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30  previously were accessible only via resolution. Savile et al., Biocatalytic Asymmetric Synthesis
of Chiral Amines from Ketones Applied to Sitagliptin Manufacture, Science, Vol. 329, pgs. 305-
309, 16 July 2010.
Though advances in producing chiral amines using transaminases have been
highly regarded, there still exits some drawbacks to the enzymatic process. Currently enzymatic
35  processes can only be run in aqueous solvent systems as the transaminases are not stable in 100%
organic solvents. Additionally, during product amine isolation, the transaminase catalyst is
deactivated and discarded resulting in the inability to reuse the catalyst.
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25  hydrophobic interactions. In another embodiment, the recombinant transaminase is attached to a

°1-(2, 4

resin by covalent bonds.

The immobilized transaminases described herein are stable in organic solvents
systems. As used herein stable immobilized transaminases mean that the immobilized
transaminase retains its structural conformation or its activity, in organic solvent systems. In one

30 embodiment described herein, the immobilized transaminase is stable in a solvent system that
comprises at least 95% of organic solvents.

In certain embodiments described herein, the recombinant transaminase is a
transaminase that is capable of converting 4-ox0-4-[3-(trifluoromethyl)-5,6-
dihydro[1,2,4]triazolo[4,3-a]pyrazin-7(8 H)-yl]-1-(2,4,5-trifluorophenyl)butan-2-one to (2R)-4-

35  oxo-4-[3~(trifluoromethyl)-5,6-dihydro[ 1,2,4]triazolo[4,3-a]pyrazin-7(8 H)-yl}-1-(2,4,5-
trifluorophenyl)butan-2-amine in the presence of an amino group donor to levels measurable by
HPLC-UYV absorbance.



150, 152, 154, 74, 76, 78, 80, 118, 120, 122, 156, 158, 160, 82, 84, 86,
88, 90, 92, 94, 96, 98, 124, 126, 128, 130, 132, 134, 136, 162, 164, 166 or
168. Prefwoably7td2e reconbi nant transam nase i s sel ect e@Clrruseoi2ioe2883 oup
consisting of: SEQ ID NGO 80, 86, 96, 98, 100, 102, 110, or 166. In one
enbodi ment the reconbi nant transam nase is SEQ ID NO 102. In another
embodi nent, the ' HSH ' . D . rtdain
enbodi nents of t %??%T@Dt@%{%nzggg tra@s%%éﬁgglggﬁggg%‘%%%g I%égfig(ft%c?ﬁﬁ %et}lgo resin
conpr | &eYP pensisting ETEQ B NG 16n 18,58k 2324 26,38, 30,532, 3A016p 38, HbHdnmt, Hacs8;| at e
Wi It h as0,130, 5=4|og%SI 9593,_6bU6L!3,T6i4966}|68§7(18WQ,574,3f6}”7§,'B@{ @{%49%&(1#8}/9@,@2?94,_ 96, 98,

pol yme e adec ctjo ro . ~For__ex e in one
enbodi #gfniﬁbitlﬁé’ }(gsﬁhsgghpf&si 4’s]tligr L%ﬂ%@%o%}?{@ru@r lﬁgﬁ??{e]t%aé?@l ate
Wi It5h 01382 d4@\42f L4 1 46yridB, gﬁﬁ;ﬂﬁ&.lShpliﬂjIQB&eerOQX@zmbé,, 166he 1685 Preferably the .

ol yne v at nction roups Of tha a t

i o 2ot b Be SRS koibdied O he B IRt SEOABANITS0 ok o

sel ect H, 10 rh10her Wodpon@cmt?@dinwgt the recombiBANDSSEQIHES; isSTHQBENTE HR: HEA/ S,
SEPAB %@@%@Q%) QSBSN@( 0. For exanple in one
enbod%ﬁ%efgrtﬁﬁgai;ne%n IS se,%é?ﬁ?%g%atéﬁgégﬁr up cc}ﬁii&sti ng of : SEPABEADS
EC- EP, SEPABEADINgertpingmbodipentioithe npmobilized transaminasesdgsgribedcherein, thej s

s eloect eéinfcomiptibdspoliyretRactABtiwith Eidxide: furélicRERABEAD PoFitdndryide wiERABESDS
EXE120 . . _1.n one enbod t ?f t he |ﬂ%n%%l zled t.ransanm nase,

t r ans aPROKife fungtignplgrRys, i%nmegm YmeLqr rylpfe With@GtadseBAREADS
EXE12Ofupéfidnaligiosps. ) Forlemarapletih ene embodiimert) the fesia comprisesnstyreseDSBQdpblyiKer 102
physi cal !f!ﬁ‘% . | S ubi shi.) ... 25Al so,
descr |%é48¥ er ei?c g@.evsl ﬁle%%gdgéﬁwc@% gﬁ@d %%9%%%%%3 l{gl'L’llzjelsol

t r ans apfilyraethacryluieavithvepstxide fractionabgronps erpabgmetbacrylatsevitthamisioreposidebe used

| M sbat Galici A koS It eRibdditihtd, @E&%&ihﬁ@%c‘téc?ﬁ‘&ﬂrﬁﬁ@éﬁﬁg c&@sﬁgtmg off Itered
out af re jon_is conplete and reused 1n other reactions.

At er rSALAREADS HE HE BB ABIATSS ECHEAR . SEPABADS FUAS I SEEABTARS be used
in ? cmElrammssl EHSBEAD)S BYE 120N Fdi ek 1_etiﬂgn@émb&diﬂ@nﬁm&+é§iglis %}e‘}ected duct |
cont i nuou assed. aver .30 z e product is
colle (ga_%hé/grgupfz?psbsﬁggg H%W' osji’%@m@g@ﬁﬁg%} is a process
f or mMSERABEARS-EXBXIP. Lidferably the resin is selected from the group consisting of:

(?’Oi fl @EKB‘S']%X?{% %Wg@sgtép})ﬁkm%ol o[ 4, 3-a] pyrazin-7(8H) -y1l]-1-(2,4
, 5= tri yl'ybut a

|"'uor ophen n-2Z-am ne conprising conprising the steps of:
1) di ssol vi ng 4-Ia>@@e4mo@mmi,|0§@1eom¢hxlqed5ra@smmmt;prls,ag;mz}sprs;ﬁik' B ¥y, 3-

ggf] gﬂl@zﬂh’j‘si&ﬂﬁﬂaﬂacﬂeu tothd rstth, SERABEA DSIIO0OBEY(MiBbARAN 2 1P Afothét an or ganic
v

s 2 t . .
2 ox . Sxbedimente he geasERRge SE) Y MO: 07 shysicallyiasheddp Sjesesin SEPABEADS
a] pyr &XB120 @1itgubishi): 1- (2, 4, 5-tri fl uorophenyl ) but an-2-one with an

| nggobi | i zed tr an&@g’i cfé@gr?oehrf)%;ein X}Q n%&ﬁgéslo%%?ﬂn%qﬂdl{gﬁl%]tﬁé Qér%%gﬁ'ized

transaminases. The immobilized transaminases described herein can be used in batch reactions,

wherein the immobilized transaminases can be filtered out after the reaction is complete and

reused in other reactions. Alternatively, the immobilized transaminases described herein can be

used in a continuous reaction system wherein the starting material is continuously passed over
30 the immobilized transaminase and the product is collected.

In one embodiment the process described herein is a process for making (2R)-4-0x0-4-[3-
(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-a]pyrazin-7(8 H)-y1]-1-(2,4,5-
trifluorophenyl)butan-2-amine comprising comprising the steps of:

1) dissolving 4-0x0-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-
35  alpyrazin-7(8 H)-yl}-1-(2,4,5-trifluorophenyl)butan-2-one in an organic solvent;
2) contacting 4-o0x0-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-
alpyrazin-7(8 H)-yl]-1-(2,4,5-trifluorophenyl)butan-2-one with an immobilized transaminase that
-3.
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4- 0Xx0-443-(trifluoronethyl)-5,6-di hydro[1, 2,4]triazol o[ 4, 3-a] pyrazin7(8H)-y
1] - 1- (2, aw0-2017177320r ophenyl ) but an- 2-one to PCT/US2012/042853

(2R) - 4- 0x0-443- (trifluoronethyl)-5,6- dihydro [1 ,2 ,4] triazolo [4,3 -4a]
pyrazin-7(81/)-yl]-1 -(2, I4 S -trifluorophenyl ):)ut an- 2-a_rr} ne | nt presence of
an am. u enabl y, N [OCES S, il tpansani nase
s e PRt o R IRARR A SHiCtReBhDETS it Bfort Rl acb PR LGRS
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L r Bnoat nase. | DEFRCEIHY BissehA BIIGERS (e ipmebilib R e t bapainase
" Tr ansSHEQ HANO:, 118l physically athchaihtorthd reaint SERABBADS EXE 120s@Mitaibishi). t o refer to
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(NH2) and a hydrAlgedescribed hereim is aprocess of makingar( Bimobiliaed tarsepinase car bony!|
corrpo%g.ld{%ing:converti ng the am ne donor into its correspondi ng carbonyl
conpoun and the acceptor (into its corresponding 20 primary amne (1):
NH2 RIR2 (3) R3R4nqubptinga gelution of tranaminase with a resin and an enzyme solution to
10  form an immobilized transaminase;
2) filtering and rinsing the immobilized transaminase;
3) drying the immobilized transaminase.

DETAILED DESCRIPTION OF THE INVENTION
15  Definitions
“Transaminase”, also called “aminotransferase”, is used herein to refer to a
polypeptide having an enzymatic capability of transferring an amino group (NH,) and a hydrogen
atom from a primary amine (3) to an acceptor carbonyl compound (2), converting the amine
donor into its corresponding carbonyl compound (4) and the acceptor into its corresponding

20  primary amine (1):
NH, NH,

0 0
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With regard to the immobilized transaminases described herein, the transaminase
polypeptides are capable of converting the substrate of formula (2a), 4-0x0-4-[3-

25  (trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-a]pyrazin-7(8 H)-yl]-1-(2,4,5-
trifluorophenyl)butan-2-one (the “ketoamide substrate™), to the product of formula (1a) (2R)-4-
0x0-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-a]pyrazin-7(8 H)-y1]-1-(2,4,5-
trifluorophenyl)butan-2-amine (the “product) in presence of an amino group donor of formula
(3), as follows:



NH2 Wth regard to the immobilized transam nases descri bed
herein, the transam nase pol ypepti des are capabl e of converting the
subst r at ewof2of2ar7mazra (2a), 4- oxo-4-[ 3- PCT/US2012/042853
25(trifluoromethyl)-5,6-di hydro[1, 2,4]triazol o[ 4, 3-cdpyrazin-7(8H) -y1]-1-(2
,4,5- trifluorophenyl)butan-2-one (the "ketoam de substrate"), to the
product of forrmula (1 a)f(2R)-4-

0X0-443-(trifluoronethyl)-5,6-di hydro[1, 2,4]triazol o[ 4, 3-c] pyrazin-7(8H) -yl
]-1-(2,4,5- trifluoroph€iy ) b an-g2-am ne (the "product) in presence of an
am no group donor of f as foll ows: )@O H,N

2012/ 177527PCT/ US2012/ 0%¢ ' /\e[laﬁ'bf R1, /@ and R4 when taken

i ndependently, is an alkyl, an aI kyl% gyBup, or &‘ryl Rjroup which is
unsubstituted or substituted with one re enzymatically non-inhibiting
groups. Rl and R3 can be the sane or diffecent fromR2 and R4 respectively

in structure or 5 chirality. Thgagroups R and R2 or and R4, taken
together, may forma ri ng t hat s unsubstitut ed substituted, or fused to
ot her rings. “Protein", "polypgpiide © and "peptide" are used

i nterchangeably herein tQ « denote a pol ynmer o % least two anino acids
covalently linked by an am de bond, regardless of length or

post-transl ati onal nmbd figat i onH(eog , glycosyl ati on, phosphoryl ati on,

| i pidation, nyristilati 10 gidi g |t| nati on, etc ) J}ncl uded within this

defmtlon are D and L-a Nture and L-am no aci ds.
"Substrate" as used here| n refers toLZEO m groupx‘ac RPpt or, such as a
ketone, that accepts theFanmino group %%(nwam no group donor in a
reaction nedi ated by a transam nase. Substrgt L es can |ncI ude the conmpound of
formul a (II) t he compound of f@mnula (2) 15 *and t hel 4¢ompound of formul a

2a), legerpd, I?e,;, I{]tak an?ﬁﬁﬁx'fyp 51 n,
'(' ke% oam e s%%ieéfrlgfe %p%@l ﬁt} éﬂhpg%&?%&{yﬁ{es%clon%gun gl% Pa ( 2a)
4- ox o-apylgroup which is unsubstituted or substituted with one or more enzymatically non-inhibiting
(t riflgy mlfaﬁhw%aﬁbelm%mﬁe[ol difeddrttiond RP m&kﬂrﬁﬁmwayllﬂs&&&ﬁﬁew 1]-1-(2,4

an aﬁnrcihiraﬁ"ir&%%aovﬁa%‘é e AR

acceptumsulsssitiied) shbstioutpd) wn dused t@othertingsi no gr oup acceptor), ther eby

