24

Compound of Formula (I); Rl=methoxy;
R2=H: W is absent: R=3-(3-pyridyloxy)pro

Step 24a. N-(3-(3-pyridyloxy)propylphthalimide
3-Hydroxypyridine(2.83 g, 29.83 mmol) was dissolved in DMF (70 mL), the

solution was cooled in an ice bath, NaH (1.3 g, 32.81 mmotl) and N-(3-bromopropyl)-
phthalimide (8 g, 29.83 mmol, Aldrich) were added, the ice bath was removed, and the
reaction mixture was stirred for 64 hours. The reaction was diluted with CHCly and
filtered through celite to give a 1:1 mixture of N- and O-alkylated products. Recrystallization
from EtOH afforded a 4:1 mixture of N- and O-alkylated products. The mother liquor was

taken up in water and extracted with CH;Cly, then the organic layer washed with water (5x)
to afford the desired N-(3-(3-pyridyloxy)propylphthalimide (8.6 g).
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Step 24b. 3-(3-pyridvloxy)-1-propylamine
A sample of the compound from step 24a (8.6 g, 30.49 mmol) was suspended in
ethanol, hydrazine (1.05 mL, 33.54 mmol) was added, and the mixture was heated at refiux

for 16 hours. The mixtre was cooled to room temperature, and the ethanol was removed.
The residue 'was dissolved in IN HCI, and an attempt was made to extract the solution with
ethyl acetate. A stubborn emulsion formed, which was broken by adding K2CO3 o pH 10.
The layers separated, the ethyl acetate fraction was saved, and the aqueous layer was
exmacted with methylene chloride. The organic extracts were combined and concentrated to
afford the title compound (0.42 g).

Step 24c. Compound of Formula (I); R 1=methoxy;
R2=acetyl: W is absent: R=3-(3-pyridyloxy)propvl
The title compound of Example 1 (420 mg, 0.57 mmol) and 3-(3-pyridyloxy)-1-

propylamine from step 24b (420 mg, 2.78 mmol) were dissolved in 5 mL of 10% aqueous
acetonitrile, and the reaction mixture was stirred for 16 hours. The solution was diluted
with methylene chioride, and this solution was washed with 5% aqueous NaH2PO4, water
and brine, then dried over NapSO4. The solvent was removed, and the residue was taken

directly to the next step.

Step 24d. Compound of Formula (I); R l=methoxy:
R2=H: W is absent: R=3-(3-pyridyloxy)propyl

The compound from step 24c was dissolved in 5 mL of methanol, and the solution
was stirred at room temperature for 16 hours. The solvent was removed, and the residue
(510 mg) was flash chromatographed on silica gel, eluting with 4-6% methanol in
methylene chioride containing 0.1% NH40H to afford the title compound (100 mg). MS
m/z 774 (M+H)T.

Exampie 25

Compound of Formula (T); Rl=methoxy;
R2=H: W is absent: R=3-(2-pvridvloxy)propyl

Step 25a. N-(3-(2-pyridyloxy)propylyphthalimide

A mixture of N-(3-hydroxypropyl)phthalimide (Aldrich, 8.00 g, 38.98 mmol), 2-
chloropyridine (3.68 mL, 38.98 mmol) and NaH (60% dispersion, 2.33 g, 58.47 mmol) in
DMF (100 mL) was heated at 75°C and stirred for 5 days. The reaction mixture was then
diluted with CHaCly, filtered, and the filirate concentrated to give the title compound (13 g).

-81-
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Step 25b, 3-(2-pyridvloxy)-1-propylamine

A sample of the compound from step 252 (11 g, 39 mmol) was suspended in
ethanol, hydrazine (1.3 mL, 42.9 mmol) was added, and the mixture was heated at reflux
for 16 hours. The mixture was cooled to room temperature, and then 8.7 mL of 6N HC1
was added. The mixture was then heated at reflux for 2 hours. The mixtire was cooled to
room temperatire and concentrated. The residue was taken up in IN NaOH, and the
solution was extracted with ethyl acetate. The organic extracts were combined, washed
with water and brine, dried over NagSO4 and concentrated to afford the title compound,

Step 25c. Compound of Formula (I); R l=methoxy;
RZ=acetyl: W is absent: R=3-(3-pyridylox

The title compound of Example 1 (420 mg, 0.57 mmol) and 3-(2-pyridyloxy)-1-

propylamine from step 25b were dissolved in 5 mL of 10% aqueous acetonitrile, and the
reaction mixture was stirred for 16 hours. The solution was diluted with methylene
chloride, and this solution was washed with 5% aqueous NaH7POy4, water and brine, then
dried over Na2SO4. The solvent was removed, and the residue was taken directly to the

next step.

Step 25d.  Compound of Formula (I); Rl=methoxy;
R2=H; W is absent; R=3-(3-pyridyloxy)propy!

The compound from step 25¢ was dissolved in 5 mL of methanol, and the soludon

was stirred at room temperature for 16 hours. The solvent was removed, and the residue
(51 mg) was flash chromatographed on silica gel, eluting with 4-6% methanol in methylene
chloride containing 0,1% NH4OH to afford the title compound (100 mg). MS m/z 732
(M+H)*.
Example 26
Compeund of Formula (T); R'=0H: R?<H; W is absent: R=4-phenylbutyl

Following the procedures of Example 1, except substituting erythromycin A for the
6-methoxyerythromycin A thereof and carrying the product forward according to the
procedures of Example 3, the title compound is prepared.

Example 27
Compound of Formula (I); RI=0CONH2: R%=H; W is_absent; R=4-phenvlbutyl

Following the procedures of Example 1. except substituting 6-O-carbamoyl-

erythromycin A {prepared according to procedures described by E.G. Brain in European

-8
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Patent Application EP 212169, published April 1, 1987) for the 6-methoxyerythromycin A
thereof and carrying the product forward according to the procedures of Example 3, the title

compound is prepared.

Example 28

Compound of Formula (I);
R1=OCONHCO-methyl; RZ=H; W is absent: R=4-phenylbutyl

Following the procedures of Example I, except substituting 6-O~(N-
acetyl)carbamoyl erythromycin A (prepared according to procedures described by E.G.
Brain in European Patent Application EP 212169, published April 1, 1987) for the 6-
methoxyerythromycin A thereof and carrying the product forward according to the
procedures of Example 3, the title compound is prepared.

Example 29

Compound of Formula (I);
RI=0CONHSOQ2-methyl; R?=H: W_is absent; R=4-phenylbutyl

Following the procedures of Example 1, except substituting 6-O-(N-methane-
sulfonyl)carbamoylerythromycin A (prepared according to procedures described by E.G.
Brain in European Patent Application EP 212169, published April 1, 1987) for the 6-
methoxyerythromycin A thereof and carrying the product forward according to the
procedures of Example 3, the title compound is prepared.

Example 30
Compound of Formula @); R1=0Me: R2=H; W is abgent: R=phenyl

Following the procedures of Example 3, except substituting aniline for the 4-
phenylbutylamine thereof, the title compound is prepared.

Example 31
Compound of Formula (1); R1=0Me: R2=H: W is absent: R=3-pyridyl

Following the procedures of Example 3, except substituting 3-aminopyridine for the
4-phenylbutylamine thereof, the title compound s prepared.
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Example 32
Compound of Formula (I): R1=0Me: R2=H: W is -0-; R=H

Following the procedure of Example 14a, excepr substituting hydroxylamine for the
hydrazine of step 14a, the title cornpound is prepared.

Example 33
Compound of Formula (I); R1=0Me: R?=H: W is -O-; R=methv}

Following the procedure of Example 14a, except substituting methoxylamine for the
hydrazine of step 14a, the title compound is prepared.

Example 34
Compound of Formula (I): R1=0Me; R2=H: W is -NH-CO-: R=phenvl

Treamment of the compound described in example 14a with benzoy! chioride in the
presence of a suitable base such as wiethylamine or pyridine followed by chromatographic
separation of the product and removal of the 2"-protecting group as described in step 2e
affords the title compound.

Example 35
Compound of Formula (IT): R1=0Me: R2=H; A=benzyl; B=D=F=H

Following the procedures of Example 8, except substituting 2-amino-3-phenyl-1-
propanol for the ethylenediamine thereof, to give an intermediate compound (Compound 11
of Scheme 4, wherein Y is OH and A is benzyl), then the intermediate thus prepared is
reacted with triphenylphosphine, DEAD and DPPA under Mitsunobu conditions to replace
the hydroxyl group with an azido group, then the azido group is reduced to an amino group
with wiphenylphosphine and water, then the amino compound is reftuxed with acetic acid
and water to close the Ting to give the title compound,

Example 36
Compound of Formula (T R1=0Me; R?=H: A=D=3 4-pvirolidinvl: B=E=H

Following the procedures of Example 8, except substituting cis-3,4-
diaminopyrrolidine for the ethylenediamine thereof, the title compound is prepared.

.84 -
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Example 37
Compound of Formula (II); R!=0Me: RZ=H: A=B=D=F=H

The title compound of Example 8 (Compound of Formula (II); R1=methoxy: R2=H;
A=B=C=D=Hl) is meated with H;0» to oxidize the imine nitrogen, and the intermediate
compound is treated with triphenyl phosphine in water to reduce any of the byproduct (the
dimethylamine N-oxide on the desosamine moiety) to afford the title compound.

Example 38
Compound of Formula (IV): R1=OMe: R2=H; A=benzyl: B=D=F=H: R=H

The title compound of Example 35 is treated with sodium cyanoborohydride at pH
4-5, under conditions similar to that described for example 19, to afford the title compound.

Example 39
Compound of Formuia (IV); Ri=OMe: R2=H: A=D=3.4-pvrrolidinyl: B=E=H: R=H

The title compound of Example 36 is treated with sodium cyanoborohydride at pH
4-5, under conditions similar to that described for example 19, to afford the title compound.

Example 40
Compound of Formula (TV); R1=OMe: R2=H: A=B=D=E=H, R=CHyCH,CH>CeH5

The title compound of Example 19 is reductively alkylated by treatment with 3-
phenylpropanal and sodium cyanoborohydride to afford the title compound.

Example 41
Compound of Formula (IV}: R1=0Me: R2=H: A=B=D=E=H. R=2 4-dinitrobenzene

The tile compound of Example 19 (wherein R?=acetyl) is reated with R=2,4-
dinitrofluorobenzene followed by removal of the 2'-protecting group as described in step Ze
affords the title compound.
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Example 42
Compound of Formula (IV); R1=OMe: R2=H: A=B=D=E=H. R=4-quinoly!

The title compound of Example 19 (wherein R2=acetyl) is treated with 4-bromo-
quinine, in the presence of a suitable catalyst such as CuBr. followed by removal of the 2'-
protecting group as described in step 2e affords the title compound.

~ Example 43

Compound of Formula (I); R l=methoxy:
R2Z=H; W is absent; R=3-(4H-4-ox0-1-quinolvlipropyl

Step 43a. N-(1-(3-aminopropyl)- [H-4-oxoguinolin- I-ylphthalimide
4-Hydroxyquinoline (4.04 g, 27.9 mmol) and N-(3-bromopropyD)phthalimide (7.48

g, 27.9 mmol) were suspended in acetone (140 mL), and K2COs3 (20g) was added. The

mixture was stirred at reflux under Ny for 51 hours, then cooled, diluted with methylene

chloride and filtered. The solvents were removed, and the residue was crystallized from
ethanol (5.8 g). Chromatographic separation on silica gel eluting with 3% methanol in
chloroform gave the title compound (2.8 g), which was taken directly to the next step.

Step 43b, 1-(3-aminopropyl)- 1H-4-oxoquinoline

The compound from step 43a was dissolved in ethanol (80 mL) and heated at reflux
in the presence of 0.5 mL of hydrazine for 16 hours. The solution was cooled and
concentrated. The residue was taken up in 80 mL of ethanol containing 1.5 mL of conc.
HCL, and the solution was heated at reflux for 3 hours. The mixture was filtered, and the
filter cake was extracted with methylene chloride and 1N NaOH. The layers were
separated, and the organic layer was washed with brine, dried and concentrated to afford the
title compound (280 mg).

Step 43c. Compound of Formula (I); Rl=methoxy;
R2=acetyl: W is absent: R=(4H-4-oxo-1-quinclyDpropyl

The title compound of Example 1 (330 mg, 0.479 mmol) and 1-(3-aminopropyl)-
1H-4-oxoquinoline from step 43b (330 mg) were dissolved in 4 mL of 10% aqueous
acetonitrile, and the reaction mixture was stirred for 40 hours. The solution was diluted
with methylene chloride, and this solution was washed with 5% aqueous NaH2PO4, water
and brine. then dried over NapSO4. The solvent was removed. and the residue was
purified by flash chromatography on silica gel, eluting with 4% methanol in methylene
chloride containing 0.1% NH;OH.
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Step 43d. Compound of Formula (I): Rl=methoxy;
R2=H: W is absent: R=(4H-4-0x0-1-guinolvlipropvl

The compound from step 43¢ was dissolved in 10 mL of methanol, and the solution
was held at room temperature for 16 hours. The solvent was removed, and the residue was
5 flash chrométographed on silica gel. eluting with 10% methanol in methylene chioride
containing 0.1% NH4OH to afford the title compound (98 mg). mp 214.5-215.5°C, MS
m/z 782 (M+H)*. Anal.Caled. for C43Hg3N3Oyg: C, 65.82; H, 8.70; N, 5.76; Found: C
65.97; H, 8.79; N, 5.64.

3

10 Examples 44-66
Following the procedures of Example 11, except substitnting the R2-reagent
cotmpound shown in the table below for the phenylethylamine of Example 11a, the
compounds of Examples 44-66 were prepared.

