
AMINOPIPERIDINE QUINOLINES AND THEIR AZAISOSTERIC
ANALOGUES WITH ANTIBACTERIAL ACTIVITY BACKGROUND OF
THE INVENTION The international health community
continues to express serious concern that the
evolution of antibacterial resistance will continue to
result in strains against which currently available
antibacterial agents will be ineffective. For example,
resistant strains of Gram-positive pathogens such as
methicillin-resistant Staphylococcus aureus (MRSA),
methicillin-resistant coagulase-negative staphylococci
(MRCNS), penicillin-resistant Streptococcuspneumoniae
and multiple resistant Enterococcus faecium are both
difficult to treat and difficult to eradicate.
Consequently, in order to overcome the threat of
widespread multi-drug resistant organisms, there is an
on-going need to develop new antibiotics, particularly
those with either a novel mechanism of action and/or
containing new pharmacophoric groups. SUMMARY OF THE
INVENTION These and other needs are met by the
invention disclosed herein which is directed to a
compound formula I : or a pharmaceutically acceptable
salt thereof, wherein: L is an optionally substituted
ortho-fused bicyclic subunit with the following
structure in which: each ring (x) and (y) contains 0-3
heteroatoms;at least one of rings (x) and (y) is
aromatic; at least one of Z4 and Z5 is C; Z3 is CO;
CRi; N;NRx; O; S(O)x wherein x is O, 1, or 2; SRZ
wherein R2 is H or (Ci- C6)allcyl5or CRiRu, provided
that Ri and Ria are not both OH or optionally
substituted amino; wherein Rx is independently
hydrogen; (Q-C4)alkyl optionally substituted by
hydroxy, (C1-C6)alkoxycarbonyl, (C1-C6)alkoxy,
(Ci-C6)alkylthio, halo or trifluoromethyl;
(C2-C4)alkenyl; aryl; aryl(Ci-C4)alkyl; arylcarbonyl;
heteroarylcarbonyl; (Ci-C4)alkoxycarbonyl;
(Ci-C4)alkylcarbonyl; formyl; (Ci-C6)alkylsulphonyl;
or aminocarbonyl wherein the amino group is optionally
substituted by (Ci-C 4)alkoxycarbonyl,
(Ci-C4)alkylcarbonyl, (C2-C4)alkenyloxycarbonyl,
(C2-C4)alkenylcarbonyl, (Ci-C4)alkyl or (C2-C4)alkenyl
and optionally further substituted by (QC 4)alkyl or
(C2-C4)alkenyl; Ri and Ria are each independently
hydrogen; hydroxy; halogen; (Q-C ^lkoxy; (Ci- C
)alkoxy optionally substituted by (C1-C6)alkoxy,
amino, piperidyl, guanidino or amidino, any of which
is optionally N-substituted by one or two
(C1-C6)alkyl, acyl or (C1-C6)alkylsulphonyl groups,
CONH2, hydroxy, (Ci-C6)alkylthio, heterocyclylthio,
heterocyclyloxy, arylthio, aryloxy, acylthio, acyloxy
or (C1-C6)alkylsulphonyloxy; (C1-C6)alkoxy-substituted
(C1-C6)alkyl; hydroxy(C 1-C6)alkyl; halogen;
(C1-C6)alkyl; (C1-C6)alkylthio; trifluromethyl;
trifluoromethoxy; cyano; (Ci-C6)alkylsulphonyl;
(Ci-C6)alkylsulphoxide; arylsulphonyl; arylsulphoxide;
or an amino, piperidyl, guanidino or amidino group
optionally N-substituted by one or two (QC6) alkyl,
acyl or (C1-C6)alkylsulphonyl groups, or when Z3 and
the adjacent linker Z1 is CRiCRi a, Ri and Ria taken
together with the carbons to which they are attached
may form (Ci- C2)alkylenedioxy; Z1 and Z2 are each
independently a 2 or 3 atom linker selected from the
group consisting of CRibCRicN, NCRldN,
CRibCRicCRid,CRldNN, CRibNCRl c, NCRibCRl c OCRlbCRld,
SCRlbCRic, S(O)xCRibCRlc, SRibCRibCRlc, NRlbCRibCRic,
CRibN, NNR b, or S(O)xCRibCRic, wherein x is 0, 1, or
2;wherein Rib, Ri0 and Rid are each independently
hydrogen, hydroxy; halo(Ci-C 6)alkoxy; (Ci-Ce)alkoxy
optionally substituted by (Ci-C6)alkoxy, amino,
piperidyl, guanidino or amidino, any of which is
optionally N-substituted by one or two acyl or (Ci-
C6)alkylsulphonyl groups, CONH , hydroxy,
(Ci-C6)alkylthio, heterocyclylthio, heterocyclyloxy,
arylthio, aryloxy, acylthio, acyloxy or
(Ci-C6)alkylsulphonyloxy; (Ci- C6)alkoxy-substituted
(C1-C6)alkyl; hydroxy(Ci-C 6)alkyl; halogen;
(Ci-C6)alkyl; (Ci- Ce)alkylthio; trifiuromethyl;
trifluoromethoxy; cyano; carboxy; nitro; azido; acyl;
acyloxy; acylthio; (Ci-C6)alkylsulphonyl;
(Ci-C6)alkylsulphoxide; arylsulphonyl; arylsulphoxide;
or an amino, piperidyl, guanidino or amidino group
optionally substituted by one or two (Ci-C 6)alkyl,
acyl or (Ci-C6)alkylsulphonyl groups; X is NRn CO,
CO-CR8R9, CR6R7-CO, 0-CR 8R9, NHRn-CR 8R9, NRnSO2,
CR6R7-SO2 or CR R7-CR8R9, wherein each OfR , R7, R8
and R is independently selected from: hydrogen; (Ci-
C6)alkoxy; (d-C 6)alkylthio; halogen; hydroxyl;
halo(Ci-C 6)alkyl; azido; (Ci-C6)alkyl; (C2-
Ce)alkenyl; (Ci-C6)alkoxycarbonyl; (Ci-C
6)alkylcarbonyl; (C2-C6)alkenyloxycarbonyl; (C2-
C6)alkenylcarbonyl; trifluoromethoxy; cyano; carboxy;
nitro; acyl; acyloxy; acylthio; piperidyl, guanidino
or amidino group optionally N-substituted by one or
two (Q-C^alkyl, acyl or (C1- C6)alkylsulphonyl groups;
hydroxy, optionally substituted amino or optionally
substituted aminocarbonyl; (C1-C6)alkylsulphonyl;
(C2-C ) alkenylsulphonyl; or (C1-C6)aminosulphonyl
wherein the amino group is optionally substituted by
(Ci-Cd)alkyl or (C2-C6)alkenyl; or R6 and R8 together
represent a bond and R7 and R9 are as above defined;
each Rn is independently hydrogen; trifluoromethyl;
(C1-C6)alkyl; (C2-Ce)alkenyl; (QCe) alkoxycarbonyl;
(C1-C6)alkylcarbonyl; or aminocarbonyl wherein the
amino group is optionally substituted by
(C1-C6)alkoxycarbonyl, (C1-C6) alkylcarbonyl, (C2-
C6)alkenyloxycarbonyl, (C2-C6)alkenylcarbonyl,
(C1-C6)alkyl or (C2-C6)alkenyl and optionally further
substituted by (Ci-Cd)alkyl or (C2-C )alkenyl; or
where one of R , R7, R or R9 contains a carboxy group
and the other contains a hydroxy or amino group they
may together form a cyclic ester or amide linkage;-"
is a bond or is absent; Y is O or NR , wherein R is H,
(C1-C6)alkyl, carboxy(C 1-C6)alkyl, (C2-C6)alkenyl O O
(Cr C6)alkyl O(C r C6)alkyl hydro c y(C] C3)alkyl>
CONH25 c q 2H .CH 2CH2CO2H -CH2CONH2, -CH2CO2H,
-CONH(C 1-C6)alkyl, trifluoromethyl, S(O)xR1, wherein
x is 0, 1, or 2; Ry and Ry' are each independently H,
halogen, (C1-C6)alkyl, hydroxyl, CONH2, CO2H, -
CH2CONH2, -CH2CO2H, -CONHCH 3 or amino, provided that
when Ry and Ry' are hydroxyl, amino, or halogen, they
are not attached to the same carbon, or when Ry and
Ry' are attached to the same carbon, they form C=O; O
O -(C.-C Lalkyl Re is H, (Ci-OOalkyl, LO(C r C6)aU<yl
or U is CH2, CO, SO2, or optionally substituted
ethylene, or optionally substituted ethenyl, or
ethynyl; R is optionally substituted phenyl or
ortho-fused bicyclic aryl or heteroaryl, or when U is
ethyl, ethenyl, or ethynyl, R is hydrogen, halogen,
hydroxyl, (C1-C6)alkyoxy, (C1-C6)alkylthio,
(C1-C6)alkylsulfmyl, (C1-C6)alkylsulfonyl,
(C1-C6)alkylamino, (C1- C6)dialkylamino,
(C3-C6)cycloalkyl, (C3-C6)cyclo(C 1-C6)alkyloxy,
(C3-C6)cyclo(C 1-C6)alkylthio,
(C3-C6)cyclo(C1-C6)alkylsulfmyl, (C3-C6)cyclo(Ci-
6)alkylsulfonyl, (C3-C6)cyclo(Ci- C6)alkylamino, N-(C
3-C6)cycloalkyl-N-(C 1-C6)alkylamiiio, N-(C
3-C6)(cycloalkyl) 2, (C1-C6)acyl,
(C3-C6)cycloalkylcarbonyl, phenyl, phenoxy,
phenylthio, phenylsulfmyl, phenylsulfonyl,
phenylamino, N-(C 1-C6)alkyl-N-phenylamino, N-(C
3-C6)cycloalkyl-N- phenylamino, N- (phenyl) 2,
phenyl(C 1-C6)alkyloxy, phenyl(C 1-C6)alkylthio,
phenyl(C 1-C6)alkylsulfinyl, phenyl(Ci
-C6)alkylsulfonyl, phenyl(C i-C6)alkylamino, N-(C
1-C6)alkyl-N-phenylamino(C i- C6)alkyl, N-(C
3-C6)cycloalkyl-N- phenyl(C 1-C6)alkylamino, benzoyl,
mono- or bicyclicheteroaryl, heteroaryloxy,
heteroarylthio, heteroarylsulfinyl,
heteroarylsulfonyl, heteroarylamino, N-(C
1-C6)alkyl-N-heteroarylamino, N-(C
3-C6)cycloalkyl-N-heteroarylamino, heteroarylcarbonyl,
heteroaryl(Ci-Ce)alkyloxy, heteroaryl(C
1-C6)alkylthio, heteroaryl(C 1-C6)alkyls iilfinyl,
heteroaryl(C 1-C6)alkylsulfonyl,
heteroaryl(Ci-C6)alkylamino, N-(d-C
6)alkyl-Nheteroarylamino( C 1-C6)alkyl, N-(C
3-Ce)cycloalkyl-N- heteroarylamino(Ci-C6)alkyl,
carboxyl, (C1-C6)alkyloxycarbonyl, -NR Rb or-CONRaRb
wherein R and Rb respectively represent hydrogen,
(C1-C6)alkyl, (C3-C6)cycloalkyl, phenyl, mono- or
bicyclic heteroaryl, or one of Ra or Rb represents
hydroxyl, (Ci-C6)alkyloxy,
(C3-C6)cyclo(Ci-C6)alkyloxy, or Ra and Rb form
together with the nitrogen atom to which they are
attached a 5- or 6-membered heterocycle which may
optionally contain another heteroatom chosen from O, S
and N and carrying, where appropriate, an alkyl,
phenyl or mono- or bicyclic heteroaryl substituent on
the nitrogen atom or where appropriate in which the
sulfur atom is oxidized to the sulfnyl or sulfonyl
state), or alternatively R represents -CRb=CRc-Ra
wherein Ra is phenyl, phenyl(C -C6)alkyl, heteroaryl
or heteroaryl(Ci-Ce)alkyl wherein the heteroaryl part
is mono- or bicyclic, phenoxy(CV C6)alkyl,
phenylthio(C 1-C6)alkyl, phenylsulfmyl(C 1-C6)alkyl,
phenylsulfonyl(C 1-C6)alkyl, phenylamino(C 1-C6)alkyl,
N-(C 1-C6)alkyl-N-phenylammo(C 1-C6)allcyl,
heteroaryloxy(Ci- Ce)alkyl, heteroarylthio^ -C6)alkyl,
heteroarylsulfinyl, heteroarylsulfonyl(C 1-C6)alkyl,
heteroarylamino(C 1-C6)alkyl, N-(C
1-C6)alkyl-N-heteroarylamino(C 1-C6)alkyl,
heteroarylthio, heteroarylsulfinyl,
heteroarylsulfonyl, phenylthio, phenylsulfinyl,
phenylsulfonyl, and wherein Rb and Rc represent
hydrogen, (C1-C6)alkyl or (C3-C6)cycloalkyl, or
alternatively R represents 



a radical C C-Rd for which Rd is (C1-C6)alkyl, phenyl,
phenyl(C 1-C6)alkyl, phenoxy(Ci- C6)alkyl,
phenylthio(Ci-C6)alkyl, N-(C
1-C6)alkyl-N-phenylamino(Ci-C6)alkyl, mono- or
bicyclic heteroaryl, heteroarylalkyl, heteroaryloxy(C
1-C6)alkyl, heteroarylthio(C 1-C6)alkyl,
heteroarylamino(Ci-C6)alkyl, N-(C
1-C6)alkyl-N-heteroarylamino(C 1-C6)alkyl, or
alternatively R is a radical -CF2-phenyl or mono- or
bicyclic -CF2-heteroaryl, it being understood that the
phenyl, benzyl, benzoyl or heteroaryl radicals or
portions mentioned above are optionally substituted on
the ring with 1 to 4 substituents chosen from halogen,
hydroxyl, allcyl, alkyloxy, alkyloxyalkyl, haloalkyl,
trifluoromethyl, trifluoromethoxy,
trifluorormethylthio, carboxyl,
(CiC6)alkyloxycarbonyl, cyano, alkylamino, -NRaRb for
which R3 and Rb are as defined above, phenyl,
hydroxy(C 1-C6)alkyl, (C1-C6)alkylthio(C 1-C6)alkyl,
(C1-C6)alkylsulfinyl(C 1-C6)alkyl,
(C1-C6)alkylsulfonyl(C 1-C6)alkyl. What is also
provided is a compound of formula II or a
pharmaceutically acceptable salt thereof, wherein: L
is each L is optionally substituted with 1, 2, or 3
groups independently selected from the group
consisting of H, halo, cyano, nitro, (C1-C6)alkanoyl,
carboxy, (C1-C6)alkoxycarbonyl, (C1-C6)alkyl,
hydroxyl, halo(C]-C 6)alkyl, halo(C 1-C6)alkoxy,
(C1-C6)alkoxy, NHCO-(C1-C6)alkyl, SO2(C1-C6)alkyl,
SO2NH(C1-C6)alkyl, or SO2N((C1-C6)alkyl) 2; X is NHCO,
N(C1-C6)alkylCO, CO-CRiR2, CR1R2-CO5NRiSO2, CR1R2-SO2
or CR1R2- CRiR2, wherein R1 and R2 at each occurrence
is independently H, hydroxyl, (C1-C6)alkyl, halogen,
halo(Ci-C6)alkyl, aryl, or heteroaryl; or X is 0-CRiR
2, NRi-CRiR 2,wherein Ri and R2 are H, (C1-C6)alkyl,
halo(C 1-C6)alkyl, aryl, or heteroaryl; Z is absent or
is C; " " is a bond or is absent; R d is H,
(C1-C6)alkyl, (C2-C6)alkenyR l ^hydro cy(Ci C3)alkyl,
CONH2, CO2H, -CH2CH2CO2H,-CH2CONH2, -CH2CO2H,
-CONH(C1-C6)alkyl, trifluoromethyl, S(O)xRi, wherein x
is 1 or 2, provided that when Rd is H and Z is C, " "
is a bond; Ry and Ry' are each independently halogen,
(C1-C6)alkyl, (C1-C6)alkoxy, hydroxyl, CONH2, CO2H,
-CH2CONH2, -CH2CO2H, -CONHCH3 or amino, provided that
when Ry and Ry' are hydroxyl, amino, or halogen, they
are not attached to the same carbon, or when Ry and
Ry' are attached to the same carbon, they form C=O; R.
i. H1 (C1-C6W , U is CH C=C 2, CH2CH2, CH=CH, or , and
wherein each hydrogen may be optionally replaced by
fluoro or (C1-C6)alkyl;R is an optionally substituted
aryl or ortho-fused tricyclic heteroaryl, or when U is
ethylene, ethenyl, or ethynyl, R is optionally
substituted aryl or heteroaryl, or is heteroaryl(d-
C6)alkyloxy, heteroaryl(d-C 6)alkylthio,
heteroaryl(C1-C6)alkylsulfmyl, heteroaryl(CV
C6)alkylsulfonyl, heteroaryl(C 1-C6)alkylamino. What
is also provided is a compound of claim 1 which is a
.compound of formula II-1 or a pharmaceutically
acceptable salt thereof, wherein: Z , Z7, and Z are C
or N provided that when Z is N, R20 is absent, and R2a
is H, cyano, (Ci-Ce)alkyl, hydroxyl, halo,
halo(C!-C6)alkoxy, (Ci-C6)alkoxy. What is also
provided is a compound of formula II-2 or a
pharmaceutcally acceptable salthereof, wherein.R.is ,
methyl, CONH2, CO2H5. CH2CH2CO2H -CH 2CONH 2,
-CH2CO2H, -CONHCH3, SO2Me, COCH3, COCH2OMe, or
COCH2OH. What is also provided is a compound of
formula II-3. or a pharmaceutically acceptable salt
thereof, wherin Rd is H, (C1 -C6 )alkyl, , methyl,
CONH2, CO2H, CH2CH2CO2H,-CH2CONH2, -CH2CO2H, -CONHCH3,
SO2Me, COCH3, COCH2OMe, or COCH2OH. What is also
provided is a compound of formula II-4or a
pharmaceutically acceptable salth thereof, wherein: O
O ^- (C1-C6)aIkyI - O(C 1-C6)alkyl Rd is H
(C1-C6)aIkyI , carboxy(C1-C6)aIkyI ^ ! b) y , K c 6) y
, methyl, CONH 2, CO2H, -CH 2CH2CO2H -CH 2CONH 2,
-CH2CO2H, -CONHCH 3, SO2Me, COCH3, COCH2OMe, or
COCH2OH. What is also provided is a compound of
formula II-5. or a pharmaceutically acceptable salt
thereof, wherein: O O Rd H, is (C1-C6)aIkyl, carboxy(C
1-C6)alkyl, ^r^a^ 1 ? o r O(C r C6)alkyl methyl, CONH
2, CO2H, -CH 2CH 2CO2H -CH 2CONH 2, -CH2CO2H, -CONHCH
3, SO2Me, COCH 3, COCH2OMe, or COCH2OH. The invention
also provides a compound which is:
(2,3-Dihydro[l,4]dioxino[2,3-c]pyridin-7-ylmethyl){(3
R,6R )-6-[2-(3-fluoro-6-methoxy-
1,5-naphthyridin-4-yl)ethyl]tetrahydro-2 H-pyran-3-yl}
amine; (2S,5R
)-5-[(2,3-Dihydro[l,4]dioxino[2,3-c]pyridin-7-ylmethyl
)amino]- N-(6-methoxy-l,5-
naphthyridin-4-yl)tetrahydro-2 H-pyran-2-carboxamide;
((3R,6S)-6-{[(3-Chloro-6-methoxyquinolin-4-yl)oxy]meth
yl}tetrahydro-2 H-pyran-3-
yl)(2,3-dihydro[l,4]dioxino[2,3-c]pyridin-7-ylmethyl)a
mine;(2 ,5
)-5-[(2,3-diliydro[l,4]dioxino[2,3-c]pyridin-7-ylmethy
l)amino]-N-(6-methoxy-l,5-
naphthyridin-4-yl)piperidine-2-carboxamide; (25,5
)-5-[(2,3-dihydro[l,4]dioxino[2,3-c]pyridin-7-ylmethyl
)amino]-N-(6-
methoxyquinolin-4-yl)piperidine-2-carboxamide; (2
,5R)-N-(2-cyanoquinolin-8-yl)-5-[(2,3-dihydro[l,4]diox
ino[2,3-c]pyridin-7-
ylmethyl)amino]piperidine-2-carboxamide; (2
,5S)-N-(2-cyanoquinolin-8-yl)-5-[(2,3-dihydro[l,4]diox
ino[2,3-c]pyridin-7-
ylmethyl)amino]piperidine-2-carboxamide; (2
,5S)-5-[(2,3-dihydro[l,4]dioxino[2,3-c]pyridm-7-ylmetl
iyl)amino]-N-(6-methoxy-l,5-
naphthyridin-4-yl)piperidine-2-carboxamide;
N-(2-cyanoquinolin-8-yl)-5-{[(3-oxo-3,4-dihydro-2H-pyr
ido[3,2-b][l,4]oxazin-6-
yl)methyl]amino}piperidine-2-carboxamide;
N-(6-methoxy-l,5-naphthyridin-4-yl)-5-{[(3-oxo-3,4-dil
iydro-2H-pyrido[3,2-
b][l,4]oxazin-6-yl)methyl]amino}piperidine-2-carboxami
de;
N-(6-methoxyquinolin-4-yl)-5-{[(3-oxo-3,4-dihydro-2H-p
yrido[3,2-b][l,4]oxazin-6-
yl)methyl]anno}piperidine-2-carboxamide;
N-(2-cyanoquinolin-8-yl)-5-{[(3-oxo-3,4-dihydro-2H-pyr
ido[3,2-b][l,4]thiazin-6-
yl)methyl]amino}piperidine-2-carboxamide;
N-(6-methoxy-l,5-naphthyridin-4-yl)-5-{[(3-oxo-3,4-dih
ydro-2H-pyrido[3,2- b][l
,4]tbiazin-6-yl)methyl]amino}piperidine-2-carboxamide;
N-(6-methoxyquinolin-4-yl)-5-{[(3-oxo-3,4-di]iydro-2H-
pyrido[3,2-b][l,4]tbiazin-6-
yl)methyl]amino}piperidine-2-carboxamide;
N-(2-cyanoquinolin-8-yl)-5-{[(2E)-3-(2,5-difluoropheny
l)prop-2-en-lyl] amino}piperidine-2-carboxamide;
5-{[(2E)-3-(2,5-difluorophenyl)prop-2-en-l-yl]amino}-N
-(6-methoxy-l,5-naphthyridin-
4-yl)riperidine-2-carboxamide;
5-{[(2E)-3-(2,5-difluorophenyl)prop-2-en-l-yl]amino}-N
-(6-methoxyquinolin-4- yl)piperidine-2-carboxamide;
6-[2-(3-chloro-6-methoxyquinolin-4-yl)etb.yl]-N-(2,3-d
ihydro[l,4]dioxino[2,3-c]pyridin-
7-ylmethyl)piperidin-3-amine;
6-[2-(3-chloro-6-methoxy-l,5-naphtliyridin-4-yl)etliyl
]-N-(2,3-diliydro[l,4]dioxino[2,3-
c]pyridin-7-ylmethyl)piperidin-3-amine;
N-(2,3-dihydro[l,4]dioxino[2,3-c]pyridin-7-ylmethyl)-6
-[2-(3-fluoro-6-methoxyquinolin-
4-yl)ethyl]piperidin-3 -amine;
N-(2,3-dihydro[l,4]dioxino[2,3-c]pyridin-7-ylmethyl)-6
-[2-(3-fluoro-6-methoxy-l,5-
naphthyridin-4-yl)ethyl]piperidin-3-amine;
6-[({6-[2-(3
-chloro-6-methoxyquinolin-4-yl)ethyl]piperidin-3
-yl}amino)methyl]-2Hpyrido[
3,2-b][l,4]oxazin-3(4H)-one;
6-[({6-[2-(3-chloro-6-methoxy-l,5-naphthyridin-4-yl)et
hyl]piperidin-3-
yl}amino)methyl]-2H-pyrido[3,2-b][l,4]oxazin-3(4H)-one
;
6-[({6-[2-(3-fluoro-6-methoxyquinolin-4-yl)ethyl]piper
idin-3-yl}amino)methyl]-2Hpyrido[
3,2-b][l,4]oxazin-3(4H)-one;
6-[({6-[2-(3-fluoro-6-methoxy-l,5-naphthyridin-4-yl)et
hyl]piperidin-3-
yl}amino)methyl]-2H-pyrido[3,2-b][l,4]oxazin-3(4H)-one
;
6-[({6-[2-(3-chloro-6-methoxyquinolin-4-yl)ethyl]piper
idin-3-yl}amino)methyl]-2Hpyrido[
3,2-b][l,4]thiazin-3(4H)-one;
6-[({6-[2-(3-chloro-6-methoxy-l,5-naphthyridin-4-yl)et
hyl]piperidin-3-
yl}amino)methyl]-2H-pyrido[3,2-b][l,4]tliiazin-3(4H)-o
ne;
6-[({6-[2-(3-fluoro-6-methoxyquinolin-4-yl)ethyl]piper
idin-3-yl}amino)metliyl]-2Hpyrido[
3,2-b][l,4]thiazin-3(4H)-one; 



