
PYRIDINE DERIVATIVES AND THEIR USE I N THE TREATMENT
OF PSYCHOTIC DISORDERS The present invention relates
to novel nitrogen containing bicyclic derivatives
having pharmacological activity, processes for their
preparation, to compositions containing them and to
their use in the treatment of psychotic disorders, in
particular schizophrenia. WO 2005/002577 (F.
Hoffmann-La Roche AG) describes a series of pyridine
derivatives which are clamed to be dual NK1/NK3
antagonists for treating schizophrenia. The present
invention provides, in a first aspect, a compound of
formula (I) or a pharmaceutically acceptable salt
thereof: (I) wherein: X represents a nitrogen or
sulphur atom; Y represents -C(H 2)-, (-C(H2)-)2, -S(O
2)- or -C(=O)-; Z represents -C(H2)-, -S(O2)-, -N(R
Z)-, or an oxygen or sulphur atom; Rz represents
hydrogen, Ci-6 alkyl, C1-6 alkoxy, -COR7 or -SO 2R7;
R1 represents halogen, C1-6 alkyl, C1-6 alkoxy, =0,
haloC 1-6 alkyl or 1IaIoC1-6 alkoxy; m represents an
integer from 0 to 3; R2 represents halogen, =0, C1-6
alkyl (optionally substituted by one or more hydroxyl
groups), -COOR 7, -CONR 7R8, C1-6 alkoxy, haloC 1-6
alkyl or haloC 1-6 alkoxy; n represents an integer
from 0 to 3; p and q independently represent an
integer from 0 to 2; R3 represents an -aryl,
-heteroaryl, -heterocyclyl, -aryl-aryl,
-aryl-heteroaryl, -arylheterocyclyl, -heteroaryl-aryl,
-heteroaryl-heteroaryl, -heteroaryl-heterocyclyl,
-heterocyclylaryl, -heterocyclyl-heteroaryl or
-heterocyclyl-heterocyclyl group, all of which may be
optionally substituted by one or more (e.g. 1, 2 or 3)
halogen, C1-6 alkyl, C3-8 cycloalkyl, C1-6 alkoxy,
hydroxyl, haloC 1-6 alkyl, haloC 1-6 alkoxy, cyano,
-S-C 1-6 alkyl, -SO-C 1-6 alkyl, -SO2- C1-6 alkyl,
-COR7, -CONR 7R8, -NR7R8, NR7COC1-6 alkyl, NR7SO2-C1-6
alkyl, C1-6 alkyl- NR7R8, -OCONR 7R8 , -NR7CO2R8 or
-SO2NR7R8 groups; R4 and R5 independently represent
C1-6 alkyl, or R4 and R5 together with the carbon atom
to which they are attached may together form a C3-8
cycloalkyl group;R6 represents halogen, C1-6 alkyl,
C3-8 cycloalkyl, C1-6 alkoxy, haloC1-6 alkyl or haloC^
alkoxy; s represents an integer from 0 to 4; R7 and R8
independently represent hydrogen, C1-6 alkyl or C3-8
cycloalkyl; or solvates thereof. In a further aspect
the invention provides a compound of formula (I) or a
pharmaceutically acceptable salt thereof: (I) wherein:
X represents a nitrogen atom; Y represents -C(H2)-,
(-C(H2)-)2, -S(O2)- or -C(=O)-; Z represents -C(H2)-,
-S(O2)-, -N(RZ)-, or an oxygen or sulphur atom; Rz
represents hydrogen, C1-6 alkyl, C1-6 alkoxy, -COR7 or
-SO 2R7; R1 represents halogen, C1-6 alkyl, C1-6
alkoxy, =0, haloC1-6 alkyl or haloC1-6 alkoxy; m
represents an integer from 0 to 3; R2 represents
halogen, =0, C1-6 alkyl (optionally substituted by one
or more hydroxyl groups), -COOR7, -CONR7R8, C1-6
alkoxy, haloC1-6 alkyl or haloC1-6 alkoxy; n
represents an integer from Oto 3; p and q
independently represent an integer from Oto 2; R3
represents an -aryl, -heteroaryl, -heterocyclyl,
-aryl-aryl, -aryl-heteroaryl, -arylheterocyclyl,
-heteroaryl-aryl, -heteroaryl-heteroaryl,
-heteroaryl-heterocyclyl, -heterocyclylaryl,
-heterocyclyl-heteroaryl or -heterocyclyl-heterocyclyl
group, all of which may be optionally substituted by
one or more (e.g. 1, 2 or 3) halogen, C1-6 alkyl, C3-8
cycloalkyl, C1-6 alkoxy, hydroxyl, haloC1-6 alkyl,
haloC^ alkoxy, cyano, -S-C1-6 alkyl, -SO-C1-6 alkyl,
-SO2- C1-6 alkyl, -COR7, -CONR7R8, -NR7R8, NR7COC1-6
alkyl, NR7SO2-C1-6 alkyl, C1-6 alkyl- NR7R8, -OCONR7R8
, -NR7CO2R8 or -SO2NR7R8 groups; R4 and R5
independently represent C1-6 alkyl, or R4 and R5
together with the carbon atom to which they are
attached may together form a C3-8 cycloalkyl group; R6
represents halogen, C1-6 alkyl, C3-8 cycloalkyl, C1-6
alkoxy, haloC1-6 alkyl or haloC^ alkoxy; s represents
an integer from Oto 4; R7 and R8 independently
represent hydrogen, C1 alkyl or C3 cycloalkyl;or
solvates thereof. 



In another aspect the invention provides a compound of
formula (I) or a pharmaceutically acceptable salt
thereof: (I) wherein: X represents a nitrogen atom; Y
represents -C(H2)-, (-C(H2)-)2, -S(O2)- or -C(=O)-; Z
represents -C(H2)-, -S(O2)-, -N(RZ)-, or an oxygen or
sulphur atom; A represents hydrogen or -CH2OH; Rz
represents hydrogen, C1-6 alkyl, Ci-6 alkoxy, -COR7 or
-SO 2R7; R1 represents halogen, Ci-6 alkyl, C1-6
alkoxy, =O, haloC1-6 alkyl, haloC1-6 alkoxy, hydroxyl
Or -CH 2OH; m represents an integer from Oto 3; R2
represents halogen, =0, C1-6 alkyl (optionally
substituted by one or more hydroxyl groups), -COOR7,
-CONR7R8, C1-6 alkoxy, haloC1-6 alkyl, haloCi -6
alkoxy or C^alkylOC 6alkyl; n represents an integer
from Oto 3; p and q independently represent an integer
from Oto 2; R3 represents an -aryl, -heteroaryl,
-heterocyclyl, -aryl-aryl, -aryl-heteroaryl,
-arylheterocyclyl, -heteroaryl-aryl,
-heteroaryl-heteroaryl, -heteroaryl-heterocyclyl,
-heterocyclylaryl, -heterocyclyl-heteroaryl or
-heterocyclyl-heterocyclyl group, all of which may be
optionally substituted by one or more (e.g. 1, 2 or 3)
halogen, Ci-6 alkyl (optionally substituted by one or
more hydroxyl groups), C3-8 cycloalkyl, C1-6 alkoxy,
hydroxyl, haloC1-6 alkyl, haloC1-6 alkoxy, cyano,
-S-Ci 6 alkyl, -SO-Ci 6 alkyl, -SO2-Ci -6 alkyl,
-COR7, - CONR7R8, -NR7R8, -NR7COCi -6 alkyl,
-NR7SO2-C1-6 alkyl, Ci-6 alkyl-NR7R8, -OCONR7R8 , -
NR7CO2R8 or -SO2NR7R8 groups; R4 and R5 independently
represent C1-6 alkyl, or R4 and R5 together with the
carbon atom to which they are attached may together
form a C3-8 cycloalkyl group; R6 represents halogen,
C1-6 alkyl, C3-8 cycloalkyl, C1-6 alkoxy, haloC1-6
alkyl or haloC^ alkoxy; s represents an integer from
Oto 4; R7 and R8 independently represent hydrogen,
Ci-6 alkyl or C3-8 cycloalkyl;or solvates thereof. The
term 'Ci -6 alkyl' as used herein as a group or a part
of the group refers to a linear or branched saturated
hydrocarbon group containing from 1 to 6 carbon atoms.
Examples of such groups include methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert butyl, n-pentyl, isopentyl, neopentyl or hexyl
and the like. The term 'Ci -6 alkoxy' as used herein
refers to an -0-Ci -6 alkyl group wherein Ci-6 alkyl
is as defined herein. Examples of such groups include
methoxy, ethoxy, propoxy, butoxy, pentoxy or hexoxy
and the like. The term C3-8 cycloalkyl as used herein
refers to a saturated monocyclic hydrocarbon ring of 3
to 8 carbon atoms. Examples of such groups include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl or cyclooctyl and the like. The term
'halogen' as used herein refers to a fluorine,
chlorine, bromine or iodine atom. The term 'haloC 1-6
alkyl' as used herein refers to a Ci-6 alkyl group as
defined herein wherein at least one hydrogen atom is
replaced with halogen. Examples of such groups include
fluoroethyl, trifluoromethyl or trifluoroethyl and the
like. The term 'haloC 1-6 alkoxy' as used herein
refers to a C1-6 alkoxy group as herein defined
wherein at least one hydrogen atom is replaced with
halogen. Examples of such groups include
difluoromethoxy or trifluoromethoxy and the like. The
term 'aryl' as used herein refers to a C6-I2
monocyclic or bicyclic hydrocarbon ring wherein at
least one ring is aromatic. Examples of such groups
include phenyl, naphthyl or tetrahydronaphthalenyl and
the like. The term 'heteroaryl' as used herein refers
to a 5-6 membered monocyclic aromatic or a fused 8-10
membered bicyclic aromatic ring containing 1 to 4
heteroatoms selected from oxygen, nitrogen and
sulphur. Examples of such monocyclic aromatic rings
include thienyl, furyl, furazanyl, pyrrolyl,
triazolyl, tetrazolyl, imidazolyl, oxazolyl,
thiazolyl, oxadiazolyl, isothiazolyl, isoxazolyl,
thiadiazolyl, pyranyl, pyrazolyl, pyrimidyl,
pyridazinyl, pyrazinyl, pyridyl, triazinyl, tetrazinyl
and the like. Examples of such fused aromatic rings
include quinolinyl, isoquinolinyl, quinazolinyl,
quinoxalinyl, pteridinyl, cinnolinyl, phthalazinyl,
naphthyridinyl, indolyl, isoindolyl, azaindolyl,
indolizinyl, indazolyl, purinyl, pyrrolopyridinyl,
furopyridinyl, benzofuranyl, isobenzofuranyl,
benzothienyl, benzoimidazolyl, benzoxazolyl, 



benzoisoxazolyl, benzothiazolyl, benzoisothiazolyl,
benzoxadiazolyl, benzothiadiazolyl and the like.The
term 'heterocyclyl' refers to a 4-7 membered
monocyclic ring or a fused 8-12 membered bicyclic ring
which may be saturated or partially unsaturated
containing 1 to 4 heteroatoms selected from oxygen,
nitrogen or sulphur. Examples of such monocyclic rings
include pyrrolidinyl, azetidinyl, pyrazolidinyl,
oxazolidinyl, piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, thiazolidinyl, hydantoinyl,
valerolactamyl, oxiranyl, oxetanyl, dioxolanyl,
dioxanyl, oxathiolanyl, oxathianyl, dithianyl,
dihydrofuranyl, tetrahydrofuranyl, dihydropyranyl,
tetrahydropyranyl, tetrahydropyridinyl,
tetrahydropyrimidinyl, tetrahydrothiophenyl,
tetrahydrothiopyranyl, diazepanyl, azepanyl and the
like. Examples of such bicyclic rings include
indolinyl, isoindolinyl, benzopyranyl, quinuclidinyl,
2,3,4,5- tetrahydro-1/-/-3-benzazepine,
tetrahydroisoquinolinyl and the like. In one
embodiment, p and q both represent 1, X represents a
nitrogen atom, Y represents - C(H2)- and Z represents
-C(H2)-, for example, the bicyclic moiety attached to
the pyridinyl ring in formula (I) is
hexahydropyrrolopyrazinyl (e.g. hexahydropyrrolo[1
,2-a]pyrazin-2(1H)- yl). In an alternative embodiment,
p and q both represent 1, X represents a nitrogen
atom, Y represents (-C(H2)-)2 and Z represents an
oxygen atom, for example, the bicyclic moiety attached
to the pyridinyl ring in formula (I) is
hexahydropyrazino-oxazinyl (e.g.
hexahydropyrazino[2,1-c][1,4]oxazin-8(1/-/)-yl). In a
further alternative embodiment, p and q both represent
1, X represents a nitrogen atom, Y represents -S(O2)-
and Z represents -C(H2)-, for example, the bicyclic
moiety attached to the pyridinyl ring in formula (I)
is dioxidohexahydroisothiazolopyrazinyl (e.g. 1,1-
dioxidohexahydro-5/-/-isothiazolo[2,3-a]pyrazin-5-yl).
In a yet further alternative embodiment, p and q both
represent 1, X represents a nitrogen atom, Y
represents -C(=O)- and Z represents -C(H2)-, for
example, the bicyclic moiety attached to the pyridinyl
ring in formula (I) is oxohexahydropyrrolopyrazinyl
(e.g. 6- oxohexahydropyrrolo[1 ,2-a]pyrazin-2(1
H)-yl). In a yet further alternative embodiment, p
represents 1, q represents 2, X represents a nitrogen
atom, Y represents -C(H2)- and Z represents -C(H2)-,
for example, the bicyclic moiety attached to the
pyridinyl ring in formula (I) is
octahydropyrrolodiazepinyl (e.g.
octahydro-3H-pyrrolo[1 ,2-d\[\ ,4]diazepin-3-yl). In a
yet further alternative embodiment, p represents 2, q
represents 1, X represents a nitrogen atom, Y
represents -C(H2)- and Z represents -C(H2)-, for
example, the bicyclic moiety attached to the pyridinyl
ring in formula (I) is oxahexahydropyrrolodiazepinyl
(e.g. oxohexahydro-1 H-pyrrolo[1 ,2-a][1
,4]diazepin-2(3/-/)-yl).In a yet further alternative
embodiment, p and q both represent 1, X represents a
nitrogen atom, Y represents (-C(H2)-)2 and Z
represents -S(O2)-, for example, the bicyclic moiety
attached to the pyridinyl ring in formula (I) is
dioxidohexahydropyrazinothiazinyl (e.g. 2,2-
dioxidohexahydropyrazino[2,1-c][1
,4]thiazin-8(1H)-yl). In a yet further embodiment, p
and q both represent 1, X represents nitrogen, Y
represents (-C(H2)-)2 and Z represents -N(R Z)-, for
example, the bicyclic moiety attached to the pyridinyl
ring in formula (I) is octahydropyrazinopyrazinyl
(e.g. octahydro-2H-pyrazino[1 ,2- a]pyrazin-2-yl). In
a yet further embodiment, when p represents zero and q
represent 1, X represents nitrogen, Y represents
-C(H2)- and Z represents -C(H2)-, for example, the
bicyclic moiety attached to the pyridinyl ring in
formula (I) is oxotetrahydropyrroloimidazolyl (e.g.
oxotetrahydro-1 H-pyrrolo[1 ,2-c]imidazol-2(3/-/)-yl).
In one embodiment, m represents 0. In another
embodiment, m represents 1. In one embodiment, when m
represents 1, R1 represents =0, hydroxyl, -CH2OH. In
one embodiment, n represents 0 or 1. In a further
embodiment, when n represents 1, R2 represents =0 or
C1-6 alkyl (optionally substituted by one or more
hydroxyl groups; e.g. -CH 2-OH or CH3). In another
embodiment, when n represents 1, R2 represents
C^alkylOC^alkyl (e.g. - CH2OCH3) or haloC1-6 alkyl
(e.g. -CH 2F). In a yet further embodiment, when n
represents 1, R2 represents C1-6 alkyl substituted by
a hydroxyl group (e.g. -CH 2-OH). In one embodiment A
represents hydrogen. In another embodiment A
represents -CH 2OH. In one embodiment, p and q either
both represent 1 or one of p or q represents 1 and the
other of p or q represents 2. In a further embodiment,
p and q both represent 1. 



In a yet further embodiment when q represents 1, p
represents 0. In one embodiment, R7 represents C^alkyl
(e.g. methyl).In one embodiment, when Z represents
-N(R Z)-, Rz represents hydrogen, C1-6 alkyl, -COR7 Or
-SO 2R7. In another embodiment, Rz represents -COR 7.
In another embodiment, Rz represents C1-6alkyl or -SO
2R7. In a yet further embodiment when Rz represents
-COR 7, R7 represents C1-6alkyl (e.g. methyl). In a
yet further embodiment when Rz represents -SO 2R7, R7
represents C1-6alkyl (e.g. methyl). In one embodiment,
R3 represents -aryl (e.g. phenyl) mono substituted by
a halogen (e.g. 2-chlorine) or C1-6 alkyl (e.g.
2-methyl) group or -aryl (e.g. phenyl) di substituted
by a halogen (e.g. 4-fluorine) and C1-6 alkyl (e.g.
2-methyl) group. In a further embodiment, R3
represents -aryl (e.g. phenyl) di substituted by a
halogen (e.g. 4-fluorine) and C1-6 alkyl (e.g.
2-methyl) group (e.g. 4-fluoro-2-methylphenyl). In a
further embodiment R3 represents -aryl (e.g. phenyl)
monosubstitued by C1-6alkyl substituted by one or more
hydroxyl groups (e.g. -CH 2OH) or -aryl (e.g. phenyl)
di substituted by a halogen (e.g.
2-chloro-4-fluorophenyl) or a halogen (e.g.
5-fluorine) and a C1-6 alkyl (e.g. 2-methyl) group
(e.g. 5-fluoro-2-methylphenyl). In a further
embodiment R3 represents -heteroaryl (e.g.pyridinyl)
monosubstitued by C1- 6alkyl (e.g.
6-methylpyridin-3-yl)) or -heteroaryl (e.g. pyridinyl)
di substituted by a halogen (e.g. 4-fluorine) and a
C1-6 alkyl (e.g. 2-methyl) group (e.g.
4-fluoro-2-methylpyridin-3-yl). In one embodiment, R4
and R5 both represent C1 alkyl (e.g. methyl), or R4
and R5 together with the carbon atom to which they are
attached together form a C3-8 cycloalkyl (e.g.
cyclopropyl) group. In a further embodiment, R4 and R5
both represent C1 alkyl (e.g. methyl). In a yet
further embodiment R4 and R5 together with the carbon
atom to which they are attached together form a C3-8
cycloalkyl (e.g. cyclopropyl) group. In one
embodiment, s represents 2 and both R6 groups are
haloC1-6 alkyl (such as trifluoromethyl groups, e.g.
3,5-bis(trifluoromethyl)).In one embodiment, when p
and q both represent 1, X represents a nitrogen atom,
Y represents (-C(H2)-)2 and Z represents an oxygen
atom, n represents 1, R2 represents Ci-6 alkyl
substituted by a hydroxyl group, R3 represents -aryl
di substituted by a halogen and C1-6 alkyl group, R4
and R5 both represent Ci 6 alkyl and s represents 2
wherein both R6 groups are haloC1-6 alkyl. In one
embodiment, when p and q both represent 1, X
represents a nitrogen atom, Y represents (-C(H2H and Z
represents -S(O2)-, n represents 1, R2 represents Ci-6
alkyl substituted by a hydroxyl group, R3 represents
-aryl di substituted by a halogen and Ci-6 alkyl
group, R4 and R5 both represent Ci-6 alkyl and s
represents 2 wherein both R6 groups are haloC1-6
alkyl. In one embodiment, when p and q both represent
1, X represents nitrogen, Y represents (- C(H2)-)2 and
Z represents -N(R Z)-, n represents 1, R2 represents
C1-6 alkyl substituted by a hydroxyl group, R3
represents -aryl di substituted by a halogen and C1-6
alkyl group, R4 and R5 both represent C1-6 alkyl and s
represents 2 wherein both R6 groups are haloC1-6
alkyl. In a yet further embodiment, p and q both
represent 1, n and m both represent 0, A represents
hydrogen, X represents nitrogen, Y represents
(-C(H2)-)2, Z represents -N(R Z)-, R3 represents -aryl
substituted by a halogen and C1-6 alkyl group, R4 and
R5 both represent C1-6 alkyl, s represents 2 wherein
both R6 groups are haloC1-6 alkyl and Rz represents -
COR7, wherein R7 is C1-6alkyl. Compounds according to
the invention include examples E1-E33 as shown below,
or a pharmaceutically acceptable salt thereof.
Compounds according to the invention further include
examples E34-E40 as shown below, or a pharmaceutically
acceptable salt thererof. Compounds according to the
invention further include examples E41-E104 as shown
below, or a pharmaceutically acceptable salt thererof.
In one embodiment, the invention provides a compound
selected from the group consisting of:
2-[3,5-bis(trifluoromethyl)phenyl]-/v-{4-(4-fluoro-2-m
ethylphenyl)-6-[(7S,9aS)-7-
(hydroxymethyl)hexahydropyrazino[2,1-c][1,4]oxazin-8(1
H)-yl]-3-pyridinyl}- L/,2- dimethylpropanamide,
2-[3,5-bis(trifluoromethyl)phenyl]-
L/-{4-(4-fluoro-2-methylphenyl)-6-[(7S,9af?)-7-
(hydroxymethyl)hexahydropyrazino[2, 1-c][1
,4]oxazin-8(1 /-/)-yl]-3-pyridinyl}-L/,2- 



dimethylpropanamide,2-[3,5-bis(trifluoromethyl)phenyl]
-
L/-{4-(4-fluoro-2-methylphenyl)-6-[(7S)-7-(hydroxymeth
yl)- 2,2-dioxidohexahydropyrazino[2, 1-c][1
,4]thiazin-8(1 H)-yl]-3-pyridinyl}- L/,2-
dimethylpropanamide,
L/-[6-[(3S)-8-acetyl-3-(hydroxymethyl)octahydro-2H-pyr
azino[1 ,2-a]pyrazin-2-yl]-4-(4-fluoro-
2-methylphenyl)-3-pyridinyl]-2-[3,5-bis(trifluoromethy
l)phenyl]- L/,2-dimethylpropanamide, or a
pharmaceutically acceptable salt thereof. In a further
embodiment, the invention provides
2-[3,5-bis(trifluoromethyl)phenyl]- L/-{4-(4-
fluoro-2-methylphenyl)-6-[(7S,9af?)-7-(hydroxymethyl)h
exahydropyrazino[2,1-c][1,4]oxazin- 8(1
H)-yl]-3-pyridinyl}- L/,2-dimethylpropanamide or a
pharmaceutically acceptable salt thereof. In a further
embodiment, the invention provides L/-[6-[(9aS or
9aR)-8-acetyloctahydro-2Hpyrazino[ 1
,2-a]pyrazin-2-yl]-4-(4-fluoro-2-methylphenyl)-3-pyrid
inyl]-2-[3,5- bis(trifluoromethyl)phenyl]-
L/,2-dimethylpropanamide (Enantiomer 2) or a
pharmaceutically acceptable salt thereof, wherein
"Enantiomer 2" means a single enantiomer of unknown
absolute stereochemistry prepared according to Example
72 described hereinbelow. Compounds of formula (I) may
form acid addition salts with acids, such as
conventional pharmaceutically acceptable acids, for
example maleic, hydrochloric, hydrobromic, phosphoric,
acetic, fumaric, salicylic, sulphate, citric, lactic,
mandelic, tartaric and methanesulphonic. Salts,
solvates and hydrates of compounds of formula (I)
therefore form an aspect of the invention. As used
herein, the term "salt" refers to any salt of a
compound according to the present invention prepared
from an inorganic or organic acid or base, quaternary
ammonium salts and internally formed salts.
Physiologically acceptable salts are particularly
suitable for medical applications because of their
greater aqueous solubility relative to the parent
compounds. Such salts must clearly have a
physiologically acceptable anion or cation. Suitably
physiologically acceptable salts of the compounds of
the present invention include acid addition salts
formed with inorganic acids such as hydrochloric,
hydrobromic, hydroiodic, phosphoric, metaphosphoric,
nitric and sulfuric acids, and with organic acids,
such as tartaric, acetic, trifluoroacetic, citric,
malic, lactic, fumaric, benzoic, formic, propionic,
glycolic, gluconic, maleic, succinic, camphorsulfuric,
isothionic, mucic, gentisic, isonicotinic, saccharic,
glucuronic, furoic, glutamic, ascorbic, anthranilic,
salicylic, phenylacetic, mandelic, embonic (pamoic),
methanesulfonic, ethanesulfonic, pantothenic, stearic,
sulfinilic, alginic, galacturonic and arylsulfonic,
for example benzenesulfonic and ptoluenesulfonic,
acids; base addition salts formed with alkali metals
and alkaline earth metals and organic bases such as
N,N-dibenzylethylenediamine, chloroprocaine, choline,
diethanolamine, ethylenediamine, meglumaine
(N-methylglucamine), lysine and procaine; and
internally formed salts. Salts having a
non-physiologically acceptable anion or cation are
within the scope of the invention as useful
intermediates for the preparation ofphysiologically
acceptable salts and/or for use in non-therapeutic,
for example, in vitro, situations. The subject
invention also includes isotopically-labelled
compounds, which are identical to those recited in
formula (I) and following, but for the fact that one
or more atoms are replaced by an atom having an atomic
mass or mass number different from the atomic mass or
mass number usually found in nature. Examples of
isotopes that can be incorporated into compounds of
the invention and pharmaceutically acceptable salts
thereof include isotopes of hydrogen, carbon,
nitrogen, oxygen, phosphorous, sulphur, fluorine,
iodine, and chlorine, such as 2H, 3H, 11C, 13C, 14C,
15N, 170, 180, 3 1P, 32P, 35S, 18F 36Cl, 1231 and
1251. Compounds of the present invention and
pharmaceutically acceptable salts of said compounds
that contain the aforementioned isotopes and/or other
isotopes of other atoms are within the scope of the
present invention. Isotopically-labelled compounds of
the present invention, for example those into which
radioactive isotopes such as 3H, 14C are incorporated,
are useful in drug and/or substrate tissue
distribution assays. Tritiated, i.e., 3H, and
carbon-14, i.e., 14C, isotopes are particularly
preferred for their ease of preparation and
detectability. 11C and 18F isotopes are particularly
useful in PET (positron emission tomography), and 1251
isotopes are particularly useful in SPECT (single
photon emission computerized tomography), all useful
in brain imaging. Further, substitution with heavier
isotopes such as deuterium, i.e., 2H, can afford
certain therapeutic advantages resulting from greater
metabolic stability, for example increased in vivo
half-life or reduced dosage requirements and, hence,
may be preferred in some circumstances, lsotopically
labelled compounds of formula I and following of this
invention can generally be prepared 



by carrying out the procedures disclosed in the
Schemes and/or in the Examples below, by substituting
a readily available isotopically labelled reagent for
a non-isotopically labelled reagent. Certain compounds
of formula (I) are capable of existing in
stereoisomeric forms. It will be understood that the
invention encompasses all geometric and optical
isomers of these compounds and the mixtures thereof
including racemates. * indicates a stereocentre of
fixed but unknown stereochemistry i.e. either R or S
stereochemistry. Diastereoisomer 1 or Diastereoisomer
2 means a compound of the invention or an intermediate
thereof as a single diastereoisomer whose absolute
configuration at one stereocentre was not determined.
Enantiomer 1 or Enantiomer 2 means a compound of the
invention or an intermediate thereof as a single
enantiomer whose absolute configuration was not
determined. Tautomers also form an aspect of the
invention. The present invention also provides a
process for the preparation of a compound of formula
(I) or a pharmaceutically acceptable salt thereof,
which process comprises:(a) reacting a compound of
formula (II) (II) wherein R3, R4, R5, R6 and s are as
defined above and L1 represents a suitable leaving
group such as a halogen atom (e.g. chlorine), with a
compound of formula (III) (III) or an optionally
protected derivative thereof, wherein R1, R2, m, n, p,
q, X, Y, Z and A are as defined above; optionally
thereafter followed by (b) deprotecting a compound of
formula (I) which is protected; and (c)
interconversion to other compounds of formula (I).
When p and q both represent 1, X represents a nitrogen
atom, Y represents -C(=O)- and Z represents -C(H2)-,
process (a) may be performed in the presence of a
suitable base such as potassium carbonate and a
suitable solvent such as DMSO at a suitable
temperature, such as 150-1800C. When p and q both
represent 1, X represents a nitrogen atom, Y
represents -C(H2)- and Z represents -C(H2)-, process
(a) may be performed in the presence of a suitable
base such as potassium carbonate and a suitable
solvent such as DMSO at a suitable temperature, such
as 18O0C by microwave irradiation. When p and q both
represent 1, X represents a nitrogen atom, Y
represents -C(H2)- and Z represents -C(H2)-, n
represents 1, R2 represents C1-6 alkyl substituted by
a hydroxyl group (e.g. -CH 2-OH), process (a) may be
performed in the presence of a suitable base such as
potassium tertbutoxide or caesium carbonate, a
suitable solvent such as DMSO, a suitable catalyst
such as bis(dibenzylideneacetone)palladium (0.05eq) a
suitable ligand such as dicyclohexylphosphino-2'-( L/
,L/-dimethylamino)biphenyl (0.125eq) at a suitable
temperature, such as 1200C by microwave irradiation;
or in the alternative, process a) may be performed in
the presence of a suitable base such as potassium
carbonate and a suitable solvent such as DMSO at a
suitable temperature, such as between 110 and
1600C.Alternatively, when p and q both represent 1, X
represents a nitrogen atom, Y represents - C(H2)- and
Z represents -C(H2)-, n represents 1, R2 represents C1
alkyl substituted by a hydroxyl group (e.g. -CH 2-OH),
process (a) may be performed on the derivative wherein
the hydroxyl group of R2 is protected as an O-TBDMS
derivative, in a suitable solvent such as toluene, in
the presence of a suitable catalyst such as bis-tri
-tert-butylphosphine palladium, a suitable base such
as aqueous sodium hydroxide and a suitable phase
transfer catalyst such as aqueous
cetyltrimethylammonium chloride at a temperature such
as 80-950C. This process can be followed by removal of
theTBDMS protecting group using tetrabutylammonium
fluoride in a suitable solvent such as THF, or
hydrochloric acid in a suitable solvent such as
methanol. Alternatively, when p and q both represent
1, X represents nitrogen, Y represents -(C(H 2)- )2, Z
represents an oxygen atom, -S(O2)- or -N(R Z), n
represents 1 and R2 represents C1-6 alkyl substituted
by a hydroxyl group (e.g. -CH 2-OH) process (a) may be
performed on the derivative wherein the hydroxyl group
of R2 is protected as an O-TBDMS derivative in a
suitable solvent such as toluene, in the presence of a
suitable catalyst such as bis-tri -tertbutylphosphine
palladium, a suitable base such as aqueous sodium
hydroxide and a suitable phase transfer catalyst such
as aqueous hexadecyltrimethylammonium chloride at a
temperature such as 80-950C. This process can be
followed by removal of theTBDMS protecting group using
tetrabutylammonium fluoride in a suitable solvent such
as THF, or hydrochloric acid in a suitable solvent
such as methanol. Alternatively, when p and q both
represent 1, X represents nitrogen, Y represents -(C(H
2)- )2, Z represents an oxygen atom or -N(R Z) , n
represents 1 and R2 represents C1-6 alkyl or 



haloC1-6 alkyl, process (a) may be performed in a
suitable solvent such as toluene, in the presence of a
suitable catalyst such as bis-tri -tert-butylphosphine
palladium, a suitable base such as aqueous sodium
hydroxide and a suitable phase transfer catalyst such
as aqueous hexadecyltrimethylammonium chloride at a
temperature such as 80-950C. Alternatively, when p and
q both represent 1, X represents nitrogen, Y
represents -(C(H 2)- )2, Z represents -N(R Z) , n
represents 0, m represents 1, and R1 represents -CH
2-OH process (a) may be performed in the presence of a
suitable base such as potassium carbonate and a
suitable solvent such as DMSO at a suitable
temperature, such as 15O0C. When p and q both
represent 1, X represents a nitrogen atom, Y
represents (-C(H2)-)2 and Z represents an oxygen atom
or when p and q both represent 1, X represents a
nitrogen atom, Y represents -S(O2)- and Z represents
-C(H2)-, or when p represents 1, q represents 2, X
represents a nitrogen atom, Y represents -C(H2)- and Z
represents -C(H2)-, or when p represents 2, q
represents 1, X represents a nitrogen atom, Y
represents -C(H2)-, Z represents -C(H2)-, n represents
1 and R2 represents =0, process (a) may typically be
performed in the presence of a suitable base such as
potassium carbonate, a suitablereaction promoter such
as copper iodide in a suitable solvent such as DMSO at
a suitable temperature such as 15O0C by microwave
irradiation. When p represents 1, q represents 1, X
represents a nitrogen atom, Y represents -C(H2)-, Z
represents -C(H2)-, n represents 1 and R2 represents
=0, process (a) may typically be performed in the
presence of N,N'-dimethylethylenediamine, a suitable
base such as caesium carbonate, a suitable reaction
promoter such as copper iodide in a suitable solvent
such as dioxane, at a suitable temperature such as
80-1200C. When p and q both represent 1, m and n both
represent 0, X represents a nitrogen atom, Y
represents (-C(H2)-)2 and Z represents NH, process (a)
may be performed in the presence of a suitable base
such as potassium carbonate and a suitable solvent
such as DMSO at a suitable temperature, such as 13O0C.
In process (b), examples of protecting groups and the
means for their removal can be found in T.W. Greene
'Protective Groups in Organic Synthesis' (J. Wiley and
Sons, 1991). Suitable amine protecting groups include
sulfonyl (e.g. tosyl), acyl (e.g. acetyl, 2',2',2'-
trichloroethoxycarbonyl, benzyloxycarbonyl or
t-butoxycarbonyl) and arylalkyl (e.g. benzyl), which
may be removed by hydrolysis (e.g. using an acid such
as hydrochloric acid in dioxan or trifluoroacetic acid
in dichloromethane) or reductively (e.g.
hydrogenolysis of a benzyl group or reductive removal
of a 2 ,2',2'-trichloroethoxycarbonyl group using zinc
in acetic acid) as appropriate. Other suitable amine
protecting groups include trifluoroacetyl (- COCF3)
which may be removed by base catalysed hydrolysis or a
solid phase resin bound benzyl group, such as a
Merrifield resin bound 2,6-dimethoxybenzyl group
(Ellman linker), which may be removed by acid
catalysed hydrolysis, for example with trifluoroacetic
acid. Process (c) may be performed using conventional
interconversion procedures such as epimerisation,
oxidation, reduction, alkylation, nucleophilic or
electrophilic aromatic substitution, ester hydrolysis,
amide bond formation or transition metal mediated
coupling reactions. Examples of transition metal
mediated coupling reactions useful as interconversion
procedures include the following: Palladium catalysed
coupling reactions between organic electrophiles, such
as aryl halides, and organometallic reagents, for
example boronic acids (Suzuki cross-coupling
reactions); Palladium catalysed amination and
amidation reactions between organic electrophiles,
such as aryl halides, and nucleophiles, such as amines
and amides; Copper catalysed amidation reactions
between organic electrophiles (such as aryl halides)
and nucleophiles such as amides; and Copper mediated
coupling reactions between phenols and boronic acids.
For example, compounds of formula (I) wherein p and q
both represent 1, m and n both represent 0, X
represents a nitrogen atom, Y represents (-C(H2)-)2 ,
Z represents N(RZ), and Rz represents COR7 may be
prepared from compounds of formula (I) wherein p and q
both represent 1, m and n both represent 0, X
represents a nitrogen atom, Y represents (- C(H2)-)2
and Z represents NH, via acylation using the
appropriate acid chloride, in thepresence of a
suitable base, such as triethylamine, in a suitable
solvent, such as dichloromethane. Similarly, compounds
of formula (I) wherein p and q both represent 1, m and
n both represent 0, X represents a nitrogen atom, Y
represents (-C(H2)-)2 , Z represents N(RZ), and Rz
represents SO2R7 may be prepared from compounds of
formula (I) wherein p and q both represent 1, m and n
both represent 0, X represents a nitrogen atom, Y
represents (-C(H2)-)2 and Z represents NH, via
sulfonylation using the appropriate sulfonyl chloride
in the presence of a suitable base, such as
triethylamine, in a suitable solvent, such as
dichloromethane. Compounds of formula (I) wherein p
and q both represent 1, m and n both represent 0, X
represents a nitrogen atom, Y represents (-C(H2)- 



)2 , Z represents N(RZ), and Rz represents C1-6alkyl,
may be prepared from compounds of formula (I) wherein
p and q both represent 1, m and n both represent 0, X
represents a nitrogen atom, Y represents (-C(H2)-)2
and Z represents NH, via reductive alkylation
employing the appropriate aldehyde in a suitable
solvent, such as acetonitrile, followed by treatment
with sodium triacetoxyborohydride. Compounds of
formula (I) wherein p and q both represent 1, m
represents 0, n represents 1, R2 represents
C1-6alkyl0Ci -6alkyl, X represents a nitrogen atom, Y
represents (-C(H2)-)2 , Z represents -S(O) 2- , may be
prepared from compounds of formula (I) wherein p and q
both represent 1, m represents 0, n represents 1, R2
represents substituted by one hydroxyl group, X
represents a nitrogen atom, Y represents (-C(H2)-)2 ,
and Z represents -S(O) 2, via alkylation employing a
suitable alkyl halide in the presence of a base, such
as sodium hydride, in a suitable solvent such as THF.
Compounds of formula (II) may be prepared in
accordance with the methodology provided in WO
2005/002577. Compounds of formula (III) wherein p and
q both represent 1, m and n both represent 0, X
represents a nitrogen atom, Y represents -S(O2)- and Z
represents -C(H2)- may be prepared in accordance with
the following scheme: wherein P1 represents a suitable
protecting group such as Boc. Step (i) typically
comprises reacting a compound of formula (IV) with
methanesulfonyl chloride in the presence of a suitable
solvent such as dichloromethane and a suitable base
such as triethylamine.Step (ii) typically comprises
reacting a compound of formula (V) with
sec-butyllithium in the presence of a suitable solvent
such as tetrahydrofuran. Step (iii) typically
comprises a deprotection reaction, for example, when
P1 represents Boc said deprotection reaction may
typically comprise reacting a compound of formula (Vl)
with a mixture of dichloromethane and trifluoroacetic
acid. Compounds of formula (III) wherein p and q both
represent 1, m represents 0, n represents 1, R2
represents =0, X represents a nitrogen atom, Y
represents -C(H2)- and Z represents - C(H2)- may be
prepared in accordance with the following scheme:
wherein P2 represents a suitable protecting group such
as t-butoxy. Step (i) typically comprises reaction in
the presence of sodium triacetoxyborohydride and a
suitable acid, such as hydrochloric acid. Step (ii)
typically comprises a deprotection reaction, for
example, when P2 represents tbutoxy said deprotection
reaction may typically comprise reacting a compound of
formula (VIII) with a mixture of dichloromethane and
trifluoroacetic acid, followed by purification on a
SCX (Strong Cationic Exchange) silica cartridge and
heating the basic methanolic fractions at a suitable
temperature, such as 400C. Compounds of formula (III)
wherein p and q both represent 1, m represents 0, n
represents 1, R2 represents =0, X represents a
nitrogen atom, Y represents -C(H2)- and Z represents -
C(H2)- may also be prepared in accordance with the
following scheme: wherein P2 represents a suitable
protecting group such as t-butoxy. Step (i) typically
comprises reaction with chloroacetyl chloride in the
presence of a suitable base such as
N,N-diisopropylethylamine in dichloromethane. Step
(ii) typically comprises a deprotection reaction, for
example, when P2 represents tbutoxy said deprotection
reaction may typically comprise reacting a compound of
formula (X) with a mixture of dichloromethane and
trifluoroacetic acid, followed by purification on aSCX
(Strong Cationic Exchange) silica cartridge and
heating of the resulting intermediate with a base such
as sodium carbonate in acetonitrile at a suitable
temperature, such as 600C. Compounds of formula (III)
wherein p represents 1, q represents 2, m represents
0, n represents 1, R2 represents =0, X represents a
nitrogen atom, Y represents -C(H2)- and Z represents
-C(H2)-, or wherein p represents 1, q represents 2, m
and n both represent 0, X represents a nitrogen atom,
Y represents -C(H2)- and Z represents -C(H2)-may be
prepared in accordance with the following scheme:
wherein P3 represents a suitable protecting group such
as Boc. Step (i) typically comprises reaction with
1,1-dimethylethyl (2-oxoethyl)carbamate in the
presence of sodium triacetoxyborohydride in a suitable
solvent such as 1,2-dichloroethane. Step (ii)
typically comprises a deprotection reaction, for
example, when P3 represents Boc, said deprotection
reaction may typically comprise reacting a compound of
formula (XII) with trifluoroacetic acid in
dichloromethane, and then purifying the product on a
SCX (Strong Cationic Exchange) silica cartridge. Step
(iii) typically comprises heating the previous
deprotected intermediate in a suitable 



solvent such as acetonitrile at a suitable
temperature, such as 60C. Step (iv) typically
comprises the use of borane tetrahydrofuran complex
solution at a suitable temperature, such as 00C,
followed by treatment with an aqueous acid, such as
hydrochloric acid, and purification on a SCX (Strong
Cationic Exchange) silica cartridge.Compounds of
formula (III) wherein p and q both represent 1, m
represents O n represents 1, R2 represents =0, X
represents a nitrogen atom, Y represents (-C(H2)-)2
and Z represents an oxygen atom may be prepared in
accordance with the following scheme: ), (XIX)- XIX )b
(XVinja (XVIII) wherein P4 and P5 represent a suitable
protecting group such as Boc. Step (i) typically
comprises reacting a compound of formula (XV) with a
trimethylsilyl diazomethane solution at room
temperature. Step (ii) typically comprises a
deprotection reaction, for example, when P4 represents
Boc, said deprotection reaction may typically comprise
reacting the compounds of formulae (XVI)a and (XVI)b
with trifluoroacetic acid in dichloromethane. Step
(iii) typically comprises reacting the compounds of
formulae (XVM)a and (XVII) b with Nboc-
2-aminoacetaldehyde in the presence of sodium
triacetoxyborohydride in a suitable solvent such as
1,2-dichloroethane. Step (iv) typically comprises a
deprotection reaction, for example, when P5 represents
Boc, said deprotection reaction may typically comprise
reacting the compounds of formulae (XVIII) a and
(XVIII) b with trifluoroacetic acid in
dichloromethane, followed by purification on a SCX
(Strong Cationic Exchange) silica cartridge. Step (v)
typically comprises heating at a suitable temperature
such as 40C the compounds of formulae (XIX)a and
(XIX)b in a suitable solvent such as methanol.
Compounds of formula (III) wherein p and q both
represent 1, m and n both represent O, X represents a
nitrogen atom, Y represents (-C(H2)- and Z represents
-S(O2)- may be prepared in accordance with the
following scheme:(XX) (XXI) Step (iii) NHP7 CHO (III)'
(XXlV) (XXIII) wherein P6 and P7 represent a suitable
protecting group such as Boc. Step (i) typically
comprises reacting a compound of formula (XX) with
MCPBA (3- chloroperbenzoic acid) in dichloromethane.
Step (ii) typically comprises a deprotection reaction,
for example, when P6 represents Boc, said deprotection
reaction may typically comprise reacting the compound
of formula (XXI) with trifluoroacetic acid in
dichloromethane. Step (iii) typically comprises
reacting a compound of formula (XXII) with N-boc-2-
aminoacetaldehyde in the presence of sodium
triacetoxyborohydride in a suitable solvent such as
1,2-dichloroethane. Step (iv) typically comprises a
deprotection reaction, for example, when P7 represents
Boc, said deprotection reaction may typically comprise
reacting the compound of formula (XXIII) with
trifluoroacetic acid in dichloromethane followed by
purification on a SCX (Strong Cationic Exchange)
silica cartridge. Step (v) typically comprises
reacting a compound of formula (XXIV) with borane
tetrahydrofuran complex solution at a suitable
temperature, such as 500C, followed by treatment with
an aqueous acid, such as hydrochloric acid, and
purification on a SCX (Strong Cationic Exchange)
silica cartridge. Compounds of formula (III) wherein p
and q both represent 1, n represents O, X represents a
nitrogen atom, Y represents -C(H2)-, Z represents
-C(H2)-, m represents 2 and both R1 groups represent
fluorine may be prepared in accordance with the
following scheme:) wherein P8 represents a suitable
protecting group such as t-butoxycarbonyl. Step (i)
typically comprises reaction with a suitable base such
as lithium bis(dimethylethylsilyl)amide in a suitable
solvent such as THF at a suitable temperature such as
-78CC, followed by a suitable fluorinating agent such
as Nfluorobenzenesulfonimide. Step (ii) typically
comprises a deprotection reaction, for example, when
P8 represents tbutoxy carbonyl said deprotection
reaction may typically comprise reacting a compound of
formula (XXVI) with a mixture of dichloromethane and
trifluoroacetic acid, followed by purification on a
SCX (Strong Cationic Exchange) silica cartridge. Step
(iii) typically comprises reacting a compound of
formula (XXVII) with borane tetrahydrofuran complex
solution at a suitable temperature, such as 50C,
followed by treatment with an aqueous acid, such as
hydrochloric acid, and purification on a SCX 



(Strong Cationic Exchange) silica cartridge. Compounds
of formula (III) wherein p and q both represent 1, m
represents 0, X represents a nitrogen atom, Y and Z
both represent -C(H2)-, n represents 1 and R2
represents haloC^ alkyl (e.g. fluoroethyl) may be
prepared in accordance with the following scheme:
wherein P9 represents a suitable protecting group such
as benzyl. Step (i) typically comprises reaction with
a fluorinating agent such as DAST
((diethylamino)sulfur trifluoride) in a suitable
solvent such as dichloromethane at a suitable
temperature such as room temperature. Step (ii)
typically comprises a deprotection reaction, for
example, when P9 represents benzyl said deprotection
reaction may typically comprise reacting a compound of
formula (XXIX) with hydrogen in the presence of a
suitable catalyst such as palladium on carbon,
followed by purification on a SCX (Strong Cationic
Exchange) silica cartridge.Compounds of formula (I)
wherein p represents O q represents 1, m represents 0,
n represent 1, R2 represents =0, X represents a
nitrogen atom and Y and Z both represent - C(H2)-, may
be prepared in accordance with the following scheme:
wherein L1, R3, R4, R5, R6 and s are as defined above
and P10 represents a suitable leaving group such as
Boc. Step (i) typically comprises reaction with
1,1-dimethylethyl 2-(aminomethyl)-1-
pyrrolidinecarboxylate in a suitable solvent such as
DMSO in the presence of a suitable base such as
potassium carbonate at a suitable temperature such as
1800C under microwave irradiation. Step (ii) typically
comprises a deprotection reaction, for example, when
P10 represents Boc said deprotection reaction may
typically comprise reacting a compound of formula (-)
with a mixture of dichloromethane and trifluoroacetic
acid, followed by purification on a SCX (Strong
Cationic Exchange) silica cartridge Step (iii)
typically comprises reacting a compound of formula
(XXXI) with triphosgene in the presence of a suitable
base such as triethylamine at a suitable temperature
such as room temperature. Compounds of formula (I)
wherein p and q both represent 1, m represents 0, n
represents 1, R2 represents -CONH 2, CO2H or CO2Et, X
represents a nitrogen atom and Y and Z both represent
-C(H2)- may be prepared in accordance with the
following scheme:wherein L , R , R R , R and s are as
defined above and R represents NH2, OH or OEt. Step
(i) typically comprises reaction with
octahydropyrrolo[1 ,2-a]pyrazine-3-carboxylic acid,
amide or ester in a suitable in the presence of a
suitable base such as triethylamine at a suitable
temperature such as 1500C. Compounds of formula (III)
wherein p and q both represent 1, X represents
nitrogen, Y represents -(C(H 2H , Z represents an
oxygen atom, m represents 0, n represents 1 and R2
represents C1-6 alkyl substituted by a hydroxyl group,
protected as the TBDMS derivative, may be prepared
according to the following scheme: Step (iii)
(lll)Step (i) typically comprises reaction of the
carboxylic acid (XV) with the amine of formula (XXXV)
in a suitable solvent, such as dichloromethane, in the
presence of a suitable coupling reagent such as
O-benzotriazol-1-yl- L/,L/,L/',L/'-tetramethyluronium
tetrafluoroborate (TBTU) and a suitable base, such as
diisopropylethylamine at a suitable temperature, such
as room temperature. Step (ii) typically comprises
deprotection of (XXXIV) using a suitable reagent such
as trifluoroacetic acid, followed by purification on a
SCX (Strong Cationic Exchange) silica cartridge and
subsequent cyclisation at a suitable temperature, such
as 50C. Step (iii) typically comprises reduction of
(XXXVI) using a suitable reducing agent such as
BH3-THF at a suitable temperature such as reflux. Step
(iv) typically comprises reaction of (lll) k with
tert-butyldimethylsilyl chloride (TBDMSCI) in a
suitable solvent , such as dichloromethane, in the
presence of a suitable base, such as triethylamine at
a suitable temperature, such as room temperature.
Compounds of formula (III) wherein p and q both
represent 1, X represents nitrogen, Y represents -(C(H
2)-)2, Z represents an oxygen atom, m represents 0, n
represents 1 and R2 represents C1 6 alkyl may be
prepared in an analogous manner to that described
above, starting from the appropriate amine in place of
that of formula (XXXV) above. Compounds of formula
(III) wherein p and q both represent 1, X represents
nitrogen, Y represents -(C(H 2H , represents -N(RZ)-,
m represents 0, n represents 1 and R2 represents C1-6
alkyl substituted by a hydroxyl group, protected as
the TBDMS derivative, may be prepared in an analogous
manner to that described above when Z represents an
oxygen atom, starting from the corresponding
carboxylic acid wherein Z represents N-P1 1 



and P11 represents a suitable protecting group such as
Boc. Compounds of formula (III) wherein Rz is Ci-6
alkyl, C1-6 alkoxy, -COR7 or -SO 2R7may be derived
from compounds of formula (III) when Rz is hydrogen at
any suitable point in the synthetic sequence, for
example after step (iv), via deprotonation employing a
suitable base such as triethylamine followed by
reaction of the resultant anion with Rz-L2, wherein L2
is a suitable leaving group such as halogen, under
standard conditions, described in many standard
organic chemistry texts, such as 'March's Advanced
Organic Chemistry: Reactions, Mechanisms and Structure
1by Michael B. Smith and Jerry March, fifth edition
(Wiley, 2001), incorporated herein by reference.
Compounds of formula (III) wherein p and q both
represent 1, X represents nitrogen, Y represents -(C(H
2)-)2, Z represents -N(RZ)-, m represents 0, n
represents 1 and R2 represents C1-6 alkyl, may be
prepared in an analogous manner to that described
above when Z represents an oxygen atom, starting from
the corresponding carboxylic acid, wherein Z
represents N-P11 and P1 1 represents a suitable
protecting group such as Boc,and the appropriate amine
in place of that of formula (XXXV) above. Compounds of
formula (III) wherein Rz is C1-6 alkyl, C1-6 alkoxy,
-COR7 or -SO 2R7may be derived from compounds of
formula (III) when Rz is hydrogen at any suitable
point in the synthetic sequence via deprotonation
employing a suitable base such as triethylamine
followed by reaction of the resultant anion with
Rz-L2, wherein L2 is a suitable leaving group such as
halogen, under standard conditions, described in many
standard organic chemistry texts, such as 'March's
Advanced Organic Chemistry: Reactions, Mechanisms and
Structure' by Michael B. Smith and Jerry March, fifth
edition (Wiley, 2001), incorporated herein by
reference. Compounds of formula (III) wherein p and q
both represent 1, X represents nitrogen, Y represents
-(C(H 2H , represents -S(O2)-, n represents 1 and R2
represents C1-6 alkyl substituted by a hydroxyl group,
protected as the TBDMS derivative, may be prepared
according to the following scheme: Step (iii) (lll) m
(XXXX) Step (i) typically comprises reaction of the
carboxylic acid (XXXVII) with the amine of formula
(XXXV) in a suitable solvent, such as dichloromethane,
in the presence of a suitable coupling reagent such as
O-benzotriazol-1-yl-L/,L/,L/',L/'-tetramethyluronium
tetrafluoroborate (TBTU) and a suitable base, such as
diisopropylethylamine at a suitable temperature, such
as room temperature.Step (ii) typically comprises
deprotection of (XXXVIII) using a suitable reagent
such as trifluoroacetic acid, followed by purification
on a SCX (Strong Cationic Exchange) silica cartridge
and subsequent cyclisation under suitable conditions,
such as microwave irradiation. Step (iii) typically
comprises oxidation of (XXXIX) employing a suitable
oxidising agent such as 3-chloroperoxybenzoic acid
(m-CPBA), in a suitable solvent such as
dichloromethane, at a suitable temperature, such as
room temperature. Step (iv) typically comprises
reduction of (XXXX) using a suitable reducing agent
such as BH3-THF at a suitable temperature such as
reflux. Step (v) typically comprises reaction of
(III)"1with fert-butyldimethylsilyl chloride (TBDMSCI)
in a suitable solvent , such as dichlorormethane, in
the presence of a suitable base, such as triethylamine
at a suitable temperature, such as room temperature.
Compounds of formula (III) wherein p and q both
represent 1, m represents 0, n represents 1, R2
represents =0, X represents a nitrogen atom, Y
represents (-C(H2)-)2 and Z represents NH may be
prepared in accordance with the following scheme:
(XXXXI) (XXXXII) wherein P12 represents a suitable
protecting group such as Boc. Step (i) typically
comprises reacting a compound of formula (XXXXI) with
N-boc-2- aminoacetaldehyde in the presence of sodium
triacetoxyborohydride in a suitable solvent such as
1,2-dichloroethane. Step (ii) typically comprises a
deprotection reaction, for example, when P12
represents Boc, said deprotection reaction may
typically comprise reacting the compound of formula
(XXXXII) with trifluoroacetic acid in dichloromethane
followed by purification on a SCX (Strong Cationic
Exchange) silica cartridge, followed by cyclization.
Compounds of formula (III) wherein p and q both
represent 1, m and n both represent 0, X represents a
nitrogen atom, Y represents (-C(H2)-)2 and Z
represents NH may be prepared from compounds of
formula (III)" via reduction with a suitable reducing
agent such as borane-THF, at elevated temperature,
such as 75C, in a suitable solvent, such as
THF.Compounds of formula (III) wherein p and q both
represent 1, m represents 1, n represents 



0, R1 represents hydroxyl, X represents a nitrogen
atom, Y represents -C(H2) and Z represents -C(H2) may
be prepared in accordance with the following scheme:
(XXXXIII) (XXXXIV) step (iii) (HI) O Step (i)
typically comprises reacting a compound of formula
(XXXXIII) with chloroacetyl chloride in the presence
of a suitable base, such as triethylamine. Step (ii)
typically comprises treating (XXXXIV) with methanolic
ammonia at room temperature. Step (iii) typically
comprises reduction of the diketopiperazine of formula
(XXXXV) with a suitable reducing agent, such as
LiAIH4, in a suitable solvent, such as THF, at room
temperature. Compounds of formula (III) wherein p and
q both represent 1, m and n both represent O, X
represents a nitrogen atom, Y represents -C(H2), Z
represents -C(H2) and A represents CH2OH may be
prepared in accordance with the following
scheme:(XXXXVI) step (iii) (XXXXIX) (XXXXVIII)
Typically compounds of formula (XXXXVI) may be
prepared by reacting diethyl aminomalonate with
1,3-dibromopropane in the presence of sodium ethoxide,
in a suitable solvent such as ethanol, at a suitable
elevated temperature, such as reflux (step (i)).
Typically step (ii) may be performed via reaction of
(XXXXVI) with bromoacetyl bromide in the presence of a
suitable base, such as potassium carbonate at OCC.
Typically step (iii) involves treatment of (XXXXVII)
with benzylamine in a suitable solvent, such as
acetonitrile, at room temperature. Typically step (iv)
involves reduction of (XXXXVIII) using a suitable
reducing agent such as LiAIH4, in a suitable solvent
such as THF at elevated temperature, such as reflux.
Typically step (v) involves deprotection under
standard conditions, such as treating with ammonium
formate and palladium on carbon, in a suitable solvent
such as methanol, at an elevated temperature, such as
reflux. Compounds of formula (III) wherein p and q
both represent 1, m represents O, n represents 1, R2
represents CH2OH, X represents a nitrogen atom, Y
represents -C(H2) , Z represents -C(H2) may be
prepared in accordance with the following
scheme:(XXXXX) (XXXXXI) step (ii) (i ii)q (XXXXXIi)
wherein P13 represents a suitable protecting group
such as benzyloxycarbonyl. Typically step (i) may be
performed by reaction of a compound of formula (XXXXX)
with diethylbromomalonate in the presence of a base,
such as potassium carbonate, in a suitable solvent,
such as acetonitrile at room temperature. Typically
step (ii) may be performed via deprotection of
compound (XXXXXI) under standard conditions, such as
under an atmosphere of hydrogen in the presence of
palladium on carbon, followed by cyclization at an
elevated temperature, such as 500C. Typically step
(iii) may be performed via reduction of the ester
moiety of (XXXXXII) employing a suitable reducing
agent, such as LiBH4 in a solvent such as THF,
followed by reduction of the amide carbonyl moiety
employing a suitable reagent, such as BH3-THF, at
elevated temperature, such as reflux. Compounds of
formula (III) wherein p and q both represent 1, X
represents nitrogen, Y represents -(C(H 2H , Z
represents an oxygen atom, m represents 0, n
represents 1 and R2 represents haloC1-6 alkyl may be
prepared from compounds of formula (lll) k via
protection of the secondary NH, for example using a
benzyl group, followed by conversion of the
hydroxyalkyl moiety to a haloCi -6 alkyl moiety via
treatment with a halogenating agent such as DAST
[(diethylamino)sulphur trifluoride], followed by
deprotection under standard conditions.Compounds of
formula (III) wherein p represents 1, q represents 1,
m represents O n represents 1, R2 represents =O, X
represents a nitrogen atom, Y represents -C(H2)- and Z
represents -C(H2)- may be prepared in accordance with
the following scheme: (XXXXXIV) wherein P14 represents
a suitable protecting group such as Boc. Typically
step (i) may be performed via reaction of (XXXXXIII)
with 1,1-dimethylethyl (2- oxoethyl)carbamate in the
presence of sodium triacetoxyborohydride in a suitable
solvent such as 1,2-dichloroethane. 



Step (ii) typically comprises a deprotection reaction,
for example, when P represents Boc, said deprotection
reaction may typically comprise reacting a compound of
formula (XXXXXIV) with trifluoroacetic acid in
dichloromethane, and then purifying the product on a
SCX (Strong Cationic Exchange) silica cartridge. The
deprotected intermediate may then be cyclized via
heating at a suitable temperature, such as 40 C
Compounds of formula (IV), (VII), (IX), (Xl), (XV),
(XX), (XXV), (XXVIII), (XXX), (XXXIII), (XXXV),
(XXXVII).(XXXXI), (XXXXIII), (XXXXX) and (XXXXXIII)
are either known or may be prepared in accordance with
known procedures. Compounds of formula (I) and their
pharmaceutically acceptable salts have affinity for
and are antagonists of the NK1 and NK3 receptor and
thus may be of use in the treatment of psychotic
disorders. Within the context of the present
invention, the terms describing the indications used
herein are classified in the Diagnostic and
Statistical Manual of Mental Disorders, 4th Edition,
published by the American Psychiatric Association
(DSM-IV) and/or the International Classification of
Diseases, 10th Edition (ICD-10). The various subtypes
of the disorders mentioned herein are contemplated as
part of the present invention. Numbers in brackets
after the listed diseases below refer to the
classification code in DSM-IV. Within the context of
the present invention, the term "psychotic disorder"
includes :-Schizophrenia including the subtypes
Paranoid Type (295.30), Disorganised Type (295.10),
Catatonic Type (295.20), Undifferentiated Type
(295.90) and Residual Type (295.60); Schizophreniform
Disorder (295.40); Schizoaffective Disorder (295.70)
including the subtypes Bipolar Type and Depressive
Type; Delusional Disorder (297.1) including the
subtypes Erotomanic Type, Grandiose Type, Jealous
Type, Persecutory Type, Somatic Type, Mixed Type and
Unspecified Type; Brief Psychotic Disorder (298.8);
Shared Psychotic Disorder (297.3); Psychotic Disorder
Due to a General Medical Condition including the
subtypes With Delusions and With Hallucinations;
Substance-Induced Psychotic Disorder including the
subtypes With Delusions (293.81 ) and With
Hallucinations (293.82); and Psychotic Disorder Not
Otherwise Specified (298.9). Compounds of formula (I)
and pharmaceutically acceptable salts and solvates
thereof may also be of use in the treatment of the
following disorders:- Depression and mood disorders
including Major Depressive Episode, Manic Episode,
Mixed Episode and Hypomanic Episode; Depressive
Disorders including Major Depressive Disorder,
Dysthymic Disorder (300.4), Depressive Disorder Not
Otherwise Specified (31 1); Bipolar Disorders
including Bipolar I Disorder, Bipolar Il Disorder
(Recurrent Major Depressive Episodes with Hypomanic
Episodes) (296.89), Cyclothymic Disorder (301 .13) and
Bipolar Disorder Not Otherwise Specified (296.80);
Other Mood Disorders including Mood Disorder Due to a
General Medical Condition (293.83) which includes the
subtypes With Depressive Features, With Major
Depressive-like Episode, With Manic Features and With
Mixed Features), Substance-Induced Mood Disorder
(including the subtypes With Depressive Features, With
Manic Features and With Mixed Features) and Mood
Disorder Not Otherwise Specified (296.90): Anxiety
disorders including Panic Attack; Panic Disorder
including Panic Disorder without Agoraphobia (300.01)
and Panic Disorder with Agoraphobia (300.21);
Agoraphobia; Agoraphobia Without History of Panic
Disorder (300.22), Specific Phobia (300.29, formerly
Simple Phobia) including the subtypes Animal Type,
Natural Environment Type, Blood- Injection-lnjury
Type, Situational Type and Other Type), Social Phobia
(Social Anxiety Disorder, 300.23),
Obsessive-Compulsive Disorder (300.3), Posttraumatic
Stress Disorder (309.81), Acute Stress Disorder
(308.3), Generalized Anxiety Disorder (300.02),
Anxiety Disorder Due to a General Medical Condition
(293.84), Substance-Induced Anxiety Disorder,
Separation Anxiety Disorder (309.21), Adjustment
Disorders with Anxiety (309.24) and Anxiety Disorder
Not Otherwise Specified (300.00): Substance-related
disorders including Substance Use Disorders such as
Substance Dependence, Substance Craving and Substance
Abuse; Substance-Induced Disorders such as Substance
Intoxication, Substance Withdrawal, Substance-Induced
Delirium, Substance-Induced Persisting Dementia,
Substance-Induced Persisting Amnestic Disorder,
Substance-Induced Psychotic Disorder,
Substance-Induced Mood Disorder, SubstanceInduced
Anxiety Disorder, Substance-Induced Sexual
Dysfunction, Substance-Induced Sleep Disorder and
Hallucinogen Persisting Perception Disorder
(Flashbacks); Alcohol- Related Disorders such as
Alcohol Dependence (303.90), Alcohol Abuse (305.00),
Alcohol Intoxication (303.00), Alcohol Withdrawal (291
.81), Alcohol Intoxication Delirium, Alcohol
Withdrawal Delirium, Alcohol-Induced Persisting
Dementia, Alcohol-Induced Persisting Amnestic
Disorder, Alcohol-Induced Psychotic Disorder,
Alcohol-Induced Mood Disorder, 



Alcohol-Induced Anxiety Disorder, Alcohol-Induced
Sexual Dysfunction, Alcohol-Induced Sleep Disorder and
Alcohol-Related Disorder Not Otherwise Specified (291
.9); Amphetamine (or Amphetamine-Like)-Related
Disorders such as Amphetamine Dependence (304.40),
Amphetamine Abuse (305.70), Amphetamine Intoxication
(292.89), Amphetamine Withdrawal (292.0), Amphetamine
Intoxication Delirium, Amphetamine Induced Psychotic
Disorder, Amphetamine-Induced Mood Disorder,
Amphetamine-Induced Anxiety Disorder,
Amphetamine-Induced Sexual Dysfunction,
Amphetamine-Induced Sleep Disorder and
Amphetamine-Related Disorder Not Otherwise Specified
(292.9); Caffeine Related Disorders such as Caffeine
Intoxication (305.90), Caffeine-Induced Anxiety
Disorder, Caffeine-Induced Sleep Disorder and
Caffeine-Related Disorder Not Otherwise Specified
(292.9); Cannabis-Related Disorders such as Cannabis
Dependence (304.30), Cannabis Abuse (305.20), Cannabis
Intoxication (292.89), Cannabis Intoxication Delirium,
Cannabis-lnduced Psychotic Disorder, Cannabis-lnduced
Anxiety Disorder and Cannabis- Related Disorder Not
Otherwise Specified (292.9); Cocaine-Related Disorders
such as Cocaine Dependence (304.20), Cocaine Abuse
(305.60), Cocaine Intoxication (292.89), Cocaine
Withdrawal (292.0), Cocaine Intoxication Delirium,
Cocaine-Induced Psychotic Disorder, Cocaine-Induced
Mood Disorder, Cocaine-Induced Anxiety Disorder,
Cocaine- Induced Sexual Dysfunction, Cocaine-Induced
Sleep Disorder and Cocaine-Related Disorder Not
Otherwise Specified (292.9); Hallucinogen-Related
Disorders such as Hallucinogen Dependence (304.50),
Hallucinogen Abuse (305.30), Hallucinogen Intoxication
(292.89), Hallucinogen Persisting Perception Disorder
(Flashbacks) (292.89), Hallucinogen Intoxication
Delirium, Hallucinogen-Induced Psychotic Disorder,
Hallucinogen-Induced Mood Disorder,
Hallucinogen-Induced Anxiety Disorder and
Hallucinogen-Related Disorder Not Otherwise Specified
(292.9); Inhalant-Related Disorders such as Inhalant
Dependence (304.60), Inhalant Abuse (305.90), Inhalant
Intoxication (292.89), Inhalant Intoxication Delirium,
Inhalant-Induced Persisting Dementia, Inhalant-Induced
Psychotic Disorder, Inhalant-Induced Mood Disorder,
Inhalant-Induced Anxiety Disorder and Inhalant-Related
Disorder Not Otherwise Specified (292.9); Nicotine-
Related Disorders such as Nicotine Dependence (305.1),
Nicotine Withdrawal (292.0) and Nicotine-Related
Disorder Not Otherwise Specified (292.9);
Opioid-Related Disorders such as Opioid Dependence
(304.00), Opioid Abuse (305.50), Opioid Intoxication
(292.89), Opioid Withdrawal (292.0), Opioid
Intoxication Delirium, Opioid-lnduced Psychotic
Disorder, Opioid-lnduced Mood Disorder, Opioid-lnduced
Sexual Dysfunction, Opioid- Induced Sleep Disorder and
Opioid-Related Disorder Not Otherwise Specified
(292.9); Phencyclidine (or Phencyclidine-Like)-Related
Disorders such as Phencyclidine Dependence (304.60),
Phencyclidine Abuse (305.90), Phencyclidine
Intoxication (292.89),Phencyclidine Intoxication
Delirium, Phencyclidine-lnduced Psychotic Disorder,
Phencyclidine-lnduced Mood Disorder,
Phencyclidine-lnduced Anxiety Disorder and
Phencyclidine-Related Disorder Not Otherwise Specified
(292.9); Sedative-, Hypnotic-, or Anxiolytic-Related
Disorders such as Sedative, Hypnotic, or Anxiolytic
Dependence (304.10), Sedative, Hypnotic, or Anxiolytic
Abuse (305.40), Sedative, Hypnotic, or Anxiolytic
Intoxication (292.89), Sedative, Hypnotic, or
Anxiolytic Withdrawal (292.0), Sedative, Hypnotic, or
Anxiolytic Intoxication Delirium, Sedative, Hypnotic,
or Anxiolytic Withdrawal Delirium, Sedative-,
Hypnotic-, or Anxiolytic-Persisting Dementia,
Sedative-, Hypnotic-, or Anxiolytic- Persisting
Amnestic Disorder, Sedative-, Hypnotic-, or
Anxiolytic- Induced Psychotic Disorder, Sedative-,
Hypnotic-, or Anxiolytic-lnduced Mood Disorder,
Sedative-, Hypnotic-, or Anxiolytic-lnduced Anxiety
Disorder Sedative-, Hypnotic-, or Anxiolytic-lnduced
Sexual Dysfunction, Sedative-, Hypnotic-, or
Anxiolytic-lnduced Sleep Disorder and Sedative-,
Hypnotic-, or Anxiolytic-Related Disorder Not
Otherwise Specified (292.9); Polysubstance-Related
Disorder such as Polysubstance Dependence (304.80);
and Other (or Unknown) Substance-Related Disorders
such as Anabolic Steroids, Nitrate Inhalants and
Nitrous Oxide: Sleep disorders including primary sleep
disorders such as Dyssomnias such as Primary Insomnia
(307.42), Primary Hypersomnia (307.44), Narcolepsy
(347), Breathing-Related Sleep Disorders (780.59),
Circadian Rhythm Sleep Disorder (307.45) and Dyssomnia
Not Otherwise Specified (307.47); primary sleep
disorders such as Parasomnias such as Nightmare
Disorder (307.47), Sleep Terror Disorder (307.46),
Sleepwalking Disorder (307.46) and Parasomnia Not
Otherwise Specified (307.47); Sleep Disorders Related
to Another Mental Disorder such as Insomnia Related to
Another Mental Disorder (307.42) and Hypersomnia
Related to Another Mental Disorder (307.44); Sleep
Disorder Due to a General Medical Condition, in
particular sleep disturbances associated with such
diseases 



as neurological disorders, neuropathic pain, restless
leg syndrome, heart and lung diseases; and
Substance-Induced Sleep Disorder including the
subtypes Insomnia Type, Hypersomnia Type, Parasomnia
Type and Mixed Type; sleep apnea and jet-lag syndrome:
Eating disorders such as Anorexia Nervosa (307.1)
including the subtypes Restricting Type and
Binge-Eating/Purging Type; Bulimia Nervosa (307.51)
including the subtypes Purging Type and Nonpurging
Type; Obesity; Compulsive Eating Disorder; Binge
Eating Disorder; and Eating Disorder Not Otherwise
Specified (307.50): Autism Spectrum Disorders
including Autistic Disorder (299.00), Asperger's
Disorder (299.80), Rett's Disorder (299.80), Childhood
Disintegrative Disorder (299.10) and Pervasive
Disorder Not Otherwise Specified (299.80, including
Atypical Autism). Attention-Deficit/Hyperactivity
Disorder including the subtypes Attention-Deficit
/Hyperactivity Disorder Combined Type (314.01),
Attention-Deficit /Hyperactivity Disorder
Predominantly Inattentive Type (314.00),
Attention-Deficit /Hyperactivity
DisorderHyperactive-Impulse Type (314.01) and
Attention-Deficit /Hyperactivity Disorder Not
Otherwise Specified (314.9); Hyperkinetic Disorder;
Disruptive Behaviour Disorders such as Conduct
Disorder including the subtypes childhood-onset type
(321 .81), Adolescent- Onset Type (312.82) and
Unspecified Onset (312.89), Oppositional Defiant
Disorder (313.81) and Disruptive Behaviour Disorder
Not Otherwise Specified; and Tic Disorders such as
Tourette's Disorder (307.23): Personality Disorders
including the subtypes Paranoid Personality Disorder
(301.0), Schizoid Personality Disorder (301.20),
Schizotypal Personality Disorder (301,22), Antisocial
Personality Disorder (301.7), Borderline Personality
Disorder (301 ,83), Histrionic Personality Disorder
(301 .50), Narcissistic Personality Disorder (301,81 )
, Avoidant Personality Disorder (301 .82), Dependent
Personality Disorder (301 .6), Obsessive- Compulsive
Personality Disorder (301.4) and Personality Disorder
Not Otherwise Specified (301 .9): Enhancement of
cognition including the treatment of cognition
impairment in other diseases such as schizophrenia,
bipolar disorder, depression, other psychiatric
disorders and psychotic conditions associated with
cognitive impairment, e.g. Alzheimer's disease: and
Sexual dysfunctions including Sexual Desire Disorders
such as Hypoactive Sexual Desire Disorder (302.71),
and Sexual Aversion Disorder (302.79); sexual arousal
disorders such as Female Sexual Arousal Disorder
(302.72) and Male Erectile Disorder (302.72); orgasmic
disorders such as Female Orgasmic Disorder (302.73),
Male Orgasmic Disorder (302.74) and Premature
Ejaculation (302.75); sexual pain disorder such as
Dyspareunia (302.76) and Vaginismus (306.51); Sexual
Dysfunction Not Otherwise Specified (302.70);
paraphilias such as Exhibitionism (302.4), Fetishism
(302.81), Frotteurism (302.89), Pedophilia (302.2),
Sexual Masochism (302.83), Sexual Sadism (302.84),
Transvestic Fetishism (302.3), Voyeurism (302.82) and
Paraphilia Not Otherwise Specified (302.9); gender
identity disorders such as Gender Identity Disorder in
Children (302.6) and Gender Identity Disorder in
Adolescents or Adults (302.85); and Sexual Disorder
Not Otherwise Specified (302.9). All of the various
forms and sub-forms of the disorders mentioned herein
are contemplated as part of the present invention.
Thus the invention also provides a compound of formula
(I) or a pharmaceutically acceptable salt thereof, for
use as a therapeutic substance in the treatment or
prophylaxis of the above psychotic disorders, in
particular schizophrenia. The invention further
provides a method of treating schizophrenia which
comprises administering to a host in need thereof an
effective amount of a compound of formula (I) or a
pharmaceutically acceptable salt thereof.In another
aspect, the invention provides the use of a compound
of formula (I) or a pharmaceutically acceptable salt
thereof in the manufacture of a medicament for use in
the treatment of schizophrenia. The invention further
provides a method of treatment or prophylaxis of the
above disorders, in mammals including humans, which
comprises administering to the sufferer a
therapeutically effective amount of a compound of
formula (I) or a pharmaceutically acceptable salt
thereof. In another aspect, the invention provides the
use of a compound of formula (I) or a pharmaceutically
acceptable salt thereof in the manufacture of a
medicament for use in the treatment of the above
disorders. When used in therapy, the compounds of
formula (I) are usually formulated in a standard
pharmaceutical composition. Such compositions can be
prepared using standard procedures. 