Formul 2 (3) - o Hoe SHeSfhd, Q@%&fﬁﬁ%"%@%@%@%ﬂ%ﬁh@%@ W
each dfpd :ememf at {dastrtwozintino acideeaatiat @maraldkwond,emquleesftvfdmgth §f oup,
R RGN T
0 b quEAioB, e Hchuled Pyt 45 Gpfigifinn 428 Da gpd Feamina ggie. and mixiures of
D- and L-amino acids.
“Substrate” as used herein refers to an amino group acceptor, such as a ketone,
that accepts the amino group from an amino group donor in a reaction mediated by a
transaminase. Substrates can include the compound of formula (IT), the compound of formula (2)
15  and the compound of formula (2a), as further described herein. In certain processes described
herein, “ketoamide substrate” specifically refers to the compound of formula (2a), 4-oxo-4-[3-
(trifluoromethyl)-5,6-dihydro[ 1,2,4]triazolo[4,3-a]pyrazin-7(8H)-yl]-1-(2,4,5-
trifluorophenyl)butan-2-one.
“Amino group donor” refers to an amino compound which is capable of donating
20  an amino group to an acceptor carbonyl compound (i.e., an amino group acceptor), thereby

becoming a carbonyl by-product. Amino group donors are molecules of general formula (3),
NH,

R! R2
(€))
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5 together, may forma ring that is unsubstituted, substituted, or fused to
other rings. Typical am no group donors that can be used with the invention
i ncl ude oworal2/amt7achi ral am no acids, and chiral and achiusad12amisses.
"Chiral amne" refers to am nes of general fornula R -CH(NH2)-R2 wherein Rl
and R2 are nonidentical and is enployed herein in its broadest sense,

I ncl uding a w de vari ety of 10 aliphatic and alicyclic conpounds of
different, and mx functi onal types, characterized by the presence of a
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al so (m)dchaal;and/ladhllr@l aanuoesi ncl ude al kyl, aral kyl, aryl, haI o, hydroxy, | ower
al kyl, lower al koxy, |ower alkylthio, @ycl oal kyI car boxy, car boal koxy,

car bamoyl , mono- @mn(mt”aﬁ&rs talammqs (generak f@nadladhrﬁbl@&ﬁt)-Rz wherein R;

trifl QB b I

subst :@E ed %&rﬁgaﬁigg%tnd i R)]y on r@ﬁim?i?'i&?ﬁdg:ﬂ%&'e %F@W%ar Oxg%]netg of

ar\ c AiphstisAnglickglic corrwgum of erghi g fusigtional typs.jh ar@etsgmt»t@e by
the fqregaceefa nmary amino gfcap botyd tdWseBﬁﬂﬁbﬁéarbdrﬁit@ﬁﬁwh@h lih ad&iéibR ey |

o o pEegh T s S R PoEh Biral B sl g B "°
trans aubstttﬁeMm(aﬂmd:ltandrydro‘@an) diffebog frbmmach othedu it stiwature brecharlityr. dDivakentuct ur e

of 25 n e f or
the arér c}mﬂ)oup ég%%?ﬁ&%tﬁtgggg?nﬁ‘@%éﬁ%%{ﬂp@ gfg%hﬁ&ﬁa& 4Qﬁ§l 3&%%
B | oedin hex oL AHilchexneVi5.dlyh Adnempentaies] Solivls dieitwo difiegeabl y
onct F“"ﬁ“ﬁﬁﬁ““*“e S“W%'Wm sq““f“ |3 Re StRvE) AOPEANERY bilcl] AtiRehnase
str uctf@lfyi aralgu lﬁlﬁ OXWHW s lower QXSSI?OY}SW Mtcpitr)\se%b)%sphom c
aﬁ' d, dafoxm twasbtstfau{o&é e’-h?baﬁ%oyl Hﬁd&l%dian&ﬂit-éloweﬁ hlkgfghabmtmtsd b:ﬁrbﬁtusﬂg in vivo by
0S atiqn ation o 0 r 1 doxi ne or
phoPROEh ALY gl e b SRR AR B0 D e S Phe
argono aﬂfylgxlbny)l aﬂyl@lfenﬂmlhyicgboxqmﬂomyleb@oxamdsf eicy; esiweld as alkyl ey r t o
produc{@,l% Eﬁh‘gﬁ @5 WD 2012/ 177527PCT/ US2012/ 042853 whi l e
pyrido - phos hate |s gonverted to pyri doxam ne phosphat e.

Pyri doxal-5' - pho: nyl bysprodyetn sefaxsdel the carhonyt asmpanng Horned; frera theamiget o
conpouisuy ddiRdr Wheh thetnPiHe Qﬁttﬁé hrmnBt@oﬁﬁ Adtivh & tridfsfdrig te mena@mab gﬂﬁlpf rom

pyri doxam ne p hate.to tor S a ch r al e and

P2 Gendt R R R gaéw?%ereﬁﬂ oty by pynBis) BT % spn LA BisnPEh

| R8entfonmulaé4): be 5 repl aced by other menbers of the vitamin B6 famly,

I ncl udi ng, anong ot hers, pyridoxal (PL), ppidoxam ne (PM, and their
phosphoryl at ed counterparts; pyridoxiQe phosphat e (PNP), and pyridoxarnine
phosphate (PMP). "Natural ljy occurring” or "wild-type" refers to
a formfound in nature. For exanple, ,AKQaturally occurring or wld-type

pol ypepti de or pol ynucl eoti de sequdﬁce i B%a sequence 10 present in an
organi smthat can be |solated froma %Qurce in nature and which has not

been ent onal no n ni tion.
Iw erenln 1 and &y are ﬁfneg above tgllrj amrru?o oup OIIIOI
“Pyridoxal-phosphate”, “PLP”, “pyridoxal-5'-phosphate”, “PYP”, and “P5P” are
30  used interchangeably herein to refer to the compound that acts as a coenzyme in transaminase

reactions. In some embodiments, pyridoxal phosphate is defined by the structure 1-(4'-formyl-3'-

hydroxy-2'-methyl-5'-pyridyl)methoxyphosphonic acid, CAS number [54-47-7]. Pyridoxal-5'-

phosphate is produced in vivo by phosphorylation and oxidation of pyridoxol (also known as

pyridoxine or Vitamin B6). In transamination reactions using transaminase enzymes, the amino
35  group of the amino group donor is transferred to the coenzyme to produce a keto byproduct,
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"Reconbi nant” when used wth reference to, e.g., a cell, nucleic acid, or
pol ypeptide, refers to a material, or a material corresponding to the

nat ural oworatywves2form of the material, that has been mpdirfised2iomsas mnanner
that woul d not otherw se exist in nature, or is 15 identical thereto but
produced or derived fromsynthetic materials and/or by ITB.I’II pul ati on using

econt MENidB A Y FRelincb Thid e HRTRGER onOffed PR TRESRhite e
( n(r)]n rregenmtfnhbﬁ l)ea¢tmnrw1<di a dh&rem lkbtocnonawpn@ éhe aminovgogeacseptohatThertansfer
er
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identity," "perc percent I en IC
to refand regsnergtasahe %@th whasnhateof dheyensreng inveptignsaphent | de

seguengplacedyotRéranéabas 6f the d'ltbh‘mPBHWa?ifﬂlﬁ ?n&lw!in%) Fa{n%]di@dﬂyer@ |py|ﬁﬂ@;€hl BIO)ENCES
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del etlpymlslo((ammephgsnhat):(HMR)onpar ed to the reference sequence for optinal
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pOSItlons L VI
posi t j1peat ?WWW@W%WW%%&W@% and nultiplying the result by 100 to
yiel d the per cerntRagembinant® ditRAased dﬁntmfenencmi; egmareanlmmmw adi@tdrn'&|

| t 1 nt,l ST d
BLAZT Boltpeffide, Fibmid b regeial s matFidchesropding RS eglaliel ot afife Folfs (1] "
403- 4 Ibaterial, thht lastbetn modrﬂed in a%‘aﬁnetNhaﬂ woudd Aot a)ihelﬂesn ex’%ﬁ&i)nﬁﬂf&))r isSof t war e

can ertyRicaEAg E’L‘ﬁ%@m&? Ofrived PO R ﬁé‘l?ﬂ"*é?‘?é %&&rb?%&&ﬂ%%ses

i nvol \récqmbmnt.t@émquﬁg/ Hmitingsexampies iselyde gewng gthers, sgombgmpa

i dent i dxpiddging Qeiés yisl: ) ﬁf&%&ffomﬁrmmn We ﬂatfsvla emﬁmwnsiawm ofthé eéu @1' t her

mat ch or satisfy so trpfgm i ve-val uedi cire T when aligned with a
wor d cFP‘Pfeﬁ%n%tH’ﬁegeP EHPrY ALSTVER SPASEC “'é?‘“ referred to as, the

gel g?li(;r? hogg C\{\_?Bﬂ’eﬁféﬁfage bflseqaémledde(nﬁbt,T’ﬁbﬁwéenetdeﬁﬁty,” dx“@“rllaercent identical” areh
28 e el [ its
SR Rk ig PRy o o s AR po D RFER AN dehBne ARG sctBbtcel
The vvcand ard deteranined byecompariag ded Ophrnbby alighied sequcoess avena gon;paﬂsoseq e f or
as fary, Ig&f]yll, afsRalbwe
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(1 ewarRYasRRsisE gddifiopyerd loﬁﬁ{lfﬁ“n gags)raé§pmé@ t@ feyance 65qushes 1r (penal ty
score Jp@imamgﬁﬁ&hbﬂﬂlert%lséq&ﬁeelsalmt rciﬂt)a eﬁ%loﬁlﬂtédbyaddt&nﬁﬂﬂ gnces, fat )
scorin S US al e Ve SCore. sion O e
G ey pf Bosttiontaf Bisteh siber e Rishtital SUFIER S et AR S STHREHE scor e
f al I s inbbtheeqtdneegoranmicleic acid base ortasuntaam&mmhmhs aligndd wathregapt toeyialdithel at i ve
Score gofser E)f)méﬁ:[lgd gésat?cﬁls %ﬁwd‘ﬂr@h? ﬂufnlﬁgr ﬁdfsﬁfépgﬁﬁ%eto&ﬁ niibé&r o

negatlve scoring r sequence 10 is

reac hamsnronenﬁbmmcmvg@f ¢q1mﬁnpm @nﬂemeltwlmg the rawét by 8te yigldthetngecentage
sensi tdrsbduénsdletng e@)e@gmﬁxﬂtﬁo ﬁlﬁh@ ntHa0PER BRI RYLeBe (démtityndc| eot i de

169" masriommedusing e%etﬁit B0 n@&nv%a%ieglée;a%@ﬁ&? 254, JOM5ED c o

t he BLBISIIR1§r403:410 dndesitsebulde b Ul 973, Musleic HoddigR 5. §399-8402), Saftwarefoct ati on

om0, PEEORPE AT Aelypeeih bRl a0yl bySueh RE NG Ohal CeiyeFRE ER ey

al gor ilnfonmatierewebstel abl e that function sinilarly to BLAST in providing

t identit
Compari son can Bl HERoASy Ehase. Egy@ﬁ’r@ﬁ%‘?ﬁ‘t&?ﬁﬁo@%{’ g"‘ﬁﬁ% gg‘?‘@ﬁ %a?" Smith
ardd \W(HSPspby idensgfyingahort wasds o 1 n ﬁwsgueweqm%omv

al gor isafisry @&m@‘@@ﬁh@é@&lu@@dﬂééﬂﬂﬂcsborellgmen dligné@ wWiH a wBid0df. thé’rgan%ﬁngth)in hhe

search, for simlari t ho ear.s man 9 . Acad.
Sor  Gaiebisessiuencen ) e P asdhe nRmomamLrpE o henadd (RS ek (Cap
BESTFI T, FASTA, and TFASTA in the GCG Wsconsin Software Package), or by
visual inspection (see generally, Currgent Protocols in Mlecular Biology,

F. M Ausubel et al., eds., Current Protocols, a joint venture between

G eene Publishing Associates, Inc. and John Wley & 25 Sons, Inc., (1995
Suppl enent) (Ausubel)). Additionally, determ nation of sequence alignnent
and percent sequence identity can enploy the BESTFIT or GAP prograns in the
GCG W sconsin Software package (Accelrys, Madison W), using default




"Substantial identity" refers to a polynucl eotide or polypeptide sequence
that has at | east 80 percent sequence identity, preferably at |east 85
per cent swqQuerncy7izdentity, nore 30 preferably at | east @@TasSe@eny2ssequence
identity, nore preferably at |east 95 percent sequence identity, and even
nore preferably at |east 99 percent sequence identity as conpared to a
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asjsa (p}q.;)gg]gﬂ@gﬁa S??USJZHGSﬁ{Im’S) oneric excess (e.e.) calculated therefrom

m

according to or mu ] or enanti oner. - m.nor, enanti oner /[najor
enantioner + ni rdvmeneunothenalgerithpy@reavarabls that inctignsinglaglydo BLAST in

g' as: Eﬁr@ﬂdﬁrflg PeEdent f;i@@tlt’s"tf&f msehwbw j[(blytnhﬂ adlighMentest stquendes for comparison ) of
|aseresee |V or as a ent age) o
one. i A8 D copHsted it birte lof A Hpolaay Agrtfa ot Sirafhcind K nitmit 194, Ay

al t er npplvietath. Qel;SGrlb;etﬂezhsnbhgydhgmhemteﬂgtmthm of Needlemén and Wmﬁciarl@ﬂo,rﬂer iC
eﬁq)es SME{! %l&i' FSURs %SI'IEE ée%rc‘?nxf‘c\s?ﬁﬁ)fxﬁﬁgf ﬁmﬁtﬂgﬁ oneﬁéo%rﬁﬂriﬁngxp&n F638;

ereosel € L RSP hat i s
capabl adf SeloHPAr§5:2f4aby coraputenizedimplpmentaions) péthemlgomtbmSKgAé’or respondi ng