6-[({6-[2-(3-fluoro-6-methoxy-l,5-naphthyridin-4-yl)et
hyl]piperidin-3-
yl}amino)methyl]-2H-pyrido[3,2-b][l,4]thiazin-3(4H)-on
e;
6-[2-(3-chloro-6-methoxyquinolin-4-yl)ethyl]-N-[(2E)-3
-(2,5-difluorophenyl)prop-2-en-
1-yl]piperidin-3-amine;
6-[2-(3-chloro-6-methoxy-l,5-naphthyridm-4-yl)ethyl]-N
-[(2E)-3-(2,5- difluorophenyl)prop-2-en-
1-yl]piperidin-3-amine;
N-[(2E)-3-(2,5-difluorophenyl)prop-2-en-l-yl]-6-[2-(3-
fluoro-6-methoxyquinolin-4-
yl)ethyl]piperidin-3-amine;
N-[(2E)-3-(2,5-difluorophenyl)prop-2-en-l-yl]-6-[2-(3-
fluoro-6-methoxy-l,5-
naphthyridin-4-yl)ethyl]piperidin-3-amine;
5-[(2,3-dihydro[l,4]dioxino[2,3-c]pyridin-7-ylmethyl)a
mino]- N-(3-methoxyquinoxalin-5-
yl)piperidine-2-carboxamide;
N-(3-methoxyquinoxalin-5-yl)-5-{[(3-oxo-3,4-dihydro-2
H-pyrido[3,2- b][l,4]oxazin-6-
yl)methyl]amino}piperidine-2-carboxamide;
N-(3-methoxyquinoxalin-5-yl)-5{[(3-oxo-3,4-dihydro-2 H
-pyrido [3,2--b][ ,4]thiazin--6- yl)methyl] amino
}piperidine-2-carboxamide; 5- {[ ( 2
)-3-(2,6-difluorophenyl)prop-2-enyl]amino}
-N-(3-methoxyquinoxalin-5-yl)piperidine-2-
carboxamide; (2S,5R)-5-[(2,3-dihydro-
1,4-benzodioxin-6-ylmethyl)amino]- N-(6-methoxy- 1,5-
naphthyridin-4-yl)piperidine-2-carboxamide; (2S,5R
)-N-(6-methoxy-l,5-naphtliyridin-4-yl)-5-{[(3-oxo-3,4-
dihydro-2 H-pyrido[3,2-
&][l,4]oxazin-6-yl)methyl]amino}piperidine-2-carboxami
de; (2S,5R )-5-(ben2ylamino)-
N-(6-methoxy-l,5-naphthyridin-4-yl)piperidine-2-carbox
amide;
(4R)-4-[(2,3-dihydro[l,4]dioxino[2,3-c]pyridin-7-ylmet
hyl)amino]- N-(6-methoxy-l,5-
naphthyridin-4-yl)-L-prolinamide; (4R
)-N-(2-cyanoquinolin-8-yl)-4-[(2,3-dihydro[l,4]dioxino
[2,3-c]pyridin-7- ylmethyl)amino]-L-prolinamide;
(4R)-4-[(2,3-dihydro[l,4]dioxmo[2,3-c]pyridin-7-ylmeth
yl)amino]- N-(8-fluoro-6-
methoxyquinolin-4-yl)-L-prolinamide;
(4R)-N-(6-cyano-l,7-naphthyridin-4-yl)-4-[(2,3-dihydro
[l,4]dioxino[2,3-c]pyridin-7-
ylmethyl)amino]-L-prolinamide; 6-[({(3
1S',6S)-6-[2-(3-fluoro-6-methoxy-l,5-naphthyridin-4-yl
)ethyl]piperidin-3- yl}amino)methyl]-2 H-pyrido[3,2-
b][l,4]oxazin-3(4 H)-one;
(31S',65)-N-(2,3-dihydro[l,4]dioxino[2,3-c]pyridin-7-y
lmethyl)-6-[2-(3-fluoro-6-methoxy-
1,5-naphthyridin-4-yl)ethyl]piperidin-3-amine;
(35r,6JS)-6-[2-(3-chloro-6-methoxy-l,5-naphthyridin-4-
yl)etliyl]- N-[(2)-3-(2,5- difluorophenyl)prop-2-en-
1-yl]piperidin-3 -amine;
6-[({(35,65)-6-[2-(3-chloro-6-methoxy-l,5-naphthyridm-
4-yl)ethyl]piperidin-3- yl}amino)methyl]-2
H-pyrido[3,2- b][l,4]oxazin-3(4 H)-one;
(3.S,6S)-6-[2-(3-cliloro-6-methoxy-l,5-naphthyridin-4-
yl)etliyl]- N-(2,3-
dihydro[l,4]dioxino[2,3-c]pyridin-7-ylmethyl)piperidin
-3-amine;6-[({(3
S,6S)-6-[2-(3-chloro-6-methoxy-l,5-naphthyridin-4-yl)e
thyl]piperidin-3- yl} amino)methyl]-2H-pyrido[3,2-b]
[1,4]thiazin-3(4H)-one;
8-[2-((2S,5S)-5-{[(3-oxo-3,4-dihydro-2H-pyrido[3,2-b][
l,4]oxazin-6-
yl)methyl]amino}piperidin-2-yl)ethyl]quinoline-2-carbo
nitrile;
8-(2-{(2S,5S}-5-[(2,3-dihydro[l,4]dioxino[2,3-c]pyridi
n-7-ylmethyl)amino]piperidin-2-
yl}ethyl)quinoline-2-carbonitrile;
(3R,6R)-6-[2-(3-chloro-6-methoxy-l,5-naphthyridin-4-yl
)ethyl]- N-[(2E)-3-(2,5-
difluorophenyl)prop-2-en-l-yl]piperidin-3-amine;
(3R,6R)-6-[2-(3-chloro-6-methoxy-l,5-naphthyridin-4-yl
)ethyl]- N-(2,3- dihydro[l
,4]dioxino[2,3-c]pyridin-7-ylmethyl)piperidin-3-amine;
6-[({(3
R,6R)-6-[2-(3-chloro-6-methoxy-l,5-naphthyridin-4-yl)e
thyl]pipe pdin-3-
yl}amino)methyl]-2H-pyrido[3,2-b][l,4]thiazin-3(4H)-on
e;
6-[({(3R,6R)-6-[2-(3-chloro-6-methoxy-l,5-naphthyridin
-4-yl)ethyl]piperidin-3-
yl}amino)methyl]-2H-pyrido[3,2-b][l,4]oxazin-3(4H)-one
; 6-[({(3
S,65)-6-[2-(3-chloro-6-fluoroquinolm-4-yl)ethyl]piperi
din-3-yl}amino)methyl]-
2H-pyrido[3,2-b][l,4]oxazin-3(4 H)-one;
7-chloro-8-[2-((2S,5S)-5-{[(3-oxo-3,4-diliydro-2H-pyri
do[3,2-b][l,4]oxazin-6-
yl)methyl]amino}piperidin-2-yl)ethyl]-l,5-naphthyridin
e-2-carbonitrile; 7-fluoro-8-[2-((2
R,5R)-5-{[(3-oxo-3,4-dihydro-2H-pyrido[3,2-b][l,4]oxaz
in-6-
yl)methyl]amino}piperidin-2-yl)ethyl]-l,5-naphthyridin
e-2-carbonitrile; (3S,6S)
-N-(2,3-dihydro[l,4]dioxino[2,3-c]pyridin-7-ylmethyl)-
6-[2-(6-methoxy-l,5-
naphthyridin-4-yl)ethyl]piperidin-3-amine; (3 S,6
S)-N-[(2E)-3-(2,5-difliioroplienyl)prop-2-en-l-yl]-6-[
2-(6-methoxy-l,5-
naphihyridin-4-yl)ethyl]piperidin-3-amine;
6-[({(3S,6S)-6-[2-(6-methoxy-l,5-naplithyridin-4-yl)et
hyl]piperidin-3-yl}amino)methyl]-
2H-pyrido[3,2-b][l,4]oxazin-3(4 H)-one; (3R,6
R)-6-[2-(3-chloro-6-methoxy-l,5-naphthyridin-4-yl)ethy
l]- N-(2,3-
dihydro[1,4]dioxino[2,3-c]pyridin-7-ylmethyl)-l-methyl
piperidin-3-amine; 6-( {[(3
S,6S)-6-[2-(3-chloro-6-methoxy-1,5-naphthyridin-4-yl)e
thyl]-1- (methylsulfonyl)piperidin-3
-yl]amino}methyl)-2H-pyrido [3,2-b]
[1,4]oxazin-3(4H)-one;6-(
{[(3R,6R)-6-[2-(3-chloro-6-methoxy-
1,5-naphthyridin-4-yl)ethyl]- 1-
(methylsulfonyl)piperidin-3
-yl]amino}methyl)-2H-pyrido[3,2-b]
[1,4]oxazin-3(4H)-one; 6-[({(3S,6
S)-l-acetyl-6-[2-(3-chloro-6-methoxy-l,5-naphthyridin-
4-yl)ethyl]piperidin-3-
yl}amino)methyl]-2H-pyrido[3,2-b][l,4]oxazin-3(4H)-one
;
6-[({(3R,6R)-l-acetyl-6-[2-(3-chloro-6-methoxy-l,5-nap
hthyridin-4-yl)ethyl]piperidin-3-
yl}amino)methyl]-2H-pyrido[3,2-b][l,4]oxazin-3(4H)-one
;
((2S,5S)-2-[2-(3-chloro-6-methoxy-l,5-naphthyridin-4-y
l)ethyl]-5-{[(3-oxo-3,4-dihydro- 2H-pyrido [3,2-b]
[1,4]oxazin-6-yl)methyl]amino}piperidin- 1-yl)acetic
acid;
((2S,5S)-2-[2-(3-chloro-6-methoxy-l,5-naphthyridin-4-y
l)ethyl]-5-{[(2 E)-3-(2,5- difluorophenyl)prop-2-en-
1-yl]amino}piperidin- 1-yl)acetic acid;
((2R,5R)-2-[2-(3-chloro-6-methoxy-l,5-naphthyridin-4-y
l)ethyl]-5-{[(2 E)-3-(2,5- difluorophenyl)prop-2-en-
1-yl]amino}piperidin- 1-yl)acetic acid; 6-({[(3S,6
S)-6-[2-(3-chloro-6-methoxy-l,5-naphihyridin-4-yl)ethy
l]-l-
(methoxyacetyl)piperidin-3-yl]amino}methyl)-2H-pyrido[
3,2-b][l,4]oxazin-3(4 H)-one;
2-((2S,51S)-2-[2-(3-chloro-6-methoxy-l,5-na
rhthyridin-4-yl)ethyl]-5-{[(3-oxo-3,4-
dihydro-2H-pyrido[3,2-
b][l,4]oxazin-6-yl)methyl]amino}piperidin-l-yl)-2-oxoe
thyl acetate; 6-[({(3S,6
S)-6-[2-(3-chloro-6-methoxy-l,5-naphthyridin-4-yl)ethy
l]-l-glycoloylpiperidin-
3-yl}amino)methyl]-2H-pyrido[3,2-b][l,4]oxazin-3(4
H)-one; or
(3R,6S)-N-(2,3-dihydro[l,4]dioxino[2,3-c]pyridin-7-ylm
ethyl)-6-[2-(3-fluoro-6-methoxy-
1,5-naphthyridin-4-yl)ethyl]piperidin-3 -amine. The
invention also provides a compound which is: (2
S,5R)-5-[(2,3-dihydro-l,4-benzodioxin-6-ylmethyl)amino
]- N-(6-methoxy-l,5-
naphthyridin-4-yl)-6-oxopiperidine-2-carboxamide;
5-[(2,3-dihydro-l,4-benzodioxin-6-ylmethyl)amino]-
N-(6-methoxy-l,5-naphthyridin-4-
yl)-6-oxopiperidine-2-carboxamide;
(2S,5S)-5-[(2,3-dihydro-l,4-benzodioxin-6-ylmethyl)ami
no]- N-(6-methoxy-l,5-
naphthyridin-4-yl)-6-oxopiperidine-2-carboxamide;
(4R)-4-[(2,3-dihydro[l,4]dioxino[2,3-c]pyridin-7-yhnet
hyl)amino]- N-(8-fluoro-6-
methoxyquinolin-4-yl)-L-prolinamide;
(4R)-N-(6-cyano-l,7-naphthyridin-4-yl)-4-[(2,3-dihydro
[l,4]dioxino[2,3-c]pyridin-7-
ylmethyl)amino]-L-prolinamide;
(4R)-4-[(2,3-dihydro[l,4]dioxino[2,3-c]pyridin-7-ylmet
hyl)amino]- N-(6-methoxy-l,5-
naphthyridin-4-yl)-L-prolinamide;
(4R)-N-(2-cyanoquinolin-8-yl)-4-[(2,3-dihydro[l,4]diox
ino[2,3-c]pyridin-7- ylmethyl)amino]-L-prolinamide;
(3R,6R)-6-[2-(3-chloro-6-methoxy-l,5-naphthyridin-4-yl
)ethyl]- N-(2,3-
dihydro[l,4]dioxino[2,3-c]pyridin-7-ylmethyl)-l-methyl
piperidin-3-amine; 6-[( {(3S,6S)-6-[2-(3
-chloro-6-methoxy- 1,5-naphthyridin-4-yl)ethyl]-
1-glycoloylpiperidin-
3-yl}amino)methyl]-2H-pyrido[3,2- b][l,4]oxazin-3(4
H)-one;
6-[({(3R,6R)-l-acetyl-6-[2-(3-chloro-6-methoxy-l,5-nap
hthyridin-4-yl)ethyl]piperidin-3-
yl}amino)methyl]-2H-pyrido[3,2- b][l,4]oxazin-3(4
H)-one;
((2S,55)-2-[2-(3-chloro-6-methoxy-l,5-naphthyridin-4-y
l)ethyl]-5-{[(3-oxo-3,4-diliydro- 2H-pyrido[3,2-
b][l,4]oxazin-6-yl)methyl]amino}piperidin-l-yl)acetic
acid; 6-[({(35',6
S)-l-acetyl-6-[2-(3-chloro-6-methoxy-l,5-naphtliyridin
-4-yl)ethyl]piperidin-3-
yl}amino)methyl]-2H-pyrido[3,2- b][l,4]oxazin-3(4
H)-one;
((2R,5R)-2-[2-(3-chloro-6-methoxy-l,5-naplithyridin-4-
yl)ethyl]-5-{[(2 E)-3-(2,5- difluorophenyl)prop-2-en-
1-yl]amino}piperidin-1-yl)acetic acid; 6-({[(S,6S
)-6-[2-(3-chloro-6-methoxy-l,5-naplithyridin-4-yl)etli
yl]-l- (methoxyacetyl)piperidin-3
-yl]amino}methyl)-2H-pyrido [3,2-b] [1,4]oxazin-3
(4H)-one; ((2S,5S)-2-[2-(3-chloro-6-methoxy-l,5-na
rlithypdin-4-yl)ethyl]-5-{[(2 E)-3-(2,5-
difluorophenyl)prop-2-en- 1-yl]amino}piperidin-
1-yl)acetic acid; 



