METHODS AND COVPOUNDS FOR PRODUCI NG DI PEPTI DYL

PEPTI DASE |1V | NH Bl TORS AND | NTERVEDI ATES THEREOF Thi s
application clains priority fromU. S. Provisiona
Application 60/431,814 5 filed Decenber 9, 2002 which

I's incorporated herein by reference. FIELD OF THE

| NVENTI ON The present invention provides nethods and
compounds for use in nethods -for production of
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Dipeptidyl peptidase IV is a membrane bound non-classical serine

aminopeptidase which is located in a variety of tissues including, but not limited to,
intestine, liver, lung, and kidney. This enzyme is also located on circulating T-
lymphocytes wherein it is referred to as CD-26. Dipeptidyl peptidase IV 1s
25  responsible for the metabolic cleavage of the endogenous peptides GLP-1 (7-36) and
glucagons in vive and has demonstrated proteolytic activit)} 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 muitiple actions in
30 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
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secretion. This peptide pronotes satiety and sl ows
gastric enptyi ng. Exogenous adm nistration of
G.P-1(7-36) via continuous infusion has been shown to
be -1 efficacious in diabetic patients. However, the
exogenous peptide is degraded too rapidly for
continual t herapeutic use. Inhibitors of dipeptidyl
peptidase |V Ga% been devel oped to potentiate
endoe LHREQUs | Piabetic gyticasp Hppevergthe gxogenopg pepfidenis, degraded too
6, 3RbidPior dbritmuAIRTagelGd @RI opy! - f used
pyrroI|d|ne based inhibitors of dipeptidyl peptidase
| V. IRibiiers of dipeptidnkneptiddse IV bWtthBCﬂczfﬁlngedtth @aientiate endogenous levels
{ r C t ent
oA AT B PN A sl o R LS e Bt pees
inhibitats of diﬁept-idydapeptidﬁ&gﬂ &ﬁaﬂﬁﬁéﬁor&ll&ﬁmalﬁﬂ@hﬂﬁﬂ!ﬁgme@é inhibitors are

a5 S A, AP it P e St .
T@mﬁerggsdemhs bliz@rrv&bﬁﬁklgs&ql Tetratiddran 156F $114M8.14792; and
395, 767 is the free base,

H:tqeglaglgt 313’3102»% (I\Qgg Chennkhgib 1 298 B2 R3R13RyA preferred inhibitor disclosed in

@rpgg I I |4 cyel o-

o R Sas ey R ol (SRR AR B
trlmlcf[ﬁéé 153dec-hy1)-Motdethyd)- :ampmmo-{m 0Theeqnassi-cagbonitrile (M),

i nternedi ates used in the production of this

di peptidyl peptidase IV inhibitor are disclosed in EP

O 808 824 A2. Also see, 5 Imashiro and Kuroda

Tetrahedron Letters 200142: 1313- 1315, Reetz et al.

Chem Int. Ed. Engl. 1979 18:72, Reetz and Hei nbach

Chem Ber. 1983 116: 3702-3707, Reetz et al. Chem

Ber. 1983 116:3708-3724. The present invention

provi des new producti on nethods and conmpounds for use

in the production of cycl opropyl-fused

pyrrolidi ne-based inhibitors of dipeptidyl 10

pepti dase | V.



SUMVARY OF THE | NVENTI ON An obj ect of the present
invention is to provide conpounds useful as

internmedi ates in the production of cyclopropyl-fused
pyrrolidi ne-based inhibitors of 15 dipeptidyl

pepti dase W In one enbodi nent, internedi ates of the
present invention conprise a conpound of Fornula IA:
-3 R R2 R31A wherein R is sglected fromthe group
consisting of Hand OH, 5 R2 4 (

group consi sting of -C(=0) -
- C( X) a- COW and - C- NR7TR8CORM4,
nis from1l-2 10 R4 is A
consi sting of O al kyl, NHZTang N
Rs are each selected fromt
and COORS, wherein RO is _a s ,
unsubstituted al kyl; aHeNR3 i S\s« d fPgom the group
consi sting of H OH and R10, [ ) i's
NHR'C(=O R 2, 15 R' is RI3COCH|{ R12 ig \N NC 20 and
R13 is an al kyl or aryl. 0 M

free base M"'

Methods adapted for preparing intermediates used in the production of this

dipeptidy! peptidase IV inhibitor are disclosed in EP 0 808 824 A2. Also see,
$  Imashiro and Kuroda Tetrahedron Letters 2001 42:1313-1315, Reetz et al. Chem. Int.

Ed. Engl. 1979 18:72, Reetz and Heimbach Chem. Ber. 1983 116:3702-3707, Reetz et
al. Chem. Ber. 1983 116:3708-3724, |

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

10 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
15  dipeptidyl peptidase IV.
In one embodiment, intermediates of the present invention comprise a

compound of Formula IA:



Exenpl ary preferred conpounds of Formula I A of the
present invention useful as internediates in the
production of cycl opropyl -fused pyrrolidine-based
inhibitors of dipeptidyl peptidase IV include: -4

3- hydroxy-<a-oxotricycl o[ 3.3. 1. 13" 7j decane- 1- aceti c
acid, nethyl ester as depicted in Fornmula I, OH CO2Me
4 ~0 5

3- hydr oxy- <a- oxotricyclof 3. 3. 1“13 7] decane-| -acetic
acid as depicted in Formula Ill, OHCO2H O 1l 10
(<a$S) - <a- am no- 3- hydroxytricycysel 3.3.1. 13" 7] decane- 1-a
cetic acid as depicted in VvV, OH 4 (CO2H
NHp V 15 -5 (<a S)-<a[[ (1,
| - di met hyl et hoxy) car bonyl ] a
.t .1'"] decane-|-acet]j
\Y/ oH

h droxytrlcyclo[s 3
deRcted in Fornmul a

R? A

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(=O)NR’RS,
-C{X),-COR? and -C-NR'R*COR’,
wherein
X 15 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 RPCOOH,

RZis

NC

20  and R" is an alkyl or aryl.
Exemplary preferred compounds of Formula 1A of the present invention useful
as intermediates in the production of cyclopropyl-fused pyrrolidine-based inhibitors of
dipeptidyl peptidase IV include: '



OCHHHo OVI 5 (or its DABCO salt VIA),
adamant an- 1-yl -di chl oro-acetic acid nethyl ester as

depicted in Formula VI1, CQZCH3 |I@@1~cl VIl 10
di chl or o- ( 3- hydr oxy- adamant an- 1-yi ) -aceti c aci d mnet hyl
ester as depicted in Fornula VIII, and COZCH3 HO

tP_.IKCd VIII 15
di chl or o- (3- hydr oxy- adanmant an- | 3yI -acetic acid as
depicted i 13- iEcdmnyLa-dx)étncyﬂoBCBZl—ﬂ "Hec@E- I-acetinacid,onéiieyl ester as

enbodi n er iates of the present invention
corrprl‘:%rE efdn E‘aﬂ'ﬁegnds

4, 5-di hydro-1 H pyrrol e-1, 5-di carboxylic acid,

1- (1,1 -dinethylethyl),5- 5 ethyl ester as depicted in
Formula II1, CN R2/ COR 119"# wherein 10 R is

sel ected fromthe group cons|{sting of O-al kyl, NH2 and
OH, and R2 is selected fraomihe group consisting of
t-BOC and CBz; and
(5S) - 5- am nocar bonyl - 4, 5- e-Ik#pyéégie | - car boxyl
ic acid, 1{1,1- di nethyl i epicted in
Formula W N

o] |
5
3-hydroxy-<a-oxotricyclof3.3.1.1>")decane- 1 -acetic acid as depicted in
Formula Ii,
OH
CO.H
0 |
10
(<a8)-<a-amino-3-hydroxytricyclo[3.3.1.1*"|decane-1-acetic acid as depicted
in Formula V,
OH
CO,H
NH; \'4
15



CONH2 O 15 1V In a preferred enbodi nent, these
conpounds are used as internediates in the production
of the dipeptidyl peptidase IV inhibitors

(1S, 3S,595)-2-((2S)-2-amno-2-(3 -7

hydroxytricycl o[ 3. 3.1. 13, 7] dec-1-yl ) - 1- oxoet hyl ] - 2- aza
bi cycl o[ 3. 1. 0] hexane-3- carbonitrile, benzoate (1:1)

as depicted .0 _F l,.a : PhngH .N .5 37
its free bgg&?gﬁ?ﬁ{ls%i""l? yEoE ST °'ym2“mz§%7%%‘gﬁ3-“ ]
t her e@écanti D a@R dordhsMepicteFh Fdrmifd VDOt her obj ect  of

the present invention i1s to provide nethods for

production of cycl opropyl-fused pyrrolidi ne-based

i nhibitors of dipeptidgh peptidase IV. In a preferred
enbodi nent, the inhibif{or produced are

(1S, 3S,59)-2-[(2S) - 2- aji no- 2- ( 3-

hydroxytricycl o[ 3. 3_1 0,

ycl o[ 3. 1. 0] hexane-3
- carbonitrile, be @4 correspondi ng
free base as depi c¥e Fernuytas M 15 and M,

(<aS) - <a- am no- 3- hydr oxyt ri cytH 0
[3.3.1.13" 7)decane-|-acetic acid depiicted in
Formula V, -8

o Vi

5 (orits DABCO salt VIA),

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

CO,CH;
cl ci Vil
10 dichloro-(3-hydroxy-adamantan- 1-yl)-acetic acid methyl ester as depicted in
Formula VIII, and
CO,CH,
HO - @ i
15 dichloro-(3-hydroxy-adamantan-1-yl-acetic acid as depicted in Formula IX



OH CO2H NH2 V and (1

S, 35, 5S5) - 2-azabi cycl o] 3. 1. 0] hexane- 3- car boxam de aci d
salt such as the 5 hydrochloride salt or the

nmet hanesul fonic acid salt (nmesyl or MSA salt) as
depicted in Fornmula J HCOHN or MSA CONH2 J 10

Vari ous nethods are disclosed herein for production
and coupling of these fragnents dependi ng upon the
ed as the starting

i nt ermedi ate conpounds selfs

materi al s. For exanpl e, b enbodi nent of the
present invention, a net 5 progioded for '
production of the cycldp %"ﬁ- gysed pyrrolidine-based

i nhibitor from 3-

hydr oxy- <a- oxot ri cycl efd8. 3.].88' 7] Gkcane- | Baceti ¢ aci d

as depicted in Formula H In 15 another enbodi nent of

the present invention, a nmethod is provided for

production : r - {. i ne- .
product | ¢ gx?%nr%d%egglg%%%gmﬂ%g&%e&tﬁ’é’ﬂréé&ht‘ il ok @sfifkise the
hydr oxptnpdoungds UoFBhRird-1 Bgynipiielchdieatbexdiecid, kEl, bdimiethylethyl),5-
Formula V. 1 n gnother enbodigent of the present

i néenteg’gh?mé ?ﬂﬂ‘ﬁﬁfﬁ“ﬁﬁ?@@' ed for production of the

cycl opropyl -fused pyrrolidine-based inhibitor from
(<aS)-<a[[(1,i-dinethyl et hoxy)carbonyl]am no]-3 20
hydroxytricyclo[3.3.1.13 7]d e-l-acetic acid of

Formula VL In yet another rent of the present
invention, a nmethod is provhded §for production of the

-9 cycl opropyl -fused pyrrol jNH based i nhibitor from
(5S) - 5- am nocar bonyl - 4, 55 .

di hydro-1 H pyrrol e- 1 -cafboxylic ac¢@R i

I-(1,1-dinethyl ethyl) ester of Formula IV. Another

obj ect of the present invention is to provide nethods

for sywietedsi s of internmediates useful in the

pr.aducti on_of cycl opropyl -fused | rréf' | ne-base
P b tor - B b sGibeeE Romaie enib GrsBiee 3 b aknt MR 38 ORopnd
a nethod i g prserétted fromnAhe group consisting of BOC and CBz;
and (58)-5-aminocarbonyl-4,5-dihydro- 1 H-pyrrole-1-carboxylic acid, 1-(1,1-

dimethylethyl) ester as depicted in Formula IV,

7

0
: CONH;

0
15 : v

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

production of the dipeptidy! peptidase IV inhibitors (18,38,55)-2-[(25)-2-amino-2-(3-



asymmetric reductive am nation or transam nation of
3- hydroxy-<a- oxotricyclo[3.3.1.13" 7] decane-1|-acetic
acid (Formula I'l) to (<aS)-<a-am no- 3-
hydr oxytricycl o[ 3. 3. 1. 13. 7] decane-1| -acetic acid
(Formula V). In another enbodi nent of the present
i nvention, a method for chemcal synthesis of
(<aS) 37 _ I -3
hydroyéﬁ?lc g?%ﬁ%%gll f%éégﬁghwjgggﬁpgw%ésltﬂhmmnc3
( For ngarhonx)nlc rbenaoater(i d)/ﬂdﬂ)@@ﬂn E@nitjadcane- | - aceti c
acid (Formula N) is provided. In another enbodi nent
of the present invention, methods are provided for
production of 3- OH
hydr oxy- <a- oxotricycl o[ 3.3.1. 13" 7]jdecane-1 -acetic acid"
(Formula I'l') from adamant an- 1-yl -ldi chl oro-acetic acid
net hyl ester (Formula VII),
di chl or o- ( 3- hydr oxy- adamant an
met hyl ester (Formula VIII),
di chl or o- ( 3- hydr oxy- adamant ap
(Formula I X). Methods for pfod
adamant an-1 -yl -di chl oro- aceti
(Formula VI l),
dichIoro-(3-hydroivpgggﬁgﬁfan-l-,
net hyl ester (Formula VIII1), and
di chl or o- ( 3- hydr oxy- adamant an-| gyl ) -acegic acid
(Formula I X) are al so provided. |In anogger enbgdli nent
of _.the present invention, 20 a nethod is provided for
%ductlon of (5S)-5-am nocarbonyl -4, 5-di hydro-| H
yroI - iRy b} akdlm 4 ) ester
(For niis T AR i Al ve) atdmadtyBRlo M Efobt
1H—pyro|e-|,5-dicarboxyI|c acid,
l-(1,1-dinethylethyl),5-ethyl ester (Formula I11). In

this enmbodi nent,

(5S) - 5- am nocar bonyl - 4, 5-di
c acid, 1- (1,1-dineth Ieth,
t hen be used as an int P

-acetic acid
acid
ester

acid

pyrol e-1-carboxyl i
(Formula (1V) can
d

1. 0] hexane- 2- carboxyli
ester (Fornula FD .
invention is to prOV|de a celfl Ii apabl e of

pr oduci ng
(<a$) - <a- am no- 3- hydroxytrlcyclo[S N. 13" 7Mfecane-| -a

cetic acid (Formula V) by asymretric reductive
am nation or transam nati on of 3-hydroxy-<a 30

otrlc cl 3 acetic acid (Forml a .
1 & Rfodiedphisd S SERB R enai s ‘S Pd mieghods fo production
C onp rdf%@élo%ﬁbjd&‘us%ﬁ PlRoliinObaePinBibithd of YPEMEF Péptidase IV. In a
format e dehydrogenase -10
preferred embodiment, the inhibitor produced are (18,3S,58)-2-[(28)-2-amino-2-(3-
hydroxytricyclo[3.3.1.13 '7]dec- -yl)-1-0x0&tl_1y1]—2-azablcyclo[3. I.0]hexane-3-
carbonitrile, benzoate (1:1) and its corresponding free base as depicted in Formulas M
15 and M’, respectively. These inhibitors are ultimately formed from the coupling of two
fragments, (<aS)-<a-amino-3-hydroxytricyclo [3.3.1.1%"}decane- i-acetic acid as

depicted in Formula V,




and phenyl al ani ne dehydrogenase. Most preferred is the
cell line of ATCC Accession Nunmber PTA-4520. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON 5 Cycl opropyl - fused
pyrrolidi ne-based conmpounds such as
(1S,3S,59)-2-[(29)-

2-am no- 2- (3- hydroxytricyclo[3.3.1.13. 7]dec-|

-yl )-1-oxoethyl]-2 azabicycl of 3.

1. 0] hexane-3-carbonitrile, benzoate (1:1) and its
correspondi ng free base and ggpnohydrate thereof are

di peptidyl peptidase IV inhibjtors useful in the
treatnment of diabetes and conplications thereof,
hyper gl ycem a, Syndrone X, _A¥peLi
obesity, and atheroscl erog
wel | as i mmunonodul at ory
i nfl ammat ory bowel di sease
new conpounds and mnet#
production of cycl opropyl - py
conpounds such as (I S, 3S,5S)- 2 ((23’”22 am ndl2 (3
hydroxytricyclo[ 3.3. 1.

13" 7] dec-1| -yl )-1-oxoet hyl]-2- azablcyclo[3 1. 0] hexane- 3

15 cardndrii§, BS 58)- thhmyde (. (JhdnansBctattosamide E@iﬁ@ﬂ%ﬂcﬂgs the
fre_.’eai rate thereof. The dl?etld

pept i 6@500 (117 %Qﬁ anesulfonic acid salt {mesy] or MSA salt) as depicted in

(1S, 3Fdomhtad- [(28) 2- am no- 2- ( 3-
hydroxytricycl o[ 3.3.1.13" 7] dec-1-yl)-I-oxoethyl]-2-aza
bi cycl o[ 3. 1. 0] hexane-3- carbonitrile, benzoate (1:1)
is depicted below as Fornyla M OH PhCOOH NHZ N O 20
NC M and preferably the espondi ng free base
Formula M depicted bel owl S nonohydrate M set
out hereinbefore. -11 HO {HZN N;O

HCI *HN
or

MSA CONH, J

10 Various methods are disclosed herein for production and coupling of 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 I 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 3'7]dcca.m:-l-zu':etic 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)carbonyljamino]-3-

20 hydroxytricyclo{3.3.1.13’7]decane-1-acetic acid of Formula VL In yet another

embodiment of the present invention, a2 method is provided for production of the



CN M In the present invention, a nethod is provided
for production of (1 S, 3S,55)-2- 5

[ (2S)-2-am no-2-(3-hydroxytricyclo[3.3.1.13'7

] dec-1-yl)-1-oxoet hyl]-2-

azabi cycl o[ 3. 1. 0] hexane- 3-carbonitrile (Formula M) by
assenbly of two fragnents. These fragnents are

(<aS) - <a-am no- 3- hydroxytricyclo[3.3.1.13" 7] decane-| -a
cetic cwemrapﬁﬁwépmpb@nq-hﬁ%wh@rtar fgom ¢§$)Sepmimoqasbagly 4,5-

V- and gehd fJl f ic gcid, 1-(1, 1-di f Formula IV,
s, 50, G- TR ol cafoprytic cid, 1(1,1-dimethlethyD ester of Formula IV

as the hydmothet abjéat ef thaptesent invBiticndh to @evidepiethiodsifor synthesis of
Formul.a J. HCI HN . or. 15 A -1 he, present

i nventiftgFedialss “ﬁ%\r‘f‘d’é%l’fﬂ‘i{ts"ﬂg‘gg\l @%@Pﬁ?ﬁh@ﬁ% Rrofine-based

t hgse jiRFE R Sne@SnbdBIrhent 86thé E:E%Hﬁdbrﬁioﬁ, £Meihed idsovided for
useful in the production of these fragnents. |In one

as pectasymmethie rosiuetineaminatiog oF rensamipationels3-irdsoBr & ded

for pr ' f 37 f.ra : -<a-amino-3-
(<aS) _oggtﬁg%l(ﬂg.}gl_.hy . o&)l(nﬁ t‘?"?ﬁg@%f"(‘;‘ (Formula IT) to (<aS)-<a-amino

[ 3. 3. hyddkytticketafs.8-1. 1*3Rletane- 1 acetit 26id((Forrmia ¥).VIn dppther embodiment
reductive am nation or t rarbs

i nt er ﬁémc&’fﬁe@di’?ﬁ%ﬂ?f& a metho fgpéhg%tléap Qynmcsig D)F (<aS)-<a-amino-3-

3-1bydrh’g&xxﬁacmﬁsiz%’éjdeéa%eﬁ-a%etﬂ&cﬂrgeﬁaﬂsvl) framet i C

acid (Formula 11). Ina preferred enmbodinent of this
met hodricyclof3.3.1.1""Jdecane-1-acetic acid (Formula N) is provided. In another

3- hyd 1.<a- i - a- [ C
et 5 PR RO P By o008 1 kion of >
( <aS) -hydoryrnoxdribyulis[03ylt I kiyeine 1 {adetR: dbidi(Foifinde & frem| adamantan-

R NGRS RA TR T R A——
dqRy driOgeRRARE 2 Q8 nRiHYPEst@ TESRBCVED, 48R MithREG (R A RFoxy-adamantan-1-
active wth ketoaci'ds . Exenpl ary phenyl al ani ne .
dehydiybeeeticsassd (Fomhwh IXh Mﬁbogrfer uctipsy efadapgntan- 1-yl-dichloro-
! Sl AR (2 Op ARS8 a1y
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,
20  amethod is provided for production of (55)-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, (55)-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
25  production of [18-(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. 1*7}decane-1-acetic acid (Formula
V) by asymmetric reductive amination or transamination of 3-hydroxy-<a-
30  oxotricyclo[3.3.1.1*7]decane-1-acetic acid (Formula II). In a preferred embodiment,

the cell line comprises cells containing a plasmid expressing formate dehydrogenase
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dehydr ogenase from Ther nobacti nomyces speci es such as
Ther noacti nonyces internedius. It is preferred that
reductive am nation be perforned with the 15
phenyl al ani ne dehydrogenase of Thernpacti nomyces

i nt ermedi us, ATCC 33205, expressed in Escherichia
coil or Pichia pastoris. Construction and growh of
reconbi nant strains of E. coil and Pichiapastoris

expr es’d phenyhatanine alebydrogenasae Moat referradis the cell line of ATCC
Ther di us, ATCC 33205, have been
desc Fggg%élglg%&la%sﬂg%g%ﬁgl (Enzynme and M cr obi al
Technol ogy 2000 26: 348 358). Growmth of 20 Pichia

Por et e denyar JOERALEED HesRITDN,OF M THE ol
M grobi al @?&W}@-@)ﬁeg lﬁﬁeﬁﬂgedh%gﬁgouﬁs sGet ds (E885,55)-2-{(2S)-

contai ning a plasmd expreSS| chia pastoris

( ATCC2-apt862-3-hysromtricyeleb3 bt &g sleylérrhwxaethﬂlﬁlf i ed

versi gn ¢

332055‘“8}%"15‘}% RGBS ot c@%ﬁ’%@%da%@é% i) (gg;ggg fing froe base
and 2bamdxacsiyadtctveredf a}ermperpndyilp@p&daswpmhlworsymeﬁll in the treatment
Authorlty under the prOVISIO of hﬁe '%%%@ngt < ulinemnia
Tr eat 91 SiRRes dagh GaTRlicqiens iR W PIRgIES, &% fpgrinsulinerma,
ATET | GBdiny ARE athérdbdidtb s 4l Aﬂ%&a dRBasas, ad G810 s idthi@msddulatory

Boul evard’ i n Manassas, Virginia 20110-2209. The ATCC

Acces diseasesdisbronicsnfanmatontowal disqass; iy the presens inysation, new
publi ¢ _access r

ooy SURBRS g dnshd rstFoviged BEpip broBcloh P URAGRRK fused

30 Depasdliding-tabedvemipainiks airched (ls13$,5$yb[(r23}-z+emm—2—ﬁ3 y

f d of thi fte dat
topos Prar e Ly ke b Gy sorta TaeaiSb oL f b Thgxane-3-
V\Egrpl @ar%m&i@é' bErHSat@ of: g&ﬁ@@lc&resbbﬁcﬁné)ﬁeetﬂﬁﬁe AdlRSHohydrate thereof.

~whi chever | onger. The above-referenced cell line
was Vi abl eTm dipd’wd}'iDSPt!daﬁ%I\bfﬂhtbﬁerSdé%é%»ﬁ$)-3'-ﬁ@sb%ﬂ§§$‘1‘2 3-

o <pehEBaORISERE hhps ey R R FEABHoRR D | Ghcgane 3

3- hy dega¥otnitiide, B¥bite Cl ) i© dfpictad Beldw a@Fatemdaie: | - acet i c
acid (Fornula 1) to (<aS)-<a-am no-3-hydroxytricyclo
[3.3.1.13" 7] decane-1-acetic 5 acid (Formula V) is
depicted in the followi ng Schenme lpH SCHEMEI

PhCOOH eNH; N

20 : NC M

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

monohydrate M"” set out hereinbefore.
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OH OH CO2H CO2H -~" NADH NAD O ~ NH2 V It ammoni um
(formate CO2 10 As shown in Schene |, this reaction
requi res amoni a and reduced nicotinam de adeni ne

di nucl eoti de (NADH). Ni cotinam de adeni ne di nucl eoti de
(NAD) produced during the reaction is recycled to NADH
by the oxidation of formate to carbon di oxi de by
format e dehydrogenase. The expected yield of
(<aS)-<a-am no 15 3-hydroxytricyclo

[3.3.1.13" 7] decane-| -acetic acid (Formula V) fromthis
reaction is 80 to 100% andyt e expected enantioneric
excess is greater than 99% Exanples 1
through 10 herein. The&§a _ can al so be
acconpl i shed using a trapsandras own in Schene
I1: 20 -14 SCHEME Il OH - ket ogl ut anat e
CO2H CO02H NH2

HyN

CN M

In the present invention, a method is provided for production of (1S,35,5S)-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*"]decane-1-acetic

acid as depicted in Formula V,

OH

CO,H

10 NH, Vv

and acid salts of (1S,38,55)-2-azabicyclo{3.1.0]hexane-3-carboxamide such as the
hydrochloride salt or MSA salt as depicted in Formula J.

HCI sHN
or
15 MSA CONH, J

-12-



Il V5 As shown in Schenme Il, in this enzymatic

conversion glutamc acid serves as the am no donor.

An exenpl ary transam nase for use in this conversion

is the branched chain transam nase set forth in

Exanple Il herein. In another enbodi nment,

(<aS) - <a-am no- 3- hydroxytricyclo [3.3.1. 13" 7] decane-

| -acetic acid (Formula V) is synthesized chem cally.

An ex éfhplpmswt litBIehﬁ'mh dlsr préGdeshesthagia forgyeduetien of thése fragments as well
(<aS) - <a- am - hydr oxytr.i.c

1373 35 DutheBiemmbpus beand o Bebrpduptionof besefropments.
depicted im @fehﬁﬁt bt the preeriEiieédtion, réerBods/ 1‘0Mded for producuon of
N. N- D~r m~dr ydanbi n HNOyM eOr. Ni t OHr t I OH X

HO 14 Rhedraﬂmes% (Sapp<a- ?ra&@rﬁ-'éydrﬁxmwé%? 3.1 }mmmc acid

"NBoc %@?“@“ﬂﬁ“ﬁpﬁﬁkrg&guon&qmtmwtme compound

r ac em3ehydrcmymaa)xofnc§;sle{3)} kB! petane- 12acetiy atidptmula B! dn a preferred

E:ﬁe?n 3‘,53'1153?) g%:fatﬁé e E’é’a e}‘ LM)&%% JO?B %q lh‘ﬁdecane- 1-acetic acid

[ 3. 3. IFdruial HGE 86RettedtS ¢4dS)-<@Ghfind-Fydrok AribjcldB.5.1.1 ¥ decane-1-
20 bromi nating tric cloé33113 7] decane-1-acetic
aci d iapfitis agid (g‘P by/efustize gminatics; perfoamedhenzymatically ysing a

2509, RSyl B A e gl i
( For mkkwadif)s .i Exeanisgrg phagylalanine-deébydrogenases useful in the prment invention

include, but are not limited to, those from Sporosarcina species or a phenylalanine
dehydrogenase from Thermoactinomyces species such as Thermoactinomyces
intermedius. It is preferred that reductive amination be performed with the

15  phenylalanine dehydrogenase of Thermoactinomyces 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

20 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

25  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

30 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-



thionyl chloride. D nethyl formam de (DWF) is then
added and the suspension is stirred at room
tenperature for 1.5 hours. Conpletion of the reaction
is verified by gas chronmatography. Solid

N- br onosucci ni ¢ anhydride (NBS) is then added
portionwi se to the reaction mxture and the reaction
m xture is heated to 60C. The 5 tenperature is

mai nt #mead thsedepesita The Depesitowtt brmeplaced Hovighlasemplag cpanot be
stirr gai n, conpletion of the

r eact ?% r8£d§ thcggﬁ%lt%[? gas chromat ogr aphy. Hept ane

is then adﬂe@hctme arhiRati et 3—bydrmyx{aﬂo:mta¢ydloe[3r3els€ ]decane-1-acetic

aidodhd (RIS 2 eI SR PSRRI A b Ceioe Gocei

adgledgcid tﬁ)nn%lihU@PiH aeﬂ.ax@fn théfollbRmgSRR&h&t.ed from the
organic layer and the organic layer is washed 10 with

wat er. After washing, additional water is added to the
heptane |ayer and the heptang~ %gbﬁt gtilled off.
Tetrahydrofuran (THF) is then a to the remaining
aqueous layer and the m xture is stirred vigorously at
roomtenperature for nmultiple hours. Additionalggater
can be addedoHo speed up this hydrolysis. The THF is
then distillled off, |eaving a biphasic (water
oil) reactigaym xture. Seeds are then added 15
reaction i gwed to reach roomtenperature y

bronotricyd 3.1. tan/] dec,%ae\l{acetl C aci COM
(Formul a_8 ed as a eavg| sol i d. Af

acet oni« ed to kNA Aé’uspensi on

stirrable. yring fN.e»/eral hours, the NH;

solid contalnlng

a- bronotri cycl'o[3 3. anwgorfimdermate | - addd ¢ aci d
(llzé)rrrula 0) is filtered off and washed several tines
ith acetonitrile. See also 20 Exanple 17 herein.

a- Bronot r i gy shoWndin3chendedl, Hiskesaids réquaeeirhmoma'add reduced
(Formula O is then reacted Wi t h S and HNQB 3,0 ,
pr oduBiEotnagHdedening diuslegide RPOHD- Nicotinainide adennne diftcleotide

[3.3. fN ?ﬂoﬁﬁ@eﬁ'?ﬁn}an%th@‘f@ich& 2 edcdc1bd & M dy thé/BiBation of formate

speci
hydr otqﬂarboa)yhtbm@esmefomnam detiydrogemee. | Theoxxpeatedadeld of (<aS)-<a-amino-

(581 3 L ERRL TS £ 2B g Formyt ) o o

0) bysh to Fi09% a8k Bpedtdd Eidnfibmerbikeesshid gektenthiIdR SO0 see
The flask is then cooled in an ice bath and 50% HNC3

is abyweplep! thieugh 18dereinthe solid _ _
a- br omot 1 i gLl Ae3onversion G Al Be Amlp1idf& Isthg At saminase as shown

in Scheme I:

20
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(Formula O is then added to the m xture in portions
which maintain the tenperature under 28C. The
reaction is then heated to 60C with stirring until a
clear solution is 30 obtained. Wien the reaction is
conplete, it is cooled to and mai ntai ned at room
tenperature. Water is then added to quench the
reaction. The resulting slurry is -16 cooled in an
ice bath and then filtered t SOBEMEI

a- brono- 3- hydroxytricyclo [3.3.1.13 7] decane-1|-acetic
acid (Formula Q. See al so Exanple 18 herein.

a- Br ono- 3- hy['oxyt ricyclo[3.3.1.13" 7] decane-1-ac@#ic
acid (Formul 37Q is thengRiksmesteVed-etoghitamaieum

hydr oxi de, prleferably 30% a ni um hydr oxi de ang
the reacti oM xture is hea{gg\gr_ei/gr/ably to

reaction @ is then concentrated t@ a so coM
is then add d thef®#action is again conc
to yield g T~6¢'M Xt ure conpri sing

roxytricyclo
[3.3.1.13' 7] d o-acetic acid (Formula V). See al so
Exanpl e 19 hejein. To isolate v
(<aS) - <a- am no- 3- hydroxytricyclo
[3.3.1.13. 7] decane-1| -acetic acid 10 (racem c m xture

of _Formul a framthe racem.c mxture, the njxture .i,s
O Enen by AY Mt lind 38 IS erBttil Cnwcepion Bl iy gerves as
and s agh dsTh&Yehion XA Sl exdnipldre tramsainiiiad for ask inlifls YoiRleion is the

a-[[(1,1-dinmethyl et hoxy)car bon_ylg] am nol -] 3] hydroxytric
ycl o[ Bragchedphain fransgmingsset forthip Examplgd i heremonpound R).

a- 1,1- Dl B nyl A ) 3 -
3] [hglt(jr oxytri C%@%%ﬁ&gwen%gkﬁad%cﬁg%’ Pﬂgjé)tx?r%w)écé? [13.3.1.1 ]Jdecane
( Conp daaeticRcid (FommhdnVis sgathesizel chendiBailyh iAredxeinpleey metbbd for

as,[ 1R 29] - (-)-1. 2-.di phenyl hydraxy et hyl am 2.0, 7- . .
£ 1P ot bR Y iesies AR Fees e nB gt LF 11 st -sceric
I (1 - naghiFarmhRIME ddpidi&l iaSdhdoleem: M xture is evaporat ed
to dryness. The dried m xture is resuspended in a
solvent and the resuspended m xture is placed on a
shaker with heating for seve hﬁtﬁﬁr . Upon cooling
to roomtenperature, crystal F?za |or{ﬁof _
(aS)-a.-[[di net hyl et hoxy) carbonyl] 20
am no) - 3- hydrgxytricycl o[ 3. 3. 1. 13, 7] decane-| - acetic
acid ( OU N DBymoigeaiel Se giNoyab® 0 mpl e _{hei el
Rermva@ﬁ:f‘h‘b Bac gr FeFdex mﬁ\r“"" oo m{@j/“"’“
Br
Q

(<aS) - <agam no- 3- hydr oxyt et cycl o Wi

(Boc)OMNa0H
—_— Co . Fesokon COH-Base
0% HO HO

15 g R g ‘'HBec | 70-80%ee

NH,

racemic mixture of V

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 .13'7]decane-l-acctic acid (Formuia N) by first

20 brominating tricyclo [3.3.1.1>"}decane-1-acetic acid into a-

13")decane-1-acetic acid (Formula 0). In this brominaﬁon, the

bromotricyclo[3.3.1.
starting material, tricyclo [3.3.1.1%"}decane-1-acetic acid (Formula N) is suspended in

-15-



[3.3.1.13 7] decane-1-acetic acid (Formula V). Another
aspect of the present relates to nethods for
production of the 25 internedi ate conpound _
3- hydr oxy-<a-oxotricyclo [3.3.1.13. 7] decane-1|-acetic
acid (Formula Il) used in the synthesis of the
fragnment (<aS)-<a-am no-3-hydroxytricyclo

3. 3. linibRyldniisaen BitherBAbintandi@d ONIFPS Hith 3d¥ed and e ion i
gnternedigte conpobngﬁgﬁhydroxf@)<a-oxqtchyaﬂa‘ mémméonw
[ 3. 3. 18tifrgd 7 gemderaparatursdfor b5 hotrs Cowpletiornofithe eactidnds verified by

d j Lth the.nethod.depi ed.in
D homd ohrop R B AR Nt s T i G R 5 g pgdea
Ve own Gartidaiwistns ik reNtio ik threBnd (He@ELRbAMBRAINORIARAIIP$0°C. The
CO2Me col: NEt21OCM -78C C ONDo ON ON Qo2Me
Na&Hr rifipPeatureds pingaingd hetvaeen§0 anbGiTG whilshereaction is stirred for 3
t hi do.: . ' i nil.a A i
Al kol Seaq St BB oFh8 Raffor s Sbiiaby'dhs omatosraphy. Hoptane
<a- hy ds thmy added yctho k&cBonlmixdurd hotbex@s-thibnyl ¢Rloride &istilled off at 78-

A Lﬁbf&%ﬁ% {Fadgpdtonuenchthereaction sed pddiienal beptamieds added. The

aqueous layer is then separated from the organic Jayer and the organic layer is washed

10 with water. After washing, 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
distilied off, leaving a biphasic (water and oil) reaction mixture. Seeds are then added

15 and the reaction is allowed to reach room temperature while a-
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 o-bromotricyclo3.3.1.1>"]decane-1-acetic acid
(Formula O) is filtered off and washed several times with acetonitrile. See also

20  Example 17 herein.

a-Bromotricyclo[3.3.1.1°"}decane-1-acetic acid (Formula O) is then reacted

with H,804and HNO; to produce a-bromo-3-hydroxytricyclo (3.3.1.1>"}decane-1-
acetic acid (Formula Q). More specifically, a-bromo-3-
hydroxytricyclof3.3.1.1%")decane-1-acetic acid (Formula Q) is prepared from a-

25  bromotricyclo[3.3.1.1>"]decane-I-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% HNO; is
added to the flask. The solid a-bromotricycio[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

30  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 shurry is
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(Formula B) is then esterified using acetyl chloride
in nmethanol to produce <a- hydroxytricyclo[3.3. 1.13,
7] decane-| -acetic acid, nmethyl ester (Formula Q <a 10
Hydroxytricycl o[ 3. 3. 1. 13. 7] decane-1| -acetic acid,

met hyl ester (Formula C) is then converted to
<a-oxotricyclo[3.3.1.13" 7] decane-1| -acetic acid, nethyl
ester (Fornmula D) by Swern oxidation.