P oo BESERY, FASPATHAGTEASTNin th GC% WikAlin SeRVarcTnikag rm{“”’%mof '
subst FESRECHON (SERERKF sSBﬁe?tﬁ’gotﬁF@aee ﬂg@rb&{ % I)’gr/‘sqsa éﬁe, to the
pfer tcertt:ur@efnt Phﬁo@l@atjmt eermltrabetv@eeﬁmmretmmﬁng hemiawbuhic snd J‘uhn W;l_@esd od
0 | I, O . S (0] ¢ exa |
2 v Ty 5. B3 Rypbfinet CAbaupE: AddlSna o ho RERRR R of iserCERIIRGL, o

" per cemtl pemenmequemé 1drﬁ1t1tytmn$mﬁmym£ESd‘Fd fer ﬁubdﬁpmgranﬁﬁh theaGCE Wisebnsin t 0
th t th
St uer i afete Bl A TEnN (i R bRBRCRA b (O 21 1o
cont ai ns or gani ¢ Sybstortial sdentlw éefPISépﬁmbm@ekCMﬁ@pObﬂJ&Bn@ seqHenselthat das
enz%/rm 1éa9§so peSent byl encJeQ%xgﬁy fpféfeﬁ&bwttlﬁeuss péicéht §édu\éﬁd5l=|I idemts s Qﬁbﬁeh at

al nNs anlc ven rerer,a e S |ze enz

G e s B B erd secbme i Y iy Pref bl 4t IEOH DU SURERE | hat

cont ai 1dentmy,gmd iegerBfosopreferdbby atFPeaf 29 pércent st:dlm:nse mibhtetylawoﬂnphned e@la enzynes
| @fefende S&tludnce p f sidue 10 e 3

descri bad Q?E Inde& L &9 §o &\6 el y e[idh 1@ ?’H&ﬁé&ﬁ eJU%Qat

cont ai'ns” or an CcC SO
descri mdow @lf ot least é§§ Otrhadues%vamfthc yexpentagmfrseqwnae idsntieris c@ytslat@dwby hat
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describe eln less W?an 6% activity qu) hour | n a solvent systemthat
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WO 2012/ 177527PCT/ US2012/ 042853 enzymes descri bed herein | ess than 3%
activity per hour in a solvent systemthat contains organic sol vents.

Pr ef er ablwop 20t217332abl e i mmobi | i zed enzynmes descri bed hererusk@m4188aNn 2%
activity per hour in a solvent systemthat contains organic solvents.
Preferably, the stable immobilized enzynmes described herein | ess than 1%
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i ndi cadegityn alirefe%éy FeBidiR pasitidns Whichl@&hétugentidhl diffed by &hsérvaliveding ReliC 2
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Ei t t
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Ee‘%”?é'%?"oﬁ‘wé@ﬁﬂ?‘?‘%g@“&“ﬁm Rbof Y (B¢ 0 (S pleall b bifere iRy s 2 ) and
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pH duerepmqaiw@memen@sem tome Id;agtemmﬁhm emlxmen WD, las}erecrmgue@rmaemlx am no

acjsds dlﬂeﬁiaﬁda lrep%?ﬁdﬁBihef%ﬁ&tére&rM&& éSc)cess (H‘é')aflaznaﬁi?idﬂﬁeri%,ce.lx\‘il,eﬁfa,nﬁeSI due” refers

to a ic amno acid or residue having 25 a side chain that is
unchar‘é%?ﬁera‘?mﬁl*ﬁ/%’icéﬁ&é?wps ﬁwerswe%m%as at | east one bond in which the

p?' [hof el ect rgﬁlgmgrsfﬁﬁedsaemeﬁﬁo b\terdicaldr dnoyh 2 noymeticreaBtich thhtds eépablz-y one

0 e atons n Ca ncode r am no CI S nc

G n (§fcopvesiped sy (Eé'r ‘F"“t“%&aﬁ correspondl 1 8F 5{9 efamiﬁi?hae% or

resi duwith atdbast abctubSé% sierecisommenicexsess: esi due having a side chain exh| b| ting
d hobi ci t y b d

e enebs hydr opiay SR Kok 6 e iR Aifichhalibn bR GRRT 70

179: 1 2omresgpndmgmsedush| TReresnt epnvarsign refsrrdpitke pareens of thegubstrate theatisL Pro (P),

|— | le Johifertéd t6 )&‘raluct |w1ﬂﬁ’ti af)éﬁod 6{' thslutder spéelﬂ_édeoﬁWnon!} Mads deexaﬁapl‘é' a (A

id or resi fers to a hydrophilic or
hydr oﬁhg b‘?"@%‘ﬂ%“h 6°t’é’étiyd °b ra°F1¥’§Y & tFP&\??"H{j‘aée B‘?Li}ﬁ%epé‘ﬁ% FFp P EPresy %p@grcgpt
| east coneersioaef the sﬁhsstﬂa&tteltlwpsmdmu c ring. 35 Cenetically encoded aronatic
no acids incl, F . L H's
(Ir-?)5 hi stidine i s%gaf%ésm % seté t%e blh Y&rﬁnébld %ﬂgpgeséngédgt}éé% t%.
const rrefainetheir sgictural conmnmm/amd/bsﬂﬂbmhwmlmm §®tem that contains biganicpol ar
am no @fefsOn E&EiflERbodi efifsSsihile ﬁn%ﬂﬂ&?&'@%eé%éé% Vﬁl % &ﬁh r havi ng

a side chain that 1s unc ds in

whi ch hogeinmsalvent Sléﬁ“‘é%fh%ﬁ%n aP@ani%otvsaﬁo Rrefcra boathatsabke mn@éh@dm l'y held
equal |ehz*ﬂﬁesﬁ@é§&1l§8‘d Hebein 1649 thah O adtivit§ per hAif i h@@lv@ﬂ%&éteﬂn&hﬁt%nﬁﬁis&fr anic

et Cﬁ'eEt%i ?ée%%aggr, %@?el( %m@ﬂh? % e%%@%?ﬁe@%rﬁéﬁehereﬁéés Qha?n 8‘} act1v1ty peg L. L

hour in a solvent system that contains organic solvents. Preferably, the stable immobilized

enzymes described herein less than 7% activity per hour in a solvent system that contains organic
solvents. Preferably, the stable immobilized enzymes described herein less than 6% activity per
hour in a solvent system that contains organic solvents. Preferably, the stable immobilized

35 enzymes described herein less than 5% activity per hour in a solvent system that contains organic
solvents. Preferably, the stable immobilized enzymes described herein less than 4% activity per
hour in a solvent system that contains organic solvents. Preferably, the stable immobilized
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"Ali phatic am no acid or residue" refers to a hydrophobic am no acid or
resi due having an aliphatic hydrocarbon side chain. Cenetically encoded
al i phati cwareora7a27ds i nclude L Ala (A), L vVal (V), L LeaTt(uspoiangss3 || e
(I'). "Cysteine or L Cys (C) is unusual in that it can formdisulfide
bridges with other 10 L Cys (C) am no acids or other sulfanyl- or

sul f hy, ) |

cyst of ei2ymes B8RRI ATl nSoR Bt i oy B #ﬁh’eﬁ%ﬁﬁi B nediiodatle

avai | afventso Prefsrably, therstable an@gbtﬂlﬁ%ewmg égscnim erbin lpssythast 2% agjeity B (and

ot her gdiriwa gav&& systélh tiltl coMBindlofdanil ST VERtC fmfaﬁabl;l ﬁlees)félﬁé ithfoBilip&Pt i de in
ei t her the r f.‘§ free di zed dhsul Fi de- I dg for m af fects

SH or QXI
whet hefZ/mes, SLhrpin 655 €40 VA ActH RS HEWR 1B 2SPINeYLAYSISH! IDRLCODEAIRS BTERRE er
to 5 pwitente. While L Q/s (O exhl bits a hydrophobicity of 0.29 according

to the normal | zad « f Eiisenb i senberg.et..al., 1984

supra), i's to ers§ §§&ftu a(?) Sy ‘%ﬁ?‘ﬁ%}gé’g EB%P‘WPépﬁﬂ%*s‘B%ﬁl"S&@E‘ieB‘sure

|_ Cys x(efe;s fosthe ap@gﬁnmgmumrmtgseqwnw\ppsumnqag ,8angicates that the “amino acid” or
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contai ning a hydrox noi ety net | I y-encoded hydr oxyl - cont ai ni ng
am no acids i ncI Qp hilic aminp agisl qr regjduerefers g ap amino popgl of nesiglys having ges

| mogensdedhaid éxbitsitng aaw:a H@dlﬁ{WﬂﬂesIshﬁarﬂid’r@ﬁécoﬁdih tf the ﬂoﬁﬁal&@a @&%’énéﬂ%

O i SIEb ekt 1 T il b B B8 B REENbbE 20

at om fhryarophiljpr amimo acidsinvduded)-Tho(DNL Seces bHis @p brglun (EpipAsm@), R)Gln

conver t ' i hts correspondi ng carbonyl conpound (4) and
t he ac ggo BF() ? %?‘Ir:les (%no(g"l) pr i mary amne (1): NH2 0 0 NH2
R1- “A01d1c amino acid or re31due refers to a hydrophilic amino acid or residue

15  having a side chain exhibiting a pK value of less than about 6 when the amino acid is included in
a peptide or polypeptide. Acidic amino acids typically have negatively charged side chains at
physiological pH due to loss of a hydrogen ion. Genetically encoded acidic amino acids include
L Glu (E) and L Asp (D).

“Basic amino acid or residue” refers to a hydrophilic amino acid or residue having

20  aside chain exhibiting a pKa value of greater than about 6 when the amino acid is included in a
peptide or polypeptide. Basic amino acids typically have positively charged side chains at
physiological pH due to association with hydronium ion. Genetically encoded basic amino acids
include L Arg (R) and L Lys (K).

“Polar amino acid or residue” refers to a hydrophilic amino acid or residue having

25  aside chain that is uncharged at physiological pH, but which has at least one bond in which the
pair of electrons shared in common by two atoms is held more closely by one of the atoms.
Genetically encoded polar amino acids include L Asn (N), L Gln (Q), L Ser (S) and L Thr (T).

“Hydrophobic amino acid or residue” refers to an amino acid or residue having a
side chain exhibiting a hydrophobicity of greater than zero according to the normalized

30 consensus hydrophobicity scale of Eisenberg et al., 1984, J. Mol. Biol. 179:125-142. Genetically
encoded hydrophobic amino acids include L Pro (P), L Ile (I), L Phe (F), L Val (V), L Leu (L), L
Trp (W), L Met (M), L Ala (A) and L Tyr (Y).

“Aromatic amino acid or residue” refers to a hydrophilic or hydrophobic amino
acid or residue having a side chain that includes at least one aromatic or heteroaromatic ring.

35  Genetically encoded aromatic amino acids include L Phe (F), L Tyr (Y), L His (H) and L Trp
(W). L His (H) histidine is classified herein as a hydrophilic residue or as a constrained residue.
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R R3 RARLRR RB/\ R4 (3) (2 (4) (1) wherein each of Rl, R2, R3 and
R4 when taken independently, is an al kyl, an alkylaryl group, or 30 aryl

group whiwb 20p/uInRabstituted or substituted with one or PoorS2@noysat i cal |y
non-inhibiting groups. RL and R3 can be the sane or different fromR2 and
R4 respectively in structure or chirality. The groups RL and R2 or R3 and

R4, taken toget h‘*}ﬁon—ﬂ@i& Lﬁfn@a@ldrdrqgs@%atrefe tg Q%&Qﬁ)tphbﬁ’ircpagiméy&gé H }el%lﬁg or

fused to_ other rings

t r ans ahAvingseside ehqin that isginchargedatphnsiological pi sadwhishchas bands iarvhickibeipais of

conver gf dﬂébtl’(‘)né) Mé{flﬁ cobinhdd brAY 9 geRefdtly heldlequaliby each of the two atoms
2012/ 1 75 7P S20.12/ 04

i y irfa B 998 SR BIRG} ROL3D rytisarensoded nqprpolar quming seide inchidsd GHERYY) but
an-52- chen ((L),tll:l&’ake\t)ohrﬁec(é), ElMstt(Ma)taad)L Al (A).

