(19) United States
12y Reissued Patent

(10) Patent Number:

USOORE39591E

US RE39,591 E

Or et al. 45) Date of Reissued Patent: Apr. 24, 2007
(54) 6-O-SUBSTITUTED KETOLIDES HAVING i 1)
ANTIBACTERIAL ACTIVITY v £ xR NMe,

(75) Inventors: Yat Sun Or, Libertyville, IL (US);

Zhenkun Ma, Gurnee, IL (US);
Richard F. Clark, Mundelein, IL (US);
Daniel T. Chu, Santa Clara, CA (US);
Jacob J. Plattner, Berkeley, IL (US);
George Griesgraber, Libertyville, IL
(US)

(73) Assignee: Abbott Laboratories, Abbott Park, IL
(US)

(21)  Appl. No.: 10/752,483

(22) Filed: Jan. 6, 2004
Related U.S. Patent Documents
Reissue of:
(64) Patent No.: 5,866,549
Issued: Feb. 2, 1999
Appl. No.: 08/888.350
Filed: Jul. 3, 1997

U.S. Applications:

(63) Continuation-in-part of application No. 08/707,776, filed on

Sep. 4, 1996, now abandoned.
(51) Int. CI.

A6IK 31/70 (2006.01)

CO7H 17/08 (2006.01)
(52) US.ClL ... 514/29; 536/7.2; 536/7.4
(58) Field of Classification Search ................... 514/29;

536/7.2,77.4
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS
5,350,839 A * 9/1994 Asaka et al. ................. 536/7.4

(Continued)

FOREIGN PATENT DOCUMENTS
EP 0272 110 Bl

6/1988
(Continued)

OTHER PUBLICATIONS

Pestka et al. (I), “Effect of Erythromycin Analogues on
Binding of ['*C]Erythromycin to Escherichia coli Ribo-
somes,” Antimicrobial Agents and Chemotherapy, 6(4),
479-488 (Oct., 1974).*

(Continued)

Primary Examiner—S. Anna Jiang

Assistant Examiner—L. E. Crane
(74) Attorney, Agent, or Firm—Wood, Phillips, Katz, Clark

& Mortimer
(57) ABSTRACT

Antimicrobial compounds having the formula

(11D

O =
R RE NMe,
O | |
p O.r, 4,
#&; ) ~ /
LiT;,,, 2
’ry 1,
O o NG
O
O
_ (IV)
D =
Ef‘, ’) O ; R RE NMBz

O/\
(IV-A)
. B
E,, [ = p K NMe,

A

B

OXNI il
0

(V)

as well as pharmaceutically acceptable salts, esters or pro-
drugs thereofl; pharmaceutical compositions comprising
such compounds; methods of treating bacterial infections by
the administration of such compounds; and processes for the
preparation of the compounds.

19 Claims, No Drawings



US RE39,591 E

EP
EP
EP
EP
EP
EP
FR
FR
WO
WO
WO
WO
WO
WO

Page 2
U.S. PATENT DOCUMENTS WO WO 97/17356 Al 5/1997
5,444,051 A * §/1995 Agoundas et al. ............ 514/29 OTHER PURLICATIONS
5,527,780 A * 6/1996 Agourndas et al. ............ 514/29
5,561,118 A * 10/1996 Agouridas et al. ............ 514/29

5,770,579 A
0,274,715 Bl

FOREIGN PATENT DOCUM

0487411
0596802
0565364
0676409
0680967

0 638 585
2697524
2738571
W092/09614
WO93/13116
WO93/13663
WO93/21199
W093/21200
WO97/10251

5/1992
5/1994
6/1995
10/1995
11/1995
Al 11/1996
5/1994
3/1997
6/1992
7/1993
7/1993
10/1993
10/1993
3/1997

o S - S

Al

w % % % % % % %

6/1998 Agouridas et al.
8/2001 Or et al.

ENTTS

Pestka et al. (II), “Correlation of Effects of Erythromycin

Analogues on Intact Bacteria and on ['*C]Erythromycin

Binding to FEscherichia coli Ribosomes,” Antimicrobial
Agents and Chemotherapy, 6(4), 488—491 (Oct., 1974).*

Pestka et al. (III), “Inhibition of ['*C]Chloramphenicol

Binding to Escherichia coli Ribosomes by Erythromycin
Denvatives,” Antimicrobial Agents and Chemotherapy,

6(1), 39-45 (Jul,

1974).%

Pestka et al. (IV), “Induction of Erythromycin Resistance 1n

Staphyviococcus aureus by

E ' vatives,” Anti-
Hrvthromyvcein Derivatives.” Ant

microbial Agents and Chemotherapy, 9(1), 128—-130 (Jan.,

1976).%

LeMahieu et al., “Glycoside Cleavage Reactions on Eryth-
romycin A. Preparation of Erythronolide A.” Journal of

Medicinal Chemistry, 17(9), 953-956 (Sep., 1974).%

* cited by examiner



US RE39,591 E

1

0-O-SUBSTITUTED KETOLIDES HAVING
ANTIBACTERIAL ACTIVITY

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This application 1s a continuation-in-part of U.S. appli-
cation Ser. No. 08/707,776, filed Sep. 4, 1996 now aban-
doned.

TECHNICAL FIELD

This 1nvention relates to novel semi-synthetic macrolides
having antibacterial activity, to pharmaceutical composi-
tions comprising these compounds, and to a medical method
of treatment. More particularly, this imnvention concerns to
6-O-substituted erythromycin ketolide derivatives, compo-
sitions contaiming these compounds, and a method of treat-
ing bacterial infections.

BACKGROUND OF THE INVENTION
Erythromycins A through D, represented by formula (1),

NMﬂz
CHz
é HO*’:;
O ~ e
5 OH
CHs ", S L,CH;
HO,,” g 8
R."
\ 12
H,C™ 3
O
CHj
O
(D)
Erythromycin R’ R"
A —OQOH —CH;
B —H —CH;
C —OQOH —H
D —H —H

are well-known and potent antibacterial agents, used widely
to treat and prevent bacterial infection. As with other anti-
bacterial agents, however, bacterial strains having resistance
or insullicient susceptibility to erythromycin have been
identified. Also, erythromycin A has only weak activity
against Gram-negative bacteria. Therefore, there 1s a con-
tinuing need to 1dentily new erythromycin derivative com-
pounds which possess improved antibacterial activity, which
have less potential for developing resistance, which possess
the desired Gram-negative activity, or which possess unex-
pected selectivity against target microorganisms.
Consequently, numerous investigators have prepared chemi-
cal denvatives of erythromycin in an attempt to obtain
analogs having modified or improved profiles of antibiotic
activity.

U.S. Pat. No. 5,444,051 discloses 6-O-substituted-3-
oxoerythromycin A derivatives 1n which the substituents are
selected from alkyl, —CONH,, —CONHC(O)alkyl and
—CONHSO,alkyl. PCT application WO 97/10251, pub-
lished Mar. 20, 1997, discloses 6-O-methyl 3-descladinose

erythromycin derivatives.

10

15

20

25

30

35

40

45

50

55

60

65

2

European Patent Application 596802, published May 11,
1994, discloses bicyclic 6-O-methyl-3-oxoerythromycin A
derivatives.

PCT application WO 92/09614, published Jun. 11, 1992,
discloses tricyclic 6-O-methylerythromycin A derivatives.

SUMMARY OF THE INVENTION

The present invention provides a novel class of 6-O-
substituted erythromycin derivatives possessing increased
acid stability relative to erythromycin A and 6-O-methyl
erythromycin A and enhanced activity toward gram negative
bacteria and macrolide resistant gram positive bactera.

In one embodiment, the present mvention provides com-
pounds selected from the group consisting of

(1)

R® NMe
O ;
O
_ (11I)
) : R 1:‘1*: NMe,
‘ /'\
O O,
ff;;‘ :':' ’
LiT{;ﬁ 6
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-continued

(IV-A)

NMEg

(V)

or a pharmaceutically acceptable salt, ester or prodrug
thereol, wherein
either,

Y and Z taken together define a group X, wherein

X 15 selected from the group consisting of
(1) =O?
(2) =N—OH,
(3) =N—O—R" where R" is selected from the group
consisting of
(a) unsubstituted C,—C, ,-alkyl,
(b) C,—C,,-alkyl substituted with aryl,
(c) C,—C,,-alkyl substituted with substituted aryl,
(d) C,—C,,-alkyl substituted with heteroaryl,
(e) C,—C,,-alkyl substituted with substituted
heteroaryl,
(1) C;—C,,-cycloalkyl, and
(2) —Si—(R*)(R*)(R*) wherein R?, R® and R* are
cach independently selected from C,—C,,-alkyl
and Arvyl; and
(4) =N—O—C(R>)(R°)>—O—R"' wherein R' is as
previously defined and R> and R° are each indepen-
dently selected from the group consisting of
(a) hydrogen,
(b) unsubstituted C,—C,,-alkyl,
(c) C,—C,,-alkyl substituted with aryl,
(d) C,—C,,-alkyl substituted with substituted aryl,
(e) C,—C,,-alkyl substituted with heteroaryl, and
() C,—C,,-alkyl substituted with substituted
heteroaryl, or
R> and R® taken together with the atom to which they

are attached form a C,—C,,-cycloalkyl ring;

or
one of Y and Z 1s hydrogen and the other 1s selected from a
group consisting of
(1) hydrogen,
(2) hydroxy,
(3) protected hydroxy, and

(4) NR’R® wherein R’ and R® are independently selected
from hydrogen and C,—C,-alkyl, or R’ and R® are taken

4

with the nitrogen atom to which they are connected to
form a 3- to 7-membered ring which, when the ring 1s
a 5- to 7-membered ring, may optionally contain a
hetero function selected from the group consisting of

—0O—, —NH—, —N(C,—C,-alkyl-)-, —N(aryl)-,
—N(aryl-C,—C,-alkyl-)-, —N(substituted-aryl-C,—C,-
alkyl-)-, —N(heteroaryl)-, —N(heteroaryl-C,—C-
alkyl-)-, —N(substituted-heteroaryl-C,—C,-alkyl-)-,
and —S— or —S(0O), -, wherein n 1s 1 or 2,

1o R® 1s hydrogen or hydroxy;
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» is selected from the group consisting of hydroxy,

O—C(O)—NH, and —O—C(O)-1imidazolyl;

R 1s hydrogen or a hydroxy protecting group;

L. 1s methylene or carbonyl, provided that when L 1is
methylene, T 1s —O—,

T 1s selected from the group consisting of —O—, —NH—,
and —N(W-—R%)-, wherein
W 1s absent or 1s selected from the group consisting of

O—, —NH—CO—, —N=CH—and —NH—; and

R7 is selected from the group consisting of

(1) hydrogen,
(2) C,—Cg-alkyl optionally substituted with one or
more substituents selected from the group consisting

of

(a) aryl,

(b) substituted-aryl,

(¢) heteroaryl,

(d) substituted-heteroaryl,

(¢) hydroxy,

(1) C,—C,-alkoxy,

(g) NR’R®, wherein R’ and R® are as defined
previously, and

(h) —CH,—M—R”
wherein M 1s selected from the group consisting
of:

(1) —C(O)—NH—,
(1) —NH—C(O)—,
(111) —NH—,

(iv) —N=,

(v) —N(CH;)—,

(vi) —NH—C(O0)—0O

(vi1) —NH—C(O)—NH—

(vin) —O—C(O)—NH—

(1x) —O—C(0)—O0

(x) —O—,

(x1) —S(0O), -, wheremn n 1s 0, 1 or 2,

(x11) —C(O)—0O—,

(xi11) —O—C(O)—, and

(xiv) —C(O)—, and

R” is selected from the group consisting of:

(1) C,—Cg,-alkyl, optionally substituted with a

substituent selected from the group consisting

of
(aa) aryl,
(bb) substituted-aryl,
(cc) heteroaryl, and
(dd) substituted-heteroaryl,
(1) aryl,
(111) substituted-aryl,
(1v) heteroaryl,
(v) substituted-heteroaryl, and
(v1) heterocycloalkyl,
(3) C,—C,-cycloalkyl,
(4) aryl,
(5) substituted-aryl,
(6) heteroaryl, and
(7) substituted-heteroaryl;
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S

R 1s selected from the group consisting of
(1) methyl substituted with a moiety selected from the

group consisting of

(a) CN,

(b) F,

(¢) —CO,R" wherein R'® is C,~-C,-alkyl or aryl
substituted C,—C;-alkyl, or heteroaryl substituted
C,—C;-alkyl,

(d) S(O),R'® where n is 0, 1 or 2 and R'® is as
previously defined,

(e) NHC(O)R'® where R'” is as previously defined,

() NHC(O)NR''R"* wherein R"" and R'* are indepen-
dently selected from hydrogen, C,—C;-alkyl, C,—C;-
alkyl substituted with aryl, substituted aryl,
heteroaryl, substituted heteroaryl,