Thus, the present invention further provides a
pharmaceutical composition for use in the treatment of
the above disorders which comprises the compound of
formula (I) or a pharmaceutically acceptable salt
thereof and a pharmaceutically acceptable carrier. The
present invention further provides a pharmaceutical
composition which comprises the compound of formula
(I) or a pharmaceutically acceptable salt thereof and
a pharmaceutically acceptable carrier. The compounds
of the invention may be used in combination with the
following agents to treat or prevent psychotic
disorders: i) antipsychotics; ii) drugs for
extrapyramidal side effects, for example
anticholinergics (such as benztropine, biperiden,
procyclidine and trihexyphenidyl), antihistamines
(such as diphenhydramine) and dopaminergics (such as
amantadine); iii) antidepressants; iv) anxiolytics;
and v) cognitive enhancers for example cholinesterase
inhibitors (such as tacrine, donepezil, rivastigmine
and galantamine). The compounds of the invention may
be used in combination with antidepressants to treat
or prevent depression and mood disorders. The
compounds of the invention may be used in combination
with the following agents to treat or prevent bipolar
disease: i) mood stabilisers; ii) antipsychotics; and
iii) antidepressants.The compounds of the invention
may be used in combination with the following agents
to treat or prevent anxiety disorders: i) anxiolytics;
and ii) antidepressants. The compounds of the
invention may be used in combination with the
following agents to improve nicotine withdrawal and
reduce nicotine craving: i) nicotine replacement
therapy for example a sublingual formulation of
nicotine beta-cyclodextrin and nicotine patches; and
ii) bupropion. The compounds of the invention may be
used in combination with the following agents to
improve alcohol withdrawal and reduce alcohol craving:
i) NMDA receptor antagonists for example acamprosate;
ii) GABA receptor agonists for example tetrabamate;
and iii) Opioid receptor antagonists for example
naltrexone. The compounds of the invention may be used
in combination with the following agents to improve
opiate withdrawal and reduce opiate craving: i) opioid
mu receptor agonist/opioid kappa receptor antagonist
for example buprenorphine; ii) opioid receptor
antagonists for example naltrexone; and iii)
vasodilatory antihypertensives for example lofexidine.
The compounds of the invention may be used in
combination with the following agents to treat or
prevent sleeping disorders: i) benzodiazepines for
example temazepam, lormetazepam, estazolam and
triazolam; ii) non-benzodiazepine hypnotics for
example Zolpidem, zopiclone, zaleplon and indiplon;
iii) barbiturates for example aprobarbital,
butabarbital, pentobarbital, secobarbita and
phenobarbital; iv) antidepressants; v) other
sedative-hypnotics for example chloral hydrate and
chlormethiazole. The compounds of the invention may be
used in combination with the following agents to treat
anorexia: i) appetite stimulants for example
cyproheptidine; ii) antidepressants; iii)
antipsychotics; iv) zinc; and v) premenstral agents
for example pyridoxine and progesterones. The
compounds of the invention may be used in combination
with the following agents to treat or prevent bulimia:
i) antidepressants; ii) opioid receptor antagonists;
iii) antiemetics for example ondansetron; iv)
testosterone receptor antagonists for example
flutamide; v) mood stabilisers; vi) zinc; and vii)
premenstral agents. The compounds of the invention may
be used in combination with the following agents to
treat or prevent autism: i) antipsychotics; ii)
antidepressants; iii) anxiolytics; and iv) stimulants
for example methylphenidate, amphetamine formulations
and pemoline. The compounds of the invention may be
used in combination with the following agents to treat
or prevent ADHD: i) stimulants for example
methylphenidate, amphetamine formulations and
pemoline; and ii) non-stimulants for example
norepinephrine reuptakeinhibitors (such as
atomoxetine), alpha 2 adrenoceptor agonists (such as
clonidine), antidepressants, modafinil, and
cholinesterase inhibitors (such as galantamine and
donezepil). The compounds of the invention may be used
in combination with the following agents to treat
personality disorders: i) antipsychotics; ii)
antidepressants; iii) mood stabilisers; and iv)
anxiolytics. The compounds of the invention may be
used in combination with the following agents to treat
or prevent male sexual dysfunction: i)
phosphodiesterase V inhibitors, for example vardenafil
and sildenafil; ii) dopamine agonists/dopamine
transport inhibitors for example apomorphine and
buproprion; iii) alpha adrenoceptor antagonists for
example 



phentolamine; iv) prostaglandin agonists for example
alprostadil; v) testosterone agonists such as
testosterone; vi) serotonin transport inhibitors for
example serotonin reuptake inhibitors; v)
noradrenaline transport inhibitors for example
reboxetine and vii) 5-HT1A agonists, for example
flibanserine. The compounds of the invention may be
used in combination with the same agents specified for
male sexual dysfunction to treat or prevent female
sexual dysfunction, and in addition an estrogen
agonist such as estradiol. Antipsychotic drugs include
Typical Antipsychotics (for example chlorpromazine,
thioridazine, mesoridazine, fluphenazine,
perphenazine, prochlorperazine, trifluoperazine,
thiothixine, haloperidol, molindone and loxapine); and
Atypical Antipsychotics (for example clozapine,
olanzapine, risperidone, quetiapine, aripirazole,
ziprasidone and amisulpride). Antidepressant drugs
include serotonin reuptake inhibitors (such as
citalopram, escitalopram, fluoxetine, paroxetine and
sertraline); dual serotonin/noradrenaline reuptake
inhibitors (such as venlafaxine, duloxetine and
milnacipran); Noradrenaline reuptake inhibitors (such
as reboxetine); tricyclic antidepressants (such as
amitriptyline, clomipramine, imipramine, maprotiline,
nortriptyline and trimipramine); monoamine oxidase
inhibitors (such as isocarboxazide, moclobemide,
phenelzine and tranylcypromine); and others (such as
bupropion, mianserin, mirtazapine, nefazodone and
trazodone). Mood stabiliser drugs include lithium,
sodium valproate/valproic acid/divalproex,
carbamazepine, lamotrigine, gabapentin, topiramate and
tiagabine. Anxiolytics include benzodiazepines such as
alprazolam and lorazepam. The invention thus provides,
in a further aspect, a combination comprising a
compound of formula (I) or a pharmaceutically
acceptable derivative thereof together with a further
therapeutic agent or agents.The combinations referred
to above may conveniently be presented for use in the
form of a pharmaceutical formulation and thus
pharmaceutical formulations comprising a combination
as defined above together with a pharmaceutically
acceptable carrier or excipient comprise a further
aspect of the invention. The individual components of
such combinations may be administered either
sequentially or simultaneously in separate or combined
pharmaceutical formulations. When a compound of
formula (I) or a pharmaceutically acceptable
derivative thereof is used in combination with a
second therapeutic agent active against the same
disease state the dose of each compound may differ
from that when the compound is used alone. Appropriate
doses will be readily appreciated by those skilled in
the art. A pharmaceutical composition of the
invention, which may be prepared by admixture,
suitably at ambient temperature and atmospheric
pressure, is usually adapted for oral, parenteral or
rectal administration and, as such, may be in the form
of tablets, capsules, oral liquid preparations,
powders, granules, lozenges, reconstitutable powders,
injectable or infusible solutions or suspensions or
suppositories. Orally administrable compositions are
generally preferred. Tablets and capsules for oral
administration may be in unit dose form, and may
contain conventional excipients, such as binding
agents, fillers, tabletting lubricants, disintegrants
and acceptable wetting agents. The tablets may be
coated according to methods well known in normal
pharmaceutical practice. Oral liquid preparations may
be in the form of, for example, aqueous or oily
suspension, solutions, emulsions, syrups or elixirs,
or may be in the form of a dry product for
reconstitution with water or other suitable vehicle
before use. Such liquid preparations may contain
conventional additives such as suspending agents,
emulsifying agents, non-aqueous vehicles (which may
include edible oils), preservatives, and, if desired,
conventional flavourings or colorants. For parenteral
administration, fluid unit dosage forms are prepared
utilising a compound of the invention or
pharmaceutically acceptable salt thereof and a sterile
vehicle. The compound, depending on the vehicle and
concentration used, can be either suspended or
dissolved in the vehicle. In preparing solutions, the
compound can be dissolved for injection and filter
sterilised before filling into a suitable vial or
ampoule and sealing. Advantageously, adjuvants such as
a local anaesthetic, preservatives and buffering
agents are dissolved in the vehicle. To enhance the
stability, the composition can be frozen after filling
into the vial and the water removed under vacuum.
Parenteral suspensions are prepared in substantially
the same manner, except that the compound is suspended
in the vehicle instead of being dissolved, and
sterilisation cannot be accomplished by filtration.The
compound can be sterilised by exposure to ethylene
oxide before suspension in a sterile vehicle.
Advantageously, a surfactant or wetting agent is
included in the 



composition to facilitate uniform distribution of the
compound. Compositions suitable for transdermal
administration include ointments, gels and patches.
The composition may contain from 0.1% to 99% by
weight, preferably from 10 to 60% by weight, of the
active material, depending on the method of
administration. The dose of the compound used in the
treatment of the aforementioned disorders will vary in
the usual way with the seriousness of the disorders,
the weight of the sufferer, and other similar factors.
However, as a general guide suitable unit doses may be
0.05 to 1000 mg, more suitably 1.0 to 200 mg, and such
unit doses may be administered more than once a day,
for example two or three a day. Such therapy may
extend for a number of weeks or months. Experimental
The following Descriptions and Examples illustrate the
preparation of compounds of the invention. Proton
Magnetic Resonance (NMR) spectra were recorded on
Varian instruments at 300, 400 or 500 MHz on Bruker
instrument at 300 MHz, chemical shifts are reported in
ppm (d) using the residual solvent line as internal
standard. Splitting patterns are designed as s,
singlet; d, doublet; t , triplet; q, quartet; m,
multiplet; b, broad. The NMR spectra were recorded at
temperature ranging from 25 to 9O0C; when more than
one conformer was detected the chemical shifts for the
most abundant one is reported. Mass spectra (MS) were
taken on a 4 Il triple quadrupole Mass Spectrometer
(Micromass UK) or on a Agilent MSD 1100 Mass
Spectrometer, operating in ES (+) and ES (-)
ionization mode or on a Agilent LC/MSD 1100 Mass
Spectrometer, operating in ES (+) and ES (-)
ionization mode coupled with HPLC instrument Agilent
1100 Series [LC/MS - ES (+):analysis performed on a
Supelcosil ABZ +Plus (33x4.6 mm, 3mm) (mobile phase:
100% [water +0.1% HCO2H] for 1 min, then from 100%
[water +0. 1% HCO2H] to 5% [water +0. 1% HCO2H] and
95% [CH3CN ] in 5 min, finally under these conditions
for 2 min; T=40C; flux= 1 ml/min; LC/MS - ES
(-):analysis performed on a Supelcosil ABZ Plus
(33x4.6 mm, 3mm) (mobile phase: 100% [water +0.05%
NH3] for 1 min, then from 100% [water +0.05% NH3 to 5%
[water +0.05% NH3] and 95% [CH3CN ] in 5 min, finally
under these conditions for 2 min; T=40C; flux= 1
ml/min]. In the mass spectra only one peak in the
molecular ion cluster is reported. Optical rotations
were determined at 2O0C with a Jasco DIP360 instrument
(1=10 cm, cell volume = 1 ml, l = 589 nm) unless
otherwise stated. Flash silica gel chromatography was
carried out over silica gel 230-400 mesh supplied by
Merck AG Darmstadt, Germany or over Varian Mega Be-Si
pre-packed cartridges or over pre-packed Biotage
silica cartridges.HPLC (walk -up) refers to HPLC
analysis performed on a Luna C18 (mobile phase: from
100% [water +0.05%TFA] to 5% [water +0.05%TFA] and 95%
[CH3CN +TFA 0.05%] in 8 min; T=40C; flux= 1 ml/min).
UPLC refers to UPLC analysis performed on a UPLC
Waters Acquity System. UPLC/MS refers to UPLC analysis
performed on a UPLC Waters Acquity System coupled with
an MSDetector Waters ZQ (single quad.), ms range
100-1000. UPLC mobile phase data: Gradient before
sample organiser A = H2O + 0.1% formic acid B= MeCN +
0.075% formic acid r e(min) Flow rate %A %B CUl
(mL/min) 1. Initial 1.000 97.0 3.0 init 2. 0.10 1.000
94.0 6.0 6 3. 0.60 1.000 30.0 70.0 6 4. 1.10 1.000 1.0
99.0 6 5. 1.45 1.000 97.0 3.0 11 Gradient after sample
organiser (adjusted to give same retention times as
those achieved prior to installation of the sample
organiser) Time(min) Flow Rate %A %B Curve 1. Initial
1.000 97.0 3.0 Initial 2. 0.05 1.000 94.0 6.0 6 3.
0.57 1.000 30.0 70.0 6 4. 1.06 1.000 1.0 99.0 6 5.
1.45 1.000 97.0 3.0 11 curve 6 = linear gradient curve
11 = change at the end Waters Acquity 2996 PDA 



Start Wavelength (nm) 210.00 End Wavelength (nm)
350.00 Resolution (nm) 2.4 Sampling Rate (spectra/s)
20.000 Filter Response 0 Exposure Time(ms)
AutomaticInterpolate 656 Yes Acquisition stop time
(mins) 1.50 T.I.c. refers to thin layer chromatography
on 0.25 mm silica gel plates (60F-254 Merck) and
visualized with UV light. For phase separations
performed by using microfiltration devices: phase
separation cartridge with polypropylene frit by
Whatman or Alltech. SCX means: SCX-cartridges (loading
0.75mmol\g) by Varian. Solutions were dried over
anhydrous sodium sulphate. The following abbreviations
are used in the text: AcOEt = ethyl acetate, CH =
cyclohexane, DCM = methylene chloride, DIPEA =
N,N-diisopropylethylamine, DMF = N N'-
dimethylformamide, Et2O = diethyl ether, EtOH =
ethanol, MeOH = methanol, TEA = triethylamine, THF =
tetrahydrofuran, TFA = trifluoroacetic acid, CH3CN=
acetonitrile, std = saturated. * indicates a
stereocentre of fixed but unknown stereochemistry i.e.
either R or S stereochemistry. Diastereoisomer 1 or
Diastereoisomer 2 means a compound of the invention or
an intermediate thereof as a single diastereoisomer
whose absolute configuration at one stereocentre was
not determined. Enantiomer 1 or Enantiomer 2 means a
compound of the invention or an intermediate thereof
as a single enantiomer whose absolute configuration
was not determined. Description 1
1-[3,5-Bis(trifluoromethyl)phenyl]-A/-[6-chloro-4-(4-f
luoro-2-methylphenyl)-3-
pyridinyljcyclopropanecarboxamide (D1)
1-[3,5-Bis(trifluoromethyl)phenyl]cyclopropanecarboxyl
ic acid (400 mg, 1.34 mmol) was dissolved in
dichloromethane (6 ml), oxalyl chloride (0.24 ml, 2.68
mmol) was added, followed by dimethylformamide (5 ml ,
cat.). The solution was stirred for 3 hrs. The
solution was concentrated under vacuum. The crude was
dissolved in toluene, 6-chloro-4-(4-fluoro-
2-methylphenyl)-3-pyridinamine (380 mg, 1.61 mmol) was
added, followed by diisopropylethylamine (0.7 ml, 4
mmol) and dimethylaminopyridine (164 mg, 1.34 mmol),
and the solution was warmed at 100 C overnight. The
solution was added to ethyl acetate, washed with
saturated aqueous NH4CI and brine and concentrated
under vacuum. Theproduct was isolated by
chromatography (silica, cyclohexane/EtOAc 90/10 -
80/20) as a white solid: 635 mg, 1.23 mmol, 92% yield.
MS (ES/+): m/z = 517 [M+H]+. NMR (CDCI3): d (ppm):
9.61 (s, 1H); 7.79 (s, 1H); 7.68 (s, 2H); 7.01 (S1
1H); 6.81-6.68 (m, 3H); 6.43 (s, 1H); 1.88 (s, 3H);
1.60 (s, 4H) Rf: 0.35 (cyclohexane/EtOAc 80/20)
Description 2
1-[3,5-Bis(trifluoromethyl)phenyl]-L/-[6-chloro-4-(4-f
luoro-2-methylphenyl)-3-
pyridinyljcyclopropanecarboxamide
1-[3,5-Bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-
pyridinyljcyclopropanecarboxamide (D1; 310 mg, 0.6
mmol) was dissolved in dimethylformamide (6 ml).
Methyl iodide (51 .6 ml , 1.2 mmol) was added,
followed by cesium carbonate (393 mg, 1.2 mmol), and
the suspension was stirred overnight). The suspension
was partitioned between ethyl acetate and saturated
aqueous NH4CI, and the organic phase was washed with
brine and concentrated under vacuum. The product was
isolated by chromatography (silica, cyclohexane/EtOAc
90/10 - 80/20) as a white solid: 300 mg, 0.56 mmol,
93% yield. MS (ES/+): m/z = 531 [M+H]+. NMR (DMSO-de):
d (ppm) 8.34 (s, 1H); 7.88 (s, 1H); 7.70 (s, 2H); 7.40
(s, 1H); 7.06 (dd, 1H), 6.90 (m, 2H); 2.97 (s, 3H),
2.1 1 (s,3H), 1.21-1 .37 (m, 4H) Rf: 0.3
(cyclohexane/EtOAc 80/20) Description 3
1,1-Dimethylethyl
(2/?)-2-({[2-(methyloxy)-2-oxoethyl]amino}methyl)-1-
pyrrolidinecarboxylate (D3) 1, 1-Dimethylethyl
(2f?)-2-formyl-1-pyrrolidinecarboxylate ( 1. g, 5.02
mmol) was dissolved in 20 ml of anhydrous
dichloroethane. Methyl glycinate hydrochloride (0.95
g, 7.57 mmol) was 



added, followed after 30 min by sodium
triacetoxyborohydride (2.2 g, 10.38 mmol). The
reaction was stirred for 8hrs at room temperature. The
reaction mixture was diluted with methanol to obtain a
clear solution, which was passed through a SCX
cartridge. The product was eluted with 1 M methanolic
ammonia. The product was isolated bychromatography
(silica, dichloromethane/methanol 95/5) as colourless
oil: 800 mg, 2.94 mmol. MS (ES/+): m/z = 273 [M+H]+.
NMR (CDCI3) : d (ppm): 4.01 (bs, 1H); 3.75 (s, 3H);
3.53-3.30 (m, 4H); 2.94-2.53 (m, 3H); 1.92-1.76 (m,
3H); 1.48 (s, 9H). Rf: 0.40 (cyclohexane/EtOAc 1/1)
Description 4 (8a/?)-Hexahydropyrrolo[1
,2-a]pyrazin-4(1 H)-one (D4) 1,1-Dimethylethyl
(2f?)-2-({[2-(methyloxy)-2-oxoethyl]amino}methyl)-1-
pyrrolidinecarboxylate (D3; 800 mg, 2.94 mmol) was
dissolved in methylene chloride (10 ml) and treated
with trifluoroacetic acid (2.5 ml) for 2h. The
reaction mixture was loaded as such on a SCX column
and the non-basic compounds were washed away with
methanol. The ninhydrine-positive fractions eluted
with 1M methanolic ammonia were concentrated under
vacuum at 40 0C for 30 min, isolating the title
compound as a pale yellow oil: 410 mg, 2.92 mmol, 99%
yield. MS (ES/+): m/z = 141 [M+H]+. NMR (DMSO-d 6) : d
(ppm) 3.69 (q, 1H), 3.62-3.45 (m, 3H), 3.45-3.35 (m,
2H), 2.52 (t, 1H), 2.13-1.96 (m, 2H), 1.85-1.72 (m,
1H), 1.50-1 .37 (m, 1H). Description 5
(9aS)-Hexahydro-1 H-pyrrolo[1 ,2-d][1
,4]diazepin-2(3H)-one (D5) Methyl
(2S)-2-pyrrolidinylacetate hydrochloride ( 1.08 g,
6.04 mmol) was dissolved in 20 ml of anhydrous
dichloroethane. 1,1-Dimethylethyl
(2-oxoethyl)carbamate ( 1.2 g, 7.25 mmol) was added,
followed after 30 min by sodium triacetoxyborohydride
(2.68 g, 12.08 mmol). The reaction was stirred for
3hrs at room temperature. The reaction mixture was
diluted with methanol to obtain a clear solution,
which was passed through a SCX cartridge. The product
was eluted with 1 M methanolic ammonia. The solvent
was removed under reduced pressure leaving the product
as a pale-yellow oil. The crude was dissolved in
methylene chloride (20 ml) and treated with
trifluoroacetic acid (5 ml) for 1h. The reaction
mixture was loaded as such on a SCX column and the
non-basic compounds were washed away with methanol.
The ninhydrine-positive fractions eluted with 1M
methanolic ammonia were concentrated. The residue was
redissolved in acetonitrile (20 ml) and stirred at 60C
for 2h. The solvent was removed under reduced pressure
and the product purified bychromatography (silica,
CH2CI2 / MeOH 95/5, Rf= 0.4) and isolated as a white
solid: 315 mg, 2.04 mmol, 34% yield. MS (ES/+): 155
[M+H]+. NMR (DMSO-d 6): d (ppm) 7.50 (bs, 1H)
3.35-3.21 (m, 1H), 3.05-2.95 (m, 2H), 2.56-2.43 (m,
2H), 2.26-2.1 1 (m, 2H), 2.08-1 .96 (m, 2H), 1.94-1
.83 (m, 1H), 1.72-1 .52 (m, 2H), 1.41- 1.29 (m, 1H).
Rf: 0.2 (dichloromethane/methanol 95/5) Description 6
(9aS)-Octahydro-1H-pyrrolo[1,2-cd[1,4]diazepine (D6)
Borane tetrahydrofuran complex solution ( 1M, 17.8 ml)
was added to a solution of (9aS)-
hexahydro-1/-/-pyrrolo[1 ,2-d][1
,4]diazepin-2(3/-/)-one (D5; 160 mg, 1.04 mmol) in
tetrahydrofuran (5 ml) at 00C and the mixture is
stirred at room temperature for 30 min. HCI water
solution 6N, 20 ml) was added slowly at 00C and the
solution was warmed at 60 0C for 4 hrs. The solvent
was removed under reduced pressure and the product
isolated by elution with 1M methanolic ammonia from a
SCX cartridge (brownish oil, 120 mg, 83% yield). MS
(ES/+): m/z = 141 [M+H]+. NMR (DMSO-d 6) : d (ppm):
7.55 (bs, 1H), 3.65-3.09 (m, 3H), 3.08-2.82 (m, 2H),
2.55-2.39 (m, 2H), 2.38-2.27 (m, 1H), 2.27-2.09 (m,
1H), 2.08-1.79 (m, 2H), 1.78-1.48 (m, 2H), 1.47- 1.27
(m, 2H). Description 7
Hexahydropyrazino[2,1-c][1,4]oxazin-9(6H)-one (D7) To
a stirred suspension of N-Boc morpholine-2-carboxylic
acid (991 mg, 4.29 mmol) in 10 ml of diethyl ether was
added a solution of trimethylsilyldiazomethane (4 ml,
2M in hexanes, 8 mmol). After addition of methanol,
the starting material went into solution and vigorous
evolution of nitrogen was observed. After 1h 30 min.,
a TLC analysis showed 



complete disappearance of the starting material. The
solvent was removed under reduced pressure, leaving
the crude product as an oil ( 1.3 g), which contained
both the expected methyl ester and the
trimethylsilylmethyl ester (MS (ES/+): m/z=268 [M+Na]
+, 146 [M-BoC]+, 340 [M+TMS+Na] +, 218 [M+TMS-Boc] +.
The crude was dissolved in methylene chloride (10 ml)
and treated with trifluoroacetic acid (2.5 ml) for 1h
30min. The free amine compounds were obtained
collecting the ninhydrine-positive fractions eluted
with 1M methanolicammonia from a SCX column. After
solvent removal, the crude (pale yellow oil, 670 mg,
MS (ES/+): m/z=146 [M+H]+, 218 [M+TMS+H] +) was
reacted with N-boc-2- aminoacetaldehyde (756 mg, 4.75
mmol) in anhydrous 1,2-dichloroethane (13 ml) in the
presence of sodium triacetoxyborohydride ( 1.8 g, 8.44
mmol) for 16 h under nitrogen atmosphere. The reaction
was diluted with methanol and loaded on a SCX column.
The fractions eluted with 1 M methanolic ammonia were
concentrated. The residual crude oil (880 mg, MS
(ES/+): m/z=289 [M+H]+, 361 [M+TMS+H] +) was dissolved
in anhydrous methylene chloride (12 ml) and treated
with 4 ml of TFA for 30 min at 00C and at room
temperature for 3 h. The reaction mixture was loaded
as such on a SCX column and the non-basic compounds
were washed away with methanol. The
ninhydrine-positive fractions eluted with 1M
methanolic ammonia were concentrated. The residue was
re-dissolved in methanol (20 ml) and stirred at 40C
for 30 min. The solvent was removed under reduced
pressure and the product purified by chromatography
(silica, CH2CI2 / MeOH 95/5, Rf= 0.25) and isolated as
a white solid: obtained 395 mg (2.53 mmol). MS (ES/+):
157 [M+H]+, 179 [M+Na] +. NMR (CDCI3) : d (ppm) 5.77
(br.s, 1H); 4.32 (dd, 1H); 3.87 (br.d, 1H); 3.70 (t,
1H); 3.63 (td, 1H); 3.53 (t, 1H); 3.30-3.22 (m, 2H);
2.98-2.86 (m, 1H); 2.80 (d, 1H); 2.63 (td, 1H); 2.49
(td, 1H). Description 8 1,1-Dimethylethyl
4-(methylsulfonyl)-3-{[(methylsulfonyl) oxy]methyl}-1-
piperazinecarboxylate (D8) To a solution of 4.65 g of
1,1-dimethylethyl
3-(hydroxymethyl)-1-piperazinecarboxylate in 30 ml of
dry dichloromethane, under N2 at 00C, 4.75 ml of TEA
were added, followed by the slow addition of 3.7 ml of
methanesulfonyl-chloride. After 12h of vigorous
stirring at room temperature, reaction mixture was
taken up with dichloromethane/H 2O, phases separated
and the aqueous one back extracted with
dichloromethane. Collected organics were dried over
Na2SO4 and concentrated under vacuum to give crude
material that was purified by chromatography on silica
eluting with dichloromethane /MeOH from 100/0 to 90/10
to give 4 g of pure title material as colourless foam.
Rf (DCM/MeOH 9/1) = 0.8 1H NMR (CDCI3) d: 1.48 (s,
9H), 2.96 (bs, 1H), 2.98 (s, 3H), 3.08 (s, 3H), 3.1 1
(bs, 1H), 3.2 (td, 1H), 3.71 (d, 1H), 4.02 (bs, 1H),
4.12 (bd, 1H), 4.23 (bm, 1H), 4.3 (bm, 1H), 4.4 (bm,
1H).Description 9 1,1-Dimethylethyl
hexahydro-5H-isothiazolo[2,3-a]pyrazine-5-carboxylate
1,1-dioxide To a solution of 4 g of 1, 1-dimethylethyl
4-(methylsulfonyl)-3-{[(methylsulfonyl) oxy]methyl}-
1-piperazinecarboxylate (D8) in 50 ml of dry THF,
under N2 at -78C, 11.8 ml of 1M secBu- Li in THF were
added drop wise. After 30 min the mixture was allowed
to slowly reach room temperature. After 2.5h the
reaction was quenched with 20 ml of water, taken up
with 100 ml of ethyl acetate and the phases separated.
The aqueous one was back extracted with ethyl acetate
(2 x 50 ml). Collected organics were dried over Na2SO4
and concentrated under vacuum to give crude material
that was purified by chromatography on silica eluting
with cyclohexaney/EtOAc from 7/3/ to 6/4 to get, after
evaporation of the solvent, 2.438 g of pure title
material as a white solid. Rf (Cy/EA 1/1) = 0.45 MS
(ES/+): 177 (M-Boc), 221 (M-iBu), 299 (M+Na+). 1H NMR
(CDCI3) d: 1.49 (s, 9H), 2.02 (m, 1H), 2.42 (m, 1H),
2.67 (bs, 1H), 2.81 (td, 1H), 2.95 (bs, 1H), 3.15 (m,
1H), 3.18 (m, 1H), 3.27 (td, 1H), 3.41 (d, 1H), 4.17
(b, 1H), 4.32 (b, 1H). Description 10
Hexahydro-2H-isothiazolo[ 2,3-a ] pyrazine 1,1
-dioxide (D10) To a solution of 1.5 g of 1,1
-dimethylethyl
hexahydro-5H-isothiazolo[2,3-a]pyrazine-5- carboxylate
1,1-dioxide (D9) in 20 ml of dry dichloromethane,
under N2 at 00C, 5 ml of TFA were added drop wise and
left to react at 0C for 1 h. Then reaction mixture was
evaporated under vacuum and crude solid material
purified by 50 g SCX cartridge, loading with DCM/MeOH,
washing with DCM/MeOH then only with MeOH; product was
recovered 



eluting with 1M NH3 in MeOH. Solvent evaporation gave
0.95 g of pure title compound as white solid. MS
(ES/+): 177 [M+H]+ 1H NMR (CDCI3) d: 1.97 (m, 1H),
2.36 (m, 1H), 2.59 (dd, 1H), 2.80 (dd, 2H), 3.1 (m.
3H), 3.19 (m, 2H), 3.41 (m, 1H). Description 11 1,1
-Dimethylethyl
(2S)-2-{[(chloroacetyl)amino]methyl}-1-pyrrolidinecarb
oxylate (D11)DIPEA (1.34 ml, 7.5 mmol) was added to a
solution of 1,1-dimethylethyl (2S)-2-
(aminomethyl)-i-pyrrolidinecarboxylate (1g, 5 mmol) in
50 ml of DCM; then chloroacetyl chloride (0.418 ml,
5.25 mmol) was slowly added and the reaction mixture
stirred 1h before being worked up. DCM was added and
the organic phase was washed with a saturated solution
of ammonium chloride. The crude was purified by flash
chromatography eluting with cyclohexane/ethyl acetate
8/2 affording 1.24 g of the target material. MS
(ES/+): 299-301 [M + Na]+ NMR (CDCI3) : d (ppm)
8.43-8.28 (br.s., 1H), 4.03 (s, 2H), 3.76-3.65 (m,
1H), 3.31-3.14 (m, 3H), 3.15-3.04 (m, 1H), 1.89-1 .60
(m, 4H), 1.40 (s, (H). Description 12
(8aS)-Hexahydropyrrolo[1,2-a]pyrazin-3(4W)-one (D12)
1,1-Dimethylethyl
(2S)-2-{[(chloroacetyl)amino]methyl}-1-pyrrolidinecarb
oxylate (D1 1; 1.24, 4.5 mmol), was dissolved in 20 ml
of DCM and treated with TFA (5 ml) at room
temperature. After 1h complete conversion into the
desired material was observed and the reaction mixture
was loaded onto a SCX cartridge. The product obtained
after elution with 2M NH3 in MeOH was then dissolved
in acetonitrile (30 ml) and treated with sodium
carbonate (1.43 g, 10.34 mmol). The reaction mixture
was heated at 600C for 6 hours; the crude obtained
after removal is purified by flash-chromatography
eluting with dichloromethane/MeOH 95/5 affording 310
mg. MS (ES/+): 141 [M+H]+ NMR (CDCI3) : d (ppm)
7.80-7.59 (br. s, 1H), 3.38 (d, 1H), 3.28-3.17 (m,1H),
2.99 (dt, 1H), 2.89 (t, 1H), 2.69 (d, 1H), 2.30-2.17
(m, 1H), 2.06-1 .96 (m, 1H), 1.92-1 .80 (m, 1H), 1.81-
1.71 (m, 2H), 1.41-1 .29 (m, 1H). Description 13
1,1-Dimethylethyl
(2/?)-2-{[(chloroacetyl)amino]methyl}-1-pyrrolidinecar
boxylateDIPEA ( 1 .34 ml, 7.5 mmol) was added to a
solution of 1,1-dimethylethyl (2R)-2-
(aminomethyl)-i-pyrrolidinecarboxylate ( 1 g, 5 mmol)
in 50 ml of DCM; then chloroacetyl chloride (0.418 ml,
5.25 mmol) was slowly added and the reaction mixture
stirred 1h before being worked up. DCM was added and
the organic phase was washed with a saturated solution
of ammonium chloride. The crude was purified by flash
chromatography eluting with cyclohexane/ethyl acetate
8/2 affording 1.28 g of the target material. MS
(ES/+): 299-301 [M + Na]+ NMR (CDCI3) : d (ppm)
8.43-8.28 (br.s., 1H), 4.03 (s, 2H), 3.76-3.65 (m,
1H), 3.31-3.14 (m, 3H), 3.15-3.04 (m, 1H), 1.89-1.60
(m, 4H) 1.40 (s, (H). Description 14
(8af?)-Hexahydropyrrolo[1,2-a]pyrazin-3(4A7)-one (D14)
1,1-Dimethylethyl
(2R)-2-{[(chloroacetyl)amino]methyl}-1-pyrrolidinecarb
oxylate (D13; 1.24 g, 4.5 mmol), was dissolved in 20
ml of DCM and treated with TFA (5 ml) at room
temperature. After 1h complete conversion into the
desired material was observed and the reaction mixture
was loaded onto a SCX cartridge. The product obtained
after elution with 2M NH3 in MeOH was then dissolved
in acetonitrile (30 ml) and treated with sodium
carbonate ( 1.43 g, 10.34 mmol). The reaction mixture
was heated at 600C for 6 hours; the crude obtained
after removal is purified by flash-chromatography
eluting with dichloromethane/MeOH 95/5 affording 250
mg of the desired compound. MS (ES/+): 141 [M+H]+ NMR
(CDCI3) : d (ppm) 7.80-7.59 (br. s, 1H), 3.38 (d, 1H),
3.28-3.17 (m,1 H), 2.99 (dt, 1H), 2.89 (t, 1H), 2.69
(d, 1H), 2.30-2.17 (m, 1H), 2.06-1 .96 (m, 1H), 1.92-1
.80 (m, 1H), 1.81- 1.71 (m, 2H), 1.41-1 .29 (m, 1H).
Description 15 4-(1,1-Dimethylethyl) 3-methyl
3,4-thiomorpholinedicarboxylate 1,1 -dioxide (D15) The
preparation was done in two batches. In the first, to
a stirred solution of 4-(1,1- dimethylethyl) 3-methyl
3,4-thiomorpholinedicarboxylate (WO 2001/040185) (936
mg, 3.59 mmol) in 3 ml of dichloromethane was added
55% 3-chloroperbenzoic acid (2.353 g, 7.50 mmol) at
00C while stirring under nitrogen atmosphere. The
reaction was allowed to reach 



room temperature in 1h. An additional aliquot of 55%
3-chloroperbenzoic acid (500 mg, 1.59 mmol) was added
and the reaction stirred for 15 min. The reaction
solution was washed with aqueous saturated sodium
bicarbonate and sodium thiosulfate. The organicphase
was dried over Na2SO4 and the solvent removed leaving
the crude product, 1.01 g. In the second batch, the
same procedure was applied to convert 714 mg (3.59
mmol) of 4- ( 1 ,1-dimethylethyl) 3-methyl
3,4-thiomorpholinedicarboxylate using 2.134 g of 55%
3- chloroperbenzoic acid (6.80 mmol) in 5ml of
dichloromethane, obtaining 1.23 g of crude product.
The combined crude reactions were purified by
chromatography (silica, cyclohexane / ethyl acetate
70/30) to give 1.73 g of the target compound. MS
(ES/+): 316 [IvRNa]+, 194 [M-Boc+1] +. NMR (DMSO-de):
d (ppm) 5.55-5.17 (ms, 1H); 4.41-4.21(dt, 1H);
3.73-3.63 (m, 3H); 3.62- 3.35 (m, 3H); 3.28-3.10 (td,
1H); 3.10-2.96 (dd, 1H); 1.56-1 .24 (m, 9H).
Description 16 Methyl 3-thiomorpholinecarboxylate 1,1
-dioxide (D16) To a solution of 4-(1,1-dimethylethyl)
3-methyl 3,4-thiomorpholinedicarboxylate 1,1 -dioxide
(D15; 1.73 g, 5.9 mmol) in 17 ml of anhydrous
methylene chloride, trifluoroacetic acid (4.2 ml) was
added dropwise while stirring at 0cC under nitrogen
atmosphere. The solution was stirred for 3h, while
allowing it to reach room temperature. The solvent was
removed under reduced pressure and the residue was
loaded on a SCX cartridge, washed with methanol and
eluted with 0.5M methanolic ammonia. The basic
fractions were collected and the solvent removed
leaving 1.08 g of the target product. MS (ES/+): 194
[M+Na]\ NMR (DMSO-de): d (ppm) 4.14-3.92 (br s, 1H);
3.84-3.70 (dd, 1H); 3.65-3.59 (s, 3H); 3.34- 3.15 (m,
2H); 3.1 1-2.99 (m, 1H); 3.1 1-2.78 (m, 2H); 3.05-2.80
(m, 1H). Description 17 Methyl 4-[2-({[(1
,1-dimethylethyl)oxy]carbonyl}amino)ethyl]-3-
thiomorpholinecarboxylate 1,1 -dioxide (D17) To a
stirred solution of methyl 3-thiomorpholinecarboxylate
1,1-dioxide (D16; 1.08 g, 5.6 mmol) in 14 ml of
anhydrous 1,2-dichloroethane was added
N-boc-2-aminoacetaldehyde ( 1.1 g, 6.7 mmol) and
acetic acid (0.316 ml, 5.6 mmol). After 30 min. sodium
triacetoxyborohydride ( 1 .78 g, 8.4 mmol) was added
and the solution stirred at room temperature.
Additional aliquots of N-boc-2-aminoacetaldehyde and
sodium triacetoxyborohydride ( 1.0 g, 4.7 mmol) were
added and the reaction continued overnight.The solvent
was removed under reduced pressure and the residue was
purified by SCX column, followed by chromatography
(silica, cyclohexane: ethyl acetate 70: 30 to 1:1) and
again SCX, to give 295 mg of the target compound. MS
(ES/+): 337 [M+1]+. NMR (DMSO-d6) : d (ppm) 6.77-6.55
(m, 1H), 4.17-4.08 (m, 1H), 3.69-3.57 (s, 3H), 3.48-
3.31 (m, 3H); 3.17-2.89 (m, 5H); 2.80-2.71 (m, 1H);
2.70-2.61 (m, 1H); 1.44-1 .29 (s, 9H). Description 18
Hexahydropyrazino[2,1-c][1,4]thiazin-9(6H)-one
2,2-dioxide (D18) To a solution of methyl 4-[2-({[(1
,1-dimethylethyl)oxy]carbonyl}amino)ethyl]-3-
thiomorpholinecarboxylate 1, 1-dioxide (D17; 295 mg,
0.88 mmol) in 3 ml of anhydrous dichloromethane was
added 1 ml of trifluoroacetic acid and the resulting
solution was stirred at room temperature under
nitrogen for 1h 30min. The solvent was removed under
reduced pressure and the residue loaded on a SCX
column, washed with methanol and eluted with
methanolic ammonia. The product was purified further
by chromatography (silica cartridge, cyclohexane to
ethyl acetate, then dichloromethane to
dichloromethane: methanol 70:30) to give 165 mg of the
target compound. MS (ES/+): 205 [M+1]\ NMR (DMSO-d 6)
: d (ppm) 8.14-8.08 (br.s, 1H), 3.36-3.27 (m, 2H),
3.26-3.19 (m, 2H), 3.19- 3.15 (m, 1H); 3.13-3.04 (m,
3H); 2.99-2.92 (dd, 1H); 2.68-2.61 (m, 1H); 2.59-2.52
(dt, 1H). Description 19
Octahydropyrazino[2,1-c][1,4]thiazine 2,2-dioxide
(D19) To a suspension of hexahydropyrazino[2,1-c][1
,4]thiazin-9(6H)-one 2,2-dioxide (D18; 165 mg, 0.81
mmol) in 1 ml of anhydrous THF were added successive
aliquots of a 1M solution of borane THF complex in THF
(total 20.4 ml, 20.4 mmol) and the reaction stirred at
room temperature and 50cC, until disappearance of the
starting material. Hydrochloric acid (5M, 2 ml) was
added to the solution and stirring was continued at
500C for 12 h. The solvent was removed under reduced
pressure and the residue loaded on a SCX cartridge,
washed with methanol and eluted with 0.5M methanolic
ammonia. The basic fractions were collected and the
solvent removed leaving 172 mg of the target product,
partially 



contaminated by the starting material. MS (ES/+): 191
[M+1]+.NMR (CD3OD): d (ppm) 3.50-2.70 (m, 13H);
2.42-2.33 (dt, 1H). Description 20 (7R,
9a/?)-7-(hydroxymethyl)hexahydropyrazino[2,1-c][1,4]ox
azine-6,9-dione and (7R,
9aS)-7-(hydroxymethyl)hexahydropyrazino[2,1-c][1,4]oxa
zine-6,9-dione (D20) N-Boc morpholine 2-carboxylic
acid (Astatech, 1.34 g, 5.80 mmol) was suspended in 15
mL of anhydrous dichloromethane, and treated with
O-benzotriazol-1-yl- L/,L/,L/',L/'- tetramethyluronium
tetrafluoroborate (TBTU) (2.4 g, 7.47 mmol) and
diisopropylethylamine (2 ml_, 11.47 mmol). The
reaction was stirred for 40 min. A solution of
D-serine methyl ester hydrochloride ( 1.8 g, 11.57
mmol) and diisopropylethylamine (2 ml_, 11.47 mmol) in
dichloromethane (15ml_) was prepared and added to the
reaction mixture. The reaction was left stirring at
room temperature overnight. UPLC-MS analysis showed
conversion to the product. The reaction was diluted
with dichloromethane (40 ml_) and extracted with sat.
NaHCO3 (2 x 40 ml_), dried (Na2SO4), and the solvent
was removed. The crude was taken to the next step
without further purification. It was dissolved in 20
ml. of dichloromethane and treated with 10 mL of TFA.
The reaction was striired at room temperature and
checked by UPLC-MS after 4h which showed disappearance
of the peak for the starting material, replaced by a
new one for the deprotected species (m/z= 233, M+1 ).
The reaction mixture was loaded as such on a SCX
cartridge, washed with MeOH (4 column volumes) and
eluted with 0.5 M methanolic ammonia. The basic,
ninhydrin-positive fractions were collected and the
solvent removed. The residue was dissolved in 10 mL of
MeOH and stirred at 500C under N2 overnight (16h). The
reaction was cooled down and a precipitate formed,
which was collected by filtration to give 370 mg of
the title compound. Direct MS: m/z= 223 (M+Na).
1H-NMR: consistent with structure. Approx. 60:40 ratio
of diastereoisomers: 1H NMR (400 MHz, DMSO-Cy6) d ppm
8.17 - 8.26 (s, 0.4 H) 8.09 - 8.17 (s, 0.6 H) 5.17 -
5.25 (m, 0.4 H) 5.09 - 5.17 (m, 0.6 H) 3.95 - 4.29 (m,
3 H) 3.60 - 3.91 (m, 3 H) 3.33 - 3.55 (m, 2 H) 2.61 -
2.90 (m, 0.6 H) 1.03 - 1.15 (t, 0.4 H). Description 2
1 (7S,
9aR)-octahydropyrazino[2,1-c][1,4]oxazin-7-ylmethanol
and (7S, 9aS)-
octahydropyrazino[2,1-c][1,4]oxazin-7-ylmethanol
(D21)(7R,
9af?)-7-(hydroxymethyl)hexahydropyrazino[2,1-c][1,4]ox
azine-6,9-dione and (7R,
9aS)-7-(hydroxymethyl)hexahydropyrazino[2,1-c][1
,4]oxazine-6,9-dione (D20) (365 mg, 1.82 mmol) was
treated with 20 ml_ of 1M BH3-THF solution at room
temperature. The suspension was refluxed for 17 h and
checked by direct MS, showing complete conversion to
the product. It was cooled to 00C, and 2 ml. of MeOH
were added slowly, followed by 1mL of cone. HCI (to pH
<1). The solution was warmed to 700C, stirred for 2 h
and checked by direct MS. The solution was brought
room temperature, the solvent removed and the residue
taken up in MeOH (a few drops of water added), loaded
on a SCX cartridge, washed with MeOH (5 column
volumes) and eluted with 2M methanolic ammonia. The
ninhydrin-positive fractions were collected and the
solvent removed, leaving the title product as a clear
oil. 320mg. Direct MS: m/z= 173 (M+1). 1H-NMR
consistent with structure, appears to be a mixture of
diastereomers in approx. 60:40 ratio: 1H NMR (400 MHz,
DMSO-Cf6) d ppm 4.50 - 4.59 (m, 0.4 H) 4.38 - 4.48 (m,
0.6 H) 2.96 - 3.74 (m, 6 H) 2.57 - 2.78 (m, 2 H) 2.34
- 2.41 (m, 2 H) 1.86 - 2.28 (m, 4 H) 1.69 (t, 1 H)
Description 22 and Description 23 (7S,9aS)-7-({[(1
,1-dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydrop
yrazino[2,1 - c][1,4]oxazine (D22) and
(7S,9a/?)-7-({[(1
,1-dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydrop
yrazino[2,1 - c][1,4]oxazine (D23) D22 D23 (7S,
9aR)-octahydropyrazino[2,1-c][1 ,4]oxazin-7-ylmethanol
and (7S, 9aS)- octahydropyrazino[2,1-c][1
,4]oxazin-7-ylmethanol (D21) (315 mg, 1.83 mmol) was
dissolved in 10 ml_ of anhydrous dichloromethane and
treated with Et3N (600 ml_, 4.30 mmol) and TDBMSCI
(590 mg, 3.91 mmol). The reaction was stirred
overnight at room temperature (17h). It was diluted
with dichloromethane (30 ml.) and extracted with sat.
NaHCO3 (2 x 2OmL). TLC analysis (EtOAc : MeOH 95:5)
showed 2 main products. Theorganics were dried and the
solvent removed leaving an oil, which was purified by
flash chromatography (silica, EtOAc EtOAc:MeOH 90:10).
Isolated two products:
(7S,9aS)-7-({[(1,1-dimethylethyl)(dimethyl)silyl]oxy}m
ethyl)octahydropyrazino[2,1- c][1 ,4]oxazine (D22),
253 mg. Direct MS: m/z= 287 (M+1). 



1H NMR (500 MHz, DMSO-cfe) d ppm 3.72 - 3.79 (m, 1 H)
3.62 - 3.71 (m, 2 H) 3.37 - 3.56 (m, 2 H) 2.99 (t, 1
H) 2.65 - 2.78 (m, 1 H) 2.55 - 2.64 (m, 1 H) 2.25 -
2.44 (m, 3 H) 2.02 - 2.16 (m, 2 H) 1.90 - 2.02 (m, 1
H) 0.75 - 0.90 (s, 9 H) -0.05 - 0.05 (s, 6 H).
Identified as the cis isomer based on ROESY cross
peaks.
(7S,9aR)-7-({[(1,1-dimethylethyl)(dimethyl)silyl]oxy}m
ethyl)octahydropyrazino[2,1- c][1,4]oxazine (D23), 202
mg. Direct MS: m/z= 287 (M+1). 1H NMR (500 MHz,
DMSO-d6) d ppm 3.68 (d, 1 H) 3.56 (d, 1 H) 3.47 (t, 1
H) 3.36 - 3.43 (m, 2 H) 3.02 (t, 1 H) 2.68 - 2.76 (m,
1 H) 2.62 - 2.68 (m, 2 H) 2.50 - 2.56 (m, 1 H) 2.22
(t, 1 H) 2.1 1 - 2.18 (m, 1 H) 1.90 - 1.97 (m, 1 H)
1.70 (t, 1 H) 0.84 (s, 9 H) 0.02 (s, 6 H) Identified
as the trans isomer based on ROESY cross peaks.
Description 24 2-[3,5-bis(trifluoromethyl)phenyl]-
L/-[6-[(7S,9aS)-7-({[(1 ,1 -
dimethylethyl)(dimethyl)silyl]oxy}methyl)hexahydropyra
zino[2,1 -c][1 ,4]oxazin-8(1 H)-
yl]-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2-dimethylpropanamide (D24) Method a):
(7S,9aS)-7-({[(1
,1-dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydrop
yrazino[2, 1- c][1,4]oxazine (D22) (250 mg, 0.872
mmol) was dissolved in 3.8 ml. of toluene. To this
solution was added 2-[3,5-bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-
methylphenyl)-3-pyridinyl]- L/,2-dimethylpropanamide
[WO 2005/002577] (460 mg, 0.863 mmol), followed by
bis-tri -tert-butylphosphine palladium ( 1 10 mg,
0.215 mmol), hexadecyltrimetylammonium chloride (45
ml_ of a 25% aqueous solution) and sodium hydroxide
solution (85 mL of a 50% aqueous solution, 0.85 mmol).
The solution was degassed by 3 freeze-pump-thaw
cycles, then stirred at 900C. After 4h, UPLC/MS
analysis indicated conversion to the target compound
and no trace of starting chloropyridine. The reaction
was brought to room temperature, diluted with EtOAc
(20 mL) and washed with sat. NaHCO3 (10 mL). The
organics were dried and the solvent evaporated. The
product was isolated by flash chromatography
(cyclohexane -> cyclohexane: EtOAc 85:15) as awhite
solid: 390 mg (0.498 mmol, 57%) taken to the next step
without further characterization. Method b): To a
stirred solution of (7S,9aS)-7-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyra
zino[2,1-c][1 ,4]oxazine (D107, 5g, 17.45 mmoles) in
150 ml of dry toluene at room temperature under
nitrogen, a solution of 2-
[3,5-bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide (7.75g, 14.54 mmoles) in 50
ml of dry toluene was added, followed by sodium
terf-butoxide (2.1g, 21.81 mmoles) and
bis(tri-terf-butyl phosphine) palladium (1.49g, 2.908
mmoles). The resulting mixture was heated at reflux
temperature for 4 hours. The mixture was allowed to
cool down to room temperature and filtered over
Sterimat. The filtrate was then diluted with ethyl
acetate (200ml) and with sodium hydrogen carbonates
(sat. solution, 200 ml). Phases were separated and the
aqueous layer was extracted with ethyl acetate (2 x
150 ml). The combined organic extracts were dried
(Na2SO4) and concentrated under vacuum to a residue,
purified by silica gel chromatography eluting with 10
to 20% EtOAc/Cyclohexane to afford the title compound
as pale yellow foam (10.1g). UPLC/MS: peak at Rt =
1.26 min with m/z = 783.35 [M+H]+ HPLC (walk-up): Rt =
6.98 min (area % = 98.22) Description 25
2-[3,5-bis(trifluoromethyl)phenyl]-
L/-[6-[(7S,9aR)-7-({[(1 ,1 -
dimethylethyl)(dimethyl)silyl]oxy}methyl)hexahydropyra
zino[2,1-c][1,4]oxazin-8(1H)-
y|]-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2-dimethylpropanamide (D25) (7S,9aR)-7-({[(1
,1-dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydrop
yrazino[2,1- c][1,4]oxazine (D23) (140 mg, 0.489 mmol)
was dissolved in 2 mL of toluene. To this solution was
added the 2-chloropyridine (236 mg, 0.444 mmol),
followed by bis-tri -tertbutylphosphine palladium (60
mg, 0.1 17 mmol), hexadecyltrimetylammonium chloride
(25 mL of a 25% aqueous solution) and sodium hydroxide
solution (45 ml_ of a 50% aqueous solution). The
solution was degassed by 3 freeze-pump-thaw cycles,
then stirred at 900C. UPLC/MS analysis after 4h
indicated only partial conversion to the target
compound. More catalyst (20 mg, 0.039 mmol) was added
and the reaction left at the same temperature
foradditional 2h, but no change was observed in the
conversion to product. The solution was diluted with
with EtOAc (20 ml.) and washed with sat. NaHCO3 (10
ml_).The product was isolated by flash chromatography
(cyclohexane:EtOAc 94:6 -> 50:50) as a pale yellow
oil: 87 mg (0.1 11 mmol, 23%) taken to the next step
without further characterization. Description 26 



1,1-dimethylethyl (3/? or
S)-({[(1R)-1-(hydroxymethyl)-2-(methyloxy)-2-
oxoethyl]amino}carbonyl)-4-thiomorpholinecarboxylate
(non-preferred name) (D26)- Diastereoisomer 1 To a
solution of N-Boc thiomorpholine carboxylic acid
(0.488 g, 1.97 mmol) and Obenzotriazol- 1-yl-
L/,L/,L/',L/'-tetramethyluronium tetrafluoroborate
(TBTU) (0.697 g, 2.17 mmol) in 5 mL of anhydrous
dichloromethane was added DIPEA (0.7 mL, 3.95 mmol)
and the solution was stirred for 30 mins. To a
suspension of D-serine methyl ester hydrochloride
(0.47 g, 3.95 mmol) in 5 mL of anhydrous
dichloromethane was added DIPEA (0.7 mL, 3.95 mmol)
and the resulting solution was stirred for 30 mins.
Then the solution containing the serine free base was
added to the reaction mixture and it was left stirring
at room temperature overnight. Water was added to the
reaction mixture and the two phases were separated.
The aqueous layer was extracted with dichloromethane
(3X) and the combined organic phases were dried
(Na2SO4) and evaporated to dryness. This crude
material ( 1.66 g) was used in the next step without
further purification. UPLC-MS: m/z= 349 (M+1 ) @
t=0.59 min Description 27 (7R, 9a/? or
9aS)-7-(hydroxymethyl)hexahydropyrazino[2,1 -c][1
,4]thiazine-6,9-dione (D27)-Diastereoisomer 1 of (D32)
To a solution of the crude 1,1-dimethylethyl (3f? or
S)-({[(1f?)-1-(hydroxymethyl)-2-
(methyloxy)-2-oxoethyl]amino}carbonyl)-4-thiomorpholin
ecarboxylate (D26) in 20 mL of dichloromethane were
added 10 mL of TFA. The reaction mixture was stirred
at roomtemperature for 4hrs. The solvent was removed
under reduced pressure and the residue was taken up in
MeOH and loaded on a SCX cartridge. The fractions
eluted with methanolic ammonia were collected, the
volume was reduced and the solution was stirred at
500C for 45 min. Then it was irradiated three times by
microwave [set parameters: T=80C, t=10 min (1X);
T=120C, t=5 min (2X)]. The solvent was removed and
after 2 days the crude revealed the formation of a
white solid. So it was precipitated with DME and it
was collected by filtration, washing with Et2O, to
give the 1st batch of the title compound (120 mg,
y=28% over 2 steps). The filtered solution was
evaporated to dryness and the resulting crude,
dissolved in DME, was irradiated two times by
microwave (set parameters: T=130C, t=30 min). After
filtration, the 2nd batch of the title compound was
isolated as a brownish solid (94 mg, y=22% over 2
steps). The filtered solution was treated in the same
way as before and after four microwave irradiation
[set parameters: T=130C, t=30 min (3X) and t=90 min
(1X)] the 3rd batch of the title compound was isolated
as a brownish solid (50 mg, y=12% over 2 steps). Since
the purity of these three batches was very similar by
NMR analysis, all of them were used in the next step.
UPLC/MS: m/z= 217 (M+1) @ t=0.36 min 1H NMR (500 MHz,
DMSO-cfe) d ppm 8.03 - 8.27 (m, 1 H) 5.04 (t, 1 H)
4.73 (td, 1 H) 3.98 (dd, 1 H) 3.86 - 3.90 (m, 1 H)
3.72 - 3.79 (m, 1 H) 3.47 - 3.57 (m, 1 H) 2.90 (d, 1
H) 2.80 (d, 1 H) 2.73 - 2.81 (m, 1 H) 2.45 - 2.64 (m,
2 H) Description 28 {7R, 9a/? or
9aS)-7-(hydroxymethyl)hexahydropyrazino[2,1-c][1,4]thi
azine-6,9-dione 2,2-dioxide (D28)-Diastereoisomer 1 of
(D33) To a suspension of the starting (7R, 9aR or
9aS)-7-(hydroxymethyl)hexahydropyrazino[2,1-
c][1,4]thiazine-6,9-dione (D27) (264 mg, 1.22 mmol) in
dichloromethane (5 mL) was added 77% m-CPBA (684 mg,
3.05 mmol) and the reaction mixture was stirred at
room temperature for 3 hrs. The solvent was removed
and the crude was purified by chromatography (silica,
CH2CI2: 2M NH3 in MeOH 95:5 to 8:2) to give the title
compound as a white solid (200 mg, y=66%). HPLC/MS:
m/z= 249 (M+1) @ t=0.21 min 1H NMR (500 MHz, DMSO-Cy6)
d ppm 8.34 - 8.47 (m, 1 H) 5.1 1 (t, 1 H) 4.80 (dt, 1
H) 4.25 (dd, 1 H) 3.89 - 3.99 (m, 1 H) 3.72 - 3.84 (m,
1 H) 3.62 (t, 1 H) 3.49 - 3.59 (m, 1 H) 3.23 - 3.37
(m, 2 H) 3.13 (t, 1 H) 3.01 (t, 1 H)Description 29
[(7S, 9af? or
9aS)-2,2-dioxidooctahydropyrazino[2,1-c][1,4]thiazin-7
-yl]methanol (D29)-Diastereoisomer 1 of (D34) To a
solution of the starting (7R, 9aR or
9aS)-7-(hydroxymethyl)hexahydropyrazino[2,1- c][1
,4]thiazine-6,9-dione 2,2-dioxide (D28) (200 mg, 0.806
mmol) was added 8.06 mL of 1M BH3-THF solution at room
temperature. The suspension was refluxed overnight and
checked by UPLC/MS. 



HCI 6 N (ca. 8 mL) was added to the reaction mixture,
cooled to 0cC, and the resulting solution was refluxed
for 1 hr. The crude was purified by SCX cartridge to
give the title compound as a white solid (182 mg,
quantitative yield) HPLC/MS: m/z= 221 (M+1) @ t=0.17
min 1H NMR (400 MHz, DMSO-Cf6) d ppm 4.56 (t, 1 H)
3.18 - 3.26 (m, 2 H) 2.94 - 3.15 (m, 4 H) 2.72 - 2.80
(m, 3 H) 2.56 - 2.64 (m, 1 H) 2.44 - 2.53 (m, 1 H)
2.22 - 2.36 (m, 2 H) 1.74 (t, 1 H) Description 30 (7S,
9a/? or 9aS)-7-({[(1 ,1 -
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyra
zino[2,1 -c][1 ,4]thiazine 2,2- dioxide
(D30)-Diastereoisomer 1 To a suspension of [(7S, 9af?
or 9aS)-2,2-dioxidooctahydropyrazino[2, 1-c][1
,4]thiazin-7- yljmethanol (D29) (182 mg, 0.818 mmol)
in 8 mL of anhydrous dichloromethane was added Et3N
(340 mL, 2.45 mmol) and TDBMSCI (246 mg, 1.64 mmol).
The reaction mixture was stirred for 15 hrs at room
temperature and then the homogeneous solution was left
still for 2 days. Sat. NaHCO3was added and the two
phases were separated. The aq. layer was extracted
with dichloromethane (3X) and the combined organic
phases were dried with Na2SO4 andevaporated to
dryness. The crude was purified by chromatography
(silica, CH2CI2: MeOH 1:0 to 99:1) to give the title
compound as a white solid (150 mg, y=55%). UPLC/MS:
m/z= 335 (M+1) @ t=0.54 min 1H NMR (400 MHz, DMSO-Cf6)
d ppm 3.39 - 3.48 (m, 1 H) 3.31 - 3.40 (m, 1 H) 3.13
(t, 1 H) 2.91 - 3.09 (m, 3 H) 2.70 - 2.85 (m, 3 H)
2.56 - 2.65 (m, 1 H) 2.42 - 2.51 (m, 1 H) 2.27 - 2.36
(m, 1 H) 2.19 - 2.30 (m, 1 H) 1.91 - 2.06 (m, 1 H)
1.74 (t, 1 H) 0.80 (s, 9 H) -0.02 (s, 6 H) Description
3 1 2-[3,5-bis(trifluoromethyl)phenyl]-N-[6-[(7S, 9a/?
or 9aS)-7-({[(1,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)-2,2-dioxidoh
exahydropyrazino[2,1-
c][1,4]thiazin-8(1H)-yl]-4-(4-fluoro-2-methylphenyl)-3
-pyridinyl]- L/,2- dimethylpropanamide
(D31)-Diastereoisomer 1 To a solution of (7S, 9aR or
9aS)-7-({[( 1, 1-
dimethylethy^dimethylJsilylJoxyJmethyOoctahydropyrazin
o^.i-clII ^Jthiazine 2,2-dioxide (D30) (147 mg, 0.44
mmol) and 2-[3,5-bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-
methylphenyl)-3-pyridinyl]- L/,2-dimethylpropanamide
[WO 2005/002577] (180 mg, 0.338 mmol) in 3 mL of
anhydrous toluene were added
bis-tri-tert-butylphosphine palladium (34.5 mg, 0.068
mmol), hexadecyltrimetylammonium chloride (21 .6 ml_
of a 25% aqueous solution) and sodium hydroxide
solution (40 ml_ of a 50% aqueous solution). The
reaction mixture was degassed by freeze-pump-thaw
cycles and then it was stirred at 900C for 12 hrs.
During this reaction time further amounts of the
palladium catalyst (17+17 mg) were added. EtOAc and
NaHCO3 were added to the reaction mixture and the two
phases were separated. The aqueous phase was extracted
with EtOAc (3X) and the combined organic phases were
dried (Na2SO4) and evaporated to dryness. The crude
was purified by chromatography (silica, cyclohexane:
EtOAc 9:1 to 75:25) to give the title compound as a
white solid (172 mg, yield=47%). MS: m/z= 831 (M+1)
and 416 (M/2 +1) HPLC/MS: m/z= 831 (M+1) and 416 (M/2
+1) @ t=1 .22 min1H NMR (500 MHz, DMSO-c/6) d ppm 8.01
(s, 1 H) 7.86 (s, 1 H) 7.60 - 7.82 (m, 2 H) 7.16 (d, 1
H) 6.98 - 7.14 (m, 2 H) 6.67 (s, 1 H) 4.36 - 4.54 (m,
1 H) 3.91 - 4.12 (m, 1 H) 3.80 - 3.94 (m, 1 H) 3.58 -
3.73 (m, 1 H) 3.08 - 3.47 (m, 5 H) 2.87 - 3.00 (m, 1
H) 2.72 - 2.82 (m, 1 H) 2.51 (S 3 H) 2.42 - 2.67 (m, 3
H) 2.19 (S 3 H) 1.49 (s, 3 H) 1.34 (s, 3 H) 0.78 (s, 9
H) 0.00 (s, 6 H) Description 32 (7R,
9a/?)-7-(hydroxymethyl)hexahydropyrazino[2,1-c][1,4]th
iazine-6,9-dione and (7R,
9aS)-7-(hydroxymethyl)hexahydropyrazino[2,1-c][1,4]thi
azine-6,9-dione (D32) To a solution of N-Boc
thiomorpholine carboxylic acid (0.803 g, 2.96 mmol) in
16 mL of anhydrous dichloromethane was added
O-benzotriazol-1-yl- L/,L/,L/',L/'-tetramethyluronium
tetrafluoroborate (TBTU) (1.03 g, 3.22 mmol) and the
solution was stirred for 45 min. A solution of
D-serine methyl ester hydrochloride (0.91 1 g, 5.85
mmol) and Huenig's base (1.02 mL, 5.85 mmol) in
dichloromethane was prepared and added to the reaction
mixture. The reaction was left stirring at room
temperature overnight. UPLC-MS analysis showed
conversion to the product. The reaction was diluted
with dichloromethane and extracted with water, dried
(Na2SO4) , and the solvent was removed. The crude (
1.73 g) was taken to 



the next step without further purification. It was
dissolved in 60 mL of dichloromethane and added 15 mL
of TFA at 00C. The reaction stirred at room
temperature for 2h. The solvent was removed under
reduced pressure and the residue was taken up in MeOH
and loaded on a SCX cartridge. The fractions coming
from SCX were collected, the solvent removed and the
residue dissolved in methanol and stirred at 500C
overnight, then at 900C for 2 1h. The reaction was
cooled down kept in a freezer. The precipitate that
formed was collected by filtration and the mother
liquour concentrated by removing the colvent. The two
fractions were analysed by 1H-NMR, which was
consistent with the product, as a mixture of
diastereoisomers. They were combined and used in the
next step without further purification. Description
D33 (7R, 9af?)-7-(hydroxymethyl)hexahydropyrazino[2,1
-c][1 ,4]thiazine-6,9-dione 2,2- dioxide and {7R,
9aS)-7-(hydroxymethyl)hexahydropyrazino[2,1-c][1,4]thi
azine-6,9- dione 2,2-dioxide (D33)To a suspension of
(7R, 9af?)-7-(hydroxymethyl)hexahydropyrazino[2,1-c][1
,4]thiazine-6,9- dione and (7R
9aS)-7-(hydroxymethyl)hexahydropyrazino[2,1-c][1
,4]thiazine-6,9-dione (D32) (851 mg, 3.94 mmol) in
dichloromethane (17 ml_), was added 77% m-CPBA (2.21
g, 9.84 mmol) and the reaction was left at room
temperature for 2h. A precipitate formed and was
separated and washed with MeOH. The liquid phase was
concentrated. The product was isolated by flash
chromatography (CH2CI2 -> CH2CI2 : 0.5M NH3 in MeOH
85:15), obtaining 594 mg, 2.39 mmol. 1H NMR (500 MHz,
DMSO-Cy6) d ppm 8.44 (s, 1 H) 8.41 (s, 1 H) 5.48 (t, 1
H) 5.12 (t, 1 H) 4.80 (dt, 1 H) 4.70 - 4.76 (m, 2H)
4.37 (dd, 1H) 4.25 (dd, 1 H) 4.07 - 4.12 (m, 1 H) 3.89
- 3.99 (m, 1 H) 3.72 - 3.85 (m, 2 H) 3.62 (t, 1 H)
3.52 - 3.57 (m, 1 H) 3.23 - 3.47 (m, 4 H) 2.95 - 3.18
(m, 6 H). Mixture of diastereoisomers (ratio about
55/45). Description 34 [(7S,
9aR)-2,2-dioxidooctahydropyrazino[2,1-c][1,4]thiazin-7
-yl]methanol and [(7S,
9aS)-2,2-dioxidooctahydropyrazino[2,1 -c][1
,4]thiazin-7-yl]methanol (D34) To (7R,
9af?)-7-(hydroxymethyl)hexahydropyrazino[2,1-c][1
,4]thiazine-6,9-dione 2,2-dioxide and (7R,
9aS)-7-(hydroxymethyl)hexahydropyrazino[2,1-c][1
,4]thiazine-6,9-dione 2,2- dioxide (D33) (592 mg, 2.39
mmol) was added 24 mL of 1M BH3-THF solution at room
temperature. The suspension was refluxed overnight,
and checked by UPLC/MS: product peaks seen at 0.17 and
0.37 min, both with m/z= 221 (M+1 ).The excess BH3 was
quenched by addition of MeOH (10 mL) at 00C followed
by cone. HCI (2ml_) and the solution was heated to
800C and stirred for 4 h . The crude was purified by
SCX cartridge, leaving the expected product: 398 mg,
1.81 mmol. 1H NMR (400 MHz DMSO-Cf6) d ppm 4.50 (t, 1
H) 4.60 (t, 1 H) 3.33 - 3.43 (m, 2 H) 2.99 - 3.29 (m,
12 H) 2.75 - 2.93 (m, 2 H) 2.56 - 2.72 (m, 2 H) 2.25 -
2.38 (m, 3 H) 1.76 (t, 1 H). The sample consists of a
mixture of diastereoisomers (ratio about 60/40).
Description 35 and Description 30(7S, 9aSor
fl)-7-({[(1,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyra
zino[2,1 -c][1 ,4]thiazine 2,2- dioxide (D35)-
Diastereoisomer 2 and (7S, 9a/? or S)-7-({[(1,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyra
zino[2,1-c][1,4]thiazine 2,2- dioxide
(D30)-Diastereoisomer 1 To a solution of starting
aminoalcohol (397 mg, 1.80 mmol) in 9 ml_ of anhydrous
dichloromethane was added Et3N (880 ml_, 6.31 mmol)
and TDBMSCI (815 mg, 5.41 mmol). The reaction was
stirred overnight at room temperature. It was checked
by UPLC/MS: peak for the products at 0.56 min, m/z =
335 (M+1). It was diluted with dichloromethane and
extracted with sat. NaHCO3. The organics were dried
(Na2SO4) and the solvent removed. The crude was
purified by flash chromatography (silica, CH2CI2 ->
CH2CI2 : MeOH 90:10). Isolated two products: (7S, 9aS
or
R)-7-({[(1,1-dimethylethyl)(dimethyl)silyl]oxy}methyl)
octahydropyrazino[2,1- c][1,4]thiazine 2,2-dioxide
(D35)- Diastereoisomer 2 1H NMR (500 MHz, DMSO-Cf6) d
ppm 3.49 - 3.59 (m, 2 H) 2.99 - 3.20 (m, 3 H) 2.79 -
2.92 (m, 3 H) 2.63 - 2.77 (m, 3 H) 2.54 - 2.63 (m, 2
H) 2.20 - 2.28 (m, 1 H) 0.78 - 0.87 (m, 9 H) -0.05 -
0.04 (m, 6 H) (7S, 9aR or S)-7-({[(1
,1-dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydrop
yrazino[2,1- c][1,4]thiazine 2,2-dioxide
(D30)-Diastereoisomer 11H NMR (500 MHz, DMSO-Cf6) d
ppm 3.43 - 3.50 (m, 1 H) 3.36 - 3.43 (m, 1 H) 3.1 1 -
3.23 (m, 1 H) 2.96 - 3.1 1 (m, 3 H) 2.74 - 2.86 (m, 3
H) 2.59 - 2.69 (m, 1 H) 2.23 - 2.39 (m, 2 H) 1.95 -
2.10 (m, 1 H) 1.77 (t, 1 H) 0.80 



- 0.89 (m, 9 H) -0.03 - 0.06 (m, 6 H) consistent with
the previously obtained diastereomer (D30) Description
36 2-[3,5-Bis(trifluoromethyl)phenyl]-N-[6-[(7S, 9aS
or /?)-7-({[(1,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)-2,2-dioxidoh
exahydropyrazino[2,1-
c][1,4]thiazin-8(1H)-yl]-4-(4-fluoro-2-methylphenyl)-3
-pyridinyl]-N,2- dimethylpropanamide
(D36)-Diastereomer 2To a solution of (7S, 9aS or
R)-7-({[(1 ,1-
dirnethylethyl)(dimethyl)silyl]oxy}rnethyl)octahydropy
razino[2, 1-c][1 ,4]thiazine 2,2-dioxide (D35) ( 111
mg, 0.331 mmol) in 2.2 ml. of toluene was added
2-[3,5- bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide [WO 2005/002577] (136 mg,
0.254 mmol), bis-tri -tertbutylphosphine palladium (26
mg, 0.051 mmol), hexadecyltrimetylammonium chloride
(16 ml_ of a 25% aqueous solution) and, at last,
sodium hydroxide solution (31 ml_ of a 50% aqueous
solution). The solution was degassed by
freeze-pump-thaw cycles, then stirred at 900C for 3.5
h . A check by UPLC/MS showed the product peak at 1.22
min., m/z = 831 (M+1), 416 (% +1). The solution was
diluted with with EtOAc, washed with sat. NaHCO3, and
the organics dried (Na2SO4) . The product was isolated
by flash chromatography (cyclohexane: EtOAc 100:0 ->
40:60): 160 mg (0.192 mmol) taken to the next step
without further characterization. Description 37 (ZR,
9a/?)-3-(hydroxymethyl)tetrahydro-2H-pyrazino[1
,2-a]pyrazine-1 ,4(3tf,6H)-dione and (ZR,
9aS)-3-(hydroxymethyl)tetrahydro-2H-pyrazino[1
,2-a]pyrazine-1 ,4(3H,6H)- dione (D37) To a solution
of i
^-bistfO.I-dimethylethyOoxylcarbonylJ^-piperazinecarbo
xylic acid (10.88 g, 32.93 mmol) in 100 mL of
dichloromethane was added O-benzotriazol-1-yl-
L/,L/,L/',L/'- tetramethyluronium tetrafluoroborate
(TBTU) ( 11.62 g, 36.19 mmol) and
diisopropylethylamine (8.6 mL, 54.28 mmol). The
reaction was stirred for 1 h. In the meantime, a
solution of D-serine methyl ester hydrochloride (10.24
g, 65.81 mmol) and diisopropylethylamine ( 11.50 mL,
65.9 mmol) in dichloromethane was prepared and finally
added to the reaction mixture. The reaction was left
stirring at room temperature for 2.5 h. UPLC-MS
analysis showed no more starting material and
conversion to the product (peakat 0.67 min, m/z = 432,
M+1). The reaction was diluted with dichloromethane
and extracted with sat. NaHCO3, dried (Na2SO4) , and
the solvent removed. The crude (23.5 g) was taken to
the next step without further purification. It was
dissolved in 80 ml. of dichloromethane and treated
with 20 mL of TFA, added at 00C. The reaction was
stirred at room temperature for 2h, stored in a
freezer overnight, and then added again with 10 mL of
TFA and stirred at room temperature for 8h. It was
stored again in freezer, then added more TFA (2OmL)
and stirred at room temperature for 5h. After addition
at 00C of 30 mL of TFA and heating at 300C for 3h, the
reaction appeared by UPLC/MS not to contain starting
material anymore. Product seen at 0.20 min, m/z = 232
(M+1). The reaction volume was reduced by evaporation
and the crude was purified by SCX. The basic fractions
were stirred at 500C overnight. The solution was
concentrated and the solid residue triturated with
MeOH (5mL) and diethyl ether, leaving 4.44 g of
product. Mixture (2:1) of two diastereomers. 1H NMR
(400 MHz, DMSO-Cf6) d ppm 8.02 - 8.07 (s, 0.66 H) 7.98
- 8.02 (s, 0.33 H) 5.00 - 5.21 (m, 1 H) 4.14 - 4.33
(m, 1 H) 3.67 - 3.89 (m, 3 H) 3.41 - 3.55 (m, 1 H)
3.10 - 3.29 (m, 2 H) 2.76 - 2.94 (m, 1 H) 2.26 - 2.68
(m, 3 H). Description 38 (ZS,
9af?)-octahydro-2H-pyrazino[1,2-a]pyrazin-3-ylmethanol
and (3S, 9aS)-octahydro-
2W-pyrazino[1,2-a]pyrazin-3-ylmethanol (D38) (3R,
9af?)-3-(hydroxymethyl)tetrahydro-2H-pyrazino[1
,2-a]pyrazine-1 ,4(3A7,6H)-dione and (3R,
9aS)-3-(hydroxymethyl)tetrahydro-2H-pyrazino[1
,2-a]pyrazine-1 ,4(3H,6H)-dione (D37)(4.44 g, 22.28
mmol) was divided into two equal portions. Each
portion was treated at 00C with 110 mL of 1M BH3-THF
solution and brought to reflux (800C) for 24h. The
reaction was checked by direct UPLC/MS and was not
complete. A further aliquot of 50 mL of 1M BH3-THF
solution was added to each reaction, and they were
kept at 800C for additional 16 h. They were checked
again by MS and found to be complete (for both m/z=
172, M+1). The reaction flasks were cooled to -100C
and treated with 30 mL of 6M HCI. The resulting
solutions were warmed to 800C and stirred for 3.5 h.
Both reactions were checked by direct MS (m/z= 172,
M+1 for both samples). The reaction mixture was
purified by SCX, obtaining 4.07 g of product. 1H NMR
consistent with the structure, mixture of
diastereoisomers. 



