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1 . EXClI TATORY AM NO ACI D DERI VATIVES 5 In the
mapmal i an central nervous system (CNS), the transm ssi on of nerve

i mpul ses is controlled by the i nteracti on between a neurotransmtter,
that is rel easgsloibish sendi ng neuron, and a surface receproUsIsMsKA2
recei vi ng neuron, whi ch causes excitation of this receiving neuron. L-
10 dutamate, which is the nbost abundant neurotransmtter in the CNS,
medi ates the major excitatory pathway in nménmals, and is referred to as
an excitatory amno acid (EAA). The receptors that respond to gl utanmate
are called excitatory amno acid receptors (EAA receptors). See WatKkins
& Evarls, Ann. Rev. 15 Pharnacol. Toxicol., 21, 165 (1981); Monaghan,

Bri dges, and Cot man, Ann. Rev. Pharmacol. Toxicol., 29, 365 (1989);
Wat ki ns, Krogsgaard- Lar sen, B¥I TREABY eAMING: 3§ IDPRER FYATSVES 11, 25
(1990). The excitatory am no acids are of great physi ol ogi cal

i mportance, spl ayi ngI1a thé amantnad 1¥Ar b@ttradf n2@vophysystengi(CNE) prdeesses,

such as | ong- t%rnbgggggiégul %Frve £¢éﬁi%3 ”QsaQQnﬂﬁﬂﬁﬁﬁﬂh%.gﬁ devel opnent

of synaptic respiration, ovascular
regul ation, andn§@ﬁ§§F&°$m9Qﬁﬂ@FPoﬁ neurotransmiGeey oitdiar AR Feleased
receptors are Qeagshi géuidii,0 ahaoa Z@rmﬁe&ébepy@emn aReeepivigg t:fmtroar e

directly couple ] Eag es e%§{%gkgg?cgf ogﬁgggaﬂ§£ okgrégg cel | menbrane

of the neurons ‘are erne ropic or has
been subdi WPde@lusapage. |Wisth dBr tee mty@@gndmt cnﬁlafpéransma%ﬁ%e@ shet he

depol ari zi ng agiNsQNme8iatdle 3R AGHbY Cx@liMNLSFY pathway in mammals, and is
referred to as an excitatory amino acid (EAA). The receptors
that respond to glutamate are called excitatory amino acid
receptors (EAA receptors). See Watkins & Evans, Ann. Rev.

15 Pharmacol. Toxicol., 21, 165 (1981); Monaghan, Bridges, and
Cotman, Ann. Rev. Pharmacol. Toxicol., 29, 365 (1989);
Watkins, Krogsgaard-Larsen, and Honore, Trans. Pharm. Sci.,
11, 25 (1990). The excitatory amino acids are of great
physiological importance, playing a role in a variety of

20 physiological processes, such as long-term potentiation
{learning and memory), the development of synaptic
plasticity, motor control, respiration, cardiovascular
regulation, and sensory perception.

Excitatory amino acid receptors are classified into two

25 general types. Receptors that are directly coupled to the
opening of cation channels in the cell membrane of the
neurons are termed *“ionotropic®". This type of receptor has
been subdivided into at least three subtypes, which are
defined by the depolarizing actions of the selective agonists
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2 . N-nethyl-D aspartate (NVDA), [err]-am no-3-hydroxy-5-

met hyl i soxazol e-4-propionic acid (AVWPA), and kainic acid (KA). The
second general type of receptor is the Gprotein or second

messenger - | i Rieshnsigdt abotropic’' excitatory amno 5 acid receptosssnines
second type is coupled to nmultiple second nessenger systens that |ead

t o enhanced phosphoi nosi ti de hydrolysis, activation of phospholipase D,
i ncreases or decreases in c-AWP fornmation,2and changes in ion channel

function. Schoepp and Conn, Trends in Pharmacol. 10 Sci., 14, 13 (1993).
Both types of r r.,.not rmal synaptic
_ e ; %&&B&? [5- %ﬁé??%atg (Nﬁ?% aﬁgﬂgngﬁégﬁ

t ransm ssi on ong Xcrt tici pate in the
modi fi cation oﬁethyllsynaml&}%@mpcmmsaqi@r |(AgPelbveinﬁarkanmanelCi¢1r oughout

life. Scho Bogk agddond &aﬂ £ TE8REst b Pé“%'h@aé @ﬂ , 15
11, 508 (1990)ﬁm|3/bD0n§Id ar?éng%n %ialr’? eseg€t6 X “broéin.

(1990). xPREIREET 5 Tﬁ’ftapﬁf:gog’f?'hlﬁ’%?ﬁt@ﬁ%? %‘5&’?9 atory
am no aci d5r ecaptdorscepacks. td'hrisuseua'nhd Ceige damagepbed [tassubyiple way of a

mechani sm knowib@sdenes LRy %ytsxem'srhtﬁatprl%aswé%&&elaeen suggested to

nmedi at e neuronal degeneratjon_in a_vari et of condi tions.  The nedi cal
consequences dMMRSPORIARS} g hYdrO&lEﬁ%%eraeﬁtllUﬁtﬁ%ééf @OSRHRLERRFR Bf t hese
degenerative incrieases| ogidsircasesesses-AMP ifopnat bort, tahel ahanyes {oalon

The metabot r opkig, eyt @HH&&J:PC%%BEEpa&?d %o'?xhghh'}‘egés el e4p9p0egys famly

of glutamate receptors that are nmul tIIF e second- nessenger
pat hways. ¥hest¥iacdft otd 1993 uncPPER "t]@%&ﬁl LEETRYRF HAPEFALPEPE FEease
of glutamate, to medhidtehsopesi synaptic tsensntiseioy afordexadtroorny cell to

gl utamat e excijativags, CREPUIN oabLEh; G5B Enkhiod 1£1:cABn38s 0l these

receptors, eé)artlcu ar laﬁgonls s .and ant agqni st s of glutamate, are
useful for th 3P4 Fe RPRRFCTHORSe SR 4NG QR IoPment aRd JAEuABPYE Vife -
condi tions, arstlaeppnt Bpskadrt,i end SladedigkonTurkesdst in atadrgesicd, Sci.,

anxi ol yti g5 anfj deppessgssy ; %onaldaélﬁa d%?ﬁts'oﬁ agpRi S reXearch rediws,
present |nvent“£n4%r?¥bgef a conpound fornul
The excessive or inappropriate stimulation of excitatory
amino acid receptors leads to neuronal cell damage or loss by
way of a mechanism known as excitotoxicity. This process has
20 been suggested to mediate neuronal degeneration in a variety
of conditions. The medical consequences of such neuronal
degeneration makes the abatement of these degenerative
neurological processes an important therapeutic goal.
The metabotropic glutamate receptors are a highly
25  heterogeneous family of glutamate receptors that are linked
to multiple second-messenger pathways. These receptors
function to modulate the presynaptic release of glutamate,
and the postsynaptic sensitivity of the neuronal cell to
glutamate excitation. Compounds which modulate the function
30 of these receptors, in particular agonists and antagonists of
glutamate, are useful for the treatment of acute and chronic
neurodegenerative conditions, and as antipsychotic,
anticonvulsant, analgesic, anxiolytic, antidepressant, and
anti-emetic agents.
35 The present invention provides a compound of formula
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3 . [err] in which X represents O NRerr], S, SO or S02;
R represents a hydrogen atom a (1-6C) al kyl group; a (2-6C)al kenyl
group; 5 a (2-6C) al kynyl group; an optionally substituted aromatic

group; an opt iwowhBwesubstituted heteroaromatic group; a norPCTAUSIS Bt | ¢
carbocyclic group;-a non-aromatic heterocyclic group; a non-aronatic
nonocycli c carbocyclic group fused with one or two nonocyclic aromatic

or heteroaromatic groups; a 10 non-aromat i% nonocycli c heterocyclic group
fused with one or two nonocyclic aromatic or heteroaromatic groups; or
a (1-60 al kyl, (2-6C)al kenyl 6C) al kynyl group which is

substi‘tuted by one, two oRoid
optionally substituted aromat
het er garomati c group, a non- arbocyclic group, a non-aronmatic
het erocyclic group, a noaro fnocyclic carbocyclic group fused
W th one or two monocyclic aroflatic/fsy heteroaronatic groups and a
non-aromati ¢ nmonocyclic heterocycl 'c gruMg¥tsed with one or 20 two
nonocyclic aromatic or heteroaromatic groups; Rerr] represents

hydr ogen or a group of formula (CONRb; nis o or 1; and Rb is as
defined for R or aimoWhioiiX nepresenteL| YR, S} o8P |Qr SSRer RoFeRRASANLS
thereof; or a phapim gd ﬁﬂﬁ'&@BﬂB/a (1- @§PQH&§Q'§r§@§I é'Y%L%QGalgghyl groubt

w Il be appreciat e conBounds of . Ty tain | east
four asymetri @ d RrBé %I%lloﬁa Y ?%WBFS %’b%{??etﬁcl ng and
one or two bei myroup;t A optianadllygpsubsiricutiedghe Téeogossent gnownt isomon-

el ect ed i ndependently from an
gptionally substituted

~)
)
N

i ncludes al | ro?ata%'igoé icq 5 £Og PSS o fﬁ%nCQP&ﬁlé’dld:S h‘éi:eir@éﬁéli?c |

i ncl udi ng 30 each of the individual enanti .oner b, tures fhere
Preferably the gt?(?r‘rlﬁouﬂd%o%Ta’ﬁ‘%aﬁ&Fam?n?fﬁ’\F&thgar OCYCCHh‘Fl gaPar ot eé‘n&'\h’ih
bel ow one or two monocyclic aromatic or heterocaromatic groups; a

10 non-aromatic monocyclic heterocyclic group fused with one or
two monocyclic aromatic or heterocaromatic groups; or a (1-6C)
alkyl, (2-6C)alkenyl or (2-6C)alkynyl group which is
substituted by one, two or three groups selected
independently from an optionally substituted aromatic group,

15 an optionally substituted heterocaromatic group, a non-
aromatic carbocyclic group, a non-aromatic heterocyclic
group, a non-aromatic monocyclic carbocyclic group fused with
one or two monocyclic aromatic or heteroaromatic groups and a
non-aromatic monocyclic heterocyclic group fused with one or

20 two monocyclic aromatic or heterocaromatic groups; R2
represents hydrogen or a group of formula (CO)an; n is O or
1; and RP is as defined for R; or a non-toxic metabolically
labile ester or amide thereof; or a pharmaceutically
acceptable salt thereof.

25 It will be appreciated that the compounds of formula I
contain at least four asymmetric carbon atoms; three being in
the cyclopropane ring and one or two being in the
cyclopentane ring. The present invention includes all
stereoisomeric forms of the compounds of formuia I, including

30 each of the individual enantiomers and mixtures thereof.

Preferably the compounds of formula I have the
configuration shown below
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4 . [err] As used herein, the term (l-6C)al kyl neans a
straight 5 chain or branched group. Exanples of values for a (1-
6C)a|ky| group include (1-4C) al kyl such as nethyl, ethyl, propyl ,
I sopropyl, delﬂ/ﬁEﬂ | sobutyl . The term (2- 6C) aI kepotrusdahktigles
(2- 4C3a|keny| suc allyl. 10 The term (2-6C)al kynyl i ncl udes
(2-4C) al kynyl, such as propynyl . The term heteroaromati c group
i ncl udes an aronatic 5-6 menbered ring4containing fromone to four
het er oat ons sel ected from oxygen, sulfur and nitrogen, and a bicyclic
15 group consisting of a 5-6 nenbered ring containing fromone to four

het er bat ons sel ected from oxygen, sul fur @nd ni
benzene ring or a 5-6 nenbered rlagzconta 9
het erpat ons sel ected from oxygen, S0

het er oaromatic groups are furyl, 20 N

rogen fused with a
fromone to four

I trogen. Exanpl es of
Xa2ol yl , isoxazolyl,

t hi azoyl, isothiazolyl, |n1daonyI [O)) benzof uryl,
benzothiophenyl, ben2|n1dazolyl benzdkazots nzot hi azol yl and

I ndol yI . The term aromatic groulencIQQes ﬁﬁenyl and a polycyclic
aromati c carbocyclic ring such as naphthyl 25 The term "optionally
substituted', as used in the term "optionally substituted

het er oar onat i ¢ or @(.@F&Eédchgi*@&'@ 'the telfll @1ns@ﬂaamyf1| fSahdad 38 iGheTOr €

substituents ey B o nBLeRER grad.d BURRLLLLISH Sa08LD% se! Loy ed Trom
6Clalkyl group include (1-4C)alkyl such as methyl, ethyl,
propyl, isopropyl, butyl and isobutyl.

The term (2-6Clalkenyl includes (2-4C)alkenyl, such as
allyl.

10 _ The term {2-6C)alkynyl includes (2-4C)alkynyl, such as
propynyl.

The term heteroaromatic group includes an aromatic 5-6
membered ring containing from one to four heteroatoms
selected from oxygen, sulfur and nitrogen, and a bicyclic

15 group consisting of a 5-6 membered ring containing from one
to four hetercatoms selected from oxygen, sulfur and nitrogen
fused with a benzene ring or a 5-6 membered ring containing
from one to four heterocatoms selected from oxygen, sulfur and
nitrogen. Examples of heteroaromatic groups are furyl,

20 thiophenyl, oxazolyl, isoxazolyl, thiazoyl, isothiazolyl,
imidazolyl, pyrimidyl, benzofuryl, benzothiophenyl,
benzimidazolyl, benzoxazolyl, benzothiazolyl and indolyl.

The term aromatic group includes phenyl and a polycyclic
aromatic carbocyclic ring such as naphthyl.

25 The term "opticnally substituted", as used in the term
“optionally substituted heterocaromatic or aromatic group*,
herein signifies that one or more substituents may be
present, said substituents being selected from atoms and
groups which, when present in the compound of formula I, do

30 not prevent the compound of formula I from modulating
metabotropic glutamate receptor function.



groups whi ch, when present in the conpound of fornmula I, do 30 not prevent

the conpound of formula | from nodul ati ng nmet abot ropi ¢ gl utanate
receptor function. WO 97/ 18199

PCT/ US96/ 18112 5 Exanpl es
of atons and gwesgaswbi ch nay be present in an opt i onal | yPCI(LS26/1811% ed
het eroaronati c or aronmatic group are am no, hydroxy, nitro, hal ogeno,
(1-6C) al kyl, (1-6C) al koxy, (1-6C) al kyl t hi o, carboxy, (1-6C)

al koxycar bonyl, carbamoyl, 5 (1-6c) al kanoyl am no, (1-6C)al kyl sul phonyl,
(1-60) al kyl sul phonyl am no, optionally substituted phenyl, phenoxy,

phenyl thi o, phenyl suEghmpyés qfharypinsutmdgrdupsi wbich may be present in an

t ol ueriesul phonyl) Pﬁal:@- Sfoddlivaeea! ﬂfé’éez%@oﬁ&elc or @Qb%hﬂ&?&oﬂéi%ﬁre
Exanpl es of partlcu

ar_val ues are am no, hI 0
bromo, iodo, nmetMRC. nRYRRXY: DitraepRA ‘igr‘ﬁné’ Xg %%&/yalkﬂg 3? l?‘°xy'
‘met hanesul phonyl (1-6C) abkylthmaceayboxphem)ﬁym phhmvyyadnb@nyﬂ)hemmMMOnyl ,
met hanesul phgnyl @migpp é‘iehgaﬁ%\)l 'm‘i%on?im&alkylsulphorﬁ)&anphe pf val ues for

an optionally substitu aronatic oup are 1-naphth 2 napht hyl ,
phenyl, 2- ipd ﬁy?-Ph%n—\&a&’ré‘ﬁyl 09‘211%5&Jr§n§1‘ sl Pg‘ﬁﬂ% Iph%‘mxy'
hydroxyphenyl , @hylg}&an;/@hqmelnylguibhmndph@hyzhyléialphonyfllammnophenyI
bent af| uor ophenye i stiepn HtiaRatho  Siise) B SABBIORIRIXAL o oheny!
2, 4- di chl or opherffi’; 13°¥L°a1k°xyd| cﬁ?‘ﬁ?‘%ﬁferﬂﬂ paStt‘:‘Fn‘FJcﬁlb VRAINEE oREP MO,
3, 5-di chl or aphemyldroxy, £ilmmenophtoyd, B-dmogonmiplenyhethd-1hr msopteny! ,

2- met hyl phenyl , hy, l L h h
et hoxypheny! , fethyﬁsf%%%heéna%%% yadetihe E%klgpﬁﬂ&*ra@efﬁ?b@@‘? Htro >
di met hoxypheny| ,2CBty1di RReHIN pREAYY 1thics. @ahm@y %%J;Lﬁ}%mhv 2-
trifluoronet hyl piehghesdiphidriyilaaiaseany | qidlybroMethyl.

trifluoronethyl phenyl, 2- #éjq{é) v%‘lhélsf%&Pra(}{r%%;lﬂx%ﬂgﬂvlwb%umte

trlfluororrethyl 4-fl uoro or.one

enyl
2-fl uor o- 5- tﬁlfl%@ﬂ‘éﬁé?h@%‘%#ﬁe 1zna%hyﬂ-he|305é9%‘érﬁ§/]{ PBepKd no£ypheny|
3- car boxyphenyl Jbigphéng¢i, 3-bipheholyphepiphenyl, 2-hydroxyphenyl, 3-

hydroxyphenyl, 4-hydroxyphenyl, 2-fluorophenyl, 3-

fluorophenyl, 4-fluorophenyl, 2,4-difluorophenyl, 3,4-
difluorophenyl, pentafluorophenyl, 2-chlorophenyl, 3-

20 chlorophenyl, 4-chlorophenyl, 2,4-dichlorophenyl, 3,4-
dichlorophenyl., 3-chloro-4-fluorophenyl, 3,5-dichlorophenyl,
2-bromophenyl, 3-bromophenyl, 4-bromophenyil, 2-methylphenyl,
3-methylphenyl, 4-methylphenyl, 2-methoxyphenyl, 3-
methoxyphenyl, 4-methoxyphenyl, 2,3-dimethoxyphenyl, 2,5-

25 dimethoxyphenyl, 3.,4-dimethoxyphenyl, 3,5-dimethoxyphenyl, 2-
trifluoromethylphenyl, 3-trifluoromethylphenyl, 4-
trifluoromethylphenyl, 2-fluoro-3-trifluoromethylphenyl, 3-
trifluoromethyl-4-fluorophenyl, 3-trifluoromethyl-5-
fluorophenyl, 2-fluoro-5-trifluoromethylphenyl, 2-

30 phenoxyphenyl, 3-phenoxyphenyl, 3-carboxyphenyl, and 4-
carboxyphenyl.

The term "non-aromatic carbocyclic group® includes a
monocyclic group, for example a (3-10C)cycloalkyl group, such
as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,

35 cycloheptyl, cyclooctyl, cyclononyl or cyclodecyl, and a
fused polycyclic group such as l-adamantyl or 2-adamantyl,
l-decalyl, 2-decalyl, 4a-decalyl, bicyclo{3,3,0]Joct-1-yl, -2-



The term "non-aromati c carbocyclic group” includes a nonocyclic group,

for exanple a (3-10C) cycl oal kyl group, such as cycl opropyl, cycl obutyl,
cycl opentyl, cyclohexyl, 35 cycloheptyl, cyclooctyl, cyclononyl or

cycl odecyl, and a fused pol ycyclic group such as 1-adamantyl or

2- adamant yl , ecal yl, 2-decal yl, 4a-decalyl, bicycl o[fsRusskesiiz 1- vl
“2- wo b e e Lo

PCT/ US96/ 18112 6 yl or -3-yl,

bi cycl o[ 4, 3,0] non-1-yl, -2-yl, -3-yl or -76yl, bi cycl o[ 5, 3, 0] dec- 1-ylI,
-2-yl, -3-yl, -4-yl, -8-yl or -9-yl and

Elfy0|0[3|3 | 1yr0R L~ SLy12 B&cyéioxh 9[ofhdﬂ 2y 1'Th% &QrH} Dpnyar omat i ¢
et erocyclic me inin e or
two het er oat o%?;lcé’%l18é?elﬁ Ffecf rlonIL()xyge‘hl ggﬁfﬁl rg efi* Tg% r}exarrpl e
azetidin-1-yl and bacyc2oyd,3 gyimostidy h-12-pil,. ~32yy|oxw9-y3-y|

pi peridin-1- y| Theztlélrm "I?bﬁdar‘afnatf'c yllleté]:@@l&ig& an ﬂacihdes 2a V4 .
-3-yl or % mé 2‘6‘?'/9 %@,(tetrahﬁdro ur an- - I
t et r ahydr opyr a"r? fer e§e€Ir c3n§1"‘m SRFdPEoRED I'I‘Fr’fr)ﬂaw Se]&ﬁiﬂedor
-4-yl, thietankx@mybxggen3-suilphuet aaﬂynl:rtotdneanphénr2exampleylazel:1dﬁa-y1 -yl

tetrahydrothl 05,2 Y Qf o f- ylgo he dr, - 3-yl
o -yl pi pg%z?n % y#yrr&ﬁdln il yf 2-yl 33 %%iiz’ ﬂ?Ltp’%Er.eLH[LLH £: 3}’%,

r phol i n-
t hi onor phol i n-13yitr ~3Y} a5 -45¥1. 31’1%1(3113{ RPdRD y\f]r'm @ Hxl y?‘Yl Z’-ryl
-4-yl or -5-yl-4-yl, oredazed-yl bryl3-yP, WetoahydryfyranA2dgaoby d+ -y yl ,

-2-yl or 44 Otfex:x%hypéagg%ém %23»1' ’ —33yi/'or —ﬂ ¥, Oﬁ?xaﬁmﬁdrgoﬁésiﬁ'wf 2-yl,

-3-yl, -4-yl
t hi azol i di n-2-}A7YL- 8ryré-y ﬁm&tanS y¥1 % 391 %@Wﬂwtblﬂ%%-r?matuc

nonocycl i c carytiowCFBeygrouqstrahydi:ushdopynaln-dﬁelor Iwd rmenedyglic aromatic
or heteroaroméﬁhyameﬁeém -4l udgs%ﬁ d3-1400) cygi galdoyl, grgypo{uszad \M th

a benzene rin an arqomatic oS- nbered ri ng COI’]t al n| n

one to four hétler FBHElg%TJeéﬁled ?r%h%&yg"eﬁ(l'sﬁm?ﬁc’%ﬂl? 38-15¥Er o g7e‘|¥1 such
as i ndanylis 1,&; 334viet tetmahy@mpbtlhmﬂdm biyl, -2-¥tyl-4-yl or -5-yl,

5, 6,7, 8-tetrahydr L Yo, | ca=Fr Yls _ L
5,6,7, 8- tetraw%r%?gégﬁl erl(r)BHBn- ¢ ny °¥ 4 371 _%mgﬁagoy%d“} 1-yl, -2-yl or

4,5, 6, 7-t et r ald¥obe GFﬂJer‘t?eH14 yF'Yl‘S TA-YL Bryrogfl - Prggolidin-2-yl,
di benzo[ 2, 3, 6,-3-w\c| eAepl avr 1-5Hylor thilazdlin-2-yl, -3-yl, -4-yl or -5-y1,

or thiazolidin-2-yl, -3-yl1l, -4-yl or -5-yl.

