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synhesiz of candidate pharmiaceutical agents of smermediates in drogs synthesis,

JP 2004-511577 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(32)

WO 0134736 PCTAUNIALITY

10

15

30

FPROCESS FOR PREPARATION OF BICYCLIC AND FOLYCYCLIC MOLECULES

This inventicn relates to methods for the synthesis
of bicyclie and pelycyelic molenules. In particular the
inventicn relates to the use of a sequence of nucleophilic
additicn followed by one or more ring closures in the
aynthesis of cvelic molecules, including monocyclic, bicyclic
and polycyelic molescules, Thezmethods of the inventicn are
useful in the synthesis of candidate pharmaceutbical azgents or
intermediates in drug synthesis.

BACKGROUND DF THE INVENTION

Cyeclic structures are found in many important
bioactive molecules, particularly alkaloeids such a5 the
tropane alkaloids, which include cocaine and its derivatives,
ather alkaloids =uch as opiates, and several classes of
antibiotice. They alego show great potential in other areas
such as conformationally-restricted cyclic amina acids and
peptides, and menosaccharides and oligosaccharides, including
guch molecules which are substibuted with amino or other
groups, and squalestakbin analogues.

It is evident, therefore, that thess cyclic
structures, such as picyclic and polyveoyelic structures, are
of great importance from a medicinal point of view. Although
there are many reports on the synthesis of selected examples
of bicyclic and polycyclic molecules, none of these offers a
general solution to the problem of synthesis of all these
structural <¢lagses. There is, thersfors, a great need in the
art for a new general process to enable the synthesis of
Lhese compounds.

We have now developed a general approach for the
gyntheais of highly functionalised cyelic melecules, which
involves the use of & seguence of nucleophilic addition

JP 2004-511577 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(33) JP 2004-511577 A 2004.4.15

WO 0134736 PCTAUNIALITY

10

13

-2 -

followed by one or more ring closures (“NARCY) to construct a
wide variety of enantiomerically pure cyclic compounds., Thesa
include mono-, bhi- and polycyclic carbocycles, oxacycles,
azacyoles and thiacveles of varving, but well-defined, size,
substitution pattern and sterecchemistry. These compounds
can ke used directly or as intermedlates for further
syntheses, or can then be further functicnalised to provide
large libraries of molecules with a wide range of potentbial

applications, for example in drug screening.
SUMMARY OF THE INVENTIOW
In a first aspect, the lnvention provides a method

of synthesis of a kicyclic or peolycyclic compound of general
formuela I or general formula IT

Gr

in which:

E represents an electrophile;

each of R, &', R*, E*, R*, R', R® and ®" independently
represents hydrogen, alkyl, alkenyl, alkynyl, aryl, halo,
haloalkyl, balozlkenyl, haloalkynyl, haloaryl, hydroxy,
alkoxy, alkenylosy, aryloxy, benzyloxy, haloalkoxy,
haloalkenyloxy, haloaryloewy, nitro, nitroalkyl, nitroalkenyl,
nitroalkynyl, nitrearyl, nitroheterccyclyl, amino,
alkylamino, dialkylaminc, alkenylamine, allynylamino,
arylamino, diaryismino, benzylamine, dibenzylamino, acyl,
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alkenylacyl, alkynylacyl, arylacyl, acylamino, diacvlamine,
acyloxy, alkylsulphonyloxy, arvlsulphenyloxy, heterocyclyl,
heterocycloxy, hetervcyclamine, haloheterccyoclyl,
alkylasulphenyl, arylsulphenyl, carboalkoxy, carboaryloxy,
5 mercapte, alkylthio, benzylthio and acylthic, each of which
may optionally be substituked, and wherein any btwo or more of
R, R'-RF° and R* — R’ may form an optianally substituted alkyl,
alkenyl or zlkynyl chain, which chain may also optionally
include one or more @, N or S atoms therein;
10 ¥ represents C(R*¥)RY, 0, NR'™, or §, wherein R*, B*?
and RY each independently have the same definition as R;
G represents W or X;
W represents an electron withdrawing group;
X has the same definibtion as R;
13 % vepresents O, NEY, § or CRYw’, where R!’ has the
same definition a= R and W' has the same definition as W; and

each of n and m represents an integer from 0 to

Loo;
and the method comprises the steps of
2} {a) activating a compound of general formula ITI;
H
2
V‘L,lx/\térjaﬁ.ﬂ"
RORR

n

in which R, R'-R®, W, ¥ and ¥ are ag defined

25 above for the compounds of formulae I and II,
and R' and R® each independently have the same
definition as R;
{b) subjecting a compound of general formula IV to
nucleophilic addition by the activated form of
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compound ITIT;

HE
%ﬁm
{I‘I Hﬂ

R
v

in which R°-R" and Z are as defined above for
the compounds of fermulae I and II, and R* and
RY each independent:ly have the same definiticon
as R;

{e)  subjecting the product of step (b to ring
cloging metathesis; and

(d)  subjecting the product of step (¢) to
stersozslective ring closure.

It will be understood by reference to the
definitions for substituents R, R' = B® and R* - ®’ that the
compound of formula I ox feormula II may contain further ripgs
in addition to the twa rings formed in the method defined
above.

The term “z2lkyl* used either alope or in a compound
word such as “optlonally substituted alkyl® or *optionally
substituted cvcoclealkyl” denctes straight chain, branched or
mono- or poly- cyclic alkyl. It will be clearly understood
that the chain length of the alkyl group is not gritical, and
that in contrast Lo other types of organic syotheses, there
appears to be no practicable upper limit. However,
preferably the alkyl iz C.3p alkyl or cyecleoalkyl. Examples of
straight chain and branched alkyl include methyl, ethyl,
propyl, isopropyl, bubyl, isbutyl, sec-butyl, bert-butyl,

JP 2004-511577 A 2004.4.15
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amyl, iscamyl, sec-amwl, 1,2-dimethvlpropyl, 1,1-
dimethylpropyl, hesyl, 4-methylpentyl, l-methylpentyl, 2-
methylpentyl, 3-methylpentyl, 1,1-dimethylbutyl, 2,2-
damethylbutyl, 2,2-dimethylbutyl, 1,2-dimethylbutyl, 1,3-
dimethylbutyl, 1,2,2-trimethylpropyl, 1,1,2-crimethylpropyl,
heptyl, S-methylhexyl, l-methylhexyl, 2,2-dimethylpentyl,
3,3-dimethylpentyl, 4,4-dimetylpentyl, 1,2-dimethylpentyl,
1,3-dimethylpentyl, 1,4-dimethylpentyl, 1,2,3-trimethylbutyl,
1,1,2-trimethylbutyl, nonyl, 1-, 2-, 3-, 4-, 5-, 6- ar 7-
methyloctyl, 1-, 3-, 3-, 4- or S-ethylheptyl, 1-2- or 3-
propylhexyl, decyl, 1-, 2-, 3-, 4-, 5-, &-, 7- and &-
methylnonyl, 1-, 2=, 3=, 4d-, 5- or 6-ethyloctyl, 1-, 2-, 3-
or 4-propylheptyl, undecyl 1-, 2-, 3-, 4-, 5-, &-, 7-, 8- or
$-methyldecyl, 1-, 2-, 3-, 4-, 5-, 6~ or 7-ethylnonyl, 1-, Z-
. 3-, 4- or B-propylockyl, 1-, 2- or 3-butylheptyl, 1-
pentylhexyl, dedecyl, 1-, 2-, 3-, 4-, 5-, -, 7~, 8-, ¥- or
10-methylundecyl, 2-, 2-, 3-, 4-, 5~, §-, 7- or S-ethyldecyl,
1-, 2-, 3-, 4~, 5- or a-propylnonyl, 1-, 2-, 3- or 4-
butyloctyl, l-Z-pentylheptyl and the like. Examples of
cyclic alkyl include cyclopropyl, cyclobubyl, cyclopentyl,
cyclohexyl, cyclcheptyl, cyclocctyl, cyclononyl and
cyelodacyl and the like. The alkyl may optionally be
gubstituted by any non-deletericus substituent.

The term *alkenyl” used either aione or in compound
words such asg *alkenyloxy” denotes groups formed from
straight chain, branched or cyclic alkenss including
ethylenically mono-, di- or poly-unsaturated alkyl ox
aycloalkyl groups as defined above, preferably C2-20 alkenyl.
Examples of alkenyl include vinyl, allyl, l-methylvinyl,
butenyl, igo-buteny), 3I-methyl-2-butenyl, 1-pentenyl,
cyclopentenyl, I-methyl-cyclopentenyl, 1-hexenyl., 3-hexenyl,
cyclohexenyl, l-heptenvl, 3-heptenyl, l-octenyl,
cyclooctanyl, l-nonenyl., Z-nonenyl, 3-nonenyl, l-degcenyl, 3-
decenyl, 1.2-butadienyl, 1-4,pentadienyl. 1,32-

JP 2004-511577 A 2004.4.15
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cyizlopentadienyl, 1,3-hexadienyl, 1,4-hexadienyl, 1,3-
cyclohexadienyl, 1,4-cyclohexaidenyl, 1,3-cyeloheptadienyl,
1,3,5-cycloheptatrienyl &nd 1,3,5,7-cyclocctaketraanyl.