(g) aryl,

(h) substituted aryl,

(1) heteroaryl, and

(1) substituted heteroaryl,

(2) C—Cyp-alkyl,
(3) C,—C,,-alkyl substituted with one or more substitu-

ents selected from the group consisting of
(a) halogen,
(b) hydroxy,
(c) C,—C;-alkoxy,
(d) C,—C;-alkoxy-C,—C;-alkoxy,
(€) oxo,
(D _NB:
(g) —CHO,
(h) O—SO,-(substituted C,—C-alkyl),
(i) —NR'°R'* wherein R'> and R'* are selected from
the group consisting of
(1) hydrogen,
(11) C,—C,,-alkyl,
(11) substituted C,—C, ,-alkyl,
(1iv) C,—C, ,-alkenyl,
(v) substituted C,—C, ,-alkenyl,
(vi) C,—C, ,-alkynyl,
(vi1) substituted C,—C, ,-alkynyl,
(vil) aryl,
(1x) C;—C,-cycloalkyl,
(X) substituted C,—Cg,-cycloalkyl,
(x1) substituted aryl,
(x11) heterocycloalkyl,
(x111) substituted heterocycloalkyl,
(x1v) C,—C,,-alkyl substituted with aryl,
(xv) C,—C, ,-alkyl substituted with substituted aryl,
(xvi) C,-C,,-alkyl substituted with
heterocycloalkyl,
(xvi1) C,—C,,-alkyl substituted with substituted
heterocycloalkyl,
(xvinn) C,—C,,-alkyl substituted with C;—Cg-
cycloalkyl,
(x1x) C,—C,,-alkyl substituted with substituted
C;—Cq-cycloalkyl,
(xx) heteroaryl,
(xx1) substituted heteroaryl,
(xx11) C,—C,,-alkyl substituted with heteroaryl, and
(xxi11) C,—C,,-alkyl substituted with substituted
heteroaryl, or
R'? and R'* are taken together with the atom to which
they are attached form a 3—10 membered heterocy-
cloalkyl ring which may be substituted with one or
more substituents independently selected from the
group consisting of
(1) halogen,
(1) hydroxy,
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6
(11) C,—C;-alkoxy,
(1v) C,—C;-alkoxy-C,—C,-alkoxy,
(V) oxo,
(v1) C,—C;-alkyl,
(vi1) halo-C,—C;-alkyl, and
(vi1) Cl—CO3-alk0xy-Cl—C3-alkyl,
(G) —CO,R'® wherein R'’ is as previously defined,
(k) —C(O)NR''R'* wherein R'" and R'* are as pre-
viously defined,
(1) =N—O—R"® wherein R"° is as previously defined,
(m) —C=N,
(n) O—S(0O),R'® wherein n is 0, 1 or 2 and R"” is as
previously defined,
(0) aryl,
(p) substituted aryl,
(q) heteroaryl,
(r) substituted heteroaryl,
(s) C;—Cg-cycloalkyl,
(t) substituted C,—C,-cycloalkyl,
(u) C,—C,,-alkyl substituted with heteroaryl,
(v) heterocycloalkyl,
(w) substituted heterocycloalkyl,
(x) NHC(O)R' where R"” is as previously defined,
(y) NHC(O)NR''R'* wherein R'"' and R'* are as
previously defined,
(z) =N—NR"’R'* wherein R"® and R'* are as previ-
ously defined,
(aa) =N—R” wherein R’ is as previously defined,
(bb) =N—NHC(O)R"'® wherein R'" is as previously
defined, and
(cc) =N—NHC(O)NR"'R"* wherein R"" and R'* are
as previously defined,

(4) C;-alkenyl substituted with a moiety selected from the

group consisting of

(a) halogen.,

(b) —CHO,

(¢) —CO,R" where R*" is as previously defined,

(d) —C(O)—R” where R’ is as previously defined,

(e) —C(O)NR'"'R'* wherein R'' and R'* are as previ-
ously defined,

(1) —C=N,

(g) aryl,

(h) substituted aryl,

(1) heteroaryl,

(1) substituted heteroaryl,

(k) C,—C,-cycloalkyl, and

(1) C,—C,,-alkyl, substituted with heteroaryl,

(5) C,—C,,-alkenyl;
(6) C,—C, ,-alkenyl substituted with one or more substitu-

ents selected from the group consisting of

(a) halogen,

(b) C,—C;-alkoxy,

(c) oxo,

(d) —CHO,

(e) —CO,R'" where R'° is as previously defined,

() —C(O)NR''R'* wherein R'' and R'“ are as previ-
ously defined,

(2) — NR'"R'* wherein R and R** are as previously

defined,

(h) =N—O—R"'® where R"” is as previously defined,

(1) —C=N,

(G) O—S(O),R'°® where n is 0, 1 or 2 and R is as
previously defined,

(k) aryl,

(1) substituted aryl,

(m) heteroaryl,

(n) substituted heteroaryl,
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(0) C5—C,-cycloalkyl,
(p) C,—C,,-alkyl substituted with heteroaryl,
(q) NHC(O)R' where R is as previously defined,
(r) NHC(O)NR'"'R'# wherein R'" and R'* are as pre-
viously defined,
(s) =N—NR"’R'* wherein R'® and R'* are as previ-
ously defined,

(t) =N—R” wherein R” is as previously defined,
(1) =N—NHC(O)R'® where R'® is as previously
defined, and
(v) =N—NHC(O)NR''R"* wherein R'' and R'* are as
previously defined;
(7) C,—C,,-alkynyl; and
(8) C;—C,,-alkynyl substituted with one or more substitu-
ents selected from the group consisting of
(a) trialkylsilyl,
(b) aryl,
(c) substituted aryl,
(d) heteroaryl, and
(e) substituted heteroaryl;
and

A, B, D and E, with the provision that at least two of A,
B, D and E are hydrogen, are independently selected
from the group consisting of:

(a) hydrogen;
(b) C,—Cs-alkyl, optionally substituted with one or
more substituents selected from the group consisting

of:
(1) aryl;
(11) substituted-aryl;
(11) heteroaryl;
(1v) substituted-heteroaryl;
(v) heterocycloalkyl;
(v1) hydroxy;
(vi1) C,—C,-alkoxy;
(viin) halogen consisting of Br, Cl, F or I; and
(ix) NR’R®, where R’ and R® are as previously
defined;
(c) C,—C,-cycloalkyl;
(d) aryl;
(e) substituted-aryl;
(1) heteroaryl;
(g) substituted-heteroaryl;
(h) heterocycloalkyl; and
(1) a group selected from option (b) above further
substituted with —M—R”, wherein M and R” are as
previously defined;

or

any one pair of substituents, consisting of AB, AD, AE,
BD, BE or DE, 1s 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 selected
from the group consisting of —O—, —NH—,
—N(C,-C,-alkyl-)-, —N(aryl-C,—C,-alkyl-)-,
—N(substituted-aryl-C,—C.-alkyl-)-, —N(heteroaryl-
C,—Cg,-alkyl-)-, —N(substituted-heteroaryl-C,—C-
alkyl-)-, —S— or —S(O) -, wherein n 1s 1 or 2,
—C(O)—NH—, —C(O)—NR'*—, wherein R"* is as
previously defined, —NH—C(O)—, —NR'"*—C
(O)—, wherein R" is as previously defined, and
—C(=NH)—NH—.

The present invention also provides pharmaceutical com-
positions which comprise a therapeutically effective amount
of a compound as defined above 1n combination with a
pharmaceutically acceptable carrier.

The mmvention further relates to a method of treating
bacterial infections in a host mammal in need of such
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8

treatment comprising administering to a mammal 1n need of
such treatment a therapeutically eflective amount of a com-
pound as defined above.

In a further aspect of the present invention are provided
processes for the preparation of 6-O-substituted macrolide
derivatives of Formula (II), (III), (IV), (IV-A) and (V)

above.

DETAILED DESCRIPTION OF TH.
INVENTION

In one embodiment of the present invention are com-
pounds having the formula II,

(Ll

(1)

wherein X, Y, R, Ra and Rc are as described previously.

A representative compound of formula II 1s the compound
of Formula (II), R 1s OH, R* 1s benzoyl, R 1s allyl.

In a preferred embodiment of the compounds of formula
II of the invention are compounds wherein R” 1s hydroxy
and R° 1s hydrogen.

In a more preferred embodiment of the compounds of

formula II of the imvention are compounds having the
formula VIII,

VI

NMEZ

wherein X 1s O or NOH, and R is as defined previously.
Compounds representative of this embodiment include,

but are not limited to:
Compound of Formula (VIII): X 1s O, R 1s allyl;

Compound of Formula (VIII): X 1s NOH, R 1s allyl;
Compound of Formula (VIII): X 1s O, R 1s propyl;
Compound of Formula (VIII): X 1s O, R 1s —CH,CHO;
Compound of Formula (VIII): X 1s O, R 15

—CH,CH=NOH;
Compound of Formula (VIII): X 1s NOH, R 1s
—CH,CH=NOH;

Compound of Formula (VIII): X 1s O, R 1s —CH,CN;

Compound of Formula (VIII): X 1s O, R 1s —CH,CH,NH,;

Compound of Formula (VIII): X 15 O, R 15
—CH,CH,NHCH,-Phenyl;

Compound of Formula (VIII): X 1s O, R 15
—CH,CH,NHCH,CH,-Phenyl;
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Compound of Formula (VIII): X
—CH,CH,NHCH(CO,CH,)CH,-Pheny];

Compound of Formula (VIII): X 1s O, R 15
—CH,CH,NHCH,-(4-pynidyl);

Compound of Formula (VIII): X 1s O, R 1s
—CH,CH,NHCH,-(4-quinolyl);

Compound of Formula (VIII): X 1s O, R 1s —CH,CH=CH-
Phenyl;

Compound of Formula (VIII): X 1s O, R 1s —CH,CH,CH,-
Phenyl;

Compound of Formula (VIII): X 1s O, R 1s —CH,CH=CH-
(4-methoxyphenyl);

Compound of Formula (VIII): X 1s O, R 1s —CH,CH=CH-
(4-chlorophenyl);

Compound of Formula (VIII): X 1s O, R 1s —CH,CH=CH-
(3-quinolyl);

Compound of Formula (VIII): X 1s O, R 15
—CH,CH,CH,OH;

Compound of Formula (VIII): X 1s O, R 1s —CH,C(O)OH;

1s O, R 15

Compound of Formula (VIII): X 1s O, R 15
—CH,CH,NHCH,;

Compound of Formula (VIII): X 1s O, R 1s
—CH,CH,NHCH,OH;

Compound of Formula (VIII): X 1s O, R 1s —CH,CH,N
(CH;),:

Compound of Formula (VIII): X 1s O, R 1s —CH,CH,(1-
morpholinyl);

Compound of Formula (VIII): X 1s O, R 1s —CH,C(O)NH,;

Compound of Formula (VIII): X 1s O, R 1s —CH,NHC(O)
NH.,;

Compound of Formula (VIII): X 1s O, R 1s —CH,NHC(O)
CH;:

Compound of Formula (VIII): X 1s O, R 1s —CH,F;

Compound of Formula (VIII): X 1s O, R 1s
—CH,CH,OCHs,;

Compound of Formula (VIII): X 1s O, R 1s —CH,CHj;

Compound of Formula (VIII): X 1s O, R 1s —CH,CH=CH
(CH;),:

Compound of Formula (VIII): X 1s O, R 1s —CH,CH,CH
(CH,)CHs;;

Compound of Formula (VIII):
—CH,CH,OCH,CH,OCH,;

Compound of Formula (VIII): X 1s O, R 1s —CH,SCH;;

Compound of Formula (VIII): X 1s O, R 1s -cyclopropyl;

Compound of Formula (VIII): X 1s O, R 1s —CH,OCH;;

Compound of Formula (VIII): X 1s O, R 1s —CH,CH,F;

Compound of Formula (VIII): X 1s O, R 15 —CH,-
cyclopropyl;

Compound of Formula (VIII): X 1s O, R 1s —CH,CH,CHO;

X 1s O, R 15

Compound of Formula (VIII): X 15 O, R 15 —C(O)
CH,CH,CHj;;

Compound of Formula (VIII): X 1s O, R 15 —CH,-(4-
nitrophenyl);

Compound of Formula (VII): X 1s O, R 15 —CH,-(4-
chlorophenyl);

Compound of Formula (VIII): X 15 O, R 1s —CH,-(4-
methoxyphenyl);

Compound of Formula (VIII): X 1s O, R 15 —CH,-(4-
cyanophenyl);

Compound of Formula (VIII): X 1s O, R 1s
—CH,CH=CHC(O)OCH;

Compound of Formula (VIII): X 1s O, R 1s
—CH,CH=CHC(O)OCH,CHj;

Compound of Formula (VIII): X 1s O, R 15
—CH,CH=CHCH;

Compound of Formula (VIII): X 1s O, R 1s

— CH,CH=CHCH,CHj,:
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10
Compound of Formula (VIII):
—CH,CH=CHCH,CH,CH;;
Compound of Formula (VIII): X 1s O, R 15
—CH,CH=CHSO,-phenyl;
Compound of Formula (VIII): X 1s O, R 1s —CH,C=(C—
S1(CH; )
Compound of Formula (VIII): X 1s O, R 15
—CH,C=CCH,CH,CH,CH,CH,CH,;
Compound of Formula (VIII): X 1s O, R 1s —CH,C=CCH,;
of Formula (VIII): X 15 O, R 18 —CH,-(2-

X 1s O, R 15

Compound
pyridyl);

Compound
pyridyl);

Compound
pyridyl);

Compound
quinolyl);

Compound of Formula (VIII): X 1s O, R 1s —CH,NO,;

Compound of Formula (VIII): X 1s O, R 1s —CH,C(O)
OCH,;

Compound of Formula (VIII): X 15 O, R 1s —CH,C(O)-
phenyl;

Compound of Formula (VIII): X 1s O, R 1s —CH,C(O)
CH,CH;;

Compound of Formula (VIII): X 1s O, R 1s —CH,(CI;

Compound of Formula (VIII): X 1s O, R 1s —CH,S(O),-
phenyl;

Compound of Formula (VIII):
—CH,CH=CHBr;

Compound of Formula (VIII): X 1s O, R 1s —CH,CH=CH-
(4-quinolyl);

Compound of Formula (VIII): X 1s O, R 1s —CH,CH,CH,-
(4-quinolyl);

Compound of Formula (VIII): X 1s O, R 1s —CH,CH=CH-
(5-quinolyl);

Compound of Formula (VIII): X 1s O, R 1s —CH,CH,CHS,-
(5-quinolyl);