tert-butyl(2
R,5R)-2-[2-(3-chloro-6-methoxy-l,5-naphthyridin-4-yl)e
tliyl]-5-{[(3-oxo-3,4-
dihydro-2H-pyrido[3,2-b][l,4]oxazin-6-yl)methyl]amino}
piperidine-l-carboxylate;
2-((2S,5S)-2-[2-(3-chloro-6-methoxy-l,5-naphthyridin-4
-yl)ethyl]-5-{[(3-oxo-3,4- dihydro-2H-pyrido [3,2-b]
[1,4]oxazin-6-yl)methyl] amino}piperidin-
1-yl)-2-oxoethyl acetate; or
(2S,5S)-5-[(2,3-dihydro-l,4-benzodioxin-6-ylmethyl)(me
thyl)amino]- N-(6-metlioxy-l,5- naphthyridin-4-yl)-
1-methylpiperidine-2-carboxamide, or a
pharmaceutically acceptable salt thereof.The invention
also provides a pharmaceutical composition comprising
a compound of formulas I, II, II- 1, II-2, II-3, II-4,
and II-5 admixed with a pharmaceutically acceptable
adjuvant, carrier, or excipient. The invention also
provides a method of treating a bacterial infection
comprising administering a therapeutically effective
amount of a compound of formulas I, II, II- 1, II-2,
II-3, II-4, and II-5 to a mammal in need thereof. The
invention also provides a method of treating a
bacterial infection in a warm-blooded animal, such as
a human being, in need of such treatment, which
comprises administering to said animal an effective
amount of a compound of formulas I, II, II- 1, II-2,
II-3, II-4, and II-5 or a pharmaceutically-acceptable
salt thereof. The invention also provides a method for
inhibiting bacterial DNA gyrase in a warm-blooded
animal, such as a human being, in need of such
treatment which comprises administering to said animal
an effective amount of a compound of formulas I, II,
II- 1, II-2, II-3, II-4, and II-5 or a
pharmaceutically acceptable salt. The invention also
provides a compound of formulas I, II, II-1, II-2,
II-3, II-4, and II-5 and pharmaceutically acceptable
salts thereof for use as a medicament. The invention
also provides the use of a compound of formulas I, II,
II- 1, II-2, II-3, II-4, and II-5 or a
pharmaceutically acceptable salt thereof in the
manufacture of a medicament for use in the production
of an anti-bacterial effect in a warm-blooded animal
such as a human being. The invention also provides the
use of a compound of formulas I, II, II- 1, H-2, II-3,
II-4, and II-5 or a pharmaceutically acceptable salt
thereof in the manufacture of a medicament for use in
the treatment of a bacterial infection in a
warm-blooded animal such as a human being. The
invention also provides a process for preparing a
compound of formulas I, II, II- 1, II- 2, II-3, II-4,
and II-5 comprising one of the following approaches:Y-
'NHBoc or (a) Pd-catalyzed coupling of , wherein Y is
N-PG, wherein PG is a protecting group, with wherein X
is a leaving group selected from halo or
trifluoromethylsulfonyloxy, followed by removal of the
BOC group and addition of U-R via reductive amination;
(b) Coupling of wwiitthh under Mitsunobu conditions
followed by removal of the BOC group and addition of
U-R via reductive amination; or (c) Amide formation
using and followed by addition of U-R via reductive
amination.DETAILED DESCRIPTION OF THE INVENTION Unless
otherwise stated, the following terms used in the
specification and claims have the following meanings.
Definitions "Alkyl" means a linear saturated
monovalent hydrocarbon radical of one to six carbon
atoms or a branched saturated monovalent hydrocarbon
radical of three to six carbon atoms, e.g., methyl,
ethyl, propyl, 2-propyl, pentyl, and the like.
"Alkenyl" means a linear monovalent hydrocarbon
radical of two to six carbon atoms or a branched
monovalent hydrocarbon radical of three to six carbon
atoms, containing at least one double bond, e.g.,
ethenyl, propenyl, and the like. "Alkylene" means a
linear saturated divalent hydrocarbon radical of one
to six carbon atoms or a branched saturated divalent
hydrocarbon radical of three to six carbon atoms,
e.g., methylene, ethylene, propylene,
2-methylpropylene, pentylene, and the like.
"Alkenylene" means a linear divalent hydrocarbon
radical of two to six carbon atoms or a branched
divalent hydrocarbon radical of three to six carbon
atoms, containing at least one double bond, e.g.,
ethenylene, 2,4-pentadienylene, and the like.
"Alkynyl" means an alkyl group having one or more
carbon-carbon triple bonds, e.g., ethynyl. "Acyl"
means a radical -C(O)R where R is hydrogen, alkyl,
alkenyl, cycloalkyl, heteroalkyl, haloalkyl, aryl,
aralkyl, heteroaralkyl or heteroaryl, e.g., acetyl,
benzoyl, tbienoyl, and the like. "Acyloxy" means a
radical -OC(O)R where R is hydrogen, alkyl, alkenyl,
cycloalkyl, heteroalkyl, haloalkyl or optionally
substituted phenyl, e.g., acetoxy, benzoyloxy, and the
like. "Acylthio" means a radical -SC(O)R where R is
hydrogen, alkyl, alkenyl, cycloalkyl, heteroalkyl,
haloalkyl or optionally substituted phenyl, e.g.,
thioacetoxy, thiobenzoyloxy, and the like. "Halo"
means fiuoro, chloro, bromo or iodo. "Haloalkyl" means
alkyl substituted with one or more same or different
halo atoms, e.g., -CH 2Cl, -CF 3, -CH 2CF3, -CH 2CCl3,
and the like."Cycloalkyl" means a saturated monovalent
cyclic hydrocarbon radical of three to six ring
carbons, e.g., cyclopropyl, cyclohexyl, and the like.
"Cycloalkyloxy" means a cycloalkyl-0- group in which
the cycloalkyl group is as described herein, and
includes, e.g., cycloalkyloxy groups include
cyclopropyloxy, cyclopentyloxy, cyclohexyloxy and
cycloheptyloxy. "Cycloalkylthio" means a cycloalkyl-S-
group in which the cycloalkyl group is as described
herein, and includes, e.g., cycloalkylthio groups
include cyclopropylthio, cyclopentylthio,
cyclohexylthio and cycloheptylthio. "Carbocycle" means
a saturated, cyclic group of 3 to 6 ring atoms in
which all the ring atoms are carbon, e.g.,
cyclopentyl, cyclohexyl, and the like. "Amine" or
"amino" refers to radicals of the general
formula-NRR', wherein R and R' are independently
selected from hydrogen or a hydrocarbyl radical, or
wherein R and R' combined form a heterocycle. Examples
of amino groups include: -NH2, methyl amino, diethyl
amino, anilino, benzyl amino, piperidinyl, piperazinyl
and indolinyl. "Monosubstituted-amino" means a
radical-NHR where R is alkyl, heteroalkyl, haloalkyl,
cycloalkyl, cycloalkylalkyl or optionally substituted
phenyl, e.g., methylamino, (1- methylethyl)amino,
phenylamino, and the like. "Disubstirated-amino" means
a radical -NRR' where R and R1are independently alkyl,
alkenyl, heteroalkyl, haloalkyl, cycloalkyl,
cycloalkylalkyl or optionally substituted phenyl.
Representative examples include, but are not limited
to, dimethylamino, methylethylamino, di(lmethylethyl)
amino, methylbenzylamino, and the like. "Aryl" means a
monovalent monocyclic or bicyclic aromatic hydrocarbon
radical of 6 to 10 ring atoms, and optionally
substituted independently with one or more
substituents, preferably one, two or three
substituents selected from alkyl, haloalkyl,
heteroalkyl, cycloalkyl, cycloalkylalkyl, halo, cyano,
nitro, acyloxy, alkoxy, optionally substituted phenyl,
heteroaryl, heteroaralkyl, amino, monosubstituted
amino, disubstituted amino, acylamino, hydroxylamino,
amidino, guanidino, cyanoguanidinyl, hydrazino,
hydrazido, -OR [where R is hydrogen, alkyl, haloalkyl,
alkenyl, cycloalkyl, cycloalkylalkyl, optionally
substituted phenyl, heteroaryl or
heteroaralkyl],-S(O)nR [where n is an integer from 0
to 2 and R is hydrogen, alkyl, haloalkyl, alkenyl,
cycloalkyl, cycloalkylalkyl, optionally substituted
phenyl, heteroaryl, heteroaralkyl, amino, mono or
disubstituted amino], -NRSO2R1(where R is hydrogen or
alkyl and R' is alkyl,amino, monosubstituted or
disubstituted amino) -C(O)R (where R is hydrogen,
alkyl, alkenyl, cycloalkyl, heteroalkyl, haloalkyl or
optionally substituted phenyl),-COOR (where R is
hydrogen, alkyl, optionally substituted phenyl,
heteroaryl or heteroaralkyl), - (alkylene)-COOR (where
R is hydrogen, alkyl, optionally substituted phenyl,
heteroaryl or heteroaralkyl), methylenedioxy,
1,2-ethylenedioxy, -CONR 1R" or-(alkylene)CONR'R"
(where R1and R" are independently selected from
hydrogen, alkyl, cycloalkyl, haloalkyl,
cycloalkylalkyl, optionally substituted phenyl,
heteroaryl and heteroaralkyl). More specifically the
term aryl includes, but is not limited to, phenyl,
1-naphthyl, 2-naphthyl, and derivatives thereof. The
term "ortho-fused" as used in the phrase "ortho-fused
bicyclic subunit" means a bicyclic saturated,
partially aromatic, or fully aromatic carbocyclic or
heterocyclic ring system wherein the two rings have
only two atoms and one bond in common. Both rings may
be aromatic; for example, such as as in naphthalene,
pteridine, cinnoline, quinazoline, quinoxaline,
naphthyridine, phthalazine, quinoline, isoquinoline,
quinolizine, purine, indazole, indole, isoindole,
indolizine, or pyrrolizine and the like. "Heteroaryl"
means a monovalent monocyclic or bicyclic aromatic
radical of 5 to 10 ring atoms containing one, two, or
three ring heteroatoms selected from N, O, or S, the
remaining ring atoms being C. The aromatic radical is
optionally substituted independently with one or more
substituents, preferably one or two substituents
selected from alkyl, haloalkyl, heteroalkyl,
cycloalkyl, cycloalkylalkyl, halo, cyano, nitro,
acyloxy, optionally substituted phenyl, amino,
monosubstituted amino, disubstituted amino, acylamino,
hydroxyamino, amidino, guanidino, cyanoguanidinyl,
hydrazino, hydrazido, -OR [where R is hydrogen, alkyl,
haloalkyl, alkenyl, 



cycloalkyl, cycloalkylalkyl or optionally substituted
phenyl],-S(O)nR [where n is an integer from Oto 2 and
R is hydrogen, alkyl, haloalkyl, alkenyl, cycloalkyl,
cycloalkylalkyl, optionally substituted phenyl, amino,
mono or disubstituted amino],-C(O)R (where R is
hydrogen, alkyl, alkenyl, cycloalkyl, heteroalkyl,
haloalkyl or optionally substituted phenyl), -COOR
(where R is hydrogen, alkyl, or optionally substituted
phenyl), -(alkylene)-COOR (where R is hydrogen, alkyl
or optionally substituted phenyl), methylenedioxy,
1,2-ethylenedioxy,-CONR1R" or- (alkylene)-CONR'R"
(where R' and R" are independently selected from
hydrogen, alkyl, cycloalkyl, haloalkyl,
cycloalkylalkyl or optionally substituted phenyl). The
term heteroaryl includes, but is not limited to
pyridyl, pyrrolyl, thiophene, pyrazolyl, thiazolyl,
imidazolyl,pyrimidinyl, thiadiazolyl, indolyl,
carbazolyl, azaindolyl, benzofuranyl, benzotriazolyl,
benzisoxazolyl, purinyl, quinolinyl, benzopyranyl, and
derivatives thereof. "Heterocycle" or "Heterocyclyl"
means a saturated or unsaturated cyclic radical of 3
to 8 ring atoms in which one or two ring atoms are
heteroatoms selected from N, O, or S(0).sub.n (where n
is an integer from 0 to 2). The heterocyclo ring may
be optionally substituted independently with one, two
or three substituents selected from alkyl, haloalkyl,
cycloalkyl, cycloalkylalkyl, aryl, aralkyl,
heteroaryl, heteroaralkyl, halo, cyano, acyl,
acylamino, amino, monosubstituted amino, disubstituted
amino, -COOR (where R is hydrogen or alkyl),-XR (where
X is O or S(O), , where n is an integer from Oto 2 and
R is hydrogen, alkyl, haloalkyl, cycloalkyl, aralkyl,
aryl, heteroaryl or heteroaralkyl) or-CONR'R" (where
R' and R" are independently selected from hydrogen or
alkyl). Representative examples include, but are not
limited to tetrahydropyranyl, piperidino,
l-(4-chlorophenyl)piperidino, and the like.
"Heterocyclylalkyl" means a radical -Ra-Rb where Ra is
bound to Rb and R is an alkylene group and Rb is a
heterocyclyl group as defined above e.g.,
tetrahydropyran-2-yhnethyl, 4-rnethylpiperazin-
1-ylethyl, and the like . "Heterocyclylthio" means a
radical -Ra-Rb where Ra is bound to Rband Ra is a thio
group and Rb is a heterocyclyl group as defined above.
"Heterocyclyloxy" means a radical-Ra-Rb where Ra is
bound to Rb and R is an oxygen and Rb is a
heterocyclyl group as defined above. "Arylalkyl" or
"aralkyl" means a radical -R -Rb where Ra is bound to
Rb and R is an alkylene group and Rb is an aryl group
as defined above e.g., benzyl, phenylethyl, 3-(3-
chlorophenyl)-2-methylpentyl, and the like. "Aryloxy"
means an aryl-0- group in which the aryl group is as
previously described. Exemplary aryloxy groups include
optionally substituted phenoxy and naphthoxy.
"Arylthio" means an aryl-S- group group in which the
aryl group is as previously described. Exemplary
arylthio groups include phenylthio and naphthylthio.
"Heteroaralkyl" means a radical-R3-Rb where Ra is
bound to Rb and R is an alkylene group and Rb is a
heteroaryl group as defined above e.g.,
pyridin-3-ylmethyl, 3-(benzofuran-2- yl)propyl, and
the like. "Hydroxyalkyl" means a linear monovalent
hydrocarbon radical of two to six carbon atoms or a
branched monovalent hydrocarbon radical of three or
six carbons substituted with oneor two hydroxy groups,
provided that if two hydroxy groups are present they
are not both on the same carbon atom. Representative
examples include, but are not limited to,
2-hydroxyethyl, 2- hydroxypropyl, 3-hydroxypropyl,
l-(hydroxymethyl)-2-met- hylpropyl, 2-hydroxybutyl, 3-
hydroxybutyl, 4-hydroxybutyl, 2,3-dihydroxypropyl,
l-(hydroxymethyl)-2-hydroxyethyl, 2,3- dihydroxybutyl,
3,4dihydroxybutyl and 2-(hydroxymethyl)-3-hydroxyprop-
yl, preferably 2- hydroxyethyl, 2,3-dihydroxypropyl,
and l-(hydroxymethyl)-2-hydroxyethyl. "Alkoxy",
"haloalkyloxy", "aryloxy", "heteroaryloxy",
"aralkyloxy", or "heteroaralkyloxy" means a radical
-OR where R is an alkyl, haloalkyl, aryl, heteroaryl,
respectively as defined above e.g., methoxy, phenoxy,
pyridin-2-yloxy, benzyloxy, and the like. "Optional"
or "optionally" means that the subsequently described
event or circumstance may but need not occur, and that
the description includes instances where the event or
circumstance occurs and instances in which it does
not. For example, "heterocyclo group optionally mono-
or di-substituted with an alkyl group" means that the
alkyl may but need not be present, and the description
includes situations where the heterocyclo group is
mono- or disubstituted with an alkyl group and
situations where the heterocyclo group is not
substituted with the alkyl group. "Alkylthio",
arylthio, and "heteroarylthio" respectively mean an
alkyl group, aryl group, or heteroaryl group attached
via a thioether linkage. "Alkylsulfinyl",
"arylsulfinyl", and "heteroarylsulfnyl" respectively
mean an alkyl group, aryl group, or heteroaryl group
attached via a sulfnyl linkage. "Alkylsulfonyl",
"arylsulfonyl", and "heteroarylsulfonyl" respectively
mean an alkyl, aryl, or heteroaryl group attached via
a sulfonyl linkage. "Alkylsulfoxide", "arylsulfoxide",
and "heteroarylsulfoxide" respectively mean an alkyl
group, aryl group, or heteroaryl group attached via a
sulfoxide linkage. "Alkylcarbonyl", "alkenylcarbonyl",
"arylcarbonyl", "heteroarylcarbonyl", and
"aralkylcarbonyl" means an alkyl, alkenyl, aryl,
heteroaryl, or aralkyl radical, as defined above,
attached to a carbonyl radical. Examples of such
radicals include substituted or unsubstituted
methylcarbonyl, ethylcarbonyl, phenylcarbonyl and
benzylcarbonyl. "Heteroarylcarbonyl", and
"aralkylcarbonyl" means an alkyl, alkenyl, aryl,
heteroaryl, or aralkyl radical, as defined above,
attached to a carbonyl radical. Examples of such
radicals include substituted or unsubstituted
methylcarbonyl, ethylcarbonyl, phenylcarbonyl and
benzylcarbonyl."Alkylcarbonyloxy",
"alkenylcarbonyloxy", "arylcarbonyloxy", refer to an
alkyl, alkenyl, or aryl group attached to a CO2 group,
as in alkyl-CO -, alkenyl-CO2-, aryl-CO2-,
respectively, where alkyl, alkenyl, and aryl are as
defined herein. For example, alkylcarbonyloxy includes
but is not limited to, acetoxy, ethylcarbonyloxy, n-
or iso-propylcarbonyloxy, n-, iso-, sec- or
tert-butylcarbonyloxy, n-pentylcarbonyloxy,
n-hexylcarbonyloxy. "Optionally substituted" means
that the group at issue is optionally substituted
independently with one, two or three substituents
selected from alkyl, haloalkyl, halo, nitro, cyano,-OR
(where R is hydrogen or alkyl),-NRR' (where R and R'
are independently of each other hydrogen or alkyl),
-COOR (where R is hydrogen or alkyl) or-CONR'R" (where
R' and R" are independently selected from hydrogen or
alkyl), or as otherwise provided. "Amino-protecting
group" refers to those organic groups intended to
protect nitrogen atoms against undesirable reactions
during synthetic procedures e.g., benzyl,
benzyloxycarbonyl (CBZ), t-butoxycarbonyl (BOC),
trifluoroacetyl, and the like. Compounds that have the
same molecular formula but differ in the nature or
sequence of bonding of their atoms or the arrangement
of their atoms in space are termed "isomers". Isomers
that differ in the arrangement of their atoms in space
are termed "stereoisomers". Stereoisomers that are not
mirror images of one another are termed
"diastereomers" and those that are nonsuperimposable
mirror images of each other are termed "enantiomers".
When a compound has an asymmetric center, for example,
it is bonded to four different groups, a pair of
enantiomers is possible. An enantiomer can be
characterized by the absolute configuration of its
asymmetric center and is described by the R- and
S-sequencing rules of Cahn and Prelog, or by the
manner in which the molecule rotates the plane of
polarized light and designated as dextrorotatory or
levorotatory (i.e., as (+) or (-)-isomers
respectively). A chiral compound can exist as either
individual enantiomer or as a mixture thereof. A
mixture containing equal proportions of the
enantiomers is called a "racemic mixture". The
compounds of this invention may possess one or more
asymmetric centers; such compounds can therefore be
produced as individual (R)- or (S)-stereoisomers or as
mixtures thereof. For example, if the Y and Y'
substituents in a compound of Formula (I) are attached
to the same carbon are different, then the carbon to
which they are attached is an asymmetric center and
the compound of Formula (I) can exist as an (R)- or
(S)-stereoisomer relative to that carbon. Unless
indicated otherwise, the description or naming of a
particular compound in thespecification and claims is
intended to include both individual enantiomers and
mixtures, racemic or otherwise, thereof. The methods
for the determination of stereochemistry and the
separation of stereoisomers are well-known in the art
(see discussion in Chapter 4 of "Advanced Organic
Chemistry", 4th edition J. March, John Wiley and Sons,
New York, 2001). A "pharmaceutically acceptable
excipient" means an excipient that is useful in
preparing a pharmaceutical composition that is
generally safe, non-toxic and neither biologically nor
otherwise undesirable, and includes an excipient that
is acceptable for veterinary use as well as human
pharmaceutical use. A "pharmaceutically acceptable
excipient" as used in the specification and claims
includes both one and more than one such excipient. A
"pharmaceutically acceptable counterion" means an ion
having a charge opposite to that of the substance with
which it is associated and that is pharmaceutically
acceptable. Representative examples include, but are
not limited to, chloride, bromide, iodide,
methanesulfonate, p-tolylsulfonate, trifluoroacetate,
acetate, and the like. A "pharmaceutically acceptable
salt" of a compound means a salt that is
pharmaceutically acceptable and that possesses the
desired pharmacological activity of the parent
compound. Such salts include: 1) acid addition salts,
formed with inorganic acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the like; or formed with organic
acids such as acetic acid, propionic acid, hexanoic
acid, cyclopentanepropionic acid, glycolic acid,
pyruvic acid, lactic acid, malonic acid, succinic
acid, malic acid, maleic acid, 



