
TRANSAMINASE BIOCATAL YSTS 1. CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims benefit under 35 U.S.C.  119(e) of
application Serial No. 61/155,902, filed February 26, 2009, the contents of
which are incorporated herein by reference. 2 . TECHNICAL FIELD [0002] The
present disclosure relates to transaminase biocatalysts and methods of
using the biocatalysts. 3. REFERENCE TO SEQUENCE LISTING, TABLE OR COMPUTER
PROGRAM [0003] The official copy of the Sequence Listing is submitted
concurrently with the specification as an ASCII formatted text file via
EFS-Web, with a file name of376247-035.txt, creation date of February 26,
2010, with a file size of 367 Kbytes. The Sequence Listing filed via
EFS-Web is part of the specification and is herein incorporated by
reference. 4 . BACKGROUND [0004] Following ingestion of a meal, a group of
hormones termed incretins, which include glucagon like peptide- 1 (GLP-I)
and glucose dependent insulinotropic peptide (GIP), are released. Incretins
stimulate insulin release and suppress glucagon release in a glucose
dependent manner, delay gastric emptying, and increase satiety. Incretins
are rapidly degraded by dipeptidyl peptidase-IV (DPP-4). [0005] Sitagliptin
is one of a class of anti-hyperglycemic drugs that inhibits DPP-4.
Inhibiting DPP- 4 activity and thereby delaying the inactivation of
incretins appears to improve islet function by increasing alpha-cell and
beta-cell responsiveness to glucose, resulting in improved glucosedependent
insulin secretion and reduced inappropriate glucagon secretion. Because of
its antihyperglycemic effects, sitagliptin has been approved for use in the
treatment of Type 2 diabetes in numerous countries. [0006] The current
manufacturing process to produce sitagliptin features asymmetric
hydrogenation of an unprotected enamine amide (US Patent No. 7,468,459,
which issued on December 23, 2008, the contents of which are incorporated
by reference in their entirety; Shultz et al., 2007, Ace. Chem. Res. 40:
1320-1326). Using a rhodium Josiphos-ligand catalyst in methanol at 50C and
250 psi provides sitagliptin as the free base with about 97% e.e.
Crystallization upgrade of the free base yields sitagliptin with >99.5%
e.e. and 84% yield, and subsequent reaction with phosphoric acid affords
sitagliptin phosphate monohydrate, the active pharmaceutical ingredient
("API") in JANUVIA(r), in about 79% overall yield from the enamine amide
substrate. [0007] Further improvements in the manufacturing process for
sitagliptin are desirable.5. SUMMARY [0008] The present disclosure provides
polypeptides, polynucleotides encoding the polypeptides and methods of
using the polypeptides for the biocatalytic conversion of
4-oxo-4-[3-(trifluoromethyl)-5,6- dihydro[l,2,4]triazolo[4,3-
]pyrazin-7(8H)-yl]-l-(2,4,5-trifluorophenyl)butan-2-one (the "ketoamide
substrate") to (2
)-4-oxo-4-[3-(trifluoromethyl)-5,6-dihydro[l,2,4]triazolo[4,3-fl]pyrazin-7(
8 H)-yl]-l- (2,4,5-trifluorophenyl)butan-2-amine (the "product) in presence
of an amino group donor. The product, having the USAN of sitagliptin, is
the active ingredient in JANUVIA(r), which has received marketing approval
in many countries for the treatment of Type 2 diabetes. [0009] While
naturally occurring transaminases measured by the inventors do not
measurably act on the ketoamide substrate, the engineered transaminases of
the present disclosure are capable of carrying out the facile conversion of
the ketoamide substrate to the product. Thus, in one aspect, the present
disclosure relates to improved transaminases capable of converting
4-oxo-4-[3- (trifluoromethyl)-5,6-dihydro[l,2,4]triazolo[4,3-
]pyrazin-7(8H)-yl]-l-(2,4,5-trifluorophenyl)butan- 2-one ("the ketoamide
substrate") to (2
)-4-oxo-4-[3-(trifluoromethyl)-5,6-dihydro[l,2,4]triazolo[4,3-
]pyrazin-7(8H)-yl]-l-(2,4,5-trifluorophenyl)butan-2-amine ("the product")
in presence of an amino group donor to levels measurable by an analysis
technique, such as HPLC-UV absorbance. [0010] In some embodiments, the
improved transaminases of the disclosure are capable of carrying out the
conversion of the ketoamide substrate to product with an activity that is
least equal to or greater than the activity of the polypeptide of SEQ ID
NO:4. In the embodiments herein, the improved transaminases are capable of
forming the product in enantiomeric excess of at least 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% or more. [0011] In some embodiments, the
improved transaminases are capable of carrying out the conversion of the
ketoamide substrate to product with at least 1.5 times, 2 times, 3 times, 4
times, 5 times, 6 times, 7 times, 8 times, 9 times, 10 times, 15 times, 20
times, 30 times, 40 times, 50 times, 75 times, 100 times, 150 times, 200
times, 300 times, 400 times, 500 times, 1000 times, 1500 times, 2000 times
or greater than 2000 times the activity of the polypeptide of SEQ ID NO:4
under defined reaction conditions. In some embodiments, the reaction
conditions comprise a temperature of 45C, and a pH of about 8.5. [0012] In
some embodiments, the improved transaminase polypeptides are capable of
converting the ketoamide substrate
4-oxo-4-[3-(trifluoromethyl)-5,6-dihydro[l,2,4]triazolo[4,3-
]pyrazin-7(8H)-yl]- l-(2,4,5-trifluorophenyl)butan-2-one to the product (2
)-4-oxo-4-[3-(trifluoromethyl)-5,6- dihydro[l,2,4]triazolo[4,3-
]pyrazin-7(8H)-yl]-l-(2,4,5-trifluorophenyl)butan-2-amine in the presence
of an amino group donor with an activity that is improved over the activity
of the transaminase of SEQ ID NO: 2 and comprises an amino acid sequence
that is at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or more identical to thereference sequence of SEQ
ID NO:4, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98,
100 or 102. [0013] In some embodiments, the improved transaminase
polypeptide can comprise an amino acid sequence comprising one or more
residue differences as compared to the sequence of SEQ ID NO:2 at the
following residue positions corresponding to: X4; X5; X8; Xl 8; X25; X26;
X27; X28; X30; X41; X42; X48; X49; X50; X54; X55; X60; X61; X62; X65; X69;
X81; X94; X96; X102; Xl 17; X120; 



X122; X124; X126; X136; X137; X138; X146; X148; X150; X152; X155; X156;
X160; X163; X164; Xl 69; Xl 74; Xl 78; Xl 95; Xl 99; X204; X208; X209; X21
1; X215; X217; X223; X225; X230; X252; X269; X273; X282, X284; X292; X297;
X302; X306; X321; and X329. Guidance for the choice of various amino acid
residues that can be present at the specified residue positions are
provided in the detailed description that follows. [0014] In some
embodiments, the improved transaminase polypeptide comprises an amino acid
sequence that includes at least one of the following features: residue
corresponding to X69 is cysteine (C) or a non-polar, polar, or aliphatic
residue; residue corresponding to X122 is a constrained, nonpolar or
aliphatic residue; residue corresponding to X223 is a constrained residue;
and residue corresponding to X284 is a non-polar residue. [0015] In some
embodiments, the improved transaminase polypeptide comprises an amino acid
sequence that includes at least the following features: residue
corresponding to X69 is C or a nonpolar, polar, or aliphatic residue,
and/or residue corresponding to X284 is a non-polar residue; residue
corresponding to X122 is a constrained, non-polar or aliphatic residue; and
residue corresponding to X223 is a constrained residue. [0016] In some
embodiments, the improved transaminase polypeptide comprises an amino acid
sequence that includes at least the following features: residue
corresponding to X69 is C or a nonpolar, polar, or aliphatic residue;
residue corresponding to X122 is a constrained, non-polar or aliphatic
residue; and residue corresponding to X223 is a constrained residue. [0017]
In some embodiments, the improved transaminase polypeptide comprises an
amino acid sequence that includes at least the following features: residue
corresponding to X122 is a constrained, non-polar or aliphatic residue;
residue corresponding to X223 is a constrained residue; and X284 is a
non-polar residue. [0018] In some embodiments, the improved transaminase
polypeptide comprises an amino acid sequence that includes at least the
following features: residue corresponding to X69 is C or a nonpolar, polar
or aliphatic residue; residue corresponding to X122 is a constrained,
non-polar or aliphatic residue; residue corresponding to X223 is a
constrained residue; and residue corresponding to X284 is a non-polar
residue.[0019] In some embodiments, the improved transaminase polypeptide
comprises an amino acid sequence that includes, in addition to the features
described herein for one or more of residue positions X69, X122, X223, and
X284, further includes at least the following features: X26 is an aromatic
or constrained residue, and/or X62 is an aromatic or polar residue; X65 is
an aliphatic residue; Xl 36 is an aromatic residue; Xl 99 is an aliphatic
or aromatic residue; and X209 is an aliphatic residue. [0020] In some
embodiments, the improved transaminase polypeptide comprises an amino acid
sequence that includes, in addition to the features described herein for
one or more of residue positions X69, X122, X223, and X284, further
includes at least the following features: X61 is an aromatic residue; X62
is an aromatic or polar residue; X65 is an aliphatic residue; X94 is an
aliphatic residue; Xl 36 is an aromatic residue; Xl 99 is an aliphatic or
aromatic residue; X209 is an aliphatic residue; X2 15 is a C; and X282 is a
polar residue. [0021] In some embodiments, the improved transaminase
polypeptide comprises an amino acid sequence that includes, in addition to
the features described herein for one or more of residue positions X69,
X122, X223, and X284, further includes at least the following features: X8
is a constrained residue; X61 is an aromatic residue; X62 is an aromatic or
polar residue; X65 is an aliphatic residue; X81 is a non-polar or small
residue; X94 is an aliphatic residue; Xl 36 is an aromatic residue; X199 is
an aliphatic or aromatic residue; X209 is an aliphatic residue; X215 is a
C; X217 is a polar residue; X269 is a constrained residue; X282 is a polar
residue; X297 is a polar residue; and X321 is a constrained residue. [0022]
In some embodiments, the improved transaminase polypeptide comprises an
amino acid sequence that includes, in addition to the features described
herein for one or more of residue positions X69, X122, X223, and X284,
further includes at least the following features: X8 is a constrained
residue; X60 is an aromatic residue; X61 is an aromatic residue; X62 is an
aromatic or polar residue; X65 is an aliphatic residue; X81 is a non-polar
residue; X94 is an aliphatic residue; X96 is an aliphatic residue; X124 is
a polar or constrained residue; X136 is an aromatic residue; X169 is an
aliphatic residue; Xl 99 is an aliphatic or aromatic residue; X209 is an
aliphatic residue; X215 is a C; X217 is a polar residue; X269 is a
constrained residue; X273 is an aromatic residue; X282 is a polar residue;
X297 is a polar residue; and X321 is a constrained residue. [0023] In some
embodiments, the improved engineered transaminase polypeptide comprises an
amino acid sequence corresponding to the sequence of SEQ ID NO: 4, 6, 8,
10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46,
48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84,
86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116,
118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146,
148, 150, 152, 154, 156, 158, 160, 162, 164, 166 or 168.[0024] In a further
aspect, the present disclosure provides polynucleotides encoding the
improved engineered transaminase polypeptides. In some embodiments, the
polynucleotides can be part of an expression vector having one or more
control sequences for the expression of the transaminase polypeptide. In
some embodiments, the polynucleotide can comprise a sequence corresponding
to the sequence OfSEQ K) NO: 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25,
27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63,
65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99,
101, 103, 105, 107, 109, 111, 113, 115, 117, 119, 121, 123, 125, 127, 129,
131, 133, 135, 137, 139, 141, 143, 145, 147, 149, 151, 153, 155, 157, 159,
161, 163, 165, or 167. [0025] In another aspect, the present disclosure
provides host cells comprising the polynucleotides encoding the engineered
transaminases or expression vectors capable of expressing the engineered 



transaminases. In some embodiments, the host cell can be a bacterial host
cells, such as E. coli. The host cells can be used for the expression and
isolation of the engineered transaminase enzymes described herein, or,
alternatively, they can be used directly for the conversion of the
ketoamide substrate to product. [0026] In some embodiments, the engineered
transaminases, in the form of whole cells, crude extracts, isolated
polypeptides, or purified polypeptides, can be used individually or as a
combination of different engineered transaminases. [0027] In a further
aspect, the improved engineered transaminase polypeptides described herein
can be used in a process for transamination of certain amino group
acceptors (e.g., a ketone acceptor) in presence of an amino group donor. In
some embodiments, the transaminases can be used in a process for preparing
a compound of structural formula (I): (I) having the indicated
stereochemical configuration at the stereogenic center marked with an *; in
an enantiomeric excess of at least 70% over the opposite enantiomer,
wherein Z is OR2 orNR2R3 ; Rl is Ci-8 alkyl, aryl, heteroaryl, aryl-Ci-2
alkyl, or heteroaryl-Ci-2 alkyl; R2 and R3 are each independently hydrogen,
C1-8 alkyl, aryl, or aryl-Ci-2 alkyl; or R2 and R together with the
nitrogen atom to which they are attached form a 4- to 7- membered
heterocyclic ring system optionally containing an additional heteroatom
selected from O, S, NH, and NCI -4 alkyl, the heterocyclic ring being
unsubstituted or substituted with one to threesubstituents independently
selected from oxo, hydroxy, halogen, C1-4 alkoxy, and C1-4 alkyl, wherein
alkyl and alkoxy are unsubstituted or substituted with one to five
fluorines; and the heterocyclic ring system being optionally fused with a
5- to 6-membered saturated or aromatic carbocyclic ring system or a 5- to
6-membered saturated or aromatic heterocyclic ring system containing one to
two heteroatoms selected from O, S, and NC-4 alkyl, the fused ring system
being unsubstituted or substituted with one to two substituents selected
from hydroxy, amino, fluorine, C1-4 alkyl, C1-4 alkoxy, and
trifluoromethyl, wherein the process comprises the step of contacting a
prochiral ketone of structural formula (II): (H) with an improved
engineered transaminase polypeptide disclosed above in the presence of an
amino group donor in a suitable organic solvent under suitable reaction
conditions for the conversion of the compound of formula (II) to the
compound of formula (I). [0028] In some embodiments, the improved
engineered transaminase polypeptides described herein can be used in a
process for preparing a compound of structural formula (1): having the (
)-configuration at the stereogenic center marked with an ***, in an
enantiomeric excess of at least 70% over the enantiomer having the opposite
(^-configuration; wherein Ar is phenyl which is unsubstituted or
substituted with one to five substituents independently selected from the
group consisting of fluorine, trifluoromethyl, and trifluoromethoxy; and R
is hydrogen or CI-4 alkyl unsubstituted or substituted with one to five
fluorines wherein, the process comprises the step of contacting a prochiral
ketone of structural formula (2):with an improved engineered transaminase
polypeptide disclosed herein in the presence of an amino group donor in a
suitable organic solvent under suitable reaction conditions for the
conversion of the compound of formula (2) to the compound of formula (1).
In some embodiments of the process, the Ar of formula (2) is
2,5-difluorophenyl or 2,4,5-trifluorophenyl, and R is trifluoromethyl. In
some embodiments of the process, the Ar of formula (2) is
2,4,5-trifluorophenyl. [0029] In some embodiments, the improved engineered
transaminase polypeptides can be used in a process for preparing a compound
of formula (Ia), (2 )-4-oxo-4-[3-(trifluoromethyl)-5,6-
dihydro[l,2,4]triazolo[4,3-
]pyrazin-7(8H)-yl]-l-(2,4,5-trifluorophenyl)butan-2-amine, in enantiomeric
excess: [0030] In these embodiments, the process comprises the step of
contacting a prochiral ketone of structural formula (2a),
4-oxo-4-[3-(trifluoromethyl)-5,6-dihydro[l,2,4]triazolo[4,3-
]pyrazin-7(8H)- yl]- 1-(2,4,5-trifluorophenyl)butan-2-one): with an
improved transaminase polypeptide disclosed herein in the presence of an
amino group donor in a suitable organic solvent under suitable reaction
conditions for the conversion of the compound of formula (2a) to the
compound of formula (Ia).[0031] In some embodiments of the above processes,
the compound of formula (I), the compound of formula (1) or the compound of
formula (Ia) is produced in at least 70%, 80%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or more enantiomeric excess. In some embodiments of
the processes, the compound of formula (I), the compound of formula (1) or
the compound of formula (Ia) is produced in at least 99% enantiomeric
excess. [0032] In some embodiments of the above processes where the choice
of the amino group donor results in a carbonyl by-product that has a vapor
pressure higher than water (e.g., a low boiling coproduct such as a
volatile organic carbonyl compound), the process can be carried out wherein
the carbonyl by-product is removed by sparging the reaction solution with a
non-reactive gas (e.g., nitrogen) or by applying a vacuum to lower the
reaction pressure and removing the carbonyl by product present in the gas
phase. [0033] The improved engineered transaminase polypeptides useful for
the above processes can comprise an amino acid sequence selected from SEQ
ID NO: 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,
40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76,
78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110,
112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140,
142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162, 164, 166 or 168..
[0034] In a further aspect, the present disclosure provides processes for
preparing (2 )-4-oxo-4-[3- 



(trifluoromethyl)-5,6-dihydro[l,2,4]triazolo[4,3-
]pyrazin-7(8H)-yl]-l-(2,4,5-trifluorophenyl)butan- 2-amine using the
engineered transaminases disclosed herein. In some embodiments, the process
comprises contacting a ketoamide substrate
4-oxo-4-[3-(trifluoromethyl)-5,6- dihydro[l,2,4]triazolo[4,3-
]pyrazin-7(8H)-yl]-l-(2,4,5-trifluorophenyl)butan-2-one in presence of an
amino group donor with an engineered transaminase polypeptide described
herein under reaction conditions suitable for converting the ketoamide
substrate to product (2 )-4-oxo-4-[3-
(trifluoromethyl)-5,6-dihydro[l,2,4]triazolo[4,3-
]pyrazin-7(8H)-yl]-l-(2,4,5-trifluorophenyl)butan- 2-amine. [0035] In some
embodiments, the process is capable of forming the product (2 )-4-oxo-4-[3-
(trifluoromethyl)-5,6-dihydro[l,2,4]triazolo[4,3-
]pyrazin-7(8H)-yl]-l-(2,4,5-trifluorophenyl)butan- 2-amine in at least 90%
enantiomeric excess. [0036] In some embodiments, the process is capable of
forming the product (2 )-4-oxo-4-[3-
(trifluoromethyl)-5,6-dihydro[l,2,4]triazolo[4,3-
]pyrazin-7(8H)-yl]-l-(2,4,5-trifluorophenyl)butan- 2-amine in at least 99%
enantiomeric excess. [0037] In some embodiments, the process for converting
ketoamide substrate 4-oxo-4-[3-
(trifluoromethyl)-5,6-dihydro[l,2,4]triazolo[4,3-
]pyrazin-7(8H)-yl]-l-(2,4,5-trifluorophenyl)butan2-one to product (2
)-4-oxo-4-[3-(trifluoromethyl)-5,6-dihydro[l,2,4]triazolo[4,3-fl]pyrazin-7(
8 H)- yl]-l-(2,4,5-trifluorophenyl)butan-2-amine comprises contacting the
ketoamide substrate at about 50 g/L with about 5 g/L of a transaminase
described herein under reaction conditions of pH 8.5 and 45C in presence of
1M isopropylamine, wherein at least 90% of the ketoamide substrate is
converted to product in 24 hrs. In some embodiments, the transaminase
polypeptide capable of carrying out the foregoing reaction comprises an
amino acid sequence corresponding to SEQ ID NO: 80, 86, 96, 98, 100, 102,
104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132,
134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162,
164, 166 or 168. 6. DETAILED DESCRIPTION [0038] The present disclosure
provides highly stereoselective and efficient biocatalysts capable of
mediating transformations involving transamination of certain amino group
acceptors, e.g., the synthesis of sitagliptin. The biocatalysts are
engineered transaminase polypeptides that can convert the substrate of
formula (2a), 4-oxo-4-[3-(trifluoromethyl)-5,6-dihydro[l,2,4]triazolo[4,3-
]pyrazin- 7(8H)-yl]-l-(2,4,5-trifluorophenyl)butan-2-one (the "ketoamide
substrate"), to the product of formula (la) (2
)-4-oxo-4-[3-(trifluoromethyl)-5,6-dihydro[l,2,4]triazolo[4,3-fl]pyrazin-7(
8 H)-yl]-l-(2,4,5- trifluorophenyl)butan-2-amine (the "product) in presence
of an amino group donor of formula (3), as follows: (2a) (3) [0039] In
certain embodiments, the engineered transaminases are derived from the
naturally occurring transaminase of Arthrobacter sp KNK168, which is an
-selective pyridoxal 5'-phosphate dependent enzyme that can catalyze the
reversible transfer of an amino group between an amino group donor and an
amino group acceptor, typically a prochiral ketone (see, e.g., Iwasaki et
al., 2006,Appl. Microbiol. Biotechnol. 69: 499-505; and US Patent
7,169,592, each of which is hereby incorporated by reference herein). The
^-stereoselective transamination activity of the naturally occurring
transaminase from Arthrobacter sp. KNKl 68 has been demonstrated on 3,4-
dimethoxyphenylacetone, but the naturally occurring enzyme and the
transaminase of SEQ ID NO:2 do not display measurable activity for the
ketoamide substrate (2a), 4-oxo-4-[3-(trifluoromethyl)-5,6-
dihydro[l,2,4]triazolo[4,3-
]pyrazin-7(8H)-yl]-l-(2,4,5-trifluorophenyl)butan-2-one. The transaminase
of SEQ ID NO:2 differs from the naturally occurring enzyme from
Arthrobacter sp. KNK168 in having a substitution of isoleucine (I) at
residue position X306 with valine (V). To overcome these shortcomings, the
transaminase of SEQ ID NO:2 has been engineered to mediate the efficient
conversion of the ketoamide substrate of formula (2a) to the product of
formula (Ia) in the presence of an amino group donor, such as
isopropylamine. The conversion can be carried out under mild conditions
with high % conversion and stereoselectivity, making the process applicable
to high volume production of sitagliptin. 6.1 Abbreviations and Definitions
[0040] For the purposes of the descriptions herein, the abbreviations used
for the genetically encoded amino acids are conventional and are as
follows: Alanine Ala A Arginine Arg R Asparagine Asn N Aspartate Asp D
Cysteine Cys C Glutamate GIu E Glutamine GIn Q Glycine GIy G Histidine His
H Isoleucine He I Leucine Leu L Lysine Lys K Methionine Met M Phenylalanine
Phe F Proline Pro P Serine Ser S Threonine Thr T Tryptophan Trp W Tyrosine
TvrDminii dd___________J^ 



Valine VaI V [0041] When the three-letter abbreviations are used, unless
specifically preceded by an "L" or a "D" or clear from the context in which
the abbreviation is used, the amino acid may be in either the L- or
D-configuration about a-carbon (Ca). For example, whereas "Ala" designates
alanine without specifying the configuration about the a carbon, "D-AIa"
and "L-AIa" designate D-alanine and Lalanine, respectively. When the
one-letter abbreviations are used, upper case letters designate amino acids
in the L-configuration about the a-carbon and lower case letters designate
amino acids in the Dconfiguration about the a-carbon. For example, "A"
designates L-alanine and "a" designates Dalanine. When peptide sequences
are presented as a string of one-letter or three-letter abbreviations (or
mixtures thereof), the sequences are presented in the N C direction in
accordance with common convention. [0042] The technical and scientific
terms used in the descriptions herein will have the meanings commonly
understood by one of ordinary skill in the art, unless specifically defined
otherwise. Accordingly, the following terms are intended to have the
following meanings. [0043] "Aminotransferase" and "transaminase" are used
interchangeably herein to refer to a polypeptide having an enzymatic
capability of transferring an amino group (NH2) and a hydrogen atom from a
primary amine (3) to an acceptor carbonyl compound (2), converting the
amine donor into its corresponding carbonyl compound (4) and the acceptor
into its corresponding primary amine (1): (3) (2) (4) (1) [0044] In the
embodiments herein, the transaminase polypeptides are capable of
enantioselectively converting the compound of formula (2a) to the compound
of formula (Ia) in the presence of an amino group donor of formula (3).
[0045] "Protein", "polypeptide," and "peptide" are used interchangeably
herein to denote a polymer of at least two amino acids covalently linked by
an amide bond, regardless of length or posttranslational modification
(e.g., glycosylation, phosphorylation, lipidation, myristilation,
ubiquitination, etc.). Included within this definition are D- and L-amino
acids, and mixtures of D- and L-amino acids.[0046] "Substrate" as used
herein refers to an amino group acceptor, such as a ketone, that accepts
the amino group from an amino group donor in a reaction mediated by a
transaminase. In the context of the present disclosure, substrate for the
transaminase includes, among others, the compound of formula (II), the
compound of formula (2) and the compound of formula (2a), as further
described herein. A "ketoamide substrate" specifically refers to the
compound of formula (2a), 4-oxo-4-[3-
(trifluoromethyl)-5,6-dihydro[l,2,4]triazolo[4,3-
]pyrazin-7(8H)-yl]-l-(2,4,5-trifluorophenyl)butan- 2-one. [0047] "Amino
group donor" refers to an amino compound which is capable of donating an
amino group to an acceptor carbonyl compound (i.e., an amino group
acceptor), thereby becoming a carbonyl by-product. Amino group donors are
molecules of general formula (3), (3) in which each of R1, R2, when taken
independently, is an alkyl, an alkylaryl group, or aryl group which is
unsubstituted or substituted with one or more enzymatically non-inhibiting
groups. R1 can be the same or different from R2 in structure or chirality.
The groups R1 and R2, taken together, may form a ring that is
unsubstituted, substituted, or fused to other rings. Typical amino group
donors that can be used with the invention include chiral and achiral amino
acids, and chiral and achiral amines. [0048] "Chiral amine" refers to
amines of general formula R1-CH(NH2)-R2 wherein R1 and R2 are nonidentical
and is employed herein in its broadest sense, including a wide variety of
aliphatic and alicyclic compounds of different, and mixed, functional
types, characterized by the presence of a primary amino group bound to a
secondary carbon atom which, in addition to a hydrogen atom, carries either
(i) a divalent group forming a chiral cyclic structure, or (ii) two
substituents (other than hydrogen) differing from each other in structure
or chirality. Divalent groups forming a chiral cyclic structure include,
for example, 2-methylbutane-l,4-diyl, pentane- 1,4-diyl, hexane-l,4-diyl,
hexane- 1,5-diyl, 2-methylpentane-l,5-diyl. The two different substituents
on the secondary carbon atom (R1 and R2 above) also can vary widely and
include alkyl, aralkyl, aryl, halo, hydroxy, lower alkyl, lower alkoxy,
lower alkylthio, cycloalkyl, carboxy, carboalkoxy, carbamoyl, mono- and
di-( lower alkyl) substituted carbamoyl, trifluoromethyl, phenyl, nitro,
amino, mono- and di-(lower alkyl) substituted amino, alkylsulfonyl,
arylsulfonyl, alkylcarboxamido, arylcarboxamido, etc., as well as alkyl,
aralkyl, or aryl substituted by the foregoing.[0049] "Carbonyl by-product"
refers to the carbonyl compound formed from the amino group donor when the
amino group on the amino group donor is transferred to the amino group
acceptor in a transamination reaction. The carbonyl by-product has the
general structure of formula (4): O R R (4) wherein R1 and R2 are defined
above for the amino group donor. [0050] "Pyridoxal-phosphate", "PLP",
"pyridoxal-5'-phosphate", "PYP", and "P5P" are used interchangeably herein
to refer to the compound that acts as a coenzyme in transaminase reactions.
In some embodiments, pyridoxal phosphate is defined by the structure
l-(4'-formyl-3'-hydroxy-2'- methyl-5'-pyridyl)methoxyphosphonic acid, CAS
number [54-47-7]. Pyridoxal-5'-phosphate is produced in vivo by
phosphorylation and oxidation of pyridoxol (also known as pyridoxine or
Vitamin B6). In transamination reactions using transaminase enzymes, the
amino group of the amino group donor is transferred to the coenzyme to
produce a keto byproduct, while pyridoxal-5'-phosphate is converted to
pyridoxamine phosphate. Pyridoxal-5'-phosphate is regenerated by reaction
with a different keto compound (the amino group acceptor). The transfer of
the amino group from 



pyridoxamine phosphate to the amino acceptor produces a chiral amine and
regenerates the coenzyme. The pyridoxal-5'-phosphate of the current
invention can be replaced by other members of the vitamin B6 family,
including, among others, pyridoxal (PL), pyridoxamine (PM), and their
phosphorylated counterparts; pyridoxine phosphate (PNP), and pyridoxamine
phosphate (PMP). [0051] "Coding sequence" refers to that portion of a
nucleic acid (e.g., a gene) that encodes an amino acid sequence of a
protein. [0052] "Naturally occurring" or "wild-type" refers to the form
found in nature. For example, a naturally occurring or wild-type
polypeptide or polynucleotide sequence is a sequence present in an organism
that can be isolated from a source in nature and which has not been
intentionally modified by human manipulation. [0053] "Recombinant" when
used with reference to, e.g., a cell, nucleic acid, or polypeptide, refers
to a material, or a material corresponding to the natural or native form of
the material, that has been modified in a manner that would not otherwise
exist in nature, or is identical thereto but produced or derived from
synthetic materials and/or by manipulation using recombinant techniques.
Non-limiting examples include, among others, recombinant cells expressing
genes that are not found within the native (non-recombinant) form of the
cell or express native genes that are otherwise expressed at a different
level.[0054] "Percentage of sequence identity," "percent identity," and
"percent identical" are used herein to refer to comparisons between
polynucleotide sequences or polypeptide sequences, and are determined by
comparing two optimally aligned sequences over a comparison window, wherein
the portion of the polynucleotide or polypeptide sequence in the comparison
window may comprise additions or deletions (i.e., gaps) as compared to the
reference sequence for optimal alignment of the two sequences. The
percentage is calculated by determining the number of positions at which
either the identical nucleic acid base or amino acid residue occurs in both
sequences or a nucleic acid base or amino acid residue is aligned with a
gap to yield the number of matched positions, dividing the number of
matched positions by the total number of positions in the window of
comparison and multiplying the result by 100 to yield the percentage of
sequence identity. Determination of optimal alignment and percent sequence
identity is performed using the BLAST and BLAST 2.0 algorithms (see e.g.,
Altschul et al., 1990, J . MoI. Biol. 215: 403-410 and Altschul et al.,
1977, Nucleic Acids Res. 3389-3402). Software for performing BLAST analyses
is publicly available through the National Center for Biotechnology
Information website. [0055] Briefly, the BLAST analyses involve first
identifying high scoring sequence pairs (HSPs) by identifying short words
of length W in the query sequence, which either match or satisfy some
positive-valued threshold score T when aligned with a word of the same
length in a database sequence. T is referred to as, the neighborhood word
score threshold (Altschul et al, supra). These initial neighborhood word
hits act as seeds for initiating searches to find longer HSPs containing
them. The word hits are then extended in both directions along each
sequence for as far as the cumulative alignment score can be increased.
Cumulative scores are calculated using, for nucleotide sequences, the
parameters M (reward score for a pair of matching residues; always >0) and
N (penalty score for mismatching residues; always <0). For amino acid
sequences, a scoring matrix is used to calculate the cumulative score.
Extension of the word hits in each direction are halted when: the
cumulative alignment score falls off by the quantity X from its maximum
achieved value; the cumulative score goes to zero or below, due to the
accumulation of one or more negative-scoring residue alignments; or the end
of either sequence is reached. The BLAST algorithm parameters W, T, and X
determine the sensitivity and speed of the alignment. The BLASTN program
(for nucleotide sequences) uses as defaults a wordlength (W) of 11, an
expectation (E) of 10, M=5, N=-4, and a comparison of both strands. For
amino acid sequences, the BLASTP program uses as defaults a wordlength (W)
of 3, an expectation (E) of 10, and the BLOSUM62 scoring matrix (see
Henikoff and Henikoff, 1989, Proc Natl Acad Sci USA 89:10915). [0056]
Numerous other algorithms are available that function similarly to BLAST in
providing percent identity for two sequences. Optimal alignment of
sequences for comparison can be conducted, e.g., by the local homology
algorithm of Smith and Waterman, 1981, Adv. Appl. Math.2:482, by the
homology alignment algorithm of Needleman and Wunsch, 1970, J . MoI. Biol.
48:443, by the search for similarity method of Pearson and Lipman, 1988,
Proc. Natl. Acad. Sci. USA 85:2444, by computerized implementations of
these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the GCG Wisconsin
Software Package), or by visual inspection (see generally, Current
Protocols in Molecular Biology, F.M. Ausubel et al., eds., Current
Protocols, a joint venture between Greene Publishing Associates, Inc. and
John Wiley & Sons, Inc., (1995 Supplement) (Ausubel)). Additionally,
determination of sequence alignment and percent sequence identity can
employ the BESTFIT or GAP programs in the GCG Wisconsin Software package
(Accelrys, Madison WI), using default parameters provided. [0057]
"Reference sequence" refers to a defined sequence to which another (e.g.,
altered) sequence is compared. A reference sequence may be a subset of a
larger sequence, for example, a segment of a full-length gene or
polypeptide sequence. Generally, a reference sequence is at least 20
nucleotide or amino acid residues in length, at least 25 residues in
length, at least 50 residues in length, or the full length of the nucleic
acid or polypeptide. Since two polynucleotides or polypeptides may each (1)
comprise a sequence (i.e., a portion of the complete sequence) that is
similar between the two sequences, and (2) may further comprise a sequence
that is divergent between the two sequences, sequence comparisons between
two (or more) polynucleotides or polypeptide are typically performed by
comparing sequences of the two polynucleotides over a comparison window to
identify and compare local regions of sequence similarity. [0058] The term
"reference sequence" is not intended to be limited to wild-type sequences,
and can include engineered or altered sequences. For example, in some
embodiments, a "reference sequence" 



