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THROMBIN RECEP ANTAGONIS

BACKGROUND OF THE INVENTION

The present invention relates to substituted tricyclic thrombin
receptor antagonists, pharmaceutical compositions containing them and
their use in the treatment of diseases associated with thrombosis,
atherosclerosis, restenosis, hypertension, angina pectoris, arrhythmia,
heart failure, cerebral ischemia and cancer.

Thrombin is known to have a variety of activities in different cell
types and thrombin receptors are known to be present in such cell types
as human platelets, vascular smooth muscle cells, endothelial cefls and
fibroblasts. It is therefore expected that thrombin receptor antagonists
will be useful in the treatment of thrombotic, inflammatory,
atherosclerotic and fibroprc!iferative disorders, as well as other
disorders in which thrombin and its receptor play a pathological role.

Thrombin receptor antagonists peptides have been identified
based on structure-activity studies involving substututions of amino
acids on thrombin receptors. Ih Bernatowicz et al, J. Med. Chem., 39
(1996}, p. 4B879-4887, tetra- and pentapeptides are disclosed as being
potent thrombin receptor antagonists, for example N-trans-cinnamoyl-p-
fluoroPhe-p-guanidinoPhe-Leu-Arg-NH2 and N-trans-cinnamoyl-p-
fluoroPhe-p-guanidinoPhe-Leu-Arg-Arg-NH. Peptide thrombin
receptor anat'gbn'ists are also disclosed in WO 94/03479, published
February 17, 1994, '

Himbagine, a piperidine alkaloid of the formula
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has been identified as a muscarinic receptor anfagonist. The total
synthesis of (+)-himbacine is disclosed in Chackalamannil et al, J. Am.
Chem Soc., 118 (1996), p. 9812-9813.

SUMMARY OF THE INVENTION
The present invention relates to thrombin receptor antagonists
represented by the formula |

or a pharmaceutically acceptable salt thereof, wherein:
the single dotted line represents an optional double bond:;
the double dotted line represents an optional single bond;

nis 0-2;
Qis
9"'2)@2
|
—R
?CHz)n/a

wherein nq and nz are independently 0-2; or when the double bond is
not present, Q is also fused R-substituted aryl or R-substituted
heteroaryl;

R is 1 to 3 substituents independently selected from the group
consisting of H, C1-Cg alkyl, halogen, hydroxy, amino, (C1-Cg)alkyl-
amino, (C1-Cg)dialkylamino, (C1-Cg)alkoxy, -COR16, -COOR17, -SOR?16,
-SO2R16, -NR16COR162, -NR16COOR162, -NR16CONR4RS, fluoro-(C1-
Ce)alkyl, difluoro(Cq-Ce)alkyl, trifluoro(C4-Cg)alkyl, C3-Cg cycloalkyl,
C2-Ceg alkenyl, aryl(C1-Ceg)alkyl, aryl(C2-Ceg)alkeny!, heteroaryl(C1-Cg)-
alkyl, heteroaryl(C2-Cg)alkenyl, hydroxy(C1-Cg)alkyl, amino(C1-Cg)-
alkyi, aryl and thio(C1-Cg)alkyl;

R and R2 are independently selected from the group consisting
of H, C4-Cg alkyl, fluoro(C1-Cg)alkyl, difluoro(C4-Cg)alky), trifluoro-(C1-
Ce)alkyl, C3-Cg cycloalkyl, Co-Cg alkenyl, aryl(C1-Cg)alkyl, aryl(Co-
Ce)alkenyl, heteroaryl(C1-Ceg)alkyl, heteroaryl{(C2-Cg)alkenyl, hydroxy-
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(C1-Cg)alkyl, amino(C1-Cg)alkyl, aryl and thio(C4-Cg)alkyl; or RY and R2
together form a =0 group;

RS is H, hydroxy, C1-Cg alkoxy, -SOR16, -SO2R17, -C(O)OR17,
~C(O)NR18R19, C-Cg alkyl, halogen, fluoro(C4-Cg)alkyl, difluoro(C1-
Cg)alky!, trifluoro(C¢-Cg)alkyl, C3-Cg cycloalkyl, C2-Cg alkenyl, aryl(C4-
Cg)alkyl, aryl(C2-Cg)alkenyl, heteroaryl(C4-Cg)alkyl, heteroaryl(Co-
Cg)alkenyl, hydroxy(C+-Cg)alkyl, amino(C1-Cg)alkyl, aryl or thio(Cq-
Ce)alkyl;

