TRANSAM NASE Bl OCATAL YSTS 1. CROSS REFERENCE TO RELATED APPLI CATI ONS

[ 0001] This application clainms benefit under 35 U.S.C. 119(e) of

appl i cat iwo 28swdisgd02No. 61/ 155,902, filed February 26, 2@0%usthe/oessnt ents of
whi ch are incorporated herein by reference. 2 . TECHNI CAL FI ELD [ 0002] The
present disclosure relates to transam nase biocatal ysts and net hods of
usi ng the biocatal ysts. 3. REFERENCE TO SEQUENCE LI STING TABLE OR COVWUTER
PROGRAM [ 0003] The official copy of the Sequence Listing is submtted
concurrently with the specification as an ASCI|1 formatted text file via
EFS-Web, with a file nanme of 376247-035.txt, creation date of February 26,
2010, with a file size of 367 Kbytes. The Sequence Listing filed via
EFS-Wb is part of the specification and is herein incorporated by
reference. 4 . BACKGROUND [ 0004] Follow ng ingestion of a neal, a group of
hor nrones terned incretins, which include glucagon |ike peptide- 1 (GLP-1)
and gl ucose dependent insulinotropic peptide (G P), are released. Incretins
stinmulate insulin rel ease and suppress gl ucagon release in a gl ucose
dependent manner, delay gastric enptying, and increase satiety. Incretins
are rapidly degraded by dipeptidyl peptidase-IV (DPP-4). [0005] Sitagliptin
is one of a class of anti-hyperglycem c drugs that inhibits DPP-4.
Inhibiting DPP- 4 activity and thereby del aying the inactivation of

i ncretins appéé@le%Slwl%meHESﬂMNPdw ORSQELNLIZINGA- cel | and
bet a-cel | responsiveness to glucose, resulting in inproved gl ucosedependent
insulin secretion and r edAR¥UPIRERBAZIPDIE RERIYAMIYISn secretion. Because of
its anti hyperglycem c effects, sitagliptin has been approved for use in the
treatment of Type 2 diabetes in numerous countries. [0006] The current

manuf acturi ng process to produce sitagliptin features asymetric

hydr ogenati on of an unprotected enam ne am de (US Patent No. 7,468, 459,

whi ch i ssued on Decenber 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 rhodi um Josi phos-ligand catalyst in nethanol 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 w th phosphoric acid affords
sitagliptin phosphate nonohydrate, the active pharmaceutical ingredient
("API") in JANUVI A(r), in about 79% overall yield fromthe enam ne am de
substrate. [0007] Further inprovenments in the manufacturing process for

si t agl i GROSSREFBBIINGE [T€) REISUMVPRPPDIOSTIONS present di scl osure provides
pol ypepti des, pol ynucl eoti des encodi ng the pol ypepti des and net hods of

usi ng t[A80Kol yHepiprdiestidroclainisehdbbacht af artd mioacwntoe LS. dirowkional Application

4- 0x0- 4-[ 3- (trifl uor hyl ) - - di hydro[l,2,4]triazol o 4, 3-

oyt o Fabas on; Bled Fobite 3 20 dhesiisttn stk s Hhboried bveersan e
Subst 1 ah @k knfi@y( 2 | | |
)-4-0x0-4-[3-(trifluoronethyl)-5,6-dihydro[l,2,4]triazolo[4,3-fl]pyrazin-7(
8 FD-yI!-I- 2,4,5-trifluorophenyl)butan-2-am ne (the "product) in presence
of an dh GHEGBRYGENTION product, having the USAN of sitagliptin, is
the active ingredient in JANUVIA(r), which has received marketing approval

i n manyl06@RInt rTtegprésent infentiongalatee e cahposytpms 21 divibptresine QD@8 esMi | e

natural | y . occufri t ransani nases asur ed .the inventors do not

reasur SRS BT bR BTN BESS pEL TR P E: o R RO s R hases o
the pregRYreddhbal Oflohance afirBRBlSclafes EASYNREB, Bthpdshnk agd hRteagyer si on of
t he ketoam de substrate to the product. Thus, in one aspect, the present

di scl ostitigingeirglpwsrazanei baprdospatpoundnw hieh nesessiud b phasmagelngieslttiqagment

4- 0x0-4-J 3. (trif.l |1 )¢5, 6-dihydraoll 2.4]tri lo[l4, 3. . ..

oyt az: oyt SR AR RS HERS Bt Bl SABRB Pl s oot e
subst r ain@"depicsi¢2
)-4-0x0-4-[3-(trifluoronethyl)-5,6-dihydro[l,2,4]triazol o[ 4, 3-

] pyrazin-7(8H) -yl ]-1-(2,4,5-trifluorophenyl)butan-2-amne ("the product")
in presence of an am no group donor to |levels measurable by an analysis
techni que, such as HPLC- UV absorbance. [0010] In sone enbodi nents, the

i nproved transam nases of the disclosure are capable of carrying out the
conversion of the ketoam de substrate to product with an activity that is
| east equal to or greater than the activity of the pol ypeptide of SEQ ID
NG 4. In the enbodi nents herein, the inproved transam nases are capabl e of
form ng the product in enantioneric excess of at |east 90% 91% 92% 93%
94% 95% 96% 97% 98% or 99% or nore. [0011] In some enbodi nents, the

i nproved transam nases are capable of carrying out the conversion of the
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X122; X124; X126; X136; X137; X138; X146; X148; X150; X152; X155; X156;
X160; X163; X164; Xl 69; X 74; X 78; Xl 95; X 99; X204; X208; X209; X21
1; X215; WODL@10/0d2303; X225; X230; X252; X269; X273; X282pCXAB4010)2887 X297;
X302; X306; X321; and X329. Cuidance for the choice of various am no acid
resi dues that can be present at the specified residue positions are

provid j i Rt that follows. [0014] In sone

enbodi %bgéﬁﬁmosgﬁmﬁmﬂse pol ypepti de conprises an am no acid
sequence that includes at | east one of the follow ng features: resjdue

cor r es 808 Ing Medisawns ased eitsphpsychticatisogdsrs atsglieg antpsydioticy TyRi®bhat i ¢
resi due, Wl I i ral r or

al i phaﬁngﬁggg%e(?&?éetgﬁ%ﬁg%rg rt(;egspg)%g %%O%ta ga@(%%éﬁogbég%geoﬁg%g:bggﬁkgd resi due;
and r egicderaticioantgspdrtic nlgugsanX28et togreat paynhgid iacludmgisdueopHr&G4.5[hel n sone
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cor r esPRGINNIND) MfpesdS PIAIDOLARShRihix &R (A V ANEN)! RifRbidpefsfiedue,
and/ or residue corresponding to X284 is a non-pol ar residue; residue

cor r es gOMBLAZINE®) 1 x2phenazine GFRILALONE®), and thipodarncMBLLARHA®E Thesi due; and
id ding.to X223.j t raj,ned ' . .[0016] |
cmbodi RENT SRRV hAREU S PP AR agE o et Bl St daa o iR aci o
sequena@orhftaéd lontht Heke SedraticdamitipsytBofi@) tewyiicall edipsyeisotick @spedt® be
corresponding to X69 is C or a nonpolar, polar, or aliphatic residue;
r esi duecdeeity efSysonaimgdugngiizposiiva spsnemsdikedellugipaiions had depsians bk aayc
i due: i . - . X ' . ' [ . [0017
| somye RS AT R R ARRRANAY, Il R P A B S Rl L O

am no aatldasgausnedthiatal icntltiodsisicpicssieasid thoeikt oTheot pigal faadpdycksticsr esi due
correspondi ng. tq. X122 is a _constrained, non-éol ar or all ghati c residue;

r esi dueUESRHR EIah e igclnge 4ripyrazol B LAT hge: dempiigd CLCARLEY. i s a
non- pol - @S] I eS| he | ‘(ﬁﬁh I nase
pol ypepltff‘sﬁoe é&?g Rﬁ%ﬁe@gé%bgm&%%ﬁgﬁﬁegg’ggg&ncei tqﬁgt?d% f%i@ﬁ&kes 5@2’2“?@ t he

f ol | owizgrafidatcl(iCEODOBRR)due corresponding to X69 is C or a nonpol ar, polar
or aliphatic residue; residue corresponding to X122 is a constrai ned,

non- pol[8004}r altyplalt intipsbbtlesiave dihidished propesigndicageetr@2a@midal a
constrai ned residue; resi due, corresponding to X2 i s a hon-pol ar

d 8
r esi dueyoterey (HR?) §6¢r§1?‘§%61ﬁkh@ﬁtas(,TQ) oy tvm%l\ﬁ@&pwaﬂé%nﬁﬁ%@nwepﬁ&m i de

conpr i 8RR %e?ﬁ%ﬂcai%ﬁ“;%&?@otgc? ?ﬁclﬁ&?eﬂgpﬁeatﬁlentm%%%@)%%%g’gﬁﬁzf eat ures

descri be n ne or residue positions 23, and
X284, fhetttthamplinote)gessitde btedist for kegrfiovd imvpangnehesasnd lesier X26 dfselapsear onat i ¢
or constrai ned residue, and/or X62 is an ar tic or. polar residue;, X65 is
an ot iR lfSRfe g SOy, e re O Eorsgs st byt &R 4 phat i
or ar ongdd GrdcRSCHIEpin@ D6 P1RP Palse FRR, Md RRALHG MBS bAU v 02 oth&t some
enbodi nents, the inproved transam nase pol ypeptide conprises an amno acid
sequencatipspehofigsaisedimshunians seldatei o hoovevhiea fitsatligrieg dums bedabsothtsrseden f or

one or rg of reds{ due t&osjoti?o]lnir X69, X122, X2231,1 ta.nd X284 flur her

i ncl uded8E LS O SPGB oRFHGH FRAN OrEE: MRETCICQUURH FAAR WY e Rue; x62
IS an armgBds MarREd1p GndfediBs6lURe oEH atypidD amtpspéllics with Shegt8atest Aot an
aliphatic residue; Xl 36 is an aromatic residue; Xl 99 is an aliphatic or
ar omat i cffecsicy deta ayperidonmang)| qlgirapine. These divgs argzha moptscomnmnlygerdx282 is a
pol ar resi due, - - j |, pr : ] e
pol ypepffr?{ e c%lﬁ%?}?cééls}csatﬁd mpfﬁgqgg]i% a%%gtﬁgcnaggﬁﬁgg%tﬁ%ﬁ%l ;él{sc,gl %R%gﬁlgti on to
t he feahar esvesesmal heds hel @uch EBicr anasedham@lbeapiric. HoSicdtieb@asisperddume X69,
X122, X223, and X284, further includes at |east the foll ow ng features: X8
is a coﬁﬁé@ﬂa&%ﬂe ﬁréﬁméréi;b%qe fiécchin Rasreqnecaps PErlactingdo atigna Wb nat i ¢ or
pol ar 15 dhijosXi8pdraALIA OThBk) {sANGrciat@iluwit® nfich At fin $T8! |
resi dueg‘,ad X9 |ossg<g§péanlﬁfpha% c@res?l‘éﬁg;gé)s(l g%glai%%]‘gn g@gmﬁﬁrgwreﬁgltgl}g; X199 is
an al i pidition totiparawdefimse asiotdueltick2Q8tidpgnamdalipphabnemag be dafer X215 is a
C X217.is ol ar residue; X269.is a constrained residue; X282 is a pol ar
resi dudt E‘f%te rEPETHoRF aPdeiaaERincaRtY Mess fryes danebﬂme?faﬁoﬁ@&w grdle. [0022]
I N sonefREPAMIIRE biher Ath) ichl%&i@%}%ﬁoﬁés@ﬁ%{?r%%‘isI@)ﬁé ¥PEREW SenGATGH dfSes an

am no acid sequence that includes, in addition to the features described
her ei n dtynicad patigsychasicedrogs appgivid dy posFPAdnsthrESatmen? of sckzpghrearidn 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-pol ar
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
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transam nases. In sonme enbodi nents, the host cell can be a bacterial host
cells, such as E. coli. The host cells can be used for the expression and
i sol at i orwof2otd9magi neered transam nase enzymes descri peu/usereion36sor ,
alternatively, they can be used directly for the conversion of the

ket oam de substrate to product. [0026] In sone enbodi nents, the engi neered

t ransarm nases, .| he form of who el | [ extracts, | at ed
ol ypoptraaer S ShRundar e § pgt e ooBROA FsiipRdive b afP) or as a
combi “61}00@}0691623 'Sfafaﬁ{a,ep.t@t%ﬂ%@%ﬁ@%[%%ﬂ&t@ﬁﬁeﬁ: et[aQQ?’?)]zdoB/O%@%).t her

aspect, the inproved engi neered transam nase po] ypeptides described herein
can be weseprayed fortbe teamicnt oftacatespaninand mixedfepisedq asseciatad mothdriealyr
acceptor.s_(e.. e. acceptor) in,presengce.of am no group donor. In
sone enigatdhiferd (B ATRRRRARG S nelaREERR0E #2 ARePBUES %t o "ot epar | ng
a conpafigsyehodsrwieh tesgdct footidimant (bgpondd, Lffivayy Al toheatigi cat ed
stereochem cal configuration at the stereogenic center marked with an *; in
an enanpp ri LrypxeRaRip@fchdticd £#8fcrdhQHLRVIRIngd (A8 d AP PRI LaRNABIJS ORI f
mhereiﬂ fﬁﬁg CRgﬁopNRQ %‘J% IS Cff%ﬂglkyngaryl, heger%aryl,sarylp&-z

al kyl , eovarisbt errogehiatriCiconditibhey Con@Pomnidr Rbidrasymed niipryehesivdert | y hydr ogen,
Cl-8 alkyl,..aryl, or.aryl-C 2 alkyl, or R2 and .R together with the

o 1+ ogetstbRl R bifiahdigrdaRutRosie BirSo RN PP Ehae e

het er ocyetlopmehtandisorgéemtRRptibaafidiyhgRidcal ity BBoRidr GUIHD) WppbsitichAr oat om
selected fromO S, NH and NC -4 alk the heterocyclic ring being

S |,
uns ubstdefigatetisasderd KB and eandypttdisasdes. ilhﬁyt #ie alse ubxt Synusernatiqaly épbedlent | y

sel ect K 0 Y, I y - : rein
kol - S SRR i MG v ORGPERRen e B e G i r s a8

f 1 uori nesgciaatiwithehehedaenen ot hiypidal aigipsysioans &pediglppticangdih ynd tisgd with a
5- to 6-nenbered saturated or aromatic carbocyclic ring systemor a 5- to
6- membdPeFed diaketst 8¥EHS-ar omat i ¢ heterocyclic ring system containing one to
two heteroatons selected fromO S, and NC-4 al kyl, the fused ring system
bei ng R8st ingeeeraloptysigskantipaychatio tharconanyt of thowide affeets elienicsl sel ect ed

from hydr : e Cle. vl Cl-
i ueraneng e (bl iR sbtude b ol e S Sihuome (B89
pr ochi relrdeedlignentaindomecindr tatdiveodyskinasif;l lbpger kPeritdrwith thaip howetiown

engi neered transam npase pol ypeptide di scl osed above in the presence of an
am no dhyasvdekencsditobecaniidgrd syelyanmetabelis smdramgsnd Qi rploagstvdet i on

conditi ] i . (] :
compourgrop cinenifh SRRNER T4 Bl o cre) SATRGUBG@hct BRI b 6r

engi neéfashdes dﬂEain’_[eﬂ {$4P)p Brypmdticadesiveiss arcidbetic bfeas sucban weezht ggaid, iimda

D cont U aBR 2hd RSt SROBHR ARG heahiEh IS RetTEL Ho oo Yagogy -
enant i QE{ié4 IRSFRESh mAht beASporkHYe R ]bmE BE tHRNAGEARTBIorbAMy BEd HdeaRRPOSI te
(~-configuration; wherein Ar is phenyl which is unsubstituted or

subst i trateech piychotomesticnts ticsted sathsatyrice anpsynldgpendent | y sel ected from t he

group consisting of fluorine, trifluoronmethyl, and trifluoronethoxy; and R
i s hydr[06@H orOffitardctaphaythacohepyleitlidrug odirog iserbstians utcadamiyt resgmesibtaofot | ve
fluorines rein, the process conpri.ses the. step. of contacting a.prochiral
ket one ra?st‘g??ﬁﬁ@fiﬁ?ra? Sife P osiateh prithdhe P%W@%@pw&pﬁ%?@&h? AsRishl nase
pol ypephtidg HbSch RS urheSivRidg st d for RECEERGENT BNz Hr&Ra S PRdPNOr in a
sui t abl e organi ¢ sol vent Under suitable reaction conditions for the

conver gispehotit dideederohpooedr tkrapontmutargef Sledtigity héor coapplenencoft thomostl a (1) .
In sone_enbodi nents of. the .process, the Ar of fornula (2).1$ .

2"s" i Frep e By Pist FEBRRRTRC aniAYPing 4 B Bt Sl s egmistyl . 1o
somne erﬁﬁﬁ?&}%‘ﬁﬂﬁ@dﬂ@, $162p QL€ Eporttd® H¥ve Qfgnfafdcaivitidy abdinst more than 12
2,4,5-trifluorophenyl. [0029] In sone enbodi nents, the 1 nproved engi neered
t r ansarfeerpéws peshyasdopardes (BarDh s aaél). neratapinGed$24 §rH preepdF Tsngdedconpound
3{ h;g: g‘?’f%,ze?dliﬁe}r%ié E%%%af’ 1;1;96}? élé’ﬁa[ f’)’, fkLdihy 8&8,%%1&%&)11’0%\&5, Dopamine

] pyr azitrengfddtdy {DAIM bnd dordpinephridel ttinrmptee OYET btecaptoR(Bivdigotoicnalgnant i onmeri c
excess: [0030 n t hese i rocess conprises. the step of

1.1 enbodi nents, the p
cont act¥iplgcwaihPsyehiptsy 200a; bheObr iatlpthyiths athet B apprqvodptypical
4- ox0-4-[3-(trifluoronethyl)-5,6-dihydro[l, 2,4]triazol o[ 4, 3-
] pyrazin-7(8H)- yl]- 1-(2,4,5-trifluorophenyl)butan-2-one): with an
i nproved transam nase pol ypeptide disclosed herein in the presence of an
am no group donor in a suitable organic solvent under suitable reaction
conditions for the conversion of the conpound of fornula (2a) to the
conpound of forrmula (la).[0031] In sone enbodi nents of the above processes,
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(trifluoronethyl)-5,6-dihydro[l, 2,4]triazol of 4, 3-
]pyrazin-7(8H)-yl]-1-(2,4,5-trifluorophenyl)butan- 2-am ne using the

engi neer edonamwasienases di scl osed herein. In sonme enbo®CRAISLGL0/023687 pr ocess
conprises contacting a ketoam de substrate
4-0x0-4-[3-(trifluoronethyl)-5,6- di hydro[l 2,4]triazol o[ 4, 3-

1 pyrazin-7(8 I (2,4,5-trifluoro nI) utan20n i n.presence of an
b o B BT B30 s e G R R4S g B G Geer | bed
her ei n Jdndigics ﬁg‘a%%tthfb?e Hﬁﬂ@liﬂe‘ dTfe RUéJtR IS ntiBheCAINE TG richerckebRaM de

substrate to Er oduct ) - 4- 0xo0- 4-
(trifl voegststthet cpn@oan@h qudmg aczwrtytagalaﬁdlop{lrmn@(Dz) and serotonin (5-HT4

T 2 4 5 t fl I
Lhbod: HAre mEpisE e pE s I ReBRR B Il The SrSRIS 12N oo 27T 5-
(trifl woogmehy )395Dﬁpfétrbytdret Beaanéﬁst I Itezptta@ﬁlée&psychmy 2007, 40(S1), S27-
] pyrazi n- 7%8H) éi -trifl uorophen )butan- 2-amne in at | east 90%
enant i orer Perlexedd st al[ d@z@f}ophﬁfﬂ%ﬁ@geﬁﬁgallﬁﬁni@ 3§havhileserpeunds capabl e of

formn
(trifl %é?@?r%ﬁ%)gﬁg éﬁﬁgt ﬁ%ﬁ’? %Ff’ltﬁ?sii Sy 4 e, histamine (Hy), and
] pyr aziddrehicii cappha-1)nfa, c41u5eetdviefslelstdre@lﬁﬁeetwhc)tbastcaf&ia&arammmah.n at | east 99%
enanti onmeri c excess. [0037] In some enbodi nents, the process for converting
ket Oam[d@()ﬁUbSAlﬂﬁIu%h%@é §pttal é’rrtlps chotics (aripiprazole, clozapine, risperidone,
(trifluoronethyl 6-di hydro[ | 24]tr|azolo[43
]pyr aziHazeBpg - qﬂe}lapm% 2nd zprasidomeLigespHE iy Y Heal anoreprscrtsignbentt (2

4 0X 4 i yrazin-7(

el B b e AR S e B Pty g e

ket oamcﬁtegéxublstrﬁlabeecatafahtprtmléé) g/L with about 5 g/L of a transam nase
described herein under reaction conditions of pH 8.5 and 45C in presence of
1M i sogooey! a”IH&@efofM"@é\%le)n&ht beassvPUIRL clidtie thethaamseyveihsiapaltr 1S
converted to product in hrs. In some enbodi nents, the transam nase
pol ypeptigdsclestistty thaptthaeurroptly gvalablertherapiss mgsldmyovidaetiraiveesdpifeses an

am no acjid . ' I , 98, 100, 102,
104, 13’@%(9?@%%?%?‘re%%%n%ﬁgéwf%gfeﬁiaf&!agi]f@,dl}%‘?%%iéi%,%rdfg . 128, 130, 132,
134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162,
164, 168UMMARY. OF. TIDETAVENNTIBSCRI PTI ON [ 0038] The present disclosure
provides highly stereosel ective and efficient biocatalysts capable of

medi at l[oqla]r aﬂerer%ht @aRention\Rd MUl eiconipRR AT sNRhEsdbhe E@fipdlinds,am no group
acceptors, the synthesis of sitagliptin. The biocatalysts are

engi neeqoewowlaﬁ%atﬁ Hetbadsefi wpeghe aeepqwéﬁ foatWatz@a yedizophfeaiainddelatede of
f | 3, 4, 3-
| pyr a e Abey P adtng drbfecbipbHPHRBRLEKLAS ROMHEE Booreigth WRREBE L

S ubst r adoeippundsart he/lgipadriat dertvaftmmﬂlha pfdsat)t 1(1\%nt10n provides rnethods for

) - 4oxo4[3-(tr|flu0{orrethyl) 56&’ dr o[ ]trlalzolo[ fl%w}/razm 7(
8 H yIS]YnI egizing such oy IDINSTRAMIOEMRPAUP Bt ﬁpéesaftﬁlh\éenflt’hé SO[BFQ)V(!I tyethedSpr esence
of an ] I'n

cer i e R o e AR ¢ he

nat ur aIHayedmmpucatllmgp&ycamrﬁmwngfscmapmwamdenelae@ MNEiBE8s sushiashcits an

-sel ective ri.doxa hat ndent enzyne that can catal yze the
rever si'B{ESt %ﬂI%ffGEW%tf %tﬁ HBT%FHFB PEENHEBN an ani no group donor and an

am no rou accept or, p| cally. a prochiral ketone (see, e.g., lwasaki et
al ., ﬁppIT emoapeﬂtl of thg ybwﬁﬁapntlmroz@s NEYIChgRHOLBOYSAL ent

7,169, n). The
N Ster id%ég? s T A e A A s B R

t r ansanihegsec ddvamagedus botrast ef thsip hlgm(desﬁablhqﬁtalbwnlocgmrb medtataliedandn 3, 4-

di net ho henyl acet on t the na occurr me and the
o B DRGSR Ben s deggntast b Hy SR G Y oY the
ket oam de subst r@t@exhaat affﬂngamd%phl%n{etzraﬁzb HQEMEEL hyl ) - 5, 6-

di hydro[l, 2, 4]triazol o] 4
] pyr azi n- 7(8H) v2) Jo ¢xhilsit aﬂfflﬁltt/rfwrfSIemmlpﬂér(ﬁtf)IBut) gecptotne. The transan nase

of SEQ ID NO 2 fer, ena ur.a r|n enzyme from
Art hr obact er spc‘%E{I\I?(f%t@’s1 h?’av?rnsﬁmaonsl%%At(Isﬁgﬁ e 0Irssol eucine (I) at

resi due positi om)i@ﬂ}ﬁn\thérapmbmeméwveomea@t/amezeﬁewtbbﬁ&es)shortcom ngs, the
transam nase of SEQ I D NO 2 has been engineered to nediate the efficient

conversion of the ketoam de substrate of fornmula (2a) to the product of
formula (1a) in the presence of an anm no group donor, such as

i sopropyl am ne. The conversion can be carried out under mld conditions

WI t h h| gh % conver 5| on and ster eosel ectl Vi ty, ITB.kI ng the process appl | cabl e
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Valine Val V [0041] Wen the three-letter abbreviations are used, unless
specifically preceded by an "L" or a "D' or clear fromthe context in which
t he abbr ewDavioom9ioe used, the ami no acid nay be in eithecTiuseoln23s87
D-configuration about a-carbon (Ca). For exanple, whereas "Al a" designates
al ani ne wi thout specifying the configuration about the a carbon, "D Ala"
and "L- ' desi gnat e D-al ani ne. and. Lal ani,ne, respectiyely. \Wen the

one- | ctlDbP2lapinalF Bicsh B CEaen i dupv e a PRerEs SeslEIRCaTRIES aci ds
in the donfROAILITRIIMAR (@pout the a-carbon and | ower case letters designate
am no acids in the Dconfiguration about the a-carbon. For exanple, "A"

desi gnates L-al anine and "a" desi gnates Dal ani ne. Wen pepti de sequences
are presented as a string of @%e-letter or three-letter abbreviations (or

m xtures thereof), the seqguenKnes Qe pr nted_infdhe N C direction in
accordance with conmon coﬁﬁiﬁti n.2| 1Q04¢2] ti?hnical and scientific
ternms used in the descripﬁﬁ 5 in WN|L/ ha he neani ngs comonl y
under st ood by one of ordin%%y skilR*in t he art,Raness specifically defined
ot herwi se. Accordingly, the followng terns are'intended to have the
fol | owi ng neani ngs. [0043] "Ani igfyadf erase” and "transani nase" are used

i nterchangeably herein to refer to a pol ypeptide having an enzynmatic
capability of transferring an am no group (NH2) and a hydrogen atom from a
pri mar wigheine (3) to an acceptor carbonyl conpound (2), converting the

am ne donor into its correspondi ng carboqyl conmpound (4) and the acceptor
"nto i th icdFabporih Rl ke Yo s MOy (B)-C (1) [0044] In the

nbodi t i t i i | f
enant | osel oot T UaTyC HBRy e e O n e S orsouid o ak i B o0 PF 6 e compound
of Tormul a ((Ca)-3(0) 0,85 S0CH; S (@NOMTHIECH-OUp-COROC Hok-{ of mul a (3).

[0045] "Protein”"., "polypepti " .and "peptide” e _used interchangeably
herein to dégéﬂgbécgkﬁy' -Gﬂghﬂﬂﬁéasﬁﬁﬁmé“ihQH%ﬁﬁbwds covalently linked by
an am de bongyyr ndlgess, et -Cen Q. Lty | atoylcgmetf.i cation
(e.g., gIycog§fé??gg@hgﬁoégﬁoFyfggpgg{«??%lHé??%L?kggg?giiIat%bn,

ubi qui ti nat i-66H)e€O)-NH-Ad (ddd, WCHh)+COhiSsCliefGhhi-t i on are D- and L-am no

acids, and m f and .L-am i.ds. [QQ46]~" ate" as used

her ei n refegg%%gggﬁogﬁ?ﬁgkgFgﬁﬁkggﬁgﬁ?gﬁﬁgghéﬁgﬁg4gcﬁggﬁg ;> that accepts
the am no graum,)f JROEPCANICTY.-JCRHR-NANOIOLCHACHEaGk i on nedi ated by a
transam nase. In the context of the present disclosure, substrate for the
t r ansam nasdCGthb§¢€Q)-Chhdilde-ovhere, n ke ieteggydiomel 166 7fornul a (11), the
conpound of forrmula (2) and the conpound of fornula (2a), as further

descri 2 Ot,&(0)(M, ddddRbanilde substrate” specifically refers to the
conpound of fornul a (Za%, 4- 0x0-4- [ 3-

(trifl waclooBRhR*) RE RE; RIT, RYIRO[dnd R *4} trideperalem] Ythiatrogen, alkyl, substituted alkyl,

] pyrazin-7(8H)-yl]-1-(2,4,5-trifluorophenyl)butan- 2-one. [0047] "Am no
group donor "ar¥lepuistituiesl axyl, é‘ii‘itlar%]éylc fduted ARrEHL cecleapepribsiitdonat i ng an
am no group : :

recept o) P B BT A SR o < are
mol ecul es ofhetreomyahettaramibliyl 3)bsti(uddd haterodniy btk yézechladfylRycafR@nylwhen t aken
i ndependently,. is al kyl, an al aryl . group, or aryl group which is
unsubstituté%y@Fy§EQ§§Y ‘%ﬁﬂﬂfﬁﬁﬁﬁhgyé?bﬁ%&@ggﬂzynaticalIy non- i nhi bi ti ng
groups. Rl %91&%1%1@@@9%9&&%,fa%%@; alk&:8/afBéni Nakbk HatBohglaBloxghi ral i ty.
The groups Rl and , taken'together, ‘may forma ring that is

unsubst i t ut edkoxyabbenyllailedamioe, dlkdesn!finylotlkdsulfanyg slkyithisi, eainoani no gr oup
donors that Ga abglugegﬂmﬁ&ghghla&ﬂvEntion HQ&'Ud% qﬂkrgja %g aﬁy&ral am no
aci ds, and chrral "8ndYach aros neg.nfﬁbﬁgﬁ Shr FR T aTIEOor ?ePsyTo

am nes of geiglaioxj@FEohlyaliGlarkido N JoxRarbbre eirfildiy cabenyfelkaxg noni denti cal
and is enployed herein in its broadest sense, including a wide variety of
al i phati c arfélylaryeykanylalledspaanessbet. earpaaednearbapgic rarkonates ¢ieapi kel
types, char i n i i bound to a
ocondary carban L EanTEmE IR ha Re  B  &i ther
(i) a di val entfogemidp, wiesrainng',&*cRi, Rd| RGREI, RE asd RbahdiAanayosptionklly bswo
substituents (other than hydrogen) differing fromeach other in structure
or chirality. Divalent groups formng a chiral cyclic structure include,
for exanple, 2-nethylbutane-I|,4-diyl, pentane- 1,4-diyl, hexane-I, 4-diyl,
hexane- 1,5-diyl, 2-nethylpentane-1,5-diyl. The two different substituents
on the secondary carbon atom (Rl and above) also can vary w dely and

i nclude al kyl, aralkyl, aryl, halo, hydroxy, |ower alkyl, |ower alkoxy,

| ower al kyl thio, cycloal kyl, carboxy, carboal koxy, carbanmoyl, nono- and
di-( lower alkyl) substituted carbanoyl, trifluoronethyl, phenyl, nitro,

"



pyri doxam ne phosphate to the am no acceptor produces a chiral am ne and
regenerates the coenzyne. The pyridoxal -5' - phosphate of the current

i nvent i orwoanio®9zoepl aced by ot her nmenbers of the vitamPoTRG2610023687

i ncl udi ng, anong ot hers, pyridoxal (PL), pyridoxam ne (PM, and their
phosphoryl ated counterparts; pyridoxi ne phosphate (PNP), and pyridoxam ne

phosphate (P . 051]. " Codi .sequence" refers § hat . part.ion .of a

o B e act dupaitged Satspieien i e Baos iR R et e By
protein. [0052]¢NepuUy 'Y, oy Uty PHgan®?°s' W | d-type” refers to the form
found in nature. For exanpl'e, a naturally occurring or wld-type

pol ypept.i : | ISy : FN an organi sm
hat o B e R P R R Eeks "been

i ntentigaall v i L0 Bpun ORI TRBRHLRLI00: o 0087k, ReSanhant " when
used w referenceto, e. g., a ceP e & Al g0 p&1ypep ide, refers
to a nedodipriding the canpinds bfdhe pessesheisturg to the natural or native form of
the material, that has been nodified in a manner that woul d not otherw se
exi st i[gongt urg.on@hspest oA tveRior, RREIRIIQ oPHEatRIpAeGEPsihodtgl | ved from
synthetic materials and/or by manipul ation using reconbi nant techniques.
Non- | i richizaphrendamsiiesmime| bipidar disasdey, aitistie disordse enddpresstonced desciebgsk essi ng
genes tc%arﬁ[ I‘lalrne aia%[i igt%IulI[l] dtovgl tanient tnhn% nﬁ{ei Vo%tﬂenc(:)orr]ﬁ roeggsngfi tﬂan% eﬂctor mof the
cell or e%b?egs hattve gened  that aF% o{%ermnse]%%p edsedPatea different

| evel . [Q&5klire. Per cent age of sequence identity,"” "percent identity," and
"percent identical" are used herein to refer to conparisons between

pol ynuqheps|i deinSaeUEREES! tRE ilRhIYRE BbhPSurRIS @Y 8RGRSenAdiskId e S8tugEdoned by
conparing two optinally aligned sequences over a conparison w ndow, wherein
t he portrdabpsyshoscheschigbghiemibcsticdraras, bipstlypbsarideawistia disowler ar dapecsgionpar i son
w ndow may conprise additions or deletions (i.e., gaps) as conpared to the
r ef er erl0816equemoe asmect ajphé mekntain, gompaindsbf plesertt Wschsguencesd il He
percentage .i s cal.cul ated by.deternining the nunher of positions at which

B her TRAG GO & ARy BT B hOEET BT s BRI D get s 1 - bot h
SequUeNGRMiLbifolAUELRHS, Afistc BRERIPbr &Pr&QioRGict: FGEhFAHE stifizéPhr&figtcit h a
gap to yield the nunber of matched positions, dividing the nunber of

mat chednposibipadarslignyderhautiste disordgnbedepsdssioosi ti ons in the w ndow of
conparison and nmultiplying the result by 100 to yield the percentage of

sequen i K ! i f I al i gnnent and percent sequence
i denti t%;E?g‘?%ié:Pf%angglgg??ﬁﬁm,&gﬁ%mAST 2.0 algorithnms (see e.g.,
Al tschul et al., 1990, J . MIl. Biol. 215: 403-410 and Altschul et al.,
1977, No61Hi c AripisschReiaveddB3eR402) synfafsiswesrepdsitfonpand aictiodg oBusd® anal yses
is publicly avail abl e through the National Center faor Biotechnol ogy

| nf or ne¥YlBPcHEHS| deEvatiy @él]lcg@rp apqfyl for Heatmeadizapiypyia @ad rekated pwchoscest

i denti fyj] i Ord: q.r identi f yi . rds
of 1 engt R B e R e B 0E SR Aok PRI A AT YPehe AR Ao

posi t i yeevidtumanponnés komgostarseand nihkodsdbi gredasilddicd tawatntbnodf t he sanme

| ength in a database sequence. T is referred to as,,.the neighborhood word
score (HPESPEFR (A TR PSERONH S Y MG bhlitidisardssei b0 NI vor d
hits achgagp2egds for initiating searches to find |onger HSPs containing
them The word hits are then extended in both directions al ong each
sequence for as far as the cunul ative alignnent score can be increased.
Cunrul atDPKEINKIJONS are cal cul ated using, for nucl eoti de sequences, the
paranmeters M (reward score for a pair of matching residues; always >0) and
N ( pendP018]scdidessarthanveseatatdt, g fo Bewthigasrmsalsed ysthsQppliEasionamcludingahel
sequences,..a scoring.matri x i d to. calculate the cu .ativ&ﬁigare.