can be a previously engineered or altered amino acid sequence. For
instance, a "reference sequence based on SEQ ID NO:2 having a glycine
residue at position X284" refers to a reference sequence corresponding to
SEQ ID NO:2 with a glycine residue at X284 (the un-altered version of SEQ
ID NO:2 has alanine at X284). [0059] "Comparison window" refers to a
conceptual segment of at least about 20 contiguous nucleotide positions or
amino acids residues wherein a sequence may be compared to a reference
sequence of at least 20 contiguous nucleotides or amino acids and wherein
the portion of the sequence in the comparison window may comprise additions
or deletions (i.e., gaps) of 20 percent or less as compared to the
reference sequence (which does not comprise additions or deletions) for
optimal alignment of the two sequences. The comparison window can be longer
than 20 contiguous residues, and includes, optionally 30, 40, 50, 100, or
longer windows. [0060] "Substantial identity" refers to a polynucleotide or
polypeptide sequence that has at least 80 percent sequence identity, at
least 85 percent sequence identity, at least 89 percent sequence identity,
at least 95 percent sequence identity, and even at least 99 percent
sequence identity as compared to areference sequence over a comparison
window of at least 20 residue positions, frequently over a window of at
least 30-50 residues, wherein the percentage of sequence identity is
calculated by comparing the reference sequence to a sequence that includes
deletions or additions which total 20 percent or less of the reference
sequence over the window of comparison. In specific embodiments applied to
polypeptides, the term "substantial identity" means that two polypeptide
sequences, when optimally aligned, such as by the programs GAP or BESTFIT
using default gap weights, share at least 80 percent sequence identity,
preferably at least 89 percent sequence identity, at least 95 percent
sequence identity or more (e.g., 99 percent sequence identity). Preferably,
residue positions which are not identical differ by conservative amino acid
substitutions. [0061] "Corresponding to", "reference to" or "relative to"
when used in the context of the numbering of a given amino acid or
polynucleotide sequence refers to the numbering of the residues of a
specified reference sequence when the given amino acid or polynucleotide
sequence is compared to the reference sequence. In other words, the residue
number or residue position of a given polymer is designated with respect to
the reference sequence rather than by the actual numerical position of the
residue within the given amino acid or polynucleotide sequence. For
example, a given amino acid sequence, such as that of an engineered
transaminase, can be aligned to a reference sequence by introducing gaps to
optimize residue matches between the two sequences. In these cases,
although the gaps are present, the numbering of the residue in the given
amino acid or polynucleotide sequence is made with respect to the reference
sequence to which it has been aligned. [0062] "Stereoselectivity" refers to
the preferential formation in a chemical or enzymatic reaction of one
stereoisomer over another. Stereoselectivity can be partial, where the
formation of one stereoisomer is favored over the other, or it may be
complete where only one stereoisomer is formed. When the stereoisomers are
enantiomers, the stereoselectivity is referred to as enantioselectivity,
the fraction (typically reported as a percentage) of one enantiomer in the
sum of both. It is commonly alternatively reported in the art (typically as
a percentage) as the enantiomeric excess (e.e.) calculated therefrom
according to the formula [major enantiomer - minor enantiomer]/[major
enantiomer + minor enantiomer]. Where the stereoisomers are
diastereoisomers, the stereoselectivity is referred to as
diastereoselectivity, the fraction (typically reported as a percentage) of
one diastereomer in a mixture of two diastereomers, commonly alternatively
reported as the diastereomeric excess (d.e.). Enantiomeric excess and
diastereomeric excess are types of stereomeric excess. [0063] "Highly
stereoselective" refers to a chemical or enzymatic reaction that is capable
of converting a substrate (e.g., formula (2a)) to its corresponding product
(e.g., formula (Ia)) with at least about 85% stereoisomeric excess. [0064]
"Improved enzyme property" refers to any enzyme property made better or
more desirable for a particular purpose as compared to that property found
in a reference enzyme. For the engineeredtransaminase polypeptides
described herein, the comparison is generally made to the wild-type
transaminase enzyme, although in some embodiments, the reference
transaminase can be another improved engineered transaminase. Enzyme
properties for which improvement can be made include, but are not limited
to, enzymatic activity (which can be expressed in terms of percent
conversion of the substrate in a period of time), thermal stability,
solvent stability, pH activity profile, coenzyme requirements,
refractoriness to inhibitors (e.g., product inhibition), stereospecificity,
and stereoselectivity (including enantioselectivity). [0065] "Increased
enzymatic activity" or "increased activity" refers to an improved property
of an engineered enzyme, which can be represented by an increase in
specific activity (e.g., product produced/time/weight protein) or an
increase in percent conversion of the substrate to the product (e.g.,
percent conversion of starting amount of substrate to product in a
specified time period using a specified amount of transaminase) as compared
to a reference enzyme. Exemplary methods to determine enzyme activity are
provided in the Examples. Any property relating to enzyme activity may be
affected, including the classical enzyme properties ofK m, Vmax or kcat,
changes of which can lead to increased enzymatic activity. Improvements in
enzyme activity can be from about 1.5 times the enzymatic activity of the
corresponding wild-type or engineered enzyme, to as much as 2 times, 5
times, 10 times, 20 times, 25 times, 50 times, 75 times, 100 times, or more
enzymatic activity than the naturally occurring enzyme (e.g., a
transaminase) or another engineered enzyme from which the enzymes
exhibiting increased activity were derived. In specific embodiments, the
engineered transaminase enzymes of the present disclosure exhibit improved
enzymatic activity in the range of 1.5 to 50 times, 1.5 to 100 times or
greater than that of the parent transaminase enzyme (i.e., the wildtype or
engineered transaminase from which they were derived). It is understood by
the skilled artisan that the activity of any enzyme is diffusion limited
such that the catalytic turnover rate cannot exceed the diffusion rate of
the substrate, including any required coenzymes. The theoretical 



maximum of the diffusion limit is generally about 108 to 109 (M 1 s 1) .
Hence, any improvements in the enzyme activity of the transaminase will
have an upper limit related to the diffusion rate of the substrates acted
on by the transaminase enzyme. Transaminase activity can be measured by any
one of standard assays used for measuring transaminases, such as change in
substrate or product concentration, or change in concentration of the amino
group donor. Comparisons of enzyme activities are made using a defined
preparation of enzyme, a defined assay under a set condition, and one or
more defined substrates, as further described in detail herein. Generally,
when enzymes in cell lysates are compared, the numbers of cells and the
amount of protein assayed are determined as well as use of identical
expression systems and identical host cells to minimize variations in
amount of enzyme produced by the host cells and present in the
lysates.[0066] "Conversion" refers to the enzymatic transformation of a
substrate to the corresponding product. "Percent conversion" refers to the
percent of the substrate that is converted to the product within a period
of time under specified conditions. Thus, for example, the "enzymatic
activity" or "activity" of a transaminase polypeptide can be expressed as
"percent conversion" of the substrate to the product. [0067] "Thermostable"
or "thermal stable" are used interchangeably to refer to a polypeptide that
is resistant to inactivation when exposed to a set of temperature
conditions (e.g., 40-800C) for a period of time (e.g., 0.5-24 hrs) compared
to the untreated enzyme, thus retaining a certain level of residual
activity (more than 60% to 80% for example) after exposure to elevated
temperatures. [0068] "Solvent stable" refers to a polypeptide that
maintains similar activity (more than e.g., 60% to 80%) after exposure to
varying concentrations (e.g., 5-99%) of solvent , (e.g., isopropyl alcohol,
dimethylsulfoxide, tetrahydrofuran, 2-methyltetrahydrofuran, acetone,
toluene, butylacetate, methyl tert-butylether, acetonitrile, etc.) for a
period of time (e.g., 0.5-24 hrs) compared to the untreated enzyme. [0069]
"pH stable" refers to a polypeptide that maintains similar activity (more
than e.g., 60% to 80%) after exposure to low or high pH (e.g., 4.5-6 or
8-12) for a period of time (e.g., 0.5-24 hrs) compared to the untreated
enzyme. [0070] "Thermo- and solvent stable" refers to a polypeptide that is
both thermostable and solvent stable. [0071] "Derived from" as used herein
in the context of engineered enzymes identifies the originating enzyme,
and/or the gene encoding such enzyme, upon which the engineering was based.
For example, the engineered transaminase enzyme of SEQ ID NO: 4 was
obtained by mutating the transaminase of SEQ ID NO:2. Thus, this engineered
transaminase enzyme of SEQ ID NO:4 is "derived from" the polypeptide of SEQ
ID NO:2 [0072] "Amino acid" or "residue" as used in context of the
polypeptides disclosed herein refers to the specific monomer at a sequence
position (e.g., P8 indicates that the "amino acid" or "residue" at position
8 of SEQ ID NO: 2 is a proline.) [0073] "Hydrophilic amino acid or residue"
refers to an amino acid or residue having a side chain exhibiting a
hydrophobicity of less than zero according to the normalized consensus
hydrophobicity scale of Eisenberg et ah, 1984, J. MoI. Biol. 179:125-142.
Genetically encoded hydrophilic amino acids include L-Thr (T), L-Ser (S),
L-His (H), L-GIu (E), L-Asn (N), L-GIn (Q), L-Asp (D), L-Lys (K) and L-Arg
(R).[0074] "Acidic amino acid or residue" refers to a hydrophilic amino
acid or residue having a side chain exhibiting a pK value of less than
about 6 when the amino acid is included in a peptide or polypeptide. Acidic
amino acids typically have negatively charged side chains at physiological
pH due to loss of a hydrogen ion. Genetically encoded acidic amino acids
include L-GIu (E) and L-Asp (D). [0075] "Basic amino acid or residue"
refers to a hydrophilic amino acid or residue having a side chain
exhibiting a pKa value of greater than about 6 when the amino acid is
included in a peptide or polypeptide. Basic amino acids typically have
positively charged side chains at physiological pH due to association with
hydronium ion. Genetically encoded basic amino acids include L-Arg (R) and
L-Lys (K). [0076] "Polar amino acid or residue" refers to a hydrophilic
amino acid or residue having a side chain that is uncharged at
physiological pH, but which has at least one bond in which the pair of
electrons shared in common by two atoms is held more closely by one of the
atoms. Genetically encoded polar amino acids include L-Asn (N), L-GIn (Q),
L-Ser (S) and L-Thr (T). [0077] "Hydrophobic amino acid or residue" refers
to an amino acid or residue having a side chain exhibiting a hydrophobicity
of greater than zero according to the normalized consensus hydrophobicity
scale of Eisenberg et ah, 1984, J . MoI. Biol. 179:125-142. Genetically
encoded hydrophobic amino acids include L-Pro (P), L-IIe (I), L-Phe (F),
L-VaI (V), L-Leu (L), L-Trp (W), L-Met (M), L-AIa (A) and L-Tyr (Y). [0078]
"Aromatic amino acid or residue" refers to a hydrophilic or hydrophobic
amino acid or residue having a side chain that includes at least one
aromatic or heteroaromatic ring. Genetically encoded aromatic amino acids
include L-Phe (F), L-Tyr (Y) and L-Trp (W). Although owing to the pKa of
its heteroaromatic nitrogen atom L-His (H) it is sometimes classified as a
basic residue, or as an aromatic residue as its side chain includes a
heteroaromatic ring, herein histidine is classified as a hydrophilic
residue or as a "constrained residue" (see below). [0079] "Constrained
amino acid or residue" refers to an amino acid or residue that has a
constrained geometry. Herein, constrained residues include L-Pro (P) and
L-His (H). Histidine has a constrained geometry because it has a relatively
small imidazole ring. Proline has a constrained geometry because it also
has a five membered ring. [0080] "Non-polar amino acid or residue" refers
to a hydrophobic amino acid or residue having a side chain that is
uncharged at physiological pH and which has bonds in which the pair of
electrons 



shared in common by two atoms is generally held equally by each of the two
atoms (i.e., the side chain is not polar). Genetically encoded non-polar
amino acids include L-GIy (G), L-Leu (L), L-VaI (V), L-IIe (I), L-Met (M)
and L-AIa (A).[0081] "Aliphatic amino acid or residue" refers to a
hydrophobic amino acid or residue having an aliphatic hydrocarbon side
chain. Genetically encoded aliphatic amino acids include L-AIa (A), L-VaI
(V), L-Leu (L) and L-IIe (I). [0082] "Cysteine" or L-Cys (C) is unusual in
that it can form disulfide bridges with other L-Cys (C) amino acids or
other sulfanyl- or sulfhydryl-containing amino acids. The "cysteine-like
residues" include cysteine and other amino acids that contain sulfhydryl
moieties that are available for formation of disulfide bridges. The ability
of L-Cys (C) (and other amino acids with -SH containing side chains) to
exist in a peptide in either the reduced free -SH or oxidized disulfide
-bridged form affects whether L-Cys (C) contributes net hydrophobic or
hydrophilic character to a peptide. While L-Cys (C) exhibits a
hydrophobicity of 0.29 according to the normalized consensus scale of
Eisenberg (Eisenberg et al, 1984, supra), it is to be understood that for
purposes of the present disclosure L-Cys (C) is categorized into its own
unique group. [0083] "Small amino acid or residue" refers to an amino acid
or residue having a side chain that is composed of a total of three or
fewer carbon and/or heteroatoms (excluding the a-carbon and hydrogens). The
small amino acids or residues may be further categorized as aliphatic,
non-polar, polar or acidic small amino acids or residues, in accordance
with the above definitions. Geneticallyencoded small amino acids include
L-AIa (A), L-VaI (V), L-Cys (C), L-Asn (N), L-Ser (S), L-Thr (T) and L-Asp
(D). [0084] "Hydroxyl-containing amino acid or residue" refers to an amino
acid containing a hydroxyl (- OH) moiety. Genetically-encoded
hydroxyl-containing amino acids include L-Ser (S) L-Thr (T) and L-Tyr (Y).
[0085] "Amino acid difference" or "residue difference" refers to a change
in the residue at a specified position of a polypeptide sequence when
compared to a reference sequence. For example, a residue difference at
position X8, where the reference sequence has a serine, refers to a change
of the residue at position X8 to any residue other than serine. As
disclosed herein, an enzyme can include one or more residue differences
relative to a reference sequence, where multiple residue differences
typically are indicated by a list of the specified positions where changes
are made relative to the reference sequence (e.g., "one or more residue
differences as compared to SEQ ID NO:2 at the following residue positions:
X4; X8; X26; X48; X60; X61; X62; X65; X81; X94; X96; X102; X124; X136;
X137; X150; X152; X160; X163; X169; X174; X178; X195; X199; X208; X209; X21
1; X215; X217; X225; X230; X252; X269; X273; X282; X292; X297; X306; X321;
andX329 "). [0086] "Conservative" amino acid substitutions or mutations
refer to the interchangeability of residues having similar side chains, and
thus typically involves substitution of the amino acid in the polypeptide
with amino acids within the same or similar defined class of amino acids.
However, asused herein, in some embodiments, conservative mutations do not
include substitutions from a hydrophilic to hydrophilic, hydrophobic to
hydrophobic, hydroxyl-containing to hydroxyl-containing, or small to small
residue, if the conservative mutation can instead be a substitution from an
aliphatic to an aliphatic, non-polar to non-polar, polar to polar, acidic
to acidic, basic to basic, aromatic to aromatic, or constrained to
constrained residue. Further, as used herein, A, V, L, or I can be
conservatively mutated to either another aliphatic residue or to another
non-polar residue. The table below shows exemplary conservative
substitutions. [0087] Table 1 [0088] "Non-conservative substitution" refers
to substitution or mutation of an amino acid in the polypeptide with an
amino acid with significantly differing side chain properties.
Non-conservative substitutions may use amino acids between, rather than
within, the defined groups listed above. In one embodiment, a
non-conservative mutation affects (a) the structure of the peptide backbone
in the area of the substitution (e.g., proline for glycine) (b) the charge
or hydrophobicity, or (c) the bulk of the side chain. [0089] "Deletion"
refers to modification of the polypeptide by removal of one or more amino
acids from the reference polypeptide. Deletions can comprise removal of 1
or more amino acids, 2 or more amino acids, 5 or more amino acids, 10 or
more amino acids, 15 or more amino acids, or 20 or more amino acids, up to
10% of the total number of amino acids, up to 20% of the total number of
amino acids, or up to 30% of the total number of amino acids making up the
polypeptide while retaining enzymatic activity and/or retaining the
improved properties of an engineered transaminase enzyme. Deletions can be
directed to the internal portions and/or terminal portions of the
polypeptide. In various embodiments, the deletion can comprise a continuous
segment or can be discontinuous. [0090] "Insertion" refers to modification
of the polypeptide by addition of one or more amino acids to the reference
polypeptide. In some embodiments, the improved engineered transaminase
enzymescomprise insertions of one or more amino acids to the naturally
occurring transaminase polypeptide as well as insertions of one or more
amino acids to other improved transaminase polypeptides. Insertions can be
in the internal portions of the polypeptide, or to the carboxy or amino
terminus. Insertions as used herein include fusion proteins as is known in
the art. The insertion can be a contiguous segment of amino acids or
separated by one or more of the amino acids in the naturally occurring
polypeptide. [0091] "Fragment" as used herein refers to a polypeptide that
has an amino-terminal and/or carboxyterminal deletion, but where the
remaining amino acid sequence is identical to the corresponding positions
in the sequence. Fragments can be at least 14 amino acids long, at least 20
amino acids long, at least 50 amino acids long or longer, and up to 70%,
80%, 90%, 95%, 98%, and 99% of the full-length transaminase polypeptide,
for example the polypeptide of SEQ ID NO:4. [0092] "Isolated polypeptide"
refers to a polypeptide which is substantially separated from other
contaminants that naturally accompany it, e.g., protein, lipids, and
polynucleotides. The term 



embraces polypeptides which have been removed or purified from their
naturally-occurring environment or expression system (e.g., host cell or in
vitro synthesis). The improved transaminase enzymes may be present within a
cell, present in the cellular medium, or prepared in various forms, such as
lysates or isolated preparations. As such, in some embodiments, the
improved transaminase enzyme can be an isolated polypeptide. [0093]
"Substantially pure polypeptide" refers to a composition in which the
polypeptide species is the predominant species present (i.e., on a molar or
weight basis it is more abundant than any other individual macromolecular
species in the composition), and is generally a substantially purified
composition when the object species comprises at least about 50 percent of
the macromolecular species present by mole or % weight. Generally, a
substantially pure transaminase composition will comprise about 60 % or
more, about 70% or more, about 80% or more, about 90% or more, about 95% or
more, and about 98% or more of all macromolecular species by mole or %
weight present in the composition. In some embodiments, the object species
is purified to essential homogeneity (i.e., contaminant species cannot be
detected in the composition by conventional detection methods) wherein the
composition consists essentially of a single macromolecular species.
Solvent species, small molecules (<500 Daltons), and elemental ion species
are not considered macromolecular species. In some embodiments, the
isolated improved transaminases polypeptide is a substantially pure
polypeptide composition. [0094] "Stringent hybridization" is used herein to
refer to conditions under which nucleic acid hybrids are stable. As known
to those of skill in the art, the stability of hybrids is reflected in the
melting temperature (T 1n ) of the hybrids. In general, the stability of a
hybrid is a function of ion strength, temperature, G/C content, and the
presence of chaotropic agents. The Tm values forpolynucleotides can be
calculated using known methods for predicting melting temperatures (see,
e.g., Baldino et al., Methods Enzymology 168:761-777; Bolton et al., 1962,
Proc. Natl. Acad. Sci. USA 48:1390; Bresslauer et al., 1986, Proc. Natl.
Acad. Sci USA 83:8893-8897; Freier et al., 1986, Proc. Natl. Acad. Sci USA
83:9373-9377; Kierzek et al., Biochemistry 25:7840-7846; Rychlik et al.,
1990, Nucleic Acids Res 18:6409-6412 (erratum, 1991, Nucleic Acids Res
19:698); Sambrook et al., supra); Suggs et al., 1981, In Developmental
Biology Using Purified Genes (Brown et al., eds.), pp. 683-693, Academic
Press; and Wetmur, 1991, Crit Rev Biochem MoI Biol 26:227-259. All
publications incorporate herein by reference). In some embodiments, the
polynucleotide encodes the polypeptide disclosed herein and hybridizes
under defined conditions, such as moderately stringent or highly stringent
conditions, to the complement of a sequence encoding an engineered
transaminase enzyme of the present disclosure. [0095] "Hybridization
stringency" relates to hybridization conditions, such as washing
conditions, in the hybridization of nucleic acids. Generally, hybridization
reactions are performed under conditions of lower stringency, followed by
washes of varying but higher stringency. The term "moderately stringent
hybridization" refers to conditions that permit target-DNA to bind a
complementary nucleic acid that has about 60% identity, preferably about
75% identity, about 85% identity to the target DNA; with greater than about
90% identity to target-polynucleotide. Exemplary moderately stringent
conditions are conditions equivalent to hybridization in 50% formamide, 5x
Denhart's solution, 5xSSPE, 0.2% SDS at 42C, followed by washing in
0.2xSSPE, 0.2% SDS, at 42C. "High stringency hybridization" refers
generally to conditions that are about 100C or less from the thermal
melting temperature Tm as determined under the solution condition for a
defined polynucleotide sequence. In some embodiments, a high stringency
condition refers to conditions that permit hybridization of only those
nucleic acid sequences that form stable hybrids in 0.0 18M NaCl at 65C.
(i.e., if a hybrid is not stable in 0.018M NaCl at 65C, it will not be
stable under high stringency conditions, as contemplated herein). High
stringency conditions can be provided, for example, by hybridization in
conditions equivalent to 50% formamide, 5x Denhart's solution, 5xSSPE, 0.2%
SDS at 42C, followed by washing in 0.1xSSPE, and 0.1% SDS at 65C. Another
high stringency condition is hybridizing in conditions equivalent to
hybridizing in 5X SSC containing 0.1% (w:v) SDS at 65C and washing in 0. Ix
SSC containing 0.1% SDS at 65C. Other high stringency hybridization
conditions, as well as moderately stringent conditions, are described in
the references cited above. [0096] "Heterologous" polynucleotide refers to
any polynucleotide that is introduced into a host cell by laboratory
techniques, and includes polynucleotides that are removed from a host cell,
subjected to laboratory manipulation, and then reintroduced into a host
cell.[0097] "Codon optimized" refers to changes in the codons of the
polynucleotide encoding a protein to those preferentially used in a
particular organism such that the encoded protein is efficiently expressed
in the organism of interest. Although the genetic code is degenerate in
that most amino acids are represented by several codons, called "synonyms"
or "synonymous" codons, it is well known that codon usage by particular
organisms is nonrandom and biased towards particular codon triplets. This
codon usage bias may be higher in reference to a given gene, genes of
common function or ancestral origin, highly expressed proteins versus low
copy number proteins, and the aggregate protein coding regions of an
organism's genome. In some embodiments, the polynucleotides encoding the
transaminases enzymes may be codon optimized for optimal production from
the host organism selected for expression. [0098] "Preferred, optimal, high
codon usage bias codons" refers interchangeably to codons that are used at
higher frequency in the protein coding regions than other codons that code
for the same amino acid. The preferred codons may be determined in relation
to codon usage in a single gene, a set of genes of common function or
origin, highly expressed genes, the codon frequency in the aggregate
protein coding regions of the whole organism, codon frequency in the
aggregate protein coding 



regions of related organisms, or combinations thereof. Codons whose
frequency increases with the level of gene expression are typically optimal
codons for expression. A variety of methods are known for determining the
codon frequency (e.g., codon usage, relative synonymous codon usage) and
codon preference in specific organisms, including multivariate analysis,
for example, using cluster analysis or correspondence analysis, and the
effective number of codons used in a gene (see GCG CodonPreference,
Genetics Computer Group Wisconsin Package; CodonW, John Peden, University
of Nottingham; Mclnerney, J . O, 1998, Bioinformatics 14:372-73; Stenico et
al., 1994, Nucleic Acids Res. 222437-46; Wright, F., 1990, Gene 87:23-29).
Codon usage tables are available for a growing list of organisms (see for
example, Wada et al., 1992, Nucleic Acids Res. 20:21 11-21 18; Nakamura et
al., 2000, Nucl. Acids Res. 28:292; Duret, et al., supra; Henaut and
Danchin, "Escherichia coli and Salmonella," 1996, Neidhardt, et al. Eds.,
ASM Press, Washington D.C., p. 2047-2066. The data source for obtaining
codon usage may rely on any available nucleotide sequence capable of coding
for a protein. These data sets include nucleic acid sequences actually
known to encode expressed proteins (e.g., complete protein coding
sequences-CDS), expressed sequence tags (EST), or predicted coding regions
of genomic sequences (see for example, Mount, D., Bioinformatics: Sequence
and Genome Analysis, Chapter 8, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y., 2001; Uberbacher, E. C , 1996, Methods Enzymol.
266:259-281; Tiwari et al., 1997, Comput. Appl. Biosci. 13:263-270). [0099]
"Control sequence" is defined herein to include all components, which are
necessary or advantageous for the expression of a polynucleotide and/or
polypeptide of the present disclosure.Each control sequence may be native
or foreign to the polynucleotide of interest. Such control sequences
include, but are not limited to, a leader, polyadenylation sequence,
propeptide sequence, promoter, signal peptide sequence, and transcription
terminator. [0100] "Operably linked" is defined herein as a configuration
in which a control sequence is appropriately placed (i.e., in a functional
relationship) at a position relative to a polynucleotide of interest such
that the control sequence directs or regulates the expression of the
polynucleotide and/or polypeptide of interest. [0101] "Promoter sequence"
is a nucleic acid sequence that is recognized by a host cell for expression
of a polynucleotide of interest, such as a coding sequence. The control
sequence may comprise an appropriate promoter sequence. The promoter
sequence contains transcriptional control sequences, which mediate the
expression of a polynucleotide of interest. The promoter may be any nucleic
acid sequence which shows transcriptional activity in the host cell of
choice including mutant, truncated, and hybrid promoters, and may be
obtained from genes encoding extracellular or intracellular polypeptides
either homologous or heterologous to the host cell. 6.2 Detailed
Description of Embodiments [0102] In the embodiments herein, the engineered
transaminases are improved in their capability of stereoselectively
converting ketoamide substrate 4-oxo-4-[3-(trifluoromethyl)-5,6-
dihydro[l,2,4]triazolo[4,3-
]pyrazin-7(8H)-yl]-l-(2,4,5-trifluorophenyl)butan-2-one to product (2R)-
4-oxo-4-[3-(trifluoromethyl)-5,6-dihydro[l,2,4]triazolo[4,3-fl]pyrazin-7(8
H)-yl]-l-(2,4,5- trifluorophenyl)butan-2-amine as compared to the
transaminase of SEQ ID NO:2. Transaminases, including those described
herein, typically contain a coenzyme, pyridoxal phosphate (PLP), which
participates in the transamination reaction. PLP can be provided by the
host cell in which the polypeptide is synthesized, or provided by adding
PLP to a solution of the polypeptide. While the transaminase is described
with respect to the amino acid sequence, it will be understood by those
skilled in the art that the active polypeptide contains PLP or a suitable
analog as a coenzyme. [0103] In some embodiments, the improvement in enzyme
activity is with respect to another engineered transaminase, such as the
polypeptide of SEQ ID NO:4. The improved activity on the ketoamide
substrate can be manifested by an increase in the amount of substrate
converted to product (e.g., percent conversion) by the engineered enzyme
relative to a reference enzyme (e.g., the wildtype) under defined
conditions. The improved activity can include an increased rate of product
formation resulting in an increase in conversion of ketoamide substrate to
product in a defined time under a defined condition. The increase in
activity (e.g., increased percent conversion and/or conversion rate) may
also be characterized by conversion of substrate to the same amount of
product with a lower amount of enzyme. The amount of product can be
assessed by a variety of techniques, for example, separation of the
reaction mixture (e.g., by chromatography) and detection of theseparated
product by UV absorbance or tandem mass spectroscopy (MS/MS) (see, e.g.,
Example 4). An exemplary method of UV detection of product uses an incident
wavelength of 210 nm and a path length of 1.0 cm, which has a detection
limit for sitagliptin of about 5 mg/mL. UV detection of product generally
follows separation of the reaction mixture by chromatography, particularly
HPLC in a reverse phase chromatographic medium, for example Agilent Eclipse
XDB-C8 column (4.6 x 150 mm, 5 mm), using an eluent of 45:55 10 mM
NH4Ac/MeCN at a flow rate of 1.5 ml/min and a column temperature 400C. In
some embodiments, the UV detection uses an incident wavelength of 268 nm,
which has a detection limit similar to the detection limit at 2 10 nm.
[0104] In some embodiments, the improvement in enzyme activity is equal to
or greater than the activity of the polypeptide of SEQ ID NO:4 under
defined reaction condition, such as provided in Example 6 or 7. An
exemplary defined reaction condition for comparison to the activity of SEQ
ID NO:2 or SEQ ID NO:4 is about 2 g/L ketoamide substrate, about 0.5 M
isopropylamine, about 22C, about pH 7.5, about 5% DMSO, about 100 mM PLP,
and about 20 mg/mL of transaminase polypeptide, as given below in the
description of reaction conditions for the transaminases listed in Table
2.. Defined reaction conditions for comparison to certain engineered
transaminases are also provided in the description for the transaminases
listed on Table 2, and in the corresponding descriptions in Examples 7 to
11. In some embodiments, the engineered transaminases have at least 1.5
times, 2 times, 3 times, 4 times, 5 times, 6 times, 7 times, 8 times, 9
times, 10 times, 15 times, 20 