Het is a mono-, bi- or tricyclic heteroaromatic group of 5 to 14
atoms comprised of 1 to 13 carbon atoms and 1 to 4 heteroatoms
independently selected from the group consisting of N, O and S,
wherein a ring nitrogen can form an N-oxide or a quaternary group with
a C4-C4 alkyl group, wherein Het is attached to B by a carbon atom ring
member, and wherein the Het group is substituted by 1 to 4 substituents,
W, independently selected from the group consisting of H; C4-Cg alkyi;
fluoro{C1-Cg)alkyl; difluoro(C+-Cg)alkyt; trifluoro-(C1-Cg)-alkyl; C3-Cs
cycloalkyl; heterocycloalkyl; heterocycloalkyl substituted by C1-Cg alkyl
or C»-Cg alkenyl; C2-Cg alkenyl; R21-aryl(C1-Cg)alkyl; R21-aryl-(C2-Cg)-
alkenyl; heteroaryl(C4-Cg)alkyl; heteroaryl(C2-Cg)-alkenyl; hydroxy(C1-
Cg)alkyl; dihydroxy(C4-Cg)alkyl; amino(C1-Cg)alkyl; (C1-Cg)alkylamino-
(C1-Ceg)alkyl; di-((C1-Cg)alkyl}-amino(C+-Cg)alkyl; thio(C1-Ce)alkyl; Cq-
Cg alkoxy; Co-Cg alkenyloxy; halogen; -NR4RS; -CN; -OH; -COOR?17;
-COR16; -0S0,CF3; -CH2OCH,CF3; (C1-Cg)alkylthio; -C(O)NR4RS;
-OCHRS-phenyl; phenoxy-(C1-Cg)alkyl; -NHCOR16; -NHSOoR16;
biphenyl; -OC(R8)2COOR?; -OC(R6)2C(O)NR4RS;

(C1-Cg)atkoxy; C4-Cg alkoxy substituted by (C1-Cg)alkyl, amino, -OH,
COOR17, -NHCOOR?17, -CONRA4RS5, aryl, aryl substituted by 1 to 3
substutuents independently setected from the group consisting of
halogen, -CF3, C1-Cg alkyl, C1-Cg alkoxy and -COOR17, aryl wherein
adjacent carbons form a ring with a methylenedioxy group, -C(O)NR4R5
and heteroaryl;

R21-aryl; aryl wherein adjacent carbons form a ring with a
methylenedioxy group;

heteroaryl; heteroaryl substituted by 1 to 4 substituents selected from the
group consisting of halogen, C4-Cg alkoxy, C1-Cg alkyl, (C1-
Ce)alkylamino, di-({C1-Cg)alkyl)amino, -OCF3, -NO2, hydroxy(C1-
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Ce)alkyl, -CHO and phenyl; and heteroaryl wherein adjacent carbon
atoms form a ring with a C3.Cs alkylene group or a methylenedioxy
group;

R4 and RS are independently selected from the group consisting
of H, C1-Cg alkyl, phenyl, benzyl and C3-Cg cycloalkyl, or R4 and RS
together are -(CHz)4-, -(CH2)s- or -(CH2)2NR7-(CHz)2- and form a ring
with the nitrogen to which they are attached,;

RS is independently selected from the group consisting of H,
C1-Cs alkyl or phenyl;

R7 is H or (C1-Cg)alky}l;

R8, R10 and R11 are independently selected from the group
consisting of R1 and -OR?, provided that when the optional double bond
is present, R10 is absent, and when ring Q is aromatic, R10 and R11 are
absent;

R9is H, OH, C4-Cg alkoxy, halogen or halo(C+-Cg)alkyl;

B is -(CH2)n3-, -CH2-O-, -CH32S-, -CH2-NRE-, -C(O)NRE-,

-NREC(0)-, VAN , Cis or trans -(CH2)nsCR12=CR128(CHa)ns or

“(CH2)naC=C(CHa)ns" wherein ng is 0-5, ng and ns are independently
0-2, and R12 and R122 are independently selected from the group
consisting of H, G1-Cg alkyl and halogen;

X is -O- or -NRE- when the double dotted line represents a single
bond, or X is -OH or -NHR20 when the bond is absent;