<a- Oxdroelegyr aro{cs b&hmd@eﬁﬁl!@eéweobltauaafbmmo-émydmxwabw}d

g?th;:jr[m((; <3(er ré%%%%?%@“ﬁ@? gagsgré" eg?cgelweén

acid, net h)d-Bﬁﬁﬁ@B h if&l@y@lo@ 3 1 W11 8daiheS 1 BORR acid {Formula Q) is
hydrol zed to f orm 3- hydr oxy
<a 0X dgw dsselvsf an @nmomsmﬁy@re@dmfc@bbﬁﬁ% aemngnium hydroxide and

gr mgre%tidn %% Ss tgfr(ﬁrg@ra%? soC, % hgggmrl]xemre is then

ernatil Ve erne e CO
3 hy d rcoxgenteated ¥od whayem is thgn 3ddcdfh3d tHede486@ is| apaif @bcentrated to

acid (FQrmula | 1) can be produced i n_accordance with
t he &%"ﬁ%&"‘@@lﬁ %%Jac FQMPSEREG AEASY- <asmipgsfbpdrgxytricyclo

HTMs C £3 B1GP7) a0 lécgnd_ deid (%m%" a’ﬁ’&?\’%‘?@ﬁs’ 9’%&6/

OSI Ne3 ZnCl 2 (appr ox
HAN COcH3 Tedsobite Gas:)-w-hmnn@3~l®drmwmcy¢ilam (1 21>38ecang-1-acetic acid

CH% O_V(lliggnjnc %Ext%)lzeHoft%%ts'r%ul‘g &/?Ko CCt)Ee raccml)c(: m']jgm?edth{c n%xtct:lre 1Is treated by
typical Boc protection using Boc anhydride and sodium hydroxide in tetrahydrofuran
to yield a-{[(1,1-dimethylethoxy)carbonyllamino]-}3]hydroxytricyclo[3.3.1.1%7)
decane-1-acetic acid (Compound R). o-[{(},1-Dimethylethoxy)carbonyl]amino]-]
3hydroxytricyclo[3.3.1.1%"]decane- 1-acetic acid {Compound R) is then mixed with a

I5  chiral base such as [1R,28])-(-)-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 (xS)-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
[3.3.1.1*")decane-1-acetic acid (Formula V).
Another aspect of the present relates to methods for production of the

25  intermediate compound 3-hydroxy-<a-oxotricyclo {3.3.1.1>"}decane-1-acetic acid
(Formula IT) used in the synthesis of the fragment (<aS)-<a-amino-3-hydroxytricyclo
[3.3.1. 13’7]decane-1-acetic acid (Formula V). The intermediate compound 3-hydroxy-
<a-oxotricyclo [3.3.1.1>7}decane-1-acetic acid (Formula IT) can be produced in
accordance with the method depicted in Scheme IV.

30
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As shown in Schene V,

(2, 2-dichl oro-1-nethoxy-vinyloxy)-trinethysilane I 10
is prepared by mnor nodification of the nmethod of
Kuroda et at. (EP 08 08 824A3; Inmashiro and Kuroda
Tetrahedron Letters 2001 42:1313-1315). Treatnent of
br onbadamant ane with 1 under the influence of zinc
chloride (Reetz et al. Chem | Engl . 1979

18: 72, Reetz and Hei mbach o SV, o

116: 3702- 3707, Reetz et al. Chem Ber. 1983

116: 3708-3724) vyi el ds adamantan-1-yl-di chl oro-acetic

Adamant an- 1 chl or o- tic acid yl eghar of
Formula VI | en hydr oxydmmsed rig oxi deMePfacc!
concent r akBdistf Urec aerd—t+o0 $rFovge/a qluantitatTve
yi el d of di chMf o-(3-hydg,gxy-adamant an- 1-yly)-acetic
acid -19 nmethyl ester ofedworrmula VIII. Hydrolysis of

Formula VIl #ith aqueous sodium hydsoxide in
nmet hanol at room tenperature yields

di chl or o- ( 3#tydr oxy- adamant an- 1- yl) c acid of

Formul a | sequecnt treat ment of -

di chl or o- XYy, °a’ﬂfa£rant an- 1-yl (5 HNOH,SO,
( For mul 22139 a e um-5

bi car bonat e, vat efPERpBIGL ure rag i n the

exclusive formati offof the internediate conpdund

3- hydroxy-<a-oxotricyclo [3.3.1.13" 7] decane-| -acetic
acid (Fornmulgyll). Also see Exanples 26 t¢# ough 29.
SCHEME VA 101{l) -6 LI HC to PH 7.4 t tj NaoH 3) Hest
to -et'C, disgill OR THE THFIH20 M20 4) w~ HClI to PH

A0.20 4)( ) ¢ HOCQ G HOQ cl ract
with Et QAc VI | cofmecr yEICHMFi ze fr H
Y o
| [
5 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. 1*"]decane-
1-acetic acid (Formuia B). <a-Hydroxytricycle[3.3.1.1*"]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-

10  Hydroxytricyclo[3.3.1.1>7|decane-1-acetic acid, methyl ester (Formula C) is then
converted to <a-oxotricyclo[3.3.1.1>7]decane-1-acetic acid, methyi ester (Formula D)

1*"}decane-1-acetic acid, methyl ester

by Swem oxidation. <a-Oxotricyclo[3.3.1.

(Formula D) is then hydroxylated to form 3-hydroxy-<a-oxotricyclo[3.3.1. 1*"]decane-

1-acetic acid, methyl ester (Formuta I}, which is then hydrolyzed to form 3-hydroxy-
15  <a-oxotricyclo{3.3.1.1*"}decane-1-acetic acid (Formula II}. Also see Examples 21

through 25 herein.
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OHOH HOOHO 11 It (crude) As shown in Schenme VA,

the internedi ate conpound 3- hydr oxy- <a-
oxotricyclo-[3.3.1.1 3.7]decane-|-acetic acid (Formula

[1) may be prepared in a one pot 15 procedure. As

seen, treatnent of Forrmula VIII conpound with aqueous

sodi um hydroxide in tetrahydrofuran (or other base

such as potassi um hydroxide or lithium hydroxide) in

an inert atAlespatiesly theiaternasdiate ganpouyd 8thydrokipaa-oxotricycio
corre i3Agq sodi um sal t W thout recoveri t he .
Sodi alvdath "Mpdaae-t aketio 251 PSR 1D SH9HE 2rbee Hgeebrdance with the
sodi unsidld depittedlit Sefd W th an acid such as

hydrochloric acid to lower pHto I ess than about 0.50

20 preferably about 0.20, to formthe correspondi ng

ket.o acid I, which may be r lized from water
totsform crystals of the keto %Wbmm her aspect of

the present invention relates to a nethod for

production of the fragnent

(I'S, 3S, 59) - 2- azapy, eMgdi o[ 3. £ 0] hex ,
(Formula_J). This THfr agnment ysed/ n the prgd j on of
(1 S, 388LYThrr255=2-%ni no- 2-
hydroxytricyclo[ 3. 3. 1. 13" 7kdec- 1- | ] 2e1,@Ffbx. 0.15 eq)
bi cycl o[ 3.1.0] hexane-3- -20 carbonitrile cambe ch,chRT
produced in accordance with the method depictethjn

Schenme VI  shown below. SCHEME VI 5 O O (Soo)20 (1.07

1. Et DH SCC .) mOVAr (I NH 2 EyN Pfi Me
tol uene, M %E . HNOa, HoS0, CO,CHs
HG af o v o v

NaOH (1.36 eq)
CH,0H/M,0, RT

HO cl ¢l gx HO 0

As shown in Scheme V, (2,2-dichloro-1-methoxy-vinyloxy)-trimethysilane 1

10 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-dichlero-acetic acid

15  methyl ester of Formula VII. Adamantan-1-yi-dichloro-acetic acid methyl ester of
Formula VII is then hydroxylated with nitric oxide in concentrated sulfuric acid to
provide a gquantitative yield of dichloro-(3-hydroxy-adamantan-1-yl)-acetic acid
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EF o1l LiEt BH(1.1leq.) 1. UGH N tol uene, .45C N 2.
MSCIO PEA OO0 3. NH, COOEt 2. DI PEA, DVAP (cat.)
COOEt TFAA A'0 O G Il CHI2Zn MSAor CH2C HCl (Q)
N Et CAcf THF O CONHz ONH2 HCI -NH or [V O MSA CONH2
HJ As shown in Schene VI, L-pyroglutamc acid
(Formula E) is first esterified to produce the

Py S ac S ol gt (PRI E 38 150 et
BOC- piy H;%Q{d?g-,l 'ﬁg‘h%&z Eug-:o&B QR rdtire McREB W1 dre-7 -hydroxy-adamantan-1-

2- oxopyrro carboxylic™acid, )
1- (1, 3)ekicetixt doid aftFoyrhila BX e Sehpskquent teaatniqns phdirziorocgp-hydroxy-

bertc F'ﬁ%ﬁé'{g%" #‘gtg'ﬁgetﬁii,c %Q'S?E%Hl?‘!,al I% Wit 'aQeak %a!et] pidferably sodium

perfo
| Hspy bicatondte, 2t eletaédienptratireresults in the exclusive formation of the

- 1-(1,1-dinethyl ethyl),5-ethyl ester (Fgrnu [1). L
The - BOSEHPE compotad +-Rfom th SIS S HerE Jeteste acd
with lthi hy; i -DHP. An amide is

t hen fd(:)(irhﬁiél&r%)n A@@Eﬁ%“@@f%%%?%dri de usi ng
nmesyl chloride followed by ammonia to produce

(5S) - 5- ami nocar bonyl - 4, 5- di hgeh%m VA

10
1} ~6 N HClto pH 7.4

2} NaHCO. (2.6 eq) '
2 }’!'i :‘Ha%li g 3} Heat to ~80°C, distili off THF
- THFH, 4} conc. HClto pH 0.20
OCH, ORa 5} Extract with EtOAC
cl o cl o

HO HO
Vil
[+] 2]
Reacrystallize from water
OH OH

HO o HG o

] It

{crude)

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

oxotricyclo-[3.3.1.1.>"}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 I, which may be
recrystatlized 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 (18,38,58)-2-azabicyclof3.1.0Jhexane-3-carboxamide (Formula I). This
fragment used in the production of (18,38,58)-2-{(25)-2-amino-2-(3-

25  hydroxytricyclo[3.3.1.1>")dec-1-yl)-1-oxoethyl]-2-azabicyclo[3.1.0}hexane-3-
-20-



| H pyrrol e-1-carboxylic acid, |-(i,1-dinethylethyl)

ester (Formula 1V). (55)-5 21

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

acid, 1-(1,1-dinmethylethyl) ester (Forrmula IV) is

t hen cycl opropanated via the Simons-Smth reaction to

produce [ | S (1

<a, 3<b, 5<a) - 3- ani nocar bonyl ) - 2- azabi cycl o[ 3. 1. 0] hexane

- 2- carchbuyilrile cachahroduted indicomrddnge edthyhe recthed ddpiadedin(Saheme VI
. BOCis, then renmoved resulting in formation of 5

an aciSBP¥&P§lo¥ych as the hydrochloride salt or the

nmet hanesul fonic acid salt of the fragnent

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

(Formula J). Also see Exan'pls]égﬂﬂgEtW ough Exanpl e 35.

AnQt her aspect of the present invention al so depicted

in“Schene VI relates to the transformation of

(5S) - 5-anpnoc rrol e- Bkl 8e¥kyl

ic 10 acid, (E

to [1S-(I<a, 3kb, 5<a) - Rewammaocar - 2- aZ albiheht It
1.0]hexane-2-Ear xylic acid, 1, 1 t hyl-et hyl
ester (Formul a H)cdop cycl opr opanat i.on SPeEta

|
Sinmmons-Snmith Reaction. In this realti on,
(5S) - 5-am | -4, 5-di hydro-1 H pyrrol
ic acid, 1-( ifmet hyl ekl agster is dissqglved ifuon
net hyl ene chlonjde/in a fjrstegactor. In

react or, enexghl oride s cgol to~30CN\and SN
di met hoxy ethane an@aniSP%E‘SW‘\Tt(?Hn of\ di et hy[®92fnc
in toluene age added fol lowed by additi gn of diiodo

nmet hane. \[AMi's m xture is then added the first

react or | oneq, by addition of s rated ,bicarbonate
solution. The resulting reaction mxtwure is stirred
until a precipitate fornmed. Th recipitate is then
filtered, was and resuspende nmet hyl ene 20
chioride two Gr myre Fhafd? Filtfate adéﬂghen

separat ed i nt §_aglieaf®%nd _gr gan hasewcmrd t h

or gani cophase” i s Washed witji_ha rated brine.
Sol vent isTrenpvedcodhd exchamged by .ane t dichbai
a slurryyofycrude product of [1S-(1<a,3<b, 5<a] wsa " YCONH,

3-am nocarfonyl ) - 2- azabi cyclig 3 1. 0] hexane- 2- car boxyl i
Cc aci d; 1- di mehyl et hyl ter (Formula H) in J
hept ane. 25 Alternatively,

(5S) - 5-am nocar bonyl - 4, 5-di hydro- | Hpyrrole- |

- car boxylic

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-
10  pyroglutamic acid ethy! ester is then BOC-protected on the nitrogen to produce (55)-
- 2-oxopyrrolidine-1,5-dicarboxylic acid, 1-(1,1-dimethylethyl),5-ethyl ester (Formula
G). SuperHydride reduction and elimination is then performed to form 4,5-dihydro-
1H-pyrrole-1,5-dicarboxylic acid, 1-(1,1-dimethylethyl),5-ethy! ester (Formula III).
Thé BOC-DHPEE II is then hydrolyzed by saponification with lithium hydroxide to
15 form BOC-DHP. An amide is then formed on BOC-DHP via mixed anhydride using
mesy! chloride followed by ammenia to produce (58)-5-aminocarbonyl-4,5-dihydro-
1H-pyrrole-1-carboxylic acid, 1-(} ,1~dirqethylethyl) ester (Formula I'V). (5S)-5-
-21-



acid, 1-(1,1-dinmethylethyl)ester (Formula IV) may be
prepared as shown in Schene VIA -22 SCHEME VIA MWV N
ON04. YYONOM 11eONONYYCN) ". NY .MKI O OrnC
CN~N awn oo OI.GNO CyN'NOCGONQNO MI W.
17337 Met W: "Us If1 W' 3ri73 2444. | =Am w+Mua hSb
0.. 3...... a(OMO. I I N MOO N 004. 10N.y NKN M/ ~\)

I(:)|~C“[i| %M%OCR%OB%-;‘@%&% W&M b))ﬁyl%lacm wd{%{:thylcthyl) ester

F bN
N)er MM‘M i 8%9{1 %loﬁwm@ﬁ% glcNS(b‘;thns. meﬁ:h%Ehbn to produce

' 13] 0
- 004&5 8 BR,3<056u]-Samimnosibeuyl hambisyetel Olhertanelﬂe}wyhc acid,
salt qfl émemyhclﬁyyq e (Hrmﬁiarﬁj B3¢ s then removed resulting in formation of

S an acid salt such as the hydrochloride salt or the methanesulfonic acid szlt of the
. fragment (18,38,55)-2-azabicyclo{3.1.0]hexane-3-carboxamide (Formula J). Also
see Examples 29 through Example 35.
Another aspect of the present invention also depicted in Scheme VI relates to

the transformation of (58)-5-aminocarbonyl-4,5-dihydro-1H-pyrrole-1-carboxylic

10 acid, 1-(1,1-dimethylethyl) ester (Formula IV) to [18-(1<a,3<b,5<aj-3-
aminocarbonyl)-2-azabicyclo[3.1.0]hexane-2-carboxylic acid, 1,1-dimethylethyl ester
(Formula H) by cyclopropanation in a Simmons-Smith Reaction. In this reaction,
(5S)-5-aminocarbonyl-4,5-dihydro-1H-pyrrole-1-carboxylic acid, 1-(1,1-
dimethylethyl) ester is dissolved in methylene chloride in a first reactor. In a second

15  reactor, methylene chloride is cooled to -30°C and dimethoxy ethane and a 30%
solation 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

20 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 [lS-(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.

25 Altematively, (5S)-5-aminocarbonyl-4,5-dibydro-1H-pyrrole-1-carboxylic
acid, 1-(1,1-dimethylethyl)ester (Formula IV) may be prepared as shown in Scheme
VIA.
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di carboxylic acid, 1-(1,1-dinethylethyl)ester Xis
treated with al kali netal base such as sodium
hydroxi de to formthe corresponding salt, such as the
sodium salt. The sodium salt of

4, 5-di hydro-1H pyrrole-I,5-di carboxylic acid, 1-(1,1-
di met hyl ethyl )ester XI may al so be prepared fromthe
correspondi ng ethyl ester by 10 treating the ethyl
ester (preferably a sol uti onSCHEMEVEAhyl ester in
toluene) wth ethanol and sodi um hydroxi de. A
solution of the sodiumsalt Xl is treated with buffer
such as am‘l'D‘h;T chlori e and sodi ehhdidmedr ogenwe
phosphate to Wﬁr PH of 5)he sBPut i og® %\A;’E;. \EY
preferably abo‘mt 6 to 6.9, and t he buf&“ﬁred sol utlﬁ’!h
of sodiumsalt is treatee:wth 4 15

(4, 6-di met hQ&¥™, 3, 5-tLmgin-2-yl)- 4mﬂyl mor phol & u
m chl ori deckddMoM. t Qunbiadl t he agctiyated DMI-ester

X1 which ¢“PtR& ed WM &fnoni a lw«’z)ase such

as ammnl um sul fate, ammnl um chl ori de or anmoni um
hydro o form( - b- aam:no arb 4 w1 di hydra- e
I ‘f".mt’f'ér lic :amcd ™ an o
1- (1 I hyl et h h twer conm
4(46 Xy- 1 5ntr|a ) 4rret?1'y|-rm>rpholl il
ni um chflor i de (DTM EM‘I\_/Qm may e prepa.t..edhas shownSeiru

Scheme \nﬂqu.by react jcige2- G - 4, 6- di met koxy- Bz se2ute

1, 3, 5- A7 ne ( Ahd N-net hyl nmor phol i ne at

reduced'cut enperatures ranging from about 0 to about

10C to form DMI-MM - 23 The DCHA sal t

of 4, 5-di hydro-| H pyrrol e-1l, 5-di carboxylic acid,

1-81, 1- di Aeshwmen Bylie)'xtas‘t'lér the DA bt gﬁ%ﬁ)ﬂﬂ:@fdrof—ﬂbm&ie-ls-

Col ut PRROBHR B0 LUl syl ok sl 5 AR meal base such

met hyhs dodinat Wdrox@des E’orfd\ﬁ@&)treaﬁﬂnuﬁfg'sﬂlﬂ siéh £fehd fkﬁhum salt

reaction mixture to 2.5- ing an acid such

H3PO4. The laﬁsgdwmcsalta?éaﬁ 4lf§'d5?e w@e—laﬁﬂwb@aﬂ@@cw {11 1-

bri ne

Fesul i RUee XOAE ARARMGARIHN U Ssbofing Uiy exrer by
DUOHA trenting tho ethyd estay(prefepabiydd sotptibfolf\the @ttiyl ekter-i2 thhuene) 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-

15  (4,6-dimethoxy-1,3,5-triazin-2-y})-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 (55)-5-
aminocarbonyl-4,5-dihydro- 1H-pyrrole- 1-carboxylic acid 1-(1,1-dimethylethyl)ester
Iv.

20 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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SCHEME VIB 1. E12Zn (1.1 MIn toluene) ON 2.C CH21
COCEt tolwne, .30 to -20C 'O 3. NaHCOB, sat. ill
4,.40% McNH2 rL 24h  CI12HI9NO4A Mol . W.: 241,26 r MAnti
CNH2 Molysis McNH2 ONN, 24 h ON+ ON 0 COOR

1/1 XO COOEt O CONHMe XV XVI , I X XVII BOCAAPEE

s- BOC- MPEE Ct 3H21NO4 C13H2INO4 Mol . W.: 255,31 Mol.

W 255, 3174 ii@is-&hﬁhbw o= Ns-didafiidacidy@-(1,1-
TOVE COON sgﬂg%% XV OCVPEE 9- 801 6P (

C13H2 dipethyiethyesoOX mapbe progaredfgmn the cuprespopding sqdjum galt X1 by
1.1- Blﬁ%ggn% an%qﬁéol}lls NY:SR O previously prepared DCHA salt X with methyl t-butyl
ether (MTBE) adjusting pH of the reaction mixture to 2.5-3 employing an acid such as
5 H3PO,. The organic layer is separated and treated with brine to form the
corresponding sodium salt XL The resulting reaction mixture is cooled and treated

with DCHA to form the corresponding DCHA salt X.
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COON 2. NH3 CONH2 J XVII1 J H s430C MP s-BOC. MPA
Cl1H17NO4 Cl1H SN203 Mol. W; 227,26 ML W.: 226,27 5
Compound H Schenme VI may al so be prepared as shown in
Schene VIE by cycl opropanati on of N BCC

4, 5-dehydroproline ethyl ester 11l as follows. N BOC
4, 5-dehydroproline ethyl ester IIl is treated with

di ethyl zinc and chloro iodonethane in the presence
of dry organic solvent such SCHEMBA&IB, nethyl ene

chl oride or dichloroethane at a reduced tenperature
rangi ng fromabout -30 to about 10 OCto form N-BCC
4, 5- met hanoprol i et hyl eejzep.1donendd> The resul ting
BOC 4, 5- net hab%g i ne ethgfiester XV (m xture of syn-
and anti-isone cBoel) ) tesens@paret ed by treating with
aqueous neth am ne undetNalif®isMert  at nosphere such
~as a nitrogen'at mo¥pher e Hifct e

(S) - BOC-4, 5- net ket 0l 1 Nne et hyl ester XVI (separated
fromXvil) is r¥t8vefel. 5 The

s- BOC- 4, 5- ngt hanoprol i ne et hyl ester I in ethanol o
ot her orga sol ve "’ s tol uen r-THEis -
treated ase sug ..as aqueous b m hydr oxi
sodi um h ro ébee or potassi um hydr oX de'ehseef or m the | CONHMe
corres n ing s- BOC-net hanoprol i free acid Xvi
The free aci d¥XVII1 is converted to théYcorrespondi ng v
s- BOC- net #aA¥HEol i ne 10 ami de H by ¢8oe#tdeng free acid
XVI T di s i,n an organic sol ven;""s_‘,m ;s THE or
nmet hyl ene or | de i sobutyl chlorofornate or nesyl
chl ori de, |n the presence of N nethyl norgholine,
under reduced te ratures such as not to eed about
-8C, and thenotrgating theaeadtion mxtuke/with
amonia to formith &% 55 BOC-T% bemaopr ol i n@<ankgg, H 15
Anot her aspecpr8f the presese i nvention Y€ ates to a
met hod for cou'pl I ngvit he XV

s-BOC-MPEE s-BOC-MP

C1aHz4NOy C14Hy7NO,

Mol. Wt.; 255,31 Mol. Wt.: 227,26

PQ N | P\>
L NMM o N
h\/ COOH 2. N, Q( CONH;
[y} (o]
A( Xviil ﬁ/ H

5-BOC-MP s-BOC-MPA

Cy1H{7NO, Cq1HpN20;

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

5 Compound H Scheme VI may also be prepared as shown in Scheme VIB by

cyclopropanation of N-BOC 4,5-dehydroproline ethyl ester 01 as foliows.

N-BOC 4,5-dehydroproline ethyl ester H1 is treated with diethyl zinc and
chloro iodomethane in the presence of dry organic solvent such as toluene, methylene
chloride or dichloroethane at a reduced temperature ranging from about -30 to about

10 0°C to form N-BOC 4,5-methanoproline ethyl ester XV.
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fragnents (<aS)-<a-am no-3-hydroxytricyclo
[3.3.1 137)decane-|-acetic acid (Fornula V) and

( S, 3S, 5S) - 2- azabi cycl o[ 3. 1. 0] hexane- 3- car boxam de
(Formula J) to produce (I S,3 S,5
S)-2-[(2S)-2-am no-2-(3 -hydroxytricycl o[ 3. 3.

1.13" 7] dec-1-yl)-1-

oroct L) gt A A SRR A SHERY e o
depi c taati-lsame&:(rselnplswﬂarw byvireating2witibadqdicis iéthyl @indRader an inert
O ColBMREFE SO B O AR e -4 ahapigline ety
VY  GERKX VA (sehardtad froIXVIDS] réloverbd.

5 The s-BOC-4,5-methanoproline ethyl ester XV1 in ethanol or other organic
solvent such as toluene or THF is treated with base such as aqueous fithium
hydroxide, sodium hydroxide or potassium hydroxide to form the corresponding s-
BOC-methanoproline free acid X VTIL

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

10 amide H by treating free acid XVIII dissolved in an organic solvent such as THF or
methylene chloride; isobutyl chloroformate or mesy! 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.

I5 Another aspect of the present invention relates to a method for coupling the
fragments (<aS)-<a-amino-3-hydroxytricyclo [3.3.1.1>7}decane-1-acetic acid
(Formula V) and (18,38,55)-2-azabicyclo[3.1.0]hexane-3-carboxamide (Formula J) to
produce (18,38,58)-2-[(2S)-2-amino-2-(3-hydroxytricyclo[3.3.1.1*"}dec-1-yl)-1-
oxoethyl]-2-azabicyclo[3.1.0]hexane-3-carbonitrile, benzoate (1:1). Coupling of

20  these fragments is depicted in Scheme VII below.
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K Dehydration ON ON and Hydrolysis TI' AAWddN. M ON
LICAc K 00. cas. Na K O1l) NsON b pine 31 PuN OM oaz
O N PMCOON.NJ!I' OMC MC L M5 As shown in Schenme VII,
the fragnment (<aS)-<a-am no-3-hydroxytricyclo
[3.3.1.13" 7] decane-| -acetic acid (Fornmula V) is first
BOC protected to produce (<aS)-

<a[[ (1, 1-di et hyl et hoxy) car bonyl ] am no] - 3- hydroxytricy
clo [3.3.1.13 7] decane-| - acSOHEMEINII( Formul a VI) by
treating V with BOC2O in the presence of base such as
sodi um hydroxi de and separated via ethyl acetate

(Et OAc) extractign to separate out 10 -‘" acid VI.

Al ternatiyely, ipn place o
acet at e/ hept ane
free acidjVl.
Formula Mis ' ron
bi oconverfki on u g an is¢lated PDH FDH enz °
concentrate as sgt olt in|Exanple 8A. -27 A sol

of Formula VI compound ir an appropriate Organi e

sol vent such as ‘tetrahydrofuran (THF) (cooled to a
tenperature within the range fromabout -10 to about {
0C) is trea ed wi t h net hanesul f on chloride (Mesyl
Cl), and H base (dii soprgﬁgf'r’\é‘{ hyl amine or DI P

opdi ng nmetMAEEULF oni c:jzd 0

A

2 .
- o HCle o -4
MaA CONH,
J [
vi HOBT

o HH,
K
Dehydration o o
and Hydrolysls
TFANPyiding
N
KLO, Ecg:.‘ua
K o 1) NaOH o phé
2) Beparats phasex
k J\ 3) P AH,OMa0Bz2
Y 1l . PHCOOHs HHN N
o ' o
NC NC
L "
5 As shown in Scheme VI, the fragment (<aS)-<a-amino-3-hydroxytricyclo

[3.3.1.1")decane-1-acetic acid (Formuia V) is first BOC protected to produce (<aS)-
<a[{(1,1-dimethylethoxy)carbonyl}amino]-3-hydroxytricycio [3.3.1.1>"}decane-1-
acetic acid (Formula VI) by treating V with BOC;0 in the preéence of base such as
sodium hydroxide and separated via ethy] acetate (EtQAc) extraction fo separate out

10 free acid VI. Alternatively, in place of ethyl acetate, isopropyl acetate/heptane may be
employed to crystallize out free acid VL. 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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5 salt of VI. A coupling reaction is then used to
couple (<aS)-<a[[(1,1-

di met hyl et hoxy) car bonyl ] am no] - 3- hydroxytricycl o[ 3.3. 1
. 13" '] decane-1-acetic acid, (Fornula VI)

met hanesul fonic acid salt to

(1S, 3S,5S5) - 2-azabi cycl o[ 3. 1. 0] hexane- 3- car boxam de

(Formula J)a %%i?ﬁd?,‘iogﬁ{?ﬁﬁ{ﬁy i c&ﬁp?«;nl]uﬁg Yng%ngﬁpq%g%%ﬁo%icgsloﬁem such as

(HOST) or ot nown Ccou
3- ( am tnodwdivfuryd (THE) $Yootel-t) 3 temperature within the range from about -10 to

hydroxytri ¢ Iogg. 3.1.13" 7] dec- | -[yl_)-<b-oxo-(l S, 3.
S, 55 . BOULIEEY tsepietl wit meganesnilipay) sblogd (e b Desnd Funig base
aci d, (@iiso%rdp?ic%}ahﬁﬁ@ﬁ%EﬁZLo)e/fgrr& ﬁﬁrcm‘%%olﬁin F’n%%hg}fésﬁlf&ic acid

conpound is “subjected to ration tre

coposAaokVhi t h or gani ¢ base such as pyridine or
triethylam,ne and trifl uoroacetic anhydrj.de nd then

subj ecti ng A CouPling fepetio 15 °‘l'5‘°‘°ﬁ§Pa‘_i°8P{}4u _)Eﬁ?"égéﬂ ing to

f r om afivaethylBthby)eddooiiyl jAREoRB hydd QA elB Y M idinxi SRetic acid,
or other strong base such as KOH or LiOHto form

Conpo JEW a mgwagy aggs:(lgto {18,35,58)-2-azabicyclo[3.1.0]hexane-3-
hy dr OXyibbkdiviad 13he hASSed o0l dyes i B Coki

S, 3S, 5S) - 2- az aﬁ["i“’y“gﬁai’f e %‘?%giéa"nfg%' Sopifalhzole (HOBT) or other
adPd, known geuplingygest toydroduse 3+(arfiforarhdngl<nS)-vdi(3h i s

t hen ct Rel treafed wt [ benzoat e

T A R RN N D P—

(1S, 3SihafcaBain(coid; 2;1adimbylthyPesiy tropsufarit)C Yohhhi? £3cdmpound is

13" 7] dec-1 -yl ) -1 -oxoet hyl]-2- . ) L

azabi E'\j’é?c&déf’ il?lmiﬁ’é‘?ﬂ e Irgating cpmpoundiK. with jseganisdiase guth 39 pyridine

( For mg} @ieMhlanfhSRdI68 BEhE e

- 28 SCHEN@T VITA ON %‘l’\?r%@{g%%%ﬁﬂ BRSO BR R Fetion to

AIN  hydsolysiy by Ebolinlto fram abiit Biuo &81940°C and adding sodium hydroxide or
other strong base such as KOH or LiOH to form Compound L. 3-cyano-(<aS)-<a3-
hydroxytricyclo[3.3.1.1*"]dec-1-yl)-<b-ox0-(18,38S,58)-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 (18,35,58)-2-[(28)-2-amino-2~(3-hydroxytricyclof3.3.1.1*"dec- 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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MOST 5 As shown in Schenme VIIA conmpound K may al so be
prepared fromthe conmpound VIA (DABCO salt) as
follows. Fornmula VI acid is treated with

1, 4-di azabi cycl o[ 2, 2, 2] octane (DABCO to form
(<aS)-<a[[ (1, 1-di et hyl et hoxy) car bonyl ] am noj - 3
hydroxytricyclo[3.3.1. 13" 7]decane-I|-acetic acid,

1, 4-di azabi cycl o[ 2. 2. 2] octane-salt 10 (Formula VIA).
A coupling reaction (as descs¢HeRME wibchene VITA) is
then used to couple

(<aS)-<a[[(1, 1-di net hyl et hoxy) car bonyl ] am no] - 3-
hydroxytricycl o[ 3. 3. 1. 13" 7] decane-1| -aceti c acid,

1, 4-di azabi cycl o[ 2. 2. 2] octane salt (Fornmul a VIA)

(I S, 3S, 58) 2-azabi cycl o[ 3. 1. 0] hexane- 3- carboxan1de

HCl or I\/ISA salt (Forrrula“l‘) in the presesee of
1- hydr oxyb ¢iazole ( othm

coupl i ng
3- (am ne agt 0 ?

hydr oxytri c cl B b&o d""'(lS 3S, 58)
- 2- azabi cycl o[ 3. . 0] exane- 2 eﬁﬁgn car b-amc acid, 1,«
1 -dinethyl &t hyl °ester (Forfula ). Referring back to
Scheme VI, conpound L may be deprotected by treatnment
W th strong acid such as hydrochloric acid as

desicri bed visshowaipickeme sempoupd Kamay glso bopremsresdfipm the

Vllsa{‘ﬁp% lj‘\& s WW@K@"W@ 0O xc xc xc LL" M

Formu]a VI acid is treated with 1,4-diazabicyclo[2,2,2]octane (DABCO) to

form (<aS)-<a{[(1,]1-dimethylethoxy)carbonyl]amino}-3-
hydroxytricyclo[3.3.1.1*"}decane-1-acetic acid, 1,4-diazabicyclo[2.2.2]octane salt

10 (Formula VIA}. A coupling reaction (as described in Scheme VIIA) is then used to
couple (<aS)-<a[[(1,1-dimethylethoxy)carbonylJamino]-3-

1*7]decane-1-acetic acid, 1,4-diazabicyclo[2.2.2]octane salt

hydroxytricyclo[3.3.1.

(Formula VIA) to ( lS,3S,SS)—2—azabicyélo{3. 1.0]hexane-3-carboxamide HC] or MSA

salt (Formula J} in the presence of 1-hydroxybenzotriazole (HOBT) or other known
15  coupling agent to produce 3-(aminocarbonyl)-<aS)-<a-(3-

hydroxytricyclo[3.3.1.1>7)dec-1-yl)-<b-ox0-(18,3S,58)-2-azabicyclo]3.1.0]hexane-2-

ethanecarbamic acid, 1,1-dimethylethyl ester (Formula K).

