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BRANCHED CHAIN AMINO ACID-DEPENDENT AMINOTRANSFERASE
INHIBITORS AND THEIR USE IN THE TREATMENT OF DIABETIC
RETINOPATHY

BACKGROUND OF THE INVENTION

More than 14 million people in the United States have diabetes. All people with
diabetes are at risk of retinal complications. However, people with type L, i.e., insulin-
dependent diabetes, face a greater risk of severe vision loss than people with type 1, i.e..
non-insulin dependent diabetes.

Retinopathy is any non-inflammatory disease of the retina. Diabetic retinopathy
is any retinopathy associated with any form of diabetes mellitus.

Initially, the high blood glucose level in diabetic people causes an increase in
grth factors in their eyes. This condition is known as the "pre-diabetic retinopathy
stage” and can lead to full diabetic retinopathy, if not prophylactically treated.

Retinopathy will affect the majority of diabetic people to some extent during their
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 unpublished data, 1993).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.

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

the vitreous cavity.
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11, i.e Macular edema threatening or involving the macular center is treated with focal

macular photocoagulation. Small (50 mu in diameter), mild-intensity laser burns are
targeted at areas of leakage in the macula (Murphy, Amer. Family Physician 51{4): 785-
5 796 (1995)). If the macular cdema persilsts, retreatment may be necessary.

Patients with severe to very severe nonproliterative retinopathy and patients, who
are at 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
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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= NR14, O, orS
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wherein:

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

alkoxy,
| o . sulfonyl; phenyl; benzyl;
or arylalkyl; ‘and 6xc§pting for formula I1, alkanoyl or alkoxyalkanoyl. |

m and n are independently an intégcr of 1 3

Ry ~Rsand Ry ~ R4 are independently H, alkyl, or substituted alkyl: and
X=NR;4,0,o0r§

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 C;-C, arylalkyl esters, or amide selected from amides derived from

ammonia, primary C;-Cy alkylamines and secondary C,-C dialkylamines, thereof,

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



20 January 2005 3 treating diabetic retinopathy, includj tre nt at
the pre-diabetic retinopathy stage, the non-proliferat ggggﬁﬁ'%g{l(ﬁgg
retinopathy stage, and the proliferative diabetic retinopathy stage. This
and ot her objects of the present invention will becone apparent fromthe
detail ed description provided herein. SUMYARY OF THE | NVENTI ON Di scl osed
herein is a nethod for the prophylactic a t herapeutic treatnent of

di abetic retinopaftsprdingied atiting dhiteainmeRnbf 8l hiSiR ' i ¢, et i nopat hy
stage, the nog; }R?{l)lgl ioIél?r at ar\;]S/ di abetic reti nolpat ‘yﬁﬁ?%ég%)%’r‘{gdeflﬁée uSé)O%a
~proliferative I efll ?‘E’t“:l' pat hy stage. The nethod conprises the

adm ni stration of an inhibitor of the branched chain am no acid-dependent

am not ransf erase pat hway. . AccordiFQg to one enbodi nent of the invention
there is provided the use of a corrpé)@ndc@f2 Formulas I, 11, and/or 11l Rq
Rg X C2H \ f C02H (CH2)m {CH2)n | -H)?CHZ)" R R11 1 RR1 B-11

'11' R/ Ro R2

R4 Ry
R3 Ro v
wherein R;-Ry are hydrogen or alkyl;
X is NR; or 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



RR R RB3 RS RARIII'II wherein: RO is H alkyl; cycloal kyl; substituted

al kyl contai ni ng hal ogen, am ne, al koxy, cycl oal kyl, orz%Qﬂﬁﬁﬁvgnﬁllyl;

al kynyl ; al kanoyl ; al koxyal kanoyl ; sul fonyl; phenyl; benzyl; or arylalkyl;

m and n akgdgppendently an integer of 1-3; R - R8 anﬁﬁﬁh&m-mﬁ'o are

i ndependently H, alkyl, or substituted alkyl; and X = ) 6, or S 20
January 2005 3a where there is nore than one stereoisoner, each chiral |
centre may be independently R or S; _gr a pharnmaceutically acceptable salt,

ester selected fromG -C6 al kyl esters, C5-C7 cycloal kyl esters and Cl-C4
aryl al kyl esters, or am de sel edpbyem ami des derived from ammoni a,
primary Cl-C6 al kyl am nes and secgndary C -C6 di al kyl am nes, thereof, for
the manufacture of a nedicanent fpr traating diabetic retinopathy.
According to one aspect of tHhé&Hpmventi ol§He)here is provided the use of a

conpound of Formulas I, |1, apd/ | RO Ry X CO2H ~ X C O2H (CH2)
(CH2)r, {CH2)m {CH2) n R8|§1 1 R7 Rlg, R2 -R3 RS R1 R7 Es RS R4 H
. 10
R, H|
Rg R, %
Rse Rs
131

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 .




COH2 (CH2) m(CH2)n Rll- R12--T Rl . R2 R3 wherein: s H_al kyl;
cycl oal kyl; substituted al kyl containing hal ogen, ani nez,(ﬁ%r'l%’g;&,m%
cycloal kyl, or hydroxy; alkyl; alkynyl; sulfonyl; phenyl; benzyl; or

aryl al kyl ; epting for formula Il, al kanoyl or al koxyal kanoyL mand n
are indepen‘aeglt"%ﬁan integer of 1-3; R - R8 and Rio - RfA/H0Y30769

I ndependently H, al kyl, or substituted alkyl; and X = NR14, 4, or S where
there is nore than one stereo isoner, .each chiral centre may be

i ndependently R or S; or a pharmaceufically acceptable salt, ester

sel ect ed from Cl- CoTheldegpowdt endave@ine GF mazy sdy@atckisd caf®oh Bbss antkal] - C4

aryl al kyl este .am.de selected from an d derived from ammoni a,

primary Cl-C6 %??ﬁ%ﬁ%‘gr%ﬂ © LETBh %%?ZRQT VI ani nes, thereof, for

the manufacture of Fefarei @apenids hrethdsabf RirnuRg, 1,18 IIPLALEH ¢ had R 2R RO aci d-
nuary 2005 3b According to another

embodi mont of BN RS Rels T dtsal B Bonsda it mebiohn s melripbumd o
| E%ggggnﬁ v RS Rushermeitnl; R, iR AfemBugl; RORDa@S R 3REYdre 1 K 16 21DER, Ribefleyt, RO 18
1¥1¥ 1s'alkyl; Ry is arylalkyl; R9 is cycloalkyl; R -Rg are H; R,-Rgand R,4-R,, are H; R;-
R; and R7-Rg are H; or R; is methyl.
More preferred compounds are those of Formula 1) wherein R; is alkyl, R)-R; and
Rq'Ru and Rl , are hydrogen, and m and n are 1, and X is NRyi; Rz and Ry, are alkyl,
10 Ri-R; and R4-Ryp and R4 are hydrogen, m and n are 1, and X is NR 4 R; and Ry, are
alkyl, Rj-R; and R4-R)y and R, are hydrogen, mand n are 1, Ry is alkyl, and X is NR,4;
~ and }IQI-RH gnd R4 are hydrogen, m and n are 1, and X is O.

| | Especially prefefred compoﬁnds may”be selecte.d.- from: - 3

15
{1-](2,2,2-Trifluoro-ethylamino)-methyl}-cyclohexyl}-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-ethylamino)-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—triﬂuoro~butyIamino)—methyI]-cyclohexyl} -acetic

30 acid;
o, 3B,58-{3,5-Dimethyl-1 -{(4,4.4-triflucro-butylamino)-methyl}-cyclohexyl }-acetic

acid;



koxy,  cyeboal kyl + al kyl s 3l kyl oyl oal kyl . ai ki'x‘;zxégl;ﬁgﬁ"wﬁgn ii@é;f"ekz;’ch
\ ri [ d hal ogenal kyl,. an erein R -
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esters and Cl-C4 aryl al kyl esters, or am de sel ected fronlanldgslge{;xsﬁes

ther cof . Tor t bl ERLE 6L IO ol At £ament {or trealing neurol ogr cal

oo o ! SRR SR bt hheracl i

Pref erably, thehnhi bi tor o ther br antnanr e LR SE L o u B RS,

; i 1, and/or
ami not r ansf er aSe ‘pat hway (BCAT) is a conpound of For”“|885l’mo 01/ 42191

I11: RO\ H® \tr%s((ﬂf@m—i—ﬁb@}bR&cm}/iamm&ﬁ)eﬁlﬁgycfcﬁa@)@:%@ jeacid;
! HOR CH R qT RO X (CH2)n
PCTI US00/530769, - 4~ llﬁ??}R)-I-Et%ylar>n(in(ometh)ylr-3r']-m(ethyl-?:yclohexyl)—acetic acid:

trans-((1R,3R)-3-Methyl-1 -propylaminomethyl-cyclohexyl)-acetic acid;
trans-((1R,3R)-1 —Butylaminomethy]—3-methyl-cyclohexy})—acetic acid;
trans-((1R,3R)-] -I-Iydroxymethy}—l’»-methyl—cyclohexyl)—acetic acid;

To,33,5B-{ l-[(Hydroxymelhyl—amino)—rnethyl]-3,S-dimethyl—cyclohexyl}-acetic acid;

10
trans-(1R,3R)(1 -Aminomethyl-3-methy]-cyclohexyi)—acetic acid, hydrochloride;
(1-Aminomethyl-2-methyl-cyclohexyl)-acetic acid, hydrochloride;
(1 -Aminomethyl~3,3—dimethyl—cyc]ohexyl)-acetic 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;
1a,SB,SB—(]—Butylaminomethyl—B,5-dimethyl~cyclohexyl)—acetic acid, hydrochloride salt;
la,3p,5B8-{1 -[(Benzyl—methyl-amino)—methyl]—3,5-dimethy]-cyclohexy] };acetic acid,
hydrochloride salt;
]a,3B,5[3-(3,5—Dimethyl-l—methylaminomethyl-cyc]ohexyl)—acetic acid, hydrochloride
30 salt;
1at,3B,5 B-[l-(Acetylamino-methyl)—3,S-dimethyl-cyclohexy]]-acetic acid;



(CH2) I 11l wherein: RO is H, alkyl; cycloal kyl; substityted al
cont ai ni ng hal ogen, am ne. al koxy, 5 cycl oal kyl, or hyd%)@f’ua@ﬂ' %‘%’5

al kynyl ; al kanoyl ; al koxyal kanoyl ; sul fonyl; phenyl; benayl; or arylalkyl;
m and n ar ewiomgmendently an integer of 1-3; RI - R8 and Rip -RWare

i ndependent |y H, alkyl, or substituted alkyl; and X = NRf% R@?““(??@S; | 0 or
a pharmaceutically acceptable salt, ester, prodrug, or am de thereof. 20
January 2005 WD 01142191 PCT/ USO1/ 3079 -5- The conpounds can have one or

nore asymetrigc %f{‘g@nla ons and each asymmetric center can be racemc (R &
S) or chiral (R Issbutylaminogmethyihd cthyleytlbleseljatetcatidb@rdchlolile  OF

[l wherein msaed n are 1; X is NR14; ROis H R4 is nmethyl; R4 and RS are
nmethyl; R8 is math%l' Riois methyl; R7 and 5 R8 are nethyl; R4 and R8 are
methyl ; R1- R8 !4nifh-3ReIG.5Fdanetind-1 HphcRathylsmab ity RS ciokie R B0EMc acRL4 1S al kyl ;

RO is aryl al kﬁllg{%roaaonjicﬁsgﬂm oal kyl; RI-Rg are H, R1l- and RIO-R11 are H
R1- R2 and R7- are H or R2 is nethyl. Mre preferred conpounds are those

of Formd a 11 1%3856+(3,5Bineshyad1Kyd-phel %@m Ré=Rin. 4 are . hydrogen,
“and rn and n ﬁ{'cﬁor}ﬂ adnd X is NRL4; RBﬂa%hp Rimf art@l]agylg&ﬂgxyi ks %‘-’ *and
R4-R o and Rl14 areé (‘Wyarsﬂben, mand n are 1, and X is NR14; R3 and Rl1l are

al kyl, Rl -R2 ahflCRlobrtitpnraS1-Bhtho Riethiiy m.and n are R9 is alkyl,
and X is NRL4: @?& Jrru d leiq an_dOjilsz4th§31ﬁrI g{“ﬁ%?’gégzﬁme?'cﬁmc'gﬁydﬁcémdﬂs,ah‘and X is
0. Especial |y §PepRi( "CPREeRSRIRRtDchel)-SoedipethpbtyetbhtxydFaceid fid 1

-[(2, 2, 2- Tri fhydedcBroghbydi@m no) - net hyl ] - cycl ohexyl }-acetic acid; {
I-1(3, 303- Trifl uoro-propyl am no)-nethyl]-cycl ohexyl }-acetic acid; |
a, 30, 50%( 3, 5- DimstaRAhYI- 1=qyelohexangrmptiaaiidonet hyl - cycl ohexyl ) - aceti ¢ aci d;

I-Aminomethyl-1-cyclopentane-acetic acid;

’ -Aminomenthyl-1-cyclopentane-acetic acid, sodium salt;
1-(hydroxymethyl)cyclohexane-acetic acid, sodium salt;
{1-[(2-Methyi—butylamino)-methyl]—cyclohexyl}—acetic acid, hydrochloride salt;

15 {1—[(4,4,4-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 sait: |
{1—[(Cyc]ohexylmethyl—amino)—methy}}-cyclohexyl}-acetic acid, hydrochloric sa]t;

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



20 1 a, 3(3,5D-{3,5-D nethyl - 5
-[(2,2,2§triflaoro-ethylanino)-nethyl]-cyclohexy! } -acéPi@uan?Q0S | 45 3 1
, bt -{3,5-Dinmethyl-1-[(3 , 3, 3-trifluoro-propyl am no)-net hyl ] -cycl ohexyl
%rans-((lR,SR)-B-N@thyl-I-prop-2-yny|an1nonethyl-cyc!ohexyl -acetic acid;
trans-{(1 R 3R)-3-Methyl-1-[(2,2,2-trifluoro-ethylam no)-nethyl]-cycl ohexyl
} -acetic acid; trans-'(] -8- _

= - I -met hyl ] - cycl ohexyl }
F ageR% |- 2- g/ﬁ ;[ le {(? ‘ﬁ%ﬁl}ﬁiﬁ{-ﬁ’{fﬁ&%éﬁ%ﬁs&?lop )H%ﬁngﬁ%lethyl]—cgcl(])hex%}—acetic acid,
-[(4 4,4-tri%HudnmhhmMyham1no)-nethyl]-cyclohexyl } -acetic 30 acid; 1 a,3
(3 5f 3-13,5- 'gﬁt |- - 84, ,4-trifluoro-butylan no -nethyl]-cyclqhexyl
}- lacetic | acRﬁ; ’2%¥i}é[ﬁ%§? é’ B0 5““6@1"9@7I&Q‘E!@i‘“@@llﬁsbém@%&'cloﬁexyl}-acetlc _
1(x, 3[ 3, 5] 3- ( lecid( RYGEbaMsRPYAITEL hy| - ani no) - met hyl ] - 3, 5- di et hyl - cycl ohexyi )
- t i | d; . 1 .R1 3 . - . . H .
R)a i I[ ? i opr{&{g’%ﬁg‘tl r[%@w%sxyrﬁﬁtwﬁwlyo)snmlm,ﬁduynhgdmodynexmaeatc!ae._d, aci d;
~trans-((] R 3Ryddciibtifiydat - met hyl ani nomet hyl - cycl ohexyl ) - acetic ac!dZ 5
trans- ((1R 3R) -] - Et hyl aninonethyI-S-ﬁethyI - cycl ohexyi) -acetic ?C'd’_
trans-((] R 3Féff”-l’s-5%¥ﬂ£ﬁwloperpylwwmmmmthyl[u;Symmemgp(qybmha@gtacen@@cg,
trans- ((] R,Sﬁzm@dﬁgﬁaﬁﬁﬁ§nonethy]-S-nethyI-cyclohexyl)-acetlc aci d;

rans- R 3R -1_-1 iydroxynethyl-3-methyl-cycl ohexyl)-acetic acid; 1
L, go, 5((351 (1 - FCHyIxlRedohacyimethybymive)-ingthy -3, 55ditie gk ¢y oheyy Bl RbeXaia, _
}-aceti gy aci dpydkQcHidRRSa k! R,3R)(I-An1nonethyl-3-nethy|-cyclohgxyl);gcetlc
acid, hydrochlori de; (13Aninonethy]-2-nethy|-cyclohexyl)-acetlc acid,

hydr ochl ori def(3R4 55)An€ml¢l%ﬁyllnin©pﬁmgﬂ~mhydth;dsc%l@lliheﬁlyia&aiaggg,l HaRehidride
hydrochl ori degy()-(trans)-(] -Am nonethyl -3, 4-di nethyl -cycl opentyl)-acetic

aci d, hydrochloride;

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;



15 (ci s/ traps)wWo3mpz11 - Ami nonet hyl - 3- net hyl - cycl opent yl %-aceti c.acid,
hydrochl oride; (+)-(trans)-(I-Am nonethyl -3, 4-di met hyl -QW )-acetic
aci d, hydrochloride;

(+)-(trans)-(1- Am nonet hyl - 3, 4-di met hylg cycl opentyl)-acetic acid,

hydrochl oride; | (x, §é]v3a€%§i9(l -Am n

onet hyl - 3, 5-di net hyl - cyE'i FPRoYadsdessribedibgl Folmyudis Qb lagd f108s known

| a, 3[ 3, §j 3- (3, 5- Dompoimgs eflFomi@oy! an nonet hyl - cycl ohexyl ) -aceti ¢ aci d,
hydrochl oride 20 salt; |

a, 30, 50- (I - Et hyl ami nomet hyl - 3, 5- dizhthoH, doégeti ¢ acid,

hydrochl oride salt; | I

a, 3[ 3, 5[ 3- (1- Benzyl am no- net hyl ) - 3, 5-di ECWZI) cycl ohexyl]-acetic acid,
4]

hydrochl oride salt; 1 a,3(3,5J3-(1-D
met hyl am nonet hyl - 3, 5- di net hyl - cycl ohexyl ) -aceti c acid, ﬁ\/dr ochloride 25
salt; | a,3 13, 5‘L3- gl - But yl am nonet hyl - 3, S-di net hyl - cycl ohexyl ) -acetic
aci d, hydrochl or SR, if hydrqgemor3 lgwer aikt fhdidal andnis4.5, or 6 ar in Uni
- -[(Benzyi - net hylgyaipna) qELhY) |- 3, 5- di met hy] - cycl oheéxy f!“éoé’@t'f‘y“éfﬁ‘? d,
hydrochl ori de salt; mber 4,024,175 and its divisional United States Patent Number
| a, 30, Sp- ( 3, 5- DAABT.FrA. The uvertdiyelosddi 2RO FRENe e HYS! ohexyl ) - acet i ¢ "aci d,
hydrochl ori de t%%s&ﬁ#cgrbazli e . _ . against cramp induced by
a, 3[ 3, 5J3- [ | - (Acet yl am no- BTy eeomagsinseatiidzele yomphex WA GRLLE, aci d; 20
January 2005 WEPHIWsEXaBheReckSAMBRLED sl crarkat & 3%%_, 5[ 3- (1 :
_ (1 sobut yp ani nc&;gg,tap%kﬁos ?.hdi met hy| - cy el oned) frumaseand dmprevetenhindr ochl or i de
salt; 1a,3(3,5[i-[3,5- M §rompopishs aasdiyllimparaniciRidag ThepaihRNeXy - acetic
acid, hydr ochligsomgenteldlytreferance. )
| a, 3J3,5J3- (3, 5-Di net hyl -1-[(3-phenyl - propyl am no) - net hyl ] - cycl ohexyl } - acet
ic acid, hydrochloride salt; (I
-[ (Cycl obut yI net hylc‘?ﬂ'ﬁ‘ﬁ@qmﬁﬁemla]&cycl ohexyl | -acetic acid, hydrochl oride
salt;
la, 3{3,533-(1-(Isopropyl am no- net hyh -R?i, 5-di net hyl - cycl ohexyl ] -acetic acid,
hydrochhgri de salt; o
HaNCH-C-CH,CO0H

i

Ry 5

group haw-ng from 1 10 6 carbon atoms, phenyl or cycloalkyl having from 3 10 6 carbon
-atorus; Rj is hydrogen or methyl; and R3 is hydrogen, or carboxyl are known in Linited
States Patent Number 5.563.175 and its varjous divisiona
incorporated by reference.,

20

Is. These patents are hereby



10 1- Aminonmet hyl - | -cycl ohexane-acetic acid; | -Am ng hyl - ]

-cycl opent ane-acetic acid; Am nonenthyl -1-cycl opent ané—%ﬁ?@' 2(98?(1 sodi um
salt; | -(hydroxynethyl)cycl ohexane-acetic acid, sodiumsalt;

{I-[(2-Met hyl - butyl am no) - net hyl ] -cycl ohexyl }-acetic acid, hydrochloride
salt; 15 {I-[(4,4,4-Trifluoro-butyl am no)-nethyl]-cyclohexyl)-acetic acid,
hydr ochl ori de sal tiAccog'A - Et hyl am.nonet hyl - cycl ohexyl ) -acetic acid,

hydr ochl ori de salt ing to another aspect of the invention there is provided a compound of |
{1-[(Cycl opt opgimukitIvy| - am no) - met hyl ] - cycl ohexyl ) -acetic acid,
hydrochloride salt; { I -[(2-Hydroxy- | -methyl-ethylami

no) - net hyl ) - cycl ohexyl) -acetic aci ,\xhyrochl oride salt; 20

[ 1- (1 sobut yl am no- net hyl ) - cycl ohexyl ] face Q2H aci d, hydrochl ori de salt;
(I-Propyl am nonet hyl - cycl ohexyl ) -aceti\¢ dcid, hydrochloride salt; [I

- (1 sopropyl am no- net hyl ) - cycl ohexyl | - ic acid, hydrochloride salt;
(I-Cycl ohexyl am nonet hyl - cycl ohexyl ) - c acid, hydrochloride salt; [I

- (Benzyl am no- net hyl ) - cycl ohexyl ] - agi d, hydrochloride salt; 25
((I'R 3R)-3-Methyl -1 -propyl am nonet hyg; cycIR?h’exyI )-acetic acid,

hydrochl oride salt; (1 -[Cyclopentyl nethyl-am nod¥ net hyl } - cycl ohexyl ;
-acetic aci dwWhegdnochl oric salt; {

I -[ (Cycl ohexyl e -am np) - net hyl 1 -cycl ohexyl }-acetic acid, hydrochloric
salt; 30 ((3R SS"I}%%@ r ﬁﬁyliorret hyl - 3, 5-di met hyl - cycl ohexyl ) - acetic
aci d, hydrochl or Xiie NEsakig; 20 January 2005 WO 01/42191 PCT/ US00/ 30769 - 8-
{(3R, 55)-3,5-D gi;t yl-1-[(2-net hyl -butyl am no) - net hyl ] -cycl ohexyl }-acetic
acid, hydrochlo ydEngen of alsp;

5S) - 1-[ ( 2- Hydr oxg; | hyl-gefhyl am no) - net hyl ] - 3, 5- di net hyl - cycl ohexyl } -ace
tic acid, hydr o%ﬂ:l%gi?%lé%%%{l’; 5 {(3R 5S)- |. arylalkyl, alkoxy, cycloalkyl, ailyl,

- [ (2, 2- Di et Hkylgydeoalipyla rlkmdy; retloyikyt Sallyley ISR 153 HLERRSY moégrf 1. C B d,

hydr ochl ori ts R ;
Lot Wcﬁg%ﬁ{nywlr}éel{ %1114 P rf3sh hednge tensRdisnmatimbthyl airoh phathlacagielile
aci d, 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
Rg is allyl.

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



hydrochl ori de salt;

{(3R 5S)-1-[(Cycl ohexyl met hyl - ani no) - met hyl ] - 3, 5- di met hyP-2)@6R8%1 } - acet i
c acid, 10 hydrochloride salt; OR,

5S)-1- Cycloheﬁylanlnonethyl 3, 5-di net hyl - cycl ohexyl ) -acetic acid

hydr ochl or P88 t; 15 cis-((3R PCT/US00/30763

5S5) - | - Hydr oxynet hyl - 3, 5- di net hyl - cycl ohexy] ) -acetic acid, hydrochloride
salt; (I-Di wethylaninonethyl-cyclohgxyl) acetic acid, hydrochloride salt;
(I -B utyl am nonet hyl -cycl ohexyl )-acetic acid, hydrochloride salt; {

I -[2, 2-Di net hoxy- ethylanino)-nethyl] cyclohexyl} acetic acid, hydrochloride

salt; 20 (1- 0 | - cIo aci.d, hydrochloride salt;
{ 1-[(Benzyl ﬂgkgékqnhfﬂﬁ7e %mQEQféﬁ%% 3§bQE@PP@ aci d, hydrochl ori de
salt; [I-(Pharehy! Taifiuoe-prep Mlho)wamﬂp@&wh}mpﬁehs adgi d, hydrochl oride

salt; { ]-[(3-Phenyl -propyl am no)-net hyl |-cycl ohexyl }-acetic acid,
hydrochl oride salt; ((3R

5S) - 1- Hydr oxy - tihyl - <16 j C iumsalt; 25
o0 I O P DR YR BN AR Bl AR
hydr ochl or i ddos¥d,iB-{3.§-DindethylolrE2, gtrifluces- bt} lamyio)-aleeiyy) Jyclbedijacadl d,
hydrochloric salt; (1 -Am nonethyl-4-propyl -cycl ohexyl)-acetic acid,

hydr ochl ori c Mt ((3R,

5S) - 3, 5- Di NetlydR;3p- (B, DPYhanRy ofES ) béﬁhﬂtﬁ)Y&b:@?ﬂéMHoj%ﬁ{yﬂ]Ccy@lﬁhéi ylyydicochl ori de
salt; 30 [(1 R, 3R -1 -(Benzyl am no-nethyl)-3-nmethyl -cycl ohekxyl]-acetic

aci d, hydrocﬁpﬂrlde salt; {(1R
3R)-I-ﬁéBenzyI nethyl-anlnq) nethyl] 3- nethyl cycl ohexyl }-acetic acid,
hydrochl ori de salt; and

3R) - 3- Met hyl ImnwéU?ﬁRhﬁnl\ém%éﬂwpp -dyatlahieggEthy bevsldhexyeiagtic &ydr ochl ori de
salt; WO 01/ 6%459{3(11%@ ?BMtBﬁ%Qﬁaz%:nﬁ?o\f&Eﬂk@ mo})h,geowiaﬁg@l desgeribed by

For mul as 1, 11, are” known.  Conpou
H2N- CH2- C- - - @i - OOOR

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;



" (CHZ}n 5 10 15 A wherein R is hydrogen or a |ower aégﬁé rad% | and n
is 4, 5, or .6 are known in United States Patent Nunbe ,Qﬂﬂﬂ 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 ag¥PRY2RL, diazole cranp: the cerebral di seases.PCTASHRAE,

fai ntness attacks, h ypokinesia, and cranial traumas, and inprovenent in
cerebral functions. The conpounds ar useful in geriatric patients. The
patents are hereby incorporated by teference. Conpounds of Fornmula B: R3

R2 1 1 H)NGH, B-OHBEROHRo-hahal-3 3-diaryTas elhdg Blabsticaspepialhpriaal t
thereof wherein RL is a straight or branched al kyl group having froml to
6 carbon at . phenyl or cycloal kyl having from3 to 0 carbon 20 atons;

R2 is hydr ongﬁgg%ggb%é%%%ﬁsqmﬁﬁ@%.él&%ggﬁ&do%xﬁﬁ;s&%xLiaﬁﬁﬁdrwm%i n

United State 5,563,175 and i t's various divisionals. These
patents are sAkreby incorporated by reference. 20 January 2005 10 Accordi ng

: T 3 ar!mftj?(e E:OglwgB-af-Bﬁtyﬁﬂin%\ﬁ%myi—g,@—dtlmhgiﬂﬁ—(:iygloﬁgx%\s-iaggg agid?]?yr&?c%gpogdg ];alt; Formul a
1a.,3B.5B-{1-[(Benzyl-methyl-amino)-methyl}-3,5-dimethyl-cyclohexyl}-acetic acid,
hydrochloride salt;
1a,3B,5B-(3,5-Dimethyl-1-methylaminomethyl-cyclohexyl)-acetic acid, hydrochloride
salt;

10 1a,3B,5B-[1-(Acetylamino-methyl)-3,5-dimethyl-cyclohexyl}-acetic acid;

1o, 3B.5p-[1-(Isobutylamino-methyl)-3,5-dimethyl-cyclohexyl]-acetic actd, hydrochloride
salt;

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;



|V wherein RI-R4 are hydrogen or alkyl; X is NRS5 or O; 5 IS
alkyl: R6 is alkyl, benzyl, arylalkyl, alkoxy, cycloalk?P a3y
al kyl cycl oal kyl , alkoxy, cycloalkyl, aIkyIcycIoaIkyI trisubstituted
halogenalk&F and wherein when R -R4 are each hydrogen then R6 is not
met hyl ; ® WHHPhaceutically acceptable salt, ester s&Ca@ISEBOFPom Cl - C6
al kyl esters, C5-Cr cycloalkyl "esters and C -C4 arylallcyl esters, or
am de sel ected from ami des derived from ammoni a, primry Cl-C6 alkylanlnes
and secondary Cl--C6 di al kyl am nes, -t!Aer eof Like the conpounds of Formnul as
I, 11, and |1 k1-{(haokaspeaiiamiof msas iyl d
therapeutlc tFeéF?ent of dlabetlg-rg?ﬂﬁggg?&§ﬁQ@ﬁgﬂﬁﬁpﬂéhﬁﬁgggﬁ%ﬁt at the
pre-di abetic retinopathy stage, the-non-proliferative diabetic retinopathy
stage, and the proliferative diabetic retinopathy stage. Preferred
conmpounds are those of Formila“lV wherein R2 and R4 are hydrogen and R
and R3 are al k@R, S3pl Qh‘domlwleoﬁyfdwbb'éldmmﬂdﬂ-ﬁifcltdndle&eac aidet hyl ; R -R4
are hygrogenhiﬁgdmﬁmﬁg and R2-R4 are hydrogen; R, is nethyl and R2- R4
~are hydrogen; R5's rogen; X is NR6; Xis 0; R6 is alkyl; R6 is benzyl;
R6 is acetyl ; {{&5. 5S§'3pﬂ'1@l1'9ﬂﬂaﬂ-Hy{l(z,-lTR@Yl-BUtylelylﬁlbbmhﬂhyl]-;cy%ekﬁl}Iabétfclauiﬂl‘ oal kyl ;
R6 is alkylcwghg %56 is alkoxy; and R6 is alkyl. Qther preferred
conmpounds are those o? ormula 1V wherein R2 and R4 are hydrogen and R
ﬁn(cji R3 are ne{(Bkd 5S)R-[(2~H§tdraxjel’myﬂllln)cb@ﬂmalrﬂmﬁlnft}}yﬂt&yﬂmmﬂ@b1 E%}’cl(:f%xﬁf}aceuc
ydrogen; RS | iIs NR6;, R6 is alky R6 i s benzy R6 is
acetyl; R6 |sC§lEéﬂmfﬂf%eS§LR6 is cycloalkyl; R6 is trifluoroalkyl; R6 is
al kyl cyal oal k{x(BR mn[sz amnmyoxyaamylarmeo)-mamcy I5-difasREyalohaky DL RE6E 5&41
conpounds nmnmay, H @ § d from 20 January 2005 WD 01/42191 -11 {
1-[(2, 2, 2- Trﬂ? ¥5v'8 ?ﬁ§1an1no) net hyl ] - cycl ohexyl } -acetic acid;

{(3R, 55)-1-[(Cyclopentylmethyl-amino)-methyl}-3,5-dimethyl-cyclohexyl } -acetic acid,

hydrochloride salt;

Eg ogen or

- {(3R,58)-1-[(Cyclohexylmethyl-amino)-methyl]-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;



11 -[(3,3,3-Trifluoro-propyl am no) - net hﬁl } - clycl obexyl } - Q&ggﬁucan?ﬁbég

ot op eyl St nor a’h?,l[?,’S[I?,- E]gxil)u ggtetiyc-aci d, 1 a3 0,5p- { 3,
- -2- i nonet -cyclo - _ ; : : ] _
SPrDQPretzhzln}ll ?m F(Z, 2, g-triyfl uor o- et hyl am no) -net hyl] -cycl ohexyl ) -acetic

id; 1 a,3[3,5[3-{3,5-D nethyl-I _ L
afl(g 3, 3-t ri[fl uE)roi pr opyl am no) - net hyl ] -cyH ohexyl)-acetic acid; 10

LTI e (e L
e e
? 2(|?)et ?éwegg%lléélt;: a[ g”4[ g 5-t r_ rorehRyE - - hyl ] - cycl ohexyl }-acetic
Jagl- 33 nglgetSEg -5:{(1!1({’§R)41_ff(-ée{&}l1&6%){?_-‘1{?}]1&0);]“%%;11]9 -;nrtra?ﬁyl}::yclohé{yl}_-acetic gcid, i

| - [ (Cycl opr ophyérechiptidasiltnagd met hyl ] - 3, 5- di met hyl - cycl ohexyl } - acetic aci d;

(1 . - -
L oo U s vt petmseotiasmis,
acid; trans-(4dik 3R)-3-Met hyl -1 -nme - ' tic acid 25

S- -1 | am nonet hyl - 3- net hyl - cycl ohexyl) - acet i cid; 2
: ‘ ans.- E E ] 1R’R3§)R) .1%&5492%;43 o -fplﬁl‘épyé:mbddhnemt bﬁ/:thf]yiﬁblélgtﬁfg)é gl%fi'rgcfgz quv?c&hda
'11railin ] hyl - 3-net hyl - cycl ohexyl ) - _ ra,
E { :2:: g g 1|R’ SR%S R) - %gﬁ@(@ﬁ@ '%u?/r{c-oﬁpﬁé'flﬁfiﬁqr ehety effertiecanount afonk or more
la, 3(i,5[3-{ 'compounds of Formula IV and a ghannaceuticaﬂy accept

_ ; b sarrier. ic acid; 30
|1;1[ gl[ I3y g][ giq(/ I”?EP hycl'ngﬁrﬁuﬁg%é?ﬁ;ﬂ%gﬂaénsd Edﬁglt qr;ye tgﬁléi:éﬂim; ng}’ﬁ ﬁgﬂ;{ Qgﬂ(; igriélf’tgigdval’ious
hyar ochl or | deosnditibns 2icH aﬁilaﬁdu&ﬁgée}é@vg 1@1§gr%le9rl (%%T /58&24739%,7 depression (US
5,025,035), anxiety/panic (US 3,792,796), mania/bipolar disorders (US 5,510,381), anti-
inflammatory diseases (WO 98 158641), gastrointestinal damage (WO 99 108670),
glaucoma, and pain. Because the compounds of Formula IT and Formula IV both operate
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),
depression, 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;



-12- la, 3(3,5[3-(1-Benzyl am no-net hyl ) - 3, 5-di net hyl - cyc exyl]-acetic
acid, hydrochloride salt; | 58!]3”‘}2"“]2 3
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- po-aBu2gt am nonet hyl - 3, 5-di et hyl - cycl ohexyl ) - ap@X/io/E6d
hydrochloride salt; | a,31 ,5(3-{
1-[ (Benzyl - net hyl - am no) - et hyl ] - 3, 5- di et hyl - cycl ohexyl } -acetic acid,
hydrochl oride salt; | a,3 (3,5[3-(3;5Dinethyl-I
- met hyl am nonet hyl - cycl ohexyl )-acetic acid, hydrochloride salt; 10 1
a, 3[ 3, 5[ 3-[ | G Azetlplaamiase-pyetiyplvate3P G=gruvetchytboeyladeplie®y b e taglataiate, aci d; |
a,3[3,5 3-[ | -(lsobutylam no-nethyl)-3,5-dinethyl -cycl ohexyl L -acetic
aci d; hydr ocR(e¥lingremitechppdriaj brancheq chant anipgragsipiangs i/ Lepcytosolic branched
L PEeRCL ! TR S BORRE MRS Elah i RS Al GO SR ' 0 521 1 19
oyl -1 - (3- pheayﬂvagfgg,még_am no) - net hyl ] - cycl ohexyl }-acetic acid,
hydrochl oride salt; { | -[(Cyel obutyl nethyl -am no)-nethyl]-cycl ohexyl
}-aceti% aci GigurydrEftdl o gyeevateabhcentration ol isdoffogation bf HI*CO; into glutamate _
sopropyl am no- net hyl ) - 3, 5-di net hyl - cycl ohexyl ] -acetic acid, hydrochloride
salt; 20 (1 Pplug2iupgmipg{A)sad praniaplps fretaieyB) bgotiohretinds. Hemiarc s oveeeci d,
hydrochl ori de salt: oo (4,4.4-Trill uoro-butyl ami no)-nmethyl]-eye
| ohexyl } - aceficEbalgd adg% ﬁy‘&ﬂ&%ﬂ?@?ﬁdﬁén@ﬁ?ﬁs;W“h(%s-'ﬁ’lﬂyl C2)3 for 20 minutes.
am nonet hyl - gyel, -acet|c 1.d -, hydrachloride salt: _
I - (Cycl opr opil rrzg'lfjﬁ?;t?{é g‘ﬁl&%o \L%ecﬁ%}"l 2—%;_3?@h2§@ S}S?'g‘é’gtafecm%?%iidg,EhﬁWﬁoz_hI ori de
salt; {1 -[p20.0hdaesys: émﬁf?hlh%/:l.mﬁdufh%{ﬂe&mgﬂ%ﬁiﬂgbllﬁylgﬂuta%%?el; phex I speqtic
acid, hydrochloride 25 salt; [1-(Isobutylam no-nethyl)-cyclohexyl]-acetic
aci d, Wydr ochbded pleusad plps lattete- Pr opyl am nonet hyl - cycl ohexyl) -acetic acid,
hydrochloride salt; [I-(I sg}yrogyl am no- et hyl ) - cycl ohexyl ] -acetic acid,
hydr ochl or i dBis&E) 3 Exprepsioncgidtohbpenmmpoirettastinacistusisssdipn. 8085t F4GRei d,
hydrochl ori dgndslfaﬁln;u;noblolting were performed as described using the ECL detection kit.
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.




30 [1-(Benzyl am no-net hyl ) -cycl ohexyl ] -acetic acid, hypl hrl1 ori ggossal t;

R 3 R)-3 -Methyl -1 -propyl am nonet hyl - cycl ohexyl) - aceti dﬁ

hydrochloride salt; { i-[Cyclopeopyl nethyl-am 80) V\geg?yldf]z gycl ohexyl
-acetic drochl oric sal t; 20 January 2005

EDCT/ us09/ %@6‘2 | acid, hydrochloric salt: ((3R 7000769

5S5) - | - Cycl obut yl am nomet hyI -3, 5-di net hyl - cycl ohexyl )-acetic acid, b5

hydrochl ori de salt; {(3R, S16- _ _

5S)-3,5-Di net hyl-1-[(2-net hyl -butyl am no)-nmet hyl ] -cycl ohexyl }-acetic acid,

~hydrochl oride salt; { (SIQET?SLED-QH%WM@FITHE INVENTION _

- et hyl - et hyl am no) - met hyl ] - 3, 5- di net hyl - cycl ohexyl )- acetic acid,

hydrochl oride salt; 10 {(3R

5S)-1-[(2, 2-Di net ﬁéﬁyr@%wvamﬁmeaprﬁ@@w qn-tBe slsmvnleftthq intreg@iiapigbitanhdle acet i ¢

acid, hydro S

5S)-1 - [ (Oycl gg&ﬂ?ﬁf@n‘ét %éniglééﬁ(%g)}‘-’ssw S elpted g the catly plages of diabelic) 1 aceti ¢
acid, hydr odbinopitie (\étgmerk o eBRBSIT: ﬁ618 1624 (1996}) and that an inhibitor of the

1[5( %g:_ ggﬁrglbﬁrﬁé Saﬁhﬁﬂ‘a??%oRm H%EAd'egt’ b IRLYLs ot }?\ifa?'[]&)é as,} ga%acpee%{lg foe}CI d.

5S) - 1- Cycl ohexghplad ipoffestivg In-ighibitiog theishyhe-scsyxf ehukeenagd, Jhua petinting diablstic

58" 1ty oy eaeRy e Rbt B presom g Pradds e st dor s BPBEMIGR de
salt; (1-Di rmdl ﬁryfaamtmowmﬂwi efcdyabhmmem)dp)mageﬂumn@eeaﬂmﬂhyiﬂhhé)gmcﬁﬁﬁed@ salt;

E §|L_ [B;t gl %mngt?%%t géda % rr118 pr#ga rcg{'e] g %Ey;m: Beﬁ@%%aﬂ]y sgagg.?ql;lé cﬂﬂ&]lferatlve

hydr och® or i ddxabaidrgnﬂﬁyamysﬁ@é Byl"pﬂasphglﬁnﬁet hyxt]egﬁmﬁée?ﬁ&?ﬂfdn)én?flglrl]éeir :lﬁ hrdacet -
gg?{jocﬂlyé); l)gﬁgs i giélbéglrft n(opfth’ @{j%ﬂ%%‘%@%‘iﬁ’éﬁ’ﬁ%x’)a B’V%:/i 8‘]"’?@“5&‘/%1 Bacetic
aci d, hydroc h‘leﬁrﬁtltthatﬁeﬂiot‘anon of diabetic retinopathy, itself, and the protection, in whole or in

t hyl ] -cycl ohexyl }-acetic aci d, hydrochl ori de
{S;I E ( 3- Pheny! auPr OQXst?l?x]thrég 1a etlc T t nopathy, in partlc){ﬂar diabetic macular edema. y

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.