10

20 The term "a non-aromatic monocyclic carbocyclic group
fused with one or two monocyclic aromatic or hetercaromatic
groups* includes a (3-10C)cycloalkyl group fused with a
benzene ring or a an aromatic 5-6 membered ring containing
from one to four heteroatoms selected from oxygen, sulfur and

25 nitrogen, such as indanmyl, 1,2,3,4-tetrahydronaphth-1-yl or
-2-yl, 5,6,7,8-tetrahydroquinolin-5-yl, -6-yl, -7-yl or 8-vyl,
5,6,7,8-tetrahydroisoquinolin-5-yl, -6-yl, -7-yl or 8-vy1,
4,5,6,7-tetrahydrobenzothiophen-4-yl, -5-yl, -6-yl or -7-yl,
dibenzo(2,3,6,7]cycloheptan-1-y1 or -4-yl,

30 dibenzo([2,3,6,7)cyclohept-4-en-1-yl or -4-y1, or 9-fluorenyl.

The term "a non-aromatic monocyclic heterocyclic group
fused with one or two monocyclic aromatic or hetercaromatic
groups" includes a 4 to 7 membered ring containing one or two
heteroatoms selected from oxygen, sulphur and nitrogen, fused

35 with a benzene ring or a an aromatic 5-6 membered ring
containing from one to four heteroatoms selected from oxygen,
sulfur and nitrogen, such as 2.3-dihydrobenzopyran-2-yl, -3-



30 dibenzo[ 2, 3,6, 7] cycl ohept-4-en-1-yl or -4-yl, or 9-fluorenyl.

The term "a non-aromati c nonocyclic heterocyclic group fused with one
or.two monocyclic aromatic or heteroaromatic . groups” includes a 4 to 7
menbered ring containing one or two het er oat ons sel ected from oxygen,
sul phur and niwoogesise f used 35 with a benzene ring or a an ZEBVE/BI3- 6
menbered ring containing fromone to four heteroatons selected from
oxygen, sul fur and nitrogen, such as 2.§-dihydrobenzopyran-Z-yI, - 3-
WD 97/ 18199 PCT/ US96/ 18112

7 yl or -4-yl, xanthen-9-yl, 1,2, 3,4-tetrahydroquinolin-21-yl,

-2-yl, -3-yl ory14ezyl 4—9110xdnh}yeh-(9&grl| din2 B M-retralipdyéquinolin-1-yl,

2,3-di hydrObe“ZQQtyPPWﬁ 120¥! 4=y Vg, 20 aﬂhydroa%ldln 29-yl or -10-yl,
di benzot hi opyrap- X val ue for iy

represents an 23 %’t}'fytﬂﬁ'é’lblei}zg'ﬁ%’s?‘?yt% amé Ht‘at er3oé(rloF?‘Et re- 3Q]r'0L?§ i s

2-pyrimdyl. dibenzot\WiepyRanepresent s an optionally substituted aromatic
group, it preferably,d eprgagat 5faa2‘,a&%réhtfta¥lwrm+p i@ r@pre%erm“see.;a' group

which is unsubstituted _or Substitute one or stituents
sel ected i ndepefBEHIAL MY, SHPREL GY h@i—eﬁ@}r"“‘atlgl E?Pu%n’ds (royeimadybxy .
Exanpl es of val ues fmerRmhepresemmraeseptsomuly suhptnr)nmﬁédl Yardwgtitt ut ed

aromati c group p flyuorophenyl ,
4-f| uor ophenyl 5‘%8%? r% ?}%Q# %ﬁ )egﬁ)resenré%tara ?Hpﬁg c%f EI ér ophenyl
3- chl or ophBR§#Y 1 Aﬂ-ré’HPOWBb‘F?én‘ﬁ un§uhs Hemest %héHyFtl@hﬁd by one or
di chl or ophey| , tie bswrmpheryts Selworedphsdgpendenhngndpbetydlogen, (1-4C)

2- et hyl phenyl , 4 Wtaﬂfé phenydy £ yl phenyl, 2- nmet hoxyphenyl ,
3- met hoxyphenyl , oxyphenyl 20 trlfluoronethylphenyl and
4-trifluoronet hyl phemmples of Val‘B@arﬁ?lreg e, dity £EPrBseRESufeh | t

represents a opsimﬁnlyubeﬂs(ﬂmﬁ@cﬂlakséh\at;(a -droupl keay?-mpHeAy3C) phéayy,
group are phepilodchudfa gl kyle %ﬁﬁeﬂ?g %m%%p{aém%y"@ 3 Kyl which

are unsubstituted or sa ‘substituents
sel ected i ntepefitiEhianPregt haﬂ’%f{:}'e”}fl“PIOPhenY%C)ZaFR}PrOICI’FWé) -aPRoxy and
phenyl . More pathlotdpireny]l, R4 fetyloropheapl esen-dd ch@ozybheiyaup 2i,6-whi ch t he
phenyl ring is dichlorophenyl, 2-bromophenyl, 3-bromophenyl, 4-bromophenyl,
2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 2-
methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 3-

20 trifluoromethylphenyl and 4-trifluoromethylphenyl.

Examples of values for R when it represents a
substituted (1-6Clalkyl, (2-6C)alkenyl or (2-6C)alkynyl group
are phenyl (1-4C)alkyl groups and diphenyl (1-4C)alkyl which
are unsubstituted or substituted on phenyl by one or two

25 substituents selected independently from halogen, (1~
4Clalkyl, (1-4C)alkoxy and phenyl. More particularly, R may
represent a benzyl group in which the phenyl ring is
unsubstituted or substituted by one or two substituents
selected independently from fluoro, chloro, methyl,

30 isopropyl, methoxy and phenyl; such as 3-chloro-4-
fluorobenzyl, 4-fluorobenzyl, 3-methylbenzyl, 4-fluoro-3-
methylbenzyl, 2,3-difludrobenzyl, 3,4-difluorobenzyl and 3-
chlorobenzyl.

A preferred value for R is hydrogen.

35 A preferred value for R2 is hydrogen.

Preferably X represents O or S.



unsubstituted or substituted by one or two substituents sel ected
I ndependently fromfluoro, chloro, nethyl, 30 isopropyl, nethoxy and

phenyl; such as 3-chl oro-4- fl uorobenzyl, 4-fl uorobenzyl,

3- et hyl benzyl, 4-fl uoro- 3- met hyl benzyl , 2, 3-di fl uorobenzyl,

3, 4-di f | uor oRgRgHigigand 3- " chl or obenzyl . A pref ectresbusdizie for
R is hydrogen. 35 A preferred value for Ra is hydrogen.

Preferably X represents O or S. WO 97/ 18199

PCT/ US96/ 18112 8 8 Particularly

preferred conpounds are 1SR, 4SR, 5RS, 6SR-
gh gm ggl-? Zonabi Cygl?[ﬁ%lﬁumhp}mﬂrﬁedi e@ﬁﬂwfmlsi Gracigk angr, sxéSI%SIASR

, B6SR- 4- am po- abi ¢ xane- C
(O IR ar o Y sk B OMERR A g adten St d sy 1
acidis especﬂaﬂﬂ:y 4SR, PR8f eGE'rPed amhe@ez hedslabyal b”ééﬁﬁxﬁoanﬂ 40 be
pot ent ag ol srboftl 1 9L Us @t e (al -eAMP2R | Weed sRel ahpidepl-c gl utamate

o

hexane- 4, 6- di qardfexylede athese compounds Thavepkeeanfound it benpohehtides

phar maceut i calA@emscsaeeeem%m%ah&sc&&plmkfegr REt &bd e fpTROY NGB amddieSe
salts can exist in cogé qﬁ; on ?ﬂ & aCIdhC or, basi_c portlon of the
mol ecul e and CHIFSBECEE - asPARGRELARELERBRCY FAWeYe L2 cttaryS: 18R ertiSar y,
or quat er nary &8RO (Grchadket 4 - fiwbab) bemzyl Hdalamigo-2 - ommlsrcﬂremllsmll—ts

GeneralIy]Iihehéyadg.qd@Laigggggugygcaggld prepared by the reaction of an
acid with a conpo netal and 3Ikaline earth

o e O e b ent, s o b’;’;CJr‘héeesr Sherranesiimdvioy o oo
form 20 of thexaiwzitabdensalts sHf tthei £brmulofpeendowhds or Milegel salts can

Aci ds commonl ye,emgd qme@ohguﬁzmansuqhhsahé Sad:.’@ﬁlcue? basid w&aehcoﬁ%m such
as hydrochlorl uric ric acid,

r ob I’
s el as or guertle’ doaCken SRSt,88 Seia agdibiatt) Fhiy - hBERORARI  oni o
oxal i c, pdda- Q&@mphen@@ﬂﬁmmm@m%u @lkslitchetial,, ort pikalimnzoic,

and aceti CeAGU I meaRd £g1ad ed Gleﬁgfgﬂglrc &ma@&gaaa&u%rﬁ%a@acgre
phar maceuti cal Ly, accepjabl e salts thus.include sutfalenound of

formula I. The alkali metal and alkaline earth metal salts
are generally prepared by the reaction of the hydroxide form

20 of the desired metal salt with a compound of formula I.

Acids commonly emploYed to form such salts include
inorganic acids such as hydrochloric, hydrobromic, hydriodic.‘
sulfuric, and phosphoric acid, as well as organic acids such
as para-toluenesulfonic, methanesulfonic, oxalic, para-

25 bromophenylsulfonic, carbonic, succinic, citric, benzoic, and
acetic acid, and related inorganic and organic acids. Such
pharmaceutically acceptable salts thus include sulfate,
pyrosulfate, bisulfate, sulfite, bisulfite, phosphate,
ammonium, monohydrogenphosphate, dihydrogenphosphate, meta-

30 phosphate, pyrophosphate, chloride, bromide, iodide., acetate,
propionate, decanoate, caprylate, acrylate, formate,
isobutyrate, caprate, heptancate, propiolate, oxalate,
malonate, succinate, suberate, sebacate, fumarate, hippurate,
butyne-1, 4-dioate, hexane-1,6-dicate, benzoate,

35 chlorobenzoate, methylbenzoate, dinitrobenzoate,
hydroxybenzoate, methoxybenzoate, phthalate, sulfonate,
xylenesulfonate, phenylacetate, phenylpropionate,



pyrosul fate, bisulfate, sulfite, bisulfite, phosphate, anmoni um
nonohydr ogenphosphat e, di hydrogenphosphate, neta- 30 phosphate,

pyrophosphat e, chloride, brom de, iodide, acetate, pr opi onat e,
decanoate, caprylate, acrylate, fornmate, i sobutyrate, caprate,

hept anoat e, prapéwisedee, oxal at e, mal onate, succinate, suBEHEIIE18IN
sebacate, fumarate, hippurate, butyne-1|, 4-di oate, hexane-1, 6-di oat e,

benzoate, 35 chl orobenzoate, nethyl benzoat di ni tr obenzoat e,
hydr oxybenzoat e, net hoxybenzoate, phthal ate, sul fonate,

xyl enesul f onat e, phenyl acetate, phenyl propi onate, WO 97/ 18199
PCT/ US96/ 18112 phenylbut rate, citrate, lactate, a-hPdroxybutgasy) but yrat e,
citrafe, |actate, \t/ roxybut yrat e, col at e, Ieate tartrate,
net hanesul fonat%lywla Br db%%ﬁl fBﬁﬁ‘E’éat%aﬁ%"HﬁP%ﬂél &Pt onat e,

napht hal ene- 2- propasektbfiaiae, naaplhtmmnermgneﬁfmt&.ema@hehhyémi um 5
potassium tri @}ﬂ%haggomel%%@' Uﬁé?ﬁ@émﬁl aimr%mhylammeﬁk&mum and the

i ke salts. t oxl ¢_nmet | call ster and ani de of
conpounds of f AIRFSELPMar & Gty LaPmand iy 6%1’9119& |%§1Y&Pmm°nl‘d'6rrpounds of
formula | that @aneibwdr ahg zetk ilikei galto. af ford 10 sai d conmpound of fornula

| and a pharmaceuti gall yoaec ol scant fl GGk BLcanide Jxaupbes of

netabollcally | abi | € este e esters forned 1-6C) al kanol s

in which the comovegﬁswﬁmﬁ%wlﬁa} BEe FRGBNEF| ?/m%‘iﬁaﬁqrtleff‘ 4vey of (1-80
al koxy group, fampexadpl ef nfirwenial I ehétarsste hydopinadd dmdviso to afford

met hoxyet hapol . sﬁ@%ﬁgéuﬂé w%?ahi&ai | dhd %bbhgrtﬁ&'&éiﬁ:%call{' aew&@amr@ des

formed with am nes suc r]g 9 anot her
aspect, the prc&&oln@EnaHe- E"BF‘B%%&E &‘%F‘B%%%a]f]é’r ReLBr 8PSt i on of
a conpound of incliudiendbgerts Wirtedceiphi i Ke$CA0alkanols in( ghibiidtléyzing a

conpound of foréﬂﬂéiol moiety may be optionally substituted by a (1-8C)
alkoxy group, for example methanol, ethanol, propanol and
15 methoxyethanol. Examples of metabolically labile amides
include amides formed with amines such as methylamine.
According to another aspect, the present invention
provides a process for the preparation of a compound of

formula I which comprises

20
{a) Thydrolyzing a compound of formula
II
NHR'!
25 in which R1 represents a hydrogen atom or an acyl group

and R2 represents a carboxyl group or an esterified carboxyl

group, or a salt thereof;

{b} hydrolyzing a compound of formula
30



[err] 25 in which Rerr] represents a hydrogen atom or an acyl

group . and R2 represents a carboxyl group or an esterified carboxyl
group, or a salt thereof; : (b) hydrolyzing a conpound of formula
30 - WD 97/ 18199 PCT/ US96/ 18112

10 o amg.mk%r] in which R3 represents a capdpystengiipup or
an esterifie carboxyl group, and R4 and R[lerr] each independently

represent a 5 hydrogen atom a (2-6C) al kanoyl group, a (1-4C) al kyl
group, a (3-4c) alkenyl group or a phéflyl (1-4C) alkyl group in

whi ch the phenyl is unsubstituted or substituted by hal ogen, (1-40
al kyl or (1-4C) al koxy, or a sgit thereof; or

18

in which R3 repregents a carboxyl group or an esterified
carboxyl group, and R% and RS each independently represent a
5  hydrogen atom, a (2-6C) alkanoyl group, a (1-4C) alkyl group,
a (3-4C) alkenyl group or a phenyl (1-4C) alkyl group in
which the phenyl is unsubstituted or substituted by halogen,
(1-4C) alkyl or (1-4C) alkoxy, or a salt thereof; or

10 (c) deprotecting a compound of formula

NHR®

in which R® represents a hydrogen atom or a nitrogen
15 protecting group and each of R7 and R8 independently
represent a hydrogen atom or a carboxyl protecting group, or
a salt thereof;

whereafter, if necessary and/or desired

20
{i) resolving the compound of formula I;

(ii} converting the compound of formula I into a non-

toxic metabolicélly labile ester or amide thereof; and/or;
25



10 (c) deprotecting a conpound of formula [err] I n
which R6 represents a hydrogen atomor a nitrogen 15 protecting group and

each of R7 and R8 independently represent a hydrogen atom or a carboxyl
protecting group, or a salt thereof; whereafter, if necessary
and/ or desir eaw@ 9718199 (i) resolving the conmpound of fornRCHU$IE/ 18112
(i1) converting the conpound of fornmula | into a non- toxic
netabolically labile ester or am de thereonﬁ and/ or; 25 WO
97/ 18199 PCT/ US96/ 18112

11 (iii1) converting the conpound of fornmula | or a non-

toxic netabolically {idldi)| e cesvertiong aimedeompmurebiofi fibomala I or a non-
phar maceut i cal | YobiC aRkabbeisa 1y tl'&%riﬁgfester %r amide é\‘?%r@g(ft gﬁ{ﬁ/%%glﬁ gf

carboxylic aC|d and anlne [ oups general ly desc
Protecting G o2 gﬁly acQﬁRéﬁP%?rﬁﬂqu RPPress, NY, 1973, and
G eene and Wit s, Protectlng G oups in organic Synthesis, 2nd. Ed., John

Wl ey & gSons, N\ﬁhel%%&:egé(ﬁm)lo%s chrbBﬁyP:%%oanEﬁ&téﬁgleg 2H88s is

generally described in McOmie, Protecting Groups in Organic
Chemistry, Plenum Press, NY, 1973, and Greene and Wuts,
Protecting Groups in Organic Synthesis, 2nd. Ed., John Wiley
& Sons, NY, 1991. Examples of carboxy protecting groups

10 include alkyl groups such as methyl, ethyl, t-butyl and t-
amyl; aralkyl groups such as benzyl, 4-nitrobenzyl, 4-
methoxybenzyl, 3,4-dimethoxybenzyl, 2,4-dimethoxybenzyl,
2,4,6-trimethoxybenzyl, 2,4, 6-trimethylbenzyl, benzhydryl and
trityl; silyl groups such as trimethylsilyl and t-

15 Dbutyldimethylsilyl; and allyl groups such as allyl and 1-
{trimethylsilylmethyl)prop-l-en-3-yl. Examples. of amine
protecting groups include acyl groups, such as groups of
formula R11co in which R11 represents (1-6C) alkyl, (3-10C)
cycloalkyl, phenyl(1-6C) alkyl, phenyl, (1-6C) alkoxy,

20 phenyl(l-6C)alkoxy, or a (3-10C) cycloalkoxy, wherein a
phenyl group may optionally be substituted by one or two
substituents independently selected from amino, hydroxy,
nitro, halogeno, (1-6C) alkyl, (1-6C) alkoxy, carboxy, (1-6C)
alkoxycarbonyl, carbamoyl, (1-6C) alkanoylamino, (1-6C)

25 alkylsulphonylamino, phenylsulphonylamino, toluenesulphonyl-
amino, and (1-6C)£fluorcalkyl.

The compounds of formula II are conveniently hydrolyzed
in the presence of an acid, such as hydrochloric acid or
sulfuric acid, or a base, such as an alkali metal hydroxide,

30 for example sodium hydroxide. The hydrolysis is conveniently
performed in an aqueous solvent such as water and at a
temperature in the range of from 50 to 200°C.

The compounds of formula III are conveniently hydrolvzed
in the presence of a base, for example an alkali metal

35  hydroxide such as lithium, sodium or potassium hydroxide, or
an alkaline earth metal hydroxide such as barium hydroxide.



10 include al kyl groups such as nethyl, ethyl, t-butyl and t- anyl ;

ar al kyl groups such as benzyl, 4-nitrobenzyl, 4- nmet hoxybenzyl ,

3, 4-di met hoxybenzyl, 2, 4-di net hoxybenzyl , 2,4,6-trinet hoxybenzyl ,
2,4,6-trimethyl benzyl, benzhydryl and trityl; silyl groups such as
trinethyl silyo AR ?% 15 butyldinmethylsilyl; and allyl groyasussesdiiAs
allyl and 1- rimethylsilyl methyl)prop-1-en-3-yl. Exanples of am ne
protecting groups include acyl groups, such as groups of formul a
Rlerr]COin which R err] represents (Il-6Ct2al kyl, (3-10C) cycl oal kyl,

phenyl (1-6C) al kyl, phenyl, (1-6C) al koxy, 20 phenyl (1-6C)al koxy, or a
(3-100) cycl O%LKeéulev!f@a&lgnameala pﬂ?axﬂde%ae@r rra»rh%pkbfa é+ect Eis

substiituted by one or two substituents In en entI

ani no, hydroxfonvenlﬁ?thJﬂhépﬁgﬁﬁﬁpeCﬁyéffmap é) al koxy, carboxy,
(1-60Q al koxycarbbeyted camlbannfdr K1 -26€) haak@gmrylm N2r6¢ laBanozd
alkylsulphonybgghag Qm§p¥k§gkggppylanlno t ol uenesul phonyl - am no, and
(1- 6C3f|uoroa| unds of formula Il are conveniently
hydr ol yzed? in Fﬁ%fﬁ?’é%jeﬁ’@éuﬁfs 5?1"' &1 ahegyih TRPURAENGENRBr PREYGitd o8y

sul furic aci dca@no&ybag;mupsmrb 45~ am) aAlkoxycanbomtl hpdapsi gech Hs for

exanpl e SOdIU%EBX ??h 1.The hydrolysis is conveniently performed in
an aqueous solvent suc 4S water and at. a tenperature in the range of

from 50 to 200[ err Fee compounds pfefRigmpddysmayY Pordapratertedry a
conveni ently Ia:pdxréhyi@dal methbdt herhiss @ancalkyl ey 1f protx@iplge an

al kali netal 018 I odi S5l n1hydrOX|de
or aniglk§?|n§ :$&%9§§%§%Qﬂ8%¥1§k§bﬁggc as a%'dgg%idrog?

WO 97/ 18199 convenlent v be performed by heating tghercgnpepndab formula

12 Sui t aM enr ehetpmamdl af i atthede avbhee, fde dxanpeeainlr£11a8i

conveni ently 'm'%t%!ﬂ &%f shER™ d§Q121tt21 0 Lgéil]lxr?or potassmrﬁ’r eferred
val ues for R[err are rogen_an é)alkanoy groups, such as
acetyl. 5 hy P%’r@‘?réﬁf PR géka H)‘T*e et e AYRFOXigis e SBRR sARPAWEY i i ed
car boxyl gpoupbyarexf{de 5Q@mladnoxytar oty lasghgapsclsluiticaacid. efmwxycar bonyl .
The conpounds h9tir£9yg]:g 314 %o‘iﬁ%)én?@n@ﬁp %tr%(c\)&ﬁgdbé/t q temperature in the
range of from 10 to 300 ©C. An aralkyl carboxyl protecting
group may convenlently be removed by hydrogenation. The
hydrogenation may conveniently be effected by reacting the
20 compound of formula V with hydrogen in the presence of a
Group VIII metal catalyst, for example a palladium catalyst
such as palladium on charcoal. Suitable solvents for the
reaction include alcohols such as ethanol. The reaction is
conveniently performed at a temperature in the range of from
25 0 to 100°C. An acyl, amine protecting group is also
conveniently removed by hydrolysis, for example as described
for the removal of an alkyl carboxyl protecting group.
The compounds of formula II may be prepared by reacting
a compound of formula V
30




conventional nethod. Thus, an al kyl carboxyl protecting 10 group may be

renmoved by hydrolysis. The hydrol ysis nmay conveniently be perfornmed by
heating the conpound of formula Vin the presence of either a base, for
exanpl e an al kal i metal hydroxi de such as lithium sodium or potassium
hydr oxi de, or woomidted i ne netal hydroxide, such as barium 15PCHy8%a811de, or
an acid such as hydrochloric acid. The hydrol ysis is conveniently
performed at a tenperature in the range of from10 to 300 [err]C. An

ar al kyl carboxyl protecting group may éanveniently be renoved by

hydr ogenati on. The hydr ogenati on may conveniently be effected by

reacting the 20witdorpoaddadi devalukgadiae ! burthdaegeithiun, heopiesesnce of a
Goup VIII et S e | adi t t as
%oz_fa@s%mstaﬁg e O%43APLA gmr@rmmam&@, Y3l as am ﬁi}g

pal | adi um on char.coal . e sqolvents reaction 1 nc

al cohol s such aSHERol CoORRRPISILdY| bR FRe PreseBRecpf entrdsperfor Mdsat a
tenperature in the arewogéunfhdXicla 28 mﬂxed)wmh&[ehrbﬁhtog%aphyyb;a@ﬂ}ne
protecting oupy . nS ral Lent | e [ or
exanpl e as g%sé??%%ﬁ% ig F%? e%%gED€EJ¥5%ﬁ§%£ng§¥%car %%éﬁ %%otectlng
gr oup. AC/IOTAEEHSBNdSTRT MASEHTE a1 9 IEheRy LbEadtatasl wdthy reacting

a conmpound of fultmidsaudd3Owhereafter the compound of formila v is[&£dddd,

10 ST/ 15199,  and e migraye i, spain trpsdsce, FHL AGh s,

13 wi th an al kali netal cyani i UM _
pot assi um cyani BEN&Rd *EntBEREINASRY hapt trRwed fvh Tusthemoidramiat lor ok de,
conveni ent 130 | mXtmaspuadence of ul trasound. Thus, t he ammoni um hal i de

71 e s o RO A5, U M0 DL HESRER Sl
is then reacted with an acylating agent, such as acetyl
chloride in the presence of a suitable base, for example an
amine such as ethyl diisopropylamine and in the presence of a

15 suitable solvent, such as dichloromethane, to afford a
mixture of diastereomeric acylamino nitriles. The desired
diastereoisomer is conveniently separated from this mixture,
for example by chromatography.

