5 29 June 2005 Enzymatic Deprotection of Am nes and Hydroxides 10 This
application is related to, and pursuant to 35 U.S.C. 119(e) clains the
benefit of priority of US application Serial No. 60/259,715, filed January
4, 2001. The present invention relates to mld, enzyme driven nmethods for
renoving am ne and hydroxi de protecting groups. N carbobenzyl oxy (N CBZ)
group is commonly used to protect am no and hydroxi de grogpsjuher 2005

organi c synthesis. OQther simlar "carbamate" protecting 15 groups are al so

used to protect am no gERERRatiBEFofettionePARIRG anad Hydroxigedl | y achi eved by
met hods such as hydrogenation with Palladi um catal yst. However, if other

groups are present that are susceptible to the deprotection condition (for
exanpl e, sul fur duyting hydrogenation), alternative t s .of .deprotection
are necessary. | tﬁﬂ%l BRI AL AR PEEFURH AL !E’?hU { og]gggr(?)éﬁ%méé]ﬁ’ be
readily isol ajegéhf phibRRP oY ap%ﬁé@ﬂo_ﬁ%_eﬂﬁ'}lﬂﬂ 66/258 €5, I ah®ky 8] g, of the

I nvention to producé an enzyne” activity effective'to specifically rel ease

such protldcting groups. Thus, an enzymatic nethod of deprotection

conduct ed under m It ] : Uﬁggﬁ ' erature
and at {r_of)loheriq prjlggfgdi%gf%cﬁzﬁ%&%ﬁéoﬁt vgfg‘gs anag?snféf%t%o I y
suscepti bl e amipoareiyi moiscgtgréips. gr oups. unmrary o e Invention
The invention proyjdes a mit hon@J §I3£?%%r otecting.a hydroxide or anne
protected with a §8ﬁ§°]§fl_z¥8¥y } F??}WFH’—%%“S ?‘t’( m_.b)"ﬁ%‘&"ﬁﬂ%y_e t he
substi t uent s hadwxhle giaps dulitglofatiownilicsie. Mrkd? Glinile Mg beanate)” préedtingCt i ng t he

pr ot ect eﬂahydroxi de Qr am ne wth an enzyne_ effective to renove the

pr ot ect | GPOWH 2reAlRp ysed I REPIeFtIURQ.Eonps, LCheppical degrofortinn s Y et hod of

i sol ating a B@ftRIIW methods such as hydrogenation with Palladium catalyst. However, if
other groups are present that are susceptible to the deprotection condition (for
example, sulfur during hydrogenation), alternative methods of deprotection are
necessary. It has now been discovered that microorganisms can be readily isolated

20  from soil samples using a selection technique of the invention to produce an enzyme
activity effective to specifically release such protecting groups. Thus, an enzymatic
method of deprotection conducted under mild conditions (e.g., aqueous medium at
room temperature and atmospheric pressure) can be used which avoids damaging any
susceptible or potenﬁélly 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-(CHz)-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




produci ng an enzyne effective to renove a protecting group. conprising:
growi ng prospective bacteria on a nedium having a gromh sel ective anount
of an amne -1 29 June 2005 5 conpound that is protected as above; and

i sol ating bacteria that grow on said mnmedium The invention further

provi des a nmethod of resolving a desired enantioner of an am ne or
hydroxi de |inked to a chiral carbon. The am ne or hydroxi degpjeesdmy W th
such a group is stereo-specifically hydrolyzed with the nethod of the

i nvention. 10 The desired enantioner is either that hydrolyzed or that
resistant to hydrolysis. In one enbodinent, the contacting step effectuates

the followi ng regag '&am-%&dm-éﬁi%ﬂaﬁﬁm%' -Q%ﬁ%%@mﬁaﬁre Pr-is
t he above-describe%iprotecping group.eﬁn anot her enbo |nent? t he

contacting effeEFﬂ&Fbs the followi ng reaction: . In yet another enbodinent,
the contacting ef f ecthAhRtibd Buth@!prWieD§ nfcfiBE bf (0lvingAMdRired Liahitinke? df

Description of the |nvention The invention can be used to renove a nunber

of carbanate prdRBREPHEIHdslinked 9 chigl syben. Thrypmine oy lydoxidg prgjpcted 29 June
2005 5 , where RithSudd a%odpqgﬁag@.gi%;ﬁmytm%mgfnhﬂga{a@mgim dnOr 1-4.
0

Ar refers tg an__ aromatic or heteroaromafic ring wt ring atons
and one to %o Fhg desized epantiomer is either that hydrolyzed or that resistant to hydrolysis.

In one embodiment, the contacting step effectuates the following reaction:

S |
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HzN

PI—NH o0 co,R, O CO,R,
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where Pr- is the above-described protecting group. In another embodiment, the
contacting effectuates the following reaction:

. 0 - ‘ 0
H, HN
= (LJ
15 ,

. In yet another embodiment, the contacting effectuates the following reaction:

0 0
Pr.__ \v/ﬂ\y}/”\\ Hﬁr/Iig::Z%:JL\O//N\\

20 Detailed Description of the Invention
The invention can be used to remove a number of carbamate protecting
groups, of formula
ArC (R)H-(CHy)s-0-C(=0)-

-2-



selected fromO, Nor S. Ar may be substituted with am n al kanoyl oxy,

al koxy, alkyl, alkylamno, allyl, carboxy, cycloal kyl, hal o, hal oal kyl,
hydr oxy, hydroxyal kyl or nitro, or up to one group which is (a) Ar* which
i s independently the sane as Ar 10 except that it is not substituted with a
further aryl, (b) Ar - alkyl- or (c) Ar *O. Aring atomof Ar adjacent to
C can be substituted with -CH, -0-, -NH, -S(Oq- or P(&Y Junetzmdsorma
bridge to a corresponding position on Rwhen Ris Ar, wherein gis 0 or
-1-2 and r is 0 or 1-2. In one enbodinent, nis 0 when Ris H In another

enbodinment, nis 1 where Ris the sanme as Ar._ As jllustrated t he
Exanpl es ¥ seevhae Rep Horydependently.thy sgme as Af apdp s fLes; ﬁcm %F%‘HS?%?}% can be

used for resgloﬂaﬂgom&&&rsmaﬁeﬁﬁwﬁﬁsﬂbﬁﬁgaﬁaﬁﬁfaﬁ@bﬁm 10/6 DR Foafngs
il lustrated by such conpounds as  9-fluorenyl nethyl carbanate

