PROCESS FOR PREPARI NG DI PEPTI DYL PEPTI DASE |V

| NHI Bl TORS AND | NTERVEDI ATES THEREFOR FI ELD OF THE
I NVENTION 5 This application clains a benefit of
priority fromU.S. Provisional Application No.

60/ 561,986, filed April 14, 2004, the entire

di scl osure of which is herein incorporated by
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and tory bowel disease. 15 BACKGROUND
fﬁ@f’%ﬁﬁﬁ%&f %epu dyl peptidase IVis a

nrerrbr ane Tlﬁﬁlprdseﬂﬁmveﬁtmr:hﬁds tS @ piavess fanprepaag (oasel[(1,1-

which is located in a variet [

but dieetiqRaaatonylaIBa 3 ﬁgdromtﬁbfé?cﬁﬁé ot g 1-acetc acid

@Odﬁg%cﬁ@é@%&r’%er e:lﬁt 1?1% i's ?&?)tér r e I@H@%ﬂuw pyrrolidine-

Di paﬁgediiﬂhlﬁnem ofdiggseptitiyd peptidase $¥ mlmtbzhre ufak intthetreatment of diabetes
nmet abol i ¢ cl eava of the ndo e e
CL P2 EoBgjicaiings tsrantdBRET R PEndREe R, 35 perinsulinernia, obesity,

deno, | |
oep telﬂlg a'il?e&%%%ﬁ& %_'Xlta{e?l cﬁ&%&e\aﬁsxgﬁg% Jﬁl\i}lﬁuﬁl%frgﬁg}attc;rg diseases and

G_P-c]:](-&neﬁ:)ﬂanﬁnao@%oam discage.i d peptide derived from
post -transl ati onal 25 processing of proglucagon in the
I9mal | intestine. This peptide has multiple actions in

vivo. For exanpl e,%gék@kb@ﬁb (ﬁ'mmml n

secretion and inhibits glucagon secretion. This
pepti de riDipnpﬂcbrtpemtdlam BV @rdnehonage peigidmon-cdaspicyl segne

gg?gﬁﬁ%ﬁ@ a J@] %’n %le?eglelglfq V?“Hg i zlgs%%lnc u%mg, but not limited to,

intestine, liver, lung, and kidney. This enzyme is also located on circulating F-

20  lymphocytes wherein it is referred to as CD-26. Dipeptidyl peptidase 1V is
’ responsible for the metabolic cleavage of the endogenous peptides GLP-1(7-36) and
glucagons in vive and has demonstrated proteolytic activity against other peptides
such as GHRH, NPY, GLP-2 and VIP in vitro.
GLP-1(7-36) is 2 29 amino acid peptide derived from post-translational
25  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
30  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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efficacious in diabetic patients. However, the
exogenous peptide is degraded too 30 rapidly for
conti nual therapeutic use. Inhibitors of dipeptidyl
pepti dase IV have been devel oped to potentiate
endogenous |l evels of GLP-1(7,36). U S. Patent No.

6, 395, 767 to Hamann et al. -1 discloses
cycl gpropyl - fused i di.ne- base hibito
di peptsFigyts %’@ﬁ?f"@&ﬁ Yﬂ%’é’é%]aas“‘eﬁ? H{m%f?éﬁﬁfcépwdﬂ peptidase IV.

synt Resih sri*&- dHaRREn i?ﬂtﬁésﬁﬁﬁ tHRESinditiolOEe distdsdd 18- U.S. Patent No.
VR

Pat ent as wel as in the literature.
For 63anfibeéas Weﬁ aSmgha titbrgtirea|For $pdmpletsec SA@GEd et al. Tet-Lett. 1995

25 S, M R ol P ST s

Ghe ”bt & %ﬂjorgl R&% 8hdh 2I§61? 1368 8 él@ﬁ—@fl @3 r R ‘i')réf@i'i‘é&)i'nhﬂﬁtor disclosed in

disclosed in U 'S. Patent No. 6, 395,
(1S, Bs. S?S)GHENP(QQS 26hisi(h%,33 5632~ {(23)-2-311111110-2 -(3-

o) cy BISPR/ B a e el 280 R LR >

For nw:ﬁodﬂnle Qs"deﬁﬂfl%d%l?&n%ﬁaﬁ" M and the

correspondi ng nmonohydr at e of ;
(1S, 3S,55)-2-[(2S) - 2- am no- 2- ( 3- hydr oxy-
tricycl0[3.3.1.13'7]dec-1-y|)<&-oxoethyl]-2-azabicyclo
-[ 3. 1. 0] hexane- 3-carbonitrile ?hﬂ,) 15 Met hods
adapted for preparing internedjates used in the
" production of this dipeptid pepti dase |1V inhibitor
are disclosed in EP O 808 § Al so see, Imashiro
and Kuroda Tetrahedron Lett
Reetz et al. Chem Int. Eg
and Hei nbach Chem Ber. -
al. Chem Ber. 1983 116: 370.-‘

conmpounds for use i (
cycl opropyl -fused pyrroI|d|nr
di pepti dyl

10

and the corresponding monohydrate of (15,3S,58)-2-[(2S)-2-amino-2-(3-hydroxy-
tricyclo[3.3.1.1*"}dec-1-yl)-1-oxoethyl]}-2-azabicyclo-[3.1.0]hexane-3-carbonitrile
(M)

15 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.

20 The present invention provides new production methods and compounds for
use in the production of cyclopropyl-fused pyrrolidine-based inhibitors of dipeptidyl
peptidase IV.



peptidase IV. -2 U S. Patent No. 6,395,767 to Hamann
et al. describes procedures for the synthesis of
(aS)-a-[[(1, 1-di net hyl et hoxy) car bonyl ] - am no] - 3-
hydroxytricycl o[ 3.3.1.13 7] decane-|-acetic acid, an
internediate for use in preparing the free base M or
salt thereof, which involves an eight-step synthesis

o b 3Bkt o b oD S e o e
(R f t
é?ep ring dfé‘?s)a&ﬁp?fﬁ}ngﬂiﬂmoxy) cagl:ﬁg%nglr ]-

am nhg}'drax;hydyodn{yﬁr]l Qxieoﬁﬁh Badetit3icid] sremagrenediatecior uge in preparing
acid which utjlizes 3-

oS ot 17 hates o s brre B invelies anceightr ippgngesis from
s4 arﬁda?r%n%fe%ﬁfb@k whgipherein an 10 enzynatic .

reductive am nation 18 used to prepare and isol ate
((xS)-a- am&okp%hcit;cdlrmm NDCW’FDI (BL231dd November 18 2003 (attorney file
13 ]decane | -acetic aci is converted t

desi k8§84 N&D disgloses zhmathgé é%rrpa@@n@gégs)-qtﬂ&lelnélmyl@hoxy)carbonyll—

SRR S Bl IS SRR A Pconsc

conmbifidiéyRIb[3B1N  Ndehz i Refioidi®bea stdBing hyteli0Gad ferein an
enzyme (FDH) in the presence of ammonium formate, DIT
Hhd t0apmat¢ redueiivecamiontionid nesd teerépare gd iselpta e prtamino-3-

noc R RERR e TIsERE o e P b oniRea L i desiva

pro lﬁggm@%ﬁgelﬁy@éﬁ ossi ble interference with the
i ntroduction of a BOC group. The cells fromwhich the

PDH and/ oFhermrysats Frdyctifcanypg imcdap iay e vesise of agrioysdorms of the
fr or%nfzer nﬁﬁégnytl%l%lem% gq}ylaro %Itla%tra EIQDHEM (['Jolmqtf 1?%}0/0 n, With {‘eﬂ'%%nz me formate

Bef ot e

BN 2 ydehyditopen abd énz3 filel FDIDGE trreqfresanwatahﬁn@xﬁhﬂn foabite, DTT and NAD
whi ch nust be renoved before the enzynes are ready
f or WHRE ImpRiBICIdyeidmion at adirstiBrte FSAROTEM ions are

THE T Wr% gén&%ss@ﬁpcgrr&ﬁ Hia%@ﬁr@fxﬁﬁﬁpﬁownstremn
bl

i nv a “process I°'s” provi prepari
part prad:dssin@ttf a\fm&ploq@fwmmmreﬁamw amd:heheymmgmmeaf arBiDOproup.
format e dehydrogenase enzyne
The cells from which the PDH and/or FDH enzymes are produced are isolated
20  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

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

BRIEF DESCRIPTION OF THE INVENTION
25 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;
30 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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(PDH FDH) concentrates which include the steps of. a.
preparing a fernentation broth of a m croorgani sm
capabl e of produci ng phenyl al ani ne dehydr ogenase
and/ or formate dehydrogenase; 30 b. subjecting the
broth to mcrofluidization to release activity from
the resulting cells and forma mcrofluidized broth
havi ng PDH and/or, _FDH actiyity. -3 c. clarifyin he
broth by freat Fﬁ&ﬁﬁ%ﬂ‘ﬁﬁ’é‘?tﬁ byitepting the 5‘6‘&5 P, %%ocgﬁt?ﬂ?g agent to
to E&@M@é@ &eplil aflERIhVeaNIALBTRYE Afdnginwant ed
proteins; d. filtering the clarified broth; and e.
concent r atli ng filierikg thelglandiedibwdh;zandar ti al |y purifi ed

enzynme concentrate 5. havi a PDH FDH .acti vi of at
east abofit AoBPHeEpingdRe B trsaves pRALY Pufidh gt concentrate

| 8 mhaif% 2 PBIH/EDR RA%H bPAtledsDNaRuEt AOGRIYER fo BINH A at least about 20
present Tnvention, a process is provided for ‘

pr epfdimigoaDHm ne of the structure 10 OH CO2H NH2

Formula 2 which includes the steps of 15 a. treating

an aqueous solution of a keto acid of the structure

OH CC2H 3 adaioiulrPactorddndl With thelPreseAtifivattioaPOpilocss is provided for

nmol ar equi val ents of amoni um fornate, nicotinam de
preparing an amine of the structure

10
OH
CO,H
NH,
Formula 2
which includes the steps of
15 a. treating an aqueous solution of a keto acid of the structure
OH
CO,H
4
Formula 1



adeni ne dinucl eotide, dithiothreitol and partially
purified phenyl al ani ne dehydrogenase/formate

dehydr ogenase enzyne (PDH FDH); and 5 b. maintai ning
the pH of the reaction at fromabout 7.0 to about 8.6,
preferably at 8.0 +/- 0.2 with sodi um hydroxide to
formthe desired amine which is substantially free of
undesi_r.abl e excesi ampniymions, Still further in

accorddhtmagipH phabogt & okt qanivalenisaf ammenivadeanate nicotinamide

provi r

Phe. choiins Shucleidy BBE PG aR e} SRS b Raftne

i ncl ddbegirogenasyiopsate flehytibogenaserenvymée RDHEFTHY endis

solution of the amno acid (aS)-a-am no- 3-
hydroxytricycl o[ 3.3.1.13 7]decane 1l-acetic acid of the
sgructurepd OHmahtdinfaeBht &%EE}'HO? af fioff 488 6 to about 8.6,
enpl oying partially purlfled pheny ani ne
dehy@ﬁ@g@ﬁagé$ﬂdﬁﬂ&ﬂeWﬂmghyMHdgdmaﬁhteﬁmyn&sdennﬂhmnnemmkmis
redug s&mugﬂ]P an of, e keto acid 1.5 OH CO2H 4 Y

0 y irée 0 undesiral

€ €XCESs ammonium 101s.

Still further in accordance with the present invention, a process is provided for

10 preparing a BOC-protected amine of the structure

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

hydroxytricyclo[3.3.1.1%")decane-1-acetic acid of the structure



Formul a 1 described above); and 10 b. treating the
above aqueous solution with di-tert-butyl dicarbonate
to formthe BOC-protected anmine. In another

enbodi ment of the present invention, a process is
provided for preparing the BOC protected am ne of the
structure 3 15 -6 OH CO2H NHBOC Formula 3 which

i ncludes the steps of 5 a. pr ring partially
purified phenyl am ne dehydrogenase/formate

dehydr ogenase enzynes (PDH FDH) (as descri bed

herei nbefore); b. treating ap7saqueous solution of a
keto acid of the structure §O2H O 10 Fornula 1
wi t h ammoni um f ormat e, nicptfi nam de adeni ne

di nucl eot i de, dithiothreit-

; mai nt ai ni ng
the pH of the reaction mxture at froln about 7.0 to
about 8.6, preferably at 8.0 +1- 0.2NKdth sodi um
hydr oxi de and formng the desired amne 2 -7

Formula 2

(prepared employing partially purified phenylalanine dehydrogenase/formate

dehydrogenase enzymes in the reductive amination of the keto acid 1

5
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



OH CO2H NH2 Formula 2 which is substantially free of
undesi rabl e excess ammoniumions; and 5 d. w thout
isolating the amino acid internediate 2, treating the
above aqueous solution with di-tert-butyl dicarbonate
to formthe BOC- protected am ne of the structure 3.
The process of the invention provides significantly
i mproved processing 10 procedzﬁES by enpl oyi ng
partially purified enzynmes andj enpl oyi ng sodi um
hydroxi de for pH adjustnent'as opposed to anmoni um
hydr oxi de, reduces processingstNnes and allows for
i solation of crystalline pj i t hout requiring
i sol ati on of internedi ates) ddi tion, the process
of the invention provides fo arati oy partially
; S g~gaction

amoni umions to be present for downslream processing
that will not interfere with the i ntNdB@Etion of a
BOC group. Moreover, use of partially purified

PDH FDH enzynme concentrate in gpgufagductive am nation
of the Formula 1 acid allows for elimnation of the
requi rement of resin colum isolation of the above
menti gned. am.no.acjd ipternmedi ate of Fornula 2 after
t he BY(}B%{,W@@F%%@HS B3ti on. 20 The reaction stream
will be sufficiently clean (free of cell debris and

having reduced protein levels) to continue directly
whth the BOC r @mpating patindy pxiffedarbesylaming dehydrogenasé/formate

A T B e o

BOC- protect ed conpound 3 is used as an internedi ate
in the process of the invention for the production of
the di pepbi dyl tegipgrnaguaerssoluion gf kptogcid of the structure 1
(1S, 3S,55)-2-[(2S)-2-am no-2-(3 -8

hydroxytricycl o[ 3. 3. 1. 13. 7] dee- 1-yl ) - 1- oxoet hyl ] - 2- aza
bi cycl o[ 3. 1. 0] hexane- 3- OH

CO,H

10 Formula 1

with ammonium formate, nicotinamide adenine dinucleotide, dithiothreitol and the
partially purified phenylalanine dehydrogenase/formate dehydrogenase enzymes
(PDH/FDH); '
15
c. maintaining the pH of the reaction mixture at from about 7.0 to about

8.6, preferably at 8.0 4/- 0.2 with sodium hydroxide and forming the desired amine 2



carbonitrile, benzoate (1:1) as depicted in Fornula M
OH PhCOOHNH2 N OCN M 5 or its free base M, CH
NH2 N OCN M 10 and nonohydrate M thereof -9 HO
H2O HZN N O CN M' These inhibitors are ultimately
formed fromthe coupling of two fragnents,

BOC- protected (uS)- a-am no-3-hydroxytricyclo
[3.3.1.13 7}decane-1-acetic aC|d as b5 depicted in
Formula 3, OH 4-Y coeH NHO &§H3 (prepared enpl oyi ng

the partially purified PDH FD
accordance 10 with the presep
(1S, 3S, 5S) - 2- azabi cycl o[ 3

10

15

20

25

enzyme prepared in
i nvention) and
gne- 3- car boxam de

NH,

Formula 2
which is substantially free of undesirable excess ammonium ions; and

d. without isolating the amino acid intermediate 2, treating the above

‘aqueous solution with di-tert-butyl dicarbonate to form the BOC-protected amine of

the structure 3.

The process of the invention provides sighiﬁcantly improved processing
procedures by employing partially purified enzymes and employing sodium hydroxide
for pﬁ adjustment'as opposed to ammonium hydroxide, reduces processing times and
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
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.
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
peptidase IV inhibitor (15,38,55)-2-[(25)-2-amino-2-(3-

-8-



acid salt such as the hydrochloride salt or the

nmet hanesul fonic acid salt (nmesyl or MSA salt) as
depicted in Formula J -10 HCI HN or MSA CONH2 J
Cycl opropyl -fused pyrrolidi ne-based conmpounds such as
(1S, 3S,59)-2-[(29)

2- anino 2-(3-hydroxytricycl o[ 3.3.1.13. 7]dec [ -yl)-1-o0x

RN LT DR LRI

monoRydhatfe tfaaLGRE (131)esdepRR4I A ForrRgRM dase |V

inhibitors useful in the treatnent of diabetes and
conplications thereof, hyperglycem a, Syndrone X,
hyperinsulinem a, obesity, and atdgrosclerosis and
rel ated di seases, as well as i munpnodul atory
di seases and chronic inflamatory powel disease. In
the present invention, BOC 10 prot/esied conpounds
(prepared via a reductive am ngtifon pnocess enpl oyi ng
partially purified PDH FDH enz ' i
the present invention) are enp :
production of cycl opropyl - f u<ed-3 "d.‘?-based
conmpounds such as
(1S, 3S,59)-2-[(2S) - 2- am no- 2-
3. 7] dec-1-yl ) - 1- opREHEM e NHZ
1. 0] hexane- 3-carbonitrile, | ~L).and its
corresponding free base 15 and te thereof.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON | r§ carryi ng out
the preparation of the partially purifi &N PDH F
enzyme concentrate of the invention, a m croorgani sm
pressing PDH and/or FDH activity is 20 fernented.
The ferdped@bst @, broth will be passed through a
m crof | ui di zer operating under a pressure within the
range 8000 to about 30,000 psi, preferably from about
12,000 to about 20,000 psi mhlbﬁ mai ntai ning the broth
at a tenperature within the range fromabout 4C to
30C, preferably fromabout 8C {o about 15C, nore

CN M

10  and monohydrate M” thereof



preferably bel ow 40C. The whole broth will be
clarified by preferably adding a filter 25 aid to the
broth such as di atomaceous earth (for exanple
Dicalite(r) registered trademark of Grefco Mnerals,
Inc. and Celite(r) registered trademark of World -11
Mnerals, Inc.) and a floccul ati ng agent such as
aqueous pol yet hyl enei m ne or other floccul ating agent
such as heat, to renove DNA andj ot her high nol ecul ar
proteins. The mxture is then filtered using a filter
press and filtrate is recovereg~Filter cake is
washed with water and the wate recovered and added
to the filtrate all of whicl referred to as
clarified broth. The clarif} ultrafiltered
t hrough a 100, 000 MACO (A {ht cut of f)
menbrane to renove | ower v t (bel ow
100,000) inpurities. The arified filtyate is
concentrated to pgQyi.paye exzyne.nconcenirate with 10

PDH titer from abodt. 400 to ajout 18QQAU nl,
preferably from about 500 to /fa DO WU mM, and FDH
titer fromabout 20 to about 0200 | U g, preferably

fromabout 75 to about 1501 U m . TheMveral Menzyne
activity recovery in the concentrate will be within
the range from about 65 to about 95% preferably from

about 75 tl'% Eﬁ%/q%bftgrg %Re HRmhlSy %p%gﬁ)l/ gﬁﬁ{lﬁlé %&rﬁhrn of two fragments,

purified" enzynes as er el fers

PDH' BIOR-BR7ESOIRS( Qmido-B 9g8loxftriegdld i[28. 10 fadenaridacetic acid as
ot her high nol ecul ar wei ght protelns and | ower

nb| edepisted ieFepmula dpuriti es have been renoved. In

carrying out the reductive am nation of 3-hydroxy-a-
oxotricyclo[3.3.1. 13 7] decane-l-acetic acid (Fornmula 1
acid), an aqueous mxtureaf 20 the Fornmula 1 acid is
prepared and the mxture ils adjusted to a pHw thin

the range from about 7.0 tljo about 8.6, preferably from

about 7.8 to about 8.2 wifh>~strong alkali netal ‘base
such as an alkali meta i de, .preferably NaOH, to
forma solution of la 1{acid. Carbon (for
exanpl e, Darco KB) npyDe 2 xture

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

MSA salt) as depicted in Formula J

-10 -~



filtered and filtrate and washes conbined to give a
clear solution. 25 Amoniumformate is added to the
solution in an anmobunt to provide a nolar ratio of
amonium formate: Formula 1 acid within the range from
about within the range fromabout 1.9:1 to about
2.5:1, preferably about 2:1. pH of the resulting

m xture is adjusted to within the range from about 7.0
to about8.6, preferably fr
enpl oyi ng strong al kali net
nmetal 30 hydroxi de, prefer
adeni ne di nucl eotide (NAD) ayd, o
agent such as dithi ot hr gkt N
preferably dithiothreitolgrare add -12 enploying a
nmol ar ratio of NAD: Formmsal acid IH) the range
from about 500:1 to about 1500:1, preferably from
about 900:1 to about 1200:1. Aftgr solids are

di ssolved, the partially purified PDH FDH enzyne
concentrate (from about 400 to about 600 |IU PDH gram

Formula 1) is added. pHis, readjusted to within t
range 5 f CIRCRMEYH-upe pyplicirsgbised e?mb?lglﬂéﬁ%%?(wgﬁés)"ﬂﬂs)-

b : : \ ) Rase, as NaCOH.
Tho Bl BB BA S, 000 e or e

such as an al kal

Ni coti nam de
ionally, a reducing
et a- mer capt oet hanol

ure i1s - war e wthi'n the
r &ing ezdbigyalofhd0ihexand-B-cadbbitriler Bdneoab (11 ¥ andnitsatoogspa@ding free base

to about 40C and dilyted w th water and .the.pH .

i e eBoREe Hcient Fraflbeandpbe et dEpisBR el p the reatment
pref gf g e | hiHeRr1{ddehis, FYA8routc?X) hyperinsulinemia,
about% t g@%&?%ﬁl?bégu ‘é’iﬁ%‘,%é&%?ﬁg I g/k #r om ?g’gut 7.8 tygennsu oA
aboubb&it®, and\athieresclpeosioahd rolagfdfdissaseseabuel] ssdmaminomddyiatory

of FQqrmula 1 gcid tq form(aS)-a-23- . )

nyar GgEes gt ipie santhortipbie e Jo by presgnt fpvention, BOC-

(6 Or BH@ il AMPABhds BEpaRidoli£ s kddabtif arhintidTOprBtdsa ediploying partially '
am ne Is achieved wthout isolating the Fornmula 2

am nguiifiasPEFRE entjanesiin pecordanice Withdhd pregenpinvertion) are employed
debris. Di-tert-butyl 15 di.carbonate.is. added t
eas{orsEEIPOIET of Rl Qap RGP Pfolnd ASS Dffbufls such as

enpl @Jss',m5@)-2@42@yz&aﬁh&zqh&@h:dxﬁmcybmta{is.1.13-7]dec-1~y1)~1-oxoethy1]-2-
di carbonate: Fornmula 2 amine within the range from
abougzabicyckof. hftherane-Searbopitile dreappaje f1: brangpisgorrospgnding free base

59 a?l?cy }rlogotlzfdgﬁte EBQI‘eGO?.H of

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
20 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 abont 8°C to about 15°C, more

preferably below 40°C. The whole broth will be clarified by preferably adding a filter
25  aid to the broth such as diatomaceous earth (for example Dicalite® registered

trademark of Grefco Minerals, Inc. and Celite® fegistered trademark of World

-11-



the reaction mxture is adjusted to within the range
fromabout 8.5 to about 12.5, preferably from about
9.5 to about 10.5 using a strong base such as NaCH as
20 descri bed above. The resulting BOC-protected
compound (Formula 3) is extracted and recovered and
crystallized to formthe BOC protected Fornula 3

am ne. As seen above, in one aspect of

the present . .
| nvoingrls. 1560888 8 EoaH g e LdEh a1 BHCPRRIEA PYmegpine or other
the h&@r%@ﬁ% c?g%?ﬁ‘é% 95"%3%9 10tV PAVA Tah 8 ¥ eHe? hlgh molecular proteins.