(1



((3R, 5S)-1-Hydroxynethyl -3, 5-di net hyl -cycl ohexyl)-acetjc acid,, sodium
salt; 30 ((3R 5S)-1-Ethyl aminomethyl -3, 5-di met hyl - cycfOIRMAMN 206t i ¢
acid, hydrochloride salt; (I-Amnonethyl-4-ethyl-cyclohexyl)-acetic acid,

hydr ochl ory ; (1- Am nomet hyl - 4- propyl - cycl ohexyl ) - ' id,
hydr ochl or{iv{éoglglél; 20 January 2005 14 P%q'ﬁ}Sb"%"%
((3P,,5S5)-3,5-D net hyl -1 -propyl am nonet hyl - cycl ohexyl)-acetic acid,
hydrochl ori de salt; L17-

[ (1R 3R) - 1- (Benzyl am no- net hyl ) - 3- et hyl - cycl ohexyl ] -acetic acid,
hydrochl ori de sal4lkenyl” means straight and branched hydrocarbon radicals having from 2 to

{(1R, 3R) - 1| -[ - - am - - 3= hyl,-cycl.ohe -acetic
R0, hydr oghrmey ofoE e BUAE borbEh s BN 57 fReht 2N 5 by 5T

- et hyl am nordeksn-1-gly aiddhelkd. ) - aceti c acid, hydrochloride salt. According
to a further enbodj -lnvent i on ere i.s provided a

phar neceut i cal corﬁ&:)lo ﬁi@%\an%%ﬁ%%ﬂtg?cpn%raré&f’ é}gjfdz’if)célmopE%’ﬁa&q@f’wgﬁf’i’\/@oamunt of
one or More 6catpoatngs awf onk ofipgitl bandhi theindphahyrBd, Shutysal -V ly pgaemt abl e

~carrier. Co und f, Formu [1,.such as gabapentin, are useful for
treating va??%ﬁ@n'slé@h%ﬁnlt%]ﬁ’s'%sﬁ%%thﬁgﬁ‘?‘ieur odegenerative di sorder (US

5,084, 479), depr e93ichalkiimeats DRbndd38)c or poXLRNY hpBBdaehyi Bup sPs 796) ,

mani a/ bi pol ar gi sor er% US 5, 10,)5%1}) angi - inflammtory di seases (WD 98
158641), gast¥FEIPREEE YA p‘abﬁé‘g‘é‘“’( §9daphsrdsbutyl qdamasHanoraEhai n.
Because the aaapoln@soalylosondxal, kid GRBpEATING otNpbOlheQRehal& wiip af f ect
t he BCAT pat hway and affect the synthesis of glutamate, which is invol ved
in each of R Séf’g'f?{ripé(ﬂrt‘*f%ﬂ‘éﬁh? e HES die, inglyded arsrfmge ahiel 1 kor mul a 1V

will also be3yaebitbms tlact E£Bns NGich BRubHSH: CRMEPAR erdDMSI. HhiEh meﬁ'ﬁ%nt
invention is alsg directed to the use of the conmpounds of Fornula IV to

treat each ofY<iBi¥! $tAURIMRe 23RS A dersilgtne feigriem selecigdl Somd@rSs or YRocl udi ng but
not limted AleShe; [ 's i e, and Al zhej.rer' s. di sease),

depr essi on, éé((r%x e? 97‘5@%4%':?}31%@8?% Bﬁsﬁgﬁ%ﬁirm R Iﬁérr"lé‘,im%}nlj'?‘?ri“ﬁ(ﬁl amat ory

di seases, ' gl mugydepypaipperainy asglpptmtiagt pyrallidsgragemoetphblile. DESCRI PTI ON OF
THE DFT)@‘W NGS “Alkoxy”‘ refers to the alkyl groups mentioned above bound through oxygen,
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.



Figure 1. Schene show ng the BCAT shuttle in the retina,,.The shg e proper
is highlighted and shows how branched chain ami no aci d€0FANYaE% é a can
transam nate a- ketoglutarate to form glutanmate. The BCKA product diffuses
across the,i titium (shown as grey) to the neurons re it i
converted%r) @%ﬁ!% t he branched chain amno acid by traﬁgHﬁFWQﬁﬁ%n wth
glutamate via BCATc. Abbreviations are as follows: BCAA=branched chain

am no acid; GLU=glutamate; GLN=gl utajpine; 20 January 2005 WO 01/42191

PCT/ US00/ 30769 - 15 d n' ase=gl ut am nase; pyr=pyruvate; PC=pyruvate

car boxyl ase, c¢ KGEaakpleogf substitagdelkyl Bmﬁmcﬂhﬁmbmhdeﬁ:ﬁl pdmtmlmlchnethyn hai n

am not r ansf er C ol.ic b chain 1.not ra

BCKA:branche(JIq ﬁﬁarf) ngﬁg Z%}&h “‘Eﬂﬁﬂl gl u A ld‘ Rt &P BERBY oag?l’%'g%r O“y(é’“?’—‘ﬁgure 2.

Ef f ect of pyr&ﬂp&mnﬁlbu'tghUmmamatulﬁmylmmhyhmmpwrﬁmhﬂ,rﬁ bfdrih4e8dyli nt o gl ut amat e
| us gl utam fuva | us | actate ex. Vi vo retinas.

IF—)|em - ?etl nas rk\/vea?bec}xy %’%@Uﬁ@gr 'étP’I g awawpfgl’%lr&?ﬁ}aﬁx%%ﬂmlu ons with 25 nmv

~ H14CO8 $or 2@-mbﬂphtblﬁﬁ:propﬂypﬂpvrailﬁyllnﬁthyhQndmw maﬂlymaeﬁlzﬁaméthﬁ 2 or 5 MM

Val ues shown are evs: gl n+g = sum of

| abel ed gl ut am negg‘i“ﬁ%’e I%ll\fﬂf"élﬁ‘?ﬁ'l‘eé' a”ﬁﬁglﬁrﬁ‘ﬁoﬁ m"h@ﬁ%’%ﬁf‘ho"m‘h}’%el ed pyruvate

pl us | actate.2- d?m}gumen)&thyﬁmpwsﬁapa@mﬁin B%Tyﬂy%)o%ﬁéfgﬁghbf}mﬁrﬂt retina- Tissue
extraction, wer e as descri bed using

bl ot t
The Bt e e emino- S by DR SOyt f o7 e e e e B de
ant i body (1: 1000) Topiehl Bib¥BRcaMKoxy BefTImanid Ravmddo:d 0f@hodRkfokped. 15

F| gure . The j.nfluence of gabapenfin (GBP) and branched chain am no aci ds
i n&dr por Ztdioh gninpathenz ke cgibandeiee’. Fhvidroxinuerewy fecaipxbsayloxy.o

retl nas. Hal find @kijR@s were incubated at 37 C under standard conditions
with 25 MM H 14CO3 and 0.2 mM_ pyruvate for 20 m nutes. In sone instances
gabapentin (1 mV) Fyihstiexenplered Siﬂﬁtit‘llfﬁéaﬂi)’h@ﬂ@axhmdaﬁvaylm@ﬁdldudeot hers GBP

(L, pus ailedyhiefoReaAChRMGRLAR Aty 3Gyl fach were incl uded.
Val ues shown are ‘neans I ncor ated into
5-ethylmethylamino-3-pentyn-1-yli, 4- morpholmobutyi 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-dichlor6naphthyi, 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 -NRAR5, and T(CHz)mQR4 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,



‘glutamate plus glutanmine in 20 minutes (n=4, * p<0.001, Abr evs:
gln+glu = sumof |abeled glutamne plus glutamate. Fi gt?roe‘J E“ary%g’ﬁjence of
gabapentin (GBP) concentration on incorporation of HL4CO3 into gl utamate

and gl ut arRihdafpreXx vivo retinas. Conditions were simlgp 4o Lbpse of
Figure 4 25 except for the concentration of GBP. Val ues shown are neans
SEM (n=6-7, * p<0.05). Abrevs: GN+G.U = sum of gl utam ne plus gl utamate;
LACT + TCA = sumof lactate plus TCA cycle internediates. 20 January 2005
WD 01/ 42191 PCT/ US00/ 30769 -16 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
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~injection caypesydenglion cell loss which is related to the early stages of
di abetic reti nopat hy (Vorwerk et al. |OVS 37:1615-1624 (1996)) and that an
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20 and is | n;tlsee (gglgmt %C?ncongass al npounds t hat af f ect ranvg:h chain
am no aci d- erm armaceutlcally 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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e base form with a suffime%t amoun?of the desired acid to produce the salt in the

111

15 conventional manner. The free base form may be regenerated by contacting the salt form
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.



exanpl es of which include nethoxy, ethoxy, isopropoxy, rt-but and the
like. In addition, alkoxy refers to polyethers such as&gﬁ‘?m)%@%o CHg,
and the like. "Al kanoyl" groups are al kyl linked through a carbonyl. ie,

Cl - C5- C(Owo oradf  groups include fortnyl, acetyl, propbgﬂﬁgoapgﬁyryl, and
i sobutyryl. 20 "Acyl" neans an alkyl or aryl (Ar) group ond@ through a
carbonyl group, ie, RCO-. For exanple, acyl includes a C-C6- alkanoyl,
including substituted al kanoyl, whejein the alkyl portion can be
substituted by NR4RS or a carboxylic or heterocyclic group. Typical acyl
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carbocyclic PGSt padierise yebangyl C g 4nikvl evigrsiaragrefrrere Estesat 6ws  sel ect ed
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2005 WO 01/42191 PCT/ Usgﬁ/ 30769 - 18- Exanples of substituted al kyl groups
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3- hydr oxypr opoxy, 11 B BERE Fi5%y° corgpRYndBatiaradapidipirapsarmeddy sivples of
substituted gtildyhe paddnkempPoun@BEkh@bbRB¥orrRURS ckdMNUE$ hydrolysis in blood. A

I5 thorough discussion is provided in T. Higuchi and V. Stella, “Pro-drugs as Novel Delivery
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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The BCAT inhibitor is preferably administered as soon as possible after it has
been determined that an animal, such as a mammal, specifically a human, is at risk for
retinopathy (prophylactic treatment) or has begun to develop retinopathy (therapeutic
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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within the scope of the present invention. 10 Certain of,the co nds 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.
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Berge, et alinjecbRrcdmpdiioaravaldeion@i thdd dior@hardSiilinfine @ApQUNds are
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properties ssChindiste@hntidusdarkyNinBRbushO bmﬂgﬁmz&% therw se the salts
are equivalent to their respective free -"acid pur poses of the present
i nventi on. ‘Topical formulations are well-known to those ot s]ull 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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phar maceut i cal |y acceptable, non-toxic esters of the cofJo@RERYAP% hi s

i nvention include Cl-C6al kyl esters wherein the alkyl group is a straight
or branch hai n. Acceptable esters also include C5-Crcycl oal kyl esters
as wel | agg%?ly“lz fkyl esters such as, but not Iinited tgcﬁﬂﬁoﬂ??".ﬁym- C4al kyl
esters are preferred. Esters of the 5 conpounds of the present invention
may be prepared according to conven_ti'so_nal nmet hods. Exanpl es of
pharmaceutically acceptabl e, non-toXi'c am des of the conpounds of this

i nventi on i nelandiealgimicdesl, dericradilineenihdogpahda, gphiinauyr finl cfadH yilic@m nes

and secondar?: %ﬁ:l -CGdieﬂI kvl ,.am {Af)s wherein the al k%{I groups. ar e st rai ght
or branched &PATS STOFCAMEaseSqdilmy lcs magnTP M eaTRlc, CUC RS M a NS 8PS o be
in the form afeaic &id, and Ghdreriipiens, cbringd, eileaychefefinimnii dgn@patin t r ogen
~atom Amdes derived fromamonia, C1 -C3alkyl prjmary amnpes, and C |
-C2di al kyl s88THHOPRIRE RIS PESEYEPET ﬂéﬁﬂ”nﬁﬁg"d’é%a'lﬁph@ﬁ%acok’éﬁﬁ%nds of the
i nvent i Hn  mayokpatipleaRaipRats ACEeRgd ighst @n 6N AR HARR e iHREMOHS a TGt €r M
"prodrug” refers to conmpounds that are rapidly transformed in vivo to
yield the paPé‘Wﬁyé‘&‘i‘ﬁSﬂ?ﬂﬁC&‘me’h‘éagéEﬂS\%aWFlhﬁﬂP&é‘}“eﬁéﬁ’m@kSﬁ?ﬁih"e?mﬁgf hydr ol ysi s
in blood. A jrkaedidd@iQGhtrtaSC Yhia et MIQYYEEE ok Buclose BhdIMalth, RNMkiMs,
Stella, "Pro-drugs as_Novel Delivery Systens," Vol 14 of the A C S.

Synposi um Segflegnd grdikp ortpigipg s pdditgnelo Magraciiey iggredieny tigh edriFRhas asel.  Edwar d
B. Roche, Amghiaam thar maceutical Association and Perganon Press, 1987,
both of which are_incorporated herein by reference. In general, a prodrug
is a Htug whi ch Reecllsetssnesh ehircaplbyadwigisteicd drugrisldepaydapeutvndheodyivgal | y
Inactive at g '&&S}Q)frt a%g)sﬁﬁlg 'ngfaosapégithmrr? &d%&ta%ﬁit)dﬁl%n?eg&ge Alic IT_DdI fi .ed by
one or nore enzymatic or other 1 n vivo processes to the parePnt bi oacti ve
form A ther eipiationdbiugs tfaeceifopevenfisupdrenigalaadmamsution bt less eegiound of

Fornul as 1, A M NSt e i orates a
synptom of t h%ll)&iogggé%e.jp]afh'g%él llg ﬁﬁ%ﬁﬂe&' grﬁ%’o %kﬁﬂc'ﬁ%f % cg'r%@%fr?%g]l(’gﬂ%d conpound
of Fornul as o dgrodmadgrox |11, 25 a BCAT pat hway-i nhi biting anal ogue of

For mul B3s 1, 11, %%gfatitlnlslsuita%le%gﬁ-rarpnqtrmva\%x{inigtrr}tm} bintcjugg ureg dsralillg 1’1811':1- For mul as
I, 1l, and/ or 111, or a phar maceut? car y accep% abITE Sa 1ot any of the
f or egoi ng, camebs, modminsstikengdction salotasdabickecani cohtaivhetipixélaent buffesent | ve
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.




met hod by any suitable route. Suitable routes of adm HI%JE?HZUI gpzdogcl ude
system c, such as orally or by injection, topical, i ntfascur ., periocul ar
(e.g., subTenon's), subconjunetival. 30 subretlnal suprachoroi dal and

r et r obul bavo eiffzeeinanner i n whi ch t he BCAT i nhi bi tor i S patiisiigisered is
dependent, in part, upon whether the treatnment of retinopathy is

prophyl actic or therapeutic. The manner in which the BCAT inhibitor is

adm ni stered for 20 January 2005 WO -®b/-42191 PCT/ US00/ 30769 - 22-

t herapeutic treat f h nde r n the cause
of the retinopat E@Lﬂ f fatgfémdsqgrq}se h arenfj Ff’g? %g?s‘égclﬁcg oﬁlédrea é[ﬂt?% cause
of retinopat hygid tahé lsB@eélhc acrmEﬂmytmieate:md_nim@ro@glrmmﬁettemedxaaﬁ;ﬂ&hiflsﬂ&bieca' ly as

soon as the pre- ' betlc retinopathy state is detected. For the
i

prophyl actic rréaﬁttersof retinopathy that can result from diabetes, the

BCAT inhibitor is Wlmbbrsaé}is)foﬁdfﬁﬂpa%&fa&darﬁ])dﬁatl@rm1ﬁcﬂﬂlde)fattyealgah,m&ﬁi@' ly or by
i njecti of nonprol iferative diabetic

0%1 For the thercfiﬁ lﬂ ‘ﬁ t.rea rren

retinopat hy, tRECMBEATY HAPRIYBINE Stﬁ‘@ SHRPIS §‘F’@F’étél“§9‘§?éﬁﬂhcﬁé1nlcy e, g.,
orally or by dnggeaits aih aqior dxﬁhhplaQﬁMEtﬁj?ﬂdﬁikﬁ&&kﬂoﬁﬁhﬂiaﬂ;&% ol

reti nopat hy can‘:ﬁrt the{ff %tl cally treated the 10 adm ni stratl on of the
BCAT i nhi bi t oP/{HiPaSet S Py anieipiieterss Su‘é‘hﬁc@ﬁ]ﬂm? ¢Hp); grybrand plefin ocul ar | y

(e.g., subTenaifosSjies, bIRY], ERBARKIRY, ahd o cetiUulhiQhnd &lﬁglﬁ:fcﬁﬁépl%
adm nistered Infra é:ul aTly, topi ‘cal | y, subconjunctivally or periocularly

(e.g., subTenByye SRl i raverls. éatb'ran’twﬁe%cifédmcacﬂd dham@nnde@;f
reti nopat hy bﬁfdgﬁzgloxfgﬂ'iylﬂﬂ pQYpidbii&le coﬁd—f{rﬂérgg nﬁfﬂméﬁk détﬁ@gﬁt %cﬁ%@ @i scar
u ur'| ro

ti ssue generate ri neovascul ari zation érative

di abetic st ag‘“é‘a“‘iFﬁeaIECbﬂ’ramWleﬁpl%%ie% @dﬁrfék)éﬂ@bilayoladmlmrsmeraemoaslm;Mm as
possi bl e af t efngid) HdfrestBgBrdet erm ned that an animal, such as a mamal ,
specifically a human, is at risk for retinopathy (prophyl actic treatrrent)
or has begun to dévepasnics foroplations v(ill Ipicalieciitgn frpm@aom@rﬁt)mbdme%m@nt

wi Il depend, |&QeIR3F the alﬁ&%ﬂné@@ ¥ gdhﬁh’)ln Wvésnhl Qufg“cfrs mgg?n g%%lsgépat “on. and

amount of the T Inhibito amnlstere Gadiiie
the cadde aradesse winimizefor aliryinatefriGtion aphe $ie of hddipeducienekitiblseshyi n t he

art will apprc%ﬁﬂaﬁﬁto%e t{)pﬂltc:restwngo?lw s%rf@&n?s%%mg a hyglro.pﬁ”lcslgp%piurl-'egba?ance (HLB) of
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,



BCAT inhibitor, which is useful in the present in Ve”tiﬁi nethq%gpare
avai |l abl e. Although nore than one route can be used to URAYANG a
particul ar BCAT inhibitor, a particular 25 route can provide a nore

i medi ate _and nore effective reaction than another route. Accordingly, the
descri bed WOMWEL of administration are nerely exenpl ary PERES¥¥7$n no” way
limting. The dose adm nistered to an aninmal, particularly a human, in
accordance with the present inventi shoul d be sufficient to effect the
desired response in the aninmal over @ ~ 30 reasonable tine frane. One
skilled in theowrds3ahd b, 7222039 b Eastah dhpldMEHIE Beidd, b.o I8 RROMANIAGBeR o¥akil LY Of
factors, incl.uding the.strength of the particular BCAT inhibitor enployed,
the age., spBEIoSdar dayics of FLfgecular SEAGENg 31 BrosHiE BOUY (ed RO moK-1t ho

ani mal , as Wehh iRgiatBer), dRWRAblaMTor b A8viEEIdnRisaPIUpolyheBe cafif il ds O
actually affected by retinopathy. The si.ze of 20 f%nuary 2005 WO 01/ 42191
PCT/ US00/ 3076§5<rped akoye cgpBeussfiso will be determined by the route, tining
~and freguency of aeahRiek [REIRE rRhod WRb karﬁaﬁvélb@ths%bé&rﬁfﬁfsﬁafdﬁ%tfgﬁﬁr cand

- extent of any adverse side effects that m ght acconpany the adm ni stration
of a parti culPArBeaticalhmcHy ¢ eompanefist e "@easiminigiratiny sis olcoyiadminisshfioct . |t

Wil De appr eeinl encleRvifl, ¢ 01 fH QAbnaRh Lin ik HART Bhlbibl\Blna @ OuS
conditions or_ disease 5 states,” In particular, chronic conditions or

di sease st at darmulailpn peigEpasatp fasinslabend, erradlar aderinistration of ¥ BAG TrinHibitqplae

adm ni strati : i I e.regimens _can, he determ ned by
conventionalgggﬁgggh%?% iﬁ%gﬁgghﬁﬁgﬁggﬁﬁ%%&ﬁ”%g fﬁgfén%PﬁgF%Pﬁﬁyl‘skill in
the ari0 Gendexaniephaseneearttrimntindlenc acetinideatradnwrtitpsenad herindasages, which are
| ess than th i 0S€ he und. 10 Thereafter,. the dosage is

i ncreased byggﬁé%kggggggﬁg%ﬁéﬂ%hriug#ﬁgmgpaPkﬁﬁTgﬁ?@gFm:n%ngs¥he

Ci r cumst ancegitirging eatihagralsThe.. pnessmbxidmie rtg. \cerormbido udti dsla xaytpbghadll y

i nvol ve th i ni-stration .of t 1 nglkg/ to about, 100
o) ko) day, - pear aralTy PR b b AR gt SR boe T R/ day. i

adm ni stered systemically. Intraocular admnistration typically wll

i nvol ve the adm nistration of fromabout 0.1 ng total to 15 about 5 ng
total, preferably fromabout 0.5 ng total to about 1 ng total. A preferred
concentration for topical admnistration is 100 mu M



Conpositions for use in the present inventive nethod preferabl rise a
phar maceutically acceptable carrier and an anount of a %@ﬁﬁ“?ﬂ%?ﬁ& o]
sufficient to treat retinopathy prophylactically or therapeutically. The
carrier can be any of those 20 conventionally used and is |limted only by
cheni co- pﬁ’%qlé’ﬂ”lconsi derations, such as solubility anBCTHEYF® reactivity
wi th the conpound, and by the route of admnistration. It wll be

appreci ated by one of ordinary ski[b inthe art that, in addition to the
foll owi ng described pharnaceuti cal éérrposi tions, the BCAT inhibitor can be
fornul at ed aGenqudlsyirbeticGelearp 68 iptdpaig confpelntBiod RogRMIl BXes, such as

cycl odextrin inclusion conplexes, 25 |iposones, m crospheres, m crocapsul es
~and the like (see, e.g., US. Pat. Nos. 4, 997, 652, 5.185.152 and
5.718,922). TRAMIOAR 1t Al bOIRBR)GAAMMR @GR R8oRxphatarGedt | cal |y
accept abl e aﬁ&‘g a}ddi tion salt. Exanpl es of pharmaceutically acceptable
acid additi oBarlende, yse in the pharmaceutical conposition include
~those derived from m neral acids, such as 30 hydrochloric, hydrobromc,
phosphoric, metaphosphoric, nitric and sulfuric acids, and organic acids,
such as tartaric. acetic, citric, malic, lactic, fumaric, benzoic,

glycolic, gluconic, succinic, and aryl sul phonic, for mx ®

p-t ol uenesul phoni c, jaci ds. 201gang@5¥,2005 W 01/ 42191 PCJ/ US00/ 30769 - 24-
The pharnmaceuti cal | gXci pi ents dpscrjbed hereln, d&wor exanple,

vehi cl es, adjuvan arrhers or di | ue nt)s, are
d-aﬁe+reiq”‘|z»4;44ﬂﬂ

skilled in the ar

preferred that thewg , accept abl e
chemcally inert to the BCAT inhibitér and on
side effects or toxicity under the gonditions of use. The choice of
excipient will be deternomd in partif»pumhe particular BCAT inhibitor, as
wel | as by the particulat at;hod use ‘EgéadninisteFmﬁhJnégﬂposition.

i>de variety @ uitabl e forn

Accordingly, there is a w: tions of the
Df esent i ga”
formul ations are nerely ‘exemplary 10landtare in no (way

phar maceuti cal it he foll ow ng
fornul ati ons are anobng those that are preférred in ordance with the

limting. Injectable

(@ 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%



carriers for injectable conpositions are well-known to Hary di nary
skill in the art (see Pharnaceutics and Pharnacy Practice, J.

Li ppi ncott Co., Phil adel phia, Pa., Banker and 15 Chal ners, eds., pages
238-250 (MYBYY9219ng ASHP Handbook on Injectable Drugs, PEHUSWEIT94th ed.
pages 622-630 (1986)). It is preferred that such injectable conpositions
be adm nistered intranuscularly, i nt_?élyenousl y, or intraperitoneally.

Topi cal formulations are well-known t0 those of skill in the art. Such

formul ati ons "ENMR UCDEIY) &400MHAN 6: LR 6X {3 )t her-paesentm) nyepH on for
application to h%g %%@ki n. The use of ﬁgtches, corneal shields (see,
e.g., US. Paf/Hrpl4520840Ham) 298 Hodrie itz 174@ utiloh3ipstd] Q. g. . U. S.
Pat. No. 5,71@y7482) and ointnents, e.g., eye drops, is also within the
skill in the art. Fornulations suitable for oral adm nistration can consi st
of (a) Iiqui d2&6Fuief88 (MEth as an effective anmount of the conpound

di ssol ved in gdiay{d8Ntg,1,9U6h as waier ¢ g4 N§ g 2729y 7Qr ange juice; (b)
capsul es, sachet's, ta%lets, | ozenges, and troé%es, eath containing a
predet er mi ned anount of the act ifpund: fge%th dt822asNgol6 ds or granul es; (c)
powders; (d) suspensions in an appropriate liquid; and (e) suitable

enul sions. Liquid fornulations may include diluents, such as water and
al cohol s, f oStepdgiripane-(1RBRhh€lyandraethylt3-metbplayklohenadecatnmitoitd yet hyl ene

present inventive nethod. The requirenents for effective pharnma ically
ohGeuag oDy
B.

‘al cohol's, either with or without the.addition of a pharnmaceutically 30

accept abl e surfactant, suspending agent, or enul sifying agent. Capsule
forms &&n be Tofa solttien of Hafir @WOmaok -in 6mLIB arsihi@Dhe Eiyelohtdsee) twap added 2-

contai ni ng, f exanpl syrfactant s .ubrjcants dipert fillers, such
as | act ose, gg(‘%’}(’o@g{@ {:"EF’&PE?’r%f"%ﬁ’%@g%“ﬁ%%‘iel“aa bdeg]?ﬁl e Aol ’?‘ﬁfﬂ %H‘f“&% can
i ncl ude one osflurpicecoofed lsalotioseas Bltsted) te, filtrmnadiditdd wilD bisesisaClhand ptRE 0 20
January 2005 W0 O/ 42191 PCT/ USO / 30769 320 star.gh al g%q?i aci d, -
m crocryst al FERE O8I PUPEIES TRy a1d Yerudq § waspapficd iy cobpm Jramatogzanhy con

di oxi de, cr osedvaepdloetiosatistlline s@idc YiddbgRIeSi um st earate, cal ci um stearate,
zinc sjearate, stearic acid, and other excipients, colorants, diluents,
bufferi'ng agents, disintegrating agents, npistening agents, preservatives,

fllavoring agamisiR @DE1HheoVTRe 6! @Y Gl hy, 098¢HNALLAN A 18X AI €RtiSH- ) PEgNTe
forms can COIT‘[‘T)_{ISE the active ingredient in a flavor.

(TH, dt, J=4, 9Hz), 1.60-1.90 (4H, m), 2.07 (2H. m). 2.68 (2H, s)

MS (CI) m/z: 163 (M)

Analysis: CipHjaN> Calc: C 7404 H 870 N 17.27

20 Found: C 7405 H 871 N 1725

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



‘usual Iy sucrose and acacia or tragacanth, as well as pqﬁi es @ r|5|ng
the active ingredient in an inert base, such as gel ati %ﬁﬂf I%b

sucrose and acacia, enulsions, gels, and the |ike containing, in addltlon
to the active ingredient, such excipients as are known in the art. 10 The
ef fecti ven®Q8VHM9an oral iy administered drug i s dependedCTHSIRIR drug's
efficient transport across the nucosal epitheliumand its stability in
“entero-hepatic circulation. Drugs t at are effective after parenteral

adm ni stration but |ess effective aIIy, or whose plasma half-life is
-considered togN MSOPI0OREIGReELCH Y, AR d1l @H, duﬂé@Ha poednyent gpin 15
For mul ati ons SUIta | e for parenteral adm nistration include aqueous ‘and
non- aqueous !-2fdedhdHe 3t e‘r3|7l @Hj hjledtipon-48d13t ©EBnsY). W . cart 4o Hhign

ant i - oxi dant stats, and solutes that render the
formul ati on ??%?%%Fﬁtﬁf?ﬁbﬁﬁgﬁﬁﬁgod of the intended recipient, and agueous
and non- aquedaslysis: efiHelNeQs bOSMiHHs Gdhat can Cn¥.1fdeH §d§péﬁdﬂﬁg agents,
sol ubi 14 zers, thickening agents, St%Qh&izers’c%@%sphe§§6Vﬁﬁ,¥§ The 20
i nhi bitor can be admi nistered in a physiologically acceptabl&@ diluent in a
pharmaceutical carrier, such as a sterile liquid or mxture of |iquids,
i ncl udi ng wat er, saline, aqueous dextrose and rel ated sugar sol utions, an
al cohol, such as ethanol, isopropanol, or hexadecyl alcohol, glycols, such
as propyl eneSgpyc oranei((1 RAR)dt Oydne3anghylegklohexdl)rétiydciildthy xitee, gl ycer ol
ketal s, such as 2, 2-di net hyl - 1. 3-di oxol ane-4-net hanol, 25 ethers, such as
pol y(et hyl enegl ycol) 400, an oil, a fatty acid, a fatty acid ester or
gldé_ce_r ide, f orraxﬁn-(anmmacmofsahétyylawldaegyly@@hhﬂﬁa adhd E:th’lleil’ste)rf]\f( 1L hawél) hae
addition o [ mace cce su ctant. such as a soap or a
det er gent , s%%%@ﬁ%i”ﬂ&e %?3‘{9 - 40%‘5???"&5 @%E‘f Fsrﬁedr‘ﬁlﬁ’r BOHE} © Pkt nlhe selfivn| ose,
hydr oxypr opydaediyt Gerdodl @&peratife fdﬁ ap UMVEJT‘BE*MI/laé‘&dté Wa® 8@ied QBOnRINLENGI hy 1 N

30 which can be used in

agents and ot her pharnaceuti cal uva

parenteral fUEMA FFONS VaerLauh g]ébr %TQBU"WF th paleept reproyedt Wpleave aoflear ¥int het i ¢
oi | s. Speci fygigseaqpl es of oils include peanut, soybean, sesane,

cottonseed, <corn, olive, petrolatum and mneral. . 20 January 2005 WO

01/ 42181 PCT/ US00/ 30769 - 26-

'"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, 1, J=7.2Hz), 1.59-1.80 (4H, m), 2.05-2.08 (2H, Brt), 2.54 (21
s), 4.20 (2H, q, J=7.2Hz)
MS (CI) m/z: 210 (MH") _
20 Analysis:  C2H9NO; Calc: C 6887 H 915 N 6.69
Found: C 68.87 H 911 N 690

7

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



Suitable fatty acids for use in parenteral formulations ¢ncl ude I ei c acid,
stearic acid, and isostearic acid, Ethyl oleate and |so Sstate are
exanples of suitable fatty acid esters. Suitable soaps for use in

“par ent er alwh @i géati ons include fatty al kali netals, e and
triethanol am ne salts, and suitable detergents include F%?mgatl oni c
detergents such as, for exanple, dinethyl dialkyl anmmonium halides, and

~al kyl  pyridinium halides, (b) anionix detergents such as, for exarrpl e,

al kyl, aryl, lefin_sul fonates kyl, olefin, ether, and
nonogl yceri de 's"& %ﬂwsoéﬁ@l‘@ﬂﬂﬁf 8§§@f§2r{bﬁé§) 0.8¢ {3H. dotioghizs Oﬁéwgéﬂim),such

as, for exampliews-f 84 {1y, 37 NEH-PX0 f a
poI yoxyet hyl eniﬁol ypEr opWene copgﬁf/mgr la,% {g?%mj @é?g?%ﬁgzt erg §) zggh as,
for exanple | - p- am nopr opi onat es, and 2-al kyl -i m dazol i ne quat ernary

amoni um sal t §4g ¢ @?g,,z( ¢dr (IpFy ur es ther eof . The parenteral fornulations wll
typically contain fromabout “0.5 to about 25% by weight of the active
i ngredi eht i n/gelysisi 6mHiPF@ser vaCakes afd 7bét f g slomay IbeS:Wsed In 15 order
tomnimze or elimnate irritati.on 4at h ht f oAl such
conpositions may contain one orlErmre ngn?o Celgﬂlpfzg Iﬁﬁﬁ havi ng 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 15% by wei ght. Suitable surfactants include polyethyl ene
sorbitan fatt$tepci d vi20 ester§IRSRENAMnGHEDILRMADRGRIBANS.RBGE t Neakd gh
mol ecul weli gh{%m ul]ﬁts of ethylene oxide with a hydrophobic base, forned
by the condens?’i oh° propyl ene oxide with propylene glycol. The
parenteral fornulations can be presented in unit-dose or multi-dose sealed
cont ai ners, such es, nd vials, and_can be stored in a freeze-dried
(1 yophi li zed) ! %ﬁgﬁ ﬁgﬁlﬂf ﬁl'raF%ﬁ”TBh"I%}detcﬁb}ﬁ%l @ilgmmep) tre dbwivede it j qui d

exci pi ent, f ofohdfoneX agnlHEC] (WALl Bind H,0N(5hDj SRLhORMSwurk Waﬁﬁhéze%va@!dxol o¥©@ use.
Exterrporaneou$O ectlf soI uti ons and suspensions can be prepared from
S, qﬂﬁ’% he

sterile powle Loolgeh solytioy) s <Hilyied withd Okpla 29 ad 1 & o) HCHeandrthbed.

Such camposi t hqesusCiayer beus frafim hatied \@1%1 Qﬂtsfﬁgclytﬁf frﬁé | ned-
rel ease fornul ati Sns (r)r Sew ces (see U S Meg&é %2‘% 4%US§EI§For

exanpl e, 30 ﬁg‘i’cﬁﬂquﬂn"éﬁe#&?’%‘i‘ﬂ’h‘ﬁ%mf‘éIFE” %- pol yphosphoester such as
hi s- 2- hydr oxyet hyl

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



'_ nmet hyl predni sol one, 10 dexanet hasone, or tria

terephthal ate (BHET), or a polylactic-glycolic acid (inzd?%'d% 2005
proportions) can be used to fornulate sustained-rel ease for ations.

| mpl ants (see, e.g., U S. Pat. Nos. 5,443,505, 4.853,224 and 4, 997,652).
devi ces ( ., U S Pat. Nos. 5,554, 187. 4, 863. 457, y 2005 WO
01/ 421901 RO 30760 - 27- -5, 098, 443 and 5, 725,493),"‘5‘8‘&?1?9’3‘}5]’2%

i npl antabl e device, e.g., a nechanical reservoir, an intraocular device or
an extraocul ar device with an intraogyl ar conduit (e.g., 100 nu -1 mmin
dianeter), or an inplant or a device conprised of a polyneric conposition
as described above, can be used. 5 The present inventi v PEd al so can

i nvol ve the co-admmi strati onnsf diewr pharmaceutically é%ffve conpounds.

before, congyrréently wth,
IS@gg fogrhul @ation or in
'ng!;lcw as

al one acetinide, or
noncorticosteroid anti-inflammatory, conpounds, such as ibuprofen or

f 1 ubi proben. can be co-gﬁg&nistered.ﬁfinihgrly, vitam ns and m neral s,
e.g., zinc, anti-oxidantls, e.g., carotenoijds (such a3xH xeEpEfophyl |
carotenoid |like zeaxanth utein)ﬁhgmé m cronutr can be

co-adm ni stered. Z® Jan 05+ WO 0 w8 Cene nt heti c schenes
for preparing compounts |of rora - V. | EXAVPER 1

trans- (IR 3R) (1- Am nonet = 3- et hyl - hexyl ) -acet. c

5 xr) Ir N (i) E OQ2CCH-CN, NHAAc, AcOH, Tcluene, 120C (i

(95% H, 115C, b. HCO (g)

By "co-adm nistrati i s neant mnistratio
e.g., in conbina

thythe B i nhi @i tor g@_
separate fornul a ions,—e&ia#ter adﬁiﬁﬂsggabio

descri bed above. -~exanpl e, ortL_osteroids

n

cid hydrochloride
a. NaC N, EtCOH

@) EtOCCH,CH, HH gic, AcOH, Tolens, I20°C

(@) a MaCH, E¥OH (95%), H,0, 1157 C,b. HCl1(g)
() E1OH, HC1 (g), Tokene
(v) HCL H O

() 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



(i) EtOH, HC (g), Tolaene (iv-) HC, H2O (r) H . EtO4.NH , Faneyrli,
33-13C (vi)HC, H2O, 140C Step is 20 Januaryzooé'
2- Cyano- ((R) - 3-net hyl - cycl ohexyl i dene) -acetic acid ethyl ester 10 A m xture

of 3-(R)-%‘§]§I€%¥cl ohexanone (125mml), Ethyl cyanoacet ﬁ#ﬂe’}{% %&2@“" ),

Anmoni um ace (12.5mmol ) and gl acial Acetic acid (24 wer e
refluxed wiwth a Dean Stark trap for 24 Hours. The m xture was cool ed and
washed with H2O. The H20 washes wer.g extracted with Tol uene. The Tol uene
extracts were conbined with the original 15 organic |ayer, dried over MgpSO4
and the solvent evaporated. The crude oil was purified by Kugelrohr

distillati i 0-160C). Yield 86%
PCTI USCO) 589(‘5‘59"%‘?'1\‘(/@1%%8%“%2 anu%lr?e@b angea %?\lﬂ"81$42)191 PCT/ US00/ 30760 - 29-
1HNMR (CDO 3) 400MHz 5: 1.01-1.05 (3H, n), 1.17-1.32 (1H, ), 1.35 (3H, t,
J=7Hz), 1.4252.30 (6H .98, 13 4.27
(2H, 2:] J=TH % t?mrﬁy ?gf‘eﬁggﬁsf"f\mﬁﬁm(ﬁﬁd e‘ll‘_%)eétér @1@‘%’*5?\1@%‘! éé’ “Nl}gil ysi s:

C12111ANC2 F%f&deac(édﬁ@ i el C&naraNnﬁlh&ﬁ(ﬁﬁﬁﬂellb step ii. The crude solid was purified
- cycl ohexanecarbonitrile 10 To a

trans- (1R 3 a omsthyl 3- et

sol ution of R%%@@; fosraRB ﬁ%@%cﬁﬂi)%@ﬁﬁét%tﬁawsﬁctegwé Yigld 78%ded 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

aci di fied wi IINYRSEEEL) HEOMErd071-94 @Hedh 1=6.812), 1.11 (3H, d, J=6.8Hz), 1.20-2.20
(18H, m), 2.77 (2H, dd, JI=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 H 873 N 17.08

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%



again. The solvent was renoved and the crude oil was purified by colum
chromat ography to give a pale yellow crystalline soli dzo??'é‘fatﬁyﬁg% 15 20
1HNVR (CDC13) 400MHz S: 0.90 (1H, m, 0.98 (3H, d, J=6Hz), 1.11 (IH t,
-J=12Hz) 1.386'(2I H dt, J=4, 9Hz), 1.60-1.90 (4H, m, 2.07 (2H. m, 2.68
(2H, s) Wlingz: 163 (M) Analysis: CLH14N2 Cal e: PEX/O0806H 8 70 N
17.27 Found: C 74.05 H8.71 N 17.25 Step iii:

trans-2-((1R 3R)-I-Cyano- 3- et hyl - C)ggl ohexyl)-acetimdic acid ethyl ester
To a solution I

~oftrans- (IR, 3R)-1-Cyanonet hyl - 3- et hyI cycl ohexanecarbonitrile (6.2muol)
25 in 30nmL Efhanol (absolute as added 30 nlL dried Toluene. The sol ution

was chil | ed THVIBe(GRDA00ME 2z AOPnkh0W3th Qéfés’eaﬂé) HEY-1.39HéHsmp pperep

sol ution wasigiher bebb 2bQ11§trﬁﬁd4@t2 82 @AM AL TPRREA 1847 dr%&zt“%‘éfz% (tzﬁhe

sol vent was tenoved and the solid residue was trlturate

Ether to obt®'n a ppt which was dried to give a white crystalline SO|Id
Yield 50% 3915%1)% 9:11%8]@%,28 January 2005 5 WD 01/42191 PCT/ US00130769 - 30-

1HNVR ( DMSO) MHz F% 89 (1H, , 0.91 (3H, d, J=6.3Hz), 1.06-1.12
(1H, m, 1.27l¥s535CCHKNGY) , 1(3alc(311C G8,877- H2)5 N 4591. 95 (6H m, 3.02
(2H, s), 4.49 (2H, q, J=7THz) ) '3 | c: C 58.19H 8.58 N
11. 31 Anal ysis: Cl12H20N2O. 1.08 E(t)ﬁsrf];dglt ESLMZ_%H%6§S N 11.59 Step iv:
trans- ( (1R 3R)-1- Cyano- 3- et hyl - cycl ohexyl )-acetic acid ethyl ester 10
trans-2-(( 1 R 3R)-|l -Cyano-3-nethyl-cycl ohexyl)-acetimdic acid ethyl
ester (1.1 mmol) was

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 [oJo =0 (T=20.5°C, C=1,MeOH). Two Diastercomers 3:1



~hydr ogenat ed at " 30C, 46 Si

di ssolved in ice cold H20O (40nm.) and the pH adjusted w IN HC1 to pH 1.5.

The solution was stirred at roomtenperature for 20 Hot?dan@angi%ce| at e
was added (30nL) and the organic |ayer was washed with H2O, dried and the

solvent renoved to leave a clear oil. Yield 82% 15 ' HNMR (CDCl 3) 400MHz 6:
0.78-0.90A®42H} 0.93 (3H, d, J=6Hz), 0.97-1.00 (1H, RFTUSP3P7EI1 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) M5 CI) mz: 210 (M—I{) 20 Anal ysi s:

- Cl2HI9N®2 Calc: C 68.87 H9.15 N 6.5 Found: C 68.87 H 9.11 N 6.90 Step v:

trans- (5R 7R’y IbNSK2+ a%8) ApiNiAL §: Sslecan:sr, 0ae )2
trans-((1R 3R)-1I- r(ano- %qrr%t?] | - cycl ohex I)-gcetlcjaéig}éz) tlr%§/|165 (9H m)

(8. 9mmol ) was22?-430iH, éxl. |J1115MZB21§6G45{(7%2X41G‘H_)311@)L%%2Wtlﬂﬂ @xcb\ha@tﬁébt) Raney

Ni ckel (H2O fxqisl 9yWeaPYyg, I?éh n a 250nL Parr flask. The solution was
ﬂ EL or %4 Hours. The cool ed solution was filtered

t hrough a pad*’f%fCI(},ell’a ﬂ%ﬁ(l\ﬁﬁghl ng with Ethyl acetate. The 30 solvent was

Sanuary® 2005 0881 SHHBTRCHUET0r so760 k. 31 O iR YohEo) abBhee 8

0.75-0.82 (I H m, 0.84 (3H d, J=6.4I—Eo)und.0.88-£)1..f9341{ $9H, M)6.16 1.14-1.19
(IH, m, 1.20-1.50 (211, m, 1.50-1.63 (4H, nm, 1.91 (211, s), 3.03 (2H,
s), 7.42 (1H, s) M5 (d) mz: 168 (M#) Calc:C 71.81H 10. 25N 8. 37

Anal ysi s: CEOH17NO

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
2 N COH NH, HC
_,.. __,'_ # _}. %
\“ '
iy O, Meli, NH, 0, WH, (92%)
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.