The term "alkoxy” used either alone or in compound
words such as “optionally substituted alkoxy” denctes
straight c¢hain or branched alkoxy, preferably Cl-30 alkoxy.
EBxamples of alkexy include methoxy, ethoxy, n-propylosy,
isopropyloxy and the different butoxy izomers,

The term *acyl®* used either alene cor in compound

" words such as #*optionally substituted acyl” or *optionally

substituted acyloxy” denctes carbamayl, aliphatic acyl group
and acyl group containing an aromatic ring, which is referred
to as aromatic acyl or & heterocyclic ring which is referred
to as heterccyelic acyl, preferably C1-30 acyl. Exemples of
acyl include carkbamoyl; straight chain or branched alkanoyl
such as formyl, acetyl, propancyl, butanoyl, zZ-
methylpropancyl, pentancyl, 2,2-dimetihylpropanoyl, hexanoyl,
heptanoyl, ectanoyl, nonancyl, decancyl, undecancoyl,
dodecancyl, tridecancoyl, pentadecanoyl. hexadecanoyl,
heptadecanoyl, octadecancyl,. nonadecanoyl and icosanoyl;
alkoxycarbonyl such as methowycarbonyl, sthowycarbonyl, t-
butoxycarbonyl, t-pentyloxyearbonyl and hepiyvicxycarbonyl:
cveloalkyleoarbonyl such as ¢vclopropylearbonyl
ayclobutyvlearbonyl, oyclopentvlcarbonyl and
cyclohexylcarbonyl; alkylzulfonyl such as methyleul fonyl and
ethylsulfonyl; alkoxysulionyl such as methoxysulfonvl and
ethoxysulfonyl; sroyl such as benzoyl, toluoyl and naphthoyl;
aralkanayl such as phenylalkanovl (e.g. phenylacetyl,
phenylpropanayl, phenylbutanoyl, phenylisaobutyl,
pheéenylpentancyl and phenylhexancyl) and naphthylallkancoyl
{e.g. naphthylacetyl, naphthylpropanoyl and
naphthylbutanoyl}; aralkenayl such ag phenylalkencyl {e.g.
phenvlpropenoyvl, phenylbutenoyl, phenylmethacrylyl,
phenylpentenoyl and phenylhexenoyl and naphthylalkenoyl (e.qg.
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naphthylpropenoyl, naphihylbutenoyl and naphthylpentencyl);
aralkorxycarbonyl such as phenylalkoxycarbonyl (e.g.
heneyloxycarbonyl} ; aryloxycarbonyl such as phenoxycarbonyl
and naphthyloxycarbonyl; aryloxyalkanoyl such ae
phenoxyadebyl and phencxypropiconyl; arylcarbamoyl such as
phenylcarbamoyl; arylthiocarbamoyl such as
phenylthiocarbamoyl; arylglyoxyloyl such as phenylolyoxylovl
and naphthylglyoxyloyl; arylsulfonyl such as phenylsulfonyl
and naphthylsulfonyl; heterocyciiccarbonyl;
heterocvelicalkaneyl such as thienylacetyl, thienvlpropancyl,
thiemylbutancyl, thienylpentanoyl, thienyihexanoyl,
tiiazolylacetyl, thiadlazolylacetyl and tetrazolylacetyl:
heterocyelicalkenoyl such as heterocyclicpropenoyl,
hekerocyclichutenoyl, heterocyclicpentenoyl and
heterocyclichexenoyl; and heteroocvoligglvoxyloyl such as
thiazolylglyexyloyl and thienvlglyoxyloyl.

The term “aryl” used either alone or in compound
words such ag "optionally substituted aryl®, “optionally
substituted aryloxy* or Yopticnally substituted hetercaryl”
denotes gingle, polynuclear, conjugated and fuzed residues of
aromatic hydrocarbons or aromatic heterocyclic ring systems.
Examples of aryl include phenyl. biphenyl, terphenyl,
gquaterghenyl, phencxyphenyl, naphtyl, tebrahydronaphthyl,
anthracenyl, dihydroanthracenyl, benzaathracenyl,
dibsnzanthracenyl, phenanthrenyl, Fluorenyl, pyvrenyl,
indenvl, azzulenvl, chrysenyl, pvridyvl, 4-phenylpyridyl, 3-
phenylpyridyl, thienyl, furyl, pyrryl, pyrrelyl, furanvl,
imadazolyl, pyrrolydinyl, pyvridinyl, piperidinvl, indolyl,
pyridazinyl, pyraszolyl, pyrazinyl, thiazolyl, pyrimidinyl,
guinolinyl, isocuinolinyl, benzofuranyl, benzothienyl,
purinyl, guinazolinyl, phenazinyl, acridinyl, benzoxazolyl,
benzothiazolyl and the like. Preferably, the aromatic
heterocyolie ring system contazins 1 to 4 heteratoms

independently selected from N, O and S and containing up to 9

JP 2004-511577 A 2004.4.15
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The term *heterccyclyl” used either aleme or in
compound words such as "optionally substitubed saturated or
unsaturated heterocyclyl” denotes monocyelic or polyeyclic
heterocyclyl groups containing at least one hetercatom atom
gelected from nitrogen, sulphur and oxygen. Suitable
heterocyclyl groups include N-containing heterseyclic groups,
such &5, unsaturated 3 tLo 6§ membered heteromonacyclic groups
containing I to 4 nitrogen atoms, for example, pyrrolyl,
pyrrolinyl, imidazelyl, pyrazolyl, pyridyl, pyrimidinyl,
pyrazinyl, pyridazinyl, triazolyl or tetrazolyl:
saturated 2 to G-membered hetercomoncoyclic groups containing
1l to 4 nitrogen atoms, such as, pyrrolidinyl, Imidazolidinyl,
piperidino or piperazinyl;
unsaturated condensed heterocyclic groups containing 1 to 5
nitrogen ateomz, guch as indolyl, isoindolyl, indolizinyl,
bepzimidazolyl, guinolyl, iscoguinolyl, indazclyl,
benzotriazolyl or tetrazolopyridazinyl;
msaburated 3 to 6-membered heteromonocyclic group containing
an ofygen atom, such as, pyranyl or furyl;
unsakurated 3 to f-membered heteromonooyclic group containing
1 to 2 sulphur atoms, such as, thienyl;
ungakurated 3 to €-membered heteromonocyolic group coentaining
it to 2 oxygen stoms and 1 to 3 nitrogen akoms,. such as.
oxazolyl, iscoxazolyl or oxadiazolyl;
saturated 3 to é-membered heteromoncoyolic group containing I
to 2 oxygen atoms and 1 to 3 nikrogen atoms, such as,
norpholingl;
unsaturated condensed heterocyclic group containing 1 to 2
oxygen atoms and 1 to 3 nikrogen atoms, such as, benzdxazolyl
or henzoxadiazolyl;
unsaturated 3 to e-membered hetercmonceyclic group centaining
1 te 2 sulphur atoms and 1 ko 3 pitrogen atoms, such as,
thiazolyl or thiadiazolyl;
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saturated 3 to 6-menmbersd heteromonoayclic group containing 1
teo 2 sulphur atoms and 1 to 3 nitrogen atoms, such as,
thiazolidinyl; and

unsaturated condensed heterocyclic group containing 1 to 2
sulphur atoms and 1 te 3 nitrogen atoms, such as,
banzothiazolyl or henzothiadiazolyl.

In this specification 7opticnally substituted”
means that a group may or may not be further substituted with
one or more groups selected from alkyl, alkenvl, alkynyl,
aryl, halo, halcalkyl, halealkenvi, halcallymyl, haloaryl.
hydroxy, aslkoxy, alkenvlowy, arvloxy, benzyloxy, haloalkoy,
haloalkenyloxy, haloaryloxy, nitro, nitroalkyl, nitroalkenyl,
nitroalkynyl, nitroaryl, nitroheterccyelyl, amino,
alkylamine, dialkylaming, alkenylamine, alkynylamino.
arylamino, diaryvlamino, benzvlaminc, dibenzylamino, acyl,
alkenylacyl, alkynylacyl. arylacyl, acylamino, diacylamino,
acylosgy, alkylsulphonyloxy} arylsulphenylcoxy,  heterocyclyl,
hekeracycleoxy, heterocyclamine, halcheteracyclyl,
alkylsulphenyl, arylsulphenyl, carboalkoxy, carboarvloxy,
mercapte, alkyvithio, benzylthio, acylthie, phosphorus-
containing groups and the like. 2 "aon-delsterious
subgitituent® refers to any of the substituents ocutlined
above which does not interfere with the formation of the
target compound or has not interfered with the formation of
the subject compound. Preferred gsubstituents are selected
from the group vonsisting of hale, hydroxy. amiuo, nitro,
cyano, mono- or di alkylaminc, mono- or diarylamino, alkoxy,
aryloxy, thicalkoxy, thiaryloxy, or is one or more alkyl,
alkenyl, alkynyl, aryl, or alkylheteryl groups, each of which
may be saturated or unsaturated.

“Hala” or halogen means chloro, bromo, fluoro, or
iodo.

