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DERIVATIVES AND RELATED COMPOUNDS AS MU OPIOID RECEPTOR ANTAGONISTS 10
15BACKGROUND OF THE INVENTION Field of the Invention The invention is directed to
3-carboxyprdp9l2aemistatralin compounds which are useful as mu opioidPEEEfMSdRtEoNIsts. The
invention is also directed to pharmaceutical 20 compositions comprising such compounds, methods of
using such compounds for treating or ameliorating medical conditions mediated by mu opioid receptor
activity, and processes and intermediates useful for preparing such compounds. State of the Art 25It is
now generally understood that endogenous opioids play a complex role in gastrointestinal physiology.
Opioid receptors are expressed throughout the body, both in the central nervous system and in
peripheral regions including the gastrointestinal (Gl) tract. Compounds which function as agonists at
opioid rec‘éptors, of which morphine is 30 a prototypical example, are the mainstays of analgesic
therapy for the treatment of moderate to severe pain. Unfortunately, use of opioid analgesics is often

associated Wi_th adverseﬁmeﬁmAwmmmd)M@ﬂzggq\Wel dysfunctipn
(OBD). OBD inclydep #yp R eihas CRINRAIAN ABTIARERE FORINGRRgs podominal pain

and discomfort, bloating, nausea, and gastroesophagea centra peripheral opioid
receptors are likely involved in the slowdown of gastrointestinal transit after opioid use. However,
evidencel 8uggests that peripheral 1 opioid receptors in the Gl tract are primarily responsible for the
adverse effects of opioids on Gl function.

15 BACKGROUND OF THE INVENTION

Field of the Invention

The invention 18 directed to 3-carboxypropyl-aminotetralin compounds which are
useful as mu opioid receptor antagonists, The invention is also directed to pharmaccutical
20 compositions comprising such compounds, methods of using such compounds for treating
or ameliorating medical conditions mediated by mu opioid receptor activity, and

processes and intermediates useful for preparing such compounds.

State of the Art

25 It is now generally understood that endogenous opioids play a complex role in
gastrointestinal physiology. Opioid receptors are expressed throughout the body, both in
the central nervous system and in peripheral regions including the gastrointestinal (GI)
tract.

Compounds which furnction as agonists at opioid receptors, of which morphine is

30 aprototypical example, are the mainstays of analgesic therapy for the treatment of
moderate to severe pain. Unfortunately, use of opioid analgesics is often associated with
adverse effects on the GI tract, collectively termed opioid-induced bowel dysfunction
(OBD). OBD includes symptoms such as constipation, decreased gastric emptying,
abdominal pain and discomfort, bloating, nausea, and gastroesophageal reflux, Both

35 central and peripheral opioid receptors are likely involved in the slowdown of

gastrointestinal transit after opioid use. However, evidence suggests that peripheral
1



Since the side.effects of opioids are predominantly mediated by peripheral receptors, whereas the
analgesia is central in origin, a peripherally selective antagonist can potentially block undesirable
Gl-related side effects without interfering with the beneficial central effects of analgesia or precipitating
central nervous system withdrawal symptoms. Of the three major opioid receptor subtypes,
denoted mu, delta, and kappa, most clinically-used opioid analgesics are thought to act via mu opioid

receptor activatipinitbresepibanaigesiaang i alier ot hceordiogly.Heripherally s 88Igve mu

opioid antagon{i)%t%irfgpeﬁggcted to be useful for treating opioid-induced bowel dysfunction. Preferred
ra

agents will demons §S|ghificant binding to mu opioid receptors in vitro and be active in vivo in Gl

animal models.  PdStopdrative iFusy POisd disprdasafrdycretmetity ptihg.a! tract that occurs
after abdominglborpthersurgent T nptoms. of POl are similay to ﬂ-isos of OBD. Furthermore,

since surgical patig?lts ‘are often ﬁé%%e%% %%%n%enénag %f?gr%%rrﬁgf?]\’/éﬁﬁa i %ﬁﬁ’ﬁl@’é@ﬁf@fhe duration of
POI may be cdiffpBeistiedbylass rederied]cOimsliind assorfitedwiiwpinigreses Mihapioid antagonists

- useful for treatingBBR ae-therefowe Alsaisxpes QFQ& neficial in the treatment of, POI
SUMMARY The present disclosure progvideslﬁg% com%ocelejnr%%g1 har %%s?esé%mmuﬁ o%‘i%‘ivdﬂreceptor

antagonist actiwpiﬂ’aﬁntermediat-s for the preparation thereof. Accordingly, in a first aspect, there is
provided a compoun®oiiommsdantilirdRéid i48-R6r Quitdn RS dddstdd iﬂt'?e&giﬁ %ﬁéﬁé le or -C(O)NeR";
R2, R3, and R4, are ﬁgphcjnde.pe d%r?élg .Ci..3alkyl; 5 is selected from Cr.oa yk, phenyl,
cyclohexyl, -(CHT -gys/tcfcﬂ?&é?? ST D) RS I Aok %2 /B, el dreaptemasty atiep éndently
hydrogen or Céx3tiuylgesitlaifids hydidgenibtyC As3atkMe BNk ripherally selective mu opioid

antagonists are expected to be useful for treating opioid-induced bowel dysfunction.

Preferred agents will demonstrate significant binding to mu opioid receptors in vitro and

be active in vivo in GI animal models. _

Postoperative ileus (POT) is a disorder of reduced motility of the GI tract that

occurs after abdominal or other surgery. The symptoms of PO} are similar 1o those of

OBD. Furthermore, since surgical patients are often treated during and after surgery with

opioid analgesics, the duration of POY may be compounded by the reduced GI motility

associated with opioid use. Mu opioid antagonists useful for treating OBD are therefore

also expected to be beneficial in the treatment of POL.

SUMMARY

The present disclosure provides novel compounds that possess mu opioid receptor |
antagonist activity and intermediates for the preparation thereof,

Accordingly, in a first aspect, there is provided a compound of fornula (D:
O\
% R' RS
*
R1 NWO\RB

wherein

R is -OR® or ~C(O)NRRS;

R%, R?, and R” are each independently Cysalkyl;

R’ is selected from Cisalkyl, phenyl, cyclohexyl, —(CHy);.5~cyclohexyl, and
~(CHz)15~phenyl; '

R®, R, and R® are each independently hydrogen or Ciaalkyl; and
2



wherein the substituents at the chiral centers marked by asterisks are in the trans configuration; or a
pharmaceutically-acceptable salt thereof. In a second aspect, there is also provided a

pharmaceutical composition comprising a compound as disclosed herein and a

pharmaceutically-acceptable carrier. In a third aspect, there is provided a process for preparing a
compound of formula (1), OR_R6 R2 R2HO(I) or a salt thereof, wherein Rl is -ORa or -C(0)NRbRe; R2,
R3, and R4 are each independently Ci_3allcyl;  R5 s selected from Ci.6alkyl, phenyl, cyclohexyl,
-(CH2)1-3-cyclohexy® T&rkdzd(étgdﬂ)jra*:pkaémll eaa Rb and Re are each independently hydrogen or

C1.3alkyl; and RP 'snh%él ng{,ﬁ%%%g hlra cvherein the 1§ubs%|tl,,| nts at the

marked by asterisks are in t e trans con

formula (II) OcoRTRuIEMR,

or & pharmaceutically-acceptable salt thereof,

guratlon he Process co prlsmg aafre

A

%alral centers
cting a compound of

In a second aspect, there is also provided a pharmaceutical composition comprising a

compound as disclosed herein and a pharmaceuticalty-acceptable carrier.

In a third aspect, there is provided a process for preparing a compound of formula (T),

(Rt RS
%
R1 . N/\)\I(O\Rﬁ

R r¥H .
O 8]

“or & salt thereof, wherein
R! is -OR® or ~C(O)NR'R®;
R:l R3, and R* are each independently Cyaalkyl;

R is selected from Cy.alkyl, phenyl, cyclohexyl, ——(CH2)1 a—cyclohexyl, and

—(CHx);-s—phenyl; |
R® R®, and R® are each independently hydrogen or C1.salkyl; and
R%is hydrogen or C; salkyl; and

wherein the substituents at the chiral centers marked by asterisks are in the frans

configuration, the process comprising:
(2) reacting a compound of formula (II):.
O.

% R*
¥
R NH;
RZ R®
1y
with a compound of formula (IH):
o R
H Osps
O
(1IT)

wherein R® is C;.aalkyl; and

(b) when R¢ is hydrogen, contacting the product of step (a) with-an excess of

base to provide a compound of formula (1) or a salt thereof.



with a compound of foiuula (I11): 0 R5 HCL'R6 (Ill) wherein R6 is Cl.3alkyl; and (b) when R6'is
hydrogen, contacting the product of step (a) with an excess of base to provide a compound of folumla
() or a salt thereof. The present disclosure also provides a method of treating a disease or
condition associated with mu opioid receptor activity, e.g. a disorder of reduced motility of the

gastrointestinal ract sych as opioid:induced howel cysiuneep.and na:oneratiysl s the method
comprising admlnlsterlnS to'the mammal, a tﬁerapeutlca y effective amount of a compound or of a
pharmaceutica#itompusitio reasptlisehviseiy, ez eirdisord¥hé campdunsltiiof tiehpresentdisatasure can
also be used ﬁ%&%ﬁ@ﬁl%% 90%3_1-1{& 19 study Q B@!ﬁ L systems or samples, or.for studying the activity
-of other chemical cpr_npou‘éwds_. qugr%in%ﬁg, ir#’%not g?g)@t ?ﬁe%?%ﬁe"?gt’?d&fm%%%? 0é%/present
disclosure provieiessngedmirisiindrig Geompoahd tifepanticelly, sffcathihammoecfieally acceptable

salt thereof, ascgyfsepreliiopl 0r AINGA BIRIRYIGR! ASIEIh Rl smPle or for discovering new

compounds having mu opioid receptor activity, the method comprising contacting a biological syStem

or sample with a conTpeaRERessiselcBearpenerisehoateterritibR e effetry duigskd ByteE:dompound
on the biologibilisyiste By e Rlenpleslbaftp uribyaspert U508 isrrravidedameathag.ahstudying a
biological system or. sample in.vitro.comprisi u opioid receptor, the method comprising. ~ (a)
contacting e LB By M S AR Lo oottt SR REST 500 B o ey
determining thereftect cddseduby (ihecopipomactaic i hiolpgichl Systesreof, samplRarch thaiseparate

and distinct e%p&q t§ nt disclosure alsq provides synthetic processes and intermediates
described herein,_wﬁlcg a?égtliééﬁf 1%? %BE?W%O%EQEUM%O V,gg%%ggg{ ﬁ%ré’lﬁyifasgwﬁ‘ﬁﬂga{%ect, there is
provided a cofRpBdrEteo aHYB)omshehRrisibipgrovytkcting 2 biological system or sample

with a compound as disclosed herein and determining the effects caused by the compound on the

- biological system or sample.

In & Yourth aspect, there is provided a method of studying 2 biological system or sample
in vifro c_ompxising a mu opioid receptor, the method comprising: '
 (a) contacting the biological system or sample in vitro with 2 compound
as defined above; and

(b) determining the effect caused by the compound on the biological system or
sample.. | ‘

In separate and distinct embodiments, the present disclosure also provides synthetic

processes and intermediates described herein, which are useful for preparing compounds

disclosed herein.

In a fifth aspect, there is provided a compound of formula (Ib) wherein R is hydroxyl:

wherein the compound of formula (Ib) wherein R is hydroxyl is produced in vivo

by administering to a human a compound of formula (Ib) wherein R is hydrogen.
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0 (Ib)  wherein the compound of formula (Ib) wherein R is hydroxyl is produced in vivo by
administering to a human a compound of formula (Ib) wherein R is hydrogen. There is also
provided a compound as described herein for use in medical therapy in a sixth aspect, as well as the
use of a compound as described herein in the manufacture of a formulation or medicament for treating
a disease or condition associated with mu opioid receptor activity, e.g. a disorder of reduced motility of

the gastrointestinal E{&%ct in.a ma é%? Inugdsae\é%glgn g%ht ere é?n%;e ?%the use of a
compound as defintFEESTEAR RIS ERIIPS B & Hed |camen or use |n {reatment of a disease

or medical cemtlittepedn & melhantht asnefieratopobydtre dtwrshtdlithem mehepioid receptor antagonist.

In an eighth aspegt dete s provided the use of & pharmagetiical semposiion comprsing 2
pharmaceutlca y accep?a%le Carrier and a compound as above in the manutacture of a
medicament#&h treatirigidrasaptenabtdting & mmmmmn@m%@wwsmwh amu
opioid recepﬁ%@madgﬂmai In a ninth aspect, there is provided the use of a compound as defined
above in the manufacture of a medicament for reducing or preventing a side effect associated with use
of an opioid agent in a mammal. DETAILED DESCRIPTION OF THE INVENTION The invention

provides 3-carboxyprepytathinptetr dlmeizpopidid fecepteiantaponitts défordrabavélin the
pharmaceutiggliyracceniable. salis dhiereoteand inesmeslislosion be. ieRasAtisRihareal. The following

substituents and values are intended to provide representative examples of various aspects of this
invention. THESEREREENTEH B HRIES I S0P RPIEA FEBRCF APIE9BI58/086 171 are intended to

further define such aspects and are not intended to exclude other values or limit the scope of the

i_rc‘;’(%;‘lt\i&”Z 'glf]‘ Sgte;ﬁr?grhaeﬁ gﬁﬁtasc';?fé%ksa%%%'z‘% %ERoﬁéQ% N l@%%@a SR ARSI ARSHIG ARRESnfRslR, OH or
a pharmaceutically acccptable ICc);arnezr and a compound 2s defined above in the manufacture of a '

medicament for treating 2 mammal having a medical condition ameliorated by treatment with 2

mu opioid receptor antagonist.

In a ninth aspect, there is provided the use of a compound as defined above in the
manufacture of a medicament for reducing or preventing a side effect associated with use of an

opioid agent in a mammal.

DETAILED DESCRIPTION OF THE INVENTION
The invention provides 3-carboxypropyl-aminotetralin mu opioid receptor
antagonists of formula (I), pharmaceutically-acceptable salts thereof, and intermediates
for the preparation thereof. The fdilowing substituents and values are intended to provide

representative examples of various aspects of this invention. These representative values
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In a specific aspect, R2, R3, and R4 are each independently Ci.3alkyl. In another specific aspect, R2
and R3 are each independently methyl or ethyl_ In yet other aspects, R2 and R3 are each ethyl; or R2
and R3 are each methyl. In a specific aspect, R4 is methyl. 10In a specific aspect, R5 is selected from
Choalkyl, ph®HyRogy/ei6HExyl, -(CH2)1.3-cyclohexyl, and -(CH2)1_3-pheRgTIHaMGHSE Bpecific aspect,
R5 is selected from C3_5alkyl, cyclohexyl, -(CH2)1.3-cyclohexyl, and -(CH2)1-3-phenyl.

Representative: Ri-grogpsithindhisaspeckfrelvded butraigmatdianitesk i de-pestyaifebutyl,
2,2-dimethylpropyl, 2-methylpropyl, 15 1-methylethyl, cyclohcxyl, cyclohexylmethyl, 4-phenylbutyl, and
phenylmethyﬁh‘f# }}l’é 5Cﬁ8ﬁﬁoéﬂ%%§l(§?fg13§pect, R5 is cyclohexylmethyl. In a specific aspect, R6 is
hydrogen or C1.3alkyk neaifotherceaspédt,-RB isthyd@Péh Rle. the compounds are carboxylic acids.

The carboxylic aCid%%fnmﬁePl\ﬁ%&?ﬁ%?Xﬁl@eﬁﬂ éﬁ%{gé@d}g}ﬁotent antagonists at 20 the mu opioid

receptor. In stilt other aspects, 126 is C1.3alkyl, or R6 is methyzl', I.e. the compounds are esters. As
described’below, thE'&&teregrineerifentivittare ts€fPIRtEemediates for the preparation of the
carboxylic acids of the:ispseittionpbataritiRéO R ‘estes.cpmpersndsniwhighiRl is -C(0)NH2, R2 and R3

are each ethyl, R4 I3 mﬂe{;[@él., R51] 2-meth&|p£g§ 0r 25 he%(rjnﬁtkr%%t n!d R-Etshlsl methyl have been

cl
shown to be potent ArtAGORISES At tHERTT Opidid redSptsF. flﬁ%eeli)ﬁven | het frovides the

compounds of Exarfiples dhtaherain R’ and Ré ahemicathnhmiig sohinationdsedthdrein is illustrated
for the compound Ofrﬁf(m& grsﬁgc{jﬁle methyl.
10 In a specific aspect, R’ is selected from Cysalkyl, phenyl, cyclohexyl,
—{CHz)1.3~cyclohexyl, and —{CH,))s~phenyl.

In another specific aspect, R’ is selected from Casalkyl, cyclohexyl,
—(CHa)1.3—cyclohexyl, and <(CHy);.s-phenyl. Representative R groups within this aspect
include, but are not limited to, n-pentyl, n-butyl, 2,2-dimethylpropyl, 2-methylpropyl,

15 I-methylethyl, cyclohexyl, cyclohexylmethyl, 4-phenylbutyl, and phenylmethyl.

In vet another specific aspect, R” is cyclohexylmethyl.

In a specific aspect, R’ is hydrogen or Cyaltkyl.

In another aspect, RS is hydrogen, i.¢. the compounds are carboxylic acids.

The carboxylic acids of the invention have been shown to be potent antagonists at

20 the mu opioid receptor.

In still other aspects, R%is Ci.aalkyl, or R is methyl, i.. the compounds are esters.

As described below, the esters of the invention are useful intermediates for the
preparation of the carboxylic acids of the invention. In addition, the ester compounds in
which R is —C(O)NH;, R? and R? are cach ethyl, R is methyl, R’ is 2-methylpropyl ot

25 cyclohexylmethyl, and R® is methyl have been shown fo be potent antagonists at the mu
opioid receptor,

The invention further provides the compounds of Examples 1-16 herein,

The chemical naming convention used herein is iltustrated for the compound of

Example 1

30



which is (S)-44(2S,3S)-7-carbamoyl-1,1-diethyl-3-methoxy-1,2,3,4-
tctrahydronaphthalen-2-ylamino)-2-(cyclohexylmethyDbutyric acid according to the IUPAC conventions
as implemented in AutoNom software, (MIX, Infolination Systems, GmbH, Frankfurt, Germany). For
convenienceWielsicymiesl, 2,3,4- 5 tetrahydronaphthalen-2-ylamino gros geitersietsvely referred to
herein, by the common name, "aminotetralin”. All of the compounds of the invention are in the
trans configurghien with regspsaisiortba twr.chiral grnters indieated bysasterisks in formula (1): 10 in
addition to the stereochemistry of the aminotetralin group, the compounds of the invention may contain
a chiral centelP4f g@éﬁ‘%ﬁ%&ﬁ@%ﬁﬂ?#fH@@BB@f?ﬁ%ﬁbﬁ@WHﬁéﬁﬂéﬁs?ﬂ&l‘é6%5%u nds may be a
pure diasteredrier(fosmxatiopkestiiep(2b){@8 i dinsta¥eaneftohith eMDih houndaah X asteple, | depicted

sbove, or & i SEIG(3% i) dassreamer e (4R oR)dgstereomer. Suct

diastereomeric mixtures are denoted 15 herein e prefix trans.’Accordingly, the invention includes
pure diasteretidrediixplirbacnt tidstensatmams iy albenidvelixrafesdad awrebisbmermsneithed mixtures
of isomers, unlgss otherwise indicated. When the stereochemistry of a compound is specified, it will be
understood by those kiI}ed in the art, that minor amounts of other stereoisomers may be present in
the compositions of Oint\bgﬁﬂ%]ﬁ%ﬁf&s%‘@ RANTRLOB G R ASE s IR RS WY TRIRETOf the
composition as éavholehisahotretimindited b thetpidsanderofusud other isomers. In another aspect, the
invention provides a compound of formula (la): S "Q, (Ta) 25 wherein the stereochemistry at the chiral
centers is (2S),(38) and wherein RI, R2, R3 R4, 6 dhd take any of the values described above. In
a particular aspect, the invention prowgd Hol0e10

3 ON as(la) wherein: Rl is -C(0)NH2; R2 and
R3 are each ethyl; WO 2009/076408PCT1US2(:08/086171 &

10 In addition to the stercochemistry of the aminotetralin group, the compounds of the
invention may contain a chiral center at the carbon atom to which the substituent R is
attached. The compounds may be a pure diastercomer, for example, the (25),(35)
diastereomer of the compound of Example 1 depicted above, or a mixture of the (28),(35)
diastereomer and the (2R),(3R) diastereomer. Such diastereomeric mixtures are denoted

15 herein by the prefix trans.  Accordingly, the invention includes pure diastereomers,
mixtures of diastereomers, racemic mixtures, and stereoisomer-enriched mixtures of
isomers, unless otherwise indicated. When the stereochemistry of a compound is
specified, it will be understood by those skilled in the art, that minor amounts of other
stereoisomers may be present in the compositions of the invention unless otherwise

20 indicated, provided that any utility of the composition as a wholc is not eliminated by the
presence of such other isomers.

In another aspect, the invention provides a compound of formula (Ia):

S»“\O“‘Rﬂi 25
R1 s ﬁf\)\ro\ RE
2 3
RY R o
(la)

25 wherein the stereochemistry at the chiral centers is (25),(35) and wherein R, R?, R®, R?,
R’, and R°® take any of the values described above.
In a particular aspect, the invention provides a compound of formula (la) wherein:
R} is ~C(O)NH;
R? and R* are each ethyl;



R4 is methyl; R5 is selected from C3_5alkyl, cyclohexyl,-(CB2)1-3-cyclohexyl, and
-(CH2)1_3-phenyl; and R6 is hydrogen or methyl.; Sor a phalnaceutically-acceptable salt thereof.
When administered to a mammal, medical compounds are typically transformed in the body by
metabolism teréormsamdaigh can be excreted. As described in the examplecectiendaion, metabolic
transfonnation of the present compounds has been investigated by incubating a compound of the
invention with cryopfesenygd,fpuman hepatocytes and 10 comparing the resulting metabolites with
compounds of known,structure. Results obtained support the conclusion that a principal hydroxyl
metabolite of the cofhgdsHEcl ek stlehtnda itk nyehstingd-position of the
cyclohexyl ringCH,) [n-yeémmotfier aspect, therefore, the invention provides a compound of formula (1b)
wherein R is hydroxyk i's'@'%r%éé%)owr@;%&%m the compound of formula (Ib) wherein R is hydroxyl is
produced in vivo by administ Ing 0 & Human a compound of formula (Ib) wherein R is hydrogen. 20
Definitions Whet eleburisiory e leowgsotshiissatiotrpoditions and methods of the invention, the
following terms haveyhs ipliewing-ean ReSotRlessIRienMSS INAIcALRGically TARJGHRCAIKYI" means a

monovalent saturated hydrocarbon group which may be linear or branched or combinations thereof.

Unless otherWideSdxHeY, "Saehotiyite /GUpS it sriahy Ssrtish Forfcha e daribeR-aramts.

Representativecatiybeirsupsectathlide;hyfyvay ofax@anaie: sehe dayhpetiyk, Rxseayidedpstigopropy! (i-Pr),
n-butyl (n-Bu)[3 sec-l%%%%l isobutyl tgrt
u

} butyl, n-pentyl. .n-hexyl, 2.2-dimethylpropyl, 2-methylbutyl,
3-methylbutyl, “et \ %/?CEIB Fr]ﬁeﬁ'fuy Sgﬁﬂ‘?%%’"b‘%ﬁ%‘?{é f’%ﬁ t%n&ﬁ%hepap‘%ytﬁ]%n erm
"compouHt" mrEarisiacchmisslhuiztratabelssywithetivaliyuprspdiowon Stuprepafedilisany other way,

such as by ingvemReiahRlEm: YRR SARRBLT AISLR0RINBRTL of mEhEeUmherapeuticall

effective amount” means ap amount sufficient to effect freatment when administered to a patient in
need of treatrfiadpple 11s substituted with hydroxyl at the 4-position of the cyclohexyl ring,

In yet another aspect, therefore, the invention provides a compound of

formula (Ib) wherein R is hydroxyl:

R
WO
HoN N
2 ;Fj O H
O 0O

(1b)

wherein the compound of formula (Ib) wherein R is hydroxyl is produced in vivo by

15

administering to a human a compound of formula (Ib) wherein R is hydrogen.

20 Definitions
When describing the compounds, compositions and methods of the invention, the
following terms have the following meanings, unless otherwise indicated.
The term “alkyl” means a monovalent saturated hydrocarbon group which may be
linear or branched or combinations thereof. Unless otherwise defined, such alkyl groups
25 typically contain from I to 10 carbon atoms, Representative alkyl groups include, by way
of example, methyl, ethyl, n-propyl (n-Pr), isopropyl (i-Pr), n-butyl (n-Bu), sec-butyl,
isobutyl, fert-butyl, n-pentyl, n-hexyl, 2,2-dimethylpropyl, 2-methylbutyl, 3-methytbutyl,
2-ethylbutyl, 2,2-dimethylpentyl, 2-propylpentyl, and the tike.
The term "compound” means a compound that was synthetically prepared or

30 prepared in any other way, such as by iz vivo metabolism.
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The term "treatment" as used herein means the treatment of a disease, disorder, or medical condition
in a patient, such as a mammal (particularly a human) which includes 5 one or more of the following:
(a) preventing the disease, disorder, or medical condition from occurring, i.e., prophylactic treatment of
a patient; (b)vaonshongtisng the disease, disorder, or medical condition, i.ePCativspaetivRgior causing
regression of the disease, disorder, or medical condition in a 10patient, including counteracting the

effects of other therapeulis, agenis:(G3RPISS SN HRGRiIsgase Miserisk armaesicakaendition, ie.,
slowing or arresting the development of the disease, disaorder, or medical condition in a patient; or (d)

alleviating thé SYRPIOMEBAHTETTIEALE YR SFHQGICE B bition in a 15patient.  The term
"pharmaceutically-attepiabtérsatiiemé anssaddalicpreparsdH orenaneaicid odibase, dikiefeisacceptable for

administration, e ,pelieficats’s An R AR BURMaRIS @;Qﬁgdaeﬁ%%gn% leh includes

pharmaceutically-acceptable inorganic or organic a rom pharmaceutically-acceptable bases.

Typically, pharinat eieafiybadebprapte salts of 20 compounds of the present invention are prepared

from acids. Salts degiyed from-phaynrcautcalBrsePiablsacids chiderhibale-Ras lirited to, acetic,
adipic, benzenesulfonic, ber{gz?ﬁ%, camphorsulfgnic, citric, ethanesulfonic, fumaric, gluconic, glutamic,

glycolic, hydrobromic, hydf6 AR RIE B mandelic, methanesulfonic, mucic, nitric,
oxalic, pantothenic, @mosp@eimwﬁngmmdﬂ&wI@iﬁé@d&grmamdﬁnﬁbhmammlfmicaiixﬁmamg or
ot s naRihale e o ARG AR A M eona e
amino-protecting group" means a protecting group suitable for preventing undesired reactions at an
amino nitfbgen. RepresenPativet dhsiHatis seuptiactpeups dfeniviel Bherdhstpeguiinredts, formyl; acyl

groups, for examplg @lkangydgeaians 3ASkcR, assarrty bapd diflueraataii . alltexycagponyl groups,
such as tert-butoxycarbonyl {('E'?HC); arylmf%t)hoxycarbon | groups, such as be,nzi/lox carbonyl (Cbz) and
9-f|uorenylmethoxycarbon%v & AR HOBRGT GO NSS! Stiet 8BaH 91 TEHSAIRATTAR dhd

1,1-di-(4'-methoxyphenyl)mpthiyttsiyl groups, such as trimethylsilyt (TMS) and tert-butyldimethylsilyl

(TEDWS): and the . WQZ009/016400RCH1USA0RI0R0L L, o The teim ydhiyprptecting

group” means a protecting group or preventing undesired reactions at a hydroxy group.
Represehtative hydroxy-prst&®ting groups include, but are not limited to, alkyl groups, such as methyl,

ethyl, and tert-butyliThe term “pharmaceutically-acceptable salt” means a salt prepared from an acid
or base which 1s acceptable for administration to a patient, such as a mammal. Such salts
can be derived from pharmaceutically-acceptable inorganic or organic acids and from
pharmaceutically-acceptable bases. Typically, pharmaceutically-acceptable salts of
20  compounds of the present invention are prepared from acids.

Salts derived from pharmaceutically-acceptable acids include, but are not limited
to, acetic, adipic, benzenesulfonic, benzoic, camphorsulfonic, citric, ethanesulfonic,
fumaric, gluconic, glutamic, glycolic, hydrobromic, hydrochloric, lactic, maleic, malic,
mandelic, methanesulfonic, mucic, nitric, oxalic, pantothenic, phosphoric, succinic,

25 sulfuric, tartaric, p-toluenesulfonic, xinafoic (1-hydroxy-2-naphthoic acid), naphthalene-
1,5-disulfonic acid and the Hke.

The term “amino-protecting group” means a protecting group suitable for
preventing undesired reactions at an amino nitrogen. Representative amino-protecting
groups include, but are not limited to, formyl; acyl groups, for example alkanoyl groups,

30 such as acetyl and tri-fluoroacetyl; alkoxycarbonyl groups, such as sers-butoxycarbonyl
(Boc); arylmethoxycarbonyl groups, such as benzyloxycarbonyl (Cbz) and
9-fluorenyimethoxycarbonyl (Fmoc); arylmethy! groups, such as benzyl (Bn), trityl (Tr),
and 1,1-di-(4’-methoxyphenyi)methyl; silyl groups, such as trimethylsilyl (TMS) and

tert-butyldimethylsilyl (TBDMS); and the like.
7



acyl groups, for example alkanoyl groups, such as acetyl; arylmethyl groups, such as 5 benzyl (Bn),
p-rnethoxybenzyl (PMB), 9-fluorenylmethyl (Fm), and diphenylmethyl (benzhydryl, DPM); silyl groups,
such as trimethylsilyl (TMS) and tert-butyldimethylsilyl (TBS); and the like. General Synthetic
Procedures w@Qorppoumls of the invention can be prepared from readilp@irasadskeostarting materials
using the following general methods and procedures. Although a particular aspect of the present

invention is illustrateg,indhe $chRPes BRI heseskiled I tbeant dg"@ljo(%%%%@@ dhat all aspects of

the present invention can be prepared uafgl the methods described herein or by using other methods,

reagents andPSEXFAIHGARSHATE IA6UATTS! PR VHERY SKMBd FRemes Sty o QY BEksHRgciated that
where typicalgoprefertied prgcesacondikdns G gﬁﬁiﬁi@ﬁhtﬁmp@mﬁyre&hﬂm tenplerrdtios of
reactants, solve ts, pressures, efe. gﬂﬁre #ven oths%g rocess ¢ |t|ofg ;can aslso (t})'(l?&tsjsed unless
otherwise state % fimum reaction conditions may vary wit éy parti ul%\r rEactants or solvent used,

but such éon@ﬁmé@a% bergtherrivied! ()N 0Re %mm@cpmlmeﬂark Gyoerihéipsaimizettioh 2() nrnredm-pc
Additionally, ag-will e anpauenio thesssskileddm-thedrscanyeniicnal ProteeHng.eroHRs may be
necessary to prevent certaln unctional groups from undergoing undesired reactions. The choice of a
suitable prote tﬁ% ef kg particular functional group, as well as suitable conditions for protection
and deprotection, are well known in 25 the art. For example, numerous protecting groups, and their
introduction and removal are descrlbed in T. W. Greene and G. M. Wuts, Protecting Groups in
Organic Syntkssi 8y, New York, 1999, and references cited therein. In a typical

method qhsynthesispahe,galeyshiNe ENEAION o e ol wlbish RE 5@ Giiaalkyl are prepared

as shown in Scheme A. (The substituents and variables 30 shown in the following schemes have the

definitions pr&VHfed! 58898 R Bt ARASE! AP RS- 865870 78 BRI 42(58/086 1 71
- Scheme A aspeln &“ehemeséht intefriediated(ti)ds redidciivelycNbalkyladeddkiieadiahewith the
aldehyde (III) t prowd qucté e reaction is t |cal conducted b ntacting intermediate
(1) with betweealr% abo%}}tlie ‘g out e(a-Futk/ rcstes% an' éﬁ e prepare% USJXE e me% s
described herein or by using other methods, reagents a.nd startmg materials known to

15 those skilled in the art. It will also be appreciated that where typical or preferred process
conditions (i.e., reaction temperatures, fimes, mole ratios of reactants, solvents, pressures,
etc.) are given, other process condifions can also be used unless otherwise stated.
Optimum reaction conditions may vary with the particular reactants or solvent used, but
such conditions can be determined by one skilled in the art by routine optimization

20 proceds

Additionally, as will be apparent to those skilled in the art, conventional
protecting groups may be necessary to prevent certain functional groups from undergoing
undesired reactions. The choice of a suitable protecting group for a particular functional
group, as well as suitable conditions for protection and deprotection, are well known in

25 the art, For example, numerous protecting groups, and their introduction and removal,
are described in T. W. Greene and G. M. Wuts, Protecting Groups in Organic Synthesis,
Third Edition, Wiley, New York, 1999, and references cited therein.

In a typical method of synthesis, the esters of the invention of formula (1) in which
R® is a Csalkyl are prepared as shown in Scheme A. (The substituents and variables

30  shown in the following schemes have the definitions provided above unless otherwise

indicated),



5 of formula (1) in a suitable inert diluent, such as dichloromethane, methanol, or
2-methyltetrahydrofuran, in the presence of between about 1 and about 5 equivalents of a reducing
agent. The reaction is typically conducted at a temperature in the range of about 0 C to ambient
temperature o abowtadsalf hour to about 3 hours or until the reaction ismubstanisaligicomplete.
Typical reducing agents include sodium triacetoxyborohydride, 10 sodium borohydride, and sodium
cyanoborohydride. The aldehyde (Ill) may gg.ggRekated in situ from the corresponding bisulfite
adduct (Ill): OH R5 0 NaO-S\( R6 0, 00 (llI") by reaction with a base such as sodium hydroxide

immediately prior tQ reactign vyith the 15amigotetralin (TI). The cg io.agids of the invention of
formula (1) in Whi py(ﬁ'ogeg are_preparesfrom the apove @ fcorﬁgtacﬁng e
correspondingRESeT W1 anrgxcess oFbase,f refample betwén aboy 43@6}@( &juivalents of
a base such as soditfih Rydroxide in methanol. The reaction is condudtedat a tempétature of between
about 25 20 and aboyf;50 C for between abgyt 2 and about 24 hours or ygfil the reaction is

substantially complete. Alternatively, a carboxylic acid of the invention can be prepared by a

process in which a AYdrEprotedeme gt isitsddcaiv /e Ardkvinieh ircmeéenaviihaheleprotection
step, as descriaesyin FxampiRLibalowe 2RANXBRRIANRMRIosUIR feb heRIEParation of an

aminotetralin intermediate (1) in which the variable Rl is -C(0)NH2 is illustrated, in eme B WO
2059/076458&’8%?6%%&%%6‘%%%?& g&?%&r&%ﬂﬁﬁ&%ﬁ&fgyt% cquivalents of an éﬁg&yde

5 of formuia (IIT) in a suitable inert diluent, such as dichloromethane, methanol, or

Z-methyltetrahydrofuran, in the presence of between about 1 and about 5 equivalents of a
reducing agent. The reaction is typically conducted at a temperature in the range of about
0 °C to ambient temperature for about a half hour to about 3 hours or unti! the reaction is
substantially complete. Typical reducing agents include sodium triacetoxyborohydride,
10 sodium borohydride, and sodium cyanoborohydride.
The aldehyde (IIT) may be generated in situ from the corresponding bisulfite
adduct (1"

by reaction with a base such as sodium hydroxide immediately prior to reaction with the
15 aminotetralin (II).

The carboxylic acids of the invention of formula (I) in which R® is hydrogen arc
prepared from the above esters by contacting the corresponding ester with an excess of
base, for example between about 4 and about 6 equivalents of a base such as sodium
hydroxide in methanol. The reaction is conducted at a temperature of between about 25

20 and about 50 °C for between about 2 and about 24 hours or until the reaction is
substantially complete,

Alternatively, a carboxylic acid of the invention can be prepared by a process in
which a hydroxy-protecting group is used at R® and which includes a final deprotection
step, as described in Example 17 below.,

25 An exemplary procedure for the preparation of an aminotetralin intermediate (11)

in which the variable R' is —~C(O)NH; is illustrated in Scheme B

9



123 (Rae)Rae(Rae 456 7(ll) where PI represents a hydroxy-protecting group, P2 representsan
amino-protecting group, and -0Tf represents trifluoromethane sulfonate (commonly triflate). The
notation "Rac" indicates the compound is a racemic mixture of the particular structure depicted and the
5 structure hakjoE@pposite stereochemistry at the chiral centers.  PABHMMediegl T4 useful as the
protecting group Pi. Using an alkyl for PI, aziridine intermediate 1, can be reacted with HBr to provide
intermediate 2 which is conveniently isolated grispliglgorm as the HBr salt. Typically intermediate 1 is
contacted with an excess, for example betwe about 12 and about 18 eq lents, of HBr. The
efficiency 10 of the re&€ton is improved by inctision gf a phase transfer catdiyst. The reaction is
typically conducted @ merature betwe 4@@
about 20 hoursBipuntiFthe reaction is substantia co rplete. Using Bag; fot &; mple for the

protecting group P2, intsfiRediate 3 is then formBdDy treating 2 with base whi¢h reforms the aziridine
ring in situ, and adding between about 1 and aboat 1.3 3
Rac Rac Rac
.\‘O"'R4 -“O"R“ “\O'\RIE
HO N—pP2 TIO N—p2 NC N—P2
R2 RE & R2 R3 H RE R3 H
4 5 6
RZ Rs RQ Ra
In

where P! represents a hydroxy-protecting group, P? represents an amino-protecting group,
and ~OTf represents trifluoromethane sulfonate (commonly triflate). The notation "Rac”
indicates the compound is a racemic mixture of the particular structure depicted and the

5 structure having the opposite stereochemistry at the chiral centers.