The compounds of formula IIT may be prepared by reacting

20 a compound of formula V with an alkali metal cyanide, such as
lithium, sodium or potassium cyanide, and ammonium carbonate
or ammonium carbamate. Convenient solvents include alcohols,
such as methanol, agueous methanol and aqueous ethanol.
Conveniently the reaction is performed at a temperature in

25 the range of from 10 to 150°C. 1If desired, the compounds of
formula IIT may then be alkylated, for example using an
appropriate compound of formula R4Cl and/or R5CL.

The compounds of formula III may conveniently be
resolved prior to hydrolysis. Thus, for example, a compound

30 of formula III in which R2 represents a carboxyl group may be
resolved by treatment with an optically active amine, such as
{R) -2-phenylglycinol.

The compounds of formula V in which X represents O may
be prepared by cyclising a compound of formula

35



ul trasound, whereafter the conpound of fornula V is added, and the

m xtur.e is again irradiated. The al kali netal cyanide is then added,
followed by further irradiation with 10 ultrasound. The resul tant
m xture of diastereoisoneric amnonitriles is then reacted with an
acyl ating agg 0 ag&h as acetyl chloride in the presengfsegistisi t abl e
base, for ex ﬁﬁlé am ne such as ethyl diisopropylamne and in the
presence of a 15 SU|tabIe sol vent, such as dichl oronet hane, to afford a
m xture of diastereoneric acylam no nitriltdes. The desired

di astereoi soner is conveniently separated fromthis m xture, for
exanpl e by chromat ogr aphy. H The conpounds of fornmula Il nay be
prepdared by reacting 20 aﬁionp gnd of fornula V with an alkali netal

cyani de, such as l'ithi r potassium cyani de, and ammoni um
car bagnat e or anmmoni u nveni ent sol vents Whcl ude al cohol s,
such as net hanol, aqueous neth geous et hanol . Conveniently
the reaction is perforned at a t ture in 25 the range of from10 to

150[err]C. If desired, the conpounfds of formula Il may then be
al kyl ated, for exanple using an O appropriate conpound of fornula R4C
and/ or R5C . The conpounds of formula Il may conveniently be

resol ved prior_tq .hydro SIS for.exa d 3 fornula
11 ownd oh 0 haSFoboRvSt deentA & 3 pREHIY FR o cofSUE I8, Saamp

treat ment w tipdaimeoptcbmal | Theagteiags iani he, camsnigstly pexforimeghénytige yci nol .
The corrpoumdspfgsé‘r@rerrukaa\baéb MR Xsr £p8 a5RREbi &/ FRY(S. 4. dGnAkEPAL ed by

cyclising a conpou 97/ 8199
PCT/U896/181f?§P % bie éniveﬁ%s include ethefﬁ, jh ﬁenr]

tetrahydrofuran. The temperature is conveniently in the
range of from 0 to 100°C.
The compounds of formula VI may be prepared by oxidising
10 a compound of formula

H

T ‘\\\\’;o
¥ 4

VIa

OH

The oxidation is conveniently effected using an appropriate

15 conventional oxidation method, for example, using oxalyl
chloride in dimethyl sulfoxide or (when X is 0O, NR2 or S0

only) chromium trioxide in sulfuric acid (Jones reagent).
The compounds of formula VIa may be prepared by the
method described in J. Aamer. Chem. Soc., 110 (14), 1988,
20 pages 4533-4540.
The compound of formula V may also be prepared by
oxidizing a compound of formula



in which Z represents a | eaving atom or group, for exanple an I odi ne
atom The reaction is conveniently perforned in the 5 presence of a base,

such as |, 8-di azabi cycl o[ 5. 4. 0] undec- 7- ene. Suitable solvents include
et hers, such as tetrahydrofuran. The tenperature is conveniently in the
range of fromyidd7as1®90[err] C The conpounds of for mACI/USP6/I8RIZ be
prepared by oxidising 10 a conpound of formula [err] The
oxidation is conveniently effected using appropriate 15 conventi onal

oxi dation nethod, for exanple, using oxal chl oride in dinethyl

sul foxide or (when X is O NRa or S02 only) chromumtrioxide in

sul furic acid (Jones reagent). H
prepared by the nmet hoggégescr i
20 pages 4533-4540.
by . oxidizing a compound o
PCT/ US96/ 18112

The conpounds of fornula Vla nay be

Aner. Chem Soc., 110 (14), 1988,
of formula V may 0 be prepared
E WO 97/18?@3

15

OH

The oxidation may conveniently be effected by reacting the
compounds of formula VII with dimethyl sulfoxide in the
5 presence of an activating agent, such as oxalyl chloride,
followed by treatment with a base, such as triethylamine.
The reaction is conveniently performed at a temperature in
the range of from -80 to -20°C.
The compounds of formula VII may be prepared by reacting
10 a compound of formula

H
R2

/// R IX

with a hydroborating agent, such as borane or thexylborane,
15 followed by an oxidizing agent, such as hydrogen peroxide in
the presence of a base, such as sodium hydroxide or an
agueous buffer in the pH range of from 53 to 14. The
temperature is conveniently in the range of from -20 to 25°C.
The reaction may generally be performed according to the '
20 methods described in J. Am. Chem. Soc. 1986, 108, 2049 and J.
Am. Chem. Soc., 1991, 113, 4037.
The compounds of formula IX may be prepared by reacting
a compound of formula

I /// R X

25



[err] The oxi dation may conveniently be effected by reacting the
conpounds of formula VIl with dinmethyl sulfoxide in the 5 presence of an

activating agent, such as oxalyl chloride, foll owed by treatnent with a
base, such as triethylani ne. The reaction is conveniently perforned at a
tenperature 97,18;9Ee range of from-80 to -20[err]C pCT/USBEIS P POUNdS
of fornmula Vi e prepared by reacting 10 a conpound of fornula

[err] with a hydroborating agent, such as borane or thexyl borane, 15
foll owed by an oxidi zi ng agent, such as h}frogen peroxide in t he
presence of a base, such as sodi um hydroxi de or an aqueous buffer in the
pH range of fron15 to 14. The tenperature is conveniently I n the range
of from-20 to err The_rea Y. erall peg f or med
Sccording Lo CHERDE SoRa Secermtin vy i Rarteabe S 86 108, 2049
and J. Anltehasntfnm netEd9tatdlBst AG8ch as a rhodilum oonpopwets of fornul a

{/\é ggylgiggre%%s@ygy refd Adceiof fRTRRUALA 1y fQY ?#’335 % Jcordmg
to the methods described in J. Chem. Soc. Perkin Tran I
1979, 2624; Tetrahedron, 1971, 27, 2957. Justus Liebigs Ann.
Chem. 1963, 668, 19; and Tet. Let. 1964, 2185.

Compounds of formula V in which R represents a {(1-

6Clalkyl or a substituted (1-6C)alkyl group may also be

10 prepared from the corresponding compounds of formula V in °
which R represents a hydrogen atom by reaction with the
appropriate aldehyde, for example in the presence of
pyrrolidine, followed by hydrogenation of the resultant
alkylidene adduct, for example using Raney nickel or

15 palladium on carbon as catalyst.

Many of the intermediates described herein, for example
the compounds of formula II, III and IV are believed to be
novel, and are provided as further aspects of the invention.

The particular dose of compound administered according

20 to this invention will of course be determined by the
particular circumstances surrounding the case, including the
compound administered, the route of administration, the
particular condition being treated, and similar
considerations. The compounds can be administered by a

25 variety of routes including oral, rectal, transdermal,
subcutaneous, intravenous,'intramuscular, or intranasal
routes. Alternatively, the compound may be administered by
continuous infusion. A typical daily dose will contain from
about 0.01 mg/kg to about 100 mg/kg of the active compound of

30 this invention. Preferably, daily doses will be about 0.05
mg/kg to about 50 mg/kg, more preferably from about 0.1 mg/kg
to about 25 mg/kg.

A variety of physiological functions have been shown to
be subject to influence by excessive or inappropriate

35 gtimulation of excitatory amino acid transmission. The
formula I compounds of the present invention are believed to
have the ability to treat a variety of neurological disorders



16 with a conmpound of formula R2ZCN2 in the presence of a

transition netal catalyst, such as a rhodi um or copper catal yst. The
reaction may generally be performed according 5 to the nmethods descri bed
in J. Chem Soc. Perkin Tran I, 1979, 2624; Tetrahedron, 1971, 27,
2957. Justus twiosg9eAnn. Chem 1963, 668, 19; and Tet. HOITUSI/OR3IR
2185. Conmpounds of fornmula V in which R represents a (1-

6C) al kyl or a substituted (1-6C)al kyl groufp.',?may al so be 10 prepared from
t he correspondi ng conpounds of fornula Vi which R represents a
hydrogen atom by reaction with the appropri ate al dehyde, for exanple in
the presence ofin mampylg cissdcneted Mimibycmﬁ@@naﬁhohudﬁng keutesul t ant

al kyl i dene add%@hroi@glmamger&éf%&ﬁ% erefg@&alorie%g g pRccar bon
as catal yst. the inter madr atgs descri er eln,

exanpt e th§°08ﬁ’b%{ﬁfﬂ$§ﬁsﬁo?’r’ﬁﬁ%n’i [and| pratiipg. sgrek Bel?%?ﬁé?i’atlo be
novel , and areigrbented sxsinhlr thed aspeeat shead thmumavepetrdiiatal hypoxialhe
particul ar goseaph; SO, aQHamﬁ&grl%eﬁ\%%&m%aaoasﬁa&é“ S dyfgvention

wi |l of course _be d term ned by the parti cular circunstances

surroundi ng t h&°THRE? I RA"RGPA St“ﬁée belieypd ot da¥dnthe st Bty ttRetFedt e of
admi ni strationga Vhe;tety qfarchroniamenrdiogiical btisuydereat #gch arxd sim | ar
consi der at | onsAlIﬁsuﬁ&wuaga agen prha%@tahs; iy gm%%ﬁ/%rh%t a0 hput €S

i ncluding oral, rectal trans er ma subcut aneous

i nt ramuscul ar, sSrleFﬂ?’rsané‘s;&’F‘mdu‘r"%irtd@?en}éxll?er‘?Fd%lra\?eFi?ma@ﬁ@%rrpound may be
adni ni st er 8@ byretmop:amm neogait hfelslicordars y pimhliddphtyidaaal Wdug-cont ai n
from about lngg_Leén‘:g%gurngaﬁb ut osopg%ﬁgt qné%glggtéjé% Cpmq_lén% of 30

this invention. Prefer es W to
about 50 ng/ kg™ehBPLS i féF&BF%/“Q rtdifRssh S Eorder syyhigh °°mﬁ”blsdi’§out 25 my/ Kg.
A variety of physioiggicag tonstpanisntaie head tHerwo it an effehﬂ;:.wbj ect to

nfluence by exaessi s o coigRies Hotmddsof GLALgMRlogXltaLOT Y. ami o
acid transrrgssron unds O resen ention are
bel i eved tb acﬁ%‘@?%“‘&ﬁ???%%%@ﬂr Qﬂla &9 OF éﬂlﬂ%u‘ﬂtﬁ%f@apr a

di sorders pharmaceutically acceptable salt thereof.

The formula I compounds of the present invention are
also believed to have the ability to treat a variety of other
neurological disorders in mammals that are associated with

20 glutamate dysfunction, including muscular spasms,
convulsions, migraine headaches, urinary incontinence,
nicotine withdrawal, psychosis, (such as schizophrenia), drug
tolerance, withdrawal and cessation {i.e. opiates,
benzodiazepines, nicotine, cocaine or ethanol), smoking

25 cessation, anxiety and related disorders (e.g. panic attack
and stress-related disorders}), emesis, brain edema, chronic
pain, sleep disorder, Toeurettes syndrome, attention deficit
disorder, and tardive dyskinesia. The formula I compounds
are also useful as antidepressant and analgesic agents.

30 Therefore, the present invention also provides methods for
treating these disorders which comprise administering to a
patient in need thereof an effective amount of the compound
of formula I, or a pharmaceutically acceptable metabolically
labile ester or amide thereof, or a pharmaceutically

35 acceptable salt thereof.

Experiments were performed to demonstrate the ability of
the formula I compounds to affect the excitatory amino acid
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17 . In mammal s associated with this condition, including acute
neur ol ogi cal disorders such as cerebral deficits subsequent to cardiac
bypass surgery and grafting, stroke, cerebral i schem a, spinal cord
trauma, hean T perinatal hypoxia, 5 cardiac arrestpcpishensiiz

hypogl ycem ¢ néuronal damage. The formula | conpounds are believed to
have the ability to treat a variety of chronic neurol ogi cal disorders,
such as Al zhei mer' s di sease, Hunti ndt8n's Chorea, anyotrophic |ateral

sclerosis, . AlDS-induced denentia, ocular damage and 10 reti nopat hy,

cognitive d'S L ey, andTth%?fﬂHl%ya@grc%%#&botro reg¥ @Ekfgéégk5% The

pr esent |nvent|on a rov “hese. disor der s
whi ch conpri s¥&S dem°86Fr’FﬂF%‘ieW et Seée%%'t‘ieeﬁitlspﬁaﬁ%‘é?f“t P‘Pér &5t 38PN ect i ve
amount of a csmrmlm&eoﬂﬁbgmdamalteobmdmmmmcraut brairhyce]]ﬂ manbepieEnl e

et abol i cal | yed Abidai08t 8F PO ATugREDE SR colbuBrea will? gpasut'ca"y

accept abl e sa orrmul a | compoun t he present
i nventi on ar e raé‘l%o"ﬁe??"evﬁé%]’e(bé"aﬁav%stqﬁ%ﬂ"?flt by t3FRoe@Rt aBd Byt y of
ot her neusalozg:pcahddwsaé feveuzozciienral Betthat 146 a86anifAt@dB) t And0

gl utamat e dysf; | Qg, ahncl&mhﬁglﬂggﬁgHiggnfgﬁsnggﬁ 945c€ﬂMHIS|0ﬂ§ m gr ai ne

headaches, urlnagy |ncont|ne nce psych05|s (such
as schi zophr efFaYPLey, fffe compayms gﬁcExawlm HR& %\%dc%é’éf’ﬁoﬁn( Ce0
opi at es, @enzmmﬁanapiﬂeshlsnuyﬁtlne cocai ne or ethanol), snoking 25

cessal i oo anxi et o 06 LGl 9 JSLERLSE: GoABPLE BRIARS g N

stress-rerl ated dlsor ers bra pai n, sleep
di sor der, Toemtertat@élwna?w W@ﬁae’éﬁ, d@rqaépsroplcmlsmaa@ﬁe and tardive
dyskinesi a. Thecdpriofubel eCOigOWtpled tdldnhaingeduprbsbhainoditidepr essant

and anal gesi chm%%ﬁ 39, lere %reu tPgr%oeﬁgxmsﬂﬂXfﬂé.é)%p&EﬁO provi des

met hods for ng these di sorders conprrse admnistering to a
patient in nefRFMatdoBef GAmRPYELS MaE aktrirke sestRe EnpRRiddty toof fornul a

|, or a mmr nﬁﬁ@kﬁntcahhxbﬁﬁmptoaﬂ)lfe:raebﬁhol (3oaluMy -stimbRdtidde camper or am de
thereof, or agpharma e%gﬁ"ﬁ@ﬁ gg ta{alh§ 3§akf:P{3he£(?qlfM) th

Experlnents mere per e ab formul a
corrpounds to Bf¥eRs ofhEhext?t ai’t’d’r%?céﬁi’ﬂ% aidpscribed "oy D.D. schoepp

and B.G. Johnson, Neurochemistry International 22: 277-283
(1993) and human mGluR2 expressing non-neuronal cells (D.D.
20 Schoepp et al., Neuropharmacology , 34, 843-850, 1995).

According to another aspect, the present invention
provides a method of modulating one or more metabotropic
glutamate receptor functions in a warm-blooded mammal which
comprises administering an effective amount of a compound of

25 formula I, or a non-toxic metabolically labile ester or amide
thereof, or a pharmaceutically acceptable salt thereof.

The compounds of the present invention are preferably
formulated prior to administration. Therefore, another
aspect of the present invention is a pharmaceutical

30 formulation comprising a compound of formula I and a
pharmaceutically-acceptable carrier, diluent, or excipient.
The present pharmaceutical formulations are prepared by known
procedures using well-known and readily available
ingredients. In making the compositions of the present

35 invention, the active ingredient will usually be mixed with a
carrier, or diluted by a carrier, or enclosed within a
carrier, and may be in the form of a capsule, sachet, paper,
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18 . receptors. The affinity for netabotropic glutamate receptors

was denonstrated by the sel ective displacenment of |S, 3R ACPD sensitive
[3H gl utamate binding to rat brain cell nmenbranes. The bi ndi ng of

[ 3H) gl ut amat e wgsufsesducted with crude 5 nenbranes of rat fRCEUSWIBIAS
descri bed by Schoepp and True. Schoepp and True, Neuroscience Lett.,
145, 100-104 (1992) and Wight et al., J. Neurochem stry 63: 938-945
(1994). For exanpl e, the compound of EXdnple 1 was found to have an

I err] of 0.055 [err]Min this test. 10 Based on studi es of
receptor nedi atef cdiairgesntainer. | WheAcCehé ararsdeondenessarzger §iluent, it

met abot ropi ¢ 9l pL P B 501:68R0CAL8, Ot NquiAURh el {0 GAIRACEE:s as

phosphoi nosi ti _ ySisor creases | I n-stinul at éd CAWP
formation. ConpdurRisialgy akeipirnt.ereBedim figm the 2etive ingredient.

i nhi bition of feKeskadnipdsi8QoherddriVbestihnthatfzdmc AFPtabledr patilen by an
n3d uR agoni ( - ACP erp% Si sl i f

hi ppocarrpusS’Ias é‘g&é%er%dgeégﬁﬁg%e% C ote—'%fo J;Iagcmzatf'r?d Elilg%%hr?%ﬁfﬁg&oésf

Neur ochemi stry emtksipmsi ogalupionsy7pyypRs, aenopgds) airtmaiken CATFakping,

gzprgzgi ggono%%r@mpmelhﬁA&cDmi_ 20 w&drm,epE et:tﬁre,cciﬂﬁidiht h@ahaémgérﬁgy ,
, - , . CCOr di . r Lne [ en
Cavention | pha S RPN nadepSr g ioke SPEEELe. SnIEBBRS,

gl ut amat e r eceps@futignsti and $¥eri ltaPArkrgRH @PWERRAal whi ch conpri ses
adm ni stering an ef fagld eRarpDedloOfsud caBIPOrHE i@frs25exéDFiBHLR, | an@r a

non-toxic metabgljcally L ablhe EEO" a8 e suE$§£§°fs°v%rital
phar maceut i cal | yaccept abfa"sal er éo?. _ T e ’corrﬁounas’of t he
present invent i @it lpr srarepes, oum.f aEaGia c@lFLNBrPReSREdEEni strati on.

Ther ]gaf or el, anot 48¢inatesdSpe&gacindne g@nfsﬁml da{:ntenﬁ\i eilicat®,phar maceuti cal
30 ormul ati on_conprising,a co u Q nula.l an

ohar maceut | ca | rangryRtAth Bnd MRQWIALE) POLID1 1y 8001 tagne, celiylose . ony
phar maceut i Bl Vaketsyrupnshetrly hragddpdasey natdxd and presyddur es using

wel | -known and rgdebdtybearabted) ealc, maghesiwnisteabat 8Pk riheral oil.
conposi tions Ofrrdﬁé‘.e q%%n%ﬁ%%oﬁé cain”‘é%til—_‘fgn b[i,e '%%&L&S iMiec‘?Jc%Q; !%éx}ts.
usual Iy be m xe Wli; a carfi e ortaifuted y a carrier, or enclosed
within a caveteing agenkay feulsifyRagf andnEPeNdARg LAgENtSac REESEHEY |
agents, sweetening agents, or flavoring agents. Compositions
20 of the invention may be formulated so as to provide quick,
sustained, or delayved release of the active ingredient after
administration to the patient by employing procedures well
known in the art.
The compositions are preferably formulated in a unit
25 dosage form, each dosage containing from about 5 mg to about
500 mg, more preferably about 25 mg to about 300 mg of the
active ingredient. The term "unit dosage form" refers to a
physically discrete unit suitable as unitary dosages for
human subjects and other mammals, each unit containing a
30 predetermined quantity of active material calculated to
produce the desired therapeutic effect, in association with a
suitable pharmaceutical carrier, diluent, or excipient. The
following formulation examples are illustrative only and are
not intended to limit the scope of the invention in any way.
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19 or other container. Wien the carrier serves as a diluent, it

may be a solid, sem-solid, or liquid material which acts as a vehicle,
exci pient, or nmediumfor the active ingredient. The conpositions can be
in the formyfoeli@ileets, -pills, 5 powders, |ozenges, sachepcrusyacsars,
elixirs, suspensions, emul si ons, solutions, syrups, aerosols, ointnents
cont ai ni ng, for exanple, up to 10% by wei ght of active conpound, soft
and hard gel atin capsul es, suppositolPes, sterile injectable

solutions, and sterile packaged powders. 10 Sonme exanpl es of suitable
carriers, excipients, and diluents include | actose, dextrose, sucrose,
sorbitol, manni tol, starches, gogmudatdoa Lal ci um phosphate,

al ginates, tragacanth, gelatin, calciumsilicate, @ mcrocrystalline
cel | ul ose, pol yviayd melatiindeaesuked |areoprepased watiag the ufolkmstimg
cel l ul ose? methyl and propyl hy digXgBaaBeRat es, talc, magnesi um

st earat e, and—wrerat—ott————Hre—Forrtati-ons—ecan—adei-tenaty—ncl ude

| ubricati ng agents, wetting agents, enul sifying Qﬂt?H pendi ng agents,
preserving agents, sweetening agents, or fIavorﬁ%%,egsg& e) COMposi tions
20 of the invention may be fornul ated so as to provi de qui ck,
sust ai ned, or del ayed rel ease of the active ingredient after

adm ni stration toaAthiévealngridibytenpl oyi ng procedures webb known in the
art. TheStanphsidriieds are preferably formul ated®n a unit 25
dosage form eachMagRegf it &Hearatdg from about 5 ng to ab8ut 500 ny,
more prefl@rably about 25 ng to about 300 ng of the active ingredient.
The term"unit do38§8lfornt refers to a physical |y dP8cPete unit
suitabl e as untta dosages—fo rtre—stbiects—and—ot-her—rrantre , each

unit containing a 30 redeterm ned quantity of active material cal cul ated

to produce th&hgedbeer ingredpents caxg Mdxed apd Jfiddeidatinbn hrdh a
sui t abl e 2phargmegdhi eabsCld iar 460 hdlaplant@Eiéxci pi ent. The foll ow ng
fornmul ati on exanples are illustrative only and are not intended to

limt the scope of the invention in any way.