Refetring 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.

20
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Y 5 Referring to Schenme VIIB, the free base
nmonohydrate M' nay be forned fromthe BOC protected
internmediate L as follows. BOC-protected internedi ate
L is treated with concentrated hydrochloric acid in
the presence of nethylene chloride and nethanol while
mai ntai ning reaction tenperature wthin the range
from about 20 and 25C, to form hydrochloride salt L'.
10 Hydrochloride salt L' is t SGHEMBWIB sodi um

hydr oxi de or other strong base to form the free base
M. Free base M is then treated with water to form

the free base nonohydrate W As will be understood b
those of skill in the art upon readi this o
di scl osure, the fipal product, the dipeptidyl

pepti dase |V inhi bi
15 o
(3-hydrOXéLLfC cl of 3¥3.

abi cycl o[ 3. 1.70] h&xape ar boni"tt
(Formula M or its <orfesponding fr J
nonohydrate M thereof can be produced using all the*
steps depicted in Schenmes I, I, or IIl and N, V, VI,
VII and VI1TA or only a portion of the steps depicted

in any of Schemes I, i, or Il apdNIV, V, VI, VII

and VI A dependi ng uponiiftch i nt' ate 20 pse

sel ected as the starting materi aF75¢p xampl e, using
the teachings of the present jnveqtifon) one of skill

in the art can routinely produce t}Je cl opropyl - fused
-30 pyrrolidine-based inhibitor "

(1S, 3S,5S)-2-[(2S)-2-ani no-2- (3- hydroxytricycl o[ 3. 3.
1.13,7 ]Jdec-I-yl)-

1- oxoet hyl ] -2-azabi cycl o[ 3. 1. 0] hexane-3- carbonitrile,

benzoate (1:1 For mul a or the correspondi n ree
base M ugi r;bgfgging to Scheme , the ree base mmﬁy?ly rate%df' may be formed

hydr oxye <a- i ; 1377 e-1-acetic acid
1 0B R i ki N
am no- 3- hy drRg4pritecyed iofeBnalide L3s Fdatesbwithecdncenteateddydrochloric acid
acid of, Fornul a V, ag) - . . e .

<a[ [ (1,1 1 RIEEASA oéei%ﬁaﬁ%ﬂsalﬂa&ﬁ?/ PILmethER! Fhils BrERRpE Lction

cl o 3. 3erhpetatdre Aiflfif H3Qarge TroRf fouE2B&IdDS5°C, to form hydrochloride salt L'.
1, 4-di aza%l cyclo[2.2.2]octane salt of Formula VIA or

( 590 5-Hysingohlneide badly/|is teatedivityspdism ydroxide or other strong base to form
.pyr rol %fnla frgea {)at%g M.l I-i"rge ggsle i/l' is?‘ fhgl:ll' tr%itg(i \ra;ﬁfl U;\éleﬂd%'r&. 15 & base

monohydrate M".

(1S, 3S,5S)-

HC1

2S) - Zﬁm' no-

As will be understood by those of skill in the art upon reading this disclosure,
the final product, the dipeptidyl peptidase IV inhibitor (185,35,5S)-2-[(25)-2-amino-2-
15  (3-hydroxytricyclo[3.3.1.1*"Jdec-1-yl}-1-oxoethyl]-2-azabicyclo[3. 1.0}Jhexane-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 L, II,
or IIf and IV, V, V1, VII and VIA or only a portion of the steps depicted in any of
Schemes I, IL, or I and IV, V, VL, VII and VIIA depending upon which intermediate
20 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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of Formula IV as the starting material. 10 Thus, one
of skill in the art can produce a cycl opropyl -fused
pyrrolidi ne-based inhibitor of dipeptidyl peptidase
IV sinply by coupling (<aS)-<a[[ (1, 1-

di met hyl et hoxy) car bonyl ] am no] - 3- hydroxytricyclo[3.3.1
. 13" 7] decane-1 -acetic acid, (Formula VI) (or its
DABCO salt (Fornmula VIA)) to (IS, 3S,5S)-2-

azabi @yoblofite-Based mbibitne(1 3,38 HShEx R deanfimp2@l a J) to

produge,3- (.am rhepvl ) 1 Y prabi ane-3-
08, - AR R Qe 57 Laospetyl 2aabionlqfp | Oljexane:>

- (1'S, 3Bbosihrilé-benzoate (1:1) (Formula M) or the concspondmg free base M’ using 3-
azabi cycl o[ 3.1. 0] hexane- 2- et hanecar bam ¢ aci d

L1 GBIy Feiohgiicxsial 8¢ 1(-Okerantr L ayetic 2oy EpRmYIAY . (<aS)-<s-
3 o T RS B ncsRidts 571 Gadbifl PR LGY O Bbrinata ¥ 1s)-

0X0- (I<$[[BlSl-ﬂﬁ)etigqmmoagbohyi]ammnla}myeleIMhééddwnc-
glr gdﬁgggxc a%ld h—dlazanlg c‘\{o{f E tHoc:tang g’atlte of %ﬂlm, @(5&)-_5- _
200y anAiocABbnyTA; - dhPore Bpiolec ). 64rBdx31i3 ackd, U3¢ 171-digtethllethyl) ester

yl) - <iof Grmnia B s3hegyring maebikeycl of 3. 1. 0] hexane- 2- et ha

nq ar bam CTE‘&S gn gfshl 19 kl%%%hgwa}‘% aeﬂcﬁ'br(!pgpﬁl%a ﬂrn]oildme based

hydr ol yzi hg - ¢yano-
hy dr oxptibitos W€ H@{aﬁi;d@l depfidasd 'd eignply lyyt Joupling(xaS)-+{(8F; 5S)

L B bocandRgr Gy Egﬁﬁ‘sxgl%isgﬁhﬁ@&%%- 1-atetic acid,
di peptightiuta ‘@ﬁ%r'lgmd‘ysﬁf‘(ﬂoﬁhﬁlﬂ VIAY) o (18135 53312h0d

the starting materials conprise the Rra ment s,

(<aS) a@[u[yelp[m Blbexankyeartiosamide Arasenlp J) mrﬂ@accé (wmosa(bonyl}
{//flr | CX4 La-(%{%%tnc io@%fﬁidg&&%ﬁféﬁ-&@&'ﬁs :{ﬁ(ﬁr ml a
(1 s SSzﬂﬁ)yeB{B aambmyamuﬁaaecaﬂ)aailmmnen-ammymmtcr@omula K);

St eps SeYsng ddemngrrbamDreo-FH-spesticyelots £ P PP <o
(<as) oxal (%is 5%)0'2-5%#&%&1 Ny Neead-RoMyhdcarbhmid acit, m,\lchiﬁlﬁthylethyl

ytricyclo decane-| -acetic acid (For Isa,
VI) f reston (Fhenuanémd@m W&)a%a@rhydmxymcyc 0[3.3.1.1"]dec-1-

,gBy %\); nggﬁ)- ra%?b}%tc%tfl?ﬁﬁlgfan 15l e ‘ﬁlug amd 1,1-

t( hesnﬁmhani)gimw chter @hﬁﬁulg Diand ﬁgir@lmlndgj Biciamo- (GﬁS)t—ﬁeG-
<a <a am_no- I OX trlcyc
[ 3. 3. hydroxyiensiolhd. 1|1’ a%%crl ¥)-gbreor b‘gﬁﬁ’aﬁ)a‘?ﬂabwycloﬁ 1.0]bexane-2-

i nt er nRohAh®alic acfSY W%Ethﬁ@dh&yes{e?f}% i L) to form the dlpeptidyi
3- hydroxy- <a- oxotrrcyclo decané-| - acet
aci d peptidase IV inhibitor. In th:s method, the startmg matenals compnse thc fragments,
25 (<aS)-<a{[(l,1-d1methylethcxy)carbonyl]ammo]-3-hydroxytncyclo[3.3.1.!3 71 decane-
1-acetic acid, (Formula VT) (or its DABCO salt (Formula VIA}) and (18,35,55)-2-

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)carbonyljamino]-3-hydroxytricyclo
30 {3.3.1.1%"]decane- 1-acetic acid (Formula VI) from the intermediate (<aS)-<a-amino-
3-hydroxytricyclo[3.3.1.13"]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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(Formula 11) by enzymatic am nation or transam nation
(see Schene | or 11). Alternatively, the nethod may
further conprise chem cal synthesis of (<aS-<a-amno S
3- hydroxytricyclo[3.3.1.13. 7] decane-1-acetic acid
(Formula V) fromtricyclo{3.3.1.13.7] decane-I|-acetic
acid (Formula N) in accordance with Schene III I n

addition, or alternatiy e t hod ma
ot (e droxgicyen Bt 1'751{%%”%{*}?8"? 5 Foppula ) intermediate by
(1S, 3Ssymh e@xcﬁﬁﬁ@ﬂxﬁ:&% ﬁﬁy%lr&x f ; o cl§[3°33f BN @IERAE] -acetic acid

(Formula J) by renov he |ntermsd| ate
I S-( I(F@amukﬂ) lﬁm]zyrﬁatib(}tmmatlon or transamination (see Scheme [ or

anlnoc cl.o 01 hex X

aci d, ag¥ﬂ&,t tﬁ? gltué\er <o) sg 11:_3% )@hé%?sh% ékacs-'ia-ammo-
emsgd i mﬂtox clﬂptm@P 7ma:femr.achﬁcr aw:@a%msla 9 fRine frickelo{3.3.1.1%"]
production o

<a, 3<lflecpag]l %’ﬂ%qﬁ%‘é’&’%‘éﬁ%))‘“ accordanee With Sohame T hex ane
-2- car boxyj Aduifmi Gb :;\itlrn:atlw.re‘lfi IR AN LY furied @mprise steps for

(Formul a H) by cytlopropanation, preferably via a
Si mmmso@mqufrtmamgnmt 66 3S 55)-2—azabwyclo[3 1.0]hexane-3-carboxamide

(59) rbon A9

Car bo XL By R e s ARt R S erdpl-

I \[D. Aﬂmtdaaboﬁﬁpmﬁawﬁyclbpei o}hematz darbofylid Ry, Ilﬁl-dihﬁﬂaylethyl ester
to new.co ounds identified herein as being useful

i nter &%fam add). j Ip thinemppdiment til%ﬁ'e'&Pd B e pymensg astep for

pyr r thﬁgfﬁ | 3RBis § ax‘ﬂfnogdrﬂﬁ'm)Lﬂﬂabf}?m)[?:dla@]ﬁexane—}

V. rrpoun e prese I nvention useful as

i nt er vedipxpliescidnt wenghyidhy:ltqston(Fotmvdy &) by cuglgpropangtien, preferably

%L{ Iog'ifgal {er\tpzqcr)lﬁg Ig\é'cacagrll gf {ng §-a%§no%large§yt'l-l4d§{ldihydr0-lH—pyrrole—l-
318y dic@syxyfia-a600t (1, FfhethydetBylfestes (Fdri@RANg- | - aceti c

acid, methyl ester as depicted in Fornula |, OH COZMe
O | 25 - 3Another aspect of the present invention relates to new compounds identified

gcPgdggeéaé.e;?,g@ggggﬂﬁ@m&qté i DA AUERA Gty Pfused
pyrrolidine-based inhibitors of dipeptidyl peptidase IV. Compounds of the present
invention useful as intermediates in the production of cyclopropyl-fused pyrrolidine-
20  Dbased inhibitors of dipeptidyl peptidase IV include:
3-hydroxy-<a-oxotricyciof3.3.1.1*"]decane- I -acetic acid, methyl ester as

depicted in Formula I,

OH

CO,Me

25
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OHCO2H 4-- 011 5

(5S) - 5- am nocar bonyl - 4, 5-di hydro-| H pyrrol e-1-car boxyl
ic acid, dinmethylethyl) ester as depicted in Fornula
IV, nlzl~ N- 01 CONHZ IV 10

(<aS) - <a- am no- 3- hydroxytricycl o[ 3. 3. 1. 13" 7] decane-| -a
cetic acid as depicted in Formula V, OH COZH NHZ V

15 -33 (<aS)-<a[[(t,

di et hyl et ﬁdxym&ﬁ&@ﬁym]cmhmé LB’ Hgennentyacetioneid af depicted in

13 7] | -acetic acid as depicted in Formula VI,
0 EFFRE o ¥

OH

CO,H

(58)-5-aminocarbonyl-4,5-dihydro-1H-pyrrole- 1 -carboxylic acid, 1-(1,1-
dimethylethyl) ester as depicted in Formula IV,

v
10

(<aS)-<a-amino-3-hydroxytricyclo[3.3.1.1>"]decane-1-acetic acid as depicted

in Formula V,

OH

CO,H

NH, Vv
15
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5 (or its DABCO salt VIA),

adamant an- 1-yl -di chl oro-acetic acid nethyl ester as
depicted in Formula VI, COyCH3 10 CI C1 VI

di chl or o- ( 3- hydr oxy- adamant an- 1-yl )-acetic acid net hyl
ester as depicted in Fornula VIII, and COZCH3 15 HO
& C Vil dichloro-(3-hydroxy- adarmntan 1-yl)-acetic

" & pr ot oSk Il ReRePas et b bpipsioddls 1.1

Conpogadfie-Habeti¢oid a8 Aepitted B FRRALRNES i n the production
of the dipeptidyl peptl dase IV inhibitors (I

S, 35,55)-2- 5
[ (2S)-2-am no-2-(3- hydgpxytricycl o[ 3.3.1.13 7] dec-1 -yl
) - 1- oxoet hyl ] -2 azabi clycl o[ 3.

1. 0] hexane-3-carbonitrjle, benzoate (1:1) as depicted
. in Formula M OH A

preferably the cor
nonohydr ate as depi
respectively HO

14
LAZ

Vi
5
(or its DABCO salt VIA),
adamantan-1-yl-dichloro-acetic acid methyl ester as depicted in Formula VI,
CO,CH;
10 c Cl Vil
dichloro-(3-hydroxy-adamantan-1-yl)-acetic acid methyl ester as depicted in
Formuta VIII, and
CO,CH;
15 HO c © Vili

dichloro-(3-hydroxy-adamantan--yl)-acetic acid as depicted in Formula IX.
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-35 or its nonohydrate M (set out hereinbefore).
Di peptidyl peptidase IV inhibition produced using the
conmpounds and rmethods of the present invention are
useful in the treatnment of diabetes and conplications
t hereof, hyperglycem a, Syndronme X, hyperinsulinem a,
obesity, and 5 atherosclerosis and rel ated di seases as
wel | as i munonodul atory di seases and chronic
i nfl ammat ory bowel diseaseg he foll ow ng Exanpl es
represent preferred enbog s of the invention. -36
' COEH USi ng an
phenyl al ani ne dehydr ogena ' -grnoactlnonyces
intermedi us and produeiong an @ndog hous f oiXmat e
dehydrogenase Reconbi nant Pichia pastoris frozen
cells (2.25 kg) expressing phenyl al ani ne dehydr ogenase

f rom Ther npaghlefpiel 6@BodiMbiR! NREGwAD heteih Sthed damh t!hds are used as
dei oni zed water (6.75L) cont aj ni hg ammoni um

( 28. 65tgymediatps an thepecgiyctmfoﬁ gre dineatidyl geptidage Wllghléépqsﬂ S,38,55)-2-

e I t ax
To5 nayiShEaa: XX ARG RREU AR AR L Bl 5
NH4 OHazabityclofd. EO]hetdnb-3edattohirdle) beazdaee (dily es depuﬂcﬁ%l\ﬁbﬂnula M.
cell suspension in 50 nM amonium formate. Cells were
di srupted by 2 passages through a mcrofluidizer at
12000 psi and cell debris was renmwed by
centrifugation at 20,000xg and 4C.| Supernatant, 7024
m containing 230998 units or 15 1R4641 units of
phenyl al ani ne dehydr ogenase act.i '
Assay A (see Exanple 9) or Assay
respectively, and 80080 units f
were added to a 16 L vessel ‘o‘_
Scientific Bioflo IV bioredctos.

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

M’ and M", respectively

HO

HN N

CN M
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20 grans, 7.017 nol es) and

( 3- hydr oxy- adamant an- 1- yl ) - oxo-acetic acid (786.7
grans, 3.510 noles). The pH of this solution was
adjusted to 8.0 with 276 ml concentrated anmoni um
hydr oxi de. Ni coti nam de adeni ne di nucl eoti de (NAD
9.834 grans, 14.82 moles) and dithiothreitol (2.163
grans, 14.027 mmol es) were then added and the

sol ut Poits MarehydatedMt’ Gset o herelmbefEYor cont ai ni ng the

Pi chia paspl.i tﬁﬁEc e n dQRi ds and
mai nt ai nedbg{cb ‘3‘8@%‘% stIinlqulgigl’t’iglt1 iflagg&%rdr}%lﬂﬁgﬁ? %ﬂj t sun ofan
concentethatiedf the prepent invelticiragsaisdful of the Featfentofdideteshnd

were added at 0, 3 and 18 hours, , res tively, after .
Uhe. stamplicaponsherpafo DPFEYer i, Bdigme ferype payligerts, dbesity, and
Af § er aBiBroBtbSis add YelatedWigehde® B WA thofibduldtody didEases and
(3.637 mol es, 100% yiel d) (S)-am no-(3-hydroxy-
adamafiramc inflammagerytbpwekdisedseas neasured by HPLC

anal ysis ( I : :
det ect abl ef%gft"g&g@%ﬁ Slr% plﬁ- e lz}%%lt g%’ér of t og gtz:\?rlltsn%f the invention.
acid. (S)-am no-(3-hydroxy-adanmantan-1-yl)-acetic

acid was isolated via a procedure consisting of

boiling the enzymatic transformation m xture to drive
off -37 ammoni a, adjusting to pH 3 with form c acid,
filtration to renove precipitated proteins, sorption

of the amino acid on Dowex 50 (H+) resin, elution with
1.5 M ammoni a and concentration of the rich effluent

to give (<aS)-<a-am no-3- hydroxytricyclo[3.3.1.13

7] decane-| -acetic acid as a crystalline solid. The

last run 5 using this isolation procedure (787 gramns

ket oacid i nput) gave 804 grans of (<aS)-

<a- am no- 3- hydroxytricycl o[ 3. 3. 1. 13. 7] decane- | -acetic
acid with a potency of 94.3% and a yield of 96.0%

from

3- hydr oxy-<a-oxotricycl o[ 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,55)-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 Pichia pastoris
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15 A solution was prepared containing in a fina

volume of 4.0 M at pH 8.0 (pH adjusted with NHACH)

0. 50 M ammoni um formate, 0.25 M (3-hydroxy-adamant an-
1-yl)oxo-acetic acid, 1.06 mM NAD, 1.00 nM
dithiothreitol, and 250 ng reconbi nant Pichi apastoris
heat-dried cells containing 32.7 units, as determ ned
by Assay A, phenyl al ani ne dehydrogenase and 24.6
units formate dehydrogenase. EXAM®pESati on of Pichia
pastoris heat-dried cells has been described by Hanson
et al. (Enzyne and M crobial Technol ogy 2000

26: 348-358). The sol ution wasExanppEad in a 50 ni

Er | enneyer. Iask at, 40C, 100 rpmfor 4 days, then

anal yzed Bifdueiite amipption;psing ?'b?fftmﬁfranh@aombnmtﬁgﬁwasrons

(8080 yi alpds 18 R
yl)-acet ng s;&x?dﬂﬁ ?5 pfnéd lI‘:"Q{r@F&é“ﬁ@‘gt ive am nacttmgmy ces intermedius
usi ng wet cel | sand Bfﬂd"&ﬂ‘ﬂﬁblﬂﬁﬂﬂenﬁus;furmatmwrageﬁse

| uti I
300 m ot " RrREREAGHCAIDARE Reken ReIRh PR eyPipsarahenyialanine
ammoni dﬂhydrogermtefrorﬂ) Iﬂ&&a%f@mﬁ)&ﬁﬁﬂéﬁnﬁﬂ;g were added to deionized water
adanaoés?# 5 2 Oxo-acetic_acid 88 mv NAD, 0.84 nmM
di t hi L f%\t inigg gmmoniym, fogpafp @SFﬁcﬂwpéS‘ba@i%} i Aftepghawing, the
C€l|d S &ﬂ@%&&h@n&d%m r&']&lﬁceggg R%SIM a‘zagmgogemzer

dehydr ogenase, ~ as rm ne
units qdbﬁ#étt@l’ﬁ&wfwgmed NPb@PEmidwboledhwvﬁsmsh@ﬁce to give a

for 68 ronp e s ity D B Hfimonsie foris Sl isnpied by 2

cont aipaswigthdupivd iicréfBiGzetiac t 2000 HS)anad TN WAY Fnfbi¥a by
adanmant ant.- MPLE 4 Reducti ve

| -, Ig acetic acid. 5
anmi natCHR gfb .20 000ws #0d A C £Sunesatank, 7924 ml pontaining 230998 units or
haat - dniues
dehydr ogen a‘glg(k fb f%hr%ﬁ%rlgfg{r?@rg ga?’fl%%{y%ée?n?m' Qesr ‘#ttee&m ined bg ﬁ"(ﬁsay A (see
f or matfxagpley pogeianBe(s‘ferFamnﬁbri@) ),aesplativaiynarid 8808@unitsifernate

\SEIS 8P 8@Wn gn&eanla zri](!.lc{a?ag to lé‘ L vcssgll of a%ewnﬁrunswwk 80|ent|f' ¢ Bioflo TV

bioreactor.

A 7024 ml solution was prepared containing ammonium formate (442.5

20 grams, 7.017 moles) and (3-hydroxy-adamantan- 1-y)-oxo-acetic acid (786.7 grams,
3.510 moles). The pH of this solution was adjusted to 8.0 with 276 m] 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 Pichiz pastoris extract. The

25  solution was maintained at 40°C and stirred at 150 rpm. Aliquots of concentrated
ammonium hydrexide of 45, 25 and 27 ml were added at 0, 3 and 18 hours,
respectively, afier 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

30 2) and no detectable keto acid or R-enantiomer of the amino acid.

(8)-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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10 adjusted with NH4OH): 0.50 M anmmonium formate, 0.25
M ( 3- hydr oxy- adamant an- | -yl )-oxo-acetic acid, 1.06 mM
NAD, 1.00 mMdithiothreitol, 2.55 units/m (0.51
units/ mg) formate dehydrogenase from Candi da boi di ni
(Boehringer Mannhein), and 250 ng reconbi nant
Escherichia coli heat-dried cells containing 76 units,

as determned hy As / henyl. al ani .ne . .
dehy d?fa@@wasaéhus#getogﬁf 1 SO, ISR g remors Precipfated
m Erp l%my%foln%? khedmidP4eid dPBoweirsd G{+)4e§i|1@)6ﬁmoh heith 1.5 M
anal yzed by sol uti on contai ned 69 ng/ m

(13. 7aamyxpmra ahd ve@):eram:mof(tbe Fighiefuent waﬁfﬁ(ﬁaﬁbﬂl apiye-3-

t
N T o
deshy dﬁﬁ@hﬁﬁﬁ)]éﬁoﬁ frdcathde (*B7 [poanh m:macﬂ lsmit)gawe B04\gmms of (<aS)-

gr Sp?%%gmég%g{dg& cyﬂoﬁmg_?ﬁ o ugquf:cém W'tg‘r?] pottcney of 94.3%
for maggya Held 9?9%%3‘;&3}’ ALH3Mx y—<a-oxomc§cl?rgvl3 1.1% 7]decanc— -acetic acid.

adamant an- 1-yl ) - oxo-aceti'c acid 84 MM
di t hi 6%1l@féletb@tchESIofﬂ‘FﬂSﬂFmam@-%mmxﬂﬁPM%)‘ ' Jidngsoe 1 aceti

s/g% gé‘:'%%g@t%ﬁ 33’ itﬂ Y Ca°dd l%g@ﬁé% ‘?ﬂ} sl Oﬁ%&&én“ﬁ:ﬁ&tx?ﬁs en route to

cpnt af IS 33pSH-2- {(BS)Q&mnﬁG—Z (Aailyavorytrieytldf$.3AsE A}ded 1 -y1)-1-oxoethyl]-2-
phenylalanlne d hy dro Sse The sol uti on was

i ncubRRgySie(3-1 'l'%ai‘ﬁ' eHIHS PER9R% sk at 40C, 200 rpm
for 68 hours, then anal yzed by HPLC. The sol ution

contained 5.16 nmg/mm (11. O% i el d;
(S) - am no- ( 3- hydr oxy- adarrant 2-yl)-acetic acid.
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dohydr dYRNGRE PRBNTCL oL EhIEhlca e HEt B LA AR pasoris

deghydr OgGWS?HﬁdMS@W?Oh@}IﬂiQﬁh ia fidabaliuthé of¥. Wa? at pH 8.0 (pH
contal ni In a I Na I’TEO a

.5 (s R O 50 ppapi oy GOy adamanan-

for mﬂi S 34390 Qéé\fic(a&la ?o@EMWAd 3 d@%ﬂlﬁd‘ﬁiﬁoﬂﬂ‘éﬁ&aﬁ@m thg

-yl)-ox0-acetic acid D, mM di t hi ot hreitol,
0. 51 xenérhlghanit Pichia pastons heat-dned cells containing 32.7 units, as determined by

Assay A, phenylalanine dehydrogenase and 24.6 units formate dehydrogenase.

20  Preparation of Pichia pastoris heat-dried ceils has been described by Hanson-et al.
(Enzyme and Microbial Technology 2000 26:348-358). The solution was incubated
in a 50 m! 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.

25

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-

30  adamantan-1-yl)-oxo-acetic acid, 0.88 mM NAD, 0.84 mM dithiothreitol, and 12.5%

% wiv 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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(0.51 units/ng) formate dehydrogenase from Candi da
boi di nii (Boehringer Mannheim and 1.01 units/m
phenyl al ani ne dehydrogenase (14.5 units/ng; Sigma
Chemi cal Co.) from Sporosarcina species. The sol ution
was i ncubated at 30C for 20 10 hours, then anal yzed by
HPLC. The solution contained 0.31 ng/m (2. 74% yi el d)
(S)- am no-(3-hydroxy-adamantant- | -yl)-acetic acid.

EXAMPLfculfatédinsd J04at EfidnlerTladtc #648°C, 200 rpm for 68 hours, then analyzed
pBVS2000- PPFDH PDHod 15 A t wo- st ep const ruction of

t he eRpPREL: drhevelution costrimsgGd §-me/mbf8 i) (S hrpsrino-(3-hydroxy-

enpl o s FDH gene was subcl oned into
expreéga?%ar?mﬁgtl oér&@EéB%EdZOOO (pBM52000 is disclosed in

U S. Patent No. 6, 068 991, issued May 30, 2000 to

S. Liu et al.) using oligo de priners

containing the 5 and 3 ﬁl‘@fﬁ?hgé pastoris FDH

gene al oR@duétive anfiiRdd @Jil% ve€Shbinahi BLAAGRR U6k ﬁ@mr?ea cells
cl eavage sites: 5 TCGTCATGAAAATCGITCTCGITTTG 3' (5

end:; smgsmhewmm@)dehm@gpnge from Thermoactinomyces intermedius
TACTGITTTTCCA e;

SEQ ID NO®2) 25 %‘%Wﬁ%gq'%ﬁe'fﬁf f'gﬁ'gff’gﬁn%ﬁ GHE

of the P. Aashutivh Wafﬁbbageiwmnmng:marﬁm voluine iofi4 Damirat pH 8.0 (pH
o0l 1 oPfsed it Sy BE5 0, SO0 pehongity forgass” i 8F 3;hoeftyadamantan-
deoxy m-l-j'gl-(ﬁ&tdc@@: 4cid, 08 N1 D ( JATRM dithtbthreitSi] 255 %ﬂﬂslml (0.51
dTTP) 0 0.4 nM each ol i gonucl eotide, 2.5 U TaqPlu

DNA meIng)anén?(tngﬂf@gm from kgndida égldmpd @Qﬂh@gwannhclm) and
t
ol 2 U iR e AR AR BB ainT s ypi,

for 4d¢temun£lsby Awhy Ay‘ﬂﬂn}dylaﬂﬁe dshiymgembe. - THE solutich &tab moubated in
a 94C m nut 50C for 72C f

it 80 Ty ERgmeer Biskat AL 0 bR ¢ Sngortien arafieg oy BPLC. The
With auKiRaoRRRean. GQWP@R 7‘%3ﬁﬁfdb ?}fmlffd—w-ﬁydi‘@a@-admnaman-1~yl)—

extracted with an equal vol une” of
acetic acid.

EXAMPLE §
20 Reductive 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 NH;OH): 0.415 M ammoniurmn formate, 0.208 M (3-hydroxy-
adamantan-1-yl)-oxo-acetic acid, 0.88 mM NAD, 0.84 mM dithiothreitol, I unit/ml
25 (0.5} 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-
30 l-yl)-acetic acid.
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phenol : chl orof orm (G bcoBRL, Gaithersburg, MD), and
centrifuged at 13,000 x g for 5 5 mnutes. The upper
aqueous phase was renoved and placed in a new

m crocentrifuge tube. DNA was precipitated by addition
of 0.1 volunes 3 M sodium acetate and 2 vol unes
ice-cold ethanol. After centrifugation at 13,000 x ¢

for 5 mnutes, liquid was as |rated fromthe t ube,

and the pellet washed with oE & cold 70%

et hanol lﬁﬂﬂi WXy

was al I%\?\%ﬁch i?gqgl\ﬂ?ﬁlﬁ?ﬁgh{fgﬁl? ﬁiy #ﬁdﬁu?&ghgi?s?eﬁlgm porosarcin

t enper at ur e erls fnd dolﬁMe dasbs'd m@na{ed'domaahd@'@ baidinis

each of Bs and BanH hour s

vol ume of 0 utiop ﬁ'abmifrF(g?onE’("H @M& umg 8? &? nalft é%[ 8.5 (pH
was  dajgasd ®h WH.OHBankIM &ﬂﬂloﬁﬁﬁﬂbmi&&) G5M eHL Efg/ml) (3-hydroxy-
sarrpl es were el ectrophoresed on a 1 0% TAE agar ose

f adammEntgck-w)-axo-aeyic geid;THEMNADs 1 s dishiogeitabd)-Higmits/m!
t h F
[ ﬁea@_gzélzn vec@ é&#ﬁ%@?@%@%&fﬁd %ﬁ@r’ff’?ﬂg (Bo%hnnger

wer e Mepaiteimbnd E&bumeﬂnlfphumlalhencgmhy@ngcw(lﬂﬁemltslmg, Sigma
usi ng Extracti on

k Gel Ki ; .
Chat SSBRT Y omRgoresfrEi st oRLS iR dfulpiggat 30°C for 20

f |@ONB&LS, (MG Ralye st by ERIET! The ©hstich CORMAEESE Fmagall @TF4% yield) (S)-
the | ow ol ecul ar wei ght mass | adder (Ilnvitrogen

Cor p. ammar(3 Jydeexy-adgmantant-l iyhjeacelif acil.a 5: 1
(insert:vector) nolar ratio in a total volunme 20 of 10
pl at 22C for 2 hours. DNA was precipitated by
addition of 15 lil dH20O and EXAMPLE-7but anol, and

inutes. Li qulcamiitceiornbpbamy PAGREA-PHRDH Bhrimg
DNA was dr jq@olsfp@onitiblibn (T ehe(eRpredIbn vdctbt pBMB200G-PPFDH-
Farm ngdal e, NY) for 5 mnutes under |ow heat. The

pel | ePDiad wassmpinyndieBhe B pestprigFDH geps wassibcloned into expression

o, DEg PRMRA TS Y R O/ R Bde891, issued May

(I nvi 30,9600 SIW.25: ghal. )mdngcﬂ{go@clm prinlens comtaiming the 5° and 3°

imTedi atel dded = 5%, yeast. extr ct
29 t r Gt wsmf%@% genezlosswmzerma&%e % lease

rr%l\/g‘g%a 951@3520 mM gl ucose per liter), and the ceI I's
i ncubat ed In a shaker for 1 hour at 37C and 225 rpm

Col onies contain plasm d 30 DNA were sel ected on LB

agar B AtGRCATIAARAIEGTTHCUTTIHEANS! dhadithidéBo m No:1)

(Sig
BspHI
5" TACTGTTTTTCCAGCGTATTCCTAGGCT 3’ (3’ end; anti-sense;SEQ ID NO:2)
25 BamHI '

High-fidelity PCR amplification of the P. pastoris FDH gene was carried out in four
100 pl aliquots, each containing 1 X TagPlus reaction buffer (Stratagene, LaJolia,
CA), 0.2 mM each deoxynucleotide triphosphate (dATP, dCTP, dGTP, and dTTP),

30 0.4 nM each oligonucleotide, 2.5 U TaqPlus DNA polymerase (Stratagene}, and 10 pg
plasmid DNA containing the cloned P. pastoris FDH gene. The amplification

conditions included incubation at 94°C for 4 minutes, followed by 25 cycles of

- 40 -



Chem cals, St. Louis, MJ). Plasmds with the desired

insert were identified by -41 colony PCRin capillary

t ubes using the Rapi dCycl er (lIdaho Technol ogy, Salt

Lake City, UT). Each reaction m xture contained 50 nv
Tris-HCl (pH 8.3), 4 MM MdA 2, 0.25 ng/ M bovi ne

serum al bum n, 2% sucrose 400, 0.1 mMcresol red, 0.4

nM each primer (SEQID NO 1 and SEQ ID NO 2), and 2.5

U Taq itBbatjvnlay 9 Coee] mitivdeB0eC for Catipute; andJRYO for 1\ thinutes, using a

The reacti m. xt ur s divided into 10 | aliquots,
and %Fé‘éﬂ'g riMadst ‘ie&?\ggmor%ﬂ%ﬁ" 1th JUEKIEDYRR-t om

M crotiter TRE PER redRtibPMBILE Wiz ERSICRH With anCdhil WS eESof 1:1
pi cked using a di sposable plastic inoculation needle,

swi r | @lenolichdotofam (GeeoBRENGrithersbvng, MINdandrcentsifeged ati1 3,600 x g for
LB:<ka VGl ar. Each reacti 1 e | i,qu S
o SeGes B e it PREE MR- e s The

dr awn
f | amensieateattifage fbé. (DNA veGeeciplinicll by waditton yBE U valocheONM sodium

denat ured by _incubatjion at 94C for 30 seconds;
L1 FrGalE P YRIEmBIET BPIA Gl AGensaopBen 8t 13,000 x g for 5

I ncubgtiimags, ﬁ%uig s Q4 3860 Ribe, A8 thel RIleQvAREPRHAR 0.5 ml ice-
and 72C for 60 seconds using a Rapi dCycler

Ther meeld ID%rethappld dliquid seh aspiratgd again, 8od theipales waistallowed to air dry

Ugg %’a Iel% were el §ctro horesed on a 1.0% TAE

a roser|§g(51l Y51 A2OMB TR 00 v. Seven sanpl es out of

17 tested ahptfied BNASwa!digRed hahQ0ainitsd ddf olf BssHImdBamHI for 3
One colony cgontaining this plasmd (referred to herein

as pBREered HPEpHotalyelumges et ik dn pprglel Hthg PBMS2900 Negtord2 pg) was
ol asni / , i f |

her naeRef it Hojenata pom HRL EREdadsfiaRiiphd sl filesed on o
dehydi 0g€TAE agirbsxtgetifol £ doars hr vt [Ehe palndsi colrespobiiiag to the FDH

T da . ... J..Biach 1 . 371-376 .
£ 185 Fie) 18 Eremmjeiesea an LeReavestsr (/00 Hsr paicsagmment) which
and aﬁrcﬂ:@@%&rit@!?%kcigea o e F@l‘ﬂnﬂ puAfied WihgGhé DPXYbick Gel Extraction
or (0]

termnus that Is required conpl ete conversion of
( 3- hy HitdQagem &rhatswarth. 1CA). )The gencaptsations atthe isplated fragments were

S) - apina:3- - -] - - i cid ,
() sty S B RGERR 1o e Sy B hper anvivogn
( descColpearisbadeCA) hnddygated ipa & A {insHOv@OEP Adlar Patio 18 aweal volume
to Dongvan et at, Januar% 27, 2000%, whi ¢h was .
stbseghlhithay 23 s beure dDNAcwAsprecipi@ted by addigompfl 9 4ight>0 and
(deposgigd Eldl -aftan%i,raﬂ& Belﬁ?egcat Té‘,ﬂ&ﬁ £ 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.