A small alkyl is useful as the protecting group P*. Using an alkyl for P!, aziridine
intermediate 1, can be reacted with HBr to provide intermediate 2 which is conveniently
isolated in solid form as the HBr salt, Typically intermediate 1 is contacted with an
excess, for example between about 12 and about 18 equivalents, of HBr. The efficiency

10 of the reaction is improved by inclusion of a phase transfer catalyst. The reaction is
typically conducted at a temperature between about 90 and about 110 °C for between
about 10 and about 20 kours or until the reaction is substantially complete. Using Boc, for
example, for the protecting group P? intermediate 3 is then formed by treating 2 with
base, which reforms the aziridine ring in situ, and adding between about 1 and about 1.3

15 equivalents of di-tert-butyldicarbonate (commonly (Boc),O) under conventional reaction
conditions to provide intermediate 3,

Alternatively, the P' group of aziridine intermediate 1 is deprotected in two steps
by reaction with HBr or BBr: and subsequent treatment with base to provide intermediate
2a:

10



15 equivalents of di-ten-butyldicarbonate (commonly (Boc)20) under conventional reaction conditions
to provide inteimediate 3. Alternatively, the P' group of aziridine intermediate 1 is deprotected in
two steps by reaction with HBr or BBr3 and subsequent treatment with base to provide intermediate
2a: WO 200970 26108R05T/US2008/086171 Rac  R2 R 2a which is therr@raisztesdigdithe aziridine
nitrogen, for example by reaction with (Boc)20 to provide intermediate 3. 5Next, the amino-protected
aziridine 3 is contacted with a large excess of an @ol R40H in the presence of a mild acid catalyst,
such as pyridium tosylate to provide intermedia An aminotetralin intermediate of foula (11) in which
R1 is -OH can be prepared by deprotection of if Aed. For example, when the protecting group
P2 is Boc, the 10 phenol intermediate of fonx Gbtained by treating 4 with an acid.. Similarly,
an aminotetralin intermediate of formula (I1) in whiciRR®&%s -Or where le is Ch3alkyt, can be prepared
analogously starting with an intermediate of formulg,1 in which P1 is the desired small alkyl and
omitting the initial deprotection step. The remainder of the steps in Scheme B depict the conversion of

the hydroxy 15Mehsthsteeratasind fhairrieing eiessrafigesulshuterivrmibidaePdnd a final

provide intermediate 3.

5 Next, the amino-protected aziridine 3 is contacted with a large excess of an
alcohol R*OH in the presence of a mild acid catalyst, such as pyridium tosylate to provide
intermediate 4.

An aminotetralin intermediate of formula (IT) in which R is ~OH can be prepared
by deprotection of intermediate 4, For example, when the protecting group P? is Boc, the
10 phenol intermediate of formula (II) is obtained by treating 4 with an acid.. Similarly, an
aminotetralin intermediate of formula (II) in which R' is ~OR" where R is Cr.aalkyl, can
be prepared analogously starting with an intermediate of formula 1 in which P' is the
desired small alkyl and omitting the initial deprotection step.
The remainder of the steps in Scheme B depict the conversion of the hydroxy
15 substituted aminotetralin 4 to a carboxamide substituted intermediate 7 and a final
deprotection step. The hydroxyl of intermediate 4 is first converted to the triflate by
contacting 4 in an inert diluent with between about 1 and about 2 equivalents of
trifluoromethane sulfonylcholoride in the presence of between about 1 and about 3
equivalents of base, such as triethylamine to provide intermediate 5, Reaction of 5 with
20  zinc cyanide in the presence of a transition metal catalyst, provides intermediate 6. This
reaction is typically conducted at a temperature between about 80 °C and 120 °C under an
mert atmosphere for about one half to about 2 hours or until the reaction is substantially
complete,
Next, the nitrile of intermediate 6 is hydrolyzed to the carboxamide of
25 intermediate 7. As described in the examples below, in one method of synthesis, the
nitrile 6 is contacted with between about 5 and about 8 equivalents of sodium perborate
monohydrate in an inert diluent such as methanol. The reaction is conducted at 2
temperature between about 50 and about 60 °C for about 12 to about 24 hours or until the
reaction is substantially complete. Alternative processes for hydrolysis of a nitrile to an
30 amide include use of a platinum catalyst, in particular,
hydrido(dimethylphosphoniousacid-kP) hydrogen bis(dimethylphosphinito-
11



deprotection step. The hydroxyl of intermediate 4 is first converted to the Inflate by contacting 4 in an
inert diluent with between about 1 and about 2 equivalents of trifluoromethane sulfonylcholoride in the
presence of between about 1 and about 3 equivalents of base, such as triethylamine to provide
intermediate WORe&@atios®f 5 with 20 zinc cyanide in the presence of a treasitismisetsdeatalyst,
provides intermediate 6. This reaction is typically conducted at a temperature between about 80C and

120C under apineriatmpsphsiedfarabeviang halide Rhoutid hows esdantildheareactions

substantially com lete. Next, the nitrile of intermediate 6 isj, hydrolyzed to the carboxamjde of 25
intermediate 7 "R aSUEHBEAT THE SHRERSTES BefowyShighY FratAtat YLy misEdo ma il 6 is
contacted witthbetviesenabouf Handafiut 8 equivalents of sodium perborate monohydrate in an inert

diuent such as metangl, Fis RasHRN 0JuEial Al MeRiAiR beiuesp abeyt g and about 60
'V for about 12 to about 24 hours or until tlhe réaction is substantia y complete. Alternative processes

for hydrolysisé¥fid ¢fitrie teceri g0 amiaeTrsilide Oy ety piatathnreaitayse arparniduneid by

hydrido(dimetipdrirasphonioysagiek kPl bydreaen bis(dimei ahasRRIRN b MQF the
2009/076408PCT/US2008/086171 kPAplatinum(ll), and treatment with hydrogen peroxide, as
described in &% w. Finally, intermediate 7 is deprotected by conventional treatment with an

acid to provide the drhinotietidlivl offoromdes (df)foAmdhtdimediategiferukandl) shivahich RI is
-CLOINRbRe yhere Riand a1 Al o e BISRAIG iam Iisoedinle  Riganyerting the nitite
to a carboxylic acid by ygro ysis In the presence of a base followed: y amide cogpﬁng with an amine
of the fortRulfeRIBRE -Phenyl-Tihgl ipfividial enantiomers of formula (I1) can be separated using a chiral
auxiliary. Scheme C illustrates use of the ghi@hagxiliary carbonic acid 4-nitro-phenyl 10ester (R)-
1-phenyl-ethyl ester (8): Scheme C AbsRI4 9b to prepare a pair @pn-racen‘ﬁ‘c diastereomers 9a and
9b that can be separated. The notation "Abs" denotes the specific chj pound shown. The
racemic aminotet@'@ (1) is contacted with between about 0.8 and b@fﬁge iy af f chiral

auxiliary Sin 15 anpe t_.dilgqent Ingh sence Qfbetween about 2 and aboat™ equivalents of a base,
such as triethgql;epare a di %Qﬁngﬁcﬁ'ﬁture of intermediates 9a an¥l 9b. The
2

R? R?

{In 8 o]

LA
9
to prepare a pair of non-racemic diastereomers 9a and 9b that can be separated. The
notation "Abs" denotes the specific chiral compound shown. The racemic aminotetralin
(I1) is contacted with between about 0.8 and about 1.2 equivalents of chiral auxiliary 8 in
15 an inert diluent in the presence of between about 2 and about 4 equivalents of a base, such
as triethylamine to prepare a diastereomeric mixture of intermediates 9a and 9b. The
reaction is typically conducted at a temperature between about 80 and about 95 °C for
between about 4 and about 20 hours or until the reaction is substantially complete. The
diastereomers 9a and 9b can be separated by high performance liquid chromatography
20 (HPLC) and collected separately or by crystallization in which the diastercomer 9a
crystallized preferentially, leaving predominantly the diastereomer 9b in solution.
Finally, the carbamate group can be removed from the isolated 9a and 9b diastercomers
by treatment with an acid to provide the individual enantiomers of aminotetralin (I). The
chiral auxiliary 8 can be prepared by reaction of (R)-1-phenylethanol with p-nitrophenyl

25 chloroformate as described inthe examples below.
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reaction is typically conducted at a temperature between about 80 and about 95 C for between about 4
and about 20 hours or until the reaction is substantially complete. The diastereomers 9a and 9b can be
separated by high performance liquid chromatography 20 (FIPLC) and collected separately or by
crystallizatiorwi wiriohstite diastereomcr 9a crystallized preferentially, Leavingsavesiasirantly the
diastereomer 9b in solution. Finally, the carbamate group can be removed from the isolated 9a and 9b

diastercomers by treafmeaith,A0acichio Provids Hir.ndividial coantiemeysataminotetralin (Il). The
chiral auxiliary 8 can be prepared ]té%é reaction of (R)-1-phenylethanol with p-nitrophenyl 25

chforoformate™ RS HBSErbed [ iR KXAmBIBaIFEaPS  The aziridinc intermediate 1 used in Scheme
B can be obtained by reacting a substituted 3,4-gifyd H-naphthalen-2-one: with an alkyl halide to
add the alkyl substituents R2 and R3 at therR- gatment 5 with a hydroxylamine salt to convert
the carboxy to an oxime and subsequent treatment with littfum aluminum hydride or other reducing
agent to conveitithe aijinetiddheasdzitidingyl sassdesariietsfo Réxamp B pinitik 6:844368 and in
Preparatien 14, helpw. Th '34 de (1) wsed in Scheme A is conveniently prepared from the
conosponging L ag A AT DL N S S SR D o

H)cH(.0, R6 Foddthongaluminum hydride or other reducing agent to convert the oxime to the

aziridine 1, as described, for example, in US 6,844,368 and in Preparation 14, below.
The atdehyde (1) used in Scheme A is conveniently prepared from the

corresponding carboxylic acid 10 as shown in Scheme D:

Scheme D
O R RS O RS
HOMO\RS B HO/\)WO\RE s Y HMO* RS
O O O
10 10 11 (I1I)

where R® represents a Cyalkyl. Borane reduction of the carboxylic acid 10 provides the
alcohol 11. The reaction is typically conducted by contacting acid 10 with about 2
equivalents of a borane-tetrahydrofuran complex in tetrahydrofuran at a temperature
between about -5 and about 0 °C. The alcohol 11 is then oxidized to the aldehyde (1)

15 Useful oxidizing reagents include dimethylsulfoxide activated by a sulfur trioxide
pyridine complex and sodium hypochlorite with a 2,2,6,6-tetramethylpiperidin-1-oxyl
(TEMPO) catalyst. If desired, the alcohol 11 can be converted to the bisulfite adduct
(IIT") without isolation of the aldehyde (I1I) by addition of sodium bisulfite after the
oxidation step.

20 Further details regarding specific reaction conditions and other procedures for
preparing representative compounds of the invention or intermediates thereto are
described in the examples below.

Accordingly, in a method aspect, the invention provides a process for preparing a
compound of formula (I), or a salt thereof, the process comprising (a) reacting a

25  compound of formula (IT) with a compound of formula (1II), wherein R°® is Ciaalkyl, and,

(b) when R°® is hydrogen, contacting the product of step (a) with an excess of base to

provide a compound of formula (I), or a salt thereof.

13



where R6 represents a C1_3alkyl. Borane reduction of the carboxylic acid 10 provides the alcohol
11. The reaction is typically conducted by contacting acid 10 with about 2 equivalents of a
borane-tetrahydrofuran complex in tetrahydrofuran at a temperature between about -5 and about 0 'C.
The alcohol Woigutlsencesddized to the aldehyde (lII1). 15 Useful oxidizing peagestsanssutic
dimethylsulfoxide activated by a sulfur trioxide pyridine complex and sodium hypochlorite with a

2,2,6,6-tetramethylpipesidimal-axyb AT EMBE Gatalstdldgsing dthe.Alcanet diGanRRecanverted to
the bisulfite adducé{gll') without Isolation of the aldehyde (llI) %ddmon of sodium bisulfite after the

oxidation stef. BHFURHBIA &4 FEg P B PEpREHOT EXRIGR CHHIRO 1S ANEr AR FoRE dires for
preparing representati\Zeiceship doindsiefthednventiotar inteitrgdiatesthatdedd farendedoribied in the
examples belgy, , . @&ggﬁ%i%l¥tggu%[%est %dfgl%g)ect, the invention provides a process for preparing a
compound of formufa (1), or-a salt thereof, the process comprising (a) reacting a 25 compound of
foimula (1A with a compound of fmmula (1), wherein R6 is Ch3alkyl, and, (b) when R6 is hydrogen,
contacting the prodpeghefsten;éa) awthhamexsess of base to provide a compound of formula (1), or a
salt thereof. WO 2009/076408PCT/US2008/086171 In yet other aspects, the invention provides
the novel intermedidt¥ of FRATTA SRS &K OFIRYSheRRPOYRIN S Lt BH HOBIEd%R 198 Yhe preparation of
the hydrobromidénsadtaf coampotmnd2hia featichfarphathe @roresscagmyptising feaetiatgoa.compound of
formula 1 wit |solati e product in solid,form, 5 Pharmaceutical Compositions The

2 catboxy o e R BRI T RO atent i the
form of al Phaivhtsceiindcainsdrpositidnddrgdh ordon g teropharsiabeatical. compddittds may be

administered i the MalienhPy-aRY AcesRiabiR i fauisat administaianincluding, but not limited to,
oral, rectal, vaginal, nasaA, inhaled, toﬁ‘%i%?l Eincluding transdermal) and parenterat modes of

administration.  ASEBPARGH RS posaoRR Sshsdty eV aRteRdiLdirected to a

pharmaceutiqdiacontpositiptnogoyitisingrapplharmateniically-adbeptalileidamiefieroexcipient and a

therapeuticaly.affegius AmeunLal & sompaund atiormu'a (o a4 PRamAGsHically acceptable salt
S Rk R S

thereof. Optionally, such pharmaceutical compositions may cohtain other t eutic and/or
formulatiity apeBaaEsystcprneadlaiduibsinel conisitivnsicthehtsoaspeimt cortesivermtion” may

also be referrgghtecierainms m@ai%z;dl\éedﬁeg@maﬂﬁ@mf%dagﬁr@iﬁ@@%&@.ﬂw‘fﬁﬁ@@%&q&of the invention”
is intended to include, com{ﬁ‘?unds of formula (1) as well as the species embodied in formula (Ia). 20

"Compound SPIRCHRRHSH" FRAR8ed fif BedRisRUphaRRa et tedmERet EhRsri 84 and solvates of

the compounthuite sgaathernwise:indicase che term "compound of the invention" is intended to

include compounds of formula (I} as well as the species embodied in formula (Ia).

20 "Compound of the invention" includes, in addition, pharmaceutically-acceptable salts and
solvates of the compound unless otherwise indicated.

The pharmaceutical compositions of the invention typically contain a
therapeutically effective amount of a compound of the present invention or a
pharmaceutically-acceptable salt thercof. These skilied in the art will recognize,

25 however, that a pharmaceutical composition may contain more than a therapeutically
effective amount, i.e., bulk compositions, or less than a therapeutically effective amount,
ic., individual unit doses designed for multiple administration to achieve a therapeutically
effective amount. '

Typically, such pharmaceutical compositions will contain from about 0.1 to about

30 95% by weight of the active agent; preferably, from about 5 to about 70% by weight; and
more preferably from about 10 to about 60% by weight of the active agent.

Any conventional carrier or excipient may be used in the pharmaceutical
compositions of the invention. The choice of a particular carrier or excipient, or

combinations of carriers or excipients, will depend on the mode of administration being. .
14



The pharmaceutical compositions of the invention typically contain a therapeutically effective amount
of a compound of the present invention or a pharmaceutically-acceptable salt thereof. Those skilled in
the art will recognize, 25 however, that a pharmaceutical composition may contain more than a
therapeuticaWe¥edtive®mount, i.e., bulk compositions, or less than a tH&FEpeteangieffective
amount, i.e., individual unit doses designed for multiple administration to achieve a therapeutically

effective amowati thyrigallyasichphamasayical sRapAsiiansuil:coniainstiem abput 0.1 to about 30
95% by weight of hg}activga aE?ent; %ref.er bly, from aboj[ 5 to ahout 70% bﬁ_w?i(};]ht; ramd more
preferably frorFabout 1046 4080 8 5 lilﬁ'ﬁfl%(fefﬁécd &?W%ﬂ%%’f ora PR V%S Ve ﬁé’rﬁal carrier or

excipient maydeitisedim thevphanthactuticapcofipesitiotis binthe phaentionutitilethoice of a particular

carrier or eXCLQ&‘amo&{u?rom@kaﬁfﬂé%@%PJ&Q&@E(&QE&?&CER&;%&MH&&%QFEBMBBSEH&E_‘&%Q“ _
administration being WO 20091076408PCT/US2008/086171 used to treat a particular patient or type

of medical coRdfidRbY BicuRss stafe- AR ket préardtsmbra wntssiparmaceutical
composition fenapartiswanmpde:e! adaipigtiationiswall withinithe ssareiihoge skilled in the
pharmaceuticg) arts. Additianally, the carders .ar excipignts used.in the pharm tical compositions of
s 5 invont T2 eSO 5y LA & T e ROV AN Fehmlation
techniques afé.desosietiah, Remington:dHe Saieficorana P EavtideeGt@harmaey, 72 0tHi tition,

Lippincott Willigms &\iniie: Ragimarg, Magviand (2000):37eh6h C. Ansel et al., Pharmaceutical
Dosage Forms and Drug Delivery Systems, 7th Edition, Lippincott Williams & White, Baltimore,

Maryland{1999). 16REjs&RBHISRIG BRI ERisHATEHEIC BN canPiampecadisriymaceutically

acceptable casiesaincladesrbutareNpitliniied enthefoloning wrgaisssHchdslastese, glucose and
sucrose; starches SUCC&; as corn staﬂch ang potato starghél ellulose, such gs microcrystalline cellulose,

and its deriva%%%%es%nc P A8 S6t |ﬁarlﬁ Car ‘%g(yrﬁé;ﬁﬁlsf:aé ufose? %ﬁ%@/ﬁ%@? HI68e 13%%1 LEillidse acetate;
powdered tragawantysteait; qéldis, taid jteXeipietitss, Sicbushadicocedduttertandduppository waxes;

oils, such as peanuleil.&atAnIAEA QL IAHIONSE! Rl SRR Al AU I¥E Al HOl2RsqyPean oil;

glycols, such as propylene glycol; polyols, such as glycerin, sorbitol, mannitol and polyethylene glycol;
esters, slith §4CBHHFNRRPEERAWHPRIStiIFRe vagas; Bty et stk eptiasssddgilesium hydroxide
and aluminunghyslrexide s algini o Aclv PYIR g6 e entals bdsotania walil) euiRingpIpRehsolution; ethyl

alcohol; phosphate buffer solytions; and other non-toxic compatible substances employed in
pharmaceutiél %%?h?ﬁq sol{lsoﬁlé(? a3 CgFIr‘rlfasggﬂ{chin GO} g%ﬁ?&"&ﬁ%%B@ﬁf}‘%&%&%%&% thoroughly
and intimatgIymﬁkﬁhgleaftbmmmlthma@vgaagnﬁwmg @qﬂhﬁﬁ@t&ﬁi@gﬂis@i&xﬁc&mmemarrier and one
or more optiofa Ingredienisabit cesilingHaitprrbplendgd mixiues, cap; e he shaped 25 or loaded

into tablets, capsules, pills and the like using conventional procedures and equipment. The
pharmacglticRI TS EGHE T REsRIsHIBH B eobE raraBRr SHK AgBUOH SCompHdsage form. The term
"unit dosage faman@iessmitoadahy peathy eisaretedttbsigidable for dosing a patient, i.e., each unit

containi_ng a predet%m}pn%gegggarltét(}/mof %%tive 30 agen calcuzliatg% tot Orr%%&%ztrrﬁ .de}sigf‘ therapeutic
effect either alone or 11 COMbINALON With one OF More additonal thits, E} ﬂi’ilé,n%u% unit dosage
fowls may bervapsibedltaditatshpitsivangethevitke, dromitcpeiikilyes stiteibtecfoi pareniecalr
administratiof, Jp, ghg.SAbRIment. teRbaimAraHHGALE YRASIIANS.AL e dnyantign,are suitable
25 or loaded into tablets, capsules, pills and the like using conventional procedures and
equipment.
The pharmaceutical compositions of the invention are preferably packaged in a
unit dosage form. The term "unit dosage form” refers to a physically discrete unit
suitable for dosing a patient, i.c., each unit containing a predetermined quantity of active
30 agent calculated to produce the desired therapeutic effect either alone or in combination
with one or more additional units. For example, such unit dosage forms may be capsules,
tablets, pills, and the like, or unit packages suitable for parenteral administration.
In one embodiment, the pharmaceutical compositions of the invention are suitable

for oral administration. Suitable pharmaceutical compositions for oral administration
15



for oral administration. Suitable pharmaceutical compositions for oral administration WO
2009/076408PCT/US2008/086171 may be in the form of capsules, tablets, pills, lozenges, cachets,
dragees, powders, granules; or as a solution or a suspension in an aqueous or non-aqueous liquid; or
as an oil-in-WateIt/{ved® -in-oil liquid emulsion; or as an elixir or synip; &&d/tH8MRESEALN containing a
predetermined amount of a compound of the present invention as an active 5 ingredient. When
intended for oral administationrinaserRidulnsagalform (g e seapsuesdableisdgils and the like), the
pharmaceutical colmpositionsloz.the invention will tyapicall¥ comtprisg the acﬁi.ve .ggent and one or more
pharmaceutic%ﬁ?yaeécglbftgt%lgoc%lr?fé% AU REColitin & %rn&%ﬁf&ﬁ?ﬁsph%%pﬁétaég . a(Bptionally or
alternatively, sitch-selid dosageii@fdimsirmylsiso compristxiillersyopextdnelsesermsth as starches,
microcrystallipe, celilos6raciontSHEIRsR: HUCRREIIANGIAl pRdleralisiaacidaRingets, such as
carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia; humectants,
such as gﬁ/CéP@FF@lﬁ%‘i‘ﬁtegrating agents, such as agar-agar, calcium carbonate, potato or tapioca
starch, alginic acid, wagainsiitates, ad/ensodiim.carhesataiseldtionld detardingilagents, such as
paraffin; absorption accelerators, such as guaternary ammonium compounds: weiting agents, such as
ety alconol BT Qe EI01 R A A S Do B HOS R TS0 B iy
lubricants, suehmasitalbe caltiaresteardm crnagnesilimmsiearitel solideptlylettaytans glyteks, sodium
lauryl sulfate aadipr mixtwesdhereatriaing agantzisnd huffelingirasein.saRslease agents,

wetting agents, coating agents, sweetening, flavoring and perfuming agents, preservatives and
antioxidaits Can4 88 SHRBRESH HHETIRASHERE G pashien B ore SHlrieH U amples of

pharmaceutiqatiy-acaeptel|graniioxalamnisneidae: siuaie kse) whidagtiaudants, such as ascorbic acid,

cysteine hydrgaC{JJ,O"%%;;hs?ggﬂﬁ?o?gsH'Eaggta 50%'1“{1‘}1 meltavbglsgllfatedlif)crilium srulfitg nd Etihe fi&ke; oil- 25
soluble antioxufang, Such‘ss ascdr‘b%/ll pgfnﬁta%e, b‘fﬁ};'ia&ey %%rox?a%i%%ﬁé’,sgu?y aofe(fahcydroxytoluene,
lecithin, propyhgeitties adptiessadppiielclisanckthianliacatsdsnebtad-aghedgtingakgentsarbunhtas citric acid,

ethylenediamip tetraggelis agic Sarhitohdariasiciacid.RhosRRRTSALiE, andqhs. ks, Ggating agents

for tablets, capsules, pills and like, include those used for enteric coatings, such as cellulose acetate
phthalaté > poljiAiN8OSREEHS R RATATE HPIPERY I PSRl I SRR RS SE P FRIAIAE TR A Crylic acid-
methacrylic agichpsiets;epalirnessnseiiibse Regtaiwiornelitatgycadameataylethyl cellulose,
hydroxypropylbmeghxlscgllllLﬂose{l(,aﬁetat uagcinat Pharmaceutical compositions of the

d the like,
invention maff alsdHe drmutated %aﬁro% &S @ﬁéocr aé’d:% rgcgﬂceag%f‘élgég%n?ﬁecaa%ﬁt\?eséaareanftl’using, by

way of examphegmdroxypropy oM eRed076A08RGT B 2008/08 60 Tdmrerhyt celiiose in varying
proportions; qf QLT BRIMME MANGESLIRISAMESANd/or microspheres. In addition, the

pharmaceutical com%ositions of the invention'may optionally contain opacifying agents and may be
formulatéfl so that thElF# 48R THECHER ARG e HEGHIS Er SRS A ARy Ofing #¥ttain portion of the

gastrointestingdritagihyg agents, preservatives and antioxidants can also be present in the
pharmaceutical compositions of the invention. Examples of pharmaceutically-acceptable
antioxidants include: water-soluble antioxidants, such as ascorbic acid, cysteine
hydrochloride, sodium bisulfate, sodium metabisulfate, sodium sulfite and the like; oil-

25  soluble antioxidants, such as ascorbyl palmitate, butylated hydroxyanisole, butylated
hydroxytoluene, lecithin, propyl gallate, alpha-tocopherol, and the like; and metal-
chelating agents, such as citric acid, ethylenediamine tetraacetic acid, sorbitol, tartaric
acid, phosphoric acid, and the like. Coating agents for tablets, capsules, pills and like,
include those used for enteric coatings, such as cellulose acetate phthalate, polyviny!

30 acetate phthalate, hydroxypropy! methylcellulose phthalate, methacrylic acid-methacrylic
acid ester copolymers, cellulose acetate trimellitate, carboxymethyl ethyl celluiose,
hydroxypropyl methyl cellulose acetate succinate, and the like,

Pharmaceutical compositions of the invention may also be formulated to provide

slow or controlled release of the active agent using, by way of example, hydroxypropyl
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5 optionally, in a delayed manner. Examples of embedding compositions which can be used include
polymeric substances and waxes. The active agent can also be in micro-encapsulated form, if
appropriate, with one or more of the above-described excipients. Suitable liquid dosage forms for
oral administtetiéiiféfdtfe, by way of illustration, pharmaceutically-acce Bl ¥ #1IgbHs,
microemulsions, solutions, 10 suspensions, syrups and elixirs. Liquid dosage foiins typically comprise
the active agentignd-inisnehdiugnt suebrassfosexampleywater ofcethessoienisd setubilizing agents
ang e mefRihAs ey aicenal Soeramd Seanal Sl cRTinels, il getate benzyl alconol,
benzyl benzoate, p]i?opylsene g(?yco(f, 1,3-Bu ylene g‘lycocl? otls’(esp., cottonseed, groﬁndnut, corn, germ,
olive, castor antoselaneateisypaiyivarskaetiamydinsfbd icorelcd Sopiy dttytelvesg eaistiand fatty acid

esters of SOVQi{@%dﬁﬂﬂoﬁl%wfﬁfeF&%ﬁ%‘&ﬁﬁh@@&%ﬁ&%ﬂ{bﬁ@@Eﬂ@%J&rﬁ?ﬁe%ﬁﬂmﬂw,redie”t, may contain
suspending agents such as, for example, ethoxylated isostcaryt alcohols, polyoxyethytene sorbitol and

sorbitan esteFSIRRISc&dme CaiRe bRt et BEserRo Pasd Ml agarPagar and
tragacanth, angddiixtutepshereat 20fhe-eompeunds afthistinvaptian canalse laengministered
parenterally (e.g. by,intravenous, subcutanequs, intramuscular ar intraperitfoneal injection). For
parenteral ad%?ﬁ?gtﬁgaa&odriﬁ\éfﬁlé ﬁiﬁ%o E%ﬁt‘?”s}?@%’fééﬂymé’a%?%%% Veégs%? a%ig ?;{éﬁ?éﬁré%br parenteral
administration includingblsyiaiyg desegampres fotarte alpinbtrstavl inidnds. Salimey idw molecular weight
alcohols such;asreRyisng-alycal-pRYRIYIGHR oAk Yeaatalle filkROaRIIN, fatty acid esters such

as ethyl oleate, and the like. Parenteral formulations may also contain one or more anti-oxidants,
solubilizéfs, STABAREES SYEGRY AL T i datlisias feme imisrdtromuring theariye 8#dispersing
agents. Thesenfbimisatiansemagutieare nsteseshpierilabysisehef @Biaritestjgciablg apediumd a sterilizing
agent, filtration, irradiation, or heat. 30Alternatively, th armaceutical compositigns of the invention
s formulaten T A e A ey SRk
administratioalphinHiaeio havib eypinuiby loecialiel fofrbofdenaehowd) dfsdgepwaioStash compositions

are generally agimimistersd, eing Wel kaownAeivandsiises, shieh @s.ayasieredidoss inhaler, a dry
powder inhaler, a nebulizer%%lggsi_milar delivery device. V@%OOWO%%@@CT US2008/086171 When

administtred BPFRGRROAYERIRG™ Frostilsstie ol oomdrne e rkrise el CORNSB&BhS of the
invention will ity pidiatiyncomprisevthia @retivatingie dientinsck pestitablecpropellant faushuasle,

dichlorodifluoromethane, trichlgrofluoromethane, dichlorotetraflugroethane, carbon dioxide or other
suitable gas. %R‘Ké%?ﬁﬁ%?ﬁ;?{"ﬁ@ g‘%ﬁ%%’ 0& iC5 eéﬁj Feﬁlgé’l f§#(ﬁn%[§aﬁgrlﬁt%ﬁ§éfglfsrh of a capsule or

cartridge (maklerforyeidimp ke frbons gdiainynonspriisihgxadeomponiie efthecmvedtiogaanctia powder
suitable for uggqin,aREWdeardghaler. Suitable powder bases include, by way of example, lactose or
starch. The compounds of the invention can also be administered transdennallg{ usin%ﬁ]o known

transderffal delivery &/SR8HRAAYOLLLNH BB a8adiA breadriniithved BYerertl Besalimixed with
permeation ehianeers;, sushas<piepiieneglytal opolyebylieneplycolionpnblayeataicral
aza_CYC'Oa"FaQa%%%‘%%:f%%%eaé't‘?% and P&%%E%ﬁ?rfd%%&%‘éda&ﬁ‘}%h%ﬁ{a%l'é“x!z'e"’hﬁﬂg e rXrE’P(%%%{“' Additional
excipients inclu |ng ge’ Iﬂg agerlts, ulsifrers a u ?I’S, may e US_Ed In"such transdermal
compositionsafraesiredion Bitdsigedy thieysomigounesiofithistirveentiontivryy Bémdmmistered in
combination with-Qng QlelRara Qligs §B&E%§$¥B%$r%9@@f§cdﬂ %B@&mg@' b, Ggamposnd of this
invention is either physmal_lx mixed with the other therapeutic agent to forma

25 gelatin, fatty acid esters such as ethyl oleate, and the like. Parenteral formulations may
also contain one or more anti-oxidants, solubilizers, stabilizers, preservatives, wetting
agents, emulsifiers, buffering agents, or dispersing agents. These formulations may be
rendered sterile by use of a sterile injectable medium, a sterilizing agent, filtration,
irradiation, or heat.

30 Alternatively, the pharmaceutical compositions of the invention are formulated for
administration by inhalation, Suitable pharmaceutical compositions for administration by
inhalation will typically be in the form of an aerosol or a powder. Such compositions are
generally administered using well-known delivery devices, such as a metered-dose

inhaler, a dry powder inhaler, a nebulizer or a similar delivery device,
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composition containing both agents; or each agent is present in separate and distinct compositions
which are administered to the patient simultaneously or sequentially in any 20 order. For example,
a compound of formula | can be combined with second therapeutic agent using conventional
procedures dhd BatiiBMENt to foim a composition comprising a compourk-&FiRMAss1 Hnd a second
therapeutic agent. Additionally, the therapeutic agents may be combined with a pharmaceutically
acceptable carrier tovigimdan?s pfradmacaidticai-compasiiemenmipisiaga,abepound of formula 1, a
second thera uti% a nt.and a Eparm ! uticalrlx. aé:ceETttable arrier. In é'&%% gc%beodiment, the

b

components ¢ ?H%_ c%gnglf)%scl I0h are’ fpcfca ylrrlﬁf&elg or blendl&d to Creéate a phys?éal mixture. The
physical mixttgrédieheimddminisienadniallanthevapeuticdllyrefidbvenmthount using any of the routes

described hetginicoMlicralively, i ihsrapsiic.eeeMS By amaiR JeRaaa Ad.distinct before

administration to the patient. In this embodiment, the agents are not physically mixed together before
administration $5it e A EREaSHAMICORRIS I TP &t ééﬁa%é%eg%%%a%f@f&r bositions.
When adminigtarediseparapbly fitie ggeniparepadininistenpcusdificianibyelose indinwsa«as to provide a
itr‘, ffect. Such ¢ m[i)rglsegfigngu\% 200 10%6408Pp /%82008/98617][ can be

ther &s o] %ﬁ ic &¢

desired theraﬁﬁt%{%(i [OF USE 1 OWdac . Waer &8 1NC Wi ample
f<agec? toge S a Kit. fﬁ\e tr\lN érgpegtlc agerﬁ

packaged separately or may be pac s'in the kit may
be administefeddsy eh&asaime route of administration or by different routes of administration. In

particular, the compainds:ghthesiBrantian-racke.caRIps Wil gricid.3 Anglassigitherapeutic

agents. As described above, use of opioid analgesics is often associated with undesirable side effects
such as, fbr Qb NSEHLH SN SR AP S F RIS p B AR G- ABRIB IR AP P e 2AIB &HhBE nausea, and
gastroesophagenk¢efiih goneseriad varsaefiosisinaybeysiifiglenily meverstadighicthe dose of opioid

analgesic thaf gan e delyered.(a.a patich! 1. suboplimel evel, Gopdqunistation of  compound of

the 10 invention With an opi Ikely to reduce or prevent side effe e%yoilhgc}lr’%asmg the utility

of the analgeditiayyeayforpahdditievidtarirOpivicchalgesitisghaemsayresifsed danddoibination with

compounds %&p%@ﬁ@&@ﬁtm&m&ﬂﬁw@&nc?&i%ﬁsnpa&md to, morphine, hydromorphonc,
oxymorphone, pethidine, codeine, dihydrocodeine, oxycontin, oxycodone, hydrocodone, sufentanil, 15

Cc
fentanyl Fomifentartl ST SAPRS GG ApHAHBY FAFRABEY, 1heSFNBHE  HEr e HF By phenc,
meperidine, lexihrphienahgpenibaatineyand gembinativhsnbofiiait analgesiesdvthhiouprofen or
acetaminophen. Com ounﬂds %f the '1nventi ne %d b% u§§d in doses r?n(gp from about 0.05 to about
dmvefn 101 18 eIther y_%:zki mif(e W1 %‘ ¢ other fhera eutﬁ;' agﬁn 1 odqn ) . .
100 mg per day for an average Jpa ient, when combined wi opioid analgesic at its
therapeutic dosepdsitiexsamiraLipgHmth agents; or each agent is present in separate and distinct
compositions which arc administered to the patient simultaneously or sequentially in any
20  order,
For example, 2 compound of formula I can be combined with second therapeutic
agent using conventional procedures and equipment to form a composition comprising a
compound of formula I and a second therapeutic agent. Additionally, the therapeutic
agents may be combined with a pharmaceutically acceptable carrier to form a
25 pharmaceutical composition comprising a compound of formula I, a second therapeutic
agent and a pharmaceutically acceptable carrier. In this embodiment, the components of
the composition are typically mixed or blesded to create a physical mixture. The physical
mixture is then administered in a therapeutically effective amount using any of the routes
described herein.
30 Alternatively, the therapeutic agents may remain separate and distinet before
administration to the patient. In this embodiment, the agents are not physically mixed
together before administration but are administered simultaneously or at separate times as

Separate compositions. When administered separately, the agents are administered

sufficiently close in time so as to provide a desired therapeutic effect. Such compositions
18



20 combined with oxycodone at a dose of between about 5 mg and about 160 mg per day. In addition,
prokinctic agents acting via mechanisms other than mu opioid receptor antagonism may be used in
combination with the present compounds. For example, 5-HT4 receptor agonists, such as tegaserod,
renzapride, MésH)8PidEHucalopride, 1-isopropyl-1H-indazole-3-carboxy¥aciPE18 B8R 5R)-8-[2-(4-
25 acetylpiperazin-l-ypethy1]-8-azabicyclo[3.2.1]oct-3-yl}amide , 1-isopropyl-2-oxo-1,2-
dihydroquinolinets-ganbpxylieaeietif bS8y, bRYBriE ! Lobhydeoxy s athanesutienyltic

methyl-aminoii ropyl]-8-azabicyclo,[3..2.1]oct-3-y1) amide, or 4-(4- . . .
oy ARy b B BN S Sl L A R S e iormon by itbrcar 1 i

acid methyl estetenedydseinigeation the second therapeutic agent. 30Additional useful prokinetic agents

include, but are not jiited 0 Srid TR ESERICS O RIS (6:SRWNQIEHAN AT A e ceptor antagonists
(e.g. AGI 001), alpha-2-delta ligands (e.g. PD-217014), chloride channel openers (e.g. lubiprostone),

dopamine antagi8Risd @ HEprRIa SmAR ISP ariIdRO Golip fiotiai) 2esesrcsisefitists (e.g. baclofen,
AGI 006), kappa@pieic-abanistrielg sidsiatrdelne), a)uscatimig ) toasthMdn\Wereased

2009/076408Pa(sjtyclészporél%/oa607m1 %lta?g '%'51 iée.%.a g%%tiglmidg)& rfralsootillik?l %%ff”ifﬁs (e.g. mitemcinal),
guanylate cyéase acivators e.g. MBIt g))‘an gg relin ’agorﬁs so(e. : %p 6Tk i§9).
Numerous additiseratiésanpledosultictentermpenstio hgérits deeckefowivit amdessicathet amytsuch known

therapeutic agantsay he.emPoYRdH,AAMAINRTIonwith:the-SomRRURS5.0f s dnvention.

Secondary agent(s), when included, are present in a therapeutically effective amount, i.e. in any
amount tifat pROERIEES 4 ey apeititdifF beRentise et et estiaimimistehe rditiiacmpound of the
invention. Suitalie slabesdopdkie nikersherapsidicaagents administered in combination with a

compound of the i”%ﬁaﬁ‘&%’%{%ﬁggﬁé’ﬁi%ﬁ‘é’%@t i gén?ﬁ%%% %034 é‘%'nag’ %%c%bc}gﬁéor%s?&’ day.
10Accordingly, the pliarmacedtical CompUositions of the INvention optionay Include & second
therapeutic agentizdedodibddtabovet imitdhe.fokophing, dxdraplestitostaterephesentative
pharmaceuticalGampesiions ghike.eraseRt iRvestian bEgJ@&H&Ei piFoRaaRle Arddars Gelatin Capsules
for Oral Administration 15A compound of the invention (50 g), spray-dried lactose (2(50 g) and
magnesi fentanyl, remifentanii, buprenorphine, butorphanol, tramadol, methadone, heroin,
propoxyphene, meperidine, levorphenol, pentazocine, and combinations of opioid
analgesics with ibuprofen or acetaminophen. Compounds of the invention could be used
in doses ranging from about 0.05 to about 100 mg per day for an average 70 kg patient,
when combined with an opioid analgesic at its therapeutic dose, for example, when
20 combined with oxycodone at a dose of between about 5 mg and about 160 mg per day.
In addition, prokinetic agents acting via mechanisms other than mu opioid
receptor antagonism may be used in combination with the present compounds. For
example, 5-HT4 receptor agonists, such as tegaserod, renzapride, mosapride,
prucalopride, 1-isopropyl-1H-indazole-3~carboxylic acid {(15,3R,5R)-8-[2-(4-

25  acetylpiperazin-1-yl)ethyl]-8-azabicyclo[3.2.1]oct-3-yl}amide , 1-isopropyl-2-0x0-1,2-
dihydroquinoline-3-carboxylic acid {(18,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonyl-
methyl-amino)propyl]-8-azabicyclo[3.2.1]oct-3-y1} amide, or 4-(4-{[(2-isopropyl-1H-
benzoimidazole-4-carbonyl)aminomethyl} -piperidin-1-ylmethyl)piperidine-1-carboxylic
acid methyl ester may be used as the second therapeutic agent.