The electrophile may be of any suitable known type,
such ag, f£or example, thoge electrophiles disclosed in J.
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March, *Advanced Organic Chemiskry: Reactions, Mechanisms and
Structure”, 4" EBdition, John wiley & Sons, New York, 1082 p
205. The electrophile may be organic or organometallic.
Preferably the electrophile is gelected from the group
consigting of K, hydreoxy, alkowy, acyl, agyloxy,
alkylsulphonyloxy, arylsulphenyloxy, hebercycilyvloxy,
carboalkoxy, carboaryloxy, alkylthio, benzylthic, acylthio,
cyano, halo, aryloxy, benzyloxy, haloalkoxy. haloalkenylosqyr,
haloaryvloxy, acids or esters of phosphorous or salphur, ang
metzl salts, such as AuHal, HgHal, PdHal, SHal, and SeHal.

The electron-withdrawing group or groups (W and W'}
may alsc be of any fultable known bype, such as, for example,
one of the electron-withdrawing groups discleosed in J. March,
rpdvanced Organie Chemistry: Reactions, Mechanisms and
Structure”, 4™ Bdition, John Wiley & Sons, New York, 1982
opl8-1%. The electron-withdrawing group could therefors be
selected Exom the group consisting of alkenyl, allynyl, aryl,
halo, haloalkenyl, halcoalkynyl, haloaryl, alkesy, alkenylowy,
arylouy, benzylomy., halcalkoxy, haloalkenyloxy, haloeryvloxy.
nitro, nitrocalkenyl, nitroalkynyl, nitroaryl,
nitrcheterocyclyl, alkylamino, dialkylamine, alkemylamina,
alkynylaming, arylamino, diarylamino, benzylamino.
dibenzylamine, acyl, alkenylacyl, alkynylacyl, arylacyl,
acylamino, diacylamino, acylovy, alkylsulfonyioxy,
arylsulfenyloxy, heterccyclyl, hetarocycloxy,
heterocyclamine, halcohetarocyelvl, alkylsulphenvl,
arvlsulphenyl, carboalkoxy, carbeoarylesxy, mercapto,
alkylthic, benzylthio and acylthin, &lkylsulfinyl,
arylsulfinyl, alkylsulfernyl, arylsulfenyl, alkypheosphonyl,
arylphosphonyl, each of which mey
opkicnally be substituted.

Preferably, the electron withdrawing group contains
a ¢hiral auxiliary. & chiral auxiliary is a group which is
attached temporarily to a molecule in ordexr to influence the

JP 2004-511577 A 2004.4.15
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stereoselectivity of one or more synthetic transformations.
3 Tull description of the way in which chiral zuxiliaries
influence stereoselectivity of reactions can be found in G.
Lin, ¥. Li. A.5.C. Chan, Frincipals and Applications of

3 Asymmetbric Synthesis, Wiley Interscience, New York, 2001,
pp49-53. D, A, Bvans, V. J. HNelson, E. Vogel, T. R. Taber,
J. 2m, Chem, . Soc., 1981, 103, 30389-3111, W. Oppolzer, J.
Blagg, I. Rodriguez, e. Walther, J. &m, Chem,. Soc., 1890,
112, 2767-2772 and D. A, Bvang, Aldrichimica Acta.. Vol.l5.

10 mNWo. 2, 1982, p319%. OCnce the reaction or gynthetic
transformation has been completed, the.auxiliary can he
removed, and sometimes recycled, under very mild conditiong
which do not affect the rest of the molecule in any way.
Suitable chiral auxiliaries may be selscted from ona of the

15 chiral auxiliaries disclosed in the Lin st al text referred
to above. Some specific examples used by the applicant are
Oppolzer s sultam {Oppolzer et a1., 1990},

%,

20
Evans’ auxiliary (Bvans et al., 1982),
Sﬁzﬂ and H
P Mp
and Nagaoc’'s auxiliary {(Nagao ek al., 19%2}
25

Tn ezch of these three examples, the auxiliary is attached to
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the compound wvia the nitrogen atom (wikh remcoval of the
hydrogen atom) .

A chiral auxiliary may alsc be advantageously used
in other losations of the compound during svnthesisg,

Preferably each of n and m represents an integer
from 0 to 50, more preferably 0 te 25.

The compound may be a carbocycle, oxacycle,
azacycle or thiacyecle, and is prefersbly a compound selected
from the group consisting of monosaccharides,
oligosaccharides, tropane alkaleids, cyclic a- and/cr B-amino
acids, agqualestatins, zaragezic acids, fumagillins, and
analoguas thereaf,

Regarding steps {a) and (b), the methods employed
for activating the compound of general formula IIT and
conducking the nucleophilie addition may be varied as
necassary according to the nature of the electren withdrawing
group W. Suitable methods are well known in the art, for
example by reference to March, J. in Advanced Organic
Chemistry, Third Ed., Jochn Wiley & Sons Inc., 1885, Chapter
10: aliphatic Nucleephilic Substitution p 255- 447, and
Chapter 16: Additicn to Carbon Hetero Multiple Bonds p 780-
a73.

Cne coptien for conducting stepa {a} and (b)
regquires X to be hydrogen, and the methed involves treating
the compound of formala IIT with 2 base in orxder to generate
the corresponding emclate. In this embodiment, G in the
cempound of formula I or IT will be the electron withdrawing
group W.

Another option for conducting steps (a) and (b) the
reackion reguires W to be a halogen, and the method involves
employing metal-halogen exchange bo generate bhe
corregponding organometallic reagent or @Grignard reagent. In
thig gituation, the slectron withdrawing grovp is converted
to the Grignard reagent, and W is therefore detached from the

A 2004.4.15
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compound.  Accordingly, if this synthetic ronte is utilised,
in this embodiment, G in the compound of feormula I or IT will
be X.

Regarding step (¢}, the term *ring closing
metathesie” ig te be undergtood to mean the coupling of two
tethered alkenes to form @ ring comprising a new alkene, with
concomitant loss of an alkene (@rubhs and Chang 1998;
Jchuster and Eleichert 1997; Schwad <t al, 158%6),

Enanticmeric selectivity in step (b) may be
achieved in two ways. Either one or both of the starting
compounds of formulae ITI and IV is chiral, or an
enantiomerically-enriched additive system isc used to promote
stereaselective coupling of the cowpounds of formulze ITI and
IV,

The additlive may be a catalyst or & promoter, and
may be pregent in an amgunt ranging from sub-stoichiometric
to stoichiometric or greater. Thus the additive may be a
catalyst. The additive includes but ig not limited to &n
{I1) salts in combination with chiral. non-racemic diamine
ligands (Kobavashi at al, 198%, 19%4), ¢hiral, non-racemic
Binol metal complexes (Yamada et al, 1998; Mikami et al,
1993} and chiral, non-racemic metal complexes of semicorring
{Bvans, 1995).

The fipal step of the procedurs involves the
formation of the second ring by creating a bridge across the
cycloalkene, with the conseguent saturatiom of the alkenyl
double bopd. The cyclisation reactionz are
dimstersoselective, ie they rely on ths structures of the
starting materials to induce chirality in the newly-formed
ring. 2 typical example of this reaction iz intramolecular
oxymercuration. Suitable reagents for conducting this final
step include elsctrophiles, such as metal salts, eg Hgll,,
Hy{OCOR};, PdCl.; halogens, eg Bry, Cl:, Ip; peracids, eg
RCO.H, ArCOs; and elesctrophili¢ selenating reagents eg PhSeBr.
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The bond formed between the carbon atoms carrying
substituents W and Z generates nmew stereochemistry. If W in
compound IIT is an acid and R i NH,, the product will be an
o~amino acid. If Z contains N, then the product is a f-aminc
acid. If R and Z both contain N, then the product is an o,
RB-diamino acid.

The general synthetiec strategy is outlined in
Scheme 1:

3
2 I
V‘({x,' iy e A 9HB HH ERS
I i + 2R R %,H‘
A R R R RN it PR REG Hz" K
v v

n

¢} B2 R
n H n
A or -—— = =5
m
R g B R gs R
I [0} Vi
Scheme 1
in which:

E, R, R* - 8%, G, W, X, ¥ and § are as dafined
above.

It hag also been appreciated by the present
applicant that 2 similar method could be used to form

JP 2004-511577 A 2004.4.15
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compounds closely corresponding to thosze of formula I andfor
formula II in which Z is replaced by E', This method
involves the same reactions steps as the method set out
above, with the exception that the compound of formula IV
containing a double bond to Z ig replaced by a compound of
formula VII containing a triple bond to Z¢. Accordingly, in
this embodiment, 2’ is selected from the group consfsting of
W and N, in which W* has the same definition as W in the
compounds of formulae I and IT.

This reaction iz set out in Scheme 2:

2 Ed
n + . AR S
R R RS a1 - i
R RUTH & 5

H"

R OR
m
hL Y
" 4
T x Fae el Bre
n n
or =] -— HZ i
Mg
8" e d BT GE
X Xl 1X
Scheme 2
in which:

E, R, R' - R, G, %, W and Y are as defined above
for the compounds of formulae I, II, III and IV, and Z' is K
or CW”, where WY has the same definition as W.

It will be understcod that the compounds of

JP 2004-511577 A 2004.4.15
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formulae T, TI, X and XI may be subjected to further
reactions to form derivaktives thereof, For instance, the
electrophile E may be replaced by a substituent R having the
same definition as R in formulae I and IT.