9- (2- sul f o) f selestasfyam©: Mar S. cAraasien sibstitafeq with g, alkaneiersy BkgFiret hy

car bamat e, , ot - | =139l X[ Ohag%ué!@,

O-tetrahydr o#lo%ﬁwﬁgﬁyh?#&gg?%&%%g%éhzy cdrhggﬁﬁx?’éggféxgea{kﬁ%xybenzyl

carbanmat e, pemiitroaivepy bne graupwhieh és (apAb redhietbie indgpendenihthasarac apAr

chl orobepzyl carb £ -di chl or 0 | Bhg1. - I yl

carbamatgt,% ﬁ%@ﬁ%ﬁ%ﬁﬁgﬁk‘ﬁﬁqﬁ% tag,ﬁg&'zn%gﬂ'ﬁgfr’)g%}ﬂ% %ﬂ%’l calbamat e,

g (<(1i hyg{oxymﬂaﬁ)ﬁfﬁajgwﬁwcbml hsﬁimnhhwﬂ'l . SCHlaz-Q)-yINFRY I‘B)(D)q-OFr bamgt e, 2

5 (trifluorqnethyl)-6-chronmonyl net . car bamat e nig ropenzyl . car bamat e,

3,5- di met hoRkBenzy OIE‘e?rmlt%iX °°r§53‘¥néﬂ$&°ﬂgﬁ99%3n‘ﬁep&%§n§rywﬁ&gﬁygmt e,

car bt e, 4 O B e bt & An. 2o b

carbamate, 4- rime ammoni_um benzy | carbamate an , 6-

trimet hyl ben@@‘ﬁ@?@aﬁéﬂe‘ﬁhﬁpﬁdﬁ @@tswﬁa%uﬁ%mé'&ﬁﬁﬂg@ e Exgmples (§escr i bed

n standpsd eyt s micheficd SERAEATL, Al Y én bERUGKEGE isEividRupien O gani ©
ohn

Synt hesis, J ey & Sons, New York, 1991 (especially pp. 315-348).
Al kyl conponstigreaf substitutions are CL-C6 or O C6 where a O noiety is

cherLl |, oo s By Bopp PN o iopaalds 120 ool ore
trifl uoromet hyfluordngingethnyd carbamate, 9-(2-sulfo)fluorenylmethyl carbamate,
9-(2,7-dibromo)fluorenylmethyl carbamate, 2,7-di-z-butyi-[9-(10,10-dioxo-

20  10,10,10,10-tetrahydrothioxanthyl)methyl carbamate, benzyl carbamate, p- -
methoxybenzyl carbamate, p-nitrobenzyl carbamate, p-bromobenzyl carbamate, p-
chlorobenzyl carbamate, 2,4-dichlorobenzyl carbarnate, 9-anthrylmethyl carbamate,
diphenyl methyl carbamate, m-chloro-p-acyloxybenzyl carbamate, p-
(dibydroxyboryl)benzyl carbamate, 5-benzisoxazolylmethyl carbamate, 2-

25  (trifluoromethyl)-6-chromonylmethyl carbamate, m-nitrobenzyl carbamate, 3,5~
dimethoxybenzyl carbamate, 3,4-dimethoxy-6-nitrobenzyl carbamate, S-benzyl

»  thiocarbamate, p-cyanobenzyl carbamate, 2-furanylmethyi carbamate, 4-
(trimethylammonium)benzy] carbamate and 2,4,6-trimethylbenzyl carbamate.
Protecting groups such as these are described in standard texts such as Greene and

30  Wauts, Protective Groups in Organic Synthesis, John Wiley & Sons, New York, 1991

| (especially pp. 315-348).
Alkyl components of substitutions are C;-Cg or C2-C¢ where a C, moiety is
chemically inappropriate {e.g., for alkanoyl). Cycloalkyl radicals are C3-Cq.
Haloalkyl preferably refers to perhaloalkyl, and preferably trifluoromethyl. Halo is

35  preferably chloro or fluoro.



35 preferably chloro or fluoro. -3 29 June 2005 5 In one enbodi nent, the
carbamate protecting group is a phenyl nethyl oxycarbonyl group;, where the
phenyl can be substituted. Illustrated substitutions to the

phenyl met hyl oxycar bonyl include, for exanple, those recited above for Ar.
A source of the enzynme used in the invention can be isolated as an isol ated
10 bacteria having the appropriate activity. The net hod of 203ehat200% i S
preferably selection by growmh on a mediumin which sufficient
growt h- supporting nitrogen can only be obtained froman am ne conpound in.
which the amne is protected by the carbamate protecting group in

question, or relat Eﬂm%%hﬁﬁﬂ&i&tﬁﬁé&ﬁfaﬂa&gprgf grotifis a€xanpl es bel ow
c

-0
illustrate that su acteria can be isolated fromvery ordinary 15 sources

of bacteria, Bhssiirashdexycathongerenp, whersthq pheaylsan be sotstinisda dinstgtegel ow
SF TR UL bbb 6 thd SRR Carb S telaB ol s, loBYRREET > | ©

effective to Iso e appr cterra, an y~an appropriate
enzyne sour ceabowsifergdmor di nary experinentati on. The exanpl es are for

bacteria isolated,by selegcting for gr hwithawnitr n_sour hat is
CBz- pr ot ect od. - 20 AOVEEPT e RTms et fyfhiod sin Prisoliidts 38 ofied

under st ang ngbdchaia FAPRE AR dpplcpriaRBENVIBS TheindiodCoTlisobstionds preferably undue
experimentation ysing the same approach . wifh the ‘gtilot ecti,ng group matched

to the protectesHoRPHEHVERQRAI WiaphHcienyezovEth SYRPOTHRRIBESTHSA oxi de
i nvol ved in thay 80aYEREE GrohfdPMahe bstnpilfd td Whith theAnihd'B pidtsdted bk

candidate for a cause of a proposed substrate being resistant to 25
cl eavage by acaghamaic piotepting grenp dppiestinn o relajedpatinmstectotoeting gouRyf Thenat

am ne (or an NG %ﬂ}!g& . Yedrebe e used to
sel ect anot heerﬁglgci:%ggﬂogf an enggpg}lr\cgefgﬁer égggrre. A cgﬁ'ggtlo of
separ at e Weprminees dfgpctamiaysneb apenvirommemal axlsoid sdmpleses each produci ng a

UasTul P a0 R AR AGAED g s SRl B W

inventors is effective to isolate appropriate bacteria, and thereby an appropriate

enzyme source, using ordinary experimentation. The examples are for bacteria
isolated by selecting for growth with a nitrogen source that is CBZ-protected.

20  However, this illustration confirms Applicants’ understanding that appropriate
enzymes can be collected without undue experimentation using the same approach
with the protecting group matched to the protecting group sought to be removed.

Where the amine or hydroxide involved in the enzymatic removal is identified
as the most likely candidate for a cause of a proposed substrate being resistant to

25 cleavage by a given enzyme, an appropriately protected version of that amine (or an
analog, or an amine analog of the hydroxide) can be used to select another bacteria,
and hence another enzyme. A collection of separate deprotecting enzymes or
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.