Pormulation 2

25 A tablet is prepared using the ingredients below:
Quantity
(mg/tablet)
30
Active Ingredient 250
Cellulose, microcrystalline 400
Silicon dioxide, fumed 10
35 Stearic acid : —_—
Total _ 665 mg
40 The components are blended and compressed to form

tablets each weighing 655 mg.
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20 . Formul ation 1 Hard gelatin
capsul es are prepared using the following 5
i ngredi ents: antity
(ng/ capsul e) W6 97/18199 Active I ngredient PCTAUS96/181135
Starch, dried 200 Magnesi um st ear at e
10 15 Tot al 1 460 ngy
The above ingredients are mxed and fill ec12| nto hard 20 gelatin capsules in
460 ng quantiti es. Formul ation 2 25
A tablet is prepared using the ingredients bel ow
Quantity . Formulation 3 (ny/ tablet) 30
Active | ngredi ent . . 250 - L1 ul_o .
mor ocrySUag | no A 2e70sol solugigly is preatiy congaining ke CphaHnI
10 35 Stearic acid ) 5 Tot al
665 ny
Weight %
10
Active Ingredient 0.25
Ethanol 29,75
Propellant 22 70,00
15 {(Chlorodifluoromethane)
Total 100.00
20 The active compound is mixed with ethanol and the

mixture added to a portion of the Propellant 22, cooled to
-30°C and transferred to a filling device. The required
amount is then fed to a stainless steel container and diluted
with the remainder of the propellant. The valve units are

25 then fitted to the container.

Formulation 4

Tablets each containing 60 mg of active ingredient are made

30 as follows:
Active Ingredient 60 mg
Starch 45 mg
35 Microcrystalline cellulose 35 mg
Polyvinylpyrrolidone 4 mg
Sodium carboxymethyl starch 4.5 mg
Magnesium stearate 0.5 mg
Talc 1 mg
40
Total : 150 mg

The active ingredient, starch, and cellulose are passed
45 cthrough a No. 45 mesh U.S. sieve and mixed thoroughly. The
solution of polyvinylpyrrolidone is mixed with the resultant
powders which are then passed through a No. 14 mesh U.S.



40 The conponents are bl ended and conpressed to form tabl ets each

wei ghi ng 665 ny. WO 97/ 18199

PCT/ US96/ 18112 ' 21

Formul ation 3 An aerosol solution is prepared containing the
fol |l ow ng conponents: P 6/18112
Wei ght % 3"097"8199 Active | ngredient CTmsgo.IZIS
Et hanol 29.75 Propel | ant 22
70.00 15 (Chl or odi f | uor onet hane) 22 Tot al

100. 00 20 The active conpound is m xed wth ethanol and the

i xture added gea pﬂﬁé'%@bn%fl kg0 ARl b8 2ar £09IRT oo and wdEeRr] C

and transferre eV|ce The required en fed

a stainless §F€8P9Ed%t¥ﬁru$8 pRand¥ it sgeve- MTW?I%QQéuWeﬁﬁFFﬁﬁﬁmQEhyﬁhe
propel I ant. Erareh| veagmésismasee2batd hemdf taled previbestpnbas et .

For il ati on 4hrough I3 Cl6d fRGH 698! AsdRY S0 T aAGkLVE, I odi ent are

made 30 tive | ngredi ent
60 ny 5 granules which, after m1x1ng, are compressed on a tablet

machine to yield tablets each weighing 150 mg.



Starch 45 ng 35 M crocrystalline

cel |l ulose 35 ngy Pol yvi nyl pyrrol i done

4 .ny Sodi um car boxynet hyl starch 4.5 ny

Magnesi um st ear ate 0.5 ngy Tal ¢

1 ng 40 wo 97/7zIve| 158CHYyS96/18112

The active ingredient, starch, and cel lul ose are passed 45 through a No.
45 mesh U. S. sieve and m xed thoroughly. e sol ution of

pol yvi nyl pyrrolidone is mxed with the resultant powders whi ch are then
passed through a No. 14 mesh U. S WO 97/ 18199

PCT/ US96/ 18112 22 sieve. The

granul es so produced are dried at 5EXIYRHRR passed through a No. 18
mesh U.S. sieve. odlun1 ar. box nethy gnesi um st ear at e,
and talc, pyevi ousﬁ-‘I esse(?a ﬁ %%ﬁﬁ m%d'geadlclgmﬁnng nge é"\?erge gFe then

added to the 5 granules whi ch, after n1X|ng are conpressed on a tabl et

machine to yielTd tabl ets each wer ghi ng 150 ng. WO 97718199
PCT/ US96/ 18112 Active Ingredient 23 80 mg
starch 59 mg
10 Microcrystalline cellulose 59 mg
Magnesium stearate 2. mg
Total 200 mg
15

The active ingredient, cellulose, starch, and magnesium
- stearate are blended, passed through a No. 45 sieve, and
filled into hard gelatin capsules in 200 mg gquantities.

20
Formulation 6
Suppositories each containing 225 mg of active ingredient may
be made as follows:
25
Active Ingredient 225 mg
Saturated fatty acid glycerides 2.000 ma
30 Total 2,225 mg

The active ingredient is passed through a No. 60 mesh
U.S. sieve and suspended in the saturated fatty acid
35 glycerides previously melted using the minimum heat
necéssary. The mixture is then poured into a suppository
mold of nominal 2 g capacity and allowed to cool.



Formul ation 5 Capsul es each containing 80 ng nedi canent are nade

as 5 fol | ows: Active | ngredi ent

80 ny Starch 59 ny 10 :

M crocrystalline cellul ose 59 ny Magnesi um st ear ate
2 m dl(, - 200 nBcrndSpensiiz

The active ing ent, cellul ose, starch, and nagnesi um Stearate are

bl ended, passed through a No. 45 sieve, and filled into hard gelatin
capsules in 200 ng quantities. 20 24 For mul ati on
6 Suppositories each containing 225 ng of active ingredient may

be made as fol lows: 25 Active | ngredient 225
ng - Saturated fatty acid gl ysehhfi€6ion 72.000 ng 30 Tot a
2,225 ny The active ingredient is passed through a No. 60 nesh

U.S. ;sieve anduspspeicies] dazht hensainira 60 fgt of remlicdadent gbyres indesiose
preV|oust5nEIted u3|ng the nini mre hede as fqﬁigwssary ~The mixture is then
poured into a . C

cool .

Active Ingredient 50 mg
Sodium carboxymethyl cellulose 50 mg
10 Syrup 1.25 ml
Benzoic acid sclution 0.10 ml
Flavor g.v.
Color qg.v.
Purified water to total 5 ml

15

The medicament is passed through a No. 45 mesh U.S.
sieve and mixed with the sodium carboxymethyl cellulose and
20 syrup to form a smooth paste. The benzoic acid solution,
flavor and color are diluted with some of the water and
added, with stirring. Sufficient water is then added to
produce the required volume.

25 Formulation 8

An intravenous formulation may be prepared as follows:

30 Active Ingredient 100 mg
Mannicol 100 mg
5 N Sodium hydroxide 200 ml
Purified water to total 5 ml
35

The following Examples illustrate the invention.

The following abbreviations are used in the Examples:
EtOAc, ethyl acetate; THF, tetrahydrofuran; EtOH, ethanol;
TLC, thin layer chromatography; GC, gas chromatography; HPLC,

40 high pressure liquid chromatography; m-CPBA, m-

chloroperbenzoic acid; Et30, diethyl ether; DMSO, dimethyl
sulfoxide; DBRU, 1,8-diazabicyclo{5.4.0}undec-7-enc, MTBE,
methyl t-butyl ether; and FDMS, field descrption mass
spectrometry.
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24 : Formul ation 7 Suspensi ons each
contai ning 50 ng of nedicament per 5 m dose 5 are
made as foll ows: Active | ngredi ent 50
gy Sa@ ¢rnswar boxynet hyl cel | ul ose 50 rRETH6/18112
Syrup 1.25 m Benzoic acid
sol ution 0.10 m Fl avor

g. V. Col or 25 g. V.

Purified water to total 5m 15 The
nmedi canent i s passed through a No. 45 nesh U S sieve and m xed with
t he sodi um car boxynet hyl cel | ul ose andE;Qmpggru:p to for m a snoot h paste.
The benzoic aci d sol ution, avor and col or ar luted. with some of
the water and RMdSR%FﬁRst‘FMW LuPrREAENE 3e’rl LIrpEpngIded to
produce the required volume. 25 dicarboxylic Acid Formul ation 8
An i nt ravengus formul ati on may be prepar ed as foll ows: 30 Active
I ngr edi ent ny Manni tol - )

100 ny (ag NzgﬁdlLﬁﬁ@ﬂﬁﬁP@fPﬂ¥lldene -butane-1,2,4-ty3glyy A solution

Purified water dfolt 0f @tbutanetriol (53 g, 300l mm8b) in acetondhelr)ohdagwi ng

Exanpl es |IIust he i _ | FQWk RY5 reviations are
used in the Exarrr%%"%eIil fn &'lft%tgkggo mfth &e tomgnélﬂ} }Néter aﬁpcgr of uran; Et OH,
et hanol ; TIONohHEFR Y @y - 78hB o dﬁ@ﬁh?ﬂdcﬁlﬁﬁ é‘ﬁré‘ﬁla%%igtr aphy; HPLC,
40 hi gh pPness Wempkirgthife GieetRbREl apivietiyCRiBfne M2.5 g, chb afngder @Bz oi C

acid; Et20 diegtdavly gth d
1, 8- di azabi Cycf\ao %]%%MQOn éw resuléﬂg Peatlei ol xture
concentrated in vacuo to yleld the crude product.

Purification via HPLC (10% EtOAc/hexanes to 50% EtOAC/-

hexanes) afforded the title compound (53.1 g, 363 mmol} 73%.
15 FDMS: M+t + 1 = 147. Anal. calcd. for C7H1203-0.5 H0: C,

54.18; H, 9.74. Found: C, 54.50; H, 9.56. '

{(b) 5SR,E-Ethyl 5,6-0-Isopropvlidene-5,6-dihydroxy-2-
hexenoate. (DMSO (56.65 g, 725 mmol}) was added dropwise to a

20 -78°C solution of oxalyl chloride (48.32 g, 380.7 mmol} in
CH>Cl> (1L) and stirred for 15 minutes. Subsequently, a
solution of the product of step (a) (53 g, 362.6 mmol} in
CH2Cly (400 mL) was added dropwise at a rate to maintain
reaction temperature £ -60°C. N,N-Diisopropylethylamine

25 {140.6 g, 1087 mmol) was added dropwise and the resulting
slurry allowed to warm to ambient temperature as it stirred
for 2 hours to afford crude O—Isopropylidene—é—oxb—
{SR)butane-1,2-diol. The reaction mixture was chilled to 0°
C, (carbethoxymethylene)-triphenylphosphorane (252.5 g, 725

30 mmol) was added in one portion, and allowed to warm to
ambient temperature as it stirred overnight. The reaction
mixture was diluted with diethylether, washed consecutively
with H;0, aqueous NaHSO4, and brine, dried over MgSOg4 and
concentrated in vacuo to yield the crude product. The

35 product was triturated in Et20, the Ph3P=0 removed via
filtration, and the filtrate concentrated in vacuo to yield
the crude product. Purification via HPLC (10% EtOAc/hexanes



met hyl t-butyl ether; and FDMS, field desorption mass spectronetry.
WD 97/ 18199 PCT/ US96/ 18112

25 Exanple 1

1SR, 4SR, 5RS, 6SR- 4- Ani no- 2- Oxabi cycl o[ 3. 1. 0] hexane- 4, 6-

di car boxyl i Cwé%@is% (a) 2SR-1,2-01sopropyli dene- but aperisderidiizr i Ol .
A sol ution 0 24-butanetrio| (53 g, 500 mml) in acetone (IL) was

treated in one portion with p-tol uenesul fonic acid nonohydrate (4.75 g,
25 mol ) and stirred at anbient 10 tenpeéfture overnight. Triethylam ne
(2.5 g, 25 mmol) was added in one portion and the resulting reaction

m xture COHCIY ERDRE /hEx IR0 alfPoyled tHNQ GEHMAS, PI10GYCL, 7.

Puri fication via HPLC 0% Et QAc/ hexanes to, 509 hexanes
afforded t he T 2% ﬁ%é Pae(%’stc-‘ R St Lt 4%3%06%4 TR T3%ferk] + 1
147. . Anal . c%ﬁ%er :f oF DMZH[ i +03- e %15420Anab calcd;4£98; CﬂH190474) 2Bound:
C, 54.50; H #&d6.c, 60.3¢P)H, &SRzE &Md c. 60.49; H,

E
5,6-0O 1l soprop dene- di hydr.o eno t DMBO (56,65 g, 725
nmol ) vvasn%dd%%émcﬁ opwéggstor% -7%3[%” bl(iﬂ ?n %?r &ﬁ#‘}f’o‘bhl i de
(48.32 g, 3806Y.6f0H), Brd7. Kdtm@l 2 Cll91ad 3tiBr24l. for 15 m nutes.

Subsequently, a sol ution of the product of step (a) (53 g, 362.6 nmml)
in CH2C12, (400 i) was added dropwise ,at.a rate to maintain
reaction terrpéﬁ('ht-érs@' “E5BYLr 15, BN, Re B PSPy r et RS eRAdtE - 252 (140.6 g,

1087 nmol ) wasohuden dfophe seradudtt hé seslbiing46.4 ¢l 26y 6almmoledid 0 war m
to ambi enfp temer@fow RLRSwAS t%téartﬂa@dm oné QJor%lﬁﬁuﬁz?tl’i C?Lnfif}xf:‘ir d566 YHS

O | sopropyl i den de 0XO0- SR) but ane- e reaction m xture was
chilled to 0 & Sélrfsgr BEt?fﬁJ%ﬁz?& ﬁ?i“%??éa)t"trﬁ OHERD PMos pFSPAReaR2 5 g,
725 30 mmol )wewes addeddand Ure yesultong shoryl soweded origarousdy for anbi ent

tenper at ur e ag,d thobirb, F ©8h VARG nTREuLEAEY BOreicidlied Yheawas dil uted

wi th diethylether, washed consecuti|vely
. separatory funnel and the product extracted with EtOAc. All

15 organics were combined, washed with brine, dried over MgSO4,
and concentrated in vacuo to yield the crude diol.
Purification via HPLC (25% EtOAc/hexanes to 95%
EtOAc/hexanes) afforded the title compound (30.52 g, 175
mmol) 81%. FDMS: Mt + 1 = 175. Anal. caled. for

20 (CgH1404-0.25 HO0: C, 53.77; H, 8.18. Found: C, 53.88; H,
7.95.

(d) 2SR, 4RS-Ethyl 2-[(4-Hydroxytetrahydrofuran-2-y1)]-2-
iodoacetate. A solution of the product of step (c) (30.41 g.

25 174.6 mmol) in diethyl ether (1.5 L) at ambient temperature
was treated consecutively with NaHCO3 (44.0 g, 524 mmol)
then Iy (100.8 g, 788 mmol), and the resulting reaction
mixture stirred until complete by TLC. Aqueous NajS303 was
added to the reaction mixture and product extracted with

30 Et30. All organics were combined, washed with NaS$S;03, H0,
then brine, dried over Na3SOyq and concentrated in vacuo to
vield the crude product. Purification via HPLC (5%
EtOAc/hexanes to 50% EtOAc/hexanes) afforded the title
compound (29.05 g, 97 mmol) 55%. FDMS: M* + 1 = 301. Anal.

35 calcd. for CgH13I04-1.0 H30: C, 30.21; H, 4.75. Found: C,
30.23; H, 4.43,.



with Herr] O aqueous NaHSO, and brine, dried over MgSOH4 and
concentrated in vacuo to yield the crude product. The 35 product was

triturated in Et20, the Ph3P=0O renoved via filtration, and the filtrate
concentrated in vacuo to yield the crude product. Purification via HPLC
(10% Et OAc/ hexares#8199 WO 97/ 18199 PCT/US96/18112

PCT/ US96/ 18112 26 to 50%

Et OAC/ hexanes) afforded the Z isoner (1. 522,9 7.1 nmol ) 2% and t he
title E isonmer (56.55 g, 264 mmol) 73% Z | soner: FDMS: Merr] + 1 =
215. Anal. calcd. for (JQerr]Herr]Jerr].0.25 Herr]O C, 60.39; H,

8.52.. Found: C/fe30. 48R-Ethyd. 23 [ ({£ox¥p-tietoabydrofBM-2-k) }-ilodoarBrateAnal .
calcd. for (enr]sbaitidd & Lhe [S:roduct 6% §§e H’d)8 (48. 5 EOW ‘mmod) §1Jr 44;

H, 8. 24. e yl E - 2- hexenoat €.

sol uti on of the 5%%)?(13(3%)%05}";] mt(h(l?)A fi%vﬁs wa%%é‘egg IDENEIT ?Sr“f‘HF Wido
m.) was treat e®YrhdimieawrpehilppackyenateN (BT 5(600423_)nmol) andl stiirfrie@daat

anbi ent tenper &hﬁi@n@\@n@eﬁﬁﬁurgt%rﬁﬁﬁtmqhe rea®tibn g: akhe Cure
(esuting, ST U1 Rt LY YD DR SRR IOUT L THE TeCion
Et OAc. Al |l 15 wapgpaitcis maed wottblhmatClvxasﬂemwmbdbctnestxdardthl @ieh MgSOHA,

and concentrat ;0N \wAQUBrkanYiL Wrieheofb ikl divdlshed witiid kedti 9 dV' a
HPLC (25% Et OA;/ hexan s to 95% Et OAG/ hexanes affor ded the fit

conmpound (30.5 1ed oxeh)| Mok, app\EONGRRtrated ipovagyeyto vaﬁk@ f or
20 derr] m404he Qﬁzdezmarod@;tss Pk fliicaBid®. via @Pnd: (163 HrdaBShekhnes

7. 95. (dio S8R E@Bscﬁheygngs ) (airfweeaxaﬁ@ttr ;ﬁxdggﬁwl&m 2%5' bl g2-

i odoacet at e. u roduct step 194. 6
mrol ) in diet hyﬁ é’mﬂ% %EE*S L)Flﬁf ent 29%mphnat yrsgled K treated

consecutively ﬁﬂlﬂhlﬂam Ha04. OCg, 315-2249 imhip| §.94. tHoendk2 ¢100L.86g, H/88
nmol ), and thesresulting reaction m xture stirred until conplete by
TLC. Aqueoilg Na2S203 was

(f) 1SR,5SR,65R-Ethyl 2-oxabicyclo[3.1.0}hexan-4-one-6-
carboxylate. A solution of the product of step (e) (5.25 g,
17.6 mmol) in THF (50 mL) was treated by dropwise addition of
a solution DBU (2.82 g, 18.5 mmol) in THF (10 mL) and the

20 resulting reaction mixture stirred at ambient temperature for
1 hour. The reaction mixture was reduced in vacuo,
partitioned between Et0 and 1N HCl, and the product
extracted with Et20. All organics were combined, washed with
brine, dried over MgSO4, and concentrated in vacuo to yield

25 the crude product. Purification via HPLC {10% EtOAc/hexanes
to 50 % EtOAc/hexanes) afforded the title compound (1.47 g,
8.63 mmol) 49%. FDMS: M* = 170 Anal. calcd. for CgHyg04-0.1
HO0: C, 55.88; H, 5.98. Found: C, 55.73; H, 5.81.

30 (g) 1SR, 4SR,5RS, 6SR-Diethyl 4- (aminobenzyloxycarbonyl) -2~
oxabicyclo[3.1.0]- hexane-4, 6-dicarboxylate. A solution of

the product of step (£) (3.0 g, 17.6 mmol) in a 1:1 mixture
of EtOH:H20 (50 mL total volume) was treated consecutively

with NH2CO2NH4 (4.13 g, 52.9 mmol), then KCN (1.72 g, 26.4
35 mmol) and warmed at 55°C for 40 hours. NaOH (4.0 g, 100

mmol) added in one portion to the reaction and warmed under

reflux for 48 hours. The reaction mixture was concentrated



added to the reaction m xture and product extracted with 30 Et20 Al

organi cs were conbi ned, washed with Na2S203, H20, then brine, dried
over Na2SO4 and concentrated in vacuo to yield the crude product.
Purification via HPLC (5% Et OAc/ hexanes to 50% Et QAc/ hexanes) afforded

the title woeaApRynd (29.05 g, 97 nmol) 55% FDMS: M err Jecrnisveisiisl.
Anal. 35 calcd. for CBH13IX4.1.0 H20: C, 30.21; H 4. 75. Found: C,

30.23; H, 4.43. WO 97/18199 :
PCT/ US96/ 18112 28 27 (e) 2SR-Ethyl
2-[ (4- oxo-tetrahydrofuran-2-yl) -iodoacetate. A solution of the

product of stem warub28nd the %uHBDéramdalac;d £ERS At 20830 WD 3he

sievés was trea .n_one portion wt p 0 hro e (91.5
o 425 mrol ) SOHEOpp, poTPofe Wa] dodthd wusbbE el LI FRLIET CarRt:

reacti on m xt nd agsdified dio pHed WWJIrtl‘Etczv@canHCIJ I tﬁ:eedquhowgh
celite[err]. -Bibﬁhpfahéﬁtf 3hes washeWoRi BRrddbl e8Rd, wadi eiblaHed ﬁ-ﬂd- tibewpepduct

extracted Et 2 Al | ) e _conbi ne 1IN HC1,
and b?’n aHSOr" e P SRS gﬂgt 41% c%&'gﬁ??a‘f%d’%dﬁ"vacﬂb ]3?1%@ d 10

t he crude prodeze. rewmﬂflm&tedomnvaald—le@xemc%EiW lﬂeQahlaQ;O nL tosab0%

Et OAc/ hexanes g% de iak! Be. 63%
FDVE: Merr])voqaé ) gt}jf‘%gkc CCCHBD%BQY%%%‘%?’? 3 teogﬂsdn%zgs %
31.29; H, Jmolf ag. added §I°EBIS‘H and ad mbient

1SR, 5SR, 6SR- Etteybelatwadiasy dltog8iftréd Hewad84hones 6- The reeattmxyﬂlacttareA

sol ution ab tRaspaLUUEsa cafn@haehés)wi(n‘ia %ng:. The aklebuiMPiyer RvaEHF (50 nt)

was treated by dropw se addjti | ution nmol )
in THF (10 ni)PAAdttRe 9 PR ésgl Y”rﬂb ‘?°é’§ct F‘S n?5d RaE Cs‘ttr(‘??%%l "gltthah'BFént
t enperature f @and EtOAc houthe DPiredneaoctdasorexurattied widsh EE€OBCeddried avew,

partitioned bejgasgn Eﬁc?Qcﬁﬁin:yatgux@%chBethfgéﬁ the c%&é? fegp W th
Et 20. Al |l or gafi_cs ;ver |ne over MySO4,

and concent r at®8d°t#- vat tﬁf@?ﬁ\,\% "‘faﬁerSFﬁﬂit’ptr‘{f&&ctm E'ﬁﬁl\{ At i on via
HPLC ( 109%LBt mckhegénwxsecum&e$ﬁ Wwh it GAdehbxaamine of5f.6r ged6 trime> )i tthen

conpound (1.4% @doethand: &3 Dl n2480681) FMBwarie8r &d s0°d78cANad thﬂJst for
C[ errJHerr] O41‘h reactlo|_1|12Cr)n1 ’ure5was dHuted élthoé{:n% aga partltloll_l‘led

with 1N HCl. The product was extracted with Et20, washed
with brine, dried over MgS04 and concentrated in vacuo to

20 vyield the crude product which was purified by HPLC (10%
EtOAc/hexanes to 50% EtOAc/hexanes) to afford the title
compound {(1.18 g, 3.13 mmol) 18%. FDMS: M* = 377 Anal.
calcd. for Cj19H23NO7: C, 60.47; H, 6.14; N, 3.71. Found: C,
60.61; E, 6.44; N, 3.75.

