of Am nes and Hydroxides This application is related to, and pursuant to 3
U S C 1we(ejosghai ns the 10 benefit of priority of US appidigedidiqomiSeri al
No. 60/2S9, 715, filed January 4, 2001. The present invention relates to
mld, enzyne driven nethods for remmwmmﬁmmm d hydroxi de protecting
groups. N-carbobenzyl oxy (N-CBZ) gro ' y used to protect am no
and hydroxi de groups during organic syntkmews. Ot her simlar "carbal nate”
protecting 15 groups are also used to protect am no groups. Chem cal
deprotection is usually 1 it hoascSEHeR ation with

Pal | adi um cat al yst. I—bmg\ﬁ/lgir'}?lg%{f@ﬁgp Og?&g@oﬁéﬁgﬁr%g a%?&@%‘ﬁ{ogﬁﬁgt are
ssusceptible to the deprotection condition (for exanple, sulfur during

hydr ogenation), alternative nethods of deprotection are necessary. It has
now been-di scover &his fmplicatiosris oclatad ks aad pawsudie t6 8RULS.C. §I0b@Y elimOiher om
*soi | sanpl es,usi a selection techni que the invention to produce an
enzyne acti vibfﬁ}etﬁfg‘l’fé’ﬁ'ﬂlb'eoé%é)%ﬂé@?@?% ‘Prla}g{%ﬁ@/&é%%ﬁéﬂe%lﬂﬂ%ﬁ’t‘h A0 oups.
Thus, anignzymatic nmethod of deprotection conducted under mld conditions
(e.g., aqueous nedi um at 25 roomtenperature and atnospheric pressure) can
be used whi ch avoilte desentgnventimnyelstes tepilipdrezyme dpivte ntettrlds Yorsemoemigi bl e
groups. Summary of (%‘}B’% I n%enti oni_The invention provides a method of

deprot ecti ng R A ORIGEOT PRHCHEE BIYPEct ed with a group of formula
ArC*(R) H (CH2) " - ONCearbbd {d 1 bel ow,
t he nmethod conpri sing: c%n _133:&??ﬁ?@%‘gﬁ&d@%ﬁ&ﬂi3?%%03’20%‘?%3’%%9% th an
enzyne ef f echiydwxids grewps\daring erganist syothiesig. Qtirexpimidardcarbamuiel prujedting ani ne.

Al so proykded..i hod .of isolating a bacteri.a.produci.ng,an enzyne

ef f eclto i vgst ogF%%éée@g$ﬁsggg%P{oﬁ taxpg&)g_rog%snp(ﬁlfcgp%%e%qomm ishsyalbect i ve

bacteria on achiedidty Rathofdsihas ﬁg&x?ﬁétﬁki_ﬁﬁbﬁth@a@l%@i‘ﬁﬁi cdly@N HfWeNEr, it VIO
a

02/ 05372. 4 PCT/ US01/~9115 conpoun _is protected as above; and
i sol ating ba®theF BEPUPh ate RypssHt hat araisuscaptifileita thdeproteetion candifiarr tfver pr ovi des

a method of re i | iwoner_aof 10 an, ami.ne or .hydroxide
linked to a %ﬁ?ﬁ ll\é’ car gﬁlﬁél'{lpgﬂ% gn%ggrarHﬁ?&&%’fin&%ﬁ?ﬂséﬁg@@%wgﬂr%uch a
group is st eneeessrecitilias abivibebly discdwezathay thidrdiganiRid @ Wfreidil ibo@at i on.
The deSiééd &r{:}anti,f)rrer is either that hydrolyzed or that resistant to
hydr ol ysf's. el SREH UsEe: @ solgrtion tnchaigus A the dryention trproducesant dnayme
followng re LR : -1 - cribed protecting
group. | n ang%%%gﬁ?gg? ﬁ)nésﬁggﬁﬁlyﬁ%ieﬁsf dich 'p?ot&&ﬁlgaé?&.\{p%. %ﬁs, an enzyr%atlc

method of deprotection conducted under mild conditions (e.g., aqueous medium at

; UWKKYZe3ewt $R( 6T YWD 02/ 05372-4 5 PCT/ 11501/ ~9115 Enzynmatic Deprotecti o@

room temperature and atmospheric pressure) can be used which avoids damaging any
susceptible or potentially susceptible groups.
25

Summary of the Invention

The invention provides a method of deprotecting a hydroxide or amine
protected with a group of formula
ArC"(R)H-(CHy),-0-C(=0)-

30 where the substituents are as described below, the method comprising: contacting the
protected hydroxide or amine with an eniyme effective to remove the protecting
group; and recovering the amine. Also provided is a method of isolating a bacteria
producing an enzyme effective to remove a protecting group comprising: growing

prospective bacteria on a medium having a growth selective amount of an amine

1 AN YR
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contacting effectuates the followng reaction. O HPr~NNO ---~2N. NN.
I'n yet another embodiment, the contacting effectuates the follow ng

reacti on:w@ ¢2fhsN29 HZN ~0~ Detail ed Description of the | ny@ili@n.dis

i nvention can be used to renove a nunber of carbamate protecting groups, of
formula ArC* (R H(CH2)"-O C(=0 WO 02/ 115372 PCT/ US111/.19115 5 ,
where Ris H or independently the sane as Ar, and nis O or 1-4. Ar refers
to an aromatic or heteroaromatic ring with 5 to 6 ring atons and one to two
het er oat ogs % m no,

al kanoyl oxy, gh%gg%ﬂg{%?r Qeg%%%b%vﬁﬁénd??{la?ﬁg g%@%@x%&%&ﬁ&a @ , hal o,
hal oal kyl , hyagdisn, hydroxyal kyl or vitro, or up to one group mhlch is (a)

+Ar* which is indepgndent| S Ar except. th it is not

substituted with a Tif¥ e[nﬂép %lgﬁw pro(vbc?s&me ?ﬁ(ws Ying @\degiredgnantiomerof ot om

of Ar adj acenh afin&br KRR FHBth behs dMBoB “TH6%mine Q’hyd’r I%rogcgds or
e

-P(OQr , to forma bridge to a corres?ondlng position on I's Ar,
wherein q i s Vothoyuch azrenis sterso-gpesifical )2hYdIﬂlymdawethﬂmmmhnd of theiisveitiohen R

H. R
:Flustra ggogggt ?ggﬁgﬁgﬁégm“§Sﬁa?émﬁgﬁﬁghﬁfa%{ﬁ@gﬁéﬁﬁ%393§é§ﬂ$¥%ospecifiC,
and thus can be udg@nt embodiRnY itidcondeEnE ﬁeﬂbﬁ'&étﬁﬁ&} thI':’['&fcﬁmHF adaRAbA:NY

groups are illustrated by such conmpounds as 9-fl uorenyl net hyl carbanat e,
9- (2-sul fo)fluorenyl methyl Harbamate, 9-(2,7- dlbronn)fluor%?ylnethyl
carbamate, 2,7-di-t-butyP<] 9- 0, 10-di oxo 20 g i

10, 10, 10, 10- tetrahyd ot hi ox¢ nmet hyl car banat e, '

prmet hoxybenzyl carbanat e, bjenzyl car bamat e,

orobenzyl caPbana
ate, na-chloro p- asyloxyb-

pchl or obenzyl car barg
car bamat e, di phenyl 0§
p(dihydroxyboﬁyl)be' jt e, yaffat e,
(trifluoromet Ay~ carbanate Py rob \zyl chr banat e,
3, 5di net hoxybenzyl ate, 3 4§ﬂ|nethoxy (}nlt%obenzy‘ car haogR e,

S-benzyl thiocarbanate, p-cyanobenzyl car bamat e, 2-fuxanyl met hyl “car bamat e,

4 (t|-|nethylannnn|u benzyl carbamate and 2, 4-(}tr|net2élbenzyl car banat e.
of~subst|tut|ons are or CZ-C6 where a Cl noiety is chemcally
trifluoronethyk. Ha

substitutlgOr Illustrated substitutt to the phenyl

growm h on a medium i Ch ;uff|C|ent gr owt h- suppor itrogen can only
group. The exanpl

Protecting grBiisPEs feaboyedeseribadenraiesting greupi Fn anothen ambodineng theich as
i nappropriate (e.g. or allcanpyl). Cycloalkyl radicals are C3-C
refeyrs tq) perhal oal |l cyl, pr efier abl y
02/ (15372.1 PCT/
i ncl ude t he enzyne
used in the |ﬁ§§%F#§ﬁm%gn dﬁﬁ%%ﬁggc%g%éggﬁﬁggﬁgﬁf§%§pﬁb%%§fg¥$thaV|ng t he
be obtained from an
estion, aqr_relgted
lu @fi%é\that such g
fromvery ordinary

G eene and 3 gggﬂﬂg O-gani ¢ Synthesis, John Wley &

Sons, NEM/YD?EMH%%gaﬁfgggg%ﬁh¥ﬁ§ Pp T%Q@ Al kyl conponents

Hal oal | cyl preferth .
\SBnggrably chl oro or2fhyore:

n onN odi ment . t he te protecting
group is a phenyl nmet hylfpxycar bonyl} gr up, when a t hel phenyl) car be
appropriate activity. The method of isolation is preferably selection by
carbamat e proPect i g

20 Detailed Description of the Invention

The invention can be used to remove a number of carbamate protecting

groups, of formula

ArC"(R)H-(CH,),-0-C(=0)~

-2.