times, 30 times, 40 times, 50 times, 75 times, 100 times, 150 times, 200
times, 300 times, 400 times, 500 times, 1000 times, 1500 times, 2000 times
or greater than 2000 times the activity of the polypeptide of SEQ ID NO:4
under the defined reaction condition. Given that the transaminase enzyme of
SEQ ID NO:2 does not act measurably on the ketoamide substrate 4-oxo-4-[3-
(trifluoromethyl)-5,6-dihydro[l,2,4]triazolo[4,3-
]pyrazin-7(8H)-yl]-l-(2,4,5-trifluorophenyl)butan- 2-one, an engineered
transaminase with activity equal to or greater than SEQ ID NO:4 in
converting the ketoamide substrate to the corresponding product is improved
over the enzyme represented by SEQ ID NO:2. [0105] In some embodiments, the
improved enzymatic activity is also associated with other improvements in
enzyme property. In some embodiments, the improvement in enzyme property is
with respect to thermal stability, such as at 45C or higher. [0106] In some
embodiments, the improved enzymatic activity is also associated with
improvements in solvent stability, such as in about 25 to about 40% or
about 25 to about 50% dimethylsulfoxide (DMSO). In some embodiments, the
improved transaminase is resistance to inactivation by a reaction
component, such as the amino group donor. In some embodiments, the
engineered transaminases are stable to 1M or up to 2 M
isopropylamine.[0107] In some embodiments, the improved transaminase
polypeptide is also capable of converting ketoamide substrate
4-oxo-4-[3-(trifluoromethyl)-5,6-dihydro[l,2,4]triazolo[4,3-a]pyrazm-7(8
H)-yl]- l-(2,4,5-trifluorophenyl)butan-2-one to product (2
)-4-oxo-4-[3-(trifluoromethyl)-5,6-
dihydro[l,2,4]triazolo[4,3-a]pyrazin-7(8
H)-yl]-l-(2,4,5-trifluorophenyl)butan-2-amine with at least 70%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% or greater enantiomeric
excess (e.e.). [0108] In some embodiments, the engineered transaminase
polypeptides of the present disclosure are capable of converting the
ketoamide substrate 4-oxo-4-[3-(trifluoromethyl)-5,6-
dihydro[l,2,4]triazolo[4,3-a]pyrazin-7(8
H)-yl]-l-(2,4,5-trifluorophenyl)butan-2-one to the product (2
)-4-oxo-4-[3-(trifluoromethyl)-5,6-dihydro[l,2,4]triazolo[4,3-a]pyrazin-7(8
H)-yl]-l-(2,4,5- trifluorophenyl)butan-2-amine with an activity that is
equal to or greater than the activity of the polypeptide of SEQ ID NO:4 in
the presence of an amino group donor, particularly isopropylamine, and
comprises an amino acid sequence that is at least 80%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more identical to
the reference sequence of SEQ ID NO:4. [0109] In some embodiments, the
engineered transaminase polypeptides of the present disclosure are capable
of converting the ketoamide substrate 4-oxo-4-[3-(trifluoromethyl)-5,6-
dihydro[l,2,4]triazolo[4,3-
]pyrazin-7(8H)-yl]-l-(2,4,5-trifluorophenyl)butan-2-one to the product (2
)-4-oxo-4-[3-(trifluoromethyl)-5,6-dihydro[l,2,4]triazolo[4,3-fl]pyrazin-7(
8 H)-yl]-l-(2,4,5- trifluorophenyl)butan-2-amine in the presence of an
amino group donor, particularly isopropylamine, with an activity that is
equal to or greater than the polypeptide of SEQ ID NO:4 and comprises an
amino acid sequence that is at least 80%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more identical to a
reference sequence listed in Table 2, for example, SEQ ID NO: 68, 70, 72,
74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100 or 102, as further
described below. [0110] In some embodiments, the engineered transaminase
polypeptides comprise an amino acid sequence that has one or more residue
differences as compared to a transaminase reference sequence. The residue
differences can be non-conservative substitutions, conservative
substitutions, or a combination of non-conservative and conservative
substitutions. With respect to the residue differences and the descriptions
of residue positions, the transaminases provided herein can be described in
reference to the amino acid sequence of the naturally occurring
transaminase of Arthrobacter sp KNKl 68 or the transaminase of SEQ ID NO:2,
or an engineered transaminase, such as the polypeptide of SEQ ID NO:4. For
the descriptions herein, the amino acid residue position in the reference
sequence is determined in the transaminase beginning from the initiating
methionine (M) residue (i.e., M represents residue position 1), although it
will be understood by the skilled artisanthat this initiating methionine
residue may be removed by biological processing machinery, such as in a
host cell or in vitro translation system, to generate a mature protein
lacking the initiating methionine residue. [0111] The polypeptide sequence
position at which a particular amino acid or amino acid change ("residue
difference") is present is sometimes described herein as "Xn", or "position
n", where n refers to the residue position with respect to the reference
sequence. [0112] A specific substitution mutation, which is a replacement
of the specific residue in a reference sequence with a different specified
residue may be denoted by the conventional notation "X(number)Y", where X
is the single letter identifier of the residue in the reference sequence,
"number" is the residue position in the reference sequence, and Y is the
single letter identifier of the residue substitution in the engineered
sequence. [0113] In some embodiments, the residue differences can occur at
one or more of the following residue positions: X4; X5; X8; Xl 8; X25; X26;
X27; X28; X30; X41; X42; X48; X49; X50; X54; X55; X60; X61; X62; X65; X69;
X81; X94; X96; X102; Xl 17; X120; X122; X124; X126; X136; X137; X138; X146;
X148; X150; X152; X155; X156; X160; X163; X164; X169; X174; X178; X195;
X199; X204; X208; X209; X21 1; X215; X217; X223; X225; X230; X252; X269;
X273; X282; X284; X292; X297; X302; X306; X321; and X329. In some
embodiments, the residue differences or combinations thereof, are
associated with the improved enzyme properties. In some embodiments, the
transaminase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6,
1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24,
1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue differences at
residue positions other than those specific positions denoted by "Xn"
listed above. In some embodiments, the number of differences can be 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 



15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue
differences at the other amino acid residue positions. In some embodiments,
the residue differences at other residue positions comprise substitutions
with conservative amino acid residues. [0114] In the embodiments herein,
the residue differences as compared to SEQ ID NO:2 at residue positions
affecting substrate binding on the transaminase allows accommodation of the
ketoamide substrate of structural formula (I), further described below, in
particular the ketoamide substrate 4-
oxo-4-[3-(trifluoromethyl)-5,6-dihydro[l,2,4]triazolo[4,3-a]pyrazin-7(8H)-y
l]-l-(2,4,5- trifluorophenyl)butan-2-one. Without being bound by theory, at
least two regions, a first substrate binding region and a second substrate
binding region, interact with different structural elements of the
ketoamide substrate. The first binding region comprises residue positions
X62, Xl 36, Xl 37, Xl 95, Xl 99, X208, X209, X223, X225, and X282, while
the second binding region comprises residue positions X69, X122, and X284.
Accordingly, the transaminase polypeptides herein have one or more residue
differences at residue positions comprising X62, X69, X122, X136, X137,
X195, X199,X208, X209, X223, X225, X282, and X284. In some embodiments, the
transaminase polypeptides herein have at least two or more, three or more,
four or more, five or more, or six or more residue differences at the
specified residue positions associated with substrate binding. [0115] In
some embodiments, the residue differences as compared to SEQ ID NO:2 are at
one or more of residue positions forming a first substrate binding region
comprised of residue positions X62, X136, X137, X195, X199, X208, X209,
X223, X225, and X282. Accordingly, in some embodiments, the engineered
transaminase comprises an amino acid sequence that includes at least one
residue difference as compared to SEQ ID NO:2 at residue positions X62,
X136, X137, X195, X199, X208, X209, X223, X225, and X282. [0116] In some
embodiments, the residue differences as compared to SEQ ID NO:2 are at one
or more of residue positions forming a second substrate binding region
comprised of residue positions X69, X122, and X284. Accordingly, in some
embodiments, the engineered transaminase comprises an amino acid sequence
that includes at least one residue difference as compared to SEQ ID NO:2 at
residue positions X69, X122, and X284. [0117] In some embodiments, the
engineered transaminase comprises an amino acid sequence that includes
residue differences at the first binding region in combination with residue
differences at the second binding region. Accordingly, in some embodiments,
the engineered transaminase comprises an amino acid sequence that includes
one or more residue difference as compared to SEQ ID NO:2 at residue
positions X62, Xl 36, Xl 37, Xl 95, Xl 99, X208, X209, X223, X225, and X282
in combination with one or more residue difference as compared to SEQ ID
NO:2 at residue positions X69, X122, andX284. [0118] In some embodiments of
the engineered transaminases of the disclosure, the amino acid residues at
a residue position can be can be defined in terms of the amino acid
"features" (e.g., type or property of amino acids) that can appear at that
position. Thus, in some embodiments the amino acid residues at the
positions specified above can be selected from the following features: X4
is an aromatic residue; X5 is a basic residue; X8 is a constrained residue;
Xl 8 is a cysteine (C) or an aliphatic residue; X25 is a polar residue; X26
is an aromatic or constrained residue; X27 is a polar residue; X28 is a
constrained residue; X30 is polar or non-polar residue; X41 is a
constrained or polar residue; X42 is non-polar residue; X48 is a polar,
acidic, aliphatic or non-polar residue; X49 is a polar residue; X50 is an
aliphatic residue; X54 is a constrained residue; X55 is an aliphatic
residue; X60 is an aromatic residue; X61 is an aromatic residue; X62 is an
aromatic or polar residue; X65 is an aliphatic residue; X69 is a cysteine
(C) or non-polar, polar, or aliphatic residue; X81 is a non-polar residue;
X94 is an aliphatic residue; X96 is an aliphatic residue; Xl 02 is an
aliphatic or basic residue; Xl 17 is a non-polar residue; X120 is an
aromatic residue; X122 is a constrained, non-polar or aliphatic residue;
X124 is a polar or constrained residue; X126 is a polar residue; X136 is an
aromaticresidue; X137 is a polar or aliphatic residue; X138 is a basic or
constrained residue; X146 is a basic residue; X148 is an aliphatic or
aromatic residue; X150 is aromatic, constrained or polar residue; Xl 52 is
cysteine (C), non-polar, aliphatic, or polar residue; Xl 55 is non-polar or
polar residue; Xl 56 is a polar residue; Xl 60 is an aliphatic residue; Xl
63 is an aliphatic or constrained residue; X164 is an aliphatic or
constrained residue; Xl 69 is an aliphatic residue; Xl 74 is an aliphatic
residue; Xl 78 is a polar residue; Xl 95 is an aromatic or polar residue;
Xl 99 is an aliphatic or aromatic residue; X204 is an aliphatic residue;
X208 is cysteine (C) or a constrained, non-polar, aromatic, polar, or basic
residue; X209 is an aliphatic residue; X21 1 is an aliphatic residue; X215
is a cysteine (C); X217 is a polar residue; X223 is a constrained residue;
X225 is an aromatic residue; X230 is an aliphatic residue; X252 is an
aromatic or aliphatic residue; X269 is a constrained residue; X273 is an
aromatic residue; X282 is a polar residue; X284 is a non-polar residue;
X292 is a polar residue; X297 is a polar residue; X302 is an aliphatic
residue; X306 is an aliphatic residue; X321 is a constrained residue, and
X329 is a constrained or aromatic residue. In some embodiments, where the
amino acid residue at the corresponding residue position of the reference
sequence (e.g.. SEQ ID NO:2) are encompassed within the category of amino
acids described for the specified position, a different amino acid within
that amino acid category can be used in light of the guidance provided
herein. [0119] In some embodiments, the amino acid residue at the residue
positions specified above can be selected from the following features: X4
is Y, F, or W, particularly Y; X5 is K or R, particularly K; X8 is H or P,
particularly P; Xl 8 is C, A, V, or I, particularly C or I; X25 is N, Q, S,
or T, particularly Q; X26 is F, W, H or P, particularly H; X27 is N, Q, S,
or T, particularly T; X28 is P or H, particularly P; X30 is N, Q, S, T, G,
M, A, V, L or I, particularly Q or M; X41 is P, H, N, Q, S, or T,
particularly H or S; X42 is G, M, A, V, L or I, particularly G; X48 is N,
Q, S, T, D, E, G, M, A, V, L, or I, particularly Q, D, V, G, or A; X49 is
N, Q, or T, particularly T; X50 is A, V, L or I, particularly L; X54 is P
or H; X55 is A, V, or L, particularly V; X60 is F or W, particularly F; X61
is Y, F, or W, particularly Y; X62 is S, T, N, Q, Y, F, or W, particularly
T, Y or F; X65 is A, L or I, particularly A; 



X69 is C, G, M, A, L I, S, T, N or Q, particularly G, C, T, A, or S; X81 is
G, M, A, V, L, I, particularly G; X94 is A, V, L or I, particularly I or L;
X96 is A, V or L, particularly L; Xl 02 is A, V, L, I, K or R, particularly
L or K; Xl 17 is G, M, A, V, L or I, particularly G; X120 is Y, W, or F,
particularly Y; X122 is G, M, A, V, I, L, P or H, particularly M, I, L, V,
or H; X124 is T, N, Q, P, or H, particularly T, H or N; X 126 is N, Q, or
T, particularly T; X136 is Y, F or W, particularly Y or F; X137 is S, T, N,
Q, A, V, L or I, particularly T or I; X138 is K, P or H, particularly K or
P; X146 is K or R, particularly R; X148 is A, V, L I, W, or F, particularly
A or F; X150 is F,W, H, P, S, T, N, or Q, particularly F, H, or S; X152 is
C, G, M, A, L, I, S, T,N, or Q, particularly G, I, L, S or C; X155 is N, S,
T, G, M, A, V, L or I, particularly M, V or T; Xl 56 is N, Q, S, or T,
particularly Q; Xl 60 is A, V, L or I, particularly L; X163 is P, H, A, V,
or L, particularly H or V; Xl 64 is A, V, L, I, P or H, particularly V or
P; Xl 69 is V, L or I, particularly L; Xl 74 is A, V, L or I, particularly
A; Xl 78 is S,N, or Q, particularly S; Xl 95 is F, Y, W, S, T, N or Q,
particularly F or Q; Xl 99 is A, L, I, Y, F, W, particularly W or I; X204
is A, V, L, or I, particularly A; X208 is H, C, G, K, N, Y, D or S; X209 is
V, L or I, particularly L; X21 1 is A, V, or I, particularly I; X215 is C;
X217 is S, T,N or Q, particularly N; X223 is H or P, particularly P; X225
is W or Y, particularly Y; X230 is A, V, or L, particularly V; X252 is A,
V, I, Y, F, or W, particularly F; X269 is H or P, particularly P; X273 is
Y, F or W, particularly Y; X282 is S, N or Q, particularly S; X284 is G, M,
V, L or I, particularly G; X292 is T, N, or Q, particularly T; X297 is S,
T,N or Q, particularly S; X302 is A, L, or I, particularly A; X306 is A, L
or I, particularly L; X321 is H or P, particularly P; and X329 is H, P, Y,
F, or W, particularly H. [0120] In some embodiments, the engineered
transaminase polypeptide comprises an amino acid sequence that includes one
or more of the following features: residue corresponding to X69 is cysteine
(C) or a non-polar, polar, or aliphatic residue; residue corresponding to
X122 is a constrained, non-polar or aliphatic residue; residue
corresponding to X223 is a constrained residue; and residue corresponding
to X284 is a non-polar residue. [0121] In some embodiments, the engineered
transaminase polypeptide comprises an amino acid sequence that includes at
least the following features: (1) residue corresponding to X69 is C or a
nonpolar, aliphatic or polar residue, and/or residue corresponding to X284
is a non-polar residue; (2) residue corresponding to X122 is a constrained,
non-polar or aliphatic residue; and (3) residue corresponding to X223 is a
constrained residue. [0122] In some embodiments, the engineered
transaminase polypeptide comprises an amino acid sequence that includes at
least the following features: X69 is C or a non-polar, aliphatic or polar
residue; X122 is a constrained, non-polar or aliphatic residue; and X223 is
a constrained residue. [0123] In some embodiments, the engineered
transaminase polypeptide comprises an amino acid sequence that includes at
least the following features: X69 is C, G, M, A, L, I, S, T, N or Q,
particularly G, C, T, A, or S; X122 is G, M, A, V, L, I, P or H,
particularly M, I, V, L, or H; and X223 is H or P, particularly P. [0124]
In some embodiments, the engineered transaminase polypeptide comprises an
amino acid sequence that includes at least the following features: X122 is
a constrained, non-polar or aliphatic residue; X223 is a constrained
residue; and X284 is a non-polar residue. [0125] In some embodiments, the
engineered transaminase polypeptide comprises an amino acid sequence that
includes at least the following features: X122 is G, M, A, V, L, I, P or H,
particularly M, I, V, L or H; X223 is H or P, particularly P; and X284 is
G, M, V, L or I, particularly G.[0126] In some embodiments, the engineered
transaminase polypeptide comprises an amino acid sequence that includes at
least the following features: X69 is C or a non-polar, polar or aliphatic
residue; X122 is a constrained, non-polar or aliphatic residue; X223 is a
constrained residue; and X284 is a non-polar residue. [0127] In some
embodiments, the engineered transaminase polypeptide comprises an amino
acid sequence that includes at least the following features: X69 is C, G,
M, A, L, I, S, T, N or Q, particularly G, C, T, A, or S; X122 is G, M, A,
V, L, I, P or H, , particularly M, I, V, L, or H; X223 is H or P,
particularly P; and X284 is G, M, A, V, L or I, particularly G. [0128] In
some embodiments, the engineered transaminase polypeptide comprises an
amino acid sequence that includes at least the following features: X69 is C
or T; X122 is M or I; X223 is P; and X284 is G. [0129] In some embodiments,
the engineered transaminase polypeptides with one or more of the specified
features or combinations of features at residue positions X69, X122, X223,
and X284, can additionally have one or more residue differences as compared
to SEQ ID NO:2 at the following residue positions: X4; X5; X8; Xl 8; X25;
X26; X27; X28; X30; X41; X42; X48; X49; X50; X54; X55; X60; X61; X62; X65;
X81; X94; X96; X102; Xl 17; X120; X124; X126; X136; X137; X138; X146; X148;
X150; X152; X155; X156; X160; X163; X164; X169; X174; X178; X195; X199;
X204; X208; X209; X21 1; X215; X217; X225; X230; X252; X269; X273; X282,
X292; X297; X302; X306; X321; and X329. In additions to residue positions
X69, X122, X223, and X284, these other residue positions are associated
with effects on various properties of the transaminase polypeptide, and
thus can have residue differences as compared to SEQ ID NO:2 to effect
desirable changes in enzyme properties. [0130] As noted above, residue
positions X62, X136, X137, X195, X199, X208, X209, X225, and X282 along
with residue positions X69, X122, X223, and X284, are associated with
binding of the substrate to the enzyme, and thus the transaminase
polypeptide can have residue differences at these recited positions as
compared to SEQ ID NO:2 to effect desirable changes in enzyme activity.
[0131] Residue positions X4, X5, X8, X26, X48, X60, X65, X81, X96, Xl 02,
X124, Xl 60, Xl 63, X169, X174, X178, X21 1, X217, X225, X230, X252, X269,
X273, X292, X297, X306, X321, X329 are also associated with additional
increases in enzyme activity, and thus the transaminase polypeptide can
have residue differences at these recited positions as compared to SEQ ID
NO:2 to 



effect additional desirable changes in enzyme activity, for example
increase in efficiency of conversion at high substrate loading conditions.
[0132] Residue positions X18, X25, X27, X28, X30, X41, X42, X49, X50, X54,
X55, Xl 17, X120, X126, X138, X146, X148, X150, X152, X155, X156, X164,
X204, X302 are associated also withincreases in thermostability and/or
solvent stability, such as DMSO, and thus the transaminase polypeptide can
have residue differences at these recited positions as compared to SEQ ID
NO:2 to effect desirable changes in thermostability and/or solvent
stability. [0133] Residue positions X61, X94, X215 are associated also with
the ability to carry out the reaction at high concentrations of amino donor
isopropylamine, and thus the transaminase polypeptide can have residue
differences at these recited positions as compared to SEQ ID NO:2 to effect
increase in efficiency of conversion at high (e.g., 1- 2 M) concentrations
of isopropylamine. [0134] It is to be understood that the residue
differences from SEQ ID NO:2 at residue positions associated with the
various properties of the enzymes can be used in various combinations to
form transaminase polypeptides having desirable enzymatic characteristics,
for example combination of increases in enzyme activity, solvent and
temperate stability, and utilization of amino donor. Exemplary combinations
are described herein. [0135] In some embodiments, the amino acid residues
for the specified residue positions can be selected according to the
descriptions above. For example, the amino acid residues can be selected
based on the following features: X4 is an aromatic residue; X5 is a basic
residue; X8 is a constrained residue; Xl 8 is a cysteine (C) or an
aliphatic residue; X25 is a polar residue; X26 is an aromatic or
constrained residue; X27 is a polar residue; X28 is a constrained residue;
X30 is a polar or non-polar residue; X41 is a constrained or polar residue;
X42 is a non-polar residue; X48 is a polar, acidic, aliphatic or non-polar
residue; X49 is a polar residue; X50 is an aliphatic residue; X54 is a
constrained residue; X55 is an aliphatic residue; X60 is an aromatic
residue; X61 is an aromatic residue; X62 is an aromatic or polar residue;
X65 is an aliphatic residue; X81 is a non-polar residue; X94 is an
aliphatic residue; X96 is an aliphatic residue; Xl 02 is an aliphatic or
basic residue; Xl 17 is a non-polar residue; X120 is an aromatic residue;
X124 is a polar or constrained residue; X126 is a polar residue; X136 is an
aromatic residue; X137 is a polar or aliphatic residue; X138 is a basic or
constrained residue; X146 is a basic residue; X148 is an aliphatic or
aromatic residue; X150 is an aromatic, constrained or polar residue; X152
is a cysteine (C), non-polar, aliphatic, or polar residue; X155 is a
non-polar or polar residue; Xl 56 is a polar residue; Xl 60 is an aliphatic
residue; Xl 63 is an aliphatic or constrained residue; X164 is an aliphatic
or constrained residue; Xl 69 is an aliphatic residue; X174 is an aliphatic
residue; Xl 78 is a polar residue; Xl 95 is an aromatic or polar residue;
Xl 99 is an aliphatic or aromatic residue; X204 is an aliphatic residue;
X208 is a cysteine (C) or a constrained, non-polar, aromatic, polar, or
basic residue; X209 is an aliphatic residue; X21 1 is an aliphatic residue;
X215 is C; X217 is a polar residue; X225 is an aromatic residue; X230 is an
aliphatic residue; X252 is an aromatic or aliphatic residue; X269 is a
constrained residue; X273 is an aromatic residue; X282 is a polar residue;
X292 is a polar residue; X297 is a polar residue; X302 is an aliphatic
residue; X306 isan aliphatic residue; X321 is a constrained residue; and
X329 is a constrained or aromatic residue. Specific amino acid residues
that can be used at these residue positions are described above. [0136] In
some embodiments, the engineered transaminase having the features at one or
more residue positions X69, X122, X223, and X284 as described above, can
have additionally one or more of the following features: X26 is an aromatic
or constrained residue; X61 is an aromatic residue; X62 is an aromatic or
polar residue; X65 is an aliphatic residue; X94 is an aliphatic residue; Xl
36 is an aromatic residue; Xl 37 is a polar or aliphatic residue; Xl 99 is
an aliphatic or aromatic residue; X209 is an aliphatic residue; X215 is C;
and X282 is a polar residue. [0137] In some embodiments, in addition to the
preceding features, the transaminase amino acid sequence can include
additionally one or more of the following features: X8 is a constrained
residue; X60 is an aromatic residue; X81 is a non-polar or small residue;
X96 is an aliphatic residue; X124 is a polar or constrained residue; Xl 69
is an aliphatic residue; X217 is a polar residue; X269 is a constrained
residue; X273 is an aromatic residue; X297 is a polar residue; and X321 is
a constrained residue. [0138] In some embodiments, in addition to the
preceding features, the transaminase amino acid sequence can include
additionally one or more of the following features: X4 is an aromatic
residue; X48 is a polar, acidic, aliphatic or non-polar residue; Xl 02 is
an aliphatic or basic residue; Xl 50 is aromatic, constrained or polar
residue; Xl 52 is C or a non-polar, aliphatic or polar residue; Xl 60 is an
aliphatic residue; Xl 63 is an aliphatic or constrained residue; Xl 74 is
an aliphatic residue; Xl 78 is a polar residue; Xl 95 is an aromatic or
polar residue; X208 is C or a constrained, non-polar, aromatic, polar, or
basic residue; X21 1 is an aliphatic residue; X225 is an aromatic residue;
X230 is an aliphatic residue; X252 is an aromatic or aliphatic residue;
X292 is a polar residue; X306 is an aliphatic residue; and X329 is a
constrained or aromatic residue. [0139] In some embodiments, the engineered
transaminase having the features at one or more or combinations of features
at residue positions X69, X122, X223, and X284 as described above, includes
at least the following additional features: X26 is an aromatic or
constrained residue, and/or X62 is an aromatic or polar residue; X65 is an
aliphatic residue; Xl 36 is an aromatic residue; Xl 99 is an aliphatic or
aromatic residue; and X209 is an aliphatic residue. [0140] In some
embodiments, the engineered transaminase having the features at one or more
residue positions X69, X122, X223, and X284 as described above, includes at
least the following additional features: X61 is an aromatic residue; X62 is
an aromatic or polar residue; X65 is an aliphatic residue; X94 is an
aliphatic residue; Xl 36 is an aromatic residue; Xl 99 is an aliphatic or
aromatic residue; X209 is an aliphatic residue; X215 is C, and X282 is a
polar residue.[0141] In some embodiments, the engineered transaminase
having the features at one or more residue positions X69, X122, X223, and
X284 as described above, includes at least the following additional
features: X8 is a constrained residue; X61 is an aromatic residue; X62 is
an aromatic or polar residue; 



X65 is an aliphatic residue; X81 is a non-polar or small residue; X94 is an
aliphatic residue; Xl 36 is an aromatic residue; Xl 99 is an aliphatic or
aromatic residue; X209 is an aliphatic residue; X215 is a C; X217 is a
polar residue; X269 is a constrained residue; X282 is a polar residue X297
is a polar residue; and X321 is a constrained residue. [0142] In some
embodiments, the engineered transaminase having the features at one or more
residue positions X69, X122, X223, and X284 as described above, includes at
least the following additional features: X8 is a constrained residue; X60
is an aromatic residue; X61 is an aromatic residue; X62 is an aromatic or
polar residue; X65 is an aliphatic residue; X81 is a non-polar residue; X94
is an aliphatic residue; X96 is an aliphatic residue; X124 is a polar or
constrained residue; X136 is an aromatic residue; Xl 69 is an aliphatic
residue; X199 is an aliphatic or aromatic residue; X209 is an aliphatic
residue; X215 is C; X217 is a polar residue; X269 is a constrained residue;
X273 is an aromatic residue. X282 is a polar residue; X297 is a polar
residue; and X321 is a constrained residue. [0143] In some embodiments, the
engineered transaminase having the features at one or more residue
positions X69, X122, X223, and X284 as described above, includes at least
the following additional features: X8 is a constrained residue; X60 is an
aromatic residue; X61 is an aromatic residue; X62 is an aromatic or polar
residue; X65 is an aliphatic residue; X81 is a non-polar residue; X94 is an
aliphatic residue; X96 is an aliphatic residue; X124 is a polar or
constrained residue; X126 is a polar residue; Xl 36 is an aromatic residue;
Xl 50 is an aromatic, constrained or polar residue; Xl 52 is a cysteine
(C), non-polar, aliphatic, or polar residue; Xl 69 is an aliphatic residue;
Xl 99 is an aliphatic or aromatic residue; X209 is an aliphatic residue;
X215 is C; X217 is a polar residue; X269 is a constrained residue; X273 is
an aromatic residue. X282 is a polar residue; X297 is a polar residue; and
X321 is a constrained residue. [0144] In some embodiments, the engineered
transaminase having the features at one or more residue positions X69,
X122, X223, and X284 as described above, includes at least the following
additional features: X26 is P, H, F, or W, particularly H, and/or X62 is S,
T, N, Q, Y, F, or W, particularly T or F; X65 is A, L or I, particularly A;
Xl 36 is Y, F or W, particularly Y or F; Xl 99 is A, L, I, Y, F, or W,
particularly W or I; and X209 is V, L or I, particularly L. [0145] In some
embodiments, the engineered transaminase having the features at one or more
residue positions X69, X122, X223, and X284 as described above, includes at
least the following additional features: X61 is Y, F, or W, particularly Y;
X62 is S, T, N, Q, Y, F, or W, particularly T or F; X65 is A, L or I,
particularly A; X94 is A, V, L or I, particularly I or L; X136 is Y, F, or
W, particularly Y orF; Xl 99 is A, L, I, Y, F, or W, particularly W or I;
X209 is V, L or I, particularly L; X215 is C; and X282 is S, N or Q,
particularly S. [0146] In some embodiments, the engineered transaminase
having the features at one or more residue positions X69, X122, X223, and
X284 as described above, includes at least the following additional
features: X8 is H or P, particularly P; X61 is Y, F, or W, particularly Y;
X62 is S, T, N Q, Y, F, or W, particularly T or F; X65 is A, L or I,
particularly A; X81 is G, M, A, V, L or I, particularly G; X94 is A, V, L
or I, particularly I or L; Xl 36 is Y, F, or W, particularly Y or F; Xl 99
is A, L, I, Y, F, or W, particularly W or I; X209 is V, L or I,
particularly L; X215 is C; X217 is S, T, N, or Q, particularly N; X269 is H
or P, particularly P; X282 is S, N or Q, particularly S. X297 is S, T, N or
Q, particularly S; and X321 is H or P, particularly P. [0147] In some
embodiments, the engineered transaminase having the features at one or more
residue positions X69, X122, X223, and X284 as described above, includes at
least the following additional features: X8 is H or P, particularly P; X60
is F or W, particularly F; X61 is Y, F, or W, particularly Y; X62 is Y, F,
W, S, T, N or Q, particularly T or F; X65 is A, L or I, particularly A; X81
is G, M, A, V, L or I, particularly G; X94 is A, V, L or I, particularly I
or L; X96 is A, V or L, particularly L; X124 is P, H, T, N, or Q,
particularly T, H or N; X136 is Y, F or W, particularly Y or F; X169 is V,
L, or I, particularly L; Xl 99 is Y, F, W, A, L or I, particularly W or I;
X209 is V, L or I, particularly L; X215 is C; X217 is S, T, N or Q,
particularly N; X269 is H or P, particularly P; X273 is Y, F, or W,
particularly Y; X282 is S, N or Q, particularly S; X297 is S, T, N or Q,
particularly S; and X321 is H or P, particularly P. [0148] In some
embodiments, the engineered transaminase having the features at one or more
residue positions X69, X122, X223, and X284 as described above, includes at
least the following additional features: X8 is H or P, particularly P; X60
is F or W, particularly F; X61 is Y, F, or W, particularly Y; X62 is Y, F,
W, S, T, N or Q, particularly T or F; X65 is A, L or I, particularly A; X81
is G, M, A, V, L or I, particularly G; X94 is A, V, L or I, particularly I
or L; X96 is A, V or L, particularly L; X124 is P, H, T, N, or Q,
particularly T, H or N; X 126 is N, Q, or T, particularly T; Xl 36 is Y, F
or W, particularly Y or F; Xl 50 is F, W, H, P, S, T, N, or Q, particularly
F, H, or S; Xl 52 is C, G, M, A, L, I, S, T, N, or Q, particularly G, I, L,
S or C; Xl 69 is V, L, or I, particularly L; Xl 99 is Y, F, W, A, L or I,
particularly W or I; X209 is V, L or I, particularly L; X215 is C; X217 is
S, T, N or Q, particularly N; X269 is H or P, particularly P; X273 is Y, F,
or W, particularly Y; X282 is S, N or Q, particularly S; X297 is S, T, N or
Q, particularly S; and X321 is H or P, particularly P. [0149] In some
embodiments, the engineered transaminases comprise an amino acid sequence
that includes at least the following features: X122 is a constrained,
non-polar or aliphatic residue, particularly M, I, L, V, or H; X223 is a
constrained residue, particularly P; X284 is a non-polar residue,
particularly G. In some embodiments, the transaminase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12,
1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1- 30, 1-35, 1-40, 1-45,
1-50, 1-55, or 1-60 residue differences at other residue positions. In some
embodiments, the number of differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60
residue differences at the other residue positions. In some embodiments,
the engineered transaminase polypeptide can comprise an amino acid sequence
that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% identical to a reference amino acid sequence
based on SEQ ID NO:2 having the features 



described for the preceding specified residue positions (i.e. X122; X223;
and X284) (e.g., SEQ ID NO: 8 or 10), with the proviso that the engineered
transaminase polypeptide comprises polypeptide comprises an amino acid
sequence that includes at least the features described for the specified
residues. [0150] In some embodiments, the engineered transaminases comprise
an amino acid sequence that includes at least the following features: X69
is C or a non-polar, aliphatic or polar residue, particularly G, C, T, A,
or S; X122 is a constrained, non-polar or aliphatic residue, particularly
M, I, L, V, or H; X223 is a constrained residue, particularly P; and X284
is a non-polar residue, particularly G. In some embodiments, the
transaminase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6,
1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24,
1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue differences at
other residue positions. In some embodiments, the number of differences can
be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26,
30, 35, 40, 45, 50,. 55, or 60 residue differences at the other residue
positions. In some embodiments, the engineered transaminase polypeptide can
comprise an amino acid sequence that is at least about 80%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a
reference sequence based on SEQ ID NO:2 having the features described for
preceding specified residue positions (i.e., X69; X122; X223; and
X284)(e.g., SEQ ID NO:4), with the proviso that the engineered transaminase
polypeptide comprises polypeptide comprises an amino acid sequence having
at least the features described for the specified residues. [0151] In some
embodiments, the engineered transaminases comprise an amino acid sequence
that includes at least the following features: X65 is an aliphatic residue,
particularly A; X69 is C or a nonpolar, aliphatic or polar residue,
particularly G, C, T, A, or S; X122 is a constrained, non-polar or
aliphatic residue, particularly M, I, L, V, or H; and X223 is a constrained
residue, particularly P. In some embodiments, the transaminase polypeptides
can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1,
1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40,
1-45, 1-50, 1-55, or 1-60 residue differences at other residue positions.
In some embodiments, the number of differences can be 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55,
or 60 residue differences at the other residue positions. In some
embodiments, the engineered transaminase polypeptide can comprise an amino
acid sequence that is at least about 80%, 85%, 86%,87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence
based on SEQ ID NO:2 having the features described for the preceding
specified residue positions (e.g., SEQ ID NO:6), with the proviso that the
engineered transaminase polypeptide comprises polypeptide comprises an
amino acid sequence that includes at least the features described for the
specified residues. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
identical to a reference sequence of SEQ ID NO:6. [0152] In some
embodiments, the engineered transaminases comprise an amino acid sequence
that includes at least the following features: X122 is a constrained,
non-polar or aliphatic residue, particularly M, I, L, V, or H; Xl 74 is an
aliphatic residue, particularly A; X223 is a constrained residue,
particularly P; and X284 is a non-polar residue, particularly G. In some
embodiments, the transaminase polypeptides can have additionally 1-2, 1-3,
1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1- 12, 1-14, 1-15, 1-16, 1-18,
1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue
differences at other residue positions. In some embodiments, the number of
differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18,
20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue differences at the
other residue positions. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
identical to a reference sequence based on SEQ ID NO:2 having the features
described for preceding specified residue positions (e.g., SEQ ID NO: 12),
with the proviso that the engineered transaminase polypeptide comprises
polypeptide comprises an amino acid sequence that includes at least the
features described for the specified residue positions. In some
embodiments, the engineered transaminase polypeptide can comprise an amino
acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence of SEQ ID NO: 12. [0153] In some embodiments, the engineered
transaminases comprise an amino acid sequence that includes the following
features: In some embodiments, the engineered transaminases comprise an
amino acid sequence that includes at least the following features: X26 is
an aromatic or constrained residue, particularly H; X65 is an aliphatic
residue, particularly A; X69 is C or a non-polar, aliphatic or polar
residue, particularly G, C, T, A, or S; X 122 is a constrained, non-polar
or aliphatic residue, particularly M, I, L, V, or H; X223 is a constrained
residue, particularly P; and X284 is a non-polar residue, particularly G.
In some embodiments, the transaminase polypeptides can have additionally 1-
2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16,
1-18, 1-20, 1-22, 1-24, 1-26, 1- 30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60
residue differences at other residue positions. In some embodiments, the
number of differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15,
16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue differences
at the other residue positions. In some embodiments, the engineered
transaminase polypeptide can comprise an amino acid sequence that isat
least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% identical to a reference sequence based on SEQ ID NO:2
having the features described for preceding specified residue positions
(e.g., SEQ ID NO: 14), with the proviso that the engineered transaminase
polypeptide comprises polypeptide comprises an amino acid sequence that
includes at least the features described for the specified residue
positions. In some embodiments, the engineered transaminase polypeptide can
comprise an amino acid sequence that is at least about 80%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a
reference sequence of SEQ ID NO: 14. 