30 Additional useful prokinetic agents include, but are not limited to, 5-HT5 receptor
agonists (e.g. pumosetrag), 5-HT) 4 receptor antagonists (¢.g. AGI 001), alpha-2-delta
ligands (e.g. PD-217014), chloride channel openers {(e.g. lubiprostone), dopamine
antagonists (e.g. itopride, metaclopramide, domperidone), GABA-B agonists {e.g.

baclofen, AGI 006), kappa opioid agonists (e.g. asimadoline), muscarinic M; and M,
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stearatc (10 g) are thoroughly blended. The resulting composition is loaded into a hard gelatin capsule
(260 mg of composition per capsule). Formulation Example B: Hard Gelatin Capsules for Oral
Administration A compound of the invention (20 mg), starch (89 mg), microcrystalline cellulose 20 (89
mg), and magitesitgistearate (2 mg) are thoroughly blended and then pessastinsnsgiva No. 45 mesh
U.S. sieve. The resulting composition is loaded into a hard gelatin capsule (200 mg of composition per
capsule). ForgpulationFramplaifmigslatiniGapssesferOral Aminstiationte cycAscompound of the
invention (10 mg), polyoxyethylene sorbitan monoolcate 25 (50 mg), and starch powder (250 mg) are
thoroughly b|é‘ﬁ%%%%@-%é?#&&&@hﬁ?ﬂ&%@&ﬁﬂn&%@uﬂe“{é&é% gf]c]t}r??position per capsule).
Formulation ExampléubRieitabletdifionDrabAdikiniSinationeApempaiend afthsoiny énttersfSmig), starch
(50 mg), and mj [ ” r through 0.-45 .S, sieve and
ixechorouT R B b T the
resulting éomﬂ%ﬁé?’ NEHIS-nRStORdds tashtPassbentndudit N oresantrip sHhar@estepdy The granules so

produced are.grigghakaROG and:Raased ANRUGRA NG LS MeshihBy sia¥EROHEI WD
2009/076408PCT/U, S2008/086171 carb%gymethyl starch (4.5 , magnesium stearate (0.5 mg) and

g
talc (1 mg), Wi REVEBrENEH & BRHRESHY RYSTEH 2 NB28E 1hesH 1 eibe, are then added to
the granules. tAftepauixing;rtlh e dmixisredd nommphésgac oritla {abletonathinketoredforch artablet weighing

100 mg. 5 Fog;gyégﬂp& ﬁfé@[ﬁ:ﬁ%eo% Eﬁp&%)[%%@é’%$mi‘n’i5%?@a A compound of the invention

(25 mg), microcrystalline cellulose (400 mg), silicon dioxide {iO mg), and stearic acid (5 mg) are
thoroughl§) blended AfrPIfiBa EohiiiessEd e iRstPrrapstdonsad ylofedaiboiton perdabiet).

Formulation Exapaplei: Singieseeras Eakieta Boyv@ral Administration 10A compound of the invention
(15 mg), cornstarch , lactose (120 mg), and magnesium

ﬁoljgw , .croscfarn‘i?ell e sodium (25 mg%j :

stearate (5 mg) are thS &% hIATRE BN YRUR EBFRTHAL S S R LiiGa) SLRRINH WPEt (215 mg of
compositionstpeptabtatihfeotimulation Example G: Suspension for Oral Administration The
following ingredients are thoroughly mixed to form a suspension for oral 15 administration containing

100 mg of activetirédidrvpetert My élsiaienansiutes for Oral Administration
15 A compound of the invention (50 g), spray-dried lactose (200 g) and magnesium
stearate (10 g) are thoroughly blended. The resulting composition is loaded into 4 hard

gelatin capsule (260 mg of composition per capsule).

Formuilation Example B: Hard Gelatin Capsules for Oral Administration

A compound of the invention (20 mg), starch (89 mg), microcrystalline cellulose

b
<

(89 mg), and magnesium stearate (2 mg) are thoroughly blended and then passed through
aNo. 45 mesh U .S. sieve. The resulting composition is loaded into a hard gelatin capsule

(200 mg of composition per capsule).

Formulation Example C: Gelatin Capsules for Oral Administration
A compound of the invention (10 mg), polyoxyethylene sorbitan monooleate
25 (50 mg), and starch powder (250 mg) are thoroughly blended and then loaded into a

gelatin capsule (310 mg of composition per capsule).

Formulation Example D: Tablets for Oral Administration
A compound of the invention (5 mg), starch (50 mg), and microscrystalline
cellulose (35 mg) are passed through a No. 45 mesh U.S, sieve and mixed thoroughly, A
30 solution of polyvinylpyrrolidone (10 wt% in water, 4 mg) is mixed with the resulting
powders, and this mixture is then passed through a No. 14 mesh U S, sieve. The granules

so produced are dried at 50-60°C and passed through a No. 18 mesh U.S. sieve. Sodium

20



IngredientsAmount Compound of the invention0.1 g Fumaric acid0.5 g Sodium chloride2.0 g 20Methyl
paraben0.15 g Propyl parabcn0.05 g Granulated sugar25.5 g Sorbitol (70% solution)12.85 g Vecgum k
(Vanderbilt Co.)1.0 g 25Flavoring0.035 mi. Colorings 0.5 mg Distilled water g.s. to 100 mL Formulation
Example H: B®& Rowden€omposition 30A micronized compound of the ingentienghsmg) is blended
with lactose (25 mg) and then loaded into a gelatin inhalation cartridge. The contents of the cartridge

are administeragd4siagR, Pyyderd @hﬁ#@fnﬁgﬁ%%ﬁ{'&@a%mﬁ'%é) Am%i@?i%@rw@%me A
ble

compound of the invention (0.1 nded with 0.1 M sodium citrate buffer 35 solutlon (15 mL). The

pH of the restﬁH’g’j’%%YuﬁFﬁﬁ HE EfB’eﬁ{ba&L?éﬂﬁﬁghP Aot then added to the granules.

After mixing, the mixture is compressed on a tablet machine to afford a tablet weighing
100 mg.

5 Formulation Example E: Tablets for Oral Administration
A compound of the invention (25 mg), microcrystalline cellulose (400 mg), fumed
silicon dioxide (10 mg), and stearic acid (5 mg) are thoroughly blended and then

compressed to form tablets (440 mg of composition per tablet).

Formulation Example F: Single-scored Tablets For Oral Administration
10 A compound of the invention (15 mg), cornstarch (50 mg), croscarmelfose sodium
(25 mg), lactose (120 mg), and magnesium stearate (5 mg) are thoroughly blended and

then compressed to form single-scored tablet (215 mg of compositions per tablet).

Formulation Example G: Suspension for Oral Administration
The following ingredients are thoroughly mixed to form a suspension for oral

15 administration containing 100 mg of active ingredient per 10 mL of suspension:

Ineredients Amount
Compound of the invention 01g
Fumaric acid 05¢g
Sodium chloride 20¢

20 Methyl paraben 0.15¢
Propy! paraben 0.05¢
Granulated sugar 255¢
Sorbitol (70% sotution) [285¢
Veegum k (Vanderbilt Co.) 1.0g

25 Flavoring 0.035 mL
Colorings 0.5 mg
Distilled water q.s. to 100 mL

Formulation Example H: Dry Powder Composition
30 A micronized compound of the invention (1 mg) is blended with lactose (25 mg)
and then loaded into a gelatin inhalation cartridge. The contents of the cartridge arc

administered using a powder inhaler.

Formulation Example J: Injectable Formulation
A compound of the invention (0.1 g) is blended with 0.1 M sodium citrate buffer
35  solution (15 mL). The pH of the resulting solution is adjusted to pH 6 using 1 N aqueous
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hydrochloric acid or 1 N aqueous sodium hydroxide. Sterile normal saline in citrate buffer is then
added to provide a total volume of 20 triL. Formulation Example K: Single-scored Tablets For Oral
Administration A compound of the invention (10 mg), oxycodone hydrochloride (10 mg), 5 cornstarch
(50 mq), crosgarmefosérsodium (25 mg), lactose (120 mg), and magnesramsigmsates (A mg) are
thoroughly blended and then compressed to form single-scored tablet (220 mg of compositions per

tablet). FormulatigpBxamplesk 1 Inigstable HanmylatenAcomparng-ohilainventiendo.-1 g) and
oxycodone h)é(}]l#gchloride (0.1 g) are 10 blended with 0.1 M sodium citrate buffer solution (15 mL). The

pH of the resttiig SIS LginEd46 19t e 0G4t KPdBheous hydrochloric acid or 1 N agueous
sodium hydroxide, Bterile. a?némgk.s%?%%i-@c%ift@ 1o Buifferis then 2 n%%gt;%%rﬁovide a total volume of 20
t )t t '

mL. It will be understood that any’form of the compounds of the invention, (i.e. free 15 base,

pharmaceutical salt2otosatoute ofiae issuitable fopeheopriadenahrsserblotigehthisgation, can be used
in the phaymagewicah GamRgsitians: HirausseshaRorS Witk the BrearhoxyRieRyRERptetralin
compounds of the inyention are antagonists at 20 the mu opioid receptor and therefore are expected
to be useful fﬁtie??@?témea&?ctg%%?% e sd gt derpyFmrspittdy Seaptiie sresebElid with mu
opioid recept@i2fictigity, dompmedhealpeonditions which are ameliorated by treatment with a mu opioid
receptor antagonist. In particular, the compounds of the invention are expected to be useful for treating
adverse effects'zgdatiaméaarivye dsénfeopisid aralggsics, i.e. symptoms 25 such as constipation,
decreased gastric empdyipgRFaRINALRA. B193tRg: BRVSRRnaNTRASIRRRqBNAgEAL reflux, termed

coIIectivel% og%%;indu ed bowel dysfunction. The mu opioid receptor antagonists of the invention are
te

also expt 58 a8l oM im0 04> Sl ot B PErdhe Ee Hitility of the
gastroi ntes_ti ml}mtz‘mt thatjacclits ﬁﬁ;énab@drm nauenoethedrsviipely adil ad dionuitdiasdiean suggested
that mu OP'0'ﬂﬁﬁ%ﬁ&&&pﬁé&@%@i%&(ﬁ&%’%ﬁ?&%@é@ lljs.ec}ye%ea%]

Jo5 [eversing,apigidingiiced nausea
and vomiting. her, those mu opioid receptor antagonists ex |%|tiné)some cen raf)penetration may

be useful in thé3Peatment of dependency on, or addiction to, narcotic drugs, alcohol, or gambling, or in

preventing, treatingzanglet aRBIAaHINGORGYm YWRLQANHOILAMBRE TIWRR00§(Q8R1Z1  Since
compoungs of the invention _inﬂgrie?fse motility of the gastrointestinalé(llgaﬂlj)gtract in animal models, the

compourlds at¥ ERSEETEGTS B e hTI Y ARG HiLtREE bR RS EPe4688d by reduced motility
in mammals, aticlisdétrgtibueanse SuwdhGhaphtitiha cistcdersnipokidieshiyseayeokustration, chronic
constipation, constipation-predominant

Utility

The 3-carboxypropyl-aminotetralin compounds of the invention are antagonists at

b
o

the mu opioid receptor and therefore are expected to be useful for treating medical
conditions mediated by mu opioid receptors or associated with mu opioid receptor
activity, i.e. medical conditions which are ameliorated by treatment with a mu opioid
receptor antagonist. In particular, the compounds of the invention are expected to be
useful for treating adverse effects associated with use of opioid analgesics, i.e. symptoms
25 such as constipation, decreased gastric emptying, abdominal pain, bloating, nausea, and
gastrocsophageal reflux, termed collectively opioid-induced bowel dysfunction. The mu
opioid receptor antagonists of the invention are also expected to be useful for treating
post-operative ileus, a disorder of reduced motility of the gastrointestinal tract that occurs
after abdominal or other surgery. In addition, it has been suggested that mu opioid
30 receptor antagonist compounds may be used for reversing opioid-induced nausea and
vomiting, Further, those mu opioid receptor antagonists exhibiting some central
penetration may be useful in the treatment of dependency on, or addiction to, narcotic

drugs, alcohol, or gambling, or in preventing, treating, and/or ameliorating obesity.

22



5 irritable bowel syndrome (C-IBS), diabetic and idiopathic gastroparesis, and functional dyspepsia.

In one aspect, therefore, the invention provides a method of increasing motility of the gastrointestinal
tract in a mammal, the method comprising administering to the mammal a therapeutically effective
amount of a piiarengieaytal composition comprising 10 a pharmaceuticalyraseeptedsiercarrier and a
compound of the invention. When used to treat disorders of reduced motility of the Gl tract or other

conditions mediatecgmereyr%mﬁsr BEER RS SanReURda Rl hredpyeniamwilhlypesplly be

administered orally in a single daily dose or in multiple doses per day, although other forms of
administratiof 2} BETEEROEr SE0mpRe B it RIS Irdn Rty f?éérf’f)tﬂ’s%-dfgrgﬁrér%ﬁive ileus, the
compounds chtH@! invenrtiosedigy-bmadmicisterechpatenteraljudibe mmeuntk-aciiveadent
administered ey dosor tedotal Amaut adminisisred perdavilivbisalibe determined by a
physician, in the light of the relevant circumstances, including the con ition 10 e treate , the chosen
route of adlmitifdaaldartisucivalcdmpourtahdmirmstakensdnd sestremativss anti fynctinadge, weight, and
response of thgsg@dndividual patient, the severity of the patient's symptoms, and the like. Suitable
doses for treating disorders of reduced motility of the Gl tract or qther disorders mediated by mu opioid
receptors will range' Fr8R A5t 506671 d SBBIRES REIKIIEER B A 0L BFEHPHRIBHTHY Hom about
0.0007 to abokut dadrmigiégitdayraban anmavenalg eh@ thkg dilenan; g wiznild ssriog nt fie:from about 0.05 to
about 100 m r acti ; n one.aspect of the invention,.the compounds of the
vention arer e oo e SR B ot ced bowel
dysfunctidh, thebeshipatiisaroterre e ptiorn iy pleamube elahe iseatiss orally in a single daily dose

or in multiple dosesywekdaxdRseferall-1ba dpsafardissing opitids R indusad-Reweligysfunction will
range from abo%;?(é)égg to about 100 m% er day. Igmai\][r%other aspect of the inyention, the compounds

of the inventi&i S AL WAL BESREhe AR SRR A AL t8 1Ll 8L Brative ileus, the
compounds cfdthavisteedtioalyil typicad yidie ddraimi sterattiptalysos pirdavenahsiyglirotaingle daily dose
orin WO 20 7 >CTIUS2008/ 1 mult] e eferably. t se for eating
postoperative Iora il gt R boat ok b Aba abs L iSRG 2

15 operative ileus, the compounds of the invention may be administered parenterally. The

amount of active agent administered per dose or the total amount administered per day

will typically be determined by a physician, in the light of the relevant circumstances,

including the condition to be treated, the chosen route of administration, the actual

compound administered and its relative activity, the age, weight, and response of the
20 individual patient, the severity of the patient's symptoms, and the like,

Suitable doses for treating disorders of reduced motility of the GI tract or other
disorders mediated by mu opioid receptors will range from about 0.0007 to about
20 mg/kg/day of active agent, including from about 0.0007 to about 1.4 mg/kg/day. For
an average 70 kg human, this would amount to from about 0.05 to about 100 mg per day

25  of active agent.

In one aspect of the invention, the compounds of the invention are used to treat
opioid-induced bowel dysfunction. When used to treat opioid-induced bowel
dysfunction, the compounds of the invention will typically be administered orally in a
single daily dose or in multiple doses per day. Preferably, the dose for treating opioid-

30 induced bowel dysfunction will range from about 0.05 to about 100 mg per day.

In another aspect of the invention, the compounds of the invention are used to

treat post-operative ileus. When used to treat post-operative ileus, the compounds of the

invention will typically be administered orally or intravenously in a single daily dose or in
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The invention also provides a method of treating a mammal having a disease or condition associated
with mu opioid receptor activity, the method comprising 5 administering to the mammal a
therapeutically effective amount of a compound of the invention or of a pharmaceutical composition
comprising a¥8Y0THdI8f the invention. As described above, compound§BfUsreokashtion are mu
opioid receptor antagonists. The invention further provides, therefore, a method of antagonizing a mu
opioid recepteninigdaaspimal dhe PRI ICOMPIIHHANRINSISNG RLAIRI6Of g d 0 invention to
the mammal.ﬂ_ poe nbuog];t)ioig r(%t:l%Btor ant%%onists of the invention are optionally administered in
combination With aRth é)r%lﬁ)élutlc aﬁ%ﬁ%r Jgents, in particular, in combination with opioid
analgesics or with pfbkinetintmgehts motingsdanstredod opitig meetrarbnsingectisdigty, in another
aspect, the MegesARGLEATRAIHoRS AP IGRHaN 1IN I ARMBSISG Rifiyerapeuticall effective

amount of an opioid analgesic or another prokinetic agent. The methods of the invention include, for
example, & niEstREUsET isogdhigrsiprel e ity e diad efides BesBeraE @ (igo mRevsH & Bpioid agent in a
mammal, theimetiiod comprisingadmiciseringdvithemprma aanepinitagent anchagompound of the
invention. 20In addi '%rcli,etgg %8%)0léncds of ,th§1 in}zﬁnti.on are also useful,.as research tools for
investigating or studying Sblolfoglca Vsy’/s eme o %3m?ﬁé¥§vﬁ%\}?ﬁ’gaﬁﬁl %B%?d rléeé’gﬁtt%'rs, or for discovering
new compoundidranity i opigitarbtetitormsetivity. thayfsuitabletbisl ofmaksystem omsample having
mu opioid receRtars may.be, SRRIANEH {He%&'ilﬁ‘dgiﬁﬁn%%ctﬁdﬁ%%& RAYGIRAeitharn vitro or in
vivo. Representative biological systems or 25 samples suitable for such studies include, but are not
limited to' cell8YeXiRN4P SeFad¥ Blasma membranes, tissue samples, mammals (such as mice, rats,
guinea pigs, rabbitsTHegs, @igsd edccpanentagolikes Jha-atfesisof seniaaing vabisliggisalsystem or
sample compég%%gnat@ry‘g ioilgo{g%%gt%r wi%p a QO{n?oun of thergnv?ntion ar .dettermir% d using
conventional procedures and’ eunpmSn ,eélugh S Hea%&(‘q)ﬁlélaﬁnad C}jn%ﬁhla 505%53?‘%%)6‘ 30" functional
assay describgebhiereitgeriothewiirpibiatiaggays kriownimnbrerantoSochnferietional assays include,
but are not linjteg i Jigandimadialgdchanarmininiircsliias ayRisadenssing manpphosphate

(cAMP), ligand-mediated changes in activity of the enzyme adenylyl cyclase, ligand-mediated
changeslig intURBGFSHTHCGMEHARYE TSI AP RB SpiRife talTPic SLE RS TR TP 7S

(guanosine 5a@:A7-thie)iiphasifaie)inWai2d 0RI0d§408R&ALS 200810861 Fhwnifg BP-Eu, into isolated
membranes via rect%g)tor c&tg&zz d exch%g%tgf GTP analog

Gve s d exch GTE an: Effor GDP analogs, and zind-mediated
changes in fr8e ntraceniar CarGUnTI6RC A STitaBIR" EBRCERtrAEEH B L LB} invention for

hitratoh 8 acompo?unamo‘f
such studies typivaHipgadgesifromeaiocit Masmorhalarioidbputt 500 namgraidroBi¥hen using
compounds af thedgyention as research tools for discovering new compounds have mu opioid

receptor activity, binding or functional data for a test compound or a group of test compounds is
Compare%)oto the mdb gm%(gg?)fgpmﬁsgo&he invention are also useful as research tools for

investigating or studying biological systems or samples having mu opioid receptors, or
for discovering new compounds having mu opioid receptor activity, Any suitable
biological system or sample having mu opioid receptors may be employed in such studies
which may be conducted either ir vitro or in vivo. Representative biological systems or

25 samples suitable for such studies include, but are not Jimited to, cells, cellular extracts,
plasma membranes, tissue samples, mammals (such as mice, rats, guinea pigs, rabbits,
dogs, pigs, etc.} and the like. The effects of contacting a biological system or sample
comprising a mu opioid receptor with a compound of the invention are determined using
conventional procedures and equipment, such as the radioligand binding assay and

30  functional assay described herein or other functional assays known in the art. Such
functional assays include, but are not limited to, lipand-mediated changes in intracellular
cyclic adenosine monophosphate (cAMP), ligand-mediated changes in activity of the
enzyme adenylyl cyclase, ligand-mediated changes in incorporation of analogs of

guanosine triphosphate (GTP), such as ["S]GTPYS (guanosine 5-O-(y-thio)triphosphate)
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functional data for a compound of the invention to identify test compounds that have superior binding
or functional activity, if any. This aspect of the invention includes, as 10 separate embodiments, both
the generation of comparison data (using the appropriate assays) and the analysis of the test data to
identify test cotpwontesf interest. Among other properties, compounds/ usaheitmantion have
been found to exhibit potent binding to mu opioid receptors and little or no agonism in mu receptor

functional assaysTHRG! ¢iRS §ydhe FRMROMALSQS the jnyenlion e RaleRt BrEameid reeestor 15
antagonists. Further, compounds of the invention have demonstrated predominantly peripheral activity

as compared With TEHiEs ARNVETLETaEAIcd SORTh A fAih Gt SIET PRSP eS8 ipounds can

be expected irnexerséoopitidinguced sedudtionsiin G sotilitydidthepit-itterie gaghwith:thetbeneficial

central effects ggm%%adb'g[}%@o%%g{&@; as well as the utility of the compounds of the invention,
can be demonstrated 20 using various in vitro and in vivo assays well-known to those skilled in the art.

Representative assaVicansigeseregifsfefthefaeraiirinesesiduined sxatiprsriBXMPLES 25The

following synthgticoamst hilogicahexarepigrAsertfereddmillustiateithe inveriianeand are not to be
construed in ang\?vga as limiting the scope of the invention. In the examples below, the following

abbreviations REPEHE ¥ohSTRHE & FNGRUARLS SRS LIRSS SR ALIFSOIREBIS AB Lhefined
below have tHeicgendally faceeptesbmeanitigSnB3OMGNs dbetofyi trie cAePrindcetic fasid

A et PN v
10 separate embodiments, both the generation of comparison data (using the appropriate
assays) and the analysis of the test data to identify test compounds of interest.

Among other properties, compounds of the invention have been found to exhibit
potent binding to mu opioid receptors and little or no agonism in mu receptor functional
assays. Therefore, the compounds of the invention are potent mu opioid receptor

15 antagonists. Further, compounds of the invention have demonstrated predominantly
peripheral acttvity as compared with central nervous system activity in animal models.
Therefore, these compounds can be expected to reverse opioid-induced reductions in Gl
motility without interfering with the beneficial central effects of analgesia. These
properties, as well as the utility of the compounds of the invention, can be demonstrated

20 using various in vitro and in vivo assays well-known to those skilled in the art.

Representative assays are described in further detail in the following examples,

EXAMPLES
25 The following synthetic and biological examples are offered to illustrate the
invention, and are not to be construed in any way as limiting the scope of the invention.
In the examples below, the following abbreviations have the following meanings unless

otherwise indicated. Abbreviations not defined below have their generally accepted

meanings.

30 ACN = acetonitrile
AcOH = acetic acid
Boc = tert-butoxycarbonyl
(BochO = di-tert-butyl dicarbonate
DCM = dichloromethane

35 DIPEA = N,N-diisopropylethylamine
DMF = N,N-dimethylformamide
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WO 2009/076408PCT/US2008/086171 HMSO =dimethyl sulfoxide EtOAc=ethyl acetate EtOH=ethanol
HATU=N,N,AP,Nr-tetramethyt-0-(7-azabenzotriazol-1-y1)uronium 5hexafluorophosphate MeOH
=methanol MeTHF2-methyl-tetrahydrofuran MTBEmethyl ten-butyl ether RTroom temperature
10TFA=trifludYo=286té a8l THF=tctrahydrofuran Reagents and solvenis/igpessaétHased from
commercial suppliers (Aldrich, Fluka, Sigma, etc.), and used without further purification. Reactions
were run under nitrqges@d5 atmosphereiniessated otherwise. Progress of reaction mixtures was
monitored by thin layepghromatograghy £ddt&td, analytical high performance liquid chromatography
(anal. HPLC), and ntaSE spectrometmralReaction mixtures were worked up as described specifically in
each reaction; comriaily they were/piiiigdbtrexirdigtion(dndabtheptpiaridic bydnrmethods such as
temperature-, and solvent-dependehtpriéeipieitionhdte 20 addition, reaction mixtures were routinely
purified by preparatMeHPLC=typicall§timsiply Microsorb C18 and Microsorb BDS column packings and
conventional eluent$1CHracterizattoefyéaeiiioh $rddidets was routinely carried out by mass and
i1-NMR spectromet TBE NNIR meﬁ@ﬁﬁ@ﬁféﬁﬁ"éﬁrﬁ%s were dissolved in deuterated solvent (CD30D,
CDC13, § DMS0-(15), and 1H-NME° %g%f%ﬂacquired with a Varian 25 Gemini 2000 instrument

(400 MHz) under stangard oszervatﬁegér%ﬁﬁé%gﬁéi%@ ass spectrometric identification of compounds
was performed by an electrospray ionization method (ESMS) with an Applied Biosystems (Foster City,

CA) model AP1 150 EX instrument or an Agitent (Palo Alto, CA) model 1200 LC/MSD instrument.
Preparation 1: 7,7-dfegpRis-tifiyebyis, > 7emaeipatil /e tommercial suppliers (Aldrich, Fluka,

Sigma, etc.), and used without further purification. Reactions were run under nitrogen

I5  atmosphere, unless noted otherwise., Progress of reaction mixtures was monitored by thin
layer chromatography (TLC), analytical high performance liquid chromatography (anal.
HPLC), and mass spectrometry. Reaction mixtures were worked up as described
specifically in each reaction; commonly they were purified by extraction and other
purification methods such as temperature-, and solvent-dependent precipitation, In

20 addition, reaction mixtures were routinely purified by preparative HPLC, typically using
Microsorb C18 and Microsorb BDS column packings and conventional eluents.
Characterization of reaction products was routinely carried out by mass and "H-NMR
spectrometry. For NMR measurement, samples were dissolved in deuterated solvent
(CD:0D, CDCL,, or DMSO-de), and 'H-NMR spectra were acquired with a Varian

25  Gemini 2000 mnstrument (400 MHz) under standard observation conditions. Mass
spectrometric identification of compounds was performed by an electrospray ionization
method (ESMS} witk an Applied Biosystems (Foster City, CA) model API 150 EX
instrument or an Agilent (Palo Alto, CA) model 1200 I.C/MSD instrument.

Preparation 1: 7,7-diethyl-5-hydroxy-14,2,7,7a-tetrahydro-1-aza-

30 cyclopropa[blnaphthalene-1-carboxylic acid fert-butyl ester

a. 7-Amino-6-bromo-8,8-diethyl-5,6,7.8-tetrahvdronaphthalen-2-ol hydrobromide
To a flask was added 7,7-diethyl-5-methoxy-1a,2,7,7a-tetrahydro-1H-1-aza-

cyclopropa[binaphthalene (268 g, 1.16 mol) and hydrogen bromide (1.97 L, 17.38 mol),

followed by tetra-N-butylammonium bromide (38 g, 0.12 mo!). The reaction mixture was
35  heated at 100 °C overnight with stirring, cooled to room temperature and then poured into

stirred ethyl acetate (2.5 L). The product was isolated by filtration, the filter cake was

washed with ethyl acetate (2 x 200 mL) and dried to yield crude product (370 g) as a
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30cyclopropalbinaphthalene-11-carboxylic acid tert-butyl ester a 7-Amino-6-bromo-8 8-diethyl-5 6 7
8-tetrahydronaphthalen-2-ol hydrobromide To a flask was added
7,7-diethy1-5-methoxy-la,2,7,7a-tetrahydro-1H-1-azacyclopropa[b]naphthalene (268 g, 1.16 mol) and
hydrogen bro¥§ldéteR 708 17.38 mol), followed by tetra-N-butylammoniRET#6H8€3638.g, 0.12 mol).
The reaction mixture was 35 heated at 100C overnight with stirring, cooled to room temperature and
then poured iptepsitiirediethilasetrtprodibilyd heRiduch wasisqinted by fliratien, dheofilter cake was
washed with th acetate (2 x 200 mL) and drie ield crude roduct rplish solid.
The crude prg uch Wasas}%g reesrll1 ed |Sr%ue é"ﬁ%lc?f %ét r?ﬁe t?%"t S5t %‘f?é %rq\gﬁa&t he resulting
slurry was codledwkeod Mmmﬂewem@ﬁeéwd‘:m@@rwlme f{skahehfiltesncakk stlith were
washed with glogRcd (6ot S0 RAIBEANMD e@wke&ﬁ@e@o@g&,ﬁma@gze’ eghpyergight to yield the
titte compound as a solid. (275 g, -96% 5 purity).

7,7- Dlethgl @Wﬁi’)oxy la,2,7,7a-tetrahydro-1-aza- cycloproparblnaphthalene 1- carboxylic acid

tert-butyl est r - _ o gf 7- a{nl i? 2l 068 eatlhllg 60a e ron:ilphthalen -2-ol
hydrobromide A® -*M’M RS B AP RS Tium 10 hydroxide
in water (106 m A& Treaction mixture was stlrred at 25 C for 2 h, di-tert- butyklicarbonate (15 g, 68

mmol) in ethyl acetake ‘(5%‘?&)%5@&%@‘%@%&&%ﬂﬁhﬁﬁ&t&ﬁéﬁ%@mm@@ﬂﬁﬂ%@mhemperature for
2hh FO"?Wln%i@m&Mﬁh@é (ElpetQl@%%ﬂ%ﬂ)@ﬁﬂlkﬁ@%%@a%gﬁ)mm%tmigagm ﬂe)awei a(_JII_?]ed fl:lnd
the resulting was stirre mperature over 30 min a overnight. The slurry
was flltere(% jﬁé %ﬁ(%ﬁénfwaet? (féé W(/iarg ﬁ\%g Hih Wéfﬁe@fdﬁ)mﬁ Ahdec ﬁﬁ%‘épéﬁaﬁ%f (50 mL), and
dried under vheylinddgive the gite conubourehl 4c3tefk Braparadioni@:d and the reaction

trans-(7- Cyaq{l’ngtu]fe%g Mn%cm‘?%@%%e% er%tﬁré%ra@){drl%]m %qjﬁﬂoga}/%?;tﬁaten@ ?%g tert-buty!

ester  atrans-(1 1-Diethyl-7-hydroxy-3-methoxy-1, 23,4-tetrafydro- nap yl) 20carbamic
acid tert-butyFBsteicetateridss silrpeptane (135 mL) was added and the resulting shurry was stirred

7,7-diethy1- Sahyafmwe&aweao{eﬁrmm%mmI9me&%1@@phm@k%@ylv@@rh%@ép afid tert-butyl

ester (170.0g, 5 mol) and methanol ( as added p ridinjump-toluenesulfonate (13.4 g,
53.6 mm}oq) a ﬁ‘% 8@3 %T ﬁﬁ%ﬁ?&rw&ga&ﬁé%é?% %ﬁ%‘# WH AR ’I{’I%éﬁfalv&a%{?e‘m?ged by rotary 25

evaporation tor898aniumesutivgin Gkhiokmyditel $ldrdys)The product was isolated by filtration; the filter
cake was washed with cold methanol (50 mL) and dried in air for 3 h to yield the title compound (150
g). The filtrate was f&cipaeestiton G0 wis-4Rd stined, hidie @ fb8-Adetiiardd, dpdtciabivibryield additional
product (25 g).  bnapinbalmifiZotpondtmaiestitsencladid #sten-butoxycarbonviamino-8,8-diethyl-6-

30methoxy-56 7.3:tetrahypiginaniing o, 2.3 AR O aphihalen 2D
trans-(1,3sdiethyirizRydierdyrs:mathexrl, 2,3,4-tetrahydronaphthalen-2-y1)-carbamic acid tert-butyl
ester (195.0 g, O. 558 molz1 tr|e f’i&hl[{]ﬁellﬁo mL, 1,1 mog and ethﬁ‘i acetate (2000 mL) was stirred at
room temperature for 5 min and c6oied o %%ﬁ%éved bR EGAZ8t trifluoro- methanesulfonyl

chloride (150cg’ciopropd[b]naphthdlene I-carboxylic acid rert-butyl ester (170.0 g, 535.6 mmol) and

methanol (1700 mL) was added pyridinium p-toluenesulfonate (13.4 g, 53.6 mmol) and
the reaction mixture was stirred at 40 °C for 4 h. The volume was reduced by rotary

25 evaporation to ~300 mL resulting in a thick white shurry. The product was isolated by
filtration; the filter cake was washed with cold methanol (50 mL) and dried in air for 3 h
to yield the title compound (150 g). The filtrate was reduced to ~50 mL and stirred at §
°C for 2 h, filtered, and dried to yield additional product (25 g).

b. frans-Trifluoro-methanesulfonic acid 7-tert-butoxycarbonylaming-8,8-diethyl-6-
30 methoxy-5.6.7.8-tetrahvdro-naphthalen-2-vi ester

A mixture of trans-(1,1-diethyl-7-hydroxy-3-methoxy-1,2,3 4-tetrahydro-
naphthalen-2-yl)-carbamic acid tert-butyl ester (195.0 g, 0.558 mol), triethylamine (160
mL, 1.1 mol) and ethyl acetate (2000 mIL} was stirred at room temperature for 15 min and

cooled to 0 °C followed by slow addition of 'tri‘fiuoroq'ﬁethanesuifonyi chloride (150 g,
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WO 2009/076408PCT/US2008/086171 0.89 mol) keeping the internal temperature below 4 C. The
resulting slurry was stirred at O C for 1 h. Additional triethylamine (16 mL) followed by additional
trifluoromethanesulfonyt chloride (15.0 g) was added slowly maintaining a temperature below 5 C. The
reaction mixty@ Qg tfed at room temperature for an additional hour. BEOWUt#H6GE {1.0 L) was
added and the reaction mixture was stirred for 10 min at room temperature. The layers were

separated; the yganiiypiWwaswashachwithaittetbNaHCOBheL-&lians themveonaeattated to -350
mL by rotary eyaporation 8 C and stirred at room.t erature for 30 min. Heptane (700 mL) was
added and th(Z r%%ftgﬁ;}n% sﬁ%} rﬂ?%%lstgﬁtrf?%l‘&%]tnFo&){r%I?r(’—:'ﬂr%f@r%fﬁ?eg o%ég g Hﬁ? cooled to 4 C and stirred for
1 h. The 10 stniiit@mm@ﬁ@hﬁ@mkﬂqmyh@ﬁ@d@miﬂﬁﬁb@tm,aéqimiimemi]driee’h@rirdgg vaouperrtoyield the title
compound (1939,6 2971%. putibh The.filtale was eanceniatarsluried in anisapiopyhacetate and
heptane mixture (1:3, 60 mL) over 30 min, filtered and dried to yield additional product (45.0 g, >97%
purity). c. randlprethansl A Laiwanidedaaaibrycrcron mitdiramginsh nHiepip 8/ 19%arbarnic 15acid
tert-butyl estagmperatliiflutkeimethanasifenic acitk srigHmd e yCartamdaminodts-diethy1-6-
methoxy-5,6,(,8-tetrahydro-naphthalen-2-y1 ester (236.6 g, 0.49 mol) was dissplved in

N,N-dimethyl o%{ngﬁ?i égééo%i“?%p@,e%%%%ﬁ cartl%l véa%l e@??%?g%aﬁ ivﬁé“f%%(fféif %O%d‘rfré%peratu re. The
solution was glirgedtwathriiregesifiorBriirmandidrsme 6Hitoiedvtes 20dhd asé thaceswitifor 5 min.