1 S sources of bacteria, such as environnental or soil sanples. The

exanpl es bel ow exenplify that the selection technique identified by the

i nvent or swyigsofkiBgt i ve to isolate appropriate bacteria, angth&higMMsan
appropriate enzyne source, using ordinary experinentation. The exanples are
for bacteria isolated by selecting for growth with a nitrogen source that
is CBZ-protected. 20 However, this illustration confirnms Applicants'
under st andi ng that appropriate enzynmes can be col |l ected wi t hout undue
experi mengat i R Rt 1RAGHeWs t r Rl mat ched
to the prot eé??hr?gbsgrl%ﬁpd?ggu Eit?de?gpge reﬁ\t%é%? L@ﬁ%ge@{nﬁgharﬁmﬁgfe%&gﬁ?dr oxi de
i nvol ved i n tasematiczgiteetdrearomatic ghg mdthi erét ifg gomasand bre oo Heitdtdtyms

. di date f f d J at i istant tg 2S

ceavage by & BrERItE 0N, TRERRY b st i phc. AR dpon ahrowha

anmine (or an afinal @]Qflaﬁlnoéallygmdﬂsoy@D@if&&ll@}l, 1S, m&u@; 1%1%%0 t,ﬂy&%xﬁﬁﬂ to
colle 0

'sel ect another bacteria, and hence another” enzyne. 1on Separ at e
depr ot ect i ng GERAAEE Up to prcgrenp whickuis (a)re's whichhs prdepersiendy theusameuas Aanzyne

b d in. h ix ) ded.
e e t haSamencuts 1R F B wh bR R b A s ST BT e
conpl ex nol ecitdre of Wr bljabdie tCT B B subystaRYivieh RELT -0, INmkeg(d)Q dre! ati vely

: e ! dg
di stant noieties, then the am ne nodel used in the selecti’on pfocess can be
nmodel ed on t HB(Qer to fopmerbridge te 8 aptrespondipg pesition on RiwhenR ieAnwheyain vis de.

Preferably c I_ 4h ear.by.. npi et i hat, .i o, the conpl ex

nol ecul e ar eEHd(g.rli %glﬁc?ggcrjb %ﬁek'a%{a?%g%ﬁbs df/m%‘gr?%f?}vg’%%k IEE[ In aW%en’]())Zl 0S372. 1
PCT/ USO 1/ 91mb5di@asexit,lﬂusltwaére@ibahmleblaoﬁtzemsalluytfwé@bycmlelﬁcm@@sr(%t s from
whol e cel #s, pgr%i ed enzyme preparations can be used to effect the

depr ot ect? on T%IE’W o8 pRedis stersaspeaiiis and Hws eap heiseddos reselvingmeaaic v so
that smal | anpunis are iypically used, and as the inpurities provided by
enzyme sources {e.g., those of lesser purity) should not produce notable
quantities of mat dihiesd pivteating hrubsl afedhasneatdd byesutheompierided product. 10

Thus, inpuritjges prqvided by the enzy ource are quickly sel ected agai nst
i n postreacti’o u%g‘?‘ﬁﬁlﬁﬂ‘yf ﬁ%%‘??c%(%t?‘ﬁ?@ﬁ’é?@nﬂwgyéP%rb&mé eused, the
| mpuri t1 es aleobYdRRthnb R Rl RUATRLARHLES Q,ﬁg-@%ﬂ?rqlbﬁoi&{&&m i nt ended

products ar a typically not facronol ecu I'es are quickly
segr egat 88 avdéyl 0 10ckO-tetrehyrirothinaanthl)setlab carbamatey leneyl daebamwite, phe substrat e

dinth | ect i 1 i d facile tqol f
measur i ng enIROGLETOn EoroRa RERELeTET RLGRAE: A UREORRIL A P
sel ective ni chpotRheg @ianefs, 2haRRlordHRAzl %M@ﬂmﬂi@h’f&ﬁ‘ﬂ%&%ﬁirﬁw y

(0}

tecl uuques. The amine or hydroxide protected by the protecting group’can be

any am ne or dighepphpelhybearbamategn-chlorer-arylongiopzddaduimaimps, the ami ne or

hydr oxi de is ecule that is. of Sj,ze amenabl.e to
non-repetiti gﬂ)lgéﬁ{(ﬁ&r?@b@ezgﬁ%r% .e%” S}E%IEE%VQ@H’F“Q?&EB%B%&; i on techni que
of the i B¥ent(irdmosmanetayly6-dieonisedmiethyl eBirhite VA-ritesBeRrflLAshaslsed) 335 are used
in peptide or_.nucleic acid synthesis. one preferred enbodi nent, the

) N .
ani ne or hyd gRethexybengycarhgmate, 3idodimiethpgy Horitrobensal carbamateSrhenzabl e to an
ani mal after ' ] ' g ugh a bioactive
agent. 25 In t%ggdrgégg%gisé h?ﬂlgbgirﬁy;lgarpéﬂ%ﬁ’g grﬁgg{hégglﬁg%rb%ﬁat%?‘fam no acid,
nmor e pr ef er alfirimeshylamawinionrenzyl caibemawiané 2gie6ririvacthfibenzak anbh@ateal ani ne,

val i ne, | eucige, .isoleucine ol i ne,, 4 hydroxypyo]ine, phenyl al ani ne,
trypt ophan, %?tﬁ?tﬁ’r% §RUPSUCR ?g _,eses@Fidﬁﬁflgé‘g%é}‘{a@@exﬁﬁp%ﬁﬁ enegad ei ne,
hormocyst gf) ne  Wiitk! PRirdt@ive &35 s3H 07 ami? Isgf;t%ﬂ Fohﬂaﬁﬁ?’ﬂf te SofE Nw $Qudhsdam ¢
acid, lysine, a-am no-s-caprolactam sine 'l actam;

a- am no- 8, 8- d¢specinly pe-Hapid8l.act am s-nethyl | ysine, ornithine, arginine,

hi stidi ne or 3-net i stidin r ,any ..of the foregping substjituted on an
al kyl portion the %{h% Hﬁm"@ﬁf’gwsﬁ%‘ﬁ?WF%” Oagﬂa‘%w CIgidtH RS one
al kyl, or on cherfeeny inaﬁipfc%ﬁi&(tef(hl. sttt ik Ry W OYclofkyl AHIGR Se F/g-@st ed above
for Ar. Such_an am no acid can be an L or "D am no 35 aci d. reover, such
am no aci d calesdkyd ereforebly teters to meshatoadkypomnd pyeferabltrifwoyemethyl. Halpis

02/ 118372t R ]H§%1({ nol ecul e via bonds forned by dehydration
reacti ongsvm' tp%%m el%é&%cj?ér “g’ﬁ?yl ic acid noieties, or by carbon-nitrogen
bonds forned at the am ne noieties. Another class of al pha am no acids
particularly useful in the invention3are according to the foll ow ng
formula: Y ,~CH-m




~3 10 wherein: mis zero or one; Yis CHZ, S-(Ot or Oprovided that Y is
S (Ot ~or Oonly when mis one; Xis S-(Ot or O nis one or tw; t is O,
1 or 2; Ry¥o®obydiogen, alkyl, substituted al kyl, aryl-(Cgdibsoiafndsp is O
or 1-6. O these amnes, the followng is a particularly preferred am ne: '
H 15 These conpounds are described in nore detail in US Patent 5,508, 272.
The teachings therein on maki ng and usi ng these conpounds is incorporated
by reference. Additional conpounds of specific inter est with respect to
the use of this inyenseMBodinfnt SRCEIDESE Bro\{gatlﬂg/g Q¢aand US Patent
5,552,397. The teachi ngs on maki ng and using the conpounds descri bed

therei n are iPhealpsialagcapondigsoun vderetbe Phertyd carebe subistimsedo d1linteiteddxi des