. i S, Us
Ext ensiBRAIBFREISHMAERS 15 dSHBIOGH FREY POR ardhAI PElP ViR

cumul atycVgn hdlOBIAersBso 6 hbhd the nRhhinBY cdhiBoflaREdddtedwith @B s Maxi mum
achi eved val ue; the cunul ative score goes to Zero or below, due to the

ac cunulwderstpodfwitnme therarinafrtee presrat idiseloseror i ng resi due al i gnments; or the end
of either sequence is reached. The BLAST al gorithm paraneters W T, and X
determ ne the sensitivity and speed of the alignnent. The BLASTN program
(for nucleotide sequences) uses as defaults a wordlength (W of 11, an
expectation (E) of 10, M5, N=-4, and a conparison of both strands. For

am no aci d sequences, the BLASTP program uses as defaults a wordl ength (W
of 3, an expectation (E) of 10, and the BLOSUM62 scoring matrix (see

Heni kof f and Heni koff, 1989, Proc Natl, Acad Sci USA 89:10915). [0056]

Nunmer ous ot her algorithns are avail abl'e that function sinmlarly to BLAST in
provi ding percent identity for two sequences. Optinal alignnment of
sequences for conparison can be conducted, e.g., by the |local honol ogy

~ " 4 1 “AZ 2 A PN A



can be a previously engineered or altered am no acid sequence. For

i nstance, a "reference sequence based on SEQ ID NO 2 having a gl ycine

resi due awvoposvwdma X284" refers to a reference sequenc@Crare@spisdi ng to
SEQID NO 2 with a glycine residue at X284 (the un-altered version of SEQ

I D NO 2 has al anine at X284). [0059] "Conparison w ndow' refers to a
concept segnment of at |east ahout 20 canti nucl epti de positions or
oo o Py ST ot R S S s Sesi st SR8 ptaroande wBrBF ence
sequenceh Qlar@rmLast <ad0 af@hbIHRH-IC @uﬁtlee&tétessurgéssat@ Q@& cRaripartaier ei n
the portion of the sequence in the conpari son wi ndow nmay conprise additions
or del etthaswsse(i.e., gaps) of 20 percent or |ess as conpared to the

ref erence sequence (which does not conprise additions or deletions) for

opt i mal[0820]gnnefiniiddén dfweartdan dequerycesns Mhg be frgpdrin ss:fe’remim\dmlvs gaclubtiagl onger

than 20.conti guo resj ,. and cl ud 0, 100, or
oo S BT O S e B e R BB L Vol 2 iRl de or
pol ypepit deNSRNUGRC §ht B@atcut?@éftﬁt Pke%%&%&emteﬁlpeeqwﬁ@eeott&%%l ty, at

| east 85 percent sequence identi | east 89 percCent sequence identity,
at | eagndiogeeovemtiosdquethed qfdleasts sp@tromyevettnatheheasst, b@ghgeistent

sequence i denti 0 ared, to areferencg oVv cO ari son
o naow esoranin YRS RERRY i pranRp R, i BE TN SR o ndba of at
| east 3QnbRsiti6hd SHEEBrMUBLHRI deséritRdPRfER Birdgepraétice@ @HpNHend ent ity is

cal cul at ed by conparing the reference sequence to a sequence that includes
del et i dhgrmgcenidenllyiaserptabie @:Pf?lﬁl@ttt&ﬁnct@“ﬁ@t@eﬂme irRepeagond Arenqatiéednce

pol ypept des, 1R EeRIBN G, pEARBRan A t?’e@ﬁﬁlne%‘cgmﬁﬁpqtﬁnéé ypept i de.

it | P ATHAR eh R gﬁ%"tiool't;’tfg eﬁshgf‘cggexb%ﬂﬂcegﬁ AR mer R oy

prefer qwrfﬁuet(lb e@&tcl&%dmef&@ mhe%@ﬂigﬁﬂ&ﬁ Jfdieink éntionahn e asntifled P Bt
sequence identity or nore ercent sequence identity). Preferably,

resi dudhgip ehqmlewtwwr@f@ Ch@nnqabmmq Mhendthe plegmigyl stoptses gk dhgmicsdi no aci d
bsti t t

\?vhueft Ius Oc%ﬁ ngg% 31161’111?8 I'S?[Eloeg ﬁtiu@%%r%nﬁ%%twg fo?fg?e 18&%§y HP the%omgogﬂtcﬁtfh\ée 0"

pol yn ucdoeq;buﬁi@ sfengiprRegionahey Sortain bhe oﬂnmtteaftimagc@tert hmi/med?dtmtee@ndﬁ ad

specified reference sequence when the given amno acid or polynucleotide
sequendBerOe ApYEY 28 éteteﬁhsoﬁ’étse PUC8 deewerme@ ISORIS e BEUBFIEE 1SOMKES)r esi due
number Gt fdiRl:dPaRASIbIsBRA! ARt eD. |Rcal SflERLORGHGC WL T espect Lo
t he reference sequence ra t he actua numer | position of the
resi due:nmmpass atlipessible enamnmwos acl sﬂereaslsqnnéry nﬁdieebmstmed&equnenm inélading

exanpl e %;ven am o achgaﬁgggence ﬁg as that. of .a i neered
transaﬁphgﬁ omegﬁnggyépF% émPE?EF@ BUISeeffBHeracnspl] ﬁP‘HﬂUClng gaps to
Opti M Zf,@sbHYETRHGRS GndPEhMEBMcEiD Snd Wered REHBAE Bfixtultdd. ERNSSBMEAS §3d

al though the gaps are present, the numbering of the residue in the given
am no a&tqrdommm Igumtrleecﬁm b:befes;émﬁemmethﬁls complenant tlantiemorsar stepedispanaref er ence
sequence.t o 062 er eosel refers to
The or Rl thliesnt Ehird BR s PR TR PaBE i isdihe

St er eoi'BRE@mpoURds GRS e Entionl BELHSE LEG ih ¥bcyal@ARoREri@ffrink dcludhefe t he
formati on of one stereoisoner is favored over the other, or it may be

conpl etasolfosmethedicp form asd arswresdheseof; Aceasdimaly, thayrbamicebstsyciyrendenssied s ar e
enant i CHEF (%c a§§ ﬁ! f@s%l%lle t%tlfto}%:h}é fbﬁns oqftﬁg fl@gtr&t?d (Qﬂl'ag '"ﬁ%eclo ﬁgtghl\fdst Y,
action pica n

the fr a perce enant1 o

sum of df@hé’nnvéﬁtldnsﬂmﬁﬂﬁﬂé Mo@bto@ﬂjﬂ&dblekedlcymlpemﬁfstvﬁikrd: ond (bt&naﬂ’etatc(rhylﬁnveal |y as
a percentage) as the enantiaqneric. exces e.e. al cul ated therefr

accor di gt Qrtawtrﬁesriﬁ%ntg CEHtoTBiG IS eﬁéqnvenmwﬁw fRghingHES TR R eér

enant i QLo e"s“tﬁh‘?haﬁ%%% ng@‘rﬁt]efi i o&ﬁl%uﬁ&? AL 1§n f'ﬁEl%de but are not

dlastereO|S ner s ectivit IS rertrerre

dlasteﬂem$@h93H1§ﬂt@C ?Nemﬁrgﬁt?@n”Pt§SJ%Ehh@wﬁéﬁbwmedna$OQMﬂercentage) of
one di ast.ereo r.in a ure o | ast er rnati vel
oo ort AR o et s s At otngs 9t e R Gvr kg bgahtng VoY

di ast engeiIRfsi of das Hili @ StheYBRS opttta%hﬁfeﬁpmﬁé parBXICeSSturd RABStest 61 @B Y
stereosel ective" refers to a chem cal or enzymatic reaction that is capable

of conveele¢ulg a substrate (e.g., fornmula (2a)) to its correspondi ng product
(e.g., formula (la)) with at | east about 85% stereoi soneric excess. [0064]
"I nproved enzyne property" refers to any enzyme property made better or
nore desirable for a particular purpose as conpared to that property found
in a reference enzyme. For the engineeredtransam nase pol ypeptides
descrlbed here|n the conparlson |s generally made to the mnld type

o . o o o o o e o o o



maxi mum of the diffusion limt is generally about 108 to 109 (M1 s 1)
Hence, any inprovenents in the enzyne activity of the transam nase wl|
have an wupeniddoniot rel ated to the diffusion rate of thecTussimwarsas? act ed
on by the transam nase enzyne. Transam nase activity can be neasured by any
one of standard assays used for neasuring transam nases, such as change in

substr r product. concentration, ar change, in concentratian of. the am no
oroup AU CERBIOFLBRET O IBREIRE" AT UT 1 66! ARLCHAAE Y H 18I ned

pr epar ainyAphafmKRBENREly adcPeiblechiAs SAvh WRARB hAcRHEoun8 MidrhiaRter@@ one or
more defined substratés, as further described in detail herein. Generally,
when emayiaiis When @dmiinistyrsdite s patient.dberpempelnds hétheumizatign efc agdelinisteradds t he
anDunt.of4£r9tein ajiaged are1g$%ernineg}%s wel | as use of identica

expr esSPUATE J 4T MUY S SRS TRBSE SYEETS of B IRAHPA VB Fat i ons i n
anount nzy, r,oduced by the host cells. and present in the .

| ysat eﬁ{'b’ﬁse] Rl oS o stpedet & %néatvmeih%ygﬂﬁ SRR P of a

subst r ah&ndvalchBy S EHRABRANE rREPHY e remBesIGE Bhe ﬁ%&gérﬁét@ﬁt;'frirﬁfa%{n@é o the

percent of the substrate that is converted to the product within a period

of ti mecathedertors pée iphicatilkoedilikcmmer. alkyngsTyfionl absyhsysiups inchele; a2yt ¢

activity". or "activity" of a transam nase.polypeptide_.can be e essed as

"perceAﬁn%%HVé?éﬁ nm£%¥Syﬂémgﬁ%?Wﬁﬁﬂ%n§ge?$éy$$%§ﬁ%épdfﬁﬁ%9?Mh¢&£rnDstabIe"

or "t h%rﬁ@dn-@l?@!cﬁibr@faﬁ-1U§1,e§roipﬂlt-@ﬂi-qtﬁﬂﬁ@ﬁhLéﬁ-l-‘?l,rp@cflﬁ%-e%lq - (BWylypepti de that
e

is resistant to inactivation when exposed to a set o nper at ur e
condi t i yR¥Prap- fren-1yb cpderprloen-4ylppiopoldywfl -3tli prepCevry l-yl.Gte: rdylp pech asonpar ed

to the r : S ai ni LAl ev es| d
ot vi (e AU ML ) 2P B Gt Bleh B B -
t enper anur-¢k buf- 0868} yl, Sehetlenitprop-akinel-yr, &fie2-8ntloylabypd-ypept,tdea-1 fiatien-
mai ntains simlar activity (npore than e.g., 60%to 80%. after exposure to
varyi ngl-tonbéhtly atigng vl eyglobutsl-gndaylagy C%@Wéﬁfl'3,'ylé gygebutd-§Spteyiylal cohol |
d'”Eth%ﬁéﬂhﬁ@?;ﬂ%uvﬁ§%ﬁ%2¥@ﬁ€§?&ﬁﬂw,%igﬁﬁ@ Qiglr ahydr of uran, acetone,

tyl acetat e, e

toluene, b t hy rt-butylether, acetonitrile, etc.) for a

peri od i ” 5-24. . r t [ 0069]
PoH ot BVt ks sty sSebiftal (RORRA S RARCIRHINSL B BIRNTR (0

t han e.lgvel 06QXaratioB0%), gadupe haeixpessltigvdlp singly carbdni-@libdatbohds, groups.havidgor
8-12) for a period of tine ge. .,.0.5-24 hrs) conpared to the untreated
enzyne.oneEs Mre dauide pasbonay %gwﬁt ZropphaING e dNQry trplp 63 0PRERAR t hat i s
both t : : 7 tDer ' erein
n the ooy SER A AN AONKETe, 5F SHLE: doyB bl R B A BTho i NoRE. T,

and/ or spbafigéavel effratulatiog: is uténdedzthorexprogsooms Whikeiny 1 Halkengl, heelr labkynyl’s based.

For example,, th i neered transam nase enzyne, of SEQ I D NO . 4 S
ot a1 ot b DR, A A AR, BPme) P ReSmIrREE PER S ongi neer ed
transamdifs8o e02YBn orEQ | D NO. 4 is "derived from' the pol ypeptide of SEQ
ID NO 2 [0072] "Amino acid" or "residue" as used in context of the

ol ypephhstgs di e el f . IR . sequence
Pos) L1 AR0EgS ARUATERIGELE DufiElelPorkeled, WeaBREGIA & TRROTRYL By o TAIENEE
8 of SHERriv& bithezemsvad o pot hydroger QOMItorti kigthigepdarbancatanmmiofie pacindalkana: esi due”

nyclr opFMIGH £ o ‘e SRets me 5K ey, ToERY HOMRL FOBECuNeBAS s
hydr op H}?lgllbeﬁl'- Y1, pEHa8-2f1 (EBE}%F@?E! & cfpr&fin- L 9B . i%uta%l's -su% %l(bll;l)télnz Pyl 25- 142.

Genetically encoded hydro ic amno acids include L-T L Ser (S),
L- Hi s (Wfan-L-yQisac-p&Ey)), E-nisthyl¢{mdpantt-@ (iscb@y,), R-methylemppan-24yy §-Hul).and L- Arg
(R).[0074] ."Acidi.c am no_.acid or residue" refers to a hydrophilic am no

aci d oﬁwfkgwgﬂg’ﬂ%9fn6n§ﬂ§ﬁﬁﬁ‘chain exhi biting a pK value of |ess than
about n t, am no_.acid is included in a peptide or | ypeptide. Acidic
2 no 4004 ty%%é%ﬂryll yrHEY %wﬁﬁ%?cﬁbreaﬁw&eﬁlp%@%ﬂ%grﬁ_ 3&%&%@%@ cal
PH due it %(a%;o& cgﬁ%h%sﬁgda?gaﬁbl[e%gglhb&@édlw BOFQRRA1 B 1y dRSPeRQtARET ds

i ncl ude L- an "Basi'c am no acid or residue"

r ef er s fram a shagtir @pbun dtemanfiapercac hlcmr. The giaipendyald ngithersthd eisoin &ians
exhibiting a pKa .wval ye of grea han out 6 when.the amno acid jis

Phel uasanrrabap R Rup B RAGE T AR i TR AR Sy e
posi ti el h&Raraestngisdacte iapop-12¢n- PRY rép-0@hcay |, prdpdiiend gl g@g@)c,' Adp-n wi th
hydroni umion. Genetically encoded basic am no acids include L-Arg (R and
L-Lys (K). [0076] "Polar amno acid or residue" refers to a hydrophilic
am no acid or residue having a side CQ@in that is uncharged at

physi ol ogi cal pH, but which has at |east one bond in which the pair of
el ectrons shared in comon by two atons is held nore closely by one of the

T /=y =



shared in common by two atons is generally held equally by each of the two
atons (i.e., the side chain is not polar). Genetically encoded non-pol ar
am no aciwe 2omalvese L-Ay (G, L-Leu (L), L-Val (V), L-Pce/uskyip/orseket (M
and L-Ala (A).[0081] "Aliphatic amno acid or residue” refers to a
hydrophoblc amno acid or residue having an allphatlc hydr ocar bon si de
chai n. ncoded al i phatj| 0 aci ds ud L- Al L- Val
(V. "L e opp i ey Lot S v 3 by Gy atthsial i n
that ity flaQ @Ry RS teh 10, Bl daes-yM gul 20bes ], Ibuﬁalpsfd@n P—SHP BAtadL 3 AferOr

ot her su yl -~ or sul f hydryl -contai ning am ho aci ds. cystelne i ke
resi duesyl, prd(DbHﬂel @yls{yélcbieloé |-on-Rexl, cyelabotaakBdiéent bt etmrﬁmélthﬁ ISkl f hydr yl
noieties that are available for formation of disulfide bridges. The ability
of L- (MQOZI]:) (‘aviklyrt hesfera ni mumatudae&bﬂahcheﬂl—htmgﬁta;hmmmg cgtlibenlkylaadisdl t o

exi st in eptide in e|th t he reduced free -SH or oxidized disulfide
br i dgdHVHrEIC QDG CEriQReAFa TDIePENY esTieiv e TR ehek oy HEERSRBBIER or
hydr ophidrh & sﬁl@i’er @a%cﬁfat&ﬁ A aRaRht QlﬁynéWybf%ai—al%’rﬁrl GFupS Kt Rict Butdire not

hydr ophobicity o 29 according t0o thé normali'zed consensus scal e of

Ei senbérrglte(daps@hbeﬂg)repytadls suﬁbastproa;vubm)l-yh prop<L-yo 1 yd atndeutgnydosiichiaat f or

pur pos t l,osu s categorized into its own
uni que%ﬁ'ﬁ[)ﬁl P’P’b%é‘g? %r?& ]?u(%e%rﬁnﬁ 'y}icetcd’ t%gﬁaue refers to an amno acid
or residue havi ide chain that is conposed of a total of three or

fem?{ daPHn éﬁHWbleﬁ%%%W%ﬁﬂﬁﬁ%—(KQBRUHh%ﬁ ina@ydrogan 38y Layaloakdt-ogens) . The
none por e ReBlafig L Ayl SRIANEmCRKIRE, hHECDRT, IRHGHOLNAE e RBrRd Wl o

wi t h t hatahovie aeionally substtute@dryaineoalniore nsdadns e idbfimnd eociaci ds 1 ncl ude

(L b)A' % &Q%)ﬁqs%ﬁtgﬁt'ﬁ %lﬁ@&}%ﬁﬂ% %ﬁbaréﬁﬁmﬂ ip Brr batRleoydrEyEbe T ot e

aci d coRtRhBIGetyUHRYY bekzoyOobnPRbohy! SRN@EIK&! | Y- encoded
hydroxyl contalnlng am ho aCIdS i ncl ude E Ser (S) L-Thr (T) and L-Tyr (Y).

[ 0085] [og¥g)no %;c;yf’ox%&gﬁ&ﬁ&?ﬁ nar(? refG§ R 9#&%1CQ1f{:§5p)eptl Se@' R>L QR Change

in the residue osition o née

conpar &f, RO’andeém&nmehﬁﬁhp@mmﬁﬂyEymngm@mmbbpyaoﬂkﬁnc&&mMﬁ&ﬁﬂkﬁna@Iat
position ere the reference se nce serl ers.to _a change
of the %rﬂg\iabg]fgfoa&kyg1 Retgpery h?@r%ﬁa 13?83%5 f@?ﬁl@?@l@ %Df ABtionadly

di scl 0%%9stﬁ§t"e§'b9 on@Br RBAY s E@nts Q§Jié{ﬂl%d%x%uplke5}%rs&n£tﬁ%' éi'a! Pf@sflﬁ&ﬁcfences

relative to a reference sequence, where nultiple residue di ferences
t ypi calbuy nafrleniterdioc £ ©IOBYQCIO ¥iH o fF-C{O¥OCIPLCFQ)ed00kit i ons where changes

L ati .g., " id

G 1 or bR 0 Pl P REDEREYER il i Cs Gue post &1 ons:

X4: X8: X26: XA48; 2 X65; X81; X9 X102: X112 13

x137: A8 xi‘s*éﬂylaﬁﬂgwcxr By Xﬁifs@ 0 Ry lxﬁéé)os? g‘%”c 53" %R’%ggg x21

1; X21 1 ;N%Qg 2 2 2 X321;

andX32%'"¥g ZI’e%gh?émd%g%ger atlveﬁ% gﬁ%%éé%ﬁgkéuﬁz?ﬁgﬁ%%%ﬁé %?l%§%§?¥%ns

refer ﬂm&ﬂ@@kﬂnh@mnhahdeammmybﬂqbhsdeﬁmm&h%mhdumngwénmmhamdbwﬁbﬁﬁm@dns and

th t [Ty i | v bst t th d h | tid

wer el dRirhal YRR S Attt PO Kok Ao s odub Sybfor P or: yas

HOVVeverhrm@eiﬂ%e@(b%@HE‘C(O)@PE“@(@@@EU(@NHZChH? ﬂ€@®)@@H(@H§]@(@}GF@%}1 ,do not
obi ¢

i nclude substitutions froma hydrophilic to ydrophi lic, hydroph

hydr ophdBOeOCHYEHa) O)edhtaaidihalike o hydr oxyl - contai ni ng, or small to swal
residue, if the conservative nutation can instead be a substitution from an
al i phat[D(BI]o am@gzquphmloaycanbmnyﬂmmao” tadermoma paliat - pol ar to polar, acidic

R N e I T I L TN A R
CONSer ity V&lcoaltid, Ebﬁi[@!éhét@ro%ﬂ%y'l"%ylaﬂ?hhl%ﬂ @térailﬁv}u Retb@8ilUR(@bary RIGNQL her

non- pol ar resi due. t abl e "bel ow shows exenplary conservative
subst i tdgfineh here{mbanammlonalﬂsomaltuwddw @ees erorasibstitusotyss detinddon” refers

b o ekt R Gheg IS Plaftlgheifis. 3 A 18Rk b PARICPOCPERIbIERY " &1

Non- conmgc«;ﬁumgg&u@gtmgg}hpn$H0gyxu§g«amyoQx@yumgjﬂpLmeen rat her than
within, the defined grou§j | i sted above. In one enbodi nent, a

non- coMSBE(RIGUR(GRY QI Al padthe [l#) 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 {he side chain. [0089] "Deletion"
refers to nodification of the pol ypeptide by renoval of one or nore amino
acids fromthe reference pol ypeptide. Deletions can conprise renoval of 1
or nore anlno aC|ds 2 or nore anlno aC|ds 5 or nore anlno aC|ds 10 or

o o . ~ - o o o . ~ - o o . oy



enbraces pol ypepti des whi ch have been renoved or purified fromtheir
natural | y-occurring environnent or expression system(e.g., host cell or in
vitro syrmwvbesimgipIsoZThe i nproved transam nase enzynes nayPo@/Use@smeics t hin a
cell, present in the cellular nmedium or prepared in various forms, such as
| ysates or isolated preparati ons. As such, in sone enbodinents, the

irrprov ans enz an he an isolated i, de. 93]

. Shbet dIHATS A RIS ey sgey e dr Bropged sl BRI G-t ne

pol yPeRihHERSREG SR T’ he Qatc%quepeadgnﬂw@af %@n RIGS &Rklohikye- » ON a nolar or
wei ght basis it is nore abundant than any er’ indi vi dual macr orol ecul ar

speci es:ypl@h@tq@a&yﬂrmﬁs @Wlﬁrﬂ?yl lmmtoalkylgbﬁenoaml we@@r@mblﬂahtasaileﬁlyeqdmrelm ed

conposi ti.on eci es_conpri.s out 50 percent of
P oy NG QeSS orf s PRI bR Be Bl s SERte etk o) 0" ¢

subst argdpadseitafivl EaipASauaaHat KQMRESdtb aNH@(U)OG@ﬁQ(@}(ﬁ{@bout 60 % or
nore, about 70% or nore, about 80% or nore, about 90% or nore, about 95% or

mor e, aMdCERRAEHSID6H Gl e NHCEDOGHEHIBIQEH6H speci es by mole or %

wei ght S@{& aqfrﬁo In sorre enbodi nents, the object species
IS purll\gﬁ:lé 0 %Q: 32? G E)?rllb&g%lgglk?'y (i.e., contam nant species cannot be
det ect siti.on, by c nye |on det ecti on nethods) wherein the
conposﬁﬂp%ﬂ conti galr{]gn%s@gﬁ? foalalni} %fas e Cg*méfe]l]‘hacrorn)l ecul ar speci es.
Sol vent species, small nol ecul es ﬁ<500 Dal tons), and el enental |on speC| es
are notl003fsi deérkyaminoy srrsnea idival spEiRewhere R isprascrisipaliire Af &)° %111@’

i sol at

pol ype%tq oﬂm{:%%g%}l I?glﬁtﬁg@[rg%g foﬁ%@{n“ g&atJr%ﬁ&lhéqu)bﬁ dr?e nggt%llIl %E%hl?sglk%ég{eg herein to
refer tc&ﬁnechﬂerbmoRSpmmﬂmtlmtexmhplem(ﬂchide acgiack dotbimittd tarmectbylablim, As known
to those gf Skl{ in the art est 'lltX f hybrids is reflected in the
mel ti nd thydarpieal thethylst ‘Jilﬁm)‘nootcy ;’é‘?lp?ié‘ dihg §Eneral , the stability of a
hybrid is a function of ion strength, terrperature G C content, and the

presend80FF] chiddke |r@feésgter@trgdlcqiherOﬁqwh@netPe@prwpwyhldf&l ebt:yczil@asl,ksdan be

cal cul at ed usi t hod edl It|n [&s (see,
ooc ! Bl B %le EEHBR S all kg ond A TRERIILG (°055,.
Proc. Nafihed Aeaih. R&rcscntiBire 48arh B89 incBide St attetiot &limiftd to mk& iy, é_t’h , Natl .
Acad. Sci USA 83:8893-8897; Freier et al., 1986, Proc. Natl. Acad. Sci USA
83: 937 3WOEY; bkpey £yklobexyiexy angdithe Wi st ry 25: 7840- 7846: Rychl ik et al.
1990, Nucleic Acids Res 18:6409-6412 (erratum 1991, Nucleic Acids Res

19: 698)[9058%1nbr“@’dkoatcala)bnyl”sefprs@ ar8lgd s—@(OhhlkoX}zt%dr,e alkoxPevedl dgpmedt al

Bi ol ogy Using Purified Genes (Brown et al., eds.), pp. 683-693, Academ c
Press; M&Hd™Aetnur, 1991, Crit Rev Bi ochem Mol Biol 26:227-259. All

publ i cations |ncorporate herein by reference). In sone enbodi nents, the

pol ynud0&¥tli de Aéh@waé@orlﬂekpw éfm fockeradicab+J 2GR Bide € ralkerey wiyase pbiozes
under d?‘;é (ﬁ]e%?nea%npe'nt[ IS?rnﬁarl ﬁ b %%eeéa%h%({el Ql%nﬁ%ﬁgdroiggnh la ggt ringent

condi tions a se uence enco neer

t ransarnsyoRskyg mymﬂaetafoan(be a@ﬂ &&ﬁllatkyﬁillﬁﬁérmmehetétﬁ%ﬂheteﬂ}abﬂanth ation
stringency"” relates to hybridization conditions, such as washing

condi t i dshiged hﬁemﬁbatwbed@pz@ml&hswtlwmw QICAE NS SERSHBICHISIAY deﬁt%ir i di zati on
reacti gug.;ane, ﬁeeseﬁrgﬁgé‘iﬁxaﬂﬂg & in 8&9'bht Qr@%oﬁjhmltgét?rﬁétagggiépy fol | owed by

washes "Of " var rlngenc ’stringent
hybr i dizgdmT(O/eersHt, 0—OTHICH 2@@ Yorat, el mocHec geic@YdAm chi;nd a

conpl ementary nucleic acid that has about 60%identity, prefer abi y about
75% i denrtOGH(Cralbioldt)C88Y CHewI], t-y OCOCHRECHaX(OHOONAC HwvianH thyr et er t han about
90% i dentity to target-pol ynucl eoti de. Exenplary noderately stringent

condi ti[go38]ar e AlRadichibonlakgliniad erters & NiudicaDi 2CRIR T O(GPHkSOr WhFE e,  Sx
Denhart's sol ution, 5xSSPE, 0.2% SDS at 42C, followed by washing in

0. 2x sspémxor 12% med hereqp Similayy vhste Rn@eﬁcﬁnﬁﬁbrﬁré cedt independentier s

gener aI hat h her mal

mel ti ngﬂ %ﬁ ‘é’c‘?o%ﬁ(tl er%%e ]%1 %keyl %gff)moln’%:l%tﬁlea i'on for a
defi nedlemabwlaﬂdyecatslddﬂnaﬁwaml@t nlay epHoedombsRGled bydnboghosd ri ngency
condition refers tqg conditions that permt hybridization of only those

nucI ei cubHiteendeipdshingd htrﬁat RPETFF'ﬁI%@c“a[BIGéaTHPlB? mtc}ldien S e N ANNiERE) tO at 6§C
e., t
st abl e u#&ﬁﬁﬁé@ﬁgﬁgi nge %h%ﬁp%r%éﬁgs N?(%I]?ﬁ&p@eéﬁ ? élﬂl_’ll n0H| gﬁ

stringency conditions can be provided, for exanple, by hybridization in
condi tions equivalent to 50@6fornanidi 5x Denhart's sol ution, 5xSSPE, 0.2%
SDS at 42C, followed by washing in 0. QSSPE, and 0.1% SDS at 65C. Anot her

hi gh stringency condition is hybridizing in conditions equivalent to
hybr|d|2|ng |n 5X SSC contalnlng 0 196(mrv) SDS at 65C and mashlng in 0. Ix

~NENP~N 4=  w A NS NS ~ o~ -, .



regions of related organisns, or conbinations thereof. Codons whose
frequency increases with the | evel of gene expression are typically opti mal
codons fowoexpres®2on. A variety of nethods are known f@cTdst@omeissng t he
codon frequency (e.g., codon usage, relative synonynous codon usage) and
codon preference in specific organisns, including nmultivariate analysis,

for exampl e sing cluster analysis or correspaondence analysis, and the
effectrggnﬁaﬂﬁéikgﬁfagﬁ%hg}%5§‘]ﬁQHQC%é%%EnggoéébpﬁbdonPreference,
GEnetiQ§¢§ﬁﬂ§#§ ' S] kage; CodonW John Peden, University
of Nottingha 3%%%%2?#@9¥ﬁ§ﬁgﬂdkﬂwgg@?gBioinfornatics 14: 372-73; Stenico et
al ., 1994, Nuc|ejc Acids, Res. 222437- 46, ight, F., 1990, Gene 87:23-29).
Codon d@%f’é t abedsilfony sl wiagichl %P% vgsgerﬁ Rsi aaﬁﬁixﬁg)aﬁv@%lﬁxlsee for
exanpl : i [ : ! . = 8 anura et
ol e horgir i dm DY Bl fE R byt e e S e e

Danchi nlefih&d béremi Bhprasangdtive aramBas mohelk] layt arcli8B dimitddita haetbylsuléinyhl . Eds. ,
ASM Pr ess, shj ngt o C..D. 47-2066. The data source for obtaining
codon J%Q@%X&@%LPgﬂvﬂ%ﬁ%gﬂJNEVQﬁgﬁﬁﬁémﬁ8%?%&&ide sequence capabl e of coding
for a protein. These data sets include nucleic acid sequences actually
known t[BO@Hcg;é\IE)’J@lﬂgg)élegtefﬁlfsdﬁ éir?”fi;lca(le.—é(Q)ReYY;?fP& i8 ap ggiyéi ?Bjswaiél}ml _
sequences- : , p - regi ons
of ‘gonainir SiuEE BERRIER AEHERS R RPS Rl e R R R L e
and Cenkfieedhatins Represdnapive ex@mpleoindludps bingrdast biatitcdabanahgisylfiRyless, Col d
Spri ng Fbrb?E,IN.Y., %QO%FbUberbacher, EWTC , 1996, Methods Enzynol.

266: 25¢dultinylypropyleylfigyl, butybgifinybsag the likgon) . Bi osci. 13:263-270). [0099]
"Control sequence" is defined herein to include all conponents, which are
necessdP4ldr aadMiyithageriis foor radivel -ex§ik ehsicdhisain adkypor yynledledtgrele @nd/ or

pol ypept i.de, pf t present disclosur.e ch control seqguence e native
br ¥ or aleiSt Biremd g et o e SRR SRt o7 gt s BEHHERR S Rl oo

i ncl udeyerdibltR & ch@tivd Einipesh ih@lud@ bueadabt liRaby aoasml miib oihplagsence,
propepti de sequence, pronoter, signal peptide sequence, and transcription
t er mi ndrepylthi@ bop/ithragset Hisilike] i nked" is defined herein as a configuration
in which a control sequence is appropriately placed (i.e., in a functional
rel ati dag4|p) ‘@midc’posidcylaminegl afdryve d edaalpeNRGEOET j wieeroR’iand 8 'egt such
that the control sequence directs or regulates the expression of the

pol ynuaa%tqda%en&ﬁ@fwwgw%@%ﬂ, gecleglkyln w@gete.milgvﬂow ek E?te@égﬂénce"
s 2 nughed iy RRLEARINRICE: 1difed Sk PRAORLF 8o O5bsiBtd bf G &XPT essi on
of a polynuclfeotide ‘of interest, such as a codi ng sequence. e control
sequenaeommybstiowpts salcinedippriopR e@tenprtiveekanplseuakide chut Thveng tionet éo,

xpr oSS BV BT IS BaM AN dOF IS Rar AR BEe: SHHESSH DisULr My BB By nuc ef c
aci d seguenganitii sdhzshowondlb@dnecdndrhé gR&l activity in the host cell of
choi ce including mutant, truncated, and hybrid pronoters, and may be

obtainqﬁgﬁgfghggﬂﬁﬁwﬁﬂ@gg%g%rgﬁEa@gﬁktular or intracellular polypeptides

ei t her gous or ogous to t'he host cell. 6.2 Detailed

Descri phi f. Embodinents [0102]. In t di_ment in, t i d
Cr ansanPhBl o AP AR Dt aRb oms Br ey oot ke St perfery Moo
conver teAgvKRIreash @ ossbabmatdn 43 dirboir tbmidtlk yararBilomatit Tig Bystem.

di hydro[l,2,4]triazol o[ 4, 3- o '
] pyr aziiredpyl groups inchude, Bitarg qt istitsgHergrpymtcarcd fremaceanthyybaact (2R) -

4- 0X0-4-[3-(tr i f i - in-7(8
10 LA ORI Sl ohlca dlighaspl et Sy gy ovi v 7
t r ansaniuvaaehgic, HPdcDhdacéche, He-apbair haabkse, dsnadadhag-ihtasee, dedae, bed

herein, typically contain a coenzyne, pyridoxal phosphate (PLP), which
part i cilpednssnapithalfact eckarsBaiosRPNYIs. Pealehs: oralept. pepiar? freiHE RENHEN DY t he
host cefchtaldhe WlinkibhERe ReHchdiend DhSYMER, pRMne, eilirQVhyiest by adding
PLP to%% S0 Sﬂggﬁﬁb% fﬁggﬁo 5%%p?%%é§ %%@Ie%%%é t?%ﬁggﬁﬁhé §€$% descri bed
Wikf[ IhI r dqzypam_ hrﬁn@ mﬁieelamﬁphﬁm}démb, EGel) hﬁllabne,iah_d\é\lid likeb Bretierdiele sanoogll drpup _hosgl
anal og GEPEOEHRSHR J0FaROS TP SBREPEH OOy Y &h & el FERBVARER: I n onzyme
activity is with respect to anot her engi neered transam nase, such as the
e . th h , q : h h
pol ypeptide of SEQ ID NO 4. The inproved activity on the ketoam de
substrate can be manifested by an increase in the anount of substrate
corv?rtedtto proguct (e.qg., per?ent Q?Pﬁersifgz by)thedenggnﬁgreg enzyne
relative to a reference enzyne (e.g., e w ype) under define
conditions. The inproved activity can include an increased rate of product
formation resulting in an increase in conversion of ketoam de substrate to

N —— - S



times, 30 tinmes, 40 tines, 50 tinmes, 75 tinmes, 100 tinmes, 150 tinmes, 200
times, 300 tines, 400 tines, 500 tinmes, 1000 times, 1500 tines, 2000 tines
or great ewOtbewn92®0 tines the activity of the pol ypept Pd@/uskoi8mgiessD NO 4
under the defined reaction condition. Gven that the transam nase enzyne of
SEQ I D NO 2 does not act neasurably on the ketoam de substrate 4-oxo-4-][3-

(trifl thy d|h dro ri.azql.q[ 4, 3-

}oyr azilH0RTaHy Al Ssteft & i g B Aot tobyhsendionn ey e
transarg 'ﬁ%ﬁﬁ)o‘ﬂ"awi'n 359151le31 YtcBeHRl off @° @hirbeh 8RLENs fepRBeSRih LP a§@g$dpn
converting the ketoam dé substrate to the correspondi ng product is inproved

over t heypeqatly mlaléplrgfgepﬂledudy b8Em! NG, 12, bgn@xloBiphrmyletbate 1 edsbdi nent s, t he

i nprove mat, i B8 al s C|ate her i pprovenents in
enzyme QS‘FWHS%PS’]H 3fcl h@é’ﬁ%%%%d?%ﬂﬁ@y 23\9@%‘1’11?111 CAC&dyne property is
Wi th respeGbbdyt, DafapBihophalidiidnyl yEMﬁiﬁh@ﬁk@ﬁVﬂ&@s@d’mﬁU ARArmoik@d&AfE 1 n sone
enbodi nents, the inproved enzymatic activity is also associated with

i mpr ovenendal. the @@l@@élr@turg pyialkanyy arylalleny handy/or aaplaliynggs pepdaBisierabigosnor

bout Yo | f ts, th
a0ut 25 RIRND iSRICIRAIN PULL N e kPR 4R Bhod Bt o, the
conponeinylalkgLigloupss (t(hecla)nndah@ agUmothdn Br(Cel()s ok wateedtlyrentasylatkhie

engi neer ed transam n s are stable t 1

i sopr opg¥Pushes e k. & Srshestbu ny| Orté}%léWﬁrﬁmhéaf theardaliahereep

pol ypep Sindlt ARaR: verting ketoam de substrate
4- oxo- EF@I (E%) 5 Ilzegarrgrre?% )(@6 6- zgl hydro[l 2,4]triazol o[ 4, 3-a] pyrazm 7(8