- Found: C 71. 80H 10. 29N 8. 31 Step vi: :
trans- ( (1R 3R) -1 - Am nonet hyl - 3- et hyl - cycl ohexyl ) - acet i %%%1”&“%‘295
hydrochl ori de trans-(5R, 7R) - 7- Met hyl - 2- aza- spi ro[ 4. 5] decan- 3-one (2. 17nmmol )
was di ssol ﬁ’q %1@ a solution of 10OM HCl (5nL) and H20 (%ﬂ?%s 6jI9the m xt ure
LRIt

was refl uxe approx 140C for 5 Hours. The cool ed so M&s diluted
with 10 nL H20 and 10 niL DCM and t he 15 aqueous | ayer was further washed
with 2x15 nL DCM The aqueous | ayer_ was then reduced to dryness to |eave a
white solid. Yield 76% M 148-155C."[a],) = -2.5 (T=20C, c=l, MeOH). One

i somer (RR). A Iﬁblmn(«ﬁﬂjtﬂli&)n A00hz &aprde 68s Prep@ed b thenddditdn8d iy lithiurd=6Hz) ,

0.87-0.90 (1 H_ dt H,
10,67,0,90 (1 iy b B0y o e By et
mz: 186 (M—I—B)ﬂuﬁmabvysmnmled&‘d@ QDB -méihyl-chABbheCal- Bond S68., 2D4nE) 9Qs bidad 21

F d: C 53.23 H.8.99 MPLE 2: | . .
Y A nomt hyFomvisie Pt PR 5 05D YaISt DBy GBeh! 3PS S5PU503 Moar y
2005 W 011428dd atFdorNGenigdrature for-onkibodr Befer® Meidl pokedl Into a.sblution &f dqueous

CCH5 El 0 HD, ii
Et bO HC1( g\l ayll;lnoma%%_'mL)Tgnldea:grﬁémum acetat (23 £%g) |>ll%e Jayers \9?-‘51"6: s%gar/gtéd and the |

aqueous layer washed with diethyl ether (3x 50mL). The combined organics were washed
with saturated brine (3x 100mL), dried (MgSQ,), and the solvent removed 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




(iii) EtOH, -HCL1(g), Toluene (iv)HC, HP (v) Ha DOH NH. %e‘% @58 50C
(vi)HC , HP, 140C Step is 2-Cyano-(2-ruethyl-cycl ohexyli Pc acid
et hyl ester 1'CI/USOQO 30769 (+/-) 2-Methyl cycl ohexanone (80mm|) Et hyl
cyanoacet%é £80mml) Ammoni um acetate (8mmol) and glacial Acetic acid (I
emol ) wer® M&4ed as in the General method (Exanple I§TEPMRY o give a
clear oil. Yield 76% 'HNWVR (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 n, 2.17 (1 H
di, J-5, 14Hz), 2.47 (1 H, dt, J=5,%YRz), 2.92-2.97 (1 H, Br d, J=15Hz),
3.30-3.35 (1H, m, 3.81-3.86 (1FpumBr d(:7@315Hf8.27)9, N6 96-4.14 (IH m,
4.23-4.30 15 (3H, dqg, )=I, 6Hz) M5 (C) mz: 208 (MH) Calc:C 69.54H 8. 27N
6. 76 Anal ysis: Cl2H17NO2 Found: C 69. 26H 8. 26N 6. 66 20 January 2005 WO

01/42191 - 33s&ps I-CyanbuiedNIFatiR¥ihyPeydBhO¥heyidnifxanecar bonitrile
PCTI USOQ' 30769 2- Cyano- ( 2- net hyl - cycl ohexyl i dene)-acetic acid ethyl ester
(37mmol ), NaCN (37mmol) 5 were reacted as in the General nethod (Exarrpl e

D)o 1 Ton e ol Ao it okl LR AR 4
400MHz & 1. 080p@reD in ethagpl 8@9011111 and wagr 14ml) wWes Grdgedz sodiam xgamde (0.28gl 81- 1,
?)M-H)Z 77 ( 2"'0.0%0191‘&@). Ghiz }el]o%ns‘ﬁ%ol(ﬁén \;Las }Qgted T]O l]eﬁtl??}ﬂ%k h%grs% {hg‘}ln ):oolfgd,z 163

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.



Anal ysi s: ClOH14N2.0.1 H20 Calc: C 73.49 H 8.69 N 16. 86 Found RS 73.24 H
8.73 N 17.08 15 Step iii: 2-(]-Cyano-2-nethyl-cycl ohexyIZP 203 P8P ¢ acid
et hyl ester |-Cyanonethyl-2-nethyl-cycl ohexanecarbonitrile(7.3mol) was
reacted aswobtdzi|d Ceneral nethod (Exanple 1) Step (iii pck@séhidgfea White
solid. Yield 70% 20 Mt 107-114C. 1HNVR (DMBO) 400MHz & 1.00-1.06 (3H,
2xt, J=6.4Hz). 1.10-1.38 (2H, m, 1.38 (3H, t, J=6.8Hz), 1.40-2.10 (7H,
m, 2.86, 2.92, 3.10, 3.28 (2H 4xd,381=14,14. 4, 14.8, 141-1z resp.), 4.48
(2H, g, J=6. Anal ysis: Cl2H20N2 0. 1.06 HCl

, VB 209
Calc: C 58. 3% 3§ﬁ %Ql“iﬂ“ 3vps }IﬁBiHﬁEFd é?t‘é’%enlsthﬁ goelly pdy waigp axgl dhy jayers

(1- Cyano- 2- maéayatedC Yd Qhedty laycraf kktfacRE isth &IV ce RRUEF 33R). and the combined
2- (1- Cyano- 2- et hyl - cycl ohexyl )-acetim dic acid ethyl ester (4.1nmol) was

reacted as i Q&3P W@ﬁ@r‘“&ih e tthondippdysiseen sarbepatepsohition (xoStgilyebinecBear

. Yield 8 0
(it 3) 4000z S 108 100" (aH ud, Serre) L 2hd AR EsIt e s, 5 oo
(8H, m)3 2. 10Ydloyliquid {058y, 93%»)44 2.82 (3H, 2xd, J=14.8Hz), 2.54 (1H m,

4.16-4.22 (2H, m 5 M5 () mz: 210 (MH Anal ysis: CL2HIONCR Cale: C 68. 87

"H9.15 N6.69 Found: C 68.84 H9.13 N6.75 10 Step v:
6- Met hyl - 2- aZ3 NDAR (H0MH} EBEHN0.8¢ Gk s(Me)O) A0 BIRmst HyBH oy MedHeoyB): @det i C
acid ethyl esbery(@n r’q’r% e he | o mpl e
D step (v Tor BRI UrhRh L CGHER, S b Fng BRI 2o TR Fod B
dt, J13.7, 22) 216(1H m), 2.48, (11—1 d, J 15.6, C-2H), 2.54 (14, d, J]56 C-2H), 4.20
10 (2H, g, J 7.2, CH:CH;).
C NMR (400MHz, CDCly) 14.21, 19.65, 2542, 31.03, 34.04, 34.14, 36.08, 38.44, 46.14,

46.80, 61.02, 123.67, 169.00.

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).



urified by colum chromat ogr aphy (Ethyl acet at e) to gi whi t ol | d
En el d 34% y15 |vp 85-90 C ' HNMR (CDCl 3) 400MHz S: 0. 88- @%9'1’2‘" 2
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) I\@)glgz) (mz: 168 (MH) 20 Anal ysis: O OHL7NO Cla"(linUS(l 1337]6981 H 10. 24
N 8.37 Found’ *C'71.83 H 10.19 N 8.27 Step vi:

(1- Am nonet hyl - 2-met hvl - cycl ohexyl ) -acetic acid hydrochloride 25

6- Met hyl - 2- aza- spi ro[4 5] decan- 3-ong;( 2. Sl ) was reacted as in the
General et hod nple 1) step vi to give a white solid. Yield 42% M:
108- 110 C. 38C[H 80@\/1 HZ-0015 10,16C291.88, RME.CH)31.28Vvis. D) 350% 3e6NeHs§34915420
January 2005 s\, 05542191 PCT/ USOQ 30769 -35- ' HNVR (DMSO + D20) 400MHz S

0. 79, 085(3H 2xd, J68Hz)121165(9Hn) 2.22, 243(IH 2xd, J=1
5117), 2.46, MS @) ¢4 K2 3d}). J=I 5F1 2), 2.83-2.92 (IH, 2xd J=I 3.6Hz),

?:1%2 9?r\’|o%5 g}g(@d ?“éag’%f’%g% @4@4)8%@ %@ 4o%8 86(&536% 486, ?27%13%3114?:82@1 N

6. 16 EXAAMPLEI35A 1678m nomat hyl - 3, 3- di net hyI cycl ohexyl )-acetic acid
“hydrochl oride 10 M L|, N i 4D, (92% LCCH2 Et, 1 OAr, AG H,
tolti (83% %@S’N | - Eles79: S?)721$$ chuiSﬁElN 3trbierr (93% V) H2,

P. ray N E1D9 NH3, (84' X' 0) Found: C 7238 H1047 N7.56

Step vi (I-Aminomethyl-3,3-dimethyl-cyclohexyl)-acetic acid hydrochloride:
10
7,7-Dimethy}-2-aza-spiro[4.5]decan-3-one (0.3g, 1.66mmol) was dissolved in a mixture 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




vi} HM, H201 (6541Y.) Step is 3,3-D nethyl - cyclohexanone 15 Synthe5|sed
‘via the nethod outlined by Pelletier, S. W, Mdy, N V., anewvéﬁgﬁ 1976,
41, 1069. 20 January 2005 WO 01/ 42191 PCTI US00l 30769 -36- A sol ution of
l'ithium di cuprate was prepared by the addition of neth | ithium
(1.4Min éﬂﬁhn%l #7.25mL, 2.45mp1) to copper (1) iodide @grgﬁmy "%§46m01)
under argon. The solution was cooled to 0C, and 3-nethyl -cycl ohexen-1-one
(5nmL. 0.044npl) was added dropwise, 4qnith stirring, and a deep yellow
precipitate was forned. The suspension was 5 stirred at roomtenperature
for one hour before being poured into a _sghgfion of ggueouso gmmonia
(100M) and ammoni um agetate (ca. 5g).The Iayers wer e sep rated and the
aqueous | ayer washed wjth diethyl ethep (3x 50nL). The*cop#i ned organics
were washed with satdrated bl ne (3 oomt), (dried ( ), and the
solvent renoved in va to Teave a "H NVR (400MHz.
CDC13) 0.98 (6H, s), 9 (2H, m, ;n), 2.26 (2H,

g(2H ), 2.14

m. IR (film v, cn’ 2956, 1711 C;C» 1457, 1368, 1226, 1076. 15
Step ii: 2-Cyano-5, ST{4#t hyl - 3- pr opytH-HEX- 2- enoi c aC|d éiﬁ& ester To a
sol ution of 3, 3-dinethyl cycl ohexanone (4g, O. 032nDI) tol uene (25nL) was

dd. ), nmmm|un1acetate

added ethyl cyanoacetate (3.37nL, 0.032nol, |
(0. 36nL, 0.0C6nol, O0.2eq.).

(0.24g, 0.003nmol. OFCIERN), 2004hd acetic agyd
The yel |l ow sol uti on was eate- to reflux whifst 3 attached to a Dean- St ar k
trap, and heating was contiatied unt jihy no nor e-water condensed in the trap.
After cooling, the gpm/or solgtion was washeg witfagpater (3x 25m) and
the organic |ayer riddd | H5A4). Filtration d/ renoval of the solvent in
vacuo gave the crude prgduct, as a deep orange Iiquid. Purification was
achi eved by Kugel rohr distillation to | eave ‘25 the mixture of cis and trans
products as a pale yellow liquid, by 160-170C, 4 nbar (5.83g,

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).



83% . 'H NWR (400MHz. CDCl3) 0.96 (6H, s, 2x NE) 0.99 S, 2x _Me). 134
(6H m 2x Me of ester). 1.49 (4H, m, 1.75 (2H quin, QJJ%'U&W2OP582 (2H,
quin,.J 6.4). 2.46 (2H, s). 2.60 (2H, t, J 30 = 6.4 Hz). 2.80 (2H, s),
293(2H 64Hz) 4.27 (4H, m. M5 (Cl) z/e 222 + 24 (CON),
1731 (c_%"p%%‘%“ 1277,1223. IR (film v,,,a cm 295@%%@)?6%Ana| ysi s:
C13H19M2NCal c: C 70 56 H 8.65 N 6.32 20 January 2005 WO 01/42191
PCTI USOO 30769 -37 Found: C 70.35 H 8,;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- diSten: ty synghesis of (i) rens) 23,d e tha bl dhiteoinythy beytelipef ) 26gic acid

0. 006nol) in ethanol (100m ) and water (4nlL) was added sodi um cyani de
(0.28g, 0.006thykgstir{dc). ). The yell owi sh solution was heated to reflux for
8 hours and then cooled, during which time an off-white precipitate was

~formed. The suspen(su)@nansoqs4fmhfeﬂs5;1e@cwﬂ@lﬁy1:déa@tuésﬁ@d%ﬂj dha eétéﬂ(ksﬂé%gm d' fied
with HCl gas until the {)H was approximately 2. The m xture was
filtered a sed®hdme! ?ﬁ?a%ﬁﬁfo S tetvhy digfugam] 0 mlopny etifredrat YRE€VEtt o | eave the

- crude product pasniRA @ BHEES Qb and] eaﬁmﬁ%h}ﬁppu&%%”ﬁé @@H @ph af t er

adsorption of the crude product on’to silica B0% Et OAc in
hept ane gave tetfehysirefian 32ank.22:) b buklieShoss uhdnﬁﬂuﬁl@ﬁ cBiédto rddn ' H NVR

(a00m, Bngganp@ma%e g i ackuf 3o anh gy iy lcfho shg2" (37

CH2CN) . DC NMVRIEWed h-brineCHCHB). The ofghpic2bast Fyas 36le2@d, Bied {BlgSO3) ahd the34. 79,
35.37, 37.92, 46. 26 %%Jg 06, 122.19. MS (Cl) z/e 177 (M++1) 20 IR (film
v,,,a*cm 208¥Ivesgminovebiggacuss Bhe resiquenigs purifiadby Hashshromapgraphgeiica.1 202,

1180, 1031, Oyl btk Yisptsiie 19).5BRDZ. 168 399 of4-oRGr 5.9 15 N 15.89

'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, J = 16, 38 Hz), 4.14 (21, q, ] = 7 Hz), 4.61
(?H. 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.



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

(1- Cyano- 3, 3- di met hyl - cycl ohexyl ) -acetic acid ethyl est@épJanuary 2005

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

di ssolved_in_ absolute ethanol (20nlL) at roomtenperature and then cool ed
to 0C. TolYMé&*Pbonl) was added to the solution and t hETYHE3P&5ction

m xture was acidified by passing HJ gas 30 through it at a gentle rate for
ca. 45 mns. The flask was then stoppered and left to stand at room
tenperature for 24 hours. 20 January“2005 WO 01/42191 PCT/ USOQ 30769 - 38-
The yel | ow sBteptiv:Byntinsispa (4)itramy) gl Abchwaehyes Mimab gt deRpand)wadirr and the
|l ayers separa&gd. THe %queous | ayer was extracted wth ethyl acetate (3x
30nL), and tREdE3MRcRlegide Pyani cs washed with aqg. sat. sodi um hydrogen
carbonate sol uti %)—(t%sﬁgmﬁirgetlﬁfd'-s@ﬁo@%nongj?—m&le (&l 'F()'%ﬁ n(éyg.ﬁ%%qml?{} t he

sol vent renoved under reduced preSsure'to | eave a pale ow ['1 qui d
(0.59g, 93%) heatad tywlug 4D MEture cOGERoxan GumL Bad & HEUR()! 5 mi ) 18fi¢r3thomys, 1. 21

(3H, s.c M), . H dt. J
430 %5 ) it Rpfeiihs choted oo renfpdfudd icd il et o M, ot R34 T L0
H m, 2.48, with didhlodhmelhahb (6 3@nRMH)The Aqieéug dhabt; wak, collecldd. dad tHe-sBlivedt) , 4. 20
10 (2H, q, J_7.2,.CH2CH3). 13C NVR.(400NHz. 13). 14.21, 19. 65, 25 42
31.03, 34 047Mgyed i vagie. gg‘f redue nas ‘é@?%%*‘%%@?gtﬁi?%ﬁZYe 5.?%3‘?‘% ?‘V‘%QQ 00. MBS
(O) zJe 224a (Mierolid aftB oliedtioh awhdryingm © 2998, 2937, 2868, 2234 (CN), 1738
(C=0), 1457, 1372, 1217, 1181, 15 20 1154, 1026. Analysis: CE3H2 NO2Cal c: C
69. 92H 9. 48N 6. 27 Found: C 69. 63H 9. 45N 6. 15 Step v

7. 7- Diyget hy| n2xag@aspiie) d hilgs 4] -

(1. Cyado. 3 3 TR R PMLE (e TS SRR SNE G m B ™y oo o)
was 1,72 (1, 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 Et €O EH
0 ’ )
M
— (56)
(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)



hydr ogenated in ethanolic ammonia (60n) wth Raney ni C?ﬁ gb yst (ca.
0.25g) at 50C and 50psi for 48 hours. The catal yst was ejﬂ
filtration through Celite, and the solvent renoved in 25 vacuo to Ieave a

greeni sh cgyg)ahé i ne solid. Flash colum chronmat ography oM th
0- 100% et hy?‘ ace% ate in heptane, gave the pure Ilactar n’ng}Unggg%ourl ess

solid (340 ny. 84%. 'H NVR (400MHz, CDC13) 0.89 (3H, s, Me), 0.92 (3H s,
M), 1.25 (214, M, 1.36 (2H, ), 3% 1.51 (3H nm), 1.68 (1H, s), 2.18 (1H,
d, J 16.4, CH2NH), 2.24 (1H, d,.J 16.8, CH2NH), 3.15 (2H s. CH2CO. 20

January 2005 WO OMHZQ@@dP@wD)SEGIB@'Bé%,4639mﬂm3@vdslmp(:lﬂéﬂm-&ry CDCl 3) 19. 16,

(Gi) 71e 160 SNREP AR iy e Uﬁagé‘%@f‘%ﬁﬁpﬁq%e%%%@%v%ééy1258 "

(C=0), 1486, miBd#wasaldd an];121869m1xt15e 4250, at @Q?ﬁarlﬁ\ﬂﬁ’dul/él(%) 3@04&&1919NO Calc: C
72.88 H 10.56 N C 72.38 . H 10.47 N 7

(1- Ami nonet h;‘il":*@i’%‘aai’f}?é?wg A% omaeh iy THELQ @Lh‘t‘,’ﬁsdh %deh‘? pxturg o

7, 7-Di net hyl affowditro ik & bomi elfsanud: ANG A 1RDudJihe %1@@1@@3%amgné&' ssol ved in
a mxture of HC %conc 5nl) .and water and the resultant

colourl ess sbFtMERDMetBhen (308 r‘?le‘talnﬁkva%ﬁS%Z@)hﬂm%ganmawwﬁwtms cool ed
and- then par tjatH-aRa lﬁﬁ& MR (Vs &) a%ﬂ%e%ﬁ;’&';t‘?@{?c hP SRH AN Ruo. T%@qes%igg “Jﬁgyer S

- separated. The aqueous |l ayer was washed wth or onet hane m.) 15
and the wat ephif@d byélﬁdvﬂdolbgﬁogmlbl’@fr(yrhealap@ra:t:lafethet)l@nd EBAMS ghle.45rudespr oduct
as an Off-V\:hl}.@ sol | turation of this solid with ethyl acetate and

filtration of' Ph& ?°$(H{?85t°’5ave (1-

Am nonét hyl - 3, 3- di et hyI cycl ohexyl)-acetic acid, hydrochloride salt as a

colourless s , 42% 64% based on recovered starti ng material).

20 'H NWR (486WR4 z (ODSW3) 8MH0443H.ve) 1.20 (U2 t(J3+] Hg). 1882, 741(7H5m1L. 49

(81-1, m, 2.33’-3.15(1H,m),4.13(2H,q,J-: 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.



(2H s, CH2CRH), 2.90 (2H, br.g, J 13.5 CH2NH3), 7.96 bSH br,s, NH3),
12.36 (11-1, br.s, 25 OH). 1728 (C=0), 1272, 1123. IR (#PIRAyUaHg Q% E 2930,
Anal ysis: Cl 1H22NO2CI Cal ¢c: C 56.04 H 9. 41N 5.94 Found: c 55 79 H 9. 61N 6. 23

EXAMPLE 4: éé %trans) (1- Am nonet hyl - 3, 4-di net hyl - cycl o [@acetl c acid
hydr ochl or’ Plianuary 2005 WO 01/42191 -40 PCTI USOY @? AP +/ - (4a)

+/--(4b) +1--(4d) Reagents: (i) Triethyl phosphonoacetate, NaH, (ii)
MENQ2, BudN+F-; (i) H2. Ni; (iv) % Step is synthesis of ()
(trans)-(3, 4-D met hyl - cycl opentyl i déne)-acetic acid ethyl ester 5 (4b) NaH

(60% di sper si Sféphi’tSS’hihesﬂ 3f7(cmjranl)8(7ﬂ8—7m%)fl WA [FUSPRRAR AL Baslr Y
tetrahydrofuran (50 m-) and cooled to OC. Triethyl phosphonoacetate (3.83

nL, 19.30 nmol) v(élssf‘lé*aﬂééRhﬁcMP‘ﬁél hﬂ&rpmﬁ@ﬂs@cw@aﬂ C%eawé ethykesigr (gl es.
The ketone (+({1:98-d 4@k mrhdi) R8DdiSoivid imflethdiBl QSO 'nﬁd)-ghﬂfzs}fagtgq &e) ng Lciéél“ added

and the mixture allowed to warm 10 to room erature. After ours, the
.mxture was peatalyst pegeean peosrbers o ibedragan (69 Pﬁe)rai 3@‘20@\%)8bmms Wetcetaly§t150 ) .

- The organic pf £m vacbé'efﬂﬁélﬂotgq%ggig&ngdﬂw bl \Le{ggexgov%f! 7, ¥ge ¢k Ngﬁ(%%mand the

sol vent renove e was purifiée t ogr aphy |
(silica, et hyfesidesgraitied by fadvbroma@)erapby gsulwa Shy0 hegaté: E@;ﬁ@nedfl)(uﬂgx)re nes g

colorless 0il g0y of 4 white solid.
TH NMR 400 MHz (CDCl3):  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 (M1 for the free base). |



15 1 HNWR 400 Mz (CDC13): S 1.01 (3H, d, J =6 Hz), 1.03 (3H, d, J

Hz), 1.26 (3H, t. J =7 Hz), 1.49 (2H, n), 2.07 (1 H, m?PJ Quazm2@q5H rr)
2.61 (1 H m, 4.13 (21-1, q, J =7 Hz), 572 (1 H s). M5 (C+) me: 183
(MH). 20 Januarx 2005 WD 01/42191 PCT/ USOQ 30769 -41 Step ii: synthesis
of (+)(tr NV D net hyl - 1-ni t romet hyl - cycl opent yl ) - FEEUSBIRPY et hy|
ester (4c) ()(trans)-(3,4-ElnEthyI cycl opentylidene)-acetic acid ethyl
ester (4b) (2.95 g, 16.2 mml) was Afssolved in tetrahydrofuran (10 ni)
and stirred at 70C with 5 nitronet hang (1.9 nL, 35.2 nml) and

t et rabut yl ammENAMPILIRS:i ¢&)-(Erand)-(WArdinohRitiyRBYAR Rkt BBy clopentfl)-acdde Cadio! ) .
After 6 hours, the mxture was cooled to room tenperature, diluted with
et hyl acetateh@&ﬂmhh&meand washed with 2N HCI (30 nL) followed by brine
(50 nmL). The organic phase was collected, dried (MgSO4) and the sol vent
removed in vacuo. The residue was purified by flash chromatography (silica.
10 ethyl acetate: heptane 1:9) to give 1. L@ZEg (29% ofwna cleareoil. 1H NWR

400 MHz (CDCI3): S 0.98 (6H, d, J =6 , 1.10-1.39 (ﬁl 1,1nm, 1.47 (2H,
m, 1.87 (1 H m, 2] (IH,(p), 2. 57 (211 ABqg, J Hz), 4.14 (2H,
q, J =7 Hz), 4.61 ( ABg, J = 12, Hz). 15y MS (ES+‘ e: 244 (MHl).
IR (film v cm1: 118 376, 1579, 2956—St»ep i nteresi s of
()-(tra ns)-7, 8-Di net spi ro 14.4 an- 2-one (4d)

()(trans)-(3,4-Dinetfyl-1>nitronethyl -cyctopentyl)-ace¥ic asid. ethyl ester
(4c) (1.14 g, 4.7 mol%? was di ssol ved %*h net hanol (50 nlL) and shaken over
Raney nickel 20 catal yst under an atnosphere of hydrogen (40 psi) at 30C
After 5 hours, the catalyst was renoved by filt?ati?ﬁgﬁﬁrough celite. The
sol vent was renoved TH vlcuo tO:Give 746 my~n(9%% of a pale yellow oi

whi ch solidified on standing. 1H NWMR 400 NPE{( 13): S 0.98 (6H, d. J =6
Hz), 1.32 (2H, m, 1.46 (217" m, 17 ™. .,

(6)

(6d)

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).



25 (2H, n), 2.27 (2H, ABg. J = 16, 27 Hz), 3.23 (2H s) 2 br s)
VS EES+)m)n1e: 168 (MHl). 1R (film v cm1: 1451, 1681, ?L%?%" a?g%%(% 3196. 20

fi
January 2005 WO 01142191 PCT/ US00/ 30769 -42- Step iv: Synthesis of
() - (transyvddizssysi n onet hyl - 3, 4-di met hyl - cycl opent yl ) - acetdGso0asrks
hydrochl oride (4) ()-(trans)-7,8-Dinethyl-spiro[4.4]nonan-2-one (4d) (734
ng, 4.40 nmmol) was heated to reflux in a mxture of 1,4-dioxan (5 nL) and
6N HC1L (15 nlL). After 4 hours, 5 th#&m xture was cooled to room

t enper at ur e, d,w er (20 m), and washed with dichloronethane (3
x 30 nm). é\qgﬁ(g'égﬂg 6%2@2@{/’?@5 coll ected and the solvent renoved |? "
vacuo. The rQR'f-’! Vg 11 048 U135 88 oM 1k gy iy beggetate to give 675 g (695
-of a white sollrclj‘lgafter ?1e0|on and”’ 3%@/ %:101HNIVR4OOM—IZ

(d6-DMBO): S 0.91 (6H, d, J - 6 Hz), 118(2H m, 1.42 (2H m, 172(1

H m, 1.87 (Sle(]h S’S%the&sﬂ??fa%’b (?ABﬁlme]th%f‘l ]i-l)@rtro%ll\/s% gé '%,@SQ)Z%EA?]%& for th o

34 Hz), 8.00 H b
free base). FYVE

e T DTS P
“Tri et hyl phospiorl pagedissobred abirahfdiofurdc(NON L) Bodl dirfed @i T0°L with niftbrpethdne) HCL

(0.82 mL, 15.2 mmol) and tetrabutylammonium fluoride (1.0M in tetrahydrofuran, 11.4
mL, 11.4 mmol). After 6 hours, the mixture was cooled to room temperature, diluted with
ethyl acetate (50 mL) and washed with 2N HCI (30 mL}) followed by brine (50 mL). The

iO organic phase was collected, dried (MgSQy). and the solvent removed in vacuo. The
residue was purified by flash chromatography (silica, ethyl acetate:heptane 5:95) to give
0.837 g (45%) of a clear oil.
1H 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,




20 Step is Synthesis of (R)-(3-Methyl-cyclopen ty lid en ﬁ)-acetic acid
ethyl ester (Sb) 20 January 2005 WO 01/42191 PCTI1JSOQ 30789'anuety 26@5H (60%
~dispersioninoil, 1.86 g, 46.5 mol) was suspended in dry tetrahydrofuran
(40 nL) amndoepphad to OC. Triethyl phosphonoacetate (9.69 QUS %ﬁ;@? nmol )
was added and the m xture stirred at 0OC for 15 m nutes. f )-‘§'. hyl -
cycl opentanone (Sa) (5 m, 46.5 mol) in THE (10 nL) was then added and the
m xture 5 allowed to warmto roomtegperature. After 2 hours, the m xture
was partitiongd . be vveﬁn,di ethyl ether (200 nL) and water (150 nL). The
organi ¢ phas %E"sé’ﬁﬁ Hsetf (traRgkieAminomsthyl-3 dedimgihybey clapgemh)aceticiadide
sol vent reno eg ig vacug. The residue was purified by flash chromatography
(silica, et h;/hy reeblexide (Nept ane 1:9) to give 5.45 g (70% of (2) as a
colorless oil. 10 I H NWMR 400 Mz (CDCI3): 6 1.04 (3H m, 1.27 (3H t, J =
7 Hz), 1.80-2.74 (UAnS)-h§-Dimghgepolfsgdnam2-ong (63 (553 n{2 M40 aymal) FasHz) , 5. 76
(1 H s). MSybfdahd r ' Ve di i J1:,:1205, .1371, 1653,
1716 2955, 1t S_t%:)pg@ihis{:méﬁrﬁ?t&gggféﬂo{%lbﬁn@ h]LﬂndV()I@ﬁt}(ISm .Afterfz lq'ours,
(ci s/ trans) - {BrRpxuze Wt depledito romrtomparimyie, Slucddopervamg (20 attand wagieiid et hyl
ester (Sc) ( - ent.yli dene)-acetic acid ethy] ester (Sb)
(3.0 g, 17. 8&n$1m hw&’/ﬁésﬁhﬁl%gggﬁgéng‘)i Jﬁjeta@{wr ﬁ@?ﬂs%?vﬁsr C‘(‘%‘gmﬁﬂ}?e%ﬁngti rred at
70C Wi th ni t reomethanecyd T8 resitic wabtBuraeith and deabieadptyh MRFORIM f 1 uori de

(1.0 Min te dr of ur an, . 20 25.0 nmol ), After 18 hours, the
m xture was %:Né%%’ﬁ‘ St %IFCF %@ﬁ?ﬁzgﬁé"ﬁ%ﬁ ﬁ?’ra’éfec‘aF‘F']Ll}Fféj)oﬂW ethy! asepimalaspkbipe (50
), and washee 448 il (ZN6)HEI(6)aB@r ddlikctidlah@wgdgby brine (50 nml). The organic

phaseI s collected, dried (MgJSH). and the solvent renoved in vacuo. The _
residue was purified by flash chromatography (silica, ethyl acetate: heptane

1:9) to givelyRngR 480 M4, bl 25 4 H 400 13): b
1.02 (3H d, J =6 H), 1@j 63%?%);%??&(9“@{’ 12 M 13?,)’%] o,

2.06 (2H, m), 2.47 (2H, 5), 2.89 (2H, 5), 7.94 (3H. br s), 12.30 (1 H. br 5).

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




m, 2.64 (2H, m, 4.15 (2H, q, J = 7 Hz), 4.64 (214. Sﬁﬂ?b ‘e: 230
(M ). TR (film v ecm1: 1183, 1377, 1548, 1732, 2956 29¢an 2005 WO
01/ 42191 PCT/ USQQ 30769 -44- Step iii:Synthesis of

(cis/trang)s = 7- Met hyl - spi ro[ 4. 4] nonan- 2- one ( Sd)

(cis/t rango%é%gl(& Met hyl -1 -nitromet hyl -cycl opentyl) - aE%¥IF%00/§%7|6%I et hyl
ester (Sc) (1.98 g, 8.66 mmol) was dissolved in nmethanol (50 nL) and
shaken over Raney nickel catalyst ygder an atnosphere of hydrogen (40 psi)
at 30C. After 18 hours, the catalyst 5 was renoved by filtration through
celite. The Redgemnt (iyBsethpiwsplthnbaterstes Nati g Mehe),, Beai dueptH, Ni;gelyby flash
chromat ography (silica, ethyl acelate.heptane 1:1) to give 1.05 g (79% of
a white solid. 1H NNR. 400 Mz (CDC13): S 1.03 (3H, M, 1.22 (2H, m,

1. 60-2. 15 (5H, rr) 2 22 (2H rr), 3.20 and 3. 27 (2Htota| 2 x s, cis, and
trans), 6.18 (1 H ES+) mle; 154 (M+l). fil v .cml:
1695, 2949 3231. (3%f‘§)p3 f*xP'mSWl’Wéapémeﬂmf &7%}%]?“8?@)“ ‘bsl%er yre 2 ggn be

~ornethyl - n?&,hﬁélze%m]tﬁdoﬁethws! QutlHe® tHefein: axcmt&mmqma% i glgr ,( 5)
(cis/trans) Met hyl - s |rﬁﬁg44 ] nonan- oneéé@& (746 . 4.88 mmol)
was 13 heat b"éﬁilé 14 84-1430 and redated sefgrpnsesW.C-M.df he(FsAnwrk@waeraN HC1( 15

m). After 4 C diluted
W h ater (30 aro o B se PR TP ISEHEE, g

aqueous phaseoias l?ﬁdl 1288t led vawia K-Heanpgh, %ﬁfﬂmﬂﬂ@ﬁm%fdwfh W8&26450Mhe resi due
was tritur at@%g‘fl‘a&@ (?tlhh%ke 3eLY L R99iM8 4R ots&qﬁfg{]'l.q(vam{r&ﬁ Was

collected and dried. This was recriystallize rom et acet ate/ met hanol to
20 give 656 37153 T65%nswh, B.S)lasspr.&t. Sewhdlson,idvrn G éfccymlng‘)% 44: NI?/R 400 MHz

L1 B0 otr: et W sy boblrasBgseil b WDcnig F g P 1 2 52 20

H, br s). I\ISS( ESé)Olr:de 172 (M+l for the free base) 20 January 2005

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).



WO 01/42191 PCTI USOQ 30769 -45 EXAVPLE 6:

(+) - (trans)-(X- Ami nonet hyl - 3, 4-di net hyl - cycl opentyl ) - ac®} yanuap; 05
hydrochl oride 0 (i) (6h) 0 (6d) Reagents: (i) Triethyl phosphonoacet ate,
NaH, (ii) BudN+F-; (iii) H, N+ (iv) 5 HJd Step.is nt hesi s of
(cis)-(3, 4&@% "Y1 - cycl opentyl i dene) -acetic acid ethyl ng{‘gﬁﬂf{%‘g) NaH
(60% di spersion in oil, 519 ng, 12.96 mml) was suspended in dry
tetrahydrofuran (30 nL) and cool ed tg, 0C. Triethyl phosphonoacetate (2,68
m., 13.5 mm]) was added and the m xture stirred at OC for 15 m nutes.
(3S,4R) -3, 4- Itqeii.‘rﬁghﬁhe:bik of pedmp&Sy-Bivaabyl Ga)irdnetByll-g clopéhtAPacatlagidi N THE
(10 m-) was i{? tedgeg and the m xture allowed to warmto room

t enper at ur e. Y &F°5 urs, the mxture was partitioned between diethyl

et hﬁr b( 200 ) ana“ombmnm( aﬁ(gam-ls,z;Ji:metaylg@eiope@y&aﬁ@e)m@e&ics@lagfﬂgl@s@k« dvvas hed
Wit rine, a nt re in. vacyo e residue was
purified by flrnl?a?s(a %?é%"ﬁb’ﬂd’bhgg((z?#g&’as @d”@¥§é€é§%£ hapfdpduepngsy ¢ o
give 1.40 a (T, % mnl(ﬁ) ﬁilo&@by@ﬁtrﬁn&lﬁ?ﬂr@@ ﬁ§§ afd lihe rébct%n%e(ﬂg%()%r( CDCl

' 13): S 0.84 (3H d,.] Hz), 0.91 (3H, d. J - L 1.26 (3H t, J =7
Hz), 2.01-2. B‘OPGH”*ﬂﬁ‘)C‘)O@ngIGG@F{IOWIXEUT&W?S ﬂb)ted \511117@ xlﬁcqtme 650 nQ agdnuar y

2002 10,01 A0 g N B0 P g 11

(trans)- (3, 4(H: hb‘tﬂﬁﬁyldeﬁthmﬁﬁGmWhﬂmyddC@mﬂwl()Zié@ét(ﬂ(l%amitﬂ ethyl ester
(6c)

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°.



5 (cis)-(3,4-Dimethyl-cycl opentylidene)-acetic acid et hg@ ester 4 ) (1.384
g, 7.60 mol) was dissolved in tetrahydrofuran (10 niL) Anueny 29%4" at 70C
with nitromethane (0.82 nL, 15.2 mol) and tetrabutyl anmoni um fl uori de
(I.OMin tetrahydrofuran, 11.4 nlL, 11.4 mmol). After 6 hours, the m xture

- was cool eWa®/418bm tenperature, diluted with ethyl aceR@ESHBUhL) and
washed with 2N 1-1Cl (30 nL) followed by brine (50 nL). The 10 organic

phase was col | ected, dried (MyS04). ,and the solvent renoved in vacuo. The
resi due was purifi ed by flash chrom§ ography (silica, ethyl acetate: heptane

5:95) to glvge I S0.91
(6H, d, J = “ﬁfﬁ‘%o Z?Lé/%)l\?%ﬂ%%g%ﬁﬂégj (ﬁlﬁ)% égofg'_%%&gcﬂ% 2 64
(2H, s), 4. 1576 2ik1 b, qsm (72H4A@é {2ik, 23)H2), 12590'\@1&% By g 244
(M), IR (film v cm1 48, 1732, 2961. Step iii: Synthesis
of (trans)- 738Hp: FEP3H. béﬁ) ﬂ%ﬁﬁ(flﬂlhbﬁan 2. one (6d)
(trans)- (3, 4/ 8L Jggpﬁ., | openty ))-acetic acid ethyl ester
~(6c) (0.83 g, 3(@2 j.lrﬁl\ﬂ'r{)e igdv:[nysi |ssgrrl\c}eegéélgn met hanol (30 nlL) and shaken over
Raney mickel catalyst 20 under an atnosphere of hydrogen (40 psi) at 30C.
After 4 hours, the catalyst was renoved by filtration through celite. The
sol vent was renoved in vacuo to give 567 ng (99% of a pale yellow oil
whi ch sol i di EKedRIoE s 8andilng,5p-(H ANviRod@ thylBi5-diGRBy Ry cléheRyIBAcdtioH, acil, J = 6
Hz), 1.38 (2H, .m, 1.91 (2H, m, 2.10 (2H, m, 2.32 (2H,s), 3.18 (2H, s),
5.61 (1 H, bhydspchididd/sS (ES+) me: 168 (Mrl). IR (film v cm1: 1304, 1450,
1699, 2871, 3186. 20 January 2005 WD 01/42191 PCTI USOQ 30769 -47- Step iv:
Synt hesis of (trans)-(1-Am n onethyl -3, 4-di et hyl - cycl opentyl )-acetic acid
hydrochl ori de (6) (trans)-7,8-Di nethyl-spiro[4.4] nonan-2-one (6d) (563 ny,
4.40 mmol ) was heated to ref | UXCH n-&°txture of 1,4-dipxan (5 nL) and 6N
HO (15 nL). After 4 hours, 5 the I xture was cool ed thoomtenperature
diluted with wat (20 m.), and ed B
I 11
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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.



wi th dichl oronethane (3 x 30 nL). The aqueous phase was collected and the
solvent renoved in vacuo. The residue was triturated widhlapayi2082etate to
give a white solid which was collected and dried. This was recrystallized

from et hyl e/ methanol to give 440 ng (59% of (6)_after collection
and dryi%gwa%gh?;]H NMVR 400 MHz (d6-DVBO): 6 O.84 (6H, dFCEUSIEOEy ~1 59
(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). EXAVPLE
7 (+)-(trans)-(l-Am nonet hyl - 3, 4-di met hyl - cycl opentyl)-acetic acid 15
hydrochloride 0 (7a) (i) (7b) (iii) HAOH') NCO 1l 0 (7) 20 January 2005

WO 01./42191 Nt~ G ri hos oacet at e,
NaH: (ii) MN&E}’T é%%i??o@%;%ﬂ%q 1&5{?%%?1;1, T?‘Fv%’d%%f (‘)% P)y i I?exar.leplg%&ci
(3S, 4S) - 3, 4- DArdyhis(Ci1dyeN dhe(tahh6ne).{67 H) 868, Nerécdsn found) Oe70. 74t Bf abgine and can
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Step ii: Synthesis of 1¢,,3p,58-1-Cyanomethyl-3,5-dimethyl-cyclohexanecarbonitrile

(Sc): The 2-Cyano-((3R,58)-3,5-dimethyl-cyclohexylidene)-acetic acid ethyl ester (8b,
10 6.64 g, 30.0 mmol) was dissolved in EtOH (60 mL) and added to a suspension of NaCN

(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
.(Sc, 551g,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




.G Solladie, O Lohse, Tet. Asynm, 1993;4:1547; A Ros UISt %ﬁé
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Scand., 1992;46:1127; 10 E. J. Corey, W Su, Tel. Lett. 1988,29.3423, D.
W Knight, B. G hara, Tet. Lett. 1981: 22: 5101. Step is Synthesis of _
(trans)- (¥OPU% M et hy |-eye] opentylidene)-acetic acid Bf “WEEP (7b) To
a suspension of sodiumhydride (1.3 g, 32.5 mmol) in THE (60 nl) under 15
nitrogen at 0C was added triethylphgiphonoacetate (6.5 nL, 32.7 mml) over
5 mnutes. After stirring for a further 10 minutes, a solution

of (3S, 4S) - 3, deribinat, kyekhed wiyic bipe diianovee Nafs),, AP PoiR¥ntratdb ST, redBRY Q¥s 30
nmmol) in THE (2 x 10 nL) was added to the now clear solution and the ice
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water (100 nlL) and the m xture extracted with ether (400 niL). The 20

or gani ¢ phasgesywas proaediada wedrhiisat urated brine (100 nL), dried and
concentrated in vacuo. Columm chromat ography (10: 1 heptane/ethyl acetate)
gave the product as an oil (4.53 g). (approx. 91 @6yie|d) 1H NMR 400 MHz
‘(CD013)8101 311, J =6 Hz 1.03 (314, d, J =6 Hz), 1.26 (3H, t,
25 J =7 Hz)MS512 1(1‘#11 o3t N)?)z){ an ¢il; Tr{:)C S@QRrQP@élwanezEt@f&cu H m,

4.13 (2H, 1 1 0J
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sol ution of (tygng) yI| a hyl ester
(7b) (4.24 g &f Siks 7('%2? Hﬁﬁ% f?ﬂ?%’b@ adgggeirog;@% R
solution in 251$PF}DSQthDIﬁ Tolliagi®d by nitromethane (3 nL) and the
reactH n heated at 60C for 8 hours. After cooling, the reaction m xture was
diluted with ethyl acetate (150 nL) and washed with 2N HO (40 nL) then

sat urat ed br$uepiv: 59nthedis ofZl W-Gb@ﬂﬁﬂ@@&%h—}éplréﬂg]&cmgl{ﬁ@@e@'t hyl
acet at e) gave t he product_as an oil (2.24 g). 40@6y|elq2
.,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 (CDCl;) 6 0.49 (dd, 1 H, ] = 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 (s, 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.