2R) - 4- 4[ 3- (4 { 4Lt riazol o[ 4 .3- .
o pyr azn-7 (o1, AR 14y oyl B by i
pr oduchavjng an-alrpéame ydregagtny sndmtmun Genm;:ailpmmndled ahmatmanummdsmslude L
descri Rgqal EEQ/Iap )tﬂieﬁ(Lf%Rkab%@d transam nases include transam nases

that are capabl e of converting 4
(trifluoronet hyl )Cystesnedion by (€) 5 W}wsmlalz &%[t&a@ffa}wwﬁﬂﬁbmémmmmn (2,4
, 510 t ri, Oy sl mﬂm yakide ot 61![132 1¢ of Q\fHyaEyR_6MhIEnSAtRinb 281dS." Thé Ocysteine-

(2R) =,0X ,,gﬂﬁl&luoro - . i cul | moieti

5 6. ol TKpdFIA4es3 ngly %{&tsws[aa ApineAcifs foat coptaim ulthydryl moicties that argr o pheny

| ) but aavailatdefordofmition qf distifide’ ’l?ndgas. t Tiee ghility of €eCysf (C (arslnother aprinolpeidowith t o

| evel sgi R A Sadshaftld) A&t $h 8 pbSteddth Uifer thOrAUEL A% SHLFhmaRs o bance.
disulfide-bridged form affects whether L Cys (C) contributes net hydrophobic or hydrophilic

15  character to a peptide. While L Cys (C) exhibits a hydrophobicity of 0.29 according to the

normalized consensus scale of Eisenberg (Eisenberg et al., 1984, supra), it is to be understood

that for purposes of the present disclosure L Cys (C) is categorized into its own unique group.
“Hydroxyl-containing amino acid or residue” refers to an amino acid containing a
hydroxyl (-OH) moiety. Genetically-encoded hydroxyl-containing amino acids include L Ser (S)
20 L Thr(T) and L-Tyr (Y).

Transaminases
In general, transaminases catalyze the direct amination of ketones to chiral
amines. Examples of transaminases include any polypeptide having an enzymatic capability of
25  transferring an amino group (NH;) and a hydrogen atom from a primary amine (3) to an acceptor
carbonyl compound (2), converting the amine donor into its corresponding carbonyl compound

(4) and the acceptor into its corresponding primary amine (1)
NH2 NH2

A )k )k k

wherein each of Rl, R% R® and R4 when taken 1ndependently, is an alkyl, an alkylaryl group, or
30  aryl group which is unsubstituted or substituted with one or more enzymatically non-inhibiting
groups. R' and R? can be the same or different from R?and R* respectively in structure or
chirality. The groups R' and R? or R? and R*, taken together, may form a ring that is
unsubstituted, substituted, or fused to other rings.
Described herein are immobilized transaminases comprising recombinant
35 transaminases that are capable of converting 4-0x0-4-[3-(trifluoromethyl)-5,6-
-11-



I n other enbodinents of the imobilized transam nases described herein, the
I mmobi | i zed transam nases i nclude transam nases of SEQ ID NO 2. SEQ NO 1
descri beswOhe12zpiorignucl eoti de encodi ng t he transam nase poryse@Riogssdf SEQ
IDNO 2. In still yet other enbodinments of the imobilized transam nases
descri bed herein, 15 the immobilized transam nases include transam nases

Z“é‘ioaﬂﬁﬁ%‘ﬁﬁﬁ?ﬂﬁ%ﬁé‘? %:239% fo%”ﬁ@‘é H3RES ifyorophenylibugan2-ne (e 7 gy
y1] - 1-kepoamide sybstratel)dp ¢ HelBrfuasemettry}es-dibry ,aé]@@b@lpvei-e ) to

(2R) fil. i ‘
5, 6- dﬁ]%&%’[ﬁﬁm f’lt] I’ll g%?g?%ﬁ%b%?e@lr)%‘?ﬁz?%”ﬁﬁ(ﬂﬁ pr(l) (2, )4 5-trifluorophenyl

) bUt an- 2- am ne (I'nfcbﬂalﬁreﬁﬂiédimérus ﬁ?;h@ lﬁﬂﬁ@bﬂ?ﬂed ﬁmﬁﬂﬂd&gdl\@s%ﬁbedl HerdiRGhe
sence ani no. gr ou or to.lev sur.abl e si s
A AR O B b iR R R Al bl B RALYES |

US Pat(mﬂuo@mpbﬁlyk){i @dihgdro[ K2, 4Nuazdl¢2[473l—4]397aznf-768éﬂ -yHeb(214/5y 26, 2010, which

erboar i apioBh i BEtE Roddl e ke tidLbstite D5 B4 Ero 413 (rifluprot B0,

4- oxo _%6-dihydral{ Qlﬂdﬁ‘@ﬁ@lpfﬂﬁ'}l]wmﬂﬁfbr)dl 1'(2,445]- ugraphenyl )betas amine (the( 8H) -

y 1] - 1-préduct’ 2@3‘& Prédehéd\OF LRAGAY %’Mﬁﬁbtcféﬂogtoqg\?eﬁ RN uPHIChy an analysis technique,

2R) | uor onret hyl
Fr@?&ﬁ%}q@tﬂ% a] pyrazi n-7(8H) - y1] - 1- (2, 4, 5- trlfl uor ophenyl ) but

dlllqydrsb‘[:fi
an-2-amne int ese of a mno .oup donor to of .product
detectabl e by aﬁ‘e’é’ﬂ%ﬁr Sif‘lf@ﬁrﬁr} B@F‘i %@“WE@WS&J& "‘géﬁ“pri se an
am no iamabikzed ma$dse>f SEQUENNO: Df Smcu)lml()l\l[]des@nbés 8,

58 %éh%éﬁyg%c‘feog@g’egé’%%%e Ay STy 27, 4, 42, 14,1
re 75, bo. 1is.! SN Ut of e gl epbsiyp el g

121@ ﬂg@; nnr;_lg‘gl 1zg<gtyansg@glasqsgz;c ui@gansggqnasg%@abqre g@@b 1mprov1ng conversion
of 4-ox0-4-[3-(trifluoromethyl)-5,6-dihydro[ 1,2 ,4]triazolo[4,3-a]pyrazin-7(8 H)-yl]-1-(2,4,5-
trifluorophenyl)butan-2-one (“the ketoamide substrate™) to (2R)-4-0x0-4-[3-(trifluoromethyl)-
5,6-dihydro[1,2,4]triazolo{4,3-a]pyrazin-7(8 H)-y1]-1-(2,4,5-trifluorophenyl)butan-2-amine (“the
product™), as compared to SEQ ID NO. 2, in the presence of an amino group donor to levels

20 measurable by an analysis technique, such as HPLC-UV absorbance. Such transaminases are
described in US Patent Application Serial No. 12/714397, filed February 26, 2010, which is
incorporated herein in its entirety by reference.

In some embodiments, transaminases capable of converting the ketoamide

substrate, 4-0x0-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-a]pyrazin-7(8H)-yl]}-1-

25  (2,4,5-trifluorophenyl)butan-2-one to product (2R)-4-ox0-4-[3~(trifluoromethyl)-5,6-
dihydro[1,2,4]triazolo[4,3-a]pyrazin-7(8H)-yl]-1-(2,4,5-trifluorophenyl)butan-2-amine in the
presence of an amino group donor to levels of product detectable by an analysis technique, such
as HPLC-UYV absorbance comprise an amino acid sequence corresponding to the sequence of
SEQID NO: 4,6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48,

30 50,52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98,
100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136,
138, 140, 142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162, 164, 166 or 168.

In some embodiments, the transaminases comprise an amino acid sequence that is

at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
35  98%, or 99% identical to a reference sequence of SEQ ID NO: 4, 6, 8, 10, 12, 14, 16, 18, 20, 22,
24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74,
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136, In sone enbodi nents, the transam nases conprise an am no
acid sequence that is at |east about 80% 85% 86% 87% 88% 89% 90%
91% 92%WO032042/923%7 95% 96% 97% 35 98% or 99% i dent iPcalUS@2/A42883 er ence
sequence of SEQ ID NG 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30,
32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68,

sa o0/® 48 80, ARG R S0l og o S e 10 ey f 2 g My, (s, Vo
120, 120,122,124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 156,
158, 160, 162, 164, 166 or 168.

SEQIDNO: 3,5,7,9,11,13,15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
5 41,43,45,47,49,51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87, 89, 91,
93,95, 97, 99, 101, 103, 105, 107, 109, 111, 113, 115, 117, 119, 121, 123, 125, 127, 129, 131,
133, 135, 137, 139, 141, 143, 145, 147, 149, 151, 153, 155, 157, 159, 161, 163, 165, or 167
describe the polynucleotides encoding the transaminase polypeptides of SEQ ID NO: 4, 6, 8, 10,
12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62,
10 64, 66,68, 70,72,74, 76,78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110,
112,114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148,
150, 152, 154, 156, 158, 160, 162, 164, 166 or 168.

In certain embodiments of the immobilized transaminases described herein, the
transaminase is selected from the group consisting of: SEQ ID NO: 16, 18, 20, 22, 24, 26, 28, 30,
15 32,34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82,
84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124,
126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162,
164, 166 or 168.

In other embodiments of the immobilized transaminases described herein, the
20 transaminase is selected from the group consisting of: SEQ ID NO: 80, 86, 96, 98, 100, 102, 110
or 166.

The immobilized transaminases described herein include a transaminase that is
physically attached to a solid support by hydrophobic interactions or chemically attached to a
solid support by covalent bonds.

25 In certain embodiments of the immobilized transaminases described herein, the
immobilized transaminases include a transaminase that is physically attached to a solid support
by hydrophobic interactions. Suitable transaminases include hydrophobic amino acids or
residues i.e. amino acids or residues that include at least one side chain exhibiting a
hydrophobicity of greater than zero according to the normalized consensus hydrophobicity scale

30 of Eisenberg et al., 1984, J. Mol. Biol. 179:125-142. Genetically encoded hydrophobic amino
acids include L Pro (P), L Ile (I), L Phe (F), L Val (V), L Leu (L), L Trp (W), L Met (M), L Ala
(A) and L Tyr (Y). In certain embodiments, the transaminases can include non-polar amino acids
or residues such as, but not limited to L Gly (G), L Leu (L), L Val (V), LIle (I), LMet (M) and L
Ala (A). In other embodiments, the transaminases can include aliphatic amino acids or residues

35  such as, but not limited to L Ala (A), L Val (V), L Leu (L) and L lle (I). In still other
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122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150,
152, 154, 156, 158, 160, 162, 164, 166 or 168.
WO 2012/177527 PCT/US2012/042853

embodiments, the transaminases can include aromatic amino acids or residues such as, but not
limited to, L. Phe (F), L Tyr (Y) and L Trp (W).

A suitable example of a transaminase that is physically attached to a solid support,

such as a resin, by hydrophobic interactions is SEQ ID NO: 102. A suitable example of a
5 transaminase that is physically attached to a solid support, such as a resin, by hydrophobic
interactions is SEQ ID NO: 110.

In certain embodiments of the immobilized described herein, include a
transaminase that is chemically attached to a solid support by covalent bonds. Suitable
transaminases include acidic or basic amino acids or residues. Acidic amino acids include L Glu

10 (E)and L Asp (D). Basic amino acids include L Arg (R) and L Lys (K). Other transaminases
that can be chemically attached to a solid support include transaminases that include hydrophilic
amino acids or residues, hydroxyl-containing amino acids or residues or polar amino acids or
residues or transaminases. Still other transaminases that can be chemically attached to a solid
support include transaminases that include cysteine. In one example, the transaminase contains L

15 Lys (K) which covalently bonds to a resin containing epoxide functionalities.

A suitable example of a transaminase that is chemically attached to a solid
support, such as a resin, by covalent bonds is SEQ ID NO: 102. A suitable example of a
transaminase that is chemically attached to a solid support, such as a resin, by covalent bonds is
SEQ ID NO: 110.

20 As described herein, the transaminase polypeptides of the disclosure can be in the
form of fusion polypeptides in which the transaminase polypeptides are fused to other
polypeptides, such as, by way of example and not limitation, antibody tags (e.g., myc epitope),
purifications sequences (e.g., His tags for binding to metals), and cell localization signals (e.g.,
secretion signals). Thus, the transaminase polypeptides can be used with or without fusions to

25  other polypeptides.

