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Thi s pepti notes satiety and slows gastric

erqmmops@tldEseoglﬁnlmwslocated in a variety of tissues including, but not limited to,
intestine, liver, lung, and kidney. This enzyme is also located on circulating T-
lymphocytes wherein it is referred to as CD-26. Dipeptidyl peptidase IV is
responsible for the metabolic cleavage of the endogenous peptides GLP-1(7-36) and
glucagons in vivo and has demonstrated proteolytic activity against other peptides
such as GHRH, NPY, GLP-2 and VIP in vitro.

GLP-1(7-36) is a 29 amino acid peptide derived from post-translational

processing of proglucagon in the small intestine. This peptide has multiple actions in
vivo. For example, GLP-1(7-36) stimulates insulin secretion and inhibits glucagon

secretion. This peptide promotes satiety and slows gastric emptying. Exogenous

administration of GLP-1(7-36) via continuous infusion has been shown to be

-1-
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[3.1.0] hexane-3-carbonitrile (M) and its nonohydrate
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M CN OH

PhCOOH eNH, N

NC M

and the corresponding free base, (1S,35,5S)-2-[(2S)-2-amino-2-(3-hydroxy-
tricyclo[3.3.1.13 Tldec-1-yl)-1-oxoethyl]-2-azabicyclo-[3.1.0]hexane-3-carbonitrile
(M’) and its monohydrate (M"")
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An obj ect of
onpounds usef ul

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

SUMMARY OF THE INVENTION
An object of the present invention is to provide compounds useful as
intermediates in the production of cyclopropyl-fused pyrrolidine-based inhibitors of
dipeptidyl peptidase IV.
In one embodiment, intermediates of the present invention comprise a

compound of Formula IA:



COOR9, wherein RO is a substituted or unsubstituted

al kyl; and R3 is selected fromthe group consisting of
wohoo@osmed R10, wherein R10 is NHRL1C( =0 R12, pABUR003/638558

R13COOH, R12 is \N NC 20 and R13 is an al kyl or

aryl. Exenplary preferred cgnpounds of Formula I A of

the present invention usefu as internediates in the

production of cycl opropyl-filsed pyrrolidine-based

i nhi bitors of dipeptidyl _peptidase |V include: -4 WO

2004/ 052850 PCT/ US2003/ 0382

3- hydroxy-<a-oxotricyclqg[$.3.1.[13, 7] decane-| -acetic

acid, nmethyl ester as pi ctedin Formula I, OH A5--

C2Me 0 5 3-hydroxy><a-{x cyciRf[3.3.1.13' 7

decane-| -acetic acid as dep ed in Formula I, OH

A5-- CO2H O Il 10 R3

(<aS)-<a-anino-3-hydroxytricyclo[3.3.1.f%'7]decane-|-a

cetic acid as depicted in Fornmula V, OH A5--( CO2H

wherein
R! is selected from the group consisting of H and OH;
5 R? is selected from the group consisting of -C(=0)-COR*, -C(=0)NR’R6,
-C(X)a-COR? and -C-NR'R*COR,
wherein
X is a halogen;
n is from 1-2
10 R* is selected from the group consisting of O-alkyl, NH, and OH; and
R’ R R” and R® are each selected from the group consisting of H and
COOR’, wherein R’ is a substituted or unsubstituted alkyl; and
R® is selected from the group consisting of H, OH and R'®, wherein R'
is NHR''C(=0)R",
15 R''is R"*COOH,

R'Z%is

NC

20 and R" is an alkyl or aryl.
Exemplary preferred compounds of Formula IA of the present invention useful
as intermediates in the production of cyclopropyl-fused pyrrolidine-based inhibitors of

dipeptidyl peptidase IV include:
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NH2 V 15 -5 WD 2004/ 052850 PCT/ US2003/ 038558
(<aS)-<a[ [(1, 1-dinethylethoxy)carbonyl] am noj

depicted in Formula VI, CHOCOH 4-- NHOOWVI 5 (or
its DABCO salt VIA), ada - 1-yl -di chl oro-acetic
aci d meth roz%ﬁéroxaéwa@aﬁgﬁez i]aie%ergﬁp%rwﬂcr@, mesy egier as

c b QH
di% %%%ﬁ?%l ggﬂ%xy-adanantan-l-yl)-acetic aci d net hyl
ester as depicted in Fornula VIII, and 4)_ 7~ CO2CH3

HOC C VIl 15 3
dichIoro-(3-hydroxy-adana'Fan-l-yl-acetic acid as

depicted in Formula I X -6 WD 2004/ 052850

PCT/ US2003/ 038558 4 Q02HNHO )--. C | X I n anot her
enbodi nent, internedi ates t he present invention
conprise the conpound

4, 5- di hydr o- 1H pyrr ol (10:2Me
1- (1, 1-di et hyl et hyl)
Formula 111, /N

aci d,

car boy

3-hydroxy-<a-oxotricyclo[3.3.1.1>"]decane-1-acetic acid as depicted in

Formula II,

OH

CO,H

(<aS)-<a-amino-3-hydroxytricyclo[3.3.1. 1*"]decane-1-acetic acid as depicted

in Formula V,

OH

CO,H

decane- 1- acet i PCHUSTORHG38558



R2 CORI Il wherein 10 Rl is selected fromthe group
consisting of O-alkyl, NH2 and OH, and R2 is selected
wo e@asss0 gr oup consi sting of t-BOC and CBz; apdi/usS2003/038558

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

ic acid - - di net hy] et hyl ter depi ct ed

For mul af<Pé) %H(lld %Jm%’ 3%0 "‘FQ?“Y ﬁmg‘oz'?"e*fy Q’QH‘CYCIO& 3.L.1%7]
e t sed as internediates
PRt U%F?%n&g%mﬁﬂﬁé?éﬂﬁmy| pept | dase 1V
inhibitors (1S, 3S,5S)-2-[(2S)-2-anmino-2-(3 -7 WO

2004/ 052850 PCT/U828%3/038558

hydroxytricycl o[ 3.3 13" 7] dec- |

-yl)-1-oxoet hyl ] -2-azabi cycl o[ 3. 1. 0] hexane- 3-
carbonitrile, benzoate (1:1)pas depicted in Forrmula M

OCH PhCOOH NH2 N M 5 Qt its free base M (set

out above), and t heyeof  HO H20 H2N N

O CN Mug 10 Anot t he present invention is

to provide ne [ of

cycl opropyl -
di pepti dyl peptldase | V.

. 0 Vi
5  (orits DABCO salt VIA),

adamantan-1-yl-dichloro-acetic acid methyl ester as depicted in Formula VII,

CO,CH;
cl Cl Vil
10 dichloro-(3-hydroxy-adamantan-1-yl)-acetic acid methyl ester as depicted in
Formula VIII, and
CO,CHs
HO c © vill
15 dichloro-(3-hydroxy-adamantan-1-yl-acetic acid as depicted in Formula IX



preferred enbodi nent, the inhibitor produced are (1
S,3 S5 95)-2-[(2S)-2-ani no-2-(3-

whyarosagse i cycl o[ 3. 3. 1. 13" ] dec- | PCT/US2003/038558
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-yl)-1-oxoet hyl ] -2-azabicycl o[ 3. 1. 0] hexane- 3-
carbonitrile, benzoate (1:1) and its corresponding
free base as depicted rmulas M 15 and M,

respectively. These i ors are ultimately forned
fromthe coupling of A$Q;H

(<aS) - <a- am no- 3- hy® AV

[3.3.1.13. 7] decane-| /aceYi id.as depicted in

Formula V, -8 WD 2614/ 052896 PCT/'US2003/1638558 OH
A5 r CO2H NH2 V and
(1S, 3S, 59) - 2- azabi cycl o[ 3. 1. 0] hexane- 3- car boxani de

aci d Saﬂnt %pergg‘o& Ent al‘%%ﬁgggﬁ Q¥ {h%%é%%t 1p?§nt1ton%omprlse the

nethanesu oni ¢ acl

deguintioRedd 415-dnie/daas B- -1,5NicapoxtyBAadi@NFRL, 1 didé&hylethyl),5-
Vari ous nethods are disclosed herein for productlon

andthd ssist andgpisted indwamuladHgnent s dependi ng upon t he

i nt ernmedi ate conpounds sel ected as the starting
materials. For exanple, in one embodi ment of the

present invention, a nethod~Ns provided for

production of the cyclop,a/al used pyrrolidine-based

i nhi bitor from 3-
hydr oxy- <a- oxotricycl o[ 3.13. 1. ¥3' 7] decane-| -acetic acid
In anot her enbodi nent of

as depicted in Fornul a
1pr ovijged for

the present inventioR?2” a netho
production of the cycl opropyl -fused pyrroI|d|ne based
i nhi bitor from (<aS)-<a-am no- 3-
hydroxytricycl o[ 3. 3. 1. 13, 7] decane-1| -acetic acid of
FoVRSIF® V. In another enmbodi nent of the present

i nvent i pry s@i}pg@(ﬁ 5891 the gﬂﬁ?%bﬁjﬁ&gg £lﬁglf @ﬁ-% %?d?jr%’ rﬁ%ﬁ

cycl opropyl -tuse pyr o I ne-
(<aS)- < n[s(salcdtedifrﬁﬁithylgﬂiub@nys)lgarghﬁmﬂqcamdwﬁlaz 3 20
hydroxytrlcgclo[S 3.1.13 7] decane-| -acetic acid

For mul 220¢1(3 )ﬁamocaw@pwedr déhﬁwimfwk?rlwéow@saém 1-(1,1-
| Yy PPy 1 Pest b0 Alhibid B RYhAgFr,Or production of the

7

N
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CONH,
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In a preferred embodiment, these compounds are used as intermediates in the

production of the dipeptidyl peptidase IV inhibitors (1S,3S,5S)-2-[(2S)-2-amino-2-(3-
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di hydro-1H pyrrol e-1-carboxylic acid,
1-(1,1-dinmethylethyl) ester of Forpula IV, An%hgqer
oBprEEaxygicyelolS p dseldec-i helrexesthylls2 pgaiewsiald - Glatxaners-
fo AL-hesi j i f\l in the
pr%ﬁ%‘t‘n%%h%é?mg{%ﬂ‘ég%sg%‘%?%cg@g%ng@%hgl i di ne-based 5
inhibitor. In one enbodi nent of the present invention,
a nethod is provided for asy E_Iri c reductive

am nation or transam nation of J-hydroxy-<a-

1) to (<a$)-<a-an no- 3-

hydr oxytricyclo[ 3. 3. 1. 13" 7] degC3 acid
(Formula V). In another enbof pr esent
i nvention, a nethod for che of
(<aS)-<a-amno-3 10

hydr oxytricyclo[ 3.3.1.13. acid

(Formula V) from tricyclo[ # 3.1V¥13/7] degane-1-acetic
acid (Fornmul a i S provigéd enbodi nment
of the present e
producti on of 3-
hydr oxy- <a-oxotricycl o[ 3. 3. 1. 43. 7] decgne-| -acetic acid
(Formula Il) from adamantan- 1-yl-digaloro-aggtic acid
met hyl ester (Formula VII),

di chl or o- ( 3- hydr oxy-adamantan 15 1-yl)-acetic acid
nethyl esterNéFornula VI, an% .,

di @HisdFes-base My sebyt-2havsradtiddnenchydrate Me gherqofaci o
(Formula I X). Methods for production of
adamant an-| -yl -di chl oro- acetic acid nethyl ester
(Formula VI l),
di chl or o- ( 3- hydr oxy- ada ; yl )-acetic acid
met hyl ester (Formula VI
di chl or o- ( 3- hydr oxyadang acetic acid
(Formula I X) are al so _ptrovided- ot her enbodi nent
of the present invention, 20 is provided for
production of (5S)-5-am gocar -di hydro-I H
pyrrol e-1-carbo ' ' '

(Formula 1V) fric'i){éﬂ? '
1H pyrrol e-1, 5-di carboxylic
1- (1, 1-di net hyl et hyl ), 5- et (Formula I'l1l1). In
t hi s enmbodi nment, CN M"

(5S) - 5- am nocar bonyl - 4, 5-di hydro-| H pyrrol e-| - car boxyl
ic acid, 1- (1,1-dinmethylethyl) ester (Fornmula (1V)

can then be used as an internediate in the 2 ,
: f$ the present?nvengon }s to provupe metlslods for production

pr oduct fAeefherrobyect o

S- =Icpalele = 2 4G h

S e L e L

( Fsrefertied efdbodinAng tieinhibitpeprodadedtabe( 18(38558)12- (28 p2Hamdm-2-(3-

is to provide a cegll |ine capable of
hydroxytricyclo[3.3.1.1""]dec-1-yl)-1-oxoethyl]-2-azabicyclo[ 3.1.0]hexane-3-

carbonitrile, benzoate (1:1) and its corresponding free base as depicted in Formulas M
and M’, respectively. These inhibitors are ultimately formed from the coupling of two
fragments, (<aS)-<a-amino-3-hydroxytricyclo [3.3.1. 1>"decane-1-acetic acid as

depicted in Formula V,



pr oduci ng

(<a$S) - <a- am no- 3- hydroxytricycl o[ 3.3.1. 13" 7] decane-| -a
wa@edososmsd d (Fornula V) by asynmetric reduct i RET/US2003/038558

am nation or transam nati on of 3-hydroxy-<a 30

oxotricyclo[3.3.1. 13 7] decane-1|-acetic acid (Formula

I1). I'n a preferred enbodi nent, the cell line

conprises cells containi ng®d plasm d expressing

format e dehydrogenase -10f WD 2004/ 052850

PCT/ US2003/ 038558 and phehyl al ani ne dehydr ogenase.

Most preferred is the ce / e of ATCC Accession

Nurmber PTA-4520. DETAI CRI PTI ON OF THE | NVENTI ON

5 Cycl opropyl -fused py :

as (1S, 3S,55)-2-[(29)

2-am no- 2- ( 3- hydr ox¥ . 1. 13" 7]dec- | -yl)- |

- oxoet hyl ]-2 azab|cyclo[3 O]he ane-3-carbonitrile,

benzoate (1:1) and its correspondNHg free Mase and

nonohydrate thereof are di peptidyl peptidase |V

i nhibitors useful in the treatnent of di abet es and

Coﬁiﬁﬂ (162889, 98)s2-h i §efof 3. hﬁﬂ)‘%ﬁﬁleyfg 99&? T8¢ Sich as the
erinsulinema, 10 obesity, an Fer oset &Fo2d 24k
5r eﬁmrg@l@mmﬁ@g theapethatdsulfisnic mmlﬂajn@ﬁiubllaerVIBACbaBﬁa%&ﬁﬁlcted in

an chroElc i nfl ammat ory bowel disease. In the present

i nve new conpounds and net hods are provided for

use in production of cycl opropyl-fused

pyrrolidine-based conpounds such as

(1S, 3S,5S)-2-[(2S) - 2- afmpo-2-(3

hydr oxytricycl o[ 3. 3. 1. dec-1-yl)-1-oxoethyl]-2-aza

bi cycl o[ 3. 1. 0] hexane- 3- bonitrile, benzoate

(1:1) and its correspon ing ffee base and nonohydrate

thereof. The dipeptidyl\ pept/idase IV inhibitors (1

S,3 S5 9)-2-[(29)- 'Z'Ch'rH"ho-

hydr oxytricycl of 3. 13" 7] de )-1-oxoethyl]-2-aza

bi cycl o[ 3. 1. 0] hexane- % arbonFPN e, behzoate (1:1)

is depicted below as Formula M OH PhCOOH NH2 N O 20

NC M and preferably the corresponding free base

10 For mul ayvi4 ' f te

onm Ve nogfé?ﬁt?&%@&k&&eg hetelSfor BFBH%&Y&H &% couphng Sf these

fragments depending upon the intermediate compounds selected as the starting

materials. For example, in one embodiment of the present invention, a method is
provided for production of the cyclopropyl-fused pyrrolidine-based inhibitor from 3-
hydroxy-<a-oxotricyclo[3.3.1.1>"]decane-1-acetic acid as depicted in Formula II. In
15 another embodiment of the present invention, a method is provided for production of
the cyclopropyl-fused pyrrolidine-based inhibitor from (<aS)-<a-amino-3-
hydroxytricyclo[3.3.1.1*")decane-1-acetic acid of Formula V. In another embodiment
of the present invention, a method is provided for production of the cyclopropyl-fused
pyrrolidine-based inhibitor from (<aS)-<a[[(1,1 -dimethylethoxy)carbonyl]amino]-3-
20 hydroxytricyclo[3.3.1.1>"]decane-1-acetic acid of Formula VL. In yet another

embodiment of the present invention, a method is provided for production of the
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w@e@dosasson of (1S, 3S,59)-2- 5 PCT/US2003/038558
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[ (2S)-2-am no-2-(3-hydroxytricyclo[3.3.1.13 "] dec-1 -yl
)-1-oxoeth

azasi oembﬁsgmmmz%m@ssd HheR from (58)-f raripenarbanyl-4.8y

(DGRl P L PR o o PR Sy f Koy v

cetic @%tﬂer%}d&ﬁ‘@f 315 Qﬂ:sexﬂ im@htidd 8 t&providle HéthodsFoR synthesis of
10 NH2 V and acid salts of

( ligtegmedigps psedizldn rdwmp@[cgoq obguetopseryl-Bused PG RladH etbased

5 BoRE 1 e B RORER,POL B pRY ienila3Rebodls ppovidegfor

WQs 2RO 8RN vE G ihddd O3 radsambsation be 3 yarRRpi<a-

i nvention al so prOV|des nmet hods for production of
t he@énqyﬁl@@hérhtls ldscanetli-acetie agich{ Rorvmpls 1) &0 Qf@ﬁbsemmsno -3-

th t on t hes {
TRty bRB B dS e eeRGiel S RE (e REREYL, P ap P Guppiment
f oot (Y Rrdseit | irﬁfent(ilfn atnlih@h(fd ﬁgﬂﬁbﬁ{lcal synthesis of (<aS)-<a-amino-3-
(<aS) - <a- am no- ;/ droxytricyclo

[ 3ny8roxya®ydipiies. éde ldecanetl raseiacacd & O(rmalrarM) faom') by
Ir re]t?lngc‘&r%[é Ie_%afg’ icgt I rg%n}lgéetltcra%pds @‘onnue}t 5\8 1S prov1de§ In another
3- &M%msarwégehsmoé&{oa Rethodsdard broledearier broaﬁ&tohcof 3-

acid (Formula I'l ). Ina gre erred enbodi nment of th
metydoky-<a- oxotrlcyclo[3 3.1.1*"]decane-1-acetic acid (Formula 10) from adamantan-

a C{lél-él%}é§¥ e eﬁc):( P(fl)i nil%l%lé %%t@re&'f)gau 3 Vﬂ) GiRIoro- b g}(/:cﬁoxy-adamantan-

( <B)-at@icAM dRe By ¥t Ryl £V AT)Oardddidh1drol3 - Hilie8GaM mantan-1-
yD-acetic acid (Formula IX). Methods for production of adamantan-1-yl-dichloro-
acetic acid methyl ester (Formula VII), dichloro-(3-hydroxy-adamantan-1-yl)-acetic
acid methyl ester (Formula VIII), and dichloro-(3-hydroxy-adamantan-1-yl)-acetic
acid (Formula IX) are also provided. In another embodiment of the present invention,
a method is provided for production of (5S)-5-aminocarbonyl-4,5-dihydro-1H-
pyrrole-1-carboxylic acid, 1-(1,1-dimethylethyl) ester (Formula IV) from 4,5-dihydro-
1H-pyrrole-1,5-dicarboxylic acid, 1-(1,1-dimethylethyl),5-ethyl ester (Formula IIT). In
this embodiment, (5S)-5-aminocarbonyl-4,5-dihydro-1H-pyrrole-1-carboxylic acid, 1-
(1,1-dimethylethyl) ester (Formula (IV) can then be used as an intermediate in the
production of [1S-(1<a,3<b,5<a]-3-aminocarbonyl)-2-azabicyclo[3.1.0]hexane-2-
carboxylic acid, 1,1-dimethylethyl ester (Formula H) .

Another object of the present invention is to provide a cell line capable of

producing (<aS)-<a-amino-3-hydroxytricyclo[3.3.1. 17

]decane-1-acetic acid (Formula
V) by asymmetric reductive amination or transamination of 3-hydroxy-<a-
oxotricyclo[3.3.1.13’7]decane-l-acetic acid (Formula II). In a preferred embodiment,

the cell line comprises cells containing a plasmid expressing formate dehydrogenase

-10 -



acetic acid (Fornula V) by reductive am nation
perfornmed enzymatically using a 10 phenyl al ani ne

waoledwadsasgenase or ot her am no aci d dehydr ogenaBe@BUS2003/038558

10

15

20

active with ketoacids . Exenplary phenyl al ani ne
i ??8?{ Jg’%gﬁgﬁgl%gldgée 6{)Jge|n%1% tl\gg t?f)e?eci?tﬂi s gﬂéyc%grlgng 3f ATCC

SposesaiCNnab&IEA -@s2®@r a phenyl al ani ne  dehydr ogenase
from Ther noacti nonyces speci es such as

Ther noacti nonyces internedius. It is preferred that

reductive am [ '

phenyl al ani Méwgpg‘g%ﬁggépgﬁﬁr% tlng{a%?ﬁ Xci;r%r‘yr%lgsN

i nt er NBSljcipropH-Rised 37@8lidine¥ivee So@pPolnds bschhaI(il 3855)-2-[(25)-
coli or 'Pichia pastoris. Cgpstruction and growh of

r eamiviora(-hysiroxyitmeyctsf3.B.1. I oldec-drid)- Posegthylhdst ori s

iR OIS s AR gl B B s sompspopgin feebas
desamidiRlydrRty thidesre @fbe%ﬁdyl ﬁgymmvamﬁibhb@n@bm {n the treatment

Technol ogy 2000 26: 348-3 81) ow h of 20 Pichia . . .
pasfitdiabietss and emnpplznatibnsethersof, hpprglycantia, Pmgeres KoRyrsfinsulinemia,

f te dehyd t al.

B 25 FECRRIrgs S bORSE e tes Byl HiEp Riagyiatory

c °J1§e%5é§i2aﬂs cﬁroﬁlcélﬁmus;imﬁigw1 B&wil Mk chreInthé BieReastedtibs, new
e

(ATCC 20864) formate ydr ogenase and a nodi fi ed
v edosiponnds antmeetidrsranpprovided figrawss in pradegtiondif geclppppyd-fused

it 'd%%%%gzﬂﬁﬁdﬁ%ﬁﬁ o (SRS RS s RSy aRse o
A . ~PMi)S] - - 1 @ DM hexane-3-
Ttﬁeygl?c{/)d.y{rl_l’_cggﬁgff.l.tl_ 2RSS P41 BRSetBf1]-2 agab @@%ggsi]h xane-3

eposi t” was “‘made on ‘June 25, to the
AnerbanitrileTpprezoateil 1 hamd Cotdrspindingiceitpgoand mpyeygratg thereof.
Boul evard |.n Manassas, Vi(r.gi.nia z he AT
Accessi bif %ﬁpﬁyﬂ?@tl%ﬁsﬁ}&gg@glt%ﬁ ﬁ%i@g gﬁ%’ﬁ@@é’%‘%’ B
pulldl : 3TRES 168)-1-0ké D labath&/cld[B & \09Reahy. 3-
rgt%ilrfg( u‘%@%gg?ghlti]ﬁgécln%@}t%wi()gbégg}{né%t ap%iidgat?ogn. The
30cabenmitsild, bendohtel{e: 1ivesi depaiteicntlom asFegotwld M. deposi t ory
for a period of thirty years after the date of
deposit or five years after the | ast request for a
sanple or for the enforceable IloHe of the patent,
whi chever is |longer. The above-rieferenced cell I|ine
was viable at the -13 WD 2004/ 052850 PCT/ US2003/ 038558
time of the deposit. The Depostf Wl be replaced if
vi abl e sanpl es cannot be di by the depository.
Reducti ve am nation of 3-hydfd oxptricyclo

NC M

and preferably the corresponding free base Formula M’ depicted below or its

monohydrate M"” set out hereinbefore.

-11-



acid (Formula I'l) to (<aS)-<a-am no-3-hydroxytricyclo
[3.3.1.13" 7] decane-1-acetic 5 acid (Formula V) is
walepiosmso in the foll owing Schene |. SCHEME | PCHUSIOBB/E38558
COZH COZH NADH NAD 4 O NHz |1l ammonium formate CO2
10 As shown in Schene |, this reaction requires
ammoni a and reduced nicotinam de adeni ne di nucl eoti de
(NADH) . Ni coti nam de adeni ne~di nucl eoti de ( NAD)
produced during the reacid id3yrecycled to NADH by
the oxidation of formate o cafbon di oxide by formate
dehydr ogenase. The |-§(5< f (<aS)-<a-amno 15
3- hydroxytricyclo [3: -1l-acetic acid
to 100% and t he
expected enantioneric e s /greatler than 99% Al so
see Exanples 1 throug sane conver si on
can al so be accorrpf"?"éhed U am nase as shown

in Schene Il: 20 -14 WO 20 PCT/ US2003/ 038558
SCHEME Il OH OH gl ut amateoa-keto | uta mate CO2H
NH2 COZH O CN M

In the present invention, a method is provided for production of (18,3S,5S)-2-
5 [(2S)-2-amino-2-(3-hydroxytricyclo[3.3.1.1*]dec-1 -yl)-1-oxoethyl]-2-
azabicyclo[3.1.0]hexane-3-carbonitrile (Formula M') by assembly of two fragments.
These fragments are (<aS)-<a-amino-3-hydroxytricyclo[3.3.1.1 3’7]de:cane- l-acetic

acid as depicted in Formula V,

OH

CO,H

10 NH, \"

and acid salts of (1S,3S,5S)-2-azabicyclo[3.1.0]hexane-3-carboxamide such as the
hydrochloride salt or MSA salt as depicted in Formula J.

HCI eHN
or

-12-



V. 1 1 5 As shown in Schenme Il, in this enzymatic
conversion glutamc acid serves as the am no donor.

wW@Amoexsaspd ary transam nase for use in this coOnNMET/ESMN3/038558

10

15

20

25

30

is the branched chain transan nase set forth in
Exanpl e 11 herein. In anothe odi nent ,
( <H¥)RresgnbiRy eRiLon- wonreﬁe ?srmﬁtgefsgtb of eroéuthpsofﬂm@ diagrments as well
[ I
ARG RAL L AN el ki, SURICAE oF BRtsCRETHER. V-

(<aS) - qﬁﬂaﬁthﬁoﬂ‘thﬂpﬁmﬂ inveiytidn) methods are prov1ded for production of
[3.3.1.13" 7] decane-| -acetic acid [(3For
dpe EagmeRtd<spememinpt3-hyseppiacycla decane 1-acetic acid

S I O o R o

NH2hydréoeah-oxaikisydlo[e.30f. 1V] de(cBm;)-QOétNaﬁ'd (IRemhlutn)orIn AQreferred
90% HO GPH HO C(CphiBase NHBoc NHBoc 70- 80%$_ﬁ RS
Asnghedinent of Sunmethor) 3-hydroxucenketrigysleldre! .4t Jdecane-1-acetic acid

P39, el LR B Pyl 31 e

C rh%%&ﬂildl YForﬁM[H‘Vl)?W @Qﬁctfvé Qffifidtiod YeHormed enz atlcally using a
3.1.13 7] decane-|-acetic acid (Fornmul a by first

2@119ny5nian@f: |dn@yctr@ge@9&,e| Qs ofter 3mm<>1amd7qlqbefé@ﬁénqse-<a@@tve with

at(:ﬁ goa(:@(g _egq%g%)r% ?{1 amne{)c?’e(k)%dr%g%rlla(s)% u ?ﬁx fh{s g?ficsgﬁt iffvention
NMghelhié but AreineyEmeted #, thode Adm/ pssaREnd spReRE bEa pﬁdnglalanme
(For nul’ a N) is suspended in -15 WO 2004/ 052850

PCiRhyiBpROBAOBEBOBIermpctingmyces spacied suctDsnteryyppactinomyces

d h
SonEpBera T ot PR ar e e et s ISR Bita b on
of pHeRRalaRRE deRRrb SendRI df T8N R tinomyces intermedius, ATCC 33205,

expressed in Escherichia coli or Pichia pastoris. Construction and growth of

recombinant strains of E. coli and Pichia pastoris expressing phenylalanine
dehydrogenase Thermoactinomyces 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 the production of formate dehydrogenase
(Hanson et al. Enzyme and Microbial Technology 2000 26:348-358).

E. coli cells containing a plasmid expressing the Pichia pastoris (ATCC
20864) formate dehydrogenase and a modified version of the Thermoactinomyces
intermedius (ATCC 33205) phenylalanine dehydrogenase gene were deposited and
accepted by an International Depository Authority under the provisions of the
Budapest Treaty. The deposit was made on June 25, 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
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

-13 -



gas chromatography. Solid N-bronpbsucci nic anhydri de

(NBS) is then added portionwi se to the reaction
worzoos0528s@nd the reaction m xture i s heated toP@GDTS20031€38558

5 tenperature is maintai ned between 60 and 65C while

the reaction is stirred for 3 hours

coime eff thedepdsitt Abe Depetit Wil besreplaggdrif wb%ﬁagwées cannot be

ch({zomat g[ﬁ,gg § Hfé tane is then added to the reaction
WP BREOSEYhi onyl chloride is distilled off

at 78- RBlfuctivhdRihaticn esleddiory-guaRetidybie [8 gact3r mecaafem -acetic

addi tional heptane is added. The aqueous I@
t tasid EepanlatBdo fﬁasm@fa@nmédwﬁ@xmweb%a It he]d@?@ﬁnll acetic

i S shi ng,

> ad%/ﬂ‘{@8%&&&‘%?%‘@%%@%@1 WI%AE% \alilﬁe | ayer and the
heptane is distilled off. Tet rahydrofuran (THF) is
then added to the remainin Ig\/[eous | ayer and the
mxture is stirred vigoroudC Erlbom t enperature for
mul tiple hours. Additional vvater can be added to
speed up this hydrolysis. The THE is then distilled
of f, IeaV| ng a bi phasic (water and oil) reactiah
m xture. Yeds are then added 15 and the reactfion is
all owed t¢ reach roomtenperature while a-

\
a- bronotri B 3.1.13" 7rdecarie-| -acetic acid NH,
(Formula 0) is filtered of# and~washed several vimes
wi th acet oHi tril e.angaenigmdormateExanfOe 17 herei n.
a-Bronotricyclo[3.3.1.13" 7] decane-| -acetic acid
10 (Formula 0) is then reacted with H2SO4 and HNOB to
pr oduc ex AsHGAMR-SBhEMET, FY FdabEttreQuires ammonia and reduced
[3.3.1.13" 7] decane-1- "acetic acid (Formula Q. Mor
s peoitinamadd adenme ldirowizo8d Pk DKY.t Nicoyioaro]ds aﬁermne dmucleotlde

DR GRS 8% SR A bAIB BB o

(F n | -
LRty ik O RART TRE el o <oamin

15 arfdhfEBestGR16 [3.3. adtgdedane-1acetid awik(Fofielasd) framn this reaction is
a-bro [icycC .3.1.13" 7] decane-| -acetic acjd
PR biicnied ABRHOGT ARCert Jdaen s S see
i hlidGlSaperature under 28C. The
%%’%ﬁ%%ll@% en heeated to 60C with stirring until a
cl ear SsTHHeusaimervongerd0On odbt dsniedacchhplishel @ising adtaneaminase as shown
compl ete, it is cooled to and mai ntai ned at room

t dApshereHe. Water is then added to quench the
20 reaction. The resulting slurry is

- 14 -



-16 WD 2004/ 052850 PCT/ US2003/038558 cooled in an ice
bath and then filtered to obtain

w@2don/0sm85B- hydr oxytricyclo [3.3.1.13" 7] decanerd Fusmb3/a38558

10

15

20

acid (Formula Q. See al so Exanpl e 18 herein.

a- Brono- 3- hydroxytricyclo[3.3.1.13' 7] decane-| -acetic
acid (Formula Q is then F HEME i n anmoni um

hydr oxi de, preferably 30% amoni um hydroxi de and 5
the reaction mxture is heated preferably to 65C. The
reaction njxture is then concentrated to a solPW. Et CH

i's then agded and the gRASHARN |0§kag§|dfarﬁg@cen rat ed

to yleld a racemc mxtwe conprising
Rj_no- 3- hydroxy?&\c\x_lgu/'S

ydroxytricyclo
dec.\e-l-acetic acid 10 (racem c W¥xturg

V) fridmthe racemc mixture, the mxture N
treated by typi cal Boc protection using Boc anhydride
and sodi un hydroxide in tetrahydrofuran to yield

a-[[ (1, 1-di met hyl et hoxy) car bonyl ] am no] -]

3] hydroxytricyclo[3.3.1.13" 7] decane-|-acetic acid

( Conpoukgsheyvn iaSphdmeélll lin this enzyrnatic conversion glutamic acid serves as
- Di net hyl et hoxy) car banyl ] am no] -

3]thY ARBIAoPPL AN gempiary. tf@esamua@%%f%uﬁe 1in this convggsiep is the

| b h
SRRt wpighilee Bty W Blhedbid By fliehel Dase Suct
tr| net hylabommmx{omraerﬂt adasptaammmmxymyclo [3.3.1.1*"]decane-
-)-1-1(1- napht‘p{il)ethyl amne and the mxture is

evlaﬁ‘iﬁtlﬁ%‘é (Feraa Mo ssynthrgizes sheppigallys @meexpglplary method for
| SBUBRSTURE o SR b O RRTRE TG s

Umm (Foaahlang i dep’laedﬂri&ﬂiﬁmez{[[ur e, crystallization of
((xS)-a-[[dinethyl ethoxy)carbonyl] 20 am no]
-3-hydroxytricyclo[ 3.3.1. 13" 7] decane-| -acetic acid
(Conpound S) occurs. See 1?% ?ﬁpl e 20 herein.
Renoval of the Boc group yields

(<aS) - <a- am no- 3- hydroxytricyclo

[33113 ecanel-acetic acid (Formula V). Another

p onplrycﬁr&ﬁ r eI atuebststoo ods meH/EtoH
m 0] 0% Zm J a °/o COH
OoXy- <a- oxotrlcyl [3311 deecanel-acetlc

aC| d N (For mula 11) uSed in the syntfesis of the . omicmixtureof v

fra <a- am no- 3 hydroxy cyclo
%ﬂiﬁf&¥ Neeh - acBPI® aci d g@y\‘r/m&zagau). The
mter‘%%dl a und 3- hydr oxy® _ e ml

As shown in Scheme III, a racemic mixture of (<aS)-<a-amino-3-
hydroxytricyclo [3.3.1.1>]decane-1-acetic acid (Formula V) is chemically

synthesized from tricyclo [3.3. 1.1*"]decane-1-acetic acid (Formula N) by first

13,7

brominating tricyclo [3.3.1.1™"]decane-1-acetic acid into o-

bromotricyc]o[3.3.1.13’7]decane-l-acetic acid (Formula O). In this bromination, the

13,7

starting material, tricyclo [3.3.1.1™"]decane-1-acetic acid (Formula N) is suspended in

-15-



<a-oxotricyclo [3.3.1.13 7] decane-|-acetic acid
(Formula I'l) can be produced in accordance with the

waoredonoskssepi cted in Scheme V. 30 -17 WO 2004pOBR8H03/038558

5

15

20

25

30

PCT/ US2003/ 038558 SCHEME |V OTMSTMS OTMsS CO2H

T T ERW AT e —

OHstigePiderodda Qth gdrktufedBH1 . Shots! ddmplétlo?xsoﬁﬂ@i/éﬁcﬁéh is verified by
Schems IV, in this nmethod, adamant brom de (Formula

A) gaschrampipemplyi Solid Nibsemeswcoinicors mucw Q&S ig then added

gH%E\évrlSr%}ﬁ{] }"hderé?e)x( t [ 'npéﬁl,r%égyi[tﬁ? %‘-‘{7‘%%}{7 ggeggr%qggeayedato 60°C The
dee@xﬁ&ralm@%ﬁﬂaﬁna%ﬁéd%én%eémd eﬁld@sc’t %vhtnl'é‘%ﬁ‘e Feﬁ&i?orn il s&8ed for 3

usi ng acetyl chloride in nethanol roduc
hy Hews: y‘tgalm}cohm[d&oﬁ of thb&’eic]tlde msavtel-ﬂed a»gegtm 6hraﬁ1lad)graphy Heptane

Hy Hr a;t%%zfcht g )R:ﬁ(hﬁ [r%acgo %ﬁurﬂ @é@é?ﬁés thieyd chlerige isdistilled off at 78-
UES, S R D) o 0PI B iy,
esbaqreo(Flayenis meﬁ))sepabateﬁﬁﬁmﬁh@éiﬂgdﬂkllﬁer and the organic layer is washed
otricyclo[3.3.1.13 7] decane-| -acetic acid, nethyl
esyv% water. After washmg, additional water is added to the heptane layer and the
heptane is distilled off. Tetrahydrofuran (THF) is then added to the remaining
aqueous layer and the mixture is stirred vigorously at room temperature for multiple
hours. Additional water can be added to speed up this hydrolysis. The THF is then
distilled off, leaving a biphasic (water and oil) reaction mixture. Seeds are then added
and the reaction is allowed to reach room temperature while o-
bromotricyclo[3.3.1.1*"]decane-1-acetic acid (Formula O) is produced as a heavy
solid. Water and acetonitrile are added to keep the suspension stirrable. After stirring
for several hours, the solid containing a-bromotricyclo[3.3.1.1*]decane-1-acetic acid
(Formula O) is filtered off and washed several times with acetonitrile. See also
Example 17 herein.
a-Bromotricyclo[3.3.1.1*7]decane-1-acetic acid (Formula O) is then reacted
with H,SO, and HNO;s to produce o-bromo-3-hydroxytricyclo [3.3.1 .1>"]decane-1-
acetic acid (Formula Q). More specifically, a-bromo-3-
hydroxytricyclo[3.3.1.1° "1decane-1-acetic acid (Formula Q) is prepared from o-
bromotricyclo[3.3.1.1>"]decane-1-acetic acid (Formula O) by first charging an Erlen-
Meyer flask with H,SO,. The flask is then cooled in an ice bath and 50% HNOsis
added to the flask. The solid a-bromotricyclo[3.3.1.1*"]decane-1-acetic acid
(Formula O) is then added to the mixture in portions which maintain the temperature
under 28°C. The reaction is then heated to 60°C with stirring until a clear solution is
obtained. When the reaction is complete, it is cooled to and maintained at room

temperature. Water is then added to quench the reaction. The resulting slurry is

-16 -



(Formula D) is then hydroxylated to form _
3- hydroxy-<a-oxotricyclo[3.3.1.13" 7] decane- 1-acetic
wa@edod/p32s8d hyl ester (Formula 1), which is thenPCT/US2003/038558
hydrolyzed to form 3-hydroxy 15
| - cetl aci d

1
8‘?%%4 {é" 47 lfe 85&5@85 g"éa%%‘z%ﬂg btz o Bromey Jrydoexyiricyelen.
- 1?3 Y0 120084 e A8RBti 4kl H%%&Qi’a/ gﬁ%%lso‘ﬁ){aﬁ{ L3E: H{rlaﬁé
the internedi ate conpound r oxy- <a- oxo I cycC
[ 3 3. 1. Qﬁ%rb}xﬂﬁb—hmokytaqeﬂo[ﬁ 3alcl3d]c(eEmmmalhget1|cla):1dqumlﬂﬂa Q)is
i o901V SRR oM ASEPrera RS eemimpium hydroxide and

S e A
Cl cofickntraseddd A sblidSEEI isch@AddeR @nd fRE rbRE6n iSALAH ©Rédtrated to
HOCI C IXHOO Il As shown in Schene V,

( 2yigldg r@ﬁmmmxnwepmnrwngf mﬁb%y)amtmq mmwﬁamo ]} 10
) t t nme of.
v S s S RN R IR R
Tet r aheds 2o ldte{da8)-Sa-A0fHo- §%y&1%3€§m¥§031513 3Trléa};d€@<{ﬁte-lngcetic acid

brom)adamant ane W|th 1 under the influence o
10 c hirasende mirwes of Eormgla, V)drnthel racemic detuﬁn e mibQIO is treated by

%5%71015 %@‘é?%[]ﬁé‘éﬁﬁggf’c af}hdaf lggﬁf sodjym E}j_(b‘g@de in tetrahydrofuran
_ ﬁ@&' B2 MRy 1680 AT 3By ARmInol )3 ]‘Hyawxer?:yaSBt_ 1£1°7
aCI

decane-1-acetic acid (Compound R). a-[[(1 ,1-Dimethylethoxy)carbonyl]amino]-]
3]hydroxytricyclo[3.3.1.1*"]decane-1-acetic acid (Compound R) is then mixed with a
15 chiral base such as [1R,2S]-(-)-1,2-diphenylhydroxy ethylamine, 1,7,7-
trimethylbicyclo[2.2.1]heptane-2-amine, or S-(-)-1-1(1-naphthyl)ethylamine and the
mixture is evaporated to dryness. The dried mixture is resuspended in a solvent and
the resuspended mixture is placed on a shaker with heating for several hours. Upon
cooling to room temperature, crystallization of (aS)-o-[[dimethylethoxy)carbonyl]
20  amino]-3-hydroxytricyclo[3.3.1.1*"]decane-1-acetic acid (Compound S) occurs. See
also Example 20 herein.
Removal of the Boc group yields (<aS)-<a-amino-3-hydroxytricyclo
[3.3.1 .13’7]decane-l-acetic acid (Formula V).
Another aspect of the present relates to methods for production of the
25  intermediate compound 3-hydroxy-<a-oxotricyclo [3.3.1. 13’7]decane-1-acetic acid
(Formula II) used in the synthesis of the fragment (<aS)-<a-amino-3-hydroxytricyclo
[3.3.1.1>"]decane-1-acetic acid (Formula V). The intermediate compound 3-hydroxy-
<a-oxotricyclo [3.3.1.1*"]decane-1-acetic acid (Formula II) can be produced in
accordance with the method depicted in Scheme IV.