H) 4y|01( 0[054(%] Wﬁa l?%l?’g%ré?rﬁy? ? —@ qglkyl raglcal wh&s gtdylllaﬁﬁyl(isz as defined

d' hydr afekeir ﬂf’al hfaly %é@llpﬁbﬁbl}%‘sﬁbﬁﬁut@é bohé 8r more substituents as defined herein.
H-yl]-1-(2,4,5-trifluorophenyl)butan-2-amne with at |east 70% 80% 85%

90% 2% Yore 2 or of, oneric
oxcess b Ay g o e R e O R R ko Rt
pol ypemryld%xpfs dshiefipedelserain. Sinsilgswhered®’end jalreeadf independeiitiyng t he

ket oam de subst te 4- trifluoronethyl 6-
di hydr é{yﬁr%ea]q#ﬁa%yd‘ qg?lw?sc_yagog (g%lllﬁllﬂrgl ary&algyl)heteroalkyl heteroaryl,

H -yl] ﬂete(rgarﬁaﬁ?rq ras Ik HRE ORDER Yilat BUL AR %Tl@ﬂﬁlfs%b&tﬂﬁ&&%?%ﬂg& fdre
) - 4- 0xo0- 4- fluoromethyl)-5,6-di hydro[ I, 2, 4] tri azol o[ 4, 3-a] pyrazin-7(8

H -yl ] slubs(tzueixtﬁas defined becmp Reprgbdnitativaex@mples melugct butare setlinviadytot hat i s

the.pr esehasSiBRE TG foOBHECHatubIo St BuPaPI TR eboRsle ShPee ana "
oo oo Qlse 25 84k %S%?eﬁéﬁ—o/?“‘é‘éﬁ RO IICGETp SR o7 e

t he ref ce se ce o I D NO,,4..[0109 nts, the
engi nee[ﬁé‘gtﬂt ra ﬁﬁ?‘?ég%ar loi i POS r%fFlSttﬂé‘ ré‘#&éle n&ﬁ@go gg(lbsg‘ryal?lgo’&%pabl e
3{ h;gp\é[ﬂ:iéré E‘%la{(ﬂ??cg?ghgééﬂ&é h%féﬁ&?tslilﬁhgrlﬁ whees B RBRChi R ugeepst hyl ) - 5, 6-

] pyr azilndememlylh]ydtogém 2y, yrclofal kybreyplobety fop b, m12afahé<yﬂdletd1iealbﬂoduct (2

ty Sy tioist bR it pPibl BFS: b ndld SR B i 8 2

am no %&@@uﬁ@lmwnts Ratekih6dh@einyR Esrofmepyt @ﬂ&dg%es dctulde aBut afd hot nlhﬁtetm@t ls
equal to or greater than the pol ypeptide of ID NG 4 and conpri ses an

ani no %M@@nﬂ(@i@@%ﬁa&ls,rsNéKEHk)%C(@H%HHR% J&G%ICH?OHQ@B@X)O@H%&BO%

o or oneNHCHIREE OBk CHAE o B s T Bty 1D 60, a?ﬁ, 72
74, 76, o 94, 96, 98, 100 102,
descri becTi\ﬁE) @M%l‘%@%)&ﬁ{ scglr%rge agl%g% msnt s, the engi nee?red trangzm lrJu[;l:[seer

pol ype Ci t .has e o e.residue
A T R ARG N %@ﬂwﬁ%@%@ Livos S asgls AR T et duo
differ QH&%af@é’bﬂH’oan@;ﬂsWt%%dV@tdn‘é%r%&b% LidsHiucRRSs dEPRNSEHYahi ve
substitutions, or a conbination of non-conservative and conservative

substi t ns » [ =13 scriptions
of resi g%(ﬁpom %fo@géa‘?ﬁ%&ﬁl sg%%égégg%i?%\ﬁﬁﬁﬁzé%%%n be gscrl bed in
r ef er engglokpistRelcfinddieraal Silnﬁ%ﬂllyﬁﬂﬁ@re(ﬂ’ dh® hatehe indemadettlyl iy@rogen,
transam nase of Arthrobacter sp KNKI 68 or the transam nase of SEQ ID NO 2,
or an engi neered transam nase, such as the pol ypeptide of SEQ I D NO 4. For
the descriptions herein, the amno acid residue position in the reference
sequence is determined in the transanm hase beginning fromthe initiating
methionine (M residue (i.e., Mrepresents residue position 1), although it
wi || be understood by the skilled artisanthat this initiating nethionine




15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue
differences at the other am no acid residue positions. In sonme enbodi nents,
t he resi dwe 2dioidesoences at ot her residue positions conpPCTaSsubsLIeBUL I ONS
Wi th conservative am no acid residues. [0114] In the enbodi nents herein,
the residue differences as conpared to SEQ ID NO 2 at residue positions

affecti substrate bi ndi ng,.on the transam na al | ows commodat.i on of the
et oam 0SS B &SP RS T A i e ar Ky o s SR P B LA o, | 1
parti ceined Raciahfanyde RahNRLdstuted by one or more substituents as defined
0X0-4-[3-(trifluoronmethyl)-5,6-di hydro[l,2,4]triazol o[ 4, 3-a] pyrazin-7(8H)-y
| ] -1 - ( hetginb-Raprésthiatvophaepyds)ibeltda bt anaot Minitbdtot—CHG (0000dHhyY t heory, at
| east twg regio a first sub tra%%ggi ndi ng region and a second substrate

| S
bi ndi ng REHRATE(OGsHe. wAGHE RO s acPbP Ul el dafQQitsno
ket oam d : ir i ing region conprises residue positions
X62, X|@&$(%§1§5<§?ﬁ%&03§§fﬁs<@@3%1 08,g ngg, xzng X225, and xzsg, whi | e
t he sec bi ndi ng regj on conprises residue pqsitions X69, X122, and X284.
Accor di lﬁﬁ?&), P%@l%m?g%?ﬁﬂﬁﬁ@g%m@ ,5%%{8@ taegadieﬁe—rmgx&%e’))aﬁw #hores) due
differ A 1§§¥<gstasrd%ﬁh&i-’ﬁerﬁﬁ.s$iﬂiféﬂ HRGRR RN’ %%”%@eac%%pgﬁgg? X137,

X195, X 08, X209, X223, X225, X282, and X284. 1n sone ments, the
t r ansarydasen pokylpeplaatied, dyelobbterdatiye, ayl, hyddlyls Maderoalkpipheteroahylee or nore,
four or, nore,, five or_.nore, .or. Si X Qqr re.residue differences at the

spoci f st getliyl S denPiiie § bud e PP eHhSUbt sl bvsthar g [o116] 1 n
sone enhpdihem s ddrined h&%in@ﬂ%p@bénﬁﬁfv@@ﬁ@rﬁpl@? ifeQRaB R Ard St PERMRNO 2 are at

one or nore of residue positions formng a first substrate binding region
conpr i seNRIEHEEHOGeHpeosN(CHRS HX620)0U 36, —NBTH(KHIK;(OYQO8]s, X208, X209,

X223, X22 an 282. Accordin I e i ments, the engi neered
transaﬁ‘ﬁﬁ%@@ﬁ%&é@@é\aﬁ%ﬁ@%@%%ééﬁgﬁg{ t includes at | east one
resi due gj SEQ I D NO 2 at residue positions X62,
X136, x1wé@f§gd§%@@§%§ré’%§g@% X223, X225, and X282. [0116] In some

o mor dUBH21; e R RAGHE ForHY o SORURG S ARG BB ng rogi on
conpr i SeeRhddr&S! Shiky 0B8Ry 1, &hbchet@biyi2841, :ATARYIAh &G oYikyl,n SOME
enbodi msntpg, tnhg lg}tlbgioén%er e% tefcansgym naseecorrprﬁl%s%g géqa no aci dysequence

t hat di retaickesl, at:teto;gggalkglries d@"ﬂiegmigengM?gﬁﬁgjeola@mhmab%tgpb}Sﬁ@ ¢1D EO 2 at
resi due_positions an : n sone enbodi nents, the

engi neépgrﬁ SP&%ﬁ%em%é@gn%‘ﬁﬁ%F?ses an am no acid sequence that includes
residue differences at_the first_ bindi n%(re ion in conbination with residue

di f fer JABRY at Gapeanwd gEerpiordieAigakegi k(O MR or wheigIR/ and R s#igeaghbodi nment s,
o ! ( ) ; " o et
one o IngBEhGGl (RIREMAME, CRIILE SR ARISIL ARy RIEERbdRY ' 1O

posi ti drescrodail, haeroabylalkyl, 37 defiled BbreindhaBDay K2 0BtHon¥AO SubsKRARE] byX@idbor and X282
in conbination wth o({% g({ nor e_resi due, di fference as conpar egi to SEQ ID
NO 2 atMPiEsHpRikusHEIstdegRed hagoin. Reproseniptiyxoxamplepinghyde, byt aismot Spptsditdent s of
t he engj r sa{i f i ur i acid residues at
T eat R A A e R e R R 0 i

" f eat unrazylt8bgnate (LREHOIO WORLTHY), @hd a¥like. aci ds) that can appear at that
position. Thus, in sonme enbodinments the amno acid residues at the

posi ti pecidi BQ Gan Sel r - Ligf eatures: x4
is an gpcﬁ)s ti cd;aetgo?l %e;é/f%as ?s rg(ﬁ%as_i?q(gg?gh‘g@rﬁgeﬁsg aﬂ%&gtr F’\ned resi due;
Xl 8 i cyalobytstoaikyd afyd) argtallan, ledtérpdikyl, betewaryduetero@Hlaikyl,as plofimed licesindue; X26
is an apomati c or.constrained residue;, X27 is a polar residue; X28 is a

const r dMHerey kesoniigaallycbsiivtqddyaane g mpsh sihsfigientsas dglined begamn, s 5

const r & : ' ' iS¢ 00N ] oo XAG | ar,
corel - ARy ReL S SR, ot g NGB RSl i KIR Choeygl o
al i phatdyelohesil du®pnafd 4 0d0CHH Y, phbme darbesitd ¢e;C(RHOCH;)aberali @higsnat:
residue; X60 is an aromatic residue; X61 is an aromatic residue; X62 is an
ar omat i(c—etOUIHCsHes prflitie 1iké5 i s an al i phatic residue; X69 is a cysteine
(© or non-polar, polar, or aliphatic residue; X81 is a non-pol ar residue;
X94 i s (8055 i pitatbaxyr asatude rakB6al i-sCa)GHLI phatic residue; X 02 is an

al i phatic or basic residue; XI 17 is a non-pol ar 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
constrai ned residue; X146 is a basic residue; X148 is an aliphatic or
aromatic residue; X150 is aromatic, constrained or polar residue; XI 52 is
cysteine (C, non-polar, aliphatic, or polar residue; X 55 is non-polar or



X69isC G M A LI, S T, Nor Q particularly G C, T, A or S5 X8l is
G MA V, L, I, particularly G X94 is A V, L or I, particularly | or L;
X96 is AWwW2eoroae9soparticularly L; XI 02 is A V, L, |, RcomsRiopaies? cul arly
Lor K X 17isG M A V, Lor I, particularly G X120 is Y, W or F,
particularly Y X122 i's G, Nl A V, I, L Por H particularly M 1, L, V,
or H X124 is Q H, partlcularly T, Hor N, X 126 is N, Q or
T, partp%ﬁ]arl pyﬁno)@g@sltgel?‘dlqﬁlor MW particularly Y or F;, X137 is S, T, N,
A L or Partlcularl Tor I; X138 is K, Por H particularly K or
; x14600§7] K d‘ICyR loafkeht e tora subRituted 4B unsubatituted qylip allw ragica Wheteei cul arl y
or F; rd i “ »X152 1S
G Xé? 9 Il_ev% gf Sé\(ur!‘?mﬁ 18 1n§ert3-£d,pt§? ?rglaﬁ%latﬁr% &ELI%EII&{ cH&loggléfg\bd I)% N S,
G Msed\, Ty‘IélcaLC}leoallkyllgaddpls ¢adladel butMre h{otdfmﬂ'edtlﬂ g156ps ($eri\hed QonS, or T,
p rticularly @ Xl 60is A V, L or particul arl ; X163 is P, H A YV,
or L, pfé{ﬁkomqm%|0yclﬂbwnwcygkpp%maqescmiof\svxa@ and thp 1 %ﬁ‘ Iﬂaqsaﬂe‘fmém arI y V or

'IZ; é: %%qoﬁlrgeq\rl‘thg rcy%oalgﬁr%rblgd“'{ ?Cl-t @cyék 1, hﬁ)répregeraw ?(%; t%) %l arly
Pgr ;\I Ctj;,hﬁl{%]y CI%IClopggtre oal ar ers }f %w’gteﬁ or ﬁhsag{raéarctkllcl l%rqlré{%cal n g/h’lc}lg(z)glll s

V, L oronk.or ﬂﬁfré bzﬁrbbﬁiﬁﬂoms l(and>%$z absdcsatd hydro@h dtompaiid hﬁa;beaﬁbmly tep¥edd is C

X217 is S, T, N 8 particularly N, X223 1s Hor P, particularly P; X225
|s w orWﬂh thﬁéamp eufEfergnt reteseatpm. .Bpmal {eteigatoms tBé?HI?Q?Jh%PE}TPOWtOISQﬁ?QZ is A

6 X273 |s
Y F ornpeesi HErpERRERS) P, b 88 g bl apkeRRh iy 0
V, L orinfend@itiei mmﬂ@claWrG cy)éRﬂﬁtelr@alRlé,nyN orotyphpapalkenlaisluged ; Ty$RAY i S S
T,NorQ, arti ar | 302 is r rIyA X306 is A L
or Plpiqetar%ﬁiy; g’i_ﬂu%%*flﬂféﬁ i s IIHB%?ﬁtt%%EP‘%?S ‘{?ﬂiﬁe fRerozsbigehs H P, .
F, or \ini RBbLHGH! AéipMolihe, bRtR9Ine! PipSdiRe HTRAMIIIRBL FyrrdliifeedhNRiRI
transam nase pol ypeptl de conpri ses an am no aci d séquence’ that includes one
or nor emdfthd hlec.f ol | owi ng features: residue corresponding to X69 is cysteine
(© or a non-polar, polar, or aliphatic residue; residue corresponding to
X122 i q0e590onsiQyzlohedroali@xypabedylofefé@k kphaddical +eSiGiteORNMaSrEREs
correspondl ng to X223 is a constrained residue; and residue corresponding
to Xx28&yrohgicimstyhay defined dereirethal map by optipnsHinsubstitter brepnasor mefe engi neer ed
transarg%gaﬁ qqgéy&?%agﬁeﬁlonprl ses an am no acid sequence that includes at

| east t OW n urés: (1) residue correspondl ng to X69 is C or a

nonpol I c, or. polar re e, d/ e.c ndi ng to X284
s & nahogd ;?Jﬁﬁ@%?/@aan@(%anﬁég%&% : AT
non- po'&’ﬂ"all%ﬂ 0@Ejld?&ﬁkﬂll(\grd%}%dscﬂéﬁne@ﬁgrefrl?tflatrrﬁél @@ptﬁ)ﬂﬁl’lyeﬁﬂﬁﬂﬁ'téa%yt&lGQZ?’ is a

constrain resi due In sonme enbodi rrents, the engi neeréd
t r ansarmerssebghivioppregstdetiocd i Beresomtedivg ﬁ&arm@lpﬁmsbdaebm eratmdiniieditades at

| east the f |
oo duelmsSsteh b AR Rhe R hRyg Qhy B RP; GReBheo PPty 52257 o
a constepdloegynesiydiehind, Qdoddhek ) @oopy | RIRS iai® fHeliket he engi neer ed

transam nase pol ypepti de conprises an am no aci d sequence that includes at
| eatst ] Ih661}°]0| 'G:D’@n%d feat élﬁr%g” réf@r% td) §ﬁ§gm@ht tl¥ht 1£~stnloturhﬂ¥ §ylat'er td\Lu@ﬁ aQ
particul arly A, S, H,

parti culrag. IEheMructure\Qf th¢ fr@gmﬁlt mrddnt)@izs) the dngﬁXCFpt vyia:m il hudlrag¢ryat9rn [ 0124]

In sone_ e ed tr m _nase de co ri ses an
i no. GURORCdh AR AN T b p BT AT tBRE e BB S5,
a const(fﬁl@ﬂgl; a g@ﬁro@&&)an\lo@é thad wRded i r1§§ sgugm&a?cafb%xyh@ PRS$PhBhid A

resi due; i s a non-pol ar resi [0125] In sone enbodi nents, the

engi nee}h@@phorlar@wmhﬁﬁ@emmg}mﬁtm%raé&#gm@t@@rla@d Ermnrﬁ@claéudalgsléquence t hat
| ud | 22 AV, L I, P H,
i nclu a%nﬁfieﬂeﬁﬂ?c?f) &%Fv E"ﬁlorﬁ’ﬁ' ’ﬁ?g@%ﬁé&'& , s G M or

partic partlcul arly P; and X284 is

O ams NS B D %%991@5%&1‘%% e e Lo ot

| east tdw%(t)@thd ﬁmsagvh%ﬁaaltﬁhﬁﬁere&@@eﬂf@ct@e @mo@ntd @52 pAict or PRlagfmAr al i phatic
residue; X122 is a constrained, non-polar or aliphatic residue; X223 is a

constrai ned residue; and X284 is a non-pol ar residue. [0127] In sone
enbodi nments, the engi neered transam nase pol ypepti de conpri ses an am no
acid sequence that includes at least the followng features: X69 is C, G
M A L, I, S T, Nor Q partlcularl¥4GC T, A or S5 X122 is G M A
vV, L, I, Por H , particularly M I, V, L, or H X223 is Hor P,
particularly P; and X284 is G M A V, L or |, particularly G [0128] In
sonme enbodi rrents the engl neer ed transam nase poI ypept| de corrprl ses an

o o, o, " o, - ~

0> 3O



effect additional desirable changes in enzyne activity, for exanple
increase in efficiency of conversion at high substrate | oading conditions.
[0132] RewOco®/qeo3R2t i ons X18, X25, X27, X28, X30, X41, XCET/USX8/023680, X54,
X55, Xl 17, X120, X126, X138, X146, X148, X150, X152, X155, X156, X164,
X204, X302 are associated also withincreases in thernostability and/or

solvent stabiljty, such as DVM5O a t hus the. transam nase pol ypepti de can
have rd8Pedle diEﬁ%/eér@g%? yradiggbsd-(DOR @vzleﬁo%il&ql sSupstity Y¢d to SEQ I D

NO 2 t f i ' [ ol L, vgnt

Stabi | 10 B ST S B AR AT AR Y BRSO 2 50 wi th
t he abisubitituttd argl anyladkstl, substitnedcaryleliyhheterogtkyt,onbgnttedhetormmlkyl, am no donor
i sopropyl am ne, .and thus the transani nase pol tide have.resi due

i 11 er diagit sythBtusPhdr by poErer Rl DG B ot &R B INRIS Lo e f ect
i ncr easRrdif ek hagive %gMonJllstﬁBé{Rﬁt%él 89 ot 0P8R Bstttuentdas defMbd BEREENE r ati ons
of isopropylamne. [0134] "It is to be understood that the residue

di f f er dtapesschtaove SEQ@LE ihDude, dut are siotumitpd i, nicting cstsiseEeLCEDKACHI)L h t he

vari ous prgperti es of_ the ené))s/ges fan be used in vgri Ohjs conmbi nations to

f or m t rXRIOARTH 58167 Gol P thels PheVT Ateidest {8 eHeh 269 P¥Cchar act eri st cs,
for exa(ggb@)@}jr[[)iqﬁt)i glpdgjeh{kgcreases in enzyne activity, solvent and
abi [1t1y.” £

tenperate and utiTization of am no donor. Exenplary conbinations
are descrihed herejn.. [0135] In sope enbqdi nents, th m no. aci d.resi dues

f or thelﬁ@%ﬁci f Ry @?Jaa%a G oG whFFe lsgﬁaw(icftye@a@ef@&welphge%@ﬁe

descr i PIORS 1AM Rererb Ry EXATRLE L, {AGoAT1NG1 AR WAREPI AU MR Sel ect ed
based gdtrﬁ&f%? I1ov§rng features.’ X4 ?%mgrq&a’ronatllﬁc res?lzue; 57is a basic

r esi duegptiBallyssubstcotes thy ainn @d moes subgetueds a8défsned heyesti.ei ne (C) or an
aliphatic residue; X25 is a polar residue; X26 is an aromatic or

constr 0063 r eslatviemcatd fluoso, @hped, diorhesirded. X28 i s a constrai ned residue;
X30 is a polar or non-polar residue; X41 is a constrained or polar residue;
X42 is [ﬁﬂaﬂn' PR ol IRS Y URGanE 48 L O-1RtROAIRY L radiCAId Hore RAERARY ] & aQe @iy POl ar
residue; X49 is a polar residue; X50 is an aliphatic residue; X54 is a
const r dieneu thag siagbe opi&mllysubsiitated phané or mesi dibgtjtuxBOay defomed Aewmat i ¢
residue; X61 is an aronatic residue; X62 is an aromatic or polar residue;
X65 is [a06F| i pithtdroalkels HteeyalRBY 1, iHetaoal ey d@eronksnyiesfedddling, dkanyl,
aliphatic residye; X96 is an aliphatic.residue; XI 02 is an aliphatic or
basi ¢ Abengliend sy erouny rﬁ%?Hth‘éﬂl?Sé_rln Peshds;or ez of & gitan airms end due;
X124 1 ;58 RRLAR &6%(&%@%k@%hri€&ggﬁ%nﬂg}§ﬁadeﬁ vAthPRE mé ESdididfone X136 1S an
aromatic I‘ESIdLP,e; 137 1s a polar or aliphatic residue; X138 is a basic or
const r dicrechto@i ghaaps. X§gitali letaodamiccgrogs idclade, ¥hid&cingt Amited toqphdd+¢ or
aromatic residue; X150 is an aromatic, constrained or polar residue; X152

is a CYB“ISE'HTE_Q_CP_HUHS-_D&_ar_%I—pTTeNRC_ oN-pdFar Ne¥idue; X155 is a _
non- pol aﬁ\ﬂ?% ar_rgsiduey (ig(Jé_gG s 9{(?)0| ar @%?S—ﬁse(ff)qrm—én%zg—ﬂ’ aljiphatic

residue; X" 63"Ts ‘an ali’phati€ or Consttained _ 164 T's al’i phatic
or consghé Bké)&thef@S RAuchydkbgc@Dalk §l, SibsatutddhakylCoychsillduSubsthvtdd icgeladikal | phati ¢
residue; XI 78 is a polar residue; Xl 95 is an aromatic or polar residue;

Xl 99 syl substigred eyl that mep haopionadyisyemitutyd by onsorROE| SUPHEGES #esi due;
X208 is ine (C) or a constrained, non-polar, aromatic, polar, or
basi c rdeegilng%gé;rg}ﬂzw is an aliphatic residue; X21 1 is an aliphatic residue;

X215 i o X217 1S a polar residue;, X is an.aro ic.residue; X230 is an
2Tt phat0f8lee: SlritoRsETe Rl i ahtRalnt Aol T AR rRUSH SEr e R ket 5
const r yfad hy@sbeSomX2oia alsthpddatdmAUTaljatentt BSte AL MaXit Gl @st@nptrlrvﬁﬁcalr esi due;
X292 is a polar residue; X297 is a polar residue; X302 is an aliphatic

resi duictexgopl groups arlughdut ercmes |iited toxgroups dervasloren eaitiae arsrdadee; and
X329 is st.raihed 0 i C resi . cifi I i si dues
That o el o Bha M ST Ent SR B TRRC G TR BE ORT 03567 1
sone erihdslinepintslizihd) eésobbgiofigan deodhr@narirsorselchRyindgliid) &sofjgiabliiees at one or
nore resi due positions X69, X122, X223, and X284 as. described above, can
have addfthiagal ipgxagele. mphiyFidings Oxadizels) Peigp sgpsrridiicerienspigridiican ar omat i ¢

or consjLal . [ : LS G iLdue: i romatic or
pol ar ﬁ%lseﬁé ue; hé(%%mlg%%}inr%@ﬂt |h£ﬁl)1 %3.1'? ?’ﬁrg{s}?édggglﬁf(g)ﬁgﬁ%’sp}g)ﬁ(ggf’ipéﬁ%{a}% resi due; X

36 i s gyrdazingtpycidimespydineidingl pBrole.pyaropiainar quonazaling lyatnotine, epimblieineXl 99 i s
an aliphatic or aromatic residue; X209 is an aliphatic residue; X215 is C
and X282 is a polar residue. [0137] In sone enbodinents, in addition to the
precedi ng features, the transam nase \%%n no aci d sequence can incl ude
additionally one or nore of the followng 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; X 69

NZPN A~ NN SN o R




X65 is an aliphatic residue; X81 is a non-polar or small residue; X94 is an
aliphatic residue; XI 36 is an aromatic residue; XI 99 is an aliphatic or
aronmat i ¢ wo20tum®950X209 i s an aliphatic residue; X215 i sPaT@S204a075683 a

pol ar residue; X269 is a constrained residue; X282 is a pol ar residue X297
is a polar residue; and X321 is a constrained residue. [0142] In sone

enmbodi nent s, ..t he en ered nsa ase havi.ng. the featur one or nore
Pt ST feral, (hragole, 3RO, Hiothsta HeteAanERy AL By dker nel udea at

| east therctaply, o H@er@%l %‘o@ﬁ%’d bdt&8dH5-26 mKthet &l &t&@ﬂit raiinedo hRedudHe; X60
is an aromatic resid 61 is an aromatic resid 62 is an aromatic or
pol ar rheirehngl beX%parscwrbaplieﬁﬂmﬂi Bref@mdd@éeromllgrpspszﬁrﬁ6msqz)6¢ra~redrf@n due; X94
is an %}1 ﬁgatlc S|bdue i S b ﬁngJ (i C reil dueu 124. |a a,polar or
constral'® e“reeBY &, GE&%IOP i %{’rz8 ¥ dnGol P UIRY e UAA RIS phat i ¢
resi dueyxaxdi®9nd py@sinadl i phat| c or aromatic residue; X209 is an aliphatic
residue; X215 is C X217 is a poI ar residue; X269 is a constrained residue;
X273 | aro

Feai dudtla BBt R o TERE R ErR P s R A RSP

engi neealeided thahsayboaptorhadly isnigstitited by ateioreso@tsubsteuants asodeéined Berdine
positions X69, X122, X223, and X284 as descri bed above, includes at |east
the folbovdng ‘attdirbargnily!? e&irs tesi ack8li¢ slkal @ei@sltlha{vlﬁadoﬂeecﬁitﬂwydré@éh is an
aromatic residue; X6l is an arqmatic residue; is an aromatic or polar

r esi duertomgbonded ina gptbpm aiont tyniedllypeernvigal qr§pécwbﬁn BNk feakicediwith o4 i s an

al i phatﬂe?eréﬁ?f %Hg% e\%ﬁ% fgecf?ch Qik%lﬂ?&teh&s a{rS % ﬁ%é‘ol mbficlguRo! ar or

constral ne IS a resi I'S an aromatic residue;
Xl 50 |1$teamrwaﬂmyll betewanddlkeaiyheod/or hqmerbartylmdme;sed(lPrEfEralbsz shecyst ei ne

(C) l'i ph tlc r polar res 9 is an aliphat cre5|due
0o TG el dical tya 6530 fasbpe nwggherﬁﬂ‘e Sty e oy a{#a%( alkenyl due:
><2 15 i orGlky%eilholcty é’ftHQhé’tErora%ﬁélﬁHEis 154988erhBerdd GRDGE m@feﬁ%ylrrﬁﬁb@qﬁa sX273 is
an aromati ¢ tesidue. is a polar residue; X297 is a polar residue; and

X321 i L0amcobgtd hctnmdrydsso@ugefe{a@h;zmﬁ Zlesmhereéﬂnbt@mammlksl etmeh@aigarr}é,er ed
t havi t X69,
X120, 8 amsarer aE R aBIEs T FRIRee SR TS PRI ng

addi ti onah2 hRatier@Sictotéfyli.s P, H F, or W particularly H and/or X62 is S,

T, N Q Y, F or W partlcularIyTor F, X65 is A L or |, particularly A;
XI 36 19 ,F an dah Y lY@HF X 99 is A L, I, Y, F, or W
partic Iar V\?{(}’ véfxypané(? i%:g' dite or I, particularly L. [0145] In sone

enbodi en m . nase having the features at one or nore
resi dugﬁg&éi tions ﬁ%ﬁ %ffgvatl%gﬁ%‘ﬁ nd" X284 as descri bed above, includes at
| east t oIIovmn addi ti onal featu,res X6l is Y, art cuIarIy Y;
X62 is [@81& NS e ?erefiﬂ sy tep “Paitent Heampysses ’%}Pmﬁlaf%@ fog- %?P L%

parti cut ghlpYesSr rﬁ&?ﬁmh@ 1rﬁ:luc¥ bt o2& ncl)bhrﬂl@édttbcéfﬂgaxﬁ&ﬁbér d?&hé—Ma?ﬁ%%ah%laXs F, or
W particularly Y orF 99 is A L, particularly Wor 1;
X209 i sughang, non- humqnamtmat@ﬂ ich ys thnmzlmes SlndIOﬂ‘@ndpﬁ)@BQ nianksy spécims; @rm
particul arl

Dot e B it ] nosfes” BTPen AR e fornssbF e BRLSER B B0 BRI 02°%

X284 asndess! lab&dtorperienald iRElm@Foddntd, 6@t astrie, ﬁlftblaﬁ@ngﬁmeaag@stanqnﬁé
features: X8 is Hor P, partlcularly P, X61 is Y, F, artlcularly Y;

X62 is lge. Fxamplgs ofnorEmagrmaly inshdei Rus Iaé@rlll%ﬁ Imigd tes; bll)d@BﬁﬁhsanA the likg. T
artic r |1, particularly G X94|sA V, L
8 I, % ?%eﬁﬁgﬁﬁ%tégp%c%%@{geh@? F, orIo W partl cﬁl arI y Y or F;, XI 99

ot CHPQJHI “Pﬁ%%eﬁyica PR e b SOl B Qi 060 1 o

or P, R%Eﬁdycdﬂtﬁé FydeRil oX2@% doemmdt 6F lisd Pahé UCS! PhkiYacOpoet@8ifother S, T, N or
Q partlcul arly S; and X321 is Hor P, particularly P. [0147] In sone

embodi rasnerslly rdvegeingd plesmeepnoeigrfanwicrin gainds apd mokep#rteyla v il lmasse or nor e
residue positions X69, X122, X223, and X284 as described above, includes at
| east t[R875]ol I‘&\hhnmgacadmaﬂy@n@dptafomaw’ egfersx@aisslt bf a)corﬁpommf itlm1ha¢ﬂty>nP X60

is F or articul a Y, F_ or art cul ar |l

W S, T’V&«I‘ rphéfm%capﬁ?%lenaaﬁpya %ﬂd PSSR tPéAA% rep ?m}aCOIB ’rcﬂ LI ﬁY P§ A xs1
is G Mhe pareM colnpdtind..SubRk4ltsGHEIREd: Y 1 Ricid@itficn Pits MorthedPwith indegdnli¢ sudarly |
or L; X96 is A, Vor L, particularly L; X124 is P, H T, N or Q
particularly T, Hor N, X136 is Y, For W partlcularIyYor F, X169 is V,
L, or I, particularly L; XI 99 is Y, T W A L or I, particularly Wor I;
X209 is V, L or I, particularly L; XZ'%is C X217 is S, T, Nor Q
particularly N, X269 is Hor P, particularly P; X273 is Y, F, or W
partlcularIyY X282|sS Nor Q, partlcularIyS X297|sS T, Nor Q

NZON SN A - ~NA AT o



described for the preceding specified residue positions (i.e. X122; X223;
and X284) (e.g., SEQID NO 8 or 10), with the proviso that the engi neered
t ransam rmaeeomaloyept i de conpri ses pol ypepti de conpri se@Carusanionas6ati d
sequence that includes at |east the features described for the specified
residues. [0150] In sonme enbodinents, the engineered transam nases corrpri se
an am no acid ence hat ncI udes at .|l east, the fall feature X69
0 Corugh BT S SRtrobETBE Eh i EeR i B At RPBRI S 610 A
or S Xh2hKd; %r %Iﬁ%ﬁ%ﬁl%t@@lﬁic aBa9 IRl RTacQic Rd, PRipidific ﬁﬁ§'l§é§l§nm@§&ﬁ' cularly
M I, LV, H; IS a constrained resi due partlcu arly P, and X284
is a nmyclppblstanertegp@ue acglghyicoli¢ amti,ypy@w«t hmédﬁetwearmbdmaiernc gmdtshlecmlc
transam n Ldes n have itio 5, 1-6,
15" e Gy A MEGRIAC R FEaRENS A RRE e o neigdie a0k %, 21 o)
1- 26, ]lryaﬁbxyﬂae&5yl)ﬂeréatc abiddGinndmiacidl nRdeld acld, Ghetharb@mididid er ences at

ot her residue positions. I'n some enbodi ments, the number of differences can
be 1, =zthagesulfons acgl, 12-cthancgisulfonicpeid, 3hydmayethaesylfonia geidpo, 22, 24, 26,
30, 35’beﬁ9€nle§"u§fon§coac‘td 22:n1Gob eﬁ%ﬁ fgﬁﬁ‘é agfdfﬁ?l[a@ﬂﬁﬁgneﬁﬁlf&ﬂg aahhf r residue
posi tions R sone arbod! men € engl neere ransam nase pol ypepti de can
conpr i selvancsalfoiio agid] chngtouaiforictdofl, 4isetAylblogals2, 2RPutt-BONe-1-8akpxda 87%
88% 89%  90%  91%. 92%_93% 94% 95%. 96%  97% . 98% 99%|dentlcal to a
r ef er erfCEl: SRGBRGEQN HAL P -BRFISIRPRIBNIRACH. HEVTTRY2¢dhes arWatcriiay PH&CFibed for
preced'a'ema i doRR LARBNI AR bRMSC heifl: hydfdnasihRSic oXR28icoRacid.

