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BACKGROUND OF THE INVENTION

Dipeptidy! peptidase IV is a membrane bound non-classical serine
aminopeptidase which is located in a variety of tissues including, but not limited to,
intestine, liver, lung, and kidney. This enzyme is also located on circulating T-
lymphocytes wherein it is referred to as CD-26. Dipeptidyl peptidase IV is

’ responsible for the metabolic cleavage of the endogenous peptides GLP-1(7-36) and
glucagons in vivo and has demonstrated proteolytic activity against other peptides
such as GHRH, NPY, GLP-2 and VIP in vitro.

GLP-1(7-36) is a 29 amino acid peptide derived from post-translational
processing of proglucagon in the small intestine. This peptide has multiple actions in
vivo. For example, GLP-1(7-36) stimulates insulin secretion and inhibits glucagon
secretion. This peptide promotes satiety and slows gastric emptying. Exogenous
administration of GLP-1(7-36) via continuous infusion has been shown to be
efficacious in diabetic patients. However, the exogenous peptide is degraded too
rapidly for continual therapeutic use.

Inhibitors of dipeptidyl peptidase IV have been developed to potentiate
endogenous levels of GLP-1(7,36). U.S. Patent No. 6,395,767 to Hamann et al.
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vivo. For exanple, G.P-1 (7-36) stinulates insulin
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(1S, 3S,59)-2-[(2S)-2-am no- 2k (3- hydroxytricyclo
[3.3.1.13 7] dec-1-yl)-1-ox0gt hyl ] -2-azabicyclo [3.1
. 0] hexane-3- carbonitril ¢, /as dgpicted in Fornula M.

(1S,3S,595)-2-[(2S)-2-amg
1.1 3 7 Jdec-1-yl)-I|-&%¢
1. 0] hexane- 3-carbonitrilg |
preparing internedi ates’Nsed i n/the pyoduction of this
di pepti dyl pepti danHy i i biMNy areldi scl osed in EP
0 808 824 A2. Al so see,

oxytricyclo[ 3.3.
icyclo-[3.

CN M

and the corresponding monohydrate of (1S,3S,55)-2-[(2S)-2-amino-2-(3-hydroxy-
tricyclo[3.3.1.13"]dec-1-yl)-1-oxoethyl]-2-azabicyclo-[3.1.0]hexane-3-carbonitrile
M")

Methods adapted for preparing intermediates used in the production of this
dipeptidyl peptidase IV inhibitor are disclosed in EP 0 808 824 A2. Also see,
Imashiro and Kuroda Tetrahedron Letters 2001 42:1313-1315, Reetz et al. Chem. Int.
Ed. Engl. 1979 18:72, Reetz and Heimbach Chem. Ber. 1983 116:3702-3707, Reetz et
al. Chem. Ber. 1983 116:3708-3724.

The present invention provides new production methods and compounds for
use in the production of cyclopropyl-fused pyrrolidine-based inhibitors of dipeptidyl
peptidase IV.
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present, it may be necessary to remove ammonia before further downstream

processing to avoid possible interference with the introduction of a BOC group.

The cells from which the PDH and/or FDH enzymes are produced are isolated
from fermentation broth, stored until ready for use. Before using, the cells are
microfluidized to release enzyme from the cells together with the cell debris which

‘ . . .
must be removed before the enzymes are ready for use in reductive amination.

BRIEF DESCRIPTION OF THE INVENTION

In accordance with the present invention, a process is provided for preparing
partially purified phenylalanine dehydrogenase and/or formate dehydrogenase enzyme
(PDH/FDH) concentrates which include the steps of:

a. preparing a fermentation broth of a microorganism capable of
producing phenylalanine dehydrogenase and/or formate dehydrogenase;

b. subjecting the broth to microfluidization to release activity from the
resulting cells and form a microfluidized broth having PDH and/or FDH activity.

!
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include the steps of: a. preparing a fernentation
broth of a m croorgani sm capabl e of producing
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m'éﬁf}%ihgiagiaﬁﬂej SNt aniglgase activity fromthe
resulting cells and forma mcrofluidized broth having
PDH and/ or FDH activity.c. clarifying the broth by
treating the broth with a fbﬁccul ating agent to
coagul ate cell debris and renove DNA and unwant ed
proteins; d. filtering the ¢larified broth; -and e.
concentrating the broth't ive a partially purified
enzyne concentrate havi FDH activity of at
| east about 400 U mM f nd at | east about 20
IUmM forFDH [In additi ccordar}ggl_}/viththe
present invention, a oyrded for preparing
an am ne of the structure

NH,

Formula 2
which includes the steps of
a. treating an aqueous solution of a keto acid of the structure
OH
CO,H

0

Formula 1



Formula 2 which includes the steps of a. treating an

aqueous solution of a keto acid of the structure
wao-orosnb@1lwi t h a maxi num of about 2 nol ar equi PEI/ER1085/012615

of ammoni um formate, nicotinam de adeni ne

di nucl eptide, dithiothreitol and partially purified

phetily b maimwa of ebgit 2ogelaneeyitdents pEauBlening tpenicotinamide

¢ ks P oLBR o TR RieBl Poa neE oI o
8-&h?ﬂr\;\)ﬁ&1a3eﬂﬂrhﬁtes&@b&%g&ﬁ§é exdyde (POH/PDM)! gl desired

am ne ich is substantially free of undesirable
excess amoniumions. Still further in accordance wth

the present invent.io cess..i S ovi ded

> brepar iethg a IE@?:%HPB% g@tpjﬁgg eﬁ%aCSPn?ﬁ Ot 8‘&{{)6_&0 about 8.6,
FOSrBIskB1Pa 0 £ 0.0 &ithtRdidnh 8y &b RIS 1@ form: the teMediaf@n@Which is
aqueous solution of the am no acid (aS)-a-am no-3-

hysaibstagtialiydyeel of uBd@irable excdsd evammitm ierset i ¢ aci d of
the structureFormula 2 (prepared enploying partially
purified phenyl al ani ne dehydrogenase/formte
dehydr agaNRsGeCAZYEERald vtfiﬂ?th"ezﬁéé
the keto acid 1 described above); and b. treating t

10 ahpwgaraguedtOE-motectbd aming dftthelstricture - but yl  di car bonat e
to formthe BOC-protected am ne. |In another enbodi nent
of the present invention, a process is provided for

OH
CO,H
NHBOC
Formula 3
which includes the steps of
15
a. providing an aqueous solution of the amino acid (o.S)-0i-amino-3-

hydroxytricyclo[3.3.1.1>"]decane- 1-acetic acid of the structure

6hd i Per@ih NRbioRss 9 Rfé)‘(ided for



preparing the BOC- protected am ne of the structure
3Formula 3 f \ which includes the steps of a.

w@e@sandony partially purified phenyl am ne PCT/US2005/012615
dehydr ogenase/ f or mat e dehydr ogenase enzynes (PDH FDH)
(as descri bed hereinbefore); b. treating an aqueous
solution of a keto acid of $He structure 1 Fornmula 1
wi t h ammoni um formate, nicofinam de adeni ne
di nucl eotide, dithiothreitgn_and the partially
purified phenyl al ani ne -41/droeenase/fornate
dehydr ogenase enzynes (D c. maintaining the pH
of the reaction mxture about %‘?Q‘nto about
8.6, preferably at 8.0 N h_sotidim hydr oxi de
and formng the desi” Y la 2 which is
substantially free of undesi XCcess ammoni um
ions; and d. wi thout isolating theNggi no acid
internediate 2, treating the above aqueous sol ution
with di-tert-butyl dicarbonate to formthe
BOC- prot ect ed am ne of the E¥P#a%ire 3. The process of
the invention provides significantly inproved
processi ng procedures by enploying partially purified

elfggpasd amploginy mytiadly moidied phéysdalenine delfydrogehhse/formate
adj ust nent as opposed to, amoni um hydy oxi de, reduces
psblieseigsy HBREEAG s B G BRI o B ketgractdT

5 crystalline product without requiring isolation of
I nt er medi at es.

OH
CO,H
o
Formula 1
described above); and
10 b. treating the above aqueous solution with di-tert-butyl dicarbonate to

form the BOC-protected amine.

In another embodiment of the present invention, a process is provided for
preparing the BOC-protected amine of the structure 3
15



In addition, the process of the invention provides for
preparation of partially purified PDH FDH enzynes

weapbkayiong reacti on conditions which all ows foPCHUS2005/012615
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m ni rum anount of ammoniumions to be present for
downstream processing that will not interfere with the
i ntroduction of a BOC groupOHI\/breover, use of
partially purified PDH FDH e¢nzyne concentrate in the
reductive animation of the JQrmula 1 acid allows for
elimnation of the requig#
i sol ation of the above rnentionegd am no acid J
i ntermedi ate of Formul a §§ version
reaction. The reactiop : fiiciently
clean (free of cell @ebris\and havifng reduced protein

and extraction and crystallizati onneiBddhe resulting
desired BOC protected internediate. In a preferred
enbodi nent, the BOC-protected conpound 3 is used as an
internediate in the processFIMUWa? jnvention for the
production of the dipeptidyl peptidase |V inhibitor
(1S, 3S,5S)-2-[(2S)-2-amn no-2-(3-hydroxytricycl o[ 3. 3.
1.vwhigh iflctleles theyskepslof oxoet hyl ] - 2- azabi cycl o[ 3.

1. 0] hexane-3- carbonitrile, benzoate (1:1) as depicted
in Formula M PhCOOH or its free base M, and

nonohydy at eM : Al l Iﬁ,parr& j

formed Trom rﬁ@@%ﬁ’%ﬁéﬁg%’g?hﬁgﬁé ag rrgﬁtEl %})dwgeﬁ%%ﬂnate
B@ehpdropamatechAyasy (PRHATD @S desedbed itreinbyivke);
[3.3.1.13 7]decane-l-acetic acid as depicted in
Formula 3, (prepared enploying the partially purified
PDH D) en2 %R &R 2 Rul SIAE6PEAPRAS alth oF il GBS ENt
i nvention) an

(1S, 3S,5S)-2-azabi cycl o[ 3. 1. 0] hexane- 3- car boxam de

OH

CO,H

Formula 1

with ammonium formate, nicotinamide adenine dinucleotide, dithiothreitol and the
partially purified phenylalanine dehydrogenase/formate dehydrogenase enzymes
(PDH/FDH); '

C. maintaining the pH of the reaction mixture at from about 7.0 to about

8.6, preferably at 8.0 +/- 0.2 with sodium hydroxide and forming the desired amine 2



acid salt such as the hydrochloride salt or the
nmet hanesul fonic acid salt (nmesyl or MSA salt) as

walepsao@dl i n Formul a JCycl opropyl -fused PCT/US2005/012615

pyrrolidi ne-based conmpounds such as
(1S,3S,59)-2-[(29)-

2- am no- 2- (3- hydroxytricycl 813.3.1. 13" 7] dec-1-yl)-1I-ox
oet hyl ]-2- azabicyclotS.|.Ofhexane-S-carbonitrile,
benzoate (1:1) and its corrggponding free base and
nonohydrate thereof are dyl peptidase |V

i nhibitors useful in the ent of di abetes and
conpl i cations thereof, S%ndrone X,
hyperi nsul i nem a, obesi osis and

rel ated di seases, as“we
and chronic |nflannatory bo»!l di sgase. In the present
i nvention, BOCprotected conpounds (pepared via a
reductive ani mation process enploylng partially
purified PDH FDH enzynes in accordance with the
present invention) are enpl 69@Wla%r use in production
of cycl opropyl -fused pyrrolidine-based conpounds such
as

( 1 vhidPissTpstantidll Fpeedf amtleniraBle €Redsy dnmxyﬁum@gm;l; aB. 3. 1.
1 3" 7]dec-1-yl)-I-oxoethyl]-2-

azabi cycl o[ 3. 1. 0] hexane- 3-carbonitrile, benzoate (1:1)

her coft” DEMIRED BEdeR B ER° el PRRGBE, Bkfine the above

C adqydusGoRition tWith dirtepdugll divarbohatehe fq@ar the BOF-ppatedtéd &dine of
PDH FDH enzyme concentrate of the invention, a

i the Bfer§HR3sm expr essi ng PDH and/ or FDH activity is
fermented. The fernentation broth will be passed

through a mcrofluidizer operating under a pressure

Wi t hi n THeepro@Rg6f t&@@ﬁ)vehﬂoﬂpﬂjﬁdeg@}gﬁﬁﬁaﬂﬁy impoedEprablsying
from about 12,000 to about 20,000 psi while

10 'Tﬂ?rﬁ‘ieﬂpms Dy employiRGpatially Elftf&ﬁlﬁé\izﬁp@ﬁ andgrplpying pedivm hydroxide
ARG AR RA0 UL oARGES & ARG AR Yod QTR times and

nore
allows for isolation of crystalline product without requiring isolation of intermediates.

In addition, the process of the invention provides for preparation of partially purified
PDH/FDH enzymes employing reaction conditions which allows for a minimum
15  amount of ammonium ions to be present for downstream processing that will not
interfere with the introduction of a BOC group. Moreover, use of partially purified
PDH/FDH enzyme concentrate in the reductive amination of the Formula 1 acid
allows for elimination of the requirement of resin column isolation of the above
mentioned amino acid intermediate of Formula 2 after the bioconversion reaction.
20  The reaction stream will be sufficiently clean (free of cell debris and having reduced
protein levels) to continue directly with the BOC reaction, and extraction and
crystallization of the resulting desired BOC protected intermediate.
In a preferred embodiment, the BOC-protected compound 3 is used as an
intermediate in the process of the invention for the production of the dipeptidyl
25  peptidase IV inhibitor (1S,3S,5S)-2-[(2S)-2-amino-2-(3-
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preferably bel ow 400C. The whol e broth will be

clarified by preferably adding a filter aid to the
whe@wsho®uch as di at onaceous earth (for exanpl ePCT/US2005/012615

Di calite(r) registered trademark of Gefco M neral s,

I nc.. and &rg7reg I stered trademark of

v@wﬁwm/@p@ 3-1ic eaha Dal-rrestevii-arazaycudeldt | Yherrogs>-
I I
o R B b b e ol et ar

proteins. The m xture is then filtered using a filter
press and filtrate is recovered. Filter cake is washed
with water and the water is recqvered and added to the
filtrate all of which is referr i fi
broth. The clarified broth is rafiltered through a
100, 000 MACO (nol ecul ar wei gpt /cutd{f) nenbrane to
renove | ower nol ecul ar wei gh 100, 000)
inmpurities. The clarified fi oncentrated to
provi de an enzynme concent ra iter from
about 400 to about 1000 I'tJ 1 from about
500 to about 600 IWm, and/DH m about 20 to
about 200 U m r ef erah to about 150
U m. The oveP 4% y in the
concentrate will be within th om about 65 to
about 95% preferably from abg about 90% The
term"partially purified" PD pes as gl oyed
herein refers to PDH FDH enzynes where at | east a
5 portion of DNA and ot her high nol ecul ar wei ght

protei ns and | ower nol ecul ar wei ght inpurities have

bes s fiepbosedM s | n carrying out the reductive animation
of 3-hydroxy-a- oxotricyclo[3.3.1.13" 7] decane-|-acetic
acid (Formula 1 acid), an aqueous m xture of

OH

NH, N

CN M

10  and monohydrate M” thereof



the Formula 1 acid is prepared and the m xture is
adjusted to a pHwthin the range fromabout 7.0 to

wa@b@ato®16, preferably from about 7.8 to aboutPGI/RS205/612615

10

descri bed above,

strong al kali netal base such as an al kali netal
hydr oxi de, preferably NaOH, § forma solution of
Formula 1 acid. Carbon (for anpl e, Darco KB) may be

1 acid within the
omabout 1.9: 1 to
H of the

in the range from
about 7.8 to
about 8. 2, enplo i no ORg alk i nmet\al base, such as
an al kali netalM Hx. de, Jp

Ni coti nam de adeni ne di nuc
optionally, a reducing agej S dlthlothreltol or
bet a- mer capt oet hanol , preferably dgjhi ot hrgintol are
addedenpl oying a nolar ratio of NAD: Forrmula 1 acid
within the range from about 500: 1 to about 1500: 1,
preferably from about 900:1 to about 1200:1. After

sol i ds Treee tihgsoryvad pltithaeclyfotncal from phe ¢dupbog DDIWd:mgmentS
en me concentrate (f

ErPaSHeRo Ia oTynG AR TSI 3 b b kB gpoetic acid a

gg fromabout 7.0 to about 8.6,
pre ié:%a IP%O Ii?fglm%élbout 7.7 to about 8.2 with strong

base such as NaOH The m xture is warned to a
tenperature within the gnoe from about 25 to 45C
preferably from about 37 'to about 40C and diluted with
wat er and the pH naintained with alkali metal base as
prefe ly NaOH, at a pH

rati o of amroni um f or mat 4
range from about within t

(prepared employing the partially purified PDH/FDH enzyme prepared in accordance
with the present invention) and (1S,3S,5S)-2-azabicyclo[3.1.0]hexane-3-carboxamide
acid salt such as the hydrochloride salt or the methanesulfonic acid salt (mesyl or

MSA salt) as depicted in Formula J

-10-



within the range fromabout 7.0 to about 8.6,
preferably fromabout 7.8 to about 8.2 over a period

WO o00sfib@et reducti ve ani mati on of Fornul a 1 acPdI/U82005/012615

10

15

20

25

form (aS)-a-3- hydroxytricyclo[3.3.1.1

3' 7] decane-| -acetic acid (formula 2 am ne).

BOC- protection of the F la 2 amne is achieved

wi t hout isolating the Fo 2 am ne inasnuch as the
amine 2 will be free of ris. D-tert-butyl

di carbonate is added to a a portion of the

sol ution of Fornul a 2|_| ;H | oying a nolar ratio of
di -tert-butyl dicarbo e: a 2 anmine within the
range from about 2:1 fgpabout 2. ¥dnupreferably from
about 2.0: 1 to about 2.2:1. The pH of the reaction

m xture is adjusted to within the range from about 8.5
to about 12.5, preferably fromabout 9.5 to about 10.5
using a strong base such as NaCH as descri bed above.
The resulting BOC-protected conpound (Formula 3) is
ext r act@alapnebyl-€ased pyadlidine-besedsoaipoirdstsuel a$ OhS33,5%)-2-[(2S)-

BOC- pr ot ect ed. For nul am en ahove, in one

ot e SR A S RS R R R

Pr.Owil. r G| . . .
R RS R e Tt comspondin i o
3'ahll demehgdh@abireef @e dipeplidy peptadaRy IV ynhibichus tsefe in the treatment
am nation of the internpedi ate coppound

3- o
hyddésegten A SRRPLSAEPR Bersof, hyperelyPemiea S¥ndrome & hypginsplinemia,

(For I i f. - hi

RO, Bl BB S 814562 S T o
aGiigtaésanddh@nic)inflamaatorgbbeel disease. In the present invention, BOC-
(aS) - a-am no- 3- hydroxytricyclo [3.3. 1. 13 7] decane- 1- X ,
adeetceted 6QTPPYNS RICRATDY Visyd Tederiive iapnatipn papqeshemploying partially

perf.or ' ' t rti 3 i Led

SR EPEAREH IR AL kSR BRI dire

eIféyHR in production of cyclopropyl-fused pyrrolidine-based compounds such as
(18,3S,55)-2-[(2S)-2-amino-2-(3-hydroxytricyclo[3.3.1.1%"]dec-1-yl)-1-oxoethyl]-2-

azabicyclo[3.1.0]hexane-3-carbonitrile, benzoate (1:1) and its corresponding free base

and monohydrate thereof.

DETAILED DESCRIPTION OF THE INVENTION

In carrying out the preparation of the partially purified PDH/FDH enzyme
concentrate of the invention, a microorganism expressing PDH and/or FDH activity is
fermented. The fermentation broth will be passed through a microfluidizer operating
under a pressure within the range 8000 to about 30,000 psi, preferably from about
12,000 to about 20,000 psi while maintaining the broth at a temperature within the
range from about 4°C to 30°C, preferably from about 8°C to about 15°C, more
preferably below 40°C. The whole broth will be clarified by preferably adding a filter
aid to the broth such as diatomaceous earth (for example Dicalite® registered

trademark of Grefco Minerals, Inc. and Celite® fe gistered trademark of World

-11-



concentrate of the invention as descri bed above.
Exenpl ary phenyl al ani nedehydr ogenases useful in the

w@e@samoli nventi on i nclude, but are not |im teRCT/US2005/012615

10

15

20

25

30

t hose from Sporosarcina species or a phenyl al ani ne
dehydr ogenase from Ther noacti nonyces species such as
Timetks thonongdaeioqehlatingagrng such s aggeqis @pbiethydeneaine or other

reguct.ive | At | ' . .
 TONEH 5, AR a0 pBE, RSLRSKIBR Aoy motecuar roveins
| MR AR Eir® &, thé flterdd 26iBg adiiRF preseshd filufafCis esdovbred. Bllet cake is

or Pichia pastoris. Construction and_growh of o
r eashest withwasaragdl the wateHs reqovered pad pdadita thaBligig all of which is

expressin h l,al ani ne dehydr ogenase
Tﬁg%ﬂfik}%ﬁ%ﬁﬁgg?Wﬁ%ernedins, ATCC 33205, have been
descri byagd dpitifidansem ietitafiltelcEmM¥aEN 2000,00¢MPWTE (molecular
Technol ogy 2000 26: 348-358). Growth of Pichia pastoris

orweight lsatedl) nnsranaiguremeve toavep mpdesedar aveightt (badewd0e,000)
deh dLQ%Fnase (Hanson et al. Enzyne and M crobia
TEURRBYSgy 2000 26:348-358). E. coli cells containing

a pl asriyd Lx ARG id EhcBhtER By ﬁﬁg@i@é hi$ eﬁz‘ﬁ@%o%tgﬁﬁﬁ}e with
e

format e dehydrogenase and a nodified version o
TREHiter tfiomoalyaeie 400 tot ahoure H00SIU/ATL e8RS om about 500 to about

D OB BeT By B e RO Bapol 10D TG PR Fepf) rom abouc 75
uRglebodc RS0 Pt si ons of the Budapest Treaty. The
deposit was nmade on June 25, 2002 to the American Type

Cul t ur &haivemitenpymatcthii§idcovriniartss concButdte wall te mithin the
Manassas, Virginia 20 0-2209.. The ATCC_Accessi

NSRS i i 6 BP O B PRT b Tt oA A Foots O0ss
to thi d] i L difRe” PN 5@3{&9 RO e

granti ﬁr&%g#ﬁ% r#ag&%%ﬂedrﬁltfﬁgpgl i caltgiﬂc;aér%.wl%ﬁi Depo(s) it vvirelnln refers to
bé@DHbFDIhemmyches mwvharepat fidasca papios iof DINA fund otheplegh atlarfular weight

thirty years after the date of .degosi{ or five years
Presping i et mcﬁ%f&i%twqdé}f IRPWiSI eV PegigPmoned:
enforc qﬁl@aﬁying out the reductive amination of 3-hydroxy-o-

1*>7decane-1-acetic acid (Formula 1 acid), an aqueous mixture of

oxotricyclo[3.3.1.
the Formula 1 acid is prepared and the mixture is adjusted to a pH within the range
from about 7.0 to about 8.6, preferably from about 7.8 to about 8.2 with strong alkali
metal base such as an alkali metal hydroxide, preferably NaOH, to form a solution of
Formula 1 acid. Carbon (for example, Darco KB) may be added and the mixture
filtered and filtrate and washes combined to give a clear solution.