30
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15 nethyl ester of Fornula VII.
Adamant an- 1-yl -di chl oro-acetic acid nethyl ester of

waoomsasVI 1 is then hydroxylated with nitric BPXI/U820031038558

10

15

concentrated sulfuric acid to provide a quantitative
yi el d of dichloro-(3-hydr ?ﬁ(ﬁ(@ mant an- 1-yl ) -acetic
acid -19 WD 2004/ 052850 P 3¥038558" net hyl

ester of Formula VII1. Hydrolysis of Fornula VII1 with
aqueous sodi um hydroxide in nethanol at room

t enper at upgyi el d Tﬁg chl Qffs fraxy- adamant an- 1-
yl)-acet Oxu@a{f an dquent treatnent of
di chl or g droxy- adagmat EOHCi dweoriace
(For B a_weak basesr sodi um5——
bi carbonatg,/ at el evated tenperatg resylts in the

excl usive formati on of"®kEhe i nternedi at e%onmpound

3- hydr oxy-ga- oxot ri cycﬁ 0 [3.3.1.13 7] decane-| -acetic

acid (Forrmula Il). Also see ExaanBes 26 through 29.

SCHEME VA 10 1) -6 NHC topH7.4 01 NNaOH 0 2)
7. g distill off

gﬁwg act
al’l 1 ZeNo,/H,S0,

3- hydr oxy <a-

OH OH
@\(CO,M. NaOH/THF @\(CO-JH
S o]
l i

As shown in Scheme IV, in this method, adamantyl bromide (Formula A) is
alkylated via zinc chloride catalysis to produce <a-hydroxytricyclo[3.3.1.13 T)decane-
1-acetic acid (Formula B). <a1-Hydroxytricyclo[3.3.1.13 "|decane-1-acetic acid
(Formula B) is then esterified using acetyl chloride in methanol to produce <a-
hydroxytricyclo[3.3.1. 1*")decane-1-acetic acid, methyl ester (Formula C). <a-
Hydroxytricyclo[3.3.1.1>"]decane-1-acetic acid, methyl ester (Formula C) is then
converted to <a-oxotricyclo[3.3.1. 1*"]decane-1-acetic acid, methyl ester (Formula D)
by Swern oxidation. <a-Oxotricyclo[3.3.1.1>7]decane-1-acetic acid, methyl ester
(Formula D) is then hydroxylated to form 3-hydroxy-<a-oxotricyclo[3.3.1.1*"]decane-
1-acetic acid, methyl ester (Formula I), which is then hydrolyzed to form 3-hydroxy-
<a-oxotricyclo[3.3.1.1*"]decane- 1-acetic acid (Formula II). Also see Examples 21

through 25 herein.
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oxotricyclo-[3.3.1.1.3 7] decane-1-acetic acid (Formnul a
Il) may be prepared in a one pot 15 procedure. As

wezewpsasseat ment of Formula VI conpound wi t hPEUS0DME038558

10

15

sodi um hydroxide in tetrahydrofuran (or other base
such as 1oot assi um hydroxi de or |i th| um hydroxide) .in

an i nergltegp dhedntermpdiate ngnggyhp %,hg;lrgggy £ar@xotricyclo
AR PSS LRI O

saduhadﬂqhﬂcdﬁlsﬁkﬁﬁﬂad with an acid such as
hydrochloric acid to lower pHto I ess than about 0.50
20 preferably about 0.20, to formthe correspondi ng
keto acid Il, which nmay be aIIized from wat er
to formcrystals of the ke§o a0|g H. Anot her aspect of
the present invention relates to a nethod for
production of the fragment (1

S, 3S,59)-2-az *,&é/é;l o[ 3.cl. O] hexsumg- 3- ca
(Formula J). fragnent usgd in th
(1 @;@2553—2—[—(—28}-'2 am (3 25
hydr oxytricycl o[ 3. 3. 1. 1% ]dec l) -
bi cycl o[ 3. 1. 0] hexane- 3- 120 wWo 3/ 052
PCT/ US2003/ 038558 carbonitrile can be pro
accordance with the nethod depicted in Schene
shown beIQ,. SCHEME VI 5 0 (Boc)20 (1 07 1

hy| r] 2-aza
ZnCly(approx. 0.15 eq)
H,Cl,y, RT
ed ™ CH

Et OH/ SO %) MON.) I N UVAF1 (11 2. Et3 NH
t ol uene, 3 h NldoQg-l QOCE(NOg2494 o 1, CO,CH;
Li Et 3BH Led . )~A. LI nN t ol uene, -45
MsCl | DI PEA
HO ol Oct e L

NaOH (1.36 eq)
CH3OH/H,0, RT

base
CO,H _pase CO,H

HO ci Cl X HO o

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

provide a quantitative yield of dichloro-(3-hydroxy-adamantan-1-yl)-acetic acid
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COCEt 2. DIPEA, DVAP (cat.) COOEt TFAA 0 O GIlIlI

CH212/ Et 2Zn MSA or CH2Cl12 HCl (g) EtOAc/THF N N O
WOEONKAS2 NH CONH2 O _:::~ A or NMSA CONH2 ¥ O0U$M0ID38558

J As shown in Schene VI, L-pyroglutamc acid (Fornmula

E) is first esterified to produce the L-pyroglutamc
adnethgkasier ofEeratulg MYLntlyérofysissbFonaas VInyith aqugeus sodium

I{é'%%xti'&e 1ﬁ1nﬁet€ 09 at ré h1¥1| ter?éé‘;{uré ﬁel‘ﬂp ﬁﬁhﬁ)@(ﬁh%rggl-%jan%{ﬁtan- 1-

roge
2 - X8Ryt Eaélkllo(ﬂ lFBﬁ‘ndla @(d ISQEJeh@eﬂx kregtm26i 6F dichloro-(3-hydroxy-
1-(1,1-dinethylethyl),5-eth ester (Formula GQ.
SLH@@K‘BW@mld&é) pestig @eiddFommda éﬂ Vitlha pvieak, bass, prgfagably sodium
5 1car 5’? a elf OHH hggergl h 1 f th
%V tgrpggrah\ sults 1at e exclusive formation of the

i C acl
1ﬁﬂerr$ed1ht€\%bﬁiﬂblﬁ{d13/ h}d@xﬁkh%lxot@l&y(ﬂé 1 Fanfilidacank!1}acetic acid
The BOC-DHPEE 111 is then hydro zed by saponification
wi EFarrhule B).uklsesde Exaniples 86 H!BOH&B\r%i BOC-DHP. An amide is
then fornmed on BOC-DHP via m xed anhydri de using
mesyl chloride foll owed by ammonia to produce
(5S) - 5- am nocar bonyl - 4, 5- ¢iCdHENVE VA
1H pyrrol e-1-carboxylic acid, 1-(1, 1-dinethylethyl)
10 ester (Formula I'V). (5S)-5 -21 WO 2004/ 052850
PCT/ US2003/ 038558 1) ~6 N.HCI to pH 7.4

amn bogyl - 4, 5 d| hydro | H rolge-1 - ar by xyH CD;,QZGeq)
aci d (1 1- di mg et hy ) For | &) BSAS ecoz e
t he c‘;)r°6ifb’an o le th nea,ectm.mntotw

pr 0’@uce

vill

[0} (o}
Recrystallize from water
OH OH
o o

HO HO
Il Il

(crude)

As shown in Scheme VA, the intermediate compound 3-hydroxy-<a-

oxotricyclo-[3.3.1.1 37}decane-1-acetic acid (Formula IT) may be prepared in a one pot

15 procedure. As seen, treatment of Formula VIII compound with aqueous sodium
hydroxide in tetrahydrofuran (or other base such as potassium hydroxide or lithium
hydroxide) in an inert atmosphere such as argon, yields the corresponding sodium salt.
Without recovering the sodium salt, the reaction mixture containing the sodium salt is
treated with an acid such as hydrochloric acid to lower pH to less than about 0.50

20  preferably about 0.20, to form the corresponding keto acid II, which may be
recrystallized from water to form crystals of the keto acid II.

Another aspect of the present invention relates to a method for production of
the fragment (18S,3S,5S)-2-azabicyclo[3.1.0Jhexane-3-carboxamide (Formula J). This
fragment used in the production of (18,3S,5S)-2-[(2S)-2-amino-2-(3-

25  hydroxytricyclo[3.3.1. 1>")dec-1 -yl)-1-oxoethyl]-2-azabicyclo[3.1.0]hexane-3-
-20-



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

woane/oss@ar boxyl i ¢ acid, 1, 1-dinethylethyl esPeT/US2003/038558

10

15

(Formula H. BOCis then renoved resulting in

formation of 5 an acid salt such as the hydrochl

s gRrbogitriterran be predveed infagerrdanse withsthe megod quaa%é me VI

(é§0\§§’b§ - 2-azabi cycl o[ 3. 1. 0] hexane- 3- car boxam de
ormul'aJ). Also see Exanples 29 through Exanpl e 35.

Anot her aspect of the present invention also depicted

in Schene VI relates to the transformation of

(5S) - 5- ani nocar bonyl - 4, 5- AGREME Vi pyrrol e- | - car boxyl

ic 10 acid, 1-(1,1-dinmethylethyl) ester (Fornula IV)

to [1S-(1<a, 3<b, 5<a] - 3-

anm nogg -2-azabi c exane- 2{ardosy| i c
aci d, hy | &ERA °§§ter

| a e
cycl opr op nati/on i g ggn@iMEnmons- React i Q:ﬁ%:n(‘!,' Q°§5Iﬁ| S
reaction,NH T
(5S) - 5- am' noca yl -4, 5-di hydro- | H'eyoet ol e- | - car boxyl
ic acid, 1-@l, 1- dimethylethyl) &Ster is dissolved in
met hyl ene chlLeride in a first reactor. | second 15
react or, hylsne chloride is cool ed t® -39C and
di met hoxy ef{hang and &“S&#(1defluti on of\ di efhyl zideon o
in toluene dded foblehoWEd by additi di i ode N
met haﬂ&(ﬁi S MYbHT € oirEa DR eAN 0 the Ypst
react or flol | owed by atiat i on of saturl\ated bi carbonate
sol uti pn.oThe resulting reaction Xj@ure is stirred
unti | precipitate forned. The cipitate is then
filt , waghed and resuspended i n net hyl ene 20
chloride two or nore tines. Filtrates are then
separated into aqueous and or ic phases and the

organi ¢ phgge gjﬁﬁg SWith sat Weaged bri .

Solvent is re ve excha ged By hepdane to

a slurry o [ ( 1Et0Ac 5<d]

3- anpnoca’bony -2 azabigycl . Q] hexane- 2- car oxy [

c acid, {1, 1- di mSeMyl et hyI%er (Foowryl a H) HSh*NH

hept ane.} 25 Alternati vel y, MSA " YCONH,
m nocar bonyl - 4, 5-di1ydr o-| H pyrrol e-1 -car boxyl

id, 1-(d, 1-dinet thyl)aster (Formula |IV) nay
ared as shown in Sdhene WVIA -22 WO

2004/ 052850 PCT/ US2003/ 038558 SCHEME VI A McOyNYOWe Me
MOOYNYOVE MOOY, NYOwe

As shown in Scheme VI, L-pyroglutamic acid (Formula E) is first esterified to

produce the L-pyroglutamic acid ethyl ester (Formula F; SQ 7539). This L-
pyroglutamic acid ethyl ester is then BOC-protected on the nitrogen to produce (5S)-

- 2-oxopyrrolidine-1,5-dicarboxylic acid, 1-(1,1-dimethylethyl),5-ethyl ester (Formula
G). SuperHydride reduction and elimination is then performed to form 4,5-dihydro-
1H-pyrrole-1,5-dicarboxylic acid, 1-(1,1-dimethylethyl),5-ethyl ester (Formula III).
Thé BOC-DHPEE III is then hydrolyzed by saponification with lithium hydroxide to
form BOC-DHP. An amide is then formed on BOC-DHP via mixed anhydride using
mesyl chloride followed by ammonia to produce (5S)-5-aminocarbonyl-4,5-dihydro-
1H-pyrrole-1-carboxylic acid, 1-(1,1-dimethylethyl) ester (Formula IV). (5S)-5-
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NNNEOA NNSIlowNi NY) K28 CC ++ 11Me Y11l
+MeCl G O CN CN) d=0.92 0) 0 CSHSCIN3C2 CSH11NO

WE20HTB5NA03 DVMI Mal . W.: 175.57 Mal. W.:PAOLSAB3/038558

10

15

20

25

Mal . W.: 276.72 2-Cl 4, 6di M0-1, 3,5-triazene
N- et hyl nor Ehol I ne

4- 3N bastyhd Sydihydzo-4 Hrpyrepls-h-carbprylic asad 13Gl4lodipaethylethyl) ester

(A SR Spio i TR AL ETRA AR pruce
Et[@ﬁld‘@@) ShE- ﬁaﬁ(mbbar@%yﬂ\) l-aiablcnybB 1.D{hex@fe- E—Qarb@&ﬂhc?amd

HAQ 0 N NH3 | NQ O COONa Me
lolﬁamhﬂ@hxl es(qq(FQrmua\}é) | BD@Hﬁ/nhen re@V@HﬁM lx fPJalilatlon of

5 )~ g s B oS

Metragméht :(18,3838)-2BYEhi&2 16183 .01h&HAAe-3-Afboxhvde (FOrnBih eyreal
VIA?gth (DCHA S)at oflé%(gdlgydroll—l-pyrrole(l 5- Jrealso

duscaEwhaplesa%lup@gh Elxa-ﬂ(pie 33 - di net hyI et hyl )est er Xis
treated, w net al base S

hydr oxﬁ%ilé tﬁ% ais%erc tﬁ%%‘f&?‘}t %Ven}']gﬁj%léo gg‘f‘fég (‘f?eénse \t/Ihrelates 0
sagé Hgﬂlsi”@ﬂrﬁ&no%@ (SNDL 4t Sdrbori- 4‘Br(§h§i‘drbyl¢{ erilole 1-carboxylic

H pyrrol e- 1,5-dicarboxylic acid,

di avest, Hy(ll ett-digrieyhebatind) ogter ﬁﬁqmmllasﬁf)tte b&gﬂfats%@ $<abdr t he

R 59%; tapleye GB EPI et bESL I do £ Ehélpyictnyt ster
C{)I’FHﬁﬂlﬁ)i ByhcyRl hatlcﬁ\ﬂﬂ a3yl foRE@Bon. An this reaction,

ution of thHe sodiumsalt Xl is treated with buffer
SU6R)-asimanvmrbiongi-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 dimethoxy ethane and a 30%
solution of diethyl zinc in toluene are added followed by addition of diiodo methane.
This mixture is then added to the first reactor followed by addition of saturated
bicarbonate solution. The resulting reaction mixture is stirred until a precipitate
formed. The precipitate is then filtered, washed and resuspended in methylene
chloride two or more times. Filtrates are then separated into aqueous and organic
phases and the organic phase is washed with half saturated brine. Solvent is removed
and exchanged by heptane to obtain a slurry of crude product of [1S-(1<a,3<b,5<a]-
3-aminocarbonyl)-2-azabicyclo[3.1.0]hexane-2-carboxylic acid, 1,1-dimethylethyl
ester (Formula H) in heptane.

Alternatively, (5S)-5-aminocarbonyl-4,5-dihydro-1H-pyrrole-1-carboxylic
acid, 1-(1,1-dimethylethyl)ester (Formula IV) may be prepared as shown in Scheme
VIA.
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chloride and sodi um di hydrogen phosphate to | ower pH
of the solution below 7, preferably about 6 to 6.5,

wae4nsssbouf f ered sol uti on of sodiumsalt is tPEBRUSHO3/038558

10

15

20

wth 4 15

(46d|rrethoxy135tr|a2|n - 4- met hyl nor phol i ni u
m chl oride (DMI-MV) to H}?tl\ﬂé i vat ed DMT- est er
XI'l which is treated vvith amoni a or ot her base such
as amoni um sul fate, ammoni um chl ori de or ammoni um
hydr oxi NngS¥f orm (58) - 5- OMe MeO Moy oMo
ami nocam{g}/l@- 4,.5-di 5‘/5 ro- |4s|g§1%yrromJ car—s@bxyll'tg;c,;lg

1- (1, 1-di net hyl ethyl)ester I'V. 20
4- (4, 6-D nmet hoxy-1, 3gbatriazin-2- ylgll met hyl - m)Ep]woll
ni um chl opcde (DTM Mo may be prepared as shownoi

ol. Wt.: 175.57

Scheme, VIPA“BY r eact''ifg °2= C1- 4, 6- di me‘th O%
1, 3, 5- b aBicre  ( COIEyozveD rretﬁ i éﬁ/ i'fie at

945-69 5

reduced tenperatures ranging ffom ab '1’ 0 to about
10 orm DMI-MM -23 \A@MMZO 4/ 052850 MeO._ _N_ _OMe

= =

P %Q&&BSS /he DEMAC S oy
4,5 dt‘ FO—TH-pyr FaLe; -134'5:&%1‘ arb’g%wﬁc_f'am d'i,"—’*130/((1290]1"z e
di mef¥y ot hyl )e X may S( r%{paﬂed Frem thel -
cor épon I ng SOdI um salt I treating an agueadls

sol ution of previousky pr epar ed EEFRSE ¢ X i tepp a2

net kit butyl  wivigds (MIBE) adj ust I'ng pH of t he
reagdske@n M xture to 2.5-3 enploying an acid such as 5
H3P®A. The organic layer is separated and treated with
brine to formthe corresponding sodiumsalt X . The
resulting reaction mxture i s _cooled. and treat

DOrA AT BRI NSOBe? SbhoREPg e ap diydre SRl -

20(9 44 §§gc {gf?%@%%ﬁé@? %Wtﬂ' allkglté ﬁngeﬂll bgs& such
t Chs-sB@iGm h}ﬂr&ldd\ﬁl-ﬂﬁﬂﬁ thesakrespontling sd10 %ublt M-he sddiuRdalt.
C:12l_|18|\"1|9h4é sodium salt of 4,5-dihydro-1H-pyrrole-1,5-dicarboxylic acid, 1-(1,1-
dimethylethyl)ester XI may also be prepared from the corresponding ethyl ester by
treating the ethyl ester (preferably a solution of the ethyl ester in toluene) with ethanol
and sodium hydroxide.
A solution of the sodium salt X1 is treated with buffer such as ammonium
chloride and sodium dihydrogen phosphate to lower pH of the solution below 7,
preferably about 6 to 6.5, and the buffered solution of sodium salt is treated with 4-
(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride (DMT-MM) to
form the activated DMT-ester XII which is treated with ammonia or other base such
as ammonium sulfate, ammonium chloride or ammonium hydroxide, to form (5S)-5-
aminocarbonyl-4,5-dihydro-1H-pyrrole-1-carboxylic acid 1-(1,1-dimethylethyl)ester
Iv.
4-(4,6-Dimethoxy-1,3,5-triazin-2-yl)-4-methyl-morpholinium chloride (DTM-
MM) may be prepared as shown in Scheme VIA by reacting 2-Cl-4,6-dimethoxy-
1,3,5-triazine (CDMT) and N-methylmorpholine at reduced temperatures ranging
from about 0 to about 10°C to form DMT-MM.
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Mol . W.: 241,28 syn/Anti Am nolysis 40% MNH2 O N

rt, 24 h ON + O N COCEt COOEt CONHMe XV XVI XVI|
W(BL04NPRE) S- BOC MPEE C13H21NO4 C1l3H21NO4 Mol PCiAIS2003/038558

255,31 Mol. W.: 255,31 1. LiOH EtOH 0 N /N water O-N

s- oo NPER SIS e e SRl b e e -0

258inizihyldohyl)edter X B2y beZ}&epated frexﬁumtesbbﬁ\ﬂmg Nduﬂn &lOX1 by

2. NI-13 0 CONH2 = XVI || ?

CitaF4fingon QNS SolBerme PrRgpLS wrepargé P%A SF X With methy tbuty
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228y R 5 PR 8 B0 8

5 4, Hsp@hykhieapgaid 1ageres Ebﬁarawi and tﬂehﬂedaﬁt}i‘bﬁdeamﬁ"omi\k-hB(Il
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di earrypongingssodivan sahKbr thej residig lﬁaﬁ@nu IXfHE i§faededifad treated

hyl
MR PSR R Rt PELAOIERS, orper atur e
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10 OC to form N-BOC 4, 5-net hanoprol i ne ethyl ester XV.
- 25 WD 2004/ 052850 PCT/ US2003/ 038558 The resul ting

w@aB445850met hanoprol i ne et hyl ester XV (m xt ureCDUSEYI038558

10

and anti-isoners (8:1)) is separated by treating with
aqueous nethyl am ne under an inert atnosphere such
as a nitrogen atnosphere SQHEVE VIB

(S)-BOC-4, 5-net haneproline ethyl ester XVI (separated
fromXvil) is recovered. 5 The

s- BOC- 4, 5- net opr ol i nezetthyintagieer XVI in et hanol or
ot her or gani ol vent29&bh as tolyene or THE i s
treated with basgoesuchtoase agersas |[ithi um hydroxi de,
sodi um hy Bxi de or pot ¥ebiSPsieal hydr oxi de to formthe
correspondi ng g4 BOC- nki%¥d8ktét ne free acid Xvill.

The free acicghisddsl | is converted to the correspondi ng
s- BOC- net hanopWel2#td& 10 amide H by treating free acid
XVI 11 dissolved in an organic solvent such as THE or

met hyl e chl or i cevAni Aeslytisy| chl or rmate or nesyl
chlogi dg, )i n the PpM8Ence of N grethy? nmorpholing, y

underyfeduced t erperatures—such ay n eXceed ou

- 8C, d TRen treati ng the reagtPon n?O;E?ure W o CONHMe
a ia ty formthe s-BOC nmet hanoprolkiine am de” H  15xw
Anot heg ect of the present invephigierelates to a

AP :
nmet hoch@{Nopoupl ing the fragment ,H,No,
(<aS) - mavwanisno- 3- hydr oxytricycl o Mol wt.: 255,31
[3.3.1.13 7] decane-| -acetic acid (Formula V) and

(1S, 3S,59) - 2- ggabi cycl o[ 3. 1. 0] hexane- 3- cey(boxam de
(Formula J) t roduce, {(idu, eon
S, 3S,59)-249 - 2- am neat- (3- hydroxypri 8ygl o[ 3. 3. 1. 13

‘7] dec-1-yl)21- “cooet 2. HCI, TBME < Yeoon
oxoet hyl ] -2- azabi cycl o[ ¥** 0] hexane- G\ngr bonitrile,
benzoate (1:1). X@oupling of 20 these fragmdts is
depicted in SebemEeVI| bel ow. -26 WO 2086/Mp52850
PCT/ US2003/ 01%’7'8355'834 SCHEME VI1 OH OH Q CitHiNOa

ol Wt.: 255,31 Mol. Wt.: 227,26
1. i-BuOCOCI
o N NMM o N
# COOH 2. NH3 Q( CONH,
g Y
xvill H

s-BOC-MP s-BOC-MPA

Cq4H47NO4 C11H1gN203

Mol. Wt.: 227,26 Mol. Wt.: 226,27

Compound H Scheme VI may also be prepared as shown in Scheme VIB by
cyclopropanation of N-BOC 4,5-dehydroproline ethyl ester III as follows.

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

0°C to form N-BOC 4,5-methanoproline ethyl ester XV.
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BocrO NaOHI (THF) _ OH CO WOAcl Heptane NH O NH2 V

VI 0 OH OH Coupling reaction 0 1) MsCUHuni gl THF 4L
w@e009/0585%0 NH HCI / ° HN O HN or CONH MSA , RAT/(82D08038558

0 HOST 0 NH, K Dehydration OH OH and Hydrolysis

RTINS 5T MENCM T ISR

Ph{aeGsbmeEls N8 Y)) is separated by treating with aqueous methyl amine under an inert
atmosphere such as a nitrogen atmosphere and syn (S)-BOC-4,5-methaneproline ethyl
ester X VI (separated from X VII) is recovered.

5 The s-BOC-4,5-methanoproline ethyl ester XVI in ethanol or other organic
solvent such as toluene or THF is treated with base such as aqueous lithium
hydroxide, sodium hydroxide or potassium hydroxide to form the corresponding s-
BOC-methanoproline free acid XVIII.

The free acid XVIII is converted to the corresponding s-BOC-methanoproline

10 amide H by treating free acid X VIII dissolved in an organic 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
fragments (<aS)-<a-amino-3-hydroxytricyclo [3.3.1.1>"]decane-1-acetic acid
(Formula V) and (18,3S,5S)-2-azabicyclo[3.1.0]hexane-3-carboxamide (Formula J) to
produce (185,3S,55)-2-[(2S)-2-amino-2-(3-hydroxytricyclo[3.3.1.1 3’7]dec-1-y1)- 1-
oxoethyl]-2-azabicyclo[3.1.0]hexane-3-carbonitrile, benzoate (1:1). Coupling of

20  these fragments is depicted in Scheme VII below.

=26 -



00 NCNCI. M5 As shown in Schene VII, the fragnent
(<a$) - <a- am no- 3- hydroxytricycl o

WO 3003/032838' 7] decane-| -acetic acid (Fornula V) PEI/1/57083/038558
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BOC protected to produce (<aS)-
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3- (am negasdaenyl ) - <aS) - <a- (e« om

et hanggar bam c aci
- di'fiet hy et hyI est er a KerePormyl a K
corrpound is sub ed t oG JALi oy sl ds.eat i
compound K wit h anijlc ch\as Pyri"tdhne
trlethylamnea \/:ﬂl\q ) '
subj ecting the reactlon to 5 h drol ysis by coolin
from about 0 to about 10C a"hd aggdi ng sodi um hydr oxi de N
or

or

As shown in Scheme VII, the fragment (<aS)-<a-amino-3-hydroxytricyclo
[3.3.1.1>"]decane-1-acetic acid (Formula V) is first BOC protected to produce (<aS)-
<a[[(1,1-dimethylethoxy)carbonyl]amino]-3-hydroxytricyclo [3.3.1. 1*"]decane-1-
acetic acid (Formula VI) by treating V with BOC;O0 in the presence of base such as
sodium hydroxide and separated via ethyl acetate (EtOAc) extraction to separate out
free acid VI. Alternatively, in place of ethyl acetate, isopropyl acetate/heptane may be
employed to crystallize out free acid VI. In another embodiment, the compound of
Formula V is used without isolation from a bioconversion using an isolated

PDH/FDH enzyme concentrate as set out in Example 8A.
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ot her strong base such as KOH or LiOH to form Conpound

L. 3-cyano-(<aS)-<a-(3- hydroxytricyclo[3.3.1.13" 7]
wa@lew4/A5285) - <b- oxo-(1 S,3 S, 5 _PCT/US2003/038558

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

1, 1 -di | ethyl t Fornul a L whi ch i s.then

depr ot el‘?‘tnge%l(ifm/o g)rf g% nglét\glgzo&hp? ﬁnnaglgci’int??‘?‘f"?ﬁ’gﬂﬁﬁﬂ%‘ﬁm‘i ?ﬁvem such as
f Otdﬁahitﬁoﬂlir&ﬁ(fm-ﬂg)(bod!&ptfoi ade@Berhivrd With# thOFangP from about -10 to
(1S, 3S,55)-2-[(2S) - 2-am no- 2- (3-hydroxytricycl o[ 3. 3. 1.
132tquy 82C) is yiepted woshoaethgriepulfonyl chloride (Mesyl Cl), and Hunig base

azabi cycl . 1. 0] he -3-carbonitrile, benzoate (1:1) .

( Fg‘Bﬁﬁﬁng &W‘k%%@ géﬁﬁ)%é%éﬂ%?r@stﬂs 90 ESPERY RS Bthaapsyitanic acid
5 - 2&1V¥p 2004/ 052850 PCT/ US2003/ 038558 SCHEME VII A OH

OH OH Coupling Reaction O O O 1) Md Munl B(TNF CH

OHDABCOA®ohipliizg) rebt:tidniGh Hidnaised thitdo@pldB2aSyMEi(1,1INH O 4 0
CNM&@H&WX%@ laé@%d%é@fégfrws ?%g,g hlg’lgf;iﬁ%%lgﬁaaomigacid,
(OBARNRYS B Ay L SSER oS4 g
( <eBhoxaafifi¢ (Fotmudlank ihthle prdsence Jof drtydroxlybaiFotitlzole 3HOBT) or other
10 known coupling agent to produce 3-(aminocarbonyl)-<aS)-<a-(3-
hydroxytricyclo[3.3.1.1*"]dec-1 -yl)-<b-ox0-(1S,3S,5S)-2-azabicyclo[3.1.0]hexane-2-
ethanecarbamic acid, 1,1-dimethylethyl ester (Formula K). Formula K compound is
subjected to dehydration by treating compound K with organic base such as pyridine
or triethylamine and trifluoroacetic anhydride, and then subjecting the reaction to
15 hydrolysis by cooling to from about 0 to about 10°C and adding sodium hydroxide or
other strong base such as KOH or LiOH to form Compound L. 3-cyano-(<aS)-<a-(3-
hydroxytricyclo[3.3.1.1*"]dec-1 -yl)-<b-ox0-(18,3S,5S)-2-azabicyclo[3.1.0]hexane-2-
ethanecarbamic acid, 1,1-dimethylethyl ester (Formula L), which is then deprotected
(and treated with sodium benzoate) to form the dipeptidyl peptidase IV inhibitor
20 (18S,38,58)-2-[(2S)-2-amino-2-(3-hydroxytricyclo[3.3.1.1° 7dec-1 -yl)-1-oxoethyl]-2-
azabicyclo[3.1.0]hexane-3-carbonitrile, benzoate (1:1) (Formula M). Also see
Examples 37 through 39 herein.
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hydroxytricycl o[ 3. 3. 1. 13" 7] decane-| -acetic acid,
1, 4-di azabi cycl o[ 2. 2. 2] octane salt 10 (Fornmula VIA). A

wa@onplosasg reacti on (as described in Schene VI IBJT/1S2003/038558

10

15

20

then used to couple

(<aS)-<a[[ (1, 1-di et hyl et hoxy) car bonyl ] am no] - 3-
hydroxytricycl o[ 3. 3. 1. 13'SqHﬁ£@5NéI$- al:eti c !aci d,

1, 4-di azabi cycl o[ 2. 2. 2] octane salt (Fornmula VIA) to
(1S, 3S, 5S) - 2- azabi cycl o[ 3. 1. 0] hexane- 3- car boxam de HC
or MSA salt (Forrmula J) in the presence of ™
| - hydr oxybenzotri azol e (HOBT) or other known 15
coupling agent to prodyge

3- (am njocar bonyl ) - <aS) -|<a- ( 3- Coupling Reaction 0

hydr o i cyel o] 3. 3. 143 7] dec- 1- yy<"e¥tioyio-( 1] S,
S) - 2- cto [ 3. 1. dmecet h arbam g as) oy
1, ethyl e mul a Kf...Referring back/ to

Schene 1 1 A co d L Yay * retect edwby treat ment
with strong 3cid{such as hydrjpchllori cudacid as oo
res

descri bed wit pect t® Schenme MI1B. 20 -29 WO

2004/ 052850 PCT/ US2003/038558 SCHEME VIIB OH CH COH
HC O kJ"N HCI NaOH ON HClaNH= N HINN H O O NC NC

:\\chl: L LAs $ownGhl Sbhende SHAHESMmpouhdI Mha(PalsblbeiprddabedPrdwthe

compound VIA (DABCO salt) as follows.

Formula VI acid is treated with 1,4-diazabicyclo[2,2,2]octane (DABCO) to
form (<aS)-<a[[(1,1-dimethylethoxy)carbonyl]amino]-3-
hydroxytricyclo[3.3.l.13 ‘|decane-1-acetic acid, 1,4-diazabicyclo[2.2.2]octane salt
(Formula VIA). A coupling reaction (as described in Scheme VIIA) is then used to
couple (<aS)-<a[[(1,1-dimethylethoxy)carbonyl]amino]-3-
hydroxytricyclo[3.3.1.13’7]decane-l-acetic acid, 1,4-diazabicyclo[2.2.2]octane salt
(Formula VIA) to (18S,35,5S)-2-azabicyclo[3.1.0]hexane-3-carboxamide HCI or MSA
salt (Formula J) in the presence of 1-hydroxybenzotriazole (HOBT) or other known
coupling agent to produce 3-(aminocarbonyl)-<aS)-<a-(3-
hydroxytricyclo[3.3.1. 1*"dec-1-y1)-<b-oxo0-(18,3S,5S)-2-azabicyclo[3.1.0]hexane-2-
ethanecarbamic acid, 1,1-dimethylethyl ester (Formula K).

