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S (57) Abstract: The present invention is directed to a method for the prophylactic and therapeutic treatment of diabetic retinopathy.
‘The method involves the administration of an inhibitor of formulae (), (II) and (HT) of the branch chain amino acid-dependent amino-
transferase (BCAT) pathway to an antmal, such as a mamunal, in particular a human, in an amount sufficient to treat the retina for
diabetic retiropathy prophylactically or therapentically. The present invention is also directed to several nove} inhibitors of formula
(IV) of the BCAT pathway. In formulae (I-EV), n, m, X and R,-R;; have the meanings given in the description.



Abstract: The present invention is directed to a nethod éor t he

prophyl actic and therapeutic treatment of diabetic reti RBYERYRAY 20%he net hod
i nvol ves the administration of an inhibitor of forrmulae (1), (11) and (I111)
of the branch chain am no aci d-dependent anin o transfer ase (BCAT) pat hway
~to an animal, such as a mammal, in particular
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i nhi bitors of formu t he BCAT p In formulae (I-W, n, m X
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M, ML, PTC@E‘I C*r’ A GRoyB VI MR NE SN0 By~ oF oG O, OM | GA, GN, GW M.,
MR, NE, SN, TD, TG _ For Iwo-letter codes and ot her abbr evi ations, refer to
t he "Gui d- ance Notes on Codes and Abbrevi ations"appearing at the begin-
ning of each regular issue of the PCT Gazette. 20 January 2005 WO 01/42191
PCT/ US00/ 30769 | BRANCHED CHAI N AM NO ACI D- DEPENDENT AM NOTRANSFERASE

| NHI Bl TORS AND THEI R USE | N THE TREATMENT OF DI ABETI C RETI NOPATHY
BACKGROUND OF THE INVENTION 5 More than 14 mllion people in the United

St ates have diabetes. Al people with diabetes are at risk of retinal
conplications. However, people with type 1, i.e., insulin- dependent

di abetes, face a greater risk of severe vision |oss than people with type
I, i.e., )



non-insulin dependent diabetes. Retinopathy is any non-inflammatory di sease
of the retina. Diabetic retinopathy 10 is any reti nopatWa&B%@pﬁged with
any formof diabetes nellitus. Initially, the high blood glucose |evel in
di abetic people causes an increase in growmh factors in their eyes. This
conditi on WGOIKAt¥Wn as the "pre-diabetic retinopathy st RfEUSAHW®an | ead to
full diabetic retinopathy, if not prophylactically treated. Retinopathy
wll affect the majority of diabetic people to some extent during their 15
lifetinmes. It is the | eading cause of blindness in Arericans of age 20 to

74 today, and is BBRPUGHEYCHAINAREINO MCIPIERTNIFERF GMINTRAND, ird of
di abetic people in h\h%B%#{@%N dﬂkﬁ@usﬁémmy@@mm%@m OpDigBEicat es, as

many as 40, 000 new cases 0 I ndness occur anong di abetic people (CDC,
unpubl i shed data, 1993). Diabetic peoptBENAIPATELYtines nore likely than the
.general popul ation to becone blind due to retinopathy. 20 D abetic

reti nopathy has two stages-a nonproliferative stage, which typically

~occurs first, and a proliferapgausteosD dhearparmiTiOer ati ve stage, which
is also referred to as "background diabetic retinopathy,” is characterized

by thickening of the basenent_ . nenbrane oss, of retinal perjcytes,.

m crovascul ar abnor ‘Teiaﬂfqnels‘l,m’iuiﬂnrpﬁ?@? ke mrtr‘idcﬁ?}ﬁ%ﬁ? g?hﬁ'% f‘htpg?i’iff with
henor r hages ( alijaitdsReai righ of @0kal bbiBhlical@IPH6WAGE $ropld Blth Npk .25, Beama, in
particul ar di abetic nmacul ar edema, capillary cl osure associ at Fd W, t h
retinal i schefAPENdsAL jaRsiesyfats haFAtEaisk @8 seyRre(isin lossibaarpegRie S el Hpnent )

and soft ‘and haydns @nudadn@sn: dHbgeprol i ferative stage, which affects an
esti mated 700,000 Anericans (Chen et al., J. Mss. State Med. Assoc.

36(7): 201-208 (199%}ipopathy is pmy periatipegomdiscawsf dhedeimy idrerorriarngthy

fibrovasgul ar growWdindiatsassot i vhihCnl B8 Midide@! inghinand fibrous 30
el enments) fromthe retinad or optic nerve over the inner surface of the

retina or disc or ilntiglly.thehigh blpedglgcasaiavelyn dabetippsonle GaurEas INS26R11042191

PCT/ US00/ 30769, o1 AErsRH @Jeirfe%sai“ﬂiil EomItR i§l@rﬂ)“!n%§%et"gre[dlp&95 }efin&athy
neovascul ar gl%lucoma. Macul ar” edema can occur in either stage and it, along

wi th conpl i cat ftagss afd emisadtie Al diahsdoresienathyr if nat nrophylaghienlly eatedyo maj or
retinal problens t H@et[in&?a'ﬁ%fewﬂ}kﬁfegitﬁ@ﬁgjgﬁfyro?ld%i)&% people to some extent during their

15 lifetimes. It is the leading cause of blindness in Americans of age 20 to 74 today, and is
expected to impair vision in approximately one-third of diabetic people in the United
States. Each year in the United States, as many as 40,000 new cases of blindness occur
among diabetic people (CDC. unpublished data, 1993). Diabetic people are 25 times
more likely than the general population to become blind due to retinopathy.

20 Diabetic retinopathy has two stages-a nonproliferative stage, which typically
occurs first, and a proliferative stage. The nonproliferative stage, which is also referred to
as "background diabetic retinopathy," is characterized by thickening of the basement
membrane, loss of retinal pericytes, microvascular abnormalities, intraretinal
microaneurysms, retinal hemorrhages (also known as "det blot" hemorrhages), retinal

25 edema, in particular diabetic macular edema, capillary closure associated with retinal
ischemia or poor retinal perfusion (i.e., poor vessel development) and soft and hard
exudates. The proliferative stage, which affects an estimated 700.000 Americans (Chen et
al., J. Miss. State Med. Assoc. 36(7): 201-208 (1995)), is characterized by
neovascularization and fibrovascular growth (i.e., scarring involving glial and fibrous

30 clements) from the rctina or optic nerve over the inner surface of the retina or disc or into

the vitreous cavity.




vision loss. 5 Wile the pathol ogical stages of diabetic retinopathy are
vel | -described, the nolecular events underlying di abeti40 $2Bv@%sH9%hy are
poorly understood. This is due, in part, to the fact that the disease
progresseg Qi €N to thirty years, depending on a givga..Jd.peiy dual .

Ti ght control of glycem a and hypertensi on and opht hal m ¢ Screeni ng of

di abetics 10 appears beneficial in preventing the disease. Current
treatnment consists of regular obseryation by an ophthal nol ogi st, |aser

phot ocoagul ati on and vitrectony. Macul ar edena threatening or involving the
macul ar cent er i sThe pralifethtivg stireefoan kekd tomabastia pr pregtsoelongelcamp.diaculmal | (50

mu i n di anet 1l d-] ity | r r . areas of
Toakage -t paceia Bhiool It S8l beg O R QDS ARG BRORLE b 268 706
(1995)). |f nhwasmbulzaioneale g tpensjos taipalipethient thetrhuseale baberrecdasdr y.
‘Patients WtQig%%Yc?srse to very severe nonproliferative retinopathy and
patients, who areé at high risk for proliferative retinopathy or who

~al readys have ear | While ttegudnbeital yuged éffdedbatid reandpathiy aepatlRYescritied, the eated wit h

scatter or panretinal photocoagulation. Panretinal photacoagul ati.on

Tovol ves 1, SOBIS DG A SIT R pPAlRE ERoOH, PaREAS A RGP 1 ¢ he
m dper i pher abargnélihe€idi pacthaldispae blopRs®ef otdh enlte tHifmaydaM) Bepeydifgl @PDdiven supr a) .
The best-docugen ed bi ochem cal nmechani smfor the devel opnent of

m crovascul at" l:"c‘)‘g’rﬁ'i cations of diabetes is the sorbitol pathway. In the

sorbi tol pat hway, Tight@n@AZYf IR c&hid asEhyRALEIASA 6RlIRIIMASSrebRfy: SRS on of
glucose to sorbitol, and of 25 gal actose to galactitol. Al dose reductase

has a 1w _suﬁ%PF?rétb%“eg‘FPf Wiy epigie the ‘ﬂié“iﬁ‘%f‘_e.cu_” é’@f‘ﬂ]eﬁb‘l(’?#‘\?\ﬁ@ﬁgﬁqrucose _
concentr at i OfsseAhGor O ABIphitaMeoiRAd MARY poodoRdfdiiod @nd Wubdifdy. hyper gl ycem a,

t he sorbitol pathway beconmes active._ Activation of the _sor}t,n tol pathway is
i nportant for retMagilansdenapreicning oF inuQiying|tes muia Rentes inteatadenithitpeli nsul i n
for glucose R&NStIHBIoLQBuIaRbATIShAR k30 mh & difAkieS aRid-InfihYinciBld BuaPREar to
contai n substantial anounts of 30 al dose reductase (Ferris, Hospital
Practice: 79uggiednhyreasf leplaey)in thgmasplad Mamby edraipie FagilvPhygicsp ot (4e: 785-
retinopat hy, 74d1§66s .@ﬁﬁ%ﬂlﬁlﬁa%@ﬂ QEis1@ Pl Ik be RELRAY! acti ¢ and

t herapeutic trd;zt mgilt of the di se%ée.lStAc?:to?dj_nghy,? Tt ] 59%1 princi pal object
.of the present ikajiewts wWish sexsTieaoiydevese paaprabderafvesetownsthaand neadrts whad

therapeuticallLy; high risk for proliferative retinopathy or who already have early or advanced

proliferative retinopathy, are treated with scatter or panretinal photocoagulation.
Panretinal photocoagulation involves 1,500-2.000 laser burns, which are 500 mu in

20 diameter, in the midperipheral and peripheral portion of the retina (Murphy (1995),
supra).

The best-documented biochemical mechanism for the development of
microvascular complications of diabetes is the sorbitol pathway. In the sorbitol pathway,
the enzyme aldose reductase catalyzes the converston of glucose to sorbitol, and of

25 galactose to galactitol. Aldose reductase has a low substrate affinity for glucose,
Accordingly, when glucose concentrations are normal, the pathway is inactive. During
hyperglycemia, the sorbitol pathway becomes active. Activation of the sorbitol pathway
is important for retinal pericytes, for example, which do not requirc insulin for glucose
penetration. Similarly, retinal capillary cells appear to contain substantial amounts of

30 aldose reductase (Ferris, Hospital Practice: 79-89 (May 13, 1993).

Given the prevalence of diabetic retinopathy, there remains a need for an eftective

'prophy]actic and therapeutic treatment of the disease. Accordingly, it is a principal object

of the present invention to provide a method of prophylactically and therapeutically



20 January 2005 3 treating diabetic retinopathy, includj tre nt at
the pre-diabetic retinopathy stage, the non-proliferat %gg a&‘béﬁ%
retinopathy stage, and the proliferative diabetic retinopathy stage. This
and ot her objects of the present invention wll beconme apparent fromthe
detai l ed description provided herein. SUMVARY OF THE | NVENTI ON Di scl osed
herein is a method for the prophylactic &nd therapeutic treatment of

di abetic ret,] Ry inel udi t t at the presdiabetic. retinopathy
Stage, ¢ he. nome e KAfoBSD dndl iR} BERbeR s WP b RhErt e e
proliferatinen-pgrcdifetiice diabetivopmintpatist sigge, anBhthenmblifachticd rdiiictie Sefiftathy
adm ni strat iton of, .an_inhi bitor of Otﬁlhe branched. chajn. am no aci d-dependent
ani not r ansf ¥P&% el R PRARRIRET obREB AR FressnloEeimowihBeromst anprent fieahilicon
there is prgshiteidsbeptionSrfided hefpiypound of Fornmulas I, 11, and/or Il Rq
Rg X CO2H\ f CO2H (CH2)m{CH2)n | {-H2) {CH2)" R R11 1 RR1 B-11
'11' R/ Ro R2

SUMMARY OF THE INVENTION
Disclosed herein is a method for the prophylactic and therapeutic treatment of
diabetic retinopathy, including treatment at the pre-diabetic retinopathy stage, the non-
proliferative diabetic retinopathy stage, and the proliferative diabetic retinopathy stage.
The method comprises the administration of an inhibitor of the branched chain amino
acid-dependent aminotransferase pathway.
According to one embodiment of the invention there is provided the use of a

compound of Formulas I, IT, and/or 111

Rg
R \.
CHb _(CHal (CFlalms ACHzIn
R R
RB R1 11 1
R, R Rig Ro
2
R6 R3 RB R R3
Ry R 1 "R Rs ¢
Rg\
>|< COH
{CHu)m (CH2)n
R13 Ry
Ri2 Ro
Ri1 Rs
Rig Ry
Rg R5
R7 Re 1

wherein:

Ro is H; alkyl; cycloalkyl; substituted alkyl containing halogen, amine, alkoxy,
cycloalkyl, or hydroxy; allyl; alkynyl; alkanoyl; alkoxyalkanoyl; sulfonyl; phenyl; benzyl;
or arylalkyl;

m and n are independently an integer of 1-3;

Ri —Rg and Ry — Ry are independently H, alkyl, or substituted alkyl; and

X=NRy; O,0rS



R R RB3 RS RARIII'II wherein: RO is H alkyl; cycléqéﬂjpl Bgstltuted
al kyl containi ng hal ogen, am ne, al koxy, cycl oal kyl Q§% 1yl

al kynyl ; al kanoyl ; al koxyal kanoyl ; sul fonyl; phenyl; benzyl; or arylalkyl;
m and n are independently an integer of 1-3; R - R8 and Rio - Rio are

I ndependently H, al kyl, or substituted alkg%; and X = NR14, 0, or S 20
January 2005 3a where there is nore than e stereoi soner, each chiral

centre may be i ndespbeﬁtél&leiel i¥ mBreéOh e bI e salt,
ester sel ected, fram laI ky] @%ﬁer&%%& ;tl“@g??ﬁ fg)ﬁl&fle@ﬂym
aryl al kyl est Qr o?f apharacewticaldy weptaldmadmm;seldaed &Gﬁh d:lrg SRRl &5,

primary Cl- C6 q3thdlk3lRes aff\e (tge%&ﬂlﬂiy @%r@mq al y pgg{]q?s “thereof,  for

t he manufacture of a nedi cane |d9r1ved from

According to @ﬁén%ﬁmnaqf Ct-ﬁealkyhmmwﬁuéeb&[ @{4&1\4&%&%‘% of a
conmpound of Fornu & and/. or l—fh@&
(CH2) 1, {CHZ) m {le@f'}’ mﬁé“f?&‘” iaﬁfdm?mmt&owatl%dmetm TetiRpathys R5 R4 H

Acco
rding to one aspect of the invention there is provided the use of a |

compound of Formulas I, I1, and/ or III |

R
Ry o\
X GOM T o
TR
(CHam_ _{CHa)q 2n, ACHehn
Re Ry Ry4 Ry
R, R, Rig Ry
RG R3 RB R R3
Ry R4 I "Rs Ry Ra 1I
R,
‘>I< COH
{CHy)m, (CHy),
Ris R
R12 RZ
Ry R
Ryo Ry
Rg Rs
Rz Rs m

wherein:

Ry is H; alkyl; cycloalkyl; substituted alkyl containing halogen, amine, alkoxy,
cycloalkyl, or hydroxy; allyl; alkynyl; .

sulfonyl; phenyl; benzyl;
or arylalkyl; |

> land excepting for formula 11, alkanoyl or alkoxyalkanoyi

m and n are 1ndependently an mtegcr of 1-3;

~Rgand Rjy~ Ry, are independently H, alkyl, or subéﬁmted alkyl; and
X= NRM, O,orS
where there is more than one stereoisomer, each chiral centre may be independently
RorS;ora pharmaceutically acceptable salt, ester selected from C-Cs alkyl esters, Cs-Cy
cycloalkyl esters and Ci-C4 arylalkyl esters, or amide selected from amides derived from
ammonia, primary C-Cs alkylamines and secondary C;-Cg dialkylamines, thereof,

for the manufacture of a medicament for inhibiting the branch chain amino acid-
dependent aminotransferase.



COH2 (CH2) m(CH2)n Rll- R12--T Rl R2 R3 wherein: 25&3 S HQO(?A kyl ;
cycl oal kyl ; substituted al kyl containing hal ogen, am ne; F'R'i)%@,
cycl oal kyl ,  or hydroxy; al kyl; alkynyl; sulfonyl; phenyl; benzyl; or

aryl al kyl ; and excepting for fornmula |1, al kanoyl or al koxyal kanoyL m and n
are independently an integer of 1-3; R - and Ro - Rl4 are

i ndependently H, alkyl, or substituted alkyl; and X = NR14, 4, or S where

there is nore thaficoonding tenethdr S@RHimeAR 6N tHeNhidk i
Sy 0r armaceutically acceif))%ia %rgqss t ,Ié%gst{’%ruse of a

i ndependent |y, [

sel ected frcnﬁ%ﬁ%%%dgfﬁv?“‘ ers, C5-C7 cycloal kyl esters and C1-C4
~arylal kyl esters, or am de selected fromam des derived from amoni a,
primary Cl-C6 al kyl am nes and seconglary Cl-C6 di al kyl am nes, thereof, for
the manufacture of a medi canent for Pghi@kgﬁng t he branch chain am no acid-
dependent ami notransferase. Ry 20 Jahuary 2005 3b According to another

enbodi nent of the invention there is i ded the use of a conpound of
Formula 1V R3 wherein R -R4 are hydr or alkyl; Xis NR5 or 0; R5is
hydr ogen or al kyl,
: Ry Ry
R3 R2 IV
wherein Ry-R, are hydrogen or alkyl;
Xis NR5 OI'O;
Rs is hydrogen or alkyl,

R¢ is hydrogen, alkyl, benzyl, alkanoyl, alkoxyalkanoyl, arylalkyl, alkoxy,
cycloalkyl, alkyl, alkylcycloalkyl, alkoxy, cycloalkyl, alkylcycloalkyl, trisubstituted
halogenalkyl, and wherein R, -R4 are each hydrogen, the Ry is not hydrogen or methyi; or
a pharmaceutically acceptable salt, ester selected from C;-Cy4 alkyl esters, Cs-C;
cycloalkyl esters and C,-Cy arylalkyl esters, or amide selected from amides derived from
ammonia, primary C,-Cs alkylamines and secondary C,-Cy dialkylamines, thereof,

for the manufacture of a medicament for treating neurological disorders, depression,
anxiet.y, panic, mania, bipolar disorders, antiflammatory diseases, glaucoma, pain or

gastrointestinal damage.
Preferably, the inhibitor of the branched chain amino acid-dependent
aminotr_ansferase pathway (BCAT) is a compound of Formulas L 1I, and/or III:

R, HOL
>|( © H2)n
(CHZ)m
Rg Ry
Ry R,
Re Rs



R6-is hydrogen, alkyl, benzyl, R2 IV al kanoyl, al koxyal kanoyl , aro%l al kyl,
al koxy, cycloal kyl, al kyl, alkylcycloal kyl, al koxy, cyc?%é@"l@mzo

al kyl cycl oal kyl, trisubstituted halogenalkyl,. and wherein R -R4 are each
hydr ogen, wd@Re;i s not hydrogen or methyl; or a phar npg_@gdétﬁlﬁ;y

acceptable salt, ester selected fromd -C6 al kyl esters, - cycl oal kyl
esters and Cl1-C4 aryl al kyl esters, or am de selected fromam des derived |
from ammonia, primary Cl-C6 al kyl anynes and secondary Cl-C6 di al kyl am nes, |
t hereof, for the manufacture of a nedi canment for treating neurol ogical |
di sorders, depression, anxietye papbg henia, bipolar disorders,
antiflammatory di seases, gl aucomayy pal R or gastrointestinal danmage.
Preferably, the inhibitor of the branched chain am no aci d-dependent

am not r ansf erase pat hway (BCAFHins a col¥peond of Fornulas |, 1, and/or
I11: RO\ HO2 \ X (CH2)n (CH2) gRB_\' <7, R R 20 January 2005 WO 01/42191

PCTI US00/ 30769 -4- RO\ HORC ~ X\( rn (CRR)n Il R7 HO2C\ R9 X (CH2)n
. 10
11

H1

wherein:

R9 is H; alkyl; cycloalkyl; substituted alkyl containing halogen, amine. alkoxy,
-5 cycloalkyl, or hydroxy; allyl; alkynyl; alkanoyl: alkoxyalkanoyl; sulfonyl; phenyl:
benzyl; or arylalkyl; |

m and n are independently an integer of 1-3:

Ry—Rgand Ry — Ry, are mdependently H, alkyl, or substituted alkyi; and

X=NRyu, O, 0rS;

10 or a pharmaceutically acceptable salt, ester, prodrug, or amide thereof .




(CH2) I 111 wherein: R9 is H alkyl; cycloalkyl; SUbStldédéﬁ ed alﬁgs

cont ai ni ng hal ogen, am ne. al koxy, 5 cycl oal kyl, or
al kynyl ; al kanoyl ; al koxyal kanoyl ; sul fonyl; phenyl; benayl or arylal kyl;

m and n ar ndently an integer of 1-3; R - R8 and RWar e
mdependenﬁ?ﬁﬂﬁﬁ)al kyl, or substituted alkyl; and X = NIR‘IK"PS@"B‘B§9 S; | 0 or

a pharmaceutically acceptable salt, ester, prodrug, or am de thereof. 20
January 2005 WO 01142191 PCT/ US01/ 307@9 _5- The conpounds can have one or
nore asymetric carbon atons and each”asymetric center can be racemc (R &

S) or chiral (R or By.coRpeinds cadaeump ot &yt bRl i @ck, |1, or
s nethyl; R4 and R5 are

[1l wherein m i s NR14; is. H R4
methyl; R8 is %’g%ﬁﬂ: r?c%m%rca bﬁg’fWF ﬁ%&ﬁ‘“ﬂ(wr@re methyl; R4 and R8 are
met hyl ; R1-R8 and maem&wrpemﬂsme%dssoﬁ#&mh;alﬁfi dr#] Qﬁ&éﬁﬁ' ABRA ol & kY

Rg are H, R1-R8 and RIO-RIT are H

RO is aryIaI ky cl oal k
Rl- R2 and R7- ﬁyRé‘l‘r }Pﬁﬂ”s t}f%%f“i&u% afemﬂyl Redy BethdaR o érpotirioRr 2nde t hose

of Fornuba 11 }wtee ﬁne'dnyRR4 s laglalfylheghﬁlRBﬁs lijﬁé}s B gﬁgggkﬁ hf%rb%g)wdr ogen,

“and rn and n T 33? ]sNR14 R3 a
R4-R o and Rl 'é?sea]ﬂ' satymlalkyl %&WCQP’@YI:LR "Bméreﬂl% RXIFMIRmm: andl; Rl are

alkyl, R -R2 at}dnﬂikv-lﬁg@reﬁmd)rﬁ}ﬂ;n%ﬁﬁd hydrogen, mand n are 1. R9 is alkyl,
and X is NR14; an RI-F%%[ and RE4 are hydrogen, mand n are 1, and X is
0. Especi al ly pref &¥ede ﬁ%%mgnéwﬂbesesréﬂ:em@dllmmqmsalm Ri-R; and

[(2 2TI‘If|RJ£KOa,Qj:}|Q LhR2MvaQY el B age aci d
-[(3, 3 3-Trifl'udt o- pr%pymgm %1%1 nmet h ycffxcyé exylli” “5’(‘5‘?%&]
a 30, 501( 3, 5- lw}htahgmqm.mdmﬁemydgammamﬁ bﬁéll,mmﬁmlm 2AERY, &re aCi d;
alkyl, Rj-R; and R4-R)y and R, are hydrogen, mand n are 1, Ry is alkyl, and X is NR,4;
~ and R;-Rn and R;4 are hydrogen mand n are 1, and X is O.

ESpemalIy preferred c0mpounds may be selected from -

15
{1 -[(2,2,Z—Triﬂuoro—ethylamino)-methyl]ncyclohexy]}-acetic acid;
{ I-[(3,3,3-Trif1uoro-propylamino)—methyl]-cyclohexy]}—acetic acid;
Ta,3B,5B-(3,5-Dimethyl-1 -prop-2-ynylaminomethyl-cyclohexyl)-acetic acid;
20 1o,38,5B-{3.5-Dimethyl-1 -[(2.2,2-trifluoro-ethylamino)-methyl}-cyclohexyl} -acetic
acid;
To,3B,5B-{3,5-Dimethyl-1 —[(3,3,3-triﬂuoro~pr0pylamino)~methyi]~cyclohexy1}-aceiic
acid;
25 trans-((1R.3R)-3-Methyl-1-prop-2-ynylaminomethyl- -cyclohexyl)-acetic acid;
trans-{(1R,3R)-3-Methyl-1-[(2,2.2-trifluoro- ethylammo)—methyl] -cyclohexyl}-acetic
acid;
trans-{(1R.3R)-3-Methyl-1-(3,3,3 -trifluoro-propylamino)-methyl}-cyclohexyl }-acetic acid;
trans-{(1R,3R)-3-Methyl-1-[(4,4,4-tri fluoro-butylamino)-methyl]-cyclohexyl}-acetic
30 acid;
o, 3B,58-{3,5-Dimethyl-1 -{(4,4.4-triflucro-butylamino)-methyl}-cyclohexyl }-acetic

acid;



20 1 a,3(3,5D-{3,5-Di methyl -1
-[(2,2,2-trifluoro-ethyl am no)-nethyl]-cycl ohexyl -ac%?i’%nuayc%%)s a,31

, 5t -{3,5 Dinethyl-1-[(3 ,3,3-trifluoro-propyl am no) nmet hyl ] - cycl ohexyl

)-acetic awD®1/43% S00/30769
trans- ((1R 3R)-3-Methyl -1-prop- 2-yny| am nonet hyl - cycl ohe T -acetic acid;
trans-{(1 R 3R)-3- I\/Ethyl-l-[(2, ,2trif|uoro et hyl am no) - rrethyl] cyclohexyl

} -acetic acid; trans-'
hyl ifl hyl ] - | oh I
F ageR% i 2 g/g[ dy ]&BE(% ﬁ‘[@}f{‘)ﬁl‘ogu% ga%gl{\;}]%rsn hgl(i])% SrE?rtﬂet yi- cyg ogex(j)fl}ez)t(c)étlc gcnd
-[(4,4,4-trifl uorso{BRBR)- m[(mabprﬁﬁﬁm&ih%r&m%méw1 3-}neﬂ1g§39}c'1({%ﬁ;§‘)ﬁ gge;,gl ﬁ a, |3
ohexy

(3,5f 3-183, 5-Dj cjprﬁ:thyl | -[(4,4,4-tritluoro-butylamn
}--acetic aci 20 January 2005 WO 01/42191 PCT/ US01/ 30769 - 6-

1(x, 3[3, 5] sd(la@ds@ymmmwihm ity BRI dpkkyty el [B4NY! - cycl ohexyi)
-acetic aci
R -1- [(d%/m opr %ﬂ@‘rﬂ{)r* Fa‘lbri’lﬁ’a)"ﬂﬁ’é’chbiw )nfﬂlyh@tcw}utxyd:)yachm;djl }-acetic acid;
ot R 3R 13~ t | cetic acid; 5
tigz: EE]:LR 3R) W%%W:frﬂ“ ?\ﬂgﬁleﬂtqﬁoi - 3- fr?rl\s\mt?]htlﬂ gy%%@fxgﬂ-ac%)/] cet: c ac: d;
trans-((] R 3R7EB3R)! Emﬂﬁ'ﬁ@sw‘:@wﬁ hm@’élwhwclod)yxyll)ei@awdc)d— acetic acid:
t R, 3R}and( @t 3 .oh t d:
trans- (] R 3%3.‘1 ‘Wﬁ%’%ﬁ?ﬁ%‘%%ﬂﬁd&%’ﬁ G acet ¢ acid! 1
u, 30, 50- (I - vérgxynaathyh@ininopaieshy - B5-Brn@thyRERYdhe el f hQIne%Yk:

}-acetiggaci d 10 trans- (1 R 3R) (I-Am nonet hyl - 3- net hyl - cycl ohexyl )™ acefl C
aci d, hydrpchl oride; (1-Am nonethy]-2-nethyl-cycl ohexyl)-acetic acid,
hydr ochl or i derags- (lm)ﬂmm&ﬁk&ﬁvﬁm&hmfymﬁexﬁy%&eﬁbé‘t@’ baBlig. aci o

hydr ochl ori de; Anm nonet h opentyl) - acetl C
a%;/| d, hydr OChF or 1 eﬁly?;,-m(e]hyl-cyclohexyl)-acenc acid, hydrochlor:de

(1 -Am1nomethyl~3,3—d1methyl—cyc]ohexyl)-acetlc acid, hydrochloride;
{+)-(trans)-(1 —Aminomethy1—3,4-dimethyl-cyclopemyI)-acelic acid. hydrochloride;

15 (cis/trans)-(3R)-(1 -Aminomethyl-3-methyl-cyclopenty)-acetic acid, hydrochloride;
(+)-(trans)-(1 —Aminomethyl-3,4—dimethyl-cyc10pcntyl)-acetic acid, hydrochloride;
(+)-(trans)-( l—Aminomethyl-3_.4—dimelhyl-cycIopentyl)—acetic acid, hydrochloride;

1, 38,58-(1 -Aminomethyl-3,5-dimethyl—cyclohexyl)—acetic acid, hydrochloride;
la,3B,53-(3,5-Dimethyl-1 -propylaminomethyl-cyclohexyl)-acetic acid, hydrochioride
20 salt;
lo,3 [3,5[3—(1—Ethylaminome'thyLS,S—dimelhyl-cyclohexyl)—acetic acid, hydrochloride salt;
Fo,3B.5B-(1 -Benzylamino—methyl)—3,S-dimethyl-cyciohexyl]»acetic acid, hydrochloride
salt;
Ta,3B.58-( I~Dimethylaminomethy1—3,S—dimethyl—cyclohexyl)—acetic acid, hydrochloride
25 salt;
1e,3B,5B-(1-Butylaminomethyl-3,5- -dimethyl-cyclohexyl)-acetic acid, hydrochlonde salt;
1o, 3B,5B-{1-[(Benzyl-methyl- -amino)-methyl]-3,5-dimethyl-cyclohexyl}-acetic acid,
hydrochloride salt;
]a,3B,5[3-(3,5—Dimethyl-l—methylaminomethyl-cyc]ohexyl)—acetic acid, hydrochloride
30 salt;
1a,3B,5 B-[l-(Acetylamino-methyl)—3,S-dimethyl-cyclohexy]]-acetic acid;



15 (cis/traps)-(3R)-(I-Am nonet hyl - 3- net hyl - cycl opentyl )-acetic id,
hde ochloride; (+)-(trans)-(I-Aninonethyl -3, 4-di nethyl )283‘81“6%8?@‘1' )-acetic
aci d, hydrochl ori de; I N |

(+) - (trans)wolamenonet hyl - 3, 4- di met hyl - cycl opentyl ) -acetic aci

hydrochl oride; | (x,3J3,5[3-(l-Anin PCT/US00/30769

onet hyl - 3, 5-di net hyl - cycl ohexyl ) -acetic acid, hydrochloride;

la, 3[3, Sj 3-(3,5-Di et hyl -1 -propyl am ngnet hyl - cycl ohexyl ) -aceti c acid,

hydr ochl ori de t: .

a, 30, 50- (| - Et hlﬂ%%nﬁﬁbﬁ@fﬂhwlﬁﬂ’,‘@-"ﬁiﬂhﬁﬂ'ﬁ§’rdﬂcsihﬂ@bldxbdx)rl—]awibiaeid,al%idﬂ)chloride
hydrochl ori de salgl t; |

a, 3[ 3, 5[ 3- (1- Benzyl am no- et hyl ) - 3, 5-di net hyl - cycl ohexyl ] -acetic acid,

hydr ochl or i de 1o*B-[35-Ri 13/,1'5:IBhe@&Ithamino—methy])—cyclohcxyg-acetic acid, _

net hyl am nonet,pybendemiedlget hyl - cycl ohexyl ) - acetic acid, hydrochloride 25
salt; | y§’ 3] ?1, 5%3-3(@&3!- ut yl am nonet hyl - 3,;}- di nmet hyl - cycl ohexyl ) -acetic

aci d, hydr ochllesBdE-{Sel-Dimethyla,[&-phenBIBodyldmine)-methvll. _acetic aci

* -[(Benzyi - net Ydsam R et hy! il 3]§Jh5-§ijﬁrreéyhy] etk xslohexyli-asefigacid o
hydrochi ori de saft; rdesalt ) |

| &, 30, Sp- ( 3, 5{ Di(Fetibydtylhretit-Wing Min@YEL Il r.CH¢cl xyl)-acet ] c acid,

hydr ochl ori de gg ?Jahf | tHy - FeRyE: Pé{&m&%? LG S, hy%rocmonde falt, |
a,3[3,533-[1-% ?@1 RS ORYRAHYe-Jnethy B3dh-dimetiy l-eyelonbohlacsdid agget i ¢ aci d; 20
January 2005 M@r&hlofhdd &l PCT/ US00/ 30769 -7- 1 a, 3(3, 5[ 3- (| _
-(lI'sob le am no- met hyl ) -3, 5-di net hyl - cycl ohexyl ] -acetic acid, hydrochl oride
sal t; g . 3( 3, 5pmipomethyb! ryelehéxane-ggetieasdd;hy| am no- met hyl ) - cycl ohexyl ] - aceti ¢

acid, hydrochhgidcdensdlito i s
| a, 313, 5J3-(3, 5I5| rreth%@I -CFJ?! ?eﬁ'}aﬁﬁgﬁ?’lc-aﬁ’fjbpyl am no) - met hyl ] - cycl ohexyl } - acet
ic acid, hydréBHoBcnds!-aydopepiane-acetic acid, sodium salt;

sgl( tQ;/cl obut Y1 umj i kythy IR cIRAIN dce S i Aot oy, - 2C8L1 € acid, hydrochloride
I a, 3{3, 5J3- ]{1([q2sl‘dpqhmlplydt}iamhm)-ﬂieﬂijlﬂlc)cﬁheﬁyﬂiaﬂﬁicrb)éid: Ry RN IsAlt_; acetic acid,
hydr ocfy ori d?l—‘f@l,tft,ﬁi-Triﬂuoro—buty]amino)—methyl]-cyclohexyl}-acetic acid, hydrochloride salt;
(1 —Ethylaminomethy]—cyclohexyl)—acetic acid, hydrochloride salt;
{1-[(CycIOpropylmethy!-amino)—methyl]~cyclohexy]}-acetic acid, hydrochloride salt;
{1 -[(2—Hydroxy- 1 —methyl-ethylamino)—methyl]—cyclohexyl}-acetic acid, hydrochloride
salt;
20 [1 —(Isobutyl_amino—methyI)—cyc]ohexyl]-acetic acid, hydrochloride salt;
(1 -Propylaminomethyi—cyclohexyl)—acetic acid, hydrochloride salt;
[1 -(Isopropylamino—methyl)—cyc]ohexyl]—acetic acid, hydrochloride salt;
(1 —Cyciohexylaminomelhy]—cyclohexyl)—acelic acid, hydrochioride salt;
[ I-(Benzylamino~methyi)-cyclohexyl]-acetic acid, hydrochloride sal;

25 - ({1R,3R)-3-Methyl-1 —propylaminomethyl-cyclohexyl)—acetic acid, hydrochloride salt;
{1 -[Cyclopentylmethy]—amino)-methyl]-cyclohexyl}—acetic acid, hydrochloric salt;
{1—[(Cyc]ohexylmethyl—amino)—methy}}-cyclohexyl}-acetic acid, hydrochloric salt;

30 ((3R, SS)-l-Cyclobutylaminomethyl-3,5—dimethyl-cyclohexyl)—acetic acid, hydrochloride

salt;



10 1- Am nonet hyl - | -cycl ohexane-acetic acid; | -Amno %

-cycl opent ane-acetic acid; Ani nomenthyl -1-cycl opent ane? qa&y W3, sodi um
salt; | -(hydroxynethyl)cycl ohexane-acetic acid, sodium sal t;

{1-[(2- Met hyiodbtayd ani no) - met hyl ] - cycl ohexyl }-acetic aci Gorh¥shiagf! ori de
salt; 15 {l-[(4,4,4-Trifluoro-butyl am no)-mnethyl]-cycl ohexy acetl c acid,
hydrochl oride salt; (I-Ethylam nonethyl-cycl ohexyl)-acetic acid,

hydrochl ori de salt; -8-

{1-[(Cycl oprop = cl ohexy acetic acid,

hydr ochl ori de {(gﬁéﬁﬂ{’sﬁl Q@ llt-@%?%é?%‘ “|¥ lmﬁ&“@kﬁ?‘%“ﬂ&r?mfémli -acetic acid,

no) - net hyl ) - cylidatehboyildy sﬁ@cetl c acid, hydrochloride salt; 20

[ 1- (Isobutyla hexyl] acetic acid, hydrochlorlde salt;

(1 - Propyl ani no ﬁ lh[ﬂc%‘a% )m‘%lafértf‘ih&la@m%menyarb%ﬁ»mthyaacmmy;} -hdetic
- (1 sopr opy| a4k hdrbyHigride ¥alt: ohexyl ]-acetic acid, hydrochloride salt;

(1-Cycl ohexyl a{%{] | -cycl ohexyl )-acetic acid, hydrochloride salt; [I
- (Benzyl am no- %gﬁ')l Pyrebgnethydamino)ometkyih3, 5+d}dd¢tb5d¥¢lydohdgl}&aéttc acﬁ5

" ((IR 3R) - 3- h/bﬂ]lj}ﬁﬂoc]hloﬂﬂ@ml am norret hyl - cycl ohexyl ) -acetic acid, ‘

hydr ochl ori de LQ/CI opent yl met hyl - am no) - net hyl } - cycl ohexyl ;
-acetic acid, {?R% |5§(‘5|1,‘§[617)ic p&Riylmethyl-amino)-methyl]-3,5-dimethyl- -cyclohexyl}-acetic acid,

I -[(Cycl ohexylhp&bmlm@rgaﬁo) met hyl ] - cycl ohexyl }-acetic acid, hydrochloric
salt; 30 ((3R, 59 -1 -éxécl obut yl ami nonet hyl - 3, 5- di met hyl - cycl ohexyl)-acetic

aci d, hydr och{&¥ mlehezﬂnmmuamyomezﬁymsemméfawayciaﬁawyua&@{@&7&9 - 8-
{(3R 58 -3, 54 rgaﬁ(g}ydeskn[(z nmet hyl - but yl am no) - net hyl ] - cycl ohexyl }-acetic
acid, hydrochloride salt 3R,

5S) - 1- [ ( 2- Hy df(8ky3%)- InSydighiexseminomaihyio), s-irhdibyl ey Aolfix sl ABdiavitia Oy alcehexyd } - ace
tic acid, hygdgochloride salt; 5 {(3R 59)- |

-[ (2, 2- Di net hoxy- et hyl ami no) - rret hyl ] - 3, 5- di net hyI cycl ohexyl} -acetic acid,

hydrochl ori de salt; {(3R,
59)-1-[(Cycl opentyl met hyI am no) - et hyl ] - 3, 5-di met-hyl - cycl ohexyl } - acetic

aci d,
15

cis-((3R, SS)-I-Hydroxymethy[-3,S—dimethyl-cyclohexyl)—acetic acid, hydrochloride salt;
(1-Dimethylaminomethyl-cyciohexyl)-acetic acid, hydrochloride salt;
(1-Butylaminomethyi-cyclohexyl)-acetic acid, hydrochloride salt;
{1—[2_.2-Dimethoxy-ethyIamino)—methy]]-cyclohexyl}—acetic acid, hydrochloride salt;

20 (1-methylaminomethyl-cyclohexyl)-acetic acid, hydrochloride salt;
{]-[(Benzyl-methyl—amino)—methyl]-cyclohexyl}-acetic acid, hydrochloride salt;
[1 -(Phenethy]amino—methyl)-cyclohexyl]—acetic acid, hydrochloride salt;
{I-[(3—Phenyl-pmpylamino)—methyl}—cyclohexyi}-acelic acid, hydrochloride salt;
((3R, 58)-1 —Hydroxymethy]-3,S—dimethyl—cyclohexyl)—acelic acid, sodium salt;

25 ((3R, 58)-1 —Ethylaminomethyl-B,5~dimethyl—cyclohexyl)-acetic acid, hydrochloride salt;
(1-Aminomethyl-4-ethyl-cyclohexyl)-acetic acid, hj/drochloric salt;
(1-Aminomethyl-4-propyl-cyclohexyl)-acetic acid, hydrochloric salt;

((3R, SS)~3,5-DimethyI-]~pr0py1aminomethy]-cyclohexyl)-acetic acid, hydrochloride
salt;

30 [(IR, 3R)-1 ~(Benzylamino-methyl)-3-methyl-cyclohexyl}-acetic acid, hydrochloride salt;
{(1R, 3R)-1 —[(Benzyl-methyl~amino)—methyl]—3-m'ethyl-cyclohexyl }-acetic acid,
hydrochloride salt; and
((IR, 3R)—3-Me1hyl-1-melhylaminomethyl—cyclohexyl)—acetic acid, hydrochloride sait;



hydr ochl ori de W& o1/4219; _ _

{{3R 5S)-1-[(Cycl ohexyl met hyl - ani no) - met hyl ] - 3, 5- di met h9? $¥WEERHESy| 1 - acet i

c acid, 10 hydrochloride salt; OR,

59) - 1- Cycl ohexyl am_.nonet hyl - 3, 5- di met hyg - cycl ohexyl ) -acetic acid,

hydrochl ori de salt; gSegiq?Q%(SR,

5S) - | - Hydr oxynet hyl - 3°5°%¢ (SR sl deteaibed by Fameilse, 1B Ghdl J}MGLO%N oride

salt; (I-Di met hfonpoumdseftiophdLycl ohexyl ) -acetic acid, hydrochloride salt;

(I -B utyl am nonet hyl - cycl ohexyl )-acetic acid, hydrochloride salt; {

| -[ 2, 2- Di et hoxy- et hyl anmi no) - net Hﬁ"]—-'cﬁjﬂ? H,—ac@boR, aci d, hydrochl oride

salt; 20 (1-nethylam nonet hyl -cycl ohexyl j-agdetic aci d, I hydr ochl ori de salt;

{ I-[(Benzyl -nmet hyl -am no)-nmethyl]-cyclo @Y }-acetic acid, hydrochloride

salt; [I-(Phenethyl am no-nethyl)-cycl ohexyl4tacetic acid, hydrochloride

salt; { ]-[(3-Phenyl-propyl am no)-nethyl]-cycl ohexyl }- acétic acid,

hydr ochl or_i, de sal,t; .@(,3R,

59) - 1- Hydroxy et HTeisR g¢ bidmsemgna loya alpirndita) aa i Cs 864 Sk sodium sal t; 25

" ((3R, 59)-1I-Et hgjam Fﬁﬂ%‘ﬁf@g di et hyl - cycl ohexyl')-acet it dii-duted
hydrochl ori de salt; Pg‘? : forEHy anditsidhvisionaiyibried sl Padf RlujBeACH .

hydrochl ori c saft{f87.844. Thnisesaiitobed ared pitQRY ! cycl ohexyl ) -aceti ¢ acid,

hydr ochl ori ¢ Sa{hﬁdser{qi(:g— . ‘ - prote effe against cramp induced by

5S) -3, 5-Di et hyl - | - pr o%ﬁdﬁ’rﬁr?fﬁﬁ'é'? fRfioo égﬁbtroiaeﬁqzbl):cﬁﬁn?.t ﬂhsc@mrﬂuisp (dr ochl or i de

salt; 30 [(1 R,epgpgsy,lfam(nmmﬂaekgn}mhgg; Qlydc)rin:%- met h% -cycl ohexyl[-4dcetic

aci d, hyggochl qujed AR t} . élR, 8 ial traumas:; and improvement in

3R) -1 -[ (Benzyl - net ﬁ’yﬁJ ar?lh'?‘ia-;’- ?FE‘%H‘?W#ﬂ@-umflnlhyi;erhy&lpedi@&yﬂe-ﬁ&g}siagc ,aCibd,,

hydr ochl or i de dBfomPorateichy (réfdrBuce. e

3R) - 3- Met hyl -1 - et hyl am nonet hyl -cycl ohexyl ) -acetic acid, hydrochloride

salt; WO 01/42191 2Q 4t TMft99A -9- Several of the conpounds described by

Formulas 1, 11, and“9TRoupgsefKemowtaB: Conpounds of Fornula A

H2N- CH2- C- - - CH2- - 000R

R3 Ry
s ‘ o
H_—;NCH-C-CHQCOOH
i :
R B
0 1 E
ra phannaceulxcall_\ acceptable salt thercof wherein Ry is a straight or branched alkvi
- ) c -\r
group having from 1 10 6 carbon at | -
N oms, phenyl or cycloalky! having from 3 to 6 carbon

-atoms; R § : i
2 s hydrogen or methyl; and R3 is hydrogen, or carboxyl are known in Linited
States Patent Number 5.563.175 and its varjous divisiona

Is. These patent
. . s are hereby
incorporated by reference., *



" (CHZ}n 5 10 15 A wherein R is hydrogen or a |ower kyl radjcal and n
is 4, 5 or .6 are known in United States Patent Nunb?’o‘i/?,"@%'l%g and its

divisional United States Patent Nunber 4,087,544. The uses discl osed are:
protective effect against cranp induced by thiosem carbazide; protective
action agai nst cardi azol e cranp: the cerehral diseases. epilepsy,

fai nt ness attacks, ;h ypokinesia, and cranial _traumas, and inprovenent in
cer ebr al fuhctions.C%%@mﬂﬁﬁﬁﬁﬁﬁéﬁwﬁﬂéﬂwéa&manmmgBmhﬁkkhﬁc&@ﬁ&ﬁmgﬁ. ghe

pat ents are’ hEoretnja IVt ncor porated by reference. Conpounds of Fornmula B: R3
R2 1 I H)NCH CCH O00H Rl 13 or a pharmaceutically acceptable salt

t hereof wherein Rl is a straight or"byanched al kyl group having froml to
6 carbon atons. phenyl or cycl oal kyl 'CﬁQHfron13 to O carbon 20 atons;
R2 is hydrogen or nethyl; and R3 is h ggen, or carboxyl are known in
United States Patent Nunber 5,563,175 a8d its various divisionals. These
patents are hereby incorporated by r ence. 20 January 2005 10 According
to anot her aspect of the inventiongjhg \Rprovided a conmpound of Formul a

IV: Rs X CC2H Ry R, v

wherein

R;-Ry are hydrogen or alkyl;

Xis NR; or O

Rs is hydrogen or alkyl;

Rs is alkyl, benzyl, - _ _ arylalkyl, alkoxy, cycloalkyl, allyl,
alkyleycloalkyl, alkoxy, cycloalkyl, alkylcycloalkyl, trisubstituted halogenalkyl, and
wherein when R;-R; are each hydrogen then Rg is not methyl; or a pharmaceuticalty
acceptable salt, ester selected from Ci-Cs alkyl esters, Cs-C cycloalkyl esters and C,-C,
arylalkyl esters, or amide selected from amides derived from ammonia, primary C;-Cs
alkylamines and secondary C;-C dialkylamines, thereof,

Like the compounds of Formulas L II, and III, the compounds are useful for the
prophylactic and therapeutic treatment of diabetic retinopathy, including treatment at the
pre-diabetic retinopathy: stage, the non-proliferative diabetic retinopathy stage, and the
proliferative diabetic retinopathy stage.

Preferred compounds are those of Formula IV wherein R, and R4 are hydrogen and
Ry and R; are alkyl; R, and R4 are hydrogen and R; and R; are methyl; Ry-R, are
hydrogen; R, is alkyl and R,-R, are hydrogen; R, is methyl and R,-R, are hydrogen; R; is
hydrogen; X is NR¢; X is O; R is alkyl; Ry is benzyl; R is acetyl; R¢ is phenylalkyl; R is
cycloalkyl; Ry is trifluoroalkyl; Ry is alkylcycloalkyl; R, is alkoxy; and R is allyl.

Other preferred compounds are those of Formula IV wherein R, and R, are
hydrogen and R; and R; are methyl; R;-Ry4 are hydrogen; R, is methyl and Ry-Ry are
hydrogen; R; is hydrogen; X is NR; Rg is alkyl; R¢ is benzyl; Re is acetyl; Rg is
phenylalkyl; R is cycloalkyl; R, is trifluoroalkyl; R is alkylcycloalkyl; Rg is alkoxy; and

- Rgis allyl.

‘ '_-‘ VEspecially preferred compounds may be selected from: |



|V wherein RI-R4 are hydrogen or alkyl; X is NR5 or O; 35 IS
alkyl; R6 is alkyl, benzyl, arylalkyl, alkoxy, cycloal kyP 2843y
al kyl cycl oal kyl, al koxy, cycloal kyl, al kyl cycl oal kyl, trisubstituted
halogenalkxj, and wherein when R -R4 are each hydrogen then R6 is not

met hyl ; or "8 P aceutical Iy acceptable salt, ester s&CEBYHM?om Ci-Co
al kyl esters, C5-C7 cycloal kyl esters and C -C4 arylallcyl esters, or

am de sel ected fromam des derived j[pﬂ1annonia, primary Cl-C6 al kyl am nes
and secondary Cl1--C6 di al kyl am nes, thereof Like the conmpounds of Fornul as
I, Il, and I'll, the conpounds are useful for the prophylactic and

t herapeutic t .of diahetic retino h i ncluding treatnment at the
pre-di abetic ¢gﬁ%ﬂ%ﬁ%ﬁﬁ?“@?@ﬁ@?mgﬁamhﬂﬂgﬁﬁ%?%@%?%?F@@dﬁiabetic reti nopat hy
stage, and t h@-[(13,8!TriflRbatpryg/ 1 dhisdahdte/ Fetionend-heishage. Preferred

conpounds are those of Forrmula |V wherein R2 and R4 are hydrogen and R
and R3 are alkyl; R2 and R4 are hydrogen and R, and R3 are nethyl; R -R4
are hydrogen; | & A nd..R2, 1 0 3 1S, hyl and R2-R4
Care hyd?ogen;quh ’?ﬂsé’%%’?{éé’ggﬁ?‘” ??ﬁ %%ﬁonﬁ&lﬂgl %?Qﬂg@il)sécg?%w R6 is benzyl;
R6 is acetyl ;1cR8,3f{hhOmbthy k(2,2 Rariilwro-ettglamidoiydethyRecycbhdxyi idcetar oal kyl ;
R6 is al kylcycl,oal kyl; R6 is al koxy; and R6 is alkyl. Qther preferred
conmpounds ar@mphose of Formula IV wherein R2 and R4 are hydrogen and R,
and R3 are n‘ﬂbctBﬁLSB-B,S-DRﬂetBﬂﬂ-NXQ,BQQMQ-Bop*Iﬁm%!)Jﬁ)é'thyﬂf@clege‘x -aRéife
hydrogen; R5 is hydrogen; X is NR6; R6 is alkyl; R6 i's benzyl; R6 is
acetyl: R6 i &dphenyl al kyl ; R6 is cycloalkyl; R6 is trifluoroalkyl; R6 is
al kyl cygl oal kyl; R6 is_al koxy, and R6 is alkyl. Especially preferred
conpounds may be’selected’from 20 Janudry 2005 WD 01/42191 -11 {
1-[ (2, 2, 2- Tr breg§Hd 3 Bi-BrM ekl oyrorrdtyhylrinesethphesclahedy )-apete dcid: aci d;

trans~{(1R,3R)-3-Methyl-1-[(2.2,2-trifluoro-ethylamino)-methyl}-cyclohexyl }-acetic

gy oven o

acid;
trans-{(1R,3R)-3-Methyl-1-{(3.3,3-trifluoro-propylamino)-methyi}-cyclohexyl }-acetic

15 acid;
trans-{(1R,3R)-3-Methyl-1-[(4.4.4-trifluoro-butylamino)-methyl)-cyclohexyl}-acetic
acid;
1a,38,5B-{3,5-Dimethyl-1-[(4.4.,4-trifluoro-butylamino)-methyl]-cyclohexyl }-acetic
acid;

20 la,3B,5B-{1-[(Cyclopropylmethyl-amino)-methyl]-3.5-dimethyl-cyclohexyl } -acetic acid;
trans-{(1R,3R)-1-[(Cyclopropylmethyi-amino)-methyl]-3-methyl-cyclohexyli-acetic
acid;
trans-((1R,3R)-3-Methyl-1-methylaminomethyl-cyclohexyl)-acetic acid;

_ trans-((1R,3R}-1-Ethylaminomethy!-3-methyl-cyclohexyl}-acetic acid;

25 tfans-(( 1R,3R)-3-Methyl-1-propylaminomethyl-cyclohexyl)-acetic acid;
trans-((IR,3R)-1-Butylaminomethyl-3-methyl-cyclohexyl)-acetic acid,;
trans-((1R,3R)-1-Hydroxymethyi-3-methyl-cyclohexyl)-acetic acid;
1a,3B,5B-{1-[(Hydroxymethyl-amino)-methyl]-3,5-dimethyl-cyclohexyl} -acetic acid;

30

1. 3B,5B-(1-Ethylaminomethyl-3,5-dimethyl-cyclohexyl)-acetic acid, hydrochloride salt;



11 -[(3,3,3-Trifluoro-propyl am no) - net hyl ] -cycl obexyl }- tic el
PCT! US00130769 5 1 a, 3[3, 5[ 3- (3, 5-Di met hyl - | 36 S 5005

- prop- 2-ynyl am nonet hyl - cycl ohexyl )-acetic acid; 1 a,3 0,5p- { 3,
5-Dinmethyl- | -1(2,2,2-trifluoro-ethylamno)-nethyl] -cyclohexyl ) -acetic
acid; 1 a‘,"'?["é’j’g%%- {3, 5-Di met hyl - | CT/USG0/30769
-[(3,3,3-trifluoro-propyl am no)-net hyl]-cycl ohexyl)-acetic acid; 10
trans-((lI R 3R -3 -Methyl -I - prop; -ynyl am nonet hyl - cycl ohexyl ) -acetic
acid; trans-{ (1 R3R-3-Methyl- T=T(2,2,2-trifluoro-ethyl

am no) - net hyld 3E;yet LBexylamde-Methyl)-3 3GidethyitdyaiBBexy [ JacdicMeraShydedRhiaé - [ (3. 3
,3-trif|uoro-fropylanino)-nethyl]-cyclohexyl }-acetic 15 acid; trans-{(lI

R 3R)-3-Met M- | -[(4,4,4-trifluoro-butylamn no)-nethyl]-cycl ohexyl
}-acetic acj & B : x ) et . :

13705 5 0 mechyp o B P upinerprind 35 imety Leyclebery ety peidy bydrpelertde o o
acid; 20 la,s813,5! -{

LS8 S RS b G AR 2 gt LR IR S A AR hicBGE e 2! &
R 3R)-1-[( Q’!@J,Iﬂ?W)PV[(B'@Iﬁﬂ?thTeﬂlﬁIi—ﬁﬂ)lométHMﬂ-]3;5311’1&?&}1%1 dycoi&lyPhRxNd dciaceti c
acid; trans-( 1R,3E%-3-N@thyl-I-nethylanlnonethy -cycl ohexyl ) -acetic acid;
trans- ((] RMAPACHTSHtan nomet hyl - 3- met hyl - cycl ohexyl ) -acetic acid; 25

trans- 1 I LA RAON 3 i acid;
trans- ( (1R, S TRty o ara A O R R P B A

trans-(( | Ral8R)-1-Hydroxynet hyl-3-nethyl -cyclohexyl)-acetic acid;

| a, 3(in5[ 3- L - PO .
|- [ (1Y dr oxy ReltA L A feminer meiy -3 Sedimethule oo h ey A IS &S - acet i ¢ acid; 30
1a, 3[ 3, 5f 3- (1k;3BtIpyl 1 AMobERNRIdO-mah{)-8lis ih fy - SYIehOREXyd) - RRIEETdFodldride
hydrochlorig%_salt; 20 January 2005 WD 01/42191 PCT/ US00/ 30769

lo,3B,5B-[3,5-Dimethyl-1-(phenethylamino-methyl)-cyclohexyl]-acetic acid,
hydrochloride salt;

15 1o, 33,5B-{3.5-Dimethyl-1-[(3-phenyl-propylamino)-methyl]-cyclohexyl} -acetic acid,
hydrochloride salt;
{1-[(Cyclobutylmethyl-amino}-methyl]-cyclohexyl}-acetic acid, hydrochloride salt;
1a,3B,5B-[1-{Isopropylamino-methyl)-3,5-dimethyl-cyclohexyl]-acetic acid,
hydrochloride salt;

20 {1-[(2-Methyl-butylamino)-methyl]-cyclohexyl}-acetic acid, hydrochloride salt;
{ I-[(4.4.4-Trifluoro-butylamino)-methyl}-cyclohexyl}-acetic acid, hydrochloride salt;
(1-Ethylaminomethyl-cyclohexyl)-acetic acid, hydrochloride salt;
{1-[(Cyclopropylmethyl-amino)-methyl}-cyclohexyl}-acetic acid, hydrochioride salt;
{ 1-[(2-Hydroxy-1-methyl-ethylamino)-methyl]}-cyclohexyl}-acetic acid, hydrochloride

25 salt;
[1-(Isobutylamino-methyl)-cyclohexyl]-acetic acid, hydrochloride salt;
(1-Propylaminomethyl-cyclohexyl)-acetic acid, hydrochloride salt;
[1-(Isopropylamino-methyl)-cyclohexyi]-acetic acid, hydrochloride salt;
(1-Cyclohexylaminomethyl-cyclohexyl)-acetic acid, hydrochloride salt;

30 [1-(Benzylamino-methyl)-cyclohexyl]-acetic acid, hydrochloride salt;
((1R,3R)}-3-Methyl-1-propylaminomethyl-cyclohexyl)-acetic acid, hydrochloride salt;

{1-{Cyclopentylmethyl-amino)-methyl]-cyclohexyl}-acetic acid, hydrochloric salt;



-12- la, 3(3,5[3-(1-Benzyl am no-net hyl ) - 3, 5-di net hyl - cycl ghexyl ] - tic
acid, hydrochloride salt; | 28Uan%n}286

a, 3[ 3, 5[ 3- (1- Di et hyl am nonet hyl - 3, 5-di et hyl - cycl ohexyl ) -acetic acid,
hydrochloride salt; 5 1 :

a, 30, 513- (WOl nomet hyl - 3, 5- di et hyl - cycl ohexyl ) - a®ETTUSOUBTEY,
hydrochloride salt; | a,31 ,5(3-{

1-[ (Benzyl - net hyl - am no) - met hyl ] - 3, 5- di et hyl - cycl ohexyl } -acetic acid,
hydrochl oride salt; | a, 3 (3,5[3-(3,83%Di methyl -1

- met hyl ani nom@I-nﬂyclsu&&mMJaﬂﬁ@%%egﬁgEeg_blghex%%&ﬁ@cﬁr hﬁg?cfﬁ)ﬁkfsén;lo L

a, 3[3,5[3-[I -(Acetyl am no-net hy i met -cycl ohex -acetic acid;
a,3[3,5 3-[ | -(lsobutylam no-net hyl-)-3,5-dinet hyl -cycl ohexyl] -acetic
acid, hydrochloride salt; I a,3 [3,5f3-[3,5-Dinethyl-I

- (phenet hyl am no- net hyl ) - cyc¢l'ohiexyl | --acetic acid, hydrochloride salt; 15
1x, 3[ 3, 5[ 3- { 356K APt 1-Cyclobutylaminomethyl-3,5-dimethyl-cyclohexyl)-acetic acid,

yI-I-[(%-phenﬁhmﬁﬁgﬁggaﬁ@no)-nethyI]-cyclohexyl}-acetic aci d,
“hydrochloride salt; { T “[(Cyel obutyl methyl -amni no)-nethyl]-cycl ohexyl
}-acetic aci d{GRytigchDondtlid-1562-methyl-buty8mBipb8thy i} {ey¢idhexyl} -acetic acid,

sopropyl am n Q= 34.0- di net hyl - cycl ohexyl ] -acetic acid, hydrochloride
saPt;ng (1 E)IE)?Egécklﬁ-‘?jfil%ihbutyIarri%o)-)r/nathyl]E/c]yclohexyl I -acet?c aci d,