Description 39 (ZS, 9a/?)-3-({[(1
,1-dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydro-
2AYpyrazino[ 1,2-a]pyrazine and (ZS, 9aS)-3-({[(1,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydro-2H-
pyrazino[1,2-a]pyrazine (D39)(3S,
9aR)-octahydro-2/-/-pyrazino[1
,2-a]pyrazin-3-ylmethanol and (3S,
9aS)-octahydro-2Hpyrazino[ 1 ,2-a]pyrazin-3-ylmethanol
(D38) (4.065 g, 23.75 mmol) was dissolved in 100 mL of
dichloromethane and treated with Et3N (9.32 ml_, 71.25
mmol) and TDBMSCI (8.4 g, 59.38 mmol). The reaction
was stirred at room temperature for 70 h. It was
checked by UPLC/MS, which showed conversion to
product: peaks at 0.45 and 0.46 min, m/z = 286 (M+1).
It was diluted with dichloromethane, extracted with
sat. NaHCO3 and brine, and the dried over Na2SO4. The
crude was purified by flash chromatography (silica,
CH2CI2 -> CH2CI2 : MeOH 80:20), to give 4.41Og of the
expected product. Spectrum consistent with the
product. Mixture of diastereomers, roughly 2:1 ratio.
1H NMR (400 MHz, DMSO-Cf6) d ppm 3.67 - 3.81 (m, 1 H)
3.35 - 3.48 (m, 1 H) 2.58 - 2.84 (m, 5 H) 2.18 - 2.58
(m, 3 H) 1.93 - 2.17 (m, 2 H) 1.74 - 1.93 (m, 1 H)
1.63 - 1.74 (m, 1 H) 0.87 (s, 3 H) 0.86 (s, 6 H) 0.04
(2, 2 H) 0.02 (s, 4 H). Description 40 (7S,
9a/?)-2-acetyl-7-({[(1
,1-dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydro-
2Hpyrazino[ 1,2-a]pyrazine and (7S,
9aS)-2-acetyl-7-({[(1,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydro-2H-
pyrazino[1,2-a]pyrazine (D40) TBDMS To a solution of
(3S,
9aR)-3-({[(1,1-dimethylethyl)(dimethyl)silyl]oxy}methy
l)octahydro-2/-/- pyrazino[1,2-a]pyrazine and (3S,
9aS)-3-({[(1,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydro-2A7
-pyrazino[1 ,2-a]pyrazine (D39) (4.407 g, 15.44 mmol)
in 100 ml. of dichloromethane was added triethylamine
(3.23 mL , 23.16 mmol) and it was brought to - 50 0C.
A solution of acetic anhydride ( 1.459 mL, 15.44 mmol)
in 16 mL of dichloromethane was added dropwise in 45
min. The reaction was stirred at- 50 0C for additional
30 min. and then let back to room temperature. The
reaction was checked by UPLC/MS, which showed the two
diasereomeric products at 0.54 and 0.57 min, m/z = 328
(M+1). The reaction mixture was diluted with
dichloromethane, extracted with sat. NaHCO3 and brine,
and the dried over Na2SO4. The crude was purified by
flash chromatography (silica, CH2CI2 -> CH2CI2 : 0.5 M
NH3 in MeOH 90:10), obtaining 4.334 g. 1H NMR (400
MHz, DMSO-Gf6) indicated a mixture of diastereoisomers
withdiagnostic peaks at 0.05 ppm, and 0.03
ppm.Description 41 and Description 42 L/-[6-[(3S, 9aR
or S)-8-acetyl-3-({[(1,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydro-2H-
pyrazino[1,2-a]pyrazin-2-yl]-4-
(4-fluoro-2-methylphenyl)-3-pyridinyl]-2-[3,5-bis(trif
luoromethyl)phenyl]- L/,2- dimethylpropanamide
(D41)-Diastereoisomer 1 and L/-[6-[(3S, 9aS or
/?)-8-acetyl-3-({[(1,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydro-2H-
pyrazino[1,2-a]pyrazin-2-yl]-4-
(4-fluoro-2-methylphenyl)-3-pyridinyl]-2-[3,5-bis(trif
luoromethyl)phenyl]- L/,2- dimethylpropanamide
(D42)-Diastereoisomer 2 To a solution of (7S,
9af?)-2-acetyl-7-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydro-2H-
pyrazino[1 ,2-a]pyrazine and (7S,
9aS)-2-acetyl-7-({[(1
,1-dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydro-
2H-pyrazino[1 ,2- ajpyrazine (D40) (1.5 g, 5.72 mmol)
in 20 mL of toluene was added 2-[3,5-
bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide [WO 2005/002577] (2.034 g,
3.816 mmol), bis-tri -tertbutylphosphine palladium
(440 mg, 0.86 mmol), hexadecyltrimetylammonium
chloride (73 ml_ of a 25% aqueous solution) and, at
last, sodium hydroxide solution (456 ml_ of a 50%
aqueous solution). The solution was degassed by two
freeze-pump-thaw cycles, then stirred at 900C for 4 h
. More bis-tri -tert-butylphosphine palladium (187 mg,
0.37 mmol) was added and the reaction stirred at 900C
for additional 4 h. The reaction was checked by
UPLC/MS, which showed peaks for the expected products
at 0.93 and 1.17 min., m/z = 824 (M+1) for both. The
solution was diluted with EtOAc, washed with sat.
NaHCO3, brine, and the organics dried (Na2SO4) . The
products were isolated by flash chromatography
(cyclohexane:EtOAc 70:30 -> 0:100). (D41)
Diastereoisomer 1, 1.1686 g, UPLC/MS: peak at 1.17
min, m/z = 824. M+1 . (D42) Diastereoisomer 2, 1.0916
g, UPLC/MS: peak at 0.93 min, m/z = 824. M+1 .
Description 43: L/-(phenylmethyl)-D-serine (D43)The
title compound was made according to the procedure
described G.R. Brown, J. Chem. Soc. Perkin Trans 1,
1985, 2577. Benzaldehyde (10.16mL,0.1 mol) was 



added to a vigorously stirred solution of D-Serine
(10.47g, 0.1 mol) in 2N NaOH solution (5OmL), stirred
for 30 minutes at RT. before cooling in an ice-salt
bath to ~6C before adding Sodium Borohydride ( 1 .06g,
27.90mmol) portionwise over 40 minutes. The reaction
was stirred at RT. for 1 hour before adding more
benzaldehyde (10.16ml_, 0.1 mol) and cooling down in
an ice-salt bath to between 6-1 0C and then adding
more sodium Borohydride ( 1 .06g, 27.90mmol)
portionwise over 45 minutes. The reaction mixture was
stirred at RT. for 2 hours, washed with Et2O. Made
sure all solid material in solution, hence diluted
with water before washing with Et2O x2. Aqueous layer
acidified to ~pH 6.5, using c.HCI solution. Solid
precipitated out. Filtered, dried in the vacuum oven
overnight at 400C to afford a white solid in 46%
yield. NMR (DMSO-d6) d 7.44-7.30 (5H, m), 3.98 (2H,
q), 3.73- 3.61 ( 1H, m), 3.14 ( 1H, m). Description
44: (3R)-5-oxo-4-(phenylmethyl)-3-morpholinecarboxylic
acid The title compound was prepared according to the
method described by H.H. Otto, Helvetica Chimica Acta,
2004, 87, 90. To an ice cooled solution of N-
(phenylmethyl)-D-serine (8.9Og, 45.59mmol) in 2N NaOH
solution (5OmL) was added chloroacetyl chloride
(4.36mL, 54.71 mmol), dropwise over 15 minutes. The
reaction was stirred for 30 minutes before adding 30%
NaOH solution (4.5g in 15mL) and stirring at RT. for 2
and A hours. It was cooled in an ice bath before
adding c.HCI solution to pH<1 . solid precipitated
out. Filtered. Suspended in isopropanol and heated at
reflux for 10 minutes. Filtered hot. Solvent
evaporated to afford a pale yellow solid. Triturated
with Et2O to afford the title compound as a cream
solid in 29% yield. MS (API+): m/z 236.1 (MH+: 100%) @
retention time 1.61 min Description 45: Ethyl
(3ft)-5-oxo-4-(phenylmethyl)-3-morpholinecarboxylate
(D45)The title compound was prepared according to the
procedure described by H.H.Otto, Helvetica Chimica
Acta, 2004, 87, 90 using (3R)-5-oxo-4-(phenylmethyl)-
3-morpholinecarboxylic acid (D44, 3.1 3g, 13.33mmol)
in EtOH (3OmL), cooling in an ice bath before adding
Thionyl Chloride ( 1.46mL) dropwise, and then stirring
at RT. for hours. Added more thionyl chloride ( 1mL)
and stirring at R.T. overnight. Added more thionyl
chloride ( 1mL) and stirred for 4 hours, added further
thionyl chloride (0.5mL) and stirred overnight again.
Added thionyl chloride (0.2mL) and left stirring for 5
hours. Solvent evaporated to afford the title compound
as an orange oil in quantative yield. MS (API+): m/z
264.1 (MH+; 100%) @ retention time 2.28 min [a]D = -
11.4, where I = 1cm, c = 0.5 in DCM Description 46:
Ethyl (3f?)-4-(phenylmethyl)-3-morpholinecarboxylate
(D46) The title Compound was prepared according to the
procedure used by G.R.Brown, J. Chem. Soc. Perkin
Trans 1, 1985, 2577, using ethyl
(3f?)-5-oxo-4-(phenylmethyl)- 3-morpholinecarboxylate
(D45, 3.64g, 13.84mmol) in dry THF (7OmL), cooled in
an ice bath before adding borane-dimethylsulphide
complex ( 1.84mL, 10M), slowly. The reaction mixture
was allowed to warm up to room temperature overnight.
Stirred for further six hours, added more
borane-dimethylsulphide complex and stirred at R.T.
over the weekend. Reaction quenched carefully with
water, dropwise till the effervescence had finished.
Solvent evaporated. Residue dissolved in water,
basified to pH ~10 using 2N NaOH solution before
extracting with Et2O. Organic layer was then extracted
with 2N HCI solution. Acid layer was then basified
using 2N NaOH solution before extracting with Et2O x
3. Combined extracts were dried (MgSO4) . Filtered.
Evaporated under reduced pressure to afford the title
compound as a colurless oil in a 68% yield. MS (API+):
m/z 250.1 (MH+: 100%) @ retention time 1.88 min [a]D =
+ 103, where I = 1cm, c = 0.5 in DCM Description 47:
(3/?)-4-(phenylmethyl)-3-morpholinecarboxylic acid
(D47)Ethyl
(3/?)-4-(phenylmethyl)-3-morpholinecarboxylate (D46,
2.33g, 9.36mmol) was dissolved in a mixture of
THF/EtOH/H 2O ( 1 : 1 : 1 45mL) before treating with
Lithium Hydroxide monohydrate (0.432g, 10.29mmol) and
heating at 500C overnight. Reaction not finished.
Added more Lithium Hydroxide monohydrate (0.20Og,
4.76mmol) and left heating for a further 24 hours.
Added more Lithium Hydroxide (0.100g, 2.38mmol) and
heated for a further 6 hours. Added more Lithium
Hydroxide (0.100g, 2.38mmol) and heated for a further
16 hours. 



Cooled to RT. . Reaction neutralised using 2N HCI
solution. Solvent evaporated. Residue partitioned
between DCM and Water. Aqueous layer extracted with
10% MeOH/DCM x5. Combined extracts dried (MgSO4) .
Filtered. Solvent evaporated under reduced pressure to
afford the title compound as a white foam in a 94%
yield. MS (API+): m/z 222.1 (MH+; 100%) @ retention
time 0.96 min [a]D = + 73, where I = 1cm, c = 0.5 in
MeOH Description 48: Methyl
L/-{[(3f?)-4-(phenylmethyl)-3-morpholinyl]carbonyl}-Ds
erinate (D48)
(3/?)-4-(phenylmethyl)-3-morpholinecarboxylic acid
(D47, 1.93g, 8.73mmol) was dissolved in dry DCM (2OmL)
with a little DMF (2mL). To it was added TBTU (3.62g,
11.27mmol) followed by DIPEA (3.02mL, 17.29mmol) and
stirred for 40 minutes at R.T., under argon before
adding a solution of D-Ser-Methylester hydrochloride
(2.7Og, 17.37mmol), and DIPEA (3.02mL, 17.29mmol) in
dry DCM (15mL). The resulting mixture was stirred for
45minut.es before being allowed to stand overnight.
Diluted with DCM (6OmL), washed with sat NaHCO3
solution (2 x 6OmL). Dried (Na2SO ) . Filtered.
Solvent evaporated under reduced pressure to afford an
orange oil. Used crude in the next step. MS (API+):
m/z 323.1 (MH+; 100%) @ retention time 1.17 min [a]D =
+ 11.8  , where I = 1cm, c =0.5 in DCM Description 49:
(7S,9aS)-octahydropyrazino[2,1 -c][1
,4]oxazin-7-ylmethanol (D49)Methyl
L/-{[(3f?)-4-(phenylmethyl)-3-morpholinyl]carbonyl}-D-
serinate (D48, 3.72g, 11.55mmol) was dissolved in EtOH
(5OmL), treated with 10% Pd on C (450mg) then placed
under an atmosphere of hydrogen over the weekend. Left
stirring for further 6 hours. Added 10% Pd on C
(200mg) and left under an atmosphere of hydrogen
overnight. Catalyst removed by filtration through
kieselguhr washed with acid, washing well with EtOH.
Solvent removed under reduced pressure to afford a
colourless oil. Oil dissolved in dry MeOH ( 15ml_) and
heated at 50C overnight. Left heating for a further 3
hours before cooling to R.T.. Solvent removed under
reduced pressure. Residue triturated with DCM to
afford the title compound as an off white solid in 35%
yield over the 2 steps. MS (ELSD+) : 201 . 1 (MH+;
100%) @ retention time 0.49 min [a]D = + 37.6  , where
I = 1cm, c = 0.5 in MeOH Description 50:
(7S,9aS)-octahydropyrazino[2,1 -c][1
,4]oxazin-7-ylmethanol (D50)
(7S,9aS)-octahydropyrazino[2,1 -c][1
,4]oxazin-7-ylmethanol (D49, 800mg, 4mmol) was
suspended in dry THF (2OmL), before being treated with
1M borane THF complex solution (4OmL) and heating at
reflux for 17 hours. Cooled to R.T., MeOH (8mL) added
dropwise followed by c.HCI solution (3.2mL). The
resulting mixture was heated at 70C for 2 hours.
Cooled to R.T., solvent evaporated under reduced
pressure. Residue placed on a 1Og SCX column in MeOH
with some water. Column washed with MeOH (3x 25mL)
before eluting the compound with NH3 in MeOH (4 x
25mL). Solvent evaporated under reduced pressure to
afford the title compound as a colourless oil in a
quantitative yield. MS (ELSD+): m/z 173.1 (MH+; 100%)
@ retention time 0.31 min [OC]D = + 3.6 , where I =
1cm, c = 0.5 in MeOH Description 5 1 :
(7S,9aS)-7-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyra
zino[2,1-c][1,4]oxazine
(D51)(7S,9aS)-octahydropyrazino[2,1-c][1
,4]oxazin-7-ylmethanol (D50, 680mg, 3.95mmol) was
almost dissolved in dry DCM (12mL) before adding Et3N
( 1.1OmL, 7.90mmol), followed by TBDMS-Chloride
(894mg, 5.93mmol). The resulting reaction mixture was
stirred over the weekend at R.T., under argon. Left
stirring for 2 more hours. Diluted with DCM, washed
with sat NaHCO3 solution (2 x 2OmL). Dried (MgSO4).
Filtered. Solvent evaporated. Residue purified on a 25
+ M horizon column eluting with 10% EtOAc/Pet Ether to
EtOAc to 10% MeOH/EtOAc. Solvent evaporated under
reduced pressure to afford the title compound as a
pale yellow oil in a 62% yield. 1H NMR (400MHz;
DMSO-d6) d 3.77-3.63 (3H, m), 3.50- 3.40 (2H, m), 2.98
( 1H, t), 2.71 ( 1H, br m), 2.61 (1H, dd), 2.42-2.28
(4H, m), 2.14- 2.05 (2H, m), 1.96 ( 1H, m), 0.83 (9H,
s), 0.01 (6H, s) 



[a]D = + 4.4 , where I = 1cm, c = 0.5 in DCM
Description 52: 2-[3,5-bis(trifluoromethyl)phenyl]-
L/-(6'-chloro-4-methyl-3,4'-
bipyridin-3'-yl)-L/,2-dimethylpropanamide (D52)
2-[3,5-bis(trifluoromethyl)phenyl]-
L/-(6-chloro-4-iodo-3-pyridinyl)- L/,2-
dimethylpropanamide (400mg, 0.726mmol),
4-methylpyridine-3 boronic acid (130mg, 0.944mmol),
sodium carbonate (0.8mL, 2M),
tetrakistriphenylphosphine palladium (7.8mg,
0.00726mmol) was added in dioxane (4mL) and stirred
under argon before heating in the microwave at 1100C
for 30 minutes., added more 4- methylpyridine-3
boronic acid (67.5mg, 0.49mmol) and
tetrakistriphenylphosphinepalladium (7.8mg,
0.00726mmol) and heated at 1100C for 30 minutes
therefore added more 4-methylpyridine-3 boronic acid
(51 mg, 037mmol), tetrakistriphenylphosphinepalladium
(7.8mg, 0.00726mmol) and heated under microwave
conditions at 1100C for 30minutes., therefore added 4-
methylpyridine-3 boronic acid (47mg,
0.34mmol),tetrakistriphenylphosphinepalladium (7.8mg,
0.00726mmol) and heated at 1100C for 30 minutes..
Residue partitioned between EtOAc and Brine. Aqueous
layer was extracted with EtOAc x3. Combined extracts
were dried and solvent evaporated. Residue purified on
a 12 +M horizon column eluting with Pet Ether to 1: 1
EtOAc: Pet Ether. Unable to isolate clean fractions.
Sample sent to be purified by Mass Directed Auto-Prep
(MDAP) chromatography, white solid didn't dissolve was
found to be desired material. This was combined with
product isolated from the MDAP to afford the title
compound as a white solid in an 83% yield. MS ( API+):
m/z 516.1 (MH+; 100%) Description 53:
2-[3,5-bis(trifluoromethyl)phenyl]-N-{6
l-[(7SI9aS)-7-({[(1 ,1 -
dimethylethyl)(dimethyl)silyl]oxy}methyl)hexahydropyra
zino[2,1-c][1,4]oxazin- 8(1
H)-yl]-4-methyl-3,4'-bipyridin-3'-yl}-N,2-dimethylprop
anamide (D53) The 2-[3 5-bis(thfluoromethyl)phenyl]-
L/-(6I-chloro-4-methyl-3,4'-bipyridin-3'-yl)- L/,2-
dimethylpropanamide (D52, 77mg, 0.1 5mmol),
(7S,9aS)-7-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyra
zino[2,1-c][1 ,4]oxazine (D51 , 5 1.5mg, 0.18mmol),
sodium t-Butoxide (18mg, 0.1 9mmol) were degassed
together in dry toluene( 1.5ml_) for 5 mins before
adding Bis(dibenzyleneacetone) Palladium ( 9mg,
0.015mmol) and
2-Dicyclohexylphosphino-2'-(N'N'-dimethylamino)bipheny
l (15mg, 0.038mmol) and heating under microwave
conditions at 1300C for 30mins. Diluted with EtOAC,
washed with sat. NaHCO3 x 1, brine x 1, dried (MgSO4).
Filtered. Solvent evaporated. Residue purified eluting
with Pent to EtOAc. No Fractions isolated clean. Mixed
fractions combined, solvent evaporated and residue
re-purified on a 2g SCX column, washing with MeOH (2x1
OmL) before eluting the compound off with NH3 in MeOH
(3x1 OmL). Solvent evaporated under reduced pressure
to afford a gummy solid (86mg). MS (API+: 766.4 (MH+;
100%) + 652.2 (MH+; -TBDMS ; 20%) Crude product was
used directly without further purification.
Description 54: 2-[3,5-bis(trifluoromethyl)phenyl]-
L/-(6'-chloro-6-fluoro-2-
methyl-3,4'-bipyridin-3'-yl)- L/,2-dimethylpropanamide
(D54)2-[3,5-bis(trifluoromethyl)phenyl]-
L/-(6-chloro-4-iodo-3-pyridinyl)- L/,2-
dimethylpropanamide (200mg, 0.363mmol),
2-fluoro-6-methylpiperidine-5 boronic acid (73mg,
0.472mmol), sodium carbonate solution (0.4mL, 2M),
tetrakistriphenylphosphinepalladium (4mg, 0.00363mmol)
in dioxan (2ml_) were heated together in the microwave
at 110C for 30 minutes. The mixture was partitioned
between EtOAc and sat NaHCO3 solution. Aqueous layer
extracted with EtOAc x3. Combined extracts dried and
evaporated. Residue purified on a 12+M horizon column
eluting with Pet Et2O to 60% EtOAc/Pet Et2O. Solvent
evaporated under reduced pressure to afford the title
compound in quantative yield. MS (API+): m/z 534.2
(MH+; 100%) Description 55:
2-[3,5-bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(5-fluoro-2-
methylphenyl)-3-pyridinyl]-L/,2-dimethylpropanamide
(D55)
2-[3,5-bis(trifluoromethyl)phenyl]-N-(6-chloro-4-iodo-
3-pyridinyl)-N,2- dimethylpropanamide (200mg,
0.363mmol), 2-methyl-5-fluorobenzene boronic acid
(73mg, 0.472mmol), sodium carbonate (0.4ml_, 2M
solution), tetrakistriphenylphosphinepalladium (4mg,
0.00363mmol) in dioxan were heated together in the
microwave at 1100C for 30 minutes. The mixture was
partitioned between EtOAc and Brine. The Aqueous layer
was extracted with EtOAc x3. The combined extracts
were dried and evaporated. The residue was purified on
a 12+M 



column eluting with Pet Et2O to 60% EtOAc/ Pet Et2O to
afford the title compound in a 27% yield. MS (API+):
m/z 533.1 (MH+; 100%) Description 56:
2-[3,5-bis(trifluoromethyl)phenyl]-
L/-[6-[(7S,9aS)-7-({[(1,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)hexahydropyra
zino[2,1-c][1 ,4]oxazin-
8(1H)-yl]-4-(5-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2-dimethylpropanamide
(D56)2-[3,5-bis(trifluoromethyl)phenyl]-N-[6-chloro-4-
(5-fluoro-2-methylphenyl)-3-
pyridinyl]-N,2-dimethylpropanamide (D55, 50mg,
0.094mmol), (7S,9aS)-7-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyra
zino[2,1-c][1 ,4]oxazine (D51 , 34mg, 0.1 16mmol) were
dissolved in toluene ( 1 .5ml_). Bis
tritertbutylphosphine palladium (12.5mg, 0.0244mmol),
followed by hexadecyltrimethylammoium chloride ( 20mL,
25% aq sol), and finally sodium hydroxide solution
(0.1 1mL, 50% aq sol) were added. The mixture was
degassed for 5 minutes before heating at 90C for 2
hours. Reaction cooled to R.T., diluted with EtOAc,
washed with sat NaHCO3 solution, dried (MgSO4) .
Filtered. Solvent evaporated to afford a yellow sticky
solid. Used crude in the next step. MS (API+): 783.4
(MH+; 60%) Description 57:
2-[3,5-bis(trifluoromethyl)phenyl]-L/-[6-chloro-4-(2-c
hloro-4-
fluorophenyl)-3-pyridinyl]-L/,2-dimethylpropanamide
(D57)
2-[3,5-bis(trifluoromethyl)phenyl]-N-(6-chloro-4-iodo-
3-pyridinyl)-N,2- dimethylpropanamide (200mg,
0.363mmol), 2-chloro-4-fluorobenzene boronic acid
(82mg, 0.472mmol), sodium carbonate (0.4ml_, 2M
solution), tetrakistriphenylphosphinepalladium (4mg,
0.00363mmol) in dioxan (2ml_) were heated together in
the microwave at 110C for 30 minutes. The mixture was
partitioned between EtOAc and Brine. The Aqueous layer
was extracted with EtOAc x3. The combined extracts
were dried and evaporated. The residue was purified on
a 25+M column eluting with 0- 50% EtOAc/ Pet Et2O.
Impurities still seen. Sent to MDAP for purification
to afford the title compound in a 96% yield. MS
(API+): m/z 553.1 (MH+; 100%)Description 58:
2-[3,5-bis(trifluoromethyl)phenyl]-L/-{4-(2-chloro-4-
fluorophenyl)-6-[(7S,9aS)-7-({[(1 ,1 -
dimethylethyl)(dimethyl)silyl]oxy}methyl)hexahydropyra
zino[2,1-c][1,4]oxazin- 8(1
H)-yl]-3-pyridinyl}-L/,2-dimethylpropanamide (D58)
2-[3,5-bis(trifluoromethyl)phenyl]-N-[6-chloro-4-(2-ch
loro-4-fluorophenyl)-3-
pyridinyl]-N,2-dimethylpropanamide (D57,60mg, O.H
mmol), ) , (7S,9aS)-7-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyra
zino[2,1-c][1 ,4]oxazine (D51 , 37mg, 0.13mmol),
sodium t-Butoxide (13mg, 00.1375mmol) were degassed
together in toluene ( 1 .2ml_) for IOminutes before
adding bis(dibenzyleneacetone) palladium (6mg, O.OH
mmol) and
2-dicyclohexylphosphino-2'-(N,Ndimethylamino) biphenyl
( 11mg, 0.0275mmol) and heating at 1000C for 30
minutes under microwave conditions. Added more
bis(dibenzyleneacetone) palladium (6mg, O.OH mmol) and
2-dicyclohexylphosphino-2'-(N,N-dimethylamino)biphenyl
(H rng, 0.0275mmol) and heated for a further 30
minutes at 100C under microwave conditions. Diluted
with EtOAc, washed with sat NaHCO3 solution x 1, brine
x 1, dried (MgSO4). Filtered. Solvent evaporated under
reduced pressure. Residue purified eluting with 0-
100% EtOAc/Pent. Solvent evaporated to afford a brown
gum of the title compound in 25% yield. MS (API+): m/z
803.4 (MH+; 40%) Description 59:
2-[3,5-bis(trifluoromethyl)phenyl]-/V-[6-chloro-4-(2-
formylphenyl)-3-pyridinyl]-L/,2-dimethylpropanamide
(D59)
2-[3,5-bis(trifluoromethyl)phenyl]-N-(6-chloro-4-iodo-
3-pyridinyl)-N,2- dimethylpropanamide (200mg,
0.363mmol), benzaldehyde-2-boronic acid (71 mg,
0.472mmol), sodium carbonate (0.4ml_, 2M solution),
tetrakistriphenylphosphinepalladium (4mg, 0.00363mmol)
in dioxan (2mL) were heated together in the microwave
at 110C for 30 minutes. The mixture was partitioned
between EtOAc and Brine. The Aqueous layer was
extracted with EtOAc x3. The combined extracts were
dried and evaporated. The residue was purified ona
25+M column eluting with 0- 50% EtOAc/ Pet Et2O to
afford the title compound as a yellow solid in 55%
yield. MS (API+): m/z 529.1 (MH+; 100%) Description
60: 2-[3,5-bis(trifluoromethyl)phenyl]-
L/-[6-[(7S,9aS)-7-({[(1 ,1 -
dimethylethyl)(dimethyl)silyl]oxy}methyl)hexahydropyra
zino[2,1-c][1 ,4]oxazin- 



8(1H)-yl]-4-(2-formylphenyl)-3-pyridinyl]-
L/,2-dimethylpropanamide (D60)
2-[3,5-bis(trifluoromethyl)phenyl]-N-[6-chloro-4-(2-fo
rmylphenyl)-3-pyridinyl]-N,2- dimethylpropanamide
(D59, 106mg, 0.201 mmol), ), (7S,9aS)-7-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyra
zino[2,1-c][1 ,4]oxazine (D51 , 72mg, 0.251 mmol) were
dissolved in toluene (2mL). Bis tritertbutylphosphine
palladium (27mg, 0.052mmol), followed by
hexadecyltrimethylammoium chloride ( 30ml_, 25% aq
sol), and finally sodium hydroxide solution (0.25mL,
50% aq sol) were added. The mixture was degassed for 5
minutes before heating at 90C for 2 hours. Reaction
cooled to R.T., diluted with EtOAc, washed with sat
NaHCO3 solution, dried (MgSO4). Filtered. Solvent
evaporated. Residue purified eluting with 0 - 50%
EtOAc /Pent. Solvent evaporated under reduced pressure
to afford a pale yellow solid in 18% yield. MS (API+):
m/z 779.4 (MH+; 100%). Description 6 1:
2-[3,5-bis(trifluoromethyl)phenyl]-
L/-{6-[(7S,9aS)-7-({[(1 ,1 -
dimethylethyl)(dimethyl)silyl]oxy}methyl)hexahydropyra
zino[2,1-c][1 ,4]oxazin-
8(1H)-yl]-4-[2-(hydroxymethyl)phenyl]-3-pyridinyl}-
L/,2-dimethylpropanamide (D61)
2-[3,5-bis(trifluoromethyl)phenyl]-N-[6-[(7S,9aS)-7-({
[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)hexahydropyra
zino[2,1-c][1 ,4]oxazin-8(1 H)-
yl]-4-(2-formylphenyl)-3-pyridinyl]-N,2-dimethylpropan
amide (D60, 27.7mg, 0.0356mmol) was suspended in dry
THF ( 1.5mL) before adding sodiumborohydride (3mg,
0.078mmol) and stirring for 1 hour. Added more sodium
borohydride (3mg, 0.078mmol) and left stirring for a
further 1 and Yhours. Reaction quenched with water,
diluted with EtOAc. Organic layer washed with water,
dried (MgSO ) . Filtered. Solvent evaporated to afford
the title compound as an off white solid in 89% yield.
Used crude in the next step. MS (API+): m/z 781 .4
(MH+; 100%). Description 62:
2-[3,5-bis(trifluoromethyl)phenyl]- L/-(4-(4-fluoro-2-
methylphenyl)-6-{[(2S)-2-pyrrolidinylmethyl]amino}-3-p
yridinyl)- L/,2- dimethylpropanamide (D62) A
suspension of 2-[3,5-bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-
methylphenyl)-3-pyridinyl]- L/,2-dimethylpropanamide
[WO 2005/002577] ( 1 .5 g, 2.81 mmol)
1,1-dimethylethyl
(2R)-2-(aminomethyl)-1-pyrrolidinecarboxylate (NBoc
prolinamine) ( 1 .41 g, 7.025 mmol) and potassium
carbonate (777 mg, 5.62 mmol) in 6 mL of DMSO was
heated for 18 h at 1500C (temperature detected 138C).
A HPLC/MS check showed a 50% conversion with partial
loss of the Boc protecting group. The reaction was
heated under microwave irradiation to 1600C for 1h and
to 18O0C for two cycles of 1h and 1.5 h, respectively.
The suspension was diluted with dichloromethane and
extracted with sat. NaHCO3 and the organics were dried
(Na2SO4) and the solution was loaded on a SCX
cartridge, washed with dichloromethane (100 mL) and
methanol (200 mL, this wash allowed the recovery of
the unreacted chloropyhdine) and eluted with 2M NH3 in
MeOH. The crude thus obtained, which contained both
the Boc-protected and unprotected compounds, was
purified by flash chromatography (silica, cyclohexane:
EtOAc 80:20 to EtOAc). Isolated 350 mg of
Boc-protected amine and 4 10 mg of the title compound.
This last compound was purified further by a
boc-protection, flash chromatography, TFA deprotection
and SCX isolation procedure. Final yield: 165 mg.
O.A.HPLC, peak @ 5.20 min, >99% purity (UV).
Description 63: diethyl 2,2-pyrrolidinedicarboxylate
(D63)To a solution of sodium ethoxide (5.14 g) in
absolute ethanol (75 ml_) at 00C under a nitrogen
atmosphere, a solution of diethyl aminomalonate
(hydrochloride salt, 8 g) in absolute ethanol (75 ml_)
was slowly added. A yellow suspension was obtained at
the end of the addition. 1, 3-dibromo propane (7.7 mL)
was then added and the resulting mixture was stirred
at reflux temperature for 5 hours. The mixture was
allowed to cool down to rt, then ethanol was removed
in vacuo to give a yellow solid. This was dissolved in
HCI ( 1M solution, 20 mL) and then washed with ethyl
ether (2 x 50 mL). Phases were separated and the
aqueous phase was brought to pH = 9 by adding NaOH (
1M solution). It was then extracted with ethyl ether
(3 x 5OmL) and washed with brine (20 mL). The organic
phase was dried and concentrated in vacuo to give the
desired compound (2.35 g) as yellow oil. MS (ES/+)
m/z=216 [M+H]+. Description 64: diethyl
1-(bromoacetyl)-2,2-pyrrolidinedicarboxylate (D64) 



To a solution of diethyl 2,2-pyrrolidinedicarboxylate
(D63, 900 mg) in dichloromethane (9 mL) at 00C,
potassium carbonate (0.5M solution, 12.5 mL) and
bromoacetyl bromide (0.55mL) were added. The resulting
mixture was stirred at 00C for 2 hours. The mixture
was then diluted with water and then allowed to reach
r.t. Ethyl acetate ( 15 mL) was added and phases were
separated. The aqueous phase was then extracted with
ethyl acetate (2 x 1OmL) and washed with brine (20
mL). The organic phase was dried and concentrated in
vacuo to give the desired compound ( 1.06g) as orange
oil. T.l.c: CH/AcOEt 1: 1 , Rf=0.47. UPLC/MS: peak at
Rt = 0.63 min with m/z = 336, 338 [M+H]+. Description
65: ethyl 1,4-dioxo-2-(phenylmethyl)hexahydropyrrolo[1
,2- a]pyrazine-8a(6H)-carboxylate (D65)To a solution
of diethyl
1-(bromoacetyl)-2,2-pyrrolidinedicarboxylate (D64, 950
mg) in acetonitrile (10 ml_) at r.t, benzylamine (340
microL) was added. The resulting mixture was stirred
at r.t. for 3.5 hours: the formation of a white solid
was observed. The suspension was then filtered over a
Gooch funnel. The organic filtrate was diluted with
ethyl acetate ( 15 ml_) and washed with water (2 x 10
ml_). The organic phase was dried and concentrated in
vacuo to a residue which was purified by flash
chromatography (Cycl/EtOAc from 50/50 to 35:65) to
give the desired compound (200 mg) as colourless oil.
T.l.c: CH/AcOEt 7:3, Rf=0.53. UPLC/MS: peak at Rt =
0.62 min with m/z = 3 17 [M+H]+. 1H NMR (500 MHz,
CHLOROFORM-d) d ppm 7.34 (t, 1 H) 7.32 (t, 2 H) 7.23
(dd, 2 H) 4.97 (d, 1 H) 4.25 (d, 1 H) 4.19 - 4.25 (m,
2 H) 4.01 (d, 1 H) 3.74 (d, 1 H) 3.67 - 3.76 (m, 1 H)
3.55 - 3.63 (m, 1 H) 2.71 - 2.80 (m, 1 H) 2.36 - 2.46
(m, 1 H) 1.93 - 2.1 1 (m, 2 H) 1.21 (t, 3 H).
Description 66: [2-(phenylmethyl)hexahydropyrrolo[1
,2-a]pyrazin-8a(6H)- yl]methanol (D66) To a solution
of ethyl 1,4-dioxo-2-(phenylmethyl)hexahydropyrrolo[1
,2-a]pyrazine- 8a(6/-/)-carboxylate (D65, 450 mg) in
anhydrous THF (5 ml_) under a Nitrogen atmosphere at
0C, lithium aluminium hydride ( 1M in THF, 14 ml_) was
added dropwise. The resulting mixture was stirred at
00C for 10 minutes, then allowed to reach rt and
stirred at this temperature for 45 minutes. It was
then heated at reflux temperature for 3.5 hours and
then allowed to cool to r.t. Water (540 microL), NaOH
( 1M solution, 540microL) and water ( 1 .6 ml_) were
then added to the solution and the formation of a
white precipitate was observed. The suspension was
stirred at rt for 30-40 minutes then filtered over a
Gooch funnel. The organic filtrate was dried and
concentrated in vacuo to a residue which was purified
by flash chromatography (DCM/MeOH from 100/0 to 90:10)
to give the desired compound (162 mg) as orange oil.
T.l.c: DCM/MeOH 9:1 , Rf=0.43. UPLC/MS: peak at Rt =
0.43 min with m/z = 247 [M+H]+.Description 67:
hexahydropyrrolo[1,2-a]pyrazin-8a(6H)-ylmethanol (D67)
To a solution of [2-(phenylmethyl)hexahydropyrrolo[1
,2-a]pyrazin-8a(6/-/)- yl]methanol (D66, 180 mg) in
anhydrous methanol (5 ml_) under a Nitrogen atmosphere
at rt, ammonium formate (475 mg) and palladium (10% on
carbon, 13 mg) were added. The resulting suspension
was heated at reflux temperature for 3.5 hours, then
allowed to cool to r.t. and filtered over Celite. The
organic extract was dried and concentrated in vacuo to
give the desired compound (120 mg) as orange waxy
solid. UPLC/MS: peak at Rt = 0.1 5 min with m/z = 157
[M+H]+. 1H NMR (400 MHz, DMSO-Cf6) d ppm 5.09 (br. s.,
1 H) 3.61 (d, 1 H) 3.34 (br. s., 1 H) 2.89 - 3.09 (m,
5 H) 2.76 - 2.89 (m, 2 H) 2.72 (d, 1 H) 1.62 - 1.84
(m, 3 H) 1.49 - 1.61 (m, 1 H) Description 68: methyl
(3S)-3-hydroxy-L-prolinate hydrochloride (D68)
Hydrogen chloride gas was bubbled through a suspension
of frans-3-hydroxy-Lproline ( 1 .5 g , 11.4 mmol) in
20 ml of freshly distilled MeOH at 00C for 30 min. The
resulting clear solution was stirred overnight, then
concentrated under reduced pressure to afford the
title compound as a white solid ( 1 .96 g). Yield 94%.
Reference : U.S. Pat. Appl. 2004 19,063. Description
69: methyl (3S)-1-(chloroacetyl)-3-hydroxy-L-prolinate
(D69) To a solution of the methyl
(3S)-3-hydroxy-L-prolinate hydrochloride (D68, 1.8 g,
9.9 



mmol) and Et3N (3 ml, 2 1.8 mmol) in 10 ml of dry
benzene at the temperature of 7-8 0C was added
dropwise a solution of chloroacetyl chloride (0.87 ml,
10.9 mmol) in 5 ml of dry benzene. After 24 h at rt,
the precipitated was filtered off and washed
withAcOEt. The filtrate was evaporated, and the crude
oil was purified by flash chromatography column
(Cy/AcOEt 1/4 as eluent). The title compound was
isolated as a colourless oil ( 1 .48 g). Yield 67%.
Reference : Khimiko-Farmatsevticheskii Zhurnal 1984,
18, 1445-8; Eur. J. Org. Chem. 2000, 657. Description
70: (8S)-8-hydroxyhexahydropyrrolo[1 ,2-a]pyrazine-1
,4-dione (D70) A mixture of methyl
(3S)-1-(chloroacetyl)-3-hydroxy-L-prolinate (D69, 1.48
g, 6.7 mmol) in 10 ml of MeOH and 60 ml of a saturated
solution of NH3 in MeOH was stirred for 48 h at rt.
The solvent was evaporated under reduced pressure, to
afford a solid. Analysis indicated this to be the
title compound as a pair of diastereoisomers. After a
short chromatography column (CHCI3ZMeOH 8/2 as eluent)
the title compound was isolated as a foamy solid (1g).
Yield 88%. Reference : Khimiko-Farmatsevticheskii
Zhurnal 1984, 18, 1445-8 Description 71:
(8S)-octahydropyrrolo[1,2-a]pyrazin-8-ol (D71) Into a
stirred, cooled (0 C) suspension of LiAIH4 (3.3 g, 88
mmol) in 60 ml of dry THF, was introduced
(8S)-8-hydroxyhexahydropyrrolo[1 ,2-a]pyrazine-1
,4-dione (D70, 750 mg, 4.4 mmol) in small portions.
The mixture was then allowed to reach rt and stirred
for 48h, after which it was cooled to 0 C. THF was
introduced (70 ml), then successively a saturated
solution of Na-K-tartrate (5 ml) and a 20% aqueous
NaOH solution (5 ml) were dropped into the flask,
under vigorous stirring. The suspension was stirred
for 30 min at rt, and filtered. The pale filter cake
was washed with 100 ml of CHCI3 and the combined
filtrates and washings were evaporated in vacuo to
give 500 mg of the title compound. From GC-MS analysis
2 diastereomeric products were still observed. Yield
80%. 1H NMR (500 MHz, DMSO-d6) d ppm 4.01 (s, 1 H)
2.93 (t, 1 H) 2.87 (d, 1 H) 2.80 (d, 1 H) 2.71 (d, 1
H) 2.49 - 2.61 (m, 2 H) 1.89 - 2.06 (m, 2 H) 1.74 -
1.91 (m, 2 H) 1.48 - 1.56 (m, 1 H) 1.34 - 1.42 (m, 1
H) Reference : J. Org. Chem. 1995, 60,
3916.Description 72:
c/s-Octahydropyrrolo[1,2-a]pyrazin-1-ylmethanol (D72)
To a solution of cis- methyl -3-oxooctahydropyrrolo[1
,2-a]pyrazine-1 -carboxylate (Prepared according
literature procedure :Heterocycles, 52(3), 2000 )(270
mg) in anhydrous THF (10 mL) under a Nitrogen
atmosphere at 00C, lithium aluminium hydride ( 1M in
THF, 6.8 mL) was added dropwise. The resulting mixture
was stirred at 00C for 1 hour, then allowed to reach
rt and stirred at this temperature for 30 minutes.
Water (260 microL), NaOH ( 1M solution, 260 microL)
and water (780 microL) were then added to the solution
and the formation of a white precipitate was observed.
The suspension was filtered over a Gooch funnel. The
organic filtrate was dried and concentrated in vacuo
to give the desired compound (198 mg) as yellow oil.
UPLC/MS: peak at Rt = 0.1 5 min with m/z = 157 [M+H]+.
1H NMR (500 MHz, CHLOROFORM-d) d ppm 3.94 - 4.04 (m, 1
H) 3.75 (dd, 1 H) 3.19 (td, 1 H) 3.07 - 3.1 5 (m, 1 H)
3.05 (t, 1 H) 2.96 - 3.04 (m, 1 H) 2.78 - 2.90 (m, 2
H) 2.29 - 2.40 (m, 1 H) 2.17 (td, 1 H) 2.02 - 2.1 5
(m, 1 H) 1.58 - 1.86 (m, 4 H). Description 73: c/s-1
-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyrr
olo[1 ,2-a]pyrazine (D73) To a solution of cis-
Octahydropyrrolo[1 ,2-a]pyrazin-1-ylmethanol (D72, 198
mg) in anhydrous DCM (10 mL) under a Nitrogen
atmosphere at room temperature, triethylamine (350
microL) and t-butyldimethylsilylchloride (286 mg) were
added. The resulting solution was stirred at room
temperature overnight then diluted with water (5 mL).
The aqueous phase was extracted with DCM (2 x 10 mL).
The combined organic extracts were dried and
concentrated in vacuo to a residue which was purified
by flash chromatography (DCM/0.5M NH3 in MeOH from
100/0 to 90/10) to give the desired compound (195 mg)
as yellow oil. UPLC/MS: peak at Rt = 0.80 min with m/z
= 271 [M+H]+. 1H NMR (500 MHz, CHLOROFORM-d) d ppm
3.84 (t, 1 H) 3.61 (dd, 1 H) 3.1 1 - 3.21 (m, 1 H)
2.99 (dd, 2 H) 2.82 - 2.88 (m, 1 H) 2.71 - 2.79 (m, 1
H) 2.41 - 2.50 (m, 1 H) 2.19 - 2.35 (m, 2 H) 1.71 -
1.85 (m, 1 H) 1.94 (br. s., 1 H) 1.53 - 1.73 (m, 3 H) 



0.90 (s, 9 H) 0.07 (s, 6 H)Description 74: cis-
2-[3,5-bis(trifluoromethyl)phenyl]- L/-[6-[1-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)hexahydropyrr
olo[1 ,2-a]pyrazin-
2(1H)-yl]-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-/V,
2-dimethylpropanamide (D74) To a solution of
c/s-1-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyrr
olo[1 2-a]pyrazine (D73, 50 mg) in dry toluene (0.5
mL), a solution of 2-[3,5-bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2-dimethylpropanamide [WO 2005/002577] (75 mg) in
dry toluene (0.5 mL) was added at rt.
Hexadecyltrimethylammonium chloride (25% aqueous
solution, 132 microL), bis(tritert- butyl phosphine)
palladium (19 mg) and NaOH (50% aqueous solution, 245
microL) were added. The resulting mixture was degassed
by two freeze-thaw cycles and allowed to reach rt
under a nitrogen atmosphere. The mixture was then
heated at 90C for 5 hours. The mixture was allowed to
cool down to rt, diluted with ethyl acetate ( 1 mL)
and washed with a saturated solution of NaHCO3 ( 1
mL). The aqueous phase was extracted with ethyl
acetate (3 x 2.5 mL). The combined organic extracts
were dried and concentrated in vacuo to a residue
which was purified by flash chromatography (Cycl/EtOAc
1:1) to give the desired compound (10.5 mg) as yellow
oil. T.l.c: Cycl/EtOAc 1: 1 , Rf=0.49. UPLC/MS: peak
at Rt = 0.87 min with m/z = 767 [M+H]+. Description
75: methyl 1-[2-({[(1
,1-dimethylethyl)oxy]carbonyl}amino)ethyl]-Lprolinate
(D75)To a solution of methyl L-prolinate (892 mg, 6.93
mmol) in dichloroethane (20 ml) was added at r.t.
1,1-dimethylethyl (2-oxoethyl)carbamate ( 1 g, 6.3
mmol) and the reaction mixture was stirred for 30 min.
Sodium triacetoxyborohydride (2.34 g, 12.6 mmol) was
added and the reaction mixture was stirred for 3 hrs.
The title compound ( 1 g) was isolated after
purification via SCX. 1H NMR (400 MHz, CHLOROFORM-d) d
ppm 5.1 1 - 5.49 (m, 1 H) 3.59 - 3.88 (m, 4 H) 3.05 -
3.41 (m, 4 H) 2.71 - 2.90 (m, 1 H) 2.54 - 2.73 (m, 1
H) 2.34 - 2.51 (m, 1 H) 2.03 - 2.30 (m, 1 H) 1.27 -
2.04 (m, 11 H) Description 76:
(8aS)-hexahydropyrrolo[1,2-a]pyrazin-1(2H)-one (D76)
To a solution of methyl 1-[2-({[(1
,1-dimethylethyl)oxy]carbonyl}amino)ethyl]-Lprolinate
(D75.1 g) in dichloromethane (20 ml) was added at r.t.
TFA (5 ml) and the reaction mixture was stirred for 1
hr. The mixture was diluted with MeOH and it was
filtered trough SCX cartridge. The fractions eluted
with methanolic ammonia were evaporated in vacuo
keeping the bath temperature at 400C. The crude was
purified by chromatography (silica cartridge, CH2C
MeOH 95:5) to give the title compound (420 mg). 1H NMR
(400 MHz, CHLOROFORM-d) d ppm 5.86 - 6.38 (m, 1 H)
3.47 - 3.70 (m, 1 H) 3.24 - 3.47 (m, 2 H) 2.87 - 3.13
(m, 3 H) 2.65 - 2.87 (m, 1 H) 2.14 - 2.37 (m, 1 H)
1.69 - 2.10 (m, 3 H) Description 77: 1-(1
,1-dimethylethyl) 3-ethyl 4-[2-({[(1 ,1 -
dimethylethyl)oxy]carbonyl}amino)ethyl]-1,3-piperazine
dicarboxylate (D77) Boc Boc To a solution of 1-(1
,1-dimethylethyl) 3-ethyl 1,3-piperazinedicarboxylate
[EP1 486498, 2004] (2.023 g, 8.28 mmol) in 10 mL of
dichloroethane was added asolution of
L/-boc-2-aminoacetaldehyde ( 1 .87 g, 12.42 mmol) in
20 ml_ of dichloroethane. The solution was stirred at
room temperature and under nitrogen atmosphere for 30
min. Sodium triacetoxyborohydride (3.32 g, 16.56 mmol)
was then added and the reaction kept at room
temperature overnight. The product was isolated on a
SCX cartridge. 2.492 g. LC/MS: peak at 2.16 min, m/z=
402 (M+1 ) . Description 78
:hexahydro-2H-pyrazino[1,2-a]pyrazin-1(6H)-one (D78)
To a solution of 1-(1 ,1-dimethylethyl) 3-ethyl
4-[2-({[(1 ,1-
dimethylethyl)oxy]carbonyl}amino)ethyl]-1
,3-piperazinedicarboxylate (D77, 2.492 g, 6.21 mmol)
in dichloromethane (30 ml_) kept at 00C was added TFA
(10 ml_) dropwise. The solution was kept at 00C for 2
h, and then at room temperature for 6 h. The
deprotected product was isolated by SCX and the
resulting solution was evaporated at 500C to induce
cyclization. The target product was purified by 



reverse phase chromatography (Oasis HLB 6g x 4
columns, eluted with water), obtaining 372 mg of the
title compound. 1H NMR (500 MHz, DMSO-Gf6) d ppm 7.65
(br. s., 1 H) 3.20 - 3.30 (m, 2 H) 2.98 - 3.07 (m, 1
H) 2.84 (d, 1 H) 2.72 - 2.80 (m, 2 H) 2.68 (dt, 1 H)
2.49 - 2.52 (m, 1 H) 2.40 - 2.46 (m, 1 H) 2.35 (dt, 1
H) 2.12 (dt, 1 H) Description 79:
octahydro-2H-pyrazino[1 ,2-a]pyrazine (D79) To a
suspension of hexahydro-2H-pyrazino[1 ,2-a]pyrazin-1
(6H)-one (D78, 339 mg, 2.184 mmol) in 3.5 mL of THF
kept at 00C were added dropwise 2 1.84 ml_ of a 1M
borane-THF solution. The reaction was kept at 75C
under nitrogen atmosphere for 3h, then quenched by
slow addition MeOH at 00C. After 30 min at room
temperature, 5 mL of a 37% HCI aqueous solution
diluted in 10 mL of MeOH were added and the resulting
solution was heated to 500C for 2.5 h. The solvent was
removed and the residue purified by SCX, leaving 251
mg of the title compound. MS (direct): m/z= 142 (M+1 )
1H NMR (500 MHz, DMSO-CZ6) d ppm 2.44 - 2.77 (m, 8 H)
2.1 7 (t, 2 H) 1.97 (dt, 2 H) 1.73 - 1.84 (m, 1
H)Description 80:
2-[3,5-bis(trifluoromethyl)phenyl]-/V-[4-(4-fluoro-2-
methylphenyl)-6-(octahydro-2H-pyrazino[1,2-a]pyrazin-2
-yl)-3-pyridinyl]- L/,2- dimethylpropanamide (D80) To
a solution of octahydro-2/-/-pyrazino[1 ,2-a]pyrazine
(D79, 197 mg, 1.395 mmol) in 6 mL of DMSO was added
2-[3,5-bis(trifluoromethyl)phenyl]- L/-[6-chloro-4-(4-
fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2-dimethylpropanannide [WO 2005/002577] (372 mg,
0.698 mmol) and potassium carbonate (289 mg, 2.09
mmol) and the reaction was heated at 130C for 22 h.
The product was isolated by SCX, and the obtained
crude (451 mg) was used in the following reactions
without further purification. MS(direct): m/z= 638
(M+1 ) . Description 8 1: (3/?,8aS)-3-({[(1,1 -
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyrr
olo[1 ,2-a]pyrazine (D81) To a solution of
(3R,8aS)-octahydropyrrolo[1 ,2-a]pyrazin-3-ylmethanol
(Tetrahedron Asymmetry, 1996, 7(7), 1999-2005), 220
mg, 1.41 mmol) in 8 mL of dichloromethane was added
triethylamine (262 mL, 2.82 mmol) and a solution of
tert-butyldimetlylsilyl chloride ( 170 mg, 1.7 mmol)
in dichloromethane ( 1 mL) and the solution was
stirred at room temperature for 3h. Additional
tert-butyldimetlylsilyl chloride ( 1 13 mg, 1.1 mmol)
was added, and the solution left at room temperature
overnight. More triethylamine (261 mL, 2.82 mmol) and
tert-butyldimetlylsilyl chloride (71 mg, 0.69 mmol)
was added again, and the reaction left at room
temperature for 5 h. The reaction was diluted with
dichloromethane and extracted with sat. NaHCO3and
brine. The product was isolated by flash
chromatography (dichloromethane to dichloromethane:
0.5 M NH3 in MeOH 9:1 ) , obtaining 259 mg of the
title compound. 1H NMR (500 MHz, CHLOROFORM-d) d ppm
3.89 (t, 1 H) 3.60 (dd, 1 H) 3.01 - 3.10 (m, 3 H) 2.95
(dt, 1 H) 2.79 (dd, 1 H) 2.75 (dd, 1 H) 2.49 (dd, 1 H)
2.23 - 2.40 (m, 2 H) 1.66 - 1.89 (m, 3 H) 1.43 - 1.57
(m, 1 H) 0.90 (s, 9 H) 0.08 (s, 6 H) LC/MS (check at
5h reaction): peak @0.49 min, m/z= 271 (M+1 ) .
Description 82: (3S,8aS)-3-({[(1,1 -
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyrr
olo[1 ,2-a]pyrazine (D82) DMS To a solution of
(3RS,8aS)-octahydropyrrolo[1 ,2-a]pyrazin-3-ylmethanol
(Tetrahedron Asymmetry, 1996, 7(7), 1999-2005) (531 .5
mg, 3.39 mmol) in 20 ml_ of dichloromethane was added
triethylamine ( 1.423 ml_, 10.17 mmol) and
tertbutyldimetlylsilyl chloride ( 1 .026 g, 6.78
mmol). The solution was stirred at room temperature
for 2 days. The reaction was diluted with
dichloromethane and extracted with sat. NaHCO3 and
brine. The product was isolated by flash
chromatography (dichloromethane to dichloromethane:
MeOH 99:1 to 90:10), obtaining 157 mg of the title
compound. 1H NMR (400 MHz, CHLOROFORM-d) d ppm 3.60 -
3.70 (m, 1 H) 3.47 - 3.59 (m, 1 H) 2.90 - 3.28 (m, 3
H) 2.50 - 2.73 (m, 1 H) 2.09 - 2.30 (m, 1 H) 1.79 -
2.09 (m, 2 H) 1.37 - 1.80 (m, 5 H) 0.87 - 0.97 (s, 9
H) 0.03 - 0.1 3 (s, 6 H). Description 83 and 84:
{3S,9aS or
9af?)-3-(hydroxymethyl)tetrahydro-2Hpyrazino[ 



1 ,2-a]pyrazine-1 ,4(3H,6H)-dione (D83 -
Diatereoisomer 1) and {3S,9aR or
9aS)-3-(hydroxymethyl)tetrahydro-2H-pyrazino[1
,2-a]pyrazine-1 ,4(3H,6H)- dione (D84-Diastereoisomer
2) To a solution of the
L/,L/'-di-boc-piperazine-2-carboxylic acid (2 g) in 60
ml_ of dichloromethane was added HOBt (817 mg) and EDC
( 1.74 g). The reaction was stirred for 30 min. In the
meantime, a solution of L-serine methyl ester
hydrochloride ( 1.41 3 g, n mmol) and
diisopropylethylamine ( 1.62 mL) in 20 ml_ of
dichloromethanewas prepared and finally added to the
reaction mixture. The reaction was left stirring at
room temperature overnight. UPLC-MS analysis showed
the expected product (peak at 0.67 min, m/z = 432 (M+1
), 376 (M - f-Bu), 320 (M - Boc + 1)). The reaction
was diluted with dichloromethane and extracted with
sat. NaHCq 3, dried (Na2SO4), and the solvent removed.
The crude (2.75 g) was taken to the next step without
further purification. It was dissolved in 30 ml_ of
dichloromethane and treated with 10 ml_ of TFA, added
at 0C. The reaction was stirred at room temperature
for 1.5 h. It was checked by UPLC/MS, which showed the
expected deprotection product at 0.20 min, m/z = 232
(M+1 ) . The crude was purified by SCX. The basic
fractions were stirred at 500C and evaporated. The
solid thus obtained was suspended in 5 ml_ of MeOH and
filtered to give the title compound (D83-
Diastereoisomer 1) as a white solid 333 mg. D 83: 1H
NMR (400 MHz, DMSO-Cf6) d ppm 7.99 (s, 1 H) 5.07 (t, 1
H) 4.1 5 (dd, 1 H) 3.67 - 3.77 (m, 3 H) 3.40 - 3.49
(m, 1 H) 3.20 (dd, 1 H) 2.82 (dd, 1 H) 2.45 - 2.52 (m,
1 H) 2.31 - 2.42 (m, 2 H) UPLC/MS: Peak @ 0.16 min,
m/z= 200 (M+1 ) . The solution was concentrated to
give a second solid (976 mg) as a mixture of title
compounds: (Mixture of D83-Diastereoisomer 1 and D84-
Diastereoisomer 2). D83+D84: 1H NMR (400 MHz,
DMSO-c/6) d ppm 7.93 - 8.08 (m, 1 H) 5.06 - 5.19 (m, 1
H) 4.14 - 4.33 (m, 1 H) 3.67 - 3.77 (m, 3 H) 3.40 -
3.49 (m, 1 H) 3.1 1- 3.23 (m, 1 H) 2.75 - 2.90 (m, 1
H) 2.45 - 2.52 (m, 1 H) 2.31 - 2.42 (m, 2 H). UPLC/MS:
Peak @ 0.16 min, m/z= 200 (M+1 ) . Description 85:
(3/?,9aS or
9af?)-octahydro-2H-pyrazino[1,2-a]pyrazin-3-
ylmethanol (D85 - Diastereoisomer 1) To a flask
containing (3S,9aS or
9a/?)-3-(hydroxymethyl)tetrahydro-2Hpyrazino[ 1
,2-a]pyrazine-1 ,4(3H,6/-/)-dione (D83, 2 17 mg) was
added 1M BH3-THF solution (10.9 mL) and the reaction
was brought to reflux (80 C) overnight. The reaction
flask was cooled to 00C and treated with 20 mL of MeOH
and cone. HCI (2.5 mL). The resulting solution was
heated to 600C for 4 h. The reaction was checked by
direct MS (m/z= 172 (M+1 ) , 184 (M+BH3) ) . The
reaction mixture was purified by SCX, obtaining 174 mg
of the title compound. 1H NMR (400 MHz, DMSO-c/6) d
ppm 4.39 - 4.63 (m, 1 H) 3.17 - 3.26 (m, 2 H) 2.56 -
2.79 (m, 6 H) 2.14 - 2.31 (m, 2 H) 1.92 - 2.04 (m, 1
H) 1.72 - 1.85 (m, 1 H) 1.66 (t, 1 H).Description 86:
(3/?,9aS or a - - CI I -
dimethylethyWdimethyOsilyllmethytyoctahydro^H-pyrazino
II ^-alpyrazine (D86 - Diasteroisomer 1) The starting
(3R,9aS or 9af?)-octahydro-2H-pyrazino[1
,2-a]pyrazin-3-ylmethanol (D85, 173 mg) was dissolved
in 6 ml_ of dichloromethane and treated with Et3N (420
ml_) and TDBMSCI (305 mg). The reaction was stirred at
room temperature for 3 days. More TDBMSCI (144 mg, n
mmol) was added and the reaction stirred again
overnight. It was checked by UPLC/MS, which showed
conversion to product: peak at 0.47 min, m/z = 286
(M+1 ) . The crude was purified by flash
chromatography (silica, CH2CI2 to CH2CI2 : (0.5 M NH3
in MeOH) 90:10), to give 218 mg of the expected
product. 1H NMR (400 MHz, DMSO-c/6) d ppm 3.34 - 3.53
(m, 2 H) 2.92 - 3.12 (m, 2 H) 2.60 - 2.92 (m, 6 H)
2.26 - 2.39 (m, 1 H) 2.1 1 - 2.27 (m, 1 H) 1.98 - 2.1
1 (m, 1 H) 1.70 - 1.83 (m, 1 H) 1.23 (t, 1 H) 0.80 -
0.92 (m, 9 H) -0.02 - 0.09 (m, 6 H). Description 87:
(7f?,9af? or 9aS)-2-acetyl-7-{[(1,1-
dimethylethyl)(dimethyl)silyl]methyl}octahydro-2H-pyra
zino[1 ,2-a]pyrazine (D87 - Diastereoisomer 1) To a
solution of the (3f?,9aS or 9af?)-3-{[(1 ,1-
dimethylethyl)(dimethyl)silyl]methyl}octahydro-2/-/-py
razino[1 ,2-a]pyrazine (D86, 



217 mg) in 9 ml_ of dichloromethane was added
triethylamine (212 ml_ ) and it was brought to - 10
0C. A solution of acetyl chloride (54 mL) in 2 ml_ of
dichloromethane was added dropwise. After 15 min the
reaction was quenched by addition of MeOH. The crude
was purified by flash chromatography (silica, CH2CI2
to CH2CI2 : (0.5 M NH3 in MeOH) 95:5). The sample thus
obtained was dissolved in CH2CI2 andextracted with
sat. NaHCO3. The organics were dried and the solvent
removed, leading to the title compound (128 mg).
LC/MS: m/z=328 (M+1 ) 1H NMR (500 MHz, DMSO-d6) d ppm
4.25 (dd, 1 H) 3.62 (dd, 1 H) 3.36 - 3.46 (m, 2 H)
2.83 (dd, 1 H) 2.62 - 2.76 (m, 4 H) 2.55 - 2.62 (m, 1
H) 2.26 - 2.33 (m, 1 H) 1.96 (s, 3 H) 1.85 - 1.92 (m,
1 H) 1.80 (t, 1 H) 1.67 (t, 1 H) 0.84 (s, 9 H) 0.01
(s, 6 H). Description 88: N-[6-({ZR,9aR or
9aS)-8-acetyl-3-{[(1 ,1-
dimethylethyl)(dimethyl)silyl]methyl}octahydro-2H-pyra
zino[1,2-a]pyrazin-2-
yl)-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-2-[3,5-bi
s(trifluoromethyl)phenyl]- L/,2-dimethylpropanamide
(D88 - Diastereisomer 1) To a solution of (7R,9aR or
9aS)-2-acetyl-7-{[(1 ,1-
dimethylethyl)(dimethyl)silyl]methyl}octahydro-2H-pyra
zino[1 ,2-a]pyrazine (D87, 125 mg, 5.72 mmol) in 1.5
ml_ of toluene was added 2-[3,5-
bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide [WO 2005/002577] ( 156 mg, n
mmol), bis-tri -tertbutylphosphine palladium (30 mg, n
mmol), hexadecylthmetylammonium chloride (19 mL of a
25% aqueous solution) and, at last, sodium hydroxide
solution (35 ml_ of a 50% aqueous solution). The
solution was degassed by freeze-pump-thaw cycles, then
stirred at 900C for 3.75 h. It was checked by UPLC/MS,
which showed peaks for the expected product at 0.94
min. (m/z = 824 (M+1 ) , 412 (M+2)/2). The solution
was diluted with EtOAc, washed with sat. NaHCO3 and
brine. The product were isolated by flash
chromatography (cyclohexane:EtOAc 50:50 -> 0:100),
obtaining 149 mg of the title compound that were
brought directly to the next step. Description 89:
(3f?)-octahydro-2H-pyrazino[1,2-a]pyrazin-3-ylmethanol
(D89)To a flask containing (3S,9aS or
9af?)-3-(hydroxymethyl)tetrahydro-2/-/- pyrazino[1
,2-a]pyrazine-1 ,4(3/-/,6H)-dione and (3S,9aR or
9aS)-3- (hydroxymethyl)tetrahydro-2/-/-pyrazino[1
2-a]pyrazine-1 ,4(3H,6/-/)-dione (D83, Diastereoisomer
1 plus D84,Diastereoisomer 2, 976 mg, 4.9 mmol) was
added 1M BH3-THF solution (49 ml_) under nitrogen and
the reaction was brought to reflux (800C) overnight.
The reaction flask was cooled to 00C and treated with
25 ml_ of MeOH. Cone. HCI was added and the resulting
solution was heated to 600C for 5 h. The reaction was
checked by direct MS (m/z= 184 (M+BH3) ) . The
reaction mixture was purified by SCX, obtaining 528 mg
of product. Description 90: (3/?)-3-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydro-2H-
pyrazino[1 ,2- a]pyrazine (D90) The starting
(3/?)-octahydro-2H-pyrazino[1
,2-a]pyrazin-3-ylmethanol (D89, 528 mg, 3.08 mmol) was
dissolved in 20 ml_ of dichloromethane and treated
with Et3N ( 1 .29 ml_, 9.25 mmol) and TDBMSCI (929.5
mg, 6.1 7 mmol). The reaction was stirred at room
temperature overnight and then for additional 24 h. It
was checked by UPLC/MS, which showed conversion to
product: peak at 0.47 min, m/z = 286 (M+1 ) , 172
(M-TBDMS+1 ) . The crude was purified by flash
chromatography (silica, CH2CI2 : (0.5 M NH3 in MeOH)
98:2 to 85:1 5). The residue obtained evaporating the
fractions containing the product was dissolved in
dichloromethane:MeOH 90:10 and the insoluble material
was filtered away. The solutin was evaporated to give
638 mg of the target product. 1H NMR (400 MHz,
CHLOROFORM-d) d ppm 4.02 - 4.15 (m, 1 H) 3.82 - 3.95
(m, 1 H) 3.52 - 3.67 (m, 2 H) 3.30 - 3.49 (m, 3 H)
3.03 - 3.1 9 (m, 1 H) 2.91 - 3.03 (m, 1 H) 2.66 - 2.89
(m, 6 H) 1.50 (t, 1 H) 0.85 - 0.96 (m, 9 H) 0.05 -
0.16 (m, 6 H). Description 91: (7R,9aS or
9aR)-2-acetyl-7 -{[(1,1 -
dimethylethyl)(dimethyl)silyl]methyl}octahydro-2H-pyra
zino[1 ,2-a]pyrazine (D91 - Diastereisomer 2)To a
solution of (3f?)-3-({[(1
,1-dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydro-
2H-pyrazino[1 ,2-a]pyrazine (D90, 635 mg, 2.224 mmol)
in 15 mL of dichloromethane was added triethylamine
(620 ml_, 4.45 mmol) and it was brought to - 10 0C. A
solution of acetyl chloride (79 ml_, 1.1 1 mmol, 0.5
eq.) in 0.5 mL of dichloromethane was added dropwise.
The reaction was brought to - 45 C and additional 0.25
eq. (39.5 ml_) of acetyl chloride diluted in 0.5 mL of
dichloromethane 



were added. The temperature was lowered to - 50 0C and
0.25 eq. (39.5 mL) of acetyl chloride diluted in 0.5
mL of dichloromethane were added again. The crude was
purified by flash chromatography (silica, CH2CI2 to
CH2CI : (0.5 M NH3 in MeOH) 95:5). A sample of clean
title compound was thus obtained: 121 mg. MS (direct):
m/z=328 (M+1 ) 1H NMR (500 MHz, DMSO-d6) d ppm 4.25
(d, 1 H) 3.77 (t, 1 H) 3.67 - 3.74 (m, 2 H) 3.1 1 (t,
1 H) 2.63 - 2.78 (m, 2 H) 2.53 - 2.61 (m, 2 H) 2.34 -
2.46 (m, 2 H) 2.1 1 (dd, 1 H) 1.95 - 2.03 (m, 1 H)
1.96 (s, 3 H) 1.82 - 1.90 (m, 1 H) 0.83 - 0.90 (m, 9
H) 0.04 (s, 6 H). Description 92: L/-[6-((3/?,9aS or a
- -acetyl- I ,!-
dimethylethyl)(dimethyl)silyl]methyl}octahydro-2H-pyra
zino[1,2-a]pyrazin-2-
yl)-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-2-[3,5-bi
s(trifluoromethyl)phenyl]- L/,2-dimethylpropanamide
(D92 - Diastereoisomer 2) To a solution of (7f?,9aS or
9a/?)-2-acetyl-7-{[(1 ,1-
dimethylethyl)(dimethyl)silyl]methyl}octahydro-2/-/-py
razino[1 ,2-a]pyrazine (D91 ,117 mg, 0.357 mmol) in
1.5 mL of toluene was added 2-[3,5-
bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide [WO 2005/002577] (146.5 mg,
0.275 mmol), bis-tri -tertbutylphosphine palladium (28
mg, 0.055 mmol), hexadecyltrimetylammonium chloride
(18 ml_ of a 25% aqueous solution) and, at last,
sodium hydroxide solution (33 ml_ of a 50% aqueous
solution). The solution was degassed by
freeze-pumpthaw cycles, then stirred at 900C for 3 h.
It was checked by UPLC/MS, which showed peaks for the
expected product at 1.21 min. (m/z = 824 (M+1 ), 412
(M+2)/2). The solution was diluted with EtOAc, washed
with sat. NaHCO3 and brine. The title compound was
isolated by flash chromatography (silica, cyclohexane:
EtOAc 50:50 -> 0:100), obtaining 199 mg that were
brought directly to the next step. Description 93:
(3/?)-3-methyltetrahydro-2H-pyrazino[1 ,2-a]pyrazine-
1,4(3H,6H)-dione (D93) To a solution of
/V-boc-morpholine-S-carboxylic acid (2 g, 9.379 mmol)
in 60 mL of dichloromethane and was added TBTU (3.313
g, 10.32 mmol) and diisopropylethyl amine ( 1 .96 mL,
11.25 mmol). The reaction was stirred for 30 min. In
the meantime, a solution of D-alanine methyl ester
hydrochloride ( 1 .93 g, 18.76 mmol) and
diisopropylethylamine (3.27 mL, 18.76 mmol) in 20 mL
of dichloromethane was prepared and finally added to
the reaction mixture. The reaction was left stirring
at room temperature for 2 h. UPLC-MS analysis showed
the expected product (peak at 0.60 min, m/z = 3 17
(M+1 ) , 261 (M - f-Bu+1 ), 2 17 (M - Boc + 1)). The
reaction was diluted with dichloromethane and
extracted with sat. NaHCO3, dried (Na2SO4), and the
solvent removed. The crude (5.56 g) was taken to the
next step without further purification. It was
dissolved in 50 mL of dichloromethane and treated with
50 mL of TFA, added at 0C. The reaction was stirred at
room temperature for 30 min. It was checked by
UPLC/MS, which showed the expected deprotection
product. The crude was purified by SCX. The fractions
containing the product were concentrated and the
resulting solution was stirred at 500C for 9 h and at
800C for additional 19 h. UPLC/MS analysis showed
formation of the cyclized product: peak at 0.34 min,
m/z= 185 (M+1 ) . The solution was run through a SCX
cartridge and thus was obtained the title compound,
1.095 g. 1H NMR (400 MHz, DMSO-d6) d ppm 8.36 (br. s.,
1 H) 3.80 - 4.22 (m, 5 H) 3.33 - 3.41 (m, 2 H) 2.68 -
2.84 (m, 1 H) 1.25 - 1.37 (m, 3 H).Description 94 and
95: (7R,9aR or 9aS)-7-methyloctahydropyrazino[2,1 c][1
,4]oxazine (D94- Diastereoisomer 1) and (7f?,9aS or
9aR)-7- methyloctahydropyrazino[2,1-c][1 ,4]oxazine
(D95- Diastereoisomer 2) To a flask containing
(3f?)-3-methyltetrahydro-2/-/-pyrazino[1
,2-a]pyrazine- 1,4(3/-/,6/-/)-dione, mix of
diastereomers, (D93, 923 mg, 5.01 mmol) was added 1M
BH3-THF solution (50 ml_) and it was heated to 900C
for 14 h. To the suspension were added 30 mL of 6M HCI
and it was heated to 900C for 2 h. MS analysis: m/z=
157 (M+1 of the target product). The reaction mixture
was purified by SCX followed by flash chromatography
(silica, dichloromethane: (NH3 in MeOH) = 95:5 to
80:20. The two title compounds were isolated:
Diastereoisomer 1 (D94) (102 mq): 1H NMR (400 MHz,
DMSO-d6) d ppm 3.65 - 3.73 (m, 1 H) 3.53 - 3.60 (m, 1
H) 3.43 