30 protected and deprotected is a conplex nolecule, with the am ne or

hydr oxi de portion linked to relatively distant noieties, then the am ne
nodel used in the selection process can be nodel ed on the portion of the
conpl ex adjacent to the am ne or hydroxide. Preferably care is taken so
that nearby noieties that in the conplex nolecule are derivatized are

anal ogously derivatized. 29 June 2005 5 As illustrated bel gwJupaoos al
whol e cells, extracts fromwhole cells, or purified enzyne preparations
can be used to effect the deprotection-provided by the invention. The
enzynme acts catalytically so that snmall ampbunts are typically used, and as

the i mpurdties préyilbhetattdbadow ybastesd wholescells egtracts fromavhele cells,8r purity)
shoul d not r ce ! o] f ' &Q? s ave like
t he intendeﬁ%ﬁﬁgﬁ%ﬂﬁ%&ﬁ%ﬁﬁﬁgeﬁtﬁég@%y hﬁ@ﬁzynﬁgur ce are
qui ckl y sel emvestioagdihashzyine aotsshtalytiealyt sodheat wmalk apouritnarp dypidatiyiuaed, awher e
extracts are used, the i rities are b d Jar nacr onnl l,es: and
since the tyH %Tm?‘lﬁ“@ﬁﬂ’é’ngﬁﬁﬁllhﬂﬁ?ﬁy?eé‘f"é%?ﬂgﬁcgmsﬁgﬁﬁw ]Fr%n@oﬁnl% 8213’ es, the
i mpurities ap@dessinekdble GRSttty af RtelinaHatishould bétevplikelhe intédded pelucd | ust r at ed
bel ow, the substrate used jn ggmenz ne sel ect iq(‘)ﬁriﬂlpgr?ce S .15g.£rovi des a
facile tHl WS’WP@V@H‘%§ SEPIRS JoPICe A lectsr agpt M PO ¢ he
enzyme Wi th sehemtieutl InpaRicAl HHeA exfiiét cRNBA, tRispiitddiatd pnald protein

chem stry techniques.” Thé am ne or hydroxi de protected by the protecting

group can belargeynasnemeleenles; Mﬁbﬁ@é%@ﬁ@ﬁ%@.ﬂ?mﬁ%n@mwi nent s,

the am ne or i S, : I ' si ze
anenable to Ir!%(%énégjl {ng%te"@%’ ilﬂ%eljn&gﬁ??ea??%ﬁ%kelgﬁ ues.a%?@g%o%?g@?ut&he

deprot ecti on t ech#lsqaeilluftratébelaw,din substratemsed s the bpzyineaglection prpesstt i ve
techni qu such..as_ar S In peptide or ' ' Hegls.) I n one
preferreﬁg e?FBB’HF%fﬁ‘,ﬁefoﬁggéﬁePém% eﬁ?'g]%oafﬁg’ ’?éf%%g%ﬂ)gﬁ%%g%%tive agent
that is bi oaszyimallith sclectivmizrobididgial emrichareat andigdiiondprotein chemistiyt of a
precursor to such a bioactive agent. 25 In one aspect, the amne is
preferably af§°H¥9%# a-anino acid, nore preferably an a-anino acid.

The amine or hydroxide protected by the protecting group can be any amine or
hydroxide on any molecule. In many embodiments, the amine or hydroxide is found

20 onamolecule that is of a size amenable to non-repetitive s'ynthetic techniques. (Of
course, the deprotection technique of the invention can also be used in repetitive '
techniques such as are used in peptide or nucleic acid synthesis.) In one preferred
embodiment, the amine or hydroxide is part of a bioactive agent that is bioavailable to
an animal after oral ingestion, or is part of a precursor to such a bioactive agent.

25 In one aspect, the amine is preferably an o~ or B-amino acid, more preferably
an o-amino acid.

The amine can be, for example, alanine, valine, leucine, isoleucine, proline, 4-
hydroxyproline, phenylalanine, tryptophan, methjonine, glycine, serine, homoserine,
threonine, cysteine, homocysteine, tyrosine, asparagine, glutamine, aspartic acid,

30 glutamic acid, lysine, a-amino-g-caprolactam (lysine lactam),
o-amino-§,5-dimethyl-e-caprolactam, e-methyllysine, ornithine, arginine, histidine or
3-methyhistidine, or any of the foregoing substituted on an alkyl portion thereof with
hydroxy or alkyl, on an amino with up to one alkyl, or on a pheny!l moiety substituted
with the radicals recited above for Ar. Such an amino acid can be an L or 1> amino

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

»
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The am ne can be, for exanple, alanine, valine, |eucine, isoleucine,
proline, 4- hydroxyproline, -phenylal anine , tryptophan, nethionine,

gl ycine, serine, honoserine, threonine, cysteine, honocysteine, tyrosine,
asparagi ne, glutam ne, aspartic acid, 30 glutam c acid, |ysine,

a- am no-e-caprolactam (lysine lactam, a-am no-5,5-dinethyl-e-caprol actam
, S-nmethyllysine, ornithine, arginine, histidine or 3-nethghusti2i0ge, or
any of the foregoing substituted on an alkyl portion thereof with hydroxy
or alkyl, on an amno with up to one alkyl, or on a phenyl noiety
substituted with the radicals recited above for A[ Such an a cid can
be an L or D Aani melesuie xiaihgt chydirtion Ierigs nL?W% ized to

forma portion OﬁmﬁmEQBQGVaﬁﬁm&ﬂmﬁ#ﬂsmﬁﬁﬂﬁnédﬂﬁhﬂﬁuhemwh&mbonds formed by
dehydration reactions wth anlne r carbo; i ¢ d i.es,.or by

car bon- ni t rogen bondsApherglassaf af a%ﬁ?ﬁ@égﬁF@?i “$gﬁ3PﬁE SRS alpha
am no acids parthgahﬁgtgﬂkqgmﬂhngﬂmﬁmg_|nvent|on are according to the

following fornula: | wherein: 1nis zero or one; Yis CH2, is one or
two; t is 0,1 or 2; RB i s hydrogen substituted al kyl, aryl-(CH2)p
-; and pis 0 or 1-6. O the&H the ~¥ollowing is a particularly
preferred am ne: 0 CO2R3 15 Th se co are described in nore detai
in US Patént 5,508,272. The te t her dCH2Bh naki ng and using these

conpounds is incorporated BRpNef ergnce. ddi ti onal conpounds of specific
interest with respect to the use offf this jinvention are described in WO
00/ 47207 and US Patent 5,552, 397. gs on nmaki ng and wusing the.
conmpounds described therein are incorporated reference 20 Protected
ami nes or hydeoxiwtesinameistzeior ahd; Y iS&Hue&(@)tBh‘g Y is S-(O); or O only

fhor o T LG O St dnil ok, x Wl O)oR®; %qsssém@silmoamrmeazgqghya@e@xu des,

where X is a |eaving group
alkyl, substituted alkyl, aryl-(CH),~; and pis 0 or 1-6. Of these amines, the

following is a particularly preferred amine:

H2N O COR;

15  These compounds are described in more detail in US Patent 5,508,272, The teachings
therein on making and using these compounds is incorporated by reference.
Additional compounds of specific interest with respect to the use of this invention are
described in WO 00/47207 and US Patent 5,552,397. The teachings on making and
using the compounds described therein are incorporated by reference.