Y is =0, =S, (H, H), (H, OH) or (H, C4-Cg alkoxy) when the double
dotted line represents a single bond, or when the bond is absent, Y is
=0, (H, H), (H, OH), (H, SH) or (H, C4-Cg alkoxy);

R15 is absent when the double dotted line represents a single
bond and is H, C4-Cg alkyl, -NR18R19, or -OR17 when the bond is

IS

absent; orYis '-0 or 12 and R15 is H or C1-Cg alkyl;

R16 and R162 are independently selected from the group
consisting of C1-Cg lower alkyl, phenyl or benzyl;

R17, R18 and R19 are independently selected from the group
consisting of H, C41-Cg alkyl, phenyl, benzyl;

R20 is H, C1-Cg alkyl, phenyl, benzyl, -C(O)RS or -SO2RE;
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R21 js 1 to 3 substutuents independently selected from the group
consisting of -CF3, -OCF3, halogen, -NO,, C1-Cg alkyl, C1-Cealkoxy,
(C1-Cg)aikylamino, di-({C1-Cg)alkyl)amino, amino(C1-Cg)aiky!, (C1-Cs)-
alkylamino(C1-Cg)alkyl, di-{(C1-Cg)alkyl)-amino(C+-Cg)alkyl, hydroxy-
{C1-Cg)alkyl, -COOR'7, -COR17, -NHCOR16, -NHSO,R'6 and
-NHSO,CH2CF3;

Z is -CHp-, -O-, -S(0)g-2-, -NR22-, -C(O)-, -C(=NOR17)- or
-C{R13R14)-, wherein R13 and R4, together with the carbon to which
they are attached, form & spirocycloalkyl group of 3 to 6 carbons, ora
spiroheterocycloalkyl group of 3 to 6 members, comprised of 2 to 5
carbon atoms and 1 or 2 heteroatoms selected from the group consisting
of 0, Sand N; and

R22 is H, C4-Cg atkyl, phenyl, benzyl, -COR16 or -CONR18R19,

One group of preferred compounds is that of the formula 1A
Y R3 Rw
@ )
2 R8 Rit
B

~

Het |A
wherein X, Y, R, R1, R2, R3, R8, RY, R10, R11, B and Het are as defined
above,
A second group of preferred compounds is that of the formula IB
Y R3 R

R R RS RN
“Het B
wherein X, Y, R, R1, RZ, R3, R8, R9, R11, B and Het are as defined above.

A third group of preferred compounds is that of the formula IC
Y g3

Het |C
wherein X, Y, R, R1, R2, R3, R8, RS, B and Het are as defined above.
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R2, R8, R10 and R1 are each preferably hydrogen. R3 preferably
is hydrogen or lower alkyl. The variable n is preferably zero. R® is
preferably H, OH or alkoxy. R is preferably Cy-Cg alkyl, more
preferably methyl. The double dotted line preferably represents a single
bond; X s preferably -O- and Y is preferably =O or (H, -OH). Zis
preferably -CHz-, -C(O)- or -C(=NOR17)-. The ring Q is preferably R-
substituted cyclohexyl or R-substituted phenyl. R is preferably hydrogen,
fluorine, hydroxy, alkoxy or alkyl. B is preferably trans -CH=CH-. Het is
preferably pyridyl, substituted pyridyl, quinoly! or substituted quinolyl.
Preferred substituents (W) on Het are aryl, substituted aryl, heteroaryl or
alkyl. More preferred are compounds wherein Het is 2-pyridy!
substituted in the 5-position by aryl, substituted aryl, heteroaryl or alkyl,
or 2-pyridyl substituted in the 6-position by alkyl.

Thrombin receptor antagonist compounds of the present
invention have anti-thrombotic, anti-platelet aggregation, antiathero-
sclerotic, antirestenotic and anti-coagulant activity. Thrombosis-related
diseases treated by the compounds of this invention are thrombosis,
atherosclerosis, restenosis, hypertension, angina pectoris, arrhythmia,
heart failure, myocardial infarction, glomerulonephritis, thrombotic and
thromboembolytic stroke, peripheral vascular diseases, other
cardiovascular diseases, cerebral ischemia, inflammatory disorders and
cancer, as well as other disorders in which thrombin and its receptor
play a pathological role.