- 3.52 (m, 1 H) 3.02 (t, 1 H) 2.68 - 2.81 (m, 1 H)
2.52 - 2.68 (m, 3 H) 2.25 (t, 1 H) 2.07 - 2.19 (m, 1
H) 1.88 - 2.00 (m, 1 H) 1.68 (t, 1 H) 0.91 (d, 3 H)
Diastereoisomer 2 (D95) (29 mq): 1H NMR (400 MHz,
DMSO-d6) d ppm 3.63 - 3.72 (m, 1 H) 3.46 - 3.56 (m, 2
H) 3.09 (t, 1 H) 2.95 - 3.03 (m, 1 H) 2.31 - 2.47 (m,
3 H) 2.1 7 - 2.24 (m, 1 H) 2.06 - 2.17 (m, 1 H) 1.87 -
2.04 (m, 1 H) 1.21 - 1.28 (m, 1 H) 1.17 (d, 3 H)
Description 96: 2-[3,5-bis(trifluoromethyl)phenyl]-
L/-{4-(4-fluoro-2-
methylphenyl)-6-[(7/?)-7-(hydroxymethyl)octahydro-2H-p
yrazino[1,2-a]pyrazin- 2-yl]-3-pyridinyl}-
L/,2-dimethylpropanamide (D96) To a solution of
(3f?)-octahydro-2H-pyrazino[1
,2-a]pyrazin-3-ylmethanol (D89, Mixture of
diastereoisomers of unknown ratio, 83.5 mg, 0.496
mmol) in 1.6 mL ofDMSO were added K2CO3 (78 mg) and
2-[3,5-bis(trifluoromethyl)phenyl]- L/-[6-
chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-A/,2-d
imethylpropanamide [WO 2005/002577] (100 mg). The
reaction was left at 1500C for 23 h. It was checked by
UPLC/MS, which showed a peak for the expected product
at 0.71 min. (m/z = 668 (M+1 ) , 334 (M+2)/2). The
solution was diluted with dichloromethane, extracted
with water and dried (Na SO ) . The title ccompound
obtained ( 1 13.5 mg) was taken to the next step
without further purification. 1H NMR (400 MHz, DMSO-d
6) d ppm 8.02 (br. s., 1 H) 7.88 (br. s., 1 H) 7.71
(br. s., 2 H) 7.01 - 7.25 (m, 3 H) 6.62 - 6.75 (m, 1
H) 4.38 - 4.58 (m, 1 H) 4.14 - 4.30 (m, 1 H) 4.00 -
4.15 (m, 1 H) 3.58 - 3.70 (m, 1 H) 3.49 - 3.59 (m, 1
H) 3.20 - 3.36 (m, 2 H) 2.79 - 2.93 (m, 2 H) 2.63 -
2.79 (m, 4 H) 2.02 - 2.35 (m, 6 H) 1.83 - 2.02 (m, 1
H) 1.13 - 1.58 (m, 6 H) Ratio of Diastereoisomers not
determined. Description 97:
{(3f?)-2-acetyl-8-[5-[{2-[3,5-bis(trifluoromethyl)phen
yl]-2-
methylpropanoyl}(methyl)amino]-4-(4-fluoro-2-methylphe
nyl)-2- pyridinyl]octahydro-2H-pyrazino[1
,2-a]pyrazin-3-yl}methyl acetate (D97) To a solution
of 2-[3,5-bis(trifluoromethyl)phenyl]-
L/-{4-(4-fluoro-2-methylphenyl)-6-
[(7f?)-7-(hydroxymethyl)octahydro-2/-/-pyrazino[1
,2-a]pyrazin-2-yl]-3-pyridinyl}- L/,2-
dimethylpropanamide (D96, 56 mg, 0.0838 mmol) in 10
ml_ of dichloromethane were added Et3N (35 ml_) and a
solution of acetyl chloride ( 15 ml_) in
dichloromethane (0.3 ml_). The reaction was stirred at
room temperature for 3 h. It was checked by UPLC/MS,
which showed a peak for the expected product at 0.89
min. (m/z = 752 (M+1 ) , 376 (M+2)/2). The solution
was diluted with dichloromethane, extracted with water
and dried (Na2SO4) . The crude was purified by flash
chromatography (cyclohexane to EtOAc), obtaining 28.5
mg of the title compound. 1H NMR (400 MHz,
CHLOROFORM-d) d ppm 8.00 (br. s., 1 H) 7.78 (br. s., 1
H) 7.65 (br. s., 2 H) 6.80 - 7.08 (m, 3 H) 6.41 - 6.52
(m, 1 H) 4.42 - 4.70 (m, 2 H) 4.17 - 4.40 (m, 2 H)
3.95 - 4.17 (m, 2 H) 3.53 - 3.65 (m, 1 H) 2.98 - 3.26
(m, 2 H) 2.74 - 2.93 (m, 3 H) 2.49 - 2.74 (m, 3 H)
2.21 - 2.47 (m, 5 H) 2.02 - 2.21 (m, 9 H) 1.46 - 1.55
(m, 3 H)UPLC/MS: peak @ 0.89 min. m/z = 752 (M+1 ) ,
376 (M+2)/2. Ratio of Diastereoisomers not determined.
Description 98: (3f?)-3-methyltetrahydro-2H-pyrazino[1
,2-a]pyrazine- 1,4(3H,6H)-dione (D98) To a solution of
L/ L/'-diboc-piperazine-2-carboxylic acid (2 g, 6.06
mmol) in 50 mL of dichloromethane and was added TBTU
(2.138 g, 6.66 mmol) and diisopropylethyl amine ( 1.3
ml_, 7.26 mmol). The reaction was stirred for 45 min.
In the meantime, a suspension of D-alanine methyl
ester hydrochloride ( 1.249 g, 12.1 1 mmol) and
diisopropylethylamine (3.27 ml_, 18.76 mmol) in 20 ml_
of dichloromethane and 5 mL of DMF was stirred and
finally added to the reaction mixture. The reaction
was left stirring at room temperature overnight.
UPLC-MS analysis showed the expected product (peak at
0.72 min, m/z = 416 (M+1 ) , 360 (M - f-Bu+1 ) . The
reaction was diluted with dichloromethane and
extracted with sat. NaHCO 3, dried (Na2SO4) , and the
solvent removed. The crude (4.242 g) was taken to the
next step without further purification. It was
dissolved in 50 mL of dichloromethane and to the
solution was added dropwise TFA (50 mL) at 0C. The
reaction was stirred at room temperature for 2 h. It
was checked by UPLC/MS. The reaction mixture was
evaporated and the crude was purified by SCX. The
fractions containing the product were collected and
their volume reduced and the resulting solution was
stirred at 600C overnight. UPLC/MS 



analysis showed formation of the cyclized product:
peak at 0.1 7 min, m/z= 184 (M+1 ) . The solvent was
removed and the residue taken treated in methanol. The
white precipitate was collected by filtration, giving
353 mg of the title compound (additional 156 mg of
precipitate formed from the solution). 1H NMR (400
MHz, DMSO-c/6) d ppm 8.24 (br. s., 0.5 H) 7.96 (br.
s., 0.5H) 3.79 - 4.29 (m, 2 H) 3.10 - 3.31 (m, 1 H)
2.73 - 3.1 1 (m, 2 H) 2.52 - 2.73 (m, 2 H) 1.30 (d,
1.5 H) 1.21 (d, 1.5 H) Description 99:
(3R)-3-methyloctahydro-2H-pyrazino[1 ,2-a]pyrazine
(D99).To a flask
containing(3R)-3-methyltetrahydro-2H-pyrazino[1
,2-a]pyrazine- 1,4(3H,6H)-dione(D98, 353 mg, 1.927
mmol) was added 1M BH3-THF solution (20 ml_) and it
was heated to reflux for 20 h. MS analysis: m/z= 156
(M+1 of the target product).To the reaction were added
at 00C 10 mL of 6M HCI and it was heated to 900C for
20 h. The reaction mixture was purified by SCX
obtaining 243 mg of the target compound. 1H NMR (400
MHz, DMSO-d6) consistent with a mixture of
diastereomers of the target compound. Description 100
and 101 : (7R,9aR or
9aS)-2-acetyl-7-methyloctahydro-2Hpyrazino[ 1
,2-a]pyrazine (D100, Diastereoisomer 1) and (7R,9aS or
9aR)-2- acetyl-7-methyloctahydro-2H-pyrazino[1
,2-a]pyrazine (D1 0 1, Diastereoisomer 2) To a
solution (3R)-3-methyloctahydro-2/-/-pyrazino[1
,2-a]pyrazine (D99, 243 mg, 1.232 mmol) in DMF (35 mL)
was added triethylamine (260 ml_, 1.848 mmol). The
solution was cooled to -60C and a solution of acetic
anhydride (95 ml_, 0.986 mmol) in DMF (3mL) was added
dropwise. The reaction was allowed to reach -60C
slowly. UPLC/MS analysis: peaks @ 0.18 and 0.24 min,
both m/z= 198 (M+1 of the target product). The
reaction mixture was purified by SCX, followed by
flash chromatography (silica, dichloromethane to
dichloromethane:MeOH 85:15) Two different samples were
thus obtained: Diastereoisomer 1 (D100) ( 10 1.5 mq):
1H NMR (500 MHz, DMSO-d6) d ppm 4.26 (dd, 1 H) 4.16
(dd, 1 H) 2.52 - 2.82 (m, 5 H) 2.26 - 2.33 (m, 1 H)
2.16 (t, 1 H) 1.96 (s, 3 H) 1.83 - 1.90 (m, 1 H) 1.56
- 1.70 (m, 2 H) 0.90 (d, 3 H) Diastereoisomer 1 and 2
(D100 plus D101 ) (75 mq): The NMR sample consisted of
a mixture of two components, ratio ca. 3:1 . The major
component is equal to Diastereoisomer 1. The minor one
appears consistent with its Diastereoisomer 2.
Description 102: Methyl /V-(phenylmethyl)-D-serinate
(D102)The title compound was prepared according to
literature (ref. JOC, 1990, 55(1), 111-122) starting
from (D)-serine methyl ester hydrochloride (98%, from
Aldrich) (D)-serine methyl ester hydrochloride (10g,
0.065 moles) was suspended in 50 ml of anhydrous
methanol and cooled to 00C under nitrogen.
Triethylamine (9 ml, 0.065 moles) was added dropwise,
followed by benzaldehyde (6.6 ml, 0.065 moles). The
reaction mixture was then warmed up and stirred at
room temperature for 2 hours. Sodium borohydride
(4.85g, 0.13 moles) were added in small portions over
2 hours. The resulting mixture was stirred at room
temperature overnight. The mixture was then slowly
added to 50 ml of HCI (20% solution) at 00C and the
resulting solution was washed with diethyl ether (50
ml). The aqueous layer was then brought to basic pH by
adding solid potassium carbonate and extracted with
diethyl ether (3 x 50 ml). The combined organic
extracts were dried (Na2SO4) and concentrated under
vacuum to afford the title compound as colourless oil
(10.95g). m/z = 210 [M+H]+ Description 103:
1,1-dimethylethyl (3R)-3-{[[(1R)-1-(hydroxymethyl)-2-
(methyloxy)-2-oxoethyl](phenylmethyl)amino]carbonyl}-4
- morpholinecarboxylate (non-preferred name) (D103) To
a stirred suspension of
(R^-Boc-morpholine-S-carboxylic acid (3Og, 0.1 3
moles, from J&W PharmLab) in 500 ml of anhydrous DCM
at room temperature under nitrogen,
N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (37.4g, 0.195 moles) and
1-hydroxybenzotriazole hydrate ( 19.3g, 0.143 moles)
were added in portions. At the end of addition the
suspension became almost a clear solution. The mixture
was stirred at room temperature for 45 minutes and
then Methyl L/-(phenylmethyl)-D-serinate (D102, 28.6g,
0.137 moles) and N Ndiisopropylethylamine 



(45.3 ml, 0.26 moles) were added in small portions.
Themixture was stirred at room temperature for 26
hours and then was additioned with ammonium chloride
(sat. solution, 250 ml) and DCM ( 150 ml). Phases were
separated and the aqueous layer was extracted with DCM
(3 x 150 ml) and EtAc ( 1 x 200ml). The combined
organic extracts were washed with brine (2 x 500 ml),
dried (Na2SO4), concentrated under vacuum and the
residue purified by silica gel chromatography eluting
with 0 to 30% EtOAc/Cyclohexane to afford the title
compound as yellow oil (38. 7g). UPLC/MS: peak at Rt =
0.62 min with m/z = 423.1 [M+H]+ Description 104:
(7/?,9aR)-7-(hydroxymethyl)-8-
(phenylmethyl)hexahydropyrazino[2,1 -c][1
,4]oxazine-6,9-dione) (D1 04) To a stirred solution of
1,1-dimethylethyl
(3f?)-3-{[[(1f?)-1-(hydroxymethyl)-2-
(methyloxy)-2-oxoethyl](phenylmethyl)amino]carbonyl}-4
-morpholinecarboxylate (D103, 38.7g, 0.092 moles) in
400 ml of DCM at room temperature, trifluoroacetic
acid (68.3 ml, 0.92 moles) was slowly added. The
resulting orange solution was stirred at room
temperature overnight. It was then cooled by an
ice-water bath and brought to pH = 7-8 by adding
sodium hydrogen carbonate (sat. solution, 250 ml and
as solid). Phases were separated and the aqueous layer
was extracted with DCM (3 x 300 ml). The combined
organic extracts were dried (Na2SO4) , concentrated
under vacuum to afford a residue, which was dissolved
in 270 ml of methanol and heated to 56-58C for 2
hours. The mixture was then allowed to cool down to
room temperature and the solvent was removed under
vacuum to afford a solid residue, which was treated
with 100 ml of a mixture cyclohexane/EtOAc 8/2. The
resulting suspension was stirred at room temperature
for 30-40 minutes and then the solid was filtered off
and collected to afford the title compound (18.7g) as
white solid. UPLC/MS: peak at Rt = 0.49 min with m/z =
291 .09 [M+H]+ 1H NMR (400 MHz, DMSO-d 6) d ppm 7.26 -
7.37 (m, 5 H) 5.41 (t, 1 H) 5.09 (d, 1 H) 4.31 (dd, 1
H) 4.23 (dd, 1 H) 4.01 - 4.07 (m, 2 H) 3.69 - 3.84 (m,
4 H) 3.59 (t, 1 H) 3.33 (td, 1 H) 2.85 (td, 1 H).
Description 105:
[(7S,9aS)-8-(phenylmethyl)octahydropyrazino[2,1 - c][1
,4]oxazin-7-yl]methanol (D105)To a stirred suspension
of (7R,9af?)-7-(hydroxymethyl)-8-
(phenylmethyl)hexahydropyrazino[2,1-c][1
,4]oxazine-6,9-dione) (D104, 18.7g, 0.064 moles) in
190 ml of anhydrous THF at 00C under nitrogen, borane
(THF complex solution, 1M in THF, 385 ml, 0.386 moles)
was added over 45 minutes keeping the internal
temperature below 100C. At the end of the addition the
mixture became a colourless solution. The mixture was
then allowed to warm to room temperature and then
heated to 700C for 28 hours. The mixture was then
allowed to cool down to room temperature and then to
00C by an ice-water bath. Methanol (47 ml, 1. 15
moles) and HCI 6M (32 ml, 0.128 moles) were then
slowly added, carefully monitoring the gas evolution.
The resulting mixture was then allowed to warm to room
temperature and stirred overnight. The mixture was
then heated to 55C for 8 hours and then cooled down to
room temperature. The white precipitate was filtered
off and the filtrate was concentrated under vacuum to
afford a residue, which was dissolved in 50 ml of
water and 100 ml of DCM. The white precipitate which
was previously filtered off was collected and
dissolved in 70 ml of water and added to the previous
mixture. Phases were separated and the aqueous layer
was extracted with DCM (3 x 150 ml). The aqueous layer
was then brought to pH = 7 by adding 250 ml of NaOH 3N
and extracted again with DCM (3 x 100 ml) and ethyl
acetate (3 x 200 ml). The combined organic extracts
were dried (Na2SO4) and concentrated under vacuum to
afford the title compound as pale yellow foam (16.9g).
UPLC/MS: peak at Rt = 0.40 min with m/z = 263.13
[M+H]+ Description 106 : (7S,9aS)-7-({[(1
,1-dimethylethyl)(dimethyl)silyl]oxy}methyl)-
8-(phenylmethyl)octahydropyrazino[2,1 -c][1 ,4]oxazine
(D1 06) Method a) : To a stirred solution of
[(7S,9aS)-8-(phenylmethyl)octahydropyrazino[2,1- c][1
,4]oxazin-7-yl]methanol (D105, 15.3g, 0.058 moles) in
153 ml of DCM at roomtemperature, imidazole (4.76g,
0.070 moles) and terf-butyldimethylsilyl chloride
(8.35g, 0.055 moles) were added. The resulting mixture
was stirred at room temperature for 1 hour. Imidazole
(0.476g, 5.8 mmoles) and tert-butyldimethylsilyl
chloride (8.35g, 0.055 moles) were then added a second
time and the mixture 



stirred overnight. Imidazole (0.476g, 0.006 moles) and
tert-butyldimethylsilyl chloride (5.27g, 0.035 moles)
were then added a third time and the mixture stirred
for further 4 hours. DCM ( 153 ml) was added and the
imidazole (2.4, 0.035 moles) and
tert-butyldimethylsilyl chloride (5.27g, 0.035 moles)
were then added a fourth time. The mixture was stirred
overnight. Water ( 150 ml) and sodium hydrogen
carbonate (sat. solution, 150 ml) were then added and
phases were separated. The aqueous layer was extracted
with DCM ( 150 ml) and the combined organic extracts
were dried (Na2S 4) and concentrated under vacuum to a
residue, purified by silica gel chromatography eluting
with 5 to 10% EtOAc/Cyclohexane to afford the title
compound as an oil (22.2g). 1H NMR (500 MHz, DMSO-d6)
d ppm 7.32 - 7.36 (m, 4 H) 7.24 - 7.29 (m, 1 H) 4.00
(t, 1 H) 3.90 (dd, 1 H) 3.88 (d, 1 H) 3.77 (dd, 1 H)
3.70 (d, 1 H) 3.52 - 3.58 (m, 1 H) 3.48 - 3.56 (m, 1
H) 3.07 (t, 1 H) 2.75 - 2.83 (m, 2 H) 2.25 - 2.37 (m,
4 H) 2.12 - 2.23 (m, 2 H) 0.90 (s, 9 H) 0.08 (s, 3 H)
0.06 (s, 3 H) HPLC (walk-up): Rt = 4.826 min (area % =
98.69) Method b : To a stirred solution of
[(7S,9aS)-8-(phenylmethyl)octahydropyrazino[2,1- c][1
,4]oxazin-7-yl]methanol (D105, 29.8g, 0.1 14 moles) in
447 ml of DCM at room temperature, imidazole (9.27g,
0.136 moles) and te/f-butyldimethylsilyl chloride (42.
7g, 0.284 moles) were added. The resulting mixture was
stirred at room temperature overnight. Water (300 ml),
sodium hydrogen carbonate (sat. solution, 300 ml) and
DCM ( 150 ml) were then added and phases were
separated. The aqueous layer was extracted with DCM
(300 ml) and the combined organic extracts were dried
(Na2SO4) and concentrated under vacuum to a residue,
purified by silica gel chromatography eluting with 5
to 10% EtOAc/Cyclohexane to afford the title compound
as light yellow oil (50.95g). HPLC (walk-up): Rt =
4.865 min (area % = 99.55). Description 107:
(7S,9aS)-7-({[(1,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyra
zino[2,1 c][1 ,4]oxazine (D107)To a stirred solution
of (7S,9aS)-7-({[(1
,1-dimethylethyl)(dimethyl)silyl]oxy}methyl)-
8-(phenylmethyl)octahydropyrazino[2,1-c][1 ,4]oxazine
(D106, 22.2g, 0.059 moles) in 660 ml of methanol at
room temperature under nitrogen, palladium on carbon
(10 wt%, wet, 6.28g, 0.006 moles) and ammonium formate
(37.2g, 0.59 moles) were added. The resulting mixture
was stirred at 800C for 1-1 .5 hours. The resulting
mixture was then allowed to cool down to room
temperature and filtered over Celite. The filtrate was
concentrated under vacuum to afford the title compound
(16 g) as pale yellow oil. UPLC/MS: no UV visible
peak. Mass m/z = 287.18 [M+H]+ CASS ID 8341 , NMR and
LC/MS 1H NMR (500 MHz, DMSO-d6) d ppm 3.74 (t, 1 H)
3.62 - 3.70 (m, 2 H) 3.48 (dd, 1 H) 3.39 - 3.46 (m, 1
H) 2.98 (t, 1 H) 2.67 - 2.73 (m, 1 H) 2.60 (dd, 1 H)
2.40 (dd, 1 H) 2.26 - 2.37 (m, 2 H) 2.23 (br. s., 1 H)
2.12 (dd, 1 H) 2.04 - 2.10 (m, 1 H) 1.90 - 2.00 (m, 1
H) 0.81 (s, 9 H) -0.00 (s, 6 H) ROESY cross peak
pattern in accordance with the syn relative
stereochemistry. Description 108: 1,1 -dimethylethyl
(2R)-2-
[({[(phenylmethyl)oxy]carbonyl}amino)methyl]-1-pyrroli
dinecarboxylate )(D108) To a solution of
(R)-2-(Aminomethyl)-1-N-Boc-pyrrolidine ( 1 .6 g, 8
mmol) in 25 ml_ of dichloromethane was added DIPEA
(2.09 mL, 12 mmol) and at 00C Benzyl Chloroformate ( 1
.36 mL, 9.6 mmol). The reaction mixture was warmed-up
to r.t. and then it was stirred for 3 hrs at this
temperature. Brine was added to the reaction mixture,
the aqueous phase was extracted with dichloromethane
and the combined organic phases were dried and
evaporated to dryness. The crude was purified by
chromatography (silica cartridge, cyclohexane: EtOAc
9:1 ) to give the title compound (2.07 g, y=77%).MS:
m/z= 357 (M+Na) and 235 (M-BOC+1 ) . 1H NMR (400 MHz,
DMSO-d6) d ppm 6.98 - 7.49 (m, 6 H) 4.88 - 5.1 5 (m, 2
H) 3.58 - 3.83 (m, 1 H) 3.05 - 3.32 (m, 3 H) 2.75 -
3.04 (m, 1 H) 1.52 - 1.98 (m, 4 H) 1.20 - 1.49 (m, 9
H) Description 109: phenylmethyl
[(2R)-2-pyrrolidinylmethyl]carbamate (D109) 



To a solution of 1,1-dimethylethyl (2R)-2-
[({[(phenylmethyl)oxy]carbonyl}amino)methyl]-1-pyrroli
dinecarboxylate (D108, 2.07 g , 6.1 mmol) in 16 ml of
dichloromethane, cooled to 00C, were added 4 ml of
TFA. The reaction mixture was allowed to warm-up to
r.t. and then it was stirred at this temperature for
30 mins. The title compound (1 .06 g, y=88%) was
isolated after purification by SCX. 1H NMR (400 MHz
DMSO-d6) d ppm 7.00 - 7.66 (m, 5 H) 4.90 - 5.20 (m, 2
H) 3.12 - 3.24 (m, 1 H) 2.97 - 3.09 (m, 1 H) 2.84 -
2.97 (m, 2 H) 2.61 - 2.82 (m, 2 H) 1.44 - 1.83 (m, 3
H) 1.14 - 1.40 (m, 1 H) Description 110: diethyl
{(2R)-2-
[({[(phenylmethyl)oxy]carbonyl}amino)methyl]-1-pyrroli
dinyl}propanedioate (D1 10) To a mixture of
phenylmethyl [(2R)-2-pyrrolidinylmethyl]carbamate
(D109, 1.26 g, 5.38 mmol) and K2CO3 ( 1.48 g , 10.76
mmol) in acetonitrile (20 ml), cooled to 00C, was
added dropwise diethyl bromomalonate ( 1 .08 ml, 6.46
mmol) in a 2-3 mins time. Then the reaction mixture
was allowed to warm-up to r.t. and it was stirred at
this temperature for 2.5 hrs. Further diethyl
bromomalonate ( 1 .08 ml, 1.6 mmol) was added and the
reaction mixture was stirred for one more hour. The
solvent was removed, water was added and it was
extracted with EtOAc. The crude was purified by
chromatography (silica cartridge, cyclohexane:EtOAc
95:5) to give the title compound ( 1 .07 g).MS: m/z=
393 (M+1 ) and 4 15 (M+Na) UPLC/MS: m/z= 393 (M+1 ) @
t=0.79 min 1H NMR (400 MHz, DMSO-Of6) d ppm 7.25 -
7.45 (m, 5 H) 7.08 - 7.23 (m, 1 H) 4.91 - 5.06 (m, 2
H) 4.40- 4.50 (m, 1 H) 3.93 - 4.23 (m, 4 H) 2.94 -
3.14 (m, 3 H) 2.70 - 2.90 (m, 2 H) 1.45 - 1.89 (m, 4
H) 1.07 - 1.28 (m, 6 H) Description 111: ethyl
(8a/?)-3-oxooctahydropyrrolo[1,2-a]pyrazine-4-
carboxylate (D11 1) The solution of diethyl
{(2f?)-2-[({[(phenylmethyl)oxy]carbonyl}amino)methyl]-
1- pyrrolidinyl}propanedioate (D1 10, 1.07 g, 2.72
mmol) in EtOH (ca. 20 ml) was degassed, (10%) Pd/C
(580 mg) was added and the reaction mixture was
stirred under a H2 atmosphere for 2.5 hrs. The
catalyst was filtered off and the volume of the
filtrated solution was reduced in vacuo. The solution
was warmed-up to 500C and it was stirred at this
temperature for 6 hrs and at room temperature for 12
hrs. The solvent was evaporated to dryness to give the
title compound (617 mg) as a mixture of
diastereoisomers (ratio ca. 70:30). This crude was
used in the next step without further purification.
MS: m/z= 2 13 (M+1 ) 1H NMR (400 MHz, DMSO-Cf6) d ppm
7.93 - 8.12 (m, 1 H) 4.03 - 4.27 (m, 3 H) 3.1 5 - 3.30
(m, 1 H) 2.91 - 3.07 (m, 1 H) 2.77 - 2.93 (m, 1 H)
2.37 - 2.47 (m, 1 H) 2.03 - 2.15 (m, 1 H) 1.63 - 1.94
(m, 3 H) 1.26 - 1.50 (m, 1 H) 1.04 - 1.28 (m, 3 H) The
ratio between the two diastereoisomers was determined
on the basis of the integral ratio of diagnostic peaks
such as the N-H lactam signals found in 7.93 - 8.12
range. Description 112:
(8af?)-octahydropyrrolo[1,2-a]pyrazin-4-ylmethanol (D1
12) To a solution of ethyl
(8af?)-3-oxooctahydropyrrolo[1
,2-a]pyrazine-4-carboxylate (D1 11, 207 mg, 0.976
mmol) in THF (0.5 ml) was added 2M LiBH4 in THF ( 1
.46 ml) and the reaction mixture was refluxed for 17
hrs. The reaction mixture was cooleddown to r.t., 9.7
ml of 1M BH3-THF were added and the mixture was
refluxed for 2 hrs. The reaction mixture was cooled
down to 00C and 4 ml of MeOH were added. Then 1.5 ml
of cone. HCI were added at 00C and the reaction
mixture was refluxed for 1 hr. The solvent was
evaporated to dryness and the crude was purified by
SCX cartridge and then by chromatography (silica,
CH2CI2: 2M NH3 in MeOH 9:1 to 8:2) to give the title
compound (73 mg) as a mixture of diastereoisomers. MS:
m/z= 157 (M+1 ) 1H NMR (300 MHz, DMSO-d 6) d ppm 4.2 -
4.4 (m, 1 H) 3.44 - 3.63 (m, 1 H) 3.04 - 3.22 (m, 2 H)
2.54 - 2.97 (m, 4 H) 2.05 - 2.31 (m, 1 H) 1.84 - 2.03
(m, 1 H) 1.40 - 1.85 (m, 3 H) 0.99 - 1.32 (m, 1 H)
Description 113: 1,1-dimethylethyl (2S)-2-
[({[(phenylmethyl)oxy]carbonyl}amino)methyl]-1-pyrroli
dinecarboxylate (D1 13) 



To a solution of
(S)-2-(Aminomethyl)-1-N-Boc-pyrrolidine ( 1.65 g, 8.25
mmol) in 25 ml_ of dichloromethane was added DIPEXA
(2.15 ml_, 12.3 mmol) and at 00C Benzyl Chloroformate
( 1 .41 mL, 9.9 mmol). The reaction mixture was
warmed-up to r.t. and then it was stirred for 3 hrs at
this temperature. Brine was added to the reaction
mixture, the aqueous layer was extracted with
dichloromethane and the combined organic phases were
dried and evaporated to dryness. The crude was
purified by chromatography (silica cartridge,
cyclohexane: EtOAc 9:1 ) to give the title compound
(2.23 g, y=80%). MS: m/z= 235 (M-BOC+1 ) UPLC/MS: m/z=
235 (M-BOC+1 ) ; 335 (M+1 ) @ t=0.8 min 1H NMR (400
MHz, DMSO-cfe) d ppm 6.98 - 7.49 (m, 6 H) 4.88 - 5.1 5
(m, 2 H) 3.58 - 3.83 (m, 1 H) 3.05 - 3.32 (m, 3 H)
2.75 - 3.04 (m, 1 H) 1.52 - 1.98 (m, 4 H) 1.20 - 1.49
(m, 9 H) Description 114: phenylmethyl
[(2S)-2-pyrrolidinylmethyl]carbamate (D1 14)To a
solution of 1,1-dimethylethyl (2S)-2-
[({[(phenylmethyl)oxy]carbonyl}amino)methyl]-1-pyrroli
dinecarboxylate (D1 13, 2.23 g, 6.67 mmol) in 16 mL of
dichloromethane, cooled to 00C, were added 4 ml_ of
TFA. The reaction mixture was allowed to warm-up to
r.t. and then it was stirred at this temperature for
30 mins. The title compound was isolated as a
colourless oil after purification by SCX ( 1 .36 g).
MS: m/z= 235 (M-BOC+1 ) 1H NMR (400 MHz, DMSO-cfe) d
ppm 7.04 - 7.47 (m, 6 H) 4.82 - 5.16 (m, 2 H) 3.1 1 -
3.46 (m, 1 H) 2.97 - 3.09 (m, 1 H) 2.84 - 2.97 (m, 2
H) 2.61 - 2.82 (m, 2 H) 1.40 - 1.83 (m, 3 H) 1.10 -
1.37 (m, 1 H) Description 115: diethyl {(2S)-2-
[({[(phenylmethyl)oxy]carbonyl}amino)methyl]-1-pyrroli
dinyl}propanedioate (D1 15) To a mixture of
phenylmethyl [(2S)-2-pyrrolidinylmethyl]carbamate (D1
14, 1.36 g, 5.81 mmol) and K2CO3 ( 1 .6 g , 11.62
mmol) in acetonitrile (20 ml), cooled to 00C, was
added dropwise diethyl bromomalonate ( 1 .37 ml, 6.97
mmol) in a 2-3 mins time. Then the reaction mixture
was allowed to warm-up to room temperature and it was
stirred for 4 hrs. The volume of the solvent was
reduced, brine was added and it was extracted with
dichloromethane. The combined organic phases were
dried and evaporated to dryness. The crude was
purified by chromatography (silica cartridge,
cyclohexane: EtOAc 95:5 to 7:3) to give the title
compound as a colourless oil ( 1.40 g, y=61 %). 1H NMR
(400 MHz, DMSO-Gf6) d ppm 7.23 - 7.48 (m, 5 H) 7.09 -
7.21 (m, 1 H) 4.87 - 5.08 (m, 2 H) 4.40- 4.50 (m, 1 H)
3.98 - 4.23 (m, 4 H) 2.93 - 3.16 (m, 3 H) 2.62 - 2.91
(m, 2 H) 1.43 - 1.92 (m, 4 H) 1.00 - 1.30 (m, 6 H)
Description 116: ethyl (8aS)-3-oxooctahydropyrrolo[1
,2-a]pyrazine-4- carboxylate (D1 16)The solution of
diethyl
{(2S)-2-[({[(phenylmethyl)oxy]carbonyl}amino)methyl]-1
- pyrrolidinyl}propanedioate (D1 15, 1.40 g, 3.67
mmol) in EtOH (ca. 20 ml) was degassed, (10%) Pd/C
(778 mg, 0.734 mmol) was added and the reaction
mixture was stirred under a H2 atmosphere for 2.5 hrs.
The catalyst was filtered off and the volume of the
filtrated solution was reduced in vacuo. The solution
was warmed-up to 500C and it was stirred at this
temperature for 7 hrs. The solvent was evaporated to
dryness to give the title compound as a yellowish oil
(793 mg) as a mixture of diastereoisomers. This crude
was used in the next step without further
purification. MS: m/z= 213 (M + 1) 1H NMR (400 MHz,
DMSO-cy6) d ppm 7.90 - 8.1 1 (m, 1 H) 4.02 - 4.43 (m,
3 H) 3.1 5 - 3.30 (m, 1 H) 2.79 - 3.07 (m, 2 H) 2.36 -
2.56 (m, 1 H) 2.0 - 2.2 (m, 1 H) 1.63 - 2.18 (m, 3 H)
1.26 - 1.51 (m, 1 H) 1.13 - 1.27 (m, 3 H) Description
117: (8aS)-octahydropyrrolo[1
,2-a]pyrazin-4-ylmethanol (D1 17) To a solution of
ethyl (8aS)-3-oxooctahydropyrrolo[1
,2-a]pyrazine-4-carboxylate (D1 16, 403 mg, 1.88 mmol)
in THF (ca. 3 ml) was added 2M LiBH4 in THF ( 1 .41
ml, 2.83 mmol) and the reaction mixture was refluxed
overnight. The reaction mixture was cooled down to
r.t., 18.8 ml of 1M BH3-THF were added and the mixture
was refluxed for 2 hrs. The reaction mixture was
cooled down to 00C and 8 ml of MeOH were added. Then 3
ml of cone. HCI were added and the reaction mixture
was refluxed for ca. 2 hrs. 



The solvents were evaporated to dryness and the crude
was purified by SCX to give the title compound as a
colourless oil (220 mg). It's a mixture of
diastereoisomers. MS: m/z= 157 (M + 1) 1H NMR (400
MHz, DMSO-d 6) d ppm 4.29 - 4.47 (m, 1 H) 3.46 - 3.64
(m, 1 H) 3.10 - 3.45 (m, 2 H) 2.82 - 2.96 (m, 1 H)
2.50 - 2.81 (m, 3 H) 1.44 - 2.38 (m, 5 H) 1.01 - 1.31
(m, 1 H) Description 118: 1,1 -dimethylethyl 3-({[(1
S)-1 -(hydroxymethyl)-2-(methyloxy)-
2-oxoethyl]amino}carbonyl)-4-thiomorpholinecarboxylate
(D1 18)To a solution of N-Boc thiomorpholine
carboxylic acid ( 1.36 g, 5.51 mmol) in
dichloromethane ( 13.6 ml) were added under N2, at
r.t., TBTU ( 1 .95 g, 6.06 mmol) and DIPEA ( 1 .92 ml,
11.02 mmol) and the solution was stirred for 30 mins.
To a suspension of L-serine methyl ester hydrochloride
( 1.71 g, 11.02 mmol) in dichloromethane (13.6 ml) was
added DIPEA ( 1 .92 ml, 11.02 mmol) and the resulting
solution was stirred for 30 mins. Then the solution
containing the serine free base was added to the
reaction mixture and it was left stirring for 16 hrs.
Water was added to the reaction mixture and the
aqueous layer was extracted with dichloromethane (x3)
and the combined organic phases were dried (Na SO4)
and evaporated to dryness. The crude title compound
(3.87 g) was used in the next step without further
purification. UPLC/MS: m/z= 371 (M+Na); 349 (M+1 ) ;
293 (M-fBu); 249 (M-BOC+1 ) @ t=0.59 min Description
119: (7S)-7-(hydroxymethyl)hexahydropyrazino[2,1-
c][1,4]thiazine-6,9-dione(D1 19) To a solution of the
crude 1,1-dimethylethyl 3-({[(1
S)-1-(hydroxymethyl)-2-
(methyloxy)-2-oxoethyl]amino}carbonyl)-4-thiomorpholin
ecarboxylate (D1 18, 3.87 g) in 44 ml of
dichloromethane were added under N2, at r.t., 22 ml of
TFA. The reaction mixture was stirred at room
temperature for 3 hrs. The solvents were removed under
reduced pressure and the residue was purified on a SCX
cartridge. The fraction eluted with 2M methanolic
ammonia was evaporated to dryness and the residue was
dissolved in MeOH and refluxed for 20 hrs. The
reaction mixture was evaporated to dryness and the
desired product was purified by SCX, eluting with
MeOH. The title compound ( 1. 1 g, y=92% over 2 steps)
was isolated as a mixture of diastereoisomers (ratio ~
50/50). UPLC/MS: 1st peak m/z= 2 17 (M+1 ) @ t=0.35
min; 2nd peak m/z= 2 17 (M+1 ) @ t=0.36 min1H NMR (400
MHz, DMSO-d6) d ppm 8.07 - 8.31 (m, 1 H) 4.62 - 4.82
(m, 1 H) 3.95 - 4.18 (m, 1 H) 3.69 - 3.95 (m, 2 H)
3.30 - 3.66 (m, 2 H) 2.85 - 3.02 (m, 1 H) 2.69 - 2.86
(m, 2 H) 2.52 - 2.68 (m, 1 H). The ratio between the
two diastereoisomers was determined on the basis of
the integral ratio of diagnostic peaks such as the N-H
lactam signals found in 8.07 - 8.31 range. Description
120: (7S)-7-(hydroxymethyl)hexahydropyrazino[2,1 -c][1
,4]thiazine-6,9-dione 2,2- dioxide (D1 20) To a
suspension of
(7S)-7-(hydroxymethyl)hexahydropyrazino[2,1-c][1
,4]thiazine- 6,9-dione (D1 19, 1. 1 g, 5.09 mmol) in
dichloromethane (22 ml) was added at r.t. 77% m-CPBA
(2.85 g, 12.73 mmol) and the reaction mixture was
stirred at room temperature for 2 hrs. The solvent was
removed under reduced pressure and the crude was
purified by chromatography (silica, CH2Cb: 2M NH3 in
MeOH 98:2 to 8:2) to give the title compound as a
white solid (900 mg, y=71 %) as a mixture of
diastereoisomers (ratio ~ 60/40). MS: m/z= 249 (M+1 )
and 271 (M+Na) 1H NMR (500 MHz, DMSO-d6) d ppm 8.29 -
8.54 (m, 1 H) 5.02 - 5.59 (m, 1 H) 4.59 - 4.89 (m, 1
H) 4.16 - 4.47 (m, 1 H) 3.86 - 3.99 (m, 1 H) 3.69 -
3.86 (m, 1 H) 3.50 - 3.68 (m, 1 H) 3.21 - 3.48 (m, 3
H) 2.91 - 3.20 (m, 2 H) The ratio between the two
diastereoisomers was determined on the basis of the
integral ratio of diagnostic peaks such as the O-H
alcohol signals found in 5.02 - 5.59 range.
Description 121 : [(7 )-2,2-dioxidooctahydropyrazin
,4]thiazin-7-yl]methanol (D121)To a suspension of
(7S)-7-(hydroxymethyl)hexahydropyrazino[2,1-c][1
,4]thiazine- 6,9-dione 2,2-dioxide (D120, 900 mg, 3.63
mmol) in THF (10 ml) were added under 



N2, at r.t., 36.3 ml of 1M BH3-THF solution. The
reaction mixture was refluxed for 16 hrs. 6 N HCI (20
ml) was added to the reaction mixture, cooled to 0C,
and the resulting mixture was refluxed for 2 hrs. Then
the reaction mixture was evaporated to dryness and the
crude was purified by SCX to give the title compound
as a white foam (753 mg, y=94%) MS: m/z= 221 (M+1 )
and 243 (M+Na) 1H NMR (300 MHz, DMSO-d6) d ppm 4.40 -
4.63 (m, 1 H) 3.33 - 3.48 (m, 1 H) 2.95 - 3.27 (m, 4
H) 2.72 - 2.95 (m, 3 H) 2.53 - 2.72 (m, 2 H) 2.20 -
2.41 (m, 2 H) 1.98 - 2.18 (m, 1 H) 1.65 - 1.85 (m, 1
H). Description 122 and 123: (7R,9aR or 9aS)-7-({[(1
,1 -
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyra
zino[2,1- c][1,4]thiazine 2,2-dioxide(Description 122-
Diastereoisomer 1) and (7/?,9aS or 9aR)-7-({[(1 ,1
-dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyr
azino[2,1 - c][1 ,4]thiazine 2,2-dioxide (Description
123- Diastereisomer 2) To a suspension of
[(7R)-2,2-dioxidooctahydropyrazino[2,1-c][1
,4]thiazin-7- yl]methanol (D121 , 753 mg, 3.42 mmol)
in dichloromethane (30 ml) were added at r.t. Et3N ( 1
.9 ml, 13.68 mmol) and TDBMSCI ( 1.5 g, 10.3 mmol).
The reaction mixture was stirred for 16 hrs at r.t..
Sat. NaHCO3was added and the aqueous phase was
extracted with dichloromethane (x3) and the combined
organic phases were dried and evaporated to dryness.
The crude was purified by chromatography (silica, CH
CI IMeOH 1:0 to 97:3) to the title compounds: D122-
Diastereoisomeri (566 mq. colourless oil): MS: m/z=
335 (M+1 ) 1H NMR (500 MHz, DMSO-c/6) d ppm 3.47 -
3.66 (m, 2 H) 2.99 - 3.27 (m, 3 H) 2.80 - 2.95 (m, 3
H) 2.67 - 2.80 (m, 3 H) 2.56 - 2.66 (m, 2 H) 2.21 -
2.34 (m, 1 H) 0.55 - 1. 1 1 (s, 9 H) -0.23 - 0.26 (s,
6 H) D123- Diastereoisomer2 (382 mq. white solid): MS:
m/z= 335 (M+1 )1H NMR (500 MHz, DMSO-Qf6) d ppm 3.39 -
3.48 (m, 1 H) 3.31 - 3.40 (m, 1 H) 3.13 (t, 1 H) 2.91
- 3.09 (m, 3 H) 2.70 - 2.85 (m, 3 H) 2.56 - 2.65 (m, 1
H) 2.42 - 2.51 (m, 1 H) 2.19 - 2.36 (m, 2 H) 1.91 -
2.06 (m, 1 H) 1.74 (t, 1 H) 0.80 (s, 9 H) -0.02 (s, 6
H) Description 124:
2-[3,5-bis(trifluoromethyl)phenyl]- L/-[6-[(7/?,9a/?
or 9aS)-7- ({[(1 ,1
-dimethylethyl)(dimethyl)silyl]oxy}methyl)-2,2-
dioxidohexahydropyrazino[2,1 -c][1 ,4]thiazin-8(1
H)-yl]-4-(4-fluoro-2- methylphenyl)-3-pyridinyl]-
L/,2-dimethylpropanamide (D124- Diastereoisomer 1) To
a solution of (7R,9aR or 9aS)-7-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyra
zino[2,1-c][1 ,4]thiazine 2,2- dioxide (D122, 120 mg,
0.36 mmol) in 2.2 ml of toluene were added 2-[3,5-
bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide [WO 2005/002577] (147 mg,
0.28 mmol), bis-tri-tertbutylphosphine palladium (29
mg), hexadecyltrimetylammonium chloride (17.8 ml_ of a
25% aqueous solution) and sodium hydroxide solution
(36 mL of a 50% aqueous solution). The reaction
mixture was degassed by freeze-pump-thaw cycles and
then it was stirred at 900C for 4 hrs. EtOAc and sat.
NaHCO3 aq. were added to the reaction mixture and the
aqueous phase was extracted with EtOAc (x3). The
combined organic phases were dried and evaporated to
dryness. The crude was purified by chromatography
(silica, cyclohexane: EtOAc 7:3 to 0:1 ) to give the
title compound as a white solid (201 mg). HPLC/MS:
m/z= 831 (M+1 ) @ t=4.56 min MS: m/z= 831 (M+1 ) 1H
NMR (500 MHz DMSO-d 6) d ppm 8.02 (s, 1 H) 7.86 (s, 1
H) 7.63 - 7.81 (m, 2 H) 6.95 - 7.21 (m, 3 H) 6.64 (s,
1 H) 4.29 - 4.66 (m, 1 H) 3.99 - 4.24 (m, 1 H) 3.78 -
3.95 (m, 1 H) 3.59 - 3.81 (m, 1 H) 3.08 - 3.26 (m, 3
H) 2.91 - 3.16 (m, 3 H) 2.63 - 2.87 (m, 1 H) 2.48 (s,
3 H) 2.37 - 2.60 (m, 2 H) 2.08 - 2.33 (m, 1 H) 2.09
(s, 3 H) 1.37 (S 6 H) 0.77 (s, 9 H) 0.01 (s, 6
H)Description 125: 2-[3,5-bis(trifluoromethyl)phenyl]-
L/-[6-[(7R,9aS or 9a/?)-7-({[(1 ,1 - 



dimethylethyl)(dimethyl)silyl]oxy}methyl)-2,2-dioxidoh
exahydropyrazino[2,1- c][1
,4]thiazin-8(1H)-yl]-4-(4-fluoro-2-methylphenyl)-3-pyr
idinyl]- L/,2- dimethylpropanamide (D125-
Diastereoisomer 2) To a solution of (7R,9aS or
9af?)-7-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyra
zino[2 1-c][1 ,4]thiazine 2,2- dioxide (D123, 120 mg,
0.36 mmol) in 2.2 ml of toluene were added 2-[3,5-
bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide [WO 2005/002577] (147 mg,
0.28 mmol), bis-tri-tertbutylphosphine palladium (29
mg), hexadecyltrimetylammonium chloride (18 mL of a
25% aqueous solution) and sodium hydroxide solution
(36 mL of a 50% aqueous solution). The reaction
mixture was degassed by freeze-pump-thaw cycles and it
was stirred at 900C for 5 hrs. Then further
bis-tri-tert-butylphosphine palladium (29 mg) was
added and the reaction mixture was stirred at 900C for
one more hour and was left in freezer overnight. EtOAc
and sat. NaHCO3 aq. were added to the reaction mixture
and the aqueous phase was extracted with EtOAc (x3).
The combined organic phases were dried and evaporated
to dryness. The crude was purified by chromatography
(silica, cyclohexane: EtOAc 7:3 to 0:1 ) to give the
title compound as a white solid (127.4 mg, y=55%). MS:
m/z= 831 (M+1 ) 1H NMR (500 MHz, DMSO-c/6) d ppm 8.01
(s, 1 H) 7.86 (s, 1 H) 7.60 - 7.82 (m, 2 H) 7.1 6 (d,
1 H) 6.98 - 7.14 (m, 2 H) 6.67 (s, 1 H) 4.36 - 4.54
(m, 1 H) 3.91 - 4.12 (m, 1 H) 3.80 - 3.94 (m, 1 H)
3.58 - 3.73 (m, 1 H) 3.08 - 3.47 (m, 5 H) 2.87 - 3.00
(m, 1 H) 2.72 - 2.82 (m, 1 H) 2.42 - 2.67 (m, 6 H) 2.1
3 - 2.25 (m, 5 H) 1.26 - 1.54 (m, 4 H) 0.78 (s, 9 H)
0.00 (s, 6 H) Description 126:
(7S,9aS)-7-({[(1,1-dimethylethyl)(dimethyl)silyl]oxy}m
ethyl)-8- (phenylmethyl)octahydropyrazino[2,1-c][1
,4]oxazine (D126)To a solution of (7S,9aS)-7-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyra
zino[2,1 -c][1 ,4]oxazine (D 22, 200 mg, 0.7 mmol) in
dichloroethane (3 ml) were added under N2, at r.t.,
PhCHO (0.142 ml, 1.4 mmol) and AcOH (79 ml , 1.4 mmol)
and the reaction mixture was stirred for 30 mins.
Sodium triacetoxyborohydride (295 mg, 1.4 mmol) was
added and the reaction mixture was stirred for 3.5
hrs. NaHCO3 aq. was added to the reaction mixture and
the two phases were separated. The aqueous phase was
extracted with dichloromethane (3X) and the combined
organic phases were dried and evaporated to dryness.
The crude was purified by SCX and by chromatography
(silica, CH2CI2: 2M NH3 in MeOH 1:0 to 95:5) to give
276 mg of the title compound as a colourless oil (276
mg, y=quantitative) UPLC/MS: m/z= 377 (M+1 ) @ t=0.69
min 1H NMR (500 MHz, DMSO-d6) d ppm 7.27 - 7.32 (m, 4
H) 7.18 - 7.24 (m, 1 H) 3.94 (t, 1 H) 3.83 (d, 1 H)
3.78 - 3.89 (m, 1 H) 3.68 - 3.75 (m, 1 H) 3.65 (d, 1
H) 3.42 - 3.54 (m, 2 H) 3.02 (t, 1 H) 2.74 (dd, 2 H)
2.45 - 2.50 (m, 1 H) 2.18 - 2.32 (m, 3 H) 2.08 - 2.18
(m, 2 H) 0.84 (s, 9 H) 0.02 (s, 3 H) 0.00 (s, 3 H)
Description 127:
[(7S,9aS)-8-(phenylmethyl)octahydropyrazino[2,1-c][1
,4]oxazin-7-yl]methanol (D127) To a solution of (7S
9aS)-7-({[(1
,1-dimethylethyl)(dimethyl)silyl]oxy}methyl)-8-
(phenylmethyl)octahydropyrazino[2,1-c][1 ,4]oxazine
(D126, 276 mg, 0.73 mmol) in MeOH (24 ml), cooled to 0
C, was added dropwise 12 N HCI ( 1.4 ml_). The
reaction mixture was stirred for 2 hrs at r.t., then
it was put in the freezer for 12 hrs. The reaction
mixture was warmed-up to r.t., further HCI was added
(0.7 ml) and the reaction mixture was stirred for 2
more hrs. The mixture was filtered on a SCXcartridge
washing with methanol and then with 2M methanolic
ammonia. The fractions eluted with ammonia were
combined and evaporated to dryness to give the title
compound as a colourless oil ( 150 mg, y=78%).
UPLC/MS: m/z= 263 (M+1 ) @ t=0.41 min 1H NMR (500 MHz,
DMSO-d 6) d ppm 7.26 - 7.33 (m, 4 H) 7.19 - 7.24 (m, 1
H) 4.42 (br. s., 1 H) 3.81 (d, 1 H) 3.74 - 3.83 (m, 2
H) 3.60 - 3.72 (m, 2 H) 3.43 - 3.52 (m, 2 H) 3.02 (t,
1 H) 2.78 (d, 1 H) 2.64 - 2.72 (m, 1 H) 2.53 (dd, 1 H)
2.18 - 2.29 (m, 3 H) 2.08 - 2.17 (m, 2 H) 



Description 128:
(7S,9aS)-7-(fluoromethyl)-8-(phenylmethyl)octahydropyr
azino[2,1- c][1 ,4]oxazine (D128) To a solution of
[(7S,9aS)-8-(phenylmethyl)octahydropyrazino[2,1-c][1
,4]oxazin-7- yl]methanol (D127, 125 mg, 0.477 mmol) in
dichloromethane (5 ml), cooled to - 78C, was added
DAST (0.187 ml, 1.431 mmol) dropwise and the reaction
mixture was stirred for 16 hrs allowing the
temperature to increase to r.t.. Water was added to
the reaction mixture and the two phases were
separated. The aqueous phase was extracted with
dichloromethane (3X) and the combined organic phases
were dried and evaporated to dryness. The crude was
purified by chromatography (silica, CH2CI2:MeOH 1:0 to
96:4) to give the title compound (106 mg). MS: m/z=
265 (M+1 ) UPLC/MS: m/z= 265 (M+1 ) @ t=0.47 min 1H
NMR (500 MHz, DMSO-d 6) d ppm 7.26 - 7.34 (m, 4 H)
7.19 - 7.26 (m, 1 H) 4.82 - 4.99 (m, 1 H) 4.59 - 4.76
(m, 1 H) 3.85 (d, 1 H) 3.70 (dd, 1 H) 3.63 (d, 1 H)
3.50 (dd, 1 H) 3.43 - 3.51 (m, 1 H) 3.02 - 3.09 (m, 1
H) 3.03 (t, 1 H) 2.68 (d, 1 H) 2.54 (d, 1 H) 2.29 -
2.36 (m, 2 H) 2.24 (t, 1 H) 2.08 - 2.1 6 (m, 2 H)
Description 129:
(7S,9aS)-7-(fluoromethyl)octahydropyrazino[2,1 -
c][1,4]oxazine (D129)To a solution of
(7S,9aS)-7-(fluoromethyl)-8-(phenylmethyl)octahydropyr
azino[2,1- c][1 ,4]oxazine (D128, 30 mg, 0.1 1 mmol)
in AcOH (30 ml) was added Pd-black (12 mg, 0.1 1 mmol)
and the reaction mixture was stirred under a H2
atmosphere (5 atm.) for 1.5 hrs. The reaction mixture
was filtered on a SCX cartridge washing with methanol
and then with 2M methanolic ammonia. The fractions
eluted with ammonia were combined and evaporated to
dryness. The crude was purified by chromatography
(silica, CH2CI2:MeOH 1:0 to 8:2) to give the title
compound (14.9 mg, y=78%). 1H NMR (400 MHz, DMSO-d 6)
d ppm 4.55 - 4.65 (m, 1 H) 4.42 - 4.53 (m, 1 H) 3.65
(dd, 1 H) 3.38 - 3.53 (m, 2 H) 2.99 (t, 1 H) 2.93 -
3.01 (m, 1 H) 2.58 (dd, 1 H) 2.42 - 2.45 (m, 1 H) 2.37
(dd, 1 H) 2.28 - 2.37 (m, 1 H) 2.12 - 2.20 (m, 1 H)
2.02 - 2.1 1 (m, 1 H) 1.92 - 2.00 (m, 1 H) The whole
ROESY cross peak pattern is in accordance with a syn
relative stereochemistry. Description 130:
(7S)-7-(hydroxymethyl)hexahydropyrazino[2,1 -c][1
,4]oxazine- 6,9-dione (D130)
/V-Boc-S-morpholinecarboxylic acid ( 1.038 g, 4.49
mmol) was suspended in anhydrous dichloromethane
(2OmL). To it was added EDC ( 1 .3g, 6.78 mmol) and
HOBt (607 mg, 4.49 mmol) and stirred for 30 minutes at
RT. , at which time complete dissolution of the
starting material was observed. A solution of L-Ser-
Methylester hydrochloride ( 1 .10 g, 17.07 mmol), and
DIPEA ( 1 .23 ml_, 7.07 mmol) in dry dichloromethane
(10 ml_) was added. The resulting mixture was stirred
overnight. Diluted with dichloromethane (5OmL), washed
with sat NaHCO3 solution (2 x 5OmL) and brine (50 mL).
Dried (Na2SO4) and solvent removed under reduced
pressure to afford a crude used in the next step. It
was dissolved in 20 mL of dichloromethane and treated
with 10 mL of TFA. The reaction was stopped after 4 h.
The mixture was passed through a SCX column. The basic
components were eluted with 1M methanolic ammonia. The
solvent was removed leaving an oily residue, which was
re-dissolved in MeOH and heated to remove the solvent.
A precipitate formed, which was collected by
filtration as awhite solid, corresponding to the title
compound, with a 70:30 diastereomeric excess. MS
(direct): m/z= 201 (M+1 ) 1H NMR (500 MHz, DMSO-Gf6) d
ppm 8.15 (br. s., 1 H) 5.16 (t, 1 H) 4.22 (dd, 1 H)
4.08 - 4.13 (m, 1 H) 4.00 (dd, 1 H) 3.84 - 3.88 (m, 1
H) 3.77 - 3.83 (m, 1 H) 3.71 - 3.80 (m, 1 H) 3.44 -
3.51 (m, 1 H) 3.41 (t, 1 H) 3.30 (t, 1 H) 2.77 (td, 1
H) (mixture of diastereoisomers, ratio about 70:30)
Description 131 : (7R)-octahydropyrazino[2,1-c][1
,4]oxazin-7-ylmethanol (D131)
(7S)-7-(hydroxymethyl)hexahydropyrazino[2,1-c][1
,4]oxazine-6,9-dione (D130, 151 mg, 0.75 mmol) was
suspended in 1M borane THF complex solution (7.5 ml_)
and heated at reflux for 24 hours. Checked by MS,
which showed only the product at 



m/z= 173 (M+1 ) . The reaction was cooled to 00C, MeOH
(5 ml_) added dropwise followed by conc.HCI solution (
1 ml_). The resulting mixture was heated at 500C for 4
hours. The solvent was removed and the residue loaded
on a SCX column, washed with MeOH before eluting the
compound with 1M NH3 in MeOH. Solvent evaporated under
reduced pressure to afford the title compound as a
colourless oil (125 mg). 1H NMR (500 MHz, DMSO-Gf6) d
ppm 4.43 (t, 1 H) 3.68 (dd, 1 H) 3.62 (t, 1 H) 3.40 -
3.58 (m, 4 H) 3.02 (t, 1 H) 2.66 - 2.74 (m, 1 H) 2.62
(d, 1 H) 2.42 - 2.51 (m, 1 H) 2.31 - 2.39 (m, 1 H) 2.1
5 (dd, 1 H) 2.09 (td, 1 H) 1.92 - 2.03 (m, 1 H)
Description 132: (7/?,9a/?)-7-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyra
zino[2,1-c][1,4]oxazine
(7/?)-octahydropyrazino[2,1-c][1
,4]oxazin-7-ylmethanol (D131 , 93 mg, 0.54 mmol, a
sample recovered from a failed attempt at silylating
the preparation of Dnn) was dissolved in dry
dichloromethane (2 ml_) and treated with Et3N (0.1 5
ml_, 1.08mmol), and TBDMS-CI (122 mg, 0.81 mmol). The
resulting reaction mixture was stirred overnight at
RT. It was checked by direct MS, showing no starting
material, replaced by the expected peak at m/z= 287
(M+1 of the product). It was diluted with
dichloromethane (20 ml_) and washed with sat NaHCO3
solution (2 x 2OmL), dried (Na2SO4) and the solvent
was removed. The residue was purified by flash
chromatography (silica, dichloromethane to
dichloromethane : MeOH 90:10), leaving the product as
a clear oil. MS (direct): m/z= 287 (M+1 ) 1H NMR (500
MHz, DMSO-Of6) d ppm 7.48 (br. s., 1 H) 7.07 (br. s.,
1 H) 3.82 (dd, 1 H) 3.75 (dd, 1 H) 3.69 (dd, 1 H) 3.55
(dd, 1 H) 3.42 - 3.49 (m, 1 H) 3.03 (t, 1 H) 2.86 -
2.93 (m, 1 H) 2.68 (dd, 1 H) 2.50 - 2.54 (m, 1 H) 2.33
- 2.46 (m, 2 H) 2.21 (dd, 1 H) 2.04 - 2.16 (m, 2 H)
0.86 (s, 9 H) 0.04 (s, 6 H) - protonated form. Example
1 2-[3,5-Bis(trifluoromethyl)phenyl]- L/-[6-(1
,1-dioxidohexahydro-5H-isothiazolo[2,3-
a]pyrazin-5-yl)-4-(4-fluoro-2-methylphenyl)pyridin-3-y
l]- L/,2-dimethylpropanamide A 8 ml sealed vial was
charged with 100 mg (0.187 mmol) of 2-[3,5-
bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide (WO 2005/002577), 98 mg
(0.561 mmol) of hexahydro-2Hisothiazolo[ 2,3-a ]
pyrazine 1,1-dioxide (D10), 52 mg (0.374 mmol) of
potassium carbonate; the reagents were dissolved in
0.8 ml of DMSO. The reaction mixture was heated at
1800C for 36-48hrs and then added to a saturated NH4CI
solution and back extracted with dichloromethane; the
crude material was purified on SPE cartridge (Silica)
eluting with a gradient from cyclohexane/ethyl acetate
9:1 , to cyclohexane/ethyl acetate 1: 1 and affording
44 mg (0.065 mmol) of the title compound as pale
yellow solid. MS (ES/+): 673 [M+H]+ NMR (DMSO-d 6): d
(ppm) 8.01 (s, 1H); 7.78 (s, 1H); 7.65 (s, 2H);
7.08-6.85 (m, 3H); 6.53 (s, 1H); 4.81-4.53 (m, 1H);
4.35-4.09 (m, 1H); 3.53-3.50 (m, 1H); 3.38-3.25 (m,
1H); 3.16- 3.09 (m, 1H); 2.96 (t, 1H); 2.83 (t, 1H);
2.70-1 .98 (m, 10H); 1.79-1 .47 (m, 3H); 1.46-1 .33
(s, 3H). Example 2 2-[3,5-Bis(trifluoromethyl)phenyl]-
L/-{4-(4-fluoro-2-methylphenyl)-6-[(8aS)-6-
oxohexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl]-3-pyridiny
l}-/V,2-dimethylpropanamide (E2)A 8 ml sealed vial was
charged with 100 mg (0.187 mmol) of 2-[3,5-
bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide (WO 2005/002577), 78.6 mg
(0.561 mmol) of (8aS)- hexahydropyrrolo[1
,2-a]pyrazin-6(2H)-one (WO 2003/066635), 52 mg (0.374
mmol) of potassium carbonate; the reagents were
dissolved in 0.8 ml of DMSO. The reaction mixture was
heated at 1800C for 36-48hrs and then added to a
saturated NH4CI solution and back extracted with
dichloromethane; the crude material was purified on
SPE cartridge (Silica) eluting with a gradient from
cyclohexane/ethyl acetate 9:1, to ethyl acetate 100%
and affording 52 mg of the title compound as pale
yellow solid. MS (ES/+): 637 [M+H]+ NMR (DMSO-de): d
(ppm) 8.01 (s, 1H); 7.78 (s, 1H); 7.65 (s, 2H);
7.05-6.87 (m, 3H); 6.52 (s, 1H); 4.67-4.52 (m, 1H);
4.32-4.19 (m, 1H); 4.14-4.10 (d, 1H); 3.77-3.64 (m,
1H); 3.02- 2.84 (m, 2H); 2.61 (t, 1H); 2.48-2.44 (dd,
2H); 2.41-2.33 (s, 3H); 2.30-2.22 (m, 1H); 2.13 (s,
3H); 1.79-1.65 (m, 1H); 1.53 (s, 3H); 1.38 (s, 3H).
Example 3 



2-[3,5-Bis(trifluoromethyl)phenyl]-A/-[4-(4-fluoro-2-m
ethylphenyl)-6-(6-
oxohexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl)-3-pyridiny
l]-/V,2-dimethylpropanamide A 8 ml sealed vial was
charged with 100 mg (0.187 mmoles) of 2-[3,5-
bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide (WO 2005/002577), 78.6 mg
(0.561 mmol) of hexahydropyrrolo[1 ,2-
a]pyrazin-6(2H)-one (WO 2003/066635), 52 mg (0.374
mmol) of potassium carbonate; the reagents were
dissolved in 0.8ml of DMSO. The reaction mixture was
heated at 1800C for 36-48hrs and then added to a
saturated NH4CI solution and back extracted with
dichloromethane; the crude material was purified on
SPE cartridge (Silica) eluting with a gradient from
cyclohexane/ethyl acetate 9:1 , to ethyl acetate 100%
and affording 7 1mg of the title compound as pale
yellow solid. MS (ES/+): 637 [M+H]+NMR (DMSO-Cl6): d
(ppm) 8.01 (s, 1H); 7.78 (s, 1H); 7.65 (s, 2H);
7.05-6.87 (m, 3H); 6.52 (S, 1H); 4.67-4.52 (m, 1H);
4.32-4.19 (m, 1H); 4.14-4.10 (d, 1H); 3.77-3.64 (m,
1H); 3.02- 2.84 (m, 2H); 2.61 (t, 1H); 2.48-2.44 (dd,
2H); 2.41-2.33 (s, 3H); 2.30-2.22 (m, 1H); 2.13 (s,
3H); 1.79-1.65 (m, 1H); 1.53 (s, 3H); 1.38 (s, 3H)
Example 4 2-[3,5-Bis(trifluoromethyl)phenyl]-
L/,2-dimethyl- L/-{4-(2-methylphenyl)-6-[(8aS)-6-
oxohexahydropyrrolo[1 ,2-a]pyrazin-2(1
H)-yl]-3-pyridinyl}propanamide (E4) A 8 ml sealed vial
was charged with 100 mg (0.161 mmoles) of 2-[3,5-
bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(2-methylphenyl)-3-pyridinyl]- L/,2-
dimethylpropanamide (WO 2005/002577), 67 mg
(0.483mmol) of (8aS)- hexahydropyrrolo[1
,2-a]pyrazin-6(2H)-one (WO 2003/066635), 44.5 mg
(0.322mmol) of potassium carbonate; the reagents were
dissolved in 0.8 ml of DMSO. The reaction mixture was
heated at 1800C for 36-48hrs and then added to a
saturated NH4CI solution and back extracted with DCM;
the crude material was purified on SPE cartridge
(Silica) eluting with a gradient from
cyclohexane/ethyl acetate 9:1 , to ethyl acetate 100%
and affording 56 mg of the title compound as pale
yellow solid. MS (ES/+): 619 [M+H]+ NMR (DMSO-de): d
(ppm) 8.07-8.00 (m, 1H); 7.81-7.77 (m, 1H); 7.73-7.63
(m, 2H); 7.37- 7.21 (m, 4H); 6.61-6.56 (m, 1H);
4.68-4.54 (m, 1H); 4.33-4.19 (m, 1H); 4.18-4.08 (d,
1H); 3.78-3.67 (m, 1H); 3.04-2.85 (m, 2H); 2.69-2.54
(t, 1H); 2.53-2.42 9dd, 1H); 2.42-2.33 (m, 3H);
2.33-2.23 (m, 1H); 2.21-2.10 (m, 3H); 1.78.-1 .66 (m,
1H); 1.57-1 .48 (m, 3H); 1.42-1.32 (m, 3H). Example 5
2-[3,5-Bis(trifluoromethyl)phenyl]- L/,2-dimethyl-
L/-[4-(2-methylphenyl)-6-(6- oxohexahydropyrrolo[1
,2-a]pyrazin-2(1 H)-yl)-3-pyridinyl]propanamide (E5) A
8 ml sealed vial was charged with 100 mg (0.161
mmoles) of 2-[3,5- bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(2-methylphenyl)-3-pyridinyl]- L/,2-
dimethylpropanamide (WO 2005/002577), 67 mg (0.483
mmol) of hexahydropyrrolo[1,2- a]pyrazin-6(2H)-one (WO
2003/066635), 44.5 mg (0.322 mmol) of potassium
carbonate;the reagents were dissolved in 0.8ml of
DMSO. The reaction mixture was heated at 1800C for
36-48hrs and then added to a saturated NH4CI solution
and back extracted with DCM; the crude material was
purified on SPE cartridge (Silica) eluting with a
gradient from cyclohexane/ethyl acetate 9:1 , to ethyl
acetate 100% and affording 45 mg of the title compound
as pale yellow solid. MS (ES/+): 619 [M+H]+ NMR (DMSOd
6) : d (ppm) 8.07-8.00 (m, 1H); 7.81-7.77 (m, 1H);
7.73-7.63 (m, 2H); 7.37- 7.21 (m, 4H); 6.61-6.56 (m,
1H); 4.68-4.54 (m, 1H); 4.33-4.19 (m, 1H); 4.18-4.08
(d, 1H); 3.78-3.67 (m, 1H); 3.04-2.85 (m, 2H);
2.69-2.54 (t, 1H); 2.53-2.42 9dd, 1H); 2.42-2.33 (m,
3H); 2.33-2.23 (m, 1H); 2.21-2.10 (m, 3H); 1.78.-1 .66
(m, 1H); 1.57-1 .48 (m, 3H); 1.42-1.32 (m, 3H).
Example 6
2-[3,5-Bis(trifluoromethyl)phenyl]-L/-[6-(1,1-dioxidoh
exahydro-5H-isothiazolo[2,3-
a]pyrazin-5-yl)-4-(2-methylphenyl)-3-pyridinyl]-L/,2-d
imethylpropanamide (E6) The title compound was
prepared starting from 100 mg (0.161 mmoles) of
2-[3,5- bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(2-methylphenyl)-3-pyridinyl]- L/,2-
dimethylpropanamide (WO 2005/002577), 85 mg (0.483
mmol) of hexahydro-2/-/- isothiazolo[ 2,3-a ] pyrazine
1,1-dioxide (D10), 44.5 mg (0.322mmol) of potassium
carbonate; the reagents were dissolved in 0.8 ml of
DMSO . The reaction mixture was heated at 1800C for
36-48hrs and then added to a saturated NH4CI solution
and back extracted with DCM; the crude material was
purified on SPE cartridge (Silica) eluting with a 



gradient from cyclohexane/ethyl acetate 9:1 , to
cyclohexane/ethyl acetate 1: 1 and affording 80mg of
the title compound as pale yellow solid. MS (ES/+):
655 [M+H]+ NMR (DMSO-d 6) : d (ppm) 8.08-8.00 (m, 1H),
7.82-7.76 (m, 1H); 7.71-7.64 (m, 2H); 7.37- 7.22 (m,
4H); 6.62-6.57 (m, 1H); 4.80-4.60 (m, 1H); 4.36-4.12
(m, 1H); 3.58- 3.46 (m, 1H); 3.39-3.27 (m, 1H);
3.25-3.16 (m, 1H); 3.17-3.08 (t, 1H); 3.05-2.91 (t,
1H); 2.90-2.78 (t, 1H); 2.54-2.44 (m, 3H); 2.44-2.31
(m, 2H); 2.20-2.12 (m, 3H); 2.31-2.01 (m, 1H); 1.58-1
.50 (m, 3H); 1.44-1 .31 (m, 3H) Example 7
1-[3,5-Bis(trifluoromethyl)phenyl]-/V-{4-(4-fluoro-2-m
ethylphenyl)-6-[(8aS)-
hexahydropyrrolo[1,2-a]pyrazin-2(1
H)-yl]-3-pyridinyl}-L/- methylcyclopropanecarboxamide
(E7)The title compound was prepared starting from 100
mg (0.188 mmoles) of 1-[3,5-
bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-
pyridinyl]cyclopropanecarboxamide (D2), 70 mg
(0.554mmol) of (8aS)- octahydropyrrolo[1
,2-a]pyrazine, 52.2 mg (0.377 mmol) of potassium
carbonate; the reagents were dissolved in 0.8ml of
DMSO. The reaction mixture was heated at 1500C
overnight and then added to a saturated NH4CI solution
and back extracted with dichloromethane; the crude
material was purified on SPE cartridge (Silica)
eluting with a gradient from cyclohexane/ethyl acetate
1:1 , to ethyl acetate 100%, affording 72 mg of the
title compound as pale yellow solid. MS (ES/+): 621
[M+H]+ NMR (DMSO-de): d (ppm) 7.93-7.89 (s, 1H);
7.86-7.82 (s, 1H); 7.67-7.62 (s, 2H); 7.06-7.01 (d,
1H); 6.89-6.77 (m, 2H); 6.57-6.52 (m, 1H); 4.38-4.34
(d, 1H); 4.21-4.17 (d, 1H); 3.10- 2.87 (m, 2H);
2.88-2.84 (s, 3H); 2.62-2.50 (m, 1H); 2.26-2.06 (m,
2H); 2.17-2.10 (s, 3H); 2.06-1 .94 (s, 1H); 1,90-1 .61
(m, 3H); 1.46-1 .10 (m, 6H) Example 8
1-[3,5-Bis(trifluoromethyl)phenyl]-
L/-{4-(4-fluoro-2-methylphenyl)-6-[(8aA?)-
hexahydropyrrolo[1 ,2-a]pyrazin-2(1
H)-yl]-3-pyridinyl}-L/- methylcyclopropanecarboxamide
(E8) The title compound was prepared starting from 100
mg (0.188 mmoles) of 1-[3,5-
bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-
pyridinyljcyclopropanecarboxamide (D2), 70 mg
(0.554mmol) of (8aR)- octahydropyrrolo[1
,2-a]pyrazine, 52.2 mg (0.377 mmol) of potassium
carbonate; the reagents were dissolved in 0.8 ml of
DMSO. The reaction mixture was heated at 1500C
overnight and then added to a saturated NH4CI solution
and back extracted with DCM; the crude material was
purified on SPE cartridge (Silica) eluting with a
gradient from cyclohexane/ethyl acetate 1:1 , to ethyl
acetate 100% and affording 70 mg of the title compound
as pale yellow solid. MS (ES/+): 621 [M+H]+NMR
(DMSO-CJ6) : d (ppm) 7.93-7.89 (s, 1H); 7.86-7.82 (s,
1H); 7.67-7.62 (s, 2H); 7.06-7.01 (d, 1H); 6.89-6.77
(m, 2H); 6.57-6.52 (m, 1H); 4.38-4.34 (d, 1H);
4.21-4.17 (d, 1H); 3.10- 2.87 (m, 2H); 2.88-2.84 (s,
3H); 2.62-2.50 (m, 1H); 2.26-2.06 (m, 2H); 2.17-2.10
(s, 3H); 2.06-1.94 (s, 1H); 1,90-1 .61 (m, 3H); 1.46-1
.10 (m, 6H) Example 9
1-[3,5-Bis(trifluoromethyl)phenyl]-L/-{4-(4-fluoro-2-m
ethylphenyl)-6-[(8aS)-6-
oxohexahydropyrrolo[1,2-a]pyrazin-2(1
H)-yl]-3-pyridinyl}-L/- methylcyclopropanecarboxamide
(E9) The title compound was prepared starting from 50
mg (0.094 mmoles) of 1-[3,5-
bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-
pyridinyljcyclopropanecarboxamide (D2), 39 mg
(0.278mmol) of (8aS)- hexahydropyrrolo[1
,2-a]pyrazin-6(2H)-one (WO 2003/066635), 26.2 mg
(0.189mmol) of potassium carbonate; the reagents were
dissolved in 0.4ml of DMSO . The reaction mixture was
heated at 1500C overnight and then added to a
saturated NH4CI solution and back extracted with DCM;
the crude material was purified on SPE cartridge
(Silica) eluting with a gradient from
cyclohexane/ethyl acetate 1:1 , to ethyl acetate 100%
and affording 26 mg of the title compound as pale
yellow solid. MS (ES/+): 635 [M+H] + NMR (DMSO-d 6) :
d (ppm) 8.03-7.99 (m, 1H); 7.99-7.95 (m, 1H);
7.74-7.69 (m, 2H); 7.20- 7.10 (m, 1H); 7.06-6.93 (m,
1H); 6.92-6.83 (m, 1H); 6.81-6.74 (m, 1H); 4.55-4.47
(d, 1H); 4.44-4.37 (d, 1H); 3.88-3.78 (d, 1H);
3.60-3.50 (d, 1H); 2.84-2.66 (m, 4H); 2.59-2.38 (m,
2H); 2.32-2.18 (m, 2H); 2.15-2.09 (m, 3H); 2.17-2.06
(m, 1H); 1.64-1.53 (m, 1H); 1.32-1 .19 