X284) (e é@ & % tx g prolw Cslo that th%ﬂtenalaneere traacr%san‘i nase
pol ypep;taade acﬂnmmc(sres acpd qqdebd: hki@ ot (iprits fesmad wham am aadicoreteq pesscet ihavi ng
at Ieaﬁé t he feature dESICI‘I ed for the spech%?le SI dues, [.0151] In sone
enbodi %P%rentt‘t‘?glPQHﬁ Raeplaerd Pah st 12se8- 88 ﬁo%r‘?‘tlrt%a Ef §%Skquence

that i nghufas afimih@RSbn; iR obiAida@WIWIEh J@atgaﬁle%ase&ﬁéh h$ctBhodripRat i ¢ residue,
particularly A, X69 is C or a nonpolar, aliphatic or polar residue,

parti cuilethttqplmnnc: trigthapplainesN-mathplgleaminemsithalibed, non- pol ar or
aliphatic residue, particularly M I, L, V, or H and X223 is a constrai ned
resi dud00pdrti &’hhmdcyut&allyracwmleevﬂhhdé ‘nrefﬂrsto etdh'hlent adsamtnaseigoloypept i des
can haveaddltho ly 1-2 %OfS 5d16 1-8, 1-9, 1-10, 1-1 1,
1-12, At withyehich apgmpeindof the E’dentio@éa T“%%ereﬁ! 26, 1-30, 1-35, 1-40,
1-45, 1-50, 1- 55 or 1-60 residue differences at other residue positions.

| n sorrd%?ffdodl Whasphatet ﬁ%feﬁd%é@dl@ﬁl PP QHORKORC Anwhere R” apnd RS arg cach g 7
5 50,
S, % MedtuetfmbturSoodtorttSurshestitetSou Bl iadfe

enbodi Meedrsaryl, heteragilaesr, eﬁdéﬂ@aaammaamppbypptmnade selsfinaedpy bixeoran am no
acid sequence that is at |east about 80% 85% 86%87% 88% 89% 90% 91%
9294 93vgregubsitensy asglstipedheyingge, 99% i dentical to a reference sequence
based on SEQ ID NO 2 having the features described for the preceding

speci f i[087§lesi PhesphositeT wiers (@a gdicaBEF O MR EIR’*hivthieret Reans BV iagoeachat  t he
engi neer ed t m.nase pol ypepti.d rlse oI pepti.de c rj ses an

o no. defeb i AR AR P RO fees PR R P R PP ST SERHKE T or 't e
speci f iRer6 851, Hetfoary 1Nk $0 ABIGTHRA R ARNNS: mb{Be Qﬂﬂdrmft? s@shtitUt@NBRAAI@S e

pol ypeptide can conprise an am no acid sequence that is at |east about 80%
85% 869Hre8Yb4IERYs asgRfinedoring19% 92% 93% 94% 95% 96% 97% 98% 99%
identical to a reference sequence of SEQ ID NGO 6. [0152] In sone

enbodi M80TY, t'iPecvengigicer ®dventors anfem@eisredmﬁpniils aslanf wqhhmgaacdisbaseeqm ence
that in at | east hefoII atures 22.1S a nstrai ned,

non pol GOt Ui ssire oAt er Bt Bicel gt he ciselyy hai o Gl 54 s an
al i phatjagicht@RatGhs, be%(gbﬁ&lltb AF bdedBpotdds theSdigeaSOPsitdodd ARG et @)ﬁieﬁb'@oe or
particularly P; and X284 is a non-pol ar residue, particularly G In sone
enmbodi rﬁemlfg' symipgoms afibiadiseassd pol ypepti des 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, 118,
1-20, 100%0] 1- QEtpte]:tiﬁ@groilp’Sf);femt(BS groilpzb(ﬁ ,atomsftﬁat vithe?m(h,ttadheﬁ&o ameacﬁvﬁo resi due

di fferences. at of her resi osition In sone odi nents, the nunber of
i 1 or GRBGEICHROIE Mk, gSdgE & prfn ey TAmIga) piorectiis S 16
20, 22,cag%be f@fhd iRGredPet a‘IJ’O“Pl‘é‘éCtIV%)GI‘OH%§ln Ofgafif} @1%?1‘115&9}? @Wﬁl%? rengesoat) the

other residue positions. in some enbodi nents, the engi neered transan nase

pol ypepniddéardsom o ehpiGaepeadivandhyndledtid rgepie Mshadsitvalss 1at (Jbba¥¥ileabodt 80%
85% 86% 87% 88% 89% 90% 91% 92% 93% 94% 95% 96% 97% 98% 99%
identical to a reference sequence bas_cizgr on SEQ ID NG 2 having the features
descri bed for preceding specified residue positions (e.g., SEQID NO 12),

with the proviso that the engineered transan nase pol ypeptide conprises

poI ypept| de corrprl ses an am no aC| d ~sequence t hat |ncI udes at |least the

o, - ) o



[0154] In sone enbodi nents, the engineered transam nases conpri se an am no
aci d sequence that includes the follow ng features: In sone enbodi nents,

t he engi rwenret/momASan nases conpri se an am no aci d seqeemas2tetoaesesncl udes
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 Cc residue, arti cul arI C or,.a hon- poI ar,

i 1 phatt s ol o8 R Rebrebiae N RE biossaty L ol ik, bijaresioniald e

const r apARH, adden; tPl‘f’llu@foaQétylabér&@ﬁtﬂeﬁzﬂ&gcgﬂ‘)‘én IRacBre) |téfi{ blYtoM'cakbonlyl vV, or H
i i du i Cul i [ [ i
X178 is a poI ar’ resi due artic arlé %,3 s an aliphatic of aromatic

resi dud; Beadi tricetlardilyl WTMS D, 2-pamethy ilk¢thanceolforiys (SESShdtityhrmdd r esi due,

parti cul aro S|du ticularl 21is a
o ar - ruBititisd wikr ERubi aflo RO SE P el SR Py
parti cuh@dsxteyat@loiy@aﬁfaﬁﬂ (embm gaﬁa $he m&eRélsr@mwnve <'h§@ro&9l pfae@tmgdg@upen have
additionally 1-2 - -7, 1-8, 1-9, 12,
1-14, 1nalgde, bupge ngzt lllelteqtozﬁlosqwmre the Qsadroaylzeouplls saherfcgletedpmbiylaied%
1- 50, ot her residue positions. In sone
enbodi ]r?él asg{“ﬁér g‘ﬁ%@@ﬂ%&%%ﬁéﬁggg é@éﬁs be 1, 2 3 4 5 6, 7, 8, 09,

14,, 15, 16, .18, 20, 22 or 60

10, 11,
" osi dedOgEH; ot RagSnad VoS ’%%%@@8@? Bl gitanert it o ! isare o

t he enqi red.t ansa pt| can n am no acid sequence
that 1 SO casubSBeaE 56% Ritehd g gn i #%ne@é%orebwﬁoemwm%e Yok, 939%
94% 9aaaepeﬁa/@nﬂ?ze@la&%%lt@&gosaa@ B} ifRkerk QuALRHE( S EDIGLANRNGRRASC on SEQ
I D NO 2 havin features described for preceding specified residue

posi t i dnslude bgt gre BEQimPedNO., 69, — Ri“t A-OheOpreORS o3RI, HSe=BngiNREREd

transam nagse pol ypeptide conprises poly tide co ises an_amino acid
sequencé\”%haT—q)ﬁ?cruéES_a{:Nla ea@gNt @ga‘[‘d\‘p n%bea‘NSGT_S(ﬁ)éZQpem fied

resi due ns oIe ent en red t

pol yperﬁfggé ?lgﬁ_cis)dn(i)ge %6a Ao acjdg(geqﬁe’ncgl((?ﬁ P2 s%@ﬁ@;s)@sgout 80%
85% 8@@0@@%@0@%‘(@@9%@@%4%%(Ssaz%ea:%%oﬁ%@@mwﬁ% 9Y)98% 99%
identical to a reference sequence of SEQ ID NGO 16. [0155] In_sone

enbodi | ncelﬁl(S)ORsﬁ;e—éﬁtj GEDNFI'RT &HMTS]6®@SNRS4(F(§?TBFN§7@(NR§?‘DNIR84 1Cj athds equence

t hat incl ydes. t he pl |.owi ng features enbodj nenpt s; the engi neered
L r ansar SASBS Ty S BATandB SEDEeeich Re fio & atnd adi® t he

fol | ow c cularly
it xoz TeririR 0?%9 AR QR . e QRS HRER BT SRl 2
al i phatarylatkgg Icglclealkp]asmhstltlit@idy;clo&lkyl(&@cioheté‘rotatkya snbmmptedi aycloladtérpéikyli c or

pol ar re5|d rticularl a cons alned

hon- poltsFeretky Fbpefd b 53&1@@ hea%rpﬁﬁyé&rlﬁ%qtveﬁlﬁetﬁroatﬁ I\?terawfa K¥k136 i s

anar o C PRy Y 58 58 & yomatic
resi dggshb%ggtt%;&?:lu gorapﬁéivér! UNR %09_? jﬁ 5%1%0 ﬁlc Jr;lreé:dtfgﬂgw 1Sarat(ﬂlﬁéﬁl arly L;
X223 i stogeth@weiﬂrmbra&xﬂn toe\shldhl gheypae bothtattacrﬁe;i fdﬁ;rn X2P3ohctecraskglr@rsabstouteesi due,

parti cul X282 |s @ol o esi tjcularl nd X is a
non- pol AF théfgfoaae ripgy4nd |ali1<f{% @re| egeﬁsn%h%eﬁ gléyf §ﬂet1{1F%fﬁ§5 nase
pol ypeptdgmsGRtkd a %@ﬂk}l' %%thbéd]arylglkgll %cloa]lkﬁ‘b sﬁiosétute?d clolltk% L 1-8, 3% 9,

1-10, 1-1'1, 1-12,
1- 35, 10y4tohet@mﬂ<yl ‘_suaﬂltutmd Sﬂlolmtermalsﬁl hqsrodlkerl dulbsftellttechbesroatkybt her residue

"5, W SO AR B BB B ELIREER 7 35 1o o
45 50 or. 60 resjdue differences at the other residue p05|t|ons In

sone er{ﬁm]rreﬁ‘tséﬂfattehéef@lﬁé‘i’ Asulied TPaE AR swhess Ryis bpeiogen.@dylconpri se an

0% o195 8894 *Ea5Fe 5oL 3n wuBPSL HERB PR PRI TR e

sequencizfipas betcrth Sy the di@ioAalivamibegtutdaebyf @aton mese desdtucheds defingdr ecedi ng
specified .residue positions (e.g., SEQID NGO 18), with the proviso that

t he end}eFFé’ér ed transam nase pol ypepti de conprises pol ypepti de conprises an
am no acid sequence that includes at |east the features described for the

speci f i[8084lesi @ulafowmd@ wiers tq araslormb—eOHENMENRS, where Réngd Réered

transam pase tide c o,aci.d sequence that is at

| cast - AbOIETaBOy BERE GRS GRS B0 B9 35, v FBRN 55 R, ' Ssos
96% 9 Mbtcr&GYh, h9BbahdERYI, calicfined Acredf RLEMEE bS BAUBIANG s@stiRfEd boMdr 18.
[0156] In sone enbodi nents, the engineered transam nases conprise an am no
aci d sequence that |ncludes t he foIIoT%ng features: In sonme enbodi nents,

t he engi neered transani nases conpri se an am no aci d sequence that i ncl udes
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



S; X122 is a constrained, non-polar or aliphatic residue, particularly M

I, L, V, or H X136 is an aromatic residue, particularly Yor F, XI 37 is a
pol ar or wwbDi2ptvavpzv2r esi due, particularly T or |; X 99 ipsTArs2@biopisati c or
aromatic residue, particularly Wor I; X209 is an aliphatic residue,
particularly L; X223 is a constrai ned residue, particul arly P; X225 is an

aromatic resj due arfi.cu Y, X28 Q) a rtic rly S
o oot St R e B optis R T e O Slethé: S S ST S
t ransanj,fase v em@péd féﬁﬁ aQ@BloH@t&%aﬁig’{iblt su%@@th{en c§c18hetéfo§myinﬂ%ol 5, 1-6,

1-7, 1-8,” 1-9, 1-10 1-22,
1- 24 1R€23$65611t3306 e@ngges unclnd)e but- M)Sllmlte@@) aZEtlﬁl@yl @VHQl-l@Oylr emelddu@yhh f f er ences

at ot her r si. due bLions t he, nunber rences
can e or B3t 4R pfBizidy of ST GV Gyin 1 SOED Bl B ol

26, 30,5uB8Gitut0 by%ﬁe obfhore SubstitQEntS R dFmicd Wercth. RE e hpdie8s, atkyl, kecIOLIRGT, [ eSl due
positions. In sone enbodi ments, the engineered transam nase pol ypeptide can

conpr i s¥clohctardafiol.aeylgaryisdudcicronllsyl. heteropnyil dipssroaryislkyl.geds fisabicrgso, 87%
88% 8 4 0% /6 dent |t

r ef (Zar eg[fc{% ng%q%ee(?ﬁ]:te %@%é%sg{a@ %T’B %%/fe %lgovs?ltnuéz Clas %g %ﬁaetdageggs}hdgg clr fged 19 o?

pr ecedi

or ovi sdVRREL ¢ VBt rebret {RaiebmaiD B y&%#a&ﬁ%ﬁ# Bl Dol ypept de

conpri $§81o8lky A, ABh&GIHIkS E ARANGFlalkiRthelcRGd Ik el§et@f5atly? %%kr&atﬂﬁalfk?ﬁtak’ res

descri béd for ?ke speci fied residué positions. In sone enbodi ments, the

engi nealefided hanmahatmagyebparitippelht substitvitod hyomerar seorasutatiugotsas ddﬁwquence
t hat i at. | east about 80% 85% 86% 87% 88% 89% 90% 91% 92% 93%

94% %869 97% 98% 99% i dentical to a reference sequence of SEQ ID
NO 24 b0158] n.sone enbodi nents, the engineered transam nases conprise an
am no dﬁ9%5squ@Hbén?ﬁﬁﬂ“FﬁéWﬁHééﬁihe followi ng features: In sone

enbodi ments, the engi neered transanm nases conpri se an am no acid sequence
that i r{OﬂSﬂjes ‘dthidegas't retfetre to‘ otddoal nefSK.edltaue Bss all(QB cycdoadhylar orrat i c or

constrain es IarI 65 is.an | c res

ot camasema by STl e ki Broronfy hadre P BRSbhor e fhatiRicia
parti cuharhy €3 oftondily ﬁbsﬁ’tﬁlte% by>@ne%¥ mote QutANRhisak A8FacdRRciRO! ar or

ali phatic résidue, particularly M L, V, or H X 36 is an aronatic

residu %rtl%a’ﬁlﬁly Bt EQ ' ! (%F isPRn Otnte ¢
particﬁla y T o% E Xf ﬁm??nan aﬁ?ﬁ‘ggfggﬁgéf urétSartlgﬁF{ ﬁ & 99
i s an amgiloatting tlr diacaserat disonders(i duerrespmgtdrmduamlgth«yreldpmexmﬁthe shsaafse

al i phatic residue articul arl 3.1s con ai ned re5|g

o LT ot [ Gy uB Nl R s iAo St S e Bhe %284 i s a
nonpol afch@fnfuR ferPRY drh Qb oYt @ast' dhegﬂyﬁceﬁfﬂa%ié%&névﬁlchtnh% ddt %Qsam nase

pol ypepti des can have additionally , ’ ) 7, 1-8, 1-9,
1- 10, 1d1$enmb1@byzhe [atient, Imy@anotllell@mqulmsnt 1tr@®mg 1012 Zreanm@n ref@@@ 1- 30,

1- 35, 1- 1-60 d h d
Sort i S s B PR st e i BPERE ST Rl ) 15 e

4, 5, Gym tong) pﬁysw"l@glcaﬂ? (él-g,, stlﬂﬂlzé‘tﬁ)n &f@ph@&cal%ﬁrarﬁéﬁer)%ﬂ'boaﬁ In 3& 35, 40,
45, 50, 60 resi differences at the other residue p05|t|ons In

some er?@@ﬂhehéfﬁb%dlmteh‘e“@@?éiﬂﬁ’éél? dEcafes &P & aclpying frepiseteofdhhdisensper se an
anm no qﬁéq gequence that is at | east about 80% 85% 86% 87% 88@6 89%
90% 91 % % 93% 94% 95% 96% 97% 98% 99% identical to a reference

sequen sed..on SE the f eat ures descri bed f ecedin
apect 100 ot dRiBrae s RGeS ottt RE e G Rommamg Bt 8BS hat e
engi neeidafiniklcAidso Al paasa f@pﬂrmggtaldﬂ@as‘eo[ﬁ%fﬁ&@t@@bﬁf@&@ﬁé}ﬁeea@@smrfbmé an

am no acid sequence that includes at |east the features described for the
speci f jBepapedihdl @ewgwqaamffwtwemnbrfvwéld\iamed@@ndma@néh@cm@m@d the

| cast  UOERERCh YRR ARVRE DS ST RO AEROR-BR L SSRERSTEaT, 5ol

96% 97dscrdled WWMeiodekilliis @e drowahsfuadenegcaaguatce of SEQ I D NO 26.
[0159] In some enbodi ments, the engineered transam nases conprise an an no
aci d sqgpegice Rél@t%nédliﬂvﬂ%$ bé hRdé 8l 4o RGpréRALYERBodinEUTENEDARIoNEN S,

t he engi neered transam nases conprise an amno acid sequence that |ncludes
at | eagWhﬂhﬁleﬂ@an@Wl mgll be deseribed Incpajunstiom wath prefeired enbedimsatsalt méldbe esi due,
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 g?non polar, aliphatic or polar
residue, particularly G C, T, A or 22 is a constrai ned, non-polar
or aliphatic residue, particularly M I, L, V, or H Xl 36 is an aromatic
residue, particularly Y or F; XI 37 |s a polar or allphatlc re5|due

T



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 sone ewbadim®moz, the transam nase pol ypepti des can ravasaddioriesnal |y
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 resi.due |fferences at ot resi due. positions.. | S enbodj nent s,
the norigeried s FUS AR R ferdlop it IS TioR % ok §Pieterted hbdiygintg o 1o 14
15, 16,thd ontby, 11213 intéfded 28 cor? altdRatiity, mé&ﬁc@t%ns éﬁl’eq‘afvafb%tsra%%%

di fferences at” the ot her residue positions. In sone enbodi nents,” the

engi neen@lddqd‘aﬁhlaﬁhmas@t and| sppreefithe inyartianmspicfised binthgrppendsd |cuurgequence
that is at | east about 80% 85% 86% 87% 88% 89% 90% 91% 92% 93%

94% IFgﬁfE cal to a reference sequence based on SEQ
gc/?aw ngl\{?%s/b eatures ?%NI

I D NO escrl bed for preceding specified resi due

PO e RS daiopeaserta i Ak dh'etivt SoBbPinR S rarhuad AP ERRECES, o

sequence that includes at |east the features described for the specified
resi due positions. In ﬁmrre enbodi nents, the engi neered transani nase

pol ypepti de can COI"6)I’I an am no acid seung,lnce that is at | east about 80%
85% 86% 87% 88% 0 910/_92(V 94% 95% 96% 97% 98% 99%
i denti cal toarefa?ﬁi@ 9} DNO42 [0161] In sone

enbodi nents, the engfn€er el Rar ansalry nase corrprl ses an am no acid sequence

that includes the follow ng f eat ufes: X6R%i's an aromatic or pol ar residue,
particularly T, Y or F, Xebming1an 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 | or L; X122 is a constrai ned,
non- polvalteran: al i phatic residue, particularly M |, L, V, or H X 36 is an
aromatic residue, particularly Y or F; X 37 is a polar or aliphatic

resi duei ipaCH,gul e@I(ng'{)nqr SHCHY,-, 9(0)80 p(CIa){-pNHI(CHY),-, ar omat i ¢ resi due,

particularly Wor X209 is an aliphatic residue, 8art|cularl L; X215 is
a C X223 |§C§2&1ﬁ§Hﬁ)a1’ n@&@re@r‘aﬂéc argﬁéﬁr@rﬂ% p(ClpS-CE5 ol ar

resi due, par. CR84 I ar partl cularly G

I n sone errbogﬁrrelgr@é @Hz %1 Sg )(ép))o ypept i esce@ggé vé additionally

1-2, 1-3, 1-8CO)ECHS, NH—CIZO) (C183),-1-GH,-CCARO-(CHL),L,  1- 12 1-14, 1-15,

L iR A P B o Rt D it oot et s
t he nunber Qgcpﬂ)ft ?Ogm@}pp@[{pe §¢H2)2,C(3)3 S4CF12"CF@Z557 8, 9, 10, 11, 12, 14,

15, 16, 18, 4, 26, 30 , or 60 residue
di ff erences @Hzt@r@(@DIﬁ@Hz)aesCHuéIPb&Ob {GH -, tHs 868 ment s, t he

engineered tr a ep an_am no acid sequence
Thatre ar ICEDLERF gg]g/o f&’?@&ﬁﬁ&@”@%ﬁ%% 00% 91% 92% 93%
94% 95% 96(%@5%?%(@&%1{2&91%-! WRELInGRls ahOntdgdrefdi €Re ¢, sequence based on SEQ
I D NO 2 having the features described for preceding specified residue

posi ti gix §83,%(0)EF_IMRNG 44, 46, or 48), with the proviso that the
engi neer ed transam nase pol ypeptide conprises pol ypeptl de conprises an

am no g e gshgt gengl 8 I ef r the
speci flaegl ?ggl gﬁgﬁﬁgsihgl gnéﬁ F%ag})ﬁ%ld nﬁaﬁefﬁ@?h}t(ﬁ%%é g?ﬁ%&#@%ﬁalf(ﬂ’

][ ransambnas aéjgg/hqbgegtadgmé%;lcmglaébyime;(BSMuwg aay'héléi)}gal a;zczldalggoq/mﬂmg?;tddhig/ i 3 50a/t

east about 9 9 9 o 9 9 9
065 | 9756 OEHSI0BBIR CHEARS EARINY b SOV B e YRS A TP BN 44 46,

or 48. [0163ctdrfar$0 H@teFd&RﬁQk?ﬁ E‘ﬁtﬁtltuttélﬂle%é}gé&?aﬁ{ﬁdac&faﬁ&ﬁé’:@c%%ﬁylcOrmr' ses an
am no acid sequencé that 7includes the follomng Teatures: X8 i's

constrai ned acgbmﬂdbylopmatbqnul arylglkploxxeabomylaminar omati ¢ or pol ar residue,
particularly Y S .an Ii hatic r artlcu rly A, X69 is
Cor a nonpoaI Xllp ?J‘EYIBﬁ%CtaF né’IaHBB? &s‘fiﬁgwca% ?lle%f) ‘Iaf)joé?' @‘ A or S
X94 is an aldlm@uxﬁoﬁﬁﬁugmmn@adlkylgwlmﬂyalkylwlfdﬂ 1, %0d2hicS amieOnst r ai ned,
non-pol ar or aliphatic residue, particularl P, V, or H Xl 36 is an
aromatic r egall@d@mmpawlaélml%mmy deallkylaming, amalk@X}a abdfilmx}@ﬁrbanylﬁlkaﬁy,c

resi due, par} | ar f I I [ ITB.'[I Cc residue,
particul arl ytr}(/\%H(OXI'éa}(@@fgﬂkylamé a ryloﬁ(é{%a%m? a%]l gar%mtlﬁ ar arl y L; X2 15 is
a cysteine (d5lpxycadibnyklie/a0ims] ¢aabm@dcatreahdylgcarpzanette clattinhtg, Bian¥A820,i s a
pol ar residue, particularly S; and X284 is a non-pol ar residue,

particularly G In sone enbodi nents, EQe t ransam nase pol ypepti des can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 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 re5|due dlfferences at other re5|due p05|t|ons In sone
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enbodi nents, the engi neered transam nase pol ypeptide can conprise an am no
acid sequence that is at |east about 80% 85% 86% 87% 88% 89% 90%
91% 92%wWO2040/@432 95% 96% 97% 98% 99% i dentical t@CA/USRION2TET
sequence based on SEQ ID NO 2 having the features described for preceding
specified residue positions (e.g., SEQID NGO 52), with the proviso that

t he engi neered transam nhas | ypepti de conpri ses po ept.i.de conpri ses an
am o sci A SEOHEHERN AP hP QS BrosPBUE P rOR g, UG BULBRIGEN f or the
speci fied regiMhmiResihdORsR', IRY, ROTE RTMIOARABAG RY ab DR BAGOARBERHDE |
transam nase 80| ypepti de can conprise an am no ac%d sequence that is at

| east about sBOYtut8EWithgeMepB1hat iB8ode, Bavgot tiovited 9a 0k (G20arivaBogH Givigmy59,
96% 97% 98%. 8%d dent itcalst eianeferegce sequence of SEQ | D NO 52.
rT@Se o%?nﬁﬂt@a’lﬁr B "ﬁ%cirg

[0164] In song e ‘endi td transam nase conprises an am no
aci d sequence that includes the followi ng.features: X61 is an.aromatic
Fesi dud TUATSGIEGALY BOCPRbI 1Lt HRempts pRLTASICEromseIc AP BEROF.par £ 1 cul ar | y
T, Yor F: X65 is an aliphatic residue, i)articul arly A, X69 is Cor a
nonpol dPY9%| i JRaneECHIsPee eamnowarsiefetorpy %GléhqlférdP%F“éediC, T, A or S, X94 is
an aliphatic residue, particularly I or L; X122 is a constrained, non-polar

or aliphatic residue, particukarly M I, L, V, or H Xl 36 is an aromatic

resi due, particularly Y or F;NX| 37 is a polar or Fgliphatic resi due,

particularly T or I; X 9 i phatT c\ or /aT tic residue,
particularly Wor |; X209Ri8_a |_'"ﬁﬁéﬁkﬁdfﬁﬁg;§2?aparticuIarIy L; X2 15 is
a C X223 is a constrai nedrt eBi du ripartilcul ar P, X282 is a polar

residue, particularly S; and X284 is a nﬁh-poIaRZresidue, particularly G
In sone enbodi nents, the transarbiaag1pol ypepti des 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 reghaeie: di fferences at other residue positions. In sone enbodi nents,

t he nunber of differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14,
15, 16,A 185(CED),—2)-(CHL,),2635-(CH,),355(M)-A3],)s0-NHEEH, 3+, 60 resi due

eng neer ed (1 SHaHr Hase ST p0r HUeTbart BeplbdaiC o Betdisequence
that is at |_@@.EIS;@@%%%?%_@@%)n@@(oﬁ_@{qz_@ﬁ%@é_@_@(@)_Q@fzg)n_?1% 92% 93%

949% 95% 96% 97% I denti 0 a reference sequence based on SEQ
| D NO 2 havi-Sehd Grat,uNéb CR s (il hed-Gldr-CHp rOddithy-speci fi ed resi due

positions (e , 5 r ) T H T r QWi t he engi neered
t ransami nasé%T@%%@g%ﬁﬁéﬁgb%ggé' g é@ﬁeﬁr@ﬁ@gﬁgﬁé% no acid
sequence t hatfCHNGUORNHRCH, 8185, L(0eL . eayieeHdeg¢r bed for the specified
residue positions. In sone enbodi nents, the engineered transanm nase

pol ypept i de -€&h-Q@Et0{(SH2)an -GH-hN1-4€EPH SHguercld-BHAO)i(€Hak-| east about 80%
85% 86% 879 8% ~39%-90% 91% | 9% %1 94% 95% 96% 97% 98% 99%
i denti cal to(@aHg)éféerC chégcﬁ?e’n@é@zzﬁ%éoE%%ﬁDe%éﬁi ?))r? 56. [0165] In sone
embodi ment s,(CH&-SQYOREeL,«cHL-r whgai Mi3se inegRIfices tam, am no aci d sequence
that includes the following features: X61 is an aromatic residue,

parti cub ardys, S(0Xe3, s SNRh aggonati c or polar residue, particularly T, Y or
F, X65 is an aliphatic residue, particularly Al X69 is C or a nonpol ar,

al i phatdagp gf RPR?aR? IRESRUGE, RPAHIRFYL ﬁfd'elyen@ent%( hﬂ&ro%n, Alky SsuBsButéBalli,

al i phatic residue, particularly I or L, X122 s a onst?,al ned, non-pol ar or
al i phati c r esyldastipéard drgli hitdlyylMubstituted avylaliyl, kyclodlk@6substiredar onat i ¢

residue, particularly Y, or F. Xl 99 is,an gliphatic or ar i.c residue,
bart 1ol ar 1y oapaidl sidhderobi st A helePoiy RS M ubE 015 o
a C X223 i icper&RYB5 hE@idaRAalk oS behiBiutdRPididro My BIILY, &2; 1&%&& lcgrbdngaol ar

resi due, parti cﬁéf}grl y S g}gnd?1§<284 is a noné-&gol 'ay?r rgsi ue,yl part“flcul arly G

| n sonme enbodylearalkyloxyrarhonyhsartealoaypubgpdgmindes can have additional |y
1-2, 1-3, 1-4,.,1- 1-6,.:1-7,.1-8, .1- 9..1-10, 1-1 1-12 14, 1-15,
116, 1-18, Y5y Rysatipflannd ey sykSitdiboni ghosd B Iy, 1155 o
1- 60 resi dualidixytabendrskydimiabakylnasfitleal@silfongn aikylthics afnognbodi ment s,

t he nunmber of differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14,
15, 16, 18, aig/lampo, srylaliogaming, dighskylapmineygrylalisoxy, grylalkpxyserhopxlikesy.

di ff erences resl it I i ts, the

engi neer ed £ 1%@%%’(%%@?%%@%@%? i %gﬁ;ég%ggg%ﬂr%’r&% gnalggngﬁg]kg%nd sequence
that is at |east 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
I D NO 2 having the features described }or precedi ng specified residue
positions (e.g., SEQID NGO 58 or 60), with the proviso that the engi neered
transanm nase pol ypeptide conprises polypeptide conprises an am no acid

. o, N o o o



resi due positions. In some enbodi nents, the engineered transam nase

pol ypeptide can conprise an am no acid sequence that is at |east about 80%
85% 86%wWenvio/@d8Me 89% 90% 91% 92% 93% 94% 95% PETUSANYN238%) 99%
identical to a reference sequence of SEQ ID NGO 62. [0167] In sone

enbodi nents, the engi neered transam nase conprises an am no acid sequence

that includes the foll i ng features: 1 an, aromati.c residue,
e s songessin PSR RS cdifimest, SEpELES GHRPRE PRI . v or
F, X65 is arhe@érasm@&&&r&ﬁ@h,%mxg%ﬁdsﬁwt@,gh)zss&ﬁbna%@})suilﬁteglgfonatepempol ar,

aliphatic or polar residué, particular|y , T, A, or S X94 is an
al i phati c r eslfduemidpavhdreinl Br. R/, R.&', R2, R1R2 ap¢ RaaebAsnaenimadallybe- pol ar or

al i phatic resjdue art.icular]y. L .or Ho2X .36 is.a romatic
Fesldue. partpatlis Rt ituds. phenofinfealth geintaPy” T BHETRD.
particul arl Y@, écl, I°F, XN, 69),i'"%0 dfp alf phat’sc residue, particularly L; X 99
is an aliphatic or aromatic residue, particularly Wor |; X209 is an
al i phatgrG ghashsHdGticaP@ abb el datt, bacemi@bRridfustereofide?id hiknReCBBRbF ai ned _
residue, particularly P; X282 is a polar residue, particularly S; X284 is a
non- pol esi ' |+ - ang - X3 hS an aliphatic residue,

P15 4o B Bl Mo R

partic nments, the sam nase pol ypepti des can have

addi ti y - 2 .1-3. 1- -5 1-6, .1-4, 1-8, 1- -1 s o 1-12,

L G, T gfopdigeqofype'Pepbinga Gy chihe 1S Gpnh; XuAylgnn 28
1-50, XC5h),-OrCH~60,4, esHA8g O, i f & e(CIes,-8{CIt-0B5-. r esi due positions. In sonme
enbodi nents, the nunber of differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9,

10, 1110085 L14n ahShed@pod®f tROnv@Rion24 is 26H-0)-(851,),40CHHNHF90)- 55, or 60
residue differences at the other residue positions. In some enbodi nents,

t he endChkdr.efHrEdR3aMiltase)pol &@Hp)&icd@)é\%ﬂr%n‘ﬁﬂbse an amino acid sequence
that is at |east about 80% 85% 86% 87% 88% 89% 90% 91% 92% 93%
94% 999996)6%In2d6thciO8Pect @Pthei idearitiooaB it ©. a ref erence sequence based on SEQ
I D NO 2 having the features described for preceding specified residue

posi ti qoe97je. dn,anGEE dsPoANOf 6)invanitioh, R'hie Fpr ovi so t hat t he engi neer ed

t ransam nase pol ypepti de conprises pol ypeptide conprises an am no acid
sequenqgedg)at ThREbHEESpadt of BRShvdntienf &h UF RS aslERE s iR@ch@mtly e hareehf i ed
resi due a?OSi tions. In sonme enbodi nents, the engi neeredtransam nase

pol ypeprlaskyd ahalkexpri se an amino aci d sequence that is at |east about 80%
85% 86% 87% 88% 89% 90% 91% 92% 93% 94% 95% 96% 97% 98% 99%
i denti d@09%o alheaoementd ddbjyencetiol dSEGH¢hdNONE4n hf@1@®]or Inmpre ofithe

enbodi ts, the engineered transam nase conprises an am no acid seguence
t hat -?éﬁ%‘ﬁ@gﬁ?l?fgctﬁgﬁ%ﬁﬁbopﬁggﬁur es: X61 is an aromatic residue,

particularly Y; (6CorhSoudids 8f MERAchtiOn cOhRE aFRfiyfdedoaiihé DYkeptorsl, Y or
F; X65 is an aliphatic residue, particularly A, "X69 is C or a nonpol ar,

al i phatic or pol(arCorapeunde of tharnyeatipaeanyhage affinity fonsergtonm: 5-Kd4ai s an

al i phat i.c. IEO«%?] due, particularly I or L; XI 02 is an aliphatic or basic

resi due, Sar Tcularly L or K; X122 is a constrai ned, non-polar or aliphatic
residue, particyé)@@dntpddnds of the inienBidn tin Rve I6inisy fdNsab@R@LI-EITh£si due,
particularly Y or F;, XI 50 is aromatic, constrained or polar residue,

parti cUFEPIYfS:>F, H, or S; XI 52 is C, non-polar, aliphatic, or polar

resi due, partic ¢ i i I tic
resi due, parti cﬁ{iﬁ'f%p@%JVW#a%?fbegg)r %gg%&leas??gﬂ%ﬁé@%@{%ﬁﬁ%&%ﬁ?@@g arly L;
X215 i ofahdpardB23ud, hag oc bast, neglipdlole idsbiture actpatytdt chd HERG (Bpmx2 8thei-g- a pol ar
residue, particularly S; . and X284 is a nop-pol ar.residue, particularly G
| sont eI THRERNS) Bethsih Shsaal %é%ﬁ‘en%ma{}&eﬁpm&scoeawtw&eﬁ oL HGiR Fhal | y
1-2, 1-@Bug ﬁlasngrd ézg. Hidoondenfratidn 8f tht-m&Aabotitd Rustlselat kastlﬁxgeztimés‘ﬁligherqfha%&
1-16, 1- 1%, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or
1- 60 r ¢b¢ domnadlilfefapcane emcantraioned thegsirehi soppsintd mfiere aknvigoateheB8di nment s,

t he nunber of differences gan be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14,
15, 16 POYBIUBGRN 10067 30, 35, 40, 45, 50,. 55, or 60 residue
differences at t&ec@hhfimds 85ihd i RaSH, tak QRS as i HOABoIREPHEIE HoSiot EAIRe,

engi neered transam nase pol ypeptide can conprise an am no acid sequence

that i Préeve edyecddpedencg@dmetabuyic gaog-drggigtenghon @Y vdomcogdainisienzd 939
94% QW%hgt%%/Pdr%%s% 98% 99% i dentical to a reference sequence based on SEQ
I D NO 2 having tfé features described for preceding specified residue
positions (e.g., SEQID NGO 66), with the proviso that the engi neered

t ransam nase pol ypepti de conpri ses po_hé/_pepti de conprises an amno acid
sequence that includes at |least the féatures described for the specified
resi due positions. In some enbodi nents, the engineered transam nase

pol ypeptide can conprise an am no acid sequence that is at |east about 80%
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sequence that includes at |east the features described for the specified
resi due positions. In sone enbodi nents, the engi neered transam nase

pol ypept iwe 20sm9gtapri se an am no acid sequence that i sPat/use@sw2zBput 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 sone

enbodi nent s, i neered. transam nase ri mno aci d sequence
Chat i ne udes. t KB GRorTegT g e oraar axgefi e Beibatis Mot e8ftdue
parti culBsthiially cRvatédf et fundti®Pledf (LFaG vallues wibd Rahister&d alBpA- pol ar resi due,

particularly A’ X61 is an aromatic residue, particularly Y; X62 is an
aromatic or pol 48 @@éb@aeallabdﬁy oE e apmpomdsys mnsmtenxwhlogalaidnamstp&tml c

re5|due arti.c A; X6 n ol ar r pol ar
resi dud! "?ﬁ d%‘@lpjﬁﬁf‘éa 10%‘9%“?&"“8‘5“@“9&@ VED & ‘iﬁra‘? si due,

parti cWoatpoyitiths Krkof, Ta@Blsalbt Rhdldistefe@ Sbidd@ny aé\lﬁ¢dr§a sglseerrﬂl that p@dudes X122 is a
constrai ned, non-polar or aliphatic residue, particularly I, L, V, or H

Xl 36 |@H%Iﬁnté‘#léﬁﬁtﬂif‘ézﬂaibefsblﬁ@felwﬁlépb’ﬁéE}m&rI y Yor F; XI 69 is an aliphatic
residue, particularly L; XI 99 is an aliphatic or aromatic residue,

parti cdﬂh@ﬂ]y inene ksperz0s: i‘ngeminnavlrdwpdmdomppeedscmeingmwtﬁvo QF arOIrqIOf_the X215 is
C X217.is a residu articula X223 caonstrai ed resi due,
Sart - oot JreBRh el e RO bhcHeS s dather S5 By PR P RUOGE S
pol ar r@sipdufds fRiHg 4 Wasl dry thicc ¥28fbrd 6f e ABSVPALRfiddgrbsiges qrarticularly G
X297 is a pol ar residue, éﬁg”' cul arl ;. and X321 is a constrained residue,

y

parti cuharapigristics) Rrefesakly efd sempeutds 0¥th¢en‘fqﬂélﬁ§ anyndbeevpo Fhgseqieiisies ocan have
addltlgﬁl%&x12 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1- 12,
1- 14, T-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45,

1-50, - 60 e .di fferences at er r.esi.due ons., I n sone
Srboai TARPY. Ciadiifiond BRaiE bty rihe ol fidledite th Ry boRag' o
10, 11, bylBoselstillelFn thkfurt. Tus, 4QalogLanPlts 8Bthe IRempPfieAédmpbandPite withtn Or 60

resi due ‘di fferences at the other residue positions. In sone enbodi nents,

t he enghn&wpeaf thesnbiant inegwiopoMithdmonirsse ahthesppirosedsa thaiubiechci d sequence
t hat % 899 % 9 93%
040 o83EongehRYsE A i aLsP R PRl o b L Contbatidh 10 seo

I D NO zwhﬂaldmgﬁishetesﬁ eestuseesn théssapplibaibnf O tahetadiony’ &lﬁmtd‘ ¢odthouass due
positions (e.g D NO 70), with the proviso that the engl neer ed

transaﬁvmg%éreﬂe ﬁé}ﬁﬂlmléﬁ W.aee%l%wr%ﬁﬁuaé byt which appydiee besramodifie udes at
| east t %f% i 0 | some
enbodi nf%eé% engi neere trgﬁ%g&%ﬁgg{g&%ﬁﬁ%&%@%e&kgugﬁé?%{o%ﬁ@lew%{r%nam no
aci d sedpoengercférad cbmpalnndlse\dmh ab oulbstBOely ﬂﬁ%ﬁnﬁa@@nﬁﬁ%co&aﬁﬁm&ﬁ% 90%
91% 92Y% QE% 94% 95%, 9 7% 98% 99% i denti.c ference
sequencéligh hages ‘Prﬁlcl%%ec ?ﬁi‘i‘ ﬁmlltwnsaéﬁ‘ért% GPWeSHPé e‘f%‘époé‘ﬁ i neer ed
transam nase conprises an am no acid sequence that |ncI udes t he foI I OWI ng
f eat ur d8103fg jLhegubsaiipyentivadusthaipgiiains fagnendemeiigallyiisolged sgmpqundgpnd

aromat i

par 1 cur Ay HCcorf s Bbmboutas Ttk xR0 ARAERGR B P B R 50 1
C or a afolmne meéraro,n aad sybh@hiiallyofreqfvbarone esottere(i.cpar dsnaoublaeﬂlg/eﬁess; InTathek, or
S; X94 is al.i phati c_.resi due, art| ul ar.l 0 X;2|s a onstralned
non- poIV&‘?rd%rhedl P?aeﬁef HESORRRINGSATE b raarlﬁliﬁw romLth formpof e 36 is an
ar onat 'c%n{p%ﬁhdjs%ﬁld aP@rtﬁdsCHﬂ e%hﬁfor?(er% exfcessdf 1899 Sroffs. @dnp%&lyc“sﬁfoﬁﬁ%@t I'c
residue, particularl’y Wor |; X209 is an aliphatic residue, particularly L;
X2 15 ithe @mp@eds pr sabgortstlydicced “Ré§<i>rm$epf tixaganiouings dnd #2¢, t@8M i s a pol ar
reS|due artlcularly cand. X284 is a _non-po resi due articularly G
0 sonselit e e H aReEiin ate SBRORER nt SN BRORRH onal 1 y
1-2, 1- e%antiorﬂerlo]coﬂafo%m@s ardat/ Leasl‘aBoutln QO%]en&leorﬂeri]c Scesk: Tus ]foﬂéqanﬂpié-5

1-16, 1-18, 1-20 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or
1-60 r eb¢ eRrapaing arce deast @pub?(}% Engrsiometie cpeesh.trefEably I%héooelﬁ%& ment s,

T

di f f er rrcfembht, at kestO0hesr gregédtien PWsichamivgnericrexs@le enbodi nents, the

engi neered transam nase pol ypeptide can conprise an am no aci d sequence
that is at | east about 80% 85% 86% 87% 88% 89% 90% 91% 92% 93%
949% 95% 96% 97% 98% 99% identical to a reference sequence based on SEQ
I D NO 2 having the features described for preceding specified residue
positions (e.g., SEQID NO 72), with E?e provi so that the engi neered

t ransam nase poI ypeptide conprises an“am no acid sequence that includes at

| east the features described for the specified residue positions. In sone
enbodi rrents the engl neer ed transam nase pol ypeptide can conprise an am no

o, I ~NNA 7 ~Sr~mnzs ~A 7 ~—r 7 ~NNA 7 ~NN 7 NN



at | east about 80% 85% 86% 87% 88% 89% 90% 91% 92% 93% 94% 95%
96% 97% 98% 99% identical to a reference sequence of SEQ I D NO 74.