[3.3 acetic acid (Fornmula 2) by
r eduThé extard is sidndiltepdd wsives 4 filterprediaad Eltcerpoeeayes:d. Filter cake is
hydr oxy- a- oxot ri cycl

et VR P Mt WaHSS i B DB I 4l of which is

M2t NAGerred to as clarified broth,
3- hyar %I;r<y gag))%c?tnrll cycol o[ 3.3.1.13. 7] decane-| - aceti c

aci d ( Folhublarifi}d beticsmiteafileded through a 100,000 MWCO (molecular

(as) - amnoSh roxytricyclo 13' 7

ol PO PHOTP BT 5 s Syt waER RS 160,000
perf?ﬁ%[ggl Enzymatl cally using the 30 partially

pur i enyl al ani ne dehydr ogenase/f ormat e

dehydr ogeﬁfhs elaaﬁzq/ﬁﬁratecxs gorgentrated twprovive anpuzyme eencaptrate with

Ebg’g@tﬁlé gl\glleq'?g%tftﬁ]mp B%Q’Bﬁﬁ ﬁg él%;}ta Ir)]rlc aebA¥ %1’81%1 about 500 to about

' ncI HOPTU/RHL arI D Siter et hiRSht DO to AHHRAS 200 fUI/BHY) preferably from about 75
Spor osarci na speci es or a phenyl al ani ne dehydrogenase

f r omto abvenh¥hd/imhomyces speci es such as

T oauer s ve A PYSET etbine HE it Prtfry T B FRAChG &Y will B8 within the
phenyingl %hﬂﬁmdﬁmwa%@m gt fcEab i R6RBGRH 15ABWBER 90%. \
| nt er nedi us, ATCC 33205, (ﬁr essed i n Escherichia coli

Pi chi ZhptesnSphsiallpwefied] RPBEFDEhenzymssanerployed herein refers to
r ec Og@?pﬁ]gh peﬁtarf{%: 3 Sléeﬁg aﬁe(ajsg % )Pgrt?dﬁdof P§Alafd oS Bﬁﬁ'rﬁolecular weight

expr I he rogenas

Ther pRaghd aﬁﬂrlwe;smbm&ﬁmn@auguﬁmpuﬁﬁmﬁam rehawedbeen
descrl bed by Hanson et al. (Enzyme and M crobi al
Technol ogln OVEXS! gegedBgiye aminglien ob3-hPloRyR-past or i s

O AR L DA 3 B o

AEC hﬂ)@'F@ﬁ&iUl%Q%ldzﬁ ‘pRRredi)l thdmixgarelis adjhidisd wanpMwiibirgthe range -

apl farglrl? a%ogtx {r] ?(f gl;o?ltgs %hgref%rgb% ?mglaﬁ)togtr 7| g t(s abo%?S 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.

25 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, employiné strong alkali metal base, snch as an alkali metal

30 hydroxide, preferably NaOH.

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

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

-12-



20864) formate dehydrogenase and a nodified version of
t he Thennoacti nof nyces internedius (ATCC 33205)
phenyl al ani ne dehydr ogenase gene were deposited and 15
accepted by an International Depository Authority
under the provisions of the Budapest Treaty. The
deposit was nmade on June 25, 2002 to t he Anerican Type

Culture_ Collection at 10801 Un| evard

VEnaSEEoYg %grOFﬁféat@difiﬁA@éﬁgm“ oty B DE B dipm about 500:1 to
NUMb g, S sEFA: éré bl ol rﬁa%hf 9@6 | RNgouP P300PHPAFEr solids are

access to thi ine wll be irrevocably renoved

upon digsalved, rntyc prfmally mrrfmtid‘ﬂ)HE@H ewzynieencefitidtelfrom about 400 to

ge Peabo 00 oy Bpi s Sl mLrehB R gLy e range

ve fﬁb?ri"é‘tﬁm@ﬁ f08b aBJﬂﬁ gl @?}eféﬁgl%m B86ut 3, 5 MBb& 2 Wit strong base
e enforceabl e the patent, whichever is

Iongeuch ﬁﬁéa@ﬁove referenced cell line was viable at

the tine t.he deposit, Th sit.'.l bhe repl ac
101 bl o ToE RGeS S RAREE LA Cgimepaive ottt bt fnde HonR €65kt 25 1o
depogké@r efe?a?lM&h aBbRi3916 ﬁgodtslﬂt’@ Snd BRNYA Y4BRVAA& and the pH
hydrogen se of "Escherichia coli JML10 containing a

pl as mwnth&@wﬁﬂ&ﬂéaﬁl?Em}HaMMCIﬂmdmbeS@mn@enahb N4 a4 a pH

i LD G ETES Bt St 1B RO PaRCpRl TR APl grg about 82

(ATCGVQ%%?@ g@ ﬁr?%ért R R HEANSH Qﬁﬁd}ﬁﬁfa 1 2478 @&Rﬁm\(&S) o-3-

ani mat oxy-a-oxotricyclo [3
7] dehpdmxjrtﬂajarﬂcb[srﬁ 1.80 |dechmk- [ Hfroztimadcal (fc)mmiaZ aImne)
((xS)-a-an no- dro

[3.3.1. 133521%@1@5 OR O [\.ﬁg{ﬂ E%rgiglqzdarfu,gs Ilmhée\f%§ without isolating the

depr Fbﬁﬁiulha aﬁrﬁﬁefn%&ﬁﬁﬂd& GheRBIRS Will be ik oPCERENEDrs. @hi-tert-butyl
enyl al anMe DehydroWase [H DOCaO COaH H

ﬂ)i-l i dlchhbbhhtblrﬁ@dﬂ&‘d twatNipdst NpBOOD 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 vsing a strong base such as NaOH as
20  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
for production of the fragment (0.S)-ot-amino-3-hydroxytricyclo [3.3.1.1%"|decane-1-
25  acetic acid (Formula 2) by reductive amination of the intermediate compound 3-
hydroxy—or-oxotricyclo[S.S.1.13’7]decane-1—acetic acid (Formula 1). In a preferred
embodiment of this method, 3-hydroxy-at-oxotricyclo[3.3. 1.1*"}decane-1-acetic acid
(Formula 1) is converted to (0S)-0o-amino-3-hydroxytricyclo [3.3.1. 1*1decane-1-
acetic acid (Formula 2) by reductive amination performed enzymatically using the
30  partially purified phenylalanine dehydrogenase/formate dehydrogenase enzyme

concentrate of the invention as described above. Exemplary phenylalanine

; - 13-



For mat e Dehydrogenasa Fornula | Fnmul a2 Fornul a3 CO2
f Ammonhim | ommte 5 As shown in Scheme |, this reaction
requires ammoni a and reduced nicotinanm de adeni ne

di nucl eoti de (NADH). Ni cotinam de adeni ne di nucl eoti de
(NAD) produced during the reaction is recycled to NADH
by the oxidation of formate to carbon di oxi de by

E grsgr%ghgﬁ:p g%osg.ﬁé}ﬁf 1(%){9%- F‘i% ‘%’:E( e%ht?gn Xlicﬁlldg l%ft are not limited to, those
[ 33. kol Spddesmana sgaeﬁssairlacphaﬁ 16l afiine aBMYRoginade foomt hi s

reactionis 80 10 to 100% and the expected
enantl hemwac@memm;?s gpchesgp@mse’mepnaqutgagwcw ingergigdins. It is preferred

= hy Btk St e Peberiimed Wi Of GHAFRLAS. SAFAREHse of

asi d 74ERhsRRok)ces @ﬁe%d%OATCQIB?JQES a@@mmwmamhm coli or
the nmet hod depicted in Scheme 11: 15 15 SCHEME H

OT NS Pigitsa pa{t@¥s. COPMHUNBIEHY mG@Eow eqgnbipant strayps ool and Pichia

[37 3 g%srons expresmégc%:ln}l%faug@(aeméelﬁgé%ermgﬁgt{n%l:es intermedius,
ATCC 33205, have been described by Hanson et al. (Enzyme and Microbial
Technology 2000 26;348-358). Growth of Pichia pastoris on methanol also induces

10 the production of formate dehydrogenase (Hanson et al. Enzyme and Microbial

Technology 2000 26:348-358).
E. coli cells containing a plasmid expressing tlhe Pichia pastoris (ATCC
20864) formate dehydrogenase and a modified version of the Thermoactinomyces
intermedius (ATCC 33205) phenylalanine dehydrogenase gene were deposited and
.15 accepted by an International Depository Authority under the provisions of the
Budapest Treaty. The deposit was made on June 25 ,A 2002 to the American Type
Culture Collection at 10801 University Boulevard in Manassas, Virginia 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

20  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.

25 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.

Reductive amination of 3-hydroxy-o-oxotricyclo [3.3.1. 1*"decane-1-acetic

30 acid (Formula 1) to (0S)-ot-amino-3-hydroxytricyclo [3.3.1.1*"]decane-1-acetic acid

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

-14 -



OHDo COH OHCO2Me NaOH HF CO2H O O1lat 5 As
shown in Schenme I, in this nmethod, adamantyl brom de
(Formula A) is alkylated via zinc chloride catalysis
to produce a-hydroxytricyclo[3.3.1.13, 7] decane-| -
acetic acid (Fornula B).

a- Hydroxytricycl o[ 3. 3. 1. 13' 7] decane- 1-acetic acid
(Formula B) is then esterifi [ acetyl chloride
i n met hanol to produce a- §8H%%ﬂﬁq
hydroxytricycl o[ 3. 3. 1. 13" 7] decane-| -acetic acid,

nmet hyl ester (Forrmula C). a 10 _

Hydr oxyt e# cycl o[ 3. 3. 1. 13' 7] decfane- Iff aceti c |aci d, ™

met hyl (Formula C) is then verted to
a- oxotr lo[3.3. 1 13 7]decan -Iir gtic acj d,,gethy

est er r AU aodd) Froxj datlj oo | —o couf
a- Oxotrisycl @[ 3. 3. 1uml3' Afdecane- | Nacefi c gci d, nethyl
ester (Fornfll a St droxyl at edt o-if orm i

3- hydr oX yer@e10XO0t I'i CYC 5. 1. 13" 7Fdecane- 1-acetic  Fomuss
acid, nmethyl ester (for a.la), which is then

hydrol yzed to form 3- hydfoXy 15 a-oxotricyclo[3.3.1.13

7] decane-I| -acetic acid (Fornula 1). . -16

Al ternatively, the internediate conpound i

35 hydr oxy As-sbewn in Sgheims L, this rsactiongequyires amyeania gndgefyced

Che. FORRE R aptbERnide RNt NESERRR R e flnucicoride
TVBCINED) Prdddicd dulritiy thé 2200GEBedBtled to NADH by the oxidation of formate

to carbon dioxide by formate dehydrogenase. The expected yield of (otS)-c-amino-3-

hydroxytricyclo {3.3.1. 1*")decane-1-acetic acid (Formula 2) from this reaction is 80
10  to 100% and the expected enantiomeric excess is greater than 99%. Also see
Examples 1 through 7 herein.
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 m
Schemé II:
15

- -15-



Cl OSi Me3 ZnCl2(apprcx. 0.15 evil [Ib CH2C 2, RT HNGB,
H2SO4 CO2CH3 02 CH3 4 VIII QI C VII f9c,c,le NaCH
(1.36 eq) CH3OH H2O RT base CO2H CO02H 01 HO C dC

| X HO As shown in Scheme 111,

(2, 2-dichl oro-I-nethoxy-vinyloxy)-trinethysilane Ib
10 is prepared by m nor nodification of the nethod of
Kuroda et al. (EP 08 08 824 Mﬂ ro and Kuroda
Tetrahedron Letters 200142:1 Tr eat ment of
br onrbadamant ane with | b under the influence of zinc
chloride (Reetz et at Chem Int. Ed. Engl 1979

18: 72, Reet
116: 3702-

%1 ot j NeOH/ACC)

-116: 3708- i el ds ada m@n
15 aci d_we Estar of—Fordul a
Adamant an- | - di chl or o- aqetl c acid Mt hyl ester of

Formula VIl is then hydrzégfyl ated with nitrif%oxide in
concentratedysul furic acid to 17 proyide a
guantitative yield of

di chl or o- ( 3- hydr oxy- adamant an-l-yl)-a ic acid

met hyl es of Fornula VII1I. Hydroly qf Fornul a
gous sgglykm hydroxi de ! e

VITT wt
room t eppe e yfe

| dgcocy,/omso
di chl y-a-d%?ﬁéﬁ';—c;g’ ANIEE:
Formul a | X SubseHent ea msnt of

di chl oro- (& hydroxy 5 adamantan- 1 -yl)-Rceti c acid
(Formula I X) with a weak base, preferably sodi um
bi car bonat e, oat el evated tenperature resul ©4 in the
excl usive fojmation of the intermedi ate cdnpound
3- hydr oxy-t xotricyclo [3.3.1.13" 7] dec [
acid

HNOy/H,S0,

s

CO,Me NaOH/THF

1a 1

5 As shown in Scheme 11, in this method, adamantyl bromide (Formula A) is
alkylated via zinc chloride catalysis to produce a—hydroxytticyclo[3.3.1.13’7]decane—1-
acetic acid (Formula B). a—Hydroxytricyclo[33.1.13’7]decane—1-acetic acid (Formula
B) is then esterified using acetyl chloride in methanol to produce ¢
hydroxytricyclo[3.3.1. 1*"}decane-1-acetic acid, methyl ester (Formula C). o-

10 'Hydroxytricyclo[3.3.1.13 "Mdecane-1-acetic acid, methyl ester (Formula C) is then
converted to ¢-oxotricyclo[3.3.1. 1>"]decane-1-acetic acid, methyl ester (Formula D)
by Swern oxidation. a—Oxotricyclo[3.3.1.13’7]decane—1—acetic acid, methyl ester
(Formula D) is then hydroxylated to form 3-hydroxy—a—oxotricyclo[3.3.1.13’7] decane-
1-acetic acid, methyl ester (Formula 1a), which is then hydrolyzed to form 3-hydroxy-

15  o-oxotricyclo[3.3.1.1*7]decane-1-acetic acid (Formula 1).
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(Formula 1). 10 SCHEME ILIA 1) -6 NHC to pH7A m 2)
NaHCOS (2.6 eq) 4KtOCH3 1 H O THFI H/O ONa 4) conc.

HCIl to pH 020 CI C C C 6) Extract Wth EtOAc HO HO
mm Vill m Recrystallize fromwater OH OH HO HO O
(crude) As shown in Scheme II1A the internediate
conpound 3-hydroxy-<a 15

oxotricyclo-[3.3.1.13" 7] decane-1-acetic acid (Formul a

1) may beAbesstivey, the infeanadigi comparusd Sdydgoxyag-oxgiiryclo
trea t.3ef, Fornul a.Vl |.| i AHLE, Yo TINT, o JE
hydr :glgg e1 ﬁﬁle(f' et %?1%8?8#8 r(g(%mﬁlgéj ﬁgﬁaﬁg‘ybﬁase ‘gﬁi?]&gs with the
pot agwihod dapidtedih $ehane MLt hi um hydroxide) in an inert

at nosphere such as argon, yields the corresponding
sodiumsalt. Wthout recovering the sodiumsalt, the

rgaction m xt ure contai ni ng SW fnsalt is 20
tfeated with an acid such as hydrochloric acid to

| ower pHto less than about 0.50 preferably about
0.20, to formthe correspondi ng keto acid I, which
may be recryst%#&#@ld frogn wat er o, f or m cpy:

the keto acid |. THre fragnment

(1S, 38EX)CH: azabeycro[ 3. 1.
(Formula J) used in the RE, duct i
(1S, 3S,59)-2-[(2S)-2-am no-2-(3 -
hydr oxytricycl o[ 3. 3. 1. 13. 7] dec®-yl ) - 1- oxoet hyK
bi cycl o[ 3. 1. 0] hexane-3- carbonitrile can be prod
in accordance_with the nmethod depicted in Sche \Y4
shown bel o

ZnCly(approx. 0,15 eq)
CH,Cl,, RT
-2-aza

HNO3, H2504 002CH3

CO,CH; =

Cl
HO Cl cl Vit ! ¢l vil

NaOH (1.36 eq)
CH30HM,0, RT

base CO.H
COH

HO cl ¢ X HO o

As shown in Scheme I, (2,2-dichioro-1-methoxy-vinyloxy)-trimethysilane 1b
10 is prepared by minor modification of the method of Kuroda et al. (EP 08 08 824A3; f
Imashiro and Kuroda Tetrahedron Letters 2001 42:1313-1315). Treatment of
bromoadamantane with 1b under the influence of zinc chioride (Reetz et al. Chem.
Int. E4. 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
15  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
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5 SCHEMEIV O (Boc)20 (1.07 OzzZZ 1. EtOH SOCI 2 eq.)
VMAP (1 no NH 2. Et3NIPhMe NH toluene, rt, 3 h COOH
COCEt EF o Al. LIEt3BH(1.1 eq.) 1. LION N tol uene,
-450C N 2. MsCI1DIPEA 3. NH3 O COCEt 2. DI PEA, DNVAP
(cat) COCEt 11 TFAAO O G G CH212/Et2zn MSA or
CH2Cl2 NCI (g) N2 EtOAc/rHF KCI A CONH2 O CONH2 or

NHor OO MSA CONH2Z G' H. As sho in
L- pyp@gidﬁtaaaﬂaeutatévedwehﬂd%fﬁeﬂhéora(3| ngr 2

cheme 1V, o
e apilpylaretis acid

10 p 4 di
(For T4 5 R AvIE bR VET 1B gy sodtom
est ehydrexidé énmBGahqi rabteeet mmmmtmhguaicﬂst dicly ere-{3ehysrordtadamantan-1 -

1 CLysertioe bR 5. sl fondl 8y pfichforo o hydrony

5

10

15

20

adamantan-1 —yl)-acetlc acid (Formula IX) with a weak base, preferably sodium
bicarbonate, at elevated temperature results in the exclusive formation of the

37
1

intermediate compound 3-hydroxy-a-oxotricyclo [3.3.1.17Jdecane-1-acetic acid

(Formula 1).

SCHEME IITA

1) -6 N HClto pH 7.4

o 0 2) NaHCOQ; (2.6 eq)
‘-:'I%F'I\I!-?%H 3) Heat to ~80°C, distill off THF
2 4} conc. HCI to pH 0.20
OCH, ORa 5) Extract with EtOAc
ci c c c -

HO HO
vin
(o] ¢]
Recrystallize from water
OH - CH
HO o HO 0

{crude)

As shown in Scheme IIIA, 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 potassil.;m hydroxide or lithivm
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 II, which may be
recrystallized from water to form crystals of the keto acid 1.

The fragment (18,38,55)-2-azabicyclo[3.1.0Thexane-3-carboxamide (Formula
1) used in the production of (18,35,55)-2-((25)-2-amino-2-(3-
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G . SuperHydride reduction and elimnation is then
performed to form 4, 5-di hydr o-
1H pyrrol e-1, 5-di carboxylic acid,
1- (1, 1-di net hyl ethyl ), 5-ethyl ester (Formula G). 15
The BOC-DHPEE 111 is then hydrol yzed by saponification
with ['ithiumhydroxide to formBOC-DHP. An anmide is

e u

then forned. o - Vi ixed gn ri [

ooy WGRBreHaoRor | durdts i IS BHL it ol Ohexane.3-
(5S) varbfieeah B Pidudeddin AbibrdiRe withdhe method depicted in Scheme IV
1H pyrrol e-1-carboxylic acid, 1-(1,1-dinethylethyl)

est esh¢wbeloiva G'). (59)-5-

am nocar bonyl - 4, 5-di hydro-1 H pyrrol e-1-carboxylic

acid, 1-(1,1-dinmethylethyl) ester (Formula G') is

then cycl opropanated via the SGHRPIESIYM th reaction to
produce ‘

[1S-(1a, 3(3, 5a] - 3- am nocar bonyl ) - 2- azabi cycl o[ 3. 1. 0] he

xane- 2-carboxylic acid, 1,1 5 dinethylethyl egl8lou.or

(For mul a® i s thewoHsecp\ I Ng i Negq)

formati on of\ an facid 3alT . Such a§ thd hydrocbimiiaes
salt or the nesut P8 aci d
(1 S,3S,5S5)-2-azMjcycl o[ 3. 1. 0lhexane- ¥ far boxani de

(Formula J). séen'in Schene IV, tme transformation

of (5S)-5-am nécar bonyl -4, 5-

di hydro-1 Hp ole: | - carboxylic acid, “

1- (1, 1-di net hyl et hyl ) est bift:ERbraqdl a G') t\o 1. LioH

[1S- (I a, 3f 3, 5gf-3<ani nocakienyd®y- 2- azabi cys+ef3. 1. 0] hg =APIPEA
xane- 2- ylic ¥¢id WJ}I esteM, e
(Formula H\is ef f et9%Y By cy el OpFpanation in 4

Simons-3%m gh Reaction. In this reaadti ,

ifiocar bonyl - 4, 5-di hydr o- 1H role-I-

acidg 1-(1,1-dinmethylethyl) estaqy is

di ssol vediin nmethylene chloride in a MWirst reactor.
In a second reactor, nethylene oride is cooled to

-30C and 15 di hoxy ethane an 0% s&_l‘ utri on of
di et hyl zinc{in tjol ugtglg*gﬁne addef fol) owglgpy
addi ti on of dji 2 Thi s\m X _ur_eEtD@fl‘thn added

to thegflr or follogyed Na tion of
sat ur at ed{bi car borReN¥: sol utio. The r hiing FCleNd
reactiop, Ynixture is stirre ] ntil a precipitahe CONH,

_formed. € precipitate is A filtered, washed and
resu ded in gmet hyl en orideHtwo or nore tines.y
Filtratep are then separatediinto aqueous and 20
organi ¢ phases and the organic phase is washed with
hal f saturated brine. Solvent is renoved and

S)r(ggﬁ(r:]tg egég Fll‘g'?rf) itnas[g;ﬁe&lg I\?,bfr%iyrr']{)gﬁlta?&u%ra@a Em%lg %? 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 (55)-
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 II 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 (55)-5-aminocarbonyl-4,5-dihydro-
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(1a, 3(3, 5a] - 3-am nocar bonyl ) - 2- azabi cycl o[ 3. 1. 0] hexane

-2-carboxylic acid, 1,1- dinethylethyl ester (Fornula

H) in heptane. Alternatively,

(5S) - 5- am nocar bonyl -4,5-di hydro-1 H pyrrol e-1-car boxyl

ic 25 acid, 1-(1,1-dinethylethyl)ester (Fornula G')

rmy be prepared as shovvn |n Scheme | VA. -20 SCHEI\/EI VA
0IN' T N

ELOAclfﬁ‘RVIFNCS},I"‘EﬁPWPF RFld I- M !ﬁeee@lﬁrhyl)ﬂ@r @@H@o‘}”} 55)-5-

d 93 Mc?%ym&?ﬁ@ﬁd}@%[l%ﬁ&aﬁ&%%%@oﬁ(quMErlethyle&lyl) ester

bd 4$F&|HMQGI) BShéim dyamprepahhtat viaytherSinhohd-Smith reaction to produce

4{ 4, Et | | mer hos 3StrlalLrr2-yl CAS. 3140- 735_( CDWMI)
CAS 168t 3R 5@&1%&@@@@3}@%1)&% ifygiathi Qihegane-agrboxylic acid, 1,1-

28 R A hr b, Mo M b Ry tprmaion o

NHIC LMdQ@att sth asGhdbdr6dhioddde dvithe metBhiestlforGtiviid salt of the

OYQCOOH >0 XI N >1 0 \~{/
fragment (18,38,55)-2-azabicyclo[3.1.0]hexane-3-carboxamide (Formula J).