The polypeptides described herein are not restricted to the genetically encoded
amino acids. In addition to the genetically encoded amino acids, the polypeptides described
herein may be comprised, either in whole or in part, of naturally-occurring and/or synthetic non-
encoded amino acids. Certain commonly encountered non-encoded amino acids of which the

30  polypeptides described herein may be comprised include, but are not limited to: the D-
stereoisomers of the genetically-encoded amino acids; 2,3-diaminopropionic acid (Dpr); o
aminoisobutyric acid (Aib); € aminohexanoic acid (Aha); & aminovaleric acid (Ava); N-
methylglycine or sarcosine (MeGly or Sar); ornithine (Orn); citrulline (Cit); t-butylalanine (Bua);
t-butylglycine (Bug); N-methylisoleucine (Melle); phenylglycine (Phg); cyclohexylalanine (Cha);

35 norleucine (Nle); naphthylalanine (Nal); 2-chlorophenylalanine (Ocf); 3-chlorophenylalanine
(Mcf); 4 chlorophenylalanine (Pcf); 2 fluorophenylalanine (Off); 3 fluorophenylalanine (Mff); 4
fluorophenylalanine (Pff); 2-bromophenylalanine (Obf); 3-bromophenylalanine (Mbf); 4-

-14 -



SEQID NO 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35,
37, 39, 5 10 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69,

71, 73, NspwWie177R27 81, 83, 85, 87, 89, 91, 93, 95, 97, PaY/USI@2/ 042888, 105,
107, 109, 111, 113, 115, 117, 119, 121, 123, 125, 127, 129, 131, 133, 135,
137, 139, 141, 143, 145, 147, 149, 151, 153, 155, 157, 159, 161, 163, 165,

of sen ?%ﬁﬁi%@%l&"%ﬁ’ @%{%%ﬁf"i@i@é QP 3 @W@E@W@%W o S
32 ggetgglph%glligne («P@nﬂ%mtmhem@larsne (G); %mtrogbenyMammm(gl\é@m% 28 182 72,
tr P 0 yl&ﬁgme f); 4

LML BN o AP
or 516§Mtf); -mﬂuorometﬂyrpheﬁylhlanme@mmmbphsnirlaldaﬁlel (Fﬁf)m-hddbpﬁeﬂyﬂaiﬂﬁﬁéﬂ nases
o B Rt Gnethlner BREER B55: 2 SRRk SEne IGo R EONGL S, 09
gg gailclxl&opﬁﬂgylﬁaunes@ﬂpﬁ}i 2, l’gél,ﬂlﬁﬁ)phﬁmlalﬁzhne (S(BpﬂBB 4- dﬂluoﬁ(iphcﬂ;dalaﬂﬁc: 78, 1&;2
P16, - YptD; a3 3anie QPR ridS viailine GALa) (Vi 4 BankiCraphtd); naphh- (0
146 1l4palapmg (1nAla); n@ﬁhth %ﬂeimqséﬁndbm ﬂnfarzlylaha@me (tegdda); benzpthienydalanipe r
enfpodi( Sthw‘nramm ARakhine ¢HP l’fég’flﬁirﬁb e20

ggangggjr 1’8 eoré%g%?ﬂen gt}dl“rgg @en uor%pl(njeu la a?rggel (%tfb ns%yry{kalam % (sEla 80, 86,
authrylalanine (aAla); 3,3-diphenylalanine (Dfa); 3-amino-5-phenypentanoic acid (Afp);
penicillamine (Pen); 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (Tic); B 2-thienylalanine
(Thi); methionine sulfoxide (Mso); N(w)-nitroarginine (nArg); homolysine (hLys);

15  phosphonomethylphenylalanine (pmPhe); phosphoserine (pSer); phosphothreonine (pThr);
homoaspartic acid (hAsp); homoglutamic acid (hGlu); 1-aminocyclopent-(2 or 3)-ene-4

carboxylic acid; pipecolic acid (PA), azetidine-3-carboxylic acid (ACA); 1-aminocyclopentane-
3-carboxylic acid; allylglycine (aOly); propargylglycine (pgGly); homoalanine (hAla); norvaline
(nVal); homoleucine (hLeu), homovaline (hVal); homoisoleucine (hlle); homoarginine (hArg); N

20  acetyl lysine (AcLys); 2,4 diaminobutyric acid (Dbu); 2,3-diaminobutyric acid (Dab); N-
methylvaline (MeVal); homocysteine (hCys); homoserine (hSer); hydroxyproline (Hyp) and
homoproline (hPro). Additional non-encoded amino acids of which the polypeptides described
herein may be comprised will be apparent to those of skill in the art (see, e.g., the various amino
acids provided in Fasman, 1989, CRC Practical Handbook of Biochemistry and Molecular

25 Biology, CRC Press, Boca Raton, FL, at pp. 3-70 and the references cited therein, all of which
are incorporated by reference). These amino acids may be in either the L or D configuration.

Those of skill in the art will recognize that amino acids or residues bearing side
chain protecting groups may also comprise the polypeptides described herein. Non-limiting
examples of such protected amino acids, which in this case belong to the aromatic category,

30 include (protecting groups listed in parentheses), but are not limited to: Arg(tos),
Cys(methylbenzyl), Cys (nitropyridinesulfenyl), Glu(3-benzylester), Gln(xanthyl), Asn(N-6~
xanthyl), His(bom), His(benzyl), His(tos), Lys(fmoc), Lys(tos), Ser(O-benzyl), Thr (O-benzyl)
and Tyr(O-benzyl).

Non-encoding amino acids that are conformationally constrained of which the

35  polypeptides described herein may be composed include, but are not limited to, N methyl amino
acids (L configuration); 1 aminocyclopent-(2 or 3)-ene-4-carboxylic acid; pipecolic acid;
azetidine-3-carboxylic acid; homoproline (hPro); and 1 aminocyclopentane-3-carboxylic acid.
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In certain embodiments of the immobilized described herein, the immobilized
25 tranaminase includes a resin that is physically attached to the transaminase by hydrophobic
interactions. Suitable resins comprise styrene/DVB copolymer or polymethacrylate with
octadecyl functional groups. Examples include, but are not limited to, SEPABEADS EXA252
and SEPABEADS EXE120.
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sui t ahdoadities iss tenipetatura of heout 262 (noomemperature). Wi t h t he i mobi | i zed

transam nases described herein: ) . ) _ .
Once the reaction if complete the immobilized transaminase is filtered and rinsed.

After the immobilized enzyme is rinsed with buffer, in certain embodiments of the processes

described herein, the preparation is dried before it is used in a 100% organic solvent system. The
35 immobilized enzyme can be dried under vacuum with a nitrogen sweep to remove water from the

outer surface of the immobilized enzyme resin. The immobilized preparation can be stirred
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Table 1 Resin Nanme (M tsubishi) Resin Conposition Resin Functional G oup
SEPABEADS EC- EP pol ynet hacryl at e epoxi de SEPABEADS EC- HFA/ S

pol ynmet hawoybete7#m no epoxi de SEPABEADS EXA252 st yr enePDVRScaipolzsser
porous structure SEPABEADS EXE119 pol ynet hacryl at e epoxi de SEPABEADS EXE120
pol ynmet hacryl ate octadecyl |In certain enbodinents of the i mobilized

N . . . o . s : .
ohyst e AFREE AN Bor (RB HdidrERRofittnl SARBRMIBEINAELITET By hitel shliR) ! ©
Sui t atprevenbgyers ovunder-evanganyrponégrvishe spmbbhikiaed enzymsi nyeparstion: yihgt e wi t h
oct ad %oﬁ%?r%ﬁoﬂr&ﬂ Ao bEXAEP bg d%/akl'ilﬁé WAt orpitlic 8616t OVdrarlRg chi:

SEPABEADS | % and SEPABEADS ,EXE&I.
result in loss of activity as water is stripped away from the enzyme molecule attached to the

5 resin. Under-drying can result in insufficient mass transfer in an organic solvent system to affect
the transamination of the desired substrate.

Processes for Using the Immobilized Transaminase

The immobilized transaminases described herein can be used to transfer an amino
group (NH,) and a hydrogen atom from a primary amine to an acceptor carbonyl compound,

10  converting the amine donor into its corresponding carbonyl compound and the acceptor into its
corresponding primary amine. Such a process comprises contacting the acceptor carbonyl
compound with an immobilized transaminase described herein in presence of an amino group
donor in a suitable organic solvent under suitable reaction conditions wherein the acceptor
carbonyl compound is converted to its corresponding primary amine.

15 In some embodiments, the immobilized transaminases can be used in a process for
preparing a compound of structural formula (I):

NH, O

R * Y4
)

having the indicated stereochemical configuration at the stereogenic center marked with an *; in
20  an enantiomeric excess of at least 70% over the opposite enantiomer, wherein
Z is OR2 or NR2R3;
R! is C1.g alkyl, aryl, heteroaryl, aryl-C1-2 alkyl, or heteroaryl-C1-2 alkyl;
R2 and R3 are each independently hydrogen, C1-8 alkyl, aryl, or aryl-C1-2 alkyl; or
R2 and R3 together with the nitrogen atom to which they are attached form a 4- to 7-

25 membered heterocyclic ring system optionally containing an additional heteroatom selected from
0, S, NH, and NCq-4 alkyl, the heterocyclic ring being unsubstituted or substituted with one to

three substituents independently selected from oxo, hydroxy, halogen, C1-4 alkoxy, and C1.4
alkyl, wherein alkyl and alkoxy are unsubstituted or substituted with one to five fluorines; and
the heterocyclic ring system being optionally fused with a 5- to 6-membered saturated or

30 aromatic carbocyclic ring system or a 5- to 6-membered saturated or aromatic heterocyclic ring
system containing one to two heteroatoms selected from O, S, and NC-4 alkyl, the fused ring

system being unsubstituted or substituted with one to two substituents selected from hydroxy,
amino, fluorine, C1-4 alkyl, C1-4 alkoxy, and trifluoromethyl. In these embodiments, the

process comprises the step of contacting a prochiral ketone of structural formula (II):
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WO 2012/ 177527PCT/ US2012/ 042853 I n ot her enmbodi nents of the

i mobi | i zeds described herein, the imobilized transam nase includes a
resin thawoieixtieszrcal | y attached to a transam nase by ®ovaiSent/osngls.

Sui tabl e resins conprise polynethacrylate with epoxide functional groups or
pol ynmet hacryl ate with am no epoxi de functional groups. Exanples include,

but are not limted to, SEPABEADS 5oEC- ERp SEPABEADS EC- HFA/' S and SEPABEADS
EXE119. In still other gnbodi rents of the i nmobilized descri bed
herein, the inmmobilized transam nMri sed of the transam nase SEQ

I D NO 102 physically attached tg”t e Si MBEPABEADS EXE120 (M tsubishi).
In still other enbodi nents of the i ilized described herein, the

i mmobi li zed transam na,se is conprise f the transam nase SEQ ID NO 110
10 physically attached to the resin SEPABEADS EXE120 (M tsubishi). Process

for Maki ngq_t he I.Em) g’rl ized Transam.nase, Al sg described herein ar.e

pr ocesSLL %} Bpmeh F‘h‘g TR BT YPPES® 1Y D PR 20 AiiQ BOP SOBRB A ment s
of t heupalie ergae® sobentreridenspitable reativnicbnditions foatheawnmersion of eoroinipednd 5f
herei Tonﬁﬂgéﬂfﬁctﬁééo cginﬁ%f‘fbﬁxﬂﬂ%? ing a buffered solution of the

transam na he transam nase p /pepti de may use pyridoxal phosphate
(PLP) as a coenzyRBmeWHbedintEnYs %@Bﬂb@é&s}ﬁe@%ﬁﬁﬁ%ﬂ@(ﬂﬁ@'ﬁeﬁyﬁ%&&ntﬁe g.,
as proyi ded by (’itﬂfl)e hqst cegl,ln vvhlclg,‘the “B&ype ttHje |g expressed.. I n sone
enbodiRAERYLEToUn ¢F bepryd i pnsubgfituted or sibstifitedowith phe toy three sHbKEuCHRRe(ECied t he
medi a fidm kiesgrogetdsistbg bNusrinRy eifhicdomethyl Akl trifhiosanéth@se pol ypeptide. In
sone enbodi nents of 20 the processes, PLP or PLP anal ogs can be added to a
reaction to provhdemekembodiarenysnaf theprocessdthe @ ofdomyute (AXisINRZR3. The anount

of PLP sufficient for enzyme activity can be determ ned by one of skill in
tHe art. In some embndigwemts ofithopioesst the DR ARFeofifounds {Hyisfadretaredsicley t he

i mobi i zeg e %FQI‘R%%%I Hﬁf, transam nase solution can conprise a pH of
to asgrgut . 0. ?1

about 5.0 sone enbodi nents, 25 the reaction condition for

the process is a pH of about 7.5 The process further conprises
contacting or incubating the trans na A\th a resin, by adding the resin
to the solution. The solution is then aditathd for a length of tine, such

as overni ght. In some ~Nfents, the reaction condition for

carrying out the process can 30 conprise a \tenperature of about 5C to about
70C. I n sone embodi nents, the reacti odf®ondRtion is a tenperature of about