Table 1
Examples 44-66

Ex. No. RZ.reagent compound Title Compound

44 2-(4-mtrophenyliethylamine Compound of Formula (I); R1=methoxy;
R2=H; W is absent; R=2-(4-nitro-
phenylethyl

45 2-(4-amunophenylethylamine | Compound of Formula (I); Rl=methoxy;
RZ=H; W is absent; R=2-(4-amino-
phenylethy!

48 3-ethoxypropylamine Compound of Formula (I); R1=methoxy;
R2=H: W is absent; R=3-ethoxypropy!

47 isopropylamine Compound of Formula (I); R}=methoxy:
R2=H; W is absent; R=isopropy!

48 | 2-(4-bromophenylethylamine | Compound of Formula (I); Rl=methoxy:
' R2=H: W is absent; R=2-(4-bromo-
phenylethyl

49 '2-(-hydroxylphenyl)ethylamine | Compound of Formula (I); R1=methoxy:
! R2=H; W is absent; R=2-(4-hydroxyl-
phenyliethyl
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Table 1
Examples 44-66 (Continued)
Ex. NO. ‘ Rz.reagent compound Title Compound

30| 2-(4-fluorophenyljethylamine | Compound of Formula (I); Ri=methoxy;
R2=H; W is absent; R=2-(4-
fluorophenylethyl

51 2-(3-methoxyphenyl)ethylamine Compound of Formula (I); Rl=methoxy;
R2=H; W is absent; R=2-(3-methoxy-
phenyi)ethyl

52 3-vinyloxypropylamine Compound of Formula (I); R'=methoxy;
R2=H; W is absent; R=3-vinyloxypropyl

53 2-(3-trifluoromethyl)- Compound of Formula (I); R1=methoxy;

phenylethylamine R%=H; W is absent; R=2-(3-trifluoro-

methyl)phenylethyl

54 2-thienylethylamine Compound of Formula (I); Rl=methoxy:
R2=H; W is absent; R=2-thienylethyl

55 2-(3,4-di- _ Compound of Formula (I); Ri=methoxy;

benzyloxyphenyl)ethylamine R2=H; W is absent; R=2-(3,4-di-

benzyloxyphenyljethyl

56 2-(4-methylphenyl)ethylamine | Compound of Formula (I); Rl=methoxy;
R2=H; W is absent; R=2-(4-
methylphenyl)ethy!

57 N-allylamine Compound of Formula (I); R!=methoxy;
R2=H; W is absent; R=allyl

58 1.3-dihydroxypropylamine Compound of Formula (I); R l=methoxy:
R2=H; W is absent; R=1,3-dihydroxy-
propyl

59 1,3-dih_yd:oxypropylarrﬁne Compound of Formula (I); R l=methoxy;

| (10-¢pi) R®=H; W is absent; R=1,3-

dihydroxypropy! (10-epi)

60 3-hydroxypropylamine Compound of Formula (I); R l=methoxy;
RZ=H; W is absent: R=3-hydroxypropyl

61 3-hydroxypropylamine (10-epi) | Compound of Formula (I); R l=methoxy;
RZ=H; W is absent; R=3-hydroxypropy!
(10-epi)
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Table 1
Examples 44-66 (Continued)
Ex. No. R2-reagent compound Title Compound
62 propylamine Compound of Formula (I); R!=methoxy;
R2=H; W is absent; R=propyl
63 isobutylamine Compound of Formula (I); Rl=methoxy;
R2=H; W is absent; R=isobutyl
64 | Z-(benzoylaminoethylamine | Compound of Formula (I); Rl=methoxy;
R?=H; W is absent; R=2-(benzoyl-
amino)ethyl
65 3-(benzoylamino)propylamine Compound of Formula (T); Rl=methoxy;
R2=H; W is absent; R=3-
(benzoylamino)propyl
66 | 3-(acetylamino)propylamine Compound of Formula (I); R1=methoxy:
RZ=H; W is absent; R=3-(acetylamino)-
propyt

Example 67
Compound of Formula (T); R I=methoxy: R2=H; W_is absent: R=H (10-epi)

This compound was separated by flash chromatography from the mixmre of
products generated in Example 18, step b. MS m/z 597 (M+H)*.

Example 68

Compound of Formula (I); R l=methoxy;
R2Z=H. W js absent: R=3-phenylpropvl (10-epi)

This compound was separated by flash chromatography from the mixture of

products generated in Example 16, step b. MS m/z 715 (M+H)*.

Example 69

Compound of Formula (I); R l=methoxy:
R2=H: W is absent: R=3-(4-phenoxyphenylethvl (10-epi)

This compound was separated by flash chromatography from the mixture of
products generated in Example 15, step b. MS m/z 794 (M+H)*.
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Example 70
Compound of Formula (I); Rl=methoxy;,

R2=H: W ig absent: R=3-(4-chlorophenylipropyl

To a sample of the title compound of Example 21 (225 mg, 0.368 mmol) dissolved
in methanol (4 mL) were added 3-(4-chlorophenyl)propionaldehyde (400 mg, 2.4 mmol,
prepared according to the procedure of T. Jeffery, J. Chem. Soc. Chem. Commun.,
1984:1287) and sufficient acetic acid to change bromocreso! green indicator from blue to
yellow. To this solution was added sodium cyanoborohydride (160 mg, 2.5 mmol), and
the mixture was stirred under nitrogen for about 20 hours, adjusting the pH with acetic acid
as necessary. The reaction was quenched by addition of aqueous sodium bicarbonate, then
the mixture was extracted with methylene chloride. The organic layer was washed with
agqueous sodium bicarbonate and water, then dried over NaSQ4. The solvent was
removed, and the residue was flash chromatographed on silica gel, eluting with 10%
methanol in methylene chloride containing 0.1% NH4OH to afford the title compound (159
mg). MS myz 764 (M+H)T.

Examples 71-109

Following the procedure of Example 70, except replacing the 3-(4-chlorophenyl)-
propicnaldehyde with the reagent aldehyde as indicated, the compounds of Examples 71-
109 were prepared as shown in Table 2 below. The aldehydes of Examples 71-81 were
prepared from precursor aryl iodides (commercially available) and allyl alcohol via a Heck-
type reaction (T, Jeffrey, J. Chem. Soc. Chem. Commun., 1984:1287). The aldehyde

reagents of Examples §2-109 were obtained commercially.

Table 2
Examples 71-109

Ex. No. Aldehyde Reagent Title Compound
71 3-(3-chlorophenyl}- Compound of Formula (I); Rl=methoxy;
propionaldehyde 2=H: W is -NH-; R=3-(3-chlorophenyl)-
’ propyl
7 3-(2-chlorophenyl)- Compound of Formula (I); Rl=methoxy;
propionaldehyde 2=H; W is -NH-; R=3-(2-chlorophenyl)-
propyl
-90 -
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Table 2

' Examples 71-109 (Continued)

Ex. No. Aldehyde Reagent Title Compound ]
73 | 3-(24-dichlorophenyl)- Compound of Formula (I); Rl=methoxy;
propionaldehyde R2=H; W is -NH-; R=3-(2,4-dichloro-
phenyl)propy!
74 3-(4-hydroxyphenyl)- Compound of Formula (T); Rl=methoxy;
propionaldehyde R2=H; W is -NH-; R=3-(4-hydroxy-
phenyl)propyl
75 3-(3-hydroxyphenyl)- Compound of Formula (I); R1=methoxy;
propionaldchyde R2%=H; W is -NH-; R=3-(3-hydroxy-
phenyl)propy!
76 3-(2-hydroxyphenyl)- Compound of Formula (I); R!=methoxy;
propionaldehyde R2Z=H; W is -NH-; R=3-(2-hydroxy-
phenyl)propy!
77 3~(4-methoxyphenyl)- Compound of Formula (I); Rl=methoxy;
propionaldehyde R2=H; W is -NH-; R=3-(4-methoxy-
phenyl)propyl
78 3-(4-nitrophenyl)- Compound of Formula (I); Rl=methoxy;
propionaldehyde R2=H; W is -NH-; R=3-(4-
nirophenyl)propyl
79 3-{3-niwophenyl)- Compound of Formula (I); Rl=methoxy;
propionaldehyde R?=H; W is -NH-; R=3-(3-nitrophenyl)-
propyl
80 3-{2-niwophenyl)- Compound of Formula (I); R!=methoxy;
propionaldehyde R2=H; W is -NH-; R=3-(2-nitrophenyl)-
propyl
81 3-(4-(acetylamino)-phenyl)- | Compound of Formula (L; Rl=methoxy;
propionaldehyde Re=H; W is -NH-; R=3-((4-(acetyl-
amino)phenyl)propyl
82 trans-cinnamaldehyde Compound of Formula (I); R1=methoxy;
R2=H: W is -NH-: R=rrans-3-phenylprop-
2-enyl
83 phenylacetaldehyde Compound of Formula (1); R l=methoxy:
L RZ=H: W is -NH-: R=2-phenylethyl
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Table 2

Examples 71-109

{Continued)

Ex. No.

Aldehyde Reagent

Title Compound

84

benzaldehyde

Compound of Formula (I); R l=methoxy:
R2=H; W is -NH-; R=phenylmethyl

85

indole-3-carboxaldehyde

Compound of Formula (I); Rl=methoxy;
R2=H; W is -NH-; R=(3-indolyl)methy]

86

4-methoxybenzaldehyde

Compound of Formula (I); R l=methoxy:
R2=H; W is -NH-; R=(4-methoxy-
phenylmethyl

&7

4-acetylaminobenzaldehyde

Compound of Formula (I); Rl=methoxy;
R2=H; W is -NH-; R=(4-acetylamino-
phenylmethyl

88

4-chlorobenzaldehyde

Compound of Formula (I); R=methoxy;
R2=H; W is -NH-; R=(4-chlorophenyl)-
methyl

89

4
(dimethylamino)benzaldehyde

Compound of Formula (I); Rl=methoxy;
R2=H: W is -NH-; R=(4-dimethylamino-
phenylmethyl

90

mans-4-nitro-cinnamaldehyde

Compound of Formula (I); R!=methoxy;
R2=H; W is -NH-; R=trans-3-(4-
nitrophenyl)prop-2-enyl

91

4-nitrobenzaldehyde

Compound of Formula (I); R l=methoxy:
R2=H; W is -NH-; R=(4-
nitrophenyl)methyl

92

34-dihydroxy-benzaldehyde

Compound of Formula {I); R}=methoxy:
R2=H; W is -NH-; R=(3 4-
dihydroxyphenyl)methyl

93

i 2.5-dihydroxy-benzaldehyde

Compound of Formula (I); R l=methoxy;
R2=H; W is absent; R=(2,5-dihydroxy-
phenylmethyl .

94

; 2-hydroxy-5-
| nitrobenzaldehyde

|

Compound of Formula (T); Rl=methoxy;
2=H; W is -NH-; R=(2-hydroxy-5-nitro-
phenyl)methyl
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Table 2

Examples 71-109

{Continued)

Ex. No.

Aldehyde Reagent

Title Compound

95

terephthaldicarboxaldehyde

Compound of Formula (I); Rl=methoxy;
R2=H; W is -NH-; R=(4-hydroxymethyl-
phenyl)methyl

96

S-nitrofuranacrolein

Compound of Formula (I); R!=methoxy;
R2=H; W is -NH-; R=trans-3-(5-nitro-2-
furanyl)prop-2-eny!

97

phthalicdicarboxaldehyde

Compound of Formula (I); Rl=methoxy:
R2=H; W is N; R=(-CH»-(1 2~
phenylene)-CHy-

98

4-hydroxybenzaldehyde

Compound of Formula (I);: Ri=methoxy;
RZ=H; W is -NH-; R=(4-hydroxyphenyl)-
methyl

99

3-hydroxybenzaldehyde

Compound of Formula (I); Rl=methoxy;
R2=H; W is -NH-; R=(3-hydroxyphenyl)-
methyl

100

salicylaldehyde

Compound of Formula (I); Rl=methoxy;
R2=H; W is -NH-; R=(2-hydroxyphenyl)-
methyl

101

trifluoro-p-tolualdehyde

Compound of Formuia (I); Rl=methoxy;
R2Z=H; W is -NH-; R=(4-trifluoromethyl-
phenyl)methyl

102

4-cyanobenzaldehyde

Compound of Formula (I); Rlzmethoxy;
R?=H; W is -NH-; R=(4-cyanophenyl)-
methyl

103

2-pyndinecarboxaldehyde

Compound of Formula (I); Rl=methoxy;
R%=H; W is -NH-; R=(2-pyridyl)methy]

104

3-pyridinecarboxaldehyde

Compound of Formula (I); Rl=methoxy;
R2=H; W is -NH-: R=(3-pyridyl)methyl

4-pyridinecarboxaldehyde

Compound of Formula (I); R!=methoxy;
R%=H: W is -NH-; R=(4-pyridyl)methy!
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Table 2
Examples 71-109 (Continued)

Ex. No. Aldehyde Reagent Title Compound

) 106 | 2-hydroxy-i-naphthaldehyde | Compound of Formula (I); R1=methoxy;
RZ=H; W is -NH-; R=(2-hydroxy-1-

naphthyl)methyl
1g7 | dimethylamino-1- Compound of Formula (I); R1=methoxy;
naphthaldehyde R2=H: W is -NH-; R=(4-dimethylamino-

I-naphthyl)methyl

108 | 4(methylthio)-benzaldehyde | Compound of Formula (I); Rl=methoxy;
R2=H; W is -NH-; R=(4-(methylthio)-
phenyl)methyl

100 | 4-phencxybenzaldehyde Compound of Formula (I); Rl=methoxy;
R2=H; W is -NH-; R=(4-phenoxyphenyl)-
methyl

Example 110

Compound of Formula (T); R=methoxy;
R2=H: W is -NH-: R=3-{4-fluorophenyl)propyl

5 Following the procedures of Example 22, except substituting 4-fiuorobenzaldehyde
for the quinoline-4-carboxyaldehyde of Example 22a, and carrying the product forward as
in Example 22 steps b-d, the title compound was prepared. Anal.Caicd. for C4gHg2FN3Og:
C, 64.23; H. 8.35; N, 5.62; Found: C, 64.27; H, 8.60; N, 5.51.