Referring back to Scheme VII, compound L may be deprotected by treatment

with strong acid such as hydrochloric acid as described with respect to Scheme VIIB.
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5 Referring to Schene VIIB, the free base nonohydrate
M may be formed fromthe BOC- protected internedi ate

wa 2@g/051850 ows. BOC-prot ected internedi ate L i SPCT/E51008038558

10 -

15

20

with concentrated hydrochloric acid in the presence
of met hyl ene chl oride and, net hanol while maintaining
reaction tenperature w t¥ EM%Vrlyﬁge from about 20
and 25C, to form hydrochloride salt L'. 10
Hydrochloride salt L' is treated vvith hydr ochl ori c
acid and then $bdi um hydroxi de or §other strong base {"
to formthe frge base M. Free base M is then treat

wi Il be ynder'st oggAby t hose of t hasongt y

readi his A ure, the duct, the

di pekfd% Bt i dasg 1V i nhidhi, y
(1S, 3S, 55) *2- [ 2S)y2- am no- 2- 15

(3-hydroxytrieycl f 3.3.1.13" '] dec-I|-yf)-1-oxoethyl]*2- [
azabi cycl o[ 3. 4. 0] hexane- 3 car boni t Fi I e, benzoate (1:1Y
(Formula M or its corresponding free base M or
nonohydrate M thereof can be pra@duced using all the
steps depicted in Schenmes I, II, ] or 11l and IV, V,

VI, VIT and VITA or only a port' of the steps
depl cted in any of —Sthemes I,

[11 *and*™V, V,
VI, VII and VILA dependi ng upory @I nt er redi ate 20
is selected as the starti ng eter For exanpl e,
venti on, one of
pr oduce t he

usi ng the teachings of the prest
skill in the art can routinely
cycl opropyl -fused -30 WO 2004/ OSZ«BSCf PCT/ US2003/ 038558
pyrrolidine-based inhibitor (1 S,3 S,5
S)-2-[(2S)-2-am no- 2-(3-

hydr OXyﬁéﬂeﬁ'Ml‘% t9B3hetel VAR, thbdRe 'ba:le monohydrate M"' may be formed
-yl ) -1-oxoet -2-azabi cycl o[ 3. 1. 0] hexane- 3-

caﬁrdnnmlhd]BOUeprometredmamme(dilatdL ag Fadlows| a M or the

correspondi ng base. M _using 3-, .
hydr oxyBQ § @ftf—? spempdistel is ti%"‘gef‘] \ﬁléla:a%emraa%delexd@%%c acid
of .

e B st olore PRI PP end byl oy sgation

acteghpeifatur® vt nthd/ranges &S about 20 and 25°C, to form hydrochloride salt L.
<a[[ 1, 1-di net hyl et hoxy) car bonyl ] am no]

dddwydersawc Il-“d{@t | with hgirgdhdericaased arrd thery gasipm hydroxide or
VI %gerosltrotl% seég ?omy t%e %Iee base%JI'o Cl*Ireenbase 1s 81611 I%reatrgd with water to
i et S
t he st aAs wﬂgbdsmrtderst(add by]tﬁos'EI‘ufsklllon eheodrt spanl ﬂaading tHﬂEdisclosure
artthe %?121 pegc?u%ltj Ctﬁe (%pggt%y?gfgp%[c)igsle v mhl%lto%/ (r lrSo?)lS SS) 2 [(93) 2-amino-2-
(3-hydroxytricyclo[3.3.1. 1*")dec-1-yl)-1-oxoethyl]-2-azabicyclo[3.1.0Jhexane-3-
carbonitrile, benzoate (1:1) (Formula M) or its corresponding free base M’ or
monohydrate M'’ thereof can be produced using all the steps depicted in Schemes [, II,
orlland IV, V, VI, VII and VIIA or only a portion of the steps depicted in any of
Schemes I, II, or Il and IV, V, VI, VII and VIIA depending upon which intermediate

is selected as the starting material. For example, using the teachings of the present

invention, one of skill in the art can routinely produce the cyclopropyl-fused
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i nhi bitor of dipeptidyl peptidase IV sinply by
coupling (<aS)-<a[[(1, 1-
walovekpgset hoxy) car bonyl ] ami no] PCT/US2003/038558
- 3- hydroxytrlcyclo[B 3.1.13 7] decane-| -acetic acid,

= | 1A)) t
E 1‘0§/rn§ d%’%) %ed(%@gbtﬁig}?ﬁ%%@) ?atg?%i;gf#g% }é/r bZ)Z(amode
drax 10%):10[3)3 priéddse 134) amcmm]r ~Dambidyclds3.1.0]hexane-3-
a ) - <a- droxytricyclo[3.3.1.13" 7] dec- 1-yl ) - <b- oxo

(chﬂ;dﬁsnrﬂs))e@oaaz(aﬁi) asmaja3vl) or the corresponding free base M’ using 3-
)]él?oe)%r%?%zﬂ rﬁéﬁfo??%éeﬁamegqq%g acetic acé of Iornrr%lg )fll ?Epél)l <a-
5 3 4Rib B%%E&&&Yéyl:rofﬁ)l 14%6&11&34%@%5&& oy Bb@da ¥, 1<d-

"] dec- <b- "oxo0-

S) <a?£l;:§azl abmwledi!diy)cafﬁmeblmmo}ﬁéwﬁmmw@aiﬂdft1 AcT Wecane-1-
1,1 F
3 G b ebies T e of Shshda VIR Ske: 1

20 bonyl-4,5-dih dro 1H-pyrrole-1-carboxylic acid, 1-(1,1-dimethylethyl) ester
3m1noca(§x%ny 1Sy ZP%r;abl cycl o[ 3. 1. 0] h(exane 2-etha

ne@fa?obmmadVaasnhb startmgdmaﬁ\maihyl et hyl ester (Fornula L);

10 ﬁ;gr 2%3{“&3{%% (%[Sgllg%%ggé‘i <6}'§%é§1?c|_e(asc;yf;l)opr@gy]o%e% H_yrrolidine-based

R R g S Lt e i
d:q mamthymtﬂloxypxamawb]mmow+hyurdmr@yclo[3n3 ﬂﬂu sldmnhd ehcetic acid,
tart mat
( Sormany] r o amBEy e BT o A RO by dr ox

yt §ﬂa%%§é18{331 @Ré’é%% 37%arg@)&\ﬂﬂ§e Flarrﬂﬁl%th fo Iﬁﬁli&joe 3 fagfindtatbonyl)-

For nu a VIA)) and
15 ( 1&83&a5(3)hyﬂfomaiycb{/1:]3 0[lé7]aiec91-b’éx<énexc8(ksa390@5()ai‘ﬁ de

g{: gz:ggllil:;y«%pf] 1r %ﬁh?gq\ég’%etg{ayegw rtnpc:,)ag&ggnlt 51lﬁl1rettﬁ]y?eth}ﬁ%nt%r tFSormula K);
C 37 -

i L e e s o et

( FexanuISg3 SV59)-2-a i dybie[ 3. n()menmﬂwbenhanecaﬁ)imacadn Inbdimethylethyl

B L e B S e
N

antiettdl dibglrestey {Rormy il 10); {nﬁi la,rdﬂolgtzaﬂg ﬁl&yame(—daS)}Se{Bc

acid (Fornmul a ternedi ate
r eljmﬁ())@grlcycloB \3/)1 13q]dec 1 yl) <b- oxo (IS 3§ azablcycl(}/[3 1.0]hexane-2-

5 CFt gﬁe?é% a01 t1 1 Xr?étlﬁgiﬂrlgt %tg?‘é’&?rlﬂﬁ Q@f&m%@tdip%pndyl

natl

tr pesidade T 1|nﬁib1t615 ek ths hevtiod, therstarling maﬂ&hhle rcnmprmeﬂhy ,fragments
the nmethod may further conprise chemcal synthesis af
25 ( <69S¥salioli, hdingethylethoxy)carbonylJamino]-3-hydroxytficyclo[3.3.1.17] decane-

DA AT BB s ) a0 559>
azabicyclo[3.1.0]hexane-3-carboxamide (Formula J).
However, the method may further comprise steps for production of the
fragment (<aS)-<a[[(1,1-dimethylethoxy)carbonyl]Jamino]-3-hydroxytricyclo
30 [3.3.1.13’7]decane-1-acetic acid (Formula VI) from the intermediate (<aS)-<a-amino-
3-hydroxytricyclo[3.3.1. 1*"decane-1-acetic acid (Formula V) via BOC protection. In

this embodiment, the method may further comprise production of the (<aS)-<a-
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decane- 1-acetic acid (Fornmula N) in accordance with
Schene Ill1. In addition, or alternatively, the nethod

worenp4HEassther conpri se steps for producti on of PA1ES2003/038558

10

15

20

25

f ragnent
(1S, 3S,5S) - 2- azablc cIo xane- 3- car boxanij.d
( Faémﬁm3ahy owlqyehad Lf %@ﬁleﬂ -BeRMC eI (FpapHadi )éﬁt@medlate by

3, 7
Ca?%%ﬁ? F%f gingz roxelI oa[ %xo{rlcéjchoéignlel 51 dgg? e-1- acfetlc acid
aCﬂFdrmdla 1D iy ﬁﬁiﬁlydtﬁtahyhatmtoe trandabinaticnsdd) Schbmef[ br H).

enbodi nent, the nethod may further conprise a step fo
pr@](gggqtp@}y ¢e methogmay further comprise chemical synthesis of (<aS <a—am1no-

1%%?1&0%5%1:3?%0[0&‘;@ c?%r[% -L(%?%C ?Elﬁiﬂ*’&%ﬁl tk’ﬁ'fﬁon% ﬁlCP’CIO [3.3.1.1°7]

eSdeeﬁneéF@émlaaldF@ohyulamhmmcomned with Sc]ﬁHr@efHI ably via
a Simmons-Smith reacti on of

(59) - 5-lamddigiens chﬁﬁtymﬂﬂVfEly,dh%%ﬁhéd M3y gyrtheg| cemprisesteps for
C N rg&%lob Sf ﬁ‘l%' fgd tn{ @fslzqii m- -azab n&&xt}? 1 Sﬁlte%ne(f ?&rPMa%ude

her VENtion re

t O(FBfMalE oﬁvptmdﬁzal de)Cfftoﬁdthe heteehadias [ 182{1Rg, 3@:5;5f<u] 3-
intermediates in the Froductlon of cyclop rogyl

pyamiapsagboneasediqyalel bi Hhesanst2-earpeptlicagid épilmﬁlykethyl ester
|I X(tF orcr:noﬂgggmﬂnsth(i)sf e ! odlll%{aﬁs&lgtmetljl&olﬁ% gugﬁﬂeygo%ﬁsegssteg Cfor

er medi at es roduction opropy

PYpro@lctieh fé@[@(lb@S&d 5!<ﬁ]13lantllwcarb@ﬁylguzmalbmw&[3 1.0]hexane-2-
pepti dase IV include:

3-taylpoliy acrtér bkdtmetbyléwha{ tes (Hormwrlarhl ey eiredopropasiations preferably

acj. d et h ted |
o 11 SRS S 5n o560 S ok iy o P THERAe 1
3- yshxQKY acid; p(qOIfdirﬁat 1@&1?»1) 3stdr (F3mflidgvpne- | - acetic
aC|dasdep|cte in ormula I'l, OHCO2H 4- 0 Il
Another aspect of the present invention relates to new compounds identified
herein as being useful intermediates in the production of cyclopropyl-fused
pyrrolidine-based inhibitors of dipeptidyl peptidase IV. Compounds of the present
invention useful as intermediates in the production of cyclopropyl-fused pyrrolidine-
based inhibitors of dipeptidyl peptidase IV include:
3-hydroxy-<a-oxotricyclo[3.3.1.13’7]decane-1-acetic acid, methyl ester as

depicted in Formula I,

OH

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

WO 2008052850 1- (1, 1- di nmethyl ethyl) ester as depiBCEBEUSI0N3/038558
Formula 1V, CONH2 O 1V 10

(<aS) - <a- am no- 3- hydr o ric [3.3.1.13" 7] decane-| -a
cetic a%hxﬂray-a@amﬂéﬁg[gr%-hﬁmcanﬂv}-amc agisl axOBiged in
N@%§&ﬂgﬁ -33 WD 2004/ 052850 PCT/ US2003/ 038558
(<aS)-<al]’ [ (1, 1-di met hyl et hoxy) car bonyl ] ami no]
-3-hydroxytricyclo[3.3. 1. 1"'] decane-1l-acetic acid
as depicted in Formul a VIDAOH OH 4--_ NHOOW 5
(or its DABCO salt VIA),
adamant an- 1-yl -di chl oro-aqetic acid nethyl ester as

A CO2CH3 10 G C WV

depicted in Formul a Vllk’,
di chl or o- ( 3- hydr oxy- adanhy 1-yl)-acetic acid nethyl
CO.H

ester as depicted in

o |
5
(5S)-5-aminocarbonyl-4,5-dihydro-1H-pyrrole-1-carboxylic acid, 1-(1,1-
dimethylethyl) ester as depicted in Formula IV,
N
0] .
CONH,
o
v
10
(<aS)-<a-amino-3-hydroxytricyclo[3.3.1.13’7]decane-1-acetic acid as depicted
in Formula V,
OH
CO,H
NH, \'
15
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Formula VI1l, and CO2CH3 15 HO O C VI

di chl or o- ( 3- hydr oxy- adamant an- 1-yl )-acetic acid as
walzpi/osassh i n Formula | X. -34 WO 2004/ 052850  PCT/US2003/038558

PCT/ US2003/ 038558 CO2H HO Cl Cl IX In a preferred

enbodi nent, as shown herein, these conpounds are used

as i nt(éﬁ%%ﬂ[ﬁﬂésdlmtmﬁ@%ﬁkémyw ﬁmdwp@mlag?ﬂ 3.1.1%7]

t|d e L.V inhi Lt.org

%‘}“ez ‘Eﬁ“ﬁ&c‘gafge%‘“gr 8% ??‘?T.ﬁ gfo[:% 3.1.13 7] dec-1 -yl
)-I-oxoethyl] 2 azablcyclo[s.
1. 0] hexane-3-carbonitrile, benzoate (1:1) as depicted
in Formula M OH PRCOOH NH2 N O NC M 10 and
preferably the corrgesponding free base or its
nonohydrate as depisted in Fgrnmulas M and M
respectively HO 73 -35 WD 2004/ 052850
PCT/ US2003/ 03855 \hydrate M (set out
her ei nbef ore). , 'V inhibition
produced usi ng and nethods of the
present invef in the treatnent of

di abet es and & 1 her eof
Syndronme X, hyperinsulinem a,~gb q
atheroscl erosis and rel ated di s§ases ag wel | as
i mmunonodul at ory di seases and
o \'!
5
(or its DABCO salt VIA),
adamantan-1-yl-dichloro-acetic acid methyl ester as depicted in Formula VII,
CO,CH,4
10 cl Cl Vil
dichloro-(3-hydroxy-adamantan-1-yl)-acetic acid methyl ester as depicted in
Formula VIII, and
CO,CH;
15 HO cl Ci Vil

dichloro-(3-hydroxy-adamantan-1-yl)-acetic acid as depicted in Formula IX.
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chronic inflammtory bowel disease. The foll ow ng
Exanpl es represent preferred enbodi nents of the

WO enpensassn. - 36 WO 2004/ 052850 PCT/ US2003/ 038BBBUS2003/038558

10

EXAVPLES EXAMPLE | Reductive am nation using an
extract fromreconbi nant Pichia pastoris 5 expressing

phenyl al ani ne dehydro ?’ Q fron1ThernDactinonyces
G

i nternmedius and prod
dehydr ogenase Reconbi 3
(2.25 kg) expressing (ne dehydrogenase from

Ther noacti nonyces i nternddi uy we added to deioni zed

wat er (6. 75L) cont &ioni ng afhoni um f or matlX (28. 65 g,

0.454 noles). After thawing, the 10 cells were

suspended using a Janke and Kunkel U tra-turrax T25

honmoge fI]h %g}’refeﬁ‘é’d HRbEAmMER, RShowH Helbifs, ARGE r&bﬁ@b@rqis Mw@eh as
and cooled wth crushed ice to give a 25%w v cel
susteanadiates inrthé pradivttiomafithaidipéprdybpeptidae IVsinhibiters (IS 38,5S)-2-

di t ed. by ssages gh ' fluidizer at
AR B Sing 2 OB g - oliBd by oxoeiyt 3
C 5 By &d in Fddmtta M.
A R B S i ISP (FURS dphadtin
phenyl al ani ne dehydrogenase activity as determ ned by
Assay A (see Exanple 9) or ASSB% B (see Exanple 10),
respectively, and 80080 units fgrnate dehydrogenase
were added to a 16 L vessel of @ New Brunsw ck
Scientific Bioflo TV bioreactor~ A 7024 m sol ution
was prepared containi ng anmmo oy mate (442.5 20
grans, 7.017 noles) and
(3- hydr oxy- adamant an- 1-yl ) - ox@ cid (786.7
, . . [ ' [ ution was
adjusted to 8.0 with 276 ni anmoni um
hydr oxi de. Nicotinanide adedl ne di njcl eodi de (NAD

9. 834 grans, 8 hi ot hrieitol (2.163
gr ans, 14.027 qﬁ)|ii&%% 9 t he

sol ution was added to the biop ont ai ni ng the

Pi chi apastoris extract. The 2§ i 4N was mai nt ai ned
at 40C and stirred at 150 rpm AliquRes of M
concentrated ammoni um hydroxide of 45, 25 and 27 m
were added at 0, 3 and 18 hours,

and preferably the corresponding free base or its monohydrate as depicted in Formulas

"M’ and M", respectively

HO

CN M
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respectively, after the start of the reaction to

adjust the pHto 8.0. After 25 hours, the solution
wa@ontasassd 818.9 grans (3.637 noles, 100% yi el BOT/US2003/038558

(S)-am no- (3- hydroxy- adamantan-1-yl)-acetic acid as

measured by HPLC anal ysis (see Exanple 8, Method 30 2)

ared itgnapehrdratgtyle (sebow herdinpeddreR- enant i oner of the

am no id... . S .

(9) - am BRI peRtssy inhibitionpraduced using fhecompoyndard

| SRR BB hSpdsen? [IVeREBH Le asulisliif thetgea@he @if HiaBetet Mgl

enzymatic transformation mxture to drive off -37 WD

200mphisBHS tRCTUfUsSPeEly3%s Sgndramechi haperasuliserniagotesity, and
pH.,3 with formc [ filtration to re e .

S b A elediPag el fieasds gb B ah o SpRECTHifae dasesesand
DWRshiGRfbitaté9Soel @bassé.on with 1.5 M anmmoni a and
concentration of the rich effluent to give . .
( <aS) - <hednilowing-Exaygptas xsaresentpreisfred smbodigens of the invention.
decane-| -acetic acid as a crystalline solid. The | ast
run 5 using this isolation procedure (787 grans
ket oacid i nput) gave 804 grans of (<aS)-
<a- am no- 3- hydroxytricycl o[ 3. 3. 1. 13" 7] decane-| - aceti c
acid with a potency of 94.3% and a yield of 96. 0%
from 3- hydroxy-<a-oxotricyclo[3.3.1.13"7
decane-| -acetic acid. Al of the batches of
(<aS) - <a- am no- 3- hydroxytricycl o[ 3. 3. 1. 13" 7] decane-| -a
cetic acid isolated by this procedure perforned well
i n subsequent reactions en route to 10
(1S, 3S,5S)-2-[(2S) - 2-am no- 2- (3- hydroxytricycl o[ 3. 3. 1.
13" 7] dec- 1-yl) - 1- oxoet hyl ] - 2-
azabi cycl o[ 3. 1. 0] hexane-3-carbonitrile, benzoate.
EXAMPLE 2 Reductive am nation using heat-dried cells
fromreconbi nant Pichiapastoris 15 A solution was
prepared containing in a final volune of 4.0 M at pH
8.0 (pH adjusted with NHAOH): 0.50 M ammoni um
formate, 0.25 M (3-hydroxy-adamantan- 1-yl)-oxo-acetic
acid, 1.06 MM NAD, 1.00 mMdithiothreitol, and 250 ngy
reconbi nant Pichia pastoris heat-dried cells
containing 32.7 units, as determ ned by Assay A
phenyl al ani ne dehydrogenase and 24.6 units formate
dehydr ogenase. 20 Preparation of Pichia pastoris
heat -dried cells has been described by Hanson et al.
(Enzyme and M crobi al Technol ogy 2000 26: 348-358). The
solution was incubated in a 50 m Erlenneyer flask at
40C, 100 rpmfor 4 days, then anal yzed by HPLC
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The solution contained 45.02 ng/nl (80%yield)
(S)-am no- ( 3- hydroxy-adamant an-1- yl)-acetic acid. 25

wWE0MPERSB Reducti ve am nation using wet cel |l sPET/082003/038558
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reconbi nant Pichia pastoris A solution was prgpgr?dH
containing in a final volu L+ mM at pH 8. p

adj usted with NH4OH): O. 41%&% um formate, 0.208
M ( 3- hydr oxy 30 adamant an- 1-yl)-oxo-acetic acid, 0.88

mV NAD, 0.84 mMdithiothreitol, and 12.5% % w v
Pi chi apastoris wet cells cEXAMBLEG 6.06 units

t db .
A andCORE ARSI Feyty B3 st S B Ran el ayoris
MSexprB&lmw%l%ﬁgaghﬁﬁ-ﬁﬁéﬁ%@@1’3an%55/30ad199)ﬁ9@és%itermedws
ina 50 nl Erlenneyer flask at 40C, 200 rpm for

hours, then Hdaprpdugingiap elﬂﬂngkﬂonhéolsmtatdlebyﬂmgalasened

5L, 8 ORGSR bt s AOIBR IS Yorins hgnyiataine

antetgidiopenase iffteh TRGHERENMycESHRBMESN RefeQldled to deionized water
heat-dried cells expressing phenyl al ani ne

de(@%ﬁle)@@ﬁ@%ng‘ sompTiver fopnate |(2ﬁ)ﬁ§/g,dls45égmelen)e dAAﬁualth?mdg, the
f oi di ni| sol uti.on

TGS ASENES SR PR UG il eSS

pPHadjufled @g!)H I Qvitcorsdrad o N, O ool @911 M BRTPRL 1ve a

f or mat e, 25 M (3- hydr oxy-adamant an- ) - 0X0- acet
ac?dp wv gell ﬁtmpmmn in., SOOnM\Armmomumt formate oCclls?wEr& dlsrupted by 2

CobirAEE BT I ittt EPR 4 RO ER el T dRRa wep g by
I e iR NN J£20,000: LoHdae€0!Juphaatand ngtﬂm? @(!nltélgmg 230998 units or

containing 76 units, as determ ned
phb?‘ﬂ;ﬁl“éluaﬁfr ﬂ@@&ﬁyldnmg dn}a,ssk‘ogeﬁhue a'snhm asaietemJSned by Assay A (see

A RENED Ry Biete Hnammye O Gypared sngookerbis Dmate
?gc)[l%hglrinﬂ%%gna(z% Gﬁe;g%dx%l té égﬁgﬁe}géne@ b?‘%/ ew Brunswick Scientific Bioflo IV
EXAMRaE06
A 7024 ml solution was prepared containing ammonium formate (442.5
grams, 7.017 moles) and (3-hydroxy-adamantan-1-yl)-oxo-acetic acid (786.7 grams,
3.510 moles). The pH of this solution was adjusted to 8.0 with 276.ml concentrated
ammonium hydroxide. Nicotinamide adenine dinucleotide (NAD; 9.834 grams, 14.82
mmoles) and dithiothreitol (2.163 grams, 14.027 mmoles) were then added and the
solution was added to the bioreactor containing the Pichia pastoris extract. The
solution was maintained at 40°C and stirred at 150 rpm. Aliquots of concentrated
ammonium hydroxide of 45, 25 and 27 ml were added at 0, 3 and 18 hours,
respectively, after the start of the reaction to adjust the pH to 8.0. After 25 hours, the
solution contained 818.9 grams (3.637 moles , 100% yield) (S)-amino-(3-hydroxy-
adamantan-1-yl)-acetic acid as measured by HPLC analysis (see Example 8, Method
2) and no detectable keto acid or R-enantiomer of the amino acid.
(S)-amino-(3-hydroxy-adamantan-1-yl)-acetic acid was isolated via a

procedure consisting of boiling the enzymatic transformation mixture to drive off
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20 Reductive am nation using reconbi nant Escherichia
coli wet cells and fornmate dehydrogenase from Candi da

whoiodiosusso A sol uti on was prepared containi ng i PCEHU$10n3038558
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volunme of 3.0 mM at pH 8.0 (pH adjusted with NHACH):

0. 415 M ammoni um formate, 0,208 M (3-hydr oxy

acksrAPRIARAIISHRg togkd 3 v formisack ﬁ@fﬂé@n LAV PeCRtaia

d| t hrei toI / r
e giariile o . b aPlg ADOGEOd0 R e Bludc ViR £5 M

I\/Bdmh@mmmd @d’iﬁeﬂ@at@i}{mme richafiftidne b give @:taiS)wetanﬁm-B-
cont ai ning 97 unlg;, as determ ned by Assay

pHudsaxatriosrlal. 3y deesgaerd siseticrarad o wsstewnmhd The last run

nc a 50 .m
t optaghig iﬁl%wntpﬁ%%?dgfﬁé{%i%fgﬁﬁ*%{%%&ﬁ‘%ﬁ%”@% 4 g SREs)-
31. ed d with £94.3%
?%ht?rlrllﬂﬁ% %&%‘yym@; [édarrlarﬁdg%?- :)’j)cetllc ;}L\Wlt eatrl)oéengc}:, |0d
- 3;dapiddo 9@9%@?@%6@@3@55@0[3 ll/gﬁ@cene-l -acetic acid.

I I h d
oo SR s SR R B Al BTy S et
f rLR0 S ¥ 119 plicBdure PerFSimediveil M@ﬁbs}@ﬁﬁmﬁfﬁdtlons en route to
containing in a final volunme of 1.0

S 855503 D) o (oo e P ot o) gshyll-2-
1-vyl t
{ rabieyod noabsa R KGRI RRRLRE, 1yl L oxoracet i ©

(0.51 units/ng) formate dehydrogenase from Candi da
boi di nii (Boehringer Mnnheim and 1.01 units/m
phenyl aI ani ne dehydr ogenadeXAMPIE dnits/ng; Sigm

fr.o or,osar,ci na cie T .
Hefaeem inglion setegieagyried e Em SErambiihf eybycRgrors
HPLC Uy @ol%ﬂ&#%vh@ﬁreﬁﬁ@@ 2oMieding 84 Ml vlurhé of 4.Yor a@lpFI)S 0 (pH
(S)- am no- (3-hydroxy-adamantant-1-yl)-acetic acid
E)é@ﬂﬂ%teﬁ Wittt Rg O Hxcd. SO N afimphisisrdogmate, 0.25 M (3- hydroxy—adamantan-

BM52000- PPFDH: - St const ruct of
PRUSRO00-PECCR, POt A0, L SUER, GOty 90,
enRL Y& lant PAGiE pa &5 Bat-ari EPE G @D aMR® Wﬁﬁl@aﬂ ﬁgdété}‘hﬂned by
expressi on vec{) pBM52000 (pBMS2000 71 s di scl osed
U. AssapPal, pMnyNdnnnﬁ: M&d@gdnasﬂ: al246 vhiys formate dehydrogenase
Preparation of Pichia pastoris heat-dried cells has been described by Hanson et al.
(Enzyme and Microbial Technology 2000 26:348-358). The solution was incubated
in a 50 ml Erlenmeyer flask at 40°C, 100 rpm for 4 days, then analyzed by HPLC.
The solution contained 45.02 mg/ml (80% yield) (S)-amino-(3-hydroxy-adamantan-1-

yl)-acetic acid.

EXAMPLE 3
Reductive amination using wet cells from recombinant Pichia pastoris
A solution was prepared containing in a final volume of 3.0 ml at pH 8.0 (pH
adjusted with NH,OH): 0.415 M ammonium formate, 0.208 M (3-hydroxy-
adamantan-1-yl)-oxo-acetic acid, 0.88 mM NAD, 0.84 mM dithiothreitol, and 12.5%
% w/v Pichia pastoris wet cells containing 6.06 units phenylalanine dehydrogenase,

as determined by Assay A, and 12.8 units formate dehydrogenase. The solution was
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30, 2000 to S.W Liu et al.) using oligonucleotide
prinmers containing the 5° and 3' end of the P.

w@amiosisso FDH gene al ong with corrpati bl e rest rPCI/UU8I003/038558
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endonucl ease 20 cl eavage sites:
TCGTCATGAAAATCGITCTCGITTTG 3 55' end; sense SEQ |
N@mngategsp pISO5n] Brixomeyaritias fa&@hogrs, (hgn analyzed

POYHERTT TRE SRS e 1Y el @%ﬁ% Hilip-hidroxy-

Caafdéinﬁﬂtaﬁ)ﬂJI-yl)fthtw&c1d 100 | aI I quots, each containing 1
X TagPl us réaction buffer (Stratagene, Laldolla, CA),

0.2 mM each deoxynucl eoti de triphosphate (dATP, dCTP,
dGTP, and dTTP), 30 0.4 n %Q)e[?i% gonucl eotide, 2.5 U
TagPl us DNA pol ynerase (S ﬁ' and 10 pg

pl asnR gnfdtbe apihMidH Mdng PRofibINal MchB3FhiPEoshEdtdried cells

gene. The anplification conditions included
i newpetssing phienglaRniing dehydiegenase frowl Thanmdatn gy cesjititermedius

of -40 WD 2004/ 05285 /uszoos/fosss 8 .incubation at
94C for 1 mi %‘F@di ogehAt Lo a@ﬁ'd‘?‘%'c&f’ fiiy 5

m nut esp sb‘l%h&gwas fésﬁﬂéa eorﬁhmrg iR dh] S10mb Ben maaYA bers.o (pH
w t h aut oext ensi on CR reaction m Xxture was

e xddjustddeditmiNH O3): @QQJM ammlommtm foimate10.3H &h (A -hydroxy-adamantan-

SR R U i s

df&@?éé@@‘r anCamids 5k din (BoBEhger Mannh d
m cr o}glg%?t ri fuge tube. Ovvasaprlem pi tnat(eg by ggtrjdla{l?oerllm) o

0f250.mg veebmbemn8EMheackianeli beagdated cdhd:oﬁtaunhgﬂ@smts as

ice-cold eth cent ati on ,.000 X :

f dfetegrmr}ﬁdﬁqyt/ggay ﬁ, A\}ﬁ { e(i}eby#l ggeé)&sq r 1olnmsaé ugcubated n

angsg e EREhh ‘ﬂ%&bﬁdto%tﬂ)o m 181 4 LER; tHeR 'aHal Pasids HPLC. The

eﬁan@?. L+ q%er was aspirat (e}g agai ngﬁand th e?p y

wass lialon@eadited 76 mg/imi (13].V%f}uﬂld13(($)-rmmmu (a&;hjairoxpmdmmantan- -yl)-

tenperature. Anplified DNA was digested with 20 units

edRUIOHCIBSpH and BamHl for 3 hours at 37Cin a total

volume of 50 I. In parallel, the pBM52000 vector (2 Q)

was digested with BspHI and BanHi . The di gest ed

sanpl es were el ectrophor edEXIAMPIEIE 51. 0% TAE agar ose

gel_for 2 hours at 100 v. The bands ¢orrespondi ng t 8

t heRedygtive amination using recombinant Escherichia coli wet cells and formate

dehydrogenase from Candida boidinii
A solution was prepared containing in a final volume of 3.0 ml at pH 8.0 (pH

adjusted with NH4OH): 0.415 M ammonium formate, 0.208 M (3-hydroxy-
adamantan-1-yl)-oxo-acetic acid, 0.88 mM NAD, 0.84 mM dithiothreitol, 1 unit/ml
(0.51 units/mg) formate dehydrogenase from Candida boidinii (Boehringer
Mannheim), and 12.5% w/v Escherichia coli wet cell containing 97 units, as
determined by Assay A, phenylalanine dehydrogenase. The solution was incubated in
a 50 ml Erlenmeyer flask at 40°C, 200 rpm for 68 hours, then analyzed by HPLC.
The solution contained 5.16 mg/ml (11.0% yield) (S)-amino-(3-hydroxy-adamantant-

1-yl)-acetic acid.
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15 gene (1100-base pair fragnment) and |inearized
vector (4700-base pair fragnent) which were

waepansassd y exci sed fromthe gel and purified BST/IsRDIIE38558
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Q Aquick Gel Extraction Kit (Q agen, Chatsworth, CA).
The concentrations of the _isolated fragnents were
estimated by el ectrophor eﬁ%“w&r K18t the | ow nol ecul ar

3
and Wy SREEa AR, drl il PR hint 8o aroftase Rith sfohbsarcina
total vol uma%@ afidl fdrndte dehy3RGgémise Prone CundidDBbidivis
precipitated by addition of 151 dH20 and 250 |
1- but an®Folutipr WasPrepared ctainngap g fipalyvqlymeg of 1.0 ml at pH 8.5 (pH

r n r I
TGRS A RS S DDA RS Py
( SARBAtand 1A }-bXEREYS acidal mI\m oeb el mmxtﬁloﬂuétdn It @sits/ml
under | ow heat. The pellet was resuspended in 5 |

dHOA! upss/m fem#émd@aewfrm&qndm%dmﬁ @Bpghringer

|

CORRLAERRIA L0 e R an e s o BB TG RER L Sime

i ftm%ﬂhadl@ 26t SPokdatapeci&OTte s@hﬁﬁﬁam@slﬁc@xﬁeﬂ 61030°C for 20
2%tryptone 10 MM Nadl, 2.5 nMKCl, 10 nM My

mVionEsShen aaalazeabynPEE u dbe golptéon ¢angaingd 0. éhalgfrhle(Z 7&4} y1§1d) (S)-
Iogﬁ%ij}ﬁﬁg :S? glgéirﬁzc -3 apn% kn(?gnt 1 d};l)s%cegm&dat 37C and 225 rpm

asm were selected on LB
agar plates cont a| ning 50 g/m kanamycin sulfate
(Sigma Chemcals, St. Louis, M). Plasmds with the
desired insert were ident BXAM 7-41 WD 2004/ 052850

(o o o0 AR AT O PO e
UT). Eag t\végmtcb@ﬁmmlaﬁ i the éﬂﬁéﬁidﬂl&fnﬂzcﬁ)@ pBMSP006-PREDH-
(pH 8.3) MB02 0.25 ng/mM bovine serum al bum n,

2%&&1@0@ seas £0p)oyed.1 ThevPcpastasis FLMd et wasrgvbelaoed ingyr ¢xpEgssion

po‘fef%% PQ@@%@?Z&%@S%(@B :HO c]zc)s%@'@ Sn PaStWL{ N& %h(g%M issued May

r eﬁPQOGU‘torS W lLri@eﬁ/m uﬁhg bﬂ@&lubrébﬁ’d 1ﬂlel§|cbﬁ’t¥if?ﬁr% th@§dand 3’
ipétted into the wells of a round-bottommcrotiter

pleatlef the R gruatwyis FH geiesi cangtwiticeinapayiblerssttiedeendagialepse
a di sposabl e plastic inoculation needle, swirled into

CavAgEtFon nixture, and transferred to LB-kanamycin
agar Each reaction mxture aliquot was drawn into a
30 | capillary tube, and the tube was fl ane-seal ed at
bdt’ TQAGTEATSA AOBATEGATICT CGEENTGRA (Daddeense; SiE@JDBYO: 1)
[ ncubaté OEI at 94C for 30 seconds;

spHI
5" TACTGTTTTTCCAGCGTATTCCTAGGCT 3’ (3’ end; anti-sense;SEQ ID NO:2)

BamHI

High-fidelity PCR amplification of the P. pastoris FDH gene was carried out in four
100 pl aliquots, each containing 1 X TaqPlus reaction buffer (Stratagene, LaJolla,
CA), 0.2 mM each deoxynucleotide triphosphate (dATP, dCTP, dGTP, and dTTP),
0.4 nM each oligonucleotide, 2.5 U TagPlus DNA polymerase (Stratagene), and 10 pg
plasmid DNA containing the cloned P. pastoris FDH gene. The amplification

conditions included incubation at 94°C for 4 minutes, followed by 25 cycles of
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anplification was performed using 30 cycl es of
i ncubation at 94C for 0 seconds; 40C for 0 seconds,

w@ea4/p285¢ or 60 seconds using a Rapi dCycl er PCT/US2003/038558
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Ther nocycl er (I1daho Technol ogi es, Salt Lake Gty,
UT). Sanples were el ectrophaoresed on a 1.0% TAE
agaeltk@téorg@tl 94f G forpl minntes SAt fc iad Ivmuge%h% Srior &9 Biputegfusing a

17 t O base pairs.

omr %:qeldigﬁltngnqoﬁ C%}q?”gg%gd&% g’rred to herein
aS p BNSﬂQQfm?Fé'imn Mmaguehes ertriced Whi an eyial sbmma df lthe
plasm d construction. "PDHhod" refers to a

ed
Thélemimqrﬂf@n}l((@n@@BRM EriveaIshusg, Mawmcalﬁnmged at 15 ;000 x g for

et (haRand aufougpfh - Shi0 MUMLRREE R, o,

[ ]rﬂt%ildc)entl?ﬂu%'é tﬁlB@rIQHAO\ilastﬂ}@clbl@fﬁéd byl daen 6 (HFV@I&meQ@ M sodium
an additional 12 am no acids at the carbox

t eacafateand2reniurnes ice-qolidredinelo rAf&%r?pmtéﬁtga@m%}%gQw gffor 5

(3- hydr oxy- adamant a

(i A A SRl ok e S FRE D pofiotish iy 0.5 ml e
Thigsd ?(B%régﬁnéﬂaidlﬁlﬁ rad ‘d@}ﬁf&tdd"htgﬁmphrﬂﬁﬂﬁb gelleﬁ Wsﬁl%dz@d to air dry
(described in detail by in patent WD 200004179, i ssued

tcfon&aumneseett rogth tqmpmatu@ry 27, 2000), which was

oo Eablted ORUEHE Sl o EPLER T p A
9%%@1@7@ il £RRATBIAE SB010. BEpsRcl, AAGBAEITERCAGIA2 ng) was

Asn Ser Ala Arg Arg Stop 3' end of PDHM
gedigesagiowitto BspdHlpnd dlandllafihe digested sar(tp:lhsawgecblmtropbwesed ona

PR b semeasb for Aot 1006 heDRS SPRETERE e RGO H
%ngﬁfb&i%ger&?‘g%ﬂ@ Xn(d-sli}éf Il'l’z%ld l\gcﬂg)r Pi?@O"Hage p%&ﬁ@lt) which

AsWerSeépaPJtelySkape(ﬂrmgm]ﬁmgdl and pmieﬁq(alrusnwthe Qﬁmmuch G@QExtractlon
the 5' and 3' end of the PDHhDd ene I on

CoRis AQiaBrs Ghatshiorie Fon ShGHGE b L fluents were
mésﬁnﬁ[e%p@'re?&troghoresm against the low molecular welght mass ladder (Invitrogen

Corp., Carlsbad, CA) and ligated in a 5:1 (insert:vector) molar ratio in a total volume

of 10 pl at 22°C for 2 hours. DNA was precipitated by addition of 15 pl dH,O and
250 pl I-butanol, and pelleted at 13,000 x g in a microcentrifuge for 5 minutes.
Liquid was removed by aspiration, and the DNA was dried in a SpeedVac (Savant
Instruments, Farmingdale, NY) for 5 minutes under low heat. The pellet was
resuspended in 5 pl dH,0.