As seen in Scheme IV, the transformation of (5S)-5-aminocarbonyl-4,5-

dihydro-1H-pyrrole-1-carboxylic acid, 1-(1,1-dimethylethyl) ester (Formula G”) to

10 [1S-(10,38,50]-3-aminocarbonyl)-2-azabicyclo[3.1.0]hexane-2-carboxylic acid, 1,1-
dimethylethyl ester (Formula H) is effected by cyclopropanation in a Simmons-Smith
Reaction. In this reaction, (5S)-5-aminocarbonyl-4,5-dihydro-1H-pyrrole-1-
carboxylic acid, 1-(1,1-dimethylethyl) ester is dissolved in methylene chloride in a
first reactor. In a second reactor, methylene chloride is cooled to -30°C and

15  dimethoxy ethane and a 30% solution of diethyl zinc in toluene are added followed by
addition of diiodo methane. This fhixture 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

20  organic phases and the organic phase is washed with half saturated brine. Solvent is
removed and exchanged by heptane to obtain a shurry of crude product of {1S-
(1¢1,3B,5¢)-3-aminocarbonyl)-2-azabicyclo{3.1.0Jhexane-2-carboxylic acid, 1,1-
dimethylethyl ester (Formula H) in heptane.

Alternatively, (55)-5-aminocarbonyl-4,5-dihydro-1H-pyrrole-1-carboxylic

25 acid, 1-(1,1-dimethylethyl)ester (Formula G”) may be prepared as shown in Scheme

IVA. ’
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( X For I" add Acl Naletl OMI<ster Mdl. W _ 21225 SM
CnH'N2D4 CLOHI5NO4 Xl | Sd92419 M1. M 39455

M&w 21328 - SMb6567502 DCHA 5 As shown in Schene | VA,
the DCHA salt of 4,5-dihydro-|H pyrrole-1,5-

di carboxylic acid, 1 -(1, 1 -dinethylethyl)ester X is
treated with al kali netal base such as sodium
hydroxi de to formthe corre ' It, such as the
sodium salt. The sodi um sal @?@é‘ﬂbﬁ@ﬁg

4, 5-di hydro-|I H pyrrole-I,5-di carboxylic acid, 1-(1,1-

di nethylethyl yester Xl nmy also be prepargd fromygthe ..
corresponﬁf%’g“)‘\(et"hyl est%H by 15(;)mtreg't Tﬁ}nﬁ’ot%hes,gt hyl T T
ester (prefer@bly a sollyli on okedhe et b eSTer in [ sma
toluene) with ethanol and sodi um hydroXi de. A (]
solution of the sodium®™&lt Xl is treaf®ed with buffér
such as amgidkilidm chl efil&sand sodi usdéizaydr ogen ™™
phosphat ecdsausdauese pHr@fmoirire SO| UtbdiiRndilsomh gy

pref er ably"aBoUt” 6 to 6.5, and t h&sBEETE e “sol uti on

of sod! umsalt is treated with 4 15

(4,6 oxy- 1, 3, 5-4ri azi#f*®- yI ) - 4-xet hyladr phol i piyu "™
m chl (:M‘:W_ % fom___f‘Lpeﬂlthcl a-‘%t«'l‘ af];ggzlv = %e@cmm NYN
X1 whip s trea%?s oy anfroni aﬁm her{ base Sth : D::
as a esul f a ori de or amponi um T

, ammni.@’FD chi
hydroxilde, to form pSQ)-5- ™

am nocanpenyl - 4, 5- dedwydr o- 1 H- pyrr ol e- l=car boxyl i c™&E™d

1- (1, E¥iHeEt hyl et hYTJester @ 20 |

4- (4, bewd) et hoxy-1, 3, 5-tri azi n-2-yl) - 4- et hyl - nor phol i
nium chloride (DTM MV) may be prepared as shown in

Schene VI A by reacting 2-Cl-4, 6-di net hoxy- -21

15 3, 5- t ri AZ kldvd BEMhEma 1V ANhe® T Ansalt pii d|5-dibydrb-1H-pyrrole-1,5-

reduced tenperatures rangin fro bout baut
et aro, Wi 1-Gimothy byl obar X 3s Seated with afkalt Hhetal base such

as sodium hydroxide to form the corresponding salt, such as the sodium salt.

CyqH1sM204
Activated DMT-ester Mol. Wiz 212.25

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
10 treating the ethyl ester (preferably a solution of the ethyl ester in toluene) with ethanol
and sodium hydrexide.
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-
15 (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 (58)-5-
aminocarbonyl-4,5-dihydro-1H-pyrrole-1-carboxylic acid 1-(1,1-dimethylethyl)ester
G”.
20 4-(4,6-Dimethoxy-1,3,5-triazin-2-y1)-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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The DCHA salt of

4,5-di hydro-1 H pyrrol e-1, 5-di carboxylic acid, 1-(1,1-
di met hyl et hyl )ester X may be prepared fromthe
corresponding sodiumsalt XI by 5 treating an aqueous
solution of previously prepared DCHA salt X with
methyl t-butyl ether (MIBE) adjusting pH of t he

nggtil 3o H@&ggﬁ% %@P %ﬂ@%@,ﬁ%}@%gggt r% (feldea E%Qtﬁres ranging

br i N@ohPatodf 5% Mout $6'C RIBAADMI-NRMi um sal t X1 . The

resulting reaction mxture is cooled and treated wth
DCHA t o f dhel(H@A cait pﬁé,ﬁfmhydm@rlﬁemrcé@rlltsd(carhmd@zlcxd 1-(1,1-

ot hﬂgﬁgﬁestegg’( by bo preparea ”e@%wo fine St salt X1 by

45 409 Mal¥HaY dquddiy, soﬁll%h”a? 10%51‘31 rifare PACH?Bs it X with methyl t-butyl
synf Ant | Amatr(}lgl ysis 40% pwzaih + N COCEt N

COCEether (MITBNMHBustingIptl adthe ma)s(tuxmmmq to 258 empiaying an acid such as

s-B EE, C13 H21 C, 3H2
Og%ggg Enie OrgpRIE Yy Jaqe@%\‘%d {,\r/ba&d T‘\Olith ‘brifi@ o form'tRs -
corresponding sodium salt XI. The resulting reaction mixture is cooled and treated

with DCHA to form the corresponding DCHA salt X.
10
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0 COCEt 2. HCl, 76ME O COOH | X 81-82% XVI XVI I

s- BOC- MPEE s-BOC- MP  C13H21NO4 C11H17N0O4 NMot. W.:
255,31 Mot. W.: 227,26 1. i-BuOCOCI N NMMN O O COH
2. NH3 CONH2 7 XVIIl 1 H s-BOC-MP s-BOC-MPA 011
HL7NO4 Cl11 H18N203 Mot. W.: 227,26 Mdt. W.: 226,27 5
Conpound H Schene | VA nay al so be prepared as shown in
Scherme 1 VB by cycl opropanati gn of oC

4, 5- dehydr oproline et hyl esSGHEMELVE | | ous. N BOC
4,5-dehydroproline ethyl ester G' is treated with
diethyl zinc and chloro iodonethane in the presence
of dry organic vent sUEkndid migplepsrie, net hyl ene

chl oride or odj or oet hahi&“ d tenperature
rangi ng from aboutoeeB0 t et 2F0 OC to form N-BOC
4, 5- et han%{ol i ne et hyl 3'@%81;“5(\4% -23 The resulting
BOC 4, 5- met Hanop@ol i ne” et AAMEE " XV (mi xture of syn-
and anti-isoseHsN:8:1)) is separated by treating with
aqueous mnet hy Mo¥ dE2inder an inert atnosphere such
as a nitrggen atnosphere and syn

(S) - BOC- met hane:@fmi HePVEt hyl estBA XVl (separate
from > I} Js recogrgd .25 The 0x N Og N
s- BOC- 4ﬁ/5- RLpanoprotime—ethyt est e?f/ > obil et"_han I Bg/r CONHMe
ot her gani ¢ sol vent such as topu€ne or THE is
treat’ed w tdv base such as aqueous '1ithixym hydroxi de, Xvii
sodi um hagdhed de or potassi um hydr oxdgbewge f orm t he
COr r eSpongtNg, S- CiaHziNOy
Mol. Wit.: 255,31 Mol. WiL: 258,31
1. LiOH, EtOH
o N?E water o Ni\‘
Y COOEt 2. HCI, TBME Q( COOH
>|-’° B1-82% o
Xvi : Xvi
$-BOC-MPEE s-BOC-MP
CigHayNO, CqqHy7NOy
Mol. Wt 25531 Mol. WL: 227,26
1. i-BuOCOCI
NE E NMM Nl 2
—_—— 0
O§( COOH 2. NHg é( CONH;
O O
ﬁ/ Xvii Qr H
s-BOC-MP s-BOC-MPA
CpqH7NOy C11H1gN203
Mol. Wt.: 227,26 Mol. Wt.: 22627 \
5 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

10 0°C to form N-BOC 4,5-methanoproline ethyl ester XV.
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BOC- net hanoproline free acid XVIII. The free acid XVH
is converted to the correspondi ng s-BOC net hanopr ol i ne
10 amide H by treating free acid XVf dissolved in an
organi ¢ solvent such as THE or nethyl ene chloride;

I sobutyl chloroformate or nmesyl chloride, in the
presence of N nethyl norpholine, under reduced

t t h t_t d t -8 d
Lhen 1 reatit gt g fseR T R sty GRfpre of syn- and
f or Myt e oficBQe: 1")?&@@?&9&9 by R atiB WHE adhicod®mBEHIN Bine under an inert

aspect of the present invention relates to a nethod )
for etowgsbhergsudhens afniaggeartmosphere and syn (S)-BOC-4,5-methaneproline ethyl

S) - a- agj,hp- 3-h i cycl
fg.é?%?%gbgﬁﬁggg%g%%ﬁggé?ﬁ¥&§%wﬁmfkornula 3) and
(4S, 3S, 5Srhes-BRLUCYmedhdoptoid WA RSEeBXVA b Othantl @& other organic

(Formula J) to produce

S, 3Ssdwynt sugh Egplugneen 1’.&51g s tretad it Repespely ey asugos lithing

' 7] decs -yl ).- - oxpef hyli]-2- . . . i
a7 e i sodtf) RERKAE aPostpiim pydpaite fufomm g comesponding
(1: 1BOCCautahbigtolhe fréesid Kvagnents 20 is depicted in

Schene V below. -24 SCHEME V off OH O retlucgve .
Boo20oM of Fhefree acid RVHILs conyertpd tonbe pamrespaudisg s%@@ﬂmethanopmhne

%]Zydnﬁid%—}-l—{)y l}lggtin% Mélaac}dlkb&]] Bisfb1fed ftHn o%nic solvent such as THF or

methylene chloride; isobutyl chloroformate or mesyl chloride, in the presence of N-
methyl morpholine, under reduced temperatures such as not to exceed about -8°C, and
then treating the reaction mixture with ammonia to form the s-BOC-methanoproline
amide H.

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

13’7]decane-1—acetic acid (Formula

fragments (atS)-c-amino-3-hydroxytricyclo [3.3.1.
3) and (18,38,58)-2-azabicyclo[3.1.0]hexane-3-carboxamide (Formula J) to produce
(18,38,55)-2-[(2S)-2-amino-2-(3-hydroxytricyclo{3.3.1.1>")dec-1-y1)-1-oxoethyl]-2-
azabicyclo[3.1.0]hexane-3-carbonitrile, benzoate (1:1). Coupling of these fragments

20  is depicted in Scheme V below.



Coupling reaction 0 1)MsCMunlgRHF OH1 / O 21 "NV
Al NHHC / O~ "HN or MO B o HCeT CONH2 o NU,
K Dehydration OH OH and Hydrolysis TPAAIPyrltll ne
WOH El OAc  K2COa Conc. HCl K 1) NoOH to pHs 0 2) re
sPhases 9) IPM IPAMO p OH N PhMOH HZN N O O CN
CML M5 The conpound of Fornmula 2 is used w thout
isolation froma bi oconversicitf% ' g, an i sol at ed
(partially purified) PDHIFDH concentrate as set
out in the Exanple 3.

OH

Boc,OMaCH
reductive PRt o OH

amination COH kPrOAcHeptans
PDHFOH
enzyme N 0,
o \"/
2 3

OH

Coupling reaction

1} MsCUHunlg/THF

N o "
MSA CONH,
J Q
a HOBT

1]

o CNH
K
Dehydration oH OH
and Hydrolysis
TFAAPyridine
NaQH ElOAc
KL, Conc, HCI
K o 1} NaOH to pHE
2} Separata phasas
)<a)"\ 3} IPAH,0Ma0Bz
] N PhCOOHs H N N
Q
CN CN
L "
5 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 (oS)-o-amino-3-hydroxytricyclo
[3.3.1.1%7decane-1-acetic acid (Formula 2) is first BOC protected to produce (oS)-
10 of[(1,1-dimethylethoxy)carbonyl]amino]-3-hydroxytricyclo [3.3. 1.13’7] 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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As shown in Schenme V, the fragnent
((xS)-a-am no- 3-hydroxytricyclo [33.1.13

7] decane-| -acetic acid (Fornula 2) is first BOC
protected to produce ((xS)- 10

a[[ (1, 1-di net hyl et hoxy) car bonyl ] am no] - 3- hydr oxytricyc
lo [3.3.1.13" 7] decane-|1 acetic acid (Fornmula 3) by

treating 2 with -BOC20 in the presenpce, of .
sod: OMPRyAYD PR A T wpat e ST FauB: GORe)SHpRRN oo
ext rgg,;ﬂ]]%g ghpien crystallized with isopropyl
acetate/heptanes to isolate the free acid 3 (see

Exanpl e 3A ssiution3f ForrmilaB ceppatid sl an FPPEPTIE; qgeapi¢ solvent such as

separated, via e acet E j _

co R Ra ) (RSR D LbFhEh HLTAL KR FB8bon 100
aPPr ORdk B 19 HEARL FithAhtRiHes HEsH] aforideeMaky Ol pind lmig base
(THF) (cool’'ed to a tenperature within the range from = .
abouftdiisafropylethylamine ordPEA9 te faat e coyresgonding methanesulfonic acid
nmet hanes onyl chloride (Mesyl C), and Huni g base

(dii%"‘é‘p opyl ethyl am ne or DIPEA) to formthe

cor r espongdi ReoIRE BaRAYS iRAGe PR BupBabs)-af[(IV- A
coupling reaction is then used to coug}ligﬁ(la@,-a[[(l
Pr.

’ 1- . .
di metimydtiestlétbooss)cralpdmyHginfrenti 3nkafdr@csiiesic Iy Ideng - lzacgtic acid,
]rﬂ::}ts h 4 ﬁ)é‘lglgfaf%g %%ﬁ%gﬁéﬁg&aagﬁc? %alt t%(alé,gg ngyl-b—aazggicyclo[&1.0]hexane—3—
(1S, 33pocahids A%aRhaYS lilhd p%es@ﬂl&axam?dso;@aémmmﬂom) or other
r

(Formula J) 1n the presenCe of 1-hydroxybenzotriazol e

( HOBR)ovart capling agduh tvwrodenesi-{amjnegsehrnyD o Prasthice

3- ' b L)- -a- (.3- .

s BXOREGRIp 3150 1 58 o B B85S Bitpabipreigfd. Lhexane-2-

- 2- ' h ; : .
aéﬁ%ﬁee%ﬁ%%cﬁ@cﬁd Qh-&iﬁfé’ﬂgﬂgthyleés@ (EEAURAK). Fafilnth K compound is

1, 1=di ester (Fornula K). Formula K o
D N subjettddsto Hohwinktjomdiyetcbatiog dempornst K avithinpeganiebase sych as pyridine

compound K with organi c base such. as ridi.ne.. ;

(11 coniediaRne e FEPProaEH LY ety Ef HICcLing thegaction to
subj pedl i BY & hihuy T05C B £e0lgl sdgidn@ hydroxide or
fr omﬁgcl[t{gﬁ?ls%pt%g&g%ghtf&%%}%gﬁd addi ng sodi um hygdr o;<i dey

or  efhbedtronihasgubia ae KO br LiOKEHoon Qanfidund L Grepano-(aS)-0-(3-

Co d L. 3- -.(asS) - a-( 3- ‘
Py ByorsTEgHalh 3 191 L 68 L7ylirheoxe-() By Jatpabipaslg hQpexanc2-

19 SR BRI RO DAL i drocc
depr ping@Gi-e@d with sodium benzoate) to form the dipeptidyl peptidase IV inhibitor
( 1S,38,5S)—2—[(ZS)—2-amino-2—(3-hydroxytricyclo[3.3.1.13‘7]dec-1~y1)—1-oxoethy}]—2~
azabicyclof3.1.0Thexane-3-carbonitrile, benzoate (1:1) (Formula M).
Referring back to Scheme V, compound L may be deprotected by treatment

25  with strong acid such as hydrochloric acid as described with respect to Scheme VIA.
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(and treated wth sodi um benzoate) to formthe

di peptidyl peptidase. IV inhibitor (1 S, 3S,5
S)-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, benzoate-(1:1)
(Formula W Referring back to Schene V, conpound L nay
be deprotected by treatnent i trong acid such
as hydrochloric acid as desﬁ‘?@gﬁﬁ?ﬁ respect to
Scheme VIA. -26 SCHEME VIA OH OH OH HO HCI WON

\ ool p~~u NHO_, NHS NH NN IIl g,0 O ON ON ON L on
OH 3 1Ho M _ + 2avHvo HOHNO\l M 5 Referring
to Schenme VI A, f ree base nonohydf ate M' may be
formed from rotected |nt

| te Lk
follo rternedi a reét"“a"'vmt
conc;@qt idre |c acid i th prasence of
met hyT ene” chipor iNgde*and’ met handf*™ghi I iAatai ni ng "
tur vvlthlntheragef om about 20

reaction tenpers /
and 25C, to form hydfrochl oride salt \,

Hydr ochl ori de salt L' is treated with hydrochl oric
acid and then sodi um hydroxi de or

OH

W —ﬂ:&-- + FEL Y]
.00 H N
© cN
i
5 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 hydrochioric 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,
" 10 Hydrochloride salt L' is treated rwith hydrochloric acid and then sodium hydroxide or
other strong base to form the free base M’. Free base M’ is then treated with waler 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
15  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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ot her strong base to formthe free base M. Free base
M is then treated with water to formthe free base
nonohydrate M. Dipeptidyl peptidase IV inhibition
produced using the conpounds and nethods of the
present invention are useful in the treatnent of

di abetes and 15 conplications thereof, hyperglycem a,

Syndrome X, hyperinsulinenia and
LY

at heroscl erosis and rel at ed %s wel | as

i mmunonodul at qighstiuzBien 98 pRsid pBMSLOD0LFFIDHARDHod
bowel di sease. The foll ow ng Exanples represent
pr ef er r edAdmvodémesmsugiiontal éhe expeassion yector pBMSARHFEFH-

Cons tion of plasim VB2 1 R : :
Co- EPHiR el bl Thet Haogo) FLL pils Nl Hitetbhed into expression
PBVEZQO&-JRNBEb0 0085s Rbayan U.IHeatdht Nea 1068981, issued May
FDH gene was subcloned into _expression 5 vector, . , ,
pPBNVEQRE0) pBREY 00G ot 8l sing digeaugleptigepriness eqpiainggg the 57 and 3

6, 068, 991. issued. . L . Al

csi i BoRr o et g whE i Rompliol iR enonglease

end gbadade sites: pastori s FDH gene al ong with conpatible
restriction endonucl ease cleavage sites: 10 5
TCGTCATGAAAATCGITCTCGITTTG 3' (5" end; sense; SEQ I D

DR PR LSRG PR T T Aoy

PCR anpl i 8% i on of the P. pastoris FDH gene was

car r sedA ey GTITTTIEC AGOGTAPI CUUAGECE AT’ enditaatineng;SEQ ID NO:2)
X TagPl us reaction buffer (Stgaimgene, Laldolla, CA),

0.2 mM each deoxynucl eoti de triphosphate (dATP, dCTP,

dGrP, and dTTP), 0.4 nM each oligonucleotide, 2.5 U

LR BN AR ARG L RSB PR i ot i o

o A S gy OV 2 S g Lol

of CA), 0.2 mM each deoxynucleotide triphosphate (dATP, dCTP, dGTP, and dTTP),
0.4 nM each oligonucleotide, 2.5 U TaqPlus DNA polymerase (Stratagene), and 10 pg
plasmid DNA containing the cloned P. pastoris FDH gene. The amplification

20  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 equ'aJ volume of 1:1

phenol:chloroform (GibcoBRL, Gaithersburg, MD), and centrifuged at 13,000 x g for

25 5 minutes. The upper agueous 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 mi ice-
cold 70% ethanol. Liquid was aspirated again, and the pellet was allowed to air dry

30  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 vector (2 pg) was
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i ncubation at 94C for 1 mnute; 50C for 1 m nute; and
72C for 1.5 mnutes, using a Perkin-El nmer Mdel 480
t hernocycl er with autoextension. The PCR reaction

m xture was extracted with an equal volune of 1:1
phenol : chl orof orm (G bcoBRL, Gaithersburg, MD), and
centrifuged at 13,000 x g for 25 5 mnutes. The upper

has d i
%q g f@égﬁgq, T%fth éi’waﬁhgg{@ﬁ%&[ \?ﬁgﬁ tﬁ gﬁ%ﬁ a n‘!% d’peg'é’:v eleataol%horescd on a
of 0y @)%V'PAE'EE§IO§6 M58 Birs ACRI0AL eTt Bhnds M&i‘ds ng to the FDH

i ce-col d ‘ethanol . “After centrifugation at 13
for generfi Hi-bmse phir ugtienid endlipiarisedvectordy Q(hbprlna@ fragmﬂnt) which

o1 e o SRR e Ml B L o e

WaS Khl(QY@@nt@hfﬁév&orﬂf )CASNEhE Qéno%ﬁtrﬁﬁdh@bﬁﬂ:e&kolaﬁd magments were .
tenperature. Anplif di gested with 20 uni

ealc hestifnaBzit clemmpsamms agajnst 3he lnwun@leﬂilaxsvmghwnasstladgr (Invitrogen

vol u of .5 ar al.l. el

i19) Ems bk i%gAQ AR i S W“% R Mg Ao EaliBln & fotal volume
| gesit RALISATPHE for WHoRrsS I B A R HRé S5 R Aty &lditlor086 IBAE dH,0 and

agar osfetqéel for 5 houfs at 100 v. &ghe dfa)tfelynds,]l o

cor r 2S(painidbutgnalpartdryellFRH at §HAQ0 £ ¢ 10 mMierpeerprfuge for 5 minutes.