Nitrogen purging-and EXPRIURE JG-Y ASHMMMRSSEReALRI J0iR] ] 9 B g agHeR Mbtyrepyas added zinc
cyamdeé?.z , 0.29 mot), tris(dibenzylideneacetone)dipalladium(0) (4.4 g, 4.8 mmol) and 1,1'-
ylpﬁ%@ﬁ

bis(diph ATRE) farFEde e s d v o hisio Anditr R iR R RS HBIOR Hitkddke Wis purged with
nitrogen for Scorifpohigatedsungermitiogenyat The Qier vhs cadladrie2>kea0d iampReptdrgland then
filtered through celite. The filtered reaction mixfure was added slowly to,water (3 L), cooled to 0 C with
Stiring, StreR IR S0 INED Eo it Aok g ik lrec A A SR water (500 L) and
dried in air forditioshirpieduirt thamPPT to)pwitty stirring over 1 h, and then filtered to give the title
compound (165.0 g, >96% purity). The filtrate was dried (21.6 g) and dissolved in ethanol (110 mL) 30
with stirrin TS o-Felsighy slopsiiosk-fife fettigiahydiaqng Ieardi e RPAIIE additional
product (‘1%.2 g, 288derthutl &SR0 2009/076408PCT/US2008/086171 Preparation 3:
trans-(7-Carbamoy IHifhxdiethythdandtibhoxyeldZ 34 tetoahydtonydphbimtetr-deyt) -sarbamic acid
tert-butyl est T ) t rati , . thanol (3.3 L)
s heated oL o e e Ja Ny A

N, N-dimethylformamide (851 mL, 10,99 mol) and water (23.8 mL, 1.32 mol} at room

O nv.‘ A £ ALY P )

temperature. The solution was purged with nitrogen for 5 min, and then connected to

20 house vacuum for 5 min, Nitrogen purging and exposure to vacuum was repeated twice.
To the reaction mixture was added zinc cyanide (34.2 g, 0.29 mol),
tris(dibenzylidencacetone)dipalladium(0) (4.4 g, 4.8 mmol) and 1,1
bis(diphenylphosphino)ferrocenc (5.4 g, 9.7 mmol) with stirring. The reaction mixture
was purged with nifrogen for 5 min, heated under nitrogen at 110 °C for 1 h, cooled to

25  room temperature and then filtered through celite. The filtered reaction mixture was
added slowly to water (3 L), cooled to O °C with stirring, stirred for 30 min at 0 °C, and
then filtered. The filter cake was washed with water (500 mL) and dried in air for 2 h,
slurried in ethanol (1 L) with stirring over 1 h, and then filtered to give the title compound
(165.0 g, >96% purity). The filtrate was dried (21.6 g) and dissolved in ethanol (110 mL)

30  with stirring over 1 h, and the resulting slurry was filtered and dried under vacuum to give

additional product (10.2 g, >98% purity).
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5 mmol) and water (330 mL) was added and the reaction mixture was heated at 55 C overnight.
Additional sodium perborate monohydrate (90 g) was added and the reaction mixture was heated at
55 C overnight, then cooled to room temperature, and the inorganic solids were filtered off. The filtrate
was transferi&e /@ dsddask and most of the solvent was removed by rataryusgensosaton. To the
resulting slurry was added water 10 (1.1 L) and ethyl acetate (450 mL) and the reaction mixture was

stirred at room tempe/aiRdel 20 Mk Fhegasion- mlxgygglw@&lggrggyamijhe filter cake was
washed with water @%K@H}@ﬂﬂpﬂhﬁﬁl&t%miﬁlﬁaﬁ%@(&mkmdﬂ@tw yield the title compound

(123 g, -95% purlty) e f||tr e wa ntrated t S ried ynd r vacuu to yield
additional product ( %5 Yo Sﬁl?a)ucgi)ggﬁm S’F%t ioh i%%%sg %29 flmmoH ol

trans-(7- Carb@rﬁd@MbﬁLtﬂ@th%%iﬁﬁ”efmk@:mm Sdivtetreihpdro-mapbivdien-23015.-2¥Mamic acid

tert-butyl estefmory 41 @v&‘ﬂémﬁ% Ry aNs4dacyang e LRy AR idhid at 55 °C
3,4-tetrahydronaphthalen-2-y1)-carbamic acid ten-butyl ester f 3.09,92 mmol) thanol (45 mL), DMF

(25 mL) and rrarer%lr‘fsfm&)tw% i PRBRRAG AIRMStRE O SEHBrS addd 1) borpRsEBgen
bis(dimethylphoaphirita- K&)}:ﬂlaﬂmmibl)e(&@ﬁ gh&Equmm@I}cmﬁdanq)éeﬁﬁr@mlmmwre was heated at

80 C for 24 h The react was ¢ erat re ncentrated to.dr under
WGI‘C éj%&? egg}i’i‘%‘a’[ was Wﬁ:r ?Ofuﬁrt ﬁ elg

vacuum to grve tﬁ%nﬁle compoun was tseé her puratnca i3, m/z) [M+H]
calcd for C2 1mmowermerﬁun@tawesanpmw Ta6hD MSOing OluryHAs 3ddgsimat? 92 (s, 1H),

7.64 (m, @H),(7.28(snd Hh 2&&%@@0%12%;13%&%3@@0%{%& Wt k3 B1dm)=10.0 Hz), 3.58 (m,
1H), 3.30 (s, 3H) 958 (dd, J=16.9 Hz, 1H 182§m 1H), 1.56:1.45 (m, 4H), 141 (s, 9H), 0.58

(m, 6H). preptsrafrarr‘gct?gr?& B A BRI M AAS lrﬁeﬂre%wezﬁ%eacake was washed
tetrahydro- na@hth\aheﬂ@@ﬂ)n@ﬁ?ﬂﬁh@x&@@ltﬁfétbﬂ%(ﬁ&ﬁﬁﬁa@@es@&Lrti@ﬂa ok title

trans-(7-cyang-1.1-diet 3-meth a- t dro na carb |c acid tert-buty!l
ester (8.5 g, a4 rh)mcl)]l %I@I’SC%({%@X m%{% \i’ggg (?ed“f@&%g?jf ‘ggg j° gé"r‘r)% the mixture was
stired until alablidswere dissbhvdditPoalmeoolutoh was Ydusth30 % hydrogen perOX|de (12 2 mL,
120 mmol) in 0.5 mL portions over 45 min at a rate to keep the temperature 30-35C. The reaction

mixture was diluted Withawalien R0Gam-{ afidribamopyl, hddethelGotethody-did3sbdium metabisulfitc was
added (10 g) to reddeaiegsngphbhidiens 2l ety anic depheicbeividsios aqueous layer was

extrag:tedd with ISOprqr@w ﬁ@ﬁt@&&)ﬁrﬁnlaﬁ@ @ﬁe@mq.ae%wgw IRRLORYbaceiaiR @ 100 trlL)L)Thotla .
combined organic er ere yvasne it ter (3 x.1 ura m re
o NSO AR B e B R e R s ad to %'cg?‘ccé o

C211432N204 374 2dndoumet 877 6L Prepadédtid h}@i:ﬂdo(dlmcthylphosphomeusdmd -kP)

trans-7-ARIingy; g %8 ) #d@n@ﬁi%%&pﬁlgﬁg BoRIRIYeraphihaly %fﬁ?c?g%ﬁ&ﬂ% ARGl mide

10Acetyl chlori mol) was added dropwise to ethano
mmture was heated at 80 °C for 24 h. The reaction was cooled to room temperature and

concentrated to dryness under vacuum to give the title compound (36.3 g} which was
used without further purification. (m/z): [M+H]" caled for C;HyuN,O, 377.24; found
377.8. 'H NMR (d;-DMSO, 400 mHz) & (ppm): 7.92 (s, 1H), 7.64 (m, 2H), 7.26 (s, 1H),
25 7.14(d, J=7.9 Hz, 1H), 6.64 (d, J= 9.4 Hz) 3.81 (t, J=10.0 Hz), 3.58 (m, 1H), 3.30 (s, 3H),
2.58 (dd, J=16.9 Hz, 9.4 Hz, 1H), 1.82 (m, 1H), 1.56-1.45 (m, 4H), 1.41 (s, 9H), 0.58 (m,
6H).
Preparation 5: frans-(7-Carbamoyl-1,1-diethyl-3-methoxy-1,2,3,4-
tetrahydro-naphthalen-2-yl) -carbamic acid fert-butyl ester
30 To a solution of trans-(7-cyano-1,1-dicthyl-3-methoxy-1,2,3.4-tetrahydro-
naphthalen-2-y1)-carbamic acid ferr-butyl ester (8.5 g, 24 mmol) in DMSO (105 mL) was
added K,CO; (4.98 g, 36 mmol), and the mixture was stirred until all solids were
dissolved. To the solution was added 30 % hydrogen peroxide (12.2 mL, 120 mmol) in
0.5 mL portions over 45 min at a rate to keep the temperature 30-35°C. The reaction
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6530 mmol) at -5 C over 2 h keeping the internal temperature below 20 C. The resulting solution was
added portion wise over 15 min, keeping the internal temperature below 30C, to a slurry of
trans-(7-carbamoy1-1,1-diethy1-3-methoxy-1,2,3,4-tetrahydronaphthalen-2-y1)-earbamic acid
tert-butyl est®(2@8/7¢t0827 mmol) and ethanol 15 (500 mL) that had bexiTgBelesioss T C. The
reaction mixture was stirred at room temperature for 2 h, and concentrated to -200 mL by rotary

evaporation. fthidracetaden(@aQmi wasaddadiand thegsuling. 8500 was, stifreshatko C for 30 min,
filtered and dried tog/}if;ald the %droihloride salt of the title compound (102 g, >98% purity) as a white

solid. Ln PrefS574RBA 7 CAIuBME ACHEA RitFHUSR ERISE BEEP TR HERFICHRGT SBEP Rt ure of
(R)-l-phenyl%ﬁmmb@@@aﬁegy@m%m@ vpyridipenfd 2 doamats O.5260mdl) andl 12%hethyl-tetrahydrofuran
(600 mL) was,cegled 98,6 QJ&%-(M%B%MOTL%VQQEQ{M%F&FJSJ%%Q@.Q;ae9e%s99e%f{l)a¥1é%8 gfifled over 15

min keeping the internal temperature below 5 C. The reaction mixture was warmed to room

temperatdre A#FOE StirPEdol hsatgaisd Neadt b rdufsiodasiBddied A1 ond sqEeniaigdter (300 mL).
Layers were grparatetk dhgperganicdayerwas wasnedyilnaN H1E1,(R00,m) anddakae (300 mL),
filtered, conc%%%r ted to dryness by rotary evaporation, and dried under vacuum to give the title
compound (140 g) as a clear yellow oil. Preparation 8:

(6S,11)-7-Amino-8, -diethgll-g-gethox %%G*Y,S-tgtr h[)%drona hthalepe-2-carboxylic acid amide a.

(@S 25)7-CamambSR LB T RS st SRR AR Carbamic acia
(M-1-phenyl-ethyl ester SA mixture o carbonic aci E-nitro-phenyl ester (R)-1-phenyl-ethyl ester (102

g, 357 mifol), /V,N-Gietetepioiasd ATiRI8 (206 b yranel tretaddedife 37 trthars (dhdhollwas stirred at

room tempergiae yelnig .- £Q (e gaction MU WASAGRRANERS6G 20 °C. The
amino-8,8-diethy1-6-methoxy-5,6,7,8-tetrahydro-naphthalene-2-carboxylic acid amide hydrochloride

(100 g, 320 MO RERIEMSHAT HOTRIAMER (HDE MR S iSRRG 8B RHE3 mmol). The
reaction mixtbsbowas heated iBpo€ fanb(h-anbathey-Stireidiaiiroamiprpemire-auryaight.

Approximately 90% of the DME was remove distillation at.ZQ C and the resulting thick oil was
cooled to roo%%%ﬁé%gg%g%ﬁ%?ﬁgﬁcégﬁﬁi%gg %Se%\l;v e%@aﬁﬁ)% ac%?%??g ?ﬁ%ﬁagﬁd diluted brine (500
mL). The drg&iié tiythaiagdinsheeolvdiolN) WaGke(BacBoomttiandee siad-ditradaRSO4. Most of the
solvent 15 wag:emevediy 0@y &YRparalian, 3xelumesstvhaceiaiauaresardded.and resulting
slurry was stirred at roomatf?é%?erature for 30 min, filtered and dried to %/e the title compound (48 g,

>99% chemida AAt-bBtE 5 RS hEY WasHERHAOT M RES 08 FiE 8K then with
diluted brine (Rixd209ied )hMgdtahthedschiest hasitemavecuby (Tiargy evsmeiatipnayielding a thick oil

white solid.

]
<

Preparation 7: Carbonic acid 4-nitro-phenyl ester {R)-i-phenyi-ethyi ester
A mixture of (R)-1-phenyl-ethanol (60.6 g, 0.496 mol), pyridine (42.5 mL,
0.526 mol) and 2-methyl-tetrahydrofuran (600 mL) was cooled to 0 °C and p-nitropheny!
chloroformate (100 g, 0.496 mol) was added over 15 min keeping the internal
temperature below 5 °C. The reaction mixture was warmed to room temperature and
25 stirred for 2 h. To the reaction mixture was added 1.0 M HCl in water (300 mL). Layers
were separated. The organic layer was washed with 1N HCI (300 mL) and brine
(300 mL), filtered, concentrated to dryness by rotary evaporation, and dried under

vacuum to give the title compound (140 g) as a clear yellow oil.
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20 to which ethyl acetate (100 mL) was added. A pinch of seeds of the title compound was added and
the reaction mixture was refrigerated at O C after stirring for -30 mm. The resulting thin slurry was
stirred for 5 min and filtered; flask and filter cake were washed with ethyl acetate (2 x 15 mL) to yield
additional titl&'@3PANBIMEE (4.1 g, 97% chemical and >99% optical purity, BSOASRHReEU yield). 25 b.
(68,7S)-7-Amino-8 8-diethyl-6-methoxy-5,6,7,8-tetrahydro-naphthalene-2-carboxylic acid amide
Acetyl chloride (193Pmparatidh Stmel, was addnch drepidas/ te-eilkanaly(RB07 et BQIFamMol) at -5 C
over 40 min keepingdpbtinterral-iemipasdiureibemid80 C. The resulting solution was added over 5
min, at 10 C, fo @omixireahi{a833)1 1s6arbamaydo 3,0 b gl ran dro-naphthalen-2-v1)-
ethy1-3-methoxyst, ) -carbamic aci -I-phenylethyl ester (49.0 g,
115 mmoag and ethanol, (200 mL%The reaction mixture was stirred at room temperature overnight, and
concentrated to -100 RATHF S ?8%68}%3}’?%%%%@3{6“@‘6G’MEXWQQ L4 QA& the resulting
slurry was stisredrat@ )CMoF-Bthatfg mohfitiere.0T Ind filied cakbyvaswashednljttdsthyldretate and

cied to yield e W 2PRINTGAORRCTINSA00R/0R0A TS vsrestiarie, s e e compound (30

g, >99 % purity). The volume o rate was reduced almost to dryness. Isopropyl alcohol (20 ralL)

was added afdtiset8stinthig-thiertkeiry Was-Serrdy dorsohHinlnsd fiashbedy lTHsifl ask éake was washed
i ot g o o ol A 5
>97% purity). -d6): 6 (ppm) O. , . 0. .62 (q, , 1.89 (m, , 2.
. 114 DD R0 5 S0 1 SRR RO 5T S P T, 7 91 or
1H), 7.70 (d, it Binfsrdk), R:@Bidhr, BripraxiiBa(bly; B14). dPrapBidfiona9removed by
trans-7-Aming:8.8-diet 6 Yo Y, hihalen-2- K lop of
trans-(l,l—diegzlh%%gg} ?\l %{@y@%@éﬂ%@fﬁg@%ﬁ%ﬁﬁ}?{? g)& n%}g rﬁ‘i?’é% et%%gy;z ?%aégg*r%%c acid tert-butyl
ester (6.0 g, PEDUsTvODCHY SBisIBrbAtetank 60 i flvdeddutied A Saillioho pR@Y IRCT in dioxane

(21.5 mL, 86 MQsRMERARNKNTBLELY 2 S0 mAtBISNdAg, Ak TOARUIE MBS 8 We Quamight, the
reaction mixture was concentrated at reduced pressure and dried und%Fvacuum tq give the

hydrochlttide™ 5 SRI SRS S c RS ARAN (S BogrtRT A iMSAte AiET A artrsNiti#®50.36; found
250.2. 11-1 NMRy(d6s BiSOst406hmdn)cBa(pprivy 9(RGifs filtkBa09 dhedsicdtik)s GOAtE, J=8.0 Hz, 1H),
6.61 (m, 211)60%%%@%%@6 6 m’l%n%%ég?al‘%ﬁ% .53 Hz, 5.9 Hz, 1H), 3.17 (m, 1H), 2.43 (dd,

{

J=15.5Hz, 9.6 | m, 214), 1.66-1.50 (m, 211), 0.66 (t, J=7.4 Hz, 3H), 0.54 (t, J=7.1 Hz,
314). 20Preparation 10 fifsgenrgys pmit 5814 Midw) Bedne thbxyos, b auideskied Fsinaaphthalen-2-ol
and (6R,7R)-@&Amine8)8ralirtly 1n6 J0H0%Ys2 £aéBd I8 Rl rar-nRRhbRlRBRENGlARERBIBR)-1
1-Diethyé-7-r%dr%x@- ethoxy-ﬁ@BA-tctrahy%g%-na hthal .n-2-¥1}- thcarlPamic aci%(R)-l-phenvl-ethyI
ester (RR) arid {(PE"3841 LTS ATL. 7hi ips 2995 'éSEHé%B §24ds of the title compound was
,2,3,4-tetrahydited aghthatery b rdarbamicaic g iR 4i-pRenfleetiytiester (SGnin. The

resulting thin slurry was stirred for 5 min and filtered; flask and filter cake were washed

with ethyl acetate (2 x 15 mL) to yield additional title compound (4.1 g, 97% chemical

and >99% optical purity, 38% combined yicld).

25 b, {65,75)-7-Amino-8.8-diethv]l-6-methoxv-5.6.7.8-tetrahvdro-naphthalene-2-carboxvlic
acid amide

Acetyl chloride (193 mL, 2710 mmol) was added dropwise to ethanol (260 mL,

4500 mmol) at -5 °C over 40 min keeping the internal temperature below 30 °C, The
resulting solution was added over 5 min, at 10 °C, to a mixture of ((28,35)-7-carbamoy!-

30 1,1-diethyl-3-methoxy-1,2,3,4-tetrahydro-naphthalen-2-y1)-carbamic acid (R)-1-phenyl-
ethyl ester (49.0 g, 115 mmol) and ethanol (200 mL). The reaction mixture was stirred at
room temperature overnight, and concentrated to ~100 mL by rotary evaporation. Ethyl
acetate (100 mL) was added and the resulting slurry was stirred at 0 °C for 30 min and
filtered. The filter cake was washed with ethyl acetate and dried to yield the

31



A mixture of trans-7-amino-8,8-diethy1-6-methoxy-5,6,7,8-tetrahydro-naphthalen- 2-ol hydrochloride
salt (1.00 g, 3.5 mmol), carbonic acid 4-nitro-phenyl ester (R)-1- phenyl-ethyl ester (800 mg, 2.8
mmol), triethylamine (707 mg, 7.0 mmol) and DMF 30 (3.5 mL) was heated at 90C. After 4 h, an
additional poYtidatet e@mdnic acid 4-nitrophenyl ester (R)-1-phenyl-ethy| RSEEFSERORH6E10.7 mmol) was
added, and heating continued for another 3 h. The reaction mixture was cooled and allowed to stand

at room tempeyratsrRQuRrnight dbeilMbnvyasdemovesoatyesuaey messslignand dheiresidue was
dissolved in ethyl acetate, (25 mL). The qrganics, wer hed with 1Q % sodium 35 carbonate and
saturated so&fﬁ%%%l%% ei, aried %W%eﬁ%%ﬁ%gr:%cegﬁﬁ@ﬁt%%ﬂ%g 38%%%%3&% r‘T’%%lf“rn&idue was
dissolved in rtie‘&thahm‘_s(@ml_sﬁlamfw3@@%@&"@@@56&1&1&%@@)@@@ Wum@ih’a'ﬁtﬁ_ttﬁdq mL, 3.0 mmol)
was added. g gAationmiKiuis waS SRt ALIATERPR AVIAL LA RN, AR e 50 %

aqueous acetic acid (2 mL) was added. The reaction mixture was concentrated to approximately 4 mL,

and 50% aquedlie BEEtonitHl &SR MBS vy adera) 049 fhatnibed diadtbrddthétskeré E&parated by
preparative Higl-Grang @oligcted, seppi@ielynCrude prodyict wag dipsotvas in Lifnasawpjtrile/water and

separated und}r% the %Iowing cor&?itions: column. Microsorb C18 100A 8um column; flow rate: 50
mL/min; SolveHtA: B8 Jihdtd! G705k TEAS RS Sdd seeiBhits S 0886 FA; 10 Gradient
(time(min)/% B): 0/15, 4/15, 8/40, 60/55. The pure fractions of each were pooled and the acetonitrilc

was removed at redt%@{%ﬁé@s%? e e S B S T TR O HREHEHE x 30 mL), the
ré

organic extracts wel8HHEd Wit Na2s04 and concentrated to give the title compounds. RR: 435 mg
(39 % yieR) (rtz/z): [M+sihveeted forcPyHEiND-398 &R xfoimu thex398 2.3 HitNMR¢do-HMSO, 400

mHZz) 6 (ppm), 2,0, bk ,.%a%&i%%@:eﬁtt)m}l‘%@zéfi(@logéfi'7'.5’&}5432 888 {HoRedhihe 6.52 (dd, J=8.0,
2.4 Hz, IH), 6,48 (d, J2.3'Hz, 1H), 5.70 (quar, J=6.7 Hz, 1F), 3.77 (t, 3=10.3 Hz, 1H), 3.55 (m, 1H),

3.32 (s, 3H), 9P davas2ided speftionphd. OB Ehin fioyenaZh Sl RO 3pyol 8¥e1d, 1=6.7 Hz, 3H),
1.44-1.33 (M agitd=<hG ek, 2Jmif 4 Atzer 3bhyith 51 o3 dntddizudvaioh; $63cmgdB3lneld) (m/z):
M+H lcd for C24H311\104 398.52: f d 398.2. 1H NMR (d6-DMSO, 40 Hz) 8 9.02 (s,
Y oy aecsataniedd] RARSERNIE SR8 i S Bt APRRRAISENT S
3=2.2 HZ51 Hyek S0tetide compamASIHY) 578 ((IN=H0 64, Rk, 15(m 210436 F@mds, 3H). 3.14 (dd,
I=159,5.9 Mol AT, BRI S o Bk (0.8 B oo 25 )

0.64-0.60 m, 6H), b. (68 78)-7-Amino-8 8-diet 1% methoxv-5 6 7 8-tetrahydro-nanhthalen-2-ol
=820 Hz, 1H), 661 (m, 2FT), 3.77 (m, TH), 3.41 (s, 3H). 3 30 (dd, J=158 Hz, 5.9 Hz,

1H), 3.17 (m, 11, 2.43 (dd, J=15.5 Hz, 9.6 [z, 1H), 1.85 (m, 2H), 1.66-1.50 (m, 2H),
0.66 (t, J=7.4 Hz, 3H), 0.54 (t, J=7.1 Hz, 3H).

Preparation 16: (65,75)-7-Amino-8,8-diethyl-0-meihoxy-5,6,7,8-tetrahvdrc-
naphthalen-2-ol and (6R,7R)-7-Amino-8,8-diethyl-6-methoxy-5,6,7,8-
tetrahydro-naphthalen-2-ol
a. ((2R.3AR)-1.1-Diethyl-7-hvdroxy-3-methoxy-1.2,3 4-tetrahydro-naphthalen-2-y)-
carbamic acid (R)-1-phenvi-ethyl ester (RR) and ((25.38)-1.1-Diethyl-7-hydroxy-3-
25 methoxy-1.2.3 4-tetrahydro-naphthalen-2-yl)-carbamic acid (R)-1-phenvl-ethyl ester

(S88)
A mixture of frans-7-amino-8,8-diethyl-6-methoxy-5,6,7,8-tetrahydro-naphthalen-

2
e’

2-0] hydrochloride salt (1.00 g, 3.5 mmol), carbonic acid 4-nitro-phenyl ester (R)-1-
phenyl-ethyl ester (800 mg, 2.8 mmol}, triethylamine (707 mg, 7.0 mmol} and DMF

30 (3.5 ml) was heated at 90 °C. After 4 h, an additional portion of carbonic acid 4-nitro-
phenyl ester (R)-1-phenyl-ethyl ester (200 mg, 0.7 mmol) was added, and heating
continued for another 3 h. The reaction mixture was cooled and allowed to stand at room
temperature overnight. The DMF was removed at reduced pressure and the residue was
dissolved in cthyl acetate (25 mL). The organics were washed with 10 % sodium

35 carbonate and saturated sodium chloride, dried with Na;SO4 and concentrated to dryness.
32



((28,38)-1,1-Diethy1-7-hydroxy-3-methoxy-1,2,3,4-tetrahydro-naphthalen-2-y1)- carbamic acid
(R)-1-phenyl-ethyl ester (635 mg, 1.60 mmol) was treated with 4.0 N HC1 in dioxane (6.0 triL, 24
mmol) and stirred at R.T. After 3 days, the solvent was removed 30 at reduced pressure and the
residual solioxiemitriasated with 50 % dichloromethane in heptane (4 mBcTie2salickevars collected on
a Buchner funnel and dried under vacuum to give the hydrochloride salt of the title compound (462
mg). (mia): Mkl {a GLEHZINORANR 1oUnd 230.2 MMM (GBMBRAARIH2) 6 (ppm)
9.23 (s, 1H), WO 2009/076408PCT/US2008/086171 8.02 (br s, 3H), 6.92 (d, J=8.2 Hz, 1H), 6.61 (m,
2H), 3.77 (m, B EAY (S.090h; 356D Y5, 28%0H - (rhhori9g PRGBS % 8y, 1H), 1.85 (m,
2H), 1.62-1.52Afmerdhl)e r680(tnids-at. 2k B}, 0. 56y, Actliz, BiH)(CmORyvIR)deAnTne-8
8-diethyl-6-m -5 6,7.8-tetrahydro-naphthalen-2-ol SFollowin rocedure of the previous step
uaing (2R 3R s A AN i acia
(R)- 1-phénylethyikkres thdetydrochloride salt of the title compound was prepared. (m/z): [M+H]F
calcd for C151-123NQ2.250 36 (0250 W NMB:EBRMSR AP eHR S dRRRa) 9-23 (s, 1H), 8.02
(brs, 3H), 6.92 (d, J=8.2 Hz, 1%6.61 (m, 2H), 3.77 (m, 1H), 3.41 gs, 3H), 10 3.30 (m, 1H), 3.17 (m,
1H), 2.44 (dd?%ﬂi%%%%@r < pigs figpliet m T 1spaEl s EydseaTedLsdanity 3H), 0.55 (,
J=7.0 Hz, 3HYoRsepayadiafitibhs:((35:30) Mi&Gaharaoy 1 ab A -giethyshanmeatbmeitd;, 803uf-/min;
tetrahydro-naghthalep-2-y1)-carbamic_acid (R)-1-phenyl-ethyl ester ) o _
((2R,3R)-7-Ca§%5%%0§1%%1-/8i\5 eff@ -Smét %“Qy-%?%ﬁ?%eﬁg%ﬁ?8‘3%‘)&4&)%1%‘%%%5- /fﬁ@l)-carbamic acid
(R)-1-phéfy|-Eitlayicas tem@RRin)/ % B) nitturk 16t 84 @66 ackthd ity drphimmyloésteh (R« -phenyl-ethyl
ester (7.35 9,23 6Mainl a0Se iR IS Sl -Grpai oGRS {1 febaly dri-naphilplene-2-

carboxylic acid amide hydrochloride (4.0 % 13 mmol) and triethylamine (5.3 mL, 38 mol) in DMF (13
mL) was heatétP Si88Rongams B ol 1 lthdlieaaisis ki Ve kisdad b ait stied at room
temperature eveacsighteSolyantiwasikessayadidader vacuum and the residue was purified by silica gel

chromatography eluyj ith Et0AG in D Y% %, gradient \Y {xture containing the
title compounds (G.j%ﬁgg)%%%g%u%’e‘/beﬁ (}\i@é%‘gre rﬁoﬁf v?ﬁalg({s?é)ﬁ?rzé]fé y“%%%rgé% PLC under the

conditions’ de3@fiBedHinFRe parBIGSOL 348 dkoebiion LS8 bistHelioldWinggtadidht {tivnédnin)/% B): 0/5,

415, 25 8/37, §0442T hepW e fﬁ?ﬂ@f‘?ﬁ, 8%9"(&39@@.@%&%091?%%‘1 dypahylizegio give the title
compounds. _SS; 1.43 26%) %)é +FJI] caled for C25H32N204 425.24; found 425.6. RR: 1.5 g
d ?

(28%) (m/z): M Es1da%arte 264 71382 175 db a5 @, Sihgfede fistix3rdy @iiraction
analysis of diastareanter £ SHB0SS (Gamg)wasdisspived in acsiqnitrie. {198 3ph) inan gpen HPLC vial,
which was pa tia% ' rsed in,a,20,nil vial contaipi i%t?cetonitrile:water (4 mL). The 20 mL vial
was capped a{ﬁnd %gbggisrgédﬁtér%%é%a %ﬁo%r@ﬁtﬁeﬁgée irefringent needle shaped crystals of SS.
20 SS: 363 mg (32 % yield) (m/z): [M+H]" caled for CaqHsNO4 398.52; found
398.2. 1H NMR (ds-DMSO, 400 mHz) & (ppm) 9.02 (s, 1H), 7.39-7.24 (m, 5H), 7.03 (d,
J=0.7 Hz, 1H), 6.85 (d, 8.3, 1H), 6.53 (dd, J=8.1, 2.6 Hz, 1H), 6.48 (d, J=2.2 Hz, 1H),
5.69 (quar, J=6.7 Hz, 1H), 3.75 (1, J=10.6 Hz, 1H), 3.52 (m, 1H), 3.27 (s, 3H), 3.14 (dd,
J=15.9, 5.9 Hz, 1H), 2.37 (dd, J=15.7, 9.5, IH), 1.65-1.41 (m, 4H), 1.46 (d, J=6.6 Hz,
25 3H), 0.64-0.60 m, 6H).

-5.6.7.8-tetrahvdro-naphthalen-2-ol

((25,38)-1,1-Diethyl-7-hydroxy-3-methoxy-1,2,3 4-tetrahydro-naphthalen-2-y1)-
carbamic acid (R)-1-phenyl-ethyl ester (635 mg, 1.60 mmol) was treated with 4.0 N HCl
in dioxane (6.0 mL, 24 mmol) and stirred at RT. After 3 days, the solvent was removed

30 at reduced pressure and the residual solid was triturated with 50 % dichloromethane in
heptane (4 ml). The solid was collected on a Buchner funnel and dried under vacuum to
give the hydrochloride salt of the title compound (462 mg). (m/z): [M+HT caled for
C15H33NO;, 250.36; found 250.2. "H NMR (ds-DMSO, 400 mHz) § (ppm) 9.23 (s, 1H),
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WO 2009/076408PCT/US2008/086171 X-ray diffraction crystal structure data was obtained for a
single crystal with dimensions 0.44 x 0.13 x 0.10 mm using Mo Kt, radiation (X = 0.71073 A) on a
Nonius KappaCCD diffractometer equipped with a graphite crystal and incident beam monochromator,
and analyzedveneediii#€ PC using SHELX97 software. The following 5 rattiespssapaeters were
derived: unit cell is hexagonal with dimensions a = 17.451 A, b =17.451 A, c =19.822 A, a, 90.00, ft =
90.00, = 120. @@zqgusvgwmg(é%m&hsm%ma@ h, §b33<mThﬁwlﬁcch%ﬁ9@t§m§&hree chiral

centers. From the known R configuration of the carbon bearin henyl group: 10 the remaining
two centers wite detefhintd o BA%h ?ﬁé%gé%ﬁgfﬁ%éﬁ) 1 8%2 fﬁlﬂnbéc"r 218 EFR: ‘analyzed by
powder x-ray @iféractieh2 Pander a-5ay diffractianipbaks predicted from the derived single crystal
crystallographic data were in good agreement with observed powder x-ray diffraction peaks.
Preparation 12: (6R.7R)-7-Amino~-8,8-diethy]l-6-methoxy-35.6,7.8-tetrabydro-naphthalen-2-ol

E?R 7R))75Amino -8 ﬁoﬂtﬁﬂh@' dtl@;rh methoxs 5hf@13 ﬁiﬁﬁafwﬁ%ﬁmhggq .a-;@ﬁgh%sylic SCid amidg
2R,3R)-7-C amo ie -3-metho ,2,3,4-te napht arbamic aci
(R)-1-phenyl- %Ey?)gs 9"5 %‘4 r%rﬁcgf)&\)(}gg %ét%\ %l’? Oﬁ%@f %1 WmL 80 mmol)
and stirred atdRiy] sdter 12:4 ltydmehémkdemahm&hemwadmbmdumd)mﬂs&m@mw Meti@sidual solid was

triturated with EﬁQé’/oP't% kg tg%pf?l O%QWE%%WBT%%&W%@ @ﬁg}n : 3 Buchner

funnel, rlnsed with 50 9 dichlorométiane in hexane (10 m 0 give the title

compound as@h&ﬂy?]%lbhé@hél?@l@ 18 &1y G- dare dHor ST M BAND A2 G7¥h9; found
e s o o [E
s m

Hz, 9.7 Hz, 163} %gz?réwﬁrf %%%%éﬁi,gffg ?]Jjoa? Hz, 2H), 0.62 (t, J=7.5 Hz, 3H), 0.50 (t,

J=7.0 Hz, 3H). Preparatlﬁon 13: Solﬁ fﬂ?ﬁg l’s %{% methosy-1,2,3,4

(S)-4-cyclohexyl-1 ];l AL é:\ _- k I- th-l ¢ .bS d

S SN PR o o .
-yl)-carbamlc acid (R)-1 -phenyl ethyl ester (RR)

A mixture of carbonic acid 4-nitro-phenyl ester (R)-1-phenyl-ethyl ester (7.35 g,
25.6 mol), trans-7-amino-8,8-diethyl-6-methoxy-5,6,7,8-tetrahydro-naphthalene-2-
carboxylic acid amide hydrochloride (4.0 g, 13 mmol) and triethylamine (5.3 ml., 38 mol)
in DMF (13 mL) was heated at 85°C. After 2.5 hours, the reaction mixture was cooled
20 and stirred at room temperature overnight. Solvent was removed under vacuum and the
residue was purified by silica gel chromatography eluting with EtOAc in DCM (10 % to
50 % gradient) to give a mixture containing the title compounds (6.96 g). The mixture of
diastereomers was separated by preparative HPLC under the conditions described in
Preparation 10 (a) except for use of the following gradient (time(min)/% BY: 0/3, 4/3,
25 8/37,60/42, The pure fractions of each isomer were pooled and lyophylized to give the
titte compounds,
SS: 1.4 g (26%) (m/z). [M+H]' caled for CpsHxN, 0, 425.24; found 425.6.
RR: 1.5 g (28%) (m/z): [M+H]" caled for CysHaNo0, 425 .24; found 4254,

Single Crystal x-ray diffraction analysis of diastercomer SS
30 SS (3 mg) was dissolved in acetonitrile (100 mL) in an open HPLC vial, which

was partially immersed in a 20 mL vial containing 1:9 acetonitrile:water (4 mL). The
20 mL vial was capped and held at room temperature to provide large birefringent needle

shaped crystals of SS.
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30A mixture of (S)-2-cyclohexylmethyl-succinic acid 1-methyl ester (60.0 g, 263 mmol) and
tetrahydrofuran (600 mL) was stirred at room temperature and then 35 WO
2009/076408PCT/US2008/086171 cooled to -5 0C over 30 min. To the reaction mixture was added
1.0 M boranewin tetsattydrofuran (520 mL) dropwise over 45 min, keepingetheisiamsiadsiemperature
below 0 C. To the reaction mixture was added MeOH (100 mL) dropwise to quench the reaction. The

reaction mixture was GopaaRiales 4. ahQut 100tk hy.LalBI RyeBPLatian. B{Taflugromethyhbenzene

(200 mL) was added and volume was reduced to 25 mL by rotary evaporation.

(TrifluorometiypBRRgRAL06 Moy WHkmRI st edMRd raadiirr fickil Art A en s RiFa&vas reduced to
-25 mL to proxiggaranteditie Ariat LRBp3 &) wth208MMte crystal and incident beam

(S)-4-cyclohexyl-1-hydroxy-3-methoxycarb - e-1-sulfonate_A mixture of ‘
(92 oycone BT R o S5to8 SR GoBE8 o BHEPSEM (310 L)
was coole tdaBCavithastitkrsgyFo dhevedactiv nahixthireayoas ladde dasoelation-of pefdssium bromide (2.5

g, 21 mmol) and spgiyrg bicarhapate (2.4 089 Wm%).(;éb isiiﬁ'%’d’&%t‘ién(gd ﬁéﬁ)@?ggé?uem” 22,6,6-

tetramethylpiperidin-l-oxyl (TEMPO) (0.33 g, 2.1 mmol), fo lowed by the
hypochlorite (228 Al SPa0Q BHPHBIR &t 3 raBcoralserin Cmtris Siries Ghirmhreniam 1 Siemiberature in the
range of 6 - 8xfowhhededgiienmisture wg@gﬁg@%@m@%Hle%QCM (200 mL) was added. Layers
were separated and the organic layer was washed with saturated brine (200 mL), and dried with
Na2S04. To the organic layer was added EtQAcS(40 mL) followed by the addition of sodium
bisulfite (21.8 g, 209 mmol). The reaction @m ncentrated to remove 20 half of the DCM
(-175 mL) by rotary evaporation. waltel TR action solution which was stirred at
room temperature overnight. The resultigg slurr was fitered; t er cake was dried under vacuum
overnight to yield the title compound (61.9 g). 1 MR (DMSO-d6): 6 (ppm) 0.78 (m, 2H), 0.95-1.20
(m, 4H), 1033thmreminingioeg @Btem W) detemineg3o(fe, ke § mfiguraen. 3.45 (s, 3H), 3.6-3.8 (m,
1H), 5.18 25 (d, 1Hh&ﬁ@%{g@%&ﬁ:“té@@mrﬁgai@9}%&&&%&1@@[&%01%@@Lﬁa-§etrahydro-
naphthalene-2-carboxylic acid amide a. 7-Methoxy-1 1-dimeth_y1-3 4-dihydro-1H-napthalen-2-one A
slurry of sodidHEETEHREKEE e EL TR AT I ST PLEYP Ry HSHIE 186 Y61 & A solution of
7-methoxy-3,4edihyglrenddtrapitbaien-tpaedd & o, difReamoranrd methyl iodide (30.1 g, 220 mmol)
in THE (100 mL) was added dropwise over 40 min, and the reaction mixture was warmed to room
temperature after 1®ropariviaiet X2 QORITIR)-ananih S, {GOE pl-p washad s, 7. Radanassivvere separated,
the organit layer naphthalene-2-carboxylic acid amide

((2R,3R)-7-Carbamoyl-1,1-dicthyl-3-methoxy-1,2,3,4-tetrahydro-naphthalen-2-
yl}-carbamic acid (R)-1-phenyl-ethyl ester (1.7 g, 4.0 mmol) was treated with 4.0 N HCI

in dioxane (20 mL, 80 mmol) and stirred at RT. After 24 h, the solvent was removed at
reduced pressure and the residual solid was triturated with 50 % dichloromethane in
20 hexane (15 mL). The solid was collected on a Buchner funnel, rinsed with 50 %
dichloromethane in hexane (10 mL) and dried under vacuum to give the title compound
as the hydrochloride salt (1.2 g). (m/z): [M+H] caled for CisH24N202 277.19; found
277.4. '"H NMR (ds-DMSO, 400 mHz)  (ppm) 8.19 (br s, 3H), 7.98 (s, 1H), 7.70 (m,
2H), 7.32 (s, 1H) 7.19 (d, J=7.8 Hz, 1H), 3.83 (m, 1H), 3.47 (m, 1H), 3.42 (s, 3H), 3.23
25 (m, 1H), 2.63 (dd, J=16.8 Hz, 9.7 Hz, 1H) 2.06 (m, 1H), 1.88 (m, 1H) 1.64 (quar, J=7.7
Hz, 2H), 0.62 (t, J=7.5 Hz, 3H), 0.50 (t, J=7.0 Hz, 3H),
Preparation 13: Sodium (5)-4-cyclohexyl-1-hydroxy-3-methoxycarbonyl-
butane-1-sulfonate

a: (8)-2-Cyclohexvimethyl-4-hydroxy-butyric acid methvl ester

30 A mixture of ($)-2-cyclohexylmethyl-succinic acid 1-methyl ester (60.0 g,

263 mmol) and tetrahydrofuran (600 mL) was stirred at room temperature and then
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WO 2009/076408PCT/US2008/086171 was washed with water (5 x 100 mL) and saturated NaC1 (100
mL), filtered and dried with Na2S0O4 to provide the title compound (20 g). b. 7-Methoxy-1 1-dimethy1-3
4-dihydro-1H-napthalen-2-one oxime To a solution of
7-methoxy-1Waltieny408,4-dinydro-1H-napthalen-2-one 5 (25.4 g, 98 migilstvsethtimol (175 mL)
was added a solution of hydroxylamine hydrochloride (20.5 g, 295 mmol) and sodium acetate (24.2 g,

295 mmol) inyater (CLES (deand the reaetion i was haatedat 170 fef.ddnand cooled in ice
over 30 min. The,solid was Iecé(ﬁr% ona Buchnfr funnel, stirred with methanol (12% 5”;12) at 50 C for
OVt P&0id

30 min, and tHAR SRYYER R PR ACHB iSRS WAL LB (PP 1S e was
collected on & Buchmérfigaciein nnsedewith ablddivetbanG0@amitrapeistried umgdertivacuum to give the

title Compounl%a@tﬂﬂz gﬁh@reaotion mixturg wag concentrated to about 100 mL by rotary evaporation.
(1aS,7aR)-4-Methoxy-2,2-dimethyl-1a,2,7, 7a-tetrahydro-1H-1-aza-cyclopropalb]- naphthalene To a
solution of 7-fethesspracthyibravaps-3 U aibydre: 1ialsshing apiwoz gite redigrd 15201%13ky, 70 mmol) in
THF (240 mLjowas AdpadidietpaniaaddByiidtheneactonwaixiviemameeaigdde @itk and a 2.0 M
solution of lithiym %It minvm hé‘/{dride in I?Fé 00.mL, 200 mmoi?: Was ad egg[@Nlﬁ over 20 min to
control the rate &f rgﬁélﬁ]%\{c?ﬁﬁfgﬁ? 8 TEALG RIS (RS HESRIG T 8t 1 h, cooled to 0"V
and Na2S0410k120, (2050, bying (00 M)A 51046, 300\ ueie Addied The solid were washed