Therefore, this invention also relates to the use of a compound of
formula | as an antithrombotic, anti-platelet aggregation, anticoagulant
or anticancer agent in a mammal in need of such treatment.

In another aspect, the invention relates to a pharmaceutical
composition comprising a compound of formula | in a pharmaceutically
acceptable carrier.

DETAILED DESCRIPTION:

Unless otherwise defined, the term "alky!" or "lower alkyl" means
straight or branched alkyl chains of 1 to 6 carbon atoms and "alkoxy"
similarly refers to alkoxy groups having 1 to 6 carbon atoms.

Fluoroalkyl, difluoroalkyl and trifluoroalkyl mean alkyl chains
wherein the terminal carbon is substituted by 1, 2 or 3 fluoroatoms, e.g.,
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-CF3, -CH2CF3, -CH2CHF2 or -CHoCHaF. Haloalkyl means an alkyl
chain substituted by 1 to 3 halo atoms.

“Alkeny!" means straight or branched carbon chains of 1 to 6
carbon atoms having one or more double bonds in the chain,
conjugated or unconjugated. Similarly, "alkyny!" means straight or
branched carbon chains of 1 to 6 carbon atoms having one or more
triple bonds in the chain. Where an alkyt, alkenyl or alkynyl chain joins
two other variables and is therefore bivalent, the terms alkylene,
alkenylene and alkynylene are used.

"Cycloalkyl" means a saturated carbon ring of 3 to 6 carbon
atoms, while “cycloalkylene” refers to a corresponding bivalent ring,
wherein the points of attachment to other groups include all positional
and sterecisomers.

"Heterocycloalkyl" as a substituent on Het means saturated rings
of 4 to 7 atoms comprised of 3 to 4 carbon atoms and 1 to 3 heteroatoms
selected from the group consisting of -O-, -S- and -NR7- joined to the
rest of the molecule through a carbon atom. Examples of heterocyclo-
alkyl groups are 2-azetidinyl, 2-pyrrolidinyl, tetrahydrothiophen-2-yl,
tetrahydro-2-furanyl, 4-piperidinyl, 2-piperazinyl, tetrahydro-4-pyranyl,
2-morpholinyl and 2-thiomorpholinyl.

"Halogen” refers to fluorine, chlorine, bromine or iodine radicals.

When R4 and RS join to form a ring with the nitrogen to which they
are attached, the rings formed are 1-pyrrolidinyl, 1-piperidinyl and 1-
piperazinyl, wherein the piperazinyi ring may also be substituted at the
4-position nitrogen by a group R7.

"Dihydroxy(C+-Cg}alky!" refers to an alky! chain substituted by two
hydroxy groups on two different carbon atoms.

"Aryl' means phenyl, naphthyl, indenyl, tetrahydronaphthyl or
indanyl.

"Heteroaryl" means a single ring, bicyclic or benzofused
heteroaromatic group of 5 to 10 atoms comprised of 2 to 9 carbon atoms
and 1 to 4 heteroatoms independently selected from the group
consisting of N, O and S, provided that the rings do not include adjacent
oxygen and/or sulfur atoms. N-oxides of the ring nitrogens are also
included, as well as compounds wherein a ring nitrogen is substituted
by a C1-C4 alkyl group to form a quaternary amine. Examples of single-
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ring heteroaryl groups are pyridyl, oxazolyl, isoxazolyl, oxadiazolyl,
furanyl, pyrrolyl, thienyl, imidazolyl, pyrazolyl, tetrazolyl, thiazolyl,
isothiazolyl, thiadiazolyl, pyrazinyl, pyrimidyl, pyridazinyl and triazolyl.
Examples of bicyclic heteroaryl groups are naphthyridyl (e.g., 1, 5 or
1,7), imidazopyridyl, pyrido[2,3]imidazolyl, pyridopyrimidinyl and 7-
azaindolyl. Examples of benzofused heteroaryl groups are indolyl,
quinolyl, isoquinolyl, phthalazinyl, benzothienyl (i.e., thionaphthenyl),
benzimidazolyl, benzofuranyl, benzoxazolyl and benzofurazanyi. All
positional isomers are contemplated, e.g., 1-pyridyl, 2-pyridyl, 3-pyridyl
and 4-pyridyl. W-substituted heteroaryl refers to such groups wherein
substitutable ring carbon atoms have a substituent as defined above, or
where adjacent carbon atoms form a ring with an alkylene group or a
methylenedioxy group. .