H ggm&nt w%}%g{&reiﬁ# ésngrg (\é}e %iug FIV(]%&%O bgtﬁ}epgﬁqlarsi?eed\ch {Savant
a”d Rdfrhehi Cﬁ&* Féﬂnﬂ%d&l@eNg) RS Gilhufes inB%t16RHehO TR 15611& was

Q agen, at swor th, . The concentrations of the
|soI&tsmibeﬁdedgm§nﬂ$ng9re . estimated by

adder (1 R rePopeREadN  was P HomHe DY AP g PRy 04 ml E. coli
A ﬁlé?l b Hli%:gt S 'iﬁ‘n'ir ﬁ)aaft 2 Dﬁﬁ Rdi280 2.t SO MM RS

of 1 urs was precipitated by
Bldi inveediablyldded (ﬂ-ﬂﬁnarﬂDC 2805% y&asbaxtaaq:aIZ% g'ﬁp]tone 10 mM NaCl,

[ d
RO LR o
F ar ihg él%ln.llbgtg&w ?hz@@ze o YaGud 288780 knd b@§hﬁﬁ' r@ﬂbﬁes contain plasmid

m nut es under | ow heat.

pel | BNAVREre seRG18 pAMMEsEar plafes lconthi2ig Nheg/md kwsq;nmmtesiﬂfate (Sigma
DNA was transformnmed by el ectroporation into

.04. M E.
col i Chawicals, Stohptis.dYiP) ¢ Blasmids vith the depired 1 %&eﬂiﬁerﬁléggﬂged by
291?0 c%lon%%quﬁg E&Hﬁlﬁﬂ??ubes 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 Tagq DNA polymerase (Promega
Corp., Madison, WI). The reaction mixture was divided into 10 Wl aliquotsr, and

25  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;

30 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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15 imedi ately added (0.96 nil; SOC = 0.5% yeast
extract, 2% tryptone, 10 MM NaCl, 2.5 mMKCl, 10 nM
M 2, 10 MM MgSO4, and 20 mM gl ucose per liter), and
the cells incubated in a shaker for 1 hour at 37C and
225 rpm Colonies contain plasmd DNA were selected
on LB agar plates containing 50 g/m kanarryci n suI fate

Pl d
oo MRapq TETpFBLEs St LSt SopbEE Hi e RidaPhiyed on a 1.0%
capi Th® agatasb g8l 52 Reurk faﬁ‘l{@‘p' S’@éﬁ ls i ﬁfeb dader 17 tested showed a

Technol ogy, Salt Lake G H/ . Each reaction _
m xt strazdgnd ai WR bsee pairsT @-%@PY(CQHEBHKE thivplpsmnigfared to herein

i PRS2 P BRRE RUTL Ao Bl e s SHATPRE glf3ihid Bofstrucion.
3EQID NO‘PZ)Hnﬁﬁﬂréfel’é tdJa TRV REhy Ao oM zﬁﬁﬁgadms
Corp., Madis The reaction m xture was divi de

! nt obhenyll @lneqi%f@mgw thet gifigmdlrm theublished DAL (sagmce (Takada
2 ¢ oy BALATAIG0 ] 491 06 P81 AKARINE L B3l &Ml acia

col ony was

i nocaildatni adﬂltfd)ﬁ&mz?amﬁnw:mide dt thatarbb terhemd thayis requlred for
m xture, and transferred to LB- kananym n agar,
r eactampletaiceRYgrEon af (Sghxsroxyadamanian- Iy eX%ra%lq ﬁlcld t (S)-amino-(3-

R o e T e e S
at gp(RDH%U IBQd&enbﬂﬁm deBl yniplpafehcB0 2E00OES7NH esfsﬁﬂi malﬂonovan et

usi n cles [ nc bati o at 94C for 0 secon
40C %o arb‘ et @8@6) qeentlydragsiganed }%Papasrom

Rapi i 65 (dE@Sé’ﬁH%X%ﬁ%T@@?M@?hO Technol ogi es,

Salt Lake C es were el ectrophoresed on a
.0% TAE agarose gel for 2 hours at 100 v. Seven

arrpl es out f 17t d sho rong .band ,at 1100
Bace pai o enRREREedIH o S OHGIORGE B S
(referred tqﬁ\,lg@r ei nAcRs RRVR20005EEFDH)  X@8; chospﬂAfor
the next step in the plasmd construction. 5 "PDHrod"

refers to admdifielerTherAaact i Hogycet esAignt ennedibps
phenyl al ani ne dehydr ogenase that di ffers fromthe
publ i shed DNA sequence (Takada et al. . Biochem

109, pp. 383¢4d 8fPDEEAdehe BYd &r?éﬁ%&ﬂlﬁlg‘)innhh Qci |d§§é’hah Or new

am no acids and an additional amno acids at t
car By aqidyimbeld: that is required for conplete

COMRAS' 0AGE (By ! 8R% 2GBY Hid Y or@ Olé! 'Ece  coe

acl
Asn Ser Ala Glu Gly Tyr Len Glu Pro Arg

CGG CCG CGA ATT AAT TCG CCT TAG

Arg  Pro Arg e 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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10 hydr oxy-adamant an-1-yl)-acetic acid. This change

was i ntroduced into plasmd pPDHOK/ 10 (described in

detail by in patent WO 200004179, issued to Donovan et

al ., January 27, 2000), which was subsequently

transfornmed into P. pastoris SMD1168 (deposited as

strain ATCC 74408). 15 3' end of native PDH gene and

corr espo&%li ng am no acids: AAC AGC GCA AGG AGG TAA

Asn Ser 4 Arg Arg Stop 3' end of PDHnod gene and
correspondi ng am no acids (changed or new anino acids

in bold): AAC AGC GCG GAG GGG TAC CTC GAG CCG CGG

Ser Ala dRerctpyconghitions forampliicatiop gnd pytificeton eﬁ&e,&‘ﬁﬁmd by PCR
AAT r r

a1 gens e et htbr B, ot PpREEpFeRocph fftongiomal DN
Gf tprepdrdrosl AJBOE 74400 wgs included mﬁip&ilé foritsieattidn. (Fhe resulting
endonucl ease c| eavage sites were pre

d:
GAT R TAYETBEEACTY B 79 Gin e e st arﬁi&nagf@hgeours@@s"c

i yrd e TP LR it

CONIBNSPE00NvREtoR athi dni /el bwatanaxwﬂoﬁlc@aén @mg)fwésfmgested with
PDHmod by PCR were identical to that used for the P.

pas thfel Qntt-&ﬂwg@m idstingl caaitiomds dheligesind sBnpleepeiesgparately
A 7440
1or Or%lec?rg% Swafg%”lcfl.ﬁggams%s e@ ?or}@ gﬁ it%oy '\f\ﬁtierll:a%s

reac |on e re geste

uni tc&rxe?bhdiﬁfg td/itle P&IﬂmSﬁ Rate (ﬂQOO—baﬂ%q:iaEr fedgndn€), and linearized vector
foll owed by 2 hours at 37C, .in a total volune of 50 W

In FAFQH-bask paig ipgmentd iest excived i BMbe golrngauiridied wping theQlAquick
NI Gt i fradton' 2 (i) 1 ihofi OF R thd tHhbebRR, Hhifiibiflon of £. col,

and screening for colonies containing inserts with the PDHmod gene (forming

15  pBMS2000-PDHmod) were performed as described supra.

For construction of pBMS2000-PPEDH-PDHinod, pBMSZUOO—PDHmpd 2

Kg) was cleaved with 10 U each Hindlll 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 deoxyribonucieoside triphosphates were added

20 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
contains, in order, the fac promoter, groES gene, and the PDHmod gene (as a
transcriptional fusion). Next, pBMS2000-PPFDH (2 j1g) was digested with 10 units

25  restriction endonuclease Smal in a 50 pul. 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 2 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

30 volume. After 1-butanol extraction and centrifugation, the DNA was transformed into

electrocompetent DH10B cells. Kanamycin-resistant colonies were screened for the
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Ndel and Smal using identical conditions. The digested

sanpl es were separately 10 el ectrophoresed on a 1. 0%

TAE agarose gel for 2 hours at 100 v. The bands

corresponding to the PDHrod gene (1200-base pair

fragnment) and linearized vector (4700-base pair

fragnent) were excised fromthe gel and purified usi ng

the Q Aquick Gel. Extraction Kit

the PPt abibe RLHmA ReTerviniic gn RO pareri P o previousty

So! CEAL d 2 ONk&SnE PRI PR §delirteSwitd ddhahdiBd by using DNA
&%Ig%neﬁﬂ:ﬁrm ng 1151 pBM52000- PDHnod )gs%ere Y 8

per f prined hamoitesos tctﬂael 55 ept of the¢ BPFRbnendr3) end ohthgfPDHmod gene,

BM52000- PPFDH- P BVG2 2
el o BRFoHH AN GBNOTBERAPR T AP SRR aﬁlpgflg%m,y OF a 1400-base pair
rge acfré_lrﬁ'ﬂerft gf)ssless@@ e t% e%és(;n th@bdn\§kridiioh. e sudth plasmid was

en units of po ynerase (lnvitrogen) and
2 p Lfoohd andthB omhmaum mréil‘fmd dly|diggoastic restriction digestion with Kpnl,

deox onucl eosi d dded .20

o VB b kb ABIR R 83 N oS B Ao o
reac&k&ﬁmwﬁgjBNﬁQbD@E@@IﬂﬁPE&hﬂﬂra 1. 0% TAE agar ose

gel for 2 hours at 100 v. The 1800-base pair fragnent

was excised and isol ated u3|ng the Q Aqui ck Ge
traction Kit (Q agen). Th| contains, in
der, the tac pronoter, gro y@@ﬁgﬁ and the PDHmod
gene (as a transcrl Pk o VEFDA) and\BRHmod

pBM52000- PPFDH g%@mas digested with 10 units
restricti EﬁM(Sﬁ@%B HsRDHm@d was tegnsforped ipgn Efﬁ?e’f‘é’l‘m goli IM110.

hoBrsT ot iRy AT a0 PrfoH PO Fak flokiftor 18
OH) hdue¥ atL8POUIS0abm3in AT Phaitind (AW Weastamine, 4.0% glycerol, 0.6%

el ectrophoresed for 2 _hours at 100 v on a_1.0% 5
la‘igarwlngehosphge [dibesic]. QA% rotassian BpsRpate [ Iflﬂ‘?é)b@%ﬁ 12R%

Kit. an:[{ﬂgmh ];ﬂ%gﬂﬁ%é% 831%&%@%&?3&&%@91’2@ aded  post;

(i nser vec hol ar ours 1 n

pL fiudadiavdsh ff@lblar@erﬂé\ﬂwﬁolducbll]tealﬂ(ﬂo 1epint leertainyninanifate {added post-
centrifugation, the DNA was transformed into

el ecmt@%m@ﬁr@mta fBeroidised 30 megnbspleiond) @eﬁpgﬁel density at 600
col on |

Pl CgBHS) s RERRE frd o ffcicnc Mk PR SARAETRL]GH 035 were
2 evidaus td/fredﬂ.&ﬂ'@'ﬁfﬂcﬁﬁmfoﬁl{ medidm. Alasks ovete shakerdatXSORER, 28°C until
screeni ng was conducted by using DNA pr.iner i :
e @ik ¥4 G - Us' EXPRRISIIR of BllvasRes s fadered by gdgition of filier-
the sﬁ@h‘ﬂgg 18F ﬁgpropylth_io—ﬁ-]) 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
25 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 ammonijum phosphate, pH
7.0 at 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

30  room temperature.
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respectively. Only those constructs able to support
anplification of a 1400-base pair 5 fragnent possessed
the two genes in the sanme orientation. One such
plasm d was found and the orientation confirmed by

di agnostic restriction digestion with Kpnl, which
gave the expected fragments of 5422 and 1826 base

o Saol: BB B O L ons g an gt soton
FDH ﬁagianfa@hlrf@qm miRNee 8P 1 °RE RbpIRiaHaRd 0B P AGE M @isHeis

into Escherichia coli JML10. n shake-fl asks st udi es,

JM R@ymmmPE@Fmg@h?reMgvag camied Put at 260 vHer 5&-60 minutes
t 28 0
SI y c%r}%oﬁh %1 Séfgnedllg agg@tlgﬁcgﬁ%]%t&gaQ@ JEQF?%/ ?r@gfgiaam%ﬁ/]{le (Sigma),

POt a5, WikvpBpaii adnd 109D PPRREG] aci@. TROP6lpitBekéiMn the stain, was
sul fate, 0.0256% nmagnesi um sul fate [ heptahydrate;

addekbatrssin a naigraseAve e eryuiit] deilingsyasiavidsny khcashakencis 10 rpm on an

e R O SB18 PAEe ) G i o
opt i &al colerrd ivfith dektabifl sdllﬁtibr((%@l%r%&nﬁﬁﬁgmﬁie'ﬂhﬁlﬂutmn was
cells sufficient to give a starting OD600 of 0.35 we

20 a%ﬁgleuhqatﬁdﬂﬂ%é@u thvrmzrw S heyiae ﬁnqir@éﬁkewgerlfwafek 3t Igpst 8 hours. Two
%: ﬂ%nﬁﬁen? g?qnc{) QIPM %§ God Qltldl ho Ob@%eg(:}gglg u%}%lsdllnﬁucﬁloﬁ Qomsspondmg to

SS on o enes was I'hduc

fi | t 1de exFdctd rhdnlé@ﬂarﬂ&gl&@ﬁ tiepyuibinhitCof(FMand PDHmod. Samples were
gal act opyranoside (I PTG to_a_final concentration, of

35I cha und frepasesssbAtIFTS And BRH FRikifics gyben desied gt lgpasibed in
cel | Braflics zg% Anf R OBV recbEBirhhd 4481 sBindhas Givldnd rlermal

for m-nut €s, washed once wth an equal ume o
25 nddsipmaton of 8¢ 06496t e pH 7. 0, and repelleted. Cells

d f ZOC
ol Tet | ol G Sbsranm O e A0 A UE Lty el For a 15-
7.0 @by ﬂaﬁnéﬁtz)tg)nw@ﬁe Qﬂ éonﬂﬁﬁﬂ? tl AN er ﬁQanCﬁf ¢619% WasltRawed at room

seconds using a Fi s er Scientific Mdel 50 Sonic
Di snempematude adadelbéro Btitee of MTmedt (S)htalrgjng 5(PA¥/ml kanamycin in a

by " At Prstgatiedihshean sicobees S 23 tamiof 24 e s Gensterred o
r 00M 4 BRI PS Fedifn (ingredients batched based on a final volume of 15 L) in a
20  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 ODggp was ca. 0.35.
25 Fermentation operating parameters were as follows:
16 liter working volume
Temperature: 28°C
Aeration: 1.0 vvm
Pressure: 690 mbar
30 Agitation: 500 rpm
Control pH at 6.8 with NH,OH as required
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Sanpl es were heated at 70C for 10 mnutes. One nL of a
IMdithiothreitol solution was added to the m xture
and 10 L applied to a 10% NuPAGETM Bi s-Tri s

pol yacryl am de mni-gel. Electrophoresis was carried
out at 200 v for 50-60 minutes and the gel stained in
a solution consisting of 0.1% (w v) Coonassi e Bl ue
(Sigma), .5 40% v) et hanol, and 10% (v/v) acetic

aci d. Th& gaye éqq‘i@%’%red in the stain, was heated in a
M cr owav ey Qsn:Wobirpmboi | i ng was evident, then shaken
at 40 rpmon an orbital shaker for 15 m nutes. The

gel was Wentrebph b6 8y YHepPHipsseawiglzed water and
cov ?{"S‘%ﬁﬁn‘g"pﬁ c?:%?i%ﬁlé brnzgild%t%nugf' [%Of\lcfglfﬁoﬁﬁ solvent blend produced

I nv e solution was ~again heated just to
§ he bp@gw Caémbeal Comgaryndn dbaked gently for at least 2
hours. Two 10 prom nent bands at M 43, 000 and,4%, 9{)0 o
were seertidm P-Rdu (approxinyeldegdiarsict grocpigion), filter-sterilized
ex Mol ecu I gyt j fy; :
DG R 0 8 B0RY o R AL, B fccnaion,
and oPBkIpAL! TG fehBentib@rcontiftRiforsn addideonabed hburs, whereupon the
Exanples 4, 6 and 7. This reconpinant E. coli strain . )
was cghtorin of s tas wersarbeogledtg A81G- oclby wese cobortesl byiggnigugation
6496, was subse - Ohi
or RS S  JHE O a R 120 T 8 s s
COoNpRichd fiflo plabtic @ntdifiez el Hoied @U OB Gamtil headed, at room

tenperature and added to 1 liter of MI5 di u
cont ai ni &igr B90-G/tenkskilp ipgelom Was prepared pg gloﬂsgl@ offrpzen SC

fla S _ihcubat e :

tr a6t dF PenOFHet b by 1500 ARMTE Bdtim sl Rhamycin
bat gipgdiablee86crevnat RRITIR50 eprider 2f holis. LThd @Dagy, 2@s Betemmined and
fermentor. Kananycin sulfate and _magnesi um sul f at

1heptherarprentiatesysltmpe phealls to &ivgi80OTA upih AR EHINVE g to 250
f 5 / .024 ' i :
0 “@nﬁegﬁ”‘g? 3‘{16%1% RUe cRSPGE ta% | kéﬂlﬁ_ HaEE ICPIGSE gi’ ¥E5/kanamycin

in d wat er and ter-sterilize
t hr guglur ida Bratindedmenoe [(Initizd ©84a,0€0.808) anfligrowa tindsn the

unit. The solution was added.to the tank,. foll oywed
i mrEeraenatipndyparying Ifampra ﬁlilSClﬂS‘:@'r supTe o) léé%lbsovfygémlture was
ca. tt%n?t?ms%geﬁ ] 2% Bf MEI? &B&ﬁlﬁ%% ﬁ%ea%‘gié PRicQbRcaBh8of

f ol I'OWs: I'ter wor g vo ature: 28C
20  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 ODggp
of 0.30-0.35. Induction, growth, harvesting, and storage were carried out as described

for the 15-L fermentation.
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Aeration: 1.0 vvm Pressure: 690 nbar 30 Agitation:

500 rpm Control pH at 6.8 with NHMAOH as required -33
Pressure: 690 nmbar Agitation: 500 rpm Control pH at

6.8 with NHAOH as required Foam ng was control |l ed by

addi tion of UCON (a fluorocarbon sol vent bl end

produced 5 by Dow Chem cal Conpany) on denmand. At

OD600 0.8-1.0 (approxi mately r.s after

i nocul ation), filter-sterili é(dissolvedin

500 i d'@ro bRt idinfetB ¢ oy fdaRBdnyllamino]-3-
concerﬁ‘?%t%?%% ofdﬁgggﬁl?ﬂﬁqéﬁ}e—&ﬁgdrhent ati %n cogii ﬁﬁéeg] ]
for dydaciditticpdal3.34B11g deeanevihecaicpaid (Fremujo3) fons3-bfdroxy-a-

the tank were subgooled to 10C. Ils were collecte .

by cesetreyclrht-3-drd ’1biesﬁue-ilvaﬁ§féfdaf§ﬁ Seorypyla 1 Hirapigh @g)-a-ammﬂ-3-
a ' A 7 he. | RS2 ﬂ?ﬁg

iryr\{lt ongygiét 5 C %ﬁg?’hlgird ng%g ngti oﬁrlé_gglc el Sgggmu Nt )I B isolated

needed. For 25Qpartisdlykasrifiddd PDIDEIH enzyase poepatrett as

follows: I nL of frozen SC 16496 was thawed and added

to 300 nL MIS nediumwi th 50 g/m kananycin. The

fla S A8zt chRendfhtbours. The

OoD6 E%E,I%jg%‘éﬁhm%%%ﬁ%% 15z¥]%e apperopri ate vol une of

cel | s t o Rgimient@fon@otin30 ditaxs)of iisoiparéodticacvdi M UpBMIS2600-PPFDH-

f h MI5 di. Th | ticall dd
1B #med) Vasrnegers oonkeh e Erparidipe e
(i nigkd kv Rarto BxA98ke 28284 PAQUDHRSHRT a falfofluidizer I\/(I)icroﬂuidics

Fermentation Operating Paraneters disclosed supra r
16 moedes M-THRY copetating pwasure 1 BEOA0-20 08 pei) (e 1265)26 Gel¢ase the

O R b A MBS AP B R i FIRE B8  1A
mn l#{ﬁl/ﬂ@ﬂp&dtfg&{bk HBcrBfluidfed bEAR Gras BISU/NINESEPDH and 8 TU/ml for

conditions, 1 of inoculumin 250 L should give a
.18t adfidthg OD600 of 0. 30-0.35. Induction, grow h,

harvesti 1 cla?rlrﬁj( tl%et whitd %rovt\ﬁ,rfﬂggacgfr (Ee%ie \%% afia gc? %r%ﬁ-'sBSQd broth.