Compound of Formula (VIII): X 1s O, R 1s —CH,CH=CH-
(4-benzoxazolyl);

Compound of Formula (VIII): X 1s O, R 1s -CH,CH=CH-
(7-benzimidazolyl);

Compound of Formula (VIII): X 15 O, R 1s CH,-(3-
1odophenyl);

Compound of Formula (VIII): X 1s O, R 1s CH,-(2-
naphthyl);

Compound of Formula (VIII): X 1s O, R 1s CH,—CH=CH-
(4-tluorophenyl); and

Compound of Formula (VIII): X 1s O, R 1s CH,—CH
(OH)—CN.
Preferred compounds of formula VIII are selected from

the group consisting of:

Compound of Formula (VIII): X 1s O, R 1s allyl;

Compound of Formula (VIII): X 1s O, R 1s —CH,CH=CH-
phenyl; and

Compound of Formula (VIII): X 1s O, R 1s —CH,CH=CH-
(3-quinolyl).
In one embodiment of the mvention 1s a process for the

preparation of 6-O-substituted macrolide compounds having
the Formula:

of Formula (VIII): X 1s O, R 1s —CH,-(3-
of Formula (VIII): X 15 O, R 18 —CH,-(4-

of Formula (VIII): X 1s O, R 15 —CH,-(4-

X 1s O, R 15
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(1)

R NMe,

|
O

wherein

either,

Y, 7, R% R° and R are previously defined, the method
comprising:
(a) treating a compound having the formula

wherein R? 1s a hydroxy protecting group and V 1s
—N—O—R' or =N—0O—C(R*)(R°)—O—R"
wherein R', R” and R'® are as previously defined, with
a base 1n an aprotic solvent followed by treatment with
an alkylating agent to give a compound having the
formula

wherein R® and R” are as previously defined, V 1s
=N—0O—R' or =N—0O—C(R*)(R®)—O—R'
wherein R*, R> and R® are as previously defined, and R
1s the “alkyl group” derived from the corresponding
alkylating agent;

(b) deprotecting the 2'- and 4"-hydroxyl groups to give a
compound of the formula
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wherein R” 1s as previously defined and R 1s the “alkyl
group”’ derived from the corresponding alkylating
agent;

(c) deoximation in the presence of acid 1n a suitable

solvent to give the desired intermediate having the
formula

(d) removing the cladinose moiety by hydrolysis with
acid, and protecting the 2' hydroxyl group by treatment
with a hydroxy-protecting reagent to give a 3-hydroxy
erythromycin compound having the formula

R RP NMe,

(¢) oxidizing the 3-hydroxy group, optionally deprotect-
ing the 2'-hydroxyl group, and 1solating the desired
compound.

In a preferred embodiment of the process immediately
above, 1 step (a) the base i1s selected from the group
consisting ol potassium hydroxide, cesium hydroxide, tet-
raalkylammonium hydroxide, sodium hydnde, potassium
hydride, potassium 1sopropoxide, potassium tert-butoxide
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and potassium 1sobutoxide, the alkylating agent 1s selected
from the group consisting of allyl bromide, propargyl
bromide, benzyl bromide, 2-fluoroethyl bromaide,
4-nitrobenzyl bromide, 4-chlorobenzyl bromide,
4-methoxybenzyl bromide, a-bromo-p-tolunitrile, cinnamyl
bromide, methyl 4-bromocrotonate, crotyl bromide,
1-bromo-2-pentene, 3-bromo-1-propenyl phenyl sulione,
3-bromo-1-trimethylsilyl-1-propyne, 3-bromo-2-octyne,
1-bromo-2-butyne, 2-picolyl chlonide, 3-picolyl chloride,
4-picolyl chloride, 4-bromomethyl quinoline,
bromoacetonitrile, epichlorohydrin, bromofluoromethane,
bromonitromethane, methyl bromoacetate, methoxymethyl
chloride, bromoacetamide, 2-bromoacetophenone,
1-bromo-2-butanone, bromo chloromethane, bromomethyl
phenyl sulfone, 1,3-dibromo-1-propene, allyl O-tosylate,
3-phenylpropyl-O-trifluoromethane sulifonate, and n-butyl-
O-methanesulfonate, and the reaction i1s performed at a
temperature from about —15° C. to about 50° C. for a period
from 0.5 hours to 10 days; in step (b) deprotection 1is
accomplished by use of acetic acid in water and acetonitrile;
and 1n step (¢) the deoximating reagent 1s an 1norganic sulfur
oxide compound 1s selected from the group consisting of
sodium hydrogen sulfite, sodium pyrosulfate, sodium
thiosulfate, sodium sulfate, sodium sulfite, sodium
hydrosulfite, sodium metabisulfite, sodium dithionate,
potassium thiosulfate, and potasstum metabisulfite, or an
inorganic mtrite salt in the presence of acid selected from the
group consisting of sodium nitrite and potassium nitrite, and
the solvent 1s selected from the group consisting of water,
methanol, ethanol, propanol, 1sopropanol, trimethylsilanol
or a mixture of one or more thereof; 1n step (d) the hydroxy
protecting reagent 1s selected from the group consisting of a
trialkysilyl halide, an acyl anhydride or an acyl halide; in
step (e), the oxidizing 1s selected from N-chlorosuccinimide-
dimethyl sulfide and carbodiimide-dimethylsulfoxide, and
the optional deprotection 1s carried out by stirring 1n metha-
nol.

In another embodiment of the present imnvention are com-
pounds having formula III,

(I1)

=
g

NMe 2
0O | |
p O&" o
/
ty, ~
£ "f; by
L = TJ’ Fy
f;;f
iy ;;rf
7
O O O
A
\“‘ﬁ
O

wherein R, R, L and T are as described previously.
Preferred compounds of formula III are those selected

from the group consisting of:

Compound of Formula (III); R 1s acetyl, L 1s CO, T 1s NH,
R 1s —CH,CH=CH,;

Compound of Formula (II1): R 1s acetyl, L 1s CO, T 1s NH,
R 1s —CH,CH=CH-(3-quinolyl);

Compound of Formula (III): R® 1s benzoyl, L 1s CO, T 1s NH,
R 1s —CH,CH=CH-(3-quinolyl);

Compound of Formula (III): R® 1s propanoyl, L 1s CO, T 1s
NH, R 1s —CH,CH=CH-(3-quinolyl); and

Compound of Formula (III): R* 1s ethylsuccinoyl, L 1s CO,
T 1s NH, R 1s —CH,CH=CH-(3-quinolyl).
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In a more preferred embodiment of the compounds of
formula III of the imvention are compounds having the
formula IX.

(1X)

wherein L, T, and R are defined above.

Compounds representative of this embodiment include,
but are not limited to:
Compound of Formula (IX):

—CH,CH=CH,;

[L s CO, T 1s O, R 1s

Compound of Formula (IX): L 1s CO, T 1s O, R 1s
—CH,CH=CH-phenyl;

Compound of Formula (IX): L 1s CO, T 1s O, R 1s
—CH,CH,CH,-Phenyl;

Compound of Formula (IX): L 1s CO, T 1s O, R 1s
—CH,CH=CH-(4-chlorophenyl);

Compound of Formula (IX): L 1s CO, T 1s O, R 1s
—CH,CH=CH-(3-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s O, R 1s
—CH,CH,CH;;

Compound of Formula (IX): L 1s CO, T 1s O, R 1s
—CH,CH,NH,;

Compound of Formula (IX): L 1s CO, T 1s O, R 1s
—CH,CH=NOH;

Compound of Formula (IX): L 1s CO, T 1s O, R 1s
—CH,CH,CH,OH;

Compound of Formula (IX): L 1s CO, T 1s O, R 1s —CH,F;

Compound of Formula (IX): L 1s CO, T 1s O, R 1s
—CH,CH,-phenyl;

Compound of Formula (IX): L 1s CO, T 1s O, R 1s
—CH,CH,-(4-pyridyl); | | |

Compound of Formula (IX): L 1s CO, T 1s O, R 1s
—CH,CH,-(4-quinolyl);

Compound of Formula (IX): L1s CO, T1s O, R 1s —CH,CH

P 2

(OH)CN;

Compound of Formula (IX): L 1s CO, T 1s O, R 1s —CH(C

P

(O)OCH,; )CH,-phenyl;

Compound of Formula (IX): L 1s CO, T1s O, R 1s —CH,CN;

Compound of Formula (IX): L 1s CO, T 1s O, R 1s
—CH,CH=CH-(4-methoxyphenyl);

Compound of Formula (IX): L 1s CO, T 1s O, R 1s
—CH,CH=CH-(4-fluorophenyl);

Compound of Formula (IX): L 1s CO, T 1s O, R 1s
—CH,CH=CH-(8-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s O, R 1s
—CH,CH,NHCH,-phenyl;

Compound of Formula (IX): L 1s CO, T 1s O, R 1s —CH,-
phenyl;

ompound of Formula : L 1s CO, T1s O, R 1s -

Compound of F la (IX): L 1s CO, T 1s O, R 1s —CH,
(4-pyridyl);

ompound of Formula : L 1s CO, T1s O, R 1s -

Compound of F la (IX): L1s CO, T 1s O, R 1s —CH,
(4-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s O, R 1s
—CH,CH=CH-(4-pyridyl);

Compound of Formula (IX): L 1s CO, T 1s O, R 1s
—CH,CH,CH,-(4-pynidyl);



Compound of Formula (IX): L 1

15

15

—CH,CH=CH-(4-quinolyl);

Compound of Formula (IX): L 1

15

—CH,CH,CH,-(4-quinolyl);

Compound of Formula (IX): L

1S

—CH,CH=CH-(5-quinolyl);

Compound of Formula (IX): L 1

15

—CH,CH,CH,-(5-quinolyl);
Compound of Formula (IX): L 1s
—CH,CH=CH-(4-benzoxazolyl);

Compound of Formula (IX): L 1s CO,

—CH,CH=CH-(4-benzimidazolyl);
Compound of Formula (IX): L 1s

— CH,CH=CH,;

Compound of Formula (IX): L 1

15

—CH,CH=CH-Phenyl;

Compound of Formula (IX): L

1S

—CH,CH=CH-(3-quinolyl);

Compound of Formula (IX):

—CH,CH,CH;;
Compound of
—CH,CH,NH,;

Compound of
—CH,CH=NOH;

Compound of Formula (IX):

— CH,CH,CH,OH;

. Formula (IX):

. Formula (IX):

[, 1s

[. 1s

[. 1s

[. 1s

Compound of Formula (IX): L 1s CO, T 1s NH,
Compound of Formula (IX): L 1s

—CH,CH,-phenyl;

Compound of Formula (IX): L 1s
—CH,CH,-(4-pyridyl);
Compound of Formula (IX): L 1s

— CH,CH(OH)CN;

Compound of Formula (IX): L 1s
—CH,CH,-(4-quinolyl);

Compound of Formula (IX): L 1s
—CH(C(O)OCH,)CH,-phenyl;

Compound of Formula (IX): L 1s

~ CH,CN:

Compound of Formula (IX): L 1s
—CH,CH=CH-(4-clorophenyl);

Compound of Formula (IX): L 1s

— CH,CH=CH-(4-

Tuorophenyl);

Compound of Formula (IX): L 1s

—CH,CH,CH,-(4-methoxyphenyl);
Compound of Formula (IX): L 15 CO,
—CH,CH=CH-(4-methoxyphenyl);
Compound of Formula (IX): L 15 CO,
—CH,CH=CH-(3-chloro-6-quinolyl);

Compound of

[ Formula (IX): L 15 CO, T 1

—CH,CH,NHCH,CH ,-(2-chlorophenyl);

Compound of
—CH,-phenyl;

- Formula (IX): L 1s

Compound of Formula (IX): L 1s

—CH,-(4-pynidyl);

Compound of Formula (IX): L 1s

—CH,-(4-quinolyl);

Compound of Formula (IX): L 1s
—CH,CH=CH-(4-pyridyl);

Compound of Formula (IX): L 1s
—CH,CH,CH,-(4-pyridyl);

Compound of Formu.
—CH,CH=CH-(3-:

Compound of Formul

a (IX): L 1s

Tuoro-6- qumolyl)

a (IX): L 1s

—CH,CH,CH,-(4-quinolyl);
Compound of Formula (IX): L 1s CO,
—CH,CH=CH-(3-cyano-6-quinolyl);

US RE39,591 E

CO, T 1s O, R 1s
CO, T 1s O, R 1s
CO, T 1s O, R 1s
CO, T 1s O, R 1s
CO, T 1s O, R 1s
T 1s O, R 1s

CO, T 1s NH, R 1s
CO, T 1s NH, R 1s
CO, T 1s NH, R 1s
CO, T 1s NH, R 1s
CO, T 1s NH, R 1s
CO, T 1s NH, R 1s
CO, T 1s NH, R 1s
R 1s —CH,F;

CO, T 1s NH, R 1S
CO, T 1s NH, R 1s
CO, T 1s NH, R 1s
CO, T 1s NH, R 1s
CO, T 1s NH, R 1s
CO, T 1s NH, R 1s
CO, T 1s NH, R 1s
CO, T 1s NH, R 1s
CO, T 1s NH, R 1s
T 1s NH, R 1s

T 1s NH, R 1s

1s NH, R 1s

CO, T 1s NH, R 1s
CO, T 1s NH, R 1s
CO, T 1s NH, R 1s
CO, T 1s NH, R 1s
CO, T 1s NH, R 1s
CO, T 1s NH, R 1s
CO, T 1s NH, R 1s
T 1s NH, R 1s
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Compound of Formula (IX): L 1s CO, T 1s

—CH,CH,CH,-(5-quinolyl);

Compound of Formula (IX): L 1s CO, T
—CH,CH=CH-(4-benzoxazolyl);

Compound of Formula (IX): L 15 CO, T 1s
—CH,CH=CH-(4-benzimidazolyl);

Compound of Formula (IX): L 15 CO, T 1s
—CH,CH=CH-(3-methoxy-6-quinolyl);

Compound of Formula (IX): L 15 CO, T 1s
—CH,-(2-naphthyl);

Compound of Formula (IX): L 1s CO, T 1s N(CH,), R 1s
—CH,CH=CH.,;

Compound of Formula (IX): L 1s CO, T 1s N(CH;), R 1s
—CH,CH=CH-(3-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s N(CH,CH,N
(CH,),), R 1s —CH,CH=CH,,;

Compound of Formula (IX): L 1s CO, T 1s N(CH,CH,N
(CH,),), R 1s —CH,CH=CH-(3-quinolyl);

Compound of Formula (IX): L 1s
N(CH,CH=CH,), R 1s —CH,CH=CH.,;

Compound of Formula (IX): L 1s CO, T 1s T 1s
N(CH,CH=C-(3-quinolyl)), R 1s —CH,CH=CH-(3-

quinolyl);

1S

1S

1S

1S

zZ Z Z Z
~ R R R

1S

N.