(m, 2H); 1.15-1.02 (m, 1H); 0.96-0.78 ( 1 , H).
Example 10
1-[3,5-Bis(trifluoromethyl)phenyl]-L/-{4-(4-fluoro-2-m
ethylphenyl)-6-[(8a/?)-6-
oxohexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl]-3-pyridiny
l}-/VmethylcyclopropanecarboxaThe title compound was
prepared from 50 mg (0.094 mmoles) of 1-[3,5-
bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-
pyridinyljcyclopropanecarboxamide (D2), 39 mg (0.278
mmol) of (8a/?)- hexahydropyrrolo[1
,2-a]pyrazin-6(2H)-one (WO 2003/066635), 26.2 mg
(0.189 mmol) of potassium carbonate; the reagents were
dissolved in 0.4ml of DMSO . The reaction mixture was
heated at 1500C overnight and then added to a
saturated NH4CI solution and back extracted with DCM;
the crude material was purified on SPE cartridge
(Silica) eluting with a gradient from
cyclohexane/ethyl acetate 1:1 , to ethyl acetate 100%
and affording 12 mg of the title compound as pale
yellow solid. MS (ES/+): 635 [M+H]+ NMR (DMSO-d6) : d
(ppm) 8.03-7.99 (m, 1H); 7.99-7.95 (m, 1H); 7.74-7.69
(m, 2H); 7.20- 7.10 (m, 1H); 7.06-6.93 (m, 1H);
6.92-6.83 (m, 1H); 6.81-6.74 (m, 1H); 4.55-4.47 (d,
1H); 4.44-4.37 (d, 1H); 3.88-3.78 (d, 1H); 3.60-3.50
(d, 1H); 2.84-2.66 (m, 4H); 2.59-2.38 (m, 2H);
2.32-2.18 (m, 2H); 2.15-2.09 (m, 3H); 2.17-2.06 (m,
1H); 1.64-1 .53 (m, 1H); 1.32-1 .19 (m, 2H); 1.15-1.02
(m, 1H); 0.96-0.78 ( 1 , H). Example 11
2-[3,5-Bis(trifluoromethyl)phenyl]-L/-{4-(4-fluoro-2-m
ethylphenyl)-6-[(8aS)-3-
oxohexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl]-3-pyridiny
l}-L/,2-dimethylpropanamide The title compound was
prepared starting from 100 mg (0.187 mmoles) of
2-[3,5- bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide (WO 2005/002577), 79 mg
(0.563 mmol) of (8aS)- hexahydropyrrolo[1
,2-a]pyrazin-3(4H)-one (D12), 72mg of copper iodide
(0.378mmol), 40ml (0.375 mmol) of
L/,L/-dimethylmethanediamine, 112.4 mg (0.375 mmol) of
cesium carbonate; the reagents were dissolved in 4 ml
of dioxane and heated at 800C for 4h and then at 120
0C overnight. The crude material was purified on SPE
cartridge (Silica) eluting with a gradient from
cyclohexane/ethyl acetate 9:1 , to ethyl acetate 100%
and affording 54 mg of the title compound as pale
yellow solid. MS (ES/+): 637 [M+H]+ NMR (DMSO-de): d
(ppm) 8.39-8.23 (br. s, 1H), 8.09-7.97 (s, 1H),
7.87-7.64 (m, 3H), 7.21 (d, 1H), 7.17-7.06 (m, 2H),
4.62-4.15 (m, 2H), 4.09-3.65 (m, 2H), 3.19-3.00 (m,
1H), 2.87- 2.53 (m, 2H), 2.42-2.24 (m, 1H), 2.20-2.04
(m, 6H), 2.00-1 .88 (m, 1H), 1.88-1 .76 (m, 1H),
1.75-1 .59 (m, 1H), 1.59-1 .47 (m, 1H), 1.46-1 .23 (m,
6H) Example
122-[3,5-Bis(trifluoromethyl)phenyl]-L/-{4-(4-fluoro-2
-methylphenyl)-6-[(8af?)-3-
oxohexahydropyrrolo[1,2-a]pyrazin-2(1W)-yl]-3-pyridiny
l}-L/,2-dimethylpropanamide The title compound was
prepared starting from 100 mg (0.187 mmoles) of
2-[3,5- bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide (WO 2005/002577), 79mg
(0.563 mmol) of (8af?)- hexahydropyrrolo[1
,2-a]pyrazin-3(4H)-one (D14), 72 mg of copper iodide
(0.378mmol), 40ml (0.375mmol) of
L/,L/-dimethylmethanediamine, 112.4 mg (0.375mmol) of
cesium carbonate; the reagents were dissolved in 4 ml
of dioxane and heated at 800C for 4h and then at 120
0C overnight. The crude material was purified on SPE
cartridge (Silica) eluting with a gradient from
cyclohexane/ethyl acetate 9:1, to ethyl acetate 100%
and affording 60mg of the title compound as pale
yellow solid. MS (ES/+): 637 [M+H]+ NMR (DMSOd 6): d
(ppm) 8.39-8.23 (br. s, 1H), 8.09-7.97 (s, 1H),
7.87-7.64 (m, 3H), 7.21 (d, 1H), 7.17-7.06 (m, 2H),
4.62-4.15 (m, 2H), 4.09-3.65 (m, 2H), 3.19-3.00 (m,
1H), 2.87- 2.53 (m, 2H), 2.42-2.24 (m, 1H) 2.20-2.04
(m, 6H), 2.00-1 .88 (m, 1H), 1.88-1 .76 (m, 1H),
1.75-1.59 (m, 1H), 1.59-1 .47 (m, 1H), 1.46-1 .23 (m,
6H). Example 13 2-[3,5-Bis(trifluoromethyl)phenyl]-
L/-{4-(4-fluoro-2-methylphenyl)-6-[(8af?)-4-
oxohexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl]-3-pyridiny
l}- L/,2-dimethylpropanamide The title compound was
prepared starting from 250 mg (0.47 mmole) of 2-[3,5-
bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide (WO 2005/002577),
(8aR)-hexahydropyrrolo[1 ,2-a]pyrazin-4(1H)-one (D4),
164.4 mg ( 1.17 mmol), 130mg of potassium carbonate
(0.94 mmol); the reagents were dissolved in 1.5 ml of
DMSO. The reaction mixture was heated at 1500C
overnight and then added to a saturated NH4CI solution
and back extracted with DCM; the crude 



material was purified on SPE cartridge (Silica)
eluting with a gradient cyclohexane/ethylacetate 9:1,
to ethyl acetate 100% and affording 115 mg of the
title compound as pale yellow solid. MS (ES/+): 637
[M+H]+ NMR (DMSO-d 6): d (ppm) 8.05-7.98 (s, 1H);
7.95-7.89 (s, 1H); 7.80-7.69 (br.s, 2H); 7.74- 7.64
(br.s, 1H); 7.19-7.1 1 (d, 1H); 6.71-6.65 (s, 1H);
4.77-4.64 (d, 1H); 4.45-4.32 (d, 1H); 3.72-3.59 (m,
1H); 3.52-3.41 (dd, 1H); 3.39-3.31 (m, 1H); 2.83-2.73
(t, 1H); 2.60-2.50 (m, 1H); 2.31-2.17 (s, 3H);
2.21-2.15 (m, 1H); 2.15-2.05 (s, 3H); 1.97-1.88 (m,
1H); 1.82-1.71 (m, 1H); 1.71-1 .58 (m, 1H); 1.55-1 .42
(s, 3H); 1.41-1 .27 (s, 3H). Example 14
2-[3,5-Bis(trifluoromethyl)phenyl]-
L/-{4-(4-fluoro-2-methylphenyl)-6-[(8aR)-4-
oxohexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl]-3-pyridiny
l}- L/,2-dimethylpropanamide The title compound was
prepared starting from 135 mg (0.253 mmoles) of
2-[3,5- bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide (WO 2005/002577), 70 mg (0.5
mmol) of (8aS)- hexahydropyrrolo[1
,2-a]pyrazin-4(1H)-one (EP 300189), 70 mg (0.5 mmol)
of potassium carbonate; the reagents were dissolved in
0.8 ml of DMSO. The reaction mixture was heated at
1500C overnight and then added to a saturated NH4CI
solution and back extracted with DCM; the crude
material was purified on SPE cartridge (Silica)
eluting with a gradient cyclohexane/ethyl acetate 9:1
, to ethyl acetate 100% and affording 24 mg of the
title compound as pale yellow solid. MS (ES/+): 637
[M+H]+ NMR (DMSO-de): d (ppm) 8.05-7.98 (s, 1H);
7.95-7.89 (s, 1H); 7.80-7.69 (br.s, 2H); 7.74- 7.64
(br.s, 1H); 7.19-7.1 1 (d, 1H); 6.71-6.65 (s, 1H);
4.77-4.64 (d, 1H); 4.45-4.32 (d, 1H); 3.72-3.59 (m,
1H); 3.52-3.41 (dd, 1H); 3.39-3.31 (m, 1H); 2.83-2.73
(t, 1H); 2.60-2.50 (m, 1H); 2.31-2.17 (s, 3H);
2.21-2.15 (m, 1H); 2.15-2.05 (s, 3H); 1.97-1 .88 (m,
1H); 1.82-1 .71 (m, 1H); 1.71-1 .58 (m, 1H); 1.55-1
.42 (s, 3H); 1.41-1 .27 (s, 3H). Example 15
2-[3,5-Bis(trifluoromethyl)phenyl]-
L/-{4-(4-fluoro-2-methylphenyl)-6-[(9aS)-octahydro-
3H-pyrrolo[1 ,2-d][1 ,4]diazepin-3-yl]-3-pyridinyl}-
L/,2-dimethylpropanamide (E1 5)A 8 ml sealed vial was
charged with 60 mg (0.1 12mmoles) of 2-[3,5-
bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide (WO 2005/002577), 47 mg
(0.335mmol) of (9aS)-octahydro-1Hpyrrolo[ 1
,2-cd[1,4]diazepine (D6), 3 1mg of potassium carbonate
(0.224 mmol); the reagents were dissolved in 0.5 ml of
DMSO. The reaction mixture was heated at 1500C
overnight and then added to a saturated NH4CI solution
and back extracted with DCM; the crude material was
purified on SPE cartridge (Silica) eluting with a
gradient from cyclohexane/ethyl acetate 1:1, to ethyl
acetate 100% and affording 32mg of the title compound
as pale yellow solid. MS (ES/+): 637 [M+H]+ NMR
(DMSO-d 6): 8.02 (s, 1H), 7.93-7.82 (br.s, 1H),
7.79-7.70 (br.s, 2H), 7.73-7.64 (br.s, 1H), 7.15 (t,
1H), 7.13-7.03 (br. s, 1H), 6.66-6.52(br. s, 1H),
4.28-3.98 (br. s, 1H0, 3.80-3.51 (br. s, 4H),
3.51-3.39 (br. s, 1H), 3.26-3.03 (br. s, 1H),
2.60-2.45 (br. s, 1H), 2.22 (s, 3H), 2.12 (s, 3H),
2.07-1.77 (br. s, 3H), 1.48 (s, 3H), 1.55-1.24 (m,
2H), 1.33 (s, 3H), 1.26-1 .14 (m, 1H). Example 16
2-[3,5-Bis(trifluoromethyl)phenyl]-/V-[4-(4-fluoro-2-m
ethylphenyl)-6-(9- oxohexahydropyrazino[2,1 -c][1
,4]oxazin-8(1 H)-yl)-3-pyridinyl]- L/,2-
dimethylpropanamide (E16) A 8 ml sealed vial was
charged with 150 mg (0.281 mmol) of 2-[3,5-
bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide (WO 2005/002577), 120 mg
(0.768 mmol) of
hexahydropyrazino[2,1-c][1,4]oxazin-9(6H)-one (D7), 60
ml_ (0.563 mmol) of N N'- dimethylethylenediamine, 110
mg (0.578 mmol) of copper iodide, 183 mg (0.562 mmol)
of cesium carbonate; the reagents were dissolved in
4.5 ml of dioxane. The reaction mixture is stirred
overnight at 1500C. The crude was purified by
chromatography (silica, cyclohexane/EtOAc 90/10 -
30/70) affording the title compound as a white solid:
73 mg, 0.1 11 mmol, 40% yield. Rf: 0.55 (EtOAc)MS
(ES/+): 653 [M+H]+ NMR (DMSO-Cj6): d (ppm) 8.34-8.26
(s, 1H); 8.06-7.99 (s, 1H); 7.81-7.69 (br.s, 2H);
7.72- 7.65 (br.s, 1H); 7.21-7.15 (d, 1H); 7.15-7.08
(s, 1H); 4.13-4.05 (dd, 1H); 4.03-3..82 (br.s, 2H);
3.80-3.72 (dd, 1H); 3.54-3.46 (dd, 1H); 3.40-3.31 (m,
1H); 3.14-3.06 (dd, 1H); 3.02- 



2.95 (dd, 1H); 2.86-2.80 (dd, 1H); 2.72-2.61 (m, 2H);
2.36-2.28 (t, 1H); 2.39-2.22 (br.s, 3H); 2.19-2.04
(br.s, 3H); 1.61-1 .44 (br.s, 3H); 1.45-1.30
(br.s,3H). Example 17
2-[3,5-Bis(trifluoromethyl)phenyl]-
L/-[4-(4-fluoro-2-methylphenyl)-6-(9-
oxohexahydropyrazino[2,1-c][1 ,4]oxazin-8(1
H)-yl)-3-pyridinyl]- L/,2- dimethylpropanamide (E17)
ENANTIOMER 1 of E16 1
2-[3,5-Bis(trifluoromethyl)phenyl]-
L/-[4-(4-fluoro-2-methylphenyl)-6-(9-
oxohexahydropyrazino[2,1-c][1
,4]oxazin-8(1/-/)-yl)-3-pyridinyl]-
L/,2-dimethylpropanamide (E16; 42 mg) was submitted
for chiral separation to isolate its enantiomers. The
enantiomer labeled 1, of unknown but single
stereochemistry was isolated using the following
conditions (20 mg, 100%e.e.) Preparative conditions:
MS (ES/+): 653 [M+H]+ NMR (DMSOd 6): d (ppm) 8.34-8.26
(s, 1H); 8.06-7.99 (s, 1H); 7.81-7.69 (br.s, 2H);
7.72- 7.65 (br.s, 1H); 7.21-7.15 (d, 1H); 7.15-7.08
(s, 1H); 4.13-4.05 (dd, 1H); 4.03-3..82 (br.s, 2H);
3.80-3.72 (dd, 1H); 3.54-3.46 (dd, 1H); 3.40-3.31 (m,
1H); 3.14-3.06 (dd, 1H); 3.02- 2.95 (dd, 1H);
2.86-2.80 (dd, 1H); 2.72-2.61 (m, 2H); 2.36-2.28 (t,
1H); 2.39-2.22 (br.s, 3H); 2.19-2.04 (br.s, 3H);
1.61-1 .44 (br.s, 3H); 1.45-1.30 (br.s,3H) . Example
182-[3,5-Bis(trifluoromethyl)phenyl]-A/-[4-(4-fluoro-2
-methylphenyl)-6-(9-
oxohexahydropyrazino[2,1-c][1,4]oxazin-8(1H)-yl)-3-pyr
idinyl]-/V,2- dimethylpropanamide (E18) ENANTIOMER 2
of E16 2 The title compound was isolated using the
same conditions as E17, obtaining 17 mg, 100% e.e. MS
(ES/+): 653 [M+H]+ NMR (DMSOd 6) : d (ppm) 8.34-8.26
(s, 1H); 8.06-7.99 (s, 1H); 7.81-7.69 (br.s, 2H);
7.72- 7.65 (br.s, 1H); 7.21-7.15 (d, 1H); 7.15-7.08
(s, 1H); 4.13-4.05 (dd, 1H); 4.03-3..82 (br.s, 2H);
3.80-3.72 (dd, 1H); 3.54-3.46 (dd, 1H); 3.40-3.31 (m,
1H); 3.14-3.06 (dd, 1H); 3.02- 2.95 (dd, 1H);
2.86-2.80 (dd, 1H); 2.72-2.61 (m, 2H); 2.36-2.28 (t,
1H); 2.39-2.22 (br.s, 3H); 2.19-2.04 (br.s, 3H);
1.61-1.44 (br.s, 3H); 1.45-1 .30 (br.s,3H). Example 19
2-[3,5-Bis(trifluoromethyl)phenyl]-A/-[4-(4-fluoro-2-m
ethylphenyl)-6- (hexahydropyrazino[2,1-c][1
,4]oxazin-8(1 H)-yl)-3-pyridinyl]-
L/,2-dimethylpropanamide A 8 ml sealed vial was
charged with 124 mg (0.233 mmol) of 2-[3,5-
bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide (WO 2005/002577); 83 mg
(0.584 mmol) of octahydropyrazino[2,1- c][1 ,4]oxazine
(EP 472826), 90 mg (0.701 mmol) of potassium
carbonate; the reagents were dissolved in 0.5ml of
DMSO. The crude product was purified by flash
chromatography (silica, cyclohexane/EtOAc 90/10 -
30/70) affording the title compound as a white solid
85 mg (0.133 mmol). Rf: 0.4 (EtOAc) MS (ES/+): 639
[M+H]+. NMR (DMSO-d 6) : d (ppm) 8.05-7.98 (s, 1H);
7.91-7.85 (s, 1H); 7.79-7.68 (m, 2H); 7.73-7.65 (br.s,
1H); 7.18-7.12 (d, 1H); 7.13-7.06 (br.s,1H); 6.73-6.64
(s, 1H); 4.29-4.18 (d, 1H); 4.13- 4.03 (d, 1H);
3.78-3.68 (t, 2H); 3.56-3.48 (t, 1H); 3.18-3.09 (t,
1H); 2.92-2.80 (t, 1H); 2.82-2.74 (d, 1H); 2.70-2.62
(d, 1H); 2.44-2.34 (t, 1H); 2.21-2.15 (s, 3H);
2.28-2.06 (m, 3H); 2.14-2.07 (s, 3H); 1.55-1.41 (s,
3H); 1.40-1.28 (s, 3H). Example 20
2-[3,5-Bis(trifluoromethyl)phenyl]-
L/-[4-(4-fluoro-2-methylphenyl)-6-
(hexahydropyrazino[2,1 -c][1 ,4]oxazin-8(1
H)-yl)-3-pyridinyl]-L/,2-dimethylpropanamide (E20)
ENANTIOMER 1 of E19 [[a]D=1.8, c=1.0, MeOH] Q 1
Example 19 (15 mg) was submitted for chiral separation
to isolate its enantiomers. The enantiomer labeled 1,
of unknown but single stereochemistry was isolated
using the following conditions (5 mg, 97.2%e.e.) 15
Preparative conditions: MS (ES/+): 639 [M+H]+ NMR
(DMSO-d6) : d (ppm) 8.05-7.98 (s, 1H); 7.91-7.85 (s,
1H); 7.79-7.68 (m, 2H); 7.73-7.65 0 (br.s, 1H);
7.18-7.12 (d, 1H); 7.13-7.06 (br.s,1H); 6.73-6.64 (s,
1H); 4.29-4.18 (d, 1H); 4.13- 



4.03 (d, 1H); 3.78-3.68 (t, 2H); 3.56-3.48 (t, 1H);
3.18-3.09 (t, 1H); 2.92-2.80 (t, 1H); 2.82- 2.74 (d,
1H); 2.70-2.62 (d, 1H); 2.44-2.34 (t, 1H); 2.21-2.15
(s, 3H); 2.28-2.06 (m, 3H); 2.14-2.07 (s, 3H);
1.55-1.41 (s, 3H); 1.40-1.28 (s, 3H). 5 Example 2 1
2-[3,5-Bis(trifluoromethyl)phenyl]-
L/-[4-(4-fluoro-2-methylphenyl)-6-
(hexahydropyrazino[2,1-c][1,4]oxazin-8(1W)-yl)-3-pyrid
inyl]- L/,2-dimethylpropanamide (E21) ENANTIOMER 2 of
E19 [[a] D =-1.0]2 The title compound was isolated
using the same conditions as E20, obtaining 5 mg,
99.8% e.e. MS (ES/+): 639 [M+H]\ NMR (DMSOd 6) : d
(ppm) 8.05-7.98 (s, 1H); 7.91-7.85 (s, 1H); 7.79-7.68
(m, 2H); 7.73-7.65 (br.s, 1H); 7.18-7.12 (d, 1H);
7.13-7.06 (br.s,1 H); 6.73-6.64 (s, 1H); 4.29-4.18 (d,
1H); 4.13- 4.03 (d, 1H); 3.78-3.68 (t, 2H); 3.56-3.48
(t, 1H); 3.18-3.09 (t, 1H); 2.92-2.80 (t, 1H); 2.82-
2.74 (d, 1H); 2.70-2.62 (d, 1H); 2.44-2.34 (t, 1H);
2.21-2.15 (s, 3H); 2.28-2.06 (m, 3H); 2.14-2.07 (s,
3H); 1.55-1.41 (s, 3H); 1.40-1 .28 (s, 3H). Example 22
2-[3,5-Bis(trifluoromethyl)phenyl]-
L/-[6-(1,1-dioxidohexahydro-5H-isothiazolo[2,3-
a]pyrazin-5-yl)-4-(4-fluoro-2-methylphenyl)-3-pyridiny
l]- L/,2-dimethylpropanamide (E22) ENANTIOMER 1 of E1
Preparative conditions: Amount supplied 37 mg Chiral
Column CHIRALPAK AD-H, (25 x 2) cm Mobile phase
n-Hexane/Ethanol+ 0.1% isopropylamine 25/75 % v/v Flow
rate 15 ml/min Detection UV at 225 nm Isolated: 4 mg ;
purity of enantiomer 1 resulted to be 100 % MS (ES/+):
673 [M+H]+ NMR (DMSO-de): d (ppm) 8.01 (s, 1H); 7.78
(s, 1H); 7.65 (s, 2H); 7.08-6.85 (m, 3H); 6.53 (s,
1H); 4.81-4.53 (m, 1H); 4.35-4.09 (m, 1H); 3.53-3.50
(m, 1H); 3.38-3.25 (m, 1H); 3.16- 3.09 (m, 1H); 2.96
(t, 1H); 2.83 (t, 1H); 2.70-1 .98 (m, 10H); 1.79-1.47
(m, 3H); 1.46-1.33 (s, 3H).Example 23
2-[3,5-Bis(trifluoromethyl)phenyl]-
L/-[6-(1,1-dioxidohexahydro-5H-isothiazolo[2,3-
a]pyrazin-5-yl)-4-(4-fluoro-2-methylphenyl)-3-pyridiny
l]- L/,2-dimethylpropanamide (E23) ENANTIOMER 2 of E1
Preparative conditions: Chiral Column CHIRALPAK AD-H,
(25 x 2) cm Mobile phase n-Hexane/Ethanol+ 0.1%
isopropylamine 25/75 % v/v Flow rate 15 ml/min
Detection UV at 225 nm Isolated: 6 mg ;purity of
enantiomer 2 was 98.8% by UV MS (ES/+): 673 [M+H]+ NMR
(DMSO-d6) : d (ppm) 8.01 (s, 1H); 7.78 (s, 1H); 7.65
(s, 2H); 7.08-6.85 (m, 3H); 6.53 (s, 1H); 4.81-4.53
(m, 1H); 4.35-4.09 (m, 1H); 3.53-3.50 (m, 1H);
3.38-3.25 (m, 1H); 3.16- 3.09 (m, 1H); 2.96 (t, 1H);
2.83 (t, 1H); 2.70-1 .98 (m, 10H); 1.79-1.47 (m, 3H);
1.46-1.33 (s, 3H). Example 24
2-[3,5-Bis(trifluoromethyl)phenyl]-
L/-{4-(4-fluoro-2-methylphenyl)-6-[(8aS)-
hexahydropyrrolo[1 ,2-a]pyrazi 2-dimethylpropanamide
(E24) A 10 ml microwave tube was charged with 80 mg
(0.150 mmol) of 2-[3,5- bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide (WO 2005/002577), 47.4 mg
(0.375mmol) of (8aS)- octahydropyrrolo[1
,2-a]pyrazine, 62.2 mg (0.450mmol) of potassium
carbonate; the reagents were dissolved in 0.6 ml of
DMSO. The reaction mixture was irradiated in a
microwave oven (180 0C, 300W) for 1 hour and then the
crude is purified by a Mass Directed Preparative
Instrument by Waters (System Fraction Lynx TM)
performed on a XTerra Prep MS C18 (30 x 150 mm; 10 mm)
(mobile phase: from 99% [water +0.1% HCO2H] and 1%
[CH3CN +0.1% HCO2H] to 100% [CH3CN +0.1% HCO2H] in 8
min and 30"; 100% [CH3CN +0.1% HCO2H] for 6 min; from
100% [CH3CN +0.1% HCO2H] to 99% [water +0.1% 



HCO2H] and 1% [CH3CN +0.1% HCO2H] in 30"; 99% [water
+0.1% HCO2H] and 1% [CH3CN +0. 1% HCO2H] for 12");
T=rt; flow rate= 40 ml/min; UV Detection :21 0-400 nm;
MS Detection Mode: ES (+)/ ES (-) , Mass Range:
100-900] to afford 45mg of the target compound as pale
yellow solid. RF = 0.2 (Ethyl Acetate) MS (ES/+): 623
[M+H]+ NMR (CDCI3): d (ppm) 8.00 (s, 1H), 7.78 (s,
1H), 7.71-7.60 (br. s, 2H), 7.27-7.22 (br. s, 1H),
7.05-6.85 (br. s, 2H), 6.52-6.45 (s, 1H), 4.63-3.98
(m, 2H), 3.74-2.94 (m, 4H), 2.42- 2.29 (s, 3H),
2.67-1.86 (m, 3H), 2.17-2.07 (s, 3H), 1.56-1.48 (s,
3H), 1.81-1 .12 (m, 4H), 1.41-1.33 (s, 3H). Example 25
2-[3,5-Bis(trifluoromethyl)phenyl]-
L/-{4-(4-fluoro-2-methylphenyl)-6-[(8af?)-
hexahydropyrrolo[1 ,2-a]pyrazin-2(1
AY)-yl]-3-pyridinyl}-L/,2-dimethylpropanamide (E25)
The title compound was prepared starting from 100 mg
(0.187 mmole) of 2-[3,5- bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide (WO 2005/002577), 70mg
(0.554mmol) of (8af?)-
octahydropyrrolo[1,2-a]pyrazine, 52.2 mg of potassium
carbonate (0.377 mmol); the reagents were dissolved in
0.6 ml of DMSO and the reaction mixture was heated at
1500C overnight. Obtained after flash chromatography
52 mg of the desired compound. MS (ES/+): 623 [M+H]+
NMR (DMSO-d6): d (ppm) 8.00 (s, 1H), 7.78 (s, 1H),
7.71-7.60 (br. s, 2H), 7.27-7.22 (br. s, 1H),
7.05-6.85 (br. s, 2H), 6.52-6.45 (s, 1H)14.63-3.98 (m,
2H), 3.74-2.94 (m, 4H), 2.42- 2.29 (S, 3H), 2.67-1.86
(m, 3H), 2.17-2.07 (s, 3H), 1.56-1.48 (s, 3H), 1.81-1
.12 (m, 4H), 1.41-1.33 (s, 3H). Example 26
2-[3,5-Bis(trifluoromethyl)phenyl]-
L/-{4-(4-fluoro-2-methylphenyl)-6-[(8af?)-
hexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl]-3-pyridinyl}-
L/,2-dimethylpropanamide hydrochloride
(E26)2-[3,5-Bis(trifluoromethyl)phenyl]-
L/-{4-(4-fluoro-2-methylphenyl)-6-[(8aR)-
hexahydropyrrolo[1
,2-a]pyrazin-2(1/-/)-yl]-3-pyridinyl}-
L/,2-dimethylpropanamide (E25; 39 mg, 0.063 mmol) was
dissolved in DCM and the temperature was lowered at
O0C; HCI ( 1M soln. in Et2O) 75ml (0.075mmol) was
slowly added and, afterwards, the reaction mixture was
stirred at this temperature for 30 min. Then, the
solvent was removed and, the solid obtained was
triturated with pentane. Obtained 4 1 mg of the
desired compound as pale yellow solid. MS (ES/+): 623
[M+H]+ NMR (DMSO-d 6) : d (ppm) 10.63 (s, 1H), 8.02
(s, 1H), 7.96 (s, 1H), 7.81-7.65 (m, 2H), 7.17 (d,
1H), 7.15-7.07 (m, 1H), 6.90- 6.84 (s, 1H), 4.88-4.66
m, 1H), 4.12-1 .08 (m, 24H). Example 27
2-[3,5-Bis(trifluoromethyl)phenyl]-
L/-{4-(4-fluoro-2-methylphenyl)-6-[(8aR)-6-
oxohexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl]-3-pyridiny
l}- L/,2-dimethylpropanamide A 8 ml sealed vial was
charged with 100 mg (0.187 mmol) of 2-[3,5-
bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide (WO 2005/002577), 78.6 mg
(0.561 mmol) of (8aS)-
hexahydropyrrolo[1,2-a]pyrazin-6(2H)-one (WO
2003/066635), 52 mg (0.374 mmol) of potassium
carbonate; the reagents were dissolved in 0.8ml of
DMSO. The reaction mixture was heated at 1800C for
36-48hrs and then added to a saturated NH4CI solution
and back extracted with DCM; the crude material was
purified on SPE cartridge (Silica) eluting with a
gradient from cyclohexane/ethyl acetate 9:1 , to ethyl
acetate 100% and affording 23 mg of the desired
compound. MS (ES/+): 637 [M+H]+ NMR (DMSO-d 6): d
(ppm) 8.01 (s, 1H); 7.78 (s, 1H); 7.65 (s, 2H);
7.05-6.87 (m, 3H); 6.52 (s, 1H); 4.67-4.52 (m, 1H);
4.32-4.19 (m, 1H); 4.14-4.10 (d, 1H); 3.77-3.64 (m,
1H); 3.02- 2.84 (m, 2H); 2.61 (t, 1H); 2.48-2.44 (dd,
2H); 2.41-2.33 (s, 3H); 2.30-2.22 (m, 1H); 2.13 (s,
3H); 1.79-1 .65 (m, 1H); 1.53 (s, 3H); 1.38 (s,
3H).Example 28 2-[3,5-Bis(trifluoromethyl)-phenyl]-
L/-{4-(2-chlorophenyl)-6-[(8aS)-
hexahydropyrrolo[1,2-a]pyraz 2-dimethylpropanamide
(E28) To a solution of
2-[3,5-bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(2-chlorophenyl)-3-
pyridinyl]-L/,2-dimethylpropanamide (WO 2005/002577;
0.1 1 mmol) in dry DMSO ( 1 ml) Soctahydropyrrolo[ 1
,2-a]pyrazine, (0.22 mmol) and potassium carbonate
(0.22 mmol) were added and the resulting mixture was
shaken for 12 hours at 150 C. After cooling the 



dichloromethane was added (2 ml) and then isocyanate
polymer bound was added (2.0 mmol), and the resulting
mixture was shaken at room temperature overnight. Then
the resin was filtered and the filtrate was
concentrated under reduced pressure. Purifications
were carried out using mass directed HPLC: Preparative
chromatographic conditions Column: X Terra MS C 18 5
mm, 100 x 19 mm Mobile phase: A: NH4HCO3 sol. 10 mM,
pH10; B: CH3CN Gradient: 30% (B) for 1 min, from 30%
(B) to 95% (B) in 9 min, 95% (B) for 3 min Flow rate:
20 ml/min UV wavelength range: 210-350 nm Mass range:
100-900 amu Ionization: ES+ Analytical chromatographic
conditions Column: X Terra MS C 18 5 mm, 50 x 4.6 mm
Mobile phase: A: NH4HCO3 sol. 10 mM, pH10; B: CH3CN
Gradient: 30% (B) for 1 min, from 30% (B) to 95% (B)
in 9 min, 95% (B) for 3 min Flow rate: 1 ml/min UV
wavelength range: 210-350 nm Mass range: 100-900 amu
Ionization: ES+ Obtained 44.6 mg of the desired
compound. NMR (CDCI3) : d (ppm) 8.03 (s, 1H), 7.90 (s,
1H), 7.74 (s, 2H), 7.54 (2, 2H), 7.49-7.39 (m, 2H),
7.27 (d, 1H), 6.72 (s, 1H), 4.39 (d, 1H), 4.22 (d, 1H)
3.05-2.98 (m, 2H), 2.90-2.83 (t, 1H), 2.57-2.46 (m,
1H), 2.42 (s, 3H), 2.12 (t, 1H), 2.04 (q, 1H),
1.97-1.61 (m, 4H), 1.45-1.19 (m, 7H).Example 29
2-[3,5-Bis(trifluoromethyl)-phenyl]-W-{4-(2-chlorophen
yl)-6-[(8a/?)- hexahydropyrrolo[1 ,2-a]pyrazin-2(1
AV)-yl]-3-pyridinyl}-L/,2-dimethylpropanamide (E29) To
a solution of 2-[3,5-bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(2-chlorophenyl)-3-
pyridinyl]-L/,2-dimethylpropanamide (WO 2005/002577;
0.1 1 mmol) in dry DMSO ( 1 ml) Roctahydropyrrolo[ 1
,2-a]pyrazine, (0.22 mmol) and potassium carbonate
(0.22 mmol) were added and the resulting mixture was
shaken for 12 hours at 150 C. After cooling the
dichloromethane was added (2 ml) and then isocyanate
polymer bound was added (2.0 mmol), and the resulting
mixture was shaken at room temperature overnight. Then
the resin was filtered and the filtrate was
concentrated under reduced pressure. Purifications
were carried out using mass directed HPLC: Preparative
chromatographic conditions Column: X Terra MS C18 5
mm, 100 x 19 mm Mobile phase: A: NH4HCO3 sol. 10 mM,
pH10; B: CH3CN Gradient: 30% (B) for 1 min, from 30%
(B) to 95% (B) in 9 min, 95% (B) for 3 min Flow rate:
20 ml/min UV wavelength range: 210-350 nm Mass range:
100-900 amu Ionization: ES+ Analytical chromatographic
conditions Column: X Terra MS C 18 5 mm, 50 x 4.6 mm
Mobile phase: A: NH4HCO3 sol. 10 mM, pH10; B: CH3CN
Gradient: 30% (B) for 1 min, from 30% (B) to 95% (B)
in 9 min, 95% (B) for 3 min Flow rate: 1 ml/min UV
wavelength range: 210-350 nm Mass range: 100-900 amu
Ionization: ES+ Obtained 26.3 mg of the desired
compound. NMR (DMSO-d6) : d (ppm) 8.03 (s, 1H), 7.90
(s, 1H), 7.74 (s, 2H), 7.54 (2, 2H), 7.49-7.39 (m,
2H), 7.27 (d, 1H), 6.72 (s, 1H) 4.39 (d, 1H), 4.22 (d,
1H), 3.05-2.98 (m, 2H), 2.90-2.83 (t, 1H), 2.57-2.46
(m, 1H), 2.42 (s, 3H) 2.12 (t, 1H), 2.04 (q, 1H)
1.97-1.61 (m, 4H), 1.45- 1.19 (m, 7H).Example 30
2-[3,5-Bis(trifluoromethyl)phenyl]-/V-[4-(4-fluoro-2-m
ethylphenyl)-6-
(hexahydropyrazino[2,1-c][1,4]oxazin-8(1H)-yl)-3-pyrid
inyl]-A/,2-dimethylpropanamide hydrochloride (E30)
ENANTIOMER 1 A sample of
2-[3,5-bis(trifluoromethyl)phenyl]-
L/-[4-(4-fluoro-2-methylphenyl)-6- 



(hexahydropyrazino[2, 1-c][1 ,4]oxazin-8(1
H)-yl)-3-pyridinyl]- L/,2-dimethylpropanamide (E20, 42
mg, 66 mmol) was suspended in 1 ml of anhydrous
diethyl ether and treated at 0 C for 30 min with 79
ml_ of 1M HCI in diethyl ether. The solvent was
removed under a stream of nitrogen and the product
triturated with anhydrous pentane, to give, after
filtration, the hydrochloride as a white solid (44 mg,
quantitative). MS (ES/+): 639 [M+H]+ NMR (DMSOd 6): d
(ppm) 10.99 (br. s, 1H), 8.04 (s, 1H), 7.95 9s, 1H),
7.85-7.60 (m, 2H), 7.19 (d, 1H), 7.16-6.92 (m, 2H),
6.92-6.80 (s, 1H), 4.56 (d, 1H), 4.43 (d, 1H),
4.12-3.93 (m, 2H), 3.81 (t, 1H), 3.59 (t, 1H),
3.52-3.45 (m, 1H), 3.29-3.12 (m, 3H), 3.05-2.79 (m,
1H), 2.60-2.52 (m, 1H), 2.33-2.20 (br. s, 3H),
2.22-2.14 (m, 1H), 2.16-2.05 (br. s, 3H), 1.56-1 .09
(m, 6H). Example 31
2-[3,5-Bis(trifluoromethyl)phenyl]-N-[4-(4-fluoro-2-me
thylphenyl)-6-
(hexahydropyrazino[2,1-c][1,4]oxazin-8(1H)-yl)-3-pyrid
inyl]-N,2-dimethylpropanamide hydrochloride (E31)
ENANTIOMER 2 2 A sample of
2-[3,5-bis(trifluoromethyl)phenyl]-
L/-[4-(4-fluoro-2-methylphenyl)-6-
(hexahydropyrazino[2, 1-c][1 ,4]oxazin-8(1
/-/)-yl)-3-pyhdinyl]- L/,2-dimethylpropanamide (E21 ;
39 mg ,61 mmol) was suspended in 1 ml of anhydrous
diethyl ether and treated at 00C for 30 min with 73
ml_ of 1M HCI in diethyl ether. The solvent was
removed under a stream of nitrogen and the product
triturated with anhydrous pentane, to give, after
filtration, the hydrochloride as a white solid 4 1 mg.
MS (ES/+): 639 [M+H]+NMR (DMSO-d6): d (ppm) 10.99 (br.
s, 1H), 8.04 (s, 1H), 7.95 9s, 1H), 7.85-7.60 (m, 2H),
7.19 (d, 1H), 7.16-6.92 (m, 2H), 6.92-6.80 (s, 1H),
4.56 (d, 1H), 4.43 (d, 1H), 4.12-3.93 (m, 2H), 3.81
(t, 1H), 3.59 (t, 1H), 3.52-3.45 (m, 1H), 3.29-3.12
(m, 3H), 3.05-2.79 (m, 1H), 2.60-2.52 (m, 1H),
2.33-2.20 (br. s, 3H), 2.22-2.14 (m, 1H) 2.16-2.05
(br. s, 3H), 1.56-1 .09 (m, 6H). Example 32
2-[3,5-Bis(trifluoromethyl)phenyl]-/V-{4-(4-fluoro-2-m
ethylphenyl)-6-[(3R,8aR)-3-
(hydroxymethyl)hexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl
]-3-pyridinyl}- L/,2- dimethylpropanamide (E32) The
title compound was prepared starting from 323 mg
(0.608 mmoles) of 2-[3,5- bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide (WO 2005/002577), 1.216 mg
(0.160 mmol) of (3R,9aR)-octahydro- 2H-pyrido[1
,2-a]pyrazin-3-ylmethanol (Tetrahedron Asymmetry,
1996, 7(7), 1999-2005), 35mg of
bis(dibenzylideneacetone)palladium (0.061 mmol), 57 mg
of 2- dicyclohexylphosphino-2'-(
L/,L/-dimethylamino)biphenyl (0.145 mmol), 297 mg
(0.912 mmol) of cesium carbonate; the reagents were
dissolved in 10ml of toluene and stirred at 140 C in a
closed vial for 4 hours. More
dicyclohexylphosphino-2'-( L/,L/-
dimethylamino)biphenyl (57 mg 0.145 mmol), and
bis(dibenzylideneacetone)palladium (35 mg, 0.061 mmol)
were added and the reaction kept at 140C for
additional 4 hours. The crude material was loaded on a
SCX cartridge, the neutral fractions were washed with
methanol and the basic eluted with 2M ammonia in
methanol and collected. The solvent was removed and
the residue purified by chromatography (Silica)
eluting with ethyl acetate, followed by a gradient
from methylene chloride to methylene chloride:methanol
95:5. The cleanest fractions were purified further by
chromatography on an NH2 silica cartridge with a
gradient cyclohexane to cyclohexane:ethyl acetate
70:30, affording 29 mg of the title compound as pale
yellow solid. MS (ES/+): 653 [M+H]+ NMR (DMSO-d6) : d
(ppm) 7.89-7.86 (s, 1H); 7.80-7.76 (s, 1H); 7.70-7.66
(s, 2H); 7.12-7.03 (m, 2H); 7.00-6.92 (m, 1H);
6.50-6.47 (s,1 H); 4.06-3.97 (m, 1H); 3.66-3.54 (m,
3H); 3.49- 3.39 (m, 1H); 3.27-3.12 (m, 1H); 3.1 1-3.00
(m, 1H); 2.89-2.77 (m, 2H); 2.44-2.38 (s, 3H);
2.17-2.07 (S, 3H); 2.07-1.41 (m, 5H); 1.38-1 .31 (s,
3H); 1.26-1 .20 (s, 3H). Example
332-[3,5-Bis(trifluoromethyl)phenyl]-
L/-[6-(2,2-dioxidohexahydropyrazino[2,1-
c][1,4]thiazin-8(1AY)-yl)-4-(4-fluoro-2-methylphenyl)-
3-pyridinyl]-L/,2- dimethylpropanamide (E33) A 8 ml
sealed vial was charged with 180 mg (0.31 mmol) of
2-[3,5- bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide (WO 2005/002577); 168 mg
(0.62 mmol) of octahydropyrazino[2,1- c][1 ,4]thiazine
2,2-dioxide (D19), 128 mg (0.701 mmol) of potassium
carbonate; the 



reagents were dissolved in 1 ml of DMSO and stirred at
1500C for 18h. The reaction mixture was diluted with
water and ethyl acetate and the aqueous phase was
extracted with ethyl acetate. The combined organic
fractions were dried and the solvent was removed under
reduced pressure. The crude product was purified by
flash chromatography (silica, cyclohexane/EtOAc 50/50
to EtOAc) affording the title compound as a white
solid 105 mg. MS (ES/+): [M+Na]\ NMR (DMSO-d6) : d
(ppm) 8.07-7.99 (s, 1H), 7.97-7.86 (s, 1H), 7.82-7.62
(m, 2H), 7.22-7.12 (d, 1H), 7.15-6.98 (m, 2H),
6.79-6.69 (s, 1H), 4.32-4.13 (m, 2H), 3.31-3.07 (m,
5H), 3.04- 2.84 (m, 3H), 2.73-2.55 (m, 2H), 2.57-2.43
(m, 3H), 2.36-2.18 (m, 1H), 2.29-2.05 (m, 3H); 1.60-1
.27 (m, 6H). Example 34
2-[3,5-Bis(trifluoromethyl)phenyl]-yV-{4-(4-fluoro-2-m
ethylphenyl)-6-[(7S,9aS)-7-
(hydroxymethyl)hexahydropyrazino[2,1 -c][1
,4]oxazin-8(1 H)-yl]-3-pyridinyl}-A/,2-
dimethylpropanamide
(E34)2-[3,5-bis(trifluoromethyl)phenyl]-
L/-[6-[(7S,9aS)-7-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)hexahydropyra
zino[2,1-c][1 ,4]oxazin-8(1H)-yl]-4-(4-
fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2-dimethylpropanamide (D24) (390 mg, 0.498 mmol)
was dissolved 17 ml. of methanol. To this solution was
added concentrated HCI (0.9 mL) at 00C, and stirring
was continued at room temperature for 3h (complete
conversion). The reaction mixture was loaded on a SCX
cartridge and washed with MeOH. The product was eluted
with 0.5 M methanolic ammonia. The product-containing
fractions were evaporated, leaving the target compound
as a white solid: 310 mg, 0.464 mmol, 93%. UPLC/MS:
m/z= 669 (M+1). 1H-NMR (DMSO-d 6) : d (ppm) 8.07-7.97
(s, 1H), 7.88-7.81 (s, 1H), 7.79-7.69 (br. s, 2H),
7.19-7.1 1 (d, 1H), 7.14-7.06 (br. s, 2H) 6.64-6.56
(s, 1H), 4.75-4.65 (m, 1H), 4.31-4.13 (br. S, 1H),
4.15-4.01 (br. s, 1H), 3.80-3.68 (m, 3H), 3.58-3.49
(t, 1H); 3.43-3.34 (m, 1H); 3.18- 3.09 (t, 1H);
3.04-2.98 (d, 1H); 2.68-2.58 (d, 1H); 2.51-2.45 (s,
3H); 2.20-2.13 (s, 3H); 2.29- 2.00 (m, 4H); 1.54-1 .39
(s, 3H); 1.39-1 .28 (s, 3H). Example 35
2-[3,5-Bis(trifluoromethyl)phenyl]-W-{4-(4-fluoro-2-me
thylphenyl)-6-[(7S,9aS)-7-
(hydroxymethyl)hexahydropyrazino[2,1 -c][1
,4]oxazin-8(1 H)-yl]-3-pyridinyl}- L/,2-
dimethylpropanamide Hydrochloride (E35) To a solution
of 2-[3,5-bis(trifluoromethyl)phenyl]-
L/-{4-(4-fluoro-2-methylphenyl)-6-
[(7S,9aS)-7-(hydroxymethyl)hexahydropyrazino[2,1-c][1,
4]oxazin-8(1H)-yl]-3-pyridinyl}- L/,2-
dimethylpropanamide (E34) (300 mg, 0.449 mmol) in 2 mL
of diethyl ether was added 0.6 mL of a 1M HCI solution
in diethyl ether. A white precipitate formed. The
solvent and excess HCI were removed under a stream of
nitrogen and the residue was triturated with 1 mL of
1:1 pentane: Et2O. The white solid was collected by
filtration and left under high vacuum to give the
title compound 280 mg, 0.397 mmol, 88% yield. 1H NMR
(500 MHz, DMSO-Cf6) d ppm 10.24 (br. s., 1 H) 8.03
(br. s., 1 H) 7.90 (br. s., 1 H) 7.55 - 7.82 (m, 2 H)
6.89 - 7.24 (m, 3 H) 6.77 (br. s., 1 H) 4.65 (br. s.,
1 H) 4.45 (br. s., 1 H) 3.92 - 4.15 (m, 2 H) 3.76 -
3.90 (m, 2 H) 3.34 - 3.55 (m, 2 H) 3.09 - 3.36 (m, 2
H) 2.84 - 3.04 (m, 1 H) 2.49 - 2.62 (m, 2 H) 2.01 -
2.30 (m, 6 H) 1.10 - 1.58 (m, 8 H). aD (c = 0.5 in
MeOH) = -39.6 obtained using a polAAR 3000
polarimeter, l = 589.4nm, cell volume = 1.3ml, path
length, I = 1dm. (This value was determined on a
different sample, spectroscopically the same as that
described above and prepared in an analogous
way).Example 36
2-[3,5-Bis(trifluoromethyl)phenyl]-W-{4-(4-fluoro-2-me
thylphenyl)-6-[(7S,9aR)-7-
(hydroxymethyl)hexahydropyrazino[2,1 -c][1
,4]oxazin-8(1 H)-yl]-3-pyridinyl}- L/,2-
dimethylpropanamide (E36)
2-[3,5-bis(trifluoromethyl)phenyl]-
L/-[6-[(7S,9aR)-7-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)hexahydropyra
zino[2,1-c][1,4]oxazin-8(1/-/)-yl]-4-(4-
fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2-dimethylpropanamide (D25) (87 mg, 0.1 11 mmol)
was dissolved 4 ml_ of methanol. To this solution was
added concentrated HCI (0.2 mL) at 0C, and stirred at
room temperature for 1h (complete conversion). The
reaction mixture was loaded on a SCX cartridge and
washed with MeOH. The product was eluted with 0.5 M
methanolic ammonia. The UV-active basic fractions were
evaporated, leaving the target compound as a white
solid: 69 mg, 0.103 mmol, 93%. MS: m/z= 669 (M+1).
1H-NMR (DMSO-d6): d (ppm) 8.07-7.97 (m, 1H), 7.95-7.89
(br. s, 1H), 7.81-7.67 (br. s, 2H), 7.20-7.10 (d, 1H),
7.16-7.04 (br. s, 2H), 6.75-6.65 (br. s, 1H),
4.87-4.78 (br. s, 1H), 3.96- 3.79 (br. s, 1H),
3.66-3.47 (m, 4H), 3.42-3.34 (m, 1H), 3.32-3.23 (m,
1H); 3.17-3.07 (dd, 



1H); 2.71-2.63 (dd, 1H); 2.61-2.39 (m, 2H); 2.50-2.44
(s, 3H); 2.39-1.99 (m, 3H); 2.16-2.02 (br. s, 3H);
1.58-1.42 (s, 3H); 1.40-1.27 (s, 3H). Example 37
2-[3,5-Bis(trifluoromethyl)phenyl]-N-{4-(4-fluoro-2-me
thylphenyl)-6-[(7S, 9a/? or 9aS)-
7-(hydroxymethyl)-2,2-dioxidohexahydropyrazino[2,1
-c][1 ,4]thiazin-8(1 H)-yl]-3-
pyridinyl}-N,2-dimethylpropanamide
(E37)-Diastereoisomer 1To a solution of
2-[3,5-bis(trifluoromethyl)phenyl]-N-[6-[(7S, 9aR or
9aS)-7-({[(1,1-
dimethylethyl)(dirnethyl)silyl]oxy}methyl)-2,2-dioxido
hexahydropyrazino[2, 1-c][1 ,4]thiazin- 8(1
H)-yl]-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2-dimethylpropanamide (D31) (170 mg, 0.2 mmol) in 8
mL of methanol was added dropwise HCI 12 N (0.4 mL) at
0cC. The reaction mixture was stirred at room
temperature for 1.5 hrs, then it was purified by SCX
cartridge to give the title compound as a white solid
(120 mg, yield=81%). HPLC : peak @ t=5.54 min 1H NMR
(500 MHz, DMSO-Cf6) d ppm 8.01 (s, 1 H) 7.85 (s, 1 H)
7.63 - 7.81 (m, 2 H) 7.16 (d, 1 H) 7.03 - 7.17 (m, 2
H) 6.67 (s, 1 H) 4.71 (t, 1 H) 4.19 - 4.36 (m, 1 H)
4.02 - 4.19 (m, 1 H) 3.65 - 3.80 (m, 1 H) 3.36 - 3.53
(m, 1 H) 3.24 - 3.36 (m, 2 H) 3.15 - 3.29 (m, 2 H)
3.10 (d, 1 H) 2.86 - 3.01 (m, 1 H) 2.72 - 2.84 (m, 1
H) 2.65 (d, 1 H) 2.49 (s, 3 H) 2.42 - 2.56 (m, 2 H)
2.20 (S 3 H) 1.49 (s, 3 H) 1.34 (s, 3 H). Example 38
2-[3,5-Bis(trifluoromethyl)phenyl]-N-{4-(4-fluoro-2-me
thylphenyl)-6-[(7S, 9aS or R)-7-
(hydroxymethyl)-2,2-dioxidohexahydropyrazino[2,1-c][1,
4]thiazin-8(1H)-yl]-3-
pyridinyl}-N,2-dimethylpropanamide (E38)-Diastereomer
2 2-[3,5-Bis(trifluoromethyl)phenyl]-N-[6-[(7S, 9aS or
R)-7-({[(1,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)-2,2-dioxidoh
exahydropyrazino[2, 1-c][1 ,4]thiazin-
8(1H)-yl]-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-N,2
-dimethylpropanamide (D36) (158 mg, 0.190 mmol) was
dissolved 10 mL of methanol. To this solution was
added dropwiseconcentrated HCI (0.4 mL) at 00C, and
stirred at room temperature for 1.5 h (complete
conversion by UPLC/MS, peak at 0.87 min., m/z = 717
(M+1), 359 (M/2 +1). The reaction mixture was purified
by SCX cartridge, leaving the target compound as a
solid: 107 mg, 0.149 mmol, 78%. MS: m/z= 669 (M+1). 1H
NMR (500 MHz, DMSO-Cf6) d ppm 7.97 - 8.07 (m, 1 H)
7.81 - 7.93 (m, 1 H) 7.62 - 7.81 (m, 2 H) 6.90 - 7.24
(m, 3 H) 6.57 - 6.71 (m, 1 H) 4.65 - 4.76 (m, 1 H)
4.09 - 4.38 (m, 1 H) 3.65 - 3.79 (m, 1 H) 3.30 - 3.49
(m, 2 H) 3.05 - 3.28 (m, 5 H) 3.00 (t, 1 H) 2.65 -
2.79 (m, 1 H) 2.37 - 2.50 (m, 1 H) 2.01 - 2.33 (m, 7
H) 1.10 - 1.55 (m, 6 H). Example 39 L/-[6-[(3S, 9a/?
or
S)-8-acetyl-3-(hydroxymethyl)octahydro-2H-pyrazino[1,2
-a]pyrazin-
2-yl]-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-2-[3,5-
bis(trifluoromethyl)phenyl]-W,2- dimethylpropanamide
(E39)-Diastereoisomer 1 L/-[6-[(3S, 9af? or
S)-8-acetyl-3-({[(1
,1-dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydro-
2H-pyrazino[1,2-a]pyrazin-2-yl]-4-(4-fluoro-2-methylph
enyl)-3-pyridinyl]-2-[3,5-
bis(trifluoromethyl)phenyl]- L/,2-dimethylpropanamide
(D41) ( 1.168 g, 1.42 mmol) was dissolved in 40 mL of
methanol. To this solution was added concentrated HCI
(2.5 mL) at 00C, and stirred at room temperature for 1
h. UPLC/MS analysis showed complete conversion to the
expected product (peak at 0.75 min, m/z = 710 (M+1 ),
355.7 (M/2 +1)). The reaction mixture was purified by
SCX cartridge, followed by flash chromatography
(CH2CI2 -> CH2CI2 : MeOH 92.5 : 7.5), to give target
compound as a solid: 483 mg, - mmol, 78%. 1H NMR (500
MHz, DMSO-Qf6) d ppm 7.97 - 8.06 (m, 1 H) 7.80 - 7.89
(m, 1 H) 7.60 - 7.80 (m, 2 H) 6.90 - 7.24 (m, 3 H)
6.54 - 6.76 (m, 1 H) 4.66 - 4.74 (m, 1 H) 4.04 - 4.43
(m, 2 H) 3.67 - 3.91 (m, 2 H) 3.32 - 3.47 (m, 1 H)
3.13 - 3.23 (m, 1 H) 3.00 - 3.10 (m, 1 H) 2.68 - 2.87
(m, 2 H) 2.55 - 2.69 (m, 2 H) 1.78 - 2.40 (m, 12 H)
1.1 1 - 1.58 (m, 6 H) Example 40 /V-[6-[(3S, 9aS or
-d-acetyl-S^hydroxymethyOoctahydro^H-pyrazinoti^-alpyr
azin-
2-yl]-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-2-[3,5-
bis(trifluoromethyl)phenyl]- L/,2- dimethylpropanamide
(E40)-Diastereoisomer 2L/-[6-[(3S, 9aS or
R)-8-acetyl-3-({[(1,1-dimethylethyl)(dimethyl)silyl]ox
y}methyl)octahydro- 2H-pyrazino[1
,2-a]pyrazin-2-yl]-4-(4-fluoro-2-methylphenyl)-3-pyrid
inyl]-2-[3,5- bis(trifluoromethyl)phenyl]-
L/,2-dimethylpropanamide (D42) was treated as
described for N- [6-[(3S, 9aR or S)-8-acetyl-3-({[(1
,1-dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydro-
2Hpyrazino[ 1
,2-a]pyrazin-2-yl]-4-(4-fluoro-2-methylphenyl)-3-pyrid
inyl]-2-[3,5- bis(trifluoromethyl)phenyl]-
L/,2-dimethylpropanamide (D41) above. UPLC/MS analysis
showed complete conversion to the expected product
(peak at 0.71 min, m/z = 710 (M+1), 



355.7 (M/2 +1)).The product was purified in the same
way, yielding 700 mg. 1H NMR (500 MHz, DMSO-^ 6) d ppm
7.97 - 8.06 (m, 1 H) 7.86 - 7.94 (m, 1 H) 7.61 - 7.82
(m, 2 H) 6.92 - 7.21 (m, 3 H) 6.64 - 6.79 (m, 1 H)
4.75 - 4.84 (m, 1 H) 4.05 - 4.17 (m, 1 H) 3.90 - 4.05
(m, 1 H) 3.45 - 3.69 (m, 4 H) 3.33 - 3.45 (m, 1 H)
3.18 - 3.30 (m, 1 H) 3.05 - 3.18 (m, 2 H) 2.69 - 2.83
(m, 1 H) 2.51 - 2.64 (m, 2 H) 2.32 - 2.45 (m, 2 H)
2.05 - 2.29 (m, 5 H) 1.93 - 2.01 (m, 3 H) 1.09 - 1.56
(m, 6 H). Example 4 1:
2-[3,5-bis(trifluoromethyl)phenyl]-/V-{6
1-[(7S,9aS)-7- (hydroxymethyl)hexahydropyrazino[2,1
-c][1 ,4]oxazin-8(1 H)-yl]-4-methyl-3,4'-
bipyridin-3'-yl}-L/,2-dimethylpropanamide (E41)
2-[3,5-bis(trifluoromethyl)phenyl]-N-{6
-[(7S,9aS)-7-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)hexahydropyra
zino[2,1-c][1 ,4]oxazin-8(1 H)-
yl]-4-methyl-3,4'-bipyridin-3'-yl}-N,2-dimethylpropana
mide (D53, 86mg) was dissolved in dry MeOH (4ml_),
cooled in an ice/salt bath to ~0C before adding c.HCI
solution. The mixture was stirred at ~0C for 45mins
before allowing to warmup to R.T. and stirring for a
further 2hrs. Placed on a 5g SCX column, washed with
MeOH x3, before eluting compound off with NH3 in MeOH.
Solvent evaporated. Residue purified on a 5g sek pak
column eluting with Pent to EtOAc to 10%MeOH/EtOAc.
Solvent evaporated to dryness in vacuo to afford a
colourless gum of the title compound. NMR (DMSO- d6) d
8.44 ( 1H, d), 8.21 ( 1H, s), 8.04 ( 1H, s), 7.89 (
1H, s), 7.73 ( 2H, s), 7.33 ( 1H, d), 6 . 70 ( 1H, s),
4.71 ( 1H, br t), 4.23 ( 1H br s), 4.10 ( 1h, br s),
3.76 ( 3H,m), 3.55 ( 1H, t), 3.41 ( 2H, m), 3.16 ( 1H,
t), 3.02 ( 1H d), 2.66 ( 1H, m), 2.33- 2.05 (7H m),
1.47- 1.17 ( 6H, br m) MS (API+): m/z 652.1 (MH+;
20%). Example 42: 2-[3,5-bis(trifluoromethyl)phenyl]-
L/-{6l-[(7S,9aS)-7-
(hydroxymethyl)hexahydropyrazino[2,1 -c][1
,4]oxazin-8(1 H)-yl]-4-methyl-3,4'-
bipyridin-3'-yl}-A/,2-dimethylpropanamide
hydrochloride (E42) Title compound was made by
dissolving 2-[3,5-bis(trifluoromethyl)phenyl]- L/-{6'-
[(7S,9aS)-7-(hydroxymethyl)hexahydropyrazino[2,1-c][1
,4]oxazin-8(1 H)-yl]-4- methyl-3,4'-bipyridin-3'-yl}-
L/,2-dimethylpropanamide (E41 , 33.8mg) in minimum of
DCM, adding 1M HCI solution in Et2O, adding Et2O,
triturating till a solid precipitates out. Liquors
removed. More Et2O added triturated again. Solvent
blown dry to afford a white solid. MS (API+): m/z =
652.3 (MH+; 20%) Example 43:
2-[3,5-bis(trifluoromethyl)phenyl]-
L/-{6-fluoro-6'-[(7S,9aS)-7-
(hydroxymethyl)hexahydropyrazino[2,1 -c][1
,4]oxazin-8(1 H)-yl]-2-methyl-3,4'-
bipyridin-3'-yl}-L/,2-dimethylpropanamide
(E43)2-[3,5-bis(trifluoromethyl)phenyl]-N-(6
1-chloro-6-fluoro-2-methyl-3,4 1-bipyridin-3'-yl)-
N,2-dimethylpropanamide (D54, 53.5mg, O.i mmol),
(7S,9aS)-7-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)octahydropyra
zino[2,1-c][1 ,4]oxazine (051 , 37mg, 0.13mmol) were
dissolved in toluene ( 1.5ml_). Bis
tritertbutylphosphine palladium (13mg, 0.026mmol),
followed by hexadecyltrimethylammoium chloride (
10ml_, 25% aq sol), and finally sodium hydroxide
solution (0.1 3ml_, 50% aq sol). The mixture was
degassed for 5 minutes before heating at 90C for 4.5
hours. Cooled to RT. , diluted with EtOAc, washed with
sat. NaHCO3 solution, dried (MgSO4) . Filtered.
Solvent evaporated. Residue purified by SCX column,
washing with MeOH before eluting with NH3 in MeOH.
Solvent evaporated. Residue purified by column
chromatography eluting with Pent to EtOAc to 10%
MeOH/EtOAc. Solvent evaporated under reduced pressure
to afford a colourless solid of the title compound ( 1
1mg). NMR (400MHz, CDCI3) d 7.98 ( 1H, s), 7.79 ( 1H,
s), 7.73-7.70 ( 1H, br m), 7.64 ( 1H, S), 6.82 ( 1H,
s), 6.43 ( 1H, s), 4.55 ( 1H,d), 4.02 ( 2H, s), 3.90 (
1H, d), 3.81 (2H, t), 3.67 ( 1H m), 3.33 ( 1H 1),
3.12- 3.06 (2H,m), 2.77 ( 1H, d), 2.54 - 2.30 (1OH,
m), 1.49 ( 3H,s), 1.35 (3H,s) MS (API+): m/z 670.3
(MH+; 100%) Example 44:
2-[3,5-bis(trifluoromethyl)phenyl]-W-{6-fluoro-6
l-[(7S,9aS)-7- (hydroxymethyl)hexahydropyrazino[2,1
-c][1,4]oxazin-8(1H)-yl]-2-methyl-3,4'-
bipyridin-3'-yl}-/V,2-dimethylpropanamide
hydrochloride (E44) HCI salt made as described in
example 4 1 starting from 2-[3,5-
bis(trifluoromethyl)phenyl]-
L/-{6-fluoro-6'-[(7S,9aS)-7-
(hydroxymethyl)hexahydropyrazino[2,1-c][1
,4]oxazin-8(1H)-yl]-2-methyl-3,4'- bipyridin-3'-yl}-
L/,2-dimethylpropanamide (E43, 11.3mg)to afford an off
white solid. 



MS (API+): m/z 670.3 (MH+; 100%) Example 45:
2-[3,5-bis(trifluoromethyl)phenyl]-
L/-{4-(5-fluoro-2-methylphenyl)- - S
aSJ^^hydroxymethyOhexahydropyrazinop.i -c][1
,4]oxazin-8(1 H)-yl]-3-
pyridinyl}-L/,2-dimethylpropanamide
(E45)2-[3,5-bis(trifluoromethyl)phenyl]-N-[6-[(7S,9aS)
-7-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)hexahydropyra
zino[2,1-c][1 ,4]oxazin-8(1 H)-
yl]-4-(5-fluoro-2-methylphenyl)-3-pyridinyl]-N,2-dimet
hylpropanamide (D56, 110mg) was dissolved in dry MeOH
(2ml_), cooled in an ice-salt bath before adding cHCI
solution ( ~0.2mL), and stirring at RT. for 2 hours.
Poured directly onto a 5g SCX column. Washed with MeOH
(2 x10ml_), before eluting the compound with NH3 in
MeOH 94 x10ml_). Solvent evaporated. Residue purified
on a 5g sek-pak column eluting with Pent to EtOAc to
10%MeOH/EtOAc. Solvent evaporated to afford the title
compound as a white solid. NMR (400MHz ; CDCI3) d 7.98
( 1H, br s), 7.77 ( 1H, s), 7.67 ( 2H, s), 7.21 ( 1H,
br s), 7.00 ( 2H m), 6.44 ( 1H, s), 4.57 ( 1H, br s),
4.20- 4.08 ( 1H, br m), 4.02 ( 2H, s), 3.89 ( 1H, dd),
3.81 ( 2H, d), 3.70 ( 1H, m), 3.33 ( 1H 1), 3.1 1-
3.05 (2H, m), 2.76 ( 1H, d), 3.63 ( 1H, d), 2.42- 2.30
( 4H, m), 2.29- 2.05 ( 4H, m), 1.51- 1.32 ( 6H, m) MS
(API+): m/z 669.3 ( MH+; 100%) Example 46:
2-[3,5-bis(trifluoromethyl)phenyl]-
L/-{4-(5-fluoro-2-methylphenyl)-
6-[(7S,9aS)-7-(hydroxymethyl)hexahydropyrazino[2,1
-c][1 ,4]oxazin-8(1 H)-yl]-3- pyridinyl}-
L/,2-dimethylpropanamide hydrochloride (E46) HCI salt
made according to method described in Example 4 1
starting from 2-[3,5-
bis(trifluoromethyl)phenyl]-A/-{4-(5-fluoro-2-methylph
enyl)-6-[(7S,9aS)-7-
(hydroxymethyl)hexahydropyrazino[2,1 -c][1
,4]oxazin-8(1 /-/)-yl]-3-pyridinyl}- L/,2-
dimethylpropanamide (E45, 11.5mg) to afford a pale
yellow solid MS (API+): m/z 669.3 (MH+; 100%) Example
47: 2-[3,5-bis(trifluoromethyl)phenyl]-
L/-{4-(2-chloro-4-fluorophenyl)-
6-[(7S,9aS)-7-(hydroxymethyl)hexahydropyrazino[2,1
-c][1 ,4]oxazin-8(1 H)-yl]-3- pyridinyl}-
L/,2-dimethylpropanamide
(E47)2-[3,5-bis(trifluoromethyl)phenyl]-N-{4-(2-chloro
-4-fluorophenyl)-6-[(7S,9aS)-7- ({[(1
,1-dimethylethyl)(dimethyl)silyl]oxy}methyl)hexahydrop
yrazino[2,1-c][1 ,4]oxazin- 8(1
H)-yl]-3-pyridinyl}-N,2-dimethylpropanamide (D58,
22mg, 0.027mmol) was dissolved in dry MeOH (2mL),
cooled in an ice-salt bath to ~0C before adding c.HCI
solution (~ 0.1 mL), slowly. The reaction mixture was
stirred at ~0C for 1 hour before warming up and
stirring at RT. for 2 hours. Placed directly onto a 2g
SCX column, washing with MeOH (2 x 5ml_) before
eluting the compound off with NH3 in MeOH (4 x 5mL).
Solvent evaporated under reduced pressure to afford
the title compound as an off white solid. (10mg) NMR (
400MHz, DMSO-d6) d 8.03 ( 1H,s), 7.89 ( 1H, s), 7.71
(2H, s), 7.55 ( 1H, d), 7.34 ( 2H, m), 6.65 ( 1H,s),
4.71 ( 1H,t), 4.22 ( 1H, br m), 4.07 ( 1H, br m), 3.76
( 2H,m), 3.55 ( 1H, t), 3.1 5 ( 1H,t), 3.03 ( 1H, m),
2.68- 2.60 (2H,m), 2.50- 2.40 ( 3H, m), 2.18- 2.05
(3H, m), 1.45 ( 3H,s), 1.31 (3H,s) MS (API+): m/z
689.3 (MH+; 100%) Example 48:
2-[3,5-bis(trifluoromethyl)phenyl]-
L/-{4-(2-chloro-4-fluorophenyl)-
6-[(7S,9aS)-7-(hydroxymethyl)hexahydropyrazino[2,1
-c][1 ,4]oxazin-8(1 H)-yl]-3-
pyridinyl}-L/,2-dimethylpropanamide hydrochloride
(E48) HCI salt made according to method described in
Example 4 1 starting from 2-[3,5-
bis(trifluoromethyl)phenyl]-
L/-{4-(2-chloro-4-fluorophenyl)-6-[(7S,9aS)-7-
(hydroxymethyl)hexahydropyrazino[2,1-c][1
,4]oxazin-8(1H)-yl]-3-pyridinyl}- L/,2-
dimethylpropanamide (E47, 10mg) to afford a pale
yellow solid. MS (API+): m/z 689.2 (MH+; 100%) Example
49: 2-[3,5-bis(trifluoromethyl)phenyl]-
L/-{6-[(7S,9aS)-7-
(hydroxymethyl)hexahydropyrazino[2,1 -c][1
,4]oxazin-8(1 H)-yl]-4-[2-
(hydroxymethyl)phenyl]-3-pyridinyl}-
L/,2-dimethylpropanamide
(E49)2-[3,5-bis(trifluoromethyl)phenyl]-N-{6-[(7S,9aS)
-7-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)hexahydropyra
zino[2,1-c][1 ,4]oxazin-8(1 H)-
yl]-4-[2-(hydroxymethyl)phenyl]-3-pyridinyl}-N,2-dimet
hylpropanamide (D61 , 24.6mg, 0.031 5mmol) was
suspended in dry MeOH ( 1mL) before adding c.HCI
solution (5 drops). The reaction mixture was then
stirred at RT. for 3 hours. Poured directly onto a 5g
SCX column, washing with MeOH (2 x 1OmL) before
eluting the compound off with NH3 in MeOH ( 4 x 1OmL).
Solvent evaporated. Residue purified on a 5g sek pak
column eluting with 0 - 100% EtOAc/Pent followed by 0
-10% MeOH/EtOAc. Solvent evaporated to afford the
title compound as a colourless gum. 