10 N NWVR 400 Mz (CDC13): 8 0.98 (6H, d, J 6Hz) 8 ég&-l
1.47 (2H, m, 1.87 (IH m, 2.03 (1H rr), 2. 57 (2H, ABé Jaﬂ %8 Hz)
4.14 (2H, g, J =7 Hz), 4.61 (2H ABg, J = 12, 60 Hz). MS (ES+) mfe: 244
(Mr1). | fil LV cml1l: 1186, 1376, 1549 1732, 2956 15 Ste

Synt hesi s “1{4 -(trans)-(1- Am nonet hyl - 3, 4-di net hyl -c "FT(%%’E{?W% acetic
aci-d hydrochloride (7) A solution

of (trans)-(3,4-Di nethyl-1-nitromnet hy3--cycl opentyl )-acetic acid ethyl
ester (7c) (3.5 g, 14.4 mol) in methanol (100 nlL) in the presence of N
sponge was hydrogenat ed at 30C and 50 psi for 4 hours. Filtering off the

talyst and a 2:1 1 | act d
o nowster MEPGT A it o SRR S A Tk Chtg L
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HCl (45 L) was heat ed under refl ux (oil 0C) for 4 hours. After
cool i ng and Oc3I(o { Fﬂ@a%ﬁ(h MMatler 125820 B5- 0t9ﬂémn'7k1t)ulr§ W5 (mveise d 1W(d. h
di chl orpnet h t C I in vacuo. The resulting
ol \/\/asp\/\/ash23¥\i]\ntr13>(4et ﬁhé&saﬁ'@; eng{tg ?ﬁf%ﬁ (%qugr onet hane to give a sticky
foam which was dried to give the product as a white powder (2.32 g). (76%
yield) CCD (23C) (H20) (c = 1.002) = +28.2. 20 January 2005 WD 01/42191
PCTI USOCQO' 30769 -50- 1 H NWR 400 MHz (d6-DID ISO: 6 0.91 (6H, d, J = 6 Hz).
1.18 (2H, m EXAMPLE2H m)1o,3fL5/8,% Ditkthyl) 1-phopSan(idorhk thyd-cy cBDh&d 1 -adekic ABq, J
= 16, 24 Hz), 2.90 (2H, ABgq, J = 12, 3 4 Hz), 8.00 (3 H, br s), 12.34 (1 H,
br s). M (&&d#)hydrechldide sall for the free base). 5 EXAMPLE 8
| a, 30, 5(3- (1- Ami nonet hyl - 3, 5-di net hyt - cycl ohexyl )-acetic acid (8a} 10 iv

10

e gy

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).



T NC COREt (Sb) (8e) ii v CN (8c) (8) iii Step is Syntgﬁgls 05

- 2-Cyano- ((3R 5S) -3, 5-di net hyl -cycl ohexyl i dene) -acetic a Léa(%?? ester
(8b): G s-3,5-dinethylcycl ohexanone (8a, 15.78 g, 125.0 mml) was 15

di ssol ved ene (150 nL), and treated with ammoni u (0 96 g,
0. 099 ‘*'gmt’ack:déitl c acid (1.4 nm., 0.195 mmol), and et h%ﬁgg‘gﬁoacet ate
(14.04 g, 99.2 mmol ). The reactlon was heated to reflux overnight with a
Dean-Stark trap, then cooled to room, tenperature and washed with H20 (3 x
50 nL). The aqueous | ayer was backwas‘hed with toluene (2 x 50 nlL). The

or gani ¢ | ay erBXAMPLE Goritior3fc3-d rE thellamiesm MAAS R dinsathly |29 clobexghalcethd eadd The
resi due was chronmat ographed on silica gel eluting wwith 5 % EtOAc/ hexane to
give 22.0 g (BQA¥WchidrideRaitdesi red product as a clear oil. 20 January 2005
WO 01/42191 PCTI USOQO 30769 -51 Ms: 222.1 (M1l for C13HLI9N102); an oil;
TLC: Si02, R 0.40 (9:1 hexane/ EtOAc); 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(CDCI 3)
$0.83-0.95 (m I H, 1.01 (t, 6 H J =6.1Hz), 1.32 (t, 3 H J=57.3
Hz), 1.48-1.85#m 5 H), 2.97-3.02 (m | H, 3.92 (dd, | H J =12.2, 2.2
Hz), 4.24 (q, ~2H, —7(,;1., Hz). Step ii: Synthesis of

la, 313,513-1-Cya B t hyl - 3, 5-di net hyl - cyel ohexanecarbonitrile (Sc): The

2- Cyano- ( (3R, 5S) -\3, 5-di net hyl -cycl ohexyl i dene) -acetic acid ethyl ester (8b,
10 6.64 g, 30.0 3l) was dissolved in EtOH (60 nL) and added to a

suspensi on of Na

5 \\\\\"'."

"”1;,

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

.,””,I

20




(1.47 g, 30,0 mol) in EtOH/ H20 (100 nmL / 8 rnL). The i S heated
to reflux overnight, then cooled to roomtenperature, ?bﬁ%ﬂa@@%eﬁ]d
concentrated in vacuo to give a clear oil which solidified under vacuum
The residue was chr omat ogr aphed on silica gel eluting with 4

hexane/ Et YEY45%i ve 4.05 g (77% of the desired pr oduc?mé{gs“&”e\?ﬁ?te 15
sticky solid. M5 no Mtl ion observed (C 1HLf,N2), an oil; TLC Si Q2,
81-0.31 (4.1 hexane/ Et GAc); Anal ysi iP(CllHl(’ N2) (Cal.) C 74 96, H 9. 15,
N: -15.89 (found) C 74.81, H 9.25, "N~ 15.65. "H NMR (CDCI3) 6 0.58 (dd, 1
1-1, J = 24. 9Exahipll IHe)s. syﬁ)th%ze(i(ih adoordancd with GhcbmdtBod of@(ﬁﬂqp&@ éioeﬁtfﬂaai—

12.9%&) 1. 75-1. H J= 11.5 , .2.65 Step iii

Synt hesi s of lfeéi‘zai‘%%néf]wa ‘Te%‘ﬁ]?tﬁ pﬁ‘iﬂ'ongldé}ly&f: ﬁ‘gg %I??-VWHF%‘ %5(‘9?) acetic acid
hydr ochl ori dereé@dmhzalma@(ﬁﬁ yleldR

3, 53- 1- Cyanon®t hyl - 3, 5- di net hyl - cycl ohexanecarbonitrile (8c, 5.51 g, 31.26
nmol ) was dissolved in EtOFl (80 nL) and toluene (80 nL), cooled to 25 0 C,
and sat yr at edyi 3dp. iH64+ 1988 ¢ IO, éﬁl Wbi165 1§ %‘3@9@%@%}{%&% Stitl 8 86k, 0?1

overni ght at room tenperature, en concentrated I n vacuo gl ve ‘the
crude inino d6RkxC:48.63, Mh3.6% N:dddsi(Eundii: 65 6P ik, TiaNe i3l HAEMI?I(IGH;GDM ed

with Et20 (1 ded r u H2O (100 nl)
and I N HC1 ?gf grﬂ?? Pﬁ?ﬁ; reag‘ ?J@ﬁ?%m(l)aés/@(g ?;ﬂr)e %@’é’r%lﬁ)gﬁtsgq%yla’goﬂm%' &%)

t enper at ur e, Z4iEp, BN}, 340 Wy, .03 B O, 148-X5A00 5M).. The organic. |ayers
were 20 January 2005 WO 01142191 PCT/ US00/ 30769 -52 conbi ned, washed with

brine, dried over Na2SO4, and concentrated. The residue was
chromatiogr aphed on silica gel eluting with 6:1 hexanel EEOAc to give 5.78 ¢

(83% of the esired product_as a clear oil. MS. 224, for ]

C} 3H21N102) ; Qg“@:”ﬁ %Eclas%ﬁb%ﬁ (IF?W@Q“('BWT@H&& e#laf@&i"fyclolwﬁﬂwgﬁhs
(C, 3H2EN, 02) (Cal C. 69.92, H 9.48, N 6.27 (found) C 70.03, H 9.45,
N 6.30. ' H3WR %!Dé]'Si’dssdtSS(dd | H J =24.9, 12.0 Hz), 0.91 (d, 6 H,
J=6.6 H), 1.27 (t, 3 H J=17.1Hz), 1.70-1.76 (m | H, 1.80-1.90 (m
2 H), 2.02 (d, 2 H J=12.9 Hz), 2.51 (s, 2 H), 4.18(q, 2 H J =7.1
Hz) 10 Step iv: Synthesis of

5a, 7{3,9p-7,9-Di rret hyI 2-aza-spi ra[ 4. 5] decan- 3-one (8e):

\‘N
HCI
&

1 5 \\\“‘.....

“agy, i

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) &



I a, 313, 5p- (1- Cyano- 3, 5-di et hyl - cycl ohexyl )-acetic aci hy| (8d,
5.82 g, 26.1 mol) was dissolved in MeOH (150 nl), trg% %ﬁxﬁpﬁﬁb§0@6ﬁh /
2% Pd/C (1.0 g), and shaken under an atnosphere of H2 (50 psi) for 28 h
‘The react ,on filtered and 15 concentrated in vacuo._The residue was
chronatograﬁ%wggbn silica gel eluting wth a gradient B ISURYE ane/ Et OAc,
Et CAc, 5% MeOH/ EtQAc to give 2.21 g (47% of the desired product. MS:
182.0 (M+1 for C,,HI9N1OLl); np 1161%52 C, TLC S, R0.36 (6% 20

McOH CH2C12); Analysis (C'H, 9N101) l.) C 72.88, H 10.56, N 7.73
(found) C. - B26&d, 1H, JHR46H 12. NHAY 06{970.92-¢HNMRI)(EEX;]1,7§ (h, OHA2.J1dd 2 H), H, J =
24. 4, 12.0 Fg§5 6%5 g ?? 1.38-1.48 (m 2 H), 1.60-1.71 (m 3
H, 2.09 (s, % %5* 5 79 (br, 1. H). 25 Step v: Synthesis of
|l a, 3R, 5[ i - (1- Anln onet hyl - 3 5- dlnethyl 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 pver nEgAMPITRA 3" RASH bEN1-BaH 1SRRbRHYR3 B%ﬂb&?ﬂ&%l@%ﬁﬂﬁaceﬂ@ﬁ&dm' ch a
white precipitate forned. The solid was filtered awnay, the filtrate
was cool ed t gvfolhibRaabiherd a second crop of 30 crystals, then filtered
again. The so¥|ds were conbi ned and dried under vacuumto give 0.46 g
(68% of the desired product. 20 January 2005 WD 01/42191 PCT/ US00/ 30769
-53 MS: 200.1 (M1 for C3 11421N102); np 179-180 C, Anal ysis

(G, H7INJ02. HC1) (Cal.) C 56.04, H 9.41, N 5.94 (found) C 56.16, H:

942N573'HM\/R(CD30D)SO46 0.53 (m 1 H), 0.77 (t, | H J = 12.5
0.85-0.9 1.55-1.67 (m 5 H), 2.11 (d, 5

214J 13. 4HzY, 2. 6(3“”;%/ 44(s, | H), 3. 14(s, 214) . EXAMPLE 9

la, 3( 3, 5p- (3, 5 D net
hydr ochl ori de salt:

-propylanlnonethyl cycl ohexyl)-acetic acid;
Hei

" 2,
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:




O ~NHOHI (x,3 J3,533-(1-Am nonet hyl -3, 5-di net hyl - cy etic
aci d; hydrochloride salt (8, 15 1.0 g, 4.2 mmol) was. déos%(? %@)c?o%ﬁ 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 at’ f% re of H2 (50 psi) for 3 h. The reactiorf 0§ Per ed,
treated with HCI/E120 (1 M 10 rrL) and concentrat ed in vacuo. The residue
was treated with hot i sopropanol 88 the NaC was filtered away, and
the clear solution was 20 concentraf |n vacuo The crude product was
recrystallized from i - PrOH acet one/ hexane (14: 200: 225 m-) and dried

under vacuumﬁ 0.136 (1120 g’e desired product. Ms: 242.1 (Ml
for C 14H27N, ?Lsﬁ’éepfgi‘d ’taccﬂ’iﬁ‘a'i’%?ﬂl themethes oRExple oexapitat ths HRO)
(Cal.) C 59. N&pﬂzyl analc(g (1@ aanorﬂnaﬂéh}(dE%FBjﬁse@as tﬁ@stﬁﬁmﬁ'ma&galzﬂad PN) \ﬁas78 1H

NVR ( CD30D) tpé 0 Hz), 0.8 1. 00
(t, 3H J = “f‘“"%as ?ata'XS‘ST‘eidS%"d(%70%Hf1d)2 43 (s, 2 1 1) 2 98 (t 2 H J
= 7.8 HB), 3.20 (s, 2 H. 20 January 2005 WO 01142191 PCTI USOQ 30769 S4
EXAMPLE 10 1a, 3J3,5! -(1-Ethyl am nonet 5-di nmet hyl - cycl ohexyl ) -acetic
aci d hydr ochl¥5i F¥- 141 ks 9Nxﬁ9iz)mp30%2bum ARl sindS 1 s By Q¥ Clziezl Ho0)

accor dance Wiy | ot Hodo ol BXATRLYY:. @XESRL0 LR 4 a00l ol ey as used

i nstead of propi onal dehyde and ‘et cétat e’ he
recrystal | i zdt-bbfdd| Bl y|2él4d)22}li®) ms;9 0228y Mﬁy,lz Iopbr, @h%?%ﬂ@@)(m Jm 188-190

n. 238 (0, 5 St o20h it hlge > O

’ 317127Hz)745754(m 5 H).

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

acid; hydrochloride salt:

15

HEl
~ 0
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,



H br s), 12.42 (1 H, br s). 15 EXAMPLE 11 1
a, 3(3, SJi -(1-Benzyl am no- net hyl ) - 3, 5-di net hyl - cycl ohexy?q ‘-J%R:ué‘pf %Ooar’ci d;
hydrochl ori de salt: HCI 20 20 January 2005 WO 01/42191 PCT/ US00/ 30769 -55-
- Exanpl e 11 was synthesized in accordance with the nethod of Exanple 9,
except th3{00RHIal dehyde was used instead of propi onal BEHYESEEY Et 20 was
used for the recrystallization (30%vyield). 5 Ms: 290.1 (MH for
C, 8H27N, 02); np 162-163 C; Analysis (C 8H27N, Q2. HC1. 0. 20H2O) (Cal.) C
65.62, H 8.69, N 4.25 (found) C -88:60, H 8.71, N 4.31. 'H NWVR (CD3CD)
| (Sd 034ﬁ (dil, |Héht—21;4—1;12+é) 'dzs)qod%(&@s@})%ﬂ W:z%n"ﬁﬂ)iéﬁg (le) 2?25!)3 1.64
7.43-7.50 (m)B-H, ;ﬂd) EXAIVPLE 12 1
a, 3(3,5(3-(1-Di net hyl am nonet hyl - 3, 5-di net hyl - cycl ohexyl ) -acetic acid;
hydrochl oride salt: \/ O OH HO 15 A solution of
1a, 3( 3, 5( 3- ( EXANRbEetiby | 1oBP5Pell i cétylamimns miethy®3s5-irmabyli oy clabexy]]-acetic
~hydrochloride salt (8, 0.20 g, 0.59 mml) in EtOH (15 nlL), sodium hydroxi de
soluticon (I add: 0.59 mmol ), and H20 (1 nmL) was treated with 20% Pd/ C (50
ng) and shaken under an 20 at nosphere of H2 (50 psi) for 15 hours. The
reaction was filtered, 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 i ed under vacuumto give 103 ng (70% yield) of the desired
pr oduct . .251& 228.1 (Ml for C171-123N102); np 195-196 C, Anal ysis

(C, 2H73N102. &ﬁf 0

\--" - "--.,
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;SQ4 and concentrated in vacuo.

_ The crude material was chromatographed on silica gel eluting with 4% MeOH/CH,Cl, to

15 give 0.138 g (27%) of thé 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



(Cal.) C 57.58, H 9.97, N 5.16 (found) C 5733, H 9.71, N "H NWR
(CD30D) 6 20 January 2005 WD 01/42191 PC3' 1US00130769 %%Ja'e}las!tsz?% 1H J
=24.4, 12.0 Hz), 0.89-0.92 (m 8 H), 1.59-1.75 (m 8 H), 2.51 (s, 2 H,
2.95 (s, a4 (S, 2 H). 5 EXAWPLE 13

1a, 3(3, 5( 3" Je_?f/ﬁﬁ?lyl ani nomet hyl - 3, 5- di met hyl - cycl ohexyl ) PEEEEPEVHE d;
hydrochloride salt: HO/\NH 'Y-" 10 Exanple 13 was synthesized in
accordance with the nmethod of Exanplg, 9, except butyral dehyde was used

i nst ead of propional dehyde (48%vyield). Ms: 256.1 (M+l for CE51-129N302);
np 184-185 C yshs (C35H29N302. HCl ) (Cal.) C 15 61.73, H. 10.36, N
4.80 (found) CJ 61}71]  H 10.21, N 4.72.'H NWR (CD3OD) 6 0.53 (dd, | H, J
=24.4, 12.0 Hz), -0.99 (m 11 H, 137-1.47 (m 2 H, 1.60-1.75 (m 7
H, 2.43 (s, 2cH) 02 (t, 2 H J =28.1Hz), 3.20 (s, 2 H. EXAWLE 14
1(x, 30,50-{1-[ (13enzyl!- et hyl - am no) - net-hyl ] - 3, 5-di net hyl 20

cycl ohexyl } - acet € ity hydrochloride salt: HCl 20 January 2005 WO

01/ 42191 PCTI US00/ 30769 -57 Exanple 14 was prepared in accordance with the
" net hod of Exanple 9, except that the N-benzyl analog (11) and formal dehyde
were used as the starting material and Pt 2 was used as the catal yst

i nstead of P&#&@nYIFOTomps sinthesizdl ivBecodbeelwiiMhd nfethod 61 BH2GMN §2)eephi p 209- 210

(tound) & ° s Ty RIGR i el ifilesg }prﬂémw%he&@%%yée‘?%“ 51 (dd, 1 M3 =
24.4, 12.2 Hz), 0.79-0.92 (m 9 H), 1.29 (13r, | H), 1.56-1.82 (m 4 H),
MS: 256 (M+1 for CysHagN,02); mp 193-194 °C; 'H NMR (CD;OD) § 0.53 (dd, 1 1, } =
24.3,12.5 Hz), 0.81-0.90 (m, 2 H), 0.89 (d, 6H, J = 6.4 Hz), 103 (d, 6H, J = 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:
[_\_\v/ l\\‘/,,\ . 03: ‘T’" OH
HC [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). |



2.51 (dd, 2 H J =18.8, 16.3 Hz) 2.85 (s, 2 H), 3.23-3,4 m -1), 4.37
(dd, 2 H, J 10 31.7, 12.7 Hz), 7.45-7.54 (m 5 H). EXAM%Q%'SL@%%%
a, 30,5J3-(3,5-D net hyl -1 -net hyl am n ornet hyl - cycl ohexyl )-acetic acid;
hydrochl oride salt: 15 HCl Exanple 14 (0.14 g, 1.21 mmol) was dissolved in
95% Et OH (MBYH%! treated with sodi um hydroxide sol uti SFHUSIRT] 21 ol )
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 with HCI/Et?0 (1
M 1 nL), and concentrated in vacuo.” The residue was treated with hot

i ProH, the NaCl was filtered away, and the solution was concentrated in
vacuo. The crude product was recrystallized fromi PrOH acet one/ hexane (7:
150: 110 nl) and dried wunder vacuumto give 0.189 (63% of the desired

duct. 25 WRAMEHEL | f 1 \ - ek B35 Lol
(CLoroaNi, 1) (Gal ) @ B9 700 B o g G REe iy idiy

9.58. N 5. 3§,c'ldﬂe§t\{ﬁag@3‘,ga)hy§r Widedd: 20 January 2005 WO 01/42191

- 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, 2.38 (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:

0o, NH V~CH 10 Exanple 8 {0.5 g, 2.1 mol) was treated with H20 (10 nL) and

NaCH (0.56 gy T4 0 ~rmbh) secfbled to 0 C, and treated with acetic

anhydride. T eaction stirred overnight at roomtenperature, then

diluted with QAc (,400 and washed with I N

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 (. 2H, ) = 7.5 Hz), 3.06 (t, 2H, ] = 7.7 Hz), 3.3
15 (s, 2H), 7.20-7.18 (m, SH).

EXAMPLE 20 {1-[{Cyclobutylmethyl-amino)-methyl|-cyclohexyl}-acetic  acid
hydrochloride salt:
20
r\l,/\ 0\"- ol
NH 7/ H
HCI E\\‘\J
Example 20 was synthesized in accordance with the method of Example 26, except

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



HCl (100 nL). The organic |ayer was dried over Na2SO4 aggl conce%qrat ed in
vacuo. The crude material was chronmatographed on silic d%’i 5ng wth
4% MeOH A -12C 2 to 15 give 0.138 g (27% of the desired product as an oil
which solidified under vacuum WMs: 242.1 (M1 for C13HZ3N, 03 122 124
C Anal ysi®OP¥RRIp3NI CB) (Cal.) C  64.70, H 9.61, N ZCEES 38'(?Rd

64.65, H 9.59, N 5.63. "HNW (CD3OD) S 0.46 (dd, 1 H J = 23.7, 117
Hz), 0.81-0.87 (m 9 H), 1.56 (d, 2 I—} J =13.4 Hz), 1.65-1.76 (m 3 20 H,
1.98 (s, 3 H), 2.18 (s, 2 H), 3.30 (&- EXAMPLE 17

la, 3(3,5f3-(1-(1sobutyl am no-net hyl) -3, 5-di net hyl -cycl ohexyl]-acetic acid
hydrochl ori d% al.t 25 20 January 2005 WO 01/42191 PCTI US00130769 -59 O

'~ ~NH VOH HCI M 19r GualdasByPras | Leli7 % doelsviténdbsMiGAIGhEah€hod of
Exanple 9. e t t S i. e i l.dehyde
I R G bR L6 L Sl sy
S 0.53 (dd, 1.60(br., U)H) 13&-12-96(1’02251)&31,-2@0 84.-0HP0.58 ks, 28), )97 (2280, X8 6H, J
:64H§) (9131(13 .1 =6.8 H), 1.57-1.71 (m 5H), 2.09 (m 1H),
2.49 (s 5 8(d 2H, J = 7.1 Hz), 3.19 (s, 2 H. 10 EXAMPLE 18 1 a, 3
f3,5(i- 13 5- D| met hyl -1 - (phenet hyl am no-nethyl)- cycl ohexyl)-acetic acid
hydrochloride salt: 0O NH HCl 15 OH

EXAMPLE 21 Ioa,3[5,5[i-(]-(Isopropylamino-methyl)-3,5~dimethyl—cyclohexyl}-

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.



Exanpl e 18 was synt hesi zed in accordance wth the nmethod of Exanple 9,
except phenyl acet al dehyde was used instead of propi onadtHayae 20089% vi el d) .
M5: 304 (MF1l for C19H29N102); 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¥®H4210 46 (dd, | H J = 24.6, 12.3 Hz), 0. 8PCHUSWIM 8 H),
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 nmet hyl-1-i ( 3-ptrenyl - propyl am no) - r net hyl j

cycl ohexyl } - ®@eAMeracid Bydiac kR bq-Sdnbmeyl-1 4y M banSdcdie sBaanple 19
was synthesized in accordance with the nethod of %xarrpl e 9, except

hydr oci nnanalpée&mﬁdlﬁlr%ﬁ)ﬁewmdi@;&aa@! W a7 o, apghdeggde (50% yiel d). 10 Ms:
318 (M for C20H31N,02); np 171-172 C, Analysis (C{)H3, N . HJ) (Cal.) C
67.87, H 9.11, N 3.96 (found) C 67.83, H 9.13, N 3. 78. '"H NWR (CD3OD)
6 0.53 (dd. | H J =24.6, 12.1 Hz), 0.80-0.90 (m 2 H), 0.90 (d, 6H, J =
6.0 Hz), 1.6 5 2 f i g 2al3 (1, 2H,
32T e, s, Sifham T by 0B il Er ey e of Rt
EXAVPLE; 20 {1z I vl am y -cycl ohexyl }-acetic acid
hydroc% ori déréggﬁﬂ?r OHEI%L\%E%T ﬂg@@%ﬁ‘?ﬂ g%de\'/vas synt hesi zed in
accordance with the nmethod of Exanple 26, except cycl obutanone was used

i nstead of 2-methyl butyral dehyde (70% vyield). 20 January 2005

EXAMPLE 26 Synthesis of {1-[(2-Methyl-butylamine}-methyl]|-cyclohexyl}-acetic

acid; hydrochloride salt :

HCF

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 PO,
(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



- WD 01/42191 PCTI US00130769 -61 Ms: 226 (Ml for CL3H23N1Q2); 176-177 C;
Anal ysis (C13H23N,02.HCl) (Cal.) G 59.64, H 924, N 5?%5’53’%435(1 C
59.88, H 9.18, N 5.19. "H NWR (CD3OD) 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
EXAMPLE 21VQA4V483% 5(3- (1- (1 sopropy! am no- met hyl ) - 3, 5- di FETAPPYIE| ohexy! |
acetic acid hydrochloride salt: 10 HC Exanple 21 was synthesized in
accordance with the nmethod of Exanple 9, except acetone was used instead
of propional dehyde (50%vyield). 15 M8~ 242 (M:l for CI4H27NLO,); np 206- 207
G TH VR (CUSORMISIO 253 {10, 43-Trifhuord bty Bflind) by Al e ik m 2
H, 0.99 (d, 61-1, J =6.1 Hz), 1.35 (d, 6H, J = 6.6 Hz), 1.55-1.78 (m
5H), 2.45 (5,hyakachiﬁid%&aﬁﬁvas%}pé)asize’ﬁ- thlacedanked With 40 REANELE I‘&%nﬁﬂm, no

met hyl - 1- eyel ohexane-acetic acid was previously reported in Satzinger et

al. US 40875%ce%ﬁag4-tﬁﬁ3§nbﬁ%§%&§dg%£'tﬁmir]n&@ﬁf By b-meth thutyraldehyde

| -cycl opentane-acetic acid was previously reported in 25 Satzinger et al.
US 4087544, Neyo,die1d?78. 20 January 2005 WO 01/ 42191 PCTI US00130769 -62

- EXAMPLE 24 Sodiumsalt of 1-am nonethyl-I|-cycl opentane-acetic acid was
previougly reported in Satzinger et al. US 4087544, May 2, 1978. EXAMPLE 25
Sodium salt of 1-(hydroxynethyl)cycl ohexane-acetic acid was 5 previously
reported in 34%:28a7ddM+étlordl;; HAIS, ROG0h4116311380C; EXAMALE 26 Synt hesi s of

;allg 2 Vet hyl Uty \BIAIRIc TRSIN) afyE! AN 1 3R5EU 0 @S oMot ori de
7.29, N: 4.19. "H NMR (CD;0D) & 1.40-1.54 (m, 11 H), 1.96-2.04 (m, 2 1), 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:



~acid; hydrochforide

Ha NH O N.CH 10 A solution of (1-am nonethyl-cyclohexyl)_-acetic acid
(Exanple 22, 2.0 g, 11.7 mmol) in EtOH (100 m) was t r &t-&auayid905
2-met hyl - butyral dehyde (4 nL, 35.1 mmol) and Pt02 (0.5 g), and shaken
under at atnosphere of H2 (50 psi) for 2 h. The reaction was filtered, 15
treated W42 HCI / Et 20 (12 ), concentrated in vacubCTE$083¥ed i n hot
i-Pr@-1(10 m), diluted with acetone (600 nL), cooled to 0 C, and
filtered to give 1.58 g (49% of the desired product. MS: 242.1 (Ml for
Cl4H27N102): np 162-163 C, Anal ysi s %€ 4H27NI02. HCl) (Cal.) C 20 60. 52,
H 10.16, N. 5.04 (found) C 60.41, H 10.26, N. 4.95. '"H NWR (CD30D) 6
0.95 (t, 3 H J=7.3 Hz), 1.02 (d, 3 H J=6.6 H), 1.20-1.31 (m | H),
1.42-1.56 (m I 1 H, 1.81-1.89 (m 1 H, 2.63 (dd, 2 H J = 18.3, 16.1
Hz), 2.82 (dd, Iy, J = 12.5, 8.3 Hz), 2.99 (12.5, 6.1 Hz), 3.07 (dd, 2 H,
J = 25.6, 12.9 Hz). 2§ 20 January 2005 WD 01/42191 PCT/ US00/ 30769 -63
EXAMPLE 27 {1- A d- N-HeHuor o- but yl am no) - et hyl ] - cycl ohexyl ) -acetic
salt was synthesized in accordance with the method of
ha 4-trifluorobutyral dehyde was used instead of
de 19%vyield). 5 Ms: 282.1 (Mtl for C13H22N, 02F3); np:
3H22NI 02F3.11C . 0.05H20) (Cal.) C 49.00, H 7.3 1
48.60, H 7.29, N 4.19. "H NWR (CD3OD) S 1.40-1.54 (m

Exanpl e 26, except
2- met hyl but yr al dehy
163-164 C, Analysis
N. 4.40 (found) C

11 H), 1.96-2.04 (m 2 H), 226-2.38 (m 2 H), 2.57 (s, 2H), 3.09-3.13 (m

4 H. 10 EXAMPLE 28 (1-Ethyl am nomethyl -cycl ohexyl)-acetic acid
hydroc %l ori dExa?rﬁJlﬁt Zd_lgas 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).



\NH OH 15 Exanpl e 28 was synthesized in accordance with the nethod of
Exanpl e 26, except that acetal dehyde was used instead 0 January 2005

2- met hyl but yral dehyde (30%yield). 20 Ms: 200.1 (MH for Cl1H21N, 02); np:
160- 166 C, Analysis (C,,H2IN Q2. HC1.) (Cal.) C 56.04, U 9.41, N 5.94
(found) C:WB91/48%1 1 9. 36, N. 5.79. 'H NVR (CD30D) S 1. FLI/USOENTEM 13 H),
2.54-2.56 (m 2 H), 3.06-3.13 (m 4 H. EXAMPLE 29

{1-[ (Cycl opropyl met hyl - am no) - net hyl ]-cycl ohexyl)-acetic acid 20 January
2005 WD 01/42191 PCT/ US00/ 30769 -6%®H CJ O ~T~ OH NH 5 Exanple 29 was
synt hesi zed iy ] had .pf t
cycl opropanecl\gsr%(gggﬁlgg%gjei%v%gl%gzn ing'?gag’ &‘ﬁé gﬁé@ﬁ%%ﬁh@é?%%%ﬂ@ e (62%
yield). M 22831416, dF 5CT RGN COBY.23,/Hb 9107 7N17.88.831 NMRUIGRIGD) 5 1.30-1.32

(C13H23N, 2. HC1 : - 4. H. 9. 24 N, 5. f oynd ., 59,72, H
9.15, N 5. 2% %4“%%4(%%)1%@%@ §°@.P§6‘2'ﬁ"0(“bH‘?’é‘%%(%{-oﬁ%g'éﬁibﬁw ?Tfﬂ 2H) |
1.05-1.30 (M3.57H)61 (In,42H,B. 843 ¢mm,NHQH) . 2.52 (s, 2H), 2.94 (d, 2H J = 7.3
~Hz), 3.10 (s, 2H). EXAMPLE 30 11-[(2-Hydroxy-I-nethyl-ethyl am no)-nethyl]
_-cycl ohexyl }-acetic 15 acid hydrochloride salt: HO O HOH')-- OH 20
Exanpl e 30 was synt hesi zed in accordance with the nmethod of Exanple 26,
except that droxy- 2- propanone was. used i nstea

geﬂvﬁ

el : d of _
2- et hyl but y%ﬁ§ge3 §}]bél|t)ﬂ§Iflmfdngfgﬂb—a}zg}o%%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:



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

164- 165. C; Anal ysis (CL2H23NI CB. HC1) (Cal.) C  54.23, HOnygry Q055 »7
(found) C 54.23, H 9.01. N 5.1 8 "HNW (CD30D) 6 1.30-1.32 (m 3 H),
1.44-1.55 W@byaaifd14), 2.60 (s, 2H), 3.11 (m 2H), 3.28 ehtasendiPee 3- 37
(br., 1H), 3.57-3.61 (m | H, 3.78-3.81 (m 1 H). EXAMPLE 31
(1- (I sobutylam no-net hyl)-cyci ohexyl]-acetic acid hydrochloride salt: 7 HC
0O NH 11~4 OH Exanple 31 was synt hegi-zed i n accordance with the nethod of
Exanpl e 26, exceg%}that cycl opropanecar boxal dehyde was used instead of
2- met hyl but yr al defiyde (35%vyield). Ms: 228 (M+l for CL3H25NLIQ2); np 175-176
C, Analysis leng5NL HGy (Cal.) C 59.19, H 9.93, N 5.51, (found) C
59.28, H 9.98, N 524}"H NWR (CD30D) 6 1.03 (d, 6H, J = 6.9 Hz),
1.37-1.60 (m | O ,\2.40-2.17 (m | H, 2.63 (s, 21-1). 2.87 (d, 2H, J =
7.4 Hz), 3.07 (s, 2DH). EXAMPLE 32 (1-Propyl am nonet hyl -cycl ohexyl ) -acetic
aci d hydrochl ori de $ 20 January 2005 WD 01/42191 PCT/ USOQO 30769 -66

0

"HCJ ,-\NH 0 ~OH Exa 32 was synthesized in accordance with the nmethod of
Exanpl e 26, except ths propi onal dehyde was used instead of
2- met hyl but yr al dehyde.

Example 32 was synthesized in accordance with the method of Example 26, except that

propionaldehyde was used instead of 2-methyibutyraldehyde.

5
MS: 214.1 (M+1 for C2Hz:N,0,); mp: 174-177 °C; Analysis (Ci2H23N,0,.HCI) (Cal.)
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, I 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-
3.29 (m, 2 H).
10
EXAMPLE 33 [I-(Isopropylamino-methyl)-cyclohexyl}-acetic acid hydrochloride
salt:
HCI
/J\ °
NH },OH
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+1 for C1,H23N,0,); mp: 193-194 °C; 'H NMR (CD;0D) & 1.29-1.57 (m,

18 H), 2.59 (s, 2 H), 3.07 (s, 2 H), 3.38-3.42 (m, 1 H).



5 Ms: 214.1 (M+1 for C12H23N102); np: 174-177 C, Anal y5|2§‘1%022H23N102 HC1)
(Cal.) C 57.70, H 9.69, N. 5.61 (found) C 57.55, H puary| "H
'NWVR (CD3OD) d 0.93 (t, I H J =6.3 Hz), 0.99-1.03 (m 4 H, 1.40-1.54 (m
13 M), 1 Wobudflam 2 H), 296 329 (m 2 H. 10 EXAVRE e

11- (I sopropyl am no- net hyl ) -cycl ohexyl )-acetic acid hydroch r| salt: HC
NH O 11'1,~, OH 15 Exanple 33 was synthesi zed i n accordance vmth t he

nmet hod of Exanple 26, except that agetone was used instead of

2-met hyl butyral dehyde. 20 MS: 214.1 (Mrl for Cl2H23N102); np: 193-194 C
"1-1 NVR (CD% . 3. {1- gycl?lpﬁxylamnqxﬂethg]—tggloklgxyl)gacﬂ}c agldo'hy(llgpch@rid)e
3.38-3.42 (m | H). 20 January 2005 WO 01/42191 PCTI USOQJ 30769 -67-
'EXAMPLE 34 (F2Bycl obexyl ani nonet hyl - cycl ohexyl ) -acetic acid hydrochl oride
salt: OHci O NH OH 5 Exanple 34 was synthesized in accordance with the

met hod of Exanple 26, except that 10 cycl ohexanone was used instead of

2- et hyl but yral dehyde (48% yvyield). Ms: 254 (MHl for CIL5H27NECR2); np 198-199
C. Analysis (C1; H27Ni0 HCI) (Cal.) C 62.12, H 9.74, N 4.83 (found) C

162.18, H 9. 84 Hé} 75.'1-1 NVR (CD30D) S 1.20-1.60 (m 16 H), 1.63-1.76
(m 1H, 1.8 2H), 2.13 (br., 2H). 2.60 (m, 2H), 3.09 (m, 3H. 15

NH YOH

)
\\\\

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



EXAMPLE 35 [ 1-(Benzyl am no- nethyl) cycl ohexylj-acetic a | hydrochlorlde
salt: HC!l 20 20 January 2005 WO 01/42191 PCT/ US00/ 30769 <* ésnng§9$?e 35 was
synt hesi zed in accordance with the nmethod of Exanple 26, except that

benzal dehy 8 ”@ﬁgpsed i nstead of 2-methyl butyral dehyde. M. 262.0 (Ml for

'C16H23N102 125-135 C, 'H NVR (CD30D) S 1.38-1.49 (USRI = 5 55
(s, 2 H), 3. 07 (s 2 H, 423 (s, 2 H, 7.43-7.49 (m 5 H). EXAWPLE 36.
((1R, 3R)-3-Met hyl - | -propyl am nomet hyd - cycl ohexyl ) -acetic acid;

hydrochl oride salt 10 NH ((1 R
3R) - 1- Ami nonatEyPledS ves myithesized ishesoyigncawish ihe nerthiod:of Byatnple bb axtapethsal t

(Example 1, Yedon®heh Ay et.hanol (95 n3L) and treated
with I N Nacﬁ a5 QEQVProgﬂm%%? g%%%@hfﬁﬂgaﬁﬁn? ‘was added foll owed by 10%

Pd/C (0.5 g), and 15 the reaction was shaken under an atnosphere of H2 (50

psi) for 15. s fi o (20 L) in ether was

added, and t égs Eéﬁﬁpﬁgﬁ?‘\)&;& 6'%3%{:&%5?%&2%{?'?? C,Jé&%ﬁ'%éﬁéopé@ éﬁré A48, t hen

di ssol ved in 1hoD), 1.5y DERBAT (§,200), 72} (s, biHhi B4Rd40 apd ggoncentrated in
vacuo. The residue was then dissolved in isopropanol (10 mL) 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

conbined to sired product = (0.78 . M5 228.1 (MHl for

Cl 3H25NCR) ; %B‘*ﬁ‘f}?gﬁl% é@ 3‘5}1%111‘%@ mmsumnq%i)cyelehexy)}ac@m B6d10, H
9.93, N 5.31; (found) C 59.27, H 9.97, N 5.07. IR (KBr, cm1): 2929
(br), 25 171h¥drpghigride glanm (cp3oD) S 0. 84- 1. 03 (m 8H) 1.12-1.17 (m I|H)
1.46-1.79 (m 8H), 2.43 (s, 2H), 3.00 (t, 2H, J = 7.8 Hz) 3.22 (s, 2H). 20
January 2005 0%&&2191

NH
o
OH

10 T

((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).



-69 PCT/ US00/ 30769 EXAMPLE 37.
{1- (Cycl opcnt yl met hyl - ani no) - et hyl ] - cycl ohexyl ) - acet i ¢ 28dPRa\gechl ori ¢
salt 5 NH (1-Am nonet hyl -cycl ohexyl)-acetic acid (3.0 17.5 mml) was

di ssolved_in ethanol (45 nlL). Cycl opentanecarbal dehyde (5 ni, 3 eq) was
added and™HBMt&4ction was treated with PtO2 (0-25 g).chI‘Vn'éS”l’_’@‘ﬁ@’ti on was

t hen shaken under an atnosphere of H2 (50 psi) for 16.5 h. The reaction
was filtered, INHO (20 L) in eth%g was added, and the reaction 10 was
concentrated in vacuo. The residue Was recrystallized from hot isopropanol
and acet oneEXaMPNVE (e ¢Rfiychpeprybaithil-apdnd2nethy §290lohdiy-a2&it. lacfdyt1l for
CI5H27NQ2); nmp 172-173 C, Analysis (C151-177NQ2.HCI) (Cal.) C  62.16, 11:
9.74, N 4. ShvdroélowicyalC. 61.92, H 9.88, N 4.86. IR (KBr, cm1): 2930,
2854, 15 2509, 1689, 1455, 1211. "H NWR (CD,OD) 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.
{1-J(Cycl ohe met hyl - am no) - met hyl j - cycl ohexyl ', -acetic acid; hydrochloric
salt 20 NH 2 nuary 2005 WD 01/42191 PCT/ US00130769 -70

- (1- Am nonet hyJ - cywtiohexyl ) -acetic acid (3.0 g, 17.5 mmvol) was dissolved in
et hanol (45 . Cycl ohexanecar bal dehyde (5 nL, 3 eq) were added and the
reaction was treateg¢y with Pt02 (0.25 g). The reaction was then shaken
~under an atnosphér¢ of H2 (50 psi) for 5 16.5 h. The reaction was filtered,
IN HO (20 nL etther was added, and the reaction was concentrated in
vacuo. The residue was recrystallized from hot isopropanol and ether to
gi ve t?e desired product (3.57 g, 67%. M. 268.1 (M+l for CL6H2INOR); np
167.5-168 C, Analysis (C 6H79N02. HC1) (Cal.) C

{(1-Aminomethyl-cyclohexyl)-acetic acid (3.0 g, 17.5 mmol) was dissolved in ethanol (45

mL). Cyclopentanecarbaldehyde (5 mL, 3 eq) was added and the reaction was treated

with PtO; (0.25 g). The reaction was then shaken under an atmosphere of H; (50 psi) for

16.5 h. The reaction was filtered, IN HCI (20 mL) in ether was added, 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



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 (CD3CD) 8 1.03 (mzor'aPHafy?U%-l.SS
(m 20I-1), 2.63 (s, 2H), 2.88 (d, 2H, J =6.8 Hz), 3.07 (s, 2H). EXAI\/PLE
39: I -(tert But oxycar bonyl am no- net hyl ) - cycl ohexyl | -acetic acid; O
H-CozH Na. W@ &M homet hyl - cycl ohexyl ) -acetic acid (10. OP§T’U§%"31176?1110I) 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 1409(I 1 eq) of

di -tert-butyldi carbonate were added %t ti onwise with vi gorous stirring.