fumaric acid, tartaric acid, citric acid, benzoic
acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid,
mandelic acid, methanesulfonic acid, ethanesulfonic
acid, 1,2-ethanedisulfonic acid,
2-hydroxyethanesulfonic acid, benzenesulfonic acid, 4-
chlorobenzenesulfonic acid, 2-napthalenesulfonic acid,
4-toluenesulfonic acid, camphorsulfonic acid,
4-methylbicyclo[2.2.2]oct-2-ene-l-carboxylic acid,
glucoheptonic acid,
4,4'-methylenebis-(3-hydroxy-2-ene-l-carboxylic acid),
3-phenylpropionic acid, trimethylacetic acid, tertiary
butylacetic acid, lauryl sulfuric acid, gluconic acid,
glutamic acid, hydroxynapthoic acid, salicylic acid,
stearic acid, muconic acid, and the like; or2) salts
formed when an acidic proton present in the parent
compound either is replaced by a metal ion, e.g., an
alkali metal ion, an alkaline earth ion, or an
aluminum ion; or coordinates with an organic base such
as ethanolamine, diethanolamine, triethanolamine,
tromethamine, N-methylglucamine, and the like.
"Leaving group" has the meaning conventionally
associated with it in synthetic organic chemistry
i.e., an atom or group capable of being displaced by a
nucleophile and includes halogen(such as chloro,
bromo, iodo), alkanesulfonyloxy (such as mesyloxy or
trifiuorosulfonyloxy ) or arenesulfonyloxy (such as
tosyloxy), ester, or amino, and the like. "Pro-drugs"
means any compound which releases an active parent
drug according to Formula (I) in vivo when such
prodrug is administered to a mammalian subject.
Prodrugs of a compound of Formula (I) are prepared by
modifying functional groups present in the compound of
Formula (I) in such a way that the modifications may
be cleaved in vivo to release the parent compound.
Prodrugs include compounds of Formula (I) wherein a
hydroxy, sulfhydryl or amino group in compound (I) is
bonded to any group that may be cleaved in vivo to
regenerate the free hydroxyl, amino, or sulfhydryl
group, respectively. Examples of prodrugs include, but
are not limited to esters (e.g., acetate, fonnate, and
benzoate derivatives), carbamates (e.g.,
N5Ndimethylaminocarbonyl) of hydroxy functional groups
in compounds of Formula (I), and the like. "Treating"
or "treatment" of a disease includes: 1) preventing
the disease, i.e. causing the clinical symptoms of the
disease not to develop in a mammal that may be exposed
to or predisposed to the disease but does not yet
experience or display symptoms of the disease; 2)
inhibiting the disease, i.e., arresting or reducing
the development of the disease or its clinical
symptoms; or 3) relieving the disease, i.e., causing
regression of the disease or its clinical symptoms. A
"therapeutically effective amount" means the amount of
a compound that, when administered to a mammal for
treating a disease, is sufficient to effect such
treatment for thedisease. The "therapeutically
effective amount" will vary depending on the compound,
the disease and its severity and the age, weight,
etc., of the mammal to be treated. Invention Compounds
Referring again to a compound of the invention, the
following specific values are disclosed. Reference is
first made to compounds of formula I and II. A
specific value for L is . Other specific values for L
include In the above values for L, "LLL / " indicates
the point of attachment. Also, each L may be
optionally substituted with 1, 2, or 3 groups
independently selected from the group consisting of H,
halo, cyano, nitro, (C1-C6)alkanoyl, carboxy,
(Ci-C6)alkoxycarbonyl, (Ci-C6)alkyl, hydroxyl,
halo(d-C 6)alkyl, halo(d-C 6)alkoxy, (C1-C6)alkoxy,
NHCO-(C1-C6)alkyl, SO2(C1- C6)alkyl,
SO2NH(C1-C6)alkyl, or SO2N((C1-C6)alkyl)2. A specific
value for a group that may be attached to L is H.
Other specifc values for groups that may be attached
to L include cyano, methoxy.Thus, in one embodiment, L
is , wherein indicates the point of attachment; Z3,
Z7, and Z8 are C or N provided that when Z7 is N, R20
is absent; Q is hydrogen, fluoro, or chloro; and R2a
is H, cyano, (C1-C6)alkyl, hydroxyl, halo,
halo(C1-C6)alkoxy, (C1-C6)alkoxy. A specific value for
X is NHCO. Other specific values for X include CO-CH2,
CH2CH2, 0-CH 2, CHOHCH2, OrNHCH2; ic A specif value
for Specific values for Ry and Ry' include H or
(C1-C6)alkyl. Specific values for Rd include
(C1-C6)alkyl, COMe, CO2Me,CONH2, CO2H, -CH 2CH2CO2H
-CH 2CONH 2, -CH2CO2H, -CONHCH 3, SO2Me5COCH2OMe,
COCH2OH, and COCH2OAc. Another specific value for
Specific values for Ry and Ry' include H or
(C1-C6^IlCyI. Specific values for Rd include H,
(Ci-Ce)alkyl, COMe, CO2Me, CONH2, CO2H, -CH 2CH2CO2H
-CH 2CONH 2, -CH2CO2H, -CONHCH 3, SO2Me, COCH2OMe,
COCH2OH, and COCH2OAc. Another specific Another
specific value for . Specific values for Ry and Ry'
include H or (C1-C6)alkyl. Specific values for Rd
include H, (Q-C^alkyl, COMe, CO2Me, CONH2, CO2H, -CH
2CH2CO2H -CH 2CONH 2, -CH2CO2H, -CONHCH 3, SO2Me,
COCH2OMe, COCH2OH, and COCH2OAc. A specific value for
U is CH2. Other specific values for CH2, CH2CH2,
CH=CH, or C C. Each hydrogen may be optionally
replaced by fluoro or (d-C6)alkyl. A specific value
for R is R is benzo[l,2,5]thiadiazol- 5-yl. Other
specific values for R include 4H-benzo[l ,4]
thiazin-3-one-6-yl, 2,3-dihydro-benzo[l
,4]dioxin-6-yl, benzo [1,2,3]thiadiazol-5 -yl, 3-oxo-3
,4-dihydro-2H-benzo [1,4]oxazin-6-yl,
7-fiuoro-3-oxo-3,4- dihydro-2H-benzo[l,4] oxazin-6-yl,
2-oxo-2,3-dihydro-l H-pyrido[2,3-b][l,4]thiazin-7-yl,
2,3- dihydro- [1,4]dioxino [2,3-cjpyridin- 7-yl,
3-oxo-3,4-dihydro-2H-pyrido [3,2-b]
[1,4]oxazin-6-yl,[1,2,3] thiadiazolo
[5,4-b]pyridin-6-yl,
3-oxo-3,4-dihydro-2H-pyrido[3,2-b][l,4] thiazin-6-yl,
7-
chloro-3-oxo-3,4-dihydro-2H-pyrido[3,2-b][l,4]thiazin-
6- yl, 7-fluoro-3-oxo-3,4-diliydro-2Hpyrido[
3,2-b][l,4]thiazin-6-yl, 2-thienylthio-methyl, or
2,5-difluorophenylvinyl. Turning now to a compound of
formula II- 1, a specific group of compounds of the
invention are compounds of formula II-Ia wherein Z ,
Z7, Z8 R2a-o, Rd, Z, Re, and R have the range of
values described above. Turning now to a compound of
formula II-2, a specific group of compounds of the
invention are compounds of formula II-2a wherein Z3,
Z7, Z8R2a-c, Rd, Z, R , and R have the range of values
described above.Turning now to a compound of formula
II-3, a specific group of compounds of the invention
are compounds of formula II-3a wherein Z3, Z , Z8
R.2a-c, Rd Z, Re, and R have the range of values
described above. Turning now to a compound of formula
II-4, a specific group of compounds of the invention
are compounds of formula II-4a Turning now to a
compound of formula II-5, a specific group of
compounds of the invention are compounds of formula
II-5aIn one embodiment, the invention compounds of
formula I, II, II-1, II-2, II-3, II-4, and II- 5 have
trans relative stereochemistry as depicted in
compounds of formulas II- IA or I-IB. Preparation of
Invention Compounds In a further aspect, the present
invention provides a process for preparing a compound
of the invention or a pharmaceutically-acceptable salt
or an in-vivo hydrolysable ester thereof. It will be
appreciated that during certain of the following
processes, certain substituents may require protection
to prevent their undesired reaction. The skilled
chemist will appreciate when such protection is
required, and how such protecting groups may be put in
place and later removed. Examples of protecting groups
are disclosed in, for example, 'Protective Groups in
Organic Synthesis' by Theodora Green (John Wiley &
Sons, 1999). Protecting groups may be removed by any
convenient method described in the literature or known
to the skilled chemist asappropriate for the removal
of the protecting group in question, such methods
being chosen so as to effect removal of the protecting
group with minimum disturbance of groups elsewhere in
the molecule. Thus, if reactants include, for example,
groups such as amino, carboxy or hydroxy it may be
desirable to protect the group in some of the
reactions mentioned herein. A suitable protecting
group for an amino or alkylamino group is, for
example, an acyl group, for example an alkanoyl group
such as acetyl, an alkoxycarbonyl group, for example a
methoxycarbonyl, ethoxycarbonyl or /-butoxycarbonyl
group, an arylmethoxycarbonyl group, for example
benzyloxycarbonyl, or an aroyl group, for example
benzoyl. The deprotection conditions for the above
protecting groups necessarily vary with the choice of
protecting group. Thus, for example, an acyl group
such as an alkanoyl or alkoxycarbonyl group or an
aroyl group may be removed for example, by hydrolysis
with a suitable base such as an alkali metal
hydroxide, for example lithium or sodium hydroxide.
Alternatively an acyl group such as a /-butoxycarbonyl
group may be removed, for example, by treatment with a
suitable acid as hydrochloric, sulfuric or phosphoric
acid or trifluoroacetic acid and an
arylmethoxycarbonyl group such as a benzyloxycarbonyl
group may be removed, for example, by hydrogenation
over a catalyst such as palladium-on-carbon, or by
treatment with a Lewis acid for example boron
tris(trifluoroacetate). A suitable alternative
protecting group for a primary amino group is, for
example, a phthaloyl group that may be removed by
treatment with an alkylamine, for example
dimethylaminopropylamine, or with hydrazine. A
suitable protecting group for a hydroxy group is, for
example, an acyl group, for example an alkanoyl group
such as acetyl, an aroyl group, for example benzoyl,
or an arylmethyl group, for example benzyl. The
deprotection conditions for the above protecting
groups will necessarily vary with the choice of
protecting group. Thus, for example, an acyl group
such as an 



alkanoyl or an aroyl group may be removed, for
example, by hydrolysis with a suitable base such as an
alkali metal hydroxide, for example lithium or sodium
hydroxide. Alternatively an arylmethyl group such as a
benzyl group may be removed, for example, by
hydrogenation over a catalyst such as
palladium-on-carbon. A suitable protecting group for a
carboxy group is, for example, an esterifying group,
for example a methyl or an ethyl group which may be
removed, for example, by hydrolysis with a base such
as sodium hydroxide, or for example a /-butyl group
which may be removed, forexample, by treatment with an
acid, for example an organic acid such as
trifluoroacetic acid, or for example a benzyl group
which may be removed, for example, by hydrogenation
over a catalyst such as palladium-on-carbon. Resins
may also be used as a protecting group. The protecting
groups may be removed at any convenient stage in the
synthesis using conventional techniques well known in
the chemical art. A compound of the invention, or a
pharmaceutically-acceptable salt or an in vivo
hydrolysable ester thereof, may be prepared by any
process known to be applicable to the preparation of
chemically-related compounds. Such processes, when
used to prepare a compound of the invention, or a
pharmaceutically-acceptable salt or an in vivo
hydrolysable ester thereof, are provided as a further
feature of the invention and are illustrated by the
following representative examples. Necessary starting
materials may be obtained by standard procedures of
organic chemistry (see, for example, Advanced Organic
Chemistry (Wiley-Interscience, 2001), Jerry March or
Houben-Weyl, Methoden der Organischen Chemie). The
preparation of such starting materials is described
within the accompanying non-limiting Examples.
Alternatively, necessary starting materials are
obtainable by analogous procedures to those
illustrated that are within the ordinary skill of an
organic chemist. Information on the preparation of
necessary starting materials or related compounds
(which may be adapted to form necessary starting
materials) may also be found in the certain Patent
Application Publications, the contents of the relevant
process sections of which are incorporated herein by
reference; for example WO2004/058144; US2004/0224946;
WO2004/002992. The skilled organic chemist will be
able to use and adapt the information contained and
referenced within the above references, and
accompanying Examples therein and also the Examples
herein, to obtain necessary starting materials, and
products. Thus, the present invention also provides
that the compounds of the invention and
pharmaceutically-acceptable salts and in vivo
hydrolysable esters thereof, can be prepared by a
process (a) to (h); and thereafter if necessary: i)
removing any protecting groups; ii) forming a pro-drug
(for example an in-vivo hydrolysable ester); and/or
iii) forming a pharmaceutically-acceptable salt;
wherein said processes (a) to (h) are as follows
(wherein the variables are as defined above unless
otherwise stated):a) by modifying a substituent in, or
introducing a substituent into another compound of the
invention by using standard chemistry (see for
example, Comprehensive Organic Functional Group
Transformations (Pergamon, 1998), Katritzky, Meth-Cohn
& Rees); For example, a hydroxy group may be converted
into a fluoro group; into an acyloxy group, for
instance an acetoxy group; an amino group; a
heterocyclyl group linked through nitrogen (optionally
substituted on a carbon other than a carbon atom
adjacent to the linking nitrogen ring atom), for
instance an optionally substituted amino group; such
conversions of the hydroxy group taking place directly
(for instance by acylation or Mitsunobu reaction) or
through the intermediacy of one or more derivatives
(for instance a mesylate or an azide); an acyloxy
group may be converted into a hydroxy group or into
the groups that may be obtained from a hydroxy group
(either directly or through the intermediacy of a
hydroxy group); an alkyl halide group may be converted
to a hydroxyl group, an amino group, a thioalkyl group
or a heterocyclyl group linked through nitrogen; a
keto group may be reduced to a hydroxyl group or an
saturated alkyl group. b) As depicted in Scheme 1, by
reaction of a compound of formula (II) (wherein X is a
leaving group useful in palladium [II] coupling, for
example chloride, bromide, iodide, or
trifluoromethylsulfonyloxy) with an alkyl boronic acid
derived in-situ from an olefin III and a borane such
as 9-BBN or a similar borane that is known to the
skilled artisan (such methods are well known, see for
instance S.R. Chemler et al, Angew. Chem. Int. Ed.
2001, 40, 4544-4568), followed by deprotection and
reductive ammination with an aldehyde. A protecting
group ("PG") may be necessary when Y is N in compound
III. Attachment of U-R occurs via removal of the BOC
group in IV, followed by reductive amination using the
aldehyde shown. An extra deprotection step is required
at the end of the synthesis (for suitable protection
groups see: 'Protective Groups in Organic Synthesis'
by Theodora Green (publisher: John Wiley & Sons,
1999).Scheme 1 Y=O, N-PG c) As depicted in Scheme 2,
by reaction of a compound of formula (II) (wherein X
is a leaving group useful in palladium [O or II]
coupling, for example chloride, bromide, iodide, or
trifluoromethylsulfonyloxy) with an olefin (III),
followed by hydrogenation to arrive at the same
intermediate (IV) as under b) (such reactions are
known as the "Heck" reaction: for a similar reaction
see: S. Adam, Tetrahedron, 50 (11), 3327-3332, 1994).
Scheme 2 triphenyl-o- NBu3d) As depicted in Scheme 3,
by reaction of a compound of formula (II) (wherein X
is a leaving group useful in palladium [0 or II]
coupling, for example chloride, bromide, iodide, or
trifluoromethylsulfonyloxy) with a primary amide (V)
(procedures for such reactions have been reported by
Buchwald, e.g.: J . Yin , L. Buchwald, Organic Letters
2, No 8, 1101-1 104, 2000), followed by deprotection
and reductive ammination with an aldehyde. A
protecting group ("PG") may be necessary when Y is N
in compound V. As a result, an extra deprotection step
will be required at the end of the synthesis (for
suitable protection groups see: 'Protective Groups in
Organic Synthesis' by Theodora Green (publisher: John
Wiley & Sons, 1999). Scheme 3e) As depicted in Scheme
4, by reaction of a compound of formula (VI) with an
alcohol, e.g. (VII) under Mitsunobu conditions,
followed by deprotection and reductive ammination with
an aldehyde. A protecting group ("PG") may be
necessary when Y is N in compound VII. As a result, an
extra deprotection step will be required at the end of
the synthesis (for suitable protection groups see:
'Protective Groups in Organic Synthesis' by Theodora
Green (publisher: John Wiley & Sons, 1999). Scheme 4f)
As depicted in Scheme 5, the precursor compounds (II),
(V) and (VII) can be obtained for Y=O from the known
precursors (VIII), (IX) and (X) (N.M.A.J. Kriek et al,
Eur. J . Org. Chem. 2003, 2418-2427) by standard
functional group manipulation and Wittig olefination.
Scheme 5 Swern ox.g) As depicted in Scheme 6, the
precursor compounds (II) and (VII) can be obtained for
Y=N from the known precursors pyroglutamic acid
(Letavic et al. Bioorg. Med. Chem. Lett 12 (2002)
1387-1390) by standard functional group manipulation
and Wittig olefination. Scheme 6 MsCI Et3N h) As
depicted in Scheme 7, the invention compounds can be
prepared by amide formation between an aniline
compound (XI) with an acid (XII) (or an activated form
of the acid, such as an acyl halide or an activated
ester such as succinimidyl ester) under peptide
coupling conditions, followed by reductive ammination.
A protecting group ("PG") may be necessary when Y is N
in compound XIL As a result, an extra deprotection
step will be required at the end of the synthesis (for
suitable protection groups see: 'Protective Groups in
Organic Synthesis' by Theodora Green (publisher: John
Wiley & Sons, 1999).Scheme 7 With respect to (a)-(h)
and Schemes 1-7 above, the removal of any protecting
groups, the formation of pharmaceutically-acceptable
salts and/or the formation of in-vivo hydrolysable
esters or amides are within the skill of an ordinary
organic chemist using standard techniques.
Furthermore, details regarding these transformations,
for example the preparation of in-vivo hydrolysable
ester prodrugs has been provided in the section above
on such esters. When an optically active form of a
compound of the invention is required, it may be
obtained by carrying out one of the above procedures
using an optically active starting material (formed,
for example, by asymmetric induction of a suitable
reaction step), or by resolution of a racemic form of
the compound or intermediate using a standard
procedure, or by chromatographic separation of
diastereoisomers (when produced). Enzymatic techniques
may also be useful for the preparation of optically
active compounds and/or intermediates. Similarly, when
a pure regioisomer of a compound of the invention is
required, it may be obtained by carrying out one of
the above procedures using a pure regioisomer as a
starting material, or by resolution of a mixture of
the regioisomers or intermediates using a standard
procedure.Compounds of the formula (II) wherein X is a
triflate or a bromide derivative and compounds of the
formula (VI) may be made according to the processes
described in WO 04/058144. Compounds of the formula
(XI) can be obtained from the triflates of formula
(II), by treatment with n-propylamine/ HCl (Bioorg.
Med. Chem. Lett, 11, 1907-1910, 2001). 



Biological Activity The ability of the invention
compounds disclosed herein to achieve an antibacterial
effect is demonstrated by the following tests. Enzyme
Potency Testing Methods Supercoiling assay
description: Compounds were tested for inhibition of
Escherichia coli DNA supercoiling activity as follows.
Assays were performed in polypropylene multiwell
plates in 50 ml reactions containing 35 mM Tris-HCl
(pH 7.5), 24 mM KCl, 4 mM MgCl2, 2 mM dithiothreitol,
1.8 rnM spermidine, 5% (v/v) glycerol, 200 nM bovine
serum albumin, 1.25% (v/v) DMSO, 3 mM ATP, 10 ng/ml
relaxed pBR322 plasrnid, 0.6 nM DNA gyrase, and test
compound. Reactions were quenched after 1 hour by the
addition of 10 ml of 30% (w/v) Ficoll-400, 10 mM EDTA,
and 5% sodium dodecyl sulfate. Twenty-five ml of each
sample was loaded onto a 0.8% (w/v) agarose gel and
electrophoresed. The gel and gel buffer contained IX
TBE buffer (89 mM Tris base, 89 mM boric acid, and 2
mM EDTA at pH 8.3). After electrophoresis for 3 hours
at 70V, the gel was stained with ethidium bromide and
visualized by excitation with ultraviolet light. The
fluorescence intensity of the most supercoiled plasmid
band was used to measure gyrase activity. Compound
potency was based IC50 measurements determined from
reactions performed with eight 2-fold serial dilutions
of each compound and a control without compound.
Compounds of the Examples generally have an IC50 of
<20 mg/ml. ATPase assay description: Compounds were
tested for inhibition of GyrB ATPase activity using an
ammonium molybdate/malachite green-based phosphate
detection assay (Lanzetta, P. A., L. J. Alvarez, P. S.
Reinach, and O. A. Candia, 1979, 100: 95-97). Assays
were performed in multiwell plates in 100 ml reactions
containing: 50 mM TRIS buffer pH 7.5, 75mM ammonium
acetate, 5.5 mMmagnesium chloride, 0.5 mM
ethylenediaminetetraacetic acid, 5% glycerol, 1 mM
1,4-dithio-DLthreitol, 200 nM bovine serum albumin, 16
mg/ml sheared salmon sperm DNA, 4 nM E. coli GyrA, 4
nM E. coli GyrB, 250 mM ATP, and compound in
dimethylsulfoxide. Reactions were . quenched with 150
mL of ammonium molybdate/malachite green detection
reagent containing 1.2 mM malachite green
hydrochloride, 8.5 mM ammonium molybdate tetrahydrate,
and 1 M hydrochloric acid. Plates were read in an
absorbance plate reader at 625 nm and percent
inhibition values were calculated using
dimethylsulfoxide (2%)-containing reactions as 0%
inhibition and novobiocin-containing (2 mM) reactions
as 100% inhibition controls. Compound potency was
based on IC50 measurements determined from reactions
performed in the presence of 10 different compound
concentrations. Compounds of the Examples generally
have an IC50 of <20mg/ml. Bacterial Susceptibility
Testing Methods Compounds were tested for
antimicrobial activity by susceptibility testing in
liquid media in a 96 well format. Compounds were
dissolved in dimethylsulfoxide and tested in 10
doubling dilutions in the susceptibility assays. The
organisms used in the assay were grown overnight on
suitable agar media and then suspended in a liquid
medium appropriate for the growth of the organism. The
suspension was a 0.5 McFarland and a further 1 in 10
dilution was made into the same liquid medium to
prepare the final organism suspension in 100 mL.
Plates were incubated under appropriate conditions at
37 C for 24 hours prior to reading. The Minimum
Inhibitory Concentration (MIC) was determined as the
lowest drug concentration able to reduce growth by 80%
or more. Compounds were evaluated against a panel of
Gram-positive species, including Staphylococcus
aureus, Streptococcuspneumoniae, Streptococcus
pyogenes, and Enterococcus faeciwn. In addition,
compounds were evaluated against a panel of
Gram-negative species including Haemophilus
influenzae, Escherichia coli and Moraxella
catarrhalis. Compounds of the present invention have
MICs less than or equal to 32 mg/ml versus all the
organisms named above.Pharmaceutical Formulations In
another embodiment, the present invention provides a
pharmaceutical composition which comprises a compound
of formula (I) admixed with a
pharmaceutically-acceptable carrier, diluent, or
excipient. The invention compositions may be in a form
suitable for oral use (for example as tablets,
lozenges, hard or soft capsules, aqueous or oily
suspensions, emulsions, dispersible powders or
granules, syrups or elixirs), for topical use (for
example as creams, ointments, gels, or aqueous or oily
solutions or suspensions), for administration as
eye-drops, for administration by inhalation (for
example as a finely divided powder or a liquid
aerosol), for administration by insufflation (for
example as a finely divided powder) or for parenteral
administration (for example as a sterile aqueous or
oily solution for intravenous, subcutaneous,
sub-lingual, intramuscular or intramuscular dosing or
as a suppository for rectal dosing). In addition to
the compounds of the present invention, the
pharmaceutical composition of this invention may also
contain (ie through co-formulation) or be
co-administered (simultaneously, sequentially or
separately) with one or more known drags selected from
other clinically useful antibacterial agents (for
example, b-lactams, macrolides, quinolones or
aminoglycosides) and/or other anti-infective agents
(for example, an antifungal triazole or amphotericin).
These may include carbapenems, for example meropenem
or imipenem, to broaden the therapeutic effectiveness.
Compounds of this invention may also be co-formulated
or co-administered with
bactericidal/permeability-increasing protein (BPI)
products or efflux pump inhibitors to improve activity
against gram negative bacteria and bacteria resistant
to antimicrobial agents. The compositions of the
invention may be obtained by conventional procedures
using conventional pharmaceutical diluents, carriers,
or excipients, well known in the art. Thus,
compositions intended for oral use may contain, for
example, one or more colouring, sweetening, flavouring
and/or preservative agents. A pharmaceutical
composition to be dosed intravenously may contain
advantageously (for example to enhance stability) a
suitable bactericide, antioxidant or reducing agent,
or a suitable sequestering agent. Suitable
pharmaceutically acceptable excipients for a tablet
formulation include, for example, inert diluents such
as lactose, sodium carbonate, calcium phosphate or
calcium carbonate, granulating and disintegrating
agents such as corn starch or algenic acid;
bindingagents such as starch; lubricating agents such
as magnesium stearate, stearic acid or talc;
preservative agents such as ethyl or propyl
p-hydroxybenzoate, and anti-oxidants, such as ascorbic
acid. Tablet formulations may be uncoated or coated
either to modify their disintegration and the
subsequent absorption of the active ingredient within
the gastrointestinal tract, or to improve their
stability and/or appearance, in either case, using
conventional coating agents and procedures well known
in the art. Compositions for oral use may be in the
form of hard gelatin capsules in which the active
ingredient is mixed with an inert solid diluent, for
example, calcium carbonate, calcium phosphate or
kaolin, or as soft gelatin capsules in which the
active ingredient is mixed with water or an oil such
as peanut oil, liquid paraffin, or olive oil. Aqueous
suspensions generally contain the active ingredient in
finely powdered form together with one or more
suspending agents, such as sodium
carboxymethylcellulose, methylcellulose,
hydroxypropylmethylcellulose, sodium alginate,
polyvinyl-pyrrolidone, gum tragacanth and gum acacia;
dispersing or wetting agents such as lecithin or
condensation products of an alkylene oxide with fatty
acids (for example polyoxethylene stearate), or
condensation products of ethylene oxide with long
chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol, or condensation products
of ethylene oxide with partial esters derived from
fatty acids and a hexitol such as polyoxyethylene
sorbitol monooleate, or condensation products of
ethylene oxide with long chain aliphatic alcohols, for
example heptadecaethyleneoxycetanol, or condensation
products of ethylene oxide with partial esters derived
from fatty acids and a hexitol such as polyoxyethylene
sorbitol monooleate, or condensation products of
ethylene oxide with partial esters derived from fatty
acids and hexitol anhydrides, for example polyethylene
sorbitan monooleate. The aqueous suspensions may also
contain one or more preservatives (such as ethyl or
propyl p-hydroxybenzoate, anti-oxidants (such as
ascorbic acid), colouring agents, flavouring agents,
and/or sweetening agents (such as sucrose, saccharine
or aspartame). Oily suspensions may be formulated by
suspending the active ingredient in a vegetable oil
(such as arachis oil, olive oil, sesame oil or coconut
oil) or in a mineral oil (such as liquid paraffin).
The oily suspensions may also contain a thickening
agent such as beeswax, hard paraffin or cetyl alcohol.
Sweetening agents such as those set out above, and
flavouring agentsmay be added to provide a palatable
oral preparation. These compositions may be preserved
by the addition of an anti-oxidant such as ascorbic
acid. Dispersible powders and granules suitable for
preparation of an aqueous suspension by the addition
of water generally contain the active ingredient
together with a dispersing or wetting agent,
suspending agent and one or more preservatives.
Suitable dispersing or wetting agents and suspending
agents are exemplified by those already mentioned
above. Additional excipients such as sweetening,
flavouring and colouring agents, may also be present.
The pharmaceutical compositions of the invention may
also be in the form of oil-in-water emulsions. The
oily phase may be a vegetable oil, such as olive oil
or arachis oil, or a mineral oil, such as for example
liquid paraffin or a mixture of any of these. Suitable