Ammonium formate is added to the solution in an amount to provide a molar
ratio of ammonium formate:Formula 1 acid within the range from about within the
range from about 1.9:1 to about 2.5:1, preferably about 2:1. pH of the resulting
mixture is adjusted to within the range from about 7.0 to about8.6, preferably from
about 7.8 to about 8.2, employin;g strong alkali metal base, such as an alkali metal
hydroxide, preferably NaOH.

Nicotinamide adenine dinucleotide (NAD) and, optionally, a reducing agent

such as dithiothreitol or beta-mercaptoethanol, preferably dithiothreitol are added

-12-



life of the patent, whichever is |onger. The
above-referenced cell line was viable at the tine of

wo b@sdeposi t. The Deposit will be replaced if RPCHDE®05/012615
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30

sanpl es cannot be di spensed by the depository. Most

preferred is _the phenyl al ani ne_hydrogenase of
E@@ﬁé@m&a malaiptig pf NP Eormua hiapig vaittin shenppge from about 500:1 to

P it Ri
PN B RE R i FSPET 3408, 080 S o
rmﬁissf)lv@d tHe éﬂuany pﬁnﬁétEPDFHﬁFmH@ﬁtyxﬂ@meﬁtrata(Mrﬁadomoo to
(ATCC 33205 glenyl al ani ne dehydrogenase, Reductive

arabaait G0H gﬁglgmm@.ldxso@ gy pHgs fadmsted fo within the range

( ;é%m 3% d Otpsa%e\g}tggam ﬁgra&))iyg rgﬁﬂ[a%oét) T. I720 about 8.2 with strong base

3'shliigcaneHl - acetic acid (Fornula 2) is depicted in
the following Scheme I :SCHEME | As shown in Schene I,
thi s r &etmigtire ésopammssl ta eteperatrRiwithig be thnge from about 2510

D PBTRg: TSPl B gl Rl 2805
r %ﬂﬁhﬂaﬁ{éd it :ﬁ%&lﬂng%l B&ggléggkc?%?% Q&&ép&%my NaDH, at a pH

formate to car | OXI ehydr ogenase.

Theitlax ﬁm’a&gh fromalablontf 7.0 a)boat 8.6] prefedablh yronmoabont V@yc labout 8.2
[3.3. 1. 7] decane- 1-acetic acid (For

mvgr 2 E%rm tgreiiiest rgduatiye podmation @t Fﬁ@n@%ﬁ@etdefe’zf)orm (@8)-03-
EAa SR UBLES TS bR Rl a6 e BBD.200

3 hy dr BOEarerseidn eHtht Boifndul 32 bl iéladkietsiewlthartidotating the
acid (Fornula 1) can be produced in accordance

t Hiormutatoamige prasmagh pn theamdne2 Wil Seferef pell drbus. Dl-qert-butyl
dicarbonate is added to at least a portion of the solution of Formula 2 amine
employing a molar ratio of di-tert-butyl dicarbonate:Formula 2 amine within the range
from about 2:1 to about 2.5:1, preferably from about 2.0:1 to about 2.2:1. The pH of
the reaction mixture is adjusted to within the range from about 8.5 to about 12.5,
preferably from about 9.5 to about 10.5 using a strong base such as NaOH as
described above. |

The resulting BOC-protected compound (Formula 3) is extracted and
recovered and crystallized to form the BOC-protected Formula 3 amine.

As seen above, in one aspect of the present invention, processes are provided

13’7] decane-1-

for production of the fragment (aS)-o-amino-3-hydroxytricyclo [3.3.1.
acetic acid (Formula 2) by reductive amination of the intermediate compound 3-
hydroxy-oc—oxotricyclo[3.3.1.13’7]decane-1-acetic acid (Formula 1). In a preferred
embodiment of this method, 3-hydroxy-0c—oxotricyclo[3.3.1.13’7]decane-1-acetic acid
(Formula 1) is converted fo (aS)-o-amino-3-hydroxytricyclo [3.3.1.1>")decane-1-
acetic acid (Formula 2) by reductive amination performed enzymatically using the

partially purified phenylalanine dehydrogenase/formate dehydrogenase enzyme

concentrate of the invention as described above. Exemplary phenylalanine

13-



B As shown in Schene p, in this nmethod, adamantyl
brom de (Formula A) is alkylated via zinc chloride

weawaliy®is to produce PCT/US2005/012615

10

15

20
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30

a- hydroxytricycl o[ 3.3.1.13" 7] decane-1| acetic acid
(Formul a B).
a- deglmr@gcgnamscssefub frethg presery inyepsien ieclndes bk are ngidlimygited to, those

( ﬁo %n?ﬁorﬁé%l Cfna s}gegl grsa Q{engr a?a%lﬁésdeﬂgdr%ggﬁa% fr%m oride
hWd{eﬂ?ib(&crtﬂn@ih%é}[sﬁec?teslsuéﬁ ad Tﬂ@ﬁ@ﬁ@nﬁmﬁfe@& iifteiédius. Tt is preferred

met hyl ester (Formula Q).

Hytbiatosductive painslign Be perf@mrqdo\wélaﬂ@ pheadalaniae dehygirogenase of

I F t
e g S e, ASsh A SRt e perichip ot or
eighia pEAHAY! @o@mﬁﬁmsﬁ\ﬁ{ BroW¥h BfdecOmbinant strains of E. coli and Pichia
a-Oxotricyclo[3.3.1.13 7] decane-| -acetic acid, nethyl

eguetoris Bapresiing Penyklanirerdchydiogsnasat Bermagctiopmyces intermedius,

2k HEERE SR b epeshiseey Higyon diLcoring Fpicobial
hyﬂ%ﬁﬁ%ﬂégdzddé) Jer548- ?séjy @"remh ofqaz@mamzeyz@ bRk tBnol also induces
décane-| -aceti ¢ acid (Fornula 1).Alternatively,

t ke protlectimadiffoenate dggdnegeBadeyHiansop-ch ab Xoryme yod Microbial
[3.3,1.1 37 acetic acid (Fornmula 1) can be
pr%&b%ﬂgyzpdgc&?‘&a@ with the nmethod depicted in
Schene M. i
(2, 2 aileiP e mcdihing ARSI s MR e patry (KTCC
p r2®864)etﬁnhg¢te mlb]miro gondsef andat modified velmnrod thmﬂzmho&ntmd@zces
et al EP 08 824A3; Il mashiro and Kuro
TéFﬁeHH%CéF%%T%@t3é?‘%5) ylalgning féh@ﬁ%}lasﬁgeéﬁf"ﬁ%#%?lted and
[
ARSI AR Mo} Dere Sy gl PRy B gl afne
18ud2 eis&“&taZy ek d@bﬂbwahnﬁﬁenm J1B$r25 Ito the American Type

116: 3702 3707, Reetz et
1 {3l goliesion ayﬂ%&%sUI&a%fﬁ&Y]Baﬁleiarghm Maélﬁﬁsaﬁ Vigginia;20110-2209.

The ATCC Accession Number is PTA-4520. All restrictions upon public access to
this cell line will be irrevocably removed upon granting of this patent application. The

Deposit will be maintained in a public depository for a period of thirty years after the

- date of deposit or five years after the last request for a sample or for the enforceable

life of the patent, whichever is longer. The above-referenced cell line was viable at the
time of the deposit. The Deposit will be replaced if viable samples cannot be
dispensed by the depository.

Most preferred is the phenylalanine hydrogenase of Escherichia coli IM110
containing a plasmid pBMS-2000-PPFDH-PDH mod. expressing the Pichia pastoris
(ATCC 20864) formate dehydrogenase and a modified version of the
Thermoactinomyces intermedius (ATCC 33205) phenylalamine dehydrogenase.

13,7’

Reductive amination of 3-hydroxy-o-oxotricyclo [3.3.1.17"]decane-1-acetic

13,7

acid (Formula 1) to (aS)-o-amino-3-hydroxytricyclo [3.3.1.17']decane-1-acetic acid

(Formula 2) is depicted in the following Scheme I:

-14 -



acid nethyl ester of Fornula VD
Adamant an- 1-yl -di chl oro-acetic acid nethyl ester of

wo-rsubd@1vDi s t hen hydroxylated with nitric oxP@EUBI005/012615

10

15

concentrated sulfuric acid toprovide a quantitative
yiel d of dichloro-(3-hydroxy-adanmantan-1I-yl)-acetic
acid methyl ester of For nuSSHEME Hydrol ysis of
Forrmula Vm wi t h aqueous sodi um hydr oxi de i n net hanol
at room tenperature yields

di chl ako- ( 3- hydr oxy- adamant §n~| yds) - acetijc. acid of on
Fornmulja DC. Subsequent treatnent]| of

di ch - (3- hydr oxyadanmant a -aceti.c acid

( For | Xo M otopt=2e e a $ er abh y s8®.um com
bi awe, at elgvatpd te restl t¥"i n fne

excl usivesformati OR.of t he i|nternedisate ¢conpound NHBOC
3- hydr gxy;- a- oxotriehele={ 3. 3. 1. 13,..[] decane-| -aceti C s
acid (Formula 1)./SCH I11A off THF (crude) As shown

in Schene | DA tIf& inti@Eifedi ate conpound

3- hydroxy-<aoxotricyclo-[ 3.3.1.1. ' ]decane-|I -acetic

acid (Formula I') may be prepared in a one pot

pr ocedy Ehohs iR 8Remd I, @ik ERBlioPfeqiREIRhRoMN 268 IRRIEE
wi th aqueous sodi um hydroxi de in tetrahydrofuran (or

otnietinkast aleine dmupkbtds (NADHRY.dNisdtidemate ddening dinucleotide

S rdnced dhBas DR ara ot L VAR ol SRidation of formate
r 86 QY Bbh HH)XECL}e SOghM%@%{(frogeh&% i gb%eﬂléfdtgf?aS) O~-amino-3-

contalnlngt Iums s treated"w th an aci

s ugbroastrivyclods .5l 101 feamied] -heetic @uiel (FpHhtla 2) ésm thisaraction is 80
about 0.50 preferably about. 0.20, to formthe

c 9 1 8Q%Bonditheepestsd sRANGOReTiGRKLaRS iadfodier th@b?%t A$9 $Ed

frﬁ&n\ﬁetselrth%%gﬁqrﬂ&&ﬁ.yﬁ als of the keto acid I.

The intermediate compound 3-hydroxy-o-oxotricyclo [3.3.1.1*"]decane-1-
acetic acid (Formula 1) can be produced in accordance with the method depicted in

Scheme II:

- -15-



The fragnent
(1S, 3S,5S)-2-azabi cycl o 3. 1. 0] hexane- 3- car boxam de

w@ Ewsirodoar J) used in the production of PCT/US2005/012615

10

15

(1S, 3S,55)-2-[(2S)-2-am no-2-(3-hydroxytricyclo[3.3.1.
13" 7] dec- 1-yl ) - 1-oxoet hyl ] - 2- azabi cycl o[ 3. 1. 0] hexane- 3
- carbonitrile can be pro ccordance with the

nmet hod depicted in Schenme IV shown bel ow. SCHEME |V As
shown in Schenme 1V, L-pyroglutamc acid (Formula E) is
first estifledtosorod %ﬁ%the Py ogl utam c acid

et hyl epg For nuil"% 539) Lpyr ogl utam c
aci d et ter is the Ré! ni meagro:
to pro Brl- oxopy;rol I H @ 3- di~¢ar boxyl i-e——>
aci d: Zdi st byl ethyl ), &- et /e (Formula G .

Super Hydr| de reducti ofCand el im nation i sOH hen

performed,to form 4, 2% hydrol H

pyrrol e-175-di carboxylic acid,

I-(I I-dlrrethylethyl) 5-ethyl ester (Fornmula G). The
= pQni fication wth

Jo-

met hanesul fonic d&id salt of the fragnent
(1S, 3S,5S9) 2. azabi cycl o[ 3. 1. 0] hexane- 3- cal boxani de
(Formula J). As seen in Schenme IV, the transformtion
of (5S)-5-am nocar bonyl -4, 5-
As shown in Scheme II, in this method, adamantyl bromide (Formula A) is

alkylated via zinc chloride catalysis to produce o-hydroxytricyclo[3.3.1. 1*"1decane-1-
acetic acid (Formula B). o-Hydroxytricyclo[3.3. 1.1>"]decane-1-acetic acid (Formula

B) is then esterified using acetyl chloride in methanol to produce o-

13,7

hydroxytricyclo[3.3.1.1"]Jdecane-1-acetic acid, methyl ester (Formula C). o-

13,7

Hydroxytricyclo[3.3.1.1”"]decane-1-acetic acid, methyl ester (Formula C) is then

13,7

converted to oi-oxotricyclo[3.3.1.17"]decane-1-acetic acid, methyl ester (Formula D)

13,7

by Swern oxidation. o-Oxotricyclo[3.3.1.1"']decane-1-acetic acid, methyl ester

1*"1decane-

(Formula D) is then hydroxylated to form 3-hydroxy-a-oxotricyclo[3.3.1.
1-acetic acid, methyl ester (Formula 1a), which is then hydrolyzed to form 3-hydroxy-

oc-oxotricyclo[3.3.1.13’7]decane-1—acetic acid (Formula 1).

-16-



di hydro-1 H pyrrol e-1-carboxylic acid, |-(
1,1-dinethylethyl) ester (Formula G') to [IS-(I

W@ 2@b/18@)t 3- am nocar bonyl ) - 2- azabi cycl o[ 3. 1. 0] PERERBOR012615

10

15

carboxylic acid, 1,1- dinmethylethyl ester (Formula H
is effected by cycl opropanation in a Simons-Snith
React i dxterhatively, therintgonediate compound 3—hydroxy—0c—oxotr1cyclo

( ;a1 nocay bonyl - 4 oIH— r.rol.e-1 car I.

¢ Vgl g S iy g Bt b PG ReGh b e with the
ML LASiIGH A $demenma first reactor. In a second
reactor, nethylene chloride is cooled to -300C and
di met hoxy et hane and a 30% sol ution of diethyl zinc in
tol uene are added foll owe L.{d on of diiodo
met hane. This m xture is ?S{S%Eg}g'gg#to the first
reactor followed by addition of saturated bicarbonate
solution. The resulting reaction mxture is stirred
unti | apremgpltatefor pd. The(memplt t hen
filtered, washegdShd resuspend A Pn net h hifori de
t Wo, 660560 e tines il trat re then sepg %

aqueous and or gani ¢ phas and\t he organi c\pAase i's

and exchanged by heptane to pptain a slurry~of CrtiBT
product of [IS-
(I'a, 3b, 53] - 3-am nocar bonyl ) - 2-azabi cycl o[ 3. 1. Q hexane-

c.acid, 1,1- dinmethylethyl ester (/
H in h ¢. Alter nat I vel y, HNOs, HoS0,

7P2CHs 5 o hydro—t++HpyrrolLe

N2 as’ shownyiyn Schene | VA SCHEME [ya ¢ = © v
C5H6CI N3C2, Mol . W .: 17557 Mol. W.: 101.15 Mol. W.:
276.72 2- -4 6-dl MO 1 ,3,5-Irlazene

t - met hyl no | |}pQH (1.36 eq)

4- (4, 6-dl thoxf*h%’”z-? Bl azl n-2-y1)-

base
HO (o] Cl IX HO o

1

As shown in Scheme III, (2,2-dichloro-1-methoxy-vinyloxy)-trimethysilane 1b
is prepared by minor modification of the method of Kuroda et al. (EP 08 08 824A3; |
Imashiro and Kuroda Tetrahedron Letters 2001 42:1313-1315). Treatment of
bromoadamantane with 1b under the influence of zinc chloride (Reetz et al. Chem.
Int. Ed. Engl. 1979 18:72, Reetz and Heimbach Chem. Ber. 1983 116:3702-3707,
Reetz et al. Chem. Ber. 1983 116:3708-3724) yields adamantan-1-yl-dichloro-acetic
acid methyl ester of Formula VII. Adamantan-1-yl-dichloro-acetic acid methyl ester

of Formula VII is then hydroxylated with nitric oxide in concentrated sulfuric acid to

-17 -



CAS 3140-73-6 (CDMI) CAS 109-02-4 (MV)
4- met hy) nor phol ] nl unthl ori de CAS 3945-69-5 (DMI- MM

WO BNBHe®TH682 DCHA As shown in Schene | VA, the BOHGESDa$/012615

10

15

20

of 4,5-di hydro- | Hpyrrole- 1,5- dicarboxylic acid,
I -(l,1-dimethyl eth¥l)es_ter Xis treated with al kali .
nerevidehageansitritye yicld otidighhorsy (i-Bydrasy-pdrmastan-{ yh-acetic acid

g %é%tﬁ%%gtgg éﬂg?l‘ﬁl}hats‘_/glf ﬁ@g?@fyshnﬁ F%Prq{lﬁniyﬁla\!vfth aa_lpa%us sodium

| Hy@yokidel if nhetmd] srabb@tythperared fields dichldro-(3-hydroxy-adamantan-1-
di met hyl et hyl i:est er XI may al so be prepared fromthe
c obrasshioneiil 9§ Fempylp Ds Subseqyent tisatimeng of fiehlerar(A-hydipwy-

(pr.ef erably.a sol ut. f I '
e R N L
S @sliaBnaR bt edvatcdl thinparhRele Wstifs Uhé excledivdfoRpa@e®ithem
chl ori de and sodi um di hydr ogen phosphat e $0 | ower pH

ofinteheedat aomponrded-bydrgxy-praxosnicyiolo/ 3abbit1éecane-6-agetic acid
an th? ?uffered solution of sodiumsalt is treated
i(Fprmytia I).