The resuspended DNA was transformed by electroporation into 0.04 ml E. coli
DH10B competent cells (Invitrogen) at 25 pF and 250 Q. SOC medium was
immediately added (0.96 ml; SOC = 0.5% yeast extract, 2% tryptone, 10 mM NaCl,
2.5 mM KCl, 10 mM MgCl,, 10 mM MgSO,, and 20 mM glucose per liter), and the
cells incubated in a shaker for 1 hour at 37°C and 225 rpm. Colonies contain plasmid
DNA were selected on LB agar plates containing 50 pg/ml kanamycin sulfate (Sigma
Chemicals, St. Louis, MO). Plasmids with the desired insert were identified by
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GATGCTCATATGCGCGACGTGTTTGAAATGATG (5' end, sense; SEQ
ID NGO 3) Ndel GATCCCGGGCTAAGGCGAATTAATAATTCG (3' end,

waedsosmsase; SEQ I D NO 4) Smal 10 Reaction copdi/Usmn®038558

10

15

20

25

for anplification and purification of the PDHrod by
PCR were identical to that used for the P. pastor

Fryalge e Reinceapillapn oAb WHAhe BﬂﬂdcﬁF’@bG%@ TochRelagpsSalt Lake

¢ S LIS B LIRE AR TRhaR e SO N RS YREOHOE ), Br gl

Ncg2 5 @gﬂnlsimrinefs@funl albOnnin, @0 Alfose 1160 f(Dl htMEﬁbsblyred, 0 4 nM each
hours at 37C, in a total volunme of In parall

a prgm(SEQdD NQd andsias2 JdNQidk %fi 2«?&1{ ﬁaaP% éPlY§1€f9é° FRromega

SE@P [ Zstolflgglrn Oﬁl}ﬁ reé ilﬁ)g 1};’3@1 ncswa 1v1d§8 él\ggtlg d;.l (g‘pqtsa'agd

\Aﬁﬂlﬁetéa RRbMEW¥1s 6t LA BORIE BRctoARr Plafe. R INMREAFRB AN
for 2 hours at 100 v. The bands corresponding to

t mlmmdmg@d asing 20iisposable plastic inpaudptionteedppwirled into the

| d
e L0h TR BT GHE MBSO ST PR et TG R rore
Seflh Rt ALh R 1r1ﬂ) b 30 1%9;5?11%? nLHeQQ{d @R t¥e WAASdYWsealed at both

ments, transfornmation coli, and screening
f agnds.oCell were dyatl ahd DNA dmem&bwunbhbanbe aPDHCOibr 3@ neconds;

(form ng pBM520Q0- PDHnod) were perfornmed as_ descri bed
Rl ificaiien wanrarfaped 6?1‘“5%50 SERNES X A0cubRies B frder, 0 seconds;

B o I
R L
ahb Qlebiwebiéyy St halky Ciay, LBI’7)C Saﬂi@lbs lWHré Sleorfopﬁére@bdpon a1.0%
fT/gmer ase (Il nvitrogen) and
o

E pgdrose ged &ad rqusoriuép éfo&ea@l &ampé%d% Hﬁl%&eS\ﬁé ﬁbowed a
m' @P%ggnc%]t IITSO B ﬂaf"rs | B! Q@B@?ccﬁ*ﬁ gd egggaiég%eferred to herein

erea I‘on was e

2004/F8LA50-IMED IS0 Db the nekt s’ieplm(l% pAmRORNSBE tion.
gel for 2 hours at 100 v. The 1800-base pair fragnment

was  exdiDddmodiefars tol amedifigd i hgmarerinanmigaied Kiiagtedius

Eﬁ%ﬁg?ﬁt lltaﬁléle I(‘iglt&y({rﬁ%eng egilat dgf'% %g%ﬁ@%g%ﬂﬁh (518? %Eﬁﬁm}é& (Takada

08t A0 1 oo e o s i
and an additional 12 amino acids at the carboxyl terminus that is required for
complete conversion of (3-hydroxy-adamantan-1-yl)-oxo-acetic acid to (S)-amino-(3-
hydroxy-adamantan-1-yl)-acetic acid. This change was introduced into plasmid
pPDH9K/10 (described in detail by in patent WO 200004179, issued to Donovan et
al., January 27, 2000), which was subsequently transformed into P. pastoris
SMD1168 (deposited as strain ATCC 74408).

3’ end of native PDH gene and corresponding amino acids:

AAC AGC GCA AGG AGG TAA
Asn Ser Ala Arg Arg Stop

3’ end of PDHmod gene and corresponding amino acids (changed or new

amino acids in bold):
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5 restriction endonucl ease Smal in a 50 L volune for 2
hours at 25C, then treated wth 0.4 U shrinp al kaline

w@bmgpkasase (United States Biochem cals, C evRtHNMN003/038558
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OH) for 1 hour at 37C. Plasm d DNA was

el ectrophoresed for 2 hours at 100 v on a 1.0% TAE
ag‘%@@se Ag‘é@, (P at 6AG angcéit rkdted GF€n Fh‘eGq g&ﬁ ckCGG

Kiden Theselwo ﬁq)lé‘g”eﬁiﬁlPratlgﬁa" tedrl a gyp: 1 Arg

(|nsert vecto nmol ar C for 4 hours |n % 10
L final 10 volune. After 1-butanol extraction and
the DNA was transforned into

centrifugation
ol leGr 0&iiGet SGADATE cAAT | ki GG 1 oTAG anfSEQ ID NO:5)
c%gm es,ﬁgvere gpeggﬁd foAnthe cPresepge ogtoii)he PDHnod

gen t he hod- specific priners as
previously described for FDH A second round of PCR
screeni ng was, conducted by usin

DNA i
oo SIREomaglep T B en ot PR Liehd of the PPTgod gene
the, P%lgi?gorggz??ole ileétrfcﬁtchq gﬁddn\(lgl]eé(%e cgyvé( JJ‘@? Gere prepared:

constr 0 sup
1400- base pair fragnent possessed the t wo genes |n

the sane orientation. | asm d was found
@WG%&E@GGEQMWEEE TE«ﬁAﬁ%&t (T eP%s?PerFéEQaW Yo 3)
dlgestlon]%k;h Kpnl, which gave the expected

fra ments of 5422 and 1826 base(galrs This plasm d

WA THGGRET 84 CGSEMBIOTN PRk B Prifhtd. antizgnse&higpiiNg:4)
Expresgj,gp of FDH and PDHwod pBM52000- PPFDH- PDHod
was transtormed into Escherichia coli JML10. In
shake-fl asks studies, JML10(pBMS2000- PPFDH- PDHod) was

grown for 18 25 hours at C, 250 rpmin
(2. 0% ReasHARFLItons 1R} %}@ﬁt&rn g FBHhCaten Gie POHMOd by PCR

PIEAEIA el il o pakaset o Bhe s Sppmosona D

mapgcrassdiffvmN TEC §44 ttephsinyladed temﬁﬂlm:ifop d&treactlon The resulting
autoclaving froma sterile 1M sol utldé#ﬂﬂand

kafrﬁawer wa% éugf:sa@dewpbae satpershof Adelon ¢o% } B‘Pﬁré‘t Bec

Li
SO\%I%/ 5%861% %gﬁi’% %?gf\}\gﬂe o?g}:)) r1 dié;h argl l'acfe%rswn of the
%SZM velcfor WithGanaVeked 8itd atBe RGN @bddh %ﬁlgb&fa@ digested with

to fresh MI5/ kananyci n medi um Fl asks were
s éded andSmabsingidentRaanditidns. Theldigestod suile8&e separately

Pqécggglggrgée%so%saSF.O% TAE agarose gel for 2 hours at 100 v. The bands
corresponding to the PDHmod gene (1200-base pair fragment) and linearized vector
(4700-base pair fragment) were excised from the gel and purified using the QIAquick
Gel Extraction Kit (Qiagen). Ligation of the two fragments, transformation of E. coli,
and screening for colonies containing inserts with the PDHmod gene (forming
pBMS2000-PDHmod) were performed as described supra.

For construction of pBMS2000-PPFDH-PDHmod, pBMS2000-PDHmod (2
ng) was cleaved with 10 U each HindIIl and Smal in a 50 pL reaction for 1 hour at
25°C, followed by 1 hour at 37°C. Ten units of T4 DNA polymerase (Invitrogen) and
2 uL of a 2.5 mM mixture of all four deoxyribonucleoside triphosphates were added

and the sample incubated at 11°C for 20 minutes. The reaction was electrophoresed
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the OD600 was 0.8-1.0. Expression of both genes was
i nduced by addition of filter- sterilized 1M

WO soposgsyd t hi o- (3- D gal act opyranosi de (I PTG tBCEHU$I00H038558
concentration of 35 Mand the fernentation continued

for 24-48 hours. Cells were pelleted ltﬁ/ .
cemta 1. 0BgBAE egarase 81 B0@ beugs 3tdP0 5. The L Wsbasqpain fagmptavas

i th. ual [. 50.. i f
7 BN Qe T CQpa Gh Y BRIPRU R LOLTBP 15 fmgment
OlcontasiRdin dra@ding @l prombtee, POEF gtnepasd the PIHRAOGH géhei (Bs £0

nmM anmoni um phosphate, pH 7.0 at 10 nlL/g wet cell. .
weraghdripgiodalgosipna Nsatt, PBMIZ RIS (Uphyasedigissasoyith 10 units

5 SaPRREton BUOMATELTrEn SL FORER (Gt PPt Cofhphrgated
Tg’?@ﬁ%-"‘@ g@?@é hl@alﬁlﬁ%}l??géﬂag{s@ AU Ye ORRYES deéﬁé\hitc%, @leveland, OH)

10 room t enperat ure.
Expr easurcn 3WaE Baanid A byasstatiruphatesstd ¢y 2 hours at 100 v on a 1.0%
sul f at e- pol yac.r¥l am de gel electrao

PRREE: gebilged, gnd exeacted Wiﬂé%ﬂr@@%we%ﬁrn%wwf%menw
> Bl i VST BROBA B I LR 10, i

10 WeloturRi€ ah gek BbutdfiT ek@ictibd aftl BeritAfugafihie e DN wasltdnsformed into
dithiothreitol solution 15 was added to the m xture

argdectrocompgienti gl GBocedls 1KanappPRaETRiapt enlqrigsswere screened for the
I | am i ni -gel .. IS . . ' .
e

a fedriell ¥6r IOAS ASdebbvill @lnd oA PCR WENENi B MR SSidRcBIbS using DNA
(Sigma), 40% (v/v) ethanol, and 10% (v/v) acetic

agiranerY hemglegous t ¥ eenrdjofy thetRPFR pnd 3 \end of e l@Hmiod ggne,

15 LuSSeR: o b5 chre iR YA AT P PR hse par
getaghRsit PE3EREH hBOK 6 gerkts in Yetshmd @Fientaé6sl @A Qich phRfhid was

covered with destaining solution (GelClearTM ; _
| rfound agkthy origitetianadonfirmoed yadiagrnghis resiistive digestsan wish Kpnl,

the .poi nt of boili and s for.at. least 2
nothED ERRste SRGHEH SHETBON AL S5t N 130080 Faig. A5 gugad was
VE{c8icAREN PR 206UdIppEHARDEAMGEESpondi ng to the

expected nol ecul ar wei ght of the subunits of FDH and

20 PDHhod. Sanpl es were 25 also found to possess both FDH
and PDH activities when t escribed in
Exanpl e 10. This reconbi niﬁ?ﬁgﬂ?@%gl strain was given
the internal desi 9ngiheRich ofFPDH LA DHREd16496 was

subsequently fernmented at 15- and 250-liter vol unes.
For a BMB20e-PREDHPNEmbdwas traesfeinedd ivtorfisakeriaip dol/idM110.

OfInfsilgkze?tTas sC st111 igs% ?M%@W%&O%Pﬁ&g-rpDHmod) was grown for 18
25  hours at 28°C, 250 rpm in MT5 medium (2.0% Yeastamine, 4.0% glycerol, 0.6%
sodium phosphate [dibasic], 0.3% potassium phosphate [monobasic], 0.125%
ammonium sulfate, 0.0256% magnesium sulfate [heptahydrate; added post-
autoclaving from a sterile 1M solution], and 50 pg/ml kanamycin sulfate [added post-
autoclaving from a filter-sterilized 50 mg/ml solution]). The optical density at 600
30 nm (ODggo) was recorded and cells sufficient to give a starting ODgop 0f 0.35 were

added to fresh MT5/kanamycin medium. Flasks were shaken at 250 rpm, 28°C until
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30 tenperature and added to 1 liter of MI5 nedi um
containing 50 g/m kananycin in a 4-liter flask. The

wo baghksaess | ncubated at 28C, 250 rpm for 24 hopeBHUSI0A3/038558

10

15

20

25

30

transferred to -45 WD 2004/ 052850 PCT/ US2003/ 038558

13 liters of MI5 medium (in red| ents batched base
a the PRsooves k1 & Ey@re@wonﬁf higengsrvasdndncad by ad {fon SFfilter-

SK ?#e?rﬂ{z éﬂwg?é}r@é}' -ﬁ-lﬁ%ﬁ%&t%hgrhn%ossﬂ{e (gf%ﬂt% ttaqg% g{)rfc nﬁtration of
%é% feFRSRAFIH btiNuedBF £4-98 A6@L Y edild wereﬁ%et@a by

dlstll water and filter-sterilized through a 0O
i eenwifugatioh at 6,560 agebad enibutés, Wasleddi cone withtan efhal volume of 50

Z%ﬁ%ﬁﬁpﬁ"é Bufoa e e Dritisaeleishol < eirorga §g7en o ~20°C o
F%Is@@ ﬂhfﬁ% Bﬁ{ 3&'119‘,_'9_»&' érﬁl‘é& sy ﬁll\&‘ﬁm%nll&%hospillﬁte pH

liter vvor ure 28C 10 Aerati on:
1.70 w10 mEJ‘gE\SStweH 'webgh amﬂ) mnlca@gi 3 atl b eeconBO@singanFisher Scientific

trol_ pH at_6.8 th NH4 d
@%&% S04y D BBV G re T Rer s S8a T onPeBFEHIE 15
R R T P
i ool tachpediure.filter-sterili zed | PTG (di ssol ved in

i et oS
bR S A0S QIR QPR O 603 Pt

C exPAGEYAL DSHU2Rr dnditiopard@dd Brsightip to 10.rL \mth &aﬂrewlwater
ammoni um formate pH 7. 0. The cell paste vvasmgl aced

i rﬁmmcsa\scrp éle%t@%@famw@rfgf Hharingtesr @ae il of 20l @ithjqthreitol solution
needed. 250-L t th

FoFie 59t vgrtors STy aciorisd 6 12 RGP RS

f | a@%@%&n&ﬂ%lﬁﬁgﬁu@lé&rb 05951%% ca'ﬁ%lpéjﬁf%t P00 v R’}GSO 60 minutes

grown at 28C, 250 rpm for hours.
OD6@AGhe\eed stiatednwalsehitlamdorﬁsfstmgef &p%r((m(v) @o@nmiaﬁﬂse (¥igma),

Cell()l"/f (\E/\g) tgiw}/n%l %gd %u&//\I) acetic ac{de rIH'xeeg%l e}rrr]lgne?sde en‘lj tﬁeostazlg 0was
heated in a microwave oven until boiling was evident, then shaken at 40 rpm on an
orbital shaker for 15 minutes. The gel was washed thoroughly with deionized water
and covered with destaining solution (GelClear™ ; Invitrogen). The solution was
again heated just to the point of boiling and shaken gently for at least 2 hours. Two
prominent bands at M; 43,000 and 40,000 were seen upon induction, corresponding to
the expected molecular weight of the subunits of FDH and PDHmod. Samples were
also found to possess both FDH and PDH activities when tested as described in
Example 10. This recombinant E. coli strain was given the internal designation of SC
16496.

SC 16496 was subsequently fermented at 15- and 250-liter volumes. For a 15-
liter fermentation, one vial containing 1 mL of frozen SC 16496 was thawed at room
temperature and added to 1 liter of MT5 medium containing 50 pg/ml kanamycin in a

4-liter flask. The flask was incubated at 28°C, 250 rpm for 24 hours and transferred to
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m. fresh MI5 nmedium The cells were aseptically added
to 10 L of MI5/kananycin nediumin a Braun fernentor

w@ ovissmbo OD600 - 0. 008) and grown under the PCT/US2003/038558
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Fernmentati on Operating Paraneters disclosed supra for
16 hours. The culture was then transferred to 250

L
of I3Niters @6 MET medigm: (irsredipnts patrhaddasesheren finaltvolime ¢f 15dg ina

AR B SR8 S B, R e i
Capgiviel a0yl cdiftehtrioni dfgogl(%%ﬂ dnd (RORA6bs, sEpEttile), WRredissolved in

starting OD600 -46 WO 2004/ 052850 PCT/ US2003/ 038558
0f500.n30d3tiB&d whied ert filter;stagiliged Hrougdrad2 miogn cakigose acetate

stqrage were_carried out .as descri for.the,.15-

7 et TR e 2 A8 B SRS bR A0ty ShimPRuE by the
(amcudurh| The HiGhIdHyWE Bogg3 car bonyl ] am no] - 3-
hydroxytricyclo[ 3.3.1. 13" 7] decane-1l-acetic acid

( For mulEeriutntatioroopeBatimgravetars wereoasifodgws:o- [ 3. 3. 1. 13' ]
decane-1-aceti c.aci (ii Forrmula 11) through (aS)-c

- ani no-1O31Fy WP Y9 '1':"§)‘E:I o[ 3.3. 1.13'7] decane-1-acetic

aci d (FRuBdkfu) 24781 Ng an isol ated PDH FDH enzyne
concentrate 10 Step 1: Isolation of PDH FDH enzyne
concentAatteor-drOimem at i on broth (30 liters) of

Escheri chi a@ggé&gél\/lllO(pBl\/BZOOO- PPFDH PDHnmod) was

obt ai ndde¥sH BOL tank fermentati on and passed

t hr Ougmétati%%’(ﬁ)fﬂpﬁf di zer (Mcrofluidics nodel M

110Y, operating pfessure 12,000-20,000 psi) 15 (one

pass) t@omtwel pHs 618hweitladi,OHtas requoredt he cel | s keepi ng

the tenperature of the brot 40. The PDH F
nfopiiRg v CantoNes by PO GBR GeuSssalitp et e produced
a : lLarhfy the whole broth, 4.5kg
o%é?‘%’?él%éa?gggggh){)ggm%@@%t irred broth. Then 0.201
liters AfOBRYDRG1.0 Paipyetimytebnsiotiones afes iraddiadomy filter-sterilized
m xed for 30 m nut xture

( I es. . 20 The, m s then )
{ 1IPTEH@iseléship Worm dbpO)paseddeaeptioplhaig s yhaiinal concentration
8- 0 iy . il . i
RS e R s SpAgBeGE Ahaine

brdoR@ntshsT telati®ehatibcddeB 10PCeCslls Wb cdlleged betahtrifagation
97% activity recover ?/ of PDH
and rinsed once with 0.1 vol 50 mM ammonium formate pH 7.0. The cell paste was

placed into plastic containers and stored at —70°C until needed.

For 250-L tanks, the inoculum was prepared as follows: 1 mL of frozen SC
16496 was thawed and added to 300 mL MT5 medium with 50 pg/ml kanamycin.
The flask was grown at 28°C, 250 rpm for 24 hours. The ODsgo was determined and
the appropriate volume of cells to give 80 OD units was removed and added to 250
mL fresh MT5 medium. The cells were aseptically added to 10 L of MT5/kanamycin
medium in a Braun fermentor (initial ODgg~ 0.008) and grown under the
Fermentation Operating Parameters disclosed supra for 16 hours. The culture was
then transferred to 250 L of MT5 containing the appropriate concentrations of
kanamycin and magnesium sulfate. Based on the 90 minute doubling time of SC

16496 under these conditions, 10 L of inoculum in 250 L should give a starting ODsog
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with an activity of 31 IUm and a FDH activity of 8
IUmM. The clarified broth was ultrafiltered through a

wAom408sMNCO filter cassette 25 (MIIipore PedT/US1N3/@38558
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unit, polyethersul fone | ow protein binding cassette,
0.5 n2 filter area). The circulation rate of the punp
e (4380.36/ mdmcnqrh grovths haryesting,iand steragevieese carried out as described

§ 5 liters and gave an enzyne
coﬁﬁﬁ‘r‘?llsg]:‘gerwef‘ RO titer of 567 11U and FDH titer

of 136 NNm . The perneate was assayed and no activity
was found. The overall enzyne activity recovery in
the concentrate was 84% BXAMPLWSBA2004/052850

o rybstesegped Brticriey of Qofod it raimaihiEiaylcSrhanylipminol-3-
t?dx(o':xg' 21[?'3)1 21 &)&angﬁaac?tlé1 ?&H 1C%;oi’iﬁ‘ﬁla ?porﬁ 8-y droxy-o-

Ves OV\Bd y wat er e mxture was

st lo&bﬁﬁbyamd[smn1b’ﬂ+dmeandamkadld @Fophiufa 1) tmohm(mammo-
to give a solution. rco KBB car bon (1009 )Vé
addehydnoaytrigyclei3d-dee lvs&ga%q-haﬁ@erc 3cid (Bormpatha disingan isolated

filtered through al%/ﬁhﬁﬁﬁ filter
paper. The filter was Wwas egﬁgg}ﬁ%oﬁ@teé{}a?e( 2x1L) and
the filtrates and washes were conbined to give a clear
solution. Wth stirri n% anmmoni um format e (0. 562Kg;

¢

8. $tep Ao | Iyolatian o BPH/ERH enzymgiqongeadrate adj ust ed to

(5 s kR AT oAU e

WeDH ) $ak betsine@ dofl $4000V ashk RrietthtkdsHindpaysee through a
concentrate was added (1.03L; 500,000lU of P

pHnwa@ﬂmélzaroﬁl\@QtOéh!ldeSan?l MY, QORI EFFsatre d @ﬂ@ 000 psi)

erature. The tur t h r

0% B! T miep g bt e r B g gt P broc
W&?eldswuot aTIERDBIFDH 4ctfify o\fﬁmlbx@ﬂawlz“ealua@h% 13248/ML for PDH
hours. The 15 resulting solution contained 0.955 Kg

( 9Bd1BAU/ofl fordDlbr oduct (aS) - a ami no 3-

L0 RSB el g BECRER S s o

di ‘B P@t Brefslor88%4y, pdlyOBPRAdimiRsw Addied hed MikArthi I minutes.
of the 20 solution o

(aBe muﬁmenv;aﬂhdq@tm@msimg:g/ﬁlt@[;gegs (BrtglAIzpp model 8-ESSC-10) and

deICSal?t%fsl 6f%ﬁggtie was ol)tam%d i ﬁﬁer cake was washed with 12 liters of water to
bring the volume back to 30 liters. The step yield was 97% activity recovery of PDH
with an activity of 31 IU/ml and a FDH activity of 8 IU/ml.

The clarified broth was ultrafiltered through a 100,000 MWCO filter cassette
(Millipore Pellicon 2 unit, polyethersulfone low protein binding cassette, 0.5 m? filter
area). The circulation rate of the pump was 400 mL/min. The clarified filtrate was
concentrated to 1.5 liters and gave an enzyme concentrate with PDH titer of 567
IU/m] and FDH titer of 136 IU/ml. The permeate was assayed and no activity was

found. The overall enzyme activity recovery in the concentrate was 84%.
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V) (477.59; 2.12nol). This m xture was stirred at
anbi ent tenperature, wth pH adjusted to and

woredoapsassed at 10 with a pH stat titrator usi npCT/OB2003/038558
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NaOH. The reaction was conplete 4hrs after Boc20
addi ti on when there was less than 1.0% starting
méitep 2aReduptivermigatioh The pH of the m Xt ure was

Added CoYREXRPXOGMEYRHE S of Cpsnee i aee i etRrteD (.00
angu 3 h@lqlog?%a% -a8d fh 2015«%7551‘?!2 ﬁ%wﬁ:ﬁ%yr{%{t&t@Lﬁ eﬂl&hm‘tﬁ?b $vas
f Dicalite (250g9) was added;

msmrmd endwbs pt was zehxustmto PG with BN Naﬁ)éhtofglw %ﬁ(é@ltlon Darco

i divopn el o e ab emisire S st ok 5 W TR bt Fiterea
Wéﬁ-‘?’ﬁé&g?él}?%%g gg@%ﬁh 5?%1&%%%93’2@@@13?8&5 ewas%l%d \B’Ith Ev;vater

Wi(R4a1 11)@Nd NedHrtrah bed waset Weregcdnarinddho, gitehecleargalution.
I ayer including int erface was d| scarded. To the

aqueousWithyiing; ammepuny formate (0.362K & FZmobpws 3rided gnd the pH
V\%asz}g 88%&%?(5 V\‘Aggv ?Ii?l@\i%i@?[o Qtﬁ%lﬁxlrlg@ég%trlwesﬁ\%%h@g (2.65g)

Sta!nﬁ rdhtﬁ@)thr&“llw (1 3¥erserarddeds pherathe dolbdsdiad disselved,gadld/FDH
extract was saved. The a eous | ayer with interface )
WeRBZERE Fencergate Was pdded b} fl)! o RBHY) h&he plfayas re-adjusted

| 49 eﬁ%{ttﬂl&ﬁgﬁ@%ﬁmnﬁe@a}ig 40C. The aqueous

ace was ex ed again with i-PrQAc

( 3. 75L)TRndixtie waaiheh Svarvwed & -s49araatl aduaﬂ ten tcahirmmne of 10L
40C. The conbi ned organic extracts g 5L) we
covidewatent Eee By vab sraintpiaed #f - 1-8-3 iyle stirsng OVF’é 49m0§rs The

g AR e e IR W Y COv S
" eRIRYIcHEled 3 1 aPMRaII BakaS 2Bl Fbuld 0F; and

mai'nt ai ned a his tenperature for 1 hr
Crystallization occurred shortly after cooling. The

r ket t erature was then set at 40C and

ma?aﬁl’ rr#e(géﬁmfeﬁfgﬁ tenperature for 30 nmin. 15 The

SUS penshoRWRey aRaHRMAad 910221; aTH8hRIN wisaidaed ﬁ)tdiﬁcﬁnonaﬁﬂthe
then further “cooled to 0-5C After one hour of

stsbhftiong)f &di.S)e Eﬁilnd-MydnomylumxcydD{és'i .t dc@nc lTitOetlc a01d (Formula
uct was washed w th heptane ri ed

Vv a\fh@@ts gdEmeD)-of m%m@gtyredéas stlrrec(i at anglent temperature With pH

adjusted to and maintained at 10 with a pH stat titrator using 10N NaOH. The
reaction was complete 4hrs after Boc,O addition when there was less than 1.0%
starting material remaining,.

The pH of the mixture was adjusted to ~8 with 35% H,SO, and i-PrOAc
(5.0L) was added to the mixture. The pH of the mixture was then adjusted to 2.0 with
35% H,S0O4 and maintained at this pH for 5-10 min. Dicalite (250g) was added; the
mixture was stirred for ~10min, and then filtered through a pad of Dicalite (250g) on
filter paper in a Buchner funnel. The Dicalite pad was further washed with 2.5L i-
PrOAc.
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(88%yield) of ((xS)-a-[[(1,1
- di et hyl et hoxy) car bonyl ] am no] - 3-
whyarosss0 i cycl o[ 3.3.1.13'7 ] decane-|-acetic BCT/US2003/038558
(Formula VI). 20 EXAMPLE 9 Reductive am nation using
an extract fromreconbi nant Escherichia coli S

6496
J Mll% prERoTe -\‘EPFQJIHStPﬂ)Wrbﬂ]g Wt Nafsk | tAf'Plr%@t%g g«}r lhr, the
R ' t. i chi l
R AT nTGRE R S8 4 RE 0 BE AR R PP 01

t Reasfaldaél. THEIMiR®Ird WaslQRdifibd aittl 36 M B QY t6 HB-2(indlthéA heated to
anmmoni um formate). After thawing, the cells were

s esg emdeained et 03C Fank boura withwuifksirring. ¢ Tlae layers aserergparated
ho eni zer. then adjusted,fo pH 7 with .concentrated

5 NWORNe SRVE BTt vt E et Spadepitl Y OBRERE BifFyracic
C&lith émrg@eggmznz laRd B 159d-apeRn Mmsegﬂtegalmﬁ?r 58] 4t0VEY erhe

di srupte assages through a nmicro di zer at
12006oup $ayenwith 3Mtexfadd wabatstragedagnin withw-@dOBy (3.75L) and the layers
centrifugation at 20,000xg and 4 C. 266 nl supernatant
- aeere\sspatates aftep 8B 9pé974S2003/ 038558  cont ai ni ng 2456
u (ass . C R}ﬁpg/ i C ey s
dehydr %ﬁg )r%glyné: é%?g%é%@ﬁ%@% cg rCPnsal{a e d e{:@g{ ?Iggﬁeé;dab edl\%%%auon fo

10 addest . tTo thislsolutld] hépraneA~PEE wis the added bverd®- Ifneipavieid the
cont ai ni ng amoni um formate (16.74 g, . 0.2654 nol es)
artemp@atyyely ascpaintraradrat aﬁ2189§’)(§-) Texssagierlapket A4PREIARE, Was set to

, 1327 5 nol db h ) ith 12. 7
e Ao TR R R e St dpet G foray afer
naRefile, TR ek HREQERpbidturd ks et g6 @PartiR. Blncd at ihis
casmpérafungfor Be niiacher i chia coli extract. The bottle

was nmi ntai ned at 40 on a_shaker at 40 r%m
15 Concenthgtsaepeapinp Miag §polRg dowx fLmbignt teppegture, and then further

P bl 06 e et r Bfib & i ol v iffea. he
yigbdlct W& waicaQrifth3ndpyse @X S petameiieain bacuyla) 466iol give 607.0g

acid as neasured by HPLC anal ysis and no R-enantioner
of (88%eyiad) ofo(ce®)iat[[(1,EXUmEhActhoxReatbonyliaminog-hrat i on

S TR eSS, T

50 Deposit PTA-4520)

EXAMPLE 9
Reductive amination using an extract from recombinant Escherichia coli
SC16496 JM110[pBMS2000-PPFDH-PDHmod] (ATCC Deposit PTA-4520)
Recombinant Escherichia coli frozen cells (25 grams) were added to deionized

25  water (sufficient to bring the final volume to 100 ml and containing 5 ml 1 M

ammonium formate). After thawing, the cells were suspended using a Janke and

Kunkel Ultra-turrax T8 homogenizer then adjusted to pH 7 with concentrated NH,OH

and cooled with crushed ice to give a 25% w/v cell suspension in 50 mM ammonium

formate. Cells were disrupted by 2 passages through a microfluidizer at 12000 psi and
30 cell debris was removed by centrifugation at 20,000xg and 4 °C. 266 ml supernatant
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The solution contained in a final volune of 10.0 nl at
pH 8.0 (pH adjusted with NHAOH): 0.50 M amroni um

w0 oroamsaso 0. 237 M (3- hydr oxy- adanmant an-1| -yl ) - PCT/US2003/038558
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oxo-aceti c acid, .00 MM NAD, 1.00 mMdithiothreito

and 975 freeze drled reconbi t scherlchla coI|
TIFENREIPE 2436 6 (483 ) Uo7 SBaOASTY CH Pk ftlalaing dehydegengsg and

2ol )6' Hnattgﬁe k%g%m?s@%@'a@&% t63- IOﬂBU@fSt s/g (assay A)

phenyl a anlne rogenase unit/g by
assay @ pb@ﬂulsalham was prepareld agﬂmamg)ammmﬁanﬁﬂe (16.74 g,
uni ts/ g formt ehydr ogenase. The sol ution

. r@c%ﬁ%h wgleshangd (t3r1§14quy adamprien-d oy hpxq=redi ﬁﬁl&‘é” 76 1327
S e G B D

( fé)snmg] ©-963- hiysble) unddishivtieiot 1y8 hgal.630 Gnates) wekbadded,
EXAMPLE 11 Transam nati on using branched chain
rth%téﬁﬁﬁla%n was adedite thebatlegoaparieg thediehariahfmca/iexgract. The

R ALyl AT 410 SR BRI

( 3ryﬁisdiidb><\yas a'iﬂe@ﬁ@iﬁﬂﬁﬁaﬂp tolmyin}ai® ¥H-8C Alffe€ 3R Bows, the solution
(neutralized wt

0.05 M Na doxal
prosieds | arans (nfibralte et e ey adamantan-1-
IC):) SC‘T%U g eé(l? %%)ea%u-;%gbfﬁbﬂ%‘ ggﬂgmgnd ﬁu&%t (ﬂ'n e amino acid.

ur s, en anal yze
HPLC. The -50 WO 2004/ 052850 PCT/ US2003/ 038558
sol ution contained 5.53 /M (49. 2%

yi el d)(S) am' no- (3 hydronE Etlh-1-yl)- acetic

(S RS9 R uearnafii Wi 3PS Ui cots frp resppbinapy Exghepichia coli

12 %m%%&mo MS2000-PPFDH-PDHmod] (ATCC Deposit PTA-4520)
(S) - am no- ( 3- hydr oxy-adamant an- 1-yl ) -acetic acid

Enant i &%@rspbltloEm@tg@eénda el Aty |0 mpat e 8i0) (pHedjusted

it BB @ sERP Bl Bips e S R RARES 1)

I eabldcOiSacddd .0U A/ NAIRLORMPL @tHisthrefibl, @hd 9¢9ﬂigl fR@ze dried
the sanmples were filtered through 0.2 ni cron nyl on

f |rb¢oemlsnam@_}ml_@ﬂg_él Jhe t@lsTwere dopdta2aioof thetwrd desight. Before
%he cells contamed (1)'5 04 units/g (assay A) phenylalanine dehydrogenase, (or
12.79 unit/g by assay C phenylalanine dehydrogenase), and 133.32 units/g formate
dehydrogenase. The solution was incubated in a tightly sealed 50 ml Erlenmeyer flask
at 40° C, 100 rpm for 3 days, then analyzed by HPLC. The solution contained 49.06
mg/ml (92.13.0% yield) (S)-amino-(3-hydroxy-adamantan-1-yl)-acetic acid.