, R 1s

CO, T 1s

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,CH=CH-(3-pyridyl);

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,CH=CH-(2-naphthyl);

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,CH=CH-(4-1soquinolinyl);

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,CH=CH-(3,4-methylenedioxyphenyl);

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,CH=CH-(8-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,CH=CH-(3-1ndolyl);

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,CH=CH-(6-chloro-3-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,CH=CH-(3,4-ethylenedioxyphenyl);

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,CH=CH-(3-nitrophenyl);

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,CH=CH-(6-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,CH=CH-(6-mitroquinolyl);

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,CH=CH-(3-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s

—CH,CH=CH-(2-methyl-6-quinolyl);
Compound of Formula (III): L 1s CO, T 1s NH, R 1s acetyl;
R 1s —CH,CH=CH-(3-quinolyl);
Compound of Formula (IX): L 1s CO, T 1s NH,
—CH,CH=CH-(3-1soquinolyl);

Compound of Formula (IX): L 15 CO, T 1s
—CH,CH=CH-(7-nitro-6-quinoxalinyl);
Compound of Formula (IX): L 1s CO, T 1s

—CH,CH=CH-(6-am1ino-3-quiolyl);
Compound of Formula (IX): L 1s CO, T 1s
—CH,CH=CH-(1,8-naphthyridin-3-vyl);
Compound of Formula (IX): L 15 CO, T 1s
—CH,CH=CH-(6-(acetylamino)-3-quinolyl);
Compound of Formula (IX): L 1s CO, T 1s NH,
—CH,CH=CH-(3-carbazolyl);
Compound of Formula (IX): L 1s CO, T 1s NH,
Jenzimidazolyl)

—CH,CH=CH-(5-
Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,CH=CH-(3-hydroxy-2-(N-(2-methoxyphenyl)

amldo) 7-naphthyl);

R 1s

1S

NH,

1S

NH,

NH, 1S

NH, 1S

~ < *X K

1S

1S
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Compound of Formula (IX): L 1s CO, T 1s NH, 1S Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,CH=CH-(6-quinoxalinyl); —CH,CH=NNHC(O)pheny];

COIIlpOUIld of Formula (IX)Z [L 1s CO, T 1s NH, 1S Compound ol Formula (IX); [, 1s CO, T 1s NH, R 1s
—CH,CH=CH-(6-hydroxy-3-quinolyl); — CH,CH,CH,-(3-quinolyl);

Compound of Formula (IX): L iS_ CO, T 1s NH, 15 5 Compound of Formula (IX): L is CO, T is NH, R is
—CHZCH=CH-(6-methoxy-3-qu1no1yl); | ) | —CH,-(2-(3-quinolyl)cyclopropyl);

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s Compound of Formula (IX): L is CO, T is NH, R is
—CHZCH=CH-(5-n1tro-3-qulnolyl); o | __CH,—(C=C—H;

COE%%IHSHCE Cﬁr%unaitrgjg)ou%no?yl(;oj 115 NH, 15 Compound of Formula (IX): L 1s CO, T 1s NH, R 1s

Compound of Formula (IX): L is CO, T is NH, R is —CH, C_C-(3-qu1no1yl)‘,, . L .
—CH,CH=—CH-(2-quinolyl): Compound of_ FormuI.a (IX): .L 1s CO, T 1s NH, R 1s

Compound of Formula (IX): L 1s CO, T 1s NH, R 1is Coml():olflil q (of_gol('i‘;ulll:o(%&c)l}uioli}s‘jl)C O T ic NH R is
—CH,CH=CH-(4-quinolyl); ‘ ’ o

Compouild of Forr(nu?a (IX})(:)L is CO, T is NH, R is —CH,—C=C-phenyl; | o |
— CH,CH=CH-(4-carboxyl-3-quinolyl): 15 Compound of Formula (IX): L 1s CO, T 1s NH, R 1s

Compound of Formula (IX): L 1s CO, T 1s NH, 1S —CH,—C=C-naphthy];
—CH,CH=CH-(6-fluoro- 3-quinoly1) Compound of Formula (IX): L 1s CO, T 1s NH, R 1s

Compound of Formula (IX): L is CO, T is NH, R is —CH,—C=C-(2-naphthyl),
—CH,CH=CH-(6-methoxycarbonyl- 3 -quinolyl); Compound of Formula (IX): L 1s CO, T 1s NH, R 1s

Compound of Formula (IX): L 1s CO, T 1s NH, 1s 20 —CH,—C=C-(6-methoxy-2-naphthyl);
—CH,CH=CH-(6-aminocarbonyl-3 qulnolyl) Compound of Formula (IX): L 1s CO, T 1s NH, R 1s

Compound of Formula (IX): L 1s CO, T 1s NH, 1S —CH,—C=C-(6-chloro-2-naphthyl);
—CH,CH=CH-(6-cyano-3-quinolyl); Compound of Formula (IX): L 1s CO, T 1s NH, R 1s

Compound of Formula (IX): L 1s CO, T 1s NH, 1S —CH,—C=C-(6-quinolyl);
—CH,CH=CH-(3-bromo-6-quinolyl); 25 Compound of Formula (IX): L 1s CO, T 1s NH, R 1s

Compound of Formula (IX): L 1s CO, T 1s NH, 1S —CH,—C=C-(2-methyl-6- quinolyl)
—CH,C(O)H; Compound of Formula (IX): L 1s CO, T 1s NH, R 1s

Compound of Formula (IX): L 1s CO, T 1s NH, 1S —CH,—C=C-(5-(N-(2-pyridyl)amino)carbonyl)
—CH,CH,NHCH,Phenyl; furanyl);

Compound of Formula (IX): L 1s CO, T 1s NH, 1s 30 Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,CH,NHCH,CH ,Phenyl; —CH,—C=C-(1-phenylethenyl);

Compound of Formula (IX): L 1s CO, T 1s NH, 1S Compound of Formula (IX): L 1s CO, T 1s NH, R 1s

—CH,CH,NHCH,CH,CH,-Pheny];
Compound of Formula (IX): L 15 CO, T 1s

—CH,CH,NHCH,CH,CH,CH,Pheny];
Compound of Formula (IX): L 1s CO, T 1s

—CH,CH,NHCH,CH,CH,-(3-quinolyl);
Compound of Formula (IX): L 15 CO, T 1s

—CH,—C=(C—3_kr;
1S Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
35 —CH,-(2,2-dimethyl-1,3-dioxolan-4-yl);
1S Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,CH(OH)-phenyl;
1S Compound of Formula (IX): L 1s CO, T 1s NH, R 1s

—CH,CH,NHCH, (3-quinolyl); —CH,CH(OH)CH,OH;
Compound of Formula (IX): L 1s CO, T 1s NH, 1s 40 Compound of Formula (IX): L 1s CO, T 1s NHNH,, R 1s
—CH,CH,NHCH, (6-quinolyl); —CH,CH=CH,;

Compound of Formula (IX): L 1s CO, T 1s
—CH,CH=NO(phenyl);

Compound of Formula (IX): L 1s CO, T 1s
—CH,CH=NOCH,(phenyl);

Compound of Formula (IX): L 15 CO, T 1s
—CH,CH=NOCH,(4-NO,-phenyl);

Compound of Formula (IX): L 15 CO, T 1s
—CH,CH=NOCH,(4-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s
—CH,CH=NOCH,(2-quinolyl);

Compound of Formula (IX): L 15 CO, T 1s
—CH,CH=NOCH,(3-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s
—CH,CH=NOCH,-(6-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s
—CH,CH=NOCH,-(1-naphthyl);

Compound of Formula (IX): L 1s CO, T 1s
—CH,CH=NOCH,-(2-naphthyl);

Compound of Formula (IX): L 15 CO, T 1s
—CH,CH,NHOCH,-(phenyl);

Compound of Formula (IX): L 15 CO, T 1s
—CH,CH,NHOCH,-(4-NO,-phenyl);

Compound of Formula (IX): L 1s CO, T 1s

1S Compound of Formula (IX): L 1s CO, T 1s NHNH,, R 1s
—CH,CH=CH-(3-quinolyl);
1S Compound of Formula (IX): LL 1s CO, T 1s NHNH,, R 1s
45  —CH,CH,CH,-(3-quinolyl);
1S Compound of Formula (IX): L 1s CO, T 1s NH,, R 1s
—CH,CH=CH-naphthy];
1S Compound of Formula (IX): L 1s CO, T 1s NH,, R 1s
—CH,CH=CH-(3-(2-furanyl)-6-quinolyl);
1s 50 Compound of Formula (IX): L 1s CO, T 1s NH,, R 1s
—CH,CH=CH-(8-chloro-3-quinolyl);
1S Compound of Formula (IX): L 1s CO, T 1s NH,, R 1s
—CH,CH=CH-(4-chloro-2 trlﬂuoromethyl 6- qu1no1yl)
1S Compound of Formula (IX): L 1s CO, T 1s NH,, R 1s
55 —CH,CH=CH-(9-tluorenone-2-yl);
1S Compound of Formula (IX): L 1s CO, T 1s NH,, R 1s
—CH,CH=CH-(6-benzoyl-2-naphthyl);
1S Compound of Formula (IX): L 1s CO, T 1s NH,,
—CH,CH=CH-(7-methoxy-2-naphthyl);
1s 60 Compound of Formula (IX): L 1s CO, T 1s NH,,
—CH,CH=CH-(3-phenyl-6-quinolyl);
1S Compound of Formula (IX): L 1s CO, T 1s NH,,
—CH,CH=CH-(3-(2-pyridyl)-6-quinolyl);
1S Compound of Formula (IX): L 1s CO, T 1s NH,,
—CH,C(O)-phenyl; 65 —CH,CH=CH-(3-(2-thiophenyl)-6-quinolyl);
Compound of Formula (IX): L 15 CO, T 1s 1S Compound of Formula (IX): L 1s CO, T 1s NH,,
—CH,C(O)-(4-F-phenyl); —CH,CH=CH-(4-methylnaphthyl);
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Compound of Formula (IX): L 1s CO, T 1s NH,, R 1s
—CH,CH=CH-(6-f3- D-galactopyranosyl 2-naphthy1)
Compound of Formula (IX): L 1s CO, T 1s NH,, R 1s
—CH,CH=CH-(7-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s
—CH,CH=CH-(4-fluoronaphthyl);

Compound of Formula (IX): L 1s CO, T 1s
—CH,CH=CH-(3-biphenyl);

Compound of Formula (IX): L 1s CO, T 1s
—CH,CH=CH-(5-nitronaphthyl);

Compound of Formula (IX): L 1s CO, T 1s
—CH,CH=CH-(4-pyrrolylphenyl);

Compound of Formula (IX): L 1s CO, T 1s
—CH,CH=CH-(6-methoxy-2-naphthyl);

Compound of Formula (IX): L 1s CO, T 1s
—CH,CH=CH-(3,5-dichlorophenyl);

Compound of Formula (IX): L 1s CO, T 1s
—CH,-(3-10dophenyl);

Compound of Formula (IX): L 1s CO, T 1s
—CH,-(3-(2-tfuranyl)phenyl);

Compound of Formula (IX): L 1s CO, T 1s
—CH,CH=CH-(6-hydroxy- 2-naphthyl)

Compound of Formula (IX): L 1s CO, T 1s NH,,
—CH,CH=CH-(6-(2- bromoethoxy) 2-naphthy );

Compound of Formula (IX): L 1s CO, T 1s NH,,
—CH,CH=CH-(6-(2- (tetrazolyl)ethoxy 2-naphthyl)

Compound of Formula (IX): L 1s CO, T 1s NH,, R 1
—CH,CH=CH-naphthyl;

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,—C=C-(2-phenylethenyl);

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,—CH=CH-(3-(3-1s0xazolyl)-2-thiophenyl);

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,—CH=CH-(1,3-dimethyl-2,4-d1ox0-5-
pyrimidinyl); and

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,—CH=CH-(5-(2-pyridyl)aminocarbonyl-2-
furanyl).
Preferred compounds of formula IX are those selected

from the group consisting of:

Compound of Formula (IX): L 1s CO, T 1s O, R 1s
—CH,CH=CH,;

Compound of Formula (IX): L 1s CO, T 1s O, R 1s
—CH,CH=CH-Phenyl;

Compound of Formula (IX): L 1s CO, T 1s O, R 1s
—CH,CH=CH-(3-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,CH=CH.,;

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,CH=CH-Phenyl;

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,CH=CH-(3-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s N(CH;), R 1s
—CH,CH=CH,;

Compound of Formula (IX): L 1s CO, T 1s N(CH,), R 1s
—CH,CH=CH-(3-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s N(CH,CH,N
(CH;),), R 1s —CH,CH=CH,;