(4, 6-di net hoxy-1,3,5-triazin-2-yl)-4-methyl nmorpholiniu
m chl oride (DMI-MM to formthe activated DMI-ester XE
which is treated with amS6HEME Idfher base such as
anmmoni um sul fate, anmoni um chl ori de or anmoni um

hydr oxi de, to form (5S)-5- .

am nocar bonyl - 4, 5- di hydr or1H- pyrrol e- 1-gar bexXyh h&w.aet.d

di ret hyl e!i;FMJ;%Lest el Gt 0 2) NaHCOg (26q)

Di et hoxy Rk 5-t 1| az) - 4- et hyf) e Rl s o
FAi 8%"3( DTVIVV)™ may| b R |e8Naa S h GV Exirgeywith EtOAc

Sctene VI A by reacting HO

2-d -4, gpdi met hoxyl, 3, 5-t ki azi ne (CDMI)-and

N- et hyl nor phol i ne at reduced tenperatures rangi ng

o} (o)
Recrystallize from water
OH OH
o (o]

HO HO
] |
(crude)

As shown in Scheme IIA, the intermediate compound 3-hydroxy-<a-
oxotricyclo-[3.3.1.1.3’7]decane—1—acetic acid (Formula I) may be prepared in a one pot
procedure. As seen, treatment of Formula VIII compound with aqueous sodium
hydroxide in tetrahydrofuran (or other base such as potassiﬁm hydroxide or lithium
hydroxide) in an inert atmosphere such as argon, yields the corresponding sodium salt.
Without recovering the sodium salt, the reaction mixture containing the sodium salt is
treated with an acid such as hydrochloric acid to lower pH to less than about 0.50
preferably about 0.20, to form the corresponding keto acid I, which may be
recrystallized from water to form crystals of the keto acid L

The fragment (1S,3S,5S)-2-azabicyclo[3.1.0]hexane-3-carboxamide (Formula
1) used in the production of (1S,3S,5S)-2-[(2S)-2-amino-2-(3-
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fromabout 0 to about 10C to form DMI- MM The DCHA

salt of 4,5-dihydro-IH ryrrole-Il,5-dicarboxylic acid,
waQa2(¢o%/1a601di et hyl et hyl ) ester X may be prepar edp€T/OR005€12615

correspondi ng sodiumsalt Xl by treati ng an aqueous

sol uti on of reV| sly prefared

néWﬁ{ﬂXYtﬂCEX 3 étl fief( oaafftbslﬂﬁr?gawvcé?[% h%]hexane -3-

L r

b o il IR AR HortlEhPSenepe v
brsha@ntb@loﬁ;@r m t he correspondi ng sodiumsalt XL The
resulting reaction mxture is cooled and treated with
DCHA to formthe correspondi ng DCHA salt X SCHEME | VB

CI2HIONO4 Mol. W .: 241 2 s- BOC I\/PEE
5 C13H21NO4 CL3H2INO4 Mol | \%éﬁﬁﬁﬁﬁl W.: 255 31"
s- BOC- MPEE s- Boc VP C13H21NOA C11H17NO4 Mol . W

255,31 Mol . .: 227,26 s-BOC-MP s- BOC MPA C11H17NO4
Cl1 Hd SRl N 22dBR0 (107
Conpoun Sch “al so\be pyepar e
Schene VB, b 2. Et3N/PhMe toluene, rt, 3 h
COOH . COOEt
E F
) Va
1. LiEt;BH(1.1eq.) 1. LiOH
2. MsCI/DIPEA

toluene, -45°C

o N 3. NH3
Y COOEt 2 DIPEA, DMAP (cat.) COOEt
F
(o]

CH2|2/Et22n MSA or
CHZCIZ HCI (9)
__EtOAC/THF
CONH, HCI oNH
MSA

CONH,

o CONH,
H J

As shown in Scheme IV, L-pyroglutamic acid (Formula E) is first esterified to
10  produce the L-pyroglutamic acid ethyl ester (Formula F; SQ 7539). This L-
pyroglutamic acid ethyl ester is then BOC-protected on the nitrogen to produce (5S)-
2-oxopyrrolidine-1,5-dicarboxylic acid, 1-(1,1-dimethylethyl),5-ethyl ester (Formula
G). SuperHydride reduction and elimination is then performed to form 4,5-dihydro-
1H-pyrrole-1,5-dicarboxylic acid, 1-(1,1-dimethylethyl),5-ethyl ester (Formula G).
15 The BOC-DHPEE III is then hydrolyzed by saponification with lithium hydroxide to
forrﬁ BOC-DHP. An amide is then formed on BOC-DHP via mixed anhydride using
mesyl chloride followed by ammonia to produce (5S)-5-aminocarbonyl-4,5-dihydro-
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cycl opropanati on of N BOC 4, 5-dehydroproline ethyl
ester G' as follows. N-BOCC 4, 5-dehydroproline ethyl

wW@2i08noddi1i s treated with diethyl zinc and chlPeDUS2005/012615

10

- présen

15

20

25

i odonet hane in the presence of dry organic sol vent
such as tol uene, nethylene chloride or dichloroethane
at 1 Brpyediecledarberyie reaidu i € 1 A adigietiyletindhestdydbormBa &'p (5S)-5-

oAb e SRR Tt Oh e ot i B Sy str

(v ' : L L a ;
PSSR 3 e ARl AT bbb S8R Rb e
at[MePHSPES LB ima®cabbil)-2geibiafolss A hex aasQ-&oxylic acid, 1,1-
(S)-BOC-4, 5-nmet haneproline ethyl ester XVl (separated

f riametylerhyl ssteediovapladl). HQC ds Berremavedaendimeindpimpasion of an

et h ster | .in ethanol .or .other. or i c sol vent
oo sl SR et oS RRE 1l B ARl R UG SR e
agqHPkRt |(HS,BS%DJ_Q}/QE&&GJS[B.ﬁ@ﬁxbkﬁﬁe@@'&r@&éﬁﬁd@ (Formula J).
pot assi um hydroxide to formthe corresponding s-

BOC- et Aasesp i S themef Ve hegizangfodpatipn offtdHé)SrasmingedrbonyiAdS-

B B S SSB h L Se PR PRl
[ TKE_gr. I [T Rrs [-EIE PR
RGeS o S C B e PR ARG iyt acid, 1,1
préasetyitof edMerdoyhulatH )k effecied by ogbdsprogaidtetin a Simmons-Smith
tenperatures such as not to exceed about -8C,_ and then
t rRegctiony Irhisreastion i3S hb-amirecaianyl-darhydiol&l-purelstihe
- 3 i i . t S
R e D R

f riaginmRdter. ( B se@oRdiidactos ThatBy1eme/EH1b:§dCik Qodldd o -30°C and
3' 7] decane- 1-acetic acid (Fornula 3) and

(| dBneBosBpthanaanihi 39 solugon obflietwhriac 3 todiameeemidded followed by

( %%Ellqllé)ln%f J&iiotdg n%tl?gn%F This thixture is then added to the first reactor followed
by addition of saturated bicarbonate solution. The resulting reaction mixture is stirred
until a precipitate formed. The precipitate is then filtered, washed and resuspended in
methylene chloride two or more times. Filtrates are then separated into aqueous and
organic phases and the organic phase is washed with half saturated brine. Solvent is
removed and exchanged by heptane to obtain a slurry of crude product of [1S-
(1a,3B,50]-3-aminocarbonyl)-2-azabicyclo[3.1.0]hexane-2-carboxylic acid, 1,1-
dimethylethyl ester (Formula H) in heptane.

Alternatively, (5S)-5-aminocarbonyl-4,5-dihydro-1H-pyrrole-1-carboxylic
' acid, 1-(1,1-dimethylethyl)ester (Formula G”) may be prepared as shown in Scheme;

IVA. ‘
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(1S,3S,55)-2-[(2S)-2-am no-2-(3-hydroxytricycl o[ 3.3. 1.
1 3" 7]dec-1-yl)-1-oxoethyl]-2- azabicycl o[ 3.

wa 2@phesoane- 3- carbonitrile, benzoate (1:1). Cori/Uson12615

10

15

20

these fragnments is depicted in Schene V bel ow. SCHEME V
1 Coupling reaction Dehydration and Hydrolysis

TEAA Pyri di ne NaOH K2CO, SQHEMEJIYhd of Fornula 2 is
used without isolation froma bioconversion using an
isolated (partially purified) PDH FDH enzyms

concent'ta &ﬁa's set ouf’ in the Exafipi&8"* As shBwgryi™

Schene V, “yhe fragmefit] (ocSfiza-am nbed; hyelié*ytrf‘ clo
[3.3.1.1 3v7] decane- P‘!jacetl c acid E&jﬁmﬂ a 2) |3Efjvrst

BOC protected to produce (aS)-
a[[(I,]-dbsvet hyl et h car bonyl ] ank#ge:3- hydr oxy i CycC
lo [3.3. 1" 7J egiwﬁ%'}o’[macetl C aci 11437 nul a 3) by

2.C1-4,6-dj\e0-1,3,5-trl imar, 0! a
t r eat i AgwHwO N B St he pr SR :ﬂ' 13'1? 4se such as
sodi um hydr oxi de and separated via I opropyl acetate
extraction then crystalljzgd Wwth |soprop MeO__N__OMe
dt\li]a pﬁaﬂaes tGyi sol=atect he fre ag l(Hsge L)+ Rw
05 . NHsGl 7
37—step QL Frvel yYT rse—acid [STs | ow, TH

sepa‘ﬁa‘t d via 362/I)(Iacet$ﬁ %&c)oext%tlo?ﬂsge DHMT
Fo

Exapp! e . A soI uti on nul a 3 conpotnd idu.an
appropri ate or ganirgs=sol Vent such A4ge et Mol. Wt 21225

BMS-562419
CazHagN204 C1gHy1sNOy Xit

Mol. Wt.: 394.55 Mol. Wt.; 213.23 \

-BMS-587582
DCHA

As shown in Scheme IVA, the DCHA salt of 4,5-dihydro-1H-pyrrole-1,5-
dicarboxylic acid, 1-(1,1-dimethylethyl)ester X is treated with alkali metal base such
as sodium hydroxide to form the corresponding salt, such as the sodium salt.

The sodium salt of 4,5-dihydro-1H-pyrrole-1,5-dicarboxylic acid, 1-(1,1-
dimethylethyl)ester XI may also be prepared from the corresponding ethyl ester by
treating the ethyl ester (preferably a solution of the ethyl ester in toluene) with ethanol
and sodium hydroxide.

A solution of the sodium salt X1 is treated with buffer such as ammonium
chloride and sodium dihydrogen phosphate to lower pH of the solution below 7,
preferably about 6 to 6.5, and the buffered solution of sodium salt is treated with 4~
(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride (DMT-MM) to
form the activated DMT-ester XII which is treated with ammonia or other base such
as ammonium sulfate, ammonium chloride or ammonium hydroxide, to form (5S)-5-
aminocarbonyl-4,5-dihydro-1H-pyrrole-1-carboxylic acid 1-(1,1-dimethylethyl)ester
G".

4-(4,6-Dimethoxy-1,3,5-triazin-2~yl)-4-methyl-morpholinium chloride (DTM-
MM) may be prepared as shown in Scheme VIA by reacting 2-Cl-4,6-dimethoxy-
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tetrahydrofuran (THF) (cooled to a tenperature within
the range from about -10 to about 0C) is treated with

woredosam@sul f onyl chloride (Mesyl d), and Huni BCDES®05/012615

10

(dii sopropyl ethyl am ne or DIPEA) to formthe

correspondi&anethanesulfonic acid salt of VI. A .
c dupPitrigziredPMdn apd Nemethylmeghelineca geslused temperatures ranging

et ObT BT DY EMI™) ecane. 1 acetic

aci d, (RRIPUHA St dmt,élairﬁgw m%&ﬁo@ci,std&@moxtync acid, 1-(1,1-
(1S, 3S,5S9)-2-azabi cycl o[ 3. 1. 0] hexane- 3- car boxam de

( Famethlykethiyestar Kheayghecgrepared pmithp peiresppding sedinzzselt X1 by

S G AR 1ol o otaly pRERH IR Al o Sicg metiy -buty
3' e?ﬂé??M’IIBE?ghj%Jstin%PH of the reaction mixture to 2.5-3 employing an acid such as

b-oxo- (IS S) - 2-azabi cycl o[ 3. 1. 0] hexane- 2-

etk c dhbanganicdeyeat is deparathdnamdiydatedhwith benesto fofatheul a
K). Formyla K.co IS subj.ected.to dehydratio

 omeT UG ORI By (P UiR B e s e fapaced
Ol DESHW k@fymmhﬁmrés bidinobeaeetiiexanhydri de, and
then subjecting the reaction to hydrolysis by cooling
to fromabout 0 to about 10C and addi ng sodi um

hydr oxi de or other strong base such as KOH or LiOHto
form Conmpound L. 3-cyano-(aS)-a-(3-
hydroxytricyclo[3.3.1.1 3" 7] dec-1-yl)-

b- oxo- (IS, 3S, 5S) - 2- azabi cycl o[ 3. 1. 0] hexane- 2-

et hanecarbam c acid, 1,1-dinethylethyl ester (Fornula
L), which is then deprotected (and treated with sodi um
benzoate) to formthe dipeptidyl peptidase TV

I nhi bi tor

(1S,3S,59-2-[(2S)-2-am no-2-(3-hydroxytricyclo[3.3.1
1 3" 7]dec-1-yl)-I-oxoethyl]-2-

azabi cycl o[ 3. 1. 0] hexane- 3-carbonitrile, benzoate (1:1)
(Formula M. Referring back to Schene V, conpound L
may be deprotected by treatnent
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with strong acid such as hydrochloric acid as
described with respect to Schene VI AL SCHEME VI A

wRedosnoedony to Schenme VIA, the free base nonohyPCHUS20W/012615

10

may be formed fromthe BOC-protected internediate L as
follows. BOC-protected internediate L is treated wth
concentrated hydrochl ori cSGHEMEIWhe presence of

net hyl ene chl ori de and net hanol whil e maintaining
reaction tenperature within the range from about 20
and 25C to hydr ochizon.i deaeaket | /. Hydrochloride
salt IS %ed wi 12hCegdr ochl ori,c acid and then
sodi um hydr loxi ¥gomr otwbnene, 8ttv @01g base to formthe free
base M >free base M 3iNpHe¢hent- treated with water to
formthe free wase norffileN @2 . Di pepti dyl

pepti dase |d,H, b} bi tion produced using the conpounds
and met hodsmawt.t 43828pr esent i nvention are useful in the
treatment of diabetes and conplicatjons thereof,

hyper glssscem a, Sywdstiowmmongs hyperin I nem a, obesi t
and at herpscl er o8 ebiad r el at ed di ases as wel | AS

I ul at or Vn&inatpaqpq and Chm i nf | amrat or
b o di S8k, The fol | owi ng | es Ppr esent R/ CONHie
pr erreg enbodi nents of the inventiqgp EXAVPLE XVl

Construc I on of plasm d pBMs2000- PPF PDHnod A

t wo-s hgﬁnstructl on of the expr@sa%ﬁg#vector ‘
pBNMB2 '{j BEDHPDHTOA was enpl oyed.yol#€ 2R past ori s FDH
gene was subcl oned into expression vector pBMS2000

(pBM52000 is disclosed in U S. Patent Nog 6,068, 991,

i ssued May 30 000 to S W Liu et al.) ng
ol i gonucl egti ge pri ner . dPhESF ni ng the 5%_ahd 3' end

of the P. pﬁgtocl = FDH TFasamt 0ng vvltﬂﬁ{ ol bl e

r est rict |>]Pr°endonucl eas®-82%

Xvi . Xvill
s-BOC-MPEE s-BOC-MP
Cy3H21NOy C11H17NO4
Mol. Wt.: 255,31 Mol. Wt.: 227,26

! 2 1. i-Bu0OCoCl ! 2
N NMM N
o _— o
§( COOH 2. NH3 Q( CONH,
Y g

Xvill H
s-BOC-MP s-BOC-MPA
Cy1H17NO, C11H1gN203
Mol. Wt.: 227,26 Mol. Wt.: 226,27 \

Compound H Scheme IVA may also be prepared as shown in Scheme IVB by
cyclopropanation of N-BOC 4,5-dehydroproline ethyl ester G” as follows.

N-BOC 4,5-dehydroproline ethyl ester G” is treated with diethyl zinc and
chloro iodomethane in the presence of dry organic solvent such as toluene, methylene
chloride or dichloroethane at a reduced temperature ranging from about -30 to about

0°C to form N-BOC 4,5-methanoproline ethyl ester XV.
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cl eavage sites: 5 TCGITCATGAAAATCGITCTCGITTTG 3' (5
end; sense; SEQ ID NO 1) BspR 5

W 2@FEI6DTIT TCCAGCGTATTCCTAGCCT 3' (3" end; anti PGEOSHP5/012615

10

15

20

SEQ ID NO 2) BamHl High-fidelity PCR anplification of

the P. pastoris FDEI‘dﬁene was carried out in four 100
n ali ﬁwgsul%a:ﬁ §~am§hmp®bnv§érwﬂ gsfer 8 Y dmigyre of syn- and

adby o P R R Paint Gl e Sl B g e am inen

dETersph@re”suB%Q@ﬁhrdghm g@musph@ehn@l eyn @)BOLCHBRletdmnéNbline ethyl
pol ynerase (Stratagen {D and 10 pg pl asm d DNA
c suteaXVilnsprerpsedlironeeV ) is gecoeiels FDH gene. The

for o rreeC hartondhbry s i Bk RYPR dRioThr dfeireanic

94QfvehOduch afitdhkn®;or ﬁ@nﬁsft&atea withbHs€ suchtd aqd&fasfidtiingh. 5
m nut es, using a Perkin-El nmer Mbdel 480 thernocycler

wiltyAraxides sodiemdiydroxideras preRsipahsdrendeaioxform shegpsresponding s-

e ume of 1:1 phenol xhl orof orm
é%@d@%ﬁaﬂo&? P]ﬁgfegg*ﬁﬁg}& and centrifuged at

13 000 'PheQ“refe(hrcuﬁXV!l]!Fiét&iveﬁé&etoLﬂﬁ@&frre@ﬂé&ﬁﬁﬂr@s—Bmﬁle%ﬁoprohne
renoved and placed in a new microcentrifuge tube.

wasnige Hdiypgiaating drebymsldﬂv Hi d&issobfedGn an @egamrm®1®nM®b@s UidF or

t ld eth
o it Ylf%r‘gﬁﬁ%# DT GBI ot BERY ilpBUS. 5 g prepeperor
a%ﬁétﬁ tlﬁ(grg LG biRRed ARthelditieDSldnels n‘ﬁ@f%h@(geé@ dtldut -8°C, and

70% et hanol . "Liquid was aspirated
angt,reaamg tlteheacpmjnl reixtwe svitdl dnoweria to fainr the sABAGmedhnoproline
m nu_}ie][sjI at room tenperature.

amide
Another aspect of the present invention relates to a method for coupling the

1*"]decane-1-acetic acid (Formula

fragments (0S)-0i-amino-3-hydroxytricyclo [3.3.1.
3) and (18S,3S,55)-2-azabicyclo[3.1.0]hexane-3-carboxamide (Formula J) to produce
(18,3S,58)-2-[(2S)-2-amino-2-(3-hydroxytricyclo[3.3.1.1*"1dec-1-yl)-1-oxoethyl]-2-
azabicyclo[3.1.0]hexane-3-carbonitrile, benzoate (1:1). Coupling of these fragments

is depicted in Scheme V below.



Amplified DNA was digested with 20 units each of Bsp
tt. and BatHLfor 3 hours at 370C in a total volune of

w®051106011 n paral | el , the pBMS2000 vector (2 nBQT/US2005/012615

10

concentratijpns of

wasdi gested with BspBl and Bwi HL The di gested sanpl es
were el ectrophoresed on a 1. 0% TAE agarose gel for 2
hours at 100 v. The bands §§ﬁ@%ﬁdi ng to the FDH
gene ( 1100-base pair fragment) and |inearized vector
(4700- base pair fragnent) which were separately
excised fromthe ge| and purdfied using the { Aquick
Cel Extractfion Kit|(Q agen, atsworth, CA).

)
s he isol ated fragoents we )
esti #iiiad by el e€froghoregj s|agaihsLaLne | aw mplecdl ar’
wei ghirass| | add AT ’ Fsbad/

; rogen Corp., Ca (e
and I''§at ed i n“a i hsertjvector) nolar i ao
total vol un[s of 10 at: 220C for 2 hours. DNA masm\[]/
precipitated by addition of 45 m dH2O and 25G ni o
1-butanol, and pelleted at 13,000 x g in a

m crocentrifuge for 5 mnutes. Liquid was renoved by on
aspiratign, and the DNA was dried in a SpeedVac

(Savant (I nstruments, Far no@sladagtion NY) for 5 mnute
under Low « The pellet was resuspended in 5 m

spepnded sformed; by o
atdOn into 0.04 ni coli DHI
cells ( itdogen) at 25 iR, 250 W iy

i medi ately &t 796 m ;xSOC%sw0. 5% yeast extrac
2% tryptone, 10| M Nad, 2.5 LEMKG’ 10 MM mgd 2, 1
nM MgSX4,” and 20 mM gl ucose per liter), and the cells & N,
i ncubated in a shaker for 1 hour at 37C and 225 rpnx

Col oni es contain plasm d DNA were sel ected on LB agar

pl ates containing 50 ng/ M kananycin sulfate (Sigm

OH

Chemi cdf¥aed;, Louis, M) . Plfasmds with the desired{"
insert wedRawmi dentified by c ny PCRin capillary
t ubes ugkhg the Rapi dCycle aho Tepfinol ogy, Sal
Lake o TNeoHeps
2) Separate phases
)< )j\ 3) IPA/H,0/NaOBz ,
o N N PhCOOHe H,N N
o]
. CN " CN

[0}
L

\
1]

The compound of Formula 2 is used without isolation from a bioconversion
using an isolated (partially purified) PDH/FDH enzyme concentrate as set out in the
Example 3.

As shown in Scheme V, the fragment (0S)-0-amino-3-hydroxytricyclo
[3.3.1.1° ""|decane-1-acetic acid (Formula 2) is first BOC protected to produce (0:S)-
a[[(1,1-dimethylethoxy)carbonyl]amino]-3-hydroxytricyclo [3.3.1.1>7]decane-1-
acetic acid (Formula 3) by treating 2 with BOC,0 in the presence of base such as
sodium hydroxide and separated via isopropyl acetate extraction then crystallized with

isopropyl acetate/heptanes to isolate the free acid 3 (see Example 3, step 3).
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Cty, UTl). Each reaction m xture contai ned 50 mv
Tris-HO (pH 8.3), 4 MM Myd 2, 0.25 ng/m bovi ne serum

w@bk@amae11 2% sucr ose 400, 0.1 mM cresol red, OPAT/n’2005/012615

10

15

20

25

each prinmer (SEQID NO 1 and SEQID NG 2), and 2.5 U
Ta DNA poI nmer ase. ( Prone ga. Corp., Madison, W ..Th&
teriasNCI SRe U iaScRRTEdaln ffthxlacqteter@t%@qqi%%ﬂgt}% &
ett to the wells of a round-bottommcrotiter
gfi%lp%d&% inanyci n-resi stant col ony was picked using a

d' spos abigutidreetFemulkE tdmpound in erdpgropsate bigadid solvent such as
the reaction m xture, and transferred to LB-kananycin

agqrahy@aéﬁam GEREE) (5poladl K vtcannerteigayithip hedangiromagoyt -10 to

30, m d f
e N s S
PP ok et ootz

saealonfl¥]. 400C for 0 seconds, and 720C for 60 seconds
usi ng a Rapi dCycler Th rrmcycl er(lLd nol ogi es,
Salt L 4 goupling reaghyn isg ‘?fb\lsé’g t%?‘é’l%ﬁ%fq[g@ﬁor esed on a
3,7
sanp tﬁﬁl@h@?ﬁc&%ﬁx}ﬁﬁmﬁ@]&3 zlﬁ/owe ic9L10fD9 14> 71960488 1- acgtéc acid,

este a strong band at
baEenida B smetBatesalibmioyicidealt & (lliSrﬁjS 5$)-2-apdbargelaf3. 1.0l hexane-3-

referred to h BMS2000- PPE
{seraeseris  BpyTiafs £Xe (B M C0ROpOEY FSHOUAPRRRHE D o othe

dj f di
oiaryT 5P pifhe Rl G 08 S TRARICABINAT S o (50 TRC! 1S
pl}hghfo%!;iﬁ%@% Seqd ag@l(yf)a{k@sia(m 38/35)-3- azalﬁbyt%[@m OJhexane-2-

71-376 [1991]) by a change of the last two
amthme@mbaﬂmc acid, hi- (hldldﬂwledr}a este¢(Fannwle I@c |Ft§>§mala K pempound is

car rmnus LS requir b ete
: éH‘& i PR D e o v of R OTAE spops pyridine
1étf|15ﬁ£1§)ne%ﬂh @Qﬂlﬂﬁoa&ﬁg %ﬂl?ﬂrﬂ@ anhésubjectih g ﬁféﬁ’ea&lon to
aC| i's change was i ntroduced into plasnid
p RiptHkYsisby chetiag tdirdmi abouted & dboblyl@°ﬁ3 apdtaddmg\ﬂmhum hydroxide or
200004179, issued to Donaovan
other strong base such as KOH or LiOH to form Compound L. 3-cyano-(oS)-o-(3-
hydroxytricyclo[3.3.1. 1*"1dec-1 -yl)-B-ox0-(1S,38S,5S)-2-azabicyclo[3.1.0]hexane-2-
ethanecarbamic acid, 1,1-dimethylethyl ester (Formula L), which is then deprotected
(and treated with sodium benzoate) to form the dipeptidyl peptidase. IV inhibitor
(18,38,55)-2-[(2S)-2-amino-2-(3-hydroxytricyclo[3.3.1. 13’7]dec—1—y1)- 1-oxoethyl]-2-
azabicyclo[3.1.0]Thexane-3-carbonitrile, benzoate (1:1) (Formula M).
Referring back to Scheme V, compound L may be deprotected by treatment

with strong acid such as hydrochloric acid as described with respect to Scheme VIA.
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al , January 27, 2000), which was subsequently
transfornmed into P. pastoris SVMD 168 (deposited as

W@ 200ai1060MTCC 74408). 3' end of native PDH geneP@nts2005/012615

- 10

15

correspondi ng am no aci ds: AAC AGC GCA AGG AGG TAA Asn
Ser Ala Arg Arg Stop 3" end of PDHmod gene and
correspondi ng am no aci dsSFE]%ﬁI r new am no acids
in bold): AAC AGC GCG GAG GGG TAC CTC GAG CCG CGG Asn
Ser Ala Qu Gy Tyr Leu Gu Pro ArgiI CGG CCG CGA ATT
AAT TCG CCT TAG Arg Pro Arg Ee AsniSer Pro Stop

~ he 5 and 3' end
abl e re,s.trl ctio

NaOH
‘ , sS ‘ d, sense;
[ ( y o T TTCG ( 3H2N
i ondi ti ons for
anpllflcatlon°and purification of°thedPDHhod by PCR°®

were identical to that used for thé P. pastoris FDH ™
gene except chronobsomal DNA prepared from ATCC 74408
was i ncluded as tenplate for theceeaction. The
resulting fragnent was digested with 20 units each

of Ndel and Smal for 1 hour at foll owed by 2
hours at 370C, Min a—total vol u 0 m .* | n?2me
parallel, a version of the

H 00 H,N

CN

Referring to Scheme VIA, the free base monohydrate M may be formed from
the BOC-protected intermediate L as follows.