EXAMPLE 11
Transamination using branched chain transaminase
A solution was prepared containing in a final volume of 1.0 ml in 50 mM
potassium phosphate buffer, pH 8.0: 0.10 M sodium glutamate, 0.05 M (3-hydroxy-
adamantan-1-yl)-oxo-acetic acid (neutralized with 0.05 M NaOH), 0.1 mM pyridoxal
phosphate, and 1 mg branched chain transaminase (Biocatalytics). The solution was

incubated in a microfuge tube at 37° for 68 hours, then analyzed by HPLC. The
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col um: Chiral pak WH 25x0. 46 cm (Dai cel |ndustri es,
Ltd.). nobile phase: 0.3 M CuSO4 15 flow rate: 1

waorkdomiosasse col unm tenperature: 50C det ecti on: PCi/osm®03/038558
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array detector (DAD) set at 240 nm injection vol une:
10 | S-enantioner

( celagpn epntainpd 5-53 mg/at HOA% vie)d(Dramino-(3-hydroxyradapatan-1-yl)-

Regraci e el BRI O By kb ) oyt cid

col um: Regi s Davankov Ligand Exchange 15x0.46 cm 25
nobi | e phase: 25% net hanol / 75% 6 nM CuSO4 flow rate: 1
m / m nut e coI umm terrper aEXAMPEBA2 detection: DAD set

( @8<g Sg¥rf) %“Ih‘g)gi‘ %}' OXJy%fP%?@ﬁ% -?—yig g‘:ﬁalg & ggdn Engntiomeric

cetic acid) retention Exf®sandAméuiit es R-enanti oner
retention tinme: 11.2 mnutes -51 WO 2004/052850 _
PCT/ Usﬂao@@mg@ﬂutp@;w@aova@er to about 2 mg/ml concentration and placed in

3- hydr ox otrlc 3.1.13' 7 n.-I- | C

s PR R it St SRR p QUM Afer
Pféssuﬁgaltmawéawgﬁﬁa@a ﬂﬁ@ug‘?ﬁ@@)’m&oﬁﬁ?ﬁwfﬂ{eﬂﬂh@HPLC vials.
dehydrogenase assay A contained in at 40C 4 mM

NADH, SiwivepaatiommsHody Weierusedt e, 0. 75M NHAOH adj ust ed
to pH 8.75 with HCI. Absorbance decrease was
nonitored at 340 nm Enzyne activity units were
Creoatied as nol es/ m nute based on the rates of
absor bance change.

column: Chiralpak WH 25x0.46 cm (Daicel Industries, Ltd.).

mobile phase: 0.3 mM CuSO4

flow rate: 1 ml/minute

column temperature: 50°C

detection: diode array detector (DAD) set at 240 nm

injection volume: 10 pl

S-enantiomer ((<aS)-<a-amino-3-hydroxytricyclo[3.3.1. 1>"]decane-1-acetic
acid) retention time: 79.9 minutes

R-enantiomer retention time: 32.8 minutes

Method 2:
column: Regis Davankov Ligand Exchange 15x0.46 cm
mobile phase: 25% methanol/75% 6 mM CuSQO4
flow rate: 1 ml/minute
column temperature: 40°C
detection: DAD set at 240 nm
injection volume: 10 pl
S-enantiomer (<aS)-<a-amino-3-hydroxytricyclo[3.3.1.1 3’7]decane- 1-acetic
acid) retention time: 3.2 minutes
R-enantiomer retention time: 11.2 minutes
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10 EXAMPLE 14 Phenyl al ani ne dehydr ogenase Assay B
Phenyl al ani ne dehydrogenase assay B contained in 1 n

wW@e0040285@ nM NAD, 10 nM L-phenyl al ani ne, 0. 1P@/K1dPEH38558

10
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adj ust ed to pH 10.0 with 1 N NaCOH 15 Absorbance

I ncreas ored at 340 n Enzynme ac

uni ts vEFBacd T éxfiraﬂ@aa-aéomwégfg‘rﬁ hiit d%‘a%feij "agsfiqasia) retention
rates of ahsokl G}Hﬁaﬁt hange. EXAMPLE 15 Phenyl al ani ne
dehydr ogenase say 20 Phenyl al ani ne dehydr ogenase

assay C contained in 1.0 nL at 40 C 0.4 mM NADH, 50

mM 3- hydr oxy- <a-oxotricycl o[ 3.3. 1. 137 decane-|-acetic
acid (dissolved i n 1 equ MPLEEDH sol ut i on), 0.75M

decr ease vas moni TRPMARE b Rvdisknas e MARPATCE, |

uni ts vehieaylaiiniriel cﬁhﬁﬁogaﬁsmh@&& k’fbllituihed hab e aomO°Che 4 mM
rat es of absorbance change. E 16 Forma

deNpb genblke p&%ayenvmmvafenﬁﬂéWBhWHoegi@ﬁé@éo @&%&?S with HCL.
FORRRIB5%S WPy B A S B ROV SIS

Ab&IURAEE S [IH6led RS RutYBSsclBN Itﬁe%@@l ofhbs3Anfkhape.y Me
activity units were calculated as nol es/ m nute based

on the rates of absorbance change. -52 WO 2004/ 052850
PCT/ US2003/ 038558 EXAMPL VA l pation of tricyclo
[3.3.1.13' "] decane- 1- acetig&gﬁg‘mrwla N) to

a- bromotri cycl of 3P1;’>en1y1a11§mﬁ]e derypdidpbnaae Alsk4y BCi d
(Formula 0) 5 Solid tricyclo

[3.3.1. lil&nyl]a@emrd@hydremmﬁswBjcoéxﬁmncmiral ) a(4®¢: 1 mM NAD,

0, B0y Lo SREL s BRROES il vl PO 6Ll B

Wi A Bsofbaned Qx%fb%@é wadInBRkd¥d ﬁwm.dﬁnz(ymé:acgv?ty hitd\RSre
added and

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

EXAMPLE 15
Phenylalanine dehydrogenase Assay C
Phenylalanine dehydrogenase assay C contained in 1.0 mL at 40° C: 0.4 mM
NADH, 50 mM 3-hydroxy-<a-oxotricyclo[3.3.1.1*"]decane-1-acetic acid (dissolved
in 1 equivalent NaOH solution), 0.75M NH4OH adjusted to pH 8.75 with HCI.
Absorbance decrease was monitored at 340 nm. Enzyme activity units were calculated

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

EXAMPLE 16
Formate dehydrogenase Assay
The formate dehydrogenase assay contained in 1.0 ml at 40°C: 1 mM NAD,
100 mM ammonium formate, 100 mM potassium phosphate buffer, pH 8.0.
Absorbance increase was monitored at 340 nm. Enzyme activity units were

calculated as pmoles/minute based on the rates of absorbance change.
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t he suspension was stirred at roomtenperature for 1.5
hours. Conpletion of the reaction was checked by gas

wa@ kooensasegr aphy. Solid NBS (307 g) was then adeeriudmos/03s85ss
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portionwi se to the reaction m xture and the reaction
m xture was heated to 60C. The reaction was stirred
for 3 hours while maintaining the tenperature at 60 to

65C. Monitoring by gas c raphy was perfornmed
to ensure the conpletion g%ﬁféﬁﬁr@gctl on. Heptane

( 900”@roﬁﬂﬁamﬂfi@ﬂtrk@clﬁ)gs . 3[16EC deCan el abeticCacidRantula N) to
thionyl chloride was |st| I |l ed off at 78-80C. Water

was t hen adlremqtagqudaéuyl(We@amﬂ-axglcr@aét(qulﬂé))

(500 niophaS ol o Rar % ken ottt NG E Rams: 148

AGHSeHRad s%)!ﬁé’ndlé\@ﬁl thiRRG! @H&'ijdef (BESHLE 203-H8dKed rodrdyRktomed
The organic | ayer was washed wi th additional water

( 6Bk, regpippediwithe caqdmcrs Dlmabﬂfommlé@@MFébbaﬂawwdded and

P s A foopt et BPe for it " anP et SEge
d 'ré&c‘tlbh %s hdckbd gﬁ?Mrﬁﬂé’c@é}’dﬁhﬁ KdiRneBs (ﬁ?ﬁ%}'v&dscﬂfi’érﬂ added

wat er c Istilled”w tth heptane
dlmmdrﬂwmgomlﬁé rehdtéon thgairaard the etacaiby diiotdcer was I(e“ﬁtdﬁ to 60°C. The
1200 nmL) was added to the aqueous |layer and t

r agagtion wgs siixedsfos Sheyrssylilermintpinges @eémpea@wcbaéﬁp to 65°C.

| TRSLPALES Sy DR B PR S 3k oo o

Pre£c8i08. Heptah® (P0ml)) e Gl ¢ tamedesdiioﬂrmlstmre ABddess thionyl
water (150 nlL) was then added to speed up the 25

hyctitapidy svas distided b at 38807 nWates was thencdded paptigusly (violent

h t h he THE
R PR R o A R 0
r QRfL @mﬁLY®WtheI§ﬁﬁg§ aMeIhe abjii@is BeeRaPRPataltd from the organic
reaction was all owed to reach room tenperature so

t Hayer. aTh@at\gymg ddyied waeweshed iwtith agditeomal waer Gﬂ(_)}) nalpcpnd the aqueous

t tril d
ﬁ%ﬁ% et oeriE perpradis ol frge S E5En oo B W s
%Qecﬂ%%ﬁ@ o%%m'b%@ﬂﬂaﬁ@@@ﬁ A YREneple M'dﬁs‘ﬁll‘é@%fftff'&ﬁ‘ the)aqueous

tered of washed wth acetonltrlle(
Thay_erf iSpecifitally; 30 trdi ofowlateihe-distiléd wittoheptdnea AfE3 dmllmg off the

2004/ 052

briSRBRFt etpz@we{%ﬂsn (i l%ﬁg@gﬁ@s pddddp e aqupers ey A the

0)resudtfith: ANRTE Wis shrréP v%@ro‘u91¥ aPRGY !eﬁllpgraﬁfrgz €1 1 BuRIfol Blow

vacuo roomtenperature. The nother |iquor (113 gram

r @sideblys)s. Videnitdrarg wia 'gztsmhatmz(togx’ap:hy indicaltge thvi prhsence effsome

and acetonjtrile (25
unreacted acid chlorlde( Addlt{gﬁ water (”%3 mL) was then added to speed up the
hydrolysis and the reaction was monitored by gas chromatography to ensure
completion. The THF was then distilled off yielding a biphasic (water and oil)
reaction mixture. Seeds were then added and the reaction was allowed to reach room
temperature so that a heavy solid comes out. Water (250 mL) and acetonitrile (500
mL) were added to keep the suspension stirrable as the suspension was stirred for 2

hours at room temperature. The solid was then filtered off and washed with

acetonitrile (2X250 mL). This filtrate contained the first crop of a-
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for 1-2 hours at roomtenperature. The reaction was
then filter and the solid dried to 5 obtain a second

W@ e@p/0s085@- br onot ri cycl o[ 3. 3. 1. 13' 7] decane- | - aB€T/182003/038558
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acid (Formula 0); 64 grans with AP 90 in 16 %yi el d.
EXAMPLE 18 Prepayation of = : .
abEpBeRHC Rl pldeh: gkyﬂqiqcegﬁcl -gpesicacid (Formyla QO 26bgramg with 4P 95 in
F
B AR T g LA AR e kb 13
wagsidiRy hase d)ewltixﬁrﬁé&thﬁkesﬁfue%tkﬁ@%memdrltel'(e610 mL/250 mL)

cooled to 8Cin an ice bath. HNO3 (35 m of 50%
piferpl? é!euwt EQfan W@I’S@“ﬁﬁ &he regotjon esther ﬁéer wd thg solid dried to

t ﬂégﬁ? %eiﬁog Qnieﬁ)?) rq rSE‘OE}J\P’EI%B{ {% gékj] ('falng 1"Ref g&l& I(I!:]cgmula 0);

a-6RroPATRS With Y 94 B 1% %h-yledd.7] decane-| - acetic acid
(Formula 0) 15 (92 grarrs 0. 338 nol es) was then added

to the mxture in portions over approximtely 30 to
60 mnutes so that the t stayed under 28C.
The reaction was then s?ﬁmﬁ%ﬁﬁl e heating to 60C
unti 'Pr@wﬁla%ﬁ of Bl bHoinf13. W?&r&?iﬂéﬁﬁqs 30 P[RR -akbt acid

reaction was nonitored by either _thin |ayer
c hr(Emmgerym d-br@nowicybloffh3.pdrf]decrreckeatdtiguicitl (Formula O)

i1 | o AGRF TR sger by vas SRSy RBORAR ) AR = g then

r i h 0 P 0

 S4ER s B 00 PSRBTt W 70
0O 3001 d0%aten et itidnradded t2fe flasklWhile ma@taiming tid rixture in
in 7 mnutes, and a flowate of 2.5 ml/mnute. The

denéest bash at#ECe | Sotigionbimotriaglohs. LiRdldeeane- I-ecstie peid (Fersula O)

O, e T eSSBS LR
. E)ﬁ{ox%%&glly@e)to 80 SnihieNsAddEHe Eéﬁlpe%&ré%fbyk@ Bnde228¢E0Mhe

own gases evolved. The resulti'ng slurry was

CQedcein iwas theen stiered béill heaingpe 603G uitilal ofead Solatich WIaeobtamed
filtered. The solid filtrate was washed with 20
of wat dirogiags ofithe aetion Was nyeritoeddyy Gihahinlayg:- qslrmogaphy

PRI EBAp o BSBR EE) S1pel o pgomea it

- il g200dn O8R5 chWMd&a%ﬁ&ﬁieQ&&@ﬁBa raEPéAM?DEl E(9w1th KMnOj.
HPLC was performed using an ODS column, C18 S-3 120A, 4.6 X 50mm, a linear
gradient of 10% acetonitrile/H,O to 100% acetonitrile in 7 minutes, and a flowrate of
2.5 ml/minute. The detection wavelength was 220 nm.

When the reaction was complete, the mixture was cooled to room temperature
and maintained there for approximately 16 hours. Water (700 mL) was then added to
quench the reaction until no brown gases evolved. The resulting slurry was cooled in
an ice bath to approximately 5°C and then filtered. The solid filtrate was washed with
200 mL of water and air dried to yield 90 grams of a-bromo-3-
hydroxytricyclo[3.3.l.l3 ""Jdecane-1-acetic acid (Formula Q) as a light yellow solid
(92% yield).
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Preparation of
(<a$S) - <a-am no- 3- hydroxytricycl o[ 3.3.1. 13" 7]

wa@lemwansg2sse acetic acid (Formula (V) from PCT/US2003/038558
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a- br ono- 3- hydroxytricycl o[ 3. 3. 1. 13" 7] decane- 1- acetic
acid (Formula Q 5
a Br ono- 3- hydr oxyt ri cycl oFXAMRLERI7] gecane- | - acetic

d gge&g'géwbﬁf )%{%n}lgg-a- M Kgﬁbfgf “ﬁﬁec(aile d -acetic acid
ol @ormida BV Eftbin\2besth6-B-hydioxyteiretlo [313. 11Xt dé@anedsacetic acid

then heated at 65C for 16 hours. The reaction m xture

was then concentrated on dFpomelagQ)to a solid. EtCH

(200 ed to th geplrat e d solid d t

re coné)eﬁf égly XV%’tCWS@ fiI)"ﬁ 1:]‘9?03?%1 fﬁe%%c‘%@%‘gj‘}lgﬁs% (73
r&ng ol 2r7@|m(5'[b§5t“% %1s%lved in 225 mL of 30% ammonium hydroxide (4.08

f droxXytricyclo[3.3.1.13" 7] decane-| -aceti ¢ aci 3’

( roslesyl14.6(eqhivakn®). yEIIld eecten ik t(rd 044 thekXisded Bt @YC for 16 hours.
Resol ution of hydroxytricyc

dmﬁ@ac_ﬂoaww was then Wﬁﬁraé&f %3 a rldfévgaégé asplid- FtPHY300 mL)
Jsl?ﬁgcp ot %Jﬂgéﬂt%lgéadan g'ﬁ&ln?ﬁ 18 MRRaREbh P68, The yield

u5| n i um hydroxide in

t e;tarsa?mgdmi uf afhxrall'hﬁxtn&&ﬂﬂydmynmmdo[}nﬂl A*"]decane-1-acetic acid
t(:1 1-di net hyl et hox?/q)icar bonyl ] am no] -] 3] hydroxytricyc

dFermmila (Mas)apelawesolifl (90%ekt i ¢ aci d (Conpound R)

(0.25Min EA, 80ul, =6.52ng) was mxed with chiral

base ([1R 2S]-(-)-1, 2-di phenyl hydroxy et hyl am ne)

(0.25M 80ul) in a vial aEKAtMPLEiZ(I ure 20 was

evapor ated to dryness in the SpeedVac. Solvent 5200

was Rewpdutionmefhygdraxytrienelo b %Hgldmnmlx%cmleawﬂs Eormudgy (V)
on a SI’?O% rott t‘o@l élpxgx ﬁltnxtﬁ%%ffliqgané ﬁerfomgd using Boc

m xture en coo e O roomte

cra)iﬁycﬂldelazlatsbmmqudﬁo&xﬁ)maetrdh&atbfcﬁhrhyn@é ﬂegmuhg asthpsiinld]o.-
am no] -3-h roxgﬂrl cycl of 1.13" 7 decane- 3a7cet| c

ad[(@, 1 Ql@@ﬁp’&ﬂﬁhﬁdﬁ rbozsllmmhﬂomcml‘déﬁaﬂ {7 ddpcane-1-acetic

A opann g 2N B bt SRl O B pese

c f([m Qﬁ]e( )-4 aalﬁlénym%@)(y \éﬁ&lamﬁé) égdgpﬂ 8641) irP9al and the mixture

ure to dissolve thé sol adamant ane 30
brvmmedeporaleé toiinyngsg in the Spdet Vesr r$pb/e9b(2@@zﬁlb>wes addedndke vial

step, .the te eratur of, t he eact.ion .m x{

2 OB BB otz onrt kg agen Bt it HPE 28 hours. The

t RfRture was then cooled to room temperature for crystallization of (aS)-a-
[[dimethylethoxy)carbonyl] amino]-3-hydroxytricyclo[3.3.1. 1>"]decane-1-acetic acid
(Compound S).

) EXAMPLE 21
ZnCl,-catalyzed adamantyl bromide (Formula A) coupling
A dry vessel was charged with 7.5 kg adamantyl bromide. Methylene chloride
(22.5 liters) was then added at room temperature to dissolve the solid adamantane
bromide. Dissolving is endothermic so before the next step, the temperature of the

reaction mixture was allowed to return to 20°C. The reaction mixture was then
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-55 WD 2004/ 052850 PCT/ US2003/ 038558 charged with
zinc chloride (1.05 kg) and stirred for approxi mtely

wh20vunsases at 20C.  The reacti on m xXture was tPEIUS2003/038558
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charged with tris(trimethylsiloxy)-ethylene (15.3 kg)

whi | e mai ntaining the reaction tenperature betwee .
t ¢harges with zineechiasids) (04 &e) ardatiied fovappsaximptely § @#nuzes 2t 20°C.

%(?*}CF%PH%QQW il} n gll?éﬁ% léh gns tgmfgnylmsoxwaeth%lgréﬁeQS 3 kg)

DWHlEgnehHﬂaﬁmﬁﬁlbtré&ﬂon Eéﬂ?pe?a@l’if’@ PeMcdh Q0G5 TRAR Bk R@lting
bel ow e reaction was mai ntai ned for another 12

t onikBurboas stiragd 202 houds Eollewingtthis mixingnteisfthmethylsdoxrethylene
m xt ure. wa I d t.h th hl ori de 5 .
"GPk Wataddn bﬁﬂrmémahlﬁa{@tl%tﬁ?‘ﬁ@%ﬁéﬁ%‘f M imgingLbelow
°(Eh?ﬂe [daE@d fﬁm Qllt&f‘ dnl;gr éﬂbt&"rQE\% 15 (l‘:} Qs Iﬂf 1o %S\Abt 5‘t which

half saturate ution. During a i on,

t eﬂmﬂhatm&oﬂ\ﬁmtk&DVashhlumd with 301ByleAe thlotike §lfslitersy arahcooled
was obtained. To this suspen3| on was_ added et hyl

adePdp &°C.( Fherenctipn grixtpre whtdhen fealeds bagignisgiin ﬂ@@wwe fashion,

Vlw%]r{ e £a¥urtclf%d dT' thf? ﬁﬂtq 1t§)(§ng‘a'ﬂzI t&m qutu 99}3?9&{& below
I The ay ed 4

phases were sp ’Was s

t BPe@quanitk sh@}iéﬁ&oﬁ\@ﬁls oEﬁﬁﬁ@d Tb\t\l‘u§ @uéﬂeﬁshoxﬁvbé’ iidc@& %fh@rl fcetate
(18.75 liters in each wash). The ethyl acetate washes

ar(®3.85 Gtend)c ’I]haymxtuwewes stiveed V@gmwsabeﬂ)r ah (mlwatsh eyl e organic and
wat er

s vt O PRI he TR BT 10 B 558 ot Biiageg per vas

WagasREPRiSE Hh 38R fetAdd 8eMaANGK A Ohtvashp rmecétbl)ﬂta@ét&e washes
A sol vent exchange to heptane was then perfornmed at a

f mndlorgaoicuay;:r(wferameﬁ cbinbmed andriveshed satht watgr Siseers) tohlowed

cooled. to 5 C ho nd t he product
m@yﬁ%?rdséﬁftsem}e 8ith bging (4755 o TRESrebm ARieE WS peparated again
E ﬁra@.d to"ﬁﬁn %Ws?‘dlsn edl chl'véhtfek&Haﬁgé ’t tafhe Wad t1h performed
xytricyclo[3.3.1.13" 7] decane- | -acet| c 20 acid
( E@alfmhla/cﬁ)mmSZBS ﬂiﬁerk gr lﬁe&%sﬂtlngmisperﬁﬁ%was dEKMI%E t@1@°C for
Esterification of <a-hydroxytricycl,g

dechve and dedreduch ga-Bydrpgytienciolgy:1. Mdeﬁ@}erl %%éﬁﬂéf@mula B)

Sl T SRS ORI Pt D
<a’c01mdfr@lxl¥8')lv@¥6l%[@ (33111:801,79%)cane-l -acetic acid

(Formula B) (14.00 kg) to forma suspension. The
suspensi on was cooled to 0 to 5C and acetyl chloride

was added in a manner SLt%EIAMﬁE b temperature of

the reaction m xture was Kep beEfvveen 5 and
Esterification of <a-hydroxytricyclo[3.3.1.13’7]decane-l-acetic acid (Formula B)

An inert atmosphere was first created in the reactor. The reactor was then

charged with methanol (35.00 liters) followed by <a-
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 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 vacuum at 40°C and a thin oil was obtained. The oil was
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10C. After conpletion of the addition of acetyl

chloride, the reaction mxture was 30 warned to 20 to
wQbB4msadseti rred for 2 hours at 20 to 25C. ThePCBHSINWHOBSS5S

m xture was than concentrated under vacuum at 40C and

a_tdissolvdd ineasy] adetaaé (D6 [7E8) £d brd@sht ¢

2004/ 052850 PCT/ US2003/ Capanyd broagh voeg) I CapPgiAture. The

acesHlang mixwe waswashyd twide iorwoatgh8178 litereBach wash) and the organic
m xture was washed tw ce

h
| D BBy dRa b ey e Theeegelaye waarstored
aquehilisthl ay@dchs WSER WAPBSABIALY &fd £7uFAA 1SS gv@rth NaOH

organl c layer was stored whil aque
Sverselutigrbi é@oﬁh@eédﬂwuehhytrs V\p:H: Bheb extrddieddwiteNefdhktRyl acetate

sol aqueous | ayers were then
ext(lrllgg ? I r%rw?th %‘f’ﬁr a@t‘?f@l erg‘é Qfgé‘f‘@ la)(qﬂfo:klgwpng each exfrachion were
eacbpaxtcd agd tadined Wah WISH§ o}g%}{f*acrl%efr V\?os}ém ﬁ:gglﬁgleﬁ organic layers

extraction were separated and Tconbi‘nhed
st OYeseithsh geashed Wity ssturafidesodiumdsitdrbethtOsdaing 28 FB4Hi&s) followed

the at urated sodi um bi carbonat e

so|bt¥ ('6h r(]‘tgg’? E@rﬁ) (\i’r‘?jat\‘ l¢s) WQS@\&?H rpoved yndef ¥BuaA at 40°C and a
101 i ©cBloslkss thlsligith) il moved under .

at 40C and a° 1%“%?)!00 le‘\gglc gnlzﬁ$P9 stapgling yyagio F\gta\‘mﬁcﬂhls oil

cryglntallnlediéd9<kg(59Mdiong;%@&aq{yﬁaj tbycibd. 5198y

copt me@\‘/ﬂs 29 kg (59.26 mol, )/39& yelbfs. Jdecane-1-acetic

F‘H)QE‘PTH[ 16)-1. 13 7] decane | -acetic acid,

rret hyl ester (Fornmula Q EXAMPLE 22 15 Swern Oxidation

of <a-hydroxytricyclo[3.3.1.13" 71decane-| -aceti c aci d,

methyl ester (Fornula C) EXAMmEEnecked flask (22

it S.equi pped with a mechanical stirrer,
15 n‘% %\{‘Ef <hbydrexylrisyelofh3 ﬂdﬁ’?‘]dbcmdl mutigeadnd methyl

vvlth nltrogen over ni ght ride (500 nm
5.73 nol) was then addede?gfk %é‘b‘ﬁ CH2Cl 2 (8

i t er s) A'thiee-n2kedeusk ti2ges Py éqarpp@a%w é)}tn%&laihﬁ:al 8%,

with an acetone/dry ice bath. A solution
di YEPRIUE PFO%i2ad 2k pRdsaen fupoeland pgr@ewrmmtmga] mﬁﬂght Oxalyl

Eleégl\gérxdea(?ﬁgqlll:ﬁ/g{r ﬁlgﬁ%‘{sﬁ‘% aéffiaﬁlj ﬁolé&e ng%g@l gers) The

20 saksiliimnsol@sorswid dodtkd(toL6SRe vmm i nt n
the t enger ature at -60 to - %}A{flcﬁ &‘ A D10bn of

<adlﬁ59@w wifexide (PMSICB 790 mIJSBSG’]rld)da)L\azm&hén slowty £1deg bcler
?:E]%' 1esttg,r 02 glS_‘For C) (990 grans, 4.42 no n
'Fi G Yeening @Fdwesnah@d@ma@vebelow -60°C. The

solution was stirred for 20 minutes while maintaining the temperature at —60 to -70°C.

A solution of <a-hydroxytricyclo[3.3.1.1° "1decane-1-acetic acid, methyl ester

25  (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
warmed to room temperature and water (1 liter) was added to dissolve triethyl

30  ammonium salt (TEA salt). The reaction mixture was then transferred to a round

bottom flask, and concentrated down to remove dichloromethane (DCM) and NEt;.
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approxi mately 30 m nutes while keeping the internal
tenperature below -60'C. The resulting solution was

w@ioneassd or 30 minutes. NEt3 (3 liters, 21.5 poOl/pSWay038558
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then added to forma heavy slurry of triethylam ne

hydrochl ori de salt. The reaction m xture was warned
t EtPdsrl 2 étqb‘éwmsadéedaﬁﬂé thgatesilting aqueoss gnd erganiel HYErstsTe split.

| sol ve i et hyl I
Erei i e CER UL bGP chy w5 followed by
bcattir&mv&a{sﬁ%f lite?)d THREEMHIE plias€lwdowen deied 608 \aBhydrous Na,SO,
di chl oronet hane (DCM and NEt3. -57 WD 2004/052850,

P@Tmmpormxo@asmdu@ta@h\ghwﬂom splifl 6f <Aepxotriryelo[2ad. 1 fldecane-
r elSU| | n&gy‘gFt%w; e %@g‘gia]m nge ¥ wh Sap&?t%ﬁm% ei f04‘72The

Ilters each wash) followed by a brine wash (2 Ilters)
. The organic phase was then dried over anhydrous
Na2SO4 with evaporati on EXAMBBECS a slight yell ow

A o R e ASFELI K e

apPE QR ) t¥ 311%41%)“-%%’#5 yeiR 31918k adneona&itic acid, methyl
<a- Oxotrl cycl o[ 3.3.1. 13" 7] decane- 1-acetic acid, met hyI

ester (Formula D) to  ester (Formulal)

o, RURJFORAS LR el RSB OGP g

r | 0
R e s

addBoenl=d Wﬁter))fvag hieh bdMaﬂ to Ith:a: BBk mhd tfe mxtizre Wanagain berled to

added to the flask and xt ure;mas again cooled to
8&°LCrin thgoice b@thb§phd <g@|xptglcyclo[3 3.1.17"]decane-1-acetic acid, methyl ester

S B RE TOAED e by e RERENSY 3ARRL il Brplfons over

adgagd 60%&1ﬁ£%s 00 PhhiAfaen h RenBrdth@Ness ver28°60 ”Hh@ rtﬁi@tlon mixture was
mnutes to nmaintain a tenperature | ess than 28C. The

r etiaed mllmcﬂolun&m\mslce bathr Peapressiof hegeastion gvas maniteraddy either

C iy iy Rt TLERO" Eek Byt e B E g PufhciotS
| ' ﬂilP'L@)C IFBP’T'ECOQ&?IE’A"%I WaklSad andQhe soifent ¥a$ EtDA/MIEIH/Hexane

was uséd and the sol vent was Et OAc/ MeOH Hexane 20
( E(B/Jll/ 1)) KMﬂmO!F or BRECHPB®, x 50 mng (4 858 mipmon 29 angstrom column

m cron, tro m ..\ e it h r.adi ent .
A AEEDHE PR 155 FEPTR AR fhelthn T Hinutes a
M Nde Patdbr 2.3 nflll/tﬁiﬂufeat’l%eQﬁorﬁtoﬁnWa%l@NétE wad 060 nm. When the
nmoni tori ng wavel ength was 200 nm Wen the
reaction was complete (after approximately 1 hour), the reaction was quenched by
addition to cold water (1.5 liters) and EtOAc (500 ml). Additional water and EtOAc
(500 ml each) were added to aid in separation of the aqueous and organic layers. The
aqueous layer was then extracted with 3 aliquots, 500 ml each, of EtOAc. The
organic layers were combined and washed with brine (400 ml). The washed organic
layer was then concentrated under reduced pressure to 130 grams of a yellow oil

residue containing 3-hydroxy—<a-oxotricyclo[3.3.1.13’7]decane-1-acetic acid, methyl

ester (Formula I).
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reacti on was conplete (after approximtely 1 hour),
the reaction was quenched by addition to cold water
w@ 2008/05386@r s) and Et OAc (500 ml ). Additional watBUSENS038558
Et OAc 25 (500 m each) were added to aid in separation
of the aqueous and organic_| ayers. The aqueous | ayer
was then extracted with 3EXAMBEEZ4 500 M each, of

Et Q¢ e ani c. | . i
ot 59 oA <RI SEEY PR EE bR, mety
t heRsep (FAMIIATES 3 ApEioxy SAUSRH Py cbs]3 311 et 3le-Gagetic acid

of a yellow oil residue containing
3- hydr oxy- <a- oxot ri cycl o[ 3Fgrmulpdly| decane- 1- acetic

i d, h -
5 80,35k B8 EOBRIaJH NN 2 e g, RORA 58ERR 00
3-hiy dh @ X¥o1&Pn 68 lsétfi Y&5 o€ 3 Ode liter b3 .1 N dodd@fi @perokide was added

-acetic acid, nethy ester (Fornmula |) to o
3-shopdy ox thesalutiro ta adjyst ke (31 8 dppiimpigbcawbild maodaihing the

2 SeBE T EIG AL G AL ACATRSOF et | FIRDH a5 Carepoded o adjus
B DGR 19,5 BR8] 1t s o
t b ipdbatlo aspihe xogiesk @lay mbnithieddyrHiComHALE gs tberibed in Example
W, B e R P AR raRIcre e PG SHRNS) B0 (00 m
i e

orwddkedOwith afl@iarionenl ofiEt@AzThe aqitdus laenwadaridifead witbn
was conpl ete after approxi mately 30 mi nutes, EtQAc

( Bopceptmted i AMbrntha selutiprereachsd piis 7 it AG (g AhmY) vagaddded

. h i
15 o dEPRL oo A RITCt hut B MR Al benated
acidded wad150 mh Tineeesusdhyd waCthen\Sheacteédwith BtOAcEh x 400 ml)

reached pH 7, Et OAc (500 m ) was added 15 fol | oned g(%/
nond teoerrehingdearaaniciayers rere Weshed yuth409:nkef weater, foligyed by 400

R 07 e A U o S o i

coyieidesh 89 gadk 6f 4 ﬂ%lﬂry%IIWFSGIi&SﬁBﬁ%iuM\éd bf tARGolitl 0100 ml EtOAc
water followed by 400 nl of brine. The washed organic

20 | sapd300as hepiane withstirringtfar Mysowtesdgllewedtynfiltetign and air drying

TR IR P Y

acetic acid (Formula II)).

10

EXAMPLE 25
25 Preparation of Adamantan-1-yl-dichloro-acetic acid methyl ester (Formula VII)
A 2-liter three-necked flask equipped with a mechanical stirrer, thermometer,
condenser, pressure equalizing addition funnel and an argon inlet was charged with
zinc dust (78.0 g, 1.19 mol) followed by the addition of anhydrous tetrahydrofuran
(400 ml). To this mixture was added 1,2-dibromoethane (2 ml) to activate the zinc.
30  The resulting mixture was heated at a gentle reflux for 25 minutes. After cooling to

-55°C, a solution of methyl trichloroacetate (100.3g, 0.565 mol) and
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20 and 300 ml heptane with stirring for 30 m nutes
followed by filtration and air drying vyielded 85

w@e@a®s1350 a tan solid (85% PCT/US2003/038558

10
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25

3- hydr oxy-<a-oxotricyclo[ 3.3.1.13"7 decane-|- acetic

A STy ang 40 Lo I8 melS ok addr 504 Fijf teuBaiBfain the reaction
( Ft Byljaﬂlre #lss ib-60°C ¢1 Hout ﬁaﬁ?edzog%é{imfe'aaaﬂﬁogws Qgﬁglete, the
a mechani cal st rer, , condenser,

prms@ure &vag gllewed tongir atidiotn tempémmmfor applroainnaaélg O0 niifhtes. The
was charged with _zinc dust

f SePWREMIfuKervas dilyted; voith léﬁpwélﬁ N@Qﬂ@bgﬁnﬂ é'tlﬁeéﬁﬁlyﬂlﬁiélf nifrggen
(AR0Eh b el 48 B 8ot AR A L BTREIBNE (1 x 300

the zinc e res

wasil, Beal@anbt Tige Gleratd wasrt@érd ¢oncémratedat mdmuécepressﬁfré & a rotary
cooling to -55C, a solution of net hgl .
t retV@mr@ﬁooéap@tm@af(ebotQ S@mrrng@sthrm?% Afowatspbagip to give crude

20 850, P USZOO 5 Iorotr net hyl sj,lane

(90 G el Rde oy Bl R dFE i RS F8E e

I eQ&dnti®#ive bﬁff&?NEMPJ 'ilﬁh@atteS'tﬁl@ chidle nE0&eidl éomlﬁg 0.389 mol (68.8%) of
required). After the addition was conplete, the

m (>2t2udlehlmlﬁldt@mdwmdmsx)ttrlmathybdm t enper ature for

appr oxi

t
PPt sk i drsbeAHBR SR i TreahiftwastRaded b2
ni diENGR0 - ﬁe&ﬁb&ﬁ%&l@q@ﬁﬂn&ﬁ RAmeRagh. l-éhﬁ‘pé%%)hhiﬁf&yagg)8(9 mol)

was washed w t di t'i onal ept ane
2 Gndrehhydrdinsedi€hlbronztianed 00 hBnTe thwewtltng wthten wadtdd@tjl-

RoEns 67576 GaFL oA R b e (630 € 7
( 2m3109' (TIBE ‘i’és‘ﬁitl]nfrfﬁ;xlﬂffé%lay h I8 kit &t BB Y% '\Eg:rbt%ﬁeo@%lght. The

dense “oi | antitative proton NVR I ndicate
t hesulttnguctd- bmm mlatlurecwm dlutesd \@LtISBQ)tmI (60®@ 11 BArd vedter (BOO ml).

| Ticeney B weneppeHaA Ho h%é&wﬁt%&éé b et

\é“ﬁl%rgcgr}ggeiﬁﬁﬁ%%{) r)r(xl) z\ilrlldnv;//atce)rx()% X ?fOrOI ml s h resultl ng s?lutlon waa filtered

arthou[ghl amd&if}Ce(IlteBﬁ@ ad| f)ltratamchs am’mpdtr&teld; at reduced pressure to give a
di chI th 100 m Tg the resul ti ti

e leatraeepe. 15 6‘5%%%??@1)%9%‘8"?‘1; beilipe r@ﬂ@%@% mfinghe

. es%ﬁi{ ﬂgﬁ%l&i&%&mlBWeg% §c§ﬂ #Prddm t%ﬁxpl’étdwr)l holR€A fter cooling

m xture was allowed to strr at room
t etmapplﬁkmia&el?%e@ forghhourd; hige salid Skts tcoNertedeisl fili@vion and washed
m xture was di]Juted with heptane (600 ml) and water )
( 3vith galy methanol:water (94:6; 4 x 50 ml) to give adamantan-1-yl-dichloro-acetic
acid methyl ester (Formula VII) as a colorless solid: 75.0 grams (77.3% based on 1-

bromoadamantane); mp 76.3°C.
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The organic | ayer was separated and washed with water
(2 x 100 M), 1 N sodium bicarbonate (3 x 150 m),

w@ea40s0860 (2 x 200 ml). The resulting sol uti OPCTHES2003/038558
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filtered though a pad of Celite 545 and filtrate was

concentrated at reduced pressure to give a 20
cdilgnentalanalysis CCisllisChOnmt eri al was di ssol ved in

boi k| t l,~( A5Q <&l ). resulting solution was
al%;aclné\}\lgageﬁ Ictgglg'3t3bﬁr‘g'ggm1c%lé%%2?§ture for 1 hour. After

c@uhdtg to @PPHOXHBESe §l, 3E72%r 2 hours, the solid
was collected by filtrati on and washed

ith I d
TOERMR (RA6MYBLREL x 36 531(5 38, 3062(br s, 3 1), 1.866 (d,1=2.75
adamant an- 1-yl - di chl or o- acet i [ t
(Formula VI gl as a colorl egfszl’ §5)?glé§§gf‘ér%{’%§r§ %9‘?.‘131%) ppm

basesdneR éil27.i’851vmz°@md§'8antla@.¢3o 9IB0565 3669, 460843 6.842,
2004/ 052850 'PCI/ U520037'038558 El enental anal ysis:

C13H18C 202: Cal cul ated: C36266,38.309,ppi 55: O, 25.58%
Found: C, 56.49; H, 6.59; C, 25.72%'H NVR (500. 16
MHz, CDC13)8 3.855 (s, 3H), 2.069 (br s, 3 H), 1.866

(d, J=2.75 5 Hz, 6 H), 1pR&MpLEGEK2 (AB g, J=12.1 Hz)
ppm 13C NMR (127.78 Mz, CDC13) b 166.130, 95. 805,

53. PeparatBordd@DicBlr842hy @tx3 56l an2dit a0-2-ydpaceticdaidRnEthiybester
10 Preparation of

Di chl or o- ( 3- hydr oxy- adamd§eERUA V) acetic acid met hyl

ester I&é@?éﬂgn%f\fblﬁ HNGY, e 64 iél@r\(o@tfmétgc Haiﬂ\%\% %lﬁréength

nm_ vol u Ic flask was ‘charged with conc.

(88n@HNO, (258 k2,58 1L, 1MPh6e) afdlcstdél i@dniice Buth.i Weater (35
bath. Water (35 nL) was added. After the heat of

miningadwidedi Asiepiht et of hexiaghad dsipaad, thd ausah was dbwed to
warmto roomtenperature. The flask was then

de u
t VAo QIR tRNRIRAtHES: e dlgsk yag ien made pRipthL magl vigh water to

t hreer flask equi pped with a thernocoupl e
t%é\?enlod]ngt%gﬁeévas charged with conc. H2SO4 (103 g, -56

nL, ). AL 586 nfEORldeM3cked Phsk euipped@Rith § theP@bebuplelflethometer was
HNO3 (5.68 nL, 56.8 mmol ) was added over -30 m nutes.

Wheharged evith conc. H,SO,4 (103 g, ~56 mL,). After cooling to 0.4° C in an ice bath,
10 N HNO; (5.68 mL, 56.8 mmol) was added over ~30 minutes. When the

temperature of this acid mixture was lowered to ~1.0°C, the cold bath was removed.
Adamantan-1-yl-dichloro-acetic methyl ester of formula VII (15.0 g, 54.11 mmol;
ground lightly in mortar/pestle to break up large chunks/crystals) was added
portionwise (1.25 g every 10 minutes; lhr 50 minute addition time). After ~5 hours
the reaction mixture was a clear, pale yellow solution.