.are typicall neact i L Ar ). H- -0 C(=0)-X with the
cor r espondi néu%%ﬁtﬁ%ogmgé a‘{%p&;gilﬂ?ggf }O’Wﬁ%fgél(lﬁ IP%‘@@%&H%%%W%?@. ,
brono, chl or @aboteofyldy, The ArC* (R H (CH2)~- O C(=O -X is for exanple forned
by reacting ArC"(R H(CH2)"-COH wi th phosgene, carbonyl diaidazole,

tri phosgene or a Z5SqBefeltheeezymenseninthe igvention yam bojsolsrims enlixslated t i ons
PCTI USO. 14- 4 " . i er h haye,, f.or.the.purposes of this
appl i cat %gn, jDt;clI %tgu%_ggxségk}#e\?a p é%fen%gvgyé?ﬁ“ }P%IPF oggfwatnoﬂilgﬁr@ﬁr%gy agent. A
bi oacti ve agsaelecticn by grobgl anaenslilgh irbwhRhGhffviaR grd\ﬁﬁlsu&%brﬁﬁ@ e Bar
cell, virus, tjssue, or %n or organism including but not limted to

i nsecti ci des 981 R QRjained frem anpming gempeundHn syhietvthe agineisprotaeted by e t he
fiuictioning Vi . ' r r.abl th
organismis g&%ﬁa{x}%ﬁe&fr S{GE%?%@H@? rég\(ﬁie%ﬁéh,;brr ﬁfﬁ%{%ﬁ%@gn}gag %gt}%%t\l/?gr%b'ép'gﬁa?m h
sel ective amsxahple$ belowaittisteate thapsuch dactérid Ganiedisolared AinM gerd d@diaudyh

sel ecti visarmunt of b}ﬁfr.ot ecﬁled am ne conpound is_ a mediumin which the

amount  of® anyOGLRE bafierassush ae pnyrpamental onspihempletpound is | ess than an
amount effective tQ.RkxMBl LAl | : - Y ection
process. Preferabl y,e t%gﬁprggtplggﬁ%%h%hlf}%@gﬁggélggﬁingg%ﬂe@%gieg%ﬁgrogen
source. 20 Bxavepioes {b:effetiectoivaattappropriate batteria, landltladrétnyan gipropriate
Mcio~gar:isn=.s A selective culture techni %Ee’f was usgg to.isolate

m cr oor gani s TEPRATOUEEH 8S1g opfipary sEpqgmenEgion, “FTheexamples are fop bactarifur ce of

ni trogen. SOiislolz&@dTB*@éi AREFof HoWRIC WM al PSRN ALURY that id @BZL RN I er Sey.
About a Er am of soi _s%rrp?eg %{(J)spendec‘il i.ndg%e mL of wat er,Zr‘g}ged ?hor oughly
and sanpP@s wkywevat, tsdipstratiereeanfioms Applisante nnderatanding thaslappropristef r om

i | i y di um.A (2% gl . 0.2% | ~| 2P04,
020 1okpod. SR T Aot E R SalTRe ST R G IRE B sadie a0biresf 1 gy 1
% N- a- CBZ- L- kit the prodédtg ghowtayaichéd @B 1eMRE grovsi sdipIRes 88 Remaveli d,

cultures were transferred to the above nedium containing 1.5% agar
contained in pet rivhirathssaming grhydipxide invodvedrin the engymatie raneavahisqdentifisdght
differ ent t i [ ture (Z- S
further i dentx?ﬁ%erg&%?%g%ﬂg? %Sg‘%ﬁﬁ%%“%%@h@gﬁﬁ%%%%g? ﬁ&%gﬁsw;ﬁ%’t eposited
in Aneri2an TlepeagaliytaigieerCondyans, awappréjoddtslly pkctectbDversion Df ki BAAHEI0AGH
pauciiobilis _strain ATCC 202027. Thgs culture was used as a source of
CBZ- depr ot ecER3IGE- 2 smnine angfee ofihp hadraxide) eaphegised to sedgch pqther dpcteria,
Sphi rt gonor t 3gd REAEI AB et Eszviiel /A ; L) Bt |y ~zobilis
was grown on N-a-CBZ-L- phelnﬁ;yl al an?%ge/cgéj%éépm? 9&9&% o

bacterial cultures each producing a useful enzyme can be stored and screened in the

event that substitute enzymes are needed. Where the amine or hydroxide to be

30 protected and deprotected is a complex molecule, with the amine or hydroxide portion
linked to relatively distant moieties, then the amine model used in the selection
process can be modeled on the portion of the complex adjacent to the amine or
hydroxide. Preferably care is taken so that nearby moieties that in the complex

molecule are derivatized are analogously derivatized.



[ 4S- (4a, 7a, 10a[3)]-Cctahydro-5-0x0-4-[[ (phenyhnet hoxy) car bonyl ]

am no] - 7Hpyrido-[ 2, 1-b] [1, 3]thiazepine-7-carboxylic acid, nethyl ester

( Compoundwdy 0288329l € source of nitrogen. The SphirZgonor zgsemgdislsoyigbi I i s
culture was inoculated in a 10 nmedium A containing 1 %

N a- CBZ- L- phenyl al ani ne or 1 % Conpound A. After 2 days of gr owh, cultur
es were transfer red to the nedium A containing 1 % N a- CBZL- phenyl al ani ne
or 1 %BM5 199541, and 1.5% agar contained in petri plates. The col onies
were isolgted fro i r i j B

(0.0l 5% yeast ext %%@S%%%Fﬂggggﬁ%wg%%%%%ﬁ ﬂg&g%o%vlzﬁ’%ligagé’ g{ln % MyS04
15 and 0. 2% Nwdfied gheymg prsparativnisinag bt Usdd ta-ofzt the depmicctiompioniled bt the 1%

«Conmpound A. ture S _grown at .and 280 RPM.for 24 hours on a rotary

shaker. Vi al s%{?\%‘ﬁgnpﬁﬁﬁgﬁg&mﬁcﬁic%ﬁﬁf%ﬂg 5P %haés? | agouits afer‘am%lﬁy usedypid)y g

and were st oraehaimpufiies f:ﬂfvicfedtbyregzﬁﬁ@_so@% (lé.igf'ﬂ,"thc(zsg @me@%@i fltyd sHbu&hot
was

'Spl 711 ~gOr Y7ol 2as pauci ni obi |l is in medi um B) used to i"hoculate 100
nL of medi ummseducametablesquastiiesfonaterial tiwg shomd betgye Rippilfednteadedyprodscton a

rotary shakers ) d by centrifugati,on gt 18, 000 x for 15
ni nut es, rignd Ts}{ug’rel éﬁ’%’%ﬁg g‘@%ﬁ?’ S'Ittﬁef %n#ﬁlglsohrgggre%&ﬂﬁy @ea}?fftegégamsl‘ th post-

Bi ot rart sf or redctibh Wdrkiys | Int@rticutdOwRerEekirgcts 418 ubdd, thelbReitiss ark 9 and

Spl ai r~gom)r§as pauci nobilis was, grown in 25 niL of 25 nedi um B cont ai ni ng

25 my of subdtgamacraReipeiier and sincetie. typicpldnisndsdhprodedts pug typiogly-net | ask.
The fl ask was,/ : . I ter 48 hows of
bi ot r ansf or m?!t1 %%%HQ%&@Q%Z% éﬁ)\%ﬁ?@%xﬁ%@%{%&%@?g@ 9%25%3{1 1}%1“ L

super nat ant cont aiAlsogs ilhetrged telotv, {iv Subshate/tsed in the enzyme selection process
Ca(3)] -Oﬁahydr Q- 5- ogag,- 4- am_ no- 7Hpyri do-[ 2, 1-,b‘1y ) i

[1, 3] t hi &2epifievidesatagii ol for psaguringangye astiwty, ead hensader isylating the3o
Phenyl al ani ng yage 3@ ARG o I r L abl e 1.
Tabl e 1 Substrat e%mu%%gmgvégﬁr?\l/defﬂlﬁg ﬁ%ﬁ%‘%ﬁﬁﬁ%‘%ﬁ%ﬁﬁ?ﬁ%ﬁ%w a?elﬁlg‘py

CBZ- L- Pheny| dé¢dmiques.1L- phenyl al i ne100 g WO U2/11S372-4 5 HPLC Anal ysi s

PCT/ 11SU1/ - 49115 LC anal ysi s perfornmed using a Hew ett-Packard (11P)
1090 i nst rument wit¥ agnwagﬁyc@g\gge P&W@ebyp § PEPLRIING BHOUPTEE bedBY PRIRHGs

sol vent A comdyaidkidiordan Slebilt! HPMARFBhb&diAEhE &Iwné&%¥ﬁqﬁe?o%' vent

B containing 0.1 % TFA i'n 70% acetonitrile: 30%water. Th oW ng

gr adi ent 28f sl amelecwle sl ivvfidagzampehablerto nhe-rq@titive symbdtornedhigrhs(Ofit es

and products: 1.0; % A,. 0O mn:.50% B, 15-25 mn: 10098, 25:26 mn: 0%
B, and 26-30 M R@t@&é@@r 4%?{1% %e\%vgpg?eeoﬁég IMVeRIongR alsp&ée B HiSPELNSer at ur e
was anbi ent, teshdiduee sutdtascid aed WayelRie @t Audeid ald syhtesis]) IHngebrdfbiese
conditions, the retentjion tines for Conpound A Conpound B, ]

CBZ- L- Pheny| aﬁffﬁwﬂmﬂ&n@e R YEraxidens par ofp bloagtivesgentthat iy bixgvailable to16. 99

in. and 7.3 01, ' : i nkng.. d
B 56 anal yrodPlil afeE APl fonY or hiu Bt A Bfectdi6r FOMLE MO EOARRTES T
Usi ~i g Cabl Extr adh®nehsppl ihd @0iné isyirtReabDAse it GORahiiso M@%&@f-?%%a%zoz?