Ihyﬂr oclhl ori dei(3&d iS_;)-l([[Zr;HBrngra;qﬁll 4nejl::jyl4etmltanmd)mrqﬂéa]?.f;dﬁndn@u-bw[‘}hegy@.aceﬁc

ohex -acetjc ac r oride salt; - Et
anino%e%hyl-é?é’g‘%§§*¥¥%3§ﬁic aci d, hydrocgloridg salt; {

| - [ ( CyaDopr oplBReESHH{2atrDiragthawst dipHimiaychahgxy|s)diaenili§clebda) -y aeh! ori de
salt; { | -[(2-5%%r0é%%ﬁ;nethyl-elhylanino)-nethyl]-cyclohexyl}-acetic
acid. hydr ocHP8IFHen sal t; [1-(1sobutyl anino-methyl)-cycl ohexyl ]-acetic

aci d, hydr ochi(aR.isgp1 'iﬁt)kloper@lmeﬁfyql@iyx!n@ﬂ’iefh?UBEMhreﬂ?’/F&ﬁhﬁéWl Y-aceBE QLU C aci d,
hydrochlorldglaaltf.d%l-(lsopropylanlno-nethyl)-cyc ohexyl ]-acetic acid,
hydr ochl ori de¥ rochloridesplt, oy ¢ ohexyl ani nonet hyl - cycl ohexyl ) -aceti ¢ aci d,
hydrochl ori dg¢3ab$):1 -[(Cyclohexylmethyl-amino)-methy[}-3,5-dimethyl-cyclohexyl}-acetic acid,
15 hydrochloride salt;
((3R, 5S)-1 —CycIohexyIaminomethyl-3,5-dimethyl-cyclohexyl)-acetic acid,
hydrochloride salt;

{

20
| ¢is-((3R, 58)-1-Hydroxymethyl-3,5-dimethyl-cyclohexyl-acetic acid, hydrochloride salt:
(1-Dimethylaminomethyl-cyclohexyl)-acetic acid, hydrochloride salt;
(1-Butylaminomethyl-cyclohexyl)-acetic acid, hydrochloride salt;
{1—[2,2-Dimeth0xy-elhylamino)—methy]]-cyclohexyl}-acetic acid, hydrochloride salt;

25 (1-methylaminomethyl-cyclohexyl)-acetic acid, hydrochloride salt;
{1-[(Benzyl-methyl-amino)-methyl]-cyclohexyl}-acetic acid, hydrochloride salt:
[1-(Phenethylamino-methyl)-cyclohexyl]-acetic acid, hydrochloride salt;
{1-[(3-Phenyl-propylamino)-methyl]-cyclohexyl}-acetic acid, hydrochloride sait:

((3R, 58)-1-Hydroxymethy}-3,5-dimethyl-cyclohexyl)-acetic acid, sodium salt;

30 ((3R, 5S)-1-Ethylaminomethyl-3,5-dimethyl-cyclohexyl)-acetic acid, hydrochloride salt:

(1-Aminomethyl-4-ethyl-cyclohexyl)-acetic acid, hydrochloric salt;

(1-Aminomethyl-4-propyl-cyclohexyl)-acetic acid, hydrochioric salt;



30 [1-(Benzyl am no-net hyl ) -cycl ohexyl]-acetic acid, hyd hl ori alt; ((1
"R 3 R -3 -Methyl -1 -propyl am nonet hyl -cycl ohexyl ) -aceti é8§\§'i“@,ry 3805S

hydrochl oride salt; { i-[Cyclopeopyl nethyl-am no)-nethyl]-cycl ohexyl
}-acetic acid, hydrochloric salt; 20 January 2005 WD 01/42191

PCT/ US09/ 30769 -13- | acid, hydrochloric salt; ((3R
5S5) - | - Cycl obut yl am nonet hyl - 3, 5- di net hyl -c%l ohexyl)-acetic acid, 5

hydrochl ori de sal t{{3K.63R3,5-Dimethyl-1-propylami thyl- .
59) - 3, 5- Di net f}érl - Ich[#l%- @_hyl -buty ar%yﬁ%lin-oﬁaet %/F)fc}%}i?gmﬁg%ﬂﬁqdacet i c acid,
hydr ochl ori de _gﬂ | €S8R 5S)- 1-[ (2- Hydr oxy- | _ _

- methyl et hyl am noHIBRNY A Bendy ﬁfn%oﬂ;ﬁ&n%-?’glye%ng?’é&le))y-l]?a%%%ié gcid,%gzldlgdchloride

hydrochl oride salt; 10 {(3R
55)-1-[(2, 2- DiSAt hoxy- et hyl am no) - met hyl ] - 3, 5-di met hyl - cycl ohexyl ) -acetic

id, hyd hl ori R s .
gg) -1 (>c/,y<r:|og egt gm?ﬁi/fJ-[(aér%g%l’%“-‘?‘#&[‘ﬁwf]")@}@Yé}'%ﬁ}eﬂwlﬂw@h@h&xgdeﬁe adét i c
acid, hydr ocEV@‘PPhieﬁéaMit; afd 3R, 55) - |

- -[ (Cycl ohexyl net hyl nag.no) - hyl ] - 3, 5- di net hyl - cycl ohexyl }-acetic acid,
15 hydr ochl ori de E(Ia}lt%{ﬁ)(( ; Yi"1-meth}'lammomethyl-cyclohexyl)-acetic acid, hydrochloride

5S) - 1- Cycl ohesail. am nonet hyl - 3, 5- di et hyl - cycl ohexyl ) -acetic acid,

hydr ochl ori de sal t; 0%(? cis-((3R,

5S) - 1- H%/dr oxy et HyFee3ang qionst mtheigyﬁhml- )Qﬂt- af ahé Cin&gﬂtﬂ)rxll rdwé;é 0 hk)fggi{gg

sal t; 1-Di &tk .~cycl ohexyl )-acetic _acid, hydrochloride salt;
(1- Butyl ani no@r{eathﬁ%/%ﬁ%% F@h@%’?‘j’@?&%’?@g adhegapeijeatly effestiveamamt vf one or more
{1- [ 2, 2- Di metaeBIPpuBdsyf Renmnia) Vi h)phhnﬁ%&itféwyécfgptaﬁgtc}l@eam d, _

hydr ochl ori de sal(%d'mZS &I - g&i hyl ami r) onet hyl -"cycl"ohexy “Ycetic acid,
hydrochl ori de salt, Rt <] Cheitzrlanks fiieh- amnbabopentins faye Tusefk lfothesating vadfeRli ©

{Z?l; :- Ecj]( 3?2 E;e §g Eﬁg;lzgg; é?‘ig B;s [I%C‘U.(‘&ﬁﬁ%h%}a%¥é amsgr%err.m(rlﬁy l -g,Ogt}:%Qci,h eci(e%lrgssigr? e&)‘é:
¥ panks (Y8 B703,296)hewsdalbigtat diSoraés fUSMYSTRS) Ofigde

sal t; inflammatory diseases (WO 98 158641), gastrointestinal damage (WO 99 108670)
glaucoma, and pain. Because the compounds of Formula IT and Formula IV both operat;
to affect the BCAT pathway and affect the synthesis of glutamate, which is involved in
each of the aforementioned indications, the compounds of Formula IV will also be useful
for treating the indications. Thus, the present invention is also directed to the use of the
compounds of Formula IV to treat each or more than one of neurodegenerative disorders
(including but not limited to ALS, Parkinson’s disease and Alzheimer’s disease),
de?ression, anxiety/panic, mania/bipolar disorders, anti-inflammatory diseases, glaucoma
pain, or gastrointestinal damage.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1. Scheme showing the BCAT shuttle in the retina. The shuttle proper is
highlighted and shows how branched chain amino acids in the glia can transaminate o-
ketoglutarate to form glutamate. The BCKA product diffuses across the interstitium
(shown as grey) to the neurons where it is converted back to the branched chain amino
acid by transamination with glutamate via BCATc. Abbreviations are as follows:

BCAA=branched chain amino acid; GLU=glutamate; GLN=glutamine;



((3R, 5S)-1-Hydroxynethyl -3, 5-di net hyl -cycl ohexyl ) - acet ?@ acid di um
salt; 30 ((3R, 5S5)-1-Ethyl am nonethyl -3, 5-dinethyl-cyc H etic
acid, hydrochloride salt; (I-Amnonethyl-4-ethyl-cycl ohexyl ) - acetl c acid,
hydrochloric salt; (1-Am nonethyl-4-propyl-cycl ohexyl)-acetic acid,

hydr ochl owicigabt ; 20 January 2005 14 PCT/US00/30769
((3P,,5S)-3,5-Di nethyl -1-propyl am nonet hyl - cycl ohexyl )-acetic acid,
hydrochl ori de salt;

[ (1R, 3R) - 1- (Benzyl ami no- net hyl ) - 3- methyl - cycl ohexyl ] -acetic acid,

hydrochl oride salt;

{(IR 3R -1 - (C%awglummmb -mrrpyolvairePCsplyuvdtereibyylaey ek Ghexybilutaaget | C
acid, hydrochloride salt and c&.g R, 3R) - 3- Met hyl - |

“met hyl ani nor?&ﬁ%ﬂ‘“r& B?M’I)m dehan %P@raHW@ﬁ%m@q‘%OSOé'abmncfﬁdcor di ng

to a further enbodi t i, nven t here vided a
phar maceut i c& m%%%’gslqg’feéﬁe %ﬁ%ﬁ‘l R %’ ‘gq} céop‘?-ﬁff C@ﬁﬁ guBPRECt i ve anount of

~one or nore g4 upds of Fornul a Wand a pharmaceutically acceptable
carrier. Conmpounds of Fornmula Il, such as gabapentin, are useful for

treating var iFigise 2.cefdi &ﬂ@mammea&axmuthﬁmmabeécwg%96 farfatdS

5,084, 479), depression (US 5,025, 035), anxiety/panic (US 5,792, 796),

mani a/ bi pol aplugghinmies @)(%PBUB@@PQSI@yiatedBI by e ifd Ianmmtldtrr;nﬂdumeas@ss (WO 98

158641), gastr0| nt es dama e (WD.99 108670), gl aucoma, and pain.
Because the GSHY 2517"3?1‘1@5??1,{“ érdlcP“‘aH‘EPsl’fB‘rhrﬁ:?I%Mll\'/ b6 WFBBB}"&{“@ to affect

the BCAT pat p%@}/at {hdth@itnf b eenﬁ Q)t?q'%'n?MO{/?he C%‘&E‘talee gan Cﬂ?ﬁ%f nyol ved

in each of t af orenent’i one |ca ions onpoun ra |V

will also bepupefuhbrelPpintrpRat suﬂgom&t%leugmaﬁﬁhé pRS glu?éma&a p%xhﬁcpr SRE0E
invention is also directed to the use o conpounds of Formula IV to

treat Mach olabﬂniwrtl‘lfmplgmbctalfe neur odegener ati ve di sorders (i ncl udi ng but
not limted to ALS, Parkinson's disease and Al zhei mer' s di sease),
depr essi on, Bigkret-Frpesiion o r%rﬁﬁfss?wma%1nd@tg@r@e%sue@ﬁttrmrpmfsnﬁmar

ngsEeasegv Nglsgn%q%%mﬁ%mg vfe SARHEAY 2SR bIsing hEREL oBRLIE KRESCR PTIH OV OF

Immuncaffinity purified rat anti-BCATc peptide antibody (1:1000) and human anti-
BCATm antibody (1:1000) were used.

I5 Figure 4. The influence of gabapentin (GBP) and branched chain amino acids on
incorporation of H'*COj into ghitamate plus glutamine by ex vivo retinas. Half retinas
were incubated at 37° C under standard conditions with 25 mM H*CO; and 0.2 mM
pyruvate for 20 minutes. In some instances gabapentin (1 mM) was included in the
incubation medium and in others GBP (1 mM) plus all three branched amino acids (0.2

20 mM) each were included. Values shown are means + SEM of HCQj incorporated into
glutamate plus glutamine in 20 minutes (n=4, * p<0.001, ** p<0.01). Abrevs: glntglu=
sum of labeled glutamine plus glutamate.
Figure 5. Influence of gabapentin (GBP) concentration on incorporation of H*CO,into
glutamate and glutamine in ex vive retinas. Conditions were similar to those of Figure 4

25 except for the concentration of GBP. Values shown are means + SEM (n=6-7, * p<0.05).
Abrevs: GLN+GLU = sum of glutamine plus glutamate; LACT + TCA = sum of lactate

plus TCA cycle intermediates.




Figure 1. Schene show ng the BCAT shuttle in the retina, The shg e proper
is highlighted and shows how branched chai n anino aci d20 ¥anyans é‘ﬁ a can
transam nate a- ketoglutarate to form glutanmate. The BCKA product diffuses
acr oss th%' i“g{ztltlum (shown as grey) to the neurons where it is
convert ed the branched chain amno acid by traRSHH®EYdn with
glutamate via BCATc. Abbreviations are as follows: BCAA=branched chain
am no acid; GLU=glutamate; GLN=gl utagpine; 20 January 2005 WO 01/42191
- PCT/ US00/ 30769 - -15 d n' ase=gl ut am nase; pyr=pyruvate; PC=pyruvate

car boxyl ase, ¢ KG=a- ket odMifi/dt BDOESEBIRTIOMOF FHHOMINENITIODY anched chai n
am not r ansf erase; BCATc=cytosolic branched chain am notransferase;
BCKA=br anched chain keto acid; CDH gl utanmate dehydrogenase. 5 Figure 2.
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Val ues shown are ans (Ii:_l\/g) HCOB i ncgorporated_ into
part, agamst urther elic retmopathy, n particular diabetic macular edema.

The method comprises the administration of an inhibitor of the branched chain
15 amino acid-dependent aminotransferase pathway in an amount sufficient to treat the
retina for retinopathy prophylactically or therapeutically. Any inhibitor of the branched
chain amino acid-dépendent aminotransferase pathway can be used in the method of the
present invention as long as it is safe and efficacious. Herein, "branch chain amino acid-
dependent aminotransferase (BCAT) inhibitor" will be used to refer to such compounds
20 and is intended to encompass all compounds that affect the branch chain amino acid-
dependent aminotransferase pathway at any and all points in the pathway.

Preferably, the BCAT inhibitor is a compound of Formulas L I1, and/or 111, as
described above, or a pharmaceutically acceptable BCAT pathway-inhibiting analogue or
prodrug thereof, or a pharmaceutically acceptable salt, ester, or amide of any of the

25 foregoing.

Unless otherwise expressly stated, the following definitions are adhered to
throughout this disclosure. '

“Alkyl” means a straight or branched hydrocarbon radical having from 1 to
10 carbon atoms (unless stated otherwise) and includes, for example, methyl, ethyl,

30 n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, iso-pentyl, n-hexyl,
* and the like.

“Halogen™ includes fluoro, chloro, bromo, and iodo.



glutamate plus glutamne in 20 mnutes (n=4, * p<0.001, _** p<0.01). Abrevs:
gln+glu = sumof |abeled glutamne plus glutamate. Fi g%q éa'g“ ryl?ﬂ]dsuence of
gabapentin (GBP) concentration on incorporation of HL4CO3 into gl utamate

and gl ut an,g8,/kRe€X Vivo retinas. Conditions were sinmlar t e of
Figure 4 25 except for the concentration of GBP. Val ue?cgh%\(l’\%ﬂg e nmeans

SEM (n=6-7, * p<0.05). Abrevs: GN+G.U = sum of gl utam ne plus gl utamate;
LACT + TCA = sumof lactate plus TGA cycle internmediates. 20 January 2005
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"prophylactic".is ant! t he pr(gt ection, .in whqgle or in part, against

di abetic ret fW&?&?ﬂ%Fy efepRl £ LorcRy relfeyh &Y fehutll adamppipgnorpipanyl,

"t her apeut i cdecabnyl MResdinyl, RecliERY ], SfiBdyicRPerl. ShAREIIHS cdnblel Ui wiri t sel T,

and t protection, in whole or in part, against further diabetic

reti nopat hy, EPAPSHrh ?Src}ﬂfiréff‘ytg‘le%@%q ‘Eeﬁlﬁﬁ‘c@llsgr‘“‘?%%ﬁﬁfe e mkipbltconpri ses t he

adni ni strat i DRci@batdMs kphcOidriis Huch Eﬁ)upﬁ Aoehedi ehatkdyclP, @A feans a

aci d- dependent _ api not ransf erase pathway in an anount “sufficient to treat

the retina F6§akst stRgA R I IE belgToptpnoreleetd Frape@dtS. oaNRy.  Any
i nhi bitor of . i .. ci. d- dependent, am nptransferase
pat hway can %%Qﬁlsegé&?%gl{%%gm%@? ﬂ‘(p)ncfg%sfnpli?%dgmrﬁ?y s@ﬁ?"ﬂ?‘m’)ewwr&ﬁt"as long as it
i s saf e and tefrfliydapymuipeHeingl, ncylpipeariayl, phalidinglyambmagpheincdependent _
am not;ansf erase (,GCAT) _knhibitor™ wll be.us to, refer tg such conpounds
20 and%i s int ende%ﬁf%‘yerﬁgeésntﬁgﬂsesgg‘f]I”%@WSWW&’S‘%@?&? b%‘f“fjé@f)“%}h‘é?‘yﬁ?‘hnch chai n
am no aci d- examples of which include methoxy, ethoxy, isopropoxy, tert-butoxy. and the like. In

addition, alkoxy refers to polyethers such as -0O-(CHp)p-O-CH3, and the like.

“Alkanoy!” groups are alkyl linked through a carbonyl. ie, C]-C5-C(O)-. Such
groups include formyl, acetyl, propionyl. butyryl, and isobutyryl.

20 “Acyl” means an alky! or aryl (Ar) group bonded through a carbonyl group, ie.
R-C(O)-. For example, acyl includes a Cy-Cg alkanoyl. including substituted alkanoyt,

wherein the alkyl portion can be substituted by NR4R3 or a carboxylic or heterocyclic
group. Typical acyl groups include acetyl, benzoyl. and the like.

The alkyl, alkenyl, alkoxy, and alkynyl groups described above are optionalty
25 substituted, preferably by 1 1o 3 groups selected from NR4R5, phenyl, substituted phenyl,
thio Cy1-Cg alkyl, C1-Cg alkoxy, hydroxy, carboxy, C1-Cg alkoxycarbonyl, halo, nitrile,
cycloalkyl, and a 5- or 6-membered carbocyclic ring or heterocyclic ring having 1 or
| 2 heteroatoms selected from nitrogen, substituted nitrogen, oxygen. and sulfur.

“Substituted nitrogen™ means nitrogen bearing C1-Cg alkyl or (CH),Ph where n is t, 2,

30 or 3. Perhalo and polyhalo substitution is also embraced.



dependent am notransferase pathway at any and all pointg.in the hway .
Prgferabl-y, t he BCAT inhibitor is a conpound of For nul azo ?&W%W&ﬁ@é or 111,
as descri bed above, or a pharnaceutically acceptable BCﬁ\T el

at hway-i pi bi.1.ing anal ogue or prodrug thereof, or a pharnac ically
gccept )altbl %sgh{z,mester, or am de of any of the 25 for eggsﬁang‘m%ﬁﬁ%ss

ot herwi se expressly stated, the following definitions are adhered to

t hroughout thi's disclosure. "Akyl"_peans a straight or branched

hydr ocar bon radi cal having froml to 10 carbon atons (unless stated

ot herwi se) and i ndxemiplss offsubstiraiqbkya growpt inylnde 2athinocth@0panigohiofgthyl,

i I, n- . 1sqb . t-butyl, n- | ., 1s5Q-pentyl,
SnEoP” oo s AR e S R RS S
20 January 200gheWdb@il] 4i2dadyl RGN B ehexyrdelhyl, JAhkdkybentyipans st rai ght

and branched rocarbon r.adica having . from2 tqo 6 carbon atons and one
doubl e bond a?ﬁyg?oﬁgﬁuﬁge'g{]él?}ﬁéﬂﬂ’,§'°§88UP&‘PIPPT ent P%rf)ﬂgﬂyl butyl ,

. 3-hexens| -yl 3-moghslieplopkiepiperatikylmyihyl, BRENS-GtthAppbiazangetdy anched

hydr ocar bon radi cal s havi from2 to 5 6.carbgon atons and one triple bond
and incl udes et hy%ﬁ‘f‘p ?gggwlqtqdﬁ%fynﬁlr%ﬁ‘ipﬁﬂcﬁ‘de%?‘B?}?Wgtf‘yw’l . 3-pentyn-|
-yl, and tlhe 2Léttk)&sulfé@éﬁih yad k-!i—"ip&ﬁﬁﬁﬂ?@(ﬂ@ﬂ?@%%{lﬁ}yﬂﬁhl@@ln}{rﬁyC| : c :
hydr ocar by roup suc S cyc ropyl, cycloheptyl, cyclooccyl,

cycl odecyl , %ﬁ?tgﬂﬁf‘?ﬁﬂ&@ﬁﬁéﬁf QTO"E&UET“P‘:%%W?]@“%@&T‘?XW]»,a"ﬁil8’_}‘35’(15#3/I ,

cycl ohexyl,  and cygpienemsitucdaHeRy BoabisiclE@d hnforsdRsd ! thEImMnbly 10 groups
such as_hydrgx kgI%I_o, ar?d utehe I ita)ﬁe.0 bAIB}s% i ncl udedptg(trye ri ngrs]rl I nQYM| ch lto 3

het er oXf ons  Petihtamingsthenys 2-cbouragraylpions &hydprmpoponitetasroxbeyloxy, whi ch
means a cychRplhkYike group al so bearing at |east one heteroatom sel ect ed
fromQ S, or NR2._ _exanples being substituted or unsubstituted oxiranyl,
pyrrolidinyl, pipErhayiexamples of spRstiresiatian alsngemdallgy] eraupy iplyder azi nyl
pyrrol i di ny! g LIRLORGhY INErbokImethl Kb¥methBhfRhS-3tRednlieyial kYl groups
menti oned above bound t hrough okxygen.
5-ethylmethylamino-3-pentyn-1-yl, 4-morpholinobutyl, 4-tetrahydropyrinidylbutyl,
15 3-imidazolidin-1-ylpropyl, 4-tetrahydrothiazol-3-yl-butyl, phenylmethyl,
J-chlorophenylmethyl, and the like.
The terms “Ar” and “aryl” refer to unsubstituted and substituted aromatic groups.
Heteroaryl groups have from 4 to 9 ring atoms, from 1 to 4 of which are independently
selected from the group consisting of O, S, and N. Preferred heteroaryl groups have 1 or
20 2 heteroatoms in a 5- or 6-membered aromatic ring. Mono and bicyclic aromatic ring
systems are included in the definition of aryl and heteroaryl. Typical aryl and heteroaryl
groups include phenyl, 3-chlorophenyl, 2,6-dibromophenyl, pyridyl, 3-methylpyridyl,
benzothienyl, 2,4,6-tribromophenyl, 4-ethyibenzothienyl, furanyl, 3 .4-diethylfuranyl,
naphthyl, 4,7-dichloronaphthyl, pyrrole, pyrazole, imidazole, thiazole, and the like.
25 ' Preferred Ar groups are phenyl and phenyl substituted by 1, 2, or 3 groups

mdependently selected from the group consisting of alkyl, alkoxy, thio, thioalkyl,
hydroxy, carbonyl groups, amino of the formula -NR4R35, and T(CH2)y, QR4 or
T(CH2)COpR* wherein m is 1 0 6, T is O, S, NR4, N(O)R4, NR4R6Y, or CRARS,

is O, S, NR2, N(O)R?, or NRIROY wherein R4 and RS are as described above, and R7 is
30 alkyl or substituted alkyl, for example, methyl, trichloroethyl, diphenylmethyl, and the

like. The alkyl and alkoxy groups can be substituted as defined above. For example,



“exanpl es of which include nethoxy, ethoxy, isopropoxy, but and the
like. In addition, al koxy refers to pol yethers such as 2%3(" %E{%
and the like. "Al kanoyl" groups are al kyl |inked through a carbonyl . |e

Cl - C5- A Owo orpdfsh  groups include fortnyl, acetyl, propi, E{%g Pgyryl, and
i sobutyryl. 20 "Acyl" means an al kyl or aryl (Ar) group ea rough a
carbonyl group, ie, RCO-. For exanple, acyl includes a C-C6 al kanoyl,
i ncludi ng substituted al kanoyl, wherein the alkyl portion can be
substituted by NRARS or a car boxylic or het erocyclic group. Typical acyl
groups incl udép‘%éf%‘ﬂps atp gdrberpralky ﬁléfomerbpw@kylﬁn@rcawwl hydraeealibxy, andoxy,
~and al kynyl ? kgescribed above are optionally 25 substituted,
preferably by | to 3 groups, sel ected from NR4R5, phenyl, substituted

phenyl , thio Cl - &bc amgpl " @eawss bdndoxy, hydr oxy, carboxy, Cl-C6

al kOXycar bonyl, hghoserfyk Fﬁdeh@’meaﬁyﬁi a(?)ﬂ'h ¢ nc]uﬁl{lﬂg hﬁ\ngn hgxamp]eso H%]ents

carbocyclic ring or hetetrocyclic ring havin at o Sél ected
"~ from ni Progenndléﬁ@tk@ma@%t?@w dﬂgscmﬁoamxbegmmpda@d suI fur. "Substituted

ni trogen"” neans n | nPh ere n 1, 2,
30 or g3 Per hal o ghég%%yﬁgﬁagﬂtﬁs}%bgf Illt?&eflé?\'y?ag e%(t'lsé‘g ua Vaéé'ghamsfﬁ Wj’a\ﬁhar y
2005 WO 01/ 42Q@ate@@'fmUm(B@I®@lra{&ﬂmethh%] dfe sshvbigd fdomt aekhadidgy| gr oups
2" ot i ar nAoae s SESbAEM Githisredsorms SRR Eatsnys srspwpsed

3- phenyl butylthhnethhsmvd:eﬂhémydnmtvhyion rret hoxyrret hyI 3- h]yflr oxypteﬂtlyl c
2-carb butyl, 4-chlor 3-C 0 pro pent af | uor qet hy

3- nor p a(;?/l no);;ropyF Aty fotB %‘iﬂ“ﬂ%‘i%@? 1@%{128:%%&;1;&;? PSS 955 $VE) et hyl .
Exanpl es of seost hrtdﬁaeldc@kekymiwexgﬁﬁm(m@} s@ec&ﬂmaiah@%yf% Ry |

2-et hyl sul fan ﬁ erazin - 3- ﬁbut yny Iﬁ pheny| - 5- hexynyl ,
3-di et hyl ani H%’ %’dg‘i}'ﬁwa %HB’BFW@ WH? UMY E éfb‘tllt’? PRRExenyl , and
the |ike. Typiixades gifesf i t uted al koxy groups include am nonet hoxy,

trifluoronethoxy,. .10 2-die |.am noet hox 2- et hoxycar bonyl et hox
3- hydr oxypr opoxy, & C@HWB%@@PW“ I&ﬁaglih@ewm@@e o diprtheriorming kel es of

substituted phdhcentidaile @&depta@l@@nzﬁbé@)ﬁﬁh‘)briQﬁg?&hﬂﬁ, okt MAfes. and prodrugs. As
used herein, the term “pharmaceutically acceptable salts, esters, amides, and prodrugs”
refers to those carboxylate salts, amino acid addition salts, esters, amides, and prodrugs
of the compounds of the present invention which are, within the scope of sound medical
judgment, suitable for use in contact with the tissues of patients without undue toxicity.
20 irritation, allergic response, and the like, commensurate with a reasonable benefit/risk
ratio, and effective for their intended use, as well as the zwitterionic forms, where
possible, of the compounds of the invention. The term “salts” refers to the relatively non-
toxic, inorganic and organic acid addition salts of compounds of the present invention.
These salts can be prepared in situ during the final isolation and purification of the
25 compounds or by separately reacting the purified compound in its free base form with a
suitable organic or inorganic acid and isolating the salt thus formed and including, but not
limited to, acid addition and/or base salts, solvents and N-oxides of a compound of
Formulas 1, 11, and Iil. This invention also provides pharmaceutical formulations
comprising a compound of Formulas I, 11, or I together with a pharmaceutically
30 aéceptable carrier, diluent, or excipient therefor. All of these forms are within the present
invention.
Pharmaceutically acceptable acid addition salts of the compounds of Formulas 1,

It and 111 include salts dertved form inorganic acids such as hydrochloric. nitric,
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with a base and isolating the free base in the conventional manner. The free base forms
differ from their respective salt forms somewhat in certain physical properties such as
solubility in polar solvents, but otherwise the salts are equivalent to their respective free
base for purposes of the present invention.

20 Pharmaceutically acceptable base addition salts are formed with metals or amines,
such as alkali and alkaline earth metal hydroxides, or of organic amines. Examples of
metals used as cations are sodium, potassium, magnesium, calcium. and the like.
Examples of suitable amines are N,N'-dibenzylethylenediamine, chloroprocaine, choline,
diethanolamine, ethylenediamine, N-methylglucamine, and procaine; see, for example,

25 Berge, et al., supra.

The base addition salts of acidic compounds are prepared by contacting the free
acid form with a sufficient amount of the desired base to produce the salt in the
conventional manner. The free acid form may be regenerated by contacting the salt form
with an acid and isolaling the free acid in a conventional manner. The free acid forms

30 differ from their respective salt forms somewhat in certain physical properties such as
solubility in polar solvents, but otherwise the salts are equivalent to their respective free

acid for purposes of the present invention.



within the scope of the present invention. 10 Certain o% t he co nds of
the present invention possess one or nore chiral cente QJapp center
may exist in the R(D) or S(L) configuration. The present |nvent| on

i ncludes adopmpti onmeric and epineric forms as well as H“/‘a sfRMepPr i ate
m xtures thereof. The conmpounds of. Formulas 1, 11, and f are capabl e of

further formng both 15 pharmaceutically acceptabl e anal ogs conpri si ng
salts esters, am des, and prodrugs.2As used herein, the term

"phar maceut i cal |y acceptable salts, esters, am des and prodrugs" refers
to those carboxyl &FamRigyaf gh W%@b’f’éc@%'eﬂl@ﬂoﬁaw@s obkbe eprgpouadi des, and

prodrugs of gibgveRirRNS (ﬂtcé]ﬁmﬁ’l BA&S SALretn WS gl%uwfy Cshfa%'h hw%r%pf{ he e

scope of sound medical judgment, suitable for cont

tissues of pahiienteseptitichoiers AlsdiueluloRi-Clrtycloa®Ol dsterd dstclOB aryBlilyEgérs
response, and the |i ke, commensurate with a reasonable benefit/risk ratio,
and ef f ect i v&Ugha. Ruhaetdimiled inbradyluS & Caalksyhpsters ageprefhmedz Wstetsef ihoni ¢ f or s,

wh i bl e t oun elnvetlo The term"salts" refers
e be Porat PuBpe R 1 SRTRORDGT OB mab B BIAMEY teaine An pop v T SR [ o of

conmpounds of the Exaspemtofpmmduﬁaaliy'ﬁb&@&bﬁﬁﬂdn&oﬂaélmial@s PRP nﬁﬁmhfﬂ;o&" tu
during the flnal |solat n and purification of the 25 conpounds or

separately r dirpy ‘ﬂ’é‘o‘f‘ H’@ e erb"GﬁffoE‘r?&‘"i“?’i“ﬁ pamary &g %@é“éﬂ P M h a
sui tabl e or g?é@bﬁdaﬂrC} -%HIQI@W £niAgd \gheéagd'lésdﬁly?‘%ljmg% C.?}c s?raﬁasor f;[l‘ib %E%df & med and

i ncluding, but not ted to, acid a e sa 80t vent s

and N-oxi desimothe aaseemwdryfhfrnm&%mﬂn%m&y altd be AL (bdd of 45U & sLAMARLION al so
provi d]ebs phagmaceuﬁl cal . formul ati ons onprising a compound of Fornulas 1,

11, or' 1l todEPReE BW?W‘% %ﬁ&f‘%&%ﬁ?%ﬁﬂ%ﬁs %‘Vﬁ%&@@tﬁ&ﬁlﬂ@l%%r@ﬂwf di | uent,

or excipien

i nventi on. P%%@%%gréﬁels’cg* c&?dﬁze ta%ﬁoe g%llﬁ'rngsaaée |§nmé%r?§es? ehe conpounds

of Formul as amnpoihﬂds&ﬂdlehzh\}enhmhﬁﬂﬁe hdrsd éi@édihﬁ?@oéd%éﬂii‘oﬂ&lrn%w g¢._aci ds such
as hydrochloric. pitric, 20 January 2005 WO 01/ 42191 PCT/ US00/ 30769 - 20-

phosphori c, sul f urEd™hPeRdBts SRiCES, 2 RYEPQuads WBat apstrapighidreangformgddn vive td | ke, as
wel | as the yiglalthieSpaet@r tongfbuhd 6the ERRIFerAGAdfor coitille, 85 hid:bRBAL GodPRO- and
di car quyl | Cthgr%lughsénsc%rs]s?gnyfls provided in T. Higuchi and V. Stella, “Pro-drugs as Novel Dehvery
Systems,” Vol 14 of the A.C.S. Symposiumn Series, and in Bioreversible Carriers in Drug
Design, ed. Edward B. Roche, American Pharmaceutical Association and Pergamon
Press, 1987, both of which are incorporated herein by reference. In general. a prodrug is
a drug which has been chemically modified and may be biologically inactive at its site of
20 action, but which may be degraded or modified by one or more enzymatic or other
in vivo processes to the parent bioactive form.
A therapeutically effective amount is an amount of a compound of Formulas I, I,
or 111, that when administered to a patient, ameliorates a symptom of the disease.
The BCAT inhibitor, which is preferably a compound of Formulas 1, 11, and/or I11.
25 a BCAT pathway-inhibiting analogue of Formulas I, 1i, and/or HHL, a BCAT pathway-
' inhibiting prodrug of Formulas I, 11, and/or 111, or a pharmaceutically acceptable salt of
any of the foregoing, can be administered in accordance with the present inventive
method by any suitable route. Suitable routes of administration include systemic, such as
orally or by injection, topical, intraocular, periocular (e.g., subTenon’s), subconjunctival,
30 subretinal, suprachoroidal and retrobulbar. The manner in which the BCAT inhibitor is
administered is dependent, in part, upon whether the treatment of retinopathy is

prophylactic or therapeutic. The manner in which the BCAT inhibitor is administered for
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treatment). Treatment will depend, in part, upon the particular BCAT inhibitor used, the
20 amount of the BCAT inhibitor administered, rthe route of administration, and the cause
and extent, if any, of retinopathy realized.
One skilled in the art will appreciate that suitable methods of administering a
BCAT inhibitor, which is useful in the present inventive method, are available. Although
more than one route can be used to administer a particular BCAT inhibitor, a particular
25 route can provide a more immediate and more effective reaction than another route.
Accordingly, the described routes of administration are merely exemplary and are in no
way limiting.
The dose administered to an animal, particularly a human, in accordance with the
present invention should be sufficient to effect the desired response in the animal over a
30 reasonable time frame. One skilled in the art will recognize that dosage will depend upon
a variety of factors, including the strength of the particular BCAT inhibitor employed, the
age, species, condition or disease state, and body weight of the animal, as well as the

amount of the retina about to be affected or actually affected by retinopathy. The size of
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i nvention include Cl-C6al kyl esters wherein the alkyl group is a straight

or branchegloegdpaéin. Acceptable esters also include C5- C7P%¥ﬁJs&b?:{oJfﬁ¥l esters
as well as arylalkyl esters such as, but not limted to benzyl. Cil-C4al kyl

esters are preferred. Esters of the 5 conpounds of the present invention
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salt o
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Compositions for use in the present inventive method preferably comprise a
pharmaceutically acceptable carrier and an amount of a BCAT inhibitor sufficient to treat
retinopathy prophylactically or therapeutically. The carrier can be any of those

20 conventionally used and is limited only by chemico-physical considerations, such as
solubility and lack of reactivity with the compound, and by the route of administration. It
will be appreciated by one of ordinary skill in the art that, in addition 1o the following
described pharmaceutical compositions, the BCAT inhibitor can be formulated as
polymeric compositions, inclusion complexes, such as cyclodextrin inclusion complexes,

25 . liposomes, microspheres, microcapsules and the like (see, e.g., U.S. Pat. Nos. 4,997,652,

5.183.152and 5,718,922).

The BCAT inhibitor can be formulated as a pharmaceutically acceptable acid
addition salt. Examples of pharmaceutically acceptable acid addition salts for use in the
pharmaceutical composition include those derived from mineral acids, such as

| 30 hydrochloric, hydrobromic, phosphoric, metaphosphoric, nitric and sulfuric acids, and

organic acids, such as tartaric. acetic, citric, malic, lactic, fumaric, benzoic, glyeolic,

gluconic, succinic, and arylsulphonic, for example p-toluenesulphonic, acids.



met hod by any suitable route. Suitable routes of adm n| t| on éoggl ude
system c, such as orally or by injection, topical, i nt @ﬂ ay riocul ar
(e.g., subTenon's), subconjunetival. 30 subretinal, suprachoroidal and

r et robul bagg grJBR;manner in which the BCAT i nhi bi tor is dihelesred is
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prophyl actic or therapeutic. The manner in which the BCAT inhibitor is
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be administered intramuscularly, intravenously, or intraperitoneally.
Topical formulations are well-known to those of skill in the art. Such
formulations are suitable in the context of the present invention for application to the

20 skin. The use of patches, corneal shields (see, e.g., U.S. Pat. No. 3,185,152), and
ophthalmic solutions (see, e.g.. U.S. Pat. No. 5,770, 182) and ointments, ¢.g.. eye drops, is
also within the skill in the art.

Formulations suitable for oral administration can consist of (a) liquid solutions,
such as an effective amount of the compound dissolved in dijuents, such as water, saline,

25 or orange juice; (b) capsules, sachets, tablets, lozenges, and troches, each containing a
predetermined amount of the active ingredient, as solids or granules; (c) powders; (d)
suspensions in an appropriate liquid; and (¢) suitable emulsions. Liquid formulations may
include diluents, such as water and alcohols, for example, ethanol, benzyl alcohol. and
the polyethylene alcohols, either with or without the addition of a phartnaceutically

30 acceptable surfactant, suspending agent, or emulsifying agent. Capsule forms can be of
the ordinary hard- or soft-shelled gelatin type containing. for example, surfactants,

lubricants, and inert fillers, such as lactose, sucrose, calcium phosphate, and corn starch.

Tablet forms can include one or more of lactose, sucrose, mannitol, corn starch, potato
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conditions or disease 5 states, in _particular, chronic conditions or

di sease st at 8¢S agiherdikg gorrainige.dp adieen o teacieningredisniotugh mFiRients fpire

adm ni strati @psyn mYhd 2Pl € doses and dosage regi nens can be determ ned by
conventional range- finding techni ques known to those of ordinary skill in
the art® General | Jhe affcetienesa ef ansoralibnidniaisiertd Wiughs depahdeat o dleegdrsg’swhi ch are
| ess than thesRl AAS8sOfhe NS LGP t ) .dosage is
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ci r cunst ancesirquativeddmegcthat Preeeffsréweatier parendereli administation bwiléss effygiveal | y

ol Kol day. - b7 oG by SRR A SRRy o A AR R by
admi ni st er edingyspredivgddriny. | ntraocul ar administration typically will
oral Bor of er anl of TremiBoufy SR AEH o dshab # Rora b M pr of e r e
concent r at i omukoys, isgpnic alerizdmeation tsolatorsnwhish dMEonmainMuoti-oxidants, buffers,
bacteriostats, and solutes that render the formulation tsotonic with the blood of the
intended recipient, and aqueous and non-aqueous sterile suspensions that can include
suspending agents, solubilizers, thickening agents, stabilizers, and preservatives. The
20 inhibitor can be administered in a physiologically acceptable diluent in a pharmaceutical
carrier, such as a sterile liciuid or mixture of liquids. including water, saline. aqueous
dextrose and related sugar solutions, an alcohol, such as ethanol, isopropanol, or
hexadecyl alcohol, glycols, such as propylene glycol or polyethylene glycol,
dimethylsulfoxide, glycerol ketals, such as 2,2-dimethyl-1.3-dioxolane-4-methanol,
25 ethers, such as poly(ethyleneglycol) 400, an oil, a fatty acid, a fatty acid ester or
glyceride, or an acetylated fatty acid glyceride, with or without the addition of a
pharmaceutically acceptable surfactant, such as a soap or a detergent, suspending agent,
such as pectin, carbomers, niethy]ce]lulose. hydroxypropylmethylcellulose, or
carboxymethylcellulose, or emulsifying agents and other pharmaceutical adjuvants. Oils,
.30 whic_h can be used in parenteral formulations include petroleum, animal, vegetable, or

synthetic oils. Specific examples of oils include peanut, soybean, sesame. cottonseed,

corn, oltve, petrolatum, and mineral.
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side effects Ql@(é)qg,kﬁﬁgsxhé;gg}er t he conditions of use. The choice of
excipient will be determned in part by the particular BCAT inhibitor, as

wel | as by the parltFgacaterahirmpldtionsed! bpicatntomitgt Epmtsheut Odnpabat 26%.by
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phar maceutical ~conposition present | nventi on:
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from about 12 to about 17,
The quantity of surfactant in such formulations will typically range from about 5
to about 15% by weight. Suitable surfactants include polyethylene sorbitan fatty acid
20 esters, such as sorbitan monooleate and the high molecular weight adducts of ethylene
oxide with a hydrophobic base. formed by the condensation of propylene oxide with
propylene glycol. The parenteral formulations can be presented in unit-dose or multi-dose
sealed containers, such as ampules and vials, and can be stored in a freeze-dried
(lyophilized) condition requiring only the addition of the sterile liquid excipient, for
25 example, water, for injections, immediately prior to use. Extemporaneous injection
solutions and suspensions can be prepared from sterile poWders, granules, and tablets of
the kind previously described.
Such compositions can be formulated as intraocular formulations, sustained-
release formulations or devices (see, e.g.. U.S. Pat. No. 3,378,475). For example,
30 gelantin, chondroitin sulfate, a polyphosphoester, such as bis-2-hydroxyethyl-
terephthalate (BHET), or a polylactic-glycolic acid (in various proportions) can be used
to formulate sustained-release formuiations. Implants (see, e.g.. U.S. Pat. Nos. 5,443,503,

4,853.224 and 4.997,632), devices (see, e.g.. U.S. Pat. Nos. 5,554,187, 4.863.457,
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(@ EO,CCHLH, WH 4Ar, AcOH, Tohiens, 120°C

(@) a NaCH, EtOH (95%), H0, 115°C,b. HCl(g)
(ifi) E1OH, HCI {g), Tohene
¥y HCL H,0

(x) Ho, E{XOH/NH 5, KaneyHi, 30-30°C
i) HCL, H;0, 140°¢C

Step i: 2-Cyano-((R)-3-methyl-cyclohexylidene)-acetic acid ethyl ester

10
A mixture of 3-(R)-Methylcyclohexanone (125mmol), Ethyl cyanoacetate (124mmol),
Ammonium acetate (12.5mmol) and glacial Acetic acid (24mmnol) were refluxed with a
Dean Stark trap for 24 Hours. The mixture was cooled and washed with H,O. The H,O
washes were extracted with Toluene. The Toluene extracts were combined with the original
15 organic layer, dned over MgSQy and the solvent evaporated. The crude oil was purified by

Kugelrohr distillation to give an oil. (Bpt oven temp 150-160°C). Yicld 86%



Suitable fatty acids for use in parenteral fornulations jnclude qgleic acid,
stearic acid, and isostearic acid, Ethyl oleate and iso ojﬁ\?}‘a%;gpgt ate are
exanpl es of suitable fatty acid esters. Suitable soaps for use in
parenteral_ fornul ations include fatty alkali netals, 5 amonium and

triet hano¥iP¥E1™al ts, and suitable detergents include PSFUEHEIBRHI c
detergents such as, for exanple, dinethyl dialkyl anmmonium halides, and

al kyl  pyridinium halides, (b) ani on'b& detergents such as, for exanple,

al kyl, aryl, and olefin sulfonates, “alkyl, olefin, ether, and

nonogl ycer i de/FNMR al0BK;1;) ardMH BOBOICCONEIE ), 1.C)-1.3P0M, 00l £35ghekgent s such
as, for exarrgll_g f t?ﬁ m ne oxides, fatty acid al kanol am des, 10 and

pol yoxyet hyl enéior iﬁ [ pﬁl(@ﬁem&?p%ﬁ JRefd=170p). SHHAR: eriFk3ldn 42 4@k 6. such as,
for exanpl e, j=ahky! - p- ami nopr opi onates, and 2-al kyl -i ni dazol i ne quaternary
amoni um sal t s and E%eé m xtures thereof. The parenteral formnulations wll
typical Iy colfaieDmMsr080¥E) 0.5 to about 25% by weight of the active

i ngredi gnt i mmQkut i Nbeser vatdyves gouh byfd £ sy, be used. In 15 order
to mininmze or élinmnate irritation at the site of injection, such
conpositions may contain one ofonisk € e ddis22sUN @it ant s having a

hydr ophi | e-1i pophi | e bal ance (HLB) of from about 12 to about 17. The
gquantity of surfactant in such fornulations will typically range from about
5 to about Btepibsyransi(UhBR)-Siyanirhethyii-hetbyleuytiohéxaoéaadnitolle/ et hyl ene

sorbitan fatty acid 20 esters, such. as sorbitan nonool eate and the high

nol ecul ar wei ght adducts of ethyl ene oxide with a hydrophobic base, forned
by t hel®ondedsat sobnionfofl plaGPyHémnmob i dmLvilOhandplieomyl Eih@nol (9529 was Tided 2-
parenteral f | abions.can esented in unit-dose or L.ti-dose sealed
cont ai ners, g}%‘ﬂ) @gj gﬁ%@@?cg’ﬁﬁg’{i@%& acelig Fpide lﬁﬁer&i@f"@fi‘)'?ﬁﬂg szﬂg%‘?é‘-t dri ed
(1 yophi | i zedyeflugnthi ¢doterd sbletjor whnfiteond, yhetfiienaaddifiéowiip badehie 18t1EMY | Breded qui d
exci pient, for.25 exanple, water, f injections,..i diately prior to use.
Ext enpor aneoﬁ%a"?'ﬁjrheecsf’ F’%ﬁ wag S ﬁ%dotgﬁﬁu‘iﬁfglp‘éﬁﬁuaﬂic{%’gﬁ?ﬁw BruEpateeEphy 1 om
steril e powdergye gpadantlies cryanallint adidetyseldf’?. t he ki nd previously descri bed.
Such cpsrrposi tions can be fornul ated as intraocul ar fornul ati ons, sustai ned-
rel ease fornul ati ons or devices (see, e.g., US. Pat. No. 5,378,475). For

exanpl e,  30'igeMRNCDTL;) ¢0OVIHE i 6.90Y1 816, 3198, (318 RPLHPRASRNPASE RfioHSHERg s
hi's-2-hydroxyel Whs. omz). 1.60-1.90 @H, m), 2.07 2H, m), 2.68 (2H, 5)
MS (CI) m/z: 163 (MH")
Analysis: CipHjaN> Calc: C 7404 H 870 N 17.27
20 Found:  C 7405 H 871 N 17.25

Step iii: trans-2-((1R,3R)-1-Cyano-3-methyl-cyclohexyl)-acetimidic acid ethyl ester

To a solution of trans-{I1R,3R)-1 —Cyanbmethy]—3—methyl—cyclohexanecarbonitrile (6.2mmol)
25 in 30mL Ethanol (absolute) was added 30 mL dried Toluene. The solution was chilled in
ice whilst saturating with gaseous HCl. The stoppered solution was then left to stand at
room temperature for 24 Hours. The solvent was removed and the solid residue was
triturated with Diethyl Ether to obtain a ppt which was dried to give a white crystalline solid.
Yield 50%. | |
360
Mp 118-120°C



‘terephthal ate (BHET), or a polylactic-glycolic acid (in,various
proportions) can be used to fornul ate sustained-rel eas® ?%Wﬁﬂl?é)(opons.

I mplants (see, e.g., U S. Pat. Nos. 5,443,505, 4.853,224 and 4, 997,652).
devices (see, e.g., U S. Pat. Nos. 5,554, 187.4,863.457, 20 January 2005 WO
01/ 42191 P¥RAUBAY/ 30769 -27- -5,098,443 and 5, 725, 493), PEIAII00E763
‘i npl antabl e device, e.g., a nechanical reservoir, an intraocul ar device or
“an extraocul ar device with an i ntrao%ul ar conduit (e.g., 100 mu -1 mmin
dianeter), or an inplant or a devi ce conprised of a polyneric conposition
~as  descri bedyrbRv@MSeyudosnsed.s-drolha, ﬂ?],eeﬁmtam avessinye1 pei hednalge can

i nvol ve the co-admnistration of other pharmaceutically active conpounds.
By "co-adni nit@t180i GH: m)s 1ot adimviist Adtli%n(eHbeD.o?.82 (Bbrsut4%e@H. v, wi t h,
e.g., in conmp } it h. SAT inhibitor in the sane fornulation or in
separate fo??#ul a? %g”%’?'% ?I\éj?q;dm ni stration of a BCAT inhibitor as
descri bed abéwdysiFof nbxanl &08MdtGli derdd:er oi dsC 8.1 , HoB8nilé dhé}

net hyl pg edni sol one, 10 dexamet hasong;  Of. tri a@‘sigr}_gl ﬁngsgacj\ert]i Elé de, or
noncorticosteroid anti-inflamuatory conpounds,” SlUch a5 i'buprof en or

fl ubi proben. can be co-adm nistered. Simlarly, vitamns and m nerals,
e.g., zinc, anti-oxidants, e.g., carotenoids (such as a xanthophyll
carotenoid |ike zeaxanthin or lutein), and mcronutrients can be

co- adm ni st eBeep iv: 2634 RERY-1200m o \BEn &1 by 4R HBhexyD S céanetdodthyd ystbihet | ¢ schenes
for preparing conpounds of Formula |- |IV. EXAMPLE 1:

trans- (IR 3R) (1- Am nonet hyl - 3-nmet hyl - cycl ohexyl )-acetic acid hydrochloride
S xr) 10 N (irgnsBHRCIRFCNY NodAGtCrt1dIe g acikidiCacid kthy) dier Nalehbl) FadH

(95% H, 115&1:’350Rbd !;llcl:!:c éo?t} H,O (40mL) and the pH adjusted with 1N HCl to pH 1.5. The solution
was stirred at room temperature for 20 Hours. Ethylacetate was added (30ml) and the
organic layer was washed with H,O, dried and the solvent removed to leave a clear oil.
Yield 82%

15
'HNMR (CDCl;) 400MHz §: 0.78-0.90 (1H, m), 0.93 (3H, d, J=6Hz), 0.97-1.00 (1H, m),
1.23-1.25 (1H, m), 1.29 (3H, t, }=7.2Hz), 1.59-1.80 (4H, m), 2.05-2.08 (2H, Brt), 2.54 (2H,
s), 4.20 (2H, q, J=7.2Hz)
MS (CI) m/z: 210 (MH") _
20 Analysis: CizHjgNO: Calc: C 6887 H 9.15 N 6.69
Found: C 6887 H 911 N 690

Step v: trans-(SR,7R)-7-Methyl-2-aza-spiro[4.5]decan-3-one

25
trans-((1R,3R)-1-Cyano-3-methyl-cyclohexyl)-acetic acid ethyl ester (8.9mmol) was
dissolved in NH3/EtOH (7%, 40mL.) along with prewashed Raney Nickel (H,O followed by
EtOH) in a 250mL Parr flask. The solution was hydrogenated at 30°C. 46psi for 24 Hours.
The cooled solution was filtered t&ough a pad of celite, washing with Ethyl acetate. The
30 solvent was removed from the filtrate to leave a white solid. Yield 30%.

Mp 92-98°C



(iii).Etd-l, HCl (g), Tolaene (iv-) HC, H20 (r) H . Et Faneyrli,
33-13C (vi)HC, H2O, 140C Step is %Janua 265
2- Cyano- ((R) - 3-net hyl - cycl ohexyl i dene)-acetic acid ethyl ester 10 A m xture

of 3-(R) - MRblvhGycl ohexanone (125mpl), Ethyl cyanoacet a8 fdsdoa! ),

Ammoni um acetate (12. 5mmol ) and glacial Acetic acid (24minol) were
refluxed with a Dean Stark trap for 24 Hours. The m xture was cool ed and
~washed with H2O. The H2O washes wergiextracted with Tol uene. The Tol uene
extracts were lﬁg@\@%ned with the OI‘I%) nal 15 organic |layer, dried over MgSO4
and the sol ven PIVED H0MHrD: O7adeS24] 1. a8 (FH.1h &50-4bk7), OKEHSHr(DHym),

distillation t
PCT! Iuso%/ 58969101|4?1 AR % i2%0 ggﬁggmgb%@?’%@?d@%%ﬁy &ﬂ}jgj%} 0789 - 20-
TFNVR (CDA 3) (HOGME 5: 1.01-1.05 (3H m, 1.17-1.32 (1H ), 1.35 (30 t,

J=THz), 1.42- %’“’?’ﬁ% 18y 98 (1H d, J=I3Hz), 3.74 (1H d, J=I3Hz), 4.27
(2H, g, J=7Hz) (CI) e 208 (MH4) Cale: C 69.54H 8.27N 6.76; Anal ysis:
C121117NoR Fouwelysig @qmme 22NCelc76 SCefli8i: H 1025 N 837

' trans- (1R 3R)-1- Cyanonet hyl - %?-\%’8 gl ?ggéar}gqﬂgﬁo%t jle 10 To a

solution of NaCN (40mmol) in 6m_ % was added 2-
Cyano- ((R) - 3-net hyl -cycl ohexyl i dene) -acetic acid ethyl ester (40mmmol).
After 22 Hours at reflex the cooled solution was filtered, the filtrate
acidified with gaseous HCl and filtered

Step Vil trans-((1R,3R)-1-Aminomethyl-3-methyl-cyclohexyl)-acetic acid

10 hydrochloride

trans-(5R,7R)-7-Methyl-2-aza-spiro[4.5]decan-3-one  (2.17mmol) was dissolved in a
solution of 10M HCI (5mL) and H,0 (5mL) and the mixture was refluxed at approx 140°C
for 5 Hours. The cooled solution was diluted with 10 mL H,O and 10 mL DCM and the
15 aqueous Jayer was further washed with 2x15 mL DCM. The aqueous layer was then

reduced to dryness to leave a white solid. Yield 76%.

Mp.148-155°C. [a]p =-2.5 (T=20°C, c=1, MeOH). One isomer (RR).

'"HNMR (CDCls) 400MHz 8: 0.69-0.79 (1H, m), 0.82 (3H, d, J=6Hz), 0.87-0.90 (1H, m),
20 1.12-1.20 (1H, dt, J=4.5, 13.3Hz), 1.34-1.50 (3H. m), 1.60-1.63 (3H, m), 2.30 (2H, s), 3.01

(2H.5),7.93 (3H. Brs)

MS (C1) m/z: 186 (MH"™)

Analysis: CmH;gNOg. 1.1 HC] Calc: C 5329 H 899 N 6.21

Found: C 5323 H 899 N 645
25

EXAMPLE 2: (1-Aminomethyl-2-methyl-cyclohexyl)-acetic acid hydrochloride



again. The solvent was renoved and the crude oil was pukif | um
chromat ography to give a pale yellow crystalline soli dﬁb%&%@pg%@;’ow 20
1HNVR (CDC13) 400MHz S: 0.90 (1H, m, 0.98 (3H, d, J=6Hz), 1.11 (IH t,
J=12Hz), H dt, J=4, 9Hz), 1.60-1.90 (4H m, , 2.68
(2H, s) b§“§€¥§lniz: 163 (MH+) Analysis: CLHL4AN2 Ca|e%“%%¥&%gﬂ‘ 8.70 N
17.27 Found: C 74.05 H 8.71 N 17.25 Step iii:

trans-2- ((1R, 3R) - | - Cyano- 3- net hyl - cyg} ohexyl )-acetimdic acid ethyl ester
To a solution

oftrans- (I R, 3R) -1 - Cyanonet hyl - 3- net hyl - cycl ohexanecar boilt £ | @Et( 6. 2nmol )
25 in 30nm. Et hanol ( absol ut e) Wrgs d 30 nmicwried Toluene} The sol ution
was chilled in ice ilst saturagfing with gas ous,. CI The

solution was the tq st and o&hterrp g [fcir 24_Hb\ The
~ solvent was renoyed d—hepsol(d ?EO tr Di et hyl
. Ether to obtain pt'\/\/mchwa dr to glvea te cryst e solid.
~Yield 50% 30 Mp 118-120C 20 Jan ry 2005 5 /42191 PCT/ US00130769 - 30-
1HNMR (DVSO) 400MHz F% 0.8-0.89 (1 0 91 (3H, d, J=6.3Hz), 1.06-1.12
(1H, m, 1.24-1.35 (1Hegm, 1.37 ( N J-7Hz), 1.41-1.95 (6H, nm), 3.02
(2H, s), 4.49 (2H, q, J47Hz) M5 (Q) ?95 (MH ' -gC.Bakg; 158, 19H 8.58 N
11. 31 Anal ysis: C12H20N EHaM Ha :C 58.25H B.59)N 11.59 Step iv:
trans- ( (1R 3R)-1- @¢ano- -@yclo ~aggiic ac ethyl ester 10
trans-2-(( 1 R 3R-T* -Trer iy’ - hexyt="acefi nmdlic acid et hyl
ester (1.1 nmmol) was
@) EtOCCH,CH, HH gic, AcOH, Tolens, I20°C
() 2 HaCH, E¥OH (95%), H,0, 115°C,b. HC1 ()
(i) EtOH, HC1 (), Toloene
() HCL H 0
() Hy EtOIVNH 5 RaneyHi, 30-90°C
() HCL Ho0, 140°C
Step i: 2-Cyane-(2-methyl-cyclohexylidene)-acetic acid ethyl ester
5 (+/-) 2-Methy! cyclohexanone (80mmol), Ethyl cyanoacetate (80mmol), Ammonium acetate

(8mmol) and glacial Acetic acid (16mmol) were reacted as in the General method (Example

1) step i to give a clear oil. Yield 76%.

