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Title: BICYCLIC AM NO A@S AS PHARVACEUTI CAL AC-EN;'

-1-
BICYCLIC AMINO ACIDS AS PHARMACEUTICAL AGENTS

BACKGROUND OF THE INVENTION

Compounds of formula
HyN— CH2 [C\ CHy~—COOR;
(CHy),

5 wherein Ry is hydrogen or a lower alkyl radical and n is 4, 5, or 6 are known in

United States Patent Number 4,024,175 and its divisional United States Patent
Number 4,087,544, The uses disclosed are: protective effect against cramp
induced by thiosemicarbazide; protective action against cardiazole cramp; the
cerebral diseases, epilepsy, faintness attacks, hypokinesia, and cranial traumas;
10 and improvement in cerebral functions. The compounds are useful in geriatric

patients. The patents are hereby incorporated by reference.

SUMMARY OF THE INVENTION

The instant jnvention is a series of novel bicyclic amino acids, their

pharmaceutically acceptable salts, and the prodrugs of the amino acids.

15 The compounds are those of formula:
N
l I co,n ) COH COH
(¥ )n
(CH2)11 & H2 .
(CHy)n CHn
I 1| I v

wherein n is an integer of from 1 to 4, where there are stereocenters, each center
may be independently R or S.
Preferred compounds of the invention are those of Formulae I-IV above

20 wherein n is an integer of from 2 to 4.



Abstract: The conpounds ofgashe instant invention are bcycl I c_am no_acids
useful in the treatnent of "epilepsy, faintness attackW® hypoldOrfasi §004

crani al di waeraessi8 neur odegener ative di sorders, depression,p@fdodhyssyPani c,
pain, arthritis, neuropathol ogical disorders, and sleep disorders.
Processes for the preparation of the final products and internedi ates
useful in the process are included. Phar =-maceut i cal conposi tions
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effect against cra I 0Sem ca Protective action
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I nvention is a series of novel b1 cycl hei r

phar maceutical |y a@cépnmahslabmmlo[érﬁﬁ]hbpi -pybhércetisadd; ande anmi no acids. 15

Th d h f H2N, CO H2ZN | ~~ I 1
| ZEHZ;) gp(r)nug " S are (tZ Rm?nc?mc yl- mfahydr 03221 Ii—yi)-acel}lic: aczcr| ) $

10 Other preferred compounds are those selected from
(10,5B)(3-Aminomethyl-bicyclo[3.1.0]hex-3-yl)-acetic acid,

- (10,5B)(3-Aminomethyl-bicyclo[3.2.0]hept-3-yl)-acetic acid,
(10,5B)(2-Aminomethyl-octahydro-pentalen-2-yl)-acetic acid,
(10.,6B)(2-Aminomethyl-octahydro-inden-2-yl)-acetic acid,

15 | (10,7B)(2-Aminomethyl-decahydro-azulen-2-yl)-acetic acid,
(10,5B)(3-Aminomethyl-bicyclo[3.1.0]hex-3-yl)-acetic acid,
(10,58)(3-Aminomethyl-bicyclo[3.2.0]hept-3-yl)-acetic acid,
(10,5B)(2-Aminomethyl-octahydro-pentalen-2-yl)-acetic acid,

| (10.,6B)(2-Aminomethyl-octahydro-inden-2-yl)-acetic acid,

20 (10, 7B)(2-Aminomethyl-decahydro-azulen-2-yl)-acetic acid,

(1 01,30, 5ee)(3-Aminomethyl-bicyclo[3.1 .0]hex¥3-yl)-acetic acid,
(1 a,f3a,5 oc)(3-Aminomethyl-bicyclo[3.2.0]hept_-3-yl)-acetic acid,
(1at,30,50)(2-Aminomethyl-octahydro-pentalen-2-yl)-acetic acid,
(1oc,6a,8a)(2-An1inomeﬂ1yl—octahydro—inden;2-yl)-acetic acid,

25 (10,70,90)(2-Aminomethyl-decahydro-azulen-2-yl)-acetic acid,
(101,3B,50)(3-Aminomethyl-bicyclo[3.1.0]hex-3-yl)-acetic acid,
(1a,3B,500)(3-Aminomethyl-bicyclo[3.2.0]hept-3-y1)-acetic acid,
(10,,3B,50)(2-Aminomethyl-octahydro-pentalen-2-yl)-acetic acid,
(10,608 B)(2—Aminb’methyl-6ctahydro-inden—2-yl)-acéﬁc acid,

30 | (1 0(,7(1,9B)(Z—Aminomcthyl-décahydro-azulen-z-yl)-aceﬁc acid,
« R,3R,6R)-3-Aminomethyl-bicyclo[4.1.0Fhept-3-yl)-acetic acid,




(CH2)n wherein n is an idMeger of from1l to 4, wher here are )
stereocenters, each cent may be independently R S. Pref2Arst 2004
compounds ofYOt#H&8%78venti on are those of Formul ae |-1V abovepcZsehignsei n n
is an integer of from2 to 4. CO2H H2N CO2H 20 April 2004 WO 01/28978

PCTI [ JSOO 28687 -2- OQther preferred conpounds are-those of Formula | above.
Especially preferred conpounds are: (1 a,6a,8

f) (2- Ani nomet hyl - OC((mﬁ&@R}mamﬁﬂ'M*Bﬁ%lb[ﬁ.EO]}@EtG-yl)-acetic acid,

2- Ani hyl - iy -2-yl) - d:
(- A nonet hyl - oct 0y S 4SamcAGRAmIthyY bieysdelAd Gbemt:3-y1)-aceti acid,
5o ot b (1P 690 AR NG Pl o
(3- Ani nonet hy: - bi cy({lBPR,GS)Eq-Hmpineriiieﬂ‘:bf)-bhydb[m.apde-yEEH#eﬁc acid,f g
Commounds ar s t hosdLRrSASH Rrimmeacsisieldd Sloctsyl)acetic doid, ¢
Ani t hyl - bi cycl idnhatBoet:i ' 3. S
(Ta, 5D (3. At noet it by oy ol o RS 2oy gestp el

(1a, 5D) (2- Ami nonet ﬂS,a&é);BdAaﬁpmethyhﬁcﬁclm)z.@\]oemgl)mbﬁb acid,1

, 613) (2- Am t hyls - i,nd 2.Y]) - ti id, 15 (1 .
X 713) (o A nonet OB SRIEDE-ASiRamenYl g i die-adlhorl)-scetivcid,
j 3) (3- Ami nonet hyl - S350 Dol A8 Chii-a6h 4, .
(1n 513) (3 Amt nomet g s sARHeieai o CindE)-Syacefi acigy ,
3) (2- Arithonet hyl - od(3et858,3eR5¢ Aindror@ethy D octhgtitosinden-8-yl)-4detic acid,7

a, 60) ( 2- Am noret hyl - oc dro-inden-2-yl)-acetic acid, 20 (1 a,
Ani noret hyl - dec ahycﬁﬁ?ﬂéggzl ELR)érémm%@ﬁyl)coC&ahyd,m-@lden~5-yl)-aceﬁc acid,
a, 3a, 5a) ( 3- Ami none ' ( 1.0 :3-yl)-acetic agiq, A,
oc, 3a, 5a) ( 3- Ani nong%?&%’?é)%% . .%%'ﬂg%iec%ﬁ/’ﬁﬁ?'?'p ‘E”."gi?%d?cegc acid,
(1(x, 3a, 5a) (2- Am ng@S| 48, 8GRY-2AA ORI 13 84ydrLhdptt®id-S.yBSlcric acid,
((ZS,4OLR,8or.S)-2-Aminomethyl—decahydro-naphthalen-2-_yl)-acetic acid,
15 ((2R,40R,808)-2-Aminomethyl-decahydro-naphthalen-2-yl)-acetic acid,
((2R,4aS,9OLR)-2-Am1'nomethyl-decahydro—benzocyclophepten-Z-yl)-
acetic acid,
((2S,4ocS',9(xR)-2-Aminomethy1-decahydro-benzocyclophepten-z-ylj-

0) (2

acetic acid,

20 ' ((28,40R,908)-2-Aminomethyl-decahydro-benzocyclophepten-2-yl)-
acetic acid, |
((2R,4or.R,9ocS)-2-Aminomethyl-decahydro-benzocyclophepten-z-yl)-
acetic acid,
((1R,3R,68)-3-Aminomethyl-bicyclo[4.1.0]hept-3-yl)-acetic acid,

25 ((1R,38,68)-3-Aminomethyl-bicyclo[4.1.0]hept-3-yl)-acetic acid,
((15,38,6R)~3-Aminomethyl-bicyclo[4.1.0Thept-3-yl)-acetic acid,
((18,3R,6R)-3-Aminomethyl-bicyclo[4.1.0]hept-3-yl)-acetic acid,

(¢ IR,3R,6R)-3-Aminomethyl-bicyclo[4.2.0]oct-3-yl)-acetic acid,

((IR,38,6R)-3 -Aminomethyl-bicyclo[4.2.0Joct-3-yl)-acetic acid,

30 ((18,38,685)-3-Aminomethyl-bicyclo[4.2.0)oct-3-yl)-acetic acid,

| ((18,3R,6S)-3-Aminomethyl-bicyclo[4.2.0]oct-3-yl)-acetic acid,
((30R,5R,7aR)-5-Aminomethyl-octahydro-inden-5-yl)-acetic acid,



(la, 6a, Sa) (2 Am nonet hyl - oct ahydro-i nden-2-yl)-acetic acid, 25

(1a, 7(x, 9a) ( 2- Ami nonet hyl - decahydr o- azul en-2-yl)-aceti c aci d20 April 2004
(1a, 30, 5a) ( 3- Ami nonet hyl - bi cycl o[ 3. 1. 0] hex 3-yl)-acetic acid, (1la,3
i, 5a)(3-Am nonet hyl - bi cycl o[ 3. 2. 0] hept -3-yl)-acetic acid,

(1a, 3D, 5a) (2- Am nonet hyl - oct ahydr o- pent a.en-2yl)-acetic acid, (1

a, 6a, SA) (2 Am nonet hyl - oct ahydro-inden 2 yl)-acetic acid, 30

loc7a, 913) (2- Am -decah -azul.en- 2- -acetic acid, 1
KSR GR) - 3. A noiRRa Sy SR AR A R . 0T 0™ o 50" apr
2004 WO 0172897 (?ﬁﬂWS%ﬁﬁgméﬂ%lﬂé%d%-ﬁdm-S-ylg-_acetic acid
S, 6R) - 3- Am nonet hyl - bi cycl o[ 4. 1. O]'hept -'3-yl )-acetic acid, ((1 S, 3
S, 6S) - 3- Ami nonet {(3dS; 3R, Ty iseAhiborhetBiliephydBe-indin-sghtataicacidd, ((1

S, 3R, 6S) - 3- Ami nonet hyl -bi cycl o[ 4. 1.0] hept-3-yl)-acetic acid,
((1R 3R 69S) - 3- Ani3ReAaRdaR)2Hreipernet[ylidepalyfirgwaphthalen-P-yhwestic acidici d, 5
1R, 3S, 6S) - 3- Ami hyl = Qi | o[ 4, 2.0 t-3-yl)- tic.acid, I
5. 35, 6R) - 3Am nonASgREE s rapr B bty sl fats el ¢
1S, 3R, 6R) - 3- A0t $96h 2 DikiH A deafdlaR e 7 a6.8tdkiCaagl d,
EgsaR, 5R, 7%x5) itk noér%‘? Ayl o%%%lyé—gr o n.d%rgl?%%%&lz) PIEHE o d,
((3aR, 5S, 7aS) - 5-(AR 4usERIShy Antitdnidiyil daliydtbenaphthaldn) 2-Ay-adeti€acid;i d, 10
((3aS, SS, 7(xR) - 5- Ami nonet hyl - oct ahydr o-i nden-5-yl)-acetic acid,_
((3aS, 5R 7aR) - 5-(&R4e8aaBhA-Anmempthyl rdscabyidrehergogyiclopkepteniZeylacetis, acid,
2R, 4( xS, 8aR) - i | -.decah - ht hal en: 2- vi,) - tic .acid,
(25 455, B xR - SRR RIE AR AR ERE S p SER B e o
2S, 4aR, SaS) - 2-fiw Lanfiear Rathyae - iCacRCird, 15
EEZR, 42R, 828% - 2-(%5;1"%%?%% - deca%ﬁ? o] nap%ﬁ%{:%%?gﬁpﬁn ghgﬁf%t:l% g’g%
(( 2R, 4aS, 9( xR) - ACRANSHeE)-AyAminkeactyl-decahyidenbazorydlopbiaptpn-2Hil) 2¢gic jcid.-acet i ¢
id, 2S, 4aS; 9aR) -,2- Am thyl,-d ydra-b | ophepten-2 .vl) - ti
el 6 56758 R AR AL B ER S PR R ERR S©
H,yN CO,H
(CHy)n |
I

or a pharmaceutically acceptable salt thereof, or a prodrug thereof, wherein n is an integer of from
2to 4.

According to a second aspect, the present invention provides a pharmaceutical

~ composition comprising a therapeutically effective amount of a compound as described above or

a pharmaceutically acceptable salt or prodrug thereof, and a pharmaceutically acceptable carrier.

Other aspects of the present invention provides use of a compound as described above, a
pharmaceutical composition of the compound as described above or a phanmaceutically
acceptable salt or prodrug thereof, and a pharmaceutically acceptable carrier for the manufacture
of a medicament for treating epilepsy, faintness attacks, hypokinesia, cranial disorders,
neurodegenerative disorders, depression, anxiety, panic, pain, neuropathological disorders and
premenstreal syndrome.

Intermediates useful in the preparation of the final products are also included in the scope

of the invention.



acetic acid, ((2R 4aR 9aS)-2- Am nonet hyl - decahydr o- benzoeycl ophept en-2-yl) -
acetic acid, ((IR 3R, 6S)-3-Am nonet hyl -bi cycl o[ 4. 1. 0] hept - 3- Z0)Aprt 2004
acid, 25 ((1R 3S,6S)-3-An nonet hyl -bicyclo[4.1.0]hept-3-yl)-acetic acid,

(1 S,3 S,6R) -3-Am nonet hyl -bicyclo [4.1.0] hept-3-yl)-acetic acid, ((I

R) - 3- Ami nonret hyl - bi cycl o[ 4. 1. 0] hep4a- 3yl ) - aceti c acid,

R, 6R) - 3- Ami nonet hyl - bi cycl o[ 4. 2. 0] oct-3-yl)-acetic acid,

R, 6
R 3
R, 3S, 6R) - 3- Ari nonet hyl - bi cycl BEBAREDIRESCRENON- acetic acid, 30
S, 3S, 6S) - 3- Ami nonet hyl - bi cycl o[ 4. 2. 0] oct-3-yl)-acetic acid,

S, 3

R, 6S) - 3- Am nonet hyl - bi cycl o[ 4. 2. 0] oct-3 yl)-acetic acid,

1
, 3
(1
(1
(1
(1

(3aR, 5R, 7aR) - S-Thecoroprendsyf the otsahtyiuheotidnyitienprednygs) and dhetripbarmededticalb0  Apri |

004 -4 ((3aR_5S, 7aR) - 5- Am nopet hyl - oct ro-inden-5-yl)-acetic acid,

(3aSs, 5S, 7§§3¢%§i@ﬁ%ﬁﬁcﬁﬁ@3§%§%@'ﬁﬁgﬁ- 5-yl)-acetic acid,

(3aS, 5R, 7a5) - 5-phahaeiRktnpRtbakidpRing B 8ehpdardilly efReRE hrfoudtf &l compound of

(2R, 4aR, 8aR) - 2- Ami nonet hyl - decahydr o napht%al en-2-yl)-acetic acid,

(2S, 4aS, 8dRymuias AYillhahers du/inclefied mithednstantimygiiiohal en- 2-yl ) - aceti ¢ aci d,

(2S, 4aR, 8aS) - 2-Am n t hyl - decahydr o-.napht hal en- 2-yl )-acetic .aci d,

(2R 45, 8a3) - > MRS RERS OEETaMYMC AR A SR B b BElPR B BEMY (2R 40
R, 9aR) - 2- Aminadeihdds, skl taniklaRs6Y, eharbapéans2 Yl ) -acetic acid,

((2S, 4aR, 9aR) - 2- Am nonet hyl - decah ydro benzocycl ophepten-2 yl)-acetic acid,
((2S, 4aS, 9aS) - 2- Am nonet hyl - decahydr o- benzocycl ophept en-2-yl )-acetic acid,
and ((2R 4aS, 9aS) - 2- Am nonet hyl - decahydr o- benzocycl ophept en-2-yl ) -acetic
acid. According to a first aspect, the present invention provides a
conmpound of forrmula HZN CO2H (CH2)n | or a pharmaceutically acceptabl e
salt thereof, or a prodrug thereof, wherein n is an integer of from2 to 4.
According to a second aspect, the present invention provides a

phar maceuti cal
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conposition conprising herapeutically effective QDunt of a conpound as
descri bed above or a pM¥ naceutically acceptable s&t or pr @@rARsl 204 eof
and a phar v@eue8sedl |y acceptable carrier. Qther aspects of PChES@raseent

i nvention provides use of a conmpound as descri bed above, a pharnmaceuti cal
conposition of the conpound as descri bed E\bove or a pharmaceutically
acceptabl e salt or prodrug thereof, and & pharmaceutically acceptable
carrier for thRsdradyfRpkddsion, Mkiety, PagicCHE Heufdphthbloidal Aok ﬂe?z
fai nt ness attacks, hypokinesi a, crani al” di’'sorders, neurodegenerative

di sorders, dephsdérsrand prsmensirualsandriomersa¢ part ofthe dpventiok.ogi cal di sor ders
and prenenstrual wndr o L.t er nedi.at es eful .in the pre ation of the
final products ar e%épseoaqlnlﬁgﬁﬁ@garqa@@wgerg:cg aémagqlog:ﬁ%ﬁ'){ﬁw%i%sl Bo April .
2004 -4a DETAhida IOEIGREdEER Chh bbealauTRepogdEate findrBgnit 68 bARAiciaci@8 ok ON, their
prodrugs, and their Bhar maceutically acceptable salts are as defined above

in Form? ae | -sxamples hydreehlesie snlpbume phosphors, acstiproxalipdactics eitnic galici cal | y
ffecti - . | - . 9 ' ded |
The' i nstant. 1 iieyitc, hafo e, hocididl A Aorbic MattB R BhEsidlfla =0 ' 0

agents for trdatitoxidespr cabenates, faltsrwiteslkalhidetatkor alkulineleatih medals, foani al

di'sorders, neurodegeneyative 20 April 2004 WO Q1/28978 PCTI US0Q128687 - 5-
di sorders, deﬁ?@?@%o?ﬂd;‘&ﬂ»&%ﬁ{%%g@?ﬂ%i?Eca*f%%éﬁ%%lwgs%ﬁlm sor ders,

sleep di sor dggsreriaiRARMAS dny hn S¥H'HE @@B%ﬁ@?&:&@gﬁwvemion-

Since am no acids are anphoteric, pharmacofogically co e salts when
R i s hylft ogen tetramdshylsanrnenivm iappr opri at e i norganic or organic acids, for 5

exanpl e, hydrochl orj ¢, sulphuric hor.i acetjc, oxallc,. lactic,
citric, mlic, sa?F%Wg%?P%PSHPWQ{W&Eﬁ%’ﬁW% ,k°°é’ﬁ(?f§§°c18ftﬁ?tc. _
Starting fromigentiesmniionsyl-diedlioshdSactd estdé ARkAbRS as pRodragbilamiab kal i
netals or alkaljne earth netals, for ex sodi um pot assi um

| e,
magnesi um or 2¢id Wﬁﬁﬁ&th@-goﬁfﬁmiswﬂ@”\%m%?? 19814 23-A39)y Therpesheasth | ons can
al so be prepapad Vit ahib GXRTR Be eltiEridd by BidvHRENS. PAITDS 4T shR-

15 drugs are known in the art (Palomino E., Drugs of the Future, 1990;15(4):361-
368). The last two citations are hereby incorporated by reference.

The effectiveness of an orally administered drug is dependent upon the
drug’s efficient transport across the mucosal epithelium and its stability in entero-
hepatic circulation. Drugs that are effective after parenfcral administration but less

20 effective orally, or whose plasma half-life is considered too short, may be
chemically modified into a prodrug form.

A prodrug is a drug which has been chemically modified and may be
biclogically inactive at its site of action, but which may be degraded or modified

- by one or more enzymatic or other in vivo processes to the parent bioactive form.,
25 This chemically modified drug, or prodrug, should have a different
pharmacokinetic profile to the parent, enabling easier absorption across the
mucosal epithelium, better salt formulation and/or solubility, improved systemic
stability (for an increase in plasma half-life, for example). These chemical
modifications may be '
30 1 ester or amide derivatives which may be cleaved by, for example, esterases
or lipases. For ester derivatives, the ester is derived from the carboxylic

- acid moiety of the drug molecule by known means. For amide derivatives,



Prodrugs of conpounds |-V are included in the sCop f the instant
i nvention. Ami noacyl -gl yco®™c and -lactic esters are wn afOMsti2eR of

am no aci s ¢yvmeruth C. G, Chem stry and Industry, 1980: 43&14@5()0,28339@
carbonyl group of the am no acids can be esterified by known neans.