25
(h) A solution of the product of step (g) (0.71 g, 1.86
mmol) in 2N NaOH (20 mL) was warmed under reflux for 3 days.
The reaction mixture was partitioned and washed with EtOAc.
The resulting aqueous component was subsequently acidified

30 with 6N HCl and washed with EtOAc. All organics were
discarded. The aqueous phase was concentrated to dryness,
reconstituted in Hz0 and the pH adjusted to 14 with 1N NaOH.
The resulting solids were removed by filtration and the
filtrate reduced in vacuo. The pH was adjusted to 2 with 1 N

35 HCl, applied to Dowex® 50X8-100 cation exchange resin and
eluted with 10% pyridine/H20 to afford the title compound
(0.25 g, 1.34 wmmol) 72%. mp = dec >200°C. FDMS: M* 4+ 1 =



30 (g) 1SR 4SR 5RS, 6SR-Di et hyl 4-(am nobenzyl oxycarbonyl)-2-

oxabi cycl o[ 3. 1. 0] - hexane-4, 6-di car boxyl ate. A sol ution of t he product
of step (f) (3.0 g, 17.6 nmol) in a 1:1 mxture of EtOH: H err]O (50 nL
total volune) was treated consecutively with NH2ZCO2NH4 (4.13 g, 52.9
mol ), then Wgﬁ/isli'Q g, 26.4 35 mmol) and warmed at 55[ er PFE/USH1813
hours. NaOH (4.0 g, 100 nmol ) added in one portion to the reaction and
war med under reflux for 48 hours. The ieactl on m xture was concentrated
WO 97/ 18199 PCT/ US96/ 18112

28 in vacuo and the crude am nodiacid reconstituted in H20. The
agueous conpon&dd. wasalasteibdr tfhrECZRNBX) ,Cchid.198d Heo O[&Fr PC, 7.48. and

acidified to pHygnd: W|Cth4§og|§ EHCJ4 73heyaqpenyls conponent was washed
with Et20 (3X), ‘Ba5|f|ed to 10 With's NaHCO err], and concentrated to

dryness in vacuo. The soli ds were reconstituted in a 1:1 m xture of
THE: Herr] O (100 ni total vol ume) ,esampIed2at O[err] C as_

benzyl chl orof or mat e (41§0 &, 57065 Enafiibhe@Sa ggdeﬁ df 0 Py and al | oned

to warmto anbi ent enpérature as it stlrred or 48 hours The reaction.

m xture 10 waseaPPﬁPQEeEnd"\F/asHéG%% ogbicxrlofichuli heyapends 6 -
acidified to pH 1 with conc. HCl,disvecrhpsxyite osedidv t h NaCl and Et OAc.
The product was extracted with Et OAc, dried over MySH, and
concentrated in vacuo to yield the crude N CB diacid. This

i nt er medi at e wad) r et FrEtYdt 2l f%%@ﬂtéﬁﬁy‘i@f”trﬁéa?é’dlbbrﬂé%?&%ie%!:? with
triethyl anitme (;50‘6: godfit tom|gf tthenproducodaetHxanelébl s grepd3anmuby. ang,

warmed at 50[ eg §§ Gof c?% 48 Q}Qﬁ{&ﬁ AéfoTﬁiﬁ) r%gtghxﬁ r& i gl luted with

Et 20 and partitione uct was extr w th Et20
washed wi t RIBFEERR ofr FBE IRRAS W§REENEN ?c5or‘fE'en PAtEEPY ) aFadusatd B
yi el d the crudeaapieslirctthehirelctdsn patipkiraduby HRISAC ( 10%pon comp@acéhexanes

to 50% EtOAc/h ] i n 3.13 mol
18% FDVS: M é%?“#%" the {"E%@“{'mg'ats %??%I;ed r"]co SRy o (en gl%éﬁ I _H 6. 14)
N, 3.71. Founbemperature gg fy-syirrgdsfor g hours. >3- bropanol mL]

was added dropwise to quench the reaction. The reaction
volume was reduced in vacuo and the product extracted with
Et20. All organics were combined, washed with brine, dried
(MgS04), and purified by preparation HPLC (10% EtOAc/hexanes
20 to 50% EtOAc/hexanes) to afford 24.6 g, (82.5 mmol, 73%) of
the title compound. FDMS: M* = 298. Anal. calcd. for
CgH11I04: C, 32.24; H, 3.72. PFound: CC, 32.37; H, 3.82.

(b) 18R,5SR,6SR-Ethyl-2-oxabicyclo[3.1.0lhexan-4-one-6-

25 carboxylate. A 10°C solution of the product of step (a)
(39.6 g, 133 mmol) in EtOAc (1.5 L) was treated by dropwise
addition of a solution DBU (25.28 g, 166 mmol) in EtOAc (100
mL) and the resulting reaction mixture stirred at 10 - 15°C
until the reaction was judged complete by TLC and GC. The

30 reaction mixture was acidified with 1N HCl, and the product
extracted with EtOAc. All organics were combined, washed
with Na2S203 then brine, dried over MgS0O4, and concentrated
in vacuo to yield a crude product. Purification via HPLC (5%
EtOAc/hexanes to 50% EtOAc/hexanes) afforded the title

35 compound (14.7 g, 86.3 mmol) 52%. FDMS: M* = 170 Aanal.
calcd. for CgH1004-0.25 H20: C, 55.01; H, 6.06. Found: C,
55.32; H, 5.76. |



(h) A solution of the product of step (g) (0.71 g, 1.86 mmol) in 2N

NaCH (20 nlL) was warnmed under reflux for 3 days. The reaction m xture
was partitioned and washed with Et QAc. The resul ti ng aqueous conponent
was subsequently acidified 30 with 6N HO and washed with Et QAc. All

organi cs wer, o SH?I scarded. The aqueous phase was concentis@ﬁ,ggim;,g)"@lryness
reconstitute err]O and the pH adjusted to 14 with 1IN Na The

resulting soli ds were renmoved by filtration and the fi Itrate reduced in
vacuo. The pH was adjusted to 2 with 1 N385 HC, applied to Dowex[err]
50X8- 100 cati on exchange resin and eluted with 10% pyridine/ Herr]O to
afford the title conpound (0.25 g, 1.34 mol) 72% np = dec
>200{err]C. FDMS err] + 1 = ) .

PCT/ US96/ 1811(2:) l%l\/gﬁ.ﬁﬂ_%ﬁ%éSR-Ethyl— (4-spiro-~5'-hydantoin)-2- 29

188.. Anal . calxadicfolo€VH krd]]-Nekened6-darbbdydate H M s88uthbn 70#l&he
Found: C, 44. ;ﬁ%du@c brdi sé\é£n7(b35(14 0 g, 82 mmol} in 100% ECOH (100 mpfanpl e

ant orrer enanti oner of

2 5
4- ani no- 22ox &t 3‘7’8?’ ?é% ™) 1R AR 9N temperature' was treated
di car boxylic dhns@cutlveljzﬂ1th23RHEtt@03 (16.0 g, 205 mmol), and KCN

2-1(4- tet dgof | t.at 0 0 C t f th
or oduct of Exledt, 1orcuel) Rl AARERIAE S5t ol B M e. (500 mL)

was treated HRPAFCOPRI %‘é"ture é(ﬁ’(ﬁ PPBﬁe‘gftc{ H)eCJ ofRd Yhenggrgurhos ni, 450
mmol ) at a r ajrectipitatedefrdraisoliibion eacpHos #ebpelmdpwice] add]tid] fr] C.

opon COMRIGEE Sy pie12d0kht AL IR & égtemée@%dabhgv?adc‘g% %M&&{m' ent 15

tenperature as |t stir ours ropan added
dropwi se to JRShER ‘t"hé r%a&’f‘?‘tﬁ‘imlTﬁ%dr%’é‘(ﬁq G 8 C\)H}q.?r‘?e"ﬁﬁgu‘?e"cﬂjced in
vacuo and theafiffoerdutl.2&tg actsadmmblh 62%) Bf2€he Atit ¥ gmmpoanser angt enbi ned,

mashed with bygine, 1dsbed powctMiBOU 240d RHELT i eghdy %@p@@ﬁjsﬁ@dgﬂc (10%
ol

Et OAc/ hexanes 20 to 50% Et OAC/ hexanes) to afford 73%
of H20: C, 47.85; H, 5.30:; N, .16. Found

15 4.89; N, 10.91.

{d) 1S8R,4SR,5RS,68R-4-(spiro-5’~hydantoin) -2-~oxabicyclo-
[3.1.0Jhexane-6-carboxylic acid. A solution of the product
from step {(c) (8.5 g, 35.4 mmol) in 2N NaOH (70 mL) was |

20 stirred at ambient temperature for 3 hours. The reaction
mixture was cooled to 0°C, and 5.0 g (23.6 mmol, 67%) of the
product precipitated from solution at pH = 1 by dropwise
addition of conc. HCl. The aqueous filtrate was saturated
with NaCl and extracted with EtOAc to yield an additional 2.3

25 g (10 .8 mmol, 16%) of the desired product. Total combined
vield of the title compound was 7.3 g (34.4 mmeol, 97%). mp =
258 - 261°c. FDMS: Mt 4+ 1 = 213. Anal. calcd. for CgHgN30s:
C, 45.29; H, 3.80; N, 13.20. Found: C, 45.00; H, 3.65; N,
12.99.

" 30 _
(e) 1R,4R,55,6R-(-)-4—(spiro—S'—hydantoin)-2—oxabicyclo¥
[3.1.0]lhexane-6-carboxylate. A 65°C solution of the racemic
mixture of compounds prepared as described in Step (d) (6.67
g, 31.4 mmol) in EtOH (2 L) was treated with a solution of R-

35 {-)}-2-phenylglycinol (4.74 g, 34.5 mmol) in EtOH (500 mL),
and the resulting reaction mixture heated under reflux until
dissolution occurred. The reaction mixture was allowed to



the title conmpound. FDMS: Merr] = 298. Anal. calcd. for C8H err] 1 O4:
C, 32.24; H 3.72. Found: C, 32.37; H, 3.82. (b)

1SR, 5SR, 6SR- Et hyl - 2- oxabi cycl o[ 3. 1. 0] hexan- 4-one-6- 25 carboxylate. A
10[err] C solution of the product of step (a) (39.6 g, 133 mmmol) in
Et CAc (1.5 L) waerisiwat ed by dropw se addi tion of a sol RETKIMRIE
(25.28 g, 166 mmol) in Et OAc (100 m.) and the resulting reaction

m xture stirred at 10 - 15[err]C unt i I31the reaction was j udged
conplete by TLC and GC. The 30 reaction m"Xture was acidified with IN HO ,
and t he product extracted with Et QAc. Al organics were conbined,
washed wi t heddd2 8208mbhent hnemperaturedovisr sMyS@H cwednighttent4.20ed

- in vacuo to yie\d ameliydss Frdygbauburidd Qﬁ)tl'l%Ete\!&aerBlB@%( ed0via vacuum

Et OAc/ hexanes 1:5%)}%0% Et OAC/ hexag%% af f orded the #ltle 35_ conpound (14.7

g, 86.3 mmol) 1o§9&“recrys 85 %Ptﬁqgrfrom t OH
CerrlHerr] &4 af%dHQOEl € $5.101mmel, BT, ofobhe:clgral sae. 82;>99.58. 76.
WO 97/181995 ee. = -111° (¢ = 0.1, H20). mp = 19CH U$96¢;L81ah%11

30 c 4SR 5RS, 6 4- o] nt_o 2-
oxabi cycl o- ES)l ]Bh g% 8@7{&%%%5%’& étézosplc{jl 3? 82y§? t5r1|§g) b dduct
fromstep (b) (Fohnd:g, C8253mfiN;) Hi. n5 100Nt GH.6300 Tie ch5raansla}+20(3( 40gnL)

at anbi ent tenpgy at 1) Vs tcro%%féea £0 %@wgla@ia/sg bgré AP f) 16.0

g, 205 mmol), and KCN 1;({ aﬁg 8 gnd war ne

hour. The Bt i B¢l doGds 2R FetpG oT EePTIRBIRE2BREIF oduct
preci pi t at 48 frsmayepatlr ofriad oMer Ma$4 dregdnicrcentitatiedn inf vaduo 519 HA .

The solids vereicQl begted Vi 1vardum §idit 1@t kAp. title %ﬁesqnwrh >?9ppggpan0'
and dried at 8Qlerr}C undﬂr‘lov%uunat[@g E:org %ﬁ) g, ﬁg s % of
the title corrpound 1 [err? 3 "An ¢al cd.
for (err] H[erMN?C}eﬁ'r%13 Angl 60cadagt. Gor4(78}%l20$-r 5.3@5.R9; 14, 13.80F0und.
C 47.53) H 1y, 43890. Nrckihd?l ¢, 45.48; u, 4.04; N, 13.13.

15

(£} 15,45,5R,65-(+}-4-(spiro-5'-hydantoin)-2-oxabicyclo-
[3.1.0lhexane-6-carboxylate. The mother liquors from step
{e) were combined and concentrated in vacuo. The base
addition salt was converted to the free acid by partitioning
20 Dbetween 1IN HCl, NaCl, and EtOAc. The organic phase was
separated, dried over MgSO4, and concentrated in vacuo to
give 2.2 g (10.4 mmol) of a solid. This solid was dissolved
in hot EtOH (100 mL), and treated with a solution of S-(+)-2-
phenylglycinol (1.56 g, 11.4 mmol) in EtOH (50 mL). After
25 the initial precipitation of the salt, additional EtOH (50
mL) was added and refluxed. The chiral salt crystallized as
the solution was allowed to cool to ambient temperature
overnight to afford 2.4 g (6.9 mmol, 66%) in >99.5% ee. Op =
. +103° (c = 0.1, H20). mp = 217 - 220°C. Anal. calcd. for
30 C1gH19N306-0.5 H20: C, 53.63; H, 5.63; N, 11.73. Found: C,
53.87; H, 6.07; N, 10.69. The chiral salt (2.3 g, 6.6 mmol}
was converted to the free acid by partitioning between 1N
HCl, NaCl and EtOAC. The organic phase was separated, dried

over MgS0O4, and concentrated in vacuo to give 1.30 g (6.1
35 mmol, 93%) of the title compound in >99.5% ee. oOp = +128° (c

+

= 0.01, MeOH). mp = 267 - 269°C. FDMS: M + 1 = 213. Anal.



(d) ISR 4SR 5RS, 6SR-4-(spiro-5'-hydant oi n) - 2- oxabi cycl o-

[ 3. 1. 0] hexane- 6-car boxylic acid. A solution of the product fromstep
(c) (8 59, 354 mmol) in 2N NaCH (70 nL) was 20 stirred at ambient
tenperature for 3 hours. The reaction m xture was cooled to O[err]C,

and 5.0 g (3 byisd - 6799 of the product precipitatedpEfoeasinti on at
pH = 1 by dropw se addi tion of conc. HCl. The aqueous filtrate was

sat ur at ed with NaCl and extracted with EtOAc to yield an additional 2.3
25 g (10 .8 mml, 16% of the desired pPéduct. Total conbined yield
of the title corrpound was 7.3 g (34.4 mol, 97%. np = 258 - 261[err]C

FDVS: Merr] r.‘hlch— 2&3 CaHANEbs.0C 2l RQOHfOFC,C&H[ﬁSE]WQ.qu;] N, 11.66.45.29;
H 3.80; N, 84 K 45 g N, 12.99. 30 (e)
1R 4R, 5S, 6R- -°)“n (s rr 52 5 UhHda t‘?ﬁ"n) '2 dbicycl o-

[3.1.0] hexane 6- carboxylate. A 65[err]C solution of the racemc

mi xture of comqouaﬁs BR EP3Y e¢R 3%%5&&1&2:&@ b&a§i€;?cidi)3 .2609hexane-H6-31- 4

| Et 1 1 t
et irarEbi e Aca 52 b Thiam aF ERBLP{OBIFTF, Step i t he

resul ti ng rea.il®ngm X0 unreolHedanedN ualRs  (36&f knwx wad iwarmed dissef st on

occurred. TheyRathhen Mrd Wdadtlsnahi oes Was then cooled WP 9ed 8199
PCT/ US96/ 18112 cool to anbient

tenper at ure SCHAELER ViR fHGLgRe Pl 3 gand C?ri%e‘?ﬁfﬁitfdoFc’tﬂ@”iﬁs(?duct
was col | ect edlien sp35%&s was wviecongtutmted irf H2Or atipih.= Qfe .adgbliedalo

recrystalylgl Zaél'oo-'ﬂatiﬁoﬂéf-t)@_'anlo aé)t é}%‘é ?heggng ér}rﬂ' eme'f é:rr.’l_/ﬁ fﬁ A{%SI

chiral salt in >99. 5% ee. E ]%I‘{I
201[err]C. Afypiford &a’%’cc? BoP7 'erBFH [ Frf‘&fe‘r%ﬁleocsmpe'enden 53. 63;

H 5.63; N PB9%3% ee. mapNd:275C 6Re®7 - HED5=6063N (c1%. 8501, THAOchi r al

salt (3.8 0, rpMs:10m9 ympL) 1985 CcaMMEr cadclo Eéle d/iBRogcCi & byapastifgi oni ng
bet ween 1N chlT Et QAC. .The_or 40.n36 P{a e was_10 @%eparat ed, dried

over MySO4, d (?ScoHceﬁtg%t ed My actio 8% 15 4-6%0.1 mol, 93%
of the tiltl e conmpound in >99. 5% ee. [err] = -134 (¢ = 0.01, Ivea-i). np

= 260 - 262[ef)] Cqg FED.MS SR, ss'YL? Elartirdo- 2—%%3101@5&"@40@@ 89nekQhe-4, 6-
err] H[err] crf\%chy ‘Ac 1d A golx!l_ltlon of the product o(% stggn((jf C 4548,
H 4.04; N,
(1 20 g, 5.6 mmol) in 2N NaOH (15 mL) was warmed at reflux
overnight. The reaction mixture was then cooled to 0°C,
20 acidified with 6N HCl to pH = 1, and concentrated to dryness.
The solid was reconstituted in H20 at pH = 12 , applied to
Bio-Rad® AGl-X8 anion exchange resin, and eluted with 3N AcOH
to afford 0.83 g (4.40 mmol, 79%) of the title compound in
>99.5% ee. mp > 275°C (dec.). oap = +62° (c = 0.01, H20).
25 FpMS: M + 1 = 188. anal. calcd. for C7HgNO5-G.3 H20: C,
43.66; H, 5.03; N, 7.27. Found: C, 43.37; H, 4.68; N, 7.06.

Example 3
30 1R, 4R,58,6R-4-amino-2-0Oxabicyclo[3.1.0]lhexane-4,6-
dicarboxylic Acid

{a] 28-1,2-0-Isopropylidene-butane-1,2,4~-triol. A solution
of 8-{-)-1,2,4-butanetriol (25 g, 236 mmol) in acetone (500
35 mbL) was treated in one portion with p-toluenesulfonic acid
monochydrate (1.80 g, 9.4 mmol) and stirred at ambient
temperature overnight. Triethylamine (0.95 g, 2.4 mmol) was



15 (f) 1S,4S,5R 6S-(+)-4-(spiro-5'-hydantoin)-2-oxabicycl o-

[ 3. 1. 0] hexane- 6- car boxyl ate. The nother |iquors from step (e) were
conbi ned and concentrated in vacuo. The base addition salt was
converted to the free acid by partitioning 20 between 1N HCl, NaC . and
Et OAc. The owgamisi9phase was separated, dried over MySBETU ?ﬁﬁ'sm
concentrated in vacuo to give 2.2 ¢ (10.4 nmol ) of asolld This solid
was di ssol ved in hot EtOH (100 nL), anghtreated with a solution of
S-(+)-2- phenyl glycinol (1.56 g, 11.4 nmol) in EtOH (50 ). After-25
the initial precipitation of the salt, additional EtOH (50 m.) was

added and refl adéed iFhenehppaticmlandc £hst BEFY HdBIageaCt LQh AFENELI on was

al | owed t0 COOkoh@ethical shoVRAIALY §ield EHEICTuGBL pteadwdt . ord 2.4 .9 (6.9
mol , 66% in >99, 3Le = 217 -
220[err]C. AnafiTd ‘rcc%mf‘ou"’l%om&a‘]ﬂ@e%r f\é‘&erﬁap"éé %&)% C, 53.63; H,
5.63; N, 11.73EtOmd{hrkanes) affoxslacerhthlval@FOWmoumé 620 - 8@ cRPBal salt
(2.3 g, 6.65Mmminpl) 873aswcenved tied=t 0.0he dH2Ed 2aci dFPMYS paMti #i dnkEnkd7.

bet ween 1N T r J ¢ phage S nat ed, dried
over MgSHA4, anan"éloncs?l%:dat gg %\ﬁg‘i&} 991?@(5; 1080gg ZW%S?%O 939% of

the title conp&onudi nC>9955%)eeH, érzr] = +128[err] (c 0. 01 IVEO—D
np = 267 - 269[err]C. FDMS: M + 1 = 213. Anal. WO 97/ 18199
PCT/ US96/ 18112 . & 232, £d. for
Clerr]Herr] N &P} ]Cf%’r’l':]m@y& 2\(:?]-? %OPEZ?W%ldﬂ)e ZP foglﬁyd]ﬁﬁggz Found:
C, 44.50; H) 4hesendgtelD. Oxalyl chlqmjde {R8.%R9.5305 mmol) was added

6R( -) - 4- Ami no- ArGxabi e W @l 378°d]daxaaendob-onsp dicavboxyldos Amod) #n

sol ution of th‘éﬂgéi)g?fltl.)? fatsgepaég)to niam.ﬁ_%lr}or&ct]ign%%ef&\ﬁ% I;Jaﬁy (35

m.) was warned a OVEer ni e reaction ure was t
cool ed to Of er P§ Gnd Subsaqudm¢1§e¢nmrrl¢d6ﬁPH@ tagdprienal Hhaigwheent r B ed

to dryness.  thidhfesilch WasrlfE AR ialidbadaidspwiz@ at sptheick? of applied to
10~ Bi o- Rags A% éﬂ? @ngﬁor;t%cfagpgpﬁe,mgn 89 il 14t E.‘Lg Eh&é‘l?'\h‘?ﬁ)% at 40

afford 1.5 etlt ecorrpoun 9.5%ee. nmp >
275[err] C (dec r)ate[é<l>rl]Iéu=nt'—86!;’.l feaetipn empeygyure < - uzmn FOI‘PLeE‘BS
Anal . cal cd. faua¥¥ibertdd\Gearton Gnixkkhr3ivalkl, stlrred at -78°C for 6
hours. Triethylamine (101 g, 1000 mmol} was added dropwise
and the resulting slurry allowed to warm to ambient
20 temperature as it stirred for 2_hours to afford crude O-
1sopropylidene-4-oxo- (S)butane-1,2-diol. The reaction
mixture was chilled to 0°C, (carbethoxymethylene)triphenyl-
phosphorane (88.4 g, 250 mmol} was added in one portion, and
allowed to warm to ambient temperature as it stirred
25 overnight. The reaction mixture washed consecutively with
H20, aqueous NaHSO4, and brine, dried over MgSO4 and
concentrated in vacuo to yield the crude product. The
product was triturated in Et20 (500 mL), the Ph3P=0 removed
via filtration, and the filtrate concentrated in vacuo to
30 vyield the crude product. Purification via HPLC (10%
EtOAc/hexanes) afforded the title compound (35.55 g, 166
mmol) 82%. op= -9° {(c = 0.01, CH2Cl2}. = ~-11° (c = 0.01,
MeCH). FDMS: M* = 214. Anal. calcd. for C11H1804: C,
61.66; H, 8.47. Found: C, 61.53; K, 8.17.
35
{c) 58,E-Ethyl-5,6-Dihydroxy-2-hexenoate. A solutiocn of the
product of step (b} (35.4 g, 165 mmol) in THF (330 mL) was



4.85; N, 7.48. Found: C, 44.66; H 4.82; N, 7.36. 15 (h) 1S, 4S, 5R

6S( +).- 4- Am no- 2- Oxabi cycl o[ 3. 1. 0] hexane- 4, 6- di carboxylic Acid. A
solution of the product of step (f) (1.20 g, 5.6 mol) in 2N NaOH (15
m.) was warned at refl ux overnight. The reaction m xture was then

cool ed to O[\ghbd/fsef0 acidified with 6N HCL to pH = 1, andcemssegirated to
dryness. The solid was reconstituted in H20 at pH = 12 , applied to

Bi o- Rad[ err] AGL- X8 ani on exchange resin, and eluted with 3N AcOH to
afford 0.83 g (4.40 mol, 79% of the tiBke conpound in >09.5% ee. np

> 275[err]C (dec.). aD = 462 (c = 0.01, H20). 25 FDVWs: Merr] + 1 = 188.