20 Protected amines or hy&oﬁdw are typically formed from reacting

" ArC" (R)H-(CH:)u-0-C(=0)}-X
with the corresponding amines or hydroxides, where Xis a leaving group (e.g.,
bromo, chloro, tosyl). The ArC (RYH-(CHy)a-O-C(=0)-X is for example formed by
reacting AIC"(R)H~(CH;),-OH with phosgene, carbomyl diaidazole, triphosgene or a
25  comparable reagents.




brono, chioro, tosyl). The ArC (RH(CH2)"-OC(O-Xis for exanple forned
by reacting ArkC (R H(CHz% - OH wi th phosgene, carbonyl diaidazol e,

tri phosgene or a 25 conparable reagents. -6 29 June 2005 5 Definitions

The followi ng terns shall have, for the purposes of this application, the
respective nmeanings set forth below. e bioactive agent. A bioactive agent

I s a substance such as a chemcal that 10 can act on a cepRp,Juner2(D5

ti ssue, organ or organism including but not limted to insecticides or
drugs (i.e., pharmaceuticals) to create a change in the functioning of the
cell, virus, organ or organism Preferably, the organismis a nmanmal, nore
preferably a human. medium having a growth sel ective anount of an ami ne
conmpound. A Lum having a growth sel ective anount of a protected

am ne conpou%’ﬁll;ﬁs%—gk medi umin which the anbunt of any other am nes other
than the am ne cofbofolldwing tetmssball have, fon therpomoesesaf this applisatian. theonot e
bacterial growth..n _a grow i d selection process. Preferably, the
prot ect ed anﬁgecflgeglse?g% |S§Ff°%1%ﬁ@ws?ol e nitrogen source. 20 Exanple 1:

Sel ective Techni qadfoative dgefit. a4 bldactife dybtios gheiasiEuéh acd detmicadttati| t ure

techni que was used to jsolate microorgani sns thaf able to ,uiilize

N-a- CBZ- 10| y%t%?ﬁe%dm@s,w&g@% orrﬂrmﬁgch%qgahggmr e col | ected

fromvari Ousiniééﬂ%_ﬁiekﬂr&ﬁgé@.‘éﬁ ﬁlﬁ:ﬁfma&ﬁﬁbﬁ]s)% Bledtela@ lih the FkiBAing @gPeENded in
Y

5 nmL of water, mxed thoroug and sanples were allowed to settle. The
super nat ant & celd| irus.corean ororgapisal. Rrefembityp theorgauism is aaeammpiledorn a nedi um A

(2% gl ucose, Igfe%%?l gg%lg%l , 0.2% K2HPO4, 0.01% MgS™4 , 0.001% FeSO4,
0.001% ZnSCﬂ, P V4 ‘ontai ning 1% N-a-CBZ-L-1ysine. After 4 days of
growt h when nedi usmizdhmirhaving a growth selective amount of an amine compound. A

15  medium having a growth selective amount of a protected amine compound is a
medium in which the amount of any other amines other than the amine compound is

less than an amount effective to promote bacterial growth in a growth-mediated

selection process. Preferably, the protected amine is essentially the sole nitrogen
source. _

20 XExample 1: Selective Techniques for Isolation of Microrganisins

A selective culture technique was used to isolate microorganisms 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% KaHPO,, 0.01% MgSO,, 0.001% FeS04, 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 20202’{. This culture

was used as a source of CBZ-deprotecting enzyme.




turbid, cultures were transferred to the above nedi um containing 1.5% agar
contained in petri plates. Fromthis enrichnent culture techni ques eight
different types of 30 colonies were isolated. One culture (Z-2) was further
i dentified as Sphingononas paucinobilis strain and was deposited in
Anerican Type Culture Collection, Rockville, MD. as

Sphi ngononaspauci nobi lis strain ATCC 202027. This cul ture 2pakinesHisas a
source of CBZ-deprotecting enzynme. -7 29 June 2005 5 Exanple 2: G owth of
Sphi ngononas paucin obi lis Sphingonobnaspauci nobilis was grown on

N- a- CBZ- L- phenyl al ani ne or

[4S- (4a, 7(3, 1@xhmp)e £X GRoW oF Sphingdmbnds(panbimpplizet hoxy) car bonyl ] am no] -7 H
pyrido-[2,1-b] [1,3]thiazepline -7-carboxylic acid, nethyl ester (Conpound
A) as sole sour ceSHFngAMagsBRUCImPRilisNms FHEBAORaNTRLibsuylalaning 0T t ure was

I nocul ated in | L - = Jy= . AR or 1%
Conmpound A. Al[ﬁ#& 27@%%&?2]—()* g’? O%S%Hxﬂ%tﬁé&?ﬁégm %@@gﬁgﬁgﬁ%}% t he

medi um A cont gynndm'lc')o b!,]]:b% 33tz igt—?fmhﬂno Ogltjél;;?lmid, mlethyt ?ﬂ&ﬁ(?bﬁjéasm(y I ):issmeag e;(y
were grown in .0 i u : oye rac ucose, 0.2%
KL2PO3. 0. 296 KFRBOAT TSGORSE. DI RRApOm UK 5o b0l REIe SBRnPP BT P n 106
N- a- CBZ- Liphepghmbani dftadddg 9% NG-CEB2ONEhtN | abnireldr 194 CoMpeimalr QA figt 2 28C and

280 RPM for 24 hours on a rotary shaker. Vials were prepared (1nL culture
in a 2nL vi aflgysfof gravithi cultres weretrapsfirred tocthe miedinguA gontaing g %6 N-6GRZ€ use.