Prodrugs and soft is drugs are known in the art (Palomno E., Drugs of the
Future, 1990;15(4):361- 368). The | ast tofr citations are her eby

i ncor porated.by. re ol ' I adm ni stered drug
i's dependent upon Elﬂd'e grgt%a}?%e ?‘F’g??ﬁ#e@gg%gg%}’@%cﬁ%&g%ﬂre@ﬁﬂ%%em
epi t hel i um and i t s nstietpiof tteydrugymeidoateoby hemat meas. r cul ation. Drugs that are

effective aft§5jl parenteral .adm nistration but less 20 effective orally, or
whose pl asnma Kl f - PRRUSICS ¥ Y| B¢ Bgogriged by srecififgr ngaspesifiv rrateinasesodi f i ed
into a prodrug for ; | ' %l:@& : ] . nodi fied
and may be biol og?gc%ﬁ%flséiﬁﬁgc%fg ic\egp%?qépgdg%g% ac‘??%ﬁlm,&gﬁgh \%ﬁﬁhﬁmﬁgy be
degraded or nodi f i with thyamine opcarborplieaciy muiéty of theatring molatulé byckmpwacesses
to the parent bioactive form 25 This chemically nodified drug, or
prodrug, should hatPE3% di f f er ent phar macoki netic profile to the parent,

bl i i b i 1601 ' !
enabl i ng easi gy abgeiativeythacicesuldieat m&%@bn@&ﬂ%%;%géﬁ Seiboridf' ¢

formul ation and/or solubility, inproved systemc or an
i ncrease in pl asmeofapiodrugform fop madificdprofirugforme chemical  nodi fi-cati ons

may be 30 1) ter Lg . derd.vatJd ves whi ch may be cl eaved by, for

exanpl e, este@gsesmﬂ{ﬁo%q aggo sqf|1|58|'3l'ester derivatives, the ester is derived
- fromthe carboxyl iCurréattirebeaiehéh ¥niddal eRferiihdiis AR SoWwhehd h&aalibsoRAes: For
am de derivatiyves,, 20 April_ 2004 WO 01/28978 PCT1US00128687 -6- the am de

may be deri vedf T8 drgs Bay bolnpreasediby the prepasatjononf “soft” quatersaryrseltet y of the
or g ol ecul erty st ety PRI BN S AERANT S L
1ol oty of |t he A ae o S a oy Fonar Gl rERa L BN GO RRROAIEC il at o
at a site of acti dfSofftiquuigharesditsdiave a64faHyeikal properties compared with the
15 basic drug or its salts. Water solubility may be increaset;l compared with other
salts, such as the hydrochloride, but more important there may be an increased
absorption of the drug from the intestine. Increased absorption is probably due to
the fact that the “soft” quaternary salt has surfactant properties and is capable of
forming micelles and unionized ion pairs with bile acids, etc., which are able to
20 penetrate the intestinal epithelium more effectively. The prodrug, after absorption,
is rapidly hydrolyzed with release of the active parent drug.
Certain of the compounds of the present invention can exist in unsolvated
forms as well as solvated forms, including hydrated forms. In general, the solvated
“forms, including hydrated forms, are equivalent to unsolvated forms and are
25 intended to be encompassed within the scope of the present invention.
Certain of the compounds of the present invention possess one or more
chiral centers and each center may exist in the R(D) or S(L) configuration. The
present invention includes all enantiomeric and epimeric forms as well as the
appropriate mixtures thereof. For example, the compound of Example 2is a
30 mixture of all four possible stereoisomers. The compound of Example 6 is one of
the isomers. The configuration of the cyclohexane ring carbon centers ﬁzay be
R or S in these compounds where a configuration can be defined.



of a prodrug formor nogeied prodrug form 4) any nmbination of 1 to 3
10 Current research in mal experiments has shownt hat the 28rAfril 2004
absor pti onw®oi/mers ai n drugs may be increased by the preparB@T/D$002B687s0ft"
gquaternary salts. The quaternary salt is terned a "soft"” quaternary salt
since, unlike normal quaternary salts, e,g., RN+(CH3)3, it can rel ease
the active drug on hydrolysis. "Soft" quaternary salts have useful physical

ey be i nor eased comardaleie ARERSy AHE ettt ki ARG . ' bty
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absorption, is rapidly_h I d with rel ease of the active parent drug.
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forms as well as solvated forns, including hydrated fornms. In general, the
solvated forns, including hydrated fornms, are equival ent to unsol vated
forms and are 25 intended to be encorrp,?iﬁ W thin the scope of the present
invention. Certain of the conpounds of i i ne or

more chiral centersCampowrtth center nmay exiMfudiethe R(D) ofp&binding
configuration. The present invention includes all enanti onesffgitp(v)
. . |

epi neric for 2. -anmm e,
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J. P., Di ssanagiakéo,3&)(R:-Adnino@fetlyld J., Thurltbw R, Wodruff G-'N., "The Novel

Ant i - convul sapétahyideasindesogipaciticn, Bi n a2 buni t of | ci um
Channel ," J Bagd . ﬁﬁz G752

k (3
’ ;ers

0
(10,30, 500)(2-Aminomethyl- HO,C  NH,
octahydro-pentalen-2-yl)-acetic 1.58 -
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Aminomethyl-octahydro-

>10
pentalen-2-yD)-acetic acid




5 Chem, 1996;271:5879-577@) TABLE 1 Conpound Struct ¢ a28 bi ndin
affinity ( (ééa, 6a, 8p) (2-Anmi nonet hyl - H 0 oct ahydr 01 nden28-Apr| 2¢Q4%t i c
acid OH H 98478 a) ( 2- Ani nonet hyl - oct ahydr o-i nden- 2-y| ) - BEHUSE0/28687 d (1
a, 3a, Sa) (2- Am nonet hyl - oct ahydro-pental en-2-yl)-acetic acid {+1-)

Ami nonet hyl - oct ahydro- pental en-2-yl)-acgfic acid >10 0.72 1.58 >10 0 20
April 2004 WO 01/28978 PCTI US00/ 28687 -8 .. TABLE 1; (cont'd) Conpound (1

a, 3a, 5a) (3--Am nonet.l .yl -. bi.cycl.a[.3. 2ZIT'ABRED (c3nyd) - acetic acid (+/-) -(la, 5

j3)(3- Compound | Structure 038 binding
affinity (LM)
(1a,30,50)(3-Aminomethyl- NH,
bicyclo[3.2.0Thept-3-yl)-acetic . OH
acid I"t,, 0.038
0
(+7-)-(1oL,5B)(3- 0. OH
Aminomethyl- 2.86
bicyclo{3.2.0]hept-3-y])-acetic )
acid : ' NH2

(+/-)-(10,6B)(2-
Aminomethyl-octahydro-inden-

2-yl)-acetic acid >10

((10,3B,50)(3-Aminomethyl-
bicyclo[3.2.0]hept-3-yl)-acetic
acid '

0332

"(10,3B,50)2-Aminomethyl- HO,C NH,
octahydro-pentalen-2-yl)-acetic
aCid \\‘\

Table 1 above shows the binding affinity of the compounds of the

invention to the a28 subunit,

The compounds of the invention are compared to Neurontin®, a marketed
drug effective in the treatment of such disorders as epilepsy. Neurontin® is
5 1-(aminomethyl)-cyclohexaneacetic acid of structural formula



Am nonet hyl - bi cycl of 3. ] hept-3-yl)-acetic aci d!/ -) -(1g, ?AS)&Z-

Ani nonet hyl - oct ahydr o-i Men- 2-yl)-acetic acid ((1°9,3 20 Aprit 200

j 3, 5a) ( 3- AW ¢ii288T8ny| - bi cycl o[ 3. 2. 0] hept - 3-yl ) -acetic aciPCT{sboage87

3, 5a) (2- Ami nonet hyl - octahydro pental en-2-yl)-acetic acid Structure a2S
binding affinity (M 0.038 2.86 >10 HOZ_%_NHZ L... J 0.332 Table 1 above
shows the binding affinity of the conpourids of the invention to the a28
subunit, The conpounds of the inventNHR ar@®
mar keted drug effective in the treafn€ént of such disorders as epi | epsy.
Neurontin(r) is 5 1-(anunonet hyl)-cy&] ohgkaneacetic acid of structural
formula 20 April 2004 WO 01/28978 PCT IE0/ 28687 -9 Gabapentin

gonpared to Neurontin(r), a

(Neurontin(r)) is about 0.10 to 0.12 this assay. The conpounds of
the instant invention are expected, ore, to exhibit pharnmacol ogic
properties conparable to gabapentin. Feor exanple, as agents for 5 the

f | si i ety, d, pain < e
treatment o ConquSaH)%]e%ﬁn é&xgn%n@aig abbit 0.10 to 0.12 pM in this assay. The

. compounds of the instant invention are expected, therefore, to exhibit

pharmacologic properties comparable to gabapentin. For example, as agénts for
5 the treatment of convulsions, anxiety, and pain.

The present invention also relates to therapeutic use of the compounds of
the mimetic as agents for neurodegenerative disorders.

Such neurodegenerative disorders are, for example, Alzheimer’s disease,
Huntington’s disease, Parkinson’s disease, and Amyotrophic Lateral Sclerosis.

10 The present invention also covers treating neurodegenerative disorders

termed acute brain injury. These include but are not limited to: stroke, head
trauma, and asphyxia.

Stroke refersto a cerébral vascular disease and may also be referred to as a
cerebral vascular incident (CVA) and inr;ludes acute thromboembolic stroke.

15 Stroke includes both focal and global ischemia. Also, included are transient
cerebral ischemic attacks and other cerebral vascular problems accompanied by
cerebral ischemia. A patient undergoing carotid endarterectomy specifically or
other cerebrovascular or vascular surgical procedures in general, or diagnostic
vascular procedures including cerebral angiography and the like. ,

20 ' Other incidents are head trauma, spinal cord trauma, or injury from general
anoxia, hypoxia, hypoglycemia, hypotension as well as similar injuries seen
during procedures from embole, hyperfusion, and hypoxia.

The instant invention would be useful in a range of incidents, for example,
during cardiac bypass surgery, in incidents of intracranial hemorrhage, in perinatal

25 asphyxia, in cardiac arrest, and status epilepticus.

Pain refers to acute as well as chronic pain.
Acute pain is usually short-lived and is associated with hyperactivity of the

sympathetic nervous system. Examples are postoperative pain and allodynia.
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A skilled physician will be able to determine the appropriate situation in
which subjects are~susceptib1e to or at risk of, for example, stroke as well as
suffering from stroke for administration by methods of the present invenation.

20 - The compounds of the invention are also expected to be useful in the
treatment of depression, Depression can be the result of organic disease,

~ secondary to stress associated with personal loss, or idiopathic in origin, There is a

strong tendency for familial occurrence of some forms of depression suggesting a
‘mechanistic cause for at least some forms of depression. The diagnosis of

25 depression is made primarily by quantification of alterations in patients’ mood.
These evaluations of mood are generally performed by a physician or quantified
by a neuropsychologist using validated rating scales, such as the Hamilton
Depression Rating Scale or the Brief Psychiatric Rating Scale. Numerous other
scales have been developed to quantify and measure the degree of mood

30 alterations in patients with depression, such as insomnia, difficulty with
concentration, lack of energy, feelings of worthlessness, and guilt. The standards
for diagnosis of depression as well as all psychiatric diagnoses are collected in the
Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition) referred to
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Aneri can Psychi at ”I‘ﬁ AssocCi ?H’l
€ compoun s of the instant invention are also expected to be useful in

the treatment of anxiety and of panic as demonstrated by means of standard

pharmacological procedures.

MATERIAL AND METHODS

20 Carrageenin-Induced Hyperalgesia
Nociceptive pressure thresholds were measured in the rat paw pressure test

using an analgesimeter (Randall-Selitto method: Randall L.O. and Selitto J.J.,
“A method for measurement of analgesic activity on inflamed tissue,” drch. Int,
Pharmacodyn., 1957,4:409-419). Male Sprague-Dawley rats (70-90 g) were

25 trained on this apparatus before the test day. Pressure was gradually applied to the
hind paw of each rat and nociceptive thresholds were determined as the pressure
(8) required to elicit paw withdrawal. A cutoff point of 250 g was used to prevent
any tissue damage to the paw. On the test day, two to three baseline measurements
were taken before animals were administered 100 pL of 2% carrageenin by

30 intraplantar injection into the right hind paw. Nociceptive thresholds were taken
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Animals

15 Male Hooded Lister rats (200-250 g) are obtained from Interfauna
(Huntingdon, UK) and male TO mice (20-25 g) are obtained from Bantin and
Kingman (Hull, UK). Both rodent species are housed in groups of six. Ten
Common Marmosets (Callithrix Jacchus) weighing between 280 and 360 g, bred
at Manchester Um'versit); Medical School (Manchester, UK) are housed in pairs.

20 All animals are housed under a 12-hour light/dark cycle (lights on at 07.60 hour)
and with food and water ad lib_itum;

Drug Administration
Drugs are administered either intraperitoneally (IP) or subcutaneously
(SC) 40 minutes before the test in a volume of 1 mL/kg for rats and marmosets
25 and 10 mL/kg for mice.

Mouse Light/Dark Box

The apparatus is an open-topped box, 45 cm long, 27 cﬁl wide, and 27 cm
high, divided into a small (2/5) and a large (3/5) area by a partition that extended
20 cm above the walls (Costall B,, et al., “Exploration of mice in a black and
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360 g, bred at Manchester University ster,
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(lights on at QF%. howr) . and with food and water ad Libjtu ug
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subcut ageous! ¥nxieiHGh nble, MVeiMopHaRicOl 2199928 97L905), @ vol ume of | nl/kg for
rats and marnosets 25 and 10 nL/kg for m ce. MuSe Light/Dark Box The

apparatus i s an open-topped box, 45 cmlong, 27 cmw de, and 27 cm high,

di vided i nto Raf PidviatddXNiag1d a |l arge (3/5) area by a partition that
extended 20 cm above the walls (Costall B., et al., "Exploration of mce

in a black and 9 2@ sigdard degied o maze Ehndlep8ik. e, Hffi:Ts of alpha-

adrenoceptor agonists and antagonists in a maze-exploration model of ‘fear’-
motivated behavior,” Naunyn-Schiedeberg s Arch. Pharmacol., 1984;327:1-5),

15 was automated as previously described (Field, et al., “Automation of the rat
elevated X-maze test of anxiety,” Br. J. Pharmacol., 1991;102(Suppl.):304P). The

animals are placed on the center of the X-maze facing one of the open arms. For

determining anxiolytic effects the entries and time spent on the end half sections
of the open arms is measured during the 5-minute test period (Costall, et al., “Use

20 of the elevated plus maze to assess anxiolytic potential in the rat” Br. J.
Pharmacol., 1989;96(Suppl.):312p).

Marmoset Human Threat Test
The total number of body postures exhibited by the animal towards the
threat stimulus (a human standing approximately 0.5 m away from the marmoset
25 cage and staring into the eyes of the marmoset) is recorded during the 2-minute
test period. The body posfures scored are slit stares, tail postures, scent marking of
the cage/perches, piloerection, retreats, and arching of the back. Each-animal is
exposed to the threat stimulus twice on the test day before and after drug
treatment. The difference between the two scores is analyzed using one-way
30 analysis of variance followed by Dunnett’s t-test. All drug treatments are carried
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2-mnute test period. The body postures scored are slit stares, tail
postures, sce I n f, .t age/ per , piloerection, retreats, and
ar chi ng of thﬁh&%" d&h?ﬂ&’ﬁ?‘g’v“&?ﬂgggﬁ“t the threat stinulus twice
on the test day beAllRockafredvedé cafibd out ihafplRhce VIR il Mif1e GRSl @ veen

the two scores is analyzed using one-way 30 analysis of variance followed
by Dunnett's €areasd Usaof Labergtory Aaimalsunderaprotacel anpro@dyrthe 2004

Parke-Davis Animal Use Committee. Male DBA/2 mice, 3 to 4 weeks old were
15 obtained from Jackson Laboratories, Bar Harbour, Maine. Immediately before

anticonvulsant testing, mice were placed upon a wire mesh, 4 inches square,

suspended from a steel rod. The square was slowly inverted through 180° and
mice observed for 30 seconds. Any mouse falling from the wire mesh was scored
as ataxic_ (Coughenour L.L., McLean J.R., Parker R.B., “A new device for the
20 rapid measurement of impaired motor function in mice,” Pharm. Biochem. Behav.,
1977,6(3):351-3). Mice were placed into an enclosed acrylic plastic chamber
(21 cm height, approximately 30 cm diameter) with a high-frequency speaker
(4 cm diameter) in the center of the top lid. An audio signal generator (Protek
model B-810) was used to produce a continuous sinusoidal tone that was swept
25 linearly in frequency between 8 kHz and 16 kHz once each 10 msec, The average
sound pressure level (SPL) during stimulation was approximately 100 dB at the
floor of the chamber. Mice were placed within the chamber and allowed to
acclimatize for one minute. DBA/2 mice in the vehicle-treated group responded to
| the sound stimulus (applied until tonic extension occurred, or for a maximum of
30 60 sec) with a characteristic seizure sequence consisting of wild running followed
| by clonic seizures, and later by tonic extension, and finally by respiratory arrest
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protocol approved by the Parke-Davis Ani mal Use Conmittee. DBA/ 2

mce, 3%o 4 wadtenvalsantidlso vauesdprokitiatalysis (itchBed JlJébBﬁb:DmnE-s Bar
Har bour, Maine. |, m’r*g tely E_ef or £ ant i conyul sant teSt”Ioﬁ% mce were
pl aced upon a Qi 18P e@ofi Hngdese-etisgbepsamentsy omrdagnesl, r od. The

square was sl q%wwm% mgmwﬁgeg% \Aa?dh@ef&]t mggis@ehe&skggg@gﬁéﬁ Qnds

Any nouse fallin romt e Wwre nes S score at axi c
L.L., MLean #&f RB,A/E’anike(n RB-10 peAdose)watestested fa:rrsohﬂ:tbuﬂﬂcechsmzluereasurenent

of inpaired notor fupctio Pharm B ch . 7;

6(3): 351-3). mseen%ﬁé?il°m819@alqua§fcﬁewe| o Tk e BRALETE WHbrber (21
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cm di anet er) he center of the top Iid. An audi o signal generator

(Protek nod ebY pra g@yagwa@ a &’Qb’dﬂq of lﬁrmblﬁre@f hodpweighti Cempiunds tiatlate t one t hat

25 K 6 kHz h 10
mmec. The aveliguBIeHiil i subBRUERTY | e SateRlnbrocdiniits. DBreR e P fRe60E
appr oxi mat el ywl:ightdﬂhatacﬁ\medruigmﬁﬂy.of t he chanber. M ce were placed wthin

t he chanber and al lowed to accglinmatize for, one mnute. DBAlI 2 nm.ce in the
vehicle-treated grdUpeYBEPBIFaL t@dﬂW@%ﬂ%%@W%ﬂ@é&b@Wﬁdﬁm | tonic

ext enshign oCCHieliRmél of piin anABAOBlsBIaeR AP JoPEh Mikdp ARG T T st ¢

sei zure sequence consisting o .d gunnin
The compounds of the instant invention are also expected to be useful in

treating the symptoms of manic, acute or chronic, single upside, or recurring
depression. They are also expected to be useful in treating and/or preventing
bipolar disorder (United States Patent Number 5,510,381).

20 . The compounds of the present invention can be prepared and administered

in a wide variety of oral and parenteral dosage forms. Thus, the com;;ounds of the

present invention can be administered by injection, that is, intravenously,

intramuscularly, intracutaneously, subcutaneously, intraduodenally, or

intraperitoneally. Also, the compounds of the present invention can be

25 administered by inhalation, for example, intranasally. Additionally, the
compounds of the present invention can be administered transdermally. It will be
obvious to those skilled in the art that the following dosage forms may comprise
as the active component, either a compound of Formula I or a corresponding
pharmaceutically acceptable salt of a compound of Formula L

30 For preparing pharmaceutical cbmpositions from the compounds of the
present invention, phérmaceutically acceptable carriers can be either solid or

liquid. Solid form preparations include powders, tablets, pills, capsules, cachets,



by clonic seizures, and | r by tonic extension, andghinally -by
respiratory arrest ‘9 0 20 ¥ri| 2004 WD 01/ 28978 PCTI 0/ 28 pril 8004 nd
death in 8@%mrsemre of the mice. In vehicle-treated mce, § &0 %Esﬁ
sequence of seizures to respiratory arrest |lasts approximately 15 to 20
seconds. The incidence of all the seizure phases in the drug-treated and
vehicle-treated mice was recorded, and Hfre occurrence of tonic seizures

wer e used. f.or At 4 anpt 0 values b robit anal ysis
(Litchfield J?@?W&bﬁ%ﬂéﬁ%wiﬁ%ﬁﬁii%% 9%6‘?%‘?58"“%8% onl, 3 o ng |
dose-ef fect esybstanoeswisich mhy aBoaikctacdilvents] B4%orify H2ntd Bnderd) ce were used

only once for testin at-ea(g_h, dose, point. Goups of DBA/2 mce (n = 5-10
per dose) werBeP&stiRiess tabletdisiniperatingaganiscoraneacapsulating satetialhour s

(previously deterw vdd AR s 1 Qi . orally. Al
drugs in the present st%gj mﬁéﬁgﬁﬁﬁég%@é&h g%@?%ﬁ%ﬁ%ﬁ“éﬁﬁe@%en by
oral ga¥age ithedinelyl dimiledficth® cohipogentft body wei ght. Conpounds that are

i nsol uble will be usglgpdﬁ‘g in 1% car box%lr;pe,t hocel | ul ose. Doses are
expressed as wei gitt2FtS; e agllys camppnegt isgnixed withithe easrigrhayirg &e ¢ he
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. pain and phobi c disorders m J Pain M ne cofpounds
of the instarnd sizesdesireh are al so expected to be useful in treating the
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The conpounds of the present invention can be prepared an mnistered in
a wide vari etSarkomate; glagnaesinm sicattes tale, sygar lpstasespestin, deutrin, staech; gelotionds of

the present g ga[g]{ﬂ; dm al.st ILnjaction, that,. s

I ntravenousl yt,h%\‘[ll n r’gﬂrr%tg@g?lg}??%fgqﬁn‘%@%}}%gxg%ﬂgﬁ?ﬁu@ﬁ%&}?gﬂmgfu'

I nt r aduodenaldogoa butter; anidrthgpBke. (Thie eerim Ypreparation’ i6 éntemisd ey elgudyf the he present -
i nvention carn, be .25 adm ni stered- by i.nhal ati on, for exanple, intranasally.

Addi ti onal | y,TORRYatienAt18e Activesompoing WIlksncapTWAtng T el RS BeaifRi ni st er ed
transdgy mal | Yorodillinglal dapSifle iPWHich e Q&i%%ﬁ%oﬁgﬂtudﬂpoﬂ Withdif oftfer g.{n{ﬂ%le'sr,t ge

foll owi ng dosage forns nmay conprise as active conponent,
conpound of Fesuruaded by a gamisr,vduglyistthng in association with it. Similarly, cachets

and lozenges are included. Tablets, powders, capsules, pills, cachets, and lozenges

t

can be used as solid dosage forms suitable for oral administration.
For preparing suppositories, a low melting wax, such as a mixture of fatty
20 acid glyceridés or cocoa butter, is first melted and the active component is
dispersed homogeneously therein, as by stirring. The molten homogenous mixture
| is then poured into convenient sized molds, allowed to cool, and thereby to
solidify.
Liquid form preparations include solutions, suspensions, and emulsions,
25 for example, water or water propylene glycol solutions. For parenteral injection
liquid preparations can be formulated in solution in aﬁueous polyethylene glycol
solution.
Aqueous solutions suitable for oral use can be prepared by dissolving the
active component in water and adding suitable colorants, flavors, stabilizing and
30 thickening agents as desired.
Aqueous suspensions suitable for oral use can be made by dispersing the

finely divided active component in water with viscous material, such as natural or



pharmaceutically accept e salt of a conpound of mula I. 30 For
prepari ng pharnaceuti caM®ompositions fromthe co nds of td9cAprih2Rddknt

i nventi on, wihewssemseuti cal |y acceptable carriers can be eit harr/esioi8s0r
liquid. Solid form preparations include powders, tablets, pills, capsules,
cachets, 20 April 2004 WO 01/28978 PCT/ Uj%O/ 28687 -16- suppositories, and

di spersible granules. ~A solid carrier can  be one or nore substances which

may al so act agndliddianhg restsaiiitylbIREARISaiuk] AESSmeBISIRINBLgES, tabl et
di sintegrating” agents, or an encapsulating material”. Ii powders, the _
carrier is a fotheswglldnphateuspeoding agehtsh is in a mixture with 5 the finely

di vided active co nent. n tabl.ets. the agtive, .c anent. s .mxed with
the carrier havi n%ﬁ%‘nCWSE‘Eﬁ?éPQ}SB?%Pﬁaafﬁﬁwe‘i”’?ﬁc@g%‘ %é‘g?‘i e ,
proportions argnepeBatbal bfoleiReS0aRRid ARH prépaeatidns firefal alhfnibenadar s and
t abl et5£referablﬁ contain fromfive or ten to about 10 seventy percent of
the active coryelyhauidSormsipelude solutienss suspensiengnand emulsions.dwse e, magnesi um

stearate, tal I - 2 1. in, rch, gel ati

tragacanth, rré’ﬁ%%é gg{]? ngéﬁ&moﬁﬁ%%tgggé;éf{%{vﬁff’@%?ﬁﬂt’ocg 1ra%Es,| t@%"ﬁel ting
wax, cocoa buiabilizersphdfdrfartifidial anlanirslrswet@hep adiseramts, tiickefégnded to

i nclude the forpulation of the ﬁﬁt I ve conpound with encapsul ating materi al

as a carrier $Supligipggeaps.anddhelike i n which the active conponent with or
wi t hout ot her carri | L ar. s Wi pS ot L n
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Tabl et 90 powd éorm the prepatation ipsubdividabinhetrdt desasicdniziningeppropaiatebe used as
sol id dosage for suiLtable for oral m nj strati.,on. Far preparing
Supbos L or 6 SIRERPHLE APYF SOt D8 Sk Spiee G o bed parhased aci d
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di spersed honbgeneously therein, as by stirring. e nol t en "honpgenous
mxture is tpeskelsddabdetsi qapenies; and ppwdersdn vials orempoules) Alsoetlie unitcool , and -
thereby to sgli.di LQul a .0 Lncl sol.uti gn

suspensi ons; gé\%g%%nsélagﬁ%,adcagg&?%Eﬁbg%}r;r%ﬁ%t,’ 81\?\1/3? gnrgegggl\gia?rel?éaﬁ'ﬁ’c?% ene

gl ycol 1$ol uti eppopriane nmabardfanglof thkse i parkaged form. '

The quantity of active component in a unit dose preparation may be varied
or adjusted from 0.1 mg to 1 g according to the particular application and the
potency of the active component. In medical use the drug niay be administered
three times daily as, for example, capsules of 100 or 300 mg. The composition

20 can, if desired, also contain other compatible therapeutic agents.

In therapeutic use, the compounds utilized in the pharmaceutical method of
this invention are administered at the initial dosage of about 0.01 mg to about
100 mg/kg daily. A daily dose range of about 0.01 mg to about 100 mg/kg is
preferred. The dosages, however, may be varied depending upon the requirements

25 of the patient, the severity of the condition being treated, and the compound being
employed. Determination of the proper dosage for a particular situation is within
the skill of the an.‘ Generally, treatment is initiated with smaller dosages which are
less than the optimum dose of the compound. Thereafter, the dosage is increased |
by small increments until the optimum effect under the circumstances is reached.