'"HNMR (CDCl) 400MHz 8: 1.23 (3H, dd, J=7, 10Hz), 1.35 (31, t, J=7Hz), 1.55-1.82 (5H,
10 m), 1.93-2.05 (1H, m), 2.17 (1H, dt, J=5, 14Hz), 2.47 (1H, dt, }=5, 9Hz), 2.92-2.97 (1H, Br
' d, J=15Hz), 3.30-3.35 (1H, m), 3.81-3.86 (1H, Br d, =15 Hz), 4.06-4.14 (1H, m), 4.23-4.30

(3H, dq, I=1, 6Hz)

MS (CI) m/z: 208 (MH+)

Analysis: CppHpyNO; Calc: C 6954 H 827 N a.76
15 Found: C 6926 H 826 N 6.66



di ssolved in ice cold H20O (40n.) and the pH adjusted with IN HCl to pH 1.5.
The solution was stirred at roomtenperature for 20 HodPsaNgAMgPGR el at e
was added (30nL) and the organic |ayer was washed with H2O, dried and the

solvent r o leave a clear oil. Yield 82% 15 'H 400MHz 6:
0.78-0.90( 1‘[1‘,%919 , 0.93 (3H, d, J=6Hz), 0.97-1.00 (1H, %&%@? 1.25 (1 H,

m, 1.29 (3H t, J=7.2Hz), 1.59-1.80 (4H, n), 2.05-2.08 (2H, Br t), 2.54
(211, s), 4.20 (2H, q, J=7.2Hz) I\/B_g(cgl) mz: 210 (M) 20 Anal ysis:
C12H19NO2 Calc: C 68.87 H 9.15 N 6. 3 Found: C 68.87 H 9.11 N 6.90 Step v:
trans-(5R 7R)-7- Met hyl - 2- aza- spirol 4. 5] decan- 3-one 25

trans- ( (1R, 3R) - I.-. nQ- 3- hyl -cvcl ahexyl ) -acetic acid ethyl ester
(8. 9nmol ) vvas@e’)d}'?éo’(a\?é) e|mr§(rl %I%?tglﬁﬁafg%ymgfeﬁﬂméﬁ%ng with prewashed Raney
‘Ni ckel (H2O followed by EtOH) in a 250nmL Parr flask. The solution was

hydr ogenat ed 30C, 46psi .for 24 Hours. . The cool solution was filtered
through a paa'aégﬁmééfl?“ftgﬁ'%glfﬁxﬁldje{}\ﬁ)taﬁmﬁtaﬁﬂ‘i‘l emé?&é:tgtﬁrt &‘d]mﬂ%) %’&]‘%970@5’3) was
removed fr omwehaedctddiasah thetGenkrabmethad ihple 3Pkibglii. Yhebfhad % Wh p8as&B8C 20
January 2005, WDO.01/42191 PCT/ U500/ 30769 5 -31 ' HNMR (DVSO). 400MHz 8:
0.75-0. 82 (| PYcolyyn chyomatogrephy (3:1, Heptang phthylggeigie).do give p glepr Oily Yield 76%4. 1. 19
(IH, m, 1.20-1.50 (211, m), 1.50-1.63 (4H, n), 1.91 (211, s), 3.03 (2H,

s), 7.42 (1H, Sl)yl VB (O) mz: 168 (MHt) Calc:C 71 81H 10, 25N 8. 37
Anal ysi's: CEORIMRGCDCL) 400MHz 5:1.06 3H, d, J=6.8Hz), 1.11 (3H, d, J=6.§H2), 1.20-2.20

(18H, m), 2.77 (2H, dd, J=16.8Hz), 2.63 (2H, dd. J=16.8Hz)

10 MS (CI) m/z: 163 (MH")
Analysis: CjgHuyN; . 0.1 H,0 Calc: C 7349 H 869 N 1686
Found: C 7324 H873 N 1708

I5
Step iii: 2-(1-Cyano-2-methyl-cyclohexyl)-acetimidic acid ethyl ester

1—Cyanomethyl-2—methy1—cycl0hexanecarb0nitﬁle(7.3mmol) was reacted as in the General
method (Example 1) Step (ii1) to give a white solid. Yield 70%.
20

Mpt 107-114°C.

"HNMR (DMSO) 400Miiz 3: 1.00-1.06 (3H. 2xt, J=6.4Hz), 1.10-1.38 (2H, m). .38 3H, ¢,
J=6.8Hz), 1.40-2.10 (7TH, m), 2.86, 2.92, 3.10, 3.28 (2H, 4xd, J=14,14.4, 14.8, 14Hz resp.),
448 (2H, q, J=6.8Hz)

25 MS (CI) m/z: 209 (MH™)
Analysis: CpaHaoN; O.1.06 HCl  Cale: C 5837 H 860 N 1134
Found: C 58.15 H 8.63 N 11.60

Step iv: (1-Cyano-2-methyl-cyclohexyl)-acetic acid ethyl ester
30
2-(1-Cyano-2-methyl-cyclohexyl)-acetimidic acid ethyl ester (4.1mmol) was reacted as in

the General method (Example 1) step (iv) to give a clear oil. Yield 82%



Found: C 71. 80H 10. 29N 8. 31 Step vi:

trans- ((1R 3R) - - Ami nonet hyl - 3- met hyl - cycl ohexyl ) - acet i €0JBPYRTY 2805

hydrochl oride trans-(5R, 7R) - 7- Met hyl - 2- aza- spi ro[ 4. 5] decan- 3-one (2. 17mmmol )

-was dissolved in a solution of 10OM HCl (5m.) and H20 (5nL) and the m xture
was ref | uXeH 48 pprox 140C for 5 Hours. The cool ed soPGFVPN3NEL di | ut ed
with 10 nL H20 and 10 niL DCM and the 15 aqueous | ayer was further washed

w th 2x15 nL DCM The aqueous Iayer39as then reduced to dryness to | eave a
white solid. Yield 76% M 148-155C-"[a],) = -2.5 (T=20C, c=l, MeOH). One

~isomer (RR). 'HNMR (CDC13) 400MHz& 0.69-0.79 (1H, m, 0.82 (3H, d, J=6Hz),
0.87-0.90 (1H nhj 20.1.12-1.20 (1H dt. J=4.5, 13.3Hz), 1.34-1.50 (3H,

M, 1.60-1.63MNMR (GHCI)AWYHe 103y 1.095(3hh 2xd.J57Hg) 127-198 BBH). 8323005 (Q)

m z: 186 ( MHig)r, Ajabyehoo (ORI sxlisly Hd 1Galsgiy), € 2% ¢ .21
Found: C 53.23 ﬁ{)& 99 N é 4‘%5 EXAMPLE 2:° 221630,
(1 - Ami nonet hipl - 2- met hyl - cycl ohexyl )-acetic acid hydrochl ori de 20 January

2005 WQ 0114p941-32. Ne +~ , - (ii) Ocop N\H CN1.. .rt’ (1)
Et O, CCH5CN, N& ,) AcCH, (%)e a_, 12DC (u) a. NaCN, E1OH (95%, HD, il
C,b. HCIL(g) Analysis: C,HjoNO; Cale: C 6887 H 915 N 669

Found: C 6884 H 913 N 6.75

10 Step v: 6-Methyl-2-aza-spiro[4.5]decan-3-one

{1-Cyano-2-methyl-cyclohexyl)-acetic acid ethyl ester (8.4mmol) was reacted as in the
General method (Example 1) Siep (v) for 24 Hours at 10°C, 50 psi. The crude oil was
purified by column chromatography (Ethylacetate), to give a while solid. Yield 34%.
15
Mp: 85-90 °C
"HNMR (CDCl5) 400MHz 8: 0.88-0.91 (3H, dd, J=4, 6.8Hz), 1.41-1.78 (9H, m), 2.00-2.30
(2H, m), 3.06-3.23 (2H, m), 7.27 (1H, Br s)
MS (CI) m/z: 168 (MH") _
20 Analysis: CyoH7NO Calc: C 7181 H 1024 N 837
Found: C 7183 H 10.19 N 827

Step vi: (1-Aminomethyl-2-methyl-cyclohexyl)-acetic acid hydrochloride
25 '
6-Methyl-2-aza-spirof4.5]decan-3-one (2.5mmol) was reacted as in the General method

(Example 1) step vi to give a white solid. Yield 42%.

Mp: 108-110° C.
30 falo =0 (T=20.5°C, C=1, MeOH). Two Diastereomers 3:1



(iii) EtOH, HCl(g), Toluene (iv)HC, HP (v) Ha DOH NH. %ge li,.30-50C
(vi)HC, HP, 140C Step is 2-Cyano-(2-ruethyl-cycl ohexyl ﬂﬁﬁa c acid
et hyl ester 1'CI/USOQ 30769 (+/-) 2-Methyl cycl ohexanone (80nmol), Ethyl
cyanoacetate (80mmol), Ammonium acetate (8mmol) and gl acial Acetic acid (I
6mol ) weMP PEB¥ed as in the General nethod (Exanple ISTHEWE0I9t0 give a
clear oil. Yield 76% 'HNVR (CDC13) 400MHz S: 1.23 (3H, dd, J=7. 10Hz),
1.35 (3H, t, J=7Hz), 1.55-1.82 (5H, _10 m, 1.93-2.05 (1 H mM, 2.17 (1 H
~di, J-5, 14Hz), 2.47 (1 H dt, J=5"&Hz), 2.92-2.97 (1 H, Br d, J=15Hz),
3.30-3. 35 (1HINMIR é@p\/&tﬁ Iﬁéhgé(!MHBB 079 Jb*s%5(3HZ)zxd ‘F@@Héb H](l'ﬁk' é9mm?_|
4.23-4.30 15 (3H, ql g MS (A 9.54H 8. 27N
6.76 Anal ysi £22C1 340N, o), 8469 %IJ-H82X216N1611662 &33292:16&&312)51'3 205D

01/ 42191 - 33 5§je hyl - 2- met hyl - cycl ohexanecarbonitrile

- PCTI USCO/ 3078?52@&121#0%){&?\?%? cycl ohexyl i dene)-acetic acid ethyl ester
(37mmol ), Na®if (Fymml§6 (MHUere reacted as in the General rret hod (Exarrpl e

1) stepsii. u \gqﬁcpurlfl by colwu

Hept ane : Et ﬁath glét gf“e}ﬁ&hdt)zolgl ve a cl egdr?ﬂ oi l . bl ‘F’eqlnﬁcit % %Rg? I3)
400MHz & 1.06 (3H, d, J=6.8Hz), 1.11 (3Hdupdd, C=H.&HZ) 8.91. 21@-621620 (181-1,
m, 2.77 (2H, dd, J=16.8Hz), 2.63 (21-1, dd, J=16.8Hz) 10 M5 (Cl) mz: 163
(MH)

EXAMPLE 3 (1-Aminomethyl-3,3-dimethyl-cyclohexyl)-acetic acid hydrochloride

10
I
Mo
2 .—fI:OZEt H
] N i s
| o
I i . il 3 it
COEt
o w COH NH, HC
4
5
[y O, Mali, HH,Cl NH;, (92%4)
1) HOCH OO, Et, WH, O, AcCH, toluars, (33%)
1NN, EOH, Ha0) (573%)
3 HC, E1OH, tolaers, (9575
v By, Raxsy Hi EDH, HH;, (349%)
=1) HE, Hy G (94%5)
Step iz 3,3-Dimethyl-cyclohexanone:
15 Synthesised via the method ouﬂined_ by Pelletier, S.W., Mody, N.V., J Org. Chem., 1976,

41, 1069.




~Anal ysi s: C10H14N2 0.1 H2O Calc: C 73.49 H 8.69 N 16. 86 Found %8%873. 24 H
&

8.73 N 17.08 15 Step iii: 2-(]-Cyano-2-nethyl - cyclohexy‘?(jJ ic acid
et hyl ester |-Cyanonethyl-2-nethyl-cycl ohexanecarbonitrile(7. Smml ) was

reacted ag General nethod (Exanple 1) Step (iil | a white
solid. Yiél dﬂ%‘?f 20 Mpt 107-114C. 1HNMR (DMSO) 400MHz ‘}s%’t"%.“%‘y’% 06 (3H,

oxt, J=6.4Hz). 1.10-1.38 (2H, m), 1.38 (3H t, J=6.8Hz), 1.40-2.10 (7H,
m, 2.86, 292 3.10, 3.28 (2H, 4Xd,36J =14,14.4, 14.8, 141-1z resp.), 4.48
(2H, g, J=6.8Hz) 25 MS (O) mz: 209 (MH) Analysis: CL2H20N2 0. 1.06 HC
Calc: C 58.37A ISDIBU@OOleﬂilmdeimeﬁ@hjcmbratC“EB piepartd 8y 613 ddditibn6d Bitep lithium

1- Cyano- 2- I c aci d et hyl ter. .30
| (2-_(%/Q/ano- rznﬁ QMnmle-c C?E%&d&?ﬁmﬁ Lt Q?h?iéa (gg%s)rmg’?f’%f’]mteﬂmf%ghf was
reacted as i rso]utubtewﬁsemredlto had 3GEdayildotkkerst-am: (Sml), 0t0a4igoly evas addegar
o0 3) *400MRE ey 75 i i 465 Yflvs gyt 1% Jn1in 1o pepon ps. 2. 0o
(8H, m52. 10-s@r@Dat(rbdt teMperaturd4or che hdur Bifbre 2¥idlg pdarddt ilidia )soludorbdf dqlikdus N ,
4.16-4.22 (2H, mz:. 210 (MH An s: Cl2HI9NO2 Cal e; C 68. 87
H9. 15 N 6. Bl OO bt sony (o %y@f diyep were scparated and the

6- Met hyl - 2- azgudspi Iaﬁr%éﬂed&ﬁﬁfﬂléihﬁ%ef BxQoang- BreBinBinkd 6iahieN@xY hhsiRget i ¢
acid ethyl ester (8. reacted as in the GCeneral nethod (Exanple

1) Step (v) gt satyr aﬁg&}‘jge éf‘ 19_@'@4) Wdﬂygs%@ld&lwévem IEmQgd in vacuo to leave

a dark yellow liquid.

10 |
'H NMR (400MHz. CDCl3) 0.98 (6H, s), 1.59 (2H, m). 1.88 (2H, m), 2.14 (2H, m}, 2.26 ‘
{2H, m).
IR (film) vagem™ 2956, 1711 (C=0), 1457, 1368, 1292, 1226, 1076.

15
Step ii: 2-Cyano-5,5-dimethyl-3-propyl-hex-2-enoic acid cthyl cster

To a solution of 3,3-dimethylcyclohexanone (4g, 0.032mol} in toluene (25mL) was added
ethyl cyanoacetate (3.37mL, 0.032mol, | eq.), ammonium acetate (0.24g, 0.003mol, 0.1eq.),
20 and acetic acid (0.36mL, 0.006mol, 0.2eq.). The yellow solution was heated to reflux whilst
attached to a Dean-Stark trap, and heating was continued until no more water condensed in
the trap. After cooling, the now orange solution was washed with water (3x 25mL) and the
organic layer dried (MgSOQy). Filtration and removal of the solvent in vacuo gave the crude
product as a deep orange liquid. Purification was achieved by Kugelrohr distillation to leave
25 the mixture of c¢is and trans products as a pale yellow liquid, bp 160-170°C, 4 mbar (5.83g,
O 83%).

"H NMR (400MHz. CDCl3) 0.96 (6H, s, 2x Me), 0.99 (61, s, 2x Me).1.34 (6H, m. 2x Me of
ester), 1.49 (4H, m), 1.75 (2H, quin, J 6.4), 1.82 (2H, quin, ./ 6.4). 2.46 (2H, s). 2.60 (2H, 1, J
30 =6.4 Hz), 2.80 (2H, s), 2.93 (2H, t, /= 6.4 Hz). 4.27 (4H, m).
MS (CI) z/e 222 (M™+1)
IR (film) vieem™ 2958, 2870, 2224 (CN), 1731 (C=0), 1606 (C=C), 1277, 1223.
Analysis: Cj3H oON _ Calc: L7056 H8.65 N6.32




purified by colum chromatography (Ethylacetate), to giv whi t% ol | d
Yield 34% 15 |vp: 85-90 C ' HNMR (CDCl 3) 400MHz S: 0. 88- 0*gPnkay 200y
6,81-17),1.41-1.78 (9H, m, 2.00-2.30 (2H, m), 3.06-3.23 (2H, rn), 7 27 (1
H Br s) Sﬁﬁ@ rrlz: 168 (M+) 20 Analysis: C OHL7NO Cale: C 71.81 H 10.24
N8.37 F M12171.83 H 10.19 N 8.27 Step vi: PCT/US00/30769
(1- Ami nonet hyl - 2- et hvl - cycl ohexyl )-acetic acid hydrochl oride 25
6- Met hyl - 2- aza- spi ro[ 4. 5] decan- 3- one3[7(2 Snmol ) was reacted as in the
General nmethod (Exanple 1) step vi to give a white solid. Yield 42% Mp:
108-110 C. 30 [a]D = 0 (T=20.5 €ourd=1, CNpGH) H sTwONF Bt ereoners 3:1 20
January 2005 WD 01/42191 PCT/ USOQ 30769 -35- 'HNWR (DVSO + D20) 400MHz S:
0.79, 0.85 (3H, 2xd, J=6.8Hz), 1.21-1.65 (9H, m, 2.22, 2.43 (IH 2xd, J=1
511z), 2. 46, Stepdi@ 14@&41:1039@@11 IQSL@EE&%Lcyaoﬁémgecggb&ﬁtHle 2Xd J=l 3.6Hz),
3.05, 3.15 (1H, 2xd, J13g a) mz 186(M—|+)5Ana|y5|s
~ C1OH,9N2. 1.3 HC1 Cale: C51.64 H8. 79 N 6.02 Found: C 51.66 H 8.91 N
- 6.16 EXAMPLETS a(siehﬁiiah rb@fiﬁ‘et ttld a136—§35 Giinﬁé'a%hﬂ i Fﬂ&@éﬂ%ic)ac?ac (CesRE L)
hydrochl ori de 10 ql% y Hgoﬁ( %{é ° (OA?r’D AG H,
tolti (83% Ofpen metm (1¢10n®) (a5¢9vaf<e)r (ﬂmLchFas @ﬂ sepdimneqynm@egg%%zg\/) H2,

P. ray N ELD§opdfor, { 845, XhO)ellowish solution was heated to reflux for 8 hours and then cooled,
during which time an off-white precipitate was formed.
The suspension was filtered under vacuum and the filtrate acidified with HCI gas until the
10 pH was approximately 2. The mixture was then filtered a second time and then the solvent
removed irn vacto to leave the crude product as a pale green solid.
Flash column chromatography, afier adsorption of the crude product on to silica, eluting

with 0-50% EtOAc in heptane gave the binitrile as a colourless solid (0.57g, 57%).

15 '"H NMR (400MHz, CDCl3) 0.99 (3H, s, Me), 1.13 (IH, d, J 13.2, 4.2), 1.21 (3H, s, Me),
1.32 (2H, m), 1.54 (1H, m), 1.82 (3H, m). 2.15 (1H, m), 2.65 (2H, s, CH,CN),
C NMR (400MHz, CDCl3) 19.61, 25.17, 30.79, 31.18, 33.77, 34.79, 35.37, 37.92, 46.26,
115.06, 122.19.
MS (CI) z/e 177 (M*+1)

20 IR (film) vinmem™ 2988, 2937, 2869, 2237 (2x CN), 1749, 1456, 1423, 1369, 1202, 1180,
1031, 972.
Analysis: Cy1H N> Calc: C7496 HO.15 N15.89

Found: C75.08 H9.32 N 15.80
25 Step iv: (1-Cyano-3,3-dimethyl-cyclohexyl)-acetic acid ethyl ester:

1-Cyanomethyl-3,3-dimethyl-cyclohexanecarbonitrile (0.50g, 2.84mmol) was dissolved in
absolute ethanol (20mL) at room temperature and then cooled to 0°C. Toluene (20mL) was
added to the solution and then the reaction mixture was acidified by passing HCI gas
30 through it at a gentie rate for ca. 45 mins. The flask was then stoppered and left to stand at

room temperature for 24 hours.



vi} HM, H201 (6541Y.) Step is 3, 3-Di nethyl-cycl ohexanone:, 15 Synthesi sed
via the method outlined by Pelletier, S. W, Mdy, NV. TESJJ?"@WéHé?}., 1976,
41, 1069. 20 January 2005 WO 01/42191 PCTI USO0I 30769 -36- A solution of

|'i t hi um div@biMgheicupr ate was prepared by the addition ofpciRkéiyderdel t hi um
(1.4Min ether, 77.25nm, 2.45npl1l) to copper (1) iodide (8.8g, 0.046n01)
under argon. The solution was cooled to 0C, and 3-nethyl -cycl ohexen-1I-one
(5mL. 0.044npl) was added dropwi se,3gaith stirring, and a deep yell ow
precipitate Vi%s fﬁr med, The suspension was 5 stirred at roomtenperature
for one hour ‘BEFSIEVHBIYGR P¥E MetiliRrdobeves) sthylogrelte ansliBaigs andh o Hivers
(100M.) and eparitddUThR bl Riy€iGohs eehkted WG e{]gy&'ét%te"(@{ o8P EDn ARt he
aqueous | ayer washed with diethyl ether (3x 50n). The conbined organics
wer e washed OfeRIES ¥4thse A BcRap 4t riadipmxhydragesregrbongte seiptionfSGOmL) abrinet Ge

sol vent renoyegLh, Niréd ARaNe L QU ' OOMHz.
CDC13) 0. 98 (en  er: fugsd R soln ggehl(f)%@%?vrégp% F?ezsﬂ’wrtﬁ !éa‘é'\‘y.vggglé(ZH,
m. IR2(fil aFlagud@soe.S8%6, 1711 (C=0), 1457, 1368, 1292, 1226, 1076. 15
Step ii: 2-Cyano-5, S-dinethyl-3-propyl -hex-2-enoic acid ethyl ester To a
~solution of 3, 3-di rret%ilcycl ohexanone (4g, 0.032nol) in toluene (25nL) was
added et hyl B8R &EMizZ CDELRTAL (31D s.080mb16 (IH, . )21 (AnpMelirh29qatiat, &

(0.24g, 0.00380FH,EH g 1 ACKL | ' eq.).
The yel | ow sol ution Jv)vasg%ge](iﬂ{t élg’ 1t'o lgf U&qz\%ﬁﬁ'@t igﬁéﬁ%ﬁeja%%?g}?{)%%a- t ar k
trap, and hedtVig7wag). 2da(ithusd2.¢hi1H, did 1m6r 6-2Mat 254 @bindehsed G-1H). the trap.
Af ter olin h PG ge solution was washed with water (3x 25nL) and
t he ofr\{gani cgﬁHég}’f?'g’rl-egl? SA). Filtration and renoval of the solvent in
vacuo gave t HE N¥BAdOONSHR T dd.24, DeSp204B3003) J4qdi 84.14°86.08,i38ak | 490 AaS
achi eved by I rodist tion to | eave 25 the mxture of cis and trans
products as h;é{%g|6ﬁeﬁ?fé??'§§vlﬁ"g@i d, by 160-170C, 4 nbar (5. 83qg,

MS (CI) z/e 224 (M"+1).

IR (film) vpem™ 2998, 2937, 2868, 2234 (CN), 1738 (C=0), 1457, 1372, 1217, 1181,
15 1154, 1026,

Analysis: Cy3H;;NO, Cale: C6992 H948 N627

Found: (C69.63 H945 N6.15

Step v 7,7-Dimethyl-2-aza-spiro|4.5]decan-3-one:

20
(1-Cyano-3.3-dimethyl-cyclohexyl)-acetic  acid ethyl ester (0.5g, 2.23mmol) was
hydrogenated in ethanolic ammonia (60mL) with Raney nickel as catalyst (ca. 0.25g) at
50°C and 50psi for 48 hours,
The catalyst was then removed by filtration through Celite, and the solvent removed in
25 vacuo to leave a greenish crystalline solid.

Flash column chromatography, eluting with 0-100% ethyl acetate in heptane, gave the pure

lactam as a colourless solid (340 mg, 84%).

'HNMR (400MHz, CDCl3) 0.89 (3H, s, Me), 0.92 (3H, s, Me), 1.25 (2H, m), 1.36 (2H, m),
30 1.51 (3H, m), 1.68 (1H, 5), 2.18 (1H, d, J 16.4, CH,NH), 2.24 (11, d, J 16.8, CH;NH), 3.15
(2H, 5, CH,CO).




83% . 'H NMR (400MHz. CDCI3) 0.96 (6H, s, 2x Me), 0.99 .S, 2x Me). 134
(6H/? m 2x Me of ester). 1.49 (4H n), 1.75 (2H qui n,(zg’ljénﬁawéﬂo%z (2H,
quin,.J 6.4). 2. 46 (2H, s). 2.60 (2H, t, J 30 = 6.4 Hz). 2.80 (2H, s),
2.93 (2H, 00942 4 Hz), 4.27 (4H m. M5 (Q) z/e 222 é’i?)? _’_%324 (CN),
1731 (c_% 1606 F’ 1277,1223. IR (film v,,,a cm 295 ¥ anal ysi s:
Cl13H19MNCal c: C 70 56 H 8.65 N 6.32 20 January 2005 WO 01/ 42191

PCTI USCO 30769 -37 Found: C 70.35 H£ 79 N 6.25 Step iii:

1- Cyanonet hyl - 3, 3- di net hyl - cycl ohexanecarbonitrile 5 To a solution of the
2- Cyano- 5. 5- derﬁMﬁlﬂ‘m@\ﬂﬁz@@la)hl&d622€é$ﬁal3&3®,dlld8,el6tﬁyl 3%65, 80.6(,14428049.54,
0.006nol) in gt7balr39172(100n1) and water (4nL) was added sodi um cyani de

(0. 28g 0006 q.). The yel l owi sh solution was heated to reflux for

8 hours and tM%fCIbdol@c{M +Buri ng whi Chdtl me an of f - \é\lhl the ]PrFtCI plttate \éva? .
formed. The Sion er uman the filtrate acidifie
with HC gas%%E?nT Mo 1“?%)%?' @aé\ﬁg’pg? V =0 8K %379 63 Wad28%hen

filtered a seedmdotsi mre and then the sol vent renmoved in vacua to | eave the

“crude product, as .a _pa| reen solid. Flash col unmm chronat ography, after
adsor pti on oﬁ"?lﬁﬂs'é;&ﬂ‘g\](gr oduct “8F to &i7Ri88al 1856t NAG3 with 0-50% Et CAc in

hept ane gave the binitrile as ap&ﬁhourte;gggsgllbqf;(ﬁ?g%g 57% . 15 '"H NWR
(400MHz, CDA3) 0.99 (3H s, M), 1.13 (1 H, 13.2, 4.2), 1.21 (3H, s,
Me), 1.32 (2H m, 1.54 (1H m, 182(3H m, 2.15 (1H m, 2.65 (2H s,

77, 34.79,
??;2??;0 a7 9?5@ 4%4%%‘1"1“5 G%idg'getﬁglkc’%l%hé’%')'a%gca%'ff'?'%fﬁ' 5%%20 IR (film

v, ,, a*l@m 2988, 2937, 2869, 2237 (2x CN), 1749, 1456, 1423, 1369 1202,
1180, 1031, 972)1m@!ﬂ?1l-1¥§h %plroi;l S]HQ'(,@:N% 0%@'(5 3g,q 6%‘11"1]11%% vxlfis d‘lssglv!a\é ind mlxture of

HCI (conc.. SmL) and water (SmL), and the resultant colourless solution heated 1o reflux for
20 hours. The solution was cooled and then partitioned between water and dichloromethane,
and the Iayers separated. The aqueous layer was washed with dichloromethane (3x 20mL)
15 and the water/HCI removed by rotary evaporation to leave the crude product as an off-white
solid. Trituration of this solid with ethyl acetate and filtration of the product gave (1-
Aminomethyl-3,3-dimethyl-cyclohexyl)-acetic acid, hydrochloride salt as a colourless solid

(140mg, 42%, 64% based on recovered starting material).

20 'H NMR (400MHz, DMSO) 0.90 (3H, s, Mc), 0.92 (31, s. Me), 1.15-1.49 (SIL. m), 245
(2H, s, CH,CO,H), 2.90 (2H, br.g, J 13.5, CH;NH;), 7.96 (3H, br.s. NH3), 12.36 (1H, br.,
OH).
IR (film) vyeem™ 2930, 1728 (C=0), 1272, 1123.
Analysts: C;jHNO,Cl Calc: C56.04 H941 N594

25 . Found: C 55.79 H9.61 N6.23

EXAMPLE 4: {$)-(trans)-(1-Aminomethy!-3,4-dimethyl-cyclopentyl)-acetic acid

hydrochloride




Found: C 75.08 H 9.32 N 15.80 25 Step iv:

" (1- Cyano- 3, 3-di net hyl - cycl ohexyl )-acetic acid ethyl est P January2005

| - Cyanonet hyl - 3, 3-di et hyl - cycl ohexanecarbonitrile (0.50g, 2.84nmol) was

dissolved,wgouﬁ? ol ute ethanol (20m.) at roomtenperature and then cool ed

to OC. Tol'uene (20nL) was added to the solution and t h&F tHE¥®action

m xture was acidified by passing HJ gas 30 through it at a gentle rate for

ca. 45 mins. The flask was then stopgg[ed and left to stand at room

~tenperature for 24 hours. 20 January 2005 WD 01/42191 PCT/ USOQ 30769 - 38-

The yellow sol ution was partitioned betwsgnget hyl acg?ate ippater and the

| ayers separated. TheDaqueous | ayer fs eXtracted w yl” acetate (3x
um hydr ogen

), and the

ellow liquid

T et
d with ag. sat. "sodt
50ni) (iidri ed

30nmL), and the conbi neg
carbonate solution (3%
sol vent renoved under o | eave—a™pal e
(0.59g, 93%. 'H NWR ) .94 (3H, s, M), 4716 (3H M, 1.21
(3H, s, M), 1.29 (3H, t,”J 7.2, C2 CH3£, 1.50 (111, pheyed- 65 (I H, dt, J
14.4, 7.6), 1.84 (IHM6®) J 13.3 3. 20-bd6 (in, dt, J ke , 2.2), 2.16 (1
H m, 2.48, (1 H d, J 15.6, C2H), 2.54 (1 H, d, J 156, CG21-1), 4.20
10 (2H, g, J 7.2, CH2CH%§. 13C NMR (400MHz, CDCK3) ~ 2% 19. 65, 25. 42,

(

organj cs wash
50mL) , Yori ne
duced pressu

31.03, 34.04, 34.1471CELYs, 3804, 46.14, 16-80, 61.02, 123.67, 169.00. M5
(A) zJe 224 (Me+1). IR (filn) vma. cm’ 299g, 037, 2868, 2234 (CN), 1738
(C=0), 1457, 1372, 1217, 1181, 15 2@,j154, 102§  Analysis: CE3H2 NOR2Cal c: C
69. 92H 9. 48N 6. 27 Foynd: 63H.Q 45N 6. 15 $(ePyV 4/.(44)
7,7-D_wethy|-2-aza-§pﬂ?ol decan- 3- one:

(1- Cyano- 3, 3-di met hyl - eyl ohexyl ) -acetic aci
was

.

g efhyl ester (0.5g, 2.23mol)

Reagents: (i} Triethylphosphonoacetate, NaH; (ii) MeNOo, BugNTF-; (iii) Ho. Ni; (iv)
HCl

Step i: synthesis of () (trans)-(3,4-Dimethyl-cyclopentylidene)-acetic acid ethyl ester
5 (4b)
NaH (60% dispersion in oil, 737 mg, 18.42 mmol) was suspended in dry
tetrahydrofuran (50 ml.) and cooled to 0°C. Triethylphosphonoacetate (3.83 mL, 19.30
mmol) was added and the mixture stirred at 0°C for 15 minutes. The ketone (+/-)-(4a)
{1.965 g, 17.54 mmol) in THF (10 mL) was then added and the mixture allowed to warm
10 to room temperature. After 2 hours, the mixture was partitioned between diethyl ether
{200 mL}) and water (150 mL). The organic phase was separated, washed with brine,
dried (MgSO4) and the solvent removed in vacuo. The residue was purified by flash
chromatography (silica, ethyl acetate:heptane 1:9) to give 3.01 g (94%) of (4b)as a
colorless oil.
15

TH NMR 400 MHz (CDCl3): 8 1.01 (3H, d, ] = 6 Hz), 1.03 (3H, d, ] = 6 Hz), 1.26 (3H. 1,

J=7Hz), 1.49 (2H, m), 2.07 (1H, m). 2.24 (14, m), 2.61 (1H, m), 4.13 2H, q, J = 7 Ha),
572 (1H, s).
MS (CI+) m/e: 183 (M+1).



hydr ogenated in ethanolic ammonia (60n.) with Raney nickel as catal yst (ca.
0.25g) at 50C and 50psi for 48 hours. The catalyst was théugemiPad by
filtration through Celite, and the solvent renpved in 25 vacuo to |eave a
greeni sh ine solid. Flash colum chromat ography ' with
0-100% et ﬁg/‘?/&té@ieyltlate in heptane, gave the pure |actar nPg@hg&"}égﬁ%url ess
solid (340 my. 84%. 'H NWR (400MHz, CDC13) 0.89 (3H, s, M), 0.92 (3H, s,
Me), 1.25 (214, m, 1.36 (2H m, 30Q;41.51 (3H, m, 1.68 (1H s), 2.18 (1H,
d, J 16.4, CH2NH), 2.24 (1H, d,.J 16.8, CH2NH), 3.15 (2H, s. CHCO. 20
January 2005 WW®BPOily eyntigsis pETHISED)IBFE0meBFI-1-n3Eo iRy [ 40Ny ) GEG 3 cid 9. 16,
29.88, 30.36, 31.28, 36.57, 39.05, 39.61, 44.58, 49.54, 54.79, 177.72. NS
(d) zle 182 eMyledtor.(4&)R (filn) vem' 3203, 3100 (NH), 2914, 2860, 1698

(C=0O, 1486, 1374, 1317, 1289, 5 1257, 1076. Analysis: Cl1HI9NO Calc: C
72.88 H 10.56 N 7. @(vaﬁgqﬂd;f)iﬁiet?)?l—@%idﬁer&ﬂid@ﬁe}Nthio'iﬁicﬁtl?ﬁ eMbr (4b) (2.95 g,

(1- Ami nonet hyl - 3, 3-di et hyl - cycl ohexyl )-acetic acid hydrochl oride: 10
7, 7- Di met hy| - 26-47edhwastissobpd sdarhndigfsay (0 3y,) and eBradet JO°Wasitdi ssol ved i n
~a mxturge of : ' he .I t.ant

col our | efs sopﬁﬁngﬂﬁﬁggfgeﬁé{@c?%@ﬁga\éﬁ# %Fraé‘%‘k#éﬁ?@g dﬁ?@%@%i%n was cool ed
and then part ietrelesefuisat Ravh. 2R emobndlfiat iGdiohsr bastitiarmeyas carlell tbheont ayer s
separated. Th . : i i ro 3x.20nm) 15
and t he wat er%ﬁ%ﬁﬁﬁfe}ﬁ% X%th%%?%%agsg%% ’%ngl?'l\'%ploe I%Wﬁgﬁgpﬁﬂe pr oduct
as an of f - whi fodlowsdby brineT60 mi).dfheongaoic phixcsvas obliadtedi drivdebag0, pmetiat e and
filtration of OE!xhe product gave_(1- . i -
A nomet hyl - 35°8Veg} 1EOKSH Indpeioo RRsdstisueskasu figh byflash ponstsepphveilisal t as a
col our I @ss soéthg ac&ta;eg%ganeq;;%m gﬁg/q h@?%gzg%b JiaGRYELed starting material).
20 'H NWVR (400MHz, DMBO) 0.90 (3H, s, M), 0.92 (3H s, Me), 1.15-1.49
(81-1, m, 2.45

'H NMR 400 MHz (CDCl3): & 0.98 (6H, d, J = 6 Hz). 1.10-1.39 (5H. m), 1.47 (2H, m),

1.87 (1H, m), 2.03 (1H, m), 2.57 (2H, ABq, ] = 16, 38 Hz), 4.14 (2H, q, ] = 7 Hz), 4.61
(2H. ABq, J = 12. 60 Hz).
15 MS (ES+) m/e: 244 (M+1).

IR (film) v em-1: 1186, 1376, 1549, 1732, 2956.

Step iii: Synthesis of (+)-(trans)-7,8-Dimethyl-spiro}4.4]nonan-2-one (4d)
()(trans)~(3,4-Dimethyl-1-nitromethyl-cyclopentyl)-acetic acid ethyl ester (4¢)
(1.14 g. 4.7 mmol) was dissolved in methanol (50 mL) and shaken over Raney nicke}
20 catalyst under an atmosphere of hydrogen (40 psi) at 30°C. Afier 5 hours, the catalyst
was removed by filtration through celite. The solvent was removed in vacuo to give 746

mg (95%) of a pale yellow oil which solidified on standing.

THNMR 400 MHz (CDCl3): § 0.98 (6H, d, J = 6 Hz), 1.32 (2H, m). 1.46 (2H, m), 1.97

25 (2H, m), 2.27 (2H, ABq, ] = 16, 27 Hz), 3.23 (2H, s), 5.62 (1H, br s).
MS (ES+) m/e: 168 (M+1).
IR (film) v emr: 1451, 1681, 1715, 2948, 3196.



(2H, s, CH2CO2H), 2.90 (2H, br.q, J 13.5, CH2NH3), 7.96 _(3H. br.s. NH3),
12.36 (11-1, br.s, 25 OH). 1728 (C=0), 1272, 1123. IR (#PP#juamd¥m E 2930,
Anal ysis: Cl1H22NO2Cl Cal c: C 56.04 H 9.41N 5.94 Found: C 55.79 H 9.61N 6. 23
EXAMPLE 4; ((j)%t@r ans) - (1- Am nonet hyl - 3, 4- di net hyl - cycl opent I%y—aceti c acid
hydr ochl o °d®4#28! January 2005 WO 01/42191 -40 PCTI USOQ B +/- (4a)
+/--(4b) +l--(4d) Reagents: (i) Triethyl phosphonoacetate, NaH (i)

McNO2, BU4N+F-; (i) H2. Ni; (iv) 'j 1 Step is synthesis of ()

(trans)-(3, 4-Di met hyl -cycl opentyl i defie)-acetic acid ethyl ester 5 (4b) NaH
(60% di sper skap iviSyaithesis 68 ) AT ansh81-Aninvmt thylABi3- dSi SR EING I perity Da¥etic
~tetrahydrofuran (ap%g -). and cooled to OC. Triethyl phosphonoacetate (3.83
m., 19.30 nfAgRpPY g¥eéand the mixture stirred at OC for 15 minutes.
The ketone (+/ ')éWﬁ?—iS%ﬁeﬂyli%ﬁ‘o@fh]ﬁﬂﬂ%—)z—dng(WEBQ%%,mﬂbn‘ﬁ@cﬁ) fhen added

and the m xture I to warm to roomtenperature.” After 2" hours, the

m xture was prefadite rdlvedn pedxieare af Hitdidrpn (Senhkand RIBOI (16 )nLandiftereltionrs( 150 i) .
The organic ph WSS 6 t660n he . ¥ ' and the

~solvent r em)vegﬁlgt}lI va%uo&%ﬁjer r eél gue%@%@?}%eﬁgﬁmﬁgﬁ%ggﬁ“vg]%g@rrat ogr aphy

(silica, ethyithdochloatestvaptindd bi9)ThteqeoveptBs@dasgro(l@dddand fihe(sébknias a

col orless ol 1|-einoved in vacuo. The residue was triturated with ethyl acetate to give 675 mg (69%) of

a white solid after collection and drying.

10 TH NMR 400 MHz (dg-DMSQ): 8 0.91 (6H, d, ] = 6 Hz), 1.18 (2H. m), 1.42 (2H, m),
1.72 (1H, m), 1.87 (1H, m), 2.42 (2H, ABq. J = 16, 24Hz). 2.90 (2H. ABq, J = 12, 34
Hz), 8.00 (3H, brs), 12.34 (1H, br s).
MS (ES+) m/e: 186 (M+1 for the free base).

15
EXAMPLE 35 (cis/trans)-(3R)-(1-Aminomethyl-3-methyl-cyclopentyl)-acetic  acid

hydrochloride (5)
CO  El CO 1l:.i
) : )
M
—_— (5c)
(5a) (5b}

HCLH N co JH

(5d)
5}

Reagents: (i) Triethylphosphonoacetate, NaH; (ii} MeNQ,, BuyNF; (iii) Ha. Ni; (iv) HCl

20 Step i: Synthesis of (R)—(3~Methyl—cyclopentylidene)-acn_atic acid ethyl ester (5b)



15 1 HNWR 400 MHz (CDC13): S 1.01 (3H, d, J = 6 Hz), zﬁJ 8

Hz), 1.26 (3H, t. J = 7 Hz), 1.49 (2H, m, 2.07 (1 H i44)’ane 2?%
2.61 (1 H m, 4.13 (21-1, q, J =7 Hz), 5.72 (1 H 5s). I\/IS(CI+)rr1ﬁ 183
(M) . 20 2005 WD 01/42191 PCT/ USQQ 30769 -41 ynt hesi s
of (+)(trans)H%fr§ 4- Di net hyl - 1-ni tromet hyl -cycl opentyl) - 2%2&515&/33&% et hyl
ester (4c) ()(trans)-(3,4-Di nethyl-cyclopentylidene)-acetic acid ethyl

~ester (4b) (2.95 g, 16.2 mmol) was_g ssolved in tetrahydrofuran (10 ni)
and stirred at 70C with 5 nitromet hane (1.9 m, 35.2 mml) and

t et rabut yl ammoni uhﬁaﬂl(ﬁ@ﬁdﬂeﬂéiﬂaﬂﬂlfm |1r$63t@ﬁmmo@rvwfsmf@mdedmdr& 22.0 mol ).

Sthyl acet at o Foliati el LI GRRUR e R R o B e Al Bie ity 55 b1 ne
(50 ). Thenﬂn@aﬂhs:adﬂktaﬁﬁthﬂ&lx@ﬁhhlﬂﬁédeﬁi{)%ﬂfdr%inﬁd%%)) -3amekhiibe sol vent
C

renoved in vac The resi was purified flash omat ogr aphy (sili ca.
10 et hyl acefé‘iti‘éfi’eﬁlélﬁ?f&r{éa)ig 9'§ Yoo HMEY lliTklﬁél(gm@@%*h@Tadde%m@ahe widture 1H NVR

400 MHzs ( CDCIaﬂ&wedSona%tdr@Hn t&hn e}aiureGAﬁ@r)z hollrslfﬂe ;m)’(?tgre(»@a% pgfmmaaed 1.47 (2H,
W L8 (LH M 208 (18 26y (A 414 (2
q, J = 7 Hz) Petvesn Iewmtherx@c?o )anizvates SPL)- l@ qt@n(camye wéepazatefﬁ (MH ) .
IR

(film v qmnkd whik8Bine Jd%z@(Mé %ané?&%olv%ﬁﬁgnoéﬁ ?rpvdahé ThoYdUdieSas Of

()-(tra ns)-7,8-Dinethyl-spi ro non an-2-one

() (trans)- (3p4r4ﬂihdrt3*tﬂayﬂ eHrematbgrapat (kijika, el an:pﬁmt}ybt)maane)ttb@na@mtg(et}lhyl ester
(4c) (1.14 gbfé mrg f? di ssol ved in nethanol (50 nL) and shaken over
Raney ni ckel 2 942378t inder an at nosphere of hydrogen (40 psi) at 30C.
After B) hours, the catalyst was removed by filtration through celite. The

sol vent was ﬁermved in vacuo to give 746 ng (95% of a pale yellow oil
whi ch sol i di HWBI‘}OQWCWBHNWWHDO) M7 (FHEDAESY HzB 1B02F74(@H, mid. J = 6

hz), 1.32 (25'909715(?1{ 6) ﬁ%%%zH ,Jhl 7 Hz), 5.76 (1H, s).
MS (CI+) m/e: 169 (M+1).

IR (film) v em~1: 1205, 1371, 1653, 1716, 2955.

15 Step ii: Synthesis of (cis/trans)-(3R)-(3-Methyl-1-nitremethyl-cyclopentyl)-acetic
acid ethyl ester (5¢)
(R)-(3-Methyl-cyclopentylidene)-acetic acid ethyl ester (Sb) (3.0 g. 17.8 mmol)
was dissolved in tetrahydrofuran (20 mL) and stirred at 70°C with pitromethane (1.92
ml., 35.6 mmol} and tetrabutylammontum fluoride (1.0 M in tetrahydrofuran, 25 mL,
20 25.0 mmol). After 18 hours, the mixture was cooled to room temperature, diluted with
ethyl acetate (50 mL), and washed with 2N HC1 (30 mL) followed by brine (50 mL). The

organic phase was collected, dried (MgSO4). and the solvent removed in vacuo. The

residue was purified by flash chromatography (silica, ethyl acetate:heptane 1:9) to give
2.00 g (49%) of a clear oil.
25

TH NMR 400 MHz (CDCl3): & 1.02 (3H, d, J = 6 Hz), 1.08-1.37 (SH, m), 1.59-2.17 (5H,

m), 2.64 (2H, m), 4.15 (2H, q, J = 7 Hz), 4.64 (2H, m).
MS (ES+) m/e: 230 (M~+1).
IR (film) v e 1: 1183, 1377, 1548, 1732, 2956.



25 (2H, , 2.27 (2H, ABg. J = 16, 27 Hz), 3.23 (2H, s), 62 br s).
NS EES+)m)n1e: 168((M+I). 1R (film v cm1: 1451, 1681, f?l’é"“ﬁ%@gg 3196. 20
January 2005 WD 01142191 PCT/ US00/ 30769 -42- Step iv: Synthesis of
()-(trans) -él Ami n onet hyl - 3, 4-di net hyl -cycl opentyl)-acetic acid

hydr ochl or 3”‘{2161 ()-(trans)-7, 8-Dinethyl -spiro[ 4. 4] nonERTESYRER 4d) (734
ng, 4.40 mol) was heated to reflux in a mxture of 1,4-dioxan (5 nL) and
6N HCL (15 mL). After 4 hours, 5 the m xture was cooled to room
tenperature, diluted with water (20 ré}ﬂy and washed w th dichl oronet hane (3

x 30 m). TheS&gHﬁsyﬁthﬁhﬁﬁﬁ(cmn§Pd7R?QIM&hM|ﬂoIFﬁ4]§9J|dhemme (sapoved in
vacuo. The residue s triturated with ethyl acetate to give 675 n& (69%
of a white solid (éi’\rls\?’é‘f“s)(,(%ﬁ “SFGH- %tﬁ‘éFOEPF‘J?V]n‘@’CiOIW‘ZLD PFeNW‘ﬁG@YW c)

I(-|d6 . DNS?) 87S ? Rl @@Blanzrﬂ@l)ll)zdz?% cliq@oiﬂ%a in rﬂetﬂi&o( (%b'mL'T)and Qhaﬂ& ((v%HRa ngké]l 73 g_ %
34 m)H’z) 8 ooca(tzmt uwiergr) atmpgphgre of :tgcilqogqyr(%psx) aVSOC(CEsefyer ha b;oursw@ catbydt for the

free base a%.ﬁ)g?
(cis/tr ans) (3R) - WAmyﬁfgtr%t%oﬁ ﬂim)%gh Ce“? The S'Olcvlercl)t %aﬁtrem3vegé% ¥acee %1ncd’| e |
hydr ochl ori dereéfﬁl)e Bril®d py flagh C@Edz))at@rdﬂ@i (SHIC@EE)th)(l Schiaribquentisl) « giye 1.05 g |
Tri et hyl phosp@g%ggf;;&%eemﬁgl_aH; (i) McNO2, BudNt+F (iii) H2, Ni; (iv) HCL

TH NMR 400 MHz (CDCl3): 6 1.03 (3H, m), 1.22 (2H, m), 1.60-2.15 (SH, m), 2.22 (2H,

m), 3.20 and 3.27 (2H total, 2 x s, cis, and trans), 6.18 (1H. br s).
10 MS (ES+) m/e: 154 (M+1).
IR (film) v em~1: 1695, 2949, 3231.

Step iv: Synthesis of (cis/trans)-(3R)-(1-Aminomethyl-3-methyl-cyclopentyl)-acetic
acid hydrochloride (5)

(cis/trans)-(7R)-7-Methyl-spiro[4.4]nonan-2-one (5d) (746 mg. 4.88 mmol) was

13 heated to reflux in a mixture of 1,4-dioxan (5 mL) and 6N HCI (15 mL). After 4 hours,

the mixture was cooled to room temperature, diluted with water (20 mL), and washed
with dichloromethane (3 x 30 mL). The aqueous phase was collected and the solvent
removed in vacuo. The residue was triturated with ethyl acetate to give a white solid
which was collected and dried. This was recrystallized from ethyl acetate/methanol to

20 give 656 mg (65%) of (5) after collection and drying.
TH NMR 400 MHz (dg-DMSO): 5 0.96 (3H, m), 1.01-1.24 (2H, m), 1.42-2.10 {(5H, m),

2.41 and 2.44 (2H total, 2 x s, cis/trans), 2.94 (2H, m), 7.96 (3H, br s), 12.35 (1H, br s).
MS (ES+) m/e: 172 (M+1 for the free base).



20 Step is Synthesis of (R -(3-Methyl-cyclopen ty |id en e)-acetic acid
ethyl ester (Sb) 20 January 2005 WO 01/42191 PCTI | JSOO 36969nuafg208&mH ( 60%
di spersion in oil, 1.86 g, 46.5 nmol) was suspended in dry tetrahydrofuran
(40 nmL) and cooled to OC. Triethyl phosphonoacetate (9.69 niL, 48.8 nmol)
was added RREVEHY nixture stirred at OC for 15 ni nutes. RCRJUSSVIE®hy| -
cycl opentanone (Sa) (5 m, 46.5 mol) in THE (10 nL) was then added and the
m xture 5 allowed to warmto roomtenperature. After 2 hours, the m xture
was partitioned between diethyl ether (200 nL) and water (150 nL). The
or gani ¢ phase BXysVMIPEPAr @t ¢)-(trans)s(teCninioimdtiyl-B Actimdibybey fdian)acaid id@
sol vent renoved in vacuo. The residue was purified by flash chromatography
(silica, ethyhyacehhiiieheptane 1:9) to give 5.45 g (70% of (2) as a
colorless oil. 10 I H NWVR 400 MHz (CDCI3): 6 1.04 (3H, m, 1.27 (3H t, J =
7 Hz), 1.80-2.74 (7H, m. 2.90-3.15 (I H m, 4.13 (2H, q, J 7 Hz), 5.76
(LH s). M5s(Ad+) me: 169 (Ml ). IR (féidm v cm lio 4205,¢cdl3v1l, 1653,
1716, 2955. 15 Step ii© Synthesis of i ’l )
(cis/trans)-(3R)-(3-Metlpyl-1-nitrometh h-eyclopen tyl)-‘ace
ester (Sc) (R)-(3-Met i_dene) - acetkic acid er
(3.0 g, 17.8 mmol) ahydrﬁf—ur)an (2
70C wi th nitronet hane \92 nlL, 35.¢/mmpl) and tetrabu mroni um f | uori de
(1.0 Min tetrahydrofurany 25 L, 20 .Oymmol ). After 18 hdurs, the
m xture was cool ed to ‘#bomtenperaturd®™ diluted with ethyl acetate (50
m.), and washed with 2N HCI (30 nL) foll owed by brine 0 nL). The organic
phase was col |l ected, dried (Ngscn). and the sol vént pehoved in vacuo. The
resi due was purified By £ ash*Cht omat ogr aphyn(sif i cal ethyl acetate: heptane
1:9) to give 2.00 g (49@@ of [a clear oil. 25 IH\NVR 400 MHz (CDCI 3): b
1.02 (3H, d, J =6 Hz), 1708~<1.37 (&%H, n), 1.69-2.17 (5H,

6
¢ (6d)

c acid ethyl
ester (Sh)
and stirred at

(6)

Reagents: (i) Triethylphosphonoacetate, NaH; (i) MeNO»o, BugN™F; (iii) H,. Ni: (iv)
5 HCi

Step iz Synthesis of (cis)-(3,4-Dimethyl-eyclopentylidene)-acetic acid ethyl ester (6b)
NaH (60% dispersion in oil, 519 mg, 12.96 mmol) was suspended in dry
tetrahydrofuran (30 mL) and cooled to 0°C. Triethylphosphonoacetate (2.68 mL. 13.5
mmol) was added and the mixture stirred at 0°C for 15 minutes. (35.4R)-3,4-Dimethyi-
10 cyclopentanone (6a) (1.21 g, 10.80 mmol) in THF (10 mL) was then added and the

mixture allowed to warm to room temperature. After 2 hours, the mixture was partitioned
between diethy! ether (200 mL) and water (150 mL). The organic phase was separated,
washed with brine. dried (MgSO4) and the solvent removed in vacuo. The residue was
purified by flash chromatography (silica, ethy} acetate:heptane 5:95) to give 1.40 g (71%)

15 of (2) as a colorless oil.

TH NMR 400 MHz (CDC113): § 0.84 (3H, d, ] = 6 Hz), 0.91 (3H, d, ] = 6 Hz), 1.26 (3H,
t, } =7 Hz), 2.01-2.95 (6H, m), 4.13 (2H, q. J = 7 Hz), 5.76 (1H, 5).



m, 2.64 (2H, m, 4.15 (2H, q, J = 7 Hz), 464(214 235 S+$f§5ﬂ 230
(Mel ). IR (film v cm1: 1183, 1377, 1548, 1732, 2956. 2203 299 2005 WO

01/ 42191 PCT/ USQQ 30769 -44- Step iii:Synthesis of

(ci s/transodigke: 7- Met hyl - spi ro[ 4. 4] nonan- 2- one ( Sd) PCT/US00/30769
(cis/trans)-(3R) - (3-Methyl-I-nitronethyl-cycl opentyl)-acetic acid ethyl
ester (Sc) (1.98 g, 8.66 mmol) was dissolved in nmethanol (50 nL) and
shaken over Raney nickel catalyst wer an atnosphere of hydrogen (40 psi)

at 30C. After ur,s atalyst 5 was renoved by filtration through
celite. The s%%?gq?%ésiﬁﬁﬁﬁed in vacuo and the residue purified by flash
chromat ogr aphy (Gl G&1: RlaBY{12 ?é%g@té%sggg?ggsgl 1) to give 1.05 g (79% of

-a white solid. 1HN|\/R400|\in (3H, , 1.22 (2H, m,
1.60-2.15 (5H, m, 2.22 (2H m, 3.20 and327(2HtotaI 2 xs, cis, and

t , 6.18 i adi 1
1%325)2949 Cgéllﬁs ghpegl}\?f&%ynt ?’edsslﬁgi)l gﬂlﬁc?é&ﬁé%%d%eﬁn? &%&m o=t

or net hyl - 3- mff}WFSI@”y@f)open tyl)-acetic acid hydrochl ori de (5)
(cis/trans)-(7R)- 1y} Hﬁlm\%ﬂyﬁ%ﬂ){)eﬂtﬂ% iﬁ?%g;b%ld(e fsggrﬁ%) 384‘r

was 15 heated to reflux in a ure o C1(15
m.). After 4nhoelywas disShb'ednmdbmdmésam(dﬁhdd ahdstired I(E(meﬂmlmmﬁethaﬂel ut ed

with water ( sh th dichloro The
aqueous phasg& Sﬂn}‘ I V@ ggc al@”‘ﬁéiam&"“’é‘mﬁ“"??%%a‘@@ T(W“%jﬁ'é azT H& % esi due
was triturated, \lvl tllmrmtihyﬁlﬁeae abwat,ehd ixgiry @ascosfidtterosnl ttxdper%te@ﬁhldb@ﬁwnth
col l ected and dried stallj frometh acetate/ nmet hanol to
20 give 656 r’rﬁy{ BEGH: (g(?m?“é? a‘f'?sg ?Ig(l’l(ﬁgﬂ) 'BLHFHPW%Q’ fring (Ruml-rdbe Mz
(d6- DMBO) : 8 ofpali6 phdtlwat}ollebied Mritd 24g$@Dlandhe solveilreold if $FuoMhe 2. 41 and
2.44 (2H total, 2 x s, cis/trans), 2.94 (2H m, 7.96 (3H br s), 12.35 (1

H br s). NESUESHRs pridied by faghbioniamerais (filicecthd sedtate Aeptaariui®) yo @005
0.837 g (45%) of a clear oil.

TH NMR 400 MHz (CDCl3): § 0.91 (6H, d, J = 6 Hz), 1.21-1.39 (5H. m), 1.98 (2H, m),
2.18 (2H, m), 2.64 (2H, 5), 4.15 (2H, q, } = 7 Hz), 4.61 (2H, s).

15 MS (ES+) m/e: 244 (M-+1).
IR (film) v em~1: 1184, 1377, 1548, 1732, 2961.

Step Hi: Synthesis of (trans)-7,8-Dimethyl-spiro[4.4}nonan-2-one (6d)
(trans)-(3,4-Dhimethyl-1-nitromethyl-cyclopentyl)-acetic acid ethyl ester (6¢) (0.83
g, 3.4 mmol) was dissolved in methanol (30 ml.) and shaken over Raney nickel catalyst
20 under an atmosphere of hydrogen (40 psi) at 30°C. After 4 hours, the catalyst was
removed by filtration through celite. The solvent was removed in vacuo to give 567 mg

(99%) of a pale yellow oil which solidified on standing.
TH NMR 400 MHz (CDCI3): 8§ 0.89 (6H, d, J = 6 Hz), 1.38 (2H, m), 1.91 (2H, m), 2.10

(2H, m), 2.32 (2H,s), 3.18 (2H, 5), 5.61 (1H, br s).
25 MS (ES+) m/e: 168 (M+1).

IR (film) v em-1: 1304, 1450, 1699, 2871, 3186.




WO 01/ 42191 PCTI USOQ 30769 -45 EXAMPLE 6:
(+) - (trans) - (X- Ami nonet hyl - 3, 4- di met hyl - cycl opent yl ) - acet 20 Jagyaty 2005
~ hydrochloride 0 (i) (6h) 0 (6d) Reagents: (i) Triethylphosphonoacet ate,

NaH, (ii) woMN@ieBudN+F-; (iii) H, N; (iv) 5 HO St eppb?m@fﬂ%@ Si s of
(cis)-(3,4-D methyl -cycl opentylidene)-acetic acid ethyl ester
(60% di spersion in oil, 519 ng, 12.96 mml) was suspended in dry
t et rahydr of ur an (30 nL) and cool ed tg970C. Triethyl phosphonoacetate (2, 68
m., 13.5 Iﬂﬁggﬁa ged and the mxture stirred at OC for 15 m nutes.

(3S, 4R) - 3, 4- D !"hyﬁl’“t Y Sl ahsnemetyl-3 ¢ dimethyl-cyebopeatyBrasktic agid THE
(10 m -) vvastp flq%d and the m xture allowed to warmto room

t enperature faghloyi & s, the mixture was partitioned between diethyl
ether (200 nL) and water (150 mL). The organi c phase was separated, washed
with brine, dried(tANHSEEPimehysiEoddnemm-2oantddd 568 my dddomdear esi due was
purified by fhlashog S te. ange 5: 95) to
Give 140 % (TLop e By ASERIN 1 RNEHaTT nEa M 0P A BSTHRT Rue

13): S .84 (iBppixpre ‘fvaa:oefeliizg rooQ, t@m;af(rame an utedl withBwatiz)(20 il 36ind 3Jalshedt J =7

Hz 2.01-2. 20 Januar
Dobs W o1l %@Eé@ﬂ@%&@é?éé’m)g@’%@&? Eljzgs?ﬁ"i’sem?‘i%%d ?ﬂ%ﬁ% SolNeRE (£1 1) v
cm1l: 1043, feh®Fed ﬂnZ@ﬁuo T66 &sidid &os trid@med with etﬁvll I deétatSYNERNE S Whit®folid

trans 3, 4- t t cl opentyl)-acetic acid ethyl ester
E 6¢) )~ ( WQC% xollecteg ané grm%i JPJ¥15 waglrecry?talllzed rom ethyl acetate/methanol tg

give 440 mg (59%) of (6) after collection and drying.

10
TH NMR 400 MHz (dg-DMS0): & 0.84 (6H. d, J = 6 Hz), 1.21 (2H. m), 1.8] (2H, m),
2.06 (2H, m), 2.47 (2H, 5), 2.89 (2H, 5), 7.94 (3H. br s), 12.30 (1H. br s).
MS (ES+) m/e: 186 (M+] for the free base).
EXAMPLE 7 (+)-(trans)~(1-Aminomethyl-3,4-dimethyl-cyclopentyl}-acetic  acid
15 hydrochloride

co 2El Lt

(it}

—_— {7¢)

(7a) ' (7b)

(7d)
N




5 (cis)-(3,4-Dinethyl -cycl opentylidene)-acetic acid et h)é ester & ) (1.384
g, 7.60 rmol) was dissolved in tetrahydrofuran (10 ni) Z3n@n@ry @ at 70C
with nitromethane (0.82 nL, 15.2 mmol) and tetrabutyl anmoni um fl uori de
(I.OMin tefgmabydrofuran, 11.4 nl, 11.4 mmol). After 6,8pHEmmodkd’e M Xture
was cooled to roomtenperature, diluted with ethyl acetate (50 nL) and
washed with 2N 1-1Cl (30 nmL) followed by brine (50 nL). The 10 organic
phase was col |l ected, dried (MyS04). 4gnd the solvent renoved in vacuo. The
residue was purified by flash chromatography (silica, ethyl acetate: heptane
5:95) to Qi VReagbntB3{) Dridikdphosplionaacela@aNaij ¢ii) MENONVBuAOTF-Miy HLOBGI@B): S 0. 91
(6H, d, J =6 Hz), 1.21-1.39 (5H m, 1.98 (2H m, 2.18 (21.1, nm), 2.64
(2H, s), 4.15 (21-1Hely, J = 7 Hz), 4.61 (2H, s). 15 M5 (ES+) nmle: 244

(MF1). IR (fil rr) v cml 1184 1377, 1548, 1732 2961 Step iii: Synthesis
of (trans)-7,8-Di i rol 4. 41nonan- 2- one
(trans)- (3, 4-Di rré?%ﬁ ?ﬂ -rﬁ) imeirsesipPerigrong W@bé‘ﬂ‘t"?“’?)“ the Hieraburgandrapppy|  est er

- (6¢) (0.83 Gsynihedzdl the MBBodH oIleY BRrdid YIRLOADAL, (ﬁﬁrmunand shaken over
Raney ni ckel catal yst 20 under an atnosphere of h{dro en g psi) at 30C.