It will be asppreciated by persons skillsd in tLhe
art of the invention that the synthetic precedure developed
by the applicant for the formation of two rings in a compound
with high stereoselectivity can be applied to synthesis of a
very largs range of compoundz without being reatricted to the
structures outlined above.

Accerding to a third aspect, the preaent invention
accordingly provides a method of forming a compound with btwo
rings, with carbon atoms C* and ¢°, or carbon atoms C* and C°,
being ¢ommon to the two rings, the method comprising:

() providing a fairst compound contalning carbon atom C° as
an alkenyl carbon atom at one pogition in the first compound,
and a carbon atom Cf at anokher position in the ¢ompound with
an electron withdrawing group attached thereto, the carbon
atoim Cd being ko the same side of the alkenyl double bond as
the carbon atem C%;

(k) providing a second compound containing a carbem atom C°
as an alkenyl carbon ateom at one position in the second
ccmpound, and a carbon atom C* at another position in the
compound, with & double bond or a triple bond between carbon
atom C* and a substituent on C°, the carbon atom Ca being to
the same side of the alkenyl doubla bond as carkon atom ¢F;
{c} activating carbon atom ¢ in said first compound;

{d} subjecting the second compound to nucleophilic addition
by the activated form of the first compound to connect carxbon
atoms C* and ¢°

(2] subjecting the product of step (4) to ring ¢loging
methathesis to thersby connect carben atems C° and C° via a
double bond; and

JP 2004-511577 A 2004.4.15
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(f} subjecting the product of skep (e} to sterecselective
ring closure to form a bridge ketween ¢* and one or both of ¢°
and C® with the loss of the alkenyl bond between C" and C° to

yield zaid compound containing two rings.

It will ke understood that the two rings formed in
this reaction may be in additicn to other rings already
present in the first and second compcunds which form the
gtarting materizls for the resction.

The fragments of the first compound between carbon
atoms C° and C? may be of any constitution that does nob
interfere with the subsequent reactions being conducted to
form the target compound. Accordingly, the fragment may
contain a substituted or unsubskibuted, branched, unbranched
or cyclic hydrocarbon group, optionally interspersed with one
or more O, W and S atoms. The substituents may be any one of
the non-deleterious substituents as defined above, ar may be
the protected form of one of the broader range of poszible
gubstitutents that could interfere in the reactions far
forming the two rings if not protected.

The fragments of the second compound between carbon
abame ¢ and " may likewise be of amy constitution that does
not ingerfere with the subseqguent reactionsz being conducted
to form the target compound.,  Accordingly, the fragment may
contain a substituted or unsubstituted, branched, unbranchzd
or cyclic hydrocarbon group, optionally interspersed with one
or mere O, N and S atoms. The suvbstituents may be any one of
the non-deletericus substituents a2z defined above, or may be
the protected form of one of the broader range of peoszible
substitutents that could interfere in the reactions for
forming the two ripgs if not protected.

In step (d}, the end fragments joined to C and o
via the respeciive double bonds prior to the ring clesing

JP

2004-511577 A 2004.4.15
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metathesis are disconnected. Accordingly these fragments of
the first and second compounds may be of any constitution
provided that they do not interfere with steps (¢}, (d) and
{e].

The electron withdrawing group athached to £ in
the first compound can be any of the well-kpown electxon
withdrawing grouvps known in the art, and therefore has the
same definition as W in formulae I and TT ocuklined above.
Steps (c¢) and (d) may be conducted by activating the first
compound using s base to form an enclate and reacting this
with the second compound. 1In one preferred embodiment of
thig technique for conducting these steps, the electron
withdrawing group includes a chiral auxiliary radical.
Chiral auxiliaries ars described in detail above., In an
alternative method for conducting steps (¢} and (&), the
electron-withdrawing group is & halegen, and o is activaked
by reacting the first compound with magnesium to form the
corresponding organomagnesium halide, or by reacting the
first compound with anether suitable reagent (such as lithium
metzl} to form the corresponding organcmetzllic reagent.

The substituent attached to carbon atom ¢ of the
second compound is preferably selected from the group
conslsting of O, NRY, CRW' and 2, when the subsbituent is
connected via a double bond, and N or CW when the
substituent ig connecced via a triple bond, wherein BY and
¥ each have the same definition as R in formula I, and W*
and W each have the same definition as W in formula I.

The preferred features of the method of the third
aspect of the invention will bhe readily apparent from the
description of the first aspect of the inventieon outlined

shove,

Selected ewamples of targeb compounds and their
starting materials are set oub in Table 1 below. The target

JP 2004-511577 A 2004.4.15
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compounds may be derivatives of the compounds of formulae T
or II. In each case the substituents R, W, X, G and z as
well as the descriptors m and n have the same definitions as
thoge set out above for the compounds of formulase T and IX.
Only skeleton structures for the target molecules ars shown;
it will be clearly understood that each may contain one or
more of the substituents R' to R and B set ont above for
formalae I and II. It is also to be noted that some of the
compounds set out below may include further hydrocarben
rings, as dencted by the hydrocarben groups with the
degoriptor p.  “p* has the same definition as m and n in
Formulae T and II,

JP 2004-511577 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 0134736

(51)

PUT/AUDIALETY

— 20 -
Table 1
Examples of target molecules
Compound I Compound IV Turgets
m
n { ” n
m
W\H M&\H \ZS)
( n
m
Wa N@ Lmed,
)P
P
)P
¢ p
m [ L
Wy ZJ\«V\ R b
n o ™
p
e !
4] ( n
m

R
\2 RS

rrd

e

&

e
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The compounds described herein are useful sither as
lead candidates for pharmaceutical or agrochemical
development, or &s intermediates in gynthesis of other
compounds . Methods of screening of c¢andidate compounds for
usgeful hiological or pharmacelogical activity are very widely
known in the art. See for example Talt (1992), The aszays
to ke used and the threshold activity regarded as useful will
depend on Lhe nature of the compound and the specific agsay
and activity uszed.

Thus in a second aspect, the invention providas a
likrary of compounds sultable to be tested for a desired
biological or pharmacolegical activity, comprising a
plurality of compounds prepared by the method of the
invention.

Some of the compounds of general formula I or
general formula IT are nowvel, and 1t will be clearly
understood that these are within the scope of the invention.
In particular the compounds lisgted in Table T are within the
scope of the inventiom.

Prefersbly the compound is in enantiomerically pure
form, More prefersbly the compound iz produced by the method
of the invention.

For the purposes of thisg specification it will be
clearly understood that the word *comprising” means
“including but not limited to”, and that the word *comprises”
has a corresponding meaning.

JP 2004-511577 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(53) JP 2004-511577 A 2004.4.15

WO 0134736 PCTAUNIALITY

- 22 -

DETAILED DESCRIPTICMN OF THE INVENTION

The invention will now be described in detail by
way of reference only to the following non-limiting esamples.

5
Example 1 Synthesiz of aldol adduct (4)
J\M (f\/\/r " X"j N
- R ——
¥ o
1
2 4
10
i
< o
. =
ug®
4
15 A solution of diethyl boron triflate was generated

by dropwize addition of freshly distilled triflic acid
{(440pl, 5.0mmol) bEp briethyl borane (1M in hexane, Sml,
5,0mmel) . The solution was stirred at RT for 20 minutes until
mostly homogeneous. If the sclution is not homogenecus, it

2)  may he warmed at approx. 40° for 20 min.

The triflate solution was cooled to -5° and a
selution of the acyl sultam (1) (743mg, 2.5mmol) in
dichloromethane (5ml), followed by a solution of NN-di
isopropyl ethylamine (1M in dichloromethane, Sml, 5.0mmol}
were added. After stirring at - 5%for 20 minukes the solution
was cooled to -78° and a solution of the zldehyde (2) (510mg,
3.8mmol) in dichloromethane {1ml) was added. After stirring
for 2 hours the resction was quenched by additiocn of 0.5M pH



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(54) JP 2004-511577 A 2004.4.15

WO 0134736 PCTAUNIALITY

1¢

20

25

an

- 23 -

7 phosphate buffer {(10ml) and left to warm to RT.

The mixture was taken up in ether {39ml}, the
aguecug layer separated and the organic layer washed with
gat. NHAC1 (2x 50ml). After drying (Mgf0g) and removal of
solvent in vacuo (at ambient temperature) the aldol adduct
was purified by column chromatograpty elubing hexane/ etiwl
acetate (4:1). Rf {0.25) in hewane/ ethyl acetate {5:1). The
aldol adduct (4) was obtained as a colourless crystals 243my,
77%. mp 85-87.

[apl -58°2 (¢ 1.0, CHzClz).