30 For convenience, the total daily dosége may be divided and administered in
portions during the day, if desired.



i quid preparations can begornmul ated in solution in eous pol yet hyl ene
gl ycol solution. Aqueous %0l utions suitable for oral‘.te caﬁoﬁﬁﬁbi@éhred
by di ssol viMP1¥28278 acti ve conponent in water and addi ng suip@buSiepek® ant s,
flavors, stabilizing and 30 thickening agents as desired. Agueous
suspensi ons suitable for oral use can be _pade by dispersing the finely

di vided active conponent in water with vit8tous material, such as natural or
a 20 April 2004 WOTHE 188 4iBe ! B&3htis @ﬁgﬁ-' ; ins,

net hyl cel | ul ose,  sodi um car %gghn‘g?%eéel I ultlgéét,-thgﬁ o%‘gerng\&/}\g’m@f(%om
suspendi ng ageﬂﬁuﬂendp@b)hnuﬂﬁmwwdpare solid form preparations which are
intended to be converted, shortly before use, to liquid form preparations
for oral adm nistration. 5 Such liquid forns include solutions,
suspensi ons, - and enul si ons. These pr EMAMPL®E nmay contain, in addition to
t he active conponent ol otants, .flayors, stabilizers, buffers, artificial
and nat ur al ,s\@e‘gEﬁéﬁ%@'%@E}?&?ei‘%tog?ﬁmowé%ﬁl)-a%pa@»ﬁmhyzlmegioa@em s, and
the |iké. The pharmaceutical preparation is preferably in unit dosage form
In such 10 formthe preparation is subdivided into unit doses containing
appropriate quantities of the active conponent. The unit dosage form can
be a packaged preparatithn, the package contki ning discrete quantities of
preparation, such a - . . and powderg, in vials or
anpoul es. Al so, the 2N l es, t , cachet, or
| ozenge itself, or a t he 15 appkQpLidt.e er of any of these in
packaged form The quantjty of active conpogent in a jJBt dose preparation
may be varied or adjusted fromO.1 ng to | accordind to the particul ar
application and the potency of the active conponent. In nedical use the
drug may be administered three tines daily as, for exanple, capsul es of
100 or 300 ngy. The comp@bkition 20 can, if desired,gal so contain other

conpati bl e t herapeu daert s. —Lonjder apgytic yse Jthe conpounds utilized -
in the pharmaceuti g thids in’éiti j gred at the
initial dosage of al ng to about
z CO,Et =
H H 0
H
(iv) (:bCNHZ-HCI
e
z CO,H
H 2
- Step (@)

Sodium hydride (0.11 mg, 2.7 mmol) was stirred with THF (5 mL) at 0°C under

argon. Triethylphosphonoacetate (0.5 mL) was added dropwise and the solution
10 stirred for 10 minutes. The ketone (0.37 g, 7.7 mmol) in THF (5 mL) was added

dropwise with stirring and left to warm to room temperature. After 18 hours, the

reaction mixture was separated between water (80 mL) and diethyl ether

(3 X20 mL). Solvent was removed in vacuo to give a yellow oil, which was

purified via flash chromatography (silica, heptane/EtOAC 19:1). To give 0.34 g
15 (62%) of the ester as a colorless oil:

IHNMR (CDC13) (400 MHz): 1.05-1.29 (9H, m, ring protons + CH3),

1.76-1.78 (2H, m, ring protons), 1.87-1.97 (2H, m, ring protons), 2.0-2.16 (2H, m,



100 ng/ kg daily. A dail ‘ose range of about 0.01 to about 100 ng/kg is
preferred. The dosages, Wwever, nay be varied depe™li ng uporROtAnsil 2004

requi rementso 022898 t he patient, the severity of the condi tp@rmusuer29¢s7
treated, and the conpound bei ng enpl oyed. Determ nation of the proper
dosage for a particular situation is witlli'%n the skill of the art.
Cenerally, treatnent is initiated with siéll er dosages which are |ess than

the optimum dewg mwbtohfe2 SOBIB(E ddhes §3f 425 1 Bﬁ%g&yfg@, i?z-k.ﬁ%g?ﬁsed by

smal | increments until the optinumeffect undef 't unstances s _
reached. 30 RérJ eérkdBisddzaingtmnetons); 4l 2-d20@Hdos &8k)my7 Bd,d CH)ed and
adm nistered in portions during the day, if desired. 20 April 2004 5 WO

01/ 28978 PCTI MESBaAE 2009M FET100%0wi ng exanpl es are illustrative of the
i nstant invention; they are not intended to limt the scope. EXAMPLE | (t)
-(la, 6J3) (2- Ami nonet hyl - oct ahydr o-i nden-2-yl)-acetic acid hydrochl oride
Step (i) 0 (i Stepd@ um hydride (0.11 ng, 2.7 mol) was stirred with THE (5
m.) at OC under argon. Triethyl phosphonoacetate (0.5 nL) was added

dropwi se and i ' [q: ' . hhe. ket on 0.37 g,
7.7 mm?’) in ?E@r g@gﬁgjﬂg\?’as aoa%gég(%gsrofcl)%v%‘;s@ﬁvg ﬁ@ﬁiwﬁﬁgn%ancﬁé%{g@o war m
t o room t enpeNitrermethard (025 thB) asiadded tahé ther reagtionaRixirg hedt&d tvagpecepar at ed
bet ween vvaterT'§80 m_% and diethyl ether (3 x 20 mL). Solvent was renoved in
vacuo to gi ve TBAF(2-Hipldwas adgaddsopmise tothe ihpt sodutianeover i dhurandatised demphy

Col or L ess of 1 7 B, Pyl micdle il Bpitiistedorkied 96 Hbind il °° 0
CH3), 1.76-1. a4l theidiethy! ethentpypr whowashed Wwifhibrined Folivadd, wad remohed MRS ) ,

2.0-2. 2H, m. 9-. 20 Apri]. 2004 01/28978 PCT/ USCO. 28687
}8 ( torglve a yellow oil, wlncﬁ was 1.3\/ui\g1)ﬁcd1 via flash chromatography (silica,

heptane/EtOAC, 19:1), to give 0.264 g (60%) of the product as a colorless oil.

TH NMR (CDC13) (400 MHz): § 0.97-1.30 (11H, m, ring protons + CHz),

1.73-1.95 (6H, m, 2 x CH + 4 ring protons), 2.5 (1H, d, J = 16.6 Hz, CHyCOES),

2.7 (1H, d, T = 16.6 Hz, CHyCO5E¢), 4.12-4.18 (2H, m CHy), 4.49-4.51 (1H, d,
15 J=11.5 Hz, CHyNOy), 4.73-4.75 (1H, d, J = 11.5 Hz, CH,NOy).

Step (iit)

Nitroester (0.24 g, 0.9 mmol) was dissolved in methanol with Nickel sponge.
Reaction was hydrogenated at 50 psi, 30°C for 15 hours. The reaction mixture was

filtered through celite, and the solvent removed in vacuo to give the product
20 0.18 g (85%) as a yellow solid. This product was a mixture of lactam and amino

ester.
Step (iv)

Amino ester was taken up in 6N HC1 (5 mL) and dioxane (2.5 mL), and heated to
reflux for 4 hours. The solution was washed with dichloromethane (3 X 5 mL),
25 and the aqueous fraction was evaporated in vacuo to give 0.196 g (99%) of

product as a colorless solid,



-19- ring protons), 2.51- 6 (1H, dd, J = 5.7, 27.5 ring proton@sr{,
3.12-3.18 (1H, dd, J = 5.2~ 18.8 Hz, ring protons), 2- 4. 29 ApriH20

CH2), 5.7m™wOl28%8 CH). M5 (ES+) me 209 (M+ H)+ 100% St@PrAisdo)zség7ESt er
(0.34 g, 1.63 mmol) was dissolved in THE (5 nL), with stirring under argon.
Ni-t romet hane (0.25 nlL) was added and the_reaction m xture heated to 60C.
TBAF (2.3 nL) was added dropw se to the A%t solution over | hour and
stirred for SN : R0 4 r ar t it bet ween 2N HC
and diethyl ctRMEOMSE IRAFVRS S0 k164 PSS LOSc L BNB 8 ori ne.
Sol vent was rESMER (61, Wac 3503 iqV @ = I ¢ iegs purified
via flash chromat ogroaphﬁsi | i Ca%ﬂ%%f;ﬂg%ﬁ%,%@?é%ﬁﬂf@ dgive 0.264 g
(60% of the @HoCGOH)a2.83-2087 AH, dsF=aBIHz, dez(ﬁ%@llﬁ,ﬂd}@awzm S
0.97-1.30 (111-1, m ring protons + CH3), 1.73 =1.95 (6H, m 2 x CH+ 4
ring protons)CHaNB017.94 (ZH, bk, NHb§. 6 Hz, -CH2COREt), 2.7 (1H, d, J = 16.6
Hz, CH2COR2Et), 4.12-4.18 (2H, mCH2), 4.49-4.51 (1H, d, 15 J =11.5 Hz,
CH2NO2)5 4. 73M8.(BSH) i/ 212 [M +=H] 160%z, CH2NOR). Step (iii) Nitroester
(0.24 g, 0.9 ) s dissolved in nethanol with N ckel sponge. Reaction
was hydr ogenaﬁ@éa?sggtgypéfic@m%%@@Wﬁﬁﬁmmﬁ@efﬁﬁmﬁm m xture was
filtered thrqygd= j : | b, renoved in vacuo to give the
product 20 0.18 gg?j805° ué%‘:?&n{/%ﬁmo\ggplﬁd- Thi s product was a m xture of

| actam and amino ester. Step (iv) Amino ester was taken up in 6N HC 1(5
mL) and di oxane (2.5 nlL), and heat edEwEé?gx for 4 hours. The sol ution
was washed wi th dichl oronethane (3 x ) .and the aqueous fraction was

evapor at ed i ru:ya(dmgﬁ[i)&-Mﬁoﬁeﬂ:?ﬁo@alﬂﬁﬁ&%;eﬂiﬂenm-?l)%Eti@ﬁci@h?&b&ﬂbﬁ&é sol i d.
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H

Step (i)

Sodium hydride (0.6 g, 14.5 mmol) was stirred with THF (50 mL) at 0°C under

argon, Triethylphosphonoacetate (2.9 mL) was added dropwise and ﬂu_a solution
15 stirred for 10 minutes. The ketone (1.8 g, 14.5 mmol) in THF (10 mL) was added

dropwise with stirring and left to warm to room temperature. After 18 hours, the.



1H NVR (DVBO) - (400 MHz) 0.86-1.04 (2H, , 108?17(6H m, 1.60-1.78
(6H, nm), 2.35-2.39 (1H ¥ J = 16 Hz, CHZCOZH) (1H m 20Gpi2904) |
2.83-2.87 MO01/28%78) = 13 Hz, CH2NH2), 2.97-3.00 (1H, d, J =XGr/tRoo/28632NH2)
7.91 (2H, bs, NH2). M5 (ES+) me 212 [M+ H + 100% HPLC, Prodigy O 8
colum, 5% net hanol /acetonitrile. Retent |2 n tine = 3.00 mnutes, and a
purity of 99% EXAMPLE 2 (t) '

- - (1a, 5R) ( 2- ATeRUoR intiyturewh a@edqsstw&:ﬁwa@r Sbnﬁg%u%é j1darydr ochl ori de
(i) Step (i) Sod| um hi/dl‘l de ( Sﬂ was ‘sti rre with THE (50 ni)

at 0C under |Selwytm@mmdmmw@ gwesa}fdlpmls “énkdleda.‘idropvm se
and t he solutlonl for 10m The 14,5 mol )
in THE (10 m_)pu‘%ggév gﬁp Q@p}Wl S}}e fapﬁ@}((%‘g:nfge )ETP@%(ﬁa]r €0 room
t enper at ur e. %9%)oﬂ4ﬁebgyfﬁasibﬁoﬂegs(§p April 2004 WO 01/28978

PCT/ US00/ 28687 -21- reaction mxture was separated between water (250 ni)

and di ethyl et BEENMR ECDRCH) (00 MEH=z)SE! Vel 1 vH e NOM8)] 11235- l/@9(13ﬂtrﬁ give a
yellow oil, which was purified via flash chromatography (silica,

hept ane/ Et OACCH)_;);L) 55-1@99(4%::3129503{2) (0624.10(4H e, 2XICH, 2S5, 5353(1@! | ess
oil: 5 1HNW (CDCL3) (400 MHz): 81.14-1.19 (2H, m CI-?Z 1.25-1.29 (3H,
in, CH3), 1. 55,@H};§ Q543415 (hH, &1, CHE#2)12-21 DRI q1 D=(743, 14r4H2,(20CH§)
245255(IH 3.05-3.15 (1H, dd, CH), 4.12-4.17 (2H, q, J = 7.3,
14. 4 He, CG:H)5(1§a H m CH). Step (ii) 10 Ester (1.9 g, 10 mol) was
di ssol ved in THE (15 nL), with stirring under argon. Nitromethane (1.4 nl)
was added, S Rﬁ reaction m xture heated to 60C. TBAF (14 nlL) was added
dropwi se to t tep 2 solution over 1 hour, and stirred for 5 hours. The
reaction m xture was separated between N HC 1 and di et hyl ether,

10 Ester (1.9 g, 10 mmol) was dissolved in THF (15 mL), with stirring under argon.
Nitromemane (1.4 mL) was added, and the reaction mixture heated to 60°C,
TBAF (14 mL) was added dropwise to the hot solution over 1 hour, and stirred for
5 hours. The reaction mixture was separated between 2N HC1 and diethyl ether,
and then the ether layer was washed with brine. Diethyl ether was removed in

15 vacuo to give an orange oil, which was purified via flash chromatography (silica,
heptane/EtOAC, 19:1), to give 1.59 g (64%) of the product as a colorless oil.

THNMR (CDC13) (400 MHz): 8 1.14-1.31 (7H, m, CH3 + ring protons),

1.64-1.72 (5H, m, ring protons), 1.03-1.09 (1H, m, ring protons), 2.00-2.05 (2H,
Im, ring protons), 2.57-2.61 (1H, d, J = 16.4 Hz, CHoCO»Et), 2.71-2.75 (1H, d,

20 J=16.4 Hz, CHyCO9EY), 4.12-4.18 (2H, g, J = 7.1, 14.2 Hz, OCH,CHg),
4.56-4.59 (1H, d, J = 11.5 Hz, CHoNO»), 4.77-4.80 (1H, d, T = 11.5 Hz,
CH,NO3).

IR (neat) 2957, 2870, 1731, 1547, 1374, 1182, 1030 cm-1.

Step (lii)

25 Nitroester (1.59 g, 5.9 mmol) was dissolved in methanol (40 mL) with Nickel
sponge. Reaction was hydrogenated at 50 psi, 30°C for 5 hours, The reaction

mixture was filtered through celite, and the solvent removed in vacuo to give the
lactam 1.08 g (97%) as an off-white solid.



and then the ether |ayer washed with brine. Diet et her__ was_renpved
in 15 vacuo to give an or\zge oi |, which was purifie a f1 Z8H\eril 2004

chr omat ogrwooa/28%i8l i ca, heptane/ Et OAC, 19:1), to give 1.5%@é§nisssaf the
product as a colorless oil. 1H NVWR (CDC13) (400 MHz): S 1.14-1.31 (7H, in,
CH3 + ring protons), 1.64-1.72 (5H, in, éi ng protons), 1.03-1.09 (1H m
ring protons), 2.00-2.05 (2H, m ring p‘?’tons), 2.57-2.61 (1H, d, J = 16.4

v SO0 e By W o, SRR At
715,20 by OB, 10 T R S

di ssol ved i n 2804 (2H,46, CRYCO),I32NB SBELH, B CEHNENRE A4S (1 HNbs)RE).

hydr ogenated at 50 psi, 30C for 5 hours. The reaction mxture was filtered

t hrough celi tms@gsi‘tdwemolgmap T8oR 389 [2M 919,0384 thea1H 1@pbam 1. 08 ¢
(979 as an of f-whi t)e sol id. ZBI]_ApriI 2004 V\%Tgll 2897852%4CT/ uagoo%gggm -22-

12 NVR(CDC13) (400 MHz): 8 1.08-1.11 (2H, m ring protons), 1.23-1.28 (2H,
m ringsprot oB®p(iv). 62-1.68 (4H, n), 1.82-1.89 (2H, m), 2.00-2.06 (2H, m,
2.30-2.40 (2H, m CH2CO, 3.29-3.30 (2H, M CH2NH), 5.45 (1H, bs, NH. M

(ES+) me 18 + H + ,3% 359 +.21% 381 [2M + + 100% 5 Step
(iv) Lactam a’a%cl}ﬂqxgk‘g?tﬂﬁniqq %@%W%@fﬂ%ﬁ@@%&dﬁﬂa@%dmtﬁ/ﬁd heat ed
to reflux forfiix x4 Bourd "heSBlutfoh MasWARhABFE &M drbmeitahl fwrmhkwe (3 X
10 nL), and the aqueous fraction was evaporated in vacuo to give ‘0.65 g
(84% of procaundthe aguepug fadtidnesas saporitedin vaeioNbigivelVEDy (842 of\pioinctd

1.0-1.18 (4H,_m i rofons), 1.52-1.72 (6H, m ring protons), 1.95-2.02
(2H, m ring "p?rao"t"é?fi‘i%?g‘ﬂ%%s-z.es? (2H, m CH2CRH), 2.90-2.94 (1H, d, J =

129 o, CZNR AR Bado Peiop M ot B em, HE G BRISED, 1 2232, 0o

m, ring protons), 1.95-2.02 (2H, m, ring protons), 2.33-2.67 (2H, m, CH,COoH),
2.90-2.94 (1H, d, J = 12.9 Hz, CHyNH3>), 3.00-3.03 (1H, d, J = 12.7 Hz,
CH,NH>), 7.94 (2H, bs, NHp). |
MS (ES*) m/e 198 [M + HJ* 100%.

15 LCMS (ELSD) Prodigy ODS3 50 mm X 2 mm column, 5%-50% MeCN/H5O.
Retention time = 2.30 minutes, mass found = 198. 100% purity.



15 LCVs (ELSD) Prodi gy 3 50 Mmm x 2 mm col um, S5%EA0% MeCN H20.
Retention tinme = 2.30 mWutes, mass found = 198. 100% puri ty20Rpsib2004 i |
2004 WO 01M@OVBIRCTIUS00128687 - 23- EXAMPLE 3 PCT/US00/28687

(la, 3a, 5a) (2- Am nonet hyl - oct ahydr o- pent al en-2-yl)-acetic acid hydrochl ori de
Hd--- Y.." 0 H(1) NH2.HC1 CO2H H Step (3|) 5 To a suspension of NaH (0. 45
g, 11.3 mmol) in THE (25 nL), at OC under? argon, was slowy added (over
-10 m nutes) triethyl phosphonoacet at egxAngprt3 11.6 nmol), fol lowed by 5
(1.29 g, 10.4 mmol in 2 x 3 mL THF). The reaction was allowed to warmto
room t enper at (18, 3anT(2Aminemsthyl-oétaltydto-pentaken-2ayl)-ecetisracichhydrochlaridedi | ut ed
wth water (100 nmL), extracted with ether (2 x 200 nL), washed 10 with
saturated brine (50 nli) Hand dried (MgS™). ol utmm chromat ography (9:1
hept ane/ et hyl acet at e} dave the przguct as..afcolorless oil, 1,75 g, 86%
JR (thin film (cm ~ 1208, 1125(1)1040. 1H NMVR
(CDC 13): S 5.72 (1h 2.92 (1H,
2.72-2.54 (3H, m, 2.52-12.42 (1H, n), 22-2 2( (g% 85131(6H n,
15 1.27 (3H, t, J= 7.2)Hm zAP+ 195 (M + 1) Ht' 100% 2§\pr 2004 WO

01/ 28978 PCT/ US00/ 28687 - 24 .

Step (i)

5 Toa suspension of NaH (0.45 g, 11.3 mmol) in THF (25 mL), at 0°C under argon,
| was slowly added (over ~10 minutes) triethylphosphonoacetate (2.3 mL,
11.6 mmol), followed by 5 (1.29 g, 10.4 mmol in 2 X 3 mL THF). The reaction
was allowed to warm to room temperature and left to stir for 4 hours, after which
| it was diluted with water (100 mL), extracted with ether (2 X 200 mL), washed
10 with saturated brine (50 mL), and dried (MgS04). Column chromatography
(9:1 heptane/ethyl acetate) gave the product as a colorless oil, 1.75 g, 86%.
IR (thin film) (cm~1) v = 2964, 1713, 1655, 1371, 1208, 1125, 1040.
IH NMR (CDCl3): 3 5.72 (1H, m), 4.14 (2H, q, J=7.2), 3.02-2.92 (14, m),
2.72-2.54 (3H, m), 2.52-2.42 (1H, m), 2.28-2.20 (1H, m), 1.85-1.31 (6H, m),
15 127 (3H,t,J=17.2).
m/z AP* 195 (MI + 1) at 100%.



. Step (ii) To a sol ution! 6 (2.75 g, 22.2 mmol) i HE (22 nl) was added
TBAF (24 mL, 24.0 mmol) | owed by nitromethane (4.99nL, 8294pihgi04 The
reacti on vwa® oizesm8ed (oil bath at 60C) for 4.75 hours, afteiciviécePsédy was
diluted with ethyl 5 acetate (I 00" nlL) and- washed with 2M*' HC 1 (3 O
“mL)., followed by saturated brine (40 nL), dried (MJSO™), and concentrat ed
under reduced pressure. Columm chromat 6gfaphy (9:1 heptane/ethyl acetate)
.gave the pr_odg@f,éﬁ)s a colorless oil, 0.73 g, 20% The product was found by

| HNVR to be a 9:1 nmixture of diastereoisoners. 10

1 HNMR( CDC13) : 54. 67(1 H,s),4.60(1H,s), 4 15(2H,q,J=7.2),4.14(2H,q, 7.2), 2.58
(2H, s), 2.49T¢aeplutipn 0b6 (273 2022.2mmol} i) THF (22 ndd-viastdd¢d BRBAFARA nal),,

1.44-1.36 (2 2H 28 (3H t,  J= ool (34, -1, J=.,7) 1.16-1.04
(2H +2H, rr§ F%{%B“‘E‘?ﬂ‘jlﬂ%‘?%c%’ﬁﬁBB’Fﬂ&m?“‘{ é%éﬂ‘gﬁérﬂé“’sﬂﬁ“ﬁ reaptiofVRSinol (100
m.) with ni ckedatediieil Bath £BVELY ok 47F0RNE BRier WHIER UOPA diRfedvith BfyRnNd 2

pressure of 56 psi; this was left for 5 hours. Before use, the”nickel
sponge &at al yacetapad Oaslehdswashed withi 28 SICT (304nL), Ehliidweddivesataadd bhias

il ered t ﬁﬁ%@é e AR (et O o oS eieRigd geéq'}??él{f%é&#‘é%nzf & tlH 20 1 n vacuo
518 (o &) A50mRBfhy (ih heflundiiiy APl el hiepiogud oy e o 1 "1
100% i ep (1) 92 Corins Praddet s Rl BT NI (e 5L pdie 0" ) ana 6

HCl (30 nlL) whasterbeiseraerst o refl ex (oil bath 'at. 100C) for 4 hours. After
coolin the yeaction was diluted with water (40 nlL) and the reaction

mi xt ur 0 washedl NI (EPEIBYHET fthes), 4.60 le(s),rﬂ(-_)s Gl ¢ drcBR), Addd@H, q, vacuo
toyield a '%e ggy al Iégeéfroguct as a_20 gr‘il 2004 WO _01/28978
PCTI US00/ 286872) 288 (6H14S)y 24P §2H¢ 5)eR-43 12t @1 £ 8He ), 1-PRd 4t Gl ),
recrystal i zqly4. a6 2l HOMI ShiY 28 3H, t, J=7.2), 127 BH, t, J=T)

1.16-1.04 (2H +2H, m).

Step (iii)

15 Compound 7 (0.88 g, 3.45 mmol) in methanol (100 mL) with nickel sponge
catalyst underwent hydrogenation at 30°C and a pressure of 56 psi; this was left
for 5 hours. Before use, the nickel sponge catalyst was washed several times, first
with water and then methanol, After hydrogenation was complete, the reaction

| mixture was filtered through celite and the resulting solution concentrated
20 in vacuo to give a yellow solid, 0.62 g, 80%.
| IHNMR (CDC1 3): 8543 (1H, brs), 3.15 (2H, s), 2.56-2.44 (3H, m), 1.99 (2H,
dd, J= 12.6, 8.2), 1.64-1.50 (2H, m), 1.44-1.34 (3H, m), 1.22-1.14 (2H, m).
m/z EST 226 (M1 + 1) at 100%.