25C (room tenperature). Once the reaction if conplete the
i rmobi i : ' ' j i: [ klLzed
ey USROS oh RSy oSGty OhARcd D BB 2

dascr ifhedinker ei n, the preparation is dried before it is used in a 100%
organi ¢ solvent system The 35 i mobilized enzyne can be dried under vacuum
with a nitrogen Inwemp embodimanise thesimarobilizedhtransansinases canib¢ nged infh propgss for
immbifr%‘;agq g%xgguﬁ@gﬁgm&[gﬁfgmg)y)@zed preparation can be stirred WO
2012/ 17 527§>CT/U 2012/ 042853 while drying to allow for even noisture
content throughout the immbilizeg &ngynme bed and to prevent over- or

under -dryi ng any portion of Arhe | Q4 engyne preparation. The

i mmobi |i zed preparation can al so+pe™dri byPFwashi ng with organi c sol vents.
Over-drying can result in loss of activilly er is stripped away from
the enzyne nol ecul e attached to the 5 resmn. Under-drying can result in
insufficient mass transfer in an orgagi)c sol verR* systemto affect the

transam nati on of the desired substrate. Processes for Using the

| mobi |1 zed Transam nase ) ] ) ) )
20  having the (R)-configuration at the stereogenic center marked with an ***, in an enantiomeric

excess of at least 70% over the enantiomer having the opposite (S)-configuration; wherein
Ar is phenyl which is unsubstituted or substituted with one to five substituents
independently selected from the group consisting of fluorine, trifluoromethyl, and

trifluoromethoxy; and
25 R4 is hydrogen or C1-4 alkyl unsubstituted or substituted with one to five fluorines. In
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The i mobilized transam nases described herein can be used to transfer an
am no group (NH2) and a hydrogen atomfroma primry am ne to an acceptor
car bonyl worppuri@d§2710 converting the am ne donor into i PETASRORHEBAI Ng
carbonyl conmpound and the acceptor into its correspondi ng primry anine.
Such a process conprises contacting the acceptor carbonyl conpound with an
i nmobi | p
donor $'oE EHbbAABRTHERAS e R IE ISR dF bl ERSEHEY KBIn2 T BRcRlsRl
V\herelfnrmﬁé(%)ccept or carbonyl conmpound is converted to its correspondi ng
primary am ne. 151 n sonme enbodi Ot he i rmobi | ized transam nases can be
used in a process for prepagjng ound. of structural formula (1): NH2 O
R1 () havi ng the indi configuration at the
stereogeni c center marked with an *; 20 an e tiomeric excess of at
| east 70% over the opposite enanti orrer Nz is orR2 or NR2R3; Rl is
C g alkyl, aryl, heteroaryl, aryl-C 1_2 al kyl , I%’y het eroaryl - C1- 2 al kyl ;
R2 and R3 are each independently hydr@pen, Cl-8 | kyl, aryl, or aryl-
al kyl; or R2 and R3 together with the nitrogen atomto which they are
attached forma 4- to 7- 25 nmenbered heterocyclic ring system optionally
cont aiwitlngn Bmmebitized washminesepalypeptide diselosethdreinin the rEesehié o
al kyl , bl eto
thrée @ﬂ@%@?&%ﬁ??‘%ﬁ@ L0 SR %%%%%“ndm%%‘?& Eoet og%"%h H1 4
al koxythe gerapaundof fprryyla thﬂ?@.qempw}dofamnula y are unsubsti tut ed or
substituted with one to five fI i hes; d het SYyS
bei ng optional | U"ﬁﬂ%‘@&“\kpfhl‘ine&t%o t{“bpr@c?ﬁé g%ff‘llﬁ%l&i éy ]tc
car boay a4, s-trifligopheny e amdR4 ds Siflubforfethfinber ed satur ated or ar omatl c
het erocyclic ring systemcontaining one to two heteroatons selected fromO,
S,10and NCO_4 al Kylsomt lembbdisethts dfithe prosessnthb dirrod formaldb€X) it 21854 or
substlt{‘ﬂ,ﬁ1 % H\%M one to two substituents sel ected from hydroxy, am no,
fluorine, P I kyl', Cl4 alkoxy, and trifluoronethyl. In these
enbodi nent s,

%@B@E %ﬁﬁ)o& Ed BfetrdniSnih &R cof b Adan gggch/ 04%&@%&%

ket one of structura WO 2012/ 177527PCT/ U
compound of formula (la) (2R) 4-oxo-4 -[3-(trifluoromethyl)-5,6-dihydro[ 1,2 4]tr1azo o[4,3-

a)pyrazin-7(8 H)-y1]-1-(2,4,5-trifluorophenyl)butan-2-amine, in enantiomeric excess:

F
F
NH, O
N/\’éN\
Q9
(12) ~
15 CF3

In these embodiments, the process comprises the step of contacting a prochiral
ketone of structural formula (2a), 4-oxo0-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-
alpyrazin-7(8 H)-yl}-1-(2,4, 5-triﬂuorophenyl)butan—Z-one)'

/\f\

20 (2a) CF3
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RL (1) wi th an i mmobilized transam nase pol ypeptide in the presence of
an am no group donor in a suitable organic solvent under suitable reaction
condi t i orsof20r2/t7he7conver si on of the conpound of 5 for mriCa/uSkoip/o42853 he
conmpound of forrmula (I). In sone enbodi ments of the process, the Rl of
formula (11) is benzyl, wherein the phenyl group of benzyl is unsubstituted
or su : . dye o o)

consi iyt et ol GRalhahy G Rh HERL SrOBARR R iR UP 86 R
embodi stitable organicrrel ysnbanses suitable iBagtfonfconditipns for the donverrRRIL thedompoung of

embodi RRtIE (B) 1 iR RhReRRS of foRfuliitgs3 of formula (I1) is a heterocycle of
the structural formula (111): \ / (11) wherein R4 is hydrogen or C 4

ialnkylO rr\éhiefrgoi S qﬁ?uﬂstehﬂ;uaﬁskngg?ﬁn@ﬁdcém@ébo%,tthe e&ﬁp&ﬁlgfdﬂmmma (B.ahé nes.

S | S e moDpi il ze rans nase can e u | r OCess
t os® Srptna oETopIs LG e CORPORELALP TR R & ogucerp agies i, ok o

(R) - catbh, Q1 Pato64) 9%, Dh%h, 35%1 9696L917%, 2836, 99% pRimkaenantibmeric &cess.i N an

enantionmeric excess of at |east 70% over the enantioner having the opposite
(S) - confi gur at i dn:sonhembodiments ofAhe proceises; e comipond of forswbs), thet ed or

SUDST | it e Pl i 41488 5o [ IRPERGRLI Y poROR T om ¢ he

group consistin uori ne, uor onmet uoromet"hoxy; and
25R4 | SHARHOMYPHAXCRS. C1- 4 al kyl unsubstituted or substituted with one to

five fluorines. n WO 2012/ 177527PCT/ US2012/ 042853 such enbodi nents,. the
prifcess conpri sedeGPEPOPR O%r@aﬁt(ﬁa«tfﬂﬁgmapw@aﬁw@%@mt ¢ cappopnd, o
f or mulof fémula (Za),vilédg with theirsphthesesdart desesibed i among bthesp USHatetit Nokosed

ol verle T FRRD. e R B B A RRBfoordle n b e B B

conpolemtiraty. fornmula (2) to the conpound of formula (1).

In some embodiments, the process of using the immobilized transaminases
15  described herein comprises the steps of: 1) dissolving 4-ox0-4-[3-(trifluoromethyl)-5,6-
dihydro[1,2,4]triazolo[4,3-a]pyrazin-7(8 H)-yl}-1-(2,4,5-trifluorophenyl)butan-2-one in an
organic solvent; 2) contacting 4-oxo-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-
a)pyrazin-7(8 H)-y1]-1-(2,4,5-trifluorophenyl)butan-2-one with an immobilized transaminase
described herein in the presence of an amino group.

20 Described herein are immobilized transaminases comprising a recombinant
transaminase attached to a resin by covalent bonds or hydrophobic interactions, wherein the
transaminase is stable in organic solvents. Suitable organic solvents that can be used in the
processes described herein include any organic solvent commonly known in the art such as,
methanol, ethanol, THF, DMSO, toluene, isopropylacetate, hexanes, propanol, bezene, acetone,

25  xylene, methylethyl ketone, ether and ethy] acetate. In certain examples of the processes
described herein the organic solvent is isopropylacetate.

In certain embodiments the organic solvent is a non-water saturated solvent. In
other embodiments the organic solvent is a water-saturated solvent. Water saturation may keep
the immobilized enzyme at a constant water concentration and prevents further drying of the

30 immobilized enzyme over the course of the reaction. This can allow for greater operational
stability when the immobilized enzyme is isolated at the end of the reaction and reused for
multiple batches. . In certain examples of the processes described herein the organic solvent is
water-saturated isopropylacetate.

In certain embodiments the solvent that the transaminase is stable in is a

35 component of a solvent system. In certain embodiments of the processes for using the
immobilized transaminases described herein, the solvent system is a 100% organic solvent
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I n sone enbodi nents of the process, the Ar of fornula (2) is

2,5-di fl uorophenyl or 2,4,5-trifluorophenyl, and R4 is trifluoronethyl.
101 n sonewenbodi’nent s of the process, the Ar of fornul aPCT)USe&12D42855-
trifluorophenyl. I n sone enbodi nents, the transam nases can be
used in a process for preparing a conpound of formula (1la),

2R
) 30 g AR S A SRR Dt
excesghe &«ﬂvent system contains 90+ 10&s erganigsdivants: dVioreinseforablys the aobrept systema t he st ep
of co %-ﬁ&iﬂ(st 9 go% oRgld Blvehfl %r@%re?&iﬂlf tthid ﬁlvéxﬁ) Eg?%ﬁ cbgihs 80-90%

4-0x0-4[3 | uoronet hyl) ?, tlazoo43
a] pyr £Zganicsalygnts, 1}‘/Ior§pre(f%ahly5t ﬁﬁ?llthmtslﬁweﬁ s 730r K07 orgamic. sobygnts. i
2052/ uﬂé%mwﬂaa/smaﬁ@swntd@n&mslmbﬂ 30% aﬁgatﬂc@amﬁtsnaﬁaﬂﬂt scri bed

ol verreniar S HERaRE: Fehsomon Rt Sve Srgia R el Fafdiof B Pient
c onpo wystemfcohtainsLat deastXo brganhesob(emso uPrdfendbly, shersdleent lsys)em contains at least | n
Sone fg#ggﬁatsﬁl‘fl%ts ( ord E)&?ﬁ'ﬁﬁlgsth@lggl‘(/ t s&ﬁgmcc%ﬂ AR t‘id% aftic( ! ). the 5

conpoun uced in at
| east spb%ltssd%prm%erw/qthegsﬂfqengwetmn%ta%%le%@é‘ywwmgsm)yergs%d@re nor e

e r‘l@“éh}%@i@f&b& theCoRRent system contains at/18as® 80% g édTFéH@ Rort BRIGEGIGERSES, the

ff I d. of f t d of
© of ol SRiVeRESySIem SRR A deshE s oFLARA DGRl RS BRFUATRIT e SR SHH.
]?0 npo lw&ﬂtaizﬁs at Qa9 ()fga%uc sbh&n&ﬁ mﬁ Ipﬁbfaﬁb]fyptm lsbbze(lt_?s)ysteﬁl_mﬂ)ntdil& aﬁdmoﬁ nd of
or mu Sy, , 0 . Ot :
U o Bith Sithtic 3R 5s ke piRGRnisYe HERER, 86, SRRHS A fedst opp PR, "' ©
i ncor pohantsd Tlherseivanﬁ}ystemfoanenmeim motelthan onertirgani¢ §olv¢m whereindhdodi nent s,
t pr
covor HEEEHHRA HBkdiinp s SR ohe B oll SARE BIELARSER chRTREEA! Mifc (MG T

di hydr56§t§m2 4]tr| azol o[ 4, 3-a] pyrazin-7(8H) -y1]-1-(2,4,5-trifl uorophenyl) but
an-2-one in an OAQ@iQélﬁse?pib\S%‘tthe ZhifoPRb @S 8drdd used in the process can be a chiral

A- A[3-(trifl hy di.h |

o L ] SRS e L bbb o v

I Mobi ihiitz @éhchbﬁf)tﬁﬁﬁpﬁﬂif&m&&ﬁwm&edmh laercpirtng lasstdfehmmmergtmmdomn Watiows

SCLI De reln_ ar.e | n

0 P sofiaE e Enh AR ford ol o bR BB b (AV BOMBBIE LTl RIS ©

hyfjr opbepropylamine(alse refersed tntas 2eintinopropancids éDn)lnlab@lanmes phésiytalaniney r ganl C
ve

SO fgoagmﬁtéer %@%ﬁn . nnglrl&gﬁﬁu e‘:ﬁ%ﬁ Sy SRESsultsE a%&neﬁcmwd m&ﬁw K5E 6

descrl organi c sol; ent common| known’ i n { he ar¥ such

y
as, meathersyitable Praging acigpyran Ibpryipaniae. [nswmeofrybodiments.dhe pringgroup
pr Oparﬂﬂnor Eqmy@ﬁﬁép Ihesome embodiments, other amino group donors may be used,

25  including, among others, a-phenethylamine (also termed 1-phenylethanamine), and its
enantiomers (S)-1-phenylethanamine and (R)-1-phenylethanamine, 2-amino-4-phenylbutane,
glycine, L-glutamic acid, L-glutamate, monosodium glutamate, L-aspartic acid, L-lysine, L-
ornithine, B-alanine, taurine, n-octylamine, cyclohexylamine, 1,4-butanediamine, 1,6-
hexanediamine, 6-aminohexanoic acid, 4-aminobutyric acid, tyramine, and benzyl amine, 2-

30 aminobutane, 2-amino-1-butanol, 1-amino-1-phenylethane, 1-amino-1-(2-methoxy-5-
fluorophenyl)ethane, 1-amino-1-phenylpropane, 1-amino-1-(4-hydroxyphenyl)propane, 1-amino-
1-(4-bromophenyl)propane, 1-amino-1-(4-nitrophenyl)propane, 1-phenyl-2 aminopropane, 1-(3-
trifluoromethylphenyl)-2-aminopropane, 2-aminopropanol, I-amino-l-phenylbutane, 1-phenyl-2-
aminobutane, 1-(2,5-dimethoxy-4-methylphenyl)-2-aminobutane, l-phenyl 3-aminobutane, 1-(4-

35  hydroxyphenyl)-3-aminobutane, 1-amino-2-methylcyclopentane, 1-amino-3-methylcyclopentane,
l-amino-2-methylcyclohexane, 1-amino-1-(2-naphthyl)ethane, 3-methylcyclopentylamine, 2-
methylcyclopentylamine, 2-ethylcyclopentylamine, 2-methylcyclohexylamine, 3-

'l
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25 xyl ene, nethyl ethyl ketone, ether and ethyl acetate. In certain exanples
of the processes described herein the organic solvent is isopropyl acetate.