TR (nujels CH2Clz filml: 3495, 2923, 2854, 1685, 1461, 1377,
1335, 1287, 1227, 1213, 1166, 1134, 1065, 922, 917, 76%, 740,
T0Tem L,

1 ¥MR {300MHz, cDClz) @ 0,97 {=,2H,CH3)}, 1.15 (s,3H,CH3),
1.36 (m, 24, CHz}, 1.58 {m, 1H, HCH), 1.76.(m, 1H, HCH},
1.90(m, 3H, CHz and CH), 2.02 (d, 2H, J= 6.7 Hz, CHz), 2.50
(m, 4H, 2%CHZ), 3.24 (m, 1H, CHCO), 3.44 and 3.52 (AB
quartet, 2B, J= 13.7 Hg, CH2802), 3.90 {t, 1H,J= 6.6 Hz,
CHEN}, 4.00 (dt, 1H, J= 3.6, 9.3Hz, CHOH), 4.%8 (4, 1H, 7=
10.2 He,H2), 5.08 {(dd, 1H, J= 1.0, 17.0 Hz, Hl), 5.66 (dt,
18, 7= 7.4, 11.7 Hz, H5), 5.84 (m, 1H, H3), 6.43 (d, 1K, J=
11.5Hz, H4), 7.30 (m, SH, Ph).

3¢ mvr (S0MHz, cDClz) d 1%.8{8), 20.8(3), 25.2(5),
26.3{CHz), 32.1(CHz), 32.9(CHz), 34.3i6), 3B.2{(3), 44.6(4}
47.6(7), 48.1(1), 49.2(CHCO), 53.2(10}, &5,2{2), 70.4(CHCH),
117.4 (CHz=C), 126.4(Ph), 128.0(Ph), 128.7{(Fh), 129.3(CH=C),
131.9(CH=C), 135.0(CH=C), 137.5(Ph), 175.1(CO}.

M5 (Electro spray) 458.4 (Mal, 100%)

Anal. caled. for CogHasMNSO04: C, 68.24; H, 7.71; ¥, 3.06:
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Found: C, 68.04; H, 7.60; N, 3,13,

Example 2 Synthesis of aldol adduck(§)

8]
O

e Sy
In a similer fashion to (4} a solution of diethyl boron
triflate wag generated from triflic acid (530ml, &.2mmo2} and
triethyl korane (1M in hexsne, 6.2ml, 6.2mmol). To this
solution was added the acyl selvtam (1) (993mg, 3.1lmmol) in
dichloromethane {10ml), followed hy a solution of NN-
diiscprepylethylamine (1.1ml, &,2mmol) in dichloromethane
{Iml), &nd the aldshyde (3) (&lémg, 6.28mmol). The reaction
was gquenched by addition of §,.5M pH 7 phosphate buffer
(12ml), taken up in ether (30ml}, the aguecus layer separated
and the organic layer washed wikh sat. NH4Cl (2x S0ml). After
drying (MgS504) and removal of sclvent in vacuo lat ambient
temperature} the aldol adduct was purifiied by column
chromatography eluting hexane/ ethyl acetate (5:1).
The aldcl adduct {5} was obtained as ean cil 853mg, 70%.

Rf {D.S58) in hexane/ ethyl acetate (2:1}.
fapl -78¢ {c 1.4, CHzClz}.

IFR {nujol/ CHzClz £1lm): 3528, 3075, 2936, 1682, 1458, 1415,
1377, 1336, 1266, 123§, 1213, 1166, 1l35, 1065, 1040, %9z,

JP 2004-511577 A 2004.4.15
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912, 729 cm-l.

18 pME [300MBz, CDCl3) & 0.96 (s,3H,CH3), 1.15 (s,3H,CH3),
1.30- 1_68 (m, 7H, 3xCHz and CH}, 1.82- 2.3¢ {(m, 7H, 3xCH2
and 0H), 2.50 (m, 2H, CEz), 3.23 {m, 1H, CHCO), 3.42 and 3.4§
{AB quartet, 2H, J= 12.5 Hz, CH3302), 3.90 (t, 1K,7= 5.0H=z,
CHM}, 3.98 (m, 1H, CHOH), 4.%31- 5,13 {m, 4H, 2=C=CHz), 5.82
{m, 2H, ZxCH=C}.

13 WMR (S0MHz, CDCla) 4 20.6{8), 21.5(9), 25.9(CHz) 27.0{5],
32,4(6), 33.6(CH2), 34.1(CH2), 34.2(CHz), 38.9(3), 45.3(4},
A8.3(7), 48.81(1)}, 494 (CHCC), 53.8(10), 65.3(2}, 72.1(CHOR),
115.1(CHz=C) . 117.5{CH2=C), 135.6(CH=C), 133.1{CE=C),
175.9{co) .

Breawple 3 Synthesis of cyclcheptene compound {6)

o}
XC/HWI::::>
o
The aldol adduct (4} (98mg, 0.2Zmmol) was dizssclved

in degassed dichloromethane (15ml) under argen. A solution of
Grubbs’ catalyst {17mg, 0.02mmol}! in dichloromethans (1ml)
wag added and the reasction stirred overnight. Evaporation of
the solvent, followed by chromatagraphy eluting hexane/ ethyl

acetate (4:1), gave the cyclocheptene (6] as colourless
crystals 59mg, 792%.

Rf (0.17) in hexane/ ethyl acetate {4:1}, mp 141-143°.

[ap]l-40° {(c 0.4, CHzC1Z2).

2004-511577 A 2004.4.15
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IR (nujol/ CHzolz £ilm): 3512, 2924, 2854, 1653, 1455, 1411,
1377, 1327,128%2, 1268, 1237, 1219, 1165, 1138, 1122, 1072,
1002, $45, 772, 737, 706cm L.

1r wMR (300MHz, CDCli) 4 0.98 (s,3H,CH3), 1.16 {a,3H,CH3},
1.36 {m, 2H, CH2), 2.58 {(m, 1H, CH), 1.85- 2.05 {m, EH,
4xCH2), 2.58 (m, 1K, HCH), 2.92 (m, 1H, HCH) 3.08 ({(dt 14, J=
1.3, 11.2H=z, CHCO), 3.44 and 3.52 (AB guartet, 2H, J= 13.8
Hz, CHS50z2). 3.84 (t, 1RB,J= l.&Hz, CHOH), 3.84 (t, 1H,J=
€.4Hz, CHN),4.38 (g, 1H, OH), 5.85 (m, ZH, CE=CH).

13¢ wMr {75MHz, CDCL3) d 20.0(8), 20.9(%), 21.0(CHz),
24.9{CHz}. 26.5(5), 31.%(CHz), 32.%(6), 38.4(2), 44.6(4),
47.84{7), 47.8(CHCD), 48.4{1), 53.1{10), 64.%(2), 68.9(CHO®,
125 .3 (CH=C), 134.0(CH=C), 176.1{CQ).

Bxact mass calcd. for C1gHz7NSO4ANa (M+NMat) 3746.4737, found
376.1939.

Exampie 4 Synthesis of cycloocteng compound (7)

A,

wg™

Ko

The aldol adduct (5} (4Bémg, l1.22mmol) was
digzolved in degassed dichloremethane (3%0ml} under argon., A
scluticn of Grubbg' catalyst (B5mg, ©.lomol) ino
dichloromethane [10ml) was added and the reacktion stirred at
50° for 60 hours. Evaporation of the sclvent, followed by
chromatodgraphy eluting hexane/ etlyl acetate (4:1), gave the
cyclooctene (7) as colourless crystals 193mg, 43%. BF (0.55)
in hexane/ ethyl acetate (2:1), mp 153-155°.
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lap] -78° {c 0.8, CHpClz).

IR i(nujol/ CH2C1lz film): 3528, 3055, 2927, 1870, 1456, 1414,
1334, 1285, 1236, 1214, 1165, 1133, 1063, 296, 744 om 1.

ig wMR (300MHz, CDCl3) d 0.98 (s,3R,CH3), 1.15 {s,3H,CH3)
1.322- 2.20 {four broad multiplets, 13H, 6xCH» and CH), 2.36
{m, 2H, HCH and OH}, 2.82 {m, 1H, HCH) 3.27 {(dt iH, J= 2.7,
12.2Hz, CECCY, 3.42 and 23.54 (AB guartet, 2H, J= 13.5 Hz,
CHz230z), 3.8B5 (t, 1H,J= 5.4Hz,CHN), 4.18 (dd 1H,J= 2.7,
#.1Hz, CHCOH)., 5.72 {(m, 2H, CH=CH).

13c wMr (75MH=z, CDCl3) @ 19.9(8), 21.0(8), 25.7{CHz},
25.9(CH2), 26.2{CHz}, 26.5(5), 31.4(CEa), 32.0(6), 38.5(3).
A4 7(4)y, £7.8(7}, 4B.3(1), 50.B{CHCO), 53.2(10), 65.2(2),
70.9(CHOH), 137.3(CH=C), 131.8({CH=r}, 175.1(C0).

Exact mags calcd. for C1oHagNSOg (MT) 367.519, found 368.188.

Brxample S Synthesis of bicyclic mercurial compound (8)
9 (]
X
HaCl

The cycloalkene (6} (10%mg, 0.231lmmol) was dissolved
in dichleromethane (25ml) and Hg{OAc)z (99%mg, 0.31lmmol) was
added. The mixture was stirred ab RT overnight after which a
sclution of sst. NaCl (10ml} was added and the reaction
stirred for at least 1 hour more.