Cne et (5O 3Bk e v s R PARERSE BEYEAIAL i A1 ), 1
280 R ?M f ogoldifleseredsobited fioai the petsiipidies werEgtdwh ine 0@ nllasfiaediad By
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Compound A. Culture was grown at 28°C and 280 RPM for 24 hours on a rotary
shaker. Vials were prepared (1mL culture in a 2mL vial) from this culture and were
stored at -70°C for future use.
One vial (containing 1 ml. of Sphingomonas paucimobilis in medium B) was
20 used to inoculate 100 mL of medium B. Cultures were grown at 28°C and 280 RPM
for 48 hours on a rotary shaker. Cells were harvested by centrifugation at 18,000 x g
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 wefc removed by centrifugation, The -
supernatant containing the product [4S-{4a, 70, 10aB)]-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 -




250-m L flask. The flask was incubated at 28C and 250 rpm on a shaker.
After 48 hours of biotransformation, the cells were renoved by
centrifugation. The supernatant containing the product

[ 4S- (4a, 7a, 10ad) ] - Cct ahydr o- 5- ox0- 4-am no- 7H pyrido-[2,1-b ]
[1,3]thiazepine -7-carboxylic acid, nethyl ester (Conmpound B) or L 30
Phenyl al ani ne was anal yzed by HPLC. The results are shownsgnuhbedgsbl e 1.
Tabl e 1 Substrat eProduct % Conver si on Conpound A [ Conpound B100

CBZ- L- Phenyl al ani ne L-phenylaline 100 -8 29 June 2005 5 HPLC Anal ysis HPLC
anal ysis was perfornmed using a Hew ett-Packard (HP) 1090 instrument wth a
VWdac C 18 rmncsgnﬂpﬂse colum. The nobile phase solvent A containing 0.1

%trifluoroacetl d (TE and .sol.v o TFA in
70% acetonitril %" Fﬁgg?%l r@v&?tggl&e@f‘f@ﬁ{) %en éné{nd B was
used for th%ﬂ@w&m&@m;m&ammtmﬁammmmﬁmmm%A 0-15
mn: 50% B, 15-25 mn: 10098, 25-26 m

% B d 26 The fl
rate was 1 r-1%itAfluorpecetio peitIKANp avakt ap tgnﬁ‘ﬁ?t@’f'ﬂng?b Ey}}%ﬁ @éﬂ ect(:al onOW

wavel ength "Bt ﬁfml%léo%%:é;’"ﬂﬁrfoﬁ&ﬂﬁg g JfisoRent A el B €lag Qéddofor thei mes f or
Conpound A, npound B, CBZ-L-Phenyl al'ani ne and L-Phenyl al ani ne 15 are

15.48 mi M), sep@stiori of subsGatevandiprodugisd 7. 35 min., respectively. Al other

CBZ- containing gp EE‘QW/S#\A@§“@ Q@F%@numm HRERFEMMOOHA B,1280S -

Exanpl e 4. Deprotection o tracts of Sphi ngononas
- pauci mobi | i 26-20Tfafh: DFE) The Bo mmdmldmlﬁhbcﬂimnd@npﬁﬂmgp%mnas
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and the washagesfo} IConipbdfd 8) Compaund B, CBZ-L-Phenylalanme and L-Phenylalamnc
15 are 15.48 min, 7.28 min., 16.99 min. and 7.35 min., respectively. All other CBZ-
containing compounds were also analyzed using these conditions.
Example 4: Deprotection of CBZ Using Cell Extracts of Sphingomonas

paucimobilis ATCC 202027 .
Preparation of Cell Extract of Sphingomonas paucimobilis ATCC 202027

20 Preparation of cell extracts were carried out at 4-7°C. Cells were washed with
50 mM potassium phosphate buffer, pH 7.0, and the washed cells (100 g) were
suspended in 500 mL of buffer A (50 mM phosphate buffer, pH 7.0 containing 10%
glycerol, 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.



suspended in 500 nL of buffer A (50 nM phosphate buffer, pH 7.0 containing
10% glycerol, and 2 nM DIT). To the cell suspensions, | mM

phenyl et hyl sul fonyl fluoride (PMSF) solution in isopropanol was added.
Cell suspensions (20% WA', wet 25 cells) were passed through a
Mcrofluidize r (Mcrofluidics , Inc) at 12,000 psi (two. passages) and
disintegrated cells were centrifuged at 25,000 x g for 30 pgnak 2485 The
supernat ant sol ution obtained after centrifugation is referred to as cell
extract. CBZ-Deprotection Using Cell Extract The cell extracts was used in
deprotecting the CBZ-group fromvarious 30 conpounds. It was useful in
deprot ectigng fhde 8r oups in various processes. Various D and L-
CBZ-protected amno acids were incubated with the cell extract at 42C for
18 -20 hours. - The reaciti ons Wwubgrateopped py abhidwecbn of Y@Comtexsien |of 50%
acetonitrile containi NgN@&-8BFZtI-tfrbsiie0 acef Laymsind (THA). T9@ results shown
in table 2 indicate t Qe -CBE -y | S SPbayfosiae! N NyldT Ol VA8Ng L he

CBZ-group from CBZ- 35 3 Mo ary ik nd 29 Jome @S5 Jabl e 2
Subst r at ePr oduct % Cbnv%(&eﬁzu viﬁl_bl s _i:;z;l el Y oSt “rcﬂr\.lln

N a- CBZ-D-tyrosi neD-ty { cBz I'{i ‘LM%L%L%-LQO_
N- a- CBZ- L- Leuci neL- Lel I'IqP grixlaugine, | (Il‘ei’f‘ﬁmﬁ-l euclinel

N- a- CBZ- L- phenyl al ani né¥-gBarlyphanlalanine opL-Rhenydganips pheny!!8fani ng
D- phenyl al ani ne0 N- a- AB¥-cCBYd)-phénylaminecSR-phenyldBAn®-[Lysi n®D- Lysine7 N-a

\U

- C- (CBZ) 2- L- Lysi neL- LY N-8eCAZ-L-Lysine L-Lysine 52
N-g-CBZ-D-Lysine D-Lysine 7
N-o -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 HPL.C for product and starting material.
Protein Assay |
15 The Bio-Rad protein assay was used to detérmine 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~eqﬁﬂibrated 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 sulfaie,

-10 -



N-a- CBZ-L-Proline L-Prolinel00 N-a-CBZ-D-Proline D-Proline O Conpound
AConmpound B95 Exanple 5: Purification of CBZ Depr.otecting Enzynme And the
Use of Purified Enzyme in the Deprotection of CBZ-Goup from

Cbz- Cont ai ni ng Conpounds Enzynme Assays 10 Conpound A or CBZ-phenyl al ani ne
at 0.5nmg was incubated with 0.4 nL of «cell extract / fractions in 50 nM
phosphate buffer, pH 7 at 45C for 18 hours. The reaction pg§ Jehemues by the
addition 1 m of 50% acetonitrile containing 0.4% TFA. The sanpl es were
filtered and anal yzed by HPLC for product and starting nmaterial. Protein
Assay 15 The Bi o-Rad protein assay was used to determine protein

concent r at§ ONpadddon t@%ﬁéﬁl%ﬁ&r&b‘é@@ﬁﬂ&ﬂlmhﬂhmgs pre-dgnibrisgated with ur er
(Bi o- Rad) protocol.