BOC-protected intermediate L is treated with concentrated hydrochloric acid
in the presence of methylene chloride and methanol while maintaining reaction
temperature within the range from about 20 and 25°C, to form hydrochloride salt L".
Hydrochloride salt L is treated Iwith hydrochloric acid and then sodium hydroxide or
other strong base to form the free base M’. Free base M’ is then treated with water to
form the free base monohydrate M”.

Dipeptidyl peptidase IV inhibition produced using the compounds and
methods of the present invention are useful in the treatment of diabetes and
complications thereof, hyperglycemia, Syndrome X, hyperinsulinemia, obesity, and
atherosclerosis and related diseases as well as immunomodulatory diseases and
chronic inflammatory bowel disease.

The following Examples represent preferred embodiments of the invention.
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pBM52000 vector with an Ndel site at the initiation
codon (2 ng) was digested with Nde and Smal using

wo d@stiveal condi tions. The di gested sanpl es WePET/US2005/012615

10

15

20

25

30

separately el ectrophoresed on a 1. 0% TAE agarose gel
for 2 hours at 100 v. The bands rresponding to the
PDHnod gene (1200- base paigxﬁ%ﬁéﬁ‘t) and |inearized

vect or (470&?@3&&&1 bt él&%ﬂ@]&ﬁ/{%b@-ﬁfﬁgﬁ%ﬁﬁﬁﬁ‘ t he

gel and puri usi ng qui ck Cel traction Kit

(Q agem twe-s@ptconsiruetion betht waplessdgimestts, pPBMS2000-PPFDH-
transformation of E. coli, and_screening for caqlonies

cdiEmad mags erplayed. The K- padorsERbeege @S prRelenef gnto expression

POy BRI TBI 0, CE3GH R85, e vy

I BYS208000 RDWMDGn £t2a1 yaibing@sigehrisotide pritnerslddntdigiag khe 5° and 3°
H ndl E and Smal in a 50 nL reaction for 1 hour at

250a0f the| B pwsierisy'DH Bengralens with compatiple Fstriction endonglgase
pollé/gerasse (Invitrogen) and 2 nL of a 2.5 MM m xture

of A e% &?F' deoxyri bonucl eosi de tri phosphates were

added and the sanple incubated at 110C for 20 m nutes.
The reaction was el ectrophoresed on a 1. 0% TAE agar ose

g&’ TSHITOARGUAA AT CLIT GTCHRETTE0H (bagnsl; perise; ft:1)
was exdispHil and isolated using the Q Aquick Gel

E;%t& 5%&@@&@%&@%”&@@&%? n(é’n%no ; h@‘t'l%%,q&{eﬁq ID NO:2)

gene (as a transcriptional Bet#dilon) . Next,
pBM52000- PPFDH (2 ng) was digested with 10 units
restriction endonucl ease Snal in a 50 nL volune for 2

h quEB-fidklig SR atplificitiopasfelet M pd3tddisAIH $biid Was élrked dutén four
phosphat ase (United States Bi ochem cals, O evel and,
OHPO0Mud pliqudis gactagongainigg 195K 4 aaPlys pptigmbuffer (Stratagene, LaJolla,

6L LOPIB] S35 Sufe B bbbt BP AT A g
Kigt4 nNN&ch WRgbHRBFBAE,D.5 U TagPlus DNA polymerase (Stratagene), and 10 pg
plasmid DNA containing the cloned P. pastoris FDH gene. The amplification
conditions included incubation at 94°C for 4 minutes, followed by 25 cycles of
incubation at 94°C for 1 minute; 50°C for 1 minute; and 72°C for 1.5 minutes, using a
Perkin-Elmer Model 480 thermocycler with autoextension.
The PCR reaction mixture was extracted with an equal volume of 1:1
phenol:chloroform (GibcoBRL, Gaithersburg, MD), and cenérifuged at 13,000 x g for
5 minutes. The upper aqueous phase was removed and placed in a new
microcentrifuge tube. DNA was precipitated by addition of 0.1 volumes 3 M sodium
acetate and 2 volumes ice-cold ethanol. After centrifugation at 13,000 x g for 5
minutes, liquid was aspirated from the tube, and the pellet washed with 0.5 ml ice-
cold 70% ethanol. Liquid was aspirated again, and the pellet was allowed to air dry
for 30 minutes at room temperature.
Amplified DNA was digested with 20 units each of BspHI and BamHI for 3
hours at 37°C in a total volume of 50 pl. In parallel, the pBMS2000 Vectér (2 ng) was
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were ligated in a 6.5:1 (insert:vector) nolar ratio at
160C for 4 hours in a 10 nL final volune. After

wdaz2matieqeol extraction and centrifugation, the BIMNXUSZS5/012615
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transforned into el ectroconpetent DH OB cells.
Kanamyci n-resi stant col oni es were screened fo

t ldegesied avitheBwiliapd BomiHe d h@ digestgd spmples %electrophoresed on a

PR DRk e e By 3 180 8 AU S0 ARG e FDH

%bﬁ@(l@mbﬁéd PR Badieent) agidufatifed Veetdd'(4 H0ebasé phin éragment) which
PPFDH and 3' end of the PDHnbd gene, respectively
Oniteye sqpenéely ereisad feamm thinged 20@ PERGKISIngGRE |Q1ﬁqe§é<.(3ﬁl, Egtraction

o AR E R TSR AQBRREAE MRS SRl v

t RetiMbte@BY @Ielcﬁ HoReid 4 t b 16W agplesilirovdigifitmass tadder (Invitrogen
di gestion with ave the expect ed fragnents

ofcmz@amhad;@aa amhbgat?fhlmasﬁg T et poiQnePlqgatio i a total volume

000- PDHmod. "
Eobt D4 Fof GOT BRI LRI D B9 ARl A and
tr r
AT S s
graywid fxek réiovedbysaspiratH)ahd b DN A was i 5n Hspeid‘pf ac (Savant

(2. 0% Yeastam ne, 4.0% gl ycerol, 0.6% sodiu hosphat e
[ dnssesmegts, Farming e, %) R PRBYSH 8{“@[‘0??6%8 @hg]mﬁgt was

0.125% ni fate, 0.0256% magnesium sul fate
[H%W%ﬂ@% H@% ed postautoclaving froma sterile I'M

sol ut i Ofe retiBPrd0d MIN ATky 2K aaasTyEhed 15Ld1éAtopofatide éfto 0.04 mi E. colz
postautoclaving froma filter-sterilized 50 ng/ m

s AR nqmpetam@emptmwabg@é 623 PFand 860 ¢h rﬁf@m@m}mm

o ea s AAING oy SRS R Nirk SRR Pl fin O T2 Nact,
Fl2s ka1 Wefe1 G hak 81 @l I@W PFS02.306& %%M glucose per liter), and the

cells incubated in a shaker for 1 hour at 37°C and 225 rpm. Colonies contain plasmid

DNA were selected on LB agar plates containing 50 pg/ml kanamycin sulfate (Sigma
Chemicals, St. Louis, MO). Plasmids with the desired insert were identified by
colony PCR in capillary tubes using the RapidCycler (Idaho Technology, Salt Lake
City, UT). Each reaction mixture contained 50 mM Tris-HCI (pH 8.3), 4 mM MgCl,,
0.25 mg/ml bovine serum albumin, 2% sucrose 400, 0.1 mM cresol red, 0.4 nM each
primer (SEQ D NO:1 and SEQ ID NO:2), and 2.5 U Taq DNA polymerase (Promega
Corp., Madison, WI). The reaction mixture was divided into 10 pl aliquots, and
pipetted into the wells of a round-bottom microtiter plate. A kanamycin-resistant
colony was picked using a disposable plastic inoculation needle, swirled into the
reaction mixture, and transferred to LB-kanamycin agar. Each reaction mixture
aliquot was drawn into a 30 jul capillary tube, and the tube was flame-sealed at both
ends. Cells were lysed and DNA denatured by incubation at 94°C for 30 seconds;
amplification was performed using 30 cycles of incubation at 94°C for 0 seconds;

40°C for 0 seconds, and 72°C for 60 seconds using a RapidCycler Thermocycler
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the OD6Cowas 0.8-1.0. Expression of both genes was
i nduced by addition of filtersterilized IM

w0 s@pnagpyl t hi o- b- D gal act opyranosi de (1 PTG t oPEI/Ub1wa$/012615
concentration of 35 mM and the fernentation continued

for 24-48 hours. Cells were ,Egl | eted by centriragation
at(ldghg Gechpofpgicss Salt hpkn 4% Ullastawplesivae slecHophpresgaian 2 1.0%

% 5 ' for.

¢ Qi Ry YL AR B0 37 S P sl e R showed a

| gFresd BAred 4t 1 100baseqlairet Onegoloap smaintdthismpldsthidideferred to herein
anmoni um phosphate, pH 7.0 at 10 nL/ g wet cell weigh

and PEMI 080U TR W& dwsanigs thesierbstep 1 b efasmid eons rflit:téon
5 Model 5‘?8%?&(}1_;%’) r@fe%%@ﬁlg&?{eg gglev%go%\rlcmti?%hg&%sfi rtgi??eg.ius

Pittsbu ., power sé C

D%‘Béﬂé}ﬂalﬁﬁﬁe BehydesRdad\thaeifisrs fog@the pabAdhed DVAQeduetice (Takada
f m nut es at room tenperature. Sanpl es were heat ed

atet TCOCBiasho0 108 pat B5.-3THK AL bY £ hARSeGHihd e Ao acids

| yti . ded to.th i Xt d.10 .nl. . || t
S BRI A0S AR P
El 8 ipf P88 ich SRS-1§afdxyadadbhtant]l -\AR0x . atdic 2oftt64S)-amino-(3-

m nutes and the gel stained in a solution consisting
10 othyGrox¥eadesnetaicd eyhracsiie agidud'hissihgngg wasimzodyged)into plasmid

et nd 10%.(v/v) ..acetic aci o rsed
e e e B pE R W 0B B o T DSovan e
boj | yRgaMBs 8uh(eRhich W8 @u%@ﬁ&ﬂg%ané‘i@rrﬁéﬁ‘ln@@Pﬁﬁhstaris
orbital Shaker for 15 m nutes. The gel was washed

t ISMBD UGS (depisitad destomn AL GE4408).and covered with

destai ning solution (GelCear(tm ; Invitrogen). The
solution was again heated just to the point of. boiling

15 and shakeng gefidvg Prsi éé’ﬁe drfadirepdniHoSmid¥aciAg:om nent
bands at M 43,000 and 40, 000 were seen upon

i nduct i on,A&Gr r espaifdi gCAo t MeGExpect GGl ecThdr

wei ght of the subynits of FDH and PDHmpd. Sanples were
al so found‘¥lo posg%rss Uglt’ih FDI&&nd P tivit?@8 when
tested as described in

3’ end of PDHmod gene and corresponding amino acids (changed or new
amino acids in bold): |
AAC AGC GCG GAG GGG TAC CTC GAG CCG CGG
Asn Ser Ala Glu Gly Tyr Leu Glu Pro Arg

CGG CCG CGA ATT AAT TCG CCT TAG

Arg  Pro  Arg Te Asn  Ser Pro  Stop

20

Oligonucleotide primers containing the 5 and 3’ end of the PDHmod gene

along with compatable restriction endonuclease cleavage sites were prepared:

GATGCTCATATGCGCGACGTGTTTGAAATGATG (5 end, sense; SEQ ID NO:3)
25 Ndel

GATCCCGGGCTAAGGCGAATTAATAATTCG (3’ end, anti-sense; SEQ ID NO:4)
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Exanples 4, 6 and 7. This reconbinant E. coli strain
was given the internal designation of SC 16496. SC

waegeshossas subsequently fernented at 15- and 2BOF/IUB1005/012615
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vol unes. For a 15- liter fernentation, one vial
containing 1nL of frozen SC 16496 was thawed at room
t enper @k e and added to 1 liter of M5 medi um
containing 50 ng/m kanamycin in a 4-liter flask. The
flask was incubated at 280C, 250 rpmfor 24 hours and

t r ansf ®eaebr @ndBions f@rasnpifichién mebpusitichiingofdie @mrmod by PCR
bat ched based on a final volune of 15 L) in a Bra
f evemmemacal kathahyser horsthe Papestelimtif REETES FYGAPS alvrplaloéomal DNA

BB RS L, BOELY R Bull BekorSROREME B esulting

i Wra@ﬁl@nmvaéjdl ¢dtdd wiih velualts eded of WdeEindSS;ﬁdiIJ fot Z@6ur at 25°C,
through a 0.2 nicron cellulose acetate filtration

uioiowerHzy 2 bours po¥V °Gain aigthd dolume ofeSOtidn o paell¢logwersion of the

I TR qaﬂbf)ﬁéﬁﬂggwﬁ %ng@é? gllttqu%n h%glstéalrpgpté::oa %\g);gg% IER S iges gested with
f%we Wi Srﬂu?[ \%h{ﬁlﬁe it QiR ggﬁﬁb%ﬂﬁﬂ 1€s wgi%% arately

Aera Ion ssure: I on:

I plectroptioreded ol aall.0%. Mgdmdﬁl—gbﬁbr&ﬁshmmqan ]rOédzPr’H&shanés

ﬁ%gmg;ppgrg le(ﬁéﬂa}}teé’g)nngg Cg)ene (126:(()) base palr tH ragment) andvﬂneanzed vector
(4700-base pair fragment) were excised from the gel and purified using the QIAquick
Gel Extraction Kit (Qiagen). Ligation of the two fragments, transformation of E. coli,
and screening for colonies containing inserts with the PDHinod gene (forming
pBMS2000-PDHmod) were performed as described supra.

For construction of pBMS2000-PPFDH-PDHmod, pBMS2000-PDHm9d 2
ng) was cleaved with 10 U each HindIIl and Smal in a 50 UL reaction for 1 hour at
25°C, followed by 1 hour at 37°C. Ten units of T4 DNA polymerase (Invitrogen) and
2 UL of a 2.5 mM mixture of all four deoxyribonucleoside triphosphates were added
and the sample incubated at 11°C for 20 minutes. The reaction was electrophoresed
on a 1.0% TAE agarose gel for 2 hours at 100 v. The 1800-base pair fragment was
excised and isolated using the QIAquick Gel Extraction Kit (Qiagen). This fragment
contzﬁns, in order, the fac promoter, groES gene, and the PDHmod gene (as a
transcriptional fusion). Next, pBMS2000-PPFDH (2 ng) was digested with 10 units
restriction endonuclease Smal in a 50 pL volume for 2 hours at 25°C, then treated
with 0.4 U shrimp alkaline phosphatase (United States Biochemicals, Cleveland, OH)
for 1 hour at 37°C. Plasmid DNA was electrophoresed for 2 hours at 100 v on a 1.0%
TAE agarose gel, isolated, and extracted with the QIAquick kit. The two fragments
were ligated in a 6.5:1 (insert:vector) molar ratio at 16°C for 4 hours in a 10 pL final
volume. After 1-butanol extraction and centrifugation, the DNA was transformed into

electrocompetent DH10B cells. Kanamycin-resistant colonies were screened for the

-31-



Foam ng was controlled by addition of UCON (a
fluorocarbon sol vent bl end produced by Dow Chem cal

w@orosamp)ll on demand. At OD6Q00. 8- 1. 0 (appr oxi NneCEUS20051012615
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hours after inoculation), filter-sterilized |IPTG
(dissolved in 500 nL dH20) was added aseptl cally t
gipresence ¢fith¢ PDEHeechgangtwidhthe twe EDHypodrpReckis prispers @p vawusly

COPL%of o 0014908l SRS ARG s D

WG Bneéi®hbBelogBudts tEe ! éidf 3fgiad PRFDHNGAAIS BEEOf B PONYbA gene,
0.1 vol 50 anmoni um formate pH 7.0. The cell paste

sSngta\ceé)d Onkvdh@ﬂeac@mtmcésmbﬂ%mﬁ@psoré Aarplfiertion odta 1490-base pair
S neee & OE) 2505 1L }tla%ks Qrie; %t4 nogyesuch smid was

8‘}?5}68 PRESPET [BSRYO SPRES 1810 8T ﬁf SCHP64 Aned”
arfguﬁﬂé}ﬁlqhé BriQtidH-cMFPmB® 8 diichbdtie 8QribMdndigestion with Kpnl,

kananycin. The flask was grown at 280C, 250 rpmfor 2
hovirish gmahm@teddygmn@r%%% ach 8 3Hease ppits pPhis plasmid was

s ianygs seevisporPEBEBHEBHRRLN ' Tre el 15 vere

aseptically added to 10 L of MI5/kananycin nmediumin a
Braun fernmentor (initial OD6oo ~ 0.008) and grown
under the Fernentati on QpeEXAMBLEZ anet ers di scl osed

supra for 16 hours._The cult was transferred
to 250 L of M5 corﬁ’ﬁ?“ﬁ?ﬁfﬁ‘?‘ﬁﬁeﬁ%‘gﬁﬂ"o{éﬁ%
Concengi S0-PPEB AN floH v@dg%aﬂ?feﬂﬁéd 8 BWkALRa coli TM110.