After sgeparation of the organic phase, re-
extraction with dichloromethane {(Sml}, drying (MaSO4) and

evaporation of solvent in vacuo , & mixture of bicyclice

JP 2004-511577 A 2004.4.15
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mercuxials [8) and {9) was obtained in cmantitative vield, Iy
NMR of this mixture showed the ratic of (8) to (3} as 4:1.
Recrystallisation of this mixture (dichloromethane/ hexane)
gave {8) &= colourless crystals (9lmg, 50%), Bf (0.28) in
hexanz/ ethyl acetate (1:1}. Slow crystalligabion of a
dichloromerhane solutien. of [B) in the presence of ethyl
acetabe vapour gave crystals suitable for x-ray. mp 154-
156°,

[apl+19%.4% (c 1.0, CHzCl2).

IR {nujol): 3500, 2924, 2854, 1685, 1461, 1378, 1318, 1303,
1127en L.

1p NMR {300MH=z, CDC13) d 0.97 (s,3H,CH3), 1.14 (s,3H,CH3),
1.32 {m, 2H, CHz), 1.%0 (m SH, 2xCH3 and CH), 2.15 {m 5H,
2xCHz and HOH), 2.53 (dt, 1H,J= 6.7, 13.7Hz, HCH], 2.9§ (d
1H,0= 6.5Hz CHHg), 2.44 and 3.4% (AR quartet, 2H, J= 13.9% Hz,
CEpSD2Y, 3.53 {m, 1H, CHCOJ, 3.%3 (t, 1H,J- 6.3Hz,CHN), 4.58
{m, 1H, CHQ), 4.65 (m, 1H, CHO).

13¢ mMR (75MHz, CDC13) d 19.9(8), 21.1{9), 26.5(5),
29.6(CHz}, 29.7{CHz) 29.9(CHz), 32.9(6), 38.8(3), 44.5(4),
47.4(CHCO), 47.8{7), 48.4(1), 53.1{10), 55.0(CHHg), &5.6(2},
T4.9(CHO), 78.3{CHO}, 171.6(CO).

Anal. Caled. for C1gHzgHNS04HgCLl: C, 26.74; H, 4.45; N, 2,38:
Found: <, 36.75, H, 4.57; N, 2.57.

Bicyolic mercurials (10) and (11)

The cycloalkene (7) (160mg, 0.23mmol) was dissolved
in dichlorometbane (40ml} and Hg(OAc)2 (153mg, 0.48mmol) was
added. The mixture was stirced at RT overnight after which a
sclution of gab. NaCl (10ml) was added and the reaction
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stirred for akt least 1 hour more.

After separation of the crganic phase, re-
extraction with dichlcoromethane {10ml), drying (Mg504) and
evaporation of solvest in vacuo , a mixture of bicyclic
mercurials (10} and(ll) wasz obtainsd (20&Zmg, 97%.) 1y ¥MR of
this mixture zhowed the ratio of (10} to (11} as 2:1.
Chromatography, eluting hexane/ ethyl acetate {2:1), gave
bigyclic mercurial (1@) {(105mg, 40%), Rf (0.21) in hexane/
ethyl acetate (Z2:1) and bicyclic mercurial {11} (&0mg, 23%),
Re (0.27) in bhexane/ ethyl acetate {2:1}.

Exanple & Synthesis of bicyclic mercurial compound (1p)

0

e

HgCl

amorphous sclid following trituvration with Etz0. mp 135~ 145°
dec.

[ap]-2° {¢ 1.0, CHzClz).

IR {nujol/ CHzCly f£ilm): 3438, 2926, 2854, 1686, 1458, 1377,
1327, 1265, 1235, 1211, 1164, 1132, 1060, 1023, 982, 845,
772, 736 em i,

1M NMR (300MHz, <DCl3) @ €.97 {=,3#,CH3), 1.14 (=, 3H,CHal,
1.40 (m, 2ZE, CHz}., 1.72 {m, 2H, CHz), 1.88 f(m, 2H, CHz and
CH}, 2.02- 2,36 (m, 7H, 3xCHp and HCH}, 2.86 (dg 1H, J= 6.7,
12.2Rz, HCH} 3.12 {m, 1H, CHHg}, 3.45 and 3.51 [AB gquartet,
28, J= 13.8 Hz, CH280z). 3.62 (pent., 1H, J= 6.0dz, CHCOJ,
3.91 {t, 1H,J- 6.4He,CHN), 4.22 (Bt 1H,J= S.8HZ., CHOl, 4.28
{m, 1H, CHO}.
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e mm (74MMz, CDClay & 18,2(CHz), 15.3(8), 21.1(9),
26.4(5), 29.2(CH2}, 29.6(CHz), 32.3(6 and CHa2), 38.7(3},
44.6(4), 45.1(CHCO), 47.8(7}, 48.4(1), 52.9(CHHg), 52.1{107,
§5.3(2), 66.7(CHO), 6%.4{CHD),172.7(CO).

Anal. Caled. for €39KzgNSO4HgCl: €, 37.87; H, 4.68; N, 2.33:
Found: €, 38.13, H, 4.84; N, 2.33.

Bxample 7 Synthesis of bicyvelic mercurial compound (11)

o D

XE/l\4:i;é><§;>

HaCl
Colourless crystale from CHzClz/ BROH. mp 129- 131° dec.
fap]l~54® (¢ 1.0, CHC12).

IR (mejol/ CHzClz film): 3441, 2925, 2634, 168§, 145%, 1377,
1330, 1264, 1213, 1165, 1132, 1053, 985, 904, 743cm—l.

1M MR (300MHz, CDCl3) d 0.98 (s,3H,CH3), 1.15 {s,3H,CH3),
1.40 {m, 2H, CHz), 1.5D- 2.%0 (five wultupleis, 13H, SxCHz
and CH), 2.920 (dt 1H,J= 4.3, 11.6Hz CHHeg), 3.42 and 3.56 (2B
quartet, 2H, J= 13.7 Hz, CH2802), 3.60 {m, 1K, CHCO), 3.88
(£, 1H,J= &.3Hz,CHM), 4.80 {4, 1M,J= 2.4Hz, CHO},.4.86
(pent., 1H,J= 4.3Ez, CHO).

13c wvR (75MHz, CDCl3) @ 20.0(8), 21.0{3}, 26.5(5),
26.6(CH2), 30.2(CHz), 32.9(6), 34.4(CHz}, 37.5(CHz), 38.4(3),
44.6(4), 47.8(7}, 48.5(1), 53.2(1D), 54.1(CHCO},

60.2(CHHg) ,65.5(2), 79.3(CHO), &1.9{CHO),172.7(C0O}.

JP 2004-511577 A 2004.4.15
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Anal. Calcd. for Ci1oH2gNSO4HgCl: ¢, 37.87; H, 4.68; N, 2.33:
Found: C, 37.8%, H, 4.77; N, 2.39%.

3 Example 8 Synthesis of bicyclic compound (12)

o 0

X¢

2 selution of the bicyclic mercurial (8) (178mg,

13 0.3mmol), AIBN (S58mg, 0.36mmol}, in toluene (6ml] was stirred
under argon and tributyl tin hydride {lml, 3.6&mmol) was
added. The solution was then stirrad at RT overnight, wazmed
between 70- 30° for 1 hour, left to cool to RT, CClag {1ml)
was added and the reaction stirred for 1 hour more.

13 After the reaction solution was separvated from the
mercury residues, it was taken up in dichloromethane (20ml).
washed with 1M XF goln. (20ml) and water (20ml). Filtration
was necessary to remove unwanted salts and to break up
emulslons. After drying (MgSO4) and chromategraphy eluting

20 hezane/ ethyl acetate (2:1}, the bicyolic mercurial {B} was
obtained ag an oll that crystallised on standing 49mg, 47%.
ap 136- 138°.

Rf (0.33) in hexane/ ethyl acetate {2:1).

25
lapl-66.2° (¢ 1.0, M=0H).
IR (CHzClz film): 3054, 2962, 1698, 1422, 1329, 1265, 1203,
1132, 1064, %89cm~l,

k]

1H MMR [300MHz, CDCl3) d 0.98 (a,3H,CH3), 1.14 (s,3H,CH3),
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1.30 (m, 2H, CHz}, 1.50- 2.21 {m, 13H, 6xCHz and CH], 2.87
(&d 1H,J= 1.3, 5.7Hz CHCOJ), 3.44 and 3.48 (AE guartet, 2H, J=
13.8 Hz, THzS02), 3.%4 (L, 1H,J= 6.6Hz,CHMN), 4.44 {(m, 1H,
CHD), 4.71 {d, 1H, J= 6.9 Hz, CHO},

13¢ wMr (75MHz, ©DCla) 4 19.3(CH2), 19.9{8), 20.8(%),
26.4(5), 27.5(CHz}, 28.7(CH3) 29.2(CHz), 32.8(&}, 28.7(3),
24.2{CHCO), 44.5(4), 47.7{7), 48.2(1), 53.1(10), 65.5(2},
T3.8(CHO), 74.6{CHD), 172.7(C0).

Exack mass calcd. for CrgHz7NBC4 [M+Wat) 276.4749, found
376.1565.

Examgls § Synthesls of bicyeclic acid compound {13)

O 83

HO!

To a chilled solution of the bicyclic {13! (49mg,
0.14mmol} in THF {2ml) and H22 (§.5ml), was added
successively TIOB (13mg, 0.38mmol) and 30% H203 soln. {57ml,
0.5 mmol) . The reaction wak left slowly warming to RT and
stirring for 2 hours, After acidification with 2M HCl, HzC
{7ml) was added and the scluticon wag extracted with ethyl
acetate [2x 7ml} and dried (MgSO4}.