After stirring for ~24 hours the reaction mixture was a very pale yellow
solution. A four-necked Morton flask (1 L) equipped with a mechanical stirrer and
thermocouple thermometer was charged with water (250 mL) and urea (8.0 g, 0.133

mole, ~2.34 equivalents relative to HNO;). To the resulting solution was added ethyl

acetate (230 mL). Resulting biphasic mixture was cooled to ~1.0°C in an ice bath.
The reaction mixture from above was added, over ~15 minutes, to the cold

EtOAc/water/urea mixture. The transfer was completed using additional ethyl acetate
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20 tenperature of this acid m xture was | owered to
-1.0C, the cold bath was renoved.

wadanmsasan- | - yl - di chl oro-acetic nethyl ester oPCT/O81003/638558
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VIl (15.0 g, 54.11 mmol; ground lightly in
nortar/ pestle to break up | arge chunks/crystals)

adad dvatgsdrQ ehveisactpl Adter stinsipg for A3 rinkies the cvlﬁrbaé)owas
e AR T ey Sl ABASHHAR for s

Sthidufs (f@nf 9hrt oP4uenonly, metrbﬁllﬁ@aﬁtme Wik Yrahdferravb® Bsepfraory
pal e yell ow solution. A four-necked Morton flask (1

L)ﬁl@l@ﬁl‘ (bbb’éﬁlm additiongbethziacetate (193 mey tepmplete the transfer. The

e th er e e
m_ qu%or%la rag Hon ngs nbov %g&%$§ac&p%l& %h)g' j%%&t‘ﬁ’ﬁ/ Z(I 8%1%1?9 The
I &Jrgdni/ fradtdniNGR) confindd ddrvasHéd Wil waedr (2 k 90 mB)s 1 MINGHCO; (4
ethyl acetate (230 nL). Resulting biphasic m xture
was9Cmbl),ead bone.l AG€r dnylrtgrowecmﬂydtolus nia@néshen selfate,itbnsolvent was

m xture_ from above was add r.--15 nut es,
¢ HEMEBACAL oo PRSI 10 16 1ﬁ¥11£¥%&éhyd’f%¥% g - acetic acid

OB e OB PSSl o5 7 AN, gruce ik,

eaﬂhé crudé tnateriat ¢anrbenged ar preﬁtﬁe dichlotce(ﬁ hYdWX}Gﬁ)dlailndenhl -yl)-
renoved and the m xture was all owed to warm wi

stchq formpiadX witheyt pugligationy Ifsdemﬁ% heWeYstothe §€L§1th96?“al
q%??%?{gg anrl?e Jegrﬁ&}afl gcg EM&E%O AhE asl{de\klgtgld 8%9‘11]3 to afford a

separa ) usi nga Itiro

acmifgt@tt(m-lﬂle sotig (mplm&fplleoe(?)daﬁh 9I%ﬁ$¢fcﬁ'éry The 5
aqueous fraction was renoved and extracted with ethyl
acetate (1 x 80 nL). The organic fractions were

?jgi‘gg)%g@gl%ﬁ&l@g;m bh water (2 x 90 nL), 1 N NaHCO3

After drying over anhydrous

MECHIQ S AtEdn S@,fsatzsgmbqsg,ol eeng%was renoved at reduced
pressure to gi

difenér o- ( 3- C?vlyﬁ\é?%x% ad4neh24d1% yl ) - acetic acid

B oSSR 355 YDA BiaRes .21,

materl al can be used to prepansgd, 4H,=2.75 Hz), 1.682,1.629 ?brABq,
di chl or o- ( 3- hydr oxy- adanant an- 1-y|)- acetic of Fornula

| X without purification. |f4Hedin8dn, hdlippsr, the

crl t 1 y f

ot SOR P il el erSo 85,58y B4 10D
fI uffy cotton-Ilike solid (rmﬁ@%@oz’blgsgg‘@ 3@15@’ 9(1.%9ppm
recovery. 15 Elemental analysis® CI3HI8C12703:
CdlabHRL@d: C, 53.25; H, 6.18; O, 24.18%

YMC ODS-A S3 120 A (4.6 x 50 mm), A=200 nm, 2.5 ml/minute

Solvents: A = 0.2% H3;PO, in water

B = 90% CH;CN in water
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Found: C, 53.24; H, 6.24; C, 24.31 %'H NVR (500. 16
MHz, CDC13) b 3.857 (s, 3H), 2.298 (br m 2 H), 1.824

W@ 30048353850 1.793 (d, 4 H, =2.75 Hz), 1.682, 1. B2OUSIIN3/038558
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AB g, 204 H, 1.529 (m 3 H) ppm 13C NVR (127.78
Mz, CDC13)S 165.929, 94.281, 68.932, 54.150, 44.47 8,
44GBdEnt: 20% 20t 198%7Boyvesd) mEgtes30. 149 ppm Lab HPLC:

Y| - 83 120 4,6 x X=200 nm 2.5
ml\i%%%?s M§5 5014y %/g A 5188{[@4/ H3IPO4 in water B =
9096 HIGhES N wat er.19 - 62 WO 12RAdw 52850

PCT/ US2003/ 038558 G adient: 20% A to 100% B over

m 46t eEmBest ent | orP8TIoe Ar eadl%lq)f@e(ﬁthYtiSPXyzad(I@an]uﬁﬁcetlc acid
1.19 unknown 4.54 m nutes 98, tf}q r
di chl or o- ( 3- hydr oxy- admant a{ﬂe WP acetic acid 5

mes by higiéer 5. 0983 nutes Qmﬁﬁowknom 8.35 m nutes
adamant an- 1-yl -di chl oro-acetic nmethyl ester EXAMPLE
278.19nmwgrar at i on of adamantan-1-yl-dichloro-acetic methyl ester

Di chl or o- ( 3- hydr oxy- adamant an- 1-yl ) - aceti c acid

(Formula I X) A 500 m round-bottoned flask was

charged with methanol (20@xdppaER N NaOH (194 m,

194 mmol, approximately 1.36 equivalents relative to

i npmtepalmwnarfd)ncl@l@rMﬁhmwad@mm-l-yyHceac acid(Farmyla IX)

nmet hyl For V.| T | t
was cooﬁgh&“ﬂ(" @Wiﬁ%&ﬁa hl?aﬁ%e ‘g%lg{é aBP 2&2?%“(1 IN
ﬁ)ﬁr(?%:&ll d 9kt Ao MaspréRin{8PY 86 caiidalents relative to input dichloro-
|ch oro- ( 3- hydroxy-adamant an- 1-yl )-aceti c acid net hyl
es@dlyd((ﬁ«ylcardumantam 1ry1)- @ebllc esldgnetllyllzsmr (-ﬁmlln)llwbégl)hdﬂegdesultmg
The resul ting suspension wa dt
antolgin WaskeRled iR it %ﬁemﬂgﬁ%‘reo\g?% 6 af‘?eoCPId bath was

SRRty S PRl o

wal/IT8)(4 1468 gr142.1 mmol) was added. The resulting suspension was allowed to stir
at ambient temperature under argon. After stirring for approximately 6 hours, an
additional portion of methanol (10 ml) was used to rinse down the vessel walls. After
stirring for approximately 17 hours, the reaction mixture was filtered to remove a
small amount of particulate material. The resulting solution was transferred to a 2-
liter three-necked flask equipped with a mechanical stirrer. Water (900 ml) was used
to dilute the reaction mixture and to compete the transfer. The resulting solution was
acidified by the addition of concentrated HCI (38 ml, approximately 456 mmol). A
white solid quickly formed. The mixture was gently stirred for approximately 20
minutes and then placed in an ice bath. After gently stirring for approximately 90
minutes, the stirrer was stopped and the mixture was allowed to stand in the ice bath
for an additional 2 hours. The resulting suspension was filtered and the filtercake was
washed with ice cold water. The bulk of the water was removed from the solid by
pulling air through the filtercake. The material was then dried under vacuum at
ambient temperature for 22 hours to give dichloro-(3-hydroxy-adamantan-1-yl)-acetic
acid (Formula IX) as a colorless powdery solid: 39.19 grams (98.7% yield); mp 238°C
(dec).
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stirring for approximately 17 hours, the reaction
m xture was filtered to renbve a 20 snmall anount of

w@aooiosask@t e material. The resulting sol uti on MEUS2003/038558

10

15

20

25

30

transferred to a 2- liter three-necked flask equi pped
with a nmechanical stirrer. Water (900 m) was used to
diIute the reaction mxture and to conpete the
solution was acidified by the
ng%lagglgc%ncéﬁ ‘{tg’d HCO (38 m, approximately 456
nmalchlatéﬂ. W, 5¢.630H] SI73CIcRS y0%or med. The m xture was
gently stirred for grox rrately 20 25 m nutes and
t Weuwng| aced G, A1 4A; Hcg Heftln25A$%er gently stirring for
%g{,‘f_ﬁi r&ately 90 mnutes, the stirrer was stopped and
ure was allowed to stand in the ice bath for
alYMdtb]bsxm 85 120 Aouex S0ThHen); B200 hi) Q. SHBR@EE ON Was
filtered and the filtercake was washed with ice cold
wabbentsThe ButrR.296 HoP@s Wwavater was renoved from t he

solid by p hr ou h the filtercake. The
mat eri al ? EQ%@IF!?C@\E fh?{a I vacuum at 30 anbi ent
! eIRGERL W0, A% 188% P8 10Gnidhitée _

di chl or o- ( 3- hydr oxy- adamant an- 1-yl )-acetic acid

(P@tamubam)@ as areoloor | essdepbtydery solid: 39.19 grans
%_EF 7% vyi el d); 38C (dec). -63 WO 2004/052850
PETAIRBIERS/ 03855 El enent 4 ysis: Cl2H16d 2(CB:

Calguhahed: G 5]97@3 H, 5d7cﬁlor6:’(3 h oﬂ@%arﬁ&%ﬂl-y@acetic acid
51.43; H 5.74; O, 25.48% 5 Lab LC.~ YMC ODS- A°S3

12054An(n41te@ X 50 rmj k 200 dmhiorQ (5hpdroxy-adaneantBoe | yyBracstic acid
A=02%H3PXY in water B = {CHSCNlnvvater
Gradient: 20% A to 100% B S¥EP $8hi nutes 10

Segmo(gpg égmﬁ%e@m éﬁ?o%ntz'ztsx Bk 23 H. 18588, 81D21.674, 1.615 (br

nknown nut es

di chl or o- ( 3- hydr oxy- adanmantA®g, U=y 1 54 &tetiH)),aci88-1.826G4n, 2 H)
m nut es di chl oro- ( 3- hydr oxy- adanmant an- 1-yl ) -acetic

acid nethyl ester ppm

B NMR (125.77 MHz, CD30D)8  167.957, 96.356, 69.322,48.070, 45.360, 44.794,
37.050, 36.039, 31.631 ppm

EXAMPLE 28

1*"}decane-1-acetic acid

Preparation of 3-Hydroxy-<a-oxotricyclo[3.3.1.
(Formula II)

A 500 ml three-necked flask was charged with dichloro-(3-hydroxy-
adamantan-1-yl)-acetic acid (Formula IX) (38.67 g, 138.5 mmol). To this material
was added water (160 ml) and 1 N NaOH (138 ml, 138 mmol; 1 N NaOH was used to
generate the sodium salt of dichloro-(3-hydroxy-adamantan-1-yl)-acetic acid to avoid
foaming problems which would occur with solid NaHCO3) to give a hazy solution.

To this solution was added solid NaHCOj; (29.10 grams, 346 mmol, 2.50 equivalents).

After the NaHCOj; was added the reaction mixture became a suspension as the sodium

salt of dichloro-(3-hydroxy-adamantan-1-yl)-acetic acid was forced from solution.
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15 ' H NVR (500. 16 MHz, CD30D) S 2.258 (br s, 2 H),
1.858 (s, 6 H), 1.674, 1.615 (br AB q, J=1 1.54 Hz, 4

wogo4/0328588- 1. 526 (m 2 H) ppm 13H NVR (125. 7RC1IVBR2003/038558
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CD30D) 6 167.957, 96.356, 69.322,48.070, 45. 360
44,794, ~ 37.050, 36.039, 31.631 ppm 20 EXAMP (g
prids aeastip Nessel wsr@ﬁ&ﬂmgb &%?ﬂsas@w cRyE{a5gon lgleiari hepted to

? %géfgﬁﬂé%@g%bbﬁ ag\gtef/\g catil 1n é@‘okl%%ﬁy%%ou% the mixture was

diaABwed & dodi Wﬁb%mﬁ@ra@@@ﬁﬁmﬁﬁuﬁnﬂﬁmﬂ@ @H ¢.2a¥ was carefully
(Formula I'X) (38.67 g, 138.5 mmol). To this mater] al

m51dd'mdd@0m@wemtloll)6tc pHi 0.13hyithe addiigaidf cas@nirated HER (32 ml

PR oF b St PTG PO SaEe R B b e
a\éahéi)us fle@%mrﬂ'go B'?sze?f?ﬁ: 11 Sra¥iuH Witk 6BV acétatdwaPlow@red to pH

to give a hazy solution. To thi§ solution was
a@dkSob}stbb iaddiNaHeOncaratal Ehapprogtelydi ml) 2Tl®oethyl acetate
equi val ent s) 30  Af

HCO?( ad
r SRCHPISHY P SPTPRCH AR %S%%@‘ﬁ%% 3850 R iR pver
S ahf aydi’f)usdthQQJe@l'h& sﬁﬁfaﬁ}’ﬁ% Q3N edPdERBMBvedlat Yeducdd gltelséhre to give 3-

acid was forced from so uti on. -64 WD 2004/ 052
PGETAIIS9-6031088568[3.Thd *flatecaricohaseatis seid (Wamnyla 1 asla eplotiess

ref| ux c r@ serlz%oi inlet and heated to
W’b‘iﬂ heati ng for approximately 6
hour s the m xture was allowed to cool to room

tenperature. The reaction mxture (pH 7.22) was
c dlehedthlyanalysisdiCh ileeO{£ C2 evol ution) to pH 0.15 by the

addltlon of ¢aq ng.r HO (32 m 5 required). The
r&alﬂ“tl”fb mé@gg’g iﬁazﬁg racted with ethyl acetate (4
X F3Qfq:m '@1%43@qu2111§%| ayer (pH 0.37) after the
flrst extractlon wth ethyl acetate was |owered to pH
0.'HENBIR (506.18AdHE, DJO)Gf coaczsﬁt(bxat ad3Hd), 2.227 (br s, 0.67 H), 1.819-

(approximately 2 m ). The etsﬂ% acetate fractions
wer e conbi ned and washed wilt¥{>§m A H) poon vRaytial Rysirage

St BV TP RES OB U LA g 0B,

hydr oxy- <a- oxotricycl of 3. 363.838, 47.5h3cangié,4agset,i c acid
(Formula I'l) as a colorless
43.190,42.907,42.563, 36.073, 34.677, 34.232,
30.006, 29.865 ppm - partial hydrate
Lab HPLC:
YMC ODS-A S3 120 A (4.6 x 50 mm), A = 200 nm, 2.5 ml/minute
Solvents: A = 0.2% H;PO, in water
B =90% CH;CN in water
Gradient: 10% A to 60% B over 10 minutes
Retention Time Area % Identity
1.39 minutes 100% 3-hydroxy-<a-oxotricyclo[3.3.1. 1*"decane-1-

acetic acid

4.95 minutes dichloro-(3-hydroxy-adamantan-1-yl)-acetic acid
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granul ar solid: 30.77 gram (99% . Elenental analysis:
C12H1604: Calculated: C, 64.27; H 7.19% 15 Found:

wW@200845880 H, 7.13% 1H NVR (500. 16 Mz, D20) 8prCr/ES8f803/038558
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(br s, 1.33 H), 2.227 (br s, 0.67 H), 1.819- 1.575 (m
12 H ppm - partial hydrate 13C NVR (125.77 MHz, D20)
8 207.704. 174.583, 169. BOAMPLE2®A 69 618, 68. 830,

47 S S IS5 S B s

hydrate Lab HPYEorn(Ma I@lﬁnﬁloﬁ’ngja?&w“pdt‘brﬁcédlﬁg my, K
=200 nm 2.5 M/ mnute Solvents: A =0.2%H3PX in

wat er 26259-mlgbseeaasiod flaskwavipped with aipegssure eguatingpddition
qtg rlnafg.fﬁ’il :gl ofg%&lilatsec argeRc“:f %v?tﬂtdlc%]ory(gr-%y@rrox% Od/?ulnglﬁgrg-l-ty\{)acenc
3-aMcth &yl eit'i:r erhful £V ) Oprpated asldesdd blRAGA PR ainpleMAU B E, 51.16

acid 30 4. m nut es

dinzibb rf@lwmydhoa@dla@aﬁﬁtntr@twdn_afym(%@m inspbiliged). gifter
\st)gﬁr%? }ngZYSS PCT/ Uﬁbe%)&lé Ot?’ t%s Il:formu a e tl%%%ster dissolved to

@;ma Ha)é?'s@hlhgn STA tHi3 soihgrwiCadicdartilled waied (30(MDy 4Ad Aloose
I'I") enpl dying a one pot procedure A 250-nL

t (rjsnmnmen Kathell dbk addjtipp fmdelwascharged @E@uﬂ%l‘@%@n@l 69
addi t 5 f | et h th
GHTBHP b o TS PRS2 HHEn e BhE A Rte Ao avasaed

g?%@é&%&??l}{%h gi?% Flﬂga{vfégcogtéle?éﬁéﬁgﬂa%ﬁ?lﬁlgﬁ v%%@ﬂ&b@d to stir

t et ambiedr efpeanur¢.30 nl, instabilized). After stirring

for several mnutes, the bulk of the F VI
net hyl HRlyG pnqjysg%@rvk@hql@s showed the hy%rol%lglojl’ t?xe Formula VIII

compound complete. The reaction mixture, a clear colorless solution with a pH of
13.24, was adjusted to pH 7.40 by the addition of ~ 6NHCI (2.8 mL). Solid NaHCO;
(11.2 g, 0.133 mol., 2.60 eq) was added to form a suspension.

HPLC analysis after heating for 4 hr 15 min shows the reaction to be
complete. After heating for 5 hours, the heat source was removed and the reaction
mixture (clear, colorless solution) was allowed to cool. After cooling to room
temperature, the reaction mixture was stored in a refrigerator (+4°C) for 4 days.

After storage in the cold for 4 days the reaction mixture was still a clear
colorless solution and HPLC analysis shows little, if any, change upon storage. After
warming to room temperature, the mixture (pH 7.77) was acidified to pH 0.20 by the
careful addition of conc. HCI (11 mL required, CO, evolution; at pH ~1.40 a
colorless solid began to precipitate). The resulting suspension was extracted with
EtOAc (x 4, ~500 mL total volume; HPLC analysis performed on aqueous fraction
after each EtOAc extraction). The aqueous layer (pH 0.38) after the 1¥ EtOAc
extraction was adjusted to pH 0.18 by the addition of conc. HCI (~1.6 mL required).
The aqueous layer (pH 0.37) after the 2" EtOAc extraction was adjusted to pH 0.17
by the addition of conc. HCI (~0.8 mL required). The aqueous layer required no
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give a hazy solution. To this solution was added
distilled water (30 nL) and a | oose 10 suspension

wo ooweskssiThe addi tion funnel was charged wi t h PA/BBEObB/038558
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(69 M, 69 mmol, - 1.35 eq relative to FornuIaVIII

conpound i nput). NaOH was added _dropw se over
nmiadditiosalipdl gdjv@trr@nh@éar the ré@mnge%tﬁ)wxmttaptmsmtw%@ pH

2 PSR S, i A8 PR erh BRI re din i e ying

he™h SI's o
V| MgSB), Qmﬂ’%ﬁiﬂ wa rgrh®led at Eﬁ@ceﬁ%@&%\hr@ﬁo jvétodidR, titR Formula II
clear colorless solution with a pH of 13.24, was
adjorrpoand 4 pddrly.cDdrieys, glaauladshlid \mlmclmﬁvasﬁhlb{m(c&r 8aquiuin (pump)

Sol i 1.2 0. 13 comn PO was added
tofoi‘b@h?%sshlsﬁéﬁsﬁ?%ﬁ?%ﬁfﬁlé? iﬁgll}];rsliog%’a(gf@% eating for
4 hr 15 mn shows the reaction to be conplete. After
heating for 5 hours, the heat source was renoved and
t Mglememal dnalysis2 @, fH CLUOg [664652020-T0TR468%3] sol uti on)
was allowed to cool. After cooling to room
t@qi@rlmdlre(?,tﬁl*iewfyeaﬂﬁéﬂ%m xture was stored in a

er at or +41§)) @?ays After storage in the
é‘ or 4 &&4 e ﬁe?a‘ 1%n mixture was still a clear
coI orless solution and HPLC anal ysis shows little, if

any, change upon storage. After warni ng to room '
t enper d&frudeFommda Hicompoand (S ). wa)disealvedovithi lidating tao-§5FC in

O AR 57 o3 B M B B oo
salyzdchgg ﬁﬁtérf%ll 9&@9&9 bx@taﬁl)ze Nﬁ%r §t§r§dih h1BomUSRBE EuR for ~2
was extracted total vol une;

HFtLoﬁrsa tiel splid svap eoHlastavdy ﬁitratatqumdwsashcchmthm codd water. The bulk
Et QAc extracti The. aque us l.ayer 0.38 .
SR VRS 48 Topitng BY BRSO (S e SRk Thpmaterial was

3 'Otilléh@ﬁ{edt Lhﬁe@%uﬁﬂn({?uﬁf)hﬁﬁ ng hOLHgto bivd 1ifle Forrh®4Yi ¢ddthound as

e aqueous | aye 37) after the 2nd Et OAc
eﬂangamdlcntesm&déaﬂj &ﬁ@(%@%ﬁc@v@ hy 164 8-168@6°Ci(omMzettler

" dfop et HB6CUbMHDEbb50 PeT) US2003/ 038858

addi ti onal pH adjustnment after the remai ning Et OAc

extractions (extraction #3, pH 0.19; extraction #4,

pHEIBmMxal arhhysiso @ dihj €1,0; J6546R823nET, TRAGABI Jned. Aft er

dr&gﬁ 3!\/@804 t he sol vent was renoved at reduced
ate

't o GiaALTépuble7dP¥d e Formula 11 conpound as a
n:lgrl ﬁq c(:glug{) ef)s4 t),&rﬁ?b’_loﬁ% solid which was dri ed under
EXAMPLE 29

Esterification of L-pyroglutamic acid (Formula E) to form L-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 exceed 0°C. After complete addition of
the thionyl chloride, the mixture was cooled again to -5°C and L-pyroglutamic acid

(Formula E) was added portionwise so that the temperature was maintained between 0
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5 for 16 hours: 11.42 g (99.53%yvyield); HPLC, 100%
(area %9. Elenental analysis: Cl12H16C12Q3

WO 3405800R0- 31, TR4A6373] Cal cul ated: C, 64. 27PGT/HS2003/038558
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7.19% Found: C, 64.19% H, 7.09% 10 Crude Formul a |1

conmpound (5.0 g) was dissolved with heating to -85C in
diaogdi-$ 1@ during tbc addigom §ollowiesaddatnefcthe acida they eeaﬁtém mixture

D QU TeE0 £ SRIcat LAY SRR Ior XhaHER rieaEsep BB xiore Was then
N

of THehemwikigy oitvass themdissulvdayinpolubhan@9 titdrs)o githie tb]luemn&pﬂutlon was
the filtercake. The material was then dried under

vabqumoawmppmamaxvlyﬂet@ and wieghy emmet(BéS fg) was added Slowly 50

E‘%\; n%agﬁlﬁgr'l Rtk s S na ot 25°C 1 EkBouiS Sigpension
g%x(ﬁ)r Bl and theh MRRRIAL athe FMRL Yakle Swas washed with toluene

03 [55465-023-15, TR46905] Calculated: C,
64(a8(7t9z’05 1ttkrs) . TR lErate rvehis ré&jucdt atSHYE uiderizaOdidii EXAKMPAE oR8ne of

o 1 ey Ll o A e 1
" CRSh O R EuNPR AR i e B BEO A Socd ol he

coof i on ssel t
c hﬁfx@tﬁg Wik EBOIEJDtoCmWo BhEand deargdt With K g3cohd 8diteEdiedn 60
that the tenperature of the m xture did not exceed OC.
Afdyelohexamp! &he maxidiet wanthei c@ded toé m%PGngtiHedemned@ur and the

t he xture was cpol e nto -5C and L-
adFe tuemﬁﬁllsaveﬁj fifered affc aue soelscrinr Sebg WAk vt ¥ Shexane
[

200415 S0 Bk TRBHS BE5LEE  GRo Topyr Bttt seid eyl st
ad@otrnva F) Botdlondsngeaddsti t i on of the acid, the reacti on
mxture was heated to 20 to 25C and stirred for 5
hours. The reaction m xture was then evaporated under
vacuum (T max 45C) to appipeXi vipigl 3p 15% of its
origi nal vol une.

BOC-Protection of L-Pyroglutamic acid ethyl ester (Formula F)

The L-pyroglutamic acid ethyl ester (Formula F)(5.00 kg) was dissolved at
room temperature in toluene (24.97 liters). 4-Dimethlyaminopyridine (0.19 kg) was
then added to the solution. The reaction mixture was then charged with a solution of
BOC-anhydride (7.29 kg) dissolved in toluene (24.97 liters) in a manner so that the
reaction temperature did not exceed 25°C. After complete addition, the reaction
temperature was stirred for three hours at 25°C. The reaction mixture was then
charged with half saturated NaHCOj3-solution (49.94 liters) and stirred vigorously for
10 minutes before separating the organic and aqueous phases. The separated organic
layer was washed twice with water (24.97 liters each). The organic layer was then
evaporated from solvent under vacuum at a maximum of 50°C. The remaining
colorless to slight yellowish oil crystallized on standing. The theoretical yield was
8.18 kg, (31.81 mol) of the (5S)-2-oxopyrrolidine-1,5-dicarboxylic acid, 1-(1,1-
dimethylethyl), 5-ethyl ester (Formula G).
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The remaining oil was then dissolved in toluene (49
liters). The toluene solution was 5 then cooled to

wapprosassat el y 10C and triethyl am ne (8.45 kghCmES2003/038558
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added slowy so that the maxi num tenperature was
between 20 and 25C. The resulting suspension was
stirred for 30 m nutes and then filtered. The filter

cake was washed with tol UWDISJQ 5 1liters). The
filtrate was reduced at 5 nder vacuumto a total
vol une of aboutSuperHyddde Re@ngtidednd ERiniitionas
initiated bg sl ow addj tion_of cycl ghexane (8 |i

10 &t e Gl suBratliie bosiearpuae Ay g hatrerty st s-ethy!
Afé rglgcﬁ-ﬁﬂllzf Ggg%b.kgﬂwta?&lsscm/ t grtﬁ ¥\?ef(36 @9'11‘?&5 tI@f%x%Qx b@l%

arg a secon ortion

Cy\%t@ll) axaneoled e-5S0PKt THie s¥@ton W@ﬂch’h@gﬁdeﬁltﬁ Su;ﬁ:rH?drﬁﬁ, (LiEt;BH
stirred for one hour, and the resulting crystals were
f i 1 MeingH 51 9. 96Tlitersy | rryﬂsmam@r v that thegerstion idneneratirerslid not exceed

I h h
0 B2ogh et pppblgreardipe. RS MitER Vs shEBAH T orapsiioad0
F)ma%ites 0Nk th§RIAsdR e Bsine WAL F430 159@7 \Bﬁsotthgﬁ: ha&la t8the
L- Pyrogl utanic acid’ethyl ester (Formula F)

L -rpyuatioglmixaure M aamiadneetsdnﬂiat gsttenpgrhioradit aoFé>(cBecD@5R@)
was. di ssol ved 20 rgom t er%er at ure in tol uene

( 23inggth Xaintlé?@?l m& (IS 8thos # enliddo tlee mixtyrgy Thg geaction
{ MEREESAE A t%eé‘*’;%*ﬁh??%fﬁg afic LIRS ITEAK} M. Fo kBgn a

K Qharities s@ﬂmeme irénction te@iperatdé dndtiek &ded )} 45°C. aA RATUORID] SO

that the reaction tenperature did not exceed 25C
Afatdértlo@orhglr@acgoad"dmmo\ﬁas wiraied da g to25°G witiiaoae boer andkept for

dﬁg g2 E(ﬂg? at tg &ﬂlp]erﬁtgfef Cl‘sl-g rgz?cgrpg g%g(tlu?enwas gflen cooled to
Nﬁlﬂ@%d%@d\ﬂ&'cﬁﬁgé&%uﬁ dvakdr (8960 1iRRY séEHa'E etk rtt%i%r%ure did

for 10 m nlUtes before separating’'the organic and
agqioe exkeef) 586 e Aqudhn aaé paaaicetiages g@n then kepaedtedranl the organic
washed twice with water (24.97 liters each The

orRyart Was againy worhsd piiS 1o 9brates 0 tor B s Bhe erganigrater was then

A HpTR fa TRET: 3010 Ky alish SR oBRingidriia Rt 4.5 ke
t f(@;z?rsetmcqaioo%)aifdhms d%@d&, 18- Mrole(—l?’g d%armadyhc Q&dt h?l

2- oxopyrrolidine-| di carboxyl’ic acid
d|dmbﬂuyle@t)ﬂ»I5)eth)568$ﬂ"(93|0(éﬁfﬁ?EE()Flﬁmmulae{HG) - 68 V\D
2004/ 052850 PCT/ US2003/ 038558

EXAMPLE 32
Hydrolysis of BOC-DHPEE (Formula IIT)

A solution prepared from 4,5-dihydro-1H-pyrrole-1,5-dicarboxylic acid, 1-
(1,1-dimethylethyl),5-ethyl ester (BOC-DHPEE)(Formula IIT)(6.00 kg) and ethanol
(24.00 liters) was cooled to 0 to 5°C and slowly treated at this temperature with a
solution of lithium hydroxide hydrate (2.09 kg) in water (20.87 liters) to produce a
turbid solution. This turbid solution was then warmed to 20 to 25°C and stirred for 2
hours at this temperature. The reaction mixture was then evaporated to a volume of

approximately 10.5 liters at a maximum temperature of 40°C under vacuum and
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EXAMPLE 31 Super Hydri de Reduction and Elimnation The
(5S) - 2- oxopyrrolidine-1,5-dicarboxylic acid,

wd 20020288l net hyl et hyl ), 5-ethyl 5 ester (For mib@r/US2003/038558
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G (4.80 kg) was dissolved in toluene (30.97 liters; Kf
max 0.01% water) and coole This sol ution

SR PV (34 Bl rE e P B ssher RO o MERE), (24 Hters)
19&118@111;( d ﬁfrslg ngxﬂ 0Ly C}ﬁﬁg B%gﬁlc P %ﬁ%{?ﬂes were separated

tenpera ure excee

achﬁ'tittlil@iqueblhlﬁplﬂise(tvu{ €hav@edl aghin Mx&d24alt1ters4ff TMBES QGisfrixture was
30 mnutes. N-ethyldiisopropyl am ne éDI PEA; 14.47

| |ther@)olwat9 SttadA°Grnddhe pH tuae adiosted BB ¢0 231 ueing KsPOy 85%-

er S the.te id not exceed -

RET) 20 VHER el kTPt 1 s e g curine
t Ochfs '?)?odé‘ssxétlyt% 1030%0r" smﬁty °1Fhe fEsiflfu %r%‘éﬁ& Jnﬁ%ﬂué‘dﬁ@ﬁ@%ﬁ were
with trifluoroacetic anhydride in a
n&npmrateéo Thé atgahicdayee s storcdtaedﬂErmams lalyed wmsagam cxtgatted

-45 After conpl et addition, the reactjon m xture
Wah Hiees ?fd)rtzsocelsg IBME\pt o 05 ﬁEI %Hsmsu 19g OKBAWC laysr was

1%0%1&%%1% orgd 5}% ig 18kr J‘r@ecg ?@Hﬁg@%ﬁgﬁopﬂ_ v\fﬁg;lamme

reacti on m x en Co0
C{DIREA) (. SZWkg)a%E sélﬁﬂmﬁ)@ai ther Eséposztned dal deighsed etaatxhanmum
tenperature did not exceed 5C. Aqueous and organi

premperaties of 303erindepeacuead The Mleiqw‘éaso? g4ke €22. &ﬁw@@b 9M§
S tb water (0 to 5C). The

3?(2 |dmﬁ¥dj$§r§) iMI\}\G&';IS /iﬁE}\ (hgt/j:l%%? ed and degassed at

4OC A yellow sh oil was obtained with a yield of 4.5

kg 20 (18.66 nol, 1009 of the

4, 5-di hydr o- IH-pyrroIe 1, EXAMBEEQ3y| i ¢ acid, 1-(1-

dlnethylethyl) ster EE) ( For mul a

111). EXAMPLE 32 Hyéﬂ’%‘ldyi P“é@c@ :—JPEFormJIa 1)
25 A sq@@otipnp F{Hyﬁﬂ’l@&%ﬁ by QPdnification as described in Example 32 may
4, 5-di hydro-| rrol e- 1, 5-di carboxylic acid,

( 1comtatn' weteh yTleetr pte) ar&zeothqulc elsmléatloom @HF@EE)V@F@PWH a@rior to

III %k%# than ((3400 ers q (i{
ipg, theeagligng eve”t P %iicefsrﬂ Jeq8g e‘f'az“t‘hﬂ R HY
mﬁeﬂlm bv@@b&fed loh ik Aamdw of B@CdEHiP)fﬂ'foﬂ&re(r%vﬂ% d6§wdtdt. For

water (20.87 liters) to produce a turbid sol ution.
Thizeottapihdigtikasiont BOR-IHE wasenlutedrwithdtolugne @ aroapps@imatg 30%

stirred for 2 30 hours at this tenperat
réa ‘PBntrﬁ{%‘?f‘%WéS FREROVEH URdes YA, Rt "Eo Taedied Igﬁg -I3HP (6.00 kg)

s%éa{’@Es%Wed]lQ THE (4R 1ferdf. Fh TN WA LIRGERWhDIPEA (2.26

vacuum and
kg) and the reaction mixture was cooled to —20 to -25°C. Mesyl chloride (3.01 kg

was then added slowly. During this addition, DIPEA hydrochloride precipitates. The
resulting suspension was then stirred for 2 hours at -20°C followed by saturation with
ammonia via a sub-surface gas inlet. While adding the ammonia, the reaction was
heated to 0°C. After saturation, the reaction mixture was heated to 20°C and stirred
for 3 hours. Following stirring, the reaction mixture was filtered to remove
hydrochloride. The filter cake was washed with THF (12 liters) in several portions.
The filtrate was concentrated under vacuum at a maximum temperature of 40°C and

then dissolved in methylene chloride (33.33 liters). The solution was washed with
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water (24.00 liters) and t-butyl nethyl ether(TBVE or

WOABED;286@R4 |iters) and mxed for 10 m nut es.PdhES2003/038558
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resul ting organi c and aqueous phases were separ at ed
and t he agueous hase was charged again with 24 lite
of watmER6.66 hitess)ri bhegeilingorganie tndasyFeus nhases wege merated and the

d th
2 "Fuabdlf AR AfiniEh Bitct i plubafe AidiRleN0 TRERhciR the

t QBB 3t shiVRyer¥Bi it abmbidedlatid db@cedtﬁtéii uifdercmﬁuratanﬂ degassed
to 10C tor stability. The resulting org{gnl c_an

ade e@g@vel any sxeesodiiaigsdassardiesield mae 3 3o kanil e 77 %%@sof (58)-
t
S PP BRSSO PUfe R RRE 4R LREN ety

I estér IBOG-IDHPANFerh@% €v).was conbined with the stored
organi c layer and charged wi th diisopropyl ethyl am ne

10 (DI PEA) (4.82 kg). The solution was then evaporat ed
and degassed at a maxi rru ;Eza_ggre of 30C under
vacuum The yield was 7. 92% [N BCC

d
e S N R

saponi fi cat i onaeid, bl-éb,&fdlmethymhﬂ)(aﬁm @TO:BENWBW) cont ai n

Lol uend RER TRl BEroB e gkl A BB 1 ke

HOWEN Rfed u{iHﬁ nk RB10EE ?13850 Bers) %ﬁ&ﬁﬂﬁhﬁam&ﬁ&t@@b@t %Oééc&fd
raw rraterla was based on thé amount of BOC

prreadtort Rezxoe&mﬂuweg; changedvaitithrmetidenchlaniedd 8 Oﬁﬂuters) and cooled to -
dlstlllatlon DHP was diluted with toluene to an
pw L Regtor Bows the dereen v thel e e e RN B e followed

fﬁ\?@é“ﬁ%rﬁﬁ&?%ﬁﬁnﬁﬁg -%) (ﬂ?—ﬁ%rlg q%’}tlllle\é\?lﬁlvr\lgar}ﬁﬁg the

c h@lﬁl@@dtu‘fé bAwWRPERD 4l -26°C. KRdacen B Wikethe aledrp@nwith diiodoe
was cooled to -20 to -25C. Mesyl chloride (3.01 kg

wagethirer( 1998 &g) whdeumpint@ping ilep qemt@net@mmra@rﬁ batwpgaa-30 and -

hﬁgﬁé’gc gf%{rll afggf)feﬁagﬁﬂl e &%‘Ud 21,0 letglpgglﬁ\&as stirred for 45
f hlasd: byp A0 EAR e wmélﬁr%’éd% Realtr AU 2ESoled

gas |n e addi ng the ammoni a he reaction was

he;ape(iza) fo QE°CYfCleirging imak péifmedstvavly ppdriioms (bﬁa)pptm(ﬁnately 5%
was heated to 20C and stirred for 3 hours. Follow n
stsorthatrilyg rea¢tionrtempernabme of Reagter Avdigs maintained bwe%%e@ 24°C

until the reaction was completed. Following completion of the reaction, the mixture
of Reactor A was cooled to 5 to 10°C. The reaction mixture was then slowly charged
with saturated bicarbonate solution (21.6 liters) in a manner so that the reaction
temperature did not exceed 15°C. Following this addition, the reaction mixture was
stirred for at least one hour while a precipitate formed. The suspension was filtered.
The resulting filter cake was transferred back to the vessel, slurried again with
methylene chloride (14.4 liters) for 30 minutes; and re-filtered. Following this second
filtration, the filter cake was washed with addition methylene chloride (7.2 liters).
The filtrates were then separated into aqueous and organic phases and the organic

phase was washed with half saturated brine (21.6 liters). Solvent was then removed
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hydrochl oride. The filter cake was washed with THE (12
liters) in several portions. 30 The filtrate was

wa@ongesassat ed under vacuum at a nmaxi num t enper BETUS2003/038558
40C and then dissolved in nethylene chlori de (33.33

liters). The solution was washed with -70
20&)’4\13@5128 3b2 PSR (paEBssE 30Va et exchengsd bmhemag? A slurry

T SRAAR R SRRl RIBS SR U prngn

W' dolveReStenhpRevahlor e, (120 chide®rsduRem ks isolkted by filtration. The
resulting organic |ayers were conbi ned and

c dirleaerke atae avashrdlewitly bentane (3r9dlt@réb@(‘sistbdl driesl ynglgpvasupmio a
5 oo H““!g‘ft 22 Ride Yo Wab2 %6 18122 B, Bhoby 2 s (1 <EB%, 5<a)-3-

Y hzabicyeld] NV.01RxAdd:- DY Arbot c' il DOdidtleth§lethyl est
ac:ld 1- (1119 II’?E% yl Eet y}h@ esterr ¥ fDA’) Fofn}ﬁeayeser

| \(fprrE){AﬂyDL o parify a;hedp'udmmatanalos] s]@frled n 8 fold amount ofal:l
nocarbo rroI car
| amiige QE P e e et Ry R4, Jor Aours. (sTIpaa gy filtred