After 2 hourls966ilﬁé4é%ﬂ‘é3%@tdf%@§d rqffé?ﬂf%avb?yl\ﬁ@tlﬁﬂ& ¢ &nAt W Ei‘gﬁefeél ite. The

solvent was pHeiewsH mmclls@st@ m&eDS@ﬁalm &%r@rafm‘ya]@e pékehy | I ow oil
whi ch solidified on standi Mglz 6H, d, J = 6

n
Hz), 1.38 ( 2¢pmm;rj981112§§_ I‘ézﬁgqrutp;)K I@a%a I—( jSqmamoto fengef( 21|-9]8§,¥7 4@)718 (2H, s),

5.61 (1 H, 1304, 1450,
1699, 2871 b%l?éad'go% \IJ@#%?%‘) ’24%{)”2” v\%@gfl%%ﬁ %%*Héo@%%‘?’gga‘%m Step iv:

Synt hesi s of . @ Tabepsn- Britlassomdl. Byiudssdn,dicrel et Soyel. 0Pyl 1R7acet i ¢ acid
hydr ogh lor' 42 3 Edrel WrARIe 187 DoRBLONLo B GPlcighh! 0 T R 6d) (563 o,

4.40 mMmo edt e ux rna mxture “mL) and 6N
HC (15 rrL) 198t 22 10t.hours, 5 the m xture was cooled to roomterrperature,
diluted with water (20 nlL), and washed

Step i: Synthesis of (trans)-(3,4-Dimethyl-cyclopentylidene)-acetic acid ethyl ester
(7b) _
To a suspension of sodium hydride (1.3 g, 32.5 mmol) in THF (60 mL) under

15 nitrogen at 0°C was added triethylphosphonoacetate (6.5 mL, 32.7 mmol) over 5 minutes.
After stirring for a further 10 minutes, a solution of (35,45)-3,4-Dimethyl-
cyclopentanone (7a) (approx. 2.68 g, approx. 30 mmol) in THF (2 x 10 mL) was added to
the now clear solution and the ice bath removed. After 4 hours the reaction was quenched
by pouring into water (100 mL) and the mixture extracted with ether (400 mL). The

20 organic phase was washed with saturated brine (100 mL). dried and concentrated
in vacuo. Column chromatography (10:1 heptane/ethyl acetate) gave the product as an oil

(4.53 g). (approx. 91% yield)

1H NMR 400 MHz (CDCl3): 6 1.01 (3H,d, J=6 Hz), 1.03 (3H, d, J=6 Hz), 1.26 (3H, t,
25 J="7Hz), 1.49 (2H, m), 2.07 (1H, m), 2.24 (1H, m), 2.61 (14, m), 4.13 (2H, g, I = 7 Hz),

5.72 (1H, s).

MS (CI+) m/e: 183 (M+1).



wi th dichloronethane (3 x 30 nL). The aqueous phase was CWF!‘I ect S and the
sol vent renoved in vacuo. The residue was triturated wf cetate to
give a white solid which was collected and dried. This was recrystallized

from et hyl at e/ methanol to give 440 ng (59% of (6) after collection

and dry.%g 8%@5;351'4 NVR 400 Mz (d6-DVBO): 6 0.84 (6H, d FCFUSMEYEy 1 21

(2H, m, 1.81 (2H, n), 2.06 (2H, m, 2.47 (2H, s), 2.89 (2H, s), 7.94 (3H,

br s), 1230 (I H br s). M5 (ES+) mg; 186 (Mrl for the free base). EXAWMPLE

7 (+)-(trans)-(l-Am nonet hyl - 3, 4-di net hyl - cycl opentyl)-acetic acid 15

hydr ochl ori destép rwnﬂéés)s of {tejns§-(3,4-Pithihi-1-hithorai@hylileyAlopemkylRAcediaabidr y 2005

V\D 01./42191 PC'{/ 0769 -48- Reagents: (i) Triethyl phosphonoacet ate,
NaH, (ii) meNEpTe Soo(iii) H2, N (iv)  Hel.

(3S, 4S) - 3, 4-Di net ﬁybla—soyldbxoﬂE(fthramm’}«e-mrﬁa)]yI'Lcsfclép@w’hdieﬁbﬂa&ﬁlc|ala§%ﬂ@l %F]e‘? and can

be synt hesi t hods tlin el em arm

Bull s 1963%%4@%21 %lge 0 d’aTﬁgl(L%’é‘ff%é?%c[dé%@@é}((?f{mg:ofml Mesolwgneke, F. A,

~ Varkevi sser, THF, 3%01)%%%(1 t%; ?ﬂm;%aha}r‘é%ﬁmL anﬁﬁk%acnd}? hefted Ridobd gt on, N.
Er anayake, JCS Chem 981: 1234, uruta, K |wanaga, H Yanmanot o,
Tet. Lett., fg}gxerszaxftggg@?hng the Teaction mixture was dituted with ethyl acetate (150 mL) and
washed with 2N HC} (40 mL) then saturated brine (50 mL). Column chromatography

(10:1 heptane/ethyl acetate) gave the product as an oil (2.24 g). (40% yield)

10 TH NMR 400 MHz (CDCl3): 8 0.98 (6H, d, ] = 6 Hz), 1.10-1.39 (5H, m), 1.47 (2H. m),
1.87 (1H, m), 2.03 (1H, m), 2.57 (2H. ABq. J = 16, 38 Hz). 4.14 (2H. q, ] = 7 Hz),
4.61(2H, ABq, J = 12, 60 Hz).

MS (ES+) m/e: 244 (M+1).
IR (film) v om~1: 1186, 1376, 1549, 1732, 2956.

15 Step iii: Synthesis of (+)-(trams)-(1-Aminomethyl-3,4-dimethyl-cyclopentyl)-acetic
acid hydrochloride (7)

A solution of (trans)-(3.4-Dimethyl- I -nitromethyl-cyclopentyl)-acetic acid ethyl
ester (7¢) (3.5 g, 14.4 mmol) in methanel (100 mL) in the presence of Ni sponge was
hydrogenated at 30°C and 50 psi for 4 hours. Filtering off the catalyst and concentrating

20 in vacuo gave a 2:1 mixture of lactam and aminoester, 2.53 g, calculated as 96%, which
was used without purification. This mixture (2.53 g, 13.8 mmol) in dioxane (15 mL) and
6N HCl (45 mL) was heated under reflux (oil bath = 110°C) for 4 hours. After cooling
and diluting with water (60 mL), the mixture was washed with dichloromethane
(3 x 50 mL) and then concentrated in vacuo. The resulting oil was washed with ethyl

25 acetate then dichloromethane to give a sticky foam which was dried to give the product

as a white powder (2.32 g). (76% yield)

ap (23°C) (H70) (c = 1.002) = +28.2°.



G Sol l adie, O Lohse, Tet. Asymm, 1993;4:1547; A. Ros ui st
Kvarnstrom S. C. T. Svensson, B. dasson, B. Sanuel ssoﬁQH%Pyépém

Scand., 1992;46:1127; 10 E. J. Corey, W Su, Tel. Lett., 1988;29:3423; D.
W Knight, B. Qhara, Tet. Lett., 1981:22:5101. Step is Synthesis of

-~ (trans) - (WO et hy ]-eye] opentylidene)-acetic acid REHY$00RGeEr (7b) To
a suspensi on of sodiumhydride (1.3 g, 32.5 mol) in THE (60 nlL) under 15
nitrogen at 0C was added triethyl phosphonoacetate (6.5 nL, 32.7 nmol) over
5 mnutes. After stirring for a furfher 10 ninutes, a sol ution

o 1) SR b QUSR8 2L ML B eu B B B,

bat h removed; 7A{ig" 19@ 15 nh B4 @RChiRgNy Va§ 2HDXBROME § N i nto
wat er (100 ni gndm)ﬁe met tljﬂr)e ex?r ac;Bgd wi t'h Le”fzﬂer (400 m% The 20

organi ¢ phas# ek 8WASHES W 1h346diubeved brine (100 nl), dried and
concentrated a ﬁ’(ﬁ\!&‘ﬁ‘? aphy (10:1 heptane/ ethyl acetate)
- gave the proiadﬁcqgﬁga}s:ﬂgnlml (EP%%%??)ég%pprox. 91 %yield) 1H NVR 400 Mz

(CDC13): 8 1.01 (311, d, J = 6 Hz), 1.03 (314, d, J =6 Hz), 1.26 (3H, t,
25 J =7 Hz), 1.49 (2H m, 2,07 (1H m, 2.24 (1 H m, 2.61 (1 H m,
4.13 (2H, q, J =7 Hz), 5.72 (1 H s). M5 (C+) me: 183 (M ). 20 January
2005 WO 01/ 4RXaMIEGF/ §SOO18CpaP-(1 4ominStne thyl-3,5-Gniathiyb sy dolakylj-hcaies )ac{d3, 4- D m
et hyl -J-nitronet hyl -cyel opentyl)-acetic acid ethyl ester (7c) To a
sol ution of Kidraciddride3, 4- Di net hyl -cycl opentyl i dene)-acetic acid ethyl ester
(7b) (4.24 g, 23.3 nmmol) in THE (15 nL) was added TBAF (32 nL of a |l M
solution in 5 THF, 32 nmol) followed by nitronmethane (3 nmL) and the
reaction heated at 60C for 8 hours. After cooling, the reaction m xture was
diluted with ethy] acetate (150V &Rt washed with 2NHO (40 nL) then
saturated brine ?/JSO Col um ch 'omat ography (18c1 hiept ane/ et hyl
acetate) gave t roduct as an oiLk_(2.24 g) (40% yDel d)

1t1

\\‘“‘ o, , Sl oty e i e,
W i W gy o Yy

(8a) (8b) (8¢)

GO HCI NH, COH

iv

\\\\\\u 4y, ”’l/

ey, o o,
ny \\\\\ ", Iy

10 (8d) (8e) (8)

\\\\“‘n

Step i: Synthesis of 2-Cyano-((3R,58)-3,5-dimethyl-cyclohexylidene)-acetic acid
éthyl ester (8b): Cis—3,S—dimethy}cyclohexanone (8a, 15.78 g, 125.0 mmol) was

15 dissolved in toluene (150 mL), and treated with ammonium acetate (0.96 g, 0.099 mmol),
acetic acid (1.4 mL, 0.195 mmol). and ethyl cyanoacetate (14.04 g, 99.2 mmol). The
reaction was heated to reflux overnight with a Dean-Stark trap, then cooled to room
temperature and washed with H>O (3 x 50 mL). The aqueous layer was backwashed with
toluene (2 x 50 mL). The organic layers were combined, dricd over Na,SQ;, and

20 concentrated. The residue was chromatographed on silica gel eluting with 5 %

EtOAc/hexane to give 22.0 g (80%) of the desired product as a clear oil.



10 IN NMVR 400 MHz (CDC13): 8 0.98 (6H, d, J = 6 Hz), 110139%

1.47 (2H, m, 1.87 (IH m, 2.03 (1H. rr), 2. 57 (2H, ABRO Japuary 00%8 Hz) ,

4.14 (2H, q, J = 7 Hz), 4.61 (2H, ABg, J = 12, 60 Hz). M5 (ES+) me: 244
(Mr1) . TR Ghil ey cM1: 1186, 1376, 1549, 1732, 2956 15 St eﬁ

Synthesis o ¥)-(trans)-(1- Am nonet hyl - 3, 4- di net hyl - cy(ﬂcg&s ([119?‘)9 acetic

acid hydrochloride (7) A solution

of (trans)- (3, 4-Di methyl -1-nitronmethyls;-cyclopentyl)-acetic acid ethyl
ester (7c) (3.5 g, 14.4 mol) in methanol (100 nlL) in the presence of N
sponge was * hydrogenated at 30C and 50 psi for 4 hours. Filteri ng of f the

catal yst and e of am and

ani noest er, ZS@;Q%}EaI cul at' edgr@'d/géhlgﬂ\?\lh%‘\tesaoméo @EP Xf“f%%tp &)
purification. Aiﬂtiyss 6 1t e €, LB BCY70. 363 HB8 A8l )6. 33 felindx@:. [418: sr6j, and 6N
HCl (45 n) h ol b 10C 4 hours. After
cool i ng andwg’?'f’ F‘ﬁ‘?@ﬂv&@ﬂﬁﬂét 3{3 (tj%%&ThL)H) f{’lg(’rﬁétﬁ él\%é Wwsheddit h

~di chl or anet hane HzR 14850831, sampl2 bhsmzeancantiatad im Macus.2 e 485K ting
oi | was vvashegﬂvv]\ g hyI 25 acetate then di chl oronethane to give a sticky
f oam whi ch d H4 "give the product as a white powder (2.32 g). (76%
yield) CCD (23C) (H20) (c = 1. 002) = +28.2. 20 January 2005 WO 01/42191

PCTI USOO 30769 -50: 1 H.NVR 400 (d6-DID 1S : 6 0.91 (6H, d, J = 6 Hz).
1.18 (2H m, fsz!2S!('§PFS'Srﬁf 1%31”51321 -Crangmayyl-315-gimethyliqyclppexaecapbapiteile ABg,  J

= 16, 24 Hz) 34 (1 H,

or 0} 2kl R g 53 e o B bllpglpTlesd o

| a, 30, 5@3 ( 1 e mdﬁ@tmpn as digsoied hy ELO3H (0 afleept pddeded & mlsamsﬁbn(()BBth}SIO iv
(1.47 g, 30.0 mmol) in EtOH / H,0 (100 mL / 8 mL). The reaction was heated to reflux

overnight, then cooled to room temperature, filtered, and concentrated in vacuo to give a

clear oil which selidified under vacuum. The residue was chromatographed on silica gel

eluting with 4:1 hexane/EtOAc to give 4.05 g (77%) of the desired product as a white,
15 sticky solid.

MS: no M+1 ion observed (Cy1H;¢Na): an oil; TLC: SiO,, Ry 0.31 (4:1 hexane/EtOAc);

Analysis (Cy1HygNz) (Cal.) C: 74.96, H: 9.15, N: 15.89 (found) C: 74.81, H: 9.25. N:

15.65. '"H NMR (CDCl;) 3 0.58 (dd, 1 H,J=24.9,12.2 Hz). 0.96 (d. 6 H, ] = 6.6 Hz),
20 1.03 (t,2H,} =129 Hz), 1.75-1.90 (m. 3 H). 2.01 (d, 2 H, ) = 11.5 Hz), 2.65 (s, 2 H).

Step iii: Synth¢sis of 10,3p,5B-(1-Aminomethyl-3,5-dimethyl-cyclohexyl)-acetic acid
hydrochloride (8d): 1c,3p,5B-1-Cyanomethyl-3,5-dimethyl-cyclohexanecarbonitrile
(8¢, 5.51 g,31.26 mmolj was dissolved in EtOH (80 mL) and toluene (80 mL), cooled to
25 0 °C. and saturated with HCI gas. The solution was étoppered and stirred overnight at
room temperature, then concentrated in vacuo to give the crude imino ester as a white
solid. This crude material was triturated with E;0 (150 ml.) and dried under vacuum,
then treated with H»O (100 mL) and 1 N HCI (4 mL). The reaction was stirred overnight

- at room temperature, then extracted with EtOAc (3 x 100 mL). The organic layers were




T NC COREt (Sb) (8e) ii v CN (8c) (8) iii Step is Syntjéuq? i s of
2- Cyano- (( 3R, 59) - 3, 5-di net hyl - cycl ohexyl i dene) -acetic a O%st er

(8b): G s-3,5-dinethylcycl ohexanone (8a, 15.78 g, 125.0 rrm)l) was 15

di ssolved_in toluene (150 nL), and treated with amoni um acetate (0.96 g,

0.099 rmoMP*“Hetic acid (1.4 nL, 0.195 mml), and et RFTEPHABE et ate

(14.04 g, 99.2 mol ). The reaction was heated to reflux overnight with a
Dean-Stark trap, then cooled to roo tenperature and washed with H20 (3 x

50 nL). The aqueous | ayer was backwashed with toluene (2 x 50 nL). The

or gani ¢ | ayerenbiree vestddi wied briskl deell owe NaNAS@Ad careniZf:de oNeentinad @ds The
resi due was chromat ographed on silica gel eluting wwth 5 % Et QAc/ hexane to
give 22.0 g ¢@6ftogfaphddendiih kedhpine i 6: BisexanCtioak t@%ﬂveSZQ JBIYPSMh2 005
WO 01/42191 PCTI USOQ 30769 -51 Ms: 222.1 (M1l for CLl3HL9N1 an oil;

TLC. Si 02, Riesedpro0&tdshayang/ Et OAc); Analysis (C13HEgN102) (Cal ) C:
70.56, H 8.68, N 6.33 (found) C. 70.74, H 8.68, N 6.33. 1H NI\/R(CDCIS)
8083095(mIH),101(t6HJ:61H2)132(t3HJ 5 7.3

- Hz), 148185%3? 2.97- 2 (m | 3.92 (dd, | H J =12.2, 2.2
Hz), 4.24 (gM b avi+ quggﬂzgg@p) AR ¢ o MY ﬁgga B Q32 (6:1 hexane/EtOAc);

la, 313, 513-1 | 1 t i The
2- Cyano- ((3RAE%M%{"Q(@éhj&')ﬁhfd:E a?%gﬁd%eréy?@den%ﬁgﬁ%?)g@?gl% et?%% est er (8b,
10 6.64 g, 3030 Wﬁ(%%%%l(d@dﬂ A =E4G5112.6 0Izwi0) 9 1dddd Hd’dedﬁﬂiz)d 27
suspension of, NAGN. 71 1z), 1.70-1.76 (m, 1 H), 1.80-1.90 (m, 2 H), 2.02 (d, 2 11, } = 12.9 Hz),

2.51 (s, 2 H), 4.18(q, 2 H, ) = 7.1 Hz).

10
Step iv: Synthesis of 5a,73,98-7,9-Dimethyl-2-aza-spiro}4.5]decan-3-one (8e):
12.,3B,5B-(1-Cyano-3,5-dimethyl-cyclohexyl}-acetic acid ethyl ester (8d, 5.82 g, 26.1
mmoi) was dissolved in MeOH (150 mL), treated with 10% Rh /2% Pd/C (1.0 g), and
shaken under an atmosphere of Hy (50 psi) for 28 h. The reaction was filtered and

15 concentrated in vacuo. The residue was chromatographed on silica gel eluting with a

gradient of 2:3 hexane/E{OAc, EtOAc, 5% MeOH/EtOAc to give 2.21 g (47%) of the

desired product.

MS: 182.0 (M+1 for CiiH1oN,0y); mp 116-118 °C; TLC: SiOs, R; 0.36 (6%

20 MeOH/CH;CL); Analysis (CHjyN;Oy) (Cal.) C: 72.88, H: 10.56, N: 7.73 (found) C;
72.84, H: 10.67, N: 7.63. '"HNMR (CDCly) § 0.49 (dd, 1 H, J = 24.4, 12.0 Hz), 0.86-0.93
(m, 8 H), 1.38-1.48 (m, 2 H), 1.60-1.71 (m, 3 H), 2.09 (s. 2 H), 3.16 (5, 2 H), 5.79 (br, 1
H).

25 Step v: Synthesis of 1a,3{3,58-(1-Aminomethyl-3,5-dimethyl-cyclohexyl)-acetic acid;
hydrochloride salt (8): 50,7B,9p-7,9-Dimethyl-2-aza-spiro[4.5]decan-3-one (8¢, .52 g,
2.87 mmol} was treated with 6 N HCI (19 mL) and heated to reflux overnight. The
reaction was cooled to room temperature, upon which a white precipitate formed. The
solid was filtered away, and the filtrate was cooled to 0 °C to afford a second crop of

30 crystals, then filtered again. The solids were combined and dried under vacuum to give

0.46 g (68%) of the desired product.



(1.47 g, 30.0 nmol) in EEOH/ H20 (100 nL / 8 rnL). The_reaction S heated
to reflux overnight, then cooled to roomtenperature, TZPIJ?B‘F%Z()@%
concentrated in vacuo to give a clear oil which solidified under vacuum
The resid hr omat ogr aphed on silica gel eluting with 4

hexane/ Et @c‘%ﬁ‘”g. ve 4.05 g (77% of the desired pr oduc]ECTé'ésogtBWte

sticky solid. M5: no M+l ion observed (C, 1HLf,N2), an oil; TLC Si Q2,
81-0.31 (4:1 hexane/ Et QAc); Anal ysj%_( CllHl(, N2) (Cal.) C 74 96, H 9. 15,
N: 15.89 (found) C 74.81, H 9.25 15 65. "H NWR (CDCI3) 6 0.58 (dd, 1
1-I,J:249 12.2 Hz). 0.96 (d, 6 H, J 6.6 Hz), 20 1.03 (t,2H J=

Synthesis of MY 2@8&%%&%%@%8@*@, ﬁﬁ%ﬁm CofbroRetiy abE ¢ aci d

hydr ochl ori dgeo8d):9.41, &: 534 (found)C 5616 H: 9.42, N: 5.73. '"HNMR (CD OD) 8.0.46-
3,53-1- Cyanonet hyl - 3, 5-di et h %{ ohexanecarbonitrile (8c, 5.51 g, 31.26

mol ) was di gssammeaﬂ)rpﬁt(@mﬂgsrol HahdS-08N o e MG LST (e iea i 6125 0 C.
~and satdrat eg}y\AJLhBI-ng{z)g@%(STQ@DS{z M&] ofh, ¥ag shqppered and stirred

overni ght at room t emper at uf e en conéentrated in vacuo to give the
crude imno ester as a white solid. This crude material was triturated
with Et20 (150 nL) and dried under vacuum then treated with H20O (100 nlL)
and I N HCL (4 nL). The reaction was stirred overnight at room

t enper at ur e, EXMPBEL ract el 31,5 (F3-Dioeth B - kpip@lamikomdihel-oiclphenyt)-adetiy er S
were 20 January 2005 WO 01142191 PCT/ US00/ 30769 -52 conbi ned, washed with
brine, driedacidchydradiBéMde sanel concentrated. The residue was

chromat ographed on silica gel eluting with 6:1 hexanel EEOAc to give 5.78 ¢
(83% mwf the desired product as a clear oil. Ms: 224.1 (M+l for

C} 3H21N102); an oil; TLC Si02, Rf 0.32 (6:1 hexane/EtOAc); Analysis

(C, 3H2EN, 02) (Cal.) C. 69.92, H 9.48, N 6.27 (found) C 70.03, H 9.45,
N. 6.30. "HNVR#CDC13) S 0.53 (dd, | H J =24.9, 12.0 Hz), 0.91 (d, 6 H,
J = 6.6 Hz), ~1 2%, 3.H J =7.1H), 1.70-1.76 (m | H), 1.80-1.90 (m
2 H, 2.02 (d, 2H‘“J =12.9 Hz), 2.51 (s, 2 H, 418 (q, 2 H J=7.1

Hz IS esi s of

-2-aza-spiral 4. 5] decan- 3-one (8e):

.""'l/;

Ta,3B,5B-(1-Aminomethyl-3,5-dimethyl-cyclohexyl)-acetic acid; hydrochloride salt (8,

15 1.0 g, 4.2 mmol) was-dissolved in EtOH (100 mL), treated with sodium hydroxide
solution (1 N, 5 mL), propionaldehyde (0.9 mL, 12.6 mmol)., and 10 % Pd/C (0.3 g). and
shaken under an atmosphere of H, (50 psi) for 3 h. The reaction was filtered. treated with
HCVELO (1 M, 10 mL), and concentrated in vacuo. The residue was treated with hot
isopropanol (100 mL), the NaCl was filtered away, and the clear solution was

20 concentrated in vacuo. The crude product was recrystallized from i-
PrOH/acetone/hexane (14: 200: 225 mL) and dried under vacuum to give 0.136 g (12%)
of the desired product.

MS: 242.1 (M+1 for C14H»N,;0,); mp 178-180 °C; Analysis (C14HasN, 02 HCLO 27

25 H,0) (Cal.) C: 59.48, H: 10.18, N: 4.95 (found) C: 59.53. H: 10.21, N: 4.78. 'H NMR
(CD;0D) 6 0.52 (dd, 1 H, J = 24.2, 12.0 Hz). 0.83-0.90 (m, 8 H), 1.00 (. 3 H.J =76
Hz), 1.61-1.80 (m, 7 H), 2.43 (s, 2 H), 2.98 (, 2 H. 1 = 7.8 Hz). 3.20 (s. 2 H).



l a, 313, 5p- (1- Cyano- 3, 5-di et hyl - cycl ohexyl )-acetic acid,ethyl e (8d,
- 5.82 g, 26.1 mmol) was dissolved in MeOH (150 ni), tregﬁéamﬁr¥26@%@6Fh /
2% Pd/C (1.0 g), and shaken under an atnosphere of H2 (50 psi) for 28 h
The reacti filtered and 15 concentrated in vacuo. j.due was
chronatog?ggﬁégign silica gel eluting with a gradient Sgﬁgs@gﬁggane/EtOAc,
Et CAc, 5% MeOH/ EtQAc to give 2.21 g (47% of the desired product. MS:
182.0 (M+l for C,,HI9N1OLl); np 116-;%§.C; TLC. Si2, Rf0.36 (6% 20
McOH CH2C12); Analysis (C'H 9N101) (Cal.) C 72.88, H 10.56, N 7.73 .
(found) C. - EXSMPHE 10Qo8E,5NI-HitheBmindndvR-,ClolethylizydodSy)adetid adif J =
24.4, 12.0 Hz), 0.86-0.93 (m 8 H), 1.38-1.48 (m 2 H), 1.60-1.71 (m 3
H, 2.09 (s, 1drdchickide@aks, 2 H, 5.79 (br, I. H. 25 Step v: Synthesis of
l a, 3R, 5[i-(1-Am n onet hyl - 3, 5-di net hyl - cycl ohexyl )-acetic acid;
hydrochl oride salt (8): 5a,7J3,9(3-7,9-D nethyl -2-aza-spiro[ 4. 5] decan- 3-one
(Sc, 0.52 g, 2.87 mmol) was treated with 6 N HC1(19 nlL) and heated to
refl ux overnight. The reaction was cooled to roomtenperature, upon which a
white precipitate formed. The solid was filtered away, and the filtrate
was cool ed tq/9\§:3E%j@jord a second crop of 30 crystals, then filtered

r

agai n. The solidg" e conbi ned and dried under vacuumto give 0.46 ¢
(68% of the desiyed product. 20 January 2005 WO 01/42191 PCT/ US00/ 30769
~for C3 11421N102); nmp 179-180 C, Analysis

. .) C 56.04, H 9.41, N 5.94 (found) C 56.16, H
'9.42, N 5.73. F . CD30D) S 0.46- 0.53 (m 1 H), 0.77 (t, I H J =12.5
Hz), 0.85-0.91 (m 7 H), 1.55-1.67 (m 5 H), 2.11 (d, 5
214,J=13. 4Hz), 2. 36(s, 2H), 2. 44(s, | H), 3. 14(s, 214) . EXAVPLE 9
1a, 3(3, 5p-( 35%@1{&&0 Rk symiIREQAYInAEAQHBE Wit RS EkAmAE Ol dxeed®lal;

al t: -

hydr ochl ori de s 10 Hci . )
acetaldehyde was used instead of propionaldehyde and ethy] acetate/heptane was used for

the recrystallization (30% yield).

10
MS: 228 (M+1 for C sH,9N,0;); mp 188-190 °C; "HNMR {DMSO) 8 0.83 (8H, br d),
1.24 (3H,1,1=7.1 Hz), 1.60 (6 H, m), 2.38 (d, 5), 2.98 (2 11, m}, 3.10 (2 H, br 5), 8.33 (2
H, brs), 12.42 (1 H, br s).

15

EXAMPLE 11 10,33,53-(1-Benzylamino-methyl)-3,5-dimethyl-cyclohexyl]-acetic

acid; hydrochloride salt:

HCI

.,””,I

20




0O ~NHOHI (x,3 J3,533-(1-Am nonet hyl - 3, 5-di met hyl -cy hexyl y=acetic
aci d; hydrochloride salt (8, 15 1.0 g, 4.2 mmol) was. gb?%@%\’agoﬁ Et CH
(100 nL), treated with sodi um hydroxide solution (1 N, 5 nL),

propi onal dehyde (0.9 m., 12.6 mml), and 10 % Pd/C (0.3 and shaken
under an tNhU&REre of H2 (50 psi) for 3 h. The reacti oREHHWBYHY er ed,
treatedwith HC/E120 (1 M 10 nL), and concentrated in vacuo. The residue
was treated with hot isopropanol (100 nmL), the NaCl was filtered away, and
the clear solution was 20 concentrafdd in vacuo. The crude product was
recrystal | i zeBxapdm i wasl%szﬂ%meﬁ:ombﬂﬂ?)cam&hﬁﬂéﬁetﬂ%ﬂéf@ﬁ&p}ﬁ!},}:xoaﬁldhédri e<(1|
under vacuumito giye 0.136 g. (129 of the desi product., MS: 242.1 (M1l
for C 14H27N, be@é%‘e\ﬁ?‘r%e Y%Si‘gﬁg‘éd/giﬁé?w‘ge}(%ﬂi RvEsIseddr he 27 25 H20)
(Cal.) C 59.48ysaillizatib@ (¥Bs yId)4. 95 (found) C 59.51 H 10.21. N .4.78. 1H
NVR (CD30OD) S 0.52 (dd, I H, .1=24.2, 12.0 Hz), 0.83-0.90 (m 8 H), 1.00
(t, 3H J=7.6 Hz), 1.61-1.80 (m 7 H), 2.43 (s, 2 1-1), 2.98 (t, 2 H J
= 7.8 Hz), 3.¥8:4%,1 r : S4
EXAVPLE 10 1415 e R KR e A B ERey ) oot i c
aci d hydr ochl@el-)dé 652t HHEE9,0: 48 (Rrin®) (£68.:6p) 1é: 81T, Wad.3$y ht NEH EEHODRS

accordance w h 9 X t t,al dehyd s used
i nst ead of pr%%gl @%’:ll 152%9355 g%?i %27?[@%(?%’@&}@1 g%@é’&ti;lﬁ)té }ﬂﬂgg‘?&% f éerf he
recrystal |l i zat420e, A BR%IYi(el2d)), 4.20 (IVBH)Z268-1.50 ¢4, 519y, CLSH29N102); np 188-190

C. '"HNVR (DVBO) 6 0.83 (8H, br d), 1.24 (3 H t, J=7.1Hz), 1.60 (6 H.
m, 2.38 (d, s), 2.98 (2 1-1, m), 3.10 (2 -1, br s), 8.33 (2
10

EXAMPLE 12 1¢,38,5B-(1-Dimcthylaminomethyl-3,5-dimethyl-cyclohexyl)-acetic

acid; hydrochloride salt:

O

\]/ou

&
R

<
HCI

“agy, i

15 \\\\\""..

A solution of 1a,33,5p~(1-Aminomethyl-3.5-dimethyl-cyclohexyl)-acetic acid;
hydrochloride salt (8, 0.20 g, 0.59 mmol) in EtOH (15 mL.), sodium hydroxide solation (1
N, 0.59 mmol), and H>0 (1 mL) was treated with 20% Pd/C (50 mg) and shaken under an
20 atmosphere of Ha (50 psi) for 15 hours. The reaction was filtered, treated with 1 N
HCVEO (1 mi), a_nd concentrated in vacuo. The residue was dissolved in hot i-PrOH
(4 mL), diluted with acetone (100 mL} and Et;0 (350 mL) and cooled to 0 °C. The solid
was filtered and dried under vacuum to give 103 mg (70% yield) of the desired product.

25 MS: 228.1 (M+1 for C2Ha3N O2); mp 195-196 °C; Analysis (C2H23N0,.1HCL0.41H,0)
(Cal.) C: 57.58, H: 9.97. N: 5.16 (found) C: 57.73, H: 9.71. N: 4.91. 'H NMR (CD;0D) &



H, br s), 12.42 (1 H br s). 15 EXAWPLE 11 1 J 0

a, 3(3, SJi -(1-Benzyl am no- net hyl ) - 3, 5- di net hyl - cycl ohexyﬂ -@(‘2’3%%9 gci d;
hydrochl oride salt: HCI 20 20 January 2005 WD 01/42191 PCT/USOO/30769 - 55-
‘Exanpl e 1%vyﬁz ntheS|zed in accordance with the nethod of Examp 9,
except th & zal dehyde was used instead of proplonalﬁgﬁyﬂ@ RY Et 20 was
used for the recrystallization (30%vyield). 5 Ms: 290.1 (MH for

C, 8H27N, 02); np 162-163 C, Anal ysis {C, 8H27N, @2. HC1. 0. 20H2O) (Cal.) C

65.62, H 8.69, N 4.25 (found) C .60, H 8.71, N 4.31. 'H NWR (CD3OD)
S 0.48 (dd, 0156Kd,J Hs JE2451, Hz) Hz) 0759 ccaza((fh,@m), B5H) 75 imdSH{, lrs1 (2 2HD, 1. 64

d, 3H .1 3.19 (s, 2 11), 4.23 (s, 2 H).
(7 43-7.50 (nf Jgg(ﬁaf%)b“‘tngék 12 1 (s ) (s.21

a, 3(3,5(3-(1-Di net hyl am nonet hyl - 3, 5-di et hyl - cycl ohexyl ) -acetic acid;
hydrochl oride salt: \/ O OH HO 15 A solution of

la, 3(3,5(3-(I-Am nonet hyl -3. 5-di net hyl -eye] ohexyl)-acetic acid;

hydroch ori dexsaitL£83 ﬂx?@Sﬂ-{] ng&mh}twm Btdiketh ﬁc ﬁpmeumamdrom de
solution (I N, 0.59 mml), and O (1 nL) was trea th 20% Pd/ C (50
nmg) and shakg*‘uljdm%c,d@&]go at nrosphere of H2 (50 psi) for 15 hours. The
reacti on was ltered, treated with I N HC/Et20 (1 nL), and concentrated
in vacua. The residue was dissolved in hot i-PrOH (4 nL), diluted with
acetone (100 nL) and Et20 (350 nL) and cooled to O C. The solid was
filtered and dried under vacuumto give 103 ng (70% yield) of the desired
product. .25 Ms: 228.1 (Mtl for C171-123N102); np 195-196 C, Anal ysis

(C, 2H73N102. 11.C] A, 41H¢%)/0
NH H

&

- ny
w iy

10
Example 13 was synthesized in accordance with the method of Example 9, except

butyraldehyde was used instead of propiohaldehyde (48% yield).

MS: 256.1 (M+1 for Cy5HzeN,0,); mp 184-185 °C; Analysis (C;5sHzoN;0,.HCH) (Cal.) C:

15 61.73, H: 10.36, N: 4.80 (found) C: 61.71, H: 10.21, N: 4.72. '"H NMR (CD;0D) & 0.53
(dd, 1 H, T =24.4, 12.0 Hz), 0.86-0.99 (m, 11 H), 1.37-1.47 (m, 2 H), 1.60-1.75 (m, 7 H),
2.43 (s,2 H), 3.02 (t, 2 H, T = 8.1 Hz), 3.20 (s, 2 H).

EXAMFPLE 14 10,3B,5B-{1-{{Benzyl-methyl-amino)-methyl]-3,5-dimethyl-

20 cyclohexyl}-acetic acid; hydrochloride salt:




(Cal.) C 57.58, H 9.97, N 5.16 (found) C 57J3, H95%01J Aﬁ{o@é 'HN
(CD30D) 6 20 January 2005 WO 01/42191 PC3' 1US00130769 36'”%@ H

= 24.4, 120Hz)089092(m8|—|) 1.59-1.75 (m 8 H), 2.51 (s, :
2.95 (s, 44 (s, 2 H. 5 EXAWPLE 13

1a, 3(3, 5(3“’?2*’&%% am nomet hyl - 3, 5- di met hyl - cycl ohexyl ) TAZBSPEVE; d
hydrochloride salt: HO/\NH 'Y-" 10 Exanple 13 was synthesized in
accordance with the nmethod of Exanple,9, except butyral dehyde was used

i nst ead of propional dehyde (48% vyi efgg.' MS: 256.1 (M+1 for CE51-129N302);
np 184-185 C, Anal ysis (C35H29N302. HCl) (Cal. ) C. 15 61. 73, H: 10. 36, N.
4.80 (found) 21, N 4. CD30D) 0.53 (dd, I H, J
= 24.4, 12.0 }Eﬁa)mpjreol‘%%asd”%m@ﬁ? acpojdagge “’I?E’s‘!; E&?‘?é %Xazlph)i’ excegghat s (m 7
H, 2.43 (s, Nébeirﬁy;l al&l@zli)taﬂdzoﬂﬂaldéhﬁe&le;e 1384 as Be %Qn&? matrifdand BIANGLE 14
1(x, 30, 50{1%% tﬂg é: ﬁno-rrethil]-S,S-d.lrre hyl 20 B

cycl ohexyl }-a o) Eit"?:lyml’ﬂ? POEHIHr (Hee ¥l Ho 20 January 2005 WO

.01/ 4219F PCTI USOO/ 30769 -57 Exanple 14 was prepar ed in accordance with the

nmet hod of Exanﬁl e 9, except that the N-benz anal og (11) and formal dehyde
were used as VR YtldMilHgr GuHeNiQ1); @HQOWtQ”(z&a’slalmsé@mHaNﬁ%di@mm}hﬁm

C Aral yai s (GrokBaRtg ey o 4 VRS ccap e i N g M gl Bof o™

(found) C. 668.4D{ddH HQJ 634.4NI2.2HEG50.7546.99VR, ()G)SDE)(b@H@}JSé—]@QthH*)" J =
24.4, 12.2 H5)5; Qa PnO I 8 o 5% ehssts 23 335540 1D o i P& 3 B 4

10 31.7,12.7 Hz), 7.45-7.54 (m, 5 H).

EXAMPLE 15 10,36,5p-(3,5-Dimethyl-1-methylaminomethyl-cyclehexyl)-acetic

acid; hydrochloride salt:

15

HEl
~ Q
N YOH
&

e

sy, Yy

Example 14 (0.14 g, 1.21 mmol) was dissolved in 95% FEtOH (50 mL), treated with
sodium hydroxide solution (} N, 1.21 mmol) as well as 20% Pd/C (0.1 ), and shaken

20 under an atmosphere of H; (50 psi) for 45 minutes. The reaction was filtered, treated
with HCVE®O (1 M, 1 mL), and concentrated in vacuo. The residue was treated with hot
iPrOH, the NaCl was filtered away, and the solution was concentrated in vacuo. The
crude product was recrystallized from iPrOH/acetone/hexane (7: 150: 110 mL) and dried
under vacuum to give 0.189 (63%) of the desired product.

25 .
MS: 214.1 (M+1 for C\2H23N;04); mp 182-183 °C; Analysis (C15H23N 0, HCI) (Cal.) C:
37.70, H: 9.68, N: 5.61 (found) C: 57.47, H: 9.58. N: 5.35. 'TH NMR (CD;0D) & 0.52 (dd,



2.51 (dd, 2 H J =18.8, 16.3 Hz) 2.85 (s, 2 H), 3.23-3 +1), 4.37
(dd, 2 H J 10 31.7, 12.7 Hz), 7.45-7.54 (m 5 H). Emniﬁ%’&?%l%S
a, 30,5J3-(3,5-D net hyl -1 -net hyl ami n ornet hyl - cycl ohexyl )-acetic acid;
"~ hydrochloride salt: 15 HCL Exanple 14 (0.14 g, 1.21 mmol) was dissolved in
95% Et OH M™00#)91 treated with sodi um hydroxi de sol uti BAI/P$00RET63 21 mmol )
as well as 20% Pd/C (0.1 g), and shaken 20 under an atnosphere of H ~ (50
psi) for 45 mnutes. The reaction was filtered, treated wth HCI/Et?0 (1
M 1 mL), and concentrated in vacuo38The residue was treated with hot
i PrOH, the NaGl jwes 4 i} b L9@ sawee. (AR N$7-$95 Wbl @Hgﬁ%% conpenys Est, gdin
vacuo. The crude product was recrystallized from i PrOH acet’one/ héxane (7:
150:. 110 nlL) I“%sriﬁﬂoﬁgsi?eﬂ)- under vacuumto give 0.189 (63% of the desired
product. 25 MsS: 214.1 (Ml for C12H23N, O7); np 182-183 C, Anal ysis
(Cl2H23N12. HA) (Cal.) C 57.70, H 9.68, N 5.61 (found) C 57.47, H
9.58. N 5. 3EXAMRMR (1€D3CP.3-(0-(B2etykichinhretalichF-gi@@BH- Yo Byl 2k Bic
- PCT/US00/ 30769 -58- 1 H J = 24.4, 12.2 Hz), 0.84-0.98 (m 8 H), 1.57-1.72
(m 5H, 2.38d(s, 2 H, 2.72 (s, 3 H), 3.21 (s, 2 H. EXAWLE 16
la, 313, 50-] 1- (Acet yl am no- net hyl ) - 3, 5-di net hyl - cycl ohexyl ]-acetic 5 acid:
o, NH V~CH 10 Exanple 8 (0.5 g, 2.1 mol) was treated with H20 (10 nL) and
NaOH (0.56 g, 14.0 nmmol), cooled to O C, and treated with acetic
anhydride. The reaction was stirred overnight at roomtenperature, then
diluted vvith/E[IOAc (100 nL) and washed with | N
o]

. _OH

- oy
e S o

10 Example 8 (0.5 g, 2.1 mmol) was treated with H>O (10 mL) and NaOH (0.56 g, 14.0
mmol). cooled to 0 °C, and treated with acetic anhydride. The reaction was stirred
overnight at room temperature, then diluted with EtOAc (100 mL) and washed with 1 N
HCI {100 mL). The organic layer was dried over Na,SQ, and concentrated in vacuo.
The crude material was chromatographed on silica gel eluting with 4% MeOH/CH,CI, to

15 give 0.138 g (27%) of the desired product as an 0il which solidified under vacuum.

MS: 242.1 (M+1 for C13Hp3N,05); mp 122-124 °C: Analysis (Ci3Hz3N,05) (Cal.) C:
64.70, H: 9.61, N: 5.80 (found) C: 64.65, H: 9.59, N: 5.63. 'l NMR (CD;0D) & 0.46 (dd,
1 H,1=23.7, 11.7 Hz), 0.81-0.87 (m, 9 H), 1.56 (d, 2 H, J = 13.4 Hz), 1.65-1.76 (m. 3

20 H), 1.98 (s, 3 H), 2.18 (s, 2 H), 3.30 (s, 3 H).

EXAMPLE 17 10,3B,5B-(1-(Isobutylamine-methyl)-3,5-dimethyl-cyclohexyl]-acetic
acid hydrochloride salt

25



HCI (100 nlL). The organic |ayer was dried over Na2SO4 ang concen%rat ed in
vacuo. The crude material was chromat ographed on silic&9d8Uag g835%g with
4% MeOH A -12C 2 to 15 give 0.138 g (27% of the desired product as an oil
whi ch sol iwg(l_)f' ed under vacuum Ms: 242.1 (M+l for CL3HZ3N, 03%0r3 nﬁ 122 124
C Anal ysi¥OP¥E 3N 8) (Cal.) C  64.70, H 9.61, N BCHHSEREHRA)

64.65, H 9.59, N 5.63. "HNWR (CD30D) S 0.46 (dd, 1 H J = 23.7, 117
Hz), 0.81-0.87 (m 9 H), 1.56 (d, 2 J =13.4 Hz), 1.65-1.76 (m 3 20 H),
1.98 (s, 3 H), 218(s 2 H, 3.30 (5, 3 H. EXAWLE 17

la, 3(3,5f3-(1 | gm no- net hyl ) - 3 5-di net hyl - cycl ohexyl ] -acetic acid
hydr ochl ori de%SQ 25120 January 2005 WD 01/42191 PCTI US00130769 -59 O

" - ~NH VOH HCI amy| é* 17 was synthesized in accordance with the method of
Exanple 9. except isqbutyral dehyde was used instead of propional dehyde
(53%vyield). 5 Ms:| 256 (Mrl for CI5H29N102); np 193-194 C, '1-1 NVR (CD30D)
S 0.53 (dd, 1 1-&7 =, 24.3, 12.5 Hz), 0.81-0.90 (m 2 H), 0.89 (d, 6H, J
= 6.4 H). 1.03 (d, 6H, .1 =6.8 Hz), 1.57-1.71 (m 5H), 2.09 (m 1H),
2.49 (s, 2 H, 2.88 (d, 2H, J = 7.1 Hz), 3.19 (s, 2 H). 10 EXAMPLE 18 1 a, 3
f3,5(i-13,5-Dimet hyl -1 -(phenet hyl am no-nethyl)- cycl ohexyl)-acetic acid
hydr ochl or i dé&xsmple 17 &as HthelGredlib aEdrdance with the method of Example 9, except

isobutyraldehyde was used instead of propionaldehyde (53% vyield).

5

MS: 256 (M+1 for Cy5sHa9N,02); mp 193-194 °C: '"H NMR (CD;0D)80.53 (dd, 1 H, 1=
24.3,12.5 Hz), 0.81-0.90 (m, 2 H), 0.89 (d, 6H. ] = 6.4 Hz), 1.03 (d, 6H. ] = 6.8 Hz),
1.57-1.71 (m, 5H), 2.09 (m, 1H), 2.49 (s, 2 H), 2.88 (d, 2H, J = 7.1 Hz), 3.19 (s, 2 H).

10
EXAMPLE 18 10,3B,5B-]3,5-Dimethyl-1-(phenethylamino-methyl)-
cyclohexylj-acetic acid hydrochloride salt:
S5 RPN

L e “NH '\T_,
HEH [S\
15

Example 18 was synthesized in accordance with the method of Example 9, except

phenylacetaldehyde was used instead of propionaldehyde (16% yield).

MS: 304 (M+1 for CyoHaeN;0,); mp 188-189 °C; Analysis (C1oH29N;02.HCI) (Cal.) C:

20 67.14, H: 8.90, N: 4.12 (found) C: 66.94, H: 8.91, N: 3.98. '"H NMR (CD;0D) 6 0.46 (dd,
1 H, J=24.6, 12.3 Hz), 0.81-0.91 (m, 8 H), 1.58-1.72 (m, 5 H), 2.50 (s, ZH), 3.04-3.08
(m, 2H), 3.26-3.30 (n, 4H), 7.23-7.75 (m, 5H). |



Exanpl e 18 was synthesi zed in accordance with the net hog gf Exa
except phenyl acet al dehyde was used i nstead of propiona @ %Tf‘f /oyl el d).
M5: 304 (MF1 for Cl9H29N102); np 188-189 C, Analysis (C 9H299N 02. HC1)
(Cal.) C 20 67.14, H 8.90, N 4.12 (found) C 66.94, H 8.91, N 3.98.
"H NVR (CO¥OPY42810. 46 (dd, | H J = 24.6, 12.3 Hz), 0.8FCHUSWAPIP g )
1.58-1.72 (m 5 H, 2.50 (s, 2H), 3.04-3.08 (m 2H), 3.26-3.30 (m 4H),
7.23-7.75 (m 5H). 20 January 2005 01/ 42191 PCT/ USOQ 30769 -60 EXAMPLE
19 1cc, 3i 3,5f3-(3, 5-Di met hyl-1-i (3-phienyl - propyl am no) -r net hyl j
cycl ohexyl }-acetic acid hydrochloride salt: 5/ v NH k_ -OH HCl Exanple 19
was synthesized in accordance with the nethod of Exanple 9, except
hydroci nnamal dehyde was used instead of propional dehyde (50% yi el d). 10 VE:
318 (M for GXAMNEENEO2) ;19MP Y BplsA23G nitktat gL C.
67.87, H 9.11, N 3.96 (found)’sﬁcsﬁzim iy éf’a{ﬁ) Hﬁ"‘wh%“qu“)’wg (CD3CD)
6 0.53 (dd. edel Rk 80090(m 2 H, 0.90 (d, 6H, J =
6.0 H2), 1. ao’fcld.ﬂ?’?* ﬁéﬂa@'d%i&(])’?@def%t(m OH), 2.45 (s. 2H), 2.73 (t, 2H,
3 =7.5%Hz), 3.06 (t, 2H, J = 7.7 Hz), 3.3 15 (s, 2H), 7.20-7.18 (m 5H).
EXAMPLE 20 {1-i(Cycl obut'yl met hyl - am no) - net hyl ]-cycl ohexyl }-acetic acid
hydrochl oride salt: 20 NH \~~ OH HO Exanple 20 was synthesized in
accor dance withsthe~rmethodyoP” Exanpl e 26, except cycl obut anone was used
i nstead of 2 hyl but yRal dehyde (70%yield). 20 January 2005

HCI

Example 19 was synthesized in accordance with the method of Example 9, except
hydrocinnamaldehyde was used instead of propionaldehyde (50% yield).
10

MS: 318 (M+1 for CyH3,N0,); mp 171-172 °C; Analysis (CapH3 N, 0,.HCl (Cal) C:

67.87, H: 9.11, N: 3.96 (found) C: 67.83, H: 9.13, N: 3. 78. '"H NMR (CDs0D) & 0.53

(dd. 1H,J=24.6, 12.1 Hz), 0.80-0.90 (m, 2 H), 0.90 (d. 6H, I = 6.0 Hz), 1.60-1.72 (m, 5

H), 2.03-2.11 (m, 2H), 2.45 (s, 2H), 2.73 (t, 2H, ) = 7.5 Hz), 3.06 (1, 2H, I = 7.7 Hz), 3.3
15 (s, 2H), 7.20-7.18 (m, 5H).

EXAMPLE 20 {1-[{Cyclobutylmethyl-amino)-methyl|-cyclohexyl}-acetic  acid
hydrochloride salt:

20

Example 20 was synthesized in accordance with the method of Example 26, except

cyclobutanone was used instead of 2-methylbutyraldehyde (70% yield).



WO 01/42191 PCTI US00130769 -61 Ms: 226 (M1 for C13H23Nég% %(3’!576 177 C
Anal ysis (C13H23N,02.HCl) (Cal.) G 59.64, H 924, N 52
59.88, H 9.18, N 5.19. "H NWR (CD3CD) S 1.16- 1.60 (br., 10 H, 1.80-1.96
(m 2 H, 2.21-2.40 (m 4 H, 2.53 (s, 2H), 2.97 (s. 2H), 3.73 S (m 1 H
EXAVPLE 21VQ 81143398 5 3. (1- (1 sopropyl ani no- met hyl ) - 3, 5- di RETR§I0SEIRE| ohexyl |
acetic acid hydrochloride salt: 10 HC Exanple 21 was synthesized in
accordance with the nethod of Exarrpl\é1 except acetone was used instead
of propi onal dehyde (50% vyi el d) - 242 (Mtl for CI4H27N10,); np 206- 207
C, 'H NVR (CD30CD) 8053(dd 11-1, J = 248 12.5 Hz), 080090(m 2
H)y, 0.99 (d, 6%2 %}135_&5(;0 = 6.6 Hz), 1.78 (m
5H), 2.45 (s,M3§ 6(§"+£8f0f(%erz 1Qpy;, miz 1 2611 77 C fmﬂyﬂs @bs@@é\u@a&@lz@abﬁm no
met hyl - 1- eyel XN t rev e nger et
oL Us 4087541 Phey 3 Se7s b P Bt RN CRRL At cloni8h 5k
| - cycl opent anet0dbat 1R ¢i86- Mg mp2 &1y RSP 90 (repbl}, 2430 2HRR.Bas, 2HNgET3 et al .
US 4087544, X%%/Iﬁ 1978. 20 January 2005 WD 01/42191 PCTI US00130769 -62
EXAMPLE 24 S n?’sal t of 1-am nonethyl-I-cycl opentane-acetic acid was
previously reported in Satzinger et al. US 4087544, May 2, 1978. EXAMPLE 25
Sodi um salt of 1-(hydroxynethyl)cycl ohexane-acetic acid was 5 previously
reported in Satzinger et al. US 2960441, 1960. EXAMPLE 26 Synthesis of
1- |1§2 Met hy| EXAMIPOE n@1- MEoiBA,SRIA QYo Pd1R Xathiho A@RYIE3,3Wid ehPdicRABLIY | de
sa ;

acetic acid hydrochloride salt:

10

)\ °
NH YOH

HCI <
Example 21 was synthesized in accordance with the method of Example 9, except
acetone was used instead of propionaldehyde (50% yield).

15
MS: 242 (M+1 for Ci3H27N,0,); mp 206-207 °C; 'HNMR (CDs0D)50.53(dd, 1 H, J =
24.8, 12.5 Hz), 0.80-0.90 (m, 2 H), 0.99 (d, 6H, 1= 6.1 Hz), 1.35 (d. 6H. I = 6.6 Hz),
1.55-1.78 (m, 5H), 2.45 (s, 2H), 3.18 (s, 2 H), 3.41 (m, 1H).

20

EXAMPLE 22 1-Aminomethyl-1-cyclohexane-acetic acid was previously reported in

Satzinger et al. US 4087544, May 2, 1978.

EXAMPLE 23 1-Aminomethyl-1-cyclopentane-acetic acid was previously reported in

25 Satzinger et al. US 4087544, May 2, 1978.



Ha NH O N CH 10 A sol ution of (1 am nonet hyl - cycl ohexyl ) -acetic_acid
(Exanple 22, 2.0 g, 11.7 mol) in EtOH (100 nl) was t réhiaayany 2405
2- et hyl -butyral dehyde (4 nL, 35.1 mmol) and Pt02 (0.5 g), and shaken
under at .at rmsPhere of H2 (50 psi) for 2 h. The reaction was filtered, 15
treated wiYRM2PIHCI / Et 20 (12 nl), concentrated in vacudCTiS8EHI&9ed i n hot
i-Prd-1(10 nlL), diluted with acetone (600 nm.), cooled to 0 C, and
filtered to give 1.58 g (49% of desired product. Ms: 242.1 (MHl for
Cl4H27N102) np 162-163 C, Anal ysis %20 AH27NI 02. HCl) (Cal.) C 20 60.52,
H: 10.16, N EXAMPEI0wadKofiund Qak lof H- anlﬂo%@th M- ﬁzzlaﬁntankla% GEISW 6
0.95(t,3HJ:.Hz)102(d3, g 31 (m | H,
1.42-1.56 (mprdwolls]b')r ortéelﬁ]]Saiﬁl é[rﬁl lﬂSM&?S& (2de 2 H J=18.3 16.1
Hz) . 2.82 (dd. | M F =125, HZ) . 2. 99 155 81 W), 3,07 (dd, 2 H
J =25.6, 12.9 Hz) 25 20 January 2005 WO 01/ 42191 PCT/ US00/ 30769 -63
EXAMPLE 27 {1-[(4,4,4-Trilluoro-butyl am no)-nethyl]-cycl ohexyl) acetic
acid; hydro | t S od of
ydr ot ANiPEE 58! t SyifAsm Sy QFSffh gmxgnﬁﬁ@&&g@%ﬁn‘@ il NgiaTRhL

: Exarrpl e 26, except that 4-trifluorobu tsed I nstead o

2- met hyd but yral deh rtbd Rk H) a1 $y %(Ml for CL3H22N, 02F3); np:
163-164 C A%al yS|¥%OC13H22aNI%F?EaI é\@gogﬁ E X (Cal.) C 49.00, H 7.3 1,
N: 4.40 (found) C 48.60, H 7.29, N 4.19. "H NWR (CD30D) S 1.40-1.54 (m
11 H), 196204(m2H) 226-2.38 (m 2 H), 2.57 (s, 2H), 309313(m

4 H. WALI:VI?EE' 816 Eé)mdlesg' oqoﬁelu"wetl@f (i)lu%na X}ﬁo)—me -Lyclaﬁexyl}-acetlc

hydrochlorlde salt
acid; hydrochloride salt :

HCH
o
/\[/\NH YOH
‘\\\\

10
A solution of (1-aminomethyl-cyclohexyl)-acetic acid (Example 22, 2.0 g, 11.7 mmol) in
EtOH (100 mL) was treated with 2-methyl-butyraldehyde (4 mL, 35.1 mmol) and PtO,
(0.5 g), and shaken under at atmosphere of H; (50 psi) for 2 h. The reaction was filtered,
15 treated with 1 N HCVEt;O (12 mL), concentrated in vacuo, dissolved in hot i-PrOH (10

mL), diluted with acetone (600 mL), cooled to 0 °C, and filtered to give 1.58 g (49%) of
the desired product,

MS: 242.1 (M+1 for C14HzN,0,); mp 162-163 °C; Analysis (Cy4H,7N,0,.HC) (Cal.) C:

20 60.52, H: 10.16, N: 5.04 (found) C: 60.41, H: 10.26, N: 4.95. "H NMR (CD;0D) § 0.95
(t, 3H,1=7.3Hz), 1.02(d, 3 H, ] = 6.6 Hz), 1.20-1.31 (m. 1 H), 1.42-1.56 (m, 11 H),
1.81-1.89 (m, 1 H), 2.63 (dd, 2 H, ] = 18.3, 16.1 Hz), 2.82 (dd, 1 H, I = 12.5, 8.3 Hz),
2.99 (12.5, 6.1 Hz), 3.07 (dd, 2 H, J = 25.6, 12.9 Hz). |

25



" \NH CH 15 Exanpl e 28 was synthesized in accordance w th_the nethod of
Exanpl e 26, except that acetal dehyde was used instead % January2005

2-met hyl butyral dehyde (30%yield). 20 Ms: 200.1 (Ml for CL1H21IN, 02); np:
160- 166 C,__Analysis (C,,H2IN, Q2. HC1.) (Cal.) C 56.04, U 9.41, N 5.94
(f ound) CW%”@%”‘ H 9.36, N 5.79. 'H NWVR (CD30D) S 1. SCTUBIERIOM 13 H),
2.54-2.56 (m 2 H), 3.06-3.13 (m 4 H. EXAWPLE 29

{1-[ (Cycl opropyl met hyl - am no) - net hyl ]-cycl ohexyl)-acetic acid 20 January
2005 WD 01/42191 PCT/ US00/ 30769 -BF H CJ O ~T~ OH NH 5 Exanple 29 was
‘synt hesi zed iEXAMPQIE @NCefMfd B 4eniimb et 1 ShinsX ARRlyD-3Bloh&XBeRk it NRid;

cycl opropanecar boxal dehyde was used instead of 2-net hyI but yral dehyde (62%

yield). Ms r&MArufeosralt%@ gm\e@e)d lnrmcM?anée7w81tﬂ:1thmmﬁﬁ|§ Exam le 26,
(C13H23N, 2. HC1) (Cal.) C. - H 9.24, N 5 (found) C .72, H

9.15, N 5. 27 ,

1 05.1 30 (mexlke!fit !\JW ﬁll gﬁm}tb&ypalé&a_b 5aﬁa:r,lt(;)seéi rfhs,tgadl;'r) 231'1gtillyign§4‘alg ydg

 Hz), 3.10 (s, 1@%1) le]E)XAIVPLE 30 11-[(2- Hydroxy | - met hyl - et hyl am no) - net hyI]
- -cycl ohexyl } - acetl c 15 acid hydrochloride salt: HCI O HOH')-- OH 20

Exanpl e5 30 was synt hesized in accordance with the nmethod of Exanple 26,

except that | -hydroxy-2-propanone was used instead of

2- met hyl but y b 28R dMH1 66 yHl N d),F3)26pJ Bitody C2808ysis

(C13H22N, O2F 3. HCLO.05H,0) (Cal.) C: 49.00, H: 7.31, N: 4.40 (found) C: 48.60, H:
7.29, N: 4.19. 'TH NMR (CD;0D) & 1.40-1.54 (m, 11 H). 1.96-2.04 (m, 2 H). 2.26-2.38
(m, 2 H), 2.57 (s, 2H), 3.09-3.13 (m, 4 H).