Some of the sultam was removed from the crude
mixture by chromatography, elukbing hexane/ ethyl acetate
(L:2}; howewer the acid (13} was finelly purified when taken
up in 0.5M NaHCO3 (5ml). This aqueous solution was extracted
with dichloromethane (5ml}, acidified by dropwise addition of
conc. HC! and extracted with dichloromethane (Sx Sml). The
final eorganic extracts, after drying {MgS04) and solvent

JP 2004-511577 A 2004.4.15
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removal, gave the acid (i3} 12mg 55% as an oil that
crystallised on standing. Recrystallisation (hexane/ ethyl
acetate)] gave mp 112- 114%.

Re (0.35) in hexane/ ethyl acetate (1:3).

[apl+32.79 {(c 0.7, CHzClz2t.

IR (nujol/ CH2Clz film): 3228, 2525, 2854, 1735, ldes, 1377,
1208, 116%, 1106, 1620, 986, 866, 748cm~1.

13 NMR (300MHz, <DC13) & 1.32 (m, 1H, HCH}, 1.79 (m, 3H, HCH
and CHz), 2.02 (m, 4H, 2x CHz}, 2.3% (4, 1lH,J= 5.7Hz, CECO},

4.43 (bs, 1H, CHO), 4.77 (4, 1H,J= &§.8Hz, CHO).

L3c mum ({75MHz, CDC13) & 17.2{CH3). 27.3(CHa), 28.6(CH3),
28 .7{CH2), 45,1[QHCO), 75.6(CHQ), 75.7(CHC), 177.6(C0).

Exact mass caled. for CgH1203 (Mt} |, found .
Bxamples 10 - 14

The following reaction scheme was followed to form the

bicyclic compound 16:

JP 2004-511577 A 2004.4.15
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JOUN ¢ Rt N
RC1

O RC2 O

Exaimple 30 Synthesis of diene (14)

The p-anisidine imine of 4-pentenal was prevared by
addition of p-anisidine (458 mg, 3.72 mmol) to an ice cold
solution of 4-pentenal (317 mg. 3.72 mmol) in diethylther
(3.5 ml). after gtirring in the cold for 15 minutes, 4
pellets of KOH were added and the mixture was stirred for an
zdditional 15 minube¢s. The crude imine solution was cbtained
by filcering the soluticn from the sclid ROH.

4-Bromo-1-butene (755uL, 7.4 mmol} wes added to a

JP 2004-511577 A 2004.4.15
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solution of magnesium(200 mg, 5.2 mmel) in 4ry TEF (13ml}
under nitrogen atmosphere with stirring at room bemperature.
After the magnesium was consumed, the solution was cooled to
-30°% and Cul (1.41 g, 7.4 mmol) was added and stirring was
continued for 10 minutes at -30°. The mixture was cooled to
-78°C and BF;0BL (910 pL, 9.9 mmol) was slowly added and the
mixture was stirred constantly. The crude imine
solution{describe abovelwas added to this mixture and stirred
for 10 minutes at -78°C. The mixture was allowed Eo warm to
room temperature slowly with stirring. 10% Agueous sodium
hydroxide (20 mL} was added and the mixture was extracted by
ethyl acetate {3x 50 mL} and dried over anhydrous magnesium
sulfate, concentrated end purified by flash columm
chromatography (20 @ 1, hexans : ethyl acetate). The diene
(14} was obtained as z yellow oil (412 mg, 45%)

‘B WMR {200 MHz, CDCLy) & L.60 (m, 4H, 2¢ CHz), 2.01(m, 4H, 2%
CHz), 3.30 ({pent, 1H,J= 6Hz, CH), 3.63 (s, 3H, CH;}, 5,00 (m,
4H, 2% CH=C), 5.B8D{m, 2H, 2x C=CH}, 6.53 (d, 2H,J= 8.9Hz, 2x
Ar-H), 6.75 (d, 2H,J= 8.9%Hz, 2X Ar-H).

¥C NMR (75 MHz, CDCls} 8 20.6(CH:), 34.5(CH,), 53,2{CH:).
56.1(CH), 114.6(CB=C), 114.8(CH;=C), 115.2(CH-Ar}, 138.7
(CE-AT), 142.3(C-Ar}, i51.8{C-AD).

Exact mass calcd. for ClgH23M0 (M') 245.177% ., found 254.1779

Bxemple 11 Synthesis of cycloheptene (15)

o o

P

H
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Diene (14} (200 mg, 0.81 mmol) was added to
degasged dichloromethane (&0 ml) and Grubbs’ catalyst ([ 65
mg, 0.08 mmol} was added. The reaction mixture was sktirred at
room temperature over night. Following evaporation of
golvent and gradient elution (hexane to CEC1:;) the
cycloheptens (15) was obtained as a wvellow oil. (101 mg, 57%)

H MR (200 MHz, CDC1ly) 8 1.38(m, 2H, CHy), 2.05(m, &H, 2x
CH:), 2.23 (m, 2H, CH»), 3.45 (oct, 1H,J= 3.8Hz, CH), 3.¥5 (=.
3H, CHy), 5.78%(m, 2H, CH=CH}, &.57 (4@, 2H,J= 9.0Hz, ZxAr-H),
6.73 (d, 2H,J= 9.0Hz, 2ZxAx-H).

¥o NMR {75 MHz, CDCli) & 24.6(CH;), 33.3(CHg), 55.7(CH),
56.2(CH), 114.7(C=C}, 114.8(CH-&r}, 131.8(CH-Ar), 141.1(C-

Ar}), 151.7{C-Ar).

Exact mass caled. for C1gHzgMD (M+H) 218.1544 , found
218.1553

Example 12 Synthesisg of Bicyelic (16)

GH;

HaCl

Mercuric acetate (37 mg, 0.115 mmol) was added to a

JP 2004-511577 A 2004.4.15
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solution of cycloheptene (15) (2% mg, 0,115 mnol) in dry
dichloromethane (12 ml). The resulting mixture was stirred at
room bemperature covernight. After guenching with saturated
agueoug godium chloride (5 mi} and stirzing for half an hour,
the organic layer was saparated and dried over anhydrous
magnesium sulfate and congentraced. Gradient e=lution (hexane
to CHyCly) gave the bicyclic (16) as a white solid (29 mg,
48%) .

'H NMR 1200 MHz, €DCl:) & 1.25(m, 1H, CH-H), 1.60-2.20(m, &H,
CHa}, 2.40 (dg, 1H,0= 1.4, 0.7Hz, CH-H), 3.35 (dd, 1H,J= 3.8,
9.0Ez, CH-Hg), 3.75 (=, 3H, CH:), 4.03{bs, 1H, CHEN), 4.38
{bg, 1H,CHN), 6.74 (bs, 2H, Ar-H), 6.85 (d, 2H,J= 9.0Hz, Ar-
H).

PCOHMR O[S MUz, ODCla) 8 25.5(CH), 28.5(CH;), 23.9(CH ),
30.6{CH,), 55.3{CH), 55.7(CH}, 55.%(CH], 59,2(CH], 115.2(CH-
Ary, 116.3(CH-Ar}, 132.9(C-Ar), 151.6(C-Ar).

M/z Electrospray calcd. for Ci4H3pNO (M*}) 452.3486 , found
450.2, 451.3, 452.3, 454.2, 455.2, 45§.2

It will be apparent to the person skilled in the
art that while the invention has been described in some
detail for the purposes of clarity and understanding, varicus
modifications and alterations to the embodiments and methods
described herein may be made without departing from the gcope
of the inventive concept disclesed in this specification.

References cited herein are liated on the following

pages, and are incorporated herein by this referencs.

JP 2004-511577 A 2004.4.15
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CLAIMS:
1. Z methed of synthesis of a bicyclic or polycyclic
compovnd of formula T or formula II
1 1
2 RE
n n
Gl ar R EFEB
E
R Hsmﬂg Riga R
1 n
in which:
E represents an electrophile;
10 @ach of R, R, B, B*, R®, R', R® and R’ independently

Tepresents hydrogen, alkyl., alkenyl, alkynyl, aryl, halo,
haloalikyl, haloalkenyl, haloalkynyl, halcarvl, hydroxy,
alkoxy, alkenyloxy, aryloxy, benzyloxy, halealkoxy,
haloalkenyloxy, haloaryloxy, nitre, nitrealkyl, nitroalkenyl,

15 nitroalkynyl, nitroarvl, nitroheterocyclyl, amino,

alkylamine, dialkylamine, alkenylamino, alkynylamine,
arylaming, diarylamino, bengylamine, dibenzylamino, acyl,
alkenylacyl, alkynylacyl, arylacyl, acylaminc, diacylamine,
acyloxy, alkylsuvlphonylexy, arylsulphenyloxy, heterosyclyl,

2 hetercoyclowy, heterogyclamine, halohsterocyclyl,

alkylsulphenyl, arylsulphenyl, carboalkoxy, carboarvlexy,
mercapto, alkylthic, benzylthico and acylthio, each of which
may optionally be substituted, and wherein any iwo or more of
R, E'-F® and R - F°may form an optionally substituted alkyl,
alkenyl or alkynyl chain, which chain may also optionally
include ome or more O, W or & atoms therein;

¥ represents C(R'’)R™, 0, NRY, or 5, wherein R'?, g¥
and RY each independently have the same definition as R;

G represents W or X;

JP 2004-511577 A 2004.4.15
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W represents an elsctron withdrawing group;

X has the same definition as R;

Z rmpresents ¢, NR'", 3 or CRY™W’, where R* and R"
each have the same definition as B, and W’ has the same

5 definition as W; and

each of n and m represents an integer from § to
100;
and the method comprises the steps of

(&) activating a compound of formula ITIL;

10
R®
R R R®
1]
in which R, R*-R', W, X and ¥ are as defined
above for the compounds of formulae T and IT,
15 and E* and B° each independently have the same
definition as R;
() subjecting a compound of formula IV ko
nucleophilic addition by the activated form of
oompound ILL;
20
v
25

JP

2004-511577 A 2004.4.15
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in which K*-R'" and % are as defined abaove for
the compounds of formulae I and II, and E'Y and
R gach independently have the same definition
as R:

{c) subjecting the product of step (b) to ring
closing metathesis: and

{d) subjecting the product of step {(c) to
stereoselective ring cloesure.