The reaction was allowed to warmto roomtenperature and stir overnight.

The THP was en eva rate nd the eo | ayer ed wth ethyl
acetate (3x50 gﬂmor’?‘ﬁ 'Céﬁfﬂg‘?ﬁis aF%IS‘?é‘F‘ E—f EIF‘P%Ii)dN“\‘VM\%l‘ gpﬁﬁgpﬁi‘a’&%ﬁ“ ¥) and
foam was obsefvedyclohadbakinldeie (5 SR w@merr@ma@m thé telctrnWk t8at@Pt . The

m xture was stirred for 2h while of KH2PO4 (1 25 g) was added sIovay over
time. The pr&gidit Saﬁoezsvﬁsn“? Tepetioadas fhen ghrkenurdsess Smesphgieoé 2 {9 psif@n d t he

~desiredsproduyels { e 2eadtior@W fikeR, ﬂﬁm?ﬁ aY eth\é‘QNqudﬁgdl%Ad RETdMRF0/ 30769
-71 MB: 272.1 (Mt1l for Cl4H25NO4) dJ)j Anal ysi s (C, 4H25NO4)

(Cal.) C 59¥%% coqqentgategign VAgUO4 T#Bres@pﬁwwcr@talgg e hag Imropwol amB7. IR

(KBr, cm <2983 0 , 1666, 1531, 1248; 'H NMR (CDCI 3) 5
(1 2r7 1C58)(m%ﬂ1%§[ﬁ)gmgﬂ62% gg@% é&&b 4 @?z;(d 2H, J = 6.8 Hz), 4.(97 (bi. 1

H) . EXAMPLE 40: ]1-(Acetylam no rret hyI) cycl ohexyl ]-acetic acid 0 A CO2H \/

10 ( %OAEnZ NOMRESSbs S PRSP OLREH! I 18759 66 e Pahtyshhcl IR Indidefl) asol ved

10 63.24, H: 9.95, N: 4.61; (found) C: 63.14, H: 10.01, N: 4.45. IR (KBr, cm™'): 2926, 2851,
1718, 1684. '"H NMR (CD;0D) & 1.03 (m, 1H), 1.20-1.85 (m, 20H), 2.63 (s, 2H). 2.88 (d,
2H, J = 6.8 Hz), 3.07 (s, 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%).



m.), then NaCH (3.1 g, 77.5 mmmol, 6.6 eq) and acetic an dJride ’(Z%grrL
-19.3 mol, 1.7 eq) were added. The reaction was al | oned t*G"43¥ 8% room
tenperature for 2 days. IN HC (125 nlL) was added and the reaction

extracted \ QAc (125 nL). The organic |ayer was separated, dried over
Na2S04, an%ybt:oc{ﬁzgélntrat ed in vacuo. The residue was 15 difSIBSOER®n 0o (100
rL), treated with NaOHH (0.12 g), and concentrated in vacuo. The sanple
was then flash chromat ographed mth_§%NbO-I/ CH2Cl 2 to give the desired
product (0.31 g, 12 %9. MS: 214.1 (I\/Hrﬁ C'H, 9, NOL); np: 107-108C, Analysis
(C'H 9NQz) (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, d,; IR (KBr,

cm ') - 3286, 31¥S; 2832 (MR4 40 T LA, NEYH, ik 181 1%L Bled R Qhaly'sil (UNRAT\%%CAL)&::L 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). EXAVPLE%32, H: 03R, N: 4.76; (found) C: 59.51, H: 9.03, N: 4.87. IR (KBr, em’): 3413, 3054,

5S) - 1- Cycl obut yl am nonet hyl - 3, 5-di met hyl - cycl oheryl)-acetic 25 acid; |
hydrochl ori dexsgaliy) 2009 aBsR Y312 . )/ 1 6 HCI
((3R 5S) -1 - Am nongthyl -3?“%‘.15?’ne@?‘%|‘5‘?§‘?‘%ﬁ%§5§§5’%&??%2%9%%%&; ori de
salt (04576 420l L$solyed in ethanol (45 nL) and treated with
| N NaO—|5(3. 29’;&{2)3@,25 ’Q/C%%ﬁ%f’g%gzgr’, m., 6 eq) was added followed by PtQ2
(0.2 g). The reaction was shaken under an atnosphere of 1-12 (50 psi) for
16 h. The reaction was then filtered, | N HC in ether (35 nL) was added,

and the reacty Ri.rated in vacuo. The residue was dissolved in
hot isopropan%}?gwﬁgs %;ﬁgﬁgﬂflf’ﬁ ne°r"é‘§%”$h%ﬁ'°%"é’f'('ﬂ‘fgt"(‘1 nL) and et her
(600 nL) that had been cooled to O C were added to the solution. The
solution 10 wag allowed to sit at O Cfor 2 h at which tinme crystals were
observed. The c pbﬂ sCOugre collected and washed with ether and acetone
(0.38 g, 41 %9 . 'VB 54.1 (Mtl for CI15H27NO2); np 200-201 C Analysis
(CES5HZ7N®2. HC1) (Cab) C  62.16, H 9.74, N 4.83; (found) C. 62.09, H
9.72, N 4.68. 1R (KBr, cm'): 2926, 1720, 15 1189. 'H NMR (CD3OD) 5

0.48-0.57 (m | H, 0.85-0.92 (m 8H, 1.60-1.73 (m 5H),
10 (1-Aminomethyl-cyclohexyl)-acetic acid (2.0 g, 11.7 mmol) was dissolved in H,O {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



1.78-1.93 (m 2H), 2.22-2.38 (m 4H), 2.42 (s, 2H), 3.11 (s, 2H), 3.72-3.78
(m | H). EXAWPLE 42: {(3R 5S)-3,5-Dim 2°Ja“”3fVH£°05

- ethyl-1-J(2-methyl -butyl am no)-nmethyl] - cycl ohexyl}-acetic acid;

hydr ochl or%ggllﬁlt 20 CO2H HCA ((3R .

5S) - 1- Ani nonet hyl - 3, 5- di met hyl - cycl ohexyl ) - aceti ¢ aci d; ThyGPEEHEPi de salt
(1.0 g, 4.4 mol) was dissolved in ethanol (47 nL) and treated with IN
NaCOH (4.4 mL). Isobutyraldehyde (I _gh, 3 eq) was added followed by P1Q2
(0.17 g). Reaction was 25 shaken under an atnosphere of H, (50 psi) for 3
h. The reacti was then filtered, IN HC (10 nlL) in ether was added, and
the reaction wasygoncentrated in vacuo. The 20 January 2005 WO 01/42191
PCf USOQ 30769 - 73- resj.dudi®tas di ssol ved in hot isopropanol (100 nlL) and
filtered. Then it-”fig oncentrated in vacuo and recrystallized from

acet one and hex crystals were collected and washed with hexane to
yield the desi#e reduct (0.89 g, 75%. 5 Ms: 270.1 (Mtl for O 6H31LNDR);
np 171-173 C, Analysis (C16H31NO2. HCl) (Cal.) C  62.82,1-1: 10.54, N

- 4.58; (found) C 62.59, H 10.43, N 4.52. IR (KBr, cm1): 2964 (br),

gii) 1, 11182,3 1186 ,5584@imih¢mmﬂ-3(émaﬁ$)ﬂ-Gydbhg)%*ipac?ﬂ’cs édilﬂf hgl}-ﬁ)ch&idlg ilrah]{{)@% (5 (r)n (

: .23-1, . : -1, m .83-1. m , 2. S,
oH), 2.83 ( d(]% %1E "&I,r'l}’lﬁ ""%Skglﬁf’%",eﬁ i’é‘?‘é“ﬁé‘)“,g "SL.)GEQ frerted wirg 1N Nﬂgél. 3.2 {P@_. 5 Hz),
28)135. 3i ?-g I(—i;ndCﬁHbutlameFXMh I! 55?1)4‘?63 a_ﬁﬂéﬂﬁoflmrerc]l bl)f]Pt%z (g-2 g). The reaction was

-1- - xy-1:me - no) - ne -3,5- |
di met hyl - cyclsé%‘eeﬁ;‘/’f"ief Ay "éﬁ’&ﬁy ‘li’;%ﬂ]ﬁ%%%)cfﬂ'f lﬁlli'd@egaﬂmwwwﬁl filgred 3N( (3R,
SS) - | - Ami nomeHtyh etBer3 8B WAy hdded Gh@ ARV oG &L doficedthda i WdhPCohRr | de sal t

(1.0 g, 4.3 anl) S gi soLved in ethanol (45 nmL) and treated with IN
NaCH (4.3 nL)SIqueVapgigioosed 1 Popsarropas 6150 mlpand Sitergy. Vikes aselde(190mLowed by

P102 (0.15 ghnd BR&GEOORAL YRS had been cooled to 0 °C were added to the solution. The 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

%H E ~"‘\\C02H

HCI
20 T
((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



shaken under an atnosphere of 112 (50 psi) for 82 h. % S g@ﬂi
1- Hydr oxy- propan- 2-one was added (I nlL), and the react i en under
an H2 at nosphere for 20 another 24h. The reaction was then filtered, |IN HCl
in ether (35 rrL; was added, and the reaction was concentrated in vacuo.
The resi dué"%@ ¥l ssolved in hot isopropanol (150 i) aPEE/¥SOPAMs%d. 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, 1.047Amol, 24% 25 MS: 258.1 (Ml for

Cl14H27NO3 silldSw. ve 0 and-ilter gLt Was conden
560 N Zl 7r77}2: gifﬁ%u%sg(?ssgl g\gﬂkd%bﬂ 5&%@8@%@ lllﬂ'l)c écp?ﬂ:r)t@ ﬁ% %§t§%49

2897, 1704, napeuo apdgecrystaliiaqiorcrgion) ang hexapg- ﬁhesmm th)coH@te@zan@ 90 (m

8H), 1.25-1.32, (30769 -74- (m 4
e 15 (m%5%1)%@?“ﬂa}ﬁeaﬁ}gédm‘ﬁg’{eﬂ?’é"%%@ég N ) 3.38((m T)H),
3.58 (dd, |.H J =12.0, 7.1 Hz), 3.791 dd, 111, J = 12.0, 4.2 Hz) EXAVPLE

44: 3 5S l am.n

Sycl ohenyl ) - RS .2*;9 { s B PSS ShO 20 08) SRR 8 R g O .

5S) - 1- Am nomethsa, }Bmsaum%lytfembomm;m {a@:QtNGESQCIIH(KBythPQb&ng@? ﬁa:t
1.0 , 4.3 | 47 I met
hoetal (3.7 M goT shond R BBl s ¢ S ) o QT B e i th bt co
(0.17 g). Thel.2BRQY (AN NRS4S hlenz (nﬁfsﬂkqmmn@fe(m qm)aﬁﬁm@mﬁffsﬂdd%(ﬁﬂ psi)
for 3 h. The rea ti was filtered HCL in  ether m.) was added, and
the reaction %was éd%@e%?qgi@eb‘*w I Q/&d&é Hznbl 3349 ﬁme‘l}ﬂas di ssol ved in hot

i sopropanol (100 nL) and filtered. Then, the filtrate was concentrated,

and the resi due was recg%stal lized from acetone and hexanes to gi ve t he
desired prodde¥A g.{GR  oFS)-ME2-Haioxy-{-methylsthybosingomebyll-3fp 125 C

(dee); Analysis C15H2 NO4. HCI ) (Cal ) C
dimethyl- cyclohexyl} acetic acid; hydroch]onde salt

HO\/< HC!

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



55.63, H 9.34, N 4.32; (found) C 55.29, H 9.48. N éﬁ) | R %)Kg
cm1): 2949, 1715, 1457, 1191, 1134, 1077. 'H NWVR (CD3 Jaguzyy 2909 56 (m
1H), 0.81-0.90 (m 8H), 201591.71(m 5H), 2.46 (s, 2H), 3.18 (d, 2H,
1 51Hz 3.26-3. 29 2 3.45-3. 47 6H), 4.73 (t, I H J =5.1
h/ﬁ%ﬁoﬂf}l9l{(3R (5g) 1[4) (m 6H PCT/US00/30769
[(Cycl opent yl met hyl - am no) - net hyl ] - 3, 5-di net hyl - cycl ohexyl }-acetic aci d;
hydrochl ori de salt HCO2H 25 HCl ((3R
5S) - | - Ami normet hyl - 3, 5-di met hyl - cycl olﬁdexyl )-acetic acid; hydrochloride salt
(1.0 g, 4.1 @i, 1V@51¢3@§gmegd47l 51 hapolq, $8 Sy At) }&P@ 3@(&%1@%%&&& I'N
NaCH (4.2 nl). 20 Janua‘rﬁ 2191 PCTI USOO 30769
oycl opent anedak-Bal dehyd 7()=13?‘ﬁ111 ”%Jerq‘)z%ﬁé{zédded fol l ovved by Pt 02 (0.2
g). Reaction was shaken under an atnosphere of H2 (50 psi) for 12 h. The
reaction was then filtered, INHC in ether (35 nL) were added, and the
reaction was FOMMEPIE 44: dBR, 55)-1- K2 D imesoxy wthydamingmethyl Sof-diaetthyl- hot

i sopropanol (c}éghmfy)} _A0fe Lk tlﬁrrd?&hloIﬂﬁ@afthe 5 solution was concentrated in

vacua and recfystallized from hot |sopropanol, acetone, and ether. The
crystals were/@ ect ed and washed with ether and acetone. (0-40 g, 27%

MB 282.1 (Ml %1% rrp 187- 188 C, Anal ysis (CE7H31NO2. HCl)

(Cal.) C 64.23, Hféil (found) C 64.11, H 10.04, N 4.34.
1R (KBr, cm1): 2952, 1720, 1452, 1185. 'H NMR (CD3OD) S 0.48-0.57 (m
1H), 0.81-0.90 (m BH), 1725-1.32 (m 2H) 1.60-1.71 (m 911), 1.89-1.93
(m 2H), 2.25-2.29 (m IH), 2.49 (s, 2H), 3.0] (d, 2H J = 7.6 Hz), 3.20

2
(52) -1 !_?(Q/cl gﬁlg‘%ﬁ) fx%l?d?'éertrl?yrp P ey isreloheokasaioarid hydoorids sk (Y - acetii c
aci d; hydrochl 8 Iﬂdm)l}?‘ahstdlmd-hnfdﬁianél((@ﬂmlﬂs&}yoka]-iélmhﬁﬂﬂiﬁt deydal (3.7 mL, 3.0

-3, 5- dMT‘B thyl eq) v¥ e(f( e)(md]tl}e reac Brlx \%asa t?eaged wi Yhdﬁlgc i’ﬂ P?rg:r,)dq“hg 1§éact:t:0 wag 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).



g, 4.2 mmol) was dissolved in ethanol (45 m_) and treateg Wi th N NaOH (4.3
m.). 20 Cycl ohexanecar bal dehyde (1.5 nL, 3 eq) were add€d JEBYIB R by Pt 02
(0.15 g). Reaction was shaken under an atnosphere of H2 (50 psi) for 17 h.
The reaction was then filtered, INHC in ether (35 nL) was added, and the
reacti on WwAeouy#iglentrated in vacuo. The residue was di FsolUseaorsd hot

i sopropanol (150 nm.) and filtered. Then the solution was concentrated in
vacuo and recrystallized from hot isopropanol, acetone. and et her. 25 The
crystals were coll ected and vvashed with et her and acetone. (.0.46 g, 34%
20 January 20Q§.

C, 8H33NCR) : np-176- i%’%’ga?:@a}‘%%y y3| ?? gl%ﬁé’%%@ﬂgﬁcﬂpwe&ﬁ?%‘g@%ég 13 H

10. 32, N 4. 2Reaqtiopiwag ha@ﬂ Byles M atiHosphere 36H2 (\3‘0 p41)tﬂ£9 12 hRTh&Bmctiomnias the2919,

o). 100 ﬂ“g‘”f 19“%13)01*74 (B e e b fhfloaigpdemsilad iy %2

= 6.8 Hz), 3. Y&upsThetpiduSwEAPIVEd ot (S()ﬁEpaﬂBH)]S{lmI Qyied fiteeady [ Tacitiie 0 in

et hyl - 3,5-di cycl o acet.i c id;, .hydrochloride salt HZ{ 10
R a1 ARSI R T Nk PR sl o Dl e Sl sifar G or 1 e
salt (0.99 ggthdr thmmst)alsmme dilissted weivishedohtiaethdr agd Beetding. ( ang glTRgted W th
- IN NaCH (4.2 nm.). Cyclohexanone (1.5 nL. 3 eq) was added foI | owed by P102

(0.2 g). Reaction was shaken under an at nosphere of H2 (50 psi) for 17 h.

The reaction weas28hevii rdr@. 1N(DJ)F e 87-188 & Im%iyééﬁc t)in]Nmﬂcmé% C: a”d the
reacti on was concentrated in cuo. The residue was di ssol ved in

i sopropanol (458%m: P Tank 441 ffSP@HC $hdh H:HE. OéoTNtﬂ ?AOHR\KE&@@hde?(%Z at ed in
vacua rec t i Lf I t e
cryst a?lsrmdwer e[m ﬁﬁezct?%g gnlgmvi%% ngtoﬁfgg(? er a ogggg% 9@@9 8?%“?? t 5|}125%

MS: 282.1 (MHIM.f26h |GO7IHBINOEN). 19- RAD(NC;ZHAR Y22 % (. CHIHBANGSR2IHCB P (Cal . ) C

64.23, 20 H I;Q,..’I.% s sfsfound) C 63.89, H 9.98, N 4.33. IR (KBr,
2 6 H, 3
cm1):2921, 1697, 14%) ?éﬂé 2I_l()H NVR (CD3CD) S 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, .1 = 12.9 Hz),
1.86 (d, 2H, .1 = 12.5 Hz) 2.13 (d, 2H, J =

EXAMPLE 46: ({(3R, 58)-1-|(Cyclohexylmethyl-amino)-methyl}-3,5-dimethyl-
15 cyclohexyl}-acetic acid; hydrochloride salt

HCl

O/\ ki 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%)




10.3 Hz), 2.46 (s, 2H), 3.04-3.10 (mI| H), 3.21 (s, 2H). 20 Januargl 2005 WO
01/ 42191 PCT/ US00/ 30769 -77- EXAMPLE 48: 20 January 200
((3R,59)-1-Carboxynet hyl - 3, 5-di net hyl--cycl ohexyl)-acetic acid 48a Exam pi e
48 Step i sis of

(8R 1 OS)-?,V%?Uﬁrret hyl -2, 4- di oxo- 3- aza-spirol 5. 51undecar¥gT.aLJS°%3mﬁg
dicarbonitrile; amoniumsalt (48a): A solution of absolute ethanol (40
m,) was cooled to O C and saturatedi_.th NH3 gas, then treated with

ci s-3.5-di mst%- écl ohexanone (5.0 g. 39.62 mvol) and ethyl cyanoacetate
(8.43 m, 79 |(M+1fWeCmHtsélﬂa) wWegs 1 &t BIT€L éabalysib (OMBEGNO,. HEEY (@al.pCr oom
terrperature and stirred overnight. The precipitate was filtered, rinsed
With Et20 and63id.dé ideiN: vaou (foutd) @i 646896 HO40.96,(189999.0fIR (KBrtdﬁe')d@ﬁgred
product as a pale solid. Ms: 260.1 (M1l for Cl41-117N302); Analysis

(Cl4H 7N30- . Ne&101.788 lHulﬂI))llQ;CétHNME:(cbyoﬁﬁg 0,43ﬂo_578§111; gl_%gh(mgﬁlqpﬁl@b C.
57.67, H 7.45, N 19.06; 1R (KBr, cm') 3298, 2 2172 0, 1575.
NVR (CDClS) $1.086 ¢b-1)p06d-M71 mH)LH 038@ Loy , (m 3
15 H), 3.58(dd, 2I-1, J)— 13. 9, l( ) %2}1) ?fggm Zﬁf%eg)gsHéfﬁgé ﬂ%e 48:

(8S, 10RW)-8, 10-Di met hyl -2, 4- d| oxo 3 aza-

spi ro(5. 5) undecane- |, 5-di carbonltrl]e (48a, 25.36 g, 97.8 mml) was treated
w th concent]mthl-ﬂ £R,

heated to 150 C for 2?9151( ( ;O%Qghcgﬁlm‘gﬁ%gg%%ﬁﬁ %h?%eowt‘é?r%g%ﬁ%ﬁﬁand
stir overni ghfcid; hardcBRGideQ¢Was filtered and the solid was collected and
dissolved in 1 N NaOH This solution was filtered, then the filtrate was
acidified wt oncentrated HCl (40 nmL). The precipitate was collected and
dri ed overni g@nder hi gh vacuum The conmpound was then dissolved in hot
i sopr opanol ﬂL and recr{i'gi allized fromwater yielding the desired 25
product (13. 21 g, H CRH January 2005 WD 01/42191

o .,‘,/

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).



PCTI USOQ 30769 -78- Ms: 229.1 (M#-1 for C]2H2(04); Analysis (CL2H2004)

(Cal.) C 63.14, H 8.83; (found) C. 63.36, H 8.92. |ﬁ¥(’R‘E§H’V%‘?Q§- 1) :
2950, 2913, 1698. 'H NMR (CD30D) 5 0.40-0.48 (m 111), 0.77-0.85 (m 8H)
1.57-1.77 (‘;3015%1%12.41 (s, 211), 2.56 (s, 2H). 5 EXAMPLE 49: trans-((3R
5S) - 1- Hydr oxynet hyl - 3, 5- di et hyl - cycl ohexyl -aceti c aci dpCriysboswbd ori de
salt H2G-~, --CO2H |, H Exanple 48 49a Ill, iV 49b | V Exanple 49 49c
Step i & ii: Synthesis of

(cis/trans)-(7S,9R) -7, 9- D net hyl - 2-6)25-“spi ro[ 4. 5] decan-3- 10 one (49a):

i). The di - aEXAMPISE 48: @R,§S)-2Cafooivmbthy L8S. 1 inH20.(93,m),
'Ereat ed with ammoni um hydrox)i de (3d.igﬁrrL éﬁﬁg?@gggﬁ%ht%é Eécgtlé‘fw}g g, 27.9

mml ), and stirred for 20 mnutes at roomtenpgjpture. The reaction was
Ty t hoH20, then dried under

1 g 15 of the silver

vacuumin the dar® for two dayg at [50 C to°g

di-salt, which carried op-+ned a{ely. i he silver di-salt (1.24
g, 2.81 mol) l-aeed i bersj asky ed with CC14 (50 nm.) and
iodine (0.72 g.- 1 mol), a___at eghto 75 verni ght. The reaction was
filtered, concenttatéd in vacuo-"and chronmat ographed on silica gel eluting

with 4:1 hexanes/ Et OAc to give 04837 0 (729g,Qfhol¥g desired product as a
pale oil (49a). 20 January 2005 WD 01/42191 PCT/USoa 30769 - 79

Step i: Synthesis of (SR,I08)—8,10-Dimethyl—Z,d-dioxo-3-aza-spir0[5.5]undccane—],5-
5 dicarbonitrile; ammonium salt (48a): A solution of absolute ethanol (40 inL) was
cooled to 0 °C and saturated with NHj gas, then treated with cis-3.5-dimethyl-
cyclohexanone (5.0 g, 39.62 mmol) and ethyl cyanoacetate (8.43 mL, 79.24 mmol). The
flask was stoppered, allowed to warm to room temperature, and stirred overnight. The
precipitate was filtered, rinsed with Et;O and dried under vacuum Lo 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 yielding the desired
25 product (13.21 g, 59%). |



MS: 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 dﬂ"uﬂ?§0517oo
1575, 1450, 1337. 'H NWR (CDClS “1:1 mxture of cis/trans di ast ereoners)
S 0.49-0.5 11). 0.82-1.02 5 (m 10 H), 1.42-1.53 1.58-1.72
(m 3 H)), gv?ﬁf)dn(‘%l%ll H, for one isoner). 2.39 (s, | H, féﬁq"fwg’k%% i somer
2), 3.96 (s, 1 H for one isoner), 4.10 (s, | H for the ather |sorrer).
Step iii: Synthesis of

(cis/trans)- N—Bensré/l-Z ((3R SS)-I-hyc?roxyrret hyl - 3, 5-di net hyl - 10

cyel ohexyl ) - ad&¥:3aP-déMra o %ﬂ&f%c&nalﬁqu&br@mﬁ( 19a63. 101, B5393: (ﬁm@@) ol )

was di ssol vedg ) mne (0.61 6

nmol ). and hea%ggfw'lt%oh}g qkhf ??\%géj&%%%ugﬁﬂé\é%ﬁw[@&o%@%ﬁn{o room

t enperat ure, dH),GtED.8 b SHEHG)M 77was b tshagab et efy sodi um bi car bonat e

solution and brine, dried over Na2SO»4, and concentr at ed in vacuo. The

resi due was chromat ographed on silica gel eluting wwth 15 1:1 hexane/ Et OAc

to give sired product as a clear oil (mxture of <cis

‘and trans |sow@l§gg ’ﬁ‘ﬂ“i SS}VBPPM@‘YI"‘*GM‘J? Fdimedndectoy@ghacetin oi | ;
xane/ Et CAc); Analysis (C KH27N102) (Cal.) C

TLC. SIi®2, R, []\]PdEZ ioh
74.70, H 9.4 ydyoch '"("o‘ﬂhd) C 74.41, H 9.35, N 20 4.57. Step iv:
Separ ati on of 49b and 49c: The mi xture of cis- and trans-isoners (49b and

49c) was separated by preparative HPLC (C 18 coI u ing with a i ent
of 60% CH3CN / 40% H20O for 5 mau ﬁ%% I-@Omor

m nutes, all 25 m)blle phases t t rans- t r OBy~ RT
= 23. 600 min,H NGYTEP ' H N -0.62 (m 3w, 0.82 (d, 6
H J 673 Hz), 1.70 (m 5 : 258(br , 3.60

(s, 2FI) 4.43 iJii = 5, H, 7.26- 4m 5 1-1).

30 20 January 2005,V\D 01/ 42191 PCT/ USQ(c) 130769 80 The &is-isomer (49c):

RT = 25.828 nin yi el d. 'HNI\/R(CDClS)6047056(mI H, 0.65
(t, 2 H J _13’55”‘?%3% 0.85 (d, 6%, J = 6.3 #80), 1.47-1.68 (8 5 H), 2.38
(s, 2 H, l
v
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,Q, 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 0.37g
(72%) of the desired product as a pale oil {(49a),



2.58 (br, I H, 3.40 (s, 2 H, 4.45 (d, 2 H J =5.9 Hzé 6. 03% I H),
7.28-7.36 (m 5 H). 5 Step v: The synthesis of Exanple @ Q%s i soner
of N-Benzyl -2-(1- hydroxynet hyl -cycl ohexyl)-acetam de (49b, 87 ng, 0.303
mrol ) was fromHPLC, dissolved in 5 nL of water, and tr ed with 24
ng of NaCH. glrgieactl on was heated to reflux for 3 d. %ﬁ%"?’?ﬂa}\sﬁas cool ed
to roomtenperature, diluted wwth I N NaOH and extracted with EtOAc. The
aqueous | ayer was acidified with coneg HO (5 nL), and then 10 diluted with
I N HCl, and the product was extracted with Et OAc. The organic | ayer was
washed with brine and dried over Na2SO4. The sol ution was concentrated to

yield 23 ny d, prod . ( : s ]| ), ' H
NMVR ( CD30D) 8“@"15%@ gﬁ\g7 ?"%d%ﬁ;hdp gsyé’#&bﬁ"‘?%’ Og%mé%‘]) ‘51(:’7269 Iﬁgé‘?m 2H)
1.68-1.70 (m (famn)d)czmm (Hs 9.62HR (K&rldm™ )5329:7251)954 Emyﬁ’mﬁ 5975 C459; (ﬁ'ﬁﬂ,ﬂ

calt HO O GO TONCREH i1 TRbRLY G e dBstEgRemI g f40.0.59 (m, 115, 0321 63 °°

- hydr oxyanet hy{ mqmi)ohezcyls)s ﬂﬁczammsqtel 1A 3 1872585, 1 8, %Q%néfﬁ%ér) s '\(la%ken
“from HPLC, di sgfved in 5 of water, and treated wt (OH. The
reacti on was Hg ofhsT ‘rS%‘PFrL%? 3% (sal H, for preriseres): édoﬂ%lr}bémtb'e@tb@r ature,
diluted with fsofeNaOH, and extracted with Et OAc_ The aqueous |ayer was
acidified with 20" January 2005 WO 01/42191 PCT/ USOQ 30769 - 81-
concentrated HC1 (5 nlL), and then diluted with I N HCl, and the product was
extracted wth EtOAc. The organic |ayer was washed with brine and dried
over Na2SO4. Steeiii: Sypthesipnf wisdranshddBanzeit22d3RS5S)H by droagmethyl-7.5-dnedfl-t he

desi duGlelo . X Ch3oD) 6
Oezygdggr? Lk%} hﬁxdc}ﬁa e&%déﬂ?m B% F@E)%h%%?%é@&?@ 852%4%%3 T/a%)g Cm 3H),
2.37 (s, 211)d1559 nglm('%HF PIRymL )ExeE A tHBtenzyldmiDe (9.61 mL., 5.60 mmol), and heated

~ethyl ani nomet Byl g 6! @B B tatish AF Bolc¥ oSG Rld 98 e Silufed i O2H HC

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



10 (1- Am nonet hyl -cycl ohexyl )-acetic acid (0.51 g, 3.0 npol g di ssol ved
in ethanol, and formal dehyde (3 nL, 2 eq) was added. 16% §q56 g) was
added and the reaction was shaken at room tenperature under a hydrogen

at nosphere of 760 Torr for 12 h. Then the reaction was treated with HCL
until the Wwelouge91about 2, and it was recrystallized freoras®izone and et her
to give 1.62 g (87% of the desired product. 15 Ms: 200.1 (M1l for

Cl, HRENQ2) ; np: 140-142C, Analysis (Cl1H 71N02.HC1l) (Cal.) C 54.99, H
9.44 N 5.83; (found) C. 54.90, H &®B6, N 6.22. "HNW (CD,0D) S 1.42-

1.59 (m 10H) MPLE
52: (1-Butyl z;l?nk}l'3 r%ldrﬁsa ré]er 492% ohex%g)mlgcwgylzi@izg{ ﬁMf%’?ﬁegg%FXA
I(—Ig:l A20 JaHUﬂ.rH/) 2695 2M\Q:€)13]§ AHEND. S@QH'IQECTG@@H&QI%}BZ 68 (m, SH) 2.38 (sdz H), ved

m nomnet e ceti i ssol ve
i n et hanol ;m ﬂpeﬁ %H?é“(si@%aﬁ é9§})z) é%d ('EfuﬂWa] %%?19@@“(513)44 g, 3
eq) were added The reacti on was pl aced under 760 Torr of hydrogen at room
tenperature until the reaction was conplete. It was then filtered,

Cacidifigd, asgpcencenid ajmtesis e Fasheeonasti dhssalued dan'B%QEmEt@HO'
filtered, and recrystallized fromacetone and ether to yield the final

d VE: X le ex m 0
P StosND. e o Mteyclliextl e Lion e S0l o) Soal Fompirpe.

9.86, N. 5. 0gjssolel i amd tida j a wasthe 24
o Y e 1572 l%ﬁ Ngf%ﬁm. ) and 12 tgg,u&thm%ﬂgo%'ﬂlgh 'ThZ: %@ P_élg%%giloog ((m

2H) . EXAVPLE, S8 fhls 42, Al a o
acld 15 hydosnto %]deﬁ]sg Wﬁﬂ@*dqf’b&cﬂ%@ﬂg@ éd}Etci?Mleh £8Y ARk aapet i c

extracted with EtOAc. The agueous layer was acidified with conc. HCl (5 mL), and then
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,, i\cozH
“,-" ";,’,

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



(1- Am nonet hyl - cycl ohexyl )-acetic acid (2.0 g, 11.7 rrrmlz) was di ssolved in
ethanol (100 mL). dyoxal 1,1-dinethyl acetal (3.7 ni, 28 J8Gy2%EP® added
and the reaction was 20 treated with Pt02 (0.5 g). The reaction was then
shaken un t mosphere of H2 (50 psi) for 4 h. The i was
filter ed,dﬁtngﬁcl:INﬁi n ether (15 nL) was added, and the re%cgﬁﬁgdﬁs%% S
concentrated in vacuo. The residue was recrystallized from hot i sopropanol
(25 nL) and acetone (700 nil) to givg;0.44 g (52% of the desired product.
20 January 2005 WO 01/42191 PCT/ USOO} 30769 -83 Ms: 260.1 (Ml for
C13H25NO4) ; ngpnergated a1 (S arlal gnsli then digd-@SNDZIEICA)d (hEptadpctGras ebidackd, H;
8.86, N. 4.74; (found) C 52.84, H 8.94, N 4.67. IR (KBr, cm1): 2926,
1693, 1457, 12681 E1Q87. ThijonvRic(lap8CRy vBistied4it bbie i drdddH)ver RaB®,( Sthe2H) ,
3.13 (s. 2H), 3.17 (d, 2H, J = 4.9 Hz), 3.45 (s, 6H), 4.72 (t, I H J =
5.1 Hz) EXAVRoRBY wag gongenttaddaniyivbivStthy {71ty of b éxyred padadii ¢ aci d;
hydrochloride salt HCOR2H HHCE { | -f
(Benzyl - et hyl - am no) - met hyl ) - cycl ohexyl ; -acetic acid; hydrochloride salt
10 (Exanple 55, 4.1 g, 13.2 mml) was dissolved in 95% et hanol (250 ni).
10% Pd/ € (1 gyiswets.laden f@rcd, ihe,)! BasMI0 [CIED)SelR0 satm! PRMotsRIRRY @} ur e
under a hydrogen atnosphere of 760 Torr for 1 h. The reaction was filtered
and concent r a§igd] .42-h80 (m! B¢y, YSbaldoizeshf pamaens ang @ngpether to yield 2.69
g (92% of desired product. 15 M5 186.0 (Mt for Cpf 1HPONCR); np:
158-162C;, Analysis (COH 9NO2.HCl) (Cal.) C 53.09, H 9.13, N 6.19;
(found) C 53.14, H 8.96. N 6.34; "HNWR (CD30D) S 1.42- 1.54 (m | OH),
2.50-2.53 (mExihp1d: 91k Qe (06 . LE, 5!
(11 (Bonzyl oty n s Dot PR T ReRbo il AR RE | e
salt N C(c)2H, GH HCI 20 January 2005

}',” 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 g) 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 CO,H
HCI



WD 01/ 42191 PC [ USOO 30769 -84 [1-(Benzy|anino-nethyl)-éicloheé&k%-acetic
acid; hydrochloride salt (0.49 g, 1.7 mml) was di ssol $&drnuary nol (45
~mL) and treated with IN NaOH (1.8 nL). Fornmal dehyde (1 nL, 5 eq) was added
and the r | was treated with Pt02 (0.2 g). The reaction was 5 then
shaken unggﬁhg%ﬂ%ﬁnnsphere of H2 (50 psi) for 30 h. The PFé é?%%ﬁwmas
filtered, IN HC in ether (10 rnL) was added, and the reaction was
concentrated in vacuo. To give 0.31 ?_(1.14 mol , 67% of the desired
“product. Ms: 274.1 (M1 for C'H,ShKE?; an oil; IR (KBr, cnf"): 3205, 2930,
2261, 1684, 145-Aminoh6thiit@8lohtiRNBiceticcalid Y0.24 @, 396@mbl)onazddissdiied 19 éthatidir1 f or
C'H5NO ); "HNWR (CD,OD) S 1.33-1.63 (m 13H), 2.28 (s, 2H), 3.06 (s, 2H),
4.40 (s. 2H).(100 &1,),7th&AP¢/@ (10%BH).86 gParnd\buB@Rkely@t (1.44 g, 3 eq) were added. The

(1- Am nonet hyl - cycl ohexyl )-acetic acid (2.0 g, 11.7 mmvl) was dissolved in
et hanol  ( 10Geavckipn wRB@higtd aviet 2600Bdy dehfdodeh at Doc@flempastrdaan dandadieg
reaction was treated 20 with 10% Pd/C (0.5 g). The reaction was then shaken
under an at noash&mgplaé. HE whOh@s ifjterel Oficidfifd, ablecontafhic®N TS rdkidht &6Rd, IN
" HCl in ether (20 nL) was added, and the reaction was concentrated in

vacuo. 3Fhe r emdseived WeSoprSsanyIs iattd, 288 rdcrRMINRE [HogPRERAARA 1B s yRINEE tO
give 0.15 g (4.1 %9 of the desired product. 25 Ms: 276.1 (Ml for

CL7H25N2) ; Mpalk®3dk83 C Analysis (CL7H25NCR. HCl) (Cal.) C  64.54, H:
8.46, N 4.43; (found) C 64.54, H 835 N 4.34. IR (KBr, cm):2929, 2855,
2813, 1693, 1455, 1220. 'H NMR (CD30D) S 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), 7.21-734 (m 5H)

yaroch o i o3 et 30 Dasar 3008 Mg G e R TRl BT G ¢
59.19, H: 9.93, N: 5.31; (found) C: 58.85, H: 9.86, N: 5.05. 'H NMR (CD;0D) 8 0.98 (1,

10 3H,J=7.3 Hz), 1.39-1.54 (m, 12H), 1.66-1.72 (m, 2H), 2.57 (s, 2H). 3.01 (t,2H, } = 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.



EXAMPLE 57: 11-[(3-Phenyl -propyl am no)-nethyl ]-cycl ohex§I }-acetic acid,
hydrochl oride salt 5 FIN CO2H HCl (I-Ani nonet hyl - cycl ohéRy#uaaeée?x aci d
(2.00 g, 11.7 mmol) was dissolved in ethanol (100 ni).