10
EXAMPLE 28 (1-Ethylaminomethyl-cyclohexyl)-acetic acid hydrochloride salt
HCH
o}
N YOH
I5
Example 28 was synthesized in accordance with the method of Example 26, except that
acetaldehyde was used instead of 2-methylbutyraldehyde (30% yield).
20 MS: 200.1 (M+1 for C,{HzN,O;); mp: 160-166 °C; Analysis (C,1H2 N0, HCL) (Cal.)

C: 56.04, H: 9.41, N: 5.94 (found) C: 55.98, H: 9.36, N: 5.79. 'H NMR (CD;0D) § 1.31-
1.54 (m, 13 H), 2.54-2.56 (m, 2 H), 3.06-3.13 (m, 4 H).

EXAMPLE 29  {1-[(Cyclopropylmethyl-amino)-methyl]-cyclohexyl}-acetic acid

25 hydrochloride salt:



"HCJ ,-\NH O Exa

5 10 15 20 WD 01/42191 PCTI US00130769 -65- Ms: 230 (Ml for C12H23N103); np

164- 165. C, Anal ysis (CL12H23NI 3. HC1) (Cal.) C  54.23, K0Jdpnyay Q0S5 7
(found) C 54.23, H 9.01. NN 5.1 8 "HNW (CD30D) 6 1.30-1.32 (m 3 H),
1.44-1.55 (zn, 1014), 2.60 (s, 2H), 3.11 (m 2H), 3.28 (br., 2%), 3.37
(br., 1HWO@/4g13 61 (m | H), 3.78-3.81 (m 1 H). EXARFI/ES0830769
(1- (I sobutylam no-net hyl)-cyci ohexyl]-acetic acid hydrochloride salt: 7 HC
0O NH 11~4 OH Exanple 31 was synthesized in accordance with the nethod of
Exanpl e 26, except that cycl opropafécarboxal dehyde was used i nstead of
2-met hyl but yr al dehyde (35%yield). Ms: 228 (M+l for C13H25N1IQ2); np 175-176
C Analysis (CI3H2Z5NI2. HCl) (Cal.) C 59.19, H 9.93, N 5.51, (found) C
59.28, H 9.98, N 5.24."H NWR (CD30D) 6 1.03 (d, 6H, J = 6.9 Hz),
1.37-1.60 (m- | @), 2.10-2.17 (m | H), 2.63 (s, 21-1). 2.87 (d, 2H, J =
7.4 Hz), 3.07 (s, 21§). EXAWMPLE 32 (1-Propyl am nonet hyl -cycl ohexyl)-acetic
aci d hydroch ide~gal & 20 January 2005 WO 01/42191 PCT/ USOQ 30769 -66

| et 32 was synt hesized in accordance with the nmethod of
at* propi onal dehyde was used instead of

Exanpl e 26, except
2- met hyl but yr al dehy

5 Example 29 was synthesized in accordance with the method of Example 26, except that

cyclopropanecarboxaldehyde was used instead of 2-methylbutyraldehyde (62% yield).

MS: 226 (M+1 for C,3Hz3N,0,); mp 177-178 °C; Analysis (C3H23N,0,.HCI) (Cal.) C:
59.64, H: 9.24, N: 5.35 (found) C: 59.72, H: 9.15, N: 5.27."H NMR (CD;0D) & 0.50-0.56

10 (m, 2 H), 0.71-0.74 (m, 2H), 1.05-1.30 (m, 1H), 1.42-1.54 (m. 10H). 2.52 (s, 2H), 2.94
(d, 2H, } = 7.3 Hz), 3.10 (s, 2H).

EXAMPLE 30  {1-](2-Hydroxy-1-methyl-ethyiamino)}-methyl]-cyclehexyl}-acetic

15 acid hydrechloride salt:

HCI

20 Example 30 was synthesized in accordance with the method of Example 26, except that

1-hydroxy-2-propanone was used instead of 2-methylbutyraldehyde (60% yield).



5 MS: 214.1 (Mrl for C12H23N102); np: 174-177 C, Anal ysis VEP? 2H23N102 HC1)
(Cal.) C 57.70, H 9.69, N 5.61 (found) C 57.55, H 4Y Jppua;20 "'H
NVR (CD30CD) d 0.93 (t, I H J =6.3 Hz), 0.99-1.03 (m 4 H), 140154(m
13 H, 1.72-1.78 (m 2 H, 2.96- 3.29 (m 2 H). 10 EXAWMPLE 33

11- (| sopr oI Mo- net hyl ) - cycl ohexyl ) -acetic acid hydr FJEATERVHEIsal t: HC
NH O 11'1,~, OH 15 Exanple 33 was synthesized in accordance with the

nmet hod of Exanple 26, except that acetone was used instead of

2-met hyl butyral dehyde. 20 MS: 214. 1" W1 for CL2H23N102); np: 193- 194 c;
"1-1 NMR ( CD3gD . 205

3.38-3.42 (m |)23§(ﬂ4+29°r;cn%?]§' i%%’%%lﬂ%f%m gﬁjrﬁtfé%%cﬁgalz

EXAMPLE 34 (54@},01111(113&(?1 477 iomed) 16y 154 2§,31:GHE XYL 3.1 806 NMR ECDOMdr Hehbdr i de

sal t: OHci e d h the

mot hod of Exdpt B3 Exe b O ST R Aol GEcBsEdr frelith o

2- et hyl butyB&I?My(deleﬂ;&%M 8l @y, 1HYS: 254 (Ml for CL5H27NEQ2); np 198-199
~C Analysis (CL;H27TNNO-.HCl) (Cal.) C 62.12, H 9.74, N 4.83 (found) C

. 62. 18, il: 9.84. N 4.75."1-1 NWR (CD30D) S 1.20-1.60 (m 16 H), 1.63-1.76
(m 1H, 1.88 (br., 2H), 2.13 (br., 2H. 2.60 (m, 2H), 3.09 (m, 3H. 15

EXAMPLE 31 [1-(Isobutylamino-methyl)-cyclohexyl]-acetic acid hydrochloride

salt:

10

Example 31 was synthesized in accordance with the method of Example 26, except that
cyclopropanecarboxaldehyde was used instead of 2-methylbutyraldehyde (35% yield).
15
MS: 228 (M+1 fdr Ci3HasN02); mp 175-176 °C: Analysis (Cy3H2:N O, HCI) (Cal.) C:
59.19, H: 9.93, N: 3.51, (found) C: 59.28, H: 9.98, N: 5.24."H NMR (CD;0D) § 1.03 (d,
6H, J = 6.9 Hz), 1.37-1.60 (m. 10H), 2.10-2.17 {m. 1H), 2.63 (s, 2H). 2.87 (d.2H, } = 7.4
Hz), 3.07 (s, 2H).
20 '

EXAMPLE 32 (1-Propylaminomethyl-cyclohexyl)-acetic acid hydrochloride salt:



~dissolved in hot isgQ

EXAMPLE 35 [ 1-(Benzyl am no- nethyl) cyclohexylj-acetlc agid hzdrochlorlde
salt: HCl 20 20 January 2005 WO 01/42191 PCT/ US00/ 30769 n Pe 35 was
synt hesi zed in accordance with the nmethod of Exanple 26, except that

benzal dehyggomBgused i nstead of 2-nethyl butyral dehyde. PHEU&%Q@MQ (Ml for

C16H23N102) ; np: 125 135 C; "H NWR (CD3CD) S 1.38-1.49 (m 11 H), 2.55
(s, 2 H, 3.07 (s, 2 H, 4.23 (s, 2 H, 7.43-7.49 (m 5 H). EXANPLE 36.
((1R, 3R) - 3- Met hyl - | - propyl am nometggl-- cycl ohexyl ) -acetic aci d;

hydr ochl ori de sahk 10 NH ((1 R,
3R) - 1- Am nonet hyl'-"3- net hyl - cyel ohexyl ) -acetic acid; hydrochl oride salt
(Exanple 1, l;l/gf\A.Q ) was dissolved in ethanol (95 n3L) and treated
with I N NaOH (5 %ropionaldehyde (4.9 mM-) was added foll owed by 10%
Pd/C (0.5 g), and 15 th reacti on was shaken under an atnosphere of H2 (50
psi) for 15.75 h. Thedfeaction was filtered, 1 MHCL (20 nL) in ether was
added, and the solu was concentrated in vacuo. The residue was then
ganol (100 nlL), filtered, and concentrated in
vacuo. The residue was“then dissolved in |sopropanol (10 nL) and
recrystallized fromacetone. The solid was filtered and the filtrate was
cool ed overnight 20 to yield a second crop of crystals. The solids were
combi ned to EF@@M?ﬁ%“@%@Pﬂ@ﬂ”ﬂﬂbHﬁﬁﬂhnﬁﬂmﬁghﬁ”m38¢@f5mmﬂﬂ?%%eﬁmPNhﬂ f or
Cl 3H25N2) ;' PRpiomdide E@w@suﬁedﬁ@@é&’@f'ﬁm@t@}@mm &C) (Cal.) C 59.19, H
9.93, N 5.31; (found) C. 59.27, H 9. 97, 07. IR (KBr, cm1): 2929
(br), 25 1717, 1188. 'H NNR (CD3OD) S 0. 84- 1 03 (m 8H), 1.12-1.17 (m IH)
1.46-1.79 (my .30 4, = 2H). 20
Samoary 3008 \%05 Mﬂgﬁart‘?gﬂzﬁb‘h y, dipP 741727 #handiyFs @, 81500, 31@7 ()

C: 57.70, H: 9.69, N: 5.6 (found) C: 57.55, H: 9.77, N: 5.48. 'TH NMR (CD;0D) 5 0.93

(t, 1 H, J=6.3 Hz), 0.99-1.03 (m, 4 H), 1.40-1.54 (m, 13 H), 1.72-1.78 (m, 2 H), 2.96-
329 (m, 2 H).

10
EXAMPLE 33 [I-(Isopropylamino-methyl)-cyclohexyl}-acetic acid hydrochloride

salt:

HCI
/}\ °
NH },OH

&
S

.

15

Example 33 was synthesized in accordance with the method of Example 26, except that

acetone was used instead of 2-methylbutyraldehyde.

20 MS: 214.1 (M+] for C13Hz3N,0,); mp: 193-194 °C; '"H NMR (CD;OD) 6 1.29-1.57 (m,
18 H), 2.59 (s, 2 H), 3.07 (s, 2 H), 3.38-3.42 (m, 1 H).



-69 PCT/ US00/ 30769 EXAMPLE 37.

{1- (Cycl opcnt yl met hyl - anmi no) - met hyl ] - cycl ohexyl ) - acet i ¢ 28ci2@4am?@P3chl ori ¢
salt 5 NH (1- Am nonet hyl -cycl ohexyl)-acetic acid (3.0 17.5 nmol) was

di ssol ved wgoghignol (45 nL). Cycl opent anecar bal dehyde P%’El\ 3090€0) Was
added and the reaction was treated wth PtQ2 (0-25 g). The reacti on was

t hen shaken under an at nosphere of H2 (50 psi) for 16.5 h. The reaction
was filtered, INHCO (20 nL) in etheg7was added, and the reaction 10 was
concentrated in vacuo. The residue was recrystallized from hot isopropanol
and acet one BXAMBLE He (hExsloharylgmionmethylxycloheryhsmetic axid: hpdeochlofidel f or
CL5H27NC2) ; nmp 172-173 C;, Analysis (Cl151-177NQ2.HCl) (Cal.) C  62.16, 11:
'9.74, N 4.833aM{found) C. 61.92, H 9.88, N 4.86. IR (KBr, cm1): 2930,
2854, 15 2509, 1689, 1455, 1211. "H NWR (CD,0D) S 1.23-1.32 (m 2H)
1.41-1.73 (in, 16H), 1.90 (m | H), 2.63 (s, 2H). 3.01 (d, 2H, J =7.6
Hz), 3.09 (s, 21-1). EXAMPLE 38.

{I-J(Cycl ohexyl nmet hyl - am no) - met hyl j - cycl ohexyl ', -acetic acid; hydrochloric
salt 20 NH 2Q -'UﬁEy 2005 WD 01/42191 PCT/ US00130769 -70

(1- Am nonet h 0 sxyl)-acetic acid (3.0 g, 17.5 mmol ) was dissolved in
et hanol (45 “Al)- ‘3ffxanecarbaldehyde (5 m., 3 eq) were added and the

h
¢
reaction was treateg th Pt02 (0.25 g). The reaction was then shaken
under an atnospheredof H2 (50 psi) for 5 16.5 h. The reaction was filtered,
IN HO (20 nL) in etBer was added, and the reaction was concentrated in
vacuo. The residue fwa ecrystallized fromhot isopropanol and ether to

gi ve the desired pr (3.57 g, 67%. M. 268.1 (M+l for CLE6EH2INOR); np
167.5- 168 C; Anal ysi C, 6H79N02. HC1) (Cal.) C

Example 34 was synthesized in accordance with the method of Example 26, except that

10 cyclohexanone was used instead of 2-methylbutyraldehyde (48% yield).

MS: 254 (M+1 for C|5H37N102); mp 198-199 °(: Analysis (C|5Hg'}N]Og.HCI) (Ca]) C:
62.12, H: 9.74, N: 4.83 (found) C: 62.18, H: 9.84. N: 4.75."H NMR (CD:0DY 6 1.20-1.60

(m, 16 H), 1.63-1.76 (m, 1H), 1.88 (br., 2H), 2.13 (br., 2H). 2.60 (m., 2H). 3.09 (m.. 3H).
15 |

EXAMPLE 35 {1-(Benzylamino-methyl)-cyclohexyl}-acetic acid hydrochloride salt:

HCH

20



10 63.24, H 9.95, N 4.61; (found) C 63.14, H 10.01, N 4.45_|R (KBr,
cm'): 2926, 2851, 1718, 1684. 'H NVR (CD30D) 8 1.03 (m20r2apyary208%.1 g5
(m 201-1), 2.63 (s, 2H), 2.88 (d, 2H, J =6.8 Hz), 3.07 (s, 2H). EXAMPLE
39: [I-(t < ycar bonyl am no- met hyl ) - cycl ohexyl | -acetic acid. 15 0 O
"H~COzH Na.e‘;v f?‘?&b\trlnﬂ)r(\orret hyl - cycl ohexyl )-acetic acid (10.0 R T .’32?7%ml ) was
dissolved in THE (280 nl), and it was treated with 1 N NaCH (128.5 nl).
The reaction was cooled to 0 C and 26 14.0 g (1.1 eq) of

di -tert-butyl di carbonate were added portionwi se with vigorous stirring.
The reacti on Bxa®plel35ove avmileesized imaceordasomvitle heeretiiodroé Eamopls 26, rexeoperhai ght .

The THP was 1 | ayer was washed with ethyl
acetate (3x5(%)te lll.lrﬁeiigh ﬁ#%g}% g%egggsa%aﬂg%%%ﬂ%aﬂéﬁ?ﬁéﬁ%y? %/'ed with KH2PO4 (44 g) and

f oam was observed. Gradually the foamwas replaced with a white ppt. The

m xture was Skd.ry L2 [ f  KH (1 s_added slowy over
time. The pré%:%'p%ﬁ?‘gt(%ﬁ\}\é%r%m%ﬂgﬁ)ég W‘flggﬁs vésiﬁg\@%\/i(&ﬁ%ig?-ﬁﬂ-@)&mel d the
~desi reds produeti)(25 @ DH),96%s, 220), 2Rl ¥) 20057 44\Gh Bla#2191 PCTI US00/ 30769
-71 Ms: 272.1 (Mt1 for Cl4H25NO4); np: 181 C (dec); Analysis (C, 4H25NO4)

(Cal.) G 59.52, H 9.36, N 4.76; (found) C 59.5 H 9.03, N 4.87. IR
(KBr, cm): 3413, 3054, 2933 (br), 1709, 1666, 1531, 1248; 'H NVR (CDCI3) 5

1.27-1.58 ( 2,29 (8,.2 53.12 (d, 2H, J =6.8 Hz), 4.97 (br. 1
H) . EXANPLE%%T‘F%-LFA%@ ﬂ’iﬁ%‘ﬁgg'ﬁ’rﬁthvrlypr@wlaaﬂwt}yiwelohexyacchﬁo ARACOPH \ /
10 (1-Am nomﬁt hlyl - cycl ohexyl)-acetic acid (2.0 g, 11.7 mmol) was dissol ved
in H2O (20 yd ochloride salt

1w

NH
o
OH

10 s

((IR, 3R)-1-Aminomethyl-3-methyl-cyclohexyl)-acetic acid; hydrochloride salt
(Example 1, 1.1 g, 4.9 mmol) was dissolved in ethano! (95 mL) and treated with 1 N
NaOH (5 mL). Propionaldehyde (4.9 mL) was added followed by 10% Pd/C (0.5 g), and

15 the reaction was shaken under an atmosphere of Ha (50 psi) for 15.75 h. The reaction
was filtered, 1 M HC] (20 mL) in ether was added, and the solution was concentrated in
vacuo. The residue was then dissolved in hot isopropanol (100 mL), filtered, and
concentrated in vacuo. The residue was then dissolved in isopropanol (10 mL) and
recrystallized from acetone. The solid was filtered and the filtrate was cooled overnight

20 to yield a second crop of crystals. The solids were combined to give the desired product
(0.78 g, 66%).

MS: 228.1 (M+1 for C13HasNO,); mp: 179-179.5 °C; Analysis (Cy311,sNO5.HCI) (Cal.)
C: 59.19, H: 9.93, N: 5.31; (found) C: 59.27, H: 9.97, N: 5.07. IR (KBr, cm™"): 2029 (br),

25 1717, 1188. 'H NMR (CD;0D) 5 0.84-1.03 (m, 8H), 1.12-1.17 (m, 1H) 1.46-1.79 (m,
8H), 2.43 (s, 2H), 3.00 (t, 2H, 1 = 7.8 Hz) 3.22 (s, 2H).



m.), then NaCH (3.1 g, 77.5 mmol, 6.6 eq) and acetic angxﬂride && 8 niL,
19.3 mmol, 1.7 eq) were added. The reaction was all oned"t'8"&Y %% room
tenperature for 2 days. IN HC (125 nlL) was added and the reaction
extracted with Et OAc (125 nL). The organic |ayer was separated, dried over
Na2SO4, afd ¥BHStntrated in vacuo. The residue was 15 <SSV n 2o (100
rL), treated with NaOHH (0. 12 g), and concentrated in vacuo. The sanple
was then flash chromat ographed with 6% MO -1/ CH2Cl2 to give the desired
product (0.31 g, 12 %9. MS: 214.1 (M#1 C'H,9,NOL); np: 107-108C, Analysis
(C'H 9NOz) (EXWMELE 6B795 {H[CyclipcBtyhitethV1-atnibd)- 0 by ay cl6hexPl}-a9&icH: achd;03 N
6.54; TLC 0.31 6% MeOH CH, d,; IR (KBr,

cm')- 3286, 3avifroeIdeic sald401714, 1576, 1419. 1313, 1208. 'H NWVR (CDCLl.) 8 1. 25-
1.5 (m 10 H), 2.06 (s, 31-1), 2.28 (s, 2H); 3.26-3.29 (m 2H), 6.32 (br,
1 H). EXAMPLE 41: ((3R

5S) - 1- Cycl obut yl am nonet hyl - 3, 5-di met hyl - cycl oheryl)-acetic 25 acid;
hydrochl ori d alt 20 January 2005 WO 01/42191 PCTI USOQ 30769 -72 NH HC

" ((3R, 59)-1I- onet hyl - 3, 5-di net hyl - cycl ohexy))-acetic acid; hydrochoride
~salt (0.76 gf 3.®1imol) was dissolved in ethanol (45 nL) and treated with
IN NaCH (3.2 . 5 Cycl obutanone (I nL, 6 eq) was added foll owed by PtQ2

(0.2 g). The reacti @n was shaken under an atnosphere of 1-12 (50 psi) for
16 h. The reactio as then filtered, I N HC in ether (35 nL) was added,
and the reacti was concentrated in vacuo. The residue was dissolved in
hot 1 sopropano 150 m.) and filtered. Then acetone (100 nlL) and et her
(600 ) that had been cooled to O C were added to the solution. The
solution 10 was allowed to sit at O Cfor 2 h at which tinme crystals were
observed. The-Aiyshathgl-cyskhexytodcbeeicen s and 1 nasthad) whd dsseivbem dadolaset one

(0.38 g, 41 9. - 254. 1 for 5H27N02) ;. np 0-201 C, Anal ysis
( CE5HZ7NCR. I—‘i@t)} ‘fl/’séﬁﬂp?‘)ta%"af{’%@?]}‘fé? ‘SIJF’.CE@? eﬂlﬂ”afi\r).’ddﬂ‘? 8’3‘? tg% Fgeif e reged 09, H
9.72, N 4. 68th &B, (<8 g). Ok rdatcticdOR, theh £B&ken bidel 48 BtmospheN\R H, CEBER) 0P

0.48-0.57 (m_ | , 0.85-0.9 8 1.60-1.73 oH) ,
( 16.5h. |_’?he reaction was 1211ie(rgg, IN@CI (20 mL) 1n ether givreps add@i, and the reaction

10 was concentrated in vacuo. The residue was recrystallized from hot isopropanol and

acctone to give the desired product (2.32 g, 52%).

MS: 254.1 (M+1 for C,sHxyNO,); mp 172-173 °C; Analysis (C15HsNO2.HCI) (Cal.) C:
62.16, H: 9.74, N: 4.83; (found) C: 61.92, H: 9.88, N: 4.86. IR (KBr. cm’"): 2930, 2854,

15 2509, 1689, 1455, 1211. 'H NMR (CD;0D) & 1.23-1.32 (m. 2H). 1.41-1.73 (m. 16H).
1.90 (m. 1H), 2.63 (s. 2H), 3.01 (d. 2H, I = 7.6 Hz), 3.09 (s, 2H).

EXAMPLE 38. {1-](Cyclohexylmethyl-amino)-methyl]-cyclohexyl'-acetic aeid;
hydrochloric salt

20

HCI
NH



1.78-1.93 (m 2H), 2.22-2.38 (m 4H), 2.42 (s, 2H), 3. 11 ( 72-3.78
(m | H). EXAWPLE 42: {(3R 5S)-3,5-Dim JanuafYH)ZU%

et hyl -1'-J(2- net hyl - butyl ami no) -nmet hyl ] - cycl ohexyl }-acetic acid;

hydrochl orjde salt 20 CO2H HCl ( (3R

5S) - 1- Ani nOABYHIAL- 3, 5- di met hyl - cycl ohexyl ) - aceti ¢ aci d; PRYYPYCAE? | de sal t
(1.0 g, 4.4 mmol) was dissolved in ethanol (47 nlL) and treated with IN
NaOH (4.4 nL). |sobutyral dehyde (I , 3 eq) was added foll owed by P1Q2
(0.17 g). Reaction was 25 shaken under an at nosphere of H, (50 psi) for 3
h. The reaction was then filtered, IN HC (10 ni) in ether was added, and
the reaction s .concentrat ed KR yacus January. 2005 WO 01/42191
POr Uscry 30764 Apgnomeiyhsydobey &F%‘%’F\%&E lﬁgf"“i‘) ow&&a%? ip 8" (45 and
filtered. TheflL) CyspiceanadaldeRideds milN3 ¥@GHe aladd bRChY fhaldniweg deftéom
acetone and heﬁ.&s The crystals were co | ected and washed _wi th hexane to
yield the dedViddOpilyd® %:%)ree@mawa? thp shaken pndepapatmognigre of By (@IIEIJI@III\IOZ)

nmp 171-373 ClGAUﬁ'M%'r&cﬁ&l@mm H@@CI%%L)in@ther@gs fied aﬂd thépeaé‘i]tm
4.58; (found) C 62.59, H 10.43, gKBr cm1): br),

1721, 1485, wegeoncgumicd ipvagur Thpsopye Hasore@rsstei il fromp hquﬂOPf%aIB)iﬂlld 07 (m

12H), 1.23- %thglytogmetheth@slredlpr&éuc’[ 5772%(5'7@/) 1.83-1.91 (m | H), 2.50 (s,
2H), 2.83 (dd, I H, 00 (dd IN, J =6.1, 12.5 Hz),

3.13-3.29 (m 4H). 10 EXAWPLE 43: {(3R

5S) - 1- 1 ( 2-
et nyl - oy el Bhabs 1 (IR e c BB 17 TR Aot s HED ) £ 3
SS) - | - Mri només. MIH 39 %, ti w61 Hkund )@ 3hidxHt )a BlG &t Hasath (KBhyd pedus: 2gka, sal t

(N;oa ?21 3 rrL)‘mD gg4‘:@§}“§{'§§?‘§¢3§)§gr§ bogs %%q?'ﬁ ln{("‘l?%{%&;)ﬁ%gsz @i%téggf## leed by

P1C2 (0.15 gPH, ReaGtHAB.0BS, 2H).

EXAMPLE 39: {1-(tert-Butoxycarbonylamino-methyl)-cyclohexyl]-acetie acid;

15

)( i
o/]LN CO,H .
H Na.

(1-Aminomethyl-cyclohexyl)-acetic acid (10.0 g, 58.4 mmol) was dissolved in THF (280
mL), and it was treated with 1 N NaOH (128.5 mL). The reaction was cooled to 0 °C and
20 14.0 g (1.1 eq) of di-tert-butyldicarbonate were added portionwise with vigorous stirring.
The reaction was allowed to warm to room temperature and stir overnight. The THF was
then evaporated, and the aqueous layer was washed with ethyl acetate (3x50 mbL). The
aqueous layer was acidified with KH,PO, (44 g) and foam was observed. Gradually the
foam was replaced with a white ppt. The mixture was stirred for 2h while of KHQPO:; (1
25 g) was added slowly over time. The precipitate was filtered off and washed with water to

yield the desired product (15.2 g, 96%).



shaken under an atnosphere of 112 (50 psi) for 82 h. Pt 0.1 nd
-1- Hydr oxy- propan- 2-one was added (I nlL), and the react %rﬁgﬁ}é@%géen under

an H2 at nosphere for 20 another 24h. The reaction was then filtered, |IN HCl
in ether (@gogkhgmas added, and the reaction was concentrated in vacuo.
The resi due Was di ssol ved in hot isopropanol (150 niL) A5d¥MNP&ed. Then
it was concentrated in vacuo and recrystallized fromhot isopropanol,
acetone, and ether. The crystals were collected, washed with ether as well
as acetone, and dried. (0.30 g, 1.04 mmol, 24% 25 MsS: 258.1 (M+l for
Cl4H27N03); np 178-179 C, Analysis (Cl4H27NOG3.HClI) (Cal.) C 57.23, H
9.60, N 4.77; (found) C 56.77, H 9.39, N 4.45. IR (KBr, cm1): 3349,
2897, 1704, M21972.1YB#.1 foHCNNRNOGRGRE) 18 € dBcf). Andlybi(ClLHLNG)) 82219.G0 (m
8H), 1.25-1.32 20 January 2005 WO 01/42191 PCT/USQCQO 30769 -74- (m 4H),

1.60-1. 75 (m5%8d) H: B.367N( 476; 24dhnd)3:: 233, 50041 b, N: 48D 1R (1K), em3):3814.Mos4H)
3.58 (dd, | H, J = 12.0, 7.1 Hz), 3.791 dd, 111, J =120, 4.2 Hz) EXAMPLE

44: {(3R 53)29313_'(llir),(lapa‘1@6}@5%9%2’48‘??}@Nm@ﬁtgwc%gﬁjl]ﬁ&%m?z%igﬁ.tzm(é,QHE

cycl ohexyl }-acetic acid; hydrochl ofide salt -

59) - 1- Agi nomef twly- 9 5rdi I cl ohexyl)-acetic acid; hydrochloride salt
(1.0 g, 4.3 nnnqj was d?g%gﬁézg%}%gﬂthanol.(47 m.). dyoxal 1,1-dinethyl

acetal (3.7 nL, 3.0 10 eq) was added and the reaction was treated with Pt Q2
(0.17 g). The reaction was then shaken under an atnosphere of H2 (50 psi)

for 3 h. The ]f)@ﬁﬁltl"Lq{]éldNaﬁ lg{n?ndd-mlamyb'%gliongﬁ%{j‘:gt&%\%i’tp M) was added, and

Akl
the reaction was concentré#edyln vacuo: di ssol ved in hot

i sopr opanol (180 m.) and filtered. Then, the filtrate was concentrated,

and the residu@ was recrystallized from acetone and hexanes to give the
desired product NIB<(0C®2Hg, 75 9. MS: 288.1 (Mrl for CI5H29NO4); np 125 C
(dee): Analysis 't PYNO4. HCI) (Cal.) C

10 (1-Aminomethyl-cyclohexyl)-acetic acid (2.0 g, 11.7 mmol) was dissolved in H,Q {20
mL), then NaOH (3.1 g, 77.5 mmol. 6.6 ¢q) and acetic anhydride (1.8 mL, 19.3 mmol,
1.7 eq) were added. The reaction was allowed 1o stir at room temperature for 2 days. IN
HCI (125 mL) was added and the reaction extracted with EtOAc (125 mL). The organic
layer was separated, dried over Na,S0,, and concentrated in vacuo. The residue was

15 dissolved in H0 (100 mL), treated with NaOH (0.12 g), and concentrated in vacuo. The
sample was then flash chromatographed with 6% MeOH/ CH,Ch to give the desired
product (0.31 g, 12 %). |

MS: 214.1 (M+1 C, H,;NO,); mp: 107-108°C; Analysis (C,,H,,NO;) (cal) C: 61.95 H:
20 8.98 N: 6.57 (found) C: 61.96 H: 9.03 N: 6.54; TLC 0.31 6% MeOH/ CH,CL; IR (KBr,
-~ cm™'): 3286, 3120, 2932, 24401714, 1576, 1419, 1313, 1208. 'H NMR (CDCl,) & 1.25-
1.51 (m, 10 H), 2.06 (s, 3H), 2.28 (s, 2H), 3.26-3.29 (m, 2H), 6.32 (br, 1 H).

EXAMPLE 41: ((3R, 38)-1-Cyclobutylaminomethyl-3,5-dimethyl-cyclohexyl)-acetic

25 acid; hydrochloride salt



55.63, H 9.34, N 4.32; (found) C 55.29, H 9.48. N | R_( KBr.
cm1): 2949, 1715, 1457, 1191, 1134, 1077. 'H NI\/R(CDS@f) a'%‘a@’ﬁ )0.56 (m

1H), 081090(m 8H), 201591.71(m 5H), 2.46 (s, 2H), 3.18 (d, 2H

.1=5.1 3.29 (m 2H), 3.45-3.47 (m 6H), 4.73 (t, | H J =5.1
He) . XAV ﬁ%ﬁﬁ{(m 5S) - 1- beklusodofds

[ (Cycl opentyl net hyl - am no) - met hyl | - 3, 5-di met hyl - cycl ohexyl }-acetic acid;
hydrochl oride salt HCO2H 25 HCl ((3Ry,._

5S) - | - Ami nomet hyl - 3, 5- di met hyl - cycl ohéxyl )-acetic acid; hydrochloride salt
(1.0 g, 4.1 | ) was dissolved in ethanol (45 nl) and treated with IN
NaCH (4.2 ni). 2Q,January 2005 WO 01/42191 PCTI USOQ 30769 - 75-

Cycl opent anecarb 'I_idehyge HS'5 mL, 3 eq).were added foll owed by Pt02 (0.2
g). Reaction wad>$ n under an atnosphere of H2 (50 psi) for 12 h. The
reaction was th oMt ered, INHCO in ether (35 nL) were added, and the
reacti on was cofn twated in vacua. The residue was dissolved in hot

i sopropanol (150 nL) and filtered. Then the 5 solution was concentrated in
- vacua and recrystallized fromhot isopropanol, acetone, and ether. The

crystals wer e((ﬁtibISS)a&:#eminandhyl@sﬂqéidaev}jyl byohihaey)-aBte a8 Hh%chc{rf&eéz@t 627%
Anal ysi s CE?I—I31N02

(Gl yc o 33 T PSR i Bne! 7 i et N RRORG3Garine . 4, 34.

iR ( Kgr g 1c (r)n ]ggycloﬁﬁﬁﬁqnelﬂnﬂzﬂﬁq) Maaded%medluyl éﬂgibéll%o (72%'?3% rge%tgn%q 3951 S(9 gx
( 2 2H), 2. 2§g§‘(eg]§ ‘ma"‘ ?‘Pb"slg‘fr%g% égo @ﬁl—bft? hﬁlo]Tf(edeanIHwasﬁhw élt@ew_)\l, 3. 20
(s, 2H). EXAWRLED é6er (RS ;'HR) was added, and the reacllon was concentrated in vacu

55)-1- cl ohexyl met hyl - am -rret 1) 5-dineth ccoﬂexl acetic
aC|) d; Lilc?r/ ochf* b‘ﬁ‘/’ dqas dis "%@&‘Pfi "FQQFOP("%/‘Z%@;OB@))-&W ﬁﬂﬂ)ﬁ/ﬁi nﬁmmébne (100 l)r/nlj

-3, 5— di et hylan@ ¥ qb@XML] thade8bE& R6ledto @y(g&%gh@erd'tg%essgluhor(.ll'he solution

10 was allowed to sit at 0 °C for 2 h at which time crystals were observed. The crystals

were collected and washed with ether and acetone (0.38 g, 41%).

MS: 254.1 (M+1 for Cy5sH37NO0,); mp 200-201 °C; Analysis (C; sH27NO,. HCI) (Cal.) C:

62.16, 11: 9.74, N: 4.83; (found) C: 62.09, H: 9.72, N: 4.68. IR (KBr, em’'): 2926, 1720,
I5 1189. 'H NMR (CD;0D) & 0.48-0.57 (m, 1H}, 0.85-0.92 (m, 8H), 1.60-1.73 (m, 5H),

1.78-1.93 (i, 2ZH), 2.22-2.38 (m, 4H), 2.42 (s, 2H), 3.11 (s, 2H), 3.72-3.78 (m, 1H).

EXAMPLE  42: {3R,  58)-3,5-Dimethyl-1 -[(2-methyl-butylamine)-methyl)-

cyclohexyl}-acetic acid; hydrochloride salt

HCI
20 g
((3R, 5S)-1-Aminomethyl-3,5-dimethyl-cyclohexyl)-acetic acid; hydrochoride salt (1.0 g,
4.4 mmol) was dissolved in ethano} (47 mL) and treated with 1IN NaOH (4.4 mL).
Isobutyraldehyde (1 mL, 3 eq) was added followed by PtO, (0.17 g). Reaction was
25 shaken under an atmosphere of Hy (50 psi) for 3 h. The reaction was then filtered, IN

HCI (10 mL) in ether was added, and the reaction was concentrated in vacuo. The



g, 4.2 mmol) was. dissolved in ethanol (45 nL) and treat gg W th OH (4.3
m.). 20 Cycl ohexanecarbal dehyde (1.5 ni, 3 eq) were addéd#Ha% by Pt02
(0.15 g). Reaction was shaken under an atnosphere of H2 (50 psi) for 17 h.
The reaction was then filtered, INHCI in ether (35 nL) was added, and the
reacti on w¥O®dHtntrated in vacuo. The residue was di SBGVUNB3Y6 hot

i sopropanol (150 nm.) and filtered. Then the solution was concentrated in
vacuo and recrystallized from hot isqgpropanol, acetone. and et her. 25 The
~crystals were collected and washed wi’h ether and acetone. (.O.46 g, 34%

20 J 20R%idud\éa 3 ifw nirate
C, 8I—lggll<|?)r2§/ np f76 1%%%%%%?%}) S E ﬁéﬁ@%&mﬁﬁ@ed %PQSZ QMB %J %t 4

10.32, N 4. 23 vapyoopddserystalised gigm %eton@néélexme Ih@@ysmlszw(empl,lecma):d 2919

2851 1721, 145dned 498 heicks ML G0y o 8gB o) 11 1), 0,81 090 (m

"8H), 1.00- 1.36 (m 5 2.88 (d, 2H, J
= 6.8 Hz), 3.18 (s, 2H) 5 EXAMPLE 47: ((3R, 595)-1 Cyclohexyla mn o in

(SRS It A pe L NI e i R S A0 Rk T o e
]Si.: }\lag?' ?3 296282 Bl: Wﬁ#)NWa‘If ; fbes Cv 621549, Bl: @0.h3nal4. 24 3R 7K Br, ?glfll gzagg@?g \I/D\nlgg
(0.2°9)  React P 4ial eRIRn "BRGAR o st b o Peb F 50 086m 150r 27 h.

The reaction wes1then, m)l lasemz an6H§31 3301 916&:&161!4)(23@ (%@H)“@@» gddgg,) .and the
reacti on was con rated resi due was di'ssol ved i'n hot

i sopr opanol (&%dgrﬁ 3) %ﬂ‘b{dﬁr ]}thér e@l l?ﬁe}#){%@ 369 (miBh- was concentrated in

vacua apd recrystallized from hot isopropanol, acetone, and ether. The
crystals were__ collected and washed with et her and acetone. (0.33 g, 25%
VB: 282. 1 ( MEXAMPLE 7, &%NCAPBR, np 59 bl @ Hyslraxyy bimetindethyaniap)-wehy 3Gl L) C
64.23, 20 H 10.15, N 4.41; (found) C 63.89, H 9.98 N 4.33. IR (KBr,
cm 1): 2921, rimethykavsiohexgj-geeticieidsiydregonye ®10. 47-0.57 (m 1H), 0.82-0. 90
(m 8H), 1.30-1.46 (m 5H), 1.57-1.63 (m 2H). 1.69 (d, 4H, .1 = 12.9 Hz),
1.86 (d, 2H, Hd\j12.5 Hz) 2.134d, - 2H, J =

WS
ﬁ’b CO,H
e Thy

15 ((3R, 58)-1-Aminomethyl-3,5-dimethyl-cyclohexyl)-acetic acid; hydrochoride salt (1.0g,
4.3 mmol) was dissolved in ethanol (45 mL) and treated with 1N NaOH (4.3 mL). 1-
Hydroxy-propan-2-one (1 mL, 3 eq) was added followed by PtO; (0.15 g). Reaction was
shaken under an atmosphere of H; (50 psi) for 82 h. PtO, (0.1 g) and 1-Hydroxy-propan-
2-one was added (1 mL}), and the reaction was shaken under an H, atmosphere for

20 another 24h. The reaction was then filiered, 1N HCl in ether (35 mL) was added, and the

~ reaction was concentrated in vacuo. The residue was dissolved in hot isopropanol (150
mL) and filtered. Then it was concentrated in vacuo and recrystallized from hot
isopropanol, acetone, and ether. The crystals were collected, washed with ether as well
as acetone, and dried. (0.30 g, 1.04 mmol, 24%)

25

MS: 258.1 (M+1 for C4H27NO;); mp 178-179 °C; Analysis (C4H27NO;.HCI) (Cal.) C:
57.23, H: 9.60, N: 4.77; (found) C: 56.77, H: 9.39, N: 4.45. IR (KBr, cm™): 3349, 2897,
1704, 1419, 1194. "H NMR (CD;0D) § 0.48-0.57 (m, 1H), 0.82-0.90 (m, 8H), 1.25-1.32



10.3 Hz), 2.46 (s, 2H), 3.04-3.10 (mI| H, 3.21 (s, 2H) Jan 2005 WO
01/ 42191 PCT/ US00/ 30769 -77- EXAVPLE 48: 20Ja””ary%og
((3R,58)-1-Carboxynet hyl - 3, 5-di net hyl- cycl ohexyl )-acetic acid 48a Exam pi e
48 Step is S\énthesis of

(8R, | OS) Y28V Het hyl - 2, 4- di oxo- 3- aza- spi r ol 5. 51undeca®ETAS0050765
dicarbonitrile; amoniumsalt (48a): A solution of absolute ethanol (40

m,) was cooled to O C and saturated_with NH3 gas, then treated with

ci s-3.5-di net hyl - cycl ohexanone (5. 07‘b'. 39.62 mml ) and ethyl cyanoacetate
(8.43 nL, 79.@44mi1d0}1.75T(ae SHblzasrl(s\mg sippPeneds 5 alHpvwed (hoiMREER{ & r oom
terrperature and stirred. over precipitate was filtered, rinsed
with Et20 andtHri e]&%ﬂdéiz)vz‘a@}lﬂgﬂltlbjgll\?é) 620 g (59% of 10 the desired
product as a pale solid. I\/B. 260.1 (M1 for C14| 117N302); Anal ysis

( C14Hj 7N30- . NH3. 0. 88 HZO% Cal.% C. 57.55, H 7.51, N 19.17 (found) C
57.67, H 7. 45SANPLEM4 AR, RSY k2.2 Rimethoxzadn laming)methy |8, 5-dinrgiey)- 1575. * H

NMWR (CDE13) 3100180 8- 200¢ ot iocfnfRhy 17 (0 | 1 K, 165198 (m 3

15 H), 3.58(dd, 2l tep ii: Synthesis of Exanple 48:
(8S, 10R) -8, 160§/n{at hyl - 2 4 di oxo- 3- aza-

"spiro(5.5)undecgne-i -di\ onitri]Je (48a, 25.36 g, 97.8 mrbl) was treated
i
- with concentrated i

nl-) and water (30 ni). The reaction was
heated to 150 C for _ 2h; then allowed to cool to roomtenperature and
stir overnight. The'reaction was filtered and the solid was col | ected and
dissolved in 1 N NaOH This solution was filtered, then the filtrate was

i ed over ni SAF oA R e R s R e Aol n hot
i sopropanol €109 rmﬂu)l) ‘amﬁwsekyleq/mteaﬂaholz(eﬂnﬂn OoGIywadldrl-gimelhgli savgat 37 flesioed 25
pr Oducﬁ(} (13. 2&‘) Wis a%ded@nd thzeoreé] ?‘on way trea?e% 1\%182'/(041?7151 ‘The reaction was then

shaken under an atmosphere of H, (50 psi) for 3 h. The reaction was filtered, 1N HCl in

ether (10 mL) was added, and the reaction was concentrated in vacuo. The residue was

dissolved in hot 1sopropanoi (100 ml.) and filtered. Then, the filtrate was concentrated,

and the residue was recrystallized from acetone and hexanes to give the desired product
15 (0.92 g, 75 %).

MS: 288.1 (M+1 for CisH2oNOy); mp 125 °C (dec); Analysis (CisHagNO4 HCI) (Cal.) C:
55.63, H: 9.34, N: 4.32; (found) C: 55.29, H: 9.48, N: 4.18. IR (KBr, cm™): 2949, 1715,
1457, 1191, 1134, 1077. '"H NMR (CD;0D) 6 0.47-0.56 (m, 1H), 0.81-0.90 (m, 8H).

20 1.59-1.71 (m, SH), 2.46 (s, 2H), 3.18 (d. 2H, ] = 5.1 Hz). 3.26-3.29 (m, 2H), 3.45-3.47
{m, 6H),4.73 (t, IH, J=5.1 Hz).

EXAMPLE 45: {(3R, 55)-1-[(Cyclopentylmethyl-amino)-methyl]-3,5-dimethyl-
cyclohexyl}-acetic acid; hydrochloride salt

g
N ™C0o,H

25

(3R, 58)-1-Aminomethyl-3,5-dimethyl-cyclohexyl)-acetic acid; hydrochloride salt (1 0
g, 4.1 mmol) was dissolved in ethanol (45 mL) and treated with IN NaOH (4.2 mL).



PCTI USOQO' 30769 -78- Ms: 229.1 (M#-1 for C]2H2(04); Anal %SI S (C12H2004)
(Cal.) C 63.14, H 8.83; (found) C 63.36, H 8.92. | ROURRE¥arY2PPR 1):

2950, 2913, 1698. 'H NWMR (CD30D) 5 0.40-0.48 (m 111) 0.77-0.85 (m 8H)
1.57-1.77 (m 5H) 2.41 (s, 211), 2.56 (s, 2H). 5 EXAMPLE 49: trans-((3R
5S) - 1- HydraRyheaiply| - 3, 5- di et hyl - cycl ohexyl -acetic aci dcThiserased?l or i de
salt HR2C ~, --CO2H |, H Exanple 48 49a 111, iV 49b | V Exanple 49 49c
Step i & ii: Synthesis of

(cis/trans)-(7S, 9R) -7, 9- Di net hyl - 2- ox&--spi r o[ 4. 5] decan- 3- 10 one (49a):

(i). The di-agi 93 m.),
treated with @ggmroﬁ?%nﬁ%]%gﬁegﬁdﬁi S?DH?DA#BN gﬁ%@?@@?&ﬁq}y ra{@g 73 g, 27.9
mmol ), and st Repdignings sipgen mndmﬂr%masphcr@@ﬁﬁté@m@ﬁiruﬂé ’I‘ﬁhf}:actﬁmMasmnwas
filtered and i h H20, ri ed under
vacuum i n thetf-zkgl}cé’olf]\y ofrjiC{ I%V\DEﬁl g{% al?) \g‘%g %?dted r%ach(in Fofiih n%ef’g%}ﬁcg i | ver

di -salt, whi chawas Tbaresidedwmrﬂmsmvedl:rdtoe[syproﬁmm)(150’ hmsmd Me&edlehSﬁ{He (1.24
g, 2.8X% mmol Nl arrber ) and
i odine 25 0.72 )SO}V\@% ‘gif’%““f‘ﬁfge Ad hes g(ﬁecfyﬁl(a!}]ge%%8’{92ﬂph’is‘§ﬁ?pan h@Fe é'%:é’f‘ on was
filtered, conemﬂt rlak edrsialy weracilloctedadl wihalhwiioghaphestene 0o gl el uting

- with 4:1 hexanes/EtOAc to give 0.37 g (72% of the desired product as a
pale oil (49a). 20 January 2005 WD 01/42191 PCT/ USOQ 30769 -79

MS: 282.1 (M+! for Cy;H3 NO,); mp 187-188 °C; Analysis (C17H5 NO,.HCI) (Cal.) C
64.23, H: 10.15, N: 4.41; (found) C: 64.11, H: 10.04, N: 4.34. IR (KBr, cm™'): 2952,

10 1720, 1452, 1185. '"H NMR (CD;0D) & 0.48-0.57 (m, 1H), 0.81-0.90 (m, 8H), 1.25-1.32
(m, 2H) 1.60-1.71 (m, 9H), 1.89-1.93 (m, 2H), 2.25-2.29 (m, 1H), 2.49 (s, 2H), 3.01 (d,
2H, J = 7.6 Hz), 3.20 (s, 2H).

EXAMPLE 46: ({(3R, 58)-1-|(Cyclohexylmethyl-amino)-methyl}-3,5-dimethyl-
15 cyclohexyl}-acetic acid; hydrochloride salt

HCl

O/\ N C'“‘\COZH

((3R, 55)-1-Aminomethyl-3,5-dimethyl-cyclohexyl)-acetic acid; hydrochloride salt (1.0
g, 4.2 mmol) was dissolved in ethanol (45 mL) and treated with IN NaOH (4.3 mL).

20 Cyclohexanecarbaldehyde (1.5 mL, 3 eq) were added followed by PtO, (0.15 g).
Reaction was shaken under an atmosphere of H, (50 psi) for 17 h. The reaction was then
filtered, 1N HCI in ether (35 mL) was added, and the reaction was concentrated in vacuo.
The residue was dissolved in hot isopropanol (150 mL) and filtered. Then the solution
was concentrated in vacuo and recrystallized from hot isopropanol, acetone, and ether.

25 The crystals were collected and washed with ether and acetone. (0.46 g, 34%)



M5: 183.0 (M+l for C'H 802); Anal is (C'H1802. 0. 05H20) é C 72.13, H
9.96 (found) C 71.77, H 9.69; (KB crn-E) 3298, 2 ganuazsi?gos 1700,
1575, 1450, 1337. 'H NWR (CDClS 11 mxture of cis/trans di astereoners).
S 0.49-0. 11). 0.82-1.02 5 (m 10 H), 1.42-1.53 1.58-1.72
(m 3 H)E‘g%gﬂ%zéél] 1 H for one isoner). 2.39 (s, | H, F ?}'{Sﬁ%ﬁﬁ?h i soner
2), 3.96 (s, 1 H for one isoner), 4. 10 (s, I H for the other |sorrer).
Step iii: Synthesis of

(cis/trans)-N-Benz (3R 59)-1 -hydroxyrret hyl - 3, 5-di met hyl - 10

cyel ohexyl ) - a&B¥ gﬁ¥ aéw dbr GnbasNe), mpThe-1 Ao mal(yﬁgi(iC]sHuBE)zgi(ZI)d(C&B) anol )
was dissolved in THE (18 nml.), treated with benzylam ne (0.61 nm., 5.60
‘ol ). and he68.&¥ Hi .32eN: 42t doutdya:dahyss, HThe.36.gac4.09n IRGRBE agl Bd2d10, room
tenperature, diluted with EtQAc, washed with saturated sodi um bicar bonat e

sol ution and B33inNg21,debrd1en én NMR@;OD%\M&QBG@W 118t @@]Jgrg()\(ﬁycm} 15be
resi due was chromat ographed on silica gel eluting wt h 1 hexane/ Et OAc

to give 0.79 g36B6AMH)Of 60-ng1 dasinpd py | gay tyrne of cis
and trans isoners, 49)b and 49c) . fHa goggq)t mg@fzgr?CGBSI.IiIJH“%Ni gﬂzgg ﬂLﬁn oi l;

TLC. Si@, R 0.16 (2:1 hexane/Et OAC), Anal ysis (C KH27N102) (Cal.) C
74.70, H 9.40, N 4.84 (found) C 74.41, H 935 N. 20 4.57. Step iv:
Separ ati on of EXAMMANE 449¢3R, 4N i 9b and
49c) was separated by prgpari‘?ll\%ﬂﬁﬁ lgiClim%;8l§ecth M"?‘”%’ g&gﬁ{xﬁi)%‘ tFcad ent
of 60% CH3CN¢id;4R%e-ddRforfaRiatp M NUtes, then 45% CHSCN/ 55% H20 for 35
minutes, all 25 robile phases with 0.05% TFA) _ The trans-isoner (49b): RT
= 23.600 m n, ng yield. "H NWR (CDC13) 6 0.36-0.62 (m 3 H), 0.82 (d, 6
H,J:673Hz@39170(m5l—l) 2.14 (s, 2 H, 2.58 (br, I H, 3.60
(s, 2 Fl), 4. 2 H ’S'sz) 5.97 (br. I H, 7.26-7.37 (m 5 1-1).
30 20 January 200 P 019@%P191 PCT/ USQ(c) 130769 - 80 The cis-isonmer (49c):
yield. "HNWR (CDC13) 6 0.47-0.56 (m | H), 0.65
0.85 (d, 6 H J =6.3 Hz), 1.47-1.68 (m 5 H), 2.38

RT = 25.828 mn, 87
(t, 2 H J =13.2H
(s, 2 H,

10 ((3R, 58)-1-Aminomethyl-3,5-dimethyl-cyclohexyl)-acetic acid; hydrochloride salt (0.99
8, 4.2 mmol) was dissolved in ethanol (45 mL) and treated with 1N NaOH {4.2 mL).
Cyclohexanone (1.5 mL, 3 eq) was added followed by PtO, (0.2 g). Reaction was shaken
under an atmosphere of Hs (50 psi} for 17 h. The reaction was then filtered, IN HCl in
ether (35 mL) was added, and the reaction was concentrated in vacuo. The residue was

15 dissolved in hot isopropanol (150 mL) and filtered. Then the solution was concentrated
in vacuo and recrystallized from hot 1sopropanol, acetone, and ether. The crystals were

collected and washed with ether and acetone. (033 g, 25%)

MS: 282.1 (M+1 for C;7H;3;NO,); mp 210 °C; Analysis (C7H311NO2.HC) (Cal) C: 64.23,
20 H: 10.15, N: 4.41; (found) C: 63.89, H: 9.98, N: 4.33. IR (KBr, cm''):2921, 1691, 1452,
1216, 'H NMR (CD;0D) § 0.47-0.57 (m, 1H), 0.82-0.90 (m, 8H), 1.30-1.46 (m, 5H),
1.57-1.63 (m, 2H), 1.69 (d, 4H, ] = 12.9 Hz), 1.86 (d, 2H. } = 12.5 Hz) 2.13 (d, 2H, 1 =

10.3 Hz), 2.46 (s, 2H), 3.04-3.10 (m 1H), 3.21 (s, 2H).



2.58 (br, I H, 3.40 (s, 2 H, 4.45 (d, 2 H J =5.9 Hzﬁ 6. 03£ I H),
7.28-7.36 (m 5 H. 5 Step v: The synthesis of Exanple Q Q%S i soner
of N-Benzyl -2-(1- hydroxynet hyl -cycl ohexyl ) -acetam de (49b, 87 ng, 0.303
mol ) was mﬁﬁﬂz om HPLC, dissolved in 5 nL of water, and treated with 24
ng of NaCOH Peaction was heated to reflux for 3 d. Femustse7ems cool ed
to roomtenperature, diluted with I N NaOH, and extracted with Et OAc. The
aqueous | ayer was acidified with conz. HC (5 nL), and then 10 diluted with
I N HCl, and the product was extract d-with Et OAc. The organi c | ayer was
washed with bEKAMPBIGH 481 (3SSMBCaMNAR Sk iThe. goncentrated to
yield 23 ng (61 % of the de};l red prﬁc?g'uty:t gmm% 8I(lk/i\y?%fd(:)E(r')':e 3?—&(0) "H
NI\/R(CDBCD)8048057(mIH),088100m 5 8H), 140149(m2H),
1.68-1.70 (m 3H), 2.28 (s, 4. 1¢ (s, 2 RhE 50: cis-((3R
SS) - 1- Hydr oxynet Y1 - 3, 5- di met hyl - ¢ cIohexyP ceti ¢”aci d; hydr ochl ori de
~salt HO O CO2H 2QU The ci s i soper, of N-. Benzyl »
-hydroxynethyl hex»yl) aCet de~{ ¢ 9T, 87

’ 0.303 mml ) was taken
er,y € d with 24 ng of NaOH The
37d, t’hen-too ed to room t enper at ur e,
diluted with I N NaCOH, and extramaed vm'th Et e aqueous | ayer was
acidified with 20 January 2005 WO 01/42191 P U 30769 -81-
concentrated HC1 (5 nlL), and then diluted with I N HCl, and the product was

extracted wiStép :ESﬁﬁdmsﬂJﬁE(Sllngaps ¢0-Daiahy MBS YRS Res). Log..and, dried
over Luti on was Cﬁncent ra{e to yiel 3\%3&]3’753{]'('?? d t he

S
desi rglgg producctaeb(gI > AR onruEgatt (48a9:0 4 selptippofybeglute: emaqummm) 6
0.48-0.57 ( meodl (D’CBﬁIdQ ok i & a ith ¢i8=3.5 A dime 1.69 (m 3
o s 2(11)0 é:);?t& & at .te(dmzt}ﬁwl %l tﬁ%tile R Wil i g R ( H.
et hyl ani norrefwr eé%}}?fl%fr?e%ﬁﬁ Sganol angeittd cmdam@mm @B ael, yah mihol CABE HC

flask was stoppered, allowed to warm to room temperature, and stirred overnight. The

precipitate was filtered, rinsed with Et,0 and dried under vacuum to give 6.04 g (59%) of
10 the desired product as a pale solid.

MS: 260.1 (M-+1 for C14H17N30,); Analysis (C1aH)7N302.NH;.0.88 H,0) (Cal) C: 57.55

H: 751, N: 19.17 {found) C: 57.67, H: 7.45, N: 19.06; IR (KBr, cm'') 3298, 2954, 21 72,

1700, 1575. 'H NMR (CDCl3) 8 0.46-0.50 (m, 1 H), 0.82-1.17 (m. 1] H). 1.65-1.98 (m. 3
15 H), 3.58 (dd, 2 H, ] = 13.9, 6.8 Hz).

£

Step ii: Synthesis of Example 48: (85, 10R)-8,10-Dimethyl-2,4-dioxo-3-aza-
spiro[5.5Jundecane-1,5-dicarbonitrile (48a, 25.36 g, 97.8 mmol) was treated with
concentrated HSO;4 (102 mL) and water (30 mL). The reaction was heated to 150 °C for

20 3 h; then allowed to cool to room temperature and stir overnight. The reaction was
filtered and the solid was collected and dissolved in 1 N NaOH. This solution was
filtered, then the filtrate was acidified with concentrated HCI (40 mL). The precipitate
was collected and dried overnight under high vacuum. The compound was then

dissolved in hot isopropanol (100 mL) and recrystallized from water yleldmg, 7 the desired
25 product (13.21 g, 59%).



10 (1- Am nonet hyl - cycl ohexyl) acetic acid (0.51 g, 3.0 nmol) was di ssol ved
in ethanol, and formal dehyde (3 nm., 2 eq) was added. 1@%’96'7‘@/?9 % g) was
added and the reaction was shaken at room tenperature under a hydrogen

at nospher ew@f01498@; Torr for 12 h. Then the reaction was treated with HCL
until the pH was about 2, and it was recrystallized froffi4AC¥YHE and et her
to give 1.62 g (87% of the desired product. 15 Ms: 200.1 (M1l for

Cl, HRENO2) ; np: 140-142C, Analysis (GL1H 71N02. HC1) (Cal.) C. 54.99, H
9.44 N 5.83; (found) C 54.90, H 9.36, N. 6.22. '"H NWR (CD, QD) S 1.42-
1.59 (m 10H) MS 2831 (M1 S04)C1o1208; AmalysBHI, B BB 2O: €304, BHE 33 2@uEXMPLE

52: (1-Butyla t ohex Ci drochl oride salt CO2H

"G 90 aamar 3008 o BRES 1Y bR Ry 85 L NS B 0D 04603

(1- Ani nonet hy EHE Yci7ehes)m, $H) 1 acatirqmasiiph 4 0¢s88Hg? 55021yl ) was di ssol ved
¥02.4 D810 fyo

in ethanol (100 nL), then Pd/C (10% O.86 g) and butyral dehyde (1.44 g, 3
eq) were added. The reaction was placed under 760 Torr of hydrogen at room

t enperature upti,l eact i s _conplete. It was then filtered,
acidifi eslc; angklé%%gﬁ 'a‘(‘é’ﬁ (?ih\égﬂéﬁydﬁ@‘%hﬂ -Sefi- élwlhiédyqltrhemsﬁmebpanol
filtered, anclr ClTyMiﬂ”I ed fromacetone and ether to yield the final
product . forfigisalt1 3HPSNCR) : np:  142- 154C; Anal ysi s

(C13H25N02.H01) (Cal ) C 59.19, H 9.93, N. 5.31; (found) C. 58.85, H:

9.86, N. 5.05. "11 NWR (CD30OD) 5 0.98 (t, 10 3H, J Hz), 1.39- 4 (m
12H), 1.66-1.72 (m 2H), 2.57 (s, , 3.01 (tg 93 (Hz),th(s
2H) . EXAMPLE 53: {1-12,2-Dineth y et hyI amH \N/et yl -cycIHQhe yl tic

acid: 15 hydioHIdei deladial t  HI

“gy .,,”

f,’

w

Example 48 49a 49b 49¢

Example 49

Step i & ii: Synthesis of (cis/trans)-{7S,9R)-7,9—Dimethyl-2-oxa—spir0|4.5]decan-3-
10 one (49a):
(D). The di-acid (48, 6.36 g, 27.9 mmol) was suspended in H,O (93 mL), treated with
ammonium hydroxide (3.5 mL) and silver nitrate (4.73 g, 27.9 mmol), and stirred for 20
minutes at room temperature. The reaction was filtered and the solid re-slurried three
times with H,0, then dried under vacuum in the dark for two days at 50 °C to give 6.41 g
15 of the silver di-salt, which was carried on mmmediately. (ii). The silver di-salt (1.24 g,
2.81 mmol) was placed in an amber flask, treated with CCl, (50 mL) and iodine (0.72 g,
2.81 mmol), and heated to 75 °C overnight. The reaction was fi ltered, concentrated in
vacuo, and chromatographed on silica gel eluting with 4:1 hexanes/EtOAc to gwe 037¢
(72%) of the desired product as a pale oil {(49a),



(1- Am ndrret hyl - cycl ohexyl )-acetic acid (2.0 g, 11.7 mmol ) was dissolved in
ethanol~ (100 mL). dyoxal 1,1-dinethyl acetal (3.7 ni, 288 added
and the reaction was 20 treated with Pt02 (0.5 g). The reaction was then

shaken und frosphere of H2 (50 psi) for 4 h. The n was
filtered, wﬁ@@fﬁln ether (15 nL) was added, and the re('cﬁ? %

concentrated in vacuo. The residue was recrystal lized from hot |sopropanol
(25 mL) and acetone (700 nil) to gi vg 0.44 g (52% of the desired product.
20 January 2005 WD 01/42191 PCT/ USO ?30769 -83 Ms: 260.1 (I\/Hrl for

C13H25NO4) rrp 128-129 C; Analysis (Cl131-32SN02. HC1) (Cal.) C 52.79, H

8.86, N: 1 9 926
1693, 1457 12 I%Q%J”Fﬁ?‘w%&bgﬁﬂfyb %(i"gﬁoiog’él*(éﬁc%’gﬁ 723% )?%

3.13 (s. 2H (foid1 T: TH77,149.69; FR(KEE drir )),3288,4554, 2170 Hy00, 457‘621450 1337HH J =
ﬁyérgf;% Wdeﬁfﬂ{’h’@lc@ %Q an (‘fs t@%a&t@%ﬁ%@r@f%ﬁ AT osoflz 1.02

(Benzyl -sret hytm,armH)o) 4mt5tayrh)2 H?’Q'S‘Zhﬁm’dm 3}@0230& ?‘FI' fhr ohé/féér%ﬁﬂzofg'@% sal t
" 10 (Exanple 55, 4. : %3 was di ssol’'ved in 95% et hanol (250 'mL) .
10% Pd/ C (1 g)* f%g’eé’gﬁéﬁmﬁ?f@){% sehbt f%ﬁ“%&é‘“@hél&@tﬁs At forghs etberper at ur e
under a hydr ogeger).at nosphere of 760 Torr for 1 h. The reaction was filtered
and concentrated, then recrystallized fromacetone and ether to yield 2.69
g (92% of deswed product. 15 Ms: 186.0 (MH for Cpf1Hp9NDR); np:
158-162C, Analysis (COH ONO2. HCl) (Cal.) C 53.09, H 9.13, N 6.19;
(found) C 53Steniii:|§ynthegigof (xis/tEmakN-BanzrR (FRISSP Dhy $rokys2thy k3 54tiipthyl- OH) |

2. 50-2.193 (mcy%mex#)»géfagnﬂe {4@%11?"%) ‘?fh Pietd %&9&”@ 8 @4 Gédgmﬁ?ANPLE 55

{1-1(Benzyl - -am no) - cyclo exy acet'icacl dfochl ori de
salt N C(c) 2|.4hs e<|l-|@| TIQ]E)( 1$aniairgatioPs benzylamine (0.61 mL, 5.60 mmol), and heated

to reflux for two days. The reaction was cooled to room temperature, diluted with

EtOAc, washed with saturated sodium bicarbonate solution and brine, dried over Na:SQ,.

and concentrated in vacuo. The residue was chromatographed on silica gel eluting with
15 1:1 hexane/EtOAc to give 0.79 g (59%) of the desired product as a clear oil (mixture of

cis and trans isomers, 49b and 49¢).