Anal . cal cd. ﬁ‘z(yatGHHLﬁréﬂé\ICEcﬁrt&bnowﬁtﬂ-'&(N HCE (330 D @Rd Bribrd3adN 7. 27.
Found: C, 43. %

Exanpl e 3 30 2™iefk ﬁﬁ"%@%?«"rf Rﬁ?ﬁ%l@b(agpgyeﬁo?% PR FREREHRE 438
di carboxylic ggugted to 7 (vwith NEHIOD. (FHeSHBLOpg| apditadiuvane- addedandi ol .

A solution ¢he Qta_s§1élag lsl%ﬂybgﬁﬁﬂeéd I\ﬁlgoéc%ﬁsﬂy ?&6 dﬂ@ohlmfn afgd one (500

35 m) vwas trea t ol uenesul

one portion w
monohydr ate (rfa&?}ilon 5“&“?’&?8 aﬁﬁr%%'i’r?ﬂgeg aft anbtR "’fﬁa ory ?‘é%‘éjr A e
over ni ght. Trahet Wpém:heextora%eg withl Bh@dc). wadl organics werg\D 97/ 18199
PCT/ US96/ 1811sbmbined, washed with brine, dried over Méﬁbg, and added in one

‘portion and the resulting reaction mxt nt.rat ed l vac,uo to
Vel d the cr (aReSPEHALEd in YaaP Fo CHqth Ehea CERRG G -o6 ERERE) Fibidites t o
90% Et CAG/ilee ¥BREs [ 10% fRhGdcd hehanes toe 9@3n§oam/ Keaangg) gaf Qcﬁlz‘ldeds nmol )
87% [ernl = thd eicle( compduridl,(2¢HRCG2)141 MinldS:) 85/[€l’l’]u,._:|'=1—69 147 =

Anal | cd. C 03.§. 25 Heer L] O 5 , 0. s d: C
pnal caled. g.o, Ceibeis) 03 ) 25442161 00 ©1 Shebh . rthedD we ., FOUN

175. Anal. calcd. for CgH31404-0.25 H20: C, 53.77; H, 8.18.
Found: C, 53.50; H, 8.48

15 (d) 2R, 4S-Ethyl 2-[{4{-Hydroxytetrahydrofuran-2-y1l)]-2-
iodocacetate. A solution of the product qf step (c) (24.6 g,
141 mmol) in diethyl ether (1 L) at ambient temperature was
treated consecutively with NaHCO3 (35.6 g, 424 mmol) then I3
(80.7 g, 635 mmol), and the resulting reaction mixture

20 stirred until complete by TLC. Solid Na35203 was added to the
reaction mixture and stirred vigorously until discoloration
occurred. The reaction mixture was partitioned with water
and the product extracted with Et20. All organics were

combined, washed with Na2S203, H20, then brine, dried over
25 NazS04 and concentrated in vacuo to yield the crude product.
Purification via HPLC (10% EtOAc/hexanes to 50% EtOAc/

hexanes) afforded the title compound (23.51 g, 78.3 mmol) 55
%. 0Op= +64° (c = 0.01, CHCl1l3). FDMS: M+ = 300. Anal.

caled. for CgH13I04-0.5 H20: C, 31.09; H, 4.57. Found: C,
30 30.89; H, 4.48.

(e) 2R-Ethyl 2-[(4-oxo-tetrahydrofuran-2-yl)]-iodoacetate.

A 0°C solution of the product of step (d) (23.3 g, 77.6 mmol)

in acetone (500 ml) was treated by dropwise addition of Jones
35 Reagent (225 mL, 450 mmol) at a rate to maintain the reaction

temperature < 10°C. Upon complete addition the reaction was



(b) 5S,E-Ethyl 5,6-01sopropylidene-5,6-dihydroxy-2- 10 hexenoate. Oxalyl

chloride (38.71 g, 305 nmol) was added dropwise to a -78[err]C sol ution
of -DMBO (31.75 g, 406 mmol) in CH2C12 (1L) at a rate to maintain
reaction tenperature [err]-65 [err] C and subsequently stirred for an
addi ti onal 30wei9108W3. To this reaction mxture was add®§TaSspii¥e a
solution of the 15 product of step (a) (29.7 g, 203 mmol) in CH2C12 (100 nL
at a rate to maintain reaction tenper _riaae [err] -60[err]C, upon

conpl ete addition the reaction m xture s stirred at -78C for 6

hours. Triethylamne (101 g, 1000 mmol) was added dropw se and the
resulting sl urallavedvieal warmibe nanlei erthitempedc yrmmaer at useiased tfost 611 ed

for 2 hours topahterd ﬂpi%aﬁol (25 inAPLARYhdEE GrbpRX Qe () RS the
1,2-diol. The_reagction chi |

(car bet hoxymet Ay SR&TTY | ﬁ’«?nwacum ﬁﬁgélﬁ'ﬁo‘f’%ﬁere(dé‘geg §° BHRER) thas
added in one p®reflant enttactedakitiwdt20e wallnqugamibsewere ec:qmna'edue as it

stirred 25 gveiAtHLE -wikhe 108204HES MEsbUr Sndasiek CARSEE Uingly ,Ws
H2O, aqueous concentrat ed in

nd
' vacuo to vyiel dpf‘lﬁgéc‘?%}é’ SFSBU%‘?LéTﬁ& L Et%%r\ﬁﬁst?r%%% /I'n Et20
(500 nL), the hagpacsy aipwddord 186 df.i [(62ad imwpl,aB@%t hef fild rdtae
concentrated i rompoued f 0 080= yiesled (¢ he G:rmdecacmiuct Flﬂyi fma;i peg via HPLC

(10% 'y, SRR S0 L5 I Ll ey SO (55, 55 g looc,

MeOH). FDVED NBEr 48 H2B462Anal . cal cd. for Clerr]Herr]®: C, 61. 66;
H 8.47. Found C, 61.53; H, 8.17. 35 (C)

5S, E- Et hyl - - 2- hexenoate. A s on of the product of
step (b) (35 4 @ %W%’EFQ%?% § st -0Jhexan-4-oney§97/ 18199
PCT/ US96/ | 8112carboxylate. A 10 °C solution of the pr8duct of tsveat @d)in one

portion with 1hh&ids (933(2;1”‘9):11@6@) Sitrd %ﬁ:@ﬁlcahso mrfv}”t}bsné dARERPL ur e
over ni ght. . Jhe PH of th r.eact w.th NaHCO3, then

Et OAc and KA OgP%: i5haR 'of! & ﬁ@l}‘ééﬁ‘?t’%’% (glluﬁgygst"{ T @@Ly otBus| y
for one hour. Eh@GAc 5('7r5ea®t)| ond nihet esulbsnparaddtiionedikrure separatioay

funnel and 114re RROodugbyext rﬁf‘et edattidn Fnh%%reAlnL\s O SN (G2 AVRiEh 1N

conbi ned, wash wi th, brine ried over
ﬁgl, andl%he product extracted with EtOAc. All organics were

combined, washed with Na2S203 then brine, dried over MgSO4,
20 and concentrated in vacuo to yield the crude product.

Purification via HPLC (10 % EtOAc/hexanes to 50% EtOAc/-

hexanes) afforded the title compound (6.62 g, 38.9 mmol) 63%.

mp = 88-89°C. ap = +164° (c = 0.01, CHC13). FDMS: M* + 1 =

171. Anal. calcd. for CgH1004: C. 56.47; H, 5.92. Found:
25 C, 56.18; H, 5.65.

{(g) 1R,4R,5S,6R-Ethyl-(4-spiro-5’-hydantoin)-2-oxabicyclo-
[3.1.0)hexane-6-carboxylate. A room temperature solution of
the product from step (f) (3.0 g, 17.6 mmol) in EtOH (25 nlL)
30 and H20 (10 mL}, was treated consecutively with (NH4)2C03

(3.44 g, 44.1 mmol), and KCN {1.43 g, 22 mmol) and warmed at
35 °C for 1 hour. The pH of the reaction mixture was lowered
to 1 with 5N HCl and concentrated to dryness. The product
was recrystallized from 2-propanol/H20 (10:1), filtered, and

35 dried under vacuum at 80 °C to afford 1.15 g (4.8 mmol, 27 %)
of the title compound. mp = 195-197 °C. oy = -128° (¢ =



concentrated in vacuo to yield the crude diol. Purification via HPLC
(10% Et OAc/ hexanes to 90% Et OAc/ hexanes) afforded 10 the title conpound

(24.6 g, 141 mol) 86 % [err]= -6 (c = 0.01, CHerr]dJerr]). [err]
=-22 (c =0.01, MOH). FDVMs: WM+ + 1 175. Anal. calcd. for

Clerr]H errlgba%died 25 Herr]O C, 53.77; H, 8.18. Fowattrstensnpid. 50; H,
8.48 15 (d) 2R 4S-Ethyl 2-[(4-Hydroxytetrahydrofuran-2-yl)1-2-

i odoacetate. A solution of the product of step (c) (24.6 g, 141 mmol)
in diethyl ether (1 L) at anbient tenperatfure was treated consecutively
with NaHCO3 (35.6 g, 424 mmol) then |2 (80.7 g, 635 mol ), and the

resul ting reagidon vdoxh Ur epmis. Shv+r e Lmdq cggghgt@al@a_ﬂfga Solid
Na2S2 d t h [ ] Xt d_ st ' I
anti 1o scol GrRTaNzos: bt Shesr Bt on inPc U par 41 Bhed i th

wat ey ancii e §Sodluclliesracted with Et20 Al organics were
conbi ned, washed with Na2S203, H2O, then brine, dried over 25 Na[err] SO

and concentrated in vacuo to é‘jel d the crude product. . Purification via
HPLC (10%%Et OB heFadBs>F ot B oo EPERer > ~hyqanEiad y 229 5ahifveitne titl e
conpound (23. B 1g,01h@x3nanét Jartoxylat@e [RradlutiehddLrute produbt 0df CHCL3).

FDMS: M+ = 3 | Cq. =0 r - +H r C.-31.09;
H 4.57. Fouﬂ%a“@ﬁjsa %0.1%3"," 3,'52. L P47 H[Ne?%ih i |‘:'§_Hy|["g% ttinfes
2-[ (4- oxo- t et 3 IAMALEPGr HATRENAYYS §8Bat MES . The yeqptdion] mixbhre iwas of
the product odcisticfie@dyo(28.3 PYwiltRh. BNNHOL Jand thei pradaitOR&tEa00edl) was
treated dr oW di t} S Read 450 at a
rate to tr%g ntain ?ﬁgigéac%?gngga%qtgg w%?%ture F‘géf](oialeregr_?\']léﬁ Eg%gr‘zé')conpl ete

addi tion the P43 i'‘YgSRAL and concentryipd Ao gfdgrd g (4.4 mmol, 97
PCT/ US96/ 1811%) ©of the title compound. 0Op = -139° {c = 3501, MeOH] | owed =t 0

warmto anbi ejyg teRpYr ab Ur Gl t sty rredoher 6an41 . JAQURS- ¢4z Propanol (25
m.) was added daropvvi se to qench %{}el_ éegértl on. 'Fhe reacti on vol une was
reduced in vacigNaRe e H20:  br otftrck e e r APt M e - BP 20.FWM9 or §ani cs
wer e confiiSned44.8; WasBedswinh 1IAFRNaHCO3, H20, and brine, dried (MgSOH),
and

(i) 1R,4R,55,6R-(-) 4-Amino-2-Oxabicyclo[3.1.0]lhexane-4,6-

dicarboxylic Acid. Utilizing 0.90 g (4.2 mmol) of product

from step h, the title compound identical to the compound

20 from example 2g, was obtained.

Example 4
1SR, 4R8,5RS8,6RS-4-Aninoc-2-Thiabicyclo[3.1.0)Jhexane-
4,6~dicarboxylic Acid
25
(a) (1SR,5RS,6RS)-Ethyl [2-thiabicyclo(3.1.0]lhex-3-ene]-~-
carboxylate. A solution of ethyldiazoacetate (11.4 g, 100
mmol) in thiophene (20 mL) was added dropwise to a 70°C _
solution of [Rh(OAc)2]2 in thiophene (100 mL) . Upon complete
30 addition, the reaction mixture was warmed under reflux for 3
hours, concentrated to an orange o0il and purified by prep
HPLC (10% EtOAc/hexanes) to afford 6.51 g (38%, 38.2 mmol) of
the title compound. FDMS: M* = 170. Anal. calcd. for
CgH1002S: C, 56.45; H, 5.92; S, 18.84. Found: C, 56.72; H,
35 6.21; S, 19.11.



purified by prep HPLC (10 % Et QAc/ hexanes to 50% Et OAc/ - hexanes) to
afford 18.6 g, (62.3 mol, 80% of the title conmpound. aD = +65[err]
(c = 0.01, CHC13). FDVs: M = 298. Anal . calcd. for (Jerr]Herr]l O4:
C, 32.24; H, 3.72. Found: C, 10 32.48; H, 3.62. f

| R 5R, 6R- Et hyWe2sehi cycl o[ 3. 1. 0] hexan- 4- one- 6- car boRGFTAPU/I8N2
[err]C solution of the product of step (e) (18.45 g, 61.9 mmol) in
Et OAc (750 nlL) was treated by 15 dropw 3937add|t|on of a solution DBU
(11.78 g, 77.4 mol) in Et OAc (75 nL) and the resulting reaction

m xture stirred at 11C for 1 hour. The reaction m xture was acidified
with 1N HC1b) ahSR.H&Sp b BAuRRS)eBthudt édhwdndxyEt @athiabicwsdgdRi- Es0iver e

conbi ned, vvgshadxmélh da&zsml ﬁtﬁé] thes1beine, oﬁirﬂ}@drme{flM\/]QSOQ , iRl ) a:adHPLC
concentrate In u 1 Ccru Il ion,vja

(10 % Et OAc/ he?ﬁ%@ f@%’ﬁéeEF%ﬂFc gﬂ‘éﬁ @g) EZQFf B’F%(g faPe(%f onpound
(6.62 g, 38.9 BpI) B63%.29 mmed} Lr8FHEO[(8F riiQ.. [adr ]subsqcmr{r@rlw] stéreed. 01,

gHg%3)# FDE$32H% g°cl for 6 hdurs. A@@'Na@ﬁlQﬂnﬂhohag[saﬂé&ﬂé¥8£w1§e 56.47; H,
. . ound.

| R 4R, 5S, 6R- Et y}ﬁ(%is 35}?8%%12(%@@ FL) ) - Eh%)%ga? C;’/'_(J:.flg reaction mixture

[ 3. 1. 0] hexane- gas aablmwedate. wirm cumampipat atempersohuei an f stirredhe
product from sieprdfghtl.3- th ré&%éid%”ﬁh% %5&@%693n@&5w9%ﬂ égkuﬁ@@@deo (10

KON (1733 o SR e fhdcptadlicy’ ebbabEe e nebl (oafr ckbapa 0 ) AN

reacti on ni&t uwermmbewsﬂedwashed vd-th hrine 5MrHed éHGSQoh-c@mdr rucgfied
dryness. The pﬁgdﬂ@lmc (10%§t6£&m@§éaﬁbgl @@dsd%r o Phepan Y/ 'é%oaﬂ@ré)

Ly LT P e bainach ML eonttde e gl o 1 27
VO 97/ 18199 188. Anal. calcd. for CgH1203S8.0.4 H20pPCRUYI/AE31¥2 6.60;
36 0.01, sMef¥)40 FOWMBunM €7d ] 4b.337 B4ls.Mals, ealgel. for
15
(c¢) (1SR,5RS,6RS)-Ethyl 4-oxo-[2-thiabicyclo3.1.0}hexane]
carboxylate. Oxalyl chloride (4.35 g, 34.3 mmol) was added
dropwise to a -78°C solution of DMSO (3.56 g, 45.6 mmol) in
CH2Clz (400 mL) at a rate to maintain reaction temperature <
20 -65°C. Upon complete addition the reaction was allowed to
equilibrate for 30 minutes, followed by dropwise addition of
a solution of the product of step (b) (4.31 g, 22.8 mmol) in
CH2Cl2 (20 mL) maintaining reaction temperature < -65°C. The
reaction was allowed to slowly warm to —40°C, after which
25 time the reaction was once again chilled to -78°C, and
guenched by dropwise addition of triethylamine (11.54 g, 114
mmol). The reaction was partitioned with 1IN HCl and NaCl and
the product extracted with Et30. All organic phases were
combined, washed with H20, and brine, dried (MgSO4)} and
30 purified by prep HPLC (10 % EtOAc/hexanes to 50% EtOAc/
hexanes) to afford 3.20 g (17.2 mmol, 75%) of the title
compound. mp = 55 - 57°C. FDMS: M* = 186. Anal. calcd.
for CgH1003S: C, 51.60; H, 5.41; S, 17.23. Found: C,
51.59; H, 5.32; 8, 17.63.
35
(8) (1SR,4RS,5RS,6RS)-Ethyl 4-(spiro-5'-hydantoin)-{2-
thiabicyclo[3.1.0)hexane] carboxylate. A solution of the



Cerr]HLI2N2g err]: C, 50.00; H, 5.04; N, 11.66. Found: C, 49.99; H,

4.89;. N, 11.44. 5 (h) 1R 4R 5S, 6R

(4-spiro-5'-hydant oi n) - 2- oxabi cycl o- [ 3. 1. 0] hexane- 6- car boxyl ate. A
solution of the product of Example g (1.10 g, 4.58 mml) in 1IN NaOH (15
m.) was sting@drasige at anbi ent tenperature for 3 hours. Thecressiisnn

m xt ure was acidified to pH =1 with 5N HC1 and the product extracted
10 with EtQAc. All organics were conbined, washed with bri ne, dried
(MgS™) and concentrated to afford 0.94 gj8(4.4 mol , 97 %9 of the title
conmpound. [err] = -139 (¢ =0 01, MeOH). np = 268 - 270 [err] C. FDWVE:

Merr] + 1 = gdddudindironcategl. (dlor(3.22 & ex7 3Hpmol ] N2 #oH -@51mb] &drid O _ C,
44.91; H, 3. 81@%:'\’(1013&99%': ntC’teﬁéefMt 'dav cg%at«% cjo?i\sggugwe ¥ (1)

1R 4R, 5S, 6R- ( nm no I.cycl g oXy
Acid. Uilizi® 1'0@5’4@ 2324l Broft3p? )'anf?‘%‘}‘n é&ﬁr ?Faestltle

conpound i denhmshl and mlaemeonmwsdcwnﬂnmmaarﬁheﬂ@ged/\@%

aeng¢l.
| | of,3. -
4 60 a car boxyTTE acty ypacody it iikia AR Bl Pt S
[ 2-t hi abi cycl B itigpgexwitlhNaCl and ghe Wﬂﬂ%eexwww W3ithoEtOAC.

et hyl di azoaceaht eoxghhiésgweddombinedp| dried t(Mgephenear® ety svas: aeged

dropwi se to sol ut o] 2 op (100 ni).
Upon conpl et ?é‘%& Elirgpaml %%%érfé’ggtlgo%&%% %3 J"ﬂ%js m%lr%e&quﬁgﬁr“rrelﬁ ux
for 3 houfPsScenfPat etft o 2Q08% and®M§i:| ¥ho= pib§.fi ésaby paked.