Step (iv)

25 Compound 8 (0.61 g, 2.7 mmol) in dioxane (10 mL) and 6 M HC1 (30 mL) was
heated to reflux (oil bath at 100°C) for 4 hours. After cooling, the reaction was
diluted with water (40 mL) and the reaction mixture washed with dichloromethane
(3 x40 mL) and concentrated in vacuo to yield a white crystalline product as a



acet ate/ nethanol to giv 10:1 m xture of di aster!sorrers. m/ z_ ES+ 198
(M +1) at 100% 1H NVRWD20): S 3.03 (2H, s), 2.50%2.36 (4H20Mprit 300k (2H,
dd, J=12,.®Joords9 41 (4H s), 1.26 (2H s), 1.02 (2H n). Adiiso00kdsm =
Prodigy ODS 3, roomtenperature = 0.87, Purity =100% EXAMPLE 4 (1

(x, 6a, 8a) (2- Am nonet hyl - oct ahydr o-i nden-2-yl)-acetic acid hydrochloride 1 2
CO2Et O -- 3 4 ~ ~-CO2Et NO2 If 6 725CO2H NH2HCL 9 If CO2Et NO2 5 8

10 ---CO 2H  WiZrabGbs diabikebisomers. The product was recrystallized twice from ethyl

acetate/methanol to give a 10:1 mixture of diastereoisomers.
m/z EST 198 (MI +1) at 100%.
IH NMR (D70): § 3.03 (2H, s), 2.50-2.36 (4H, m), 1.84 (2H, dd, J =12, 8),

5 1.41 (44, s), 1.26 (2H, s), 1.02 (2H, m).
HPLC column = Prodigy ODS 3, room temperature = 0.87, Purity = 100%.

EXAMPLE 4
(10,60,80)(2-Aminomethyl-octahydro-inden-2-yl)-acetic acid hydrochloride

Xy~ X~

1 2
CO,Et
0 —= =
3 / ’
~——CO,Et CO,Et
NO, “—NO,

‘—"
7 l 8
CO,H .“\s‘—Cozl{
", +
"‘——NHZ HCl NHZ HC1




NH2HC1 0 a 20 April 2004 01/ 28978 PCTI CISOQ 28687 6 Synt hesis of
compound 1 |hdan-2-one (1 g, 7.6 mmol), ethylene gl'@Wol (02Q§PHL20074 6
ol ), andwipayase7gol uene sul phonic acid were refluxed in begs &T’
using a Dean-Stark trap for 6 hours. The m xture was aIIovve o co and
was then diluted with ethyl acetate (100 nlL) and washed with saturated
sodi um hydr ogen carbonate solution (60 ®6). The organic | ayer was

separ at ed Off%ﬁ%'&%ﬁ&g@gﬁﬁﬂl ayer was, extracted further with ethyl

acetate (2 x ed organic fractions were washed with
brine, dried (MJS™), and the sol vent- was evaporated under reduced

pressure. Thehidasi2dore (Jelsg,chs ammely), 1&05!@43&917%1%1&11)1!@ ate,
97:3) to 10 gi ve the acetat,  1(1.14 g, .859 col orl ess oi | ; f
( hept ane/ et hytolugngsalpgonig apid W'Ereseﬂuxf:ﬁla& bmaem (“&rﬂll) vsinga DegpStarkdmp. 1105

SH (400 M—lz ]h’a:és P 3.18
(4H, . Cﬁ?% yr’{t¥l ﬁﬁf@%?’a&%%é@nt c@) %nfaht‘g% t%é)z_‘Sll@ted%ng "&ﬁmm ) in
et hanol 5( 50 nh@etawﬁ (mhak)amd)'wmhed with sshyrhted sdcﬁumrhydmgeﬁfcaﬁﬁfnﬁﬂ&@dluﬁﬁho n

al um na under d en at here (70 Psi for 16 hours. The

catal yst was @I% %ggamga W@S%eBFR?E"tO&;«éE“? eeysdaysr s exuaetad.c ed
pressure to giy® s O L.

P Fitm em 1 S5t %48’%%geﬁgﬁ%%ﬁéﬁgﬁﬁd%%%ﬁﬁ%%&m:

3. 89- 3. 86 (4I~bvashed2\nﬂxlﬁﬁ0)inec2(1ﬁ@504ﬁand #Hd, sobjent Wad8vdpdtitedighded relfac&d 7. 6) ,
20 1.81 (2H, dd, J=13.7, 7.0),1.56-1.26 (6H, m. Synthesis of conpound 3
Acetal 2 (1. m;e@mﬁmrcm@e)wmemanogwhcm(&om heptare/etliyl 2betated9 a3 ntoor i ¢
aci d 510 nm.) .and ace I(4 for 24 hours. After this tinme, tic showed
conpl el@ cor@&‘?rﬂlel%’ﬁ ﬂ(i é%ﬁé@%g%@lﬁ-ﬁlm 8s(bentanelethidicetatec 82D onat e
sol ution (20 n.) 25 was added, and the m xture was extracted w-th ether (3
X 25 nL). TheD ﬁbmméﬁhn)éqmgrl4sﬁaé33bdg9héd@5vmmWlmclﬁ)ﬁlgh dri ed

(MySOA4), and the _sol vent was evaporated under reduced pressure. The

resi due was &1%&#&@%%8&) (4592:@1'1,302 X§2COpn3.18 (4H, s, 2 x CHR0).

Synthesis of compound 2

Acetal 1 (0.5 g, 2.84 mmol) in ethanol (50 mL) was shaken over a catalytic
15 amount of 5% rhodium on alumina un&er a hydrogen atmosphere (70 Psi, 50°C)
" for 16 hours. The catalyst was filtered off, and the solvent was evaporated under
reduced pressure to give the acetal 2 (0.51 g, 99%) as a colotless oil;
Vmax(film)em-1 2923, 1449, 1337, 1192, 1115, 1089; dH (400 MHz; CDCI3):
3.89-3.86 (4H, m, 2 x CH»0), 2.10-2.00 (2H, m), 1.88 (2H, dd, /= 13.9, 7.6),
20  1.81(2H,dd,J=13.7,7.0), 1.56-1.26 (6H, m).

Synthesis of compound 3

Acetal 2 (1.01 g, 5.54 mmol) was stirred in a mixture of 2N hydrochloric acid
(10 mL) and acetone (10 mL) for 24 hours. After this time, tlc showed complete
consumption of the starting acetal. Saturated sodium carbonate solution (20 mL)
25 was added, and the mixture was extracted with ether (3 X 25 mL). The combined
ether fractions were washed with brine, dried (MgS0j), and the solvent was

evaporated under reduced pressure. The residue was chromatographed (SiOy,




WO 01/ 28978 PCTI USOO 28 -27- pentane/ether, 95: to give the ketone 3
(0.75 g, 97% as a col oM®ss oil; Rf (heptane/et acet at &0 ApripP0¢s 42:
vmax(fil m Mooed2sh78t3 (C = 0); SH (400 MHz; CDC13): 2. 37-2.28r/Rddnsedr. 2. 20
(2H, dd, J=18.5, 7.5), 2.12 (2H, dd, J=18.7, 6.3),1.65-1.24 (10H -m. 5
Synt hesi s of conmpound 4 Tri et hyl phosphonﬁacet ate (1.13 nlL, 5.70 mml) was
added dropwi se to a stirring suspension™<df sodium hydride (0.22 g of a 60%

di spersion i nRhlanefifes ggng;lSté ﬁi‘,@ the, %éﬁ(wﬁ’?}gﬁ%g&ggﬂﬁ%@gm& After 20

m nutes, ketone 3 (0.75Q, 3 mol ) opwi se.

hour s, vat or (ReA|HEd &BatE BT 0ot g (AP LR O0R I ki hor

15 L x 3). ' ' i ang i ¢ b d
(12 by LSO SR 20 0Tt o g e

resi due was cra;gmsggr;a@ O, )l 2, heptane/ethyl acetate, 95:5) to give
the ester 4 (0.81 g, 72% as a colorless oil; Rf (heptane/ethyl acetate,
8:2) 15 0.66; vm(film/cm1 1715 (C = 0), 1652 (C = C); SH (400 MHz;
CDC13) : 5 5. 80 Syhkhesipoficompound?d CHCO2Et), 4.15 (2H, q, J= 7.1, CO2CH2Me),
2.79 (1H,

(' dat - 9= Fristiog botphopgacetste d 1 7L, 5,70 iugicl) s pidetiiromviigtton Simingr, ny
Thd 6 Botor 4t yeyibh obdum hyBridetd2n Kof 060 EhelI A, 3 4 mA0RE 1S °
tetra- butyl afBh(lemb) atdPCamdeargon. iAfisr 20fmiautes Niesariecd (05 g, 15.4BHEmoB. 10

nmol ) were he o 5C in, THE for, 4_hours. The mxture was allowed to
Cool) 1 ut ea TR (g Vet Qg Beosiiss e T Hes BIOWLO Mo FIah ¢
hydr ochigor i ¢ ahyskrtiRe dHd)stinEl Sordfs 1RFuSEWAted GUAL) wamm&ﬁaﬁgﬁhﬁ and the

aqueous |l ayer was further extracted with ethyl” acetat e (2 X. The

conbi ned or gaiag exiragted with ether € Smbpred. The pombined ergadicifeagtiongy®®¢) , and t he
sol vent was evapor.at under, re ressure. The residu S
chr omat ogr ap h@’&gll%d? 1 bnsand, em%cg@eﬁ? %ﬁv‘?‘éwf)“ ey@o&teiu%?ezae%;q | 2004
WO 01728978 Pﬁgsﬁgof}?esr@ﬁaue was chromatographed (SiO7, heptane/ethyl acetate, 95:5) to

give the ester 4 (0.81 g, 72%) as a colorless oil; R (heptane/ethyl acetate, 8:2)

15 0.66; Vmax(film)/em-1 1715 (C = 0), 1652 (C = C); 5 (400 MHz; CDCl3):
5.80 (1H, quin, J=2.2, CHCO,EY), 4.15 (2H, q, J = 7.1, CO,CHoMe), 2.79 (1H,

dd, J=19.5,8.1), 2.69 (1H, ddt, J= 19.8, 7.3, 2.3), 247 (1H, dd, J=17.3, 7.2),
2.34 (1H, ddt, J=17.3, 5.6, 1.8), 2.14 (1H, m), 2.02 (1H, m), 1.60-1.22 (8H, m);

m/z (ES*) 209 (M + H, 57%), 455 @M +K, 67).
20 Synthesis of compounds 5 and 6

Ester 4 (0.45 g, 2.16 mmol), nitromethane (0.24 mL, 4.31 mmol), and tetra-
butylammenium fluoride (3.10 mmol of a 1 M solution in THF, 3.10 mmol) were
heated to 65°C in THF for 4 hours. The mixture was allowed to cool, diluted with
ethyl acetate (20 ml.), and acidified with dilute hydrochloric acid (15 mL). The
25 organic layer was separated off, and the aqueous layer was further extracted with
ethyl acetate (2 x 15 mL). The combined organic fractions were washed with
brine, drie& (MgS04), and the solvent was evaporated under reduced pressure.

The residue was chromatographed (Si07, heptane/ethyl acetate, 98:2) to give a



-28 9:1 ratio of nitro-es s-5 and 6 (0.35.g, 60% a’a yellowoil; Rf
(heptane/ ethyl acetate, 971) 0.28; vmax(film/cm 1' 1982 (C 20@prit 2807
(NCG2), 137&Q@ue8y78 nmjor isoner 5: SH (400 MHz; CDC13): 4.8/ (id/28687
CH2NQ2), 4.15 (2H, q, 3 = 7.2, OCH2Me), 2.70 (2H, s, CH2CO2Et), 2.06 (2H,
m, 1.81 (2H, dd, 5 J= 13.9, 7.1), 1.56 ggH dd, J= 13.1, 6.8), 1.51-1.22
(8H, m 1.28 (3H, t, J= 7.2). Synthesis 6P conpounds 7 and 8 The m xture of
.5 .and 6--(0-81-997ra§ogi:niﬁl?3c%s)‘erk--5 aﬂﬁffﬁf‘(@.@}g}g, 66%) -2 Iy@ﬁ&w%hakggleﬁi’ai@/e 1

catal yti c amount of nickel sponge catalyst undef a hydfogen” at mosphere (50
Psi, 300 -fo 7e. ke m 1 feinl 1 I was
evapor at ed 105?.”] g,t@%%%%?@%@gfsﬁgﬁrg‘ }t,\gﬁéi(ge 95’81??7@9&%7%%;&%0- esters
7 and 8 (0.42 0;:.r;idad ' [ el i -r(ﬁ@ggj , 1706 (C
= 0); nmjor Ig%{gﬂ&@ﬁ%%ﬂ%%ﬁ@%@ﬁ@?@ﬁ? ﬁ3 ’g%mwﬂé 20 (2H,
s, CH2NH), 2. 3e 21@(% . 2 | s 1 dqdd, J=13. 2,
L. 029,7%1. 6%;%%;7@;?%{%%, Hﬁ i?z%o%?;é%:g?*ﬁ?lmﬁié‘g% 387 ((ng/I +
: 5 Y B I3 | 56 ZH.add) BE8)9.524027 81D Inkl) 1.281(3H, CPEPORNI0
(1a, 6a, 8a) (2- Am nonet g?l - ogjffghydr 0- i ncfen-% yl) - ac??idg aci gl hy%?ochl ori de
The m xture of 7 and 8 (0.42 g, 2.17 mmol) was di ssolved in 1, 4-di oxane (8

mL) and hydr Syithesis of emnpoyils 7Tand8 a 6N sol ution), and the mi xture was
refluxed for 6 hours. After cooling, the mxture was diluted with water

(20 nL) and hed 20 with .di or t hane (2 15 .. 1he eous | ayer

was evapor at VQﬁﬁﬁw&gP“ &5&&9?@&1& MM&E&@I wmgﬁ%&&m& 9 and

10 (0.43 g, 79%tal3tic amolimtioT nickel sgbngEeatalyst @idet & Al i3 i

acet at e/ net hanol aS/e acid gex_cllfjbglgvel (0. 22}2&) ?d%ge%uoo &%IEXE%P%NSO)

12.3 (1H, br 30° . hoprgy The peixtuge was filerzyl, andthe golventiwas evapprted) | 2. 52
T

1ok, H o detastutdt dréure ey 941 idai o G Bugrs 7 g B @42, 1 45,.14?,0
C12H21INC2. 1HGse j . : MR P i .
Clo 50 i x 4700 A RRAERUd, SEaprenaiol ] 3219 8, DlogtCE Ohamaieh Boldt 77 O
=153 mi nut esy, SO NHLYCDREP81S7 1 BOBHs YRID B AAORE s RFLNEIY, S8ERT 29

CH,CO), 2.04-1.94 (2H, m), 1.77 (2H, dd, J=13.2, 7.0), 1.62 (2H, dd, J=13.4,

6.7), 1.60-1.20 (8H, m); m/z (ES*) 387 @M + H, 97%).

15 Synthesis of compounds 9 and 10 and resolution of compound 9
" (10,60,80)(2-Aminomethyl-octahydro-inden-2-yl)-acetic acid hydrochloride

The mixture of 7 and 8 (0.42 g, 2.17 mmol) was dissolved in 1,4-dioxane (8 mL)
and hydrochloric acid (20 mL of a 6N solution), and the mixture was refluxed for
6 hours. After cooling, the mixture was diluted with water (20 mL) and washed

20 with dichloromethane (2 x 15 mL). The aqueous layer was evaporated under
reduced pressure to give a 9:1 mixture of acids 9 and 10 (0.43 g, 79%) as a white
solid. Recrystallization using ethy] acetate/methanol gave acid 9 exclusively
(0.27 g); 85y (400 MHz; d6¥DMSO): 12.3 (1H, br s, COzH), 7.94 (2H, br 5, NH»),
2.90 (2H, s, CHNHy), 2.52 (2H, s, CHhCO5H), 1.97 (2H, br s), 1.65 (2H, dd,

25 J=13.5, 6.7), 1.54-1.20 (10H, m); m/z (ES) 212 (M + H, 100%); (Found: C,
56.4; H, 8.74; N, 5.43 C19H21NO»-1HCI-0.5H0 requires C, 56.1; H, 9.03; N,
5.45%); LCMS (Prodigy C18 50 mm X 4.6 mmid colum'n, 5%-50%
Acetoniﬁ'ile/water); Retention Time = 1.53 minutes, 98% purity.




EXAMPLE 5 ((1a, 6a, 8p)( i nomet hyl - oct ahydr o-i ndgll2-yl ) -acetic acid
hydrochl oride (::): Om% 12,, C®H.9 0:X HCl NH @0Amil 806t hesi s
of conpounbvqﬂmm yI lithium (5.1 nL of a 2.5 M solution i rP¢EKSN028¢8712. 75
mmol ) was added dropwise to a stirring mxture of nitronmethane (0.34 ni,
6.3 mol) in THE (20 nL) and HVPA (2 nl) -78C under argon. The m xture
was allowed to warmto -60C and stirred for 1 hour. The m xture was cool ed
to -78C and 3 10 (0.79 g, 5.73 mmwl) was added. The m xture was allowed to
warmto -60C and stirred for a further(}j_.émgﬁﬁjé. The m xture was quenched by
addition of saturated ammonium chlori ion (5 nL). After warmng to
room t enper at ur glogiol,8f)e2-Amissashy P itchyded-thded 2-yT-heciRhoRt KylrodhRHdeL) were
added. The organic |ayer was separated, and the aqueous |dyer was further
extracted with ether (2 x 25 mL). The 15 conbi ned organic fractions were
washed with brine, o a0 ated under
reduced pressure. /et hyl
acetate, 95:5) to™s 5450 g, 43 : Nte solid;
R f (heptane/ethyl acetate, 9:1) 0.14; vgax(CHZClZ)/cm 3434 (ONPp 1548
(NO2), 1379 (NO2); SH (400 MHz; CDC13) 45 (2H, s CH2N02)£ 20 3.26 (1H,

s, OH), 2.04-1.95 (2H, rr),185180(4Hrr) 1.64-1.24 (8H, fm. 20 April
2004 WO 01/28978 PCTI USCQ 28687 -30 Synthesis of conpound| m xture of 1
(0.50 g, 2.49 mol) and concentrated sul phur| c acid (1 drop) 'was heated to
50C in acetic agf WHBS Omi SNerS, ai-to@esE: t o
cool and then p@ ! 3 it q N he
ether layer was™ ' 2
evapor at ed under reduced pressure to give ghe nitro-acetate, 2 (0.49 g,
82% as a colorless oil;

5 Synthesis of compound 1

n-Butyllithium (5.1 mL of a 2.5 M solution in hexanes, 12.75 mmol) was added
dropwise to a stirring mixture of nitromethane (0.34 mL, 6.3 mmol) in THF
(20 mL) and HMPA (2 mL) at -78°C under argon. The mixture was allowed to
warm to -60°C and stirred for 1 hour. The mixture was cooled to -78°C and 3

10 (0.79 g, 5.73 mmol) was added. The mixture was allowed to warm to -60°C and
stirred for a further 2 hours. The mixture was quenched by addition of saturated
ammonium chloride solution (5 mL). After warming to room temperature, diiute
hydrochloric acid (10 mL) and ether (30 mL) were added. The organic layer was

| . separated, and the aqueous layer was further extracted with ether (2 X 25 mL). The

15 combined organic fractions were washed with brine, dried (MgSQ4), and the
solvent was evaporated under reduced pressure. The residue was chromatographed
(8102, heptane/ethyl acetate, 95:5) to give the nitro-alcohol 1 (0.50 g, 43%) as a

white solid; R (heptane/ethy! acetate, 9:1) 0.14; vipax(CHyCly)em-1 3424 (OH),
1548 (NO2), 1379 (NO2); 8y (400 MHz; CDCl3): 4.45 (2H, s, CHoNO»),
20 3.26 (1H, s, OH), 2.04-1.95 (2H, m), 1.85-1.80 (4H, m), 1.64-1.24 (8H, m).



R f (heptane/ethyl acetat 1) 0.44; vmax(film/cm 739 (C-= 0), 1551
(NO2), 1375 (NOR): SH (40%MHz: CDC13): 4.88 (2H, s, 2NOR)20 Aprig@084 oo
(8H m, WOT/BHE s, MCO, 1.62-1.32 (6H n). 10 Synt hespgrRkomggpound 3
Pot assi um et hoxide (0.15 g, 2.04 mml) in nethanol (3 nL) was added
dropwise to a stirring solution of 2 (0.49 g, 2.04 mml) in nethanol (5 nl)
at OC. After 10 ninutes, the nixture wa®dhartitioned between ether (100

nL). and wat ergyndflesidor coMdpfoulalier - | ayer. was washed with brine, dried
(MgS™) and thé 15 sol vent was evaporated under reduced pressure. The
resi due was chromatographed (Si O2, pentane/ether, 98:2) to give the

ni tro-al kene 3\ pdxtate of 1 €789 g4 Qmpac! pandymeintentratdd sulpRutic @bid(l dns) ey |
9 (NCR2), 1342 (NO2): .

S (600w Belidyo Sl oo 1) s G Thsbnga sl 52

20.5, 8.0, 2. : arSinedda

2. 54(1 H. ddt, J ﬂgo%a%@ f‘%if)) ., _z.“éfgzl’fh 'j Fri ﬂﬁ@?’él‘%&l‘i é%,e’é@l’l’{‘h%‘*,‘*thei. 12

(1H, m 5 1. 60layepwas Siashad) witlshrineialsied (MzSOg)andihe sblidnowas aesiordted (0, 12 ni,

1.22 mol ) in THE (2 nl) was added dropwise to a stirring solution of

li t hi um bi s(t MpAerresucsd pygssursitel sivethommetaastare2 (0.49 go829%) ama coloddEss BHF, 1. 22
| in THE

0] t -78C . Aft Q m nut 3 (0, 21 1.16
(1) s adBEdberians LR a6eiztendd A Yenmxlmyer! 57646 S OTHB NG 0 vias
hed b 1] f d ' hlorid | uti 3 nm d
ol oved t o v 0%02k fr G e BCISY 4 SHGH > EHGNOh P IBHOUHER ik hor
20 il 2004 2897 687 -31- (20 nmL d dilut
hyder\(F;E:IhI oric %Wég%%%éogggzggggigﬁﬂé organi(c Iay)era\r/]vas Isgpgr ated, and

t he aqueous |ayer was further extracted with ether (2 x 10 nL). The

conbi ngg Orgaggﬁtﬂeéigﬁfbﬁﬂéoﬁ‘ﬁﬁg washed with brine, dried (MgSO4), and the
sol vent was evaporated unter reduced pressure. The residue was

. chromat ographed 5 (Si 2, heptane/ethyl acetate, 99:1) to give the
ni tro-ester 4P¢@ssigngethodge 61 %5g,H0bmired)inl methamtl (Rnfl) Wespidded/ et hyl

acetate, 9:1) dr%p%e 1% f'rllgI sﬁég?o%‘o]le (Z)Séb g, 2.04 mmol) in methanol (5 mL) at

0°C. After 10 minutes, the mixture was partitioned between ether (100 mL) and
water (50 mL). The ether layer was washed with brine, dried (MgSOy4) and the

15 solvent was evaporated under reduced pressure. The residue was chromatographed
(8i02, pentane/ether, 98:2) to give the nitro-alkene 3 (0.21 g, 57%) as a pale
yellow oil; Rf (heptane/ethyl acetate, 8:2) 0.54; vrna,.{(ﬁlm)/cm'l 1643 (C=0C),
1509 (NO2), 1342 (NOy); &y (400 MHz; CDCl3): 7.12 (1H, quin, J=2.0,
CHNO»), 3.01 (1 H, ddt, J=20.5, 8.0, 2.1), 2.90 (1H, ddt, J=20.5, 7.3, 2.1),

20 2.54 (1H, ddt, J=17.8, 7.1, 2.0), 2.43 (1H, ddt, J 17.7, 5.6, 1.9), 2.21 (1H, m),
2.12 (1H, m), 1.60-1:24 (8H, m).

Synthesis of comp-ound 4

Ethyl acetate (0.12 mL, 1.22 mmol) in THF (2 mL) was added dropwise to a
stirring solution of lithium bis(trimethylsilyl)amide (1.22 mL of a 1 M solution in
25 THF, 1.22 mmol) at -78°C under argon. After 20 minutes, 3 (0.21 g, 1.16 mmol)
in THF (1 mL) was added, and the mixture was stirred for 2 hours. The mixture
was quenched by addition of saturated ammonium chloride solution (3 mL) and
allowed to warm to room temperature. The mixture was diluted with ether .