[0173] | rwecenw/@odwodi ments, the engi neered transam nasePCOMSRI9MIS68N ani no
acid sequence that includes the following features: X8 is a constrained
residue, particularly is P; X60 is an aronmatic residue, particularly F, X61
is an i i rticul arl X i romati c or polar
re3|dugﬁﬁgihﬁﬁﬁﬁ?gﬁqyﬁ%CQﬁﬂkFﬁﬁVﬁ§é¥F¥§“§ﬁ%XF39ﬂEch residue, particularly
A, X69 is C or_a non-polar, aliphatic or polar residue, particularly G C,
T A dPTOT wghhcicompopi Hhamnvegianggs be Emﬁ‘émleﬂwyehetmeﬁhg dgn aliphatic
resi dugy, fghdd 1ﬁLS|cﬁérh 1 20§evler 1 Rehdds h?% lﬂéeh@@?&tﬂb%d FEdk AHor tﬁ)i@r%ﬁtﬁ ?ﬁi}}' y L
X122 is a constral ne non- po ar or a tic resi ue particularly I,

L, V, arylplipextde deswatlrwe&r &Tha‘sﬂammgeﬁatdmaﬂs anphbuilding Botks dﬁeﬁml fd%,préﬁariﬁg is Cor
a non-pol ar, ghgpFati %QIar r Bartlcularlﬁ gr C X
78 is &opBrypdyQfd %lﬁ‘éfentﬂ)é]r%nu dBicHRe at%“ 5‘(160 YCiCOmAFTYR Bbﬁ‘é?tﬂnal%le&if & Btrat i ¢
resi dugye éfk’i’é& lb}ﬁwle@khb!wﬂvs%thétw Aef8dd @e@@gabrééﬂaét Y ‘FP‘%%&R% GRapd incul arly L;

X215 is is a polar residue, particul arly N X223 is a constrained
resi dueOrgpenctGh@ml&tm, Y WRleyxagped. S2096); deorisan & abf Cethpqﬂdann of Besthetice,

B ot 1B IR oo ) ERS WR 5SS 8 Tuo P Bl ekl ar T 7S

and X234rgh§10@ﬁéﬁﬂst Fink RS Gt anyd Felsk €4t ah IRBa &ant P Orgshi@SPRhis, T esi due,
particularly S; 'X321 is a constrai ned residue, particularly P. |n some

enbodi néxlbgcs { #8. Kﬁrgﬁgdﬁ%d‘émb@%emeﬁ&&ga%ﬁhmm oYiley brensgignee, 47 1- 3,

1-4, 1- 2, k= 16gd 1-18,

120, £t ghocky Gyfbegteggive Praghic Teagormdons ™y Wi phitibin g8 0P o

differ erdQGS%,tPasqhét&r “Eﬁ@icﬁj@edlﬁQ)fiRtethﬂﬂis fok n)rgamﬁmSﬁnmw ‘N syiléshendunber  of

dlfferences Lan be 11, 12, 14, 15, 16, 18,

20, 22,5094 1788, 1§85) %herwth%% foe@e Syeheswo?f SO eSS 1P GREERTRE 1 he

ot her rlfe?élﬁi Hee e?t(ﬁ%ll &és&g‘@ed ih thSHPE: \?ﬂp&dﬂe%m eﬁyopautelﬂF toRILRAEL Efisan in view

t ransam nasepol ypept1 de can conprise an a aci d sequence that is at

I (éoa/st E;Ig(bhﬂ rg?%cgéﬁ}ﬁ%wc&ﬁ%ooiﬁﬂ%d IB&%)? BRUsto 90MhesHEAhe @Lﬁﬁpb ou;aﬂﬁ/spf %é% | %5‘:\/]00 ,
0} 0 0} ca are nce bas on

navi ng IR PBRA oAU o e oo BT ET Uil S BHEE 1o 08 SroDrtE YN ons

(e. 9., (BERIPNIGRE, W th the proviso that the engineered transam nase

pol ypepti de conprises an am no aci d sequence that |ncludes at |l east the

feat ur scr t i

enbodi ﬁl&@ Ihgﬁgﬁgﬁﬁéﬁgg’ﬁ%?%ﬁ%é%ﬁﬁggékggﬁﬁg %Fge ca n&gﬁggag# am no

acid S&tq:BI(B‘l’de it Reltenmed . Ahe bteasig balﬂdllllg b&ﬂﬂ% ﬁlﬁ%oerﬁzﬁ%mmf%l ﬁwxpuraﬁ%d 90%

91% ? 3% 94% . 95% 96% 97% 99%| i C I t)oarefer

SequendBTB ISR RBoAECC T AT <ol ORRBU hEHt WheSiRe SPaL

tra”SaWh&ﬁ&fw%@@H&Wﬁ%§ﬂﬁﬂnéﬁhﬂ91%Ek&h§ﬁ&&&ﬂﬁ%o%ﬂﬁ&y1@6&%ﬂﬁ&dﬂ¥%ﬁgﬁ|Omﬂng

features: X8 is a constrained residue, particularl ; IS an

ar omat ireduceng aiset lll;tamta&suulrrabcbryh}fdncbé&liﬂfﬁ)almp@smtorf e nribskl.dlvie acidaoppazul ar | y

a1 1 phatt EPREFRER el g R cigrs B ¥ himthobsr e inpioddRec or

pol ar  regkdi@dzoRaions ulvdsprefareddby douphag e aBiineB Iviths suitablo 'cﬂﬂ)bﬁfrhd £s8d due,
particularly G X94 is an aliphatic residue, partjcularl ; X96 is an

al i phat3 endeestpinsd conpline candifipys ysingdiggrlohexglcadbndtimgs Hé@%) %wupbh&r or
| i phat |
s ducieEifplEes (AR By Mialmedmtantino B dind DA ART LA BEOIROGE, | (.

X178 |$oaepomamuﬁe§hdUﬁbopﬂm&kﬁﬂ]aeémeﬁmeXb99maﬁkﬁan@iemhahmbbor aronatic

residue, particularly Wor [|; X209 i al I phati.c residue, rticularly L;
X2 15 idyleipesezing with ap spprofmiate HOGW@ar%aéﬁFitqaemeéﬁer {pl Nwest@ﬁsﬂapenﬁ catighst r ai ned
residu ly P;
os2 1 oS Bt S Bhs Yafbuideh e SpR RO RBRENAL SHES LPREIMEAVA L due,
parti cUlydrdgen GhloXde® ﬁndier s&nﬂm’daondleensd the bpazokhz nbras Mycall als¥Xd@ toneri@dpol ar
resi due, ticulagly S, and E?Zl IS a constrained res arly P

ue,
| sons bl P SohRc i SHE RIS sORyeher e RSHIRES acHatht fhal y
1-2, 1-18wedaliphatkc 5arb ic adidkaltdnsing well kndwa thettodd idthelicdd, 1-14, 1-15,
1-16, 1-18, 1-20, 1-2 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 enbodi nents,
t he nunber 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 resi due
di fferences at the other residue posifions. In sonme enbodi nents, the
engi neered transam nase pol ypeptide can conprise an am no acid sequence
that is at |east about 80% 85% 86% 87% 88%; 89%; 90%; 91%; 92%; 93%;

~rns ~N A7 ~ 7 ~N 7 ~N\Nns " 1 M 1 . o Y o o - o o - N~



that is at | east 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
| D NO 2 hwioizng/wope2f eat ures descri bed for precedi ng speeciusdowasicdte
positions (e.g., SEQID NG 80), with the proviso that the engi neered
transam nase polypeptide conprises an am no acid sequence that includes at

| east hﬂﬁ %eat gescrlbed for the specified residue positions. In some
enbodi 9 m@ﬁ i neered transam nase pol ypeptide can conprise an am no
aci d sequence that is at |east about 80@6k85%b\§ﬁQ6 7% 88% 89% 90%

91% 92% 93% 94% 95% 96% 97% 98% 99% i denti WLo aireference
sequence of SEQ I'D NGO 80. [0176] In sone enbddi ment & engi neer ed
transanj nase conﬁélse§4@0man1go kci d s&guence t hakt |ncI gt he fol | ow ng
feane§I ﬁ; ; is an
aromatic e, parMmmuIarIy |s an aromatic residue| particularly

Y; X62 is an aronat i3® myy 25561 ar reS|due partlcuIQFIV F, Y or|F, X65 is an
al i phatic residue, particularly A2X69 is C or[am%%ﬁim | ar, aliphatic or
pol ar residue, particularly G C T, A or S xg4>'FRYS non-pel ar resi due,
particularly G X94 is an allphatlc residue, particularly | or L X96 is an

al i phatic,yregidue, Hparti Iy L; X122 is a gon in non- ar or
allphatlc eEI‘/ ar |cql\F/Iy M 1, LMV, o?jﬁ%@ﬁﬁw tic

resi due, X2 arﬁy Y or |s an Ilph si que pa

X178 is a p ar residue, partigul W1y @a) ;99 |s an aliphatic or a lo R¥c
residue, particularly Wor 1; X209 is an aliphatic residue, particularly L;
X2 15 is C, X223 is & constrained residue particularly P* X269 is a
constrai ned residue, partlcularl X27§ |s an aromatic residue,
particularly Y; X282 is a polar esigg rtlcularly S; and X284 is a

non- pol ar residue, particularly 5, s a pol ar residue, particularly S;
and X321 is a constrained residue,particularly P. In some enbodi nents, the
transam nase pol ypepti des can have additionally 1-2, 1-3, 1-4, 1-5, 1-6,
1-7, 1-18106]- 9,InkndBer ﬂqet:hod, arjﬂpikﬁrazilneld@rlvit-l\ﬂ& cothpdi®ing FodBula11)A0e¢re1- 22, 1- 24,

1- 26 1-30, 1- 35, 1-40 50, 1-55, or 1-60 residue dlfferences at
ot her riseRagerbasslssfriticdrin Scmermes%ﬁ@ee%e%g briking blopledmgthesy-Shitepheral énces can

be 1, Qxxzaigmréhasg& %gm tﬂ%ccgnmgrgba% Qoura'elSlgglﬁi ?Ed%ch thhe Iﬁéoplgeﬁol & s 41 %?rla?eﬁ 26,

30, 35 residu erences at e ot her residue
p05|t|owﬂldhmbsnmmwemhﬁﬁbmhﬂﬂﬁg1mm@mﬂwghmemmmdcﬁm&m&ﬁﬁwnas&w&mmypept|de can

conprlse an a ci d.sequence is,at | eas t 80% .85% 86% 87%
880 Db koG o e i BEsnST Heusts Banirea3es I A IR ITRIE ol Lo o
refer e’t@;@cﬁ?&%ﬁ?@ro{?ééﬁﬂlo%}néﬁéael a@r@ﬂﬁx&eﬁﬁé’ﬂaﬂﬂe {ot’%t ﬁ%%%@;%n@ﬁl%cr i bed for
precedlng specified residue positions ( D NO 82), with the

provi saitregitenelderieaigya® dihedompanshhl waserep@ﬂesi ﬂJE @thy&belngmlnmmtrgelsenaw anthno
acid seg nee th es, at. t he feat res d i bed. f r t he
Spec 1 hraregmhtRing, 0P oo Ebbiol ApsRRb b ERioPR B hoe My

tr ansamoﬁq@ancpsl(svcn@ﬁielzgermea&mwcsa 8ih@N With agji /ﬂpé@ﬂlﬂ@ ngen bﬂ%@éncb $f at
| east about 80% 85% 86% 87% 88% 39% 90% 92% 93% 94% 95%
96% 9?@/&\1 @mrm%thﬁemnp&EHEeblnaacﬂeﬁémlewc epmeqmme 6017 0§E@0r Btovt hg2

[0177] one _enbo s, the i neer nsa nase ri ses .an am no

bot . st REEspmans ke ieemonand BF AR neeslar edlenRE S SR RER Bhog

resi dugIrpaiéridetih pds¥ndeSofMact 460 iros 1@&11@1&9@&& h@etfceeidcyéwcnpaum&talt afflux F X61

is an aromatic residue, particularly Y; X62 is an aromatic or polar

r esi dudemperature afiferdpd i covesnonging keBzaxaziapneal4 Wh@hu%ﬂSrﬁé@M@é intgarticul arly

A X69 0 rly G C
Hpﬁ@%h&gf@ 591925 Bg Itt%gt’u}gar tlg)ng&tjagen éhr%cg‘rﬁ) e?lg:nu %119&?1&1 (ﬁ@bﬁdng L@gﬁeg i phati c

r esi du%tan]daﬂ’dtmﬁbl lgﬁb’uh))tedluoﬁbn bond&ﬂ@nsl Ikediy dAJge pditivhiie pfashadd cataBit i cul arly L;

X122 is a constrained, non-polar or aliphatic residue, partlcularly M I,

L, Vv, drllpdiun Opz%tlveeacifépla@%@) ¢t g@%@aﬁ%@épqnégxg&aéhze&a}r@qh@uﬂérw T, Hor

N, X %nk&a%oﬁ{solwah%lsro%%' %g@ rte[aarfltro' OIQI&gr%IIIﬁ( 0 I%*mgceuél:al c'c t%]e difgphat i c

resi due, particularl 'S an i phatic b aromat |

parti cusuel hym\a%aneshl;foﬁ(ﬁ @8idissltaamdabivphaipihatic eabatteic apal dalte u$1ag mnugnoxxﬁ 15 is

C X217 i . oIa residue, particularly N, X223 is a constrained residue,

partlch§ﬁ9$l ﬁl & 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 constra??ed residue, particularly P. In sone

enbodi ments, the transam nase pol ypeptides 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

11" ) I Y L



particularly G X297 is a polar residue, particularly S; and X321 is a
constrained residue, particularly P. In sone enbodi nents, the transam nase
pol ypept iwox0ma9vave additionally 1-2, 1-3, 1-4, 1-5, PC®/US2010/023b88, 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 sone enbodi nents, the nunber 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
sone eth@nneqkﬁmnghe engi neered transam nase pol ypepti de can conprise an
am no aci d sequence that is at |east about 80% 85% 86% 87% 88% 89%
90% 91% 92% 939@/9ﬂ?9\95@6 96% 97% 98% 99% identical to a reference

sequence based on SEQJ D NO 2 haviagq features descri bgg precedi ng
speci f i el iQue positions (e ol@m%% Wi th the m t hat the
engi neere nsaﬁfﬁ§§§_bﬁryﬁea i sesTan aniNaeP ence that

i ncl ude$at 1 east HA@yAcetateur es described for tHspeci figed residue
positions. kn some #dditments, the engbneeredAMfansanlnase paj ypepti de can
conprise an anino acid sequence that is at |east 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 sone gmredinesft sk, tH@cetone
engi neered transam nase conpri ses an aig aci d sequence, that |irefuwdes the
followng features: X8 is a constralnedL\/ 7, partlcu1arly s P, X60 is
an aromatic residue, particularly F, X61 |S|aﬁ_agonat|c resi due,

particul arl yo,N; X620l s~an-ar tic or poltar i due, papiN.cul ad.y I, Y or

F; X65 is an 2ati\c/>§5\i paéztl cularfly A X69 is C}N(Z‘]/nm?r,
aliphatgé’ resi due, _ﬁgff“GT‘C“T ~ﬂr\- is a

non- pol eS|due particularlylG;/ 4 |@EﬁMéﬁiphat|ccyeS|due particularly
| or L: X122 is a constrained, non-pol ar®F "4 phatic residue, particularly
M I, L, V, or H X1241s a polar or constrained residue, aFtlcuIarIy T, H
or N, XI 36 is an aromgtic residue, particularly Y or F, XI 50 is aromatic,
constrai ned or polar §kdﬁ§b|?@rt|cularly F, H or S; Xl 52 is Cor a
non-pol ar, aliphatic, QrEt@orer résidue, particularly G I, L, Sor C X 69
is an aliphatic residue, partlcularly L; X199 |s an aliphatic or aromatic

resi due, paftﬁtul rloy X209 is ap aliphatilc respdu cularly L;
X2 15 is a éiéia;éj’f§wév68 ar \r esi Quef“ﬁa[tléﬁgélgi;/ \§§2§QW§LH
constrained r e, partlc&ka R _ Xk is a alnee{alc:resLl\GhD‘exl::*ja

particularly P; X273 is an aromalj gFegiodtue, particularly Y; X282 |

pol ar residue, particularly S; an X284 is a non-pol ar residue,
particularly G X297 is4a polar residue, particularly S; atsd X321 is a
constrai ned residue, particularly P. In some enbodi nents, the transam nase
pol ypepti des 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, ITHPRAPHETICUEES OFCOMPOUNGS OFSTRECHURRLATORMBLAQLIET T esi due

p03|t|ons In some enbodi nents, the nunber of differences can be 1, 2, 3,

8 : 35, 40,
45, 50, " R Pa N e S Rnu S e tions e gted st s ons. T
sone erﬂnxd@mmztmﬁ basddecoerquuné‘ewhdhtareams@whfmtlpgIsgmzqmmreuhﬁl gdnrelnomnipr i se an
am no aci gce that is Ie%f bout,. §OW 8 $$@’ 8796 896 89%
90% 91¥y° % “@ 9 YgUeINaBI8e, 1@‘&% 1§Pf§8 ggbific W e&é‘ﬁ PLPSSI08- | *?ef erence
sequengReRasRdednPrRiHE MehsdRY sﬁﬁhés%g 8Rh ﬁgﬂﬁlp%ﬁﬁé ibRRM ahfpsyRh&Eedi ng
specified residue positions (e.g. with the provi'so that the
engi neeage@tStTlmmawnh@s'entml a}fp)emmndes @Qﬂﬂpd$ @ésﬂﬁag a&ﬂi’m@ma@ﬁ@a@quence t hat
|ncludeslat h‘t nge featurq n ﬁ d for 1 f spe fled o ¥
posi ti SHEPVACLGTRE OGP R RO P aé'yé’h%e r%é%er &g° ?%ﬁé&?%oﬁé‘ié%e bI%Ypepti de can
CONPr | SReatifly AHIAPhASH ChrHRURAGRy tHvats dush as adue@ShniabWipolS0eor8&%autBOY 87%
88% 89% 90% 91% 92% 93% 94% 95% 96% 97% 98% 99% identical to a
ref er erfi®rd¥goeeRresfonSEQ | D NO 92. [0180] In sone enbodinents, the
engi neer ed transam nase conErlses an am no acid sequence that includes the
f ol I owi [Af0Heatloreenrda@e ivdthethe onsnticr, aedmpesi sl orgegoniositign (cgntaming a X60 i s

an aronatic resjdue i,S_an.ar i due,

oar t1 ceipyh g8t S8 i EhsF PR RS PR ) 1 v o
F;, X65 is an aliphatic residue, particularly A, X69 is C or a non- polar

al i phatic or polar residue, partlculazéy G C T, A or S X8lis a

non- pol ar residue, particularly G I's an aliphatic residue,

particularly I or L; X96 is an aliphatic residue, particularly L; X122 is a
constralned non- polar or allphatlc re5|due particularly M I, L V or H

NZA N A - __l_ T N 1 N D T ol —— ' 'Y \II o



pol ar 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
al i phati cwpesiodhgesozparticularly L; X122 is a constrai ne@#CTASR0100R3H87 Or
aliphatic residue, particularly M I, L, V, or H X 124 is a polar or

const rai ned residue particularly T, Hor N, X 36 is an aromatic residue,
particul 69 is an ali hat i c reS|d articularly L; X 99
e an” av bt e hizpamat: Euiudn et Bp aboeimeats osrBiopnEresder s an

al i phatdopo§isibAUSS thAvichGeH A€ ladimbnist&Rd 2o b Pationt N2 dBrabsy @hﬂﬁt@ras pesi due,
particularly N, X223 is a constrained residue, particularly P, X269 is a
const r dfaatident @ priventiysameassiel agringt Rutexpardc,ibipaler disewdert awistiedisduder and
particu arI Y; X282 is a polar residue, particularly S; and X284 is a

non- pol ?due particularly G X297 is a polar residue, particularly S

X321 i ai ned resi due articularly P, and X329 is trained or
ar omat ﬁe_ﬁtﬁ Prits tﬁaietqfégilgen the 1 may Tl sbisaf (e COmRRURSIALR nase

pol ype%h%%&n%ﬁi‘cdi@étﬁngfé@ i}b@rﬂﬁs)lo‘f stkudural Fémula t) td treat almBdicdicbnditios. 1- 9.
1-10, 1-1 1-12, 1-14; 1 ~1-16, 1-18, 1- 20, 1-22, 1-24, 1-26, 1-30,
1-35, fouwhich-anmntinsyshotictis §8siredr 1- 60 resi due di fferences at other residue
positions In sone enbodi nents, the nunber of differences can be 1, 2, 3,

GI‘Hé t?gbéffm l;'dHY:hé!L(f‘i’fb AWI&%T%%TI@&]H 24, 26, 30, 35, 40,

45 50 resi er ences reS|due pOS|t|ons I n
some e t he engi neered transam ase ol conpri se an
some <o git.li?r&?B“PPH’é‘? bR S oA B B Bt Bl o530 S80b: | So0t

90% 9¥4mARYM ) &3¢ a%%ta%% 1y inMHhanIBici88%Ad sledlbolgdldesRivad ief er ence

sequence based on SE 2 having the features described for preceding

speci f idsthil @deenpogtldsi @dsowogtlonssm@talrongi@mm@m)d(smf stiuqtivel Perowils o hat

the engineer. transantn 0 ONRri ses an ci g .sequence

hat 1 ey g o} ORI REF B PER R E o AR AP R R P e e
posi ti Qﬂﬁolaﬂdisc&@ﬂ?aﬁfﬁﬁ@dlsﬁﬁi’ﬁ&md d&rcssiogi neered transam nase pol ypeptide can
conprise an am no acid sequence that is at |east about 80% 85% 86% 87%
88% B 150%WAIYhsAAY o8B aRH0 19206V T UisHBYs cIfbiriRIGAl 1O 2
ref erence sequence of SEQ NO 102. [0182] In some enbodi nents, the

engi neegwositianseirthe asfenmm\rﬂm @e@inamstamdrm appliadl wegjynean @emiomtlom withudes t he
follomnn f eat.u X8 IS nstrain r due artic s P X60 is
an ar orfly CERLS; e Omé’gi“%‘iscaﬂ}ﬁg’rr YS! Oﬁ?lealr?V ae iJSPe ﬁmml“el’ed

parti CUﬂr&bf)h/edYsmgiﬁZnlcﬁm@ﬁlaﬁélﬁ)mﬂﬂllo@h& phix@haREuticaRy deteye ageﬁttsnﬁuhaﬁlgiothiéx Y or

F; X65 is an aliphatic residue, particularly A, X69 is C or a non-pol ar,

al i phatGosnerngsoingfor cempasisonsithg EuFRany G C, T, A or S; X8l is a

non- pol ar residue, particularly G X94 is an aliphatic resi due,

parti cU0akily |Tl@rcutmnbtgeeﬂtionamo\édespheth@ds afdeskiumt apdptopbylhsis Iby L; X122 is a

constr aj hed. hat | arti ular V, or H
% 1a" PRERE § 3 Rl BOBARME hEIIYS: o PR sBrillon gy Va6
an ar on@hipoufi®6f MY enveRASH. Tt g@ﬁéﬂt ma 3/05 ¢ dn anithalp rhére PrETBRbIyC meMARI faaiined or
pol ar residue, particularly X is cysteine (©, non-polar, aliphatic
or pol dnoeesqfdaglyadamqncul arly G |, L, Sor C X 69 is an aliphatic
residue, particularly L; XI 99 is an aIiphatic or aromatic residue,

parti cdﬂh14]y \Nh@rprt:senb(mdusdwndé@ﬂ q@halosicioneeﬁ tHe&veplaon, ivdninlmdnypri_se o2 15 is

C X2 17 is a oIar due rtic N X223 nst r ai resi due,
oart | oAl o of b @b SR inerlin SRGRet Tl SMHIENES54N TS o
ar omat mlerce&ipéueas I dricehpasitivns'of tKL B ehtfondnDO4ISE bE fhiiktore®@BY hhEothar | Y S;

X284 is a non-polar residue, particularly G X297 is a polar residue,
parti cuioarsjersrogpdongamile by ieysionoabakd injesioguly absarntios (hrepglycmthelial some

T T Miogldifedt ARRINE S PRNRDILAPIERR AR BRAGL T 1Y 112 T
20, 1- 22Jmihidtiod edbhe sistdthic dr BDal. VadOys delidbry sﬂzstEﬁis aﬂe—l5f»wno(e d; 60 residue

di fferences at, other residue posjitions. In sone nments, the nunber of
di f f er sHeyBulatian geliposopes, guicypparicle, m?CTOC@PS@eS @I’Su?i’ etﬁ?tha'ftﬁan begised ¢ 18,
20, 22,,4nisPa c3Bpomrt anﬂ%r cBmposifion oPde iBlenfh. rl\?éthgdéeof%tiﬁﬁrﬁgt?ﬁﬁ)ﬁs at the
other residue positions. In sohe enbod di mrent's, the engineered transam nase
poIypepnﬂdéabanmemnphm@edannamdwmuaondmmEQMEmoeumhmmmxmlaﬁnﬁemmm 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
descri bed for precedi ng specified res??ue positions (e.g., SEQID NO 110),
with the proviso that the engineered ansam nase polypeptide conprises an
am no aci d sequence that includes at |east the features described for the
speC|f|ed residue positions In sone enbodi nents, the engineered

- o,



at | east 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 I D NO 2
havi ng t hwof2esroes2 descri bed for precedi ng specified resirdiseopmsics8i ons
(e.g., SEQID NO 166), wth the proviso that the engineered transam nase
pol ypepti de conprises an am no aci d sequence that includes at least the
features, descri bed for .the, speci I es] due Eg;ltlons In s

embodi mERTWANSPHS HgRsAlePadpTEl Qi sHplingual Gostap thtﬂ%pe@ﬁalt:lB%Yn%slg‘l’an ani no

aci d sefheMGRal, Iﬂ@étallys g“inﬂaﬁﬁ%ﬁ SepitalB0 KartiBoely &M BkYhos88Kes 8P in 90%
91% 92% 93% 94% 96% 97% 98% 99%|dent|cal to a reference

sequen S
engi negrﬁgdEI tra ﬁgﬁgﬁcﬁgggl‘g@f?[ﬁg%% %dfﬁ%‘t.@ tlﬁe o erl%\r/v ‘dl/dgfc? \hng%ﬁ%ﬁ %E%hT D NGs,
t he oddnvantioecan bé deliviengl Wi susteenaiue]cest syd‘emsemuﬁ:maﬂaéy orut euhtaiged dekasem no aci d

sequence provi ded by the even nunbe i due diff r ased on
conpar SYRME T SRUALEE A TBHEEMEY DR (5 NB R o i S D8 L CRE T ved
from Arcdyr R@ﬁBfo%{edSEnégl\ﬂ'ﬁleQSSﬁ[Hék@I fif apgo . (Eﬁgtl hreM&at s¥@bfay. occurring
enzyme in having a substitufion of isoleucine (1) at residue position X306
W|thv i & sing activit
(i quﬁ (\ﬁla"lé@i{ Qﬁb&ﬁ%ﬁt ﬁéﬁy@%&' r%isk fag%%lséd QEe m&lgiacat os at | east
equal tfbplﬂm'atlmtofg}oaabﬂfd Rblamse?’ Itanlgersartdh\@lsac(edw)l, Wilegf NSEQ drio ( NB44; (assay

dit L ket bs 0 , C, pH 7.
596 DVBCHMEGOKAYPESy 1 4 R B4 oD acuna 0D 28 e ghedesy ™ han t ne
activity @@@E@mel?cé@g’fld@%ﬁﬁg%@ﬂd'l%@']%n A edfdr. I3 NamMde et rogbey 0.5 M

i sopropylam ne, 22C, pH 7.5, 5% MEOH, 100 mM PLP); ™+++" i ndi cat es’ about
1.1 to Nbooturs i le6s Iy peatferrcd hahoctlmenapolwmetly nmfterBEthrb Dseddop gral assay

dit ket d bst r at M 22-300C,
Sﬂnf 5I oo "ﬁ/gfﬁ—leasgglélwﬁ%' %a'é%err%d 33_11%1&%&18&’118%@@1368{“%9 &Owifa@sﬂpf%s gr eat er
than thgd ptywenﬁloﬁEan@xWogﬁ @Ylufd@@dﬁd hirexy B 1dPdudisb (kedtoam de

subst rate i sopropyl am ne , 10% I\/EO—I 100 rrI\/I PLP) ;
bt preﬁq&p@éwémxabwlnlethylﬁ@1@08@) @ber@e@ﬂé@@@ml@maﬁherwéava&@m| ty of SEQ

i 50E?o%%%%%ﬁi%fth%@%"('ﬁah%ﬁ%%aﬁ%‘%ﬁ-ﬁ’%%ﬁ#zﬁ 57250 mM PLP) : " rrrre

di 1 1 th th 1
100 ¢ Bt oot breSmbetinge gtridhs %ﬁﬁéf&%ﬁrgﬁ%&% 2 Ut 2Bl s e
45C, pHcRag adaffbs ARG, Pﬂ&&@ed@ﬂaﬁk@hate@é%ﬁﬁ&lﬁﬂ&pcﬂ?&@ﬁé wiehgpHLRpsndear

measur i ngj{bactlwty usi ng et hanol and DVSO are described I n Exanples 6-1 1.

[0185] P Iletm@a\zﬁ@spmr releaaqr Hesing;rs anib avtioHoDsHaRpendent riaNg
ARYLPI PE N CEZ(QS I 0001
Thi s appﬁﬁ%1 518%)%31 &Eon %ﬁ%?@ﬁ%g%ﬁ%@ I%Eg)r SAE%La?C&FgFOW sronal ]

Appl i cadnizpmieNd.e., éﬂiylﬁécoll&blled tdl@de)l;&ﬁrmbynyergﬁxat Bﬁﬁﬁimt hecsanitard s of which
are i ncorporated by reference in its entirety. FIELD OF THE | NVENTI ON

[ 0002] ﬁféosﬁfi&é/aﬁltmwﬁ%ﬁl@ ptﬁqsm@ﬁaﬁ,ésewe&@ﬁﬁegme&mée of aryl pi perazine
derivatives, synthesis of arylpiperazine derivatives, and nethods of
utilizilAGL8r yllp|spléraa(zth¢ree iment; mtlcmvwéwﬁms ialrwand fapratppgained

par 1 CULRLLY, SLRE R QNILNAS TR PRIPAR! Hlal 906! AiEihofigy 9 Ut 1121 ng

aryl pi pérazi He'b3se oun are use ‘macol ogi cal

tr eat mftfeatd éﬁbbchﬁi%hf @R@S@Qﬁmbﬁb atieg %ﬂ%&ﬁé u§dé10f6r 61%1 AxtifdTeRhS

bi pol ar di sorder, autistic disorder an ressl on. BACKGROUND OF THE

| NVENTl@me@bsqces\@éﬁémqmmplmgé@bwsm @a PsBat e 84, 50k aied Shepuwesal | ed
anti psy h I i psychotics (sonetines referred to as
convent?og att'-l%(p};cﬂot@?i) are class of first generati on anti psychotic

d to t t h | udj hi The t I
ant psOhedl: 2! RS0 OB B G AREO FHORAR NS Jon 18 A IS
( PROLI gfhNe r)a} ct PAhOREH Eg@dds (ah@x'epgfﬁﬁasltwntcfﬂtﬂé v, (e YANE K anly a
trifl uoropera2| ne ( STELAZI NE(r) &%gr phenazi ne (TR LAFO\I(r)),

t hi ori cfa@z?ilﬁeofﬂﬁl_sﬁﬁﬁmo(do)s? (Séﬁhegs dwngéhé‘ﬂ@siltédM\mhwtmﬂﬁ&oh‘@@ﬂ&dnt r oduced
in the 90''s are c n nmpared to the first
gener sty Enemay ot TBs R oy El O sl ST h R B e b5 equal 1y
ef f ect ilv@gem) 1990] Geicnge lemslstngaysammb@ur@dl i ke hal |l uci nati ons and

del usi ons but nay be better than the typical antipsychotics at relieving

t he negative synptons of schizophrenia such as apathy, w thdrawal,

enotional depression and the like. The atypical antipsychotics current| y in
clinical use include Aripiprazole (AB gl FY(r)), clozapine (CLOZARIL(r)),

ri speridone (RISPERDAL(r)), olanzapiné (ZYPREXA(r)), quetiapine
(SEROQUEL(r)), and ziprasidone (GECDON(r)). [0004] Atypical antipsychotics
have d| m n| shed pr open5| ty to cause extrapyr am daI syrrptoms (EPS) and

o o T L




atypi cal antipsychotic drugs approved by the FDA for the treatnent of
schi zophreni a i nNovenber 2002 (Satyanarayana, C. et al. WO 2006/ 030446;
Tsuj i nor iwoHn1ea9mk. WO 2004/ 063162; Sal anm, P. et al. WOrAGReh02B352;
Wkstorm H et al. WO 2003/064393). It was approved for the treatnent of
acute mani a and nixed epi sode associ ated with bipolar disorder in March

2005. e does, not dlffer reatly from ot her |ca

ant poy Rk G PpESae e b iestioaneotuirrogroard f LIRS Shen

tol er aljidrintda (1) OP@SinAhNSH £ bRk PRYGINE | meauémey dnagdreasmal dipedmdorused in
chil dren and adolescents for a variety of psychiatric conditions.