[0154] In some embodiments, the engineered transaminases comprise an amino
acid sequence that includes the following features: In some embodiments,
the engineered transaminases comprise an amino acid sequence that includes
at least the following features: X26 is an aromatic or constrained residue,
particularly H; X62 is an aromatic or polar residue, particularly T, Y or
F; X65 is an aliphatic residue, particularly A; X69 is C or a non-polar,
aliphatic or polar residue, particularly G, C, T, A, or S; X122 is a
constrained, non-polar or aliphatic residue, particularly M, I, L, V, or H;
X178 is a polar residue, particularly S; Xl 99 is an aliphatic or aromatic
residue, particularly W or I, particularly X223 is a constrained residue,
particularly P; X225 is an aromatic residue, particularly Y, X282 is a
polar residue, particularly S; and X284 is a non-polar residue,
particularly G. In some embodiments, the transaminase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1- 12,
1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45,
1-50, 1-55, or 1-60 residue differences at other residue positions. In some
embodiments, the number of differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60
residue differences at the other residue positions. In some embodiments,
the engineered transaminase polypeptide can comprise an amino acid sequence
that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence based on SEQ
ID NO:2 having the features described for preceding specified residue
positions (e.g., SEQ ID NO: 16), with the proviso that the engineered
transaminase polypeptide comprises polypeptide comprises an amino acid
sequence that includes at least the features described for the specified
residue positions. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
identical to a reference sequence of SEQ ID NO: 16. [0155] In some
embodiments, the engineered transaminases comprise an amino acid sequence
that includes the following features: In some embodiments, the engineered
transaminases comprise an amino acid sequence that includes at least the
following features: X26 is an aromatic or constrained residue, particularly
H; X62 is an aromatic or polar residue, particularly T, Y or F; X65 is an
aliphatic residue, particularly A; X69 is C or a non-polar, aliphatic or
polar residue, particularly G, C, T, A, or S; X122 is a constrained,
non-polar or aliphatic residue, particularly M, I, L, V, or H; X136 is
anaromatic residue, particularly Y or F; Xl 99 is an aliphatic or aromatic
residue, particularly W or I; X209 is an aliphatic residue, particularly L;
X223 is a constrained residue, particularly P; X225 is an aromatic residue,
particularly Y, X282 is a polar residue, particularly S; and X284 is a
non-polar residue, particularly G. In some embodiments, the transaminase
polypeptides can have additionally 1- 2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1- 30,
1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue differences at other residue
positions. In some embodiments, the number of differences can be 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40,
45, 50,. 55, or 60 residue differences at the other residue positions. In
some embodiments, the engineered transaminase polypeptide can comprise an
amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence based on SEQ ID NO:2 having the features described for preceding
specified residue positions (e.g., SEQ ID NO: 18), with the proviso that
the engineered transaminase polypeptide comprises polypeptide comprises an
amino acid sequence that includes at least the features described for the
specified residue positions. In some embodiments, the engineered
transaminase polypeptide can comprise an amino acid sequence that is at
least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% identical to a reference sequence of SEQ ID NO: 18.
[0156] In some embodiments, the engineered transaminases comprise an amino
acid sequence that includes the following features: In some embodiments,
the engineered transaminases comprise an amino acid sequence that includes
at least the following features: X26 is an aromatic or constrained residue,
particularly H; X62 is an aromatic or polar residue, particularly T, Y or
F; X65 is an aliphatic residue, particularly A; X69 is C or a non-polar,
aliphatic or polar residue, particularly G, C, T, A, or S; X122 is a
constrained, non-polar or aliphatic residue, particularly M, I, L, V, or H;
X136 is an aromatic residue, particularly Y or F; Xl 37 is a polar or
aliphatic residue, particularly T or I; Xl 99 is an aliphatic or aromatic
residue, particularly W or I; X209 is an aliphatic residue, particularly L;
X223 is a constrained residue, particularly P; X282 is a polar residue,
particularly S; and X284 is a nonpolar residue, particularly G. In some
embodiments, the transaminase polypeptides can have additionally 1-2, 1-3,
1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18,
1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue
differences at other residue positions. In some embodiments, the number of
differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18,
20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue differences at the
other residue positions. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
identical to a reference sequence based on SEQ ID NO:2 having the features
described for preceding specified residue positions (e.g., SEQ ID NO:20,
22, 28, 30, 32, 34, 38 or 40), with the proviso that the engineered
transaminase polypeptide comprises polypeptide comprises an amino
acidsequence that includes at least the features described for the
specified residue positions. In some embodiments, the engineered
transaminase polypeptide can comprise an amino acid sequence that is at
least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% identical to a reference sequence of SEQ ID NO:20, 22,
28, 30, 32, 34, 38 or 40. [0157] In some embodiments, the engineered
transaminases comprise an amino acid sequence that includes the following
features: In some embodiments, the engineered transaminases comprise an
amino acid sequence that includes at least the following features: X26 is
an aromatic or constrained residue, particularly H; X62 is an aromatic or
polar residue, particularly T, Y or F; X65 is an aliphatic residue,
particularly A; X69 is C or a non-polar, aliphatic or polar residue,
particularly G, C, T, A, or 



S; X122 is a constrained, non-polar or aliphatic residue, particularly M,
I, L, V, or H; X136 is an aromatic residue, particularly Y or F; Xl 37 is a
polar or aliphatic residue, particularly T or I; Xl 99 is an aliphatic or
aromatic residue, particularly W or I; X209 is an aliphatic residue,
particularly L; X223 is a constrained residue, particularly P; X225 is an
aromatic residue, particularly Y, X282 is a polar residue, particularly S;
and X284 is a non-polar residue, particularly G. In some embodiments, the
transaminase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6,
1-7, 1-8, 1-9, 1-10, 1-1 1, 1- 12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue differences
at other residue positions. In some embodiments, the number of differences
can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24,
26, 30, 35, 40, 45, 50,. 55, or 60 residue differences at the other residue
positions. In some embodiments, the engineered transaminase polypeptide can
comprise an amino acid sequence that is at least about 80%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a
reference sequence based on SEQ ID NO:2 having the features described for
preceding specified residue positions (e.g., SEQ ID NO:24), with the
proviso that the engineered transaminase polypeptide comprises polypeptide
comprises an amino acid sequence that includes at least the features
described for the specified residue positions. In some embodiments, the
engineered transaminase polypeptide can comprise an amino acid sequence
that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence of SEQ ID
NO:24. [0158] In some embodiments, the engineered transaminases comprise an
amino acid sequence that includes the following features: In some
embodiments, the engineered transaminases comprise an amino acid sequence
that includes at least the following features: X26 is an aromatic or
constrained residue, particularly H; X65 is an aliphatic residue,
particularly A; X69 is C or a non-polar, aliphatic or polar residue,
particularly G, C, T, A, or S; Xl 22 is a constrained, non-polar or
aliphatic residue, particularly M, I, L, V, or H; Xl 36 is an aromatic
residue, particularly Y or F; Xl 37 is a polar or aliphatic residue,
particularly T or I; Xl 74 is an aliphatic residue, particularly A; Xl 99
is an aliphatic or aromatic residue, particularly W or I; X209 is an
aliphatic residue, particularly L; X223 is a constrained residue,
particularly P; X230 is an aliphatic residue, particularly V; and X284 is a
nonpolar residue, particularly G. In some embodiments, the transaminase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30,
1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue differences at other residue
positions. In some embodiments, the number of differences can be 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40,
45, 50,. 55, or 60 residue differences at the other residue positions. In
some embodiments, the engineered transaminase polypeptide can comprise an
amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence based on SEQ ID NO:2 having the features described for preceding
specified residue positions (e.g., SEQ ID NO:26), with the proviso that the
engineered transaminase polypeptide comprises polypeptide comprises an
amino acid sequence that includes at least the features described for the
specified residue positions. In some embodiments, the engineered
transaminase polypeptide can comprise an amino acid sequence that is at
least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% identical to a reference sequence of SEQ ID NO:26.
[0159] In some embodiments, the engineered transaminases comprise an amino
acid sequence that includes the following features: In some embodiments,
the engineered transaminases comprise an amino acid sequence that includes
at least the following features: X26 is an aromatic or constrained residue,
particularly H; X61 is an aromatic residue, particularly Y; X62 is an
aromatic or polar residue, particularly T, Y or F; X65 is an aliphatic
residue, particularly A; X69 is C or a non-polar, aliphatic or polar
residue, particularly G, C, T, A, or S; Xl 22 is a constrained, non-polar
or aliphatic residue, particularly M, I, L, V, or H; Xl 36 is an aromatic
residue, particularly Y or F; Xl 37 is a polar or aliphatic residue,
particularly T or I; Xl 99 is an aliphatic or aromatic residue,
particularly W or I; X209 is an aliphatic residue, particularly L; X223 is
a constrained residue, particularly P; X282 is a polar residue,
particularly S; and X284 is a non-polar residue, particularly G. In some
embodiments, the transaminase polypeptides can have additionally 1-2, 1-3,
1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18,
1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue
differences at other residue positions. In some embodiments, the number of
differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18,
20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue differences at the
other residue positions. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
identical to a reference sequence based on SEQ ID NO:2 having the features
described for preceding specified residue positions (e.g., SEQ ID NO:36),
with the proviso that the engineered transaminase polypeptide comprises
polypeptide comprises an amino acid sequence that includes at least the
features described for the specified residue positions. In some
embodiments, the engineered transaminase polypeptide can comprise anamino
acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence of SEQ ID NO:36. [0160] In some embodiments, the engineered
transaminases comprise an amino acid sequence that includes the following
features: In some embodiments, the engineered transaminases comprise an
amino acid sequence that includes at least the following features: X4 is an
aromatic residue, particularly Y; X26 is an aromatic or constrained
residue, particularly H; X62 is an aromatic or polar residue, particularly
T, Y or F; X65 is an aliphatic residue, particularly A; X69 is C or a
non-polar, aliphatic or polar residue, particularly G, C, T, A, or S; X94
is an aliphatic residue, particularly I or L; X122 is a constrained,
non-polar or aliphatic residue, particularly M, I, L, V, or H; Xl 36 is an
aromatic residue, particularly Y or F; Xl 37 is a polar or aliphatic
residue, particularly T or I; Xl 99 is an aliphatic or aromatic residue,
particularly W or I; X209 is an aliphatic residue, particularly L; X2 15 



is C; X223 is a constrained residue, particularly P; X282 is a polar
residue, particularly S; and X284 is a non-polar residue, particularly G.
In some embodiments, the transaminase polypeptides can have additionally
1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or
1-60 residue differences at other residue positions. In some embodiments,
the number of differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14,
15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue
differences at the other residue positions. In some embodiments, the
engineered transaminase polypeptide can comprise an amino acid sequence
that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence based on SEQ
ID NO:2 having the features described for preceding specified residue
positions (e.g., SEQ ID NO:42), with the proviso that the engineered
transaminase polypeptide comprises polypeptide comprises an amino acid
sequence that includes at least the features described for the specified
residue positions. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
identical to a reference sequence of SEQ ID NO:42. [0161] In some
embodiments, the engineered transaminase comprises an amino acid sequence
that includes the following features: X62 is an aromatic or polar residue,
particularly T, Y or F; X65 is an aliphatic residue, particularly A; X69 is
C or a non-polar, aliphatic or polar residue, particularly G, C, T, A, or
S; X94 is an aliphatic residue, particularly I or L; X122 is a constrained,
non-polar or aliphatic residue, particularly M, I, L, V, or H; Xl 36 is an
aromatic residue, particularly Y or F; Xl 37 is a polar or aliphatic
residue, particularly T or I; Xl 99 is an aliphatic or aromatic residue,
particularly W or I; X209 is an aliphatic residue, particularly L; X215 is
a C; X223 is a constrained residue, particularly P; X282 is a polar
residue, particularly S; and X284 is a non-polar residue, particularly G.
In some embodiments, the transaminase polypeptides can have additionally
1-2, 1-3, 1-4, 1-5, 1-6, 1- 7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or
1-60 residue differences at other residue positions. In some embodiments,
the number of differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14,
15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue
differences at the other residue positions. In some embodiments, the
engineered transaminase polypeptide can comprise an amino acid sequence
that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence based on SEQ
ID NO:2 having the features described for preceding specified residue
positions (e.g., SEQ ID NO: 44, 46, or 48), with the proviso that the
engineered transaminase polypeptide comprises polypeptide comprises an
amino acid sequence that includes at least the features described for the
specified residue positions. In some embodiments, the engineered
transaminase polypeptide can comprise an amino acid sequence that is at
least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% identical to a reference sequence of SEQ ID NO:44, 46,
or 48. [0162] In some embodiments, the engineered transaminase comprises an
amino acid sequence that includes the following features: X8 is a
constrained residue, particularly P; X62 is an aromatic or polar residue,
particularly T, Y or F; X65 is an aliphatic residue, particularly A; X69 is
C or a nonpolar, aliphatic or polar residue, particularly G, C, T, A, or S;
X94 is an aliphatic residue, particularly I or L; X122 is a constrained,
non-polar or aliphatic residue, particularly M, I, L, V, or H; Xl 36 is an
aromatic residue, particularly Y or F; Xl 37 is a polar or aliphatic
residue, particularly T or I; Xl 99 is an aliphatic or aromatic residue,
particularly W or I; X209 is an aliphatic residue, particularly L; X2 15 is
a cysteine (C); X223 is a constrained residue, particularly P; X282 is a
polar residue, particularly S; and X284 is a non-polar residue,
particularly G. In some embodiments, the transaminase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12,
1-14, 1-15, 1-16, 1-18, 1- 20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45,
1-50, 1-55, or 1-60 residue differences at other residue positions. In some
embodiments, the number of differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60
residue differences at the other residue positions. In some embodiments,
the engineered transaminase polypeptide can comprise an amino acid sequence
that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence based on SEQ
ID NO:2 having the features described for preceding specified residue
positions (e.g., SEQ ID NO: 50), with the proviso that the engineered
transaminase polypeptide comprises polypeptide comprises an amino acid
sequence that includes at least the features described for the specified
residue positions. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
identical to a reference sequence of SEQ ID NO:50. [0163] In some
embodiments, the engineered transaminase comprises an amino acid sequence
that includes the following features: X61 is an aromatic residue,
particularly Y; X62 is an aromatic orpolar residue, particularly T, Y or F;
X65 is an aliphatic residue, particularly A; X69 is C or a nonpolar,
aliphatic or polar residue, particularly G, C, T, A, or S; X94 is an
aliphatic residue, particularly I or L; X122 is a constrained, non-polar or
aliphatic residue, particularly M, I, L, V, or H; Xl 36 is an aromatic
residue, particularly Y or F; Xl 37 is a polar or aliphatic residue,
particularly T or I; Xl 52 is C, non-polar, aliphatic, or polar residue,
particularly G, I, L, S or C; Xl 99 is an aliphatic or aromatic residue,
particularly W or I; X209 is an aliphatic residue, particularly L; X215 is
a C; X223 is a constrained residue, particularly P; X282 is a polar
residue, particularly S; and X284 is a non-polar residue, particularly G.
In some embodiments, the transaminase polypeptides can have additionally 1-
2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16,
1-18, 1-20, 1-22, 1-24, 1-26, 1- 30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60
residue differences at other residue positions. In some embodiments, the
number of differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15,
16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue differences
at the other residue positions. In some 



embodiments, the engineered transaminase polypeptide can comprise an amino
acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence based on SEQ ID NO:2 having the features described for preceding
specified residue positions (e.g., SEQ ID NO: 52), with the proviso that
the engineered transaminase polypeptide comprises polypeptide comprises an
amino acid sequence that includes at least the features described for the
specified residue positions. In some embodiments, the engineered
transaminase polypeptide can comprise an amino acid sequence that is at
least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% identical to a reference sequence of SEQ ID NO:52.
[0164] In some embodiments, the engineered transaminase comprises an amino
acid sequence that includes the following features: X61 is an aromatic
residue, particularly Y; X62 is an aromatic or polar residue, particularly
T, Y or F; X65 is an aliphatic residue, particularly A; X69 is C or a
nonpolar, aliphatic or polar residue, particularly G, C, T, A, or S; X94 is
an aliphatic residue, particularly I or L; X122 is a constrained, non-polar
or aliphatic residue, particularly M, I, L, V, or H; Xl 36 is an aromatic
residue, particularly Y or F; Xl 37 is a polar or aliphatic residue,
particularly T or I; Xl 99 is an aliphatic or aromatic residue,
particularly W or I; X209 is an aliphatic residue, particularly L; X2 15 is
a C; X223 is a constrained residue, particularly P; X282 is a polar
residue, particularly S; and X284 is a non-polar residue, particularly G.
In some embodiments, the transaminase polypeptides can have additionally
1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or
1-60 residue differences at other residue positions. In some embodiments,
the number of differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14,
15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue
differences at the other residue positions. In some embodiments, the
engineered transaminase polypeptide can comprise an amino acid sequence
that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%,98%, 99% identical to a reference sequence based on SEQ
ID NO:2 having the features described for preceding specified residue
positions (e.g., SEQ ID NO: 54 or 56), with the proviso that the engineered
transaminase polypeptide comprises polypeptide comprises an amino acid
sequence that includes at least the features described for the specified
residue positions. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
identical to a reference sequence of SEQ ID NO:54 or 56. [0165] In some
embodiments, the engineered transaminase comprises an amino acid sequence
that includes the following features: X61 is an aromatic residue,
particularly Y; X62 is an aromatic or polar residue, particularly T, Y or
F; X65 is an aliphatic residue, particularly A; X69 is C or a nonpolar,
aliphatic or polar residue, particularly G, C, T, A, or S; X94 is an
aliphatic residue, particularly I or L; X122 is a constrained, non-polar or
aliphatic residue, particularly M, I, L, V, or H; Xl 36 is an aromatic
residue, particularly Y or F; Xl 99 is an aliphatic or aromatic residue,
particularly W or I; X209 is an aliphatic residue, particularly L; X215 is
a C; X223 is a constrained residue, particularly P; X282 is a polar
residue, particularly S; and X284 is a non-polar residue, particularly G.
In some embodiments, the transaminase polypeptides can have additionally
1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1- 9, 1-10, 1-1 1, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or
1-60 residue differences at other residue positions. In some embodiments,
the number of differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14,
15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue
differences at the other residue positions. In some embodiments, the
engineered transaminase polypeptide can comprise an amino acid sequence
that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence based on SEQ
ID NO:2 having the features described for preceding specified residue
positions (e.g., SEQ ID NO: 58 or 60), with the proviso that the engineered
transaminase polypeptide comprises polypeptide comprises an amino acid
sequence that includes at least the features described for the specified
residue positions. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
identical to a reference sequence of SEQ ID NO:58 or 60. [0166] In some
embodiments, the engineered transaminase comprises an amino acid sequence
that includes the following features: X61 is an aromatic residue,
particularly Y; X62 is an aromatic or polar residue, particularly T, Y or
F; X65 is an aliphatic residue, particularly A; X69 is C or a nonpolar,
aliphatic or polar residue, particularly G, C, T, A, or S; X94 is an
aliphatic residue, particularly I or L; X122 is a constrained, non-polar or
aliphatic residue, particularly M, I, L, V, or H; Xl 36 is an aromatic
residue, particularly Y or F; Xl 37 is a polar or aliphatic residue,
particularly T or I; Xl 60 is an aliphatic residue, particularly L; Xl 69
is an aliphatic residue, particularly L; X 199 is an aliphaticor aromatic
residue, particularly W or I; X209 is an aliphatic residue, particularly L;
X2 15 is C; X223 is a constrained residue, particularly P; X269 is a
constrained residue, particularly P; X282 is a polar residue, particularly
S; and X284 is a non-polar residue, particularly G. In some embodiments,
the transaminase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5,
1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1- 12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue differences
at other residue positions. In some embodiments, the number of differences
can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24,
26, 30, 35, 40, 45, 50,. 55, or 60 residue differences at the other residue
positions. In some embodiments, the engineered transaminase polypeptide can
comprise an amino acid sequence that is at least about 80%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a
reference sequence based on SEQ ID NO:2 having the features described for
preceding specified residue positions (e.g., SEQ ID NO:62), with the
proviso that the engineered transaminase polypeptide comprises polypeptide
comprises an amino acid sequence that includes at least the features
described for the specified 



residue positions. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
identical to a reference sequence of SEQ ID NO:62. [0167] In some
embodiments, the engineered transaminase comprises an amino acid sequence
that includes the following features: X61 is an aromatic residue,
particularly Y; X62 is an aromatic or polar residue, particularly T, Y or
F; X65 is an aliphatic residue, particularly A; X69 is C or a nonpolar,
aliphatic or polar residue, particularly G, C, T, A, or S; X94 is an
aliphatic residue, particularly I or L; X122 is a constrained, non-polar or
aliphatic residue, particularly M, I, L, V, or H; Xl 36 is an aromatic
residue, particularly Y or F; Xl 37 is a polar or aliphatic residue,
particularly T or I; Xl 69 is an aliphatic residue, particularly L; Xl 99
is an aliphatic or aromatic residue, particularly W or I; X209 is an
aliphatic residue, particularly L; X215 is C; X223 is a constrained
residue, particularly P; X282 is a polar residue, particularly S; X284 is a
non-polar residue, particularly G; and X306 is an aliphatic residue,
particularly L. In some embodiments, the transaminase polypeptides can have
additionally 1- 2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12,
1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1- 30, 1-35, 1-40, 1-45,
1-50, 1-55, or 1-60 residue differences at other residue positions. In some
embodiments, the number of differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60
residue differences at the other residue positions. In some embodiments,
the engineered transaminase polypeptide can comprise an amino acid sequence
that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence based on SEQ
ID NO:2 having the features described for preceding specified residue
positions (e.g., SEQ ID NO:64), with the proviso that the engineered
transaminase polypeptide comprises polypeptide comprises an amino acid
sequence that includes at least the features described for the specified
residue positions. In some embodiments, the engineeredtransaminase
polypeptide can comprise an amino acid sequence that is at least about 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
identical to a reference sequence of SEQ ID NO:64. [0168] In some
embodiments, the engineered transaminase comprises an amino acid sequence
that includes the following features: X61 is an aromatic residue,
particularly Y; X62 is an aromatic or polar residue, particularly T, Y or
F; X65 is an aliphatic residue, particularly A; X69 is C or a nonpolar,
aliphatic or polar residue, particularly G, C, T, A, or S; X94 is an
aliphatic residue, particularly I or L; Xl 02 is an aliphatic or basic
residue, particularly L or K; X122 is a constrained, non-polar or aliphatic
residue, particularly M, I, L, V, or H; Xl 36 is an aromatic residue,
particularly Y or F; Xl 50 is aromatic, constrained or polar residue,
particularly F, H, or S; Xl 52 is C, non-polar, aliphatic, or polar
residue, particularly G, I, L, S or C; Xl 99 is an aliphatic or aromatic
residue, particularly W or I; X209 is an aliphatic residue, particularly L;
X215 is a C; X223 is a constrained residue, particularly P; X282 is a polar
residue, particularly S; and X284 is a non-polar residue, particularly G.
In some embodiments, the transaminase polypeptides can have additionally
1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1- 9, 1-10, 1-1 1, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or
1-60 residue differences at other residue positions. In some embodiments,
the number of differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14,
15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue
differences at the other residue positions. In some embodiments, the
engineered transaminase polypeptide can comprise an amino acid sequence
that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence based on SEQ
ID NO:2 having the features described for preceding specified residue
positions (e.g., SEQ ID NO:66), with the proviso that the engineered
transaminase polypeptide comprises polypeptide comprises an amino acid
sequence that includes at least the features described for the specified
residue positions. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
identical to a reference sequence of SEQ ID NO:66. [0169] In some
embodiments, the engineered transaminase comprises an amino acid sequence
that includes the following features: X8 is a constrained residue,
particularly is P; X48 is a polar, acidic, aliphatic or non-polar residue,
particularly D, V, G, Q or A; X61 is an aromatic residue, particularly Y;
X62 is an aromatic or polar residue, particularly T, Y or F; X65 is an
aliphatic residue, particularly A; X69 is C or a non-polar, aliphatic or
polar residue, particularly G, C, T, A, or S; X81 is a non-polar residue,
particularly G; X94 is an aliphatic residue, particularly I or L; X96 is an
aliphatic residue, particularly L; Xl 02 is an aliphatic or basic residue,
particularly L or K; X122 is a constrained, nonpolar or aliphatic residue,
particularly M, I, L, V, or H; Xl 36 is an aromatic residue, particularly Y
or F; Xl 63 is an aliphatic or constrained residue, particularly H or V; Xl
99 is an aliphatic or aromaticresidue, particularly W or I; X209 is an
aliphatic residue, particularly L; X21 1 is an aliphatic residue,
particularly I; X215 is a C; X217 is a polar residue, particularly N; X223
is a constrained residue, particularly P; X252 is an aromatic or aliphatic
residue, particularly F; X273 is an aromatic residue, particularly Y; X282
is a polar residue, particularly S; and X284 is a non-polar residue,
particularly G; and X321 is a constrained residue, particularly P. In some
embodiments, the transaminase polypeptides can have additionally 1-2, 1-3,
1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18,
1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue
differences at other residue positions. In some embodiments, the number of
differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18,
20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue differences at the
other residue positions. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
identical to a reference sequence based on SEQ ID NO:2 having the features
described for preceding specified residue positions (e.g., SEQ ID NO:68),
with the proviso that the engineered transaminase polypeptide comprises
polypeptide comprises an amino acid 