20 with EtOAC (4 X I0U mL); the combined organic layers were washed with water (4 x 100 mL) and

brine (100 mL), driett RRHREISORZ sHeldsHEantiakd-fy Give duEttadmsiit st 3 g). The crude
product was gissolyedinnioienddb00 1 (110 extiaciedonitd & 5 M WG (idehmLjothensadth®.3 N HCI
(225 mL). Sodium carbonate,(8 g, 75 mmol) was added to aqueous,layer which was extracted with
E0Ac (4 % 200 ML B R B R R L cemrated o give
the title compoiumtiastanlol (129 mglhhict stllstatited 180 sthhdimbthens2tan.solid. (m/z): [M+H] calcd

for C13H 17N%@%&%ﬁ‘§1@_}%ﬁ%94&gﬂcfﬁ@§cé)7 (('T.'Q/gg?éer%am& Bkt BmRiydnt.g 54

-tetrahydro-nanhthalen-2-341- carbamic acid tert-butyl ester OUspn/% a procedure similar to that of
Preparations %ylgdﬁr@:(g)l’()ﬂqg s Egm%l&ﬁqami) at the rate of 130 mL/k keeping the internal

15 temperature in the range of 6 — 8 ° C. The reaction mixture was stirred for 15 min and

DCM (200 mL) was added. Layers were separated and the organic layer was washed
with saturated brine (200 mL), and dried with Na;SO,.
To the organic layer was added EtOAc (40 mL) followed by the addition of
sodium bisulfite (21.8 g, 209 mmol). The reaction sofution was concentrated to remove
20 half of the DCM (~175 mL) by rotary evaporation. Water (2 mL) were added to the
reaction solution which was stirred at room temperature overnight. The resulting slurry
was filtered; the filter cake was dried under vacuum overnight to yield the title compound
(61.9 g). 'H NMR (DMSO-ds): 8 (ppm) 0.78 (m, 2H), 0.95-1.20 (m, 4H), 1.33 (m, 1H),
1.40-1.95 (m, 5H), 2.45-2.65 (m, 1H), 3.21 (m, 2H), 3.45 (s, 3H), 3.6-3.8 (i, 1H), 5.18
25 {d, 1H).
Preparation 14: frans-7-Amino-8,8-dimethyl-6-methoxy-5,6,7,8-tetrahydro-
naphthalene-2-carboxylic acid amide
a._7-Mgthoxy-1,1-dimethyl-3.4-dihvdro-1H-napthalen-2-one
A slurry of sodium zert butoxide (21.1 g, 220 mmol) in THF (100 mL) was cooled
30 1o 0°C. A solution of 7-methoxy-3,4-diltydro-1H-napthalen-2-one (17.6 g, 100 mmol)
and methyl iodide (30.1 g, 220 mmol) in THF (100 mL) was added dropwise over 40

min, and the reaction mixture was warmed to room temperature after 10 min. Water

(200 mL) and EtOAc (600 mL) was added. The layers were separated, the organic layer
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was prepared. 111 NMR (d6-DMSO, 400 mHz) 6 (ppm): 9.04 (s, 1H), 6.83 (d, J=8.2 Hz, 1H), 6.69 (d,
J=9.4 Hz, 1H), 6.65 (d, J= 2.5 Hz, 1H), 6.52 (dd, J= 8.2, 2.5 Hz, 1I-1), 3.50 (m, 1H), 3.45 (m, 1H), 3.30
(s, 3H), 3.15 (m, 1H), 2.55 (m, 1H), 1.34 (s, 9H), 1.16 (s, 3H), 1.00 (s, 3H). WO
2009/076408RPC Ty 82008/086171 e. trans-(7-Carbamoyl-3-methoxy-1 pCT/US2608/086171
1-dimethyl1-1,2,3,4-tetrahydro-naphthalen-2-y1)- carbamic acid ten-butyl ester. Using a procedure

similar to that,of; W@@@&%@%@i 52 EhoARe) G MG LOTRI YN WAS, RijhaT el (M- [M+Hr calca
for C19H28N204 349.21; found 349.1. 5 f. trans-(7-Amino-6-methoxy-38,8-dimethy1-5,6 7

8- tetrahydron‘é’BHﬂHéﬁ%ﬁé@@&W’;ﬁ?&“&?ﬁ&rﬁPﬁiﬂ‘é (20 2¥o a slurry of

trans-(7- carb%m ¢ 21%4 tegalh . onaphIhaIen -2-yl1)-carbamic acid
tert-butyl estert9: DEMEOT L +RHHEI in dioxane (25 mL, 100
mmol) slowly. The rga@tﬂﬂmmxwﬁé~wﬁémétl}r@ma®m3f@rdlisfﬁr%b‘ﬁ@épi@m&@dﬁt@@ryness triturated

with DOMS23 9101056300 Eh s (R RGNS XL o PAs e vacuu. Ethnol

(100 mL) was added and the reaction mixture was concentrated under vacuum to give the HCI salt of

the title compOUBFHRTFYPAS & wintBPol ARt SaiEsT 4RAtats CaIddr TR 65249.16; found
249.1. 1H NMW@dﬁLDMS@ﬁMﬂBHE)ﬁ@FW@Q ‘hBald! (8, 73H()3, @O0 SaddholcB2n(de BRel=1.6 Hz, 1H),

140, 3125 B i offe o SRS iR BT (Dt o8 0 55
(S)-2- cﬂlclohe%@yfﬁn&th%mmms@m@hﬂm@@m &K@ﬁ@mmh@wymmedmwroxy butyric
acid methy! estesARAMNIXIIE ©f G%)a?sgml@hﬁm@nQtﬂééaswﬁﬁl&@d%mnm%ﬁbmf%%% mg, 2.12

mmol) and tetrahydrofuran 10 mL) was stirred atf room temperature and then cooled to O C. To the

reaction mixtiREWAEHEFR 45 mﬁ&g}ﬁﬁ‘é“iﬁof&%m;‘}cyré?nran (4.2 ml) dropwise over 5 min. After 2 h,

Me0H was added dragpyise Lo, guench e seaction, The jeaclon mittyre was stiredfor 30 min at
room temper ; |

To a sotution of 7-methoxy-1,1-dimethyl-3,4-dthydro-1H-napthalen-2-one oxime
15 (153 g, 70 mmol) in THF (240 mL) was added diethylamine (18 mL). The reaction

mixture was cooled to 0 °C and a 2.0 M solution of lithium aluminum hydride in THF

(100 mL, 200 mmol) was added slowly over 20 min to control the rate of hydrogen
evolution. The reaction mixture was heated to 70 °C for 1 h, cooled to 0 °C and Na,SOq
10H,0 (20 g), brine (60 mL), and EtOAc (300 mL) were added. The solid were washed

20 with EtOAc (4 x 100 mL); the combined organic layers were washed with water (4 x 100
mL) and brine {100 mL), dried with Na;SQy4, and concentrated to give crude title product
(14.3 g). The crude product was dissoived in EtOAc (500 mL), extracted with 0.1 N HCI
(100 mL), then with 0.3 N HCI (225 mL). Sodium carbonate (8 g, 75 mmol) was added to
the aqueous layer which was extracted with EtOAc (4 x 200 mL). Organic layers were

25  combined, dried with Na;SO; and concentrated to give the title compound as an oil (10.1
g) which crystallized on standing to a tan solid. (m/z): [M+H]" caled for C;3H;sNO
204.14; found 204.2.

d. trans-(7-Hydroxy-3-methoxv-1,1-dimethyl-1,2.3.4 -tetrahvdro-naphthalen-2-v1-
carbamic acid rert-butvl ester

30 Using a procedure similar to that of Preparations 1(b) and 2(a), the title compound
was prepared. 'H NMR (dsDMSO, 400 mHz) § (ppm):  9.04 (s, 1H), 6.83 (d, J=8.2 Hz,
1H), 6.69 (d, J=9.4 Hz, 1H), 6.65 (d, J= 2.5 Hz, 1H), 6.52 (dd, J= 8.2, 2.5 Hz, 1H), 3.50
(m, 1H), 3.45 (m, 1H), 3.30 (s, 3H), 3.15 (m, 1H), 2.55 (m, 1H), 1.34 (s, 9H), 1.16 (s,

3H), 1.00 (s, 3H).
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25 dryness. The crude residue was suspended in MeOH, concentrated to dryness, and purified on Si02
(40 g) using 5-10 % MeOH/DCM as eluent to provide the title compound (0.32 g) as a clear oil: 114
NMR (CDC13, 400 mHz) S (ppm): 3.69-3.65 (m, 5H), 2.65 (m, 1H), 1.85-1.59 (m, 8H), 1.32-1.12 (m,
5H), 0.87 (m»2Hxobio(ske-Cyclohexylmethyl1-4-oxo-butyric acid methyl esteudsnsaure of the
product of the previous step (0.32 g, 1.49 mmol), N,N- diisopropylethylamine (0.65 mL, 3.7 mmol),
dimethyl Sulfoxigg, (02 ke 710N o209 dighiaromethane (2Ol S iaplas gooled to 0 C and
flushed with nitregemn, Wi Arrexiderpmegine complex (0.59 g, 3.7 mmol) was added under a stream of
WO 2009/076408PCT/US2008/086171 nltro en d the reac ture stirred for 1.5 h. To the
reaction mixture was added 0t rﬁijﬂu he org n|c y%FIW s&% d%ﬁitvr% (ﬁ}f C1 (2 x) and brine
(2 x), dried withnia28CsfiltepextdatiohehtiatettddwrgnébsNeOpbidde; theuitid4écdmpound (0.305 g)
as a clear oil which was used without further purn‘rcatron in NMR (CDC13, 5 400 mHz) 6 (ppm): 9.75
(s, 1H), 359 {s.imins-(3-dmngg-ragthoxy-Hiedimath g/e-teimphpdmonaphtindengd-gabeiia Hz Hi),
1.79-1.12 (m, 12Ky "“" 0.84 (m, 2H) Preparatron 16 Aldehyde reagents Following the process

of Preparation 14 uSing Sheramﬁmpﬂa(ﬂameﬁn}d;&s&enem@taeeloﬂﬁﬁﬁﬁycyddwwm@thyl-succm|c acm_j
1-methyl estey, g%iféﬁofv A AERNAES MO WRIE R fﬁge% g2 8; gﬁg@%t -4-oxo-butyric

acid methyl ester: 1H N 400 mHz) -2.96 (m, 1H),
2.84 (dd, J=18% aé@%l‘iﬁ?lz%@weﬁiaﬂzr 170912111141@ sfwty 1Tm (PASHODHYXOUORYG96 (M, 2H).

(S)-2- Cy@mhwka RMWSIE aeidmei Bsi8mbE HNMR(GRE B0 midziok 38 (MRM): 9.78 (s,
114), 3.69 (s, %jz ?})}Igﬁszlgggzsoém(m 1H), 2.56 de18 3,5 Hz, 1H), 1.84-0.98
(m, 11H). ﬁé") LR ATBRS: & R HES R YRR (e8! 4B W26 (ppm): 9.76
(s, IH), 3.70 (sd@ldﬁnﬁeﬁﬁf&&c(mﬁk@lr@xﬁﬁ-&ﬁ&ﬁmtddﬁaﬁﬁ&&ﬁé (ﬂgrlkl)h&l(ﬁ(li—iaﬁ&(rhg 1H),
1.57-1.48 (m,2H H) 2 S rep u crd methyl
ester: 1H NMFIQ%1 C%tl?)c,ng:’{mea 7%:@% con%gr(g g Eiieaé{héaf iﬁw%ﬁ’ 28 %?3 75 (s, 1H).
(S)-2- |sobutyioané>269oht;}ﬁé\%i’d(ﬁqé?r\%@sﬁ@p WW@M@M (Aoﬁianﬁrﬁs)@(pﬁrﬁ)’f'@b@(s IH), 3.70
(s, 3H), 34-2594 izl i) 2788 208 1rém0 1) 1 2 62,282 (Mol 1466-126 (o 3H), 9:5730:88 (m, 6H).

(m, 1H), 3.44 (s, 3H), 3.43 (m, 1H), 3.22 (m, 1H), 2.67 (dd, J=16.4 Hz, 10.2 Hz), 1.50 (s,

3H), 1.24 (s, 3H).

43

Preparation 15: ($)-2-Cyclohexylmethyl-4-oxo-butyric acid methyl ester,
a. (S8)-2-Cyclohexyimethvl-4-hvdroxy-butyric acid methvl ester

20 A mixture of (S)-2-cyclohexylmethyl-succinic acid 1-methyl ester (484 mg,
2.12 mmol) and tetrahydrofuran 10 m1) was stirred at room temperature and then cooled
to 0 °C. To the reaction mixture was added 1.0 M borane in tetrahydrofuran (4.2 mL)
dropwise over 5 min. After 2 h, MeOH was added drop-wise to quench the reaction.
The reaction mixture was stirred for 30 min at room temperature and then concentrated to
25 dryness. The crude residue was suspended in McOH, concentrated to dryness, and
purified on Si0; (40 g) using 5-10 % MeOH/DCM as eluent to provide the title
compound (0.32 g) as a clear oil: 'H NMR (CDCls, 400 mHz) 8 (ppm): 3.69-3.65 (m,
5H), 2.65 (m, 1H), 1.85-1.59 (m, 8H), 1.32-1.12 (m, 5H), 0.87 (m, 2H).

b. (§)-2-Cvelohexvimethyl-4-oxo-butyric acid methvl ester

30 A mixture of the product of the previous step (0.32 g, 1.49 mmol), N,N-
diisopropylethylamine (0.65 mL, 3.7 mmol), dimethyl sulfoxide (0.26 mL, 3.7 mmol),
and dichloromethane (20 mL, 0.3 mo}) was cooled to 0 °C and flushed with nitrogen.
Sulfur trioxide-pyridine complex (0.59 g, 3.7 mmol) was added under a stream of
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25(R)-2-Isobuty1-4-oxo-butyric acid methyl ester: 11INMR (CDCI3, 400 mHz) 6(ppm): 9.76 (s, 1H),
3.70 (s, 3H), 2.96-2.93 (m, 1H), 2.84 (dd, J=18, 9.0 Hz, 1H), 2.55 (dd, J=18, 4.5 Hz, 1H), 1.64-1.25 (m,
3H), 0.94-0.86 (m, 6H). (5)-2-Isopropyl-4-oxo-butyric acid methyl ester. 11-1. NMR (CDC13, 400
mHz): confirmeztheqpsesence of aldehyde with a peak at 9.79 (s, 1H). pcT1/US2008/086171
30(S)-4,4-Dimethy1-2-(2-oxo-ethyl)-pentanoic acid methyl ester: 114 NMR (CDC13, 400 mHz) 6
(Ppm): 9.73 ($,ickbgbn3nRPihe rdldhos SRR Wi lfiBe 859 M2 1L M)y %10 feldbb Rl 8ur § 42, 1H), 1.79 (dd,
J=14, 8.41 Hz, 1H), 1.50-1.40 (m, 1H), 1.25 (dd, J=14, 3.7 Hz, 1?& 0.91 (s, 9H). WO
2009/076408BE9US I068/bdbe Pizanc lexsraasimbibyith {2 20 Kb Ry 398 aRi2 Bkid methyl ester:
11-1INMR (CIE4By#D0mt(x) 61(@pan)in8.dehfentidtdd & @9 {8s3td)prd:08:(@d tide LS QiHz, 1H), 2.57

(dd, 1=17.8, z, 1H),1.79.(dd..J=14.1, 8,41 Hz, 1H), 1.50-1.41 (m, 1H), 1. ,J=14.1, 3.7 Hz,
19, 001 (o, S LA B et R BN TS i 6 (oo,
confirmedthetpestard @Paihéh’&&:i@wm, 3.pRak HIP 702¢8, 9Hn, 1HXRE2BUtFHROx0butyric acid
methyl ester: ﬁyiﬂﬁﬂ%ﬁgggﬁl gdeerﬁgz)%)(gw)}%zzf)g)(ﬁlm)@%@gb@@l’—%g%287 (m, 111),

2.57-2.54 (m, IH), 6H), 0.92 m, 10Preéparation 17:'Sodium
(S)-3-benzyloxyearlon &Eé‘fﬁ%q%b%ﬁéh@lg%é é‘ﬁytane-l-sulfonate a
[

(S)-2-cyclohexylmethy1-4,4-dimethoxy-butyric acid methyl ester To a slurry of sodium
(LS)-4-cyclohexyl- 1R~ B RERRBREAISBAVEB U thesRe s oo 0wty DB ien and methanol (2
L) was addedpihé: M H6-1- i doftctlionang [1ndd0Q aild anctihe éaetinh mixiiig Washgtissed for 15 min.
Trimethowmg}h%n% %ﬁ%mL, 3.11 mol) was added and reaction mixture was heated at 50 C
overnight, and theh ¢ooled to room temperature. White solids were filtered off and discarded. Most of
the solvent was remf@VEdCrolohthe filathse- by rothwiyBvapdratitry] Ettey! At (BD0mE)vas added

resulting in mﬁﬁ?z?%&&!{?@% @hﬁﬂ@tgg%?gk@j}@@ﬂ%rﬁggﬁg% 4fégﬁ§15i%_(§glﬁent 20 was

removed from the filtrate by rotary evaporation and then u vacuum at room temperature
overnight to yigid fetitfel@bripBurd (32.19). ds'8-thdKmil 1 1T MR QA0 M BEEL)- DMSO-d6): 6 (ppm)
?.25 (t,)lH), 3.57 (5((§14)C)S’#eﬂ<&é§y1@ﬂ&>?8m&§y§;ﬁ1a@l‘ctl))méé@ﬁ'eaté.l (NRIR (5011 4 (A 5H), 1.20-1.48
m, 2H), 1.05;1.21 (m, 4H), 0,71-0, 2H). 25 b. Potassium
(S)-2-cyd 3 he t%fﬁ,%%%ﬁ étﬁ%i@gﬂlﬁa% (dd, =18, 10 Hz, 1H), 2.80-2.75 (m, 1H), 2.56

(dd, J=18, 3.5 Hz, 1H), 1.84-0.98 (m, 11H).

(8)-2-pentyl-4-oxo-butyric acid methyl ester: "H NMR (CDCls, 400 mHz)
S(ppm): 9.76 (s, 1H), 3.70 (s, 3H), 2.92-2.84 (m,2H), 2.80-2.75 (m, 1H), 2.58-2.54
(m,1H), 1.67-1.63 (m, 1H), 1.57-1.48 (m, 2H), 1.28 (bs, 6H), 0.89-0.86 (m, 31).

Try wora avx

(S)-2-Phenylpropyl-4-oxo-butyric acid metiy! ester: 'H NMR (CDCls, 400 mHz):

)
fow]

confirmed the presence of aldehyde with a peak at 9.75 (s, 1H).

(S)-2-Isobutyl-4-oxo-butyric acid methyl ester; 'H NMR (CDCls, 400 mHz)
o(ppmy: 9.76 (s, 1H), 3.70 (s, 3H), 3.1-2.94 (m, 1H), 2.88-2.81 (m, 1H), 2.62-2.52
(m,1H), 1.66-1.26 (m, 3H), 0.97-0.88 (m, 6H).

25 (R)-2-Isobutyl-4-oxo-butyric acid methyl ester: 'H NMR (CDCls, 400 mHz)
&{ppm): 9.76 (3, 1H), 3.70 (s, 3H), 2.96-2.93 (m, 1H), 2.84 (dd, J=18, 9.0 Hz, 1H), 2.55
(dd, J=18, 4.5 Hz, 1H), 1.64-1.25 (m, 3H), 0.94-0.86 (m, 6H).

(S)-2-Isopropyl-4-oxo-butyric acid methyl ester. 'H NMR (CDCls, 400 mHz):
confirmed the presence of aldehyde with a peak at 9.79 (s, 1H).

30 (S)-4,4-Dimethyl-2-(2-oxo-cthyl)-pentanoic acid methyl ester: 'H NMR (CDCls,
400 mHz) & (ppm):. 9.73 (s, 1H), 3.69 (s, 3H), 2.80 (dd, J=17.8, 8.0 Hz, 1H), 2.57 (dd,
J=18, 5.8 Hz, 1H), 1.79 (dd, J=14, 8.41 Hz, 1H), 1.50-1.40 (m, 1H), 1.25 (dd, J=14,3.7
Hz, 1H), 0.91 (s, 9H).
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Potassium hydroxide (289.6 g, 2322 mmol) was added to a solution of the product of the previous step
(200.0 g, 0.77 mol) in methanol (700 mL) in one portion and the reaction mixture was stirred at RT for
20 h. Hydrogen chloride (130 mL, 1.5 mot) was added slowly until the reaction mixture had a pH -8
(color changévipenigitsatish to 30 orange) resulting in precipitation of fine&utidzosaidsiwere removed
by filtration. Solvent was removed from the filtrate. Acetonitrile (1 L) was added to the crude product

and the resulting slqwmm&%{@}q alrORHD- L NETALUIR O VRIN B i Q%éP'GHWW(WE’@ﬂ'tEYEd the
filter cake Wa%\{ﬂf’ﬂsge)z \g'SP % ﬁtonléml&(SO mL and dried to yield a first
2009/076408 80 E8B86171 Erop oftfie ftlé%r’n%%&ﬁ?d 1155% §QsH§n 16H:@itd olid. Solvent
was removedifrohi theéTilttateHyhicd vwiis BhehldAdd Unddaid vdciluimdtioyieldphdlit (a0 g of a pasty solid.
MTBE (500 n]L)lxvg%@qggqﬁ ¢ the, ss,(yﬁi)s were stirred at RT overnight resulting in a thick slurry which
was filtered and dried under high vacuum to yield a second crop of the title 5 compound (82 g). 1H
NMR (406 MHz, DMSbEssyB{ppaiues el mefiviesters, BNMB. (60618488 mbys fippmpy), 1.75 (m,
(15)21(:51 I1 r?éoﬂlﬁnﬁé-d)mé &%s@n@@céfﬂl&?y)dé—@@ﬂi {e’%ﬂ& 9|4ITB(Q ﬁB@ 70.93 (m, 1dH) 0. 53240 8& (LT12425|) c:
yclohexylm etho utyric, acid benzyl gster Benzyl bromi m
mmol) was added t(fpg %%;r]r‘fﬁ)?t?f&oé ; taS‘fifBe?H@ FSliods TSP (¢ é&% OB )rﬂmol) in
acetonitrile (2@ irPditdspdHioA.&théh tRE hateragEheaud Neactieh ift) ﬁé{wasmtilr%o[mt room

temperature g\{gr@lggto@gﬂﬁl%l benzyl bromide (5.05 mL, 42.49 mmol) was added and the reaction
mixture was stirfed at room temperature for 18 h. Solids were removed by filtration. The filtrate was

dried by fgtary eva i pound 15 (162

). NMR (400 MHz. 1y ?&ﬁﬁ;@%ﬁ%w D P R e B, 207

(s, 3H), 2.52 (m, 1H), 1. 1,69 (m, 1H), 145161(m 6H) 1.20-1.43 (m, 2H), 1.0-1.15 (m,
(-2 2 4 drgimathokishu G408t a8Rb Y y1-1 -hydro

xy-butane-I- suIfona@ommmmnﬁmmm@mmgdohaﬁmEWMWS-steuhdiﬁ@:@@ynEMmmol) and 20

acetonitie (10 bl eariied L0 NHGhin AR @ 2 D and edaaqtion mistug g heated a

35-40C for 2 h. Ethyl ace (1.2 L) was added phas S were separate the organic layer was

washed With EHReT )@Pdé@ﬂﬂiﬁfr“ﬁiﬁémfﬁ@‘(‘?waﬁ girrrsfoniioniwad Hoetw st el aric layer and

the reaction mixiuie wassstifded atRhavarpightrdMast-ehihe.solventwasiiemavad Ry seiary
evaporation and acetonltrllmp(rrﬁ ng%?g ed an? é5 the resulting slummwas tirred at RT overnight.
t

The resulting ThieRUEITY  XIE°f %ﬁ%‘b it SEEXORERRY(2 x 100 mL)
and dried undessvacwuad foyiehd ﬁi&dﬂtlémﬂagow@dﬁﬁ@:g EB0%cpuardtyd Gdsnd Ywiniteaddlid. 114 NMR
(400 MHz, D%@%ﬁ% %?’ééré}c"i i E')Tﬁg hifS prEl 843??»%%%&%@5@&@%?85@%%#) 3.60-3.79

(m, 1H), 2 05(m, 0
was removed from the ﬁitratc by rotary evaporation and then under high vacuum at room

foblion oy

temperature overnight to yield the title compound (211 g) as a thick oil. 'H NMR (400
MHz, DMSO-ds): & (ppm) 4.25 (t, 1H), 3.57 (s, 3H), 3.18 (s, 6H), 2.43 (m, 1H), 1.55-
1.81 {m, 2ZH), 1.50-1.72 {m, 5H), 1.20-1.48 (m, 2H), 1.05-1.21 (m, 4H), 0.71-0.92 (m,
2H).

25  b. Potassium {8)-2-cyclohexylmethyl-4 4-dimethoxy-butyrate

Potassium hydroxide (289.6 g, 2322 mmol) was added to a solution of the
product of the previous step (200.0 g, 0.77 mol) in methano! (700 mL) in one portion and
the reaction mixture was stirred at RT for 20 h. Hydrogen chloride (130 mL, 1.5 mol)
was added slowly until the reaction mixture had a pH ~8 (color change from greenish to

30  orange) resulting in precipitation of fine solids. Solids were removed by filtration.
Solvent was removed from the filtrate. Acetonitrile (1 L) was added to the crude product
and the resulting slurry was stirred at room temperature overnight. The thick slurry was

filtered, the filter cake was washed with acetonitrile (50 mL) and dried to yield a first
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301.20-1.42 (m, 2H),1.0-1.17 (m, 4H), 0.69-0.82 (m, 2H). WO 2009/076408PCT/US2008/086171
Example 1: (S)-4-((2S,3S)-7-Carbamoy1-1,1-diethyl-3-methoxy-1,2,3,4-
tetrahydro-naphthaleri-2-ylamino)-2-cyclobexylmethyl-butyric acid a4 193 7-Carbamo 1-1 1-dieth
1-3-methox W2 082688 d 0 na hthalen-2- ylaminol-2-cyclohcxylmethyPELia8086R4 ¥Hiethyl ester
5To a slurry of sodium (S)-4-cyclohexyl-1-hydroxy-3-methoxycarbonyl-butane-1- sulfonate (25.8 g,

81.5 mmol) agdZomeéhiltetiabydiodane 6300 bk hwassadaedolyenMbiaiit et (%5.1 mL) and

the reaction xture stlrr d far natRT. Toth ctio |xt re was
(0% 787 A B o B e o B S S e D8 BN SUTBE amice
hydrochloride {47 18lg, v@d Bldarholy, tth:&mlaé&:m s0rmikat RN wassiredsidtidDimarihatkRTyrsodium

triacetoxyborghydride, (@@L 8,2 /INTANWASIAAAGHIN S RIHIPRS 0 [DE g%‘%téf?é‘twtwe was stirred at
RT overnight after the first twg portions Water (200 mL) and MeTFIF (100 mL) were added; the phases

were separatetMRREhEdEania MY HoR MHHRHISRD: N (RaoH- @@ Qdéotﬁh @)l%ﬂht@é)bnne (200

mL) dried with NazZSP94, and gplvent was cemened 10 yiedd erugs titeintesmediate 165(229) as a glassy
yellow solid. Crude product was purified bé revers%ﬁ;))hase chromatography using a Microsorb 100-10

BDS 4 inch cglbﬁw &ﬁfd%%}rgaugﬁ%gﬁf S018e3H)1:1 acctonitrile: 1 M ag. HC1 (150 mL) solvent

mixture and e dzvyf iV\ﬁale i&ot%ﬁg@/ tonit |I?Coab0|]lgl%n_ eg}g -40% gradient). Pure fractions
(>98%) were %0 bined, 6 20 W3 oved Dy Totary evaporation,was adjusted to

pH -12 with solid NM@@W%@M ﬁi%d‘é%‘i wagnekirastadigitle mermrofdhe PT_C)d‘@b?ﬁblned organic

layers wege driggaitbulagsQdand 5inﬁﬂﬁﬁsmvmt&M§éctzmeLtm§mmm&(a&5 9) b. (5)-44(25
3S)-7-Carbamoy1-1 1- dleth%/l -3- metho -1,2 3 4-tetra %))/dro nap hthalen-2 ht. Additional
ylamino)-2-cylohexXy MRy ?y%"a&d"%fd‘%\e 8ldt IHE?F“PC =Iure overnig ons

(S)-4-((2S, 359@‘@'&53@“6?/15ﬂ,ﬂ.ﬂ@ﬁeﬂﬂ/@%melhwyaﬂ@@aad the reaction mixture was stirred at
etahycro naphalen 2ol 2 cyaer VG pUY S B M st (121,25 4 mmal) i

methanol was added 5.0 M NaOH (25 mL) and the reaction mixture was heated at 30C for 8 h and

then at 25 C BEFARIHEOMBER w@ﬁ@m@tﬁ%ﬁ{ag%d%ﬁw%@%%ﬁbw@w tBediycsvamsidon at 25 C,
water (199 migsand isapienyt aneiate (BRI, 3G was.addeh ang thesesultinarmiztusgwas stirred for

15 mm. The bottom two of three layers were extracted with |so§)roggl acetate (100 mL) Bottom layers
were cooled tib- 3-15 (s, 3H), 3.17 (s; 3H), 2.52 (m, 1H), 1.78 (m, TH (m, 1H), 1.45-1.61 (m

6H), 1.20-1.43 (m, 2H), 1.0-1.15 (m, 4H), 0.70-0.83 (m, 2.

d. Sodium (§)-3-benzyloxycarbonyl-4-cyclohexyl-1-hydroxy-butane-1-sulfonate

To a mixture of the product of the previous step {160.0 g, 478.4 mmol) and

b
)

acetonitrile (1.0 L) was added 1.0 M HCI in water (1.2 1.) and the reaction mixture was
heated at 35-40 °C for 2 h. Ethyl acetate (1.2 L) was added, phases were scparated, and
the organic layer was washed with brine (1 L), Sodium bisulfite (74.7 g, 718 mmol) was
added to the wet organic layer and the reaction mixture was stirred at RT overnight. Most
of the solvent was removed by rotary evaporation and acetonitrile (1 L) was added and
25 the resulting slurry was stirred at RT overnight, The resulting thick white shurry was
filtered, the filter cake was washed with acetonttrile (2 x 100 mL) and dried under
vacuum to yield the title compound (200 g, >98% purity) as a white solid. "H NMR
(400 MHz, DMSO-d5): 8 7.23-7.41 (m, 5H), 5.30 (d, 1H}), 4.98-5.18 (q, 2H), 3.75-3.88
(m, 1H), 3.60-3.79 (m, 1H), 2.05 (m, 0.5H), 1.45-1.82 (m, 2.5H), 1.45-1.60 (m, 5H),
30 1.20-1.42 (m, 2H),1.0-1.17 {m, 4H), 0.69-0.82 (m, 2H).

41



-5 C and MeTHF (200 mL) was added and then concentrated HC1 (-15 mL) was added in portions
until pH -2. Phases were separated, water layer was washed with MeTHF (100 mL) and combined
organic layers were dried with Na2S0O4. Most of the organic WO 2009/076408PCT/US2008/086171
solvent was YeA90&H eAPYotary evaporation, ethyl acetate (200 mL) was BB g4 volume was
reduced to 50 mL Ethyl acetate (200 mL) was added and the resulting slurry was stirred/triturated at
RT for 3 h. Product vasnipite re gsyuacigz )aspge0szbamisiad Lingieriyacuaiioyd 8, hia-yield the
hydrochloride salt ofetiaghtytleccosppduneh(1-yigna 8% puldiphascthviFiendidciH NMR (DMSO-d6):
8(ppm) 0.54 (1, Akf)y Q634(¢) 3t 0,801 PRkl P dediRy GH)s 343 Ml D uR1& 3. (M. 10H), 2.40
(m, 1H), 2.67 [ddahtih 500 (et bhorg RUER i Abid serl), 3.411S, SH), - 1H), 4.05 (m,
H), 7.69 {7 (br, 2H), 9.26 (br

IH), 7.19 (d, 1H), 7.50 (br, 69 (d, Th). 7.70 (5. . 1H). Example 2:
(S)-44(2S 35)-7-CatBarioyi-1! fdibm{P gty b g deoxy-3-methoxycarbonyl-butine-1-

10tetrahydrosa#phihaleh ey mina)ed- eyt bhexidmetmidyduyiic:addmethwastéded 1.0 M

(S)-2-cycloh n Wattr (78, Iz 361d meth TR o
(65, 75)-7-amef§1%§p8,€8£? ﬁ%}% 8 6%%11%)?;% g1 7% gt%t%gsﬁy{%rﬁ ng agﬁitﬁﬁaal goﬁc%%)r%toigﬁgaé% amide
hydrochlorid 6O Guztes fihalfehdssiethytamine-ta2dipty 928 tmol) . éfetesaliskstved in

dichloromethagne (. ml)-andomeih ane kA d ikl QadiH AR Uia@egpﬁ@%mméacﬁa’mg, 4.85 mmol)
was added. Over 3 h, additigégfa%rsodium triacetoxyborohydride (900 mﬂ%’ 4.2 mal) and

(S)-2-cy b RGN AT D TR K BN BAESH MY BRI Wefd 28588 in two
p_ortions, andwheakidtiod puidtote \Was stictéch ﬁmfxﬁ;knaf@emth&&aﬁt%ﬁdﬂ@ﬁgﬁa_ﬁtm@ﬂeﬂfsﬁdium
icarbonate (89, kg 2P.adqash ang deveastion Ml uas adiasieghul digbloromethane (4 x

50 mL). The organic layer was dried with Na2504 a oncentrated. sulting oil was dissolved in
methanol (50SPRRIERC: 66 Hearaatsdayrna ey tidehsfodiict WA pakf@x BYbrdpasaies BIREC. Fractions
containing pureprRdyEtweraagled and the atelanitiinwassemevediatireducaddaiggsure. Sodium
carbonaﬁ5 (1.(%%;, 12.3[%mol) was ad@cgd and the product 25 extracted into dichloromethane (3 x 200
mL). An sdifion&l FoHGHSFEENaRAR Wifate (15 g, 140 mmol) was added to the aqueous layer which
was extracted with dichlopomiethene(816206y ntprsehehorgamoexipagibywsiegconibinad)hdried with
Na2S04 and.¢@n t lye the title ¢ mpound as it Vf e (1. . 48% yield). (m/z):
[M+HTr calcd #((%%C%QHEZ%%%%%Q ngén%?&nguﬁﬁ 'E‘@\;ﬁ%‘y‘%\ﬂ\%ﬁ& ?%é%lgag%cé%%%%ﬁ%%ﬂppm) 7.66 (d,
J= 1.8 Hz, 1HICY B60Ed,) sels:ut prxtarg 4q¢ elptpd withavegerJ@. 80 I appomiEiie@oBiy, 3.58 (m, 1H),
3.47 (s, 3H), Brdde (0. 4174 8:7ui6ud) HEnd R (08U N ReldrrtiddMincib ) A5 AcbBnibl), 1.90-1.53

o EdoaR TR TR Gk el wis it f 207 SRd e el 3 WO

(S)-44(25,35W;ﬁeairbmmaym &xdie&ﬁhgllvﬁthrmm-ﬂiﬁ,mé[}: Con:z.bined organic layers were
tetrahydro-naphthal R WOk a4 e REYIME MIVaRHDEIR 361 hound (16.5 )

b, (5)-4-((28.35)-7-Carbamoyl-1.1-diecthyl-3-methoxy-1.2.3 4-tetrabvdro-naphthalen-2-
ylamino)-2-cvelohexyimethyl-butyric acid

25 To a solution of ($)-4-((25,38)-7-carbamoyl-1,1-diethyl-3-methoxy-1,2,3,4-

tetrahydro-naphthalen-2-ylamino)-2-cyclohexylmethyl-butyric acid methyl ester (12.0 g,
25.4 mmol) in methanol was added 5.0 M NaOH (25 ml.) and the reaction mixture was
heated at 30 °C for 8 h and then at 25 °C overnight. Most of the methanol solvent was
removed by rotary evaporation at 25 °C, water (100 mL) and isopropy! acetate (100 mL)
30  was added and the resulting mixture was stirred for 15 min, The bottom two of three
layers were extracted with isopropy! acetate (100 mL). Bottom fayers were cooled to
-5 °C and MeTHF (200 mL) was added and then concentrated HC1 (~15 mL) was added
in portions until pH ~2. Phases were separated, water layer was washed with MeTHF

(100 mL}) and combined organic layers were dried with Na,SO4. Most of the organic
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A mixture of the product of Example 2 (685 mg, 1.43 mmol), 10 N NaOH (0.87 mL, 8.7 mmol),
methanol (4.5 mL) and water (0.45 mL) was heated at 55 C for 5 2 h. The mixture was cooled to room
temperature, diluted with 50 % aqueous acetic acid and purified by preparative HPLC. Clean fractions
were combin&@ estbraiase from another run (0.79 mmol scale) and lyopBgiv@&2t95ige the title
compound (1.02 g, 80% yield) as the TFA salt. (m/z): [MH-H] calcd for C27H42N204, 459.32; found,

I 23 e S D O A LR U i
, M. , J=0.4 nZ, 401 (m, . , J=10.4, O. ,.1M), 9.42 (S, oH), o.00 (M, 1LR),
3.27 (in, 1H), 8 HBH4 1 Pﬁ‘?%"(é%fn&&l)%‘. 1 e 2L G%‘}%’F%j}dgé?féeﬁﬁl,“i‘fgﬁ?%%o (m, 2H),
1.69-1.59 (mp8kftidredi@ {rraldd 5t R28et 0B, (Rrp&id) Q86 (eryd2i)icOfogied =id 4442, 3k; 0.58 (t, J=7.0

Hz 3 Exanpled (S PRARKT oMot 3 RIS DEIRG2 M

15tetrahydro-naphthalen;2-¥l mino)-2-cyclohexylmethyl-butyric acid met ster Foﬁ%wing the
proceduré of Bxaripiespligsing IERR7RMEGrimc®Bdiedy (t.6H), 0.63 (t, 3H), 0.82 (m, 2H),

methoxy-5,6,7 &stetahydippapkthalens-2-catexvia geidamids, ydroehiedide gpuaihentitle
compound. (m/z): [Miﬂl-ﬁ{]';c?lcd fo@CZ%?L-lMNZO% 4%?}34' fogﬁd, 473.4. OExIagr%plegE;{:%n

(R)-44(2R, 3RO E a3 X3 Ad oRie 3 (. 1H) 403 (m. TH), 7.19(d, T8,

tetrahydro-napbhtiale ned; yismiao)hd-cyrcl ehexpimethyboiyrio acidmethyl ester
(6R,7R)-7-Amino-8,8-diethy1-6-methoxy-5,6,7,8-tetrahydro-naphthalene-2- carboxylic acid amide

hydrochloride (0.16 K fnplernm@h-vassissaivest bazbichiaiemetilame tihdmi2)and methanol (2 mL)

at room témperatureet(Rhyh Gyalitbxldmdiiyinihax@-dyatyhiexgbick thdthybadterc{d @2thy1l.0 mmol) was
added followed by tesgtinylamine (0.071 mL, 0.51 mmol) and sodium triacetoxyborohydride (0.16 g,

0.77 mm). Over the couer el haElionalspdnksselruberghuhidey Gl yas added.