10 Example 111

Compound of Formula (I); Rl=methoxy;
RZ=H: W is -NH-: R=(prans-3-(4-nitrophenyl)prop-2-enyl

A sample of the title compound from Example 90 {(R=(trans-3-(4-nitrophenyl)prop-
15 2-enyl, 144 mg. 0.193 mmol) in 10 mL of methanol was added to a solution of acetyl
chloride (0.300 mL, 4.2 mmol) in methanol (5 mL), then Zn dust (380 mg, 5.81 mmo})
was added and the mixture was stirred from 16 hours. Saturated aqueous sodium carbonate
and ethyl acetate were added, and the mixture was stirred for 15 minutes. The organic layer
was separated, washed dried (NaSO4) and concentrated. The residue was purified by flash
20 chromatography on silica gel, eluting with 5% methanol/chloroform containing 0.1%
ammonium hydroxide to give the title compound (85 mg): MS m/z 717 (M+H)*;
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Anal.Caled. for CqgHgyN4Og: C, 63.66; H, 8.44; N, 7.86; Found: C, 63.62: H, 8.66; N,
7.68.
Example 112

Compound of Formula (I); R }=methoxy;
R2=H: W js5 -NH-: R=4-aminophenylmethy!

Following the procedure of Example 111, except substituting the compound of
Example 91 for the starting material of Example 111, the title compound was prepared.
Anal.Calcd. for C3gHggN4Og: C, 63.66; H, 8.44; N, 7.81: Found: C, 63.62; H, 8.66; N,
7.66.

Example 113

Compound of Formula (T); Rl=methoxy;
RZ=H; W is -NH-; R=3-(4-aminophenylipro

Following the procedure of Example 111, except substituting the compound of
Example 78 for the starting material of Example 111, the title compound was prepared.
Anal.Calcd. for C40HgaN4Og: C, 64.49; H, 8.66; N, 7.52; Found: C, 64.35; H, 8.86; N,
7.31.

Example 114

Compound of Formula (I); R1=methoxy;
R2=H: W is -NH-: R=3-(3-aminophenylipro

Following the procedure of Example 111, except substituting the compound of
Example 79 for the starting material of Example 111, the title compound was prepared.
Anal.Caled. for C4oHgaN4Ogo: C, 64.49; H, 8.66; N, 7.52; Found: C, 64.57; H, 8.87; N,
7.31.

Example 115

Compound of Formula (I); Rl =methoxy;

Following the procedure of Example 111, except substituting the compound of
Example 80 for the starting material of Example 111, the title compound was prepared.
Anal.Calcd. for C4oHgaN4Og: C, 61.99: H, 8.06: N, 7.23; Found: C, 62.25: H, 7.87; N,
7.08.
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Example 116

Compound of Formula (I); R !=methoxy:
R2=H; W is -NH-: R=rans-3-(4-acetylaminophenyl)prop-2-envl

A sample of the compound of Example 111 was treated with acetyl chloride in
methylene chloride at 0°C for 3 hours to give the title compound. Anal.Caled. for
Ca2HgaN4O10: C, 64.26; H, 8.22; N, 7.14: Found: C, 64.21; H, 8.36; N, 6.93.

Example 117

Compound of Formula (I); R l=methoxy; R2=H;
W is -NH-: R=trans-3-(4-( 4-nitrobenzoylamino)phenvliprop-2-envl

A sample of the compound of Example 111 was treated with 4-nitrobenzoyl chloride
in methylene chloride at 0°C for 3 hours to give the title compound. Anal.Caled. for
C47HgsNs012: C, 63.23; H, 7.34; N, 7.85; Found: C, 63.35; H, 7.59; N, 7.60.

Example 118

Commpound of Formula (I); R=methoxy;
R%=H; W is -NH-; R=3-(2-benztriazolylipropyl

Step 118a.  1-(2-(1 3-dioxolan-2-y)ethyl)benziriazole and
2-(2-(1.3-dioxolan-2-yl)ethylbenziriazole

Benztriazole (2.02 g, 16.97 mmol) was added 10 a suspension of NaH (1 g, 20
mmol) in dry DMF (25 mL) at 0°C. To this mixture was added in portions, 2-(2-bromo-
ethyl)-1,3-dioxolane, and the mixture was warmed to room temperature and stirred for 16

hours. Brine was added, and the mixture was extracted with ether. The ether extract was
washed with brine, dried (NapSO4) and concentrated. The residue was purified by flash
chromatography on silica gel, eluting with 25% ethyl acetate/hexane to give the two isomeric
products. MS myz 220 (M+H)*.

Step 118b. __ 3-(2-benztri azolyDpropanaldehyde

The 2-(2-( 1.3-dioxolan-2-yDethyl)benztriazoie isomer from step 118a (550 mg) was
dissolved in acetone (25 mL), and 2 N HCl (10 mL) was added. The mixture was heated at
40-50°C for 23 hours, then diluted with methylene chioride. The solution was washed with
brine. then dried and concentrated to give the title compound: MS m/z 176 (M+H)*.
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Step 118c.  Compound of Formula (I); Ri=methoxy;
RZ=H; W is -NH-; R=3-(2-benztriazolylipropyl

Following the procedure of Example 70, except replacing the 3-(4-
chlorophenyl)propionaldehyde thereof with the aldehyde from step 118b, the title compound
was prepared. MS m/z 771 (M+H)*.

Example 119

Compound of Formula (I); Rl=methoxy;
R?=H: W is -NH-: R=3-(1-benztriazolvlpropyl

Step 119a,__ 3-(1-benztriazolyl)propanaldehyde

The 2-(2-(1 3-dioxolan-2-yl)ethyl)benziriazole isomer from Example 1182 (630 mg)
was dissolved in acetone (25 mL), and 2 N HCI (10 mL) was added. The mixture was
heated at 40-50°C for 23 hours, then diluted with methylene chloride. The solution was

washed with brine, then dried and concentrated to give the title compound: MS myz 176
(M+H)*.

Step 119b.  Compound of Formula (I); R1=methoxy;
R2=H: W is -NH-; R=3-(]-benztriazolvlipropyl

Following the procedure of Example 70, except replacing the 3-(4-chloropheny})-

propionaldehyde thereof with the aldehyde from step 119a, the title compound was
prepared. Anal.Caled. for C4gHgaNgOs: C, 62.32; H, 8.11; N, 10.90; Found: C, 62.27;
H, 8.21: N, 10.61.

Example 120

Compound of Formula (I); Rl=methoxy;
RZ=H; W is -NH-: R=3-(4-phenvlimidazolvl)propy]

Step 120a.  1<(2-(1.3-dioxan-2-vlethy])-4-phenvlimidazole
Following the procedure of Example 118 step a, except substituting 4-phenyl-

imidazole (2.01 g, 13.96 mmol) for the benztriazole thereof, the title compound (2.15 g)
was prepared. MS m/z 245 (M+H)*.

Step 120b. _3-(4-phenylimidazolyl)propanaldehvde

Following the procedure of Example 118 step b, except substituting the compound
of step 120a fer the compound of 118a thereof, the title compound was prepared. MS my/z
201 (M+H)*.
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Step 120c. Compound of Formula o; Rl-methoxy,

Following the procedure of Example 70, except replacing the 3-(4-chiorophenyl)-
propionaldehyde thereof with the aldehyde from step 120b, the title compound was

" prepared. Anal.Calcd. for Cq3HgsN5Og: C, 64.88; H, 8.23; N, 8.80; Found: C, 65.04;

H, 8.35 N, 8.60.

Example 121
Compound of Formula (I); Rlzmethoxy,

Step 121a. 1-O-methyl-cladinose
To a solution of cladinose (5.0 g) in methanol (200 mL) was added acetyl chloride

(3 mL), and the mixture was stirred for 3 hours. The reaction was quenched with 5%
agueous sodium bicarbonate solution, then the mixture was extracted with methylene
chioride. The organic layer was dried (N22SQ4) and concentrated to give the title
compound.

Step 121b, 1-O-methyl-4-O-acetylcladinose

To a sample of 1-O-methyl-cladinose (2.85 g, 15.0 mmol) in methylene chloride (75
mL) cooled to 0°C were added acetic anhydride (1.6 mL, 16.9 mmol), triethylamine (4.2
mL, 30.1 mmol) and DMAP (100 mg, 0.82 mmal), and the mixture was stirred at room
temperature for 19 hours. The reaction was quenched with saturated agueous sodium

bicarbonate solution, then the mixture was extracted with methylene chloride. The organic
layer was washed with water and brine, then dried (NapSO4) and concentrated. The residue
was flash chromatographed on silica gel, eluting with 25% ethyl acetate/hexane to give 3.28
g of the title compound.

Step 121¢. 1-allyl-1-anhydro-4-O-acetvicladinose

To a soluton of 1-O-methyl-4-O-acetylcladinose (2.68 g, 11.6 mmol) and
allyltrimethylsilane (5.50 mL, Aldrich) in methylene chloride at -16°C flushed with nitrogen
was added boron trifluoride etherate (4.26 mlL) over an 8 minute period. The mixture was

stirred at -15°C for 2 hours and at -5°C for 2 hours, then the reaction was quenched with
saturated aqueous sodium bicarbonate solution. The mixmure was extracted with methylene
chloride, and the organic layer was washed with water and brine, then dried (NapS$04) and
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concentrated. The residue was flash chromatographed on silica gel, eluting with 20% ethyl
acetate/hexane to give 1.17 g of the title compound.

Step 121d. __ 3-(1-dehydroxycladinosyl)propanol

To a solution of 1-allyl-1-anhydro-4-O-acetylcladinose (465 mg, 1.92 mmol) in dry
THF was added 9-BBN (263 mg, 2.17 mmol), and the mixture was heated at reflux for 16
hours. An additional portion of 9-BBN (54 mg) was added, and the heating was continued

for 2 hour hours. The mixture was cooled to room temperature, and 15 % NaOH (0.7 mL)
and 30 % Hp0, (0.9 mlL) were added while cooling in an ice bath, The mixture was
extracted with ether, and the organic layer was washed with water and brine, then dried
{Na504) and concentrated (0.53 mg). The residue was stirred in methanol with 450 mg of
potassium carbonate for 4 hours. Methylene chloride was added, and the layers were
separated. The organic layer was washed with water and brine, then dried (Na;SO4) and
concentrated. The residue was flash chromatographed on silica gel, eluting with ethyl
acetate to give 196 mg of the title compound. MS m/z 219 (M+H)*.

Step 121e, 3-(1-anhydro-1-cladinosyDpropanaldehvde

Tao a solution of 3-(1-anhydrocladinosyl)propanol (190 mg, 0.872 mmol) in
methylene chloride (3 mL) was added 0.5 M aquecus KBr (0.18 mL) and 2,2,6,6-
tetramethylpiperidine-N-oxide (3 mg), and the mixture was cooled to 0°C. Agueous 0.35 M
NaOCl (3.0 mL) buffered with sodium bicarbonate was added, and the mixture was stirred
rapidly for 45 minutes. Saturated aqueous sodium bicarbonate was added, and the mixture
was extracted with methylene chioride. The organic layer was washed with water and
brine, then dried (Na2S04) and concentrated. The residue was flash chromatographed on
silica gel, eluting with 1:1 ethyl acetate/hexane to give 96 mg of the title compound. MS my/z
234 (M+H)+.

Step 121f.  Compound of Formula (T); R1=methoxy;
R2=H; W is -NH-; R=3-(1-anhydro-1-cladingsviipro

Following the procedure of Exampie 70, except replacing the 3-(4-chiorophenyl)-
propionaldehyde thereof with the 3-(1-dehydroxy- 1-cladinesyl)propanaldehyde from step

121e, the title compound was prepared.
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Example 122
Compound of Formula (1); Rl=methoxv: R?=H: W is -NH-: R=3-phenvipropyl (10-epi

This compound was prepared as in Example 14, except using the 10-¢pi isomer.
MS m/z 730 (M+H)*.

Example 123
Compound of Formula (T): R!=methoxy: R2=H: W is -NH-; R=isopropyl

This compound was made in a manner similar to example 14b and 14¢; using the
product compound of step 14a and substituting acetone (Aldrich) for 3-phenylpropanal and
substituting refluxing acetone instead of toluene for step 14b; and using MeOH/AcOH as
sclvent for the reduction step 14c. MS myz 654 (M+H)*.

Example 124

Compound of Formula {I); R1=methoxy;
RZ=H; W is -NH.; R=1.3-diphenyl-2-propyl

This compound was made in a manner similar to example 14b and 14c; using the
product compound from step 14a and substituting 1,3-diphenylacetone (Aldrich) for 3-
phenylpropanal and substituting refluxing methanol instead of toluene for step 14b; and
using MeOH/AcOH as solvent for the reduction step 14c. MS m/z 806 (M+H)*.

Example 125
Compound of Formula (I): Ri=methoxy: R2=H: W is -NH-: R=3-pentyl

This compound was made in a manner similar to example 14b and 14c; using the
product compound from step 14a and substituting 3-pentanone (Aldrich) for 3-phenyl-
propanal and substituting refluxing methanol instead of toluene for step 14b; and using
MeOH/AcOH as solvent for the reduction step 14¢, MS myz 682 (M+H)T,

Example 126
Compound of Formula (T); R l=methoxy:
RZ=H: W is absent; R=2-(benzovlamino}ethvl
The compound was prepared from the title compound of Example 1 and N-benzoyl

ethylenediamine according to the procedures of Example 3. MS m/z 744 (M+H)*.
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Example 127

Compound of Formula (I); R l=methoxy; R2=H;
W is absent: R=2-({4-methoxybenzoyl)amino)ethyl

(=3

The compound was prepared from the title compound of Example 1 and N-(4-
methoxybenzoyljethylene diamine according to the procedures of Example 3. MS m/z 774
(M+H)*.