3- Phenyl -g{,ﬁg{i%g?l dehyde (4.6 nL. 3 eq) were added and %Egﬁrrsﬁﬂzﬁ%jgon was

treated wit Pd/C (0.5 g). The reaction was then sh er an

at nosphere of H2 10 (50 psi) for 3 h. The reaction was filtered, IN HCL (20
) in ether was added, and the reagtion was concentrated in vacuo. The
residue was recrystallized fromhot i1'sopropanol and ether to give 0.46 g
(1299 of t he Mgs160edMbr ot €4 ;H, M8, );280 128-( M- C;f AfalySb gEILBNGSR), . HOWp (368169 C,
Anal ysis (G 8H27N02. HC1) (Cal.) C 15 66.34, H 8.66, N 4.40; (found) C
66. 48, H. 8. 68,79NH; 4.857 N: 4R4( &Bnnd)omnﬁz).s4,2}9332.94_,’4\854467.1@8@1{3&4&4?: 37, ' H
NVR (CD30D) S 1.38-1.58 (m I1OH), 2.00-2.04 (m 2H), 2.56 (s, H, 2.71

t, 2H J = 663 Hay, B2811&70 283%5( . 2 630 8:
g (3R, 5S5)-1- ngfi(f{jgnetdgyli@??, gi g@n%?%%foé{/%%gﬁgégl(@ z]i(?g?f ?gagc%(ﬁwg% rum

It HO =, 41£, 9« | -i$RI 4.5]d - 3-
aoa, T 04 g e AR A aE T a1 P8 ) “and treat ed with

NaOH (255 g). The reaction was heated to 20 January 2005 WO 01/42191
PCT/ USOQ 30769 -86- reflux (115C) for 4h. The solution was then cooled to

A S e e T e S AT e e L o

acid, and it was extracted with El OAc. which was then concentrated. The

resi due was then epgtallized fromEOH MOH and hexanes to 5 yield
0.75 g (3.75 66%) . Ml

{ I-[(Benzyl-methyl-amino)-methyl}-cyclohexyl} -acetic a.cid; 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



VB: 199.0 (M1 for Cl1H2003); HRMB: (calc) 199.1334 (found) 1991333 (M
for C'H2(c)03); np >250 C. IR (KBr, cm-1): 2953, 291020¢ap4ary290% 1458,
1168, 1012. 10 EXAMPLE 59: ((3R

SS) - 1- Et hyl am nonet hyl - 3, 5- di net hyl - cycl obexyl )-acetic acid; hydrochl oride
Salt H ' QW 15 ((3R BCT/US00I30769
5S) -1 - Am nonet hyl - 3, 5- di net hyl - cycl ohexyl )-acetic acid; hydrochloride salt

(59a, 0.418 g, 1.8 nmol, Corrpound %a was prepared accor di ng to the
literature procedure: Bryans, organic & Medicinal Chem stry Letters,
1997, 7(19), 2481.) was dissol ved in ethanol (45 nL) and treated with IN

{reat ed i t h 892 e Rt e NI Al S A

atmospher e ofwasiist& edds khaddd (453 D) aniRatb @ Fah iTNNAGES (1f§ i 8r@malidhyicts (2 )
in ether was agded a(ﬁﬁ}he reactjon was concentrated in vacua. The
residue was dssS AW & adder Hgiths Eagtion pamBFatedvh MO210.- 28k The FeagiesgvasHexanes

- (100 M3 was tideskeh @nded n ﬁtkﬂoﬁ}ﬂﬁﬁe%f@-f (§b psg foPSh DR (BIEGH Rhd Befed PR
collected to |ve 31 % 0. 14 mol % the desired product. 25 M5

228.1 (Ml f elsti:ars( Nﬂﬁaadfsdﬂﬁ%@ceeacw YRBionceatigd in vageuy Te give 2&302

1685, 1459, (1323 idghyiste AR RANApd) (Cal ) C 56,60, H 9 98 N
5.11; (found) C F77." H NVR (CD3OD) S 0.47-0.56 (m

"1H), 0.78-0.89 (m 8H) 130 136(m 3H) 1.61-1.79 (m 5H), 2.58 (s,

e

hydrochl ori c sa
CD ,OD)'5 1.3371.63 (m, 13H) 228 (s, 2H), 3.06 (s, 2H), 4.40 (s, 2H), 7.21-7.34 (m,

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)




NC NC j (60a) (60b) O Co2El FIN | (60c) (60d) (v) Exanﬁle 60 5 Step IS
Synt hesi s oft-Cyano- (4-ethyl-cycl ohexylidene)-acetic ac? A er

(60a): 4-Ethylcycl ohexanone (13.0 g, 103.0 mmol) was di ssol ved in tol uene
(150 nL), and treated with ammonium acetate (0.79 g, 10.3 mol ), gl aci al
acetic acivo@w4z»91nmi), and ethyl cyanoacetate (11.65 g, pi®@s@/amel ). The
reaction was heated to reflux for 56 h with a Dean-Stark trap; then it was
cool ed room tenperature and washed with H20O 10 (2x | OOrL). The aqueous

| ayer was backwashed with toluene (2% 450rL). The organic |ayers were

conbi ned and dried over Na2SO4, and concentrated in vacuo. The residue was
chromat ographed on silica gel eluting with 5:1 hexanes/ethyl acetate to

give 19.81 ¢ he d rodut as |1 gw oi.l (60a). 15
MB: 222. 1 (|\/++]F;((‘fQ @Lg 1&119{31@? hén "6"'13 mg@@ﬁ-cyr&/ﬁ% gi‘i“‘i Ene/
Et OAC) ; l&’ﬁ?ﬁ lc&c{] 1%It 2931, 2225, 1728, 1602, 1233. 'H NWR (CDC13) S
0.82 (t, , -d}'. , 1.1 1-1.38 (m 7H), 1.39-1.45(m 1H,
1.90-2.09 (m 3H), 2.20-2.28 (n), I H, 2.91-2.98 (m IH),3.75-3.79 (m 1
"H)) 4.15-4.20 (m 2H). 20 Step ii: Synthesis of cis- 1 -Cy a no m

et hyl -4-et hyl -cycl oh ex_anecarbon itri le: (60b): 2-

Cyano- (4- et hyl - cycl 6REXylA eﬁ@)Ha ic acid ethyl ester (60a, 16.57 g,
74.86 Mol ) was /dissol in EtC]—I 100 nL) and added to a suspensi on of
NaCN (3.67 g, 86 mml )>»in EtOH/ H20 (300 nL / 16 nL). The reaction was
heated to refhux overnight, then cooled to roomtenperature and filtered
to renove salt that had precipitated (4.58 g). The filtrate 25 was
concentrated in vacua to yield a clear, highly viscous, yellow oil. The
resi due was (fAashomdindopdagrapbeaticasd $1 bo ga 108hméi Whi Pt difanbl

hexanes/ E#OA i 11. 82 a 005
?1(}0 m]gj \éePhcnyl—prop onaﬁiegy ¢ (g 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




WO 01/ 42191 PCT/ US00/ 30769 -88- (77% (a mxture of 81 08/8% Ci s- c%gd 19% of
trans-isomers) of product as a yellow oil (60c). MS: n 3% 20%hser ved
(C11H16N2); an oil; TLC Si®2, Rr 0.55 (2:1 hexane/EtOAc); 5 Analysis
( CLYH16N2) biadoy © 74.96, H 9.15, N 15.89 (found) C. 74.84 H 8.97, N
15.74. IR r, ém'): 2934, 2240, 1453. 'H NVR (CD30D) SPOI/GR908¢769 34 J =
7.6 Hz),» 1.18-1.47 (m 7H) 1.83-1.87 (m 2H) 2.07-2.10 (m 2H), 2.85 (s,
'2H). Step iii. Synthesis of cis-(l - Cygho- 4- et hyl - cycl ohexyl ) -acetic acid
ethyl ester ((60c): 10 cis-I - Q/anorre? hyl - 4- et hyl - cycl ohexanecarbonitrile
(60b, . 6.16 g, r83wOB 151D IYr haThdbdaminwed then cbdléHo (Sn FmpeARfc, WRLMEREM( 92
m.), cool ed thtQ?Cahd réd satlrJarated wth HQ. gas. ' The sol ution was
st opper ed and “af T’dWed "8 SHT PYGVER APRFRTIalegin yaryfiia wpeelidyB &) The rosidset hen
-concentrat ed iwaswashe with N ¥Rtidadl@®lah@Wivad cMRLLE with BidSe, WIRG LLShdue was
triturated with ethyl her .(200 nlL) and dried under 15 vacuum then
treated with Iﬁﬁ’aﬁe(’g%te‘?‘rﬁhed UE VIS heP recaysilyzeduiem AivaHoMePhle and feamtes on - was
~allowed $o0 stiyicldv.es giHN mato) reggs) t enperature and yellow oil droplets were
observed in solution after 18 h. The conpound was extracted with Et OAc (3
x 100 mL); the organic |layers were conbi ned, washed with brine, dried over

Na2SO4, and coms:gobpakedsor thel i ) f ' d with 16:1
20 hexanes/EtQAc to gi ve Oz.oé;(_);é? ’5%%?%@9@?32%‘?@%@%?%@?W%. VE:

224.1 (M1 f ol dedpd: mgp3s0 1oemS): 2953, 10, BE7( CBCIABY; 1168a10ysi s (C
13H2 1N02) (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 (CD30D) 6 0.87-0.90
(m 3H101.18-1.46 25 (m 10H), 1.77-1.80 (m 2H), 2.05-2.09 (m 2H), 2.59
(s, 2H), 4.13g4. 2 ePhV A nt hesj f o

8- Et hyl - 2- aza- g‘&%?% B'ss; (5, SHEPeh :‘a“Es‘\é6’8?‘.%3"6??’3‘?‘('1‘3*&%7'3?1’6‘9&9"3")-“8‘": acid;

et hyl -cycl ohe - | cid ethyl ester (60c.2.7 g, 12.1 mmol) was

di ssolved in ﬁd&dﬁ@g%&ﬁf) and treated with 10% Rh/ 2% Pd/C (0.5 g) and

shaken under at nosphere of 30. H2 (50 psi) for 3 h. The reaction was
then filtered, CBTTG Cakied i n vacuo, and 20 January 2005 89

HCt

w ey

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 cthanol (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 '



chromat ographed on silica gel eluting with 3% MOH CH2C ve 13 g
(52% ofg tﬁe desired product as a white solid (60d). Né J ?%ﬁl for
C,HO9N O); nmp 131-133 C, TLC Si 0208Rf NO %2%4‘(%; I\/I:S])—LJgHZC%g) 66Ana| ysi s
CiiH, 8N, C 72.28, H 10 oun
(10.45, N: O%’i’é‘fgﬁ%’a)(mr cmi): 3197, 2918, 1680. 1H NVR RGEMSE 0. 83-
0.97 (m 5H, 1.06-1.23 (m 3 H, 1.31-1.39 (m 2 H), 1.63-1.67 (m 4 H),
2.09-2.11 (m 2 H, 3.15-3.17 (m ZBED 5.73 (br, I H)y. Step v: Synthesis
of Exanple 60: 8-Ethyl-2-aza-spiro[4’5]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 sopr opanol (EHAMI)LIMM (laﬁﬁhmethgrm-)étl@l ey cBohdxd)-bekfic Gei droaﬁoﬁc é%it the
product. Ms: 200.1 (Mtl for C'H2i NO2); Analysis (CiH1 . HC1) ) C
56.04, H 9.41, N 5.94; (found) C 56.06, H 9.460 N 5. 88. /OIR(KBr
cnf'): 2916 (br), 16@8, 1526, 1284i. 'H NMR(CDBG%YSO 8%, 3H, J =7.3
Hz), 1.02-1.409(m 8H) " 1.768 @t, 4H, ch—116 1 2. &8\43 2H), 3.13 (s,
© 211). EXAWPLE @1: i

hydrochl oric UNC 1b) (610 (61d)
Exanpl e 61 20 1/.42T91 P 3076990 Step

Synt hesi s of 2{Cya=ao- cyclohe yl i dene) -Jacet i c ﬁgld ethyl ester:
(61 a): 4-n-Propel - (14.0 solved in

t ol uene (145

5 Step i: Synthesis of 2-Cyano-(4-ethyl-cyclohexylidene)-acetic acid ethyl ester: (60a):
4-Ethylcyclohexanone (13.0 g, 103.0 mmol) was dissolved in toluene (150 mL). and
treated with ammonium acetate (0.79 g, 10.3 mmol), glacial acetic acid (1.2 mL), and
ethyl cyanoacetate (11.65 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 ethyl 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



m.), and treated with ammoni um acetate-(0.77_g, 9.98 acetic
acid (1.1 nl), and ethyl cyanoacetate (11.3 g, 99.8 mb ‘%%%cgactl on
was heated to reflux overnight with a Dean-Stark tra ; then it was cool ed
roomtenperature and washed with 11,0 (2 x 200 nL). The aqueous |ayer was
backwashedV&W¥41% ol uene (3 x 200 nl). The organic | ayePSTHEI0B80ESDI ned and
dried over Na., SO, and concentrated in vacua. The residue was

chr omat ogr-aphed on silica gel eluti g‘g with 8:1 hexane/ethyl acetate to give
-+ 21.58 (92% of the desired product a clear yellowoil (61 a). 10 Ms:

236. 1 (M1 f oryofy (A HidulQ2 R 1% ¥R iRl 'de 1;%%1‘ trg'h@%omgs)f fgrcﬁzct(ag %elW@iPE/
Et CAc) ; Anagé)m s_ (CF4H2] NO2) (Cal 5.95 (found) C

71.38, H 8 N. 6.10. IR(KBI’ Crﬂ) 2929 2225 1728, 1603, 1227. 'H
NVR (CDC13) & 0.83 (t, 3H, J = 7.3 Hz), 1.07-1.30 (m 9H), 1.51-1.56 (m
IH), 1.91-2.00 (m 2H), 2.04-2.12 (m 1H), 15 2.23-2.30 (m 114), 2.95-3.01
(m | H, 3.¥& 308 i(ipy obsemved (QuHEENggan GHTLY: Si0g, Ilrﬂ-fé)@ IsteazpleIEtOAS)ynt hesi s

Sanos ol el g@*‘?"ﬁ&@%ﬁfﬁ%%@?ﬁé‘ﬁéﬁ PRk LB st e Tlo 46 o
81‘2Nz7a(C)3Nn?2| %SIWIHI(Ksnlcueot 2944, ;EQGHI{SBOKH NMR @m??iﬂdwm(ggﬂni?sm&m_rhe ?gacti o
&as heat ed ti‘ géf‘%’? %ﬁfﬁ%ﬁ%m ?’P[g{g(;%ﬁ)q Eﬁ% g%&h'énperature and

filtered to renove salt that had precipitated. The filtrate was
concentrated in vacuo to yield a clear, highly viscous, yellowoil. This
oil was redissolved in Et OAc and washed with brine (2 x 150 nL), dried
over Na-' SO4Stepiid Smhltsisnxfrat(d}dlyai[hd-etla&icyhloﬂmm@h-ai:éttt&hi{bd’thﬂWbﬂ@ﬁlﬁ:@hed on

Vel s “no it TS 2 Ve e e b et mRFDo. Se (3 1
hexane/ Et OAc) ; Awaldmwlsdﬁﬂ@ﬂﬁwhmﬁﬁﬁltol)aeﬁ (92’511_34:,001641 10 83 .and:  14. 72
(found) C. 76.05, H . J R (KBr, Cm : 2931, 2239, 1453,

758. ' H NMVR (CDCI raéedowngeﬂg gaSBihe splution v\@s gt@p]?qﬁ anﬂ aljawed tggtlr(qﬁcm-ygbl)
1.42-1.61 (an, 2k ook Bhpdrade. (Mvasihbn codeddfatdd B9vacB wfe a y2116Risk Shite 2H) - 20
January 2005 WO 0 (42191 PCT/ US0Q/ 30769 -91-

id. "The residue was iriturated 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



Step-iii. Synthesis of cis-(1-Cyano-4-propyl-cyclohexyl)-acetic acid ethyl
(61c): cis-1 Cyanomet hyl - 4- n- propyl - cycl ohexanecar boni t rA9@NFYE0Z g7 g,
20.34 mol) was dissolved in EtCH (50 nL) and toluene (50 nL), cooled to O
C, and saturated wth I-1Cl gas over 20 m nutes. The sol ution was
stoppered and allowed to stir 5 overni gfgg_at roomtenperature. It was then
concentrated i nC aé:wqu?mé{% iv(% g' éd?ll)el O\MQShﬂiWhi ;femslgl id. The residue was
triturated with 2002 haing witirice t.hen ..,

di ssol ved i n H Ghd 80l broahelM i (4 L) was CRLOTRHER AR 13 st
clear after 4 hours o flrriaﬁﬁwﬁ sqld ( -allowed to continue to stir
overnight at roomtenperature. Yellow oil droplets were observed in 10
solution after h. . The conpound was extracted with EtQAc (4 x 200 niL);
the organic | a%@%@“tbfﬁb%%M%)s@deb obf TpE: §:d XR%)O% I/) _ dried
over Na2SO4, aﬂ@gw@r)%g%s. TEle resi due was flash cRrons o@k&phed W th
19:1 hexanes/ Et OAC and 3 BH{CpHeNIO0) (Cal) €; THBBB3H: 1898 0N AbH edbundy: M5!

238.1 (Ml for TABGRHENIRYS, Noi7ly; n. S| OB, 2C1 2); Analysis’

" (C13H21NR2) (Caé'g}réi's?% ggﬁ 336§@IW53§7?5&151§%84 RACD ) 30.82, N

5.84. IR (KBr,Y ) 2 HoP06-12286, 3 HY3631-1388m,_ 4 Hy NVR. | 3 t,

3H J =7.1 W)Z%_&I}’.ﬂ?s_é']l 3{% éﬁ) 5I7OH),1 1.71- ??‘74 8m 2@@%@?@3@@&, m,

2H), 2.59 (s, . | 8 M, ) 3734by 11H).Hz) . 20 Step iv. Synthesis of

ci s-8-propyl - 2-aza-spi roj 4. 5) decan-3-one (61d): cis-(1-Cyano-

4- propyl -cycl o e%< lé{) S?’C?lgﬁigpngfﬂi d ethyl ester (61lc, 8.27 g. 34.8 mol) was

di ssol ved in nOYREBSIs of Exampleai0e d3-WHy ot 471 i nd 109 | 2%

Pd/ C, and shakg 1%%5 an_at nosphere of HgllL( S%hﬁé?ilmggar&g%g .ne]fg(ﬁﬁgla%ti 031

was filtered ang' conce)n"{’?sgfeé " EBHWUG@dHﬂiéMbmb)iuﬁiN@t‘ederlq)gaéqglrgg)@ed ‘
“of

on silica gel Fhetédboniwals; # nes/Et OAc to give 6.41 g (61d,
the desired product. MNS: 1969%0 %@%P‘"‘i’ﬂﬂﬂ 4 feom ksitlisopTdp@nolRMenL )Rind

0. 38 (hexane/ EARGHRNE;to Xirdd § Sigs(16. 6Ly, 1)) bGRL }odgt 73.80, H 10.84, N
7.17; (found) C 73.86, 1-1: 10.76, N 7.11. PR B'January 2005 WO 01/42191

PCT/ US00130769 92

MS: 200.1 (M+1 for C11H21NO,); Analysis (CiiHziNO,.H(Y) (Cal) C: 56.04, H: 9.41, N

3-94; (found) C: 56.06, H: 9.46, N: 5.88. IR (KBr, cm™): 2916 (br), 1698, 1526, 1281. '1

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 OyEt
é 0 i

(61a) (61b) (61c) 61d)

4—propyl—cyclohexyl)-acetic_ acid; hydrochloric salt

Example 61



(KBr, cm): 3192, 2924, 1704, 1678. 'H NMR (CDC13) S 0.83-1.17 r’% 51- 1)
1.18-1.39 (m 711), 1.61-1.65 (m 2H), 1.71-1.74 (m 2129 JQHLPIV%%5

3.16 (s, 2H), 5.85 (br, IH. Step v: Synthesis of. Exarrple 61:

(1- Am nonet hyl - 4- propyl- - cycl ohexyl )-acetic acid; 5 hydrochloric salt:

8- Propyl - va@az®pi r o] 4. 5] decan- 3-one (61d, 5.8 g, 29. 75rawuby30ms treated
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 W- a white SO|Id and the filtrate was

cool ed and rf ] sired
product. 10 NS %tg]e

(C, 2H23N02. H@] al}, %Hﬁ@gy_l cﬁdﬁdiexénoﬁ‘f(lgﬁ} 999 Skhmdl) 835 leol\dEd mg;@gumﬁ) C
59. 27, 0, Ny Ruddon D30D) | . .

|OH) | Opiu
1702, 1525 hﬂﬁlandbﬂlﬁBcvaﬁ&cEmm_Eo@ 8 1(1(1133, The reactlon was heated 10 reﬂux
5S) - 35D|mathI-L | Nen et GRS i . _hydrochl ori de

“salt 20° HCl 3R aci d;
hydrochl ori d%la@iﬂlk 2069@) T&z zﬁ;ﬁe@s 1a’9’/er1\2asmmwasmsw1d1 ﬁ)ﬁﬁhé/@d( 200 rﬁ]L)h&Ih@| (45

m-) and treated \i\llth 1.8 ) O—| Pr.api o aldeh}/de go 5 3 eq)
€t oS tion was

was added a

t hen shaken wadﬁé u@@cmrﬁm@b@fea oﬁfsmhgge(]5Qmﬁ,@w)thfsqrheaada/eﬂ%a&me fo@agt i on was
filtered, I N HO |nether (5 ntl) was added, and t he reaction was 20
January 2005228 6  thepsiegiredayrgqueigmagleanecllow gildfia) at ed i n vacuo. The
resi dug was di ssol ved in hot |sopropanol (100 nL) and filtered. The
filtrate was concentrated and recrystallized from hot isopropanol (4 n),

Et 20 (225 miM3:3A@! Mdxhfe &1 HRgi0M gn aib THCY 80208 Gy (8. BaanshBICAC390)  of
product 5 Apalysis (CsHaNOy) (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 (CDCls) & 0.83 (1, 3H. 1 =
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 (g, 2H. ] = 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). |



MS: 242.1 (Mrl for C141127N02); IR (KBr, cm): 2952 (bré 1686, 1457 1218.
Anal ysis (CL4H27NO2 HCO 0.24H20) (Cal.) C 59.60, H 1 Oﬂ?nUEN’

(found) C 59.68, H 10.09, N 4.64. '"H NWVR (CD3CD) S 0.48-0.57 (m | H),
0.78-1.05 1.61-1.78 (m 7H), 2.60 (s, 2H), 2.93-3.00 (m 4H).
10 EXAIVPLE’g‘géﬂ“’WlR 3R) - 1- ( Benzyl ami no- met hyl ) - 3- net hy FCEPEY0GABRy| | - aceti ¢
‘acid; hydrochloride salt CO2H HCl 15 ((I R

3R) -1 - Am nomet hyl - 3- met hyl - cycl ohexyl)-acetic acid; hydrochl oride salt
(Exanple 1, 3.0 g, 13.5 nmol) was diSsolved in ethanol (80 nL) and treated

with 1 N Na@tk]{MSfﬂ-thesiﬁbf@ﬁqll@aﬁm%ﬁopﬁ@%@ﬂﬁ?ﬁd&u{ﬁlcﬁetﬁ}l)(ﬁl’@'scmaﬁ-de‘d

foll owed by 10% Pd/C ( ? and the reaction was shaken under
at nosphere of 1- 1% Y%’S’@’%?’ f‘”rlgPpﬁcwo}f?xa@Barﬁ%’é‘“}eééyf oY 8n8%34 WFTtOé)r"é% Y
HCl in ether (20 plsdoivv@sn aesieeso rﬁf%nhhﬁuél@kwmgﬁcm to%%:ﬁﬂﬁ?éﬁ in

vacuo. The residue was then dissolved in hot |so6propanol (100 ,
filtered, and conwéhtidgeatovenZUmewss. Thesotuion ciae stapreradrad abdwsiobvieéd i n t he

m i amount obydibaa? AREABARHRLTRIRANN BRINAE hslAld gl o T om et her.

The solid was filtere trate was coo over ni ght ylelda
second crop of crysloalish whitteokd| Trigesvbieavas BBurediviithethyl ether (260 DLB&mdg ( 36%)

576, 1963 (f oundy T el Y Mo BT AN FLg¥owel i,
cm 1): 2932 (br), Thﬁﬁl%gtioﬂlb&&me]:k@ﬂafteﬁ\nabmsbﬁstir@@ﬂﬂZMl]H@&;ﬂ)to&@hﬁ‘rﬁl} (Cal .)
anu

C 64.58, H 8. 44 found) C. 64 H 8 44 20 2005 WO
41/ 42191 PCTI usooT?B’?% -a(’fﬁ:"mg‘?'é%‘?m”ﬁ Msﬁﬁéﬁ‘(&bémajef%‘”ﬁe? Sivegon (m 12H),
2.42 (81 2H), 3. 2bkivp aﬂH) 18 K. e cOmpodid)was extiradidd ﬁlﬁhZEtOﬂﬂc (5H)200 EXAMR_E 64:

g((:llg’ ﬁ%; é;:l[‘ll( Erelnz elargchaS/Qrglw_e%rgog] } wasXed]WJ:% brxtﬁltery 286/ hd?'lé acetl ¢

Na, SO, and concentrated. The residue was flash chromatographed with 19:1

hexanes/EtOAc and 3.27 g of product (61c. 68%) was obtained.

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




C2H HO [(1 R, 3R)-1-(Benzyl am no-net hyl ) - 3-net hyl -cycl ohexyl ]-acetic

acid; hydrochloride salt 10 (Exanple 63, 1.02 g, 3.27 ARdA)UaRK30% ssol ved
in ethanol (40 nmL) and treated with I N NaOH (3.3 nL, |+ eq). Formal dehyde
(2.5 nL) was added followed by Pt02 (0.1 g), and the reaction was shaken
under an XQ®&pWere of 1-12 (50 psi) for 8 h. The react PEGHU%A3076% | | tered, |
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 vacdo. The residue was then dlssolved in

the m ni mum agBLRL95199%202, SRR ORAROI RRACRASEN ADGsarwebEl L Aefsd rom

et her and. he € Solid was collected i've 704 16 Mol , 66%

I e e e e
NVR (CD3CD) 6 0.82-0.98 (m 5H), 1.24-1.91 (m 7H), 2.38-2.58 (in, 2H),

2.91 (d, 3H, J = 11.2 Hz), 3.43-3.54 (m 2H), 4.33-4.49 (m 2H), 7.50-7.56
(m SH. EXAWPLE 6

REI m%mé%wmwfe@ya ORGP PR o o

salt H3C. H anu 2005 01/.421 | U 307

((IR 3R)-1- F(‘%OZ g;?r’cﬁ%'f h;§1 a—a@e%ﬁwgn#ﬁnﬁﬁhﬁ% %ﬁg%ﬂ‘?mg‘gé”ﬁf

aci d; hydrochlorlde salt nP % was_di ssagl ved in
ethanol (50 Heated Wéb@@@ﬁﬁ@ﬂﬁbHE:éymlakhmpﬂﬁm @é%ﬂlﬁﬁ3ﬂﬁ§“§ﬁa@@ﬁrﬁﬁ8@? an
at mosphere of H2 (50 psi) for 7 mn.. The reaction was filtered, 1 MHG
in ether (5 meythaaglleweield,coahie ope teppartingrand pigeipiteisrivasmbservesd Ths wagua.
The resi due was then dissolved in hot isopropanol (100 niL filtered, and
concent r at ed filtered/ mcabiin THR goés wdite salidsardibnfilgiptsspisweeled andishdiltated tgine

atotal of 6.24 g (99%) of the desired product.

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
(jf; 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



anount of hot isopropanol necessary and recrystallized from ether and
‘hexane. The crystals were to give 0.15 g (35% of the dedanrualy gPSduct. 10
MS: 200.1 (M+l for C, 1H7INO2); HRVB: (talc) 200.1650, (found) 200.1646 (M1
for C 1H2INO2): np: 160-161 C, IR (KBr, cm'): 2925 (br), 1719, 1457;

‘Anal ysi s (XPOH{AINC2 HO 0.40 H2O) (Cal.) C 54.38, H HCHESKORNT6E 77:
(found) C. 54.27, H 9.36, N 5.65. 'H NVR (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 Using ar?3ex vivo nodel of freshly dissected rat
retinas, the pRCHANESHE 8. Wk fBidudh 2 cﬂssgivg% AR ﬁoérﬁﬂa%hﬁé@éxﬁ%g%}d“ ai ned

within normal Iimts in neural tissue was I nvestigate erotic

gl ut amat e syhidtped; dhediliralsavas aersenteiad and recepsialized foglhat iseraerenoldt ndi)zed i n
.the glia fol ' r 18] Pai feal brol- through this
de novo pat Eﬁ}éﬂy@%?@%a@é%ﬁ%ﬁ %Pégﬁargﬂ)ptﬁvgg\,\??to 2 n%a(P ggxgny cg’?j}c{‘ﬁ Og r(?gg(ganched

chain amno transam nation. To test the relationship between glutamate . |
synt he?’ s and pyruvate carboxylase activity, synthesis of '4C-glutamate |
plus "Cglutamne fromH 4C03 was 25 neasured as a function of nedium \
“pyruvate. | nMBR42AGMpY fenAildNOHOMROKBrf an §: 2892260, JaR6iany7, 2006 AM@yQd/ 42191

PCTI USOO0I 307 =96 LpGr LAC- am, | cld,synthesis hy .66 15% The
specific rad?@‘élél 7?1\9'2,[}1@8]3 Qﬁgﬁdpgﬁiéégfig{%ﬁ%\@’ k!oz;_? %Q{“ou Clséifgéégﬁafter 20
m nutes of i me.0pat:idos. fmmwagaen;o@ato.@aﬁ%(an1}g,lmganbm@n,i1mH?,ha51tms na is
derived from bicarbopate fixation. To test the dependence o gl ut amat e
synt hesi s on (M7 )r%69%’S§)’893ﬁr0§ﬁ@h%@~chai n am no acids (BCAA) as a source
of 5 njgrogen, the effect of inhibiting the neuronal branched chain

am not r ansf er ase éBCATcé was neasured, Gabapentin (GBP) (1 nmM, a

sel ective i nEAMBEESS: BEATRR) (Beanylgmipo-methyD Srmethysgalohexyllsacstic acid;
14C-gl utamat e pl us t.4C-qI utam ne from H14CO3 by 31 % w thout slow ng

H 4CO8 i ncorbﬁf’&?h'@ﬁdﬁﬂb lactate and citric acid cycle internediates.
Inhibition of de novo glutamate synthesis was reversed by addition of 0.6
mM BCAA. The data 10 indicated that pyruvate carboxyl ase and branched chain
am notransferase share rate

O\?‘: I>cogH
HC

((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,



control of de novo glutamate synthesis in the retina, and that de nova
‘glutamate synthesis is quantitatively inportant for nafPvaMmance0®x retina]
glutamate | evel s. Methods 15 20 Experinental animals Sprague Dawl ey rats
(200-400g) were used for all experinents. Rats were housed under a 12 hour
| i ght/ dar W@§ieR¥r and fed and watered ad |ibi dwn. AfterPeiiuseseve? i zi ng t he
rats wth-nenbutal (I1P), eyes were enucleated and retinas dissected in
ice-cold buffer. CO2 fixation Freshly isolated half retinas were

prei ncubat ed at 37C for 3 mnutes i-®#4buffer A (pl-1 7.4) containing 118

REPES, 5 ma O hebs e NERISIOPTRhar R M A et 21 TR s D e

0.2 or 5nmV waS’]a‘iZS(m pHEl uded in the buffer. I m buffer as well as the 25
gas phase within 20 m vials were equilibrated with 95% Oz, 5% CQ2.

I ncubations were initiated by addition of 10 iC/m H14CO3. The vessels
were then imedi ately closed to 20 January 2005 V\D 01/ 42191 PCTI USOO 30769

-97- the at %mﬁe L%b i ncubations continued fo m nut es, although in
" sone preli LE é‘s‘R’t%fﬂ%égkﬁml-vaﬂ%amf'wbmeﬂvllebmﬁlwwéo Bt i ons
were stopped by, renpving the half retinas fromthe buffer and placing them
in 2% per chl d¥¢ 2gig; byd orifdg¥ter was separately acidified with perchloric
acid (final concentration 2% and 5 unreacted 14CQ2 was al | owed to diffuse
out of the ag ed sanple ﬁ The total amount of product (non-volatile
carbon 14 net yas ‘det erm ned by neasuring the radioactivity in
‘aliquots of the medi dm-and tid¥le sanples. Metabolites in the extracts
wer e separated by Dowex- | acetate chronmat ography as previously described:
- Wllianmson, J.R, and Corkey, B. (1969) "Methods in Enzynol ogy”, Vol. 13,
10 ed. Lowengteisk)- 1J(B%zy(a%9§<d§m}&1)ﬁtx%§tﬁ}l d}Qloﬁé( ?}%lém a%f?ldh ‘idrfd'e%it by

scintillation countin nost “i'nst ances, 1 ndi'vi dual e oli1te carbon 14
d ata il8 r epoﬁxwplgég{ g@@? mmol) was dissolved in ethanol (40 mL) and trealed with I 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!
*



~di scussion s

b in. d ho 4,
e brovi des MOARRE R Spl (bR BROTE A Bk B PR o bRl o6 E%Lf{ hei

of the radioactivity in the nmediumplus tissue extracts. Conplete

‘quantification of 14C netabolite amounts in both the ré?/#&aghéPdon 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 ewedoarison of the influences of pyruvate on H BCOBSG3@2i on in

“the retina. Figure 2 shows only the effect of pyruvate on the sum gl utamate

plus glutam ne and the sum pyruvate plus lactate. Table | provides val ues
for all netabolites 20 that becane-l%4bel ed with H14C03 and their

Giopacsion. aifc?{‘ons %%%<E9nzgﬁﬁe&gfm§ oAk B3Rl Ao Uikig; and
Condh t 2‘32&%@??@%&-%&2%@ AT S et gt @ imosprereor 60 19 ©

Control i n0.591. 470. 850. 161. 024. 08 .(.0..2.r 0. Q50. 06 0
out 0. 610. 0401“6’807@%6?%@’ W é’é‘ﬁ“gﬂ 1%%‘ Ggﬁ &%"Q—&Pﬁf‘s? ft%"g%égl?‘iof 025. 27
0.09+0.29 0.08 0.06+0. 260, 45 + rin0. 912 671. 080. 292. 317

0..13+0.3290. 1940°09% 2 iV as - ?JI?"O“’@ 45 W ternoissol ?@&‘SOPTOP&HOF(IUO mL),

0. 14+0. 010. 010. 110.
11 lteredl ang concentrated in vacuo. The residue was then dissolved in the minimum

amount of hot isopropanol necessary and recrystallized from ether and hexane. The

crystals were to give 0.15 g (35%) of the desired product.

10 MS: 200.1 (M-+1 for Cy;H2iNO2); HRMS: {calc) 200.1650. (found) 200.1646 (M+1 for
- C11HyNOy); mp: 160-161 °C; IR (KBr, cm"): 2925 (br), 1719, 1457 Analysis
{CniH;NO; HC1 0.40 H,O) (Cal.) C: 54.38, H: 9.46, N: 5.77; {found) C: 54.27, H: 9.36,
N: 5.65. 'H NMR (CD;0D) 8 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



suml. 872. 731. 161.472. 319.50 0.230.280.12 0.13.0.130.74 Table 11

ondi ti onConpart - G n@ uAspLact TCA" Tot al neat cycl e 20 January 2005
ontrol i n0. 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. WESt422810. 5581. 0964. 832 0. 054 0.096 0. 040 0. OXIrAGodBI690. 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 062036 0.025 0.022 0.028 0.103 0.028

i 108612203988 91 21..0.008 0.116
0043 out 0 80800590, 0630 42807 Sk 7 08a 3 6dt° 5o AL 7e

suml. 2861. 558Dzl radtrto 4200F };6'3‘%0;- %t&p?%m?%%z;%f %cgt:)l'al 1§n %39:4’%%818@:138;‘0/8 119 5

The chronat ographi ¢ procedure enpl oy I's “exanpl pI _ tam’t ne,
Pemin on’ theh e SRS b e 85 o FRRaGll G0 B 0P Y e PerebtSbbloon

the val di ty BoThP st IRaRRARr o i O B R & et
vas conort ed Rt AP sl PR E PR b PR Sty e ABr 800 1
X008 o 1 A0 Sk BBSRHE ARSI v LSS EESL SibllSy AU L ASANS PeRK

inhibited synthesis of '*C-glutamate plus " C-glutamine from H"CO; by 31% without

slowing H'*CO; incorporation into lactate and citric acid ¢ycle intermediates. Inhibition

of de novo glutamate synthesis 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



20 January 2005 WO 01/42191 PCT/ USOQO 30769 -99- contains all carbon 14 in

both lactate and pyruvate. To determ ne specific activi2)JapuargRt®xmate and
glutamne in the retinal sanples, the mass amount of the glutamte was
nmeasured fluoronetrically using a standard enzymatic procedure: Patel, MS.
(1989) in WREHFRBHet hods: ~ Car bohydrate and Energy Met abolNCHS00AI76911, eds.
Boulton, A A and 5 Baker G D. (The Humana Press, Inc) pp 309-340. The nmass
~_anount of gl utam ne was neasured after chronmat ographl c separation from
glutamate foll owed by a | um nonet rit?’ deternination previ ously descri bed.

ATP and cr catthd@npEaerRNRbs: MRHRioNE 8SHIHHES fof MRLRMBLALGRN Y sdisd N9 an
enzymatic assay. Retinal protein was determ ned usi ng e DC protein assay

(Bio-Rad, Ri (i}l%mrﬂﬂ sthficEAimcYRVevaRaERol 3 bisoEhis 51% \D&gst thvo 4 g
BoryTa

protein. Pyruvate Car boxyl ase Assay Pyruvate car ase activ

~assayed in frgghisamphas re‘ﬁfaas"m}% ﬂ’lg %g?érr}ma E&cmg)ﬁ%ﬁlﬁg% }?etréféoanéaacrg mat hod

descri bed by Patel Patel, ydrate and

"Energy Met ab%hf%as\égﬁara']tg{a\agﬁlﬁ ied ﬁﬂH kv%%ﬂlbnéa‘ ﬂ%l B %iéglrtratlon%(w Pkt

P ess, Inc.) pp 309 S use |nvo nmeasuri fixation
per for riod a5 HSsary bod? B4 Pﬁ%ﬁs&%&g@ﬁﬁe a‘i{%‘d'r’dzt B EsB' * Carbohydrate
and Ener Met abo ou er. G D. rfr'r'é'he _
Humana P?gss I nclrglé{aa] g‘ﬁb réi%prgﬂgof_hn%n Iﬁo?%eﬁa%b‘m ﬁ%?ﬂe}aﬁﬁhﬁ%ﬁ‘ﬁfﬁ‘?i d“edpr (r)]t g:)/ n
were transf es were ocked, wt 0
BSA and i ncﬁ%g}%gsd&lvftfﬁ rac}r??ﬁfﬁ‘élgﬁwrﬁﬂ'f(ﬂ}s ‘fqegﬁi T%WF‘B@B?SW € esﬁ%f"‘é%&fg ,
eptide anti bho 25 di oafflnlt purified rabbi
gnf i - hunan B&T%ne%@ﬁ% ioe Seﬁ?r'fnﬁgg}{/ E)ﬂ’igéﬁe‘ataﬁ Tﬁ?’f“Bhﬁap é’r‘?"l‘ﬁ%’ﬁ'ﬁ’or eactive
manut act ur or ST G: PUREPaG TRt SRk Ta DT P G RES ot 0k 1. 30 20
Januar 40 20056(]. Lowenstein, J.M. (Academic Press) pp 434-513. and quantified by scintillation
counting. In most instances, individual metabolite carbon 14 data is reported as the sum

of the radioactivity in 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.



" retina as whoele—brpina—20

WD 01/42191 PCT/ US00/ 30769 -100 Cal cul ations and Statistics Data are

reported in text and figures by determ ning the dpm ny £hJapuset290sul 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 e VOBl s are reported as the mean standard eRGEWSOBBO76he mean.

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 car boxyP%se | evel s are simlar in retina and

whol e brain Patel denonstrated that pyruvate carboxylase is the major CO2

fixi ng enzynelfhlelt he adult rodent brain. To judge whether this might also

be true in tGediteni hGempdie Jd&hi viltGiu off Agyruyak@ carimxyl agqoml 37/C in

soni cates from neocomerix was conpared with those 15 dvelemthe retijna. The

neocortex |levaitel (2|@ 0.1 |8 es 1M74C00.861 x¢a/Aa1 n/[Mg)2 wer ¢4.081 mjl ar to

t hose found Of Bdhi cat ed r atti K& HEWRed 4B 4+ 0964 |nnblEes  HEAHEIB

fixed/ mn/ng), indic3ting tﬁ’%l 3@\%’7‘&t ¢ 081 boRyPasd Qnas just-19s active in

- o B0 ;tf{%”gt 50‘3);04 \ggfoﬁyzéi Qn anri?ﬁﬁ@- | ut amat e
| $71.n the- I n& priel i m nary
/L5 xﬁ!&gr.eﬁ %

S R
appear ance lare a fupcti on af, o "
0% b a oty =989l bed in

exper i ment ST pRESweT e ate t+h Z—H o B—as
met hods for 158),\]”2*0, 40 and ﬁf@ na’%ggpefjgags 6:&% al ?tj-l:@ Wag2 nitored as
25 wel | as [ATP and [cgeat i NgopaoSPIALE | BYE S|4 P dipd crea hRE ptlosphat e
| evel s rendined copstant as oa4f Un@igiohL@fpit | he,;jdenonstral Ligg;t Hat
oxygenation and pi [lsumontr ¢oli.8%er €2.7adequase [ hapughowy. Tolakp fixation
(5.50 0.14 nnol es/ing prot ¢ikM)23peaked PO 0Janlany3200%.13W0 01043191

PCT/ US00/ 30769 -101 between 20 and 40 m nutes, but was already % of

maxi mal (4.2 0.1 nnoles/ng) at 10 m nutes. Since ATP (20 0.2 nnol es/ ng)

and creatine-mpeyphate ( 16 1.1

Condition | Compart- | Gln Glu Asp Lact TCA Total
ment cycle
Control in 0.440 1.477 0.634 0.080 1.096 3.715
+0.032 | +£0.097 | +£0.038 | £0.008 |+ 0.105 | =0.266
out 0.551 0.008 0.070 0478 0 1.117
£0.036 | £0.001 |£0.003 | £0.030 4+ .075
sum 0.991 1.485 0.704 0.558 1.096 4.832
£0.054 | +£0.096 | +0.040 { +0.031 | +0.105 | +0.303
+GBP in 0.389 1.324 0.549 - [ 0.089 1.514 3.902
+£0.026 |+£0.025 {£0.019 |+£0.006 |+0.103 | +0.122
out 0.545 0.008 0.035 0516 |0 1.066
£0.024 [ +£0.002 | £0.003 | £0.030 +0.028
sum 0.934 1.332 0.584 0.605 1.514 4.968
4+ 0.036 | +£0.025 [ +£0.022 {+0.028 |+0.103 |+ 0.028
+GBP in 0480 | 1.549 0.609 0.086 1.220 3.989
+BCAA +0.011 [+0.070 |+0.021 {+0.008 |+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 5311
+0.082 [+0.070 | £0.016 | £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



nnol es/ ng) | evels were high and did not change with tine, this peak

indicated that the rate of CO2 fixation was constant, B9t/ap¥ayY 28&ht i nuous
breakdown of non-volatile carbon 5 14 products to CO2 + H20 produced a near
of glutamate and glutam ne specific_radioactivity by 20

st eady st I
m. nut es. %Sgg‘%ﬁs the control of pyruvate carboxyl ati oﬁ%@g?wﬁﬁat amat e

synthesis. retinas were incubated with either 0.2 or 5 nM pyruvate in the
medi um and intracel lular and extracggl lular netabolites analyzed. The total
14CO2 fixed in 20 mnutes in the presence of 10 0.2 nmM pyruvate was 5. 27
0. 45 nnol es ko4O caybonvilicn dath ldckad arflipy@date Td deeerplrR3pRER: acAfitbofmM
pyruvate was 9.50 0..74 nnoles,H 14003/ ng. Figure 2 sh hat i ncreasing
unl abel | ed pﬁf%ﬁteeal}drgiwlafnf i the ?%‘H%%"Frﬂgg%géeégasf frae ﬁ? ‘ggf@:f%ﬁ“@fea‘ﬁ%?t e plus
14C_ gl ut aninfeesudd uvrdmetdcall® viiflg b 6@ndd@ endyBdiciielc8SE Mhiel IAG. @]@5%%&1'1 Figure 2
-| actat e

al so shows that the highe ruvate incubatjon_increases the 14 _
pl us 14C- pyr%&?@’egﬁfi%é&#ﬁ%tf’é‘i e, 8‘8‘.&3}‘55% Yokl f‘&ﬁ Haylpedsd and pyruvate
concent§ at i 0Bakdr @D O(T%e Hamand M) GEc9 3 809-3401 COHRRLsR bih &ht Of ol th§R3vAs Nt O

glutamat e and gl utam ne by 66% whereas the increase in yruvate increased

A p : !
H 14003 i ncoPjseiEdiadiar siHeBatpgaphiatcaaainy from slatagatpfollqvedpy afiminogelsisn 14

cycled into pMesbiRiRndRYidudG dalcabse RTeSANLBatie Ih&dph kit G¥A hdGurkir ough |
pyruvate carboxylase, maliCc enzynme and phosphoenol pyruvat e car boxyki nase

and for the _ﬂP‘?rg'_tne‘t”iC W%@W%“_ﬁﬁ@yacti ve citric acid cycle
decar boxyl ati on i Reijndf @6tei G4 RlerhinSEHe: ﬂ@ﬁé}raah%ssapgﬁggl@g} Rl i €ase

in flux througg Eyruvate carboxyl ase induces an incre nova
synt hell s of ChAeVPhalEagh halbretineconxingd abanh B¢ mgaprgiein. i ncrease in  pyruvate
recycling occurs sinultaneously. 20 January 2005 WO 01142191 PCTI US00130769