urification of the Enzynme Al the pu n steps
were carried '?}Effel‘&cqn%ﬂﬁlg ?‘H\"Eml%?@ %FPW&\W&E I%Pﬁqlhe&g%ﬂzyﬁme was
carried out U&hﬂ et R B aRenoARmi Refate? 0,580 G baluM sulfie anél |
extract, prepare ove,

was bat ch adsor bed w I
(pre-equili br&?h’fdammpmumﬁlﬁf@fﬁ Momez%weh#@éw&l??%ﬁ%& Jgﬁﬁﬁa‘i\ﬁ’m ch
contai ned the ghaViioh benBHIR Wit A fihd BME14 516
g/L) with con%t%%qﬂga@%%g%m%&egbﬁg% s?t]ﬁime resulntl ng precipi tat e
obt ai ned ty cmambrahag&mMnTh(atﬁzy@WasﬂhﬂrdpaM)onm5 -29818 aealymp i fer A
containing 1 ni ym syl
phenyl sepharo@H@O %m%l%ﬁ?‘u W‘i“%ﬁ’a\%g%‘g‘%?’g- equrio%ag?g?g eBPf(\)S buffer A
cont ai ni Ng 1 Mn@raR0iWith tHékbd aéps)the a&hﬁneafampmrxﬁ\ﬂsnmemw%o&tblﬂwmhed wi th
the buffer A containing IM ammn um qu f%fwo oM amrﬁ sul f% & and

0. 2M anmoni umellﬁf:&ﬁ vi fﬂélﬁ‘?‘l ¢ BUPPETA. The
fractions _cogg) it ARk FHAER. wa]zpﬁehsegd@%ac e msihaeneneat o

with Amcon
15 - weight of ~154,000 daltons with a subunit molecular weight of 45,000 daltons, as

determined by SDS-PAGE.

Table 3;: Purification of CBZ-Deprotecting Enzyme
Step +  Volume Activity Protein Sp.Activ. Purification

mL Uml. mg/mlL U/mg fold
Cell Extract 500 0.142 1.8 0.08 1.00
DES2-Flow =~ 700 0.183 0.58 0.32 4.00
Through .
Ammonium 60 2.496 745 - 034 425
Sulfate
Precipitation
Phenylsepharose 28 0.117 0.13 090 - 1141
column
S-200 Gel- 7 0.139 0.01 13.90 176.20
filtration column

The purified enzyme prepared as described in this section has been used to
20  deprotect CBZ-containing compounds as shown in table 4.

Table 4

Substrate Product % Conversion
Compound A | Compound B 100

CBZ-L- L-phenylalanine 100
Phenylalanine '

-11-



10 nenbrane (8 nL). The enzyme was then | oaded onto S-200 gel-filtration
colum (400 nL colum). The enzyne was eluted with buffer Awith a flow
rate of 0.8 nL/mn. Wth these steps the enzyne was purified nore than
150-fold with a specific activity of 13.9 units/ng protein (table 3). The
unit is defined as nole of product fornmed/mn/ng of protein. The enzyne
Is adinmeric protein with a nol ecular 15 wei ght of 154, 0002dauher08 th a
subunit nol ecul ar wei ght of 45,000 daltons, as determ ned by SDS-PAGE.
Table 3: Purification of CBZ-Deprotecting Enzyne Step , Vol une Activity
Protein Sp.Activ. Purification mLU niLng/ mLU ngfold Cell

502, 4967. 45 0 ST ONERS TR PRI 250 i 1Y BRAh T COIRBMD, 0011 41
Phenyl sephar ose colThemellextmeoeaspremrais desceibedimtbe al@ye seqtiont Fae 28hmEol um
The purt 15 GBOITERLeRes i RlATK HE ol HbieBiEl s utoed 10
Subst r at ePr oduditdsiChome b teaction, 250 ml of acetonitrile was added. The substrate and the
product were analyzed by HPLC. The molar yield for Compound B was 87 %.
10  Example 7: Enzymatic Deprotection of CBZ-Containing Compounds
The cell extract prepared as described in the eatlier section from
Sphingomonas paucimobilis ATCC 202027 was used to deprotect [(38)-Hexahydro-
2-0x0-1-[2~0x0-2-(1-pyrrolidinyl)ethyl]-1H-azepin-3-yljcarbamic acid, phenylmethyl
ester (Compound C) resulting in the formation of (8)-1-[(3-Aminohexahydro-2-oxo-
15  1H-azepin-1-yl)acetyl]pyrrolidine (Compound D).

0 o
Bz > N @

, Compound C Compound D

Example 8: Enzymatic Deprotection of CBZ-Containing Compounds

20 The cell extract prepared as described in the earlier section from
Sphingomonas paucimobilis ATCC 202027 was used to deprotect 6-
[(phenylmethoxy)carbonyl]amino] hexahydro-2,2-dimethyl-7-oxo0-1H-azepine-1-
acetic acid, ethyl ester hydrochloride 1 to 6-Aminohexahydro-2,2-dimethyl-7-ox0-
1H-azepine-1-acetic acid, ethyl ester, hydrochloride (Compound E).

0

, 0
CBZ.___ —_—
\)j\o/\ HN o P




Conpound AConpound ‘Bt00 CBZ-1- L-phenylal ani-ne 100 Phenylat-aniine -11 29
June 2005 5 Exanple 6; Enzymatic Deprotection  of 2SO0 ng Prep Batch of
Compound A The cell extract was prepared as described in the above section.
To a 250 nlL of cell extract, 250 ng Conpound A was added and i ncubated 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 HPLE@g JyReeons ar
yield for Conpound B was 87 % 10 Exanple 7: Enzymatic Deprotection of
CB7.-C ontai ni ng Conpounds The cell extract prepared as described in the
earlier section from Sphingonnnas pauci nobi lis ATCC 202027 was used to

deprotect [(3S)- ahyd 2 ox . i et -1H a
zepi n- 3- yI% car bani ’E‘?lné? BV t%ﬂy‘f;a“‘gg‘feé ncf’@%"rf{ﬂ‘@b‘?#%% QL@{%{ ng in
the formati Onﬁaéiént.‘(ﬁd' atelnt Splibations) RayPinyEis @petifitifonldre herein incorporated by

1H azepin- 1- )acetyl pyrrolidine (Conmpound, é% &pngegﬁggﬁa gﬁound D
Exanmpl e 8: E BFBW@E&’P@W%‘FIW“ qublicgiorne cof |
extract prepag&%géé%ggmr 0 ahdraBAddalt Encﬁcﬁ%'t@ﬂeﬁ&&ﬁﬁbﬁ&ﬁ'ﬁ}gomnas

pauci nobi |l i s 2027 used to deprotect 6-

[ (phenyl met hoveferense horein qsehqmgdul}y sqaéﬁmhym.pgtegtapphcaﬁonto which this
O e 00 B e T Mo Rt 2 Lo,
hydr ochl or i deddstiibgdaboet o) pulitibationCentueforehets.
‘While this invention has been described with an emphasis upon preferred
embodiments, it will be obvious fo 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.