emulsifying agents may be, for example,
naturally-occurring gums such as gum acacia or gum
tragacanth, naturally-occurring phosphatides such as
soya bean, lecithin, an esters or partial esters
derived from fatty acids and hexitol anhydrides (for
example sorbitan monooleate) and condensation products
of the said partial esters with ethylene oxide such as
polyoxyethylene sorbitan monooleate. The emulsions may
also contain sweetening, flavouring and preservative
agents. Syrups and elixirs may be formulated with
sweetening agents such as glycerol, propylene glycol,
sorbitol, aspartame or sucrose, and may also contain a
demulcent, preservative, flavouring and/or colouring
agent. The pharmaceutical compositions may also be in
the form of a sterile injectable aqueous or oily
suspension, which may be formulated according to known
procedures using one or more of the appropriate
dispersing or wetting agents and suspending agents,
which have been mentioned above. A sterile injectable
preparation may also be a sterile injectable solution
or suspension in a non-toxic parenterally-acceptable
diluent or solvent, for example a solution in
1,3-butanediol. Solubility enhancing agents, for
example cyclodextrins may be used. Compositions for
administration by inhalation may be in the form of a
conventional pressurised aerosol arranged to dispense
the active ingredient either as an aerosol containing
finely divided solid or liquid droplets. Conventional
aerosol propellants such as volatile fluorinated
hydrocarbons or hydrocarbons may be used and the
aerosol device is conveniently arranged to dispense a
metered quantity of active ingredient.For further
information on formulation the reader is referred to
Chapter 25.2 in Volume 5 of Comprehensive Medicinal
Chemistry (Corwin Hansch; Chairman of Editorial
Board), Pergamon Press 1990. The amount of active
ingredient that is combined with one or more
excipients to produce a single dosage form will
necessarily vary depending upon the host treated and
the particular route of administration. A suitable
pharmaceutical composition of this invention is one
suitable for oral administration in unit dosage form.
For example, a formulation intended for oral
administration to humans will generally contain, for
example, a therapeutically effective amount of active
agent compounded with an appropriate and convenient
amount of excipients which may vary from about 1 to
about 98 percent by weight of the total composition.
For further information on Routes of Administration
and Dosage Regimes the reader is referred to Chapter
25.3 in Volume 5 of Comprehensive Medicinal Chemistry
(Corwin Hansch; Chairman of Editorial Board), Pergamon
Press 1990. In another aspect a pharmaceutical
composition of the invention is one suitable for
intravenous, subcutaneous or intramuscular injection.
Each patient may receive, for example, a daily
intravenous, subcutaneous or intramuscular dose of a
compound of this invention, the composition being
administered 1 to 4 times per day. The intravenous,
subcutaneous and intramuscular dose may be given by
means of a bolus injection. Alternatively, the
intravenous dose may be given by continuous infusion
over a period of time. Alternatively, each patient may
receive a daily oral dose which may be approximately
equivalent to the daily parenteral dose, the
composition being administered 1 to 4 times per day.
Examples The invention will now be illustrated by the
following non-limiting examples.Example 1
(2,3-Dihydro[1,4]dioxino[2,3- c]pyridin-7-ylmethyl){(3
R,6R-)6-[2-(3-fluoro-6-methoxy-1,5-
naphthyridin-4-yl)ethyI] tetrahydro-2 H-pyran-3-yl}
amine A solution of
{(3R,6R)-6-[2-(3-fluoro-6-methoxy-l,5-naphthyridin-4-y
l)ethyl]tetrahydro- 2H-pyran-3-yl} amine (Intermediate
1, crude, approximately 0.089 mmol) and 2,3-
dihydro[l,4]dioxino[2,3-c]pyridine-7-carbaldehyde (WO
2004/058144) (15 mg, 0.09 mmol) in dry chloroform/
methanol (5 mL, 1:1) were heated over 3 A molecular
sieves at 70 C for 3 hours. The reaction mixture was
cooled to 0 C, sodium triacetoxy borohydride (58 mg,
0.272 mmol) was added and the resulting mixture was
stirred at room temperature over night. The reaction
mixture was acidified with conccentrated HCl to pH of
approximately 1, and was filtered and concentrated to
dryness under reduced pressure. The residue was taken
up in dichloromethane (20 mL) and saturated aqueous
sodium hydrogen carbonate solution (5 mL), and the
phases were separated. The aqueous phase was back
extracted twice with dichloromethane (2x 20 mL) and
the combined organic phases were dried over anhydrous
sodium sulfate. Chromatography on silica gel with
dichloromethane/ methanol (15:1), containing 0.125%
ammonium hydroxide, gave the free base of the title
compound as a slightly yellow film. The free base was
taken up in dichloromethane (0.5 mL), isopropanol (2
mL) was added, followed by addition of IM HCl in ether
(50 mL). The resulting mixture was concentrated to
dryness. Precipitation from dichloromethane (0.5 mL)
with hexanes (2 mL) gave 14 mg (32% yield) of the
hydrochloride salt of the product as a colorless
solid. 1H-NMR (DMSO-de) : d 1.20-4.50 (m, 18H); 4.03
(s, 3H); 7.12 (s, IH); 7.23 (d, IH); 8.19 (s, IH);
8.27 (d, IH); 8.77 (s, IH); 9.14 (brs, 2H). MS (ESP):
455.23 (MH+) for C24H27FN4O4The intermediates for
Example 1were prepared as follows: Intermediate 1:
{(3R,6 )-6-[2-(3-Fluoro-6-methoxy-l,5-naphthyridin-4-
yl)ethyl]tetrahydro-2H-pyran-3-yl}amine A solution of
tert-bntyl
{(3R,6R)-6-[2-(3-fluoro-6-methoxy-l,5-naph1hyridin-4-
yl)ethyl]tetrahydro-2H-pyran-3-yl} carbamate
(Intermediate 2, 36 mg, 0.089 mmol) in dioxane (2 mL)
was treated at room temperature under vigorous
stirring with a solution of HCl in dioxane (4M, 1mL).
After 6 hours, the reaction mixture was concentrated
under reduced pressure and co-distilled once with
isopropanol. The residue was taken up in
dichloromethane (20 mL) and saturated aqueous sodium
hydrogen carbonate solution (5 mL), and the phases
were separated. The aqueous phase was extracted twice
with dichloromethane (2x 10 mL) and the combined
organic phases were dried over anhydrous sodium
sulfate to give 28mg (100% yield) of the crude product
as an oil. MS (ESP): 306.09 (MH+) for C16H20FNO4
Intermediate 2 : tert-Butyl
{(3i?,6i?)-6-[2-(3-fluoro-6-methoxy-l,5-naphthyridin-4
- yl)ethyl]tetrahydro-2H-pyran-3-yl}carbamate A
solution of frt-butyl [(3
,6S)-6-vmyltetrahydro-2H-pyran-3-yl]carbamate
(Intermediate 3, 40 mg, 0.176 mmol) in dry
tetrahydrofuran (THF) (2 mL) was treated at 0 C under
stirring with a solution of 9-borabicyclo[3.3.1]nonane
in hexanes (0.4M, 0.88 mL, 0.352mmol). The reaction
mixture was allowed to warm to room temperature and
was stirred for 3 hours. A solution of potassium
phosphate (3M, 0.123 mL) and
8-bromo-7-fluoro-2-methoxy-l,5- naphthyridine (WO
2004/058144, 50 mg, 0.194 mmol) was added. The
resulting reaction mixture was degassed, flushed with
nitrogen and then [1,1
'-bis(diphenylphosphino)ferrocene] dichloropalladium
(7 mg, 0.09 mmol, complex with dichloromethane) was
added. The reaction mixture was stirred at room
temperature over night and then at 50 C for 3 hours.
It was diluted with ethyl acetate (50 mL), washed with
water (2x 50 mL) and dried over anhydrous sodium
sulfate. Chromatography on silica gel with hexanes/
ethyl acetate (5:2) gave 36 mg (50% yield) of the
product as a colorless solid. 1H-NMR (benzene) d: 0.73
(m, IH); 1.12-1.80 (m, 4H); 1.45 (s, 9H); 1.93 (m,
2H); 2.68 (dd, IH); 2.97 (m, IH); 3.37 (m, IH);
3.65-3.95 (m, 2H); 3.78 (s, 3H); 4.15 (m, IH); 6.70
(d, IH); 8.01 (d, IH); 8.56 (s, IH). MS (ESP): 405.99
(MH+) for C2IH28FN3O4 Intermediate 3 : tert-Butyl [(3
,6S)-6-vinyltetrahydro-2H-pyran-3-yl]carbamate A
solution of tert-butyl [(3R,6S)-6-formyltetrahydro-2
H-pyran-3-yl]carbamate (Intermediate 4, 310 mg, 1.35
mmol) in toluene/ THF (15 mL, 3:1) was treated at -78
C under stirring with bis(cyclopentadienyl)-
m-chloro(dimethylaluminum)- m-methylenetitanium
(Tebbe's reagent) (0.5M in toluene, 3.5 mL, 1.76
mmol). The reaction mixture was allowed to warm to
room temperature over 3 hours. Aqueous sodium
hydroxide solution (15%, 3.5 mL) was added slowly. The
reaction mixture was then diluted with water (100 mL)
and extracted with ethyl acetate (3x 200 mL). The
combined organic phases were washed with brine (2x 150
mL) and dried over anhydrous sodium sulfate.
Chromatography on silica gel with hexanes/ ethyl
acetate (7:1) gave 42 mg (13% yield) of product as a
colorless solid.1H-NMR (DMSO-de) d: 1.30 (m, IH); 1.38
(s, 9H); 1.44 (m, IH); 1.72 (m, IH); 1.85 (m, IH);
2.99 (dd, IH); 3.30-3.40 (m, IH, under HDO); 3.67 (m,
IH); 3.81 (m, IH); 5.04 (m, IH); 5.18 (m, IH); 5.81
(m, IH); 6.78 (d, IH). MS (ESP): 250.23(MNa+) for
Ci2HnNO 3 Intermediate 4 : tert-Butyl
[(3i?,6S)-6-formyltetrahydro-2H-pyran-3-yl] carbamate
To a solution of oxalyl chloride (0.216 mL, 2.47 mmol)
in dichloromethane (5 mL) at -50 C was drop wise added
a solution of dimethylsulfoxide (DMSO) (0.216 mL) in
dichloromethane (5 mL). The mixture was stirred for 20
minutes, then a solution of tert-butyl [(3R,6S)-6-
(hydroxymethyl)tetrahydro-2 H-pyran-3-yl]carbamate
(Intermediate 5, 440 mg, 1.9 mmol) in dichloromethane
(5 mL) was added dropwise and the resulting mixture
was stirred for one hour at -50 C. A solution of
diisopropylethyl amine (1.6 mL, 9.5 mmol) in
dichloromethane (4 mL) was added dropwise, and the
reaction mixture was allowed to warm to -40 C and was
stirred for 1 hour. The temperature of the reaction
mixture was then allowed to reach room temperature
over 2 hours. The solvent was evaporated under reduced
pressure, and the residue was codistilled once with
toluene and then chromatographed on silica gel with
hexanes/ ethyl acetate (1:1) to give 310 mg (71%
yield) of product as a colorless solid. 



1H-NMR (DMSO^ 6) : 1.31-1.80 (m, 2H); 1.38 (s, 9H);
1.85-1.98 (m, 2H); 3.06 (dd, IH); 3.30-3.40 (m, IH,
under HDO); 3.78 (dd, IH); 3.89 (m, IH); 6.85 (d, IH);
9.53 (s, IH).Intermediate 5 : tert-Butyl
[(3R,6S)-6-(hydroxymethyl)tetrahydro-2 H-pyran-3-
yl]carbamate tert-butyl
[(3R,6S)-6-(hydroxymethyl)-3,6-diliydro-2
H-pyran-3-yl]carbamate (Intermediate 6, 0.6g, 2.62
mmol) was hydrogenated in ethyl acetate (10 mL) at
room temperature and normal pressure over
palladium/charcoal (10%, wet) for 5 hours. The
reaction mixture was filtered through a 0.45mm
membrane and solvent was evaporated under reduced
pressure. Chromatography on silica gel with ethyl
acetate/ hexanes (1:1 to 2:1) gave 0.486 g (80% yield)
of the product as a colorless solid. 1H-NMR (DMSO-d 6)
d: 1.21 (m, IH); 1.30-1.42 (m, IH); 1.38 (s, 9H); 1.64
(m, IH); 1.84 (m, IH); 2.92 (dd, IH); 3.14 (m, IH);
3.25-3.38 (m, 3H, under HDO); 3.78 (m, IH); 4.59 (dd,
IH); 6.74 (d, IH). MS (ESP): 254(MNa +) for C11H2INO3
Intermediate 6 : tert-butyl
[(3R,6S)-6-(hydroxymethyl)-3,6-dihydro-2 H-pyran-3-
yl]carbamate A solution of tert-butyl
[(3R,6S)-6-({[tert-butyl(dimethyl)silyl]oxy}methyl)-3,
6-dihydro- 2H-pyran-3-yl]carbamate (N.M.A.J. Kriek et
al, Eur. J. Org. Chem. 2003, 2418-2427) (17 g, 49.5
mmol) in dry THF (200 mL) was cooled to 0 C and
treated dropwise with a solution of tetrabutylammonium
fluoride in THF (IM, 60 mL, 60 mmol). The mixture was
stirred for 30miautes at 0 C. Potassium phosphate
buffer (pH 7, IM, 200 mL) was added, and the THF was
removed under reduced pressure. The aqueous mixture
was extracted with ethyl acetate and the organic phase
was dried over anhydrous sodium sulfate and evaporated
to dryness under reduced pressure. The residue was
chromatographed on silica gel with hexanes/ acetone
(5:2) to give 10 g (89% yield) of the product as a
colorless solid. 1H-NMR(CDCl 3) d: 1.43 (s, 9H); 3.40
(dd, IH); 3.56-3.67 (m, 2H); 4.09 (dd, IH); 4.14-4.28
(m, 2H); 4.57 (m, IH); 5.74 (m, IH); 5.87 (m, IH) (one
proton, either the OH or the NH were not observed).
Example 2
(25',5i?)-5-[(2,3-Dihydro[l,4]dioxino[2,3-c]pyridm-7-y
lmethyl)ainino]-iV-(6-methoxy-l,5-
naphthyridin-4-yI)tetrahydro-2 H-pyran-2-carboxamide
(2lS',5i?)-5-Amino-N-(6-methoxy-l,5-naphthyridin-4-yl)
tetrahydro-2 H-pyran-2- carboxamide (Intermediate 7,
60 mg, 0.2 mmol) was reacted with
2,3-dihydro[l,4]dioxino[2,3- c]pyridine-7-carbaldehyde
(WO 2004/058144) (36 mg, 0.22 mmol) and sodium
triacetoxy borohydride (126 mg, 0.60 mmol) following
the procedure described under Example 1 to give 5 1 mg
(53% yield) of the hydrochloride salt of the product
as a colorless solid, mp >230 C (decomposed). 1H-NMR
(DMSO-d 6) d: 1.65 (m, IH); 1.86 (m, IH); 2.26 (m,
IH); 2.35 (m, IH); 3.29 (m, IH); 3.78 (dd, IH); 4.12
(s, 3H); 4.24-4.48 (m, 7H); 4.52 (m, IH); 7.41 (s,
IH); 7.61 (d, IH); 8.31 (s, IH); 8.57 (d, IH); 8.62
(d, IH); 8.95 (d, IH); 9.88 (brs, 2H); 10.72 (s, IH).
MS (ESP): 452.10 (MH+) for C23H25N5O5 The
intermediates for Example 2 were prepared as follows:
Intermediate 7 :
(2<Sr,5i?)-5-Amino-N-(6-methoxy-l,5-naphthyridin-4-yl)
tetrahydro-2 Hpyran- 2-carboxamide r -Butyl
((3i?,61S)-6-{[(6-methoxy-l,5-naphthyridin-4-yl)amino]
carbonyl}tetrahydro- 2H-pyran-3-yl)carbamate
(Intermediate 8, 228 mg, 0.567 mmol) was deprotected
and convertedinto the free base using the procedure
described under Intermediate 1 to give 171 mg (100%
yield) of the product as a colourless oil. MS (ESP):
303.20 (MH+) for Ci6H18N4O3 Intermediate 8 :
tert-butyl ((3 ,6S)-6-{[(6-methoxy-l,5-naphthyridin-4-
yl)amino] carbonyl}tetrahydro-2H-pyran-3 -yl)carbamate
-Butyl [(3 ,6 )-6-(aminocarbonyl)tetrahydro-2
H-pyran-3-yl]carbamate (Intermediate 9, 200 mg, 0.82
mmol), tris(dibenzylideneacetone) dipalladium (0) (15
mg, 0.016 mmol), cesium carbonate (333 mg, 1.02 mmol)
and 2,2'-bis(diphenylphosphino)-l,l '-binaphthyl (31
mg, 0.05 mmol) were mixed under nitrogen in dry
dioxane (6 mL). 6-Methoxy-l,5- naphthyridin-4-yl
trifluoromethanesulfonate (WO 2002008224) (252 mg,
0.82 mmol) was added and the mixture was heated at 100
C for 3 hours. The reaction mixture was cooled to room
temperature, filtered through a 0.45 mm membrane and
the solvent was removed under reduced pressure.
Chromatography on silica gel with hexanes/ acetone
(2:1) gave 233 mg (71% yield) of the product as a
colorless hard foam. 1H-NMR (DMSO-d6) d: 1.38 (s, 9H);
1.55 (m, 2H); 1.96 (m, IH); 2.14 (m, IH); 3.24 (dd,
IH); 3.46 (m, IH); 4.05 (s, 3H); 4.00-4.15 (m, 2H);
6.61 (d, IH); 7.32 (d, IH); 8.27 (d, IH); 8.37 (d,
IH); 8.69 (d, IH); 10.46 (s, IH). MS (ESP): 403.21
(MH+) for C20H26N4O5 Intermediate 9 : tert-Butyl
[(3i?,6 S) -6-(aminocarbonyl)tetrahydro-2H-pyran-3-
yl]carbamate To a solution of (2
,5i?)-5-[(f^-butoxycarbonyl)amino]tetrahydro-2
H-pyran-2- carboxylic acid (N.M.AJ. Kxiek et al, Eur.
J. Org. Chem. 2003, 2418-2427) (775 mg, 3.16 mmol) in
DMF (10 mL) was added N-methyhno f holine (1.4 mL,
12.64 mmol), followed by addition of
0-(7-azabenzotriazol-l-yl)-N,N,N',N'-tetramethyluroniu
mhexafluorophosphate (2.4 g, 6.31 mmol) and ammonium
chloride (338 mg, 6.32 mmol). The resulting reaction
mixture was stirred for 1 hour at room temperature.
The solvent was removed under reduced pressure, and
the residue was taken up in ethyl acetate (100 mL) and
washed with potassium phosphate buffer (pH7, IM, 20
mL). The aqueous phase was backextraced once with
ethyl acetate (70 mL) andthe combined organic phases
were dried over sodium sulfate. The solvent was
evaporated under reduced pressure and the product was
precipitated from dichloromethane (30 mL) with hexanes
(30 mL) to give 647 mg (84% yield) of the product as a
colorless solid. 1H-NMR (DMSO-de) d: 1.36 (s, 9H);
1.26-1.50 (m, 2H); 1.80-2.00 (m, 2H); 2.99 (dd, IH);
3.37 (m, IH); 3.54 (m, IH); 3.86 (m, IH); 6.81 (d,
IH); 7.06 and 7.14 (2xs, 2H). MS (ESP): 267.29 (MNa+)
for Cn H20N2O4 Example 3 (25r,5i?)-
'-(3-Chloro-6-methoxyquinolin-4-yl)-5-[(2,3-dihydro
[1,4]dioxino[2,3-c]pyridin-7- ylmethyl)amino]
tetrahydro-2 H-pyran-2-carboxamide (2
S',5i?)-5-Amino-N-(3-chloro-6-methoxyquinolm-4-yl)tetr
ahydro-2 H-pyran-2- carboxamide (Intermediate 10, 60
mg, 0.179 mmol) was reacted with 2,3-
dihydro[l,4]dioxino[2,3-c]pyridine-7-carbaldehyde (WO
2004/058144) (33 mg, 0.197 mmol) and sodium triacetoxy
borohydride (1 14 mg, 0.54 mmol) following the
procedure described under Example 1 to give 32 mg (34%
yield) of the hydrochloride salt of the product as a
colorless solid, mp 220 C. 1H-NMR (DMSO^ 6) : 1.72 (m,
IH); 1.84 (m, IH); 2.22 (m, IH); 2.34 (m, IH); 3.31
(m, IH); 3.66 (dd, IH); 3.89 (s, 3H); 4.20-4.50 (m,
8H); 7.16 (d, IH); 7.26 (s, IH); 7.48 (d, IH); 7.99
(d, IH); 8.26 (s, IH); 8.78 (s, IH); 9.53 (brs, 2H);
10.25 (s, IH). MS (ESP): 485.07 (MH+) for C24H25ClN4O5
The intermediates for Example 3 were prepared as
follows: Intermediate 10: (2 S,5i
)-5-Amino-N-(3-chloro-6-methoxyquinolin-4-yl)tetrahydr
o-2 Hpyran- 2-carboxamide -Butyl
((3i?,6,S)-6-{[(3-chloro-6-methoxyquinolin-4-yl)ammo]c
arbonyl}tetrahydro- 2H-pyran-3-yl)carbamate
(Intermediate 11, 208 mg, 0.477 mmol) was deprotected
and converted into the free base using the procedure
described for Intermediate 1 to give 160 mg (quant) of
the product as a colorless oil. MS (ESP): 336.15 (MH+)
for Ci6H18ClN3O3Intermediate 11: r -Butyl ((3
,6S)-6-{[(3-chloro-6-methoxyquinolin-4-
yl)amino]carbonyl} tetrahydro-2 H-pyran-3
-yl)carbamate tert-Butyl [(3
,65)-6-(aminocarbonyl)tetrahydro-2
H-pyran-3-yl]carbamate (Intermediate 9, 200 mg, 0.82
mmol), tris(dibenzylideneacetone) dipalladium (0) (15
mg, 0.016 mmol), cesium carbonate (333 mg, 1.02 mmol),
2,2'-bis(diphenylphosphino)-l,r-binaphthyl (31 mg,
0.05 mmol) and 4-bromo-3-chloro-6-methoxyquinoline (WO
2002040474) (223 mg, 0.82 mmol) were reacted following
the procedure described for Intermediate 8, except
that heating occurred for 24 hours. Chromatography on
silica gel with hexanes/ acetone (5:2) gave 212 mg
(59% yield) of the product as a colorless solid.
1H-NMR (DMSO-de) d: 1.39 (s, 9H); 1.53 (m, IH); 1.70
(m, IH); 1.98 (m, IH); 2.10 (m, IH); 3.19 (dd, IH);
3.50 (m, IH); 3.88 (s, 3H); 4.00 (m, IH); 4.05 (m,
IH); 6.90 (d, IH); 7.11 (d, IH); 7.45 (d, IH); 7.98
(d, IH); 8.77 (s, IH); 10.09 (s, IH). MS (ESP): 436.13
(MH+) for C2IH26ClN3O5 Example 4
((3i-,65)-6-{[(3-Chloro-6-methoxyquinolin-4-yl)oxy]met
hyl}tetrahydro-2 H-pyran-3-yI)(2,3-
dihydro[l,4]dioxino[2,3-c]pyridin-7-ylmethyl)amine
((3i?,6>S)-6-{[(3-Chloro-6-methoxyquinolin-4-yl)oxy]me
thyl}tetrahydro-2 H-pyran-3- yl)amine (Intermediate
12, 105 mg, 0.325 mmol) was reacted with
2,3-dihydro[l,4]dioxino[2,3- c]pyridine-7-carbaldehyde
(WO 2004/058144) (54 mg, 0.325 mmol) and sodium
triacetoxy borohydride (207 mg, 0.976 mmol) following
the procedure described for Example 1 to give 113 mg
(60% yield) of the hydrochloride salt of the product
as a colorless solid, mp 191 C. 1H-NMR (DMSO-d 6) d:
1.48 (m, 1H); 1.73 (m, 1H); 1.85 (m, 1H); 2.27 (m,
1H); 3.17 