Preparation of Cel| Extract of Sphingontostas patccirttobilis
20 Preparati ¢ %pfmigw acidxtracts were carried out at 4-7C. Cells were washed

s Sospenin 2 SRS R e S RSB 4 O
cont ai ni ng 10f@gixypliok, pleaslalniiy] HfdphahOmehforisd, |gl}&ﬁ&9§é}ﬁie9'il§nos%ﬁig3ﬂd
ed.

phenyl net hyl sul fonyl fl uorjde (PMSF) solution in isopropanol was a
Cel |~ suspensitBienipomysigng, hompecyswines hireginescaspargging cxlutanies, gspagtic acid,

i si nt egrar e Rl R S am iRt ASunaBs R eE 50T n ot 4G The
super nat ant _ shmirio08) Sy EE. b Irhd €0 BrrfithirleC{ @i ell
extract. CBZ- Delpr otection i ﬁg‘;ﬂc’% Eaﬁ%%r?%c%%ﬂ%%ﬂg? gﬁ@%&ﬁgﬁlﬁgh&ggﬁégd in

depr ot ect i ng ymethghEtidineugr dhy ofithedbreguig30bstiiutpd onds alkiyl powtien tisedofiwitin

. deprotecting Z-Qgr Qups,i n vari.ous .processes, Various.D and .L- .
CBZ- pr ot ect ed g’:glfﬂxﬁé) r g@ﬁy bR 38 4ning, (V,Vd@éfpeta ofif kvl L op élﬂhe@atn?%?:tﬁ' supstifgied ¢ o
18 -20 hour s.wiflhthe F&HEL1S RGN0V e F6ORP € Subly arpélflinbi /o1l b b Q) SBamPio 50%

35 acid. Moreover, such amino acid can be derivatized to form a portion of a larger

-5-



acetonitrile containing 0.4%¢trifluro acetic acid (TFA). The results sho~n~
intable 2 indicate that the enzyne is specific in hydrolyzing the

CBZ- gr oupwio @ms§B4 35 protected L-amno acids. _g_ WO UFMA301a913sTabl e 2
PCT/USUI /. 1911 S Substrat ePr oduct %

Conver si onN- a- CBZ- L-t yr osi neL-t yrosi nel OON- a- CBZ- D-t yr osi neD-tyr osi nel. S80
a- CBZ- L-tyrosi neL-tyrosi nel00ON- a- CBZ- L- Leuci neL-L, euci nel0O0ON- a- CBZ- D- Leuci n
eD- Leuci nel. 2N- a- CBZ- L- phenyl al ai i i neL- phenyl al ani ne1l00N- a- CBZ- D- phenyl al an
' neD phens! alméluaedadoBY fdimbll By Aehydritidrteadling vilantinl ySiRERyhy gbie T @
-E- (CBZ) z- L- Lysi neL- Lysi ne24N- a- CBZ-'L- Prol i neL-Prol i nelOON- a- - rolineD
- . Prol i ne0Comiatigs, beninbogeEkends|fernted Fodhd dnipamiadetiesf CBZ

*Deprotectirtg E~tz Use of.Purifi Ertzyrne in the
Deprotectiort of %%%@g@%ggﬁ%lﬂﬁaﬁypég}dgtp&qﬁu ydﬁ?#‘g&fﬁﬁé‘w@ﬂti?}h%r%ssays
10 Conpound AcaordinBZe pikeollbaimgtorigulal O Sng was incubated with 0.4 niL of
‘cell extract / fractions in SO nmM phosphate buffer , pH 7 at 4SC for 18
hours. The reaction is stopped b¥X_ the dition 1 m of SO¥Wacetonitrile
containing 0.4% TFA. The hes i 'tered and anal yzed by HPLC for
product and starting materia Protgin Asspy 1 S The Bi o-Rad protein assay
was used to detern~.ine proteln con ntratE@fq.lThe assay was perforned
according to the manuf aglhy | O< to%?o . Purification of the
Enzyne All the purification step were farried out at roomtenperature. The
purification of the enzynme was cgrried éRsaUSi ng CBZ- L-phenyl al ani ne as the
20 substrate. The cell extract, prepar above, was batch adsorbed with
DEAE cel | ul ose (pre-equilibrated with buffer A) for 2 hours. The

fol | ow t AP oug¥hersipi Ehiseeieerioned Yt i€ Hae Bi((0: ) prowidedalsat pF isS-(0)X at @chmly t h

anmoni um sul f . b onst an irri.n or~.2ohours. The

resul ting préﬁegi“ﬁg‘“t&e‘gb%égsl)sﬁﬁ“%}‘%Bcg‘n‘%r%P% ﬁé{é’Y{i’otﬁs ? ilgl BoBs }Sﬂ}%%‘&tgeaq was
sol ubi | i zed iatkyhuiibsiituted atkyl,airylHQOH, J,-;Vaed PN 0 oim-6 UOF @l amids, th¥O

02/ (15372.1 PCJ/USO1l/~9115 5 | oaded on to phenyl sepharose (20 niL colum _
whi ch was prd° 18 8% # BRrHewlarlyprofersrdt 4aine:A cont ai ni ng 1M ammoni um sul f at’e) .
The columm was sequentially washed with the buffer A containing 1 M

anmoni um sul fate, O SM anmoni um SLHfat e and 0. 2M anunoni um sul f at e.
Finally, the enzyne was el uted W\ h buifer A The fractions containing
active enzynme were pooled (30 nmL) and congentrated with Am con PM 10 10
menbrane (8 nlL). The enzy @

colum (400 nilL colum). S was eluted with buffer Awith a flow
rate of 0.8 mL/mn. Wth thek b€ enzyne was purified nore than
150-fold with a specificH i B.9 uiuts/ng protein (table 3). The
unit is defined as p, mol & d/mn/ng of protein. The enzyne
is adineric protein with a nol ecular 15 weight of 154,000 daltons with a

subui ut | equl ar i ah f 45 000.dal tons... a term DS- PAGE.

Tabl e 3: "Pur ﬁ#%a‘iozﬁgpn&gbs %ﬁﬁ&ﬁ?&%’&‘?l%@%@&g%ﬁaﬁgxﬁaﬂ ﬁlet Qkhiges
Protei n Sp. Athdrsin oiunalding aid @ingihedd dbmpeinad-is hdbBpdraed by ¢&tklence. ,

Ext ract 5000. 1421, 80, 081. O0ODE52- Fl ow7000. 1830. 580.°324. 00¥hr oughAmmoni um

. 602. 4967. 45 Addlitional compaungds ebsreeifisiintgtasbivith eespect dép theruse oD s inyaigion3ge 90

~1l . 41col umg; 3 ; 7 M tHation.col um ,The purified
enzynme prepa?gégaggggg\égag%z"(?ﬁaﬁ%g Pg{e%?% ggﬁgé?js ’g%eetﬁa%sr&i ‘)tnomﬁlﬁn%@gcrot ect

CBZ- cont ai ni mgingdinpeamystsinds dedocitend thereirndte éncbrpotabd by 4eforehsd.r at ePr oduct %
Conver si %Corrpoun?, ACorT&)ound Bl?OCBZ- L- Phenyl al ani neL- phenyl al ani ne100 -11
rotected amines or h

otect ydroxides are typically formed from reacting
ArC"(R)H-(CHa),-0-C(=0)-X
with the corresponding amines or hydroxides, where X is a leaving group (e.g.,
bromo, chloro, tosyl). The ArC'(R)H—(CHz)n-O-C(=O)-X is for example formed by
reacting Arc*(R)H-(CHz)n-OH with phosgene, carbomyl diaidazole, triphosgene or a

25  comparable reagents.