1

Accordingly, this invention includes all modifications encompassed within the spirit
and scope of the invention as defined by the claims that follow.

-13 -



-12 29 June 2005 5 Wiere noted above, publications and references,
including but not limted to patents and patent applications, cited in
this specification are herein incorporated by reference in their entirety
in the entire portion cited as if each individual publication or reference
were specifically and individually indicated to be incorporated by
reference' herein as being fully set forth. Any patent appboGRhe@D0BE0 whi ch
this 10 application clainms priority is also incorporated by reference
herein in the manner described above for publications and references.
While this invention has been described with an enphasis upon preferred
errbodiments,5 ikvﬁﬁk' agbvious to those of ordinary skill in the art that
variations i'n the prererred devices and nethods may be used and that it is
i ntended that the 15 i nv&method ofideprdiestipg abtdroddt wriniepraectddwith agroup
specifically d%&ﬁﬁ&. d herein. Accordingly, this invention includes al
nodi fi cations enconpassed within the gpirit and scope of the invention as
defined by the clains that foll ow 2€ RWHBECHIDO-G=Mpat is clainmed: 1. A

nmet hod of depro |_RQ: | i i up of
formil s ArC ( Ry HEE ity i o iy O 0 % R B S AT B AP, T
as Ar, andOn iagpnfptiopr HetetoargmaticaingvathtSdo &ming togs emdheriedo byo hetsreatamay onat i ¢
ring with 5to i OfiEr AN RN Sant LBAR, 93}'9”&" 3 t romO0, N
or S, which car?gf)e subng%)ftutrgﬂ W t%ngrgns%o, %ﬁ&gﬁo oXYy, aﬂ?gga,ﬁgx{él kyl ,
al kyl ami no, al lelkyl, axlediney allyd.ycatboxy, kydloalkiyh balo, 1, hydroxshhivtirosyplkyl
hydroxyal kyl  Qf bt ) QviRGSs 8Y 2P RenidRi; i I . i i's
i ndependent |y tﬁeagﬁﬁg?ggl%#£°.xcegtsﬁ%at It fg ngt su %ﬁ%fﬂﬂe 'ﬁfth a
further aryl, @Ekdeptthtitisnatysubstituted with a fiuthenaryb(ii) Ar -alkyly on GideAdbh, efingyr
adj acent tqsC* &&%%g#aéé& {oen Bk SlBstiedeb with “1,e, -ONEREL, ~s@H Oy - OF
-P(Or, to forma bri ge to a’ecg%rrespg%j}ng p('g{szi’tio’n on é\%}]g Ris Ar, q
is 0 or 1-2 -P(O)-, to form a bridge to a corresponding position on R when R is Ar, q is 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
directly remove the protecting group; and

20 recovering the amine,

2. The method of claim 1, wherein the protecting group is a
phenylmsthyldxycarbonyl group, which can be substituted.

25 3. The method of claim 1, wherein n is O when R is H.
4. The method of claim 1, wherein n is 1 where R is the same as Ax.

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,

-14-



and r is 0 or 1-2, the nethod conprising: contacting the protected

hydr oxi de or am ne with an enzyne effective to directly renove the
protecting group; and 20 recovering the amne. 2. Thé nethod of claim1,
wherein the protecting group is a phenyhnethyl oxycarbonyl group, which
can be substituted. 25 3. The nmethod of claim1l1, wherein nis 0 when Ris
H 4. The method of claim1l, wherein nis 1 where Ris thesgajped®osr. 5.
The nethod of claim1, wherein the enzyne is obtained from 30 Sphi ngononas
pauci mobilis. 6. The nethod of claim 1, wherein the enzyne is obtained
from Sphi ngonmonaspauci nobilis strain ATCC 202027. -14 29 June 2005 5 7.
The nethod of %l a| m 17. mheﬂhemeﬂlh@oﬂhl@ﬁamﬁﬁaeﬁﬂﬁw&ied&m%mfﬂw' chis
al ani ne, valine, in .euci ne o ine, . drox r

phenyl al ani ne, ;}bs(g%ﬁg' ?ﬁ ?ﬁ%’ eucipg, ﬂﬁhﬁﬁ' B?Fogli?é’maﬁ’é‘

t hr eoni ne ,- cystmpmphkmmdymgl@cmé yﬁﬁﬁ;hﬁ»ﬁmsaﬁla,a;h&gnm@cy@mbg amn ,
aspartic acid, dl tam ac SI ne .N0-e-ca r ctam (| |ne

| actan), e-net hqu VST S(%cnwcbrn':’ &i ‘?‘?Fém gl ???&dyysmc'

3- net hyhi st i di ne a-mmamg.caprolatchm (l}@tnegﬁtaﬂg, s&ﬂm}mybiué %ehxmegd&gaink,»ﬂlsﬁﬁ%t ion

thereof with dro to one aI kyl, or _on a

phenyl miety Wi t°ﬁ§¥1§1%??' %F’Wéﬁ%wmg?"% s“tﬁ'ﬁﬁi pession thereof o) Ky |

, hal o, hydroxy, w@thhy&ibxﬁbrﬂqi onaarmdiﬁtﬂapabbﬂ@am,fl,drfaﬁafpﬁé@gﬁbw&lﬁfm ng a

portion of a Iargﬁ% Iec a bonds or ned ggﬂgi} %I on teactJj ons

with the amne o laE%ﬁW ?"a YR ey ‘('9’1"1"6%’" YEORY ¥t 0548 P-bonds

formed at the armnedma&tacﬁ‘shefsmga‘xh@fomhgagomﬁnafﬂa@eﬂmowéﬁhBoﬁdae am ne
a- am no- 3..8-di net h actam _or

- |
dor tvati ve ¢ her oBFeS by dhoyifait REHO0 MBI 6 SRR PR B o

conpound havilfig earbon-nitrogen bonds formed at the amine moieties.

3. The method of claim 7, wherein the amine is a-amino-g-caprolactam
ot a-amino-0,8-dimethyl-e-caprolactam, or a derivative thereof.