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

20  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.

' The clarified broth was ultrafiltered through a 100,000 MWCO filter casseite
(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

25  concentrated to 1.5 liters and gave an enzyme concentrate with PDH titer of 567
IU/ml and FDH titer of 136 TU/ml. The permeate was assayed and no activity was

found. The overall enzyme activity recovery in the concentrate was 84%.
Step 2: Reductive amination
30 3-Hydroxy-a—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 (5L). The mixture was
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for the 15-L fernmentation. -34 EXAMPLE 3 Tel escoped
producti on of

(aS)-a-[[(1, 1-di net hyl et hoxy) car bonyl ] am no] - 3-
hydroxytricyclo[3.3. 1.13 7] decane-|-acetic acid
(Formula 3) from 3-hydroxy-a- oxotricyclo-[3.3.1.13" 7]
decane-| -acetic acid (Fornula 1) through

oo aNirrid e dbe areab el P8 p i SioR it Gt agpttion. Darco
( |_OaIr Kipd dayoda oégewas JaBEH E&hh@ REYIE: WRNERATOF S mBhREs then filtered

. Isolation of PDH FDH enzyne concentrate ]
Fer mémoughiacBudbnet fangdovith $1efilyr ppperEsiiiedilier was washdd Wikl water

10 000- PPE 10 .PDHnpd bt ai. ned f .
400DI ARG BF BUFR(SS TP ISP GrIgien o Eits = i coip
s§ mlar th@%%mﬁl\% aﬁﬁn&ﬂﬂn REee(CL %B 92 mol) was added and the pH

m crof | ui di zer crof luidics nodel
oper whs wgad;iusegisturﬂ A@ithAON zm(@}@onupammdpmgs finugleotide (2.65g)

I Lh Vi f t I l.s
{ empari gt desds) weir Bopduigh ST aB P wisiived, 2 PDRFDH
act i Mizdhe @bndBnrhRiv i dbeed .03 500 MPEI‘I}VLTKGC{H{ R&*re-adjusted
and 8 TUm for 15 FDH. To clarlfy t he whol e broth

4.SMQ1&0@Ehﬂﬂghk@ﬁé@ﬂ@@mﬁﬁwwwwmﬂw|rred broth. Then
ganOl LT t.pr 2?]?’%%%%%3%33"90' ttg ¥48"l€ 148 cﬂ?uté’% aatgglf golume of 10L

d m xed e mxture was

fil t@nRdats] THe pHMastBiinAIRES: {78 BlvhAk SGRingRNe} 42 hours. The
8-ESSC-10) and 18 liters of filtrate was obtai ned.
The fepultieg sdulien eoatringkheh Ke ($5. 12) pf the psodyict (Q6Y)-€F-amimo-3-

ri sback t0,30 lite e step yield

e BpolRy ATae ol St M o Frdif 2 71 V) of
31 Nm and a FDH activity of 8 miml. The clarified
broth was ultrafiltered through a 100,000 MACO filter

Wass¥epd: RO tprofestienpPel | i con 2 unit, pol yethersul fone

| ow prot g BN GaSSRLY ‘%rzmg%i éﬁ%n%%%?ﬂ{e}deﬁﬁglﬁﬂmon of the

The circu I on

cl arsoimi%el off'(de)' SafhiME S -1 arR§Heeab[3es.d > |Qledarfe- 1-hdeit Scid (Formula
an 2g)ave an enzyne concentrate with PDH titer of 567
m ni

AR -FTDR- Hmcé} This madurawas stirprbatpeptient tempesature, with pH
ass ae}/de u%te%q ahd o tlu}ﬂe& &t 1With a pH stat titrator using 10N NaOH. The

20  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,S0O4 and i-PrOAc
(5.0L) was added to the mixture. The pH of the mixture was then adjusted to 2.0 with
35% H,SO4 and maintained at this pH for 5-10 min. Dicalite (250g) was added; the
25  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)
30  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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found. The overall enzynme activity recovery in the
concentrate was 84% Step 2: Reductive am nation 30
3- Hydr oxy-a-oxotricyclo-[3.3.1.13" 7] decane-I|-acetic
acid (Formula 1) (1.00 kg; 4.46npl) was added to a
20L vessel followed by water (5L). The m xture was
-35 stirred and the pH was ‘adjusted to pH-S with | ON

e SpEPEREC Bk S Rt To THF FBLFoRS 8 th TEtp L extacted
f ' ! tv? Eﬁﬁ{ﬁrd}?g @uﬂﬁ.,) A BHEN G et rl‘@ef):ﬁam"_%dfzzui“tlﬂt Brs at 40°C. The

ter 'was washed wth water (2x1L) and
t h e afqhédtfs adyes with dntesfadeesasxtacted aain edthti Préhidca(38/ 5t ) et the layers
solution. 5 Wth stirrin amoni um format e (0. 562Kg;
8. 92vare popaies aftra élrsat 40 9¢re pH was re-adjusted to

7.5 t
2. 65\éVI) %ﬂe%qdc?{%ng‘? )Et{é"é{({']g ESZ@) mg?gﬂcgg'g&ﬁﬂ Bgﬁisgﬁatlon to
t he -gi81i. dbo thiwkollitRe0 hapshe (a1 GIDHVERhen adied weer 10- lSmm while the

concentrate was added (1.03L; 500, 000l U of PDI—%
pH viemperatugeiy asmaitainest at ~826976-+ Kbe rReiRBBAkIC Bigpaig was et 0

PR et B P i g s

IOH %511%*11%%&1@9 a’a:keﬂte Pgraﬁlrt\!\@/laé thef lsbtiat HOT vEmaihtained at this
hour s resul ing solution contai ned 0.955 Kg

1095 .tariperatiure foe 3Y miduct ((xS) a- am no- 3-

?)lég: %Y;r ycépge %{)g BVla% (1:0 %\?lg? %Iﬁtct ; b%raﬁll?é danfl tlilen further
di caLbRAS 6-56d: Rﬁ&k&he 1fbu§ 8MRikinY\@s0-54Ti ek ﬁ&d@ctﬁﬁstﬂlﬂrbd The

of the solution of
( ( x Producawanwashet wdttoboptank ¢3.6Lp 88, dried 3n Vgcuo at 40°C to give 607.0g

ﬁﬁf?%%@%ﬁgﬂ@% [ e ReeknE g Bt oF S i n
g}olﬁ{rﬁ?clbl% %qu I\g‘gﬁfi@' NedtiabeiliQrdfinidla & pH st at

tor he 20 reaction was conplete .
4hrs after BocZO addi ti on. when there was | ess than

1.0% starting nmateri al e pH of the
m xture was adjusted to 8%@%&4&? SO and i-PrQOAc
(5. Q) was added t q)ﬂe?@lamﬁiﬁyﬂalydﬂage@kb Absdyhe m xture
was then adjusted to 2.
Phenylalanine dehydrogenase assay A contained in 1 ml at 40°C: 0.4 mM
20 NADH, 5 mM sodium phenylpyruvate, 0.75M NH,OH adjusted to pH 8.75 with HCL.

Absorbance decrease was monitored at 340 nm. Enzyme activity units were

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

EXAMPLE 5
25 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 umoles/minute based on the rates of absorbance change.

30

- -37-



35% H2SO4 and maintained at this pH for 5-10 mn.
Dicalite (250g) was added; the 25 m xture was stirred
for -10mn, and then filtered through a pad of
Dicali'te (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 | ON

NaOH. After settling for |hr ani c | ayer
including interface was di scﬁ%‘gﬁm%%t he aqueous
layer, i-PrOAc (7.5lphendihlnfae aageﬂ'o%(;ﬁ%e Rs¥dyuce was
acidified with 35% H2SO4 to pH 2, then heated to

and nai nt &heexdalanine dekydiegendselresays” vwrtthmvd indl .6 mily ati40g C: 0.4 mM

The k\g%]égssqleﬂjéi gaugg%gftq?ggsgwc lgﬁ% L arll § gti(ct z{m Edlssolved in

95t I 4CdgQfalent NHOH sBIuQﬁﬁ?] 037502 NH@T—P’ adjﬁﬁeﬂ FROYSH 8. Wlﬁl HCL

agal n separated after 2hrs at 40C. The aqueous |ayer

wi t h Absobahceaiscigass wast menitaed atg’iilﬂnnw Hrizyine Reifyity units were calculated
(3.75L d, t.he were separated after 2hrs at 1
50C. SRS B P U P REDEE TS vier e

concentrated by distillation to -4. 5L To this

sol ution, heptane (-10L) was then added over 10-15m n

while the tenperature was nEXAMPAFI7at -82-89C. The

actor jacket tenperature wa o 70C and
ﬁnﬁl ntained at this ten‘E‘gF‘H?{?r‘%hygFogeH?se Assay
Crystal liggt fcﬁﬁla%%ﬁy&%ge&t&@agshyccﬁﬁ&ﬁéd mC10(§>hﬂ Q940° ¢ mM NAD,
reactor jacket tenperature was then set at

nai nt60 mdd ammaniting fdrMates 1@ A po@sdion p:hﬁspinte bu‘ffee, pH 8.0.
susp n was cool ed down to ien erature, and
© hon APS DI TosHR B P ioiE 2 AL e SRER AR uaits Here
stir K

pr odﬁ%?ﬁ&tgaéa'p élglemﬁ?tﬁ bﬁ%gtccglnﬂg@ EéSSALftagg&ﬁaenﬁzgg?négg' in
{acuo at 40C to give 607.Qy (88%yi eI d) of

(aS)-a-[[(1, 1-di net hyl et hoxy I | ]am no] -3 15
hydroxytricycl o[ 3.3.1.13" 7] E@é\ﬁgﬂﬁéceti c acid
(Formpri’ﬁm ofXAMPLE 4 Phenyl al ani ne dehydr ogenase

Assay Phenyl al ani ne dehydr ogenase assay A contai ned
inl nl at 40C. 0.4 nM OH

NH; N

CN M’

20 A. ZnCly-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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20 NADH, 5 nmM sodi um phenyl pyruvate, 0.75M NH4CH
adjusted to pH 8.75 with HCL. Absorbance decrease was
nonitored at 340 nm Enzyne activity units were

cal cul ated as nol es/ m nute based on the rates of

absor bance change. EXAMPLE 5 25 Phenyl al ani ne
dehydrogenase Assay B Phenylalanine dehydrogenase
assay B contained in | at 40C

L P HE#}ioR |naﬁwﬁ%wabﬂiowwm @d%Oth 8&*8 F%’*CB‘PP Wtefwwhen

ed w1f§% (5}9(5}] % Iﬁ%ﬁd ¥@r§ F a}%}ﬁ dﬁgna@ly $4@nutes at 20°C,
mol eﬁiel”fbﬂ:lﬂibﬁ nbaﬁmlwamthtah ehirgécbﬁnthftns{bﬂﬁétbﬁﬁlhﬁ:y@: hanygaae (153 kg)
30 -37 EXAMPLE 6 Phenyl al ani ne dehydrogenase Assa
Pheriyhils raﬁpwgl%ﬂwmgen sagapesatur betw pRad ppd ﬁwc;esultmg

?‘h %glrxél)%e/ /as ox tedt Cy & 3 P%ﬁi% E}l]S d](]e% s(trunethylsﬂoxy)—ethylene

aci 5(10ikgy oy edletin Duﬁné tleig udldieibg he Nﬁ@kmb lmtas (imﬁntamed below
0. 75M NHAOH adj usted to pH 8.75 with . Absor bance__
dec 398 e Thascagien vay @emé&m@iz@r ﬁmthgrﬂ%ﬁRéS dewrsat 2§ to 25°C, at which

uni t.s re cal cuI

ot S0 S bl M o L SR BB S SRR P B) and cooted
dehydpaegsnas qhé’i&a%}ioﬂ_ hﬁxtmsrm Dokl @ByEd, Qﬁ%ﬁiﬁﬁ%xﬂa&@mm fashion,
contained in 1.0 nl at 40C mMv NAD, anmoni um

1Por rmtlehalf_tsﬁ@rmﬂ iy B QDIMﬁplphByph&@@dleﬁ ftleg temppragirg was kept below

Ab
act orey MpiRShGERGon N SRl 15 P or erTioh urL A bR i cetate
on the7s aless. Qile ﬂﬁﬁﬁfeb@ﬂﬁﬁlrféﬂaﬁgﬁouslﬁfwﬁﬂﬁhﬁeg and the organic and

Preparati on  of

aqueons phases were split. The organic layer was stored and the aqueous layer was
washed twice with ethyl acetate (18.75 liters in each wash). The ethyl acetate washes

15  and organic layer were then combined and washed with water (37.5 liters) followed
by water half saturated with brine (37.5 liters). The organic layer was separated again
and evaporated to form crystals. 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 o-hydroxytricyclo[3.3. 1.1*"]decane-1-acetic acid (Formula B)

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 a-hydroxytricyclo[S.S.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 o-hydroxytricyclo[3.3.1.1*"]decane-
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 acetyl 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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OH NH2Z N OCNM 20 A ZnCl2-catal yzed adamantyl
brom de (Formula A) coupling A dry vessel was charged
with 7.5 kg adamantyl brom de. Methyl ene chloride
(22.5 liters) was then added at roomtenperature to
di ssol ve the solid adamantane brom de. Dissolving is
endot herm ¢ so before the next step, the tenperature

S0 reiias AORCHCT i S VRSt BRG] gt e imsdyt acetate
chl or 746 (ikerdPardiBrofdh tobid ©EhpE@fur@ PREOHS LS i xre was washed

m nutes at 20C. The reaction m xture was then charged
Wi t h tridesiptwiaterd 88 ditdrosach vesh)dndrtbe 0rpBni3 alkg pquasis lagyers were

mai nt ai ni n he react. t enper ature between. to 25C

Tl SRR aheronst 8ok o PG B FeStors g fausis layers
Fgl | awérB @ofnbined Bhe hdjfsted fol sH IS5 R B W NeOPPOIutRnN Mhe 8mbined
(5.10 kg) was added.” During this addition, the

t enpedueansdayeasswengithanaixirected beico with3oley! agitate (h3? lilgrs with each

was najnt.ai ned, for another. 12 to 15 hours at 20 to

75, TRlrRieRlnd The PleaRE RAyERCAlFrish i PlFs Tl bef b alge amd

W t h caBibmedatieh b ls@iddiggfni® 1dykt. €Ttk a0tHbiaO@bgHniclSyets were then
to 5C. The reaction -m xture was then treated,

begi nrAshefl with satersidssediuashicarbonate selintion (281 18 lgenshifodlowgd by brine

NI
thists M@ﬁ@eﬂﬁw%&vlﬁ@lﬂ&gstﬁﬂﬁﬂ oR§@hdihg wak 9Btadied. This oil contained

liters) e mxture was stirred V|gorou337lyfor 15
m nutlég29&ed SP A6 ranl g8 oo-apdroxpiupdals . has ddeoans-¢-acetic acid, methyi

split. The or ic layer was stored and the aqueous
IayereS%@:%r%H%@d twice with ethyl acetate (18.75

liters in each wash). The ethyl acetate washes 15 and
organi c | ayer were then conbi ned and vvasheq W th water
137. 5.1 i t Smesyn olidlavivecof hydrixetrityecld]3 St Ut Ideeanend abetic acid,

agai n  andeLVUlsSIeEBora o S aG L kP ifecane 1-acetic
exchange GLeighgRuANstdRerdiRNaPsr formed at a final
volune of 22.5 liters. The resulting suspensi on was
cool ed t oActhreg-neQied fdask (22 liters) was equipped with 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  Asolution of o-hydroxytricyclo[3.3.1.1*7}decanc-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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1 hour and the product

a- hydroxytricycl o[ 3.3. 1. 13" 7] decane-| -acetic acid

(Formula B) 20 was obtained via filtration. Yield of

a- hydroxytricycl o[ 3.3.1.13" 7] decane-1-acetic acid

(Formula B) was 6.96 kg' (33.11 nol, 959@. B

Esterification of

a- hydroxytricycl o[ 3. 3. 1. 7 decane- tic Aci

( For rofamejaskeandsontieiss 15 e oSt orfet e POV and NG,
at m%@bﬂc?l%&ri)'%aﬁadﬁé@ﬁ{d&ﬂe i‘é@ulftlliiﬁ a8l hd ordaBic layers were split.
reactor was then charged with nethanol (35.00 liters)

f ol | Ghedrianialaligrdraxyashed thetedfesawith mteT K3 Eteageach wash) followed by

1-acetic aci -ornmul.g B) (14.00 k orn1a

suspér&ingyvas g’tﬁé Fgeﬁgs eﬂ%e %ﬁé%ghasg 8"%%’ ey dgieg ovgr antydigys NazSOs
aget Xr!ut]:[:é\laﬁbfaqgn Y@ﬁroﬁg&eéjsligﬁt IR B &L@Jaxbmydb 133.1.1*")decane-
tenperature of the reaction m xture was kept between 5

and JIeCetidhtidrmetbpdsteri(Borndie BY. Yiedd wdslrpproxingielnd@4%|
chloride, the reaction m xture was warned to 20 to 25C
and stirred for 2 hours at 20 to 25C. The reaction

m xt gy e V\’Eﬁydl%ﬂﬂaﬁeﬂ G BLO RSPy HDESS. 1. 1% ﬁaeeﬁwumeﬁt affiCmethyl

!
and a th|n ol | Was obt ai ned. ¥ he oi | |ssolve in
et hyl "acetestee (Férinl@®)l toﬂét@oxm-du-«bawugmio[ﬁd 1.bYIdecane-1-acetic

tenperature,. The resultin ure was washed tw ce
iR wat er @Eg’Wq‘ﬂt"é@ (E‘H%H“Tﬁé@h) and the organi c and

aqueous | ayerReRLR: fIRRAMAhGLed i 0sa8 UBMASID, (BB mi) and cooled

organi c |l ayer was ‘stored while the aqueous |ayers
wer e i amiziebath tarSdCadiN@g @d.5tol 0% ﬁrepm’eﬂl bg adﬂmgﬁﬁlnﬂ of 70% HNO;
wer e then

| ut Th
ot 1 40 B0 Ohaier e s AL ot oY A S ghi/aE s g cooled o
each 8&% {h%%é 8&1& S&%ag)&ggﬁgao?a%g n ’;]ggéa!ng Vl'LaQ:gtu.eQ&@ methyl ester

extraction were separ at wth'the
35 or ¢fbrangaD) (@00 gieeis, 0.8 asdes) onb sloedy addzdno thel mytwrs in portions over

were then washed with saturated sodi um bi carbonat
sol uBP &m6Q panutes 1o mpeipten 3 MpsREYE ks NS¢0 Tha Seaf%on mixture was

lit ea@%dnﬁhhe 8(941§1?I1ess bt ﬁl%%{e{sg HP%'%%ééﬁgﬁ rwamﬁgfed by either

at 4 a co osI ["'ow ol |

Crystigh ﬂdyéedlroma&tgmpdy UDL@)?@ l'ﬁ)@ p&rft&dlanaéhln@.u@ thromatography
contained 13.29 kg
a- hy §dBL§t- rF@ﬁlr%[assﬂacaﬁ%aszwe @aﬁ% éhq solyest ves H{Q4c/MeOH/Hexane

E@th /1/19 @O0 P& a@g OlﬁﬁPEﬁSQ(iIﬁJ&Bhoi@O gstromcolumn
of TIPS

roxy ricyc ecané- 1-aceti c aci
Was used with a gradlent of 10% acetonltnle/HZO to 100% acetomtnle in7 rmnutes 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
25  (500,ml each) were added to aid in separation of the aqueous and organic layers. The
aqueous layer was then extracted with 3 aliguots, 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-o-oxotricyclo[3.3. 1.1*"]decane-1-acetic acid, methyl

30  ester (Formula la).
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nmet hyl ester (Formula C) to form
a-oxotricyclo[3.3.1.13 7] decane-|-acetic acid, nethyl
ester (Formula D) A three-necked flask (22 liters) was
equi pped with a nechanical stirrer, tenperature probe
and an addition funnel and purged with nitrogen
overnight. Oxalyl 20 chloride (500 m, 5.73 nol) was

t he add | 8 |i 3,

e R oSS e e 5 Alfane-tactc aci
acet one/ dﬁmhwpestaa(mla.rnﬁlﬂi)ttbl%@ﬁxyﬂ-mm&@uﬂﬁmu-’echlecane-l-
(DMSG, 700 m, 9.86 nol) was then slowy added over

appr oxi meacetigadd (Fprmulashuwhi | e keeping the internal
tenper at ufh% v&%ﬁ &\%ﬂ'rgggl:ueo Qvalétdls% lvV\@? tséi cﬁgfgba%rﬁoo ml) and

20 m nut € e mai n he t eénper a

‘570@001%5 nﬁ\aw Bl &5 . @n@}iﬂ’fr @KYNQdBYLﬁh @fy&,‘oﬁld'é -was added slowly to
GLdecane | -acetic acid, methyl ester (Fornmula O
(99

gsawion W adiushibe pH o a@p@@mat(:ly Trwhile weisfainiag thefemperature

cconry T A% B PR T BiTaE Tl S theaatChfacinst th pit o

I eSypbioRnRelyUll Ohe\Metidh fik@ek WA théd stifkdiivRSe cddihg id #h ice bath
liters, 21.5"nol) was then added to form a heavy

sl u rap§1 thsf progliess 94 maniteredhy T bERIr SHLlde ae@spnbeme Example 23. When
eaction m xture war med t oom
lgn d {c%?no(nlwes ciog}vﬁstwglgeraaga%odurp%te est ﬁ%£%§ﬁr08 ml) was added
amend i Bakdus(ahBEdrSald Thyerd Here @?ﬁbﬂe@ N THE AéktoRs YE8r was washed
then transferred to a round -40 bottom fl ask, and

conddfitangthen SAS WA of BIQApmTee dlvepwsdrparasanisiiionith aengentrated

NE :iICI %{’l%gi tht(.', %glu 16:5 feag’l)jed\’\@f7 8]9[6%9 qug nﬂ{;ﬁer %?&édtf&lg&’ ed by more

agueous ganic I a er we'r'e S

| ay ebnomeamamﬂdmhhme@}i fen@Rd O 7. hI‘dtﬁtc@hceﬁﬁateldtIﬂmSadﬂa@ﬁas 150
wash) followed by a brine wash (2 liters

18r galh‘h dhg Aaieousder Nas e PESRCHISTItRRIIANE (s 4&&3@)@@6 combined
DRG0 BN B3 L LY. e, e

est Wasl@d&(lfrmjh@la@r wadl thé:ddl\bﬁﬁwﬂlﬁ)MgSOJmﬂebyce&&é% Eleld was 88
Hydr oxyl ati on

a- OB Eypdiedt 331@‘”1301131 Aizodutioa.of g seliding@0qni FreyApand 300 ml
eSt ﬁgprtg.t{;eg&g?f (Eﬁr(r) . %f&oﬁo r(gn.tnélteg fallowedﬂy iltration d air drying yi%lded 85

|cyc ecane- acetlc
2acu granseifiaythn esideB5 %R hydibey-biaxkofityEo| RBuTHy Sdefanaskacetic acid

was char ed with 95 to 98% H2S04 (495 ml) and cool ed
(Formula 1)).