NMR ( 400MHz, CDCI3) d 7.94 ( 1H, d), 7.78 ( 1H, s) ,
7.66- 7.59 ( 3H, m), 7.43 ( 1H, t), 7.28 ( 1H, m),
7.00- 6.96 ( 1H, m), 6.46 ( 1H, d), 4.67 ( 1H, m),
4.53 ( 1H,d), 4.42- 4.34 ( 1H, m), 4.05 - 3.98 ( 2H,
m), 3.90- 3.67 ( 6H,m), 3.35- 3.30 ( 1H,m), 3.09- 3.00
( 2H,m), 2.72 (3H,d), 2.63 ( 1H,dd), 2.45- 2.30 (
3H,m), 1.30 ( 6H,s) MS ( API+): m/z 667. 3( MH+; 100%)
Example 50:
2-[3,5-bis(trifluoromethyl)phenyl]-A/-{6-[(7S,9aS)-7-
(hydroxymethyl)hexahydropyrazino[2,1 -c][1
,4]oxazin-8(1 H)-yl]-4-[2-
(hydroxymethyl)phenyl]-3-pyridinyl}-
L/,2-dimethylpropanamide hydrochloride HCI salt made
according to method described in Example 4 1 starting
from 2-[3,5-
bis(trifluoromethyl)phenyl]-A/-{6-[(7S,9aS)-7-(hydroxy
methyl)hexahydropyrazino[2,1- c][1 ,4]oxazin-8(1
H)-yl]-4-[2-(hydroxymethyl)phenyl]-3-pyridinyl}- L/,2-
dimethylpropanamide (E49, 10.2mg) to afford a yellow
solid. MS ( API+): 667.3 (MH+; 100%) Example 5 1:
2-[3,5-bls(trifluoromethyl)phenyl]- L/-[6-[(9a/? or
9aS)-2,2- dioxidohexahydropyrazino[2,1 -c][1
,4]thiazin-8(1 H)-yl]-4-(4-fluoro-2-
methylphenyl)-3-pyridinyl]- L/,2-dimethylpropanamide
(E51- Enantiomer
1)L/-[6-(8-acetyloctahydro-2H-pyrazino[1
,2-a]pyrazin-2-yl)-4-(4-fluoro-2-
methylphenyl)-3-pyridinyl]-2-[3,5-bis(trifluoromethyl)
phenyl]- L/,2- dimethylpropanamide (E33, 101 mg) was
submitted for chiral separation to isolate its
enantiomers. The Enantiomer labeled 1, of unknown but
single stereochemistry was isolated using preparative
conditions described below (obtained 12 mg of title
compound, >95%e.e., analytical retention time 10.23
min). Semipreparative SFC (Gilson) conditions:
Analytical SFC (Berger) conditions: 1H NMR (500 MHz,
DMSO-cfe) d ppm 8.02 (br. s., 1 H) 7.89 (br. s., 1 H)
7.61 - 7.84 (m, 2 H) 7.16 (d, 1 H) 6.90 - 7.14 (m, 2
H) 6.72 (br. s., 1 H) 4.12 - 4.31 (m, 2 H) 3.08 - 3.32
(m, 5 H) 2.85 - 3.03 (m, 3 H) 2.52 - 2.73 (m, 2 H)
2.01 - 2.32 (m, 7 H) 1.13 - 1.59 (m, 6 H) MS (direct):
687 (M+1 ) Example 52:
2-[3,5-bis(trifluoromethyl)phenyl]- L/-[6-[(9aS or
9aR)-2,2- dioxidohexahydropyrazino[2,1 -c][1
,4]thiazin-8(1 H)-yl]-4-(4-fluoro-2-
methylphenyl)-3-pyridinyl]- L/,2-dimethylpropanamide
(E52 - Enantiomer 2)The title compound was obtained as
the second compound, labeled Enantiomer 2, from the
chiral separation performed on
2-[3,5-Bis(trifluoromethyl)phenyl]- L/-[6-(2,2-
dioxidohexahydropyrazino[2,1-c][1
,4]thiazin-8(1/-/)-yl)-4-(4-fluoro-2-methylphenyl)-3-
pyridinyl]-L/,2-dimethylpropanamide (E33) as reported
for 2-[3,5- bis(trifluoromethyl)phenyl]- L/-[6-[(9af?
or 9aS)-2,2-dioxidohexahydropyrazino[2,1- c][1
,4]thiazin-8(1
/-/)-yl]-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide (E51 )(obtained 70 mg,
>95.5%e.e., analytical retention time 14.56 min). 1H
NMR (500 MHz, DMSO-c/6) d ppm 8.02 (br. s., 1 H) 7.89
(br. s., 1 H) 7.61 - 7.84 (m, 2 H) 7.16 (d, 1 H) 6.90
- 7.14 (m, 2 H) 6.72 (br. s., 1 H) 4.12 - 4.31 (m, 2
H) 3.08 - 3.32 (m, 5 H) 2.85 - 3.03 (m, 3 H) 2.52 -
2.73 (m, 2 H) 2.01 - 2.32 (m, 7 H) 1.13 - 1.59 (m, 6
H) MS (direct): 687 (M+1 ) Example 53:
2-[3,5-bis(trifluoromethyl)phenyl]-
L/-{4-(4-fluoro-2-methylphenyl)-
6-[(7aS)-3-oxotetrahydro-1H-pyrrolo[1
,2-c]imidazol-2(3H)-yl]-3-pyridinyl}- L/,2-
dimethylpropanamide (E53) The starting
2-[3,5-bis(trifluoromethyl)phenyl]-/V-(4-(4-fluoro-2-m
ethylphenyl)-6-
{[(2S)-2-pyrrolidinylmethyl]amino}-3-pyridinyl)-
L/,2-dimethylpropanamide (D62, 38 mg, 0.064 mmol) was
dissolved in 1 ml_ of anhydrous dichloromethane and
treated with triethylamine (20 ml_, 0.143 mmol). The
solution was brought to 00C and triphosgene (10 mg,
0.034 mmol) was added. The reaction was stirred at 00C
for 15 min, then brought to room temperature. After 24
h, the reaction was diluted with dichloromethane ( 10
mL) and extracted with brine. The organics were
collected andthe solvent removed. The product was
isolated by flash chromatography (silica, cyclohexane:
EtOAc 80:20 to EtOAc). Thus were obtained 8 mg of the
target compound. HPLC/MS: m/z= 623 (M+1 ) , 1H NMR
(400 MHz, DMSO-d6) d ppm 8.03 (s, 1 H) 8.00 (s, 1 H)
7.89 (s, 1 H) 7.66 - 7.72 (m, 2 H) 7.04 - 7.13 (m, 2
H) 6.94 - 7.04 (m, 1 H) 4.10 (t, 1 H) 3.94 (dd, 1 H)
3.74 - 3.84 (m, 1 H) 3.47 - 3.59 (m, 1 H) 2.90 - 3.08
(m, 1 H) 2.43 (s, 3 H) 2.09 (s, 3 H) 1.97 - 2.10 (m, 1
H) 1.74 - 1.98 (m, 2 H) 1.47 - 1.73 (m, 1 H) 1.36 (s,
6 H) 



Example 54: 2-[3,5-bis(trifluoromethyl)phenyl]-
L/-{4-(4-fluoro-2-methylphenyl)- 6-[(9aS)-1
-oxohexahydro-1 H-pyrrolo[1 ,2-a][1
,4]diazepin-2(3tf)-yl]-3-pyridinyl}-
L/,2-dimethylpropanamide (E54) A solution of
(9aS)-octahydro-1 /-/-pyrrolo[1 ,2-a][1
,4]diazepin-1-one (Polish Journal of Chemistry, 59(1
0-12), 1243-6; 1985) (31 mg, 0.201 mmol), 2-[3,5-
bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2- dimethylpropanamide [WO 2005/002577] (53 mg,
0.0996 mmol), N N'- dimethyethylendiamine (22mL, 0.207
mmol), copper(l) iodide (38 mg, 0.200 mmol) and
caesium carbonate (65 mg, 0.199 mmol) in 3 ml_ of
dioxane was heated to 100C in a sealed vial overnight.
Heating was continued for additional 2 days. It was
diluted with 10 ml_ of EtOAc and extracted with water.
The organics were dried (Na2SO4) and the solvent
removed. The product was isolated by flash
chromatography (silica, cyclohexane: EtOAc 90:10 to
30: 70). Thus were obtained 14 mg of the target
compound. HPLC/MS: m/z= 651 (M+1 ) , >99% by UV. 1H
NMR (500 MHz, DMSO-d 6) d ppm 8.34 (s, 1 H) 8.10 (s, 1
H) 7.84 (br. s., 2 H) 7.77 (br. s., 1 H) 7.57 (s, 1 H)
7.25 (d, 1 H) 7.19 (br. s., 1 H) 4.54 (br. s., 1 H)
3.96 (t, 1 H) 3.72 (dd, 1 H) 3.25 (dd, 1 H) 3.02 -
3.09 (m, 1 H) 2.53 - 2.67 (m, 1 H) 2.43 (s, 3 H) 2.28
- 2.42 (m, 1 H) 2.19 (s, 3 H) 1.81 - 1.91 (m, 1 H)
1.66 - 1.78 (m, 2 H) 1.60 (s, 3 H) 1.44 (s, 3 H) 1.26
- 1.38 (m, 1 H) 1. 1 1 - 1.22 (m, 1 H) 0.89 - 1.07 (m,
1 H) Example 55: 2-[3,5-bis(trlfluoromethyl)phenyl]-
L/-{4-(4-fluoro-2-methylphenyl)-
6-[8a-(hydroxymethyl)hexahydropyrrolo[1,2-a]pyrazin-2(
1H)-yl]-3-pyridinyl}- L/,2- dimethylpropanamide (E55)
To a solution of hexahydropyrrolo[1
,2-a]pyrazin-8a(6H)-ylmethanol (D67, 35 mg) in methyl
sulfoxide ( 1 .5 mL),
2-[3,5-bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-
2-methylphenyl)-3-pyridinyl]-A/,2-dimethylpropanamide
[WO 2005/002577] (60 mg) and potassium carbonate (63
mg) were added. The resulting mixture was heated at
1500C for 24 hours. The mixture was allowed to cool
down to r.t and further D67 (17 mg) and potassium
carbonate (15 mg) were added. The resulting mixture
was heated at 1500C for further 8 hours and then it
was allowed to cool to r.t. and diluted with water (2
mL). The aqueous phase was extracted with ethyl
acetate (3 x 2.5 mL). The combined organic extracts
were dried and concentrated in vacuo to a residue
which was purified twice by flash chromatography
(first purification: EtOAc/Cycl from 80/20 to 100:0
then DCM/MeOH 95:5. Second purification: DCM/MeOH
98:2) to give the desired compound (7.7 mg) as yellow
foam. Tic: DCM/MeOH 9:1 , Rf=0.29. UPLC/MS: peak at Rt
= 0.673 min with m/z = 653 [M+H] +. 1H NMR (300 MHz,
DMSO-CZ6) d ppm 7.94 (s, 1 H) 7.82 (br. s., 1 H) 7.73
(s, 2 H) 7.07 - 7.20 (m, 2 H) 6.96 - 7.07 (m, 1 H)
6.46 (s, 1 H) 3.90 (d, 1 H) 3.37 - 3.60 (m, 3 H) 3.1 1
- 3.32 (m, 4 H) 2.80 - 2.95 (m, 2 H) 2.47 (s, 3 H)
2.18 (s, 3 H) 1.61 - 1.82 (m, 2 H) 1.40 (s, 6 H) 1.32
- 1.54 (m, 2 H). Example 56:
2-[3,5-bis(trifluoromethyl)phenyl]-
L/-{4-(4-fluoro-2-methylphenyl)-
6-[(8S)-8-hydroxyhexahydropyrrolo[1
,2-a]pyrazin-2(1H)-yl]-3-pyridinyl}-/V,2-
dimethylpropanamide (E56) To a solution of
(8S)-octahydropyrrolo[1 ,2-a]pyrazin-8-ol (D71 ,_32
mg) in methyl sulfoxide ( 1 .2 mL),
2-[3,5-bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2-dimethylpropanamide [WO 2005/002577] (60 mg) and
potassium carbonate (63 mg) were added. The resulting
mixture was heated at 1500C for 24 hours. The mixture
was allowed to cool down to r.t. and diluted with
water (2 ml_). The aqueous phase was extracted with
ethyl acetate (3 x 2.5 ml_). The combined organic
extracts were dried and concentrated in vacuo to a
residue which was purified by flash chromatography
(DCM/MeOH from 100:0 to 95:5) to give the desired
compound (18.8 mg) as yellow foam. Tic: DCM/MeOH 9:1 ,
Rf=0.48. UPLC/MS: peak at Rt = 0.71 min with m/z = 639
[M+H]+. 1H NMR (300 MHz, DMSO-d6) d ppm 7.95 (s, 1 H)
7.86 (br. s., 1 H) 7.74 (s, 2 H) 7.07 - 7.20 (m, 2 H)
6.98 - 7.08 (m, 1 H) 6.59 (s, 1 H) 4.12 - 4.35 (m, 3
H) 2.82 - 2.99 (m, 3 H) 2.48 (s, 3 H) 2.43 - 2.66 (m,
2 H) 2.24 - 2.39 (m, 1 H) 2.18 (s, 3 H) 2.06 - 2.24
(m, 1 H) 1.91 - 2.03 (m, 1 H) 1.77 - 1.89 (m, 1 H)
1.51 - 1.70 (m, 1 H) 1.41 (s, 6 H) 



Example
57:_c/s-2-[3,5-bis(trifluoromethyl)phenyl]-L/-{4-(4-fl
uoro-2- methylphenyl)-6-[1
-(hydroxymethyl)hexahydropyrrolo[1 ,2-a]pyrazin-2(1
H)-yl]- 3-pyridinyl}-L/,2-dimethylpropanamide (E57) To
a solution of cis- 2-[3,5-bis(trifluoromethyl)phenyl]-
L/-[6-[1-({[(1 ,1-
dimethylethyl)(dimethyl)silyl]oxy}methyl)hexahydropyrr
olo[1 ,2-a]pyrazin-2(1/-/)-yl]-4-
(4-fluoro-2-methylphenyl)-3-pyridinyl]-
L/,2-dimethylpropanamide (D74.10.5 mg) in dry methanol
( 1 ml_) at 00C, one drop of concentrated HCI was
added. The resulting mixture was stirred at 0C for 1.5
hours and then was allowed to reach rt and stirred at
this temperature for 2 hours. The solution was then
directly charged onto a SCX cartridge (eluting with
MeOH and ammonia, 0.5N solution in methanol) to give
the desired compound (4.5 mg) as yellow oil. UPLC/MS:
peak at Rt = 0.73 min with m/z = 653 [M+H]+. The
following examples were obtained through preparation
analogous to the following one: E58 A suspension of
2-[3,5-bis(trifluoromethyl)phenyl]-
L/-[6-chloro-4-(4-fluoro-2-
methylphenyl)-3-pyridinyl]- L/,2-dimethylpropanamide
[WO 2005/002577] (100 mg),(8aS)-hexahydropyrrolo[1
,2-a]pyrazin-1 (2H)-one (D76, 79 mg, 3 eq), CuI (72
mg, 2 eq), N.N'-Dimethylethylenediamine (40 ml , 2 eq)
and CsCO3( 122.4 mg, 2 eq) in dioxane (3 ml) was
heated in a sealed tube at 800C for 4 hrs and at 1200C
overnight. The reaction mixture was taken up with
dichloromethane and it was washed with NH4CI aq.. The
organic phase was evaporated to dryness and the crude
was purified by chromatography (silica cartridge,
cyclohexane: EtOAc 1: 1 to 0:1 ) to give the title
compound (39 mg). Where prepared, the HCI salts were
prepared according to the following experimental
procedure: E61 To a solution of
2-[3,5-bis(thfluoromethyl)phenyl]-
L/-{4-(4-fluoro-2-methylphenyl)-6- [(8aR)-1
-oxohexahydropyrrolo[1 ,2-a]pyrazin-2(1
H)-yl]-3-pyridinyl}- L/,2- dimethylpropanamide (E60,
47 mg, 0.074 mmol) in dichloromethane ( 1 .9 ml),
cooled to 0 C, was added dropwise 1N HCI in Et2O (88
ml) and the reaction mixture was stirred at 00C for 30
mins. The solvent was evaporated and the solid was
triturated with pentane to give title compound (50
mg).MICROLITHOGRAPH3/4 PROJECTION OPTICAL SYSTEM,
METHOD FOR MANUFACTURING A DEVICE AND METHOD TO DESIGN
AN OPTICAL SURFACE 5 This disclosure relates to a
microlithography projection optical system, in par
ticular to a projection objective, a microlithographic
tool comprising such an optical system, a method for
microlithographic production of microstructured
components using such a microlithographic tool, a
microstructured component being produced by such a
method and a method to design an optical surface in 10
such an optical system. Projection objectives are
widely used in microlithography to transfer a pattern
from a reticle to a substrate by forming an image of
the reticle on a layer of a photosensitive material
disposed on the substrate. In general, projection
objec- 15 tives fall into three different classes:
dioptric objectives; catoptric objectives; and
catadioptric objectives. Dioptric objectives use
refractive elements (e.g., lens elements) to image
light from an object plane to an image plane. Catop
tric objectives use reflective elements (e.g., mirror
elements) to image light from an object plane to an
image plane. Catadioptric objectives use both re- 20
tractive and reflective elements to image light from
an object plane to an im age plane. Objectives, in
particular for use in projection systems, are known
from T. Jewell: "Optical system design issues in
development of projection camera 25 for EUV
lithography", Proc. SPIE 2437 (1995) . Other obj
ectives are known from EP 0 730 169 A, EP 0 730 179 A,
EP 0 730 180 A, EP 0 790 513 A, US 5 063 586 A, US 6
577 443 A, US 6 660 552 A and US 6 710 917 A. 30It is
an object of the present invention, to improve an
optical system which can in particular be used as
projection objective in a microlithography projection
exposure apparatus with respect to its resolution with
a given illumination wavelength. Further, the optical
systems according to the present invention should have
a high light throughput with respect to illumination
light. This object is met by an optical system having
the features of claim 1. 



In the following specification, a rotationally
asymmetric surface according to the invention also is
referred to as a freeform surface. Unlike spherical or
aspherical mirrors, freeform surfaces do not have an
axis of rotational symme try. Freeform surfaces
according to the present invention differ from known
aspheric rotational symmetric mirror surfaces for EUV
projection objectives in that such known aspheric
mirror surfaces are described via a mathematical
Taylor expansion, i.e. having a sag being given by a
rotational symmetric polynomial of grade n. The center
point of this Taylor expansion for all these
polynomial terms is defined by a common optical axis.
Known mirror surfaces are described by such an
expansion, because the Taylor expansion is easy to
calculate, easy to optimize and there exists a lot of
experience in manufacturing such mirror surfaces.
However, it was realized by the inventors that the
known Taylor expansion with common center leads to an
unwanted distortion which cannot be lowered below a
certain level. This distortion limitation b e ing
inherent to rotational symmetric optical surfaces is
avoided, when accord ing to the invention one of the
optical surfaces is embodied as freeform or
rotationally asymmetric surface. Using freeform
surfaces it is possible to overcome limitations with
respect to numerical aperture and distortion being
inherent to rotational symmetric surfaces which in
particular is advantageous in the field of EUV
microlithography protection. In a special embodiment,
a freeform surface may be a surface being mirror
symmetric to a meridional plane of the optical system.
A meridional plane is a plane being defined by
thenormal of the object plane and the center points of
the object field and the ap ertures of the optical
components of the optical system. Advantageously, the
projection objective according to the present
invention is a catoptric projection objective. In
general, the image plane of the optical system is
parallel to the object plane. The optical system may
have a field at the image plane having a minimum
radius of curvature of 300 mm. In the optical system,
the chief rays may be at an angle of about 3, 5, 7 or
more with respect to the object plane normal at the
object plane. The optical system may have an entrance
pupil which is located more than 2.8 m, in particular
more than 10 m from the object plane. In general, in
an optical system with freeform surfaces, an exactly
defined pupil plane does not exist. In a pupil plane
of the optical system, the chief rays corresponding to
different field points meet. In the pupil plane, the
ray bundles from each field point superpose. The term
pupil plane is used to characterize a region
perpendicular to the light beam guided in the optical
systern where an intensity distribution corresponds to
an illumination angle dis tribution in the object
plane. The imaged radiation may be reflected from an
object positioned at the object plane. The object
positioned at the object plane may be a reticle that
is imaged by the plurality of elements to the image
plane. The optical system may have a demagnification
of 4X. The optical system according to the present
invention may comprise four or more reflective ele
ments. In particular, the optical system may comprise
six or more reflective elements. A plurality of
elements may be arranged to image the radiation to an
intermediate image plane between the object plane and
the image plane. In this case, a field stop may be
positioned at or near the intermediate image plane. In
particular, the plurality of elements may comprise
five elements and the intermediate image plane may be
located between a fourth element and a fifth element
along the path of the radiation from the object plane
to the image plane. The object and image planes may be
separated by a distance L being about 1 m or more. The
optical path length of the radiation from the object
plane to the image plane may be about 2 L, 3 L, 4 L or
more. The plurality ofelements may comprise at least
one pair of adjacent elements in the path of the
radiation, where the pair of adjacent elements is
separated by about 0,5 L or more. Advantageously, none
of the plurality of elements causes an obscuration of
the exit pupil. The plurality of elements may comprise
a first mirror and a second mirror, the first and
second mirrors having a minimum distance from the
object plane of di and d2, respectively, where d /d2
is about 2 or more. A l ternatively, d]/d2 may be
smaller than 2. In that case, the optical system as a
rule has a large working distance at the object side.
The plurality of elements may include a first element
in the path of the radiation from the object plane to
the image plane, where the first element has positive
optical power. The opti 



cal system may comprise an aperture stop positioned
between the object plane and the image plane. The
plurality of elements of the optical system may
comprise three elements and the aperture stop may be
positioned between the second and third elements in
the path of the radiation from the object plane to the
image plane. Alternatively, the aperture stop may be
positioned at the sec ond or at the third element. The
radiation may pass through the aperture stop once or
twice. A radiation source which is used with the
optical system a c cording to the invention may be a
laser radiation source having a wavelength of about
300 nm or less, 200 nm or less, 100 nm or less. A
mathematical expansion of the freeform surface
according to claim 2 gives a good and reproducible
manufacturing of the reflective surfaces. In this ex
pansion, amay be 66. Further, m may consist of even
integers . Further, m + n may be equal to or bigger
than 10. A deviation according to claim 3 or 4
provides for a proper reduction of the objective's
distortion below the limit which is reachable using
rotationally symmetric optical surfaces. The
rotationally asymmetric surface may deviate from the
best-fit rotationally symmetric surface by about 100 l
or more at the one or more locations. The rotationally
asymmetric surface may deviate fromthe best-fit
rotationally symmetric surface by about 50 nm or more,
by about 100 nm or more, by about 500 nm or more or by
about 1000 nm or more at the one or more locations. A
mirror symmetric freeform optical surface according to
claim 5 lowers the requirements for production of the
freeform optical surface. Two reflective elements with
freeform optical surfaces according to claim 6 lead to
the possibility of a better aberration minimization on
the one hand and give the possibility to meet certain
aberration minimization requirements with less
complicated to manufactured freeforms. The optical
system also may have three, four, five or six freeform
elements. An optical system having no more than two
reflective elements with a positive chief ray angle
magnification according to claim 7 exhibits relatively
low in cident ray angles on the mirrors, thus causing
lower aberrations at the outset. This holds in
particular using an optical system including only one
reflective element having a positive chief ray angle
magnification according to claim 8. A numerical
aperture of the optical system according to claim 9
allows a high resolution. The image-side numerical
aperture may be as high as 0.25, 0.28, 0.3, 0.35, 0.4
or more. An image field dimension according to claim
10 enables an efficient use of the optical system in a
microlithography projection apparatus. As an
aberration correction is improved with freeform
surfaces, now designs with rectangular image fields
are possible which by use of rotationally symmetric
surfaces would exhibit aberrations being too high to
meet demanding requirements. The rectangular field may
have a minimum dimension of about 2 mm and may have a
first dimension of about 1mm or more and a second
dimension ofabout 1 mm or more where the first and
second dimension are orthogonal. This second dimension
may be about 10 mm or about 20 mm or more. A
distortion according to claim 11 and a wavefront error
according to claim 12 lead to a projection quality
which only may be limited by diffraction, i.e. by the
wavelength of the projection light. An optical system
with such low distor tion in particular is optimized
for use with EUV light sources in the range b e tween
10 and 30 nm. The optical system may have chief rays
which are non-parallel to the object plane normal at
the object plane. A chief ray angle according to claim
13 gives the possibility to control the distribution
of illumination angles in the image plane by
controlling an intensity distribution in the
illumination optics in front of the projection
objective with a low number of optical components.
This is not possible using an optical system with a
convergent set of chief ray angles as this would
result in the requirement of additional components to
give ac cess to a manipulation plane to control the
distribution of illumination angles via an intensity
distribution in this manipulation plane. In an optical
system with diverging chief rays according to claim
13, the object plane is positioned between the
plurality of elements and an entrance pupil of the
optical system. Maximum angles of incidence according
to claim 14 help to avoid high aber 



rations at the outset. The maximum angle of incidence
on a surface of each of the elements may be less than
18 or less than 15. A telecentric optical system
according to claim 15 tolerates height variations of a
substrate arranged in the image plane. An optical
system according to claim 16 leads to a very high
resolution. The ratio Q/NA may be about 60 or less or
50 or less.An optical system with an object-image
shift of about 75 mm or less accord ing to claim 17
leads to a slim optical design of the optical system.
The objectimage shift may be about 50 mm or less or
about 25 mm or less. In case of zero object-image
shift, the optical system can be rotated about the
axis inter secting the center field points in the
object and image fields without the cen tral field
point translating. This is in particular advantageous
where metrology and testing tools are used requiring
rotation of the optical system. Freeboards of the
elements according to claim 18 give a compact design
with small incidence angles of the chief rays. Four or
more elements of the optical system may have
freeboards of about 5 mm or more. This lowers the
require ments regarding holder and substrate design of
the optical elements of the op tical system. An
optical system having a radiation source according to
claim 19 exploits advantageously the aberration
minimization by use of the at least one freeform
surface, as aberrations and distortions in the range
of the wavelength of such a radiation source are
possible. Preferably, the wavelength is in a range
from about 10 nm to about 15 nm. The advantages of an
optical system according to claim 20 and a
microlithographic tool according to claim 2 1
correspond to those mentioned above with respect to
the optical system according to claims 1 to 19. The
same holds with respect to the manufacturing method
according to claim 22 and with respect to the
component according to claim 23. A design method
according to claim 24 gives a reproducible design
instruction to create freeform surfaces which can be
produced in a controllable manner.Furthermore,
embodiments can include one or more of the following
advantages. For example, embodiments include catoptric
projection objectives that are telecentric at the
image plane. This can provide for constant or nearly
constant image magnification over a range of
image-side working distances. In certain embodiments,
catoptric projection objectives have extremely high
resolution. For example, projection objectives can
have the capability of resolving structures smaller
than about 50 nm. High resolution can be achieved in
projection objectives that have a high image-side
numerical aperture that are designed for operation at
short wavelengths (e.g., about 10 nm to about 30 nm).
Projection objectives can provide images with low
aberrations. In certain embodiments, projection
objectives are corrected for wavefront error of about
30 ml or less. In certain embodiments, projection
objectives are corrected for distortion below values
of about 2 nm or less. Embodiments include catoptric
objectives that have a high numerical aperture and
provide imaging with low image distortion, low
wavefront error, and telecentricity at the image plane
over a relatively large image field. These features
can be achieved by use of one or more freeform
mirrors. In some embodiments, projection objective
metrology can be easily implemented despite rotations
of the projection objective about a rotation axis. For
example, embodiments of projection objectives (e.g.,
high NA projection objectives) may have relatively
small or zero object-image shift which result in
little or no translation of an on-axis field point
when the projection objective rotates about the axis.
Thus, when the projection objective is subject to
rotation, metrology can be repeatable performed in the
same field position without having to relocate that
field position.Embodiments also include catoptric
projection objections that have no field dependent
pupil obscuration or no central pupil obscuration at
all. Embodiments of projection objectives can be
adapted for operation at a variety of different
wavelengths, including visible and ultraviolet (UV)
wavelengths. Embodiments can be adapted for operation
at Extreme UV (EUV) wavelengths. Furthermore,
embodiments can be adapted for use at more than one
wavelength, or over a range of wavelengths. 



Embodiments of catoptric projection objectives can be
used in lithography tools (e.g., lithography scanners)
and can provide relatively low overscan. Low overscan
is accomplished, for example, by using projection
objectives with rectangular image fields. In such
embodiments, the image can be aligned so that an edge
of the rectangular field is parallel to the leading
edge of the die sites, avoiding the need to scan the
leading edge of the die sites beyond the edge of the
image field in order to scan the site corners, as is
typically the case when rectangular or square die
sites are scanned relative to arcuate fields.
Embodiments include lithography tools with relatively
high throughput. For example, embodiments having
relatively low overscan are more efficient than
comparable systems that have larger overscan.
Accordingly, these low overscan systems can provide
higher wafer throughput than the comparable systems.
In some embodiments, catoptric projection objectives
are provided that have low or no field dependence of
shading effects. For example, catoptric projection
objectives can have their entrance pupil located far
from the object plane (e.g., at infinity) providing
uniform illumination angles of the chief rays on the
object field. This can reduce or avoid field dependent
shading effectsthat occurs where chief ray angles vary
across the object field. Alternatively, or
additionally, projection objectives can have
relatively small values chief ray incident angles
and/or small variations of incident angles for rays in
the meridional section for each mirror in the
projection objective, resulting in an increased
average reflectivity of each mirror, given a
respective multi layer reflecting stack being
optimized for such incident angles. In certain
embodiments, projection objective can include features
that allow a reduction in the complexity of the
illumination system. For example, the location of the
entrance pupil of projection objectives may be in
front of the object plane. In other words, chief rays
starting at different field points are divergent with
respect to each other. This can make the entrance
pupil of the projection objective/exit pupil of the
illumination system accessible without using a
telescope in the illumination system to relay the
illumination system's exit pupil to the location of
the projection objective's entrance pupil. Other
features and advantages will be apparent from the
description, the drawings, and the claims. FIG l is a
schematic view of an embodiment of a microlithography
tool. FIG. 2A is a schematic view showing a portion of
the microlithography tool shown in FIG. 1. FIG. 2B is
a cross-sectional view of a rotationally asymmetric
surface and a corresponding rotationally symmetric
reference surface.FIG. 3 is a cross-sectional view of
an embodiment of a projection objective shown in
meridional section. FIG. 4 is a cross-sectional view
of a portion of a mirror from a projection objective
shown in meridional section. FIG. 5A is a schematic
view of a ray path at a mirror having a positive chief
ray angle magnification. FIG. 5B is a schematic view
of a ray path at a mirror having a negative chief ray
angle magnification. FIG. 6A is a view of a mirror's
footprint. FIG. 6B is a cross-section view of the
mirror shown in FIG. 6A. FIG. 7A is a plan view of an
embodiment of a ring segment field. FIG. 7B is a plan
view of a ring segment field relative to a pair of
wafer die sites. FIG. 7C is a plan view of a
rectangular field relative to a pair of wafer die
sites. FIG. 8 is a schematic view of the projection
objective of the embodiment of microlithography tool
shown in FIG. 1. FIG. 9 is a cross-sectional view of a
projection objective shown in meridional section.FIG.
10 is a cross-sectional view of a portion of a
projection objective shown in meridional section. FIG.
11 is a cross-sectional view of a projection objective
shown 



in meridional section. FIG. 12 is a cross-sectional
view of a projection objective shown in meridional
section. FIG. 13 is a cross-sectional view of a
projection objective shown in meridional section. FIG.
14A is a cross-sectional view of a projection
objective shown in meridional section. FIG. 14B is a
cross-sectional view of an optical system that
includes the projection objective shown in FIG. 14A
and of an illumination system. FIG. 15 is a
cross-sectional view of a projection objective shown
in meridional section. FIG. 16A is an x-y vector plot
showing calculated distortion as a function of
position in the image field for the projection
objective shown in FIG. 15. FIG. 16B is an x-y vector
plot showing calculated chief ray angle as a function
of position in the image field for the projection
objective shown in FIG. 15.FIG. 17 is a
cross-sectional view of a projection objective shown
in meridional section. FIGS. 18 to 20 are plots
showing lateral aberrations as a function of position
in the image field for the projection objective shown
in Fig. 17. FIG. 2 1 is a cross-sectional view of a
projection objective shown in meridional section.
FIGS. 22 to 24 are plots showing aberrations as a
function of position in the image field for the
projection objective shown in Fig. 21. FIG. 25 is a
cross-sectional view of a projection objective shown
in meridional section. FIGS. 26 to 28 are plots
showing aberrations as a function of position in the
image field for the projection objective shown in Fig.
25. FIG. 29 is a cross-sectional view of a projection
objective shown in meridional section. FIGS. 30 to 32
are plots showing aberrations as a function of
position in the image field for the projection
objective shown in Fig. 29. FIG. 33 is a
cross-sectional view of a projection objective shown
in meridional section.FIGS. 34 to 36 are plots showing
aberrations as a function of position in the image
field for the projection objective shown in Fig. 33.
FIG. 37 is a cross-sectional view of a projection
objective shown in meridional section. FIGS. 38 to 40
are plots showing aberrations as a function of
position in the image field for the projection
objective shown in Fig. 37. FIG. 4 1 is a
cross-sectional view of a projection objective shown
in meridional section. FIGS. 42 to 44 are plots
showing aberrations as a function of position in the
image field for the projection objective shown in Fig.
4 1. FIG. 45 is a cross-sectional view of a projection
objective shown in meridional section. FIGS. 46 to 48
are plots showing aberrations as a function of
position in the image field for the projection
objective shown in Fig. 45. FIG. 49 is a
cross-sectional view of a projection objective shown
in meridional section.FIG. 50 is a plot showing
aberrations as a function of position in the image
field for the projection objective shown in Fig. 49. 



FIG. 5 1 is a cross-sectional view of a projection
objective shown in meridional section. FIG. 52 is a
cross-sectional view of a projection objective shown
in meridional section. FIG. 53 is a flowchart showing
steps in the manufacture of a semiconductor device.
FIG. 54 is a flowchart showing steps in a wafer
process. In one aspect, the disclosure relates to
catoptric projection objectives that have one or more
mirrors having a freeform mirror surface (referred to
as freeform mirrors). Catoptric projection objectives
with freeform mirrors can be used in microlithography
tools. Referring to FIG. 1, a microlithography tool
100 generally includes a light source 110, an
illumination system 120, a projection objective 101,
and a stage 130. A Cartesian co-ordinate system is
shown for reference. Light source 110 produces
radiation at a wavelength l and directs a beam 112 of
the radiation to illumination system 120. Illumination
system 120 interacts with (e.g., expands and
homogenizes) the radiation and directs a beam 122 of
the radiation to a reticle 140 positioned at an object
plane 103. Projection objective 101 images radiation
142 reflected from reticle 140 onto a surface of a
substrate 150 positioned at an image plane 102. The
radiation on the image-side of projection objective
101 is depicted as rays 152. As shown in FIG. 1, the
rays are illustrative only and not intended to be
accurately depict the path of the radiation with
respect to reticle 140, for example. Substrate 150is
supported by stage 130, which moves substrate 150
relative to projection objective 101 so that
projection objective 101 images reticle 140 to
different portions of substrate 150. Projection
objective 101 includes a reference axis 105. In
embodiments where projection objective is symmetric
with respect to a meridional section, reference axis
105 is perpendicular to object plane 103 and lies
inside the meridional section. Light source 110 is
selected to provide radiation at a desired operational
wavelength, l, of tool 100. In some embodiments, light
source 110 is a laser light source, such as a KrF
laser (e.g., having a wavelength of about 248 nm) or
an ArF laser (e.g., having a wavelength of about 193
nm). Non-laser light sources that can be used include
light-emitting diodes (LEDs), such as LEDs that emit
radiation in the blue or UV portions of the
electromagnetic spectrum, e.g., about 365 nm, about
280 nm or about 227 nm. Typically, for projection
objectives designed for operation in lithography
tools, wavelength l is in the ultraviolet portion, the
deep ultraviolet portion or the extreme ultraviolet
portion of the electromagnetic spectrum. For example,
l can be about 400 nm or less (e.g., about 300 nm or
less, about 200 nm or less, about 100 nm or less,
about 50 nm or less, about 30 nm or less) l can be
more than about 2 nm (e.g., about 5 nm or more, about
10 nm or more). In embodiments, l can be about 193 nm,
about 157 nm, about 13 nm, or about 11 nm. Using a
relatively short wavelength may be desirable because,
in general, the resolution of a projection objective
is approximately proportional to the wavelength.
Therefore shorter wavelengths can allow a projection
objective to resolve smaller features in an image than
equivalent projection objectives that use longer
wavelengths. In certain embodiments, however, lcan be
in non-UV portions of the electromagnetic spectrum
(e.g., the visible portion). Illumination system 120
includes optical components arranged to form a
collimated radiation beam with a homogeneous intensity
profile. Illumination system 120 typically also
includes beam steering optics to direct beam 122 to
reticle 140. In some embodiments, illumination system
120 also include components to provide a desired
polarization profile for the radiation beam. Typically
object plane 103 is parallel to image plane 102.
However, in certain embodiments, image plane 102 is
tilted with respect to object plane 103. For example,
image plane 102 can be tilted by an angle being about
1 or more (e.g. about 2 or more, about 3 or more,
about 4 or more, about 5 or more). Object plane 103 is
separated from image plane 102 by a distance L, which
is also referred to as the lengthwise dimension, or
tracklength, of projection objective 101. The
tracklength is defined by the distance between two
parallel 



planes. The first plane is the object plane, the
second is defined as the plane parallel and closest to
the object plane such that the object field, the image
field and the optical components are located between
these two parallel planes. In general, this distance
depends on the specific design of projection objective
101 and the wavelength of operation of tool 100. In
some embodiments, such as in tools designed for EUV
lithography, L is in a range from about 1 m to about 3
m (e.g., in a range from about 1.5 m to about 2.5 m).
In certain embodiments, L is less than 2 m, such as
about 1.9 m or less (e.g., about 1.8 m or less, about
1.7 m or less, about 1.6 m or less, about 1.5 m or
less). L can be more than about 0.2 m or more (e.g.,
about 0.3 m or more, about 0.4 m or more, about 0.5 m
or more, about 0.6 m or more, about 0.7 m or more,
about 0.8 m or more, about 0.9 m or more, about 1 m or
more).The ratio of the optical path length of imaged
radiation to the tracklength varies depending on the
specific design of projection objective 101. In some
embodiments, the ratio of this optical path length to
tracklength can be relatively high. For example, the
ratio of this optical path length to tracklength can
be about two or more (e.g., about 2.5 or more, about
three or more, about 3.5 or more, about four or more,
about 4.5 or more, about five or more). Projection
objective 101 has a magnification ratio, which refers
to the ratio of the dimensions of the field at object
plane 103 to the corresponding dimensions of the field
at image plane 102. Typically, projection objectives
used in lithography tools are reduction projection
objectives, meaning they reduce the dimensions of, or
demagnify, the image. In some embodiments, therefore,
projection objective 101 can produce a field at image
plane 102 whose dimensions are reduced by about 2X or
more (e.g., about 3X or more, about 4X or more, about
5X or more, about 6X or more, about 7X or more, about
8X or more, about 9X or more, about 1OX or more)
compared to the dimensions at object plane 103. In
other words, projection objective 101 can have a
demagnification of about 2X or more, (e.g., about 3X
or more, about 4X or more, about 5X or more, about 6X
or more, about 7X or more, about 8X or more, about 9X
or more, about 1OX or more). More generally, however,
projection objectives can be designed to provide a
magnified image or an image the same size as the
object. Referring also to FIG. 2A, rays 152 define a
cone of light paths that form the reticle image at
image plane 102. The angle of the cone of rays is
related to the image-side numerical aperture (NA) of
projection objective 101. Imageside NA can be
expressed as NA - n sin 6 >where no refers to the
refractive index of the immersing medium adjacent the
surface of substrate 150 (e.g., air, nitrogen, water,
or evacuated environment), and qml X is the half-
angle of the maximum cone of image forming rays from
projection objective 101. In general, projection
objective 101 can have an image side NA of about 0.1
or more (e.g., about 0.15 or more, about 0.2 or more,
about 0.25 or more, about 0.28 or more, about 0.3 or
more, about 0.35 or more). In some embodiments,
projection objective 101 has a relatively high
image-side NA. For example, in some embodiments,
projection objective 101 may have an image-side NA of
more than 0.4 (e.g., about 0.45 or more, about 0.5 or
more, about 0.55 or more, about 0.6 or more). In
general, the resolution of projection objective 101
varies depending on wavelength l and the image-side
NA. Without wishing to be bound by theory, the
resolution of a projection objective can be determined
based on the wavelength and image-side NA based on the
formula, R =k- , NA where R is the minimum dimension
that can be printed and A: is a dimensionless constant
called the process factor k varies depending on
various factors associated with the radiation (e.g.,
the polarization properties), the illumination
properties (e.g., partial coherence, annular
illumination , dipole settings, quadrupole settings,
etc.) and the resist material. Typically, k is in a
range from about 0.4 to about 0.8, but can also be
below 0.4 and higher than 0.8 for certain
applications. 



Projection objective 101 is also nominally telecentric
at the image plane. For example, the chief rays can
deviate by about 0.5 or less (e.g., about 0.4 orless,
about 0.3 or less, about 0.2 or less, about 0.1 or
less, about 0.05 or less, 0.01 or less, 0.001 or less)
from being parallel to each other at the image plane
over the exposed field. Thus, projection objective 101
can provide substantially constant magnification over
a range of image-size working distances. In some
embodiments, the chief rays are nominally orthogonal
to image plane 102. Thus, a non flat topography of the
wafer surface or a defocusing of the image plane does
not lead to distortion or shading effects in the image
plane. In certain embodiments, projection objective
101 has a relatively high resolution (i.e., the value
of R can be relatively small). For example, R can be
about 150 nm or less (e.g., about 130 nm or less,
about 100 nm or less, about 75 nm or less, about 50 nm
or less, about 40 nm or less, about 35 nm or less,
about 32 nm or less, about 30 nm or less, about 28 nm
or less, about 25 nm or less, about 22 nm or less,
about 20 nm or less, about 18 nm or less, about 17 nm
or less, about 16 nm or less, about 15 nm or less,
about 14 nm or less, about 13 nm or less, about 12 nm
or less, about 11 nm or less, such as about 10 nm).
The quality of images formed by projection objective
101 can be quantified in a variety of different ways.
For example, images can be characterized based on the
measured or calculated departures of the image from
idealized conditions associated with Gaussian optics.
These departures are generally known as aberrations.
One metric used to quantify the deviation of a
wavefront from the ideal or desired shape is the
root-mean-square wavefront error (Wp s) . W s is
defined in the "Handbook of Optics," Vol. I, 2nd Ed.,
edited by Michael Bass (McGraw-Hill, Inc., 1995), at
page 35.3, which is incorporated herein by reference.
In general, the lower the Wpiis value for an
objective, the less the wavefront deviates from its
desired or ideal shape, and the better the quality of
the image. In certain embodiments, projectionobjective
101 can have a relatively small Wpiis for images at
image plane 102. For example, projection objective 101
can have a Wpns of about 0.1 l or less (e.g., about
0.07 l or less, about 0.06 l or less, about 0.05 l or
less, about 0.045 l or less, about 0.04 l or less,
about 0.035 l or less, about 0.03 l or less, about
0.025 l or less, about 0.02 l or less, about 0.015 l
or less, about 0.01 l or less, such as about 0.005 l)
. Another metric that can be used to evaluate the
quality of the image is referred to as field
curvature. Field curvature refers to the
peak-to-valley distance for the field point dependent
position of the focal plane. In some embodiments,
projection objective 101 can have a relatively small
field curvature for images at image plane 102. For
example, projection objective 101 can have an
imageside field curvature of about 50 nm or less
(e.g., about 30 nm or less, about 20 nm or less, about
15 nm or less, about 12 nm or less, 10 nm or less). A
further metric that can be used to evaluate the
optical performance is referred to as distortion.
Distortion refers to the maximum absolute value of the
field point dependent deviation from the ideal image
point position in the image plane. In some
embodiments, projection objective 101 can have a
relatively small maximum distortion. For example,
projection objective 101 can have a maximum distortion
of about 50 nm or less, (e.g. about 40 nm or less,
about 30 nm or less, about 20 nm or less, about 15 nm
or less, about 12 nm or less, 10 nm or less, 9 nm or
less, 8 nm or less, 7 nm or less, 6 nm or less, 5 nm
or less, 4 nm or less, 3 nm or less, 2 nm or less,
such as 1 nm). Further, in certain embodiments,
distortion can vary by a relatively small amount
across the image field. For example, distortion can
vary by about 5 nm or less (e.g., about 4 nm or less,
about 3 nm or less, about 2 nm or less, about 1 nm or
less) across the image field.Being a catoptric system,
projection objective 101 includes a number of mirrors
arranged to direct radiation reflected from reticle
140 to substrate 150 in a way that forms an image of
reticle 140 on the surface of substrate 150. Specific
designs of projection objectives are described below.
More generally, however, the number, size, and
structure of the mirrors generally depends on the
desired optical properties of projection objective 101
and the physical constraints of tool 100. 



In general, the number of mirrors in projection
objective 101 may vary. Typically, the number of
mirrors is related to various performance trade-offs
associated with the optical performance
characteristics of the objective, such as the desired
throughput (e.g., the intensity of radiation from the
object that forms the image at image plane 102), the
desired image-side NA and related image resolution,
and the desired maximum pupil obscuration. In general,
projection objective 101 has at least four mirrors
(e.g., five or more mirrors, six or more mirrors,
seven or more mirrors, eight or more mirrors, nine or
more mirrors, ten or more mirrors, eleven or more
mirrors, twelve or more mirrors). In embodiments where
it is desirable that all the mirrors of the objective
are positioned between the object plane and the image
plane, objective 101 will typically have an even
number of mirrors (e.g., four mirrors, six mirrors,
eight mirrors, ten mirrors). In certain embodiments,
an odd number of mirrors can be used where all the
mirrors of the projection objective are positioned
between the object plane and image plane. For example,
where one or more mirrors are tilted at relatively
large angles, a projection objective can include an
odd number of mirrors where all the mirrors are
positioned between the object plane and image plane.In
general, at least one of the mirrors in projection
objective 101 has a rotationally asymmetric or
freeform surface. Unlike spherical or aspherical
mirrors, freeform mirror surfaces do not have an axis
of rotational symmetry. Generally, a freeform surface
deviates from a rotationally symmetric reference
surface (e.g., a spherical or aspherical rotationally
symmetric reference surface), which refers to the
rotationally symmetric surface that most closely
matches the rotationally asymmetric surface.
Rotationally-symmetric reference surfaces can be
determined for a freeform mirror surface as follows.
First, one obtains information that characterizes the
freeform mirror surface under consideration. In
embodiments where optical data of the mirror is known,
this information includes determining the basic radius
of the mirror (e.g. 1/c, where c is the vertex
curvature), a conic constant of the mirror, k, and
polynomial coefficients characterizing the mirror.
Alternatively, or additionally, the information
characterizing the mirror can be obtained from a
surface figure measurement of the mirror surface (e.g.
obtained using an interferometer). A surface figure
measurement can provide a function z'(x', y')
describing the mirror's surface, where z' is the sag
of the mirror surface along the z'-axis for different
(x', y') coordinates, as illustrated in Fig. 2B. The
initial step also includes determining the footprint
for the mirror, which refers to an area of the mirror
surface that is actually used to reflect image-forming
radiation in the objective. The footprint can be
determined by tracing rays through the objective using
a ray tracing program and extracting the mirror area
contacted by the rays. After obtaining the information
characterizing the rotationally asymmetric surface, a
local coordinate system for the surface is established
for which decentration and tilt of the surface is
zero. Setting the tilt and decentration of the surface
gives a well defined starting point for an
optimization algorithm to determine the reference
surface and also define an axis, z', along which
thesag differences between the mirror surface and the
reference surface can be determined. Where optical
data for the mirror surface is known, the z'-axis is
determined based on the conic constant, k, and basic
radius, 1/c. For the rotationally symmetric portion of
the optical data, the z'-axis is the symmetry axis for
the rotationally symmetric part of the rotationally
asymmetric surface. In embodiments where the mirror
surface is characterized from a surface figure
measurement, the z'-axis corresponds to the metrology
axis (e.g. the interferometers optical axis). Fig. 2B
illustrates this for a two-dimensional section of a
rotationally asymmetric mirror 201, where the local
coordinate system is denoted by the x', y' and z'
axes. The boundaries for the footprint of the
rotationally asymmetric mirror 201 are shown as xmin
and xmax for the cross-section shown in Fig. 2B. An
initial reference surface is then established with
respect to the coordinate system. The initial
reference surface has zero tilt and zero decentration.
The initial reference surface is either a spherical
surface or a rotationally symmetric aspherical
surface. The initial reference surface is established
by 



one designating a rotationally symmetric surface that
approximates the rotationally asymmetric mirror
surface. The initial reference surface represents a
starting point for an optimization algorithm. Once the
initial reference surface is established, a local
distance, b, (i = 1. ..N) between a number of points
of the initial reference surface and points on the
surface of the rotationally asymmetric surface
footprint measured along the z'-axis of the local
coordinate system are determined. Next, the
rotationally symmetric reference surface (surface 2 11
in Fig. 2B) is established by determining a minimal
value for the local distances (d,) using a number
fitting parameters and a fitting algorithm. In the
event that the rotationally symmetric reference
surface is a spherical surface, the parameters include
the location of the center of the sphere within the
local coordinate system, the radius, of the reference
surface. In Fig. 2B, decentering of the sphere center
from the coordinatesystem origin is shown by
coordinates xc and zc (decentration along the y'-axis
by an amount yc is not shown in Fig. 2B). The radius
of the spherical surface is designated as R. The
parameters R, xc, yc and zc are optimized to provide a
minimal value for the local distances, d,, based on
the equation: z' = (R2 - (x' - xc)2 - (y' - yc)2) 1/2
- zc, which is the equation for a spherical surface of
radius R, centered at coordinate (xc, yc, zc). Where
the rotationally symmetric reference surface is an
aspherical surface, the parameters can include
decentration and tilt of the reference surface, base
radius, conical constant and aspherical coefficients.
These parameters can be determined based on the
equation which is an equation describing conic and
aspheric surfaces. Here, h2 =x '2 + y '2, and A} ' are
coefficients characterizing the deviation of the
rotationallysymmetric reference surface from a conic
surface. Generally, the number of aspherical
coefficients, A ' used to fit the reference surface to
the mirror surface can vary depending on the
computational power of the system being used to
calculate the surface, the time available, and the
desired level of accuracy. In some embodiments, the
reference surface can be calculated using aspherical
coefficients up to third order. In certain
embodiments, coefficients higher than third order
(e.g., fourth order, sixth order) are used. For
additional discussion on parameterization of conic and
aspheric surfaces see, forexample, the product manual
for Code V, available from Optical Research Associates
(Pasadena, CA). In general, fitting can be performed
using a variety of optimization algorithms. For
example, in some embodiments, a least squares fitting
algorithm, such as a damped least squares fitting
algorithm, can be used. Damped least squares fitting
algorithms may be performed using
commercially-available optical design software, such
as Code V or ZEMAX (available from Optima Research,
Ltd., Stansted, United Kingdom) for example. After the
rotationally-symmetric reference surface is
determined, the local distance between additional
points on the mirror surface can be determined and
visualized. Additional characteristics of the
rotationally-symmetric reference surface can be
determined. For example, a maximum deviation of the
rotationally-symmetric reference surface from the
rotationally-asymmetric mirror surface can be
determined. A freeform surface can, for example, have
a maximum deviation from a best fit sphere or a
rotationally symmetric reference surface of about l or
more (e.g., about 10 l or more, about 20 l or more,
about 50 l or more, about 100 l or more, about 150 l
or more, about 200 l or more, about 500 l or more,
about 1,000 l or more, about 10,000 l or more, about
50,000 l or more). A freeform surface can have a
maximum deviation from a best fit rotationally
symmetric asphere of about l or more (e.g., about 5 l
or more, about 10 l or more, about 20 l or more, about
50 l or more, about 100 l or more, about 200 l or
more, about 500 l or more, about 1,000 l or more,
about 10,000 l or more). In some embodiments, a
freeform surface can have a maximum deviation from a
best fit rotationally symmetric asphere of about 1,000
l orless (e.g., about 900 l or less, about 800 l or
less, about 700 l or less, about 600 l or less, about
500 l or less). In certain embodiments, freeform
surfaces have a maximum deviation from a best fit
sphere by 10 nm or more (e.g., about 100 nm or more,
about 500 nm or 



more, about 1 mm or more, about 5 mm or more, about 10
mm or more, about 50 mm or more, about 100 mm or more,
about 200 mm or more, about 500 mm or more, about
1,000 mm, about 2,000 mm or more, about 3,000 mm or
more). Freeform surfaces can have a maximum deviation
from a best fit sphere by about 10 mm or less (e.g.,
about 5 mm or less, about 3 mm or less, about 2 mm or
less, about 1mm or less, about 500 mm or less).
Freeform surfaces can have a maximum deviation from a
best fit rotationally symmetric asphere by 10 nm or
more (e.g., about 100 nm or more, about 500 nm or
more, about 1 mm or more, about 5 mm or more, about 10
mm or more, about 50 mm or more, about 100 mm or more,
about 200 mm or more, about 500 mm or more, about
1,000 mm). Freeform surfaces can have a maximum
deviation from a best fit rotationally symmetric
asphere by about 10 mm or less (e.g., about 5 mm or
less, about 3 mm or less, about 2 mm or less, about 1
mm or less, about 500 mm or less). The curvature of
the mirror surfaces is characterized by a first and
second mean principal curvature, which are determined
at the point on each mirror surface that reflects the
chief ray of the central field point. First and second
principal curvatures are calculated as described in
Handbook of Mathematics by I . N. Bronstein, et al.,
4th Ed. (Springer, 2004), p. 567. In general, the
first principal curvature for a mirror can be
different from the second principal curvature for that
mirror. In some embodiments, the absolute value of the
difference between the first and second principal
curvatures can be about 10 8or more (e.g., 10~7 or
more, 5 x 10~7 or more, about 10 6 or more, about 5 x
10 6 or more, about 10~5 or more, about 5 x 10 5 or
more, about 10 4 or more, about 5 x 10 4 or more,
about 10 3 or more). In general, the first and/or
second principal curvatures can be positive or
negative. The first and/or second principal curvatures
for a mirror surface can be relatively small. For
example, in some embodiments, the absolute value of
the first principal curvature for one or more mirrors
in projection objective 101 is about 10~2 or less
(e.g., about 5 x 10 3 or less, about 3 x 10 3 or less,
about 2 x 10 3 or less, about 10 3 or less). The
absolute value of the sum of the first principal
curvatures for the mirrors in projective objective 101
can be about 10 3 or less (e.g., about 5 x 10 4 or
less, about 3 x 10 4 , about 2 x 10 4 or less, about
10 4 or less, 5 x 10 5 or less, 10 5 or less). In
certain embodiments, the absolute value of the second
principal curvature for one or more mirrors in
projection objective 101 is about 10 2 or less (e.g.,
about 5 x 10 3 or less, about 3 x 10 3 or less, about
2 x 10 3 or less, about 10 3 or less). The absolute
value of the sum of the second principal curvatures
for the mirrors in projective objective 101 can be
about 10 3 or less (e.g., about 5 x 10 4 or less,
about 3 X l O4 , about 2 x 10 4 or less, about 10 4 or
less, 5 x 10 5 or less, 10 5 or less). The sum of the
first and second principal curvatures of the mirrors
in projection objective 101, i.e. the sum of the first
principal curvatures of all mirrors in projection
objective 101, the sum of the second principal
curvatures of all mirrors in projection objective 101
or the sum of all first and second principle
curvatures of all mirrors in projection objective 101,
can be relatively small. For example, the absolute
value of the sum of the first and second principal
curvatures of the mirrors can be about 10 3 or less
(e.g., about5 x 10~4 or less, about 3 x 10 4 , about 2
x 10~4 or less, about 10 4 or less, 5 x 10 5 or less,
10 5 or less). In certain embodiments, freeform mirror
surfaces can be described mathematically by the
equation: cr 66 Z = -+ C1X 1Y" \+ -(\ +k)c 2r: 1=2
where . _ (m +n) 2 +m +Zn and Z is the sag of the
surface parallel to a Z-axis (which may or may not be
parallel to the z-axis in projection objective 101,
i.e. in general is decentered and tilted to the z-axis
in projection objective 101), c is a constant
corresponding to the vertex curvature, k is a conic
constant, and C, is the 



coefficient of the monomial X "Y". Typically, the
values of c, k, and C, are determined based on the
desired optical properties of the mirror with respect
to projection objective 101 . Further, the order of
the monomial, m +n, can vary as desired. Generally, a
higher order monomial can provide a projection
objective design with a higher level of aberration
correction, however, higher order monomials are
typically more computationally expensive to determine.
In some embodiments, m +n is 10 or more (e.g., 15 or
more, 20 or more). As discussed below, the parameters
for the freeform mirror equation can be determined
using commercially-available optical design software.
In some embodiments, m +n is less than 10 (e.g., 9 or
less, 8 or less, 7 or less, 6 or less, 5 or less, 4 or
less, 3 or less).In general, freeform surfaces can be
described mathematically using equations other than
those presented above. For example, in some
embodiments, freeform surfaces can be described
mathematically using Zernikc polynomials (such as
presented in the manual for CODE V(r), commercially
available from Optical Research Associates, Pasadena,
CA) or using two-dimensional spline surfaces. Examples
of two-dimensional spline surfaces are Bezier splines
or non-uniform rational Bezier splines (NURBS).
Two-dimensional spline surfaces can be described, for
example, by a grid of points in an x-y plane and
corresponding z-values or slopes and these points.
Depending on the specific type of spline surface, the
complete surface is obtained by a specific
interpolation between the grid points using, e.g.,
polynomials or functions that have certain properties
with respect to continuity or differentiability (e.g.,
analytical functions). In general, the number and
position of freeform mirrors in projection objective
101 can vary. Embodiments include projection
objectives with two or more freeform mirrors (e.g.,
three or more freeform mirrors, four or more freeform
mirrors, five or more freeform mirrors, six or more
freeform mirrors). Projection objective 101 generally
includes one or more mirrors with positive optical
power. In other words, the reflective portion of the
mirror has a concave surface and is referred to as a
concave mirror. Projection objective 101 can include
two or more (e.g., three or more, four or more, five
or more, six or more) concave mirrors. Projection
objective 101 can also include one or more mirrors
that have negative optical power. This means that one
or more of the mirrors has a reflective portion with a
convex surface (referred to as a convex mirror). In
some embodiments, projection objective 101 includes
two or more (e.g., three or more, four or more, five
or more, six or more) convex mirrors.An embodiment of
a projection objective that includes six mirrors is
shown in FIG. 3. Specifically, projection objective
300 includes six freeform mirrors 310, 320, 330, 340,
350, and 360. Data for projection objective 300 is
presented in Table IA and Table IB below. Table IA
presents optical data, while Table IB presents
freeform constants for each of the mirror surfaces.
For the purposes of Table IA and Table IB, the mirror
designations correlate as follows: mirror 1 (Ml)
corresponds to mirror 310; mirror 2 (M2) corresponds
to mirror 320; mirror 3 (M3) corresponds to mirror
330; mirror 4 (M4) corresponds to mirror 340; mirror 5
(M5) corresponds to mirror 350; and mirror 6 (M6)
corresponds to mirror 360. "Thickness" in Table IA and
subsequent tables refers to the distance between
adjacent elements in the radiation path. The monomial
coefficients, C,, for the freeform mirrors, along with
the amount the mirror is decentered and rotated (or
tilted) from an initial projection objective design,
are provided in Table IB. R, the radius, is the
inverse of the vertex curvature, c. Decenter is given
in mm and rotation is given in degrees. Units for the
monomial coefficients are mm + l . Nradius is a
unitless scaling factor (see, for example, the manual
for CODE V(r)) . In FIG. 3, projection objective 300
is shown in meridional section. The meridional plane
is a symmetry plane for projection objective 300.
Symmetry about the meridional plane is as the mirrors
are decentered only with respect to thej -axis and
tilted about the x-axis. Further, the coefficients for
the freeform mirrors having an odd degree in the
x-coordinate (e.g., x, x3,x5, etc.) are zero.
Projection objective 300 is configured for operation
with 13.5 nm radiation and 



has an image-side NA of 0.35 and a tracklength of
1,500 mm. The optical path length of imaged radiation
is 3,833 mm. Accordingly, the ratio of optical path
length to tracklength is approximately 2.56.
Projection objective has a demagnification of 4X, a
maximum distortion of less than 100 nm, Wptis of
0.035l, and a field curvature of 28 nm. Additional
characteristics of projection objective 300 are
presented in the discussion of projection objective
101 that follows. For example, the first mirror in the
radiation path from object plane 103, mirror 310, has
positive optical power. Mirrors 320, 340, and 360 are
also P mirrors. Mirrors 330 and 350 have (N) negative
optical power. The sequence of mirrors in the
radiation path in projection objective 300 is thus
PPNPNP. Table IACoefficient M1 M2 M3 M4 M5 M6 K -4
724690E+00 -9 830444E+01 -3 914225E-01 -8 227088E-01 7
162282E+00 9 391806E-02 Y 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 X2 -
1 641507E-04 - 1 736185E-04 -2 373278E-04 2 451
198E-05 - 1 557674E-04 -6 667760E-06 Y2 - 1 752262E-04
- 1 741 103E-04 -9 708884E-04 -3 130199E-05 1
398839E-04 9 098616E-06 X2Y -2 463783E-08 -2
724028E-07 6 327587E-07 -9 301810E-08 9 51901 7E-07 -8
04031 1E-1 0 Y3 -3 641831 E-08 - 1 681535E-07 -6
103587E-07 2 218271 E-08 6 329282E-07 -4 521618E-10 X4
-1 40571 8E-10 1 314594E-09 -1 671620E-08 4 569574E-10
7 852021 E-1 0 -5 450396E-1 1 X2Y2 -3 301633E-10 1
799995E-09 9 953323E-09 - 1 957005E-10 3 524719E-09 -5
846553E-1 1 5 029041 E-1 1 2 141266E-09 2 197236E-09 9
287687E-10 6 848802E-09 -6 829886E-12 X4Y 2 090103E-13
4 363226E-12 -5 435284E-1 1 1 915106E-13 -2 0 16721
E-1 1 5 660569E-15 X2Y3 -4 188774E-13 4 826497E-12 3
808642E-1 1 -5 874603E-12 - 1 600920E-1 1 - 1
079542E-14 Y5 -3 154238E-13 -4 239647E-12 -9
502949E-13 9 213338E-13 7 113886E-12 - 1 553415E-14 X6
1 150997E-16 -5 978561 E-15 1 819755E-13 1 113227E-15
-7 841517E-14 - 1 105247E-16 X4Y2 - 1 278596E-15 - 1
564797E-14 -9 716106E-14 4 491475E-15 2 513948E-14 -2
683146E-16 X2Y4 4 862795E-15 2 347370E-14 -8
086932E-14 - 1 357215E-14 7 550314E-13 - 1 006466E-16
Y6 -2 281966E-1 5 6 013241 E-15 -9 790347E-15 9
777397E-16 5 013963E-13 2 221 551 E-1 7 X6Y 1
931804E-18 -3 973144E-17 1 435292E-15 2 420914E-18 1
092143E-15 2 493748E-20 X4Y3 1 873466E-1 7 -2
704307E-16 6 491544E-16 1 627727E-18 4 414328E-15 -3
302939E-21 X2Y5 - 1 108422E-17 -6 723973E-16 1
496578E-17 - 1 88031 9E-1 7 8 552963E-15 -3 287503E-20
Y7 1 208226E-17 -3 735956E-17 5 421342E-17 -8
994976E-19 4 894980E-15 - 1 74751 7E-20 X8 -6
860939E-22 3 733020E-20 - 1 37061 5E-1 7 -3 978807E-21
- 1 97591 3E-1 8 -3 966972E-22 X6Y2 -2 665919E-20 - 1
577571 E-1 9 1 832427E-17 -2 552872E-21 -2 066761 E-1
7 - 1 153602E-21 X4Y4 - 1 606232E-19 9 112068E-19 3
422045E-18 -4 0 11070E-20 -4 034354E-17 -9 786532E-22
X2Y6 -7 104780E-20 4 547933E-18 3 897160E-19 8
558317E-21 3 324806E-17 -2 0541 2 1E-22 -2 8371 15E-20
3 557864E-20 -5 077104E-20 8 825661 E-22 3 460507E-17
4 049399E-23 X8Y 1 837688E-23 1 087991 E-21 -7
892883E-20 -4 154231 E-23 3 418177E-20 2 593417E-25
X6Y3 1 326930E-22 6 381757E-21 8 816591E-20 -7
838712E-23 - 1 567137E-20 3 310704E-25 X4Y5 5
956987E-22 3 566833E-22 3 431915E-21 -1 727422E-22 -2
315754E-1 9 1 062541 E-25 X2Y7 4 749865E-22 - 1
305899E-20 - 1 115108E-21 2 927898E-23 0 OOOOOOE+00 5
083980E-27 Y9 2 880675E-23 3 1341 6 1E-21 4 687247E-23
-2 354646E-24 0 OOOOOOE+00 -4 697062E-26 X'0 3
263322E-27 - 1 350621 E-25 7 223418E-23 3 596439E-27 0
OOOOOOE+00 -1 214434E-27 X8Y2 -7 476461 E-26 -8 102951
E-24 - 1 439645E-22 -6 842489E-26 0 OOOOOOE+00 -7
139344E-27 XV -2 162180E-25 - 1 982986E-23 1
317953E-22 - 1 079450E-25 0 OOOOOOE+00 -8 881 170E-27
X4Y6 -8 415305E-25 - 1 821 358E-26 -5 971 700E-24 - 1
561940E-25 0 OOOOOOE+00 -3 378805E-27 X2Y8 -8
228853E-25 3 745838E-24 -3 016526E-24 3 289669E-26 0
OOOOOOE+00 1 400401 E-27 g 10 2 644302E-26 - 1
118733E-23 5 389015E-25 -3 012754E-27 0 OOOOOOE+00 9 0
11434E-28 Nradius 1 0OE+00 1 OOE+00 1 OOE+00 1 OOE+00
1 OOE+00 1 OOE+00 Y-decenter -100 000 -84 186 100 000
19 008 11 570 24 216 X-rotation -7 020 - 1 728 - 11
272 -5 323 -2 295 - 1 825 Table IBFor the mirrors in
projection objective 300, the maximum deviation of the
freeform surfaces from a best fit sphere for each
mirror is as follows: 154 mm for mirror 310; 43 mm for
mirror 320, 240 mm for mirror 330; 1,110 mm for mirror
340; 440 mm for mirror 350; and 712 mm for mirror 360.
The maximum deviation of the freeform surfaces from a
best fit rotationally symmetric asphere is 47 mm for
mirror 310; 33 mm for mirror 320, 96 mm for mirror
330; 35 mm for mirror 340; 152 mm for mirror 350; and
180 mm for mirror 360. The first and second principal
curvature for mirror 310 are 9.51 x 10 4 and 9.30 x 10
4 respectively. Respective first and second principal
curvatures for 



the other mirrors in projection objective 300 are as
follows: 2.76 x 10 5 and 1.56 x 10 for mirror 320;
-2.38 x 10 3 and -2.17 x 10~3 for mirror 330; 1.79 x
10 3 and 1.75 x 10 3 for mirror 340; -2.64 x 10 3 and
-2.1O x 10 for mirror 350; and 1.93 x 10 3 and 1.9I x
IO3 for mirror 360. The sum of the first pri n cipal
curvature for projection objective 300 is -3.19 x l O4
. The sum of the second principal curvature is 3.29 x
10 4 . The sum of the first and second prin cipal
curvatures is 9.97 x 10 6 and the inverse sum of the
first and second principal curvatures is 1.00 x 105.
In certain embodiments, the arrangement of mirrors in
projection objective 101 images radiation from object
plane 103 to one or more intermediateimage planes. For
example, projection objective 300 images radiation
from object plane 103 to an intermediate image at a
location 305 near mirror 360. Embodiments that have
one or more intermediate images, also include two or
more pupil planes. In some embodiments, at least one
of these pupil planes is physically accessible for the
purposes of placing an aperture stop substantiallyat
that pupil plane. An aperture stop is used to define
the size of the projection objective's aperture. Coma
at an intermediate image in projection objective 101
can be relatively large. Coma can be quantified by the
distance between the chief ray and the upper and lower
rays at the point where the upper and lower rays
cross. In some embodiments, this distance can be about
1mm or more (e.g., about 2 mm or more, about 3 mm or
more, about 4 mm or more, about 5 mm or more, about 6
mm or more, such as about 7 mm). Coma at an
intermediate image in projection objective can be
relatively small. In some embodiments, the distance
can be about 1mm or less (e.g., about 0.1 mm or less,
0.01mm or less). In general, mirrors in projection
objective 101 are formed so that they reflect a
substantial amount of radiation of wavelength l
normally-incident thereon or incident thereon over a
certain range of incident angles. Mirrors can be
formed, for example, so that they reflect about 50% or
more (e.g., about 60% or more, about 70% or more,
about 80% or more, about 90% or more, about 95% or
more, 98% or more) of normally incident radiation at
l. In some embodiments, the mirrors include a
multilayer stack of films of different materials
arranged to substantially reflect normally incident
radiation at l. Each film in the stack can have an
optical thickness of about l/4. Multilayer stacks can
include about 20 or more (e.g., about 30 or more,
about 40 or more, about 50 or more) films. In general,
the materials used to form the multilayer stacks are
selected based on operational wavelength l. For
example, multiple alternating films of molybdenum and
silicon or molybdenum and beryllium can be used to
form mirrors for reflecting radiation in the 10 nm to
30 nm range (e.g., for l of about 13 nm or about 11nm,
respectively). Generally, multiple alternating films
of molybdenum and silicon are preferred for l = 11 nm
and multiple alternating films of molybdenum and
beryllium are preferred for l = 13 nm. In certain
embodiments, the mirrors are made of quartz glass
coated with a single layer of aluminum and overcoated
with one or more layers of dielectric materials, such
as layers formed from MgF2, LaF2, or, Al2O3 . Mirrors
formed from aluminum with dielectric coatings can be
used, for example, for radiation having a wavelength
of about 193 nm. In general, the percentage of
radiation at l reflected by a mirror varies as a
function of the angle of incidence of the radiation on
the mirror surface. Because imaged radiation
propagates through a catoptric projection objective
along a number of different paths, the angle of
incidence of the radiation on each mirror can vary.
This effect is illustrated with reference to FIG.4,
which shows a portion of a mirror 400, in meridional
section, that includes a concave reflective surface
401. Imaged radiation is incident on surface 401 along
a number of different paths, including the paths shown
by rays 410, 420, and 430. Rays 410, 420, and 430 are
incident on portions of surface 401 where the surface
normal is different. The direction of surface normal
at these portions is shown by lines 4 11, 42 1, and 43
1, corresponding to rays 4 10, 420, and 430,
respectively. Rays 410, 420, and 430 are incident on
surface 401 at angles O4I0, O420, and O430,
respectively. In general, angles O4I0, O420, and O430
may 



vary. For each mirror in projection objective 101, the
incident angles of imaged radiation can be
characterized in a variety of ways. One
characterization is the maximum angle of incidence of
meridional rays on each mirror in a meridional section
of projection objective 101. Meridional rays refer to
rayslying in the meridional section. In general, qmax
can vary for different mirrors in projection objective
101. In some embodiments, the maximum value of qmax
for all the mirrors in projection objective 101 is
about 75 or less (e.g., about 70 or less, about 65 or
less, about 60 or less, about 55 or less, about 50 or
less, about 45 or less). qmax can be more than about 5
(e.g., about 10 or more, about 20 or more). In some
embodiments, the maximum value of qmax can be
relatively low. For example, the maximum value of qmax
can be about 40 or less (e.g., about 35 or less, about
30 or less, about 25 or less, about 20 or less, about
15 or less, about 13 or less, about 10 or less). As an
example, in projection objective 300, qmax for mirror
310 is 8.22, qmax for mirror 320 is 10.38, qmax for
mirror 330 is 22.35, qmax for mirror 340 is 7.49, qmax
for mirror 350 is 24.58, and qmax for mirror 360 is
6.15. In some embodiments, the ratio of the maximum
value of qmax (in degrees) to image-side NA can be
about 100 or less (e.g., about 80 or less, about 70 or
less, 68 or less, about 60 or less, about 50 or less,
about 40 or less, about 30 or less). Another
characterization is the angle of incidence of the
chief ray corresponding to the central field point on
each mirror in a meridional section of projection
objective 101. This angle is referred to as q CR. In
general, q CR can vary. For projection objective 300,
for example, mirror 310 has q CR of 6.59, mirror 320
has q CR of 7.93, mirror 330 has q CR of 20.00, mirror
340 has q CR of 7.13, mirror 350 has q CR of 13.06,
and mirror 360 has q CR of 5.02. In some embodiments
the maximum value of q CR, q CR(max), in projection
objective 101 can be relatively low. For example, q
CR(max) can beabout 35 or less (e.g., about 30 or
less, about 25 or less, about 20 or less, about 15 or
less, about 13 or less, about 10 or less, about 8 or
less, about 5 or less). For projection objective 300,q
CR(max), which is q CR for mirror 330, is 20.00. In
some embodiments, the ratio of the maximum value of
qCR(max) (in degrees) to image-side NA can be about
100 or less (e.g., about 80 or less, about 70 or less,
68 or less, about 60 or less, about 50 or less, about
40 or less, about 30 or less). Each mirror in
projection objective 101 can also be characterized by
the range of angles of incidence, Dq, of rays for a
meridional section of projection objective 101. For
each mirror, Dq corresponds to the difference between
qmax and qmin, where qmin is the minimum angle of
incidence of rays on each mirror in a meridional
section of projection objective 101. In general, Dq
may vary for each mirror in projection objective 101.
For some mirrors, Dq can be relatively small. For
example, Dq can be about 20 or less (e.g., about 15 or
less, about 12 or less, about 10 or less, about 8 or
less, about 5 or less, about 3 or less, 2 or less).
Alternatively, for some mirrors in projection
objective 101, Dq can be relatively large. For
example, Dq for some mirrors can be about 20 or more
(e.g., about 25 or more, about 30 or more, about 35 or
more, about 40 or more). For projection objective 300,
Dqmax for mirror 310 is 3.34, Dqmax for mirror 320 is
4.92, Dqmax for mirror 330 is 5.18, Dqmax for mirror
340 is 0.98, Dqmax for mirror 350 is 24.07, and Dqmax
for mirror 360 is 2.77. In some embodiments, the
maximum value for Dq, Dqmax, for all the mirrors in
projection objective 101 can be relatively small. For
example, Dqmax can be about 25 or less (e.g., about 20
or less, about 15 or less, about 12 or less,about 10
or less, about 9 or less, about 8 or less, about 7 or
less, about 6 or less, about 5 or less, such as 3).
For projection objective 300, Dqmax is 24.07. Another
way to characterize the radiation path in projection
objective 101 is by the chief ray magnification at
each mirror, which refers to the quotient of the
tangent of the angle between the chief ray (e.g. in
the meridional section) and reference axis 105 before
and after reflection from each mirror. For 



example, referring to FIG. 5A where a chief ray 501
diverges from reference axis 105 prior to reflection
from a mirror 510, and reflects from mirror 510 back
towards reference axis 105, mirror 510 has a positive
chief ray angle magnification. Referring to FIG. 5B,
alternatively, where a chief ray 502 diverges from
reference axis 105 both before and after reflection
from a mirror 520, mirror 520 has a negative chief ray
angle magnification. In both cases, the chief ray
magnification is given by tan(a)/tan(b) . In certain
embodiments, having multiple mirrors with positive
chief ray angle magnification can correspond to
relatively large incident angles on one or more
mirrors in the projection objective. Accordingly,
projection objectives having only one mirror with
positive chief ray angle magnification can also
exhibit relatively low incident ray angles on the
mirrors. For projection objective 300, mirrors 310,
320, 330 and 350 have negative chief ray angle
magnifications, while mirror 340 has positive chief
ray angle magnification. The relative spacing of
mirrors in projection objective 101 can vary depending
on the specific design of the projection objective.
Relatively large distances between adjacent mirrors
(with respect to the path of the radiation) can
correspond to relatively low incident ray angles on
the mirrors. In certain embodiments, projection
objective 101 can include at least one pair of
adjacent mirrors that separated by more than 50% of
the projection objectivetracklength. For example, in
projection objective 300, mirrors 340 and 350 are
separated by more than 50% of the projection
objective's track length. In certain embodiments,
having a large relative distance, dop- i, between the
object plane and the first mirror in the radiation
path compared to the distance, dop-2 , between the
object plane and the second mirror in the radiation
path can also correspond to relatively low incident
ray angles on the mirrors. For example, embodiments
where dop- i/dop-2 is about 2 or more (e.g., about 2.5
or more, about 3 or more, about 3.5 or more, about 4
or more, about 4.5 or more, about 5 or more) can also
have relatively low incident ray angles. In projection
objective 300, dop-I /dop-2 is 2.38. In general, the
footprint size and shape of the mirrors in projection
objective 101 can vary. The footprint shape refers to
the shape of the mirror projected onto the x-y plane.
The footprint of the mirrors can be circular, oval,
polygonal (e.g., rectangular, square, hexagonal), or
irregular in shape. In embodiments, the footprint is
symmetric with respect to the meridional plane of
projection objective 101. In certain embodiments,
mirrors can have a footprint with a maximum dimension
that is about 1,500 mm or less (e.g., about 1,400 nm
or less, about 1,300 mm or less, about 1,200 mm or
less, about 1,100 mm or less, about 1,000 mm or less,
about 900 mm or less, about 800 mm or less, about 700
mm or less, about 600 mm or less, about 500 mm or
less, about 400 mm or less, about 300 mm or less,
about 200 mm or less, about 100 mm or less.) Mirrors
may have footprint that has a maximum dimension that
is more than about 10 mm (e.g., about 20 mm or more,
about 50 mm or more). An example of a mirror 600 with
an oval footprint is shown in FIG. 6A. . Mirror 600
has a maximum dimension in the x-direction given by
Mx. Inembodiments, Mx can be about 1,500 mm or less
(e.g., about 1,400 nm or less, about 1,300 mm or less,
about 1,200 mm or less, about 1,100 mm or less, about
1,000 mm or less, about 900 mm or less, about 800 mm
or less, about 700 mm or less, about 600 mm or less,
about 500 mm or less, about 400 mm or less, about 300
mm or less, about 200 mm or less, about 100 mm or
less). Mx can be more than about 10 mm (e.g., about 20
mm or more, about 50 mm or more). Mirror 600 is
symmetric with respect to meridian 601. Mirror 600 has
a dimension My along meridian 601 . For mirror 600 My
is smaller than Mx, however, more generally, My can be
smaller, the same size, or larger than Mx. In some
embodiments, My is in a range from about 0.1 Mx to
about Mx (e.g., about 0.2 Mx or more, about 0.3 Mx or
more, about 0.4 Mx or more, about 0.5 Mx or more,
about 0.6 Mx or more, about 0.7 Mx or more about 0.8
Mx or more, about 0.9 Mx or more). Alternatively, in
certain embodiments, My can be about 1.1 Mx or more
(e.g., about 1.5 Mx or more), such as in a range from
about 2 Mx to about 10 Mx. My can be about 1,000 mm or
less (e.g., about 900 



mm or less, about 800 mm or less, about 700 mm or
less, about 600 mm or less, about 500 mm or less,
about 400 mm or less, about 300 mm or less, about 200
mm or less, about 100 mm or less). My can be more than
about 10 mm (e.g., about 20 mm or more, about 50 mm or
more). In projection objective 300, Mx and My for
mirror 310 are 303 mm and 139 mm, respectively; Mx and
My for mirror 320 are 187 mm and 105 mm, respectively;
Mx and My for mirror 330 are 114 mm and 62 mm,
respectively; Mx and My for mirror 340 are 299 mm and
118 mm, respectively; Mx and My for mirror 350 are 99
mm and 7 1 mm, respectively; and Mx and My for mirror
360 are 358 mm and 332 mm, respectively.In some
embodiments, the base of the mirrors may extend beyond
the mirror surface (i.e., the portion of the mirror
that reflects imaged radiation) in one or more
directions. For example, a mirror's base can extend
about 10 mm or more (e.g., about 20 mm or more, about
30 mm or more, about 40 mm or more, about 50 mm or
more) beyond the optically active surface in the xand/
ory-directions. Mirror base extension can facilitate
mounting the mirror in projection objective 101 by
providing surfaces that are not optically active that
can be attached to mounting apparatus. Preferably,
mirror base extensions should not be in a direction
that occludes the radiation path in projection
objective 101. The distance between the edge of a
mirror and the radiation path as it passes the mirror
is related to a parameter referred to as the
"freeboard," which is the minimum distance between the
rays closest to a mirror's edge and the rays nearest
the mirror's edge that are reflected by the mirror. In
some embodiments, projection objective 101 can include
one or more mirrors with freeboards of about 20 mm or
more (e.g., about 25 mm or more, about 30 mm or more,
about 35 mm or more, about 40 mm or more, about 45 mm
or more, about 50 mm or more). Large freeboards
provide flexibility in mirror fabrication as the
projection objective can accommodate an extended
mirror base without occlusion of the imaged radiation.
However, relatively small freeboards can correspond to
low incident ray angles on the mirrors in the
projection objective. In some embodiments, projection
objective 101 can include one or more mirrors with
freeboards of about 15 mm or less (e.g., about 12 mm
or less, about 10 mm or less, about 8 mm or less,
about 5 mm or less). In certain embodiments,
projection objective 101 includes one or more mirrors
having a freeboard between 5 mm and 25 mm. For
example, in projection objective 300, mirrors 310,
320, 330, 350, and 360 have freeboards between 5 mm
and 25 mm.In general, the thickness of the mirrors in
projection objective 101 may vary. Mirror thickness
refers to the dimension of the mirror normal to its
optical surface. Mirrors should generally have
sufficient thickness to facilitate mounting within the
projection objective. Referring to FIG. 6B, the
thickness of mirror 600 can be characterized by a
maximum thickness, Tmax, and a minimum thickness,
Tmin. Typically, the difference between Tmax and
T1111n will depend on the curvature of the mirror
surface and the structure of the mirror's base. In
some embodiments, Tmax is about 200 mm or less (e.g.,
about 150 mm or less, about 100 mm or less, about 80
mm or less, about 60 mm or less, about 50 mm or less,
about 40 mm or less, about 30 mm or less, about 20 mm
or less). In certain embodiments, Tmin is about 1 mm
or more (e.g., about 2 mm or more, about 5 mm or more,
about 10 mm or more, about 20 mm or more, about 50 mm
or more, about 100 mm or more). In some embodiments,
the maximum dimension of any mirror in projection
objective is about 1,500 mm or less (e.g., about 1,400
nm or less, about 1,300 mm or less, about 1,200 mm or
less, about 1,100 mm or less, about 1,000 mm or less,
about 900 mm or less, about 800 mm or less, about 700
mm or less, about 600 mm or less, about 500 mm or
less, such as about 300 mm). In certain embodiments,
the maximum dimension of any mirror in projection
objective is about 10 mm or more (e.g., about 20 mm or
more, about 30 mm or more, about 40 mm or more, about
50 mm or more, about 75 mm or more, about 100 mm or
more). In general, the shape of the field of
projection objective 101 can vary. In some
embodiments, the field has an arcuate shape, such as
the shape of a segment of a ring. Referring to FIG.
7A, a ring-segment field 700 can be characterized by 