Example 128

10 Compound of Formula (I); R1=methoxy;
R2=H: W is absent: R=4-hydroxybutyl

‘The compound was prepared from the title compound of Example 1 and 4-amino-1-
butanol according to the procedures of Example 3. MS m/z 669 (M+H)*,
15
Example 129
Compound of Formula (I); R1=methoxy;

R2=H; W is absent; R=2-(piperidinvl)ethy

20 The compound was prepared from the title compound of Example 1 and 1-(2-amino-
ethyl)piperidine according to the procedures of Example 3. MS my/z 708 (M+H)*.

Example 130
Compound of Formula (I); R l=methoxy; R2=H;

25 W is absent: R=0-3-((4-methvlbenzoylamino)propyl

The compound was prepared from the title compound of Example 1 and N-(4-
methylbenzoyl)propylene diamine according to the procedures of Example 3. MS myz 772
(M+H)+.

30
Example 131
Compound of Formula (T); R l=methoxy; R2=H;

W is absent; R=2-3-( (4-chiorobenzoyl)amino)propyl

35 The compound was prepared from the title compound of Example 1 and N-(4-

) chiorobenzoyl)propylene diamine according to the procedures of Example 3. MS my/z 792
v (M+H)*.
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Example 132

Compound of Formula (I); Rl=methoxy;
R2=H; W ig absent; R=R=2_(pyrrolidinylethvl

5 The compound was prepared from the title compound of Example 1 and 1-(2-amino-
ethyl)pyrrolidine according to the procedures of Example 3. MS m/z 694 (M+H)*,

Example 133
Compound of Formula (T); R !=methoxy; R2=H; W is absent: R=2- oxyethvl
=IMEINOoXY: .

The compound was prepared from the title compound of Example 1 and 2-
methoxyethylamine according to the procedures of Example 3. MS m/z 655 (M+H)*.
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Biological Data

Example 44
In Vire Assay of Antibacterial Activity

Representative compounds of the present invention were assayed in vitro for
antibacterial activity as follows: Twelve petri dishes containing successive aqueous
dilutions of the test compound mixed with 10 mL of sterilized Brain Heart Infusion (BHI)
agar (Difco 0418-01-5) were prepared. Each plate was inoculated with 1:100 (or 1:10 for
slow-growing strains, such as Micrococcus and Streprococcus) dilutions of up to 32
different microorganisms, using a Steers replicator block. The inoculated plates were
incubated at 35-37 °C for 20 to 24 hours. In addition, a control plate, using BHI agar
containing no test compound, was prepared and incubated at the beginning and end of each
test.

An additional piate containing a compound having known susceptbility patterns for
the organisms being tested and belonging to the same antibiotic class as the test compound
was also prepared and incubated as a further control, as well as to provide test-to-test
comparability. Erythromycin A was used for this purpose.

After incubation, each plate was visually inspected. The minimum inhibitory
concentration (MIC) was defined as the lowest concentration of drug yielding no growth, a
slight haze, or sparsely isolated colonies on the inoculum spot as compared to the growth
control. The results of this assay with selected compounds, shown in Table 2 below,
demonstrate the antibacterial activity of the compounds of the invention.
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WHAT IS CLAIMED 1IS:

1. A compound, or a pharmaceutically acceptable salt or ester thereof, selected
from the group consisting of;

NMeg
[0) CH,
(@ D,
NM82
o] CHjy
(b {an,
NMe,
9] CHy
(c) (1IN, and
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(d)

wherein,

PCT/US97/07051

avy,

R1is selected from the group consisting of:
hydrogen;

hydroxy:

0-Cy-Cya-alkyl;
0-CO-C-Cg-atkyl;
0-CO-NH3;
0-CO-NH-CO-C;-Cp-alkyl; and
0-CO-NH-S0,-Cy-Cyp-alkyl;
R2 is hydrogen or a hydroxy protecting group;
RS is hydrogen or C1-Cg-alkyl;

R is selected from the group consisting of:

{a)
)
©
(d)
(e)
()
(8

(a)
(o)

hydrogen;
C;-Cg-alkyl optionally substirated with one or more substituents

selected from the group consisting of:

)
(i)
(i)
{iv)
v)
(vi)

(vii)

aryl;

substimted-aryl;

heteroaryl;

substituted-heteroaryl;

hydroxy;

C;-Cg-alkoxy:

NR3R4, where R3 and R# are independently selected from
hydrogen and C)-Cg-alkyl, or R3 and R* are taken with the
nitrogen atom to which they are connected to form a 3- to 7-
membered ring which, when the ring is a 5- to 7-membered
ring, may optionally contain a hetero function consisting of
-O-, -NH-, -N(C;-Cg-alkyl-)-, -Naryl)-, -N(aryl-C1-Ce-
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©
{d)
(e)
(H
3]

(a)

PCT/US97/07051

alkyl-)-, -N(substituted-aryl-C-Cg-alkyl-)-, -Niheteroaryl)-,
-Nheteroaryl-Ci-Ce-alkyl-)-, -N(substituted-neteroaryl-Cy-
Ce-alkyl-)-, -S- or -S(0)p-, wherein nis 1 or 2;

(vii) -CHp-M-RS,

wherein M is selected from the group consisting of:
-C(0O)-NH-;
-NH-C(0)-;

(aa)
{bb)
{cc)
(dd)
(ee)
(ff)

(g2)
(hh)
(i)

an

(a2a)

(bbb)
(cce)
(ddd)
(eee)
()
C3-Cy-cycloalkyl;
aryl;
substituted-aryl;
heteroaryl;

-NH-
N=;

-N(CHj3)-

-0

-S(O)p-, wherein nis 0, 1 or 2;

-CO-O-

-0-CO-

-CO-;and

R3 is selected from the group consisting of:

Cy-Cg-alkyl, optionally substituted with a
substiment selected from the group consisting of:

@
(1)
(iif)
(iv)
aryl;

aryl;

substituted-aryl;
heteroaryl; and
substituted-heteroaryl;

substituted-ary?;

heterocaryl;

substimited-heteroaryl; and
heterocycloalkyl; and

substituted-heteroaryl:
W is absent or selected from the group consisting of -O-, -NH-CO-, -N=CH-, -NH-

and -N(C1-Cg-alkyl)-;
A.B, Dand E are independently selected from the group consisting of:

hydrogen;
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(b)  Cy-Cg-alkyl, optionally substituted with one or more substituents
selected from the group consisting of:

() aryl;
(i) substituted-aryl;
70 (iii)  heteroaryl;

(iv) substtuted-heteroaryl;
(v) heterocycloalkyl;
(vi)  hydroxy,
(vii) C;-Cg-alkoxy;
75 (vili) halogen consisting of Br, C, F or I; and
(ix)  NRIR#, where R3 and R4 are independently selected from
hydrogen and Cy-Cg-alkyl, or R3 and R4 are taken with the
nitrogen atom to which they are cormected to form a 3- o 7-
membered ring optionally containing a hetero function
80 consisting of -O-, -NH-, -N(C}-Cg-alky-)-, -N(aryl-C3-Cg-
alkyl-)-, -N(substituted-aryl-Cy-Cg-alkyl-)-, -N(heteroaryl-
C-Cg-alkyl-)-, -N(substituted-heteroaryl-C;-Cg-alkyl-)-, -S-
or -S(Q)y-, wherein nis 1 or 2;
(¢) C3-Cr-cycloalkyl;
85 ()  aryl;
(e) substituted-aryl;
H heteroaryl;
(g) substituted-heteroaryl;
(h) heterocycloalkyl; and
90 (6] a group selected fr;)m option (b} above further substituted with
-M-R5, wherein M and RS are as defined above:
or
any one pair of substituents, consisting of AB, AD, AE, BD, BE or DE, is taken
together with the atom or atoms to which they are attached to form a 3- to 7-
95 membered ring optionally containing a hetero function consisting of:
-O-,
-NH-,
-N(C;-Cg-alkyl-)-,
-N(ary}-Cy-Cg-alkyl-)-,
100 -N(substitured-aryl-C-Cg-alkyl-)-,
-N(heteroaryl-C-Cg-alkyl-)-,
-N(substituted-heteroaryl-C; -Cg-alkyl- )-,

-139-




WO 97/42205 PCT/US97/07051

-8- or -§(O)p-, wherein nis | or 2;
-C(0)-NH-;

105 -C(0)-NR3-, wherein R is as defined above;
-NH-C(O)-;
-NR3-C(0)-, wherein R3 is as defined above; and
-C(=NH)-NH-.

(8]

A compound according to Claim 1 having the formula (I).

3. A compound according to Claim 2, wherein W is absent or -NH-,

4. A compound according to Claim 1 having the formula (ID).

5. A compound according to Claim 1 having the formula (II).

6. A compound according to Claim 1 having the formula (IV).

7. A compound according to Claim 1, or a pharmaceutically acceptable salt or

ester thereof, which is:
Compound of Formula (I); R1=H; R?=H: W is absent; R=4-phenylbutyl;
Compound of Formula (I); R1=methoxy; R2=H; W is absent; R=4-
5 phenylbuty];
Compound of Forrula (I); R1=methoxy; R2=H; W is absent; R=3-
phenoxypropyl;
Compound of Formula (I): Rl=methoxy; R2=H:; W is absent; R=2-
((phenylmethyl)amino)ethyl:
10 Compound of Formula (I); R!=methoxy; R2=H; W is absent; R=3-(N-
methyl-N-phenylamino)propyl;
Compound of Formula (I); R1=methoxy; R2=H; W is absent; R=3-(4-

chlorophenoxy)propyl;
Compound of Formula {IT); Rl=methoxy; R2=H; A=B=C=D=H:
15 Compound of Formula (I); Rl=methoxy; R2=H; W is absent; R=3-(1-
quinoyloxy)propyl:

Compound of Formula (I); Rl=methoxy; R2=H; W is absent; R=4-(4-
chloropheny!)-3(Z)-butenyl;
Compound of Formula (I); Rl=methoxy; R2=H: W is absent; R=2-
20 phenylethyl;
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Compound of Formula (I); R1=methoxy; R2=H; W is absent; R=2-(34-
dichlorophenylethyl;

Compound of Formula (I); Rl=methoxy; R2=H; W is absent;
R=phenylmethyl;

Compound of Formula (I); R l=methoxy; R2=H; W is -NH-; R=3-

phenylpropyl;

Compound of Formula (I); R1=methoxy; R2=H; W is absent; R=3-(4-
phenoxyphenyl)ethyl;

Compound of Formula (I); R !=methoxy; R?=H; W is absent; R=3~
phenylpropyl;

Compound of Formula (I); R l=methoxy; R2=H; W is absent; R=2,2-
diphenylethyl;

Compound of Formula (I); R1=methoxy; R2=H; W is absent; R=H;

Compound of Formula (TV); R l=methoxy; R2=H; A=B=C=D=H; R=H;

Compound of Formula (I); R l=methoxy; R2=H: W is -NH-; R=H; C10
methyl is epi-isomer;

Compound of Formula (I); R l=methoxy; R*=H; W is -NH-; R=H; C10
methyl is natural isomer;

Compound of Formula (I); Rl=methoxy; R%=H; W is -NH-; R=(4-
quinolinyl)propyl; C10 methyl is natural isomer;

. Compound of Formula (T); Rl=methoxy; R?=H; W is absent; R=3-(2-

naphthyloxy)propyl;

Compound of Formula (I); Rl=methoxy; R?=H; W is absent; R=3-(3-
pyridyloxy)propyl:

Compound of Formula (I); Rl=methoxy; R2=H; W is absent; R=3-(2-
pyridyloxy)propyl;

Compound of Formula (I); R1=0OH; R?=H; W is absent; R=4-phenylbutyl;

Compound of Formula (I); R1=0CONH2; R2=H; W is absent; R=4-
phenylbutyl;

Compound of Formula (I): R1=OCONHCO-methyl; RZ=H; W is absent;
R=4-phenylbutyl:

Compound of Formula {I); RI=0CONHS 02-methyl; R2=H; W is absent;
R=4-phenylbutyl:

Compound of Formula (I);; R1=OMe; RZ=H; W is absent: R=phenyl;

Compound of Formula (I); R1=OMe; R2=H; W is absent: R=3-pyridyl;

Compound of Formula (I): R'=0Me; R?=H; W is -O-; R=H;

Compound of Formula (I); R1=0Me; R%=H; W is -O-; R=Me;
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Compound of Formala (I); R1=OMe; R2=H; W is -NH--CO-; R=phenyl;

Compound of Formula (II): R'=0Me; R2=H; A=benzyl; B.D E=H;

Compound of Formula (I); R1=0Me; R%=H; A,D=3 4-pyrrolidinyl;
B,E=H:

Compound of Formula (TIf); R=0Me; R2=H: A B,D,E=H:;

Compound of Formula (IV); R1=OMe; R2=H; A=benzyl B,D,E=H; R=H;

Compound of Formula (IV); R1=OMe; R2=H; A D=3,4-pyrrolidinyl;
B.E=H; R=H;

Compound of Formula (IVY); R1=OMe; R?=H: A, BD.E=H,
R=CH,CHCH2CgHs;

Compound of Formula (IV); Rl=OMe; R2=H; A,B,D,E=H, R=2,4-
dinitrobenzene;