E’.  Preparation of 3-Hydroxy-o-oxotricyclo-f3.3.1.1>"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 VIIT)
Preparation of 10 N HNO;: A 100 mL volumetric flask was charged with
cone. HNO; (88.25 g, ~62.58 mnL, ~1.0 mole) and cooled in an ice bath. Water (35

mkL) 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 HINO;.
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in an ice bath to 8C. HNO3 (47.5 m at 50% prepared by
adding 50 m of 70% HNO3 to 30 m of water) was then
added to the flask and the mi xture was again cooled to
8Cin the ice bath.. Solid a-oxotricyclo[3.3.1.13
7] decane-I| -acetic acid, nmethyl ester 15 (Formula
D) (100 gramns, 0.45 noles) was slowy added to the

m xture i tions over 0,to .60 mnutes to nmintain

a tenper a?’_ﬂ?ﬁf 'F’L&Eref’ : .Skfﬂ‘é‘PP@an&tﬁﬂﬁlWﬁﬁpée Et}aﬁgmmerer was
sti r cBsg¥vitR cERQIH,BD,i(103 he-S6GRL Pahfer FolElf €56.491C N ice bath,
reaction was nonitored by either thin |ayer

chr onatoHNARNY. 68 ThiC) 5608 mimahwpeidded vaacS 0l miputed. When the

chromat ography (HPLC). For TLC, a silica gel was used
and témepesghigenithigasid Epignue Meolywesdine 1.°C, (1g/cpld byth was removed.

. For HPLC, ..g.4.6 X.50 18...3 m.c 0 .
angs1BRREr IR e e el s e YR G, 5411 momol
acet eriunt By BOmbRark¥fte ROSEANY Iatdehufks/cridtild) R8s &lded
a flowrate of 2.5 mM’/mnute. The nonitoring
wav e Pevignisgd $.23 @everyn 10 mamtashd hr p@minute pddiden tmep| After ~5 hours

ft r 0Xi.nAt el ' '
qucn s BRBE BRI i eBRL B SRR SREOL T (o) ane
Et OAc ( 50Qfiat 3tirriAg dor L 2atddursat edacAMtmblIdcw a8 (e Palblyellow

each) were added to aid in separation of the aqueous

Hhd selghen. oA lfeizereskediMerton flado (Il cayippedyarithiayapchanical stirrer and
extr i | i o , t

org aﬁ%ﬁ?%)ygfreg h%gg)éﬁ eg%?‘rgbi&ncg gl%gﬁ gj %S‘%ﬁ%o‘z%é Pﬁ‘ ) gﬁiﬁ r‘ilree-‘rlhtg'0 g 0.133

( 400mivlle, ~2 Baequizalkean relageniocINDgy €fo tha sesihigig solution was added ethyl
concentrat ed under reduced pressure to 130 granms of a ‘
yel | ewtaé (230mek). Resultiopbiphasinmixture was cooled to ~1.0°C in an ice bath.

3- hydroxy-a-oxotricyclo[3.3.1.13" 7] decane-|-acetjc
ot 1 e R G ke i e i g, oVt SEpirdy B held
M SERYAE/MkrRredRikidre.Y Thotrdaster kvab 3orhpRespnterd adia®InaPethyl acetate
acid, nethyl ester (Formula la) to ‘
3- hyedbwsteni-Rael pEsashp [ After stiri® fof 4% mieutes, thecesld bath was
aci d, L QLAY bl Eee Kl LW OF o L83 e BlinPahleePsliARe for 4.5
di ssBIVREC AR PEIHARTE VSR BFER d(@d’@“r’ﬁ‘y ang s o6t EdITR O
a i ceolgtfforh etaft Equédnd), thé Rkulbihg dnidNufeOdlhswan3fteiea s deeparatory
was added slowy to the solution to adjust the pH

£

appr wneldd &) psing apditiensheihvl aratatn g 10Rkdmsemplale ke trtagsfer- The
Rp! 0%}511[%91% ﬂ?%ﬁgﬁ%?a{ﬁé&gﬁ?e'tdoaiﬁ Uchdredrith NulPRdat@E £ BEIL). The

adde 0 ad
organic fractions were combined and washed with water (2 x 90 mL), 1 N NaHCO, (4

C

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-yI)-
acetic of Formula IX without purification. If desired, however, the crnde 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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approximately 14. The reaction m xture was then
stirred while cooling in an ice bath and the progress
was nonitored by TLC or HPLC as described in Exanpl e
23. Wien 10 the reaction was conplete after
approximately 30 m nutes, EtQAc (500 m) was added

and the aqueous and organic |ayers were separated. The

aquegus | ayer was h wi t h, another 500 m of
Et. ?m?ﬂgf/%&éﬁumygﬂ%s acidified with

concentiabgd d¢iGh.osves. ishe),2al 1ggh on reached pH 7,
Et OAC (500 ni) was added followed by nore

condémndat ed HCI5384# H, 624 Cb34HEgehed 0. 7. Tot al

oy SRR B fRaufEEBelSS P e Bl BB R s o2

the conbined organic |ayers Wﬁ(d\!\@megwﬁi) £.682,mi6k9 (br AB q,
of water followed by 400 mMl of brine. The washed
organi c |layer was then dried 4Wi.H.393@4 3dhppm

col ' NTRIGH 1% STt TS schP2erot B i SEP i) hat47 8.
300 mi  heptane with stirringfsn 30020, n8t780, 307359298449 ppm
by filtration and air drying yiel ded 85 20 grans of a

t an IsblHRL.C:85% 3- hydr oxy- a-oxotricycl o[ 3. 3. 1. 13’

7] decane-|-acetic acid For nul.a . E.. Preparation
191 S bSyA S 208r 146 £ PR IR AZp00 i 7 SRR S et o
aci tyopdnpy: nul ?41.)0_%39@%9“,@&9% pot procedure 25 1.

Preparation o
Di chl or o- ( 3- hyBl=6%Y GHs@l Nt satet- yl ) - acetic acid

met hyl .este For I11), Preparation of 10 N HNCS:

A1l aﬁ’E“ﬂ%o"{W‘ﬁ@tt?H‘éb%ggﬁe‘?/@s‘?’@ﬁ ged with conc. HNOB

(88 eteflion Torme 28 Marea 3 O NDljgdntind cooled in an ice
i)

bath. Water (35 was added. After the heat of
i 161 Xi208p dnamhtedi ssi patlel® t he sofkodwhm was al l owed to 30

war m room tenperatuyre. The,.flas t hen nmade .u o
to tqh%lo Swith we to gi%@lcirak(m%y-aaw%nﬂs@)—acetm acid

mL three-necked flask equi ppegeifitebten t her nocoupl e
thernoneter was charged with conc. H2SO4 (103 g, -56
L, )5.09mimagescool i n@-6 0.4 Curknewnice bath, ' 10 N

U@g%.’{i@?n%te@’ 56.8 ol ) msadgrggrﬁgn-‘f%r?-rdichﬁo(}o—@ca}g rﬁéthyl ester
20
2. Preparationof 3-Hydr0xy-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-yDacetic
25  acid methyl ester (Formula VIII), 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 funne] was charged with 1N NaOH (69 ml, 69
30 mmol, ~ 1.35 eq relative to Formula VI compound input). NaOH was added



tenperature of this acid mxture was |owered to -1.0C,
the cold bath was renoved. 5

Adamant an- 1-yl -di chl oro-acetic nethyl ester of fornula
VIl (15.0 g, 54.11 mmol; ground lightly in

nortar/ pestle to break up | arge chunks/crystal s) was
added portionwise (1.25 g every 10 mnutes; | hr 50

mnute addition tine). After -5 hours %ﬂfie_rea.t'on

mi xt drapwigesover P grpviepier Ve e neasly cobriees HItoRy ¥hich Was allowed to stir
stlrr rs the reaction mxture was a very
pal e y 1e19{ti161§é1ra{7:9%‘| on. A four-necked Murton flask (1

L) equi ppeIPDV@ dulyrisae chidionss shetvied ter hyanalysis of the Formula VII
t her nocoupl e thernoneter was charged with water ‘& ith 2 oH of
m.) ampw@a:oelwlﬁeg’fh@wfstson wEYEe, a?‘ﬁ%f@é‘&lﬁs%ﬂl% i with a pH o

| a uJ I d
oS he hs%8 %ﬂ\@s?%t&-g%{§ 46 p x4 J&lecl?fg | e 83 86Ha NariCO;
was @Ppigd) 133 mol, DED &) v ddaed tha&)hnasﬁk[ﬁnmeﬁctl on
m xture from above was added, over -15 m nutes,

th
col d 15 EHBA wnedysis/alier heavipgfordhr Huin shows léfffe\ﬂf&éon 10 be
conpl ete t hyl t
B R e T
col dngfufe (@8sr, coRmeyedhanag) vae almwmnoe;omhséxMrl cxmnhnig tocroom

warmwi th stirring. After stlrrlngfor45 h?_wégf 4d

i@er omrgn@aattlreﬁheqa?éﬁewuwwewa%%% ithg reIReTRop (it S for 4 days.

transferr [ ;
?\(}%% gy g§ %Pﬁle%%ﬂfﬁéié 8%%3% rdattibn msifOvas still a clear

addi ti ona acetate to conplete the
t r angblefless Eohition aﬁﬂﬂ@’@ﬁaﬂabﬂmtshows itke, ifeanp,\nédnmon storage. After

t ted th et hyl tate
2 B EIE FaPTE ERFRR el HRGKL TR 1 ) e 7§ g 020 by the
m), cgl'eﬁh Woﬁ GoncXuP (Il ragﬁire?%(g@eevdﬁﬁcﬁ{ AP 0040 a

over an nmagnesi um sul fa %0l vent ‘was

e rm\é@l@rléés sbﬁd Béﬁﬁl t pRsHiitae) .t ‘Q‘h@tdﬁﬁltmg suspension was extracted with

di chl or o- % adanmant an- 1- -acetic acid
met hﬁwég :ef* 'oi‘OOFEB]Z Friplavolnmg; HE aﬁ@aﬁlﬁyﬂé@lﬁﬁﬁl @gagueous fraction
frglt Ieg{t%lr 2l t(gAé g}ﬁragt{‘i)@r ude aﬁh@dug)layelz H 0138) £t 19 EtOAC

can pe use

di chkgtfticn way dajoxted &dﬂfmmtiﬁajy- the ydldlﬁomohtanc €1 Fdrmilaequired).
1X w thout purification. esired
c rud @hﬁaﬂ@pil&layer( @H Qs%ﬂgfte&%ﬁ i %‘{a&ﬁl‘m et to pH 017

! ed)t Thafaf@d s Fayer required no
Lt By e el BeboR HGHLES 1417 aMb, Hg dhcks vt aeg
r ec ouddisional 48 d&djemait aftersthe Ire;mammg CIGWt sOTA0®NS (extracuon #3, pH
0.19; extraction #4, pH 0.19). The organic fractions were combined. After drying

(MgSQ,), 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)

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

Elemental analysis: C,,H,(CL,0; [55465-020-31, TR46373]

Calculated: C, 64.27%; H,7.19%
Found: C, 64.19%; H, 7.09%
30
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Calculated: C, 53.25; H 6.18; d, 24.18% Found: C,

53.24; H, 6.24; d, 24.31%'H NVR (500.16 MHz, CDC13)
S 3.857 (s, 311), 2.298 (br m 2 H), 1.824 (s, 2 H),

51.793 (d, 4 H, =2.75 Hz), 1.682,1.629 (br ABq, 4
H, 1.529 (m 3 H ppm 13C NWMR (127.78 MHz, CDC13)8

165. 929, 94.281, 68.932, 54.150, 44.47 8 44 529

44. 020, 35.750, 34.759, 30. % o
ODS- A S3 q@'ée}iozraulelﬁcgapwﬂ Aféc)’oa—ﬁ?ﬁ Weﬁtg~85 Cin
Sol Vcﬁgﬁlgd v@tcr (?9 %%8:)1%@19 forhd VR tHB hea%ﬁ?cgﬁ@lﬂlb@ed to cool. At
wat er adil ent : % A to 100% B over 10 m nutes

Ret erfi3i°GnthE immterial b%%tb dgastanlizy: Afes sPndeg af reenetsmpemngire for ~2
unknovvn 4.54_ m nute

di cHI% D ﬂ{e@sohg Fa8 & eé:aqxlia‘tm ’%]ltrago%, iu}d \g&sé]ﬁi anglclf:%colﬁévtaﬁer The bulk

8St &ff tRe Qgtemyﬁeﬁﬁ)vgd 8y pH ?Qx‘iﬁ*og%n %oﬂgmth% §8tercake. The material was
adamant an- 1-yl - di chl oro-acetic neth ester 20 2.

Pr e phemdiiahafder vacuum (pump) for 17 hours to nge title Formula 1a compound as

3- Hydr oxy- a- oxot r 13" can tdo

aci dURCHEHOTIASS P?ﬁdleéy %ég&@%f&%%%%ﬁf prﬁlgj%sgﬁgd € (on Mettler
preqqigog@g&ﬁj|HgL@d1:bd%pﬁea%g|nnel and argon inlet was
charged with dichl oro-(3 hydr oxy- adamant an- 1-yl )acetic

25 amg (rjret hyl ester (Formula VIII1), prepared as

5 enGuial feBR0 CiadeC bRy dpafen B Egens o1 ol
inst(gg{:‘kﬁtégd) C/gtze,t%’ At rl?%ng for several mnutes,

t he bu of " t hé Formila’ nmet hyl ester dissolved to

gi v&Famntazy sal,4i4df; Ho7.0h%s sol uti on was added
distilled water (30 nL) and a | oose

K. Esterification of L-pyroglutamic acid (Formula E} to form L-
15 pyroglutamic acid ethyl ester (Formula F)
A reaction vessel was charged with ethanol (49.0 liters) and cooled to -5°C.
The reaction vessel was then charged with thionyl chloride (4.97 kg) in a manner so
that the temperature of the mixture did not exce}ed 0°C. After complete addition of
the thionyl chloride, the mixture was cooled again to -5°C and L-pyroglutamic acid
20 (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 ]iters). The toluene solution was
25  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) |
30  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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suspensi on fornmed. The addition funnel was charged
with 1IN NaCH (69 m, 69 30 nmmol, - 1.35 eq relative to
Forrmula VIII conpound input). NaOH was added -44
dropwi se over 70 minutes to give a nearly colorl ess
solution which was allowed to stir at anbient
tenperature. HPLC analysis at - 16 hours showed the

hydrolysis of the Formula VIIl conmpound conpl et e.
r eac ccydlpherane.uhe mixtareants then endlekte Gio1%E: HTSH PROR laﬂllf and the

?f Gﬁl I—%ﬁ %1'%4g %y\/\l?@7 ad Uﬁﬁ%gckéw z{y%%lsbééerg% li’egpﬁnﬁéé)@ltﬁ’f:yclohexane

2. 60 (gHlervashas@dRy Tie field Was 4S83BKei820e) L-pydbtiGtaatia hyid iethyl ester
after heating for 4 hr 15 mn shows the reaction to be
coan(E@@UM\F?@rC%&WW@Fd\‘%r 5 hours, the heat source

s renoved and the reaction mxture (clear,
col orl ess solution) was allowed to cool. After cool | ng

Lo I @m 1Boeotationof LPrraghuaticmideiltyl egtené@rmula G)
stored in a refri rator C) for fter .

st orage i FhedeP¥es taF‘BF agj &M e%tﬁre(F ﬁ?ﬁ? (ﬁlSESl‘i"l‘aé dissolved at
was %éljnlteIﬁ%&LtﬁfJ in t{;]%ﬂ (?@@SI ]fté}g 4-piméaRfafdildpyridine (0.19 kg) was
anal ysis s any, ange upén st of age.

Af t erhenvided rgthe eolutom Thmnaac@unsgturbm@s mentQhru@e(l piith a solation of
1@7723 was acidified to pH. O.
di

Qfpraghydrisig £7-2yse) ?I?LSPIYFEI ip é%ﬁ?x}ee(§4 9%5@\/‘5 RURAESL SO that the
at p'_g gl ge)r&)e%%gj%ﬁu? ﬁ+tee§§ee%loiﬂ e bﬁﬂ@trh lete addition, the reaction

pr ecCl pl resulting suspensi on extracted

Wi t h terfpdbitird wadstirred @6 thiteethotiadl at 26tCIMELe i'dﬁ?d:l:(énanatltl;ts iwgs then
performed on aqueous fraction after each Et

extr gb@rlggi])vlthﬁqg satagaéqugaﬁlg -]SD]c.lﬂpp @493% litgesy) gpc? ftgéedlxggorously for
Et OA‘CID g%ﬁé{e@%fo?@se U?Q‘flézﬁgﬁué ﬁldlﬁdrugca%%hgé’est e se arated organic

addi t The aqu ous
1 8y efayeptad wadhedakicerwittheated (2Bt SGA e ety fThe nrgaas: layer was then
adjusted to pH 0.17 20 by the additign of c n Fr§|CI
(-0. gwmpr@tgé{ @pm}venq—wgle&qmg)saqadp@pmp é e remaining
addi t &
ot r SERPBB B b IBR oy Trdeffycdopl P 21"'&6?%%*%‘“1 yield was
pH O 811%)1;;;, mes pﬁ:ggraﬁmef(ﬁa);moanpyMrdmecnﬁmlmtmhxynt agid, 1-(1,1-
dryi ng % he sol vent was renoved at reduced
pr es ipet thgl)v%e@Wh%ﬁéert(F?@él ¥8%nula Il conpound as a

garly col orl ess, granular solid which was dried under
vacuum ( punp)

H. SuperHydride Reduction and Elimination

The (58)-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
25 1M in THF; 19.96 liters) in a manner so that the reaction temperafure 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
30 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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25 for 16 hours: 11.42 g (99.53%yield); HPLC, 100%
(area % . Elenental analysis: Cl2H16C1203

[ 55465- 020- 31, TR46373] Calculated: C, 64.27% H,
7.19% Found: C, 64.19% H, 7.09% 30 -45 Crude Fornmnul a
| a conpound (5.0 g) was dissolved with heating to
--85Cin distilled water (19 nL), then renoved from

the heat source and allowed to cool. At__-53C the
mat eredgitiop ey reachon mxineg wasarmaflie R0 &o 3376 wighiatone gws and kept for

tenp - I t SGM

oI SRl vl R By S SR SR cooed o
of t lveCwal §lowlRSharEDWRHE whter pAH.00 B@rd)isb K@ e rbdvtiod Winperature did
the filtercake. The material was then dried under

vacumet ¢3peed $°C.oAquepuh end erganic pheses wers tersenadted andghe organic

c ound as | arge olorless need|es: 4. 86. 6%

S ey R agenssed RARUE TG SR BREr 20 10 bR gbe fpiater was then
HPLC 0, 0, . i : . . .

Cr o+ S KB P elieng M4 FCETRAR SR Bl Bbiained with a yield of 45 kg

64. 2798.66imo¥,. 109%) led thredt,5-Cihybrb- WA Yyridie- 7,5 @deartraxylic acid, 1-(1-
Esterjfication of L-pyroglutam.c acid (Formula E) to

f or miimetkgeyDogrtvhie BOGDENRFROSTE ¢ For il a ) A
reacti on vessel was charged with ethanol (49.0 liters)
and cooled to -5C. The reaction vessel was then

¢thar ged wiHrblysisf BOODHEPEE (Férfidlad@)) i n a manner so
that the tenperature of the m xture did not exceed 0C
After conpt sletionauprareshirem 4.3-Alyerer Hiypyreler byidirarbaxpiic acid, 1-

e b S B ERY SH Al ag e RAPREITRHSIH AT R e
t enperpo0ERraas 686184 & MRS TRiNGeeswS treafrd at Bis €itbbfdire with a

the addition. Follow ng addition of the acid, the
r eacs¢lptiompidithiven hygrexide hydratct(d 09 &gd i wae @RG7iters) togproduce a

B P T O o B e RArb R g5 B e for 2

or i JhHds al@isiBBiperature. The reaction mixture was then evaporated to a volume of
approximately 10.5 liters at a maximum temperature of 40°C under vacuum 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 agueous phases were separated

20  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 H3POy4 85%-
water (1:4) while being vigorously stirred. The temperature was maintained during
this process at 5 to 10°C for stabilitj'?. The resulting organic and aqueous layers were
separated. The organic layer was stored and the aqueous layer was again extracted

25  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)].