sequence that includes at least the features described for the specified
residue positions. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
identical to a reference sequence of SEQ ID NO:68. [0170] In some
embodiments, the engineered transaminase comprises an amino acid sequence
that includes the following features: X8 is a constrained residue,
particularly is P; X48 is a polar, acidic, aliphatic or non-polar residue,
particularly A; X61 is an aromatic residue, particularly Y; X62 is an
aromatic or polar residue, particularly T, Y or F; X65 is an aliphatic
residue, particularly A; X69 is C or a non-polar, aliphatic or polar
residue, particularly G, C, T, A, or S; X81 is a non-polar residue,
particularly G; X94 is an aliphatic residue, particularly I or L; X122 is a
constrained, non-polar or aliphatic residue, particularly M, I, L, V, or H;
Xl 36 is an aromatic residue, particularly Y or F; Xl 69 is an aliphatic
residue, particularly L; Xl 99 is an aliphatic or aromatic residue,
particularly W or I; X209 is an aliphatic residue, particularly L; X215 is
C; X217 is a polar residue, particularly N; X223 is a constrained residue,
particularly P; X269 is a constrained residue, particularly P; X282 is a
polar residue, particularly S; X284 is a non-polar residue, particularly G;
X297 is a polar residue, particularly S; and X321 is a constrained residue,
particularly P. In some embodiments, the transaminase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1- 12,
1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45,
1-50, 1-55, or 1-60 residue differences at other residue positions. In some
embodiments, the number of differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60
residue differences at the other residue positions. In some embodiments,
the engineered transaminase polypeptide can comprise an amino acid sequence
that is at least about 80%, 85%, 86%, 87%, 88%,89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence based on SEQ
ID NO:2 having the features described for preceding specified residue
positions (e.g., SEQ ID NO:70), with the proviso that the engineered
transaminase polypeptide comprises an amino acid sequence that includes at
least the features described for the specified residue positions. In some
embodiments, the engineered transaminase polypeptide can comprise an amino
acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence of SEQ ID NO:70. [0171] In some embodiments, the engineered
transaminase comprises an amino acid sequence that includes the following
features: X8 is a constrained residue, particularly is P; X61 is an
aromatic residue, particularly Y; X62 is an aromatic or polar residue,
particularly T, Y or F; X65 is an aliphatic residue, particularly A; X69 is
C or a non-polar, aliphatic or polar residue, particularly G, C, T, A, or
S; X94 is an aliphatic residue, particularly I or L; X122 is a constrained,
non-polar or aliphatic residue, particularly M, I, L, V, or H; Xl 36 is an
aromatic residue, particularly Y or F; Xl 99 is an aliphatic or aromatic
residue, particularly W or I; X209 is an aliphatic residue, particularly L;
X2 15 is C; X223 is a constrained residue, particularly P; X282 is a polar
residue, particularly S; and X284 is a non-polar residue, particularly G.
In some embodiments, the transaminase polypeptides can have additionally
1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or
1-60 residue differences at other residue positions. In some embodiments,
the number of differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14,
15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue
differences at the other residue positions. In some embodiments, the
engineered transaminase polypeptide can comprise an amino acid sequence
that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence based on SEQ
ID NO:2 having the features described for preceding specified residue
positions (e.g., SEQ ID NO:72), with the proviso that the engineered
transaminase polypeptide comprises an amino acid sequence that includes at
least the features described for the specified residue positions. In some
embodiments, the engineered transaminase polypeptide can comprise an amino
acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence of SEQ ID NO:72. [0172] In some embodiments, the engineered
transaminase comprises an amino acid sequence that includes the following
features: X8 is a constrained residue, particularly is P; X61 is an
aromatic residue, particularly Y; X62 is an aromatic or polar residue,
particularly T, Y or F; X65 is an aliphatic residue, particularly A; X69 is
C or a non-polar, aliphatic or polar residue, particularly G, C, T, A, or
S; X81 is a non-polar residue, particularly G; X94 is an aliphatic residue,
particularly I or L; X96 is an aliphatic residue, particularly L; X122 is a
constrained, non-polar or aliphatic residue, particularly M, I, L, V, or H;
Xl 36 is an aromatic residue, particularly Y or F; Xl 78 is a polar
residue, particularly S;Xl 99 is an aliphatic or aromatic residue,
particularly W or I; X209 is an aliphatic residue, particularly L; X215 is
C; X223 is a constrained residue, particularly P; X269 is a constrained
residue, particularly P; X282 is a polar residue, particularly S; X284 is a
non-polar residue, particularly G; X297 is a polar residue, particularly S;
and X321 is a constrained residue, particularly P. In some embodiments, the
transaminase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6,
1-7, 1-8, 1-9, 1-10, 1-1 1, 1- 12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue differences
at other residue positions. In some embodiments, the number of differences
can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24,
26, 30, 35, 40, 45, 50,. 55, or 60 residue differences at the other residue
positions. In some embodiments, the engineered transaminase polypeptide can
comprise an amino acid sequence that is at least about 80%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a
reference sequence based on SEQ ID NO:2 having the features described for
preceding specified residue positions (e.g., SEQ ID NO:74), with the
proviso that the engineered transaminase polypeptide comprises an amino
acid sequence that includes at least the features described for the
specified residue positions. In some embodiments, the engineered
transaminase polypeptide can comprise an amino acid sequence that is 



at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% identical to a reference sequence of SEQ ID NO:74.
[0173] In some embodiments, the engineered transaminase comprises an amino
acid sequence that includes the following features: X8 is a constrained
residue, particularly is P; X60 is an aromatic residue, particularly F; X61
is an aromatic residue, particularly Y; X62 is an aromatic or polar
residue, particularly T, Y or F; X65 is an aliphatic residue, particularly
A; X69 is C or a non-polar, aliphatic or polar residue, particularly G, C,
T, A, or S; X81 is a non-polar residue, particularly G; X94 is an aliphatic
residue, particularly I or L; X96 is an aliphatic residue, particularly L;
X122 is a constrained, non-polar or aliphatic residue, particularly M, I,
L, V, or H; X136 is an aromatic residue, particularly Y or F; Xl 52 is C or
a non-polar, aliphatic, or polar residue, particularly G, I, L, S or C; Xl
78 is a polar residue, particularly S; Xl 99 is an aliphatic or aromatic
residue, particularly W or I; X209 is an aliphatic residue, particularly L;
X215 is C; X217 is a polar residue, particularly N; X223 is a constrained
residue, particularly P; X252 is an aromatic or aliphatic residue,
particularly F; X269 is a constrained residue, particularly P; X273 is an
aromatic residue, particularly Y; X282 is a polar residue, particularly S;
and X284 is a non-polar residue, particularly G; X297 is a polar residue,
particularly S; and X321 is a constrained residue, particularly P. In some
embodiments, the transaminase polypeptides can have additionally 1-2, 1-3,
1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1- 12, 1-14, 1-15, 1-16, 1-18,
1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue
differences at other residue positions. In some embodiments, the number of
differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18,
20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue differences at the
other residue positions. In some embodiments, the engineered
transaminasepolypeptide can comprise an amino acid sequence that is at
least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% identical to a reference sequence based on SEQ ID NO:2
having the features described for preceding specified residue positions
(e.g., SEQ ID NO:76), with the proviso that the engineered transaminase
polypeptide comprises an amino acid sequence that includes at least the
features described for the specified residue positions. In some
embodiments, the engineered transaminase polypeptide can comprise an amino
acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence of SEQ ID NO:76. [0174] In some embodiments, the engineered
transaminase comprises an amino acid sequence that includes the following
features: X8 is a constrained residue, particularly is P; X60 is an
aromatic residue, particularly F; X61 is an aromatic residue, particularly
Y; X62 is an aromatic or polar residue, particularly T, Y or F; X65 is an
aliphatic residue, particularly A; X69 is C or a non-polar, aliphatic or
polar residue, particularly G, C, T, A, or S; X81 is a non-polar residue,
particularly G; X94 is an aliphatic residue, particularly I or L; X96 is an
aliphatic residue, particularly L; X122 is a constrained, non-polar or
aliphatic residue, particularly M, I, L, V, or H; X136 is an aromatic
residue, particularly Y or F; X169 is an aliphatic residue, particularly L;
X178 is a polar residue, particularly S; X199 is an aliphatic or aromatic
residue, particularly W or I; X209 is an aliphatic residue, particularly L;
X2 15 is C; X217 is a polar residue, particularly N; X223 is a constrained
residue, particularly P; X269 is a constrained residue, particularly P;
X282 is a polar residue, particularly S; and X284 is a non-polar residue,
particularly G; X292 is a polar residue, particularly T; X297 is a polar
residue, particularly S; and X321 is a constrained residue, particularly P.
In some embodiments, the transaminase polypeptides can have additionally
1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or
1-60 residue differences at other residue positions. In some embodiments,
the number of differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14,
15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue
differences at the other residue positions. In some embodiments, the
engineered transaminase polypeptide can comprise an amino acid sequence
that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence based on SEQ
ID NO:2 having the features described for preceding specified residue
positions (e.g., SEQ ID NO:78), with the proviso that the engineered
transaminase polypeptide comprises an amino acid sequence that includes at
least the features described for the specified residue positions. In some
embodiments, the engineered transaminase polypeptide can comprise an amino
acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence of SEQ ID NO:78. [0175] In some embodiments, the engineered
transaminase comprises an amino acid sequence that includes the following
features: X8 is a constrained residue, particularly is P; X60 is an
aromaticresidue, particularly F; X61 is an aromatic residue, particularly
Y; X62 is an aromatic or polar residue, particularly T, Y or F; X65 is an
aliphatic residue, particularly A; X69 is C or a non-polar, aliphatic or
polar residue, particularly G, C, T, A, or S; X81 is a non-polar residue,
particularly G; X94 is an aliphatic residue, particularly I or L; X96 is an
aliphatic residue, particularly L; X122 is a constrained, non-polar or
aliphatic residue, particularly M, I, L, V, or H; X136 is an aromatic
residue, particularly Y or F; X169 is an aliphatic residue, particularly L;
X199 is an aliphatic or aromatic residue, particularly W or I; X209 is an
aliphatic residue, particularly L; X215 is C; X217 is a polar residue,
particularly N; X223 is a constrained residue, particularly P; X269 is a
constrained residue, particularly P; X273 is an aromatic residue,
particularly Y; X282 is a polar residue, particularly S; and X284 is a
non-polar residue, particularly G; X297 is a polar residue, particularly S;
and X321 is a constrained residue, particularly P. In some embodiments, the
transaminase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6,
1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24,
1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue differences at
other residue positions. In some embodiments, the number of differences can
be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26,
30, 35, 40, 45, 50,. 55, or 60 residue differences at the other residue
positions. In some embodiments, the engineered transaminase polypeptide can
comprise an amino acid sequence 



that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence based on SEQ
ID NO:2 having the features described for preceding specified residue
positions (e.g., SEQ ID NO:80), with the proviso that the engineered
transaminase polypeptide comprises an amino acid sequence that includes at
least the features described for the specified residue positions. In some
embodiments, the engineered transaminase polypeptide can comprise an amino
acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence of SEQ ID NO:80. [0176] In some embodiments, the engineered
transaminase comprises an amino acid sequence that includes the following
features: X8 is a constrained residue, particularly is P; X60 is an
aromatic residue, particularly F; X61 is an aromatic residue, particularly
Y; X62 is an aromatic or polar residue, particularly T, Y or F; X65 is an
aliphatic residue, particularly A; X69 is C or a non-polar, aliphatic or
polar residue, particularly G, C, T, A, or S; X81 is a non-polar residue,
particularly G; X94 is an aliphatic residue, particularly I or L; X96 is an
aliphatic residue, particularly L; X122 is a constrained, non-polar or
aliphatic residue, particularly M, I, L, V, or H; X136 is an aromatic
residue, particularly Y or F; X169 is an aliphatic residue, particularly L;
X178 is a polar residue, particularly S; X199 is an aliphatic or aromatic
residue, particularly W or I; X209 is an aliphatic residue, particularly L;
X2 15 is C; X223 is a constrained residue, particularly P; X269 is a
constrained residue, particularly P; X273 is an aromatic residue,
particularly Y; X282 is a polar residue, particularly S; and X284 is a
non-polar residue, particularly G; X297 is a polar residue, particularly S;
and X321 is a constrained residue,particularly P. In some embodiments, the
transaminase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6,
1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24,
1-26, 1-30, 1- 35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue differences at
other residue positions. In some embodiments, the number of differences can
be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26,
30, 35, 40, 45, 50,. 55, or 60 residue differences at the other residue
positions. In some embodiments, the engineered transaminase polypeptide can
comprise an amino acid sequence that is at least about 80%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a
reference sequence based on SEQ ID NO:2 having the features described for
preceding specified residue positions (e.g., SEQ ID NO:82), with the
proviso that the engineered transaminase polypeptide comprises an amino
acid sequence that includes at least the features described for the
specified residue positions. In some embodiments, the engineered
transaminase polypeptide can comprise an amino acid sequence that is at
least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% identical to a reference sequence of SEQ ID NO: 82
[0177] In some embodiments, the engineered transaminase comprises an amino
acid sequence that includes the following features: X8 is a constrained
residue, particularly is P; X60 is an aromatic residue, particularly F; X61
is an aromatic residue, particularly Y; X62 is an aromatic or polar
residue, particularly T, Y or F; X65 is an aliphatic residue, particularly
A; X69 is C or a non-polar, aliphatic or polar residue, particularly G, C,
T, A, or S; X81 is a non-polar residue, particularly G; X94 is an aliphatic
residue, particularly I or L; X96 is an aliphatic residue, particularly L;
X122 is a constrained, non-polar or aliphatic residue, particularly M, I,
L, V, or H; X 124 is a polar or constrained residue, particularly T, H or
N; Xl 36 is an aromatic residue, particularly Y or F; Xl 69 is an aliphatic
residue, particularly L; Xl 99 is an aliphatic or aromatic residue,
particularly W or I; X209 is an aliphatic residue, particularly L; X215 is
C; X217 is a polar residue, particularly N; X223 is a constrained residue,
particularly P; X269 is a constrained residue, particularly P; X273 is an
aromatic residue, particularly Y; X282 is a polar residue, particularly S;
and X284 is a non-polar residue, particularly G; X297 is a polar residue,
particularly S; and X321 is a constrained residue, particularly P. In some
embodiments, the transaminase polypeptides can have additionally 1-2, 1-3,
1-4, 1-5, 1-6, 1-7, 1-8, 1- 9, 1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18,
1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue
differences at other residue positions. In some embodiments, the number of
differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18,
20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue differences at the
other residue positions. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
identical to a reference sequence based on SEQ ID NO:2 having the features
described for preceding specified residue positions (e.g., SEQ ID NO:84,
86, 88, 96, 98, or 100), with the proviso that the engineeredtransaminase
polypeptide comprises an amino acid sequence that includes at least the
features described for the specified residue positions. In some
embodiments, the engineered transaminase polypeptide can comprise an amino
acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence of SEQ ID NO:84, 86, 88, 96, 98, or 100. [0178] In some
embodiments, the engineered transaminase comprises an amino acid sequence
that includes the following features: X8 is a constrained residue,
particularly is P; X60 is an aromatic residue, particularly F; X61 is an
aromatic residue, particularly Y; X62 is an aromatic or polar residue,
particularly T, Y or F; X65 is an aliphatic residue, particularly A; X69 is
C or a non-polar, aliphatic or polar residue, particularly G, C, T, A, or
S; X81 is a non-polar residue, particularly G; X94 is an aliphatic residue,
particularly I or L; X96 is an aliphatic residue, particularly L; X122 is a
constrained, non-polar or aliphatic residue, particularly M, I, L, V, or H;
X 136 is an aromatic residue, particularly Y or F; X150 is aromatic,
constrained or polar residue, particularly F, H, or S; X169 is an aliphatic
residue, particularly L; X199 is an aliphatic or aromatic residue,
particularly W or I; X209 is an aliphatic residue, particularly L; X215 is
C; X217 is a polar residue, particularly N; X223 is a constrained residue,
particularly P; X269 is a constrained residue, particularly P; X273 is an
aromatic residue, particularly Y; X282 is a polar residue, particularly S;
and X284 is a non-polar residue, 



particularly G; X297 is a polar residue, particularly S; and X321 is a
constrained residue, particularly P. In some embodiments, the transaminase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30,
1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue differences at other residue
positions. In some embodiments, the number of differences can be 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40,
45, 50,. 55, or 60 residue differences at the other residue positions. In
some embodiments, the engineered transaminase polypeptide can comprise an
amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence based on SEQ ID NO:2 having the features described for preceding
specified residue positions (e.g., SEQ ID NO:90), with the proviso that the
engineered transaminase polypeptide comprises an amino acid sequence that
includes at least the features described for the specified residue
positions. In some embodiments, the engineered transaminase polypeptide can
comprise an amino acid sequence that is at least about 80%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a
reference sequence of SEQ ID NO:90. [0179] In some embodiments, the
engineered transaminase comprises an amino acid sequence that includes the
following features: X8 is a constrained residue, particularly is P; X60 is
an aromatic residue, particularly F; X61 is an aromatic residue,
particularly Y; X62 is an aromatic or polar residue, particularly T, Y or
F; X65 is an aliphatic residue, particularly A; X69 is C or a non-polar,
aliphatic or polar residue, particularly G, C, T, A, or S; X81 is a
non-polar residue, particularly G; X94 is analiphatic residue, particularly
I or L; X122 is a constrained, non-polar or aliphatic residue, particularly
M, I, L, V, or H; X124 is a polar or constrained residue, particularly T, H
or N; Xl 36 is an aromatic residue, particularly Y or F; Xl 50 is aromatic,
constrained or polar residue, particularly F, H, or S; Xl 52 is C or a
non-polar, aliphatic, or polar residue, particularly G, I, L, S or C; Xl 69
is an aliphatic residue, particularly L; X199 is an aliphatic or aromatic
residue, particularly W or I; X209 is an aliphatic residue, particularly L;
X2 15 is a C; X2 17 is a polar residue, particularly N; X223 is a
constrained residue, particularly P; X269 is a constrained residue,
particularly P; X273 is an aromatic residue, particularly Y; X282 is a
polar residue, particularly S; and X284 is a non-polar residue,
particularly G; X297 is a polar residue, particularly S; and X321 is a
constrained residue, particularly P. In some embodiments, the transaminase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30,
1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue differences at other residue
positions. In some embodiments, the number of differences can be 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40,
45, 50,. 55, or 60 residue differences at the other residue positions. In
some embodiments, the engineered transaminase polypeptide can comprise an
amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence based on SEQ ID NO:2 having the features described for preceding
specified residue positions (e.g., SEQ ID NO:92), with the proviso that the
engineered transaminase polypeptide comprises an amino acid sequence that
includes at least the features described for the specified residue
positions. In some embodiments, the engineered transaminase polypeptide can
comprise an amino acid sequence that is at least about 80%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a
reference sequence of SEQ ID NO:92. [0180] In some embodiments, the
engineered transaminase comprises an amino acid sequence that includes the
following features: X8 is a constrained residue, particularly is P; X60 is
an aromatic residue, particularly F; X61 is an aromatic residue,
particularly Y; X62 is an aromatic or polar residue, particularly T, Y or
F; X65 is an aliphatic residue, particularly A; X69 is C or a non-polar,
aliphatic or polar residue, particularly G, C, T, A, or S; X81 is a
non-polar residue, particularly G; X94 is an aliphatic residue,
particularly I or L; X96 is an aliphatic residue, particularly L; X122 is a
constrained, non-polar or aliphatic residue, particularly M, I, L, V, or H;
X124 is a polar or constrained residue, particularly T, H or N; Xl 36 is an
aromatic residue, particularly Y or F; Xl 50 is aromatic, constrained or
polar residue, particularly F, H, or S; Xl 52 is C or a non-polar,
aliphatic, or polar residue, particularly G, I, L, S or C; Xl 69 is an
aliphatic residue, particularly L; Xl 99 is an aliphatic or aromatic
residue, particularly W or I; X209 is an aliphatic residue, particularly L;
X2 15 is a C; X2 17 is a polar residue, particularly N; X223 is a
constrained residue, particularly P; X269 is a constrained residue,
particularly P; X273 is an aromatic residue, particularly Y; X282 is a
polar residue, particularly S; and X284 is a non-polar residue,
particularly G; X297 is a polar residue, particularly S;and X321 is a
constrained residue, particularly P. In some embodiments, the transaminase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30,
1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue differences at other residue
positions. In some embodiments, the number of differences can be 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40,
45, 50,. 55, or 60 residue differences at the other residue positions. In
some embodiments, the engineered transaminase polypeptide can comprise an
amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence based on SEQ ID NO:2 having the features described for preceding
specified residue positions (e.g., SEQ ID NO:94), with the proviso that the
engineered transaminase polypeptide comprises an amino acid sequence that
includes at least the features described for the specified residue
positions. In some embodiments, the engineered transaminase polypeptide can
comprise an amino acid sequence that is at least about 80%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a
reference sequence of SEQ ID NO:94. [0181] In some embodiments, the
engineered transaminase comprises an amino acid sequence that includes the
following features: X8 is a constrained residue, particularly is P; X60 is
an aromatic residue, particularly F; X61 is an aromatic residue,
particularly Y; X62 is an aromatic or polar residue, particularly T, Y or
F; X65 is an aliphatic residue, particularly A; X69 is C or a non-polar,
aliphatic or 



polar residue, particularly G, C, T, A, or S; X81 is a non-polar residue,
particularly G; X94 is an aliphatic residue, particularly I or L; X96 is an
aliphatic residue, particularly L; X122 is a constrained, non-polar or
aliphatic residue, particularly M, I, L, V, or H; X 124 is a polar or
constrained residue, particularly T, H or N; Xl 36 is an aromatic residue,
particularly Y or F; Xl 69 is an aliphatic residue, particularly L; Xl 99
is an aliphatic or aromatic residue, particularly W or I; X209 is an
aliphatic residue, particularly L; X215 is C; X217 is a polar residue,
particularly N; X223 is a constrained residue, particularly P; X269 is a
constrained residue, particularly P; X273 is an aromatic residue,
particularly Y; X282 is a polar residue, particularly S; and X284 is a
non-polar residue, particularly G; X297 is a polar residue, particularly S;
X321 is a constrained residue, particularly P; and X329 is a constrained or
aromatic residue, particularly H. In some embodiments, the transaminase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1- 20, 1-22, 1-24, 1-26, 1-30,
1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue differences at other residue
positions. In some embodiments, the number of differences can be 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40,
45, 50,. 55, or 60 residue differences at the other residue positions. In
some embodiments, the engineered transaminase polypeptide can comprise an
amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence based on SEQ ID NO:2 having the features described for preceding
specified residue positions (e.g., SEQ ID NO: 102), with the provisothat
the engineered transaminase polypeptide comprises an amino acid sequence
that includes at least the features described for the specified residue
positions. In some embodiments, the engineered transaminase polypeptide can
comprise an amino acid sequence that is at least about 80%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a
reference sequence of SEQ ID NO: 102. [0182] In some embodiments, the
engineered transaminase comprises an amino acid sequence that includes the
following features: X8 is a constrained residue, particularly is P; X60 is
an aromatic residue, particularly F; X61 is an aromatic residue,
particularly Y; X62 is an aromatic or polar residue, particularly T, Y or
F; X65 is an aliphatic residue, particularly A; X69 is C or a non-polar,
aliphatic or polar residue, particularly G, C, T, A, or S; X81 is a
non-polar residue, particularly G; X94 is an aliphatic residue,
particularly I or L; X96 is an aliphatic residue, particularly L; X122 is a
constrained, non-polar or aliphatic residue, particularly M, I, L, V, or H;
X 124 is a polar or constrained residue, particularly T, H or N; Xl 36 is
an aromatic residue, particularly Y or F; Xl 50 is aromatic, constrained or
polar residue, particularly S; Xl 52 is cysteine (C), non-polar, aliphatic,
or polar residue, particularly G, I, L, S or C; Xl 69 is an aliphatic
residue, particularly L; Xl 99 is an aliphatic or aromatic residue,
particularly W or I; X209 is an aliphatic residue, particularly L; X2 15 is
C; X2 17 is a polar residue, particularly N; X223 is a constrained residue,
particularly P; X269 is a constrained residue, particularly P; X273 is an
aromatic residue, particularly Y; X282 is a polar residue, particularly S;
X284 is a non-polar residue, particularly G; X297 is a polar residue,
particularly S; and X321 is a constrained residue, particularly P. In some
embodiments, the transaminase polypeptides can have additionally 1-2, 1-3,
1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-
20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue
differences at other residue positions. In some embodiments, the number of
differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18,
20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue differences at the
other residue positions. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
identical to a reference sequence based on SEQ ID NO:2 having the features
described for preceding specified residue positions (e.g., SEQ ID NO: 110),
with the proviso that the engineered transaminase polypeptide comprises an
amino acid sequence that includes at least the features described for the
specified residue positions. In some embodiments, the engineered
transaminase polypeptide can comprise an amino acid sequence that is at
least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% identical to a reference sequence of SEQ ID NO: 110.
[0183] In some embodiments, the engineered transaminase comprises an amino
acid sequence that includes the following features: X8 is a constrained
residue, particularly is P; X49 is a polar residue, particularly T; X60 is
an aromatic residue, particularly F; X61 is an aromatic residue,
particularly Y;X62 is an aromatic or polar residue, particularly T, Y or F;
X65 is an aliphatic residue, particularly A; X69 is C or a non-polar,
aliphatic or polar residue, particularly G, C, T, A, or S; X81 is a
non-polar residue, particularly G; X94 is an aliphatic residue,
particularly I or L; X96 is an aliphatic residue, particularly L; Xl 17 is
a non-polar residue, particularly G; X122 is a constrained, non-polar or
aliphatic residue, particularly M, I, L, V, or H; X124 is a polar or
constrained residue, particularly T, H or N; X126 is a polar residue,
particularly T; X136 is an aromatic residue, particularly Y or F; X150 is
aromatic, constrained or polar residue, particularly S; Xl 52 is cysteine
(C), non-polar, aliphatic, or polar residue, particularly G, I, L, S or C;
Xl 69 is an aliphatic residue, particularly L; Xl 99 is an aliphatic or
aromatic residue, particularly W or I; X209 is an aliphatic residue,
particularly L; X2 15 is C; X217 is a polar residue, particularly N; X223
is a constrained residue, particularly P; X269 is a constrained residue,
particularly P; X273 is an aromatic residue, particularly Y; X282 is a
polar residue, particularly S; X284 is a non-polar residue, particularly G;
X297 is a polar residue, particularly S; X302 is an aliphatic residue,
particularly A; and X321 is a constrained residue, particularly P. In some
embodiments, the transaminase polypeptides can have additionally 1-2, 1-3,
1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18,
1-20, 1-22, 1-24, 1-26, 1-30, 1- 35, 1-40, 1-45, 1-50, 1-55, or 1-60
residue differences at other residue positions. In some embodiments, the
number of differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15,
16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue differences
at the other residue positions. In some embodiments, the engineered
transaminase polypeptide can comprise an amino acid sequence that is 



at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% identical to a reference sequence based on SEQ ID NO:2
having the features described for preceding specified residue positions
(e.g., SEQ ID NO: 166), with the proviso that the engineered transaminase
polypeptide comprises an amino acid sequence that includes at least the
features described for the specified residue positions. In some
embodiments, the engineered transaminase polypeptide can comprise an amino
acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence of SEQ ID NO: 166. [0184] Table 2 below provides exemplary
engineered transaminase polypeptides, with each row listing two SEQ ID NOs,
the odd number referring to the nucleotide sequence encoding the amino acid
sequence provided by the even number. The residue differences are based on
comparison to reference sequence of SEQ ID NO:2, a transaminase derived
from Arthrobacter sp KNKl 68 and differs from the naturally occurring
enzyme in having a substitution of isoleucine (I) at residue position X306
with valine (V). In the Activity column, the levels of increasing activity
(i.e., "+" "++" "+++" etc.) were defined as follows: "+" indicates at least
equal to but not greater than 2 times the activity of SEQ ID NO:4 (assay
conditions: 2 g/L ketoamide substrate, 0.5 M isopropylamine, 22C, pH 7.5,
5% DMSO, 100 mM PLP); "++" indicates about 50-to-100 times greater than the
activity ofSEQ ID NO:4 (assay conditions: 2 g/L ketoamide substrate, 0.5 M
isopropylamine, 22C, pH 7.5, 5% MeOH, 100 mM PLP); "+++" indicates about
1.1 to about 5 times greater than the activity of SEQ ID NO:22 (assay
conditions: 5-10 g/L ketoamide substrate, 0.5-1 M isopropylamine, 22-300C,
pH 7.5, 5% MeOH, 100 mM PLP); "++++" indicates about 1.1 to 5 times greater
than the activity of SEQ ID NO:48 (assay conditions: 10-40 g/L ketoamide
substrate, 1M isopropylamine, 30-450C, pH 8.5, 10% MeOH, 100 mM PLP);
"+++++" indicates about 1.1 to 5 times or greater than the activity of SEQ
ID NO:58 (assay conditions: 40-100 g/L ketoamide substrate, 1M
isopropylamine, 45C, pH 8.5, 10% MeOH-25% DMSO, 250 mM PLP); "++++++"
indicates about 1.1 to 5 times or greater than the activity of SEQ ID NO:
104 (assay conditions: 40-100 g/L ketoamide substrate, 1M isopropylamine,
45C, pH 8.5, 50% DMSO, 1000 mM PLP). Exemplary assay conditions for
measuring activity using methanol and DMSO are described in Examples 6-1 1.
[0185] Table 2COMPOSITIONS, SYNTHESIS, AND METHODS OF UTILIZING
ARYLPIPERAZINE DERIVATIVES CROSS REFERENCE TO RELATED APPLICATIONS [0001]
This application claims the benefit of and priority to, U.S. Provisional
Application No. 61/155,791, filed February 26, 2009, the contents of which
are incorporated by reference in its entirety. FIELD OF THE INVENTION
[0002] The present invention relates to compositions of arylpiperazine
derivatives, synthesis of arylpiperazine derivatives, and methods of
utilizing arylpiperazine derivatives. The present invention more
particularly relates to synthesis, compositions and methods of utilizing
arylpiperazine based compounds which are useful for the pharmacological
treatment of schizophrenia and related psychoses such as acute manic,
bipolar disorder, autistic disorder and depression.BACKGROUND OF THE
INVENTION [0003] Medications used to treat psychotic disorders are called
antipsychotics. Typical antipsychotics (sometimes referred to as
conventional antipsychotics) are class of first generation antipsychotic
drugs and used to treat psychosis including schizophrenia. The typical
antipsychotics include chlorpromazine (THORAZINE(r)), fluphenazine
(PROLIXIN(r)), haloperidol (HALDOL(r)), thiothixene (NAVANE(r)),
trifluoroperazine (STELAZINE(r)), perphenazine (TRILAFON(r)), and
thioridazine (MELLARIL(r)). The second generation antipsychotics introduced
in the 1990's are called atypical antipsychotics. Compared to the first
generation antipsychotics, the atypical antipsychotics appear to be equally
effective in reducing the positive symptoms like hallucinations and
delusions but may be better than the typical antipsychotics at relieving
the negative symptoms of schizophrenia such as apathy, withdrawal,
emotional depression and the like. The atypical antipsychotics currently in
clinical use include Aripiprazole (ABILIFY(r)), clozapine (CLOZARIL(r)),
risperidone (RISPERDAL(r)), olanzapine (ZYPREXA(r)), quetiapine
(SEROQUEL(r)), and ziprasidone (GEODON(r)). [0004] Atypical antipsychotics
have diminished propensity to cause extrapyramidal symptoms (EPS) and
tardive dyskinesia (TD) than typical antipsychotics. Additional benefits
associated with the atypical antipsychotics include better treatment of
negative symptoms, better compliance, possible benefits for cognitive
impairments, and lower rates of relapse. Within the class of atypical
antipsychotics, however, differences exist both in efficacy and side
effects. Clozapine does not cause EPS, and is clearly more effective than
all other antipsychotics used in humans to date. It is however a
life-altering drug, because of its side effects and need for continual
medical monitoring, in some countries, for agranulocytosis. This has
markedly limited its use. The other atypical antipsychotics with the
greatest amount of efficacy data are risperidone and olanzapine. These
drugs are the most commonly used first-line antipsychotics today. This is
warranted because they are more clinically effective than conventional
drugs and much easier to use than clozapine. However, both risperidone and
olanzapine are limited by side effects. Risperidone causes prolactin
elevations, weight gain and dose-dependant EPS. Olanzapine use is
associated with much more weight gain in addition to lipid and glucose
abnormalities. Qetiapine and Ziprasidone may be safer alternatives to
risperidone and olanzapine but these drugs do not appear to be as
clinically effective as the other atypical antipsychotics. Aripiprazole is
one of a new generation of 



atypical antipsychotic drugs approved by the FDA for the treatment of
schizophrenia inNovember 2002 (Satyanarayana, C. et al. WO 2006/030446;
Tsujimori, H. et al. WO 2004/063162; Salama, P. et al. WO 2004/099152;
Wikstorm, H. et al. WO 2003/064393). It was approved for the treatment of
acute mania and mixed episode associated with bipolar disorder in March
2005. Aripiprazole does not differ greatly from other atypical
antipsychotics with respect to treatment response, efficacy and
tolerability. [0005] Atypical antipsychotics are increasingly being used in
children and adolescents for a variety of psychiatric conditions.
Conditions for which atypical antipsychotics are prescribed include bipolar
disorder, psychotic depression, schizophrenia, pervasive developmental
disorders, attention-deficit/hyperactivity disorder (ADHD), oppositional
defiant disorder (ODD), and conduct disorder. They are also used
symptomatically to treat rage, insomnia, and anorexia. Younger patients
appear to be at a higher risk of adverse effects associated with the
treatment of atypical antipsychotics especially weight gain and drug
induced diabetes mellitus. [0006] In general, atypical antipsychotics share
many of the side effects of typical antipsychotics, including sedation,
akathisia, weight gain, extrapyramidal symptoms (EPS), neuromalignant
syndrome, and tardive dyskinesia; longer experience with them have shown
that new risks need to be considered, such as metabolic syndromes and QTc
prolongation. QTc prolongation is known to have potential liability to
produce fatal cardiac arrhythmias of Torsades de Pointes (TdP). Drug
induced adverse metabolic effects such as weight gain, lipid abnormalities,
and diabetes mellitus have been identified as a major risk factor for
various medical disorders that might be responsible for some of the
increased morbidity and mortality rates in psychotic patients treated with
atypical antipsychotics. [0007] Off-target pharmacology and drug to drug
interactions are mainly responsible for most of the adverse side effects
associated with the atypical antipsychotics. All the atypical antipsychotic
drugs currently being used for the treatment of schizophrenia and related
psychotic disorders have poor therapeutic target selectivity. For example,
one of the most widely prescribed atypical antipsychotic drugs, Olanzapine
and the most effective atypical antipsychotic drug, clozapine are reported
to have significant activities against more than 12 receptors such as
dopamine (Di, D , D3 and D ), serotonin (5-HT A, 5-HT2c, 5-HT , and 5- HT
), adrenergic (alpha 1 and alpha 2), histamine (Hi), muscarinic (Mi),
Dopamine transporter (DAT) and norepinephrine transporter (NET) receptors
(Miyamoto et al., Molecular Psychiatry, 2005, 10, 79). Similarly, the other
FDA approved atypicalantipsychotics such as risperidone and aripiprazole
are also reported to have significant activities against more than nine of
the receptors mentioned above. The current reasearch suggests that
compounds exhibiting activity against dopamine (D2) and serotonin (5-HTiA
and 5-HT 2A) receptors may have the intended antipsychotic effect (Snyder,
S. H., Nature 2008, 452, 38-39; Di Pietro, N. C , Seamans, J . K.,
Pharmacopsychitry 2007, 40(Sl), S27- S33; Stark, A. D. et al,
Psychopharmacology 2007, 190, 373-382) while compounds exhibiting activity
against other receptors like serotonin, 5HT2c, histamine (Hi), and
adrenergic (alpha 1) may cause adverse side effects such as cardiac
arrhythmias. [0008] Although, the atypical antipsychotics (aripiprazole,
clozapine, risperidone, olanzapine, quetiapine, and ziprasidone) currently
in clinical use represent significant advances in treatment of people with
schizophrenia, there is a need for new psychotropic drugs with improved
safety profiles. [0009] Therefore, development of a novel antipsychotic
that has improved therapeutic target selectivity than the currently
available therapies would provide effective and safer medicines for the
treatment of schizophrenia and related psychotic disorders. SUMMARY OF THE
INVENTION [0010] The present invention provides compounds, synthesis of the
compounds, compositions and methods of using the compounds for treating
schizophrenia and related psychoses such as acute manic, bipolar disorder,
autistic disorder and depression, where the compounds are arylpiperazine
derivatives. The present invention provides methods for synthesizing such
arylpiperazine compounds. The present invention also provides methods for
using arylpiperazine based atypical antipsychotics, and composition of
arylpiperazine based atypical antipsychotics for treating schizophrenia and
related psychoses such as acute manic, bipolar disorder, autistic disorder
and depression. [0011] The compounds of the subject invention provide next
generation novel antipsychotics that are particularly effective and safer
for the treatment of schizophrenia. They are advantageous because of their
highly desirable pharmacological, metabolic, and pharmacokinetics profiles.
The compounds of the invention are designed: 1) to exhibit affinity for
dopamine 2 (D2) receptor; 2) to exhibit affinity for serotonin IA (5-HT IA)
receptor; 3) to exhibit affinity for serotonin 2A (5-HT 2A) receptors 4) to
form therapeutically inactive or least active metabolite(s).[0012] In one
aspect, the present invention provides arylpiperazine derivatives
comprising compounds of Formula (1): Formula 1 wherein: A is -(CH 2)n-
-O-(CH 2)n-, -S-(CH2)n-, -S(O)(O)-(CH2V , -NH-(CH2V , -CH2-O-(CH2V ,
-(CH2VO-CH 2-CH2-, -CH2-S-(CH2V , -(CH2VS-CH 2-CH2-, -CH2-S(OXOMCH 2V ,
-(CH2VS(OXO)-CH 2-CH2-, -0-C(OMCH 2V , -S-C(O)-(CH2V , -NH-C(O)-(CH2V ,
-CH2-C(O)-O-(CH2V , -CH 2-C(O)-NH-(CH 2V -CH 2-C(O)-S-(CH 2V -(CH
2VC(O)-O-CH 2-CH 2-, 