HPLC ( 109%cCEt Chat heppanewpor®-taf7boreab. 51, ¢#8(.88% u 38 229w, ) 9080. rdud@.title

oo 0% Papelie RS [ S ©
97/18199 PCT/ US96/ 18112
37 (e} (1SR,4RS,5RS,6RS) 4-Aamino[2-thiabicyco([3.1.0)hexane]-
4,6-dicarboxylate. A solution of the product from step (d)
15 (0.85 g, 3.30 mmol) in 2N NaOH {20 mL} was warmed under
reflux for 4 days. The reaction mixture was then acidified

with 6N HCl and concentrated to dryness. The solid was

reconstituted in H20 at pH = 11, applied to Bio—Rad® AGl-X8
anion exchange resin, eluted with 3N AcOH, and concentrated
20 to dryness. The product was triturated in hot H20/2-propanol
mixture and filtered to afford 0.31 g, (46%, 1.5 mmol) of the
title compound. mp > 250°C. FDMS: Mt = 203. Anal. calcd.
for C7H9NO4S.0.5 H20: C, 39.62; H, 4.75; N, 6.60; S5, 15.11.
Found: C, 39.81; H, 4.48; N, 6.69; S, 14.27.
25
Example 5
1R, 4R,58,6R~-4-Amino-2-0Oxabicyclo(3.1.0]lhexane-4,6-
dicarboxylic Acid

30 (a) (1SR, 5SR, 6SR)-Ethyl-[2-oxabicyclo[3.1.0]lhex-3-ene
carboxylate. A solution of ethyldiazoacetate {100 g) in
furan (250 mL) was added dropwise to a solution of
[Rh(OAc)2]2 in furan (250 mL) with stirring at 10°C over a
period of about 2 to 2.5 hours. A further 0.1 g of

35 [Rh{OAc)2]2 was added about two thirds of the way into the

addition. After HPLC analysis showed complete consumption of



(b) (1SR 4RS,5RS, 6RS) -Ethyl 4-hydroxy-[2-thiabicyclo[3.1.0]- hexane]

carboxylate. A solution of BH3. THF (1M 5.3 mmol) was added dropwi se to
a O[err]C solution of the product of step (a) (0.90 g, 5.29 nmmol) in
THF (25 nlL), and subsequently stirred 5 at O[err]C for 6 hours. 3N NaOH
(5 nmL) was adwed7dswpw se follwed by 30% H2Q2 (1 nl). THETAUSSHII2Ng
reaction m xture was allowed to warmto anbient tenperature as it
stirred overni ght. The reaction was pgﬁéltloned wi th saturated

NaHCO3 and the product extracted with Et2 organics 10 were conbi ned,

washed with brine, dried (MgS™4), and purified " by PC-TLC (10%
Et OAc/ hexanes @@hsﬁ)%ﬁwtmxan@sgommf of dNaHS030.(280gg{ 48%wazeF rAdD) of

the title conpggrd g%dv& nd the X3&u1thhd! tws 1203S. 0. 4 -
100: | C Cag roref ek iedaga che 3 TRulcARE eud Bite hEkL SN 000

15 . (c) é‘ﬂz'i'%’?% TS E?hv%w{&xaef@em% B EPOFRIAT HchdPang] to
car boxyl at e. OZahyurshI ditiedwrefdt Bn gnixB4ra wao| fheraexaddeted witdi MpBese to
ai e To mai nt ol gL e Eﬁe%gj"m Bgse dbhed W%q’g“é‘nm@ﬁ?“?t ]
addition the rgﬁgtl%hu sedtawge ‘#%"‘L" gaﬁ?l‘?{jﬁg{%"fe&

fol |l owed by dr sphwesnt awhdi tthen opémoved dys evapowat iain,t Iaadptlmim:etsnﬂﬁ:a&tep (b)
(4.31 g, 22.8 pgmwl dad nvacuumCHZQEa?ll(Q@ (Hshc @ g 3 %“\%?Fe@&tdﬁ&rtdegg?rature

[err] -65[err]C, lon was allowed to slowy warmto - err]C,
after which 25“?1%“1?’?%’ 397051 * s 3n@8 Gtrhin chilled to -78C, and
guenched b¥0dropw se addition of triethylamne (11.54 g, 114 nmmol ). The

reaction was paghitipaed 4‘Mst hs&R %%k;a&qhm mshlﬁh&%%gto extract ed

with Et20 All es were onbi ne
brine, dried (&/gs%lé]i}éﬁig’r@acaﬁ]a‘?’ﬂﬂaé& by ApFRpH nC°(leh%3E¥ll9é&?;“ﬁe5€8ﬁes to
50% Et OAc/ pPoerared )byt addihgral h12@ign(47.2, mhnetﬁﬁ%zmuﬂdme t(igm| e
conpound. =e85 7[ =1 L

np 85 0- mI5) ﬁ{ ‘I‘hg VEM syMﬁ'.nge 86 b&%ﬂe d(.f.me&%g]l sgxd,f a 32 s

C err] H1O !
17 63. 35O§§ C?H?ile’( 1‘§F9 X‘RS%F?S ‘@IQS)mEf’h?W EYagk PRIsT_BILEQAST AF- [2-
t hi abi cycl o[ 3. beDdhedane] Toar bodudiane wad soirmtedrEcaf 2t heurs at <0°c WO
97/ 18199 before use. PCT/ US96/ 18112

The product of step (a) (32.73 g, 212.30 mmol) was
20 dissolved in 150 mL of THF under N2. The resultant solution
was cooled with stirring to -0.5°C. While the stirring
solution was cooling, the system was evacuated and purged
with N2 twice. The entire thexylborane solution prepared
above ‘was added via cannula over 40 minutes, maintaining the

25 temperature <4.4°C. After stirring 2 hours at 0°C, 87 mL of
30% H202 was added slowly, over 70 minutes, to maintain the

temperature at <30°C. Following the peroxide addition, 15 mL
of pH = 7 phosphate buffer (1M KH2PO4 and 1M in K2HPO4) was
added and the mixture was allowed to stir overnight (14

30 hours) while warming to ambient temperature. The mixture was
cooled <5°C and 25 mL of saturated agueous Na$S203 was added
slowly. 75 mL of EtOAc was then added, followed slowly by 75
mL of saturated aqueous Na35203. Another 40 mL of saturated
aqueous Na2S8203 was then added slowly. The mixture was

35 stirred for 15 minutes, then partitioned between 75 ml, of
EtOAc and 30 mL of saturated agueous Na2S203. The agueous
layer was back extracted three times with 50 mL of EtOac.



38 product fromstep (c) (3.22 g, 17.3 nmmol) in EtOH (25 nL) and
H20 (10 nL) at anbient tenperature, was treated consecutively wth
(NH4) 2CCG3 (3.37 g, 43.3 mmol ), and KCN (1.41 g, 21.6 nol ) and war ned
at 35[err]C until reaction judged conplete by 5 TLC. The reaction m xture

was aci dlflqg?]wé} 96N HC1, partitioned with NaC and t perpssadent
Al l

extracted organi cs were conbined, dried (MgSQerr]),
and recrystallized from 2-propanol to afford 2.25 g (8.8 mMmuol, 51% of
the title conpound. np = 197 - 200[er4d C. FDV5: M+ = 256. Anal. cal cd.

10 for Cerr]Herr] N2A4S.0.75 IPA: C, 48.83; H, 6.02; N, 9.30. Found:
C, 48.75 H, ‘ﬁaé)z:omﬂn.ngd%rfiinlc laﬂl@}s (W3R %B§h583vm§)30 mL of brlne

4- Ami no[ 2- thlaa% 8&3?% ezé?g The %05’% (EI rbo clﬂa&tdxe'\lga_| ?gl u ;)nwgfs

t he product from’s
war med under 54.44 gf plixah @il da‘ys Oi'havasamnénemhmweflaab then acidified

with 6N HC1 a@hSuaregs dm; ephﬁoogawnsﬁfmaT RR150bidl Mascea wikRCODStituted in

H20 at pH_= 11, plie ani on exchange resin, eluted
with 3N Aémlhedﬁ?d‘péong'é%? teéﬂ‘téﬁg ‘f’btlaén‘?e?? Fhe Frfuctonatierd ¢ ur at ed
in hot H20/ 2-3¥.GRagobf the niidttler eompounid |dsemadofd. afford 0.31 g, (46% 1.5
nmol ) of the title corrpound np > 250[err]C. FDVS: M+ = 203. Anal.

| cd. c7 b0 £ 39,62 H.4 75 N, 660; S 15.11.
Found. ¢ 3 g RES”] R, N o6 gehgl 470597 (7gnabicyclsian. 0
Exanple 5  hexaiR)4RrbGnfRtk. ArdralPl Gualsimigel 623.70 @, hemaneazmﬁau

di car boxylg C ﬁ@'c@izclgowlﬁ@)mm( Jaﬁaer5l$5 was added dropm.se over 35
6SR) - Et hyl - [ 2- oxabi C\écl o[ car ate. A solution of

et hyl di azoacé?Jé’t“é"eﬁ B @)s‘?Jd‘twn Pﬁr%s? 25@ -t gwa%g/%tﬁjé‘tﬂ“’&?oﬁwg"e to a
sol ution of keediRg( Ehe) 2¢mpeénatiuneabel @380<+A5°Cwi tthestdaluitignawad 0C over a

period of aboéﬂlr%ehofgrSI@%rﬁJteé fHﬁEh&Soﬂedl vacRf £35- 7d°8h(0&03;311%1%§
Sy o Shov b SF T st 1 acep o “064 49", 255 LS

corrected for 83% potency) dissolved in 100 mL of CH2Cl2 was
added dropwise over 40 minutes while maintaining the
temperature at -67°C. The mixture was stirred for 5 minutes,
then 62 mL (45.01 g, 444.83 mmol) of triethylamine was added
dropwise over 15 minutes, keeping the temperature below

20 -50°C. After stirring for 15 minutes, TLC indicated complete
reaction and the mixture allowed to warm to about -40°C. The
mixture was filtered, and washed through with 300 mL of
CH2Clz2. The filtrate was extracted two times with 150 mL of
1N BCl. The agueous layer was back extracted with 50 mL of

25 CH2Cl2. The combined organic layers were washed with 75 mL
of brine and dried over NagzS0O4. Most of the solvent was
removed by rotary evaporation to leave 44.36 g of liquid. A
few gseed c¢rystals were added and the flask was blanketed with
N2 and stirred ambient temperature for 30 minutes while a

30 thin slurry formed. To the room temperature slurry was
slowly added 20 mL of hexanes. The slurry was stirred 90
minutes at ambient temperature then 3 hours in an
ice/NaCl/water bath. The solids were filtered, washed with
25 mL, of 5:1 hexanes: EtOAc, and dried under vacuum to afford

35 the title compound (19.48 g) as white crystals. A second
crop of crystals (2.28 g) was obtained from the filtrate.
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39 - ethyl di azoacetate, a solution of NaHSG3 (200 g) in water (400

m.) was added, and the resultant two phase m xture was allonwed to warm
to anbient tenperature with stirring for 1 to 2 hours. The reaction

m xture was tWwer7asv® acted with MIBG 5 (500 mL), and the P§TEEPGB13hase

washed with water (400 nlL) and saturated NaCl (300 niL), then dried over
Na2SO4. The sol vent was then renoved by, evaporation, and the resultant
oil was vacuumdistilled (45[err]C at 0.2 mMmmHg) to afford the title

conpound (47-54 g) as an oil. 10 (b) (1SR, 4RS, 5SR,

6SR) -.Et hyl - 4- h;}&?ox&lf’t&-dﬁabi BRE} ASR) -Ethyd. 4~ O§awahél brdduoimt-&- A
gol?)u'a! Ont (ﬁf | t ge)t;(bb@fﬂlﬁ[ 30as 0 }hexar¥ %ﬁb@%b@ﬁ_{%ddliﬁg a8s 30ty ic&? anEnonium

, o-adl ne -2 . JIn via a syrLnge to borane
di net-hyl culfi 52&‘&@&%{)”%_3; ?10%80 ET‘.%"M‘)”‘%?FS&U& §Yﬁ¥h§%giﬁ1&&r 9ni t r ogen
at bel ow OP8&rf|molphdnsdhumk ot eshenpi rat dmirienthoemsemtuz@] eas] C
before use.5 added a solli®iBROSECEhprolapt (88 3 13)9(524%,3%9mgol ) was

20 dissol ved | 0} f THE under N2. _The resultant so] ution was
cooled with st %r@?[}gg“f%s?&%f’grﬁ%a'\#i'l e TR RIS HES Stifdigfon was
cool i ng, the sysbteRwdempezaturechrghaopitgeed by HELCh NRftew 3. hbhesentire
t hexyl bor ane seh#t redtdireParsd 1ekovernasyadded i Tl r

m nut es, mai nt gj n&p ther 25 tggn%%%%tdure Eg 4 %rr%lc. %,%?tg?_ st ﬁ?"’?‘r%g %éﬁours
at 0C, 87 nL o 9% 1269° EFSEPBw Y ROPE WeD MIHAE TEBPdi fit ai n
t he t ehPer 5P uf 0 atite3@[ Br hydodbdlordni agid i viegori el el didtliidn, 5e ni

;)1;1 pH :t7 phosphaiey Resfsf {%rti(:%‘_é/th@M°@Eﬂoﬂ-';ﬂ4i5ngggﬁgp4iii’%}eld anfdded a{ld

e mxture wa stir_pverni ours ile warmng to
ambi ent terrperg?%{rléecfmﬂﬁ‘eqﬁi 'er' u?€ ‘iﬁr}g %age;c'd‘&ﬁ nog[ Z#f%b antde28hite of

sat urat ed aquedbidazs2drded] inavacuiied 40°C sifdwirdingSthe wift 1Et GAmpowasd t hen

added, followedss$®w.y 78Y 6%5. Thd'lprObusatdAtiRRnAYYSOY SHNAZSIHR.  Anot her
40 nL of spturated aqueous Na2S203 was then added slowly. The m xture

was 35 stirred for 15 mnutes, then partitioned between 75 nL of Et OAc
and 30 nL of s&®lr atlER:adEBouSRNaBSRIB4 - Tspirnseobigdantoimy-@- was back

extracted threexdbi®ae1wi[801 50 dxfe BEEDSxylic acid. A solution of the

product of step (d) (7.59 g, 31.6 mmol) in 2N NaOH (63.2 mL)
was stirred for 30 minutes at ambient temperature. The

20 hydrolysis was then quenched by the addition 12N HCl (5.27
mL, 63.2 mmol). The reaction mixture was then stirred for
three hours at 0°C, then vacuum filtered. The solid
collected was dried under vacuum at 50°C overnight, affording
the title compound (6.12 g, 91.3%). 1H NMR (DMSO-dg) & 2.24

25 (s, 1H), 2.26 (s, 1H), 3.35 (d, 1H, J = 11Hz), 4.05 (d, 1H, J
= 11Hz), 4.39 (d, 1H, J = 5 Hz). 13c NMR (DMSO-dg) & 22.14,
30.75, 65.74, 68.32, 70.61, 156,32, 171.11, 175.63. anal
Calcd for CgHgN205: C, 45.29; H, 3.80; N, 13.2. Found: C,
45.02; H, 3.75; N, 12.92, '

30
(£) 1R, 4R, 58, 6R-{-)-4-spiro-5'-hydantoin-2-
oxabicyclo{3.1l.0lhexane carboxylic acid, (R)-(-)-2-
phenylglycinol salt. To the product of step (e), (0.80 g,
3.8 mmol) was added (R)-(-)-phenylglycinol (0.52 g, 3.8 mmol)

35 in ethanol (20 mL) and water (4 mL). The mixture was heated
to reflux, and an additional 1 mL of water was added,
producing a homogenous solution. After approximately 30
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40 The conbi ned organic | ayers were washed with 30 nmL of brine and
dri ed over Na2SO4. The sol vent was rempved to afford 54.44 g of an oil.
The oil was purified by a flash chromat ography (370 g of silica gel,
wet packed &6%%@9 5 hexanes: EtOAc) eluting with 3:2 hgxapgsnshikOAc, to
afford . d of the title conpound as an oil. (c) (1SR, 5SR,
6SR) - Et hyl 4- oxo-[ 2-oxabi cycl o[ 3. 1. 0] - hexane] car boxyl ate. Oxal yl
chloride (25.70 g, 202.44 mol) 10 in CH2€12 (300 nL) under N2 was added
dropw se over 35 m nutes to a solution of DVSO (28.74 g, 367.8 mol)
whi | e kee t r] T tJ o

RiAGe &G %Eg{xﬁ gtfrgedl?@.x@gr Qé’?éﬁuo%eg E§ §8+P g %m‘é@ént

stirred for 10 m nutes, ution
31.68 g of thESPPRRRIUT G SEERT (FPHIRTIFI29t (ambIBNt; LERRBTREr & or r ect ed for

83% pot ency) diesnigted ithelQ@asticd nilHRGI2 was filteaddedwasigvwaehoyer 40

m nutes while t ai h t ]C T xture was
stirred for 5"%1&!?19 g &'.1'192% ]’gl mng:ﬂ.{ g ?4%‘28%&0? afé?zz'%gg ? Qfm@d

tri et hyl an? neUR@er a‘Cﬁf‘éﬂm ac 8P SHWveEndgRE - 10 rﬁftftﬁ’f—”é‘sthﬁe‘é*ﬁ qomgound -

t enper at ure bdDo%7 20, 45!0[36ﬂr BE. aA:in:leIe sollidi ngtH ORRIZDMERA®S 3 2L0S

i ndi cated co et agt ture all) qwe r o.about
-40[err] C TEQL fur, J % 3 hQP a%m&ot ng‘ rrm j Y 331%9,[ hrgo%@h@m {Enﬂt 360 m. of .
CH2C12. The f#ﬂﬁ?htévﬁé% (é‘xt iabteﬂi%mm M‘Sé vﬁ-ton (850 1Ht «6f- 11HzIN #CL. The

agueous :ayer (WRAS1RC K a%rcactml W th @e)rmoibs 2, @HXCéi .30 The eaybi ned

or gani c er r vvaﬁne rine _an r| d over

Most of tﬁ% 82| é\%nﬁ" wPae%%JY/Oem nc i) g%?/ “éavsaﬁgiéa Fudrrlle ? egvggla%é% g
of liquid. A by HPEGy seed crystals vvere added and the flask was bl anketed
W th N2 and stirred anbient tenperature for 30 mnutes while a 30 thin
slurryforrred To e ot epgper at yr r ywﬁ o} ed 20 nL of
hexanes. The sFurrlevva{Rosﬁsr‘ E% {93 -4 %mikg % 2 K Cloigfwtée/ haeg%ature t hen
3 hours in an4.6- 4%@%@#%@@%(1436@ tﬁﬁe%%“ﬁfs aferEepi fferddl @ashed

wth 26 nk.eb xﬁndlsh%@naade&tm@m and fwoEd 10nden vacgnaduroakford 35
the title 00”588 %ilﬁ)a as H@'é "n#%r }éﬁt‘%é hdA R0 e 108 'R 35
crystals (2.2 talned romt

ours The resulting mixture was allowed to cool to ambient
temperature, then extracted with CH2Cl2 (5 x 30 mL). The
aqueous layer was diluted with 10mL of H20 and acidified to
20 pH2 with 3M HCl. The cloudy mixture was filtered, and the pH
was adjusted to 8 using 2M NaOH, then the solution was
allowed to stand over the weekend. This resulted in
formation of a gel from the remaining silicic acid. The gel
was removed by filtration through a medium glass frit over 1
25 hour and rinsed with 50 mL of H30.
An ion exchange column was prepared from 25 g of Bio-Rad
AG 1-X8, 100-200 mesh, acetate form, resin. The resin was
transferred to a gravity flow column using deionized H20 and
washed sequentially with 1M NaOH (2 x 50 mL) and H30 (2 x 50
30 mL or until eluent neutral). The agqueous product solution
was poured onto the resin in 50 mL portions. The column was
washed sequentially with H20 until the eluent was neutral
" ({about 100 mL}, 70 mL of 1:1 THF/H20, and 100 mL of H30. The
product was eluted with 120 mL of a 1:3 mixture of acetic
35 acid and H20. The entire eluent was collected in one £lask
and evaporated to 0.48 g of a white solid. The solid was
slurried in 5 mL of H20 and collected on a coarse glass frit.
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41 « (d) (1SR, 4SR, 5RS, 6SR)-Ethyl 4-(spiro-5'-hydantoin)-2-

oxabi cycl o[ 3. 1. Q hexane carboxylate. To a slurry of ammoni um car bonat e
(5.65 g, 58.8 mmol ), potassium cyanide (2.01 g, 30.9 mml) in 25 nL of
met hanol at aw®nakisbenperature was 5 added a sol ution of trceassemurzt of
step (c) (5.0 g, 29.4 nmml) in 25 nL of nethanol. The m xture was
stirred at anbi ent tenperature and nonitored by HPLC. After 23 hours
the reaction was conplete. The m xture was4diluted with 100 nmL of

wat er, cool ed and seeded. The pH was adjusted from9.6 10 to 7.0 with 6 N
hydrochl ori c adhe §lasigres winted seitil.addibgonal HA Ubr¥ S )Stdnd ededd

O-5[err]C for 1.5_E iltered and washe ith. 75 m of cald,
wat er - net hanol Jr(lglsgi?&é 'sl"heelfev\hulsteg o washy P8 ﬁ%gf%?%e\gd sf’ﬁléauﬁ)fotftr %6'{’%??] C
af fordi ng the MPEPE ¥FpBURE 70°C fio3. 38 hours. ade tihdepeonhmmndnd®.33
identified by biH BBR wds obtaif€d 4sl3RwhiBR s&RA. The structure was

6SR) - 4- (spi E0O- 5 - [N 1525 oxahi cycl o[ 3. 1. 0] hexane carboxylic
acid A soliti %ﬁngiﬁﬁ%%f NS And aé‘%tié’%%*(d) (7.59 g, 31.6 nmol) in 2N

NaOH (63.2 nl) was stirred for 30 mnutes at anbient tenperature. The
20 hydrolysis was then quenched by thgxaggabi g0 12N HCL (5. 27 m., 63.2

mol ). The reaction m xt jrred for t hree hours at 0C,
t hen vacuum filtered. Th%ﬁgb}i\?g'tsg‘%qcﬁ(s)%é‘{cf BR8s (i q.eﬁfh‘éjr‘vacuum at 50C
over ni ght, af f or di ngPieycird 3t.ilt.|089 hegsarandd ( 6-d2cgrboxy3de. [aaryd H NMVR
(DVBO-d6) ferr] 2.24 25 (s, 1H), 2.26 (s, |H, 3.35 (d, 1H J = 11Hz),

4.05 (d, 1H, J = 39 (d..1H. J,=5 Hz). 13C NMVR o d6

22. 14,( 30,93 8’5‘%"}%@5‘6#52&%.%%‘}’Hé%?%%’:ml)?l.‘%X‘?a&%%’\(é%ﬁmal ) Lerr]
Calcd for (er F}lﬂ-t{f%wl]mzv@qcépi?el@hﬂ&azsﬂ—&camylmzzels.r&cmund;se,g.
45.02; H, 3.755.0, midd 9Zas38dded id fohelPordfdn 32 a room temperature ,
08 05 5P R ey B Kbl B DA S ©
3.8 mol) Was ABJBEPAR)(S0. PLhhand Isfiigeiefont ((RBP tempsrStymmlunt3sd the
et hanol (20 nlyeactiomt@is (4ddedd .comPrecsi iy Uit waghbBeat stk ion whe efl ux,
and an additi Oaﬂué'eciﬂwi%t g’ﬁ;@%a%saggﬁdthe prd¥2PUELNd, & fipmmagnous

solution. After appr ox| :
EtOAC. All organics were combined, washed with brine, dried

over Na2S04, and purified by prep HPLC (10 % EtOAC/hexanes to
20 50 % EtOAc/hexanes) to afford 0.21 g (0.73 mmol, 36 %) of the
title compound. mp > 275 °C. FDMS: M* = 288. Anal. calcd.
for C10H12N20¢S.0.4 m-chlorobenzoic acid: ¢, 43.81; H, 4.02;
N, 7.98; S, 9.14. Found: C, 43.87; H, 4.04; N, 7.96; S,
9.44, |
25
(b) (1SR, 4RS,5RS,6RS) 4-Amino-(2-sulfonylbicyclo[3.1.0]-
hexane) -6-carboxylate. A solution of the product of (a)
(0.14 g, 0.49 mmol) in 2N NaOH (10 mL) was warmed under
reflux overnight. The reaction mixture was acidified to pH =
30 1 with 5N HCl and concentrated to dryness. The product was
reconstituted in H20 at pH = 12, applied to BioRad® AG1-X8
anion exchange resin, and eluted with 3N AcOH to afford 0.10
g (87 %, 0.43 mmol} of the title compound. mp = > 250 °C.
FDMS: Mt + 1 = 236. Anal. calcd. for C7H9NOgS-0.5 H20: C,
35 34.43; H, 4.13; N, 5.74. Found: C, 34.29; H, 3.98; N, 5.45.
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42 . mnutes at reflux, the mxture was allowed to cool to anbient
tenperature. After stirring at anbient tenperature overni ght, the
reaction mxture was filtered, washed with 1 mL of a cold 25:5 m'xture
of ethanol and water, and dried 5 wunder vacuum at 50[err]§ 9%@5 ig?ﬁ]t
afford the tV0 ggg?rpound (0.57 g, 43.3%9 as a white s G t? H NI\/R
(DVBO-d6) 8 2.05 (t, 1H, J = 3.3 Hz), 2.20 (d, 1H, J = 3Hz), 3.30 (d,
1H, J 11 Hz), 3.50 (m 1H), 3.55 (m 1&, 4.0 (d, IH, J = 1l Hz), 4.1
(m 1H), 4.18 (d, 1H J 6Hz), 7.25 (m 1H), 7.30 (m 2H). 10 7.35 (m
2H) . Enantioneric excess was determ ngd to be ,98. 8% by HPLC. (9)
1R, 4R, 5S, 6R-(-)-4- Ani no-2- oxabi cyc f‘ gpie O0]'hexane- 4, 6-di car boxylic

acid. To the pﬁ-ééu@tR%f‘i%%eERGfrfS(Rrh- (3(3-115h19r864mfdlu)omabbeddvd)3:3-m_ (30
mol . 10 eq) mPAbagusRESicycldAD .UM dHKeeahees, §ba;sahd.qa Mas gaged at

reflux for 43 hours. The resulting mxture was allowed to cool to
anbi ent tenperature, then extracted with CH2C12 (5 x 30 nlL). The
aqueous | ayer (das R PSEd 6GR t BEIOIM3 -df(3HRDL eIt dadildpt ¢ Benzy 2@engHP-24 t h 3M

HC . The C|05ﬁ¥bf&96161@ m@ﬁ]ﬁéﬁéﬁﬂda@nea'dcéfﬁbfiﬁate v@Ssadidihedsto 8

using 2M NaO—| then S tio S d over .the weekend.
Thi's resul ted 'R IJrc’é‘ﬂ‘cor ﬁgtF nlfwg'(&el (f?t)#n "ﬁ)g' siTgrdPEeats d.