-102 A | ar gepf 36l @nofy1iRiakay0dl utam ne synthesis is derived frompyruvate
car boxyl ati on” The i nportance of pyruvate carboxylation as a source for

repl eni shi ng t he Brolaw armixglaseelctedsethsiEand e ficsiadanpis 6& waold ibRgsardur i Ng
neuronal transm ssion was assessed by determning the specific
radi oact i vi t §xcispd gringsakhqeetbpd deseiibed by PrisklRageli My b8 pinvietdvmenmdi-um

containing H.1 A fixed proportio | yt am ne synthesis in_retina
derive froﬁ?’%&%{b‘é‘f f”é‘(jﬁ’éﬁ" &t &Oﬁ%?‘é’”f”el{}ggiéas'a?“ ‘é‘hf‘o‘ﬁé‘“‘iﬁﬂke{%rﬂ% by
Mil l‘ er gli aHur-xqg}% 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).
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remai nder cones fromglial a-ketoglutarate synthesized anaplerotically from
pyruvate 10 and ' CO2. “"Therefore, the specific radi oact2&#aVagf20ut anmi ne
relative to the specific activity of H14CO3 provides a m ninal val ue for
the proportion of glutam ne derived from anaplerosis. The product of
pyruvat e cAPYEtase in the glia is [1,4-1 4C| -oxal oacetPSFASCVEBHPh 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 oxal®Mcetate with symmetrical fumarate. The
| abel | ed oxal oge@iaBhes arfeisigices W th pyruvate to form citrate, which is
then isonerized to isocitrate. [1,4-"4C]- isocitrate is oxidized and
decar boxyl at ed toé%S- 14C] a-ketoglutarate by isocitrate dehydrogenase.
Therefore the a-k %’«gaﬂat@pﬁ@@néw@mbfsﬁwd)ya!éﬁpn@mﬁh%@m/ryg iegsparticular
approximately half of the specific radioactivity of the original substrate
| -114C08, 20 wetplatith ang dovidingby thegpasdicaktivim omadwat HER:. dthenefoze dlbdrtd aren
. oxal oacetate. This is also true of the glutam ne synthesized fromthe
[ 5- 14Q] 5a- ketrepprieas ameles T ‘€ Pemigipracia furiauy giyeiegbalitan ne was neasured in
the retinal tissue extracts incubated with 0.2 nM pyruvate and H14CO3 for
10, 20, 40 and 60 Resultstagscepddridys thaeneat it SGdéard brndraifileendandiativgchil un) i s
reported. Specific radioactivity of glutamne in the 25 tissue was -const ant
between 10 angbrficaftdwisgsdgedby pairedQ-1d%t MMdt[5<0005. NGbhabf igdepbfientmass 20
January 2005 WO 01/42191 PCTI[JS0Q 30769 -103 anmobunt of glutamne in the
ti ssue was 4.d&lrmMhatéhsTRIEs0Eed ﬁq@u}eta%dmi:éangs_ radi oactivity was 1970
115 dpnm nnol or 0.158 0.009 dpnf nnol of the bicarbonate specific
activity. This indicates that about 32% of the glutam ne was produced by
anapl erosi s jﬂidﬁ@ svate carboxyl ase. 5 The specific radioactivity of
retinal gl ut i 69 8 dpm nnol) was |lower than that of glutam ne and
al so constant as a function of time from10-60 min. It was only 14% of the
speci iy aCt ipt @ EaroKIATIERIS oFOLiuiSY BOSTRS ah 8 Yolpphiamat € et abol i c
turnover in the neurons 1s rapl "W respect to anaplerotic synthesis.
However, since neuronal glutamate turnover cannot replenish the glutamte
carbon skel et on | &stel dhnranstpiciOhal unueate amrborydsi orihe thjer @0apkieg etdymepat hway
is of prinme inportance in maintaining _

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



neuronal glutamate | evels. The present data show unequi vocal | y that t he
~anaplerotic pathway provides a large (z32% proportion2®faiuse g0 ani ne
required for glutamate replenishnent. Synthesis of retinal glutamte and
glutamne jis partially dependent on branched 15 chain ami no acid

transam nat’ (5'% M¥cent studies of glutamate synthesis i n BEHYSEV¥T%st r ocyt es
suggested that the conversion of a-ketoglutarate to glutamate could act as
a rate-controlling step in anapl eroi] c synthesis of glutamate. Several
groups have indicated that the a-ani group of glutanmate cannot be

supplied as apaRein®R03Rd A0S hutdsBR /a9 ke 764 RPIaSichaDY. iﬂotrnﬂﬁ&@mgﬂat' on of
a- ket ogl ut arate with another am no acid: Kananori, K , Ross, B.D, and

gzt“g:‘g“ 227 %é%ﬁ% e P RS0 A HED ARy tﬂ%&wetw%ﬁkkét”?? )
ande, L. M, I

ard,

 Sonnewal d, U. m@‘f@%@)"’) Ee??\s wﬁg%}g%sagéﬁldiﬁt ‘g‘ag% %8 é‘?'ﬁﬂ%éﬁi@ﬁéthméhﬁ no

acids are like en contributors since they can 25 cross. the
" bl ood-brain afi %y ra(éddo "gté?’t ‘H%?ICOB%W’lbé'F é‘a'ecfof‘t”i‘:‘to%'?*y?‘do%f’ -Gk er s
have propose | e bet ween neurons and glia which :
i nvol ves brangwa‘%l?ﬁ PE!(%GL%%E}RB uredd per SYYGIUis Y Pf Peiereisiod syreune 104 |
am no acids and %WO BCAT |%o%nzymes one in neuronal cytosol (BCATc) and |
one in glial SPRFPGETERETY by &&“F’t‘ﬁtescan al so provi de the needed nitrogen:
Hut son, S.M, Berkich, D , ., .Aschner, M, and LaNoue, K F.
(1998) J. Neur ochehasseps the %@f@é?’@}’r%@d‘:adtowalt% v LUApHEsHEhdsSatetingiut t | e,
neuronal BCATc facilitates %I ial 5 BCATm conversion of a-ketoglutarate to
gl utamate by B#eiicHPHy Btreileegeae? abbaymite iniee nedipppad pepcainguend 1) . As a
first step toward investigating the role of the BCAT isoenzynmes in de novo
gl ut amat e syn¥Haslglar pepbelitgsanplyzed. 'i”i*ﬁﬁﬂﬁbﬁﬂ@t fikesgn 7P FAMBGAT theameseBEAT ¢
specific 10 anti bodi es was used to determ ne whet her the BCAT isoenzynes
are expPessed.? mM prruvatewin®27 1£8.45 mowes ith' (. eviBreabibaiixBEATbe aresenBCATM

are expressed in the retina at levels that are conparable to those found -
i n whol e br aidf Shoviggenatcees 95hearEeTommoles HEEOLANg. Figure 2 shows that increasing

unlabelled pyruvate from 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.



di ssected rat retina is an approprlate i ntact neural systemln which to
test the concept of nitrogen shuttling between neurons %H@j’“’@m%o 515 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. WR@H2Y¥hem 64, 2125-2131. It was confirmed t REF/USEBOIEAN 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 tt#¥3-measured. 20 As shown in Figure 4, 1
mV GBP reduced formation of !'4C-glutamate plus E4C glutam ne to 71% of

control val ueg la(rge Plctidh dot4BSRMSire %thegls }gdepﬂ:% f.’f?ﬂw Qatggzmmﬁ ﬁ@l}t | tion

of 200 M each of | euci ne, isol euci ne and vali ne rever ion to
89% of control (2.841.15 nnol/ng, p<0.01 versus GBP aI one). There was no

effect of GBP onigi idighuAkRrgl gﬁtggﬁrb&gla%&?g&){%%ﬁ?'f&qgﬁ%f Lfig hpat the GBP

~did not i mpair retinal ergetic processes cFease in
t d
oot POt o et 28 @s&ﬁﬂnagi %gén% TG 2o
January 2005 1 3076 nj ficant.
I ncgr pgr ati oY SFe Bﬁnﬂ’lﬂ% ﬁpg%é 'L‘J’%%F'%“"“F ? ﬁlg !fedﬂcrﬁ f‘l tkss?es’n%’ﬁﬁ’)% I'I'abl e
oropert es. of e peipd B BEtelibiity @2%56@% SRR T5P720
s I DYt RN IO ELLNEE O 0cly o, S B0 0 shown 1
ignifi tl t t t hi bi t th f
"4 gl ut anat ST SO TSR G R R e AP eBpHB P R ence. on
format n Iy C ycl e ternedi ates, |actate and ruvate (Figure
02 supﬁ?)‘i é Cﬁ‘ﬂ‘? rf)rﬂbep%’g‘éf te fal‘?é’t’tacq‘ﬂ‘é zglf‘@“lﬁ‘fe reigive ‘Hﬁﬁ%ﬁplﬁj‘x@% 01S 9

gI ut arrate synt hesi the BCAT nedi ated conversion of a-keloglutarate to
gl ut amat e. DF%‘I:"J§§?B‘]n Fh@ravidsa p suniges yiefaihe propories 81 sheamaeidshxedifpm

mai nt enance of CNS Iut amate |evels. Previous studies showed that
gl ut ani ne syﬁ’i‘qfﬂfl“?a?ése PeProdurt PE YAyl GasorHate infhg slia is [1.4-"Cl-oxaloacetate.

Both the I and 4 positions are labelled because the carbon 14 initially incorporated into
the 4-C position of oxaloacetate is randomized between the 1 and 4 positions by

15 equilibration of oxalacetate with symmetrical fuﬁarate. The iabelled 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



15 hi ppocanpal slices to maintain |levels of neuronal glutamate: Su. T.-Z.,
Lunney, E., Campbell. G, Oxender, D.L. (1995) J. Neur&R{IAry

2125-2131. I mmunocytochem cal neasurenments indicate that 90% or nore of
retinal and whole brain glutamate is neuronal and that inhibition of

gl ut ami ne 9 BB ase for 90 mi nutes depl etes the neur onECTHPWE8WAEt e pool to
negligible levels: Qtersen, OR Zhang, N, and Walberg, 20 F. (1992)
Neurosci. 46, 519-534. This denonstrated t hat gl utam ne synthetase is
required for nai ntenance of neurondfglutamate. Al though gl utamate can be

synthesi zed i, gi?]%anﬁlﬁé?’mtﬁ‘e KELOGLUL 37 26 84 m'n%ﬁﬁ%f arﬂX{sgégci carboxyl ase

or anot her anapler enzynme prevents replenrs ht o etogl utarate,
and thus, precludes net te e hin th urons except from
Gt ani ne o1 i g0 53 T3amm Ry Docs OGS TSR 080, 30760
-106 In this exanple the ,sources and control of glutam ne synthesis was
investigated SPE!SV'IC@ﬁEUB/aﬂ"PﬁgDEB%‘ﬁSé}@aa‘?OéE $qvas! G ehvtampineores pdrCHERS uri ng t he
appearance and specific radioactivity of 14C-glutam ne and 14C- gl ut anat e.
More E4C- gl utBiplenesis dPYRIVRESRPERYIISH  t he presence of 5 mM pyruvate than in
the presence of 0.2 mM This indicates that 5 pyruvate carboxyl ase activity
i nfluenZes the rafke wkcift mdinacindtysy mtinalplyamae (@6Par8 dringokol) ohs loswasthai vi ty
of this control is denonstrated by the observation that when pyruvate is

i ncreased fr ¢ @ gutpiineend alsd/kdrsentmgiintctideooimé fremilAdessdt was pyy uvat e
carboxylase flux (80.3% is not directly translated into an equi val ent

i ncrease i n 14%-ofjthstsaerafieadolviss of dldi@ingie LiTansugees{sGhat @¥@tamdtd mxiablici ty of t he
control is provided by the potential for citric 10 acid cycle

decar boxyl at inabvana thymcanvaks és tagd ydihi ragect Thenaplerdiie ayehdpBodeneeinod t ot al
H14C03 fixation in retinal tissue was simlar to that seen in cultured

i sol at ed ast nasyiaeglutan@enbsioler@anndl fepleniSe theighamdke farborl kieton idst duringXu, B.
and LaNoue, K F (1997) J. Neurochem 69. 2312-2325. However, in

astrocy es, whir@hnhaiésonaha@ipletic @RRANEY RIo€prigd dAgEAMESH Bﬁﬂﬁmmgd to
~transam nate a-ketoglutarate, the pyruvate-induced increases 15 in CO2

fixation wer geudgtal flansteabads. ThE PrebdACROHOS UnBqukddeally mtataﬁamf)afuﬁc
14C-glutam ne levels. Instead, the carbon 14 accumul ated solely in citric

acid cycl e i pitRkaEstbAHSSa 137 (=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



into "recycled" pyruvate. In the retinal studies reported here, the
specific radioactivity of glutamne at 20 steady state A6 B8OBF t he

bi carbonat e specific activity. Since, approximtely half of the 14C
i'ncorporated into oxal acetate is retained in a-ketoglutarate, the results
show t hat weaB#e®t the glutamne is derived from H14C03. pPArisnoBeye? he fir st
direct estimate of the contribution of anaplerosis to glutam ne synthesis
-in a neuronal tissue. Previous estimtes have been indirect, and invol ved
i sot oponer anal ysis of NVR spectra-fi¢d4owi ng i nfusion 25 of 13C gl ucose
(3-5. 11-13) into intact brains. Estimates of the contribution of pyruvate
car boxyl at i 0Bmir @lddbAdIREBSANIDESY Hed) Shé ' rehond (MNYRIMBCADHSnA aneinbeen

| ower than the present one, and range fromless than 1% (3) to 5-10% (4,5)
to 20-25% Shbalkyitdehéndria (BeARm) can@ls8.providesit magdedni@ogenaids@aliphel |, G L.
(1985) Brain_Res. 329, 364-367, 20 January 2005 WO 01142191 PCT/ US00130769
2107 G ff eRerkichy D., Hoaw. PoXu, RredysplinerdVi and hatiougnKh 1988) pNraroghean gl

Bi ochim Bio cta, 145 297: 307, . dependi n el yv..on initial
~assunpti ons ggxﬁﬁ%%ﬁgWH@ﬁé gggwpﬂ%%§ﬂ§ém§§ﬁF8?%%;h$%gy%¢g?%ﬁFﬁ?esu!ts_

suggests t hat pgiAgl cRNEMNA bExRRIBRNYD Al ARaARd b B&;vid%%ry@,&é 'réé]@né?&te&int ree
acid cycle internediates to glutamate and glutamne are likely to be 5

quant i ti at i véleyedapofct Bigtireflor retinal function and possibly for whole brain
function. The observation that GBP sl ows the conversion of citric acid
cycle internmediates to glutam ne and gl utamate strongly suggests that

- neuronal synthesi &s @firsBGéphobird iBeATgatihg 1126618 S5 A BAAT isoRkih@lin takes of .
am nation of a-ketoglutarate to glutamate. A 10 reasonable schenme for their

i nvol venent  pifahiAteSsyRtheG £mShd Btisd) OAuoBIdni@Ulieh BeATH A B TeSpediti Ch
- denonstrate nhibition of 14C-glutamate and 14C-glutam ne synthesis fromH

14C3B Ry CBPaddiee¥ed $:al fetdhife WHBIhBS the B ARYsBGAmesalxpRESHST ANt Wi th
t he descri bed shuttle. The hypothesis al so provides a possi bl e explanation

f or t he ant jugRiAsQRbWE ir@é&r@@ whh EBRTc IRVBOATmMGrEenprdd&in MePetina 3t T_- Z.,
Kocsis, J.D., Welty, D.F., 15 Brown, J.P.. Dool ey, B.J., Baden, P_, Singh,

L. (1998) Epfeb@?ﬁﬁt B@%(%:%%gab]&zd%?fﬁ(%@ %und kmﬁﬁgbraﬂﬁgnﬁééﬁ%sgf H&éﬁﬁ?} ﬁesﬁf{‘;nt hesi s

is a conmon action of and the anti-epileptic carbonic anhydraseé

inhibitors: HazeRy rapréina is\%QBﬁgpriﬁh intacl Q/ﬂura\{\éétem kAN &t fhe 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



Lynch, C J. (1997) Derv. Neurosci. 19, 162-171. Al so, Ble Syru Urlne
D sease, the hereditary ailnment caused by a mutation oPUpARug R 4RO

branched chain keto acid 20 dehydrogenase, if untreated induces hi gh serum
BCAA in patients and subsequent neurol ogical abnormalities: Chuang, D_I.
and Shi h, wb 842¢61995) in The Metabolic Basis of |nheripedublosensse, eds.
Schriver, C. R, Beaudet, A L., Sly, S., and Vaile, D. (MG aw HIl) pp.
1239-1277, which may be related to abnormal regul ation of glutamate
synthesis. Finally, the inplicatiengsef nitrogen shuttling during

gl utamat e synthesis nust be studied 25 further in light of the effi cacy of
GBP in the treatamvadio SeMGERRIMNFpRRAloR of HelifebRl all PR metdRanRgis N., and
Wal berg, F. (1992) Neurosci. 46. 519-534 and neurodegeneration, Chuang,

D. 1. and Shi RBhowh I.TapedB5) in The Mel abolic Basis of'Inherited D sease,

eds. 20 January 2005 WO 01/42191 PCT/US00/ 34769 -108 Schriver, C R,
Beaudet, A L., Sly, S., and Vaile, DO (MG awH|l) pp. 1239-1277,

Rot hsetin, J.D. aRurthunexgperimRuty\iwexel@8B) ol to Negstaettaluse/ 18§ onG48eiBRics oEXAMPLE

67 5 Enzyne preparation: Frozen rat brains were thawed on ice and m nced

into fihe pi &S Freskpdisemed rigmas wers indubatd fos 30 ommugesubdir Al @2Bimdd manni t ol , |
75 mM sucrose, 5 MM MOPS (pH 7.1), 1 nmM EDTA, 1 nM EGTA, 1 nM DTT |

~cont ai ni ng | eitpegt 0.2, 1, pehsMGBR. AnshowBNbFiguwas reddaok thd hencsstngloe sf wer e

honogeni zed in Potters honogeni zer (B. Bran 10 Biotech International) at
500 rpm for iGBP okr bkds didinot $igniBchnlly ireddid thoaaént bRim ishiboilke of tt syBBBisr pm
The honpgenates were centrifuged in Beckman J2-M 1 centrifuge with rotor
JA-20 at 19, o0UQ-glaambtepiuk “idrglutbhesperfa0an gavaSBR hal nozefluantd bn at | east
t hree changes of dialysis buffer (225 mM mannitol, 75 nmM sucrose, 5 nmM

MOPS pH 7. 1, fdrmatid=ddthric ackd 6dld&aatbAne didtek, lactild diiﬂ"ﬁ)rutzﬁé (Rdurb bR Tthhepproﬁsul ting
enzyme was stored at -80 C for 15 further assays. Assay of BCAT: The

reacti gn was tdQiéhokdl tHat the Hie ENGEP dmm"udmh%ﬁnaﬂmtasymwm e BAAY nicHﬂated
containing 50 nM Tris-HCL (pH 8.3), 25 gM[14C] L-leucine, 10 nmM

2- oxogl ut ar atghvedkion P MIRWEIERXAL BheseRkat e, | n1\/| DTT, and enzyne. The
solutions for the reaction

Discussion

The studies described evaluated mechanisms for maintenance of CNS glutamate

levels. Previous studies showed that glutamine synthetase is required in retinas and

15 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,

20 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.

25



20 m xture were made in |0-fold concentrations. After 10 m n i ncubation at
room tenperature (22 C), the reaction was stopped by ad8ilaguamnd0ie| of 15

mM p-nitrophenyl hydrazine in 2 MHCL. After a few mnutes, |I. nL of a
(4.5 g of PPO and 0.5 of bis-MSB in

t ol uene-b |ntillation liquid

liter of t 5&@%@% was added, the tube was capped and mt%&FS¥B8ughly with
a Vortex m xer. Then the tubes were centrifuged at 13, 500 25 rpm
(Eppendorf centrifuge 5415C) for 10_ﬂkq. Si x hundreds pl of organic |ayer
from each tube was placed into scintillation vials, followed by adding 10
m of scintillation cocktail for counting. Exanple #rBCATc |IC50 (uM 1146
21136 31660 42515 Dihiyapmaicyhopyrcywydrenug phglutamigosynthonswasiprsieardl 65 874

9120 10121 11387 ket d0ickd retmmas WOl MR 3% o Grins the Sppearance 2t Soedific
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 neuronat 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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Griffen, J.L., Rae, C., Radda, G.K., and Matthews, P.M. (1999) Biochim. Biophys. Acia
]450; 297-307, depending largely on initial assumptions of the mathematical models
employed. The present results suggest that glial pyru\.fate carboxylation and the
conversion of citric acid cycle intermediates to glutamate and glutamine are likely to be

quantitiatively important for retinal function and possibly for whole brain function.

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

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.,
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
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
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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1. A conpound of Fornula IV wherein R -R4 are hydrogen or al kyl;
R5 is hydrogen or alkyl, R6 is alkyl, benzyl, |,

al kyl cycl oa¥keaba219al koxy, cycl oal kyl, 111] PCT/US00/30769
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. Schriver, C.R., Beandet, A.L., Sly, S., and Vaile, D. (McGraw-Hill) pp. 1239-1277,

Rotﬁsetin, JL.D. and Kuncl, RW. (1995) J. Neuro-cheha. 65, 643-651.

EXAMPLE 67

Enzyme preparation: Frozen rat brains were thawed on ice and minced into fine pieces.
For each brain 5 ml of isotonic buffer [225 mM mannitol, 75 mM sucrose, 5 mM MOPS
(pH 7.1}, 1 mM EDTA, 1 mM EGTA, 1 mM DTT containing leupeptin, pepstatin and
PMSF} was added. The samples were homogenized in Potters homogenizer (B. Bran
Biotech International) at 500 rpm for ten strokes, followed by additional ten strokes a.t
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

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
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
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

1136

P
3 1660
4 2515




aryl al kyl , al koxy, cycloal kyl, ally,, a,kylcycloalkyl, trisubstituted haio
enalk | d gy, an wherein when R -R4 are each hydroge?d? ¢#uans2G09 not
met hyl ; or a pharmaceutically acceptable salt, ester selected from Cl-C6
al kyl esters, CS-C7 cycloal kyl esters and C1-C4 arylal kxl est-ers, or am de
"sel ected fYQM/EMldes derived fromanmonia, primary Cl- CBCTEPMUR{ nes and
secondary Cl1-C6 di al kyl am nes, thereof. 2. A conpound according to claim!]
- wherein-R2 and R4 are hydrogen and Rl and R3 are alkyl; R2 and R4 are
hydrogen and R and R3 are nethyl; "R%%a 1 R4 are hydrogen; R is alkyl and

R2- R4 are hygogem, RI s nmethyli@ag R2-RAare hydrogen; R5 is hydrogen; X
is NR6; X1 O R6 is alkyl; R6iis benzyl; R6 is phenylalkyl; R6 is
cycloal kyl; [®6 is triflfioroal kyll262R6 i s al kyl cycl oal kyl; R6 is al koxy; and
R6 is all y| . 73 A L,UIIlJUUIId accot '1.116 i ein R2 and R4 are
hydrogen and Rt and R3 are net h;/%; R -R4 are hydrogen; Rl is nethyl and
R2-R4 are hyd& ogen; R5 is 20 January 2005 112 hydrogen; Xis NR6; R6 is
al kyl ; R6 i §-benzyl+—s—phenylaklkyl—R6—i yI; R64 trifluoroal kyl;
"R6 is alkyldycloalkyl; R6 is alkody: and Re is allyll 4. A compound

according tgi@aimIl wherein R2 |and R4 are hydrogen and Rr and R} are
methyl; R -R4_are hydrogen 5 5 A conpound according to Claiml and
sel ected frqm! the group consi sti‘ﬁ§7of 10

12 1490

13 >10,000

14 8592

15 82

16 1319

17 >10,000

18

19 -

20 469

21 : 169

22 389

23 2121

24 942

25 170

26 8592

27 - 1553

28 181

29 391

30 ' 2250

31 908

32 243

33 1018

34 . 3218

35 1768




{'4(2,2,2-Trifluoro-ei hyl am no) - net hyl ) -cycl ohexy! } -acetic .acid; {

1-[ (3, 3, 3-Tri fl uor o- propyl am no) - net hyl ) - cycl ohexy) ~- adfedangaryc309s

la. 30, 5p-(3.5-Dinmethyl - | -prop-2 ynyl am nonet hyt - cycl ohexy)-acetic acid; 1
U4,50- (3.5-Dimethyl- I -](2,2.2-trifluoro-ethvlarnino)-nethyl]-cvclohe.yl

] aceticveedd1915 1(X 30.5{3-;3.5-Dinmethyl -1-[(3, 3, 3-t PCTASWBB76Pr O

pvl arni na) - met hyl ] - cvcl ahcxyl }- acetic acid; trans-((l R 3R1_3-Methyl -

- prop- 2- vnylaninonethyl cycl ohexy) )-acetic acid; trans-((lI

R 3R) - 3- thhyl-l-[(z 2, 2-trifluoro-dihyl am no)-nl cthvld-cvcl ohcxvl 20

R. 2D\ 2_ MNht hyvl |
OVt Ty T 1

acetic acid; t-r-ans— R—3R—3-

-[(3,3 . 3- trqu uor o- propyl anm no)|-met hy! ] -cycl ohcxy! )- acetic acid; trans-
((I R3R-3-|[Ethyl-1-T(4,4,4-tri[if198r o- but yl am no) - net hyl J-c3, cl ohexv) }-
acetic acid;|.25 1 a, 3
0, 50- (3, 5- Di[M&t hyl -1 - [ (4, 4, 4- t ri [f4%8r o- but y) ani no) - net hY1 ] - cycl ohexyl ) -
acetic acid;[ 350X 337 5[ 3-{ - fOygkopropyl met hyl™ -amn no) - met hyl ]

- 3,5- dlnethyl-cvclohexv)} acetic acid;

- trans-{ (IR, 3rRY- I-[(Cyclopropylneﬂﬁ@ﬂ anlno) met hyl ] - B-met hyl -c¢ cl ohex Y vyl |
} - 30 acetijgqactd—20January 2005 =113 |
trans-( (1R 3R)-3-Methyl -1 -inethyl am nonet hyl -cycl ohekyl)-acetic acid,
trans-( (I R|3R)-1- EthylanlnonethwmQS nethyl cycl ohexyl)-acetic acid; |
trans- ( (| R 3R—3Methyl— Prcpy! gUHUtuy. eyetohexyl )-acetic acid;
trans- ( (1R, 3Ry- 1- But yl am nomet hyl*- 3 met hyl - cycl ohexyl )-acetic acid; 5
trans- (() R 3Bu- 1 Hydr oxynet hyl - 3-ameghyl - cycl ohexyl) -pceti c aci d, |

45 1331
76 1129
47 15580
48 8530
49 54
50 842
51 >10,000
52 2516
53 3340
54 217
55 5242
56 ---
57
58 179
59 3370 -
60 11530
161 114
62 4216
63 .
64
65




.1 @a,313,513-{ | -[(Hydroxynet hyl -am no)-net hyl]-3, 5-di | - ¢ exyl)

- -acetic acid; 10 | ”‘ibfjxnuar}’ﬁb@?
a, 3(3,5(i-(1-Ethyl am nonet hyl - 3, 5-di ngt hyl - cycl ohexyl )-acetic acid, - ---
hydrochl ori de salt; S 111 '
100, 5f 3-(] - AI']]M[%‘J‘ no- et hyl ) - 3. 5- di met hyl - evcl ohexyl J- ace#i.c aci d,
hydrochl oridée salt, 15 1 . .
a, 3p, 5{3-(1- Di nt hyua&mp@@idwﬂ:&mﬁlaqiwet hyl - cycl ohexyl ) -acetic acid,
hydrochl ori de salt; | '
a, 3[ 3, 5(3-(1-Butyl am nonet hyl - 3, 5- di net hyl - cycl ohexyl) aec(ic acid,
hydrochloride salt; 1 a,3[f,50-{ 1R,
(Bcnzyl - met hyl - ami no) - m et hyl ) ~3, 5- diret&@J4+ cycl ol zexvl -acetic 20 acid,
hydrochl oride salt; |a,3p,5[3-(3,5-Difnethyl -1 -nethyl am nonet hyl - cycl ohexyl
)-acetic acid, hydrochloride salt; |
a, 3[3,5] 3-[1- (Acet yl am no- net hyl ) - 3, et hyl -cycl ohexyl ]-acetic acid;: |
- a,3l ,5 f3-[]-(Isobutyl am no- net r};\(“l di met hyl - cycl ohexyl J-acetic acid,

25 hydrochl ori-de salt; Ry
10, 3[3,5[ 3-[ 3, 5-Di net hyl -1 -(phenet h§? ani ffe- met hyfy- cycl ohexyl J-acetic acid,
hydr ochl or ivderdal t; 30
{1-[(Cycl obut vl met hyl - am no) - net hyl ] - cycl ohexyl ) -acetic acid, hydrochloride
sal t;  W011421%1-Rigrg bydragen apalyl; PCTI USO0/ 30769 - 114 - _
la, 3[ 3, 5f-{l -(b(si?m%g@m no- met hyl ) - 3, 5-di met hyl - cycl ohexyl ] -acetic acid,
hydrochl oride salt; *{ 1={(2-Methyl -butyl am no)-net hyl ] -cycl ohexyl )-acetic -
¢ aci d, - hydr ochl Bs isdydsegen;or afky], .
“1-[1(4,4,4-Trifhueras | ani ng) - net hyl ] - cycl ohexyl )-acetic acid,

hydr ochl ori dei RR ﬁkybt't!}énzyz, : - arylalkyl, alkoxy, cycloalkyl, allyl

etoyloyeloalles), alkoxy, cyeloalkyl, alkyloycloalky, trisubstinuted halogenalkyl, and
wherein when R(-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

arylalkyl esters, or amide selected from amides detived from ammonia, primary C;-C,
glkylammcs and secondary Cy-Cy dialkylamines, thereof, : o
2,

A compound according to claim 1 wherein R, and Ry are hydrogen and R
;md_ R; are alkyl; R, and R4 are hydrogen and R; and R; are methyl; R; ]
R; is alkyl and Ry-Ry4 are hydrogen; R, is methyl and R, ’
X is NRg; X is O; Rs is alkyl; R is benzyi;
cycloalkyl; Ry is triflivoroalkyl; Ry is alkylcycloalkyl; Ry is al
3. A compound according to claim 1 wherein R,
and Ry are methyl; R,-Ry are hydrogen; R, is methyl and R,

R4 are hydrogen;
-R4 are hydrogen; Rs is hydrogen;
- R is phenylalkyl; R¢ is
koxy; and Ry is allyl,
and Ry are hydrogen and R;
-Rq are hydrogen; R; is



'5 salt; (1-Ethylam nomethyl-cycl ohexyl)-acetic acid, gégchl or g(?%sal t;
| -[ (Cycl opr opyl net hyl - am no) - net hyl ] - cycl ohexyl } -acetic ? chl ori de
salt; ( 1 {(2-Hydroxy-I-net hyI et byl amﬂg) =met hyl ] - cycl ohexyl )-acétic acid,
10 hydr ochl ori de sal LY [1- s]%g;nt yl am met hyl ) - cycl ohexyl ]-acetic acid,
-hydrochl ori de salt; qrog § Ryadsnatk pexyl)-aceti.c acid,

hydrochl ori de salt; gﬁq% vl ani Eﬂﬂ}é&%%@dycl ohexyl J%El@m’]@lkahm,ns
hydrochl ori de salt; cl f’%‘"ﬁi’ kywclbﬂhyp(}{k)s }éj 43

hydr ochl ori de salt; 15 - [ 1- (Benzyl am no- et hyI ) -cycl ohexyl ] - 531[ ?%’%@%
hydrochl oride salt; A co

((IR ,3R)-3-Met hyl - I - prnéléci/""gﬁfcr%d RfHlaieycvimeinRe pactRetre by @kéh and R, ang g

' hydrochl ori de sal t jare methyl; Ry-Ry are hydrogen ' 3
{I-[Cycl openty. Jr net hyl - am no) - net hyI? cycl ohexyl }-acetic acid,

hydrochl ofi c aI t; ﬁ20 (1 }d_ acegl c acid, hydrochloric salt; ((3R
5S)- 1| - Cycl obut y1 am fidEPand aged ldgmatrllhmh 1 e Ll cetic acid, 25
hydrochl oride salt; ((3R ok 42 group consisting of:

5S)-3,5-Di net hyl -1 -[ (2-net hyl -butyl am no) - met hyl ] - cycl ohexyl }-acetic acid,
hydrochl oride salt; {(3R 5S)-Il.-[(2-Hydroxy-I
-net hyl - et hyl arni no) - met hyl | - 3, 5-di met hyl - cycl ohexyl }-acetic acid,
hydrochl ori de salt; i( {(3R -
5S)-1-(" (2, 2-Di net hb; g%ﬁyhmmmmdme}?@}gycgh H]Xcg cycl ohexyl}- acetic
1

acid, hifirochl ori dg1-gaB.T 2005 zcig
[(Cycl opcnt yl net hyl Ram no@ﬁ‘é@ﬁ}é? TI¥'§‘"° "’Gl%t%ylbhwt}l—amlaw(yd]& -acetic

acid, hydrochloride salt; {(3R 58) |
-[(q/cl ohexyl net hmbcmm@)5_ QP{;,:} l—pmp-z 5-di methyl-cycl ohexyl } -acetic

~yny1&mmomcthyr-cyclohewi) acetic aci
) -acel N
1o.3B,5p-13.5- -Dimethyl-1-[(2,2,2 o

-trifluoro-ethy
— _ -ethy la-mmo}-me(hyl]-cyc]ohcxyl -

15 le,3B.5p-1 i .
P, -.3.5-Dlmethyi—l-[(3 3,3-ifl
I, 3-trfluoro- i
i o propylammo)-mcthyl]-c_vr;lohcxyl} -
transi((l R.3R)—3-Methyl-!
trans- {({ R.3R)~3-Methyl-]
?0 acetic acid;
trans-{(IR,3R)-3-M ethyl-|
acetic acid;

—prop-2-ynylaminomethy!
~[(2,.2.2-tri fluoro-ethy

~cvclohexyi-acetic acid;

lamino)-melhy!}-cyclohcxvl} -

-((3,3.3-lriﬂuoro-propylamino)-mezhyl]-cycfohcxyl}-
trans-{(1R,3R)-3-Methy
yI-1-[(4,4,4-1riflu
| wcetio i oro- butylam1n0)~mcthyl]-cycJohcxyl }-
25 '
lo,3B,58- {3,5-Dimethyl-1-{(4.4 4
acetic acid:

lo,30,5B-¢ 1-[( Cyclopropylmethyl »-amino)-methyl]-is
acetic acid; .

- trans-{(1R,3R)-| ~[(Cyclopropylmethyl
30 acetic acid;

-dimethyl-cy_clohexyl -

—amino)-methyl]-B~melhyl~cyclohexyl}-



-aci d, hydrochloride salt;
((3R, 5S5) - 1- Cycl ohexyl ar ni nonet hyl

hydrochl oride salt; . salt;

ci s-((3R 59). - 1- Hydr oxynet hyl. - 3, 5- di madByl - cycl ohexyl - acetic acid, '
hydrochl ori de (- Butgshayt AR - aeat | cid, hydrochloride
salt; {1-(2,2-Dinet hoxy-fg’% ?ﬁmzﬁ%@?@*‘f@?@ﬁ%ﬂ%ﬁﬁﬁ%@ﬂ% aci d,
hydrochloride sal t Fant{(1}.3Re! -Fthy aminopietiaind rogthyteydotcky b ysio hady | } - aceti ¢
act d. - hydr ocht or i deasalfin s -UERFRF RS AN AR HildeSHELINE A - acet ¢
(1- [ ( 3- Phenyl - pr opy¥ens{tidd3RidtButy hminpoiediyb s yrhdthyde pildhexyaricdtic hafgr ochl ori de

salt; (3R 5S) - Hydr Q> Ly - di | - cycl ghexyl’) -acetic ‘acid, sodium
sal't; (ESBR, 5S) - - Efi“%g?}nm%{ )rfre*'t"ﬁaﬁr;‘?' Fg‘g’ii?%%“t@1°¥“3‘|§}€rﬂh@ﬁyv jcidiceti ¢ acid,
hydrochl ori de sal t}o,3B,58-{1-[(Hydroxymethyl-amino)-methyl]-3,5-di - -aceti
((3R 55)-3,5-D net t}ﬂd‘-l - propyl am nom et hyl -)cyclyo exylniefhg(l:g cil%heg%li}é'?euc
~hydrochloride salt;. :

[ (1R, 3R) - I - (Benzyl am no- net hyl ) - 3- et hyl - cycl ohexyl ] -acetic acid, ..
hydrochl oride salt; ) i
((1R 3R) - 1-[ (Benzyl - met hyl - ami no) - net hyl ] - 3- net hyl - ¢yclohexyl ¥=acetic acid,
h dro hiorid y ¢ o e salt; or : -
((IR 3R)-3-Met hyl -| . - et hyl am nonet hyl - cycl ohexyl ) -acetic acid,
hydr ochleri de- sal i‘f‘ﬁﬁéﬁﬁéﬁ@ﬂﬂy}ﬁ@@}@@ﬂ%,5~dim6lh1~'1-Cyclohexyl)-ac_etic acid,

-3, 5-di net hyl - cycl ohexglrl’ )’?'};{’89{?%°5aci d,

hydrochloride salt; _
1a3B,58-(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;



116 6. Use of a conpound of Forrmulas I, Il, and/or IIl RO\ (CH2) R R~
ReR~ 5 -R3 RARI | C2H - CHOM (&)n RI3 R R$' RR5 7 R2 wherein: -
RO is H alkyl; cycloalkyl; substituted al kyl containing hal ogen, amn ne,

al koxy, cycloal kyl, or hydroxy; ally/; alkynyl; , i sulfonyl;, Qhaqﬂ}élry 2005

benzyl ; arwbaelAab; and excepting for formula I!, al kanyi or
al koxyal kanoyl . mand n are independently an integer of FCHUSE¥36I69Ry and
and X = NR14,

Rio - Ro are independently H alkyl, or substituted al kyl; &
0, or S where there is Tore than one,sjercoisoner, each chiral centre may

be i ndependently R or S; or a pharmaceutically acceptable salt, ester

sel ected from Cl- Cb*aPiéftll €semopylanS5o-Gitthyacs-tialetiyl-cyfohekd)-a. Gig C4

aryl al kyl esters, Pfdrquﬁie? !_ect ed from am des derived from ammdni a,
am nes and’secondary Cl-C6 dial kyl am nes, thereof, for
The.

primary G -C6 al ky{
the manufacture of {hl(Eddkitpdbenytaniing)-hdedléRBhelyBRREIC kL e sl
use of claim6 wheygd, NAR D G Gaminol st i Gt &‘&%g&r'@tsﬁ@” ; R4
»4,4-Tritluoro-buty amino)-methyl]-cyclohexyl}-acetic acid, hydrochloride
5 salt;
(1 ~Ethylaminomethyl-cyclohexyl)-acctic acid, hydrochloride salt;
{ I-[(Cyclopropylmethyl-amino)-methyl]—cyclohexyi}-acetic acid, hydrochloride
salt; ‘
{1-{(2-Hydroxy-1 -methyl—ethylainino)émethyl]—cyclohexyl} -acetic acid, - -
i0 hydrochloride salt;
", _ _ [1 ~(Isobutylaminq—methyl)fcyclohexyl].—acetic acid, hydrochloride salt;
(l—Propylaminomethyl-cyc]ohcxyl)—acetic acid, hydfochloﬁde salt;
[1-( sopropylamino-methy!)-cyclohexylj-acetic acid, hydrochloride salt;
| (t —'Cyclohexylaminomethyl-cyclohexyl)—acetic acid, hydrochloride salt;
5 . [ 1-(Benzjrlamino-me:thyl)-cyclohexyl}—acetic acid, hydrochloride salt;
((IR,3R)—3-Methyl-l-propylaminomethyl—cyclohexyl)—acetic acid, hydrochloride
salt; ‘ 7 ‘
{I—[Cyclopentylmethyl-amino)-methyl]—cyciohexy[}—acetic acid, hydrochloric
sali;

20 _ {l—[(Cyclohexylmethyl—amino)—methyl]-cyclohexyl}-acetic 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;



.and-Rs are nethyl; R8 is nmethyl; Riois nethyl; R7 and re |, R4
and R8 are nethyl; RI-R8 and R o-R13 are H, R9 is al kyﬁ,%‘%@“qrggb@%zyl; 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, 'or R2 is nethyl. 8. The use of- .
claim6 wherein ?éRi,;Sal kyl, R -R2 and R41IfR11 and R14 are hydr ogen, and m
and n are 1, and ANRICyc e‘ﬁclj)ﬂn _AFe A |- nd R4-RI O and R14
are hydrogen ci?lﬁ?'ad ) % 1 1i%nd X %ﬁlﬁﬁo%%ﬁéfﬁz IﬁYﬂthxyBlacé&
and R4-R10 2?) a u’é(?‘;?‘ §3E317 and R14 are hydrogen, in and n are 1, RO is

alkyl, and X is £4S)an 4, are hydrogen, mand n are 1, and -
Xis 0. 9. The g@m’of ) cl g?%%%é‘?‘é*?‘?{ﬁ%ﬂ@iﬂ%@ﬂha, -éinﬁhsdmyemhézgﬂ}nabétﬁ;
gr oup consi@lq’Hﬁg@Ph{UHdﬁﬁMt;yl ani nonet hyl - eyel ohexyl ) -acetic aci d;
(1-Prop-2-ynyla .- cycl ghexyl )-acetic acid; 11
-[(2,2,2-Trifl uggygg‘gﬁ?%dg@f%iiﬁﬂﬂWefh)dﬁeﬁ-dhwmd}emax?lﬁ%t% aci
{1-1(3, 3, 3- Wﬂimphlbﬁde[su(:;pyl am no) - met hyl ] - cycl ohexyl }-acetic aci d(?’

~1x, 3[3,5[3- (1-Allylam nonet hyl -3, 5-di net hyl - cycl ohexyl ) -acetic aci d;

la, 3j 3, 5p- (3, 5-Di net hyl - | - prop- 2- ynyl am nonet hyl - cycl ohexyl-) - aceti ¢ aci d;
20 January 2005 WD 01/42191 PCT/US00130769 -I1l,s- 1 a,3 [3,5
f3-{3,5-Dinethyl-1 -[(2,2,2-trifluoro-ethylaniino)-nmethyl]-cyctehexyl)-
acetic acid; |1 a,3[3, 5[3- { 3, 5 -Dinethyl- 1| -[(3,3,3 '

-trifluoro-propyan -7 |.]1-cycl ohexyl } - -acetic acid; 5 trans-((lI
R 3R) -1 -Allylam g(gﬁgﬁ?y“l_f-@B??é‘]r‘wﬁ%gér@n@ﬂwljcyabhex;d-mﬁaacid,tﬁyaﬂﬁhmde
R 3R)-3- MetSB¥d -i - prop- 2-ynyl am nonet hyl - cycl ohexyl )-aceti.c aci'd; trans-{

(I R 3R)-3- Mt hyl -.(2,2 2-trifluoro-ethylam no)-methyl ] -‘cycl ohexyl } -
.aceti'c acid; gty Iam'[“go’m‘"’th)gl"c)”ﬁlollﬁ‘le’l)-ac:eti(; acid, hydrochloride sal; :

7 { 1—[2,2—Dimethoxy-ethylam'ino)
sali;

-mcthyl]—cycfohexyl} -acetic acid, hydro chloride

{1-[(Benzyl -methyl-aming) -methyl]-cyclohexyl}
] [ 1~(Phenethylamino-methyl)-cyclohe;cyl]

{ I—[(3-P.henybpropylamino)—methyl] -cyclohexyl}-acetic acid, kydrochloride salt:

((3R,SS).~1~Hydroxymethyl—3,5—dimethyl-cyclohexyl)-acetic acid, sodium salt;

((3R,SS)—1~Ethylarninomethyl-3,S—dimethyl ’
salt; .