WO | 12/05372.1 PCT/ USOL/ ~9115 5 Exanple 6: Enzymatic Deprotection of 250 ng
Prep Batch of Conpound A The cell extract was prepared as described in the
above secWigirnsIpsa 250 nL 10 of cell extract, 250 ng Conpaungsivsvas added
and incubated at 28 C and 95 rpm After 40 hours of reaction, 250 nL of
acetonitrile was added. The substrate and the product were anal yzed by
HPLC.. The nolar yield for Conpound B was 87 % Exanple 7: Enzynzatic
Deprot ecfion of CBZ-Containirzg Conzpoazrzds The cell extract prepared as
describedsin the earlier section from 15 Sphi ngononas pauci nobilis ATCC
202027 was used to deprotect [(3

S) - Hexahydr o Definitiong 2- oxo- 2- (1- pyi rol i di nyl ) et hyl ] - 1H azepi n- 3-yl ] carbami c

saci d, phenyl met hylest ar ound resulting in the forpmation of
(S)-1-[(3-Am nohexghe)/ttaﬁfwé‘%g%ﬁihgg %Y‘h- ‘ir-tbF ?B’%@F%ﬁl ﬂf%}ﬁ rrlication theonpound
D). o H CBZ ®kgictivdmbidlthgdNed fiiGIGPUNd C 20 25 ConpolLUid D Exanple 8:
Enzsynzatic Deprotectiorz of CBZ Corztairzir:g Conzpourxds The cell extract
prepared as descr itkiga¢tive dgend aplbieactivesgandis f substaeisuck goa nlksaies! that

pauci m)billrgies cATCC% 202027 was ,.used to degr ot ect , ) .

6[ ( phenyl'fet 3%?’5 01 3.8 ly|v1r3§ﬁtﬁgje, organ or organism, including but not limited to
hexahydr o- 2, AnghcEiBYbr dug@el bhadmRbaRs bste 3G -
hydrochloride 1 to 6-Am n%pk(lggé ydr o- %ﬁ%ﬁgs?ﬁg%rﬁﬁf?%?&fgﬁlﬁkh?zfé%?%cgﬁ%%fceti c
acid, ethyl dbe eqll, virpsirasgan arrarganignCo Rysfierably Bhe ofganBiir-iN a mammak rdor® HzN U
Compound E - %ef rawgr 02/ U5372.4 PCT/U SII1 /-49115 Where noted above,

publ i cations And refd s, incl udi ng but not lin sited to patents and
patent appl i cat i onsmegiun®Haviflg WflrowiRSAkdive Hrhlhe B in AGHiEL BodiBGARCIA 0 DY
reference in their entirety in the entire portion cited as If eac

i ndi vi dudP pub¢diemtbiapingargrowtherelactive ampentsfeqirétectad hyirendmipodhdistual |y

indicated to dncorporated by reference herein ag being fully set forth.
Any pat ent aﬁﬁ%@gﬁlﬂ l%hgthmn(?ﬁntt_ i?Gy P 1e5ﬁ'BFI?GEQHTGBﬁ"aEI%é‘? %glnﬁrcpéyppmd I5s al so
i ncor por at ed léys thef &1 2AGEt BEEAIVR tb Prdri®e BREIEEA! gdSFEIih Bl @difaﬁg :
publications and references. Wile this invention has been described with

an enphasi s ($§i5At Boeesse Hrefpmsbly theipretected amine is pesentialiyshe sele nittogse of
ordinary skild, .8 the art that variations in the preferred devices and
met hods nmay be used and that it is intended that the IS invention may be

practi ce@Oot Hexanijsle 1t (Setective Tociniifies bt Koliemsi'of Wdrdrgamisms Accor dingly,
tlus invention includes, all nodifications enconpassed within the spirit and
scope of the inverft SYpctivs cyiptedeshniguerwas usedionigolatgamicrogrgapiems-that able to

utilize N-a-CBZ-L-lysine as a sole source of nitrogen. Soil samples were collected
from various sites in New Jersey. About a gram of soil samples suspended in 5 mL of
water, mixed thoroughly and samples were allowed to settle. The supernatant

25  solutions from various samples were inoculated in a medium A (2% glucose, 0.2%
KH,PO4, 0.2% KoHPO4, 0.01% MgSO4, 0.001% FeSO4, 0.001% ZnSO4, pH 7.0)
containing 1% N-0-CBZ-L-lysine. After 4 days of growth when medium became
turbid, cultures were transferred to the above medium containing 1.5% agar contained
in petri plates. From this enrichment culture techniques eight different types of

30 colonies were isolated. One culture (Z-2) was further identified as Sphingomonas

. paucimobilis strain and was deposited in American Type Culture Collection,
Rockville, MD. as Sphingomonas paucimobilis strain ATCC 202027. This culture
- was used as a source of CBZ-deprotecting enzyme.



WD 02/ 0S372. ~ 5 What is clainmed: PCT/USOL/-49115 1. A nethod of
deprotecting a hydroxide or amne protected with a group of forrmula Ar

C (R H (Ghl®)i21083704 =O) wherein R is H or independently the psgafigefgo%. and n
is O or 1-4, Ar refers to an 10 aromatic or heteroaronmatic ring vvlth 5to06
ring atons and one to two heteroatons selected fromO N or S which can be
substituted with am no, allcaiioyloxy, alkoxy, alkyl, alkylamno, allyl,

car boxy, cycloal kyl, halo, haloallcyl, hydroxy, hydroxyal kyl or nitro, or
up to one5gr Example 2h Grianik b DRshedently the same as Ar
except that it |msmnot substljt(ﬁjtwgn%ntgﬁaéfﬁ‘dﬁrthelrisnaryl (i) Ar*-alkyl- or
(iii) Ar*O a ri ghinggmaneywaicintebibitjvas grotvntom Gﬁ-ae@BZH&phett}&ilamné ed with

¢- GHZ-, - to forma bridge to a correspondin
posi tion on Iﬁh\%ﬁ%7ﬁ %%&Ar(?"tﬂf‘}idéo'é ~Q5%0- %[[@lﬁﬁﬂlmﬂh%}’bﬁaﬂwﬂﬂ]leftoﬂr@H‘rgt hod ’

conpri sing RHESA | enzyme

effective to(brgem) ilrl:ﬁ(!.;i @?ot e@ﬁﬁérizecglr% lrlc %ﬁ%‘qgﬁﬁileegg]bg??rﬁﬁ é&a?ﬁs‘t’?i‘? 2.

The net hod ofsomhaoﬁnﬁxogem&lremphbigen@hm ﬁﬁlchﬁtgnlgsr Qilfard Wadinoculated in a

phenyhnet byl o car bonyl group, w uch can be substituted. 25 3. The net hod
o g,vﬁ@

of ci ai ‘8?.4’* ﬁoﬁl@“@n rNﬁ-CEZFL -Phenytdianine oh b Geimpauadm.| Aftah2r ei n n

ieflziném?;eobRt a?ne@qf)rom e%B’F?ftﬁam lﬁﬁggnjﬁa{ﬁ 11§§bﬁ?i:c?r1)§a]in le‘l’/hg ﬂe(glﬂ%'d of

claim1, whelephenylatareizorm®s BMODIGEUNeMHJ 17, oﬂ%{garlﬁ‘%étrf;ﬁ%%f PROI 1 i's
strain ATCC 202027. - 14 WD 02/ (I S372~ BCT/ USI 11/ 1911 e net hod of

claim 1, wherelopieserpisalatas: &anfbﬁwmmdaﬁeswan grownén We0 ol ofsmediami Be,

val i ne, | euci 0 : e,

han met hi oni éﬁgﬁs%ﬁﬁéﬁﬁg{f:&ﬁ 2}?’ Oge OAA’?#M@(%ZQ) I‘[@%g’%%%ﬁl\%w g Y >
> > > Y mg)rm ) fo G, aci d,

gl Ut ari o aci & ey RaCh e Eﬁ“‘% R e A i RERRE S 5

s- et Pyl Ihys:c ﬁ@nlmunthhOmd!:mb rea Mg gromat@SS?Ed? BRo RBMfor@ﬁmbtﬂB%’dﬂ af>‘1tdrt1 d

any of the faq oi substi t ut on an al ky ortion thereof wt roxy
or al kyl , @ﬁ‘%ﬁé? Ais %ﬁri’ﬂfe@ﬁ’eﬁg Eﬁ?rewgwwp,a?é‘iw Dfrom thiy cultuse emcilwmet h

al kyl , aI kan%ym 7KDY Yt S@o car boxy, cycloal kyl, halo, hydroxy, Ar*

or Ar*O or a derivative o e foregoing formng a portion of a larger

nol ecul e vi a bond@ﬁematr{dommndgﬁym,atﬂ Sphingawind poutiniobilishe nesdie BY fyas
15 car bon ni trogen bonds forned at the

boxyl t
S oY 28 7 B GRS Lo R SRR SCuhes B BPh & 24C g 280 REM
a- am no- s- CaﬁMSMTbI% r&m%@h&l@eﬁcgﬂsd\kré@ﬁr@%lestéd B?B&ﬁh?u(\ggﬁ& at“f8,0b0 x ¢

derivative thereof.
for 15 minutes, and stored at -70°C until further use.