25 The resuspended DNA was transformed by electropofation 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, 14 mM Na(Cl,
2.5 mM KCI, 10 mM MgCi;, 16 mM MgSOy,, 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

30 DNA were selected on LB agar plates containing 50 pg/ml kanamycin sulfate (Sigma
Chemicals, St. Louts, MO). Plasmids with the desired insert were identified by
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3" en
aci ds
St op

aci ds

d of native PDH gene and correspondi ng am no
: AAC AGC GCA AGG AGG TAA Asn Ser Ala Arg Arg
3" end of PDHrod gene and correspondi ng am no
(changed or new amno acids in bold): -42 AAC

AGC GCG GAG GEG TAC CTC GAG CCG CGG Asn Ser Ala du
Ay Tyr Leu u Pro Arg CGG CCG CGA ATT AAT TCG CCT

TAG (
aigo
of th
endon

SEQIDNO5) Arg Pro Arg lie Asn Ser Pro Sto
SPIOPEBER o capilans Rbex igRsRIRIOC Yrder fidabi, feohnolghy Salt Lake

%n?ﬁb'@ q%agﬁ Béictic APRGrdbddiaifAhRRT G- HEP tpH £.3), M MgCl,,

ucfease cleavage sites were prepared: 5

GAT GCORA T GUBSGARGENET AbBAMNI TATGoseA 00 0d mMeresel re$EF nM each

| DNO3
anti -

fos agRld. fMERidnOW

PCR

FDH g
74408
resul
Ndel

hour s
a ver
the |
Sﬂﬁai
wer e
gel f

. Nd Js T TAAT, " end
et OEGHD NE R S D Dot D) ToH IR aptfee Promegs
_ Ifinﬂm%l:{étiﬁh gkt @ fdividat illoHIqM aliyuots, and
were identical to that used for_ the P. pastoris

eirettesiiniohe wallvefioownst-batigm misratiienpdate. { A kasaape-resistant
b3 bR s1R 2 URERRBI ISR inbP RS buickFinto the

asactidenmaixtirgrand transferredito PBRandbydio higaowBathygacBion mixture
at 37C, .in a total volunme of 50 1. In allel,
aligyet yps drawn iniepao pbespleey w?e-ﬁlg wcm%af{@w%ﬂsﬂ 2t both
Bhds! @ell@ﬁer‘EQfsg@ r’t‘d’ZDm‘\ QR Sl g)?%c% at¥dnlaf 94 0R} B?Monds;
usi ng 1dentical conditions. The di gested sanples
smphifiation was pdrfecnedpding 3sadlenof ncdbaien FV8E° @ derloseonds;

Phe. POca Oetrendey b At or Seerorh SRS a e Thumbotycle

| i neapidaRCre¢RidiSies, Salt Lake City, UT). Samples were electrophoresed on a 1.0%

15

20

25

TAE agarose gel for 2 hours at 100 v. Seven samples out of 17 tested showed a
strong band at 1100 base pairs. One colony containing this plasmid (referred to herein
as pBMS2000-PPFDH) was chosen for the next step in the plasmid construction.
“PDHmod” refers to a modified Thermoactinomycetes intermedius
phenylalanine dehydrogenase that differs from the published DNA sequence (Takada
et al., J. Biochem. 109, pp. 371-376 [1991]) by a change of the last two amino acids
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
pPDHOK/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):

-42 -



20 (4700- base pair fragnent) were excised fromthe gel

and purified using the Q Aquick Cel Extraction Kit

(Q agen). Ligation of the two fragnments,

transformation of E. coli, and screening for colonies
containing inserts wwth the PDHrod gene (form ng

pBM52000- PDHnod) were perforned as descri bed supra.

For construction of pBMS2000- PPFDH PDHnod,

pBMS2@00: PDAIGEH (QCG25GAG WaBGE edwdll WCTIC 1@GAGea€€G  CGG
H ndf Il and,Smal j.n a L reactign for. 1 ho at

25C, BP1 owkd by 4lahouf5:‘?”at Tgﬁ' uni of ﬁﬂ DNRlO Arg
pol ymerase (lnvitrogen) and 2 L of a 2.5 nM m xture

of all_ four deoxyribonucl eoside triphosphates wer

e
added ClHnd €& s&fphe ARTubAAl a¥CE |GCTor TAG  (SEQ IDNO:3)
i nut Th ' 26t -

n nu %i% ag1gamrea glon #as elgg rogg}orlgggg. Tée%pon a

1. 0% arose ¢ for 2 hours at
1800- base pair fragnent was excised and isol ated

usi ng the Aqui ck .CGel . Extracti.on Ki.t j.agen)., '

f r agment SBH%FF?Q‘,*%WW%‘@P, the 2¢ ”?5’37 rf%? é’} fhcgﬂ d gene
gene, aAg witiRoMPiaBIE rdi®Rfod @ofucldabPdlefmidsited Wake prepared:
fusion). Next, pBMs52000-PPFDH (2 g) was digested with

10°units 5 restriction endonucl ease Smal in a 50 pL

volu ”@A&@b‘[‘%g"ﬂﬁ*&écébﬁ%é?ﬁ RAR’fgﬁ‘er (sVnltefle; 5H D NO:3)

shrinp al kal'rne phosphatase (United States
Bi ocheni cal s,M&l evel and, OH) for 1 hour at 37C.

Pl as nGATENAGWRR TRWeRICCARRIWATRATICE &' BRULS-Bhse ¥ b NO:4)
on a 1.0% _ TAE agarose gel, isolated, and extracted

with the Om&uick kit. The two fragments were |ligated

ipga 6.5:1 (insert:vector) nolar ratio at 16C for 4

hours in a 10 ItL final 10 volune. After 1-butanol

ext r act i onRemetoreniditiohsifpa bmplificatitwe aitd\Arifmstidnr afnisf PIDHaebd by PCR
into ele

Kanany EieqOaGrdR Bt Sen 0 hecs ARG EDLash eopp chiqpaosomal DNA

pr esepepared frbMes REEITPED SRR Sncdedd ad Rehplatdfor the reaction. The resulting
PDHnod- specific prinmers as previ ousIY descri bed for

FDH. fsagmss Mas digesiedl with 2omits eachendNelgl andsSmed firUichors atds°C,

i N I per [, h ' cend .
oBDrreR e BY LS sPRE IR RRR JoRuld i 30, Blitel gpejon of the
Only $BIISROGOVEIor Withan AdLIGsitt 8t the B@dtion 6% (R1@3vaodigedted with

a 1400- base pair fragnment possessed the two genes in
t he s¥dd 28d Swal winegdenticH sondidonsp The diggstodhspmples yrae spparately

fj :“ S egcgqacgﬁ},gm&iegea ﬁ%ﬁ?f-d‘% FRE ot A9 RS Hotrd &£ 166 L CrhOPands
corresponding to the PDHmod gene (1200-base pair fragment) and linearized vector
20 (4700-base pair fragment) were excised from the gel and purified using the QlAquick
Gel Extraction Kit (Qiagen). Ligation of the two fragmenits, transformation of £. 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
25  pg) was cleaved with 10 U each Hindlll 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 pL 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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whi ch gave the expected fragnments of 5422 and 1826
base pairs. This plasm d was designated

" pBM52000- PPFDH PDHmod. " 20 EXAMPLES Expressi on of
FDA and PDHmod pBMS2000- PPFDH- PDHrod was transf or med
into Escherichia coli JML10. In shake-fl asks studies,
JML10( pBMS2000- PPFDH PDHod) was grown for 18 25

hours at 50 rpm | 5 nedi Q%8 Y SR

2 0% B A ST AEGENOR® Eeb B el OB BG Y- i d FOSERAR it Bofient was
pot as gidid¥d R EBRGURsihgaRAPAR itk GeDEdation Kie(Qidgen). This fragment
sul fate, 0.0256% nmagnesi um sul fate [ heptah

dr.at e;
addedcqriains, imerders hevaaRomp§ieseis gsF4 284 g wof gffe (as

and 5 , Ci o . .
e
so$ ut i('jdggiciiora a'ﬁtlblnfﬂﬂéab@.??qldp asDiY. alurfdidr 3Gouma( ZXO0) themyeated
recorded and cells sufficient t | ‘a startin

of 0, 98k d shrmpaalins roeweRaR IR S Hiomem sy Cleveland, OFD
Fl as kfor"l’q{ogr %trﬁ?k(%nﬂﬁ’gmiaiﬁ\m Wk el@&%ﬂl&ﬁk&éd for #holrB 8t 100 v on a 1.0%

OD600 was Expression of both genes was _
i nduc#AEmgameicigel) isnlated, ahd exteacted stithrthe QbAquidkit. The two fragments

i sopropyl.thiq-p- |l act opyranosi de. (I P t I

conce F%&Hﬁaffa “g? ES% "lsf?ﬁt'é{%o'swé’?af é?%}?eaﬁtl gﬁ %’ﬁgé’ glﬁl{silﬁﬁclla% WL final

f o8 24oitfie N AdeS 1 -biRhdI SxiMRKiBn BRd éedirftlgdtion, the DNA was transformed into
centrifugation at 6,500 x g for 5 m nutes, washed once

Wit h electengompetons REVORrellsKanarmyriprerbiians Golppiehu et spigened for the

7.0, a r - . g . .
R
MM andeseiibed fohBBHN & secorgdHounti F PR sheening wastcondsicted by using DNA
wei ght .and sonjcated 3 1 conds,usi,ng a, Ei sh

Sci enPTFE homgipgrussg theoh e ‘?Bf‘i‘ﬁ'g br “E‘Pr}‘( patlgfspe FDHmod gene,
Sgs entdshdchively! DhRAkEse BonsBidts aBIO WRdupp6it hinpBfickion Wf & MOD-base pair

mcrotip. Debris was pelleted by centrifugation at )

13, 006ragment posseGedriba twe gengs in the SanerpRaniatighr Qpg pych plasmid was
Expregsion xant ne i 4 ith Konl
C P SR dod 8 oFAAN i AR S0HSNcion istion vt
( SDS- RAfch)gavédne expeoted filagmems bf $122 nad 1 82 imsapaissd Thistplashid was

L of 4X
designated “pBMS2000-PPFDH-PDHmod.”

20
EXAMPLE 8
Expression of FDH and PDHmod
pBMS2000-PPFDH-PDHmod was transformed into Escherichia coli IM110.

In shake-flasks studies, JM110(pBMS2000-PPFDH-PDHmod) 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 (ODsgo) was recorded and cells sufficient to give a starting ODggo 0f 0.35 were
added to fresh MT5/kanamycin medium. Flasks were shaken at 250 rpm, 28°C until
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NuPAGETM LDS buffer (Invitrogen) and brought up to 19
mL with distilled water. Sanples were heated at 70C
for 10 minutes. One nL of a | Mdithiothreitol
solution 15 was added to the m xture and 10 L applied
to a 10% NuPAGETM Bi s-Tris pol yacryl am de m ni -gel.
El ectrophoresis was carried out at 200 v for 50-60

m nutes and the gel stained in a solution consisting

of 0. 186 Ok WadiPR:TaE FxpreBbiv of BIY fEes wadiBdnded by kddition of filter-

et hanol, and 10% (v/v) acetic acid. The gel, imersed
i n t hétesitigadilM jgepropyltue-BcD galaciomranosideBTGY tors final poncentration of

or i t 27 "R B Fpenpatofanr@t B g Rl L iR pelcca by

~ t hor ogetitifugididntut §S00R igZ6E5 Wiatubs, wabhed 6:¢ &FfiRGn\Wqhdl volume of 50
dest ai ni ng sol ution (éel Cleartm; Invitrogen). The o
soPut MY apaoniugy farmats pB =% apd spelleted. ({eslis diern sterpd frozen at ~20°C or

boi | i Qeedd :

e on LeedhRAE iri Rl s onlend B3 50 fuld b bniubt Bhosphate, pH
i nduci0ox 10 odvg wetpel aieight axd sonicated 2 pdStsesbndohising d Bisher Scientific
wei ght , of subunits of E nd P d anpl.es were..

be o Mol i Sorke Bt Bl it SBEndi, PioEpyro ) £aHaE seting 15

when  «ethitaqficsip dDebid watellbted BXSNR fBgatidn atl1¥,600 x g for 5 minutes at
reconbi nant E. coil strain was given the interna

ddQi gFRom BHPERUSE  16496. SC 16496 was subsequent |y
ferment ed plnlQion3Nd efafindd l?ﬁodmm &Hﬁ@ﬁrg} s:lﬁ%nﬁzﬁcgﬁﬁlamide gel

liter fernentation, one vial® containi 0zen
SC 16d8aropheresik (SIIPAGE).00m nBOf the kidbexataut veasanisledditr @ uL of 4X

kb R G LB b e Se) s e o S el ith il water

at  28Gampredwi BedtQ atZ4°C I 16 nififlest DRORI IR lifhiothfto! solution
13 liters of MI5 nmedi um (i ngredi ents batched based on

alf i nwhs sdsled tretho fixterelapd il O ph apiied tma @9 MPAGYE™ Bis-Tris

Kana in sul fate .an nesi um sul f at e, hept dr a .
suf 11 Kottt pivjalet, FRCIEOBL B RSN Br200 topep0 minutes
and OarddAR686! stafieR ard sohtion, coliting &F 6.3% (We¢) Cdomadd1® Ble (Sigma),
distilled water and filter-sterilized through a 0.2

i cr ofP%e&v¥igtesel, ard:10% &v/8) acptiaacid: | The eah immerperbin the stain, was
oo L el b U R o e b
F2¢ neorbailisbakeofoe & triimgesp Arha et veasswaskrdahareudhdy itheleionized 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
25  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. Fora 15-
liter fermentation, one vial containing 1 mL of frozen SC 16496 was thawed at room

30 temperature and added to | liter of MT5 medium containing 50 pg/mi 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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16 liter working volunme Tenperature: 28C 10 Aeration:
1.0 vvm Pressure: 690 nbar Agitation: 500 rpm
Control pHat 6.8 with NHAOH as requi red Foam ng was
controlled by addition of UCON (a fluorocarbon sol vent
bl end produced 15 by Dow Chem cal Conpany) on denmand.
At OD6oo 0.8-1.0 (approximately two hours after
inoculation), filter-sterilized |PTG (dissolved in

500 i3 litem@f MBS medivad ingsedinntschatchod based;py a figalvohme of 15 L) ina

conce f

o B g Kl AR R B ocin
tank wediee fill eohceflrition bOSD pHall asd WOR46%,abdpectivetl, bire dissolved in
centrifugation 20 and rinsed gnce with 0.1 vol

e oSO sl d walr andfilton s B3R hapiah 0.3 i cropcallges scetate
I n§ o gitﬁf:l%ﬂrl 951 gﬁf_caéoﬂﬁi'bﬁ wAl ﬂdcﬁﬂ & @&¢ tzf?ﬁ( foﬁggedjﬂﬁﬁﬂsdlately by the

neede anks e 1 nocul um was prepared a
foll omcui&nwﬂheiniﬁal@ﬁh;mmcaM6 was t hawed and added

t 300 nmL S di th 50 t Th
Dok was RirmsEGon Sistiing paapbisters R 10°

OD600 was pheﬁtefmmﬁ@vanﬂne% the appropriate vol une of
cells to give ynits was renoved and added to 250

mL fresh l?FE‘ﬂ‘i"Gn@ E|3he celI's were aseptically added
ti)OlO L of %%A(S% mediumin a Braun fernentor

(rnitial QOD6oo- and grown under the

Fer nent at | RmssQee 6% mbar Par anet ers di scl osed supra for
16 hours. n‘{{h? .cu.I 0pre was then transferred to 250 L
of MI5 corft# gf't HB™appropri ate concentrations of 30

kanamycin @ddronrpgaesewnmm@m&asﬁd on the 90
m nute doubling tine of SC 16496 under thes

condi anaﬁgg wapcqntrgHed hyadditiomof HCORH(a anpkygntdalend produced
starty O%QQI s¢ g;ng%[@gm(}mﬁS I nducti on, grow h,

harve I'ng, an Zere carried out as described
for t he 15A10Dga6 ﬁﬂnlt.th(appmmmately two hours after inoculation), filter-sterilized

IPTG (dissolved in 500 mL dH,0) was added aseptically to give a final concentration
of 35 uM. The fermentation continued for an additional 48 hours, whereupon the
contents of the tank were subcooled to 10°C. Cells were collected by centrifugation

20  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 kanamyein.
The flask was grown at 28°C, 250 rpm for 24 hours. The ODggg was determined and

25  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 ODggo~ 0.008) and grown under the
Fermentation Operating Parameters disclosed supra for 16 hours. The culture was
then transferred to 250 L of MTS5 containing the appropriate concentrations of

30 kanamycin and magnesium sulfate. Based on the 90 minute doubling time of SC
16496 under these conditions, 10 L of inoculum in 250 L should give a starting ODggo
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EXAMPLE 8A 5 Tel escoped production of

(aS)-a-[[ (1, 1-di net hyl et hoxy) car bonyl ] am no] - 3-
hydroxytricyclo[ 3.3. 1. 13" 7] decane-1l-acetic acid
(Formula VI) from 3-hydroxy-a. -
oxotricyclo-]13.3.1.13" 7] decane-|-acetic acid (Fornula
1) through ((XS)-a-am no-
3-hydroxytricycio[3.3.1.13 71 decane-l-acetic acid

( For ngt @304h.34S iRRlciidh, broWf heestPHink Didraie aneiEcarried out as described
concentrate 10 Step 17 Isol ation of PDH FDH enzymne

concefor thet K-Féermentation. on broth (30 liters) of
Escherichia coli JM 10(pBMsS2000- PPFDH PDHnhod) was
obtai ned froma 4000L tank fernentati on and passed
through a mcrofluidizer (MXAMPLESAcs nodel MII1O0Y,

oper at i ngl pressure 12, 000-20, 000 psj) 15 ‘ﬁrone ass;’ to,

r e} easeTelgEcoped pradugtion an(ﬂﬁ%@'l!@kﬁél%@ﬂ? gxx)ﬁﬂg‘bﬂﬂ ljamino]-3-

t enper, ry@t I : .
act | vi 9%’5"%”8&@??&%i‘?@%%%ﬁgéé’ﬁggﬁ'@&m from dpy droxy-c
and 8 dRéfridycloo3.300H:") dexand-micétic dchb(Fenmitkn H) Oirbught(oS)-g-amino-
of Celjte was added to Il -stiirred br, : h Q. 201.

i ¢ or sHbrasgyriseopal P hyranetente sa (g Shysing a7 isolated

m xed for 30 mnutes. pRRA/FDE dirYthb bdhod@Gaienen
filtered using a filter press (Ertel Al sop nodel

8UESSC-10) and 18 liters of filtrate was obtained. The

filte Kk i+t h | water to

bri nggﬁeﬁeel'?Sﬁﬁ%wlgﬁn%eeé@g@ﬁgé step yield was

97% act i vi Farmestationctirgth@30 RBk) ofEsdcheraahicati Iv 1t 1) (pEMS2000-PPFDH-
Nm and a FDH activjty of 8 IU .. The.clarifie :

br ot P RESg) Fassteriped in & HPORIGHP eopmsion hewsst et o
cassefiRofladizél(MibloRRERs RRULINMAN0R, dpRtating pressure 12,000-20,000 psi)
pol yet hersul fone | ow protein binding casSette, 0.5 nP

f 13 t efone passhio. relEse the activibafrom thercgllekesping the tompgratnzesof the broth

to 1 BTy A 2 YDAEDR v ortiBlofyfRay pr 586 ARl for o
titeradf8 BOA) fdr@PH. and FDH titer of 136 11U mM . The

erneate was assayed and no actiyity was und. . The
bveral | - enbyphanabe yhals bioth, 4k gt Crite Was adled v lstited broth.

Was Sy 038b1 liters of 30% ag. polyethyleneimine was added and mixed for 30 minutes.
20  The mixture was then filtered using a filter press (Ertel Alsop model 8-ESSC-10) and
18 liters of filtrate was obtained. The filter cake was washed with 12 liters of water to
bring the volume back to 30 liters. The step yield was 97% activity recovery of PDH
with an activity of 31 IU/ml and a FDH activity of 8 IU/m).
The clarified broth was ultrafiltered through a 100,000 MWCO filter cassette
25  (Millipore Pellicon 2 unit, polyethersulfone low protein binding cassette, 0.5 m? filter
area). The circulation rate of the pump was 400 mL/min. The clarified filtrate was
concentrated to 1.5 liters and gave an enzyme concentrate with PDH titer of 567
IU/ml and FDH titer of 136 TU/ml. The permeate was assayed and no activity was
found. The overall enzyme activity recovery in the concentrate was 84%.
30
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47 Step 2: Reductive am nation

3- Hydroxy-a-oxotricyclo-[3.3.1.13"] decane-|-acetic
acid (Formula I'l) (1.00 kg; 4.46npl) was added to a
20L vessel followed by water (5L). The m xture was
stirred and the pH was adjusted to pH8 wth I ON NaCH
to give a solution. Darco 5 KBB carbon (100g) was
added and the m xture was stirred for 5 mnutes then
filtebteg2: t%a@%m@aﬁ%er f unnel vvith 5 filter

paper . .t er was wash ta X|

the fi Itrg%yg ﬁmﬁéﬂ ?évinclo I ne %&é a&& lellgrm(1 00
sol ut kg@m.46\WNolwtadddd t69.20B VeRsl fullowed tr;amer((@Lﬁ 6ﬂiégmxmre was
8.92 npol) was added and the s re aolI_J&uste

- 7. 5 wirred apgfhe m&bﬂpsqqil@@ti.tmaﬁfwtadeﬂlﬂ@ torgivg %ﬁ’?‘i‘tt?é Darco

65 C
W215en tﬂ% FHOQEPOO% ggé dél?fg gl: mg)gr%%év% sﬁﬁécﬁfggggxﬁgutes then filtered
concethirough @ Bugknea dﬂmdl with ﬂBﬁl;terﬁﬁﬂ:rom filtexfwdsDrdshedmich water
H wa r e- adj ambi ent
D et Er b the et WUk o BB R IB SO

di | uted t%htsﬁﬁﬁbvéfﬂhéﬂmn%nﬂa@-(o 56bKB; 8 A6 W-EBde&l'and the pH

was mai ntai ned at whi | e Stll‘l‘lng over
hour swasTisadjisted ¢aswl.§ with 19NINaQH nNisotnami @@ﬂegu@slmm@otlde (2.65g)

(1%5 1 a‘?tfhmtthrgltcﬁ épgéjg?th%aa?}ie@ Well? e%ohds had d;sso]ved, a PDH/FDH

hydro ricyc decane acetic
( For mﬂzﬁmh/):onc‘éﬁtﬁne was fAded GJ[O:SU.@ 600,000IDiof PRHY.- 'ib‘btt p’lﬂ was re-adjusted
di car bong}te (1. 022kgrf 4. 68nD was added to a portion

of t h@ 3 with lIJQI}I BigOFkat amblcnt tcmperature
(aS) - a- amyp- &xMMéﬂ \k/ﬁ-)‘rféd% 34&((: ahd JdautZd }o a t??tal Ivo]umc: of 10L

decane-1-acetic acid (Fornul a
Thi s mth(watee TeespHs way maigtaied ahHi-Ent Whléfrqir@ng Qnee42 bpuryy The

ted to _an st at
IS - Sy on AR e £ RE Geitont ot Bt tebafte B Blino-3-
4hr s l@fdtﬁwﬁgaap B0 ") @BneMaleticherdqFy@ald ¥RS t han
1.0% starting material remaining. 25 The pH of the

m xture was adjusted to -8 with 35% H2SO4 and i - Pr QAc

(5. S [ he m xture. The pH of the m xture
masof%teeﬁ@hgjﬁuﬁsggd’%f oJ”z 0O with 35%H2SO4 and

mai nt ai neiatrtbhiybdipdtbbrmate G -022kgridr68ndi)ovdsiatided 3 B@gjtion of the
Vl\%s as%?u%%h o}' Pa?S)-a-amino&-hydroxy‘tricyclo[3.3. 1.1*"] decane-1-acetic acid (Formula

V) (477.5g; 2.12mol). This mixture was stirred at ambient temperature, with pH
adjusted to and maintained at 10 with a pH stat titrator using 10N NaOH. The
reaction was complete 4hrs after Boc,O addition when there was less than 1.0%
starting material remaining.

25 The pH of the mixture was adjusted to ~8 with 35% HSO4 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-

30 PrOAc.
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m xture was stirred for -10mn, 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 30 PrOAc. -48 The filtrate was adjusted to
pH 8 with 1ON NaOH. After settling for |hr, the
organic layer including interface was di scarded. To

t he aqueous layer, i-PrOAc (7.5L) was added. The

m xture VVa'Pheaﬁ’lkrgﬂefv&a?gdei’ktB@togpif/B WAPWINDMONT AfeAR@ib R 1hr, the
heated to and nmmi ntai'ned --40C for 4 hours w't

h
m | d engamic laygr indlhding injerface we$ discaededs Ba te a@l@nuiafﬁel-l’fﬂf\c (7.5L)

organl t was saved. n

i nt er Pat e‘f&\t‘%éaﬁ'l i?‘r@é ac{ﬂ’%%q?'- rcﬁiéig?@‘a%ﬂ ’ain[gI tPﬁeheated to
| ay er end¥Riifitaiied af~40LQ Foraf IRfkrsabittermild birsingt THOKayerd vere separated
aqueous layer with interface was extract ed a%atran W th

i - Pr cand thaorzaniy extmet Waesaved, cthe aqw@r'% layeryuithoiniegfach yasextracted

vere SEhibRone (AL AT e iR b e Sndablpl aC. The
t hi s squetisi lmr whlhmitalﬁai:e (wak Eh)acmisgmiﬂ eitha-Pd@dc 3.@FL) and the layers

10-15min while the te erature was mai nt ai ned at
- - 82- wore sepprased AfteE 2hys 4 Yket tenperature was set to

70C and e Aiidhidd dtgahidieird ?5@“&’&@ céEntiatdd by d_ll_sﬁnllanon to

Crystallization occurred shortly after cooling.
r hct of.5h.atk this sobutive; keptane (IAE) whsthersadded pvetd € 13nun while the

s el TP e Y U BRP B Bhrtr G NG LIPS SRR s e 0
then farcidag Enauﬁﬂ%cﬁ‘ﬂ thi® teg‘gy'éﬁturé\fdr §hr. ‘I‘!@stﬁlﬁhﬁtloﬁfoccurred shortly after

stirring at 0-5C, the product was filtered. The

pr od ucioling Theasisted jankdt rncdmrmmm avag thed gt at $0f&nand mhasntained at this
vacuo, at 40C£ 3g| ve 607. (88% vyield) of

((xS) CHPFRRIC of 2Rt hy| et hoxy) car bonyl ] ani no] - 3

hysir oxyt r i TheGhugedsion waslcboldd dd&a a0 smbieaerhperatat| shd then further
(Formula VI). 20 EXAMPLE 9 Reductive am nation using

an exeqolsdtto Pr58G Aleromd |hn@rrqf stirgiap et -8 1. dherpeluct 8@-1@14%1 The
IMLI0] B NG00 Bl Rt Reblnd . 515 s dRA S Ldcub 1% bive 607.0¢
(88% yield) of (aS)-oc-{[(l,l—drmcthylethoxy}carbony]]ammo]—3-
hydroxytricyclo[3.3.1.1*7] decane-1-acetic acid (Formula VI).
20
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 m] and containing Sml 1 M
ammonium formate). After thawing, the cells were suspended using a Janke and
Kunke] Ultra-turrax T8 homogenizer then adjusted to pH 7 with concentrated NH,OH
and cooled with crushed ice to give a 25% wiv 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 supematant
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Reconbi nant Escherichia coli frozen cells (25 grans)

wer e added to deionized 25 water (sufficient to bring

the final volume to 100 M and containing 5 m | M

amonium formate). After thawing, the cells were

suspended using a Janke and Kunkel Utra-turrax T8

homogeni zer then adjusted to pH 7 with concentrated
d with crushed ice.t

Cel | UGG 400 ¥ (455 MhoF SO C) heidp anive SRt pipage and

di sr uesaoh R¥mg:c RERRAGRSast WaPstidled & ik di zer at
12000 psi and 30 cell” debris was renoved by

cent ri f ugahi2éh mitsolRtom@as@yepered mn@mlmnm?mmpfemm 474 2.

o S A BB AR Bl R 3R 50102
defy dmmrme;rmt RAIPSL0 1witha 2)7-rhl donténkated Amafohivm hydroxlde NAD
sol ution was epar ed_cont ai ni n(l;0 ?mwﬁ)m um f or mat

(16. 7@7 mg,d) %5&“’[}%@8)}%{1 dithipthreitol (31.8 mg, 0.530 mmoles) were added,

(3- hyﬂ%ﬁmé BARBE Wasadla Yd the Batfle 86tdihing A E&cﬁg%h@co%extract The
0.1327 5 noles) and brought to pH 8. 0"with 12.

conc ebattiewesimamtainedan R wiracshilee at 40xpm. G@ﬁ@nﬁgﬁd @m@@mum

mol e and dit hj.othrei.t 8 es

nar e RirEfe S ol pifaicity bmuitla bet So it S RLTE Jys sotution
comt agdnitdifed 3165 e@b €0.14Dhhéles; 00% §ield) E8)-amihb43-hpdroky-edamantan-1-
was mai ntai ned at 40 on a_shaker at 40 rpm
ConceHireatisacidanpicramed bHFLmalysizaad ag Bogpantiomer of the amino acid.

periodically to maintain pH 8.0 After 38 hours, the
solution 10 contained 31.5 grans (0.140 noles, 100%

yield) (S)-am no- (3 hydroxyml'hlﬁl- yl)-acetic

acid sured HPLC ana no. R- enant

of ¢ haXediFEe Hifnatién ibingoRpt Aol fro e o RAARL ¥ herichia col

ugs ng fsemsmmmmwsmdurmnmmmmmﬁsc mfmﬂhm-aaszo)
coli 15 SC16496 JML10( pBVMS2000- PPFDH- PDHod

Coposi 1 PEHeoRbipn CTHEISDR Bak ot o Wb #f P §.0 (el adjusted
vol Uty B5. ko o ari 543628297 A6 kb Ntk 1)

0. 50 amoni um T or mat e,
( 3- hyahoeacgtiaatadrd M0anMINAD) 1.0brds digleotheeitat; iaod 9715 0@ fredde dried

o RN AR o 7 g
o O i ) e g o
822; gigg%mggby ssey C phcgny§alanmc dehydrogenas%) 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.
25
EXAMPLE 11
Transamination using branched chain transaminase
A solution was prépared 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-
30- 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
-50-



12.79 unit/g by assay C phenyl al ani ne dehydr ogenase),

and 133.32 units/g formate dehydrogenase. The

solution was incubated in a tightly sealed 50 m

Erl ennmeyer flask at 40 C, 100 rpmfor 3 days, then

anal yzed by HPLC. The sol ution contained 49.06 ng/n
(92.13. 0% yi el d)

(S)-am no- (3- hydroxy-adanmantan-1-yl)-acetic acid. 25
EXAVPidhutich chh@ined 5isa alg/har(49.2bigela)(8pathind-(3-gdroxy-adamantan-1-yl)-
transami nase A solution was, prepared containin

f i nal acghit asid ard 7.95 meiml remainigs (vnydraxsdamantap dg)p%wetw acid.
buffer, pH 8.0: 0.10 M sodium gl utamate, 0.05

(3- hydroxy- 30 adamantan-1-yl)-oxo-acetic aci d
(neutralized with O. 05 M Na@X¥AMPLE kM pyri doxal

?g?f) EE?%% é?sgg )ol' (gg% r}EFf gg\g'gg‘m},%%g ar]%gca ¢ acid Enantiomeric

m crof uge tube at 37 for G cessUing, Alhb@it anal yzed by
HPLC. The _-50 solution contained 5.53 /m g49.2% _
yi el d) ( S) -Samrks e fiuedxifh Watsnigabayt %mg%)‘ gration and placed in

aci d apghide Qﬁtethorﬁ%{r%tQ 't(pﬁor:[(l%aéﬁﬁqg S r@nﬂﬁfﬁ?&"ﬁr@fhnsl After
-yl) - oxo- acet| c acid EXAMPLE 12 5 HPL(? Assay
(S) - agrioling, (i1 sayples wreaﬁlmmmglloﬂln)icm aylos ﬁéteISdnto HPLC vials.
\Eﬁ\nti omer,l.c Excgss nt .Sanples were dil uted

h wat er' Y238 ?m?eakﬁﬁ‘}sn‘fer%g??gentratl on and pl aced
in a boiling water bath for 1 mnute to stop

reactions and precipitate proteins. After cooling,
t he sMighedsl:were filtered through 0.2 micron nyl on

filters i ?ﬁpﬁ@[ il @ResEighods
wer e usedrl%fi‘)'e"ldﬁ@g[r%lbaéwL %4-5\%1 ra ﬁ‘k WA 25x0: 46 cm
(Dai cel | ndelslerphes; 0.8 M uSOsobi | e phase 0.3 mM CuSOs
1?5 flow raﬁo% mlte: qi{él%g&%e columm tenperature: 50C

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>7]decane-1-acetic
20 acid) retention time: 79.9 minutes

R-enantiomer retention time: 32.8 minutes

Method 2:
column: Regis Davankov Ligand Exchange 15x0.46 cm
25 mobile phase: 25% methanol/75% 6 mM CuSO, '
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"}decane- 1 -acetic

L%
<

acid) retention time: 3.2 minutes

R-enantiomer retention time: 11.2 minutes
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detection: diode array detector (DAD) set at 240 nm
injection volunme: 10 | S-enantioner

((<aS) - <a-am no- 3- hydroxytricyclo[3.3.1.13.7

decane-|-acetic 20 acid) retention tine: 79.9 mnutes
R-enantioner retention tinme: 32.8 mnutes Method 2:

col umm: Regi s Davankov Ligand Exchange 15x0 46 cm 25

nobi | e phase: 25% net hanol / 75% 6 niV Cu§p4 | ow r at e: .
m / mi nut e Kewpeide3-brediporsa-oratricyglol3 3.4 dt ddecaes 1-apsiis a§'é‘9 retention

at 240 nm |q1n§\ect5| Qlume: 10 I 30 S-enantioner
(<a$) - <a- am no- qg‘r‘%xytn cyclo[3.3.1.13
7]decane|-acet|c acid) retention tine: 3.2 mnutes

R-enanti omer retention timne: %gf%l[r‘%q tes -51

Ket oacid (3-hydroxy- <a- oxot rF 1.13, 7]decane-
| sacetic acid) ret e!‘“dn?ﬁlarﬁhéﬂbhyﬂr&eﬁ&s@%sﬁ@ KEXAMPLE
13 5 Phenyl al ani ne dehydrogenase Assay_ A Phenyl al ani ne

dehydr ogenBbanylaipsing debydsegenass assay A qonfgined dn htbat 4°¢: QtmM

to pHNg‘[?y %Wﬁ%ggman’cé gl\gcr ewﬁbﬁ Pwich HCL

noni t dibexthartce ﬂé@casma.ﬁmnyiﬁnechﬁﬂm nty Hnayhe atmamtg units were

cal cul at ed snDIes/mnte d on the rates
absor sﬂ?jﬂﬁ@te@m@c itsg @ g ratgsif Absorhanch frPémge
depydr ogenase Assay B

EXAMPLE 14
Phenylalanine dehydrogenase Assay B
Phenylalanine dehydrogenase assay B contained in 1 ml at 40°C: 1 mM NAD,
10 mM L-phenylalanine, 0.1 M K;HPO, adjusted to pH 10.0 with 1 N NaOH.
15  Absorbance increase was monitored at 340 nm. Enzyme activity units were

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

EXAMPLE 15
Phenylalanine dehydrogenase Assay C
20 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 HCIL.
Absorbance decrease was monitored at 340 nm. Enzyme activity units were calculated
as pmoles/minute based on the rates of absorbance change.
25
EXAMPLE 16
Formate dehydrogenase Assay
The formate dehydrogenase assay contained in 1.0 m! at 40°C: 1 mM NAD,
100 mM ammonium formate, 100 mM potassium phosphate buffer, pH 8.0.
30  Absorbance increase was monitored at 340 nm. Enzyme activity units were

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

-52.