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

providing a derivative of the compound in which the hydroxide or amine is
protected with a group of formula ArC*®)H-(CH2),-0-C(=0)-,
25 wherein R is H or independently the same as Arx, and n is 0 or 1-4, Ar
refers to an aromatic or heteroaromatic ring with 5 to 6 ring atoms andr
one fo two heteroatoms selected from O, N or S, which can be
substituted with amino, alkanoyloxy, alkoxy, alkyl, alkylamino, allyi,
carboxy, cycloalkyl, halo, haloalkyl, hydroxy, hydroxyalkyl 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-, aring atom of Ar adjacent to C* can be substituted with ~
CH;~. -O-, -NH-, -S(O)q-- or -P(0),—+ to form a bridge to a
corresponding position on R when R is Ar, qis O or 1-2and ris 0 or 1-
35 2;
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hydroxyl or amno noiety that is directly bonded to a chiral carbon, the
met hod conprising: providing a derivative of the conpound in which the
hydroxi de or amine is protected with a group of formula
ArC-(RH(CH2)"-0-C(O-, 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 5
to 6 ring atons and one to two heteroatons sel ected from 8g jNner2gas Whi ch
can be substituted with am no, al kanoylox , al koxy, alkyl, alkylam no
allyl, carboxy, cycloal kyl, halo, haloal kyl , hydroxy, hydroxyal kyl or
nitro, or 30 up to one group which is (i) Ar which is independently the
sane as Ar except that it is not substituted with a further aryl, (ii) A
alkyl- or ($ii) Ar*dOntagting the profectedenmyponit wisljreeneyme ¢ffective'to gareciy remwve the
substituted with - C112-, -0 %ﬁ‘? 4S(O 9 or -P(O, to forma bridge to
a correspondi ng p05|t|or"1)r.°on n R s gis Oor 1-2and r is 0 or 1- 35
2; -15 29 June 2005 islatingthecpinpepndive proteoted derbativashyenfinla odneesition tharizne

effective to directly ragﬁaﬂg?&g&?ﬂg&tcﬁ%ihmﬂﬁggﬁmg ;i sol ating the

conpound or protected derivative ereof 1n a conposition that is
enantionerically enriched in the desired enantioner. 10 10. The net hod

of claimS8, erei n {Hhe ‘%éfi U, A :Pﬂﬁﬂ){% l,oxycar bony |
group, whi chd\l?:an belghbs??‘fp%te &%i%}’ﬁ%étrﬁggm - 1S0 %P@géaa bacteria
produci ng an erbhgpdmethylerydashenyl groupcwhiclecan bp sebsigtelng gr oup conprising: 15
growi ng prospective bacteria on a nedium having a growh sel ective anount

of an am:ne conpound that is protected with a group of fornula
Ar C (R) H ( CH2) 0- O C1=0) A method of isolating a bacteria producing an enzyme effective to

remeove a protecting group comprising: _
15 growing prospective bacteria on a medivum having a growth selective amount
of an amine compound that is protected with a group of formula
ArC' (RYH-(CH),-0-C(=0)-
» wherein R is H or independently the same as Ar, and n is 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 8, which can be
substituted with amino, alkanoyloxy, alkoxy, alkyl, alkylamino, allyl,
carboxy, cycloalkyl, halo, haloalkyl, hydroxy, hydroxyatkyl or nitro, o
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
-CHa-, ~O-, -NH-, -S(0);- or -P(O)y-, to form a bridge to a
corresponding position on R when Ris Ar,qisOor 1-2 andris 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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wherein R is Hor independently the sane as Ar; and nis 0 or 1-4, Ar
refers to an aromatic or heteroaromatic ring with 5 to 6 ring atons and 20
one to two heteroatons selected fromO, N or S, which can be substituted
wi th am no, al kanoyl oxy, al koxy, alkyl, a Ikylam no, allyl, carboxy,
cycl oal kyl, hal o, hal oal kyl, hydroxy, hydroxyal kyl or nitro, or up to one
group which is (i) Ar* which is independently the same as28 June€2(pEt t hat
it is not substituted with a further aryl, (ii) Ar*-alkyl- or 25 (iii) Ar*
O, aring atomof Ar adjacent to C can be substituted with -CH, -0-,
NH-, S(Oa or -P(Or, to forma bridge to a corresponding position on R
when R is , qis or .- I; 5 the ¢ Soleaddg gheria that
grow on saf% medi urr%q 30 %E%#ﬁgo%d%ég@mﬁﬁﬂ%fﬁr@t her ryé%l%%ri si ng
confirming thepheaflnsthyloxpesekonyiprouphwhieheap e spistitiidubat i ng the bacteria with
an amne protected with the protecting group; and nonitoring conversion of
the protected amne to the free amne. 35 -16 29 June 2005 5 13. The net hod
of claim 11, whereild-t het ellewionef wopr soederteral gTolitss theisalates isolated by
phenyhnet hyl oxyc a1.RRRA%E HPHPsinpidfer&R A oSt Biffkichtipr@ebting groups col | ecti on
of two or nore bacterial 1solates, the isolates isolated by the nethod of
claim 11l usdng a different amne or a different protecting group. 10 15.

The method of clai msl, wWhehRHBd btBiGQAHBGEn AE BhtheRk effectatdsiie ol | owi ng
reaction: H

following reaction:
H -

1
S

o
N
N

H,N
Pr—NH O CO.R; = 0 COR,

, wherein Pr- is ArC’ (R)H-(CH,),-0-C(=0)-.

15
16.  The method of claim 15, wherein the reaction is:
H i
S i SN
,, - Y]]
H:N
CBZ—N O CO,R; C 2 0 CORy
, wherein CBZ- is N-carbobenzyloxy.
20 17.  The method of claim 1, wherein the contacting effectuates the

following reaction:

ﬁ\;@vﬁb ___.,@«u»O
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Pr-NH p CO2R 3 wherein Pr- is AAFC "(RH(CH), OC(O-. 15 16. The nethod
of claim15, wherein the reaction is: , wherein CBZ- is N-carbobenzyl oxy.
20 17. The method of claim 11, wherein the contacting effectuates the
follow ng reaction: HzN, -17 29 June 2005 5 , wherein Pr- is

ArC (R H(CHR)a-O0C(=0-. 18. The nethod of claim 17, wherein the reaction
Is: , wherein CBZ- is N carbobenzyloxy. 10 19. The net hod @8 Junhei2005
wherein the contacting effectuates the following reaction: O- H 15 ,
wherein Pr- is ArC (R H(CH2),-OC(=0-. 20. The nethod of claim 19,
wherein the reaction is: , wherein CBZ- is N-carbobenzyloxy. H2N 20

5 wherem Pr- is ArC* (R)H-(CH2)o-0-C(=0)-.

The method of claim 17, wherein the reaction is:

CBZ\M@\)J\ e 6/\11»@

, wherein CBZ-~ is N-carbobenzyloxy.
10

19.  The method of claim 1, wherein the contacting effectuates the

following reaction:

T 0
| Pr__ \)ko/\ - N%o PN

15 , wherein Pr- is ArC (R)H-(CH;)-O-C(=0)-.

The method of claim 19, wherein the reaction is:

0
P~ u \)‘L H,N \/”\0/\

, Wherein CBZ- is N-carbobenzyloxy.
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