(C =0, 1547 (NO2), 137@NO2); SH (400 MHz; CDC13)g@4. 73 (2H, s, CHN®R),
4.14 (211, q, J= 7.1, PMe), 2.58 (2H, s, CH2 t), 2.@PApi2004
1.71-1.66 MAOM401/28P78 1. 60-1.24 (8H, m), 1.26 (3H, t, J= 7.2, BO/TSDEBEVE) ;
nvz (ES+) 270 (M + H, 100% . Synthesis of conpound 5 4 (0.122 g, 0.45 nmol)
i n met hanol (40 nL) was shaken over a ca_tsil ytic anount of nickel sponge’
cat al yst under a hydrogen atnosphere (60°Psi, 30C) for 6 hours. The

m xture was fi(20 eilgdnddiuit hgdsohleeiotacidq$ s eMapaisaidded, Ihd D gdneclga0vay essur e
15 to give am no-ester Sh(0.084 g, 96% _ as a white solid; vmax(filnm/cm1l
3228 (NH), 168pargied,andfhe agueousJayqpwas fexthersytragged withpther 62 x40 mi), The. 34
(2H, s, CH2N ( : . 10-.1..98 (2K N H, dd,
J=13. 2, 7.1),%Tb&aﬁﬁéﬁﬁcuf%%g%%?’g’fé%‘éﬁ“ﬂ% ,gw‘!)’a‘@ hesis of
conmpound 6 20 PWANpy i =, 2 < aAGEL ' 983 g,
0.43 mmol ) Was:S gﬁgﬁ%%&#ﬁd%?g%%%i%ﬁg P%g&ﬁlyyéal)ﬁaﬁg ra%g Iglgfog’réé’glf (8 nL
of a 6NS5sol ut i(Bif)y, heptant/athyd acttate, 9% 1 )wasgive fHewied-efter 4 50.0D g 1% Pas 1

cooling, the mxture was diluted wth water (20 nL) and washed with

di chl or onet haweloflessdiquid; Re)(heptie/ahylecttate, DAY 013213, SAYeAt Eg73nder
reduced pressure to give the acid 6 (0.097 g, 91% as 25 a white solid.
This was recr y€=0D), 1541(NO3) 4378 (NO, ) Spf @00 ML CIDCl3)i 278 (24¢, ure 10
(0.057 g); 8H (400 MHz; d6-DMBO): 7.90 (2H, br s, NI—312), 3.02 (2H s,
CH2NH2) , 2. 43 QIBNO®, 4.GHRHREHY = 210000 CHo Me), 258 B3, CERCQ4R), m); mz WO
01/ 28978 20 April 2004 PCTIUSQQ 28687 -32- (ES+) 2,12 (M + H,, 100% :; LCMVS
(Prodi gy C18 8@7@Hxm 1671hi68 (413) makrl .60-3 RAXBBL md.ck-2m(3H,it) £+ W2, er ) Retenti on

;_i, gg, ;é?(l:z% ,Tm 9%%%%?@ Eéé‘]hﬁlég?g"@(; )-aceti'c acid hydrochl oride

OH/ Ovsr -Br | 2
Synthesis of compound 5§

4 (0.122 g, 0.45 mmol) in methanol (40 mL) was shaken over a catalytic amount
~ of nickel sponge catalyst under a hydrogen atmosphere (60 Psi, 30°C) for 6 hours.

The mixture was filtered and the solvent was evaporated under reduced pressure

15 to give amino-ester 5 (0.084 g, 96%) as a white solid; Vyax(film)/cm-1 3228
(NH), 1665 (C = 0); 81 (400 MHz; CDCl3): 5.49 (1H, br s, NH), 3.34 2H, s, -
CHzNH), 2.25 (2H, s, CH»CO0), 2.10-1.98 (2H, m), 1.77 (2H, dd, J=13.2, 7.1'),
1.65 (2H, dd, /=13.2, 6.8), 1.62-1.20 (8H, m).’

| Synthesis of compound 6

20 ~ (2-Aminomethyl-octahydro-inden-2-yl)-acetic acid 5 (0.083 g, 0.43 mmol) was
dissolved in 1,4-dioxane (2 mL}) and hydrochloric acid (8 mL of a 6N solution),
and the mixture was refluxed for 5 hours. After cooling, the mixture was diluted
with water (20 mL) and washed with dichloromethane (2 X 15 mL). The aqueous
layer was evaporated under reduced pressure to give the acid 6 (0.097 g, 91%) as

25 awhite solid. This was recrystallized using ethyl acetate/methanol to give pure 10
(0.057 g); &gy (400 MHz; dg-DMSO): 7.90 (2H, br s, NH»), 3.02 (2H, s,

CHyNHy), 2.43 (2H, 5, CHyCO,H), 2.00 (2H, br s), 1.53-1.24 (12H, m); m/z



32 E COREt CO "=~2 NO2 6 CO2H NH2-HCO 5 7A Synt s of conmpound 1 8
i 5 Lithium al uni num hydri (69.4 mL of a 1 Msoluti in et29e0ril 8o04
nmol ) was wadaiesosr opwi se to a stirring solution of PCT/US00/28687

ci s-cycl obut ane- 1, 2-di carboxylic acid (5 g, 34.7 nmmol) in THE (60 nL) at 0C
under argon. The m xture was allowed to ,10 warmto room tenperature and
stirred for 16 hours. The m xture was co'c} ed to O0OC and quenched by careful

addi.tion .of . v A3 , IEY Gl |yt i . of a 15% w'v
sol ution), a\rll\?@l£ tz(elr% %H?’%E?%gm&’%? \%g%s@%r@gg%d%’nut es, and
the precipi t ap%-96% Aceronveilt/ Witef) Rée@idroTime €. 13 MiMaE, 1009-pRitaror at ed
under reduced pressure to give the alcohol 1 as a colorless oil 15 (4.0 g,
98% ; SH (400 MHz; CDC13): 3.85 (2H, m), 3.6 (2H, m, 3.2 (2H, s), 2.7 (2H,
m, 2 (2H m; 1.55 (2H m; 8C (400 gtEMPERE3): 63.15, 37.83, 20.40. 20
April 2004 WO 01/28978 PCT/ US00128687 -33 Synt hesis of conmpound 2 Mesyl
chloride (6. 2(kL30,30)(E-Aminometl-tacirde[3P:Apeptsyl)aceticstcid hydrocldatide | on of

1 (4.0 g, 34.4 mml) in dichloronmethane (150 nL) at -40C under argon.

Triethylamne (1220 @H, 86.0 OMss t hen_agfed®rdr opwi se,.qand the mixture
S was al lowed ftol warm sLaglyt t® room tenpefatjure. Aftgr|stlirr for 16
hours, the OH OMs Br
1 2 3 4
COLEe —CO,E 025
4 —— A ~—— —
%—NH, *—NO,
7B 6 5
+
0
CO,H
NH %
kel “—NH,HCl
5 7A 8
‘Synthesis of compound 1

Lithium aluminum hydride (69.4 mL of a2 1 M solution in ether, 69.4 mmol) was

added dropwise to a stirring solution of cis-cyclobutane-1,2-dicarboxylic acid

(5 g, 34.7 mmol) in THF (60 mL) at 0°C under argon. The mixture was allowed to
10 warm {0 room temperature and stirred for 16 hours. The mixture was cooled to

0°C and quenched by careful addition of water (2.7 mL), sodium hydroxide

solution (2.7 mL ofa15% wi/v solution), aﬂd water (8.1 mL). The mixture was

stirred for 15 minutes, and the precipitate was removed by filtration. The solvent

was evaporated under reduced pressure to give the alcohol 1 as a colorless oil
15 (4.0 g, 98%); 651 (400 MHz; CDCl3): 3.85 (2H, m), 3.6 (2H, m), 3.2 (2H, 5),

2.7 (2H, m), 2 (2H, m); 1.55 (2H, m); S (400 MHz; CDCl3): 63.15, 37.83, 20.40.



m xture was quenched by ¢ldi ti on of dilute hydrochiglc acid (50 nL). The
organi c | ayer was separated, and the aqueous | ayer s furt heP Aptil 2804 ed
with di chi¥9@8K¥9%ne (2 x 50 mL). The comnbi ned organic frapti/oss/sesre
washed with brine, dried (MJSO™4), and the sol vent was evaporated under
reduced pressure. 10 The residue was chrggx_at ographed (Si @2, heptane/ et hyl
acetate, 6:4) to give the nesylate 2 (6.1 g, 73% as a white solid; Rf
(hept ane/ et hy|Symtkésis of cohipbnd.218. SH (400 MHz; CDC13): 4.3 (4H m), 3.05
(6H s), 2.9 (2H m, 2.2 (2H, m, 1.8 (2H m); Sc(400 MHz; CDC13): 69.51,
37.45, 35.28, ,21.09.. Synthesi.s _of conpound 3 15 Anhydrous |ithium brom de
(10.6 g, 121@%?59/8?}10 %@ﬁﬂ@dﬁdﬁm& iwasiagdednirepwise to astimingHobsiog of 24. 4
nol ) in acet ry; %LU refluxed for 2
hours. After gg@ﬁ%’gﬁ%%@?égt%ﬁ%&@glg%%ggﬁa e)ékII tt]%l%edr/ﬁ?dgﬁﬁruggﬂ' pressure

and the resi dﬂ&ieﬂq&mﬁhﬂeﬁﬁ.ﬂmﬂ,m&lﬂnﬁfol)(\ﬁ&tﬁtﬁadd&ﬂﬂ'f%ﬁk&!@,hﬂd‘ﬁﬁtxﬁfxtﬁéo m),
t ed under reduced 20

bri ne, 3ri ed %gﬁdﬁ and the sol vent was evapora ur

pressure: The 8 éd%E’a’@hF]SH& Boeaprenperaiuey Aftes stiming/for Wy hoursaghat e,

95:5) to | Vens i ' : 869 .0 Liguhd;

Rf ( h)ept ane-ef ﬁ‘??‘&g%g}tag?%ﬁm%d % i‘ﬁ*ﬁ%’zfdé%@?%3%° R mbE e o

3.45 (211, organilayermas saparated, slayer(vdd, furtherexérd®ted With, CDC13) :

39. 70,( 33. 73? 2 95.1{ nt :’ég(?e f ?)qar?gu4 zGSI(_To a,c%rol ed (00 suspensi)on

of potassi um ﬂ&fﬁ%‘é‘“ﬁ%@ A ﬁ)sml’?%m%%?@%é’@wqﬁsﬁwashqﬂm with
t in tgg - n_at nosphere,

B a0l Ut 1 on of Phag oufe e MERCH) e Bl e AP S borm i iter PR 1) 25075

PCTI USQ0/ 2868The %idlklwaﬁﬁhfﬂrmatééaﬂfedf’(ﬂﬁb% %’Ef’n‘%‘é’%zi %’ft{ésmt% L P! ecul ar

over our .

sieves for 3 hours) in tetrahydrofuran er stirring

for a further md@late 2U66sg, 78%)%0 hiHiRBonE; R (h8pthre/ethyladethtd 0 b, 18] %‘HE (2
m.) was added, at OC, over 1 hour. The reaction mXture was then | oned
to warm up t o(406dviHze6PEIt 4.3«4Hnmh)yE65 EHis),1 2.2 QI we), Bi2aRH, m}hp,sg\m;t ure was
guenched by addition of aqueous ammonium chloride (6 nL, 25%. After 10

m nut es, the @6;15064%3151}1“2&;gﬂﬁlghﬁaﬁﬂ,%ﬁ,tm&‘,m.oﬂate concentrated. The
resi due was taken up in ether (20 nmL) and 9N sulfuric acid

Synthesis of compound 3

15 Anhydrous lithium bromide (10.6 g, 121.8 mmol) was added to a stirring mixture
of 2 (5.95 g, 24.4 mmol) in acetone (50 mL) under argon and the mixture was
refluxed for 2 hours. After cooling, the acetone was evaporated under reduced
pressure and the residue was taken up in ether (50 mL), washed with water
(50 mL), brine, dried (MgSOy), and the solvent was evaporated under reduced

20 | pressure; The residue was chromatographed (SiO», heptane/ethyl acetate, 95:5) to
 give the dibromide 3 (5.36 g, 86%) as an orange liquid; Re (heptane-ethyl acetate,
8:2), 0.82. 87 (400 MHz; CDCl3): 3.6 (2H, m), 3.45 (2H, m), 2.85 2H, m),
2.1 2H, m), 1.7 H, m; 3¢(400 MHz; CDCl3): 39.70, 33.79, 23.95.

Synthesis of compound 4

25 To a cooled (0°C) suspension of potassium hydride (1.58 g, 39.5 mmol)
(previously washed 3 times with pentane) in tetrahydrofuran (22 mL) was added,
under an argon atmosphere, a solution of methyl methylthiomethyl sulfoxide



(0.05 nL) was added. Afte tirring for 30 hours, sat ted sodi um hydr ogen
carbonate was added. The ether phase was separated an®concerdPririkdddd 5
m.. -10 Saw@r®t28#78sodi um hydrogen sul phite (1.5 g) sol uti onrawmesaddest and
the m xture stirred for 30 m nutes. The phases were separated. The

et hereal phase was stirred for further _§ mnutes wth a saturated sodi um
hydr ogen sul phite (0.5 g) solution. The ases were separated and the

col | ect ed. aquglo3Gmiha3Hd meske mm&%mtdwam&em&&%%%% X de (5 ni,
209 and extracted with ether. The ether phase 15 was dri e (M 04) and

evapor at ed untegehydefiran(3onkyevard hayrghfer stirdrg for pdinthan 30 miputes, 4 0. 16 g,

S&?ﬁ he? :_|s( 319 Ocdgqf_rgpou%ilj %git:"glympo@)ﬂ{ggl&ﬁvfag %1%!332%0 ofe’éihﬁ’ﬁfgl ) vvés

added dropwi SThé ﬂ:aatxsﬁmﬁmgvasaﬂexﬁélﬁﬂw&b%ﬁfupst@%étﬁltmaéﬂaﬂﬁeﬁﬁh@é? g of a
60% di spersion_in oil, 1.47 mmol) in THE (2 nL) at OC under argon. After 20

m nut esd ket oftETed qygmiy tgmqm@@%ﬁﬁs)quenﬂleﬂl-hﬁ' E(dﬂlttﬂB)OfwaBemISdmdnctHumM se.

The XL <, Poid R, SR R, € RS SRR PR, 1

acet ate. The  cokbntrated. dﬂlgam@efwmhk inestier (@G RS 288 9N dullfubiciaBR) and dri ed

(MgS™). The sol.ve was rated un er reduced pressure. The residue
was chr omat og&’éiﬁ'l@g' erstEnag fon 30haurs seturatest sodivm hydrogent he est er

E(S:Dg:(ljs)l °2 8’(|g° Ao OH, 3 15?1&?’5'%‘9%5* ﬁ;‘*@“&%ﬁﬁ? %ngég(sﬁp m, 2.3
(1|63 5?01653 51933_11 edr;p dlumesyqr mpe%&%ﬂgggb lzh))nugﬁiad 62 S 95, )14 291 0
20 April 200446 63 7%@5%‘% C%P %B’GWEP%"&t%yFﬁwg hase, vigs stiaed Est er
5 (0.152 g, Q‘o@ﬁrﬂ%@%mﬂhﬁ@[ﬁh@ﬁﬂ?ﬁé@s%% ok lﬂgﬂi&é © 98%351&15%1?‘ wer e

but yl ammoni um fl uoride (1.0 of a 1 Msol
heat ed to 650 herphppgs were separdted antl the goectahaguedus phasemereardamdammo cool ,

aqueous sodium hydroxide (5 mL, 20%) and extracted with ether. The ether phase
15 was dried (MgSOy) and evaporated under reduced pressure to give 4 as a yellow

liquid (0.16 g, 11%). 8y (400 MHz; CDCl3): 3.0 (2H, m), 2.15-2.45 (6H, m),
1.65 (2H, m).

Synthesis of compound 5§

Triéthyl phosphonoacetate (0.32 mL, 1.61 mmol) was added dropwise to a stirring
20 suspension of sodium hydride (0.059 g of a 60% dispersion in oil, 1.47 mmol) in
THF (2 mL) at 0°C under argon. After 20 minutes, ketone 4 (0.16 g, 1.45 mmol)
in THF (1 mL) was added dropwise. The mixture was allowed to warm to room
temperature and stitred for 16 hours. Water (5 mL) was added and the mixture
was extracted with ethyl acetate. The combined organic fractions were washed
25 with brine and dried (MgSOy4). The solvent was evaporated under reduced

pressure. The residue was chromatographed (SiOp, heptane/ethyl acetate, 95:5) to
give the ester 5 (0.166 g, 0.92 mmol, 64%) as a colorless oil; 57 (400 MHz;
CDCl3): 5.9 (1H, 5), 4.2 (2H, q), 3.15 (1H, d), 2.9 (1H, m), 2.8 (1H, m); 2.65 (2H,
m), 2.3 (1H, d), 2.15 (2H, m), 1.5 (2H, m), 1.3 (3H, 1); 8¢ (400 MHz; CDCl3):

30 169.51, 166.98, 113.37, 59.62, 43.23, 38.79, 38.45, 36.20, 25.62, 24.95, 14.44.




5 diluted with ether (3Q@mi), and acidified with 2Ngaydrochloric acid (5
m.). The organic |ayer Wls washed with brine, drie®(MSO4) 20wt 204

sol vent waswoevesses at ed under reduced pressure. The resi duep@B®s00/28687
chromat ographed (Si 2, heptane/ether, 95:5) to give nitro-ester 6 (0,085
g, 0.35 mmol, 41% as a colorless liquid; .SH (400 MHz; CDCl13): 4.4 (2H,
s), 4.15 (2H, q), 2.75 (2H, bs)27(2Hf 23(2Hrr)21(2H,rr),
1.65 (4H m, 1.S¥;théit offchmpband400 M-z, CDClS) 171.48, 79.68, 60.52,

50. 10, 44.15, 41.06, 37.36, 25.76, 14. 28. Synt hesi s of conpounds 7A and 7B
Nitro-ester 6 ( 076%% 0.31 mmol)_in nethanol (10 nlL) was shaken over a
catal ytic anmount c,lléglgs 9&6ri’@@oadﬂﬁpwigﬂwnmﬂbﬁﬂamhyhﬂmganl)mdﬂstmmre (50

Psi, 15 30C) for r faigl L r.ed sol yent was
evaporat ed  under E}B%%Fgfé pressur tdtéonq]d:ggg lé\/lr%o figpdn 7217@?5'???‘91 VR

ami no-ester 7B hefte@%o G5°Cain FHRI ind,) $&l4 kburd e nikturt waslalbwiPistcoblir t her
purification and, characterization. Synthesis of conpound 8 20 7A and 7B

(0.05 g) were didilytedpeth ether{(30mionans acidified M/ltélZthYdI‘bcldomcsdl(ﬁmh)nThe and

;Egreift::é:rj?ggj;r %iﬁ &ﬁﬁfﬁfﬁﬁgé’fiﬁ;@ f@ﬁﬁ%@ﬁswﬁh qnlﬁfga ; ev:pogatzed
e e r I

gmil ,(2?2% rr) SH2(5213¢ZH@N:I£&L—|5§§; to é%hﬁﬁ:s?)éﬁ%g ;%ﬂg&;ﬂgjigg %gi?% less

42.03, 40.89, 36.08,  23.91. nmz gES+[ 184 M + 10009 aﬁ %B\p 2004

WD 01128978 PCThqsdoﬁﬂéﬁwNH%C 2H,6), 4 15%(2H5@3)2.75 (2H, bs), 2.7 (2H,

( 3- amen, onet hyl - bIC clo[3.2.0 hepty ascetic acid hydrochl oride
EJ r--OH 1@\3/,5 %( 2H, m); 2.1 (2H, m), 1.65 e:ﬂ-} m), 1.15 (3H, t); 8¢ (400 MHz; CDCl3):

171.48, 79.68, 60.52, 50.10, 44.15, 41.06, 37.36, 25.76, 14.28.

Synthesis of compounds 7A and 7B

Nitro-ester 6 (0.076 g, 0.31 mmol) in methanol (10 mL) was shaken over a
catalytic amount of nickel sponge catalyst under a hydrogen atmosphere (50 Psi,
15 30°C) for 12 hours. The mixture was filtered, and the solvent was evaporated

under reduced pressure to give a mixture of lactam 7A and amino-ester 7B
(0.05 g) as a white solid. This was used without further purification and
charactenzahon.

Synthesis of compound 8

20 7A and 7B (0.05 g) were dissolved in hydrochloric acid (2 mL of 2 6N solution)
and the mixture was refluxed for 4 hours. After cooling, solvent was evaporated
under reduced pressure to give the acid as a white solid. This was recrystallized
using ethyl acetate/methanol to give pure 8 (0.045 g, 0.2 mmol, 64%); 5y

(400 MHz; D70): 3 (2H, 5), 2.85 (4H, m + 5), 2.35 (2H, m), 2.1 (2H, m),
25 " 1.75 (4H, m). S (400 MHz; D>0): 167.5, 46.64, 43.89, 42.03, 40.89, 36.08,
23.91. m/z (ES) 184 (M + H, 100%).



1 CO 1& CO2Et NH2 "O0'> 2 7B 7A Synt hesis of compgand 1 55 L|th| um
al umi num hydri de (134.8 f a1l Msolution in et her“134 82|9|ﬂ5ﬂf9 20G¢h

added dr opwicsg/dgerga Stirri ng sol ution of cis-cycl obutane- 1, B¢ ﬂ?}% yI iC
acid (9.71 g, 67.39 nmol) in THE (120 nlL) at OC under argon. e mxture
was allowed to warmto roomtenperature and stirred for 16 hours. The

m xture was cooled to OC and quenched bybcaref ul addition of water (5.2
niL), sodium 10. hydroxi de.soluti.on (! 72 15% w/ v sol ution), and
water (15.7 nL). The mxture was sti 15 m nutes, and the

preci pi tat e was-(1enspE@- Mnbirﬂethy%io?moﬁ vl b%e%@}-g%’l}-aéﬁﬁﬁc ﬂ@ﬁﬁ%r@&ﬂ&q&@der

reduced pressure to give the al coh f as a pale Yyellowoil" (6.73 g, 57.64

mmol, 85%; SH ( OHZz; CDClS) (ﬁﬁs(ZIl (2H, M, 2.9 (2H, s),
2.7 (2H, m, 4 H m; (4Hn) ﬁof C( un |_2_Mesyl
chloride (29. 3, 3738nm: Was add di se to a d ggolutlon

of 1(8.85 g, 75.81#8l) in di clroOMset hane. (5ee-Br) at -40(‘,‘ under argon.

20 April 2004 WDy01/ 28978 PCT/ |4s00/ 28687 - 37- 3Triethyl am na (63.4 nlL, 454.4
mol ) was then added dropwi se, and the nmixture was allowed to warmslowy
to roomtenperature. After stirring for 16 hours, the m xtjure was quenched

by addition of dilute hydrochloric acid (100 nL). The orggnic |ayer was

separated, and th aqu | ayer was further acted wit CO,Et
di chl or onet harte 00 ggﬁyThe cqnbi Red or(géﬂ#tc fragTijons\ueye washed
W th “egy M‘Iz fray, "y

7B 5
+
O
CO,H
e
NH .
' NH,-HCl
TA 8
Synthesis of compound 1
5 Lithium aluminum hydride (134.8 mL of a 1 M solution in ether, 134.8 mmol)

was added dropwise to a stirring solution of cis-cyclobutane-1,2-dicarboxylic acid
(9.71 g, 67.39 mmol) in THF (120 mL) at 0°C under argon. The mixture was
~ allowed to warm to room temperature and stirred for 16 hours. The mixture was
_ cooled to 0°C and quenched by careful addition of water (5.2 mL), sodium
10 hydroxide solution (5.2 mL of a 15% w/v solution), and water (15.7 ral). The
mixture was stirred for 15 minutes, and the precipitate was removed by filtration,
The solvent was evaporated under reduced pressure to give the alcokol 1 as a pale

yellow oil (6.73 g, 57.64 mmol, 85%); 8f1 (400 MHz; CDCl3): 3.85 (2H, m),
3.6 (2H, m), 2.9 (2H, 5), 2.7 (2H, m), 2 (2H, m); 1.55 (2H, m).