Phenyl al ani ne dehydr ogenase assay B contained in 1 mnl
at 40C. 1 nM NAD, 10 nM L-phenyl al ani ne, 0.1 M K2HPO4
adjusted to pH 10.0 with 1 N NaOH 15 Absorbance

i ncrease was nonitored at 340 nm Enzyne activity
units were calculated as gnol es/ m nute based on the
rates of absorbance change. EXAMPLE 15 Phenyl al ani ne
dehydr ogenase Assay C 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-oxotricyclo[3.3.1.13' 1] decane-|-acetic
acid (dissolved in 1 equivaE EXAMBGRT S0l ut i on), 0.75M
NHACH ad] 3,

decr ease %gélﬁ%hg RHrﬁ:yZl? {3{3\’53*1 mﬂcéﬁlg'ébn%ggg?ﬁ&?fomuhmm
units were cai-nmnaitﬁdyclqs.sgrﬁi’mémmmnbaeiac(Fammhe)

t f absorhb h 25 E
ohy dr ogenSat e 137G 1 Heraiiel-erehy Brid Jeormu N g grams; 145
cont appfy wal s%&&dea irPthiohPCehlokide ¥4 d5AP) in Jﬁgem m%emed

formate, 100 pot assi um phosphate buffer, pH
Absor Baskcequipped siba m@nmnlﬂmied{foanamg (mw,@hm addcd and

activ uni LS

oo | bRy Y s Bt B A5 TR P LD 8o
Br omi Eb’abﬂldhﬁwﬁfchidkb@ ve ga:g chﬁmﬁ.tdgraﬂly 7 Sdl&i:HBS {307896&35 then added
acid (Formul a a-bronotricyclo[3 '

716 ecprtionwise @tN?l%rea@wa mlFMmdéh@)ea@osamqu W%ﬁ:‘;ﬁetee to 60°C. The
[ 3 3 gea%t?oil &a%%ﬁﬁ@rffor 336k 'uﬁ-ul@gﬂe gxt&E‘ BF %lon 1@1‘3%&3@ 60 to 65°C.

was sus
( 46 SmMonitorirgg B-gae cllnednarogmptdy haxt peohaﬂcd tblcaakc thea;umpteedm of the

with a condenser

deraripD. e GORRLS Bhe sied Bt feati Gl Bxces thiony
tenp eﬁlﬂ&‘tﬁeewzfs%stlﬁeéo QU E80°€0 "Wﬁtgrt W&l acfd@@cau'h@@s‘w gvﬁzﬂent

was checked gas chromat ogr aphy. Sol1d NBS
was t i’ﬂactlfm}itba‘dlench the reaction (total volume 1050 mL). Hcptane (500 mL) and

water (600mL) were then added and the aqueous layer was separated from the organic

layer. The organic layer was washed with additional water (600 mL) and the aqueous
layer was again separated from the organic layer. Additional water (150 mL) was
added to the organic heptane layer and the heptane was distilled off from the aqueous

20 layer. Specifically, 70 mL of water co-distilled with heptane. After distilling off the
heptane, tetrahydrofuran (THF;1200 mL) was added to the aqueous layer and the
resulting mixture was stirred vigorously at room temperature for 16 hours for slow
hydrolysis. Monitoring via gas chromatography indicated the presence of some
unreacted acid chloride. Addition water (150 mL) was then added to speed up the

25  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
mlL) were added to keep the suspension stirrable as the suspension was stirred for 2

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

acetonitrile (2X250 mL). This filtrate contained the first crop of -
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10 portionwi se to the reaction m xture and the
reaction mxture was heated to 60C. The reaction was
stirred for 3 hours while maintaining the tenperature
at 60 to 65C. Monitoring by gas chromatography was
performed to ensure the conpletion of the reaction.
Hept ane (900nl) .was added to the reaction m xture.

Exce s t hi on de s disti/l f 78- 80 ]
Vst o rOTNERSHTEHIRES it ke et B4 [EsFEnE s Hans gip AP 95 i
t 0 qusyg Bield iier 8Rfg! iR Radub @t Romvehpérirutd) She Hother ﬂ'ﬁﬂéré(mﬁi gram
(500 nL) and wafer (600nL) were then added and t

aqu ecmsdwy@s thnagn@quqhhq @aldw With water am!;@moaltnleé%ii} FmL/250 mL)

2_2 8 0 O‘;r{g_ ;" h%&}“‘% goc)én\’\@%g%élpﬁe dl'ﬂ@' réﬁn@ﬁj Gvaﬁ *hgﬁl ﬂiteﬁ%& ?ﬂe dsohd dried to

f rsom dbliin @ @A Erop dY arbmrﬁmicydla[m all Mmcane JlEﬁeﬁdgma\amnula 0);
added to the organic he tane |layer and the heptane was
di st i 44 samyith AT indé “a¥iskous 20 | ayer. Specifically,
70 nL of water co-distilled with heptane. After
distilling off the heptane, tetrahydrofuran (THF;
1200 nL) was added to the aqﬂé’d\ﬁ’UFa%r and t he
ure St i.r

! enper alblpBaalbn SEeThape eyt sl F deRRi 1-aceti acid
Mani t QFbARuMI@) P6h &bf&.{mﬁg@m BM. Pﬂmeeﬁeeﬂaéehe acid (Formula O)

presence of sone unreacted acid chloride. Addition

wat er ( 15AmEdensMsyeartflask wasorhdrged with 34§ mi pf PH88%41,50, and then

hyd t h t
C%r :)??3%6%8? agq’glﬂtag(?%ﬁrqbﬁ ﬁﬁ@aﬁlg[m Pﬂd;'/o ﬁ\.%gar%{ﬁﬁisdm% %0 ml of 70%
di st iHNedfdf myofalAér) dasthbn B8 kethe \iHﬂewmwldalﬁtair&ng the mixture in

reaction m xture. Seeds were then adqqd and t
r eactander bt Conelid edbromefsipydiafdmi-k e]ﬁ’ﬁ@ﬂatlcﬁcé“‘é%“d (Formula O)

01 % BERKL03 Bty R e B minfiS i 6 bver

susp eappﬂoannaély 60 dbEmatitds 36 tatitp eanjeratneatysd eridee28°C0r The
2 30 hours at roomten‘g‘erature The solid was then

filtaeasgonas then steshwhilefeating ta 68T rRt 3 dlear solytongvas obtained.
Thlellt Qlfth i hr 1 h
bronotricyc %fs%%gh]% %ﬂﬂ %gsclgﬂﬁlgﬁaltr?&ﬁ et fhc a@ll gyr’e? Eor mil ofmp Y
0); Zﬂmcgmalngh pcrfdmﬁﬁbegiﬁuldrchr(ﬁ@%gra;ﬁdeHLC)a rTHC wam gerfonncd with
cuo m.te at u The, not her uor
PBe GudiaaEngd AoV Acpie s Bt HEFeRs U e £ el RMa
and 3gEiOWat {wérfo@mé@@ﬁn@%@ﬁg cBlumn, £08 SB- 120A046X 86mm, a linear
roomtenperature. The reaction was then fil fer and the
sol i drafiens gf 156 acetonitrile/H,0 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
25  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[3.3.1.1>"]decane-1-acetic acid (Formula Q) as a light yellow solid

30 (92% yield).
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5 obtain a second crop of

a-bronotricyclo[3.3.1.13" 7] decane-| -acetic acid

(Formula 0); 64 grans with AP 90 in 16 %i el d.

EXAMPLE 18 Preparation of

a- brono- 3- hydroxytricycl o[ 3. 3.1.13' 7] decane- 1| -acetic

acid 10 (Formula Q from

a-bronotricycl o[ 3.3.1. 13" 7] decane- 1-acetic acid

(Formula 0) An Erlen-Meyer EXAMPLELY charged with 315

m of 95-98% H2SO4 and then_ cooled_ to n; AN ice L
bat h. Fneprration 0%85%@@%%%&51’@&!6&@5&& %Q 14]degangsg-acetic acid

70% H\I}ﬁfﬁﬁnﬁ{pgmq:{-bm&ﬁ gjhg]mﬁﬁ@ao?ﬁg §! (i3.?t] aeéahe-l-acetlc acid

fl ask Ining t xtdre'in an ice bath
8C. Solid a-bronotri cycl o[ 3. SrarniiBa QPhdecane-| - acet i c

b Tk eSS R e 0 0

30 to %églsnﬁ P B Sle$ Wak BRLoIy AN RESRAY F30YRantheide hyﬂl@ﬁ’lﬂe (4.08
28C. reaction was then stirred whil e heat

|
60C untoies, k- tquinalents). UFliegeaction mnumwmdhcnmeatgd eléwafor 16 hours.

the regaction was _nonitored b therthl

chr omiBsPER R v G apeshosich S b 846 B0 (200 m)
chr onmphogided fythé Hﬁ’k@trateﬁlsalm théx deQontxtrited Bn rcaavap The yield
silica gel usi nga eth acet at e/ met hanol / hexgnes at

r&@i otapf!l grams @ mmwemfhmmmg lofat 1 ér Adeganes] ﬁ‘i’fﬁc acid
g[;‘]@ﬁg 4.6 X 50mm a |inear
grad(Dant o@@%ﬁ%c“;‘%'el?’égl t )HZO to 100% acetonitrile

in 7 mnutes, and a flowmwate of 2.5 m/mnute. The

det ecti on wavel ength was 22 .en the reaction was
conpl ete, the m xture was cmﬁﬁg #hoomtenperature

25 and mah%meﬂ.ﬁh&fyﬁﬁﬁla{aBnrlé'i]ueainelwacaﬁc Bélir @ormula (V)
Water (700 nL) was then added uench the reaction

ukil no bBWOWé?f&Fcﬂhvﬂd“‘x%Ofr Pis 19gvas Rertoymegusing Boc

o R i o

of waffer, 1amhﬂwmhaiy)cmonmamlm]q3p@dmpmsydﬁ[3.a 1b136]meaac-1-acetic

hydr oxy r| cycl o 3 n acetic )

(For nfia( R) (oM A i 6 s 9k el base

- 94 WE‘F( ;-9,2 diphenylhydroxy ethylamine) (0.25M, 80ul) in a vial and the mixture
20  was evaporated to dryness in the SpeedVac. Solvent (200ul) was added. The vial

containing the mixture was placed on a shaker with heating at 50°C for 1.5 hours. The
mixture was then cooled to room temperature for crystallization of (aS)-a-
{{dimethylethoxy)carbonyl]} amino]-3-hydroxytricyclo[3.3. 1.1*")decane- I-acetic acid
(Compound S).
25 |
) EXAMPLE 21
ZnCly-catalyzed adamantyl bromide (Formula A) coupling
A dry vessel was charged with 7.5 kg adamantyl bromide. Methylene chloride
(22.5 liters) was then added at room temperature to dissolve the solid adamantane
30 bromide. Dissoiving is endothermic so before the next step, the temperature of the

reaction mixture was allowed fo return to 20°C. The reaction mixture was then
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Preparation of

(<2S) - <a-am no- 3- hydroxytricycloj 3.3.1. 13" 71decane-| -a
cetic acid (Formula (V) from

a- br ono- 3- hydroxytricycl o[ 3.3.1.13" 7] decane- 1| -acetic

acid (Formula Q 5

a- Br ono- 3- hydroxyt ri cycl o[ 3. 3. 1.13. 7] decane-1| -acetic

acid (Fornul a rans, 278 nol es) was .
di ssothaeged mthm dnLondf: %B@%@m@ Atimad) fnymlmetetmﬁ miputes at 20°C.

e

was tREike :ﬁﬁlﬁﬁﬁﬂ%g @t edcith @mpahRvEtRtwen20306 25 arkd dikresulting
(200 nL) was added to the_concentrated solid and, t

he
 e- COMUEIE Mas stiegrfor 2 hors pFollptdng s ixing. W&Q“'T‘E‘hglsﬂ?@’?'e‘hﬂm

of a |r e

dition, the t 1)} aintained below
hydr oxyt rkli “%Wsn%ll%thﬁageicgﬁe eglggial Crcgrglsrél in
( For md°g. (1Y} reastich wa thaintained fat apStBed) 12 tEXAMBNE aP20 to 25°C, at which
Resol uti gn of

hydr 0¥yt fieEsaction mixgure was difytad with methyleng chloride (15 liters) and cooled
(For maloqo %\@ The réeﬁo@%ﬁe t/a@ theR treAtB® tefinhl inTildepwise fashion,

of Exanple 19 was usi ng Boc anhydride and
sodi uwitihhalf-satardied Mh{:ésalaignd Dyiring additiaqm dhe temperatungywas kept below

[ f[?‘p 0#] g %tlhfﬂlfl S&W% Wﬁ‘? %ﬂ?‘fdj‘ 20 %]s“ﬁ%]‘ﬂ%}’vs&ﬂdlﬁd cthgl acetate

| 0[ 3. (M3 I5 1ileds)” rtle attBrel wR GBIk Evigaouidly (S2aIngitads Mmd the organic and
in EA’ 80ul, =6.52ng) was m xed with chiral

b as e AQUEQUR, p@ges pvcx)e_splng -Theonganial Iaxed Wk stoeed i theiaqugous layer was
0.25M o
( Pg(gﬂ%ze \gﬂh ' a%lata@rlg&tiggtg@ J@Whe‘”%ﬁ{, R (tl?' ace te wash

evapor a s Nt
was adhdedganithieyey In&l'e themdsﬁrﬂml‘ddr@dmehadlmthjwacwﬁi Sdita's)d‘dllowed

oSct U aibol sy WBREF 30 BtseSn ThF BIEIR 1¥SF Was separated again
cryst gldlel #dkdt8 oIt BB A[Joﬂﬁeﬁﬁ%xhgzlngta Roreplaee e fieh performed

am no] -3-hydroxytricyclo[3.3.1.13 ecane-| -acetic .
aci d at@(ﬁnabmlnnde 61)22 SZEteEXAMPLEulZIng M@Qim’%ﬂ oppled to 5 to 10°C for

s chi e (e ey PRl TP R g Formu B

chl orskeobtdied via ﬁlntaﬁérs)ymﬂdamsmmym[smnm ]Jdecane-1-acetic
tenperature to dissaolve the solid adamant ane
20  acid (Formula B) was 6.96 kg (33.11 mol 95%)

EXAMPLE 21A
Esterification of <a-hydroxytricyclof3.3.1.1"]decane-1-acetic acid (Formula B)
An inert atmosphere was first created in the reactor. The reactor was then
25  charged with methanol (35.00 liters) followed by <a-
hydroxytricyclof3.3.1.1*7]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 réaction mixture was kept between 5 and
10°C. After completion of the addition of acetyl chioride, the reaction mixture was
30  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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30 brom de. Dissolving is endotherm c so before the
next step, the tenperature of the reaction mxture
was allowed to return to 20C. The reaction nmixture was
then -55 charged with zinc chloride (1.05 kg) and
stirred for approximately 5 m nutes at 20C. The
reaction m xture was then charged with

i ntar e RS ral Ve HE ded b io esom woperstzs he

and t heesnking niiktg: wabiwdshdawivdsn Vhief (289511 : .
Fol | owi ncE this mxing, tris(trinet h{/l si Igir)s/ -c(g?ﬁ%/@eaﬂ%theo"ga“w

5 (5. 18°%neoRsdaysiduae sqparated gftentiach wash. tTherrgahivdayer was stored

t enper ahilk GeWaseolR ' 0. . The reaction

was_mai nt ai ne fog?laz%%w%%%o%gln%vaﬁcgmﬁgﬁ?dsm3%" 5%“’{‘83 N NaOH
25C  asolyfifine The combinedajuemadiyersiwert et 2t tWick Wifthyl acetate
W th nﬁ%l%ll e c Ior|deq8ﬂ_"[]5 L@Itgers)_and cooled to O

to 5C UTha TeaetPSAeFTecion)- Ofg78i¢ Ipycenfollewing each extraction were

begi nnsepsarated afld Sgnibine HasSHRE Sred ol‘%aue?: l%‘%tzf Tﬁé{e H&%iggd organic layers

NHACI SO|\';gi on. During addition, th nperatur e was

kﬁpt bBFTGrepovashrd with sapirated @ﬁelpehsa | isarbonates hatoh 28188 literEpfollowed
this slﬂsg}gl@' agded et cetate 93.75

litersy. Thy%f_lsxx{{%'r%% ggggl%&’ﬁ Y\é%‘a?leﬂ"dB‘PBYFél(%d?fdﬁcw at40°Canda
mHut ewladess isbgtalygelidw oawich%ﬂ@ﬁﬂiﬁd BR 8868y Gafobtained. This ol
spl it Tgl%eaggﬁgkc %{a%er was st'ored and the agueous

| ayer WA 12 48 (3R 0ol $9%6)estaripdroxaicaiele[3(31B1°7 Kecane- 1 -acetic

l'i t er sicidimemgtesn@ dimulhtg, et hyl acetate washes and

organi c | ayer were then conbi ned and washed wi th water

(37.5 liters) followed 15 by water half saturated with

brine (37.5 liters). The orgﬁg%ﬁ Iagsr was separ at ed

again and evaporated to for ¢ A sol vent

exéhangavern Oxiitinef wahyd PR Elofy. TR Y>|@lcafte 1 L4d&:c acid, methyl
was

volune of 22.5 liters. The resulting suspension
cooled to 5 to 10C for 1 8er (Berenwdh€) pr oduct

<a- hydr oxXyAlthie¥.abd >33 -1 -acetic aci.d.

(Formula B) was o%;?gigﬁrgc g%lzl@ﬁeéi g’?{%{@%pf%%’% ir%?cg‘“ﬂ?al sturer,

(<E- hy EFPgiaEe pxpbe @r[dgumdditigs ﬁfi‘u;;ldemfllpe%ggg a,@mtniig(ogﬁgﬂaé&;g%h& Oxalyl
or . . . , .

Est e%‘?féﬂg(l'ﬁ%\%ﬁlég.ﬁ mtﬁ?w&s tﬁen addgg foliowed/%y CH,Cl, (8 liters). The

<20 hydsdtiyg sdlaioalvak 3ocledltoL§o° Gl A \eelo: B i .
(Forn(gl a“%g?s“ An inert. at tr{r)oggpgje‘?lggwas Pfg@ %e?%agl?'elg Splytion of
the r@gEthylsuifopnde (DMSOLH00WaIS. 86 m01)36s dharstsdy vilded over

net h aﬂﬂ)ﬁl'ox(xﬁgiclggolrﬁi}ltﬁéss\lrhifeq(lcgﬁr\{f t%e l1)r¥/tc:rl<1g‘]_temperature below -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>"])decane-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
resuiting 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 tricthyl
30 ammonium sait (TEA salt). The reaction mixture was then transferred to a round

bottom flask, and concentrated down to remove dichloromethane (DCM) and NEt;.

-57-



hydroxytricycl o[ 3. 3. 1. 13. 7] decane-| -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 such that the tenperature of
the reaction m xture was kept between 5 and 10C.
After conpletion of the addition of acetyl chloride,
the reaction mxture was 30 warped to 20 to 25C

d .
st 1 1 r B2 Hteroras adeied 2pd ths resiing prwedus ard prgaic e e split
oas T @gpﬁggf@%ghmﬁ%e RS WitH waler @ﬁe&r&c@wwrl;ﬂ Pollowed by

oi | he ol was -56 dissolved in ethy
acet aa brifeAtasd@2 liter)r The argdnicpbeasgtwas thenrdsiedover anhydrous Na;SO4

tenperagture. The resulting nixture was washed w 37 )
1 vt Syapgresgh [q pegbe g siie GRS S e SRRl S £ 1 decane
acgleogcatia weldsmuM st Fafmile 1)afrtad wansppravimbtely1od%.

organic layer was stored while the agueous | ayers

wer e conbi ned and adjusted to pH 9.5 with 3 N NaCH 5

sol ution. The conbi ned aqueqGusAMPYGE £3 Wer e t hen

extracted twice with ethyl acetate_(14.39 liters with

each eHydroxylatiyn ofaeOnotyiaple[3i3al/ ' Wekcae-baketis asids methyl ester

extract,ion e eparated and c [ awth the .. .

o or ed FRRBATD b 3BRR e eRB TR 1oL et Aber st acd, methy
wgy € then washed with sat ur@iee@Férasiilag bi carbonate

| uti 28.78 it fol | owed by br] 43. 18
T or sy A Bl Tk wab FRTERert L0 908 Hrsile i coold

at 40 n - 1Q0£0 o i 70% HNO
i cnief Bt 3COHRC TR il P BBlptic By y 230 mi of 70% HNOs
cont ajor’@anllet wAterkgas(théh dddedrml the B8K)and the mixture was again cooled to
<a-hydroxytricyclo[3,3.1. 13"7] decanes} -acetic acid,
ot hy§-Can e og Hashar ol <ayoxomsHNILES. b3 It e} foete Skt meshy este
'da%:g ! lowly added to the mixture in porti er
Sﬁ hy rgﬁuy}fgé)i)(cl%lgol 51%?§Lfnf3?§)7qﬁgesco%g?l - ac?et iccmlgci dfn porfions o¥
met hy30 to&8tmtibutesormaintain@)terApérauredessabdoc2$°€| Thk reagtion mixture was

| cnper bR R L b S o b S gagre by it
Wi t mintlam%&oﬁmﬁgmpg};gg.@e?h@ peﬁ'&h%wﬁcitg@@ﬁoﬁhtogmphy

h
5.73 nol) was then ac ol  owed by CH2C éS
| i t er@PLCYhBor? LG assilica igelgvasoised angrihevepdvenb wpe BtQAS/MgOH/Hexane

i A AR5 o ol Sl 20 o ot

s| ow wasade drith igradient of 10% acetonitrile/H,O to 100% acetonitrile in 7 minutes at
a flow rate of 2.5 ml/minute. The monitoring wavelength was 200 nm. When the
reaction was complete (after approximately 1 hour), the reaction was quenched by
addition to cold water (1.5 liters) and EtOAc (500 ml). Additional water and EtOAc

25 (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 mi 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-hydrcncy—<a--oxotricyclo[?;.3.1.13 "|decane-1-acetic acid, methyl

30  ester (Formula ).
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approximately 30 m nutes while keeping the interna
tenperature bel ow -60C. The solution was stirred for
20 minutes while maintaining the tenperature at -60 to
-70C. A solution of

<a- hydroxytricyclo[ 3. 3.1. 13, 7] decane-1 -aceti c acid,

met hyl ester 25 (Fornmula C) (990 grans, 4.42 nol) in
CH2Cl 2 (1.7 liters) was then slowy added over
approximately 30 m nut es V\himmkﬁmﬂmg the internal
tenperature bel ow - 60 resul ting, solution

sti rr ediydgel YS‘E)°H'H¥Hf@§¥'<NEl"S“'{°3°'PI3t%1 471 %fas&kafsm%iéd methyl
then adggd (r Lanénﬁmo% RNy -&LJa&w.cgaofsry ﬁ*rydeem@aacenc acid

hydrochl oride sa The reactlon m Xture was war ned
to roomtenperature and vvate(Ft(rlmllaIlér) was added to

sol ve triet ﬂéw \X’é W?F §a5§ whad skt alin tc%&?drofuran (300

ction red to a roun

bot t omif dnaeholedinth i6OPRISHLT L. eOneIMoft ION k6T Brydroxide was added
di chl oromet hane (DCM and NEt3. -57 Et OAc g12 liters)

was adlgwly tithe solusion osadjust ﬁg pHdo eprreximateho? waHe Emma%mgthe
T
Vet s K5y 9 A sy YRt BB et s

wash e pH tbapplbxlm'ﬁhﬁy e gﬂﬁlré‘acﬁhaﬁﬁmwﬂi mﬁ sdfrbcb'dhﬂ)a/&:rolmg in
anhydrous Na2S W th evaporation to prqoduce

y 1 ot ke bath aeql the grogyest Wppenifyred by THC enfibLe g5 %fﬁ'éb‘%‘ in Example
| - acebs Cwig) fhe réE@ﬁ&ansec%k/f;[eté ARk r@m@ﬂelyﬁ(ﬁhﬁmﬁ@%@ﬁ;c (500 ml)

approxi mately 104% droxyl ati on of
<a- Oxwas acis:ly@ am{ t8e queous3ing p@ouﬁmr&m separatedi dhe aguenyd layer was

ester For

5y PP O ot s af 50 T agpepus g pas igiiod wit
acid, cmédtmted H@ Q’ﬂieﬁrthe(dﬁmtm |rﬁcﬂ6d pmi mtt)mrqmoanl)fv}aas&ded
was char ged with 95 to 98% FQS?4 q%éol ed

i b anfolipwed by mogegopentryiriHCY untilghepH macpyé ‘or Eqt2] capeepyated HCI
addi nghge@wik 19 m?%'ﬂﬁ@us E?e%s%en%(m&h BRFAL @3:(1490 ml)

added to the flask an m xture was agal n cool ed
8C i nartditbe ¢aubihesitdigan8dhyegs were washed with 400 ml of water fo!lowed by 400

<a-oxo ricyclQf3.3.1.13" 7] decane-| - acet,i c

ot or MG f S50 e P e her ey i S B shigpmated
addedyiep] whesgarahsibes light Rdlotv 8. DisesluticHoflthis 66lid in 100 ml EtOAc
mnutes to maintain a tenperature |ess than 28C. The

r #hct ngr30Rimdthgptane wish stisring fozn: d0 wrinytes febioyyadRy filifatiqneand @i drying
bat . EHOPELSIMEbr 4 AR sBIRAGS S hyifRcky BB o3, 811 4 dcane-1-

acetic acid (Formula IT)).

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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thin | ayer chromatography (TLC) or high performance
I'iquid chromat ography (HPLC). For TLC, a silica gel
was used and the sol vent was Et OAc/ MeCH Hexane 20
(9/1/10); KMhO4. For HPLC, a 4.6 x 50 mm C S, 3

m cron, 120 angstrom colum was used with a gradient
of 10% acetonitrile/H20 to 100%acetonitri|e in 7

i nut fl te, qf 5,.mM/
mon t ShoRrimeetins (R 5 06s8 mones el £ paate Fompiptaiyhe reaction
vas  Capetinte a8 L9595 -@3@@ ﬁbﬁgléc?lllr)!d)l AR ke adBifiSn was o lete, the

reacti on was quenched b ion to cold water .
liter Qixwestaﬂmec( ®60r mryomﬂmnetanun $0r approgimatelyl 9Eminyes. The

25 (500 each n atlon .
Che aqtelihe FaiHe ot af e M0 o aiiod MFHB Sl dPed nipeen
t hen ﬂﬁhﬁg&@@ﬂxt&’\ﬁﬁfpaa Thé filatdke \\E.Qelaﬁﬂcdﬁlﬂthfhddﬁfonﬂtlﬂﬁﬁne (1x 300

The nic layers_were caonbi ned and, washed, with
bri ne ﬂ{'%b’ozﬁ’ﬂ ml). hefilias veg tep ganrertrated g apdugrispressurs on a rotary

conc e\?f%’i@ﬁgf‘d{i r(ée@?cg%rgétglgti@-eﬁ rth $RSWitEa 222780 REARER) b gfte crude

yell o nt ai ni ng
3- hydfhd ylichhtr@kmtethwyedlm’!ﬁyjsnﬁmﬂ@ls:liildaredmseleshﬁéimcg)
aci d, et

Hy dr Opy [}t@/tg/]c proton M 1n§hcate§nﬂls cruc?e matenal contams E 3%9 mol (68.8%) of

310yd(PXHmHEr@WH0& Sirlok: ﬁuihaelﬁ’yisﬁhﬁ@cane | -acetic
acid, net h&d lﬁeSt er (For rru?r

3- hydr oXy sedflask Mmpyltbam amn Tri@!e\wwéarlgetbwb iceude (2,2-
acid i.d

23 wad Elgssok%t%&%wﬁ](y ?)aﬁ%cflﬂ%?g b'rg"één“?gﬁé é@f@lmﬁgmﬁ mol)
cool eahd amhairmmedltlﬂmbntmaﬁc (CI:OO e To tHearsuitingl soNitivn evasiadded 1-
hydr oxi de add o the sol ution. to. adjust

T Shfofiadmmnier kb Ao m wadahyibantiin pblatigd (6 56, 48

t e ehmalon erhb@ésemng BfxtufrwAGHbit PR3t adBorThererdthiteN9bdight. The
was then added to adjust the lSH to approxinmately 1

4.
The readtiRpdhroynmixtygsvas dduted with hqnmwﬂﬁ@(bm&)@@ﬂ mg:r (300 ml}.

10 an
L O Ll A O
was C‘mmﬁb@ta& @4 150 mippnd matm(bk W&iﬁl)rﬁ[‘hﬂtc@ﬁlhnﬁt@ﬁﬁon was filtered
(500 m vvas d d and the aqueous and ic,layers
were Y8 ﬁ'@ 52 %%GL‘“‘F* (CoRGggtrat 9@%‘%@%“’%‘ pigssure to give a
aﬁ@ghf&florfbgpsdﬂd Pis E&.Qﬁs} waki issBRMERBDI iR HRdthafeF (250 ml). The
acidified
resulting solution was allowed to cool to room temperature for 1 hour. After cooling
to approximately 5°C for 2 hours, the solid was collected by filtration and washed
with cold 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-

25 bromoadamantane); mp 76.3°C.
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concentrated HCI. Wen the solution reached pH 7,

Et OAc (500 m ) was added 15 foll owed by nore
concentrated HCl until the pH reached 0.7. Total
concentrated HCl added was 150 ml. The aqueous | ayer
was then extracted with EtOAc (4 x 400 ml) and the
conbi ned organic |ayers were washed with 400 m of

wat er followed by 400 m of brine. The washed organic
| ayer Elatntahséialhdisi €gHRCLO,-MJSO4 and concentr at ed.

Yield s 88 grams of a light yel]ow solid.
i S5 HeNEao! G PS3uH: 635 25097 £& Onc. 20 and 300
nM hepigRe W t hc Skigor 11nglsd; @, 230293 nut es fol | owed by

f||trat|on and air drying' Vielded 85 grams of a tan
sol i d'H B4R &00yldiy,-CRCIgRot r3.855cs oD, 3069 (b8's,3 H), 1.866 (d, J=2.75

briparation of Adamant an. 1. y St (i E7aLEIA K F121 H) ppm

mat hyBcealRI(12 79 pi-aciBCl;) 6 Aed: 180 B80S $esonas. gyl 36.842,

flask equi pped with a nechanical stirrer, thérnmomfer,
condenser, pressure equali zi n?Q-?éédZHQ?rPMnnel and an
argon inl et was charged with zinc dust (78.0 g, 1.19

nol) foll owed by the addition of anhydrous

t et rahydr of uran (400 m) BXAMPLRED6Xt ure was added

1, 2- di br onoet hane to activate the zinc,

rBsul t PF@am%qﬂfé)wgr a*tyéd°’ﬂradé'“g’é‘ﬁﬂ“&ﬂ)eﬂ"ﬁ‘}<a$6 fneﬂyl ester
m nutes. After cooling to 05,5 ﬁqjutlon of net hyl
trichl oroacetate (100.3g, 0.565 rml and -59

chlorotri ritrmyatbn A HENESMO 1 A 100 M&ome)trmﬂcskam stjaran with

% 60 QI HIND: Pichsie w38 s ok O Pl Selpaolkain e bath. Water (35
conpl rﬁf. ezjd?ed r&%ér%eehe@ﬁff nﬂkingggtgd%ﬁ?aﬁéd Ehf:%lu%gﬁ) Was atlowed to

terrpera ur appr oxi nat e

rSs ul warmgo mooth tefieraBie. dl‘lielﬂasldvm then hagé ap the’ M@rknwith water to
andfllter der nitrogen 5 through a Celite 545
pad. gﬁf’eq MttYtake was washed vvith addi ti onal hept ane

(1 x 300 AT%F ,g éeg gl&ﬂasp&gu ittt £ E]ﬁgthennomcter was

concentrate ress on a rotary

ev apahan‘ged withppicOR) S} @ 03/ g, X360 h. A fig coblidy tﬁ 022-C2ihGn ice bath,
wat er bath ive crud

(2, 2-1§ik 3((546g s, A6 %ymwlhymdﬁpd over md® nwserst Ieenghe a
| t at
0 derRbscedi o i SHkmighie Mok foreeiia 0 e P gt was removed

( 68. 80@anfahtan-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.

25 After stirring for ~24 hours the reaction mixture was a very péle yellow
solution. A four-necked Morton flask (I 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 refative 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.