MS: 290.1 (M+1 for CisH2;N05): an oil; TLC: $i0s, R;0.16 (2:1 hexane/E1OAc);
Analysis (CysH2N,02) (Cal.) C: 74.70, H: 9.40, N: 4.84 (found) C: 74.41. H: 9.35. N:
20 4.57.

Step iv: Separation of 49b and 49¢: The mixture of cis- and trans-isomers (49b and

49¢) was scparated by preparative HPLC (C18 column eluting with a gradient of 60%

CH3CN / 40% H,O for 5 minutes, then 45% CH;CN / 55% H,0 for 35 minutes, all
25 mobile phases with 0.05% TFA).

The trans-isomer (49b): RT = 23.600 min, 54 mg vield. '"H NMR (CDCl;) 6 0.36-0.62
(m. 3 H), 0.82(d, 6 H, J = 6.3 Hz), 1.39-1.70 (m, 5 H), 2.14 (s, 2 H), 2.58 (br. 1 H), 3.60
(s,2H),4.43(d,2H,J = 5.9 Hz), 5.97 (br, 1 H), 7.26-7.37 (m, 5 H).

30



WO 01/42191 PC [ USOCO 30769 -84 [1-(Benzy|anino-nethy|) clohex q){iﬁnacetlc
acid; hydrochloride salt (0.49 g, 1.7 mol) was dissol 63”4?“é¥ (45
m.) and treated with IN NaOH (1.8 nL). Fornal dehyde (1 nL, 5 eq) was added
and the reaction was treated with Pt02 (0.2 g). The reaction was 5 then
shaken und¥®omg21%t nosphere of H2 (50 psi) for 30 h. Therpceasdononswas
filtered, IN HC in ether (10 rnL) was added, and the reaction was
concentrated in vacuo. To give 0.31 g (1.14 mmol, 67% of the desired
product. Ms: 274.1 (M1 for C'H, SNOBC- an oil; IR KBr, cm''): 3205, 2930,

ey i B BT S R ﬁﬁlﬂ%l%l%éwé%&#@‘ﬂ? 7467 G308 oty
L pomat ) SRR B+ 102 HOED.E5 18, 6 M ISR AL 47:1.68 (m, S, passeom,
L am orme! ¥l a¥eh el & 2B A {35810 s i TS, Lasiass et e

reaction was treated 20 with 10% Pd/ C (0 5 g). The reaction was then shaken
under an atnosphere of H2 (50 psi) for 3 h. The reaction was filtered, IN

~HCQ i n gther s¢e0 vil) THASyRE6@d of ANGhnt dlh@ 49€aCTeO Rans VRS e PRFENHEAL RS- (1 D
vacuo. The residue was recrystallized from hot isopropanol and ether to

0. 15 et . 276
%|1\7/525N02) ) ?}‘%‘*‘%’é’%@” 3 &cmfgg Ese?éin ?%?@HH% %ng?) cg %&Mh]fr(%ﬁﬁghC

8.46, N 4. 43 o e - 2855,
8.0 N o ?45&5%21;—113%%&%1]% Ngﬁadtéétéﬁhzw %f%ogi %&@%&&59%%%% e

3.01- 3.06 (F@ﬂug h%r 3 % 1]4181(1 So wgsl_gooleﬁ tF‘?’(_}ég‘n gx%nopfg}mmr% '?91]’(11(% \31?11 Y%N(a&-l %Eftll_g

EXAMPLE 56: J1-(Phenet hyl am no-neth -acetic acl d;

hydrochl ori deggs@leh w2 El@REaTY. 20s I%Qr ngfg ﬁ%ge]d N g&&%?%?@@ﬁ ihen

10 diluted with T N HCI, and the product was extracted with EtOAc. The organic layer was
washed with brine and dried over Na,SOy. The solution was concentrated to yield 23 mg

(619%} of the desired product.

MS: 201 (M+1 for C;,Hz0;); "H NMR (CD;OD) & 0.48-0.57 (m. 1 H), 0.88-1.00 (m,
15 8H), 1.40-1.49 (m, 2H), 1.68-1.70 (m, 3H), 2.28 (s, 2H), 4.11 (s, 2H).

EXAMPLE 50: cis-((3R, 58)-1-Hydroxymethyl-3,5-dimethyl-cyelohexyl-acetic acid;

hydrochloride salt

HO" ., f CO,H
W ety

The cis isomer of N-Benzyl-2-(1-hydroxymethyl-cyclohexyl)-acetamide (49¢, 87 mg,

20

0.303 mmol) was taken from HPLC, dissolved in 5 mL of water, and treated with 24 mg
of NaOH. The reaction was heated to reflux for 3 d, then cooled to room temperature,

diluted with 1 N NaOH, and extracted with EtOAc. The aqueous layer was acidified with



EXAMPLE 57: 11-[(3-Phenyl -propyl am no)-nethyl ]-cycl ohexyl}-acetic acid,
hydrochl oride salt 5 FIN CO2H HCl (|- Ani nonet hyl - cycl ohc—?ﬁyga}“-‘aﬂ@??% aci d
(2.00 g, 11.7 mmol) was dissolved in ethanol (100 ni).

3- Phenyl - pweRi 2§ dehyde (4.6 nL. 3 eq) were added and tJ&g'nfs 623&26 on was
treated with 10% Pd/C (0.5 g). The reaction was then shaken™u ¥ an

at nosphere of H2 10 (50 psi) for 3 h. The reaction was filtered, IN HCL (20
m.) in ether was added, and the reagjion was concentrated in vacuo. The
residue was recrystallized from hot isopropanol and ether to give 0.46 g
(12% of the eresinigigd didddel). e thaodluied(with 1 NodCICagHRZ NE@pst wip editBeli6d C;
Anal ysi's (G 8H27N02. HC1) (Cal.) C 15 66.34, H 8.66, N 4.40; (found) C
66. 48, H. 8. 6%ith {tOAc.1 Ahe [orzapkBryer ovas Washe@dO8ith baBS41d dG6oved HBAH0,120h6. ' H
NVR (CD3CD) S 1.38-1.58 (m IOH), 2.00-2.04 (m 2H), 2.56 (s, 2H), 2.71
(t, 2H, J = 7sobitiepwa3 c@ieBradd t¢ wicld)me 71 2) oF B4 désined Pidpinct20 EXAMPLE 58:
((3R, 5S)-1-Hydroxynethyl -3, 5-di net hyl -cycl ohexyl)-acetic acid; sodium
salt HO ' s CO2H Na (7S, 9R) -7, 9-Di net hyl - 2- oxa- spi r o[ 4. 5] decan- 3- one
(49a, 1.04 g, 5.71 mmol) was 25 dissolved in water (25 nL) and treated with

NaOH (255 g).MShoirkeadt] r Oy@s,boatietiMo(@8,0lmiany.03905, Ym,@ldséb?d@ﬁln,
PCT/ USOQ' 30769 -86- reflux (115C) for 4h. The solution was then cooled to

room t enper ataHel 4nasoest, iy, 50020, amfobhes agyeauss layer was concentrated
in vacuo to give a solid (8 g). The residue was washed with IN acetic

acid, and it was extracted with ElI OAc. which was then concentrated. The
resi due was then recrystallized fromEtOH MOH and hexanes to 5 yield

0.75 g (3. 75 pNAMPLESS: {1-Dimethylaminomethyl-cyclohexyl)-acetic acid; hydrochloride salt

~

}',” CO,H
HCI

10 (1-Aminomethyl-cyclohexyl)-acetic acid (0.51 g, 3.0 mmol) was dissolved in ethanol,
and formaldehyde (3 mL, 2 eq) was added. 10% Pd/C (1.6 2) was added and the reaction
was shaken at room temperature under a hydrogen atmosphere of 760 Torr for 12 h.
Then the reaction was treated with HCI until the pH was about 2, and it was recrystallized

from acetone and ether to give 1.62 g (87%) of the desired product.

15
MS: 200.1 (M+1 for CyHzNO»); mp: 140-142°C; Analysis (C))Hz)NO,.HC (Cal.) C:
54.99, H: 9.44 N: 5.83; (found) C: 54.90, H: 9.36, N: 6.22. '"H NMR (CD;0D) & 1.42-
1.59 (m, 10H}, 2.63 (s, 2H), 2.96 (s, 6H), 3.26-3.29 (m. 2H).

20 EXAMPLE 52: (1-Buiylaminomethyl-cyclohexyl)-acetic acid; hydrochloride salt

/\/\

N COyH
HCI



MB: 199.0 (M| for Cl1H2Q03); HRME: (calc) 199. 1334 (found) 199. 1333 (MJ
for C'H2(c)03): nmp >250 C, IR (KBr, cm-1): 2953, 291020 dampary 20896, 1458,
1168, 1012. 10 EXAMPLE 59: ((3R,

SS)-1-Eth ' t hyl - 3, 5-di met hyl - cycl obexyl ) -acetic a rochl ori de
oot 1 BRI (R oo
5S) -1 - Am nonet hyl - 3, 5- di net hyl - cycl ohexyl )-acetic acid; hydrochloride salt
(59a, 0.418 g, 1.8 mmol, Conpound 5ga was prepared according to the
‘literature procedure: Bryans, J. Bioorganic & Medicinal Chemstry Letters,
1997, 7(19), (248tinpmedhs!-dickbolyVedetid mik{hdhal 504nmol)) wandssolveatiedihahdih | N
NaOH (1.8 nL). Acetal dehyde (0.5 nL, 3 eq) was added and the reaction was
treated with (PO@&RL)0h2r BY/C (Tohs, 6.8} hranhwasidtings (5halken eQOvdtndededaThe
at nosphere of H2 (50 psi) for 3 h. The reaction was filtered, INHC (2 i)
in ether waseatidetas phded heler BECToroBf WaBogANE eftint &hperalufe MAT W reddiRn
resi due was dissolved in hot isopropanol (100 m-) and filtered. Hexanes
(100 ni) was vagdeghpl@e.t Mg vidsl hemiferdd, &idifed, 2 dRBenhRE] PTRALSIAWESyas
~collected to give 31 ng (0.14 mmol, 8% of the desired product. 25 M5:

228. 1 (b1 f dliss6H-SHRsiNGHIpand fikEdd, :lf.lﬁ@r ﬂs{aﬁlz@gﬁrom £8ofd an2Sh4 t& l?fe)d lh%502
1685, 1459, 1223. Analysis (Cl3H2; NO .) C 56.60. H

5.11; (found)fin®d pro®ft 60, H 9.85, N 4.77. 'H NVMR (CD30D) S 0.47- 0 56 (m
1H), 0.78-0.89 (n1 8H), 1.30- 1.36 (m 3H), 1.61-1.79 (m 5H), 2.58 (s,

2H), 2.99-3.10 (m 4H). 30 20 January 2005 WD 01/42191. -87 PCT/US00/ 30" 169
EXAMPLE 60: (1 -Amn omethyl-4-ethyl-cycl ohexyl)-acetic acid,

hydrochlori ¢ gl dogGi d&Nor C;yH5NOL); mp: 142-154°C; Analysis (Cr3H>sNO,.HCI) (Cal) C:
59.19, H: 9.93, N: 5.31; (found) C: 58.85, H: 9.86, N: 5.05. 'H NMR (CD;0D) & 0.98 (t,
10 3H, J = 7.3 Hz), 1.39-1.54 (m, 12H), 1.66-1.72 (m, 2H), 2.57 (s, 2H), 3.01 (1, 211, ] = 9.3

Hz), 3.09 (s, 2H).

EXAMPLE 353: {1-]2,2-Dimethoxy-ethylamino)-methyl}-cyclohexyl}-acetic acid;

15 hydrochloride sait

HN CO,H HCI
ol |
/o
7

(1-Aminomethyl-cyclohexyl)-acetic acid (2.0 g, 11.7 mmol) was dissolved in ethanol
(100 mL). Glyoxal 1,1-dimethyl acetal (3.7 mL, 3 eq) were added and the reaction was
20 treated with PtO;_ (0.5 g). The reaction was then shaken under an atmosphere of H, (50
psi) for 4 h. The reaction was filtered, 1N HCI in ether (15 mL) was added, and the
reaction was concentrated in vacuo. The residue was recrystallized from hot isopropanol

(25 mL) and acetone (700 mL) to give 0.44 g (52%) of the desired product.



NC NC j (60a) (60b) O Co2El FIN | (60c) (60d) (v) Exa Ie 60 5 St ep IS
Synt hesi s of t - Cyano- (4- et hyl - cycl ohexyl i dene) - acetic acPdJatyaRy 2
(60a): 4-Ethylcycl ohexanone (13.0 g, 103.0 mmol) was dissolved in toI uene

(150 ni), ? eated wi th ammonium acetate (0.79 g, gI aci al
acetic acid 1:(42?1 and ethyl cyanoacetate (11.65 QQEW # The

reacti on was heated to reflux for 56 h with a Dean-Stark trap; then it was
‘cool ed room tenperature and washed 3th H20 10 (2x | OOr). The aqueous

I ayer was backwashed with tol uene (2x 150m.). The organic |ayers were
conbi ned and Mp:i280. loMer] NaZHE4;N@mdnp 0REETE t@tAadhisk (CaEWM0, HE) (@8)due was
chromat ographed on silica gel eluting with 5:1 hexanes/ethyl acetate to
give 19.81 g 520878 sa¥, Nhel. desfotal) @r sl tH.a800 36l ear. vielikew @il 668a) . 15
MS: 222.1 (Ml for C131-119N1Qz); ‘an oil; TLC. Si @2, RI10.93 (1: 1 hexane/

Et OA | R 9 ; 1 S
0. SZC%t 3H, 1§@r457cmok) 10 %NW%@&%%#%%( 9%@45 6%9"@)%@%3)

1.90-2.09 (mpp3H)y7 @ ﬁ@‘sz?—@Hé 451 51y 'H).38.75-3.79 (m 1
"H)) 415420? (H) 20 Stepﬂl)ji:(s 1)42729@‘]; 1149{ a nom

et hyl -4s et hyl -cycl oh ex anecarbon itri le: (60b): 2-

Cyano- (4- et hyl -cycl ohexyl i dene)-acetic acid ethyl ester (60a, 16.57 g,

o (5. 67 o PERERA 5 e Dbkt B A G R P HERERRL T on s

heated to ref| ux overnight, then cooled to roomtenperature and filtered

to renove sal b@g,[prem pitated (4.58 g). The filtrate 25 was

concentrat ed | ua to eI d a clear, highly viscous, yellow oil. The
resi due was chr oma raphed on silica gel eluting with 16:1
hexanes/ E#OAC to give 11.82 g 20 January 2005
{ I-[(Benzyl-methyl-amino)-methyl}-cyclohexyl}-acetic  acid;  hydrochloride  salt
10 (Example 55, 4.1 g, 13.2 mmol) was dissolved in 95% ethanol (250 mL).. 10% Pd/C (1 g)
was added and the reaction was shaken at room temperature under a hydrogen

atmosphere of 760 Torr for | h. The reaction was filtered and concentrated. then

recrystallized from acetone and ether to yield 2.69 g (92%) of desired product.

15 MS: 186.0 (M+1 for CjyHsNOy); mp: 158-162°C; Analysis (CjoH1oNO,.HC (Cal.) C:
53.09, H: 9.13, N: 6.19; (found) C: 53.14, H: 8.96. N: 6.34; 'H NMR (CD;0OD) & 1.42-

1.54 (m, 10H), 2.50-2.53 (m. 2H), 2.71-2.74 (m, 3H), 3.09-3.11 (m, 2H).

20 EXAMPLE  §5:  {l-[(Benzyl-methyl-amino)-methyl|-cyclohexyl}-acetic  acid;

hydrochloride salt

N CO,H
CH ©HC



WD 01/ 42191 PCT/ US00/ 30769 -88- (77% (a m xture of 81 %of cis- and 19% of
trans-isoners) of product as a yellow oil (60c). Ms: néONRMYUAHBRA¥hHser ved
(C11H16N2); an oiI TLC. Si2, R 0.55 (2:1 hexane/EtQAc); 5 Analysis

ClYH16N2 Cal . c 74.96, H 9.15, N 15.89 (found) C_74.84. It 897, N
15 74. ‘g@f '): 2934, 2240, 1453. 'H NVR (CD3CD) ECHUSMSI® 3 5 -
76Hz) 118147(m 7H) 1.83-1.87 (m 2H) 2.07-2.10 (m 2H), 2.85 (s,

2H). Step iii. Synthesis of cis-(I- no- 4- et hyl - cycl ohexyl )-acetic acid
~ethyl ester ((60c): 10 cis-1 -Cyanofethyl -4-ethyl-cycl ohexanecarbonitrile
- (60b,.6.16 g, 34.95 mmol ) was dissolved in EtOH (92 nlL) and tol uene (92
m), cooled t C,. and tur th HCO. gas. | e sol ution was

st opper ed and ?QIQTW}@H“QOOTH%@I'I )(f\fg‘f”r‘ﬁ%?&et‘c agid; 3&3@%@@ e‘;f"‘]éf(h’#)eg I/Ampal ¢ hen
concentr at ed wa3 disaglual ih @thanol e45anl And ks vwih i1 NeNaCGEP L1l O LT @i giaéide (nas
triturated with et (200 nL) and drjed under 15 vacuum then

‘ | h
treated with™20 eﬂgéa?ﬁd;je‘gﬁ@ the ’Na‘F-IGP wea treatgd il Piak b 2)- Tiihe reagiencvason was

~allowedst o stifdn sBM@hRh@Rbn Qt&no&ﬂﬁf@&f@ﬂ?%&%%@?drﬁé%écﬂ%théﬂgsfié?p'lﬁt5 wer e
observed in solution after 18 h. The conpound was extracted with Et OAc (3

x 100 mL); t AETAR el (40 mby wasadied. and dwirasaen wosktoneatraied i wapyondo givei ed over

Na2SO4, and @ancemtitaSdl; gﬁ'Qfﬁﬁ$kgHﬁﬁW%% fl ash chromat ographed with 16:1
20 hexanes/Et OAc to give 4.40 g (56% of the desired product (60c). Ms:

- 224.1 (M+1 for Cl3H2, hKE) oil; TLC Si®2, Rr0.38 (CH2C12); Analysis (C

13H2 1N02) ( ' 9.49, N
6.17. H&‘B (K6 2)74?("46? 7 ﬁ%ﬁ%@f"ﬂ% %% ?g%“ 544970, 50
(m 3 |6 ‘R“ 7 7 @é“"m 2H), 2.59
(s, 2H). n 1 CR0M) 3- (m.gBeh, 338 S he [55213}440(5 2H)72]734(m

8- Et hyl - 2- azaH §p|r0[4 5}decan- 3-one: (60d): cis-(1-Cyano-4-

et hyl -cycl ohexyl)-acetic acid ethyl ester (60c.2.7 g, 12.1 mmol) was

di ssolved in MeOCH (250 nL) and treated with 10% Rh/ 2% Pd/C (0.5 g) and
shaken under an atnosphere of 30. H2 (50 psi) for 3 h. The reaction was
then filtered, concentrated in vacuo, and 20 January 2005 89

EXAMPLE 56: [1-(Phenethylamino-methyl)-cyclohexyl]-acetic acid; hydrochloride

15 salt
Q[HNlé\COZH HC}

(1-Aminomethyl-cyclohexyl)-acetic acid (2.0 g, 11.7 mmol) was dissolved in ethanol
(100 mL). Phenyl-acetaldehyde (4 mL., 3 eq) was added and the reaction was treated

20 with 10% Pd/C (0.5 g). The reaction was then shaken under an atmosphere of H; (50 psi)
for 3 h. The reaction was filtered, 1N HCl in ether (20 mL) was added, and the reaction
was concentrated in vacuo. The residue was recrystallized from hot isopropanol and

ether to give 0.15 g (4.1%) of the desired product.

25 MS: 276.1 (M+1 for C17H2sNOs); mp 182-183 °C; Analysis (C)7H,sNO,.HCl) (Cal.) C:
64.54, H: 8.46, N: 4.43; (found) C: 64.54, H: 8.35, N: 4.34. IR (KBr, cm™):2929, 2855,
2813, 1693, 1455, 1220. '"H NMR (CD;0D) & 1.38-1.58 (m, 10H), 2.56 (s, 2H), 3.01-

3.06 (m, 2H), 3.14 (s, 2H), 3.23-3.29 (m, 2H), 7.21-7.34 (m, 5H)




chromat ographed on silica gel eluting with 3% MOH CH2C12 to give 13 g
(52% of the desired product as a white solid (60d). N@Jﬂ@@mzq%l for
C,HON/O); nmp 131-133 C, TLC. SiQ2, R 0.22 (4% MOHICH2Cl2); Analysis
(CiH 8N OL) (Cal.) C 72.28, H 10.08, N 7.66 (found) C 72.66, H

10. 45, N wOo3ag421918 (KBr, cni): 3197, 2918, 1680. 1H NVRpC@DS€iapN768 0. 83-
0.97 (m 5H, 1.06-1.23 (m 3 H, 1.31-2.39 (m 2 H, 1.63-1.67 (m 4 H),
2.09-2.11 (m 2 H, 3.15-3.17 (m 2 H, 5.73 (br, I H. Step v: Synthesis
of Exanple 60: 8-Ethyl-2-aza-spiro[48%] decan-3-one (60d, 3.8 g, 21.1 mmol)
was treated wth concentrated HOJ (141 nL) and heated to 110 C for 24 h.
The reaction was then concentrated, and recrystallized. from hot

i sopropanol ac 790 of the

pr ogucf (%%8 I]-! (ﬁ/&%?f orﬁd?%gh %Fﬂlg a'ﬂ'@’g' ‘?’éﬁ'“ﬂé%'}ﬁtﬁiﬁ' (idy ¢
56.04, H; "5 94 (found) C 56.06, H 9.46, N 5.88. IR (KBr,
cni'): 2916 ?E?'d)’uhl"é@ 4115(26, oa T H R (CD3CD) S 0.89 (t, 3H,( J=7.3
Hz), 1.02-1.40 (m 8H), 1.68 (t, 4H, | = 16.1 Hz), 2.38 (s, 2H), 3.13 (s,

© 211) . EXAMPLE 61: (1-Am nonethyl -4-propyl-cycl ohexyl)-acetic acid;
hydrochloric salt v2t CN co2Et NC NC pi) (iii) (i~) (6la) (61lb) (610 (61d)

Exanpl e 61 20 Janug )}* 003 \WWCOogH / Jr91 PCT/ USOQ{ 30769 -90- Step i.
Synt hesi s of 2-CJa=ao- (4 opeI j‘é ohexyl i dene)-acetic acid ethyl ester:
(61 a): 4-n-P el - cvcl ohexanone (14.0 g. 99.8 mol ) was dissolved in

t ol uenes (145

(1-Aminomethyl-cyclohexyl)-acetic acid (2.00 g, 11.7 mmol) was dissolved in ethanol
(106 mL). 3-Phenyl-propionaldehyde (4.6 mL. 3 eq) were added and the reaction was
treated with 10% Pd/C (0.5 g). The reaction was then shaken under an atmosphere of H;
10 (50 psi) for 3 h. The reaction was filtered, IN HC} (20 mL) in ether was added. and the
reaction was concentrated in vacuo. The residue was recrystallized from hot isopropanol

and ether to give 0.46 g (12%) of the desired product.

MS: 290.1 (M+1 for Ci5H2NOz); mp 168-169 °C: Analysis (CysH27NO,.HCI) (Cal) C:
15 66.34, H: 8.66, N: 4.40; (found) C: 66.48, H: 8.65, N: 4.17. IR (KBr, cm™'): 2932, 2854,
1686, 1454, 1217. '"H NMR (CD;0D) & 1.38-1.58 (m, 10H), 2.00-2.04 (m, 2H), 2.56 (s,

2H), 2.71 (t, 2H, J = 7.6 Hz) 3.01-3.08 (m, 4H), 7.21-7.34 (m, 5H),

20 EXAMPLE 358: ((3R, 5S)-1-Hydroxymethyl-3,5-dimethyl-cyclohexyl)-acetic acid;

sodiom salt

HO COzH
o Na

(78, 9R)-7.9-Dimethyl-2-oxa-spirof4.5]decan-3-one (49a, 1.04 g. 5.71 mimol) was

25 dissolved in water (25 mL) and treated with NaOH (2.5 g). The reaction was heated to



m), and treated with amoni um acetate-(0.77_g, 9.98 acetic
acid (1.1- nL), and ethyl cyanoacetate (11.3 g, 99.8 mé)’ L%%%@ach on
was heated to reflux overnight with a Dean-Stark tra ; then it was cool ed
room t enpegay 4t gg{imd washed with 11,0 (2 x 200 ni). The aqueous |ayer was
backwashed "W th-tol uene (3 x 200 nL). The organic Iayer%C 83¢6hbi ned and
dried over Na., SO, and concentrated in vacua. The residue was
‘chr omat ographed on silica gel eluti nggwlth 8: 1 hexane/ethyl acetate to give
21.58 (92% of the desired product as a clear yellow oil (61 a). 10 Ms:
236. 1 (Mr1l forrelixdMHXONBR)Hh. dhe sillition MaC1heBicBed Br&or@teﬁgwefaﬁlré- WSKANEh
9

Et CAc); Anal 4H2] NO2 .46,1-1: 8 N: 95 (found) C
71.38, H 8. 9?‘ (%ag‘?é“efﬁéeoflh?a(é@as C%&'fff’ﬁ“rat b ¥acug tpgjve 4 s (8 g Glhe rashipe. * H
‘NMR (CDC13) & vihs8@sHed, wiH N deefic acld %ndHa)was etféred wif) E‘@Ac Which V;lfas snl: 96 (M
IH), 191200écngtH%nT20422 1H), 15 2.23-2.30 (m 2.95-3. 01
(m | H), 3. 779%cg4p hffiﬁ‘d“ezf"a?@he(lcﬁe"&“ﬁ lizgd from, EIOHZMSO&@pih@canesgont hesi s

~ of cis-15Cyan yiuneo.iy k(%7 pmaRy,l66%ycl ohexanecarhonitri le: (61 b): 2-

Cyano- (4-n-propyl - cycl ohexyl i dene)-acetic acid ethyl ester (61 a, 19.46 g,
82.70 mmol) was dissolved in EtOH (100 nL) and added to a suspension
of NaCN (4. 053 Ms: 188.0 (01 1‘2ﬁ>rmizao3b r}nétaglicélfﬁg@d%@ The reaction

was heated to reflux overni hen coo tor errperahﬁlr]e “and

filtered to r&mﬁb@@dm%iﬂ)a% R (K By exo1 o 2988t 3900, THE, I7fO|61 14581 6 6801912,
concentrated in vacuo to yield a clear, highly viscous, yellowoil. This
oil was redissolved in Et OAc and vvashed with brine (2 x 150 nL), dried
over Nal® S04, and concentrated. The residue was flash chromatographed on

el 6. NS CnEXOMPRELS (3 s8a- ?&y%fgﬁ%y b S gfineifyipionfeod noic acids (3: 1
hexane/ Et OAc) Cl2H 8N2) (Cal.) C 75.74, H 9.53, N 14.72
(found) C. 76h%d§AHﬁ|LM§é%é‘( 14. 90. IR(KBr, cm'): 2931, 2239, 1453,

758. ' H NMR (CDJ 3) 3086(£ 3H, J = 7.1 30 Hz), 1.18-1.34 (m 711),

1.42-1.61 (an, 2Ny~ 2 80,1.83 (m 2H), 2.06-2.09 (m 2H), 2.65 (s, 2H). 20
January 2005 V\D'é 91 PCFI;{HUSOOI 30769 -91-
15 ((3R, 55)-1-Aminomethyl-3,5-dimethyl-cyclohexyl)-acetic acid: hydrochloride salt (592,

0.418 g, 1.8 mmol, Compound 59a was prepared according to the literature procedure:
Bryans, J. Bioorganic & Medicinal Chemistry Letters, 1997, 7(1 9. 2481.) was dissolved
in ethanol (45 mL) and treated with 1N NaOH (1.8 mL). Acetaldehyde (0.5 mL, 3 eq)
| was added and the reaction was treated with PtO, (0.2 g). The reaction was then shaken

20 under an atmosphere of H; (50 psi) for 3 h. The reaction was filtered, IN HCI (2 mL) in
ether was added. and the reaction was concentrated in vacuo. The residue was dissolved
in hot isopropanol (100 mL) and filtered. Hexanes (100 mL) was added to the filirate at 0
°C, and the precipitate was collected to give 31 mg (0.14 mmol, 8%) of the desired
product.

25

MS: 228.1 (M+1 for C3HysNO;); mp 167-168 °C; IR (KBr, cm’'): 2954 (br), 2502. 1685,
1459, 1223. Analysis (C13H2sNO;7.HCI) (Cal.) C: 56.60, H: 9.98,'N: 5.1 1; (found) C:
56.60, H: 9.85, N: 4.77. '"H NMR (CD;0D) 6 0.47-0.56 (m, 1H), 0.78-0.89 (m, 8H), 1.30-

1.36 (m, 3H), 1.61-1.79 (m, 5H), 2.58 (s, 2H), 2.99-3.10 (m, 4H).
30 '



Step iii. Synthesis of cis-(l-Cyano-4-propyI-cycIohexyl%-ﬁcetic 8C|d ethyl
(61c): cis-1 Cyanonethyl -4-n-propyl -cycl ohexanecar boni t PI@"%%& 87 g,
20.34 mol) was dissolved in EtOH (50 nL) and tol uene (50 nL), cooled to O
C, and sat yx 3‘Eﬂ with I-1Cl1 gas over 20 minutes. The sol ution was

st oppered an Pbwed to stir 5 overnight at room tenperBGTHSAY37¢ yas t hen
concentrated in vacuo to give a yellow sh white solid. The residue was
triturated with ethyl ether (200 nL)ngd dri ed under vacuum then
dissolved in HO (80 m.). 1 NHA (4°fl) was added. The reaction becane
clear after 4 hours of stirring and it was allowed to continue to stir
overnight at roomtenperature. Yellow oil droplets were observed in 10

sol ution af t CEXABIHLE hel-Gompomethyha stk tychibieod)-#ielib aﬁh%rﬁ&l&‘n%ﬂ m);

the organic |layers were conbi ned, washed with brine (2 X O nL), dried
over Na2SO4, and concentrat ed. The residue was flash chr omat ogr aphed with
19:1 hexanes/ Et OAc ,@nd 0,47 9 ofr:Nproductcoz(s161 CHN ‘ai ned. 15 MB:

- 238.1 (Ml for eCL3H2E i’ )Y: oi g 'i’ nal ysis -
(C13H21IND2) ( .) C. 170.85, H\O. 77, \ 7’65, H 9.72, N
5.84. IR (K net) 2% S 0.85 (t,
3H, J =7.1 1.19 ! 5571 : , 2. 08-2.10 (m
2H), 2.59 (s, 2H), 4.16 (q, 2H }J ) ) ynt hesi s of

ci s- 8- propyl - a- spi rqj 4.
4- propyl - cycl ohexyl ) -a&edic aci @wet hyl esier (610§nd)8 27 g. 34.8 mol ) was

dissolved in nethanol (90 nl), treated with triethvl am n&™58d 10% Rh / 2%
Pd/ C, and shaken under an atnosphere of H2 (50 psi) for 55 h. The reaction

was filgeredsaqgd:s @HJ@t@ﬁdol‘m?‘:ﬁM Q?H&&;rlnﬁno)e;ﬁfegyggg)ﬁ%ﬁ.yf@q&%”@;ﬂ)o}gr aphed

on silica gel el ut| n% hexarnes ive 4% of
the desired frigidexclo R)B‘“Oll@@ﬁ)g( M0 ool @t HiEsNB; tn atuae [} SOTIQ. ari 02 Rr

717, (1 éﬁﬂﬁ?‘a&@‘?"h gaReal b EIET R hih dat oSl Blng 2084 9 o1 42101

PCT/ USOO 1 3076@yg2/anoacetate (l 1 65 g, 103.0 mmol). The reaction was heated to reflux for 56 h

with a Dean-Stark trap; then it was cooled room temperature and washed with H,O

10 (2x100mL). The aqueous layer was backwashed with toluene (2x150mL). The organic
layers were combined and dried over Na,SO,. and concentrated in vacuo. The residue
was chromatographed on silica gel eluting with 5:1 hexanes/ethy] acetate to give 19.81 g

(87%) of the desired product as a clear yellow oil (60a).

i5 MS: 222.1 (M+1 for C3H 4N, O5): an oil; TLC: 8i0,. R; .93 (1:1 hexane/ EtOAc);. IR
(KBr, em™): 2931, 2225, 1728, 1602, 1233. 'H NMR (CDCl3) 6 0.82 (t, 3H, J = 7.4 Hz),
1.11-1.38 (m, 7H), 1.39-1.45 (m, 1H), 1.90-2.09 (m, 3H), 2.20-2.28 (m, 1H), 2.91-2.98
(m, 1H), 3.75-3.79 (m, 1 H)) 4.15-4.20 (m, 2H).

20 Step ii: Synthesis of cis-1-Cyanomethyl-4-ethyl-cyclohexanecarbonitrile: (60b): 2-
Cyano-(4-ethyl-cyclohexylidene)-acetic acid cthyl ester (60a, 16.57 g, 74.86 mmol) was
dissolved in EtOH (100 mL}) and added to a suspension of NaCN (3.67 g. 74.86 mmol)} in
EtOH /H,0 (300 mL / 16 mL). The reaction was heated to reflux overnight, then cooled
to room temperature and filtered to remove salt that had precipitated (4.58 g). The filtrate

25 was concentrated in vacuo to yield a clear, highly viscous, yellow oil. The residue was

flash chromatographed on silica gel eluting with 16:1 hexanes/EtOAc to give 11.82 g



(KBr, cm): 3192, 2924, 1704, 1678. 'H NMR (CDCl1l3) S 0. ?é& é 51 1)
1.18-1.39 (m 711), 1.61-1.65 (m 2H), 1.71-1.74 (m 21 Janug

3.16 (s, 2H), 5.85 (br, IH. Step v: Synthesis of.Exanple 61:

(1- Ami nonet h propyl - cycl ohexyl)-acetic acid; 5 hydrochloric salt:

8- Pr opy! - %glét'zk%l roj 4. 5] decan-3-one (61d, 5.8 g, 29.75PRFEPYAL treat ed
with concentrated HCl (150 ml-) and heated to |115C overnight. The reaction
was then allowed to cool to roomtenperature and precipitate was observed.
~This was filtered to obtain 3.47 g%f a white solid, and the filtrate was

cool ed and r??‘?%)'(ﬁ ﬁﬁﬁgreto@Sg%\b?ms-aaﬁde?dof%nﬁlsgxﬂerg) c(f%?ofﬁlctcbg atyg?av\gtﬁﬁ' red
product. 10 Ms: (M+1l for Cl2H23NO2 np 4C, Anal'ysis

(C, 2H23No2. H@CB 86H20) (Cal.) C 58.91, H 9.83, N 5.72; (found) C
59.27, H 9.60, N. 5.71. "H NWR (CD3CD) 6 0.86-0.90 (m 3H), 097141(m
IOH), 1.61-1.75 (m 4H), 2.37 (s, 2H), 3.13 (s, 2H). IR (KBr, cnmi') 2919,
1702, 1525, Mfsno Miiggn ohBrvEX AN ENﬁzan @il IRC: Si0,, R, 0.55 (2:1 hexane/EtOAc)

calt 20 Rar (g CERPOREATER R S B R R RETE BBy R T a0
hydr ochl ori dé5.34llR (KBRam™):(@934, 2340, 245]32‘HmMR) (GmS)D;hSS)sRmI(ueH Ja7etignol (45

T/as)agggdt ;ﬁgtlg'ﬂéwr( 2:1% gﬁﬁé@‘?‘rgﬁ%@%?&"%&@@g Y ('(I)'hg ;néacfl gﬁ) was

t hen shaken under an atnosphere of H2 (50 psi) for 3 h. 25 The reaction was
filtered, INHC in ether (5 ntL) was added, and the reaction was 20
January 2005 WD 01/42191 PCTI USOCA 30769 -93- concentrated in vacuo. The
resi due was Biepsiol adhdsis diois-(il Shyprodanoll-c¢ddExpl-pedivcheid dthyl ested((6ddpe

20 (355 mh) et o RO AT G S et Ry 8 b maohy of
product 5 was dissolved in EtOH (92 mL) and toluene {92 mL), cooled to 0 °C, and
saturated with HCI gas. The solution was stoppered and allowed to stir overnight
at room temperature. It was then concentrated in vacuo to give a yellowish white
solid. The residue was triturated with ethyl ether (200 ml.) and dried under
15 vacuuin, then treated with H,O (90 mL) and 1 N HCI (4 mL) was added. The
reaction was allowed to stir overnight at room temperature and yellow oil droplets
were observed in solution after 18 h. The compound was extracted with EtOAc
(3 x 100 mL); the organic layers were combined, washed with brine, dried over
NayS0,, and concentrated. The residue was flash chromatographed with 16:1

20 hexanes/EtOAc to give 4.40 g (56%) of the desired product (60c).

MS: 224.1 (M+1 for C13HyNOy); oil; TLC: $i0,, Ry 0.38 (CH>Cly); Analysis

(Ci3H2)NO,) (Cal.) C: 69.92, H: 9.48, N: 6.27 (found) C: 69.97, H: 9.49, N: 6.17. IR

(KBr, cm™): 2930, 2236, 1736, 1187. '"H NMR (CD;0D) & 0.87-0.90 (m, 3H), 1.18-1.46
25 (m, 10H), 1.77-1.80 (m, 2H), 2.05-2.09 (m, 2H), 2.59 (s, 2H), 4.13-4.15 (m, 2H).

Step iv: Synthesis of 8-Ethyl-2-aza-spiro[4.5]decan-3-one: (60d): c¢is-(1-Cyano-4-
ethyl-cyclohexyl)-acetic acid ethyl ester (60¢.2.7 g, 12.1 mmol) was dissolved in MeOH
(250 mL) and treated with 10% R/ 2% Pd/C (0.5 g) and shaken under an atmoéphere of

30 H; (50 pst) for 3 h. The reaction was then filtered, concentrated in vacuo, and



MS: 242.1 (Mrl for C141127N02); IR (KBr, cm): 2952 (br), 1686, 1457, 1218.
Analysis (CL4H27NO2 HO 0.24H20) (Cal.) C 59.60, H 1G0rpnuayy 280%g:
(found) C 59.68, H 10.09, N 4.64. 'H NVR (CD30D) S 0.48-0.57 (m |H),
0.78-1.05 (m | IH, 1.61-1.78 (m 7H), 2.60 (s, 2H), 2.93-3.00 (m 4H).
10 EXAMPLE 63: f (1R, 3R)-1-(Benzyl am no-gaet hyl ) - 3- net hyl - cycl ohexyl | -acetic
aci d; hydrochl o%&n;@gqpm E"Clhg;S u§t1(| R,
3R) - | - Am nomet hyt="3% clloh gel eluting ©6thi 38, B ri,de

Byea T o e LTt BT % gt oo

Exanmple 1, 3.0 ) was._di ssolved in ethano
\(Nithml) N NaOH 5%4‘1%%%%%’?6&?‘&%? ¥ (6§bDnzal dehyde (4.5 nL) was added

followed by 10% Pd/C (1.0 g), and the reaction was shaken under an
at nosphere of 16’1’%@8‘?0 si) for 2.75 h. 20 The reaction was filtered, | M

HCl in ether (2 Hlthe €1 HaNJ O Yo mpSIGi L33 00 TRE- raled in
vacuo. The resimm@ggn dilslso| ved irIIJ hot isob?ggésn%:ﬁn%f%%ﬁ?,
filtered, and concentt et 1HIFELGoHisO Eal HGe72:28 H:0/080NSF 6k fndyT:t he

mi ni mum  anount 72661481 10,59 M- | CESHA tallized from'ether.
"The solid was f ('9, !é‘ t; Z{n eg ggngiggah Q‘F&thméy%@g%?éwﬁiww@mcm,

d f D, e 1 98 (s Hyar s -1, hnegh t o di . 369
of the desire o O oy S BTN 87 B Rer), 280 84 i,

of the desired : .
276. 1963 (foun(fjphg%gl'géﬁﬁﬁﬁ’f%w(bEs:llﬁli-DZSNOZ); mp: 157-158 C, IR (KBr,
cm 1): 2932 (br), 1691, 1450, 1201; Analysis (CL7H25NO2 HCL0.24H20) (Cal .)

C. 64.58, H 8§g&i§0N:‘,834'ﬂ;13'; g_;gound) C. 64.57, H 8.44, 20 January 2005 WO

41/ 42191 PCTI U gthesis of RxampR&0: ' $IEMYR (L3 /%1, 6 2H) ,

2.42 (s, 2H), 1211“11(1,%1 2% 4.25 (s, 2H), 7.43-79@24?%59“%?0“@?&@@1%4:

{(1R 3R)-1-[(Benzy PR fealsiivi consnirgiell HIte hwil) anchabety 1102695 51 1,

aci d; hydrochl @he éeactiéh Was then concentrated, and recrystallized from hot isopropanol (20 mL) and
acetone to yield 33 g (16.6 mmol, 79%) of the product.

MS: 200.1 (M+1 for C11H21NO,); Analysis (CiiHziNO,.H(Y) (Cal) C: 56.04, H: 9.41, N

>:2% (found) C: 56.06, H: 9.46, N: 5.88. TR (KB, cni™): 2916 (br), 1698, 1526, 1281 i

NMR (CDs0D) 6 0.89 (¢, 3H, J = 7.3 Hz), 1.02-1.40 (m, $H), 1.68 (t, 4H, J = 16.1 Hz)

2.38 (s, 2H), 3.13 (s, 2H),

EXAMPLE 61: (1-Aminomethyl-

o N 0,6t
é @ (i)

(61a) (61b) (61c) 61d)

4—propyl—cyclohexyl)-acetic_ acid; hydrochloric salt

Example 61



CO2H HCl [(1 R, 3R)-I-(Benzyl am no-net hyl) - 3-net hyl - cyclohexyl] acetic
acid; hydrochloride salt 10 (Exanple 63, 1.02 g, 3.27 AfgfMaRa30%f ssol ved
in ethanol (40 nL) and treated with I N NaOH (3.3 nL, |+ eq). Fornmal dehyde
(2.5 nL) was added followed by Pt02 (0.1 g), and the reaction was shaken
under an atowgpivere of 1-12 (50 psi) for 8 h. The react POIUSMS076? | | t ered, |
MHCI in ether (10 nL) was added, and the solution was concentrated in
vacuo. The residue was then dissolved in hot isopropanol (100 niL),
filtered, and 15 concentrated in vaclifo. The residue was then dissolved in
t he n1n|nun1%t. Lzed from
ether and hexare: 6ol , 66%
of the desi rdﬂamr mmgxlmlommome(lg (Bﬁt-lwmngl]tﬂm@sso%@nﬁbnﬁng{@ﬁBH27N02)
np: 204-205 C
NVR (CD30D) 66 ,

2.91 (d, 3H, ml,)—anﬂl:ﬂ:ﬂrl b%hoacaatémm 5499(8(1&1111213{) Ihélreaamﬁwh@héand 102d:ﬂg§ 7.50-7.56
(m SH). EXAMPLE 65: ( F e )

" 3R) - 3- bt hy| 2erpighty AT e ‘ Awilin ori de

salt H3C H H, @@szmnlimﬂﬂauaduy i@@f)&as M&Mh%ﬂtoﬁ@ﬂ'& (Umoaﬁﬂﬁa“he 95
((IR, 3R)-1- [(Ben % netgyl cycl ohexyl etic
aci d; hydr o&HaBES R : Sl L@%%ﬁ?ﬁﬁkﬂ$iﬂééié+§ﬁ%lved in
ethanol (50 Rdsidue “aQ%radAt&.ré&aea og)smc@@e_d etuhﬁg WA HRRarbATS hakenounder an
at mosphere of H2 50 psl) for The reaction was filtered, 1 M HC
in ether (5 e $8 g A8 Vel ghe desired prog 312 H lowoild6lyncent rat ed i n vacua.
The regj due was then dlssolved in hot |sopropanol (100 nL), filtered, and

concentrated in vacuo. The residue was then dissolved in the m ninmum
MS: 236.1 (M+1 for C4H2:NO3): an oil; TLC: 8iO;, Ry 0.57 (8:1 hexane/ EtOAc);

Analysis (Cy4H2NO;) (Cal.) C: 71.46. H: 8.99, N: 5.95 (found) C: 71.38, H: 8.92. N:

6.10. IR (KBr, cm’'): 2929, 2225, 1728, 1603, 1227. '"H NMR (CDCl;) 8 0.83 (1, 3H. J =

7.3 Hz), 1.07-1.30 (m, 9H), 1.51-1.56 (m, 1H), 1.91-2.00 {m, 2H), 2.04-2.12 (m, 1H),
15 2.23-2.30 (m, 1H), 2.95-3.01 (m, 1H), 3.77-3.83 (m, 1H)}, 4.20 (q, 2H, J = 7.1 Hz).

Step ii: Synthesis of cis-1-Cyanomethyl-4-propyl-cyclohexanecarbonitrile: (61b): 2-
Cyano-(4-n-propyl-cyclohexylidene)-acetic acid ethyl ester (61a, 19.46 g, 82.70 mmol)
was dissolved in EtOH (100 mL.) and added to a suspension of NaCN (4.053 g, 82.70

20 mmol) in EtOH / H,0 (340 mL / 20 mL). The reaction was heated to reflux overnight,
then cooled to room temperature and filtered to remove salt that had precipitated. The
filtrate was concentrated in vacuo to yield a clear, highly viscous, yellow oil. This oil
was redissolved in EtOAc and washed with brine (2 x 150 mL), dried over Na,S0y,, and
concentrated. The residue was flash chromatographed on silica gel eluting with 19:1

25 hexane/EtQAc to give 4.69 g of 61b. (74% yield).

MS: no M-+1 ion observed (C;2H gN2); an oil; TLC: Si0,, Ry 0.38 (3:1 hexane/E1OAc);
Analysis (Cj2HysN2) (Cal.) C: 75.74, H: 9.53, N: 14.72 (found) C: 76.05, H: 9.58, N:
14.90. IR (KBr, cm™): 293], 2239. 1453, 758. "H NMR (CDCl;) & 0.86 (1, 3H,1 = 7.1

30 Hz), 1.18-1.34 (m, 7H). 1.42-1.61 {(m, 2H), 1.81-1.83 (m, 2H), 2.06-2.09 (m, 2H), 2.65 (s,
2H). |



anount of -hot i sopropanol necessary-and recrystallized fromether and
hexane. The crystals were to give 0.15 g (35% of the d@dapualy 2¥Qduct. 10
MS: 200.1 (M+l for C, 1H71NO2); HRMS: (talc) 200.1650, (found) 200.1646 (Ml
for ClH21NO2%% np: 160-161 C; IR (KBr, cm'): 2925 (br), 1719, 1457;

Anal ysis (BIHPIN® HO 0.40 H20) (Cal.) C 54.38, H 8CEESIoies 77.
(found) C 54.27, H 9.36, N 5.65. '"H NWR (CD30D) 6 0.83-0.97 (m 5H),
1.20-1.28 (m | H 1.42-1.74 (m 6H)__2.38 (s, 2H), 2.73 (s, 3H), 3.23 (s,
2H). 15 EXAMPLE 66: Summary Usi ng anlex vivo nodel of freshly dissected rat

retinas, the sm&:hasylﬁﬁas:sbycMumaanjrﬂpglcyamymakam{cﬁ &hf1 (FRd)Ndiai ned
W thin normal limts in ural tissue was 20|nvestlgate Anaplerotlc

gl utamat e synt hespga’??ﬁl?t}ﬁg“‘”rﬁf@?&léﬁ‘floheéa‘?eéﬁip‘é’ml?rﬁ .S @34 BRI WaEd | n

the glia fol | owi ngisO@uHQh ERNS H0SSLLR 18RHETS) AL), L@y AN Qﬁd%h{) Quoh this
de novo pathway were identified as pyruvate car box ation an ranched

chain amino tran¥dhitidighover THminates. ih@dléﬂoamaaﬁtgmepﬁdmﬂmé@mdgbmrannt e
synthesis and pyr yy Hifht o BBOAD B3GR S ol cofAALRES [nSyaPlo 1o e Ut amat @

plus "~ Cglutam ne measured as a unct di um
pyruvate. Incr easy&i@wgﬁ}lr\matsehd rimresidetvas BitheQGwzt]mﬁuamyerZ{GOXBmmrﬂll 42191

PCTI US001 30769 - 9ied MALAARE S WIS, G AT IR0T6 h UK RS EpDY 00,38 %  The

specific radioactivit dtamnere atlv hat
m nutes of i ncubafhmaqtmdbwhecbldahater 4 308/ oﬁs‘nr@hgﬂrﬂm W dliowthe dgoetdua i S

derived from bi ca{ gna\t,ee lflI]tX tOI 0 Teo tte l ﬂgp gence %f&/& gl. ut amat e
synthesi s on avai I°dbi PYEYE6f bPE’nE'H%d'aEﬁm i %‘?ﬁo REHETEBEERTU AL a source
of 5 ni@rogen, thﬁ)lzﬁf{)ﬁaﬁtr Bfh. |THa|cbmbom;g vids exireied avidl EtDnane he oo shyite

am not r ansf er ase BCAT was sur.ed bapent i P) (1. , a

sel ective inhi bi t SF*Bf BEATE™ Crcl’ g’ﬁ?o‘?ﬁh‘%am rﬁeggﬁgﬁﬁ%‘l&iemﬁfr

14C- gl ut amat e pl uSa,Sd6 -l uéx&l@mﬂﬁedﬁ ﬂthg}ddﬂdﬁél%s bashgﬁm%a\lmgmw w:tﬁllj@w ng

H 4CQ3 i ncorporatjon i I C iid cycle internedi ates.
Inhibition of deb eﬁﬁ’%}% ’r‘f{a?%?%?ﬂ?rﬂé@f@ Mg 7P Xpeprliagedy addition of 0.6
mv BCAA. The data 10 i ndi cat ed that pyruvate carboxylase and branched chain
am notransferase share rate

15 MS: 238.1 (M+1 for C;3H21NO»); oil; TLC: Si0;, R 0.38 (CH2Cly); Analysis
(C13H2iNO») (Cal.) C: 70.85, H: 9.77, N: 5.90 (found) C: 70.65, H: 9.72, N: 5.84. IR
(KBr, em™"): 2929, 2236, 1736, 1185. "H NMR (CDCl;) 8 0.85 (1, 3H, J = 7.1 Hz), 1.19-
1.55 (m. 10H), 1.71-1.74 (m, 2H), 2.08-2.10 (m, 2H), 2.59 (s, 2H). 4.16 (q. 2H, J = 7.1
Hz).

20
Step iv. Synthesis of cis-8-propyl-2-aza-spiro{4.5jdecan-3-ene (61d): cis-(1-Cyano-

4-propyl-cyclohexyl)-acetic acid ethyl ester {61¢, 8.27 g, 34.8 mmol) was dissolved in
methanol (90 mL), treated with iriethylamine and 10% Rh / 2% Pd/C, and shaken under
an atmosphere of H> (50 psi) for 55 h. The reaction was filtered and concentrated in
25 vacuo. The residue was chromatographed on silica gel eluting with 5:1 hexanes/EtOAc

to give 6.41 g (61d, 94%) of the desired product.

MS: 196.1 (M+1 for C12HyNO): an oil; TLC: SiO,, R 0.38 (hexane/EtOAc); Analysis

(Ci2HxNO) (Cal.) C: 73.80, H: 10.84, N: 7.17; (found) C: 73.86, H: 10.76, N: 7.11. IR




control of de novo glutamate synthesis in the retina, and that de nova
glutamate synthesis is quantitatively inportant for nailRtamaRcel®r retinal
glutamate levels. Methods 15 20 Experinental animals Sprague Dawl ey rats
(200-400g) were used for all experinments. Rats were housed under a 12 hour
li ght/ dar VQ@$18P8! and fed and watered ad |ibidwn. AfterPeHEEEPHELi zi ng the
rats wth-nenbutal (IP), eyes were enucleated and retinas dissected in
ice-cold buffer. CO2 fixation Freshlﬁ)y isolated half retinas were
preincubated at 37C for 3 nminutes iTW2uffer A (pl-1 7.4) containing 118

mM NaCl, 4.7 b 1che? ) Bl RS, 2050

HEPES, 5 nmM glﬂylléose %90’5 nMCﬁEMQ anéim ﬂ ruvgf]e (elther
0.2 or 5nV) I Iud t fe the 25
gas phase w \t{\rlﬁ Ly ggﬁﬂl%\gh al's ?é 12§Jﬁu%ﬁi e{f’ Evm’ﬂq’ Elféé%ﬁgg%%ggc&ﬁf

| ncubations were initiated by addition of 10 iG/m H14CO3. The vessels
were then imedi ately closed to 20 January 2005 WO 01/42191 PCTI USOQ' 30769

-’s%tgfe?fﬁfﬁheriw%” g té@?i%ﬁ%@%ﬂef%ﬁf’% ah“ﬁvhfiﬂsﬂaktg Et Pons.

wer e st opped enovi ng t retl ffer cing them
5 596 por ohi BpdrcHETg Saing: Pr}wﬂ- B gl éfr'vqﬁﬁ) s RrROB D or' ¢
acid (final concentration ZQ unr eact ed was al | owed to diffuse
out of the adFHsd VEl cenpvpra H‘?Hél%oo‘fﬂa) anghsaise t%fllf)rcoﬁi'{i’é‘!‘g}(tndrﬁ’e\fﬁq‘:&?’ill e
carbon 14 nmetabolites) was determ ned by neasuring the radioactivity in

al i quots of whethspdllemiedaiecrop] Wgemdempdrayre apd trxtstitateeyas gbgervese Ehis agt s
wer e separated by Dowex- | acetate chronmat ography as previously described:
W lianmson, fitged ogbthiiChAkeyp] a Bhitg s_cgi@%nd"the? Hiyetgsvas sodpd yoe-ddigred togive 13,

10 ed. Lowenstein, J.M (Academ c Press) pp 434-513, and quantified by

sci ntil | ati ontotdotinf#t g@29% ofmesdesirgigiredwees, i ndi vi dual net abolite carbon 14
data is reported as the sum

10
MS: 214.1 (M+1 for Cy;Ha3NO,); mp 142-144°C; Analysis (C2HsNO,. HCL0.86H,0)
(Cal.) C: 58.91, H: 9.83, N: 5.72; (found) C: 59.27, H: 9.60, N: 5.71. '"H NMR (CD;0D)
& 0.86-0.90 (m, 3H), 0.97-1.41 (m, 10H), 1.61-1.75 (m, 4H), 2.37 (s. 2H), 3.13 (s, 2H).
IR (KBr, em™') 2919, 1702, 1525, 1461, 1188.
15
EXAMPLE 62: ((3R, 58)-3,5-Dimethyl-1-propylaminomethyl-cyclehexyl)-acetic
acid; hydrochloride salt
\/\
N-—% /~CO,H
H
;5 HC!I
20

((3R, 5S)-1-Aminomethyl-3,5-dimethyl-cyclohexyl)-acetic acid; hydrochloride salt (5%a,
0.50 g, 2.12 mmol) was dissolved in ethanol (45 mL) and treated with 1.8 mL of IN
NaQOH. Propionaldchyde (0.5 mL, 3 eq) was added and the reaction was treated with
Pt0, (0.2 g). The reaction was then shaken under an atmosphere of Ha (50 psi) for 3 h.

25 The reaction was filtered, IN HCl in ether (5 mL) was added. and the reaction was



of the radioactivity in the nmediumplus tissue extracts. Conple
quantification of 14C netabolite amunts in both the r89#ﬂ@“§haom% t he
medi um can be found below in Tables I and Il. 15 Data not shown in the
results and di scussion sections where collected in the course of carrying
out the eV¥P82Yn of the influences of pyruvate on H HCDYUSHBYHE| on in

the retina. Figure 2 shows only the effect of pyruvate on the sum glutamate
plus: glutam ne and the sum pyruvate plus lactate. Table | provides val ues
for all netabolites 20 that becane 1%bel ed with H14003 and thelr

conpar t ment atohRnuktdBWasH. a0djkis0ndhs cﬁésmed RAlor ?sg;%ﬁa %&P' ts and

di scussion sections. were collected In evaluatin ce of
gabapent i n. ﬁﬁﬂ@dT§b¢@hWﬁ‘W%C@wméwﬁdmgdGﬁﬂ@ﬁﬂﬂh@hUMémhﬁ@h@mmdﬂﬁnﬂﬂgure 4,

Compar t rent ator 3B YA BGbU ol BRSIE e bR PR b o1

Condi ti onConpart G nd uAspLaet TCATot al nentcycl e

Control50n0 591. 470. 850. 161. 024. 08 (0.2 r0.050.290. 06 0.060. 260. 41

out 0. 610. 040. 080. 5501. 19 +0. 080. 01+0. 010. 030. 13 suntl. 201. 510. 930. 711. 025. 27
0. 09+0. 29 0. 083:Q4R6{BI+266. A B, A$00; IRyKB1:n9 D22 BZ 136329258171 Bnalysis

8: 5’;8; (2)?8: éﬁ%{%mg P@ﬁ%ﬁgo)%%ﬂ@ 48688 % PP NIB98 Etng) c: 59.68. 1:
10.09, N: 4.64. "HNMR (CD;0D) 6 0.48-0.57 (m, 1H), 0.78-1.05 (m, 11H), 1.61-1.78
(m, 7H), 2.60 (s, 2H), 2.93-3.00 (m, 4H).
10

EXAMPLE 63: [(IR, 3R)-1-(Benzylamino-methyl)-3-methyl-cyclohexyl]-acetic acid;

hydrochloride salt

O\?‘: b"““‘cozn

((1R, 3R)-1-Aminomethyl-3-methyl-cyclohexyl)-acetic acid; hydrochloride salt

15

(Example 1, 3.0 g, 13.5 mmol) was dissolved in ethanol (80 mL) and treated with 1 N
NaOH (14 mL, 1+ equivalents). Benzaldehyde (4.5 mL) was added followed by 10%
Pd/C (1.0 g), and the reaction was shaken under an atmosphere of H, (50 psi) for 2.75 h.
20 The reaction was filtered, | M HCI in ether (20 mL) was added, and the solution was
concentrated in vacuo. The residue was then dissolved in hot isopropanol (100 mL).
filtered, and concentrated in vacuo. The residue was then dissolved in the minimum
amount of hot isopropanol necessary and recrystallized ﬁ;om ether. The solid was filtered
and the {iltrate was cooled overnight to yield a second crop of crystals. The solids were

25 combined to give 1.35 g (36%) of the desired product.