-(CH2) -C(O)-NH-CH2-CH2-, -(CH2VC(O)-S-CH 2-CH2-, -CH2-O-C(O)-(CH2V ,
-CH2-NH-C(O)-(CH 2V , -CH2-S-C(O)-(CH2V , -(CH2)n-O-C(O)-CH2-CH2-,
(CH2)D-NH-C(O)-CH2-CH2-, or (CH2VS-C(O)-CH 2-CH2-, wherein n is an integer
from 1 to 7; B is O, S, S(O)(O), or NR5; and each of R1, R2, R3, R4, R5, R6
, R7, and R8 is independently hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted
cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroaryl,
substituted heteroaryl, heteroarylalkyl, substituted heteroarylalkyl,
acylalkyloxycarbonyl, acyloxyalkyloxycarbonyl, acylalkyloxycarbonylamino,
acyloxyalkyloxycarbonylamino, alkoxy, alkoxycarbonyl, alkoxycarbonylalkoxy,
alkoxycarbonyllalkylamino, alkylasulfinyl, alkylsulfonyl, alkylthio, amino,
alkylamino, arylalkylamino, dialkkylamino, arylalkoxy,
arylalkoxycarbonylalkoxy, arylalkoxycarbonylalkylamino, aryloxycarbonyl,
arylloxycarbonylalkoxy, aryloxycarbonylalkylamino, carboxy, carbamoyl,
carbamate, carbonate, cyano, halo, heteroaryloxycarbonyl, hydroxy,
phosphate, phosphonate, sulfate, sulfonate, or sulfonamide, wherein R1, R2,
R3, R4, R5, R6 , R7 and R8 and A may optionally besubstituted with isotopes
that include, but not limited to 2H (deuterium), 3H (tritium), 13 /C , 3 6C
l , 18t F , 15NT, H nO. , nO. , 3 IP, 3 2P, andi 3 5 CS; or a
pharmaceutically acceptable salt, racemate or diastereomeric mixtures
thereof. [0013] In one aspect of the invention, pharmaceutical compositions
are provided comprising the compounds of the present disclosure. [0014] In
one aspect of the invention, methods of treating one of psychoses,
schizophrenia, acute mania, bipolar disorder, autistic disorder or
depression are described, comprising administering to a patient in need
thereof the compounds of the present disclosure. [0015] In one aspect of
the invention, compounds of the present disclosure are used to treat
psychoses, schizophrenia, acute mania, bipolar disorder, autistic disorder
or depression. [0016] In one aspect of the invention, compounds of present
disclosure are used in the manufacture of a medicament for use in the
treatment of psychoses, schizophrenia, acute mania, bipolar disorder,
autistic disorder or depression treat psychoses, schizophrenia, acute
mania, bipolar disorder, autistic disorder or depression. DETAILED
DESCRIPTION OF THE INVENTION [0017] The present invention relates to
synthesis, compositions and methods of using arylpiperazine derivatives
which are useful for treating schizophrenia and related psychoses such as
acute manic, bipolar disorder, autistic disorder and depression. The
present invention provides compounds, compositions and methods for
pharmacological treatment of schizophrenia and related psychoses such as
acute manic, bipolar disorder, autistic disorder, and depression.
DEFINITIONS [0018] Unless otherwise stated, the following terms used in
this application, including the specification and claims, have the
definitions given below. Any terms not directly defined herein shall be
understood to have the meanings commonly associated with them as understood
within the art of the present disclosure.[0019] It must be noted that, as
used in the specification and the appended claims, the singular forms "a,"
"an" and "the" include plural referents unless the context clearly dictates
otherwise. [0020] Definition of standard chemistry terms may be found in
reference works, including Carey and Sundberg (1992) "Advanced Organic
Chemistry 3rd Ed." VoIs. A and B, Plenum Press, New York. The practice of
the present invention will employ, unless otherwise indicated, conventional
methods of mass spectroscopy, protein chemistry, biochemistry, recombinant
DNA techniques and pharmacology, within the skill of the art. The
compositions and formulations described herein can be practiced employing
the pharmaceutically acceptable excipients and salts available in Remington
's Pharmaceutical Sciences, 18th Edition (Easton, Pennsylvania: Mack
Publishing Company, 1990). [0021] "Compounds of the invention" refers to
compounds encompassed by structural Formula (1) as disclosed herein. The
compounds of the invention can be identified either by their chemical
structure and/or chemical name. When the chemical structure and chemical
name conflict, the chemical structures is determinative of the identity of
the compound. The compounds of the invention may contain one or more chiral
centers and/or double bonds and therefore, may exist as stereoisomers, such
as double-bond isomers (i.e., geometric isomers), enantiomers or
diastereoisomers. Accordingly, the chemical structures depicted herein
encompass all possible enantiomers and stereoisomers of the illustrated
compounds including the stereoisomerically pure form (e.g., geometrically
pure, enantiomerically pure or diastereomerically pure) and enantiomeric
and stereoisomeric mixtures. Enantiomeric and stereoisomeric mixtures can
be resolved into their component enantiomers or stereoisomers using
separation techniques or chiral synthesis techniques well known to the
skilled artisan. The compounds of the invention may also exist in several
tautomeric forms including the enol form, the keto form and mixtures
thereof. Accordingly, the chemical structures depicted herein encompass all
possible tautomeric forms of the illustrated compounds. The compounds of
the invention also include isotopically labeled compounds where one or more
atoms have an atomic mass different from the atomic mass of conventionally
found in nature. Examples 



of isotopes that may be incorporated into the compounds of the invention
include, but are not limited to 2H, 3H, 13C, 15N, 180 , 170 , 3 1P, 32P,
35S, 18F and 36Cl. Further, it should be understood, when partial
structures of the compounds of the invention are illustrated, that brackets
of dashes indicate the point of attachment of the partial structure to the
rest of the molecule.[0022] "Composition of the invention" refers to at
least one compound of the invention and a pharmaceutically acceptable
vehicle, with which the compound is administered to a patient. When
administered to a patient, the compounds of the invention are administered
is isolated form, which means separated from a synthetic organic reaction
mixture. [0023] "Alkyl" refers to a saturated or unsaturated, branched,
straight-chain or cyclic monovalent hydrocarbon radical derived by the
removal of one hydrogen atom from a single carbon atom of a parent alkane,
alkene or alkyne. Typical alkyl groups include, but are not limited to
methyl; ethyls such as ethanyl, ethenyl, ethynyl; propyls such as
propan-1-yl, propan-2yl, cyclopropan-1-yl, prop-1-en-l-yl, prop-l-en-2-yl,
prop-2-en-l-yl (allyl), cycloprop-1-en-lyl, cycloprop-2-en-lyl,
prop-1-yn-l-yl, prop-2-yn-l-yl, etc.; butyls such as butan-1-yl,
butan-2-yl, 2-methyl-propan-l-yl, 2-methyl-propan-2-yl, cyclobutan-1-yl,
but-1- en-l-yl, but-l-en-2-yl, 2-methyl-prop-l-en-l-yl, but-2-en-l-yl,
but-2-en-2-yl, buta-1, 3-dien- 1-yl, , buta-1, 3-dien-2-yl,
cyclobut-1-en-l-yl, cyclobut-l-en-3-yl, cyclobuta-l,3-dien-l-yl,
but-1-yn-l-yl, but-l-yn-3-yl, but-3-yn-l-yl, etc.; and the like. [0024] The
term "alkyl" specifically intended to include radicals having any degree or
level of saturation, i.e., groups having exclusively single carbon-carbon
bonds, groups having one or more double carbon-carbon bonds, groups having
one or more triple carbon-carbon bonds and groups having mixtures of
single, double and triple carbon-carbon bonds. Where a specific level of
saturation is intended, the expressions "alkanyl," "alkenyl," and
"alkynyl," are used. Preferably, an alkyl group comprises from 1-20 carbon
atoms, more preferably, from 1 to 10 carbon atoms. [0025] "Alkanyl" refers
to a saturated branched, straight-chain or cyclic alkyl radical derived by
the removal of one hydrogen atom from a single carbon atom of a parent
alkane. Typical alkanyl groups include but are not limited to , methanyl;
ethanyl; propanyls such as propan-1-yl, propan-2-yl (isopropyl),
cyclopropan-1-yl, etc.; butanyls such as butan-1-yl, butan-2-yl
(sec-butyl), 2-methyl-propan-l-yl (isobutyl), 2-methyl-propan-2-yl
(t-butyl), cyclobutan-1-yl, etc.; and the like. [0026] "Alkenyl" refers to
an unsaturated branched, straight-chain or cyclic alkyl radical having at
least one carbon-carbon double bond derived by the removal of one hydrogen
atom from a single carbon atom of a parent alkene. The group may be in
either the cis or trans conformation about the double bond(s). Typical
alkenyl groups include, but are not limited to, ethenyl; propenyls such as
prop-1-en-l-yl, prop-l-en-2-yl, prop-2-en-l-yl (allyl), prop-2-en-2-yl,
cycloprop-1-en-l-yl, cycloprop-2-en-l-yl; butenyls such as but-1-en-l-yl,
but-l-en- 2-yl, 2-methy-prop-l-en-l-yl, but-2-en-l-yl, but-2-en-2-yl,
buta-l,3-dien-l-yl, buta-l,3-dien- 2-yl, cyclobut-1-en-l-yl,
cyclobut-l-en-3-yl, cyclobuta-l,3-dien 1-yl, etc.; and the like. [0027]
"Alkynyl" refers to an unsaturated branched, straight-chain or cyclic alkyl
radical having at least one carbon-carbon triple bond derived by the
removal of one hydrogen atom from a single carbon atom of a parent alkyne.
Typical alkynyl groups include, but are not limited to, ethynyl; propynyls
such as prop- 1-yn- 1-yl, prop-2-yn-l-yl, etc.; butynyls such as but- 1-yn-
1-yl, but-l-yn3-yl, but-3-yn-l-yl, etc.; and the like. [0028] "Acyl" refers
to a radical -C(O)R, where R is hydrogen, alkyl, cycloalkyl,
cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl,
heteroarylalkyl, as defined herein that may be optionally substituted by
one or more substituents as defined herein. Representative examples
include, but are not limited to formyl, acetyl, cyclohexylcarbonyl,
cyclohexylmethylcarbonyl, benzoyl, benzylcarbonyl and the like. [0029]
"Acyloxyalkyloxycarbonyl" refers to a radical -C(O)OCR'R"OC(O)R"', where
R', R", and R"' are each independently hydrogen, alkyl, cycloalkyl,
cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl,
heteroarylalkyl, as defined herein that may be optionally substituted by
one or more substituents as defined herein. Representative examples
include, but not limited to -C(O)OCH 2OC(O)CH3, -C(O)OCH 2OC(O)CH2CH3, -
C(O)OCH(CH3)OC(O)CH2CH3, -C(O)OCH(CH 3)OC(O)C6H5 and the like. [0030]
"Acylalkyloxycarbonyl" refers to a radical -C(O)OCR'R"C(O)R'", where R',
R", and R' ' are each independently hydrogen, alkyl, cycloalkyl,
cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl,
heteroarylalkyl, as defined herein that may be optionally substituted by
one or more substituents as defined herein. Representative examples
include, but not limited to -C(O)OCH 2C(O)CH3, -C(O)OCH 2C(O)CH2CH3,
-C(O)OCH(CH 3)C(O)CH2CH3, -C(O)OCH(CH 3)C(O)C6H5 and the like. [0031]
"Acyloxyalkyloxycarbonylamino" refers to a radical - NRC(0)0CR'R"0C(0)R"\
where R, R', R", and R"' are each independently hydrogen, alkyl,
cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl,
heteroarylalkyl, as defined herein that may be optionally substituted by
one or more substituents as defined herein. Representative examples
include, but not limited to -NHC(O)OCH 2OC(O)CH3, - NHC(O)OCH 2OC(O)CH
2CH3, -NHC(O)OCH(CH 3)OC(O)CH 2CH3, - NHC(O)OCH(CH 3)OC(O)C6H5 and the
like.[0032] "Acylalkyloxycarbonylamino" refers to a radical
-NRC(O)OCR'R"C(O)R"', where R, R', R", and R'" are each independently
hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl,
heteroalkyl, heteroaryl, heteroarylalkyl, as defined herein that may be
optionally substituted by one or more substituents as defined herein.
Representative examples include, but not limited to -NHC(O)OCH 2C(O)CH3, - 



NHC(O)OCH 2C(O)CH2CH3, -NHC(O)OCH(CH 3)C(O)CH 2CH3, - NHC(O)OCH(CH
3)C(O)C6H5 and the like. [0033] "Acylamino" refers to "amide" as defined
herein. [0034] "Alkylamino" means a radical-NHR where R represents an
alkyl, or cycloalkyl group as defined herein that may be optionally
substituted by one or more substituents as defined herein. Representative
examples include, but are not limited to, methylamino, ethylamino,
1-methylethylamino, cyclohexylamino and the like. [0035] "Alkoxy" refers to
a radical -OR where R represents an alkyl, or cycloalkyl group as defined
herein that may be optionally substituted by one or more substituents as
defined herein. Representative examples include, but are not limited to
methoxy, ethoxy, propoxy, butoxy, cyclohexyloxy and the like. [0036]
"Alkoxycarbonyl" refers to a radical -C(O)-alkoxy where alkoxy is as
defined herein. [0037] "Alkoxycarbonylalkoxy" refers to a radical
-OCR'R"C(O)-alkoxy where alkoxy is as defined herein. Similarly, where R'
and R" are each independently hydrogen, alkyl, cycloalkyl,
cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl,
heteroarylalkyl, as defined herein that may be optionally substituted by
one or more substituents as defined herein. Representative examples
include, but are not limited to-OCH2C(O)OCH3, -OCH 2C(O)OCH2CH3,-OCH(CH
3)C(O)OCH2CH3,-OCH(C 6H5)C(O)OCH2CH3, -OCH(CH 2C6H5)C(O)OCH2CH3,-OC(CH
3)(CH3)C(O)OCH2CH3, and the like. [0038] "Alkoxycarbonylalkylamino" refers
to a radical -NRCR'R' 'C(O)-alkoxy where alkoxy is as defined herein.
Similarly, where R, R', R' and R" are each independently hydrogen, alkyl,
cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl,
heteroarylalkyl, as defined herein that may be optionally substituted by
one or more substituents as defined herein. Representative examples
include, but are not limited to -NHCH 2C(O)OCH3, -N(CH
3)CH2C(O)OCH2CH3,-NHCH(CH 3)C(O)OCH2CH3,-NHCH(C 6H5)C(O)OCH 2CH3 -NHCH(CH
2C6H5)C(O)OCH 2CH3, -NHC(CH 3)(CH 3)C(O)OCH 2CH3, and the like. [0039]
"Alkylsulfonyl" refers to a radical -S(O)2R where R is an alkyl, or
cycloalkyl group as defined herein that may be optionally substituted by
one or more substituents as defined herein. Representative examples
include, but are not limited to, methylsulfonyl, ethylsulfonyl,
propylsulfonyl, butylsulfonyl, and the like. [0040] "Alkylsulfnyl" refers
to a radical -S(O)R where R is an alkyl, or cycloalkyl group as defined
herein that may be optionally substituted by one or more substituents as
defined herein. Representative examples include, but are not limited to,
methylsulfinyl, ethylsulfnyl, propylsulfnyl, butylsulfnyl, and the like.
[0041] "Alkylthio" refers to a radical -SR where R is an alkyl or
cycloalkyl group as defined herein that may be optionally substituted by
one or more substituents as defined herein. Representative examples
include, but are not limited to methylthio, ethylthio, propylthio,
butylthio, and the like. [0042] "Amide" or "acylamino" refers to a
radical-NR'C(0)R' ' , where R' and R' ' are each independently hydrogen,
alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl,
heteroaryl, heteroarylalkyl, as defined herein that may be optionally
substituted by one or more substituents as defined herein. Representative
examples include, but are not limited to, formylamino acetylamino,
cyclohexylcarbonylamino, cyclohexylmethylcarbonyl-amino, benzoylamino,
benzylcarbonylamino and the like. [0043] "Amino" refers to the radical -NH
2. [0044] "Aryl" refers to a monovalent aromatic hydrocarbon radical
derived by the removal of one hydrogen atom from a single carbon atom of a
parent aromatic ring system. Typical aryl groups include, but are not
limited to, groups derived from aceanthrylene, acenaphthylene,
acephenanthrylene, anthracene, azulene, benzene, chrysene, coronene,
fluoranthene, fluorine, hexacene, hexaphene, hexalene, as-indacene,
s-indacene, indane, indene, naphthalene, octacene, octaphene, octalene,
ovalene, penta-2,4-diene, pentacene, pentalene, pentaphene, perylene,
phenalene, phenanthrene, picene, pleidene, pyrene, pyranthrene, rubicene,
triphenylene, trinaphthalene, and the like. Preferable, an aryl group
comprises from 6 to 20 carbon atoms, more preferably, between 6 to 12
carbon atoms.[0045] "Arylalkyl" refers to an acyclic alkyl in which one of
the hydrogen atoms bonded to a carbon atom, typically a terminal or sp
carbon atom, is replaced with an aryl group. Typically arylalkyl groups
include, but not limited to, benzyl, 2-phenylethan-l-yl, 2-
phenylethen-1-yl, naphthylmethyl, 2-naphthylethan-l-yl,
2-naphthylethene-l-yl, naphthobenzyl, 2-naphthophenylethan-l-yl and the
like. Where specific alkyl moieties are intended, the nomenclature
arylalkany, arylalkenyl and/or arylalkynyl is used. Preferably, an
arylalkyl group is (C6-C3o)arylalkyl, e.g., the alkanyl, alkenyl or alkynyl
moiety of the arylalkyl group is (C1-C10) and the aryl moiety is (C -C O),
more preferably, an arylalkyl group is (C -C O) arylalkyl, e.g., the
alkanyl, alkenyl or alkynyl moiety of the arylalkyl group is (C1-C ) and
the aryl moiety is (C -Ci ) . [0046] "Arylalkoxy" refers to an-O-arylalkyl
radical where arylalkyl is as defined herein that may be optionally
substituted by one or more substituents as defined herein. [0047]
"Arylalkoxycarbonylalkoxy" refers to a radical-OCR'R"C(O)-arylalkoxy where
arylalkoxy is as defined herein. Similarly, where R' and R' ' are each
independently hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl,
arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as defined herein that
may be optionally substituted by one or more substituents as defined
herein. Representative examples include, but are not limited to 



-OCH 2C(O)OCH2C6H5 -OCH(CH 3)C(O)O CH2C6H5 -OCH(C 6H5)C(O)O CH2C6H5,
-OCH(CH 2C6H5)C(O)O CH2C6H5 -OC(CH 3)(CH3)C(O)O CH2C6H5, and the like.
[0048] "Arylalkoxycarbonylalkylamino" refers to a radical-NRCR'R'
'C(O)-arylalkoxy where arylalkoxy is as defined herein. Similarly, where R,
R', R' and R" are each independently hydrogen, alkyl, cycloalkyl,
cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl,
heteroarylalkyl, as defined herein that may be optionally substituted by
one or more substituents as defined herein. Representative examples
include, but are not limited to -NHCH 2C(O)OCH 2C6H5 -N(CH 3)CH 2C(O)OCH
2C6H5 -NHCH(CH 3)C(O)OCH 2C6H5, -NHCH(C 6H5)C(O)OCH 2C6H5 5-NHCH(CH
2C6H5)C(O)OCH 2C6H5 5 -NHC(CH 3)(CH3)C(O)OCH2C6H5 and the like. [0049]
"Aryloxycarbonyl" refers to radical-C(O)-O-aryl where aryl is defined
herein that may be optionally substituted by one or more substituents as
defined herein. [0050] "Aryloxycarbonylalkoxy" refers to a radical-OCR'R'
'C(O)-aryloxy where aryloxy is as defined herein. Similarly, where R' and
R' ' are each independently hydrogen,alkyl, cycloalkyl, cycloheteroalkyl,
aryl, arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as defined
herein that may be optionally substituted by one or more substituents as
defined herein. Representative examples include, but are not limited to-OCH
C(O)OCeHs, -OCH(CH 3)C(O)OC6H5,-OCH(C 6H5)C(O)OC6H5,-OCH(CH
2C6H5)C(O)OC6H5, -OC(CH 3)(CH3)C(O)OC6H5, and the like. [0051]
"Aryloxycarbonylalkylamino" refers to a radical-NRCR'R"C(O)-aryloxy where
aryloxy is as defined herein. Similarly, where R, R', R' and R" are each
independently hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl,
arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as defined herein that
may be optionally substituted by one or more substituents as defined
herein. Representative examples include, but are not limited to -NHCH
2C(O)OC6H5,-N(CH 3)CH2C(O)OC6H5,-NHCH(CH 3)C(O)OC6H5, -NHCH(C 6H5)C(O)OC
6H5 -NHCH(CH 2C6H5)C(O)OC 6H5, -NHC(CH 3)(CH3)C(O)OC6H5, and the like.
[0052] "Carbamoyl" refers to the radical -C(O)NRR where each R group is
independently, hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl,
arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as defined herein that
may be optionally substituted by one or more substituents as defined
herein. [0053] "Carbamate" refers to a radical -NR' C(O)OR", where R' and
R' ' are each independently hydrogen, alkyl, cycloalkyl, cycloheteroalkyl,
aryl, arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as defined
herein that may be optionally substituted by one or more substituents as
defined herein. Representative examples include, but are not limited to,
methylcarbamate (-NHC(O)OCH 3), ethylcarbamate (-NHC(O)OCH 2CH3),
benzylcarbamate (-NHC(O)OCH 2C6H5), and the like. [0054] "Carbonate" refers
to a radical-OC(O)OR, where R is alkyl, cycloalkyl, cycloheteroalkyl, aryl,
arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as defined herein that
may be optionally substituted by one or more substituents as defined
herein. Representative examples include, but are not limited to, methyl
carbonate (-C(O)OCH3), cyclohexyl carbonate (-C(O)OC6Hn), phenyl carbonate
(-C(O)OC6H5), benzyl carbonate (-C(O)OCH 2C6H5), and the like. [0055]
"Carboxy" means the radical -C(O)OH.[0056] "Cyano" means the radical -CN.
[0057] "Cycloalkyl" refers to a substituted or unsubstituted cylic alkyl
radical. Where a specific level of saturation is intended, the nomenclature
"cycloalkanyl" or "cycloalkenyl" is used. Typical cycloalkyl groups
include, but are not limited to, groups derived from cyclopropane,
cyclobutane, cyclopentane, cyclohexane, and the like. In a preferred
embodiment, the cycloalkyl group is (C3-C10) cycloalkyl, more preferably
(C3-C7) cycloalkyl. [0058] "Cycloheteroalkyl" refers to a saturated or
unsaturated cyclic alkyl radical in which one or more carbon atoms (and any
associated hydrogen atoms) are independently replaced with the same or
different heteroatom. Typical heteroatoms to replace the carbon atom(s)
include, but are not limited to, N, P, O, S, Si, etc. Where a specific
level of saturation is intended, the nomenclature "cycloheteroalkanyl" or
"cycloheteroalkenyl" is used. Typical cycloheteroalkyl groups include, but
are not limited to, groups derived from epoxides, imidazolidine,
morpholine, piperazine, piperidine, pyrazolidine, pyrrolidine,
quinuclidine, and the like. [0059] "Cycloheteroalkoxycarbonyl" refers to a
radical -C(O)-OR where R is cycloheteroalkyl as defined herein that may be
optionally substituted by one or more substituents as defined herein.
[0060] "Dialkylamino" means a radical -NRR' where R and R' independently
represent an alkyl or cycloalkyl group as defined herein that may be
optionally substituted by one or more substituents as defined herein.
Representative examples include, but are not limited to dimethylamino,
methylethylamino, di-(l-methylethyl)amino, (cyclohexyl)(methyl)amino,
(cyclohexyl)(ethyl)amino, (cyclohexyl)(propyl)amino, and the like. [0061]
"Derived from a drug" refers to a fragment that is structurally related to
such a drug. The structure of the fragment is identical to the drug except
where a hydrogen atom attached to a heteroatom (N or O) has been replaced
with a covalent bond to another group (typically, a promoiety). Note that
when a drug is a salt form of a carboxylic, phosphonic or phosphoric acid,
the corresponding structural fragment derived from such a drug is
considered to be derived from the protonated acid form. [0062] "Drug"
refers to a compound that exhibits therapeutic and/or prophylactic and/or 



diagnostic utility when administered in effective amounts to a patient or a
mammal.[0063] "Ester" refers to a radical -C(O)OR, where R is alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, cycloheteroalkyl,
substituted cycloheteroalkyl, aryl, substituted aryl, arylalkyl,
substituted arylalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl,
substituted heteroaryl, heteroarylalkyl, substituted heteroarylalkyl as
defined herein that may be optionally substituted by one or more
substituents as defined herein. Representative examples include, but are
not limited to, methyl ester (-C(O)OCH3), cyclohexyl ester (-C(O)OC6Hn),
phenyl ester (-C(O)OC6H5), benzyl ester (-C(O)OCH 2C6H5), and the like.
[0064] "Ether" refers to a radical -OR, where R is alkyl, cycloalkyl,
cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl,
heteroarylalkyl, as defined herein that may be optionally substituted by
one or more substituents as defined herein. [0065] "Halo" means fluoro,
chloro, bromo, or iodo. [0066] "Heteroalkoxy" means an-O-heteroalkyl
radical where heteroalkyl is as defined herein that may be optionally
substituted by one or more substituents as defined herein.. [0067]
"Heteroalkyl, Heteroalkanyl, Heteroalkenyl, Heteroalkynyl" refer to alkyl,
alkanyl, alkenyl and alkynyl groups, respectively, in which one or more of
the carbon atoms (and any associated hydrogen atoms) are each independently
replaced with the same or different heteroatomic groups. Typical
heteroatomic groups include, but are not limited to-O-, -N=N- NR'- ,-PH- ,
-P(O) 2- ,-O-P(O)-, -S(O-, -S(O) 2- , -SnH 2- , and the like, wherein R' is
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,
aryl or substituted aryl that may be optionally substituted by one or more
substituents as defined herein. [0068] "Heteroaryl" refers to a monovalent
heteroaromatic radical derived by the removal of one hydrogen atom from a
single atom of a parent heteroaromatic ring system. Typical heteroaryl
groups include, but are not limited to, groups derived from acridine,
arsindole, carbazole, carboline, chromane, chromene, cinnoline, furan,
imidazole, indazole, indole, indoline, indolizine, isobenzofuran,
isochromene, isoindole, isoindoline, isoquinoline, isothiazole, isoxazole,
naphthyridine, oxadiazole, oxazole, perimidine, phenanthridine,
phenanthroline, phenazine, phthalazine, pteridine, purine, pyran, pyrazine,
pyrazole, pyridazine, pyridine, pyrimidine, pyrrole, pyrrolizine,
quinazoline, quinoline, quinolizine,quinoxaline, tetrazole, thiadiazole,
thiazole, thiophene, triazole, xanthene, and the like. Preferably, the
heteroaryl group is between 5-20 membered heteroaryl, with 5-10 membered
heteroaryl being particularly preferred. Preferred heteroaryl groups are
those derived from thiophene, pyrrole, benzothiophene, benzofuran, indole,
pyridine, quinoline, imidazole, oxazole and pyrazine. [0069]
"Heteroaryloxycarbonyl" refers to a radical -C(O)-OR where R is heteroaryl
as defined that may be optionally substituted by one or more substituents
as defined herein. [0070] "Heteroarylalkyl" refers to an acyclic alkyl
radical in which one of the hydrogen atoms bonded to a carbon atom,
typically a terminal or sp3 carbon atom, is replaced with a heteroaryl
group. Where specific alkyl moieties are intended, the nomenclature
heteroarylalkanyl, heteroarylalkenyl and/or heteroarylalkynyl is used.
Preferably, the heteroarylalkyl radical is a 6-30 carbon membered
heteroarylalkyl, e.g., the alkanyl, alkenyl or alkynyl moiety of the
heteroarylalkyl is 1-10 membered and the heteroaryl moiety is a 5- 20
membered heteroaryl, more preferably, a 6-20 membered heteroarylalkyl,
e.g., the alkanyl, alkenyl or alkynyl moiety of the heteroarylalkyl is 1-8
membered and the heteroaryl moiety is a 5-12 membered heteroaryl. [0071]
"Hydroxy" means the radical -OH. [0072] "Oxo" means the divalent radical
=0. [0073] As used herein, the term "patient" encompasses mammals and
non-mammals. Examples of mammals include, but are not limited to, any
member of the Mammalian class: humans, non-human primates such as
chimpanzees, and other apes and monkey species; farm animals such as
cattle, horses, sheep, goats, swine; domestic animals such as rabbits,
dogs, and cats; laboratory animals including rodents, such as rats, mice
and guinea pigs, and the like. Examples of non-mammals include, but are not
limited to, birds, fish and the like. The term does not denote a particular
age or gender. [0074] "Pharmaceutically acceptable" means approved or
approvable by a regulatory agency of the Federal or state government or
listed in the U.S. Pharmacopoeia or other generally recognized
pharmacopoeia for use in animals, and more particularly in humans. [0075]
"Pharmaceutically acceptable salt" refers to a salt of a compound of the
invention, which is pharmaceutically acceptable and possesses the desired
pharmacological activity of the parent compound. Such salts include: (1)
acid addition salts, formed with inorganic acidssuch as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the
like; or formed with organic acids such as acetic acid, propionic acid,
hexanoic acid, cyclopentane propionic acid, glycolic acid, pyruvic acid,
lactic acid, malonic acid, succinic acid, malic acid, maleic acid, fumaric
acid, tartaric acid, citric acid, benzoic acid, 3-(4-
hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic
acid, ethanesulfonic acid, 1,2-ethanedisulfonic acid,
2-hydroxyethanesulfonic acid, benzenesulfonic acid, 4-chlorobenzenesulfonic
acid, 2-naphthalenesulfonic acid, Atoluenesulfonic acid, camphorsulfonic
acid, 4-methylbicyclo[2,2,2]-oct-2-ene-l-carboxylic acid, glucoheptonic
acid, 3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic
acid, laurylsulfuric acid, gluconic acid, glutamic acid, hydroxynaphthoic
acid, salicylic acid, stearic acid, muconic acid, and the like; or (2)
salts formed when an acidic proton present in the parent compound is
replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth 