(m, 1H); 3.50 (dd, 1H); 3.76 (m, 1H) ; 3.92 (s, 3H);
4.15-4.65 (m, 9H); 7.27 (s, IH); 7.46 (dd, IH); 7.55
(d, IH); 7.96 (d, IH); 8.25 (s, IH); 8.73 (s, IH);
9.51 (brs, 2H). MS (ESP): 472.09 (MH+) for
C24H26ClN3O5 The intermediates for Example 4 were
prepared as follows: Intermediate 12:
((3R,6S)-6-{[(3-Chloro-6-methoxyquinolin-4-
yl)oxy]methyl}tetrahydro-2
H-pyran-3-yl)aminetert-Butyl
((3R,6S)-6-{[(3-chloro-6-methoxyquinolin-4-yl)oxy]meth
yl}tetrahydro-2 H- ryran-3-yl)carbamate (Intermediate
13, 156 mg, 0.37 mmol) was deprotected and converted
into the free base using the procedure described under
Intermediate 1 to give 105 mg (88% yield) of the
product as a colorless hard foam. The crude amine was
directly used in the next step without further
characterization. Intermediate 13: tert-Butyl
((3R,6S)-6-{[(3-chloro-6-methoxyqumolm-4-
yl)oxy]methyl} tetrahydro-2H-pyran-3 -yl)carbamate To
a solution of 3-chloro-6-methoxyquinolin-4-ol (WO
2004058144) (250 mg, 1.19 mmol), tert-butyl
[(3R,6S)-6-(hydroxymethyl)tetrahydro-2
H-pyran-3-yl]carbamate (Intermediate 5, 276 mg, 1.19
mmol) and triphenylphosphine (375 mg, 1.42 mmol) in
dry THF (5 mL) was added diisopropylazodicarboxylate
(0.258 niL, 1.31 mmol). The resulting mixture was
stirred at room temperature overnight. The solvent was
removed under reduced pressure and the residue was
chromatographed on silica gel with hexanes/ ethyl
acetate (3:1 to 2:1) and then with dichloromethane/
ethyl acetate (15:1 to 5:1) gave 159 mg (32 % yield)
of the product as a colorless solid, mp 173 C. 1H-NMR
(DMSO-de) d: 1.37 (s, 9H); 1.35-1.50 (m, 2H); 1.72 (m,
IH); 1.91 (m, IH); 3.03 (dd, IH); 3.31 (m, IH); 3.63
(m, IH); 3.85 (m, IH); 3.91 (s, 3H); 4.16 (dd, IH);
4.26 (dd, IH); 6.80 (d, IH); 7.43 (dd, IH); 7.58 (d,
IH); 7.93 (d, IH); 8.68 (s, IH). Example 5 (2
S,5R-)-5-[(2,3-Dihydro[l,4]dioxino[2,3-c]pyridin-7-ylm
ethyl)amino]- N-(6-methoxy-l,5-
naphthyridin-4-yl)piperidine-2-carboxamide To a
solution of tert-butyl
(2S,5R)-5-[(2,3-dihydro[l,4]dioxino[2,3-c]pyridin-7-
ylmethyl)amino]-2-{[(6-methoxy-l,5-naphthyridin-4-yl)a
mino]carbonyl}piperidine-lcarboxylate (0.20 g)
(Intermediate 24) in dichloromethane (10 mL) was added
trifluoracetic acid( 1 mL). The resulting mixture was
heated for two hours in a bath at 45C, and then was
concentrated under reduced pressure. The residue was
purified by high pressure liquid chromatography (HPLC)
on an Atlantic Cl 8 5mM column (A: 0.1% TFA/water; B:
0.1% TFA/acetonitrile) (0-95% B in 15 min gradient).
Fractions containing product were collected,
concentrated slightly, neutralized with solid Na2CO
and extracted twice with ethyl acetate. The organic
phase was washed with brine, dried over anhydrous
sodium sulfate, filtered, and concentrated at reduced
pressure to yield 59 mg of the tile compound. 1H NMR
(400 MHz, DMSO-D6) d 1.25 - 1.32 (m, 1H) 1.41 - 1.51
(m, 1 H) 1.87 - 1.96 (m, 1 H) 1.97 - 2.05 (m, 1 H)
2.35 - 2.45 (m, 1 H) 3.09 - 3.19 (m, 2 H) 3.68 (s, 2
H) 4.04 (s, 3 H) 4.25 - 4.35 (m, 4 H) 6.95 (s, 1H)
7.30 (d, J=9.09 Hz, 1 H) 8.00 (s, 1 H) 8.25 (d, J=9.09
Hz, 1H) 8.36 (d, J=5.05 Hz, 1H) 8.66 (d, J=5.O5 Hz, 1
H) 11.05 (s, 1 H) ES (M+H)+=451. The intermediates for
Example 5 were prepared as follows: Intermediate 14:
1-tert-Butyl 2-methyl
(25)-5-oxopyrrolidine-l,2-dicarboxylate To a solution
of methyl (S)-(+)-2-pyrrolidone-5-carboxylate (10 g)
in dichloromethane (100 mL) and triethylamine (15 mL)
was added di-tert-butyl carbonate (19.5 g) and
dimethylamino pyridine (DMAP) (0.5 g). After stirring
overnight at room temperature, the reaction mixture
was diluted with dichloromethane, washed with sodium
hydrogen carbonate and brine, dried over anhydrous
sodium sulfate, filtered and was concentrated. The
residue was purified by flash chromatography using a
FlashMaster(tm) and ethylacetate and hexane as eluants
(Separtis, Germany) yielding 15.1 g of the title
compound. ES (M+Na)+= 266. Intermediate 15: Methyl
N-(ter?-butoxycarbonyl)-6-diazonio-5-oxo-L-norleucinat
e The title compound was prepared as provided in
Bioorganic & Medicinal Chemistry Letters 12 (2002)
1387-1390. Thus, to a solution of
trimethylsilyl-diazomethane (20 mL) in THF (75 mL) at
-100 C was added 1.6 M nBuLi in hexanes (25 mL). After
30 minutes at -100 C, the reaction mixture was added
via canulla to a solution of l -tert-butyl 2-methyl
(2S)-5~ oxopyrrolidine-l,2-dicarboxylate (7.57 g) in
THF (300 mL) at -100 C. After stirring for 45minutes
at -100 C, the reaction was quenched with acetic
acid/methanol (10 mL) and then was treated with
saturated ammonium chloride solution and ethyl
acetate. The organic phase was collected, washed with
brine, dried over anhydrous sodium sulfate, filtered
and concentrated to provide 9.28 g of the title
compound. ES (M+H)+= 308. Intermediate 16:
l-tert-Bvtiyl 2-methyl (2S)-5-oxopiperidine-l
,2-dicarboxylate The title compound was prepared as
provided in Bioorganic & Medicinal Chemistry Letters
12 (2002) 1387-1390. Thus, to a refluxing solution of
rhodium (II) acetate dimmer (Rh2(OAc)2) (130 mg) in
benzene (400 mL) was added dropwise over an hour, a
solution of methyl
N-(?ert-butoxycarbonyl)-6-diazonio-5-oxo-L-norleucinat
e (9.28 g) in benzene (50 mL). After 2 hours, the
reaction was concentrated and purified by flash
chromatography using a FlashMaster(tm) and
ethylacetate and hexane as eluants to provide 3.7 g of
the title compound. GC-MS (M+)= 257. Intermediate 17:
l-tert-Butyl 2-methyl (2>S',5
)-5-hydroxypiperidine-l,2-dicarboxylate To a solution
of l-tert-butyl 2-methyl (2
)-5-oxopiperidine-l,2-dicarboxylate (3.69 g) in
methanol (100 mL) at 0 C was added sodium borohydride
(NaBH4) (0.51 g). After 3 hours at 0 C, the reaction
was concentrated slightly, diluted with ethyl acetate,
washed with 1M HCl, 1M NaOH, and brine, dried over
anhydrous sodium sulfate, filtered and concentrated to
give 3.36 g of the title compound. ES (M+Na)+= 282.
Intermediate 18: l -tert-butyl 2-methyl
(25S)-5-[(methylsulfonyl)oxy]piperidine-l,2-
dicarboxylate To a solution of 1-tert-butyl 2-methyl
(25,5>S)-5-hydroxypiperidine-l,2-dicarboxylate (3.36
g) in dichloromethane (40 mL) were added triethylamine
(2.8 mL) and methanesulfonyl chloride (1.2 mL). After
1 1A hours, the reaction mixture was diluted with
dichloromethane, washed with NaHCO and brine, dried
over anhydrous sodium sulfate, filtered and
concentrated to give 4.54 g of the title
compound.Intermediate 19: 1-tert-butyl 2-methyl
(2S,5R)-5-azidopiperidine-l,2-dicarboxylate A solution
of 1-tert-butyl 2-methyl
(2S,5S)-5-[(methylsulfonyl)oxy] rireridine-l,2-
dicarboxylate (0.62 g) and sodium azide (0.52 g) in
dimethylformamide (DMF) (5 mL) was heated in a
microwave vessel for 1 hour at 100 C. The reaction was
diluted with ethyl acetate, washed with water, sodium
hydrogen carbonate and brine, dried over anhydrous
sodium sulfate, filtered and concentrated. The residue
was purified by flash chromatography using a
FlashMaster(tm) and ethylacetate and hexane as eluants
to give 0.13 g of the title compound. ES (M+H)+= 307.
Intermediate 20: 1-tert-butyl 2-methyl
(2S,5R)-5-aminopiperidine- 1,2-dicarboxylate A
solution of l-tert-butyl 2-methyl
(2S,5R)-5-azidopiperidine-l,2-dicarboxylate (1.92 g)
and 10% Pd/C (0.17 g) in methanol (20 mL) was stirred
under hydrogen balloon. After 1 1A hours, the reaction
was filtered and concentrated to yield 1.60 g of the
title compound. ES (MH-H)+= 259. Intermediate 21:
1-tert-butyl 2-methyl
(2S,5R)-5-[(2,3-dihydro-l,4-benzodioxin-6-
ylmethyl)amino]piperidine- 1,2-dicarboxylate To a
solution of 1-tert-butyl 2-methyl
(2S,5R)-5-aminopiperidine-l,2-dicarboxylate (1.60 g)
in methanol (40 mL) were added 3 A molecular sieves
powder (0.17 g) and 2,3-
dihydro[l,4]dioxino[2,3-c]pyridine-7-carbaldehyde
(1.16 g). After heating at reflux for 2 hours, the
reaction was cooled with an ice bath before adding
NaCNBH 3 (0.47 g). After stirring overnight at room
temperature, the reaction mixture was diluted with
ethyl acetate, washed with water, sodium hydrogen
carbonate and brine, dried over anhydrous sodium
sulfate, filtered and concentrated. This residue was
purified by flash chromatography using a
FlashMaster(tm) with methylenechloride to
methylenechloride/methanol (10:1) as eluants to give
1.26 g of the title compound. ES (MH-H)+= 408.
Intermediate 22:
(2S,5R)-1-(tert-Butoxycarbonyl)-5-[(2,3-dihydro[l,4]di
oxino[2,3-
c]pyridin-7-ylmethyl)amino]piperidine-2-carboxylic
acidTo a solution of 1-tert-butyl 2-methyl (2
,5i?)-5-[(2,3-dihydro-l,4-benzodioxin-6-
ylmethyl)ammo]piperidme-l,2-dicarboxylate (0.53 g) in
THF (5 mL), methanol (1 mL) and water (1 mL) was added
solid lithium hydroxide (0.12 g). The resulting
mixture was heated with a bath to a temperature of 45
C. After 3 hours, the reaction was concentrated to
yield 0.69 g of the title compound. ES (M+H)+= 394.
Intermediate 23: tert-butyl (25',5
)-2-(aminocarbonyl)-5-[(2,3-dihydro[l,4]dioxino[2,3-
c]pyridin-7-yhnethyl)amino]piperidine- 1-carboxylate
To a solution of
(25r,5i2)-l-(tr?-butoxycarbonyl)-5-[(2,3-dihydro[l
,4]dioxino[2,3-
c]pyridin-7-ylmethyl)amino]piperidine-2-carboxylic
acid (0.69 g) in DMF (5 mL) were added N-
(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (EDAC) (0.23 g) and 1-hydroxy- 