an x-dimension, dx, aj-dimension, dy, and a radial
dimension, dr. dx and dy correspond to the dimension
of the field along the x-direction and y-direction,
respectively. dr corresponds to the ring radius, as
measured from an axis 705to the inner boundary of
field 700. Ring-segment field 700 is symmetric with
respect to a plane parallel to the y-z plane and
indicated by line 710. In general, the sizes of dx,
dy, and dr vary depending on the design of projection
objective 101. Typically dy is smaller than dx. The
relative sizes of field dimensions dx, dy, and dr at
object plane 103 and image plane 102 vary depending on
the magnification or demagnification of projection
objective 101. In some embodiments, dx is relatively
large at image plane 102. For example, dx at image
plane 102 can be more than 1mm (e.g., about 3 mm or
more, about 4 mm or more, about 5 mm or more, about 6
mm or more, about 7 mm or more, about 8 mm or more,
about 9 mm or more, about 10 mm or more, about 11 mm
or more, about 12 mm or more, about 13 mm or more,
about 14 mm or more, about 15 mm or more, about 18 mm
or more, about 20 mm or more, about 25 mm or more). dx
can be about 100 mm or less (e.g., about 50 mm or
less, about 30 mm or less). dy at image plane 102 can
be in a range from about 0.5 mm to about 5 mm (e.g.,
about 1 mm, about 2 mm, about 3 mm, about 4 mm).
Typically, dr at image plane 102 is about 10 mm or
more. dr can be, for example, about 15 mm or more
(e.g., about 20 mm or more, about 25 mm or more, about
30 mm or more) at image plane 102. In some
embodiments, dr can be extremely large (e.g., about 1m
or more, about 5 m or more, about 10 m or more). In
certain embodiments, the field is rectangular in shape
and dr is infinite. Projection objective 300, for
example, has a rectangular field. Specifically,
projection objective 300 has a rectangular field with
a - dimension of 2 mm and an x-dimension of 26 mm,
measured in the image plane.More generally, for other
field shapes, projection objective 101 can have a
maximum field dimension of more than 1mm (e.g., about
3 mm or more, about 4 mm or more, about 5 mm or more,
about 6 mm or more, about 7 mm or more, about 8 mm or
more, about 9 mm or more, about 10 mm or more, about
11 mm or more, about 12 mm or more, about 13 mm or
more, about 14 mm or more, about 15 mm or more, about
18 mm or more, about 20 mm or more, about 25 mm or
more) at image plane 102. In certain embodiments,
projection objective has a maximum field dimension of
no more than about 100 mm (e.g., about 50 mm or less,
about 30 mm or less). In some embodiments, the image
field shape can correspond (e.g., in one or more
dimensions) to the shape of die sites on a wafer that
is exposed using projection objective 101. For
example, the image field can be shaped to reduce
overscan when exposing the wafer. Overscan refers to
the need to scan the image field beyond the edge of a
die site to expose the entire site. Generally, this
occurs where the shape of the image field does not
conform to the shape of die site. Overscan can be
characterized by the ratio (e.g., expressed as a
percentage) of the maximum distance between the
leading edge of the image field and the trailing edge
of the die site at the position where the corners at
the trailing edge of the die site are exposed.
Referring to FIG. 7B, overscan corresponds to the
ratio of dos to dy, where dos is the distance between
the leading edge of image field 700 and the trailing
edge of die sites 720 at the position where corners
721 and 722 are exposed. In certain embodiments,
projection objective can have relatively low overscan.
For example, projection objective can have an overscan
of about 5% or less (e.g., about 4% or less, about 3%
or less, about 2% or less, about 1% or less, about
0.5% or less, 0.1% or less).In certain embodiments,
projection objective 101 can be used with zero
overscan. For example, referring to FIG. 1C, in
embodiments where an image field 730 is used to expose
square die sites 740, scanning can be achieved with
zero overscan. Referring to FIG. 8, in general,
projection objective 101 introduces an objectimage
shift, dois, that varies depending on the specific
design of the projection objective. The object-image
shift refers to the distance of a point in the image
field from the corresponding point in the object
field, as measured in the x-y 



plane. For projection objectives that have an optical
axis (a common axis of rotational symmetry for each
mirror in the projection objective) the objectimage
shift can be calculated using the formula: dm =hn{\ -
M) where ho refers to the distance in the x-y plane of
the central field point in the object field from the
optical axis and Mis the projection objective
magnification ratio. For example, for a projection
objective have a demagnification of 4X (i.e., M =
0.25) and where the central field point is 120 mm from
the optical axis, dois is 90 mm. In some embodiments,
projection objective 101 can have a relatively small
object-image shift. For example, projection objective
has zero object-image shift. Projection objectives
having relatively small object image shifts can be
have a relatively slim optical design. Furthermore, in
embodiments that have zero object-image shift,
projection objective 101 can be rotated about the axis
intersecting the central field points in the object
and image fields without the central field point
translating with respect to, e.g., stage 130. This can
be advantageous where, for example, metrology tools
(e.g., detection optical systems, such as those
disclosed in U.S. 6,240,158 Bl) for inspecting
andaligning wafers with respect to projection
objective 101 are placed at a nominal position of the
central field point because the central field point is
not translated with respect to this position when the
projection objective rotates. Accordingly, zero
object-image shift can facilitate easier metrology and
testing of projective objective 101 where the
projection objective is subject to rotations during
the course of operation. This is illustrated in Fig. 8
showing a testing or metrology tool 150a located with
its detection surface, e.g. a twodimensional CCD
array, within the image plane 150. The testing and
metrology tool 150a is arranged such that a reference
axis coinciding with axis 105 intersects a central
point of the detection surface. The lateral extension
of the detection surface of the testing and metrology
tool 150a is larger than the object-image shift dois.
Due to the small object-image shift dols, the
metrology and testing tool 150a is able to measure the
projection quality of projection objective 101
irrespective of a rotation of the projection objective
101 around the reference axis 105. In some
embodiments, projection objective 101 has a dois of
about 80 mm or less (e.g., about 60 mm or less, about
50 mm or less, about 40 mm or less, about 30 mm or
less, about 20 mm or less, about 15 mm or less, about
12 mm or less, about 10 mm or less, about 8 mm or
less, about 5 mm or less, about 4 mm or less, about 3
mm or less, about 2 mm or less, about 1mm or less).
Projection objective 300, for example, has a dms of 57
mm. Embodiments of projection objective 101 can have a
relatively large imageside free working distance. The
image-side free working distance refers to the
shortest distance between image plane 102 and the
mirror surface of the mirror closest to image plane
102 that reflects imaged radiation. This definition of
a free working distance differs from that in
conventional optical systems having rotationally
symmetric surfaces where the free working distance is
always measured in the optical axis. The free working
distancewith respect to the definition according to
the present application is illustrated in FIG. 9,
which shows a mirror 810 as the closest mirror to
image plane 102. Radiation reflects from surface 8 11
of mirror 810. The image-side free working distance is
denoted dw. In some embodiments, dw is about 25 mm or
more (e.g., about 30 mm or more, about 35 mm or more,
about 40 mm or more, about 45 mm or more, about 50 mm
or more about 55 mm or more, about 60 mm or more,
about 65 mm or more). In certain embodiments, dw is
about 200 mm or less (e.g., about 150 mm or less,
about 100 mm or less, about 50 mm or less). Projection
objective 300, for example, has an imageside free
working distance of approximately 45 mm. A relatively
large working distance may be desirable because it can
allow the surface of substrate 150 to be positioned at
image plane 102 without contacting the side of mirror
810 facing image plane 102. Analogously, the
object-side free working distance refers to the
shortest distance between object plane 103 and the
mirror surface of the reflective side of the mirror in
projection objective 101 closest to object plane 103
that 



reflects imaged radiation. In some embodiments,
projection objective 101 has a relatively large
object-side free working distance. For example,
projection objective 101 can have an object-side free
working distance of about 50 mm or more (e.g., about
100 mm or more, about 150 mm or more, about 200 mm or
more, about 250 mm or more, about 300 mm or more,
about 350 mm or more, about 400 mm or more, about 450
mm or more, about 500 mm or more, about 550 mm or
more, about 600 mm or more, about 650 mm or more,
about 700 mm or more, about 750 mm or more, about 800
mm or more, about 850 mm or more, about 900 mm or
more, about 950 mm or more, about 1,000 mm or more).
In certain embodiments, the object-side free working
distance is no more than about 2,000 mm (e.g., about
1,500 mm or less, about 1,200 mm or less, about 1,000
mm or less). Projection objective 300, for example,
has an object-side free working distance of
approximately 300 mm. A relatively largeobject-side
free working distance may be advantageous in
embodiments where access to the space between
projection objective 101 and object plane 103 is
desired. For example, in embodiments where reticle 140
is a reflective reticle, it is necessary to illuminate
the reticle from the side that faces objective 101.
Therefore, there should be sufficient space between
projection objective 101 and object plane 103 to allow
the reticle to be illuminated by illumination system
120 at a desired illumination angle. Furthermore, in
general, a larger object-side free working distance
allows flexibility in design of the rest of tool, for
example, by providing sufficient space to mount other
components (e.g. an uniformity filter) between
projection objective 101 and the support structure for
reticle 140. In general, projection objective 101 can
be designed so that chief rays either converge,
diverge, or are substantially parallel to each other
at reticle 140. Correspondingly, the location of the
entrance pupil of projection objective 101 with
respect to object plane 103 can vary. For example,
where chief rays converge at reticle 140, the entrance
pupil is located on the image plane side of object
plane 103. Conversely, where the chief rays diverge at
reticle 140, object plane 103 is located between the
entrance pupil and image plane 102. Furthermore, the
distance between object plane 103 and the entrance
pupil can vary. In some embodiments, the entrance
pupil is located about 1 m or more (e.g., about 2 m or
more, about 3 m or more, about 4 m or more, about 5 m
or more, about 8 m or more, about 10 m or more) from
object plane 103 (measured along an axis perpendicular
to object plane 103). In some embodiments, the
entrance pupil is located at infinity with respect to
object plane 103. This corresponds to where the chief
rays are parallel to each other at reticle 140. For
projection objective 300, the incident angle of the
chief ray at the central field point at object plane
103 is 7 and the maximum variation of the chief ray
angle form the central field point chief ray is 0.82.
Theentrance pupil is located 1,000 mm from object
plane 103 on the opposite side of object plane 103
from image plane 102. Illumination system 120 may be
arranged so that the exit pupil of the illumination
system is positioned substantially at the entrance
pupil of projection objective 101. In certain
embodiments, illumination system 120 includes a
telescope subsystem which projects the illumination
system's exit pupil to the location of the entrance
pupil of projection objective 101. However, in some
embodiments, the exit pupil of illumination system 120
is positioned at the entrance pupil of projection
objective 101 without using a telescope in the
illumination system. For example, when the object
plane 103 is between projection objective 101 and the
entrance pupil of the projection objective, the exit
pupil of illumination system 120 may coincide with the
projection objective's entrance pupil without using a
telescope in the illumination system. In general,
projection objective 101 can be designed using
commercially available optical design software like
ZEMAX, OSLO, or Code V. Typically, a design is started
by specifying an initial projection objective design
(e.g., arrangement of mirrors) along with parameters
such as the radiation wavelength, field size and
numerical aperture, for example. The code then
optimizes the design for specified optical performance
criteria, such as, for example, wavefront error,
distortion, telecentricity, and field curvature. 



In certain embodiments, the initial projection
objective is designated by rotationally symmetric
mirrors (e.g., spherical or aspherical mirrors) that
are centered on an optical axis. Each mirror is then
decentered from the optical axis to a position where
the mirror satisfies some pre-established criterion.
For example, each mirror can be decentered from the
optical axis by and amount which minimizes the chief
ray angle of incidence across the mirror forparticular
field. In embodiments, mirrors can be decentered by
about 5 mm or more (e.g., about 10 mm or more, about
20 mm or more, about 30 mm or more, about 50 mm or
more). In certain embodiments, mirrors are decentered
by about 200 mm or less (e.g., about 180 mm or less,
about 150 mm or less, about 120 mm or less, about 100
mm or less). Alternatively, or additionally, each
mirror can be tilted to a position where the mirror
satisfies some pre-established criterion. The tilt
refers to the orientation of each mirrors symmetry
axis with respect to the optical axis of the initial
configuration of the projection objective. Mirrors can
be titled by about 1 or more (e.g., about 2 or more,
about 3 or more, about 4 or more, about 5 or more). In
some embodiments, mirrors are tilted by about 20 or
less (e.g., about 15 or less, about 12 or less, about
10 or less). After decentering and/or tilting, a
freeform shape for each mirror can be determined to
optimize the projection objective design for specified
optical performance criteria. In addition to mirrors,
projection objective 101 can include one or more other
components, such as one or more aperture stops. In
general, the shape of the aperture stop can vary.
Examples of aperture stops include circular aperture
stops, elliptical aperture stops, and/or polygonal
aperture stops. Apertures stops can also be positioned
so that the image radiation makes a double pass or a
single pass through the aperture stop. Aperture stops
can be interchanged in projection objective 101 and/or
may have an adjustable aperture. In some embodiments,
projection objective 101 includes a field stop. For
example, in embodiments where projective objective
includes an intermediate image, the field stop can be
positioned at or near the intermediate
image.Embodiments can include baffles (e.g., to shield
the wafer from stray radiation). In some embodiments,
projection objective 101 can include components (e.g.,
interferometers) for monitoring changes in the
position of mirrors within the projection objective.
This information can be used to adjust the mirrors to
correct for any relative movement between the mirrors.
Mirror adjustment can be automated. Examples of
systems for monitoring/adjusting mirror position are
disclosed in U.S. 6,549,270 Bl. Referring to FIG. 10,
an embodiment of a projection objective 1000 includes
six mirrors 1010, 1020, 1030, 1040, 1050, and 1060,
and has an image-side numerical aperture of 0.35 and
an operating wavelength of 13.5 nm. Mirrors 1010,
1020, 1030, 1040, 1050, and 1060 are all freeform
mirrors. Projection objective 1000 images radiation
from object plane 103 to image plane 102 with a
demagnification ratio of 4X. The tracklength of
projection objective 1000 is 1497 mm and the optical
path length of imaged radiation is 4760 mm.
Accordingly, the ratio of the optical path length to
tracklength is approxi mately 3,18. The entrance pupil
of projection objective 1000 is located 1,000 mm from
object plane 103 with object plane positioned between
the entrance pupil and the mirrors. Due to the
reflective reticle positioned at object plane 103,
illumi nation optics can be positioned at location
1070, corresponding to the entrance pupil. The chief
ray angle of the central field point at object plane
103 is 7. The maximum variation of chief ray angles at
object plane 103 is 0.82. Projection objective 1000
has a rectangular field. The image-side field width,
dx, is 26 mm. The image-side field length, dy, is 2
mm. Projection objective 1000 has an object-image
shift of 13 mm.The performance of projection objective
1000 includes an image-side Wp s of 0.021 l.
Distortion is less than 10 nm, and image-side field
curvature is 19 nm. Projection objective 1000 provides
an intermediate image between mir rors 1040 and 1050.
Coma at the intermediate image is relatively large. In
particular, the distance between the chief ray and the
upper and lower rays at the location where the upper
and lower rays cross is 7 mm. The optical power of the
mirrors in the order of the radiation path from object



plane 103 to image plane 102 is as follows: mirror
1010 has positive optical power; mirror 1020 has
negative optical power; mirror 1030 has positive opti
cal power; mirror 1040 has positive optical power;
mirror 1050 has negative optical power; and mirror
1060 has positive optical power. The dimension of the
footprint of each mirror, given as Mx x My, is as
follows: 323 mm x 152 mm for mirror 1010; 107 mm x 59
mm for mirror 1020; 297 mm x 261 mm for mirror 1030;
277 mm x 194 mm for mirror 1040; 99 mm x 72 mm for
mirror 1050; and 268 mm x 243 mm for mirror 1060. The
maximum deviation of mirror 1010 from a best fit
sphere is 475 mm. Maximum deviation from best fit
spheres of mirrors 1020, 1030, 1040, 1050, and 1060
are 1,234 mm, 995 mm, 1,414 mm, 170 mm, and 416 mm,
respec tively. The maximum deviation of each mirror
from a best fit asphere is 236 mm, 102 mm, 102 mm, 148
mm, 54 mm, and 372 mm for mirrors 1010, 1020, 1030,
1040, 1050, and 1060, respectively. The first and
second principal curvature for mirror 1010 are 1.16 x
10~3 and 1.05 x 10~3 respectively. Respective first
and second principal curvatures for the other mirrors
in projection objective 1000 are as follows: -3.02 x
10~3 and - 1.13 x 10~3 for mirror 1020; 5.97 x and
4.96 x 10 4 for mirror 1030; 5.50 x10 4 and 3.63 x
10~4 for mirror 1040; -2.24 x 10 3 and -2.04 x 10 3
for mirror 1050; and 2.57 x 10 3 and 2.48 x 10 3 for
mirror 1060. The sum of the first principal curvature
for projection objective 1000 is -3.78 x l O4 . The
sum of the second principal curvature is 1.22 x 10 3.
The sum of the first and second principal curvatures
is 8.45 x 10 4 and the inverse sum of the first and
second principal curvatures is 1.18 x 103. The chief
ray angle of incidence for the central field point is
3.40, 9.86, 6.48, 10.13, 13.66, and 7.00 for mirrors
1010, 1020, 1030, 1040, 1050, and 1060, respectively.
The maximum angle of incidence, qmax, on each mirror
for the meridional section is 3.94, 10.42, 7.45,
14.34, 24.28, and 8.61 for mirrors 1010, 1020, 1030,
1040, 1050, and 1060, respectively. Dq for mirrors
1010, 1020, 1030, 1040, 1050, and 1060 are 1.13, 2.74,
3.42, 9.96, 23.69, and 3.95, respectively. Mirrors
1010, 1020, 1030, 1050, and 1060 have freeboards that
are more than 5 mm and less than 25 mm. Mirror 1030
has positive chief ray angle magnifi cation while
mirrors 1040 and 1050 have negative chief ray angle
magnifi ca tion. The image-side free working distance
of projection objective 1000 is 45 mm. The object-side
free working distance is 252 mm. In projection
objective 1000, dop- /dop.2 is 3.14. Furthermore,
adjacent mirror pairs 1020 and 1030, 1030 and 1040,
and 1040 and 1050 are separated by more than 50% of
the projection objective's tracklength. Further, the
distance between mirror 1010 and object plane 103 is
more than 50% of the projection objective's
tracklength.Data for projection objective 1000 is
presented in Table 2A and Table 2B b e low. The
parameters and units for the parameters for Table 2A
and 2B and subsequent tables are the same as the
corresponding parameters and units pre sented in Table
IA and IB above. Table 2A presents optical data, while
Table 2B presents freeform constants for each of the
mirror surfaces. For the pur poses of Table 2A and
Table 2B, the mirror designations correlate as
follows: mirror 1 (Ml) corresponds to mirror 1010;
mirror 2 (M2) corresponds to mir ror 1020; mirror 3
(M3) corresponds to mirror 1030; mirror 4 (M4) corre
sponds to mirror 1040; mirror 5 (M5) corresponds to
mirror 1050; and mirror 6 (M6) corresponds to mirror
1060.Table 2ACoeffi M1 M2 M3 M4 M5 M6 cient K -5
925412E-01 1 525505E+00 - 1 851822E+00 3 314097E+00 1
983829E+00 2 009323E-01 Y 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 X2 2
471303E-04 6 505963E-04 7 593410E-05 2 922157E-05 -4
716078E-04 1 426720E-05 Y2 1 863347E-04 6 677442E-05
-2 868206E-05 -7 428048E-05 -3 446472E-04 5 312976E-05
X2Y -3 545294E-08 -2 891983E-06 1 048420E-07 9
891278E-08 2 877558E-06 -2 714955E-08 Y3 -1 873281
E-08 -3 078489E-06 -7 296056E-08 -3 920160E-08 1
288669E-06 -9 898583E-09 X4 1 180642E-11 3 342373E-10
-3 287877E-11 -8 971583E-11 3 862440E-10 -8 982825E-11
X2Y2 3 437144E-11 5 937123E-09 -2 687658E-1 1 -7
769409E-1 1 1 693138E-08 2 462964E-11 Y" 9 863178E-11
-2 340521E-08 - 1 605207E-10 - 1 806038E-10 -2
208217E-09 -3 099379E-1 1 



X4Y -4 051355E-14 1 381955E-13 -2 895532E-14 5
170900E-14 4 797213E-11 -4 214964E-14 X2Y3 -2
144219E-13 -2 531232E-10 - 1 637831 E-1 3 2 916068E-13
1 961 281 E-1 0 -3 785260E-14 Y5 -2 415401E-14 1
279499E-10 -7 226386E-14 1 273503E-13 2 976407E-1 1 4
394992E-14 X -2 920211E-17 1 949737E-14 -1 774795E-17
-2 785422E-16 8 466233E-14 -5 281246E-16 X4Y2 7
135583E-17 -6 187267E-13 -2 447653E-16 -1 867205E-16 3
921385E-13 -5 767253E-16 X2Y4 5 606882E-16 4
378172E-13 -4 812153E-16 4 588123E-16 7 309790E-13 -7
534000E-17 -7 879310E-16 -6 710705E-13 6 992795E-19 3
331795E-16 -3 185164E-13 -9 186437E-17 X Y 2
435160E-20 -3 445743E-16 -3 254844E-19 -4 053237E-18 1
681642E-15 -7 144774E-20 X4Y3 -1 325499E-18 2
205904E-15 -4 637731 E-1 9 -1 132243E-18 6 530207E-15
- 1 155827E-19 X2Y5 2 538976E-18 7 780251E-15 -5
473994E-19 9 042940E-19 5 583512E-15 1 826925E-19 Y7 6
001333E-18 7 757557E-15 -8 424804E-21 7 805993E-20 -2
390583E-15 3 562442E-19 x -2 140710E-22 -1 536511E-18
-5 293518E-23 -7 75791 9E-22 1 098261 E-1 8 -2
871286E-21 xV -2 383343E-21 -3 017606E-17 -2
564847E-21 -2 918509E-20 - 1 382527E-17 -5 946767E-21
X4Y4 4 328735E-21 -3 407893E-17 -3 923348E-22 -6
995732E-21 2 738740E-17 -2 968388E-21 X2Y -4
831336E-20 - 1 206126E-16 -1 673186E-22 5 920827E-22 4
911090E-17 8 147751 E-22 Y" -3 800647E-20 -6
246834E-17 -5 575611E-23 -7 691743E-22 -4 049646E-18 -
1 438562E-21 X8Y 2 973276E-24 6 697817E-20 -9
383994E-25 -1 349984E-23 8 777395E-22 -9 763800E-25 X
Y3 1 179538E-23 5 201215E-19 -6 639018E-24 -8
645373E-23 -3 199889E-19 -4 878981 E-24 X4Y5 - 1
203834E-23 -4 705218E-20 - 1 462557E-25 - 1 508808E-23
8 645921 E-20 -3 908340E-24 X2Y' 2 304206E-22 1
208243E-19 2 562699E-25 1 368282E-24 4 649092E-19 2
276452E-24 Y 1 418250E-22 - 1 077428E-19 7 645118E-27
-3 895996E-25 1 402632E-20 5 582547E-24 X10 4
021654E-28 2 141815E-23 -3 668876E-27 -1 991462E-26 1
059359E-22 -2 694594E-26 X8Y2 - 1 314266E-26 -8
696134E-22 - 1 671744E-27 -3 158518E-26 -2 330392E-22
-7 617267E-26 XV -7 356431 E-27 -3 656759E-21 -5
748164E-27 -9 269087E-26 -2 103517E-21 -6 065950E-26
X4Y5 1 059736E-26 3 564328E-22 -1 527905E-28 -1
292503E-26 -3 644105E-22 1 700246E-26 X2Y8 -3
817918E-25 2 574506E-21 1 902672E-28 1 728267E-27 1
530993E-21 1 26701 1E-26 -2 256936E-25 1 804566E-21 1
126083E-29 -2 712119E-28 -1 135939E-22 - 1 049025E-26
Nradius 1 OOE+00 1 OOE+00 1 OOE+00 1 OOE+00 1 OOE+00 1
OOE+00 Y- -141 222 -91 036 45 162 -4 535 -0 554 -8 496
decenter X- -9 184 -15 081 1 443 -3 391 -6 975 1 780
rotation Table 2BReferring to FIG. 11, an embodiment
of a projection objective 1000 includes six mirrors
1110, 1120, 1130, 1140, 1150, and 1160, and has an
image-side numerical aperture of 0.35 and an operating
wavelength of 13.5 nm. Mirrors 1110, 1120, 1130, 1140,
1150, and 1160 are all freeform mirrors. Projection
objective 1100 images radiation from object plane 103
to image plane 102 with a demagnification ratio of 4X.
The tracklength of projection objective 1100 is 2000
mm and the optical path length of imaged radiation is
5337 mm. Accordingly, the ratio of the optical path
length to tracklength is approximately 2,67.
Projection objective 1100 has an aperture stop 1106
positioned at mirror 1120. The entrance pupil of
projection objective 1100 is located at infinity. The
chief ray angle of the central field point at object
plane 103 is 7. The maximum variation of chief ray
angles at object plane 103 is less than 0.06.
Projection objective 1100 has a rectangular field. The
image-side field width, dx, is 26 mm. The image-side
field length, dy, is 2 mm. Projection objective 1100
has an object-image shift of 3 1 mm. The performance
of projection objective 1100 includes an image-side
Wnns of 0.025 l. Image-side field curvature is 10 nm.
Projection objective 1100 pro vides an intermediate
image between mirrors 1140 and 1150. The optical power
of the mirrors in the order of the radiation path from
object plane 103 to image plane 102 is as follows:
mirror 1110 has positive optical power; mirror 1120
has positive optical power; mirror 1130 has negative
opti cal power; mirror 1140 has positive optical
power; mirror 1150 has negative optical power; and
mirror 1160 has positive optical power.The dimension
of the footprint of each mirror, given as Mx x My, is
as follows: 291 mm x 195 mm for mirror 1110; 159 mm x
152 mm for mirror 1120; 157 mm x 53 mm for mirror
1130; 295 mm x 66 mm for mirror 1140; 105 mm x 86 mm
for mirror 1150; and 345 mm x 3 18 mm for mirror 1160.
The chief ray angle of incidence for the central field
point is 4.38, 4.03, 



18.37, 7.74, 12.64, and 5.17 for mirrors 1110, 1120,
1130, 1140, 1150, and 1160, respectively. The maximum
angle of incidence, qmax, on each mirror for the
meridional section is 6.48, 6.44, 20.05, 9.12, 21.76,
and 7.22 for mirrors 1110, 1120, 1130, 1140, 1150, and
1160, respectively. Dq for mirrors 1110, 1120, 1130,
1140, 1150, and 1160 are 4.27, 4.92, 4.09, 3.12,
19.37, and 4.61, respectively. Mirrors 1110, 1150, and
1160 have freeboards that are more than 5 mm and less
than 25 mm. Mirror 1140 has positive chief ray angle
magnification while mirrors 1110, 1120, 1130, and 1150
have negative chief ray angle magnifica tion. The
image-side free working distance of projection
objective 1100 is 25 mm. The object-side free working
distance is 163 mm. In projection objective 1100, dop-
/dop_2 is 6.57. Furthermore, adjacent mirror pair 1040
and 1050 are separated by more than 50% of the
projection obj ec tive's tracklength. Further, the
distance between mirror 1110 and object plane 103 is
more than 50% of the projection objective's
tracklength. Data for projection objective 1100 is
presented in Table 3A and Table 3B be low. Table 3A
presents optical data, while Table 3B presents
aspherical con stants for each of the mirror surfaces.
For the purposes of Table 3A and Table 3B, the mirror
designations correlate as follows: mirror 1 (Ml)
corresponds tomirror 1110; mirror 2 (M2) corresponds
to mirror 1120; mirror 3 (M3) corre sponds to mirror
1130; mirror 4 (M4) corresponds to mirror 1140; mirror
5 (M5) corresponds to mirror 1150; and mirror 6 (M6)
corresponds to mirror 1160. Table 3ACoeffi M1 M2 M3 M4
M5 M6 cient K -2 012543E+00 -7 790981 E+00 -9
061196E-01 -4 714699E-01 5 253415E+00 1 051556E-01 Y
-1 801229E-01 -2 676895E-01 6 249715E-03 2 914352E-02
3 699848E-02 6 762162E-04 X2 -3 718177E-05 -1
568640E-04 -4 213586E-04 -1 680785E-O4 -6 132874E-05 2
479745E-06 Y2 -5 757281 E-05 - 1 359112E-04 -3
015850E-04 -9 908817E-05 -6 383717E-05 1 909227E-06
X2Y -3 283304E-08 - 1 421641E-07 -4 802304E-08 -4
234719E-08 5 460366E-07 -5 398408E-09 Y3 -7 289267E-08
-9 447144E-08 3 714670E-07 1 405667E-07 2 644773E-08
-4 741511 E-09 X4 -3 792148E-11 2 173390E-10 -8
723035E-10 -2 377992E-11 1 030821 E-09 - 1 926536E-11
X2Y2 - 1 087876E-10 5 689855E-10 -5 959943E-10 -4
401654E-10 2 045233E-09 -4 586698E-11 -1 237594E-10 2
990476E-10 8 549602E-10 -4 022663E-11 5 551510E-11 -2
632066E-11 X4Y -3 587007E-14 -1 028868E-12 -8
033093E-12 1 716353E-13 5 551826E-12 -2 577816E-14
X2Y3 8 925822E-14 4 492952E-13 - 1 186636E-12 -7
545064E-13 -4 309344E-12 - 1 775797E-14 -7 423435E-14
5 791519E-13 8 705928E-14 -2 700779E-13 -7 302230E-12
-9 309635E-15 X5 1 876383E-17 2 916278E-16 -2
307341E-14 -1 670466E-15 8 878140E-15 -3 351380E-17 XV
-3 009967E-16 -3 620666E-16 -2 232847E-14 1 589023E-15
4 463758E-14 - 1 408427E-16 XV 1 992400E-16 3
916129E-16 1 756497E-15 3 477633E-16 1 478648E-13 - 1
372823E-16 Y 8 315953E-18 -6 580116E-16 8 232062E-16 1
253553E-16 3 691569E-14 -3 799352E-17 X6Y -2
621825E-20 -1 237101E-17 -3 125465E-16 -7 682746E-18 3
293829E-16 - 1 214309E-19 X4Y3 - 1 344388E-18 3
730815E-17 1 376670E-16 5 918289E-18 8 409538E-16 5
369262E-20 X -6 157858E-19 3 202677E-17 4 387074E-19 2
707480E-18 4 875870E-16 -1 363873E-20 Y7 2 770009E-20
8 487049E-18 2 518948E-18 1 820744E-19 1 27451 1E-1 6
2 776746E-21 X8 2 265356E-23 -1 881878E-20 6
916970E-19 3 815768E-20 -1 030207E-19 -2 085793E-23 X
Y2 -1 848041 E-22 -1 667898E-19 -1 070800E-18 1
947584E-20 -6 071205E-19 - 1 191227E-22 X4Y4 -1
617091E-21 -4 471313E-20 -2 039154E-19 -1 469302E-21 8
581801E-18 -2 848570E-22 XV -1 152811E-21 -1
417078E-19 -4 885470E-20 8 329380E-22 2 867618E-18 8
073429E-24 Y 5 021474E-23 -1 270497E-20 -2 834042E-20
-1 011971E-21 1 813992E-18 -6 757839E-23 X8Y 0
OOOOOOE+00 0 OOOOOOE+00 7 973679E-21 2 492982E-22 0
OOOOOOE+00 -2 465296E-25 X Y3 0 OOOOOOE+00 0
OOOOOOE+00 7 6291 11E-22 1 401277E-22 0 OOOOOOE+00 2
930653E-25 X4Y5 0 OOOOOOE+00 0 OOOOOOE+00 -7
196032E-21 -4 219890E-23 0 OOOOOOE+00 1 194933E-25 XV
0 OOOOOOE+00 0 OOOOOOE+00 - 1 090375E-22 -3 791571E-24
0 OOOOOOE+00 5 412579E-25 Y9 0 OOOOOOE+00 0 OOOOOOE+00
-5 080252E-23 1 076602E-24 0 OOOOOOE+00 3 891280E-26
X10 0 OOOOOOE+00 0 OOOOOOE+00 -6 129418E-25 -1 28991
3E-27 0 OOOOOOE+00 0 OOOOOOE+00 X8Y2 0 OOOOOOE+00 0
OOOOOOE+00 2 295090E-23 4 078311E-25 0 OOOOOOE+00 0
OOOOOOE+00 XV 0 OOOOOOE+00 0 OOOOOOE+00 5 951785E-24 1
728297E-25 0 OOOOOOE+00 0 OOOOOOE+00 XV 0 OOOOOOE+00 0
OOOOOOE+00 - 1 732732E-23 -5 280557E-26 0 OOOOOOE+00 0
OOOOOOE+00 xV 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00
-1 410994E-27 0 OOOOOOE+00 0 OOOOOOE+00 



0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 3 484416E-27 0
OOOOOOE+00 0 OOOOOOE+00 Nradius 1 OOOOOOE+00 1
OOOOOOE+00 1 OOOOOOE+00 1 OOOOOOE+00 1 OOOOOOE+00 1
OOOOOOE+00 Y- 194 936 -49 734 36 609 9 442 30 019 40
956 decenter X-rotation -5 944 -17 277 -5 569 -0 579 0
301 -0 924 Table 3BReferring to FIG. 12, an embodiment
of a projection objective 1200 includes six mirrors
1210, 1220, 1230, 1240, 1250, and 1260, and has an
image-side numerical aperture of 0.35 and an operating
wavelength of 13.5 nm. Mirrors 1210, 1220, 1230, 1240,
1250, and 1260 are all freeform mirrors. Projection
objective 1200 images radiation from object plane 103
to image plane 102 with a demagnification ratio of 4X.
A reference axis 1205, orthogonal to ob ject plane 103
and image plane 102 intersects corresponding field
points in the object and image fields. The tracklength
of projection objective 1200 is 1385 mm and the
optical path length of imaged radiation is 4162 mm.
Accordingly, the ratio of the optical path length to
tracklength is approximately 3,01. Pro jection
objective 1200 has an aperture stop positioned at
mirror 1220. The entrance pupil of projection
objective 1200 is at infinity with object plane
positioned between the entrance pupil and the mirrors.
The chief ray angle of the central field point at
object plane 103 is 7. The maximum variation of chief
ray angles at object plane 103 is less than 0.06.
Projection objective 1200 has a rectangular field. The
image-side field width, dx, is 26 mm. The image-side
field length, dy, is 2 mm. Projection objective 1200
has zero object-image shift. Projection objective 1200
provides an intermediate image between mirrors 1240
and 1250. The optical power of the mirrors in the
order of the radiation path from object plane 103 to
image plane 102 is as follows: mirror 1210 has
positive optical power; mirror 1220 has negative
optical power; mirror 1230 has positive opti cal
power; mirror 1240 has positive optical power; mirror
1250 has negative optical power; and mirror 1260 has
positive optical power.The dimension of the footprint
of each mirror, given as Mx x My, is as follows: 250
mm x 153 mm for mirror 1210; 70 mm x 69 mm for mirror
1020; 328 mm x 153 mm for mirror 1230; 325 mm x 112 mm
for mirror 1240; 87 mm x 75 mm for mirror 1250; and
269 mm x 238 mm for mirror 1260. The chief ray angle
of incidence for the central field point is 6.13,
10.61, 8.65, 8.26, 14.22, and 5.23 for mirrors 1210,
1220, 1230, 1240, 1250, and 1260, respectively. The
maximum angle of incidence, qmax, on each mirror for
the meridional section is 6.53, 11.63, 8.91, 11.39,
24.26, and 7.44 for mirrors 1210, 1220, 1230, 1240,
1250, and 1260, respectively. Dq for mirrors 1210,
1220, 1230, 1240, 1250, and 1260 are 1.07, 3.64, 1.74,
7.44, 21.70, and 4.51, respectively. Mirrors 1210,
1220, 1250, and 1260 have freeboards that are more
than 5 mm and less than 25 mm. Mirror 1240 has
positive chief ray angle magnification while mirrors
1210, 1220, 1230, and 1250 have negative chief ray
angle mag nification. The image-side free working
distance of projection objective 1200 is 40 mm. The
object-side free working distance is 439 mm. In
projection objective 1200, dop-l /dOp 2 is 1.91.
Furthermore, adjacent mirror pair 1240 and 1250 are
separated by more than 50% of the projection
objective's tracklength. Further, the distance between
mirror 1210 and object plane 103 is more than 50% of
the projection objective's tracklength. Data for
projection objective 1200 is presented in Table 4A and
Table 4B b e low. Table 4A presents optical data,
while Table 4B presents aspherical constants for each
of the mirror surfaces. For the purposes of Table 4A
and Table4B, the mirror designations correlate as
follows: mirror 1 (Ml) corresponds to mirror 1210;
mirror 2 (M2) corresponds to mirror 1220; mirror 3
(M3) corre sponds to mirror 1230; mirror 4 (M4)
corresponds to mirror 1240; mirror 5 (M5) corresponds
to mirror 1250; and mirror 6 (M6) corresponds to
mirror 1260. Table 4ACoeffi M1 M2 M3 M4 M5 M6 cient K
-6 673329E-01 -2 825442E-01 - 1 843864E+00 2
076932E+00 3 340547E+00 1 990979E-01 



Y -5 045837E-02 2 263660E-01 -1 277806E-01 -3
310548E-02 - 1 935522E-01 1 783092E-02 X2 1 827144E-04
1 686990E-04 9 963384E-05 5 203052E-05 -3 849892E-04 3
792405E-05 Y2 1 73781 2E-04 2 093994E-04 - 1
747764E-05 -7 184095E-05 -3 329705E-04 1 662759E-05
X2Y 4 765150E-08 - 1 595967E-06 -5 515151E-08 -8
752119E-10 1 213426E-06 5 552151E-08 Y3 5 091508E-08 -
1 231538E-06 - 1 294839E-07 - 1 939381 E-07 1
502735E-06 9 165146E-08 X -4 718889E-11 -6 941238E-09
-7 0020 11E-1 1 -5 996832E-11 -2 342602E-09 9
552648E-12 X2Y2 -4 340357E-1 1 -7 827867E-09 - 1
801185E-10 -7 139217E-11 -1 234047E-08 - 1 611525E-10
Y 1 234053E-10 -3 130174E-09 -7 281275E-11 - 1
598859E-10 -1 206604E-08 -1 662004E-10 X4Y 1
205203E-13 -6 495768E-11 -3 614883E-14 -4 344276E-14 2
268270E-1 1 2 930397E-13 X2Y3 2 259661E-13 -4
304439E-1 1 - 1 048629E-13 -7 8 11421 E-1 6 2
977954E-1 1 8 493936E-13 Y5 -5 198478E-13 - 1
485266E-1 1 5 022687E-15 - 1 422459E-14 - 1 556209E-11
4 051187E-13 X5 - 1 306395E-16 -4 159695E-14 0
OOOOOOE+00 -3 767576E-17 1 374773E-14 -9 890588E-17
X4Y2 8 838986E-17 1 462867E-14 0 OOOOOOE+00 - 1
369883E-16 -3 320990E-13 - 1 312584E-15 X2Y4 - 1
745854E-16 4 353978E-13 0 OOOOOOE+00 -7 920443E-17 -1
00891 0E-1 3 -2 069868E-15 Y 1 020155E-15 - 1
927189E-13 0 OOOOOOE+00 -3 431888E-17 -9 148646E-14 -6
650861 E-1 6 X Y 1 090627E-19 0 OOOOOOE+00 0
OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 1 607288E-18 X4Y3
-4 158749E-19 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 4 652411 E-1 8 X2Y5 -1 758731 E-1 8 0
OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 4
087290E-18 Y7 -3 081679E-18 0 OOOOOOE+00 0 OOOOOOE+00
0 OOOOOOE+00 0 OOOOOOE+00 9 802736E-19 Xs 0 OOOOOOE+00
0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 X6Y2 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00
0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 X4Y4 0
OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 0 OOOOOOE+00 X2Y 0 OOOOOOE+00 0 OOOOOOE+00
0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 0 OOOOOOE+00 X8Y 0 OOOOOOE+00 0 OOOOOOE+00
0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 X
Y3 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00
0 OOOOOOE+00 0 OOOOOOE+00 X4Y5 0 OOOOOOE+00 0
OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 XV 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 V 0 OOOOOOE+00 0
OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 x' 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 X8Y2 0 OOOOOOE+00
0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 X Y4 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00
0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 X4Y 0
OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 0 OOOOOOE+00 X2Y 0 OOOOOOE+00 0 OOOOOOE+00
0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 Y
10 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00
0 OOOOOOE+00 0 OOOOOOE+00 Nradius 1 OOE+00 1 OOE+00 1
OOE+00 1 OOE+00 1 OOE+00 1 OOE+00 Y- -118 847 -100 000
100 000 24 472 -1 1 760 -37 772 decenter X-rotation -7
782 7 388 1 406 -2 140 -8 177 6 989 Table 4BReferring
to FIG. 13, an embodiment of a projection objective
1300 includes six mirrors 1310, 1320, 1330, 1340,
1350, and 1360, and has an image-side numerical
aperture of 0.35 and an operating wavelength of 13.5
nm. Mirrors 1310, 1320, 1330, 1340, 1350, and 1360 are
all freeform mirrors. Projection objective 1300 images
radiation from object plane 103 to image plane 102
with a demagnification ratio of 4X. The tracklength of
projection objective 1300 is 1500 mm and the optical
path length of imaged radiation is 4093 mm.
Accordingly, the ratio of the optical path length to
tracklength is approximately 2,73. Projection
objective 1300 has an aperture stop positioned at mir
ror 1320. The entrance pupil of projection objective
1300 is at infinity. The chief ray angle of the
central field point at object plane 103 is 7. The
maximum variation of chief ray angles at object plane
103 is less than 0.1. Projection objective 1300 has a
rectangular field. The image-side field width, dx, is
26 mm. The image-side field length, dy, is 2 mm.
Projection objective 1000 has an object-image shift of
119 mm. Projection objective 1300 provides an
intermediate image between mirrors 1340 and 1350. The
optical power of the mirrors in the order of the
radiation path from object plane 103 to image plane
102 is as follows: mirror 1310 has positive optical
power; mirror 1320 has negative optical power; mirror
1330 has positive opti 



cal power; mirror 1340 has positive optical power;
mirror 1350 has negative optical power; and mirror
1360 has positive optical power.The dimension of the
footprint of each mirror, given as Mx x My, is as
follows: 271 mm x 173 mm for mirror 1310; 69 mm x 65
mm for mirror 1320; 290 mm x 115 mm for mirror 1330;
272 mm x 66 mm for mirror 1340; 8 1 mm x 67 mm for
mirror 1350; and 274 mm x 243 mm for mirror 1360. The
chief ray angle of incidence for the central field
point is 9.66, 12.15, 9.10, 5.45, 13.31, and 4.60 for
mirrors 1310, 1320, 1330, 1340, 1350, and 1360,
respectively. The maximum angle of incidence, qmax, on
each mirror for the meridional section is 11.20,
15.46, 9.63, 8.64, 23.31, and 6.17 for mirrors 1310,
1320, 1330, 1340, 1350, and 1360, respectively. Dq for
mirrors 1310, 1320, 1330, 1340, 1350, and 1360 are
3.25, 7.32, 1.57, 6.92, 21.18, and 3.63, respectively.
Mirror 1340 has positive chief ray angle magnification
while mirrors 1310, 1320, 1330, and 1350 have negative
chief ray angle magnification. The image-side free
working distance of projection objective 1300 is 40
mm. The object-side free working distance is 582 mm.
This large object-side free working distance allows
insertion of additional components, in particular of
the illumination system, e.g. an additional grazing
incidence folding mirror or a uniformity filter. In
projection objective 1300, dop- i/dop-2 is 1.63.
Furthermore, adjacent mirror pairs 1340 and 1350 is
separated by more than 50% of the projection obj ec
tive's tracklength. Further, the distance between
mirror 1310 and object plane 103 is more than 50% of
the projection objective's tracklength. Data for
projection objective 1300 is presented in Table 5A and
Table 5B b e low. Table 5A presents optical data,
while Table 5B presents aspherical con stants for each
of the mirror surfaces. For the purposes of Table 5A
and Table 5B, the mirror designations correlate as
follows: mirror 1 (Ml) corresponds tomirror 1310;
mirror 2 (M2) corresponds to mirror 1320; mirror 3
(M3) corre sponds to mirror 1330; mirror 4 (M4)
corresponds to mirror 1340; mirror 5 (M5) corresponds
to mirror 1350; and mirror 6 (M6) corresponds to
mirror 1360. Table 5ACoeffi M 1 M2 M 3 M4 M5 M 6 cient
K -5 95606E-01 - 1 82166E+00 -5 82444E-01 -2 38948E+00
3 35329E+00 1 67263E-01 Y 1 96214E-02 1 05243E-01 - 1
91165E-01 -6 23536E-02 -4 99892E-02 1 30034E-02 X 2 1
71425E-04 1 61788E-04 8 52106E-05 7 49004E-05 -2
48914E-04 3 88103E-05 Y2 1 59322E-04 1 15506E-04 -1
78602E-05 -9 20778E-05 -2 00659E-04 4 01025E-05 X 2Y 3
03035E-08 -8 08249E-07 -6 98999E-08 -6 74632E-08 7
56105E-O7 5 29501E-O9 Y3 2 86899E-08 -3 26183E-07 -9
54345E-08 - 1 51650E-07 2 54367E-07 8 86827E-O9 X 4 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 X 2Y2 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 Y 4 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 X 4Y 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 X 2Y 3 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 Y 5 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 Xs 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 X4Y 2 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 X 2Y4 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 Y 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 X Y 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 X 4Y3 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 xV 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 Y ' 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 X s 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 X Y 2 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 X 4Y4 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 XV 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 X Y 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 X5Y3 0
OOOOOE+00 ooooooe+oo 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 X 4Y 5 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 



X 2Y 7 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 o oooooe+oo
0 OOOOOE+00 0 OOOOOE+00 Y 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 x' 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 X Y2 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 X Y 4 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 X4Y5 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 xV 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 Y' 0 OOOOOE+00 0 OOOOOE+00 0
OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 0 OOOOOE+00 N radius
1 OOE+00 1 OOE+00 1 OOE+00 1 OOE+00 1 OOE+00 1 OOE+00
Y - -200 000 -82 208 200 000 4 4 996 -23 759 -73 032
decenter X-rotat io n - 1 1 492 6 153 4 904 -0 617 -3
814 7 081 Table 5BReferring to FIG. 14A, an embodiment
of a projection objective 1400 includes six mirrors
1410, 1420, 1430, 1440, 1450, and 1460, and has an
image-side numerical aperture of 0.40 and an operating
wavelength of 13.5 nm. Mirrors 1410, 1420, 1430, 1440,
1450, and 1460 are all freeform mirrors. Projection
objective 1400 images radiation from object plane 103
to image plane 102 with a demagnification ratio of 4X.
The tracklength of projection objective 1400 is 1498
mm and the optical path length of imaged radiation is
3931 mm. Accordingly, the ratio of the optical path
length to tracklength is approximately 2,62.
Projection objective 1400 has a pupil plane positioned
between mirrors 1420 and 1430. The entrance pupil of
projection objective 1400 is located 1,000 mm from
object plane 103 with object plane positioned between
the entrance pupil and the mirrors. The chief ray
angle of the central field point at object plane 103
is 7. The maximum variation of chief ray angles at
object plane 103 is 0.82. Projection objective 1400
has a rectangular field. The image-side field width,
dx, is 26 mm. The image-side field length, dy, is 2
mm. Projection objective 1000 has an object-image
shift of 38 mm. The performance of projection
objective 1000 includes an image-side Wntis of 0.083
l. Distortion is approximately 100 nm, and image-side
field curvature is 36 nm. Projection objective 1400
provides an intermediate image between mirrors 1440
and 1450. The optical power of the mirrors in the
order of the radiation path from object plane 103 to
image plane 102 is as follows: mirror 1410 has
positive optical power; mirror 1420 has positive
optical power; mirror 1430 has negative optical power;
mirror 1440 has positive optical power; mirror 1050
has negative optical power; and mirror 1460 has
positive optical power. The dimension of the footprint
of each mirror, given as Mx x My, is as follows: 326
mm x 159 mm for mirror 1410; 210 mm x 123 mm for
mirror 1420; 120 mm x 66 mm for mirror 1430; 312 mm x
119 mm for mirror 1440; 112 mm x 83 mm for mirror
1450; and 405 mm x 379 mm for mirror 1460. The chief
ray angle of incidence for the central field point is
6.70, 8.08, 20.41, 6.68, 14.52, and 5.67 for mirrors
1410, 1420, 1430, 1440, 1450, and 1460, respectively.
The maximum angle of incidence, qmax, on each mirror
for the meridional section is 8.61, 10.91, 21.98,
7.41, 27.19, and 6.86 for mirrors 1410, 1420, 1430,
1440, 1450, and 1460, respectively. Dq for mirrors
1410, 1420, 1430, 1440, 1450, and 1460 are 3.92, 5.69,
3.82, 1.79, 26.83, and 3.20, respectively. Mirrors
1410, 1420, 1430, 1450, and 1460 have freeboards that
are more than 5 mm and less than 25 mm. Mirror 1440
has positive chief ray angle magnifi cation while
mirrors 1410, 1420, 1430, and 1450 have negative chief
ray angle magnification. The image-side free working
distance of projection objective 1400 is 45 mm. The
object-side free working distance is 291 mm. In
projection objective 1400, dop_i/dop-2 is 2.47.
Furthermore, adjacent mirror pair 1440 and 1450 is
separated by more than 50% of the projection obj ec
tive's tracklength. Data for projection objective 1400
is presented in Table 6A and Table 6B below. Table 6A
presents optical data, while Table 6B presents
aspherical constants for each of the mirror surfaces.
For the purposes of Table 6A and Table 6B, the mirror
designations correlate as follows: mirror 1 (Ml)
corresponds to 



mirror 1010; mirror 2 (M2) corresponds to mirror 1020;
mirror 3 (M3) corre sponds to mirror 1030; mirror 4
(M4) corresponds to mirror 1040; mirror 5 (M5)
corresponds to mirror 1050; and mirror 6 (M6)
corresponds to mirror 1060. Table 6ACoeffi M1 M2 M3 M4
M5 M6 cient K -7 735395E+00 -6 005799E+01 -3
751432E-01 -8 75841 3E-01 6 604547E+00 8 612526E-02 Y
0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 0 OOOOOOE+00 X2 - 1 485069E-04 -1
263679E-04 -2 624294E-04 1 347923E-05 - 1 388138E-04
-6 931036E-06 Y2 - 1 726040E-04 - 1 711814E-04 -1
005287E-03 -3 665045E-05 1 29521 5E-04 8 615161E-06
X2Y -5 200823E-08 -4 156617E-07 7 669496E-07 -5
478449E-08 9 580682E-07 -4 043887E-09 Y3 -3 734392E-08
-4 637041 E-08 -5 212076E-07 4 563436E-08 1 158899E-07
-6 370253E-09 X4 -1 602036E-10 1 080674E-09 - 1
784900E-08 3 290440E-10 2 227159E-09 -4 223672E-1 1
X2Y2 -5 655636E-10 1 150736E-09 9 356049E-09 -1
772824E-10 7 086270E-09 -3 649540E-1 1 Y4 7 840007E-11
1 816509E-09 1 94761 2E-09 9 043201 E-1 0 3 962050E-09
5 321857E-12 X4Y -9 204024E-14 2 366905E-12 -2
677935E-11 -8 314955E-13 -1 528996E-11 2 788263E-15
X2Y3 1 079182E-12 3 100338E-12 3 708016E-11 -5
930044E-12 -2 181691E-11 -3 366047E-14 Y5 -4
579479E-13 -6 879640E-12 -4 466462E-13 9 529833E-13 -2
295402E-11 -2 906642E-14 X 6 241273E-17 -3 829664E-15
1 521283E-13 1 097127E-15 -3 501249E-14 -6 862154E-17
X4Y2 1 666766E-15 1 243647E-14 5 320614E-14 7 533431
E-1 6 8 652054E-14 - 1 407857E-16 X2Y4 -2 345440E-15 2
162639E-15 -5 453363E-14 -1 396841 E-1 4 4 036247E-13
1 131588E-17 Y -3 012261E-15 -1 224080E-14 -1
034267E-14 9 519542E-16 1 105527E-13 3 923271 E-1 7
X8Y 3 484859E-18 -9 656525E-18 -6 882044E-16 7
124323E-18 8 790794E-16 2 032080E-20 X4Y3 -2
997302E-18 -1 020453E-16 -4 147278E-16 1 059357E-17 9
581262E-16 -8 784820E-20 X2Y5 3 436846E-18 2
303857E-17 - 1 104525E-16 - 1 635704E-17 - 1
619074E-15 -2 001426E-19 Y7 1 247042E-17 1 643841 E-1
6 4 675424E-17 -7 809506E-19 -3 824576E-15 -5
405817E-20 Xs 6 566049E-22 4 616940E-20 -8 583253E-18
1 135128E-21 -4 651 481 E-1 9 -3 090479E-22 X Y2 -1
894284E-20 -2 084017E-19 -4 140672E-18 3 271179E-20 -2
096068E-17 -7 650033E-22 X4Y4 -4 216883E-21 -3
239553E-19 -3 670866E-18 4 460462E-20 -8 776559E-17 -
1 201625E-22 X2Y3 -2 826171E-21 -3 920562E-19 3
151001E-20 7 969094E-21 -5 615799E-17 3 016401E-22 Y8
-1 315593E-20 -3 058425E-19 2 416437E-20 8 284460E-22
- 1 006196E-17 1 721317E-22 X'Y -9 935149E-25 -5
168771E-24 -2 316832E-20 -2 523681 E-24 1 540486E-20
-3 155606E-26 X Y3 3 001708E-23 1 22681 8E-21 -2
812819E-21 3 078069E-23 - 1 510545E-19 -4 150182E-25
X4Y5 7 941504E-24 1 371322E-21 -5 440197E-21 3
362723E-23 -6 912241E-19 -2 930215E-25 X2Y7 -9
194045E-25 7 101398E-22 4 152263E-22 1 093452E-23 -4
418575E-19 3 377883E-25 Y9 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 X'0
0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 0 OOOOOOE+00 XV 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 X Y4
0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 0 OOOOOOE+00 XV 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 xV 0
OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0
OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00
Nradius 1 OOE+00 1 OOE+00 1 OOE+00 1 OOE+00 1 OOE+00 1
OOE+00 Y- -182 329 -165 907 121 386 20 437 21 141 28
282 decenter X- -10 857 -0 974 -13 061 5 217 -2 314 -0
850 notation Table 6BReferring to FIG. 14B, projection
objective 1400 can be used in an optical system 1401
that includes a light source 1405 and illumination
optics includ ing a collector unit 1415, a spectral
purity filter 1425, a field facet mirror 1435 and a
pupil facet mirror 1445. Light source 1405 is an EUV
light source configured to provide radiation at 13.5
nm to the projection objective. Collector unit 1415
gathers radiation from source 1405 and directs the
radiation towards spectral purity filter 1415 which
filters incident radiation at wavelengths other than
13.5 nm and directs the radiation at 13.5 nm towards
field facet mirror 1435. Together with pupil facet
mirror 1445, field facet mirror illuminates a
reflective reticle positioned at object plane 103 with
radiation at 13.5 nm. The radiation is provided so
that the chief rays diverge from the reticle. The
radia tion is provided to the reticle in this way
without the use of additional compo nents, such as a
grazing incidence mirror. 



Referring to FIG. 15, an embodiment of a projection
objective 1500 includes six mirrors 1510, 1520, 1530,
1540, 1550, and 1560, and has an image-side numerical
aperture of 0.40 and an operating wavelength of 13.5
nm. Mirrors 1510, 1520, 1530, 1540, 1550, and 1460 are
all freeform mirrors. Projection objective 1500 images
radiation from object plane 103 to image plane 102
with a demagnification ratio of 4X. The tracklength of
projection objective 1500 is 1499 mm and the optical
path length of imaged radiation is 4762 mm.
Accordingly, the ratio of the optical path length to
tracklength is approxi mately 3,18. The entrance pupil
of projection objective 1500 is located 1000 mm from
ob ject plane 103 with object plane positioned between
the entrance pupil and the mirrors. Due to the
reflective reticle positioned at object plane 103,
illumina tion optics, in particular a mirror having
pupil facets, can be positioned at lo cation 1501,
corresponding to the entrance pupil. The chief ray
angle of thecentral field point at object plane 103 is
7. The maximum variation of chief ray angles at object
plane 103 is 0.82. Projection objective 1500 has a
rectangular field. The image-side field width, dx, is
26 mm. The image-side field length, dy, is 2 mm.
Projection objective 1500 has an object-image shift of
7 mm. The performance of projection objective 1500
includes an image-side Wpt S of 0.040 l. Referring
also to FIG. 16A, distortion is less than about 3 nm
across the image field. Image-side field curvature is
35 nm. Projection objective 1500 provides an
intermediate image between mirrors 1540 and 1550.
Referring to FIG. 16B, the chief rays are orthogonal
to image plane 102 to within about 0.001 rad (0.06) at
the image field. The optical power of the mirrors in
the order of the radiation path from object plane 103
to image plane 102 is as follows: mirror 1510 has
positive optical power; mirror 1520 has negative
optical power; mirror 1530 has positive opti cal
power; mirror 1540 has positive optical power; mirror
1550 has negative optical power; and mirror 1560 has
positive optical power. The dimension of the footprint
of each mirror, given as Mx x My, is as follows: 253
mm x 162 mm for mirror 1510; 105 mm x 66 mm for mirror
1520; 227 mm x 301 mm for mirror 1530; 182 mm x 220 mm
for mirror 1540; 111mm x 85 mm for mirror 1550; and
289 mm x 275 mm for mirror 1560. The chief ray angle
of incidence for the central field point is 3.96,
12.21, 7.51, 11.98, 15.82, and 8.08 for mirrors 1510,
1520, 1530, 1540, 1550, and 1560, respectively. The
maximum angle of incidence, qmax, on each mirror for
the meridional section is 4.47, 12.81, 8.55, 16.91,
27.68, and 9.96 for mirrors 1510, 1520, 1530, 1540,
1550, and 1560, respectively. Dq for mirrors1510,
1520, 1530, 1540, 1550, and 1560 are 1.10, 3.61, 4.19,
12.12, 27.17, and 4.79, respectively. Mirrors 1510,
1520, 1540, 1550, and 1560 have freeboards that are
more than 5 mm and less than 25 mm. Mirror 1530 has
positive chief ray angle magnifi cation while mirrors
1510, 1520, 1540, and 1550 have negative chief ray
angle magnification. The image-side free working
distance of projection objective 1500 is 45 mm. The
object-side free working distance is 260 mm. In
projection objective 1500, dop.i/dop-2 is 3.05.
Furthermore, adjacent mirror pairs 1520 and 1530, 1530
and 1540, and 1540 and 1550 are separated by more than
50% of the projection objective's tracklength.
Further, the distance between mirror 1510 and object
plane 103 is more than 50% of the projection
objective's tracklength. Data for projection objective
1500 is presented in Table 7A and Table 7B b e low.
Table 7A presents optical data, while Table 7B
presents aspherical constants for each of the mirror
surfaces. For the purposes of Table 7A and Table 7B,
the mirror designations correlate as follows: mirror 1
(Ml) corresponds to mirror 1510; mirror 2 (M2)
corresponds to mirror 1520; mirror 3 (M3) corre sponds
to mirror 1530; mirror 4 (M4) corresponds to mirror
1540; mirror 5 (M5) corresponds to mirror 1550; and
mirror 6 (M6) corresponds to mirror 1560.Table
7ACoeffi M1 M2 M3 M4 M5 M6 cient K -5 917992E-01 1
401977E+00 - 1 85231 2E+00 3 134672E+00 1 276852E+00 2
162747E-01 



Y 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00 0 OOOOOOE+00
0 OOOOOOE+00 0 OOOOOOE+00 X2 2 486175E-04 6 462590E-04
8 097144E-05 3 683589E-05 -5 694587E-04 1 127522E-05
Y2 1 796052E-04 - 1 218131 E-05 -3 272168E-05 -7
479058E-05 -3 798909E-04 5 142215E-05 X2Y -3
704365E-08 -3 061838E-06 1 166808E-07 1 07331 3E-07 3
054784E-06 -1 901527E-08 Y3 -8 473076E-09 -4
336504E-06 -6 831514E-08 -2 680850E-08 1 944165E-06 2
077407E-09 X4 1 525482E-1 1 2 440415E-10 -2 839993E-1
1 -8 352784E-1 1 1 477727E-09 -1 231925E-10 XV 4
909383E-1 1 1 819997E-09 -2 639958E-1 1 -7 953809E-1 1
1 884598E-08 -4 030921 E-1 1 Y4 7 241758E-11 - 1
924132E-08 -1 6 11187E-10 -1 805904E-10 2 829058E-09
-6 788132E-11 X4Y -3 944773E-14 -3 384346E-12 4
634420E-14 1 089774E-13 4 746215E-11 7 092901 E-1 5
X2Y3 -2 485019E-13 - 1 985647E-10 - 1 749321 E-1 3 2
706968E-13 1 878106E-10 7 623271E-14 Y5 -6 222758E-14
1 546404E-10 -7 306272E-14 1 121470E-13 2 713089E-11 1
059625E-13 X0 -2 853060E-17 1 499373E-14 -3 327224E-16
-3 396117E-16 1 122966E-13 -7 141998E-16 X4Y2 5
428060E-17 -4 560639E-13 -2 729510E-17 1 958645E-17 4
975385E-13 -1 157245E-15 XV 9 034205E-16 4 633694E-13
-4 803414E-16 4 337124E-16 9 650331 E-1 3 -6 079561
E-1 6 Y5 9 726812E-16 - 1 567936E-12 -9 119915E-19 3
224937E-16 -4 0 13641 E-1 3 -1 910957E-16 X Y 7
541120E-20 -5 491590E-16 -3 248735E-18 -4 999870E-18 1
809992E-15 1 533677E-19 xV -7 407407E-19 1 626025E-15
-4 175176E-19 -1 121906E-18 4 277794E-15 7 709209E-19
XV -3 053897E-18 - 1 459850E-15 -5 190383E-19 9
702383E-19 5 157566E-15 9 414679E-19 Y' -1 167661E-17
1 377526E-14 -3 283791 E-21 9 398678E-20 -3 053184E-15
3 954522E-19 X8 -1 128385E-22 -2 091289E-19 - 1
560172E-21 -2 941200E-21 2 054965E-18 -3 788563E-21 X
Y2 -2 424101E-21 -5 485841E-18 - 1 205060E-20 -3
188366E-20 8 911569E-18 -9 560288E-21 X Y4 4
347588E-22 -3 722786E-17 - 1 249304E-21 -8 368608E-21
1 007777E-17 -8 789392E-21 XV 2 577199E-21 -2
687589E-17 -2 354061 E-22 8 597809E-22 1 143993E-17 -3
545101E-21 Y8 5 215288E-20 -7 369037E-17 -4 229309E-23
-6 689468E-22 -7 499429E-18 -1 703637E-21 X8Y 7
792174E-25 0 OOOOOOE+00 -7 813621E-24 -2 516130E-23 0
OOOOOOE+00 8 396981 E-25 X Y3 8 992421E-24 0
OOOOOOE+00 - 1 921637E-23 -8 262460E-23 0 OOOOOOE+00 4
664369E-24 X4Y5 -4 714974E-25 0 OOOOOOE+00 - 1
610571E-24 -1 778199E-23 0 OOOOOOE+00 9 398752E-24 XV
6 059892E-24 0 OOOOOOE+00 3 848059E-26 1 22221 3E-24 0
OOOOOOE+00 1 042278E-23 Y -8 700880E-23 0 OOOOOOE+00 6
368781 E-27 -2 28841 5E-25 0 OOOOOOE+00 7 789109E-24
X'0 0 OOOOOOE+00 0 OOOOOOE+00 -5 411923E-27 -1
603639E-26 0 OOOOOOE+00 -3 929816E-26 X8Y2 0
OOOOOOE+00 0 OOOOOOE+00 -8 609679E-27 -4 538477E-26 0
OOOOOOE+00 - 1 453997E-25 XV 0 OOOOOOE+00 0 OOOOOOE+00
- 1 127835E-26 -7 710579E-26 0 OOOOOOE+00 - 1
839705E-25 X4Y8 0 OOOOOOE+00 0 OOOOOOE+00 -8
495275E-28 -1 413945E-26 0 OOOOOOE+00 -8 230974E-26 xV
0 OOOOOOE+00 0 OOOOOOE+00 4 740792E-29 1 022008E-27 0
OOOOOOE+00 -8 755646E-27 Y' 0 OOOOOOE+00 0 OOOOOOE+00
1 728076E-29 1 96491 2E-28 0 OOOOOOE+00 -7 204080E-27
Nradius 1 OOE+00 1 OOE+00 1 OOE+00 1 OOE+00 1 OOE+00 1
OOE+00 Y- -144 660 -98 223 42 173 -14 449 2 986 -10
929 decenter X- -8 868 -16 235 1 500 -3 658 -7 600 - 1
635 rotation Table 7BFIGS. 17 to 20 show another
embodiment of the invention having four mirrors being
all designed as freeform surfaces. Depicted is the
object plane 3000, the image plane 3002, a first
mirror Sl, a second mirror S2, a third mirror S3, a
fourth mirror S4. All subsequent tables with optical
data refer to the mirrors Sl to S4 as Ml to M4. For
the embodiment according to FIGS. 17 to 20, the
following data are given: Numerical aperture: 0.26
Imaging factor: 1:4 Form of object fields: rectangular
Width of scanning field on the object side: 100 mm
Height of scanning field on the object side: 8 mm
Length: 2360 mm Tilt of image plane: - 3,084. This
embodiment shows a system having a balanced
combination of numeri cal aperture, field size, system
size, wavefront and distortion correction. The optical
data can be seen from the following tables:Coefficient
M1 M2 M3 M4 Image Y-decenter -65,523 54,692 48,905
47,778 23,755 X-rotation -2,620 -2,374 -2,706 -1,585
-3,084 Coefficient M 1 M 2 M 3 M 4 K -1.09E+00
5.80E-02 2.06E+00 6.72E-01 



Y 0,00E+00 0,00E+00 0,00E+00 0,00E+00 X 2 3.54E-04
9.93E-06 -5.35E-04 1.23E-04 Y 2 1,97E-04 1.07E-05
1.23E-05 2.97E-04 X2Y -6.42E-07 -2.47E-08 -4.37E-07
-2.44E-07 Y 3 3.69E-07 1.89E-08 -1.34E-06 -4.72E-07 X
4 2.63E-09 3.01E-12 -2.94E-08 -5.08E-09 X2Y2 -1.09E-10
2.13E-11 -3.33E-08 -5.07E-09 Y 4 -6.07E-11 -1.88E-11
-1.42E-08 -1.36E-09 X4Y -2.66E-11 -7.36E-14 4.84E-11
-4.80E-12 X2Y3 2,61 E-11 3.55E-14 -5.06E-11 -1.05E-11
Y 5 -1.67E-12 -6.53E-15 7.86E-11 -1.06E-11 X 6
-8.14E-13 -2.93E-16 -7.71E-13 -1.04E-13 X4Y2 1.29E-13
6.33E-17 -1.53E-12 -4.13E-13 X2Y4 -4.50E-14 -7.40E-17
2.40E-13 -3.31E-13 Y 6 1.04E-15 1.42E-17 -6.88E-13
1.99E-14 X6Y 1.96E-14 3.20E-18 -6.34E-15 -1.31E-15
X4Y3 -2.85E-16 2.38E-19 -1.30E-14 -5.72E-15 X2Y5
-1.60E-16 -4.36E-20 1.43E-14 -9.75E-16 Y 7 1.93E-18
1.20E-20 1.61E-15 2.08E-15 X 8 -1.62E-17 -1.41E-21
-8.44E-19 -7J0E-18 X6Y2 -1.69E-16 -1.19E-20 1.72E-16
-1.13E-16 X4Y4 3.10E-18 5.44E-22 2.91E-16 -1.26E-16
X2Y6 -2.80E-19 8.10E-22 9.83E-18 4,36E-17 Y 8 8J3E-21
-4,31 E-24 4.37E-17 3.31E-17 X8Y 1.79E-19 6.79E-24
1.76E-18 -4.84E-19 X6Y3 6.22E-19 1.62E-23 6.22E-18
-2.33E-18 X4Y5 -2,21 E-20 -3,41 E-24 -1.22E-19
-1.19E-18 X2Y7 4.10E-21 -2.28E-24 -2.47E-18 5.49E-19 Y
9 9.75E-23 -5.21E-26 -5.68E-19 2.75E-19 X10 -3.29E-23
-8.73E-28 -5.00E-21 -4,71 E-22 X8Y2 -4.75E-22
-7.40E-27 -6.76E-20 -6.64E-21 X6Y4 -8.19E-22 -6,01
E-27 -1,52E-19 -1.46E-20 X4Y6 4.25E-23 3.34E-27
-4.79E-20 -4.03E-21 X2Y8 -6.29E-24 2.20E-27 5.65E-21
1.87E-21 Y10 -3.17E-25 9.18E-29 2.89E-21 8.49E-22
Nradius 3.00E+00 3.00E+00 3.00E+00 3.00E+00Distortion
Distortion Absolute Value Telecentpcity/ Wavefront
Error (x)/nm (y)/nm of Distortion/nm Degrees a t 13,5
nm 0 600 0 -0 960073 0 960073 0 0196465 0 027195 0 602
0 - 1 46082 1 46082 0 0111602 0 019766 0 604 0 - 1
14157 1 14157 0 00258716 0 015522 0 606 0 -0 708422 0
708422 0 00607316 0 01395 0 608 0 -0 868087 0 868087 0
0148213 0 032279 125 600 -0 702813 -0 349919 0 785105
0 0226563 0 026075 125 602 -0 506161 -0 815296 0
959639 0 0159931 0 018251 125 604 -0 214821 -0 491402
0 536306 0011916 0 01476 125 606 0 161171 -0 084304 0
181888 0 0132822 0 014764 125 608 0 611783 -0 300692 0
681685 0 0190686 0 032953 25 600 -0 828473 0 99838 1
29736 0 0299227 0 025603 25 602 -0 613329 0 633853 0
882011 0 0254871 0 014924 25 604 -0 210678 0 966257 0
988958 0 0234105 0 012561 25 606 0 359349 1 28961 1
33874 0 0243974 0 016745 25 608 1 07663 0 89729 1
40152 0 028208 0 035061 37 5 600 -0 079109 1 6231 1
62502 0 0391462 0 033551 37 5 602 -0 207297 1 40928 1
42444 0 036144 0015412 37 5 604 -0 058849 1 73794 1
73893 0 035006 0 008795 37 5 606 0 335888 1 90321 1
93262 0 0359723 0 018708 37 5 608 0 946577 I 1986 1
5273 0 0389452 0 038658 50 600 1 28921 -0 96207 1
60861 0 0492443 0 056489 50 602 0 261464 - 1 00092 1
03450 0 0471902 0 03219 50 604 -0 405953 -0 714664 0
821914 0 0466375 0 018965 



50 606 -0 753775 -0 809016 1 10575 0 0476858 0 02652
50 608 -0 82272 - 1 99027 2 15361 0 0502807 0 047096
Xobject/mm and yobject/mm denote the X- and
y-coordinates in the object plane. The values
Distortion(x)/nm and Distortion(y)/nm denote the
distortion at the re spective coordinate. Absolute
Value of Distortion/nm denotes the absolute distortion
value at the respective coordinate measured at the
image plane. Telecentricity/Degrees denotes the chief
ray angle at the respective coordinate. Wavefront
Error at 13,5 nm denotes the RMS wavefront error in
units of the illumination wavelength l = 13,5 nm. As
the optical system is mirror symmet ric with respect
to the yz-plane it is sufficient to give data for
fieldpoints hav ing positive x-coordinates in the
object plane.FIGS. 18 to 20 show lateral aberrations
in the coordinate system of the exit pupil of the
objective according to FIG. 17. These aberration plots
show the wavefront error for 15 fieldpoints, i.e. for
five equidistant y-coordinates between ymin and ymax
at the center of the object field at x = 0, at x =
xmax/2 and at FIGS. 2 1 to 24 show another embodiment
of the invention having four mirrors being all
designed as freeform surfaces. Depicted is the object
plane 3000, the image plane 3002, a first mirror Sl ,
a second mirror S2, a third mirror S3, a fourth mirror
S4. All subsequent tables with optical data refer to
the mirrors Sl to S4 as Ml to M4. For the embodiment
according to FIGS. 2 1 to 24, the following data are
given: Numerical aperture: 0.3 Imaging factor: 1:4
Form of object fields: rectangular Width of scanning
field on the object side: 100 mm Height of scanning
field on the object side: 8 mm Length: 2354 mm Tilt of
image plane: - 3,798. This embodiment shows a system
having an increased numerical aperture. The optical
data can be seen from the following tables:Surface
Radius Thickness Mode Object INFINITY 2102,043 Mirror
1 3030,572 -1827,768 REFL Mirror 2 2546,206 1949,851
REFL Mirror 3 689,344 0,000 REFL STOP INFINITY
-322,728 Mirror 4 734,331 452,552 REFL Image INFINITY
0,000 Coefficient M1 M2 M3 M4 Image Y-decenter -60,435
53,835 51,299 48 ,788 20,674 X-rotation -2,524 -2,393
-2,965 - 1,494 -3,798Coefficient M 1 M 2 M 3 M 4 K
-1.64E+00 5.42E-02 2.28E+00 7,41 E-01 Y 0,00E+00
0,00E+00 0,00E+OO 0,00E+00 X 2 3,01 E-04 8.11E-06
-2.17E-04 3.12E-04 Y 2 1.85E-04 9.90E-06 1.37E-05
3.77E-04 X2Y -8.52E-07 -2.68E-08 -8,61 E-07 -3,91 E-07
Y 3 3.22E-07 1.35E-08 -1.77E-06 -3.44E-07 X 4 1.85E-09
-4.10E-12 -3.25E-08 -3.95E-09 X2Y2 1,66E-09 2.16E-11
-4.52E-08 -3.73E-09 Y 4 -2.66E-10 -2.70E-11 -1.63E-08
1.07E-09 X4Y -1.09E-11 -4.58E-14 2.88E-11 -5.23E-12
X2Y3 2.59E-11 1.36E-14 -5.03E-11 -3.04E-12 Y 5
-2.08E-12 -8.16E-15 5.68E-11 9.47E-13 X 6 -3.36E-13
-1.32E-16 -1.05E-12 -8,91 E-14 X4Y2 4.77E-14 2.14E-18
-2.39E-12 -2.67E-13 X2Y4 -1.05E-13 -8.15E-17 -5.56E-13
-1.48E-13 Y 6 2.44E-15 1.81E-17 -8.66E-13 -9.89E-14
X6Y 7.74E-15 1.24E-18 -2.94E-15 6.43E-17 X4Y3
-1.33E-16 3.33E-19 -7.65E-15 -1.59E-15 X2Y5 6.38E-17
1.05E-20 2.25E-15 -1.75E-15 Y 7 1.78E-17 -9,61 E-21
5.45E-15 -1.44E-15 X 8 -5.84E-18 -6,31 E-22 -2.12E-17
-2.74E-18 