I n certaiwoentzadiszent s t he organi ¢ sol vent is a non-wat @CTAB2U2AIEA3
solvent. In other enbodi nents the organic solvent is a water-saturated
solvent. Water saturation may keep the imobilized enzyne at a constant

vat er ﬁ@ﬂﬂgﬁ% hﬁ]&é/?a?niﬂgq it reac%lﬁﬁxﬂa%'i ! 2] § e@&ﬁéﬂ%ﬂﬂ arldZ2Y

enzyne ov I on I's’'can a

reater
oper atamingindan.dn¢luding bothdR) and (3)rsingle ispmers wheze nessible angbing) lmgmgaadl nossiblend of
the regagt bpme%ﬁﬂnéseqﬁ@&télﬂéxaﬂmg o e BRICERES describdl Ketih hdarkin@MBh&iSs Of the
processes E‘)gscrl bed herein the organi ¢ solvent Is water-saturated
i sopr ofQRTARE MR In certain enbodi ments the sol vent that

t he transam naselnicertainathmples of theprocesses dpsuibed hafeuﬁhsﬁhmaﬂlzsd/st em In
certain _enbodi ne

T R R st SROTPRIO, 0T aitbicafly blbene TP i SFPARFADS

sol venEXEVED @ditsubish)s 17 PS¢ 0afAB6 Brosysseedesclibedohdnein tnipodobitingds t he
I t
SOl Vengam¥minate &318@ fi%%&ﬁmﬁﬁs@@ﬁ/ 03IDAO! tﬂs@% % %%qe)rgéa E{ @0 lrélsﬁ% Sﬁﬁﬁﬁ%&tﬂ‘

syst em cont al Ns b or gani ¢ sol ven ent
syst ek EEMG{MEsubish809 or gani ¢ sol vents. More preferabl y t he sol vent

symt em cont ai ns BQofe%niHodandrts athy smcgssemsenw&i&&ahhalmﬁbsﬂ&@d vent

system cont ai ns 0Q% ot an| C soI n I n ot her nments. t he
ST verasgreanes destien be (o binhongs e R RS et <
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t he sol vent system contal ns re preferably,
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me soa}dﬁaaigraqﬁ& &ahsféafédatbt ﬂﬁeﬂ%nn:o@&i p 208pt6F. QSiftheﬁ@}raleﬁ\fﬁu cmgu&rtﬁéf ﬁt@B: Y,

e SO n S con a ea an ven rerera Y,
he SO FevEE FORtGLeRite (i for e D reakign BRI A T LSR5 HEB) v e
syst enconserterltotpaoductior e t han one organi c sol vent, wherein the 15
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1- (2, 5-di net hox 4- et QX en nobut ane. lvgn 3{1 - 3- artn nobut ane,
1- ( 4- gggl%%rgzﬁgkm g Hvﬁ% rg?]c ion componerits. ous‘non-reactive gases

1- am no- 2- met hyl cycl opent ane, 1- am no- 3- et hyl cycl opent ane,

1-am no- 2- et hyl cycl ohexane, 1- am no- 192- napht hypet hane,

3-net hyl cycl opentyl am ne, 2- methyl cycl opentyl am ne,

2-et hyl cycl opentyl am ne, 2-nethyl cycl ohexyl am ne, 3- WD

2012/ 177527PCT/ US2012/ 042853 net hyl cycl ohexyl ami ne, 1-aminotetralin,
2-amnotetralin, 2-amno-5-nmethoxytetralin, and 1- am noi ndan, i ncluding
both (R) and (S) 5| ngl e |sorrers V\/nere possi bI e and |ncI ud| ng aII possi bl e

o Y o o
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5hi certain exanples of the processes described herein the inmobilized
transam nase is the transam nase SEQ ID NO 102 physically attached to the
resi n SERMBBADAR7TBHEL20 (M tsubishi). In certain exanpl e®Cofustée/opsstesses
described herein the imuobilized transam nase is the transam nase SEQ I D
NO 110 physically attached to the resin SEPABEADS EXE120 (M t subi shi).

O AP HRRULR S0t eldBE(d A6 38R ISR el LRGN RS

t ransam nases gescr bgéﬁere can e Fec erer i’ once
i nrobi is niteagen gaksami nases are filtered off once the reaction is conplete
and used in subsequent reactions. Thus certain processes described herein
can further cowplmsg@eteH@OQtrwt%ftherammerapﬁgioamruqeﬁénrhmmeweed transani nase

and t QSéiﬁopbﬂ&ﬁlﬂenwﬁiéHEfmﬂé c&xﬁa@yﬂ b9 PprodutbhditsiRpof MAREENEMhE adind

process above, a stﬁe& Fﬁproces% can f@bt her .conpri Se renova of t he
carsborH? SRITP EIOHR 2Rt o BerASRIORA EarLBE TFHO0YPS b SRASEES laﬂ’etﬁ irpgR0 88%%h0 gr oup
I s tr aappiyénig £daduamt ﬂoeh@rmctmrgfohnmnmd e@hoving fliecdcetoaefroml the gaspliase bpanr educe

the 1 3ol shBSERYEL B5idcRas bl BRePUS b ENGH I BLURL L SACHL 90 R o

and nore su en conver rbonyl
by- pr dujureduction th isoprapanal dising azketaredustasef ways. V\here the am no group donor
Is an amno acid, such as al anine, the carbonyl roduct, a keto acid,
can be renoved by sewgembsdimgnisofihe psocemses ahoye V\é’e{f e csbonydyerodiss &

I nor Q@itfn%b&ﬁ tl{@édgtegp&idlﬂgeefrmm -donerF &xnl &Ehﬂdw d@ﬂih %B uﬁﬁsddﬁﬁﬂldn%édﬁéﬂt

anong O rs rQgen per,oxi ero a S acl as acetic

R T g e T g b o 7 g M

ac: d; amiigagrcuppionoxalskeshifisithe egailibrihni tpivaris peodudefonhali), 3sredy) increasing ther 0n
el ect

S o R ok SRR R P Sl 160 Ao MBS aOTT

can bds éopiapylaghing and the aq:@@tmzrpdwt umm@mmyylsem@pmm@e ¢aa&mtdéed to the

d d t
oy e A g W el SRty

r enov AMRogiments yhets apamipe peid éﬂus';fias am%eeaw denoy the kele a@ﬁi @byhbYsi oxi de
acet al gigtuet arPbe ﬁﬁwléd/bdbﬁ 16 tHelnihe aéiﬁ%@rrrMh HGth dnBfibnia an@gNADHdE@Rgah al .

2008, Ch Bi oCh 65 nbodi t th
choi cPBFOTR Oaalmeiﬁ‘am&r%&df%q%fe enzme, therehy aepieav%mgfﬁ BN GIEHR HoRGat ehasea
vapor Pressur e Gel A YRR il Fuoniid SOl ARCEOAR REMG el 2 2

vol atil e organic e car € renoved
by2035 bapcdy proergs ambcmmauoumoeass uComtmunus proaessmmpbldeprmssgawhgne eappl yi ng

a VacylimdeQubRuiel lstcBﬁuﬁLﬁ,%eg BraPifohey iRmdBHlizE & FRNdaRfindsE 8nd VhERMY the

by- product ‘present 1n non-reactive gas Is lgny gas that

does e #Cébﬁﬁonﬂp‘t‘q}‘simm%e%kf"éﬁ EQSWBB]ﬁéH’t%“ ewdergn therapoobilizdd ve gases WO
2012/ )ﬂa]xié&ﬁiﬁ@d 1@%&&3&942?&&11 4l abﬂthmntdf(ﬂm&t@f&kubﬂhitetsq%S@ﬂ thiough fhel nert
ases n s ment s non-reac nitro n sone
ambod it HFbE kRRee Baogtuaay asiaaing e HEnpPdized s SREBE PERDELA ne.
wipsch o‘odiectsdhﬂamhadqms;ddtbgoughdﬁmlummetone upon transfer of the am no

group 5 to the amno group acceptor. The acetone can be renpved by sparging
wi th nitrogen gds somezpbodinments thespracass fay convertingketpamide shbatiatad-axer4-[3-

remv'(ﬂgﬂﬁd?&neﬁggmdﬁlge@f ba]eaﬁowpaﬁa@y ?ﬁlﬂpﬁ(i B3P, such as a

condenser or_ othér col %ernatl e aceta g can be renoved by

r educttrifgoroghenybibpianrnene thPir‘be‘ch 2@!40?’@11@'([ “°¥°r’in Snbodi nents of the
proc escﬁﬁﬁira[[l%@]tﬂiﬁl@kfﬂ BhAp@azibMgH)-by - -lmmjsmﬁﬂu(ﬁ'oﬂlﬁ:nyminm&dyarﬁlhecompnses

corres ou n n
ol B pRelperis MBSt Ao G eElE aBP e S rell AP REARILS e
r eact i ajpyrafiefi(&H)-s1}i 1/@.4 ﬁmﬁmnmphegybbmald@me tcaptmiusﬂ(IZR)-é -axloed-Bgui | i bri um
t owar gtglgp&i Lon of substrate
to pr %ﬂ{{o%jﬁligﬁgf)%r E/&Q)’[l 2 men 4n§mﬁ§ 997({8212 ygﬁ\{]xdagr oug donor i's
i sopr dpﬁumwh@yé)butanﬁ’eala@em wepwpas@eet@te; eommgélw ketoagpide subsyatsifyahni ne
can benaglsteRzddOtrh8minase described herein under reaction conditions of a temperature of 30 to
35  50°C in presence of isopropylamine of from about 1 M to about 2 M, wherein at least 80%, 85%,
90%, 92%, 94%, 96%, or 98% or more of the ketoamide substrate is converted to product in 24
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15 solution to replenish the am no group donor |ost during the acetone
renmoval . Alternatively, in enbodinents where an amno acid is used as am no
group dorwn,20tdEe73eet o aci d carbonyl byproduct can be reegtiusdoibmeisss o t he
amno acid by reaction with amoni a and NADH usi ng an appropriate am no

aci d dehydrogenase enzyne, thereby replenishing the am no group donor. The
processesy,of . uUs bl L e e, ude
D0 bath oSt THE b8 (ARAANAESERRATTEhirkl oUEE el

proc es@@@lmmes ancankioe aeid ssqmw eqreespendingitol SEQ[I@|NDC&QQSQ£‘26 A8, 109

| oD 1022 6t oF 266 BAY<ARY of BRrtIBANChThchdPto @HlH EbmbAsibg REPAHEIOHY GG,

col | ec anpl es e e | mm transam.pase.|s. packed
Ay AR R SER RIS Db s ARRR D A I Rl S AABR e
colsummEXADS® t he ketone is continuously contacting the immobilized resin
and the product is 25 collected after is has passed through the col um.

I n some enbodi nelintsemetebodinmemts shef processesabote cem fetheravvntpeiss thesstepadfe

(1 711G RnA R sompeund of syl forsule (1.t sqmpopnd of sty formplg(1). o e
i zrs-fltqlix%p%uodoﬁﬁgwy\mfgnmamzrfmmdlgpﬁm&sovem AT PR I 1 2

(2R) - 4- 0x0-443- (trifluoronethyl)-5, 6-
di hydro[ 1, 2, 4] t rlméeme@pzboshr%q%ﬂe@zprﬁceﬁwﬁbmqqnfmbg comprise pptep®ophenyl ) bu

t aft- 2- divEreing Yo und BFitARAlryl fofmila¢1 K&HRAEd @HQ)TE&@&t&ral formula (1a)

o i tarsli%e“@iﬁﬂylaceéméblg sl By %ﬁcﬁbﬁé‘rﬁﬁ%’%ﬂﬁi St ghbrgacentienlly

( 2R) - Zacoemabld 8eid in a sultable reactlon solvent. In some embodiments, the pharmaceutically

(1111 SR Lok BV PLT e ShhiaBARLENJ o RRRNIAR g (B11) V1] 1- (2

- tr amnelnlsopro contacting the

ro
ket oarﬂlhjsiregﬁnpﬁmwhetemlt hhmmmemdmdumma the sai@d@ﬂhé@més&ﬁmﬁmmmeﬂwﬂ under
r [ | X _
i g%gr 05;€ a% yl raggr%og%é %!H ‘?g&‘?goﬁb?({zhoj t’%g\ﬂhugg&hﬁﬁsgwl east 80% tl%35%

90% P}E‘&%lo e S@B@@Y}Pgﬂﬁr pllgwingichemicabfosmyla: substrate is converted
to product in 24 WD 2012/ 177527PCT/ US2012/ 042853 hrs. I n sonme enbodi nents,
the inmobilized transam nage cgpable of carrying out the foregoing reaction
conprises an anmino acid sequgncC® corNrgsonding to SEQ I D NO 80, 86, 96,

98, 100, 102, 110, or 166 ph : hepj cal|y attached to a resin
conpri si ng SEPABEADS EXE119, L PABEADS EC- EP, SEPABEADS
EC- HFA/' S and SEPABEADS 5 EXA25g. In, enbodi nents, the
processes above can further corrpri:fggphe st€p of\isolating the conmpound of
structural fornula (1), the conpou

of structur&fs formula (1), or the
conpound of st r ugtsefndlenibotiihents, Grita Brockssdot thbPrépastion Of (DL4L6R8-4-[BNn Ssome

Conver G RERI DL GARAE L ATRrIoth -+ bRy G0 A8 compound of

s taouc ttuﬂabroi)hény\ll)b&taﬁl}!z)numt phosplpita( InBoaohohydtatey t]mmbv,dnhant gathe ptqcess
tact
Ul t aemiishTf 6P DR G Sre ot SBRARTAF Bfifft1a) HE SRRBRE ATbinliR (B

acceptwith an mmdbnhgecbtmspmmas@ describedibgteintie pmm emam@m glyuad@@ptlnbl e salt
isth

R esu%%w% B ﬁ:%t : I\‘\%qu{g?igﬁgtﬁﬁibie rehichUIRABBRL WHERSA the doftfpodad bf Rrmula

155, GG?Wdro[l 2,4] triazol 0[4 3 a] pyrazin-7(811)-y1]-1-(2,4,5-trifl uorophe
nyl ) butan-2-anm ne i s the phosphate nonohydrate salt, having the follow ng
chem cal fornmula: r. _ln sonme enbodi nents, in a process for the
preparation of (2R)-4-0x0-24%3 t ri fNHgornet hyl ) -5, 6-di hydro
[1,2,4]triazolo [4, 3-a] pyraZ 811 -vylj] -142 ,4,5- 20
trifluorophenyl)butan-2-am neNphospha 1) ohydrate, the inprovenent
in the process conprises a stgp of convert heNcorrpound of formula (la)
to the conpound of formula (2a) with @s i 111 ZXed transam nase descri bed
hejeein in presence of an amino group donor in a sthstabl e organic sol vent
under suitable reaction conditions, wherein the conpound of fornula (la) is

and the compound of formula (2a) is:
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25 and the conpound of fornula (2a) is: WD 2012/177527PCT/ US2012/ 042853
In sone enbodi nents of the preparation of the phosphate nonohydrate salt,

t he am nowoantr177®7i sopr opyl am ne. 5Met hods for prepari RgTUSRI1Q0$288R] t S are
described in US Patent No. 7,326,708 and 7, 468, 459, each of which is hereby
I ncorporated by reference herein. Exanples Exanples 1-5: Immobilization of
Transam nase 10Fi ve different gresins, as shown in Table 2, were eval uated.