The term "Het" is exemplified by the single ring, bicyclic and
benzofused heteroaryl groups as defined immediately above, as well as
tricyclic groups such as benzoquinolinyl (e.g., 1,4 or 7,8) or
phenanthrolinyl {e.g., 1,7; 1,10; or 4,7). Het groups are joined to group B
by a carbon ring member, e.g., Het is 2-pyridyl, 3-pyridyl or 2-quinolyl.

Examples of heteroaryl groups wherein adjacent carbon atoms
form a ring with an alkylene group are 2,3-cyclopentenopyridine, 2,3-
cyclohexenopyridine and 2,3-cycloheptenopyridine.

The term "optional double bond" refers to the bond shown by the
single dotted line in the middle ring of the structure shown for formula |.
The term "optional single bond" refers to the bond shown by the double
dotted line between X and the carbon to which Y and R15 are attached in
the structure of formula I. Compounds wherein the bond is absent are
shown, for example, in Example 6.

The above statements, wherein, for example, R4 and RS are said
to be independently selected from a group of substituents, means that
R4 and R> are independently selected, but also that where an R4 or RS
variable occurs more than once in a molecule, those occurrences are
independently selected. Those skilled in the art will recognize that the
size and nature of the substituent(s) will affect the number of substituents
which can be present. ’

Compounds of the invention have at least one asymmetrical
carbon atom and therefore all isomers, including diastereomers and

T T
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rotational isomers are contemplated as being part of this invention. The
invention includes (+)- and (-)-isomers in both pure form and in
admixture, including racemic mixtures, Isomers can be prepared using
conventional technigues, either by reacting optically pure or optically
enriched starting materials or by separating isomers of a compound of
formuia I.

Typical preferred compounds of the present invention wherein Q

is a saturated ring have the following stereochemistry:
LY & CHam

Z

0 —_
EN )
CH3 H g H (CHZ)HZ

Het

with compounds having that absolute stereochemistry being more
preferred. Typical preferred compounds of the present invention
wherein Q is an aromatic ring have the following stereochemistry,
wherein Q is exemplified as a phenyi ring:

O H
: S
o} | =R
NS NF
,B
Het ,
with compounds having that absolute stereochemistry being more

preferred.

Those skilled in the art will appreciate that for some compounds
of formula |, one isomer will show greater pharmacological activity than
other isomers.

Compounds of the invention with a basic group can form
pharmaceutically acceptable salts with organic and inorganic acids.
Examples of suitable acids for salt formation are hydrochloric, sulfuric,
phosphoric, acetic, citric, oxalic, malonic, salicylic, malic, fumaric,
succinic, ascorbic, maleic, methanesulfonic and other mineral and
carboxylic acids well known to those in the art. The salt is prepared by
contacting the free base form with a sufficient amount of the desired acid
to produce a sait. The free base form may be regénerated by treating
the salt with a suitable dilute aqueous base solution such as dilute
aqueous sodium bicarbonate. The free base form differs from its
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respective salt form somewhat in certain physical properties, such as
solubility in polar solvents, but the salt is otherwise equivalent to its
respective free base forms for purposes of the invention.

Certain compounds of the invention are acidic (e.g., those

5 compounds which possess a carboxyl group). These compounds form
pharmaceutically acceptable salts with inorganic and organic bases.
Examples of such salts are the sodium, potassium, calcium, aluminum,
lithium, gold and silver salts. Also included are salts formed with
pharmaceutically acceptable amines such as ammonia, alkyl amines,

10 hydroxyalkylamines, N-methylglucamine and the like.

Compounds of the present invention are generally prepared by
processes known in the art, for example by the processes described
below.

In Scheme 1, a process is shown for preparing compounds of

15  formula | wherein n is 0, the optional double bond is not present, Q
forms a cyclohexyl ring, the single bond is present between X and the
carbon to which Y is attached, X is -O-, Y is =0, B is -CH=CH-, Het is W-
substitued pyridyl, R2 is methyl, and R1, R3, R8, R9, R10 and R11 are
each hydrogen. However, a similar process may be used to prepare

20 compounds comprising other optionally substituted Het groups. Those
skilled in the art will also recoghize that the process is equally
applicable to preparing optically active or racemic compounds.