Based e 90 mnute doubling tinme of SC 16496 under
t Hashalqediuéks stodiss, M1 10(BMBS20@0+PRRDHRPRBMAd) $fas giodvn for 18

RaSes SERl e el

pr bai Hﬁg pllrc}té ElipR 265 h MR P plab BRE6RRRSIC], 0.125%

( @mmeniun(sulfhtedd.0RS 6% metzhestyth calfito flydptaiydrate Jad@ed post-
autoclaving from a sterile 1M solution], and 50 pg/ml kanamycin sulfate [added post-
autoclaving from a filter-sterilized 50 mg/ml solution]). The optical density at 600
nm (ODggo) was recorded and cells sufficient to give a starting ODggo of 0.35 were
added to fresh MT5/kanamycin médium. Flasks were shaken at 250 rpm, 28°C until
the ODgop was 0.8-1.0. Expression of both genes was induced by addition of filter-
sterilized 1M isopropylthio-B-D galactopyranoside (IPTG) to a final concentration of
35 uM and the fermentation continued for 24-48 hours. Cells were pelleted by
centrifugation at 6,500 x g for 5 minutes, washed once with an equal volume of 50
mM ammonium formate pH 7.0, and repelleted. Cells were stored frozen at —20°C or
used immediately. The pellet was resuspended in 50 mM ammonium phosphate, pH
7.0at 10 mL/g wet cell weight and sonicated 3 x 15 seconds using a Fisher Scientific
Model 50 Sonic Dismembrator (Fisher Scientific, Pittsburgh, PA), power setting 15
with a microtip. Debris was pelleted by centrifugation at 13,000 x g for 5 minutes at

room temperature.
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hydroxytricyclo[3.3.1.1 3'7] decane-1-acetic acid
(Formula 3) from 3-hydroxy- a- oxotricyclo-[3.3.1.1

WQ@200p/10®¢cane- 1- acetic acid (Formula 1) throughPCT/US2005/012615
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(aS)-a-am no-3- hydroxytricyclo[3.3.1.1 3'7]
decane- 1-acetic acid (Formula 2) using an isola

( &&mnl%l chre bE%tFQ ﬁfe7c§b C ey minudss; (e ol mcg{béotg{‘eétﬁl solution

1: n

F vt {ofe BT A0 7 B0 SPRAOM KAP R ig s
1%@%@2@&% Rﬁﬁ%?Dﬁrea&bpmssm%@wﬁsd btam60 436050-60 minutes
tank fernentation (prepared usi t he procedure

sianil Itleer ged otained wpp soljiomARNSHESE €F 8t1 yjh Cgomassie Blue (Sigma),

di M1 10V ti
o8 vt st sh 8Ot b5 ashE e VoA i wes
a%hﬁé& 1 a HiQBWh e o el dnsil bEBRL Rehs ehRichE fRA sBAM .t 80 rihi®n an
broth bel ow 40. The PDH FDH activity of microfluidized

b rombltal waakeB for [1g/nvnutesr ThDEelavas vBashed tordughlyrpith dgignized water

ari f ol e broth, . 4. 5k i.te was .added to
e eatarrq Bibopy Ui CHTIPHTE: bhyfosEh, T SHhuddh was
p%gxlﬁtrﬁxde& nRt /M ﬂB@ﬁ oPQ&iﬁH Qﬁkﬂsﬁﬁké@@eﬂt@rfo?’@c 184509 the8rs. Two
m xture was then fil tered using a filter press
Exr@raineml lmmds atdedt3,80ESSCH,@)0 wen s¢én upqnsnéucmfon corresponding to

trate S .obt ai ne e filter sh
314 Pt e FoLGREa 1 B g PSS L AR apia Parples were
l 'ds%r@u%dT%?0§§e§§b8ﬂﬁilﬁ-I ‘é@@Pﬁif/ﬁc%%tid Wwhén EERERMVR M s@ibed in
activity of 31 TUmnm and a FDH activity of
8 Bxfuples 4T hend [7aflihis recorhbiobit Fvaeli wirtinafds|giemabe interoalgh

a 100, 000 il ter cassette (MIlipore Pellicon 2
uﬁieflgn"ﬁ’cﬂn ]‘é‘ﬁ?pf one | ow protein binding cassette,

\?\ag 2% OS{C"HH% rﬁefs ﬂﬁ)segﬁgﬂ}ﬁeggéﬂftﬁ éttt?gt éﬁﬁ WgSS(Pflte} DSWBIAEPFor a 15-
liter fermentation, one vial containing 1 mL of frozen SC 16496 was thawed at room
temperature and added to 1 liter of MT5 medium containing 50 \g/ml kanamycin in a
4-liter flask. The flask was incubated at 28°C, 250 rpm for 24 hours and transferred to
13 liters of MT5 medium (ingredients batched based on a final volume of 15L) in a
Braun fermentor. Kanamycin sulfate and magnesium sulfate heptahydrate sufficient
to give a final concentration of 50 pg/ml and 0.0246%, respectively, were dissolved in
500 mL distilled water and filter-sterilized through a 0.2 micron cellulose acetate
filtration unit. The solution was added to the tank, followed immediately by the
inoculum. The initial ODggg was ca. 0.35.

Fermentation operating parameters were as follows:
16 liter working volume

Temperature: 28°C

Aeration: 1.0 vvin

Pressure: 690 mbar

Agitation: 500 rpm

Control pH at 6.8 with NH4OH as required
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concentrated to 1.5 liters and gave an enzyne
concentrate with PDH titer of 567 IUm and FDH titer

wo@R003366001) m . The perneate was assayed and noPEL/UB200$/§12615
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was found. The overall enzyne activity recovery in the 1
concentrate was 84% Step 2: Reductive am nation

3- Hydr Bregsuae:908tmbagycl o- [ 3. 3. 1.1 3' 7] decane- 1-acetic
acid (Forrrul a 00 kg; 4.46npl) was added to a 20L
vesseIAﬁgw? méééﬂé%mater (5L). The m xture wasstirred

and t heoRirbMas ato61g usﬁmdﬂwﬂmaquweah | ON NaCH to give
a solution. Darco KBB car bon was added and .t he
nFeaning wes sortroliaddy addition qﬁ%ﬁ@@éa flerpepibop splygnt blend produced

h Bu er fu neI 5mfilter paper. The
fFY?@g’gék9Wﬁ§Qg E%P(2X|L) and the filtrates .

and wagheHar.e- 1@(£Ep1fd>§ﬁnit@lygw3 @odrscifeainosalatibn)pfilter-sterilized
Wth stirring, amonium formate (0.562Kg; 8.92 nol)

WERT G (i ssophverd dn 50@ np HIER) was-addpdiaseptically to 2% a/fingh corgqutration

NaCOH. Nic am de. adeni.ne nuc

b e R

di C

(1395} ey BT CHERTe - cpl e agattgaion
Bncﬁnweﬂlmnbmlthmmﬂmanm anmonmnp@amau@qéi 7 0h&hericsll paste was

was then warned to ~40C and di Inﬁ”e:rt g taI vol une
oPlagey inf plastiggoataineryand,yipizd &t Bepdsd 7. 7-8.3

whil e u

T R heoy S g 3 s s
( 968)6 Was aAvEDaRt addyd (0300 mLAYTS ®1[1e31113n 1v1fh 3 [¥d/ml kanamycin.
decane-1 -acetic acjd gFor mul a 2

BO: flagk was grownpi 28°Er 259 ity IfOIGQ‘U%ﬁ‘-'é% nEI@f‘eOP@o 25 dgtermined and
RSB SIEH S BES sBAlA lag 25
- #iCkbh MTH (ilne(dfﬁﬁfl mMrhécells were asepticaily added to 10 L of MT5/kanamycin
medium in a Braun fermentor (initial ODggo ~ 0.008) and grown under the
Fermentation Operating Parameters disclosed supra for 16 hours. The culture was
then transferred to 250 L of MTS5 containing the appropriate concentrations of
kanamycin and magnesium sulfate. Based on the 90 minute doubling time of SC
16496 under these conditions, 10 L of inoculum in 250 L should give a starting ODggo
of 0.30-0.35. Induction, growth, harvesting, and storage were carried out as described

for the 15-L. fermentation.
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2) (477.59; 2.12nol). This mxture was stirred at
anbi ent tenperature, wth pH adjusted to and

woradostiedoned at 10 with a pH stat titrator usi npCT/OBR2005/012615
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NaOH. The reaction was conplete 4hrs after BoC20
addi tion when there was |less than 1.0% starting
materi al remai ni ng. The pHEXAMBPEE® xt ure was adj usted

t he Telsacopet brpduchiom f 0o T ehhaleticafpoiiaytinol-3-
L0 ey AN R} BTl R ol B o
stdxotigeyd®[3.3.1 P Ndecané-1tdeetic heidt@ondulahalipiugh @@ oeimine-3-

Dicalite E?:S ).on filter paper in a Buchner funnel.

The hpleaxytrieyhdd. 3k 1 decamerl-ogeticagid pHognpla2) psing an isolated
PrQAc. The filtra wa | it

gt After <ot PRIAHRAAA SnPne cdula
including interface was di scarded. To the aqueous

| ayer, i-PrOAc (7.5L) was added. The m xture was

aditep 1i dsblafiorho BHenzgmeiqopcen{ratet hen heated to

e BB PR g eron
S mmOzgjﬂ@asa&aﬁﬁé@frbﬁyﬂoo@Lttb}nﬁ RAREAAGEh Waspapod dsaf! e
wth i-PrOAc (3.75L) and the |ayers were agaln

s gperedtescimilarge Exampleal) and passed ithrougiuemieroflaydizier (Widnofluidics

RS IET LI RS SR Bortolhe o D b
C %Ht?{fil’%lﬁf}oﬁrtﬁéléﬁlﬁ k%é%lle 2 gi%elt&féi%.{ﬂ)l”e WEILE bR BEIdW A5°edhbY

distillation to -4. is solution, heptane

( PIO/FDEAsctivity of adcetlumiized broth vasi32 IWAMLefor RBPH and 8 TU/ml for
t rature was maintai ned at ~82-89C. The reactor
| t tenperature was set to 700C and mai nt ai ned at

thist eﬂ‘m&m{?%@wh@lre brdth; 4.5ky 8t @blkek 7k h8Nd6 GHIT &fred broth.
shortly afte
Then 0.201 liters of 30% aq. polyethyleneimine was added and mixed for 30 minutes.
The mixture was then filtered using a filter press (Ertel Alsop model 8-ESSC-10) and
18 liters of filtrate was obtained. The filter cake was washed with 12 liters of water to
bring the volume back to 30 liters. The step yield was 97% activity recovery of PDH
with an activity of 31 IU/ml and a FDH activity of 8 IU/ml.

A The clarified broth was ultrafiltered through a 100,000 MWCO filter cassette
(Millipore Pellicon 2 unit, polyethersulfone low protein binding cassette, 0.5 m? filter
area). The circulation rate of the pump was 400 mL/min. The clarified filtrate was
concentrated to 1.5 liters and gave an enzyme concentrate with PDH titer of 567

IU/ml and FDH titer of 136 IU/ml. The permeate was assayed and no activity was

found. The overall enzyme activity recovery in the concentrate was 84%.
Step 2: Reductive amination
3-Hydroxy-oc—oxotricyclo-[3.3.1.13’7] decane-1-acetic acid (Formula 1) (1.00

kg; 4.46mol) was added to a 20L vessel followed by water (SL). The mixture was
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cooling. The reactor jacket tenperature was then set
at 400C and nmaintained at this tenperature for 30 mn.

wab@sau®pensi on was cool ed down to anmbi ent t enPET/EB2008012615
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and then further cooled to 0-50C. After one hour of

stirring at 0-50C, the product was filtered, The
prtiead endides plda\yhs*e@dmt@chton@‘br%wgh (ONBY3OH o, giye @rsoltionn Darco
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(Formula 3). EXAMPLE 4 heny ani ne dehydrogenase
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hydroxytrlcyclo[3.3.1.13 7] decane-1-acetic acid (Formula 2).

Step 3: BOC-protection

Di-tert-butyl dicarbonate (1.022kg; 4.68mol) was added to a portion of the
solution of (OLS)-oc—amino-3—hydroxytricyclo[3.3.l.13’7] decane-1-acetic acid (Formula
2) (477.5g; 2.12mol). This mixture was stirred at ambient temperature, with pH
adjusted to and maintained at 10 with a pH stat titrator using 10N NaOH. The
reaction was complete 4hrs after Boc,O addition when there was less than 1.0%
starting material remaining.

The pH of the mixture was adjusted to ~8 with 35% H,>S0, and i-PrOAc
(5.0L) was added to the mixture. The pH of the mixture was then adjusted to 2.0 with
35% H,SO,4 and maintained at this pH for 5-10 min. Dicalite (250g) was added; the
mixture was stirred for ~10min, and then filtered through a pad of Dicalite (250g) on
filter paper in a Buchner funnel. The Dicalite pad was further washed with 2.5L i-
PrOAc.

The filtrate was adjusted to pH 8 with 10N NaOH. After settling for 1hr, the
organic layer including interface was discarded. To the aqueous layer, i-PrOAc (7.5L)
was added. The mixture was acidified with 35% H,SO4 to pH~2, and then heated to

and maintained at ~40°C for 4 hours with mild stirring. The layers were separated
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NADH, 50 mM 3- hydroxy-a-oxotricyclo[3.3.1.1"
] decane-| -acetic acid (dissolved in 1 equival ent NaCOH
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hydroxytricyclo[3.3.1.1>"] decane-1-acetic acid (Formula 3).

EXAMPLE 4
Phenylalanine dehydrogenase Assay A
Phenylalanine dehydrogenase assay A contained in 1 ml at 40°C: 0.4 mM
NADH, 5 mM sodium phenylpyruvate, 0.75M NH4OH adjusted to pH 8.75 with HCI.
Absorbance decrease was monitored at 340 nm. Enzyme activity units were

calculated as pmoles/minute based on the rates of absorbance change.

EXAMPLE 5
Phenylalanine dehydrogenase Assay B
Phenylalanine dehydrogenase assay B contained in 1 ml at 40°C: 1 mM NAD,
10 mM L-phenylalanine, 0.1 M K;HPO, adjusted to pH 10.0 with 1 N NaOH.
Absorbance increase was monitored at 340 nm. Enzyme activity units were

calculated as pmoles/minute based on the rates of absorbance change.
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300C. The reaction was mai ntai ned for another 12 to 15
hours at 20 to 25C, at which tine the reaction m xture
wor@sdodout ed with met hyl ene chloride (15 |iterBQT/a82005/012615
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15 3 7] decane-- 1-acetic acid (Fornmula B) (14.00 kg) to

form a suspension. The sus s cooled to O to

5C and acetyl chloride vvasﬁgggjégﬂl \r?a manner such that

t Hereparation of:

OH

CN M’

20 A, ZnCl,-catalyzed adamantyl bromide (Formula A) coupling
A dry vessel was charged with 7.5 kg adamantyl bromide. Methylene chloride
(22.5 liters) was then added at room temperature to dissolve the solid adamantane

bromide. Dissolving is endothermic so before the next step, the temperature of the
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tenperature of the reaction mxture was kept between 5

and 100C. After conpletion of the addition of acetyl
w@hkdosnpael the reacti on m xture was warmed to POT/US08502615
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Qdﬁ@'e?a;(ogatéd {oefosh cryktis. A solvent exchange to heptane was then performed
at a final volume of 22.5 liters. The resulting suspension was cooled to 5 to 10°C for
1 hour and the product a-hydroxytricyclo[3.3.1. 1>"|decane-1-acetic acid (Formula B)

13,7

20  was obtained via filtration. Yield of o-hydroxytricyclo[3.3.1.1™"]decane-1-acetic acid

(Formula B) was 6.96 kg (33.11 mol, 95%).

B. Esterification of oc-hydroxytricyclo[3.3.1.13’7]decane-1-acetic acid
(Formula B) to form Ester of Formula C
25 An inert atmosphere was first created in the reactor. The reactor was then

charged with methanol (35.00 liters) followed by oc—hydroxytricyclo[3.3.1.13’7

Jdecane-
1-acetic acid (Formula B) (14.00 kg) to form a suspension. The suspension was
cooled to 0 to 5°C and acetyl chloride was added in a manner such that the
temperature of the reaction mixture was kept between 5 and 10°C. After completion

30  of the addition of ac;etyl chloride, the reaction mixture was warmed to 20 to 25°C and

stirred for 2 hours at 20 to 25°C. The reaction mixture was than concentrated under
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resulting solution was cooled to -69C with an
acetone/dry ice bath. A solution of dinethylsulfoxide

W@ DNED)60TO0 m, 9.86 nol) was then slowy addeRPCDUS2005/012615
approxi mately 30 m nutes while keeping the internal
tenperature bel ow -60C. The solution was stirred for
2vagingmn tae 40Khanden thin ol #iap PbigineHe The pP avastdisselvad in gbyk agetate

-7 A so| ut. f . .

e By APt osopmytsmpp b, b esplspgmixpys was washed
MR in QP& (28 7R 184 Back)wdsH Qlcﬁﬂhéﬂ?anfb #hd AqBEJusiliyetdvere
A2 (1.7 liters) was then sl owy added over

apoparictaftet sacBOvash.nTheerganicllayek sep stored Wkild the @gueous layers

t enper at ur e .bel ow - 60C . r |t sql ut i was |, .
5 oo SATpBRET RRTIELD DR 31y NaPlt St he Eppined
t fhgaeaﬁqsﬁﬁ QefeQhdh Sk PABRYYwikWilYetBY1 dckiaft (14 38Mtd}8 with each
hydrochl oride salt. The reaction mXture was warmnmed to
r cxinattene Tae organmrayonafodlowig ¢dch exiracims veate ecpatated and
di ssql.ve triethyl ammonjyms TEA salt). The
RBRRL W i ore E GTER HeP o B PRI e ess Preg hen
fl 8 . i I .
(oL A RS Bl 3ol R 4 Bl TR Y orine
10 r 4818 ilitgs Al oolatiRe ey ham reindvay eimdervvaceurd pt 40°C difdea colorless
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S Qlsiedl (@IrndP@Pt ricycl o[ 3.3.1.1 3 7] decane- 1-acetic
acid, methyl ester (Fornula D). Yield was

approxi mately 104% D. Hydroxyl ation of
a-xotrjcyclo[3.3.1. ' 7] decane-| - & ,acid,. nethyl .
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m ) anchcidahetyl estan(FoomubkaDh to 8C. HNO3 (47.5 m at

50% prepared by adding 50 n{ of 70% H
°P /E three-necked flask &2 liters) was equ(i)pﬁedl\“lgiltgh a mechanical stirrer,

temperature probe and an addition funnel and purged with nitrogen overnight. Oxalyl
20  chloride (500 ml, 5.73 mol) was then added followed by CH,Cl, (8 liters). The
resulting solution was cooled to -69°C with an acetone/dry ice bath. A solution of
dimethylsulfoxide (DMSO; 700 ml, 9.86 mol) was then slowly added over
approximately 30 minutes while keeping the internal temperature below -60°C. The
solution was stirred for 20 minutes while maintaining the temperature at —60 to -70°C.
25 A solution of oc-hydroxytricyclo[3.3.1.13’7]decane—1-acetic acid, methyl ester
(Formula C) (990 grams, 4.42 mol) in CH,Cl, (1.7 liters) was then slowly added over
approximately 30 minutes while keeping the internal temperature below -60°C . The
| resulting solution was stirred for 30 minutes. NEt; (3 liters, 21.5 mol) was then added
to form a heavy slurry of triethylamine hydrochloride salt. The reaction mixture was
30 warmed to room temperature and water (1 liter) was added to dissolve triethyl

ammonium salt (TEA salt). The reaction mixture was then transferred to a round
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to 30 mMl of water) was then added to the flask and the
m xture was again cooled to 8C in the ice bath. Solid
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ester (Fornmula D)(10O granms, 0.45 noles) was slowy
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n each, of Etgés e orgaﬁ?c | ayers were conbi ned

C.
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ester For mu dr ol YSI' S
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aci d, mathéL ester (Fornula la 5)1
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dlc'jqug% grél%ées tto Ialgﬂa%a Bﬁl l oé’xvat% e&%ﬁﬁﬁj%é’ fT}EaIregctBn%‘?(ture was

sol'v
stirred while cooling in the ice bath Progress of the reaction was monitored by either

thin layer chromatography (TLC) or high performance liquid chromatography
(HPLC). For TLC, a silica gel was used and the solvent was EtOAc/MeOH/Hexane
(9/1/10); KMnO4. For HPLC, a 4.6 x 50 mm, C18, 3 micron, 1'20 angstrom column
was used with a gradient of 10% acetonitrile/H,O to 100% acetonitrile in 7 minutes at
a flow rate of 2.5 ml/minute. The monitoring wavelength was 200 nm. When the
reaction was complete (after approximately 1 hour), the reaction was quenched by
addition to cold water (1.5 liters) and EtOAc (500 ml). Additional water and EtOAc
(500 ml each) were added to aid in separation of the aqueous and organic layers. The
aqueous layer was then extracted with 3 aliquots, 500 ml each, of EtOAc. The
organic layers were combined and washed with brine (400 ml). The washed organic
layer was then concentrated under reduced pressure to 130 grams of a yellow oil
residue containing 3—hydroxy-oc-oxotricyclo[3.3.1.13 ""|decane-1-acetic acid, methyl

ester (Formula la).
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cooled in aice bath to 5 C. One liter of 1N sodium
hydr oxi de was added slowy to the solution to adjust
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Di ssolution of this solid in 100 M Et GAc and 300 m

hapd dheeaquieus adiorganiglayers Waoe sepaiatass Fheladpemig laspr was washed

fil.tration d .ai Ryi i el ded 85 grams.. tan
oSOy B B etaefEhspi & Al vt hoentraea
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Preparation of 3-Hydroxy- a-oxotricyclo-[3.3 1

1.
3'cpheratraied HClaméd the pit redciiedd) TruTatal gonsapirassd HE1 addedevas 150

15 D RSSO ien S BB R hRIRE it BOAs 48 000 g gombined

e @hid BT Were Whibedl with 400 ml of water followed by 400 ml of brine. The

washed organic layer was then dried with MgSO4 and concentrated. Yield was 88

grams of a light yellow solid. Dissolution of this solid in 100 ml EtOAc and 300 ml

heptane with stirring for 30 minutes followed by filtration and air drying yielded 85
20  grams of a tan solid (85% 3—hydroxy-oc-oxotricyclo[3.3.1.13’7]decane-1-acetic acid
(Formula 1)).

E’. Preparation of 3-Hydroxy-oc-oxoi:ricyclo-[3.3.1.13 ""Jdecane-1-acetic acid
(Formula 1) employing a one pot procedure
25 1. Preparation of Dichloro-(3-hydroxy-adamantan-1-yl)-acetic acid
methyl ester (Formula VIII)
Preparation of 10 N HNO5: A 100 mL volumetric flask was charged with
conc. HNO; (88.25 g, ~62.58 mL, ~1.0 mole) and cooled in an ice bath. Water (35
mL) was added. After the heat of mixing had dissipated, the solution was allowed to
30  warm to room temperature. The flask was then made up to the mark with water to

give 10 N HNO;.
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Preparation of 10 N HNOG3: A 100 nmL volunetric flask

was charged with cone. HNO3 (88.25 g, -62.58 nL, -1.0
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removed and the mixture was allowed to warm with stirring. After stirring for 4.5

hours (from start of quench), the resulting mixture was transferred to a separatory
funnel (1 L) using additional ethyl acetate (~100 mL) to complete the transfer. The
20  aqueous fraction was removed and extracted with ethyl acetate (1 x 80 mL). The

organic fractions were combined and washed with water (2 x 90 mL), 1 N NaHCO; (4

x 90 mL), and brine. After drying over anhydrous magnesium sulfate, the solvent was
removed at reduced pressure to give dichloro-(3-hydroxy-adamantan-1-yl)-acetic acid
methyl ester of Formula VIII as a nearly colorless solid: 15.67 g (98.7% crude yield).