Compound of Formula (TV); R}=0Me; R2=H: A B.D,E=H, R=4-quinolyl,

Compound of Formula (I); R1=methoxy; R2=H; W is absent; R=(4H-4-
oxo-1-quinolyl)propyl;

Compound of Formula (I); Rl=methoxy; RZ=H; W is absent; R=2-(4-
niwophenyljethyl;

Compound of Formula (I); R=methoxy; R2=H; W is absent; R=2-(4-
aminophenylethyl:

Compound of Formula (I); Ri=methoxy; R?=H; W is absent; R=3-
ethoxypropyl:

Compound of Forrmula (I); R l=methoxy; R2=H; W is absent;

=isopropyl;

Compound of Formula (); R1=methoxy; R2=H; W is absent; R=2-(4-
bromophenyl)ethyl;

Compound of Formula (I); Rl=methoxy; R2=H; W is absent; R=2-(4-
hydroxylphenyljethyl;

Compound of Formula (I); Rl=methoxy; R2=H; W is absent; R=2-(4-
fluorophenylethyl,

Compeund of Formula (I); Rl=methoxy; R2=H; W is absent; R=2-(3-
methoxyphenyl)ethyl;

Compound of Formula (I); R!=methoxy; R2=H: W is absent; R=3-
vinyloxypropyl;

Compound of Formula (I): R1=merhoxy; RZ=H; W is absent; R=2-(3-
trifluoromethyl)phenylethyl;

Compound of Formula (I); R l=methoxy; R2=H; W is absent; R=2-
thienylethyl;
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95 Compound of Formuia (I); Rl=methoxy: R2=H; W is absent; R=2-(3.4-di-
benzyloxyphenylethyl;
Compound of Formula (I); R'=methoxy; R2=H; W is absent; R=2-(4-
methylphenyl)ethyl;
Compound of Formula {I); R!=methoxy; R2=H: W is absent; R=allyl;
100 Compound of Formula (I); R'=methoxy; R?=H; W is absent; R=1,3-
dihydroxypropyl;
Compound of Formula (I); Rl=methoxy; R2=H; W is absent; R=1,3-
dihydroxypropyl (10-epi);
Compound of Formula (I); RI=methoxy; R2=H; W is absent; R=3-
105 hydroxypropyl;
Compound of Formula (I); Rlzmethoxy; R2=H; W is absent; R=3-
hydroxypropyl (10-epi);
Compound of Formula (I); R!=methoxy; R2=H; W is absent; R=propyl;
Compound of Formala (I); R l=methoxy; R2=H; W is absent; R=isobutyl;
110 Compound of Formula (I); R1=methoxy; R2=H; W is absent; R=2-
(benzoylamino)ethyl;
Compound of Formula (I); R1=methoxy; RZ=H; W is absent; R=3-
(benzoylamino)propyl;
Compound of Forrula (I); R}=methoxy; RZ=H; W is absent; R=3-
115 (acetylamino)propyl;
Compound of Formula (I); R1=methoxy; R2=H; W is absent; R=H (10-
epi);
Compound of Formula (I); R l=methoxy: R2=H; W is absent; R=3-
phenylpropyl (10-epi);
120 Compound of Formula (T); R1=methoxy; R*=H; W is absent; R=3-(4-
phenoxyphenylethy! (10-epi),
Compound of Formula (I); R !l=methoxy; RZ=H; W is -NH-; R=3-(4-
chlorophenyl)propyl:
Compound of Formula (I); R I=methoxy; R2=H; W is -NH-: R=3-(3-
125 chlorophenyl)propyl;
Compound of Formula (I); R I=methoxy: R2=H: W is -NH-: R=3-(2-
chlorophenyljpropyl;
Compound of Formula (I); R l=methoxy; RZ=H; W is -NH-; R=3-(24-
dichlorophenyl)propyl;
130 Compound of Formula (I): R l=methoxy: R2=H; W is -NH-; R=3-(4-
hydroxyphenyl)propyt;
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Compound of Formula (I); R}=methoxy; R2=H; W is -NH-: R=3-(3-
hydroxyphenyl)propyl;

Compound of Formula (I); R l=methoxy; R2=H; W is -NH-; R=3-(2-
hydroxyphenyl)propyl;

Compound of Formula (I); Rl=methoxy; R2=H; W is -NH-; R=3-(4-
methoxyphenyDpropyl;

Compound of Formula (I); R1=methoxy; R2=H; W is -NH-; R=3-(4-
nitrophenyl)propyl;

Compound of Formula (I); R1=methoxy; R2=H; W is -NH-; R=3-(3-
nitrophenyl)propyl;

Compound of Formula (I); RI=methoxy; RZ=H; W is -NH-; R=3-(2-
nitrophenyl)propyi;

Compound of Formula (I); R!=methoxy; RZ=H; W is -NH-; R=3-((4-
(acetylamino)phenyl)propyl;

Compound of Formula (I): R l=methoxy; R2=H; W is -NH-; R=trans-3-
phenylprop-2-enyl;

Compound of Formula (I); Rl=methoxy; R2=H; W is -NH-; R=2-
phenylethyl;

Compound of Formula (I); R l=methoxy; R?=H; W is -NH-;
R=phenylmethy!:

Compound of Formula (T); R1=methoxy; RZ=H; W is -NH-; R=(3-
indolyl)methyl;

Compound of Formula (T); Rl=methoxy; RZ=H; W is -NH-; R=(4-
methoxyphenylymethyl;

Compound of Formula (I); Rl=methoxy; R=H; W is -NH-; R=(4-
acetylaminophenyl)methyl:

Compound of Formula (I); R!=methoxy; R2=H; W is -NH-; R=(4-
chlorophenylimethyl;

Compound of Formula (I); R'=methoxy; RZ=H; W is -NH-; R=(4-
dimethylaminophenyl)methyk;

Compound of Formula (I); Rl=methoxy; R2=H: W is -NH-; R=trans-3-(4-
nitrophenyl)prop-2-eny!;

Compound of Formula (1); R i=methoxy; R2=H; W is -NH-; R=(4-
nirophenylymethyl;

Compound of Formula (I): Rl=mezhoxy; R2=H; W is -NH-: R=(3,4-
dihydroxyphenyl)methyl;

-144.




WO 97/42205 PCT/US97/07051

Compound of Formula (I); Rl=methoxy; R2=H; W is -NH-; R=(2,5-
dihydroxyphenyl)methyl;
170 Compound of Formula (I); Rl=methoxy; R2=H; W is -NH-; R=(2-
hydroxy-3-nitrophenyl)methyl;
Compound of Formula (I); Rl=methoxy; R2=H; W is -NH-; R=(4-
hydroxymethylphenyl)methyl;
Compound of Formula (I); Rl=methoxy; R2=H; W is -NH-; R=trans-3-(5-
175 nitro-2-furanyl)prop-2-enyl;
RIR?
Compound of Formula (I); Rl=methoxy; R2=H; W is -NH-; R=(4-
hydroxyphenyl)methyl;
Compound of Formula (T); R!=methoxy; R2=H; W is -NH-; R=(3-
180 hydroxyphenyl)methyl;
Compound of Formula (I); Rl=methoxy; R2=H; W is -NH-; R=(2-
hydroxyphenyl)methyl;
Compound of Formula (I); Rl=methoxy; R2=H; W is -NH-; R=(4-
mifluoromethylphenyl)methy!;
185 Compound of Formula (I); Rl=methoxy; RZ=H; W is -NH-; R=(4-
cyanophenyljmethyl; ’
Compound of Formula (I); R!=methoxy; R?=H; W is -NH-; R=(2-
pyridylmethyl; :
Compound of Formula (I); Rl=methoxy; RZ=H; W is -NH-; R=(3-
190 pynidyl)methyl;
Compound of Formula (I); R!=methoxy; R2=H; W is -NH-; R=(4-
pyridylmethyl;
Compound of Formula (I); Rl=methoxy; R2Z=H; W is -NH-; R=(2-
hydroxy-1-naphthyl)methyl;
195 Compound of Formula (I); R!=methoxy; RZ=H; W is -NH-; R=(4-
dimethylamino-1-naphthyl)methyl;
Compound of Formula (I); Rl=methoxy; R2=H; W is -NH-; R=(4-
(methylthio)phenyl)methyl;
Compound of Formula (I); R'=methoxy; R2=H; W is -NH-; R=(4-
200 phenoxyphenylimethyl;
Compound of Formula (I); R1=methoxy; R2=H; W is -NH-; R=3-(4-
fiuorophenylypropyl:
Compound of Formula (I); R1=methoxy; R2=H: W is -NH-; R=(rrans-3-
(4-nitrophenyl)prop-2-enyl;
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Compound of Formula (I); R!=methoxy; R2=H; W is -NH-: R=(4~amino-
phenylmethyl;

Compound of Formula (I); R l=methoxy; R2=H; W is -NH-; R=3-(4-
amino-phenyl)propyl;

Compound of Formula (Iy; R '=methoxy; R2=H; W is -NH-; R=3-(3-
amino-phenyl)propy;

Compound of Formula (I); R !=methoxy; R2=H; W is -NH-; R=3-(2-
amino-phenyl)propyl;

Compound of Formula (I); Rl=methoxy; R2=H; W is -NH-: Retrans-3-(4-
acetylaminophenyl)prop-2-enyl;

Compound of Formula (I); Rl=methoxy; R%=H; W is -NH-; R=trans-3-(4-
{d4-nitrobenzoylamino)phenyl)prop-2-enyl:

Compound of Formula (I); R l=methoxy; R2=H; W is -NH-; R=3-(2-
benziriazolyl)propyl;

Compound of Formula (I); Rl=methoxy; R2=H; W is -NH-; R=3-(1-
benztriazolyl)propyl;

Compound of Formula (I); R l=methoxy; R2=H; W is -NH-; R=3-(4-
phenylimidazolylypropyl;

Compound of Formula (T); R1=methoxy; R2=H; W is -NH-; R=3-(1-
anhydro-1-cladinosyl)propyl;

Compound of Formula (I); R1smethoxy; R2=H; W is -NH-; R=3-
phenylpropyl (10-epi);

Compound of Formula (I); R1=methoxy; R%=H; W is -NH-: R=isopropyl;

Compound of Formula (I); R1=mephoxy; R2=H; W is -NH-; R=1.3-
diphenyl-2-propyl; or

Compound of Formula (I); R!=methoxy; R%=H; W is -NH-; R=3-pentyl.
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8. A process for the preparation of a compound having the Formula (I):

R! is selected from the group consisting of:
(a) hydrogen;
3 (b) hydroxy:
(©)  O-C-Cpp-alkyl;
(d)  O-CO-Cy1-Cealkyl;

(e)  O-CO-NHp;
t3] O-CO-NH-CO-C-Ci2-alkyl; and
10 (@  O-CO-NH-302-C;-Cpo-alkyk

R? is hydrogen or a hydroxy protecting group;
R is selected from the group consisting of:
(a) hydrogen;
(b)  Ci-Cgalkyl optionally substituted with one or more substituents

15 selected from the group consisting of:
@ anyk
(i1) substituted-aryl;
(i)  heteroaryl;
(iv)  substituted-heteroaryl;
20 (v} hydroxy;
(vi)  Cy-Cg-alkoxy;
(vii)  NR3R#, where R3 and R4 are independently selected from
hydrogen and C}-Cg-alkyl, or R¥ and R# are taken with the
nitrogen atom to which they are connected to form a 3- to 7-
25

membered ring optionally containing a hetero function
consisting of -O-, -NH-, -N(C-Cg-alkyl-)-, -N(aryl-Cy-Ce-
alkyl-}-, -N(substituted-aryl-Ci-Cg-alkyl-)-, -N(heteroaryi-

- 147 -




. 30

35

40

45

50

55

. 60

WO 97/42205

(viii)

PCT/US97/07051

C)-Cg-alkyl-)-, -N(substituted-heteroaryl-C1-C-alkyl-)-, -S-
or -S(O)n-, wherein nis 1 or 2;

-CHy-M-R5,
wherein M is selected from the group consisting of:
(aa) -C(0)-NH-;
(bb) -NH-C(O)~
(cc) -NH-
(dd) -N=
(ee) -N(CHa)-
fH -0
(gg) -S(O)p-, whereinnis 0, 1 or 2;
thh) -CO-O-
(i) -0-CO-
G  -CO-;and

(aaa)

R3 s selected from the group consisting of;

C1-Cg-alkyl, optionally substituted with a
substiment selected from the group consisting of:
@ ok

(i1) substituted-aryl;

(i)  heteroaryl; and

(iv)  substituted-heteroaryl;

(bbb) aryl;

(cce)

substitated-aryl;

(ddd) heteroaryl;

(eec)

(D)

()  C3Cy-cycloalkyl;

(& anyh

(e) substituted-aryl;

63 heteroaryl;

substituted-heteroaryl; and
heterocycloalkyl; and

(g} substituted-heteroaryl; and

W is absent:
the method comprising:

(a) treating a compound having the formula:
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wherein R! is selected from the group consisting of hydrogen, protected hydroxy, O-CO-
C-Ce-alkyl, 0-C1-Cio-alkyl, 0-CO-NH;z, O-CO-NH-CO-C1-Cy2-alkyl, and O-CO-NH-
§0»-Cy-C2-alkyl; and R? is a hydroxy protecting group, with a primary amine RNHp,

65 wherein R is as defined above, in a suitable organic solvent at room temperature to reflux
temperature for about 4 to about 48 hours, exiracting, optionally deprotecting, and isolating

the desired compound.

10. A process according to Claim & wherein R is hydrogen, C1-Cg-alkyl, C3-C7-
cycloalkyl, aryl, substituted-aryl, heteroaryl or substituted-heteroaryl, and the solvent is
selected from the group consisting of methylene chioride, tetrahydrofuran, N-methyl-
pyrrolidinone, diethyl ether, bis-methoxymethyl ether, dimethyl formamide, acetonitrile,

5 acetone and aqueous mixtures thereof.