30  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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10 (2, 2-dichloro- 1-nethoxy-vinyloxy)-trinmethylsilane.
Al liter flask equi pped with an argon inlet was
charged with crude (2,2- dichloro-

1- met hoxy-vi nyl oxy)-trinethylsilane (129.1 g,
approximately 0.389 nol) and anhydrous
dichloronethane (100 m). To the resulting sol ution

was ed 1- bronoadamant ane 0, 349 HD%%‘ %ng
an hyd?"éﬁh‘gatﬁrl (ve0 ey A epche {‘@"-'EF@S‘@‘% e~ 4emipiss g bath was
resul fniQedhng tHe ﬁ‘-n%é vak h el th Yatth '\nflth%hrﬁr%o A fier stirring for 4.5

tenperature overnight. The resulting red-brown
m xt uh@rsEmistan bbqhenst) e esulting mixdws was frapsierreflp @jseparatory

(300 e or 1c I *

(300 by 1 F9551% S3hal 6 hpcB5(-I0PRLI 16 el MRESer. The

15? ﬁic)ueoﬁﬁac?ﬁ? Whs &?oﬁe«:ﬁﬁﬂ cgh*)ctedﬁglﬂl ?Stbyslm:cétntagl x 80 mL). The

solution was filtere toug a_pad. Celjte 5

P11 1 BRBRG dacHODR EEPmbEN 400 MEWBR Wik 3 b 50 fJgf Bilatico; (4

a 20 ¢ orles SOl i '

boi | i b &T‘“‘E 2863 ,.f:F’lj‘%g '?tﬁﬂl' %{lr esl#?ﬁh ésg\ﬁxl?%l%’ifageﬁ ke soivcnt was

al | OV\&dlot/@d ﬂ&éﬂuo&bpt’éﬁﬁm to gfv{aelic&lm@-ﬁﬁiroﬂy-idaumntaﬁcﬂt-ﬁ) acetlc acid
xi mately 5C for hour

cooling to ap SOl .
was cwpwhﬁseeaogwmwat%wmegmw '1%139@6%5% crude yield).
e happl MRk ﬁ*hte i Cﬁ’lﬁ be dsed 0 ?reiﬂn'}: dfc@l&é-Yﬁhydroxy—admnantan— -yl)-
adanmant an- or o- ace acid t hyl

( For nadetic M F«)rmab IX withoot puificatiel. |Iﬂdesv€fl (hogp*emsﬂlq m‘pdewtcnal

e oneods i b T R e Bl TR PP Eind Peler (85 mL) to afford a
56. 33fluffy ccﬁt055|ke Gblid (&ip BA%-115030Ywith 91 BGedleryH, 6. 59;

d, 25.72%'° HNI\/R(SOO 16 MHz, CDCI3)8 3.855 (s, 3H),
2.069 (br s, 1.866 (d, J=2.75 5 Hz, 6 H),

%1583%\5@%%@@?8‘”%@%%5%’ B e
36. 256Galc@8ted09 Gyim25 XV, 1281890 Pr epar at i on of
?S;:(I;ngr ﬁo?mljlyg{ \Q’?&ﬁaﬁ%ﬂ&r‘bﬁw )-acetic acid nethyl
'H NMR (500.16 MHz, CDCL;) & 3.857 (s, 3H), 2.298 (br m, 2 H), 1.824 (s, 2 H),
1.793 (d, 4 H, =2.75 Hz), 1.682,1.629 (br AB q,
20 4 H), 1.529 (m, 3 H) ppm
13C NMR (127.78 MHz, CDCL3)5  165.929, 94.281, 68.932, 54.150, 44.47 §,
44.529, 44.020, 35.750, 34.759, 30.149 ppm
Lab HPLC:
YMC ODS-A S3 126 A (4.6 x 50 mm), =200 nm, 2.5 ml/minute
25  Solvents: A = 0.2% HaiPO4 in water
B = 90% CHaCN in water
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Preparation of 10 N HNOG3: A 100 nmL volunetric flask
was charged with conc. HNO3 (88.25 g, -62.58 m., -1.0
nol e) and cooled in an ice bath. Water (35 nlL) was
added. After the heat of m xing had dissipated, the
solution was allowed to 15 warmto room tenperature.
The flask was then nade up to the mark with water to
give 10 N HNG3 A 250 ni three-necked fl ask equi pped

Wi th Grddiait:nIme Wb a 00R S s minuees charged with
conc. H2S04 (103 g, -56 nL,)._ After cooling to 0.4 C

i n anRegatigngkime 10 Aakos (59681, 56.8 mol) was

added . - m nutjas.  Wien t enper at ure of
ded; @ 19% idkGowd tenp
this ac?g{l%}t%?ure was | ower ed too-l. OC, the cold bath

was résdvaoutes Adanai¥8dn- 1- y| - dicidbioe(d dydrosy-admansariy-yl)-acetic acid
ester of formula VII (15.0 g, _54..11 nmmol; ground
I iéhtly in nortar/pestle to bE %‘eﬁtﬁﬂ ar ge

chunkshspigite s) wap g@dded psikhbwAW Se (1.25 g every

10 mnutes; lhr 50 mnute addition tinme), After-5

hour s8-3¢ RinWesact i on i xt ure widmantap-&-yi-dichlorg-acetic msthyl ester
solution. 25 After stirring for --24 hours the

reaction mxture was a very pale yellow solution. A
four-necked Morton flask (1 B¥AMBULERYed With a

hanjcal stirrer .and .thernoc | e, therponet er .
cFir qebrepprationaf Diciorer3 ysrary-dgmantanst-ylfacets aeid frormula 1x)
mol e, -2. 34 56614l Ysun8bboh&l Mdsk was tigarddiGEih mdtBardod €200 ml) and 1 N
resul ti ng sol uti on was added eth acetate (230

| m). .
Resul Np@H (394mhd P¢ mmokapproximasely géﬁ gapiydlents reiptive fp ial)>iﬂt dichloro-
i ce bat i i .
ddect> Sy apaia SR FY Wb atidifdind cE FHa VD), The reslting

m Xt ugcdutiohleas icodlBd fncin ivstsatcanid tettatparsurovaddPC.i Sixadold bath was
ethyl acetate _-61 an ter, (-50 of each). After

st3 r e ?nd-dA@“‘?fP'zﬁ‘?' 9xst—?fl@"@aﬁaarq1éfé}-we%g§l3 F'_émyL@&r (Formula
and toenErdsy, Q?%’?&Arrl?dsd WIERALD MR Eulin Ruspbadidd Wk allowed to stir

After stirrring hours (fromstart of quench),
t he rasuibidnhtgmpesatune endspargen. dvftsf stirriegifor approxioptalng beyys, an

funnel , (1 usi ng._addi ti opal -

to cotfipet i aRbup! CORY BTt BTREhE VB vals. Ater
I enoVvairiag fbr exprbxifhrly M Holrsgthb ydachdrahikne (vhs Ritéied tlrpmove a
The organic fractions were conmbi ned and washed wi t h

well er smpa! amaygt o particylage mafeiabg Thyresulting 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 mi, approximately 456 mmol). A
white solid quickly formed. The mixture was gently stirred for approximately 20

25  minutes and then placed in an ice bath. After gently stirrihg 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 sdlid by
pulling air through the filtercake. The material was then dried under vacuum at

30 ambient temperature for 22 hours to give dichloro-(3-hydroxy-adamantan-1-y})-acetic
acid (Formula IX) as a colorless powdery solid: 39.19 gramé (98.7% yield); mp 238°C
(dec).
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x 90 nL), and brine. After drying over anhydrous
magnesi um sul fate, the solvent was renoved at reduced
pressure to give

di chl or o- ( 3- hydr oxy- adamant an- 1-yi ) -acetic acid

met hyl ester of Formula VIIlI as a nearly colorless
solid: 15.67 g (98. 7% crude yield). 10 This crude

mat eri al can be used to prepare

di chl or o- ( 3- hydr oxy- adamant an-1 -yl )- acetic of Formula

DCWEI&ﬁbﬁtall%ﬁlﬁth@hmmon desired, however, the
crude materi al % ,\é can be recrystalllzed from
L&pcH il

net haFaulgted2 € CL2390%) to afford a

fluffy catton-| lgoB- 115.0C) with 91%
recov%“r“ﬁ@ 15 Eldéﬁgﬁﬁ' sgﬁéﬂ@)i/)szl%s /8013H1801208

Cal CLIL@tFE(LCC 53.25; H 6.18; d, 24.18% Found: C,

53.24: H 6.24: C 24. 31% 50 MHz, CDCl13
s, oasiabigfn [ égéﬁe%'wrmﬁ')@“ﬁp% svpte, )
1. 79%fitbuisd H 205% Hedo, idwade, 1. 629 (br AB a. Yo 4
H, 1.520 (m 3 H ppm 13C NVR (127.78 Mz, CDC13)S

165. 929, 94. 28B=8@HIINCNGn Wi, 44. 47 8, 44.529,

o At i ¢ 10 s8R BV RS, T DT e

29 Satetaiios Tive = 0. A%a93PO4 ildentity er B = 90% CH3CN in
water -62 Gadient; 20% A to 100% B over 10 m nutes
Ret e+ ominpiste Ar eaOdp| dent i tWKP¥BE ni nutes 1. 19

unknoygy [ﬁilehm nuteg799. 16 dlchloro-(3 hydroxy-adamantan- -yl)-acetic acid
di chI oro- ydr oxy- admant an- 1-yl ) -acetic acid

met hyd. SJthmESS 09 ninutes O. aﬂcmﬁé«md@xﬁsdmaﬁwelsyl}mtw actd
adamant an-1 -yl -di chl oro- acet i Cetﬁ'ﬁteh%r est er

15 'HNMR (500.16 MHz, CD;0D) & 2.258 (br s, 2 H), 1.858 (s, 6 H), 1.674, 1.615 (br

AB q, J=1 1.54 Hz, 4 H)), 1.588-1.526 (m, 2 H)
ppm
>H NMR (125.77 MHz, CD30D)  167.957, 96.356, 69.322,48.070, 45.360, 44.794,
37.050, 36.039, 31.631 ppm
20
EXAMPLE 28
Preparation of 3-Hydroxy-<a-oxotricyclo{3.3.1.1>"}decane-1-acetic acid
(Formula IT)
A 500 m] three-necked flask was charged with dichloro-(3-hydroxy-

25  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 NaHCOs) to give a hazy solution.

To this solution was added solid NaHCO; (29.10 grams, 346 mmol, 2.50 equivalents).

30  After the NaHCO; 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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EXAMPLE 27 10 Preparation of

Di chl or o- ( 3- hydr oxy- adamant an- 1-yl ) -acetic acid
(Formula I X) A 500 n] round-bottoned flask was
charged with nmethanol (200 ml) and I N NaOH (194 m,
194 mmol, approximately 1.36 equivalents relative to

i nput di chl oro- (3-hydroxy-adamantan-1-yl)-acetic acid
net hyl ester (Formula VIII1)). The resulting solution

was Cpd resktion vedtel wa il Wit atréfluxt &mdé:@megoanmmnwamm to
<9C. The cold bath was 15 renoved and

di chl appeexirBatelyRosk: yAagrahmngafﬁr appyopymatelyti hougsdhejmixtyrg yyas
ester

The: raloS b e hbindanie. TAErchodBihk OS2 as carctully
anbi emdlﬁammz&tvum&on)ndpﬁ Oarsg:qnhe a(kfditiz:m of toricentraged WET (32 mli

appr oxi mat el urs,.an additi o on of

né)hafﬁswr ) ﬁﬁ TiBiE voF Pmeied ?wff’é elptedd %300 ml). The
val | s, uéidsqayer &IH 0.57)ded BE fiD BXehctiGBWRA ym}ﬂacagwm 10vWed to pH
reactlon m Xture was filtered to renpbve a 20 smal |

anmour-1%by theadditon ef eoneantrated HIC] (appeoxjraately 2imi) The ethyl acstate
t d
v PRI ER Lo o e bl v QRS sEBing o,

used anhedrdid mbgnekiom suh‘ae,tthmmnmm :emamﬂ dt eedacadpeéssure to give 3-
thetrapsfer Theresultln,g solu V\/a% amg&lirl) ed b |

the ey sR-SrmeyHeBt - Li ddecary %"é‘cﬁF‘ ( i g&pipriess
456 ngBluiar sBlid: W0 7@t tgodkyqui ckly formsd The m xture

was gently stirred for approximately 20 25 m nutes and

then placed in an ice bath After gently stirring for

appr oxi. nat s, the stirrer was stopped and

t he ?fﬁg 5‘?@ mﬁg'gglﬁg\% “to stand in the ice bath for

an addiltilgedl 20,16907SH, 7Ti9es resul ting suspensi on was

filtered and the filtercal§e was washed with ice cold
wet erfounge py| 1€, 6430 1B2r was renpved fromthe

i d ob o\ _
t rP(S0bn B, D,bf'8 0L 9T 3dand 4 13811227 GRS, 0.67 1), 1.819

materi a under vacuum a
tenperature for 22 hours to di.s% (m, 12 H) ppm - partial hydrate

(For ke SR BTG Dty 725Rh.dBo 4BE 16 1go. s
(98.7%yield); np 238C (deC)esmﬁ&ﬂﬁnEﬁfﬁsuml ysis:

Cl2H, 6C1203: Cal cul ated: C,
2% 40% 43 190 42 90? 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 =10.2% H;PO, in water

25 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
30  4.95 minutes dichloro-(3-hydroxy-adamantan- 1-yl)-acetic acid
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Found: C, 51.43; H, 5.74; d, 25.48% 5 Lab HPLC. YMC
ODS-A S3 120 A (4.6 x 50 nm,1.200 nm 2.5 m/mnute
Solvents A = 0.2% H3P04 in water B = 90% CH3CN in
water Gadient: 20% A to 100% B over 10 m nutes 10
Retention Time Area % ldentity 0.53 mnutes 0.95
unknown 2.65 m nutes 97. 27 ,

di chl or o- ( 3- hydr oxy- adamant an-1-yl )-acetic acid 4.54
m nut es di chl or o- ( 3- hydroxyEMM%Al -yl)-acetic

d )
N e o
Aqu i\II\/R I( . % 54 Hz (Férohix, Il)ibnﬁﬂégﬁﬂgg dive ﬁgcglprﬂcdﬂ)lre ppm
1 167. 957
69. 322, 48. ’b% m&%@% equipped pish 2 pagssira gauating gddjtion
PP 20 FAAME E@o@ fhietWaS Eﬁafr | \Gith &Ehloro-(}hydroxy-adamantan- 1-ylacetic

3- Hydr oxy-<a-oxotricycl o(3.3.1.137i decane-1-acetic
aci d acfd-uethyl qtcH;FqﬂnEkaOJlHD ‘propersd an deskalobdrin Esrmple6 (15g, 51.16

ggg:mgﬂﬁ?ng#ftti CbhI (ﬂt;‘)’o og‘qt:(t%ﬁf g)‘fﬁ.léa I(§8 rn(nglsfél?lhzed) After

138. Sstinfidg t))r se'i}efal h:luﬁxtéﬁime bukklof thmnadd Gﬂll\mdﬂeyﬂ eét&x&ﬁssolved to
m) and 1, N NaOH (138 , . 138 mmol ]d %
to g@ﬁ%? hazy splﬁgo%o‘gq {h‘ﬁ solytion yas added istilled watex\-l\g mI‘f) and a loose

dihl QEfntidh lﬁ*ﬂ'{e@.ng) At tlﬁﬁhei-wx% %Tla%ﬁtv}ﬁ NNQOH‘I&J ml, 69

avoi oam ng pro occur with solid
NaHCG8inot, & 1g3 e ralahiezt Foahula iVEH compoundiispus)o | NG wanadded

s s S 20,10, Sy 340 OB s o i
r eactdt@mbi¥hifeperaR@came a suspension as the sodium
HPLC analysis at ~ 16 hours showed the hydrolysis of the Formula VIII
15 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). Seclid 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
20  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
25  careful addition of conc. HCI (11 mL required, CO, evo!uﬁon; atpH~1.40a
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 coné. HCI {(~1.6 mL required).
30  The aqueous layer (pH 0.37) after the 2™ EtOAc extraction was adjusted to pH 0.17
by the addition of conc. HC] (~0.8 mL required). The aqueous layer required no
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salt of dichloro-(3-hydroxy-adamantan-1-yl)-acetic

acid was forced fromsolution. -64 The reaction vesse

was fitted with a reflux condenser/argon inlet and

heated to approximately 80C. After beating for
approximately 6 hours the mxture was allowed to coo

to roomtenperature. The reaction m xture (pH 7.22)

was carefully acidified (CO2 evolution) to pH 0.15 by

t he aglliddnanplP hdje Qe ifcAthe fendiing BROAY exrab@siid i(&:@MAtion #3, pH
The resulting mxture was extracted with ethyl acetate

(4 x 838 extyactionéd, pHQEDU The erganic ipeiops eye cambisied; fder drying
first sti@g@,%%gqh{e% fulls femaoLd &9&}.@&@%@%& 9 BRE Sfidk %P Formula 1

0.18 a Ion of concentrate

(appr eothptah€ hy/a Aealily toloBBR, @hhifdr sakewhick wak 8A€d wrdefvacuum (pump)
wer e conbi ned and washed wwth brine q%loo m). After

dr¥i nfprdobeursiahhgie G553 amsiedi HRLGu1 0%k Brea’dle sol vent
was renoved at reduced pressure to give 3 10

hydr oxy- <a- oxotricycl o[ 3. 3. 1. 137] decane- | -acetic
aci d Elemental anally$is: &5,H,ClgDpfi5d65-0243 bAR4437Hol i d:
30.77 %r am 8990 .. Elemental analysis: Cl2HL604:

Cal cufalewated:ic 644277 L #1990, 15 Found: C, 64.30; H,

7. 13%5dddNVR ( 30Qe469Mz.76930) S 2.288 (br s, 1.33 H),
2.227 (br s, 0.67 H), '1.819- 1.575 (m 12 H ppm -

pHrtial hydrate 13C NVR (125.77 Mz, D20) 5 207.704,

174,983, 1E2u0RG I 198009980 By we s vihRiig o ~s5°C i

34. 67distilBd. wate? (19 BD), 40 remBveAFronp M8 heat Bauir¢ ld digdiedicecool. At
Lab HPL(;: YMC ODS-A S3 120 A (4.6 . x 50 mm), R = 200
nm 275°f thaatarel began (pasystallizg. Afigr stapdipghrogm temppegiture for ~2

25 B liodtgso e bBENab Britlg by fifdafioh S waskffn i@ BR%G4Rkr. The bulk
v M nutes

over
15  of the water was removed by pulling nitrogen through the filtercake. The material was

then dried under vacuum (pump) for 17 hours to give title Formula Il compound as
large, colorless needles: 4.33 g (86.6% recovery); mp 164.5-165.6°C (on Mettler
FP800 system); HPLC, 100% (area %). '

20  Elemental analysis: C,,H,;C1,0; [55465-023-15, TR46905]

Calculated: C,64.27%; H, 7.19%
Found: C, 64.42%; H, 7.04%

EXAMPLE 29
25 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 ihi_ony] chloride (4.97 kg) in 2 manner so
that the temperature of the mixture did not exceed 0°C. After complete addition of
30 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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Retention Time Area %ldentity 1.39 m nutes 100%

3- hydroxy-<a-oxotricyclo[3.3.1.13" 7] decane-1- acetic
acid 30 4.95 m nutes

di chl or o- ( 3- hydr oxy- adamant an- 1-yl )-acetic acid -65
EXAMPLE 28A Preparation of 3-Hydroxy-<a
oxotricyclo-13.3.1.13 . 7] decane-|-acetic acid
(Formula I11) enploying a one pot procedure A 250-

t 2 (rj ecandedie ]gudnga waddifignp Fellowingigdditipn akthe, a‘éd»éawg?q% mixture
R . .
ai chi BRI AT 0206 o et B4 S oG TR 1AcHG ik s hen

est er eyapérated udefivhdum g@aau%) eFappesirhateed staofisariginal volume.
26 (159, 51.16 nmol ol  owed by the addition o

f
t et r aFljaienrining-oil 6e then dipselied i toturael (49 lngrele The Splpsneisplytion was
f l. i nut : \/
4 SRk R 0% Wb 3 ok g sowyso

this &aldé HRARIMRS teaipeRtirelivas bdtivedh 20adnd 253 OTire rksultivg sispension
| oose 10 suspension formed. The addition funnel was .
char gwas stined forn3Onpiaptes sl then filseyed. nTh filter cake yeps gyashed with toluene
rel at tQ,. I L

addedta}ég"}t p\l/fn rg)grqg]\?girlé{%b%g %%%?qf gé gl velravanear d)l/\@t%tal volume of
col or iteasi Ghtetst iCaystallitiatibn was initidtadycsidvoadBtion of@yclchexane (8 liters)
anbi ent_tenperature. HPLC analysis at_- 16 hour

sHbwedt S0Fe and sbsrapent coeling tp appraximately 0°Cr Afket sesformagon the
conpl [ i | .

Co i SOB 1o e S g

by t heychliekdne OThOmixture MdCkthefhi2o8tedrio) 6 toFGC| dinfdd HBCRe bour, and the

(11.2 g, .0.133 nol.,_2.60 qi_ was added to f.orm a.
suspeifsyIing cmewawaﬁlgﬁs?@fgf nerorytaly VH§ waghed Pwife vih cyclohexane
m N SHOWSs ehig vgﬁﬁﬁ THRRid@whE4.86 RETE294)A.-pAbiIflamieRid &yl ester
for 5 hours, the heat "source was renoved and the
r Bact {Formul2 @) ad solerfess fesdlsar , col orl ess sol uti on) was
all owed to cool. After cooling to roomtenperature,
the reaction m xture was stored in a refrigerator
(+4C) for 4 days. After st EXgMPBLEBhe cold for 4
days the reaction m xture was stil| a.cleal\_r .
BOC-Protection of L-Pyroglutamic acid ethyl ester (Formula F)
The L-pyroglutamic acid ethyl ester (Formula F)(5.00 kg) was dissolved at
20  room temperature in toluene (24.97 liters). 4-Dimethlyaminopyridine (0.19 kg) was
then added to the sotution. 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
25  charged with half satarated NaHCOs-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
30 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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colorless solution and HPLC anal ysis shows little, if
any, change upon storage. After warmng to room
tenperature, the mixture (pH 7.77) was acidified to pH
0.20 by the 25 careful addition of conc. HCl (11 nL
required, CO2 evolution; at pH -1.40 a colorless
solid began to precipitate). The resulting suspension
was extracted with EtOAc (x 4, -500 niL total vol uneg;
HPLC anal ysis performed on aqueous fraction after

each Et OAc extraction). The yer (pH 0. 38)
after the 1" Et OAc extractigmé usted to pH 0. 18

by the addition of Siqnﬂlydllﬁenedhcﬁoifbnd Eﬁﬂiiﬁﬁﬂ))n 30
The aqueous (pH 0.37) after the 2"d

|
extraction %&A&Iq}&t’gﬁ’l‘f’@cﬂﬁ‘é‘cﬁ!‘?m‘w agifel- tﬁx’d&ﬂﬂ%‘@hﬂ) 5-ethyl
COBIC. edthe (F6u1911§05ﬂ4 gg?gwﬁﬁﬁasolvwg-l BRLROUD.97% ; Kf max 0.01%

required no - Il onal pH adj ustnent "after
r emai wiateg) ﬁﬁ@o:ledetdﬁa‘iﬁ |'ﬁmssoataiohnm tharpedBith Bhperl@ydride (LiEt; BH

Con RS B el s npess Yot e reson pnsapbne did not exceed

r emovegegl AfRHERleR ARG, ﬁletrﬁ’ixﬂﬁ'é’ﬁaﬁtlmﬁ at 145!t§ -50°C for 30
Formula Il conmpound as a nearly colorless, granular

sol i dmiitesh Nretbyldiisopeopylaohéne (PIREAM4(47Uitgs) was ther adted to the

1.42. 99, 53% PLC, 10 ar ea
P8 otepdfon Finfisd o st Yocit e femBSAES G3 pOTERCeed 45°C.
TR463[75311eth)@ﬁhﬁ%ﬂyﬁHE|€ 10.630 189 wad ¥deltlas 4 sotidf BRUABIE, The reaction
64.19% H, 7 10 Crude Formula Il conpound (5.

was dMESHEVEd Wﬁham%wm@ﬂu@msﬂs@ aphydrige ETFA ARG Mb% a

(19 Mok B SERAE AR ER) SOMCE 2L 5.

Af t er adilitionglihe geadtion memr& Wﬁhﬁﬁddfts 26 €3 25°€ wiktiah! bfe hdubnd kept for
solid was_coll ected by filtration and washed with ice

chl d mdérﬂonq*r?eh%'m 3 tistepperapse. WBhedpachign midnis\weag thap cooled to
pul i er
P 08 B 5 o PO i
gi ve ndtekeed6tTUAGudols Sdropganichhases wedd @ien seplattdlafé the organic

needles: 4.33 g (86 6% recovery); np 164.5-165. 6C (on
Met t | RHBse yepsasaingyashed ith 43piters of gty (QieSSCly The organic later was then

evaporated and degassed at 40°C. A yellowish oil was obtained with a yield of 4.5 kg
20 (18.66 mol, 100%} of the 4,5-dihydro-1H-pyrrole-1,5-dicarboxylic acid, 1-(1-
dimethylethyl), 5-ethy! ester (BOC-DHPEE)(Formula III).

EXAMPLE 32
Hydrolysis of BOC-DHPEE (Formula III)

25 A solution prepared from 4,5-dihydro-1H-pyrrole-1,5-dicarboxylic acid, 1-
(1,1-dimethylethyl),5-ethyl ester (BOC-DHPEE)Formula II){(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

30 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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20 El enental analysis: Cl12H16C1203 [ 55465-023- 15,
TR46905] Calculated: C, 64.27% H, 7.19% Found: C,
64.42% H, 7.04% EXAMPLE 29 25 Esterification of

L- pyroglutam c acid (Fornmula E) to form L-pyroglutamc
acid ethyl ester (Formula F) A reaction vessel was
charged with ethanol (49.0 liters) and cooled to -5C.

The reacti.on_ vesse .t hen, charge it h j anyl .
et o e gves e el ane ooy eyl phectAME S MTBE), 24 titer)
t enpejmittixed &fr 10hRin{HeX t PeSredbltthgWPfanfOdn@guddas piifssere separated
conpl ete addition of 30 the thionyl chloride, the

m xt udtd fgaqueaws rhgseyes gharged 2 Wikky 24 Litsys f JINBE il his mixture was

aci d For added [ L ' at. t °
tenpeltt SIM B 107 PR 5 e P36 23 % i i Woro, 8%
dus i ngatehd :Hadiileibeing vigdrdualy stiffedd ATHel te@perifurd W rgihined during
~the reaction mxture was heated to 20 to 25C and

sti r r @i FrefesHatidan§°C fosstabidife (Ths meswting @raanigand pregqus layers were
evapo u el :

15%po%e ‘{ﬂtgésédb ?ﬂgh%ﬁgw u‘&%-s. %ﬁ@%%a@m ngs%? %@ﬂextracted

t hen witls 34 livvesofl pre-tadietSTRMEAD 5 to 10°CS JThe Thilting lotganiz layer was

solution.was 5 then cool ed to appr.oxi mately 10C an )
tri et 4! i é]s.swdwﬁs%eyeaa@g@%ﬂ%@ dsoorondribpppine
RX| ERYRES Aty ThySstudRiwR AenVaptiisted 2Md defit8ed at a maximum

resulting suspension was stirred for 30 m nutes and
t hen teinperatueziof 3056 uhdértvecunon KBhewirdd was 784 kg 2288 rophi8276) [N-

(abo ljters). The fi]l reduced at 50C
unde%@éé‘ﬁhﬁ?%%[émt oﬁg{é%@%%f about 10 liters,
Crystallization was initiated by slow addition of

cycl ohexane (8 liters) 10 at 50C and subsequent
cooling to approxi mately 30EXAMPLE Ibed formation the

njxture was cooled to . ?'ﬁﬁiﬂﬂp" . wth a

second 8 liter porti on‘g@fdquyc 0 exaﬁe. ?E@ m xture

was t hen dC-EMHR,cy@hesize8 By sappnificatibnfag desnibedhimUExamgple32 may
the r red of f

cr y st g el R an atetipe fishfrRanpiLising wes goplipdprior w
each Mﬂﬁh% the FERtih. CHOWRS, dhe &IthK BxdeSOfredgeity [ @ARUIMIBND Craw
acid ethyl ester 15 (Formula F) as col orless needl es.
materials was based on the amount of BOC-DHP prior to removing any water. For
20 azeotropic distillation, BOC-DHP was diluted with toluene to an approximate 30%
solution. Toluene was removed under vacuum at 40°C. Treated BOC-DHP (6.00 kg)
was then dissolved in THF (48.0 liters). The solution was charged with DIPEA (2.26
kg) and the reaction mixture was cooled to ~20 to -25°C. Mesy! chloride (3.01 kg
was then added slowly. During this addition, DIPEA hydrochloride precipitates. The
25  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. Afier saturation, the reaction mixture was heated to 20°C and stirred
for 3 hours. Following stirring, the reaction mixfure was filtered to remove
hydrochloride. The filter cake was washed with THF (12 liters) in several portions.
30  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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EXAMPLE 30 BOC- Protection of L-Pyroglutamc acid ethyl

ester (Fornmula F) The L-pyroglutamc acid ethyl ester
(Formula 9(5.00 kg) was dissolved at 20 room

tenperature in toluene (24.97 liters).

4- Di met hl yam nopyridine (0.19 kg) was then added to

the solution. The reaction m xture was then charged

with a solution of BOC anhydride (7.29 kg) dissolved

I n t olvaeng6(684ité). I'Ifhbedssﬁ)tin'gmpmmdla[ueeﬁs ghiasds vidneseparated and the

reaction tenperature di d not e
o oS pee s oxirpted i itk e lari e 30 ers each). The
stirr x%gulf:ﬁ)%ortgﬂﬁl@ faybe Webe @&mbi@and B&c&lﬁﬂs@éd' e Wathith 8nd degassed

was then 25 chargéd with half saturate

Na HCO®-rs®pPYR ammxmeﬂgmgs base{ Ehe vipld was |3r3r5éf6 (V3-gomeki 80%k) of (55)-

f °§ 49 o@ﬁi“:gﬁyl %a%f &b 'lcng-chQ& 988' FS\BP ﬂimethylethyl)
ueous ase ara organi c

vvashed;tdr\moe-m{l’h)(ﬁaﬁmﬂa 0D4.97 i ters each) The
organi c |l ayer was then evaporated from sol vent under
vacuum at a maxi nrum of 50C. The remai ning colorless

to slight yellow sh oil crysieAMpigcsen standing. The
theoretical yield was 30 8.18 kg, (31.81 nol) of the

(58) demwnnmamfdésl-s-smwamw%ﬁxﬂxmrq-lmpmolr-l-carboxyhc

3![ tSE{)lerewglrl)de ?fe%‘ ‘{lfonf"%#gﬁéﬁrlﬂ;ggg%@ ﬁag“E)XANPLE

(5S) - 2- oxap¥iest edat@i, IM&&toﬁAﬁW&&hh@WMtE BOG-DHPA (Formula IV)(4 kg)
1- (1, 1-di net hyl ethyl ), 5-e ester For mul

G) (4 Hesolugy rmthalegeehlm @ %0 ﬂl&fﬁl maidpingd aﬁ??& A sgepnd
0%
o R A L ok e
19 9630°Ct ®esdton Biwas then nlmrgalmntﬂmmeﬂlhﬂy etbmet(DME) (3.36 kg), followed
t I C Af
Bl 1 ehe0% hfg“ﬁmrlé)fﬂfgﬁﬁéecm 46?@ injoluee “f(i’é ¢ ragiaipigg the
30 Mefipbie@re Dineldaylzgi gh& OO PR LR G @ewés%fﬁm%kﬂ wAth diiodo

liters) was then added to the 10 reaction mxXture in a
nran nemethanet(h2 99 kgevhilenpaintainingshalicactioo ttet@m@ ber&E1 —30 and -

TR B REN S NN N T R T ROP

Wi th hinufel ¥Qr30a6 e35°6. FRRWAKIAEwAsthéYOhafgtd (PRE&Ror AviRa cooled

20 pipe (-20 to -25°C). Charging was performed stowly in portioﬁs of approximately 5%
so that the reaction temperature of Reactor A was maintained between 22 and 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

25  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),

30  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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manner so that the reaction tenperature did not exceed
-45C. After conplete addition, the reaction m xture

was warmed to 20 to 25C within one hour and kept for

15 an additional 2 hours at this tenperature. The

reaction m xture was then cooled to OC and slowy

charged with water (48.00 liters) so that the reaction
tenperature did not exceed, 5C ..Agkxeous and '

phag et YaiHim ahe ek Bt st F5C R Srraneef k Bebde, A shury
agai Nofedeqitodict i ¢ WY ShtalhedVFil voldme of fiie)suspthsion after
organic | ater was then evaporated and degassed, at

40C. mINeat exshangn was 14:Adisers b The greds npdust was iselptgd by filfration. The

kg 20 0 . .

5. ol 5 G Bt epPlant P2 ) ond e die e ypeuum 08

di sret dynkmhthydizht. Thetdugt yieklvers 2(BARG (DRRE] 7264)TlS €1 <a,3<b,5<a]-3-
[11). EXAMPLE drol ysi,s..of BQOC- DHPE Eqr mul

111§ oy s I r QU oepi 4Ot o | dimethylctby eser
H pyr trehfala )5 T8 beafyP@% thide nddridl isshuried in 8-fold amount of a 1:1

(1, 1-di net hyl et hyl) 5- et hyl ester (BOC- DHPEE) (Fonnul a

|11 (8i00e k§putgrdetatefiwptehe at840 227Q Fardrhy e guntgrialjwas filtered

to Ot C.and.slow y treated at thi r '

2" oot PRGFLE oA e AR Bl e | SR SHBhH R bbbt The
WED er yiéld@vaS 2. 11ikig§9.3} midd, 3304 18-€l<a,3<b)SKh]-3lamivovdrbouyl)-2-

This turbid solution was_then rmed. to 210 to 25C and

st i r ravicysiol3-148beyaps-4-capoxylicgc eﬂgéﬁaﬂm gthyester (Formula H).
reaction m xture was then evaporated to a vol une of
approximately 10.5 liters at a nmaxi mumtenperature of

40C under vacuum and -69 cHEX4MFLE 35 water (24.00

liters) and tzcbutyl neth her(.T r.. MIBE 24 o
liters) and HF?(‘E’E“P(?P ‘%k)lsglﬁﬁéégg%' 'ﬁ?‘g'é%‘f%ff%‘é“yf)‘z

Of Yani szaBiegcl (a1 A aRB2SABbONGTIC aci@ PRI -difiethy Rt kster (Formula H)
aqueous phase was charged again with 24 liters of

TVBE.  THP donm (S,3S5SiZsazabjryploBoblbgxans-Scarhoxamide fFoymula J)
th H i t . i . Y
ep Wa})\ @%ﬁf, eﬁ%cfc& ﬂ%sﬁe%lg%%gl%ydﬁ% HeehEREP4iR %nd a

wat er (1: elng vig stirred. The
t enpethermoceupla svasebarged with [ 1301 <o 3<b,§+u]S-gmivowasonyl)-25

b ouezebitisln d Ynsrte-2 buBpiie goit & b SRR Sy GG (Fopmuta HYS.0
s3I egramfl B2t INEmeN YRS THIF (Y E/ﬂE). MY (28 th BEOAG QS afl, 620 inknol) was

24 liters of pre-cooled TBME at. 5 to 10C. The
r esul themhlded gathe suspersian. \Tas resulting solution was stirred at room temperature

for 18 hours during which time precipitation was observed. Completion of the
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 mi). The solid was dried in an oven under reduced pressure
for 48 hours to afford the hydrochloride salt of (18,35,55)-2-azabicyclo[3.1.0]hexane-
3-carboxamide (Formula J; 3.6 grams, 100%).
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conmbined with the stored organic |ayer and charged
with diisopropylethylamne 10 (DI PEA) (4.82 kg). The
sol ution was then evaporated and degassed at a naxi mum
tenperature of 30C under vacuum The yield was 7.84 kg
(22.88 nol, 929% [N BOC dehydroproline * D PEA
(BOC-DHP)]. EXAMPLE 33 15 Amide formati on on BOC- DHP
BOC- DHP, synt hesi zed by saponification as described in
Exanple 32 may contain wat ®XAMPEESISN e an azeotropic

distillation with tol uene vvasapll ri;o
r unni ngAltanative preparation nf£33S-a %B jhydro-3H-pyrrole-1-

reagents, calc . 1-PM-afBL et M’ﬁﬁﬁﬁ
t he anount of 6@%&%”‘%“ o.rw%o ren%\?l r%) any water. lGblgor
20 azeotropic distillatlon BOC- DHP was diluted wth

¢ oftovat unGanveSRan o TaniEs- - Sl Chu kR FRE AL 1-
was then duﬁﬁahren\ yiyh THE (48 O liters). The solution

was charged with D P 2.26_ kg) and the reactiop .

m xture wad® eémpé%fitqn@fl§d &5 BQWOME-WS éwwﬂpﬁwa‘agmme (DCHA)
(3.01 | Wafb added 2.7
e AR BDEMEA Ohlor DO 0 0 M s
suspenﬂtmom Na6H (21 movod)defazss of NeH shomid bezltm)ted to 1.05 eq. or

follo sat ur at w th am nla ia a s r e .
gZé :ﬁﬁegt l?‘y |5T‘%‘“§abir 1 XIS aﬁ'gslreac %nﬁa&igge solid
heat e@lsﬁtﬂv&@haﬁstv&&e %ﬂf Urlfbtslpeﬂt,orgdﬁﬁz dopaiiinghe HJSXdIthdﬁo- 1H-

was heated to 20C and stirre or hours. Follo

stirr iPWQOle't!kf’edIP%”h@Ml@) acidhi lxﬁldr@"wg%é’lqdmllséfl'é‘& 24 ‘Yaéﬁﬁwwd with 4
hydr o € S YERHESNIRY WP kiR
liters ‘lg%tlclg‘g%lgga dgﬁ E’oﬂﬁg (5 e filtrate vvgs 1on gave
concents a‘i/oe(dr/\u}mfe‘freudeﬁmml &1 cantenduii thre aqueewsoe98Vanecovefy-
4 g: and then dissolved in nethylene chloride (33.33

ers). The solution was washed with -70 water

(26. 6@, 1 i t Gepdratidh6f DOAUMNING Or gani ¢ and aqueous
phases were separated and the Eﬁueous phase wa

extract ed Topeelutipn of 2nekh§idiveOd %maa@e(@m(érl’sm& 35 mmol;
each) | s 1S in TG R dFEIAOKGR frdggﬁé RinBedfik Ew SIS EredBed 4 mL

concentrat’ed un er vacuurh and to renove any
exces §3ditnmme])od aeat NThethylimerpholias (M35 Salid 4-1466-dimathdxy-1,3,5-
90(@ trlazm-isgwl)-li-methylmorphollmum chloride (DMT-MM) started to precipitate out.