Tabl e 2 Exanpl e Resin Conpositlion 1 SEPABEADS EC- EP

pol ynmet hacryl at e/ epoxi de EADS, EC-§IFA/ S

N/\%N\
N

F k/N/

(2a) CFs3

In some embodiments of the preparation of the phosphate monohydrate salt, the
amino donor is isopropylamine.

5 Methods for preparing various salts are described in US Patent No. 7,326,708 and
7,468,459, each of which is hereby incorporated by reference herein.

Examples
Examples 1-5: Immobilization of Transaminase
10 Five different resins, as shown in Table 2, were evaluated.
Table 2
Example Resin Composition
1 SEPABEADS EC-EP polymethacrylate/epoxide
2 SEPABEADS EC-HFA/S polymethacrylate/amino
epoxide

3 SEPABEADS EXA252 styrene/DVB copolymer
4 SEPABEADS EXE119 polymethacrylate/ epoxide
5 SEPABEADS EXE120 polymethacrylate/ octadecyl

15

20

A 25 g/L solution of SEQ ID NO: 110 in 100mM potassium phosphate buffer (pH 7.5) with 1g/L
PLP (pyrodoxial-5-phosphate) was made. 1g of each resin was incubated with SmL of enzyme
solution in a shaker overnight at room temperature. The resin was filtered away from the
tranaminase solution and rinsed 5 times with 5 mL 100mM potassium phosphate buffer (pH 7.5).
Resin performance was then evaluated vs. the lyophilized enzyme preparation in the following
transamination:

F o o , F NH,
N ’NN NH, transaminase _ F o
F LN NN =N

F N<¢

N
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pol ymet hacryl at e/ am no epoxi de 3 SEPABEADS EXA252 styrene/ DVB copol yner 4
SEPABEADS EXE119 pol ynet hacryl ate/ epoxi de 5 SEPABEADS EXE120

pol ynmet hawoybeters2oct adecyl A 25 g/L solution of SEQ | BCR@S2d12043883 1000
pot assi um phosphate buffer (pH 7.5) with Ig/L 15 PLP

(pyrodoxi al - 5- phosphate) was nade. | g of each resin was incubated with 5nL
of enzyne sol uti : ' resin was
i1 torod auay {1 oo iRl sl pighrabnd BEATRER i feacklfty, °S' 1
100mM s torthglyophilizederzymeer (pH 7.5). Resin performance was then

eval uated vs. the lyophilized enzyne preparation in the foll owi ng

trans nat,i WO 20 1 / 12/ 042853

i mobi ’FaPéRJegr%Yﬂi tion. %ﬁ%ﬁgﬁ%ﬁgm%@&rw&a@ﬁ%ﬁ@é dar@pnsnapyn
corpar efimintobilivedleyigyné ittt i@ teyI08% orgafiv 30lwes s§stefaval uati on of the
SEPABEADS EXE120 resin drying procedure and denonstration 5 of immobilized
enzyne activity in the 100% organi ¢ sol vent system The

i mobi | i zed enzyHee iBEedilidNGzyhé (3 SRPDBEADH (EERABEARS EXEN2(redin) @ds under

vacuu Lgld@r WchiB9Gh éﬂﬁ@geﬁ Swd mTeg.r{By@g Bhtef ﬁ&mtﬁ@&t&u;&facé Bf{h ce of the

[ rrrmb enzyrre resin preparation was stir whil e
dryi ngmzr@o g8\ fnEpe 16ine v Ee mczhl niem@wm Wasrstitrgd mlemgng ﬁmilsxw fOZed
engy rreevlaﬁ%@ﬁdretdan&h 8it&the indobilided e eﬂﬁd%ﬂ& td)p&%&rawei- ok (ifider-

I mobi | i zed enz r.epar at| 100 of Kketo strate s di ssol ved
e ey petien L e iR DR Frefemhiah o) 00 6 QRkoPBIIGS SRR
amni ne)dlmbveddﬁlednlt ovatel eatumdect [IPAR (B0propiylacetatd)) O40ngL HfMtdfsbpﬂbpylrmmhb Wﬁed
trans 120 resin t he
react  RgeERne Raior ol “Rioihe GG RN mied FRPHSSEMIBING, and soc
Sanpl ekl O/SERABEADS BXB1207@sinpwas added te theweadtionn The teaetiomprestitesdinri ned. >
99,:9% Oglﬁﬂ D wASeht %Q
t ?lasnsa%?er?gégﬁ)tg alfjg(fd raggrggﬁégﬁﬂgg% ?Nw ty as&}gg?rgg?‘%g?a H] Sﬂlﬁel zed
free ewerpdgterpined. 299193 eeaf the dasired\amine pipduefevasmktainess ckhegmmgbs
transaminase exhibited reasonable activity as compared to the lyophilized free enzyme wh1ch
exhibited no activity in the IPAc reaction system.

20 Example 7: Plug Flow Reaction (PFR) process for the Manufacture of Sitagliptin in IPAc

10mL of ketonamide substrate solution was made (100g/L-400g/L ketone,
40uL/mL-160uL/mL isopropylamine in IPAc). 0.75g of immobilized transaminase (SEQ ID NO:
110/SEPABEADS EXE120 resin) was slurry packed in a column under gravity using IPAc. The
25  substrate solution was fed via syringe pump to the column, which was jacketed at 50°C. The
flow rate was set to 0.1mL/h.
At steady state, 85-90% conversion to the sitagliptin amine (>99% ee) was
observed at the outlet of the column.
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20 Exanple 7: Plug Fl ow Reaction (PFR) process for the Manufacture of
Sitagliptin in |IPAc 10mL of ketonam de substrate sol ution was
made (100§0LoDOGH2 ket one, 40ul/ nmi- 160ul/ nl i sopropyl arcCmasze2ioP88) . 0. 759
of immbilized transam nase (SEQ I D NO 110/ SEPABEADS EXE120 resin) was
slurry packed in a columm under gravity using | PAc. The 25 substrate

sol ut i gRINR { /ringe punp to the colum, which was jacketed at 50C
The fl ow ra?set‘fv“\%‘s]MsEg?f%{o 0. 1nl/ h. At steady state, 85-90%
conversion to the sitagliptin amne (>99% ee) was observed at the outlet of

the colum. WO 2012/ A£ 520BET-ERLERAARE5ApMEAT | S CLAIMED I S:

1. An immobilized transam Base conpri|sing: a reconbi nant transam nase that

is SEQ ID NO 110; arfiresgmpwantfrangpramase thatis SEQEIMNG AP andansani nase i s
attsached to the 4ssinpjwaein/he feiombikat trafsamindse achtiatlpglise The s and wHeddthe in

a solvent svste hat conpt | at | east 90% qgf —organic | v A .

2. an BRI EROPZERY A amEnE 1 e 4 i sv8igt e ROPRESCS oL B ot opgenic
transasolveatse i s attached to a resin by hydrophobic interactions.

3. An imobilized transam nase of claim 1l wherein the i mobilized

transam nase is stable in a solvent systemthat conprises at |east 95% of
organi ¢ sol vent 2. 154Animmehiized trarsaminase of elaiva d evhstein the reeambinantei n t he
e N eARRhinASSisRthIHER 1S A cdsil B BydfbpHbbRPGIkfBiohsINCt i onal groups,

pol ynmet hacryl ate with am no epoxi de functional groups, styrene/ DVB

copol ymer or polynethacrylate with octadecyl functional groups. 205.An

i mobi |'i zed trarkam nasémmbbilizad tradsawtiise oficlaing 1 viferdin tife igdhstiliad from t he

9,20 SRS b S R e B TSRS 025

transam nase of claim2 wherein the resin conprises 25 styrene/ DVB

cogol ymer or pol ymet hagtylabgiwh g&ésagﬁﬁneggsgﬁléraﬁfg?wega&kh&éaﬂeam rises

7. 7An i mobilized transam nase o eresinis _ge ected

f r om tRedyrgetbagsylatsiths enaxidedunctismplhgonpss pelymethacsiate pithpoiperepexidess and
SEPABHEORS dagFdrblps §%rene/DVB copolym®r o l*rﬂ' SRR lakSHith bahdRy fasoraPNPr i Si ng
the transam nasepéE | D NO 1I:)L0y1pr)lhysﬁ%c})a ly attached to thg] resi n SEPABEADS
EXE12CB*PRE% subi shi). 35

20 5. An immobilized transaminase of claim 1 wherein the resin is selected
from the group consisting of: SEPABEADS EC-EP, SEPABEADS EC-HFA/S, SEPABEADS
EXA252, SEPABEADS EXE119 and SEPABEADS EXE120.

6. An immobilized transaminase of claim 2 wherein the resin comprises
25  styrene/DVB copolymer or polymethacrylate with octadecyl functional groups.

7. An immobilized transaminase of claim 2 wherein the resin is selected
from the group consisting of: SEPABEADS EC-EP, SEPABEADS EC-HFA/S and
SEPABEADS EXE119.

30

8. An immobilized transaminase comprising the transaminase SEQ ID NO: 110

physically attached to the resin SEPABEADS EXE120 (Mitsubishi).
35
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WO 2012/ 177527PCT/ US2012/ 042853 9. A process for making

(2R) - 4- ox0-443-(trifluoronethyl)-5,6- dihydro[l,2,4]triazolo

[ 4, 3-a] pywazbhr/17(RH) -yl | -1-(2,4,5-trifluorophenyl) but alrCZABA12O42863Pr | Si NQ
conprising the steps of: 1) dissolving

4- ox0-4[ 3-(trifluoronethyl)-5, 6-di hydro[ 1, 2, 41tri azol o[ 4, 3-

SaThyr azi n- 7(8Hgy1] -t Bt addHORPUASBU L PH R A p fen o 9ani

I t; t
2+ oxo- dihsiroF 12, flttianobrtA BhelbyrasingZ(8H vy Hr of214,5-txfloordplaeply Dputas-2-amine
aj pyr agdnqbris(@-gomb}}si&-tﬁgsé?éﬁfg rifluorophenyl)butan-2-one with an

i mmobi | i Zed transam nase of claiml in presence of an am no group. 1010. The
process of cl ai m)NiywoRig #okba- '3r(m@&drbﬁleﬂiyt)r£&aﬁxgl%§§ ﬂﬁ&&@gﬂﬂnsam nase
SEQ ID.NO. 1 i.C atacq'nled the Fesin SEP EXE120
(Mgt su‘EJPW‘}‘!ﬁﬁ%%ﬁél'@%gﬁg ugpp bﬁ%‘ﬁ"?%ﬁ? Pf%ﬂ’%&ﬁgam nase

ising: 151)44 i a sal utihon of .t t.ni na Lt h in and an
enzyme soluti on DSPERMS TR (b BoRr DB b ARTSp Mridepl £ 20
rinsing t healpymasin:7(BHpoil]t I Sitiiflaczophenyl)butan-2-one with arBjmmdobyilingl t he
I mobi |1 Zedrds3M3AK S¥35m 1 in presence of an amino group.

10 10. The process of claim 9 wherein the immobilized transaminase is the
transaminase SEQ ID NO: 110 physically attached to the resin SEPABEADS EXE120
(Mitsubishi).

11. The process of making an immobilized transaminase comprising:
15 1) incubating a solution of tranaminase with a resin and an enzyme solution to

form an immobilized transaminase;
2) filtering and rinsing the immobilized transaminase;
3) drying the immobilized transaminase.
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