15 Synthesis of compound 2

Mesy] chloride (29.3 mL, 373.8 mmo!) was added dropwise to a stirring solution
of 1 (8.85 g, 75.8 mmol) in dichloromethane (500 mL) at -40°C under argon.



brine, dried (MySO4), an@iythe solvent was evaporategmder reduced
h

pressure. The residue chr omat ogr aphed (Si O2 t ane/ et BPIARIE30Q¢H e,
6:4) to gi \%Otﬂhfé”?ﬁesyl ate 2 (15.89 g, 58.3 nmol, 77% as arohivser/mesi d; SH
(400 MHz: CDCL3): 0 (6H m, 2.6 (2H ), 2.05 (2H, n), 1.8 (2H m. 10

Synt hesi s of corrpound 3 Anhydrous lithiumgbromde (25 g, 287.3 mmol) was
added to a stirring mxture of 2 (15.84" 57.4 mmol ) in acetone (150 nl)

under argon, aTmiethj'lanmemﬂrmﬂ/aéiﬁaﬁ{rﬁdl)(ﬁds fhen a@deﬂQHé%ms@\fafrﬂ%erﬂﬁﬁtér@g’ the
acet one was e o)we(g\xgnder reduced pressure, e residue was taken

up in ether- (1 7T SIeWly toaqqm temperatarg. Aftyr stisring & 16itioars, (e SO4) |
and the sol verﬁuﬁﬁ@x@aggm&&afea%y%gg );ono?gﬂﬁtg cﬁ%ﬁ?éﬁdéi’o@ﬁ[‘f 1;%0 e

di brom de 3 (13.5 g, as anoange ,
CDC13): 3.5 (4uganig layer whs gparater), an@tHeq@ids layer wis arfhtexticted At Nesi s of

4 T | 0 ' f hydrid 1.08 g,
%Z%FZ " d%gvi o BeHSRtane i  WORREE T comblies pessis Havhopew g@%aﬁhqd\?zfﬁ |
added, under apinar &aQ i ome
sul foxi de (0.93 ni, 8. @ nrr@hgﬁ%trhg\%f)(ﬁ;’gé AS |€%at§§ X%n% #EF §1F%vesyf or 3
h THE further
o hut s, O ediduc BN BAR “’G’gs’égh%*ﬂ’%i‘ﬁi%ﬁﬁﬁ‘%ﬁéﬁf@%&vﬁ“@ddgé at
0C, over a pemesand2 (158%u8,.58. Qﬁmﬂww,ﬁ)aétalmtergona g[ﬁ(wme&]ﬁ&#)omed to

warmup to roomtenperature and was stirred overni M Xt ur’e was

quenched by addl (6Fm)o2.6q40He m)s2. 05 (XM M1 &EREPR{)de (6 nL, 25% . After 10

m nutes, the solid was filtered off and the f||trate concentrated The
resi due was taken up in ether (20 mL), and 9N sulfuric acid (0.03 nL) was
added. & ter Sypthesisgfrempeonddurs, saturated sodi um hydrogen 20 April 2004
WO 01/ 28978 PCTI USOQO 28687 -38- carbonate was added. -The ether phase was

separ ated and fiad-&d &Ha rated so hydt ogen .sul phite
(1.5 g) sol ut ﬁgﬁyamgggacdecbtr Kb ﬁiﬁ’tjre &Wﬁﬁ?&?gwiﬁ'gwo he
phases were s2g(h¥.84 gd37.4hemel) hea@ﬁneﬁh%thwvaﬁdé'targ'dn,e%dﬂ@h&ﬁéﬁﬂ 30
mnutes with g #Iécg._ dsoMmh dr oge nsulphlte ution The
phases were sﬁe@f‘ 2:'?'?&“? L 5PPRS %ﬁ@é@&@sﬁmegm@ﬁd@aﬁbd with
pressure, and the residue was taken up in ether (100 mL), washed with water
‘15 (100 mL), brine, dried (MgSO4), and the solvent was evaporated under reduced

pressure to give the dibromide 3 (13.5 g, 55.8 mmol, 97%) as an orange liquid; Spy
(400 MHz; CDCl3): 3.5 (4H, m), 2.45 (2H, m), 2.05 (2H, m), 1.6 (2H, m).

Sylithesis of compound 4

To a cooled (0°C) suspension of potassium hydride (1.08 g, 27 mmol) (previously

20 washed 3 times with pentane) in THF (15 mL) was addcd, under-an argon
~ atmosphere, a solution of methyl methylthiomethyl sulfoxide (0.93 mL,

8.92 mmol, previogsly dried over molecular sieves for 3 hours) in THF (2 mL)

over a period of 1 hour. After stirring for a further 30 minutes, a solution of

3 (2.16 g, 8.93 mmol) in THF (1 mL) was added, at 0°C, over a period; of 1 hour.
25 The reaction mixture was then allowed to warm up to room temperature and was

stirred overnight. The mixture was quenched by addition of aqueous ammonium

chloride (6 mL, 25%). After 10 minutes, the solid was filtered off and the filtrate

concentr_ated. The residue was taken up in ether (20 mL), and 9N sulfuric acid

(0.03 mL) was added. After stirring for 30 hours, saturated sodium hydrogen



aqueous sodi um hydr oxi de (.m_, 209% and extracted w ether. The et her
phase was dried (MySO4) and the sol vent was evapor at under20rAmil 2o
pressure t WO as a yellow liquid (0.141 g, 15%: SH (BODUbzzs66DCL3) :
2.25 (44 m, 2.0 (44 m, 1.7 (2H, m. 10 Synthesis of conmpound 5

Tri ethyl phosphonoacetate (0.28 nL, 1.41 gmnl) was added dropwi se to a
stirring suspension of sodium hydride (0°052 g of a 60% dispersion in oil,

1.29 ol ) i-ncarbbifiate vavlalided. THE ethoeFiasa a9 Bepatitb € En P L AMIES1o KRILONe 4
(0.141 g, 1.28 mol i.n THE (1 was added dropw se. The m xture was

L
al l owed to waPAye éﬂﬂ%@ywéﬁ@i’bﬁ%(laﬁﬁ) solutionedlas added endithermsixturat er (5
L dded . 3 ted, nbi, ned '
ot Tone. wer SHGSEE: 30 infla fhe pSc; Ut S00P00 05 BTG BBt R
evapor at ed undarfurthenBfeminntesssith £ satiliaredrsedini ey dt6sen @Qj]ﬂ@ﬁbg%’) abhgdn( S O2,
0.092 g, .

hept anelet hyl ,acejate, 95:5) tqo give the ester 5 51 nmmol, 40%
as a coPor | esdBGPhases peressparsied andies epllectsd ggueonsiphases were treated with q), 3.1

(1H, d.d), 2. .4 H, 1.25
(3H, t): SC ?ﬁ‘&%’*ﬁ%‘f’“’%&i‘%@“ﬁ@%?%é@ﬁ%@ %‘f" %‘3’.’6’5‘%’ sthergihase; 5 g
39.89, 37.24wapdried(Mg804)andithe delverBywdsleeaporated uadenredingdd prdzsineito 5 (0. 09
g, 0.5 mml), nitronethane (0.055 ml[, 1.02 nmol), and tetra 25

but yl anmoni ungive dasiaysllow lsid(0. bl & 15%)) Sjp(400 Mfilz; CDER): 22 BUHMW), ) ver e
heated to 65C in THE (1 nl) for 4 hours. The mixture was allowed to cool,
diluted with %PK‘@H»M-M%!%,@M acidified with 2N hydrochloric acid (5 ni).
The organic |ayer was washed with brine, dried (MJSO4), and the sol vent

was 0 Apr i 04 01/ 289 PCTI USCQ28687 - 39- evaporated under
r educeﬁ(?pr ess#ﬁ’égesmmoé’é? s chromat ographed (Si @2, hept ane/ et her,

95:5) to give nitro-ester 6 (0.063 g, 0.26 mml, 52% as a colorless
liquid. SH (4DfethizihoSiiohdicetse G226 A, 1/4ABhAD] : VAR
[AB]q), 1.2-1.95 (3H, t,anccfy%i@%kl); SC(400)M‘4%S?&%%%%%§’)"%1€7‘§.3%§?4@. 42,
60.56, 49. 97,suspensioppfsodigm hydridg (0,052 9 of 4 60YodisRTsient in dil, 229 mmol) in

THF (2 mL) at 0°C under argon. After 20 minutes, ketone 4 (0.141 g, 1.28 mmol)
in THF (1 mL) was added dropwise. The mixture was allowed to warm to room

15 temperature and stirred for 16 hours. Water (5 mL) was added, and the mixture
was extracted. The combined organic fractions were washed with brine z;nd dried
(MgS04). The solvent was evaporated under reduced pressure. The residue was
chromatographed (SiO2, heptane/ethyl acetate, 95:5) to give the ester 5 (0.092 g,
0.51 mmol, 40%) as a colorless oil; 3 (400 MHz; CDCl3): 5.85 (1H, s), 4.1 (2H,

20 Q) 3.1 (1H, d.d), 245 (1H, d.d), 2.2 (2H, m), 1.75 (2H, m), 1.4 (2H, m), 1.25 (3H,
t); 8¢ (400 MHz; CDCl3): 170.53, 166.57, 115.13, 59.62, 47.06, 45.69, 39.89,
37.24, 28.52, 28.17, 14.44.

Synthesis of compound 6

Ester 5 (0.09 g, 0.5 mmol), nitromethane (0.055 mL, 1.02 mmol), and tetra-

25 butylammeonium fluoride (0.61 mL of a 1 M solution in THF, 0.61 mmol) were
heated to 65°C in THF (1 mL) for 4 hours. The mixture was allowed to cool,
diluted with ether (30 mL), and acidified with 2N hydrochloric acid (5 mL). The
organic layer was washed with brine, dried (MgS0y), and the solvent was



Synt hesi s of conpounds and 7B Nitro-ester 6 (O. g, 0.26 mmol

met hanol (10 mL) was sha¥®en over a catal ytic amount™of ni ckel ARsb

cat al yst uNd@p1/28978/dr ogen at nosphere (50 Psi, 30C) for 12 mhonuse/8éss

m xture was filtered, and the solvent was evaporated 10 under reduced
pressure to give a mxture of |lactam 7A and am no-ester 7B (0.051 g) as a
white solid. This was used without furtheér purification and

charact eri zat ievaporSyd uhdsirsdurtd pessmas TheSed dudns cﬂ-ﬁoﬁlgto@ﬁé
di ssol ved in hydrochloric acid (2 nL of a 6N solution) and e m xture

vvaz re](‘:I | uxed fheptade/biher, §5:5Mtd gwegmw-mgrm% GD(DﬁBngtO Maamil&%)&‘s%d:owmeil | g
reduced pressyre e acid as _a white_so was recrystallize

usi ng et ﬁyl a {QP%QE gﬂ%gﬁﬁh& Gl3Cly)iA63 (% (4B, 64§ (&, @, 26520 [ J a); SH
fﬁ“?og??*f 40([))2 o ﬁi}gé AB]I%;) 30(4 EM [(A:ﬂ{:ci)hm%%ﬁﬁ_zﬂ 60. 5634519 %785 (8H

41. 64, 38, 37, 3 $ M+ H, 1009 EXAMPLE S (1 a, 3
P, 5(x) ( > Ani ngﬁgﬁhﬁ‘ﬂi@& g?égjﬂlﬁbé 23%648§‘§r?§ acetic aci/?j hydr ochl ori ((je 00
20 April 2004 WD 01/28978 PCT/US00/ 28687 -40 CN ----- El:~ - (5)

Synt hesi s of ?ﬁﬂgﬁryr@%&%gsﬁ#%ﬁx;an ,ﬁf 1 (5.7 g, 22.3 mmol ), ethyl

cyanoacet ate pot assi um carbonate (6.15 g, 44.5
nmol) were stirred together in DM (100 nL) 5 for 48 hours. Dilute
hydrochl ori c ifro-egte&0O (g3 g\,d];Z@ﬂﬂB:d) mandhadmde(tﬁ mmmmenexéﬂ@ct ed with

ether (3 x 100 The c d or C were washed W|th bri ne,
dried (MySO4), ca °f”1’?8“§ gs%@ﬁ%@e g?fbﬁm%@ere

30°C) for 12 hours. The mixture was filtered, and the solvent was evaporated
10 under reduced pressure to give a mixture of lactam 7A and amino-ester 7B
(0.051 g) as a white solid. This was used without further purification and

characterization.

Synthesis of compound 8

7A and 7B (0.051 g) were dissolved in hydrochloric acid (2 mL of a 6N solution)
15 and the mixture was refluxed for 4 hours. After cooling, solvent was evaporated
under reduced pressure to give the acid as a white solid. This was recrystallized

using ethyl acetate/methanol to give pure 8 (0.046 g, 0.21 mmol, 81%); iy

(400 MHz; Do0): 3.3 (2H, [AB]q), 2.7 (2H, [ABlg), 2 (2H, m), 1.35-1.85 (81H,

m); 8¢ (400 MHz; D,0): 174.8, 47.50, 46.59, 44.28, 43.61, 41.64, 38.37, 38.09,
20 25.88.m/z (ESY) 184 (M +H, 100%). |

‘ EXAMPLE 8 |
(13 B,50)(3-Aminomethyl-bicyclo[3.2.0Thept-3-yl)-acetic acid hydrochloride



pressure. The residue was!romat ographed (Si @2, hept g@ge-et hyl acetate,
98:2) to give the cyanoes™®r 2 (4.3 g, 100% as a 6862 m xt4Q9rApribR004

di ast er eoi s@mp78l0 R f (heptane-ethyl acetate, 9:1) 0.28; perwsoo 87
vmax(film/cm 12241 (CN), 1741 (C=0O; WMnjor diastereoi sorrer ’gﬁ%fgg

CDC13) 4.30 (2H, g, J7.1, COeCH2Me), 2.98 (2H, m, 2.56-2.22 (6H m, 1 70
(2H, m, 1.35 (3H t, J7.1, Me); Mnor cfilastereoi somer: SH (400 MHz;

CDC13) 4.26 (2H, g, J 7. 1, CORCH2Me), 3.05 (211,m), 2. 56@2;@9% m,
a

1.99 (2H, m, 1.33 31L t, J7. I\EI)J 15" ’ heS| s of (3)
Cyanoester 2 ( qF .3-Q%. 1 i um
chloride (0.66 NP6 mml) tE?d to C|n DVBO (40 nmL) f 22

hours. The mi xt [ was al | oned 2 o cod, diluf W|th wat er (4150 nl) and
extracted with )her (3 x 50 n1_ The conbl ne et her fractions were washed
with 20 brine, dried (MJSOH4), and t he sol vent_was evaporat ed under reduced

pressure. The residue scRhr omat ogr ap _ s acet at e,
95:5) to give +he>=g¢yani 9 3.q Mol 0, 249 75 a)6o—= st e of
di ast er eoi soners; dtfe- e yl acetate, U VI (ﬁ'IOG)zHcm 12238

(CN); Major diastereoi@gpner: SH (400 20 Apreg) 2004 V\D 01/ 28978
PCT1US00128687 -41- MHz; CDC13) 2.97 (1H, rr), 2.87 (2H, m, 2.32-2.18 (2H,
m, 2.10-1. 968ymhes1q)ofcomp92m1(2i)8 (2H, m, 1.48-1.38 (1H, m; M nor

di ast er eoi sonmer: SH (400 MHz; CDC13) 3.13 (1H, m, 2.87 (2H, rr) 2 32-2.18

(Sirt hg)si, 3201iL Opg;tffﬁﬁ'ééﬁjﬁ (47e C%lpaig%%&li?q%@g@ga@gzﬁa@ (%?4&1&@ aut rrL) was
e
br o de (1. 3 SRS N HBE Ok OB eA Pt e AR Wil wpd o
Pfﬁ?%gf glhgu / ) rat ure

ith Btine, dHedaVb S’d}@hzrﬁrt%h t%é@eévg}(:ggteﬁ%?ﬁ&tl%ﬂﬁ’

overni ght. Saturated ammoni e solutio was added, and the

m_ ;(t u _rl_ ﬁewas dpressuts] Te rékidtieh@ds dhrOmBolraphel HiDY! Repitdl ARl REtafe, 99-25'&)( 30
give the cyanoester 2 (4.3 g, 100%) as a 68:32 mixture of diastereoisomers;
10 Retheptane-ethyl acetate, 9:1) 0.28; Vpay(film)/em-1 2241 (CN), 1741 (C=0);
Major diastereoisomer: §gj(400 MHz; CDCl3) 4.30 (2H, q, J 7.1, CO2CHMe),
2.98 (2H, m), 2.56-2.22 (6H, m), 1.70 (2H, m), 1.35 (3H, t, J 7.1, Me); Minor
diastereoisomer: Sy (400 MHz; CDCl3) 4.26 (2H, q, J 7.1, CO»CHMe), 3.05

(2H,m), 2.56-2.22 (6H, m), 1.99 (2H, m), 1.33 (3H, t, J 7.1, Me).
15 - Synthesis of compound (3)

Cyanoester 2 (0.76 g, 3.91 mmol), water (0.14 mL, 7.82 mmol) and lithium

chloride (0.66 g, 15.6 mmol) were heated to 150°C in DMSO (40 mL) for

22 hours. The mixture was allowed to cool, diluted with water (150 mL) and

extracted with ether (3 x 50 mL). The combined ether fractions were washed with
20 brine, dried (MgS804), and the solvent was evaporated under reduced pressure.

The residue was chromatographed (8iO2, heptane-ethyl acetate, 95:5) to give the

cyanide 3 (0.21 g, 44%) as a 60:40 mixture of diastereoisomers; Ry(heptane-ethyl

acetate, 9:1) 0.44; vy (film)/cm-1 2238 (CN); Major diastereoisomer: Spy (400




aqueous | ayer was furthpextract ed with ether (2 :’0 m.), and the

conbi ned 15 organic frad™ons were washed with bri n® dried @fs0t2004nd
t he sol venWwowm289®/apor at ed under reduced pressure. The respEtasiR86s7
chromat ographed (Si 2, heptane-ethyl acetate, 98:2) to give the
cyanoal kene 4 (0.96 g, 72% as a colorless oil; Rf(heptane-ethyl acetate,
95:5) 0.38; vmax(filn)/cm 12230 (CN), 1673~ (C=C); SH (400 MHz; CDCl3) 5.27

Cc=0
(1H tt, J7.6Miz3cD 59 ¢ 9 Y : 5 2.10 (2H,
d, J 14.2), 1.94 (3H 1), 1(15“%%@@%%22&13%@?2‘%3’%}@(@I SHAke (34
S M) Mz (AR 38Nt 0D (1iBias g oal kene 4
(0.96 g, 5.1 nmol) agzd sojc?i um hyd}(ox%/rg}e’ Bfggﬁﬁgggggg%aoogiﬁgt l-on in
met hanol , 25. CHERYE)3EHEmY!4.87 2Bber 18 Rrling1bqpan 80 )
at -78C. Ozone wa$ pas\ggde’tnzr oug%q-{’tr?(ewm Xt ur e@\}\‘ﬁi% Tm‘rgﬁg?gﬁn’\%ggt
orange. After 1Z781@H; m), 1.h& 1BSUEHE )t urned to a green color, and the
solution was purged with oxygen for 5 mnutes and then with nitrogen. The
stirring m xture,. was.dil uted %th ether (100 nL) and water (100 ni.) and
al | owed>t o war¥RttssBEf spmppuBdd) \wo 01/ 28978 PCTNS00/ 28687 - 42- room
t enperature overni ght. The-aqueous -layer was fin ther extracted with ether

(2 x 50 nL), @peniabs (6.861%; m.qqnmagqﬁmgemm&y@@&%@@o‘y&mﬁiaﬂ&

dried (MgSO4), and the sol vent was evaporat’ed under ced pressure. The
resi due was @gHoRgBEp REHthigh bexarhethyldisdazid(l.8 mleofd EM Sfutfon ino gi ve

th t X 0 - | i1, -R f(hept - et hyl
cetate. g THF, 73 shibof) o Sr (gt P 280 Sndeftte T e Veslongd. -z
CDCl 3) 3.75 : ' oA 30-2. 21
CarL 0 00 e e GUR] andstied A2 hbhes, FhoRIGE s ol G al Ph 2 2
of conpBund* digetlydaliy} braeite €1.3 501,01 80 mmol iwas addel) Themintieais!stitré@0 )

hydr ogen- at moCEAGPENE gty i -8R 5nq Ben BN o VerREORPIRIPBDRAS | | 1 or od.
(0. 6 g, 029 o e P AR R3] Bt P RO W
CDC13 5.52 ( 1mixtege was dilgjed itlsethee(d0 nsl.) @ealikdge hydrochloric acid (30 mL). The
aqueous layer was further extracted with ether (2 X 50 mL), and the combined
15 organic fractions were washed with brine, dried (MgS04), and the solvent was
evaporated under reduced pressure. The residue was chromatographed (8i0a,
heptane-ethyl acetate, 98:2) to give the cyanoalkene 4 (0.96 g, 72%) as a colorless
oil; Rf(heptane-ethyl acetate, 95:5) 0.38; Vyax(film)/cm-1 2230 (CN), 1673
| (C=C); 6y (400 MHz; CDCl3) 5.27 (1H, tt, J 7.6, 1.3, CHCMe5), 2.89 (2H, m),
20 2.30-2.22 (4H, m), 2.10 (2H, d, J 14.2), 1.94 (2H, m), 1.84-1.62 (2H, m), 1.65
(3,5, Me), 1.55 (3H, 5, Me); m/z (AP*) 190 (M+H, 100%).

Synthesis of compound (5)

Cyanoalkene 4 (0.96 g, 5.1 mmol) and sodium hydroxide (10.2 mL ofa2.5 M
solution in methanol, 25.5 mmol) were stirred together in dichloromethane

25 (80 mL) at -78°C, Ozone was passed through the mixture which immediately went
orange. After 2 hours, the mixture turned to a green color, and the solution was
purged with oxygen for 5 minutes and then with nitrogen. The stirring mixture
was diluted with ether (100 mL) and water (100 mL) and allowed to warm to




15 2. 80 (2H, , 2.26 (ZHQ 2.16 (2H, s, CHCO, 3 (2H, _-ddd, J 13.4,
S. 1, 2.4), 1 74 (2H, dd 13.0, 3.2), 1.64 (2H, W Synt hed AprhP004
a, 3J3, 5¢cc)Wd anBeremet hyl - bi cycl o[ 3. 2. 0] hept 3-yl)-aeetic a@giuse0/23687
hydrochl ori de Lactam 6 (0.64 g, 3.87 mmol) was dissolved in 1, 4-di oxane (4
m.) and 20 hydrochloric acid (16 nL of a 9! N sol ution), and the m xture was
refluxed for 6 hours. After cooling, the'fixture was diluted with water (20

L) and washeghomMeidpetliterloVEREItTPRCaduods 1ver Vhas furlis 28 H&Q&' /ghaéfﬁ"ér vas

evaporated under réduced pressure to give acid 7 (0.6/ g, as a white
solid. Recr ys(2a* ¢ Edt:)l. and tha spmgmd mgarmﬁamoas mrmanhled gaﬂﬂ)ram, drigd

IégVSng :Dr gd ll' Igy &i@“”%’@‘f"%ﬁ%@‘ !{(%' @hpﬁ’t%l?ﬁ ?fmSace')@teSgé e$‘3ﬁ4 {/%FOZ%WS
PCTI USOD /2868 704% ﬁ{ﬂ%%’“ﬁ%ﬁg{i@é@lﬁéﬁ% L %ée%tér‘;eérogei)b@%ne of the above
(1a. 50) (3. Am w@?hﬁ?k%.”{l%%@%%ﬁ@ﬁ&%ﬁ%@éﬁ?ﬁ% BT GHS @
0TS (o A rONEN04 PAL B 216l AL R ARCOME), 2EE0 21 B, ), 200 CH, m),

3505 A none R (L 2P AP R BT RL Y L P her e O O

J

(1a, 5[ 3) (3- Am nonet hyl - bi cycl o[ 3. 2. 0] hept-3-yl)-acetic acid, (I
a, 5j 3) (2- Ami rRynithéjd ofawngiuu@mdyepent al en-2 yl) -acetic aci d, 10 (1
a, 60) ( 2- Am nonet hyl-- oct ahydrgql nden 2-y])-acetic acid,

/(A\I a, 7;@ EZIA&'%g?e%{%(Pd@cah @ﬂgﬂﬁ%g P%/"l Zﬁ cet C acil eno(v%?é?’a’ 5(x) (3
m no y 2 B gé’qjmx
a, 3a, 5a) (3- Ama&m&téiﬂém@bfﬂﬁka[sgoag@&é% it uﬁd%_a)l? gécénfau%gﬂxeag (60 Psi,

(1a, 3a, 5a) (2- Ami'nonet hyl - oct ahydr o- pent al en- etic
30°C) for 6 hours The rmxture was filtered, and the solvent was evaporated under

reduced pressure to give lactam 6 (0.64 g, 92%) as a white sohd, Viax(film)/cm-1
1692 (C=0); éy (400 MHz; CDCl3 5.52 (1H, br s, NH), 3.54 (2H, s, CH,NH),

15 2.80 (2H, m), 2.26 (2H, m), 2.16 (2H, s, CH,CO), 1.93 (2H, ddd, J 134, 8.1, 2.4),
1,74 (2H, dd, J 13.0, 3.2), 1.64 (2H, m). |

Syhﬂnesis of (10,3B,50)(3-Aminomethyl-bicyclo[3.2.0]hept-3-yl)-acetic acid
- hydrochleride

Lactam 6 (0.64 g, 3.87 mmol) was dissolved in 1,4-dioxane (4 mL) and

20 - hydrochloric acid (16 mL of a 6N solution), and the mixture was refluxed for
6 hours. After cooling, the mixture was dituted with water (20 mL) and washed
with dichloromethane (2 X 15 mL). The aqueous layer was evaporated under
reduced pressure to give acid 7 (0.67 g, 79%) as a white solid. Recrystallization
using ethyl acetate/methanol gave acid 7 exclusively (0.26 g); Sy (400 MHz;

25 dg-DMSO) 7.98 (2H, br s, NH»), 3.13 (2H, s, CH2NHp), 2.70 (2H, s), 2.17-2.14
(4H, m), 1.85 (2H, dd, J 13.3, 8.0), 1.63 (2H, m), 1.55 (2H, dd, J12.9, 5.1); m/z
(ES*) 184 (M+H, 100%); LCMS (Prodigy C18, 50 mm X 4.6 mmid column,
5-50% Acetonitrile/water) Retention Time = 2.40 minutes, 98% purity.