Saturated sodium bicarbonate was added and the reaction mixture 30 was extracted With DCM. The

organic extrafwas AR Bhde psiomdel oAt LH TP enbal hrersar bardicaikntrated to
dryness. Thesiidichpiadutirinasidissoed imish AcQitthhienand BasmeiiEddyqrepacative HPLC to

give the title compound as the TFA salt (16 ,:53.6% vyield). (m/z):; [M+Hf calcd for C28H44N204,
473.33; #ogunglqﬁ%ﬁifﬂﬁl %ﬁ%f?ﬁﬁ%%‘?dgglé’o%ﬁfﬁ‘?%%gp@@?@Zgé’s,“irﬁ), 7.95 (s, 1H), 7.70 (s, 2H),
35 7.68 (s,7.33a0star)b F RO dddIE0A A, SRy 0 28 9ddedh, 1P4er3. 61 aslitionyl So48mWO

2009/076408p1 JF16 75123 1H) 0 3:40, (5030 335533k (mial H),
320306 (m‘fpfﬁ‘;f%%%@%% Y 08186 (m.

2, :
oH), 1.77-1.58RIsisT 1550 mead mal) werg gdfleondvanyrions & dieeasinn BIEHIE J=7.4 Hz, 3H),
0.56 (t, J=7.4vHZ sBhi)d BEXmme Gic(R): 442513 SR)TrCarbamalcdibsliethyilnd-methoxy-1,2,3,4-

20  added, and the reaction mixture was extracted with dichloromethane (4 x 50 mL). The
organic layer was dried with Na;SO4 and concentrated. The resulting oil was dissolved in
methano! (50 mL) and concentrated. The crude product was purified by preparative
HPLC. Fractions containing pure product were pooled and the acetonitrile was removed
at reduced pressure. Sodiwm carbonate (1.3 g, 12.3 mmol) was added and the product

25 extracted into dichloromethane (3 x 200 mL). An additional portion of sodium sulfate
(15 g, 140 mmol) was added to the aqueous layer which was extracted with
dichloromethane (3 x 200 mL). The organic extracts were combined, dried with Na,SOj
and concentrated to give the title compound as the free base (1.16 g, 76% yield).

(m/2): [MAH]" caled for CpaHaaN,04 473.67; found, 473.4. 'H NMR (CDCl,

30 400 mHz) & (ppm): 7.66 (d, J= 1.8 Hz, 1H), 7.50 {dd, J= 8.0 Hz, 1.9 Hz, 1H), 7.13 (d,
J= 8.0 Hz, 1H), 3.65 (s, 3H), 3.58 (m, 1H), 3.47 (s, 3H), 3.31 (dd, }=16.7, 6.1 Hz, 1H),
2.97 (m, 1H), 2.74-2.64 (m, 3H), 2.57 (m, 1H), 1.90-1.53 (m, 14H), 1.33-1.11 (m, 6H),
0.89-0.83 (m, 3H), 0.69 (t, J= 7.6 Hz, 3H), 0.59 {t, J= 7.3 Hz, 3H).
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tetrahydro-naphthalen-2-ylamino)-2-cyclohexylmethyl-butyric acid methyl ester. Following the
procedure of Example 5 using (6S,7S)-7-Amino-8,8-diethy1-6-
methoxy-5,6,7,8-tetrahydro-naphthalene-2-carboxylic acid amide hydrochloride the title 10 compound
was prepareW. G028 1])j calcd for C281444N204, 473.33; found, 478/ APARMR TDM50-d6, 400
mHz) 5 (ppm): 8.90 (bs, 1H), 7.96 (s, 1H), 7.74 (bs, 1H), 7.70 (s, 1H), 7.68 (s, 1H), 7.32 (s, 1H), 7.20
(d, J=8.4 Hz, 1H), 434rApde LmsIbbiy Begk fs-Chbh Sxfbg (oo -dretify B3 e thbias- 1218, 8.40 (s, 3H),
3.33-3.22 (m, 2H), 303kglrbhbhph 205X (inmdib)-2 &y éahbiymnedind)Bu89id £84(m, 1H), 1.86-1.59 (m,
). 190-143 (M A B S A b Ao QdPt 9 SRR (nbth 064 1 974 Wz
(S)-2424(2S, @B@hﬁéa%t?a}ﬁmgli @qﬂwmhgﬂiﬂsn#ﬁ%mm 20344 mL) was heated at 55 °C for

Egt)rzhillg;r@(zngﬁthﬁ]@&&TM[@WH%Q?%@W{%%‘(H‘@ éﬁa@mal@gé&gwmtm@ﬁ%%&k%eﬂ

amo -me -

20tetrahydro} ngé‘ffh%% %‘?HS?%?I‘!V t%i‘/?t é‘ﬁt\éfﬁﬁegoé}&?&lﬁ pjh those from

(6S,78)-7- Amm%zMé@mﬁ&mmmﬁwﬁl@Bpaaté;tedhy@ma’th@hth:aiemeeﬁﬂd‘,am@)gglfkﬂ&eid amide
hvdroch'Of'd%,&Q 99,0 -B2ammon, was dis E@W&Cﬂc@f@ flpa 256%@%&&&%3% at room

temperature.’ r%b -2-Isobuty1-4-oxo-butyric acid meth | eStel” 1723 mmol) was added followed

by triethylami M@déénﬁlMﬁ%Z“Pﬁlﬁ’&% ) &fePps: t%@% @6t r?a%’bféx&}%b%?@ﬂﬂd@(bb@g 0.92
mrgol) Quer mquuzrae af, 3. additienak (3)c;isphuivik-diexe-tuuy5e @ﬁdiﬂlﬁt‘hm Q§tm§§d020 g)da?]d
sodium triacetgxybo 0.15.g) we added and the
reaction mIXt%I%)é %@%\é‘% B%N#ﬁ) {I’f*fﬁ% gaﬁ 2‘%}(? gt%vzf L% Ws@cﬁ Ifate, filtered,
and concentratedto dinéesd.(IhéidyudedrésivlGe, WHS, didSdivetitin BASvicthdmol8 mkg,dmd 5 N NaOH

(0.151inL). T e@% gm}(;ygazvg I@e}%t d]agi'@pffz‘ f?ﬂ 7 h then cooled to room temperature, diluted
with 1:1 AcOhI%IIB—fZO (3'mL), and pu%?ﬁed b(f/t preparative HPLC to give the TFA salts of the title

compounds. TSI %a%bam gl i goeonzos
433.30; faund, 433 d; Hz). m?l
2009/076408PCT/L{§@9 bt 1H) 7 9 (s 68 (s 1H) i RN 16(% J 8.6 Hz,
1H), 4.01 (m,1H), 3.61 (s, 3H), 3.46 7 Hz, H 13,40 (5. 3H), 335-3.30 (m, 1H)
3.12-3.09 (m, 2H), f‘éﬂ‘aaﬁ oqop oo "%PBe fs‘s(‘f}? Yo7 ITBF%r-ﬁ d4i5tiyt%92-1 87 (m, 2H),

1.78- 1.59 (mMmahhxk-58- nmwamyafdaammmz(mbﬁkm@eaﬁi mideh7d6rYloBiEfveln? 4 Hz, 5 3H),
0.56 (t, J=7. %'décé%gmmd é@%’ﬁ?  BiBTGQVEL 65)4§E“é%) fé'\"ﬂﬂ%?%'c" for C24H38N204,

419.28; found, 419 d6, 400 miz)’ (s, 1H); 8.89 (bs, 1H) 7.95 (s

L nage 39, éz%%ﬁgieﬁﬁﬁ S A A 205 0

l 1ELR DA"' ALAANALAR l“"ul.”il\a AL AL 15

2.42-2.41 (m, 1H) 245 O (m, 1H), 1.94-1.81 (m, 2|—f) 1.80-1.42 (m, 6H) 1.27-1.217(m, 1H)
0.93-0.80 (m, 8H), 06% g) %?erﬁnlgzg g’la'?ethy?6 gne%]hc)z;yAf SH6Z7 %—‘r trclazh)ér gg) ~nap ihalene-2-
carboxylic acid amide hydrochloride (0.16 g, 0.51 mmol) was dissolved in
25  dichloromethane (4.4 mL) and methanol (2 mL) at room temperature. {(R)-2-
Cyclohexylmethyl-4-oxo-butyric acid methyl ester (0.22 g, 1.0 mmol) was added
followed by triethylamine (0.071 mL, 0.51 mmol) and sodium triacetoxyborohydride
(0.16 g, 0.77 mmol). Over the course of 2 h, additional sodium triacetoxyborohydride
(0.16 g) was added. Saturated sodium bicarbonate was added and the reaction mixture
30 was extracted with DCM. The organic extract was washed with brine (2 x), dried over
sodium sulfate, filtered, and concentrated to dryness. The crude product was dissolved in
1:1 AcOH/H,0 and was purified by preparative HPLC to give the title compound as the
TFA salt (161 mg, 53.6% yicld). (m/z): [M+HY caled for CpsHagN,04, 473.33; found,
473 .4. "HNMR (DMSO-ds, 400 mHz) & (ppm): 8.92 (bs, 1H), 7.95 (s, 1H), 7.70 (s, 2H),

35 7.68 (s, 1H), 7.33 (s, 1H), 7.20 (d, J=8.4 Hz, 1H), 4.02-3.96 (m,1H), 3.61 (s, 1H), 3.46
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Following the procedure of Example 7 using the appropriate methyl ester in place 15 of
(S)-2-isobutyl-4-oxo-butyric acid methyl ester, TEA salts of the following compounds were prepared:
8-A: (R)-2424(28,38)-7-Carbamoy1-1,1-d ethyl-3-methoxy-1,2,3,4-tetrahydro-
naphthalen-2%ga¢tiegpashy1]-4-methyl-pentanoic acid methyl ester:- (m/RyIfsesdpoedets for
C25H40N204, 433.30; found, 433.6. 114NMR (DM80-d6, 400 mHz) 6 (147Pm.) 208.84 (bs, 1H), 7.93

oo, Tt S i o e o s, 110
, J= .0, Q. Z . , DL-D. m, . S . L d= . . Z, ,
2,55 (m, 1H),5"§‘.]166‘52?1J§_?ﬂ%: ﬁ%%%%gw 1! g5t Bl iy, 13%}?91@*-‘1?2@’ 54521 26-1.23
(M, 1H). 0.84(¢t, 956, 1.50z] B0 BT, I6-7. 10Kz ABBI)) 854,48 (= 2H)HL 63K) 258 Bz, 3H),

(R)-242428,3@-67(—p@_rpgrﬁgy§ﬂ1],1-diethy1-3-methoxy-1,2,3,4-tetrahydro-
naphthalen-2-ylamino)-ethy1]-4-methyl-pentanoic acid: (m/z): [M+HI calcd for C24H38N204, 419.28;

found, 419.4. 1H NMR, (PVSO-G5..409 : 585 Rt AL (BRlt)s 8,88, (s y!-93 (s, 1H), 7.68
(5, 2H), 7.66 (s, 1%&%’&% kRIS éﬁnﬂafz.. i ﬁ?égnb 106, 106
1H), 3.38 (s, 3H), 3.&&x.26 (M, 30 1H), 3.04 (bs, 1H), 2.65 (dd, J=16.6, 9.79 Hz, 1H), 2.42-2.37 (m,
IH), 2.15-2.02 (m, 1 5?

1.95-1.92 (in, 1H), 1.81-1.42 (m, 6H), 1.24-1.17 (m, 1H), 0.85 (t, J=6.2 Hz, 6H),
0.63 (t, J=7.4 Hz, 3 }?a%a%fﬁﬁgsgaeﬁy?)gi&

XSRS 0BT B0RPC RIS Suba s s-C:
(R)-242-((2S BB F=GarharRoyislyldrdisthhthaBmcthonydy B3 ddetrahy by onahlbothiien2adamino)-ethy 1]
-3-methyjputyr] i r: JinMRIL € 8 . 4192810 nd, 419.4.
8.D: (R)-fzﬁzzf’%%?%,%g%%%ﬁﬁéglf‘?ﬁd}%ﬁé.%@é?ﬁg%?%@ﬁﬁ%%%@ gk
naphtha|en-2-§‘|§%*ﬂ PRS- MO LD PR Hei8-OhiPs) N+ T CtctHb Y G2 81438M2840405.27;
768 (0. 26, 187 (5 L T (o 710 Bt e 10 4 st Ayt 12 e,

.68 (s, 2H), 7.  LH), 7. ,J=8.4 Hz, 1H), 4.01-3.96 (m,1H), 3. , J=16.6,
5.68 Hz, 1H),g3%7é&?s;l'é%,gs§3%i§l.ém,31 )%,53%*(%@13#)2, %Z%&‘Rﬁ)‘?@?éﬁ@ﬁ?@ﬁaa 9.59 Hz,
1H), 2.23-2.007AH2H)] 10198+ BI(IIBHYSBO ABE. v, £D-4), OF63 (5UEAN(HZ) BH), 0.55 (t, J=7.4
Hz, 3H).- & - : 3 " _ .
(R)-24241(528,g%%Q%Sa(rbé}nrgyilllTf—’giéeisﬁ;ffé-ghggtr?bgé}y(-lfz%'g?AptgﬁrSﬁg/d?éngﬁh%ﬁgilg'r?-(szgylamino)-ethyl]
-4,4-dimethylpédtBioitTacid methyl ester: (m/z): [M+H] calcd for C26E142N204, 447.31; found, 447.6.
8-F: (R)-2-424(28,3%%;{&%??5%1&‘1&& -d;%rgt;%gaethoxiﬁésﬁiﬁrah)&o- }1%%5
naphthalen-2-ylami VR-4R=d et axsl-led i ethgi-Brpeethas Yol E23HA0N 204,
433.30; found, 433.2t* *ayzww%m&ﬂd%YM?ﬁH%ﬁslkﬂp‘ﬁﬂ%wg&sﬂqiq)%meq@ﬂm, 7.69 (s,
oH), 7.67 (s, 1H), 7f’é?g?g;}})?‘?‘!g@(g:Iﬁié?ﬁvm:’?Iﬁ?rﬁ?ﬁlo—Yébk%? Hy3-metheay- 12340 587 Hz,
1H), 3.39(s, 3H), 3§55 Ry ess glaming)-sBulldsmethylenanaic bR 78 1z, 1H),
2.31-2.35 (m, H), 2.86.2510 thmitpi},8-diethyl-6-methoxy-5,6,7,8-tetrahydro-naphthalene-2-

carboxylic acid amide hydrochloride (0.19 g; 0.62 mmol) was dissolved in (3 mL) and
methanol (1.85 mL) at room temperature. (S)-2-Isobutyl-4-oxo-butyric acid methyl ester
(0.212 g, 1.23 mmol) was added followed by tricthylamine (0.086 mL, 0.62 mmol), and
25 then sodium triacetoxyborohydride (0.20 g, 0.92 mmol). Over the course of 3 h,
additional (S)-2-isobutyl-4-oxo-butyric acid methy! ester (0.070 g) and sodium
triacetoxyborohydride {0.15 g) were added. Saturated sodium bicarbonate was added and
the reaction mixture was extracted with DCM. The organic extract was dried with
sodium sulfate, filtered, and concentrated to dryness. The crude residue was dissolved in
30 methanol (3 mL) and 5N NaOH (0.15 mL). The reaction mixture was heated at 50 °C for
17 h then cooled to room temperature, diluted with 1:1 AcOH/H,0O (3 mL), and purified
by preparative HPLC to give the TFA salts of the title compounds.
7-A: (35.3 mg, 10.2% yield over 2 steps). (m/z): [M+H]" calcd for C2sHygN2O4,
433.30; found, 433.4. "H NMR (DMSO-d;, 400 mHz) § (ppm): 8.94 (bs, 1H), 7.95 (s,
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201.97-1.94 (m, 1H), 1.80-1.57 (m, 5H), 1.18 (dd, J=13.8, 2.93 Hz, 1H), 0.85 (m, 9H), 0.65 (t, J=7.4
Hz, 3H), 0.54 (t, J=7.4 Hz, 3H). Example 9:
(S)-2421(2S,3S)-7-Carbamoy1-1,1-diethyl-3-methoxy-1,2,3,4-
tetrahydro-naphtaderic2eylaminoyethylReptanoic acid PCT/US2008/086171
(6S,7S)-7-Amino-8,8-diethy1-6-methoxy-5,6,7,8-tetrahydro-naphthalene-2- 25 carboxylic acid amide

hydrochloride: (9, 2069:(. 6fhmragl)swas) dissplvedin dighigromesignens nd) @ndumefhanel (1.92 mL) at
room temper?’mfﬁ ggl)ﬂzg-PentﬂA-?_ é)xo-but ric acid methy| ester mmol) was added
a ,

folowod by Pl A el Pk R e 7 e g

mmol). Over ﬂ]@”/’({d&r%el6;f499.7tﬁiﬁ,zadd)ti@1§a(h3dd—lmm. mane@o(my,bmghym_am@mmmozss mmc_)l) was
30 added. Sauaied sgdium bicarhenat was. pddod aps e senstien iU Wes exgpted with
with Ifate, filt C

DCM. The organic layer was drie odium su ilfered, and concentrated to drynéss (0.40 g).
The crude residhé #as-diss6A&d3HMcOH (3 mL) and 5 N NaOH (0.40 mL) was added. The reaction

mixture was heateda5@3¢ fr & fv.thes cerled. ahropmitempeipluis: \while sinng pvarnight. The
crude reactiot? mi th!? gqmed with WO‘{%%OQ/O? 408PCT/US2008/086171 1:1 AcOH/H20 (3 mL)
bl

and purified PR the HH e DR a1 PEARLE 5 Mg 18189 over 2

steps). (M/z): TNHs] BDalc@for, TIZHRA40N204) 433 36); Hfidurit] #EB K= IHRMIRT BN 6185, 400 mHz) 8
(ppm): 7.91 (s, 4+ 2H)~7.64(S, 1H), /.16 (d;1=8,6,Hz 13.97-3.91 (m,1H),
3.43 (dd, le%ét@sﬁsﬁl—?z@il%%os(%g@ 331%33%(3? “ésrf?l)'(ﬂr%]%ﬁﬁsE}é}srﬁbfﬂﬁﬁféﬁggd\]zlm 9.78
Hz, 1H), ¥ 3413 06 88 149y, 1300 2.9200 4 him HhD 12862, 8 (m 1Py | 247181 63, BRD3HE041.49-1.36 (m,
2H), 1.20 (s, Gl)6I9)B0A1- D=6 (Fa, AT, 050080V 410 814, 952 (4)5ikydoHe, B Bample 10

Following the3 ocedure of Example 9 using the appropriate methyl ester in place 10 of

(S)-2-penty1- -(%XO-butyric acid methyl ester, TFA salts of the following compounds were prepared:
10-A:
(S)-2424(28,38)-7-(%?5'3?#0%/'1-1,1-diethyl-3-methoxy-1,2,3,4-tetrahydronaphthalen-z-ylamino)-ethyll
-5-phenyl-pentanoid aldidvifm/ky: fidedducaltBxonC2 D HONDO 4pd8brdd: fouingd o481 id plddeNMR

(DMSO-45, 00tk (B0l A2 80,0 AN, BGE 06 AL TSR (ML SR 7295,

1H), 7.22.7.05 (m, 7H), 3:98-3.91 (m.1H), 3.43 (dd, J=16.6, 5.67 Hz, 1H), 3.
2H), 3.04 (bsVERPSE% {eld, J=16.6, 9.59 Hz, 1H), 2.52 (t, J=6.6 Hz, 2H), 2.34 (m, 1H), 2.12-2.06 (M,
1H), 8-A: (R)-2-[2-((25,38)-7-Carbamoyl-1,1-diethyl-3-methoxy-1,2,3,4-tetrahydro-

naphthalen-2-ylamino)-ethyl]-4-methyi-pentanoic acid methyt ester:- (m/z); [M+H]"

caled for CosHagN2Q4, 433.30; found, 433.6. 'H NMR (DMSO-d;, 400 mHz) & (ppm):

8.84 (bs, IH), 7.93 (s, IH), 7.68 (s, 2H), 7.66 (5, 1H}, 7.31 {5, 11}, 7.18 {(d, ]=8.6 Hz,

1H), 3.98 (m, 1H), 3.59 (s, 3H), 3.46 (dd, I=16.6, 5.28 Hz, [H), 3.38 (s, 3H), 3.32-3.23

(m, 2H), 3.02 (bs, [H), 2.63 (dd, J=16.2, 9.4 Hz, 1H), 2.55 (m, 1H), 2.16-2.10 {(m, 1),

1.97-1.95 (m, 1H), 1.83-1.59 (m, 3H), 1.49-1.43 (m, 2H), 1.26-1.23 (m, 1H), 0.84 (t,

J=6.1 Hz, 6H), 0.63 (t, J=7.4 Hz, 3H), 0.54 (t, }=7.4 Hz, 3H).

25 8-B: (R)-2-[2-((25,35)-7-Carbamoyl-1,1-diethyl-3-methoxy-1,2,3,4-tetrahydro-
naphthalen-2-ylamino)-ethyl]-4-methyl-pentanoic acid: (m/z): [M+H]" caled for
C24H33N,04, 419.28; found, 419.4. "H NMR (DMSO-ds, 400 mHz)  (ppm): 12.41 (bs,
1H), 8.88 (bs, 1H), 7.93 (s, 1H), 7.68 (s, 2H), 7.66 (s, 1H), 7.31 (s, 1H), 7.18 (d, J=8.4
Hz, 1H}, 4.01-3.94 (m,1H), 3.46 (dd, 3=16.6, 16.6 Hz, 1H), 3.38 (s, 3H), 3.32-3.26 (m,

30 1H), 3.04 (bs, 1H), 2.65 (dd, J=16.6, 9.79 Hz, 1H), 2.42-2.37 {(m, 1H), 2.15-2.02 (m, 1H),
1.95-1.92 (m, IH), 1.81-1.42 (m, 6H), 1.24-1.17 (m, 1H), 0.85 (t, J=6.2 Hz, 6H), 0.63 (t,
J=7.4 Hz, 3H), 0.54 (t, J=7.4 Hz, 3H).

o)
o]
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1.88-1.82 (m, 2H), 1.74-1.41 (m, 7H), 1.49-1.36 (m, 2H), 1.20 (s, 6H), 0.80 (t, J=6.7, 3H), 0.60 (t, J=7.4
Hz, 3H), 0.514 (t, J=7.4 Hz, 3H). 2010-R:
(5)-7-P-((2S,35)-7-CaMamny1-1,1-diethyl-3-methnxy-1,2,3,4-tetrahydro-
naphthalen-2Xfi2itie¢hyl]-4,4-dimethyl-pentanoic acid: (m/z): [M+H] REGAFSPEESHAON204,
433.30; found, 433.6. 1FINMR (DMSO-d6, 400 mHz) 6 (ppm). 12.39 (bs, 1H), 8.87 (bs, 1H), 7.93 (s,
1H), 7.66 (s, 2H), 7.4 (srLB) 2733 15)- 3ztdjarzal&&£i;sl—eﬁe%hlyltzslir&h&<9ﬁl O, igurdhgdddd, J=16.8,

o7 e 14 o I LS Sl B G (R0 1. 22
Hz, 3H), 0. 54f(1f O=iAN42,.3HY.28; fag 419 4.

(5)-2-Benzy1-44(2Sg3)-(rgat 35} AdiptmdsBmeiney-3-adifbicy-1.2.3 4-tetrahydro-
tetrahydro-naphthalen-2 {/Iamﬁ\?@ S} ﬁ M%calcd fo}r( CZ?HBStlf\:I%% r??O 453.27;

found, 453.1. "FRAMRIGIRE BIRASES s Cﬁ?&gﬂé’t‘%fﬁ?@ bY (VAFIY @icdsfor ), 7.68 (s, 1H), 7.67
(s, 2H), 7.31- Mﬁsemb(ﬁmos?ﬁn@nj—m HZHRME BR98 4m, g@ﬂ))nﬁi/é}ﬁﬁ(@néhk@ﬁ}@(% 1Hz2 81éﬂzm
1), 5 e 6l U 3o s o T PP Oy LT G 0ot s Thh SE G Rt 227 4 o 314

0.51 (t, J= 74I|I-:|:ZIEB-])4(}1 -309-(n, 1H), 3.46 (dd J=16.6, 5.68 Hz, 1H), 3.39 (s, 3H), 334331(1’11

(R)-2-124(25, 3)- T-athamgyd ol ity thoxy-4.3 Saatetahydsanaphthalany 2-ylamino)-ethytk
hexan0|c aC|d m/zgﬁ + calcd for C27H36 204, 5 419.28; found, 419.3. 111 R (DMSO-d6,
400 mH2) e (é 1495 B8O @noth))- P9 s 111 Heads Olﬁ)(fﬂz'éd(éi%-?‘g 1 Hz, 1H),

4.04-3.98 (m 1H) 3948 (r)-316(8s, 5@87&@&);@%@&3&1)33;@%&@5 01, 4243):B8ya3.05 (m, 1I2-|)(
2.68 (dd, J=16.,6 | 44. 213 2.01-1. 1.86-1.62 (m,
4H), 1.55-1.48°tm ht%ﬁlf} &Zygi“ hﬁzk (rﬁ% r%%ﬁ%l "é‘olfl%n%"%g?ﬁ’ NEve 4%” Sw}i% 0.58 (t, J=7.4

Hz, 3H). 1oled for CasHapN; Oy, 447 31, found 447.6.
(S)-44(2R,3R)-7-Caghampyi.3. @y»;[-@am }%Q@ﬂgtm@@@q@@@@é& %dyéamlnla)RZ cycloh

exylmeth Ibutyrlc acid: (m/z [ +H]1 calcd for ¥H42N204 459.31; ound 459.
(DMSO-d6, 4BtPHiL e pipmicrs sl st Aimetaqpananoro @) I Hlegueb Bym, 3H), 7.33 (s,
1H), 7.20 (d, 05816 M0, 1430 305dufid-3396 (THIKYIB RS0, =46 81336 tEmdH.98.44Q, (S( 3H), )
3.35-3.22 (m, ) ( 2 (m, 1H),
1.96-1.90 (m, Iﬁj( 7 ﬂo@ ﬁz’o%b él?% % 5%9184 %? ﬁ@é%@ léf‘{’m& n%“];;% éi]j’o‘@il (m, 2H), 0.64
t, J=7.4 Hz, 3%}, @15151 t3J467(d|dl—ﬂ2:1§|-Q)5 87 Hz OH; 3.39 (g, 3H), 3.33-3.27 (m, 1H), 3.25 (bs,

(R)-44(2R,3R)p; @@@@?QYE b, dadigthydr3ametRaxy- 153, %1@@%‘1@[1@@?02 16-2.10 (m, 1H)
naphthalen-2- ylamlno) -2- Cﬁc ohexylmethyl butyrlc acid: m/z% &M+H calcd for C27 42N204 459.31;
found, 428,81 ). 1.80<1.57 (m, 5H), 1.18 (dd, J=13 z, 1H), 0.85 (m, 9H), 0.65

(R)-4-((25, 38&7}6&&%&1&@{1&& dietiyd 3zmethoxy-1,2,3,4-tetrahydronaphthalen-2-ylamino)-2-cycloh
exylmethyl-butyric acid: (m/z): [M+11]' calcd for C27H42N204, 459.31; found, 459.4. 111 NMR

(DMSO-d6, 400 MmHE} firipi9): (R4 (DR 3HY, 83 Basy L)) Tilthy(s3 Hrbth 6§61 3,834(m, 3H), 7.29 (s,
1H), 7.16 (d, J=8.4 Hrrabiydr 6-06pBAREMMI N m3- ¢dekl Madten BeQfidz, 1H), 3.36 (s, 3H), 3.31-3.25

(m 260,30 (s 142 852 SRUMAHAIS AN, 21 100 MudHHMTIERET (. oF), 145

1.41 (m, 1H), 1.28-1.03 (m =7.4 ¥z, 3H), 0.52 (1, 9=7.4 Hz, 3H).
30Exampfe 1&ﬂfh<aﬁ’élf(sy121 Wlé?a%@i%%ﬂé@rﬂéﬂ@cw @ﬁnuwﬂ&waf digodved in

dichloromethane (3 mL) and methanol (1.92 mL) at room temperature. (S)-2-Pentyl-4-
oxo-butyric acid methyl ester (0.24 g, 1.3 mmol) was added followed by triethylamine
(0.089 mL, 0.64 mmol) and sodium triacetoxyborohydride (0.20 g, 0.96 mmol). Over the
course of 90 min, additional sodium triacetoxyborohydride (0.070 g, 0.33 mmol) was

30 added. Saturated sodium bicarbonate was added and the reaction mixture was extracted
with DCM. The organic layer was dried with sodium sulfate, filtered, and concentrated to
dryness (0.40 g). The crude residue was dissolved in MeOH (3 mL) and 5 N NaOH
(0.40 mL) was added. The reaction mixture was heated at 50 °C for 5 h, then cooled at

room temperature while stirring overnight. The crude reaction mixture was diluted with
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tetrahydro-naphthalen-2-ylamino)-2-cyclohexyl-butyric acid Following the procedure of Example 9
using (S)-2-cyclohexyl-4-oxo-butyric acid methyl ester and the racemic compound
trans-7-amino-8,8-diethy1-6-methoxy-5,6,7,8- WO 2009/076408PCT/US2008/086171
tetrahydro-napRtHakdHei%® carboxylic acid amide hydrochloride, the TFA $4T@Bg#es{ifel Tompound was
prepared. (m/z): [M+HI calcd for C26H40N204, 445.30; found, 445.4 Example 12:

(S)-2- CyCIOheD(YlHt&ith’ﬂhGH@ﬁl@S)rd-;lnﬁﬁﬂMﬁrMﬁ%ﬁPLC to give the title compound as

th 1,2,3,4- len-2:-ylam 43S-diethyl-7-h
(Tr(ca)x 0?),( ¥neth§1>1< éiﬁ tq(Brah prg)%}]?agﬁ?ﬁa)llset% )ﬁ‘)" r};r @%ggﬁ%?%%%rcg@ﬁﬁﬁ(ég 2{30 a’ slurryI ?)f Y
sodium (S)-4{eyerbHézyi- 1%%@4&@%@)@@@&@&&% rtare 715 1sIfbAté €4 88 PRy, DB mmol) in
2MeTHE (2 i1 s S9ed AN NARHIA 22l 44 mmalle] e aaeion mbfk e s sired for 20

min at which t|me all of the solids 10 had dissolved

(6S,7S)-7°Amike-8: 2 dleti1 62 I tHo-318) ﬁ@%éﬁa%r% SsHta 22 88 i idOnioritte (100 mg,
0.35 mmol) was@(dﬁiadmmdme mlmrﬁmasgstlrr@ﬂ(ai; RT)far@01 minnSadiym4siacrioxyborohydride

(425 mg, 2.0 I?@/i leture 4J98r IOJEA %é% RM% %6?2 ft%r Ipqeﬁas dition, EtOAc (15

mL) was added d@n és wash Yo dqUEDUSs carbonat x5 mL) and
saturated 15 sodlunihcghlor\,!ge9 (‘5 mL). The organic layer was dried with Na2S0O4 and concentrated to
give the title compoun mgq). (nz/z): [M+H]+ calcd for C27H43N04, 446.33; found, 446.6. b.
(S)-2-Cyclohcxy 1 métheingass 3sycedyrgiat Kyrmmy d r@%@ga‘hmmnw@mﬂwi ester in place

tetrahydraynaghthat e[}:e mes%@wea@ﬁ{@t%%ﬁqlm afitheg m@ﬁﬂmﬁgf&srﬂ%@yﬁgys step (159
mg, 0.36 mmol), met | (1.5 mL), water (0.20 mL) and 10 N NaOH (0.21 mi, 2.1 mmol) was heated

at 50C. After ¥H° #i&fE%ttion mixture was cooled to room temperature, diluted with 50 % aqueous
acetic acid, and purﬁ(bd k) pkd pa(asiee)HRLACHtenginel thdititte lcbmpiborg B3, ie tfkahgdl- (110 mg, 58

o i
100 mi2) S (SRR (1 ---g%zf‘@%s‘g R S Ay LRI o, 1), 401
(m, 1H), 3.484wBEN; B3R B 397 fawnd3 iy ] 3.2 FAMVRHD MSS- @&9&1@19) ez 1 280,010 (m, 1H),
1.97 (m, 2H), 8% 3:6Qmui0r &.3if11- 234 Sit), 022 (M) 20.8@ Sl =71, K13g 39 0.71 (1,
J=7.2 Hz, SHz m,1H), 3.43 (dd, J=16.6, 5.67 Hz, 1H), 3.35 (s, 3H), 3.31-3.17 (m, 2H), 3.04 (bs, 1H),
2.63 (dd, J=16.6, 9.59 Hz, 1H), 2.52 (t, J=6.6 Hz, 2H), 2.34 (m, 1H), 2.12-2.06 (m, 1H),
1.88-1.82 {m, ZH), 1.74-1.41 (m, 7H}, 1.49-1.36 (m, 2H), 1.20 (s, 6H), 0.80 (¢, J=6.7,
3H), 0.60 (t, J=7.4 Hz, 3H), 0.514 (t, 7.4 Hz, 3H).
20 10-B: (8§)-2-[2-((25,35)-7-Carbamoyl-1,1-diethyl-3-methoxy-1,2,3 4-tetrahydro-
naphthalen-2-ylamino)-ethyl]-4,4-dimethyl-pentanoic acid: (m/z): [M+HT caled for
CasHagN, 04, 433.30; found, 433.6. 'H NMR (DMSO-ds, 400 mHz) § (ppmy); 12.39 (bs,
IH), 8.87 (bs, 1H), 7.93 (s, 1H), 7.66 (s, 2H), 7.64 (s, 1H), 7.31 (s, 1H), 7.18 (d, }=8.2
Hz, 1H), 3.96 (m,1H), 3.43 (dd, J=16.8, 5.87 Hz, 1H), 3.38 (s, 3H), 3.29 (bs, 1H), 3.18-
25 3.10(m, 1H), 2.66 (dd, J=16.4, 9.97 Hz, 1H), 2.32 (m, 1H), 2.14-2.08 (m, 1H), 1.87 (m,
2H), 1.76-1.58 (m, 4H), 1.18 (m, 1H), 0.84 (s, 9H), 0.62 (t, J=7.4 Hz, 3H), 0.54 (t, =7 4
Hz, 3H).
10-C: (S5)-2-Benzyl-4-((25,35)-7-carbamoyl-1,1-dicthyl-3-methoxy-1,2,3,4-
tetrahydro-naphthalen-2-ylamino)-butyric acid: (m/z): [M+H]" caled for C;7HasN,O4,
30 453.27; found, 453.1. "H NMR (DMSO0-d;, 400 mHz) § (ppm): 8.86 (bs, 1H), 7.93 (s,
1H), 7.68 (s, 1H), 7.67 (s, 2H), 7.31-7.16 (m, 5H), 7.17 (d, J=8.2 Hz, 1H), 4.0-3.93
(m,1H), 3.46 (dd, J=16.8, 5.87 Hz, 1H), 3.38 (s, 3H), 3.35-3.26 (m, 2H), 3.04 (bs, 1H),
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Example 13: (9)-2-Cyclohexylmethy1-44(2R,3R)-1,1-diethyl-7-hydroxy-3-
30methoxy-1,2,3,4-tetrahydro-naphthalen-2-ylamino)-butyric acid Following the procedure of
Example 12 using (6R,7R)-7-amino-8,8-diethy1-6- methoxy-5,6,7,8-tetrahydro-naphthalen-2-ol
hydrochlorid & ¥ T&d!8the title compound was prepared. (in/z): [M+FiP€AIES T8 CBEH41N04,
432.31; found, 432.8. 1H NMR (CD30D, 400 mHz) S (ppm): 6.97 (d, J=8.2 Hz, 1H), 6.65 (dd, J=8.3,

T D e At 210y 3 s O (i 1 951,60 (n
, 3.47-3. = z, 2H), 2.13-1.95 (m, 2H), 1.95-1.60 (m,
10H), 1.38-1. ?ﬁggﬁ?@é%ﬁiﬁ)ﬁ%@é%jﬁﬁ%?z%%l) 0.71 (t, J=7.3 Hz, 3H). Example
14: (R)-2-CyclohexylBth(A)-242&3S P 71CarbtimgdsT- hy eitokyyB3-methoxy-1,2,3 4-tetrahydro-

Smethoxy-1 23 Adetrahyoasnaphibalens2:yiaming)-Rubyipxet .
(R)-Z-Cyclohe% Imethyl-gl428 3% -ﬁ%ethﬁﬁ%r%ﬁﬁ@&?id% GutlaN20s,
tetrahvdré—naﬂéﬁgiécﬁgﬁdy@r?‘r' oYU R AP AL aER) 3 (ppm): 7.97 (s, 1H), 7.72 (s,

(6S,75)-7-Anien; 8, Bdiethy); 6-methony- 3.8 { H*etrahygnemaphtizadens2 eihydoghioride salt (100 mg,

0.35 mmol), (R)-2: xylme -4-0X0- [ id ethy., ro 0.42 mmol) and
triethylamine% r%cééc %gg%f)nﬁﬁbdl%}bxv%% %@3@% %?g?éh%ogg%@ﬁéﬁg%fﬁ%g%% Cs?’[irred at room
temperature f5118@.Rin8 Beditih AridcatBxinorbwaizie. {2.08, d 2. 83 mhisdl waldiaddéa bfidl the reaction

was monitoreg byrHPLE. Alters Brgdditionas (B)- lohexylmetayh-4-gxerbutyrigacigrmethyl ester
(20 mg, 0.1 rﬁﬂnolgm]d sodiurrg triangt:gxyboror@@yg%ghr%??&%%%l)@%v%guzgcﬁ%.3% "Thirty

minutes Serné thsf gld;oﬂ?oﬁﬁétOAc (15 mL) was added and the mixture was washed with 5 %
agqueous sodium catbanais)2-4 RBR)- atdsattsatad stdih Thlemridey(d, ) -(Hashpdganic layer was

dried with Na2$S and concentrated to give the title compoun ) {m{z): IM+Hr calcd for
C27H43 NO4,%B§%%?% dﬁ%fnﬂ%gfcyc@%ﬁf?é&g%}%@ﬁ ‘e"x@i}é:eﬁ‘?%?iﬁ% 8‘54[03‘ A
1-diethy1-7-h$edel:BméiA dty fovad 25920tetiafyid OB At al 00 2aylandifmrbuii@ dbid ~ Following

the procedure of Bxample| 12 step(R): the T4 38!kef 3?&%'@%9,%2,%%@%4%%&% /2): [M+H]
caled for C26R41N04, 432.31: found, 432.8. .114 NMR (CD30D, 4 OmH?éG (ppm): 6.97 (d, J=8.5 Hz,