Compound of Formula (IX): L 1s CO, T 1s N(CH,CH,N
(CH,),), R 1s —CH,CH=CH-(3-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s NH,
—CH,CH=CH-(3-pyridyl);

Compound of Formula (IX): L 1s CO, T 1s NH,
—CH,CH=CH-(2-naphthyl);

Compound of Formula (IX): L 1s CO, T 1s NH,
—CH,CH=CH-(4-1soquinolinyl);

Compound of Formula (IX): L 1s CO, T 1s NH,
—CH,CH=CH-(3,4-methylenedioxyphenyl);
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Compound of Formula (IX): L 1s CO,
—CH,CH=CH-(8-quinolyl);
Compound of Formula (IX): L 1s CO,
—CH,CH=CH-(6-quinolyl);
Compound of Formula (IX): L 15 CO,
—CH,CH=CH-(6-nitroquinolyl);
Compound of Formula (IX): L 1s CO,
—CH,CH=CH-(5-quinolyl);
Compound of Formula (IX): L 15 CO, T 1s
—CH,CH=CH-(6-amino-3-quinolyl);
Compound of Formula (IX): L 15 CO, T 1s
—CH,CH=CH-(1,8-naphthyridin-3-yl);
Compound of Formula (IX): L 1s CO, T 1s
—CH,CH=CH-(6-(acetylamino)-3-quinolyl);
Compound of Formula (IX): L 1s CO, T 1s N
—CH,CH=CH-(6-quinoxalinyl);
Compound of Formula (IX): L 15 CO, T 1s N.
—CH,CH=CH-(6-hydroxy-3-quinolyl);
Compound of Formula (IX): L 15 CO, T 1s
—CH,CH=CH-(6-methoxy-3-quinolyl);
Compound of Formula (IX): L 15 CO, T 1s
—CH,CH=CH-(5-nitro-3-quinolyl);
Compound of Formula (IX): L 15 CO, T 1s
—CH,CH=CH-(8-nitro-3-quinolyl);
Compound of Formula (IX): L 15 CO, T 1s
—CH,CH=CH-(2-quinolyl);
Compound of Formula (IX): L 1s CO, T 1s
—CH,CH=CH-(4-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s
—CH,CH=CH-(4-carboxyl-3-quinolyl);
Compound of Formula (IX): L 15 CO, T 1s

—CH,CH=CH- (6-':1uoro-3-quinolyl)
Compound of Formula (IX): L 1s CO, T 1s NH,

—CH,CH=CH-(6- methoxycarbonyl 3 qu1nolyl)
Compound of Formula (IX): L 1s CO, T 1s NH,

—CH,CH=CH-(6- am1nocarbonyl 3- qumolyl)
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Compound of Formula (IX): L 1s CO, T 1s NH, 1S
—CH,CH=CH-(6-cyano-3-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s NH, 1S
—CH,CH=CH-(3-bromo-6-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s NH, 1S
—CH,CH,CH,-(3-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s NH, 1S
—CH,-(2-(3-quinolyl)cyclopropyl);

Compound of Formula (IX): L 1s CO, T 1s NH, 1S
—CH,—C=C—H;

Compound of Formula (IX): L 1s CO, T 1s NH, 1S
—CH,—C=C-(3-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s NH, 1S
—CH,—C=C-(6-nitro-3-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s NH, 1S
—CH,—C=C-pheny];

Compound of Formula (IX): L 1s CO, T 1s NH, 1S
—CH,—C=C-napthyl;

Compound of Formula (IX): L 1s CO, T 1s NH, 1S
—CH,—C=C-(2-naphthyl);

Compound of Formula (IX): L 1s CO, T 1s NH, 1S
—CH,—C=C-(6-methoxy-2-naphthyl);

Compound of Formula (IX): L 1s CO, T 1s NH, 1S

—CH,—C=C-(6-chloro-2-naphthyl);

Compound of Formula (IX): L 15 CO, T 1s
—CH,—C=C-(6-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s N(NH,), R 1s
—CH,CH=CH.,;

Compound of Formula (IX): L 1s CO, T 1s N(NH,), R 1s
—CH,CH=CH-(3-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s N(NH,), R 1s
—CH,CH,CH,-(3-quinolyl);

R 1s

NH,
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Compound of Formula (IX): L 1s CO, T 1s NH,, R 1s
—CH,CH=CH-naphthyl;

Compound of Formula (IX): L 1s CO, T 1s NH,, R 1s
—CH,CH=CH-(3-(2-pyridyl)-6-quinolyl);

Compound of Formula (IX): L 1s CO, T 1s NH,, R 1s
—CH,CH=CH-(7-quinolyl); and

Compound of Formula (IX): L 1s CO, T 1s NH, R 1s
—CH,—CH=CH-(5-(3-1s0xazolyl)-2-thiophenyl).
In another embodiment of the imvention 1s a process for

the preparation of 6-O-substituted macrolide compounds

having the Formula:

wherein R and R”
R 1s selected from the group consisting of

(1) methyl substituted with a moiety selected from the
group consisting of

(a) CN,

(b) F,

(¢) —CO,R'" wherein R'" is C,-C,-alkyl or aryl
substituted C,—C;-alkyl, or heteroaryl substituted
C,—C,-alkyl,

(d) S(O),R'"® where n is 0, 1 or 2 and R' is as
previously defined,

(e) NHC(O)R'® where R'° is as previously defined,

() NHC(O)NR''R"'* wherein R"" and R'* are indepen-
dently selected from hydrogen, C,—C;-alkyl, C,—C;-
alkyl substituted with aryl, substituted aryl,
heteroaryl, substituted heteroaryl,

(g) aryl,

(h) substituted aryl,

(1) heteroaryl, and

(1) substituted heteroaryl,

(2) C,—Cyp-alkyl,
(3) C,—C,,-alkyl substituted with one or more substitu-
ents selected from the group consisting of

(a) halogen,

(b) hydroxy,

(c) C,—C;-alkoxy,

(d) C,—C;-alkoxy-C,—C;-alkoxy,

() oxo,

(f) —N33

(g) —CHO,

(h) O—SO,-(substituted C,—C-alkyl),

(i) —NR'°R'* wherein R'> and R'* are selected from
the group consisting of
(1) hydrogen,

(1) C,—C,,-alkyl,

(111) substituted C,—C,,-alkyl,
(1v) C,—C, ,-alkenyl,

(v) substituted C,—C, ,-alkenyl,
(vi) C,—C, ,-alkynyl,

(vi1) substituted C,—C, ,-alkynyl,
(vi) aryl,

(1x) C;—Cq-cycloalkyl,
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(x) substituted C;—C,-cycloalkyl,
(x1) subtituted aryl,
(x11) heterocycloalkyl,
(x111) substituted heterocycloalkyl,
(xav) C,—C,,-alkyl substituted with aryl,
(xv) C,—C, ,-alkyl substituted with substituted aryl,
(xvi) C,-C,,-alkyl substituted with
heterocycloalkyl,
(xvi1) C,—C,,-alkyl substituted with substituted
heterocycloalkyl,
(xvi1) C,—C, ,-alkyl substituted with C,—C,-
cycloalkyl,
(x1x) C,—C,,-alkyl substituted with substituted
C;—Cq-cycloalkyl,
(xx) heteroaryl,
(xx1) substituted heteroaryl,
(xx11) C,—C, ,-alkyl substituted with heteroaryl, and
(xxi11) C,—C,,-alkyl substituted with substituted
heteroaryl, or
R"™ and R are taken together with the atom to which
they are attached form a 3—10 membered heterocy-
cloalkyl ring which may be substituted with one or
more substituents independently selected from the
group consisting of
(1) halogen,
(1) hydroxy,
(11) C,—C;-alkoxy,
(1v) C,—C;-alkoxy-C,—C;-alkoxy,
(V) oxo,
(v1) C,—C;-alkyl,
(vi1) halo-C,—C;-alkyl, and
(vi1) C,—C;-alkoxy-C,—C;-alkyl,
(G) —CO,R"® wherein R" is as previously defined,
(k) —C(O)NR''R"* wherein R'" and R'* are as pre-
viously defined,
(1) =N—O—R"'” wherein R'" is as previously defined,
(m) —C=N,
(n) O—S(0), R"® whereinn is 0, 1 or 2 and R'° is as
previously defined,
(0) aryl,
(p) substituted aryl,
(q) heteroaryl,
(r) substituted heteroaryl,
(s) C,—Cq-cycloalkyl,
(t) substituted C,—C,-cycloalkyl,
(u) C,—C, ,-alkyl substituted with heteroaryl,
(v) heterocycloalkyl,
(w) substituted heterocycloalkyl,
(x) NHC(O)R'® where R'* is as previously defined,
(y) NHC(O)NR'"R"'* wherein R"' and R'* are as
previously defined,
(z) =N—NR"’R'* wherein R"® and R'* are as previ-
ously defined,
(aa) =N—R” wherein R” is as previously defined,
(bb) =N—NHC(O)R"® wherein R'® is as previously
defined, and
(cc) =N—NHC(O)NR'"'R'* wherein R"" and R'* are
as previously defined;

(4) C;-alkenyl substituted with a moiety selected from the

group consisting of

(a) halogen,

(b) —CHO,

(¢) —CO,R'" where R'" is as previously defined,

(d) —C(O)>—R” where R’ is as previously defined,

(e) —C(O)NR'"'R'* wherein R'" and R'* are as previ-
ously defined,

() —C=N,
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(g) aryl,
(h) substituted aryl,

(1) heteroaryl,
(1) substituted heteroaryl,
(k) C;—C,-cycloalkyl, and
(1) C,—C,,-alkyl substituted with heteroaryl,
(5) C,—C,-alkenyl;
(6) C,—C, ,-alkenyl substituted with one or more substitu-
ents selected from the group consisting of
(a) halogen,
(b) C,—C;-alkoxy,
(C) oxo,
(d) —CHO,
(e) —CO,R" where R'" is as previously defined,
() —C(O)NR''R'* wherein R'' and R'“ are as previ-
ously defined,
(g) —NR'"’R'* wherein R'”> and R'* are as previously

defined,

(h) =N—O—R"® where R'® is as previously defined,

(1) —C=N,

G) O—S(O),R'° where nis 0, 1 or 2 and R is as
previously defined,

(k) aryl,

(1) substituted arvl,

(m) heteroaryl,

(n) substituted heteroaryl,

(0) C,—C,-cycloalkyl,

(p) C,—C,,-alkyl substituted with heteroaryl,

(q) NHC(O)R'® where R'? is as previously defined,

(r) NHC(O)NR'"'R'* wherein R'" and R'* are as pre-
viously defined,

(s) =N—NR'’R'* wherein R'® and R'* are as previ-
ously defined,

(t) =N—R” wherein R” is as previously defined,

(u) =N—NHC(O)R" where R'® is as previously
defined, and

(v) =N—NHC(O) R''R"'* wherein R'! and R'* are as

previously defined;
(7) Cs—C,,-alkynyl; and
(8) C;—C,,-alkynyl substituted with one or more substitu-
ents selected from the group consisting of
(a) trialkylsilyl,
(b) aryl,
(c) substituted aryl,
(d) heteroaryl, and
(¢) substituted heteroaryl;

R¢ is H or W—R¥, wherein W is absent or is selected from
the group consisting of —O—, —NH—CO—,
— N=CH-— and —NH—, and R is selected from the
group consisting of

(1) hydrogen,
(2) C,—C,-alkyl optionally substituted with one or more
substituents selected from the group consisting of
(a) aryl,
(b) substituted-aryl,
(c) heteroaryl,
(d) substituted-heteroaryl,
() hydroxy,
(1) C,—C,-alkoxy,
(2) NR’R® wherein R’ and R® are independently
selected from hydrogen and C,—C-alkyl, 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 1s a 5- to 7-membered ring, may
optionally contain a hetero function selected from
the group consisting of —O—, —NH—,
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—N(C,—Cg-alkyl-)-, —N(aryl)-, —N(aryl-C,—C.-
alkyl-)-, —N(substituted-aryl-C,—C,-alkyl-)-,
—N(heteroaryl)-, —N(heteroaryl-C,—C -alkyl-)-,
—N(substituted-heteroaryl-C,—C,-alkyl-)-, and
S— or —S(0), -, wherein n 1s 1 or 2, and
(hy —CH,—M—R"
wherein M 1s selected from the group consisting of:

(i) —C(O) NH
(i) — NH—C(O)—,
(iii) — NH—,

(iv) —N=,

(v) —N(CH;3)—,

(vi) —NH—C(O)—O

(vi1) —NH—C(O)—NH—

(vin) —O—C(O)—NH—

(1x) —O—C(0)—O0

(x) —O—,

(x1) —S(O), -, wherein n 1s 0, 1 or 2,

(x11) —C(O)—0O—,

(xi11) —O—C(O)—, and

(xiv) —C(O)—, and

R” is selected from the group consisting of:

(1) C,—C,-alkyl, optionally substituted with a sub-
stituent selected from the group consisting of
(aa) aryl,
(bb) substituted-aryl,
(cc) heteroaryl, and
(dd) substituted-heteroaryl,

(11) aryl,

(1) substituted-aryl,

(1v) heteroaryl,

(v) substituted-heteroaryl, and
(v1) heterocycloalkyl,

(3) C,—C,-cycloalkyl,

(4) aryl,

(5) substituted-aryl,

(6) heteroaryl, and

(7) substituted-heteroaryl;

the method comprising.