ion, or an aluminum ion; or coordinates with an organic base such as
ethanolamine, diethanolamine, triethanolamine, N-methylglucamine and the
like. [0076] "Pharmaceutically acceptable vehicle" refers to a diluent,
adjuvant, excipient or carrier with which a compound of the invention is
administered. [0077] "Phosphate" refers to a radical -OP(O)(OR' )(OR' '),
where R' and R' ' are each independently hydrogen, alkyl, cycloalkyl,
cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl,
heteroarylalkyl, as defined herein that may be optionally substituted by
one or more substituents as defined herein. [0078] "Phosphonate" refers to
a radical -P(O)(OR')(OR' '), where R' and R' ' are each independently
hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl,
heteroalkyl, heteroaryl, heteroarylalkyl, as defined herein that may be
optionally substituted by one or more substituents as defined herein.
[0079] "Preventing" or "Prevention" refers to a reduction in risk of
acquiring a disease or disorder (i.e., causing at least one of the clinical
symptoms of the disease not to develop in a patient that may be exposed to
or predisposed to the disease but does not yet experience or display
symptoms of the disease). [0080] "Protecting group" refers to a group of
atoms that when attached to a reactive group in a molecule masks, reduces
or prevents that reactivity. Examples of protecting groups can be found in
Green et al., "Protective Groups in Organic Chemistry", (Wiley, 2nd ed.
1991) and Harrison et al., "Compendium of Synthetic Organic Methods", vols.
1-8 (John Wiley andSons, 1971-1996). Representative amino protecting groups
include, but are not limited to, formyl, acetyl, trifluoroacetyl, benzyl,
benzyloxycarbonyl ("CBZ"), tert-butoxycarbonyl ("Boc"), trimethylsilyl
("TMS"), 2-trimethylsilyl-ethanesulfonyl ("SES"), trityl and substituted
trityl groups, allyloxycarbonyl, 9-fluorenylmethyloxy-carbonyl ("FMOC"),
nitroveratryloxycarbonyl ("NVOC") and the like. Representative hydroxyl
protecting groups include, but are not limited to, those where the hydroxyl
group is either acylated or alkylated such as benzyl, and trialkylsilyl
ethers and allyl ethers. [0081] "Racemate" refers to an equimolar mixture
of enantiomers of a chiral molecule. [0082] "Substituted" refers to a group
in which one or more hydrogen atoms are each independently replaced with
the same or different substituents(s). Typical substituents include, but
are not limited to ,-X, -R54 ,-O , =0, -OR54, -SR 54,-S, =S, -NR 54R55,
=NR54 ,-CX 3, -CF 3, -CN, -OCN, -SCN, -NO, -NO 2, =N2, - N3, -S(O) 2O ,
-S(O) 2OH, -S(O) 2OR54, -OS(O) 2O3 1, -OS(O) 2R54 ,-P(0)(0-)
2,-P(O)(OR14)(O3 1), -OP(O)(OR54)(OR55), -C(O)R 54 , -C(S)R 54, -C(O)OR 54,
-C(O)NR 54R55, -C(O)O , -C(S)OR 54,-NR 56C(O)NR54R55,-NR
56C(S)NR54R55,-NR57C(NR56)NR54R55, and -C(NR56)NR54R55, where each X is
independently a halogen; each R54 , R55, R56 and R57 are independently
hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl,
substituted arylalkyl, cycloalkyl, substituted cycloalkyl,
cycloheteroalkyl, substituted cycloheteroalkyl, heteroalkyl, substituted
heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl,
substituted heteroarylalkyl, -NR 58R59, -C(O)R 58 Or-S(O) 2R58 or
optionally R58 and R59 together with the atom to which they are both
attached form a cycloheteroalkyl or substituted cycloheteroalkyl ring; and
R58 and R59 are independently hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted
cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroalkyl,
substituted heteroalkyl, heteroaryl, substituted heteroaryl,
heteroarylalkyl, substituted heteroarylalkyl. [0083] "Sulfate" refers to a
radical -OS(O)(O)OR, where R is hydrogen, alkyl, cycloalkyl,
cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl,
heteroarylalkyl, as defined herein that may be optionally substituted by
one or more substituents as defined herein. [0084] "Sulfonamide" refers to
a radical -S(0)(0)NR'R", where R' and R" are independently hydrogen, alkyl,
cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl,
heteroarylalkyl, as defined herein that may be optionally substituted by
one ormore substituents as defined herein or optionally R' and R" together
with the atom to which they are both attached form a cycloheteroalkyl or
substituted cycloheteroalkyl ring. Representative examples include but not
limited to azetidinyl, pyrrolidinyl, piperidinyl, morpholinyl,
4-(NR'")-piperazinyl or imidazolyl group wherein said group may be
optionally substituted by one or more substituents as defined herein. R'"
hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl,
heteroalkyl, heteroaryl, heteroarylalkyl, as defined herein that may be
optionally substituted by one or more substituents as defined herein.
[0085] "Sulfonate" refers to a radical -S(O)(O)OR, where R is hydrogen,
alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl,
heteroaryl, heteroarylalkyl, as defined herein that may be optionally
substituted by one or more substituents as defined herein. [0086] "Thio"
means the radical -SH. [0087] "Thioether" refers to a radical -SR, where R
is alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl,
heteroaryl, heteroarylalkyl, as defined herein that may be optionally
substituted by one or more substituents as defined herein. [0088]
"Treating" or "Treatment" of any disease or disorder refers, in one
embodiment, to ameliorating the disease or disorder (i.e., arresting or
reducing the development of the disease or at least one of the clinical
symptoms thereof). In another embodiment "treating" or "treatment" refers
to ameliorating at least one physical parameter, which may not be
discernible by the patient. In yet another embodiment, "treating" or
"treatment" refers to inhibiting the disease or disorder, either physically
(e.g., stabilization of a discernible 



symptom), physiologically, (e.g., stabilization of a physical parameter),
or both. In yet another embodiment, "treating" or "treatment" refers to
delaying the onset of the disease or disorder. [0089] "Therapeutically
effective amount" means the amount of a compound that, when administered to
a patient for treating a disease, is sufficient to effect such treatment
for the disease. The "therapeutically effective amount" will vary depending
on the compound, the disease and is severity and the age, weight, etc., of
the patient to be treated, and can be determined by one of skill in the art
without undue experimentation. [0090] Reference now will be made in detail
to preferred embodiments of the invention. While the invention will be
described in conjunction with preferred embodiments, it will beunderstood
that it is not intended to limit the invention to those preferred
embodiments. To the contrary, it is intended to cover alternatives,
modifications, and equivalents as may be included within the spirit and
scope of the invention as defined by the appended claims. COMPOUNDS OF THE
INVENTION [0091] In one aspect of the present invention, compounds of
Formula (1) are described: wherein: A is -(CH 2)n- -O-(CH 2)n-, -S-(CH2)n-,
-S(O)(O)-(CH2V , -NH-(CH2V , -CH2-O-(CH2V , -(CH2VO-CH 2-CH2-, -CH2-S-(CH2V
, -(CH2VS-CH 2-CH2-, -CH2-S(OXOMCH 2V , -(CH2VS(OXO)-CH 2-CH2-, -0-C(OMCH
2V , -S-C(O)-(CH2V , -NH-C(O)-(CH2V , -CH2-C(O)-O-(CH2V , -CH 2-C(O)-NH-(CH
2V -CH 2-C(O)-S-(CH 2V -(CH 2VC(O)-O-CH 2-CH 2-, -(CH2) -C(O)-NH-CH2-CH2-,
-(CH2VC(O)-S-CH 2-CH2-, -CH2-O-C(O)-(CH2V , -CH2-NH-C(O)-(CH 2V ,
-CH2-S-C(O)-(CH2V , -(CH2) -O-C(O)-CH2-CH2-, (CH2) -NH-C(O)-CH2-CH2-, or
(CH2VS-C(O)-CH 2-CH2-, wherein n is an integer from 1 to 7; B is O, S,
S(O)(O), or NR5; and each of R1, R2, R3, R4, R5, R6 , R7, and R8 is
independently hydrogen, alkyl, substituted alkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, cycloalkyl, substituted cycloalkyl,
cycloheteroalkyl, substituted cycloheteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted heteroarylalkyl,
acylalkyloxycarbonyl, acyloxyalkyloxycarbonyl, acylalkyloxycarbonylamino,
acyloxyalkyloxycarbonylamino, alkoxy, alkoxycarbonyl, alkoxycarbonylalkoxy,
alkoxycarbonyllalkylamino, alkylasulfmyl, alkylsulfonyl, alkylthio, amino,
alkylamino, arylalkylamino, dialkkylamino, arylalkoxy,
arylalkoxycarbonylalkoxy, arylalkoxycarbonylalkylamino, aryloxycarbonyl,
arylloxycarbonylalkoxy, aryloxycarbonylalkylamino, carboxy, carbamoyl,
carbamate, carbonate, cyano, halo,heteroaryloxycarbonyl, hydroxy,
phosphate, phosphonate, sulfate, sulfonate, or sulfonamide, wherein R1, R2,
R3, R4, R5, R6 , R7 and R8 and A may optionally be substituted with
isotopes that include, but not limited to 2H (deuterium), 3H (tritium),
13C, 36Cl, 18F, 15N, 17O, 180 , 3 1P, 32P, and 35S; or a pharmaceutically
acceptable salt, racemate or diastereomeric mixtures thereof. [0092] In
another aspect, compounds of Formula (Ia) are described: wherein: A is -(CH
2)n- -O-(CH 2)n-, -S-(CH2)n-, -S(O)(O)-(CH 2)n-, -NH-(CH2)n-,
-CH2-O-(CH2)n-, -(CH2) -O-CH2-CH2-, -CH2-S-(CH2)n-, -(CH2VS-CH 2-CH2-, -CH
2-S(O)(O)-(CH 2V -(CH 2VS(O)(O)-CH 2-CH 2 -O-C(O)-(CH 2V , -S-C(O)-(CH 2V ,
-NH-C(O)-(CH 2V , -CH2-C(O)-O-(CH 2V , -CH 2-C(O)-NH-(CH 2V -CH
2-C(O)-S-(CH 2V -(CH 2VC(O)-O-CH 2-CH 2-, -(CH2VC(O)-NH-CH 2-CH2-,
-(CH2VC(O)-S-CH 2-CH2-, -CH2-O-C(O)-(CH 2V , -CH2-NH-C(O)-(CH 2V ,
-CH2-S-C(O)-(CH 2V , -(CH2VO-C(O)-CH 2-CH2-, (CH2VNH-C(O)-CH 2-CH2-, or
(CH2VS-C(O)-CH 2-CH2-, wherein n is an integer from 1 to 7; B is O, S,
S(O)(O), or NR5; and each of R1, R2, R3, R4, R5, R6 , R7, and R8 is
independently hydrogen, alkyl, substituted alkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, cycloalkyl, substituted cycloalkyl,
cycloheteroalkyl, substituted cycloheteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted heteroarylalkyl,
acylalkyloxycarbonyl, acyloxyalkyloxycarbonyl, acylalkyloxycarbonylamino,
acyloxyalkyloxycarbonylamino, alkoxy, alkoxycarbonyl, alkoxycarbonylalkoxy,
alkoxycarbonyllalkylamino, alkylasulfmyl, alkylsulfonyl, alkylthio, amino,
alkylamino, arylalkylamino, dialkkylamino, arylalkoxy,
arylalkoxycarbonylalkoxy, arylalkoxycarbonylalkylamino, aryloxycarbonyl,
arylloxycarbonylalkoxy,aryloxycarbonylalkylamino, carboxy, carbamoyl,
carbamate, carbonate, cyano, halo, heteroaryloxycarbonyl, hydroxy,
phosphate, phosphonate, sulfate, sulfonate, or sulfonamide, wherein R1, R2,
R3, R4, R5, R6 , R7 and R8 and A may optionally be substituted with
isotopes that include, but not limited to 2H (deuterium), 3H (tritium),
13C, 36Cl, 18F, 15N, 17O, 180 , 3 1P, 32P, and 35S; or a pharmaceutically
acceptable salt, racemate or diastereomeric mixtures thereof. [0093] In
another aspect of the invention, A is -(CH 2)n- . [0094] In another aspect
of the invention, A is -O-(CH 2)n-, -S-(CH2),,-. -CH2-O-(CH2),,-, -
(CH2VO-CH 2-CH2-, -CH2-S-(CH2V , or -(CH2VS-CH 2-CH2- . [0095] In another
aspect of the invention, A is -NH-C(O)-(CH 2V , -CH2-NH-C(O)- (CH2V ,
-CH2-C(O)-NH-(CH 2V or -(CH2) -C(O)-NH-CH2-CH2- . [0096] In another aspect
of the invention, B is O. 



[0097] In another aspect of the invention, R4 is H. [0098] In another
aspect of the invention, each of R1 and R2 is independently H, halogen,
haloalkyl or alkoxy. [0099] The compounds of this invention described
herein can have one or more of the following characteristics or properties:
(a) Compounds of the invention can have affinity for dopamine D2 receptors;
(b) Compounds of the invention can have affinity for serotonin 5-HT IA
receptors; (c) Compounds of the invention can have affinity for serotonin
5-HT2A receptors; (d) The primary metabolite(s), regardless of the
electrophysiological properties of the parent drug, has, or have,
negligible inhibitory activity at the HERG (human ether-ago- go related
gene) potassium channel at the normal therapeutic concentration of the
parent drug in plasma (e.g. the concentration of the metabolite must be at
least five times higher than the normal therapeutic concentration of the
parent compound before activity at the HERG potassium channel is observed);
(e) Compounds of the invention, as well as the metabolites thereof, do not
cause, or have reduced incidence of metabolic drug-drug interaction (DDI)
when co-administered with other drugs;(f) Compounds of the invention, as
well as metabolites thereof, do not substantially elevate liver function
test (LFT) values when administered alone; (g) Oral bioavailability of the
compounds is consistent with oral administration using standard
pharmacological oral formulations; however, the compounds, and compositions
thereof, can also be administered using any delivery system that produces
constant and controllable blood levels overt time. [0100] In one aspect,
the invention provides compounds having any two or more of the
above-identified characteristics or properties. In another aspect, the
invention provides for compounds having at least any three or more of the
above-identified properties or characteristics. Preferably, the compounds
of the invention have all seven characteristics or properties. [0101]
Additional modifications of the compounds disclosed herein can readily be
made by those skilled in the art. Thus, analogs and salts of the
exemplified compounds are within the scope of the subject invention. With
knowledge of the compounds of the subject invention skilled artisans can
use known procedures to synthesize these compounds from available
substrates. As used in this application, the term "analogs" refers to
compounds which are substantially the same as another compound but which
may have been modified by, for example, adding additional side groups. The
term "analogs" as used in this application also may refer to compounds
which are substantially the same as another compound but which have atomic
or molecular substitution at certain locations in the compound. [0102] The
subject invention further pertains to enantiomerically isolated compounds,
and compositions comprising the compounds. The isolated enantiomeric forms
of the compounds of the invention are substantially free from one another
(i.e., in enantiomeric excess). In other words, the "R" forms of the
compounds are substantially free from the "S" forms of the compounds and
are, thus, in enantiomeric excess of the "S" forms. Conversely, "S" forms
of the compounds are substantially free of "R" forms of the compounds and
are, thus, in enantiomeric excess of the "R" forms. In one embodiment of
the invention, the isolated enantiomeric compounds are at least about in
80% enantiomeric excess. Thus, for example, the compounds are at least
about 90% enantiomeric excess, preferably at least about 95% enantiomeric
excess, more preferably at least about 97% enantiomeric excess., or even
more preferably, at least 99% or greater than 99% enantiomeric
excess.SYNTHESIS OF THE COMPOUNDS OF THE INVENTION [0103] The compounds of
the invention can be obtained via the synthetic methods illustrated in
Schemes 1-2. Several methods have been described in the art for the
synthesis of arylpiperazine derivatives. The starting materials and
building blocks useful for preparing compounds of the invention and
intermediates thereof are commercially available or can be prepared by
well-known synthetic methods (see e.g., Green et al., "Protective Groups in
Organic Chemistry,"(Wiley , 4th ed., 2006); Harrison et al "Compendium of
Synthetic Organic Methods," vols. 1-8 (John Wiley and Sons, 1971-1996);
"Beilstein Handbook of Organic Chemistry, Frankfurt, Germany; Feiser et al,
"Reagents for Organic Synthesis," Volumes 1-45, Karger, 1991; March ,
Advanced Organic Chemistry," Wiley Interscience, 4th ed., 1991; Larock
"Comprehensive Organic Transformations," Wiley-VCH Publishers, 2nd ed.,
1999; Paquette, "Encyclopedia of Reagents for Organic Synthesis," John
Wiley and Sons, 1st ed., 1995). Other methods for the synthesis of
arylpiperazine derivatives described herein are either described in the art
or will be readily apparent to the skilled artisan in view of the
references provided above and may be used to synthesize the compounds of
the invention. Accordingly, the methods presented in the Schemes herein are
illustrative rather than comprehensive. [0104] In one method arylpiperazine
derivatives comprising Formula (1) was prepared as described in Scheme 1.
The starting building block 6-nitrobenzoxazinone 1 was purchased from the
commercial source Sigma-Aldrich. The compound 1 can also be synthesized
from a method well known in the literature. The reduction of nitro moiety
in compound 1 using a reducing agent like potassium borohydride (KBH4) in
presence of a mild Lewis acid copper (1) chloride (CuCl) in a protic
solvent such as methanol gave 6-aminobenzoxazinone 2. The 



target benzoxazinone 4 was prepared by coupling the amine 2 with a suitable
carboxylic acid 3 under standard coupling conditions using
dicyclohexylcarbodiimde (DCC) as coupling agent in presence of a mild base
4-(N,N,-dimethylamino)pyridine (DMAP) in a polar aprotic solvent medium.
The carboxylic acid 3 was prepared by the alkylation of a suitable
arylpiperazine with an appropriate bromocarboxylicacid ester followed by
saponification. The benzoxazinone derivative 4 was converted into
hydrochloride salt 5 by treating with hydrogen chloride under standard
conditions. The benzoxazinones 4 can also be converted into other form of
pharmaceutically acceptable salts such as methanesulfonic acid salts and
lower aliphatic carboxylic acid salts using well known methods in the
field.[0105] Scheme 1 a) R1 = 2-0Me, R2 = H; b) R1 = 2-CI, R2 = 3-CI [0106]
In another method, arylpiperazine derivatives comprising Formula (1) were
prepared as described in Scheme 2. The starting building block
4-methoxy-2-nitrophenol 6 was purchased from the commercial source
Sigma-Aldrich. The nitrophenol 6 was alkylated with ethylbromoacetate 7 by
heating in acetone in presence of a mild base potassium carbonate (K2CO3)
to give the ester 8. The ester 8 was treated with aluminum chloride (AICI3)
in anhydrous dichloromethane at reflux temperature to get the corresponding
nitrophenol derivative 9. The compound 11 was prepared by alkylating the
nitrophenol 9 with 1,4-dibromobutane 10 under identical reaction conditions
described for preparing the compound 8 (Scheme 2). The reaction of compound
11 with arylpiperazine 12 in presence of N,N-diisopropylethylamine (DIEA)
in acetonitrile at approximately 60-70 0C for 8 to 16 h gave the compound
13. The compound 13 when subjected to reduction conditions using iron (III)
chloride in presence of metallic iron in ethanol and acetic acid solvent
mixture at reflux temperature afforded the corresponding benzoxazinone 14
which was converted into hydrochloride salt 15 by treating with hydrogen
chloride under standard conditions. Other standard nitro group reduction
conditions like hydrogenation in presence of catalyst palladium on
activated carbon (Pd/C) also gave corresponding cyclized product 14. The
benzoxazinones 14 can also be converted into other form of pharmaceutically
acceptable salts such as methanesulfonic acid salts and lower aliphatic
carboxylic acid salts using well known methods in the field.[0107] Scheme 2
13 11 Fe, FeCI3 6H2O EtOH, AcOH, reflux, 3 h 14 15 THERAPEUTIC USES OF
COMPOUNDS OF STRUCTURAL FORMULA (1) [0108] The present invention relates to
synthesis, compositions and methods of using arylpiperazine based compounds
which are useful for treating schizophrenia and related psychoses such as
acute maniac, bipolar disorder, autistic disorder and depression. The
present invention provides methods for synthesizing such arylpiperazine
based antipsychotic agents. The present invention also provides methods for
using arylpiperazine based antipsychotic agents and composition of
arylpiperazine based antipsychotic agents for treating schizophrenia and
related psychoses such as acute maniac, bipolar disorder, autistic disorder
and depression. [0109] In accordance with the invention, a compound and/or
a composition containing a compound of structural Formula (1) is
administered to a patient, preferably a human,suffering from schizoprenia.
Further, in certain embodiments, the compounds and/or compositions of the
invention are administered to a patient, preferably a human, as a treatment
or preventive measure against acute manic, bipolar disorder, autistic
disorder and depression. [0110] Thus, those of skill in the art may readily
assay and use the compounds and/or compositions containing compound(s) of
structural Formula (1) to treat a medical condition for which an
antipsychotic is desired. THERAPEUTIC/PROPHYLACTIC ADMINISTRATION [0111]
The compounds, and/or compositions containing compounds(s), of structural
Formula (1) can be advantageously used in human medicine. As previously
described in detail above, compounds and compositions containing
compound(s) of structural Formula (1) are useful for the treatment of
schizophrenia and related psychoses such as acute manic, bipolar disorder,
autistic disorder and depression. [0112] When used to treat or prevent the
above disease or disorders compounds and/or compositions of the invention
can be administered or applied singly, in combination with other agents.
The compounds and/or compositions of the invention can also be administered
or applied singly, in combination with other pharmaceutically active
agents, including other compounds and/or compositions of the invention.
[0113] The current invention provides methods of treatment and prophylaxis
by administration to a patient of a therapeutically effective amount of a
composition and/or compound of the invention. The patient may be an animal,
is more preferably a mammal, and most preferably a human. [0114] The
present compounds and/or compositions of the invention, which comprise one
or more compounds and/or compositions of the invention are preferably
administered orally. The compounds and/or compositions of the invention may
also be administered by any other convenient route, for example, by
infusion or bolus injection, by absorption through epithelial or
mucocutaneous linings (e.g., oral mucosa, rectal and intestinal mucosa,
etc.). 



Administration can be systemic or local. Various delivery systems are
known, (e.g., encapsulation in liposomes, microparticles, microcapsules,
capsules, etc.) that can be used to administer a compound and/or
composition of the invention. Methods of administration include, but are
not limited to, intradermal, intramuscular, intraperitoneal,
intravenous,subcutaneous, intranasal, epidural, oral, sublingual,
intranasal, intracerebral, intravabinal, transdermal, rectally, by
inhalation, or topically, particularly to the ears, nose, eyes or skin.
[0115] In particularly, preferred embodiments, the compounds and/or
compositions of the invention can be delivered via sustained release
systems, preferably oral sustained release systems. In one embodiment, a
pump may be used (see, Langer, supra; Sefton, 1987, CRC Crit. Ref Biomed.
Eng. 14:201; Saudek et al, 1989, N. Engl. J . Med. 321:574). [0116] In
another embodiment, polymeric materials can be used (see "Medical
Applications of Controlled Release," Langer and Wise (eds.), Wiley, New
York (1984); Ranger and Peppas, 1983, J . Macromol. Sci. Rev. Macromol
Chem. 23:61; see also Levy et al., 1985, Science 228:190; During et al.,
1989, Ann. Neural. 25:351; Howard et al, 1989, J . Neurosurg. 7 1:105). In
a preferred embodiment, polymeric materials are used for oral sustained
release delivery. Preferred polymers include sodium carboxymethylcellulose,
hydroxypropylcellulose, hydroxypropylmethylcellulose and
hydroxyethylcellulose (most preferred, hydroxypropylmethylcellulose). Other
preferred cellulose ethers have been described in the art (Bamba et al.,
Int. J . Pharm., 1979, 2, 307). [0117] In another embodiment,
enteric-coated preparations can be used for oral sustained release
administration. Preferred coating materials include polymers with a
pH-dependent solubility (i.e., pH-controlled release), polymers with a slow
or pH-dependent rate of swelling, dissolution or erosion (i.e., time
controlled release), polymers that are degraded by enzymes (i.e., enzyme
controlled release) and polymers that form firm layers that are destroyed
by an increase in pressure (i.e., pressure-controlled release). [0118] In
still another embodiment, osmotic delivery systems are used for oral
sustained release administration (Verma et al., Drug Dev. Ind. Pharm.,
2000, 26:695-708). In a preferred embodiment, OROS(r) osmotic delivery
systems are used for oral sustained release delivery devices (See for
example, Theeuwes et al., U.S. Pat. No. 3,845,770; and Theeuwes et al, U.S.
Pat. No. 3,916,899). [0119] In yet another embodiment, a controlled-release
system can be placed in proximity of the target of the compounds and/or
composition of the invention, thus requiring only a fraction of the
systemic dose (See, e.g., Goodson, in "Medical Applications of Controlled
Release," supra, vol. 2, pp. 115-138 (1984)). Other controlled-release
systems discussed in Langer, 1990, Science 249:1527-1533 may also be
used.[0120] The compounds, and/or compositions containing compound(s) of
structural Formula (1) of the invention may be cleaved either chemically
and/or enzymatically. One or more enzymes present in the stomach,
intestinal lumen, intestinal tissue, blood, liver, brain or any other
suitable tissue of a mammal may enzymatically cleave the compounds and/or
compositions of the invention. COMPOSITIONS OF THE INVENTION [0121] In one
aspect of the invention, pharmaceutical compositions are provided
comprising the compounds of the present disclosure. [0122] The present
composition contain a therapeutically effective amount of one or more
compounds of the invention, preferably in purified form, together with a
suitable amount of a pharmaceutically acceptable vehicle, which so as to
provide the form for proper administration to a patient. When administered
to a patient, the compounds of the invention and pharmaceutically
acceptable vehicles are preferably sterile. Water is preferred vehicle when
the compound of the invention is administered intravenously. Saline
solutions and aqueous dextrose and glycerol solutions can also be employed
as liquid vehicles, particularly for injectable solutions. Suitable
pharmaceutical vehicles also include excipients such as starch, glucose,
lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium
stearate, glycerol monostearate, talc, sodium chloride, dried skim milk,
glycerol, propylene, glycol, water, ethanol and the like. The present
agents, or pH buffering agents. In addition, auxiliary, stabilizing,
thickening, lubricating and coloring agents may be used. [0123]
Pharmaceutical compositions comprising a compound of the invention may be
manufactured by means of conventional mixing, dissolving, granulating,
dragee-making levigating, and emulsifying, encapsulating, entrapping or
lyophilizing process. Pharmaceutical compositions may be formulated in
conventional manner using one or more physiologically acceptable carriers,
diluents, excipients or auxiliaries, which facilitate processing of
compounds of the invention into preparations which can be used
pharmaceutically. Proper formulation is dependent upon the route of
administration chosen. [0124] The present compositions can take the form of
solutions, suspensions, emulsion, tablets, pills, pellets, and capsules,
capsules containing liquids, powders, sustained-release formulations,
suppositories, emulsions, aerosols, sprays, suspensions, or any other form
suitable for use. In one embodiment, the pharmaceutically acceptable
vehicle is a capsule (see e.g., Grosswald et al, U.S.Pat. No. 5,698,155).
Other examples of suitable pharmaceuticalvehicles have been described in
the art (see Remington's Pharmaceutical Sciences, Philadelphia College of
Pharmacy and Science, 17th Edition, 1985). Preferred compositions of the
invention are formulated for oral delivery, particularly for oral sustained
release administration. [0125] Compositions for oral delivery may be in the
form of tablets, lozenges, aqueous or oily suspensions, granules, powders,
emulsions, capsules, syrups or elixirs, for example. Orally administered
compositions may contain one or more optionally agents, for example, 