Condi t iToers choymesiresenainythe etamaahntmtpety@hbmansménsen@irtesm blyed, liver] braia Olm pol ar
di sorder ) c.de ssion, ,schi zophr eni,a aS|ve devel nent

i sor damy Y OB SH P FE R ERYPPBRE P s R Rbap S IRET i ona
def|anumdm@gmdﬁgoﬁﬁﬁﬁ&wn@@d conduct disorder. They are al so used
synptomatically to treat rage, insomia, and anorexi a. Younger patients
appear to be a risk of adverse effects associated with the

treat ne(n‘t)Nb?O&WM%?)l%"nﬁEpW\éﬁHtTﬂ% especi al | y wei ght gain and drug

i nduced di abetes nellitus. [0006] In general, atypical antipsychotics share
many of(0i?d siloenepspsetaf tb¢ megpiQa pharmacpige hesmnpesitions eteyuoviged edat i on,

akat hi si a, wei ain yImpt ons (EPS), neuromal i gnant
syndr orﬁeonipnhdlggger&gnpeouad 85’ y enI(gsnCO experl ence WI t h t hem have shown

that n sks_need to be consi dered, .such as dronmes and QIc
b of ong 4 TR BBt %ﬂmﬁaﬁ S e R R MR

pr OdUC%oﬁgJoﬁhdsC(ﬁTtﬂé AGednN pERTFLRS i@ purl K SREGStod&hEON I & SuitabiFAmollt ¥8a

i nduced adverse netabolic effectS such as melg t gain, lipid abnormalities,
and di aﬁletre@enecrallhytaa@eptw‘evmfén whielhse 49 tedrers ethmfp@m foripseper act or f or

vari ous nedi ca i.sardersyhhat t on e for

o cacdTHloatoy TafiE hureRre Py Peedl F REBID oo Bl B ThvhBag wi e
at ypi caindq\)naﬂrmy@tmny @Scep[a@We]hlcstar& pﬂ‘e@tﬁhblp RerileR eRdtedy padtetrell whidl® drug
interactions are mainly responsible for nbst of the adverse side effects
associ avia the eompermdpf iy inxentionts pdiyprdrp¢ trapgnouslyeSaingspbiions#d psychoti ¢
drugs t i e. treat at ed
psyenoti ek e B REH SO R i o S RN R P AR T PG
one of fohmjoodic wildaing. fuiabkerphbedacatiyqil aalhclanals@mmatelxmpchntmphﬁ anzapi ne

and the nost effective atyplcal antipsychagtic dr cl ozapi ne are reported
to havet@thy R aa‘&amﬁgt 6o flaut Akl Gees FPEHE Lo HCas

dopami rﬁyc(e%bm&ﬁoste%teamc Qodlumsﬁlrl&}li(fénhﬂe({ skitd i, I%%Sclégacproﬁylgﬂ-e §1}’%8g 5- HI

), adrenergic (al pha 1 and al pha 2), histam ne muscarini' ¢ (M),
Dopan1nenmnam@mdmnéﬂuﬂﬂﬁJThapdmﬂmnegumempﬂﬂné&nngng@m$ﬂead®hﬁEYNKE@eptors

M t. al Mol hiatr 2005 Siml ly, th th
Ebn et itk dBrE R R Ui T Bk 4o 08 Ty e1+SF Jneand ari s prazole

are alsg reported to have signi.ficant activities inst nore thgg ni ne of

the red bpdr s TherPacsHier! spBDestiqkeogpriswg 908%;1’9&5 8 thg HtraL PR mag
conmpoungds, gadni i B% %aﬁ&&fédnt«é’nt%%! Iﬂean%i %Qﬁﬁlaﬁﬁ@ BELRIPIKi (5- HTi A
and 5-HT 2A) receptors nay have the in ended i psychoti c effect” (Snyder,

S. H lNag@tng, @&D&nul«sﬁﬁmgsﬁ}c&ﬂsulanngmmtapmngmlmphlhsmgrmn@ss J . K.,

Pharna sychitry 2007,..40( S| 3 ark, A

Paychog HATHCHI 5O BB6YtongERy b/ TR ep BB T ST B vi ¢y
agai nst h9§1|8%rglcraﬁ§* eate@fa%lé dalfe@er§ RIREAR! dkcipXilPér auRilfti@EIviRCH Hellitatand
adrenerglc (al pha 1) may cause adverse side effects such as cardiac

ar r hyt hpepssing oﬁqupqmmﬂmﬂ@h InvehBominyppisairations \p@yh pat beesedar i pi prazol e,

cl ozapi ri.s erld i he u rasji done) currently
T e gl REH PG BHAMEAR RacnBEhl ARndEe N HELRIBREAGR ol &0 o

schi zo here s a need for tro ic drugs.with | roved
cotery AN, oS ptsorins ol B eaR BRt oS, SstdRiok %ﬁot. c
t hat haeeblbﬂgﬂslgy%u&tbearna%pwla& sﬁne§ cSRAiR R Mulds, lschaderg faestaﬁéd %Téa!sé’

avai |l abl e erapi es woul d provide effective and safer nedicines for the

treat rrefntmldﬁtusttshmmphtoms,a@naﬂdomse herpeals, pssacfhcwsmndpeelodemsotheLWRY OF THE

| NVENTI ON 10 ntlon es cq nthe s _of the
conpourGLe e Sbs bioaR e Rt bR B B Bk SR SEife 1T YRR Freng
schi zophy eQidswald ct al.,aﬂ.s¢aps%c h;:@es SS)J@”th@SexaﬁpIe@ ofrantaele phappdutighl sor der
autistic disorder and depression, where the conpounds are aryl pi perazine
derivatives. The present invention pro gldes nmet hods for synthesizing such
aryl pi perazi ne conpounds. The present “i nvention al so provi des nethods for
usi ng aryl pi perazi ne based atypical antipsychotics, and conposition of
arylplpera2|ne based atyplcal antlpsychotlcs for treatlng schlzophrenla and

o o, o o -,



-(CH2) -C(O-NHCH2-CH2-, -(CHVC(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- NG 0/09p802 CH2-, or (CH2VS-C(O - CH 2- CH2-, wher eCm/us2019/023%87 nt eger
fromlto7;, Bis O S S(O(0O, or NR5; and each of Rl, R2, R3, R4, R5, R6
, R7, and R8 is independently hydrogen, alkyl, substituted al kyl, aryl,
substitute ryl, arylalkyl, substituted arylal kyl, cyclpal kyl, substituted
cyol oalUEes Tyt bbb ety tRGEtses Kome R Pe b BT er oar yl |
subst i tHﬁﬁQelEﬁh@o@l@%é’bﬁ PheheEOHDY ey 17S1REs A, 1198 S PRESBIORMPoRIIONS +

acyl al kyl oxycar bonyl', acyl oxyal kyl oxycar bonyl, "acyl al kyl oxycarbonyl am no,
acy! oxydlthe/nysytardso foymatatedotor arak dxlyveralpriopaly fongtial sustainsdyrelgadsony| al koxy,
alkoxyc%rboqiulalkylanino, al kyl asul finyl, alkylsul fonyl, alkylthio, am no,
al kyl afi“AB™*3# 1"l kyl ani no, di al kkyl ami no, aryl al koxy,

aryl al koxycar bonyl al koxy, ary| al koxycar bonyl al kyl am no, aryl oxycar bonyl ,
AR et R TR AR e g AR L AR AR

car bamgyig, suGRNBIBAABanutN PRy ddi& lcmul NG EQRNIKE, QN HROP O Es, FIMIEANE,
phosphat &, phosphonate, sulfate, sulfonate, or”sulfonam de, wherein Rl, R2,
R3, R4,0ORBy ag@inistRed apaipmetiamdngy erayaiopné onabtoopiesubsadentst & ewimplei sot opes
T hat 15?5%%%%%%%&@8%8 e{srpn{sf%%e,ta%ggrpﬁgged%uségﬂaﬁﬂ)dﬂw%ﬁ@g%ge&t%gu ’asl3 /¢, 36C
phar nﬁ%y%&ﬁﬁﬂlﬂ, ¥il 0 Gat@Rles, Sradhbiry ColBIRB g arfl HEIcViBO ABMItCtoProtidE 8S
thereof. [0013] In one aspect of the invention, pharmaceutical conpositions
are prd\iatesres inglatiple Preperatigno herso T, Whese pr wblsher pillderashe e. [0014] In
one aspg og}lftioﬁp&a% BY QL LIy %555,‘4?8% Qkioh" ﬁ&’&lbs%g%t%ﬁqn e PEAGARSIATA

schi zophreni a, acute nania, bipolar gi'sorder “URWR 1St C sorder or

depr esstaer) thdrebyd@s Cididpedsustigdrac8omgvardmicRicati @l parigdtod timepStleethtely n need

t hereof the conpounds of the present disclosure.. [0015] In one aspect of
the i nuSHDFRM MeBRFEGHh e Tandingannspetipllyfciixe duving campoypdedsc plyo spigahle
PSYChOSES orafi§ NiAHRIERE cimpaHl S W h fon iBh PR s b 08190 rmi b Hir il SO der
or depﬁgsg?O%.&?00%%%8Fﬁm8ne ggpg%} g?”@hgmfﬁ%gnﬁl , @gﬁboﬁgggsoﬂQ%resent
di scl osmveoamentysedunding the capyule iachbibed by the dredng eorepdunflowhigh ewichs tohe

t t t of h : hi hreni a, t ia, bipol i der,
| st | SRR tHepr Caueaon T Bianih &) BHELES | et PRI s o
nani a, Fﬁ?bﬂ@é ah eﬂ%ﬁ?&l%@m GHbr @&llivEryHraQIcd8 opPsscd EPIR 3P IkeR prdPldyN L ED

DESCRI PTI ON OF THE | NVENTI ON [QOldﬂ The present invention relates to
synt hegimsnedeadarpedesise faymsilagiods. e timg dislayfmaieriial guely 35 ghy qeeolanonostcdeatd erat i ves

whi ch are useful for treatin i zophrenia and rel ate sychoses, such as
ncute et St B oGBS PERLTENSePale s B itnP RENET TReis

pr esentmadiven tdctske Pit&r¢h dRScreSipOiiEiste, ©AMROSICEhRMS, eNdldiethagssiier

phar macol ogi cal treatnment of schizophrenia and rel ated psychoses such as
acut e rearogatepetpotuch vehisks gex preferably of phagmaesutiesl graded depr essi on.
DEFI NI TI ONS [0018] Unl ess otherwi se stated, the followng terns used in

t hi s adpfl2@at ikem ordl highiddirepprativas spacist for gkamopleasdpaiswings:lixitaved t he

definiti i bel ow. Any . : di |y, defi.ned herei Il b
ander st886008 T4 BB eyl Ry ABEE et SR CHORERP 88 e ot oou
wi t hi n grbgyladd glgdol}, @slypmgﬁe@sglﬂbﬁqbgs; poRc{i9Rh8klyicbl) wilstal@hontiathtiiyhat , as

used in the specification and the appended clains, the singular forns "a,"
"an" arf§idi¢ hefferp hetwigae PHI4anal PH 6@ e A¢daterfiiteaie, aserabeteat stveen dmuf ;Mii ct at es

ot herw fixnitd rd.c 1 t f in
et or eSO RET o8 AAUKSRALE S bR Bty AR P s Bl TR WA

Cheni stacylcamitinks afid Mellike nfvydrechdBed.Pl enum Press, New York. The practice of
the present invention will enploy, unless otherw se indicated, conventional
met hodg0047]MSSorgRABGI0NS $E:UAYhini &Rl Na 6theftotitdsYnayd @Ehesinsdniplatell @I nant
DNA techn&gues.and pharmacol ogy, within the skill of the art. The

conpositucer gdaistrasiomtha cpwpestdensanibielie therfeiny ot tehlete lqzerresi ed enpl oyi ng

t he ph I t e i i . i i i ngt on
o phar PARDE SE R AR AR ST G RhE R FpRioyS S L AR nt 2R

Publ i shinddiqGCingpeaiydevi@90nd EHOOZtdso! donpsunitsysitaltyhiaciudy & obmpoiind «fftes s t o
conpounds enconpassed by structural Fornula (1) .as disclosed herein. The
conmpourB¥eEen pHE 4 phAsmesyHCH hrposertalle eliske el atlerthe pharmarsuticpldhi cal
structure and/or chem cal name. \Wen the chem cal structure and chem cal
name conflict, the chemcal structures is determ native of the identity of
t he conpound. The conpounds of the inygntion may contain one or nore chiral
centers and/or doubl e bonds and therefore, nmay exist as stereoi somers, such
as doubl e-bond isoners (i.e., geometric isoners), enantiomers or

di astereoi soners. Accordingly, the chem cal structures depicted herein

o o o o o o, o - o o o, o o - o Y " o .



of isotopes that may be incorporated into the conpounds of the invention

i nclude, but are not limted to 2H, 3H, 13C, 15N, 180 , 170 , 3 1P, 32P,
35S, 18F wonao®@ghsozFurther, it shoul d be understood, wheoTa®ea0aRs687
structures of the compounds of the invention are illustrated, that brackets
of dashes indicate the point of attachnent of the partial structure to the

rest of the | ecul e. [ 002 " Conposition of the inv ntlon refers to at

| east GRETEBTpEHEC o1 EHAT SHUERATORo e, PR RUER ALY acoept abl e

vehi cl gerfiddrfeafbinC OptiBRal 5,0 FRANGInAtSriA Gy WSIdAESH d1Rr thePRRFs8Nprop Mg of

adm nistered to a patient, the conpounds of the invention are adm nistered
i s isolthe etduiﬁmmSumnelhnWéamp@eﬁapﬁtmdnfmmirsﬁem%tthle H@lﬁfgauh lSdlmlehct i on
m xt ure Al ké/ r.at ed .0 dfsggfat ur nched

e ek Ref gy, Syl oot at B RO PLRL Fivsfas SERS e

renoval soﬁftloﬁgler Mﬁé@ﬁﬁmuﬁﬁmﬁfdﬂlﬁmtﬂa&bm HeviEarpORn OB tﬁéseaafﬁﬁﬂlaﬁtth@ kane,
al kene or al kyne. Typical al kyl groups include, but are not limted to

net hyl ;arelsesy s Rieseldks IéSh%%ty tIA2AYE;, B@@mw S. Bﬁttolﬁyl 552uehDad

pr opan- I ¢ en- 2-yl,

or op- 2 cjorﬂf)oun(? 5%@1? ,10% yC? 8%?5)% q\lﬂn tF{l/ 11,1%(%1312 % ﬁyrg%osﬁ)ﬁd%@ shafly

pr op- 1-sy1ppds-1t§6hes cmeﬁnﬁeryenelmayj 6. g etcmtamtmtgtcyshsemundii sappdwb@rbaiesyduph as

but an- 2-yl, 2-nethyl-propan-1 - t hyl - propan- 2-yl , cycl obutan-1-yl,

but - 1- 9k%4: bytter Bgther geﬁe@dv} In %ddﬁ’é)cnw |th<‘pf¥O ulatigns desiib edmaweuszﬁh Ayl

but - 2-

cycl Obﬁc{dm%oﬁhd ?ME %V(];e;ltéﬁ) fna [afs_o iog}fd)r:n;/ lat@é(l:‘%}%?%pot ?reght‘%ﬂo%;%lh]? 10_ ); acting

but - 1- yfm-‘mulytllqnsbnlay be é}dnmﬁrsyclred lyuimBantatidn- (;fd)r exetnple, sewdtanbauslyi dee. [ 0024] The

term"al kyl" specificall |nt nded to de radi cal s havi ny degree or

evel grtdmpshBE b 6 it SR, Aot peRols § commgid E4fbon. car bon

bonds, 196&M@ﬁnﬂ@%hﬂﬁnﬁ@ﬁmﬁRmﬂﬂﬁﬁdﬂ@%Qk@mﬁﬁ&#%?m%ﬁﬁ&&@nﬁﬂﬂﬁ%(ﬁﬁ&&w&§bhaV'ng

one or nore triple carbon-carbon bonds and groups having m xtures of

si ngl e,asdoghiuésiemia anrdcpensatdapthoer- leecmhnngmln@l@s Wesearmg utﬂq: c level of

saturater EN Hn egdmg the exphes |§$ aIkanyI "al kenyl ," and
alkynﬁl'V are gset: ? &8 ngg% group conprises from 1-20 carbon

at ons mab fro 00wbr1ﬂo 5 Al k | " refers

fo . sdlEH DoFhFLpenbhoud e ting e e dedhyicdna ST Mer 1 ved by

the renpyal- d@cn@&?foﬁ%ﬁfaﬁ%@as&h@ e ham %@nﬂgée%n@ﬂ@&@eﬁﬁﬁ%ﬂf a%oRAfESH

al kane. Typical al kanyl groups include but are not limted to , methanyl:

et hanylhydmto E@n&h@esw&lyascqpmbﬂmwlti ssybstanmkbjomﬁalz ﬂyd a%livs:o pf thpy&e)e acid,

cycl opropan- 1- vyl tc.

(oo BUPRTSE Psbines B Feopy G ARy 3 Lo B e oo preb BBty

(t- but Wrdtic Syredn@btib@ e boltkspodtithg; fre@fadldtfbﬁm i ke. [0026] "Alkenyl" refers to

an unsaturated branched, straight-chain or cyclic alkyl radical having at

| east one carbon-carbon _doubl e bond derived by the renoval of one hydrogen

at om f rARTAQPRIPE Uy 40P ROt a parent al kene. The group may be in

either the cis or trans conformati on about the double bond&s) Typi cal

al kenyl [ﬂlajlﬁﬁupsA pn@pwei ofishg inyertioneer ¢ampassns &er@tfh\eﬂlygener@ Iy f@e pydcsingtich as

prop- 1-¢ I en 2-e yl,

cyel opr Op gflfédtle oPa achlevle C‘gl%er %nenélgd ﬁgﬁposq @oblﬁ%é Jo ere%t s\éht)gﬂplgrel? % 61{1& ferfated

but - | - gRychdsyd suck aﬂﬁddﬁé/mlaﬁﬁpblbol%ﬂdﬂsom%r abuﬁtrc%ﬁiﬂdér-ahh deﬂiﬁdimo&r @he 2-yl ,

but a- 1, 3-di en- ij buta-1, 3-dien- 2-yl, cyclobut-1-en-]|-

cycl obuompogRdsz ﬁomlé&k(llbm Gnpositigne Fonfaiping aggognpoupsh gf Ewemla (d.arq 0027]

" Al kyny, a!dﬁllﬁ]gge%dsorta?}éastlﬂ%stﬁetldg&%%glbbé GiE dmotihe @l ght -chain or cyclic al kyl

radi cal havin one c on- ca on triple bond derived by the
renoval dro n aton1fr mea. Sin rbo of .a rent al kyne.
Typ ca|[0?$‘uyny S T e T S T

such aSopraﬁiculaﬂdlikorcﬂerYSf cormﬁtmarcﬁsqws-etihyfem eilcdepebdbmyd @u&e@hthe&hmaer 1-yn-
1-yl, but-I- ¥ , but-3-y g etc.; and the like. [0028] "Acyl" refers
to a radicend lom(ae)inanhhéetemnn?% h%ﬁ%eﬁhmwlkwhm%ly&kwmw the art as

cycl oh

heterojﬁgﬁgﬁi§¥%mng&%g ?%g%hﬁgfgpﬁ<gﬁggk§g&%/énmg%p y su §pftu?ed by
one orlmurﬂeﬂﬂb&@hﬁmbdﬁagaﬁmgafHhednhemaﬁmcoE@pn&$eﬁmamhm3namanples

i nclude, hut are limted to acetyl cl ohexyl car.bon

cycl oheXyiMEH ! B%?ﬂnrse belp ent%ﬁml&&r%aﬁﬁﬁoyraﬁ%e vihiect Prae tryfe}ecég]
"Acyl oxyal kyl oxycarbonyl " refers to a radical -C(OOCR RROCC(OR'', where
R, R', and R'" are each |ndependentI¥ hydrogen al kyl, cycl oal kyl,

cycl ohet eroal kyl, aryl, aryl al kyl eroal kyl, heteroaryl,

het er oaryl al kyl , as defined herein that may be optionally substituted by
one or nore substltuents as defined herein. Representative exanples

L 1 o I N N 1 oSN 7\ I~ S I N N 1 SN 2\ N IS N S



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 Iike. [0033] "Acylam no" refers to "am de" as defined
her ei n. [WO024jo/098d0kyl am no" neans a radi cal - NHR wher e RPCEfISe&6/02%8an

al kyl, or cycloal kyl group as defined herein that may be optionally
substituted by one or nore substituents as defined herein. Representative

exanpl es i ncl ud t are not limted to,..nethyl am no, ethylam no,
e hy e v e g Gl peri o TR R 18 T rage TR RBP4 er s 1o
a radi ga¢ jlrd%e};\n%f the ﬁe_ﬁ&ﬁﬁ%ﬂ%fciﬁﬂ Fét g)&lhlptl)@, &h&&&hg@qhhy be BEIQMRER odef | ned

herein that nay be optionally ‘'substituted by one of nore substituents as
def i necbhiaemadcnticaRepmpesdianaly ¥ singleadpiimstrition) bdmultinle applisatiats or cantralpdt o

AL Kooy tlsRiso breRRBREiog MHE St eifo BRRPY IR eRSitivif Y itae

def i nedubaimed feleds0 AdmhnistAkiAXBre A \ih &k exPodimehe fife doghpduh@chfard
- OCR R(C(C»;aIKOﬁ%@yhere al koxy is as defined herein. Simlarly, where R
and R' iBYQtien&re JdayBISERIEtHi ¢S/ PIdy.cdd morg praferablyyencgaick ¢4y Dosing may be

cycl oh | . . , I .

et er oarbrar i@l m AL AL o BE BF A SENBERIY drugsanding by
one or Jwatieuesaslsiig dueqilisedafor affédtive drebidicat of thRepeassmtabt disordxanpl es

i nclude, but are not limted to-OCH2C(O OCH3, -OCH 2C( 0O OCH2CH3, - OCH( CH
3) (O QeHAGH3, FHXIdafpobiity) £ad@r Coig64iBons (et 268apEund(<) §Xsktd &l - OC( CH
3)(C}B)CXC»CI}QC}B?@gnd t he Like? [Oggé "Aﬁt%xyparboﬁ??alkylanino" refers
to a rdoireala (I NRothqpharmpe)logisad dseptmgné pleschizephighiaging sclaisf ippedroprsseshh.
Simlar)] . L. ar i £ . al kyl,
ovel oarfeutafinfistbipbiar dSprR byl i SR PARRTAERAL bt AL RER 5 B
het er oatyde kyilg tod90 e predatiign ehgtd HBtmgpyr 8 iadn iaat by neuhdédses atded by
one or nore substituents as_defined herein, Representative exanpl es

i ncl udenonsprefgrablynome; { Gringedd 118> 2AIMEH 2 BYRop DT S0Npgper day and most
3ﬂmqgﬁ@ﬁ@ﬁmme@qqmmm&wmmcwmqqumm-mme
2C6H5) C( O , -NHC(CH 3)(CH 3)C(O OCH 2CH3, and the l|ike. [0039]

"Al kyl nyl4y r r 0 i - Ny . Ky

cycl oaIS[E%ﬁgr oTuhpe Cgb%gg?ésnoeﬁhiggé@ﬁd%%gé %n%% %@gﬁ{%‘g?‘ﬁg n‘zﬁr?;%ncgh %ﬁ%‘?’tfﬁ‘{%% by
one or dwiral huhptuticugprephsactdehitnéd, psetoise RepmesenTiat dongpoaxanpl tts
include, but are not limted to, nethylsulfonyl, ethylsulfonyl,

pr opy| SBYIERY Maymkiohesdamansiiated toker offistive pud safepsing arimekppdelisyHgms. ref er s
to aradical -S(OR where Ris an alkyl, or cycloal kyl groqp as defined
her ei n [OR3 nelirefbéab@pttlﬁ%hhanapyut@abg@ff@qjtVédlosg/oféw@rmounép theipemitionent s as
defi ned, herei,n. . Repr ntativ X: i-ncl ._hut . .limted to,
et byt Stiveeynerdy R BRI Rt e TRAGR AR SR b T MR e T ke

[ 0041] Tkl dftompotitdseifshd dventioadhabe ddbRmifiel @irfg dtandard pHakyhcotical

cycl oal kyl group as defined herein that naH be optionally substituted by
one or MByedutssgad Maydstrerdaly agesrtahied bidheskilledapsans Ehe descyatiaRefsees

i ncl ude,,; - Lol € I O | t.hiio,

put y1 £ RS b peic pE0 Gl YRrIFRLAYILE DN o Ehikdlne ALORKLNDAC,

r adi calprdfRraB(y0)xRibit partivdiend ehigh tlaamabertic indiges ieacdtingrilepsndentisorddry.ditegen,

al kyl, cycloal kyl, cycl pheteroal ky|l, aryl, arylal kyl,. heter.oal kyl,

et or oARVTES e OripRe Sf By eaonAsbsidiedbirar il sty D6 & gt ¢ Briseeg
subst i tyl-gaRY cOMRnRAIIR 1ot BRI dnUERESy Afosd &fithnade B@ﬁ@io&icit?.e presentative
exanpl es include, but are not limted to, fornylamno acetylam no,

cycl oh ar | I Y- am nzoyl am no,
benzylgg¥%§nyﬁ§%¥%g§§§%ﬁ?ﬁ%ﬁ*?ﬂgﬁxk%@%§¥Of%%?%%ﬁhfe?gggh?%gthe radi cal -NH
2. [ 004&6hizopliryghid, acefeananit,dbipolaodhirddéremitistc disatdee ohyahrassian hondasadbazial
derived by the renoval. of one. hydro atgm froma single carpon atomof a
par ent QPBRaIEAIPIHYCEYE fhpatie) inged ghfxyqo?&eowquﬁaﬁ B eresERI IS Qs o
limted to, groups derived from aceant hryl ene, acenapht hyl ene,

acepher @M Hr yIlageothgisne e oé e, ingentioaniae nsdipddrrats sshizgBEaga. cor onene,
fluorant hene, fluorine, hexacene, hexaphene, hexal ene, as-indacene,

s-i ndad@hds] i ddanether gsdediof theaphntighethe metuiddesatrdbipelet diptrdere, oct al ene,
oval ene, penta-2, 4-di ene, pentacene, pental ene, pentaphene, perylene,
phenal ene, phenant hrene, picene, pleidene, pyrene, pyranthrene, rubicene,
tri phenyl ene, trinaphthalene, and the like. Preferable, an aryl group
conprises from6 to 20 carbon atons, nore preferably, between 6 to 12
carbon atons.[0045] "Arylal kyl" refe[§2jo an acyclic al kyl in which one of
t he hydrogen atons bonded to a carbon™atom typically a termnal or sp
carbon atom is replaced with an aryl group. Typically aryl al kyl groups
include, but not limted to, benzyl, 2-phenylethan-I|-yl, 2-



-OCH 2C(O) OCH2C6H5 - OCH(CH 3) C(O) O CH2C6H5 - OCH(C 6H5) C( O O CH2C6Hb,

- OCH(CH 2C6H5) C(O O CH2C6H5 - OC(CH 3) (CH3) C(O O CH2C6H5, and the Iike.

[ 0048] " Awvgl2alokogspear bonyl al kyl am no" refers to a radi caCTNRSR0B25687

"C(O -aryl al koxy where aryl al koxy is as defined herein. Simlarly, where R
R, R and R' are each independently hydrogen, alkyl, cycloal kyl,

cycl oh I | al kyl , heteroal kyl, heteroaryl,

ot or oapEHRSHione Bkt oAb er i, cOmBoia Y Hs EDEr RIS P& bi5Ee? Fated by
one or ﬁ@é%séy@atltctp%%tas aBte etﬁatﬁaneftott%ebfuer Fseﬁgt?csagﬁratﬂ O&Qle %anat.es
include, "but are not linmted to - NHCH O) GCH 2C6H5 - N(CH 3) CH 2C( 0) OCH

2C6H5 - NHCH( CH
2cor) A5 Bor Ba B LR e p &%@%&@%t %Egm 2P ke. | 0049]
"Aryl oxgbaopooyih” refers to radical - C(O) O aryl where aryl is defined
herein that may be optionally substituted by one or nore substituents as
defi neqohsgei rn ahOBBOspe Aoy Xy earioa it abkatypriseetRtfeaintend of bigokial - OCR R
"C(O -aryl oxy where aryloxy is as defined herein. Simlarly, where R and
R ' ardS&@&h i ndependent!y hydrogen, al kyl, cycloal kyl, cycl oheteroal kyl ,
aryl, arylal kyl, heteroal kyl, heteroaryl, het eroaryl al kyI as defined

her ei n [0 ey obe agnsel ofith inyertitys compeunds 19§ﬂ7@n9é65@ﬁt diptlesusutrstusediorths as

defi ned_her.ein. gsent.a e |ncI but r.e |im.ted to-OCH
01 0) Cnairte M TRER B BT ek e 6 il B, W8l
ZC6H5) Gh&Di )BopdIar dl@ﬂéﬂ'htﬁﬂs(lwﬁbﬂe@%lr&smﬁ mﬁatt Ib’s@cﬂldskﬁ scli@é¥hldnia, acute

"Aryl oxycar bonyl al kyl am no" refers to a radical-NRCR R'C(O) -aryl oxy where

ar yl oxynga,hdpjardisfadernaptistip disgider padanyessighere R, R, R and R' are each

i ndependent |y hydrogen, al kyl, cycloal kyl, c cloheteroalkyl aryl,

aryl al K§141]hetlerpethryaspetiof dregaysntionnibe soisrl the kiphtmeasofsshizapkychier ei n t hat
may be optionally substituted by one or nore substituents as defined

her ei n.[0R&r edenhathtvaspect affeasvémiohutie usdistfomthe treatinent of hipalat diseriiCH
2C( 0 OC6H5, - N( CH 3) CH2C( O) OCBHS, - NHCH( CH 3) C( O) OC6H5, - NHCH( C 6H5) C( O OC

6H5 - N -NHC(CH 3) (CH3 O OC6H5, and the like.

[ 0052] Wﬁﬁkiﬁ@@&ﬁt he rgfth cal )(C(C)gﬁ(RR)Mere each R gro:Jp i's

i nd il hyd Kk | oal kyl , .cycl ohet kyl, . .,

'yt ol KT Sa R ATPoA g GF Preay G gT AT A8 RIeR B eHE el 1 ¢ hat
may be @Rtk ca@a! ineomihsktibh tﬁe@&bfymrmpgeeat oHPBtﬁelst‘HE‘r%Ngéﬁtiée%;e& Ffic Qaﬁbaﬁlq

herein. [0053] "Carbanate" s to a radi cal where R and
R aroef th@mhentmpémhtethetapeﬁtwchg@g@m agl ddditjvetyail, U@Irekptleferdgl}z,l ohet er oal kyl ,

aryl, I al k et er vl er.oa het eroaryl al k fined

ey e n R LT b Bl Sred rypod et Rttty <Gharisre dsstirouilet Bhents as
def i nednii@igh s adRERIEFQNEACINERXAIP RS Gt Rn FTuhoMEShBbeltidigbed t o,

met hyl car bamat e (- NHC(O) OCH 3), et hyl car bamat e ég NHC( O) OCH 2CH3) ,

benzyl caiblhpg ke marmaleymrozmmas)on Eranotles cmbp mePD@M]nP’O@a@bonat e" refers

toar ter aryl,
aryl al %}% %%h n%%ﬁ %%ju{ﬁ{mﬁt&g é&&gﬁ"‘? k‘xrﬁgtnel(rg%gerd Oll%{r Fub%&iueﬁbﬁ a‘r%tiegglﬁé%edrnn that
may be df@hbt(h@ﬁﬂhlaﬁépsuﬂlﬁ{gbﬁtl,lt ed by one or nore substl tuents as defined

herei n. Representati ve exanpl es include, but are not limted to, nethyl

car bonat e %Oé cycl ohexyl carbonate (-C(O OC6HNn), phenyl carbonate
(-0 nzyI car bonate (-C(O OCH 2C6H5), and the |ike. [0055]

" Car boxx means the radi cal Céﬁ OH. [ 0056] "Cyano" neans the radical -CN.
[0057] [WE4AI oalteyinventien éy Birther @l@@byrtfetee@le erthefedlopdng expmadese yhich al ky!|
radr cal r. e | at ur e
“cycl od qeﬁéﬁ:b% iff d@taﬁ%‘?@ thl%rl 0?\5811111p81|1nsd§ %é%é@tﬂi@sgﬁldn% olf(géeclpg%qll?%tang P%gggﬂ)?

i ncl udeysingudongoandsdndl dol’ﬂpb@tﬂoﬁsOoftgé aivpstice i wiicbd dpparcayiol thgycaRARE in the

cycl obut ane, cycl o‘g nt ane, qj%/cl ohexane, and the like. In preferred

embodi rshinat mary modifisaions bojh iy mategials @ad eml)odéye%ar Ripftic léh%lt ef erably
(C3-C7)ge ?y@lng %y{hesFﬁg he@&%tmeteroal kyl" refers to a saturated or

unsat ura adi cal 1 n which one or nore carbon atons (and any

associ hy e e i

differ Z[h? %l gglgget %‘r% pfféﬁ%e(l:ogxf EE}tlté er oa %t“%%att"g@ :hg\geetﬂ? ﬁ@o&lb glr? §1a

i ncl uddf abubbravieti®iois nbt dil&fhﬁd, it Bas it gdderaly a&ep&d mé&ingng. Where a speci f i C

| evel of saturation is intended, the nomenclature "cycl oheteroal kanyl" or
"cycl ohet eroal kenyl " is used. Typical cycloheteroal kyl groups include, but
are not limted to, groups derived from epoxi des, im dazolidine,

nor phol i ne, piperazine, piperidine, azolrdrne pyrrolidine,

qui nuclidine, and the like. [0059] C§e]oheteroalkoxycarbonyl refers to a
radical -C(O-OR where R is cycloheteroal kyl as defined herein that may be
optronally substrtuted by one or nore substrtuents as defrned herern

F A/ SSAT o o A IS~ . ~ I T |




di agnostic utility when admnistered in effective anounts to a patient or a
mammal . [ 0063] "Ester"” refers to a radical -C(O OR where Ris alkyl,

substi t utwo 2aiokpb3o2cycl oal kyl , substituted cycl oal kyl, egtiushavsessat kyl ,
substituted cycl oheteroal kyl, aryl, substituted aryl, arylalkyl,
substituted arylal kyl, heteroal kyl, substituted heteroal kyl, heteroaryl,
substituted heteroaryl het eroaryl al kyl , substituted heteroaryl al kyl as
defrned—here+n—that—nay—be—ept+enaIIy substit ut ed by one or nore
substituents as defined herein. Representative exanples include, but are
not |imMied to, nethylAtEgsehere. C(O) OCH3), cycl ohexyl ester (-C(0O) OC6HN),
phenyl er (-C(O -C(O) OCH 2C6H5), and the like.