Example 3: Biotransformation Using Whole Cells
In this process, the Sphingomonas paucimobilis was grown in 25 mL of

25  medium B containing 25 mg of substrate (Compound A or CBZ-L-Phenylalanine) in a
250-mL flask. The flask was incubated at 28°C and 250 rpm on a shaker. After 48
hours of biotransformation, the cells were removed by centrifugation. The
supernatant containing the product [4S-(4o,7a,10ap)]-Octahydro-5-oxo-4-amino-7H-
pyrido-[2,1-b] [1,3]thiazepine-7-carboxylic acid, methyl ester (Compound B) or L-

30 Phenylalapine was analyzed by HPLC. The results are shown in the table 1.

Table 1

Substrate Product % Conversion
- Compound A Compound B | 100

CBZ-L-Phenylalanine L-phenylaline | 100




20 9. A nethod of resolving a racem c m xture of a conpound having a

hydr oxyl or amno noiety that is directly bonded to a chiral carbon, the
met hod cowey jafisi@dy providing a derivative of the conpound ge,wdyhahshe

hydr oxi de or amine is protected with a group of formula

AFC (R H (CH)n-OC(=0O) - , 25 wherein Ris H or independently the sane as
Ar, and nis O or 1-4, Ar refers to an aromatic or heteroaromatic ring with
5to Gring atonms and one to two heteroatons selected fromO, N or S, which
can be sulst inquMyglg,g]s am no, al kanoyl oxy, allcoxy, alkyl, alkylam no,
allyl, carboxy, cycloallryl, halo, haloallryl, hydroxy, hydroxyal kyl or
nitro, or 30 up tdliJde agalpsip wak pariforired Uising ArHewlhit Mackad (HBR pedddestiigerdthe

esanme as Ar except at ~it, is not, substituted with a further aryl, B (ii)
Ar*-al kyl - orvfllfif? yt)ygﬁ Cét'&,re\éerﬁq H&S%P‘?J‘HVI& %E\? mQ\MB‘;l%E]@?F selyertA edfapee

substi tut ed \§i. 1% triffidoacetiOacid-(WHA) in Wafe} find MV@PQQ)OB&MB%OT]% TPA3n 8%196 to
‘a correspondi ng position on Rwhen Ris Ar, gqis Oor 1-2 and r is or 135
2; -15 - WDapgtonirde730% watst) Thssfollowing gradigntofsolvientAiand B was wed fercthed

corrpoundlwi t @e@aﬁ}g&/ﬁ{@uﬁ&éﬁg%lié&éﬁrgggﬁr,ermve the protecting group; and

i sol ating the conpound oOf ¥rivative thereof in a conposi tion

that is enantiomerdmal:100% n, Ocitadin: 50%4®,1823iniad]1 G0%B] 2208 hin: 1% H) andhe
nmet hod of cl ai.m 8,,vvh§rei n the protecti n9 group is a _
phenyl et hyl efy0mis 9B .gsdlpw g was £ al-/mén. Jibs splumn temperpiure svagambieit,of
isolating a ! r I f i t enove a protecting
group conpri lsalfjI ﬁtélg%[egeogiro g\%‘l’b S\ﬂaﬁggtglgﬁf)agc% ?\%n%a@ﬁgéritggsgr?&é&ﬁ% |’ﬁ}ﬁ rﬁgﬂ}aﬂ’b a
growt h sel ecttinve famdlonipoahd &) Caffipoend BIPBIAY-Phb@flalasing aad ECRREyMidhhea gr oup
of formul g Ar C(R) I—I-ngCI—%) ~-0:C(=68% wherein Ris Hor | ndependentlé t he sane
as Ar, and n &% 1§-48min. 7. 28min. kat%miry andh 7 3p Shis resPertivelt edlbatheneBZe ri ng
wth 5 to 6 rhLhg; MBagl ected fromQ N or
S, which can cgﬁéﬁgﬁ?ﬁﬁgsﬂg{ﬁﬁﬂ%m&%l ,Z aluﬁlg%g%?%&y, A oxy, al kyl,

al kyl am no, &xayple dalbapxgtectiorcofGBE Isingh@klbExiratto af Byhingbwouasxy, hydr

oxyal kyl or nitrpo. .o group which is (i) Ar* which is

i ndependent | faf‘ﬁ’_éﬁoé’é[(féhjggkpﬁgr&@g%ept that it is not substituted with a

further aryl, (ii)prépiraticaydf-Car El?éa&t'dt'l?blzﬁfg’éﬂona@p&kc‘zﬁoﬁt{l@3;gf(%ém@ﬁ a]E:ent
= orm

to C* can be subsfiTured WIh -CHZ-, -0, -\, -S(OS Or -
a bridge20o0 a cor Peegreatitinrnf cob skiractnwene cRrriddant & #<7°Br Celfs wereGvashed wthand r

is 0 12: and. {sol.ati La.th id i 30 12. Th
ot hod of ¢l SOMRNEroRRREh i bittm A /oA B ee SR A elBrets of the
enzyne by i neufrhiatbint3ne hBeE Biffe: AM3MmIMpls¥hhfe B EHEDD wéaﬁtﬁlnfﬂgel 0%

protecting group; and nonitoring conversion of the protected amne to the
free anine. cengd, and 2 mM DTT). To the cell suspensions, 1 mM phenylmethylsulfonyl

fluoride (PMSF) solution in isopropanol was added. Cell suspensions (20% W/V, wet
25 cells) were passed through a Microfluidizer (Microfluidics, Inc) at 12,000 psi (two

passages) and disintegrated cells were centrifuged at 25,000 x g for 30 min at 4°C.

The supernatant solution obtained after centrifugation is referred to as cell extract.

CBZ-Deprotection Using Cell Extract

The cell extracts was used in deprotecting the CBZ-group from various
30 compounds. It was useful in deprotecting CBZ-groups in various processes. Various
D and L- CBZ-protected amino acids were incubated with the cell extract at 42°C for
18 -20 hours. The reactions were stopped by addition of 2 volumes of 50%
. acetonitrile containing 0.4% trifluro acetic acid (TFA). The results shown in table 2

indicate that the enzyme is specific in hydrolyzing the CBZ-group from CBZ-

35  protected L-amino acids.



WO 112/ GS372~ 5 13. The method of claim 11, wherein the carbamate
protecting group is a phenyl methyl oxycarbonyl group, which can be

substit ut @ 02053724 A col | ection of two or nore bacterial i Uag®Isefine

i sol ates isolated by the method of claim1l using a different anmine or a
different protecting group. 10 15. The method of claim~, wherein the
contacting effectuates the follow ng reaction: HH Pr wherein Pr- is
ArO*(R)I—I-gCHZ)"-O-C(:O)-. 15 16. The nethod of claim 15, wherein the

reaction Ps: TbRCY/ USUL /-19115 H 3 wherein CBZ- is N-carbobenzyl oxy. 20
17. The met hod of claim—l,——u\bsg.r_em the contacting effectuates thga follovm ng
reaction: 0 H Pr N N \LQ HnSujstgte 17 \ityoduey 115879 Conwersionih Pr- i s
Ar C*(R) H (CHZ) n 0- C( =Q)N-0-C8Z-Iigrosiet hod ofL-tyrasine 17, wher ei 100t he rleaction
is: 10 01 I, CBZ N \|NkeCBZRD@HbsineS N- aDhplEmEYT OXy| FPCI/§S0T 71 L911 S
O N N-.~,., N O-0-CBZ-L-tyrosine L-tyrosine 100
| N-a-CBZ-L-Leucine L-Leucine 100
N-a-CBZ-D-Leucine D-Leucine 1.2
N-a-CBZ-L-phenylalanine | L-phenylalanine 100
N-a-CBZ-D-phenylalanine | D-phenylalanine 0
N-a-CBZ-L-Lysine L-Lysine 52
N-g-CBZ-D-Lysine D-Lysine 7
N-a, -e~(CBZ),-L-Lysine L-Lysine 24
N-a-CBZ-L-Proline L-Proline 100
N-a-CBZ-D-Proline D-Proline 0
Compound A Compound B 95

Example 5: Purification of CBZ-Deprotecting Enzyme And the Use of Purified
Enzyme in the Deprotection of CBZ-Group from Cbz-Containing Compounds
Enzyme Assays

10 Compound A or CBZ-phenylalanine at 0.5mg was incubated with 0.4 mL of
cell extract / fractions in 50 mM phosphate buffer , pH 7 at 45°C for 18 hours. The
reaction is stopped by the addition 1 ml of 50% acetonitrile containing 0.4% TFA.
The samples were filtered and analyzed by HPLC for product and starting material.

Protein Assay

15 The Bio-Rad protein assay was used to determine protein concentration. The
assay was performed according to the manufacturer (Bio-Rad) protocol.