1H), 6.63Ydd? X8 9ns!H A ,(%‘?%ﬁé;gaéz‘?@%,iﬂ%), 406 D113 348 @ 3H), B047-3.37 (m,
3H), 3.22 (m,(b1)10, 3868 5] d=)516 D31 01£) H), 283, @l SHY, 951 (2, 2H, 1.85-1.601(ow, (BQH), 1.38-1.18
(M. 6H), 0.92,0h, 264, 08 %uLot/ 1655128 i), 235707 8258600 91-0.81 m, 210, 0.64 ¢,
J=74 Hz, 3H), (.55 (1, J=7.4 Hz, 3H).
10-F: (R)-4-((2R,3R)-7-Carbamoyl-1,1-dicthyl-3-methoxy-1,2,3 4-tetrahydro-
20  naphthalen-2-ylamino)-2-cyclohexylmethyl-butyric acid: m/z): [IM+H]" caled for
Cy7H4:N2 0y, 459.31; found, 459.8,
10-G: (R)-4-((28,35)-7-Carbamoyl-1,1-diethyl-3-methoxy-1,2,3 4-tetrahydro-
naphthalen-2-ylamino)-2-cyclohexylmethyl-butyric acid: (m/z): [M+H]" caled for
C27HaN; 4, 459.31; found, 459.4. "H NMR (DMSO-ds, 400 mHz) § (ppm): 12.4 (bs,
25 1H), 8.82 (bs, 1H), 7.91 (s, 1H), 7.66-7.61 (m, 3H), 7.29 (s, 1H), 7.16 (d, J=8.4 Hz, 1H),
4.06-3.93 (m,1H), 3.43 (dd, J=17.2, 6.06 Hz, 1H), 3.36 (s, 3H), 3.31-3.25 (m, 2H), 3.0
(bs, 1H), 2.65-2.58 (m, 1H), 2.13-2.07 (m, 1H), 1.89 (m, 1H), 1.71-1.57 (m, 9H), 1.45-
1.4} {m, 1H), 1.28-1.03 (m, 5H), 0.86-0.78 (m, 2H), 0.61 (t, J=7.4 Hz, 3H), 0.52 (t, }=7.4
Hz, 3H).
30 Example 11: frans-(§)-4-(7-Carbamoyi-3-methoxy-1,1-diethyl-1,2,3,4-
tetrahydro-naphthalen-2-ylamino}-2-cyclohexyl-butyric acid
Following the procedure of Example 9 using (S)-2-cyclohexyl-4-oxo-butyric acid

methyl ester and the racemic compound trans-7-amino-8,8-diethyl-6-methoxy-5,6,7,8-
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Example 15: (R)-2-Cyclohexylmethy1-44(2R,3/)-1,1-diethy1-7-hydroxy-3-
methoxy-1,2,3,4-tetrahydro-naphthalen-2-ylamino)-butyric acid Following the procedure of Example 14
using (6R,7R)-7-amino-8,8-diethyl-6- 30 methoxy-5,6,7,8-tetrahydro-naphthalen-2-ol hydrochloride in
step (a), the ¥R 288¥W¥36\Ad was prepared. (m/z): [M+H] calcd for C26al1 RONUABREABsfound, 432.8. 1H
NMR (CD30D, 400 mHz) 6 (ppm): 6.97 (d, J=8.2 Hz, 1H), 6.65 (dd, J=8.5, 2.5 Hz,1H), 6.62 (d, J=2.3
Hz, 1H), 4.01téruhltibh-BafBsledt) Gubdx312 7€M adtibe BydrotModdd) i 58 ddh 1 WOHERR/076408PCT/U

S2008/086171 J=15.7, 10.2 Hz, 2H), 2.1 LH), 1.98 H), 1.79-1.60 (m, 10H), 1.37-1.18 (m,
6H), 0.92 (m,cfﬁfoﬁ%w(‘%f; ygayﬁeéi'z(,)nyzﬁ),?&%f(}? %’%]‘}?21’@‘57%1}?2@%%1%@ g félﬁg}l%i}%ﬁlg the procedure
of' Example 9 using the appropri thyl ester in place -2-pentyl-4-oxo-butyric acid methyl
R L L
amino-8,8-dimeth 1-b-methok -5.6, ,§!1t)é?rahyd)ro-napﬁt%§rleneyf-éa'f oxﬁ/ﬁg acid amide-hydrochloride,
the TFA S%lt 4o fl o o E\RRSHY SRR I S aeial n .A_i.?; g 7‘h dro ‘,5 ethoxvy-1.2.3.4-

trans-(S)-4-(7-CHsaMEgraphihalpreadrdamivaiinivticad dmciag spg8ronaphthalen-2-ylamino)-2-cyclohe
xylmethyl-butyric acid: £mitz)y fVsddfrcalpd iorc i &261.138N204,-43L RS ciennd] 43%R-1- 16-B:

mans-(S)-4-(7-Garba 1-3-methoxy:1,1;qi -1,2,3.4-tetrahydronapht n-2-ylamino)-2-cycloh
exyl-butyric a?:tfgg?fgrlta?gl %%?ga%%r%?z%ﬁﬁ%%iﬁ 1@/@5?; %ur%ﬁ%@%%%’le 17:
(S)-44(2S,3SY-Harmeamdyd reattgiethyiug-wistbioxgd £o2 Hl4uin at which time all of the solids

15tetrahydrom&@a@a:anmj'np)s%iﬁxs%,qt@m{m%ny&%%&@}@jﬂ@a&ﬁ}zﬂa@%@éﬁﬁ&arba_\moyl-1
1-diethyl-3-methoxy-1,23,4-tetrahydro-naphthalen-2- Xlamlno)-z-cyclohex Imethyl-butyric acid benzyl

ester hydroctﬂb?%‘g“hi“f‘é)e A0 e stormaiddtitigdded and the mixtare was stirred at RT for
(S)-3-benzylaxyadanbopydivdeeyiatehexybiohystoxyistane 2l ssulfonatad 164 @ irddPommal), the product of
Preparation 17, in,MeTHE (2.0 L) 20.and water (600 a ded 1.0 M,NaOH in water (400 mL)
and the react?&ﬁ&n%du%gll agnélt‘lll?)%é% }f{ %g\{rﬁs%ﬁ%%?g%eb \%%@%d%ﬁrg‘ﬁﬁgg%%%%%égeparated and the
solution was EBHEEhtratetrshed vifumd efusns saiivm carbenpes(Atinrebhoshsratetedolution was added

to a slurnsof (B HFSIRRNOHE: HLBYkRMEIRE Bl Brieakysiranaphthialeng @-carboxylic
acid amide hydrochloride 25 (10 .0})2%1319.7 mmol) in DMF (1 L). Resulting slu%_ was stirred at room
2w

temperature 8¢ 2A° Rl FREBREAMAIXH Feiv AL @I i Techised N Portthidiée adidition of sodium
triacetoxyborehgdride (169 g, 799 mmol) over 15 mm. The reaction mixture was stirred at RT

overnight, cooled to 10 C and then 1.0 M NaOH in water (3 L) and ethyl acetate
b. (8)-2-Cyclohexylmethvl-4-((2S,38)-1,1-diethyl-7-hydroxy-3-methoxy-1.2.3.4-
tetrahydro-naphthalen-2-ylamino)-butyric acid

20 A solution of the product of the previous step (159 mg, 0.36 mmol), methanol
(1.5 mL), water {0.20 mL) and 10 N NaOH (0.21 mL, 2.1 mmol) was heated at 50 °C.
After 4 h, the reaction mixture was cooled to room temperature, diluted with 50 %
agueous acetic acid, and purified by preparative HPLC to give the title compound as the
TFA salt (110 mg, 58 % yield over 2 steps). (m/z): [M+H]" caled for CasHy NO4 432.31;

25 found, 432.8. '"H NMR (CD;OD, 400 mHz) § (ppm): 6.97 (d, ]=8.2 Hz, 1H), 6.65 (dd,
J=8.4,2.5 Hz,1H), 6.62 (d, J=2.4 Hz, 1H), 4.01 (m, 1H), 3.48 (s, 3H), 3.47-3.37 (m, 3H),
3.22 (m, 1H), 2.58 (dd J=15.9, 10.2 Hz, 2H), 2.10 (m, 1H), 1.97 (m, 2H), 1.82-1.60 (mn,
10H), 1.37-1.18 (m, 6H), 0.92 (1, 2H), 0.80 (t, I=7.4 Hz, 3H), 0.71 (t, J=7.2 Hz, 3H).

Example 13: (8)-2-Cyclohexylmethyl-4-((2R,3R)-1,1-diethyl-7-hydroxy-3-
30 methoxy-1,2,3,4-tetrahydro-naphthalen-2-ylamino)-butyric acid
Following the procedure of Example 12 using (6R,7R)-7-amino-8,8-diethyl-6-
methoxy-5,6,7 8-tetrahydro-naphthalen-2-ol hydrochloride in step (a), the title compound
was prepared. (m/z): [M+H] caled for CreHq NO4 432.31; found, 432.8. '"H NMR
(CD10D, 400 mHz) & (ppm): 6.97 (d, J=8.2 Hz, 1H), 6.65 (dd, J=8.3, 2.5 Hz,1H), 6.62
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(5 L) were added. The reaction mixture was stirred for 10 min, phases were separated, 30 and the
organic layer was washed with diluted brine (1:1, 2 L). To the organic layer was added 1.0 M HC1 in
water (520 mL, 520 mmol) and most of the ethyl acetate was removed by rotary evaporation. Water
(500 mL) and"&xR&NAINE408) were added and the volume was slowly redu€ed’/B§2p8848¢ Edaporation to -1
L. The resulting off-white free- WO 2009/076408PCT/US2008/086171 flowing slurry was stirred at RT

overnight. Produetwias.isuiated byilraiiondlaskiand fiter sake, Wﬂyemas(hedmitb geater (2 x 200 mL)

and then drie e eld based on
amlnotetralln?rle%gﬁéﬁlg q%l\%@(gg?%%déb%@% gé)qéw %nggé% ’(Qr%l{-rﬁ 7.98 (s,
51H), 7.70 (s2HMY)-5088 {d7 #Hz. B1AB-F 736 (v, 2H) 27319 .(d, 1H), 5.10 (q 2H) 4 04 (m, 111), 3.45 (dd,
1H), 3.38 (s, 3H), 3.25 (m, 21-1), 3.05 (m, 1H), 2.62 (m, 2H), 1.95-2.15 (m, 2H), 1.61-1.82 (m, 3H),
1.50-1.61 (m, 4H), Ea@ipBOLdm (13- Cyelobe:a2ufth tH)-(RSSSE 1 B diathaHY-loyddeve® (m, 2H), 0.63 (t,
3H), 0.52{t, 3H) b. wBsthogp s BS}-rerahydragymhthalethylagin@hyiyrie gcid
3,4-tetrahydre;nanithaleenezykaiaming»23sydaheximetinpistyricoagidxy-1. I ha-product of the
previous step (h@ﬁaﬁﬁk&&%mmmwaﬁaﬁmﬁtmm@didaaiweﬁﬂmwt@cetate (2.5L), water (1L)and 1.0 M

NaOH in water (30 I.7 S?QQ m gl% 5!3 é"’r%re‘%h% %rgti trd !‘IIII @{el s washed with

ol
diluted brine (1:1, 2 mL) and drie dium su olvent was re oveolllby rotary evaporation

and the resulﬁlﬁ‘é‘%@lﬂé@ ﬁtéim&ﬁﬁgﬁﬂwéﬁh?gwmwwmth@wm%%e intermediate
(S)-44(2$3ShémgpERanmoy kid, d Aot Bamethaky dnins. é@%@hm%ﬂ@l?]hm@é%%mno) -2-

cyclohexylme %Igg tyric acid_benzyl ester (-160 g) as a sticky solid e free-base intermediate

was dissolve A3t ‘?ﬁﬂétt‘fcé £ AR (FERFE458 191 FEhAP G the solution (1 L) was
added 10 % pﬂiﬂ&dwmcéﬂcﬂlgi@immM)gZQ thmoakkdpw (vel)ed hedbactian vt menaspdiged with
nitrogen and flﬁgﬁtw h nd it to 1l PSL %nf h at RT. The
reaction mixture Wasﬂﬁtgr%ﬁ%?ﬁo%%[hﬁ gﬁ nZ% dg hﬁ yﬁm Q@%ﬁ% ?’fte(rg%%gﬁg vSeqre é\%/g}é i With acetonitrile

(50 mL). The &IB&isH ﬁﬂf@ﬂé%goﬁﬂw@&wwwﬁmméﬁ(&ﬂm (0YraeR P et @ﬁeénd then filtered

through geliteriViasifithe Salvertinasdemay ek [t §RRARIAN 2L B frAGRtoNitrile (500
mL) was added Eﬁfgawﬂ st of the solvent was removed l:g(rotary evaporation, Additional acetonitrile

(500 mL) was'& Ot TAS EBHEBSHERBH B stk g SR FSACHBAT ARG was stirred
vigorously at fborh)tefihpergtnie E@y@m@lﬁrmswm@m@mélmmgtmw\d@@muwmﬂ%roduct was

o 5 Yo B o e e A s D A Comvent 0,40 o6
(w/w). 1H NMR (#00.M)dnBIViHEAeN. @iﬂ@@)ﬂ,l&%e@iﬁﬁ?@g&o@é §SmLidx 760 §dy 1H), 7.22 (br, 1H),
7.11 (d, bw), 3.5%(nhykr)n3pBthifn3Hylatmdd)-butyric acid
Following the procedure of Example 12 step(b), the TFA salt of the titie

compound was isolated. (m/z): [M+H]" caled for CosHyNO, 432.31; found, 432.8. 'H

NMR (CD:0D, 400 mHz) & (ppm): 6.97 (d, J=8.5 Hz, 1H), 6.65 (dd, J=8.3, 2.3 He,1H),

6.62 (d, J=2.3 Hz, [H), 4.01 (m, 1H), 3.48 (s, 3H), 3.47-3.37 (m, 3H), 3.22 (m, 1H), 2.58

25 (dd J=16.0, 10.0 Hz, 2H), 2.15-1.95 (m, 2H), 1.95-1.60 (m, 10H), 1.38-1.18 {(m, 6H), 0.92
(m, 2H), 0.80 {t, J=7.6 Hz, 3H), 0.71 (¢, J=7.5 Hz, 3H).

Example 15: (R)-2-Cyclohexylmethyl-4-((2R,3R)-1,1-diethyl-7-hydroxy-3-
methoxy-1,2,3 4-tetrahydro-naphthalen-2-ylamino)-butyric acid

Following the procedure of Example 14 using (6R,7R)-7-amino-8,8-diethyl-6-
30 methoxy-5,6,7,8-tetrahiydro-naphthalen-2-ol hydrochloride in step (a), the title compound
was prepared. (m/z): [M+H]" caled for CpsHsNO4 432.31; found, 432.8. "H NMR
(CD:0D, 400 mHz) 6 (ppm): 6.97 (d, J=8.2 Hz, 1H), 6.65 (dd, }=8.5, 2.5 Hz,1H), 6.62
(d, J=2.3 Hz, 1H), 4.01 (m, 1H), 3.48 (s, 3H), 3.47-3.37 (m, 3H), 3.22 (m, 1H), 2.58 (dd
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WO 2009/076408PCMS2008/086171 (dd, 1H), 2.95 (m, 1H), 2.59 (d, 1H), 2.49 (m, 2H), 1.81 (m, 2H),
1.49-1.63 (m, 5H), 1.41- 1.50 (m, 2H), 1.05-1.25 (m, 4H), 0.72-0.90 (m, 2H), 0.45 (t, 3H), 0.57 (t, 3H).
Example 18: 44(2S,3S)-7-Carbamoy1-1,1-diethyl-3-methoxy-1,2,3,4-
tetrahydro-nAPhE9&IEREN1amino)-2-(trans-4-hydroxy-cyclohexylmethyl)-BSHifyPROEIETA) and
44(2S,3S)-7-Carbamoy1-1,1-diethyl-3-methoxy-1,2,3,4-
tetrahydro-naphthale n-2Hdanting) 2 (ais14Hh ydroxys Qrgjoherylmethy oy iy dcid (B) 61, a.

244-(ten-Buty]-dimethyl-silanyloxyl-cyclohexy ylenel:su ic acid 1-methyl 10ester A solution of
dimethyl suc)cdl'r%t m(%nqglaétoﬁ(rrf]rﬁﬁza%%ﬁ??e?:{g’bju@?ﬁr%ml

silanyloxy)-cyclohe@n%;a]rb dehyde (1.00 g, 4.1 mmol) was added over 25 mm to a 1.0M solution of
potassium tert-butoxide 1h tert-butanol (4.4 mL. 4.4 mmol). The reaction mixture was heated at 50 C

for 50 min, cooled t§TRTVERE the REseHareel Trdap!es) vabeLtie IPREPESII R NECHBIBIVEECN water (25
mL) and wasBegnitRdEIPAC (ZoX QM labid RIRAULRHSIAYES Wasraciditigduwith-£:NHC1 (2.0 mL, 12

mmol) and extracted with Et0A¢ (2 x 20 mL), dried (Na2S04) and cqnceptrated. The crude product
s purifed 15 TG ARG EHY 8 5 S BER 5 WA THEEOH (56 (560 me) 25 &
mixture of olefinidsdimirsi(tdidy.ahd 2 ropdtr efohciblanvdtparsnipamdy svat2cthecdyclohexyl ring (-1:1).

114 NR (CDC12, 490 8400 cllin aseks SABR (. A0 Hah 8 Th (e d510.0 D)

CHOTBS peaks at 3.96 ppm (br's) (cis isomer, hydrogen equitorial, 557 rq trans iIsomer, hydrogen
axial). b. 244raekbBlsiRuileirg-itasiabspegdishayrs etdidenesinid Héldrlsddehy| ester To a
solution of the:praduah ohithepreviayssstep (560 mg, 1.6 mmol) in EtOAC
16-B: rrans-(5)-4-(7-Carbamoyl-3-methoxy-1,1-dimethyl-1,2,3,4-tetrahydro-
naphthalen-2-ylamino)-2-cyclohexyl-butyric acid: (m/z): [M+H]" caled for C2aHaeN2O4,
417 .27, found, 417.4,

Example 17: (§)-4-((25,3%)-7-Carbamoyl-1,1-diethyl-3-methoxy-1,2,3,4-
15 tetrahydro-naphthalen-2-ylamino)-2-cyclohexylmethyl-butyric acid

a. {5)-4-((28.38)-7-Carbamovl-1,i-diethvi-3-methoxv-1.2,3 4-tetrahydro-naphthalen-2-
lamino)-2-cvclohexvyimethyl-butyric acid benzvl ester hydrochloride

To a suspension of sodium (S)-3-benzyloxycarbonyl-4-cyclohexyl-1-hydroxy-
butane-1-sulfonate (160 g, 400 mmol), the product of Preparation 17, in MeTHF (2.0 L)
20 and water (600 mL) was added 1.0 M NaOH in water (400 mL) and the reaction mixture
was stirred at room temperature for 90 min. Phases were separated and the solution was
concentrated to a volume of ~360 mL,
The resulting concentrated solution was added to a slurry of (68,75)-7-amino-8,8-
diethyl-6-methoxy-5,6,7,8-tetrahydro-naphthalene-2-carboxylic acid amide hydrochloride
25 (100.0 g, 319.7 mmol) in DMF (1 L). Resulting slurry was stirred at room temperature for
2 h, the reaction mixture was cooled to 0 °C followed by portion-wise addition of sodium
triacetoxyborohydride (169 g, 799 mmol) over 15 min. The reaction mixture was stirred
at RT overnight, cooled to 10 °C and then 1.0 M NaOH in water (3 L) and ethyl acetate
(5 L) were added. The reaction mixture was stirred for 10 min, phases were separated,
30 and the organic layer was washed with diluted brine (1:1, 2 L). To the organic laycr was
added 1.0 M HCl in water (520 mL, 520 mmol) and most of the ethyl acetate was
removed by rotary evaporation, Water (500 mL) and ethanol (1 L) were added and the

volume was slowly reduced by rotary evaporation to ~1 L. The resulting off-white free-
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25 (15 mL) was added 10 % Pd/C (50% water, 165 mg dry weight). The reaction was shaken under 50
psi hydrogen for 16 h. The reaction was filtered through Celite, rinsing with EtOAc (5 x 5 mL), MeOH (3
x 5 triL) and DCM (3 x 5 mL). The combined filtrates were concentrated to dryness at reduced
pressure. Th¥ e 93séiduct was purified by flash chromatography (25 BERYAXBEHN o give the title
compound (245 mg) as a -1:1 30 mixture of cis and trans isomers at the cyclohexyl ring. 11-1N MR
(CDC13, 400Totiz); MEyA0QNOFEADSPICHAIS200 P06 A8 ifppina) GHOFBSpaaiksaal 3.92 ppm (br

t I (t mer, dro naxi )
Zzlgck?eftoguet;fﬂg ?t%en ecalilx#y (;L?y c%/c gm%/ﬁ?gt(fsqn?% %l%t%/ rlgclb %8?“21&8%%‘8thy| ester 5A solution
of the producﬁ@ﬁmeqér@\?lﬁ)gk'@tepf(lzﬂfsqiﬁ@({?%?@m@oﬂ‘w Tllellﬁ 2sodro poviastesdied in ice and a
solution of barape.in 10 MkiF68- @Iﬁ}b\wﬁﬁ? ¢ (@Hs 85 9 i, T 11§ TQRRK@R Y sUred at OC for 1.5

h, and then quenched by the dropwise addition o 10 mL). Thé mixtureé was concentrated

under redticett Présilive ! e tf@r{&l Moo HE6: ?’ﬁlﬁ%a&d@&dahﬂkr%j Migtdi@vid¥ éBhcentrated
under reduced{bmpre{s@;rﬁ;p ga,fe(ghepgrgdglg lifle modues (gzamgﬁ imghmlgsp@egl 1(jg1(ﬁe(:]|elltely in _trhhe
next step. d. 4 t- y oX C (04 ric acid methyl ester The
product of thé% ev Eufg%e(p ( é Xé ngi éﬁéﬁ}e A b%f‘ﬂfi%({)?/ ‘iﬁﬁ} MSO (218 mag,
2.8 mmol) and, BIREL AKRG17mQ.22. &mmq,l))we(e aHsleckane the mixture was cooled to -10 C. Sulfur
trioxide pyridine complex (223mg, 1.4 mmol) was added as a solid, and the reaction was stirred at - 1
0 C for 1.5 h.1DGMAZ(R.50d {carididw ‘ -1 VBES gparated and
the aquebls layemiag L). The comblned organlc Iayers were washed

with water 20 (3 x 1@1@{%@&& §ﬁ%@&%&&@% (élmrzb'@; soendriedNademeand:gepcentrated to give
400 mHz) showed aldehyde peaks at 9.81 and 9.75

the title compo (22 ). '1-INMR (CDCI3

o 6, 2-0- (UL GRS A ey oM A A DE D ST e 1
diethyl-3- methews&pﬂr&p@:téﬁakgﬂm-laammaakem&mmﬁ)ﬁledmmu mesoyhestesdbfesolution of
(68,75) 7-amin; 8 iSSR0 TSP e IRBMRAISRS R:5athmy g agld amide (100

mg, 0.32 mmol), the product of the previous
15 dried overnight under high vacuum to provide the free-base intermediate (5)-4-((28,35)-7-

carbamoyl-1,1-diethy!l-3-methoxy-1,2,3 4-tetrahydro-naphthalen-2-ylamino)-2-
cyclohexylmethyl-butyric acid benzyl ester (~160 g) as a sticky solid.
The frec-base intermediate was dissolved in a mixture of acetonitrile (1.6 L) and
water (300 mL). To half of the solution (1 L) was added 10 % palladium (10 g, 9 mmol)
20  on carbon (wet). The reaction mixture was purged with nitrogen and then with hydrogen
for 2 min and then exposed to 10-15 psi H, for 3 h at RT. The reaction mixture was
filtered through celite, and the flask and filter cake were washed with acetonitrile
(50 mL). The yellowish filtrate was stirred with thiol-modified silica (10 g) at RT for 2 h
and then filtered through celite. Most of the solvent was removed by rotary evaporation
25 at25°C. Acectonitrile (500 mL) was added and most of the solvent was removed by
rotary evaporation. Additiona! acetonitrile (500 mL) was added resulting in fast
precipitation of sticky solids. The reaction mixture was stirred vigorously at room
temperature overnight resulting in a free-flowing off-white slurry. Product was isolated
by filtration; the filter cake was washed with acetonitrile (2 x 50 mL) and then dried
30 under vacuum to yield the title compound as a crystalline solid (56 g, 98.8% purity).
Water content 0.49 % (w/w). 'H NMR (400 MHz, DMSO-ds): 3 (ppm) 7.89 (br, 1H),
7.65 (s, 1H), 7.60 (d, 1H), 7.22 (br, 1H), 7.11 (d, 1H), 3.55 (m, 1H), 3.38 (s, 311), 3.25
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step (140 mg, 0.41), triethylamine (33 mg, 0.33 mmol) in DCM (2.0 mL) and MeOH (0.5 mL) was
stirred at RT for 35 min. Sodium triacetoxyborohydride (135 mg , 0.64 mmol) was added and the
reaction was monitored by HPLC. Additional portions of 30 sodium triacetoxyborohydride were added
at 1 h(50 mg)V&d#e 5800 mg), and an additional portion of the aldehyBelviadta#efsd at 1.75 h (80
mg). Fifteen minutes after the last addition, DCM (20 mL) and saturated NaHCO3 (10 mL) were

added. The layersnyere separaigd. ainddthemmmwﬁ, EygrwasexIacRIwibs RaMHZ x40 mL). The

concentated 0 VB IR0 LR (1T %ﬁct( éﬂsﬁ’?ﬂm 2@@?@%1% S

1-diethyl-3- methoxy 1 2 3 4{ trat 1,1 et OX é
%:g a,%'s ﬂ ethyl)-
Lfﬁ -1 2,3 4-

ylamino)-2-(trans-4- y -¥1
ex lm fion of the crude

544(2S,3%)-7- Carbqpn&); g(
ylamino)-2-(cis-4-hygy, gy&

product of the prewgug;&epc(gggpg O 32 mmol) Was dlssolved |n 50/0 aqueous cOH (0.5 mL). After
16 h, the products were separated by preparative HPLC to give the title compounds. 10fl (first eluting)
(3.3 mg) (m/z): [M+111- calcd for C28 HA > 400 mHz) 8 (ppm)
7.71 (d, J=1.6 Hz, 11-1), 7.65 4gl,.J= ), 7.20 (d, J= 8.Q - ,oQWZ (a9 3.63 (s, 3H), 3.51
(dd, J= 16.5, 55Hz4(s 3 : ..

2.24 (m, 1H)'@ Y:du )y F : : 1-1 O.1(tJ 75Hz 3H)
150.62 (t, J= 7.2 z2).  (2\sétond eldting) (7.3 mg) (M/2): [M+H dalcd for C28 H44N205 489.33:
found 489.6. IH NMR (CD360D, 400 mHz) (ppm) 7.71 (d, J=1.6 Hz, 1H), 7.65 (dd, J= 8.0, 1.4 Hz, 1H),
7.20 (d, J= 8.2 Hz, 1H), 4.02 (;, 1H), 3.79 (br s, 1H) 3.62 (s, 3H), 3.51¢dd, J= 16.7, 5.7 Hz, 1H), 3.44
(s, 3H), 3.44-3.30 (m, 2H), 3.15 (m, 1H), 2.68 (m, 1H), 2.57 (m, 201H), 2.24 (m, 1H), 2.05-1.80 (m,
2H), 1.70-1.55 (pof46(rt)-B o+ Liikek(n01- Skl Gy dohéxd ke dfith -8 dhid 7cld3 i) 9.
4-((2S3S9)p7-Cagamoyl-1 1-diethyl-3-methoxv-1 2 3 4-tetrahydro-naphthalen-2-

e e Al SRR ME Py, 6 o 8 SUHOR S iy

44(2S,35)-7-carbamoy1-1,1-diethyl
silanyloxy)- cyclohexanecarbaldehyde (1 00 g, 4.1 mmol) was added over 25 min to a

1.OM solution of potassium zert-butoxide in fers-butanol (4.4 mL. 4.4 mmoi). The
reaction mixture was heated at 50 °C for 50 min, cooled to RT and concentrated under
15 vacuum. The residue was dissolved in water (25 mL) and washed with EtOAc
(2x 10mL). The agqueous layer was acidified with 6 N HCI (2.0 mL, 12 mmol) and
extracted with EtOAc (2 x 20 mL), dried (Na;SO4) and concentrated. The crude product
was purified by flash chromatography (25 % EtOAc/DCM) to give the title compound
(560 mg) as a mixture of olefin isomers (~1:1) and a mixture of cis and trans isomers at
20 the cyclohexyl ring (~1:1). 'H NMR (CDCls, 400 mHz) 6 (ppm) olefin peaks at 6.88 (d,
J=10.2 Hz) 6.77 (d, J=10.0 Hz) CHOTBS peaks at 3.96 ppm (br s) (cis isomer, hydrogen

cquitorial, 3.55 (m) (trans isomer, hydrogen axial).

b. 2-[4-(fert-Butyl-dimethyl-silanyloxv)-cvelohexvimethvll-succinic acid 1-methyl] ester

To a solution of the product of the previous step (560 mg, 1.6 mmol) in EtOAc
25 (15 ml) was added 10 % Pd/C (50% water, 165 mg dry weight). The reaction was
shaken under 50 psi hydrogen for 16 h. The reaction was filtered through Celite, rinsing
with EtOAc (5 x 3 mL), MeOH (3 x 5 mL) and DCM (3 x 5 mL). The combined filtrates
were concentrated to dryness at reduced pressure. The crude product was purified by
flash chromatography (25 % EtOAc¢/DCM) to give the title compound (245 mg) as a ~1:1

30 mixture of cis and trans isomers at the cyclohexyl ring. 'H NMR (CDCls, 400 mHz)
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25 tetrahydro-naphthalen-2-ylamino)-2-(trans-4-hydroxy-cyclohexylmethyl)-butyric acid methyl ester
(1) (27.4 mg, 0.045 mmol) in MeOH (0.50 mL) was added water (32 pL) and ION NaOH (32 p,L, 0.32
mmol). The mixture was heated at 50C. After 15 h, the reaction mixture was cooled to RT, dissolved in
50 % aqueo P @YNL) and purified by preparative HPLC to give thBGitlES@ti#ipsatid (13.8 mg) as
a lyophylized powder. 30 (m/z): [M+11] calcd for C27 H42N205 475.32; found 475.2.NMR (CD30D,
400 mHz) 6 (ppppin¥ FRGA B ez, 3192) ppny 2of Il 806 Aiylird dalz e dihr RS (81 (A= 8.2 Hz, 1H),
4.09 (m, 111)( 3,57 (dd, I 1{ 1,5.9 Hq 1H), 3.52 (s, 311), 3.52-3.42 (m, 31-1), 3.23 (m, 1H), 2.78 (m,
1H), 2.58 (m, G0} 5% ﬁ% Ib“é%‘l 60 (m, 10H), 1.40-1.15 (m, 4H), 1.00 (m. 2 H), 0.79 (t, J= 7.5
Hz, 3H), 0.70,(d}, 5
4-((2S3S)-7-Carhamoydil ),g 7
vlamino)-2-(cis-4- h Imeth but ric acid (B). To a solytjon of
44(2S,35)-7- carbam LT‘?L i)%%d e é e‘é‘%'fte )245 mg, 0 e mmol) in THF

tetrahydro- nd@kﬁhﬂl&m@y@ﬂndw)@@u@%yﬂm«;ﬁ -bychohexyiindt i) butynd. reic 5cimadthyl ester (t'2)
(56 mg, 0.1 nalhin MaH (R Ik Wasaddee wates Pahand L0 NRRKL (B6:Rk,0.66 mmob.
The mixture was heated at 50 C. After 15 h, the reaction mixture cooled to RT, d sso ved in 50 %
aqueous AcOMdEMPY MR EHfiad by Treparatve PPTSeBtgiod thaentielued BEIMIYSA mg) as a

lyophylized p@W&iﬁbn@BMéOM‘&bﬂﬂgal%@ 4004327 dH42NROR %&damem@& rDR(CD30D, 400
mHz) 6 7. 78 d, J=1.8

B tt)772?2&‘] 8%H§17H 72t8é J 8.0 Hz, 1H), 4.09
(m, 1H), 3 88T 4 4 1 B eahe g defideyisogug £ ef ma i hach e “§‘?—Zi‘) RS ThihORES 30-3.20 (m,
1H), 2.77 (m,sts), 2 59 (m, 114), 2.31 (m, 1H), 2.05-1.92 (m, 2H), 1.79- 1.65 (m, 6H), 1.60-1.35 (m,
8H),0.79 (t,J=7.5 Hz 3H) 0. 70 (dt 1.=17. 2 1 6 Hz). Example 19: Metabolite Study 15A sample of
(5)-44(2S,33 7%kt £ el 91 anyd clphegyimethyl}-4-oxo-butyric acid methyl
tetrahydro- naph?ﬁﬁ’?en 2- ylamlno) -2- cyclohexyhnethyl butyrlc acid, the compound of Example 1, was
incubated for 4 h atBi¢ Modiilr cfynppesesvedibiuPze e fedo cyhes )in L3MSO addaicDaogntration of 1.2
million cqgs/ L o AlIGUGLs EEI S| Ittn solutio [ W|th ape volume of 97 % acetonitrile/3 %
TEA o ro;‘%n o % IS (e kesyling selyfiondisismiked With00g valvng AL AL 43

the mixture was cooied to ~10 °C. Sulfur trioxide pyridine complex (223 mg, 1.4 mmol)

was added as a solid, and the reaction was stirred at -10 °C for 1.5 h. DCM (20 mL) was
added, followed by 0.5 N HCI (10 mL). Layers were separated and the aqueous layer was
extracted with DCM (2 x 10 mL). The combined organic layers were washed with water
20 (3 x 10 mL) and saturated NaCl (10 mL), then dried (Na;SQ4) and concentrated to give
the title compound (220 mg). ‘H NMR (CDCls, 400 mHz) showed aldehyde peaks at
9.81 and 9.75 ppm.
¢._2-[4-(fert-Butyl-dimethyl-silanyloxy)-cyclohexylmethyl]-4-((28,35)-7-carbamoyt-1,1-
diethyl-3-methoxy-1.2.3 4-tetrahydro-naphthalen-2-ylamino)-butyric acid methyl ester
25 A solution of (65,75)-7-amino-8,8-diethyl-6-methoxy-5,6,7,8-tetrahydro-
naphthalene-2-carboxylic acid amide (100 mg, 0.32 mmol), the product of the previous
step (140 mg, 0.41), triethylamine (33 mg, 0.33 mmol) in DCM (2.0 mL) and MeOH
(0.5 mL) was stirred at RT for 35 min. Sodium triacetoxyborohydride (135 mg,

0.64 mmol) was added and the reaction was monitored by HPLC. Additional portions of
30 sodium friacetoxyborohydride were added at 1 h (50 mg) and 1.5 h {100 mg), and an

additional portion of the aldehyde was added at 1,75 h (80 mg). Fiftcen minutes after the

last addition, DCM (20 mL.) and saturated NaHCO: (10 mL) were added. The layers

were separated and the aqueous layer was extracted with DCM (2 x 10 mL). The
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20 thawing, samples were centrifuged for 10 mm at 20,800 x g and 4 C. Supernatants were collected,
diluted with 3 volumes of water and analyzed by HPLC coupled with mass spectrometry (LC/MS)
under the conditions described below. For metabolite identification, aliquots after dilution were
combined seyéraitep it compound A and with compound B of Exampl&Uigtaaei#efaljzed by LC/MS.
The resulting ion extraction 25 chromatograms at 475.3 0.5 a.m.u. are consistent with the
interpretationcthabitha principakiydsaxiraeianiits of thel conporneiab Examiplerdddsithe
trans-4-hydrox%£omgypnd , although the cis-4-hydroxy compound B cannot be ruled out. Agilent
model 1100 HPLEE With L'l C18(2) 100A Sum column; flow rate: 0.25 mL/min; Solvent A: 95 %
water, 5 % agetoniiiles & 05 %rhkAySOIVERIRI 3 IR-H 30 Asetanitiie, B30 Walek: 0,95 % TFA;
Gradient (time(mi % B @A 5o 20,000, B B8, QAL LV 4 ARPIgE: Bipsyiems model
API13000 tiple quadgupnle masssReatiomaisn-3WiaiRR0Y 0 rh408R6YS2008/Q861 71 Assay 1
Radioligand BingliagiAssaican Human M diumancieliband GuineaRig iepprOpioid Receptors a.
Membrane Preparatjon CHO-KI (Chinese Hamster Ovary) cells stabl sfected with human mu
opioid 5 or with guir%g%%lé’ Ikgtlérl)lé ?Iéucdé: t{)ordg %‘3\%& rréevéér%\siv%%@nt% %ﬁg(?ow&g@nwgdgf Ham's-F12
media supplediiepitad Wit 10saras AT LRitmiDpricill hibe medmitssrsprsnayaiig &sd 800 ug/mL

Geneticin in a2%0,GR2 HMmidilied ncuRRI P34 ds- Receptor expression levels (B. -2.0 and -0.414
pmoUmg;é)rotei'n, respectivel&évere determined using [3F1]-Di renorphineg%sgecific activity - 50-55

Ci/mmol) n a memBldhE oGRS PeEbiRind Mty cBedfnereirowns Bt 80959 bnfluency (< 25
subculture pasisaged) dRoEDin® passadings theweil MgaplaysivasincubaiEdifos 5, minutes at room

temperature ted e ical agitation jn 10 f.P d with 5 mM EDTA.
Following res%s Zr?gc?f %eﬁ?v%’rﬁ?é%@éﬁrgé%’A?Ogrén{s’frigs&hggsré&%’%mu:gﬂﬁgggﬁ% tgrhlt#ifugation for 5
minutes at 100#4risns Hhd rdstisfdndetindfiddimgtbluth Hdaiutlathé @ppidphAate (splkthiatio.  For

membrane preparALeNnCsis, Weihasygstetbhy.gente machaningl @gitation yithp Yl EDTA in PBS

followed by centrifu gtionéZSOO g for 5 minutes). The pellets were resuspended in Aséay Buffer (50
mM 4-(2-1 yer)Q% “”p})?p Fazine-1-

£2 (second eluting) (7.3 mg) (m/z): [M+H] caled for Cos HaaN,Os 489.33; found
489.6. "H NMR (CD;0D, 400 mHz) & (ppm) 7.71 (d, J=1.6 Hz, 1H), 7.65 (dd, I= 8.0, 1 4
Hz, 1H), 7.20 (d, J= 8.2 Hz, 1H), 4.02 (m, 1H), 3.79 (brs, 1H) 3.62 (s, 3H), 3.51 (dd, }=
16.7, 5.7 Hz, 1H), 3.44 (s, 3H), 3.44-3.30 (m, 2H), 3.15 (m, 1H), 2.68 (m, 1H), 2.57 (m,
20 1H), 2.24 (m, 1H), 2.05-1.80 (m, 2H), 1.70-1.55 (m, 6H), 1.50-1.10 (m, 8H), 0.71 (t, J=
7.4 Hz, 3H), 0.62 (t, J= 7.3 Hz, 3H).

g. 4-((28,38)-7-Carbamovl-1.1-diethyl-3-methoxy-1.2.3 4-tetrahvdro-naphthalen-2-
ylammo)-2-(trans-4-hvdroxy-cvclohexylmethyD-butyric acid (A)

To a solution of 4-((25,35)-7-carbamoyl-1,1-diethyl-3-methoxy-1,2,3,4-
25 tetrahydro-naphthalen-2-ylamino)-2-(trans-4-hydroxy-cyclohexylmethyl)-butyric acid
methyl ester (f1) (27.4 mg, 0.045 mmol) in MeOH (0.50 mL) was added water (32 ul.)
and 10N NaOH (32 pL, 0.32 mmol). The mixture was heated at 50°C. After 15 h, the

reaction mixture was cooled to RT, dissolved in 50 % aqueous AcOH (6 mL) and purified
by preparative HPLC to give the title compound (13.8 mg) as a lyophylized powder.