[ 0064] her" refe?cqtolgggg %npﬁﬁ%@ﬁ where R is al kyl, cycloal kyl,

cycl oharénmpal kyl , arykhdﬂmmmﬁhkmb het er oal kyl , heteroaryI

het eroaryl al kyl, as defined. herei n that my be optronally substrtuted by
one orEﬁ%&?substrtueﬁt@T&§HH@?YH€H@H@W@Fﬁ [ 0065] "Hal 0" means fl uoro,

chl or o, o, or ioday | koxy" neans an- O het er oal kyl
radicaﬂ) ere heteroaIk§+98§§ﬂéﬁ%§%ﬁ%§ﬁ herein that may be optionally
substi tgrfed by one orgymne substituents as defined herein.. [0067]
"Fbterqalkyl Het er oal kan , Het er oal kenyl , Fbteroalkynyl" refer to al kyl,
al kanyl, aIkenyI and al groups, respectively, in which one or nore of
t he caqun atonms (and jgay associated hydrogen atons) are each independently
replaced with the same or different heteroatom c groups. Typical

het er odt@MT=gr oups i dejuidiehromatogeapby/muiss bpogirossdpy o- O, -N=N- NR - , -PH
-P(O 2, _.-OP(O- ngg -S(O 2- , -SnH 2- , and t he | i ke, wherein R is
hydr ogen, al kyl, substr uted al kyl, cycl oal kyl, substituted cycl oal kyl,
aryl ormpubstituted aryllifiteat may be optionally substituted by one or nore
substituents as defined herein. [0068] "Heteroaryl" refers to a nonoval ent
het er odP®ahti ¢ radi calmdlépped by the renoval of one hydrogen atom from a
singl e gyam of a parenf, he Efoaronatrc ring system Typical heteroaryl
groups I nclude, but are no imted to, groups derived from acridine,

ar si ndalm,= car bazol e, mifd@blane, chromane, chronene, cinnoline, furan,

i m dazol e, indazole, indole, indoline, indolizine, isobenzofuran,

i sochr MEBE, =i soi ndol encthelgrrdehil §&er i soqui nol i ne, i sot hi azol e, isoxazol e,
napht hyy idi ne, Oxad'aQB&%tmﬂﬁ$ﬁ9+§ peri m di ne, phenanthridine,

phenant hrol i ne, phenazine, p azine, pteridine, purine, pyran, pyrazine,
pyrazolB;Apyri dazi ne, tpythiydintiee pyrim di ne, pyrrole, pyrrolizine,
qurnazolrne qui nol i ne, quinaolizine,quinoxaline, tetrazole, thiadiazole,

t hi azol &1F Thi ophene, ?gﬁﬁﬂgmaﬁanthene and the like. Preferably, the

het er oagy) —group is bed:mﬁ SRtk Qcfienber ed heteroaryl, with 5-10 nenbered
het eroaryl being particula y preferred. Preferred heteroaryl groups are

t hose derived frontthrophene pyrrol e, benzothi ophene, benzofuran, indole,
pyridi ne, quinoline, imdazole, oxazole and pyrazine. [0069]

"Het eroaryl oxycarbonyl" refers to a radical -C(O-0OR where Ris heteroaryl
as defined that nmay be optionallyEBUbﬂTﬂﬁuled by one or nobre substituents
as defined herein. [0070] "Heteroarylal kyl" refers to an acyclic al kyl

radi caljoi46]Whi = AnfR& 2Bt bdnbsT HiTY dNSgem-AULNTnE eNASEhdn®e B). T8/aRaspeationbf
typically a termnal or sp3 carbon atom is replaced with a heteroaryl

group. Omgtioel &g écbdnizexagink t4H)tqnet1| @s arOeOQ%tr@ri)jemi CeQle(0r7dree A0Z8 urad) in
het er oar | k r | .k k eteroary Kyn used.
pr et or abty ol E R e Ao 7 24 Bl B ALK k03 ¢

het er oay. MSathM lin p@tlgns (ekht(heﬁhlk ariy evoﬁiti@ﬁfbfﬂlyd)ﬂ’ogai kasmyThenroa@ioy n(ﬂ&tutréle
het er oaryl al k menbered and the heteroaryl _noiety is a 5- 20

- 10
menber éﬂasrretreé ah%%, | ¢ fqrépémﬁr Eheblaf}r precipitpte Sormaehises fdtprerbarsh washgd sty | |
.g., t | kyl 1-8
ronbir SRR TE soafisE R FRL B oRlc B et SRRl V) e
FNdroﬂmnnﬁéﬁmsybhemﬁﬁdﬂmahem@kmw@ﬁQ%ﬁﬁcdGXGHEagMWthMQcﬂbnmkgmqmyad|ca
=0. [0073] As used herein, the te Ea " enconpasses nmanmal

non- markiZCthybegspiceBragm SPhFRLY gp ﬁ% E‘NM& (49p MﬁatCIPCh? e3¢ @ 2th
nb h I -_h
chi npargtel TN RN B SR IR 4 ET- AT, REER SR 5o B2, i

cattl e, 100Br@eH]).sheep, goats, sw ne; donestic aninmals such as rabbits,
dogs, and cats; |aboratory animals including rodents, such as rats, mce
and gui nea pigs, and the |ike. Exanpl % of non-mammal s i ncl ude, but are not
limted to, birds, fish and the like.”The term does not denote a particul ar
age or gender. [0074] "Pharmaceutically acceptable" neans approved or
approvable by a regulatory agency of the Federal or state governnent or

E R 1




ion, or an alum numion; or coordinates with an organic base such as

et hanol am ne, di et hanol am ne, triethanol am ne, N nethylglucam ne and the
i ke. [OO¥O]2010Rle30BCeuti cal |y acceptabl e vehicl e" refePsTiUS2@0d2368ENt
adj uvant, excipient or carrier with which a conpound of the invention is
adm ni stered. [0077] "Phosphate"” refers to a radical -OP(O(OR )(OR '),
where R and R ' are each indepe t drogen, al kyl, cycloal kyl,
cycl ohet eroal kyl, aryl, aryl al kyl %M%(kyl het er oaryl ,

het eroaHpFal kyl , as defl ned herein that may be gptionally substituted by
one or W sub¥i2MsthosyphenyBpipraginnksy B (3 P%?é‘rdlh]ﬂllfes%’ﬁonate refers to

a radi ( pendent |y
nycr ogan AP UK ST pupnenOET & ToorRRE 1 4 midhes, SREMREEH:
het er oddehyd[b][b,ét]mmﬁ(ﬂl—l)—bat 21088 gl abtyd mob)544ﬂfé’(3ubetduteémmylpmpeﬁazmy- be
optional |y substi e or re su a d herein.
[0079] Wistepancib 50008 ihslmerurabativgds o L g ofGhmbR H sk of

acqui rl(ﬁﬁn@hﬁhﬁﬁ@ﬁyrgﬁn&ao&t}%@eo oboesemol)qfaqéInttgdehldr&ﬁéthawasostmteaeat clinical
synptons of the disease not to develop in a patient that nmay be exposed to
or predbspdsoperbiure fos ovérsighs el hsurogiosi it regedtonexgsenomivred bsr thih kperay

synpt o of .the di Protecti upy. refers.to a group of

o o s yRen S Caedns gL bg R B ShrE educes
or pr e\/jﬁém?tdt&atwam@miwsattt{ratea&aamhe&c%om@t(ﬂ@ﬁdmgned evRrSodiam b@fateound in
G een et Protective Goups in Q#anlc Chem str (Wley, 2nd ed.

1991) and cMpnaratsdrndar reduced p@@%@h&lﬁ - (egbﬁtltu@timhe@%mmrézwﬁtm&( - vol s.
1-8 (Jopg W 'd d?d’? ﬁm[z;ﬁg% 6‘3(%%?1 Rﬁtﬁsace Eﬁa'v&ﬁ?chfa\fm;ﬁgg{ggtbg%tlt%g 9r°UpS

i ncl ude, "but tri
benzyl axy G(ﬂﬁﬁhﬁ I’Wlforﬁat@ipﬁy, udigy 01 oWt g}xdaeﬁrdf eyl a¢ctBoand methahsleThy psiel y |

("TM5"), 2-trinmethylsyl I-ethanesulfo (" SE trityl and substltuted
trityl Rj?tﬂfbéa 2ayq %ﬁ%fﬁ%@t HéﬁWR agdfor é?@ﬂ%é‘t‘iﬂﬁd&@f‘c%h% P0 & 2 ) |
nitrove [oxy|
plrot e\ét?ﬁg gr oups mgPMgé dt:ll\/%:z)oe ndtzﬁj (ﬁﬁgﬁﬁose e\tlgﬂi]?gl h%r oxyl

group i(br gi4thes.8acy BanetdsH(s, aHky. 63 @i&l $th4 858 HerilZHI)I; 6. 8ar6(:188 (nh, &Yy 698! I
et hers and aI%Y) ﬁet her s qlul nmol ar _m xture
(0]

of enarftdifer 93- 7C(Pﬁ %Il%vgguﬁé {?—édﬁ@]lH)@%ﬁrtSuUéh dpepsiBo a group
i n whi CMS?E@ z”DEt@S Q}(g{ﬁ??n atons are each independently replaced with

the sane or erent su tuents(s). Typical substituents include, but
are not I|mtedto,-X, -R54 ,-0, =0, -OR54, -SR 54,-S, =S, -NR 54R55,
=NR54 ,-CX 3, -CF 3, -CN, -QOCN, -EMMPIIKE&NO 2, =N2, - N3, -S(O 20,
-S(O 20H, -S(O 20R54, -0S5(0O 2B 1, -05(O 2R54 ,-P(0)(0-)

2, - P(OJ00)4) (4961-[)3-DicHRgrophRBpipe RS -y 1)~ Bpko 34 -dihyfloS)AR 54, - (O OR 54,

566&%%3%5231 AT NS D) L honts Rk AR by sanbaEE | s

i ndeDquﬁféttbé’ AtdRd! Q98 AbeLRE Ithe%@ﬂthes@%?eor%’(ﬁmaqq 15)@?(211%%1% 3 (S(Elﬁ&ﬁ@ q’fnt l'y
hydr ogen, 9 , Substituted al , substituted aryl al kyl ,
subst i tWhed sdrcwoalz%kgg I34%c)y]cH NMR«(AQO MlesCDOJbt)eﬁl 93{21 Qibdnhg)@lH) 2.50-2.57 (m,

cycl ohet ituted cycl oheteroal kyl, roal k | t ut ed
et er octty 08t AR S0 (8t R0 HOY Brsar! - %.2 iiﬁat (R

substit r b abh kv 71 ) Ry pr

opt i ona ?y R58j gn R%Qa'%lo e tz-erj%vft&ﬁ?g% gt?mﬁzoﬁahl ch the Bgr eHab%t5

at t achr §,ditn BISA¥ESHohet er46al2l@v[ )or substituted cycloheteroal kyl ring; and
R58 and R59 are independently hydrogen, al kyl, substituted al kyl, aryl,

substituted aryl, arylalkyl, subst] yl al kyl, cycl oal kyl, substituted
cycl oal kyl, cycl ohet eroal kyl sub??pgﬁ&iaﬁéycloheteroalkyI het er oal kyl ,

?\g? Zt b&ﬁifﬁil Ei‘f &'églgg‘%/hof‘ﬁltq}?é‘yhoar 6%@?’@51\2@3}“?36'8@}‘%@%4 ate" refers to a

radi Calben%@ﬁl(f} Bn-gWBbRafanhife Hyﬂbﬂﬂsﬁde €5F§0h6ﬁ¥q h oy akydlutlon of 4-(4-

cycl ohet er oa aryl; "aryl al kyl; heteroa het er oar yl ,

het er odsylisatuitgd- pheazsl)m@manmdl mbfie{hombréﬂ dnhydtbéfbptmmﬂd[l Ylosuys 6t ut ed by
one or re subst ed her ei [ ul f nam efers to
2" F adi AP et A SRR GhuirEmehels AR 2 mh AR B Tenb AT R byEn, o kyt
cycl oaldgydr, axﬁmérpthetsemaﬁ kyk evapoydted aryloal ik ive met-@ﬁ@@iulﬁytu het eroaryl,

het eroaryl al kyl, as defined herein that may be optionally substituted by
one ormore substituents as defined herein or optionally R and R' together
with the atomto which they are both #tached forma cycl ohet eroal kyl or
substituted cycl oheteroal kyl ring. Re'g ‘esentative exanpl es include but not

limted to azetidinyl, pyrrolidinyl, piperidinyl, norpholinyl,
4 (NR' ) p| pera2| nyI or |mdazol yI group \/\herel n sai d group may be

o, v o o o o o o o, " o b o o ™ 1



synptom, physiologically, (e.g., stabilization of a physical paraneter),

or both. In yet another enbodinent, "treating"” or "treatnent" refers to

del ayi ng wbheoovweio2of the di sease or disorder. [0089] " Phenspawiopsatl |y
effective anount” nmeans the anmount of a compound that, when adm nistered to
a patient for treating a disease, is sufficient to effect such treatnent

for the disea rapeuyt i fect nount ry dependi ng
on t ho TGHIGIRT7itTey iPeanet S putdal gl PR e Touandhidt eree o
the patyy@RichiRideSat TRaHRE rcﬁlﬂ&s%%ab@sﬁﬁ?a‘%fdﬁ MEANIR Qﬂ%r@xﬁa@lﬁbédtral Hatﬁhe art
Wi t hout "undue experi rrenta i on Ref erence now will be nade in detail

to prefWhitesplehisl digreMtSs(ESH): tfrIUIe |4r2\5élr(ﬂVHﬂCD Wiile the i nvent| on will be
described in conjunction with preferred enbodi ments, it wll beunderstood
that it is not intended to limt ]Wtib glon to those preferred

enbodi ments. To the contrary, it |s I'ntended to cover alternatives,

scope. dM3fle’ 4iEr PR BRD REReBy I RV ted P oonptnns OF THE
| NVENTI$h 4919 hﬂoﬂaﬂm%‘-%l)@&@tﬂﬁﬁld@hy&tb@hl@ﬁ% dl'ﬂéﬁl@tl') Oftie GRIFRAHA dp vk

$
Formula (1) are described: wherein: Ais -?gkt( n- -O(CH 2)n-, -S-(CH2)n-,
- S( O) ( Oyniheyizad using\he paitpepl descabpd r tioHpwuthesis c@mvgpmdﬁz- mpleghp- S- (CH2V

( ) - CH 2- CH2-, -0- C( OMCH
i(gée&e ﬁc@\?e SOh%&%Io%% mé&l&;é% ﬁmzv “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-
(CHZVC(O) S-CH 2-CH2-, - CH2- O O ORANIRDE 6 - CH2- NH- C(O) - (CH 2V |
-CH2-S- (O - (CH2V , -(CH2) -O (O - CH2- CH2-, (CH2) - NH (O - CH2- CH2-, or
( CH2VS-[6{ §3)]- CH:tRyI1CH2-meaRy-2LiltrBplichoatdtite g8y SEHGQIEE i tAqn&mrBofa O s,
S(O)(O) or NR5; Sr_l%reachg%f Rpr @323 W( ) R7, and
i ndepe ﬁa@h@xwm}tmnbgmt 6 4169y 0. Oslubelb,l notﬁseanwaklgnnatea(ﬁﬁb g, Q&ésm@h) ancerhsk yl

aryl al I c S

oY1 o o Bt BN BHC S e AL DB FREL PN
het er ogngh). Mtpemgzagswfaﬁd(mhctloslub@tmtmtoeeﬂ Hsr_;ethﬁt Iagtérydhaérhytbgraphy The

acyl al kyl oxycar bonyl, acy Ia'(g%iyal kyl.oxycar bonyl , . acyl al kyl oxycar bonyl am no,

acyl ox yarthéaagr%t wawraaﬁt theiRedye way dBsGEwith SFAT ana thedRXENE BGRy | al koxy,

al koxy car,hqpy Lidl 1%5&5&9 Tt?éé& %NEEI’%nyWLS walHEY kx%?tkﬁrﬁfayhme@éxlel Lot am no,

al kyl am no, aryl al Kyl am no, amno, aryla

aryl al Ieuifyteanb@nqﬂoaatkcbtwgwamwm k@mdmmta@wtraplk@bayr)anﬂate8rwlhlolxwaar bonyl ,

aryl | ox r yl al ko ar carb | al car oxy, car |,

o bamte 3y SURA L ety B O iy PR tiort Ay ho i aros T

phosl@haa%@tate?@%ﬁ&@%ﬁ&ﬁzl%'sfs% elHNMf{Q!P(%ﬁIHzOCD"(g f9ria2'§'(@'% yheiLhm)RL, R,

R3, R4, R5, R6 , R/ and may optionall substltuted w'th

i sot opexs81 adH); A ude] =t HndH); #0t(e RH)07 DH (4, detrt) 8rtilayiyl); BO8 (dd; I =i3udy) ,

13C, 36 1 15N, 170, 180 3 1P, 32P, and 35S; or a pharmaceuti cal l

acceptaggtélzsﬁqg};,wgﬂéeﬁ:a?ég %?’ Wast er eoneric m xtures thergof. [0092] In Y

anot her aspect, conpounds of Fornula (la) are described: wherein: Ais -(CH

2)n- -O-(CH 2)n-, -S-(CH2)n-, -S(XAPTET2)Nn-, -NH(CH)n-,

-CH2-O- (CH2)n-, -(CH2) -OCH2-CH2-, -CH2-S-(CH2)n-, -(CH2VS-CH 2-CH2-, -CH

2- S O CH CH 2V ,
( )( 52((54 E?tt{yr ig};&@(ﬁ&@t@%‘n&ﬂée&e @g%en{ﬁgﬁ(%’% ge}ut?or%@thﬁ

2 C(O) MﬁlﬁhBVyQ(Iﬁ}ﬂoméﬁ()@)a@t@H&{lmg 2:004 nfdCH2\O(r@). -dNHH @bim2 th@hi2 eqoled

G- SRS 2 SO ARG R ag013} e@%ﬁ% geahorline o

( CH2VS-fiBre s gradidity Wﬁ)ﬂﬁ‘d’detb @ocﬁtn'té%nﬁé?athfkt ﬁﬁQﬁetf Ireﬂﬁk@d F09411 Tﬁe Fgog@ss
S(O (O, or NR5] and each of

i ndeperddie twctw@gmmtoertddyy thus lﬁtbislt crltrmnetdg@pky (TL(é)r W he r@ab@n mixftesdvasr yi |
aryl al t|tute [ I ubstlt t ed cIoaIkyI

cyol ohelished DL G i BirbparHE R S gH S REL WA HHRHE RN it o
het er oagtiyh 2- (hetﬁr@@rzl haidphbnoxsmstatetwtvﬁithhets@luﬁﬁe&' b@lsﬂryh gel column

acyl al kyl oxycar bonyl , acylox¥alkyloxycarbony | .al kyl ox carbony am no,
acy! oxyRradtesiphi wr»g/r grvdicn O%Ilqzé&fyandafrtk}dﬁy@tat% e so MQa %a%@nﬁar koxy,
al koxy o y I I I am no,
al kyl am arlyﬁl % ! %b 1 L#%%’l%n i(%lal ké)%rp{z QH(SI Awi w 2?_1)
arylalkoxycarbonylalkoxy aryIaIkoxycarbonylalkylanlno aryl oxycar bonyl ,
aryIonycarbonylalkoxy,aryloxycarbonylalkylanlno car boxy, carbanoyl,
carbamat e, carbonate, cyano, hal o, %ﬁroaryloxycarbonyl hydr oxy,
phosphat e, phosphonate, sulfate, sulfohate, or sulfonam de, wherein Rl, R2,
R3, R4, R5, R6 , R7 and R8 and A nmay optionally be substituted with
|sotopes that |nclude but notllrnted to 2H (deuterlun) 3H (tritium,

A PN~ ~ 7~ 7~ A — a [P P 7~ o~



[0097] In another aspect of the invention, R4 is H [0098] In another
aspect of the invention, each of Rl and R2 is independently H, hal ogen,

hal oal kylworosldessog. [ 0099] The conpounds of this invenPcorusdasoeissed
herein can have one or nore of the follow ng characteristics or properties:
(a) Conpounds of the invention can have affinity for dopam' ne D2 receptors;

otopt OV ( a b BAae BHA PRt bn S B2ttt B 2lften oni n

5- HT2A ypgcept ors; (d) The primary netabolite(s), regardl ess of the

el ect rophysi ol ogi cal properties of the parent drug, has, or have,
negligible inhibitory activity at the HERG (human et her-ago- go rel ated
gene) potassi um channel at the noEd\MPhdy&peutic concentration of the
parent drug in plasma (e.g. the concentration of the netabolite nust be at
| east f[m@]ti neBylH- ghélrbltohwhuitohg) Prortnghendronzpai (1d) (Sohemat2).dfd on of t he

(o) CorBURAS! 6L f-uPeitohtroRierbic G0 oR" 7 BB T PED rorir o mot

cause, déétoh@\lv@s ﬁ&(&gﬂ@hsblﬁﬁi di%tﬁl@tec{f) 3981 61@028 ﬁloqi)f Fec fabGorl Mi@aRGHdson (DDI)
when co-adm ni stered with other drugs; ounds of the invention, as

wel | astired abiont iemperagire 831, 10gwinn Fhers L ﬂemmnguﬂape 0 6433 mL), 0PERS Moahkt i on

t est (LFT) a n._adn ni SLENE | ong ) bi oavai b| i of the

conpounti® s B AT AR S hefie e K oI Bor RARISRE Rt

phar macodsagoritredbyathird Q&Bﬂ-ﬂl@éﬂl&ﬂgnaphp(/ﬁ_\:@)’ Acétlaﬁe W@srpmpa@&ed aficthe es¥lvsi ti ons

thereof, can al so be adm ni stered usi n% any delivery systemthat produces

const anvasghlatedoith BRIcaIEagr Bih cdud pectyy ahd deigdpver podipm sulfatcdpivas pect ,

the invg 159]

above- | AoE T G S naeRoFOTP ARG AT LHh s PG MBS e

i nvent i@hunpr cboha® gfaphy aeing OL20ds gimlvanlngf dxahe ast ethﬂyacbﬂateeéfebowrmlr(é saf the

above-identifi edl\ﬁ% erties or characteristics. 2/ t he caonpounds
Ip

of the & Avént FbN 0AYIHzsEePEH) chhra st &itst Hés3%} lpgrlob%$ e&); EdRo1]
Addi ti Fogiy ns A .G S rei y be
made b?ﬁ%se Qk?]gr?g{dql n6 ?%le gqu 3Q%§)(3’Lﬁndan§?%%gﬂaﬁg6ggljt s@% fﬁg?%d
exenpl i(&, ), co9p0.02ds, 2HE Ad8 (di h=t3Haciipe of the subject invention. Wth
know edge of the conpounds of the subject invention skilled artisans can
use known procedures to synthesiz npounds from avai | abl e
substrates. As used in this appli ?ﬁéﬁqﬁiﬁfﬁe term "anal ogs" refers to
conmpounds_whi ch are substantl ally the same as anot her conpound but which

may ha\wl%ﬁen EFB&H%@ y(Z-methoxsehspypingaeintlgy e oD ondrophgexyiretids. The
t |

whi on 8 GHEmED, USfifohP ol Mgl APRLL R Ay RO agePu L PTRENER o
or nol egell).ar- (QSmthsmutetdtplmnylaplpﬁemhahyldrbdﬂemdeom;((] g, HleO(IﬂdrmxoiD;rMN— [0102] The

subj ect .i nvent| n furt r nti onmeri c I te onpounds,
oo corfibaroPgReT ket (16871 hB02D meBuR a8 Ml REToniS e by et FEPE o me
of the poMaoWRHs: &k ofiR ﬂemﬁ%ﬂtwa@@n@}ﬁ@)rmﬁlﬁmay@fl dhyorﬁategraf;ﬁpmmem@ot her
(i.e., in enantioneric excess). In other "words; forms of the

co rrpou rrd@:tlanemsuﬂbtswamva@btagedftpegnbva)ﬂm vhiatiteS' an(ﬂ (drerrsmdlﬁe whedibdedwithds and
are, antionerjc exc s ver or ns
o °t ne Wi orre iR ShbL st By Rt 8RR nad SR St obicssthnals ang

are, thdsitionAngdasd b%f@bdlﬁﬂﬁ@ﬁqlﬁt‘e&o %iveté’ﬂl%ll 2R4- (qur(gubshﬂnmewbp@bﬁ@ﬁt of
the invention, the isolated enantioneric conpounds are at |east about in

80% enanyrer)2-piopkenoxylgetatcrldn vanelnmprepurtiicd byovewshieolame at | east

about 9 Co a n i orrerl C
cxcess, HroBsbRRIN s BRERRZ L RRENEHRR I Abel B The BB stodteflaNARG °C0

nor e prsafighablyylH NMRaas/br 0% grecgilente Cotdires Hi900. &pAFH% D HEINMIR (400

excess. SYNTHESI S OF THE COVMPOUNDS OF THE | NVENTI ON LOlOS The conpounds of
t he i nMRei eRCEard bé%tbﬂ aiﬁa%hlzmé) tl - b%(tﬁe%lilb 18t hdyem; ?+f|1la§t4r7a(t ddin
Schene t TNy

synt he:6|% szii‘f‘éf'é; erazi’n §8Z$‘. Bﬁ’\e/}j; ﬁ ts%sé;gr(lttr!]nge%a eri 1452%1E !

bui | di ng6 BItDG REN)uE20 (8, 2HBr 6.846&&?7.0&(@9@)}0{&85(@] =%eHE,M@Nt | on and
internedi ates thereof are commercially avail able or can be prepared by
wel | - known synthetic nmethods (see e.g., Geen et al., "Protective Goups in
Organic Chemstry,"(Wley , 4th ed., 2006); Harrison et al "Conpendi um of
Synthetic Organic Methods,"” vols. 1-8 (John WIley and Sons, 1971-1996);
"Bei |l stei n Handbook of Organic Chem stry, Frankfurt, Gernmany; Feiser et al,
"Reagents for Organic Synthesis," Voluhes 1-45, Karger, 1991; March ,
Advanced Organic Chem stry,"” Wley Interscience, 4th ed., 1991; Larock

" Conpr ehen5| ve Organl c Tr ansfor mat i ons, "W ey-\ VCH PubI | shers 2nd ed.,

A NN N . . o Y ~—~ o v r o o



target benzoxazi none 4 was prepared by coupling the amne 2 wth a suitable
carboxylic acid 3 under standard coupling conditions using

di cycl ohewgl20awdvesd2i nde (DCC) as coupling agent in presentasediomisst d base
4- (N, N, - di net hyl am no) pyridine (DVAP) in a polar aprotic solvent nedium
The carboxylic acid 3 was prepared by the al kylation of a suitable

aryl pi perazine with an appropriagﬁggiigﬁﬁ%@boxylicacid ester followed by
saponi fication. The benzoxazi non i've 4 was converted into
hydrochl ori de salt treatin hydr ogen chl ori de under standard

5b ith
condi t i (8] THEhYenFo (i‘i'@%@@hgr&ﬁnﬂ%ﬁer%néﬁ%‘r@@’d'zi’ nto other form of
h 1 | I.C: 1 d
P oottt Sa ARSI AR o) TR ot Bn T PID RSP ARA LGB e RO 2"
field [@i6%kdSohbesyitha)s @compdufivida Ricscitbedti) FRAmplc2 ScherR22): Yailal [ 0106]

or cpar &bl s aeugor EMR B BFL Sotes Tl b Bbla g b (. 2 €
4-nmeth i : j. al
N e e R e e A R A T e R

heat i ngi, REBC&R6 (g Ji=n6.priks BHEel 1 (sa2;| @968 (poBERST. Udd7clar (b A& £7.§K2CCB)

to give tﬂg %ﬁéer . The ester 8 was treated with alum num chloride (AlCl3)
i n anhy@rbus-dieHitdr omet hane at refl ux tenperature to get the correspondi ng

u
ni t rophenol derivative 9. The conpound 11 was prepared by al kyl ating the

ni trophenol 9 with 1, 4-di bronmobutgraMpPrender identical reaction conditions
descri bed for preparing the conpound 8 (Schene 2). The reaction of conpound

11w t opgeq! pidoer. -'z%e&aXm@@ﬁg&ﬁﬁ&f_}é’;ﬁ&b@giﬁ%&e@]gg@é&%@go DI EA)

in acetonitrile a ppr oxi 0-70 0C'for to 16 ound
13. Thenegigicheh® WhEthyb2Hoi-€4(eGubstitnedipbhtnydipipoadi-tliditsitarsi3g iron (111)

chloride i resen al lj iron i n.ethanol and acet. cid sql vent
o tur dptheBp R b EL e Al i RR bt B e kst done. 14
whi ch vigg 1coRY elct@dadidtiPa NYERMOCsR %hﬁéﬁﬁ&ﬁ\bﬁtb AR cficidnt 88ddcAgrWddindy dr ogen
chl oride under standard conditions. er standard nitro group reduction

condi t isonsd mikerhirongydmaecate tefuprleseprvedas0.0%¢ al 0/8415paol) ads addadn

penzoxdimonbar s iuay oy Rt AL BTEHLERRRRE G &Y bR o P ikt [ oo 1

accept apdsaefatddSos s 6lrthas 3 Methdaresivd hadfikerad using alBush@iduhWerashéd what i ¢
carboxylic acid salts using well known nethods in the field.[0107] Schene 2

13 11 Réhanpkdihg combmegdidipte Apbpashings were cganerated. i trprmigueyyps ed

COvPQU &ﬁﬂhF%@M - ' nti.on relates to
syntheggg%&¥g§§§ggglonseg ngﬁﬁ%%%a%%&%g%ﬁgag?ﬁﬁg?%ggég?ﬁ%'ggged conpounds
whi ch aenbuslfasparfiolaytiseadre ddedatd coapdtenidao gind 6-6l-a-@dbpsytedhoses such as
acute mani ac,. bi pol ar,_disorder, autistic disgrder and depression,_ The

pr esentphﬁﬁﬁénip?raﬁ?ﬁrﬁm%@sY)%ﬁ-h%gf&] f}p‘hgwﬂ%&@r% ldg e wwggieé%ne
based aitdaRsY 6810nh ChABEMS Saphbi iRl £58ont SMRRLACHIAKIHT 2P FRSyFEL hods for
usi ng aryl pi perazi ne based anti psychotic agents and conposition of

aryl pi peodict héa pasedtigactoysit NdIR endigeMass §pectralrdaga Cotpreshoik @hdl gni a and

rel ate y¢h ch _as acyte iac, bipolar di er, autjstic _disorder
and de%@s%Wﬁéinf%C%& éﬁ@é%wﬂw ﬁﬁ@f\ﬁ@ﬁﬁ&%ﬂ‘ﬁ Qre »afd and/ or
a conpqsit i4en. I Nj tAC r 1) ah-S_as

i T P & P e S BT e B Pt S 501 eni .
Fur t her6.50 em.cldt)t Gi8H-e9bodli BN 4?2 (vihe 1HONYSURED: awid 61 2.38NpoEl)t i ons of the
invention are admnistered to a patient, preferably a human, as a treatnent

or preventive neasure agai nst ac i ¢, .bipolar disorder, autistic
di sorder and depression. [0110] #%géggﬁhﬁéé of skill in the art may readily

St ot AL R i @iy SeBlofordiaty Finaphary ot aro PP U DR o
ant | PSYRNAL-bfe (AbSAShERE 2) THERARRYIAH ARVEENCpet QsiﬁQMé(YiétBB&Tde@hﬂeﬁallll

The conpounds, and conposi tions containi ng conpounds(s), of structural
For mul dof the sgethcheofauhwnamuad ddass gesasea inkExampin] Indhonad). Cadorpsevil qus! y
described, in detaj ve, ' nd posj 1,1 ons_cqnt aj ni '
conpouﬁﬁg%foogf§sh%gﬁ@ﬁgﬁzﬂgﬁﬁﬁsg§?§??gﬁbﬁﬁg2¥ﬁ4b*érﬁ%%22%ibﬁ% §3-47

schi zopBr enirh. 04 (4, 2kt £65 RSYANASLs SPHY@% QU € MRk 8 PPl i @or der
autistﬁb digg?der(énggheprgisign. [8112’ Whég‘hsed to’treatporﬁpredght t he
above di sease or disorders conpounds and/or conpositions of the invention
can be adm nistered or applied singly,,in conbination wth other agents.
The conpounds and/or conpositions of ?%e i nvention can al so be adm ni stered
or applied singly, in conbination with other pharmaceutically active
agents, including other conpounds and/or conpositions of the invention.
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Adm ni stration can be systemc or local. Various delivery systens are
known, (e.g., encapsulation in |iposones, mcroparticles, mcrocapsul es,
capsul es,wet21009p39at can be used to admi ni ster a conpouldTArSA#10/025687
conposition of the invention. Methods of adm nistration include, but are
not limted to, intradermal, intranuscular, intraperitoneal,

o S R OGS TR P Al A 0BT AR e

|nhalaqqgnkﬁpgﬁﬁpgygaugnz(Bant|cuIarly to the ears, nose, eyes or skin.
[0115] In particularly, preferred enbodi nents, the conpounds and/or

conpositions of the invention can be delivered via sustained rel ease
systens, preferably oral sustai neBXAMBBEd3systens. In one enbodi ment, a
punp nmay be used (see, Langer, supra; Sefton, 1987, CRC Crit. Ref Bioned.
Eng. 1402%R]; %({’d@k(ZeMeﬁioxyﬁI%QDpMeraﬁmg] -yl)ButOx)?\)’BZﬂ bslﬁb{ﬂ?ﬂﬂoxﬁﬂﬂ. BAH)-n

RO it R ot TR £ R G iy R i R €2 D et A e S
York ( 119§23ut0}8%m56@6€b]ﬁeaﬂ)]iéﬁﬁm—@@ﬁ@)-onl: 14aVR S AINQlchlo6hethBREYwadfde@ D!