25  This crude material can be used to preparé dichloro-(3-hydroxy-adamantan-1-yl)-
acetic df Formula IX without purification. If desired, however, the crude material
(15.65 g) can be recrystallized from methanol (102 mL) and water (85 mL) to afford a
fluffy cotton-like solid (mp 114.8-115.0°C) with 91% recovery.
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hours (from start of quench), the resulting m xture
was transferred to a separatory funnel (1 L) using

wa@eaastioeonal et hyl acetate (-100 nL) to conpl et BCT/82005/012615
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transfer. The aqueous fraction was renoved and
extracted wth et%l acetate ( 1 x 80 nmL). The organic
f Ademempleanalysis: Costhishb®3and washed with water (2 x 90

Mo Ne 2 HEZ (4. g 84 80E) '%431%% brine. After drying

over anﬁy‘dr ous “fragnési'umsul fate, the solvent was

r vaMed at redsced heedsalL et gi ve
dilchl or o- ( 3- hydr oxy- adamant an- | - yI%- acetic acid net thl
esHaNME (00r1MHz\PClAd a hedr (sy3dbRei8dbems 3H)g1.824 (s, 2 H),

15.67 g (98. 7% crude yi el d); ;o S, Gf ude 8L i68b 1438 (br AB g,

be used to prepare

di chl or o- (3- hydr oxy- adamantggy |1-519) (m,30¢f pmof Formul a
I X without purification. |If desired, however, the
cri@aMRY(E27.28 MHS (BEIgP calb529 eE2Yk 681Nz 2H150, dhd7 8,

met hanol (102 nlL) and water ( Q 0 fl uff
cotton-like solid (np 114. 81-41%2): %@6&5?{5095@399 309149){9?“‘
rq_[cag\fﬁf Yo El emental analysis: C13HL d 2C8:

Calculated: C, 53.25; H, 6.18; d, 24.18% Found: C,
53yMiéE OBS-£ S34204 (4.84 58 Hm ), =R n6H QG hbmidize CDCl 3)
3.857 (s, 3H), 2.298 g;( m 2 H, 1.824 (s, 2 H, 5
1.5pd@nfsd, 4 M= tEPayn wategg2, 1.629 (br AB g, 4 H),

165. 920, 04 BEFVRRGIAY BUAde "4y 5, a8, 529,

445/48Rnt: 3% 200 194%1B ver3 hifhtgdpm Lab HPLC: 10 YMC
ODS-A S3 120 A (4.6 x 50 I’I‘:?d, | =200 nm 2.5 m/m nute
i

Sdiewention Time= 0. 2%#IPO4 | ttir
2.06 minutes 1.19 unknown
4.54 minutes 98.16 dichloro-(3-hydroxy-admantan-1-yl)-acetic acid
methyl ester
5.09 minutes 0.65 unknown o
8.35 minutes adamantan-1-yl-dichloro-acetic methyl ester

2. Preparationof 3-Hydroxy-oc-oxotricyclo[3.3.1.13’7]decane-1-acetic
acid

A 250-mL three-necked flask equipped with a pressure equating addition
funnel and argon inlet was charged with dichloro-(3-hydroxy-adamantan-1-yl)acetic
acid methyl ester (Formula VIIL), prepared as described in Step 1 above (15g, 51.16
mmol) followed by the addition of tetrahydrofuran (30 mL, instabilized). After
stirring for several minutes, the bulk of the Formula VIII methyl ester dissolved to
give a hazy solution. To this solution was added distilled water (30 mL) and a loose
suspension formed. The addition funnel was charged with 1N NaOH (69 ml, 69

mmol, ~ 1.35 eq relative to Formula VIII compound input). NaOH was added
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= 90% CH3CN in water G adient: 20% A to 100% B over
10 mnutes Retention Tinme Area %ldentity / 15 2.06

worzovatie®11. 19 unknown 4.54 m nutes 98. 16 PCT/US2005/012615
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di chl or o- ( 3- hydr oxy-admant an-1 -yl )-acetic acid nethyl
ester 5.09 m nutes 0.65 unknown ' 8.35 m nutes )
adlacvmmqur 79| mighieR [ogige aaericaietlesy solugpp whigh as allowed to stir

onof Hydr oxy- a-oxotricyclo[3.3.1.1
3>g%8é gnﬁwgggFlc acid A 250-nL three-necked fl ask

equi ppqﬁm Eﬁ‘al?sx@étas'ﬁ@ﬁ(ﬁlr@ﬂkﬁ@dﬁﬂe ByttblysRbf EeWEmus VI

argon inlet was charged
dicotmiponm ¢@apiger dhy I@@anmmlmrd, aylepnedpiless 26lugion with a pH of

mtsltéh 41W§§teqe)gst( For lg%O\%Sth% Pc{lt? ar 9 @gﬁi(ﬂiigh@?}edsdh% NaHCO;
t ili1zed).

AT e PR i 2 %B’ég’ve@ééﬁ oot slsPBFR ' S5 N e

For m,|| EHPILGJ hnaligdihafter dsitare fdt 4 00§ edn tlovgs the reactiaa yo be

solution. To this solution was added distillgg wat er

§ gompicfe. apflezhqaag @réd% ghedieat susgsgvasBoXeggaad Bf reaction
98 e OB o Mot YO REBh A AT et

\A@@rnpéi&aﬁw EehGBNaNi& furd O abidLHdes atrofrigiessgora +AeEY foy4 days.
col orl ess solution which was allowed to stir at
anbi entAfteérmémln ithee cqliﬂ:&s 4eheap {heireackion mixpire igp still a clear

S t9:8 orless so‘fut &ﬁ 8'1—YI§L(§ sﬁ?&o&%ﬁﬂh’é,qf Myl,zchange upon storage. After

warming to room temperature, the mixture (pH 7.77) was acidified to pH 0.20 by the

careful addition of conc. HCI (11 mL required, CO, evolution; at pH ~1.40 a
colorless solid began to precipitate). The resulting suspension was extracted with
EtOAc (x 4, ~500 mL total volume; HPLC analysis performed on aqueous fraction
after each EtOAc extraction). The aqueous layer (pH 0.38) after the 1% EtOAc
extraction was adjusted to pH 0.18 by the addition of conc. HCl (~1.6 mL required).
The aqueous layer (pH 0.37) after the 2" EtOAc extraction was adjusted to pH 0.17
by the addition of conc. HCI (~0.8 mL required). The aqueous layer required no
additional pH adjustment after the remaining EtOAc extractions (extraction #3, pH
0.19; extraction #4, pH 0.19). The organic fractions were combined. After drying

(MgSO,), the solvent was removed at reduced pressure to give crude title Formula I

compound as a nearly colorless, granular solid which was dried under vacuum (pump)

for 16 hours: 11.42 g (99.53% yield); HPLC, 100% (area %).

Elemental analysis: C,,H,(CLO; [55465-020-31, TR46373]

Calculated: C, 64.27%; H, 7.19%
Found: C, 64.19%; H, 7.09%
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conmpound conpl ete. The reaction m xture, a clear
colorless solution with a pH of 13.24, was adjusted to

W@ERD03/1401by the addition of ~ 6NHCL (2.8 nil).PSDUBI05/012615
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NaHC®3 (11.2 g, 0.133 nol., 2.60 eq) was added to form
a suspension. HPLC anal ysis after heatjing for

4
m n shdvgde Hermudade pompeundds.Oopripasetisol vafl eth hf—‘éatlg Wg~85°C in
éSt{i g%vua?ﬁ% )g%é l1:}197_,) ?ﬁ[ére%%u’eﬁ?r the'He AP %ﬁﬁ: %Q;i ahg%ed to cool. At

ure color €ss so

aIJ5gve Ghé ehatanll beg%fntte erys@dizen A\ fted staQ@ifp taerqoed ﬁ:hljfefature for ~2
the reaction m xture was stored in a refrigerator

( mgys thersolid way sollesfaddyy fglﬁr@td@g and yasghed with ige £ wateqyldie bulk

reaction m Xt un

Ellfei \gﬁteléwss ﬁg}f)(\fegﬁg Pylélln nltﬁc&é tlﬁ\J ??F th%%l%rréaié SThe material was

C hﬁé}%ﬁeﬂﬁﬁﬁeﬁ{l&ﬁaﬂﬁpurﬁb} Rt 1%@ob#sNg ghve titRIFBrmula la compound as
tenperature, the mixture (pH 7.77) was acidified to pH

0.12@e, tqolque@s seadiefsu 4. 38021{86:@h resoversy empHOH- 5 166.67C (on Mettler
atf, .pH -1.40 a colorless solid
b§3’§9{) tﬁpﬁﬁea@(f@fﬁ%g/?esul ti ng suspensi on was

extracted with EtOQAc (x 4, -500 niL total volune; HPLC
anal ysis performed on aqueous fraction after each
EtEDAwergal analysiso mlngEﬁQO@qﬁjéé%OI?a)‘vé,rTR‘tﬂQOG] 38) after
the 1st Et OQAc extraction was adjusted to pH 0.18 by

t Kealewaied:i oS80 2. BdP%q -1 .6 nL required). The

s |ay pHL. A7 ter the 2nd Et QAc extraction
wg;g) ugédjj ust e?’t(’%'%'}f’)’oﬁlg'ogry

the additjon of cone. HC
(-0.8 nL required). The aqueous Iayer required no
addi tional pH adjustnent after the remaini ng Et OAc

exlt.r acthsteritiqasionrof di-pyroghaniepcid (Formyla Bito fgpmds  pH

12) RGP LROPQERUERIE 0 AL

Pressurg rdagtiéh Vé&s@ i@ hhighbd &/ithQiaabR(4010 Koy atdebcdéd @ -5°C.

nearly col orless, granular solid which was dried under

v dtheueactipnvpysel was then charged with thionyl chloride (4.97 kg) in a manner so
that the temperature of the mixture did not exce;d 0°C. After complete addition of
the thionyl chloride, the mixture was cooled again to -5°C and L-pyroglutamic acid
(Formula E) was added portionwise so that the temperature was maintained between 0
and -5°C during the addition. Following addition of the acid, the reaction mixture
was heated to 20 to 25°C and stirred for 5 hours. The reaction mixture was then
evaporated under vacuum (T max 45°C) to approximately 15% of its original volume.
The remaining oil was then dissolved in toluene (49 liters). The toluene solution was
then cooled to approximately 10°C and triethyl amine (8.45 kg) was added slowly so
that the maximum temperature was between 20 and 25°C. The resulting suspension
was stirred for 30 minutes and then filtered. The filter cake was washed with toluene
(about 5 liters). The filtrate was reduced at 50°C under vacuum to a total volume of
about 10 liters. Crystallization was initiated by slow addition of cyclohexane (8 liters) |

at 50°C and subsequent cooling to approximately 30°C. After seed formation the

" mixture was cooled to 20 to 25°C and charged with a second 8 liter portion of
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for 16 hours: 11.42 g (99.53%yield); HPLC, 100% (area
% . Elenental analysis: Cl2H160 203 [ 55465- 020- 31,

waRwe3dd)1 Cal cul ated: C, 64.27% H, 7.19% FounpCT/CS2005/012615
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64.19% H, 7.09% rude Fornula | a conpound (5.0 g) was
di ssolved wth heating to ~85C in distilled water (19
mcyclohéremer Fhowertufe was thie coaled toste &€, ahdedifdrone dowpand the

TRt crrn g CROBhore e cane s w5 d byieé Sitggelohexane
S C(Ll higer YRR hGRAhS CT]E‘éji/( iy \I/ésl 4 89*1( 2By hﬁ&hﬂé" atcm dtBf ester

cold water. The er was reane
p&anmQaﬁDhsm@eﬂe$kmmﬂgm the flltercake The naterlm
was then dried under vacuum (punp) for 17 hours to
give title Formula | a conpound as |arge, colorless

6 n
I\/e Tl e??gd%%&%cﬂq/lso? gﬁ)L %f@%ﬂ%%%l}g ar ea@%é (Fﬁé?rgﬁt%
anal ysi'Bie Epﬁidgﬁﬁrﬁ&ﬁc{dﬁm 55@2@0135111&1‘[!53@6%5@ was dissolved at

Calcul ated: C, 64.27%_H,_ 7.19% Equn C.6 % H,
7 roQm,temperaiuEt inftplughs G- Uf ltEeryf‘ SYmsth H&ln%irﬂgne 019 kg) was

Réﬂ'}qd@d@ thk%of ) FRY FOgh &f AR GredGidngl aya.lr%eﬁs\krﬂ%a solPtlon of

on vessel was charged w
( A0Q0-dnhydride)(7 &Dckg¢ dsk@lded in tol€ne DHSOT Iitars) 1mmmeb that the
was then charged with thio chloride (4.97 kg) in a
neERIRsion senpdiatire ¢ie npeméecb?-%ﬁe ofter prmpleter aglfiéloap thegepction

c ﬁglgggrafgl% Wﬁ%gtmggtf(é?@;rg%@ougg%l ztg'°8” L ﬁéa{% Oltl g’éf?tﬁﬁ € was then

L-dB¥oR8 WA CsaRteted NEPICOLL RIkEon1AS.02 Gietes) efﬂ@rshi“r@d‘ W gdfously for
so that the tenperature was mai ntai ned between
10 minutes before separating the organic and aqueous phases. The separated organic
layer was washed twice with water (24.97 liters each). The organic layer was then
evaporated from solvent under vacuum at a maximum of 50°C. The remaining
colorless to slight yellowish oil crystallized on standing. The theoretical yield was
8.18 kg, (31.81 mol) of the (5S)-2-oxopyrrolidine-1,5-dicarboxylic acid, 1-(1,1-

dimethylethyl), 5-ethyl ester (Formula G).

H. SuperHydride Reduction and Elimination

The (5S)-2-oxopyrrolidine-1,5-dicarboxylic acid, 1-(1,1-dimethylethyl),5-ethyl
ester (Formula G)(4.80 kg) was dissolved in toluene (30.97 liters; Kf max 0.01%
water) and cooled to -50°C. This solution was charged with SuperHydride (LiEt;BH
1 M in THF; 19.96 liters) in a manner so that the reaction temperaiure did not exceed
-45°C. After complete addition, the mixture was stirred at —45 to -50°C for 30
minutes. N-ethyldiisopropylamine (DIPEA; 14.47 liters) was then added to the
reaction mixture in a manner so that the temperature did not exceed -45°C.
Dimethyaminopyridine (0.030 kg) was added as a solid to the mixture. The reaction
mixture was then charged with trifluoroacetic anhydride (TFAA) (4.70kg) ina

manner so that the reaction temperature did not exceed -45°C. After complete
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and -50C during the addition. Follow ng addition of
the acid, the reaction m xture was heated to 20 to 25C

wapasgedonr ed for 5 hours. The reacti on m xt ur ePEEESI00E0M 2615
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evapor at ed under vacuum (T nax 45C) to approxi mately
15% of its original volunme. The remaining oil was then
diaddisionetheirenctioh mexmre was Wamagdstp 20Th85t© miidineonedioyr prhkept for

A anacy R iR e ER o A rtie Srfimsspied o
t W%ﬂ%wvﬂ&a@@zﬁggf%m%ft%g4ﬁeg 1i£2$ so th theRYEdd 8mperature did

suspensi on tirred 30 m nutes and then

f idot exeedd 590 e Aljiutdusrand akgeaniwsshavessihead thidntseparaled and the organic
(about 5 liters). The filtrate was reduced at 50C
urphese wascagain vashad mathad8 Ntetsipravassr (BT O hejorgandc later was then

Crystalli,zati,on s i,pitiated by,slow addi.ti on.of .

OB aed 380 peheriey u ¢t Aoty e ihe R vield of 4.5 ke
t [ I T 31 ar j id. 1-(1-
LB T - e Rt Ol B B cic, 1
selimathyRthyl}, SretipdesteoBOC-DEPPREKanmla Ghe m xture was

then cooled to 6 to 8C, stirred for one hour, and the
resulting crystals were filtered off. The crystals

re hed. t wi I~ X /4 liters each
xﬁSh) Tﬂqi%(gm)l)fséﬁ mlﬁﬂg’ﬁ@%ﬁ%({ pyrogl utam ¢ aci d
et hyl  estelitiédplopitea floln 435-ERYdR6-185pyriEed| Ricarboxylic acid, 1-
BOC- Protection of L-Pyroglutam c acid ethyl ester
( RosrdimethgletipS-thy) essey (BQOADHRER)(Feminjd Go@ @) kg) and ethanol
(Formula F) (5. 00 ) was_dissol ved at roomtenperature
i 124-8P by "(%SAEOQ}FE&? Pde 3)‘9 and POV Pyl JmeRTHre with a

. . : s o .

b Rl) o R A 020 40 75496
B@arbad vl el dnd €THi S tu2Sid k@lutidh $86 ihe@idyarmet @b 0@ re2 3 Zlardstirred for 2

liters) in a manner so that the reaction tenperature

dibgursort thig raengrateie. Thereaction mkeVatidet pyporaiero a volume of

;%%g}dfﬁgat%@g@ﬁ lgiatqys:ﬁ? %ﬁ%%;t{aﬁlﬁg%g{re E)P h§e llfn%%f %ac%%m and
charged with water (24.00 liters) and t-butylmethyl ether(TBME or MTBE), (24 liters)

and mixed for 10 minutes. The resulting organic and aqueous phases were separated
and the aqueous phase was charged again with 24 liters of TMBE. This mixture was
then cooled to 5 to 10°C, and the pH was adjusted to 2.3 to 2.3 using H3PO,4 85%-
water (1:4) while being vigorously stirred. The temperature was maintained during
this process at 5 to 10°C for stabilityfr. The resulting organic and aqueous layers were
separated. The organic layer was stored and the aqueous layer was again extracted
with 24 liters of pre-cooled TBME at 5 to 10°C. “The resulting organic layer was
combined with the stored organic layer and charged with diisopropylethylamine
(DIPEA) (4.82 kg). The solution was then evaporated and degassed at a maximum
temperature of 30°C under vacuum. The yield was 7.84 kg (22.88 mol, 92%) [N-
BOC dehydroproline * DIPEA (BOC-DHP)].
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charged with hal f saturated NaHCO3-sol ution (49.94
liters) and stirred vigorously for 10 m nutes before

waep@anedoing the organi ¢ and aqueous phases. ThBCT/US2005/012615
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separated organic | ayer was washed twice with water
(24.97 liters each). The or%d)ni c layer was then
evhporaAmldfff(mmaélonmrBOGnB vacuum at a maxi mum of

cryst alpPbaarbnafeRfrRby SaRa'albh A betbo R Bhey contain

8. kfteK OFhetctdre®h d¥Bbttod dishiBation with toluene was applied prior to running
(58) 2-oxopyrrolidine-l,5-dicarboxylic acid, 1-(1,1-

di thetdayptien. Wipyeves, diery nheeq;chqs of p:@ﬁgnmsaczdgulat}qn of raw materials was

( é%)% r@%{b&%?}}oﬁgg?@%ggrﬁi)ﬁgp&% gmlﬁg}?)%r}oggangc\yqﬁer For azeotropic
dléuﬂaneh BOCYbAP fwals)dﬂ%te%txﬂyﬂ toRfn o &E@ﬁﬁqua@ 0% 8Blution.

kg) was dissolved in toluene (30.97 liters; Kf max
0. Tdlfieneatasripmanet walst egtunim at Z0CC. TréagedsBOGDHR (688 kg) was then

TR RS bR LA it s o
D B 3 UASLa BT e 18 ks v

N-RIdBY b1eivlys OPtemy thasddaaidnPDREEW. hidrodilokilé presjpitais. Therfesulting
added to the reaction mxture in a nanner so that the

t ewmlano rv@asdh@ srﬁmede‘wc%b@nrs 46007 C fplinstashbyrsarsgtion Witl ammonia

030 k | h
R P B s YO e ot B IR okbdEEd to
armtd A& seehbAdh, &8 TJaQulslg niktreBw SBIRAGA 8 906@ aﬁd §i8ed for 3 hours.

reaction tenperature not exceed -45C
c drghlostipstdtihg,ahe rdabtmorr manuneovas rfilterad to mmsvmhydMl@mie The

20 h d f d
s e i Wb el T @5; SEERLRORRL uFs Dl was
t hc%ﬂc ?1% e% nﬁ&i \Qat(gﬁélﬂ%t ﬁh?a%r}{u g&giiu% 61?‘4 ! ta%'fi tﬁélsdlgsglved in

iters e reac |on ur e
e&ﬁ&ﬁﬁleﬁ@:hl&ﬂd@@633aﬁé¥sprmomtwhaﬁmNME@wﬁthmter (26.66 liters).

S¢ haerrgguelt?ngagr%artnrc] %ng ;c?uaeg{lg phases were separated and the aqueous phase was
extracted twice with methylene chloride (20 liters each). The resulting organic layers
were combined and concentrated under vacuum and degassed to remove any excess
Hiinigs base. The yield was 3.35 kg (15.77 mol, 90%) of (5S)-5-aminocarbonyl-4,5-
dihydro-1H-pyrrole-1-carboxylic acid, 1-(1,1-dimethylethyl) ester (BOC-

DHPA)(Formula G”).