A I,
RS GO FRRE) Sl AFSER Rt PSR e
10 ( Lydeld wais Relrl kg (ar38 mmil,, H13%) PSa(1&h, 32662<a]A3-a&mmaa|rbony1)-2-

react.or a arg t hy|] ene
rﬂza?l%céoléllsoﬁﬁwmr:?eq%oxaﬂaa%ioh @”&%ﬂel @%Estqﬁégwa B
was then charged with di net hoxy ethane (DVE) (3.36

kg), followed 15 by a 30% sol ution of diethyl zinc
(15.36 kg) in tol uene mmmmﬁ ning the
tenperature betwee -25C. Reactor B was then

char ged wi mDmtpﬁw Ofr{éﬁﬁb%3f'1’§<%3k(§5mma|r konyl)-2-

15 3o A PUDE {018 L6ACE Ao PRPRIE, L9y RENSREA ol Bibhriula 1)

the ribXérm €19)8%,5S)-2-aratsicy@é[3450]hetanetBeardboxamilel@ormula J)
-25C. This m xture was then charged to Reactor A via a

cool ed 2080pmbe? pecked flask emyipped withragnerganisal syeier #died
S'tﬁ&{ﬂ fi‘ql@‘u};}s 4 %@F{E{ggfwﬁébeé %O/Qmﬁlg Jri?&}{ d}i‘e

r eac ct Or A srran

betzakieycid3. la)]He)&ﬁQZ dartboxlylit hed rlea@tmemylmyl cssme@hﬁﬂh H)(5.0
Fol | om ng corr?l etion of the reaction, the mxture

20 Regiamer22A e owd| THF (29 w1t G655 MHEIQAS 25 6wl 2 ﬁmm@l) was
s Fle t chcféd fé@‘é‘ék{?pfep%ﬁ e‘flhe yg‘s{llgng %IH{I&}: \%?%R rxcea l??&)% %mperature

ol ation ers) Irna
I eRE1 8 Roure GuiiiWBICA tiieSpredifitalidh v@sfb@%i’vé(ﬁ Q?orﬁpllehﬁw\bﬂﬁe

this addition, the reaction mxture was
reaction was monitored by HPLC. Methyl t-butyl ether (MTBE ) (30 ml) was added
to the suspension and stirring was continued for an additional 30 minutes. The
25  suspension was then filtered under N, protection to produce a white solid that was
washed with MTBE (20 ml). The solid was dried in an oven under reduced pressure
for 48 hours to afford the hydrochloride salt of (1S,3S,5S)-2-azabicyclo[3.1.0]hexane-

3-carboxamide (Formula J; 3.6 grams, 100%).
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stirred for at |east one hour while a precipitate
formed. The suspension was filtered. The resulting

wo pdotes28seke was transferred back to the vessebCT/US2003/038558
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slurried again with nethylene chloride (14.4 liters)
for 30 mnutes; and re-filtered. Follow ng this second
filtration, the filter cdANRLEA8Aed with addition

hlori de. (7. ]
th eLM& gggﬁ;\ge[ %%rpflm gn ofis%)'ug %Fns%()cg?g% rBH g hxh&é% Qﬁ- rgle-l-
or gani ¢ pi&aﬂ%xg% av,mh@lilw:mlatﬂy@étﬁymwr(ﬂbﬂduhmne
0

(21.6 liters). | vent was then renoved -
2004/ 052850 PCT/ US2003/ 038558 by vacuum at a ITB.XI nmum

e IR SRR

of the fHzRRNShey after solvent exchange was 14. 4
liters. The crude product was isolated by filtrati

The fiTa@suspiisionsf Wdshied 80 mmoﬁ@étsalmbdl(:szclghquaeugg (DCHA)

-?—P]sgltallg ggggéllfe:gf V{E]g W e?é&ﬂ%?[%%é&ge Hslg)é@'}; I\Xﬁg wefte added 2.7
[ %&Q%T@Iﬂ%ﬁm%ﬁ](zﬁmn@dﬂ RREAE lamxb}rs%oa@mnfmécnba .05 eq. or

1. 0] hexane-2-carboxylic acid, 1, di met h
eslessp Upéostirng a IH)phaEio npKurd y;th t:h:er loyersl ecsnigedeanidzdll the solid

{ t f
e RbpreR P10 b spsBordae sonaing hEAS 4B
\g’gﬁrrxfo'lé -4 grcﬁ@arb@@yﬁc hae, -, 1-%[rﬁéihﬁet\h§§ s@@iﬁﬁ%@lt‘%istéxﬁﬁbted with 4

roxi mate 1-f anpunt of heptané. The 10 yield was
2.1l Weger(v@u&ﬁwauidde& §9ghe initial aqueous phase. HPLC quantitation gave
[1S-(1<a, 3<b, 5< 3am - azabi cycl o] 3.
AR B RR M L epenh i e AT B rechiEre
(Formula H). EXAMPLE 35 Deprotection of [1
S-(1<a, 3<b, 5<a)] - 3-(am nocar bonyl )-2 15
azB.bi cy@énr[rﬂtldn of DAMKBEMMR - car boxyl i ¢ aci d,

<11§ LRI o3l 8 RS, ek AR 6 s 35 ol

ﬁ gﬁ? mf FFPORL ket iRETE&H té&ﬁé&u%ﬂt&% WePJhd@ed 4 mL
ITEC anfl ca

stirrer and a thernocouple was charged
Wi (B6.38 1861} sndx bl-Methly nBorphol med MM p n§dljd-£¢4,6-dimethoxy-1,3,5-

L F TS o e o
g‘"ﬂ? %%H’éoﬁégxﬁr@n@Mgg@é\dﬁs? 1243% Ebsr ggﬁ}g:ﬁ at %%nﬂiemperature at

I ewhikh tif@ i68dcdink @Mhivk pasié.| THeRmperahpe rost &ope2Rto2829°C during
for 18 hours during which tinme precipitation was
obbe repetion. Chetempergre et thp geaction is kept down to minimize competing

demethylation to form di-MeO-N morfolino-triazene (DMMT).

C. Conversion of the sodium salt of -4,5-dihydro-1H-pyrrole-1,5-
dicarboxylic acid, 1-(1,1-dimethylethyl) into (5S)-5-aminocarbonyl-4,5-
dihydro-1H-pyrrole-1-carboxylic acid, 1-(1,1-dimethylethyl)ester IV
To a solution of sodium salt of Part A sodium salt equivalent to 5 g (23.5

mmol) of free olefin-acid by HPLC quantitation (V=25 mL) was added solid NH4Cl

(3.75 g, 70 mmol, 3 eq.) at which time pH dropped from 14 to 8.9. To this solution

were added enough NaH,PO4xH,0 to adjust pH to pH=6.20. Note: The amount of
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reaction was nonitored by HPLC. Methyl t-butyl ether
(MBE) (30 m) was added to the suspension and

W@ Roor052360 was continued for an additional 30 MPETUSHN3/038558
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The 25 suspension was then filtered under N2
protection to produce a white solid that

wi RhespptsEmpy pantdypengting cndhs Hutigl €xegss eﬁNﬁQHaﬁe%%anert the
r’ISI@fIAh %ﬂ‘fﬁtg%ﬂ fio e it{n%rd s8R.BR YF Sodin ALif Y88 ndhRto a
hydr och 1 F

ori

S, s&ﬁ;eﬁﬁano BMDMYIGrefadedlastbbex miart B- car boxamni de
(Formula J; 3.6 grams, 100% . -72 WD 2004/ 052850
PCT/ uszﬁwmvs%lxwater% riaferey hatr whieh fimeshs @itiadn

Calné}-ﬂ%y nl %c%gbenags%gae%ﬁy elfdé%b{heﬁ%ﬁﬁpﬁyflﬁ c[ B&H FrIrIl)J G the

| \ﬁaao'@loﬁ WSRO Elfe&! &1d efther activated DMT-ester nor ac1d were apparent in
5-di hydro- 1H-pyrrol e- 1, 5-di carboxylic acid, 1-(1,1-

dlﬂm@?mhaé‘t hyl) To a suspension of 10.4 g (25 86 mmol )

8; ggl :,}E (%é%crlegclﬁlgxﬁgﬁ(ﬂ}lgf ]|(25§r{#e\)o &% Ofﬁ] 6 i’“é% triazene

adgieqd (BMT-cfhkr) @8 albdd8ringd tthelaﬁgﬂ e(x%thmmrdf)DMemsfsSncmbMHT The
NaOH should be limted to 05 ecl or 10 | ess).

stsuppengign avasifiliseedite rfm’l%tqﬂ@dmw X %éﬁiaae@ﬁy@? Té@ad th@cphases

anSrE St e 3R henft RS VRO BB SRV faupld N
PYkPd &1} oﬁuﬂil% (agy¥é Whlo@Qh@hecltkﬁﬂm&st@ﬂ%ﬁ&ﬂn@iﬂ]ﬁhhe was

sodium salt was extracted with nmL wat er which was
addedvediremahé erigania)l The g@asgswgwagbt. andpherigluargenicatas gyashed
gav%(ljl %2 55 vv/vv) of "free olefin-acid" content in

t R0 B ©96% recovery. 15 B. Generation of

DMT 'VMﬁ%l@&ll?%lﬂﬁb@%eﬁfof&h@ﬁﬂélc&n B @v s 87-5094; uARE&Ed starting
; 5 eq in 70 nL of Et QAc

keqdeﬁn mlé af b@% thgmhaargmc was mtodwapqrawé eed azmerdpwalﬂwdrled

1ﬁhg %&?Eﬁ(ﬁ ; LgL 'ggé erla rt1a y crysgamed Sﬁle mixture was

t rdl%l\)@d 23 ¥ Il 8 KR BN ACRAP Hﬂémﬁm@mﬁ%ﬂ ABept AT -AVMIid started

started to precipitate out. The suspension containing
DB -cbhidewas Flid susgthsioarwa3Gtinedaei0°Cdon3a mnpzﬁrdaetdldrtmnal 10 mL of

which ti it hi.ck Th
r dlggegt@rltgnﬁyeglg a@%%g% Qg%pt&gélglh a? gt&r?ed for gO min teri)g}nut[ar%perature

after having been removed from the heating bath and every 30 min two additional
heptane charges are made and the suspension is stirred overnight at room temperature
to complete crystallization. The solid is filtered and dried. Typical crystallization
yield is close to 90%; the potency of the title compound IV is 90% and the DMT-ether
accounts for the remaining 10% by weight.

The solid formed was found to be a true co-crystal of title compound IV and
DMT-ether which gave a single sharp mp of 97.4°C compared to amide’s mp of
89.7°C by DSC. The co-crystal form is more crystalline and more readily comes out

of solution.
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the reaction. The tenperature of the reaction is kept
down to mnimze conpeting denethylation to form

wa@leooe28Bb nor f ol i no-triazene (DWW . 25 C.  ConRET/B5103/038558
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of the sodiumsalt of -4,5-dihydro-1H pyrrole-1,5-
di carboxylic acid, 1-(1, 1-di rretI*B/I ethyl) into
(5S) - 5- am nocar bonyl 4, 5 EXAMPL

di hyd l.e-|

1 (1. Prantfelip oSy epBEpARt SESLESgimars el 1
salt of Part A sggliavpasdittacRg(valdnietiydethy) (23.5 30
mmol ) of free olefin-acid by HPLC quantitation (V=25

rrL) was added solid NH4C1 (3.75 g, 70 mol, 3 eq.) at
whj ch

e B PORESL b Tk dr b3 aroT S o R bt bonyi

Not e:  Thf Qﬂqtﬁln&fthyletfﬁl)m 2004/ 052850
PCT/ US2003/ 038558 phosphat e may vary dependi ng on the

i niti al3 éxlomes obéthatmbmeresasided to aoheae solutien o ihygrq-1H-

! BrplieioS DicatpiBoadi 1§ iRt BR Bl B S TS o8 WD
Pfﬁ%/n%% E@ saw&e h§c6818@t5r065°‘@331‘(§1thb kbRl tvat hdded@lovly a SN

time t e Initial 5 enul sion becane a
S 48 €i6h 0N NaOH - ®atee (s whil© miajnitdiging derpiratufsy<BRL(EligHtly
reaction was conplete and neither activated DMI-ester
nexotheimicheF e rappionanixturnwasereed AR Cland stirredhentil the
reachl on condlfg ns 12-15% by wei ght of
PRE® 193PKIE i azene ether (DMT-ether) is al so

f or med gt \is1ameh ofwhRAGERcdded tolh rd¥blicndixMehind Ttareaction
suspension was filtered to renove

4 mixtlird/as disgllsl mrrdeazmmem((mmgmarﬂﬂ)Th@ nehmaze stharale To the

Zglﬁr‘:é The c %S%ﬁé anl %E}ase Ov%ﬁgm %ﬁﬁ% %‘2’8‘2]5‘?%33 stirred for

V"fl'OCrﬁ‘m ’ oﬁ?edu@ ahd %ﬁlcl\}hg&%{ ﬂa%aa)rm% u@@usVl@)?er containing the

renove the organic he phases were split and
t bediuincdaltovganparated sndvaeden PaBt h 25 nl of brine. 15
Typically solution yield of the title conmpound IV is
87-90% unreacted starting olefin-acid at 1-0% The

50 AT AR SR ol
par ti aldigarboygdicddid,Z2ed,1-dineethylethyl)e was
1 Volume of MTBE (0.74g/mL) was added to an aqueous solution of 4,5-
dihydro-1H-pyrrole-1,5-dicarboxylic acid, 1-(1,1-dimethylethyl)-sodium salt. 0.2
Volume of heptane (0.684g/mL) was added to the above solution and the resulting
solution was cooled to 0-5°C. To the solution was added slowly 85% H3;PO, (1g/mL)
to bring the pH to ~ 2.5-3 while maintaining temperature <5°C (slightly exothermic).
The resulting layers were separated and to the organic layer containing the product
was added 1 volume of 75% brine. The mixture was stirred for 10 minutes and the
resulting layers were separated. The product was contained in the organic layer.
The organic solution was cooled to 0-5°C and dicyclohexylamine (0.91g/mL)

was added slowly (slighly exothermic) while maintaining temperature <10°C. The

reaction mixture was stirred at 0-5°C for 3 hours. The solids were filtered out and
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di ssolved in 8 nL of hot EtOAc and m xed with 10 nL of
n- heptane. A solid started to cone out. The

waampesssson was stirred at 50C for 30 m n and PCT/US2003/038558
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addi tional 10 nL of 20 n-heptane were added. The
suspensi on irred for 30 mn at roomtegr%oerature

on was st !
aftashedwith Ag wdene pEhd M EBEMSRtan: eI hirgsylipg DAHA salb(1g/mL)
e y ' ddi ti onal heptane charges are nade
aﬁ%st%gggﬂéggé%%% is stirred overnight at room
tenperature to conplete crystallization. The solid is
filtered and dried. Typical crystallization vyieldis
close to 90% the potencEXAMME 33¢| e conpound IV is

90% anq,t he DNMT- L. 25 tSf L. [l

0% by eT G FrRRABon AT PET Sn Kol AT bR 2
CO- CryAabiyclef3.1.0{Herag@DRABUkyliY asiag,1 dfeetiyiethyloigMester
gave a single sharp np of 97.4C conpared to amde's np
of 89. (RormplDBE(alyy seferyed tg as wn-Ngﬁﬂ-@Smﬁbamprolme)
crystalline and nore readily conmes out of solution.

30 -74 WD 2004/ 052850 PCT/ US2003/ 038558 EXAMPLE 35B
Prapar 3trep4ratibon &f (B O Mtsthifopyalite thyl ester

4, 5-di hydro- 1H pyrrol e-1, 5- di carboxylic acid,

1- (1, 1-dinethylethyl) 5 A Preparation of the sodium
salt of 4,5-dihydro-1H pyrrol g 1, 5-dicarboxylic acid,
1- (1, 1-dinethylethyl) 3 Volu of ethanol were added
to a toluene solution of 4,5-di hydro-IH

pyrrol e-1.5-di car boxyl i cac‘?ﬁ,/"' 1, 1-di et hyl et hyl )
(about 15wt %to 25 wt ¢ C{Ig/ pPEt The sol ution was
cooled to 0-5C. To the sc%ﬁtl on was added slowy a 5N
10 solution of NaOHwater (2 eqs) while maintaining
tenperature <5C (slightly exothermc). The reaction

m xture was warnmed to 20-25C and stirred until the

react i onflams-deiedpHetied flath inhgnotis sofringhtves chuegel wdld2a@ g of

L CNATTCE I G
e3P0 ookl LBy BRSPS, oSl v

cooled to -30° and charged further dropwise with 16.58 ml (18.24 mmole) of diethyl

zinc (1.1m solution in toluene).

A solution of 2.66 ml (6.43 g, 36.47 mmole) of chloro iodomethane in 2.2 ml
toluene was added dropwise while keeping the reaction temperature between -25°C
and -30°C. The reaction was kept at -20°C for 16 hr. The reaction was then
quenched with 22 ml of half-saturated bicarbonate solution and warmed to room
temperature. A white precipitate formed which was filtered off over Hyflow (filter
aid) and washed with toluene (ca 10 ml). The organic layer was separated from the
biphasic filtrate and washed twice with water (11 ml each time). The organic layer
was evaporated to dryness to give a yellowish oil (2.33 g) which was N-BOC-
methanoproline ethyl ester (mixture of syn- and anti-(8:1) isomers).

The above procedure was used to make large quantities of the above mixture

of isomers sufficient for use in the next stop. At 20-25°C, 3.40 kg of the N-BOC 4,5-
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10 m nutes. Aqueous and organic layers forned. The
aqueous | ayer containing the sodiumsalt was

waapansassd and used in Part B. B. Preparation BET/US2003/038558
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di cycl ohexyl am ne salt of 4,5-dihydro-1H pyrrole-1, 5-
20 djcarbqxylic.acid, .1-(1,1-di methylethyl) 1 Vol une )
T £ S R YV A PO RSEATS) eie Y BCBpaby sirred

4, i xdre. 1)481085 ety hhH QML AFindFd i
1-‘%‘}1? ?Z?‘%?@%‘%Ql yo<odrum oa REHHFip3deh) under a nitrogen
hegonasphefe0. 6849/ nL) was added to the above sol ution

and the resulting solution was coqled. to

0-5C. To the
sol ut i dMiEemplEieIsacianafiy misdyreppeailyted pith)S. bisl wafer and 5.17 1
bri h ) ) . . i ‘ .
<SUTBE 448 Ried Branirni Sl hefe BN oqoEHBE Phe bianic
S elpgdt atag Avaslned wich 5.h2 1 aaganiThe teayleihg oggahRi layen gvak keaporated
product was agded 1 volunme of 75% brine. The m xture
welgaaum, TamxMgrCno constantaxcigiid the resulting layers
wer e separ Jhe pr ct nt ai.n i h
or gani c‘&) aegil‘&e&sz'sl%]ﬁeg ?}?‘glggf?"é '%’g?@etﬂi?ag'ﬁpr\%?ilg g%‘éér ee%‘”?%gé-”é"é 74%)
anghsiibeaigddohexyl am ne (0.91g/n) 30 was added slowy
(slighly exotherm c) while naintaining tenperature
<10C. The reaction m xture was stirred at 0-5C for 3
hqurs. Jhe solid Lltered oqut and -75 WO
2dba o8sy Dah TaIE brmdbiotting"\ (10 5 vol ume
of 1:1 MIBE/ heptane. The resulting DCHA salt (Ig/nL)
was dried and recovered. EXAVMPLE 35C 5 Alternative
preparation of [1S-(1<a, 3<b,5 ] -3-(am nocar bonyl ) - 2-

-

azabi cycl o[ 3. 1. 0] hexane- 2- car poxyl i ¢ aci d,
1, 1-di met hyl et hyl , et hyl %st en_ /[ Formula H) (also
referred to as syn- N-BOC ,qs{rre proline) A

Preparation of (s)-BOC-4,5\nethanoproline ethyl ester
10\ O COCEt A flane-drie -necked flash (magnetic
stirring) was charged with 2.2 g of

4, 5-di hydro-| H pyrrol e-1, 5-di carboxylic acid,
1-(1,1-di nethyl ethyl),5-ethyl ester 15 (2.20 g, 9.12
mol e, A séldlioradtR. 22kgtyroN-BIDE 4 Lingehagoprdltig: ¢tkyedtén (8BOC-

Sol\l/IIL’I]tEIIE)OiTl IVE)Ia288 | ethanol is prepared. To this solution is added at 20-28°C a solution
made of 0.51 kg lithium hydroxide hydrate in 5.07 | water. The reaction was
performed under inert gas protection (nitrogen). The reaction mixture is stirred for 14
h at 20-25°C (IPC). After complete reaction, the mixture evaporated at 40°C
(vacuum). The resulting oil was taken into 25.70 | water and 25.70 | MTBE and
stirred for 30 min. The organic phase separated and the aqueous layer is again
extracted with 12.85 1 MTBE. To the aqueous phase are added 25.70 1 MTBE and the
pH of the mixture is adjusted to pH 2 by addition of 1 N HCI (ca. 12 1). The organic
layer separated and the aqueous phase was re-extracted with 12.85 1 MTBE. The

combined organic layers from the previous step are evaporated to dryness to yield

1.88 kg syn-N-BOC 4,5-methanoproline (8.25 mol %, 82%).
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cooled to -30 and charged further dropw se with 16.58
m (18.24 mmole) of diethyl zinc (1.1lmsolution in

wo odowesesya A solution of 2.66 mM (6.43 g, 36.4PCTTIe1083/038558

10

15

20

25

of chloro iodomethane in 2.2 mM toluene was added

dropwi se whil e keefﬁj-ng the reaction tenperature
beEweerPrepgationmiy (I%b M]-ﬁéamnmrmlkkpt at

-20C for 16 reac u t 2
m of hafla% §§Plj’r’apﬁ‘8 car ona @c aaﬁu%’?bdemga'ﬁe{/t\g&lét&%
to room tenperature. A white precipitate fornmed which
was filtered off over Hyflow (filter aid) and washed
with toluene (ca 10 m). The ani ¢ | ayer was
separated fromthe biphasic filNrate and washed tw ce
with water (11 nml each tine) NIfe organic |ayer 25 was
evaporated to dryness to girvie a 4,0 sh oil (2.33 g)
whi ch was N BOC- net hanopr bl®ne et )7I ester (m xture
of syn- and anti-(8: 1) isdners). The above procedure
was used to make | arge quantities of the above m xture
of isonmers sufficient for use in the next stop. At
20-25C, 3.40 kg of the N-BOC 4,5- -76 WD 2004/ 052850
PCT/ USZNOBk HSB5IS BO O hartpnoprotiee &t lissolesd 'mr40((iﬁ XTHF end
of s and anti-isonmers) were wﬁgorously stirr

V\AQOHYOQ ta 71K (Toshsaniymse )s agdded b ke Ay Metiil ﬁ@rm@émeﬁ?(?)n To the

ir e iof it Sien il 1308 et R AR sl ANl PG Getion
téi?lpéram'i_’e MBRopaesd iseCeh fiep LomPRiRIditRnthWhi&8re is stirred for

bef ore phase-split occurred. The organic |ayer was
wedheih ati-10°CP1/IPC latNeMetiHenarpisaline ihydroohlgade prekipytates from
was evaporated (vacuum Tnmax 40C) to constant wei ght.
Atk)?éqaﬁtl%?mﬁ‘@ﬁ kg syn- N-Boc- 4, 5- met hanoprol i ne et hyl

ngt gr ! %@% ":Hllllgﬁlcl)@plrso | ng@'?& %'°E%g%&]5]9 B‘ﬁrgeﬁrv‘?epé‘@?stlhf%?tube
with ammonia (0.79 kg, theor. 5.00 eq.). Then the reaction mixture is warmed to 20-
25°C and stirred at this temperature for 4 h (P2, IPC 2). To the reaction mixture is
added 40.00 I sat. brine. Then the pH of the mixture is adjusted to pH 4 to 4.5 by
addition of sat.potassium bisulfate solution. Then the organic layer is separated and
the aqueous phase is again extracted with 20.00 | MTBE. The combined organic
layers are evaporated to dryness. The crude product is dissolved in 8.00 1 butyl
acetate at reflux temperature. Product precipitates at ca. 30°C. On start of
crystallization the mixture is slowly treated with 20.00 1 heptane and further stirred for
another 2 h. The product is isolated by filtration. The filter cake is washed with two
portions of cold butyl acetate/heptane (1:4), 1.6 | each, and twice with 2.00 1 heptane,
each and dried at 30-35°C (vacuum) to yield 1.64 kg (7.22 mol, 82%) syn-N-BOC

4,5-methanoproline amide (s-BOC-MPA).
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15 A solution of 2.57 kg syn-N- BOC 4, 5- net hanoprol i ne
ethylester (s-BOC- MPEE) in 10.28 1 ethanol is

w@e@pasmsd) To this solution is added at 20- 28QP@Tr/US2003/038558
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25

30

solution made of 0.51 kg lithium hydroxide hydrate in
5.07 1 water. The reaction_was erformed under inert
gas protection (nitrogen) EXAMPL ion mixture is

g{@ grgtg th(}nd'% %f‘ui-ég %\l}ég(g gglifdg))gtﬁ&%QBng{r@ajtﬁc ne-1-acetic

Th eaélaqpbntmﬁlm V) to foaA (t@sa)eth[[(nucmaﬁtﬂﬁethomt@rbmd]ammo] 3-
25.70 1 MIBE and stirred for,,30 mn. The o&?anlc

phase separ ahpdroxytrieysto[h3ddd(idecaneet-aceficagid, V1)
extracted with 12.85 1 MIBE. To the agueous phase are
added 25.70 1 MIBE and the pH of the mxture is

adjoafuds VIAdid! 2 by addition of 1 N HO (ca. 12 1).
The organic |ayer se(g’ar ated and th aqueous phase wa

r e- ext r(aes)e@a gutne- 3rny exytrioyrBE3 . 3 thie” s cangniohedig acid (Formula V)

9@?? é}% Sﬁg;{lerés was alsgg\r/q%i\élhg%ﬁcof{é E@%SHe(g WS 8Stn(;“lgles 2.4
gb%ﬂ%kh@gﬁm dsOplftlr 3(3.\3@2% With §%?ﬁperat17r3 pY¥Be and a pH probe.

528 CT/ US2003/ C. Preparation of
[ 181K G_kéht;tsj ma}ldedgto(tbqﬁqmjmr tSohig BocgO was then added and the

azr%ﬁ:lallc é‘feé?’ﬁi/ tlnée Er%b%né%r{h%gxylbe gorgl%le%k%ately 1 hour. EtOAc
?&2— itk BXastthen ARted QRN dah&redhisiag bvRfic dﬂd%@u&@s la%lers

cooled to -15C. To this mxture is added
kgweme mw«:d rfbhqnfb bf the agm)ls layer waSeadJusé@ctm?dthcmcgmteated

¢ T ARG s s Bk afda SR ER St dadpd Glower the pi
AftB %pl%semltagq agd Itstm%lﬁrﬂ@omdﬁtcémﬁtédqq@t adde@%wlo #0. The

30 mn at C (P1,1PC 1). N Methyl norpholine
hydlgaihamt dqueoyrleyirpivemtagsinfseparated hiad theagudoon layr:ww extracted

The r re.is vvar dto -5 andthe

Rt g SAC &ff ?ﬂlt%réﬁbgfhemaﬂw iR e BeyrRne] HEgreshed with
5\l Sd 1k rfn'a 3 liRRAG! TRE WakRddWYrBariS »Vé’s%&?dr?&i ith
Cﬁgare(g set:risrre at GEt E]Fezs@t enper at urég% cl)r aﬁﬁ{] (P2, W

2)Na2$04 ahd coreantratedonra xitewap at soom temperature until dryness The yield
was 542 grams of (<aS)-<a[[(1,1-dimethylethoxy)carbonyl]amino]-3-

hydroxytricyclo[3.3.1. 1*"]decane-1-acetic acid (Formula VI).

EXAMPLE 37
Coupling Reaction to produce 3-cyano-(<aS)-<a-(3-
hydroxytricyclo[3.3.1.1%"]dec-1-yl)-<b-ox0-(1S,3S,5S)-2-azabicyclo[3.1.0] hexane-
2-ethanecarbamic acid, 1,1-dimethylethyl ester (Formula K)

A 2 L three-necked flask equipped with a thermometer, a mechanical stirrer
and a gas inlet was charged with (<aS)-<a[[(1,1-dimethylethoxy)carbonyl]amino]-3-
hydroxytricyclo[3.3.1.13 ""|decane-1-acetic acid (Formula VI) (50 grams, 153.8 mmol).
THF (200 ml) was added and stirred to produce a clear solution. The solution was
cooled to -6°C in an acetone-dry ice-water bath. Methanesulfonyl chloride (Mes-

C1)(13.1 ml, 169 mmol, 1.1 equivalents) was then added as a single portion followed
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15 added 40.00 1 sat. brine. Then the pH of the
m xture is adjusted to pH4 to 4.5 by addition of

WG 2at04psa8a6si um bi sul fate solution. Then the orpemigs2003/038558
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25

| ayer is separated and the aqueous phase is again

extracted with 20.00 1 MIBE. The conbi ned organic
| dyediisoprepylethzlanying @4 mloSHt prws <. 1 sHEvalentge Tg'ﬁoduct i's

di d?;r%(gé é&))ﬂetlhyla%ng)e W%ﬁ &H&%X Llo &lefh ‘f)elt%d 5?&(&@8@4 n&utes to kteep the

rodu preci at es‘a
Oflnt%i?hapfe fitlhre HalowogPCY melerfe@chum ﬁnktﬁresdvﬁmitiyreﬁ neeteshtil all acid
wth 20.00 1 heptane and further sti d for _another

2 Was cvhvéerﬁerlcs@i mixed anhydiadeat(d8, 35553912&2?@95/069[3 htHeexaneBer

Cak gf‘%‘}lh gé-{y rocm(oillaﬁ§a\llilp (f2goé‘£ dgzﬁ)o?};rﬁgp |1 q &,Q]g \%ietnhs) Ean 0

1 rgﬁmxgn@zotrﬁaaa (HOBTIN(i .04 gAins30-63mbol, 0ASWAtvaleatsy wetethen
kg (7.22 mol, 82% syn-N-BOC - 4, 5-met hanoproline

amdded s St PPN apg theAiskmas ommg fggpthe cooling bath. The

PCT/ 82003 03855 I\/PLE 3 f

( Jgasfion mix %\ga%s H’g; (g})tn} el Cfa gf&o;%lﬁ%é %‘?d REn left overnight at
degameemp@e@id. ¢ acid (Formula V) to form

(<aS)-< ?[(1, 1-di met hyl et hoxy) carbonyl] am no] - 3-
hydroxytricyclo[3.3. 1.13' 7] decane-1-acetic acid,

(M) 5 Formula VI Acid

(<aS) - <a- am no- 3- hydr oxyt FWFB‘FSSSS 1.13' 7] decane-| -a

cepgC ??bﬁlcﬁtﬁpﬁm‘ﬂag? h- anﬁﬂ@—% l%rd? trity818[3R1.237] dédsne-1-acetic

di ssolved in ice co iters, 5 noles, 2.4
eq uacid|(Eotrsilai Y) ta fphas(éaﬁp‘i:a[[(lérdlgm@mﬂg@gxym canbenyl]amino]-3-

el it T 3 et - Geidh d e atipibio g tane so

and the reaction m xturempygpmutd VIAPd at ambi ent
tenperature for approxi rrag ely 1 hour. EtOAc (4
| i Eoemaila WA (DABCOddY with stirring and the resulting

he Aadebiterply oA e e aEBEOT S5 145 L bl PA Qareca
quto Fofon(of chl jo‘gf(ﬁéjs M‘ﬁﬁ)lé)rb% BxARERB A mABAVT éc%ﬁ‘a' 300 ml of

was added to [Nower the 'pH 15 to approxinately 1.
Theopronwlacamb UBthybfcetasn oA tmgtveas didiged dife thombovs fe@ctndn

;II}EIX{LH‘% {1}@6 %1% %&ﬁ}y?us ltgiig{)ée{)\g&%etgt%% ?0 %i%oaéﬁg The
reaction mixture was seeded with Formula VIA DABCO salt (200 mg). The reaction
mixture was stirred vigorously at room temperature. Water (5 mL) was slowly
charged to the reaction mixture and the reaction mixture stirred vigorously at room
temperature to induce crystal formation after 15-20 minutes. The reaction mixture
was stirred for 16 hours at room temperature and the reaction product was filtered in a
Buchner funnel. The solids were washed with ethyl acetate at room temperature and

dried at 50°C in vacuo to give 47g (79%) of the Formula VIA DABCO salt.
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with EtOQAc (3 x 3 liters). The organic |ayers were
t hen conbi ned and washed with water (3 liters) and

whediones383 | i ters). The washed organic | ayer waBCT/lig1003/038558
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dried with Na2SO4 and concentrated on a rotovap at
roomtenperature until dryness. The yield 20 was 542
granms of (<aS)-<a[[(1,1-d et Y P@t}?oxy)car bonyl ] am no]

Z3- hydr oxyt d
(Formil a ) CoutBhERFat dprbnfs e Qa6 G

3- RydroRyfrieg8b[3n1.0371d6c- -1-yl)-<b- oxo—(lS 3S 53) 2-azabicyclo[3.1.0]hexane-
hydroxytricyclo[3.3.1.13' 71dec 1-yl)-<b-o0xo0-(1S, 3S, 5S)
- 2- azabi cyethsnecarbaptie peide I@Wﬂﬁﬂ%bﬂr%&h@oﬁwb K)

1, 1-di |

b1 B R 505560 v
Stdndla8ias irdétdvaR cﬁé‘@ed Wltﬁt(<m3<a‘[f(@flq&ﬁhem?r1&hoxy carbonyl]ammo] -3-
(<aS)-<a[[ (1, t hyl et hoxy) car bonyl [ am no] -

hmdmxytrrqyelyba %psggdqcawlﬁcq@%m 1,4 é@é@hl@vcaﬂé 2]octane salt
l,a
V\E@ BI&% %XYQ]{“P( &m ’r ed omﬁi@de caéedal)n AP P—g l(,lfllqgl’qu zﬂ?ewas

SQlddbd aY med t6 pRIdack 4 Slu CTh@slﬂ %@E@(ﬂ@d 8 0°C in an ice-water
i ce-wat er bath. Met hanesul f ony I ori de (Mes-

Cl bagh Methapesulfergyl ghtoride (Mes- Qb)(ﬁ 1/55m1e!:.n1t4s€§5 ma@l,tlh%m%‘cﬁi@m@ was
fo 9 WO 2 4/ 0528
i R0 55 o SRkt R e YET P bR R atnia 5%k . 40 mmol,

5395 sRValents)] @@ WiYsHrepyIsthylahiie wali ddaepslonn) @«Iehfd'p@t%d’l@f about
was added slowly over a period of about 4 mnutes to

k eminuites to kegpethe mtem@lrtp@pemw@ﬁ@w &V 8Che maetiorempttirgvas

(r:n oﬁﬁxlt&fg{i f@lg@@ffgr :lrei) gpélauq gﬁl 381d V(af%lgrll\é&ted b miS anhydride.
S,(3 §)3325 a&%hfil)é?élé’[ha (?h@;la‘ﬁ@&%@b&aﬁn&%ﬂ%@[ﬂrﬂﬁ salt (2.42 grams,

hydr och I oride salt ranms, 200 mmol .
e gl minend Is) e@tndalemy)chndwmzbnnzommle (HOBEYY 77 mgol57 mmol,

g i val e wer e added in

o Eh et visie Hish see e oSt b el R frhoved from
c QHJ: téin rrg%taﬁl ”lﬂ%%ac’h@ﬁ‘%lkﬁfb Whedtied aY\ﬁﬁmﬂeh{ﬂei%@m@tfor 2 hours
roomt enperature hours and then | eft overni ght
atandrticonteft emprarght atrreom]temmE 38 BOC Protection of
(<aS) - <a- am no- 3- hydroxytricycl o[ 3. 3. 1. 13" 7]
decane-| -acetic

EXAMPLE 40
Dehydration and Hydrolysis to Produce 3-cyano-(<aS)-<a-(3-
hydroxytricyclo[3.3.1.13’7]dec-1-yl)-<b-0xo-(1S,3S,SS)-2-azabicyclo[3.1.0]hexane-
2-ethanecarbamic acid, 1,1-dimethylethyl ester (Formula L)

Pyridine (6 equivalents, 922 mmol, 74.6 ml) was added to the reaction mixture
of Example 39 and the reaction mixture was cooled in a cooling bath to -8°C.
Trifluoroacetic anhydride (TFAA) (4 equivalents, 616 mmol, 87 ml) was then added
slowly over 6 minutes while keeping the temperature below 10°C. The reaction was
stirred at 24°C for 0.5 h and checked via HPLC (30 ml, 0.5 ml AcN, 0.5 ml H,O) for
the disappearance of Example 37 Compound K.