(a) treating a compound having the formula

RP NMe,

wherein R 1s as previously defined, R” 1s a hydroxy
protecting group and Z' 1s 4"-hydroxy-protected
cladinose, with sodium hexamethyldisilazide and car-
bonyldiimidazole to give a compound having the for-
mula
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(b) treating the compound from step (a) with a reagent
selected from the group consisting ol ammonia,
R°—NH,, hydrazine, substituted hydrazine,
hydroxylamine, and substituted hydroxylamine to give
a compound having the formula

wherein R¢ is H or W—R9, wherein W is absent or is
selected from the group consisting of —O—, —NH—
CO—, —N=CH-— and —NH-—, and R? is as defined
previously,

(c) optionally treating the compound from step (b)
wherein R® 1s H with an alkylating agent having the
formula R%halogen, wherein R? is as defined
previously, to give a compound of the formula shown
in step (b) wherein R is W—R?, W is absent and R is
as defined previously;

(d) optionally treating the compound from step (b)
wherein R¢ is W—R“ and W is —NH— and R? is H,
with an alkylating agent selected from the group con-
sisting of R“%halogen, wherein R? is as defined
previously, to give a compound of the formula shown
in step (b) wherein R® is W—R?, W is —NH— and R“
1s as defined above:

(¢) optionally treating the compound from step (b)
wherein R¢ is W—R% and W is —NH— and R? is H,
with an acylating agent selected from the group con-
sisting of R“—C(CQO)— halogen or (R“—C(C0O)—0),
to give a compound wherein R° is W—R? W is
— NH—CO— and R% is as defined above;

(1) optionally treating the compound from step (b)
wherein R¢ is W—R? and W is —NH— and R is H,
with an aldehyde having the formula R“—CHO,

wherein R? as defined above to give a compound

wherein R¢ is W—R?, W is — N=CH-— and R? is as
defined above;

g) removing the cladinose moiety by hydrolysis with acid
to give a compound having the formula
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(h) oxidizing the 3-hydroxyl group; and

(1) optionally deprotecting, and 1solating the desired com-

pound.

In a preferred embodiment of the process immediately
above, R 1s an allyl or propargyl group substituted with a
moiety selected from the group consisting of
1-phenylethenyl, 2-chlorophenyl, 2-fluorenyl, 2-methyl-6-
quinolyl, 2-naphthyl, 2-phenylethenyl, 2-quinolyl, 3-(2-
furanyl)-6-quinolyl, 3-(2-pyridyl)-6-quinolyl, 3-quinolyl,
3-(2-thiophenyl)-6-quinolyl, 3-biphenyl, 3-bromo-6-
quinolyl, 3-carbazolyl, 3-chloro-6-quinolyl, 3-cyano-6-
quinolyl, 3-fluoro-6-quinolyl, 3-hydroxy-2-(N-(2-
methoxyphenyl)amido)-7-naphthyl, 3-10dophenyl,
3-methoxy-6-quinolyl, 3-nitrophenyl, 3-phenyl-6-quinolyl,
3-quinolyl, 4-benzoxazolyl, 4-carboxyl-3-quinolyl,
4-chloro-2-trifluoromethyl-6-quinolyl, 4-chlorophenyl,
4-fluoronaphthyl, 4-fluorophenyl, 4-i1soquinolinyl,
4-methoxyphenyl, 4-methylnaphthyl, 4-pyridyl,
4-pyrrolylphenyl, 4-quinolyl, 5-(2-pyridyl)aminocarbonyl-
2-furanyl, 3-(3-1soxazolyl)-2-thiophenyl, 5-benzimidazolyl,
S-indolyl, 5-1soquinolyl, 5-nitro-3-quinolyl,
S-nitronaphthyl, 5-(N-(2-pyridyl)amino)carbonyl)furanyl,
S-quinolyl, 6-(acetylamino)-3-quinolyl, 6-(2-tetrazolyl)
ethoxy-2-naphthyl, 6-(2-bromoethoxy)-2-naphthyl,
6-amino-3-quinolyl, 6-aminocarbonyl-3-quinolyl, 6--D-
galactopyranosyl-2-naphthyl, 6-benzoyl-2-naphthyl,
6-cyano-3-quinolyl, 6-fluoro-3-quinolyl, 6-hydroxy-2-
naphthyl, 6-hydroxy-3-quinolyl, 6-methoxy-2-naphthyl,
6-methoxy-3-quinolyl, 6-methoxycarbonyl-3-quinolyl,
6-nitroquinolyl, 6-quinolyl, 6-quinoxalinyl, 7-methoxy-2-
naphthyl, 7-nitro-6-quinoxalinyl, 7-quinolyl, 8-chloro-3-
quinolyl, 8-nitro-3-quinolyl, 8-quinolyl, 9-oxotluoren-2-vl,
1,3-dimethyl-2,4-d1oxo-5-pyrimidinyl, 1,8-naphthyridin-3-
yvl, 3.,4-methylenedioxyphenyl, 3,5-dichlorophenyl,
naphthyl, and phenyl, and in step (b) the reagent 1s selected
from the group consisting of ammonia and R*—NH,;
optional steps (¢), (d) and () are omitted; and in step (g) the
oxidizing reagent 1s selected from N-chlorosuccinimide-
dimethyl sulfide and carbodiimide-dimethylsulioxide; and
in step (h) the optional deprotection 1s carried out by stirring
in methanol.

In a more preferred embodiment of the process immedi-
ately above, R 1s an allyl or propargyl group substituted with
a moiety selected from the group consisting of 2-methyl-6-
quinolyl, 2-quinolyl, 3-(2-furanyl)-6-quinolyl, 3-(2-
pyridyl)-6-quinolyl, 3-quinolyl, 3-(2-thiophenyl)-6-
quinolyl, 3-bromo-6-quinolyl, 3-chloro-6-quinolyl,
3-cyano-6-quinolyl, 3-fluoro-6-quinolyl, 3-methoxy-6-
quinolyl, 3-phenyl-6-quinolyl, 3-quinolyl, 4-carboxyl-3-
quinolyl, 4-chloro-2-trifluoromethyl-6-quinolyl,
4-1soquinolinyl, 4-quinolyl, 3-isoquinolyl, 3-nitro-3-
quinolyl, 3-quinolyl, 6-(acetylamino)-3-quinolyl, 6-amino-
3-quinolyl, 6-aminocarbonyl-3-quinolyl, 6-cyano-3-
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quinolyl, 6-fluoro-3-quinolyl, 6-hydroxy-3-quinolyl, In a preferred embodiment of the process immediately
6-methoxy-3-quinolyl, 6-methoxycarbonyl-3-quinolyl, above, R¢ is H.
6-nitroquinolyl, 6-quinolyl, 7-quinolyl, 8-chloro-3-quinolyl,
8-nitro-3-quinolyl and 8-quinolyl.

In another embodiment of the imvention 1s a process for

In another embodiment of the invention 1s a process for
preparing a compound having the formula

: . 5
preparing a compound having the formula o
R
0 HN’H
OR
Nf =
= | 10 O i RP NMe,
z RP NME2 O
R* >
\ b, A Ow,
NH,,'.
O:< '*’f;fO
o 15 0PF O
N 0
O
20 O
O
wherein R® is H or W—R?, wherein W is absent or is
wherein R® is H or W—R¥ wherein W is absent or is selected from the group consisting of —O—, —NH—
selected from the group consisting of —O—, —NH— CO—, —N=CH— and —NH-—, and R is as defined
CO—, —N=CH— and —NH—, and R? is as defined 23 above,

previously, and R'® is H or C,—C,-alkyl, aryl substituted
C,—C,-alkyl, or heteroaryl substituted C,—C;-alkyl,

the method comprising (a) reductively aminating a compound having the formula
(a) treating a compound having the formula

1s the method comprising

30 O

35
40
4> with an amine compound having the formula NH,—
R"™, wherein R"™ is as previously defined; and
0 (b) optionally deprotecting, and 1solating the desired

‘ compound.

so  In another embodiment of the present invention are com-
pounds having formula IV

(IV)

55

60

(b) treating the compound of step (a) with a hydroxy-
lamine compound having the formula NH,—O—R"°,
wherein R'° is as previously defined; and 65

(c) optionally deprotecting, and 1solating the desired

compound. wherein R, R, A, B, D and E are as defined previously.
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In a more preferred embodiment of the compounds of
formula IV of the invention are compounds having the

formula VII,

(VII)

NMEZ

wheremn A, B, D, E, and R are defined previously.
Compounds representative of the embodiment of formula
VII include, but are not limited to:
Compound of Formula (VII): A, B, D, and E are H, R 1s
allyl;
Compound of Formula (VII):
—CH,CH,CH;;
Compound of Formula (VII):
—CH,CH,NH,;
Compound of Formula (VII):
—CH,CH=NOH;
Compound of Formula (VII):
—CH,CH,CH,OH;
Compound of Formula (VII):
—CH,F;
Compound of Formula (VII):
—CH,CN;
Compound of Formula (VII):
—CH,CH(OH)CN;
Compound of Formula (VII):
—CH,-phenyl;
Compound of Formula (VII):
—CH,-(4-pynidyl);
Compound of Formula (VII):
—CH,-(4-quinolyl);
Compound of Formula (VII): A, B, D,
—CH,CH=CH-(4-pyridyl);
Compound of Formula (VII): A, B, D,
—CH,CH=CH-(4-chlorophenyl);
Compound of Formula (VII): A, B, D,
—CH,CH=CH-(4-fluorophenyl);
Compound of Formula (VII): A, B, D,
—CH,CH=CH-(4-methoxyphenyl);
Compound of Formula (VII): A, B, D,
—CH,CH,CH,-phenyl;
Compound of Formula (VII): A, B, D,
—CH,CH=CH-(4-pyridyl);
Compound of Formula (VII): A, B, D,
—CH,CH,CH,-(4-pynidyl);
Compound of Formula (VII): A, B, D,
—CH,CH=CH-(4-quinolyl);
Compound of Formula (VII): A, B, D,
—CH,CH,CH,-(4-quinolyl);
Compound of Formula (VII): A, B, D,
—CH,CH=CH-(5-quinolyl);
Compound of Formula (VII): A, B, D,
—CH,CH,CH,-(5-quinolyl);
Compound of Formula (VII): A, B, D,
—CH,CH=CH-(4-benzoxazolyl);

A, B, D, and E are H, R 1s

A, B, D, and E are H, R 1s

A, B, D, and E are H, R 1s

A, B, D, and E are H, R 1s
A, B, D, and E are H, R 1s
A, B, D, and E are H, R 1s
A, B, D, and E are H, R 1s
A, B, D, and E are H, R 1s
A, B, D, and E are H, R 1s
A, B, D, and E are H, R 1s
and E are H, R 1s
and E are H, R 1s
and F are H, R 1s
and F are H, R 1s
and E are H, R 1s
and E are H, R 1s
and E are H, R 1s
and E are H, R 1s
and E are H, R 1s
and F are H, R 1s
and F are H, R 1s

and E are H, R 1s
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Compound of Formula (VII): A, B, D, and E are H, R 1s
—CH,CH=CH-(4-benzimidazolyl);

Compound of Formula (VII): A, B, D, and E are H, R 1s
—CH,CH=CH-(8-quinolyl);

Compound of Formula (VII): A, B, D, and E are H, R 1s
—CH,CH,NHCH,-phenyl;

Compound of Formula (VII): A, B, D, and E are H, R 1s
—CH,CH,NHCH,-(4-pynidyl);

Compound of Formula (VII): A, B, D, and E are H, R 1s
—CH,CH,NHCH,-(4-quinolyl);

Compound of Formula (VII): A, B, D, and E are H, R 1s
—CH,CH,NHCH(CH,,-phenyl)C(O)OCH;

Compound of Formula (VII): A, B, D, and E are H, R 1s

—CH,CH,NHCH,CH,-(2-chlorophenyl);

Compound of Formula (VII): A, B and E are H, D 1s benzyl,
R 1s allyl;

Compound of Formula (VII): A 1s benzyl, B, D and E are H,
R 1s allyl;

Compound of Formula (VII): A and E are phenyl, B and D
and are H, R 1s allyl;

Compound of Formula (VII): A 1s methyl, B, D and E are H,
R 1s allyl;

Compound of Formula (VII): A and D are methyl, B and E
are H, R 1s allyl;

Compound of Formula (VII): A and E taken together is
—CH,CH,CH,—, B and D are H, R 1s allyl;

Compound of Formula (VII): A, B, D, and E are H, R 1s
—CH,CH=CH-(3-quinolyl); and

Compound of Formula (VII): A, B, D, and E
3-(3-quinolyl)propyl.

are H, R 1s

Preferred compounds of formula VII are those in the
group consisting of:

Compound of Formula (VII): A, B, D, and E are H, R 1s
allyl;

Compound of Formula (VII): A, B, D, and E are H, R 1s
—CH,CH=CH-(3-quinolyl); and

Compound of Formula (VII): A, B, D, and E are H, R 1s

—CH,CH,CH,-(3-quinolyl)
In another embodiment of the invention 1s the process for
preparing a compound having the formula IV

(IV)

wherein R, R, A, B, D and E are as defined previously, the
method comprising:
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(a) treating a compound having the formula

O | R NMe,
o |

ﬁff; ‘F Of;ﬁ
HO;h '
HO 0

5 / \ ?
W
O

wherein R 1s as defined previously, and Rc 1s a hydroxy
protecting group, by treatment with methanesulfonic
anhydride in pyridine, then treating the methansulfonyl
derivative with an amine base to give a compound
having the formula

(b) treating the compound from step (a) with an alkali
metal hydride base and carbonyldiimidazole to give a

compound having the formula

(c) treating the compound of step (b) with a diamine
having the formula

wherein A, B, D and E are as defined previously, to give
a compound having the formula
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Z,
<
NS

(d) cyclizing the compound of step (¢) with dilute mineral
or organic acid, optionally deprotecting, and 1solating,
the desired compound.