-acetic acid, hydrochloride salt;
-acetic acid, hydrochloride salt;

-cyclohexyl)-acetic acid, hydrochloride

(BR.58)-3,5-Dimethyl-1

-propylaminomethyl-cyclohexyl)-acetic aci

hydrochloride salt; yl)-acetic acid,
[(1R33R ‘1" f .

b )-1-(Benzylamino methyl)~3»methyl-cYcloh_exyl]-acetic acid, hydrochloride

{(IR’BR)“I"'[(Banybmeth l-ami
yl-amino)-methyl]-3-methyl-cyclohexyi}-acetic aci
* hydrochloride salt; or ] yelohexyl}-acetic acid,

((1IR,3R)-3-Methyl-1-methylami - ‘ L ‘
el 2 thy y alpmomethyi-cyclohe?cyl)-ace_tlc acid, hydrochloride -



trans-{(1 R 3R -3 -Methyl- |

-[(3,3,3-trifluoro-propyl am no)-net hyl]-cycl ohexyl }- acetzp(’:janﬁ%yég?%;
trans-{ (1 R 3R)-3-Mthyl -] ]
-[(4,4,4-trifluoro-butyl am no)-nmethyl]-cycl ohexyl } - acetic acid; | .
a, 3[3,5[3-{3,5-Dinethyl -1 [(4 4, 4- trifluldlﬁo-butyl am no) - met'hyl ] - cycl ohexyl

}- acetic acid; 615 Usk.o¥lal oo
-[ (Cycl opr opyl net hyl - am no) met dﬁFoéméllaé %Tgtﬁlﬂorc%l ohexyl }- acetic acid,

trans-{(1 R 3R)-1-[(Cycl opropyl net hyl - am no) - net hyl ] - 3- et hyl - cycl ohexyl }_-
acetic acid; trans-( (I FE&R)-S-%E}thyI - | - met hyl am t hyl -cycl ohexyl ) -acetic
H

acid; 20 trans-((1R 3R -K-Eth i nonet hyl - 3- met ohexyl)-acetic
acid; trans-((1R 3R 1§H§ét hyl propy! ani nonféH Hohexyl ) -acetic

aci d; trans((IRBR)- u n(l ?rethyl 3- et Ry, I) acetic acid;
trans-((] R, 3R)-1-Hydrg)dHe et hyl - cycl @he fei,l'c acid; | a,3
[3,53-{ | -[(Hydroxynet hy oﬁiz met hyl ] -3, 5-di cytl ohexyl }-acetic
25 acid; | a, 3p, 5[ 3- ( Rg? ; RL 3,5-diet hyIRac Ry-acetic acid,
hydrochl oride; trans-(Rg 3R) (IRA o,get hyl - viRY ﬁal ohexyl)-acetic
acid, hydrochloride; (1- Ami nonet hyI met hyI cycl of efyl )-acetic acid,

hydr ochl ori de; (I-Am nonet hyl -3, 3-di net hyl -cycl ohexyl)-acetic acid,

hydr ochl ori de; 30 _
()-(trans)-(l-Am norret hyl - 3, 4- di rret\NyI kpentyl)-acetic acid,
_ hydrochl ori de; ~ {© H2)| fﬂk
(cis/trans)-(3R)-(1- Am nomet hyI
Jydrochloride; 20 January 2005 R
£(#)-(trans)-(1-Arninonethyl -3, 4-4i
hydrochl oride; (+)-(trans)- (1R
acid, hydrochloride; | u,3 10
(3, 513- ( 1- Ami nonet hyl - 3, 5- di net hﬁﬂ-

yglopentyl):acetlc aci d, ' -
LR bCT/ USO0/ 30769 - 119 -
mopentyl) acetic acid,
%- di net hyl, - cyclopentyl) acetic

wherein:

- Ro is H; alkyl; cycloalkyl; substituted alkyl containing halogen, amine, alkoxy,
cycloalkyl, or hydroxy; allyl; alkynyl; « ' i sulfonyl; phenyl; benzyi;
-arylalkyl; and excepting for formula 11, atkanoyl or a!koxyalkanoyl
m and n are mdependently an integer of 1-3;
—Rg and Ryg — Ry4 are indep endently H, alkyl, or substifuted alkyl; and
‘X"NRM, O,orS -
where there is fnore than one sterecisomer, each chiral centre may be mdependently
R or S; or a pharmaceutically acceptable salt, ester selected from Cy-C alkyl esters, Cs- G
cycloalkyl esters and C;-Cy arylalkyl esters, or amide selected from amides derived from
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 NRyy; Ry is H; Ryis methyl R4 N
and Rs are methyl; Ry is methyl; Ryo is methyl; R; and Rg are methyl; Ry and Rg are
methyl; Ry-Rg and Ryg-R,;5 are H; Ry is alkyl; Ry is benzyl; Ry, is alkyl; R is arylalkyl; R,
is cycloalkyl; R;-Rg are H; Ri-Rg and Ryg-Ry; are H; Ri-R; and Ry<R; 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



I 'a, 3 [3,5[3-(3,5-Dinmethyl - | -propyl am nonet hyl - cycl ohgxyl )-aceric acid,

5 hydrochloride salt; 1 a, 3[3,5(3-(1-Ethyl ani nonethyl %Ja')'uary%b‘r’c

-3, 5-di nmet hyl - cycl ohexyl )-acetic acid, hydrochloride salt; 1 a.3[i,513-(I

- Benzyl am no- net hyl ) - 3, 5- di net hyl - cycl ohexyl ] -acetic acid, hydrochloride

salt; 10 1a, 3[3, 5(3-(1-D net hyl am nonet hyl - 3, 5- di net hyl - cycl ohexyl )-acetic

acid, hydrochloride salt; | (x,3[3,51-( 1117 '

- Butyl am nomehd Rz &e hydiiogei, iy bnd i @O Yk hkIE Shé i, . ..yelr achl ard de

sal t : 1 a. 3 3 5&3- | ' W ﬂ(@, ag(ﬁcﬂlgm, alﬁlgl R”hin% RM are

“[ (Benzyl - met#IP %ﬂni W e hyand 8 is0di et hyl - cycl ohexyl } -acetic 15 acid,

hydrochl oride sabt; Th@u3d3oksild 62w EL vl - .

- et hyl ani nonet hy| - C¥C| (l)lhe%gl E-ugggt W?e{aggll (@/e °+]‘§78?‘5‘6‘hisoﬁ“é?éedsaﬁ°er} the group

a, 3[ 3, 5j 3- [ ] consmBeg pf:ami no- et hyl ) - 3, 5-di net hyl - cycl ohexyl ] -aceti ¢ aci d;

la, 3p, 5p-(1 -(Isgh |.akr al nomet.hyl ) -3, 5-di npt hyl - cycl ohexyl ] -acetic acid,

20 h)F/) ar gcgl or |( deas_gfl ?ﬁgr[o%erthylncyclol¥ex)yl)-acetlc allcT(E y y Xyl

la, 3f3,51-[3, 5- [Ilﬁhbp%yﬂ)de(nﬁh@fﬂemml?@Mh@f?ylgﬁééﬁgIa}iacycI ohexyl ] -acetic acid,
hydr ochl ori de sak/]'t' } 3ﬁ',&5{;‘3-{ 3,5-Dinet hyl - | ’

~[ (3- phenyl - pr opyt K r?g'f‘-l hypthylagispbmethyl]-cyclabexyljeacetic iadid; hydr ochl or i de

sal t; 25 {I-[(Cypl-ghotyTamidry picidnhe)! I opexyl.) - acetic acid,

hydr bchi ori de o4l %f P pr@ﬂdﬁﬂ}lomhlﬂﬂ] cy&Xﬁéxyh aéén): a01(c:1,

13, 5[ 3- (1- (I sopr’c?bi‘/ﬁ,éﬁ'rﬁlnﬁummmﬁfﬁfwﬁdﬂkmﬂiy}hbycﬂmxm%yﬁd adget i c acid,

hydrochl ori de saj 3 2 Es:l 20- 0 1- Ami gonet hyl -1 - cycl ohexane-acetjc acid;
1 - Ami nonet hyl - 1 :33%5@{%g(?r{{ngﬁlgl-i@é?q-g—mgfaa%’fnomethyl-cyclohexyl)-acetlc acid,



20 January 2005 | - Am nonet hyl -9 cycl opent ane-acetic aci db sodi um sal t;
| - (hydr oxynet hyl ) cycl ohexane- acetic acid, sodium salt; %9 January2005
(1-[(2-Met hyl -butyl am no) - met hyl ] - cycl ohexyl }-acetic acid, hydrochloride

salt; (1 -ywb%dméy Trifluoro-butylam no)-nethyl]-cyclohexyll-acetic acid,
hydrochloride salt; (I-Efhylani nonethyl -cycl ohexyl)- acé%/qT%,Usg‘ﬁ“a‘?

hydr ochl oride gait,
(I-[(Cyclopropylnethyl-anino)-nethyjhquclohexyl}-acetic aci d,
hydrochloride 10 salt; ( I-[(2-Hydroxy- |

- met hyl - et hyl am ndps3Peiphipl 3-DayahoiielyD,2-rifhees-btyReimd)-mehyiLoeBhasde sal t;
(I'-(1sobutyl am no-net hyl,)-cycl ohexyl ]-acetic acid, hydrochloride salt;
(I-Prop ylaninone?%%?ﬁé9tlohexyl)-acetic acid, hydrochloride salt; is

[ 1- (I sopropy! ami nQosBispy{s)s-Disd 4.3 33681 b1GmindY. 1oL alt; (I
- Cycl ohexvl am norre?ﬁ?l I-ﬂ,c{lyg:l ohe;y}?ﬂceti C gé(?]él,%s l%glrng)éﬂ{egl?pcfg&ég%?ﬁ [ 1-
- (BenzvJani no- met hy#f¢asidi ohexyl ] -acetic acid. hydrochloride salt; ((1R 3R)

a- Met hys - | - propy! g eoost oy Folal=ye - i gy hydrochl oride salt;
20 {1-((;ycl opent vl met hy] -Em‘%ﬁ%t hyl?sj]')-jc'@"glﬁgﬁg‘igy "‘?‘) é“éée{‘tcia%aci d,
hydrochl oric sal F?HS{(QL%%@;&:MBHI+mm—hyhylamnnm¢ihmh30h§*ﬁ)y&btﬁﬂmI

Lyt eSSt SIS ey it
hydrochl ori de sal #eetif ¢d®,  SS) - 3, 5- Di net hyl - | _ _ _
L L S R S 2
- 3. 5-dltret hyl - cyadidhexyl }-acetic acid, hydrochloride salt;

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-trifluoro-butylamino)-methyl]-cyclohexy! }-

acetic acid;

15 la,38,5B-{1 -[(Cyclopropylmethyi-amino)—methy1}~3,S-dimethyl—cyciohexy] }-
acelic acid;
trans-{{1R,3R)}-1 -[(Cyclopropylmethyl-amino)-methyl]-3-methyl-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; | |



{(3R 58)-I[(2 2- Di met hoxy- ethylanlno) nethyl] 3, S—dlnethyl cyclohexyl)
acetic acid, hydrochloride salt; 20 January 2005 121- g0 ¢damans2§0s
r[(CycIopentyInethyI am no) - nethylI-~3,5-dinethyl-cyclohexyl - acetic acid,

hydrochlonw ﬁ&%ﬁh ) f (3R 59)-i

-[ (Cyrl ohexy yl -am no) - net hyl ] - 3, 5- di net hyl - cycl oheX8I/USOUN8: j ¢ aci d,
hydrochloride salt; 5 ((3R

58)-1-Cyclohexylaninonethyl 3, 5- dlnetgyl cycl ohexyl)-acetic acid,
hydrochl ori de salt; trams-((3R

5S) - 1- Hydr oxynet h)(#} @sabhs)dil MehiRdhetBYS, @Hﬁﬁi&ﬂy‘]- G eht Sfa'céjﬂc acﬂYWd%hioﬁﬁé de
salt; 10 cis-((3R, SS)-I-Hydroxynethyj-3 dlnethyﬁ cycl ohexyl ) -aceti’c
acid, ti hydrochloride salt; (1-Di nethyl anlnonethyl cycl ohexyl ) -acetic

aci d, hydrochl ori de)- smhs);(1~p(1ﬂjnauétwmm-maﬁetthd@ﬁﬁﬂygaeeqwa);fdameﬁdcﬁloﬁaé;d,
hydrochlorlde silt, - f
1-[ 2, 2- D nmef hoxy- ethylanlno) nmet hyl ) - cyclohexyl} acetic acid, hydrochloride

15 salt; (1- met hvbaisfeiiedhinbmehglhhidinyihyi-agdbicyatdic al?ayl,dfyﬁﬁjahlefid'idje salt;
| l-(($enzy|-nethy| -am no) - net hyl ) -cycl ohexyl }-acetic acid, hydrochl oride
salt: [I-(Phenethyl am no-nethyl)-cycl ohexyl]-acetic acid. hydrochloride
sal t; { 1-[(3-Phehg38pldpytRimetin)- ifpmpmgphiinan}eﬁ}h}@hwvﬂe)wl&@emib@ciaci d.

hydroch ori de sal SS) - | - Hydr oxynet hyl
ot hyl - cycf’o‘i’m"ghq §°(e§%1§t|c beid Sodamsalt ((3 R S9)- 1-

Et hyl am nor net hyl - 3. 5_di net hyl - cyclohexyl) acetic acid, hydrochloride
ol Lo et by dpcs bRyl ARG Lok &Sl Rk geplor 1, a1 4,
((3R 58)-3,5-Dlﬂﬂdmmmmmkpmnpylanlnonethyl -cvclohexy | )-acetic aci d
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;



hydrochl ori de

Chloride salt; [(1:R | tic acid
i no.- |)-3-net hyl -cycl ohexy!] -aceti ! :
- (Benzyl am no-methyl) 76t hyl - ami no) - met hy , 1] - 3- e Yy aSd & "EeYs

giit; f (I R 3R)- 1 -[(Benzyl- . (I R 3R)-3-M
3 0 hydrochloride salt; } acrd, or ( ’ : 20 Jai war
acetic 3 y cyclohexyl) aceti ¢ ¥0id, hydrochl ori de salt; -4 y

- met hyl am nonet hyl - . and/or |IE RfFf \
2605 122 10. Use oflAmmmﬂyngchi‘(l)ZH Ch% fAcxd( CH2)n RLRL RO RII R

CHa} CH2) n Ra ~R I-1-cyclopentane-acetic acid:
Patvia - (o) NPy oclopn o
t-Aminomethyl-1 cyclopentane-acetic acid, sodium salt:

' RO

—(hydroxymethyl)cyclohexane-acetxc acid, sodium salt;
{1- [(2-Methyl butylammo)-methyl]‘cyclohexyl}-aceuc acid, hydrochlaride sait:
{1-[(4.4 4-Tnﬂuoro-bu!ylammo)—methyl]-cyclohcx yl}
salt;

( 1-Eﬂlylaminomeﬂlyl-cyclohcxyl)-acetic acid, hydrochloride salt;
-acelic acid, hydrochloride

-acetic acid, hydrochloride

{1- [(Cyclopropyimethyl -amino)-methyl]- cyc[ohcxy[}

10 . salt;

{1-{(2-Hydroxy-1 -m_ethyl -cthylamfno)—methyl]—cyclohgxy] }-acetic acid, -

hydro?:hl-odde salf; _ '

g { 1-(isobutylamino-methyi)- -cyclohexyl]
' (1- Propylammomcthylvcyclohcxyl)-accuc acid, hydrochloride salt;

[ ]-(Isopropylammo-methyl) -cyclohexyl]-acetic acud hydrachloride salt:

(- -Cyclohexylaminomethyl- -cyclohexyl)-acetic acid, hydrochloride salt:
-acetic acid. hydrochloride salt;

-acetic acid, hydrochloride salt;

15

[1-(Benzylamino- -methyl)-cyclohexyl]
((1R3R)-3-Methyl- l-propylammomcthyl«:_vclohcxyl)-acctic acid. hivdrochloride

salt; .

{ !-[Cyc!opcmylmclhyl-amino)—ﬁqethyl]‘cyclohexyl }-acetic acid, hvdrochloric

20
salf:
{1-[(Cyclohexylmeth yl-amino)-mcthyl]-cyclohexyl }

salt;

-acetic acid, hydrachlorie

25

J ((3R, 58)-1 ~Cyclobuty!aminomcthyl—J.S—dimclh_\r‘l-cycloht:x_vl J-acctic acid,

hydrochloride salt;

- {(3R, SS)—B,S-DimethyI-l - (2-methyl-butylamino)-methyl]-gyclohexyl t-acetic

acid, hydrochloride salt;

30 {(3R, 58)-1-{(2- Hydroxy I-methyl-ethylamino)- -methyl}-3.5
| cyclohexyl}-acetic acid, hydrochloride salt;

{(3R, 5S)-1- [(2 2- Dxmethoxy*ethylammo)-methyij-E 5- dlmethy}

-dimethyl-

-cyclohexyl)-

acetic acid, hydrochioride salt;




N3.R R2 R wherein: Ro ' R4 11 R"hla|1)'g,re§ Rgmne%dm@ﬁ,zoos
ool oaf |} substituted alkyl containing F T onvl ; phenyl ; benzyt; ary
cycloal kyl; hydroxy; al kyl; al kynyl, : sU y " koxyal kaooyl m aid n
Cy(:lf)al kyld’eg(r: p%/i n-9 for formula i1, aflt(ﬁﬂo%% ng Ro. RA4are

al ky an -

are independently an. cm&%el g@{,?l?wégn%r,

| k 3k9¢nn°hﬂldﬂ1}'%-3:5t r‘&ﬁe ﬂr?gl;/yl Qgcl%ex%}VWGr e
Itﬂdegelngeg L)r/th h:n gwengmt épdrechi@ide sgach. chiral cen
er

ter

eutl cal | y accept able salt, es

sel ected f1rom Ci- G5 Ay E5ERaehoglrehnt opiboimtiloos SRR RO 0L G “goeic

e kg o ahlogigé e, f rom am des derived fr  anmon Cor

.aryl al kyl Ssters, Of -Hi el secondary Cl- C6 dial kyl am nes R n am no’ or

primary Ct5C6 al kyI a%%tggﬂgjﬁf To W'Wmﬂvl-m@dhﬁ@hﬁr@a XI% 0’ aci

ot e e Iémda,&a[ The use accordh!-9 to"c th R s

e ;](Otral\llgigﬁr% is H b R4 is nmethyl; R4 SndRSRgr 2r ﬁefﬁw y RI R
are 1; Xis ' e an

%?h& Riois nethyl; R7 and Rg are nethy

R14 is alkyl; RO is
and Rto-R13 are H R@zm-i(-’iﬁl. kg)1- H@l‘o f"ﬁe“ﬁ’?gérchlﬂetb’larﬁalomtﬁl-ﬁbcnc%ﬁ H R-R2

are
arylatkyl; R9is Cy?‘k@‘ 'ﬁgl%ém l 12 The use accordin -to cl a:jmmlgnd i
and R7- are H or y o.are hydrogen, an d 20
wher ei n i s al kyl ¢isRBRRBSpng F{‘ll) yimcth I ky imethyl-qyolohewy RdberRE él\%lél@?l 2 and
' Xis
are 1, and X. is N roc, b en, mand n are 1, and
Jaruary-2005 123 %yjj @'% g

R9 is
ogen, mand n are. 1,
RI1 are al kyT, RrR2( hﬁ@%ﬁﬁom@iﬂ%h@%ﬁﬁ&gﬁ acet 19:[':101 hydrochlonde salt;

al kyl, and Xi s NR14“ @ur}:glaRl Rl E a

minomethyl- -cyclohexyl)-acetic amd hydrochioride 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}
-cyclohexyl]
{1-[(3-Phenyi- propvlammo)-methyl]

-acelic acid. hydrochloride sai{
-acetic acid. hvdrochloride salt:

-cvclohex yl}

[1- -(Phenethylamino- -methyl)

-acetic acid. hy drachloride salt;
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.

[(IR, 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)~me(hyl]—3~methyl—cycld_hcxyl}-accu'c acid.

30

-mcthylaminomethyl—cyclohexyl)—acctic acid,



.hydrogen, mand n are 1, and X is 0. 13. The use of claim 10 wherein the
*conpound is selected f rom - ’ 20 January 2005
{1-[(2,2,2-Trifluoro-ethylam no)-nethyl].-aycl fl hexyll-acetic acid;
[I-1(3,3,3-Trifluoro-propyl am no) - net hyl ] - cycl ohexyl }-acetic acid; 1a, 3.
f3,5(3-(3,5-Dirneth I-1-proP-2 y 3'nYli nogft hyl - cycl ohexyl ) -acetic aci d;

la, 3p, 50-{3, 5- DléJBet hyl -1-1(2,2,2-trifluor ?et_‘hyl arni no)

- et hyl ] - cyel ohéXy| JUseaf atcompatind o S5y 124 1 a, 3[ 3, 5[ 3-
(3,5-Dinmethyl- 1-[(3,3,3-trifluor ofgﬁrionpﬁiy}%a%qg%@o%ﬁyl ]-cycl ohexyl } -
acetic acid; - ‘
trans- ( (1R, 3R)- 3- Met hyhbl - prop- 2- ynyl at ni nonet hl,?('g( cycl ohexyl)-acetic acid; -
5tr n..((1IR3R3 M10 ég@etic?@ghd; }l( CO)zH
1ca3(3,5(3-{3, 5-Di net -J-[(4]4,4-trifluaro- arni - met hyl ) - cyc] ohexy
|}- acetic .acid; | a{%lzf Cllo)h b(ehgjm ((@ﬂz}“

-{(Cycl opr opyl net hyl - Bas 8{)-3,5-ditin§!
. acid; 15 trans-((1 R 7 - R :
" R 3R)-1-[(Cycl opropyl g ang_ng) - met hvl 1- 3- ggt-Hy b %exyl }- acetic

“acid; trans-((IR_3R)-3-gfet hyl - s rhet hyl ani nonet'hy] - £ héxN. 1) -acetic
acid; trans-((l R 3R)-1I-Ethylari nomdt hyl - 3- met hylBe sl dhex~Iy;) - acetic
acid; " trans-((IR 3R)-3-Methvl -1-propyl ar ni nonet hyl -cvcl ohex.”;1)-acetic
acid: 20 trans-((] R 3R)-1-13utvlgam nonmethyl-3-neth yl-cyclohexyl )-acetic .
acid- trans-((lI R 3R - | _-Hydroxyr?bkhyl - -rqat hyl - eycl ohexvl ) -acetic acid; | .-
a, 3(3,5(3-; | -[(Hydroxynet hyl %n np) - Wellz%% )-3,5-di ncthvl -eye | ohcxyl
-agetic acid; o f2lmn _ACHz)q | '

: 13

R¢s
Ryy

Ry

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

Rois H: R, 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



25 30 trans-(I R 3R (I -Aminonethyl-3-nethyl-cycl ohexyl)-acetic _acid,
hydrochl ori de (1- Ami nonet-hyl - 2- met hyl - cycl ohexyl ) - acet 28 Jagyagy-2005 - -.
hydr ochl ori de; (1-Am nonet hyl - 3, 3-di net hyi - cycl ohexyl)-acetic aci d; S
hydrochl oride; ()-(trans)-(l -Am nonethyl -3, 4-di nmet hyi-cycl opentyl)-acetic
aci d- hydrochl ori de: -
(cis/trans)-(3R)- (hl- Am nonet hyl - 3- net hyl é%l opentyl)-acetic acid, :
! R _ : h o - ‘ i .
hydr ochl or i d&4 ) hydeegensin god m\adenio ard Xyis NRA: A/l IR RY| ar%yaﬁicﬁf)ﬁ?.%lgndacet' c

acid, hydrochhogi g, }i)'?iro o . _ ReRio
thyl-1-{(2,2.2-trifl Pt oro et dnihd) Reds & io R y! dnd RE! d;
ethyl - (EI( Rbmg:@:,mmfnyhmll,ﬁfms@)_é _tr?ﬁllamd/ iR} dnd RER | Gnd R Jare

uor o-. propyl am nF%- rriltlhxl ]-cyc | ohexy! } -acetic acid; trans-((1 R 3

R -3-Methyl - | -{14, 2245 fclaier - whersih érd som)pormd tygelgc@@):ﬁc?gexyl } 20
January 2005 WD 01/42191 PC 1US00130769 -125- (+)-(trans)-(-1 -

- Am nonet hyl - 3, 4-di net hyl - cycl opent yl-)~acetic acid, hydrochloride; 1 a,3
J3,513- (1 -Am nonet hyl -3,.5-di net hyl - cycl ohexyl ) -acetic acid, hydrochloride,;
la,-3(3, 5[ 3-(3, 5-4pL Y+ k- propyl anmi'nomet hyl - cycl ohexyl ) - aceti c acid,

hydr ochl ori de sg{:ﬁgg’%fgﬁ'ﬁgj gino)-meth; I-cyclohexyl}-acetic aci%i

- Ethyl am nomet hyll-{E3, 53 elmiffiddy propy Binhe)X % Laceti e acid, hydrochloride
salt; 1 a, 313,513-(1 -Benzyl am no- me?ﬁyi t}%( §yﬁ‘oﬁﬁyﬁiﬂa@?§§ﬁcﬂ0€ﬂiexyl ]-acetic
acid, hydrochloride salt; | a.313,513- (I . - e '
- Di met hyl am nomibd 3@ 533¢305-Bife _k_— c)hohexyl)-acetic acid, 10"
hydrochl ori de qul‘ 5 & jf(gn 31:13_, 5%‘31/ Pﬁ% i-}/nj?la%m%om?thyl—cy.clohexyl)~acetic acid;

- But yl ani nonet hyff>28;7b: sﬁ'@lﬁwthybh{(mwﬂdorﬁ%ﬁ{ﬁ&qﬁﬁj_ﬁwmﬁﬁdrc(fchI or de

salt; acetic acid; cyclohexyl}-



I a,313,513-{ |

-[ (Benzyl - net hyl - am no) - met hyl ] - 3, 5- di net hyl - cycl ohexyl POdaa#ary 20@%i d,
hydrochl ori de salt; 15 1(X 30,513-(3, 5-D net hyl -
| - met hyl am nonet hyl - eycl ohexyl)-acetic acid, hydrochloride salt; I
X, 313,513-[ 1- (Acet yl am no- net hyl ) - 3, 5_-1%5 met hyl - cycl ohexyl ] -acetic acid; 1
a, 313,5(3-( I -(I so?ut@glsgnér;oﬁnet hyl ) -"387 5- di net hyl - cycl ohexyl']-acetic acid,
- hydrochl ori de sal t; '@0B,58-{3,3-Dimethyl-1-[(3,3,3-trifluoro- i vl

la, 313, 513-[ 3, 5- Di %&E{?é/' .- (phenet hyl[%m no- et Ry Ry laming)methyl}-evelohenily: aci d,
hydrochl ori de salt;" Ia. 311, 513-{ 3,5-Di nethyl -| -
-[ (3-phenyi - prdpyl am no) - net hyl | -cycl ohexyl | -acetic acid, hydrochloride

salt; { 1-[(Cycl obytyl | -ami no) - met hyl ] -cycl ohexyl }-acetic acid,

hydr oc hlogri de 25 g??équﬁh’r.}g)é1@?@11)3]-"Qmp'2*yﬂylaminornethyl-Cyclohcxyl)-aa;cﬁc acid:

- (1 sopr opyl am no- metahy LI R 3RY-30MB8 DY Gl.ahex -acetic dcid, :
R3 %Sflryt(lﬁﬁcm uo)f?iﬁ‘bl' l&@gloi)‘e?‘eﬁb’il]d;}'ciohcxy[}-

hydr ochl ori de salt; Jt. Ani nonet hyl =1 -"eycl ohe
1- Ami nomet hyl -1 - c§EU6YAt ane- acetic acid; 20 January 2005 - 125

1- Ami nonet hyl - 1 cyshmepgM 3Re3A8&kEH11G. 34 9, sodi um sal t; _

1- (hydr oxymet hyl ) cyc| ol texa’r?e- ace’t iqc[?%%:’?H,lf?"%"d?’ﬁ?ﬁl%‘ﬁ‘l"?)rmefhﬂ]-cyclohexyl}-acetic
{1-1(2-Methyl -buty A no) - met hyl ] - cycl ohexyl }-acetic acid; hydrochl ori de
salt;  (1-[(4, 44- Teeanb{(i®, IRPIUBILAIH ! T | }- cycl ohexyl } -acetic acid,
hydrochhoride 5 salt: (I-Ethylam ng@é‘{’% Pé’i‘?’ "H?{Pé'aéw))m@tb:di—bmmkm_

hydr ochl ori de sal t*¢°4¢acid;

| -[ (Cycl opr opyl metikyip: mb-,gg W 44 l.ohexyl }-acetic acid, hydrochIAori de .-
salt; { 1-[(2-Hydr ox,y-ilifm- met Flyl El‘ﬂt.lh ‘f'g}riﬁqwgt)"f‘?%’{‘}‘lw]"waﬂmﬁ&xylbhdxygcet ic
acid, to.hydrochP&ffagdsalt; [I-(1sobutyl atnino-nethyl)=cycl ohexyl)-acetic
acid. hydrochlori I .

i y | e 353p1e1 [(Cyclopropylmethyl-ammo)—me’thyl}~3*S—dimelhyl

acetic acid;

-cyclohexyl}-

i5 -{(
trans-{(1R,3R)-1-[( Cyclopropyimethyl-amino)-mcthyl}-3 -methyl
acetic acid; | '

-cyclohexyl}-

trans-({1R.3 R)-3-Methy}-1 -methylaminomethyvl

-cyclohexyl)-acetic acid:
trans-{(1R.3R}-1 -Eth_vlarninomcthy! 7

-3 ~methyl-cyclohexyl)-acetic acid;
trans- i ‘
rans ((lR.3R)—3-Melhyl-l-prop_vlammomethy!-cyclohex\-l)-acclic acid:

20 - i
Jrans-({TR.3R)-1 -But_vlarn1nomelhy!—B—mcthyl-cyclohcx}'l J-aceiic acid:

trans-((1R,3R)-1-H ydroxymethyl—J-methyl-cyclohexyl )-acetic acid-

1 -{1-[(Hy : { ‘

o 30,5B-{1-[(H }drox,xmclhyl—ammo)—mcthyl]-],S-dimcthvl-cyciohcw)'l‘
acid; ‘ o

-acetic

;

25 trans- i |
rans (TIR3R)(1 -Am:nomethyl-3-methyl—cyclohexyl}~acctic acid. hydrochioside:

(1 -Aminomcthy!-Z-mglhyl-cyclohexyl)-acetic acid, hydrochlaride:
(1-Aminomethy) -3,3-dimcthyl-cyclohexyl)—acetic acid; h_vdrochion'de

i t_ . - - -
(&)~(trans)-~(1 Ammorncthyl-B,4-dlmethyl—cyclopemyI)—acelic acid. hydrochloride:

| (cisftrans)-(3 R)(1 -Aminomethyl-3 —mclhyl-cyclopenlyl)—aceti ¢ acid
30 ‘ hydrochloride; ' ‘

+)-(t -(1-Ami 3.4-di
(+)-(trans)-(1 Ammomethyi-.J.4-d1methyl-cyclopentyl)-acetic acid, hydrochloride:



(1- Propyl am nonet hyl - cycl ohexyl )-acetic acid, hydrochloride salt;
[1-(lsopropyl am no-net hyl)-cycl ohexyl)-acetic acid. hydﬂb&ﬁWéWT@@5salt

(1- Cycl ohexyl am nonet hyl - cycl ohexyl )-acetic acid, hydrochloride salt; 15 [1
-(Benzyl am no-nethyl)-cycl ohexyl] -acetic acid,.hydrochioride salt;

((I R 3R) - vavbsdappli - | - pr opyl ar ni nor net hyl - cycl ohexyl ) - acect/usai3ors?
hydrochloride salt; [ I-[C}clopcntyl nethyl-am no)-nethyl] -cycl ohexyl)
-acetic acid, hydrochloric salt; 20 {

I-[(Cyciohexvlnethyl anino) net hyl ]--ieyel ohexyl ) -acetic acid, hydrochloric

L (AR e P e

-[ (2- met hvl - butylanlno) neshy j -cycl ohexyl }-acetic acid, hydrochloride

It | di net hyl =
sl L3R 8L bRl et gl g AP oot

58)-1-[(2, 2-Di nethoxy ethylanlno) met hyl ]-3, 5-di net hyl -cycl ohexyl )- acetic

aci d, hydrochlori s )

59) 1 - [1Oyol opent STt by S Sty - Larqrylepingmetiyl-Sherlbsseisnddy 1. acet c
aci d, hydrochl ori bgirsdldride 28t; January 2005 -127-
((3R,5§)-ﬁ-g(Cyﬁ:ohggylne}?yli?gkno)-nethle-S,S_dinethyl-cchohexyIj-aceti
¢ acid, hydrochloride salt; ,

5S) - | - Gycl ohexyl ahi.ApABt hifthyBntinahetaylByi-dimetiybbwiobeyyhaeetic ecidci d,

hydr ochl ori de sal i

58)-I-FNdroxyneth%*hngF% gﬁﬁ't’hyl cycl ohexyl)-acetic acid, hydrochloride

salt; 10 (1-D net hyBasg-upBeidyjdmisy-aletydays-Jinrast- b}&:l(ﬂnﬁkﬂ}—a&’tﬁd redhl ori de
salt; | 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;




(1-Butyl am nonet hyl - cycl ohexyl )-acetic acid, hydrochloride-salt; (I
-[ 2, 2- D met hoxy- et hyl am no) - net hyl J-cycl ohexyl )-acetic acid, hydrochloride
salt; -(I- methylamrtonethyl-cycl ohexyl)-acetic acid, hydrochloride salt;
|5 (1-[ (Benzyl - net hyl - am no) - et hyl ) - cycl ohexyl }-acetic acid,.
hydrochl oride salt: [I-(Phenethylam no-nethyl)-cycl ohexyl $0 atatiar ya@iaps
~hydrochl oride salt: i 1-[(3-Phenyl- progyl am no) -rnet hyl | -cycl ohexyl }-acetic
acid, hydrochloride salt; - («(3R SS)'-‘?‘ Hydr oxyr net hyl
- 3, 5-di et hyl - cycl ohexyl ) - acet 1~Anﬁt€dnﬁbﬁhﬁ-ﬂ(ﬂy@ﬂrnéﬁtbhé-apét{c3§l§id sodium salt;
SS) - 1- Et hyl ani nomet hyl - 3, 5- di et h)ﬂl -cvel ohéxyl)-acetic acid. 20
hydr ochl ori de sal t I-Upidrogymsthrbexela 9@"@@%9$a%‘¥ébd§h@>@ﬂt;)-acetic aci d,

hydrochloric salt;y -M&ﬁ?:%ﬁ&%&l%y&[grﬁnpﬁy%_kgoﬁ%&l}%%éé/&)i&;%%&rtoi;h o' sS:
1 ,

b
hydrochloric salt; iBR, 5S) - |
- propyl am nonet hvl { deﬂ)ﬂ-@tﬂ@mmomﬁuyl]{mmWawicdeidsl@}dt.d chREdE (I R

3R) -1 - (Benzyl am nqgpet hyl) - 3- net hyl -cycl ehexyl] -acetic acid, hydrochloride
salt; {{"2 R 3R -I -’[(Ben_nyl -met h yl -am no) - net hyl ] -
- 3- net hyl - cycl ohexyiEthydarinpmethyliatelohdrylhacetinacidj Igeraalotide sule; 30 ( (1R
3R) - 3- Met-hyl -1 - t,_ggdﬁfg Jﬁﬁs: ohexyl % etjc acid,, hydrochl oride
salt; 20 Januaryngo 128 i?ﬁ lél&g'@ g'et?%yfﬁ il xﬁif}'al‘—;fétl‘crﬁﬂdahY goshisidsi n
Rl -R4 are hydrogefdlér alkyl; XisNRsorO; N R5 is hydrogen or alkyl, R6 is
al kyl, _ben2y| , ar f(l-f(lzkﬁ)lrdroﬁj-K%)ﬁyl-&“ﬁ&%gﬁﬁ{l&h&l]-cﬁé(lfl}::lxyl}—ace@ic acid, i
10 hydrochloride salt;
- -~ [1-(Isob}!tylamino-methyI)”-‘cyclohcxyl]’acctic acid. hydrochloride salt;
. { l—Propylaminomethy]—cyciohexyl)-acetic acid, hydrochloridc salt;
- o [1-(Isopropylamino-methyl)-cyclohexyl]-acetic acid. hydl‘"oe.::hloride salt;
(l-Cyclohcxylaminomcthyl-cycloh_cxyl)—acelic acid, hydrbchloride salt;
15 [1-(Benzylamino-methyt)-cyclohexyl]-acetic acid, Ahydrochloride salt;
((1R.3R})-3:Methyl-1 -propylaminomethyi-cyclohexyl)-acetic acid. hvdrochloride
sali; - '
(1] C_vclopcm_v[melhyl-amino}-mcthyl}-cyclohekyl }-acetic acid. hydrochloric
salt; ' '
20 A{! -[(Cyclohcxylmelhyl-amino)—methyl]—cyclohexyl}-acclic acid. hvdrochioric

salt:

(3R, 58)-1 -Cyclobutyiaminomethyi-3.5-dimr_:thyl-cyclohcxyl)—acclic acid,

e

25 . hydrochloride salt;
' {(3R, 55)-3,5-Dimethyl-1 —[(Z—mclhyl—bulylamino)-mclhylj-cyclohexyl }-acetic
: ar;id, hydrochlorid_e sal; _ '
{(3R, 55)-1 -[(Z-H_ydmxy-i -methyl-ethylamino)-methyi)-3,5-dimethyl-
‘cyclohexyl}-acetic acid, hydrochloride salt;
30 - {(3R, 55)-1 -[(2,2-Dimelhoxy-clhylamino)-methyl]-3,5-dimethyl—cyclohexyl}—
acetic acid, hydrochioride salt;
{(3R, 58)-1 —[(Cyc]opentylmelhyl-amino)—methyi]—3.S-dimcthyi—cyclohexyl }-

acetic acid, hydrochloride salt;



al kyl cycl oal kyl, al koxy, cycl oal kyl, al kyl cycl oal kyl, trisubstituted
hal ogenal I cyl, and wherein R -R4 are each hydrogen, th&0M8nyasy 8885 hydrogen

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

anm de sel ected fromani des derived fred27ammonia, primary G _C6
ereof, for the

| kyl anii.nes and se¢ORGE).Y-[fZ ' | am nes, t )
ey AORe [%yrc Gtﬁ?%a‘ﬁéldr%ﬂr?éﬁ@(f?%@ﬂﬂéﬁ‘@ﬂ@ﬁbﬂcﬁ&’ﬁbhexyl}-acetic

manuf acture of a- nedi canent r
depression, anxi et 2! iKdrechioridaisalt; bi pol ar di sorders, antiflammatory

di seases, glaucoma, QaRrns [1-CHa% | nt est | amage. 15 A pharmaceutical -
conposi tion conpri si nglpa g’?her apeE’%}?%nélfl?'ye@nlfa:{aE‘gf%g}ﬂﬁﬁﬂﬂhexybﬁcaiceﬁﬂﬂp0und '
according to any ondv@ocklprdassitl to 4 together with a pharnmaceutically

acceptable carrier, diluent or adjuvant.

cis-((3R, 55)-1 -Hydroxymethyl-3,'S—dimethyl—cyclohc:lcyl)—acetic acid
hydrochloride salt; |
10 - . - V , b
(1 Dlmethy!ammomethyl-cyc]ohexyl)-acetic acid, hydrechloride salt-
(1 -I}utylaminomcthyl-qyciohexzi)—acetic acid. hydrochiorid e salt;
{1 —[2_.2-Dlmethoxy-ethyiamino)-methyl]-cyclohexyl }-acetic acid, hydrochioride
salt;
(1 -méthyiaminomethyl—cyc!ohexyi)-acelic acid, hydrochioride salt:
15 : - i i ‘ ' 1
_ {1 [(Benzy!~mcthyl-arnmo)-methy]]-cyclohexyl }-acetic acid, hydrochloride salt:
[l —(Pheneth_vlamino-methyl)-cyclohcxyl}—acelic acid. hydrochloride salt:
1. - . 3 ] .
{1-{(3-Pheny I—propylammo)-mcthyl]-cyclohexyl}-acc(ic acid, hydrochioride sait:
. ((3R. 55)-1-H ydroxymclhyl-B.S-dim'ethyl-cyclohexyl)-acelic acid, sodium sali:
. {3R, SS)-I-Ethylaminomclhyl-B,5-dimc1hylvcyclohexyl‘)-ace(ic acid
20 . hvdrochioride salt: ‘
(I-Aminomclhyl-4—ethyl—cyclohcxyl)—acctic acid, hydrochloric saly:
( 1-Amlnomcthyl-ll-propyl—cyclohexyI)-acetic acid. hydrochloric salt:
((3R, SS)—J,S—Dimclhyl-l -propylaminomcthyl~cyclohex_vl)-acctic acid
hydrochloride salt; | |
25 ( i
[(IR, 3R)-1 -(Benzylam1no-methyl)-3-methy!-cyclohcxyl]-aceiic acid
hydrochloride salt; ,
{UR, 3R)-1-[( Bcnzyl—mclhyl-amino)-rnethyl] -3-methy] -cyclohexyl} -aceli-c acid
hydrochloride salt; ' ' ' |
Tor -~ h
30 i
' ((IR, 3R)-3-Methyl-] -methylammomethyl-cyclohexyl)-aceti c acid
hydrochloride sal(;
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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,