MS: 276.1 (M+1 for C7H2sNO,); HRMS: (calc) 276.1963 (found) 276.1962 (M+1 for
C7H2sNOs); mp: 157-158 °C; IR (KBr, cm"): 2932 (br), 1691, 1450, 1201; Analysis
(C17H2sNO; HC1 0.24H,0) (Cal.) C: 64.58, H: 8.44, N: 4.43; (found) C:64.57, H: 8.44,



suml. 872. 731.161.472.319.50 0.230.280.12 0.13.0.130.74 Table 11

“ondi ti onConpart-G nd uAspLact TCA" Total meat cycl e 20 January 2005
ontrolin0.4401. 4770. 6340. 0801. 0963. 715 + 0.032 0.097 0.038 0.008 0.105
0. 266 out 0.5510. 0080. 0700.47801.117 0.036 0.001 0.003 0.030 0.075 _
sunD. 9911 MBHE2PPA0. 5581. 0964. 832 0. 054 0.096 0. 040 O.P3LUDNIIOE? 0. 303
+GBPi n0. 3891. 3240. 5490. 0891. 5143. 902 0. 0260. 0250. 019 0. 006+0. 103 0. 122
out 0. 5450. 0080. 0350. 51601. 066 0.024 0.002 0.003 0.030 0.028

sunD. 9341. 3320. 5840. 6051. 5144. 968 -®4636 0. 025 0.022 0.028 0.103 0.028

0. 043 out 0. 805820000 A3 40801 923 G oA b2 06 81007 16o0R T0re D
sunil. 2861. 558@3702Anb445H1. 2205. 311 +0. 082 0.070 0. 016+ 0.040 0.116 0.119 5
The chromat ographi c procedure enployed in this exanpl e separates gl utam ne,

glutamate, aspartate, and lactic acid. The citric acid cycle internediates
remain on the Dowex colums and are estimated as the difference between

t he total Coﬁgﬁ\gﬂj t he zg | e and the counts that are eluted. Evidence of
“the validity E & d¢ - Bengxbmethy kpgmokmetvdlcd-asthw-cy delesylé
subj ecting sanpl es to chraomatography, 14C-pyruvic acid in 10 the sanples

was conver t etcedt arighhydrashonidg §alt t 0" | actate by treating the sanples with
excess NADH and | actate dehydrogenase. Therefore the single | actate peak

report ed ©/\?El i"‘“‘COzH

oty

HCI

[(IR, 3R)-1-{Benzylamino-methyl)-3-methyl-cyclohexyl}-acetic acid; hydrochloride salt

10 (Example 63, 1.02 g, 3.27 mmol) was dissolved in ethanol (40 mL) and treated with 1 N
NaOH (3.3 mL, 1+ eq). Formaldehyde (2.5 mL) was added followed by PtO, (0.1 g), and
the reaction was shaken under an atmosphere of H; (50 psi) for 8 h. The reaction was
filtered, 1 M HCI in ether (10 mL) was added, and the solution was concentrated in
vacuo. The residue was then dissolved in hot i‘sc)propanol (100 mL), filtered, and

15 concentrated in vacuo. The residue was then dissolved in the minimurﬁ amount of hot
isopropanol necessary and recrystallized from ether and hexane. The solid was collected

to give 0.704 g (2.16 mmol, 66%) of the desired product.

MS: 290.1 (C15HNO,); HRMS: 290.2128 (C5Hz,NO,); mp: 204-205 °C; IR (KBr, cm

20 "Y: 2926 (br), 1720, 1457, 1387, 1203; 'H NMR (CD;0D) & 0.82-0.98 (m, SH), 1.24-1.91
(m, 7H). 2.38-2.58 (m, 2H), 2.91 (d, 3H, } = 11.2 Hz), 3.43-3.54 (m. 2H), 4.33-4.49 (m,
2H), 7.50-7.56 (m, SH).

EXAMPLE 65: ((IR, 3R)-3-Methyl-]—methylaminomethy]—cyc!ohexyl)—acetic acid;
25 hydrochloride salt

HaC-. |
N" XcoH
HC!
*



. enzymatic as

"~ protein. Pyru’(/

performed as"HORFEY

20 January 2005 WO 01/42191 PCT/ USOQO 30769 -99- contains_all carbon 14 in

‘both lactate and pyruvate. To deternine specific activi#2yJauang?®fdanat e and

glutamne in the retinal sanples, the nass anmount of the gl utamate was
nmeasured fluoronetrically using a standard enzymatic procedure: Patel, MS.
(1989) i nwoennzonret hods: Car bohydrate and Energy Met aboPCEmig00NwIe? 11, eds.

~Boulton, A A and 5 Baker G D. (The Humana Press, Inc) pp 309-340. The nmss

anount of glutam ne was neasured after chromatographi c separation from
glutamate fol l owed by a | um nonetri-& -determi nati on previously described.
ATP and crcatjpe p h I easured . fhuoronetrical l.y using an.
T T e R T g L
(Bi 0-Rad, Righmond, .. 1 USA) . ch. hal f retina. cont.ai ned t 0.4 ny
PR e il o, Q0 88 aprnd € b ol AP iNR0 i
and .excised reti Thu hod

assayed in f | es_of .whol e brai i nas

osct i bed by XBAPa TR & =S RSy Fagh AU A8 ebtaabe e BSR irar o and

Energy Metabolis Vol .11, eds. |.ton,. A A and. Baker D. (The Humana

rress ey She 560 veshGieh TaHa o siie & uastr ragr esBe R on

under _optinmal conditiqQns in sonicated tissuge. Western Blot 2 S- PAGE was
d BaYaHo: ffsr.w%lfg‘g@)tﬁ ritisglyF Heioh &agr.opm@g@ﬁ rat e

and Ener gy tabolism Vol 11, eds_ Boulton, A A and. Baker. G D. (The

Humana Pressiiqrf: .ay3 ﬁﬁn@e@@teim V%g?-n&%m%%vgas et distakiFioiBItBE MIHEUMpr ot ei n

were transferred to Immobilon P nenbranes. Menbranes were bl ocked with 5%

BSA and i nciBEEQ! wPt HOPRAISb AF5essAnt Jrdptseystpldiged Hpmi ¢thesmnd -heygnegClitre

pepti de antibody (1:1000 25 diluti onz1 or immunoaffinity purified rabbit

anti - hunan BT pestte give r6ieddelp) ¢ithadrsioed mpdust-i on). The i munoreacti ve

protein bands were visualized using the ECL system according to

manuf acturer's instructions (Anersham Arlington Heights, IL, USA). 30 20

Januaryy 2009ys: 200.1 (M1 for C;yHayNO2); HRMS: (calc) 200.1650. (found) 200.1646 (M1 for
- C11HyNOy); mp: 160-161 °C; IR (KBr, cm"): 2925 (br), 1719, 1457 Analysis
(C11HyNO; HCI 0.40 H,0) (Cal.) C: 54.38, H: 9.46, N: 5.77: (found) C: 54.27, H: 9.36,
N: 5.65. '"H NMR (CD;0D) § 0.83-0.97 (m. 5H). 1.20-1.28 (m. 1H) 1.42-1.74 (m, 6H)
2.38 (s, 2H), 2.73 (s, 3H). 3.23 (s, 2H).

15
EXAMPLE 66: Summary
Using an ex vivo model of freshly dissected rat retinas, the mechanisms by which
brain glutamate levels are maintained within normal limits in neural tissue was
20 -investigated. Anaplerotic glutamate synthesis may be important to replenish glitamate

oxidized in the glia following neurotransmission. Points of rate control through this de
novo pathway were identified as pyruvate carboxylation and branched chain amino
transamination. To test the relationship between glutamate synthesis and pyruvate
carboxylase activity, synthesis of "*C-glutamate plus "C-glutamine from H"'CO; was

25 measured as a function of medium pyruvate. Increasing pyruvate from 0.2 to 5 mM



WD 01/42191 PCT/ US00/ 30769 -100 Cal cul ations and Statistics Data are
reported in text and figures by determning the dpm ng #hJanugerdd08ul ar

nmet abolite and dividing by the specific activity of medi um HCO3. Therefore
all data are 5 reported as nnoles of H14C03/ng protein for any given

met abol i t eOR¥4XIPt s are reported as the nean  standard erarassoforéshe nmean.
Statistical significance was judged by paired t-test and a p<0.05. Nunbers
of independent determ nations (n) are provided in figure and table

| egends. RESULTS 10 Pyruvate carboxyPése levels are sinilar in retina and

whol e brain Patehsed eONShhfbesidthahesRt; gat O»Je?%gg@gxm%fgt%ﬁdiéa% iﬁggofmai or CO2

fixing enzyne in the adult rodent brain. er m ght al so

be true in thgublNaa kNS uRFbITEY, o B PUEANAL S CRLOOXMLASE AL 3761 1

soni cates from neocortex was conpare ose

-neocortex | eVlgidiZindin fe kenlIR! éd'ff})gpgic%ggn%%/@a ‘/)Ih lt%ggtrhgrd Si ml nIcgt(r)fto

e N
t hose found i n~soni cat eg reti nzglg \[,I ssues

et 0 ) SHRAG AL R SRS BR M RS 2 e | 1
cppearagce 2k MELE, Sy Sk SYSh o SRS LR LD BERL L ror

experi ments retrnas were 1 ncu

net hods for 4 d 60 mnut riods.. Total ' was, nonitored as
25 wel | as A%‘%Sé% S“é?ggt%?ar?énﬁb’h@%ﬁéf@%e%ﬁq?mwb%&ﬂfog%%% ipBEYPRSs phat e
| evel s remai ngd, . const ant function,of tine, dengpstrating that
oxygenat i on é%dblbq Syt ?fﬁtqu?:'g\}@?ag’ated’&'@qLé?@tWP%@%&tCOSMﬁé% Wyt i xat i on
(5.50 0.14 ngol.eggéng pr ot ei% Igfea ed 20 January 2005 WO 01/42191
PCT/ US00/ 30769 ™" Qs tsemonhon P agathprd eI ackd gy cliaderaiedislgel yniibivion f
maxi mal (4.2 % 1 nnol es/ at. 10 mnutes. Since ATP (20 0.2 nnol es/ ng)
and creatine®b %’é(ﬁjﬁg‘ﬁan@at‘i nthesig was reversed by addition of 0.6 mM BCAA. The data
10 indicated that pyruvate carboxylase and branched chain aminotransferase share rate
control of de novo glutamate synthests in the retina, and that de novo glitamate synthesis

is quantitatively important for maintenance of retinal glutamate levels.

Methods

Experimental animals
15 '

Sprague Dawley rats (200-400g) were used for all experiments. Rats were housed under a
12 hour light/dark cycle, and fed and watered ad libidum. After anaesthetizing the rats
with-nembutal (IP), eyes were enucleated and retinas dissected in ice-cold buffer.

CO, fixation
20

Freshly isolated half-retinas were preincubated at 37°C for 3 minutes in buffer A
{pH 7.4) containing 118 mM NaCl, 4.7 mM KCl, 2.5 mM CaCl, 1.2 mM KI,PO,, 1.17
mM MgS0,, 20 mM HEPES, 5 mM glucose, 0.05 mM NH,Cl and 25 mM NaH"CO;.
Pyruvate (either 0.2 or 5mM) was also included in the buffer. 1 m] buffer as well as the
25 gas phase within 20 ml vials were equilibrated with 95% O,, 5% CO,. Incubations were

initiated by addition of 10 pCi/ml H"COs;. The vessels were then mmmediately closed to



nnol es/ ng) | evels were high and did not change with tinme, this Beak
indicated that the rate of CO2 fixation was constant, BOY2RYRRY 268t i nuous

br eakdown of non-volatile carbon 5 14 products to CO2 + H20 produced a near
steady state | evel of glutamate and glutam ne specific radioactivity by 20
mnutes. TOCAYERYs the control of pyruvate carboxyl ati oPCEESPY/WIEt anat e

- synthesis. retinas were incubated with either 0.2 or 5 nM pyruvate in the

medium and intracellular and extracellular netabolites anal yzed. The total
14C2 fixed in 20 mnutes in the pré%ehce of 10 0.2 nM pyruvate was 5. 27

0. 45 nnol es hhd AFR3HeR:. mﬁeﬁﬁaalohba&mlhhmgr SOmbEs DIRSRAGE: o 5 ™
pyruvate was 9.50 0.74 nnoles H 14003/ ng. Figure 2 shows fh i ncreasi ng

unl abel | ed pyravahgy kg r e plus
14C_ gl ut amx)?le (f?ﬁgmulﬁk?%n%ah%é@tdg%d %%ﬁlg%%%%ﬁﬁtgf %E%rggtg%%?%ﬁ gure 2

-al so shows t Bghovikd'fe hhlg%ﬁasF}anWﬁgtbﬁffér%?lH ggﬁ:fng %e%‘nﬂ?irﬁ SIS it d actate

pl us 14C-pyruvat e val ues hus at ste |ncrease i N pyruvate

‘concentrat i O%ufé%sge&rétgﬁmgﬁjk g,ggltg h@&@'{rﬁ%o%cen rgmg)gzo 3 into

" glutamate and gl utamne rease’in pyr e increased

H 1400351 ncotgraatd 9ol BECaRYE agvoaélﬁm%%%t WA BBty sappls ot ToC poroon

cycled into pyruvate an e represents cllng t hr ough

pyruvat e carboxy&ﬁ§ﬁuﬂ%g&ggnnﬁéq I%Rgoa ﬁvgﬁgﬁﬁgngé% caéggﬁxﬁlnase

and for the first tine es ac

decar boxyl at i hact These dat ShOMlthat an increase
in flux thr ohgﬂ‘eagyﬁf*a RGO R B B S Rbda e e R

synt hesi s of amat e.. A_sone i ncrease i yruvat e

ut
recycling occd@%egFﬁﬁq¥ TnEBHar] by Dgvey &3??6g%%%“W@F@TTﬁZT@f”ﬁ@TIU800130769
-102 A large . f

of to nthesis,is_derived_from pyruvate
carboxylatloﬁe ﬂﬁ%??%%b oﬁ&%gP%G%Q% @%Pbdﬁ?h%Fﬁ%ﬁ“%@“%ﬁgodﬁﬁdJggr
repl enj hlng .u el ease r retinal nerve endlngs duri ng
neEr onia tr aﬁ‘% Ef’%’g?sgﬂnv@gﬂ ‘I§§%‘é§’éc or e“‘g?p 63‘{%}%’“‘?\4 tntird byseiap Haten
radi oactivity of. glutam.ne in r tissue incubated with nmedi um
contai ni ng HA% In mogtiinstapessy lYt‘ ‘ia clgpolidg crrban IHelawyniepestades ths spst i na

derives fron? n belled Iutanate rel eased by neurons and taken up by
Miller gli a° %ﬁ roactivity i the medium plus tissue extracts. Complete quantification of "*C-

metabolite amounts in both the retina and in the medium can be found below in Tables |

and 1.
15
Data not shown in the results and discussion sections where collected in the
course of carrying out the evaluation of the influences of pyruvate on H*CO; fixation in
the retina. Figure 2 shows only the effect of pyruvate on the sum glutamate plus
glutamine and the sum pyruvate plus lactate. Table I provides values for all metabolites
20 that became labeled with H"CO; and their compartmentation.

Likewise additional data, not shown in the results and discussion sections. were
collected in evaluating the influence of gabapentin. Thus Table 11 is an expansion of the
data shown in Figure 4, and provides values for all metabolites labeled with H"CO; and

25 their compartmentation.



remai nder conmes fromglial a-ketoglutarate synthesized anapl erotically from
pyruvate 10 and 'CQ2. "Therefore, the specific radi oact?Q/M'}”aﬂrf 2Q05ut ami ne
relative to the specific activity of H14CO3 provides a mninal val ue for
the proportion of glutam ne derived from anaplerosis. The product of
pyruvate cXHBEhse in the glia is [1,4-1 4C] -oxal oacetRERUSIEI6N t he 1
and 4 positions are | abell ed because the carbon 14 initially incorporated
into- the 4-C position of oxal oacetate is random zed between the 1 and 4
positions by 15 equilibration of oxaPcetate with symetrical funarate. The
| abel | ed oxal oacetate condenses W|th pyruvate to form citrate, which is
then i somerizE&#pled isocitrate. [1,4-'4C]- isocitrate is oxidized and

decar boxyl af @ehditen] Cadit-4-Ket odlGit ar ataep by ] Lsaci {rEiA  denyd@r ogenase.
Therefore the a-ket o@kmt ardte synthesi zed anapl er otiicgelel y has
appr oxi mat e §orel f  pfn t he s;ﬁ)ei9i fijd.47adif 086t i Yoy of| dee orijgiogal [substrate
| -114C08, 2 d ng_on t: Hel- e qreb2 i H048d oni0Aat i|en0.26 t he Oddbel in

oxal oacet atle. Th Qi) so @rq}&nf .04t he 0Byt 1ﬁ15§|e yht hesi 2éd9from t he
" [5-14Q) - a-Ke ate THaE W 4 0.E ) l.ut am ne*WdS neasured in

the retinall ti T act~1ﬁ%§i é%tlfgd @B@@ %ro :tyf'?éj at <=¢§ g H14CCO3 f or

10, 20, 40 =" S Trutes: Y=t t € e+ A) IS
reported. Epef’(gzbi}ﬁiHc rlgdi oact E\glf.y gf I ‘%ﬁfiznai%%{itr ?g tis %{%ﬁm was const ant
bet ween 10 fand 60 m gt €S- | BHIgGET gl@(,m THo8S pig nculatton s 20
January 2005 WD 01} 42191 PET.{4)50Q@E0V89 07 103pafount of gl é’i‘ ne in the
tissue was [4.50 O.{dsmnnol ¢3/8fg, [and 1{si16peCi ki C |[hadi oacth¥pty (was 1970
115 dpmnmal_or 0. 158 0. 009 0dB3m #®i8 of OtlRe! biaar herate spegufijc
activity. This indicates that about 32% of the glutam ne was produced by
anapl erosi s and pyruvate carboxylase. 5 The specific radioactivity of
retinal gl ut qr;meq](269 8 dpn1 nm)l) was Iovver than that of glutam ne and

(ﬂ n

al so const 3 u. tHaeFrom-10-60—mn—+rt—was—only 14% of the
speci fic ad tqnsﬁitﬁ?/ (;%;TSFﬁ e, THI% SLg‘%Bsts baght gl upamat  Lotlat abol i ¢
turnover i IEFSHET MEWT OMTS 150 BT O Wiy os3q et i iR R foeL ot 57y n hesi s.
However, since neuronal b oossmal £oioyy ausasschlbahs Sl A Slibhe |9l Ut amat e
carbon skeleton Tostt duri|n@530 NEEIDEH F AMVTOSS| ©78 L g anapf eypi 1 ¢ pat hway
is of primg_inportance in ¥@0dd aj ADOG1 |+ 0.003 | +0.030 + 0.075
sum 0.991 1.485 0.704 0.558 1.096 4332
+0.054 [+£0.096 | £0.040 { +0.031 | +0.105 |+ 0303
+GBP n 0.389 1.324 0.549 - 1 0.089 1.514 3.902
+£0.026 [1£0.025 {0019 [+0.006 | +0.103 | +0.122
out 0.545 0.008 0.035 0516 |0 1.066
£0.024 | 0002 {£0003 |£0030 +0.028
sum 0.934 1.332 0.584 0.605 1.514 4968
+0.036 |+£0.025 [ 0022 [+0.028 | +0.103 | + 0.028
+GBP n 0.480 1.549 0.609 0.086 1.220 3.989
+BCAA +(.011 +0.070 |+ 0021 {+0008 |+0.116 |+ 0.043
out 0.806 0.009 0.093 0.458 0 1.322
{0086 |+0.001 | +£0.008 | +0.048 + 0.076
sum 1.286 1.558 0.702 0.5445 | 1.220 5.311
+0.082 |+£0.070 | 0016 |£0.040 |+0.116 | £0.119

5 The chromatographic procedure employed in this example separates glutamine,
glutamate, aspartate, and lactic acid. The citric acid cycle intermediates remain on the
Dowex columns and are estimated as the difference between the total counts in the
sample and the counts that are eluted. Evidence of the validity of this procedure has been
reported previously. Before subjecting samples to chromatogréphy, ”C-pyruvic acid in
10 the samples was converted stoichiometrically to lactate by treating the samples with

excess NADH and lactate dehydrogenase. Therefore the single lactate peak reported



neuronal glutamate | evels. The present data show unequivocally that the
anapl erotic pathway provides a | arge (z32% proporti on28fapyEygPeR ani ne
required for glutamate replenishnent. Synthesis of retinal glutamate and
gl ut am ne | rtially dependent on branched 15 chain ami ng aci

transam na‘;@gﬁ&ﬁécent studies of glutamate synthesis i nPEMISW3§%fgastrocyt es
suggested that the conversion of a-ketoglutarate to glutamate could act as
a rate-controlling step in anapl er_oggi_c synt hesis of glutamate. Several
groups have indicated that the a-am™mo group of glutanmate cannot be

suppl i ed as aomrmins all emlbbnidsin bbth@acefioand phrvaepid destiming sp&ifid ausgnamat i on of

a-ketoglutarate with ot her .am no. aci d:. Kananori, K., _Ross, B.D., and
Kondr at, A e Eepbtssth e o e find Ghmisn He s apui o PF Bkgmete Yso70)
Nat gr e 227, nﬁﬁwﬁﬂﬁsorémﬁtﬁlﬂiymglngblﬁtawh HOdﬂ@jaﬁiti]:,pr&gdurQ«PG -alé‘l‘l,-MiSB@le%ﬂn 1. J.,
Sande, L. M, ite L. R, ra th. 0., Unsgar . Assley, J..
Sonnewal d, UNet"f@gg‘)Odh-ffg?boNgﬁ‘?}P‘iﬁ@E‘?.ﬁ“ @’,Me‘?@gj@%é{?l IBredndnulion Kad Andini no
acids age |ilgaket GIDt (708 SaAnGRINPFkH WO D 360-D4® THREYasE AodR of £108Rideeis

bl ood-brain and bl ood-retinal barriers efficiently, Hutson and coworkers

have pr opos8¥atfisetiyr dremageapinisprpenfermelsiamats febereddyce lgminemgticc h
i nvol ves br apabednfdaiphevafiskd A8uans. 380 %nd YOt/ eshie RER/ hiSQQLB0769 - 104

am no aci ds and two, BCAT i soenzynes, one in neuronal cytosol (BCATc) and
one in gliafvepmsEikeihdsing PBCATHIC8%AY-al so provide the needed nitrogen:

Hutson, S. M, Begkighprofin wi2d8Rmibh : : ] : ue, K F.
(1998) J. Neurochem 1ro m8%3-87£ﬁu %c%%%&?ﬁacfgﬁﬁﬁg%%§%ﬁ$g?§gﬂgﬁ shuttl e,

neur onl BCAF&. Pad). | HeglhdSreging epntainepaim) d orampsivon of a- ketoglutarate to
gl utamat e by providing BCAA regenerated in the neurons (cf Figure 1). As a

first step tp%gtei(&\fﬁﬁhi]%tﬂsp@ the role of the BCAT isoenzynmes in de novo
glutamate synthesis 1n the reti'na, immunoblotting with BCATm and BCATc

specific 10 anti bocinas aasxulaetctdtydedsasday dcn \Waat Latpldshe wBSABrdisaanzy nes
are expressed in rat retina. As shown in Figure 3, both BCATc and BCATm
are expr essetkeispd rehigasy éh¢ magthad despighed by PrigbRatedy M-S O1A8AY iaNeerdmeitoliose f ound

LN whole br A D e At BRirey Mt o Vol 11,230 Bhulton. A.A and Baker G.D. (The
Humana Press, Inc.) pp 309-340, was used and involves measuring *CO, fixation under

optimal conditions in sonicated tissue.

Western Blot

20 SDS-PAGE was performed as described Patel, M.S. (1989) in Neuromethods:
Carbohydrate and Energy Metabolism, Vol 11, eds. Boulton, A.A and Baker G.D. (The
Humana Press, Inc.) pp 309-340, using 10% gels. For immunobiotting, protem were
transferred to Immobilon P membranes. Membranes were blocked with 5% BSA and
incubated with immunoaffinity purified rabbit anti-rat BCATc peptide antibody (1:1000

25 dilution) or immunoaffinity purified rabbit anti-human BCATm peptide antibody {1:1000
dilution). Thé immunoreactive protein bands were visualized using the ECL system

according to manufacturer’s instructions (Amersham, Arlington Heights, IL, USA).

30



di ssected rat retina is an appropriate intact neural systemin which to
test the concept of nitrogen shuttling between neurons2G#anugni200515 The
| euci ne anal og gabapentin (GBP) is a neuroactivc drug which inhibits
BCATc, but not BCATm Su, T.-Z., Lunney, E., Canpbell, G, Oxender, D.L.
(1995) J. WREUIHBEhem 64, 2125-2131. It was confirned t R&EUEHBOTNANI bits the
synthesis of leucine in freshly dissected rat retinas (data not shown)-
The effect of GBP on the synthesis of 14C-glutarate plus 14C-gl utam ne from
Hf 4008 in ex vivo rat retinas was th¥-measured. 20 As shown in Figure 4, 1
MM GBP r educed,itMafiBid Mia Qs gl utamate plus E4C gl utamine to 71% of
control values (2.26 0.05 versus 3.18 0.12 nnol/ng, p<0.001). Addition
of 200 M each of | eucine, isoleucine and valine reversed the inhibition to
89% of .control (2@aare 1Porietbin/teryandlurabyisicsugingle dpndme Ju 2 rierdarwas no
effect of GBP on either ATP or creatine phosphate indicating that the GBP
di d not i npaimeteletithend drgdipg be e sprsificaicivibod seediim HEEs.dimtefor¢ sibdatage in
- incorporation of carbon 14 into lactate and citric acid cycle
i nter medi at esrefdrredas amos oI ‘€0:/Bg pRoteid fr By diven moiabdiite. pr esence of | 20
January 2005 WD 01/42191 PCT/ US00130769 -105 mM GBP was not significant.
| ncor poration of tResulisabelcpiriiias dlelmeat +istaaddrd badralf itHeeseah Stalzdwh 1 n Tabl e
11. Further experinents were carried out to investigate dose/response
properties ofsignifidahis wisjegiell ¥y plifedeedseshdrai<0rBsSNWabEs bfiadbpaddest for 20
mnutes in buffer A containing either 0, 0.2, 1, or 5 MM GBP. As shown in
Figure 5, i NnceRasinaGodsi®) £OpoEd mtian Hf mbidBke@uer 1 mM did not
significantly increase the extent of its inhibition of the synthesis of
"4C-gl utamat e plus' 4C gl utam ne fromH 4C03. Again GBP has no influence on
formati on of %@fi acid cycle internmedi ates, |actate and pyruvate (Figure
5). This supp‘gli5 % the proposal that the site of GBP inhibition of
glutamate synthesis is the BCAT nedi ated conversion of a-keloglutarate to
gl utamgge. Di ' t U ' echani sns for
mai nt gﬁgnce oﬁgﬁgk gif}tl}txﬁqrr%t ééw'sgi%g%?ﬁé;@%ﬁgg\éaé%hﬁceigg@homed t hat
gl utam ne synthetase is required in retinas and

Patel demonstrated that pyruvate carboxylase is the major CO; fixing enzyme in

the adult rodent brain. To judge whether this might also be true in the retina, the activity
of pyruvate carboxylase at 37°C in sonicates from neocortex was compared with those

15 from the retina. The neocortex levels (2.9 0.1 nmoles H"CO; fixed/min/mg) were
similar to those found in sonicated retinal tissues (3.4 + 0.4 nmoles H"*CO,
fixed/min/mg), indicating that pyruvate carboxylase was just as active in retina as whole
brain.

20 Rates of both *CO; fixation and "*C-glutamate appearance are a function of
pyruvate levels in the retina

_ In preliminary experiments retinas were incubated with 0.2 mM pyruvate as
described in methods for 10, 20, 40 and 60 minute periods. Total C0, was monitored as
25 well as ATP and creatine phosphate levels. ATP and creatine phosphate levels remained
constant as a function of time, demonstrating that oxygenation and pil control were

adequate throughout. Tot_ai CO, fixation (5.50 = 0.14 nmoles/mg protein) peaked



15 hi ppocanpal slices to maintain |evels of neuronal glutamate: Su. T.-Z.,
"~ Lunney, E., Canpbell. G, Oxender, D.L. (1995) J. Neur 8¢H&ugry 8205
2125-2131. | mmunocyt ochem cal neasurenents indicate that 90% or nore of
retinal and whole brain glutamate is neuronal and that inhibition of

gl ut ani ne Y9 ase for 90 minutes depl etes the neur ondCTYSHV3t e pool to
negligible levels: Otersen, OR Zhang, N, and Wal berg, 20 F. (1992)
Neurosci. 46, 519-534. This dem)nstrflt ed that glutam ne synthetase is
required for maintenance of neurona 01g‘I utamate. Al though glutamate can be

synt hesi zed i PerR@M@NERAHD AitAeskOil Bk Bk AHRAY % oF AGKinA (14% oY 3hRisAHY! ase
or another anaplerotic enzyne prevents teplenishnment of a-ketoglutarate,

and thus, pre t i i.t-hi rqns except from

al it ani me v Rt Shod\H 8092 IR NESKB LS Bl B usoor Bo760

-106 In this ex l e . th sour ces d ntrol..of glutamne. synthesis was

~ investigated mﬁag%%ﬁ'gh%ﬁqf Wgeg'@iagggﬁr“é’f Fhiaee Wit W“%i%%ﬂé%c%ﬁégﬂﬁ?eng t he
appear ance and, s jfic. radioactivity of 14C-g] utam ne_and 14C-gl ut anate.

Nore EAC gl ut Bih LU By Repautrhityt tetonreuSedBn 6 RN e han | n

t he presence 0.2 mM_ This indicates that 5 ruvate carboxyl ase activity

i nf 1 uendes t hbt P Gty RROESHF Rese escplitlonst Of fuiiacend sBrvenies vi 1y

of this control .is denmonstrated by the observation that when pyruvate is

i ncreased fr ofEH12 ¢3¢0 Bind PHE Fagni t ude of the increase in pyruvate

carboxylase flux (80.3% is not directly translated into an equi val ent

i ncrease in 14C glltassfat be prie! ofpyeuvgieeahnk raliqray epghytampte syiithsisi refinast  t he

control is provided by the potential for citric 10 acid cycle

decar boxyl at i e HisHPHRA Widtatider 2 9ed Mg pyravide pybemediem qadintraesiislar g1d t ot al

H14C03 fixation in retinal tissue was sinjlar to that seen in cultured

i sol at ed ast reFEpecdglar meighelbesianalyzeds Ere toRkr (Oe Hxeddp R0 minwiesdh the@repencexti, B. |

and LaNoue, K F (1997) J. Neurochem 69. 2312-2325. However, in

astrocyfes, vhi oM havetnpanial? + 6.46 egeive tEIE:/ren ddgenoibst (BEAN the prsdnoe

transam nate a-ketoglutarate, the pyruvate-induced increases 15 in CO2

fixation wer efsethMtgyansicatae .50 074 maslesld BSOh/me 1 Higg Rh@n®the: iadiehsing
14C-glutam ne levels. Instead, the carbon 14 accumul ated solely in citric

acid cycl e i ningbemdi FhB8ateditch 0.2 to 5 mM increases the sum "*C-glutamate plus "*C-
glutamine (from 1.74 £ 0.19 102.90 + 0.31 nmoles/mg, p<0.005). Figure 2 also shows that
the higher pyruvate incubation increases the MC-lactate plus “C-pyruvate values, Thus,
15 at steady state, an increase in pyruvate concentration from 0.2 to 5 mM increased
incorporation of-H'4CO3 into glutamate and glutamine by 66% whereas the increase in
pyruvate increased H'*CO; incorporation into pyruvate and lactate by 111%. The carbon
14 cycled into pyruvate and lactate represents glial recycling through pyruvate
carboxylase, malic enzyme and phosphoenolpyruvate carboxykinase and for the first time
20 demonstrates active citric acid cycle decarboxylation in intact neural tissue.
These data show that an increase in flux through pyruvate carboxylase induces an
increase in de nove synthesis of retinal glutamate. A somewhat larger increase in

pyruvate recycling occurs simultaneously.




into "recycled" pyruvate. In the retinal studies reported here, the
specific radioactivity of glutamne at 20 steady state Rd2MansEMK the

bi carbonate specific activity. Since, approximately half of the 14C
incorporated into oxal acetate is retained in a-ketoglutarate, the results
show t hat W9UA2% the glutamine is derived from HL14C03. PERAUSOO3E7P he f i r st
direct estimate of the contribution of anaplerosis to glutam ne synthesis
in a neuronal tissue. Previous estimates have been indirect, and involved
i sot oponer anal ysis of NMR spectra f%PFowi ng infusion 25 of 13C gl ucose
(3-5. 11-13) into intact brains. Estimates of the contribution of pyruvate
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Kocsi s, E Brown, J. @3; _ , Baden, P_, Si ngh
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is a common action of GBP and the anti-epileptic carbonic anhydrase
i nhi bitors: HaYERe ! &g posiengarg laballed tgcguse (e garbon WNwifslly gcprporated into

the 4-C position of oxaloacetate is randomized between the 1 and 4 positions by

15 equilibration of oxalacetate with symmetrical fuﬁarate. The {abelled oxaloacetate
condenses with pyruvate to form citrate, which is then isomerized to isocitrate. [1,4-"*C]-
isocitrate is oxidized and decarboxylated to [5-"*C] .a—ketoglutarate by isocitrate
dehydrogenase. Therefore the a-ketoglutarate synthesized anapleroticélly has
approximately half of the specific radioactivity of the original substrate H*CO,,

20 depending on the degree of randomization of the label in oxaloacetate. This is also true of
the glutamine synthesized from the [5-"*C} a-ketoglutarate.

‘The specific activity of glutamine was measured in the retinal tissue extracts
incubated with 0.2 mM pyruvate and H'*CO; for 10, 20, 40 and 60 minutes. Only the
tissue glutamine (not medium) is reported. Specific radioactiv-ity of glutamine in the

25 tissue was constant between 10 and 60 minutes. After 20 minutes of incubation the mass



Lynch, C. J. (1997) Derv. Neurosci. 19, 162-171. Also e Syr Urine

Di sease, the hereditary ailment caused by a mutation 0? Sf or
branched chain keto acid 20 dehydrogenase, if untreated |nduces hi gh serum
'BCAA in patients and subsequent neurol ogical abnormalities: Chuang, DI.
and Shi h, WO #/42{91995) in The Metabolic Basis of |nheri PEWUBISBHUEe, eds.
Schriver, C R, Beaudet, A L., Sly, S., and Vaile, D. (McGaw HIl) pp.
1239- 1277 whi ch may be rel at ed to abnor nmal regul ati on of glutamate
synthesis. Finally, the inplicatiod8of nitrogen shuttling during

glutamate syniigsics lgﬂi‘t%ﬁ:ﬁmé’ﬁ 1R Hs@heexgaszﬁmf Pé%{?%ofe&m'g! &gtlg%ec%te effi Cacy of

GBP in the treatnen neur opat hi ¢ pai n: tersen and

Wal berg, F. (1992) .Neuro d r tion, Chuang,
D1 Can Shi dgebosgash i 1Shen bl PR el AR a‘}@tbécafhap%ase
eds. 20 January, 2005 WD 01/42191 PCT/ USQ0/ 34769 -108 Schriver, C R,
Beaudet, A Lspccsﬁc;ﬁcngfy Thigandieasdhat ghout {p¥ephie plufanyingwas prodygedibyy 7.

Rot hsetin, J.D. and Kuncl, R W (1995) J. Neurochem 65, 643-651. EXAMPLE
67 5 Enzynme pROFAISATINGPYIAE£EMOFHEISChr ai ns were thawed on ice and minced
into fine pieces. For each brain 5 n] of isotonic buffer [225 nM mannitol,
75 M sticrose, 5 T spoR8c rqdpdctivity)of relinpighEDTae (2693 G@VAmnol waplopyEmthan
contai ning | eupeptin, pepstatin and PMSF] was added. The sanpl es were
honogeni zed it fggittemmnerodelye niswnt (5B fulBtiamofltingfrond 6160 Imn dt wadt ondnal ) at
500 rpmfor ten strokes, followed by additional ten strokes at 800 rpm
The honpgenati¢% ofieeepeadiid Fatilvitg ek litamBe CRiasugd&tdvhdt shenibdte foagholisi t h r ot or
JA-20 at 19, 000 rpmfor | hr. The supernatant was dialyzed with at | east

t hr ee changesurnotbr ditbd yesikahs lxuhpid with22pedrivd saprtdiolsyntiidisnNbseer,Gle; 5 MV
MOPS pH 7.1, 1 mm EDTA, 1 nmM EGTA, and 1 nM DIT) for 24 hrs. The resulting
enzyne was Shafr@d] glitanB€: 1Gnboer caldrt feglehBe theabhsayse chAb@akelefon BSAduringhe
reaction was done in 1.5 m Eppendorf tubes in a volune of 100 111

cont ai 10 Ng SQeiddahkmBsibllthd dpBroB) patBEra@iViof pdiad irhpdrabiad il ehaintdnifiM

- 2-oxoglutarate, 15 pM pyridoxal phosphate, | mM DTT, and enzyne. The

sol utions fopedrdifl sl@AGIatedBvels. The present data show unequivocally that the anaplerotic

pathway provides a large (=32%) proportion of the glutamine required for glutamate
replenishment.

Synt'hesis of retinal glutamate and glutamine is partially dependent on branched
15 chain amine acid transamination

Recent studies of glutamate synthesis in cultured astrocytes suggested that the
conversion of a-ketoglutarate to glutamate could act as a rate-controlling step in
anaplerotic synthesis of glutamate. Several groups have indicated that the a-amino group
of glutamate cannot be supplied as ammonia and must therefore be supplied by

20 fransamination of a-ketoglutarate with another amino acid: Kanamori, K., Ross, B.D.,
and Kondrat, R.-W. (1998) .J. Neurochem. 70, 1304-1315, Laemmli, U.K. (1970) Nature
227, 680-885, including our own Haberg, A., Qu, H., Bakken, 1.]., Sande, L.M., White,
L.R., Haraldseth, O.. Unsgard, G.. Assley, J.. Sonnewald, U. (1998) Dev. Newrosci. 20,
389-398. Branched chain amino acids are likely nitrogen contributors since they can

25 cross the blood-brain and blood-retinal barriers efficiently. Hutson and coworkers have

proposed that a nitrogen shuttle between neurons and glia which involves branched chain



20 m xture were made in 10-fold concentrations. After 10 mn incubation at
room tenperature (22 C), the reaction was stopped by aaeiJﬂ‘@JaIbé‘)Q%l of 15
nmM p- ni trophenyl hydrazine in 2 MHCL. After a fewmnutes, |I. nL of a

t-ol uene-based scintillation liquid (4.5 g of PPOand 0.5 g of bis-MSB in |
liter of welmge®) was added, the tube was capped and nPEUSWAGEOUghly Wi th
"a Vortex mxer. Then the tubes were centrifuged at 13, 500 25 rpm

- (Eppendorf centrifuge 5415C) for 10 min. Six hundreds pl of organic |ayer
from each tube was placed into scirh®44lation vials, followed by adding 10
m of scintillation cocktail for counting. Exanple #rBCATc I C50 (uM 1146
21136 31660 4@nbucidd ad@mbmOA R 20k bhdidk8dronal 108 s0l PBOR %GR8 3k iA2165 874

9120 10121 111387 121490 13> 10, 000 148592 1582 161319 17> 10, 000 18
glial mitochondria (BCATm) can also provide the needed nitrogen: Hutson, S.M.,
Berkich, D., Down, P., Xu, B., Aschner, M., and LaNoue, K.F. (1998} J. Neurochem. 71,
863-874. According to this hypothetical shuttie, neuronal BCATc facilitates glial
5 | BCATm conversion of a-ketoglutarate to glutamate by providing BCAA regenerated in

the neurons (cf Figure 1).

As a first step toward investigating the role of the BCAT isoenzymes in de nove
glutamate synthesis in the retina, immunoblotting with BCATm and BCATc specific
10 antibodies was used to determine whether the BCAT isoenzymes are expressed in rat
retina. As shown in Figure 3, both BCATc and BCATm are expressed in the retina at
levels that are comparable to those found in whole brain homogenates. Therefore, freshly
dissected rat retina is an appropriate intact neural system in which to test the concept of

nitrogen shuttling between neurons and ghia.

15 The leucine analog gabapentin (GBP} is a neuroactive drug which inhibits
BCATc, but not BCATm: Su, T.-Z., Lunney, E., Campbell, G., Oxender, D.L. (1995) ./
Neurochem. 64, 2125-2131. 1t was confirmed that GBP inhibits the synthesis of leucine
in freshly dissected rat retinas (data not shown). The effect of GBP on the synthesis of
MC-glutamate plus ' C-glutamine from H'*COs in ex vivo rat retinas was then measured.

20 As shown in Figure 4, 1 mM GBP reduced formation of MC-glutamate pius *C-
glutamine to 71% of control values (2.26 £ 0.05 versus 3.18 £ 0.12 nmol/mg, p<0.001).
Addition of 200 uM each of leucine, isoleucine and valine reversed the inhibition to 89%
of control (2.841.15 nmol/mg, p<0.01 versus GBP alone). There was no effect of GBP
on either ATP or creatine phosphate indicating that the GBP did not impair retinal

25 bioenergetic processes. The small increase in incorporation of carbon 14 into lactate and

citric acid cycle intermediates (from 1.93 + .06 t0 2.12 % (.13) due to the presence of 1
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mM GBP was not significant. Incorporation of the label into all of the metabolites is

showrn in Table 1.

Further experiments were carried out to investigate dose/response properties of
GBP. Freshly dissected retinas were incubated for 20 minutes in buffer A containing
either 0, 0.2, 1, or 5 mM GBP. As shown in Figure 5, increasing the concentration of
GBP over 1 mM did not significantly increase the extent of its inhibition of the synthesis
of "C-glutamate plus '*C-glutamine from H'*CO;. Again GBP has no influence on
formation of citric acid cycle intermediates, lactate and pyruvate (Figure 5). This supports
the proposal that the site of GBP inhibition of glutamate synthesis is the BCAT mediated

conversion of a-ketoglutarate to glutamate.

Discussion

The studies described evaluated mechanisms for maintenance of CNS glutamate
levels. Previous studies showed that glutamine synthetase is required in retinas and
hippocampal slices to maintain levels of neuronal glutamate: Su, T.-Z., Lunney, E.,
Campbell, G., Oxender, D.L. (1995) J. Neurochem. 64, 2125-2131.
Immunocytochemical measurements indicate that 90% or more of retinal and whole brain
glutamate is neuronal and that inhibition of glutamine synthetase for 90 minutes depletes
the neuronal ghitamate pool to negligible levels: Ottersen, O.P., Zhang, N., and Walberg,
F. (1992) Neurosci. 46, 519-534. This demonstrated that glutaniine synthetase is required
for maintenance of neuronal glutamate. Although glutamate can be synthcsized in
neurons from a-ketoglutarate, lack of pyruvate carboxylase or another anaplerotic
enzyme prevents replenishment of a-ketoglutarate, and thus, precludes net glutamate

synthesis within the neurons except from glutamine via glutaminase.
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In this example the sources and control of glutamine synthesis was investigated
by incubating excised retinas with H'*CQj3 and measuring the appearance and specific
radioactivity of "*C-glutamine and "'C-glutamate. More "C-glutamine is synthesized in
the presence of 5 mM pyruvate than in the presence of 0.2 mM. This indicates that

5 pyruvate carboxylase activity influences the rate of glutamine synthesis. However, lack
of sensitivity of this control is demonstrated by the observation that when pyruvate is
increased from 0.2 mM to 5 mM the magnitude of the increase in pyruvate carboxylase
flux (80.3%) is not directly translated into an equivalent increase in '*C-glutamate plus
"C-ghutamine (69.0%). Flexibility of the control is provided by the potential for citric

10 acid cycle decarboxylation and pyruvate recycling. The pyruvate dependence of total
"H"CO; fixation in retinal tissue was similar to that seen in cultured isolated astrocytes:
Gamberino, W.C., Berkich, D.A., Lynch, C.J., Xu, B., and LaNoue, K.F (1997).J.
Neurochem. 69, 2312-2325. However, in astrocytes, which have no way to regenerate
endogenous BCAA used to transaminate a-ketoglutarate, the pyruvate-induced increases
15 in CO; fixation were not translated into in¢reases in MC-glutamate and "*C-glutamine

levels. Instead, the carbon 14 accumulated solely in citric acid cycle intermediates and

into “recycled” pyruvate.

In the retinal studies reported here, the specific radioactivity of glutamine at

20 steady state was 0.158 of the bicarbonate specific activity. Since, approximately half of
the '*C incorporated into oxalacetate is retained in a-ketoglutarate, the results show that
= 32% of the glutamine is derived from H'*COs. This is the first direct estimate of the
contribution of anaplerosis to glutamine synthesis in a neuronal tissue. Previous estimates
have been indirect, and involved isotopomer analysis of NMR spectra following infusion

25 of °C glucose (3-5, 11-13) into intact brains. Estimates of the contribution of pyruvate
carboxylation to glutamine synthesis using these NMR methods have been lower than
the present one, and range from less than 1% (3) to 5-10% (4,5) to 20-25%: Shank, R.P.,
Bennet, G.S.. Freytag,r S.0.. and Campbell. G.L. (1985) Brain Res. 329, 364-367,
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selected from the group consisting of 10
The observation that GBP slows the conversion of citric acid cycle intermediates

10 glutamine and glutamate strongly suggests that neuronal synthesis of BCAA by
BCATc 1s necessary for optimal rates of amination of a-ketoglutarate to glutamate. A

10 reasonable scheme for their involvement in this process is shown in Figure 1.

The results, which demonstrate inhibition of ”C—g]utamate and MC-g]utamim:
synthesis from HF4C03 by GBP and reversal of the inhibition by BCAA, are consistent
with the described shuttle. The hypothesis also provides a possible explanation for the
anti-epileptic action of GBP: Taylor, C.P., Gee, N.S., Su, T.Z.. Kocsis, 1.D., Welty, D.F.,

15 Brown, J.P.. Dooley, D.J., Boden, P., Singh, L. (1998) Epilepsy Res. 29, 233-249,
Indeed, decreased glutamate synthesis is a common action of GBP and the anti-epileptic
carbonic anhydrase inhibitors: Hazen, S.A., Waheed, A., Sly, W.S., LaNoue, K.F_,
Lynch, C.J. (1997) Dev. Neurosci. 19, 162-171. Also, Maple Syrup Urine Disease, the
hereditary ailment caused by a mutation of the gene for branched chain keto acid

20 dehydrogenase, if untreated induces high serum BCAA in patients and subsequent
neurological abnormalities: Chuang, D.1. and Shih, V.E. (1995) in The Metabolic Basis of
Inherited Disease, eds. Schriver, C.R., Beaudet, A L., Sly, S., and Vaile, D. (McGraw-
Hill) pp. 1239-1277, which may be related to abnormal regulation of glutamate synthesis.
Finally, the implications of nitrogen shuttling during glutamate synthesis must be studied

25 further in light of the efficacy of GBP in the treatment of neuropathic pain: Ottersen,
O.P.. Zhang, N., and Walberg, F. (1992) Newrosci. 46, 519-534 and neurodegeneration,

Chuang, D.1. and Shih, V.E. (1995) in The Metabolic Basis of Inherited Disease, eds.
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R 3R)-3-Methyl-1-[(2,2,2-trifluoro-etihgtani no)-nl ct hviJ-cvcl ohcxvl 20
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acetic acid; ZRothketdnn,3.D.and Kuncl R.W.(1995) J Neurochem. 65, 643-651.
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acetic acid; %@(h 5[3-{ I-[fCycl opropyl net hyl -am no)-nethyl]

3, 5-di net hyl - acetic acid,

“trans-{(4 R 3R) -1-[(Cycl opropyl net hyl - am no) - met hyl ] - 3-net hyl -c¢ cl ohex Y vyl
} - 30 acetic_acid; 20 January 2005 - 13-

trans- ((1R 3R)":“§Y%PFFJ’Iar‘ft"‘i“nET°ﬁ§ﬂ AhRTABREERIAvKd ep itsarg mincsd i ncpipags.

trans-((I R, 3R)Jréanﬁbﬁw SR mgm&ﬂwbaiﬁeﬂﬂ?jsm{ﬂa rﬁ—éﬁﬁit&h%%msu@,%é‘é kG Gi@ps
trans- ((I R 3R)-3-Met hyl -1 -propyl am nonet -cyclo ﬁ/ y-acetic acid;
trans- ( (1R 3RIRH? éhtlyv%ﬁfﬁg%étrn%E@f?ve&lﬁﬂ%%%ﬁ@%g eppentiat Hepstalyi and 5

trans-(()R 3R)’M]SF|]'W3§ %@pﬁ"ﬁlﬂam%reg%mﬂonﬁgg fhex W)t)ersaf%%&ggnige? i(ﬁl.; Bran.

10 Biotech International) at 500 rpm for ten strokes, foHowed by additional ten strokes at
800 rpm. The homogenates were centrifuged in Beckman J2-M1 centrifuge with rotor
JA-20 at 19, 000 rpm for 1 hr. The supematant was dialyzed with at least three changes
of dialysis buffer (225 mM mannitol, 75 mM sucrose, 5 mM MOPS pH 7.1, ImM EDTA,
1 mM EGTA, and 1 mM DTT) for 24 hrs. The resulting enzyme was stored at —80 °C for
15 further assays.

Assay of BCAT: The reaction was done in 1.5 ml Eppendorf tubes in a volume of 100 pl
containing 50 mM Tris-HCL (pH 8.3). 25 uM [""C] L-leucine, 10 mM 2-oxoglutarate, 15
nuM pyridoxal phosphate, | mM DTT, and enzyme. The solutions for the reaction

20 mixture were made in 10-fold concentrations. Afier 10 min incubation at room
temperature (22 °C), the reaction was stopped by adding 100 pi of 15 mM p-nitrophenyl
hydrazine in 2 M HCL. After a few minutes, 1 mL of a toluene-based scintillation liquid
(4.5 g of PPO and 0.5 g of bis-MSB in 1 liter of toluene) was added, the tube was capped
and mixed thoroughly with a Vortex mixer. Then the tubes were centrifuged at 13, 500

25 rpm (Eppendorf centrifuge 5415C) for 10 min. Six hundreds pl of organic layer from

each tube was placed into scintillation vials, followed by adding 10 ml of scintillation

cocktail for counting.

Example # rBCATc IC50 (uM)

1 146

2 1136

3 1660

4 2515
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35 1768
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((IR, 3R) - 3- i\‘;’@t hyl -1 - propyl ani ngnet hyl - cycl ohexyl ) -agcetic acid,
hydrochl ori d&7 sal t; 1193
{1-[Cycl open%lmeua.)d_-am_m.);mmgu_-.cyamhax_w_};aceti c acid,
hydrochl ori ¢ -%salt; 20 (1 }-acet i“®18ci d, hydrochloric salt; ((3R
59) -1 - Cycl obtggyTam momet iyt =3, 5-[djzAet Nyl =cyctohexyl )} acetic acid, 25
~ hydrochloride salt; ((3R
~ 5S)-3,5-Di ngt#yl -1 -[ (2- net hyl - but%ﬁpﬁm no) - et hyl ] - cygl ohexyl }-acetic acid,
hydr ochl ori quaai t—(3R—5S5=t+—F4£2=Hydroxy=
- et hyl - et hyl arni no) -net hyl ]-3, 5- j(?l met hyl - cycl ohexyl }-acetic acid,
hydrochl ori det2salt; 30 {(3R, 669
55)-1-(" (2, 2-BDrethexy—ethylam+ get-hyHH—3-5—direthyl - cycl ohexyl }- acetic
aci d, hydrocﬁ'l oride salt; 20 Jan?’awg 2005 115 f (3R SS)- |
-[ (Cycl opentjyanet hyT - am no) met Nya7pg 3, 5- di met hyT - cycl ohexyl} -acetic
acid, hydro hloride salt: {(QD 59) - |
-[ (Cycl ohexyl‘*ﬁet hyl - am no) met hyll]33§ 5-di nmet hyl - cyc| ohexyl } -acetic
46 1129
47 15580
48 8530
49 84
50 842
51 >10,000
52 2516
53 3340
54 217
55 9242
56
57 —
58 179
59 3370 -
60 11530
161 114
62 4216
63 .
64
65




. acikd, hydrochloride salt; : | 0
((3R,58)-1-Cyc|ohexylarninonethyl-3,5-dinethyl-cyclohexgp)?gfg¥?eiﬁcid,
hydrochl oride salt; . salt; a .

ci s-((3R,59). -1-Hydroxynet hyl - 3, 5- di net hyjricycl ohexyl -acetic acid,
hydrochloridga tyl am nonet hyl - cycl ohexyl )-acetic acid, hydrochloride
salt; {1-(2;2-D et hoxy-ethyl aniino)-methyl]--cyclohexyl}-acetic acid,
hydrochl ori de dal t A &mpbirBREoffs -am no) - net hyl.] cycl ohexyl }-acetic
aci d, -hydrochl ori de saﬁ?? [1:?%%gﬁgpﬁilanino-nethyl)-cyclohexyl]-acetic
acid, hydrochloride salt; :

(1-[ (3-Phenyl - propyl am no) - met hyl | Rgycl ohexyl }-acetic acid, hydrochloride

salt; ((3R 5S)-IHydroxynethyl -3, 5-diretdg4+ cycl ohexyl ) -acetic acid, sodium
salt; ((3R 5S)-1-Ethylanm nomethyl -3,{5-dj net hyl -cycl ohexyl ) -acetic-acid,
hydrochl oride salt;

((3R,55)-3,5-Di net hyl -1 -propyl am no

~hydrochl ori de salt; .
[ (1R 3R)-1-(Benzyl ani no- net hyl ) - E cfcl ohexyl ] -acetic acid,

hydrochl oride salt; 3 T Ry v

((1R, 3R) - 1 viHeRdnzyl - met hyl - am no) - net hyl ] - 3- et hyl - cycl ohexyl }-aceti c aci d,

h dro hl ridy c o e salt; or .

((1R 3R) - 3- et RyiR4are hydrogemor aligiet hy| - cycl ohexyl ) - aceti ¢ aci d,

hydr ochl ori de- XSi@NRS O%Cb;&anuar y 2005 . . .