An alternate to the process described immediately above
1s that process wherein steps (¢) and (d) are replaced by the
steps (¢)—(1) consisting of

(¢c) treating the compound of step (b) with an amine
having the formula

wherein A, B, D and E are as defined therein, and Y 1s

hydroxy, to give a compound having the formula

=
~
Z,
<
Ny

(d) treating the compound of step (¢) with triphenylphos-
phine and diphenylphosphoryl azide and diethylazodi-
carboxylate 1n tetrahydrofuran to give the analogous
compound of wheremn Y 1s N,;, and removing the
deprotecting group to give the analogous compound

whereimn Y 1s N; and R® 1s H;

(¢) treating the compound of step (d) with a reducing
agent selected from the group consisting of
triphenylphosphine-water, hydrogen with a catalyst,
sodium borohydride, and dialkylaluminum hydride, to
give the compound having the formula
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(1) cyclizing the compound of step (e) with dilute mineral
or organic acid, and isolating the desired compound.

In another embodiment of the present invention are com-
pounds having formula IV-A

(IV-A)
D ; =
E, / N - NMe,
iy N - ‘ ‘
0

wherein R, R, A, B, D and E are as defined previously.

In a preferred embodiment are compounds having for-
mula IV-A wherein R° 1s H, and R, A, B, D and E are as
defined previously.

In another embodiment of the present invention are com-
pounds having formula V

(V)

FRRNRIRL
=
g

wherein R, R° and R are as defined previously.

In a preferred embodiment of the compounds of formula
V of the mvention are compounds having the formula VI
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(VD)

NM&Z

wherein R 1s as defined previously.
Compounds representative of compounds of formula VI
include, but are not limited to:

Compound of formula (VI): R 1s —CH,CH,CH,,
Compound of formula (VI): R 1s —C_%IZC H=—CH,
Compound of formula (VI): R 1s —CH,CH=CH-Pheny],
Compound of formula (VI): R 1s —CH,CH,CH,-Phenyl,
Compound of formula (VI): R 1s —CH,CH=NOH,
Compound of formula (VI): R 1s —CH,CH,NH,,

Compound of formula (VI): R 1s —CH CH,NHCH,-
Phenyl,

Compound of formula (VI): R 1s —CH,CH,NHCH,-(4-
pyrdidyl),

Compound of formula (VI): R 1s —CH,CH,NHCH,-(4-
quinolyl),

Compound of formula (VI): R 1s —CH,CH(OH)CN,

Compound of formula (VI): R 1s —CH,CH,NHCH
(CO,CH,)CH,-Phenyl,

Compound of formula (VI): R 1s —CH,CN,

Compound of formula (VI): R 1s —CH CH=CH-(4-
methoxyphenyl),

Compound of formula (VI): R 15 —CH,CH=CH-(4-
chlorophenyl),

Compound of formula (VI): R 15 —CH,CH=CH-(4-
fluorophenyl),

Compound of formula (VI): R 15 —CH,CH=CH-(3-
quinolyl),

Compound of formula (VI): R 15 —CH,CH=CH-(8-

quinolyl), and
Compound of formula (VI): R 1s —CH,CH,NHCH,CH,-
(2-chlorophenyl).
Another embodiment of the invention is the process for
preparing a compound having the formula

(V)

wherein R and R¢ are as defined previously and R” is

selected from the group consisting of hydroxy, —O—C
(O) —NH, and —O—C(O)-imidazolyl; the method com-
prising;:
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(a) treating a compound having the formula

NMEz

wherein R 1s a hydroxy protecting group and R 1s as

previously defined with a reagent combination selected

from

(1) an alkali metal hydride and a phosgene reagent
selected from phosgene, diphosgene and triphosgene
under anhydrous conditions, followed by aqueous
base catalyzed decarboxylation, and

(2) reaction with methanesulfonic anhydride in
pyridine, followed by treatment with an amine base,
to give the compound of formula V wherein R” is
hydroxy;

(b) optionally treating the compound of formula V of step
(b) wherein R” is hydroxy with an alkali metal hydride

base and carbonyldiimidazole to give the compound of
formula V wherein R? is —O—C(O)-imidazoly];

(c) optionally treating the compound of formula V of step
(a) wherein R? is —O—C(O)-imidazolyl with an amine
to give the compound of formula V wherein R’ is

O—C(O)—NH,; and

(d) optionally deprotecting and 1solating the desired com-

pound.
Definitions

As used throughout this specification and the appended
claims, the following terms have the meanings specified.

The terms “C,—C;-alkyl”, “C,—Cg-alkyl”, and “C,—C,,-
alkyl” as used herein refer to saturated, straight- or
branched-chain hydrocarbon radicals derived from a hydro-
carbon moiety containing between one and three, one and
s1X, and one and twelve carbon atoms, respectively, by
removal of a single hydrogen atom. Examples of C,—C;-
alkyl radicals include methyl, ethyl, propyl and 1sopropyl,
examples ol C,—C,-alkyl radicals include, but are not lim-
ited to, methyl, ethyl, propyl, 1sopropyl, n-butyl, tert-butyl,
neopentyl and n-hexyl. Examples of C,—C, ,-alkyl radicals
include, but are not limited to, all the foregoing examples as
well as n-heptyl, n-octyl, n-nonyl, n-decyl, n-undecyl and
n-docecyl.

The term “C,—C,-alkoxy” as used herein refers to an
C,—Cs-alkyl group, as previously defined, attached to the
parent molecular moiety through an oxygen atom. Examples
of C,—C,-alkoxy, but are not limited to, methoxy, ethoxy,
Propoxy, 1sopropoxy, n-butoxy, tert-butoxy, neopentoxy and
n-hexoxy.

The term “C,—C, ,-alkeny]l” denotes a monovalent group
derived from a hydrocarbon moiety containing from two to
twelve carbon atoms and having at least one carbon—carbon
double bond by the removal of a single hydrogen atom.
Alkenyl groups include, for example, ethenyl, propenyl,
butenyl, 1-methyl-2-buten-1-yl, and the like.

The term “C,—C,,-alkynyl” as used herein refers to a
monovalent group derived from a hydrocarbon contaiming,
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from two to twelve carbon atoms and having at least one
carbon—carbon triple bond by the removal of a single
hydrogen atom. Representative alkynyl groups include
cthynyl, 2-propynyl (propargyl), 1-propynyl and the like.

The term “alkylene” denotes a divalent group derived
from a straight or branched chain saturated hydrocarbon by
the removal of two hydrogen atoms, for example methylene,
1,2-ethylene, 1,1-ethylene, 1,3-propylene, 2,2-
dimethylpropylene, and the like.

The term “C,—C;-alkylamino” as used herein refers to one
or two C,—C;-alkyl groups, as previously defined, attached
to the parent molecular moiety through a nitrogen atom.
Examples of C,—C;-alkylamino include, but are not limited
to methylamino, dimethylamino, ethylamino, diethylamino,
and propylamino.

The term “ox0” denotes a group wherein two hydrogen
atoms on a single carbon atom 1n an alkyl group as defined
above are replaced with a single oxygen atom (1.e. a carbo-
nyl group).

The term “‘aprotic solvent” as used herein refers to a
solvent that 1s relatively inert to proton activity, 1.e., not
acting as a proton-donor. Examples include, but are not
limited to, hydrocarbons, such as hexane and toluene, for
example, halogenated hydrocarbons, such as, for example,
methylene chloride, ethylene chloride, chloroform, and the
like, heteroaryl compounds, such as, for example, tetrahy-
drofuran and N-methylpyrrolidinone, and ethers such as
diethyl ether, bis-methoxymethyl ether. Such compounds are
well known to those skilled 1n the art, and 1t will be obvious
to those skilled 1n the art that individual solvents or mixtures
thereol may be preferred for specific compounds and reac-
tion conditions, depending upon such factors as the solubil-
ity of reagents, reactivity of reagents and preferred tempera-
ture ranges, for example. Further discussions of aprotic
solvents may be found in organic chemistry textbooks or 1n
specialized monographs, for example: Organic Solvents
Physical Properties and Methods of Purification, 4th ed.,
edited by John A. Riddick et al., Vol. 11, in the Techniques
of Chemistry Series, John Wiley & Sons, NY, 1986.

The term *“aryl” as used herein refers to a mono- or
bicyclic carbocyclic ring system having one or two aromatic
rings including, but not limited to, phenyl, naphthyl,
tetrahydronaphthyl, indanyl, indenyl and the like. Aryl
groups (including bicyclic aryl groups) can be unsubstituted
or substituted with one, two or three substituents indepen-
dently selected from loweralkyl, substituted loweralkyl,
haloalkyl, alkoxy, thioalkoxy, amino, alkylamino,
dialkylamino, acylamino, cyano, hydroxy, halo, mercapto,
nitro, carboxaldehyde, carboxy, alkoxycarbonyl and car-
boxamide. In addition, substituted aryl groups include tet-
rafluorophenyl and pentatluorophenyl.

The term “C,—C,,-cycloalkyl” denotes a monovalent
group derived from a monocyclic or bicyclic saturated
carbocyclic ring compound by the removal of a single
hydrogen atom. Examples include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, bicyclo|2.2.1 Jheptyl, and bicyclo
[2.2.2]octyl.

The terms “halo” and “halogen” as used herein refer to an
atom selected from fluorine, chlorine, bromine and 1odine.

The term “alkylamino™ refers to a group having the
structure —NHR' wherein R' 1s alkyl, as previously defined,
Examples of alkylamino include methylamino, ethylamino,
1so-propylamino and the like.

The term “dialkylamino™ refers to a group having the
structure —NR'R" wheremn R' and R" are independently
selected from alkyl, as previously defined. Additionally, R’
and R" taken together may optionally be —(CH,,),— where
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k 1s an integer of from 2 to 6. Examples of dialkylamino
include, dimethylamino, diethylaminocarbonyl,
methylethylamino, piperidino, and the like.

The term “haloalkyl” denotes an alkyl group, as defined
above, having one, two, or three halogen atoms attached
thereto and 1s exemplified by such groups as chloromethyl,
bromoethyl, trifluoromethyl, and the like.

The term “alkoxycarbonyl” represents an ester group; 1.€.
an alkoxy group, attached to the parent molecular moiety
through a carbonyl group such as methoxycarbonyl,
cthoxycarbonyl, and the like.

The term “thioalkoxy™ refers to an alkyl group as previ-
ously defined attached to the parent molecular moiety
through a sulfur atom.

The term “carboxaldehyde” as used herein refers to a
group of formula —CHO.

The term “carboxy” as used herein refers to a group of
formula —CO,H.

The term “carboxamide”™ as used herein refers to a group
of formula —CONHR'R" wherein R' and R" are indepen-
dently selected from hydrogen or alkyl, or R' and R" taken
together may optionally be —(CH, ),— where k 1s an integer
of from 2 to 6.

The term “‘heteroaryl”, as used herein, refers to a cyclic
aromatic radical having from five to ten ring atoms of which
one ring atom 1s 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 of the ring atoms, such as, for example, pyridyl,
pyrazinyl, pyrimidinyl, pyrrolyl, pyrazolyl, imidazolyl,
thiozolyl, oxazolyl, 1sooxazolyl, thiadiazolyl, oxadiazolyl,
thiophenyl, furanyl, quinolinyl, 1soquinolinyl, and the like.

The term “heterocycloalkyl” as used herein, refers to a
non-aromatic partially unsaturated or fully saturated 3- to
10-membered ring system, which includes single rings of 3
to 8 atoms 1n size and bi- or tri-cyclic ring systems which
may include aromatic six-membered aryl or heteroaryl rings
fused to a non-aromatic ring. These heterocycloalkyl rings
include those having from one to three heteroatoms inde-
pendently selected from oxygen, sulfur and nitrogen, in
which the nitrogen and sulfur heteroatoms may optionally be
oxidized and the nitrogen heteroatom may optionally be
quaternized.

Representative heterocycles include, but are not limited
to, pyrrolidinyl, pyrazolinyl, pyrazolidinyl, imidazolinyl,
imidazolidinyl, piperidinyl, piperazinyl, oxazolidinyl,
1soxazolidinyl, morpholinyl, thiazolidinyl, 1sothiazolidinyl,
and tetrahydrofuryl.