Scheme 1
OH O-THP OH
/v. —_— /'\é R /k//cooan
1 1a =
2
R
U/\/COOH Q R Q /R
\ 3 OM@ Hy/Lindlar o =z |
_
EDCUDMAP >/\\COOBn THE >/\
CHCl, 4 5 COOBn
O H R 1.HyPtOyMeOH S H H /n
1
.xy = 2, SOCly/toluene o )\
200-210°C; Hin
b 3. (Ph3P)4Pd/ CHO
ase Bu;SnH
25 7
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P(O)OEY, O H H
” HE r:i

R

base/THF 8 \5}‘

Commercially avaitable (R)-3-butyn-2-ol is O-protected as the
tetrahydropyranyl ether by treatment with dihydropyran in the presence
of catalytic amounts of para-toluenesulfonic acid to give intermediate
1a. Treatment of a solution of 1a in THF with n-BuLi at -78°C followed
by quenching with benzylchloroformate and subsequent deprotection
gives intermediate 2 which is esterified with dienoic acid 3 using
standard conditions to yield the ester 4. Selective reduction of the triple
bond of 4 using Lindlar catalyst under hydrogen gives the intermediate
5, which upon thermal cyclization between 200-210°C foliowed by base
freatment gives the tricyclic intermediate 6. The ester 6 is subjected to
hydrogenation in the presence of platinum oxide to generate the
intermediate saturated carboxylic acid, treatment of which with SOClIz
gives the corresponding acid chloride which is converted to the tricyclic
aldehyde 7 by reduction using tributyltin hydride in the presence of
Pd(0). Condensation of the anion generated from phosphonate 8 with
aldehyde 7 in THF gives the alkene 9 (final product).

Intermediates of formula 8 wherein W is ary! or R21-aryl can be
prepared by a process similar to that described immediately below for
preparing the trifluoromethy-phenyl-substituted compound, 8a.

B(OH)g (EtO)20P
Z°N nBuli,i-PNH (@ P‘
X CIPO(OEt)z
ngo Py N
Suzulo

Commercially available hydroxypyndme derivative is converted to
the corresponding triflate using triflic anhydride, which is then coupled
with commercially available boronic acid in the presence of Pd(0) under
Suzuki conditions. The resulting product is converted to the
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phosphonate by treatment with tert-butyllithium followed by quenching
with diethylchlorophosphonate. .

Alternatively, compounds of formula 9 wherein W is optionally
substituted aryl can be prepared from compounds of formula 9 wherein
W is -OH using a triflate intermediate. For example, 3-hydroxy-6-
methylpyridine is treated with triisopropylsily! chloride, and the resultant
hydroxy-protected compound is converted to the phosphonate as
described above for preparing intermediate 8. The triisopropylisilyl-
protected intermediate is then reacted with tricyclic intermediate 7 and
the protecting group is removed under standard conditions. The
resultant compound of formula 9 wherein W is OH is then treated with
triflic anhydride at room temperature in a solvent such as CHaClo; the
triflate is then reacted with an optionally substituted arylboronic acid,
e.g., optionally substituted phenylboronic acid, in a solvent such as
toluene, in the presence of Pd(PPh3z)4 and a base such a KoCOg3 at
elevated temperatures and under an inert atmosphere.

Compounds of formula 9 wherein W is a substituted hydroxy
group (e.g., benzyloxy) can be prepared from compounds of formula 9
wherein W is hydroxy by refluxing in a suitable solvent such as acetone
with a halogen-substituted compound such as optionally substituted
benzyl bromide in the presence of a base such as K2COs.

Compounds of formula | wherein Het is substituted by W through
a carbon atom (e.g., wherein W is alkyl, alkenyl or arylalky!) or a nitrogen
atom (i.e., -NR4RS) can be prepared using a compound of formuia )
wherein W is chloroalkyl as an intermediate. Compounds of formula |
wherein W is a polar group such as hydroxy alkyl, dihydroxyalkyl,
-COOH, dimethylamino and -COH can be prepared as shown in
Scheme 1B, wherein the starting material is a compound of formula |
wherein W is altkenyl. The foliowing Schemes 1A and 1B show well-
known reaction conditions for preparing various W-substituted
compounds wherein Q is cyclohexyl, X is -O-, Y is =0, R15 is absent, R1
is methyl, R2, R3, R9, R10 and R11 are each H, B is -CH=CH-, and Het is
2-pyridyl.
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Scheme 1A