7-azabenzotriazole (HOAT) (0.21 g). After 15 min,
ammonium bicarbonate (0.38 g) was added. EDC (0.32 g),
ammonium bicarbonate (0.40 g) and DMF (3 mL) were
added after stirring overnight at room temperature.
After 48 hours, the reaction was diluted with ethyl
acetate and water. The aqueous layer was collected and
extracted twice with ethyl acetate. The combined
organic solution was dried over anhydrous sodium
sulfate, filtered and concentrated. This residue was
purified by flash chromatography using a
FlashMaster(tm) with methylenechloride to
methylenechloride/methanol (10:1) as eluants yielding
0.24 g of the title compound. ES (M+H)+= 393.
Intermediate 24: tert-Butyl
(25r,5R)-5-[(2,3-dihydro[l,4]dioxino[2,3-c]pyridin-7-
yrmethyl)amino]-2-{[(6-methoxy-l,5-naphthyridin-4-yl)a
mino]carbonyl}piperidine-lcarboxylate To a solution of
tert-bntyl (2S,5 )-2-(aminocarbonyl)-5-[(2,3-dihydro[l
,4]dioxino[2,3-
c]pyridin-7-ylmethyl)amino]piperidine-l-carboxylate
(0.11 g) in dioxane (5 mL) were added
tris(dibenzylideneacetone)dipalladium (0) Pd2(dba)3 (2
mg), racemic 2,2'-
bis(diphenylphosphino)-l,l'-binaphthalene (BINAP) (20
mg), and cesium carbonate (CsCO3) (0.10 g). The
mixture was degassed by bubbling nitrogen gas into the
solution before adding 6- memoxy-l,5-naphthyridin-4-yl
trifluoromethanesulfonate (0.10 g). After 7 hours at
bath temperature of 100 C, the reaction was cooled to
room temperature and diluted withdichloromethane and
water. The organic solution was collected, washed with
brine, dried over anhydrous sodium sulfate, filtered
and concentrated. This residue was purified by flash
chromatography using a FlashMaster(tm) with
dichloromethane to dichloromethane /methanol (10:1) as
eluants to yield 0.20 g of the title compound. ES
(M+H)+= 551. Example 6
(2S,5S)-5-[2,3-Dihydro-1,4-benzodioxin-6-ylmethyl)amin
o]- N-(6-methoxy-1,5-
naphthyridin-4-yl)piperidine-2-carboxamide To a
solution of tert-butyl
(2S,5S)-5-[(2,3-dihydro-l,4-benzodioxin-6-ylmethyl)ami
no]-2-
{[(6-methoxy-l,5-naphthyridin-4-yl)amino]carbonyl}pipe
ridine-l-carboxylate (0.31 g) (Intermediate 27) in
dichloromethane (8 mL) was added TFA (2 mL). After 2
hours at a bath temperature of 45 C, the reaction was
concentrated. The residue was purified by semi-prep
HPLC on an Atlantic C18 5mM column (A: 0.1% TFA/water;
B: 0.1% TFA/acetonitrile) (0-95 %B in 15 minutes
gradient). Fractions containing the product were
collected, concentrated slightly, neutralized with
Na2CO3 (s) and extracted with twice with ethyl
acetate. The organic solution was washed with brine,
dried over anhydrous sodium sulfate, filtered and
concentrated to yield 57 mg of the title compound. 1H
NMR (400 MHz, CHLOROFORM-D) d ppm 1.62 - 1.68 (m, 1H)
1.78 - 1.90 (m, 2 H) 2.22 - 2.33 (m, 1 H) 2.65 (dq,
J=7.04, 3.46 Hz, 1H) 2.82 (dd, J=13.26, 6.69 Hz, 1 H)
3.03 (dd, J=13.39, 2.78 Hz, 1 H) 3.56 - 3.64 (m, 1 H)
3.68 (d, J=3.79 Hz, 2 H) 4.02 - 4.10 (m, 3 H) 4.21 -
4.28 (m, 4 H) 6.74 - 6.85 (m, 3 H) 7.12 - 7.16 (m, 1H)
8.20 (d, J=9.09 Hz, 1 H) 8.51 (t, J=5.81 Hz, 1 H) 8.70
(d, J=5.05 Hz, 1H) 11.28 (s, 1H) ES (M+H)+= 450. The
intermediates for Example 6 were prepared as follows:
Intermediate 25:
(2S)-1-(tert-Butoxycarbonyl)-5-oxopiperidine-2-carboxy
lic acid To a solution of \-tert-butyl 2-methyl
(2S)-5-oxopiperidine-l,2-dicarboxylate (1.28 g) in THF
(5 mL), methanol (2 ml) and water (2 mL) was added
lithium hydroxide (s) (0.17 g). After heating at bath
temperature of 85 C for 2 1/2 hours, the reaction was
diluted with ethyl acetateand IN HCl. The organic
solution was collected, washed with brine, dried over
anhydrous sodium sulfate, filtered and concentrated to
yield 1.20 g of the title compound. ES (M-H)-= 242.
Intermediate 26: tert-Bvfiyl
(25)-2-{[(6-methoxy-l,5-naphthyridin-4-
yl)amino]carbonyl} -5-oxopiperidine- 1-carboxylate To
a solution of
(2.S)-l-(ter?-butoxycarbonyl)-5-oxopiperidine-2-carbox
ylic acid (1.20 g) in THF (15 mL) and DMF (5 mL) were
added triethylamine (2 mL), 6-methoxy-l,5-
naphthyridin-4-amine (1.01 g) and
bromotripyrrolidinophosphonium hexafluorophosphate
(PyBroP) (2.6 g). After 3 hours at a bath temperature
of 75 C, the reaction was diluted with saturated
solution OfNaHCO 3 and ethyl acetate. The organic
solution was collected and washed with brine, dried
over anhydrous sodium sulfate, filtered and
concentrated. This residue was purified by flash
chromatography using a FlashMaster(tm) with
methylenechloride to dichloromethane/methanol (10:1)
as eluants to yield 1.19 g of the title compound. ES
(M+H)+= 401. Intermediate 27: tert-Bvfiyl (2
Sr,55)-5-[(2,3-dihydro-l,4-benzodioxin-6-yhnethyl)amin
o]- 2-{[(6-methoxy-1,5-naphthyridin-4-yl)amino]
carbonyl}piperidine- 1-carboxylate To a solution of r
-butyl
(25)-2-{[(6-methoxy-l,5-naphthyridin-4-yl)amino]carbon
yl}- 5-oxopiperidine-l -carboxylate (1.19 g) in
dichloroethane (50 mL) were added l-(2,3-dihydrol,
4-benzodioxin-6-yl)methanamine (0.60 g) and sodium
cyanoborohydride (NaCNBH3) (0.42 g). After stirring at
room temperature 60 hours, the reaction was
concentrated. This residue was purified by flash
chromatography using a FlashMaster(tm) using
ethylacetate and hexane as eluants yielding 0.45 g of
the title compound. ES (M+H)+=550. Example 7
(25)-5-[(2,3-Dihydro-l,4-benzodioxin-6-ylmethyl)(methy
l)amino]-iV-(6-methoxy-l,5-
naphthyridin-4-yl)-l-methylpiperidine-2-carboxamide To
a solution of (25',55)-5-[(2,3-dihydro-l
,4-benzodioxin-6-ylmethyl)amino]-N-(6-
methoxy-l,5-naphthyridin-4-yl)piperidine-2-carboxamide
(51 mg) (Example 6) indichloromethane (2 mL) and
methanol (0.2 niL) was added paraformaldehyde (0.035
g). After 1 hour at room temperature, NaCNBH (0.035 g)
was added. After stirring overnight, additional
paraformaldehyde (0.037 g) and NaCNBH 3 (0.039 g) were
added. The reaction was concentrated and purified by
semi-prep HPLC on a Atlantic C18 5mM column(A: 0.1%
TFA/water; B: 0.1% TFA/acetonitrile; 0-95%B in 15
minute gradient). Fractions containing the product
were collected, concentrated slightly, neutralized
with Na2CO3 (s) and extracted twice with ethyl
acetate. The organic solution was washed with brine,
dried over anhydrous sodium sulfate, filtered and
concentrated to yield 20 mg of the title compound. 1H
NMR (400 MHz, CHLOROFORM-D) d ppm 1.71 - 1.80 (m, 1 H)
1.85 - 1.96 (m, 1H) 2.13 - 2.24 (m, 3 H) 2.32 - 2.42
(m, 1 H) 2.54 (s, 3 H) 2.55 - 2.64 (m, 1 H) 2.65 -
2.71 (m, 1 H) 3.04 - 3.14 (m, 2 H) 3.38 (s, 1 H) 3.56
(s, 1 H) 3.96 (s, 3 H) 4.13 - 4.16 (m, 1 H) 4.18 -
4.26 (m, 4 H) 6.69 - 6.81 (m, 3 H) 7.13 (d, J=9.09 Hz,
1H) 8.20 (d, /=9.09 Hz, 1 H) 8.54 (t, J=5.18 Hz, 1 H)
8.68 - 8.74 (m, 1 H) 11.13 (s, 1 H). ES (M+H)+=478.
Example 8
(21S)-5-[(2,3-Dihydro-l,4-benzodioxin-6-ylmethyl)(meth
yl)amino]-iV-(6-methoxy-l,5-
naphthyridin-4-yl)piperidine-2-carboxamide To a
solution of tert-butyl (2 ',5S)-5-[(2,3-dihydro-l
,4-benzodioxin-6-ylmethyl)amino]-2-
{[(6-methoxy-l,5-naphthyridin-4-yl)amino]carbonyl}pipe
ridine-l-carboxylate (0.14 g) (Intermediate 27) in
dichloromethane (2 mL) and methanol (0.2 mL) was added
paraformaldehyde (0.050 g). After 1 hour at room
temperature, NaCNBH 3 (0.040 g) was added. After 1 1A
hours, TFA (0.40 mL) was added and the reaction warmed
to bath temperature of 45 C. After 2 hour, the
reaction was concentrated and purified by
semi-prepHPLC on an Atlantic C18 5mM column (A: 0.1%
TFA/water; B: 0.1% TFA/acetonitrile; 0-95% B in 15
minute gradient). Fractions containing the product
were collected, concentrated slightly, neutralized
with Na2CO (s), and extracted with twice with ethyl
acetate. The organic solution was washed with brine,
dried over anhydrous sodium sulfate, filtered and
concentrated to yield 26 mg of the title compound. 1H
NMR (400 MHz CHLOROFORM-D) d ppm 1.59 - 1.7 1 (m, 2 H)
1.84 - 1.95 (m, 1H) 2.37 - 2.47 (m, J=9.54, 6.13, 3.54
Hz, 1 H) 2.53 - 2.64 (m, 1 H) 2.87 (dd, J=13.64, 9.60
Hz, 1H)3.01 - 3.10 (m, 1 H) 3.39 - 3.50 (m, 2 H) 3.64
- 3.73 (m, 1 H) 4.05 - 4.12 (m, 3 H) 4.21 (s, 4 H)
6.70 - 6.81 (m, 3 H) 7.15 (d, .7=8.84 Hz, 1 H) 8.18 -
8.24 (m, 1 H) 8.55 (d, J=5.05 Hz, 1 H) 8.68 - 8.74 (m,
I H) 11.53 (s, I H). ES (MH-H)+= 464. Example 9
5-[(2,3-Dihydro-l,4-benzodioxin-6-ylmethyl)amino]-iV-(
6-methoxy-l,5- paphthyridin-4-yl)-
6-oxopiperidine-2-carboxamide To a solution of
5-amino-N-(6-methoxy-l,5-naphthyridin-4-yl)-6-oxopiper
idine-2- carboxamide (0.5 g) in methanol (10 mL) were
added 2,3-dihydro-l,4-benzodioxme-6- carbaldehyde
(0.26 g) and 3 A molecular sieves powder (0.12 g) and
heated (80 C, 30 minutes.). The solution was chilled
with an ice bath and NaCNBH (0.10 g) was added. After
stirring at room temperature overnight, the reaction
was concentrated. The residue was dissolved in ethyl
acetate, washed with saturated solution OfNaHCO 3 and
brine, dried over anhydrous sodium sulfate, filtered
and concentrated. This residue was purified by
semi-prepHPLC on an Atlantic Cl 8 5mM column (A: 0.1%
TFA/water; B: 0.1% TFA/acetonitrile; 0-95% B in 15
minute gradient). Fractions containing the product
were collected, concentrated slightly, neutralized
with Na2CO3 (s) and extracted with twice with ethyl
acetate. The organic solution was washed with brine,
dried over anhydrous sodium sulfate, filtered and
concentrated to yield 51 mg of the titled compound as
a 1:1 diastereomeric mixture. 



1HNMR (400 MHz, DMSO-D6) d ppm 1.05 - 1.30 (m, 1 H)
1.45 (m, 1 H) 1.62 (m, 1H) 1.86 (m, 1 H) 1.94 - 2.14
(m, 2 H) 2.20 (m, 2 H) 3.00 - 3.14 (m, 2 H) 3.42 -
3.77 (m, 4 H) 4.02 (s, 3 H) 4.08 (s, 3 H) 4.14 - 4.40
(m, 10 H) 6.62 - 6.86 (m, 6 H) 7.32 (s, 1 H) 7.35 (s,
1 H) 8.21 (m, 1 H) 8.28 (m, 1 H) 8.30 (m, 1H) 8.35 (m,
2 H) 8.43 (d, J=5.05 Hz, 1 H) 8.72 (m, 2H) 10.18 (s, 1
H) 10.30 (S5 1 H). ES (M+H) += 464.The intermediates
for Example 9 were prepared as follows: Intermediate
28: Ethyl
5-[(fert-butoxycarbonyl)amino]-6-oxopiperidine-2-carbo
xylate To a solution of ethyl
5-amino-6-oxopiperidine-2-carboxylate (10.7 g) (J.
Org. Chem. (1984), 49(12), 2286-8.) in dioxane (150
rnL) and triethylamine (10 mL) were added
di-tertbutyldicarbonate (13.6 g) and DMAP (0.37 g).
After 4 hours, the reaction was concentrated. The
residue was dissolved in ethylacetate, washed with
saturated solution OfNaHCO and brine, dried over
anhydrous sodium sulfate, filtered and concentrated.
This residue was purified by flash chromatography
using a FlashMaster(tm) with dichloromethane to
dichloromethane /methanol (10:1) as eluants yielding
4.62 g of the title compound. ES (M+Na)+= 309.
Intermediate 29: tert-Butyl
6-(aminocarbonyl)-2-oxopiperidin-3-ylcarbamate A
solution of ethyl
5-[(ter/-butoxycarbonyl)amino]-6-oxopiperidine-2-carbo
xylate (2.24 g) in 7N NH MeOH (10 mL) was heated in
microwave (30 minutes, 100 C). The reaction was
concentrated to dryness yielding 2.13 g of the title
compound. ES (M+Na)+= 258. Intermediate 30: tert-Butyl
6-{[(6-methoxy-l,5-naphthyridin-4-yl)amino]carbonyl}-2
- oxopiperidin-3-ylcarbamate To a solution of tert-hv
yl 6-(aminocarbonyl)-2-oxopiperidin-3-ylcarbamate
(1.06 g) in dioxane (15 mL) were added Pd2(dba)3 (0.2
g), BINAP (0.12 g), and CsCO3 (0.85 g). The mixture
was degassed by bubbling nitrogen gas into the
solution before adding 6-methoxy-l,5-
naphthyridin-4-yl trifluoromethanesulfonate (1.40 g).
The mixture was heated by microwave (2 hour, 100 C,
twice). The mixture was diluted with ethylacetate and
water. The organic solution was collected, washed with
brine, dried over anhydrous sodium sulfate, filtered
and concentrated. This residue was purified by flash
chromatography using a FlashMaster(tm) with
methylenechloride to methylenechloride/methanol (10:1)
as eluants yielding 1.17 g of the title compound. ES
(M+Na)+= 416.Intermediate 31:
5-Amino-N-(6-methoxy-l,5-naphthyridin-4-yl)-6-oxopiper
idine-2- carboxamide A solution of tert-butyl
6-{[(6-methoxy-l,5-naphthyridin-4-yl)amino]carbonyl}-2
- oxopiperidin-3-ylcarbamate (1.17 g) in 30%
trifluoroacetic acid (TFA)/dichloromethane (10 mL) was
heated at 45 C. After 2 hours, the reaction was
concentrated. The mixture was diluted with
ethylacetate and saturated solution of NaHC0 3. The
organic phase was washed with brine, dried over
anhydrous sodium sulfate, filtered and concentrated.
Additional material was collected from the aqueous
layer by concentrating to dryness. This residue was
suspended in hot methanol and filtered. The filtrate
was combined with the organic extract and the combined
residue was purified by flash chromatography using a
FlashMaster(tm) with dichloromethane to
dichloromethane/methanol (10:1) as eluants yielding
1.0 g of the title compound, ES (M+Na)+= 316. Examples
10-11
(cis)-5-[(2,3-Dihydro-l,4-benzodioxin-6-ylmethyl)amino
]-iV-(6-methoxy-l,5-naphthyridin-4-
yl)-6-oxopiperidine-2-carboxamide and
(trans)-5-[(2,3-dihydro-l,4-benzodioxin-6-
yImethyl)amino]-iV-(6-metb.oxy-l,5-naplithyridin-4-yl)
-6-oxopiperidine-2-carboxamide The diastereomeric
isomers of
5-[(2,3-dihydro-l,4-benzodioxin-6-yhnethyl)amino]-
N-(6-
methoxy-l,5-naphthyridin-4-yl)-6-oxopiperidine-2-carbo
xamide (Example 9) (45 mg) were separated by
semi-prepHPLC (A: 10 mMNH4OAc, pH 8; B: methanol;
50-95% B in 14 minutes) on a YMC Carotenoid(TM) C30,
5mM column. Fractions containing the product were
collected, concentrated slightly, and extracted with
twice with ethyl acetate. The organic solution was
washed with brine, dried over anhydrous sodium
sulfate, filtered and concentrated to yield 34 mg of
the cis and trans products. Peak 1: 18 mg of
(cis)-5-[(2,3-dihydro-l,4-benzodioxm-6-ylmethyl)amino]
- N-(6- methoxy-
1,5-naphthyridin-4-yl)-6-oxopiperidine-2-carboxamide.
1H NMR (400 MHz, DMSO-D6) d ppm 1.50 - 1.59 (m, 1 H)
2.01 - 2.09 (m, 1H) 2.10 - 2.19 (m, 1 H) 2.23 - 2.33
(m, 1 H) 3.10 - 3.20 (m, 1 H) 3.61 (d, 1 H) 3.72 (d,
J=13.64 Hz, 1 H) 4.08 - 4.18 (m, 3 H) 4.20 - 4.26 (m,
4 H) 4.27 - 4.35 (m, 1H) 6.72 - 6.83 (m, 3 H) 7.39 (d,
J=9.09 Hz, 1 H) 8.35 (d, J=8.84 Hz, 1 H) 8.41 (s, 1H)
8.48 (d, J=5.05 Hz, 1H) 8.79 (d, J=5.05 Hz, 1H) 10.35
(s, 1 H).ES (M+H)+= 464. Peak 2: 16 mg of
(trans)-5-[(2,3-dihydro-l,4-benzodioxin-6-ylmethyl)ami
no]- N-(6- methoxy-
1,5-naphthyridin-4-yl)-6-oxopiperidine-2-carboxamide,
1H NMR (400 MHz, DMSO-D6) d ppm 1.63 (m, 1 H) 1.89 (m,
1H) 2.02 (m, 1H) 2.28 (m, 1 H) 3.09 (m, 1H) 3.56 -
3.67 (d, 1H) 3.67 - 3.77 (d, 1 H) 4.02 (s, 3 H) 4.19
(s, 4 H) 4.29 (m, 1 H) 6.75 (s, 2 H) 6.82 (s, 1 H)
7.33 (d, J=9.09 Hz, 1H) 8.21 (d, /=1.01 Hz, 1 H) 8.29
(d, J=8.84 Hz, 1 H) 8.36 (d, J=5.05 Hz, 1 H) 8.71 (d,
J=5.05 Hz, 1 H) 10.18 (s, 1 H). ES (M+H)+= 464.
Examples 12-19 The following compounds were
synthesized in an analogous method to Example
5:B2006/001889 -69-LARYNGEAL MASK AIRWAY DEVICE The
present invention relates to a laryngeal mask airway
device. The laryngeal mask airway device is a well
known device that is useful for establishing airways
in unconscious patients. U.S. Patent No. 4,509,514 is
one of the many publications that describe laryngeal
mask airway devices. Such devices have been in use for
many years and offer an alternative to the older, even
better known endotracheal tube. For at least seventy
years, endotracheal tubes comprising a long slender
tube with an inflatable balloon disposed at the tube's
distal end have been used for establishing airways in
unconscious patients. In operation, the endotracheal
tube's distal end is inserted through the mouth of the
patient, past the patient's trachea. Once so
positioned, the balloon is inflated so as to form a
seal with the interior lining of the trachea. After
this seal is established, positive pressure may be
applied to the tube's proximal end to ventilate the
patient's lungs. Also, the seal between the balloon
and the inner lining of the trachea protects the lungs
from aspiration (e.g., the seal prevents material
regurgitated from the stomach from being aspirated
into the patient's lungs). Although they have been
enormously successful, endotracheal tubes suffer from
several major disadvantages. The principal
disadvantage of the endotracheal tube relates to the
difficulty of properly inserting the tube. Inserting
an endotracheal tube into a patient is a procedure
that requires a high degree of skill. Also, even for
skilled practitioners, insertion of an endotracheal
tube is sometimes difficult or not possible. In many
instances, the difficulty of inserting endotracheal
tubes has tragically led to the death of a patient
because it was not possible to establish an airway in
the patient with sufficient rapidity. Also, inserting
an endotracheal tube normally requires manipulation of
the patient's head and neck and further requires the
patient's jaw to be forcibly opened widely. These
necessary manipulations make it difficult, or
undesirable, to insert an endotracheal tube into a
patient who may be suffering from a neck injury. In
contrast to the endotracheal tube, it is relatively
easy to insert a laryngeal mask airway device into a
patient and thereby establish an airway. Also, the
laryngealmask airway device is a "forgiving" device in
that even if it is inserted improperly, it still tends
to establish an airway. Accordingly, the laryngeal
mask airway device is often thought of as a "life
saving" device. Also, the laryngeal mask airway device
may be inserted with only relatively minor
manipulation of the patient's head, neck and jaw.
Further, the laryngeal mask airway device provides
ventilation of the patient's lungs without requiring
contact with the sensitive inner lining of the trachea
and the size of the airway established is typically
significantly larger than the size of the airway
established with an endotracheal tube. Also, the
laryngeal mask airway device does not interfere with
coughing to the same extent as endotracheal tubes.
Largely due to these advantages, the laryngeal mask
airway device has enjoyed increasing popularity in
recent years. U.S. Patent Nos. 5,303,697 and 6,079,409
describe examples of prior art devices that may be
referred to as "intubating laryngeal mask airway
devices." The intubating device has the added
advantage that it is useful for facilitating insertion
of an endotracheal tube. After an intubating laryngeal
mask airway device has been located in the patient,
the device can act as a guide for a subsequently
inserted endotracheal tube. Use of the laryngeal mask
airway device in this fashion facilitates what is
commonly known as "blind insertion" of the
endotracheal tube. Only minor movements of the
patient's head, neck and jaw are required to insert
the intubating laryngeal mask airway device, and once
the device has been located in the patient, the
endotracheal tube may be inserted with virtually no
additional movements of the patient. This stands in 