X6Y2 -6.51E-17 -4.73E-21 -2,21 E-1 7 -2.49E-17 X4Y4
1.12E-18 -1.06E-21 1.03E-17 -4.22E-17 X2Y6 -1.87E-19
3.30E-23 -3.82E-17 -1.56E-17 Y 8 -1.84E-20 -2.35E-23
4.83E-17 -2,21 E-1 8 X8Y 6.56E-20 3.32E-24 5.90E-19
-1.29E-19 X6Y3 2.32E-19 6.89E-24 2.59E-18 -5.99E-19
X4Y5 -7.44E-21 1.27E-24 2,28E-19 -4.47E-19 X2Y7
2.48E-21 -3.15E-25 3.92E-19 -9.74E-20 Y 9 4.79E-23
3,01 E-26 -8.17E-20 7.95E-20 X10 -1.93E-23 -6.89E-28
-3.94E-21 -2.24E-22 X8Y2 -1J4E-22 -4.55E-27 -2.48E-20
-2.04E-21 X6Y4 -2.97E-22 -4.06E-27 -4.24E-20 -4.46E-21
X4Y6 1.36E-23 -1.24E-27 -3.93E-21 -1.90E-21 X2Y8
-4.52E-24 3,71 E-28 9.91E-21 -3,41 E-22 Y10 -2.43E-25
-8.40E-31 2.16E-21 3.64E-22 Nradius 3.00E+00 3.00E+00
3.00E+00 3.00E+00Distortion Distortion Absolute Value
Telecentpcity/ Wavefront Error (x)/nm (y)/nm of
Distortion/nm Degrees a t 13,5 nm 0 600 0 -2 20023 2
20023 0 0179382 0 046052 0 602 0 - 1 79021 1 79021
00109101 0 029756 0 604 0 - 1 28717 1 28717 0 00378722
0 023987 0 606 0 -0 891336 0 891336 0 00343113 0
017834 0 608 0 -0 799202 0 799202 0 0107455 0 043696
125 600 - 1 08427 - 1 27001 I 66991 0 0239704 0 043224
125 602 -0 470847 -0 877877 0 996175 0 0193253 0
026959 125 604 0 0397523 -0 421226 0 423098 0 0164496
0 024212 125 606 0 437494 -0 10014 0 448809 0 016432 0
020337 125 608 0712381 -0 110954 0 72097 0 0193876 0
042811 25 600 - 1 45171 0 861628 1 68815 0 0365032 0
04072 25 602 -0 473724 1 1945 1 28501 0 0337094
0021812 25 604 0 296494 1 50628 1 53518 0 0322325 0
025914 25 606 0 838851 1 59734 1 80421 0 0323169 0
027051 25 608 1 13332 1 27182 1 70351 0 0340121 0
041958 37 5 600 -0 729082 2 21013 2 32728 0 0509314 0
052463 37 5 602 0 112795 2 42562 2 42824 0 0490538 0
021672 37 5 604 0 637771 2 47706 2 55785 0 0481478 0
026628 37 5 606 0 815622 2 16558 2 31408 0 0483103 0
033809 37 5 608 0 616222 1 29608 143512 0 0495729
0044712 50 600 0 775128 -0 556886 0 954435 0 0660057 0
083092 50 602 0 722695 -0 544482 0 904847 0 0646623 0
033187 50 604 0 238001 -0 896861 0 927904 0 0640826 0
022442 50 606 -0 719402 - 1 81183 1 94942 0 0643192 0
040278 50 608 -2 18984 -3 48339 4 11454 0 0653953 0
058456 FIGS. 22 to 24 show lateral aberrations in the
coordinate system of the exit pupil of the objective
according to FIG. 21. FIGS. 25 to 28 show another
embodiment of the invention having four mirrors being
all designed as freeform surfaces. Depicted is the
object plane 3000, the image plane 3002, a first
mirror Sl, a second mirror S2, a third mirror S3, a
fourth mirror S4. All subsequent tables with optical
data refer to the mirrors Sl to S4 as Ml to M4. For
the embodiment according to FIGS. 25 to 28, the
following data are given:Numerical aperture: 0.25
Imaging factor: 1:5 Form of object fields: rectangular
Width of scanning field on the object side: 100 mm
Height of scanning field on the object side: 8 mm
Length: 3030mm Tilt of image plane: 0. This embodiment
shows a system having parallel object and image
planes. Further, this embodiment exhibits a different
imaging factor of 1:5. The optical data can be seen
from the following tables: Coefficient M1 M2 M3 M4
Image 



Y-decenter -100,324 68,520 71,277 70,971 11,261
X-rotation -2,639 -2,442 -1,362 - 1,500
0,000Coefficient M l M2 M3 M4 K - 1.16E+00 2,46E-02
1,9I E-K)O 6,14E-Ol Y 0,OOE+00 0,OOE+00 0,00E-K)O
0,00E+00 X2 7,5 7E-04 -5.51 E-06 - l ,67E-03 -7.26E-05
Y2 3.91 E-O4 1,41 E-O5 2,5 5 E-04 5 ,59E-04 X2Y
3.33E-07 4,07E-08 7.06E-06 1,39E-06 Y3 7,43E-07
3,00E-08 - 1.85E-06 -7,26E-07 X4 -3,29E-IO - 1,40E-I l
-3.83E-O8 -9,63 E-09 X2Y2 - 5 ,3 1E-09 4,16E-I l
-2,00E-08 -9.67E-09 Y4 - 1,29E-IO 3,16E-I l I ,3OE-O9
-5,34E-IO X4Y 5,56E-I l -8,02E-16 2,62E-IO 2,05E-1 1
X2Y3 9,40E-I l 5 ,57E-14 1,95E-IO -4,65E-I l Y5
-4.49E-12 -1,18E-13 1,24E-IO -2,50E-I l X6 -U02E-13
-2,32E-17 -7,28E-13 -2,01 E- 13 X4Y2 -6,56E-13 6,60E-
16 3.35E-I3 -7,74E-1 3 X2Y4 -2,69E- 13 8,67E- 16
3.48E-12 - 1.39E-I2 Y6 - 1,18E-15 1,46E- 16 4.55E-13
-6, 5 9E-I4 X6Y l,01 E-15 -3,25E-19 1.32E-14 - 1.08E-1
5 X4Y3 3,5 1E-15 - 1,59E- 18 2,19E-14 - 5 ,45E-1 5
X2Y5 - 1,34E- 16 -2,1 1E-18 2,46E-14 - 1.09E-14 Y7
-2,06E- 17 9.07E-21 1,98E- 15 - 1,21 E-I 7 X8 6,20E-
19 7.45E-23 -7,70E- 18 -5,96E-1 8 X 6 Y 2 -3.16E-18
1.52E-21 4/77E-I7 -3,66E-17 X4Y4 -7.05E-18 2,84E-21
2,42E- 16 -4,83E-17 X2Y6 I,1 5E-18 2.33E-21 - 1J4E-17
-4,02E-1 7 Y8 8,47E-20 -8,82E-23 9,94E- 17 6.83E-19
X8Y 0,00E+00 0,0OE-K)O 0,00E-K)O 0,00E+00 X6Y3
0,OOE+00 0,00E-K)O 0,00E+00 O.OOE+00 X4Y 5 0,OOE+00
0,00E-K )O O,00E+00 0,00E-K)O X2Y7 0,0OE-K)O 0,00E-K)O
0,00E-K)O 0,OOE+00 Y9 O.OOE+00 0,00E-K)O 0,OOE+00
0,0OE+O0 XlO 0,0OE-K)O 0,00E-K)O 0,00E+O0 0,00E+00
X8Y2 0,0OE-K )O 0,OOE+00 0,0OE-K)O o.ooe+oo X6Y4
0,00E-K ) 0 0,0OE-K)O 0,00E+00 0,00E+00 X4Y 6
0,00E-K)O 0,00E-K )O 0,00E-K )O O.OOE+00 X2Y8 0,00E-K
)O 0,00E-K)O 0,00E-K)O 0,00E+00 YlO 0,00E-K)O
0,00E-K)O 0,00E+00 O.OOE+00 Nradius 4,0OE-K)O
4,0OE-K)O 4.00E+00 4.00E+00XObjectm yobject/mm
Distortion Distortion Absolute Value Telecentpcity/
Wavefroi (x)/nm (y)/nm of Distortion/nm Degrees a t
13,5 n i 0 800 0 -0 340392 0 340392 0 0258308 0017169
0 802 0 -0 548595 0 548595 0 0138699 0 019794 0 804 0
-0 199318 0 199318 0 00186948 0 024128 0 806 0 0
121535 0 121535 0 0101706 0014148 0 808 0 -0 173787 0
173787 0 0222505 0 035190 125 800 0 0450163 -0 176646
0 182292 0 0264815 0 018897 125 802 -0 0866232 -0
387405 0 396971 00151773 0 020501 125 804 -0 0707759
-0 0498264 0 0865557 0 00674106 0 024709 125 806 0
0891365 0250161 0 265567 0 0122229 0 015804 125 808 0
389682 -0 0752142 0 396874 0 0233473 0 036331 25 800 0
164298 0 201778 0 260208 0 0283526 0 021433 25 802 -0
143816 -0 0170961 0 144828 0 0185673 0 020512 25 804
-0 157147 0 284935 0 325397 00131056 0 024535 25 806 0
117459 0 521867 0 534922 0 0169632 0017161 25 808
0673133 0 105856 0 681406 0 0263743 0 038085 37 5 800
0 382136 0 456584 0 595397 0 0312476 0 023030 3 7 5
802 0 192076 0 222698 0 294088 0 0231726 0 017658 3 7
5 804 -0 324591 0 463967 0 566237 0 0195923 0 021537
37 5 806 -0 025688 0 594265 0 59482 0 022802 0 014965 



37 5 808 0 694325 0 0256282 0 694798 0 0307906 0
038495 50 800 0 623063 0 0244512 0 623543 0 0349462 0
032248 50 802 -0 351568 -0 233592 0 422096 0 0284496 0
023561 50 804 0 738167 -0 0805832 0 742553 0 0261558 0
025133 50 806 -0 550452 -0 102823 0 559974 0 0291262 0
020735 50 808 0 197816 -0 888445 0 910201 0 0361232 0
042244 FIGS 26 to 28 show lateral aberrations in the
coordinate system of the exit pupil of the objective
according to FIG. 25. FIGS 29 to 32 show another
embodiment of the invention having four mirrors being
all designed as freeform surfaces Depicted is the
object plane 3000, the image plane 3002, a first
mirror Sl, a second mirror S2, a third mirror S3, a
fourth mirror S4. All subsequent tables with optical
data refer to the mirrors Sl to S4 as Ml to M4. For
the embodiment according to FIGS 29 to 32, the
following data are given:Numerical aperture: 0.24
Imaging factor: 1:5 Form of object fields: rectangular
Width of scanning field on the object side: 100 mm
Height of scanning field on the object side: 8 mm
Length: 2273 mm Tilt of image plane: 0. Compared to
the embodiment of FIG. 25, this embodiment has a
somewhat lower numerical aperture and somewhat higher
residual aberrations, but the length of the system
according to FIG. 17. The optical data can be seen
from the following tables: Surface Radius (mm)
Thickness (mm) Mode Object INFINITY 2102,043 Mirror 1
2793,659 -1848,726 REFL Mirror 2 2546,811 1938,769
REFL Mirror 3 724,789 0,000 REFL STOP INFINITY
-366,800 Mirror 4 733,040 447,458 REFL Image INFINITY
0,000 Coefficient M1 M2 M3 M4 Image Y-decenter -75,087
51,394 53,563 53,215 8,406 X-rotation -2,635 -2,442
-1,373 - 1,503 0,000Coefficient M1 M2 M3 M4 K -
1.18E+00 2.43E-02 1.79E+00 6.25E-01 Y 0,00E+00
0,00E+00 0,00E+00 0,00E+00 X2 5.63E-04 -4,21 E-06 - 1
.24E-03 -5.32E-05 Y2 2.93E-04 1.06E-05 1.91 E-04 4,21
E-04 X2Y 3.27E-07 3,31 E-08 5,31 E-06 1,03E-06 Y3
5.55E-07 2.25E-08 - 1.34E-06 -5.45E-07 X4 -4.83E-1 1 -
1 .05E-1 1 -2.55E-08 -7.45E-09 X2Y2 -4.43E-09 2.08E-1
1 -8.22E-09 -8.28E-09 Y4 - 1.07E-10 2.38E-1 1 5.97E-09
- 1.14E-09 X4Y 2.99E-1 1 - 1.99E-14 2.05E-10 1.41 E-1
1 X2Y3 6.95E-1 1 5.53E-14 1.56E-10 -5.1 2E-1 1 Y5
-3.40E-12 -8.87E-14 1.05E-10 -2.1 9E-1 1 X6 -3.28E-14
6.98E-18 -3.80E-1 3 - 1.62E-13 X4Y2 -3.27E-13 6.59E-16
6.90E-13 -6.77E-13 X2Y4 - 1,84E-13 6.85E-16 3.09E-12 -
1.35E-12 Y6 -8.30E-16 1.08E-16 3.25E-13 -5.27E-14 X6Y
2.31 E-16 -3J1E-19 9.39E-15 -9,01 E-16 X4Y3 1J5E-15 -
1.64E-18 1.82E-14 -5.23E-15 X2Y5 - 1.54E-16 - 1.71
E-18 2.00E-14 - 1.08E-14 Y7 - 1.38E-17 4.97E-21
1.64E-16 -8.50E-18 X8 4.46E-19 6.1 7E-23 2.58E-18
-4.70E-18 X6Y2 -8,01 E-19 1.33E-21 8.08E-17 -2.87E-17
X4Y4 -3.59E-18 2.58E-21 2.26E-16 -4.48E-17 X2Y6
9.06E-19 1.87E-21 -2.45E-17 -4.08E-1 7 Y8 6.53E-20
-4,81 E-23 8.45E-17 -2.43E-19 



X8Y 0,OOE+00 0,00E+00 0,00E+00 0,00E+00 X6Y3 0,OOE+00
0,00E+00 0,00E+00 0,00E+00 X4Y5 O.OOE+00 0,00E+00
0,00E+00 0,00E+00 X2Y7 0,00E+00 0,00E+00 0,0OE+00
0,00E+00 Y9 0,00E+00 O.OOE+00 O.OOE+00 0,00E+00 X10
0,00E+00 0,00E+00 0,00E+00 0,00E+00 X8Y2 0,00E+00
0,00E+00 0,00E+00 0,00E+00 X6Y4 0,00E+00 0,00E+00
0,00E+00 0,00E+00 X4Y6 0,OOE+00 0,OOE+00 0,00E+00
0,00E+00 X2Y8 0,00E+00 0,00E+00 0,00E+00 0,00E+00 Y10
0,00E+00 0,00E+00 0,00E+00 0,00E+00 Nradius 3,00E+00
3.00E+00 3.00E+00 3.00E+00Distortion Distortion
Absolute Telecentpcity/ Wavefront Error (x)/nm (y)/nm
of Distop Degrees at 13,5 nm 0 000 0 -0 303712 0
303712 0 0350766 0 023748 0 602 0 -0 943417 0 943417 0
0190794 0 022355 0 604 0 -0 508069 0 508069 0 00301184
0 029861 0 606 0 0 00377447 0 003775 00131266 0 017655
0 608 0 -0 410098 0 410098 0 0293362 0 037546 125 600
-0 0976702 -0 0397139 0 105436 0 0359221 0 024194 125
602 -0 336727 -0 658804 0 73987 0 0208196 0 021336 125
604 -0 305426 -0 223582 0 378515 0 00938223 0 028592
125 606 -0 0115266 0 267305 0 267554 0 0161529 0
016575 125 608 0 537176 -0 188439 0 569269 0 0309678 0
038828 25 600 0 0740798 0 543069 0 548099 0 0383664 0
025529 25 602 -0 488733 -0 0159655 0 488994 0 0253625
0019218 25 604 -0 511562 0 417058 0 660025 0 0180672 0
025576 25 606 -0 00993471 0 843229 0 843287 0 0229845
0 014322 25 608 1 00055 0 259991 1 03377 0 0354364 0
042367 37 5 600 0 635211 0 816881 1 03479 0 0421854 0
027832 37 5 602 -0 420855 0 35196 0 548629 0 0315907 0
018948 37 5 604 -0 668773 0 775246 1 02385 0 0269974 0
023314 37 5 606 -0 131864 1 08739 1 09535 0 0312902 0
013747 37 5 608 1 16644 0 285392 1 20085 0 0418989 0
047139 50 600 1 40779 -0 264954 1 43251 0 0471254 0
033617 50 602 -0 396014 -0 610703 0 727863 0 0387971 0
027129 50 604 - 1 12571 -0213831 1 14584 0 0360974 0
028277 50 606 -0 812445 -0 0743145 0 815836 0 0402623
0 020092 50 608 0 512487 - 1 19576 1 30095 0.0496609 0
052034 FIGS. 30 to 32 show lateral aberrations in the
coordinate system of the exit pupil of the objective
according to FIG. 29. FIGS. 33 to 36 show another
embodiment of the invention having four mirrors being
all designed as freeform surfaces. Depicted is the
object plane 3000, the image plane 3002, a first
mirror S1, a second mirror S2, a third mirror S3, a
fourth mirror S4. All subsequent tables with optical
data refer to the mirrors Sl to S4 as Ml to M4. For
the embodiment according to FIGS. 33 to 36, the
following data are given:Numerical aperture: 0.30
Imaging factor: 1:5 Form of object fields: rectangular
Width of scanning field on the object side: 100 mm
Height of scanning field on the object side: 8 mm
Length: 2332 mm Tilt of image plane: - 4,5 15. With
this optical system, a very high numerical aperture
without obscuration of the optical components is
realized. The optical data can be seen from the
following tables: Surface Radius Thickness Mode Object
INFINITY 2102,043 Mirror 1 2806,084 -1838,550 REFL
Mirror 2 2547,909 1937,744 REFL Mirror 3 678,009 0,000
REFL 



STOP INFINITY -321,297 Mirror 4 724,986 451,996 REFL
Image INFINITY 0,000 Coefficient M1 M2 M3 M4 Image
Y-decenter -60,550 48,435 58,618 5 1,407 8,786
X-rotation -2,354 -2,502 -3,516 - 1,667
-4,515Coefficient M1 M2 M3 M4 K -9.97E-01 3.10E-02
2.78E+00 8.33E-01 Y 0,00E+00 0,00E+00 0,00E+00
0,00E+00 X2 5.76E-04 3.29E-05 3.77E-04 7.34E-04 Y2
2.85E-04 8.60E-06 -2.80E-04 4.86E-04 X2Y - 1.58E-06
7.59E-1 1 2.37E-06 4.69E-08 Y3 5,91 E-07 1.16E-08
-3.82E-07 -6.08E-07 X4 2.12E-09 2.57E-1 1 -2.39E-08
4.09E-10 X2Y2 1,66E-08 1.07E-10 -5.49E-08 -8,60E-10 Y4
-4.86E-1 1 3.13E-1 1 -4.63E-08 - 1.53E-09 X4Y -3.03E-1
1 -5.49E-14 1,73E-10 3,15E-12 X2Y3 -6.10E-1 1 -
1.55E-13 1.88E-10 -7.52E-12 Y5 -4.20E-12 -4 4 4E-1 4
1.1 1E-10 -3.72E-12 X6 9.54E-15 3.01 E-17 -7.68E-1 3
-2.46E-14 X4Y2 2.14E-13 4.63E-16 -2.74E-12 - 1.59E-13
X2Y4 1.12E-14 3.89E-16 -3.32E-1 2 - 1.92E-13 Y6
1.65E-15 2.47E-1 7 - 1.30E-1 2 -7.78E-14 X6Y -2.26E-16
- 1.54E-19 8.48E-15 - 1.53E-16 X4Y3 -5.47E-16
-7.87E-19 1.15E-14 -6.67E-16 X2Y5 5.78E-16 -3.98E-19
3.95E-15 -3,91 E-16 Y7 1.29E-18 -6.38E-21 -3.30E-15
4.66E-16 X8 2.43E-19 3.50E-23 - 1.57E-17 - 1 17E-18
X6Y2 3.79E-19 4.92E-22 -9.74E-17 -7.71E-18 X4Y4
2.03E-21 1.04E-21 - 1.74E-16 - 1.21 E-17 X2Y6 -
1.22E-18 4.66E-22 - 1.42E-16 -7.08E-18 Y8 1.73E-20
1.30E-23 -4.17E-17 1.05E-18 X8Y O.OOE+00 0,00E+00
0,00E+00 0,00E+00 X6Y3 0,00E+00 0,00E+00 0,00E+00
0,00E+00 X4Y5 0,00E+00 O.OOE+00 O.OOE+00 0,00E+00 X2Y7
0,00E+00 0,00E+00 0,00E+00 0,00E+00 Y9 0,00E+00
0,00E+00 0,00E+00 0,00E+00 X10 O.OOE+00 0,00E+00
0,00E+00 0,00E+00 X8Y2 0,00E+00 0,00E+00 0,00E+00
0,00E+00 X6Y4 0,00E+00 0,00E+00 0,00E+00 0,00E+00 X4Y6
0,00E+00 0,00E+00 O.OOE+00 0,00E+00 X2Y8 0,00E+00
0,00E+00 O.OOE+00 0,00E+00 Y10 0,00E+00 0,00E+00
0,00E+00 0,00E+00 Nradius 3.00E+00 3.00E+00 3.00E+00
3.00E+00Distortion Distortion Absolute Value
Telecentpcity/ Wavefront Error (x)/nm (y)/nm of
Distortion/nm Degrees a t 13,5 nm 0 600 0 -0 166318 0
166318 0 0148053 0 053501 0 602 0 -0 731572 0 731572 0
00884521 0 019284 0 604 0 -0 661487 0 661487 0
00282744 0 038268 0 606 0 -0 504836 0 504836 0 0032483
0 021472 0 608 0 -0 810627 0 810627 0 00938234 0
047628 125 600 -0 852921 0 132616 0 863169 00186158 0
052338 125 602 -0 193958 -0 398416 0 44312 0 0145478 0
024553 125 604 0 181685 -0 303572 0 353787 00121468 0
042437 125 606 0 270096 -0 131573 0 300439 0 012504 0
02662 125 608 0 0673771 -0 431381 0 436611 0 0154976
0048115 25 600 - 1 29433 0 754312 1 49809 0 0270423 0
048536 25 602 -0 101019 0 323398 0 338808 0 0247903 0
031643 25 604 0 524636 0 489914 0717815 0 0238524 0
049015 25 606 0 574789 0 705289 0 909844 0 0244236 0
033313 25 608 00416169 0 420711 0 422764 0 0264463 0
04856 37 5 600 - 1 11433 0 871449 1 41462 0 0371683
0044918 



37 5 602 0 363273 0 598909 0 700471 0 0359881 0 032203
37 5 604 0 986834 0 876191 1 31968 0 0357827 0 049123
37 5 606 0 744538 1 15498 1 37416 0 0365972 0 031801
37 5 608 -0 375406 0 886699 0 962894 0 0383944 0
049913 50 600 -0 505166 -0 901506 1 03339 0 0480691 0
060875 50 602 0 879494 -0 970155 1 30947 0 0476135 0
036681 50 604 1 12068 -0 556047 1 25104 0 0479137 0
044354 50 606 0 202525 -0 20714 0 289695 0 0489775 0
03033 FIGS. 34 to 36 show lateral aberrations in the
coordinate system of the exit pupil of the objective
according to FIG. 33. FIGS. 37 to 40 show another
embodiment of the invention having four mirrors being
all designed as freeform surfaces. Depicted is the
object plane 3000, the image plane 3002, a first
mirror Sl, a second mirror S2, a third mirror S3, a
fourth minor S4. All subsequent tables with optical
data refer to the mirrors Sl to S4 as Ml to M4. For
the embodiment according to FIGS. 37 to 40, the
following data are given:Numerical aperture: 0.20
Imaging factor: 1:4 Form of object fields: rectangular
Width of scanning field on the object side: 100 mm
Height of scanning field on the object side: 8 mm
Length: 2084 mm Tilt of image plane: + 6,890. This
embodiment shows a mirror arrangement, giving high
chief ray angles with respect to the normal of the
object plane. This facilitates a separation of a not
shown illumination ray path and the imaging ray path
at a reflective mask or reticle. Further, the maximum
angles of incidence on the mirror surfaces are
somewhat lower in this embodiment, facilitating the
manufacturing of multilayer reflective structures. The
optical data can be seen from the following
tables:Coefficient M1 M2 M3 M4 Image Y-decenter
-29,501 -2,134 -5,508 -0,487 5,838 X-rotation -0,812
0,034 2,908 1,105 6,890 Coefficient M1 M2 M3 M4 K
0,00E+00 0,00E+00 0,00E+00 0,00E+00 Y 0,00E+00
0,00E+00 0,00E+00 0,00E+00 X2 2.80E-04 1,47E-05
-6.54E-04 - 1.23E-04 Y2 1.13E-04 7.15E-05 - 1.55E-04
-2.14E-05 X2Y -8.62E-09 -9.59E-08 -2.20E-07 - 1.32E-08
Y3 1.51 E-07 5.42E-08 1.12E-07 3.86E-08 X4 2.07E-09 -
1.04E-10 -6.16E-10 -7.05E-1 1 X2Y2 -3.64E-09 -
1.00E-10 -4.18E-10 -3.95E-1 1 Y4 -2.70E-1 1 -3.46E-10
1.32E-09 5.30E-1 1 X4Y -2.72E-1 1 -2.99E-13 1.86E-13
-6.90E-15 X2Y3 1.52E-1 1 2.29E-13 - 1.45E-12 8.75E-14
Y5 - 1.49E-12 4.09E-13 5.04E-12 2.35E-14 X6 -2.54E-14
-8.99E-17 -3.1 1E-16 -5.52E-17 X4Y2 7.40E-14 1.26E-15
-2.70E-15 -2.62E-1 7 X2Y4 - 1.14E-14 -2.54E-15 1.21
E-14 1.83E-16 Y6 1.69E-15 1.03E-16 -3.69E-15 6.00E-17
X6Y -6.30E-17 4.44E-20 -8.25E-18 2.20E-20 X4Y3
6.36E-17 -1.53E-18 -3,51 E-1 7 2.26E-19 X2Y5 -7,58E-17
4.16E-18 3.32E-17 -9.30E-20 Y7 -9.34E-19 -2.88E-19
3.35E-17 8.72E-20 X8 7.35E-18 3.66E-21 -3.46E-20
-7.26E-24 X6Y2 3.71E-18 1.22E-20 -3.57E-20 5.68E-22
X4Y4 3.71E-19 -4.74E-21 3.56E-19 -5.19E-22 X2Y6
1.26E-19 1.19E-21 4.63E-20 -8,91 E-22 Y8 3.67E-21
-8.04E-22 3.00E-20 1.91E-22 X8Y -6.70E-20 -8.52E-23
8.72E-23 1.96E-24 X6Y3 - 1.92E-20 -1.06E-22 6.48E-22
2.15E-24 X4Y5 -4.59E-21 -2.85E-23 9.86E-22 -3.07E-24 



X2Y7 7.55E-23 - 1.72E-23 1.23E-21 -2,46E-24 Y9
3.46E-26 3.04E-24 -2.25E-22 3.35E-25 X10 5.05E-23
6.75E-26 1.03E-24 1.46E-27 X8Y2 1.43E-22 2.53E-25
4.57E-24 4.54E-27 X6Y4 2,81 E-23 2.06E-25 2J6E-24
2.39E-27 X4Y6 7.66E-24 9.23E-26 -2.58E-24 - 1.86E-27
X2Y8 - 1.40E-25 2.75E-26 -6.32E-25 -2.02E-27 Y10 1.61
E-27 -2.48E-27 6,81 E-25 1.93E-28 Nradius 2.00E+00
2.00E+00 2.00E+00 2.00E+00Distortion Distortion
Absolute Value Telecentpcity/ Wavefront Error (x)/nm
(y)/nm of Distortion/nm Degrees a t 13,5 nm 0 800 0 -0
366434 0 366434 0 0198854 0 093978 0 802 0 -0 0892875
0 0892875 0 0104067 0 015958 0 804 0 -0 0777646 0
0777646 0 0009187 0 032744 0 806 0 0 0405964 0 0405964
0 0085785 0 042489 0 808 0 0 661542 0 661542 0 018085
0 028159 125 800 0 0955838 -0 353342 0 366042 0
0306806 0 091554 125 802 -0 0573173 -0 0687788 0
089531 0 0256084 0 020828 125 804 -0 106637 -0 0760641
0 130985 0 0234513 0 03637 125 806 -0 0613664 -0
00241775 0 061414 0 0249869 0 044044 125 808 0 0696061
0 548237 0 552638 0 0296558 0 030805 25 800 0 115633
-0 279658 0 302621 0 0507857 0 08257 25 802 0 184329 0
0221776 0 185658 0 047943 0 024249 25 804 0 278855 -0
0466988 0 282738 0 0468785 0 040154 25 806 -0 1860 -0
112547 0 2174 0 0477167 0043512 25 808 0 0763955 0
221706 0 234499 0 050368 0 032565 37 5 800 0 146594 -0
0521759 0 155602 0 072869 0 065923 37 5 802 -0 292306
0 261705 0 392342 0 0709743 0 020204 37 5 804 -0 42743
0 0728035 0 433586 0 0703175 0 037534 37 5 806 0
286029 -0 243519 0 375651 0 0709367 0 034303 37 5 808
0 104968 -0 288511 0 307012 0 0728031 0 030384 50 800
0 555156 0451152 0 715358 0 095576 0 062457 50 802
-00193915 0 746217 0 746469 0 0941997 0 044595 50 804
-0 197219 0 352291 0 403738 0 0937666 0 049527 50 806
-0 0149766 -0 352951 0 353268 0 0942927 0 040292 50
808 0 491125 -0 968364 1 08579 0 0957648 0 053486
FIGS. 38 to 40 show lateral aberrations in the
coordinate system of the exit pupil of the objective
according to FIG. 37. FIGS 4 1 to 44 show another
embodiment of the invention having four mirrors being
all designed as freeform surfaces. Depicted is the
object plane 3000, the image plane 3002, a first
mirror Sl, a second mirror S2, a third mirror S3, a
fourth mirror S4. All subsequent tables with optical
data refer to the mirrors Sl to S4 as Ml to M4. For
the embodiment according to FIGS. 4 1 to 44, the
following data are given.Numerical aperture: 0.22
Imaging factor: 1:4 Form of object fields: rectangular
Width of scanning field on the object side: 100 mm
Height of scanning field on the object side: 6 mm
Length: 1610 mm Tilt of image plane: - 3,269. This
optical system has a full object field width of 100 mm
combined with a high numerical aperture and a length
being distinctly below 2 m. The optical data can be
seen from the following tables: Surface Radius
Thickness Mode Object INFINITY 1401,362 Mirror 1
2056,786 -1173,664 REFL Mirror 2 1698,638 1307,130
REFL Mirror 3 485,224 0,000 REFL STOP INFINITY
-242,471 Mirror 4 500,544 317,875 REFL Image INFINITY
0,000 



Coefficient M1 M2 M3 M4 Image Y-decenter -39,335
41,119 28,409 29,500 20,214 X-rotation -2,559 -2,218
-2,171 - 1,946 -3,269Coefficient M 1 M 2 M 3 M 4 K
1,99E-01 1J7E-02 -1 ,87E+00 4.88E-01 Y 2,81 E-02
1,37E-02 3.55E-02 7.69E-03 X 2 2.26E-04 3.48E-06 -4,91
E-04 -4.94E-05 Y 2 1.03E-04 5.88E-06 4.66E-05 1.24E-04
X2Y -2.82E-07 -2.37E-09 6.97E-07 5,91 E-08 Y 3
2.75E-07 1.70E-08 1.19E-07 -2,41 E-07 X 4 9.82E-10
1.81E-11 4.96E-08 -2.57E-09 X2Y2 3.25E-10 7.65E-11
1.17E-07 -1.97E-09 Y 4 3.00E-10 3,51 E-11 5.55E-08
-1.12E-09 X4Y 1.63E-12 -5.37E-14 6.00E-11 -1.49E-12
X2Y3 7.72E-12 -1.83E-13 5.59E-11 -5.50E-12 Y 5
-1,69E-12 -2.87E-14 1.06E-10 -7.08E-12 X 6 -7.06E-13
-2.35E-16 7.97E-13 -3.51E-14 X4Y2 -1.89E-13 2.95E-16
2.92E-12 -2.27E-13 X2Y4 -2,95E-14 8.47E-16 3.43E-12
-8,71 E-1 4 Y 6 -6.58E-15 6.72E-17 1.51E-12 2.45E-13
X6Y 1.66E-14 2.27E-18 -5.35E-15 -1.05E-16 X4Y3
3.03E-16 -1.68E-18 -1.54E-14 -4.92E-15 X2Y5 3,34E-17
-1.58E-18 8.39E-15 -7.28E-18 Y 7 6.29E-18 -9.72E-20
-1.58E-14 4.60E-15 X 8 -8.43E-18 -5.58E-22 3.34E-17
-1.03E-18 X6Y2 -1.36E-16 -3.42E-21 2.48E-16 -4.99E-17
X4Y4 1.67E-17 1.04E-20 5.35E-16 -1.22E-16 X2Y6
-1.28E-19 2.47E-21 1.70E-16 1.96E-17 Y 8 2,31 E-20
2.12E-22 1.26E-17 2.70E-17 X8Y 6,81 E-20 -6.83E-25
1.95E-18 -2.10E-19 X6Y3 4.40E-19 -1.21E-23 8.94E-18
-1.50E-18 X4Y5 -1.14E-19 -2,41 E-23 2.11E-18 -1.40E-18
X2Y7 1.00E-21 -2.59E-24 -2.62E-18 2.58E-19 Y 9
1.76E-22 -1.04E-25 4.55E-19 4.95E-20 X10 4.15E-23
1.40E-27 1.03E-21 -3.22E-22 X8Y2 -8.40E-23 8.23E-27
-2.65E-20 -3,81 E-21 X6Y4 -4.40E-22 2.75E-26 -1.15E-19
-1.13E-20 X4Y6 2.15E-22 2.05E-26 -6.68E-20 -5.18E-21
X2Y8 -2.36E-24 2,35E-27 1.73E-20 1.16E-21 Y10
-4.82E-25 1,60E-28 7.05E-21 6,71 E-23 Nradius 2.00E+00
2.00E+00 2.00E+00 2.00E+00Distortion Drstortron
Absolute Telecentpcity/ Wavefront Error (x)/nm (y)/nm
of Diston Degrees at 13,5 nm 0 400 0 - 1 00949 1 00949
0 0229582 0 016806 0 401 5 0 - 1 95078 1 95078 0
0133671 0 014259 0 403 0 - 1 62222 1 62222 0 00369148
0 023621 0 404 5 0 - 1 10626 1 10626 0 00606921 0
019377 0 406 0 - 1 48681 148681 00159156 0012538 125
400 -0 880918 -0 237177 0 912288 0 0242612 0 029659
125 401 5 -0 966915 - 1 11354 1 47475 0 0158373 0
024479 125 403 -0 748886 -0 752973 1 06198 0 00983379
0 029615 125 404 5 -0 234325 -0 238253 0 334175 0
0114533 0 0278 125 406 0 569207 -0 653615 0 866723 0
0189539 0 028612 25 400 -0 712509 1 51156 1 67107 0
0278372 0 041582 25 401 5 - 1 05587 0 817705 1 33548 0
0216593 0 031971 25 403 -0 794449 1 26023 1 48974 0
0186545 0 033731 25 404 5 0 0563116 1 75538 I 75628 0
0204067 0 035112 25 406 1 48083 1 21794 1 91735 0
0260668 0 043885 37 5 400 0 775815 2 32893 2 45475 0
0330354 0 035552 37 5 401 5 -0 220665 1 89815 1 91094
0 0289732 0019017 37 5 403 -0318211 2 43041 245116 0
0278179 0 018555 37 5 404 5 0 458907 2 84034 2 87718 0
0299911 0 023281 



37 5 406 2 08622 2 04109 2 91862 0 0349482 0 041572 5Q
400 2 20545 - 1 61745 2 73499 0 0393365 0 049861 50
401 5 -0 163904 - 1 76675 1 77434 0 0370418 0 045563
50 403 - I 35027 - 1 20714 1 81119 0 0372211 0 042817
50 404 5 1 38792 - 1 02622 1 72611 0 0399036 0 036919
50 406 -03114 -231311 2 33398 0 0446971 0 041068 FIGS.
42 to 44 show lateral aberrations in the coordinate
system of the exit pupil of the objective according to
FIG 41. FIGS. 45 to 48 show another embodiment of the
invention having four mirrors being all designed as
freeform surfaces. Depicted is the object plane 3000,
the image plane 3002, a first mirror Sl, a second
mirror S2, a third mirror S3, a fourth mirror S4. All
subsequent tables with optical data refer to the
mirrors Sl to S4 as Ml to M4. For the embodiment
according to FIGS 45 to 48, the following data are
given:Numerical aperture: 0.2 Imaging factor: 1:4 Form
of object fields: rectangular Width of scanning field
on the object side: 48 mm Height of scanning field on
the object side: 6 mm Length: 805 mm Tilt of image
plane: - 3,254 Having a somewhat smaller object field,
this optical system is very compact. The optical data
can be seen from the following tables: Surface Radius
Thickness Mode Object INFINITY 700,681 Mirror 1
1028,806 -586,789 REFL Mirror 2 849,319 653,594 REFL
Mirror 3 242,363 0,000 REFL STOP INFINITY -121,170
Mirror 4 250,164 158,873 REFL Image INFINITY 0,000
Coefficient M1 M2 M3 M4 Image Y-decenter -19,604
20,562 14,246 14,754 10,066 X-rotation -2,555 -2,217
-2,176 - 1 ,945 -3,254Coefficient M1 M2 M3 M4 K
1,85E-01 1,74E-02 - 1.85E+00 4.82E-01 Y 1,40E-02
6.82E-03 1J8E-02 3.82E-03 X2 1.12E-04 1,78E-06 -2,41
E-04 -2.1 9E-05 Y2 5.1 1E-05 2.94E-06 2.25E-05
6.32E-05 X2Y - 1,50E-07 -2.03E-09 2.40E-07 6.62E-09 Y3
1,37E-07 8.46E-09 9.10E-08 - 1.22E-07 X4 6.14E-10
1.05E-1 1 2.48E-08 - 1.21E-09 X2Y2 1.18E-10 3,69E-1 1
5.87E-08 -8.27E-10 Y4 1.49E-10 1.75E-1 1 2.85E-08
-6,21 E-10 X4Y -4,96E-13 -4.03E-14 2J0E-1 1 - 1.87E-12
X2Y3 3.75E-12 -9.18E-14 2.66E-11 -3.21E-12 Y5
-8.45E-13 - 1.45E-14 5.1 1E-1 1 -3.08E-12 X6 -4.48E-13
- 1.55E-16 4.07E-13 - 1.32E-14 X4Y2 -9.93E-14 1.76E-16
1.48E-12 - 1.34E-1 3 X2Y4 -1.45E-14 4.25E-16 1.72E-12
-4.41E-14 Y6 -3.27E-15 3.37E-1 7 5.96E-13 1.31E-1 3
X6Y 9.85E-15 1.26E-18 -4.00E-15 9.75E-1 8 X4Y3
2.03E-16 -8.24E-19 -7.92E-15 -2.79E-1 5 X2Y5 2.17E-17
-7.96E-19 4.39E-15 -2.79E-1 7 Y7 3.42E-18 -4.69E-20
-7.86E-15 2.14E-1 5 X8 -9.51E-18 - 1.05E-21 2.00E-17 -
1.48E-1 8 X6Y2 -7.13E-17 7.34E-23 1.55E-16 -3.1 1E-17
X4Y4 8.72E-18 5.00E-21 2.91E-16 -5.52E-1 7 X2Y6 -6,01
E-20 1.22E-21 8.06E-17 1.21E-1 7 Y8 1.39E-20 1,11E-22
2.93E-17 1.34E-17 X8Y 8.76E-20 3.22E-24 1.62E-18 -
1.88E-19 X6Y3 1.77E-19 - 1.60E-23 6.77E-18 -9.63E-19 



X4Y5 -6.03E-20 - 1.18E-23 -5.88E-20 -5.35E-19 X2Y7
3,31 E-22 - 1.26E-24 - 1.35E-18 1.61E-19 Y9 9.94E-23
-4.83E-26 9.84E-20 4.93E-20 X10 2.39E-23 5.19E-28 -
1.04E-21 -2.67E-22 X8Y2 - 1.62E-22 8J0E-28 -3.92E-20
-3.09E-21 X6Y4 -5,01 E-23 2.68E-26 -9.03E-20 -7,21
E-21 X4Y6 1.13E-22 1.01 E-26 -3.00E-20 - 1.55E-21 X2Y8
-8.02E-25 1.14E-27 9.53E-21 7.07E-22 Y10 -3.08E-25
6.63E-29 3.03E-21 1.68E-22 Nradius 1.00E+00 1.00E+00
1.00E+00 1,00E+00Distortion Distortion Absolute Value
Telecentpcity/ Wavefront Error (x)/nm (y)/nm of
Distortion/nm Degrees a t 13,5 nm 0 200 0 0 4483 11 0
448311 0 0429146 0 030026 0 201 5 0 -2 47405 2 47405 0
0235631 0 014465 0 203 0 -0 967497 0 967497 0 00387066
0 028481 0 204 5 0 0 932079 0 932079 0 0161673 0
017921 0 206 0 -0 816331 0816331 0 0365555 0 020854 6
200 -0 229332 0 72028 0 755908 0 0429896 0031915 6 201
5 -0 764827 -2 11395 2 24805 0 0241369 0015911 6 203
-0 727117 -0 578603 0 929236 0 00803243 0 028531 6 204
5 -0 144224 I 28903 1 29708 0 018286 0019129 6 206 0
955191 -0 553491 1 10397 0 0378693 0 025583 12 200 0
0887838 1 34107 I 34401 0 0432387 0 034302 12 201 5 -
1 10902 - 1 23729 1 66157 0 0258287 0 016652 12 203 -
1 16563 0 372291 1 22364 0 0146925 0 027176 12 204 5
-0 139014 2 12835 2 13289 0 0235883 0 019707 12 206 1
91157 -0 015856 1 91164 0 0416026 0 033254 18 200 1
27353 1 60761 2 05092 0 0437339 0 03238 18 201 5 -0
903733 -0 573284 I 07023 0 0285705 0 014127 18 203 - 1
38256 1 11952 1 77898 0 0218489 0 02358 18 204 5 -0
254443 2 63758 2 64983 0 0306063 0 015334 18 206 2
38718 -0 072959 2 38829 0 0472927 0 036701 24 200 3
13573 -0 027319 3 13585 0 0445949 0 032197 24 201 5 -0
646294 - 1 71453 1 8323 0 0322942 0 028012 24 203 -2
18957 0 0094815 2 18959 0 0293844 0 032097 24 204 5 -
1 62383 1 08662 1 95386 0 0386179 0 018853 24 206 0
918622 -2 54687 2 70747 0 0544894 0 035386 FIGS. 46 to
48 show lateral aberrations in the coordinate system
of the exit pupil of the objective according to FIG.
45. All embodiments shown in FIGS. 17 to 52 show
optical systems having a rectangular object field.
FIGS. 49 to 50 show another embodiment of the
invention having four mirrors being all designed as
freeform surfaces. Depicted is the object plane 3000,
the image plane 3002, a first mirror Sl , a second
mirror S2, a third mirror S3, afourth mirror S4. All
subsequent tables with optical data refer to the
mirrors Sl to S4 as Ml to M4. For the embodiment
according to FIGS. 49 to 50, the following data are
given: Numerical aperture: 0.22 Imaging factor: 1:4
Form of object fields: ring segments having a radius
of 600 mm and an azimuth angle of - 4,8 < f < + 4,8
Width of scanning field on the object side: 100 mm
Height of scanning field on the object side: 8 mm
Length: 2418 mm Tilt of image plane: - 3,284. This
embodiment shows that the design advantages are
transferable to optical systems with non-rectangular
object fields. The optical data can be seen from the
following tables: Surface Radius Thickness Mode Object
INFINITY 2102,043 



Mirror 1 3086,275 -1760,111 REFL Mirror 2 2547,993
1960,753 REFL Mirror 3 727,984 0,000 REFL STOP
INFINITY -360,225 Mirror 4 749,971 475,405 REFL Image
INFINITY 0,000 Coefficient M1 M2 M3 M4 Image
Y-decenter -59,076 6 1,644 42,310 44,405 30,452
X-rotation -2,56 I -2,218 -2,136 -1,933
-3,284Coefficient M 1 M 2 M 3 M 4 K 2.00E-01 1,89E-02
-1.89E+00 4.80E-01 Y 4.23E-02 2.05E-02 5.14E-02
1.08E-02 X 2 3.46E-04 6.56E-06 -7.12E-04 -6.02E-05 Y 2
1.53E-04 8.72E-06 8,61 E-05 1,95E-04 X2Y -4.18E-07
4.24E-10 1.15E-06 1.02E-07 Y 3 4.10E-07 2.56E-08
1.76E-07 -4.73E-07 X 4 2.12E-09 2.92E-11 7.50E-08
-3.49E-09 X2Y2 5.90E-10 1.00E-10 1.77E-07 -2.72E-09 Y
4 4.49E-10 5.40E-11 8.13E-08 -1.87E-09 X4Y -3.35E-11
-1.41E-13 9.25E-11 -4.80E-12 X2Y3 1,08E-1 1 -2.57E-13
6,96E-1 1 -2.94E-1 1 Y 5 -2,41 E-1 2 -4.00E-14
1.39E-10 -5.57E-12 X 6 -3.85E-13 -3.65E-17 1.18E-12
-4.06E-14 X4Y2 2.15E-13 8.00E-16 4.59E-12 -3.08E-13
X2Y4 -4.13E-14 1.38E-15 5.36E-12 -5.08E-13 Y 6
-8.84E-15 1.00E-16 1.93E-12 4.48E-13 X6Y 7.18E-15
-4.72E-19 -7.85E-15 1.73E-15 X4Y3 -6.02E-16 -1.61E-18
-1.51E-14 2.44E-16 X2Y5 7.75E-17 -2.49E-18 1.58E-14
-2.98E-15 Y 7 1.31E-17 -1.67E-19 -2.79E-14 6.45E-15 X
8 -1.06E-17 -5.96E-22 5.82E-17 5.31E-18 X6Y2 -3.13E-17
1.16E-20 2.73E-16 2.65E-17 X4Y4 1.56E-18 3.02E-21
3.20E-16 6.02E-17 X2Y6 -2,21 E-19 2.55E-21 -6.39E-18
3.59E-17 Y 8 1.87E-20 3.05E-22 6.46E-17 2.87E-17 X8Y
7,61 E-20 -2.02E-24 3.28E-18 -4.79E-20 X6Y3 -7.15E-20
-4.82E-23 1.05E-17 -4,21 E-1 9 X4Y5 -2.92E-21
-1.16E-24 -3.75E-18 7.33E-19 X2Y7 1.11E-22 -5.59E-25
-4.58E-18 5.27E-19 Y 9 3.34E-24 -4.27E-27 8.58E-19
1,71 E-20 X10 1.71E-23 2.57E-28 -2.76E-21 -5.14E-22
X8Y2 -2.62E-23 1.39E-26 -1.87E-20 -3.15E-21 X6Y4
4.86E-22 5.94E-26 -2.67E-20 -6.00E-21 X4Y6 -9.99E-24
-5,21 E-28 6.16E-20 3.68E-21 X2Y8 6.99E-25 7,71 E-28
3.25E-20 2.02E-21 Y10 1J0E-26 1.19E-29 1.19E-20
9.56E-23 Nradius 3.00E+00 3.00E+00 3.00E+00
3.00E+00Distortion Distortion Absolute Value
Telecentpcity/ Wavefror (x)/nm (y)/nm o f
Distortion/nm Degrees a t 13,5 n r 0 600 0 -0 892917 0
892917 0 0133679 0 012256 0 602 0 -0 841667 0 841667 0
00534092 0 016933 0 604 0 0 0201694 0 0201694 0
00275272 0 021805 0 606 0 0 379474 0 379474 0 0109134
0 010404 0 608 0 - I 08242 1 08242 00191416 0 02706 12
5655 599 868 -0 463563 -0 551102 0 720142 0 0164908 0
01867 12 6073 601 868 -0 477332 -0 590644 0 759412 0
0108284 0018161 12 6492 603 868 -0 257454 0 245037 0
355423 0 0095748 0 022897 126911 605 867 0 191813 0
643426 0 671409 0 0140875 0 014667 12 733 607 867 0
866074 -0 713531 1 12215 0 0209974 0 029184 25 1254
599 474 -0 531595 0 291324 0 606187 0 0234981 0 028751
25 2091 601 472 -0 737092 0 0428674 0 738337 0 0195942
0 018248 25 2929 603 4 7 -0 47659 0 691569 0 839884 0
0185603 0 0228 



25 3766 605 468 0 241321 1 18393 1 20828 0 0209057 0
018522 25 4604 607 467 1 40777 0 117965 14127 0
0257861 0 030662 37 6743 598 816 0 166072 1 07231 I
08509 0 0319492 0 037305 37 7999 600 812 -0 597255 0
172817 0 621755 0 0288103 0 012352 37 9255 602 808 -0
665059 0 662666 0 938845 0 0277044 0 017593 38 0511
604 804 -0 0504098 1 23414 1 23517 0 0289218 0 01636
38 1766 606 8 1 23319 0 573939 I 36021 0 0322511 0
025322 50 2067 597 896 1 97056 0813316 2 13181 0
0409886 0 048287 50 3741 599 889 0 0758373 1 03335 1
03613 0 0381837 0 020354 50 5414 601 882 -0 898661 - 1
045 1 37827 0 0369235 0 027327 50 7088 603 875 -0
970685 -0 525246 1 10368 0 0374078 0 03097 50 8761 605
868 -0 159467 1 30833 I 31801 0 0398057 0 030446 FIG.
50 shows lateral aberrations in the coordinate system
of the exit pupil of the objective according to FIG 49
FIG. 5 1 shows another embodiment of the invention
having six mirrors being all designed as freeform
surfaces Depicted is the object plane 3000, the image
plane 3002, a first mirror Ml, a second mirror M2, a
third mirror M3, a fourth mirror M4, a fifth mirror M5
and a sixth mirror M6 This projection objective has an
image side numerical aperture of 0,40 The field shape
is rectangular with a width of 26 mm and a height of 2
mm The operating wavelength is13,5 nm. The sequence of
optical power of mirrors is PNPNNP. This optical
system has one intermediate image between mirrors M4
and M5. The entrance pupil of this projection
objective is located 1000 mm from object plane 3000,
with the object plane 3000 positioned between the
entrance pupil and the mirrors. The tracklength is
1736 mm. The object image shift is 65 mm. The opt i
cal path length is 4827 mm. The performance of this
projection objective includes an image-side Wptls of
0,037 l. Distortion is smaller than 12 nm. Image-side
field curvature is 25 nm. The chief ray angle of the
central field point at the object is 7. The maximum
variation of chief ray angles at object plane 3000 is
0,82. The dimension of the footprint of each mirror,
given as Mx x My is as follows: 323 mm x 2 15 mm for
mirror Ml ; 131 mm x 102 mm for mirror M2; 267 mm x
183 mm for mirror M3; 70 mm x 52 mm for mirror M4; 124
mm x 109 mm for mirror M5; 447 mm x 433 mm for mirror
M6. The chief ray angle of incidence for the central
field point for the mirrors Ml to M6 is 4,06; 11,34;
12,20; 31,60; 12,27 and 7,64. The maximum an gles of
incidence in meridional section for the mirrors Ml to
M6 is 4,96; 12,38, 16,54, 41,24; 29,42 and 9,25. The
bandwidth of angle of incidence in meridional section
for mirrors Ml to M6 is 1,08; 2,71; 9,83; 22,72; 29,13
and 4,28. Mirrors M2 and M4 have freeboards that are
more than 5mm and less than 25 mm. Mirror M3 has
positive chief ray angle magnifi ca tion while mirrors
Ml, M2, M4 and M5 have negative chief ray angle magni
fication. The image-side free working distance of this
projection objective is 45 mm. The object-side free
working distance is 400 mm.In this projection
objective, dOp-i/dOp-2 is 2,67. Further, reticle and
mirror Ml as well as mirrors M2 and M3 are separated
by more than 50 % of the proj ec tion objective
tracklength. Data for the projection objective of FIG.
5 1 is presented in Tables 8A, 8B b e low. Table 8A
presents optical data, while Table 8B presents
aspherical con stants for each of the mirror surfaces.
Table 8ACoefficient M1 M2 M3 M4 M5 M6 K 5.078166E-01
2.515234E+00 4,45891 2E-01 -5.135256E+00 3.709497E+00
1.305537E-01 Y 0,OOOOOOE+00 0,000000E+00 0,000000E+00
0,00O0O0E+OO O,OO0000E+00 0,0000OOE+O0 X2 -4,22961
6E-06 4.423002E-05 -1.137338E-04 6.243736E-04
-4.439433E-04 1.714681E-O5 Y2 -2.042693E-05
-3.200090E-04 -1.490188E-04 4.230830E-05 -3,941
063E-04 1,36971 1E-05 X2Y -2,45651 2E-08 -1.681122E-06
1.278895E-08 1.439095E-06 1,1 09021 E-07 -7.066857E-09
Y3 -1,01 761 8E-08 -1.085440E-06 -9.040764E-08
-8.248306E-07 6.038369E-07 -8.198184E-09 X4
2.532498E-11 -4.655202E-10 -6.082020E-11 -7.879275E-09
-9.475896E-10 -9.236663E-12 X2Y2 2.917327E-11
-4.875362E-09 -7.951092E-11 -6.364830E-09
-2.626820E-09 -1.778520E-1 1 Y4 1.1 16055E-1 1
9.584332E-10 -1.259982E-10 2,921 676E-09 -8.367567E-10
-1.348267E-11 X4Y -7,018800E-15 -9.924549E-12 -5,70021
5E-1 4 -7,3371 53E-11 -3.015573E-13 -5.057127E-15 



X2Y3 -2.588267E-14 -2.065300E-1 1 -1.623609E-13
-4.830483E-11 -3.421535E-12 -8.177430E-15 Y5
-5.631482E-14 1.175099E-13 -3.257076E-14 2,9001 48E-11
-5.156003E-12 -7.754740E-16 X6 2.507037E-17
7.181890E-15 -6.970398E-17 1,896541 E-1 3
-2.402650E-14 -1.687447E-17 X4Y2 1.805398E-16
2.845435E-14 -1.726885E-16 -3.660328E-13 -3.460882E-14
-5.258270E-17 X2Y4 3.234883E-16 4.275982E-14
-3.443645E-16 -1.119940E-13 -2.515640E-14
-4.418332E-17 Y6 5,1 39221 E-1 7 1.240058E-14
-4.807113E-19 2.665448E-14 -3.989968E-14 -9.729792E-18
X6Y - 1,655261 E-20 2.112846E-16 -6.490967E-20
2.217817E-15 3,5651 59E-1 7 -2.533468E-21 X4Y3
6.406762E-19 7.287537E-16 -1,578781 E-1 9
-1.022968E-15 -2.246920E-17 -9,55621 1E-21 X2Y5
1,095531 E-1 8 4.084428E-16 -1.899934E-19 8.581644E-18
-4.609677E-16 -8.095822E-21 n 3.534107E-19
-1.119501E-16 -6,3231 08E-20 -1.566387E-16
-4.089822E-16 7.022063E-21 X8 -2.127854E-23 5,631
762E-20 -1.645304E-22 -2.809082E-18 -2.426092E-19
-2.519698E-23 X6Y2 -2.911239E-22 1.595162E-18 1,24041
9E-22 8,88301 7E-1 8 -3.131391E-18 -1.169336E-22 X4Y4
2.052045E-21 3.313410E-18 -2.644748E-22 -1.246599E-18
-8.074234E-18 -1,41 351 4E-22 X2Y6 2.303292E-21
8.331439E-19 -5,379641 E-23 2.833584E-19 -6.891166E-18
-6.982184E-23 Y8 7.915735E-22 -4.495038E-19 -9,241
853E-23 -3.000322E-19 -2,3671 76E-1 8 -1.361196E-23
X8Y -3.633622E-25 -1.145501E-22 -8.423039E-26
-1.268652E-20 2.592347E-21 4,5701 16E-27 X6Y3
-1,500591 E-24 1.545859E-21 6.330084E-25 1.171733E-20
1.459272E-21 1.168279E-26 X4Y5 2.954923E-24
3.997308E-21 1.050127E-26 -4,2571 85E-23 -1.756358E-22
1,4791 3 1E-26 X2Y7 1.472672E-24 3,951 572E-22
8.889089E-29 -7.100170E-25 5.863402E-23 6.095900E-27
Y9 4,26571 2E-25 -3,958881 E-23 -1,1 36961 E-30
-9.034885E-27 7.298215E-25 4,531 322E-28 X10
1.301003E-29 1,95541 9E-24 0,000000E+00 0,O00000E+OO
0,000000E+00 0,000000E+00 X8Y2 -6.199954E-28 -8,09441
4E-25 0,000000E+00 0,O00O00E+OO 0,000000E+00
0,OOOOOOE+00 X6Y4 -1.564267E-27 -8.554437E-24
0,000000E+00 0,000000E+00 0,000000E+00 O,00O0OOE+O0
X4Y6 2.214569E-27 1.149257E-24 O.OOOOOOE+00
O.OOOOOOE+00 0,000000E+00 0,000000E+00 X2Y8 -6,0831
37E-29 6.386629E-26 0,OOOOOOE+00 0,000000E+00
0,OO000OE+0O 0,000000E+00 Y10 1.486303E-30
1.060932E-26 0,000000E+00 0,000000E+00 O,OO000OE+00
0,000000E+00 Nradius 1.00E+00 1.00E+00 1.00E+00
1.00E+00 1.00E+00 1.00E+00 Coefficient M1 M2 M3 M4 M5
M6 Y-decenter 248,450 92,818 -2,826 26,446 -4,799
29,811 X-mtation 8,882 -0,938 1,151 - 1,082 -3,174
-3,333 Table 8BThe projection objective of FIG. 5 1
differs from the embodiments of FIGS. 3, 10, 11, 12,
13, 14 and 15 mainly in the shape of mirror M4. In
contrast to these earlier described embodiments,
mirror M4 of the embodiment of FIG. 5 1 is convex.
FIG. 52 shows another embodiment of the invention
having six mirrors being all designed as freeform
surfaces. Depicted is the object plane 3000, the image
plane 3002, a first mirror Ml, a second mirror M2, a
third mirror M3, a fourth mirror M4, a fifth mirror M5
and a sixth mirror M6. This projection objective has
an image side numerical aperture of 0,35. The field
shape is rectangular with a width of 26 mm and a
height of 2 mm. The operating wavelength is 13,5 nm.
The sequence of optical power of mirrors is PPNPNP.
This optical system has one intermediate image between
mirrors M4 and M5. The entrance pupil of this
projection objective is located on the image plane
side of the ob ject plane 3000 in a distance of 1749
mm. An aperture stop is positioned on mirror M2. The
tracklength is 1700 mm. The object image shift is 4 1
mm. The optical path length is 4 156 mm. The
performance of this projection objective includes an
image-side s of 0,020 l. Distortion is smaller than
1,1 nm. Image-side field curvature is 17 nm. The chief
ray angle of the central field point at the object is
6. The maximum variation of chief ray angles at object
plane 3000 is 0,58. The dimension of the footprint of
each mirror, given as Mx x My is as follows: 169 mm x
148 mm for mirror Ml ; 159 mm x 136 mm for mirror M2;
120 mm x 6 1 mm for mirror M3; 265 mm x 118 mm for
mirror M4; 101 mm x 77 mm for mirror M5; 345 mm x 329
mm for mirror M6.The chief ray angle of incidence for
the central field point for the mirrors Ml to M6 is
8,1 1; 9,49; 21,03; 8,01; 13,67; 5,03. The maximum
angle of incidence in meridional section for the
mirrors Ml to M6 is 10,31; 12,06; 21,56; 8,45; 24,59,
6,36. The bandwidth of angle of incidence in meri d
ional section for mirrors Ml to M6 is 4,56; 5,34;
1,85; 1,23; 22,98; 3,16. Mirror M4 has positive chief
ray angle magnification while mirrors Ml, M2, 



M3 and M5 have negative chief ray angle magnification.
The image-side free working distance of this
projection objective is 45 mm. The object-side free
working distance is 441 mm. In this projection
objective, dOp-i/dOp-2 is 1,89. Further, mirrors M4
and M5 are separated by more than 50 % of the
projection objective tracklength. Data for the
projection objective of FIG. 52 is presented in Tables
9A, 9B be low. Table 9A presents optical data, while
table 9B presents aspherical con stants for each of
the mirror surfaces. Table 9ACoefficient M1 M2 M3 M4
M5 M6 K -5,6201 76E+01 -8.079329E+00 -8.913161E-01 -
1,32051 7E+00 4.540035E+00 8.058603E-02 Y D,000000E+00
0,000000E+O0 0,OOOOOOE+00 O,O000O0E+00 0,00000OE+OO
0,OOOOOOE+00 X2 8,081 674E-05 -2.443257E-05 -2,909041
E-04 -5.514277E-05 -2.176416E-04 -1,481 4 15E-05 Y2
1.409006E-04 -8.853894E-05 -5,1 46801 E-04 -2,593301
E-05 1.796509E-04 7,21 5641 E-06 X2Y 1.932586E-07
4.504714E-08 9.969292E-07 -1.801177E-07 1.153365E-06
5,683301 E-09 Y3 1.223280E-07 -1.884294E-08
-4.877028E-07 1.179942E-07 -2.117705E-07 -5,6001
82E-09 X4 7.040228E-11 7,42541 9E-11 2.136430E-09
4.622733E-10 - 1.333652E-09 -5.926598E-11 X2Y2
1.318594E-10 1,06751 9E-10 9.622356E-09 -4.928633E-10
1.322772E-08 -2.894278E-1 1 Y4 6.586919E-11
1.598749E-10 9.675806E-10 8.019884E-10 3,924061 E-09
1.500259E-11 X4Y 1.333049E-12 9.551370E-14
4.142100E-11 7.245165E-13 -2.333334E-11 8.269178E-15
X2Y3 7.486772E-12 -5,74441 8E-1 3 2,571 945E-11
-5.121409E-12 -4.081436E-11 -1.142259E-14 Y5
7.859762E-14 -1.146786E-12 1.015135E-12 7.149294E-13
-3,2941 73E-11 -6.514010E-14 X6 1.349693E-1 7 -2,0931
26E-1 5 5.786287E-14 7.466543E-16 3.666869E-14
-1.312132E-16 X4Y2 -4.117907E-15 3.600153E-15
1.917870E-13 4.761724E-15 1.666994E-13 -1.600140E-16
X2Y4 2.686652E-14 2.433374E-14 1,452311 E-1 4
-1.001928E-14 1.713311E-13 4.528614E-17 Y6
-6.985464E-16 -1.574024E-15 -4.040479E-15 1.285725E-15
3.233877E-13 1.795344E-16 X6Y -6.324670E-18
1.672711E-17 6,54981 3E-1 6 7.589572E-18 1.109670E-15
7.389564E-20 X4Y3 1.633680E-16 -5.475446E-17
2.838607E-16 1.219368E-17 1.040774E-15 -3.901601E-20
X2Y5 2.578083E-17 -2.114042E-17 -8.191058E-17
-1.112382E-17 -4.281539E-15 -8.922758E-19 Y7
5.352170E-18 -4.852332E-17 -8.778735E-18 1.658599E-18
-1.041652E-15 -5.361021E-19 X8 3.930907E-20 -3,041
873E-20 1.620935E-18 3.142617E-21 -2.044671E-18 -3,471
237E-22 X6Y2 2.642712E-19 1.926793E-19 2.461846E-18
4.103145E-20 9,4961 69E-1 8 -5.396836E-22 X4Y4
1.209256E-18 7.815308E-19 2.461216E-20 2,400 689E-20
2.006336E-17 4.153767E-23 X2Y6 5.242330E-19
-2.345008E-19 -1.129636E-20 -4,5731 96E-22 -8,5051
26E-18 2.958769E-21 Y8 5,723961 E-20 -4,5231 9 1E-1 9
2.359743E-20 2,441 529E-21 2.039563E-17 1.076978E-21
X8Y 5,8431 86E-22 4.059084E-22 1.256052E-20
1.926704E-23 -6,283441 E-20 8.511910E-25 X6Y3
1.725684E-21 -3.122858E-21 2.334258E-21 9.329420E-23
-1.729457E-19 2.027558E-25 X4Y5 4.331458E-21
-1.961697E-21 8.015847E-22 2,90741 9E-23 2.503951E-19
-5.006594E-24 X2Y7 1.628473E-21 -1.158132E-20
2.742066E-22 8.412546E-24 -3.164177E-19 -7.133872E-24
Y9 2.174037E-22 -5.641899E-21 -6,4051 72E-23
1.117517E-24 1.693513E-19 -7.896547E-25 X10
3.942480E-26 -1.611794E-24 -3,181 193E-25 1.249724E-27
-2.648224E-23 -6.952534E-28 X8Y2 2.026760E-24
2.715637E-24 2.416966E-23 3.491430E-26 -5,242301 E-22
-5,078551 E-27 X6Y4 3.177651E-24 1.517348E-23
-1,929381 E-24 8.815740E-26 -7.406490E-22
-1.604907E-26 X4Y6 -6.089337E-24 -2.527074E-23
2.506522E-24 2.875808E-26 3.978023E-21 4,391 294E-28
X2Y8 1.609759E-24 -7.803424E-23 1.589355E-25
1.072608E-26 -2.716665E-21 4,653881 E-27 Y10
2.665008E-25 -1.428174E-23 -2,25331 4E-25 5.234796E-28
1.510394E-21 -1.026184E-27 Nradius 1.00E+00 1.00E+00
1,00E+00 1.00E+00 1.00E+00 1,00E+00 Coefficient M1 M2
M3 M4 M5 M6 Y-decenter 107,723 -48,244 142,711 9,140
15,331 1,453 X-rotation 3,086 0,713 -20,000 -1,900
0,245 2,474 Table 9BThe projection objective of FIG.
52 has chief rays converging to each other while
starting from the object plane 3000. Microlithography
tools, such as microlithography tool 100 described
above and shown in FIG. 1, can be used in the
fabrication of semiconductor devices, such as
semiconductor chips, liquid crystal display (LCD)
panels, or arrays of charge coupled device (CCD)
detectors, for example. Generally, the sequence of
process steps used in the fabrication of semiconductor
devices varies depending on the specific device being
fabricated. FIG. 53 is a flow chart that shows an
example of a sequence of steps in the manufacture of a
semiconductor device. Initially, in step 5310 the
producer designs the integrated circuit to be
manufactured for the semiconductor device. 



Subsequently, in step 5320 masks (i.e., reticles) are
produced based on the design of the integrated
circuit. Prior to actually building the integrated
circuit, wafers (e.g., silicon wafers) are prepared as
indicated in step 5330. Next, the integrated circuit
is formed on the wafer using the masks in a wafer
processing step (step 5340). Details of wafer
processing are discussed in greater detail below.
After forming the integrated circuit in the wafer, the
wafer is diced, bonded, and packaged to produce
individual microchips (step 5350). These assembly
steps are often referred to as post-processing. After
assembly, the chips are inspected (step 5360). For
example, the chips' operability and/or durability may
be tested. Those devices that pass inspection step
5360 are subsequently shipped to the customer (step
5370). FIG. 54 is a flow chart showing details of the
wafer processing step. Generally, wafer processing
involves forming a number of layers of various
materials (e.g., conducting materials, semiconducting
materials, and/or dielectric materials) on a wafer
(Step 5410). One or more of these layers is patterned
using a lithographic process (Step 5420). The layers
can be formedin a variety of ways. For example,
forming the layer can involve oxidizing a surface of
the wafer in an oxidation process step (Step 541 1).
In some embodiments, forming the layer involves
depositing a material on a surface of the wafer, such
as by chemical vapor deposition (CVD), for example
(Step 5412). In certain embodiments, forming the layer
involves an electrode forming process for forming
electrodes on the wafer by vapor deposition, for
example (Step 5412). Forming layers can involve an ion
implanting process for implanting ions to the wafer
(Step 5414). After forming a layer of a material, the
layer can be patterned using a lithographic process.
This typically involves a resist process for applying
a resist to the wafer (Step 5415). Step 5416 is an
exposure process for printing, by exposure, the
circuit pattern of the mask on the wafer using a
lithography tool, such as lithography tool 100
described above. Step 5417 is a developing process in
which the exposed resist is develop. After developing,
portions of the wafer exposed by the developed resist
are etched in an etching process (Step 5418). Finally,
the remaining resist material is removed from the
wafer in a resist separation process (Step 5419).
Steps 5410 and 5420 are repeated forming integrated
circuits on the wafer. Embodiments can include
additional process steps, such as wafer polishing, for
example, before or after patterning a layer of
material. Other embodiments are in the claims.Claims
1. Microlithography projection optical system,
comprising: a plurality of elements arranged to image
radiation at a wavelength l from an object plane to an
image plane, at least one of the elements being a r e
flective element that has a rotationally asymmetric
surface positioned in a path of the radiation, wherein
the rotationally asymmetric surface deviates from a
best-fit rota tionally symmetric surface by at least l
at at least one location. 2. The optical system of
claim 1, wherein the best- fit rotationally asymmet
ric surface deviates by about 0.1 l or less from a
surface corresponding to the equation: where . _ (m
+n)2 +m+3n z is the sag of the surface parallel to an
axis, c is the vertex curvature and k is the conical
constant, C, is the coefficient of the monomial x'"y",
and a is an integer. 3. The optical system of claim 1
wherein the rotationally asymmetric surface deviates
from the best-fit rotationally symmetric surface by
about 10 l or more at the one or more locations. 4.
The optical system of claim 1 wherein the rotationally
asymmetric surface deviates from the best-fit
rotationally symmetric surface by about 20 nm or more
at the one or more locations.5. The optical system of
claim 1 wherein the plurality of elements define a
meridional plane and the elements are mirror symmetric
with respect to the meridional plane. 6. The optical
system of claim 1 wherein the plurality of elements
comprises 



two elements that are reflective elements that have
rotationally asymmet ric surfaces positioned in a path
of the radiation. 7. The optical system of claim 1
wherein the plurality of elements includes no more
than two reflective elements that have a positive
chief ray angle magnification. 8. The optical system
of claim 7 wherein the plurality of elements includes
no more than one reflective element that has a
positive chief ray angle magnification. 9. The optical
system of claim 1 wherein the microlithography
projection optical system has an image-side numerical
aperture of about 0.2 or more. 10. The optical system
of claim 1 wherein the optical system has a
rectangular field at the image plane and wherein in
each of the orthogonal directions the rectangular
field has a minimum dimension of about 1mm or more in
both directions being orthogonal to each other. 11.
The optical system of claim 1 wherein static
distortion at the image field is about 10 nm or less.
12. The optical system of claim 1 wherein a wavefront
error at the image field is about l/ 14 or less.13.
The optical system of claim 1 wherein the chief rays
diverge from each other at the object plane. 14. The
optical system of claim 13 wherein, for a meridional
section of the optical system, the chief rays have a
maximum angle of incidence on a surface of each of the
elements of less than 20. 15. The optical system of
claim 1 being telecentric at the image plane. 16. The
optical system of claim 1 wherein a path of the
radiation through the optical system is characterized
by chief rays and, for a meridional section of the
optical system, the chief ray of a central field point
has a maximum angle of incidence on a surface of each
of the elements of q degrees, the optical system has
an image side numeral aperture, NA, of more than 0.3,
and the ratio Q/NA is less than 68. 17. The optical
system of claim 1 wherein the optical system has an
objectimage shift of about 75 mm or less. 18. The
optical system of claim 1 wherein the plurality of
elements comprises four or more elements that have
freeboards of about 25 mm or less. 19. The optical
system of claim 1 further comprising a radiation
source configured to provide the radiation at l to an
object plane. 20. The optical system of claim 19
further comprising an illumination system comprising
one or more elements arranged to direct radiation from
the r a diation source to an object positioned at the
object plane, wherein the illumination system
comprises an element positioned at a location corre
sponding to an entrance pupil of the optical system.
21. A microlithography tool, comprising: the optical
system of claim 20; a first moveable stage configured
to position a reticle at the object plane so that the
optical system images the reticle to the image plane;
and a second moveable stage configured to position an
article at the image plane so that the image of the
reticle at a surface of the article. 22. Method for
microlithographic production of microstructured
components comprising the following steps: providing a
substrate having at least a layer of radiation
sensitive ma terial, - providing a mask having a
structure which is to be projected, providing a
microlithographic tool according to claim 21,
projection at least a part of the mask on an area of
the layer using the microlithographic tool. 23.
Microstructured component being produced by a method
according to claim 22. 24. Method to design a
rotationally asymmetric surface in an optical system
according to one of claims 1 to 20, comprising the
following steps: - start from a design being
rotational symmetric with respect to the path of
radiation; decenter the rotational symmetric design by
translating the axis of ro 



tational symmetry with respect to the axis defined by
the path of r a diation parallel to this path axis;
tilt the rotational symmetric design by tilting the
axis of rotational symmetry with respect to the path
axis; minimization of optical aberrations by
implementing a freeform d e viation from the
decentered and tilted design. 