Chem 23:61; see also et al 1985, Science 228:190; During et al.
1989, Anh2MEGH aqﬂutlszrsma@q yHﬁh@tr dldettlelathe ssnbegn s cvapetiated 2P, “Crto i) . | n

el casd e gRRp TR xR g {RPRO A Re Pl BE Rt Ao R T ol 1 ose

hydr ox mﬂmﬁlﬁﬁb l18h 0131&-, puny gfodwtp IlSdDgh\FwdaﬁyPaGt@H i 0R@R aRd/or Mass spectral

hydr oxyet hyl cel | ul ose (nost preferred, hydroxypropyl nethyl cel lul ose). O her
pr ef er rdsgp- 4@ﬁ05§é09§HEQ43 Ve Beend H%%éytﬁgﬁ-in the art (Banba et al.,
Int. J . Pharm, 1979, 2, 307). [0117] In another enbodi nent,
enteric-coated preparations can bexusgprLEqy oral sustained rel ease
adninistration Preferred coating naterials i nclude polynmers with a

pr depﬁ 4‘! -4e2'3t plc(hlo gl"io 8&% brﬁgu{o%)efﬁ%%nzoﬁb‘j([}’ﬁgo&%m th a slow

or pH den I'ssol ut’on of’ érosio

control j(eH) oed E;aﬁrec)hlorﬁxtd (ysb)r@chaﬁt 2 nMhe degpaaier] 3hywangypasd ($ingthe enzyrre
controll ed rel ease) and s.that formfirmlayers that are destroyed

B r
by an mtetroe%isdéwribesrfefs@a .S}élt%{meof Comeg%i%l edi?@?raqdéa Examaledle)(Schamer g1 7 | n
still & ?ﬁﬂ? Ivegsystens are used for oral
sustaiSQSQ?EFggggeggﬂgﬂist ation (Vepnﬁggt(g Drug Dev. Ind. Pharm,

2000, 26:695-708). In a preferred enbodi nent, CRCS(r) osnotic delivery

syst endNaVETRORHARMACOLOGH REMI TS| ease del i very devices (See for
exanpl e, Theeuwes et al., U S Pat. No. 3,845,770; and Theeuwes et al, U S.
Pat . 916,899 0119] et anot.her enb a.controll ed- release
oyst em RLPlbe PRARURIRZR Serm TS sPRpHATE EPgRas o dehi e i Bina i or
CONPOSidrResRid ih AR ihRYESphacd1bkiSall86k kd BALRR the abiiAfitd PP dGPanking,
system c dose (See, e.g., Goodson, in "Mdical Applications of Control | ed
Rel eas eDzs, @cmman 5/'1HT1A and pyotonins S FEBAre@smwyy. Therimeitrogspeyplogels ead ease

systemé ScuUsse erences are Oeggrrlbed reon Sci ence 249:1527-1533 nmay al so be
used. [ 196 f The cofnmpounas of ‘conposi tions containi ng conmpound(s) of

struct For of t he inventio be cl eaved either chem cally
and or RSy e etahibe s s B b B edSiait Tt he st orach.
intestinal_lunen, intestinal tissue, blood, liver, brain or any other
SU|tab”@lﬁﬂssdﬁa@ﬁaﬁaﬁﬁhﬁ%@“ﬁay enzynatically cl eave the conpounds and/ or
Conpos'ﬁécgﬁt%r Qburble | Wﬁﬂﬁ%&@om@ﬁ@?f@s%mgﬁaﬁlé NVENTI ON [0121] In one

aspect of the Invention arnmaceutic conpositions are provided
conpri sRadgoltgaedconpour{EH]S@tpdrm(ﬁﬁé@éhtmmiolscl osure. [0122] The present

conposi ontain a therapeutically effective anount of one or nore
conpoud%§8%4 Pﬁ@OWﬁbed%$8ﬁag%referably in purified form together with a
sui t ab'lﬁcﬁﬁ%ﬁ‘toﬁ&m@n&) hedRERIME GRkd drBELERERBD S aRISLC] lell £h) so as to
provide the formfor proper adm nistration to a patient. en adm ni stered

to a paonemmg ﬂman%hi@@tirﬁdgl\/bKCﬂ tﬁemwmﬁlz,derﬁDEMpné@mutmt 2y C.

e oGt U Lol B R DY bl fon ) Blast SR iRy RELghe6! © When

sol ut i apppadiEntaqhelliss dax teéearinad ehdtateRied tos@htibl RiesGRBrdet oasb@tLmpl oyed
as liquid vehicles, particularly for injectable solutions. Suitable

phar maceytinterctigrsiféess sompaunds math Bie clored donsmiee s [k hers bdinestte gl ucose,
| act ose, sucrose, gelatin, nmalt, rice, flour, chalk, silica gel, sodium
stearate, glycerol nonostearate, tal c sodiuntchloride dried skintntlk
gl ycerol, propylene, glycol, water, e?%anol and the |ike. The present
agents, or pH buffering agents. In addition, auxiliary, stabilizing,
thickening, Iubricating and coloring agents may be used [0123]
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sweet eni ng agents such as fructose, aspartane or saccharin; flavoring
agents such as peppermnt, oil of wintergreen, or cherry coloring agents
and presewoiog/@g®ats to provi de a pharmaceutical |y pal acahiseoipneisar at i on.
Mor eover, where in tablet or pill form the conpositions nay be coated to
del ay disintegration and absorption in the gastrointestinal tract, thereby

provi di a su i ned act.i over, an ext ended i od el_ectively
Do oA B RaRES G, PR Ut G ah T OLRO Rer b Reryeh 409y %@oég@und are
al so sugpabhrdih@l, 2omaki M. Eﬂ@E&b§&§ﬁ9@4%@”HQHDQ%SQf the invention. In these
|ater platforns, fluid fromthe environnent surrounding the capsule is

| i bedobyst hesedsibihng? OrAHAA rodbivenBE i 1Qa01 sp! ace the agent or

agent conposition throug n aperture ery platforns can provide
an ess 1wz el ivery profile as opposed to the spiked
profilgﬁi&ﬁ ﬁwa%ng¥§n$§%%%§3 formul ations. Atinme delay material such as

gl ycer dtecopiapse@ac:at e Mm@l yeembinast &pratal iMaJER298 cbigs used. O al
conp03|t|ons can include standard vehicles such as mannitol, |actose,

st ar ch,Radig}igasdum st edrBI-&-OBRFAMZdLeifiamehe, cel | ul ose, magnesi um

car bon kpbggjare preferably of pharnaceutical grade.
[0126] For oraFm?&gU| greparatlons such as, for exanple, suspensions,

el i xi r dneutdtisw Cohditnss: 'Ehfl teadtlons e@ra ¢aeris] oﬁxn:ﬁ()nﬂvlﬂsRIS;H@] dpﬁbﬁﬂ)s i ncl ude

t : | I I ) I |
ol yool Sopeinng 10 G Sagtrens i o Kl eemen & §phin PPrdaned Brur 1 or s
bet ween, ot theaBeiBhlvhis (@nfhate PGELa ?idevacﬁhﬂlrfﬁﬁﬁmnacﬁﬁ& ER& ﬁbe@tﬁlﬂéﬁ‘st ween about
mM to about 50 m\VM) etc. Additionally, flavoring agents, preservatives,
col ori Rpdagetivigy tripricd ostdl the filtarsyasateiaringed aaddomhpare ﬁ«eonm vidgcsiddeder
0127 CO t] trat th t . be .
cont oA i8S BSHE A e P At RO e DGR Pl e iy P e for m

of t abl(@ktsratdrOReEGRe: Bbor, DOst U buida] PRAMABSI OIEH, 118NNeT3; Skhtdel, dr ug
formul ations suitable for use with nebulizers and I|qU|d spray devi ces and

EHD aerfbgad Beaoi e Naynyn-Selypicdeliers s Amel. Kharmace bbb dA@ 19P-138¢ i nvention with
a pharmaceutically acceptable vehicle. Preferably, the

phar mad@u63]calSeyetoniopddbie(hvehichieding assalyi qui d such as al cohol, water,

pol yet hyl ene gl ycol or a perfluorocarbon. Optionally, another material may
be addddiléq alMeteritloenddfcvisals: properti es of the solution or suspension of
conpounds of éhe |nvent|on Preferably this material is |iquid such as

al coholReCGPPESPUCEol v HYEH COHCY atty acid. Ot her methods of formul ating
|IQUId]gﬁMg%§HaUtIOHS[qq]ﬁgéﬁggﬁI p-oputilakbs for use in aerosol devices are
known to those of skill 1n the ar (see, g Bi esal ski, U S. Pat. No. 5,
112,598kané§ah@bundLJKimﬂ&ﬂul No. 5 556, 61 1). A conpound of the invention

Cuppositetiae? EPERER T Eisfha e G Ry i ATRI g USHICHBF LR ATt oom

SUDDOSH&QFMaQ@§R§96%9Hm%§TH@Q&ﬁmoBNh%%ﬁnﬁ&n&iDﬁﬁmgfwﬁﬁ&hQE§Muhﬂnﬁ&dltlOn to
the formul ations descri bed previously, a conpound of the invention may al so

be for raksatibdr Glcradpustioastieitairapicdwntoshe Iﬁlue@nfgasat@tdrmgled@ndm@pﬁr@dgo may be
adm ni Sto%{rg all?1¥e)s 11?8&%”%0%5%8%11& li n?ergcql%ngb ?e%lt %%ﬂ%ﬂggsu\%sntl)fthe serot?mn—

i ntramiscu Fanudcul inj ec I'on

conpoursH'Df, bidikng ﬁtée(ﬂlﬁtbﬁﬂﬂmfeb@lc% OLémb@,UeE éMal Mslu th&biaeolpwmﬂ i301or
hydrophobic materi al s &Ior exanpl as an enulsion in an acceptabl e oil) or
i on excHadnierind Ks andHugwhigyaPi Rgh\WNawephsrmacds 1994t 3344), 360 'BXanpl e, as a

sparingly soluble salt. [0128] Wen a conpound of the invention is acidic,
it may [ﬂ&llnclﬂmadlphg@dyblmdmg h@améomae%weﬁommﬁbﬂlm@ spsotohia- f r ee
aci d, arnaceut.i aII ac %

phar ot oar st hed Bt AR e PO BeRidine Parf Y el e fre OB Fm 09 of the
free aqu\d lﬂlmylb(ﬁnplle@ﬁME}GO@ylMﬁﬂi:mOOﬁlM\Hh bases and tend to be nore

sol ubl e in aqueous and other protic solvents than the corresponding free
aci d f qorgs)VETHKLS i Mﬁ%&%@éﬁ%&&@é@@ﬂthé\s&wmpmﬁp&&dﬁ find nvention, or
conp05|t|ons thereof, will generally be used in an anount effective to
achi eveadlhbgandtlemﬂegiamywseepOFted inyde felbowingsablschi zophreni a and rel at ed
psychoses such as acute manic, bipolar disorder, autistic disorder and
depressi on. The conpounds of For mul a (1) and conpositions containing a
conpound of Forrula (1) are adm nistered or applied in a therapeutically
effective amount. [0130] The anount of a conpound of the invention that
wll be effective in the treatnent of particul ar disorder or condition
di scl osed herein will depend on the nature of the disorder or condition,
and can be deternined by standard clinical techniques known in the art as
previ ously described In addltlon in V|tro or |n VIVO assays may

v __,_‘...: o, o T



invention may al so be denonstrated to be effective and safe using ani nal
nodel systens. [0133] Preferably, the therapeutically effective dose of a
conpound Wb 20te9pseeent i on descri bed herein will provi dePCiarsape®rics? benef it
wi t hout causing substantial toxicity. Toxicity of conpounds of the

i nvention may be determ ned using standard pharnmaceutical procedures and
may be(ﬁggdil ascertaineddgy t he skillﬁd artiign. The dose ratio between
toxi c arfiRM8Hapeutic ef fecdtSP% the tfiePapeuti dindex. A conpound of the
inventhgﬁég&&hp@qgjerably gxd bit pargogsi@arly ¢gun@hmt herapeutic indices in
treating di sease and di sorders. The dosage of a conpound of the inventions
descri bdd (hsarepla 14) | | pref er-HBI) be W.YhiM a r dhgfenf circul ating

concentrations t i ncl ud ffectyue.dose wi.t,th . [ittle or no toxicity.
[0134]lﬁﬁ(§ﬁ@n%@g§it of thgﬁﬁﬁggntioﬁ#ﬁﬁ@?hodsmggl@4eating one of
psychosisy, (Esghpreaghr eni a, gsz2g e mani a, odnpol ar gésewder, autistic disorder
or depression are described, conpris admnistering to a patient in need

t her eof ISPHEX@BMsddds t he prBdént diggg%%Mhe. [103BBY | n anot her aspect of
t he inwg%khggnp%qg)nethod Qﬁﬁﬁ?i,SChHﬁ%%, eni a.gg ] I'n anot her aspect of

the invention, the’ nethod treats bipolar disorder.[0137] In one aspect of

Scni zopMedl a; WRACRE Rishedh ni Bestar G ePulbn ol el B BpiERngr B0 e

depr essjréfrred 0hB8dindcht AUOLRBLs ASREAE cAbodiRRntsNi &ALl HE indériBod Bﬁ peRowY i ses
the treatnment of schizophrenia. [0139] In another aspect of the invention,

t he usekdlsdpn theasloyi agtrtbeftvigeines drangisge ferm gidsdatailsrcan be mpdp thescisne aspect

of the j. [Wels¥ - t i scl in the

anut ooy ST S BRI O EaPRE e AR F S RRL O

schi zophubdedtins asdeir&l 1weEnitds appljealiar ardiheabg éicorguthted heeindinssidettires by
depressjon treat psychoses, schizophrenia, acute mania, bipolar disorder,
aut i st itBiSd?isEM8®r or depression. [0141] In another aspect of the invention,
the use is for the treatnment of schizophrenia. [0142] In another aspect of
the invention, the use is for the treatnent of bipolar disorder.

COVBI NATI ON THERAPY [0143] In certain enbodi nents of the present invention,
t he conpounds of the invention can be used in conbination therapy with at

| east one ot her therapeutic agent. The conmpound of the invention and the

t herapeutic agent can act additively or, nore preferably, synergistically.
In a preferred enbodi nent, conposition conprising a conpound of the
invention is admnistered concurrently with the adm nistration of another

t her apeuti c agent, which can be part of the sanme conposition. |In another
enbodi ment, a conposition conprising a conpound of the invention is
adm ni stered prior or subsequent to adm nistration of another therapeutic
agent. EXAMPLES [0144] The invention is further defined by reference to the
foll ow ng exanpl es, which describe in detail preparation of conpounds and
conpositions of the invention and assays for using conpounds and
conpositions of the invention. It will be apparent to those skilled in the
art that many nodifications, both to materials and net hods, nay be
practiced without departing fromthe scope of the invention. [0145] In the
exanpl es below, the follow ng abbreviations have the foll ow ng nmeanings. If
an abbreviation is not defined, it has its generally accepted neaning. Atm =
At nmosphere CDI = 1,1' - Carbonyl dii m dazol e DCM = di chl or onet hane DVAP =

4- N, N- di net hyl am nopyri dine DMF = N, N-di net hyl formam de g = gram h = hours
L=1»I1iter LM = liquid chromatography/ mss spectroscopy M= nolar niL =
mlliliter mmol = mlIlinols nM = nanonolar mM = m cronol ar MIBE = net hyl
tert-butyl ether rt = roomtenperature TEA = triethylam ne THF =
tetrahydrofuran TFA = trifluoroacetic acid EXAMPLE 1 [0146] 6- Am no-2
-benzo[ ][!,4]oxazin-3(4 )-one (2) (Schenme 1). To a suspension of
6-nitro-2/f-1,4-benzoxazin-3(4 )-one 1 (0.5 g, 0.0026 nol) and Cud (0.77
g, 0.0078 nol) in anhydrous nethanol (25 nm.), stirred at 25 0C was added
pot assi um borohydride (0.98 g, 0.018 nol) in portions (exothermc with

evol ution of hydrogen gas). The reaction m xture was stirred at 25 0OC for
30 mn. The black precipitate forned was filtered and washed w th net hanol .
The conbined filtrate and washi ngs was evaporated to give 6-anm no-2 -
benzo[ ][I, 4] oxazin-3(4 )-one which was purified by silica gel colum
chromat ography using ethyl acetate. Brown solid (0.29 g, 67%. 1H NVR (400
MHz, CDCI3) : d 4.34 (s, 2H); 4.81 (§4L2H); 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, |H).EXAWLE 2



[0147] 4-(4-(2-Methoxyphenyl)piperazin-Il-yl)- -(3-o0xo0-3,4-dihydro-2 -
benzo[ ][I, 4] oxazi n-6-yl)butanam de (4a) (Schene 1). A m xture of 6-am no-2
- benzo[ Wpl20tjwoemw2i n-3(4 )-one 2 (0.08 g, 0.0005 nol), PCT/US2010/025687

4- (4- (substitut ed-phenyl)pi perazin-lyl) butanoic acid 3a (0.0005 nol),

di cycl ohexyl carbodiimde (0.1 g, 0.0005 nol), 4- (dinethylam no)pyridine
(0.006 g, 0.00005 nmol) in 10 ni dichl oronet hane was stirred at room
tenperature for overnight. The progress of the reaction was nonitored by
thin | ayer chromatography (TLC). The reaction m xture was cool ed; filtered
to remove the urea precipitated, waSh&8ith saturated sodi um bi carbonat e
solution, dried over sodiumsulfate and evaporated under reduced pressure
to givéth@deb3u@B$ituted-phenyl)piperazin-I-yI)-J\h(S- 0x0- 3, 4-di hydro- 2
-benzo[ ][I, 4] oxazin-6-yl)butanam de 4a which was purified by silica gel
col utm chr omat ogr aphy usi ng 0-10% gradi ent of ethyl acetate and net hanol .
The purie productA dangaime as&drilidpac Formyulh H)NVR and/ or Mass spectral data.
Wiite solid (0.06 g, 299%9. 1 NWR (400 MHz, CDCI3) : 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, IFD; 6.84-6.88 (m 2H); 6.93- 6.95 (m 2H)

6.99-7.04 (m IH); .sg(d J = 2. IH:, 9.04 (br s, IH:; 9.12 (br s,
IH. M5 (ESI): mz & '3[ 0148]

4-(4-(2,3-Dichl orop g eﬂhiﬂg y‘o /- (3- oxo- 3, 4- di hydr o- 2/ f benzo]
1[1, 4] oxazi n-6-yl ) bgs aRa 4( 4b) kéchen¥ The conpound 4b was

syntheS|zed using the protocol deé%rlbedRFor t he synthesis of conpound 4a
in Exanple 2 (Schene 1). péhhtig1solid (0.08 g, 34%9. 1H NVR (400 MHz, CDC 3)
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 =24 8.8 H, IH,; 6.88 (d, J =8.8 Hz; IH;

6. 99- 6. %1 &n .13-7.20 (m 2H); 7.71-7.72 (m IH); 8.46 (br s, IH;
8.58 (b¥"'% IFD NB (ESI) mz = 463.2 (M) . EXAVPLE 4 [0149]
4- (4-(2- thhoxyphenyl)plperazin | -yl)- -(3-0x0-3, 4-di hydro-2/fbenzo|

11, 4] oxazi(CHB),y] YOUCHRRLSeCHYXH, osa@)cm) de)5NIEChg®E 1). To a sol ution
of 4 (4- (substltuted pheI%L)lﬁgf er azi n-

1-yl)-JV-(3- %%@H@)nhy@ HehFof FE L ArEtei-m(6H)yiSrbHebdkni de 4a in 5
L di chl ti i | ether, and
thenlfheoggrg%?on mg§%§ g aﬁyg§§gg§QbH_ Qﬂ(X@)QCEEﬂX ether, an
G (SUbSt"Sb@@'g(ﬁém”)mé(@}(@ﬁz)% SN OWOLOEXY2, 4- di hydr 0- 2H- benzof

LLti o aotoryC %@h&ﬁﬁﬁ%ﬁﬁ%@déﬁ@%ﬁﬁﬁm Zeront @G vy Ve
(ESI): mz =@dp,OMNIESH,-EXAMER ﬁd(@%@th-

4-(4-(2,3-Di chlorophenyl)plpera2|n - - -oxo 3 4-di hydro-2 Hbenzo|
111, 4]oxa2|n(EbyﬁXﬁﬁméﬁﬁﬁhdeCHdebéhOb{CHéw(HﬂﬁzSsaﬁbdé}ﬁ%, The conpound 5b

was synt hesi t he synthesis of conmpound
5a in Exanpl éﬁﬂz)@c g‘ﬁ%e%%r'%%@ ﬁﬁf@og%)%zw@r(m) mz = 463.2

(M HCL) . EXAWRLE-$d0§oH,-Ethylvhdeidr iRhheyerdrdmh | k@phenoxy) acet at e (8)
(Schene 2). A nlxture of 4- nethoxy-2-nitrophenol 6 (1.69 g, 0.01 nol),

pot assi um carbonate (2.76 g, 0.02 nol) and ethyl bronoacetate 7 (1.1 ni,

0. 01 ndd s DS, 260XO) @iy 604 acet one was refluxed for overnight (12 h). The
progress of the reaction was nonitored by thin Iayer chromat ography. The
react | QRHIbKRUIE, RAR CNAROT AT S KNEia8RE A Y AR ldUbiRGL Wil Alcyand the
m xture was extracted mn "ethyl acetate. org yer was was hed with
brine, dri echryi\/erbsamdhdmyls oyl yd, substiteted poylatkel cycdogkylesmhmted

ol unm chr o B RY ERFGAEY E o Gruded ifostrmbidnbe i B ng%& ote.
Yel | ow sol i %e(e%oa}?l ﬁeteﬁﬁr@lalk%ﬁsm&&%t%%ylam e{émalkﬂoxlyc%%oﬁﬁ =17.2

Hz, 3H); 3.82 (s, 3H) 2H) ’701(d J =
9.2 Hz, | H);acyloggalkyldxycrrbongl, 2¢cylglkgloxzcarbedylarzing (d J = 2 8 Hz, .
EXAMPLE 7 [015 dr oxy,- 2- ni nox cetat Schene 2) .
TR T e A LSl s S
mol) in 10 mdikelyedrbonyanmtyianiao caryleshifinyl adkylcefdngt, hlkvamicadaad, al um num
chloride (1.6 0.0133 nmol ) portion wise. The resulting m xture was
gradual | y welsdeaming, srokntamiper dislkelagiep. apdakewst, ppstdlorysarbenplalkpre
progress of the reaction was nonitored by thin |l ayer chromatography (TLC).
The reaction m xture was washed with saturated sodi um bi carbonate sol ution
and dried over sodiumsulfate to give4 t hyl

2- (4- hydr oxy- 2- ni t rophenoxy) acetate 9 Which was purified by silica gel

col um chromat ogr aphy using a gradi ent of hexane and ethyl acetate. Wite
solid (0.28 g, 37%. 1H NNR (400 NPE CDCIS) L d 1 26 (t, J = 6.8 Hz, 3H);

v NN ~ N~ - oY N B



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).
EXAVPLE awpQabvgootichyl 2- (4- (4- (4-(2- nmet hoxyphenyl ) pi pelPaTius2010/025687
1-yl ) but oxy)-2-nitrophenoxy)acetate 13a (Schene 2). A m xture of ethyl

2- (4- (4- bronobut oxy) - 2- ni t r ophenoxy) acetate 11 (0.0007 nol),

| - (2-substituted-phenyl) piperazi ne drochl ori 12 (0.16.g, 0.0007 nol),
N Nai © sopr op Bty cansa BTt sy eSO for Yo oy dedhon i 1 e vias
heated at 60,{}Ex{@fbohgldleyldhif g)éa‘?w@? SarBimbNCcdrBafitt QArBMAS BN A5 Dy

(0]
thin |ayer chromatography (TLC). Thé reaction m xture was evaporated to
remove the \hsteaedrylesyembbnyhdiydessiydplesplate.dihpsphedatei tubfatgaswfonaexer act ed with

ethyl acetate,.the organic gxtpagts,wetecnwashed with,sodi um bi carbonate
ol uti on andiHPHESSUERREARII o R E R B DA By i ATRE SoRfif b

2- (4- (4- (4- (sabhpbicl WigdsRbERYhatPh@ed@ButHot limited to “H (deuterium), *H (tritium),

yl) but oxy) - 2; ni tr ophenoxy) acet at e .13a whi ch was purified by silica gel
col um chr ometography Dsi &y £-grfadifedtd of: hexane and ethyl acetate. The
pure product 13a gave satisfactory IH NVR and/ or Mass spectral data.

Col or| [ 9 3) t, J =6.8
o, sy gy Ao gl Mo R Wt mi ResjndRel L 0 o
2.67 (br s, 4H); 3.10 (br s, 4H); 3.86 (s, 3H); 3.98 (t, J = 6.4 Hz, 2H);
4.24 (@. J = 6. Thelzpmpblind &f ctdm( bof RifulH(18%- 6. 96-7.08 (m 6H); 7.38 (d, J
= 2.8 Hz, I H).EXAMPLE 10 [0155] Et hyl

2-(4-(4-(4-(2, 3-di chl or ophenylg pi perazi n- 1-yl)butoxy)-2-

ni trophenoxy)acetate 13b (Schene 2). The conpound 13b was prepared using

t he protocol described fo R hesi g of c d 13a as described in
Exanpl e 9 (Schenme 2). Yelﬂavcszg;@).—@—@ 85\ NMR (400 MHz, CDCI3) : d
1.26 (t, J = 6.8 Hz, 3H); As /B-1> 4(m\zi ; I°80-1.85 (m 2H); 2.48 (t, J
= 6.4 Hz, 2H); 2.65 (br s, 4H); 3.07 (brRS, 4H)R23.99 (t, J = 6.4 Hz, 2H);
4.26 (q, J =6.8 Hz, 2H); 4.70 €§ym@dda 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- et hoxyphenyl ) pi perazin-1-yl)butoxy)-2 -benzo[ ][I, 4] oxazin-3(4
)- one (14a) (Schenme 2). FEthyl. . . .

) (AnC A (4] sundPE EarehuptRARATL! ezl e ft oS-

ni trophenoxy)acetate 13a (0.1 g, 0.0002 nol) was dissolved in a m xture of

10 mL ef hanol anthe bompblndéRiim P&l Hwhbreth AQD-0LCH,ask equi pped with an
ef ficient condenser, and the stirred m xture brought to a gentle refl ux.

I ron pownd&tlp:0.-684-Gr(CH )0 16 Hm-9-Wlds Chldd edH2 S0l dri mredi atel y by
iron(l I_h& @h-ls%#ld-% exahydrate (0.01 g, 0.000034 nol). The m xture was
refl uxe %I PPa furtier 3 h, then cooled and filtered using a Buchner
funnel, washed with ethanol. The conbined filtrate and washi ngs were
evapor @.ed. To (The compoaubofdsmaboe2lwatiein AaceNdi@&OCa{dHuRpt.er, and the

aqueous | r racted i i eth ce T nmbi ned organic
| ayers '\ﬁéﬁé\%a'ré@'(gﬁa)nbdﬁ%é‘ﬁﬁ(&gﬁﬁwg%l%i Qfé)(éH;A'-(‘(t@S'&}b‘ﬂgﬁréﬁfedphenyI )

pi perazin-1-yl)butoxy)-2 -benzo[ ][I, 4]oxazin-3(4 )-one 1l4a which was
purified by sil it c88bo@f] SiMBhishf SMBLACAPBYs OSi ng a gradient of hexane and
ethyl acetate. The pure product 14a gave satisfactory IH NVR and/or Mass
spectral data. Colorless oil (0.08 g, 97%.,1H NMR (400 Mz, CDC 3) : d
1.70 (bk s, 2H) The compewid ef clapt onZ wherehyRsis BPH);: 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;

0148 650 (M Il Bo B B0 9 oPHhineinuck B RS and R is MRk 11 2 =

6- (4- ( Aalcgen; Idil @ity ooplexy.| ) pi perazin-1-yl)butoxy)-2 -benzo[ ][I, 4] oxazi n-
3(4 )-one (14b) (Schene 2). The conpound 14b was prepared using the

protocqol descrihed for th nt hesi f conmpound 14a as descrihed in

Exanpl €11 (Sch CQ‘)“PO‘éEﬂe‘bér‘%{?BE‘sl B“if Wgéﬁeﬁl ¢ cqmpgundyis cRieetedsd Wiz, cpal 3)
:d 1.79 (br s, 4H); 2.74 (br s, 2H); 2.96 (br s, 4H); 3.17 (br s, 4H);
3.91 (s, Zmdnﬁﬁﬂgf&doﬁﬂihe@ﬁéce fors;| H); 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); 9.492%5“ IH); 9.87 gbr s, IH. M5 (ESI): mz = 450.2 (M) .
EXAMPLE 13 [pm8@8nityefor scrptpnimd Ak hesopptoesy| ) pi per azi n-1 -yl ) but oxy) -2 - benzo[
]1[!,4] oxazin-3(4 )- one hydrochloride (15a) (Schenme 2). To a solution of

6- (4- (4- (substi tut ed- phenyl) pi perazinl - yl)butoxy)-2 -benzo[
][I,4]oxazin-3(4 )-one 14a in 5 nL d[ﬁgjoronethane was added 2 rnL 2M HC
solution in diethyl ether, and then the solution was evaporated at 25 0Cto
give 6- (4-(4-(substituted-phenyl)piperazin- 1-yl)butoxy)-2/f-benzo|

]1[1, 4] oxazin-3(4 )-one hydrochl oride 15a. The pure products 15a gave

. . A o o, r * 4 o ~ NS =



I ncubation Conditions: The reactions were carried out in 50 mM TRI S-HO (pH
7.4) containing 120 MM NaCl, 5 nMKA, 5 mM Md 2, 1nM EDTA for 60 m nutes
at 25 C. Whbeorogmeiozon was term nated by rapid vacuum fi PCTAtS2@0/02368D gl ass
fiber filters. Radioactivity trapped onto the filters was determ ned and
conpared to control values in order to ascertain any interactions of test
conpounds with fhe | oned do ine - D2 short binding site(Literature

Ref er ence: jﬂﬁﬁW%¢Y§¥sﬁP“%W1§$ﬁ558ﬁﬁﬁgﬁ%of Recept or Research 1993, 13(1-4),
573- 590; Gundlach, A L. et al. Life Sciences 1984, 35, 1981-1988.) [0163]
Serotoni n, SdinkAt (AsEHR hyBfPysabRadhd it beh mcle@@aylo{l%ﬁﬂhv&%gri als and
Met hods: Receptor Source: Human reconbi nant expressed in HEK-293 cells
Radi ol i gand: [ BHjroBticnpmacs; (221 CGi/nmol ) Control Conpound: 8- OH DPAT

I ncubation Conditions: The reactions were carried out in 50 mM TRI S-HO (pH
7.4) containj - - : 1.0 I id at room

t emperat ure ggg%gﬁ%%QBgiﬁ%th5%??%%§ﬁ%@a?@gﬁgﬁéﬁ%gﬁﬁg%gggP%ﬁ@a’uum
filtration onto glass fiber filters. Radioactivity trapped onto the filters
was det er m radingnaincoypataboliteds))oarit napligibdd wdsbitary actifaty dtohald ERG iumaany

i nteractions of test conpou%ds %fth t he ﬁ%ened erotoqhg- SHT. I A bi ndi ng
site (Literat uFBoREBREOAERICAgs)RYPotassiugy chapnelgf fhe npgmpl fherappilicracol . 1085,
118, 13-23; Scharbhtrflon IPthEpedio¥®f in fhsndRuUnyn- Schii edeberg' s Arch
Pharmac. 1989, 340, 135-138) [0165] Serotonin, 5HT2A (human) bindi ng assay
[0166] Materials and Methods: Receptor Source: Human Cortex Radi ol i gand:

[ 3H] - Ket ansdréing pelevaee ©dpepdongidasa of oictabohp dmgddrugatteraetean whemeoubat i on
Condi ti ons: Thg¢£e%&&jga%h@%%§d%9rried out in 50 MM TRIS-HO (pH 7.6) at
roomtenperature o7 mnutes: “Sthe reaction was terninat ed by rapid
vacuum filtration onto glass fiber filters. Radioactivity trapped onto the
filters was mbeberstantielty elochtmgriipar fgction eentahads wizh udministe@ddéonel o ascertai n
any interactions of test conpounds with the serotonin- 5HT2A binding site
(Literature Referquﬁ: Fﬁ Sﬁn, J . E et al. MI. Pharmacol. 1982, 21, 301-
314; Marti n,he@ngRraliieny %% Pey, P. P. A. Neuropharmacol . 1994, 33(3/4),
261-273.) [0167] The radioligand bi ndi ng assays for dopam ne-D 2s,

ser ot onjgn- SHTi A xapihr#8EQKA BmpeTlidAEhEriGiaL tHeadnMetindibf SicXordidimen ent
concentrations and the test concentrations were 0.5 nM 1 nM 10 nm 100
nM 300 nM and 1000 nM [0168] The in vitro pharnacol ogical activities of
the selldet ed codpmgthed of §raEnerangiod PPfAneeshichiionbreais agpdc meniar@pelet ed in t he

foll ow bl e. C | . e 13) .. : .30 nM
158 (B8 e RRA o Gl R AR e by P o PR 1 16
nM 15b thExanpdudd b hnPdite df QGn3M-00.61 nM 15b ( Exanpl e 14) 5-HT1A 2.25 nM

1. 50 nM 15b (Exanple 14) 5-HT2A 130 nM 58.50 nM [0169] While the invention
has been particul arly sgomm.and described w.th rgfenence to a preferred
enbodi nent and vaFeEIg8 CAFF Iz CRIZEREHA TRPESINE AdRIIFICHRE RARAIENIBd by

per sonseskideh & thdkonliouh beXA ncArlc1difigl -i\par i ous changes in form and
details can be nmade therein thout departing fromthe spirit and scope of
the invention. Al printed patents and publications referred to in this
appl i caldi on ar e Aecthoy off freamgdripeleddibedei qonmpristigeidmieintering toya paticnhins
referenced AIE@BV%at isdckained(QS'.l.lécponpound according to Formula (1)
. wher dIcRA TRT0L the QYnoRd ST gy g ofyclaims 110 o py'n. ™ “s(0) (0) - (CH2) -,

-NH (CH2)n-, -CH2-O (CH2)n-, -(CH2VO CH 2-CH2-, -CH2-S-(CH2)n-,

- ( CH2) n4S- CH2- CHEre use 8HdryS(O)of D doipdvnds of{ iV I( 10) foDusdGhl t2afaiéht of one

-0 O-(C2)n-, -SOQ-(CH)n-, -NH(OQ-(CHV , _ -CH-C(O -0 (CH2V , -CH
2- C( O) -9{msy s\ schegphreaagpcuts mapjapkzpolardisondey, @ptigticipopdanqr depressiqn-)
-C(O-NH CH2- CH2-, -(CH2VC(O)-S-CH 2-CH2-, -CH2-O-C(O - (CH2v ,

- CH2- NH5C( O) - ( CHngVise of Gigr Br h Qi oV coﬁﬂr%)he't@aﬁéﬁ)t o dhrenial CH2)
-NH-C(O) - CH2-CH2-, or (CH2VS-C(O -CH 2- CHz-, erein ni1s an integer froml
to7;, Bis O S, S(O(O, or NR5; and each of Rl, R2, R3, R4, R5, R6 , R7,
and R8 lits i ndepdhdant dcliipdtbybercinathk b canutysses thettesdtnagnit of bipalay disorder.
substituted aryl, arylal kyl, substituted aryl al kyl, cycl oal kyl, substituted
cycl oal kyl, cycl oheteroal kyl, substituted cycl oheteroal kyl, heteroaryl,
substituted heteroaryl, heteroarylal kyl, substituted heteroaryl al kyl,

acyl al kyl oxycar bonyl, acyl oxyal kyl oxycar bonyl, acyl al kyl oxycar bonyl am no,
acyl oxyal kyl oxycar bonyl am no, al koxy, al koxycarbonyl, al koxycarbonyl al koxy,
al koxycar bonyl I al kyl am no, al kyl asul fnyl, al kyl sul fonyl, al kylthio, am no,
al kyl am no, aryl al kyl am no, dialkkqug%po, aryl al koxy,

aryl al koxycar bonyl al koxy, aryl al koxycarbonyl al kyl am no, aryl oxycar bonyl
aryl | oxycar bonyl al koxy, aryl oxycarbonyl al kyl am no, carboxy, carbanoyl,
carbamat e, carbonate, cyano, hal o, heteroaryl oxycarbonyl, hydroxy,

N s N . o o, o . o [r— ——.



13C, 360, 18F, 15N, 170, 180 , 3 1P, 32P, and 35S; or a pharnmaceutically
acceptable salt, racemate or diastereoneric m xtures thereof. 2. The
conmpound Wb 20104199502 of Fornula (1a): 3. The conpound of PCIrAiSRO10/02568T| ai m 2
wherein Ais -(CH) - . 4. The conpound of claiml or 2 wherein Ais -0-(CH
) -, -S(CH2)D, -CH2-O0(CH2) - , -(CH2) -OCH2-CH2-, -CH2-S-(CH2)n-, or

. The conmpound, of claim1 or wherein Ais -NH&0)-(CH 2)n-,
oo R Oy - CithsySe 8t i an ot B TR P A7 10 i TH P g 2- -
. 6. ThReHOMRIWRSH Q¢ nP'Jr@dtﬁbﬁt cﬁ’rong oMPSIRONRs, %chﬁo@reﬂla abl® AR Y#a0f ¢l ai m
1 or 2 wherein R4 is H 8. The conpound of claim1l or 2 wherein each of Rl
and R2(hSHd%d@ﬁ@hdéﬁDM@ret¢ﬂaﬁ®gen, hal oal kyl or al koxy. 9. The conpound of
claiml1l or 2 wherein the conpound is characterized by: an affinity for
dopami D2 recepto ff| for (Ot oni ors; an
aff|n|p$ for seﬁ%‘oﬁggfﬁwﬁ$' rece nggné 58?%6mgtﬁ1@§g n%%% ﬁﬂﬁ?gﬁysable
bond thﬁ&h&mﬁmbﬁn@keaveaanMxﬂxmdaﬁﬁM@hy by hydrol ytic enzymes; having
prinmary metabolites resulting froma non-oxidative netabolic pathway;

havi ng primary met abol te(s) th negli inhibitory vity at the
HERG (hidran et heél eélsae‘fl Yo 8| 1?&0&&9@)19%4 gﬁSdn%Oclﬁéhwan%l@CWeo frfor mal

therapqﬁ&h&m&%gggqgég}ﬁémhﬁyhd¥@§xmﬁqggﬁ¢grug in plasma; |acing or having
reduced i ncidence of netabolic drug-drug interaction when co adnini stered
wi th other drugs; not substantially elevating liver function test val ues
when adm ni stered al one; or having oral bioavailability. 10. A

phar maceuti cal conposition conprising the conpound of one of clainms 1-9.
11. A method of treating one of psychoses, schizophrenia, acute nmania,

bi pol ar disorder, autistic disorder or depression conprising admnistering
to a patient in need thereof the conpound of any one of clains 1-10. 12. A
nmet hod of treating schizophrenia conprising admnistering to a patient in
need t hereof the compound of any one of clains 1-10. 13. A nethod of
treating bipolar disorder conprising admnistering to a patient in need

t hereof the conmpound of any one of clains 1-10. 14. The use of any one of
t he conpounds of clainms 1-10 for use in treatnent of one of psychoses,

schi zophreni a, acute nani a, bipolar disorder, autistic disorder or
depression. 15. The use of claim 14 wherein the use conprises the treatnent
of schi zophrenia. 16. The use of claim 14 wherein the use conprises the
treatnment of bipolar disorder.17. The use of any one of the conpounds of
clainms 1-10 in the manufacture of a nedicament for use in treatnment of one
of psychoses, schizophrenia, acute mania, bipolar disorder, autistic

di sorder or depression. 18. The use of any one of the conpounds of clains
1-10 in the manufacture of a nedicanent for use in treatnent of

schi zophrenia. 19. The use of any one of the conpounds of clains 1-10 in

t he manufacture of a nedicament for use in treatnent of bipolar disorder.
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