Purification of the Enzyme

All the purification steps were carried out at room temperature. The
purification of the enzyme was carried out using CBZ-L-phenylalanine as the
20  substrate. The cell extract, prepared as above, was batch adsorbed with DEAE-
cellulose (pre-equilibrated with buffer A) for 2 hours. The follow-through, which
contained the active enzyme, was precipitated with ammonium sulfate (516 g/L) with
constant stirring for 2 hours. The resulting precipitate obtained by centrifugation

(15,000 rpm at 4°C) was solubilized in buffer A containing 1M ammonium sulfate,

-10-



19. The method of claim1, wherein the contacting effectuates the 15
following reaction: 0 Pr N O H2N O wherein Pr- is ArC*(R H (CH2)~- O C(=0O) -
20. The magwdsefscl aim 19, wherein the reaction is: 20 O geBdNioris—~O-
wherein CBZ- is N-carbobenzyloxy. O HZN o - is

AL!3.A'sy. Ahy.A. y.As .A3 .As.L.A3L.AY. .A&A .AU.AL.A3AL.AIL.A
LAY . AL D ?F?q45 F?C
qq( g#. #. 2p<0>>2?2~2?~" 2>?2~2?| ~28~~8~~8~>~2~~?~2~2~22~22?7>| ~~?~?~<~~8?~~8?~~X
~~X>~=X>~5<~ "16@13@01116ﬁh&%’éﬁﬁﬁ'b%‘@b?ﬁﬁb&ﬁﬁhﬁl&kv’&s b?e— uliBt 121?1{(33%1'13? | 77>2] >7?
?2>7>7?| >?| <~| <~7|x<~7|x<~7|x|~7 x|~7 >;£|>7|x~~ p~ ~|~x>< ?| ?7<<<| | <] <?
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Substrate Product % Conversion
Compound A | Compound B 100

CBZ-L- L-phenylalanine 100
Phenylalanine
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{vql gb] Xl g] ca] ca] ca] ca] cal] ca] ca] caV] ca] ca cal ca\frcal] ca] caj caV]
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()-
&10%: () - 3F"3109@& () -, S100& ()< 10% ()-L10% () - @ $310% pLZ" 1098$& () -
It LZ" 1((33/&' ()-Z10%& () - (? )%“’%1 109&' ()- 109%& () - O%%mpmmd/éﬂo
)naB-s310% - 109%&' ()-+10%&' ()- 9* 10%& ()- YUS

1098 ()-L(10%& ()-!'kLZ"10%& ()-B CDEF T cg}oPl "109%& ()-s10%& ()- 10 10
10! s3: 10%& ([Examyple 81dﬁtwvrytttgﬂeptotec:t_@%zzf OB% onta@:zapfdhm%zdm/& ()- 3

10%’ () - hd0%! () - GQ% % 'i P1 " 10940%& () -
" 1008 () > LAY S ( %%]l%%?t cfstas BT ) e SartiEFS 58’% 8L 7
10%-F& () - T) Bp¥Bigoyronas paucimobilis ATCC 202027 was used to deprotect 6-
- [(phenylmethoxy)carbonyl]amino] hexahydro-2,2-dimethyl-7-oxo-1H-azepine-1-

cd] ca] ca] cal] c | K- s310%&' () - 10%&

acetic acid, ethyl ester hydrochloride 1 to 6-Aminohexahydro-2,2-dimethyl-7-o0xo-
1H-azepine-1-acetic acid, ethyl ester, hydrochloride (Compound E).

0
CBZ\N,@@O/\ . ,%L(A

1 Compound E

25
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1,9"-10%t& ()-!'(L "10%' ()-& L "10%& ()-& 10%&' ()-1 OS vy Z[.<OP1! 8

109 ()-3Y7 109%& ()-3410% ()-!3410% ()-!4+ 109%& ()-S!'+ 10%"4"& ()-S

i hl!8 1098d(dms9210%: ()- 10 10 10"  10%& ()-L10%& ()-:  pcr/useruons

109%&' ()-cA?hl 1 109%& () -1 X 10((%)&' ()-@10% ()- "10%' ()-:1\ "109%& ()-:y@

109K& ()- sz[9hl!t Ol "109%& ()-- .

10% (Q!p‘f'['lO%]q&' ()-1t f 100 ()-1~f"10%& ()- @O%: ()- QW-\ =! F10%& () -
o1 109& ()- 9! 10% ()- 10 10 10; 10%& ()-!:

*31109%& ( %- Mg’ Q"’Wha‘e‘ﬁi;%bb)/e 'publiéat@and fe@fgn@s S(iherfdih Y8t £at Timited to
SY"109&' ()-:!SsY"10%& () - }ASH=l 10 10 10
109%& () - 4109@afeptspnd alzlalwmwns citegoig tlgiy smonﬁcatlma@ }(e)eln/ﬁncorporated by

Tl AR SR ol L@ AR R 1
"109&' () - 10%&r @ferehd@%te(spemﬁnall}( Akt HaPRietGd®e (dcorpat@d 89& () -
| reference herein as being fully set forth. Any patent application to which this
10 application claims priority is also incorporated by reference herein in the manner
described above for publications and references.
While this invention has been described with an emphasis upon preferred
embodiments, it will be obvious to those of ordinary skill in the art that variations in
the preferred devices and methods may be used and that it is intended that the
15 invention may be practiced otherwise than as specifically described herein.
Accordingly, this invention includes all modifications encompassed within the spirit

and scope of the invention as defined by the claims that follow.
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2S 109%&' ().-S010% ()- S/ 10%& ()- -10%& ()- )))))))h**_=II1.

&109& ()-2!3, M 10%&' ()-F"s109%&' ()-" 10%& ()- 10 10 10y;

1098 () - *Woropmssizy =! 11 . 1 10%&' ()-! 109%&' () - #109%&' () - oSFlocy«&,((T),Usolf,mJ,Qcy& ()-&
m 109& ()-,,f,--/71zX9_=y; 10%& ()-!6X3) (10%& ()-!]3) (10%1& ()-!3)

(10% & ()- ("10%& ()- 1@O%QQ ()-//11 [11(19]iJy;

10F"s109%&' ()- 109%&' ()-L10%& ()- 10 10 10l 10%& ()-nB

109%& ()-39////01GlaBi J109%& ()- LL1O%& ()-!; Y 109& ()-Z10%& ()-

109 ()-fs,otymahs@a,mweszxgi Js-"109%&' ()-!ks-"10%& ()-!fsl""109%& ()-
1fsI""109& ()- 10%& ()- "109& ()- GF666666667bC310%&' ()- L10%& ()- 10 10
10y; 10%&' () - 510%&'1() - \Aqmp@%d qfﬂﬂmmbn&eg&dn@we@mm Krptecte8siftO8/gro&ip( ) -

1098 ()-2 10(;/«{1% 109 ()- 3"S109& ()-&::2;
<F<G<aBbC393ML 0 ? “8109%& ()- 'KLL!"10988& ()- 10%& () -
S109%& () - 10%& () - G<{=>l >t >~>7z[ <bCArC" SR)H (CHp),-O- c(._G!)
4010%. ()-' SL3 0%& JoH . r100& () - GLXLI - 100 é VL' -#10%9) & ()-' @' - #1
0% & ()-~>>> gHcor/independaptly hasaniaos, py mm@qnb/&,é;re ers/to an

4010%& ()0 4%{§‘ic®rheﬁr omﬁt?@xgla’gs évﬂh j50co 6‘?%§1¥g' &8%% §fnc£ ?me to w%o %, eg-gatoms
selected from O, N or S, which can be substituted with amino, alkanoyloxy, alkoxy,
alkyl, alkylamino, allyl, carboxy, cycloalkyl, halo, haloalkyl, hydroxy, hydroxyalkyl
or nitro, or up to one group which is (i) Ar’ which is independently the same as Ar
except that it is not substituted with a further aryl, (ii) Ar*-alkyl- or (iii) Ar'O-, a ring

15 atom of Ar adjacent to C” can be substituted with -CHz~, -O-, -NH-, -§(0),- or
-P(O);-, to form a bridge to a corresponding position on R when R is Ar, qis 0 or 1-2
and r is 0 or 1-2, the method comprising:

contacting the protected hydroxide or amine with an enzyme effective to
remove the protecting group; and

20 recovering the amine,

2. The method of claim 1, wherein the protecting group is a

phenylmethyloxycarbonyl group, which can be substituted.

25 3. The method of claim 1, wherein n is 0 when R is H.
4. The method of claim 1, wherein n is 1 where R is the same as Ar.
5. The method of claim 1, wherein the enzyme is obtained from

30 Sphingomonas paucimobilis.

6. The method of claim 1, wherein the enzyme is obtained from

Sphingomonas paucimobilis strain ATCC 202027,
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HEGISLO% & () - NIOY & THemi bl ckin Moot ARG EE+510%
(& ()-10% & ()-1094& ()- 10 & (). N- 10 4 & () Fnbr HSARAR L, 51006
(& ()-10% & (Whiehnisadgning, yalimpgegcing, m@lwcam proli KeBoEL6heh Y lahNeD % &

‘I( )eEJlrgi/%og/} f&) (): f%%i‘élg T%g’é}‘% %%mesn%l% ~homQsgrifg, Birgqnine, sxgeins..