The suspension containing DMT-MM was stitred for 30 min at room temperature at

which time it became a thick paste. The temperature rose from 23 to 28-29°C during
the reaction. The temperature of the reaction is kept down to minimize competing
demethylation to form di-MeO-N morfolino-triazene (DMMT).
25
C. Conversion of the sodium salt of -4,5-dihydro-1H-pyrrole-1,5-
dicarboxylic acid, 1-(1,1-dimethylethyl) into (55)-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
3¢  mmol) of free olefin-acid by HPLC quantitation {V=25 mL) was added solid NH,C!
(3.75 g, 70 mmol, 3 eq.) at which time pH dropped from 14 to 8.9. To this solution
were added enough NaH,PO4xHO to adjust pH to pH=6.20. Note: The amount of
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5 5-am nocar bonyl - 4, 5-di hydro-1 Hpyrrol e-1-carboxylic
acid, 1-(1,1-dinethylethyl) ester (BOC- DHPA) (Fornula
V). EXAMPLE 34 Cycl opropanation of

(SS) - 5- am nocar bonyl -4, 5-di hydro- | H pyrrol e- 1- car boxyl
ic 10 acid, 1-(1,1-dinethylethyl) ester (Formula IV)
A first reactor, Reactor A, was charged w th BOC- DHPA

(For IaI soIv d.i.n .net hyl ene.chl or

U R R R R A
r eact PCHARQRGAO Nakalt Wﬁc BUTrgPblutiohdf s@iiliy kAN®as run into a
chloride (18.00 |liters) and cqoled to - 30C. Reactor B

was tSHEREnSinR fyRN TMM Prepaned AbABpveinRaeB( DVE) (3. 36
kg), foll %%z@éflp}{uﬂué Rss.sﬂl'rua LD £ 4 ﬁjbte\{l'ﬁéﬂ tirh tHe initial

(15.36 kg) In uene 'e maintalning t
t énp eamﬂmorebdmenwaemspeﬁﬁn amﬂsoxﬂﬂndﬂilémeclpﬂatﬁ owts By iBR.C the

P dtrioh Was FamPle® and BhE feivpien DRt Blset bt id wore gpgarent i

25C. eﬁﬁ&@mg@n’pl ete addition of the diiodo net hane
the mxture was stirred for 45 mnutes at -30

-25C.  Thi $ndexthg ractipnscopfitions bl Hedy tsighealcd, WIMcQTIé 3ririazene
cool ee%e?goﬁ'fp&hérp%% ?om?eﬁ@am ngﬂl‘@ felbifith FBM MW%HWT The

slowy i portloso pr oxi so that t
rléac tsuspensienpes ﬁhueétwémﬂwtﬁdlMéOMSmmaDMHT) and the phases

bet 2 C ti th
Pol | St Slisofle Bt orains phase wee et i Ny SRR NP Gtz
React @25 mipo: bR tad R ich kfifed Eﬁembﬁacmemmmrpwﬁ@ was

was then slowy c ged wth saturated bicarbonate
sol uthfGﬂV%iﬂOmeelol'&ﬂﬂ!S’) Thg phases wererspiipandiibg netyprganic was washed

r eact ts ature did not exceed 15C. Fol | ow ng
t hi swgﬂ%ﬁ%n?gﬁﬁ% reaction mxture was stirred for

as | east dlyplchldz,usoluﬂmnlyelcaoﬁheotlpcmmmﬂ(W ise¥-90Phaunreacted starting

s Cleorie 30 ke Hek ompanic was Eocvapipd i Hgfapially drid
with WIEH:-‘ﬁ&WB?ORc €3286 hil§. ﬁ'ﬁénﬁtehhi;ﬁhﬁlyfc%taﬂm THE Biture was

and re-filtered. Followng this second filtration,

t he fdisselagd M@hﬁéb%ﬁ@ﬁ@dﬂ#ﬂlﬁd@ﬂ@l 19 ok Qféth??%‘heA solid started
chl o] ? xaé 0ut2 '[lhe éuesrg% onavH:aq sgrraél g()"gtﬁcgr:jé)\é}glg r?aa hﬁ&‘ ticnal 10 mL of

separa PNt o a
Q0gan-keptaph a&f: aided. VEeRashbensibh wasbtiredlabi 30ath icht Bédnd &mperature

(21. 6;1&131! lga%[nsg)beens gelm\gggt} froV\QlSthé l?e%gngr gz{rtl? \éncijevcry7310 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

25  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.

30

-74-



by vacuum at a maxi mum tenperature of 30C and
exchanged by heptane. A slurry of crude product in
hept ane was obtai ned: Final volume of the suspension
after solvent exchange was 14.4 liters. The crude
product was isolated by filtration. The filtercake
was washed wth heptane (2.9 liters) and then dried
under vacuumto a 5 constant weight. The crude yield
was 2.76 kg (12.2 nol, 72%EXAMPIE 3&B3<b, 5<a] - 3-

am nocar honyl ) - 2-azapi cycl o] 3. ) . 0] he en2- garhoxyl
aci d. 1. Erebuutan af syrighesaheiatue SpAY ARRIRY4FOpGBYrrofo-15
purify, the crude naicRfbodylid Feid 1L Il dichetliyiéthin! d

anount of a 1:1 mixture of butyl acetate/heptane at
20 to 22C for 4 hours. The material was filtered and

t filt ' i vt . .
L L LR AHER ot ARG ot 1 2N RS Pisicarboxylic
55% [ S- (akidh 131l-dimethyRetlyl) nocar bonyl ) - 2-

L et 1 ebingd SERERBGT Fug MR T oot s aimaro- 1.
Depr ofyefeld- QB—dﬂfarﬂfi%idﬁéiﬂﬁl-@fhdﬁﬁﬁigietﬁdI@%ﬂ_QS&Ftb@wis) wih)

15 azabicycl o[ 3. 1. exane- 2- car boxyl i c acid,
1, 1- dilgimiy The bolutionswasrcopled taiF%C. o the soluiemvas added slowly a SN

(D ringioh pf BEORGw ik 3] s i R S S gty
nechaglofimie). | THeGbacRBA mBxture ARk WRARHN 20VIESC GHASGRMA until the

w th [1S-(1<a, 3<b, 5<a] - 3-am nocar bonyl ) - 2-
azabi E€ation *3s somaplptedane- 2- car boxyl i ¢ aci d,

wol ) and SO PSto P it BB et et e Rlcrhn
62. 5 mivalg wasgistillddamdaddadini Gathtemp UHPENDIremovelditano]. To the
resulting solution was stirred at_room.tenperature

oY 1msidsuvas added Gy volume iof toluepe &%6[5 )40 dhe mure was stirred for

obser uediufe - - Lp :
o R ROl R R TSR Sl

t o t heedisrssadveis oepasatel antliusedi indfa®s conti nued for an
addi tional 30 m nutes. The 25 suspension was then
filtered under N2 protection to produce a white solid

that gas pwagdiatlonof dicpdisHexyidmhind shlt of BE-GifyA€b-VADyrrole-1,5-
dried in an oven under reduced pressure for 48 hours

t29 af f or d diersbexylle aeid) bl kdimethyletdyl) | |
(SFgrSm? FQ ﬁ\?@@x@é g{@n@ﬁg%%ﬂ%@uﬁmﬁt&% DA% fistion 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 sclution was added s!owly 85% H;P0O4 (1g/mL)
25  tobring 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)
30  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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-72 EXAMPLE 35A Alternative preparation of

(5S) - S-am nocar bonyl - 4, 5-di hydro-I H pyrrole-1 -
carboxylic acid, 1- (1, 1-di net hyl et hyl )ester (Fornul a
V) 5 A Conversion of

4, 5-di hydro-| H pyrrol e-1, 5-di carboxylic acid, 1-(t, 1-
di nethylethyl) To a suspension of 10.4 g (25.86 mmol)

O SO A ST S B b B o

addedwas driediihd dcoldebd.aq. NaOH (27 nmol ) (excess of

NaOH should be limted to 1.05 eqg. or 10 less). Upon
stirring a biphasic mxture with clear layers resulted
and all the solid dissolvegxRNPER 34€7€ split. The
spent organic containing the 4,5- %Iﬁh dro-1 H

PYF r ol e- | Abtednatiselprepirntiomof ﬂS{1<4,1<h,sﬂa)hﬁt(hmlmchybqnyl)-2-

sodi um sal t . acted, wi th ni., wat er ,C
2dded t o R RRIET kRSt frmgrdie i i Slmelchy ) B ester
gave 12. 5(i&fauid W) (150 reféread @l Bfsyn-NaBOL 4 Santbehaioproline)
t he aqueous or 96% recovery. 15 B. Generation of
DMI- MM To a sol ution of 2-Cl-4,6di MO 1, 3,5-tri azene
(CDMI) (6. t OAC
kept |An a %8 manéﬁ'p turceiﬁltng‘rimk #ﬁhzgf@!&\g%%‘g 4 m
(BB. 38 nmol ) of neat N-nethyl norpholine (MM. Solid
4- (4, 6-di met hoxy-1, 3,5 20
triazin-2-yl)-4-methyl nor phol i ni chl ori de (DMI-MV)
started to precipitate out. _Thel syspension contai ning
DMT- MM was stirred for 30 mi RxatM omtenperature at
which tine it becane a thi Q;’JE St e.COMEe t enperature

[

rose from23 to 28-29C duri the reaction. The
tenperature of the reaction is kept down to mnimze
conpeting demethyl ati on to formdi-MeO N
norfolino-triazene 25 C. Conve[3|)on of

sodi um sal4 flgpe-daed -alpcﬂg;hg ﬂGSlll@agy?chapgl Byas charéed with 2.2 g of
di Cafcb%ml iifo- ﬁ-f-ggnaic-(l]&-&lcg‘bt;ﬁlgﬂlﬁ,t 1yl )-didiRylethyl),5-ethyl ester

(5 S)-5 -am nocar
15 (2.20g,9.12 mmole, 1 eq) and 22 ml of dry toluene. The resultmg solution was
cooled to -30° and charged further dropwlse with 16.58 mi (18.24 mmole) of diethyl
zinc (1.1m solution in toluene).
A solution of 2.66 mi (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
20  and -30°C. The reaction was kept at -20°C for 16 hr. The reaction was then
quenched with 22 m] 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 mi each time). The organic layer
25  was evaporated to dryness to give a yeliowish 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 iargc 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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di hydro-| H pyrrol e-1-carboxylic acid,

1-(1,1-dinmethyl ethyl )ester IV To a solution of sodium

salt of Part A sodiumsalt equivalent to 5 g (23.5 30

mol ) of free olefin-acid by HPLC quantitation (V=25

m.) was added solid NH4C (3.75 g, 70 mmol, 3 eq.) at

which tinme pH dropped from14 to 8.9. To this solution

wer e added enough NaH2PO4xH20 to adjust pH to pH=6. 20.

Not e: mEthanepreling etiyf ester{minGHh Rt em{mw-la@mwsmge ivigorapsly stirred

pcra. S48 7RS35 ERPD W0 R R BB ke findera nicogen

sodi usmsapherevas run into a suspension to DMI- MM

prepared as_above in Part B. The bi phasi ¢ nixture was
stirred at Afrqogplete Wa%fP“mﬁ%FEHxWﬁ@%@ﬂgteﬁh‘ﬂ?’igal?13"3“” and 5.171
eyl sVPIBE SifPdiRred fot WARNBEH ORinaRd beBARphbALhIiPsRaHR]. t PieSfganic
out. By HPLC the reaction was conplete and neither
act i vigyeuwvanmashed with fo7 | wated Therresultingorganic layer wep etapprated
phase. Under..the teaction condifions 12-15% by wei ght
of 4, 52 s,c‘}l‘r&?xgtl’%&f icgﬁséar{'gwcg%er (DMT-ether) is also
formed thraugeld of 2. s2kg %ﬁm-%cﬂwrmmmﬂ)li%fﬁyl estte (9.89mol, 74%)
suspension was filtered to renove
4, 6- dReePaingd.5_t rj azene (DWVHT) and the phases were
sphit. The rich organi c phase was washed with 2N
aqueous NaH2PCaxH2O (2x25 ni) or until pH (aq.)<6
whi chBi npl Pesgratdtion ofioBOCHSesmbthaneprpline | ne was
renoved fromthe organic. The phases were split and
the rich organic was washed wth 25 nL of brine. 15
Typically solution yield of theyitle compound IV is
87-90% unreacted starting ole acid at 1-0% The
ri ch organi c was rotoevapor at edpa azeotropically
dried with fresh EtOAc (2x28 nL)goége mat eri al

r

partially crystallized. The% u s dissolved in
T

O

<

8 nmL of hot EtOAc and m xed Wth 10 nL of n-heptane. A
solid started to conme out. e suspension was stirred

at 50C for 30 mn and additional 10 nL of 20 n-heptane
wer e added. The suspension was stirred for 30 mn at

r bbm t enped adlutien of & 37drg sga-N-BOCE B mettanuprelinef atloiestdn ¢s-BOC-

heatl %E%?Enhloa&d) et vag(rJ is gl%parxr'leg '}‘misas%fjuitiul ?snaﬁlded‘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

20  (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 12.851 MTBE. To the aqueous phase are added 25.70 | 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 | MTBE. The

25  combined organic layers from the pfevious Step are evaporated to dryness to yield
1.88 kg syn-N-BOC 4,5-methanoproline (8.25 mol %, 82%).
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hept ane charges are nade and the suspension is stirred
overnight at roomtenperature to conplete
crystallization. The solid is filtered and dri ed.
Typical crystallization yield is close to 90% the
potency of the title conpound IV is 90% and the

DMT- et her 25 accounts for the remaining 10% by wei ght.

The sqolid fornmed, wa n rue Co: Cr al of
titl e@Conp fﬁ?&rd'{? 'ﬁc! Qgﬁ%j@ﬁ)]%{aﬁmo%go@ﬁngl e
sharp np Ohzddicyéle]3. ROJhEIE-2-CarbokylR a2id)], 10dimefifyicthyleyter
DSC. The co-crystal formis nore crystalline and nore

readily comes out of solution. 30 -74 EXAVPLE 35B
Preparation of dicycl ohexyham nggsalt of

4,5-di hydro-I Hpyrrole-1,5- dic oxylic acid,
1-(1,1-dinmethylethyl) 5 A Prepgrafion of the sodi um

salt of 4,5-di hydro-1H pyrro®P , % di carboxylic acid,
1- (1, 1-di met hyl ethyl) 3 Volu of CB¥tzanol were added
to a toluene solution of 4, I hydro-1 H pyrrole-

1 5-di carboxylicacid, |-(1, 1 i met hyl et hyl) (about 15
%to 25 wt ¢ (lg/m). The sol ution was cooled to
0- %C To the solution was added slowy a 5N 10

sol uti on of.00REEHIRIBOC-43-Behinopkuline afedissbived in49.00 1 THF and
terrperat ure <SC (slightly exothernmic). The reaction

M xt upeOlgdts -t this migturesisadded 14V kehk-yathil morphpkine (P0). To the
react l‘c?i&m"x’ﬁ?txﬁxmlcﬁ% Qj 1. §2 g& F#E@?l & orx\fa}n%te W& \%a)aﬁlgﬁﬂc reaction

to the reaction mx re an eaction mXxture was

di sti tehgperatiitel @bes\hacencsad(-88C. hAfren@mplidé addition tﬁmw;&ure is stirred for
ethanol. To the 15 resi due was added 0.5 vol une

t b uedRmimate®g) i) PEHd. Nrideriykmomboliggshydiochlogde Prswpltates from
10 m gut, tiofﬁ%&%?. and organic layers formed. The
aqueous [ayer containing the sodiumsalt was
separ at ed Bicreattion mixtufeds tvafnedBo -5Cnarthdn purgedfvia a gas inlet tube
di cyc OE %%{O%Q ('6 e7‘9 ?(g,l ém?f 5. 610 c5q )dl‘Ihheg rtlr?e rleal_é-tl%}{ rmrlgtlm?e_ls warmed to 20-
25°C and stirred at this temperature for 4 h (P2, IPC 2). To the reaction mixture is
15 added 40.00 | 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 1 MTBE. The combined organic
layers are evaporated to dryness. The crude product is dissolved in 8.00 | butyl
acetate at reflux temperature. Product precipitates at ca. 30°C. On start of
20  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 acetaie/heptane (1:4), 1.6 1 each, and twice with 2.00 | heptane,
each and dried at 30-35°C (vacuum) fo yield 1.64 kg (7.22 mol, 82%) syn-N-BOC
4,5-methanoproline amide (s-BOC-MPA).
25
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20 dicarboxylic acid, I-(1,1-dinmethylethyl) 1 Vol une
of MIBE (0.74g/nL) was added to an aqueous sol ution of
4,5- di hydro-1 H pyrrol e-1, 5-di car boxylic acid,

1- (1, 1-di nethyl ethyl )-sodiumsalt. 0.2 Vol une of

hept ane (0.684g/nlL) was added to the above sol ution
and the resulting solution was cooled to 0-5C. To the
sol uti on was added slowy 85% H3P04 (lg/nmL) 25 to

bring the pHto - 2.5-3 whil egANMPBEBENI tenperature
<5C (slightly exothermc). The resulting |ayers

separ at BOCPrbtection hé(ﬂaSgan-lauullfa}éwdt@Mfml AHE'] decane-1-acetic

duct dd _
DLt R ool L Byl aminol -
were separated. Hyardyaskyelo[3:ms.12Ydecansddicktic adid, (VI)

organic |l ayer. The organic solution was cooled to 0-5C
and>3di cycl ohexyl ami ne (0. 91 g/m) 30 was added slowy

(sli gh%zﬁnﬁiiﬁt\hleﬁﬁhc) whi | e mai ntai ning tenperature

<10C. reaction mxture was stirreg at 0-5C for
hours. The ezasu-mmoes-hmmmcbmz 144 1decams- l/va%le‘acnd (Formula V)

VSACLR ggﬁsﬁt‘?v%nﬁtog mq:k%si w%ﬂ.?r& wlilvgﬁ it l;/ﬁgflg éﬁég&hﬁﬁﬁ 5 moles, 2.4

35C 5 ahfifd 'uY E Rdse ptitef équipped w:thatemperature probe and a pH probe.
[1S- (1<a, 3<b, - 3- (am nocar bony

az&di cg?bllF({]Z 3. lgpergm \ﬁ@)@lg to shespRERD ﬁglld BoczO was then added and the
aci d, 1 Lz ell akdayt %{E&E&‘ii Qﬁﬁneﬁ% ;Bmt(u%%mﬂ)pébxhﬂxaté@ll%ur EtOAc

referroa 1o as syn- anopr ol I née
Pr epar ¢t liters) whs then addeCwith Stiming land tyemesulting ozganid and gguaous layers

10 YN \ O dried 3-neck
(ma%et"f"@ SEpaTRLES. ﬁﬁg{%ﬁ% Yp lmvelrﬁvaﬁe uséecﬂ?)hl with concentrated

» 5- di frdr Bed Ax @N11érS) Was thcar d&ﬂé‘cﬁﬁh@dﬂinbﬁal MTlGvas added to lower the pH
1-(1,1-dinmethyl ethyl), 5-eth ester 2.

mb$ e, tolapprpxirastely 12 The tas! vg qqﬂcmemt HC) e@%ﬂwaﬁ gi0 ml. The
3?'035\1: (g) %mé’\hcla tsaﬂ %g.leg% l%)?%rs(»%gc gé%ﬁin nT%%[a%ng& g{ ﬁéolus layer was extracted .
with EtOAc (3 x 3 liters). The organic layers were then combined and washed with
water (3 liters) and brine (3 liters). The washed organic layer was then dried with
Na,S0, and concentrated on a rotovap at room temperature until dryness. The yield
20  was 542 grams of (<aS)-<a[[(1,1-dimethylethoxy)carbonylJamino]-3-
hydroxytricyclo[3.3. 1.1*7]decane-1-acetic acid (Formula VI).

EXAMPLE 37
Coupling Reaction to produce 3-aminocarbonyl-(<aS)-<a-(3-
25 hydroxytricyclo[3.3.1.1>7]dec-1-yl)-<b-0x0-(IS,38,58)-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)-<af[(1,1-dimethylethoxy)carbonyt]amino]-3-
hydroxytricyclo[3.3.l.13'7]clecanc-1-acetic acid (Formula VI) (50 grams, 153.8 mmol).

30  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-
CI)(13.1 ml, 169 mmol, 1.1 equivalents) was then added as a single portion followed
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zinc (1.Imsolution in toluene). A solution of 2.66 m
(6.43 g, 36.47 mmole) of chloro iodonethane in 2.2 m
tol uene was added dropwi se while keeping the reaction
tenperature between -25C 20 and -30C. The reaction
was kept at -20C for 16 hr. The reaction was then
guenched with 22 m of half-saturated bicarbonate

solution and warnmed to room tenperature. A ite
preci phx diisepropylpthylaminiedH who3P F"r“!"é’r]elje%“\‘ah’(%'\ig Ti‘l‘yfl ow

(filt e&usrggﬂy g%]e V\g@mm%g{l&g ?Lr\%%l)% g%cﬁ&@of]a@omd)mmﬁtﬁ to keep the

or gani C separ bl phasi c
filtr ainersah enyprednad below GEC WIhdreansion migthd: wds stoedhat 0°C until all acid

Lo gl vesEapBriap neg ennydss 15 S RS bR 5

et angpidhinftR 1SHRdhloAdd @kt (im ¥laktk,200fmmyIng. I&qdivalcnts) and
anti-(8: 1) isoners). The above procedure was

make | b)fdgfecyawnmamle GHQBT) ﬂé"‘% 7 Rimnol 8.05 89““’@6‘?@%‘“ then

suffic The

kg of %‘ﬁg& aB%f;éiéS%thn %@e‘h@ﬁﬁgnopr ‘le’%g ﬂéﬁl h%égoeosl%g?)%

(mi Xt Uregctivh nsiyture waschtioned at foa e yatuve fer Miogor andghep left ovemnight at
stirred with 5 17 kg (66.59 gnol) 40.0% net hyl am ne

(sol ut {°8M PMPHALET ) under a nitrogen atnpbsphere.

Af {@r conplete reaction, the mxture was diluted with

5.171 water and 5.171 5 MIBE and stirred for another

5 m nutes before phase spl it FoAMPLERS The organic

LEP
lo?é::n \ﬁ%ﬁlﬁ&v\gosn\%ett %- a7éamtﬁa% rI%Qri'%:ﬁagf?,?oﬁﬂ’ 7! decane-1-acetic
const antacMgFgfhiulaNV)\to ﬁhﬁh Oiasmlﬂgdlmethylethoxy) carbonyl] aminoj-3-
SZ% - \%ggrogmrg:lyﬁltg?pa?ni.gg %écg&eé gf:%{cla&ﬁlt iﬁ-c‘lazailcynﬁlz 2.2]octane salt
s- BOC- 4, 5-net hanoproline N dridula PO
Formula VIA (DABCO Salt)
1,4-Diazabicyclo[2.2.2]octane (DABCO) (15g; 125.1 mmole) was charged
into a solution of ca. 30g (135 mmole) of Example 36 Formula V1 acid in 300 mt of
isopropyl acetate. Fthyl acetate (150 mL) was charged into the above reaction
20  mixture (volume ratic of ethyl acetate: isopropyl acetate (150 mL/300 mL)). 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
25  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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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
prepared. To this solution is added at 20-28C a
solution made of 0.51 kg lithium hydroxide hydrate in
5.071 water. The reaction was performed under inert
gas protection (nitrogen). The reaction mxture is
stirred for 14 h at 20-25C (I PC). After conplete
reaction, the mxture evaporaEKANH’tLEl&lC 20 (vacuum.

Th | t | t gk t
25.70°1 MBE GABPIRGRearEen ogproggee i mprar g T AD-<a-C-

phase ﬁﬁrﬂ%ﬁh@(@cﬁi‘ﬂ3 (] Ii@ @&bleﬂ%f&hldiy-@ls,liﬁsmadzﬁblcycloﬁ .1.0}hexane-
extractéd with t he agueous phase are

added 25. 701 I%MD&WWWEC agigh| léf-dlméhmtkrlwﬁf@r (EormulaK)

adj usted to pH 2 by addition of |1

TheSor gani cA 259)1—6}“69'@9“6&06@@3{ %H’%@"‘Ba @?5'3?9"‘6??&?@%5%’“"“‘ stirrer

re-extp l?tf i ggs e \Dasm]zrﬁ?%éd Wit g{gl 15)-< Qﬁe?ﬁn&mtﬁ@@)carbonyllammol-3'

organi C ers e pr p are evapor at ed
to dr ynpda-exytﬂcwloﬂ 311.137)8& ahegy 1-ayetic MciBOG1-diazabicyclo[2.2. 2]octane salt

o o g agTAD (et d LAl preparet I FARaEle 38 THE (25 mi) was

azabi cygdegladd g-t:r&]db@iﬁ%ﬁﬁoe?frél W'slﬁwﬁﬁ‘ds@ooled to 0°C in an ice-water
1, 1-di net hyl et hyl ester

syh0 N- Be- Meghanesulfomd Bhlegﬁm@d'@r@)@iléi@{ Vb%]s ﬁnﬁ“’«lbd peAuivalents) was
THE
an en %?8 d as p%ﬁgk#ﬁﬁfﬂ&@l&%&&%&%ﬂlét@lm @04leaf) 40 mmol,

kg N ction m xturé
is chas ge:quﬂ.raﬁﬂs).( Ok ditdnptopylettiyloniné wrakied slowly aveya period of about

et i OB SRR i s
30 m neatalPeed Bl1o #n?&ték)unni\hll\@&d%s aRvahaltb Rfxed anhydrldc

hydrocl‘ﬁ orlde precipitates from the reaction m xtu

Thésr e(al(St,3S;5€)rﬁ—ambmwlo[§ I\Ddhmnb-3-eﬂb@@m¢mh W@@H@ 42 grams,

5. 00" oy metdich il o AARPb s e £l HIOB) PRy, 057 mimol,

25C ango$ Ehiil(!ﬁéht@twe?&ﬂh& 4RI @ @sibgle pbreion dndithé Fiask wiGemoved from
2). To the reaction mxture_is
the cooling bath. The reaction mixture was stirred at room temperature for 2 hours

and then left overnight at room temperature.

20
EXAMPLE 40
Dehydration and Hydrolysis to Produce 3-cyano-(<aS)-<a-(3-
hydroxytricyclof3.3.1.1>7]dec-1-yl)-<b-ox0-(1S,35,55)-2-azabicyclo[3.1.0}hexane-
2-ethanecarbamic acid, 1,1-dimethylethyl ester (Formula L)
25 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 mi, 0.5 ml AcN, 0.5 ml H;0) for
30 the disappearance of Example 37 Compound K.
The reaction was then cooled in a cooling bath to approximately -3°C. NaOH
(5 N, 6 equivalents, 0.925 mol, 185 ml) was added to the reaction over 10 minutes
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15 added 40.00 | sat brine. Then the pH of the m xture

is adjusted to pH 4 to 4.5 by addition of

sat . pot assi um bi sul fate solution. Then the organic

| ayer is separated and the aqueous phase is again

extracted wth 20.001 MIBE. The conbi ned organic

| ayers are evaporated to dryness. The crude product is

di ssolved in 8.001 butyl acetate at refl ux

t enper @tudons pRr=0ti)orhilemexintpiningithsreattion demBdadareOalost HIPC. Aqueous

of 20 grystallizati the m xture i.s slo reat

i th s B1% s ety itiphet i U R0 R g over

2 h. TGtk QRkpEratufe + 8€,ah§5H PV 1. i THelrédctionwasTAiRwWeldlté Rin for 7
cake is washed wth two " portions of cold butyl

acet at edune4Rt minastes.1 TH reactiop was cempletearhentalliintermgdiates wepphydrolyzed

1 pt ane, ..each d dried 33D vV 0, W& d

. 6 Remg5a s temhheln BRLE GO R 08 RCAHT o R Fedl

am de ('s- BGoMRAS00 Bf) waf them 44005 theledttion MixthRChd die refulting
(<a$S) - <a-am no- 3- hydroxytricyclo[3,3.1.13 71 .
decanecaquesisang erganie fayers e arparatey. The prganis layer was washed with 500
(<aS)-< - di l&t h oRyl ' - 3= o

by dr 091 P10 e MBS RN RON B il Fose tp 23°C from

5 For ma°g; Mdithsi thne: 5 min., aq. V = 560 m] pH = 4.5, 32 mg product by HPLC; org
(<aS)-<a-am no-3-hydroxytricyclo[3.3.1.13' 7]decgpe-l-a _
cotl ¢ W HORO e Arsapic yassgbdapia 2 secpml A9 mbullgs solution; aq. v =

di ssol i Qi ' - Sv7 5 ’ e ovridine.
equi va entié,?Hi_ﬁESa’gg?glsgép %ﬁ%éﬁc 6’13%%'23 vvilg %gq'oz%‘@ pyridine

|
fter equi
t enperBhewrganiy wizewashetl witpB0(mbbrne; a9 Vi+B5Q ol pH +il s 20 mg

dd _ ion.. Solid Bqc2 h d o
and ¢ riodygd by PEHED TR piddiin 18 aEsE AT {0 pisrE NaRERS Sotution; g

t enpergtUrg niOpH 218, 980 fllpebdictl THeWkgank vahGvasheél with 300 ml bhalf sat.
liters) was then added with stirri n% and the resultin

oriGani wingnth- ¥ouaHUmL PHye?-3, 25488 Brodugiagrarie VY ThRD BlipyRdine 0.045

L1 SRS IO Bl Mok 6 18 o 0

HCl  wesliagiweshed ith dweds ihEtOd, drganio Vap p5bml, petiding 0.04 v/ivYe.

$E: total \Lﬂ'lle%rrrgeam(():flay%?{]vgse htcng gxlstelﬁedl}gap;?rggi?n%te\i\?%?%ﬂ 'ﬁjxe' organic
was stirred for | hour until the solution tumed cloudy. 133 ml heptane was added

20  over 15 min. and the shury stirred overnight. 133 mi heptane was added overnight.

The mixture was stirred violently for 20 minutes 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
25  obtained ~73%, 96.6 AP.
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organi ¢ and aqueous | ayers were again separated and
t he aqueous | ayer was extracted with EtQAc (3 x 3
liters). The organic |layers were then conbi ned and
washed with water (3 liters) and brine (3 liters).
The washed organic | ayer was then dried with Na2SO4
and concentrated on a rotovap at roomtenperature
until dryness. The yield 20 was 542 grans of
(<aS)-<a[[(1,1-dinmethyl et boXEXAMRNY] ] am no] - 3

Lot Bl G 951 b

3-am no de3-123)-1-0x0ethyl]-2-azabicyclo[3.1.0}hexane-3-
hydroxyﬁﬁ'@?)ﬁ‘-?éh@@lr 15 7] dé’? 1oy y!) -oxo. ys 3s SS)

-2 azabi cycl o[ 3. 1. Ocirbeniteile, benzoafg b

£l gsgl gghlhél i % f‘%s e{:’hh& %‘t gcr]&)jgﬁrrgcﬁam Cﬁf@%{&lﬁﬁ@ 35,58y

Sti I r elazaiéélc]3 Q@%ekiﬂc&-ethﬁﬁcaﬂmmg acidyl, 1-dimethylethyl ester (Formula
<a$) - <a 1, 1-di meth tho carbonyl]am npd- 3- . .

hylr bGP 94 BmSles whg SRALSAAS b R PREKEE i cauipped with a

( For n’?xflgyrhlt £, 3QuBh AR stnlé?’ aBd BBy ﬂ1]et.3@t0-ﬂd’§a[(ﬁ:&ﬂmﬁic)y 45 to 50 ml,

stlrred to produce a clear solution, . le
SoI ut was added to echidved clear sobtion Careentraie HEI (5-90 ml, 37% wiw%, 36.14

[ t th n
o 1 3 Gy e s e 3F Konf BhbafF ekt st e was

as a stife et asblidRash ;ﬂbdu@ame dWafé(3i0yml) was then added and the mixture was
diisoproﬂill et hyl am ne 539 nmo

equi vAaHE fg} 1 tq-% gines; i@ﬁ Fe@%nép%rgmgarﬁégeg aodae%Fparatory funnel
sl ow Séaﬁ?&i%ﬁ?gmpo%ﬁcqiéad&%? AP WerdAllweaTo §dpmia&eiﬂmtahﬁean phase

i ntern erature ow 8C.- The reaction m xtu o
was Stsplntr dthe atuedas layﬂrmras adjustedttio lowerptt gfmpgmxgaatglg 6 with 25%

m xed j de.

s13s, é‘@?}gwgﬂ%ﬂ? ipg the Fentﬂeﬁgggh%log% ¢ar boxani de

hydrochl or isgf eRcdhh e(v?a% ﬂ@n%ﬁ&&led%@@dm of lio;ikopyl alcohol (IPA; 2 to

equi val ents) and édroxi;qbenzotrl azol e F%g & 5.l of

gr ans 3 @) & thn@ﬂueﬁgs ser deflowed by addifion ef sodiumdhnzogie 9 PS5l of a

a sin rt Fvih £ 78 \LRiths 6P Ml benzoate in

cool i %&‘?5&% "ioﬁ%es'%m?igéglt%?;rwﬁfgl}g%r é S st |Sr red at

room teeSpboBwated. The redainigrsediamcbenpute Jobftion gxaé then gided in

at20 ' %?orgqu?e el{lglf} \lr'%arz gn a&iltion funnel. The resulting reaction mixture was stirred at
room temperature for 16 to 24 hours. Solids in the reaction mixture were then filtered
on a Buchner funnel and washed with water until the solid gave a negative test for Cl-
with AgNO;. 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%.