The gel watuprohrnzgldehy et t &.i0 @, t AP otigimed Ymadi upy gt @lsisiifuel t0o%er 1 25
hour and rinsgd v 1) 1N 18sEE0-( 100 mis ) Ad AR:2XERUYT Y UM vas
prepar ed §om 25 %@g Bi (% ﬂ g é 0-200 nesh, acetate form
resin. reEF’Hp ure 1op (&t r S8 563 b’r%lwtf‘FBV\W‘?ﬁ)I‘iﬂﬁ?%Fﬂbe‘i
dei oni zed H erp] &rynmbs andwelsé atkssigipge was apund fdiechbg MINKOHS®2 x 50 nl) and

H20 (2 x 50 3@t0£6—/1f£§xa‘1'1'ét kb §dJ%IeéHoAr&%5<ahé> yﬂéhelﬁgll&foysg Pfsadygt ogol ution
was poured On\%\ﬁ? I’eSI nin pOI’ 1.0NS e CQ washe

sequentially FPEPERE 1 t% “etd8nt Ha% neut P&F M ‘(éﬁeut 100 n),
70 mL of 1:1 H[Cé'?f . faRCEiaELFf :HE2O. 57 1%y H, 3pBBduReundas Cel ut ed
with 120 14 o67a9d: ?Hm3>gtyg[e of acetic 35 acid and H[err]O The entire
el uent was collected in one fl ask and evaporated to 0.48 g of a white

solid. The solid was
(b) 1SR, 3SR,5SR, 6SR-Ethyl-3-((3-chloro-4-fluoro)benzyl)-2-

oxabicyclo[3.1.0}hexan-4-one-6-carboxylate and
1SR, 3RS, 5SR, 6SR-Ethyl-3-{ (3-chloro-4-fluoro)benzyl)-2-

20 oxabicyclof3.l.0]lhexan-4-one-6-carboxylate. The title
mixture of compounds was prepared employing the product of
step (a) (8.8 g, 28.3 mmol), Raney Ni (0.2 g), EtOAc and
hydrogen at 40 psi for 15 minutes. Due to over reduction of
the ketone the crude product was oxidized using pyridinium

25 chlorochromate and powdered sieves yielding 6.8 g of crude
ketone. The residue was purified by HPLC (5% EtOAc/hexane to
50% EtOAc/hexane) vielding 5.2 g (58 %) of the title mixture
of compounds. FDMS: M* = 312. BAnal. calcd. for C3gHj4ClFO4-:
C, 57.61; H, 4.51. Found: C, 56.98; H, 4.70.

30
(c) 1SR,3RS,4SR,5RS,6SR - Ethyl-3-((3-chloro-4-fluoro)-
benzyl)~(4-spiro-5'-hydantoin)-2-oxabicyclo[3.1.0]hexane-6-
carboxylate. The title compound was prepared employing the
product of step (b) (1.0 g, 3.2 mmol), ammonium carbonate

35 (0.75 g, 9.6 mmol) and RKCN (0.25 g, 3.8 mmol) in a 1:1
EtOH/water mixture. The reaction mixture was heated at 35-
40°C for 48 h. The reaction mixture was partitioned between



slurried in 5 nL of Herr]O and coll ected on a coarse glass frit.
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43. The flask was rinsed with additional H20 (2 x 5 nlL) and these
rinsings were used to wash the collected solid. After drying under

vacuum at 70[ e¥d dasfeer 18 hours, the title conpound (0.33 pCTAEE/EK3%) was
obtained as a white solid. The structure was 5 confirmed by 1H NVMR and

anal ysi s. Exanpl e 6
1SR, 4RS, 5RS, 6RS- 4- Ami no- ( 2- sul f onyl - 45 .
bi cycl o[ 3. 1. 0] hexane) - 4, 6-di carboxylic Acid 10 - (a) (1SR 4RS, 5RS, 6RS)

Et hyl _ (4-spi r owatelbydadt EtORc.[ 2After extraction with EtOAc, the organic

5U|f0ny|biCyClqg§e%-9$@3&@ﬂﬁﬂv@tﬁaﬁ¥§%%l@Bﬁceﬁ%fgﬂéa GhaSBuified uﬁéng mol )

was added in one portion to a room erature sol ution of t roduct
from Exanpl e 4(@figd. SHrqpatrggaphy| (EtOac/Hexapeactq 3-edt) 0okl Stildr & at
room t enper at uref thti prédiect hydefesin on om@StjalJU:gﬂd:iQﬁgblfetﬁe tmo'ﬂueg Theh
reacti on wa [ ' 9 . L he u ext ed wt

Et OAC. Al | gr gelfrlﬁog\ski\/{vie?{ejo%&o%iyégéf{%msﬁe% \%IB?I?:I&%H ﬁ£e90 _draltzéd— ﬁ%gg\ier
Na2SO4, and puri¥PedMby plép HPRR ( FELloder B/ Takaste'd™NeBs 20 0-50CHE L3 C.

Et OAc/ hexanes) 47q5affRyr 8 s21Ng 603¥3 maRhd: 36, A7 &f7;the 3.691 IN,| §.22.

conpound. np > 275 [err]C. FDMS: M+ = 288. Anal. cal cd. for
Cerr]Herr] N err] 06S. 0.4 mchl orobenzoic acid: C, 43.81; H 4.02; N,
7.98: S, 9.14. W@W3unySR GRUYASB7 5REy 65ROt ( (R-chlog-43 fluoropbeney1)s4- (b)

(I SR, 4RS, SR8, 6RBm)ind-Arbxubi(cEcivlf onyd esnakol 36 -ddilarboxylic acid. The

h - 6- b t i C f .14 g, 0.49
o) zﬁa&agi’ﬁog?ﬁtémmﬁs Uak PR Spar st sRbSRV g el BEogyer sf"stpdtcl
reaction m xt ur'@-ha¥- a&i4f Mmed) t nGHENeGH {1Ginky sy meflendEeodSehtr at ed
to dryness. Timheptedtrcionvatixture Lo tjubbettd W20 -atophieh 12N appl i ed
to BioRad[err] AFlafPon exdilhgd SXFAMIAG bESIAe ANGLHULETW t N ACCH to

afford 0.1
95 product was recyrstallized from HO and dried in a vacuum

oven at 70°C to yield 8 mg (9%) of the title compound. mp =
250 - 251°C, FDMS: M* = 330.



+ 1 = 236. Anal . calcd. for C/Herr]NJerr]S. 0.5 H20
413N574 Found: C, 34.29; H, 3.98; N, 5.45.
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Exanple 7 74 ﬁ? 3RS, 4SR, 5RS, 6SR- 3- ((3-chl oro-4-fl uor o)pgp, §46)13ﬂ2
am no- 2- oxab c§ 3. 1. 0] hexane- 4, 6-di carboxylic Acid ?

| SR, 5SR, 6SR- Et hyl - 3- (( 3-chl or o-4-fl uoro) benzyl i denyl ) - 2-

g (87 % 0.43 mmol) of the title conpound. np = > 250 [err]CH“ll%\Dﬂ

oxabi cycl o( 3. 1. 0] hexan- 4- one- 6- car boxyl at4. A sol ution of t he product
of Exanple I(f) ( 4.3 g, 25.2 mmle), 3-chloro-4- fl uor obenzal dehyde (
8.0 g, 50.4 mmol) and pyrrolidine (0.9 g, 12.6 mol) in EtOH ( 100 nls

) was stirred at, room 10 tenperature for 18 h. The reaction m xture was
concentrat ed 12iMS5 dryness and the residue was purified by HPLC (5%

Et OAc/ hexane to 50% Et OAc/ hexane) yielding 4.2 g (53 % of the title
conpound. np + 11 r = 310. Anal . cal cd. for
Jerr]Herr] d Fou g‘:cf’:g“g’g%ﬁ% Jtcﬁh% %gﬁm&&;%und C, 15 57.92: H 3.75.

(b) 1SR 3SR, 5SR, 6SR- Et hyl - 3- ﬁ (3 chl oro-4-fl uoro) benzyl) - 2-

oxabi cycl o[ 3. 1. 0) hexan- 4- one- 6- c& bg ate and

1SR, 3RS, 5SR, 6SR- Et hy| - 3HP¢Cach -4-f1 Noro) benzyl)-2- 20

oxabi cycl o[ 3. 1. 0] hexan- 4- one ¥ —Rhe title Im xture of
conmpounds was prepared errpl,q’y| ng\g he prgduct of step (a) (8.8 g, 28.3
mmol ), Raney Ni (0.2 g), EtOAc a ydrogen at 40 psi for 15 m nutes.

Due to over reduction of t heHketo crude product was oxidized
usi ng pyridinium 25 chlorochronate a'?"é? wder ed sieves yielding 6.8 g of
crude ket one. The resi due was purifi ed by HPLC (5% Et OAc/ hexane to

50% Et OAc/ hexane) LR %&7 s(e?@s@ qgiat h%t | & gén
conpounds. e ? g,§ r% cal cd. ‘for E{]errmﬁerﬁaegff
C, 57.61: Fi alhyprogggn@tomg Hd198C) plkylygroup; a (2-6C)alkenyl group,
10 a (2-6Clalkynyl group; an optionally substituted aromatic
group; an optionally substituted heteroaromatic group; a non-
aromatic carbocyclic group: a non-aromatic heterocyclic
group; a non-aromatic monocyclic carbocyclic group fused with
one or two monocyclic aromatic or heteroaromatic groups; a
15 non-aromatic monocyclic heterocyclic group fused with one or
two monocyclic aromatic or heteroaromatic groups; or a (1-6C)
alkyl, (2-6C)alkenyl or (2-6Clalkynyl group which is
substituted by one, two or three groups selected
independently from an optionally substituted aromatic group,
20 an optionally substituted hetercaromatic group, a non-
aromatic carbocyclic group, a non-aromatic heterocyclic
group, a non-aromatic monocyclic carbocyclic group fused with
one or two monocyclic aromatic or heteroaromatic groups and a
non-aromatic monocyclic heterocyclic group fused with one or
25 two monocyclic aromatic or heteroaromatic groups; R2
represents hydrogen or a group of formula (CO)an; n is 0 or
1; and RP is as defined for R; or a non-toxic metabolically
labile ester or amide thereof; or a pharmaceutically
acceptable salt thereof.
30
2. A compound as claimed in Claim 1, in which R2 represents
hydrogen.



30 (¢c) 1SR 3RS, 4SR, 5RS, 6SR - Et hyl - 3- (( 3- chl or 0- 4-f | uo

benzyl:) - (4- spi roi S' - hydaht oi 1n) - 2- oxabi cycl of 3. 1. 0] hexane- 6- mllllluwjj“!u "l!l"l"l

carboxylate. The title conpound was prepared enpl oying the
step (b) (1.0 g, 3.2 mmol ), ammoni um carbonate 35 (0.75 g, 9.6 mmol) and

KCN (0.25 g, SaBommsee) in a 1:1 Et OH wat er m xture. The RGFAI96/I2

m xture was heated at 35- 40[err] C for 48 h. The reaction m xture was
partitioned between WO 97/ 181927

PCT/ US96/ 18112 - 45 wat er and
Et OAc. After extraction with EtOAc, the organic | ayer was dried with
MySO.err], concentrated and purified using ~ radi al chromat ography

(Et OAc/ Hexane) to yield 0.18 g (14 % of the product hydantoin.
Crystallization of th roduct 5. f om chI rof,ormyiel ded white solids.

= )2/24 - 226[er@] A g°'E‘E5?\’7§‘.%C|9§ Clayme r gllal@a cd- n g‘r?Ch X'represents’
Cerr]JHerr] ClePLSrS]CIerr] .- 0.5 CHC13. C 47. 51; H 3.75; N, 6.33.
Found: C, 4%.87; H, 3.69; N, 6.22. (d)

| SR, 3RS, 4SR, 5RS, 6SR- or o-4-fl uor0) benz

am no- 2- oxabi cy¢l of 3. ‘i‘g'&icﬁ'&aﬁﬁ gl %”Eﬁdc&f%éﬂj’l ¥‘E‘ga&f1 Ela"f'ﬁel to 3.j fipe
conpound was pwbpaheRl mampiesenng &H&/q:norg@ncataﬁ @t epphehyl (1{4C)hify10026
mol ) and 1N NaQphed (111-)4@}511[?1 é}%dcpogvhighhls unsum‘ElEﬁé&i'&n m xture was

adjusted to a p and ani on exchange perfornmed on the
crude product. Hﬁgtllg“‘%er%d’ﬁ‘cp e e BFIW%CF“F‘%SG&FPF@‘F?]%%GQH ed in
a vacuum 10 ovafepend@itdyr Eromchalicgiesh,8 (Ag4C¢ D% 1kefl ,t hE-4¢ td kas@maAaNd. np
= 250 - 25thenyl C.  FDMS: M+ = 330.

5. A compound as claimed in any one of Claims 1 to 4, which
has the stereochemistry shown below.
15
H X
HO.C,
H\‘s "
H S YCOH
NH>
6. A compound as claimed in any one of Claims 1 to 5, in
which R represents a hydrogen atom.
20
7. A compound as claimed in Claim 1, which is selected for

1SR, 4SR, 5RS, 6SR-4-Amino-2-oxabicyclo{3.1.0]hexane-4, 6-

dicarboxylic acid; 1SR, 4SR,5RS,6SR-4-Amino-2-thiabicyclo-

{3.1.0]hexane-4, 6-dicarboxylic acid, 1SR, 4RS,5RS-4-amino-(2-
25 sulfonylbicyclo[3.1.0)hexane) -4, 6~-dicarboxylic acid and

1SR, 3RS, 4SR, 5RS, 6SR-3-( (3-chloro-4-fluorcbenzyl) -4-amino-2-

oxabicyclo[3.1.0}hexane-4,6-dicarboxylic acid.

8. The compound claimed in Claim 1, which is 1R, 4R, 58,
30 6R—4—A1nino—2—oxabicyc;lo [3.1.0)hexane-4, 6-dicarboxylic acid.
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46 d ai ns: 1. A conmpound of the formula 5 hilll"HIlL“!!l"lll"l“l
* tcd nyar

in which X represents O NR[err], S, so or S02; R represents ogens
atom a (1-6C) al kyl group; a (2-6C)al kenyl group; 10 a (2-6C)al kynyl

group; an o 'gq};mlw substituted aromatic group; an opi@iRddisiiz
substituted teroaromati c group; a non- aromati c carbocyclic group; a
non-aromati ¢ heterocyclic group; a non-aronatic nonocyclic carbocyclic
group fused with one or two nonocycli é8aromatic or heteroaromatic

groups; a 15 non-aromatic nonocyclic heterocyclic group fused with one or
two nonocyclig aro ] e r&p@é' 9LRURE; 1g6 L kyl
(2-6C) al kenyl ngr_ gs%%(?% isyﬁltr éggup é{lrc%h |Bs agjr@ﬁgt gt(g%j %Oyrmtl)l%g, tho
or three grouM8isB| e ses " ndependently from an optional |y substituted
aromatic group, 20 an optionally substituted heteroaromatic group, a non-
aromati c carbocycl i,c, gr -ar dnd BECEQENMEId C group, a
non-aromati c m)noqsg icﬂ%%?%%c{/lgﬁai% ‘8‘?%%6&} used V\ﬁ(\lﬁ one or two
nmonocycl i caromatic or heter oarlgrrati C groups and a non- aromati c
nmonocyclic heterocyclic group figgedkth one or 25 two nonocyclic aromatic
or heteroaronmatic groups;R repreSents hydrogen or a group of formula

(CONRb; nis 0 or 1, a q red for R or ajnon-toxic

nmet abolically | abil e esf er™e i d¢’ t hereof; or a pharmaceutically
acceptable salt thereof. 30 . pound as clained in daiml, in
whi ch Ra represents hydr ogem

in which R! represents a hydrogen atom or an acyl group
and R2 represents a carboxyl group or an esterified carboxyl
10 group, or a salt thereof;

{(b) hydrolyzing a compound of formula

oI

15
in which R3 represents a carboxyl group or an esterified
carboxyl group, and R4 and RS each independently represent a
hydrogen atom, a (2-6C) alkanoyl group,'a (1-4C) alkyl
group, a {3-4C} alkanoyl group or a phenyl (1-4C) alkyl group
20 in which the phenyl is unsubstituted or substituted by
halogen, (1-4C) alkyl or (1-4C) alkoxy, or a salt thereof: or

(c) deprotecting a compound of formula

THIS SHEET HAS BEEN
REPLACED : : This Sheet Has Been Reﬂlaced

(I
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47 . 3. A conpound as clained in daim1l, in which X r%ﬂlﬂmmlilw"""mll
Oor S. 5 4. A conpound as clainmed in any one of Cains L g
which R represents a hydrogen atom or a phenyl (1-4C)al kyl or

di phenyl ( 1- 4Cwa deyBrogr oup whi ch i s unsubstituted or SubsaTrusE 1IN

phenyl by one or two substituents selected 10 independently from hal ogen,
(1-4C) al kyl, (1-4C) al koxy and phenyl . 5. A conpound as cl ai ned

in any one of Clains 1 to 4, which has 4Phe stereocheni stry shown bel ow.

15 [err] 6. A conpound as clainmed in any one of Clains 1 to

5 1in, whi ch R represents a hyHgogenygatom 20 7. A conpound as
claimed in daim1l, whicR’g.8aS€el eched fo

. § hexane- 4, 6- d&earboxylic
aci d;« 1SR, 4SR, 5RS, 6SR-4- Ani @
[3.1.0]hexane-4,6-dicarboxylFb 4RS,5§S—4-anino-(2- 25
sul fonyl bi cycl o[ 3. 1. 0] hexane) - 4, 6- poxy¥PaR"aci d and

| SR, 3RS, 4SR, 5RS, 6SR- 3- ((3-chl oro-'4-f | ugiebenzyl ) - 4- am no- 2-
oxabi cycl o[ 3. 1. 0] hexane- 4, 6-di car boxylic aci d.

in which R6 represents a hydrogen atom or a nitrogen
protecting group and each of R’ and R8 independently

represent a hydrogen atom or a carboxyl protecting group, or
a salt thereof;

(92

whereafter, if necessary and/or desired
10 (i} resolving the compound of formula I;

(ii) converting the compound of formula I into a non-
- toxic metabolically labile ester thereof; and/or:

15 (iii) converting the compound of formula I or a non-
toxic metabolically labile ester or amide thereof into a
pharmaceutically acceptable salt thereof.

10. A pharmaceutical formulation, which comprises a compound
20 as claimed in Claim 1 and a pharmaceutically acceptable
carrier, diluent or excipient.

This Sheet Has Been Re|placed




8. The conpound clained in daiml, LS 30
6R- 4- Ani no- 2- oxabi cycl o[ 3. 1. 0] hexane- 4, 61 “u m Himld Mo 764 -3
. A process for the preparat|on fornul

48

9

1R 4R 59

whi ch conpri ses (a) hydrolyzing a corrpound of fornmul a

[err].

and R2 represents a carboxyl group or an esterlfled car boxyl 10 group, or
salt thereof; (b) hydrolyzing a conmpound of fornula

[err]

10

15

20

in which Rlerr] representgga hydrogen atom or an acyl gr oup

9. A process for the preparatlon of a compound of formula I
which comprises

(a) hydrolyzing a compound of formula

H
RZ

CN
NHR!

in which Rl represents a hydrogen atom or an acyl group

and R2 represents a carboxyl group or an esterified carboxyl
group, or a salt thereof;

(b} hydrolyzing a compound of formula

i

in which R3 represents a carboxyl group or an esterified
carboxyl group, and R4 and RS each independently represent a
hydrogen atom, a (2-6C) alkanoyl group, a (1-4C) alkyl
group, a (3-4C) alkenyl group or a phenyl (1-4C) alkyl group
in which the phenyl is unsubstituted or substituted by
halogen, (1-4C) alkyl or (1-4C) alkoxy, or a salt thereof; or

{c) deprotecting a compound of formula
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15 in which R3 represents a carboxyl group or an esterified
carboxyl group, and R4 and R5 each independently repr

atom a (2-6C) al kanoyl group, a (1-4C) alkyl grouxﬂnmuuumumn(uﬁ
group or a phenyl (1-4C) alkyl group 20 in which the phefiyltis" °*
unsubstituted or substituted by hal ogen, (1-4C) al kyl or (1-4C) al koxy,
or a salt thereof; or (c) depré?ecting a conpound of fornula

49 , [err] in which R6 represents a hydrogen atomor a

ni trogen protecting group and, eachxof R7 and R8 independently 5

represent a hydrogen agtpyrpr a ¢ oxXyN protecting group, or a salt
t her eof ; wher eaf t sgnd/or desired gpP (i)

resoIV|ng t he conpound of fs¥ (ii) converting the conpound
of formula | into a non- H tAbolically labile ester or amde
thereof; and/or; 15 (iii) t he conpound of fornmula | or a
non- t oxi c netabolically Iabile eNHRY or amide thereof into a

pharmaceutically acceptable salt thereof.

in which R6 represents a hydrogen atom or a nitrogen
protecting group and each of R’ and RS independently
5 represent a hydrogen atom or a carboxyl protecting group, oOr
a8 salt thereof;

-

whereafter, if necessary and/or desired
10 (i) resolving the compound of formula I;

(ii) converting the compound of formula I into a non-
toxic metabolically labile ester or amide thereof; and/or;

15 (iii) converting the éompound of formula I or a non-
toxic metabolically labile ester or amide thereof into a
pharmaceutically acceptable salt thereof.

10. A pharmaceutical formulation, which comprises a compound
20 as claimed in Claim 1 and a pharmaceutically acceptable
carrier, diluent or excipient.
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10. A pharmaceutical formnulation, which conprises a conpound aiAged
in daim1 and a pharnaceutically acceptable carrier, di é&;{ﬁgﬁ-—ﬁe
“exgi pient.
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