0 | 21 Hhbinob ihe Yt INERA %6 &cid) glhOMi8abil: [yNFEKI LI~ h
: : : rﬂ | :a(G+510%g: (S)lﬁ%ﬁ%otg[/%o; ()éﬁpoac%gén() 1%&“ ?E{ NlOlfV %L ()-II PT] |y|M§E+510%&
' () - 10% & () S1vre-g-gaproegtamy (Jysingl 1@@@& getpethpligsne, proithing) REinoG-hostioiges (
vazoua &) - Pt by isha of any BRI aliutibi subsritusesanap el}gm?ommf& )
f, mOY%& () - vﬁﬁﬂl@ﬁaﬂo@@)zﬂk 1, énﬁé;ﬁﬁﬁv&t}{ﬂ toCene @y 668 o
%l %l 10d 10d' 10d'  9S; 10%d' - 10/@IfM!cé§ %W ~
/F i(l)oo/{d fL&(%)ﬁl o glkqpyg amino, garbaxyygydoglkyl; l(lglommow,e%)r&drmw & () -

4 igfﬁp@'&( §) or gy %ql the ﬁoi%fdggg%ﬁ%“g%%%{’ al;'Rgfg Foplesuly Vi gonds O-

RRRRRRRt T4v Uffarhded%y dethydiration 1ok with tielakf@loriatboxytit 40idehGetios; or by
s! 10%d' & % K RRRSSS ’>va45|10‘V & ()- s)10% & ()- s!10%d' & ()-
s! 10%' &Jé) CARROBNERFPN PO SRxaameietieng’ & ()- s! 109’ & ()-
s 10%' & ()- /K s!10%d' & ()- s|10%1 & ()- Sus*S/ S0S8S9S0S7vUas! 10%d' & () -
s!10%' & ()- /K

3. The method of claim 7, wherein the amine is a-amino-g-caprolactam

or ol-amino-§,8-dimethyl-g-caprolactam, or a derivative thereof.

20 9. A method of resolving a racemic mixture of a compound having a
hydroxyl or amino moiety that is directly bonded to a chiral carbon, the method
comprising:

providing a derivative of the compound in which the hydroxide or amine is
protected with a group of formula ArC*(R)H~(CH2)n-0-C(=0)-,

25 wherein R is H or independently the same as Ar, and nis 0 or 1-4, Ar
refers to an aromatic or heteroaromatic ring with 5 to 6 ring atoms and
one to two heteroatoms selected from O, N or S, which can be
substituted with amino, alkanoyloxy, alkoxy, alkyl, alkylamino, allyl,
carboxy, cycloalkyl, halo, haloalkyl, hydroxy, hydroxyalky! or nitro, or

30 up to one group which is (i) Ar* which is independently the same as Ar

« except that it is not substituted with a further aryl, (ii) Ar*-alkyl- or
(iii) Ar*O-, a ring atom of Ar adjacent to C* can be substituted with -
CH2-, -O-, -NH-, -§(0)q- or -P(O)r-, to form a bridge to a
corresponding position on R when R is Ar, qis O or 1-2 and ris 0 or 1-
35 2;
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)s! 109" & ()- s!10%l' & ()- ds! 10%l' & ()- % K SSSSSSSt T4vUds! 109%' & () -
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protecting group; and
isolating the compound or protected derivative thereof in a composition that is

enantiomerically enriched in the desired enantiomer.

10 10.  The method of claim 8, wherein the protecting group is a

phenylmethyloxycarbonyl group, which can be substituted.

11. A method of isolating a bacteria producing an enzyme effective to
remove a protecting group comprising:
15 growing prospective bacteria on a medium having a growth selective amount
of an amine compound that is protected with a group of formula
ArC'(R)H~(CHy),-0-C(=0)-
, wherein R is H or independently the same as Ar, and nis 0 or 1-4, Ar
refers to an aromatic or heteroaromatic ring with 5 to 6 ring atoms and
20 one to two heteroatoms selected from O, N or S, which can be
substituted with amino, alkanoyloxy, alkoxy, alkyl, alkylamino, allyl,
carboxy, cycloalkyl, halo, haloalkyl, hydroxy, hydroxyalkyl or hitro, or
up to one group which is (i) Ar* which is independently the same as Ar
except that it is not substituted with a further aryl, (ii) Ar*-alkyl- or
25 (iif) Ar*O-, a ring atom of Ar adjacent to C" can be substituted with
-CH;y-, -O-, -NH-, -S(0)q- or -P(O),-, to form a bridge to a
corresponding position on R when R is Ar, qis O or 1-2 and ris 0 or 1-
2; and
isolating bacteria that grow on said medium.
30
12.  The method of claim 11, further comprising confirming the
effectiveness of the enzyme by
incubating the bacteria with an amine protected with the protecting group; and

monitoring conversion of the protected amine to the free amine.
35
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10%6 & ()-Z  10%4.() Ac&@%l&n@fhﬁo@rm@)ﬁ%ac&n@ rsgla’tes the 1solates isolate
"109% & () - &D)ENFATAGAWAAADAGTO" f 1006 & ()- & () %16

L, @0% & ()- thapwt E%(qfsha@nlld wmgachﬁaqeptmorad@em%mp@ung gbmﬁlW%& () -
i 5"10% 68 ()- @10%’ & ()-4 ST10% & ()-  10% & () - 3ab( bAb} bbb| [ : A410"
L(10% & (Y-  YO10% & ()- = y#s10% & ()- Ly m10%& ()- f10% & ()-

S 10% & ()- b3cqcridccd| TheAddiBod of MaikO V) whdrdin the/ Sokididrik E%Tfecmatbé)ﬁelo% & ()-

3L3°10% & () tlgllg\?f/ 10% & ()- y+10% & ()-dddd dd( dodev

10 ql (10% & ()-Y

110% & ()-3 HHIEAIPR: | 10% & () 10' 10" 10"  sy;
10% & () - eet eeoggg| [ : vU41% 10% & () - "SY'10%W ()- dsY"10% & () - -
10% & ()- t'1 (109%& (9 , tl

SLL' "10% & ()- >LL'
&10% & () -] Kkl |

(10% & ()-Yg+thphhi Si'j | & vU410
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D' 10' 10' sf; 10f

10% & () -

7"10% & () -z

5109 & ()- >LO#10% & D95&=12PE | 10% & () -
f109% & () - g10% 8 W& ()- F'sloN&
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, wherein Pr- is ArC’ (R)H-(CHp)p-0-C(=0)-.
15 '
16. The method of claim 15, wherein the reaction is:
H
; H
" S|
—_————
CBZ—N@ H N@
02R3 2 02R3
, wherein CBZ- is N-carbobenzyloxy.
20 17. The method of claim 1, wherein the contacting effectuates the

following reaction:

o 0
H, HoN N
Pr\N ID R “~ N/\u/
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NI0W & ()- 10% & (9 -F) vvW.Yy| [ : qdClQ s$10% & () -
10%& ()- & 10%\8}8 TeiigRe %% b Y outhe hergin “%@1 reacfiggyiy; () -
Yvnvtvzv|vvy| [ : qulO &IOW & () H#I0W& ()-4 t 10%) (& ()-S
109%& ()-S 9 10%& ( 310%. & ()-vvvwvww] [ : qdCl0 o D' * 10%&: - %
10%ah& ()-- 90-10% &
10% & () - wwwwiHZ_qdCLo "()-- * 10% ~() o5 &
a95) 10% & ()-- C99)1 : ; " ad| ng 13] c"
"Headi ng 23] c" "Headi ng adi ng 63]c"

"Headi ng 73] c" "Heading 83]c" g 93] c"A "Def aukt ragraph FontE &

3 DKQWE[ al'i oLrt xz| ~P& ; BCRW((b | Ytvwe | M

$ ), 19/ GlFawl@Ewi» CBZ aERGAIARenTpNY. K5 MNRRRSS9SL SRS} SSSSRTTT- UV/ XX
ZZDM abdeg!j "l +mzqgrs\tt Bu[ uuYvwvww ! "#$UR () *+, -./0123456789: ;
<=>?@\B FGHI JKLM\ICPQISTi nmes New RonmanAri al Couri er New'h Root
Ent r yWor dDocunent "HEUR () *+, - .1 0123456789:
< >7? GABCDEFGHI JKLM\ICPQR@@U\N\XYZ \]’\ “abcdef ghlj kI mopqr st uvwxyz{|} ~

"HSUR' () *+,-./0 149456 7dg-method of ¢laim 1, wherein the contacting effectuates the
<= >’7@\BCDEFGI]E{I)@(KJ;,1 UVWKYZ[\ ] ~_"abcdef ghi j kl mopqr st uvwxyz{| } ~
" #$UR' () *+, -./0123456789: ; <=>? @G\BCDEFGHI JKLMNOPQRST

Y )
P \/U\ i
T \/U\
15 , wherein Pr- is ArC*(R)H-(CHz)n~O-C(=O)—.

The method of claim 19, wherein the reaction is:

NoTUy.T

, wherein CBZ- is N-carbobenzyloxy.
20
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