The reaction was then cooled in a cooling bath to approximately -3°C. NaOH

(5N, 6 equivalents, 0.925 mol, 185 ml) was added to the reaction over 10 minutes
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acid (Formula V) to form
(<aS)-<a[[(1, 1-di net hyl et hoxy) carbonyl] am no] - 3-

whyarosss0 i cycl o] 3. 3. 1. 13" 7] decane- 1- aceti ¢ acPdr/US2003/038558

10

15
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25

1, 4-di azabi cycl o[ 2. 2. 2] octane salt 15 (Formula VIA)
For mula VIA (DABCO Salt) 1, 4-D azabicyclo[2.2. 2] octane
( BABEOYs PH 50).9)1i5leimpinisinipg W@seaman treapergtytedetow 10°C. Aqueous

U1t 15 el tatits, ARG Rt i se i s

( }éﬂuﬁkkt{%@&aﬁ@ém ged, danH 1t1h1q RO Y& cli&ARhd AMHwAR to run for 7

m xture 'ume ratio of ethyl acetate: 1sopropyl
adeues 49 roibutesnThd Bﬂctmm Was dneplete evdheh iabh mntmnxddlates wers hydrolyzed
seeded with Formula VI A DABCO salt (200

G penBmApiak Seir el VA ET B b SIAGLLS IO
tenmper gl f4iQ. (Y(\ﬁﬁl?)rw%ﬁ?{ﬂ;gdd\é@? e OWc¥on FIALASHARe }elgl?lting

reacti on m ure an reaction mxture stirred

Viageésudahyt ofanicOrs WerdReparited. eThoorgalt tyecwystadhed with 500
formation after 15-20 mnutes. The reaction m xture 25
wasl byiffer pelutionni2M BsRurld oo fToemrmperainie rasrot2ReC from

AL FRABSENE R  FSPA A3 B R

t er =
( ;\g}% (?}O%ﬁ eﬁ{ég)rr%ml da @;\Q/S @55[1)1’%% ggh;haéémd%%ﬂ&?erﬁglﬂnon aq. V=

% (e)XaBéD{Ifli)lgEHtEigZ P@ﬂﬁlﬁgﬁ%ﬁﬁ&ﬁ'&%(; ?@GMRLE =38000miy dI.02gv% pyridine.
hy GRS Wot %ﬁ% “@t%f%?égnnl]qbr %Vyr)'fgisﬂo% =(143-804ns
SRR MBI b A O o
t H eel76enikpH =f6.5180engibdedt. Vit lorgentcheasmasbedw;th300 ml half sat.
L
2?’\2{_;‘9?(35t Y6 lvﬁg? cﬁr&l]t%fﬁ% ne ait tl{rre 6t 4 n‘?(ﬁlféresd t?:ough 50g

|cyclo For nu
grséligm, washed 4vithraok 25 pﬂ@@Ae,dorgmlEW&ﬂﬁi(EmB&yrlﬂﬁﬂE O((BlSV/n‘V )
was added and stirred to tW&Suce a slurry ? %L
was coéﬂ@d)rg@l@evqrnvaéﬁ Gredistilisdde aamowaialtply 133 ¢ orghnic

&aslﬁﬁ%h' If(Frol S1’1)r ﬁﬂmdélgtflé %ﬁu&&f?@gﬁ‘gk ohd¥2 1% rql %é%or tvmi@édded

equl va en a Sin

f Qideﬂ%dmb)andi tHeshpryoRittedtavyinigtitn €3 Mhéﬁtan%@a%hd overnight.
3.5 equivalents). The diisqgpropyl et xl am ne was added
sI'Bw pixgie iwa&stbréqq weleptly ggggﬁtmmutes with mechanical stirring. The solids

were filtered off and the cake was washed with 50 ml 5% EtOAc/heptane; 3.4 g
product was found in 8.86 g crude after removal of solvents from the mother liquor.
Dry product crystals were heated at 50°C under vacuum overnight. 467 g product was

obtained ~73%, 96.6 AP.
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4 mnutes to keep the internal tenperature bel ow 5C
The reaction m xture was stirred at OC for 10 m nutes

waedolosmd aci d was converted to m xed anhydri BEeT/usfH03/038558

10

15

20

25

(1S, 3S, 5S) - 2- azabi cycl o[ 3. 1. 0] hexane- 3- car boxamni de
hydr ochl ori de salt (2.42b8rans, 14.9 mol, 1.3
equi val ents) and hydr oxybEXAMPLEAI e (HOBT) (77 ny,

o ool oL PeBiptestEnin bR d e S S SR E ey
Ccooly gasoﬁ@hb;%aﬁb@ f. F’afde'cqnylﬁnllﬁx‘ééﬁlﬂ]aﬁa%méfcﬁq3 10 R&@e-3-

tenpérature hours and then l'eft overni ght at
room t enper at ur ecamonmm@om @ehEnranila Mand

hydr gLf#?#ySée@,Zﬁﬁ) SRR )l g et gro-018.38.55)
ig?%ﬁé}cla @f{ﬁle%lﬁet[lﬁaelar%mfb%ﬁﬁq - &’inf&}g@a%@mamoﬁnula

hyl et hyl ester (ForrrufaL di ne
( &)éomgnaaisehl 84 n@ﬁﬂeﬂ)mab chargedaroral throgenscleadcfiask equippesl with a

reacti on m xture . d reacti.on
B OBt EEUTBiFa] ST B0 St il PO GoL Sporititely 45 to 50 ml,
Tr\ﬂlislaH@&Pl%%%fﬂeGe @@f&)ﬁ%’ohﬂf@n( B:oﬁ@t?ntx@fedqq’@l (saoaht 37%548%, 36.14

hen added slowy over 6 m nutes
wimthelek, eSeqajuing ] dnte W%I&‘{k@d&ﬁ wam eaipmvette@nd Theercadmomiigiure was

mstlrreg ki e e peodipec bt 65 8 i abien iy t gkt wes
uﬁé&‘fﬂ}' leto% Eggoﬂﬂgrééctlc;l;hﬁn{tﬁ%%ds%nyﬁﬁea Qed"seﬁ%{(ﬁ? funnel

|na000|ng to approxi mately -3
equd visd laydrs of (hc Q%tlmmmxtm&SNm plowsd @ddpatateantd he:lean phase

RS b e DR S g macely 6 with 25%
i [N el ow 10C.
m@)ug hllﬁg%gﬁl(n gp%gtﬁé e}a%%%éﬁ)mﬁlc’gnt s, dissol ved

in 510 s*aiteJxB@)n YaRs aﬁdgdrf@mwdl@admtmutdsso@t@ypawm (kPA; 2 to
= 8C, a pH 11 1). The reaction was allowed to run

f Grmi to ey lien fllowved Diaddisiae of sptiviadenznss (0168 ml of a

wh |
arief brae R SRR Ep R adEby it Sheits v spdipm ergote in
0.6 il ofidler). THe@hGaiti Qoﬂi‘u}n beasodtd @(ﬂuﬁddﬁds then hdided in

reaction m xture and the resulting aqueous and

ordgemvise fashion yiamraddiiopfurnedd Therresulging sascdon mypreygas stirred at

Wargcr)]r%%mperature &))r 16 to 24 hours. Solids in the reaction mixture were then filtered
on a Buchner funnel and washed with water until the solid géve a negative test for Cl-
with AgNOs. The solids were then washed with heptane (10 ml) to drive off the
water, air dried on the funnel, an dried in a vacuum oven at 35°C until KF < 5%.

Yield was 79%, 4.1 grams.
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m buffer solution (2M H3PO4, 1M NaH2PO4). The

tenperature rose to 23C from 15C, addition tinme: 5
woreovd/osmen V = 560 mM pH = 4.5, 32 ng product byT/HP10C3/038558

org 10 V = 1,080 m. The organic was washed with a

second 500 m buffer solution; ag. V= 780 m, pH=

2.5, 415 ng product by HPESAMPLEA2Z Vv = 800 nl, 1.02

v/ v% p)ﬁidi ne. The organi ¢ was washed with 300 ni

brine; AETORFULO mM, pH= 1.8, 20 ng produced by

HPLC. The organic was washed with 130 nl sat. NaHCO3

solution; ag. V =176 m, pH =_6.0, 780 ng product.

The organi ¢ was washed with 3009 half sat. 15 brine;

aq. V=330 M, pH=5.2, 25 ng{product; organic V =

650 m, pyridine 0.045 v/v% 5J)g Darco was added to

the organic and stirred for 5 iltered through 50

g silica, washed with 4 x 2b organic V =

750 m, pyridine 0.04 v/v% | ayer was then

distilled to approxigatel rganic was

stirred for 1]hour ufjtil

133 m hept an

slurry stir

over ni ght . The m&ture ly for 20
m nutes with nechanical 'Stirri olids were
filtered off and the cake was ith 50 m 5@i
Et OAc/ hept ane; 3.4 g product “was fow in 8.86 ¢

crude after renoval of solvents fromthe nother

5 liquor. Dry product crystals were heated at 50C under
vacuum overni ght. 467 g product was 25 obtained -73%
960 prosince frgpbanoM004/ 052850 PCT/ US2003/ 038558 EXAMPLE
41 Deprotection to produce (1
S, 35,55)-2-[(2S)-2-am no-2-(3 hydroxytricyclo
[3.3.1.13""] dec-1-yl)-1-aet hyl]-2-azabicyclo
[3.1.0] hexane-3- carbonitfile, benzoate (1:1)(Formula
M 5 3-cyano-(<aS)-<a-(3-hydroxytricyclo[3.3.1.13'7
] dec- 1-yl) - <b- oxo- (1S, 35,3
2-azabi cycl o[ 3. 1. 0] hexdng
1, 1-di met hyl et hyl este
nmol es) was charged tg
wWth a thernoneters tirrer, and a gas
inlet. EtOAc, approxing O mM, was added to
achi eve a clear solutyn. Congentrated HC (3.00 m,
37% wW w4 36.14 H,N

hanecar bam ¢ aci d,
L) (5.0 grans, 12.04
ked fl ask equi pped

MI

NC

10 Example 38 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
stirrer, temperature probe and N, gas inlet. Reaction occurred while maintaining
reaction temperature within the range from about 20 to about 25 °C. The reaction

15  mixture was stirred for 18 hours, split into 2 phases and the top aqueous layer was
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10 mol es, 3 equivalents) was added at room
tenperature and the reaction mxture was stirred

waedoilosmseol i d was produced. Water (30 m) wasPCTER2003/038558

10

15

20

added and the m xture was stirred for 1 to 2 m nutes.

This reaction m xture was transferred to a segarator
f wotedted. dhalthelaguécary dayer was added m&wﬂwwhmrﬂe&ﬁ ), wed water (720

~Seed My BRGEE G DhhaoRd S IR S boo %0

appr oX L Coist BorRAYimd it | gl nt ai i ng ¢ he

t enperature ow 25C. Sal't exchange was then
performed by addition of isopropyl alcohol (IPA; 2 to
3 m) to the aqueous |ayer follqyi@d by addition of
sodi um benzoate (0.65 m of a sodium benzoate
sol ution prepared by dissolving 2.6 granms for sodi um
benzoate in 6.5 m of water). _J¥ke renmi ni ng sodi um
benzoate sol ution was then ag [ i
fashion via an addition funne¢l{ Thej|resulting reaction
m xture was stirred at roomjtienperatuyfe for 16 to 24
hours. Solids in the reacti Qi Xt re then

a':’

filtered on a Buchner funnel with water
until the solid gave a negatdve test/ for \O- with
AgNGB. The solids e z 5 i
m) to drive off tﬁ@'\?\gbér, ai
an dried in a vacuum oven at KF < 5% 25
Yield was 79% 4.1 grans. -83g0\0 2004/P52850

PCT/ US2003/ 038558 EXAMPLE 42 Depr ot ion of L OH O
ONN HOL NCS5 to produce free base M OH

he funnel,

(identified by HPLC) (Formula L") was treated with methylene chloride (6L) and
water (720 ml), and 5N sodium hydroxide solution (~ 600 ml) was added dropwise
while maintaining reaction temperature between 20 and 25°C to adjust pH between 9
and 10.5. NaCl (120g) was added and the mixture agitated for 20 min. to form a
phase split. The organic layer (6.2L) was collected (contained ~ 174g of compound
M’) and the aqueous layer (1.75L) was discarded (contained 6.5g compound M’).

The organic layer was washed with 1% NH,4Cl brine solution (450 ml). (1%
NH,CI brine solution contained 1g NH4Cl, 25g NaCl and 74g H,0). 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.

Ethyl acetate (~ 4L) was added to the organic layer while CH,Cl, was distilled
off at 25°C/50 mm Hg. Distillation was discontinued when a final volume of 2.5L
was reached. The organic layer was polish filtered to remove solid NaCl and was
concentrated to ~ 1 Kg (~ 170g of compound M’ in 1L ethyl acetate) GC analysis:
DCM < 0.1%. Water (17 ml) was added dropwise and after 10 min. crystallization

began. 17 ml of water was added and the resulting slurry was agitated for 30 min,
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HZN NO M NC 10 Exanple 38 conpound (L) (300g, 0.723

nol , potency of 90.6%, nethylene chloride (3L),
woredonasasto (288 m, 7.23 nol) and concentrat ed PGHY2003/038558

hydrochloric acid (288 m, 7.23 nol) were charged to

a 3-neck 12 L flask equi pped with nechanical stirrer,

t dfiltseedathercakppeshedarith ethylgaetateand drieatat indar vaewn oegive 186
whi |l e mai n{ ai ni. eaction tenperature within the
raﬂfﬁgmpi"ﬂﬁfgfbc}ﬁ?qg%{/"to about 25 C. The reaction 15

m xture was stirred for 18 hours, split into 2 phases
and the top aqueous |ayer was -84 WO 2004/ 052850

PCT/ US2003/ 038558 collected. To the aqueous | ayer was
added net hyl ene chloride (6L), and water (720 nl),
and 5N NaOH (-600 m) was added dropwi se to adjust pH
to 9.0 - 10.5. The organi c phase containing the
hydrochloric salt OH HCI NH2 NO 5 NC (identified
by HPLC) (Formula L') was treated with nethyl ene
chloride (6L) and water (720 m ), and 5N sodi um

hydr oxi de solution (-' 600 nm) was added dropw se

whi | e nmai ntai ning reaction tenperature between 20 and
25C to adjust pH between 9 10 and 10.5. Nad (120g9)
was added and the m xture agitated for 20 mn. to form
a phase split. The organic |ayer (6.2L) was collected
(contained - 174g of conpound M) and the aqueous

| ayer (1.75L) was discarded (contained 6.5g conpound
M). The organic | ayer was washed wth 1% NH4C bri ne
solution (450 mM). (1% NH4C brine solution contained
|l g NHACLl, 25g NaCd and 74g H20). Fromthe 15 resulting
phase split 6.0L organic |ayer was recovered
(contained - 176g conpound M in solution) and the
aqueous | ayer (0.45L) containing 1.4g conpound M (-'
0.4% was di scarded.
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Et hyl acetate (' 4L) was added to the organic | ayer
while CH2C12 was distilled off at 25C/ 50 mm Hg.

wheaiiokisad i on was di sconti nued when a final voPCmESIN3/038558

10

15

20

2.5L 20 was reached. The organic | ayer was polish
filtered to renpve solid NaCl and was concentrated to

- WHAQT IS CIAMED ISonpound M in 1L ethyl acetate) GC
anal ysi,s: ,DCM < 0..19 (17 d
i opu 96 o eneepa tEpHAhE il oIS L, 17
m of water was added and the resulting slurry was
agitated for 30 mn, -85 W) 2004/052850

PCT/ US2003/ 038558 filteredR'the cake washed with
ethyl acetate and dried at ft under vacuumto give
186g of conpound M, yield 81% -86 WO 2004/ 052850
PCT/ US2003/ 038558 WHAT L% ALMED |I'S: 1. A conpound
conprising the structurg mula lA R R2R3IA
5 or a pharmaceutically abl e salt thereof,
wherein R is sel ected A he~gLoup consisting of H
and OH, R2 is sel ectet u.“r' group consi sting of
-C(=0) -COR4, -C(=0O) NR5R&, -\ ,, - COR4 and

-C-NR R8COR4, 10 whereifi X is a halogenjA n is from
1-2 R4 is selected fromthe group consisting of

O alkyl, NH2 and OH and R5, R6, R7 and R8 are each
S rOFE .St H and 15 COOR9,
R el b AN SRR MRl 1\t ed al ky! :
and R3 R'sis selbeed fomfthogioup eoisting of Bnaid<diing of H, OH

and R10,, wherein R10 is o 4 5
R? is selected from the group consisting of -C(=0)-COR*, -C(=O)NR°R6, -

C(X):-COR* and -C-NR’RECOR*,

wherein
X is a halogen;
nis from 1-2
R’ is selected from the group consisting of O-alkyl, NH, and OH; and
R’, R®, R and R® are each selected from the group consisting of H and
COOR’, wherein R’ is a substituted or unsubstituted alkyl; and
R® is selected from the group consisting of H, OH and R'®, wherein R’ is
NHR''C(=0)R"},
R' is R”COOH,
R'Zis

NC

and R" is an alkyl or aryl.
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NHR 'C(=OR 2, R' is RI3COOH, Rl12 is 20 iY NC and
R13 is an al kyl or aryl. -87 WO 2004/ 052850
WEFDDANRROD3/ 038558 2. The conpound of C ai m 1P@ES®DI038558

the structure conprises Formula I, OH A5-- CO2Me O |
5 3. The conpound of Caim1l wherein the structure
conprises Formula Il, OHCO2H O Il 10 4. The

Eg?pm(jlu;d otl"hcI alm! v%exl{pnltwglgr 3t h {gﬁr i C rlseseI*sormulaI
PCT/ USZOOS/ 038558 5. The conpound of d ai m 1 vvher ein
the structure conprises F&Srmla Vi, OHO OH 4--

COzMe

o |
5
3.  The compound of Claim 1 wherein the structure comprises Formula II,
OH
CO.H

o !

10 4.  The compound of Claim 1 wherein the structure comprises Formula V,
OH
CO,H
NH, \"
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NHO O VI 5 or its DABCOsalt VIA OH 0 OCHDABCO NH O
O VIA 6. The conpound of Caim1l wherein the

W@ Roos285€@ conprises Fornmula VI, 10 X)-~ COZEHBUSION3/038558
Cl VIl -89 WD 2004/ 052850 PCT/ US2003/038558 7. The
conpound of Claim1l wherein the structure conprises
For mul &. VI Mhe cempopdiad Glrg] wherein the sugure Thmpeisfdinumala VI,
of claim1l wherein the structure conprises Formula I X
CO2H HOC C 11X 9. A conpound conprising a structure
of Formula IV, 10 HCONH2 O IV 10. A nethod for
produci ng a cycl opr ppyl -fused pyrrolidi ne-based
i nhibitor of dipeplidyl peptidase IV conprising: 15
(a) coupling 0
(<aS)-<a[[(1,1-

et hox car bonyl ] am no] - 3-

o Vi
5 orits DABCO salt VIA
OH
o)
OHeDABCO
NHTO
o VIA

6. The compound of Claim 1 wherein the structure comprises Formula VII,

10

CO,CH;

o/ el Vil
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hydroxytricyclo[3.3.1. 13' 7] decane-|-acetic acid or
its 1,4-diazabicyclo[2.2.2] octane salt to (1 S, 3 S,5

w®r002/05abhi cycl o[ 3. 1. 0] hexane- 3- car boxam de tBCPUSIN®E3S558

10

15

3-
(am nocar bonyl ) - <aS) - <a- (3- hydroxytricycl o[ 3. 3. 1. 13" 7]

dec- | 7.yl Theporopamndiof §1@ms! wheypin the structure comprises Formula VIII,
2-azabi cycl o[ 3. 1. 0] hexane- 2- et hanecar bam ¢ aci d,
1,1-dinethyl ethyl ester; -90 WD 2004/ 052850

PCT/ US2003/ 038558 (b) _gehydrating

3- (am nocar bonyl ) - <aS 3

hydroxytricycl o[ 3. 3. dec-l-Ebynﬁp-oxo-(l S,3 S5
S) - 2-azabi cycl o[ 3. 18] Ne—~—et hanecar bam ¢ aci d,

1, 1- di met hyl et hyl &st \ﬂ orbduce

3-cyano-(<aS)-<a-(§f hydroxytricgel o Vil

[3.3.1.13 7] dec-1-y19-<b-0x0-(1 S, 3 S, 5

S) - 2- azabi cycl o[ 3. 1. 0] hexane-2 5 et hanecarbam ¢ aci d,
1,1-dinethyl ethyl ester; and (c). hydrolyzing .

3- cyanct ( <§9y compeundif gl Whersiat %mg?{li@ qamprisgs Foymyla IX
[)- <b-oxo0-(1 S,3 S,5

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

1,1- dinethylethyl est o formthe dipeptidyl

peptidase IV inhibito
wherein (<aS)-<a[[ (1
-3-hydroxytricycl o L33 decane-| -acetic acid,
step (a) is produced b ' g (<a$S)-<a-am no-3
hydroxytricycl o] 3. 3yg 13' 7 ti'decde-1-acqyic acid with
BOC. 15 12. The method of Claim 10 further conprising
asymmetrically reducing 3-

hydr oxy:- <a-oxotricyclo[3..3.1.13' 7 decane-|-acetic acid
t g pr o%lgu ce A( gglg}ougé pg#ﬂgp%g st:IL'ucture 0?‘12'ormula Ié,
hydroxytricycl o[ 3. 3. 1. 13" 7] decane-1| -acetic acid by

am nation or transam nation. 13. The nethod of C aim
10 further conprising chemc synt hesi zing 20
(<a$) - <a- am no- 3- hydr oxytri .3.1.13, 7] decane-1| -a
cetic acid fromtricyclo [3§.3.1./13,7] decane-

-acetic acid. 14. The netho aim 10 wherein

(1S, 3S, 59) - 2- azabi cygl o[ 3, ne- 3-carboxam de of
step (a) is produced emoval of 'cBNH,from[1
S-(1<a, 3<b, 5<a] -3- 25
am nocar bonyl ) - 2-azab

dwyry) car bonyl | am no]

o[ 3. 1. 0] hexane- 2- car boxylic
acid, 1, 1 -dinethyle ester. 15. The nethod of
Claim 14 wherein | (1<a, 3<b, 5<a] - 3- am nocar bonyl ) -
2-azabi cycl o[ 3. 1.0] hekane-2-carboxylic acid, 1, 1
-di nethyl ethyl ester i8 produced by v

10. A method for producing a cyclopropyl-fused pyrrolidine-based inhibitor
of dipeptidyl peptidase IV comprising:

(a) coupling (<aS)-<a[[(1,1-dimethylethoxy)carbonyl]amino]-3-
hydroxytricyclo[3.3.1.13 "|decane-1-acetic acid or its 1,4-diazabicyclo[2.2.2]octane
salt to (18S,38S,5S)-2-azabicyclo[3.1.0]hexane-3-carboxamide to produce 3-
(aminocarbonyl)-<aS)-<a-(3-hydroxytricyclo[3.3.1.1%]dec-1-yl)-<b-ox0-(18,38,5S)-
2-azabicyclo[3.1.0]hexane-2-ethanecarbamic acid, 1,1-dimethylethyl ester;
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cycl opropanati on of
(5S) - 5- am nocar bonyl - 4, 5-di hydro-| H pyrrol e-1-car boxyl

wo eooaosxsso 30 1, 1-di nethyl ester via a SimMmDnsPENUS1003/038558

10

15

20

25

30

Reaction. -91 WD 2004/ 052850 PCT/US2003/038558 16. A
met hod for producing (<aS)-<a-an no-3-hydroxytricyclo
[3 3. 1.(B deld@caémg&(aanmcmoaxbﬁa%ls%é?u ned in Claim4

SIS SBRERET T DGE oS S R imebionsoft | Ghesane

a%&%@aérmv B p 1- d%ﬂkﬂﬁ?l"eth@nes@ér b bﬁi@l&@é@-@%ﬂoqﬂzasﬁ<é-?3
A nmethod for pro

( ha&)oxytawmipﬁo} B lﬂ)]dmjk—yt)ﬁbc(gpgg dS,35,5S)-2-azabicyclo[3.1.0]hexane-2-

c%mﬁ‘f‘?‘?flt?‘?égl a@d#%% y%q'sodefi ned in Caimé4
[3.3. 1. %: %@H@ 3- Cféaa@J(tacs)&@(g Hyamymcyclo[s 3.1, 11(3) ]?%3 1-y1)-

br onot r| cyc decane-| -acefic acid

r ehetXon(d SaBSb’iS)rﬁaazabwycle[ ROIbexant2-gtharesamemic aeib tli lc

o eyl Eerio Jim wbHhmset S BeSSHSE Y inbibites. | - acet o

acid; (c) dissolving
a- br ono- 3- hydroxytricycl o[ 3.3.1.13' 7]decane | -acetic
aci d i l. aftremiethmdnfdlaxi Hewherdin{sa$)-maj[@He reacti on

cﬁmatﬁlgleg%?(gr)gpg)% ! rlggj(?-ggérgggélga § wag{h z;ltdgcra%e 1-acetic acid,
h acetic acid; and
<§§’ép%>“‘sg¥§dﬁ%@ B oyt Gvcl o
[&yﬂroky&i&yal})[:ﬂe&aﬂé |Hecaned jaceticoapidiwitERM a V) from t he

chiral mxture. 18. The nmet hod of Cl aim 15 wherein
(5S) - 5- am nocar bonyl - 4, 5-di hydro-1 H 20

AR o | &letrically reducing 3-
pr oducgg b?ﬁ Emddydglcﬁ&hﬁl%ﬁlaﬁkeg&{ﬁg@Mg Rhflet y reducing

1H{yﬂ§dxy6¢aeexbt150ydlo¢hi5 b yldmanadl-a;d:s:tlc acid to produce (<aS)-<a-amino-3-

1-dj meth tpyl saponj ficatian
WA TIA I Srte drane Tt ise chey TR be WsH g
anhydride and nesyl chloride. 25 19. A cell line
capabl e of produci ng (<aS)-<a-am no- 3-
hydr oxyi3t i de neftiRdf1T14id1 7] ﬂlethalncﬂ)nhprissd‘.rfgdhcnwilld synthesizing

(Fornul a as. defined i synmet.r
G RRSr To R er AT BRGS Yold Ak, HaE DR I GHoohe Ry fomyricyglo
[3.3.1.13,7]decane-1-acetic acid.

14. The method of Claim 10 wherein (1S,3S,5S)-2-azabicyclo[3.1.0]hexane-
3-carboxamide of step (a) is produced by removal of BOC from [1S-(1<a,3<b,5<a]-3-
aminocarbonyl)-2-azabicyclo[3.1.0]hexane-2-carboxylic acid, 1,1-dimethylethyl ester.

15. The method of Claim 14 wherein [1S-(1<a,3<b,5<a]-3-aminocarbonyl)-
2-azabicyclo[3.1.0]hexane-2-carboxylic acid, 1,1-dimethylethyl ester is produced by
cyclopropanation of (5S)-5-aminocarbonyl-4,5-dihydro-1H-pyrrole-1-carboxylic acid,

1,1-dimethyl ester via a Simmons-Smith Reaction.
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oxotricyclo[3.3.1.13" 7] decane-l-acetic acid (Fornul a
I1). 30 20. A nethod for producing

W@20mas8Ry - <a- oxotri cycl o[ 3. 3. 1. 13' 7] decane- | - PEL/®82003/038558

10

15

20

25

30

acid as defined in Caim3, which conprises treating
di chl or o- (3- hydroxy- -92 W) 2004/ 052850
PCT/ USA603/A0mgtheg foraﬂ%i%mga(ﬁaﬁlw gmpwet-hydrggytacyalky |

eﬁggfl PGB PhRlac iR AERASE Ciflf £E Ex?rﬁéﬁsﬁrg%&?rrﬂﬁetﬂ&ﬂy

ni'c ven orma reaction m

t heduefig RERROLY-RE-orbkiaYdlo[3EX Bl >’ |Gehiie- 1 at@RtdcRO by Iaezymauc
reaction mxture with aci d to formthe correspondi ng

3anya¢tmyor<t@nsmmttqneycl o[ 3.3.1.13" 7] decane- | -acetic
acid product. 5 21. The nmethod as defined in Caim20
wherein the formation of product is carried out in a

si ngl e 1ot APFReEed WreHrodringl(ReS yrei-hdthods hi@bkeidydlé
Cl ai m wher ei n thrg) al kalgl( rre)t:rgzlt base |g& 1%t g}cl)dl um

h;[&lﬁdxl ¢degant- 1-hectig@rid as slefigaskio KHaior 4 eommpiiging:23. A
nmet hod for arin

(5S) - 5-@hi hSLR Yﬁt%}ﬁcbzfl%ﬁd% hy dirlfegape-Liestis agid into a-
ﬁ&h@@?&l’/&lb% ﬁf'lﬁ déeaﬁé-alac&iaa%wyl ethyl)ester (1V) as

def 1 ned al m conprl ses 15 providing an

al kal i (bpt atacdng tt- hmﬁmotr1cyclo[3 3.1.1* ]decane 1- acetlc acid with H,SO4 and
45d|hydroIH- yrrol e-1, 5-di car box S
1-HNO1 tagprady §éx<iree<ytrlsmo {3 %th’ gec‘@n%érq%%w@f

th I th 4q04..0-
i ot hiR- fl%olgmlgﬂ b= e Ry A et e i i
C rbhﬁﬁbtﬂﬁm%@rd&hde"hn@ h@ﬁ&% th@rdabfidh mixture;
(5S) - 5- am nocar bonyl - 4 di hydr o-| H-pé{rol e-1-car boxg)l
<a-

i c aci c(d) 1c(>11cemtr@tmgdh¢rmahty&bmmhgtﬂn)e tegicwka ¢hisg) mixmre (Fa

met hod a7 in_.the alkali netal
e RS A T e R A o5 Tha

met hod @p @s%ﬁdtﬁ‘x%‘kég) £dl #hiXo 23n kel alidyclo1s. 3. k}dtldlecﬁﬁé— flacetic

salt is  formed by treating the di'cycl ohexyl anine salt

ofacid] (Fodinhiy dF)drdnitheychiral reixtyrs- di carboxylic acid, 1

-(1, 1 -dinethylethyl)ester with an al kali netal base

to formthe corresponding alkali netal salt.

18. The method of Claim 15 wherein (5S)-5-aminocarbonyl-4,5-dihydro-1H-
pyrrole-1-carboxylic acid, 1,1-dimethyl ester is produced by hydrolyzing 4,5-dihydro-
1H-pyrrole-1,5-dicarboxylic acid, 1-(1,1-dimethylethyl),5-ethyl ester by
saponification with lithium hydroxide and forming an amide with mixed anhydride

and mesyl chloride.

19. A cell line capable of producing (<aS)-<a-amino-3-
hydroxytricyclo[3.3.1.1"]decane-1-acetic acid (Formula V) as defined in Claim 4 by
asymmetric reductive amination or transamination of 3-hydroxy-<a-

oxotricyclo[3.3.1.13 "]decane-1-acetic acid (Formula II).

20. A method for producing 3-hydroxy-<a-oxotricyclo[3.3.1. 1>7]decane-1-

acetic acid as defined in Claim 3, which comprises treating dichloro-(3-hydroxy-
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30 26. The nethod as defined in Caim23 wherein the
al kali netal salt is forned by providing the ethyl

W@st0en352850 4, 5- di hydro-1 H pyrrol e-1, 5- di car boxyPdTUSDZI)38558

10

15

20

25

30

-93 WD 2004/ 052850 PCT/ US2003/038558 1 -(1, 1
-di methyl ethyl)ester Xl and treating the ethyl ester
w. adpmenther ofl)-aastic seidialll esigrayiduanielkalpmetatheserip theqesggee of an

5 ({réarﬁgcr %)g\éepghy {gyntarrgéc\'{tlﬁﬁ %llg tuf O(fon?du%}ﬁg ltl?ehc%)l%lsﬁ)rﬁ]dmeg asflgalh metal
4,san C{féairiﬁ‘% frel rEbdpOh itk Rrdlwith di6 86 Bvthé eo@@FGmdlﬂg 3-hydroxy-<a-
(1, 1- di net hy Ie yl)ester in ethanol and toluene with

sGIXDUWVW[:&'bklldddc@nﬁdrmmm@ld p®deespondi ng sodi um
salt, and treating the sodiumsalt wth t-butyl nethyl
et her and heptane to forma solution of the sodium

salt, maduqhBehehiRl Rldefihed RECIHA 20 WAbreR the $QeHatiBh Soproduct is
to about 2.5 to abuot 3 while maintaini ng tenperature

<B@riedempaimat $ingle pot pratedukee resul ting organic | ayer,
and treating the organic |ayer wth dicycl ohexyl am ne
to formthe correspondi ng di cycl ohexyl am ne salt. 28.

A et hogd f qhe R{BRAS dsM8fihdd in Claim 20 Wherem the alkali metal base is
S- (1<a, 3<b, 5<a)] - 3- (am nocar bonyl ) - 2- azabi cycl o[ 3.

1. s@]iiluexlaydeoﬁd@ardotmymdos hydrekhlaric a:cld di met hyl et hyl
ester of the structure 15 N O- O CONH2 which
corrpri ses treating a solution of

5- di hygdr i n 9, dfoli B -
20 di rretkt%hyngelinlggllBM f&?rgpa}l g(g@ﬁéﬂﬁ%&tﬁ Jlhﬂbsrll}gt {y/idlh?l nc aqr%)yrmle

c hil-carboxybid aoidt hghé- chmelthaleﬁngbeﬂt@c(wl seéined Ur€lagh 9awbigh
-20C or less to forma mxture of syn- and
arfoPfl§oners of N- BOC- net hanoprol i ne ethyl ester,

treati &ﬁﬁ@?ﬁg@n%&&%ﬁ oPh Slcﬁl?iﬂ%éflPMf[))‘erlé‘-n 5- @GM@@;&%C acid,

sol uti on of amne to separate ou

syiR¢1RCGHdethyletby esteypandl | ne et hyl ester isoner,

(rea e o 8 St bast L0 1o

SYRmbthBE1 3, R BN AYB Y- R ity Endiphliim chloride and with a base to form
(5S)-5-aminocarbonyl-4,5-dihydro-1H-pyrrole-1-carboxylic acid, 1-(1,1-
dimethylethyl) ester (IV).

24. The method as defined in Claim 23 wherein the alkali metal salt is

treated with ammonia as the base.

25. The method as defined in Claim 23 wherein the alkali metal salt is
formed by treating the dicyclohexylamine salt of 4,5-dihydro-1H-pyrrole-1,5-
dicarboxylic acid, 1-(1,1-dimethylethyl)ester with an alkali metal base to form the

corresponding alkali metal salt.

26. The method as defined in Claim 23 wherein the alkali metal salt 1s

formed by providing the ethyl ester of 4,5-dihydro-1H-pyrrole-1,5-dicarboxylic acid,
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met hyl nor phol i ne and i sobutyl chloroformate, brine and
ammonia to form[l S -94 WO 2004/ 052850
WEFonANSROM3/ 038558 (1 PCT/US2003/038558
<a, 3<b, 5<a) - 3- (am nocar bonyl ) - 2- azabi cycl o[ 3. 1. 0] hexan
e-2-carboxylic acid, 1,1- dinethylethyl ethyl ester.
-1 encnlethugsestos XHang UEHTE hogk 16K v Abasol and sodium
gwgctu e 50H OO0O""k NN HO K ONHZ which
$ providing a protected conpound VI 10 OH O CH
VI O treating conpound VI with nesyl chloride
and Hun| g base and conpound J of the structure 15 -95
WO 2004/705T88 meptoT agg2ina) i0 3885825 wMapreinHie dicyclpizylamine salt

ngV%H%BJ ad ﬁy gre%tlrpgy A S0 o%eol}a%t—dllh%rgl- ﬁ-l-ﬁ)yr@c)?lp 1 ,§-81caroooxyhc acid, 1-
(1,1-dimethylethyl)ester in ethanol and toluene with sodium hydroxide to form the
corresponding sodium salt, and treating the sodium salt with t-butyl methyl ether and
heptane to form a solution of the sodium salt, reducing the pH of the solution of
sodium salt to about 2.5 to abuot 3 while maintaining temperature <5°C, separating

10 out the resulting organic layer, and treating the organic layer with dicyclohexylamine

to form the corresponding dicyclohexylamine salt.

28. A method for preparing [1S-(1<a,3<b,5<a)]-3-(aminocarbonyl)-2-
azabicyclo[3.1.0]hexane-2-carboxylic acid, 1,1-dimethylethyl ester of the structure
15

N
;j/o CONH?
which comprises
treating a solution of 4,5-dihydro-1H-pyrrole-1,5-dicarboxylic acid, 1-(1,1-
20  dimethylethyl), S-ethyl ester with diethyl zinc and chloro iodomethane and a reduced
temperature of about -20°C or less to form a mixture of syn- and anti-isomers of N-
BOC-methanoproline ethyl ester, treating the above mixture of isomers with an
aqueous solution of methyl amine to separate out the syn-BOC-4,5-methanoproline
ethyl ester isomer,
25 treating the syn-isomer with a strong base to yield syn-N-BOC-4,5-

methanoproline, and treating the syn-N-BOC-4,5-methanoproline with N-

methylmorpholine and isobutyl chloroformate, brine and ammonia to form [1S-
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5 30. A nethod for preparing a free base conpound of
the structure M OH H2ZN N ONC M which conprises

wd gooposessai ng a protected conmpound of the strurtT/US2003/038558
-96 WO 2004/ 052850 PCT/ US2003/038558 OH OONN HO

NC in d_L .wi ydrochlqric acjd .

to o itene e iR bl d bSGE A esth S aaio 1.1
OHdirtéthyletNbPethy] éteEN treating conpound L' with

hydrochl oric acid and sodi um hydroxide to formthe

free Dbase compound M. 10 -97 WD 2004/ 052850
PCT/ US2093/ Q3

8958 -31. The. net hod fined in daim
30 wheré&in corrﬁ%g%c}]@rafori@% W%ﬁg‘ﬁgﬁg of fhe'shiétute
5
OH
/k | '
O/“\N N
H
0
(@) NH
K 2
which comprises providing a protected compound VI
10
OH
(o)
OH
VI o
treating compound VI with mesyl chloride and Hunig base and compound J of the
structure
15
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dehydrating intermediate KOH OONN HO K O NH2

5 in the presence of pyridine and trifluoroacetic
waaedwasisse, and t hen hydrol yzi ng the reacti onP@I/0U82003/038558

in the presence of strong base to form conmpound L. -98

HCI oHN
or
MSA CONH; J

and 1-hydroxybenzotriazole (HOBT) to form compound K.

5 30. A method for preparing a free base compound of the structure M’

OH

H,N N

NC M’

which comprises

10  providing a protected compound of the structure L

-96 -



WO 2004/052850 PCT/US2003/038558

s

L

and treating compound L with hydrochloric acid to form the corresponding

hydrochloric acid salt L’
5
OH
HCI o NH, N
0]
CN
Ll
treating compound L’ with hydrochloric acid and sodium hydroxide to form the free
base compound M.
10
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31. The method as defined in Claim 30 wherein compound L is formed by

dehydrating intermediate K

OH
)< [
o)]\u N
H
o}
o NH
K 2

in the presence of pyridine and trifluoroacetic anhydride, and then hydrolyzing the

reaction product in the presence of strong base to form compound L.
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