30
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The remaining oil was then dissolved in toluene (49
liters). The toluene solution was 25 then cooled to
approximately 10C and triethyl am ne (8.45 kg) was
added slowy so that the maxi num tenperature was
between 20 and 25C. The resulting suspension was
stirred for 30 mnutes and then filtered. The filter
cake_was washed with toluene ﬁé)about 5 1liters). The
filthate %%d‘?gﬂﬁ@é’&“é’(“%é%"a er vacuumto a total

vol ume ofgnadetip, dfildsiz8d By sddodFicatibn £Pdds@ifbaf@a Part I may contain

initiated by slow"addition” of cyclohexane (8 liters) )

30 awatB) Thencfosudnsqoterric distllativg with toigane yarapeliod BECto running
After seed foymati ondthe ni xtur{)? was tcol%lkeg 19 %9 ! Q aterials was
25C BRZPAEH-HAVRITHIYS 18 BESHESS X FEEF SOt eIe8 145

oy cl RREX&N e ahRNIbIB OCEDMRPrioh & vefidMif2thnl Qvdter! FoB&zeotropic
stirred for one hour, and the resulting crystals were

fi | tdistélbitionf BOTHRHE rwastdilltsdweithetoluesh talan sppsexipiater30% solution.

o (Blsgersy g e aerm Lo Cest ORI (6 0EFe was then
as C(ﬂLéBHe@?ﬁ TREEER #iterR). CrheBOknn & £Thiu@Bd With DIPEA (2.26 kg) and
L- Pyroglutam c acid ethyl ester (Formula G The

L- pythe gdaoti@nintx teue vaseohlel tes2@ro -L5UE.nmveaylRh{dBide (3 Ry kg was then
was dissol ved at , roomtenpe > | n tolyene (24. 97 .
{07t ctcapd Sawdy B uing B8 HOBFR DA parDeblgee iggbiligE The resulting
adde ; ' t i ' : :
Chaca IR b B TR O, MLty R o

di sswh wetb-surficolgaeintet( WhiRAddingahs iminona, thereatios evas heated to

P T TR N -
ti . . i i .
L S e Ty e o

1549. Dier chltecw &) washdd siithr THIE( 12 lgespinseyerhloportidi(s. rihedileste was
bef ore separating the organi ¢ and aqueous phases, The, X
s epaACAERFISgRARICY AL BUIR AY & MARERRIMRIPRSFATT A& vl 2RC Hgp gfssolved in
( 24'Iggthj l'e{ljce@ﬁoﬁdaec@% :33-[ s (.):;ﬁ%r}.loﬁltiloﬂWS wWikfied \bﬁﬂ water {26.66 liters).
evapora‘fe rom solven nder vacuum at a maxi mum o
50C. ThEhesulporghiig and aquevhestmsdésovat iseparatyd hddothe sfpuemud phase was
crystallized on standing. The t‘he?,r eti C%| ¥i el d was )
8. 18“*"&"@?&‘? tyicy iuql?ﬂpgthﬂpnet ghdoride (20 liters each). The resulting organic layers
20°S)vie QXRBMES Uhd Eitkatetr AT RANM drl REAded drrbrhote any excess
Hitnigs baée. The yield was 3.35 kg (15.77 mol, 90%) of (55)-5-aminocarbonyl-4,5-
dihydro-1H-pyrrole-1-carboxylic acid, 1-(1, 1-dimethylethyl) ester (BOC-

DHPA)(Formula G”).

25 K. Cyclopropanation of (55)-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  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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di met hyl ethyl), 5-ethyl ester (Fornula G. 20 H

Super Hydri de Reduction and Elim nation The

(5S) - 2- oxopyrrolidine-1,5-dicarboxylic acid,

1- (1, 1-di nethyl ethyl ), 5-ethyl ester (Forrmula G (4.80

kg) was dissolved in toluene (30.97 liters; Kf max

0.01% water) and cooled to -50C. This solution was
charged with SuperHydrid i Et 3BH. 25 1:M i NEIRRTS

19, dBMPSTAFGRCTIREN, IR Reion e tth ek with diiodo
te [0 86 €o R hil8 ¥afift Sninp 4R Gcaddndemperamie bétween —30 and -
adg.ﬁjt%lgtg%d,é(t?]e mggture was st |Br_red at -45 to -50C for

30 25PQuAERT coinpleteyddditicoyitopdiieieimesham) theanixture was stirred for 45

e S S S i AP gL P cooed
i Net.h ' idi . . : _ \
So e RO ROPE A Bl b pE I3 &6 patiofls Sippfoximarcly 5

chargggat\hd Radtionftbmpeaacebi Reatibiyalrvadendiftkihagl bewcr 22 and 24°C
kg) in a manner so that the reaction ten‘p%r ture.di % —_

not it dedeactisTwantomplegmpiodoing compleiifn 1 SRS reppfien, the mixture
reaction m xture r b 0_tQ: i.t hi hareed
e A B RR S TE RO By SIowy has

t enpgkRtitiBied DRArBRAG! Joftiofi(X1.8 lieeryyds atohmecaothedtht ceaction
0C and slowy charged with water (48.00 liters) so

10hat tetperatueaditlinohex en &5 4t UFallaying thivadditione € I5estion mixture was

R B B QRSB Bt s

vat efpd Bsdi@ndfker chli6was GanifsirddHack tovds vedsel slurried again with
evapor at ed and degassed at 40C. A yell ow _sh oi

| . .
obt anetbylené ¢tloridey(ldidditers) for$0Rginuiesging ge-fypreds @Gﬁg"%&g this second
t he 5-di hydr.o- | rrol e- ' ' i .
1-( 1&&&?%%}{1@?'&:%&; ?(fass\_'vgﬁq:ﬁé l‘uﬁt'ehgz{dg?fog%éfhﬂdgn@&il%de (7.2 liters).
15BOCHRHERkS Gerd bR séparatdDinto aduyelisaing irganid pHRGES- dDidREorganic

(Formula G) A solution prepared from d
4, 5- phiabywaswhsHed yrithoiadf sptvmated bERHGLA litgrsycPefvent.was then remove

1, 1- di met hy| et hyl ) 5-eth . y
G} (o vouRg ) PR P o ¢ R et R, A story
0 t OoREudNFodlcOW NeptiratBbbaiinddhiFinal eolpereatf hesusprsion after

solution of |ithium hydroxide hydrate gz. 09 %2 in. .
wat esolyer0eghangetwasshd.4 btepy: dhgcsads product was isola d by filtration. The

20 filtercake was washed with heptane (2.9 liters) and then dried under vacunm to a
constant weight. The crude yield was 2.76 kg (12.2 mol, 72%) [1S-(10.,33,50]-3-
aminocarbonyl)-2-azabicyclo[3.1.0Jhexane-2-carboxylic acid, 1,1-dimethylethyl ester

(Formula H). To purify, the crude material is slurried in 8-fold amount of a 1:1
mixture of butyl acetate/heptane at 20 to 22°C for 4 hours. The material was filtered
95  and the filtercake was washed with an approximate 1-fold amount of heptane. The
yield was 2.11 kg (9.33 mol, 55%) [1S-(1¢,3B,50:]-3-aminocarbonyl)-2-
azabicyclo[3.1.0]hexane-2-carboxylic acid, 1,1-dimethylethyl ester (Formula H).

-50-



15 turbid solution. This turbid solution was then
warmed to 20 to 25C and stirred for 2 hours at this
tenperature. The reaction m xture was then evaporat ed
to a volunme of approximately 10.5 liters at a maxi mum
tenperature of 40C under vacuum and charged with
water (24.00 liters) and t-butyl nethyl ether(TBVE or

MIBE), (24 lit o t Th
Fesukti ngd @m%%%gsi?%&&éﬁga&%@m? Bt ed 20
and_t he agueRissoPh ohdiatc AATHSHIRARUD 110-EnclrlyleityPester

of TMBE. |sm vvas then cool ed

and t he p(ﬂ]‘ommlaaﬂj) mf(mh (15,38,  Bazal8cyedo[3d G}Bé?@me%%rboxanﬁde
wat er whi Iﬁabei ng vigorously stirred. The

tenperat é’ intained during this process at 5

t0 10C fox 13b3R! 3 hédked HRSK écﬁﬁ%ﬂe%l'vﬂ% Ph@aitntcaftétrer and a

aqueous |layers were separated. The organic |ayer was
st or thermanduplb ewaspbacged Wity diS-(lets3 fateli ramittocaboryl)-25 )

e g o g B Re e e Pt i s
or g %@s,&ygmf@m esh ¥t dl (23001 BYORE S ANE2S mmol) was

(Dl sol ut| on was t hen evapor ated
and egadieddo &te saspmxiiorru fihe t@ﬂhmgabmnen ofas SO diatdeem temperature

The i 7. 84 22. 88 29 . B
Wy F 85 PEvs Hiring BPPBATEBRSBISI T VP oged Clgppliof of the
for nRL LR R dRirotddhyPEbL @HRaetﬁ%nIHﬂ%& e #RA(MIYBE ) (30 ml) was added

saponi f| cation as described in Part contain
wat eto. thérmsp@fsmmandmmmammun@ndsfprm @d tmab\ﬁ@ pinutes. The

Howevabensian e g i Bhce B g R o DREMFEE R BBt o s

raw WRhed Wah MYBE (50 kA eﬂheoibhﬁ h@s el i arPbveBadEHduced pressure
prior to renoving any water. For azeotro

i
i stior B&hown fo HOEd DPhydaechdoridetseld of 139 gﬁ?)a%ﬁéabw%@ 1.0thexane-
appr te O soI t Tol was renoved under
vacuffﬁ"iII éﬂ j% %ﬁF}Lﬁ?g’SOO kg) was then

di ssolved in THE (48 O liters). The solution was
charged with DI PEA (2.26 kg) and the reaction m xt
was Mool OCProp@tion ofm@-amyp Ihydporpsicydofh3, itg1 Mcane -1-

e 10 050 St R S iR
20 carbonyl]armno]-S-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:
(aS)—oc—amino-3—hydr0xytricyclo[3.3.1.13’7]decane~1—acetic acid (Formula 2)
25 (469 grams, 2.08 molcs)) was dissolved in ice cold 1 N NaCOH (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 BocyO 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
30  were separated. The pH of the aqueous layer was adjusted to 7 with concentrated

HCL. EtOAc (4 liters) was then added and additional HC] was added to lower the pH
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suspensi on was then stirred for 2 hours at -20C

foll owed by saturation with ammonia via a sub-surface
gas inlet. Wile adding the anmonia, the reaction was
heated to OC After saturation, the reaction mxture
was heated to 20C and stirred for 3 hours. Foll ow ng
stirring, the reaction mxture was filtered to renove

hydrochl oride. The_15 filter cake wa ]

(12" o weswayinmaipts by She ol opfie opaRG e el 5o ml. The
conc i 1t A d BE QR [FeOfvas extracted
o PR LR MGt L a0 g

| i t evsjh EfDre Sof ditifers). Ths orgasiedayors whrewbanegonghipedsmd washed with

it . o Jh I.ting. i d .
L s B PR L 3y i
t @i CoyambNaltRidA¥ AR AN Diotdlep aBdoln fefipSraaae bjtil disess. The yield

resulting organic |layers 20 were conbi ned and
concevis 542 gchmsnaféaSya (L ndancthilethosvsarbeaylfanpok3any

chs ey oL il Pl b 2577 ol
di hydro-1 H pyrrol e-1-carboxylic acid,

1- (1, 1-dinethyl ethyl) ester (BOC- DHPA)(Formula G').
25 N Cfupiing Renctioroty pfoduce 3-cyano-(0S)-o-(3-

B homy e o o b R B R A2

GDAfir i s, ﬁ@ﬁﬁfe%— Hand@3bafy 284 14-0fnethylethyl ester
BOC- DHPA oélﬁﬂ‘?g[gll\g] 4 kg) “di'ssol ved in ref hyl ene

chl ori de (E&nslhiK)ers) and mai ntai ned at 20C. A second
reactor, Reactor B, charged w t.h t hyl ene - :
chlori de (18ld cpalnpg%lc@;ﬂag\g Bq@%elde‘ﬂllﬂf 89%%3%18(8, nechan rcal stirrer
B wa ' i 0 B inol-3-
oy SeA IR, SRS Ly L, CUIRRYED oo
135. B§diogytricyclbBle it Jdavhie-&-anetiowcal orgulat3 (SYgrams, 153.8 mmol).

Eﬁgﬁ grfgﬁ:t (%)8 ﬁ%ﬁ%ﬂ\é\g%ﬁie&%&@ %fgr% { t(zo%gc:)@gg %C e%%\fﬁ FtV\c@nS.’\ Fi B 1ution was

Mai Nt.ai104 RY-¢P | L3 BHKIE PRIARDIfodf chltglide (Mes-
25C. tcgélg‘ggggo(?rp aelfg&gdélgﬁr?%ft the diiodo rre?ﬁgr?e, tde (Mes

the @IX131i enlyisd mriok,rleledudvalerds) wisribeneasldad as gginglg portion followed

-25C, This m xture was,khen ar o F r via a

cool & dSS?ﬂrB@’)i?tg}ﬂBm{”& (9%5@95.51&%%%%6 ﬁga?e&g f or red

56 owd}isdrﬁolﬂ@éthjd%&e@as%ﬂﬂé@éﬁbw ®ley a pifiods6r dbbat 4 tnfiutes to keep the

reaction tenperature of Reactor A was nmintained ) .

bet wemerngtemperapachelow 8°C. The reaction mixture was stirred at 0 C until all acid
was converted to mixed anhydride. (1S,3S,58)-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 temperature for 2 hours and then left overnight at

room temperature.
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until the reaction was conpl eted. Foll ow ng conpl etion
of the reaction, the mxture of Reactor A was cool ed
to 5 to 10C. The reaction m xture was then slowy
charged w th saturated bicarbonate solution (21.6
liters) in a manner so that the reaction 10
tenperature did not exceed 15C. Following this
addition, the reaction mxture was _ stirred fo

t
| easO-one Debudration andHpdrodysis toRrodnge Fagyanesy )= (3-

suspensi o s fi.ltered., 43F r |t J i ake
was |Ot r ansF‘ﬁ?"é‘a&rﬂ%g{’[ﬁg']t'%lei}gegélgglﬁ',ﬂt'glpﬁﬁrsl Fjesfﬂggz}éfai n
with et BydmerlsiBl10]héane M ethahédagbamid avid, I01-dimethglethyl ester

and re-filtered. Followng this second filtration,
the filtefFeamdadas washed with addition nethyl ene

chl ori de i’;rr#lgg i&% chu%a]er&? 3]2—5 Garhbll ¥4 8BRS wiS h&ddNE fhe reaction mixture

separ at ed ueous and organi c phases and the
or gasf Part Phasahy\Rsctiwsiixturaivias chaled iisatom sigddthaoi-B%.

S trifloeetisamBYaIe (BFAS) € SHivaRENdHGRBl S Bk then added
A sl F"lro(av\f o ﬁ?ﬁqﬁes WRduet ihéo]tﬂ%q B EE:100 LB €Bhe reaction was
Vol Ui Cof e

Fi na e suspension after solvent exchange
was dderdd dtiaer Sor OTha aad vhkeked o HPLGZGE0 ik @l améAchy0.5 ml H20) for
filtration. The 2Q filtercake was washed w th heptane

19 othe disapagaraneg of Rar N r@gower vacuumto a

tant weight. T i - : 30
(r:rgln,s 32% ‘ﬁﬁ!i %@hl%rf Q?%@é‘g?s%%ﬁ & Hedifig Bathlo Pplodimately -3°C. NaOH
ani NS beqyikilentsaxzeds myl; 185 tilwashkicdnethz reamtiborydr IO minutes

acid, 1, 1-dinethylethyl ester_ (Formula H). T% .
pur i fagueeusertEr Gl WhikeaRainipining e feqcHien tempegitprg bglow 10°C. Aqueous

anou f 1 Xt / t

50" BooBh gty o il B e A A sgla over
a0d theutd hdmpaaisr 8=, waspied 1M1 iThareaagikar wad athvtwed to run for 7
1-fol d amount of heptane. The yield was_ 2.11 k

nol , hewsyo misntes. By Badign-veasHeripiRia Mhsth gil }ntgmedlgatésg\ife?fg hydrolyzed
bi cycl o[ 3. 1. 0lh "0 et "
o IRy R ST TR Ff HEEC B g B AR B mi BiO)

Depr ot ect gana8tsdod) twhs (bR, 83ded todhé asscnacmivareyahd il resulting
azabi cycl o[ 3. 1. 0] hexane- 2-car boxyl i c aci d,

1, 1- diwnoungdeersgilic kayersiverg Fmarinda i Qreamlaysr was washed with 500

S, 35, 59) - 2-azabi l.of 3 ez i o
o iy SRRSO R Ll BRSREAERAE ¢ 7o srom
a Meghaniaahion tintet & mANtqaV = 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; ag. V =

X

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

25  produced by HPLC. The organic was washed with 130 ml sat. NaHCO; solution; aq.
V = 176 ml, pH = 6.0, 780 mg product. The organic was washed with 300 ml half sat.
brine; aq. V = 330 m!, pH = 5.2, 25 mg product; organic V = 650 ml, pyridine 0.043
viv%. 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%.
30 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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t her nocoupl e was charged wth

[1S-(1a, 3(3, 5a] - 3-am nocar bonyl ) -2 azabi cycl of 3.

1. 0] hexane- 2-carboxylic acid, 1, 1 -dinethylethyl

ester (Formula H) (5.0 granms, 22.1 mmol) and THE (20
nil). HA (2.5 Min EtQCAc, 25 m, 62.5 mmol) was then
added to the suspension. The resulting solution was

ti d at f i
i e s o ey oo bl 88 e v
e e . .
Tﬁ? m@%%ﬁ# Qi&lés}&lggglg%o ks Wai Hiél:hzﬁﬁ&yﬁﬁihné. The solids

et her” to the suspension an
st i rwiredilwasl cffand theedkd was washad avithi Bhal SZERAdeptane; 3.4 g

I e S S S TP B o,
(20 lg}b# peroér@cq F%k%@wﬁ%ﬁag&ﬂ §0sd-g ﬁﬂeW&ﬂuﬁh%%fni%tﬁ.d W6 product was

pr es urs to afford the hydrochloride

sal tolRhintd S78%, $63 AP~ azabi cycl of 3. 1. 0] hexane-
3-carboxam de (Fornmula J; 3.6 granms, 100%. M BOCC
Prot ection of

P2 2 hBrabs i @ DDA AS 362438 Fhmfisa0S: 1-

acetTc acrd (For il

(as) - a[ [ (Rydrostytidyol 280X )e2-y1)-1-oxoethyl]-2-azabicyclo[3.1.0]hexane-
car bonyl ] am no] - 3- hydroxytricycl o[ 3. 3. 1. 13,

1) decane- }-cachonitrilgdenzoate Gl i (Formu A preferred

net hod of,pre ' . aCi Gab i
descri bed3'|B a;%g(dgﬁ%-@@dfr%iit é%g)??'\%gﬁfirﬁﬂteﬁ—elané}} Tcog\?vi_ (}1%’38’58)"}
?ets ?ﬁibﬁ?@lomggﬁﬁgaﬁe%-ﬂmmcmrmmﬂd add acl-dimethylethyl ester (Formula

aS) - a- anm no- 3- roxytricyc 3.3.1.13'7 -1 i
- ac eﬁq(é-oﬁmas,(lﬁé%@ma%@ W@%ch@%eé tg) Pé‘ﬁﬁ?’ﬂ%‘:%g W@%‘}Pped with a
was gdi in i . '
195 ShRORL ek e Ul M APEE HIOREspnmieg a5 o 50

1ENpeaidiee t@acieveandean salttigre. oBenceniFated HE1%3.00 tdy )% w/w%, 36.14
was added to the solution.  Solid Boc20 was en agded.
gl?.FLﬁ’lg ﬁ%ac 10N mixiure was

and Tfelesy 3 sgyivalants W?iﬁ’d@e%%mgﬂ lPnpgragye
te npﬁfr%ﬁ%ﬁl Egéliwg%@ghﬁ@ﬁe Katdr (B0 wik BRE adliéH and the mixture was
was then a

liters wth stirring and the resulting
or gastireddor ] o edmsed. ThisrreacBion wekeirs wpairansédred Tha sepdratory funnel
of the aqueous | ayer was .agj ust ed

ConcBk B A ARl e ERRIY Pt Lo NeAL MR Bl clgpphase

b B e ol e o1 oncant ratea HO

add eNa@H&leHknBiintaiﬁﬁhg 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 sodinum benzoate in

25 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 Buchner funnel and washed with water until the solid gave a negative test for Cl-
with AgNQOs. The solids were then washed with heptane (10 ml) to drive off the

30  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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organi ¢ and aqueous | ayers were again separated and

t he aqueous | ayer was extracted with EtQAc (3 x 3
liters). The organic |layers were then conbi ned and
washed with water (3 liters) and brine (3 liters).
The washed organic |layer was then dried wth 5 Na2SO4
and concentrated on a rotovap at roomtenperature
until dryness. The yield was 542 grans of

(aS)-a[[ (1, 1-di met hyl et hoxy) car bonyl ] am no] - 3-
hydrﬁﬁytricyclo[s.s. 1.13" 7] decane-| -acetic acid
(Formula 3). N. Coupling Reaction to produce
3-cyan-(aS)-a-(3 10
hydroxytrjicycl o[.3.3, 1. 13" 7] dec- 1-yl ) - ( 3- oxo- (1S, 3S, 59)
-2- azabi B§@PELEoR %k hexane- 2- et hanecar bani ¢ aci d,

15 1-dimet hyl ethyl ester (Fornula K) A2 L
three-necked flask equi pped with a thernoneter, a
mechani cal stirrer and a gas inletOfas charged with
((xS)-a[[(1, 1-di net hyl et hoxy) car bonyl ] am no] - 3- 15
hydr oxytricycl o[ 3. 3. 1. 13' 7] decane- | Jacetic acid
(Formula 3) (50 grams, 153.8

added and stirred to produce a ¢ The
solution was cooled to -6C in 3§

i ce-wat er bat h. t hanesgl f on ' S-
a)(13.1 m, 169 jmol, 1 equi vt 8 t hen added
as a single porti fol ljpwed by di N et hyl am ne
(94 nm, 539 ] 1 N alLents) .

di i sopropyl et Aiyl ani n® was afided s peri od

of about 4 mnutes to keep the
bel ow 8C. The reaction m xture
all acid was converted to m xed anhydri dgy

(1S, 3S,5S5) - 2-azabi cycl o[ 3. 1. 0] hexane- 3- car boxam de
hydrochl oride salt (32.5 grams, 200 mol, 1.1

equi val ents) and _hydroxybenzotriazole (HOBT) (1.04

gr ang pr Péehﬁﬁggwd&OS equi val ents) were then 25 added
in a single portion and the flask was renoved fromthe
cooling bath. The reaction mxture was stirred at
roomtenperature for 2 hours then | eft overnight

at roomtenperature. -52 0. hydrati on and

Hydrol ysis to Produce 3-cyangzaS)-a-(3-

H,N

10 CN Mm'

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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hydroxytricycl o[ 3. 3. 1. 13, 7] dec- 1-yl ) - p- oxo- (1S, 3S, SS) -

2- azabicycl o[ 3. 1. 0] hexane- 2- et hanecar bam ¢ aci d,
1,1-dimethylethyl ester (Fornula L) 5 Pyridine (6

equi valents, 922 mmol, 74.6 m) was added to the

reaction mxture of Part N and the reaction m xture

was cooled in a cooling bath to -8C. Trifluoroacetic
anhydride (TFAA) (4 equivalents, 616

£ henToaeRCmPPRHITy Wi g TS ro Al PO %‘é%t 881‘“ 88 reaction
tenp I ' uddus layer was
e RERuH fag Bl g S nolti€ hRAfG a\g@ssand&h%fd v il

0.5 Bd:lleb&ﬂ) Toahe ﬂ@ebhelagiersms@dﬂhmélylﬁw EthtldN(ﬁL), and water (720
Compound K. The reaction was then copl ed n a n

bat h@b%ww%@ B @as Rd¢gq drpRViIe togad P@g‘i"gjn‘i’ g105.