30 (m/z): [M+H] caled for Coy HaN2Os 475.32; found 475.2. 'H NMR (CD;0D, 400 mHz)
& (ppm) 7.78 (d, J=1.6 Hz, 1H), 7.72 (dd, J= 8.0 Hz, 1.7 Hz, 1H), 7.28 (d, J= 8.2 Hz, 1H),
4.09 (m, 1H), 3.57 (dd, }=16.7, 5.9 Hz, 1H), 3.52 (s, 3H), 3.52-3.42 (m, 3H), 3.23 (m,
IH), 2,78 (m, 1H), 2.58 (m, 1H), 2.31 (m, 1H), 2.05-1.60 (m, 10H), 1.40-1.15 (m, 4H),
1.00 (m. 2 H), 0.79 (1, J= 7.5 Hz, 3H), 0.70 (dt, J= 7.3, 1.3 Hz, 3H).
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20 ethanesulfonic acid N-(2-hydroxyethyl)piperazine-/V'-(2-ethanesulfonic acid) (HEPES)), pH 7.4, and
homogenized with a polytron disrupter on ice. The resultant homogenates were centrifuged (1200 g for
5 minutes), the pellets discarded and the supernatant centrifuged (40,000 g for 20 minutes). The
pellets were WasHBHGHEE by resuspension in Assay Buffer, followed by Bfitadsfitisias antrifugation
(40,000 g for 20 minutes). The 25 final pellets were resuspended in Assay Buffer (equivalent 1 T-225
flask/1 mL aspay-peffeyy)-Proieiaeence nialion -Bas-getermined. using aBigyRad Bradford Protein
Assay kit and meimbiianes(werssitired-ky fiozevalighdishat 80 Lidurlil required. Human delta
opioid receptor (hD rchased fr erkin.Elmer. The,reported Kd and B"mx for
CPE 21 g&ﬁmgﬁ?@ﬁi EW—C&Q%&O&Y%%?;}(EE{%?& fHbix ki 2r$RC

these membranes determined by saturation analyse I- atrindole’ radioligand binding

assays were A PpIekhdess) daeing-privéirhbysroteisy edserimesiy Photeis eddcentration was
determinef_d ugiggqa Bierfgayl _@@q@mﬁm;ﬁ%mmﬁt(d\@@m@ﬁggsa@@r@@%qg@@ﬁ%n aliquots at
-80 C, until re (reﬁj d‘% 2d|0|| and Binding Assays Radioligand binding assays were performed
in an Axygen %)U# £Q é% \%II%%Q\WQH{%OI' Fdﬁﬁ&ﬁ%%*s%%i‘ﬁ%‘i‘gﬁﬁ & 1otisdsdy Giume of 200 juL
containing thecaporo pristecmouwntlofl matihiiel proteii(93 ac@ and AZ05U falLnuddeligand kappa, 5
respectively) | A ; pI1 mented with 0.025% bovine serum albymin BTS 1 >aturation
binding St o e ot R S Db ealer (e RS SRR B R e
[3111-DiprenbiptiHeated-2 diffErett@ohtertiftiors 1ahginyg YoM (CHDORMA0GmHA) Displacement

assays foo detgsmjration of-nii naluges, of-campounds mvererngsformethwith [RHdRiprengrphine at 0.5,
1.2,and 0.7 n Jor n}%adgiléa gnd }éﬁ%g 10 re_s_pective%, and eleven concentrations of compound
ranging from 18- 1807 ®F S Biftai EBéSi’a{néPe%ﬁ vZed By honfieiPregressiSinalysis with
the GraphPad®risat-Scfiviiare ihpckaben(GEaphPad:SottwarR] Ing. | Spre DGO GA)AI5INg the
3-parameter lel for ang-site co itiog,T Ve i ixed.to-the,v for nonspecific
binding, as dggzgrgi'ég ﬁ?ﬁ%ﬁe’ g'rﬁgm%?%hwagoioﬂgﬁ%%z\??é%éof(%’g teé?’c%ﬁ%lzunds were
calculated, in Prism estli s, and the 1Q value of the radioligand, using the
Cheng-Prusoff equaﬁ:%%wﬁ?%%%%&jgﬁﬁyfwhere [H = the concentration of [3H]-Diprenorphine
Results dre expresseda¥thalifehat (S déedaerksgutnhn shed i vasthesypkd, rtst compounds having
a higher pﬁ]vam'mmaa@a%wg-p@gm@%mm&m '?%aqgmﬁ@me B(;agctnﬁereymgsﬁ@d @ﬂ'Alﬁar;pa opioid
receptor. final compounds na in Examples.1-16 were tested in these assays. All of the
compounds ﬁé’éﬂ%‘f’gk?]w%a?ﬁé“ﬁ‘é at%r%%néggu %m? éivgg%gmpiﬁ%vg %‘i‘@‘ﬁﬂ?ﬁ%’ﬁtﬂ?ﬁ%ﬁfbid receptor'. For
example, the lebHifounds ok Exaivptdd 2, 1816 Gpbwichil.2 Alaghok bV dluesdfi8xkoifo®vesrand 9.7,

respectively. ompoundgaldhs,invention.alag.exiRied pi. ¥alHss-Relwap-akgul,7.5 25 and about
10.3 at the human delta and guinea pjg kg{ff?éoglmd receptors. Assay 2: Agonist mediated activation

of the maopibiFreeetBPIF MeintH FdFibih “CH Y- K Bdliste Sp rés iy s ifigan mu-opioid

receptor collected, diluted with 3 volumes of water and analyzed by HPLC coupled with mass

spectrometry (LC/MS) under the conditions described below, For metabolite
identification, aliquots after dilution were combined separately with compound A and
with compound B of Exanple 18 and analyzed by LC/MS. The resulting ion extraction
25  chromatograms at 475.3 0.5 a.m.u. are consistent with the interpretation that the
principal hydroxyl metabolite of the compound of Example 1, is the trans-4-hydroxy
compound A, although the cis-4-hydroxy compound B cannot be ruled out.
Agilent model 1100 HPLC with Luna C18(2) 100A 5um column; flow rate: 0.25
mL/min; Solvent A: 935 % water, 5 % acetonitrile, 0.05 % TFA; Solvent B: >95 %
30 acetonitrile, 5 % water, 0.05 % TFA; Gradient (time(min)/% B): 0/7, 5/7, 60/25, 61/100,
63.5/100, 64/7,70/7. Applied Biosystems model API3000 triple quadrupole mass

Spectrometer.
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In this assay, the potency and intrinsic activity values of test compounds were 30 determined by
measuring the amount of bound [35S]GTPyS present following receptor activation in membranes
prepared from CHO-K1 cells expressing the human mu opioid receptor. WO
2009/076403PCTHYBRAMB/086171 a. Mu Opioid Receptor Membrane Pregemaioss/ossi7Human mu
opioid receptor (hMOP) membranes were either prepared as described above or were purchased from

Perkin Elmer. The ragried ﬂi@xi?d]%ﬁ&%ifﬂfiﬁ%%&ﬂéﬁ'ﬁﬁﬁ?ﬂxﬂ&ﬁmhf,aﬁﬁﬁ]%i%mi%ﬁ by saturation
analyses in a [3F1]-Bipra®wping fuodieliprec:pioging assays was 10.06 and 2.4 pmol/mg protein,
respectively. aPr%%inb%gnclgrntr%gggnwas determined using a Bio-Rad Bradford Protein Assay Kkit.

Membranes ozer aliquots at -80 C, until required. b. Human mu NiS1GTPyS
nucleotide exchang&BSsky (Mienshdtesircry 355e sake diald visaerivdel anBybumasmipriopiddhe start of

the assays 10-aligiosainars: dilips 1o &6 BORMNIalan el ?h thReaR AssayBffe8GmM HEPES,

pH 7.4 at 25C), then haomogenized for 10 seconds using a Polytron homogenizer. Test compounds

were received 554 Y RRINSTBIK Saitid8HsIR D ARE BnittHa s i lid PP inE B s 8P BEE containing
0.1% BSA, anddserial£4:5) diktions thermads ernesatadeneensantratioqsghgompound ranging
from 40 pM - 80 pl\A. GDP and [35S]GTP7S were 15 diluted to 40 ttM and 0.4 nM, respectively, in
Assay Buffer.e’l"H%Sélé’é‘a{ﬁv\ﬂﬁé%@fb?r B in RSt A 0V B8 Tb 6P L E S AR ST S S membrane
protein, test ceinpdiHd Papgingirom( R @it a@0piy1), 1055 NiGDRB!) and QcmhhMnRESIEERAS diluted in
10 mM MgCI%ﬁ%‘ISng}JB\QS Cl, and 0.0125% BSA (final assay concentrations). A DAMGO
(Tyr-D-Ala-Gly(me 1e-Gly-ol) concentration-response curve (ranging from 12.8 pM - 1 WM) was
20 included on ever&%ﬂ%’t’é@re groxgsiy S prates webe prepareéd suhawdidiatedsprior- tEassdyifsiliowing the

addition of 5G:psipaMNaCl MakdeRR sl R fikhafleshcompaymghand a@oL of
[35S]GTP1S. The asif yﬁve?%?t?ig{tiated by the addition of 50 p1 of membrane protein and allowed to
e

incubate for 38" HING Bl arararrs 1 md-astRe R RaHsh R oY Y5 i Ation onto 96-well

GF/B filter pldtei$ypie: btecked sivithcd1 3% qpolyatiftenineide nisifiesh Rackantiltkimate harvester, and
wash with:ice-¢ql : , . _ e dried qvernight prioy to determipation of counts
thsicescaldkiissay %&J@%&%té&?ﬁ??g%porg&%%ﬁ ?ersus%én&'ea YEHAnL RO &Sﬁm nipg

bound via liquid scintillation on a Packar count instrument. not to exceed 1% final
assay concerfiigiiphia8oPHergilount of bound [35SIGTP7S is proportional to the degree of activation of

the mu opioid receptars-nthentastraapauidis Thedathinsic astivity (M axRIessedAsa percentage,
was determined as t tio of the amount of bound [35S]|GTP1S observed for WO
0001076408 B L Tt i SEOBRORY B TS ASB S TE LM ed for
activation by DAMGOspehithd in Assay Buffer (50 mM 4-(2-hydroxyethyl)piperazine-1-
20  cthanesulfonic acid N-(2-hydroxyethyl)piperazine-N’-(2-cthancsulfonic acid) (HEPES)),
pH 7.4, and homogenized with a polytron disrupter on ice. The resultant homogenates
were centrifuged (1200 g for 5 minutes), the pellets discarded and the supernatant
centrifuged (40,000 g for 20 minutes). The pellets were washed once by resuspension in
Assay Buffer, followed by an additional centrifugation (40,000 g for 20 minutes). The
25 final pellets were resuspended in Assay Buffer (equivalent 1 T-225 flask/]1 mL assay
buffer). Protein concentration was determined using a Bio-Rad Bradford Protein Assay
kit and membranes were stored in frozen aliquots at -80 °C, until required.
Human delta opioid receptor (hDOP) membranes were purchased from Perkin
Elmer. The reported Ky and B, for these membranes determined by saturation analyses
30  ina [’H]-Natrindole radioligand binding assays were 0.14 nM (pKy = 9.85) and
2.2 pmol/mg protein, respectively. Protein concentration was determined using a Bio-Rad
Bradford Protein Assay kit. Membranes were stored in frozen aliquots at -80 °C, until

required.
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is presumed to be a full agonist (IA= 100). All of the carboxylic acid compounds of formula (I) were
tested in this assay and demonstrated intrinsic activities of less than about 22. For example, the
compounds of Examples 1, 9, 10-G, and 12 had IA values of - 5 8, -2, 7, and -5, respectively. In
addition, the ®éx@p8Idf7eadimples 2, 4, 5, 6, and 7-A exhibited 1A values ofS1/6528$/4%1and 8,
respectively. Thus, compounds of the present invention have been shown to act as antagonists at the
human mu opjoiRkesrRigd KAsERAY AsRal Model of In Vivo Efficacy In this assay the efficacy of test
compounds was evaluated in 3 madel of 10 gastrointestinal transit, which evaluates peripheral activity.
This study was app?({)e\t/%c)?[l%%nt enllr(?lst%ﬁ&tglso&r‘fglvg Hima aFéi gﬁ?}fll{}gggé%l}&ncl n%eg“egeg}f "Iyﬁleﬁavance, Inc. and
conformed toShe&lide forithlenE asepntitt/sendbtabivaratorjuniohal) pubtishiediby thke National

ien gs{ﬁ((a%)llg%%f a. Rat Gastric. Emptyi ssay 15Test compounds were evaluated in
TOPIIA ount em@raneepm CIn a{Eﬁi tyggdgnlé % gkeg?bl‘ 1T &ngg- ilrl]l§ g

Academy of S&Se S Wi
the rat gastric emptying assay to detetnine their everse loperami uced delayed gastric

emptying SRatssivete fhsted e pWeddiiy hsypabmientdrminis 4861 bb vest sompdimasdBééhicle by

intravenous, SYReLEBRSA s NRAYSGURLARAMRLIPHES OfRAiniRiralam #ldeseas ranging from 0.001
to about 30 mllllgrams/kll_ogrgm mg/kg). The administration of test compound was 20 followed by

subcutaneou AWML HsRG h T OPErapmbEE At dod i NG Urentcaattad RiAN post
loperamide onvehitlevadDiipistration sssneraukitiveinatmabarbabiesaiamkasdmeakwas administered
via oral gavage and animal e allowed fre ess t ter,for the sixty minute duration of the
experiment. rilrr%ra seﬁ‘(ﬂe%ie ?%{?{ﬁg%r% ev?gogg%'ghag%gzé&{gs%ﬁ%a?%%’fo oﬁ\%\f@gaby thoracotomy
and the dtomeshosiasivarefuliz 25 exsisethtiPhe ctormaohmiasiigasdhat theNdweéblesbbhageal sphincter

and the pyloric sphipgfer(oaeyent adiitionsl STRYING.AHING ISsUE [EmaNal. Gasiip reiant was then

determined after removal of the ligatures. b. Data Analysis and Results Data was analyzed using the

GraphPad Prigisseptivas padras e arirPiadtsorsdnvater Risgesa DrépileA). Percent reversal

curves were GopgtidetatyNan- inearntegrassiammanalysis-Usingthersigmeidal dase yasponse
(variable slopt%)r model aﬁg est-fit ID50 vaJuz{lsi(]\é{vt re calculateﬂ.gc ve minima and maxjma were fixed
ver

and best-fit .

to loperamide oIS Ae R AT B FVE LI SR Ve PSR i EAtRYI 0686 reversal),
respectividly. Regsultsavedsxypressded asiDB®rthe, dose thecuiseft fidh 50 ge wedsab ¢ thaeffects of
loperamide, igapilligranms.nar Kiogwm-J e sampeunds; amples 1, (E _administered
orally, exhibited ID50 va u_es’of 9%9 E%rn%/(f(gg, 0.10 mgg gl,(g) é% n%%ﬁ?g g%%]/g)%%ﬁr}%%% ],}_espectively in
the gastric erfistyfigsaisden shvHID e s iRveriffor harerd acderiisedivaticrefdrence to the
specific embagliganis shererf iighould be understood by those skilled in the art that various changes

may be made and eguivalents may be substituted without departing from the true spirit and scope of
the invention. In addition® Ir%%%@%ﬁéﬁ?’ﬁ%%ﬁ Fhaspa gt %%BQ%YS have a igher blnding

20  affinity for the mu, delta, or kappa opioid receptor. The final compounds named in
Examples 1-16 were tested in these assays. All of the compounds had a pK; value
between about 8.7 and about 10.9 at the human mu opioid receptor. For example, the
compounds of Examples I, 9, 10-G, and 12 had pK; values 0f 9.4, 9.2, 9.6, and 9.7,
respectively. Compounds of the invention also exhibited pK; values between about 7.5

25  and about 10.3 at the human delta and guinea pig kappa opioid receptors.

Assay 2: Agonist mediated activation of the mu-opioid receptor in

membranes prepared from CHO-KI cells expressing the human mu-opioid
receptor

In this assay, the potency and intrinsic activity values of test compounds were
30  determined by measuring the amount of bound [°S]GTPyS present following receptor
activation in membranes prepared from CHO-K1 cells expressing the human mu opioid

receptor.
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10 a particular situation, material, composition of matter, process, process step or steps, to the
objective, spirit and scope of the present invention. All such modifications are intended to be within the
scope of the claims appended hereto. Additionally, all publications, patents, and patent documents
cited hercina@®&# & ¢eorporated by reference herein in full, as thoughiadiVrioeaséATorporated by
reference. WHAT IS CLAIMED IS: 1.A co pound of formula (I): 0 A 5(0 wherein R1 is OR or -C(0O)Nrr;

R2, R3, and B.M@@MR@Q@@M@%Ya%ﬁ%H@&Eﬁm RS is selected from Ch6alkyl, phenyl,
cyclohexyl, -(CH2)I-3-cyclohex nd 10 Rb, and r are each independently
hydrogen or Ch3alk§fmgnd é%%é%e etzn %@%} gra% ; wel\ﬁﬁggelrp fﬁ%as?bst usé:ﬁ%s gt the chiral
centers marké@b?@ét’éfﬁsk@f@lr@fm fhél’ltP@ﬁngBhﬁgwﬁh@rﬁpDﬁsd alprradhacelnichily-acceptable salt

thereof. 2, 1he:coMBANAL QRN MHSERIR BdnisREEOfn G (ANDZ: Srofigngompound of Claim
1 wherein Rl is -C(0)NH2. 20 4. Thc compound of any one of Claims 1 to 3 wherein R2 and R3

are each mdép HH%W?HQW%/PW@HWS 10. 0%“‘“?!‘?94&5?8 BRI SFEnSFHRE NP ARNE RO 3 wherein R2

and R3 are eaatventration was determined using a Bio-Rad Bradford Protein Assay kit. Membranes

were stored in frozen aliquots at -80 °C, until required.

b. Human mu [2*SIGTPYS nucleotide exchange assay

Membranes were prepared as described above, and prior to the start of the assay,
10 aliquots were diluted to a concentration of 200 pg/mL in Assay Buffer (50mM HEPES,
pH 7.4 at 25°C), then homogenized for 10 seconds using a Polytron homogenizer. Test
compounds were received as 10 mM stock solutions in DMSO, diluted to 400 uM into
Assay Buffer containing 0.1% BSA, and serial (1:5) dilutions then made to generate ten
concentrations of compound ranging from 40 pM - 80 uM. GDP and [*>S]GTPYS were
15  diluted to 40 uM and 0.4 nM, respectively, in Assay Buffer. The assay was performed in
a total volume of 200 pL containing 10 pg of membrane protein, test compound ranging
from 10 pM - 20uM), 10 uM GDP, and 0.1 nM [°S]GTPyS diluted in 10 mM MgCl,, 25
mM NaCl, and 0.0125% BSA (final assay concentrations), A DAMGO (Tyr-D-Ala-Gly-
(methyl)Phe-Gly-ol) concentration-response curve (ranging from 12.8 pM — 1 pM) was
20 included on every plate.
Assay plates were prepared immediately prior to assay following the addition of
30 pL of the NaCl/MgCly/GDP solution, 50 ul. of test compound, and 50 uL of
[PSIGTPyS. The assay was initiated by the addition of 50 uL of membrane protein and
allowed to incubate for 30 minutes at room temperature. The reaction was terminated by
25 filtration onto 96-well GF/B filter plates, pre-blocked with 0.3% polyethylenimine, using
a Packard Filtermate harvester, and wash with ice-cold Assay Buffer (3 x 200 ul). Plates
are dried overnight prior to determination of counts bound via liquid scintillation on a
Packard Topcount instrument. Vehicle: DMSO not to exceed 1% final assay
concentration.
30 The amount of bound [**SJGTPYS is proportional 1o the degree of activation of the
mu opioid receptors by the test compound. The intrinsic activity (IA), expressed as a

percentage, was determined as the ratio of the amount of bound [*>S]GTPYS observed for
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25ethyl. 6. The compound of any one of Claims 1 to 5 wherein R4 is methyl. 7. The
compound of any one of Claims Ito 6 wherein R5 is selected from 30 C3_5alkyl, cyelohexyl,
-(CH2)1-3-cyclohexyl, and -(CH2)1_3-phenyl. 8. The compound of any one of Claims o 6 wherein
R5 is cyclohéXgiatetiaps4os 9. The compound of any one of Claims ItoP& WHsx@RH#E7is hydrogen. S
10. The compound of any one of Claims 1 to 8 wherein R6 is methyl. 11. The compound of any

one of Claims&itati W@f@i&bt%@@@t@@@b%@@}ma{ dpe-phitabeantessds D ARRoassRown in
formula (la): SOOR4 N I?é R3 H 0gompound of Claim 1 wherein the compound is
selected from* (B 2445 t% a LB 91‘41 effme RSO S8 9 g e 1 5

naphthalen-2#gtamind)-R<cy ttsted iy limsthylbanyricracidtrated intrinsic activities of less than
(5)-44(28 35)afafrbame st e B MENIRL AT 1Ay E AR A AN ARR g Ine)-2-cyeloh

exylmethyl butyric acid methyl ester;
8,-2,7,and -5, rcbpcctweiy In addition, the esters of Examples 2, 4, 5, 6, and 7-A

exhibited IA values of -5, 6, 17, 19, and 8, respectively. Thus, compounds of the present

invention have been shown to act as antagonists at the human mu opioid receptor,

Assay 3: Rat Model of In Vive Efficacy
In this assay the efficacy of test compounds was evaluated in a model of
10 gastrointestinal transit, which evaluates peripheral activity. This study was approved by
the Institutional Animal Care and Use Commnittee at Theravance, Inc. and conformed to
the Guide for the Care and Use of Laboratory Animals published by the National
Academy of Sciences (©1996).

a. Rat Gastric Emptying Assay

15 Test compounds were evaluated in the rat gastric emptying assay to determine
their ability to reverse loperamide-induced delayed gastric emptying. Rats were fasted up
overnight prior to administration of test compounds or vehicle by intravenous,
subcutaneous, intramuscular or oral routes of administration at doses ranging from 0.001
to about 30 miiligrams/kilogram (mg/kg). The administration of test compound was

20 followed by subcutaneous administration of loperamide at a dose of 1 mg/kg or vehicle.
Five minutes post loperamide or vehicle administration, a non-nutritive, non-absorbable
charcoal meal was administered via oral gavage and animals were allowed free access to
water for the sixty minute duration of the experiment. Animals were then euthanized via
carbon dioxide asphyxiation followed by thoracotomy and the stomach was carefully

25 excised. The stomach was ligated at the lower esophageal sphincter and the pyloric
sphincter to prevent additional emptying during tissue removal, Gastric weight was then

determined after removal of the ligatures.

b. Data Analvsis and Results

Data was analyzed using the GraphPad Prism Software package (GraphPad
30 Software, Inc., San Diego, CA). Percent reversal curves were constructed by non-linear
regression analysis using the sigmoidal dose response (variable slope) model and best-fit
IDsq values were calculated. Curve minima and maxima were fixed to loperamide control

values (indicating 0% reversal) and vehicle controls (indicating 100% reversal),
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(S)-44(2R,317?)-7-Carbamoy1-1, |
-diethy1-3-methoxy-1,2,3,4-tetrahydronaphthalen-2-ylamino)-2-cyclohexylmethyl-butyric acid methyl
ester; 20(5)-2124(28,35)-7-Carbamoy1-1,1-diethy1-3-methoxy-1,2,3,4-tetrahydro-
naphthalen-2%42Mf5Y4€thy11-4-methyl-pentanoic acid methyl ester;.  PCT/US2068/086171
(S)-2424(2S,3S)-7-Carbamoy1-1,1-diethyl-3-methoxy-1,2,3,4-tetrahydronaphthalen-2-ylamino)-ethy1]
-4-methyl-pentaneic,agidREI[HI 424 3R] dsTorham ayle kellied Ryl s3omethay <, &8,4-tetrahydro-

25 naphthalen:2-ylamino)-ethyl]-3-methyl-butyric. acid,;
(R)5424(55 S O P T S SR 55 SPTRPARS PG EARMSdn%-yiamino)-ethy 1
-4,4-dimethylifentandic adidinistered orally, exhibited IDsg values of 0.09 mg/kg , 0.10 mg/kg, 0.12
(S)-2424(28,§§)}-{ ;%@W@%ﬁ%&%@é%&iﬁﬂﬁé g{g;cle%lﬁt?ﬁ{gmggronaphthalen-Z-yIamino)-ethylk
heptanoic acid; 30(S)-2424(2S,38)-7-Carbamoyl-1,1-diethyl-3-methoxy-1,2,3,4-tetrahydro-
naphthale?w-z-ylamino)-ethy11-5-phenyl-pentanoic acid,
(S)-24242S,38)-7-Canbrme)teicht diethyidbnimethexst b aidriethydienaphthaleni2-ylamino)-ethy1]-
4,4-dimethyl-peptgnoic acid; . . ) s ,
(S)-2-BenzyL TACIS IS PSS B Y e Rt oL B iR S S A SRS Rthalen-2-ylamino)
-butyric acid; S¢REBAD((IS BB Thatyziradyits Indy-UrethlystiBiedetfibsyt dcpaBtdgdtoahipdrigue
naphthalen'zﬁfiﬂmﬂ}pgégﬁleﬂ# !ﬁ%%ﬁ‘{lf?ﬁ&ﬁ?'ﬂi addition, many modifications may be made to adapt
(5)-44(2R,3R)-7-Carbamoy1-1,1-diethy1-3-methoxy-1,2,3,4-tetrahydronaphthalen-2-ylamino)-2-cycloh
exylmeti-bahHES STESIA IS R) SPIORATHER & 1AUET: AR R PLPRETHERY O $B%4 fetrahydro- 10
naphthalen-2ayaiine)-2-gydiohexytipetiyhbpiysiatasi@ntion. All such modifications are _
(R)-44(25,38). T Caibemoytel rdietd ey b hdrieahy danaphiRs en-2 viamino)-2-cyclon
exylmethyl-butyric acid;

publications, patents, and patent documents cited hercinabove are incorporated by

reference herein in full, as though individually incorporated by reference.
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(S)-2-Cyclohexylmethy1-44(2S,3S)-1,1-diethyl-7-hydroxy-3-methoxy-1,2,3,4-
tetrahydro-naphthalen-2-ylamino)-butyric acid;
15(5)-2-Cyclohexylmethy1-44(2R,3R)-1,1-diethyl-7-hydroxy-3-methoxy-1,2,3,4-
tetrahydro-naphtisaserts2eylamino)-butyric acid; PCT/US2008/686171
(12)-2-Cyclohexylmethyl-442S,35)-1,1-diethyl-7-hydroxy-3-methoxy-1,2,3,4-
tetrahydro-naphthalepeZeyagdnoieimyg@cid; and
(R)-2-Cyclohexylmethy1-44(2R,3R)-1,1-diethyl-7-hydroxy-3-methoxy-1,2,3,4- 20
tetrahydro-naphthalen-2-ylamino)-butyric acid; and pharmaceutically-acceptable salts thereof 13.A
pharmaceutical conipositicnccaimprising ihencmipound of any one of Claims Ito 12 and a

pharmaceutically acceptable carrier. 25 14, Thg composition of Claim 13 wherein the composition
further comprises an opioid analgesic ag i5. ® prBeess for preparing a compound of formula
(1), AIR- R5 0(1) or a salt thereof, whgrem=RiNs~<6R RRbRe; R2, R3, and R4 are each
independently C1_3allcyl; R? R H o
3 M
wherein

R' is -OR? or ~C(O)NR'R®;
R?, R®, and R* are each independently C;salkyl;
R’ is selected from C salkyl, phenyl, cyclohexyl, -(CH,),.s—cyclohexyl, and
10 —(CHz).3—phenyl;
R®, R®, and R° are each independently hydrogen or Cy.salkyl; and
R® is hydrogen or Cy:salkyl; and
wherein the substituents at the chiral centers marked by asterisks are in the trans
configuration;

15 or a pharmaceutically-acceptable salt thereof,
2. The compound of Claim 1 wherein R is ~OH or ~C(O)NH,.

3. The compound of Claim 1 wherein R is~C(O)NH,.
20
4. The compound of any one of Claims 1 to 3 wherein R? and R® are cach

mdependently methyl or ethyl.

5. The compound of any one of Claims 1 to 3 wherein R* and R? are each
25  ethyl.

6. The compound of any one of Claims 1 to 5 wherein R” is methyl.

7. The compound of any one of Claims 1 to 6 wherein R’ is selected from

30 Cssalkyl, cyelohexyl, {CHy)ya—cyclohexyl, and —<(CH,);s—phenyl.
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R5 is selected from C1.6alkyl, phenyl, cyclohexyl, -(CH2)1_3-cyclohexyl, and -(CH2)1 _3-phenyl,
5124, Rb, and Re are each independently hydrogen or C1_3alkyl; and R6 is hydrogen or C1,3alkyl;
and wherein the substituents at the chiral centers marked by asterisks are in the trans
configurationptheopyocess comprising: (a) reacting a compound of forowlas@s@sR4 NH2 R2 R3
with a compound of formula (IlI): 0 R5 HJ-0. A 15 15 wherein R6 is C13alky1; and (b) when R6 is

hydrogen, contacting the praduct,of siep (&)Wl 8REXeess Qf a6 iR RMyide a compound of formula

(1) or a salt thereof 20 25 16. A compound as claimed in any one of Claims 1 to 12 for use in
therapy. cyclohexylmethyl.
9. The compound of any one of Claims 1 to 8 wherein R® is hydrogen.
5

10.  The compound of any one of Claims 1 to 8 wherein R® is methyl,

11. The compound of any one of Claims ! to 10 wherein the stereochemistry

at the chiral centers is (25),(35), as shown in formula (Ia):

2 "R3
10 R= R 0

(fa)

12, The compound of Claim 1 wherein the compound is selected from:
(8)-4-((28,35)-7-Carbamoyl-1,1-diethy[-3-methoxy-1,2,3 4-tetrahydro-
I5  naphthalen-2-ylamino}-2-cyclohexylmethyl-butyric acid,
(85)-4-((28,35)-7-Carbamoyl-1,1-diethyl-3-methoxy-1,2,3,4-tetrahydro-
naphthalen-2-ylamino)-2-cyclohexylmethyl-butyric acid methyl ester;
{(S»4-((ZR,3R)-7-Carbamoyl-1, 1 -diethyl-3-methoxy-1,2,3 4-tetrahydro-
naphthalen-2-ylamino)-2-cyclohexylmethyl-butyric acid methyl ester;
20 (3)-2-[2-((28.,38)-7-Carbamoyl-1,1-dicthyl-3-methoxy-1,2,3,4-tetrahydro-
naphthalen-2-ylamino)-ethyl}-4-methyl-pentanocic acid methy! ester;-
(8)-2-[2-((25,38)-7-Carbamoyl-1,1-diethyl-3-methoxy-1,2,3 4-tetrahydro-
naphthalen-2-ylamineo)-ethyl}-4-methyl-pentanoic acid,
(R)-2-[2-((25,35)-7-Carbamoyl-1,1-diethyl-3-methoxy-1,2,3,4-tetrahydro-
25  naphthalen-2-ylamino)-ethyl]-3-methyl-butyric acid;
(R)-2-[2-((25,35)-7-Carbamoyl-1,1-dicthyl-3-methoxy-1,2,3,4-tetrahydro-
naphthalen-2-ylamino)-ethyl]-4,4-dimethyi-pentanoic acid;
(8)-2-[2-((28,38)-7-Carbamoyl-1,1-diethyl-3-methoxy-1,2,3,4-tetrahydro-
naphthalen-2-ylamino)-ethyl]-heptanoic acid;
30 (8)-2-[2-((25,35)-7-Carbamoyl-1,1-diethyl-3-methoxy-1,2,3,4-tetrahydro-
naphthalen-2-ylamino)-ethyl]-5-phenyl-pentanoic acid;
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5 17. Use of a compound as claimed in any one of Claims | to 12 in the manufacture of a
medicament for use in the treatment of a disease or medical condition in a mammal ameliorated by
treatment with a mu opioid receptor antagonist. 1018.The use of Claim 17 wherein the disease or
condition is opimmanesesd bowel dysfunction or post-operative ileus.  pdSuThesusanof Claim 17
wherein the disease or condition is a disorder of reduced motility of the gastrointestinal tract. 15

20. Use of a pharmqg;y_t{gql@g%?gg(ij%gmpﬂ§1@g@y@_@aﬁ@ﬁggygg§§}a§{g§m§g& carrier and a

compound of anéone of Claims Ito 12 in the’20 25 30 "'manufacture of a medicament for treating a

mammal havitity W@H‘lg‘aﬂf%H@&T%yéhﬁleﬁé‘?ﬁ}@a%?f%ﬁﬁ%‘é?ﬁi%th a mu opioid receptor antagonist.
21. The use of ClainsR0-séesein-thes,ondicaleensiion isiepioid-induced Hotmuvekdysiunction or

post-operativeail Silen-2 :Z%dé{g%_%f a rc!ggépcpund of any one of Claims Ito 12 in the manufacture of a
medicament %Preoﬁucmg%r pre ent g a side effect associated with use of an opioid agent in a
mammal. 10 23 {A-dhEtHEP 3P tUlphgnobidldgitethslStortiongahipletitetvitrpdoomprising a mu

opioid receptghy e, Metod GORPLIRIIThexankR) £Qiptacting the biological system or sample in vitro with
a compound of any one of Claims 1 to 12; and 15(b) determining the effect caused by the compound
on the biological Syét%ﬁ—gggé%'[’é(;arbamoyl—l,]-dl,et yl-3-methoxy-1,2,3,4-tetrahydro-

naphthalen-2-ylamino)-2-cyclohexylmethyl-butyric acid;
{(RK)-4-((2R,3R)-7-Carbamoyl-1,1-diethyl-3-methoxy-1.2,3,4-tetrahydro-
10 naphthalen-2-ylamino)-2-cyclohexylmethyl-butyric acid;
(R)-4-((28,38)-7-Carbamoy!-1,1-diethyl-3-methoxy-1,2,3 4-tetrahydro-
naphthalen-2-ylamino)-2-cyclohexyimethyl-butyric acid;
(8)-2-Cyclohexylmethyl-4-((25,38)-1,1-diethyl-7-hydroxy-3-methoxy-1,2,3,4-
tetrahydro-naphthalen-2-ylamino)-butyric acid;
15 (S)-2-Cyclohexylmethyl-4-((2R,3R)-1,1-diethyl-7-hydroxy-3-methoxy-1,2,3,4-
tetrahydro-naphthalen-2-ylamino)-butyric acid;
(R)-2-Cyclohexylmethyl-4-((28,35)-1, I-diethyl-7-hydroxy-3-methoxy-1,2,3,4-
tetrahydro-naphthalen-2-ylamino)-butyric acid; and
(R)-2-Cyclohexylmethyl-4-((2R,3R)-1,1-dicthyl-7-hydroxy-3-methoxy-1,2,3.4-
20 tetrahydro-naphthalen-2-ylamino)-butyric acid;

and pharmaceutically-acceptable salts thereof.

13. A pharmaceutical composition comprising the compound of any one of

Clamms 1 to 12 and a pharmaceutically acceptable carrier.

25
14, The composition of Claim 13 wherein the composition further comprises
an opioid analgesic agent,
15, A process for preparing a compound of formula (I),
*O\Rli R5
*
R1 ) \ QWO\RQ
30 R R 0 (M)

or a salt thereof, wherein
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24. A compound of foilula (Ib) wherein R is hydroxyl: 00 20(Ib)  wherein the compound of formula
(Ib) wherein R is hydroxyl is produced in vivo by administering to a human a compound of formula (Ib)
wherein R is hydrogen.

R!is -OR® or —C(ONR'R®;
Rz, R’ , and R* are each independently Ci.salkyl;
R’ is selected from Cigalkyl, phenyl, cyclohexyl, <(CHy).3—cyclohexyl, and
—{CHz)1-3—phenyl;
5 R? R’ and R® are cach independently hydrogen or Cyalkyl; and
R® is hydrogen or C.3alkyl; and
wherein the substituents at the chiral centers marked by asterisks are in the trans

configuration, the process comprising:

(a) reacting a compound of formula (II):
*O\ R
*
R! NH,
10 RZ R3
(1)
with a compound of formula (I1I):
0O RS
H O-ge
0
(11D
15 wherein R® is Csalkyl; and
(b) when R is hydrogen, contacting the product of step (a) with an excess of

base to provide a compound of formula (I) or a salt thereof.

20

25

66



10

15

20

25

30

'16. A compound as claimed in any one of Claims 1 to 12 for use in therapy.
17. Use of a compound as claimed in any one of Claims 1 to 12 in the
manufacture of a medicament for use in the treatment of a disease or medical condition in

a mammal ameliorated by treatment with a mu opioid receptor antagonist.

18,  The use of Claim 17 wherein the disease or condition is opioid-induced

bowel dysfunction or post-operative ileus.

19. The use of Ciéim 17 wherein the disease or condition is a disorder of

reduced motility of the gastrointestinal tract.

20, Use of a pharmaceutical composition comprising a pharmaceutically

acceptable carrier and a compound of any one of Claims 1 to 12 in the
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manufacture of a medicament for treating a mammal having a medical condition

ameliorated by treatment with a mu opioid receptor antagonist.

21.  The use of Claim 20 wherein the medical condition is opioid-induced

5 bowel dysfunction or post-operative ileus.

22, Use of a compound of any one of Claims 1 to 12 in the manufacture of a
medicament for reducing or preventing a side effect associated with use of an oproid

agent in a manmmal.

10
23. A method of studying a biological system or sample in vitro comprising a
mu opioid receptor, the method comprising:
(2) contacting the biological system or sample in vitro with a compound of any
one of Claims 1 to 12; and
15 (b) determining the effect caused by the compound on the biological system or
sample.
24. A compound of formula (Ib) wherein R is hydroxyl:
R
WO
O- H
8]
20 (Ib)

wherein the compound of formula (Ib) wherein R is hydroxyl is produced in vivo

by administering to a2 human a compound of formula (Ib) wherein R is hydrogen.
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