15 (1a, 6a, 8a) ( 2- Am nonetglal - oct ahydr o-i nden-2-yl ) - ic acid, (1
a, 7a, 9a) ( 2- Am nonet hy| - J®ahydr o- azul en- 2-yl ) - acet i Waci d, (@0 AprE280432) (3
Ami nonet hyIWe{0E978[ 3. 1. 0] hex-3-yl )-acetic acid, (| a,3  PCI/US00/28687
3, 5a) (3- Am nonet hyl - bi cycl o [3.2.0] hept-3-yl)-acetic acid,
(1a, 3[3, 5a) (2- Am nomet hyl - oct ahydro pent al.en2yl)-acetic acid, 20
, 6a, 8] 3) (2- Am nonet hyl - oct ahydro-i nder2- yl)-acetic acid,
, 7@, 91 ) (12- Ami normBidistlo Al oﬁnd’széﬂ:ﬁﬁ l
3R, 6R) - 3- Am nomet hyl - bic (}:iﬁ{)[4 . d@b}"ohe@fﬁ{ggg??%ﬁng%ogs
3S, 6R) - 3- %Srm@etﬁmmmtbxl&m{cmtﬂ 1 ]h@:pii-yﬂ -acktic acidf i ¢ aci d,

R

R, i

S, g gg) 62) A?’%ﬁi‘?ﬁﬁﬁ &%ﬁﬂ{ﬁ&f@?ﬁl&ﬂﬁ 3y3|rl L%Fé’gfai%{i ;c?gl @ ((ZER( gé 6S) - 3
Am nornet hyl - bl(quﬁg(aéf Yl%c?’ -_.amn uue fg ?c)etlcam

R, 3S, 6S) - 3-'A. mi honet hyl -bicycl o acetic acid,

(1
(1S, 3S,%BR) - 3{M6ﬂ§(mmdonibthaﬂ£blcmﬂ1§d:2>-iﬁli@ﬁ2 gﬁy ~3betic a€igl | ¢ aci d,
(1S, 3R, 6R) - 3- Ami_nonet hyl - bi cycl o[ 4. 2A] oct - }/I) acetlc acid, 30
(3 eﬂ@)d‘td&%

(

(
(|
((
((
((

aR 5R, 7aS) {6 @ohminem Wacpticadd) ¢ aci d,
OSZRV\E)SOZ?E)S ?%:ggx%@t h% )] g ah E?Ig)E(O de yalc% caé:c%’l c acid, 0 20 April
e

(3aS, 5R, 7aR) - 5- Am nonet hyl - ace

2R, 4aS 8aR) (mm(ammmmmmm-pmm@ygmcauwmacet i ¢ aci d,
S, SaR), - Zﬁé mi. nonet hyl - decahydr 0- napht hal en-2-y1) -acetic aci d 5
8aS) (- api(greovpinpethyb ety irra-indem2-sibtasetioacid,) - aceti ¢ aci d,

(25 4Gy
2S
(2 222* o(xH ISR OE AR RS- ARk beblinasian 2°V1) “acer % acid
2
(2
0
c

S, 4aS, 9aR) ¢, A)SONTEA Myt B TARSYS 2-yl)-acetic acid,
S, 4aR, 9aS)( Am nonet hyl - decahy%{o [begocy @%ﬁ%gﬁa’z yl)-acetic acid,-

((2R, 4aR, 96@3®w@nﬁmqmmﬁ@mmmmw¢mﬂm@n 2 yl)-acetic
td, ((1R 35(1?3?&,5 )(é ninon ome l-octagglrgroglge%ta%é!-ggr )t-ac%tlg Iac):l acetic acid,

15 (10,601, 80)(2-Aminomethyl-octahydro-inden-2-yl)-acetic acid,
(10,70,90)(2-Aminomethyl-decahydro-azulen-2-yl)-acetic acid,
(10,3B,50)(3-Aminomethyl-bicyclo[3.1.0]hex-3-y])-acetic acid,
(10,3B,50)(3-Aminomethyl-bicyclo[3.2.0Jhept-3-yl)-acetic acid,
(101,3B,50)(2-Aminomethyl-octahydro-pentalen-2-yl)-acetic acid,

20 | (10,60,80)(2-Aminomethyl-octahydro-inden-2-yl)-acetic acid,
(10,70,98)(2-Aminomethyl-decahydro-azulen-2-yl)-acetic acid,
((1R,3R,6R)-3-Aminomethyl-bicyclo[4.1.0)hept-3-y1)-acetic acid,
((1R,38,6R)-3-Aminomethyl-bicyclo[4.1.0]hept-3-y])-acetic acid,
((18,38,68)-3-Aminomethyl-bicyclo[4.1.0]hept-3-yl)-acetic acid,

25 ((15,3R,65)-3-Aminomethyl-bicyclo[4.1.0]hept-3-yl)-acetic acid,
((1R,3R,68)-3-Aminomethyl-bicyclo[4.2.0]oct-3-yl)-acetic acid,
((1R,38,65)-3-Aminomethyl-bicyclo[4.2.0]oct-3-yl)-acetic acid,
((18,38,6R)-3-Aminomethyl-bicyclo[4.2.0]oct-3-yl)-acetic acid,
((18,3R,6R)-3-Aminomethyl-bicyclo[4.2.0]oct-3-yl)-acetic acid,

30 ((3aR,5R,708)-5-Aminomethyl-octahydro-inden-5-yl)-acetic acid,
((30R,58,7a8)-5-Aminomethyl-octahydro-inden-5-y1)-acetic acid,
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(1R, 3S, 6S) - 3- Ami nonet hyl giacycl o[ 4.1.0] hept-3 yl)-acghi ¢ acid, (41

S, 6R) - 3- Ani nonet hyl - bi | o[ 4. 1. Q hept-3-yl)-acet i @W¥aci d, 20(&pril 2004
R, 6R) - 3w wpsgst hyl - bi cycl o[ 4. 1. 0] hept - 3- yI) acetic aci deTlijgoo,zsﬁs-;
R, 3R, 6R) - 3- Ami nonet hyl - bi cycl o[ 4. 2.0]oct 3 yl)-acetic acid,

R, 3S, 6R) - 3- Am nonet hyl - bi cycl o[ 4. 2A]oct-3 yl)-acetic acid,

S, 3S, 65) - 3- Ami nonet hyI bi cycl o[ 4. 2. 0]?5"@‘(-3 yI) acetic aci d
S, 3R; 6S) - 3(AES q.hﬁlgﬁ{e )ﬁ _m -;yl 1!: ﬁcxﬁc' d,
a dro- |
a

R 5R, 7aR) - -Am norret hy -octa ace rc atid, 20

R 5S, 7aR) ((Ba)s;ﬁmaam-ﬁsmmmu;gdmtah@d@macmmylﬁﬁ&hb @cici d,
asS, 5S, 7aS) - 5- Am nonet hyl - oct ahydro-i nden-5-yl)-acetic acid,

|
1
1
1
3
3
3
3aS, 5R, 7a9) (GRAASISWR) -ByAminometipthdscatydeqmaphihalerad o - aceticiadid,
2
2
2
2
2
2
2

S, 455, S, X OISR e R oA Rt YD batersid oci 4, 25

S, 40R, 8( xSy Ay ) F@ﬁ?m ﬁﬁfbbﬁ d,
R, 4a§ 8&8;( g%nom&t gﬁ@&?ygr o- hapht #ﬁ&%ﬁkfj’ﬂ) aggg 5& ag: d,
R 4aR, 9aR) (@WM&)—MmﬁGﬁﬁMﬂ@cﬂ@ﬂi@ﬁ&ﬁﬂﬂﬁMﬂ%ﬁ%ﬂd héuiac etic acid,

S, 4aR, 9aR) - 2- Am nonet hyl - decahydro benzocycl ophepten-2 yl)- Acetic acid,
S, 4aS, 9( xsf( R4S, Wmme émz banzotysierhepien-22yl)iapeticcarid,c aci d,

2-y) - acet i QRSASRERTA58s %@% Or e R e 2o sectiegcidrne

1; 0 !3 goga? ? . rfitn{[%g 2@@)3—%&6&%@? Ji?’cah cth{ol'lf‘ei} %ﬁeﬁf&ﬁéﬂtgﬁ'&%g) Q%;Eutc acid,

MENQ2, 162003 ((ZRA R, IABELAnshGindthid- by divainz68R Fiphepten-2-y1)-acetic acid,
« 1R,3R;GS)-3-Am1'nomethyl-bicyclo[4.1.0]hept-3-yl)—acetic acid,
((1R,38,68)-3-Aminomethyl-bicyclo[4.1.0]hept-3-yl)-acetic acid,
((18,38,6R)-3-Aminomethyl-bicyclo[4.1.0Thept-3-yl)-acetic acid, |
((18,3R,6R)-3-Aminomethyl-bicyclo[4.1.0Thept-3-yl)-acetic acid,

15 ((1R,3R,6R)-3-Aminomethyl-bicyclof4.2.0]oct-3-y1)-acetic acid,
((1R,38,6R)-3-Aminomethyl-bicyclo[4.2.0]oct-3-yl)-acetic acid,
((1S,38,68)-3-Aminomethyl-bicyclo[4.2.0]oct-3-y1)-acetic acid,
((15,3R,68)-3-Aminomethyl-bicyclo[4.2.0]oct-3-yl)-acetic acid,
((BoR,5R,70R)-5-Aminomethyl-octahydro-inden-5-y1)-acetic acid,

20 ((30LR,5S,7ocR)~5-Aminomethyl-octahydro-inden-S-yl)-acetic acid,
((3058,58,70:S)-5-Aminomethyl-octahydro-inden-5-yl)-acetic acid,

((30S,5R, 7aS)-5-Aminomethyl-octahydro-inden-5-yl)-acetic acid,
((2R,40R,80R)-2-Aminomethyl-decahydro-naphthalen-2-yl)-acetic acid,
((28,40a8,80R)-2-Aminomethyl-decahydro-naphthalen-2-yl)-acetic acid,

25 ((25,40R,808)-2-Aminomethyl-decahydro-naphthalen-2-yl)-acetic acid,
((2R.40:S,80:S)-2-Aminomethyl-decahydro-naphthalen-2-yl)-acetic acid,
((2R,40R,90R)-2-Aminomethyl-decahydro-benzocyclophepten-2-yl)-acetic acid,
((25,40R,90R)-2-Aminomethyl-decahydro-benzocyclophepten-2-yl)-acetic acid,
((28,408,908)-2-Aminomethyl-decahydro-benzocyclophepten-2-yl)-acetic acid,

30 and
((2R,4OLS,9aS)-2-AminomethyI-dccahydro—benzocyclophepten—Z-yl)—acetic acid.
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5 N tronmet hane i s added the unsaturated ester i sol vent such as

di met hyl sul phoxi de or NN\®¥i net hyl formani de with a b®e such Z8 Ansit 48&% um
car bonat e, V8@dl/e8¥& ar bonat e or cesi um carbonate, at a tenpepetus®/gés7f rom
OCto 120C. This process achieves higher yields of the nitro ester and
reduces the yield of de-conjugated ester,.conpared to previous routes. 10
Met hod 2A ,"*-Ph cr--r"*\ " -Ph 1 COZIVE"Q) An al kyl cyanoacetate, for

exanpl e et hyl CyanIolib Sing/hetSMOUA OurRHbHlolhe epBMRbAREN! anone of
formula (1) in_a _solvent selected from tol uené R xyl enes, or

n- hept ane to Wh*38.3é3-Asnigemgthyhbicyclofd %ﬂ]hnpt-b-wl)am:nmamda 2 COREt " --
CO,M COMOQ?2H ~ %-CR2H ~-NCO ,, cOze 6 2Zr ,,," -NN~-ORh 0 20 April
2004 WO 01/ 28%? P(&q USO0/ 28687 -46- acetate, or piperidine. are added. The
m xture i s sti élé) a tenperature from OC to 150C with renoval of water

by, for exanpl g, - e of a t é rap or activated nol ecul ar sieves,
to produce thela of fm gz i Pﬁb b{_)l_o f step a)
abovetoamxtur of el |WS@%“SU@ or be gnasi um
brom de or benzyl magne3| ufrl%fl odide, in a drg s"l_vlgﬂn sel ected fr &iB,Et
tetrahydrofqran 4- di oxane, n-hept ane, #¥Yuene, diet hyl et her,

5 Nitromethane is added to the unsaturated ester in a solvent such as

dimethyIsulphoxide or N,N-dimethylformamide with a base such as potassium
carbonate, sodium carbonate or cesium carbonate, at a temperature of from 0°C to
120°C. This process achieves higher yields of the nitro ester and reduces the yield

of de-conjugated ester compared to previous routes.

10 Method 2ZA
- O
1
a
CN o 8
l::>=( b E: W S~
_ CO,H COH
2 2
2 COEt 3 4
d
i 2
& NCO f _ “‘\CO H e ‘\\\"'--.Ph
7 COMe p CO,Me » CO,Me
[g
)Loa
W
- NH2

a) An alkyl cyanoacetate, for example ethyl cyanoacetate, is added to a mixture
of cyclopentanone of formula (1) in a solvent selected from toluene, benzene,

Xylenes, or n-heptane to which acetic acid and B-alanine or ammonium




or tert-butyl nethyl ethe t a tenperature from-10 o 110C to groduce

the addition product of fofmula (3); c¢) Adding the prW¥uct of20deh2004 above
to a m xt um® ef2897%ase sel ected from 10 potassi um hydr oxi dBCT/E9abi28687
hydroxi de, |ithium hydroxide, or cesium hydroxide in a solvent selected
from et hyl ene glycol, 2-nethoxyethyl ethe 1, 4- di oxane, or diethylene
glycol and, stirring the mxture at a teﬁ’{?érature from25C to 250C to

produce.the car bgepté,or ?Qﬂeﬁdﬁfe- atr@adaddamé%ixrﬁﬁe i%é@at%ﬁ&n@%x‘é@&'?ﬁo&f step

c) above to a mixture of iodonethane in a solvent 15 sele rom

di chl or onet hane, 0%€htol ¥ emwith removahgbiwattrb for exampls sse affa DéandSwdiloreame t o
whi ch b h - di bi | 5.4.0 dec- 7- DBU) ,
L] or bl o e - gt dFtated pi AT sl es % Produed e aliend ofRmpuaiided  and

stirred al a bPAGAALEEpbEGTof Hif o) Bbdve 10 thRnE BENKGEy IEnES i chRiride

formula (5); or adding the produc step c) above to"a mx

nmet hanoP 20 and & besayiaeenesian baerhideou bhnzydmagresiuor iodidacinc dry sblventochl ori ¢

acid at a tenperat i fr.omO0C,t0 | OOC:, or adding the oduct of

step c) above t%ﬁcﬁdﬁg{lﬁ@%%{o&“&%ﬁ& QX7BS-Zhheptanen & Jietbgl;?'}gﬁe or

tol uene at a tm&:@mm&mﬁr&hdﬁ&tdmp&éﬁ@;ﬁ&ﬁ-mbdmsIldi"i%:iarr{ﬂé&'u&‘cfe of step
€,

c) above to diazonethane in a solvent such as benzene, tolue
di chl or orret hane,the addiiorpradagt ofdotmaulagd); a t enperature from -40C to 40C, e)

Adding th of .St ep,d) above. t i Xt ‘car ban t hl ori d
Syl acet ar oo iRdiBh i pad of HEN B eyl bhixhle B o b SRt o .
ruthenitom (111 )potdskiabi kielrexide addieh hpdigxide, lithith Ridréxil€ apebabmr € from - 40C

to 80C to prodyce carboxylic acid of fornula (6); 30 #) Addi ng the product
of step e) abovdydexideinaseivenyselertedifomethydencelyeal rmethoxyethybathere or

di i sopropyl et hyliam : I . fr uene benzene,
xyl enes, tet rahﬁ?‘g%ﬁ%%g?@%@%?ﬁogra,ﬁ&%ﬁgﬁgr@%}?g i“’t%"‘(ﬁ%?%%“qa“"zo Apri |
2004 WO 01/ 2897 @rddC25USAZIBES pradirce diepdaeboxylib asidvdformud (e (DPPA) is

added and stirri nq%ﬁt a tenperature from OC to 150C to produce the
i socyanat e of 9 Skddingthe produgt obsier mhehone to sHxfute of iodomethane in a solvent

15 selected from dichloromethane, chloroform, tetrahydrofuran, foluene, or

1,4-dioxane to which a base such as 1,8-diazabicyclo[5.4.0Jundec-7-ene
(DBU), triethylamine, or 1,5-diazabicyclo[4.3.0]non-5-ene (DBN) is added
and stirred at a temperature from -40°C to 110°C to produce the ester of
formula (5); or adding the product of step ¢) above to a mixture of methanol

20 -and a concentrated acid such as sulphuric acid or hydrochloric acid at a
temperature ranging from 0°C to 100°C; or adding the product of step c)
above to trimethylsilyldiazomethane and methanol in benzene or toluene at a
temperature from -40°C to.100°C; or adding the product of step c) above to
diazomethane in a solvent such as benzene, toluene, dichloromethane, or

25 diethyl ether at a temperature from -40°C to 40°C;

e) Adding the pr(')duct of step d) above to a mixture of carbon tetrachloride or

ethyl acetate and acetonitrile to which water, sodium periodate, and ruthenium
() chloride are added, and stirred at a temperature from -40°C to 80°C to
produce carboxylic acid of formula (6);

30 f) Adding the product of step ) above to a m1xture of a base selected from
triethylamine or diisopropylethylamine and a solvent selected from toluene,
benzene, xylenes, tetrahydrofuran, diethyl ether, or #n-heptane to which




of step e) above to eth hl or of ormat e or isobutyl | orof ormate and a
base such as triethylan™e or diisopropylethyl ami n®i n tetr A%AHLEP4AN or
acetone 5 JVO8I/e¥AYy| ether at a tenperature of -40C to 78C Potiusyesdyy
addition of sodiumazide in water and tetrahydrofuran or acetone followed
by addition of toluene or benzene and ref] uxing; and g) Adding the product
of step f) above to a solvent selected fromtoluene, benzene, xylenes, or
n-heptane to whi dipherylhhosphomyl atide (DPRA PR A dAiEesh §1Q terkBerdiverbR) and
t hen addi ng (8) hp aqij ooﬁt@hydrochl oric acid at a concentration of from
0.01 Mto 12 MiPR ¢ ﬁ} rreduse thivisesyanate pf formpla@htoradding she productii oxane,

i i d ' i.d ; ddi h d
of “step 1) abovedt aon LY eyt IR mitatlbl st Rpesiene od g Paseleor
n-heptane to whi sithesnrsthylahieher diapropdie1dning iy Rirh8)dréfithnl P GRetd

hydr ogenating (8) qver nickel or palladiumor platinumto give |actam which
was t hengJl hydr ol y%‘é‘ﬁe@é{l ?Fbe'éﬂi@éémﬁeﬂiil%¢ eE10%F m}?&"& follawed by eddiion ofat i on of

from0.01 Mto 1 Mi sen 0 bhsence of . a vent, such. as

1, 4- di oxane, ace%ol c aglz‘fg,gq%%\?%taﬂg%[nai’ﬁ‘%ﬁﬁ%mﬁ?@m&ﬁiﬁb? "H"i%g)n.‘mlﬁ’gt hod 2B

, ~-R b ~. R O2H tolifgiElor Werkeht add refluxihg; 8§d R=e. 9. H M .~ -C2H 20 s r
noester. (2) is added to allylmagnesi um chl ori de or

VCO2H 6 CO2Me g) &i;

broni de or 28huBEdpEtesprednctalstepd) abnveitaia solyest selsrted dronstoluene.ed from

t et rahydr of ur an, : gl - . dj et;hyl et her r

tort butyl met hylffenéet: é?S’faé%ié’ﬁ;%r n'hieBRRL &\Ghich BtERS1 oot inof WA hdded o
10 give (8) and then adding (8) to aqueous hydrochloric acid at a concentration of -

from 0.01 M to 12 M in the presence or absence of a solvent such as
1,4-dioxane, acetic acid or water to produce the amino acid (9); or adding the
product of step f) above fo a solvent selected from toluene, benzene, Xylenes,
or n-heptane to which benzyl alcohol was added to give (8) and then

15 hydrogenating (8) over nickel or palladium or platinum to give lactam which
was then hydrolysed using aqueous hydrochloric acid at a concentration of
from 0.01 M to 12 M in the presence or absence of a solvent such as

1,4-dioxane, acetic acid, or water to produce the amino acid (9).

Method 2B
—2TT X o
R=eg H,Me c

— o
CO.H
9 2 6 COxMe ) CO,Me

20 ‘
a) Cyanoester (2) is added t;) allylmagnesium chloride or bromide or
2-butenylmagnesium chloride in a dry solvent selected from tetrahydrofuran,
1,4-dioxane, n-heptane, toluene, diethyl ether, or fert-butyl methyl ether at a
temperature from -100°C to 110°C to produce the addition product of formula
25 (10);



tenperature from-1 00C t | 0C to produce the addit§ product of formula
25 (10); 20 April 2004 WO 01/28978 PCT/ USOQ 28687 - 48%) Add@Orfypril Be04
product of V@828 above to a nixture of a base selected frBOTSHEESEUM
hydr oxi de, sodi um hydroxide, lithium hydr oxi de, or cesium hydroxide in a
sol vent sel ected from et hyl ene glycol, et hoxyet hyl ether, 1, 4-dioxane,
or diethylene glycol and stirring the mx Ure at a terrperature 5 from 25C

to 250C to pr dsudeldingsthe produxtydfistepasiablons tofaanikalrs of & bise s%)ec&fécﬁélﬂ the

product of step b) abOVﬁ]tO a m xture of iodonethane in a solvent selected

from di chl or onet RgRR&sIuRL Yé?%fd?ﬁﬁ? iwathygragides fithivm hydroxidsner cesiunt, 4- di oxane

i ethylam ne, or OB ke Tl pRpU s padtelt UESt R G Bherang 10

stirred at a tempgrdivyane, brﬁamyMSglmoﬂdlﬂ@tmmeﬁuﬂméﬁlﬁaﬁﬁip@fat&E forml a
b) ,aboye to a, m xture of nethanol and a

11 dd h t
((:onZ:en'?ra'?edI ggl &ﬁ]&datg%g ¥ eg“%ﬁ,‘pﬁc%}' OWH’raGlﬂfPﬁbmuhtﬂw,at a

t enperature f t rod t of st.e

above to tr| t P I%?g? og{zﬁ(:)tr?et g%g’ab&; @g&ﬁ{é}gg Enb?s?lﬁgrﬂtene at
a 15 tenperatur eseﬂecmcd ﬁ'dmcalcttxtorﬂ:ﬁﬁﬁianerch&ﬂ-dfm tehﬁhﬁireﬂulﬁi, télherid, 89113} above
to. diazomet han l.ve suckh as_benzene, toluene, dichl or onet hane,

or diethyl ethe 1°§?m§t°t ? 356isach aphf-diazedicyclalded. Olwndeety-ene DBY): he
et O g heh, SlettRel b 125 Hathic 1Ol £ARA0I. LB DARY WS i Ping o 1Y/

acetate and acetonitrile to whi I um pe heni um
20 (11190 chlori dﬁuwdraéaammnmﬂomwm@m H0°@ t¢ prodaceatherestet bHBmARC t o 80C

to produce carbo id.,of formula WO 01/ 28978 20 ril 2004
PCT;) US00I 28687 é& ﬁ@‘&g s R’éf’gﬂct of s:q(:. % above to a mixture of meépaml and a

concentrated acid such as sulphuric acid or hydrochloric acid at a temperature
ranging from 0°C to 100°C; or adding the product of step b) above to
trimethylsilyldiazomethane and methanol in benzene or toluene at a
15 temperature from -40°C to 100°C; or adding the product of step b) above to.
diazomethane in a solvent such as benzene, toluene, dichloromethane, or
diethyl ether at a temperature from -40°C to 40°C; and
d) Adding the product of step ¢) above to a mixture of carbon tetrachloride or
ethyl acetate and acetonitrile to which water, sodium periodate, and ruthenium
20 - (II) chloride were added, and stitred at a temperature froml-40°C to 80°C to
produce carboxylic acid of formula (6).