O 925 nol n over 10
rr?nut es %‘%ﬁ Sus %% 0 ggﬁg%&&hgﬁ%?%?gfs?}l?ng t he
reaction tenperature bel ow 10C. Aqueous K2C03 (319
granms, 15 equivalents, dissolved iB 510 M H20) was
added over 5 15 m nutes (terrperature = 8C, aq. pH
11.1). The reaction was allowed tojrun for 7 hours 40
m nutes. The reaction was conpl et e/

i nternedi ates were hydrol yzed
determned via HPLC (30 I, 0.5 AcN, 10.5 mM H20.

Et OAc (500 M) was then added t ion mxture
and the resulting aqueous apd gants rs were
separated. The organic |ayer wa 500 20
m buffer solution (2M H3PO4,

terrperature rose to Zﬁﬁ NI N adntlon tyme: 5
mn., ag. V=560 mM p

org Vo= 1,080 m. The organl c
second 500 m buffer.- solution; . pH =
2.5, 415 ng product by HPLC, organic V =C800 m, 1.02
v/v% pyridine. The organic was washed with 300 n
brine; ag. V=350 mM, pH= 1.8, 20 ng 25 produced by

HPL 1démf?168 '59 Q{P\;,‘C)Vtﬁénﬂ\ﬁﬁ? ﬁ%qwéﬁ"tfegtea %ﬂ%eﬁ‘ﬁ?fene Nﬁbﬁ&gml‘) and

solu product .
fthe %@amzo m@,%nmﬁﬂlmhhdrﬁﬁﬂe lsbluhalh ’(~ 630 ml) vas auded dropwise

ag. V=330 mM, pH=5.2, 25 r oduct nic
650 while pyintainiae reaction terpeqaiprede qsa@@dmvl&ég‘g%%“%t §H between 9

L1 QUARYYS NACF (13 ks art tb hixdukd ASHRA HIIOHSH (5%rm o
phase split. The organic layer (6.2L) was coliected (contained ~ 174g of compound
M) and the aqueous layer (1.75L) was discarded (contained 6.5g compound M.

15 The organic layer was washed with 1% NH4Cl brine solution (450 ml). (1%
NHLCI 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%)
was discarded. " |

20 Ethyl acetate (~ 41.) 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:

-56-



silica, washed with 4 x 25 m EtOAc, organic V = 750
m, pyridine 0.04 v/v% 30 The organic |ayer was then
distilled to approximately 133 m. The organic was
stirred for 1 hour until the solution turned cloudy.
133 m heptane was added -53 over 15 mn. and the
slurry stirred overnight. 133 no heptane was added
overnight. The mxture was stjrred.violeptly for 20 .. .
i R 475 aten bl 7D s, e gropive 80 e O T, ghyStallization
11 yerad 0 Al Ga sl NashRmhoW iy §8 Alilatdd%or 30 min,
Et géﬁ%d?é&%; F%hg prg%gﬁfﬂVas ?%ﬁ%%hﬁ% 8.%% g )
cr udittesddt B calenwasiied ofithshyl @netatcfand driedhet thgrdasvacuum to give 186g
liquaor. 5 Dry product crystals were heated at 50C
und@fCQ%EﬁRﬂ$hﬂv§Fﬁ$gH%: 467 g product was obt ai ned

73% .96.6 AP. P. Deprotection to produce
?18, 3S,5S5)-2-[(2S)-2-anm no- 2-(3-

hydroxytricycl o[ 3. 3. 1. 13" 7] dec- 1-yl ) - 1- oxoet hyl ] - 2- aza
bi cycl o[ 3. 1. 0] hexane- 10 3-carbonitrile, benzoate
(1:1)(Formula M

3-cyan- ((xS)-a-(3-hydroxytricyclo[3.3.1.13. 7] dec-1-yI)
-(3-o0xo-(I S, 3S,59)-2-

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

1,1-di nethyl ethyl ester (Fornmula L)(5.0 granms, 12.04
nmol es) was charged to a three-necked flask equi pped
with a thernonmeter, a nmechanical stirrer, and a gas
inlet. EtOAc, approximately 45 to 50 nml, 15 was added
to achieve a clear solution. Concentrated HCL (3.00

m, 37% w w4 36.14 mmoles, 3 equival ents) was added
at roomtenperature and the reaction m xture was
stirred until a solid was produced. Water (30 nil) was
then added and the m xture was stirred for 1 to 2

m nutes. This reaction mxture was transferred to a
separatory funnel and the layers of the reaction

m xture were allowed to separate into a clean phase 20
split. The aqueous | ayer was adjusted to a | ower pH of
approximately 6 with 25% NaOH while maintaining the
tenperature bel ow 25C. Salt exchange was then

performed by addition of isopropyl alcohol (IPA; 2 to
3 mM) to the aqueous | ayer followed by addition of
sodi um benzoate (0.65 m of a sodium benzoate
sol ution prepared by dissolving 2.6 grans for sodi um
benzoate in

f
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25 6.5 nil of water). The remaining sodi um benzoate
sol ution was then added in dropw se fashion via an
addi tion funnel. The resulting reaction m xture was
stirred at roomtenperature for 16 to 24 hours.
SOWﬁ Fﬂgu tI on mxture were then filtered on
a Buc ner unne washed with water until the solid
gave a negative test for - with AgNG3. The solids
wer e then washed W|th hept ane (10 m% to drive off the
30 watel;, ai A RPFeE fRPERASINE ARABINC QhthgSITEEUS, a
vacuum oven at 35C until KF < 5% Yield was 79% 4.1
grans. -54 Q Deprotection of L 5 OH OONoO N HL,
CN to produce free base M KM HZN N O 10 CN M Part
0 compound (L) (300g, 0.723 |, potency of 90.6%,
nmet hyl ene chloride (3L), nethanol (288 nil, 7.23 nol)
and concentrated (36% h ric acid (288 m,
7.23 nol) were charged t 3-nqgck 12 L flask equi pped
wi th mechanical 15 stirr
gas inlet. Reaction occ

NH,

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

)

Formula 1

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

b. adjusting pH of the reaction mixture with sodium hydroxide to form

the desired amine which is substantially free of undesirable excess ammonium ions.
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10

15

20

25

30

reaction tenperature within the range from about 20 to
about 25 C. The reaction mxture was stirred for 18
hours, split into 2 phases and the top aqueous | ayer

was collected. To the aqueous |ayer was added

nmet hyl ene chloride (6L), and water (720 m ), and 5N
NaOH (-600 m ) was added dropwi se to adjust pHto 9.0

- 10.5.55 Th?h@Fx%@E’és%s ABASR QAR Di@rdil the partially purified
hydrochlorlc sa NH2 N OCN (identified b
HRbEhylakmimadeaydtopenms amd/elafoeuawdlehydreng%ﬁ@ynﬁl(B H)

eiberams a3t sase Bobes Mregnrsasig £/ O °°
SO ile

mai nt ai pi ng

adj ust %H be?l\%gen %Qfan {18‘1559{0%&%?& %&80%911\/\1212&38%69

angrottieingrphényiartige tlehyﬂrbgbmse 26d/ot fornate dahydnogenqsh ase
split. The orlg)z;\nl c layer

(cont ai hed - SErosngi S Gkl g R S¢St astiyity from the
egﬁliléé’ﬁ:%@‘gnd%ﬁn di 1%%&?&24&6}8{@603 nlﬁ POIF QIWQPF@H enzymes

organi c a er was was 1% NHAC
brl ne sgl uti @lﬁrlfy‘}ﬁ@thﬁlﬂrbth b@l%anﬁﬁ-ﬂﬁlbrdﬁhlmdl s fberulaimg agent to
contained |g NH4CQ , 25g NaCl and 74g H20). Fromthe

r eeqagk amcﬁé]ﬁkbés:sﬁﬂﬁlfﬁme‘/@% grahwmmrom; recover ed

(cont ai ged 4y solution) and the
aqueousgl ayer rdlg%léﬁ%;) con?al nl’ng 1.4g conpound M (-

0.49% was dismenbathg tRObIIN gige Etpattﬁlly-puﬂﬁb:d emg/me concentrate
added to the organic layer while Cl2 was_di st

|1 ed
of having 2 BBIEBDHMctiyity pf 2tlpast abas ﬁowfrﬂlu for BRH least about 20

wh 3 fi vol une of 2.5L was reached. The organic
Iaﬁ@?ﬂ lEigrishfilteredto remove solid NaCl and was
concentrated to - 1 Kg (- 170g of conpound M in 1L
ethyl acetate) GC analysis: -56 DCM < 0. 1% Water (17
m) was added dropvvi se and after 10 mn.

crystal i zat . i
the r esé1 ti nE%E PfﬂcF% degig%(iﬂ%na@ Hx\?tg?{eﬁ%@?nh%%gﬁﬂs AWhected to
microfluidization under a pressure within the range from about 12,000 to about

20,000 psi.

4, The process as defined in Claim 2 wherein the broth is subjected to

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

5. The process as defined in Claim 4 wherein the temperature of the broth
is kept below about 25°C.
6. The process as defined in Claim 2 wherein the phenylalanine

dehydrogenase is obtained from the genera, Sporosarcina, thermoactinomyces.

7. The process as defined in Claim 2 wherein the phenylalanine

dehydrogenase is obtained from Thermoactinomyces intermedius.
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filtered, the cake washed with ethyl acetate and dried
at rt under vacuumto give 186g of conpound M, yield
81% 5 -57 WHAT IS CLAIMED I'S: 1. A process for
preparing an am ne of the structure OH CO2H NH2 5
For mul ag2 whi PR 4sSR%indd i [ URQURAWSlanine
sol uti or81' of g%Egto aci d ofn@?hﬂecgtﬁ?&(r:\%‘?g 10 Cﬂ (CO2H
- Agelydbpemmd B dbtainddframhaimoadiponpte, infarmediiun sl ©e 33205,
adeni ne dinucleotjde, dithiothreitol and partially
puf¥Resad ghesrredradicad o8 SKfds BE¥HASe and /or formate
dehydrogenase 15 enzyne (PDH FDH) concentrates; and
b. adjusting pH of the reaction mxture with sodium

5 hydr oxi de t o Thepracetdws ditined adChibm2ewhdréinhhé microorganism is

10

15

20

substantially free of undesirable excess amoni um
" oischericlsg cpli M 0pBRES 2000 PRBFDRGRD imerdhi m 1
wherein the partially purified phenylal anine
dehydr ogenase and/ or formate dehydrogenase enzyne

(PDH FDii. cqne prided #defibed ff €ah @0whteinhke platfiedbroth is
whi ch conprises: 5 a. preparing a fernentation broth
of uldrafilteredor gani sm capabl e of

11.  The process as defined in Claim 1 wherein the aqueous solution of the
3-hydr0xy-a-ox0tricyclo[3.3.1.13 | 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 1o

produce the amine.

12. A process for preparing a BOC-protected amine of the structure

OH

CO,H

NHBOC

Formula 3

which comprises
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5

10

15

20

produci ng phenyl al ani ne dehydr ogenase and/or formate
dehydrogenase. b. subjecting the broth to

m crofluidization to release activity fromthe

resulting cells and forma mcrofluidized broth
cont ai ni_.ng PDH and/ or FDH ¢ Al i L the a2
broth byt r edtPAEne PR RN of fre iRp st (B8) bipino-
t 0 hydfRxGORYEbLEE.B 1 Qé’g]lde%_efll-&e_tia Aeidrof Ry grudhife and

unwanted proteins; d. -filtering the clarified broth;

and e. concentrating the broth to give a partially
purified enzyme concentrate gfjaving a PDH FDH activity

of at |east about 400 TUmM for PDH and at |east about

20 1UmM for FDH 15 3. The|process as defined in
Caim2 wherein the broth is bjected to

m cr of | ui di zati on under e wthin the range

from about 12,000 to abo DO psi. 20 4. The

process as defined in O3
subjected to m crofl yid p
tenperature of the broth behNow'abouty 25C. 5. The
process as defined in Caim4¥whereign the tenperature
of the broth 25 is kept bel ow aboutNH35C. 6. The
process as defined in Claim2 wherein the
phenyl al ani ne dehydrogenase is obtained fromthe

S8 SRR SR AR BONRE e

erern
phelakydb@itiagecerdehydn dgapadsivie antidtionnddhd kaomacid
Ther noacti nonyces internedius. -59 8. The process as

defined in Caim2 where the phenyl al ani ne
dehydogenase i s obtained frogyThernoacti nonmyces

I ntermedi us, ATCC 33205, expressed in Escherichia
coli or Pichiapastoris. 5 9.]The process as defined in
Claim2 wherein the m croog ismis

CO,H

as defined in Claim 12; and

b. treating the above aqueous solution with di-tert-butyl dicarbonate to

form the BOC-protected amine.

13.  The process as defined in Claim 12 wherein the pH of the mixture of -

1>"]decane-1-acetic

the aqueous solution of (oS)-a-amino-3-hydroxy-tricyclo[3.3.1.
acid and di-tert-butyl-dicarbonate is maintained within the range from about 8.5 to

about 12.5.
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Escherichia coli JML 10 (pBMS 2000- PPDFDH PDH- nod) .

10. The process as defined in Claim2 wherein the

clarified broth is wultrafiltered. 10 11. The process

as defined in Caim21 wherein the aqueous sol ution of

t he 3- hydr OXpireqsrORt hi &éﬁ—ﬁeﬁﬁ@ Chairhr 12 further including the steps of
'] decane-|-acetic acid, anmmonium formate,

n| osnlatnmﬂld BQ(Geritenteciimine [fawt Htaeadionmiature eid subjentiaig the

deﬁ%@eﬁﬁéﬁggé%%%%%ﬁggsgé alagégﬁase enzyme is warned

to a tenperature within the 15 range from about 35 to
about 40C and nmintained at a pHwithin the range from
Sabout 7.18.t 0 Aputtsss prdvideddfopprepadnghibe BOC iphatectad gmine of the
from about 24 to about 48 hours to produce the am ne.
12 SO cess for preparing a BOC-protected am ne of
the structure 20 OH COZH -4y NHBOC Forrmula 3 which
conprises -60 a. providing an aqueous solution of the
am no acid (aS)-a-am no-3- hQdroxytricycl o[ 3. 3. 1.

13' 7] decane-| -acetic acid of [the structure OH CO2H

NH2 5 prepared enploying parfially purified
phenyl al ani ne dehydr ogenase te dehydrogenase
enzyme in the reductive 8 of the keto acid

CO,H

NHBOC
Formula 3
10 which comprises
a. preparing a partially purified phenylamine dehydrogenase/formate
dehydrogenase enzyme concentrate;
15 b. treating an aqueous solution of a keto acid of the structure
OH
CO,H
0
Formula 1
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OH 4--Y COZH O 10 as defined in Caim112; and b.
treating the above aqueous solution with di-tert-butyl
di carbonate to formthe BOC-protected am ne. 15 13.
The process as defined in Caim12 wherein the pH of

t he. .ni . . i OR . .y .
LA B, OUARURE Q08 s pnd il and e
et ipartiatl§ipdrifind pAémyll stidind déhyddrahlefidselfomadte delsydragentsei anegine
within the range fromabout 8.5 to about 12.5. 20 -61
14.corr¢?é1tr9ted89§EFB§I)defi ned in daim12 further

i ncluding the steps of isolating the BOC-protected

am ne fromthe reaction m xture and subjecting the

5BOC pr oteect edidpiting pHO Ry fhalidd maitin@Rvittbsolum Aydroxide forming
process is provided for preparing the BOGC protected
anitleedesired pminest ruct ure OH CO2H  NHBOC Fornula 3 10
whi ch conprises a. preparing a partially purified
phenyl am ne dehydrogenase/fornmate dehydrogenase
enzyme concentrate; 15 b. treHting an aqueous sol ution
of a keto acid of the structure

CO,H

NH,

Formula 2
10 which is substantially free of undesirable excess ammonium ions; and

d. without isolating the amino acid intermediate, treating the above
aqueous solution with di-tert-butyl dicarbonate to form the BOC-protected amine of

the structure

15
OH

CO,H

NHBOC

Formula 3
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OH CO2H O Formula 1 -62 with ammonium formate,

ni coti nam de adeni ne di nucl eoti de and dithiothreitol
and the partially purified phenyl al ani ne

dehydr ogenase/ f or mat e dehydrogenase enzyme

concentrgte (fﬂ%}

reactlog'n1xtur rE&%% edQEk%§§§ngﬁ SﬁﬁP%ggan%punﬁed
de pheralaning dehydrogendsd/ foNnhte]dEhﬁirb prtlage enzthevibpripared by the
substantlally free of undesirable excess anmoni um

i orfell @%M@SHTSmnthout isolating the amno acid

i nternedj at e, v Ny

wth o or ¢ pERE G RREn IR R Rh Bfkble of
5 B%r(ﬂﬁﬁir%cﬂhéﬁylm dehydrbpéhasé Antbifoemdte dehldréderabd H

NHBOC Fornmula 3 -63 16. The process as defined in

d ai m 1% wherssbigctimpthgdrath 49 n;icrpﬂpidﬁzaéi@n tpradense agtintyrfeom the
g;q%{ﬁ%ét? fl? g(hﬁ ﬁord'lrir‘lsaf% @bcggﬁé(%ze %a\?lrﬁéylgﬁlr{ andfor POt g&ivity
c. clarifying the broth by treating the broth with a flocculating agent to

coagulate cell debris;

10 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 [U/ml

for FDH.
15 17. A method for forming free base compound of the structure

HO
H,N N
0
CN M

which provides providing a BOC-protected compound of the structure
20
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10

a. preparing a fernentation broth of a m croorgani sm
capabl e of 5 producing phenyl al ani ne dehydr ogenase
and/ or formate dehydrogenase; b. subjecting the broth
to mcrofluidization to rel ease activity fromthe
resulting cells and formpa m crofl uidized broth having
PDH and/or FDH activity |c. clarifying the broth by
treating the broth with f floccul ating agent to

coagul ate cell debris, filtering the clarified
broth; and e. concent he both to give a
purified enzyne conce havi ngha PDH FDH activity
of at |east about 400 oHt | east about
20 1UmM for FD methed for formng free

whi ch provi des providing a BOC §
the structure 20 -64 OH O CH P

defined in the process of Caim12735 trealfing the
BOC- prot ect ed conmpound with nmesyl cifl ori de{and Huni g
base and conpound J of the struct

3

prepared as defined in the process of Claim 12,

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

compound J of the structure

HCl«HN
or

MSA CONH; J

and 1-hydroxybenzotriazole (HOBT) to form BOC-protected intermediate compound

of the structure K
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10

HCl HN or MSA CONH2 10 and 1- hydroxybenzotriazol e
(HOBT) to form BOC-protected internedi ate conpound of
the structure K-65 OH OpNN HOONHZ K
dehydrating internediate Kin the presence of pyridine
and trifluoroacetic anhydride, and tdggn hydrolyzing
the reaction product in the presence pf strong base to
form5 compound L OH OONON HL and treating
conmpound L with hydrochloric acid tgo m t he
corresponding 10 hydrochloric aci L' -66 OH

HCl NH2 N
/J< 0
OJKN
H

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

ads

and treating compound L with hydrochloric acid to form the corresponding

hydrochloric acid salt L’

- 66 -
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oL OCN treating compound L' with hydrochloric acid
and sodi um hydroxide to formthe free base conpound
M. 5 -67 1/2 SEQUENCE LI STI NG <110> Bri stol - Myers
Squi bb Conmpany Politino, Mchael Cadin, Matthew M
Skonezny, Paul Chen, Jason ®H<120> PROCESS FOR
PREPARI NG DI PEPTI DYL PEPTI DASE |V | NH Bl TORS AND

| NTERVEDI ATES THEREFOR <130> [10270 PCT <150>

60/ 561, 986 <151> 2004- 04- <]60> 4 <170> Patentln
version 3.2 <210> 1 <211% 212> DNA <213>
Artificial Sequence <220% A i,gonucl eot i de
prinmer containing the 5 2 gn f the P

pastoris FDH gene

HCI »NH;

Ll
CN

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

base compound M.
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<400> 1 tcgtcatgaa aatcgttctc gttttg 26 <210> 2 <211>
28 <212> DNA <213> Artificial Sequence <220> <223>
A igonucl eotide prinmer containing the 5 and 3 end of
the P. pastoris FDH gene <400> 2 tactgttttt
ccagcgtatt cctaggct 28 <210> 3 <211> 33 <212> DNA
<213> Artificial Sequence <22@> <223> digonucl eotide
primer containing 5 and 3' end of the PDHnod gene
<400> 3 gatgctcata sguEogadgsTyGtt gaaatg atg 33 2/2
<210> 4 <211> 30 <212> DNA <213> Artificial Sequence
<k@20>Br<§gi2?>Mﬂﬁsg%mﬂB‘P&S’t“Pw primer containing 5 and

3 € ad?E,nggggigw . d

Skonezny, Paul

Chen, Jason G.

<120> PROCESS FOR PREPARING DIPEPTIDYL PEPTIDASE 1V INHIBITORS AND
INTERMEDIATES THEREFOR

. <130> 10270 PCT

<150> 60/561,986
<151> 2004-04-14

<160> 4
<170> PatentlIn version 3.2

<210> 1

<211> 26

<212> DNA ,
<213> Artificial Sequence .

<220>
<223> Oligonucleotide primer containing the 5' and 3' end of the P.

pastoris FDH gene

<400> 1

tcgteatgaa aatcgttetce gttttg 26

<210> 2

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Oligonucleotide primer containing the 5' and 37 end of the P.

pastoris FDH gene

<400> 2

tactgttttt ccagcocgtatt cctagget 28

<210> 3

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Oligonucleotide primer containing 5' and 3' end of the PDHmod

gene

<400> 3

gatgctcata tgcgegacgt gttigaaatg atg 33



gene <400> 4 gatcccgggc taaggcgaat taataattcg 30

212

<210> 4

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Oligonucleotide primer containing 5' and 3' end of the PDHmod

gene

<400> 4

gatceceggge taaggegaat tastaattceg 30