Rs is hydrogen or alkyl,

is al s )
o R61 s alkyl, benzyl, - - arylalkyl, alkoxy, cycloalkyl, allyi,
c.yc oalkyl, alkoxy, cycloalkyl, alkyleycloalkyl, trisubstituted halogenalkyl, and
wherein when Ry-R, are each hydrogen the Rq is not meth

yl; or a pharmaceutically
acceptable salt, ester selected from Cy-Cg alkyl esters, Cs-C; cycloalkyl esters and C;-Cy

atylalkyl esters, or amide selected from amides detived fio
glkylamincs and secondary Cy-Cy dialkylamines, thereof,
2.

| -cycl ohexyl)-acetic acid,

— b

M ammonia, primary C;-Cs

A compound according to claim 1 wherein R, and Ry are hydrogen and R
and R; are alkyl; R, and R4 are hydrogen and R; and R; are methyl; Ri-Ry are hydro enT
R, -13 alkyl and Ry-Ry4 are hydro gen; R is methyl and R2-Ry4 are hydrogen; Rs is hydro gen"
X is NRg; X is O; Rs is alkyl; R is benzyi; " Rg is ph,enylalkyl' Rf 15:
oycloalkyl; Ry is triflioroalkyl; Ry is alliyleycloalleyl; Ry is alkoxy; and R is allyl |
3. A compound according to claim 1 wherein Ry and Ry are hydrogen‘ and R
and Ry are methyl; R,-Ry are hydrogen; R, is methyl and R2-R4 are hydrogen; Rs is |



116 6. Use of a conpound of Formulas I, Il, and/or 111 \ R R>~
ReR~ 5 -R3 RA RO | C2H - CHOM (&)n RI3 R R$' R Rgg%?“‘ﬁéy%ﬁ%ﬁei,,n:__
RO is H, alkyl; cycloal kyl; substitut e,d]alal kyl contai ni ng hal ogen, "am ne,

al koxy, cycloal kyl, .or hydroxy; ally/; @“Rynyl; , i sulfonyl; phenyl; .
-benzyl; arylalkyl; A¥érogsee&ps NRg Hﬁfalfiﬂfﬂ}‘is%eﬁz'!]-. al kanyi or,

al koxyal kanoyl . m angy 'ibaﬁ{y?' q’ﬁqsd‘g@endeﬂtl an i ntéger of r-%;ls.ghenylaﬂzal;mﬁh
Rio - Ro are i ndeperdentry 1. ZfHoroalky; @bﬂﬂ’ﬂﬁyuﬂbﬁdy}akkﬁlaykﬁp%‘{@: NE{?
0, or S where there is Tore than one stercoisoner, each chiral’ cent/re? y
be i ndependentl4 R " ar eutjcally acceptable salt, ester

sel ected from Cl1-C6 aIEcl’<y Oug'gtagcrogd,?ngdg%m Icyhareia Rg whd R h§ddpch ddd ¥%nd r
“aryl al kyl esters, ofren¢thd; ReRem‘eﬁsidri:gé;,m ani des derived from amofia, =

‘primary G -C6 al kyl ami nes and secondary Cl1-C6 di al kyl am nes, thereof, for
t he manufsatcturg of g-mcarrent é;;]or treating diabetic retinopathy. 7. The."
use of claim 6 wher®i yiskreeprding tolClaik: | " | s H R4is nethyl; R4
| g 1olCladke t and\Rlebted BInl Ge gfoup consisting o%‘g _ '

S e -

l’ g ) h . - .- :
y {1-[(2,2,2 Tnﬂuoro—ethylammo)-mcthyl]-cyclohexyl}‘-acetic acid;
2 { 1-[(3.3,3~Tr1ﬂuord~pr‘opylamino)-meth—yl]—cyclbhexvl J-acetic acid:
' 10.3,5B~(3.5-Di ' minome Ioheryly-a
B _B (3.5 DlmethyL1—prop-E-ynyIaminomcthyr-cyclohexvi)-acetic acid:

loe.3B8,508- -Di ! i
3B,5B-{3.5 Dlmeth}l-I—[(2,2,2-t_r1ﬂuoro-cthylamino}-me(hyl]-cvc]ohcxyl }

acetic acid; :
15 la, 38,5081 i
- SB.50 .3.5-Dlmethyi—l-[(3.3,3-!n’ﬂuoro-propylamino)-mcthyl]-cvclohcxyl}

acetic acid;

tra.ns—( (1 R.3R)-3-Methyl- —prop-z-ynylaminomethy!
trans- {({ R.3R)~3-Methyl- 1-[(2,2 2-tri fluoro-ethy
?0 acetic acid; '

~cvclohexyi-acetic acid;

lamino)-melhy!}-cyclohcxvl} -

tr - L] H -
ans-{(IR,3R)-3-M ethyl-1-[ (.»,J.3-lr1ﬂuoro-propvlamino)
acetic acid; ’

trans-{{1 -3- ‘ i :
{(1IR,3R)-3 Meth}l-l’[(4.4,4-Ir1ﬂuoro-butylamino)~mcthyl]-cycJohcwl }

—methyl]-cyclohcxyl}~

acetic acid;

25 1 i
a,3B,5ﬁ-{3,5-DJmethyI-l-[(4.4,4-triﬂuoro~butylamino)-mcth 1
acetic acid; ’

- trans-{(1R,3R)-1-[(Cyclo m
, propylmethyl-amino)- -3-
, acetio i )-methyl]-3 methyl-cyclohexyi}-



-and’' Rs are nethyl; R8 is methyl; Riois nethyl; R7 and r |; R4
and R8 are nethyl; RI-R8 and R o-R13 are H RO is al kygﬁ‘j@%%n%de%ynzyl; R14
is alkyl; RO is arylalkyl; RO is cycloalkyl; RI-R8 are H RI-R8 and
R10-R11 are H Ri-R2 and R7-R8 are H-1d3-R2 is nethyl. 8. The use of- °
claim6 wherein R3 iu%n@g kR)-RMeBR - -1 anc e _hydrogen, and m
and n are 1, and Xis N h% )RS an IRl t@?@’?ﬁ%ﬁ@%&%ﬁ@‘ﬁ&%ﬁ?ﬁro and Rl14
are hydrogen, m and“ﬁ“sa«@,if,{)'laﬁﬂwlﬁllil@mdﬂﬂ%ﬁ-IRSh)dmglclﬂlziylﬁﬁl%ﬁah&ﬁj , RI-:R2

and R4-R10 20 Januagyns4@dosrhXsl d, | hvdr oge inand n_are 1, RO is
alkyl, and X is NRLA: and @%ﬁ%ﬁﬁgﬂh%ﬁéﬁ%ﬂ%ﬁ%&@% IISﬁ‘i"'o‘et%la‘fr’id;are 1, and
Xis 0. 9. The use ®nsd{IR.IR)6-Riprminontetyl-3 ongiglestishexdpiRat 84qf rom the
group c@nsisting of,{l hyl@gm nonethyl - eyel ohexyl ) -acetic acid;
(1- Prop-2-ynyl anuno&aet tsg/liki’%‘(@)cfl%{?éxgﬂemgﬁ%ﬁ%@? ‘g‘?’%‘i”.{)ﬂ)'ﬁce“c acid;
-[(2, 2, 2-Tri f | uor o- et 5[k fi-fiydraxstmherhyll-agiied) GRepN]- 3 s AR RHYEcASh v - noet:
{I-1(3,3,3-Trifluor fdpropyl am no) - net hyl ] - cycl ohexyl } - agg{?)?cgél%ﬁl&;acetm
- 1x,3[3,5[3- (1-Allylam nomet hyl -3, 5-di nmet hyl - cycl ohexyl)-acetic acid;

1a, 3j 3, 5p- (3, 5-Di net hyl -1 - prop- 2- ynyl ani nomet hyl - cycl ohexyl ) -acetic acid;

20 January 2005 WD 01/ 42191 PCT/ US00130769 - | l,s- 1 a3[3,5
f3-{3,5-Dinmethyl-I -[(2,2,2-trifluoro-ethylamino)-rethyl]-cyctohexyl) -
acetic #Heid; | a,3[3, 5[3 { 3, 5°-Dinethyl- | -[(3,3,3

-trifluoro-propyl am no)-nethyl]-cyclohexyl } - acetic acid; 5 trans-((lI

R 3R) -1 = Al | y4ami nbitrebHl-Bliraminprmedydd Shdimpihy -ackhigl)asitk acid r ans- (1

R, 3R) - 3-Met hyl -i . -pBidaRhRriysyam nomet hyl - cycl ohexyl ) -acetic acid; trans-{
(I R 3R)-3-Methyl- | %2 2,2-trifluoro-ethyl am no)-nethyl]-cycl ohexyl } -
acetic acid; la.3p, -(1-Benzylamino-mcthyl)-.‘i.S—dimethyl-cyclohexyI}-acctic acid. .

hydrochloride salt;
15 Ja.3B,5B-(1 —Dimcth_vlaminomcthyld,S-dimethyl-cyclohexyl )-acetic acid,
hydrochloride salt; |
1o 3B.5p-(1 -Butylaminomethyl-3.5-d imethyl-cyclohexyl)-acetic acid,
hydrochloride salt; ‘
o Te3B.5B-{1 —[(Bcnzyl-nict—hyl-amino)-melhyﬂ]—'B.S—dimethyl-cyclohcxyl} -acetic
20 . acid. hydrochloride salt;
la,38.58-(3,5-Dimethyi-1 ~mc1h_vIaminomethyl—cyclohcxyl }-acetic acid,
hydrochloride sait:
la,3 [3,5[3-[1-(Acctylamino—mcthyl)-S._Ssdimethyl-cyclohcxyl]-acetic acid:
1e,3B,5B-[1 -(lsobutylamino-mcthyl)-B.5-_dimclhy]—cyclohcxyl}-acclic acid,
25 hydrochloride salt:
1a,3 B,SB-[3.5~Dimethyl—l—(phenelhylamino-rnethyl)—cyclohexyl]-acelic acid.,
hydrochiloride salt:

30 {1 -[(Cyclobutylmethyi-amino)~mclhyl]-cyclohexyl}-acelic acid, hydrochioride
salt;



trans-{(1 R 3R)-3 -Methyl- |
-[(3,3,3-trifluoro-propyl am no)-net hyl ]-cycl ohexyl }-acetic 10 acid;
trans-{ (1 R 3R)-3-Mthyl -]

-[(4,4,4-trifluoro-butylam no)-nethyl]-cycl ohexyl - acetl E‘q1 ar 05
a, 3[ 3, 5[ 3- BobrBapet hyl -1 -[(4,4,4-trifluoro-butyl am no) - ok yI
}- acetic acid; 15 1 a,3[i,5(3-{ | PCT’US 9’“769

-[ (Cycl opr opyl net hyl - am no) nmet hy] ] - 3, 5-di et hyl - cycl ohexyl }- acetic acid,
trans-{(1 R 3R)-1- [(q/clopropyl net hyl;yam no) - met hyl | - 3- net hyl - cycl ohexyl }-
acetic acid; trans-( (3I R, 3R) - 3- Met hyl ? met hyl am nonet hyl - cycl ohexyl ) -acetic
acid: 20 trans- ((1R3BRP- [i{Eﬁmwm:nmmtﬂyw}Bdlﬂﬁﬂ]?bléyct&&!ﬁ]lp&%fﬁ%/}m)id acetic

aci d; trans-((1R, 3 ro%ldgﬁi% 1 - propyl am nonet hyl - cycl ohexy acCetic
acid; trans-((IR yfam nonet hyl - 3- et hyl - cycl ohexyl ) - acet i c aC| d;

trans- R, 3R) - 1- Hyl{2-ddsting bhiylansd I: XATIN

[ 3, 53- E(] [(Fﬁ,drog’i 52?& o né)ng?dri:w @%E)Ihggl met %@%ﬁﬁ’%‘?’ ﬁ’g?f‘ ”f‘“’acetl c
25 acid; | a,3p, 5[ ﬁ H@‘ﬂ@t Ia:gmgi/ ’GF‘B dewlbhwmlda[gelmohloaﬁ‘td
hydr ochbor | de; trahs-(IR, 3R)(I Am normet hyl - 3- met hyl - cycl ohexyl ) -acetic

acid, hydrochl ori cti ﬂﬁ’gl Anmion th | - 2- met hyl - cycl ohexyl)-acetic acid,
hydr ochl ori de; i ?%'PW?‘F “’3"'85‘%91?9‘?“0@9@1 Iydeciloyidasdtt i ¢ aci d,

hydr ochl ori de; 30 {1-[(Cyclopropylmethyl-amino)-methyl]-c -
“()-(trans)-(I-Ani ngnethyl -3, 4- di et hyngyg I3 gﬁl%effw SRR Y frgebloride

hydrochl ori de;

(611 L ans) (SR CL{ommmogt b S5l YA RERLNLARSELLS 5L

hydr ocly ori de; 20,J 2005
(+).- (t{rﬂans) (I- Arhi(‘ﬁ%%&fﬁw a4 di net hyl - cycl opentyl) acet i c aci d,
hydr ochl ori de; (ﬁ)ﬂ:(obﬁ@l%ﬁﬁno(—l%et'ﬁw) @9&9{69}/}!]-&&’{1(: adil IH;':E OX]L'D.&X e sa tpent yl )-acetic

aci d, hydrochl ori
(3,513-(1- Ami nonea%fPPWnﬂP%ﬂWPbbwl)tﬂqe)qd@d cledchlride 4y, hydr ochl ori de;

[1-( sopropy]ammo—methyl)—cyc!ohexyl] -acetic acid, hydrochloride salt;

(1 —'Cyclohexylaminomethyl-cyclohexyl)—acetic acid, hydrochloride salt;

15 i1 -(Benzjrlamino-mcthyl)-cycloheﬁyl}—acetic acid, hydrochloride salt;

' ((IR,3R)—3-Methyl-l-propylaminométhyl—cyclohexyl)—acetic acid, hydrochloride
salt; ‘ ' ‘

{I—[Cyclopentylmethyl-amino)-methyl]—cyciohexy[}—acetic acid, hydrochloric
salt;

20 {1- -[(Cyclohexylmethyl-amino)- methyl]-cyclohexyl}-acetlc acid, hydrochloric

salt;

((3R, SS)—I—Cyclobutylaminomeﬂ]yl—B,5—dimethyl~cyclohexyi)-acetic acid,
25 ] hydrochloride salt;

_ {(3R, 55)-3,5-Dimethyl-1 -[(%—methybbutylainino)-methyl]—cyclobexyl}-acetic
acid, hydrochloride salt; .
{(3R, 58)-1-[(2-Hydroxy-1 —mcthyl-ethylamino)—methyl]-3,S-dimcthyl—

cyclohexyl}-acetic acid, hydrochloride salt;

30 {(3R, 55)-1 -[(2,2-Dimethoxy—ethylamino)—methyi]-B,Sudimetllyi-cyclohexyi}»

acelic acid, hydrochloride salt;



1 a;3 [3,5[3-(3,5-Dinmethyl- | -propylam nom&*thyl-cycloh%xl?1 %6§ aci d,
5 hydrochloride salt; 1 a, 3[3,5(3-(l-Ethyl ani nonethyl ahua

- 3, 5-di net hyl - cycl ohexyl )-acetic acid, hydrochloride salt; 1 a. 3[i., 513- (I
- Benzyl am no- net hyl ) - 3, 5- di net hyl - cycl ohexxl ]-acetic acid, hydrochloride
salt; 10 1a, 3[3,5 , (é)alli?[rret hyl am nomet hyI , 5-di met hyl - cycl ohexyl ) -acetic
acid, hydrochlo ﬁgBeS (CyeldpsntFinget ;fn:u?

- But yl ami no %&léjtygr iFéjnLd*re'grlpyl cycl oﬁygx ace{hyy Her direthyl-eyelohaxyi}- deetic

salt; 1 a,3

Benzy! - net hyl {@ o 13 Botih il
-[ (Benzyl - net hy {( Kl-‘m))l g@g&lﬁ&ix()%ngth%‘ :??gpﬂ ~nef )((:l]—g SGémet&yIm?fglih:;yl}—acet?cCI

hydr ochl ori d
-nethylan1n6WE§§¥ 0@ Moridheadyl ) - acetic acid, hydrochloride salt;

a, 3[3,53-[] t dlnethyl cycl ohexyl ] - acetlc aci d;
| a, 3p, 5p- (| é@ﬁt%ﬁgﬂpy&}e %‘P‘H&ﬂﬁ)‘ﬂ]&d@ Hilineethylcycyatienipasbic Reet i ¢ acid,
20 hydr ochl| &yidelloaidt salt;

~la, 3f3,51-[ 3, 5-Di net hyl -1 - (phenet hyl am no- net hyl ) - cyclohexyl] acetic acid,
hydrochl oride salt; 1 a,31,5[3-{ 3,5-Dinmethyl-1- -

-[ (3- phenyl - propylan1no) met hyl ] - cycl ohexyl }-acetic aC|d, hydr ochl ori de
salt; 25 {I-[(Cycl obutyl net hyl - anmi no) - net hyl ] - cycl ohexyl ) -acet e acid,
hydrochl oride salt; |

5-di net hyl - cycl ohexyl ] -acetic acid,

a, 3
13, 5[ 3- (1- (I sopxe th
hydr ochl ori de sal Emkgfs?} pﬁy Y%fhxii‘émﬁwlwmhmmmﬁa}dcﬁmﬁe
1 -Am nometsﬁy‘ | -cycl opent ane- aceti c aci d;
(I-Butylaminomethyl-cyclohexyl)-acetic acid, hydrochloride salt;
{12, 2—D1methoxy-ethylammo)

sall -m§thy1] -cyclohexyl} -acefic acid, hydrochloride

{1-[(Benzyl -methyl-aming) -mcthyl]—cyclohexyl}

-acetic acid, hydrochloride salt:
[ 1~(Pheneﬂ1ylanuno-methyl) -cyclohexyl] ,

- -acetic acid, hydrochloride salt;
-[( enprropyIammo)—methyI] -cyclohexyl}-acetic acid, hydrochloride salt-
((3R,5S)- -1-Hydroxymethyi-3 5—d1meﬂ1yl-cyclohexyl)-acetlc acid, sodium salt;

((3R,55)- 1~Ethylammomethyl-3 5-dimethyl

s -cyclohexyl)-acetic acid, hydrochloride

(BR.58)-3,5-Dimethyl-1

-propylaminomethyl-cyclohexyl)-acetic aci
hydrochloride salt; yl)-acetic acid,

[(1R,3R)-1-(Benzylamino-methyi)-3- .
el yi) methyl-cyclohgxyl]-aceuc acid, hydrochloride

{(IR,3R)-1- -[(Benzyl-methyl- -amino)-methyl]- 3-methyl—

cyclohexyi}-acetic aci
* hydrochloride salt; or yelohexyi}-acetic acid,

((IR,3R)-3-Methyl-1-methylam; - ‘ . ‘
sl - i ylaminomethy i'CYCIOhe?‘YD‘aCGtIO acid, hydrochloride -



20 January 2005 | - Am nonet hyl -9 cycl opent ane-aceti c aci sodi u I't;
| - (hydr oxynet hyl ) cycl ohexane-acetic acid, sodiumsalt; go January %6?
(1-[(2-Met hyl -butyl am no) - met hyl ] - cycl ohexyl }-acetic acid, hydrochl oride
salt; (I-[(4,1,4-Trifluoro-butylam no)-nethyl]-cyclohexyl}-acetic acid;
hydrochl oride salt; (I-Efhylam nonethyl -Eci ohexyl )-acetic -acid,
hydrochl ori de g#it, Useof
(I-T(Cycl opropyl net hyl - arzriicr?(l)n Pun%‘% %f;/]f rylélglagllbﬁé?(nﬂ?r-]ycet ic acid,
hydrochloride 10 salt; ( I-[(2-Hydroxy- | R _
- et hyl - et hyl ami no) - metRy| | -cyil ohexyl ; -acetic Ea% d, _hydrochloride salt;

(I-(1sobutyl am no-net hyl ) Xcycl Ré'ilyl ]-acetic acid]] hyd | oride salt;
(1-Prop yl am nomet hyl 6y fohe 4}y acetic aci d,(CHy)ﬁl ocfiCigyj de salt; is
[ 1- (I'sopr opyl ani no- methy i '
- Cycl ohexvl ani nonet hy | g%y
(BenzvJam no- net hyl ) - c/cl
a- Met hyl - | - propyl ar ni iyne? L, ohexyl ) - acetRsC /a TRelr ochl ori de salt;
20 {1-((; ycl opent vl net hys- am nog; met hyl ] - cycl oheyl )+ &aetic acid,
hydrochloric salt; {1-[(CycJohexyl nethyl-am no)-ne hﬁl ] - cycllbhexyl
-[(Cycl oacid, hydrochloric salt; ((3R
SS) - | - Cycl obut yl am nonet hyl - 3, 5- dRkg_net hyl - cycl ohexyl ) -acetic acid,
hydrochl oride salt: ((3R SS)- 3, 5- DKmet hgOoH _
_-[(2-net hyl - but yl am no) - net hyl Jigyﬁllohe& '_,2%( acetic acid, hydrochloride
salt; 30 ((3 R, 58)-I-[(2-Hydro,3§ - eyl =gt hyl am no)=net hyl) -~ ' -

.~3.5-dinethyl - cyclohexyl}-acetg ﬁg)chl oride salt;

hl oride salt; (I
fide salt: [1-
brite salt; ((1R 3R

ofieéxyl ] -aceti cra
}-acetic aci g,
[Racetic acid. hyd

& V-5

m

12

i, - Ryq Rs
' R10 R4
R7 Rg I
wherein:
o Ry is H; alkyl; cycloalkyl; substituted alkyl containing halogen, amine, alkoxy,
cycloalkyl, or hydroxy; allyl; alkynyl; « : i sulfonyl; phenyl; benzyl;

-arylalkyl; and excenting for formutla I, alkanoyl or atkoxyalkanoyl.
m and n are independently an integer of 1-3; '
R; —Rgand Ryp— R4 are independently H, alkyl, or substifuted alkyl; and

X=NRj4,0,0rS ‘

where there is ?‘101‘67‘ than one sterecisomer, each chiral centre may be independenﬂy

RorS;ora pharmaceutically acceptable salt, ester selected from C1-Cs alkyl esters, Cs-Cy
cycloalkyl esters and C;-Cy arylalkyl esters, or amide selected from amides derived frorﬁ
ammonia, pritary C;-Cg alkylamines and secondary C;-Cg dialkylamines, thereof,

_for the manufacture of a medicament for treating diabetic retinopathy,

7. Theuse of claim 6 wherein m and n are 1; X is NRyq; Ro is H; Ryis methyl';. Ry
and Rs are methyl; Ry is methyl; Ryo is methyl; R; and Rg are methyl; Ry and Rg are
methyl; Ri-Rg and Ry¢-R,3 are H; Ry is alkyl; Ry is benzyl; Ry4 is alkyl; Ry is arylalkyl; R
is cycloalkyl; R;-Rg are H; Ri-Rg and Ryo-Ry; are H; R;-R, and R7:Rg are H; or R, is
methyl, '

8  The use of claim 6 wherein R; is alkyl, R;-R; and Ry-Ry; and Ry are
hydrogen, and m and n are 1, and X is NRu4; R3 and Ry are alkyl, R;-R, and R4-R;o and
Ry4 are hydrogen, m and n are 1, and X is NRy4; R; and Ry are alkyl, R;-R, and Re-Ryq



{(3R, 5S)-1[(2, 2-D net hoxy-ethylam no)-nethyl]-3,S-di rre%ByI - cgégéé)&aexyl ) -
acetic acid, hydrochloride salt; 20 January 2005 121- f£J¢3@! 2

r{ (Cycl opentyl nmet hyl - am no) - net hyl | - ~3, 5- di met hyl - cycl ohexyl - acetic acid,
hydrochl oride salt; ) f (3R 5S)-i

-[ (Cyrl ohexyl et hyI am no) - met hyl ] - 3, 5-di rret hyl - cycl ohexyl } -acetic acid,
hydrochloride salt; 5 ((3R 117

ﬁ??jr écalgl‘ Iogand/lg&mrﬂ(hmbﬁé(ﬂ 113&151 ﬂ'afﬁei kﬁ/g 18 %H(? %H@WIS)N'I%% &I{dCRl ﬁ“dand Ry4 are
5S) - 1- Hydr oxgﬁ‘i"f’ Ibl?r tmdlxé\%/@l ohexyl acetic acid, hydrochloride
salt; 10 cis 3R, r { th cl.ohe -acetic
acid, ti hydg (()chl o??%% ugtg?()f[i} &%&% %ﬁiﬁ cﬂ%ﬂ%%ﬂ 5 yﬁ?@t@%)tﬁ%&qqpc

aci d, hydr ocﬁ‘l’@iﬁ“ﬁéogal t; (1-Butylam norret hyl - cycl ohexyl )-acetic acid,

hydr ochl oride 5|
1-[ 2, 2- Di nef hoxy s w’laltnﬁqor%e)thyrlnﬁ’ﬂﬁejWDﬁF%MI} acetic acid, hydrochloride
15 salt; (1- netﬁvaman}mﬂnnbmem 1_ Sfeonkky-acdit lagigaci d, hydrochl oride salt;

- (($ I I yl t d, hydrochl d
{sal t:(( [eln-Z)(/Pheneme’grﬁ)lmﬁ%ﬁz‘FE? Y¥ ’%ﬁ&li(ﬁrcydag@gﬁ:}gaégcgglldhydr)c/)cLlogr| ggl ©
| t 1-[(3-Ph t d.

Pydr ochl or 1 de. saﬁ"w 3%5”??‘%&%*@?@?%*% PRI a2RE ki, 2!

_3. 5-di net hyl - cykh3hé &wl)Aléjd&nmmﬁlyd#;i SSdldleﬂIyl-sydlcbhexy()(aBetEé ack®) - 1-

Et hyl am nor net hyI cl ohex -acetic acld drochl ori de
salt; (1-Ani norret 3? §B_%é?% Fpé!’,tvg)( %ﬁéy %eﬂé)ércaclohwﬁ@qﬂt@rap@ sal t:
(1- Ami nornet hyl -4-propyl -cycl ohexyl)-acetic acid, hydrochloric salt; 25

- ((3R, 5S5)-3,5-Dinethyl-l -propylam nonet hyl -cvclohexy | )-acetic acid.




hydrochl oride salt; [(1:R _ _ _
3?%) - 1- (Benzyl ani no- met-hyl ) - 3- met hyl - cycl ohexy! ] -acetic #8i/@nuani@l8®%chl ori de
salt; f (I R 3R - | -[(Benzyl-nmethyl-am no)-neth},]| %gﬁtﬂy: -Ic)cl ohexyl
-acetic 3 hioride salt; } acrd, or ((I R 3R)-3-Met - _
- et hyl amgﬁgﬁr?g?ﬁg}l -cycl ohexyl )-acetic acid, hydrochlor |P§§"J§§?’%“?6920 Jai wary
2605 122 10. Use of a conpound of Forrmulas |, and/or IIE RfFf \ ~ ~ QH
{CHa}CH2)n Ra - ~Ri R7 R2 R8 ~ ~02H o(CH2)f, (CH)n RL RL RIO RIl R :R9
lc . VO2H - ~ (CH2) ( (CH2)a o

lo,3B,5B-{3,5-Dimsthyl-1 -[(2.2,2-trifluoro-ethylamino)-methyl]-cyclohexyl}-

acetic acid;

1e,3B,5B-{3,5-Dimethyl-1-[(3,3,3 -trifluoro-propylamino)-methyl}-cyclohexyl}-

acetic acid;

trans-((1R,3R)-I-Allylaminomethyl-3 -methyl-cyclohexyl)-acetic acid;

wh

trans-((1R,3R}-3-Methyl-1 -prop-2-ynylaminomethyl-cyclohexyh-acetic acid;

trans-{(1R,3R)-3-Methyl-1 -[(2,2,2-triﬂ.uoro—ethylamino)—methyi]—cyclohexyl 3-

acetic acid;

trans-{{1R,3R)-3-Methyl-1 -[(3,3,3-trifluoro-propylamino)-methyl]-cyclohexyl}-acetic
i0 acid;

trans-{{1R.3R)-3-Methyl-1 -[(4.4,4-trifluoro-butylamino)-methyi}-cyclohexyl }-

acetic acid;

io,3B.50-{3,5-Dimethyl-1 —[(4,4,4—1riﬂuoro-butylamino)—methyl]—cyclohexyl 3-

acetic acid;

15 la,38,5B-{1 -[(Cyclopropylmethyi-amino)—methy1}~3,S-dimethyl—cyciohexy] }-
acelic acid;
trans-{{1R,3R)}-1 —[(Cyclopropylmethy]-amin0)—methyl]-3-methy1—cyclohexyl }-
acetic acid;
trans-((1R,3 R)-S-Methyl- I-methylaminomethyl-cyclohexyl)-acetic acid;

20 trans-((1R,3R)-1-Ethylaminomethyl-3-methyl-cyclohexyl)-acetic acid;
trans-((1R,3R)-3-Methyl-1-propylaminomethyl-cyclohexyl)-acetic acid;
trans-((1R.3R}-1-Butylaminomethyl-3-methyl-cyclohexyl)-acetic acid;
trans-((1R,3R)-1-Hydroxymethyl-3-methyl-cyclohexyl)-acetic acid;

Te,3B,5B-{1 -[(Hydroxymethyl—amino)—methyl]-3,5—dimethyl-cyc]ohexyl }-acetic

25 acid;
10.,3B,5B-(1-Aminomethyl-3,5-diethyl-cyclohexyl)-acetic acid, hydrochloride;
trans-(1R,3R)}(1-Aminomethyl-3-methyl-cyclohexyl)-acetic acid, hydrochloride;
(1-Aminomethyl-2-methyl-cyclohexyl)-acetic acid, hydrochloride;
(1-Aminomethyl-3,3-dimethyl-cyclohexyl)-acetic acid, hydrochloride;

30 (+)-(trans)-(1-Aminomethyl-3,4-dimethyl-cyclopentyl)-acetic acid, hydrochioride;
(cis/trans)-(3R)-(1-Aminomethyl-3-methyl-cyclopentyl)-acetic acid, |
hydrochioride; | |



RIS R R2 R2 wherein: Ro '"R4A 11 R---] i.rRR9 is H alky
cycl oal kyl ; substituted al kyl containing hal ogen, ani ne: 0&4"!&@5692005

cycloal kyl, or hydroxy; alkyl; alkynyl, : sUfonyl; phenyl; benzyt ary
al kyl'; an in-9 for for rruI a ll, afkanoyl or. aI koxyal ka m and n
are i ndepenﬁéﬁ?% integer of 1--3; R - R8 and Rio Pcﬁ“@“"é%é@ '

i ndependent|y H, aI kyI or substituted alkyl; and X = NRI 4, 0, or S where
there is afore than one stereoi sonmer, each chiral centre may be

i ndependently R or S; or a phar mace]dtgl cally acceptable salt, ester

sel ected from Cl- G6)-@lasyl(1@5hiabiHeth @S, Ldimefyl dﬁ%ﬂ@ﬂdy:)eaaé&raéldamr&hro%e
arytal kyl esters, or amde selected fromam des derived from™ amoni &,
primary Ct-C6 al kyI am nes and-secondary Cl1-C6 di al kyl am nes, thereof , for
t he- manaf achu- e of(ﬂa(_tmas)i(cbaﬂnﬁnd}métbyl-j,mﬂﬁhb't}iyi-Bg:ldﬂaﬁtybraaétﬁfhcﬁlhl@idfbcﬁré'}iﬂa aci d-
dependent am notransferase. 11. The use accordh!-9 to claim 10 wherein m
and n are 1; Xis NR14; RO is H R4 is nethyl; R4 and R5 are nethyl; R8 is
methyl ; Ri o i s metlmAB;SPR1-AmthoRgthgk B5-dmduiyli-cyRéheanighabBic atid, atdayloiiddRl - R8
and RRo-R13 are H, RO is alkyl; R9.:is benzyl; R14 is alkyl; RO is
arylalkyl; RO is cyc[oalkyl; RL-R8 are H RI-R 8 and RROR, are H R-R2
and R7-R8 are H &¢.3R2PHS,5-Pmtckhyl-1-piddylaftremisleyl- agdaredifaedio aciai m 10
whereingR3 is al kyl ;- &g@%s%@d R4-R11 and Rio are hydrogen, and mand n
are 1, and X is 3 and RI1 are alkyl, RI-R2 and R4-RI O and 20
Jaruary-2005 123 RI14 are hydrogen m and n are 1 and X is NRi 4; R3 and

RI1 are alkyl, Rr reh ndnarel RO is
al kyl, and Xi s NR%ESB%ﬁo(B%% %yl?éwglme(h cyc exyl) ace?caCId

hydrochloride salt;
1o..3B.5p-(1-Benzylamino-methyl)-3.5-dimethyl-cyclohexyl]-acetic acid,
hydrochloride salt;

10 1. 38,5B-(1-Dimethylaminomethyl-3,5-dimethyl-cyclohexyl)-acetic acid,

hydrochloride salt;
o, 38,5B-(1-Butylaminomethyl-3,5-dimethyl-cyclohexyl)-acetic aeid,
hydrochloride sali;
lot.3B,58-{1-[(Benzyl-methyl-amino)-methyl]-3,5-dimethyl-cyclohexyl }-acetic
15 acid, hydrochloride salt;
Le, 3B,5B-(3.5-Dimethyl-I-methylaminomethyl-cyclohexyl)-acetic acid,
hydrochloride sait;
1o, 38,5B-[ 1-(Acetylamino-methyl)-3,5-dimethyl-cyclohexyl}-acetic acid;
t Ot,3[3,5[3—'( 1 —(Isobuty]amino~methy])-3,5—dime.thyl-cyclohexyf]—acetic acid,
20 hydrochloride salt;
1a,3B,5B-[3,5-Dimethyl-1 -(phenethylamino-methyl)-cyclohexyI]—_acetic acid,
hydrochloride salt;
1o, 33.5B-{3,5-Dimethyl-1-[(3-phenyl-propylamino)-methyl]-cyclohexyl} -acetic
acid, hydrochloride salt;
25 {1-[(Cyclobutylmethyl-amino)-methyl]-cyclohexyl}-acetic acid, hydrochloride :
salt;
le,3B,5B-(1-(Isopropylamino-methyl)-3,5-dimethyl-cyclohexyl]-acctic acid,

hydrochloride salt;



i#¥yen, mand n are 1, and X is 0. 13. The use of claim 10 wherein the
ound is selected f rom

E#-[(2,2,2-Trifluoro-ethylam no)-nmethyl].-ayclflhexyll-ace c, aci d;
#1-[(3,3,3-Tri fl uoro-propyl ani no) - net %H] cycl ohexyl } - acet% %ﬁ“&atliaz%o“r’
f3,5(3-(3,5-Dirneth I-1-proP-2 y 3' nYli4ionet hyl - cycl ohexyl ) -acetic acid;

1a, 3p, 50- {3, 5- Dunet hlythmﬁnoh(eﬂwlZl-BydldHef(ddé%E&lc%IcWI ar ni'no)
-nmet hyl ] - cyel ohexyl) acetlﬁlﬁaﬁ_ 20 January 2005 - 124 | a,3[3, 5[ 3-

(3, 5--Di et hyl - |-[(é% ope B¥clopprtansyacatis aidi- et hyl | - cycl ohexyl } -
acetic acid; - T-Aminomethyl-1 cyclo entane-a

{ 1R, 3R) - 3- Met hy| - | - 2-ynyl at il nofet hys FeYCa8T: sodivar salt aci d;
s (L o N BB et oo o, 1 OO BHER P 1 ac
1ca3(3,5(8-{3,5-D rrgzt HYJMém}h-@ﬂfyl%mAimBHeftAyﬁa lolﬁ iar nj no) met hyl ) - cyc] ohexy

-acetic acid, hydrochloride sait;

1}- -acetic .acid, Ia]‘é%;

{{ el opr opy! ret hyf W’Y)mﬂﬁ)—rdeﬂwlﬂmwwcxwfdc&&%)d hyaBGE5iS
acid; 15 trans-((1 salt

R, 3R) 1-[(Cycl oprop | et hyl - am no) - met hvl 1- 3- met hyl - cyclohexyl }- acetic
acid; trans-((IR 3@ %ymlmﬂhﬂﬁmmw&mmrm‘klm&dr&clﬁﬁalnﬁlé‘Eaﬂ\l |)-acetic

acid; trans-( (I 3@%"1 el I-3 net h I-c cl ohex+l )-acetic
acid; jgans-((IR 3 I\EDE%I/JI -1 prop}’ ?’HSP@P C"’k?é‘l“&ﬂ%k hydipeldaedd ¢
acid: 20 trans-((]5#: 3R)-1-13utvlam norret hyl-3-meth yl-cycl ohexyl )-acetic

acid- trans-((I R SRI(iHydr Qr,ggg 3 meth 5 e cloh]exvl)-aceuc acid: |
?agg | 5(350,5 [(Wy%rocﬁ%ndesat r%f%%v ?(HW‘? é Eﬁ-‘(hvli:ﬂ@yeldl. ohcxyl -

Q | { l-(]sobutylammo—methyl) -cyclohexyl)-acetic acid, hydrochloride salt;
(1- Propylammomcthylvcyclohcxyl)-accuc acid, hydrochloride salt;

15 [ ]-(Isopropylammo-methyl) -cyclohexyl]-acetic acud hydrachloride salt:

(- -Cyclohexylaminomethyl- -cyclohexyl)-acetic acid, hydrochloride salt:

[1-(Benzylamino- -methyl)-cyclohexylj-acetic acid. hydrochloride salt-
((1R, IR)-3-Methyl-1

salt; .

-propylammqmcthyl~c_vclohcxyl)-acctic acid. hvdrochloride

20 {1 -[Cyc!opcmylmclhyl-amino)—ﬁqethyl]-cyc!ohexv! }

-acetic acid, hvdrochloric
salt; |

{ l-[(Cyclohcxylmclhyl-amino)-mcthyl]~cyclohexyl };acetic acid, hydrachloric
salt; ' ‘
25

(3R, 58)-1-Cyclo buty!aminomcthyl—J.S—d imethyl]
hydrachlotide salt;

~cyelahexyl)-acetic acid.

- {(3R, 55)-3,5-Dimethyl-1-[i (2-methyl-butylamin0)
- acid, hydrochloride salt; -
30

-methyl]-gyclohexyi t-acctic

| {(3R, 58)-1-{(2- Hydroxy l-methyl- -ethylamino)- -methyl}-3.5
cyclohexyl}-acetic acid, hydrochloride salt;

-dimethyl-

{(3R, 5S)-1- [(2 2- Dxmethoxy*ethylammo)-methyij-E 5- dlmethy}
acetic acid, hydrochioride salt;

-cyclohexyl)-



25 30 trans-(1 R 3R) (I -Aminomet Y byt ool et ) acat P8 aiay Sodt
. G ; _- '- A thl_z_rTet y- ! _ CvaCId, ..
AR (11/-A\R1mnﬁ2ﬁenet Kyl - 3, 3-di net hyi - cycl Ohe)ﬁyil 2c§glet):oent yl)-acetic
hydr OCE:- Or: gg’ (§ (t r ans) ( | - Am nonet hyt]'.B 4- di net y
hydr ocht or L)
- de:

aci d- hydr oc?lg%l o A%?ﬁ'o?ngt thygonﬂmmJ@@;@ﬁ?ﬁg{lgaﬂigﬁﬂtO !%ﬁ% gl?ej‘y%cetl e
hyd ochtor 1 de. (+) - (¥eheyad bydmersanmshy .

r ci
a>cli d, hydr (2)(32' (Z)r It ?Ie : Ié( R3S)- e[(ﬁyfig{lﬁxmﬂﬁﬂwbﬂmlylb]—me@ﬂﬂ-gISedi)ﬂe)hyI gfc?thlcgyl,?-acenc
Crare -{I( R, 3R) -3 - Meidhisdrochlorilié %13, 3 -”'f't ¢ acid: trans- ((1 R 3
trans- (( A no) 6} ohexy! } -aceti ] Lohexy]
uor o- . pr opy alm [(4”3[52%/{5#] f'ﬁ PB@WWWUW SABhd tlrcggl)%} x(y “achtic acld
Sanuary. %55 o 01/ m@hmdbggp0130l7§59 1'[2:5c gi:l)d hydrochl oride; 1 a,g
January ent ace hl ori de;
& nom(e} hylb\ 3ngng!t E?It hél SCéflng!tohyl ycycl ohexyl)-acetic acid, hydroc
J3, 513 m

I tic acid,
la, 3(3,5[3-(3,5-Di n"e‘rdmw(e’iR,m)op)qg (Iﬂ%ﬁ%tl H%lcf:mgtd ohexyl ) - ace

hyl-cyclohexyl-accnc acxdl de
hydr ochl ori de salt; hgd ‘ﬂ@fﬂ‘#fﬁl foyel ohexyl )-aceti¢ acid, hydLOChl ]Or:acetl .
- Ethyl am Homet hyl - -3, 5= di met hyl - cycl ohexy

salt; 1 4313, 513- (bra-(BéthSﬂ B-my éﬁ g 1@1 (3r5 hlethyl~cyclohexyl)-acenc acid,

acl d, hydr ochl o[ hdﬁycgg% dﬁé*ﬁh “cycl ohexyl)-acetic acid, 10

- | am nore

h?dgggm()?' de salt; (& Danét‘ﬂ)??;]rﬁﬂﬁméﬂhri °ﬁg‘;g*;, 7YY gﬁeé‘PP‘éddbidcbchland&ﬂﬁhl ori de
- But yl am nomet hyl - 3( ISB&HIFE mo¥nethy¥ -cyclohexyl)-acetic 2acid, hydrochloride salt;
salt;

{1-[2,2- -Dimethoxy- cthylammo)-methyl] -cyclohexyl}-acetic acid. hydrochloride
i5 sali;

( l~methvlammomethvl -cyclohexyl)-acetic acid,

hydrochiaride sal: -
f1- [(Benz;l-methyl-ammo) -methyl]

-cyclohexyl}

-&cetic acid. hy drochloride sai{
[1-(Phenethylamino- methyl)-cyclohexyl]

-acetic acid. hvdrochloride salt:

{1-[(3-Phenyi- propvlammo)-methyl]-cvciohexyl}

-acelic acid. hydrachioride sa}t
20 —d:methyi—cvclohcxyf)

((3R. 55)-]- Ethylammornethyl -3.5
hydrochloride salt;

((3R, 55)-1- Hydroxymclhyl-] 5 -acetic acid, sodjum salr;

5-dimethyi- -cyclohexvi)-acetjc acid,
(1 -Aminomethyl—4-ethvf-cvclohexyl) ~acetic acid, hydrochloric salt;
-propyl-cyclohexyi)-acetic ac
(3R, SS)~3.5-Dimethy! 1
hydrochloride salt;

(I-Aminomcthyl-4 id, hydrochioric salt;

—propylammomethyl-cyclohexyI 1-acctic acid.

[(1R, 3R)~I-(Benzylamino-methyl)-B-methyl—cyc[ohex_vl]—acelic acid,
hvdrochloride salt; :
N {(IR. BR}I-[(Bcnzyl-melhyl
hydrochioride sa] G
or
(1R, 3R)—3-Methyl—]
Hydrochloride salt;

-amino)~methyl]—3~methyl
30

—cycld_hcxyl}-acclic acid. ~

-mcthylaminomethyl—cyclohexyl)—acctic acid,



1 a,313,513-{ | ‘ i
“-[ (Benzyl - net hyl - ani no) - met hyl'] = 3, 5- di met hyl - cycl ohexy!l $0 d28t462U0%¢i d,
‘hydrochl oride salt; 15 1(X, 30, 513-(3, 5-Di net hyl - ' !

| - met hyl am nonet hyl - eycl ohexyl)-acetic acid, hydrochloride salt; | .

X, 313, 513-[ 1- (Acetyl am no- net hyl ) - 3, 5- di m[a hyl - cycl ohexyl ]-acetic acid; 1
a, 313,5(3-( I - Ipsotggteylfam_no- methyl)-3,5 met hyl - cycl ohexyl ] -acetic acid,
hydr ochl ori de salbt; of a compound o '

la, 313, 513-[3,5-Di net hyl -1 - ( r?henet ﬁg?rénr}\d%sol-’ gé%%")-pgycl ohexyl ] -acetic acid,
hydrochl ori de salt; 1a, 31i,513-{ 3,5-Di nethyl -1 . ‘
-[ (3- phenyi - pr-opyl am n@)a- met hyl | -cycl ohexyl | -aRgtic acid, hydrochloride
salt; { 1-[(Cycl obutyl methyl -an;bgq) -nmet hyl ] -cycl oT)exyI Cbzgcet ic acid,
hydrochl oride” 25 salf; ] a, 318, 513- (I c )l

- (1 sopr opyl am no- net h di-Hea hyl - cycl ohex(yrlf- cetFHzlaci d,

hydrochl oride salt; 1 /Re | - eycl ohex8me= G I d;
- 1-Aminonet hyl -1 -cycl g} ic acid; 20Rsdn 2085 - 125
~ 1- Anmi nomet hyl - 1 cycl ogenylane etl ¢ acid, sodigy

acetic acid, sodi Ntk _

{1-[(2-Met hyl -butyl am no) - met hyl] - cydl ohexyl } - acetiRe Racid; h)igrochl oride
satt; = (I-[(4,44-Trifluoro-butyl am no)-nethyl}-cycl ohexyl}-acetic acid,
hydrochloride 5 salt; (I-Ethyl a_rﬁ'gnomat hyl - cycl ohexyl ) -acetic acid,
hydrochl oride salt; { : : DY O.H 7 ' :
| -[ (Cycl opr opyl net hyl - ami no) - me&g%ll - 'cyc?o‘he‘xyl }=acetic.actd, hydrochl|oride
salt; { 1-[(2-Hydroxy-I -nethyl ‘et apdd&)e met hyl ] - cycl ohexyl }-acetic
acid, to hydrochloride salt; Qw i no- net hyl ) =cycl ohexyl ) -acetic
acid. hydrochloride salt; R 12 .

11

wherein:

Ry is H; alkyl; cycloalkyl; substituted alkyl containi

ng halogen, amine
cyeloaliyl, or hydroxy; allyl; alkyny!; » alkoxy,

- :  sulfonyl; pheriyl; benzyl:
arylalkyl; and excepting for formula I, a,!l_@zoyl or @lkoxyal;ganoyl, o S A !
m and n are independently an infeger of 1-3;

Rl - R8 and RlO —

R[,ti are indepeudently H, alk i
4 , alkyl, or substituted a 1; and
X= NR14, O, orS : ”fy

. RorS;ora Pharmaceutica[ly acceptable salt, ester selected from Ci-
cycloal_kyl esters and C

- where there is ifore than one stereoisomer, each chiral centre may be independently

| Cs alkyl esters, Cs-Cy
ol e -Cy4 arylalkyl esters, or amide selected from amides derived from
amiorua, primary Cy-Cy alkylamines and secondary Cng
for the-manufacture of a_medicament for
dependent aminotransferase,
11.- Theuse.

diafkylamines, theteof, -

inhibiting the_branch chain amino acid-

according to claim 10_wherein Mmandnare 1; X 1'5 NRy;
Ryand Rs are methyl; Ry is methyl; Ryq is methyl; R; and Rg are methyl; Ry and R are
. methyl; Ri-Rg and Ryo-Ry3 are H; Ry is alkyl; Ry is benzyl; Ry, is alkyl; R is arylalkyl; Rq

Is eycloalkyl; Ri-Rg are H; R;-Rg and R
) ! » 10-Ry; are H; Ry-R; and R- : i
tethyl, 17152 7-Rg are H; or Ry ig

Reis H; Ry is methyl;

1

12. Theuse. . according

to claim 10 wherein Rs is alkyl, R4-R, and R+Rys and Ryg are

hydrogen, and m and 1 are 1, and X is NRy; R; and Ry are alkyl, Ry-R, and R4-Ryo and



(1-Propyl am nonet hyl - cycl ohexyl ) -acetic acid, hydr ochloride salt;
[1-(1sopropyl anm no-net hyl )- cycl-ohexyl ) -acetic acid. hydﬁ@ejﬁwa@@%al t=-
(1- Cycl ohexyl am nonet hyl - cycl ohexyl )-acetic acid, hydrochloride salt; 15 [1

(Benzyl am no-net hyl)-cycl ohexyl ] -ac-eti c acid,.hydrochioride salt;

((IR 3R) - 3- Met hyl - I - propyl ar ni nor net hyl - ﬁgohexyl )-acetic acid,

hydr ochl ori d(ﬁlh;%lrt @:ﬂ [ Cgtgilacl)pcnt yléret h am no) -met hyl ] -cycl ohexyl)
-acetic acid i m are R@nd X is NR.

| - [ (Cyci ohexgﬁdrgtlp @?}c&% thyl ] - cycl ohexy1 5’ ace#‘bargcal“@d ﬁy&a&@ﬂlfbﬂ{m
salt: ((3R 5s &/ YA e di I@MHMMINRMCMR{)Q[} RL o
acid, 25 hyly emmmammaieu aﬁ&ﬁﬁs&S) 3, 5- Di net hyl -

-[ (2- met hvl - but y}rgam gg mash { cycl ohexyl }-acetic acid, hydrochloride
salt; ((3R 59S) ? jm| 0-wikerdin kheatomypoaiil RO é@?édfﬁ‘&h 3, 5-di met hyl =
cycl ohexyl } -acetic aci d hydrochl oride salt; 30 [(3R
55)-1-[(2, 2- Di net hoxy- et hyI am no) - met-hyl ]-3, ‘5 di net hyl - cycl ohexyl )- acetic
acid, hydrochloride salt; {(3R

59)-1-[(Cycl opentyy am n nmet h 5-di net hyl - cycl ohexyl }- acetic
aci d, hydrochl o:{:( aﬂéﬁt‘?ﬁ(ﬂﬂ %ﬂ?&ﬁ“?"%@@@ﬂ]@ﬂohexyl}-acetlc acid;

((3R 59)-1- {(Q/dﬂf{ffb&,}}ll-mm#é zﬂﬂ) 5B t hyl - cycJohexyl j - acet i
c acid, hydrochloride salt; Fﬁ? i Q%E’ﬁ'cyt Uhex}’ aoetlc acid,
55)-1- Q/cl ohexyl am nomet hyl - 3, 5-di r et hyl - cycl ohexyl ) - aceti-c acl d, '

hyd hi de sid
D e 2 e —
18

salt; 10 (1-Di ;hlyl—t{(ﬁ Z}Mﬂd@m@rﬁﬁgéﬁn@}f h%thylﬁlcyc cﬁlelxo lr| de

sal t; acetic acid;



~(1-Butyl am nonet hyl - cycl ohexyl )-acetic acid, hydrochloride-salt; qgl
-[ 2, 2- Di met hoxy- et hyl ani no) - met hyl J- cycl ohexyl ) - acet i c 28dPENakg@8PDchl ori de
salt; (I1- nmethylamrtomethyl-cycl ohexyl)-acetic acid, hydrochloride salt;

|5 (1-[ (Benzyl - met hyl - am no) - net hyl ) - cycl ohexyl }-acetic acid,. X
hydrochl oride salt: [I-(Phenethyl am'_(r)[ &rret hyl ) - cycl ohexyl ] -acetic acid.
hydrochl oride salt: i 1-51[3(3- Phenyl- pr gyT am no) -rnet hyl | -cycl ohexyl }-acetic

~acid, hydrochl ori dela3p# {3(5@3&3‘}35_)g@:ﬂgﬁﬂ?ﬁﬁwiil?)fgpg&lﬁ];@cwhexﬂ}-

-3, 5-di net hyl - cycl o%gf&y[gp}-.aceti c aci sodi um
SS) - 1- Et hyl ani nomet hyl' %'S- di met hy! - cvel ohexyl ) - aceti ¢ acid. 20
yl . ' '
hydrochl ori de salt; (I-Ami nomclhvi-4-et hyl - cycl ohexyl ) -aceti ¢ aci d,
hydrochl oric salt; tra%"- I!ﬁ. Lognet hyl - 4- propl - cycl ohexyl) -acetic acid.
hydr ochl or i o salt . fg R, :rg§gyjfj~ppgp-ﬁ3Mnylhminomeﬂ1yl-cyclohcxyl)-ace ic acig;
hydrochi oric salt nay:s{(ﬂh@wblmé‘&?lt-'-fc‘@%i*ﬁﬂ" hydrochl ori de sal ¢ ; ik [(IR
3R) - | - (Benzyl ani no- net hé_l ) - 3-met hyl -cycl'e ex‘i}‘i%-§lé@fq°é~“&&wﬂrcych§1ddyq€hl ori de
sal t; {{"2 R 3R)-F<{€BEMnyl-meth”yl-anino)-methyl] |
- 3- met hyl - cycl ohexythys-AERBRE-3 AGdehl1. 1. o e ey ] ooy
S35 oy cyel ohexiinego BRf.32 hy?’f ] ,g?fgr)l(tgpﬁ-lgg@{l?rgma)cinel,h)’l]-lqydomhl}Qf:étﬁi:e
;?| }?;4 20 Jﬁngary z%?f% éﬂﬁm 14. Use of 5 c%m%gund ﬁf dFor mul a | vI \tharei?g ,
A - are hydr ogenrams-{ )-3-M —R@ J 4 uoobls K T0)methy I cyothor -
: l\%’ﬂﬁ'ﬁ‘l ~ : utyéﬁnpg )-methyi]- -
al kyl, jgenzyl, ar %Lgt}ck%}d,; al koxy, cycl oal kyy°r {i¢);methyl]-cyclohexyl} |
1o 3B.58-{3,5-Dj methyl-1 -[(4,4,4-triﬂuoro-butylamino)—methvl ]-'cvclohC)lcvl}
acetic acid; ‘ o o
! en g1 .
o,3B,53-41 [(Cyclomopylmethyl-ammo)—methyl}~3.S—dimelhvl-cvclohex 1}-
acetic acid; o ’
15 -{(
trans- {( ]R,3R)—1-[(Cyclopropyimethyl-amino)-mcthyl}-3—mclhvl—cvc!ohc cvl
acetic acid: | o o
trans-((1R.3R)-3-Methy}-1 -methylaminomethyl-cycldhcx vl)-acelic acid:
trans-((1R.3R)-1 -Eth_vlarninomcthy!—ii -methyl-cyclohexy] )—acctié acid;
N trans-({ 1 R.3R)—3-Melhyl-l-propylaminome.th_\«'!-cyclohex_\'l)-acclic acid:
Jrans-({TR.3R)-1 -Butylaminomelhy!—B —mcthyl-cyclohcx}'l J-aceiic acid:
trans-((1R,3R)-1-H ydroxymethyl—J-methyl-cyclohexyl )-acetic acid-
10:,3{1,5[3—{I-[(Hydroxvmclh l-amj 5-di ‘
- 3 yl-amino) mcthyl]-B,a-d:mcthyl-cyciohcxyl}—acctic
25 trans- inome |
rans (-l R3R)(1 -Am:nomethyl-3-methyl—cyclohexyl}~acctic acid. hvdrochloside-
(1 -Am;nomcthy!-Z-mglhyl-cyclohexyl)-acetic acid, hydrochlaride: |
( l-An_lmomcthyl -3,3-dimcthyl-cyclohexyl)—acetic acid; hvdrochion'de
+ ~(1-Ami i - ‘
(_‘)-(trans) {1 Ammorncthyl-B,4-dlmethyl—cyclopemyI)—acelic acid. hydrochloride:
| (cisftrans)-(3 R)(1 -Aminomethyl-3 —mclhyl-cyclopenlyl)—aceti C écid
30 ‘ hydrochloride; ' ‘

+)-(t -(1-Ami 3.4-di
(+)-(trans)-(1 Ammomethyi-.J.4-d1methyl-cyclopentyl)-acetic acid, hydrochloride:



al kyl cycl oal kyl, al koxy, cycl oal kyl, al kyl cycl oal kyl, trisubstituted

hal ogenal | cyl, and wherein R -R4 are each hydrogen, t R0 ReUpY 86 hydr ogen
or nethyl; or a pharmaceutically acceptable salt, ester selected from

C -C6 al kyl esters, C5-C7 cycloal kyl esters and CI-C4 arylal kyl esters, or
am de sel evoadizimmom am des derived from.amoni a, pri mapgT/Os0836769

al kyl anii.nes and secondary Cz-C6 di al kyl am nes, thereof, for the

manuf acture of a medi canent for treating neurol ogi cal disorders,

depression, anxiety, panic, mania, iBbpol ar disorders, antiflamuatory

di seases, gl auconm,. pai r._.gastrointestjnal da .15 A .pharpaceuti cal
conposi tion conp p%s)l'(ﬁ Sg' (fﬁé"r“go e&ﬂy?'é %"?‘9‘6{5‘?? ec E}P %ﬂgﬁ%ﬁfﬁ@ldﬂg’gg’cﬁg ound
according to any one of claims 1 to 4 together with a pharnmaceutically
acceptable carri e'i('x,3E,ISIS-L{?—I}Imiggmag’_l/l%\fé—ﬁltmethy]—cyclohexyl)-acetic acid, hydrochionide;

le,3 B,SS-G ,5-Dimethyl- I-propylaminomethyl-cyclohexyl)-acetic acid,
hydrochioride salt;

5 la,3B,5B-(1-Ethylaminomethyl-3,5-dimethyl-cyclohexyl)-acetic acid,

l hydrochlonde salt;
10,383,5B-(1-Benzylamino-methyl)-3,5-dimethyl-cyclohexyl}-acetic acid,
hydrochioride salt;
1a,3B,5B~(1-Dimethylaminomethyl-3,5-dimethyl-cyclohexyl)-acetic acid,

10 hydrochloride salt;
1¢,38,5p-(1-Butylaminomethyl-3,5-dimethyl-cyclohexyh-acetic acid,
hydrochloride salt;

1o, 3B,5B-{ I-[(Benzyl-methyl-amino)}-methyl]-3,5-dimethyl-cyclohexyl }-acetic
acid, hydrochloride salt;

15 1o, 3B,5B-(3,5-Dimethyl-1-methylaminomethyi-cycltohexyl}-acetic acid,
hydrochioride salt;
Fa,3B,58-[1-(Acetylamino-methyl)-3,5-dimethyl-cyclohexyl}-acetic acid;
1e,3 B,SB—( 1-{Isobutylamino-methyl)-3,5-dimethyl-cyclohexyl]-acetic acid,
hydrochioride salt;

20 1a,3B,5B-[3,5-Dimethyl-1-(phenethylamino-methyl}-cyclohexyl]-acetic acid,
hydrochloride salt;
la,3B,5PB-{3,5-Dimethyl-1-[(3-phenyl-propylamino)-methyl}-cyclohexyl}-acetic
acid, hydrochloride salt;
{1-[(Cyclobutylmethyl-amino)-methyl]-cyclohexyl}-acetic acid, hydrochloride

25 salt;

Lo, 3B3,5B-(1-(Isopropylamino-methyl)-3,5-dimethyl-cyclohexyl]-acetic acid,
hydrochloride sali;
I-Aminomethyl-1-cyclohexane-acetic acid;

1-Aminomethyl-I-cyclopentane-acetic acid;
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1~Aminomethyl-1 cyclopentane-acetic acid, sodium salt;
I-(hydroxymethyl)cyclohexane—a_c_etic acid, sodium salt;
{1-{(2-Methyl-butylamino)-methyl]-cyclohexyl}-acetic acid; hydrochloride salt;
{1-[(4,4.4- Tnﬂucro-butylamxno)-methyl]-cyciohexyl}-acet:c acid, h)rdrochlonde

salt; . .
(1-Ethylaminomethyl-cyclohexyl)-acetic acid, hydrochloride salt;

{I-[(Cyclopropylmcth’yl—amino)-methyl]-cyc[ohexyl}-acetic acid, hydrochloride

salt;
{1-[(2-Hydroxy-1 -methyl-ethylamino}-methyl]-cyclohexyl }-acetic acid,

hydrochloride salt;

[ 1-(Isob}!.tylamino-methyl)”-'cyclohcxyl]’acctic acid. hydrochloride salt;
(1-Propylaminomethyl-cyclohexyl)-acetic acid. hydrochloride salt;
[]-(Isqpropylémino—mcthyl)-cyc_lohcxyl}-acetic acid. hydl‘"oe.::hloride salt;
(l-Cyclohcxylaminomcthyl-cycloh_cxyl)—acelic acid, hydrbchloride salt;
[1-(Benzylamino-methyt)-cyclohexyl]-acetic acid, Ahydrochloride salt;

{(IR BR) -3:Methyl- I-propylaminomethyl-cyclohexyh-acetic acid. hvdrachloride

sal(;
i [Cxclt::pcmv[melh)I-ammo}-mcthyl} cyclohexyl }-acetic acid. hydrochloric

salt;
{1 -[(Cyclohcxylmelhyl-amino)—methyl]—cyclohexyl}-acclic acid. hvdrochioric

salt:

((3R, SS} 1- Cyclobutviammomethyi-B S-dlmcthyl-cyclohcnyl)—accllc acid,

hydrochloride salt;
{(3R, 55)-3,5-Dimethyl-1-[(2-methyl- -butylaminoj-methy{}- cvdohewl} -acelic

- acid, hydrochloride salt;

{(3R, 55)-1- [(Z-Hydmxy-i methyl-ethylammo)-mclhyi] 3.5-dimethyl-

‘cyclohexyl}-acetic acid, hydrochloride salt;

{(3R, 55)-1 -[(2,2-Dimelhoxy-clhylamino)-methyl]-3,5-dimcthyl—cyclohexyl}—

acetic acid, hydrochioride salt;
{(3R, 58)-1 —[(Cyc]opentylmelhyl-amino)—methyi]—3.S-dimcthyi—cyclohexyl }-

acetic acid, hydrochloride salt;
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{(3R,55)-1 -[(Cyclohexylmcthyl-amino )-methyl]-3,5 ~dimethyl-cyclohexyl}-acetic
acid, hydrochioride salt;
(3R, SS)-I-Cyclohexylaminomethyl—B,5-—dimethyl-cyclohexyl)-acetic acid,
hydrochloride salt;

cis-((3R, 55)-1 -Hydroxymethyl-3,'S—dimethyl—cyclohc:lcyl)—acetic acid,
hydrochloride salt;
( 1-Dimethy!aminometh}rl-cyc]oﬁexyl)-aéetic acid, hydrochloride salt;

(1 -I}utylaminomcthyl-qyciohexzi)—acetic acid. hydrochiorid e salt;

{1 —[2_.2-Dimethoxy-ethyiamino)-methyl]-cyclohexyl }-acetic acid, hydrochioride

salt; : _

(1 -méthyiamiﬁomethyl—cyc!ohexyi)-acelic acid, hydrochloride salt;

{ l-[(Benzy!~mcthyl-arnino)-methyl]-cyclohexyl }-acetic acid, hydrochloride salt:
[l —(Pheneth_vlamino-methyl)-cyclohcxyl}—acelic acid. hydrochloride salt:

{ l-[(3—Phcn_\-I—propylamino)-mcthyl]-cyclohexyl }-acetic acid, hydrochioride salt;

((3R. 55)-1-H ydroxymclhyl-B.S-dim'ethyl-cyclohexyl)-acelic acid, sodium sait:
| {3R, SS)-I-Ethylaminomclhyl-B,5-dimc1hylvcyclohexyl‘)-ace(ic acid,
hvdrochioride salt:

(I-Aminohclhyl-ti—ethyl—cyclohcxyl)—acctic acid, hydrochloric salt;

( 1-Aminomcthyl-ll-propyl—cyclohexyI)-acetic acid. hydrochloric salt:

((3R, SS)—J,S—Dimclhyl-l -propylaminomcthyl~cyclohex_vj)-acctic acid,
hydrochloride salt;

[(IR, 3R)-1 -(Benzylamino-methyl)-3-methy!-cyclohcxyl]-aceiic acid,
hydrochloride salt; _
{UR, 3R)-1-[( Bcnzyl—mclhyl-amino)-rnethyl] -3-methy] -eyclohexyl}-acetic acid,
hydrochloride salt; 7 . ' ' '

or
((IR, 3R)-3-Methyl-] -methylaminomethyl-cyclohexyl)-aceti ¢ acid,
hydrochloride sal(;



20 January 2005 '

128
14. " Use of a compound of Formula IV

R
X CO.H
Rq R
Rs Ry A%
wherein
Ry-Ry are hydrogen or alkyl;
Xis NR; or O;
~ Rs is hydrogen or alkyl, - nl

R¢ is alkyl, benzyl, . -arylalkyl, alkoxy, cycloalkyl, alkyl,

alkyleycloalkyl, alkoxy, cycloalkyl, alkylcjfcloalkyl, trisubstituted halogenalkyl, and
wherein R;-Ry are each hydrogen, the Ry is not hydrogen or methyl; or 2 pharmaceutically
acceptable salt, ester selected from C}-Cs alkyl esters, Cs-Cy cycloalkyl esters and Ci-Cy4
arylalkyl esters, or amide selected from amides derived from ammonia, primary C;-Cg

alkylamines and secondary C;-Cg dialkylamines, thereof,

gastrointestinal damage,
15. A phammaceuticai composition comprising a therapeutically effective amount

of a compound according to any one of claims 1 to 4 together with a phatmaceutically

acceptable carrier, diluent or adjuvant,