25  Yield was 79%, 4.1 grams.
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EXAMPLE38 BOC Protection of

(<a$S) - <a-am no- 3- hydroxytricyclo[3.3.1.13 71
decane-|-acetic acid (Formula V) to form

(<aS)-<a[[ (1, 1-di et hyl et hoxy) carbonyl]am noj - 3-
hydroxytricycl 013. 3. 1. 13" 7] decane- 1-aceti c acid,

1, 4-di azabi cycl o[ 2. 2. 2] octane salt 15 (Fornula VI A)
Forrmula VIA (DABCO Salt) 1, 4-Di azabicycl o[ 2. 2. 2] oct ane
(DABCO) (15g; 125.1 nmole) wagxdmpagdz into a
solution of ca. 30g (135 nmole) of Exanple 36 Fornul a
VI acid in Bepradctiof of Lsopropyl acetate. Ethyl acetate
(150 nL) was charged into the above reaction 20

m xture (volune ratio of ethyl acetate: isopropyl
acetate (150 nL/300 nmL)). The reac®Hon m xture was
seeded with Forrmula VI A DABCO salt (200 ng). The
reaction mxture was stirred vigorgusly at room
tenperature. Water (5 nlL) was sl pw sharged to the
reaction m xture and the reactio e stirred
vigorously at room tenperature rystal
formation after 15-20 rri@,utes i m xture 25

was stirred for 1 hours at
reacti on product fil ered [
The solids were ed

tenperature an drie® at 5 :
(79% of the Formula VIA DA . MPLE 39
Coupl i ng Reaction to produce 0
3-am nocar bonyl - (<aS) - <a- ( 3- hydroxytrlcuclo
[3.3.1.13 7]dec-1-yl)-<b-oxo0- (1S, 3S, 5S)-2-azabicyclo
[3.3.0] hexane- 2-ethanecarbam c acid,

1,1-dineth Iet$ (Formula K) 5 A 250 L

t hr ee- Hb@? %@%5S%ﬁlpped with a thernometer, a
nmechani cal stirrer and a gas inlet was charged with
(<aS)-<a[[ (1, 1-di met hyl et hoxy) grbonyl]anino]-B-
hydroxytricycl o[ 3.3.1.13" 7]degane-|-acetic acid,

1, 4-di azabi cycl o[ 2. 2. 2] octane salt (Fornmula VIA) (5
grans, 11.44 mmol) prepared ig~Exanple 38. THE (25 ni)
was added and stirred to prod a slurry. The slurry
was cooled to OCin an ice-jwg

H,N
M’
o and its monohydrate M"
NC .
10 Example 40 compound (L) (300g, 0.723 mol, potency of 90.6%), methylene

chloride (3L), methanol (288 mi, 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 bath. Methanesul fonyl chloride (Mes-Cl)(1.15 m,

14.85 mmol, 1.3 equivalents) was then added as a

single portion foll owed by diisopropyl ethyl am ne (94

m, 40 mol, 3.5 equivalents). The

di i sopropyl et hyl am ne was added slowy over a period

of about 4 mnutes to keep the internal tenperature

bel ow 5C. The reaction m xture was stirred at OC for

10 ) m'd %g&&di gﬁoidne Afubori@Giydr Wacaddadmehylese dloride{6L), and water (720
anhydri de. ] .

(1S, 381158pd SN C¥E0 ai)3vas adfeddropyasatoadiusbatd tg 4@ ~ 10.5.

hydr ochl or ide . , 1.3

equi val ent g‘ﬁc 3%%‘%9%8@%&@%%@%?@0%% (77 ng,
0.57 mmol, 0.05 equivalents) were then added in a
single portion and the flask was rsnnved from the

cool ing bath. The reaction m xturejwas stirred at room
tenperature for 2 hours and then lffeft overni ght at
roomtenperature. 20 EXAMPLE 40 Defrydrati on and

Hydrol ysis to Produce 3-cyano-( (3-

xo0- (1S, 3S, 5S)

- 2-azabi cycl o[ 3. 1. 0] hexane- c acid,
1, 1-di et hyl ethyl ester (Forat ( di ne (6
equi val ents, 922 mmol, 74.6 nl)fwa d o the

reaction mxture of Exanple tion
m xture was cool ed i n wc1enp} 1 ng
Trifluoroacetic anhydri de (TFAA) /4-equ' ents, 616
mol, 87 m) was then added slowly over§6 m nutes
whi | e keeping the tenperature bePow 10C BThe reaction
wa§ stirred at 24C for 0.5 It and chec®@d via HPLC
(30 M, 0.5 mM AcN, 0.5 mM H20 for 30 the

di sappearance of Exanple 37 Conpound K. The reaction

was t Kidentifisd by dIPLE) §F armlaiLigvasdtented ovithgpataeneeablarige (6L) and
-3C. Na 5 N, ival.ents. . Q.92 ,
oded e (1 and SRR S HeRide Soipath Capp ‘%‘i 3‘1?5%%“5”@&?“"“

= 9. 9)whiB ilahtATRinB kel il BmbétufedR 6 deR 20 bAIRSICo WSt pH between 9
bel ow 10C. Aqueous K2CO3 (319 grams, 15 equival ents,

dil§s okpd 0.5 nNaT(170g) Maepdded gnd g stixiyragitated far7Qimyg. to form a
(tenperature =,8C a Wole IR d
al | ov\é’éasf (_s)pl}etu I’ﬁmF Sl;ganl.lg 'lay@rl_tﬁ.]i) &%s coT]Iggte& &%ﬁ&in%ﬁ Vﬁﬁg of compoun:
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,ClI brine solution contained 1g NH,Cl, 25g NaCl and 74g H,0). From the

15 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 (~ 41) was added to the organic layer while CH,Cl, was distilled
off at 25°C/50 mm Hg. Distillation was discontinued when a final volume of 2.5L
20  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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hours 40 m nutes. The reaction was conpl ete when al

i nternmedi ates were hydrolyzed 5 to penultimate as
determined via HPLC (30 I, 0.5 mM AcN, 0.5 m HO.

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

and the resulting aqueous and organic |ayers were
separated. The organic | ayer was washed with 500 n
buffer solution (2M H3P04, | M NaH2PO4). The

tenperature rose to 23C from 15C addition time: 5

mn., agq. V=560 mM pH= 4.5 32 ng product by HPLC

org 10 ﬁltefedltk@&acmashm:ﬂoctgﬂnp@am@ &@él@é@ow tPfﬁP‘?iat“re under

second 500 m huf qut| wl 0

2.5, 418D m%}&%@iﬁgﬁg %"rfj’ °8“‘5M gg‘(ﬁ'@l‘f 1. 02
v/iv% pyridine. The organlc was washed with 300 n
brine; ag. V=350 mM, pH= 1.8, 20 ng produced by
HPLC. The organic was washed with 130 m sat. NaHCO3
solution; ag. V =176 m, pH = 6.0, 780 ng product.
The organic was washed with 300 ml half sat. 15 brine;
ag. V=330 mM, pH= 5.2, 25 ng product; organic V =
650 m, pyridine 0.045 v/v% 5 g Darco was added to
the organic and stirred for 5 mn, filtered through 50
g silica, washed with 4 x 25 nl EtOAc, organic V =
750 m, pyridine 0.04 v/v% The organic |ayer was then
distilled to approximately 133 m. The organic was
stirred for 1 hour until the solution turned cloudy.
133 M heptane was added 20 over 15 min. and the
slurry stirred overnight. 133 m heptane was added
overnight. The mi xture was stirred violently for 20

m nutes with nmechanical stirring. The solids were
filtered off and the .cake was washed wth 50 ml 5%

Et OAc/ heptane; 3.4 g product was found in 8.86 ¢
crude after renmpval of solvents fromthe nother
liquor. Dry product crystals were heated at 50C under
vacuum overni ght. 467 g product was 25 obtained -73%
96.6 AP. -82 EXAMPLE 41 Deprotection to produce

(1S, 3S,59)-2-1(2S) - 2- am no- 2- ( 3-
hydroxytricycl o[ 3. 3.1.13

7i dee-1-yl ) -1- oxoet hyl ] - 2-azabi cycl o[ 3. 1. 0] hexane- 3-
carbonitrile, benzoate (1:1)(Fornmula M
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5

3-cyano- (<aS) - <a- ( 3- hydroxytrlcyclo[S 3. 1. 13 7] dec-1-y
) -<b-ox0{1S, 3S, 5S)- 2-azabicycl o[ 3.

1. 0] hexane- 2- et hanecar bam ¢ aci d, 1, 1-di nethyl et hyl
ester (Formula L)(5.0 grans, 12.04 mmol es) was
charged to a three-necked flask equi pped with a

t hernoneter, a nechanical stirrer, and a gas inlet.

Et OAc, WPIX'DI$ CAAMERESt0 50 M, was added to

achi eve a cI ear sol uti o Concenirat ed

37% w W 36 14 ARIMPAY ‘"P;E‘s’é'&d\g‘i/%'i‘r“&?ff%‘i W&E‘“‘gg‘éed at
roomtenperature and the reaction mxture was stirred
until a solid was produced. Water (30 m) was then
added and the m xture was stirRed for 1 to 2 m nutes.
This reaction mxture was transflerred to a separatory
funnel and the layers of the rgaction mXture were
all owed to separate into a cl€g split. The
aqueous | ayer was adjusted t er pH of
approximately 6 with 25% 15 ile rralntalnlngthe
t enperature bel ow 25C. Sal e
performed by addition of
3 nm) to the aqueous | ayer |Eﬁlon of
sodi um benzoate (0.65 mM of a sodium benzoate

sol ytion prepared by dissolving 2.6 grams for sodium

benzoate in 6.5 m of water). The remai ni ng sodi um
benzoabea sbﬁmtac@mcaﬂb@cwp@hlmh dlaereod, wierein o pvvl se

fashion via_an a unnel I .reaction

m xt ure vvasRst‘SISreFegt(?a "L%%ﬁ%“’t’g%bsr a%ureaé 6 to 24

hours. Sol i ¢3 id flcteefrbRARS brobp abmtsungoM(eoym‘ -C(=0)NR’RS, -
filtered on a, Buchner funngl and washed with water

unti | ns@DRdﬂfg’a@é‘]B\R] E§Rive test for Cl- with
Agl)l\EB The g_, s were then washed with heptane (10

to drivé ort the water, air dried on the funnel,
an dried in a vaxuya‘rhalw@n at 35C until KF < 5% 25
Yield was 79% ﬁgolrami -83 EXAVPLE 42 Deprotection
of L OH O)<O\|'N‘s

R’ is selected from the group consisting of O-alkyl, NH; and OH; and

al cohol (I'PA 2 to

R®, R®, R7 and R® are each selected from the group consisting of H and
15 COOR’, wherein R’ is a substituted or unsubstituted alkyl; and

R’ is selected from the group consisting of H or OH.
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H p L NC 5 to produce free base M OH HZN N O NC
and its nonohydrate M 10 Exanple 40 conpound (L)
(300g, 0.723 nol, potency of 90.6%, nethylene
chloride (3L), nethanol (288 m, 7.23 nol) and
concentrated (36% hydrochloric acid (288 m, 7.23
nmol ) were charged to a 3-neck 12 L flask equi pped with
nmechani cal stirrer, tenperature probe and N2 gas
inlet. Reaction occurred while maintaining reaction
tenperature within the range fromabout 20 to about 25
C. The reac®i onftesompgundraf Glaim Lwhereiadhe gructuge epiprises Formula ],
split into 2 phases and the top aqueous | ayer was -84
coll ected. To the aqueous |ayer was added nethyl ene
chloride (6L), and water (72®Hni), and 5N NaCH (-600
m ) was added dropwi se to adjust pHto 9.0 - 10.5. The
organi ¢ phase containing the hydrochloric salt CH

[ [ sy HPLC) (Fornula L")

Ao o0 )

g reaction

was treated wi th nethyl eng
(720 m ), and 5N sodiumh
was added dropw se whil-e
tenperature between 20 and st pH between 9
10 and 10.5. Nad (120g) was § the m xgure

agitated for 20 min. to forma phase split. The"

organic layer (6.2L) was collected (contained -- 174g

of conpoun d3. The compound of Claim 1 wherein the structure comprises Formula II,

OH
COH
o n .
10 4. The compound of Claim I wherein the structure comprises Formula V,
OH
CO.H
NH, vV .

-88 -



M) and the aqueous |ayer (1.75L) was discarded

(contained 6.5g conpound M). The organic |ayer was

washed with 190N\NHACI brine solution (450 mM). (1%

NH4C brine solution contained | g NH4Cl, 25g NaCl and

74g H20). Fromthe 15 resulting phase spllt 6. CL

organi c | ayer was recovered (contained - 176g conpound

M in solution) and the aqueous |ayer (0.45L)

cont ai ni ng 3. 407KQeRipeit MCIAim Dwh8gin thesdnihie eomitites Formula VI,
Et hyl acetate (- 4L) was added to the organic | ayer

while CH2Cl 2 was distilled off at 25C/ 50 mm Hg.

Distillation was di scongynued when a final volunme of

2.5L 20 was reached. Thg organic |ayer was polish

filtered to remove solifl NaCl and was concentrated to

- 1 Kg (- 170g of conpdgin .1 L ethyl acetate) GC

anal ysis: DCM < 0. X was added

dropwi se and after +~z@Hi on began. 17

m of water was addeéc fhe_ r#sul ting slurry was

agitated for 30 m ‘

with ethyl acetate and [ room t enpgrat ure under
vacuumto give 186g of nonohydNHte c ', yield
81 % -86 WHAT IS CLAIMED |IS: 1. AYfonpound conpri sing
the structure of Formula IA: Rl R3 1| 5 o0r a
pharmaceutically acceptable salt thereof, erein Ry
is selected fromthe group consisting of Hand OH R2
is selected fromthe group consisting of-C(=0) -COR,

- C(g)) Ncl?rSlRGDABCg l and - G- NR7R8COR, 10 wherein

" OH

OH+DABCO
NH \u/o\\/
4]

6.  The compound of Claim 1 wherein the structure comprises Formula VI,
10

CO,CH;
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Xis a halogen; nis froml-2 R is selected fromthe
group consisting of OGalkyl, NH2 and OH, and R5, R6,
Wand R8 are each selected fromthe group consisting of
H and 15 COOR9, wherein RO is a substituted or
unsubstituted alkyl; and R3 is selected fromthe group
consisting of Hor OR -87 2. The conpound of Claiml

wherein the structure conprises Formula I, OH CO2Me
O 1 . 3. Th& coFempowrd aiGaim I wigrsindhestrusaire eorpprisgs Eormula VI,
conprises Formula Il, OHCO2H o.1l1 10 4. The

conpound of Claiml vvherei n the structure conprises
Formula V, OH CO2H 4 N ~~- 88 5. The conpound of
Caiml wherein the struc[

gonprises Formula VI,
ON O ON 4- NHyt CO.CH;

HO - © vin .
5 8.  The compound of Claim wherein the structure comprises Formula IX
CO,H
HO o @ X

9. A compound comprising a structure of Formula IV,
10

Z

N

o
CONH,

O
v .

10. A method for producing a cyclopropyl-fused pyrrolidine-based inhibitor
of dipeptidyl peptidase IV comprising:
15 (a) coupling (<aS)-<a[[(1,]1-dimethylethoxy)carbonyl]Jamino}-3-
hydrbxymcyclo[a..a.l.13-’]decane- 1-acetic acid or its 1,4-diazabicyclo[2.2.2]octane
salt to (18,38,55)-2-azabicyclo[3.1.0]hexane-3-carboxamide to produce 3-
(aminocarbonyl)-<aS)-<a-(3-hydroxytricyclo[3.3.1.17}dec-1-y1)-<b-oxo-(18,3S,55)-
2-azabicyclo{3.1.0Jhexane-2-ethanecarbamic acid, 1,1-dimethylethyl ester;
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VI 5

or its DABCO salt VIAOHO OHDABCO NH /00

VIA 6. The conpound of Claiml| wherein the structure

conprii

ses Formula VII, 10 CzCH3 C C VIl -89 7.

The conpound of Claiml wherein the structure

conpr i

ses Fornmula VIl1I, COZCH3 HO O VIII 5 8. The

conpound of Claim1 wherein the structure conprises

For mul

alX CZH HOCd d X 9. A compound conpri sing

a structure gf Eafyaﬁhagﬂémmd&rﬁkinmﬂ)-%lv 10. A
met hod for producing g d)é rop

pyrr ol
IV co
(<aS)

10

15

20

25

30

TRV o Ll DO b 2 ZBbiP a1 Ohexane-2-

W%&aﬁ%t%ﬁ) rré@a&@)l C@MRINyREhy1 ester to produce 3-cya1310-(<aS) -<a-{3-

<a net hyI et oxy)car bonyl ] am no]
hydroxytricyclo[3.3.1. 1>"Jdec-1-yl)-<b-0x0-(18,38,58)-2-azabicyclof3.1.0]bexane-2-

ethanecarbamic acid, 1,1-dimethylethyl ester; and

() deprotecting 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 to form the dipeptidyl peptidase I'V inhibitor.

I1. The method of Claim 10 wherein (<aS)-<af[(1,1-
dimethylethoxy)carbonyl}amino]-3-hydroxytricyclo [3.3.1.1%"]decane-1-acetic acid,
step (a) is produced by protecting (<aS)-<a-amino-3-
hydroxytricyclof3.3.1.1>"}decane-1-acetic acid with BOC.

.12. The method of Claim 10 further comprising asymmetrically reducing 3-
hydroxy-<a-oxotricyclo[3.3.1.1 3"’]de:c::mc-l-acetic acid to produce (<aS)-<a-amino-3-

hydroxytricyclo[3.3.1. 1>"}decane-1-acetic acid by amination or transamination.

13. The method of Claim 10 further comprising chemically synthesizing
(<aS)-<a-amino-3-hydroxytricyclo[3.3.1.13,7]decane- 1-acetic acid from tricyclo

[3.3.1.13,7])decane-1-acetic acid.

14. The method of Claim 10 wherein (18,38,58)-2-azabicyclo[3.1.0]hexane-
3-carboxamide of step (a} is produced by removal of BOC from [18-(1<a,3<b,5<a]-3-
aminocarbonyl)-2-azabicyclof3.1.0]hexane-2-carboxylic acid, 1,1-dimethylethyl ester.

15. The method of Claim 14 wherein [18-(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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hydroxytricycl o[ 3. 3. 1.13-7]decane-|-acetic acid or
its 1, 4-diazabicycl o[ 2. 2. 2]octane salt to
(1S, 3S, 59) - 2- azab|cyclo[3 1. 0] hexane- 3- carboxani de to

produce 3-
(am nocar bonyl ) - <aS) - <a- ( 3- hydroxytricyclo[3.3.1.13-"]
dec- | -yl)-<b-oxo-(lI S,3 S, 55- 2-azabicyclo[3.

1. 0] hexane- 2- et hanecarbam c acid, 1, 1 -di rret(fngl et
ester; 90 1§b) Adusithad for pradpeing (<aS)—<a-ammo -3-hydr

3- (am etricall
o L7 e T3 380{e] et in Clig 4 comppiing pmmericlly
S, 59) - ?edaémglmdx&&ahxeﬂrhwanea 24 @ddumelemwd by enzymatic
acid, 1, 1 -dinethyleth ester to produce

3- cyaném(fl@élsymkﬁaf%mmﬂ%}oxytrl cyclo[3.3.1.13' 7] dec- |
-ylg-<b oxo-(l S,3 S,5S)-2-azabicycl o[ 3.1.0j hexane-2 5

et hanecarbami c acid, 1, 1 -dinethylethyl ester; and
(c) deprot eWJ ngmethod for producing (<a )-<a-ammo—3 “hydroxytricycle

gegylarl "7 %’i@ ro@{atsﬁle E%lbl cyc fnﬁoii%exane-

2- et hanecar bgm eroafihating 1iribycldi [Aed.hyt’ mebwlle lesety acgl into o~
formthe dipeptidyl ﬁ:tldase |V|nh| bitor. 10 11. The
rret hodb@m°@°a91ﬁ53]301 Whégesang-haestigpeida 1 (1 1.
thyletb car.bon 7 L ICY &t acid with H,SO4 and
e

pr oducmhdpto Edah@ec&-bﬂﬁnc( %ﬂiﬁimfﬁnqmmp -33F.1%"decane-1-acetic acid;
hydroxytrlcyclo[S 1.13" '] decane-| - acet

BOC. 15 12. {(¢Fhedisselvingd:- Do AR OO Iclo?ﬁﬁagrfﬂgmﬂc acid in
asynmetrica n
hydr ox§™28 WXW@W@ %‘?é‘gﬁflnf ﬂi%mﬁnd}gcngﬁtémi -acetic acid

to produce (gjaoncetraniigthe @actindniouure toi yisld h ehBaldnikture (<aS)-<a-
13. 7] decane-|-acetic acid by,am nation.or

"t r bhsawmingt3 bydroxygicydds. ﬁﬂtlhdﬂe‘iﬂ"‘eﬂ]’a&?ﬁ'ﬁ"’f@ 89 ¢ her

conpri si ng 'ﬂal}?ﬁh drok clo [3.3.1.1° 7}decane-l -acetic
(<aS) - <a- a'nfcﬁo[‘g&ﬁm xgi%?t ricyc ![:l% ?mc% {decane | -

cetic sgd @Fdrﬁmm‘lf)rﬁmydiemhw@l&nﬁmte 13, 7] decane-| - acet i c

acid. 14. The nethod of C aim 10 wherein

(1S, 3S, 59) - 2- azabi cycl o[ 3. 1. 0] hexane- 3-car boxam de of

step (a) isy roﬁié%?éih@bf CHIRVE witreiBES)iS-afinpdarbonyl-4,5-dikydro-1H-
S-(1<a, 3<b, 5<a] - 3-

anzho cmrhmyifc)asb@xﬂz:amdc Y.d1dipethyl esten spseduced %hx%q}mg 4,5-dihydro-

aci d, 1 -di I

& ai m iE iRl RSy ace L oAy cRf ol by
saponification with lithium hydroxide and forming an armde with mixed anhydride

and mesyl chloride.

25 19. A cell line capable of producing (<aS)-<a-amino-3-
hydroxytricyclof3.3.1.1*"}decane-1-acetic acid (Formula V) as defined in Claim 4 by
asymmetric reductive amination or transamination of 3-hydroxy-<a-

oxonicyclo[3.3.l.13'7]decane-l¢acetic acid (Formula I).

30 20. A method for producing 3-hydroxy-<a-oxotricyclo[3.3.1. 137]decane-1-
acetic acid as defined in Claim 3, which comprises treating dichloro-(3-hydroxy-
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2-azabi cycl o[ 3. 1. 0] hexane- 2-car boxylic acid,

1,1-di nethyl ethyl ester is produced by

cycl opropanati on of ' -

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

ic acid, 30 1,1-dinmethyl ester via a Sinmons-Smth

Reaction. -91 16. A nethod for producing

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

[ 3. 3. 1addmahlatelcaipacdtic acid hlkyl ster ovithsan dlidali meth] base@h tierpresence of an
conprising asymetrically . redycing ., .. . .

5+ hy dr SIEPRICATSER i o & eegom e pintaiping the gomrespogdingafali meta
aci d by, ReMRithereactidh AitktuR Wil acid @ToMTthebir&Ponding F-hydroxy-<a-
A met hod for produg ng o

(<aS) - exetrienchad3.3-1Hy'ddesepe-i 1agsticiagid product.

[3.;. 1.13" '] decane-l-acetic acid as defined in Caimi4
conprising: (a) bromnating tricyclo

[ 3. 3. 1. 13" 72 Heckheeandthoaics defineddn Glaim 20 wherein the formation of product is
bronotri C‘{i' 0&3. 3. J] 13'%d cane-|-acetic acid; 10 (b)

react i FYTIEd OWIDASNEIC PYLIBISEUE: 1. 13' 7] decane- | - acetic

acid with H2SO4 and HNGB to produce

a- brono- 3- hydroxytricyclo [3.3.1. 13 '] decane-1|-acetic

aci d; (c) d2ZsdTheimeghag asd m Glpim 30 ytherein, be alkali pretal base is
"7l decang-l iacet.i,c achd i-p. ' dr oxi de and

hegﬁli n o‘ﬁ'ﬂ% hycgrg)&lfl ¥ %’%ﬁrhhg?&'%}seb? ug‘g%}égae{nt rating the
reaction mxture to yield a chiral m xture (<aS)-<a-

| ;gu ?;m ggég. %{g;ﬁ? %@Eé%&ﬁﬁg 8551-5}%ﬂc9r%33ﬁ33-&$§§51lii-pymﬂe—
(<aS) - 12 BBk R asia Y4, ?-?Sﬁﬁétﬁﬁﬂétﬁﬂrl&&g’gﬁ? asldelided in Claim 9, which -

7] decane-1 -7acetic "acid (Fornu romthe chiral
m xt ur eomies The nmet hod of d aim 15 wherein

(59) - 5-am nocar.bonyl ~4.,.5-di. h - ] . .
py % ol e- 1- C%{PBISW|R¥ glkgg Ig}fgal iﬁqgﬁrgﬁg‘glﬂy ](Ie{s?ygr{)kf IS,S-dncarboxyhc acid,
gmducmll,bwi.h%tﬁggahwegm alﬂqs- di _hédr o-

pyrrol e-1,5-di carboxylic acid, ) .
! 't ’hli di met #AEE W‘)“i;!!l%‘;ﬁ;}lk@ﬁwl 8l h%‘é’_ﬂ&g)ﬁl’%"&&gﬁ ?ow'ﬁé 4H4,6-
Wi } a . .
anhydr P%’{eé akg%% %ﬁg‘ri dégﬁf@g‘%lllgﬁhlﬁmge{éfm?i nemg ase o form
capabl ¢S)5-aminatationy)-4,5<diBydrad Hapyrrade- B-carboxylic acid, 1(1,1-

20 dimethylethyl) ester (IV).

- 24. The method as defined in Claim 23 wherein the alkali metal salt is

treated with ammonia as the base.

25 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.

30 26. The method as defined in Claim 23 wherein the alkali metal salt is
formed by providing the ethyl ester of 4,5-dihydro-1H-pyrrole-1,5-dicarboxylic acid,
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hydroxytricycl o[ 3. 3. 1. 13' 7] decane-1| -acetic acid

(Formula V) as defined in daim4 by asymetric
reductive am nation or transam nation of 3-hydroxy-<a-
oxotricyclo[3.3.1.13 7] decane-1|-acetic acid (Formula

[1). 30 20. A nethod for producing

3- hydroxy-<a-oxotricycl o[ 3. 3. 1. 13" 7] decane-| - acetic

acid as defined in Caim3, which conprises treatin ]
di chl orldl,(lsdlﬁyaw&ﬁklgaﬂ)estgzx!a@dm%&ﬁhp n@vl) esieE ét-ﬁh@tlaep&md sodium
al kyl 2 with an al kali metal base in the presence

of an rganlc solvent to forma reaction m xture

contai ning the corresponding alkali netal salt,

treating h ' e’?l?#ﬂ?tgg:ﬂ‘i )é%%ned 1 (t:lalmafg \gfhtt:rgmft e En cycqghexy]ammc salt

corresponm

OXo4 i @fﬁéﬁ%ﬂ'@d 5 thealidg 4 SO18GRGT4,3-dimp@BLIHEpAfdIEl 1 B didtBéxylic acid, 1-

5 21. The nmethod as defined in daim?20 erein the

f or mat (lohdiskethylettiylaster in ethanol snskfolyere With spdsym gydrofsige to form the

roced
biner o SortpO g geBifE el fieali G it Q1 Byt cterand
and t hgepttiedo ety sbhnivhlof thecsoamnokaltzraduoﬁame bchfftlw solution of

preparing (5S)-5-ani nocarbonyl 4, 5-di hydr o- yrrol e
1- car b®dHm galhie; aéoutfu—‘( tp abuef; b-ilﬁ/m@flﬁwl)ge@fﬂeﬁmgqﬁvﬁ A separating
defd ned,,l l]%FM@ u}&n

dal : &Lt t l'%lﬁhﬁ% 3 4la du&pﬁ@d ?ﬁﬁ v 199@:' %{ﬂghéwlohcxylammc
H- pyr rtolfmdtlﬁ-odnespobdmgﬂmyclahnxgﬂam:m saltl,” 1
-di met hyl ethyl )ester, and treating a solution of the
al kali netal salt having a pH below 7 with 4-(4, 6-

di met hoxy- 1283, 3 knkihdd fdd plephting (rSo@&RYLBEN N (ArftingBarbonyl)-2-
chloride and with a base to form

( 5S) - Sazabicynbeldrifhexanet2 Sahoxyligrasid, H plpmetbylethyl estariod she|structure
' cid, 1-(1,1 20 dinethylethyl) ester (1V). 24. The
nethod as defined in Caim23 wherein the al kali netal
salt is treated with anmoni a asghe base. 25 25. The
met hod as defined in Caim23 wh (n the alkali netal

salt is o N
:3f CONH,

0

which comprises
freating a solution of 4,5-dihydro-1H-pyrrole-1,5-dicarboxylic acid, 1-(1,1-
20  dimethylethyl), 5-ethyl ester with diethyl zinc and chioro iodomethane and a
reduced temperature of about -30°C to about 0°C 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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formed by treating the dicycl ohexyl am ne salt of
4,5-di hydro-1 H pyrrol e-1, 5- di carboxylic acid,

| -(1,1-dinethylethyl)ester with an alkali netal base
to formthe corresponding alkali nmetal salt. 30 26.
The nmethod as defined in C aim23 wherein the alkal
netal salt is fornmed by providing the ethyl ester of

4, 5-dih = | | e-1, 5-dj b L, i id -93.1 .
R Rt BB Hibs 2R wia 1
ester WdikleBylBaAQthyRBflerS0di UM hydroxi de. 27. The

met hod as defined in Caim?25 wherein the

di cycl ohexyl am ne salt 5 is prepared by treating a

aoid, 1 (1, £ meRHRR e e Lt WA

toluéne with sodi um hydroxide to formthe
correspondi ng sodiumsalt, and treating the sodi um
salt with t-butyl nmethyl ether and heptane to forma
solution of the sodiumsalt, reducing tlogt pH of the
solution of sodiumsalt to about 2.5 tq abuot 3 while
mai nt ai ni ng tenperature <5C, separating]10 out the
resulting organic layer, and treati ngAAhe~NQrganic

| ayer with dicycl ohexylamne to for
correspondi ng di cycl ohexyl am ne sal t{48. etahod f or
preparing [I S-(1<a, 3<b, 5<a) Jg 3- (apn - 2-

-di net hyl et hyl ester
whi ch conprises tre a
4,5-dihydro-IFprrroIe-I,g-dicar
20 dinethylethyl), 5-ethyl ester " w thjfdiethy
chl oro i odonet hane and a reduced tengeratur
-30C to about 0OCto forma m xture of syn- a
anti-isomers of N BOC-net hanoproline ethy t H
treating the above mixture of isomegs w t"h an aquéous
solution of nethyl amne to separate out the syn-BOC
4, 5- met hanoprol i ne ethyl ester isoner,

which comprises providing a protected compound VI

i nc and
of about

10
OH
0
OH
NH \”/o
Vi o
treating compound VI with mesyl chloride and Hunig base and compound J of the
structure
15
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25 treating the syn-isoner with a strong base to yi'eld
syn- N- BOC- 4, 5- et hanoprol.ine, and treating the

syn- N- BOC- 4, 5- et hanoprol ine with N met hyl nor pholine
and i sobutyl chloroformate, brine and ammonia to form
[1S-94

(I <a, 3<b, 5<a) - 3- (am nocar bonyl ) - 2- azabi cycl o[ 3. 1. 0] hex
ane- 2-carboxylic acid, 1,1- dinethylethyl ethyl ester.
29. A nmethod for formng i rmedi ate K of the
structure 5 OH O O N gN O NH2 which conprises
provi ding a protected conpo 10 HOOH ONHO
VI treating conmpound VI wit chl oride and Huni g

base and conpound J of the trugture 15 -95 HCl HN
or HCl *H

MSA CONH2 J

and 1-hydroxybenzotriazole (HOBT) to form compound K.
5 30. A method for preparing a free base compound of the structure M’

OH

NC M

which comprises
10  providing a protected compound of the structure L
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MSA CONH2 J and 1-hydroxybenzotriazole (HOST) to form
conpound K 5 30. A nethod for preparing a free base
compound of the structure M OH HzN ON m NC which
conprises 10 providing a protected conmpound of the
Structure L -96 OH /< 0/ ON HONNC L and
treating conpound L with hydrochloric acid to formthe
corresponding hydrochloric acid salt L' 5 OH HCN2 N
O CN and treating conpound L' with sodi@h hydroxide
to formthe free base conpound M. 10 -97

and treating compound L with hydrochloric acid to form the corresponding

hydrochloric acid salt L’
5
OH
HCl « NH; N
0
CN
LI
and treating compound L' with sodium hydroxide to form the free base qompound M’
10
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31. The nethod as defined in Claim30 wherein conmpound
Lis formed by dehydrating internediate K OH ON
)<O NHO KONHa in the presence of pyridine and
trifluoroacetic anhydride, and then hydrolyzing the
reacti on product in the presence of strong base to
form conmpound L. -98 32. A nethod for preparing a

nonohydrate of the structure M " H2N 6N
M which c8hprThemethpdag deﬁgetblnﬁl@@ %ﬁhﬂr@ﬂ C?'HEOlmd L is formed by

struct I—l%gg? CNwith water to formthe
rmnohygj: %‘@ﬁ{/ﬁg. - 9%%4( A conpound havi ng the

followi ng structure OH PhCOOH NHZ N O NC M

OH
/‘< |
M ALY,
H
' o
0 NH
K rd

in the presence of pyridine and trifluoroacetic anhydride, and then hydrolyzing the

- reaction product in the presence of strong base to formn compound L.
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34. A conpound having the follow ng structure CH
HZOH2ZN N O CN M. -100 SEQUENCE LI STING <110>
Bri stol - Myers Squi bb Conmpany <120> Met hods and
Conmpounds for Producing D peptidyl Peptidase IV
Inhibitors and Internedi ates Thereof <130> LA0084
<150> 60/ 431,814 <151> 2002-09-12 <160> 5 <170>
Patentl n version 3.2 <210> 1 <211> 26 <212> DNA
<213> Synt het3Z. <4AGretfod t "
26 <210> 2 <211> 28 <21§f%%§§§éﬁ%@ﬁéf? f:["bfgfg’fﬁg""e"“
2 tactgttttt ccagcgtatt cctaggct 28 <210> 3
OH

. CN Mll
which comprises treating a free base of the structure

OH

HNT —N

CN

with water o form the monohydrate M".
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<211> 33 <212> DNA <213> Synthetic <400> 3
gatgctcata tgcgcgacgt gtttgaaatg atg 33 <210> 4 <211>
30 <212> DNA <213> Synthetic <400> 4 gatcccgggc

t aaggcgaat taataattcg 30 <210> 5 <211> 17 <212> PRT
<213> Synthetic <400> 5 Asn Ser Ala Gu dy Tyr Leu
GQu Pro Arg Arg Pro Arg Ile Asn Ser 1 5 10 15 Pro

33, A compound having the foliowing structure

OH

PhCOOH «NH, - N

NC M

34. A compound having the following structure |

- OH

Ho0 *H3N N

cN | Mll

-100 -




<11i0>

<120>

<130>

<150>
<151>

<1le0>
<1l70>
<210>
<211>
<212>
<213>

<400>

SEQUENCE LISTING
Bristol-Myers Squibb Company

Metheds and Compounds for Producing Dipeptidyl Peptidase IV
Inhibitors and Intermediates Thereof

LAQGOB4
60/431,814
2002-09-12
5

PatentIn version 3.2

1

26

DNA
Synthetic

1

tcgtcatgaa aatcgttete gttttg

<210>
<211>
<212>
<213>

<400>

2

28

DNA
Synthetic

2

factgttttt cecagcgtatt cctagget

<210>
<211>
<212>
<213>

<400>

3

33

DNA
Synthetic

3

gatgctcata tgcgecgacgt gtttgaaatg atg

<210>
211>
<212>
<213>

<400>

4

30

DNA
Synthetic

4

gatccocggge taaggcgaat taataattcg

<210>
<211>
<212>
<213>»

5

17

BRT
Synthetic

26

28

33

30



<400> 5

Asn Ser Ala Glu Gly Tyr Leu Glu Pro Arg Arg Pro Arg Ile Asn Ser
1 5 _ 10 15

Pro