COREt O Et O2H 13 NC 2 R=eg H Mc 017 2 CO2H 9a%An
organonetal lic reagent stith as vinyllithiumor vinyMrmagnesi ud0cHrib2ofe or
brom de i nWP 86I%Et such as tetrahydrofuran or diethyl et RECT/ES0028687
tenperature 5 from-100C to OC is -added to the cyanoester (2) to give (13);
b) Addi ng the product of step a) above t Qg2 m xture of a base selected from
pot assi um hydr oxi de, sodi um hydr oxi de, ?hl um hydr oxi de, or cesium

hydr oxi de in Methbd3€ sel ected from et hyI ene glycol, 2-nethoxyethyl ether,
1, 4-di oxane, or diethylene glycol and stirring the m xture at a tenperature
10 from 25C to 250C to produce the carboxylic acid of fornmula (14); c)

Addi ng the product steCv) above tg.a [ixture of iodonethane gn a

sol vent selecte fro £€hl orBogtiha Rf orpn_ fretrahysraflr an,

tol uene, or 1, 4-"ti ne o whi ch lategeB\such as— = O-H

1, 8- di azabi cycl of 5 2. 0] undePskt ene (%, hyl amiper o 2

1, 5-di azabi cycl o[ 4. 3. 4] non-5-ene (DB s addéd and stifred 15 at a
tenperature from-40C to 110C to prodBceeght, Meter of formula (15); or

addi ng the product of step b) above to gym xture of netjanol and a

Q.

concentrated aci cb.,a ul phuric I dj\or hydrochloric acid aR a
tenperature rlanfinggtro T W adli ng, t‘ﬁe EE USt0Fst ep b)
above to trinet [ O3k et hewr

e 0{: %Jene at
a 20 tenperatur® from-40C°to 100Cigor addi n92 e procil.gc ol s Qﬁ above
to b 20 April 2004 pND 01/28978 PCT/ USOQ 28687

.‘\\‘\NHZ
CO,H

9

a) An organometallic reagent such as vinyllithium or vinylmagnesium chloride or

bromide in a solvent such as tetrahydrofuran or diethy] ether at a temperature
5 from -100°C to 0°C is added to the cyanoester (2) to give (13);

b) Adding the product of step a) above to a mixture of a base selected from
potassium hydroxide, sodium hydroxide, lithium hydroxide, or cesium
hydroxide in a solvent selected from ethylene glycol, 2-methoxyethyl ether,
1,4-dioxane, or diethylene glycol and stirring the mixture at a temperature

10 . from 25°C to 250°C to produce the carboxylic acid of formula (14);

¢) Adding the product of step b) above to a mixture of iodomethane in a solvent
selected from dichloromethane, chloroform, tetrahydrofuran, toluene, or 1,4
dioxane to which a base such as 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU),
triethylamine, or 1,5-diazabicyclo[4.3.0]non-5-ene (DBN) is added and stirred

15 at a temperature from -40°C to 110°C to produce the ester of formula (15); or
adding the product of step b) above to a2 mixture of methanol and a
concentrated acid such as sulphuric acid or hydrochloric acid at a temperature
ranging from 0°C to 100°C; or adding the product of step b) above to
trimethylsilyldiazomethane and methanol in benzene or toluene at a

20 temperature from -40°C to 100°C; or adding the product of step b) above to



-50- diazonethane in a so nt such- as benzene, tol e, dichl or onet hane,
or diethyl ether at a te%rature from-40C to 40C L’ The FOROF step
c). above | W9A8BI8ysed in a sol vent such as chloroformor PCTAkarssest hane
or nmethanol followed by addition of a quench such as 5 triphenyi phosphi ne
or. dinethyl sul phide at a tenperature fromgs100C to OC to give (16); e)
The product of step d) above in a sol vent "sslgt':h as net hanol or ethanol was

reacted with anmondiazamndthiniedn aGolveATRithas bazehe) thives dRIdrBRIARhOBrUSI NT
sodi um bor ohydri de¢,a§&di Em cyanobor ohydri de or sodi um 10
1

tri acet oxybor ohydr e 2 teraperatusn fien HOUE ey40P&%5i on in the presence of

a catalyst suc ' | al |l adi um. or atinumto giv 17), and f) The
product of step%?@eﬁ%@é&ﬁt?f %Fg? vgdsagqxﬁbrsa Hé%ﬁ‘%lv?fgal‘ébéﬁ@?@?%?f at
a concentration ofdithlofnttkihe W rittHahoMidlbwel ByRUBRIRAGT aQueAlls®itfi gs Of 2

sol vent uch as I,4-di gxane, acetic acid, or water to produce the am no

acid (9).°15 Met hddpbenylpbespivne edimethylsipldesat a temperatureiffom - 08°C tT0eC
unsat urated ester 4 %g, ?%yl t hi oi socyanate is stirred in a solvent m xture
made up of tetrahy§ e , diethyl ether, or 1,4-dioxane, a coordinating
sol vent such ag) H¥Aroducbbfikepayatitivedh @RBREnSHER a@ﬁw&ﬁﬁﬁl’&‘&@ﬁ%iwﬂt h

samarium 20 diiodide at a tenperature of -100C to 0C the resulting ester
i s hydrogenat ed i deastedsith ammonirsolutiomen ammonia gas frdlovied bytrbduction abiage

{erper at ure 11 om S0EurEoorhiRs, sohh B oAl PEBangh 1 26078 40 51
Met hod 4R0. ~- - - - Nti2acetoxyborohydride, or by reduction by hydrogenation in the presence of a
catalyst such as nickel, palladium, or platinum to give (17); and
f) The product of step €) above is hydrolysed using aqueous hydrochloric acid at
a concentration of from 0.01 M to 12 M in the presence or absence of a solvent

such as 1,4-dioxane, acetic acid, or water to produce the amino acid (9).

15 Method 3
NCS
-
EO..—_\ Smly, HMPA EO/_ COE CO,E
CO,Et t-BuOH, THF,-78°C ~~ f—N—\ : “nm,
S Ph -

The unsaturated ester and benzyl thioisocyanate is stirred in a solvent mixture
made up of tetrahydrofuran, diethy! ether, or 1,4-dioxane, a coordinating solvent
such as HMPA or DMPU and an alcohol such as fers-butanol with samarium

20 diiodide at a temperature of -100°C to 0°C; the resulting ester is hydrogenated in a
solvent such as methanol, ethanol, ethyl acetate using a catalyst such as nickel,
palladium, platinum, or thodium at a temperature from 20°C to 100°C to give the

amino acid.



42H 5 4 20 April 2004 | USO0/ 28687 a) An organor’al l'ic reagent such as ~
vinyl i thium or vinyhnad®®sium chloride or brom de"™Ps mi xed 28Amil 2004
di met hyl zi M&Q 01428988 chl ori de, copper (1) iodide, copper 5 (IpcHUSIEE7
di met hyl sul phi de conpl ex, or copper (1) cyanide in the presence of a
Lewi s acid such as boron trifluoride et her%tele or alumniumchloride in a
sol vent such as tetrahydrofuran or diethyl™ether at a tenperature from
-100C to 0C, amethigd 4ansaturated ester (1) is added to give addition
product (2); b) The product of step a) above is ozonolysed in a sol vent
such as chloroformor 10 dichl oronet hane or net hanol foll ofkd by addition
of a quench suchra=s ri phenyl phosphi Olscth=net Eyl sul p 'de\l@ a
tenperature from=1Q0 OC-t-ea—g-i—\e (3) AC) The pmoHutt ~stlep b) above
in a solvent such alg met h Eior etha COaEct et ftsol ution
or ammoni a gas fol l'owed by reduction &sing 15 $odi um bdy ohydri de¢ sodi um
cyanobor ohydride or sodiumtriacetoxyborohydride, or by feduction by
hydrogenation in the presence of a catalyst such as nick® , palladium or
platinumto give (4); and d) The product of step c) abo I s hydrol ysed
usi ng aqueous hydrochloric acid at _a con tration of fromO0.01 Mto 12 M
in the presence or absence of Fs nf'_g‘ﬁ'%uch ag 4~ QMII-\Igcetic
acid, or water to produce the amlgQ AaNd 0O OL/ @. -52 Met hod 4B 0
PCT/ US00/ 28687 --NCO U CO2Et 2 e o> ~N oH CO,Et

4

a) An organometallic reagent such as vinyllithium or vinylmagnesium chloride or
bromide is mixed with dimethylzinc, zinc chloride, copper (I) iodide, copper
5 () bromide dimethyl sulphide complex, or copper (I) cyanide in the presence
of a Lewis acid such as boron trifluoride cthérate or aluminium chloride in a
solvent such as tetrahydrofuran or diethyl ether at a temperature from -100°C
to 0°C, and the unsaturated ester (1) is added to give addition product (2);
b) The product of step a) above is ozonolysed in a solvent such as chloroform or
10 dichloromethane or methanol followed by addition of a quench such as
triphenylphosphine or dimethylsulphide at a temperature from -100°C to 0°C
to give (3);
¢) The product of step b) above in a solvent such as methanol or ethanol was
reacted with ammonia solution or ammonia gas followed by reduction using
15 sodium borohydride, sodium cyanoborohydride or sodium
' triacetoxyborohydride, or by reduction by hydrogenation in the presence of a
catalyst such as nickel, palladium, or platinum to give (4); and
d) The product of step c) above is hydrolysed using aqueous hydrochloric acid at
a concentration of from 0.01 M to 12 M in the presence or absence of a solvent

20 such as 1,4-dioxane, acetic acid,l or water to produce the amino acid (5).



CO2H 1~ 1'-C02H R2=e.qg. Bn, t-Bu a) An organone l'ic reagent such as
al | yl magnesi um chloride orvbromide is mxed with di hyl zi 9 Agril ge04

chl ori de, WOIEBI7B1) i odi de, copper (1) brom de 5 dinethyl mumpiiRess7

conpl ex, or copper (1) cyanide in the presence of a Lewis acid such as
boron trifluoride etherate or alumniumchloride in a solvent such as
tetrahydrofuran or diethyl ether at a temperature from-100C to OC and the
unsat urated eMeéthoddB i s added to give addition product (6); or an
organonetal | ic reagent such as benzyl magnesi um chloride or bromde is 10

m xed wi th di net hyl zinc, zinc chloride, co R(l) I odi de, copper (1)

brom de dinethyl sul phide conpl er ) cyanide in the presence
of a Lews acid ch as. boL;ﬁa/E de etheyg e or al um ni um chl oride
in a solvent {uC et r abyr of yg an’ or ot €Ot m@y?g.pture

from -100C t o € ~ f\he ursaturate este;_leéﬂdls ive ddi tion
product (7): 15 h) Addi 69 Bﬂ\\plroduct bi*& )

)WWE 7
carbon tetrachloride or .ethyN acela{ e ang ac nitrdle to Whl ch vvater
sodi um peri odate, and rut henl um (1.1) fil ori de” abe added, and stirred at a
tenperature from-40C to 80C to C . lic acidjof fornmula (8); c)

Addi ng the product of step b) ab0\7e to a mxttire of a bak€ selected from 20
triethylam ne or diisopropylethylam ne and a sol vent selgcted fromtol uene,
benzene, xyl enes, tetrahydrofuran, diethyl ether, or n-he tane ﬁ& which 0
20 April 2004 0 20 April 2004 WO 01/28978 PG U SOO 2
ggg e from
2r oduct

di phenyl phosphoryl azide (DPPA) ‘is added andliistirridg

O0C to 150C to p+f e socyanat f §o %rga ding t

of step b) abolelto Ahyl cMoroforfrat ) or isobdt9i chioroformate and a
base such as tri% yl amG@8r ditsowo bytani ne in tetrahydrofuran or
acetone 5 or diethyl ether at a t fherature of -40C to 78C fol | owed by
addi tion of ~e.g. Me, Bn, t-Bu

a) An organometallic reagent such as allylmagnesijum chioride or bromide is
mixed with dimethylzinc, zinc chloride, copper (I) iodide, copj;)er (D) bromide
5 dimethyl sulphide complex, or copper (I) cyanide in the presence of a Lewis
acid such as boron trifluoride etherate or aluminium chloride in a solvent such
as tetrahydrofuran or diethyl ether at a temperature from -100°C to 0°C and
the unsaturated ester (1) is added to give addition product (6); or an
7 organometallic reagent such as benzylmagnesium chioride or bromide is
10 mixed with dimethylzinc, zinc chloride, copper (I) iodide, copper (I) bromide
| dimethyl sulphide complex, or copper (I) cyanide in the presence of a Lewis
acid such as boron trifluoride etherate or aluminium chloride in a solvent such
as tetrahydrofuran or diethyl ether at a temperature from -100°C to 0°C and
the unsaturated ester (1) is added to give addition product (7);
15 b) Adding the product of step a) above to a mixture of carbon tetrachloride or
cthyl acetate and acetonitrile to which water, sodium periodate, and ruthénium
(III) chloride are added, and stirred at a temperature from -40°C to 80°C to
produce carboxylic acid of formula (8);
c) Adding the product of step b) above to a mixture of a base selected from
20 triethylamine or diisopropylethylamine and a solvent selected from toluene,
benzene, xylenes, tetrahydrofuran, diethyl ether, or n-heptane to which



sodi um azide in water argatetrahydrofuran or aceto f ol | oned by addition
of toluene or benzene refluxi ng; d) Addi ng thg’r oduct 0 ARMbg0Q4
above to aveObu28%8 sel ected fromtol uene, benzene, xylenespcBusderbent ane
to which nmethanol or tert-butanol was added to 10 give (10) and then

addi ng (10) to aqueous hydrochloric acid at a concentration of fromO0.01 M
to 12 Min the presence or absence of a ®drvent such as 1, 4- di oxane,

acetic acid, or wipheRylpRsBEQYIEAIS (PR 4AR! S Ciringlt aA8b Akl omP" 00Ut

of step c) above to a solve sel ected fromtoluene, "benzene, xylenes, or

n- hept ane to whi 8%C BehjC taprashiot thedsocxdubeeliof frigilad9); b6 rddingl thehroduch
hydr ogenati n 10) .over ,ni ckel..or .pal Ladium Qr _.platjnumto give | actam
T ona. tnan notsy BLave &5 s el temaiphr sobbt FRloHprmas and a base
concentration of I'Q i : ' a

i suchi @ il flAmidel & diSoBrbb et nih ERBES: porfgl%é?g(igﬁ&ﬁe

sol vent such as 1,4- dioxane, acetic acid, or water t € am no
acid (5)5 Met hodosdigthykethamt 4 terperituoof>d07Gito 28°CaoHowed by sdditioicgfini de or
sodi um cyani de ag@tiwat er, and ethanol. o t hanol are refl uxed together

with renoval of Wp agide Iy yater é‘i‘g / r agetope followed byraddisionef gi ve

(2); WO 01/ 2897&0%32,@om&gng%eﬂﬁgﬁgUS%lZB%? -54- b) The product of
step a) is stirred with ethanol and tol uene or benzene, and the solution is

saturated w t ) gAddisg therpradust of step ¢) atwive tas selventisplectad dirom folwme, - 30C t 0

40.C to gi 3)y T d f . i s hyd tegd, |
et hanol ° et hanotendne: a7ies” Sk e fne o Shieh meRizng o Fer btoLu s added o
pal | adilgm pl at i give(10)end thediaddina(16) to bGHERRAE Ay aroehIbFHO Rtidata bohERtaddh 9i Ve

4); The product of step c) above is hydrolysed using aqueous
(4); d) Th d f hyd d

hydrochl ori ¢ aci of figm 0.01 Mto 1 in the presence or absence of a solvent such as 1,4-
dioxane, acetic acid, or water to produce the amino acid (5); or adding the
product of step c) above to a solvent selected from toluene, benzene, xylenes,
or n-heptane to which benzyl alcohol was added to give (10) and then

15 hydrogenating (10) over nickel or palladium or platinum to give lactam which
was then hydrolysed using aqueous hydrochloric acid at a concentration of
from 0.01 M to 12 M in the presence or absence of a solvent such as 1,4-

dioxane, acetic acid, or water to produce the amino acid (5).

Method 5
CO,Et
2
— Za o CN b \\CN
CN CN
]
S x>
X NH2 d &
C02H .
20 5 4 0

a) Compound (1) and potassium cyanide or sodium cyanide. and water and
ethanol or methanol are refluxed together with removal of water by, for
example, use of a Dean-Stark trap to give (2);



a concentration of from 0. Mto 12 Min the presen r absence_of a
sol vent such as 1,4-di oxane, acetic acid, or water t@o produc® Amit2894 no
acid (5). Y® U8B 2004 -55 CLAIMS 1. A conpound of for mul aPGFUS00/28687
pharmaceutical |y acceptable salt thereof, or a prodrug thereof, wherein n
is an integer of from2 to 4. 2. A corrpo_tsqgl according to Claiml and
selected from (1la, 6a, 8[i)(2-Am nonet hyl"-oct ahydr o-i nden-2-yl)-acetic
?lci ol;3 . (1a) ?g,b&a’l’he([&oéﬂdt:uﬁmph%isamfe‘ dhwidﬂlﬁhénmgaﬂdfol&én)en@@)@ﬁieﬁgﬁﬂd?he -

a, 3a, 5(x - Ami nopet.hyl -octa ro pental en-2-yi)-acetic acid; +-)-.( 1
a, 5 P)(2-Arino W“—‘Bé@%‘ﬂfﬂbgwapwd@%h@n‘h@é@ Ata epgrature from
(1a, 3a, 5a) (3- Am kdy 1 9.3. 2.0] hept-3-yl)-acetic acid,
(+-)-(1a, 5] 3)(3%?%&@9’%{%‘%@ ¢l of 3.2.0] hept-3-yl)-acetic acid,
(+/-)-(1a, 6p) cR-Pid produdt by ktep &) abordrio hidiégsratedyin)méthigiol Cetheiotl or ethyl
(1a, 30, 5a) (3- Am nonet hyl - bi cycl o[ 3. 2. O] hept -3-yl)-acetic acid, an
(1a, 3[ 375¢) ( 2- ARCABLANTRE 2 eatalystsyel aprickel) palladium,platinem, or shadiumat a o
phar maceuti cal | o hereof . 3. A conpound
according to d ﬁ?ﬁp%%ﬁgﬁehé&(fsgbgg%?a??@gfﬁqﬁmt hyl -
bi cycl of 3. 2. OfipeTHe-fFodick ofistep tratane & hytirolysthasinpsqusbic Ry drycissensiald e sal t
or prodrug thereof. 4. A pharmaceutical_ conposition corrgrl sin

B

AP a
t her apeut i cal | y asongentyatien affom 0.0bM to Ebhisithe peaseunedr ahsange agaysoimtof

Clains 1-3, or 6!{??1. C g“ rodr ereof, and
a pharnaceuti cal%Pfllpg‘{:gggﬁa g’adgg%?%rq’.&%ﬁ%ﬁﬁ? Siﬂe_%%ﬂlggg%g of a
conpound according to any one of Clains 1-4 in the manufacture of a

medi canment for the treatnent of epilepsy. 6. Use of a conpound according to

any one of Clainms 1-4 in the manufacture of a nedicanent for the treatnent
of faintness attacks, hypokinesia, and cranial




di sorders. 7. Use of a corrpound according to any one of d ains n the
manuf acture of a nedicament for the treatnent of neurodegengfpﬁl‘ﬁ”!/%o04

di sorders. 8. Use of a conpound accordigig_to any one of Cains 1-4 in the
manuf acture of a nedicanent for the treatnent of depression. 9. Use of a
conpound according to any one of C ai@AIM8 in the manufacture of a

medi canent for the treatnent of anxiety. 10. Use of a conmpound according to
any one of ai ufacture of a nedicanment for the treatnent
of panic. 1? mAC]() %é)hg%ir)rggor&gﬁaccordl ng to any one of Clains 1-4 in the
manuf act ure of a rredl cament for t 1#nrseat ment of pain. 12. Use of a
conpound according to any one of oh the nanufacture of a

medi canment for the treatnent of neur pat hql ogi cal disorders. 13. Use of a,

conpound according to any one of d ai 4 in the manufacture of a
medi canent for the treatment of prene ual syndrone.

(CH,)n

I

or a pharmaceutically acceptable salt thereof,
or a prodrug thereof,

wherein n is an integer of from 2 to 4.

2. A compound according to Claim 1 and selected from:
(1a,60,8P)(2-Aminomethyl-octahydro-inden-2-yl)-acetic acid;
(1a,60,80) (2-Aminomethyl-octahydro-inden-2-yl)-acetic adid;
(10,30, 50)(2-Aminomethyl-octahydro-pentalen-2-yl)-acetic acid;
(+/-)-(1c.,58)(2-Aminomethyl-octahydro-pentalen-2-yl)-acetic acid;
(1o,30,50)(3-Aminomethyl-bicyclo[3.2.0Thept-3-yl)-acetic acid;
(+-)-(1,5B)(3-Aminomethyl-bicyclo[3.2.0]hept-3-yl)-acetic acid;
(+/-)-(1a,6B)(2- Aminomethyl-octahydro-inden-2-yl)-acetic acid; |
(1a,3B,5a)(3-Aminomethyl-bicyclo[3.2.0]hept-3-y1)-acetic acid; and
(10,3B,5)(2-Aminomethyl-octahydro-pentalen-2-yl)-acetic acid, or a
pharmaceutically acceptable salt or prodrug thereof .

3. A compound according to Claim 1 named (1o, 30, 50)(3-Aminomethyl-

bicyclo[3.2.0Jhept-3-yl)-acetic acid, or a pharmaceutically acceptable salt or
prodrug thereof.

4. A pharmaceutical composition comprising a therapeutically effective amount
of a compound according to any one of Claims 1-3, or a pharmaceutically

acceptable salt or prodrug thereof, and a pharmaceutically acceptable carrier.



10.

11.

12.

13.
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Use of a compound according to any one of Claims 1-4 in the manufacture of

a medicament for the treatment of epilepsy.

Use of a compound according to any one of Claims 1-4 in the manufacture of

a medicament for the treatment of faintness attacks, hypokinesia, and cranial

disorders.

Use of a compound according to any one of Claims 1-4 in the manufacture of

a medicament for the treatment of neurodegenerative disorders.

Use of a compound according to any one of Claims 1-4 in the manufacture of

a medicament for the treatment of depression.

Use of a compound according to any one of Claims 1-4 in the manufacture of

a medicament for the treatment of anxiety,

Use of a compound according to any one of Claims 1-4 in the manufacture of

a medicament for the treatment of panic.

Use of a compound according to any one of Claims 1-4 in the manufacture of

a medicament for the treatment of pain.

Use of a compound according to any one of Claims 1-4 in the manufacture of

a medicament for the treatment of neuropathological disorders.

Use of a compound according to any one of Claims 1-4 in the manufacture of

a medicament for the treatment of premenstrual syndrome.