- K. Cyclopropanation of (5S)-5-aminocarbonyl-4,5-dihydro-1H-pyrrole-1-
carboxylic acid, 1-(1,1-dimethylethyl) ester (Formula G”)

A first reactor, Reactor A, was charged with BOC-DHPA (Formula IV)(4 kg)
dissolved in methylene chloride (18.0 liters) and maintained at 20°C. A second
reactor, Reactor B, was charged with methylene chloride (18.00 liters) and cooled to -
30°C. Reactor B was then charged with dimethoxy ethane (DME) (3.36 kg), followed
by a 30% solution of diethyl zinc (15.36 kg) in toluene, while maintaining the
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phase was again washed with 48 liters of water (0 to
5C). The organic | ater was then evaporated and

wolegade®dl at 40C. A yell owi sh oil was obt ai nedP@i/UB2085/012615
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yield of 4.5 kg (18.66 nol, 100% of the
4, 5-di hydro-1 Hpyrrole-1,5-dicarboxylic acid, 1-(1-
diempeiagire beiyiern —B0 andhyA5°6s Repctppbmyasispeshaysed Hith i‘md"
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Cobyabs 00 YA P A T Do ARl oo
agqogh, Aﬂer(cbrﬂgé@é RELihYA 6t Y ldio&o Bieththe @84 Biixture was stirred for 45
(BOC- DHPEE) (Formul a G ) (6. 00 kg) and et hanol (24.00

| intrRites)at WaG tac-@5P@d This ixtwe 5@s dreat chhigedl yo Reasagredy viga cooled

this tenperature with | uti f lithi h i
e 620 1 D060 K TSRO TD SOt ROy iah O ARG Eegely 5%

t ur bi | ution. Thi i : an. ]

18 B 1 Peagiond e off o} A, b inkifed BUERCARITTRR 24°C

U & ehedeHetfon J&keco&lﬁﬁ&ka.opomvﬁhg E:ng&@tﬁoﬁ betheavapion ahe thixture
. |

to a volunme of approximately 1 ers at a maxi num
t ehReichtr W wantocl@DIc Ltoddy Cv dha ueactipe mikareywas then plowly charged

water (24.00 It ad - but vyl hyl .
et MEBGY SR 2dch HGr) Tt eni-ad dl Tescton

r Sl‘getalt&]l% 32 SR EeANGoad ‘f‘%ﬁﬁ@i AR &3 dHBhSthe $RRLS Bfixture was
TR (UedUsS “phase was charged again with 24 liters

oftirfd¥BGr atlBist ond Néuirvehilkaspretiphate dated. {TheSuspendion @as filtered.

and the pH was adjusted to 2.3 to 2.3 usi H3IPO4A 83¢
whheresylting fijtenpakeavasdrangfeyrgbrdueitye ety i zﬁﬁgmn W

tenperatu A i i UL | Sp . .
LFESHBS LLEaER B RO g s arRiee g B ceond

| aMekion Bk BltsERakE L vashidibwih gadition heyteleneatlsidon(@ad liters).
and t he aqueous |ayer was again extracted with )
| The filiragds ore thenseparatPBIEC aHuepus gnd prganiepbages %&ﬁ?en‘ﬁgamc

Frggag? iwéﬁ Bv%gﬁeré:\, \é@@ hecl\n? E%{l%%%sﬁg%%g% ;PZ‘? §)|9 ;S‘r%ﬁql},’]%rt 9aPHfen removed
by vacuum at a2 maximum temperature of 30°C and exchanged by heptane. A slurry
of crude product in heptane was obtained. Final volume of the suspension after
solvent exchange was 14.4 liters. The crude product was isolated by filtration. The
filtercake was washed with heptane (2.9 liters) and then dried under vacuum to a
constant weight. The crude yield was 2.76 kg (12.2 mol, 72%) [1S-(1o,3B,50]-3-
aminocarbonyl)—Z—azabicyclo[3.1.0]hexane—2—carboxylic acid, 1,1—difnethylethy1 ester
(Formula H). To purify, the crude material is slurried in 8-fold amount ofal:l
mixture of butyl acetate/heptane at 20 to 22°C for 4 hours. The material was filtered
and the filtercake was washed with an approximate 1-fold amount of heptane. The
yield was 2.11 kg (9.33 mol, 55%) [1S-(10,,3B,50]-3-aminocarbonyl)-2-
azabicyclo[3.1.0]hexane-2-carboxylic acid, 1,1-dimethylethyl ester (Formula H).

-50-



(DI PEA) (4.82 kg). The solution was then evapor at ed
and degassed at a maxi num tenperature of 300C under
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azleotrc(b‘onndlzsl)l [l ati on, BOC-DHP was diluted wth
t ol uen te 30% t
rerrgved“m%l ig%ﬁérﬂg% Qeﬂﬁl@peﬁl?"g uae%lgéaﬁ‘mﬁl—lé"f% a\égakg)

I t t N
waertfBEBuft SR cRGol it B (A8 B Sy chibinockBEnARE L | O
maxﬁbiéﬁzld[lasl ajhelaad-2t earbB3@1it acid 25 C-ditubthylettoh bser @ermula H)(5.0
(3.01 was then added s] ow Durln this addition
Dlm,ﬁadr@awﬂ JoAdelip donpi Hﬁlég 5> Mg @éen 8 Iﬁg 62.5 minol) was
?gﬁ%ﬁm %ﬁéﬁ%]ot?t rhe ﬁgulfgﬁgoﬁlluﬂfw GRs @ﬂrrecﬁ&q:oo terrelperature

via a S SUI‘

ggsr 18h&irs dMﬁrmé ®hiztl dﬂnﬁtgpre&ipltalmmﬁsa)bseﬂved r éiaﬁﬂple&mbn\@ﬁﬂle
heated to 00C. After saturation, eaction m x

wasackien magd n}q@itgc?@ byrldPkEi M f'éléb'lﬂ&utﬁ eﬂi’@& (MTBEQ) (ﬁB\mﬂhyaS added
t _
I

| isti§feRidioh Kval e faterdDiitde®NS proté®iohitd bfcduee W@hite solid that was
concentrated under vacuum at a maxi rrumterrperature of

A0eshebiwith MTBEégQ;m)e dlhersokie tray |d@ﬁé m:m @YeindJél deryrgdaeed pressure
lite
I |f?r94§§oursl'ﬂo atf }i‘yglé(\)ﬂ%l? ani Sgﬁg)ﬁ aqu %b%%es?\g’/\é r0 hexane-

S@Pc%@éﬂﬁu@é‘@ohﬂﬁla@ﬂ@%%ﬁm@ﬂ@ﬂ%)ms extract ed twice
with nethyl ene chloride (20 liters each). The

resulting organic | ayers
M. BOC Protection of (OLS)-oc-amino-3-hydroxytricyclo[3.3.1.13’7] decane-1-
| acetic acid (Formula 2) to form (o.S)-o[[(1,1-dimethylethoxy)
carbonyl]amino]-3-hydroxytricyclo[3.3.1.13’7]decane-1-acetic acid,
Formula 3 Acid \
A preferred method of preparing the free acid (Formula 3) is described in
Example 3. Alternatively, the following method can be used to make the free acid:
(ocS)-oc-amino-3-hydroxytricyclo[3.3.1.13’7]decane-1—acetic acid (Formula 2)
(469 grams, 2.08 moleg) was dissolved in ice cold 1 N NaOH (5 liters, 5 moles, 2.4
equivalents) in a phase splitter equipped with a temperature probe and a pH probe.
THF (2.5 liters) was added to the solution. Solid Boc,O was then added and the
reaction mixture was stirred at ambient temperature for approximately 1 hour. EtOAc
(4 liters) was then added with stirring and the resulting organic and aqueous layers
were separated. The pH of the aqueous layer was adjusted to 7 with concentrated

HCI. EtOAc (4 liters) was then added and additional HCI was added to lower the pH
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wer e conmbi ned and concentrated under vacuum and

degassed to renove any excess Huni gs base. The yield
wows30851 kg (15. 77 nol, 90% of PCT/US2005/012615

(5S) - 5- am nocar bonyl - 4, 5~

d| hydro-| H pyrrol e- 1- carboxyl ic acid,

-t(> lapproginpaseliiyli élimym)al edjume of pocerpay{ HES addedvay 310 ml. The

Cioesatit SR RBRARBT Shrecosain sonpraterand o aqsoys ayss g ertracted
C vhet BiOAc (3 x B 1gdrgetimel cﬁ‘gath\ié Jay&is e (HER COBbRMe@ahd Alashed with

first reactor, Reactor A was charged w th BOC- DHPA
( Foaten(Bditdry) 2(1141 tkeipe (4 |11§§69I vidwg washetbetggnie hayee Wi theg elried with
it d  at 2
5 1 agiengr e EbdierBrted on ALl B TRt R romess. The yiela

Cm/z%rﬂﬁ rz(rﬁ@ OS] é)f[ %ld1ﬁi%ﬁlﬂé¥%)®§’ca}l%nyl]§%%%é)ﬁeaﬂ or

was then c argé t h “di meét hoxy’ et hane (3.36
kg)ydrdxty’[riogmbw hy. 13" j@6cms dlaetioncidi(Fatimedag). zinc (15. 36
kg) in toluene, while maintaining thetenperature
betvveen -30 and -25C. Reactor B was then charged wth

X090 (1A% (Ao 5% b &L R0 e

reactlo eratur e C. After

10 conpl etl@d@é@tﬁcyaop‘s 1.1%71ded-099)- m&b«&,ss;ssy.zm xture

was stirred for 45 mnutes at -30 to -25C.

m xt ur eazahsyclh@ml Blhex et 2tethameqarhamin agida 14 - d}mﬂtbﬂethyl ester
pipe (-20 to C). Charging was perforned slowy in
portlon( ogpu oximately 5% so that the reaction

t enper a4 Qiemhede-1RRRET BiskAWRPedBithtaah&l@sbneé\\e enecRahie dtirrer
24C until the reaction was conpleted. Foll ow ng

c o laegiag uﬂetoﬁastchergeé aathi (069)- Od[lhé,lrdlmtlmybtlwxyk@d!mw}]amlm] -3-

15 QGG GO et ARG Bt A O ) O o 4> -5 mmoD.

( 2111{15 §idOtr§f) %)(j\s lBdd FRNRSEd 3@ plodate 4 HBar BRfIohOMhe solution was
t'enperaturé did not exceed 1% C. Following this

addbled 001;6°Chie an eegbnodryitewatee baths Mithaneew fdnyt cldoride (Mes-
recipitate f

lselgali(té ﬁg lnrg]m rl]agrgm\é\!?]; ii legwlealents was then ag(gerctiea%'a s-{-rt]g?e portion followed

by diisopropylethylamine (94 ml, 539 mmol, 1.1 equivalents). The

20  diisopropylethylamine was added slowly over a period of about 4 minutes to keep the
internal temperature below 8°C. The reaction mixture was stirred at 0°C until all acid
was converted to mixed anhydride. (15,3S,5S)-2-azabicyclo[3.1.0]hexane-3-
-carboxamide hydrochloride salt (32.5 grams, 200 mmol, 1.1 equivalents) and
hydroxybenzotriazole (HOBT) (1.04 grams, 7.6 mmol, 0.05 equivalents) were then
25  added in a single portion and the flask was removed from the cooling bath. The
reaction mixture was stirred at room tempera'ture for 2 hours and then left overnight at

room temperature.
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The resulting filter cake was transferred back to the
vessel, slurried again with nethylene chloride (14.4

wo paosnego1f or 30 minutes; and re-filtered. Fol | BOI/O§2005/012615
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this second filtration, the filter cake was washed
with addition nethylene chloride (7.2 liters). The
f 104 r atRehydeation wed Hydpalysis ¢ol Produreadierans (@heo-¢dgani ¢

phases and the organi ¢ _phase S, was i hal f

Sat ur alBArBRYREYISR- b1t ﬂ@f%}%s%wegfgﬁgétspﬂén

renove . TR QinORfH
exchan%ezg%%aﬁgbt'aﬂfg.xﬁ%l)%rry ‘I(i); crﬁgg%g’oldé}ct ineﬁﬁ’ijeSter
hept angFeasuldd pi ned. Fi nal volune of the suspension
after solvent exchange was 14.4 liters. The cr

d
pr oductPyridEne; @ SRuivalgnts, 943 W&t7140§1¥1ﬂ)ﬂﬁ%9 added & @‘EE@CQ&% mixture
VDR N W SRROE it yod Sotet BALOREE bR E XA

K arr{fhidrdactiid anhfdfifle (TTAA) (dosq@bsalels, 816 mmol, 87 ml) was then added
am nocar bonyl ) - 2-azabi cycl o] 3. 1. 0] hexane- 2- car boxylic

aciawly pyer Giivimiteswhilekqepingthe tepmsratie delgw 16° - plheiregetion was

RS PR ol R L 0 B3PR8 i o
4 thogikSppedARcd Bk RiCoMdsoubi ik er ed and the filtercake

was washed with an approxi mate 1-fold amount of
hept anélheThastiph atad theascopledlin kgopingiFthrtgd appEaoignaelys-30¢. NaOH

g ’z(g E\fa %{%@%ﬁ%%? g%ﬁé %&E%{%:@rv%wﬂ?dctoéb? H:’action over 10 minutes

1,.1-di V| . T =als . i of
[ l(éqL%:()Hgﬁgb, %gwh%‘??tgﬁnﬁ%%?g rﬂE)eojllr??/(lzt)w-n Zt_l?ran%R&QBﬁS@v 1PRCOAqueous
Ay (B I DR, 0F bgniealent? -dispbed yd 50 st HJO) was added over 5
1,1-dimethylethyl ester (Formula H to form

( Ingngiss stsynpzra&%ﬁﬂc(}e%pgi h1. b} nehbedpaction s B YRS frerun for 7

Ry, 398 Bk IE R O PRSI o
[ [tSpéhul@mate 8 AbteBnell RRCAPLOM3® \it, 2:5 {1 AcN, 0.5 ml H,0).
EtOAc (500 ml) was then added to the reaction mixture and the resulting
aqueous and organic layers were separated. The organic layer was washed with 500
ml buffer solution (2M H3PO,4, 1M NaH,PO,). The temperature rose to 23°C from
15°C; addition time: 5 min., aq. V =560 ml pH = 4.5, 32 mg product by HPLC; org
V = 1,080 ml. The organic was washed with a second 500 ml buffer solution; aq. V =
780 ml, pH = 2.5, 415 mg product by HPLC; organic V = 800 ml, 1.02 v/v% pyridine.
The organic was washed with 300 ml brine; aq. V =350 ml, pH = 1.8, 20 mg
produced by HPLC. The organic was washed with 130 ml sat. NatHCOj3 solution; ag.
V =176 ml, pH = 6.0, 780 mg product. The organic was washed with 300 ml half sat.
brine; aq. V = 330 ml, pH = 5.2, 25 mg product; organic V = 650 ml, pyridine 0.045
v/v%. 5 g Darco was added to the organic and stirred for 5 min, filtered through 50 g
silica, washed with 4 x 25 ml EtOAc, organic V = 750 ml, pyridine 0.04 v/v%.
The organic layer was then distilled to approximately 133 ml. The organic

was stirred for 1 hour until the solution turned cloudy. 133 ml heptane was added
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azabi cycl o[ 3. 1. 0] hexane- 2-car boxyl i c aci d,
1,1-di nethyl ethyl ester (Fornmula H) (5.0 grans, 22.1

wonebsjlo@and THF (20 m ). HO (2.5 Min Et OAc, 2BCTUS2005/012615

10

15

20

25

30

62.5 nmmol) was then added to the suspension. The

resulting solution was stirred at roomtenperature for
18vérolr mimdgnd thy shirresiirtedmyeprghti dd3 il iheptangyas pddedpygrnight.

|l etjon_of the reaction S. pni t.or . HPLC. .
l\ofgﬁgﬁﬁux{ e Ftlréﬁ%%?l_%?ﬁ%}rr%é Z)Warfugg%% iff) \,\f,glg‘:hgél&'éi déh%&n% hTem solids
SYRRENRERA ofihdShd Edke RehsWRShE&PWith 506 J% Et@Ac/heptane; 3.4 g
additional 30 m nutes. The suspension was then

f ipradecedaufoed iMg.8p goredst afsn rareo st ofiisdeenss fprntte mothieg liquor.

t hat washed with MIBE (20 m.). The solid rie
TR et oA e AR IS i Yo 3 el e bfoduct was
af t R8NV | oride salt of

(IOE%%fng?j?géég'z@%Fbycl o[ 3. 1. 0] hexane- 3-carboxam de
(Formula J; 3.6 granms, 100%. M BOC Protection of

(aS) -a-am no-3-hydroxytricyclo[3.3.1 1 3'7] decane-1-
a®et i c Deprotection Fuprp e(kﬁﬁ%ﬁ -2-[(28)-2-amino-2-(3-

(aS)-afLGl.J-di .

(29 A1 s sl e
3' 7] degai@bbnitFiR, benatell: HF stuhiad1cid A preferred

nmet hod of preparing the free acid (Formula 3) is

descri Beayanor(@EaeiB-dydroxpiriczelakt 3.4 ’?ilsieQ-ihvé’l)f oKW 1gS,5S)-2-

?g%a) ?&cﬁ?ﬂgﬁgﬁsggt na{:(%(}%}m%[a%{dg?fg 1im%;chylethyl ester (Formula

3' - i i _ . .
SLFSEE 1 ARSI I AL LR Ao OB
mbtheemon@tos, eopachealcahstyeri anda gotsamlet. FEOAC appreximatgiedS to 50 ml,

s edye fREehGuea B R BRI e e v, 36.14
;E@?‘é@%ﬁ%ﬁyﬁﬂ svears f%g?édé& rﬂoéﬂl?f&ﬂ%é%?tﬁ@eianﬁltthé f&@EltiG"ﬁ mixture was
pproxi mat el 'y our. EtOAc
stirred until a solid was produced. Water (30 ml) was then added and the mixture was
stirred for 1 to 2 minutes. This reaction mixture was transferred to a separatory funnel
and the layers of the reaction mixture were allowed to separate into a clean phase
split. The aqueous layer was adjusted to a lower pH of approximately 6 with 25%
NaOH while maintaining the temperature below 25°C.
Salt exchange was then performed by addition of isopropyl alcohol (IPA; 2 to

3 ml) to the aqueous layer followed by addition of sodium benzoate (0.65 ml of a
sodium benzoate solution prepared by dissolving 2.6 grams for sodium benzoate in
6.5 ml of water). The remaining sodium benzoate solution was then added in
dropwise fashion via an addition funnel. The resulting reaction mixture was stirred at
room temperature for 16 to 24 hours. Solids in the reaction mixture were then filtered
ona Bucﬁner funnel and washed with water until the solid gave a negative test for Cl-
with AgNOs. The solids were then washed with heptane (10 ml) to drive off the

water, air dried on the funnel, an dried in a vacuum oven at 35°C until KF < 5%.

Yield was 79%, 4.1 grams.
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(4 liters) was then added with stirring and the

resul ting organi c and aqueous | ayers were separated.
wab@spbéoof t he aqueous | ayer was adjusted to 7P@i/UR2005/012615
concentrated HC. EtOAc (4 liters) was then added and
addi tional HO was added to | ower the pHto
approximately 1. The total volune of concentrated HC
agged was 510 nml. The organi c and aqueous | ayers were

i n separated and the aqueous | ayer was extracted
with EtOQAc (3 x 3 liters). The organic |ayers were
t hen conbi ned and washed with water (3 liters) and
bri ne (Fprétegia)of IThe washed organi c | ayer was then
dried with Na2SO4 and concentrated on a rotovap at.
roomtenperature until dryness. The yield was 542
grans of OH
(aS)-a[[ (I, I-dimethyl et hoxy)carbopyl]am no] - 3-

(Formula 3). N. Coupling Reactieff t™_produce

3-cyano-(ccS)-a-(3- hydroxytri JS. 1. I ~dec- | -yl A
b-oxo- S S SS) -
azabicyclo[3 1. 0]'hexane- 2- et 2 A aci d,

flask equi pped |w ’ ni ca
stirrer and a -

(aS)-a[[ (I, [ §am no]- 3-
hydroxytricyclo[3.3.1.1 3H7] dec# fc acid
(Formula 3) (50 grans, 153.8 . THR} (200 nl) yas

added and stirred to produce aQlear s

solution was cooled to -6C in an aceton€Mdry ice-water
bat h. Met hanesul fonyl chloride (Mes- C)(1 3.1 nml, 169
mol, 1.1 equivalents) was then added as a single

pQ{)ﬁ)f&lﬂcé gkd pyeadrby diisopropyl ethylamine (94 m, 539
1 equivalents). The dllsopropylethylan1ne was

added slowy over a period of about 4 m nutes to keep
t he HO

H,N N

10 CN M

Part O compound (L) (300g, 0.723 mol, potency of 90.6%), methylene
chloride (3L), methanol (288 ml, 7.23 mol) and concentrated (36%) hydrochloric acid
(288 .ml, 7.23 mol) were charged to a 3-neck 12 L flask equipped with mechanical

15  stirrer, temperature probe and N, gas inlet. Reaction occurred while maintaining
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internal tenperature below 8C. The reaction m xture
was stirred at 00C until all acid was converted to

worzoosdo@nhydr i de. PCT/US2005/012615

10

15

20

(1S, 3S,5S)-2-azabi cycl o[ 3. 1. 0] hexane- 3- car boxam de

hydrochl oride salt (32.5 grans, 200 mol, 1.1

eqedctian emipsyatarcdvityio theaphgmromrabauiciOco(@HOBTS 1C.. Blae reaction
grans, 7.6 mmo 5 equi.val ent wer e .t hen _added, in
&g Bo e 25 BRe bt B2 kel BhdUsoR pIFORRYE was
CcQghiédish. PRS fhe adiSout BA6E (afladbed iRy I¥MRSchibridd @Y, alnd MRRIP(720
tenperature for 2 hours and then l'eft overni ght at

r adin ané FENadHr(e6@ mDekascrdded dropaist tbhadjust pidits 9100~ 10.5.
Produce_3-cyano-( aS)-a-(3- hydroxytricyclo[3.3.1.1

3' 7] dedhp-opfapic m;laé@(wrﬁmszngﬁ}%éir%ﬁmc salt

azabi cycl o] 3. 1. 0] hexane- 2- et hanecar bam ¢ aci d,
1,1-dinmethyl ethyl ester (Formula L) Pyridine (6

equi val ents, 922 mmol, 74.6 nl) Qs added to the
reaction m xture of Part N and the reaction m xture

was cooled in a cooling bath to x8C. Trifluoroacetic
anhydride (TFAA) (4 equivale 8 mmol, 87 ml) was
then added slowy over 6 m nuitg epi ng the
tenperature bel ow 100C. The @s stirred at

24C for 0.5 h and checked vi=o f , 0.5 m AcN,
0.5 mM H2O for the di sappearz A N Conpound
K. The reaction was then coofed WA a/ coOl\ing bath to
approximately -3C. NaOH (5 A\ 6 equival ents, 0.925

nmol, 185 ml) was adideNHg t he Non oyer 10 ninutes
(aqueous pH = 9.9) while maintgini € reaction
tenperature bel ow 100C. Agueous K2CO3 § 319 grans, 15
equi val ents, dissolved in 5109 H O has added over 5
m nutes (tenperature = 8C, aq. pH 11. 1‘3'\.' The reaction
was allowed to run for 7