11. A process for the preparation of a compound having the Formula (I):

CHa R NMe,
H t

D,

wherein
R! is selected from the group consisting of:
(a)  hydrogen;
5 (by  hydroxy;
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0-Cy-Cyor-akkyl;
0-CO-C-Cg-alicyl;

0-CO-NHy;
0-CO-NH-CQ-C;-Cjg-alkyl; and
0-CO-NH-507-C;-Cyz-alkyl;

R2 is hydrogen or a hydroxy protecting group,
R is selected from the group consisting of:

(a)
®

hydrogen;

C1-Cg-alkyl optionally substituted with one or more substituents

selected from the group consisting of:

@ aryl

(i) substituted-aryl;

(ili)  heteroaryl;

(iv)  substituted-heteroaryl;

) hydroxy;

(vi)  Cy-Cg-alkoxy;

{(vil) NR3R4, where R3 and R4 are independently selected from
hydrogen and Cy-Cg-alkyl, or R3 and R* are taken with the
nitrogen atom to which they are connected to form a 3- to 7-
membered ring which, when the ring is a 5- to 7-membered
ring, may optionally contain a hetero function consisting of
-0-, -NH-, -N(C;-Cg-alkyl-)-, -N(aryl)-, -N(aryl-Cy-Cg-
alkyl-)-, -N(substituted-aryl-Cy-Cg-alkyl-)-, -N(heteroaryl)-,
-N(heteroaryl-C;-Cg-alkyl-)-, -N(substimted-heieroaryl-Cy-
Cg-alkyl-)-, -S- or -S(O)p-, wherein nis 1 or 2;

(vill) -CHp-M-R3,
wherein M is selected from the group consisting of:

(aa) -C(O)-NH-;

(bb) -NH-C(O)-;

(cc) -NH-

(dd) -N=s;

(ee) -N(CHj)-

fH -o

(g2) -S(O)p-. whereinnis 0, 1 or 2;

(hh)  -CO-O-

i  -0-Co-

) -CO-; and
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R is selected from the group consisting of:
(aaa) C1-Cg-alkyl, optionally substituted with a
45 substituent selected from the group consisting of:
@ aryl
(i)  substmted-aryl;
(i)  heteroaryl; and
(iv)  substdmted-heteroaryl;
S0 (bbb) aryl;
{ccc)  substitnted-aryl;
(ddd) heteroaryl;
(eee) substituted-heteroaryl; and
(fif)  heterocycloalkyl; and
55 (c) C3-Cr-cycloalkyl;
(d)  amyh
(&) substituted-aryl;
(£) heteroaryl;
(g)  substimted-heteroaryl; and
60 W is selected from the group consisting of -NH-CO-, -N=CH-, -NH- and -N(C;-
Ce-alkyl)~;
the method comprising:

(a) treating a compound having the formula:

63 wherein R! is selected from the group consisting of hydrogen, protected hydroxy, O-CO-
C-Cg-alkyl, O-C-Cjp-alkyl, O-CO-NH;. O-CO-NH-CO-Cj-Cyp-alkyl, or O-CO-NH-
$07-C-Co-alkyl: and R? is a hydroxy protecting group, with a reagent selected from the
group consisting of hydrazine, a substituted hydrazine, hydroxylamine and O-substituted
hydroxylamine in a suitabie organic solvent at room temperature to reflux for about 4 to

70 about 48 hours to afford the destred compound;
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{b)  optionally acylating the compound of Formula (I) obtained in step (a)
wherein W is -NH- and R is H with an acylating agent to afford a compound of Formula (I)
wherein W is -NH-CO-;

(¢) . optionally condensing the compound of Formula (I) obtained in step (a)
wherein W is -NH- and R is H with an aldehyde to afford a compound of Formula (I)
wherein W is -N=CH-;

(d)  optonally reducing the compound of Formula (I) obtained in step (c)
wherein W is -N=CH- with a reducing agent to afford a compound of Formula (I) wherein
W is -NH-;

(&) and extracting, optionally deprotecting, and isolating the desired compound.

12. A process according to Claim 11 wherein the solvent is selected from the
group consisting of methanol, ethanol, propanol, isopropanol, butancl, t-butanol,
methylene chloride, tetrahydrofuran, N-methyl-pyrrolidinone, diethyl ether, bis-
methoxymethyl ether, dimethyl formarmide, acetone, aqueous acetonitrile, agueous DMF,
and aqueous acetone.

13. A process according to Claim 11 wherein the product is a compound of
Forrula (T) wherein W is -NH- and R is H, and the hydrazine reagent is hydrazine.

14 A process according to Claim 11 wherein the product is a compound of
Formula () wherein W is -N(C}-Cg-alkyl)-, the hydrazine reagent is a substituted
hydrazine RR4NNHj, wherein R is as defined for Formula (I) and R4 is C1-Ce-alkyl.

15. A process according to Claim 11 wherein the product is a compound of
Formula (I) wherein W is -NH-CO-, the hydrazine reagent is hydrazine, and the product
obtained in step (a) having the Formula (I) wherein W is -NH- and R is H is treated with an
R-acyl acylating agent, wherein R is as defined for Formula (1).

16. A process according to Claim 11 wherein the acylating agent is selected from
the group consisting of an acid chloride, an acid fluoride, an acid anhydride, a carboxylic
acid in the presence of carbonyldiimidazole, and a carboxylic acid in the presence of
I-(3-dimethylaminopropy!)-3-ethylcarbodiimide hydrochloride.

17. A process according to Claim | 1 wherein the product is a compound of
Formula (1) wherein W is -N=CH-, the hydrazine reagent is hydrazine, and the product
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obtained in step (a) having the Formula (I) wherein W is -NH- and R is H is treated with an
aldehyde having the formula R-CHO, wherein R is as defined for Formula (I).

18. A process according to Claim 11 wherein the product is a compound of
Formula () wherein W is -NH- and R is not H, the hydrazine reagent is hydrazine, the
product obtained in step (2) having the Formula (I) wherein W is -NH- and R is H is treated
with an aldehyde having the formula R-CHO, wherein R is as defined for Formula (I), and
the product obtained in step (c) having the Formula (I) wherein W is -N=CH- is treated with
a reducing agent.

19. A process according to Claim 18 wherein the reducing agent is selected from
the group consisting of sodium cyanoborchydride, sodium borohydride, sodium

triacetoxyborohydride, borane-tetrahydrofuran complex, and borane-piperidine complex.

- 20. A process for the preparation of a compound having the Formula (I):

. (D,

wherein

R1 s selected from the group consisting of:

(a) hydrogen;

(b) hydroxy;

©  0-C-Cro-alkyl;

(d)  O-CO-Cy-Cealkyl:

(&) 0O-CO-NH2;

H 0-CO-NH-CO-C1-Cyp-alkyl; and

(g) 0-CO-NH-SO»r-Cy-Cy2-alkyl;
R? is hydrogen or a hydroxy protecting group;
R is selected from the group consisting of:

(a) hydrogen;
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(b)  Cy-Cg-alkyl optionally substituted with one or more substituents
selected from the group consisting of:

(0

(ii)
(iit)
(iv)
)
(vi)

(vii)

(viii)

aryl;

substituted-aryl;

heteroaryl;

substtuted-heteroaryl;

hydroxy;

C1-Cg-alkoxy;

NR3R4, where R? and R4 are independently selected

from hydrogen and C1-Cg-alkyl, or R3 and R4 are

taken with the nitrogen atom to which they are

connected to form a 3- to 7-membered 1ing which,

when the ring is a 3- to 7-membered ring, may

optionally contain a hetero function consisting of -O-,

-NH-, -N(C|-Cg-alkyl-)-, -N(ary}-, -N(aryl-C;-Cg-

alkyl-)-, -N(substtuted-aryl-C;-Cg-alkyl-)-,

-N(heteroaryl)-, -N(heteroaryl-Cq-Cg-alkyl-)-,

-N(substituted-heteroaryl-Cq-Cg-atkyl-)-, -S- or

-S(0Q)p-, whereinnis 1 or 2;

-CHz-M—RS,

wherein M is selected from the group consisting of:
(aa) -C(O)-NH-;

(bb) -NH-C(O)-

{cc) -NH-

(dd) -N=;

(ee) -N(CHg3)-

(fHh -O

(gg) -S(O)y-, whereinnis 0, 1 or2;
(hh) -CO-O-

@  -0-CO-

G  -CO-;and

R3 is selected from the group consisting of:

(aga) Cj-Cgalkyl, optionally substinited with a
substituent selected from the group consisting of:

®  anyh
(i)  substituted-aryl;
(i)  heteroaryl; and
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(iv)  substitated-heteroaryl;
(bbb} aryl;
(¢ccc)  substituted-aryl;
(ddd) heteroaryl;

55 (eee)  substituted-heteroaryl; and
(fff)  heterocycloalkyl; and
{©) C3-Cy-cycloalkyl;
(d)  aryh
(€ substitated-aryl;
60 ) heteroaryl;
(g)  substitated-heteroaryl; and
Wis-O-;
the method comprising:

(@)  weating a compound having the formula:

65 wherein R! is selected from the group consisting of hydrogen, protected hydroxy, 0-Cy-
Cyz-alkyl, 0-CO-Cy-Cg-alkyl, 0-CO-NH;, 0-CO-NH-CO-Cy-Cy2-alkyl, or O-CO-NH-
SOy-C)-Cy9-alkyl; and R2 is a hydroxy protecting group, with a hydroxylamine reagent
selected from the group consisting of unsubstituted hydroxylamine and an 0-C-Ce-
alkylated hydroxylamine in 2 suitable organic solvent at room temperature to reflux for about

70 4 to about 48 hours, to give the desired compound;

(b) optionalty treating the product obtained in step (2) having the Formula (I)
wherein W is -O- and R is H with base and an appropriate electrophile having the formula
R-L, wherein R is selected from the group consisting of C1-Cg-alkyl, C3-C7-cycloalkyl.
aryl. substituted-aryl, heteroaryl and a substituted-heteroary] group, as defined for

73 compounds of Formula (I) above, and L is suitable leaving group, to give the desired
compound of formula (T) wherein W is -O- and R is selected from the group consisting of
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Cy-Ce-alkyl, C3-Cy-cycloalkyl, aryl, substituted-aryl, heteroaryl and a substituted-
heteroaryl group; and
{c) extracting, optionally deprotecting, and isolating the desired compound.

21. A process according to Claim 20 wherein the solvent is selected from the
group consisting of methanol, ethanol, propanol, isopropanol, butanol, t-butanal,
methylene chloride, tetrahydrofuran, N-methyl-pyrrolidinone, diethyl ether, bis-
methoxymethyl ether, dimethyl formarmide, acetonz, aqueouns acetonitrile, aqueous DMF,
and aqueous acetone.

22, Avprocess according to Claim 21 wherein the product is a compound of
Formula (T) wherein W is -O- and R is H and the hydroxylamine reagent is unsubstituted
hydroxylamine.

23. A process according to Claim 21 wherein the product is a compound of
Formula (I) wherein W is -O- and R is 0-Cy-Cgralkyl and the hydroxylamine reagent is an
0-C1-Cg-alkylated hydroxylamine.

24, A process according to Claim 21 wherein the final product is a compound of
Formula (I} wherein W is -O- and R is selected from the group consisting of C1-Cg-alkyl,
C3-Cy-cycloalkyl, aryl, substituted-aryl, heteroaryl or a substituted-heteroaryl group, and
the product obtained in step (a) having the Formula (T) wherein W is -O- and R is His
treated with a suitable base and an electrophile having the formula R-L, wherein R is as
defined above and L is a suitable leaving group.

25. A process according to Claim 23 wherein in the base is selected from the
group consisting of sodium hydride, potassium hydride, lithium hydride, lithinm
diethylamide, and butyllithium, and L is selected from the group consisting of halide,
methanesulfonyl and p-toluenesulfonyl.
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26. A process for the preparation of a compound having the Formula (Tf):

wherein

CHa

- (D,

R! is selected from the group consisting of:

(a)
{b)
(©)
{d)
(e)
o3
()

hydrogen;

hydroxy;

O-Cy-Cyp-alkyl;
0-CO-Cy-Cg-alkyl;

O-CO-NHy;
0O-CO-NH-CO-C;-Cy2-alkyl; and
O-CO-NH-50;-C-Cyz-alky};

R? is hydrogen or a hydroxy protecting group;

A B, D and E are independently selected from the group consisting of:

(@)
(B

hydrogen;
Ci-Cs-alkyl, optionally substituted with one or more substituents

selected from the group consisting of:

(M)
(i)
(iid)
(iv)
\9)
(vi)
(vil)
(vidi)
(ix)

aryl;

substituted-aryl;

heteroaryl;

substimuted-heteroaryl;

heterocycloalkyl,

hydroxy;

C1-Cg-alkoxy;

halogen consisting of Br, Cl, For I; and

NR3IR4, where R3 and R# are independently selected from
hydrogen and C-Cg-alkyl, or R3 and R4 are taken with the
nitrogen atom to which they are connected 1o form a 3- to 7-
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membered ring which, when the ting is a 3- to 7-membered
ring, may optionally contain a hetero function consisting of
-0-, -NH-, -N(C;-Cé-alkyl-)-. -N(aryl)-, -N(aryl-C;-Ce-
alkyl-)-, -N(substituted-aryl-C-Cg-alkyl-)-, -N(heteroaryl)-,
~N(heteroaryl-Cy-Cg-alkyl-)-, -N(substituted-heteroaryl-Cs-
Cg-alkyl-}-, -S- or -S(O)y-, wherein nis 1 or 2;

C3-C7-cycloalkyl;

aryl;

substimted-aryl;

heteroaryl;
substituted-heteroaryl;
heterocycloalkyl;

a group selected from option (b) above further substimted with -M-

R5, wherein M is selected from the group consisting of:

(a)
{bb)
{cc)
(dd)
(ee)
{f)

(g8)
{hh)
(i)

i)

-C(O)-NH-;

-NH-C(O)-;

_NH-

-N(CH3)-

-0

-S(0)y-, whereinnis 0, 1 or 2;
-C(=NH)-NH-;

-CO-O-

-0-CO-

-CO-;

and R3 is selected from the group consisting of:
(aaa) Cy-Cg-alkyl, optionally substituted with a substituent selected

(bbb)
{cee)
(ddd)
(eee)

(fff)

from the group consisting of:

i  aryl

(i) substituted-aryl;

(i)  heteroaryl; and

(iv)  substituted-heteroaryl;
aryl;
substituted-aryl;
heteroaryl,
substituted- heteroaryl; and
heterocycloalkyl;
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or
any one pair of substituents, consisting of AB, AD, AE, BD, BE or DE, is taken
together with the atom or atoms to which they are attached to form a 3- to 7-
membered ring optionally containing a hetero function consisting of:
-0-,
-NH-,
-N{Cy-Cg-alkyl-)-,
-N(aryl-Cy-Cg-alkyl-)-,
~N(substituted-aryl-C1-Cg-atkyl-)-,
-Ntheteroaryl-Cy-Cg-alkyl-)-,
-N(substituted-heteroaryl-Cy-Cg-alkyl-)-,
-S- or -S(O)p-, wherein nis 1 or 2;
-C(0)-NH-;
-C(0)-NR3-, wherein RS is as defined above;
-NH-C(0)-;
-NR3-C(0)-, wherein R3 is as defined above; and
-C(=NH)-NH-;
the method comprising:
(a) treating a compound having the formula:

wherein R!is selected from the group consisting of hydrogen, protected hydroxy, O-Cy-
Ci2-alkyl, O-CO-C;-Cg-alkyl, O-CO-NHa, O-CO-NH-CO-Cj-Cyp-alkyl, or O-CO-NH-
S0y-C1-Cyp-alkyl; and R? is a hydroxy protecting group, with a compound having the
formula:
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wherein A, B, D, and E are as defined for compounds of Formula (1) above, in a suitable
solvent at Toom temperature to reflux temperature for about 4 to about 48 hours to give the
bicyclic intermediate compound having the formula:

CHy

90 ()  deprotecting said bicyclic intermediate compounds to give the second
intermediate compounds having the formula:

D

£, [Nz CHs N(CH3l2
AJ oA HO"«.
B " ;

onTe) CHy

(c)  cyclizing said second intermediate compounds by treatment with dilute
concentration of a swong acid in a suitable organic soivent for a period of from about 4
hours to about 10 days at a temperature from ambient to reflux temperature of the solvent to
95 give the desired compounds; and

(d)  extacting, optionally deprotecting, and isolating the desired compound.

27. A process according to Claim 26 wherein in step (a) the solvent is selected
from the group consisting of methanol, ethanol, propanol, isopropanol, butanol, t-butanol,
methylene chloride, tetrahydrofuran, N-methyl-pyrrolidinone, diethyl ether, bis-
methoxymethyl ether, dimethyl formamide, acetone, agueous acetonitrile, aqueous DMF,

and aqueous acetone; and in step (¢) the solvent is selected the group consisting of

h

methanol, ethanol. propanol. iso-propanol, butanol, iso-butanol and s-butanol.
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28. A process for the preparation of a compound having the Formula (II):

wherein

» (I,

R!is selected from the group consisting of:

(2)
{b)
(©
(d)
Q)
®
10 (@

A3

hydrogen;

hydroxy;

0-C1-Cyp-alkyl;
0-CO-Cy-Cg-alkyl;

0O-CO-NH»;
0-CO-NH-CO-C;-C1z-alkyl; and
0-CO-NH-S02-C1-Cro-alkyl;

R? is hydrogen or a hydroxy protecting group;

A, B, D and E are independently selected from the group consisting of:

(a)
(b)
15
20
23

hydrogen;

(1-Cg-alkyl, optionally substimted with ong or more substituents

selected from the group consisting of:

@  anyl

(i) substituted-aryl;

(ili)  heteroaryl;

{(iv)  substituted-heteroaryl;

(v) heterocycloalkyl;

(vi)  hydroxy;

(vity Cy-Ce-alkoxy;

(viii) halogen consisting of Br, Cl, F or I: and

(ix) NR3R4, where R and R% are independently selected from
hydrogen and C}-Cg-alkyl, or R? and R* are taken with the
nitrogen atom to which they are connected to forma 3- 1o 7-
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membered 1ing whick, when the ring is a 5- to 7-membered
ring, may optionally contain a hetero function cansisting of
-0-, -NH-, -N(Cy-Cg-alkyl-)-, -N(aryl)-, -N(aryl-C;-Ce-
alkyl-)-, -N(substituied-aryl-Cy-Cg-alkyl-)-, -N(heteroaryl)-,
-N¢(heteroaryl-C1-Cs-alkyl-)-, -N(substituted-heteroaryl-C-
Ce-alkyl-)-, -S- or -8(Q)y-, wherein nis L or 2;

(c) C3-Co-cycloalkyl;

(d)  ayl

(e) substituted-aryl;

) heteroaryl;

(g) substituted-heteroaryl;

(h) heteracycloalkyl;

@ a group selected from option (b) above further substituted with -M-
RS, wherein M is selected from the group consisting of:

(aa) -C(O)-NH-;
(bb)  -NH-C(O)~:
(cc) -NH-

(dd) -N(CHzy)-
(ee) -O-

(fH  -S(0)y-, whereinnis 0, L or 2;
(gg) -C(=NH)-NH-;

(hhy -CO-0O-
(1) -0-CO-
G  -CO-;

and RS is selected from the group consisting of:

{aza) C-Cg-alkyl, optionally substituted with a substituent selected from
the group consisting of:

(i  anyl

(i) substituted-aryl;

(iii)  heteroaryk and

(iv)  substituted-heteroaryl;
(bbb) aryl;
(cce)  substituted-aryl;
(ddd) heteroaryl;
(eee) substituted-heteroaryl; and
(fff)  heterocycloalkyl;
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or
any one pair of substituents, consisting of AB, AD, AE, BD, BE or DE, is taken
together with the atom or atoms to which they are attached to form a 3- to 7-
membered ring optionally containing a hetero function consisting of:
-0-,
-NH-,
-N(Cy-Ce-alkyl-)-,
-Nfaryl-C-Cg-alkyl-)-,
-N(substituted-aryl-C-Cgs-alkyl-)-,
-N(heteroaryl-C-Cg-alkyl-)-,
-N(substituted-heteroaryl-C-Cg-alkyl-)-,
-S- or -S(0)y-, wherein nis L or 2;
-C(O)-NH-;
-C(O)-NR3-, wherein R is as defined above;
-NH-C(0}-;
-NR3-C(O)-, wherein RS is as defined above; and
-C(=NH)-NH-;
the method comprising:
(a) treating a compound having the formula:

wherein R! is selected from the group consisting of hydrogen, protected hydroxy. O-Cy-
Cy2-alkyl, O-CO-C|-Cg-alkyl, 0-CO-NHj, O-CO-NH-CO-C}-Cjp-alkyl, or O-CO-NE-
§0,-C1-Cy2-alkyl; and R is a hydroxy protecting group, with a compound having the

formula:
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wherein A, B, D, and E are as defined above, in a suitable solvent at 0 - 70 °C for about 4

to about 48 hours to give a bicyclic intermediate compound having the formula:

N{CH3),
R2Q

—ean® CH;

(b) treating the bicyclic intermediate compound from step (a) with
90 triphenylphosphine and diphenylphosphoryl azide-diethylazodicarboxylate in
tetrahydrofuran under Mitsunobu reaction conditions to prepare the second intermediate

azide compound having the formula:

N(CHg),

CHy

(¢)  reducing the second intermediate azide compound to prepare the third

intermediate compound having the formula:
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(d)  cyclizing said third intermediate compound by teatrnent with a dilute
concentration of a strong acid at ambient temperature to reflux temperature for about 4 hours
to about 10 days in a aqueous alcohol solvent to give the desired compounds; and

(e)  extracting, optionally deprotecting, and isolating the desired compound.

29. A process as in Claim 28 wherein in step (a) the solvent is selected from the
group consisting of methanol, ethanol, propanol, isopropanol, butanol, t-butanol,
methylene chloride, tetrahydrofuran, N-methyl-pyrrolidinone, diethyl ether, bis-
methoxymethy! ether, dimethy] formamide, acetone, aqueous acetonitrile, aqueous DMF
and aqueous acetone; in step (c) the reducing agent is selected from the group consisting of
triphenylphosphine-water, hydrogen with a catalyst, sodium borohydride, and
dialkylaluminum hydride; and in step (d) the solvent is selected the group consisting of
methanol, ethanol, propanol, iso-propancl, butanol, iso-butancl and r-butanol.

30.  Aprocess as in Claim 28 wherein step (b) thereof is replaced with two steps
consisting of:

(b")  reacting the hydroxy group of the bicyclic intermediate compound with a
sulfonating agent selected from the group consisting of sulfonyl chloride, alkyl sulfonic
anhydride, aryl sulfonic anhydride, and trifluoromethanesulfonic anhydride, in an aprotic
solvent at -78°C to room ternperature to give an intermediate compound wherein the
hydroxyl group has been replaced with a sulfonate ester moiety; and

(b™) reacting the sulfonate ester of step (b) with an alkali metal azide in an aprotic
solvent at from about 0°C to about 100°C to give the second intermediate azide compound.

31.  Aprocess for the preparation of a compound having the Formula (III):

. (1L,

wherein
A. B. D and E are independently selected from the group consisting of:
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(a)
(b)

(d)
(e

and

8]
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hydrogen;
C}-Cg-alkyl, optionally substimted with one or more substituents

selected from the group consisting of:

®
(i)
(i)
{iv)
v
(vi)
(viD)
(viit)

(ix)

aryl;

substitated-aryl;

heteroaryl;

substimated-heteroaryl;

heterocycloalkyl;

hydroxy;

C1-Ce-alkoxy;

halogen consisting of Br, Cl, F or [; and

NR3IR4, where R3 and R? are independently selected from
hydrogen and C;-Cg-alkyl, or R3 and R# are taken with the
nitrogen atom to which they are connected to form a 3- to 7-
membered ring which, when the ring is a 5- to 7-membered
ring, may optionally contain a hetero function consisting of
-0-, -NH-, -N(C-C¢-alkyl-)-, -N(aryl)-, -N(aryl-C;-Cg-
alkyl-)-, -N(substituted-aryl-C|-Cg-alkyl-)-, -N(heteroaryl)-,
-N(heteroaryl-C;-Cg-alkyl-)-, -N(substituted-heteroaryl-C;-
Cg-alkyl-)-, -S- or -S{O)y-, whereinnis 1 or 2;

C3-Cq-cycloalkyl;

aryl;

substituted-aryl;

heteroaryl;
substituted-heteroaryl;
heterocycloaikyl,

a group selected from option (b) above further substituted with -M-

R3, wherein M is selected from the group consisting of

(aa)
(bb)
{cc)
(dd)

-C(O)y-NH-;

-NH-C(0)-;

_NH-

-N(CH3)-

-O-

-S(O)y-, wherein nis 0, I or 2; and
-C(=NH)-NH-;

and R3 is selected from the group consisting of:
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(aaa) C;-Cg-alkyl, optionally substituted with a substituent selected
from the group consisting of:
@  ank
(i) substituted-aryl;
(iii)  heteroaryl; and
(iv)  substituted-heteroaryl;
(bbb)  aryl;
(cec) substituted-aryl;
{(ddd) heteroaryl;
(eee) substituted-heteroaryl; and
{fff)  heterocycloalkyl;
or
any one pair of substituents, consisting of AB, AD, AE, BD, BE or DE, is taken
together with the atom or atoms to which they are attached to forma 3- to 7-
membered ring optionally containing a hetero function consisting of
-0-,
-NH-,
-N(C1-Cg-alkyl-)-,
-N(aryl-C;-Cg-alkyl-)-,
-N({substituted-aryl-C;-Cg-alkyl-}-,
-N(heteroaryl-C1-Cg-alkyl-)-,
-N(substituted-heteroaryl-Cy-Cg-alkyl-)-,
-S- o1 -8(0)y-, wherein nis 1 or 2;
-C(O}-NH-;
-C{0)-NR5-, wherein R is as defined above;
-NH-C(O)-;
-NR3-C(O)-, wherein RS is as defined above; and
-C(=NH)-NH-;
Rl is selected from the group consisting of:
(a) hydrogen;
(b) hydroxy;
()  O-Cp-Crpalkyk
(&)  0-CO-Cy-Cg-alkyl;
(e) O-CO-NHy;
(f) O-CO-NH-CO-C)-C-alkyl; and
{29  O-CO-NH-S0O,-C)-Cjyp-alkyl; and
R2 is hydrogen or a hydroxy-protecting group;
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the method comprising:
(@) reacting a compound having the formula (II):

Chy

» (D,

wherein R! is as above or is a hydroxy protecting group and RZ A, B, D, and E are as
defined above, with a suitable oxidizing agent to oxidize the imine nitrogen to the nitrone
and the niogen atom on the descsamine moiety to the N-oxide to give an N-oxidized
intermediate; and

(b)  treating the N-oxidized intermediate with a reducing agent to reduce the
desosamine N-oxide, and extracting, optionally deprotecting, and isolating the desired
compound.

32. A process according to Claim 31 wherein in step (a) the oxidizing agent is
selected from the group consisting of hydrogen peroxide and a carboxylic peracid; and in
step (b) the reducing agent is selected from the group consisting of triphenylphosphine and
hydrogen in the presence of a catalyst.