Specific heterocycloalkyl rings considered useful 1n pre-
paring compounds ol the invention include: 3-methyl-4-(3-
methylphenyl)piperazine, 3-methylpiperidine, 4-(bis-(4-
fluorophenyl)methyl)piperazine, 4-(diphenylmethyl)
piperazine, 4-(ethoxycarbonyl)piperazine,
4-(ethoxycarbonylmethyl)piperazine, 4-(phenylmethyl)
piperazine, 4-(1-phenylethyl)piperazine, 4-(1,1-
dimethylethoxycarbonyl)piperazine, 4-(2-(bis-(2-propenyl)
amino)ethyl)piperazine, 4-(2-(diethylamino)ethyl)
piperazine, (4-(2-chlorophenyl)piperazine, 4-(2-
cyanophenyl)piperazine, 4-(2-ethoxyphenyl)piperazine,
4-(2-ethylphenyl)piperazine, 4-(2-fluorophenyl)piperazine,
4-(2-hydroxyethyl)piperazine, 4-(2-methoxyethyl)
piperazine, 4-(2-methoxyphenyl)piperazine, 4-(2-
methylphenyl)piperazine, 4-(2-methylthiophenyl)
piperazine, 4-(2-nitrophenyl)piperazine, 4-(2-nitrophenyl)
piperazine, 4-(2-phenylethyl)piperazine, 4-(2-pyridyl)
piperazine, 4-(2-pyrimidinyl)piperazine, 4-(2,3-
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dimethylphenyl)piperazine, 4-(2,4-difluorophenyl)
piperazine, 4-(2,4-dimethoxyphenyl)piperazine, 4-(2,4-
dimethylphenyl)piperazine, 4-(2,5-dimethylphenyl)
piperazine, 4-(2,6-dimethylphenyl)piperazine, 4-(3-
chlorophenyl)piperazine, 4-(3-methylphenyl)piperazine,
4-(3-trifluoromethylphenyl)piperazine, 4-(3,4-
dichlorophenyl)piperazine, 4-(3,4-dimethoxyphenyl)
piperazine, 4-(3,4-dimethylphenyl)piperazine, 4-(3,4-
methylenedioxyphenyl)piperazine, 4-(3,4,5-
trimethoxyphenyl)piperazine, 4-(3,5-dichlorophenyl)
piperazine, 4-(3,5-dimethoxyphenyl)piperazine, 4-(4-
(phenylmethoxy)phenyl)piperazine, 4-(4-(3,1-
dimethylethyl)phenylmethyl)piperazine, 4-(4-chloro-3-
trifluoromethylphenyl)piperazine, 4-(4-chlorophenyl)-3-
methylpiperazine, 4-(4-chlorophenyl)piperazine, 4-(4-
chlorophenyl)piperazine, 4-(4-chlorophenylmethyl)
piperazine, 4-(4-fluorophenyl)piperazine, 4-(4-
methoxyphenyl)piperazine, 4-(4-methylphenyl)piperazine,
4-(4-nitrophenyl)piperazine, 4-(4-trifluoromethylphenyl)
piperazine, 4-cyclohexylpiperazine, 4-ethylpiperazine,
4-hydroxy-4-(4-chlorophenyl)methylpiperidine, 4-hydroxy-
4-phenylpiperidine, 4-hydroxypyrrolidine,
4-methylpiperazine, 4-phenylpiperazine,
4-piperidinylpiperazine, 4-((2-furanyl)carbonyl)piperazine,
4-((1,3-dioxolan-5-yl)methyl)piperazine, 6-tluoro-1,2,3.,4-
tetrahydro-2-methylquinoline, 1.,4-diazacycloheptane, 2.3-
dihydroindolyl, 3,3-dimethylpiperidine, 4.,4-
cthylenedioxypiperidine, 1,2,3,4-tetrahydroisoquinoline,
1,2,3,4-tetrahydroquinoline, azacyclooctane,
decahydroquinoline, piperazine, piperidine, pyrrolidine,
thiomorpholine, and triazole.

The term “heteroarylalkyl” as used herein, refers to a
heteroaryl group as defined above attached to the parent
molecular moiety through an alkylene group wherein the
alkylene group 1s of one to four carbon atoms.

“Hydroxy-protecting group”, as used herein, refers to an
casily removable group which 1s known 1n the art to protect
a hydroxyl group against undesirable reaction during syn-
thetic procedures and to be selectively removable. The use
of hydroxy-protecting groups 1s well known 1n 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. Wuts,
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, tert-dimethylsilyl, tert-
butyldiphenylsilyl, ethers such as methoxymethyl, and
esters including acetyl benzoyl, and the like.

The term “ketone protecting group”, as used herein, refers
to an easily removable group which 1s known 1n the art to
protect a ketone group against undesirable reactions during
synthetic procedures and to be selectively removable. The
use of ketone-protecting groups 1s well known 1n the art for
protecting groups against undesirable reactions during a
synthetic procedure and many such protecting groups are
known, ci., for example, T. H. Greene and P. G. M. Wuts,
Protective Groups in Organic Synthesis, 2nd edition, John
Wiley & Sons, New York (1991). Examples of ketone-
protecting groups include, but are not limited to, ketals,
oximes, O-substituted oximes for example O-benzyl oxime,
O-phenylthiomethyl oxime, 1-1sopropoxycyclohexyl oxime,
and the like.

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

The term “‘protogenic organic solvent” as used herein
refers to a solvent that tends to provide protons, such as an
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alcohol, for example, methanol, ethanol, propanol,
1sopropanol, butanol, t-butanol, and the like. Such solvents
are well known to those skilled in the art, and i1t will be
obvious to those skilled 1n the art that individual solvents or
mixtures thereol 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 et al., Vol. 11,
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 replace-
ment of one, two or three of the hydrogen atoms thereon
with Cl, Br, F, I, OH, CN, C,-C;-alkyl, C,—C,-alkoxy,
C,—C,-alkoxy substituted with aryl, haloalkyl, thioalkoxy,
amino, alkylamino, dialkylamino, mercapto, nitro,
carboxaldehyde, carboxy, alkoxycarbonyl and carbox-
armide. In addition, any one substituent may be an aryl,
heteroaryl, or heterocycloalkyl group. Also, substituted aryl
groups include tetrafluorophenyl and pentatluorophenyl.

The term ““substituted heteroaryl” as used herein refers to
a heteroaryl group as defined herein substituted by 1indepen-
dent replacement of one, two or three of the hydrogen atoms
thereon with Cl, Br, F, I, OH, CN, C,—C;-alkyl, C,—C.-
alkoxy, C,—Cg-alkoxy substituted with aryl, haloalkyl,
thioalkoxy, amino, alkylamino, dialkylamino, mercapto,
nitro, carboxaldehyde, carboxy, alkoxycarbonyl and car-
boxamide. In addition, any one substituent may be an aryl,
heteroaryl, or heterocycloalkyl group.

The term ““substituted heterocycloalkyl™ as used herein,
refers to a heterocycloalkyl group, as defined above, sub-
stituted by independent replacement of one, two or three of
the hydrogen atoms therecon with Cl, Br, F, I, OH, CN,
C,—C,-alkyl, C,—C -alkoxy, C,—C,-alkoxy substituted with
aryl, haloalkyl, thioalkoxy, amino, alkylamino,
dialkylamino, mercapto, nitro, carboxaldehyde, carboxy,
alkoxycarbonyl and carboxamide. In addition, any one sub-
stituent may be an aryl, heteroaryl, or heterocycloalkyl
group.

Numerous asymmetric centers may exist in the com-
pounds of the present invention. Except where otherwise
noted, the present invention contemplates the various stere-
o1somers and mixtures thereof. Accordingly, whenever a
bond 1s represented by a wavy line, 1t 1s mtended that a
mixture of stereo-orientations or an individual 1somer 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 commen-
surate with a reasonable benefit/risk ratio. Pharmaceutically
acceptable salts are well known 1n the art. For example, S.
M. Berge, et al. describe pharmaceutically acceptable salts
in detail 1 J. Pharmaceutical Sciences, 66: 1-19 (1977),
incorporated herein by reference. The salts can be prepared
in situ during the final 1solation and purification of the
compounds of the ivention, or separately by reacting the
free base function with a suitable organic acid. Examples of
pharmaceutically acceptable, nontoxic acid addition salts are
salts of an amino group formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, phosphoric acid, sul-
turic 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,
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aspartate, benzenesulfonate, benzoate, bisulfate, borate,
butyrate, camphorate, camphorsulfonate, citrate,
cyclopentanepropionate, digluconate, didecylsulfate,
cthanesulfonate, formate, fumarate, glucoheptonate,
glycerophosphate, gluconate, hernisulfate, heptanoate,
hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate,
lactobionate, lactate, laurate, lauryl sulfate, malate, maleate,
malonate, methanesulfonate, 2-naphthalenesulfonate,
nicotinate, nitrate, oleate, oxalate, palmitate, pamoate,
pectinate, persulfate, 3-phenylpropionate, phosphate,
picrate, pivalate, propionate, stearate, succinate, sulfate,
tartrate, thiocyanate, p-toluenesulionate, undecanoate, val-
crate salts, and the like. Representative alkali or alkaline
carth metal salts include sodium, lithium, potassium,
calcium, magnesium, and the like. Further pharmaceutically
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 aryl sulfonate.

As used herein, the term “pharmaceutically acceptable
ester” refers to esters which hydrolyze 1n vivo and include
those that break down readily 1n the human body to leave the
parent compound or a salt thereof. Suitable ester groups
include, for example, those derived from pharmaceutically
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, butyrates, acrylates and eth-
ylsuccinates.

The term “pharmaceutically acceptable prodrugs™ as used
herein refers to those prodrugs of the compounds of the
present mvention which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues
of humans and lower animals with undue toxicity, irritation,
allergic response, and the like, commensurate with a rea-
sonable benefit/risk ratio, and effective for their intended
use, as well as the zwitterionic forms, where possible, of the
compounds of the invention. The term “prodrug™ refers to
compounds that are rapidly transformed 1n vivo to yield the
parent compound of the above formula, for example by
hydrolysis 1 blood. A thorough discussion 1s provided in T.
Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems,
Vol. 14 of the A.C.S. Sympostum Series, and in Edward B.
Roche, ed., Bioreversible Carriers in Drug Design, Ameri-
can Pharmaceutical Association and Pergamon Press, 1987,
both of which are incorporated herein by reference.

Antibacterial Activity

Representative compounds of the present invention were
assayed 1n vitro for antibacterial activity as follows: Twelve
petr1 dishes containing successive aqueous dilutions of the
test compound mixed with 10 mL of sterilized Brain Heart
Infusion (BHI) agar (Difco 0148-01-35) were prepared. Each
plate was 1noculated with 1:100 (or 1:10 for slow-growing
strains, such as Micrococcus and Streptococcus) dilutions of
up to 32 different microorganisms, using a Steers replicator
block. The 1moculated 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 1ncu-
bated at the beginning and end of each test.

An additional plate containing a compound having known
susceptibility 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 imncubation, each plate was visually inspected. The
minimum 1nhibitory concentration (MIC) was defined as the
lowest concentration of drug yielding no growth, a slight
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haze, or sparsely 1solated colonies on the moculum spot as shown below 1n Table 2 demonstrate the antibacterial activ-
compared to the growth control. The results of this assay, ity ol the compounds of the invention.
TABLE 1

Antibacterial Activity (MIC’s) of Selected Compounds

Microorganism Organism code Ery. A. standard
Staphylococcus aureus ATCC 6538P AA 0.2
Staphylococcus aureus A5177 BB 3.1
Staphylococcus aureus A-5278 CC >100
Staphviococcus aureus CMX 642A DD 0.39
Staphylococcus aureus NCTC10649M EE 0.39
Staphviococcus aureus CMX 553 FF 0.39
Staphylococcus aureus 1775 GG >100
Staphviococcus epidermidis 3519 HH 0.39
Enterococcus faecism ATCC 8043 11 0.05
Streptococcus bovis A-5169 1] 0.02
Streptococcus agalactiae CMX 508 KK 0.05
Streptococcus pyvogenes EES61 LL 0.05
Streptococcus pyvogenes 930 MM >100
Streptococcus pyogenes PIU 2548 NN 0.2
Micrococcus luteus ATCC 9341 00 0.05
Micrococcus luteus ATCC 4698 PP 0.2
Escherichia coli JUHL QQ >100
Escherichia coli SS RR 0.78
Escherichia coli DC-2 SS >100

Candida albicans CCH 442 TT >100
Myvcobacterium smegmatis AICC 114 Uy 3.1

Nocardia Asteroides ATCC9970 VV 0.1
Haemophilis influenzae DILL AMP R WW 4
Streptococcus Prneumonia ATCC6303 XX 0.06
Streptococcus Prneumonia GYR 1171 YY 0.06
Streptococcus Prneumonia 5979 4 >128
Streptococcus Prneumonia 5649 LA 16

Organism Example Example Example Example Example Example Example
code 1 2 3 5 7 8 9
AA 12.5 3.1 25 6.2 3.1 25 3.1
BB 50 3.1 >100 6.2 3.1 25 1.56
CC >100 >100 >100 =100 =100 >100 >100
DD 50 3.1 100 12.5 3.1 6.2 6.2
EE 6.2 1.56 25 12.5 3.1 6.2 0.78
FF 25 3.1 25 12.5 3.1 50 3.1
GG >100 >100 >100 >100 =100 >100 >100
HH 50 6.2 50 6.2 3.1 100 3.1
II 12.5 6.2 25 6.2 1.56 6.2 0.78
IJ 235 3.1 25 1.56 0.78 3.1 0.05
KK 6.2 1.56 25 1.56 0.78 6.2 0.39
LL —* 3.1 100 3.1 1.56 6.2 0.39
MM >100 >100 >100 =100 =100 >100 >100
NN 12.5 3.1 100 6.2 3.1 12.5 0.78
OO 3.1 1.56 12.5 0.78 0.39 6.2 0.2
PP 6.2 3.1 100 6.2 1.56 12.5 0.78
QQ =100 =100 =100 =100 =100 =100 25
RR 12.5 3.1 50 6.2 3.1 6.2 0.39
SS =100 =100 =100 =100 =100 =100 25
TT >100 >100 >100 >100 >100 >100 >100
Uy >100 25 >100 =100 =100 >100 6.2
VV 6.3 0.2 12.5 6.2 0.78 12.5 0.2
WW >128 — — >128 — — 16
XX 4 — 8 — — 0.25
YY 4 — — 4 — — 0.25
77 >128 — — >128 — — >64
ZZA 8 — — 16 — — 4
Organism Example Example Example Example Example Example Example
code 10 12 14 15 16 17 1%
AA 6.2 6.2 1.56 6.2 1.56 1.56 0.2
BB 6.2 3.1 1.56 6.2 1.56 1.56 0.2
CC >100 >100 >100 =100 =100 50 >100
DD 6.2 6.2 3.1 6.2 1.56 1.56 0.2
EE 6.2 6.2 3.1 6.2 1.56 1.56 0.2
FF 6.2 6.2 3.1 6.2 1.56 1.56 0.2
GG >100 >100 >100 =100 =100 50 >100
HH 6.2 12.5 1.56 6.2 1.56 1.56 0.2

I1 0.2 1.56 0.7%8 1.56 0.7% 1.56 0.2
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100
100
100
100

100
100
100
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50
50
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50
100
100
100
100
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>128
16
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0.2
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100
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>04
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100
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0.1
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0.1
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3.1
3.1
>100

>100
3.1
3.1
0.2
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0.39
>100
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12.5
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