sweetening agents such as fructose, aspartame or saccharin; flavoring
agents such as peppermint, oil of wintergreen, or cherry coloring agents
and preserving agents to provide a pharmaceutically palatable preparation.
Moreover, where in tablet or pill form, the compositions may be coated to
delay disintegration and absorption in the gastrointestinal tract, thereby
providing a sustained action over an extended period of time. Selectively
permeable membranes surrounding an osmotically active driving compound are
also suitable for orally administered compounds of the invention. In these
later platforms, fluid from the environment surrounding the capsule is
imbibed by the driving compound, which swells to displace the agent or
agent composition through an aperture. These delivery platforms can provide
an essentially zero order delivery profile as opposed to the spiked
profiles of immediate release formulations. A time delay material such as
glycerol monostearate or glycerol stearate may also be used. Oral
compositions can include standard vehicles such as mannitol, lactose,
starch, magnesium stearate, sodium saccharine, cellulose, magnesium
carbonate, etc. Such vehicles are preferably of pharmaceutical grade.
[0126] For oral liquid preparations such as, for example, suspensions,
elixirs and solutions, suitable carriers, excipients or diluents include
water , saline, alkyleneglycols (e.g., propylene glycol), polyalkylene
glycols (e.g., polyethylene glycol) oils, alcohols, slightly acidic buffers
between pH 4 and pH 6 (e.g., acetate, citrate, ascorbate at between about
mM to about 50 mM) etc. Additionally, flavoring agents, preservatives,
coloring agents, bile salts, acylcamitines and the like may be added.
[0127] Compositions for administration via other routes may also be
contemplated. For buccal administration, the compositions may take the form
of tablets, lozenzes, etc. formulated in conventional manner. Liquid drug
formulations suitable for use with nebulizers and liquid spray devices and
EHD aerosol devices will typically include a compound of the invention with
a pharmaceutically acceptable vehicle. Preferably, the
pharmaceuticallyacceptable vehicle is a liquid such as alcohol, water,
polyethylene glycol or a perfluorocarbon. Optionally, another material may
be added to alter the aerosol properties of the solution or suspension of
compounds of the invention. Preferably, this material is liquid such as
alcohol, glycol, polyglycol or fatty acid. Other methods of formulating
liquid drug solutions or suspension suitable for use in aerosol devices are
known to those of skill in the art (see, e.g., Biesalski, U.S. Pat. No. 5,
112,598; Biesalski, U.S. Pat. No. 5,556,61 1). A compound of the invention
may also be formulated in rectal or vaginal compositions such as
suppositories or retention enemas, e.g., containing conventional
suppository bases such as cocoa, butter or other glycerides. In addition to
the formulations described previously, a compound of the invention may also
be formulated as depot preparation. Such long acting formulations may be
administered by implantation (for example, subcutaneously or
intramuscularly) or by intramuscular injection. Thus, for example, a
compound of the invention may be formulated with suitable polymeric or
hydrophobic materials (for example, as an emulsion in an acceptable oil) or
ion exchange resins, or as sparingly soluble derivatives, for example, as a
sparingly soluble salt. [0128] When a compound of the invention is acidic,
it may be included in any of the above-described formulations as the free
acid, a pharmaceutically acceptable salt, a solvate or hydrate.
Pharmaceutically acceptable salts substantially retain the activity of the
free acid, may be prepared by reaction with bases and tend to be more
soluble in aqueous and other protic solvents than the corresponding free
acid form. METHODS OF USE AND DOSES [0129] A compound of the invention, or
compositions thereof, will generally be used in an amount effective to
achieve the intended purpose. For use to treat schizophrenia and related
psychoses such as acute manic, bipolar disorder, autistic disorder and
depression. The compounds of Formula (1) and compositions containing a
compound of Formula (1) are administered or applied in a therapeutically
effective amount. [0130] The amount of a compound of the invention that
will be effective in the treatment of a particular disorder or condition
disclosed herein will depend on the nature of the disorder or condition,
and can be determined by standard clinical techniques known in the art as
previously described. In addition, in vitro or in vivo assays may
optionally be employed to help identify optimal dosage ranges. The amount
of a compound of the invention administered will, of course, is dependent
on, among other factors, the subject being treated,and the weight of the
subject, the severity of the affliction, the manner of administration and
the judgment of the prescribing physician. For example, the dosage may be
delivered in a pharmaceutical composition by a single administration, by
multiple applications or controlled release. In a preferred embodiment, the
compounds of the invention are delivered by oral sustained release
administration. Preferably, in this embodiment, the compounds of the
invention are administered twice per day, and more preferably, once per
day. Dosing may be repeated intermittently, may be provided alone or in
combination with other drugs and may continue as long as required for
effective treatment of the disease state or disorder. [0131] The compounds
and/or compositions containing compound(s), of structural Formula (1) for
the pharmacological treatment of schizophrenia and related psychoses such
as acute maniac, bipolar disorder, autistic disorder and depression may be
administered in the range 0.1 mg to 500 mg preferably 1mg to 100 mg per day
given in one or more doses and more preferably 5 mg, 10 mg, 15 mg, 20 mg,
25 mg, 35 mg or 50 mg per day and most preferably 10 mg. [0132] The
compounds of the invention are preferably assayed in vitro and in vivo, for
the desired therapeutic or prophylactic activity, prior to use in humans.
The compounds of the 



invention may also be demonstrated to be effective and safe using animal
model systems. [0133] Preferably, the therapeutically effective dose of a
compound of the invention described herein will provide therapeutic benefit
without causing substantial toxicity. Toxicity of compounds of the
invention may be determined using standard pharmaceutical procedures and
may be readily ascertained by the skilled artisan. The dose ratio between
toxic and therapeutic effect is the therapeutic index. A compound of the
invention will preferably exhibit particularly high therapeutic indices in
treating disease and disorders. The dosage of a compound of the inventions
described herein will preferably be within a range of circulating
concentrations that include an effective dose with little or no toxicity.
[0134] In one aspect of the invention, methods of treating one of
psychoses, schizophrenia, acute mania, bipolar disorder, autistic disorder
or depression are described, comprising administering to a patient in need
thereof the compounds the present disclosure. [0135] In another aspect of
the invention, the method treats schizophrenia. [0136] In another aspect of
the invention, the method treats bipolar disorder.[0137] In one aspect of
the invention, compounds of the present disclosure used to treat psychoses,
schizophrenia, acute mania, bipolar disorder, autistic disorder or
depression. [0138] In another aspect of the invention, the use comprises
the treatment of schizophrenia. [0139] In another aspect of the invention,
the use comprises the treatment of bipolar disorder. [0140] In one aspect
of the invention, compounds of the present disclosure are used in the
manufacture of a medicament for use in the treatment of psychoses,
schizophrenia, acute mania, bipolar disorder, autistic disorder or
depression treat psychoses, schizophrenia, acute mania, bipolar disorder,
autistic disorder or depression. [0141] In another aspect of the invention,
the use is for the treatment of schizophrenia. [0142] In another aspect of
the invention, the use is for the treatment of bipolar disorder.
COMBINATION THERAPY [0143] In certain embodiments of the present invention,
the compounds of the invention can be used in combination therapy with at
least one other therapeutic agent. The compound of the invention and the
therapeutic agent can act additively or, more preferably, synergistically.
In a preferred embodiment, composition comprising a compound of the
invention is administered concurrently with the administration of another
therapeutic agent, which can be part of the same composition. In another
embodiment, a composition comprising a compound of the invention is
administered prior or subsequent to administration of another therapeutic
agent. EXAMPLES [0144] The invention is further defined by reference to the
following examples, which describe in detail preparation of compounds and
compositions of the invention and assays for using compounds and
compositions of the invention. It will be apparent to those skilled in the
art that many modifications, both to materials and methods, may be
practiced without departing from the scope of the invention. [0145] In the
examples below, the following abbreviations have the following meanings. If
an abbreviation is not defined, it has its generally accepted meaning.Atm =
Atmosphere CDI = 1,1'-Carbonyldiimidazole DCM = dichloromethane DMAP =
4-N,N-dimethylaminopyridine DMF = N,N-dimethylformamide g = gram h = hours
L = liter LC/MS = liquid chromatography/mass spectroscopy M = molar niL =
milliliter mmol = millimols nM = nanomolar mM = micromolar MTBE = methyl
tert-butyl ether rt = room temperature TEA = triethylamine THF =
tetrahydrofuran TFA = trifluoroacetic acid EXAMPLE 1 [0146] 6-Amino-2
-benzo[ ][l,4]oxazin-3(4 )-one (2) (Scheme 1). To a suspension of
6-nitro-2/f-l,4-benzoxazin-3(4 )-one 1 (0.5 g, 0.0026 mol) and CuCl (0.77
g, 0.0078 mol) in anhydrous methanol (25 mL), stirred at 25 0C was added
potassium borohydride (0.98 g, 0.018 mol) in portions (exothermic with
evolution of hydrogen gas). The reaction mixture was stirred at 25 0C for
30 min. The black precipitate formed was filtered and washed with methanol.
The combined filtrate and washings was evaporated to give 6-amino-2 -
benzo[ ][l,4]oxazin-3(4 )-one which was purified by silica gel column
chromatography using ethyl acetate. Brown solid (0.29 g, 67%). 1H NMR (400
MHz, CDCl3) : d 4.34 (s, 2H); 4.81 (s, 2H); 6.09 (dd, J = 2.8, 8.4 Hz, IH);
6.14 (d, J = 2.8 Hz, IH); 6.59 (d, J = 8.4 Hz, IH); 10.44 (s, IH).EXAMPLE 2



[0147] 4-(4-(2-Methoxyphenyl)piperazin-l-yl)- -(3-oxo-3,4-dihydro-2 -
benzo[ ][l,4]oxazin-6-yl)butanamide (4a) (Scheme 1). A mixture of 6-amino-2
- benzo[ ][l,4]oxazin-3(4 )-one 2 (0.08 g, 0.0005 mol),
4-(4-(substituted-phenyl)piperazin-lyl) butanoic acid 3a (0.0005 mol),
dicyclohexylcarbodiimide (0.1 g, 0.0005 mol), 4- (dimethylamino)pyridine
(0.006 g, 0.00005 mol) in 10 mL dichloromethane was stirred at room
temperature for overnight. The progress of the reaction was monitored by
thin layer chromatography (TLC). The reaction mixture was cooled; filtered
to remove the urea precipitated, washed with saturated sodium bicarbonate
solution, dried over sodium sulfate and evaporated under reduced pressure
to give 4-(4-(substituted-phenyl)piperazin-l-yl)-JV-(3- oxo-3,4-dihydro-2
-benzo[ ][l,4]oxazin-6-yl)butanamide 4a which was purified by silica gel
column chromatography using 0-10% gradient of ethyl acetate and methanol.
The pure product 4a gave satisfactory IH NMR and/or Mass spectral data.
White solid (0.06 g, 29%). 1 NMR (400 MHz, CDCl3) : d 1.94-2.00 (m, 2H);
2.53-2.59 (m, 4H); 2.70 (br s, 4H); 3.14 (br s, 4H); 3.87 (s, 3H); 4.55 (s,
2H); 6.63 (dd, J = 2.4, 8.8 Hz, IH); 6.84-6.88 (m, 2H); 6.93- 6.95 (m, 2H);
6.99-7.04 (m, IH); 7.82 (d, J = 2.4 Hz, IH); 9.04 (br s, IH); 9.12 (br s,
IH). MS (ESI): m/z = 425.2 (M+H+) . EXAMPLE 3 [0148]
4-(4-(2,3-Dichlorophenyl)piperazin-l-yl)- -(3-oxo-3,4-dihydro-2/fbenzo[
][l,4]oxazin-6-yl)butanamide (4b) (Scheme 1). The compound 4b was
synthesized using the protocol described for the synthesis of compound 4a
in Example 2 (Scheme 1). White solid (0.08 g, 34%). 1H NMR (400 MHz, CDCl3)
: d 1.93-2.00 (m, 2H); 2.50-2.57 (m, 4H); 2.68 (br s, 4H); 3.09 (br s, 4H);
4.50 (s, 2H); 6.63 (dd, J = 2.4, 8.8 Hz, IH); 6.88 (d, J = 8.8 Hz; IH);
6.99-6.92 (m, IH); 7.13-7.20 (m, 2H); 7.71-7.72 (m, IH); 8.46 (br s, IH);
8.58 (br s, IH). MS (ESI): m/z = 463.2 (M+) . EXAMPLE 4 [0149]
4-(4-(2-Methoxyphenyl)piperazin-l-yl)- -(3-oxo-3,4-dihydro-2/fbenzo[
][l,4]oxazin-6-yl)butanamide hydrochloride (5a) (Scheme 1). To a solution
of 4-(4- (substituted-phenyl)piperazin-
1-yl)-JV-(3-oxo-3,4-dihydro-2/f-benzo[][1,4]oxazin-6- yl)butanamide 4a in 5
mL dichloromethane was added 2 mL 2M HCl solution in diethyl ether, and
then the solution was evaporated at 25 0C to give
4-(4-(substitutedphenyl)piperazin- 1-yl)-JV-(3-oxo-3,4-dihydro-2H-benzo[
][1,4]oxazin-6-yl)butanamide hydrochloride 5a. The pure products 5a gave
satisfactory 1H NMR and/or Mass spectral data. White solid (60 mg). MS
(ESI): m/z = 425.2 (M-HC1). EXAMPLE 5 [0150]
4-(4-(2,3-Dichlorophenyl)piperazin-l-yl)- -(3-oxo-3,4-dihydro-2 Hbenzo[
][l,4]oxazin-6-yl)butanamide hydrochloride (5b) (Scheme 1). The compound 5b
was synthesized using the protocol described for the synthesis of compound
5a in Example 4 (Scheme 1). White solid (40 mg). MS (ESI): m/z = 463.2
(M-HC1). EXAMPLE 6 [0151] Ethyl 2-(4-methoxy-2-nitrophenoxy)acetate (8)
(Scheme 2). A mixture of 4- methoxy-2-nitrophenol 6 (1.69 g, 0.01 mol),
potassium carbonate (2.76 g, 0.02 mol) and ethyl bromoacetate 7 (1.1 mL,
0.01 mol) in 20 mL anhydrous acetone was refluxed for overnight (12 h). The
progress of the reaction was monitored by thin layer chromatography. The
reaction mixture was evaporated, the residue was diluted with water and the
mixture was extracted with ethyl acetate. The organic layer was washed with
brine, dried over sodium sulfate and evaporated to give ethyl
2-(4-methoxy-2-nitrophenoxy)acetate 8 which was purified by silica gel
column chromatography using 0-50% gradient of hexane and ethyl acetate.
Yellow solid (2.18 g, 85%). 1H NMR (400 MHz, CDCl3) : d 1.28 (t, J = 7.2
Hz, 3H); 3.82 (s, 3H); 4.25 (q, J = 7.2 Hz, 2H); 4.70 (s, 2H); 7.01 (d, J =
9.2 Hz, IH); 7.08 (dd, J = 3.2, 9.2 Hz, IH); 7.40 (d, J = 2.8 Hz, IH).
EXAMPLE 7 [0152] Ethyl 2-(4-hydroxy-2-nitrophenoxy)acetate (9) (Scheme 2).
To a solution of ethyl 2-(4-methoxy-2-nitrophenoxy)acetate 8 (1.0 g, 0.004
mol) in 10 mL dichloromethane cooled in an ice-bath was added aluminum
chloride (1.6 g, 0.0133 mol) portion wise. The resulting mixture was
gradually warmed to room temperature and then refluxed for 4 h. The
progress of the reaction was monitored by thin layer chromatography (TLC).
The reaction mixture was washed with saturated sodium bicarbonate solution
and dried over sodium sulfate to give ethyl
2-(4-hydroxy-2-nitrophenoxy)acetate 9 which was purified by silica gel
column chromatography using a gradient of hexane and ethyl acetate. White
solid (0.28 g, 37%). 1H NMR (400 MHz, CDCl3) : d 1.26 (t, J = 6.8 Hz, 3H);
4.27 (q, J = 6.8 Hz, 2H); 4.71 (S, 2H);6.32 (S, IH); 6.90 (d, J = 8.8 Hz,
IH); 6.99 (dd, J = 3.2 Hz; 8.8 Hz, IH); 7.30 (d, J = 2.8 Hz, IH). EXAMPLE 8
[0153] Ethyl 2-(4-(4-bromobutoxy)-2-nitrophenoxy)acetate (11) (Scheme 2).
To a solution of ethyl 2-(4-hydroxy-2-nitrophenoxy)acetate 9 (0.17 g,
0.0007 mol) in 10 niL acetone was added potassium carbonate (0.39 g, 0.0028
mol). The reaction mixture was stirred at room temperature for 10 min. Then
1,4-dibromobutane 10 (0.33 mL, 0.0028 mol) was added. The resulting mixture
was heated at reflux for 12 h. The progress of the reaction was monitored
by thin layer chromatography (TLC). Acetone was evaporated and the residue
was diluted with water, extracted with ethyl acetate and dried over sodium
sulfate to give ethyl 2-(4-(4-bromobutoxy)-2-nitrophenoxy)acetate 11 which
was purified by silica gel column chromatography using 0-20% gradient of
hexane and ethyl acetate. Yellow oil (0.52 g, 92%). 1H NMR (400 MHz, CDCl3)
: d 1.26 (t, J = 6.8 Hz, 3H); 1.91-1.98 (m, 2H); 2.02- 



2.09 (m, 2H); 3.48 (t, J = 6.8 Hz, 2H); 3.99 (t, J = 6.0 Hz, 2H); 4.26 (q,
J = 6.8 Hz, 2H); 4.70 (s, 2H); 6.99-7.02 (m, 2H); 7.38 (d, J = 3.2 Hz, IH).
EXAMPLE 9 [0154] Ethyl 2-(4-(4-(4-(2-methoxyphenyl)piperazin-
1-yl)butoxy)-2-nitrophenoxy)acetate 13a (Scheme 2). A mixture of ethyl
2-(4-(4-bromobutoxy)-2-nitrophenoxy)acetate 11 (0.0007 mol),
l-(2-substituted-phenyl)piperazine hydrochloride 12 (0.16 g, 0.0007 mol),
N,Ndiisopropylethylamine (0.36 mL, 0.0021 mol) in 10 mL acetonitrile was
heated at 60 0C for 12 h. The progress of the reaction was monitored by
thin layer chromatography (TLC). The reaction mixture was evaporated to
remove the volatiles and the residue was diluted with water, extracted with
ethyl acetate, the organic extracts were washed with sodium bicarbonate
solution and dried over sodium sulfate to give ethyl
2-(4-(4-(4-(substituted-phenyl)piperazinl-
yl)butoxy)-2-nitrophenoxy)acetate 13a which was purified by silica gel
column chromatography using a gradient of hexane and ethyl acetate. The
pure product 13a gave satisfactory IH NMR and/or Mass spectral data.
Colorless oil (0.3.g, 88%). 1H NMR (400 MHz, CDCl3) : d 1.26 (t, J = 6.8
Hz, 3H); 1.70-1.72 (m, 2H); 1.82-1.85 (m, 2H); 2.47 (t, J = 6.4 Hz, 2H);
2.67 (br s, 4H); 3.10 (br s, 4H); 3.86 (s, 3H); 3.98 (t, J = 6.4 Hz, 2H);
4.24 (q, J = 6.8 Hz, 2H); 4.70 (s, 2H); 6.84-6.96-7.08 (m, 6H); 7.38 (d, J
= 2.8 Hz, IH).EXAMPLE 10 [0155] Ethyl
2-(4-(4-(4-(2,3-dichlorophenyl)piperazin- 1-yl)butoxy)-2-
nitrophenoxy)acetate 13b (Scheme 2). The compound 13b was prepared using
the protocol described for the synthesis of compound 13a as described in
Example 9 (Scheme 2). Yellow oil (0.3 g, 81%). 1H NMR (400 MHz, CDCl3) : d
1.26 (t, J = 6.8 Hz, 3H); 1.70-1.73 (m, 2H); 1.80-1.85 (m, 2H); 2.48 (t, J
= 6.4 Hz, 2H); 2.65 (br s, 4H); 3.07 (br s, 4H); 3.99 (t, J = 6.4 Hz, 2H);
4.26 (q, J = 6.8 Hz, 2H); 4.70 (s, 2H); 6.94-7.08 (m, 3H); 7.13-7.16 (m,
2H); 7.39 (d, J = 3.2 Hz, IH). EXAMPLE 11 [0156]
6-(4-(4-(2-methoxyphenyl)piperazin-l-yl)butoxy)-2 -benzo[ ][l,4]oxazin-3(4
)- one (14a) (Scheme 2). Ethyl
2-(4-(4-(4-(substituted-phenyl)piperazin-l-yl)butoxy)-2-
nitrophenoxy)acetate 13a (0.1 g, 0.0002 mol) was dissolved in a mixture of
10 mL ethanol and 1.2 mL acetic acid in a 100 mL flask equipped with an
efficient condenser, and the stirred mixture brought to a gentle reflux.
Iron powder (0.084 g, 0.0015 mol) was added, followed immediately by
iron(III) chloride hexahydrate (0.01 g, 0.000034 mol). The mixture was
refluxed for a further 3 h, then cooled and filtered using a Buchner
funnel, washed with ethanol. The combined filtrate and washings were
evaporated. To the residue was added ethyl acetate and water, and the
aqueous layer was extracted twice with ethyl acetate. The combined organic
layers were dried and concentrated to give 6-(4-(4-(substitutedphenyl)
piperazin-l-yl)butoxy)-2 -benzo[ ][l,4]oxazin-3(4 )-one 14a which was
purified by silica gel column chromatography using a gradient of hexane and
ethyl acetate. The pure product 14a gave satisfactory IH NMR and/or Mass
spectral data. Colorless oil (0.08 g, 97%). 1H NMR (400 MHz, CDCl3) : d
1.70 (br s, 2H); 1.78 (br s, 2H); 2.47 (br s, 2H); 2.67 (br s, 4H); 3.10
(br s, 4H); 3.86 (s, 3H); 3.91 (br s, 2H); 4.55 (s, 2H); 6.38 (br s, IH);
6-48- 6.50 (m, IH); 6.85-6.99 (m, 5H); 9.12 (br s, IH). MS (ESI): m/z =
412.3 (M++H). EXAMPLE 12 [0157]
6-(4-(4-(2,3-dichlorophenyl)piperazin-l-yl)butoxy)-2 -benzo[ ][l,4]oxazin-
3(4 )-one (14b) (Scheme 2). The compound 14b was prepared using the
protocol described for the synthesis of compound 14a as described in
Example 11 (Scheme 2). Colorless oil (0.1 g, 42%). 1H NMR (400 MHz, CDCl3)
: d 1.79 (br s, 4H); 2.74 (br s, 2H); 2.96 (br s, 4H); 3.17 (br s, 4H);
3.91 (s, 2H); 4.05 (s, 2H); 6.44 (s, IH); 6.48 (dd, J = 2.4 Hz; 8.8 Hz,
IH); 6.85 (d,J = 8.8 Hz, IH); 6.96 (dd, J = 2.0Hz; 7.2 Hz, IH); 7.12-7.19
(m, 2H); 9.49 (s, IH); 9.87 (br s, IH). MS (ESI): m/z = 450.2 (M+) .
EXAMPLE 13 [0158] 6-(4-(4-(2-Methoxyphenyl)piperazin-l-yl)butoxy)-2 -benzo[
][l,4]oxazin-3(4 )- one hydrochloride (15a) (Scheme 2). To a solution of
6-(4-(4-(substituted-phenyl)piperazinl- yl)butoxy)-2 -benzo[
][l,4]oxazin-3(4 )-one 14a in 5 mL dichloromethane was added 2 rnL 2M HCl
solution in diethyl ether, and then the solution was evaporated at 25 0C to
give 6- (4-(4-(substituted-phenyl)piperazin- 1-yl)butoxy)-2/f-benzo[
][1,4]oxazin-3(4 )-one hydrochloride 15a. The pure products 15a gave
satisfactory IH NMR and/or Mass spectral data. White solid (0.08 g). MS
(ESI): m/z = 412.3 (M-HCl). EXAMPLE 14 [0159]
6-(4-(4-(2,3-Dichlorophenyl)piperazin-l-yl)butoxy)-2/f-benzo[ ][l,4]oxazin-
3(4 )-one hydrochloride (15b) (Scheme 2). The compound 15b was prepared
using the protocol described for the synthesis of compound 15a as described
in Example 13 (Scheme 2). White solid (0.28 g). MS (ESI): m/z = 450.2
(M-HCl). IN VITRO PHARMACOLOGY RESULTS [0160] The arylpiperazine
derivatives comprising Formula (1) described in this invention were tested
in the in vitro pharmacological assays to evaluate their activities for
dopamine, D S, serotonin, 5-HT IA and serotonin, 5-HT Areceptors. The in
vitro assay protocols and literature references are described herein.
[0161] Dopamine, D2s (human recombinant) binding assay [0162] Materials and
Methods: Receptor Source: Human recombinant expressed in CHO cells
Radioligand: [3H]Spiperone (20-60 Ci/mmol) Control Compound: Haloperidol 



Incubation Conditions: The reactions were carried out in 50 mM TRIS-HCl (pH
7.4) containing 120 mM NaCl, 5 mM KCl, 5 mM MgCl2, 1mM EDTA for 60 minutes
at 25 C. The reaction was terminated by rapid vacuum filtration onto glass
fiber filters. Radioactivity trapped onto the filters was determined and
compared to control values in order to ascertain any interactions of test
compounds with the cloned dopamine - D2 short binding site(Literature
Reference: Jarvis, K. R. et al. Journal of Receptor Research 1993, 13(1-4),
573- 590; Gundlach, A. L. et al. Life Sciences 1984, 35, 1981-1988.) [0163]
Serotonin, 5HT IA (human recombinant) binding assay [0164] Materials and
Methods: Receptor Source: Human recombinant expressed in HEK-293 cells
Radioligand: [3H]-8-OH-DPAT (221 Ci/mmol) Control Compound: 8-OH-DPAT
Incubation Conditions: The reactions were carried out in 50 mM TRIS-HCl (pH
7.4) containing 10 mM MgSO , 0.5 mM EDTA and 0.1% Ascorbic acid at room
temperature for 1 hour. The reaction was terminated by rapid vacuum
filtration onto glass fiber filters. Radioactivity trapped onto the filters
was determined and compared to control values in order to ascertain any
interactions of test compounds with the cloned serotonin- 5HT IA binding
site (Literature Reference: Hoyer, D. et al. Eur. Journal Pharmacol. 1985,
118, 13-23; Schoeffter, P. and Hoyer, D. Naunyn-Schmiedeberg's Arch.
Pharmac. 1989, 340, 135-138) [0165] Serotonin, 5HT2A (human) binding assay
[0166] Materials and Methods: Receptor Source: Human Cortex Radioligand:
[3H]-Ketanserin (60-90 Ci/mmol) Control Compound: Ketanserin Incubation
Conditions: The reactions were carried out in 50 mM TRIS-HCl (pH 7.6) at
room temperature for 90 minutes. The reaction was terminated by rapid
vacuum filtration onto glass fiber filters. Radioactivity trapped onto the
filters was determined and compared to control values in order to ascertain
any interactions of test compounds with the serotonin- 5HT2A binding site
(Literature Reference: Leysen, J . E. et al. MoI. Pharmacol. 1982, 21, 301-
314; Martin, G. R. and Humphrey, P. P. A. Neuropharmacol. 1994, 33(3/4),
261-273.) [0167] The radioligand binding assays for dopamine-D 2s,
serotonin-5HTiA and serotonin- 5HT2Awere carried out at six different
concentrations and the test concentrations were 0.5 nM, 1 nM, 10 nm, 100
nM, 300 nM and 1000 nM. [0168] The in vitro pharmacological activities of
the selected compounds using radioligand binding assays are reported in the
following table.Compound Assay IC50 Ki 15a (Example 13) D2S 0.98 nM 0.30 nM
15a (Example 13) 5-HT1A 0.97 nM 0.65 nM 15a (Example 13) 5-HT2A 262 nM 118
nM 15b (Example 14) D2S 1.96 nM 0.61 nM 15b (Example 14) 5-HT1A 2.25 nM
1.5O nM 15b (Example 14) 5-HT2A 13O nM 58.5O nM [0169] While the invention
has been particularly shown and described with reference to a preferred
embodiment and various alternate embodiments, it will be understood by
persons skilled in the relevant art that various changes in form and
details can be made therein without departing from the spirit and scope of
the invention. All printed patents and publications referred to in this
application are hereby incorporated herein in their entirety by this
reference.CLAIMS What is claimed is: 1. A compound according to Formula (1)
: wherein: A is -(CH 2)n- -O-(CH 2)n-, -S-(CH2)n-, -S(O)(O)-(CH2)n-,
-NH-(CH2)n-, -CH2-O-(CH2)n-, -(CH2VO-CH 2-CH2-, -CH2-S-(CH2)n-,
-(CH2)n-S-CH2-CH2-, -CH2-S(O)(O)-(CH2V , -(CH2VS(O)(O)-CH 2-CH2-,
-O-C(O)-(CH2)n-, -S-C(O)-(CH2)n-, -NH-C(O)-(CH2V , -CH2-C(O)-O-(CH2V , -CH
2-C(O)-NH-(CH 2V -CH 2-C(O)-S-(CH 2V -(CH 2VC(O)-O-CH 2-CH 2-, -(CH2)
-C(O)-NH-CH2-CH2-, -(CH2VC(O)-S-CH 2-CH2-, -CH2-O-C(O)-(CH2V ,
-CH2-NH-C(O)-(CH 2V , -CH2-S-C(O)-(CH2V , -(CH2) -O-C(O)-CH2-CH2-, (CH2)
-NH-C(O)-CH2-CH2-, or (CH2VS-C(O)-CH 2-CH2-, wherein n is an integer from 1
to 7; B is O, S, S(O)(O), or NR5; and each of R1, R2, R3, R4, R5, R6 , R7,
and R8 is independently hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted
cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroaryl,
substituted heteroaryl, heteroarylalkyl, substituted heteroarylalkyl,
acylalkyloxycarbonyl, acyloxyalkyloxycarbonyl, acylalkyloxycarbonylamino,
acyloxyalkyloxycarbonylamino, alkoxy, alkoxycarbonyl, alkoxycarbonylalkoxy,
alkoxycarbonyllalkylamino, alkylasulfmyl, alkylsulfonyl, alkylthio, amino,
alkylamino, arylalkylamino, dialkkylamino, arylalkoxy,
arylalkoxycarbonylalkoxy,arylalkoxycarbonylalkylamino, aryloxycarbonyl,
arylloxycarbonylalkoxy, aryloxycarbonylalkylamino, carboxy, carbamoyl,
carbamate, carbonate, cyano, halo, heteroaryloxycarbonyl, hydroxy,
phosphate, phosphonate, sulfate, sulfonate, or sulfonamide, wherein R1, R2,
R3, R4, R5, R6 , R7 and R8 and A may optionally be substituted with
isotopes that include, but not limited to 2H (deuterium), 3H (tritium), 



13C, 36Cl, 18F, 15N, 17O, 180 , 3 1P, 32P, and 35S; or a pharmaceutically
acceptable salt, racemate or diastereomeric mixtures thereof. 2. The
compound of claim 1 of Formula (Ia): 3. The compound of claim 1 or claim 2
wherein A is -(CH ) - . 4. The compound of claim 1 or 2 wherein A is -0-(CH
) - , -S-(CH 2)D-, -CH2-O-(CH2) - , -(CH2) -O-CH2-CH2-, -CH2-S-(CH2)n-, or
5. The compound of claim 1 or 2 wherein A is -NH-C(0)-(CH 2)n-,
-CH2-NH-C(O)-(CH 2) - , -CH 2-C(O)-NH-(CH 2)D- or -(CH2)n-C(O)-NH-CH 2-CH2-
. 6. The compound of claim 1 or 2 wherein B is O. 7. The compound of claim
1 or 2 wherein R4 is H. 8. The compound of claim 1 or 2 wherein each of R1
and R2 is independently H, halogen, haloalkyl or alkoxy. 9. The compound of
claim 1 or 2 wherein the compound is characterized by: an affinity for
dopamine D2 receptors; an affinity for serotonin 5-HT IA receptors;an
affinity for serotonin 5-HT Areceptors; having at least one hydrolysable
bond that can be cleaved non-oxidatively by hydrolytic enzymes; having
primary metabolites resulting from a non-oxidative metabolic pathway;
having primary metabolite(s) with negligible inhibitory activity at the
HERG (human ether-a-go-go related gene) potassium channel at the normal
therapeutic concentration of the parent drug in plasma; lacing or having
reduced incidence of metabolic drug-drug interaction when co administered
with other drugs; not substantially elevating liver function test values
when administered alone; or having oral bioavailability. 10. A
pharmaceutical composition comprising the compound of one of claims 1-9.
11. A method of treating one of psychoses, schizophrenia, acute mania,
bipolar disorder, autistic disorder or depression comprising administering
to a patient in need thereof the compound of any one of claims 1-10. 12. A
method of treating schizophrenia comprising administering to a patient in
need thereof the compound of any one of claims 1-10. 13. A method of
treating bipolar disorder comprising administering to a patient in need
thereof the compound of any one of claims 1-10. 14. The use of any one of
the compounds of claims 1-10 for use in treatment of one of psychoses,
schizophrenia, acute mania, bipolar disorder, autistic disorder or
depression. 15. The use of claim 14 wherein the use comprises the treatment
of schizophrenia. 16. The use of claim 14 wherein the use comprises the
treatment of bipolar disorder.17. The use of any one of the compounds of
claims 1-10 in the manufacture of a medicament for use in treatment of one
of psychoses, schizophrenia, acute mania, bipolar disorder, autistic
disorder or depression. 18. The use of any one of the compounds of claims
1-10 in the manufacture of a medicament for use in treatment of
schizophrenia. 19. The use of any one of the compounds of claims 1-10 in
the manufacture of a medicament for use in treatment of bipolar disorder. 