33, A process for the preparation of a compound having the Formula (FV):

. (IV),
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A, B, D and E are independently selected from the group consisting of:

(@)

(b)

hydrogen;

Cy-Cg-alkyl, optionally substituted with one or more substiments

* selected from the group consisting of:

©
{d)
(e}

and

®
(i)
(i)
(iv)
v)
(vi)
(vii)
(vii)

(ix)

aryl;

substituted-aryl;

heteroaryl;

substituted-heteroaryl;

heterocycloalkyl;

hydroxy;

Cy-Cg-alkoxy:

halogen consisting of Br, Cl, For I and

NR3R4, where R3 and R* are independently selected from
hydrogen and Cy-Cg-atkyl, or R? and R* are taken with the
nitrogen atom to which they are connected to form a 3- to 7-
membered ring which, when the ring is a 5- to 7-membered
ring, may optionally conain a hetero function consisting of
-0-, -NH-, -N(C1-Cg-atkyl-)-, -N(aryl)-, -N(aryl-C;-C¢-
alkyl-)-, -N(substituted-aryl-C1-Cg-alkyl-)-, -N(heteroaryl)-,
-N(heteroaryl-Cy-Cg-alkyl-)-, -N{substituted-heteroaryl-Ci-
Cg-alkyl-)-, -S- or -S(O)y-, wherein nis 1 or 2;

C3-Cr-cycloalkyl;

aryl;

substituted-aryl;

heteroaryl;

substituted-heteroaryl;
heterocycloalkyl;

a group selected from option (b) above further substituted with -M-

R3, wherein M is selected from the group consisting of

(aa)
(bb)
(cc)
(dd)
(ee)
(fH

-C(O)-NH-;

-NH-C(0)-;

-NH-

-N(CH3)-

-0

-5(0),-. wherein nis 0, 1 or 2; and
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(gg) -C(=NH)-NH-;
40 and R3 is selected from the group consisting of:
(aaa) C;-Cg-alkyl, optionally substituted with a substitient selected from
the group consisting of: ‘
’ ' @ oanyh
(i) substituted-aryl;

45 (i)  heteroaryl; and
(tv)  substituted-heteroaryl;
(bbb) aryl;

(ccc)  substituted-aryl
(ddd) heteroaryl;
50 (eee) substituted-heteroaryl; and
(fff)  heterocycloatkyl,
or
any one pair of substituents, consisting of AB, AD, AE, BD, BE or DE, is taken
together with the atom or atorns to which they are attached to forma 3- to 7-

55 membered ring optionally containing a hetero function consisting of:
-0-,

-NH-,
-N(Cq-Cg-alkyl-)-,
-N(aryl-C;-Cg-alkyl-)-,

60 -N(substituted-aryl-C-Cg-alkyl-}-,
-N(heteroaryl-Cy-Ce-alkyl-)-,
-N(substituted-heteroaryl-Cq-Cg-alkyl-)-,

-S- or -$(O)p-, wherein nis 1 or 2;
-C(0)-NH-;

65 -C(0)-NR5-, wherein R3 is as defined above;

-NH-C(0)-;
-NR3-C(Q)-, wherein R5 is as defined above; and
-C(=NH)-NH-;
R1 s selected from the group consisting of:
70 (a) hydrogen;
(b hydroxy;
() 0-C1-Cyp-alkyl:
{d)  0-CO-Cy-Cgalkyl;
(&) 0-CO-NHy;
75 (f) 0-CO-NH-CO-Cy-Cqz-alkyl; and
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(g  O-CO-NH-507-C1-Ciz-alkyl; and
R2 is hydrogen or a hydroxy-protecting group;
RS is hydrogen or C;-Cs-alkyl;
the method comprising:
(2)  reacting a compound having the formuta:

CHy

wherein R! is as above or is a hydroxy protecting group and R2, A,B,D, and E are as
defined above with a reducing agent in a suitable organic solvent 1o afford the desired

compound wherein RO is H;

(b)  optionally reductively alkylating the amino the product of step (a) with a
reducing reagent in the presence of a C;-Cg-alkyl-group precursor to afford the desired
compound wherein R¢ is C-Cg-alkyl; and

(c)  extacting, optionally deprotecting, and isolating the desired compound.

34. A process according to Claim 32 wherein in step (a) and in optional step (b)
the reducing agent is selected from the group consisting of sodium cyanoborohydride,
sodium borohydride, sodium triacetoxyborohydride, borane-tetrahydrofuran complex, and

borane-piperidine complex.
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35. A compound having the formula:

CHy

wherein
R1 is selected from the group consisting of hydrogen, protected hydroxy, O-Ci-
C-alkyl, O-CO-Cy-Cg-alkyl, 0-CO-NHz, 0-CO-NH-CO-C1-Cyz-atkyl, or
0O-CO-NH-S0»-C-C2-alkyl; and
R2 is hydrogen or a hydroxy protecting group.

36.  The compound according to Claim 34 wherein Rlis 0-Ci-Cyz-alkyl.
37.  The compound according to Claim 35 wherein R! is methoxy.

38. A process for the preparation of a compound having the formula:

whereln
R! is selected from the group consisting of:
(a) hydrogen;
(b) protected hydroxy;
() 0-C1-Cyr-alkyl;

S172-
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0-CO-C;-Cg-alkyl;

0-CO-NHz;
0O-CO-NH-CO-C-Cyp-alkyl; and
0-CO-NH-803-C1-Cyp-alkyl; and

R2 is hydrogen or a hydroxy-protecting group;
the method comprising:
(2)  treating an erythromycin A compound having the formula:

N(CHa)z

HC  OCH,

wherein R1 is as defined above, with dehydrating reagents consisting of an organocarbonate
15 in the presence of base at reflux temperature in an aprofic solvent to form an intermediate

compound having the formula:

CH,

(b)  hydrolytically removing the cladinose moiety from the intermediate

compound of step (a) by treatment in an aqueous alcohol suspension with a dilute
concentration of a strong acid at ambient temperature for about 0.5 to about 24 hours,

20 extracting and optionally isolating the compound having the formula:
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(c) wreating the compound of step (b) with a suitable hydroxy group protecting
reagent in an aprotic solvent, and extractively isolating the compound wherein R2isa
hydroxy protecting group;

(d) treating a solution of the compound of step (¢) with a sulfonylating agent at
from about 0°C 10 ambient temperature for about ! to about 24 hours, and extractively
isolating the compound having the formula:

wherein R7 is alkyl or aryl;

(¢)  dehydrating the compound of step (d) with a hydride base in the presence of
carbonyldiimidazole in an aprotic solvent at a temperature from about -20°C to about 70°C
for from about 0.5 hours to about 10 days, and extracting, optionally deprotecting, and
isolating the desired compound.

39. A process according to Claim 37 wherein in step (a) the dehydrating reagents
consist of an organocarbonate compound selected from the group consisting of ethylenc
carbonate, propylene carbonate, trimethylene carbonate, dipropy! carbonate, dibenzyl
carbonate, isobutyl carbonate, dimethyl carbonate and diethyl carbonate, in the presence of a
base selected from the group consisting of triethylamine. diisopropylethylamine, pyriding,
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2 6-dimethylpyridne, 1,8-diazabicyclo[S.4.0Jundec-7-ene, N-methylmorpholine, N-
methylpyrrolidine, N-methylpiperidine, sodium carbonate, potassium carbonate, sodium
bicarbonate and potassium carbonate; in step (b) the alcohol is chosen from the group
consisting of methanol, ethanol, propanol, iso-propanol, butanol, iso-butanol and t-butanol,
and the acid is selected from the group consisting of hydrochloric acid, sulfuric acid,
dichloroacetic acid and trichloroacetic acid; in step (¢} the hydroxy group protecting reagent
is selected from the group consisting of acetyl chioride, acetic anhydride, benzoic
anhydride, benzyl chloroformate, rimethylsily! chloride and triethylsilyl chioride, and the
aprotic solvent is selected from the group consisting of methylene chioride, chioroform,
dimethylformarnide, tetrahydrofuran, N-methylpymrolidinone and mixwures thereof; in step
(d) the sulfonylaring agent is selected from the group consisting of methanesulfonyl
anhydride, methanesulfony! chloride, ethanesulfonyl chloride and p-toluenesulfonyl
chloride, and the base is setected from the group defined in step (a) above; in step (€) the
hydride base is selected from the group consisting of sodium hydride, potassium hydride
and lithium hydride and the aprotic solvent is as defined for step {c).

40. A process according to Claim 38 wherein R!is H and steps (d) and () are
replaced with a single step (d") consisting of:

(d")  treatment of the compound from step (c) with sodium hexamethyldisilazane
at from about -30 to about -28°C under an inert atmosphere followed by addition of
carbonyldiimidazole at from about 0°C to about ambient temperature for about 15 minutes to
about 6 hours, and extracting, optionally deprotecting, and isolating the desired compound.

41. A process for the preparation of a compound having the formula:

N(CHg)»

wherein
R!is selected from the group consisting of;
(a) hydrogen:
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(b)  protected hydroxy;
©) 0-C1-Cyp-alkyl;
d) 0-CO-Cy-Cgalkyl;
(&) 0-CO-NHy;
: ¢3! 0-CO-NH-CO-C1-Cjp-alkyl; and
10 (g O-CO-NH-SOp-Cj-Cyp-alkyl; and

R2is hydrogen or a hydroxy-protecting group;
the method comprising:

(a) hydrolytically removing the cladinose moiety from an erythromycin A

compound having the formula:

HeC OCH;

15 wherein R1 is as described above by treatment in an aqueous alcohol suspension with a
dilute concentration of a strong acid at ambient temperature for about 0.5 to about 24 hours,
extracting and optionally isolating the first intermediate compound having the formula:

(b)  optionally treating the first intermediate compound with a suitable hydroxy
group protecting reagent. and extractively isolating the second intermediate compound
20 having the formula of the compound of step (a) wherein R2 is a hydroxy-protecting group;
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(c)  treating the second intermediate compound with an excess of a carbonylating
reagent and isolating by aqueous work up the third intermediate compound having the

formula:

wherein R1 may not be hydrogen but is otherwise as defined above;
(d)  treating the third intermediate compound with a sulfonylating agent at from

about 0°C to ambient temperature for about { to about 24 hours, and extractively isolating

the fourth intermediate compound having the formula:

wherein R is alky! or aryl;
(e) treating the fourth intermediate compound with a strong base, extracting and
optionally isolating the to afford the fifth intermediate compound having the formula:

N(CH3}>

o7 Ve,
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(f) treating the fifth intermediate compound with a hydride base and
carbonyldiimidazole in an aprotic solvent at a temperature from about -20°C to about 70°C
for from about 0.5 hours to about 10 days, and extracting, optionally deprotecting, and
isolating the desired compound.

42, A process according to claim 41 wherein in step (a) the alcohol is chosen from
the group consisting of methanol, ethanol, propanol, iso-propanol, butanol, iso-butanol and
t-butanol, and the acid is selected from the group consisting of hydrochloric acid, sulfuric
acid, dichloroacetic acid and trichloroacetic acid; in step (b) the hydroxy group protecting
reagent is selected from the group consisting of acetyl chloride, acetic anhydride, benzoic
anhydride, benzyl chloroformate, trimethylsilyl chloride and triethylsilyl chloride, and the
aprotic solvent is selected from the group consisting of methylene chloride, chloroform,
dimethylformamide, tetrahydrofuran, N-methylpyrrolidinone and mixtures thereof; in step
(c) the carbonylating reagent is selected from the group consisting of phosgene, diphosgene
and triphosgene; in step (d) the sulfonylating agent is selected from the group consisting of
methanesulfonyl anhydride, methanesulfonyl chloride, ethanesulfonyl chloride and
p-toluenesulfonyl chloride; in step (e) the base is selected from the group consisting of
triethylamine, diisopropylethylamine, pyridine, 2,6-dimethylpyridine,
1,8-diazabicyclo[3.4.0Jundec-7-ene, N-methylmorpholine, N-methylpyrrolidine,
N-methylpiperidine, sodium carbonate, potassium carbonate, sodium bicarbonate and
potassium carbonate; in step (f) the hydride base is sclected from the group consisting of
sodium hydride, potassium hydride and lithium hydride.

43. A process according to claim 41 wherein in step (b) the hydroxy protecting
reagent is benzoic anhydride and R? is benzoyl, and steps (c), (d) and (e) are replaced with a
single step (c") consisting of:

(¢} treatment of the compound from step (b) with sodium
hexamethyldisilazane at from about -50 to about -28°C under an inert atmosphere followed
by addition of carbonyldiimidazole at from about 0°C to about ambient temperature for
about 15 minutes to about 6 hours, and extracting, optionally deprotecting, and isolating the
desired compound.

44, A 3-descladinose-2,3-anhydroerythryomycin  derivative, ~substantially —as
hereinbefore described with reference to any one of the Examples.

45. A process for the preparation of a 3-descladinose-2,3-anhydroerythryomycin
derivative, substantially as hereinbefore described with reference to any one of the
Examples.

46. A pharmaceutical composition for treating bacterial infections comptising a
therapeutically effective amount of a compound of any one of claims 1 to 7 or 44 in
combination with a pharmaceutically acceptable carricr.

47. A method for (reating bacterial infections comprising administering to a
mammal in need of such treatment a therapeutically-effective amount of a compound of any
one of claims 1 to 7 or 44 or of a composition of claim 46.
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48, A compound of any one of claims 1 to 7 or 44 or a composition of claim 46
when used to treat bacterial infections.
49. Use of a compound of any one of claims 1 to 7 or 44 in the manufacture ofa
medicament for treating bacterial infections.

Dated 7 December, 1998
Abbott Laboratories

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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