(identified by HPLC) (Formula L") was treated with methylene chloride (6L) and
water (720 ml), and 5N sodium hydroxide solution (~ 600 ml) was added dropwise
while maintaining reaction temperature between 20 and 25°C to adjust pH between 9
and 10.5. NaCl (120g) was added and the mixture agitated for 20 min. to form a
ph;se split. The organic layer (6.2L) was collected (contained ~ 174g of compound
M’) and the aqueous layer (1.75L) was discarded (contained 6.5g compound M").
The organic layer was washed with 1% NH4Cl brine solution (450 ml). (1%
NH.C1 brine solution contained 1g NH4Cl, 25g NaCl and 74g H,O). From the
resulting phase split 6.0L organic layer was recovered (contained ~ 176g compound
M’ in solution) and the aqueous layer (0.45L) containing 1.4g compound M’ (~ 0.4%)
wa;s discarded. ' |
Ethyl acetate (~ 4L) was added to the organic layer while CH,Cl, was distilled
off at 25°C/50 mm Hg. Distillation was discontinued when a final volume of 2.5L
was reached. The organic layer was polish filtered to remove solid NaCl and was

concentrated to ~ 1 Kg (~ 170g of compound M’ in 1L ethyl acetate) GC analysis:
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hours 40 m nutes. The reaction was conpl ete when al

i nternmedi ates were hydrolyzed to penultinmate as
waledosnodoned via HPLC (30 m, 0.5 m AcN, 0.5 nPCHRR0P5/012615

Et OAc (500 M) was then added to the reaction m xture

and the resulting agqueous and organic |ayers were

safeMaq @8%. TN eten?lganl)cvasaiylé«?d drapWitesne aftgy 1hmgp grysfallization

Ef fer &?S{ﬂgt ng%ng(‘%%;ﬂ aﬁﬁnd M {g@i}'ﬁgﬁlrp{ %Ese agitated for 30 min,

Meiftered2tie c¥kewRBOd WithidrhyT adethte add dfiBd P @ dbiddr vayuudPtdGive 186g
org V=1,080 mM. The organic was washed with a second

56Dcmhpmuﬁﬂényshi&r%on ag. V=780 m, pH= 2.5 415
nmg product by HPLC, organic V = 800 n1, 1.02 v/iv%

5 pyridi ne. The organic was washed with 300 nml brine;
ag. V=350m, pH= 1.8, 20 ng produced by HPLC. The
organi ¢ was washed with 130 m sat. NaHCO3 sol uti on;
aq. V=176 m, pH = 6.0, 780 ng product. The organic
was washed with 300 m half sat. brine; aq. V = 330
m, pH= 5.2, 25 ng product; organic V = 650 nl,
pyridine 0.045 v/v% 5 g Darco was added to the
organic and stirred for 5 mn, filtered through 50 g
silica, washed with 4 x 25 m EtOAc, organic V = 750
m, pyridine 0.04 v/v% The organic |ayer was then
distilled to approximately 133 nl. The organi c was
stirred for 1 hour until the solution turned cloudy.
133 m heptane was addedover 15 min. and the slurry
stirred overnight. 133 nl heptane was added overni ght.
The m xture was stirred violently for 20 mnutes with
mechani cal stirring. The solids were filtered off and
t he cake was washed with 50 ml 5% Et OAc/ heptane; 3.4 ¢
product was found in 8.86 g crude after renoval of
solvents fromthe nother liquor. Dry product crystals
were heated at 50C under vacuum overni ght. 467 ¢
product was obtai ned ~73%.96.6 AP.
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P. Deprotection to produce
(I'S, 3S,5S)-2-[(2S)-2-am no- 2-( 3-

whgasaseptr i cycl o[ 3.3. 1.1 PCT/US2005/012615
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3" 7] dec-1-yl)-1I-oxoet hyl]-2-azabi cycl o[ 3. 1. 0] hexane-
3-carbonitrile, benzoate (l:1)(Formula M

3WHABIS SHABVED I8 dr oxyt ri cycl of 3. 3. 1. 13' 7] dec-1 -yI)
- b-oxo- (IS, 3S, 5S) - 2-

azabi cycl o[ 3. 1. 0] hexane- 2- et hanecar bam ¢ aci d,

1, 1-di et hy'&ﬁfb}ééssﬁfﬁﬁ gepdringrpaddialylpurBicd p@é@lﬂamﬂla déHydrogenase

mml es) was charged to a three-necked flask equi pped
wiandyonfarmeterdshudrogenase enzyme(PPAI/FRH) cpagentratss) Wéu@a@mpnses

achi evé o RS DEA pphe hioh B A lopd s e of
3 precop h%ﬁylmnmkmrog”enswunwreaﬁn@te Wy desbdagseat

roomterrperature and he reaction m xture was stirred
until &.sol |submamgdh@bmtletp mwwféuud(zatmm)relﬁa@ acHighy from the

adde and. t he xture s ,St r. 1t

T etgRels g B P e polinbg DR aPLF By nvames
funnel cand tcﬁﬁlf&lﬁg eeSbreth B}J'I?ea'hﬁg@ﬁd K}Btlmv?ﬂtl WO CcMRAtehg agent to
all owed to separate into a clean phase split. The

aguanilate cely debrisnandagnese EINA enduhweried pidteifs;

approximately 6 with 25% NaOH whil e maintaining the
terrperé]turefﬁ@FBWWféﬂl}l’cam@x%‘gnge was then

perforped: b%oﬁ%'tr‘éﬂn?@thgfbrétﬁ Q(P?Rf@lélpaﬁ a‘Il?riﬂhﬂ(aJl Eﬁzyn?e (tdﬁcentrate
3 mM) to the aqueous | ayer dition “of

s hdiingmal R GRIE atYitg®f at le@s‘t ahomekﬂ)odwmbfmz Shxtbagbitueasbabout 20
prepared_by dissolving 2.6 granms for sodi um benzoate

i é?fsfoﬁFDé- wat er). The renaini ng sodi um benzoat e
solution was then added in dropw se fashion via an
addition funnel. The resulting reaction m xture was
stirred. at riemroespasdfinedinf Claihd wierdid thobrogh is Sobjedsd to
in the reaction m xture were tHen filter

R BT BESHE PR es T frout P00 oidpout
93¥%08 pegat ive test for dwth

3. The process as defined in Claim 1 wherein the broth is subjected to

microfluidization keeping the temperature of the broth below about 25°C.

4. The process as defined in Claim 3 wherein the temperature of the broth
is kept below about 25°C.
5. The process as defined in Claim 1 wherein the phenylalanine

dehydrogenase is obtained from the genera, Sporosarcina, thermoactinomyces.

6. The process as defined in Claim 1 wherein the phenylalanine

dehydrogenase is obtained from Thermoactinoniyces intermedius.
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AgNCB3. The solids were then washed with heptane (10
m) to drive off the water, air dried on the funnel,

waroodnd@dl i n a vacuum oven at 35C until KF < 5PeT/¥WRms012615

was 79% 4.1 granms. Q Deprotection of L to produce free
base M Part O conmpound (L) (30Qg, 0.723 nol, potency
of 90.6%, mEhhpiosess agHpldngdde Qlaim 1 whetethp ghenyidaning |

(s pechs®S o BRER R VAR A0 IRt ARl RTCE, 105,

eqeREBEd W Kdeneveahabole at Pishid pasforist enper at ure probe
and N gas inlet. Reaction occurred while

mai nt ai ni ngreacti on tenperature within the range from

about 20 to out 25 C. The .r ' ] Xt Hre . o
S St rrediror TR MSGES Supfi ih Ak, L halebt My RRraapiom is
aqBedAichia -6l TNAI0 ¢ABVBCI080-PPISFDHPH s layer was

added net hyl ene chloride (6L), and water (720 m), and
5N NaOH (-600 ml) was added dropwi se to adjust pHto

9.0 ~ 10. 5. e _or gani hase cantai nin he, .. .
hydr ochf or i C:FFE%P%OC%S §ﬁ?ﬁ?ﬁ%§8 Cg?}rr}_'gﬁv fe?‘k%ﬂﬁr?hﬂrgleé)br?}gés
tr g@ahfferdiit h nmet hyl ene chloride (6L) and water (720
m ), and 5N sodi um hydroxi de solution (~ 600 m) was

10 added dropwi se whil e maintaining reaction tenperature
bet ween_ 20 and 25C to adj ust BH bet'ﬁ){.gﬁn 9 gnd 10. 5.
Nadl (1&@;) RREOSESH Y PEFRITPH 80 ARG M NSYMRI R for 20
mn. to forma phase split. The organic | ayer (6.2L)
was col |l ected (contained ~ 174g of conmpound M) and
t he aqueous | ayer (1.75L) di scarded (contai ned
6.5g conmpound M ). The orgarfic | ayer was washed with
1% NHAC brine solution (450.M ). (1% NH4C brine
solution contained Ig N NaCl and 74g H20).
Fromt he

CO,H

NH,

Formuia 2
{

15  which comprises

a. treating an aqueous solution of a keto acid of the structure
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resulting phase split 6.0L organic |ayer was recovered
(contained ~ 176g conmpound Min solution) and the

waowsau®11 ayer (0.45L) containing 1.4g conmpouneCVUSZ085/012615

10

15

20

0.4% was discarded. Ethyl acetate (~ 4L) was added to
the organic |ayer while CH2C was distilled off at

25C/50 mm Hg. Distillation§
final volune of 2.5L was re

concentrated to ~ 1 Kg 7QNof conpound M in IL

et hyl acetate) GC anal y$ig: Water (17 m)
was added dropw se and af| Céeg allization
began. 17 m of water S ' esul ting
slurry was agitated , filtered, t he cake
washed with ethyl acetate aMd driefd at rt under vacuum
to give 186g of conmpound M, vyiel do81% WHAT | S CLAI MED
IS: 1. A process for preparing partially purified
phenyl al ani ne dehydrogenase_and/ oy formate '
dehydr ogenase enzyme (PDH F'fﬂ—rb““g){]centrat es which
conprises: a. preparing a fernentation broth of a

m cr oor gani sm capabl e of produci ng phenyl al ani ne
defishimagemasefoanate orichtiramd deadtainedlivepdeniide. dighiothreitol and

subjecting.the broth.to mcrofluidization to release
2 peltiafy purimthia i o oren e o Sy Qe ast 8ifme
m j1¢li.zgd broth containing PDH and/or FDH enzymnes
c.(P%%Wg’i ng the broth by treating the broth with a

floccul ating agent to coagul ate cell debris, and
renove DNA and un t proteins; d. filterin he
LAt T beo bagiatinsan of helseenrR y ot e to form
gi 1 PREIRI eI | dubliSisti B 2R f GRBGEA I 3k Gosb Mintthiven ions.
P&Y—Pﬂecli—%ﬁ acltmlk Vi tylco¥é at least about 400 U rnl for PDH
and at | east about 20
11.  The process as defined in Claim 10 wherein the partially purified
phenylalanine dehydrogenase/formate dehydrogenase enzyme is prepared by the

process as defined in Claim 1.

12.  The process as defined in Claim 10 wherein the aqueous solution of

the 3—hydroxy—oc—oxotricyclo[3.3.1.13’7]decane-1—acetic acid, ammonium formate,

nicotinamide adenine dinucleotide, dithiothreitol and partially purified phenylalanine
dehydrogenase/formate dehydrogenase enzyme is warmed to a temperature within the
range from about 35 to about 40°C and maintained at a pH within the range from
about 7.8 to about 8.2 for a period within the range from about 24 to about 48 hours to

produce the amine.

13. A process for preparing a BOC-protected amine of the structure
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IUm forFDH. 2. The process as defined in Caim1l
wherein the broth is subjected to m crofl uidization

wae@sno@ipressure within the range from about RCT/O80%/012615
about 20,000 psi. 3. The process as defined in Caiml
wherein the broth is subjected to mcrofluidization
keepi ng the tenperature of Ofe broth bel ow about 25C.
4. The process as defined ip Caim3 wherein the
tenperature of the broth i ept bel ow about 25C. 5.
The process as defined i 1 wherein the
phenyl al ani ne dehydr ogemase i s {obtained fromthe
genera, Sporosarcina, t noactinonycq? . The
process as defined in '

phenyl al ani ne dehydr6genase i4 obt i ned from
Thennoacti nonyces internedi NS.7. TRe process as
defined in Claim1 where the phenyNaBegi ne

dehydogenase is obtained from Ther noacti nonyces

I nter medi ns, ATCC 33205, expressed in Escherichia col
or Pichia pastoris. 8. The FBUEAY as defined in daim
1 wherein the mcroorganismis Escherichia coli JMIO
(pBMS 2000- PPDFDH PDH-nod) . 9. The process as defined

I wiitlacompirisaherein the clarified broth is
ultrafiltered. 10. A process for preparing an am ne of
the structure Fornmula 2 which conprises

5 a. providing an aqueous solution of the amino acid (0/S)-0-amino-3-

hydroxytricyclo[3.3.1.13 ""|decane-1-acetic acid of the structure

OH

CO,H

NH,

10  prepared employing partially purified phenylalanine dehydrogenase/formate

dehydrogenase enzyme in the reductive amination of the keto acid

OH

CO,H
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a. treating an aqueous solution of a keto acid of the

structureFornmula 1 with amoni um formate, nicotinam de
w@d@sitm®1di nucl eotide, dithiothreitol and partP&l/Ug2005/012615

purified phenyl al ani ne dehydrogenase/formate

dehydr ogenase enzyne (PDH FDH); and b. adjusting pH of

the reaction m xture with sodi um hydroxide to formthe

Se%id’eggecgm@ﬁimlbp&d s substantially free of

ndesitabl e " exceSs amoni umions. 11. The process as
defined in Caim10 wherein the partially purified
phenyl al ani ne dehydr ogenase/ for mate dehydrogenase

enzyne s priegasing dhesborpeqysoye selytien wibidi-tatbutyl dcabapate to
5 ;d@éﬁﬁ%e%@%r?)geﬁ%ofa%faﬂgefI ned in Caim10 wherein the

3-hydroxy-a-oxotricyclo[3.3.1.1 "' ]decane-I|-acetic

acid, ammoni um formate, nicotinan de adeni ne .
di nucl ebt.i deThalpropgss b defined|in 4dzimpht whercinthe pH dfjteqimixture of

o35 MRS SEIRHEROL G o BB OB e - ageene-1-aceti
{M.r% Qrﬁp(ﬁtteﬁﬁ)ui _ GOt AR aiiBd iRiNGE rdfze ?roﬁ’ﬁ"about 8.5t0

n the rande fromabout 7.8 to about 8. or a
10 pedboad1lbt hi n t he range from about 24 to about 48
hours to produce the amne. 13. A process for
prepari ng a BOC-protected am ne of the

struct uygForfay 00?3‘913.% QAR C1ARS1 PrurfRELHE RN tBsteps of

aqueous sol uti o e amno acid (aS)-a-am no- 3-
hydolatiyg the BQCPr@cBed athBieTiale daneadtionaeixiure and shbgdcting ¢he

structure prepared enplaying partially purified
ph%ﬁﬂﬁp’éﬁ{éﬁ@nﬂ%w%lﬁ%’é’flf or mat e

15
16. A partially purified phenylalanine dehydrogenase/formate

dehydrogenase enzyme prepared by the process as defined in Claim 1.

17. A partially purified phenylalanine dehydrogenase/formate
20  dehydrogenase characterized by having PDH and FDH activity.

18. A process is provided for preparing the BOC-protected amine of the

structure

OH

CO,H

NHBOC

25 Formula 3
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dehydr ogenase enzyne in the reductive animtion of the
keto acidas defined in Caim12; and b. treating the

wab@sao@gueous solution with di-tert-butyl di cR€DURENE012615

10

15

to formthe BOC-protected am ne. 14. The process as
defined in Caim13 wherein the pH of the m xture of

t he aqueous sol ution of

(a9) -a-am no- 3- hydroxy-tricyclo[3.3.1.1

3VAHLEOMEISES acetic acid and di-tert-butyl -di car bonat e
is maintained within the range from about 8.5 to about
12.5. 15. The process as defined in Caim13 further

i ncl udiang t peepstiaps peitiaily preifidphanplenpesdelygiesepasg/formate
ag%ﬁe fromthe reactio&_pjxture and subj ecting the

BEELYSr oI DAL §ROCE Y yst al | zation. 16. A
partially purified phenyl al ani ne dehydrogenase/formate
dehydr ogenase enzyne prepared by the process as

def i ned. i n @reafimg an aqueoussobiztion; of|a ketgranid pf g structure
phenyl al ani ne dehydr ogenase/ f ormat e dehydr ogenase
characterized by having PDH and FDH activity. 18. A
process is provided for pregari ng the BOC protected
am ne of the structure Fornula 3which conprises a.
preparing a partially purif|ed phenylam ne

dehydr ogenase/ format e de pgenase enzymne
concentrate; b. treating eous solution of a keto
acid of the structure Fg

CO,H

Formula 1

with ammonium formate, nicotinamide adenine dinucleotide and dithiothreitol and the
partially purified phenylalanine dehydrogenase/formate dehydrogenase enzyme
concentrate (PDH/FDH);

C. adjusting pH of the reaction mixture with sodium hydroxide forming

the desired amine,

OH

, CO,H

NH,

Formula 2
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wi th anmmoni um formate, nicotinam de adeni ne
di nucl eotide and dithiothreitol and the partially

w@osfioedl phenyl al ani ne dehydr ogenase/ f or mat e PCT/US2005/012615

10

15

20

dehydr ogenase enzyne concentrate (PDH FDH); c.
adjusting pH of the reaction m xture with sodi um
hydr oxi de form ng the desi red am ne, Formula 2which is

ke Bnntaht fGe Pt peBR R R SARBR RSy

internedlate treating the above aqueous solution wth
di-tert-butyl dicarbonate to formthe BOC- protected
am ne df thavitontiselatieg the anfihe agid detegrediae.dEpting thejagove

aeRyB UGk FH et S bR bR PO AR e of

b%é{gﬁcﬁﬁ’é' owing steps: a. preparing a fermentation
br ot f a m croorgani sm capabl e of producing

phenyl al ani ne dehydrogenase and/or formate

dehydr ogenase; b. subjectijyp the broth to

m crofluidization to relegse activity fromthe
resulting cells and formdg m crofluidized broth having
PDH and/ or FDH activity | arifying the broth by
treating the broth wt fl ogcul ating agent to

coagul ate cell debris;|{d. fi ' '
broth; and e. concentratling the brothjg give a
purified enzyne con i FDH activity
of at |east about 400 I and at | east about
20 U m

NHBOC

Formula 3

19.  The process as defined in Claim 18 wherein the partially purified
phenylalanine dehydrogenase/formate dehydrogenase enzyme is prepared by the
following steps: ‘ 1

a. preparing a fermentation broth of a microorganism capable of
producing phenylalanine dehydrogenase and/or formate dehydrogenase;

b. subjecting the broth to microfluidization to release activity frofn the
resulting cells and form a microfluidized broth having PDH and/or FDH activity

c. clarifying the broth by treating the broth with a flocculating agent to
coagulate cell debris;

d. filtering the clarified broth; and

e. concentrating the broth to give a purified enzyme concentrate having a

PDH/FDH activity of at least about 400 IU/ml for PDH and at least about 20 IU/ml
for FDH.

20. A method for forming free base compound of the structure
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for FDH. 20. A nethod for formng free base conpound
of the structurewhich provides providing a

w@aospooiect ed conpound of the structure prepaP@dUaR05/012615
defined in the process of Claim13, treating the
BOC- prot ect ed conmpound with nmesyl chloride and Hunig
base and conpound J of the structureand
1- hydr oxybenzotri azol e (HOB]) to form BOC- protected
i nt ermedi ate conpound of i ucture K K dehydrati ng
internediate Kin the prgsence ¢f pyridine and
trifluoroacetic anhydridg
reaction product i Qe
form conpound L and' 4
hydrochloric acid to for S
hydrochl oric acid salt g conpound L' with
hydrochl oric aci d HfNl sodiNum-+ i ge
free base conmpound M . SEQ 3T NG <110>
Bri stol - Myer,s Squi bb Conpahy Pol i t§f no, M chael Cadin,
Matt hew M. Skonezny, PauP Chen, Ié'gon G .,,<120>
PROCESS FOR PREPARI NG DI PEPTI DYL T DASM' | v
| NHI Bl TORS AND | NTERMEDI ATES THEREFOR <130> 10270 PCT

which provides providing a BOC-protected compound of the structure

OH

OH

prepared as defined in the process of Claim 13,

10  treating the BOC-protected compound with mesyl chloride and Hunig base and

compound J of the structure

HCl e HN
or

MSA CONH, J
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<150> 60/561, 986 <151> 2004-04-14 <160> 4 <170>

Patentln version 3.2 <210> 1 <211> 26 <212> DNA <213>
waoasfio@inl Sequence <220> <223> A i gonucl eot i PET/PRINE012615

containing the 5"' and 3 ' end of the P . pastoris FDH

gene <400> 1 tcgtcatgaa aatcgttctc gttttg 26 <210> 2

<211> 28 <212> DNA <213> Artificial Sequence <220>

RSB TS AR Sl chpoun

of the structure K

OH
0]
)<o)kN/ N
H
(0]
o} NH,

5 K

dehydrating intermediate K in the presence of pyridine and trifluoroacetic anhydride,
and then hydrolyzing the reaction product in the presence of strong base to form

compound L

afs

and'treating compound L with hydrochloric acid to form the corresponding

10

hydrochloric acid salt L’
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tactgttttt ccagcgtatt cctaggct 28 <210> 3 <211> 33

<212> DNA <213> Artificial Sequence <220> <223>
w@riogomeel eoti de primer containing 5 ' and 3 'PENUSIN5S/012615

t he PDHmod gene <400> 3 gatgctcata tgcgcgacgt

gtttgaaatg atg 33<210> 4 <211> 30 <212> DNA <213>

Artificial Sequence <220> <223> d i gonucl eotide pri mer

containing 5 1 and 3 ' end ofyt he PDHraod gene <400> 4

gat cccgggc taaggcgaat taataaftcg 30

HCI « NHy N
LI

CN

treating compound L’ with hydrochloric acid and sodium hydroxide to form the free

5  base compound M.
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