contrast to the relatively large motions of the
patient's head, neck and jaw that would be required if
the endotracheal tube were inserted without the
assistance of the intubating laryngeal mask airway
device. Furthermore, these devices permit
single-handed insertion from any user position without
moving the head and neck of the patient from a neutral
position, and can also be put in place without
inserting fingers in the patient's mouth. Finally, it
is believed that they are unique in being devices
which are airway devices in their own right, enabling
ventilatory control and patient oxygenation to be
continuous during intubation attempts, thereby
lessening the likelihood of desaturation.Artificial
airway devices of the character indicated, are
exemplified by the disclosures of US Pat. No.
4,509,514; U.S. Pat. No. 5,249, 571; U.S. Pat No.
5,282,464; U.S. Pat. No. 5,297,547; U.S. Pat. No.
5,303,697; and by the disclosure of the UK Patent
2,205,499. Such devices with additional provision for
gastric-discharge drainage are exemplified by U.S.
Pat. No. 4,995,388 (Figs. 7 to 10); U.S. Pat. No.
5,241,956; and U.S. Pat. No. 5,355,879. In general,
laryngeal mask airway devices aim to provide an airway
tube of such cross-section as to assure more than
ample ventilation of the lungs, and the designs with
provision for gastric drainage have been characterized
by relatively complex internal connections and
cross-sections calculated to serve in difficult
situations where substantial solids could be present
in a gastric discharge. As a result, the provision of
a gastric discharge opening at the distal end of the
mask applicable for direct service of the hypopharynx
has resulted in a tendency for such masks to become
bulky and unduly stiff, thus making for difficulty in
properly inserting the mask. Moreover, undue bulk and
stiffness run contrary to the requirement for distal
flexibility for tracking the posterior curvature of
the patient's throat on insertion, in such manner as
to reliably avoid traumatic encounter with the
epiglottis and other natural structures of the
pharynx. A number of problems have been experienced
with all of these prior types of device. For example,
some prior devices seek to prevent occlusion of the
airway outlet by parts of the patient's anatomy, such
as the epiglottis, by the provision of bars and the
like across the outlet. Although such devices function
well in most cases, they can make manufacturing more
complex, and can affect the performance of devices in
use. This is especially so in devices formed from
relatively rigid materials, like PVC, as opposed to
the more traditional Liquid Silicon Rubber (LSR). In
general, devices formed from materials such as PVC are
attractive because they are cheaper to make, and can
be offered economically as "single-use" devices.
However, there are material differences in PVC and PVC
adhesives, such as increased durometer hardness as
compared to LSR, which affect how the devices perform
in use. For example, it has been observed that for a
given volume of air, an LSR cuff willexpand to a
larger size than a comparable PVC cuff. This superior
elasticity allows the LSR cuff to provide an
anatomically superior seal with reduced mucosal
pressure. To close the performance gap, the PVC cuff
must be of reduced wall thickness. However, a PVC cuff
of reduced wall thickness, deflated and prepared for
insertion, will suffer from poor flexural response as
the transfer of insertion force through the airway
tube to cuff distal tip cannot be adequately absorbed.
The cuff assembly must deflate to a thickness that
preserves flexural performance i.e. resists epiglottic
downfolding, but inflate so that a cuff wall thickness
of less than or equal to 0.4mm creates a satisfactory
seal. And where mask backplates are formed from PVC,
as well as cuffs, the fact that the increased
durometer hardness of PVC is inversely proportional to
flexural performance (hysterisis) means that the
flexural performance of the device in terms of
reaction, response and recovery on deformation is
inferior to a comparable LSR device. The above
described problems are particularly acute in devices
which incorporate an oesophageal drain. As mentioned
above, in any such device regardless of the material
from which it is formed, adding an oesophageal drain
in itself adds greatly to complexity of manufacture
and can also affect the performance of devices, in
terms of ease of insertion, seal formation and
prevention of insufflation. These problems can be
exacerbated still further if PVC or similarly
performing materials are used. For example, the
skilled worker will appreciate that in terms of
manufacture, the need to provide a drain tube which is
sealed from the airway, and which must pass through
the inflatable cuff poses a particularly difficult
problem. In terms of effects on functionality, the
provision of a drain tube can cause unacceptable
stiffening of the mask tip area and
occlusion/restriction of the airway passage. According
to the invention there is provided a laryngeal mask
airway device for insertion into a patient to provide
an airway passage to the patient's glottic opening,
the device comprising an airway tube, a mask attached
to the airway tube, the mask comprising a body having
a distal end and a proximal end, a peripheral
inflatable cuff, and defining an outlet for gas, the
mask being connected to the airway tube for gaseous
communication between the tube and the mask, the
distal end of the mask being ventrally displaced,
relative to the proximal end. It has been surprisingly
found that aventral displacement of the tip makes
insertion of the mask much easier because the tip is
presented at an optimum angle as it tracks around the
curvature of the airway anatomy. It is preferred that
the extent of distal displacement is from about 5 mm
to about 20mm, and it is most preferred that the
extent of distal displacement is about 10mm. This has
been found to be the optimum range. It has been found
that if the extent of displacement is too great, the
device will not lie in the correct position at its
maximum extent of insertion. It is preferred that the
body describes a substantially convex curve, from the
proximal to distal end. It is further preferred that
the mask body comprises a plate, the plate having a
dorsal side and a ventral side, the dorsal side being
substantially smooth and having a convex curvature
across its width. It is also preferred that the dorsal
surface of the airway tube corresponds in curvature to
the curvature across the width of the plate. All of
these expedients assist in making insertion of the
mask easier. The airway tube preferably comprises a
relatively more rigid material than the mask body.
Both the airway tube and the mask body preferably
comprise a plastics material. The device may further
including an oesophageal drain tube, and the
oesophageal drain tube may be disposed on the ventral
side of the body, in order to maintain a smooth
profile on the dorsal side, to make insertion easier.
The invention will further be described by way of
example and with reference to the following drawings,
in which, Figure 1 is a dorsal three quarter
perspective view of a device according to the
invention; Figure 2 is a right side view of the device
of Figure 1; Figure 3 is a dorsal view of the device
of Figure 1;Figure 4 is a ventral view of the device
of Figure 1; Figure 4a is a ventral view of a further
embodiment of device according to the invention;
Figure 5 is an end view, looking from the proximal
towards the distal end of the device of Figure 1;
Figure 6 is an end view, looking from the distal
towards the proximal end of the mask of the device of
Figure 1; Figure 7 is an enlarged view of the mask of
the device of Figure 1; Figure 8 is a dorsal view of
the device of Figure 4a; Figure 9 is a longitudinal
sectional view along line Y-Y in Figure 8; Figure 10
is a side view, enlarged, of the device of Figure 4a;
Figures H A to H K are transverse sectional views
along lines A-A to K-K in Figure 10; Figure 12 is an
exploded dorsal perspective view of a device according
to the invention; Figure 13 is an exploded ventral
perspective view of a device according to the
invention; Figure 14 is a dorsal three quarter
perspective view of a device according to the
invention; Figure 15 is a right side view of the
device of Figure 14; Figure 16 is a dorsal view of the
device of Figure 14; Figure 17 is a ventral view of
the device of Figure 14; Figure 18 is an end view,
looking from the proximal towards the distal end of
the mask of the device of Figure 14; Figure 19 is an
end view, looking from the distal towards the proximal
end of the mask of the device of Figure 14; Figure 20
is a dorsal three quarter perspective view of the
device of Figure 14; Figure 2 1 is a view of section
CC-CC in Figure 20; Figure 22 is a view of section
VC-VC in Figure 17; 



Figure 23 is a proximal end view of a part of the
device of Figure 14; and Figure 24 is a distal end
view of a part of the device of Figure 14.Referring
now to the drawings, there is illustrated a laryngeal
mask airway device 1 for insertion into a patient to
provide an airway passage to the patient's glottic
opening, the device 1 comprising an airway tube 2, a
mask 3 attached to the airway tube 2, the mask 3
comprising a body 4 having a distal end 5 and a
proximal end 6, a peripheral inflatable cuff 7, and
defining an outlet 8 for gas, the mask 3 being
connected to the airway tube 2 for gaseous
communication between the tube 2 and the mask, the
distal end of the mask being ventrally displaced,
relative to the proximal end. In this embodiment the
device 1 further comprises an oesophageal drain 10,
the drain 10 comprising a conduit 11 extending from an
opening 12 at the distal end 5 to a drain outlet 13
disposed to the outside of the patient when the device
1 is in place, wherein the conduit 11 is formed
integrally in the material of the body 4. As can be
seen from the drawings, the device 1, in terms of
overall appearance is somewhat similar to prior art
devices, in that it consists of the basic parts which
make up most if not all laryngeal mask airway devices,
i.e. an airway tube 2 and mask 3 which includes a body
part 4, and a cuff 7. For the purposes of description
it is appropriate to assign reference names to areas
of the device 1 and accordingly with reference to
Figures 2 to 6, the device 1 has a dorsal side 14, a
ventral side 15, a proximal end 16 (in a sense that
this is the end nearest the user rather than the
patient) a distal end 17 and right and left sides 18
and 19. Referring firstly to the airway tube 2, in the
illustrated embodiments the tube comprises a
relatively rigid PVC material such as a shore 9OA
Colorite PVC moulded into an appropriately
anatomically curved shape. The tube 2 has some
flexibility such that if it is bent it will return to
its original shape. Although it is resiliently
deformable in this way, it is sufficiently rigid to
enable it to assist in insertion of the device 1 into
a patient, acting as a handle and guide. In this
embodiment the airway tube 2 does not have a circular
cross-section as in many prior devices, but instead is
compressed in the dorsal/ventral direction which
assists in correct insertion of the device 1, helps
prevent kinking, and assists in comfortable
positioning for the patient as the shape
generallymimics the shape of the natural airway. In
this embodiment each side 18, 19 of the airway tube 2
includes a groove or channel 20 extending for most of
the tube's length from the proximal to distal ends.
These grooves 20 further assist in preventing crushing
or kinking of the airway tube 2. Internally the
grooves 20 form ridges along the inner surfaces of the
sides 18 and 19. Referring now to Figure 13, which
shows an exploded view of the device 1, it can be seen
that the airway tube 2 includes a flared distal end 22
with surfaces 22a disposed to allow for attachment of
the tube 2 to the mask 3, conveniently by over
moulding of the mask 3 onto the airway tube 2. Thus,
the airway tube 2 itself can form a pre-mould used in
formation of the device 1, which substantially
simplifies manufacturing. Of particular note is the
airway tube's dorsal mould surface 23 (Figure 13).
This surface 23 is located at the flared distal end
22, and takes the form of a flat land extending
between the outer dorsal surface 2a and the inner
dorsal surface 2b (Figure 24) of the dorsal wall 2c.
It includes optional through holes 2d to allow the
over moulded back plate 4 to lock onto the tube 2, as
will be described later on. This feature helps ensure
a secure connection between the different materials
making up the airway tube 2 and mask 3. A further
feature of the airway 2 is the oesophageal drain tube
41. This drain tube 4 1 is located within airway tube
2, extending centrally through it from one end to the
other, and in this embodiment it is disposed in
contact with the inner surface 2a of the dorsal wall
2b of the airway tube 2, and bounded on each side by
raised, smooth walls (not shown) which form a shallow
channel through which it runs. The proximal end of the
airway tube 2 is provided with a connector 42, for
connection of the device 1 to a gas supply and drain
(not shown) as shown for example in Figures 12 and 13
and in section in Figure 9. The connector 42 comprises
a connector body 43, an optional bite block 44 and a
connector plug 45. The connector body 43 and bite
block 44 correspond in shape and dimension with the
internal shape of the proximal end of the airway tube
2 such that they fit inside it. The connector body 43
has a perpendicularly extending peripheral flange 46
which extends at one point on itscircumference into a
tab 47. Connector plug 45 attaches to connector body
43 by adhesive or other suitable means applied to
flange 46. The connector plug 45 comprises major and
minor bores 48, 49 which both lead into a common
atrium 50 at the distal end of the connector plug 45
where it attaches to the connector body 43. Drain tube
4 1 extends into and through minor bore 49, such that
the bore of the airway tube 2 and the bore of the
drain tube 4 1 are separated from one another. Turning
now to the mask 3, the mask 3 consists of two parts, a
body part 4 often referred to as a back plate, and a
peripheral cuff 7. The back plate 4 is formed in these
embodiments by moulding from a shore 5OA Vythene PVC +
PU. This material is substantially softer and more
deformable than the material of airway tube 2.
Referring now to Figure 23, the back plate 4 comprises
a generally oval moulding when viewed from the dorsal
or ventral directions, having a smooth dorsal surface
24, a formed ventral surface 24a (Figure 17), a
proximal joining portion 24b, and a distal tip 61. The
dorsal surface 24 has a convex curvature from one side
to the other, corresponding to the curvature of the
dorsal surface of the airway tube 2, and
longitudinally, the dorsal surface 24 is also curved,
having a curvature beginning at the joining portion
24b and extending with constant rate of curvature
toward the distal tip 61. As a result the tip 6 1 is
ventrally biased relative to the distal end of the
airway tube, in the assembled device 1, the extent of
displacement of the distal tip 6 1 being approximately
20mm or 10 degrees, in order to produce a curvature in
the mask that is suited to the anatomy of the patient.
This is shown schematically at X in Figure 2. On
insertion, this displacement of the tip 6 1 assists
the mask in "turning the corner" in the insertion
path. When viewed from the ventral side, the
integrally moulded structures of the back plate 4 can
best be seen (Figures 4,7,12,17). The precise shape of
the ventral side24a of the back plate is illustrated
particularly in the sectional views shown in Figures
1IA to 1IK and in the enlarged perspective view in
Figure 7. Referring to the exploded view shown in
Figure 12, the convex curvature of the dorsal surface
24 of the back plate 4 is mirrored in a corresponding
concave curvature on the ventral side. Thus, the
ventral surface 24a forms a shallow, elongate channel
tapering towards the distal tip 61. The channel is
bounded by walls 26. The walls 26 have correspondingly
shaped, longitudinally extending convex outer surfaces
25. Each wall 26 extends longitudinally substantially
the entire length of the back plate 4 from the
proximal joining portion 24b towards the distal tip
61. Each wall 26 also has a convex inner surface 28,
but rather than terminating at an angle normal to the
channel floor, the curve of each wall 26 is continued,
the walls curving back over the channel and
terminating in inwardly extending webs 27 (Figures 7
and 11). The inner surfaces 28 of the side walls 26
curve down to form the floor of the channel but do not
meet, because the base or floor of the channel is
bisected by a longitudinally extending, integrally
moulded conduit which is an oesophageal drain tube 11
extending along it for its entire length from joining
portion 24b to distal tip 61. Thus, it can be seen
that the channel has three longitudinally extending
conduits on its inner surface, the two open outer
conduits 28a which are minor gas conduits in the
assembled device 1, and the central drain tube 11,
which forms a septum there between. Referring now in
greater detail to the drain tube 11, it will be seen
that the tube 11 has a sufficient diameter such that
its upper wall section 11a, i.e. the wall section
furthest from the floor of the channel, is on a
similar level with the inwardly extending webs 27 of
the side walls 26. Furthermore, the upper wall section
11a itself also has outwardly extending webs 30, which
taper toward, but do not meet, the correspondingly
tapered edges of the webs 27. Thus, the upper surface
1Ib of the upper wall section 11a of the drain tube
11, and the webs 27, 30, together define a surface l i
e shown schematically by a dotted line in Figure 11),
below the level of which run all three conduits 11,
28a. Referring now particularly to Figure 7, it can be
seen that although the drain tube 11 extends the full
length of the back plate 4 from its proximal joining
portion 24bto distal tip 61, the conduits 28a do not
extend the full length of the back plate 4, but
instead terminate about half way along its length. The
floors 3 1 of the conduits 28a curve gently upwards as
they extend towards the distal tip 6 1 of the back
plate 4 until they terminate at a level approximately
equal to the level of the webs 27 and 30. h the
embodiment shown in Figure 4a, these areas are
hollowed out to form depressions 31b. As illustrated
in Figure 12 and Figures 2 1 to 23 , drain tube 11
extends to distal tip 61, terminating in an opening
12. Thus, an end section l i e of the drain tube 1 1 



protrudes past the end of back plate 4. This end
section 11e is provided with dorsal webbing 11a which
extends to either side of it, and around it to form a
hood or pocket 36a which encloses the end section lie
around its circumference. The hood or pocket 36a is
attached to the distal end of the drain tube 11 around
the circumference 12a of opening 12 (Figure 22). This
hood or pocket 36a is integrally formed in the
material of the back plate 4 at distal tip 61. It
completely surrounds and extends from the
circumference of the drain tube opening 12 and the
joint therebetween is smooth. As illustrated, the
ventral extent of the hood is more limited than the
dorsal extent, the dorsal extent being to about midway
back towards the proximal end of the back plate 4.
Referring to sectional views A-A and B-B in Figure 11,
it can be seen that the drain tube 1 1 is supported on
its right and left sides, and on its dorsal surface,
by perpendicularly extending webs 62. These webs 62
are integrally formed, and extend back from the
opening 12 to the point where the end section l i e
meets the extent of the back plate 4. hi the
illustrated embodiment the dorsal webs 62 extend
substantially perpendicularly from the drain tube, but
in a preferred embodiment, they may extend to one side
or the other, at an angle of less than 90 degrees. The
second part of the mask 3 is the peripheral cuff 7.
The cuff 7 is in this embodiment blow moulded PVC and
takes the form of a generally elliptical inflatable
ring having a central aperture 7a, a relatively deeper
proximal end 37 with an inflation port 38 and a
relatively shallower distal end 7b tapering to a
"wedge" profile 39. As will be appreciated,
particularly from the exploded views shown in Figure
12 and 13, the cuff 7 is integrally formed in one
piece. The wedge profile is provided such that
theratio of dorsal to ventral side surface areas
favours the dorsal side. Thus, when deflated the
distal end 7b of the cuff 7 will curl with bias from
dorsal to ventral side. In the assembled device 1,
drain tube 4 1 is inserted into airway tube 2, such
that it protrudes from proximal end 16. The connector
42 is attached to the airway tube 2 by inserting the
connector body 43 and bite block 44 into proximal end
16. The parts are an interference fit and can be
secured by adhesive. Plug 45 is attached to connector
body 43 via flange 46, such that drain tube 4 1 passes
into minor bore 49, terminating at or adjacent its
mouth. Thus it will be seen that the minor bore 49 is
solely in fluid communication with drain tube 41, and
the major bore 48 is solely in fluid communication
with the interior of airway tube 2. Airway tube 2 is
attached to the back plate 4 conveniently by
overmoulding the back plate -4 onto the already formed
tube 2. Thus, the joining portion 24b of the back
plate 4 is moulded onto the dorsal arc of the airway
tube 2 (Figure 13). Secure attachment is facilitated
by the surfaces 22a, 23 which provide an increased
surface area onto which the moulding occurs, and
through-holes 2d, into which back plate material can
flow. Drain tube 4 1 is connected in fluid tight
manner to integrally moulded drain 11, as demonstrated
by arrow Z (Figure 13). The cuff 7 is bonded to the
back plate 4 as illustrated in Figures 12 and 13 by
inserting the wedge shaped distal end 7b of the cuff 7
into the hood or pocket 36a at the distal tip 6 1 of
the back plate 4 such that the wedge surface 39 mates
with the inner surface 36b of the hood 36a, and
sections of the inner periphery of the cuff 7 mate
with convex outer surfaces 25 of back plate walls 26.
The cuff 7 is bonded into the hood such that the space
between the hood and the cuff is airtight and in this
embodiment the cuff is provided with a "pinch off 40
(Figures 2 1 and 22) putting the cuff 7 and hood 36a
into fluid communication so that the air space in the
hood can also be inflated, in addition to the cuff 7
itself. However the cuff 7 pinch off does not extend
the entire distance towards the distal tip of the cuff
to prevent the pressure of inflation occluding the
opening 12. The proximal dorsal surface of the cuff is
bonded to the ventral arc of the distal end 22 of the
airway tube 2. Thus, it will be appreciated that
unlike inprevious devices incorporating oesophageal
drains, in the invention the drain 11 does not pierce
the cuff 7, making manufacturing simpler. Furthermore,
in prior devices in which the drain pierces the cuff,
the cuff must be securely attached around the
circumference of the drain tube at the distal tip.
Such a secure attachment, for example with adhesive,
can make the tip hard, and prevent the drain tube
collapsing in the deflated, flattened device, which is
highly desirable to enable the mask to pass easily
around the curvature of the anatomy. In addition, the
acute curvature of a drain tube to cuff joint would be
highly susceptible to cracking. In the invention,
these problems are avoided because the drain tube 1 1
is integrally moulded with the hood 36a, which in
effect forms a second or minor cuff at the distal tip.
As will be appreciated, the airway of the device 1,
which is the conduit through which gas is passed to
the patient, is provided by the bore of airway tube 2,
which terminates at flared distal end 22. Flared
distal end 22 defines, along with back plate 4 and
cuff 7, outlet 8 for gas passing from tube 2 into mask
3. Outlet 8 includes three routes by which gas may
pass into the mask, namely a main gas conduit 8a
(Figure 6), and two minor gas conduits 28a. In use,
the deflated device 1 is inserted into a patient in
the usual manner with devices of this type. As noted
above, the relative rigidity of the airway tube 2
allows a user to grip it and use it to guide the
device 1 into the patient, whilst the relatively
softer, more compliant material of the back plate
means that the mask will more readily deform to
negotiate the insertion path without causing damage to
the anatomy, and will return to its optimum shape to
ensure that a good seal is achieved at the furthest
extent of insertion. The ventral displacement of the
distal tip 6 1 relative to the join between the back
plate 4 and airway tube 2 further enhances ease of
insertion, because the distal tip 6 1 is thereby
presented at the optimum angle to negotiate the "bend"
in the insertion path hi devices formed from
relatively rigid materials such as PVC, as opposed to
the often used LSR these features are particularly
important in easing insertion and providing for an
enhanced seal.Referring now to the features of the
moulded back plate 4, it will be seen that by
providing drain tube 11 integrally moulded in the
material of the back plate 4, problems of mask
stiffness and difficulty of manufacture in prior
designs caused by the presence of a separate drain
tube bonded in place with adhesive can be mitigated.
Moreover, with the back plate 4 of the invention, the
combination of the centrally located drain tube 11 and
minor gas conduits 28a assist in solving the problem
of occlusion of the airway by parts of the patient's
anatomy. The minor gas conduits 28a can be thought of
as "nostrils" through which gas may continue to pass
into the patient even if the main outlet 8a becomes
occluded by, for example the patient's epiglottis, as
the epiglottis will rest upon the septum provided by
the drain tube 11. As illustrated particularly in
Figures 111 and IU the webs 27, 30 form a partial
closure over the conduits 28a, to assist in preventing
structures such as the epiglottis from falling into
and blocking the conduits 28a, and also to make the
back plate 4 more resistant to lateral compression. It
will be appreciated that in this embodiment, the drain
11 forms a convenient septum between the conduits 28a,
however, in devices with no oesophageal drain, a solid
septum could simply be formed in the material of the
back plate by moulding. In addition, a larger number
of conduits 28a could be provided. Thus, it can be
seen that the above described embodiments address the
problems of prior art devices in novel and inventive
ways.C L A I M S 1. A laryngeal mask airway device for
insertion into a patient to provide an airway passage
to the patient's glottic opening, the device
comprising an airway tube, a mask attached to the
airway tube, the mask comprising a body having a
distal end and a proximal end, a peripheral inflatable
cuff, and defining an outlet for gas, the mask being
connected to the airway tube for gaseous communication
between the tube and the mask, the distal end of the
mask being ventrally displaced, relative to the
proximal end. 2. A device according to claim 1,
wherein the extent of distal displacement is from
about 5mm to about 20mm. 3. A device according to
claim 2, wherein the extent of distal displacement is
about 10mm. 4. A device according to any preceding
claim, the body describing a substantially convex
curve, from the proximal to distal end. 5. A device
according to any preceding claim, the mask body
comprising a plate, the plate having a dorsal side and
a ventral side, the dorsal side being substantially
smooth and having a convex curvature across its width.
6. A device according to claim 5, the airway tube
having a dorsal surface, the dorsal surface of the
airway tube corresponding in curvature to the
curvature across the width of the plate. 7. A device
according to any preceding claim, the airway tube
comprising a relatively more rigid material than the
mask body. 8. A device according to any preceding
claim, further including an oesophageal drain tube.9.
A device according to claim 8, the oesophageal drain
tube being disposed on the ventral side of the body. 