2. The method as claimed in claim 1, wherein the
compound of formula I or formula IT is a carbocycle, an
oxacycla, an azacyelsé or a thiacycle,

3. The method as claimed in any one of the preceding
claims, wherein the compound of formuwla I or formula II is a
menosaccharide, an cligesaccharide, a tropane alkaloid, a
cyclic w- and/or f-amine acid, a squalestakin, a zaragozic
acid, a fumagillins or an analogue aor derivative thereof.

4. The method as claimed in any one of the preceding
claime, whevein E is selected from the group consisting of H,
Iydroxy, alkomy, ascyl, acyloxy, alkylsulphonylosy,
grylsulphenyloxy, hetereoyeolylowmy, carboalkoxy, carboaryloxy,
alkylthio, benzvlthio, acylthio, cvane, hale, arvlowy,
bénzylowy, haloalkoxy, halealkenylomy, haloaryloxy, acids or
esters of phosphorous or zulphuer, and metazl salts.

5. The method as claimed in any one of the preceding
claims, wherein each of n and w repressnts sn inkeger from 0
Lo S0.

6. The method as claimed in claim 5, wheresin each of n

and m represents an integer from 0 to 25.

A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(74)

WO 0134736 PCTAUNIALITY

25

30

- 43 -

7. The method as claimed in any one of the preceding
claims, wherein W gontains & chiral auxdliary.

a. The method ag <laimed in ¢laim 7, wherein the
¢hiral auxiliary 1s selected from the group consisting of

Oppolzer’s sultam, Evan’s auxiliary and Nagao’s suxiliary

G, The methed as ¢laimed in any one of the preceding
¢laimg, the compound of formula III is treated with a base to
form the corresponding enolate.

10. The method as ¢laimed in any one of claims 1 to 6,
wherein W 1s a halegen.

11. The method as claimed io claim 10, wherein the
activation step (a) involves conducting a metal-halogen
exchange at the carbon atom to which W is attached in the
compound <f formula III to generate the corrssponding
organomagnesium halide or organometallic reagent.

1z, The method ag ¢laimed in any one of the preceding
claims, wherein the compound of formula IIT is chiral.

13, The methad ag claimed im any one of the preceding
claims, wherein the compound cof formula IV is chiral.

14. The method ag ¢laimed in any cne of the preceding
c¢laims, wherein an enantiomerically-enriched additive system
is wvsed in step (b) to promote sterecselective coupling of
the compounds of formulae IITI and IV.

15. The method as claimed in elaim 14, wherein the
additive system includes a catalyst or a promoter.

JP 2004-511577 A 2004.4.15
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16. The method as claimed in ¢laim 14, wherain the
additive is selected from the group consiating of Sn {(II) ,
galte in combination with chiral, non-racemic diamine
ligands, chiral, non-racemic Binol metel complexes, and

chiral. non-racemic metal complexes of semicorxrins.

17. The method as clalmed in any one of the preceding
claimz, wherein W in compound IIT is= an acid and R iz NH,,
and the compound of formula I or formula IT is an g-amino

acid.

1. The method as clezimed in any one of claims 1 to 18,
wherein @ contains N and the compound of formula I or formula
I1 i a B-amino acid.

i9. The method as c¢laimed in any one of ¢laims 1 to 17,
wherein R and Z both contain ¥, and the compound of formula I

or formula II is an o, P-diamino acid.

20. The method as claimed in any one of the preceding
claims, wherein the method Follows the synthebic route set
out in gchems 1;
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Scheme 1
2 J
2 2
3 2 £H ot
M?/ N + Z;:PJL‘(F‘W R %H*
Gl —
" KRR R ORT pit TP R%G & i
m fin v

10

"
R® 132
n n
ar Eaﬁ - I F
e
ap R =
[} vi

in which:

B, R, R" - R, @G, W, X, ¥ and z are as defined in
claim 1.
21. A method of syntheszis of a bicyolic or polycyclic

compound of formula ¥ or formwla ¥I:

in which:
E, R, B -~ E, G, ¥, Wand ¥ are as defined in

JP 2004-511577 A 2004.4.15
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claim 1 for the compounds of formulae I, II, IIT and IV, and
Z! iz W or CW", where W* has the came dsfinition as W, the

method comprising the steps set out in reaction Scheme 2y

5 Scheme 2:

H
0 A 24 i 18 Poe g™ 3
V\k}, n . S . R At
R AU A M Ly mie LW s
n Vil

i

R A2
n
Al or R I—
g R
x X X
10 2z. The method as claimed in claim 21, wherein the

method includes the steps of:

{a) activating the compound of formula ITI;

(b) subjecting the compound of formula VII to
nucleophilic addition by the activated form of

15 corpound IIT

{c) subjecting the product of step (b) to ring closing
metathesis; ans

td) subjecting the product of step (o) to stereoselective
ring closurs,

23. & method of forming a compound with twe rings, with
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carbon atoms C° and C°, or carbon atoms ¢* and C°, being
common to the two rings, the method comprising:

{a) providing a first compound containing cerbon atom ¢ as
an alkenyl carbon atom at one position in the first compound,
and a carbon atom CY at ancther position in the compound with
an electron withdrawing group zibtached thereto, the carbon
atom C* being toc the same side of the alkenyl Souble bond as
the carbon atom C7;

{b) providéing a second compound containing a carbon atom CF
as an alkenyl carbon atom at cne position in the second
compound, and & carbon atom C° at another position in the
compound with a double bond or a triple bond between carbon
atom C* and a substituent cn C°, the carbon atom C* being to
the same side of the alkenyl double bond as carbon atom C%;
(¢} activating carbon atom €* in said first compound;

{d) subjecting the second compound to nuclecchilic addition
by the activated form of the first compound to connect carbon
atoms 7 and O

(e} subjecting the product of step {(d} to ring closing
methathesis to thereby comnect carbon atoms € and O° via a
double bond: and

(£) subjecting the product of ztep {&} to stereoseslective
ring closure to form a bridge hetween C* and one or both of C*
and C° with the less of the alkenvl bond between C° and C° to

vield said compound containing two rings.

24, The methed as claimed in glaim 23, wherein the
fragment of the first compound hetween carbon atoms C° and C°
is a substituted or unsubstituted, branched, unbranched or
eyelic wydrocarbon group, optionally intersperssed with one or
mere O, N and S5 atoms.

25, The method as claimed in ¢laim 23, wherein the
fragment of the second compound between carbon atoms C* and C°

JP 2004-511577
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13 substituted or unsubstituted, branched, unbranched or
oyelic hydrocarbon group, optiomally interspersed with one or
more O, W and 3 atoms.

26. The method as claimed in any one of claims 23 to
25, wherein in step (d), the end fragments joined to C° and C°
via the respective double bonds prior to the ring closing
metakhesis are disconnected.

27. The method as ¢laimed in any one of claims 23 to
26, wherein the electron withdrawing group attached to C° in
the first compound includes a chiral auxiliary radiecal.

28. The method as claimed in any one of claims 23 to
27, wherein the substituent attached to garbon atom ©° of the
second compound iz selected from the group consisting of O,
NR', CR™W' and 5, when the substituent is cennected via a
double bond, and is selected from the group consisting of N
and CW when the gubstituent is comnected wia a triple bend,
wherein R and R' each have tlie same definition as R in
formula I as defined in claim 1, and W' and W each have the
same definivion as W in formula I as defined in claim 1.

29 A compound formed by the method as definad in any
one of the preceding ¢laimsg, or an adduct or derivative

thereot.

30. A compound of any one of the following farmulas:

.
]
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Z, m and n are as defined in claim 1, and p an

15  dnteger from 0 to 100, and whersin sach of the coanpounds
illustrated is optionally substituted hy ons or more non-

deleterious substituents.

32.

A library of compounds suitable to be tested for a

A desired biclogical or pharmacological activity, comprising a

2004-511577 A 2004.4.15
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pluralicy of compounds prepared by the method as defined in
any one of claims 1 to 30.
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