LY ad

KzCOg3, toluene U
120°C,16h

3

e———————
L

n-BuB(OH)2, * Z N
a |

WSnBua, Pd(PPhg)s
THF, 120°C, 16 h

Scheme 1B

0504, NMO A

——

i HoO2
HCO,H
7 = 2
x P 0 °
MegNH,
NaCNBH;

3
3

0804, NMO
N —_— OH
1
N

G\B(OH)a, Pd(PPha)s AN

Cy e
! viny
SOW W= alyl

PCT/NUS98/24523

W = phenyt

¥V ad
W=Et W=iBu
Pd(PPhg)e, WZnHal  #"N VWV=p;ff w = E-Hexl
=rr = benzy
THF, 120°C W W = nBu
SV .Y
amines : ‘;‘1 : l|\l ~
N N
neat, 190°C O K,NMe
AN
[}
S gl SUNH
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Those skilled in the art will appreciate that similar reactions to those
described in the above tables may be carried out on other compounds of
formula | as long as substituents present would not be susceptible to the
reaction conditions described.

Compounds of formula | wherein Q is non-aromatic, the optional
single bond (represented by the double dotted line) is absent, X is OH, Y
is OH, R15 is H and the remaining variables are as defined above can
be prepared by treating corresponding compounds wherein the optional
single bond is present, X is -O-, Y is =0 and R15 is absent, with a
reducing agent such as LAH.

Compounds of formula | wherein the optional single bond is
present, X is -O-, Y is (H, OH), R15 is absent and the remaining variables
are as defined above can be prepared by treating corresponding
compounds whersin the optional single bond is present, X is -O-, Y is =O
and R15 is absent, with a reagent such as DIBAL. The resultant
compounds wherein Y is (H, OH) can be converted to the corresponding
compounds wherein Y is (H, alkoxy) by reacting the hydroxy compound
with an appropriate alkanol in the presence of a reagent such as
BF3*OEt2. A compound wherein Y is (H, OH) can also be converted to
the corresonding compound wherein Y is (H, H) by treating the hydroxy
compound with BF3*OEt2 and Et3SiH in an inert solvent such as CHsClp
at low temperatures.

Compounds of formula | wherein R® is hydrogen can be
converted to the corresponding compound wherein R® is hydroxy by
heating with an oxidizing agent such as SeOs.

In Scheme 2, a process is shown for preparing compounds of
formula | wherein n is 0, the optional double bond is present, Q forms a
cyclohexyl ring, X is -O-, Y is =0, R2, R3, R8, RS and R11 are each
hydrogen, R1 is methyl, R10 is absent, B is -CH=CH-, and Het is W-
substitued pyridyl. However, a similar process may be used to prepare
compounds comprising other optionally substituted Het groups.

Scheme 2
MesSi
OH OTBDMS - OTBDMS |
1 ib 10 Me

1
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The alcohol 1 is O-protected as the TBDMS ether by treatment
with TBDMS chloride. The anion generated from 1b is quenched with a
5 solution of iodine to give the corresponding acetylenic iodide, which
upon reduction using di(cyclohexyl)borane gives the cis-vinyl iodide 10.
Coupling of vinyl iodide 10 with trimethylsilylacetylene in the presence
of Cu(l) and Pd(0) gives the intermediate 11 after removal of the
protecting group using trifluoroacetic acid in CH3zOH. Esterification of
10 11 with acid 3 gives the intermediate ester 12, which upon thermal
cyclization at 185-195°C gives the tricyclic precursor 13 after a brief
treatment with DBU. Desilylation of acetylenic derivative 13 followed by
hydrostannylation using tributyltinhydride in the presence of AIBN gives
the vinylstannane derivative 15, which is coupled with halopyridine
15 derivative 16 to give the final product 17.
Scheme 2A offers an alternative procedure:

1 HO
N
OTBDMS CH
P E\'B’ /Pd(0) PN
Me” 4 28w X
1b
2. Hg/Lindlar catalyst 29 \\W

Q R
) =
oo o)\/\@
m X 1. 190-210 °C / toluene 17

Me N 2. base

29

N
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Palladuium-mediated coupling of acetylene 1b with trans-
iodovinylpyridine 28 followed by selective reduction of the triple bond
gives the intermediate dienoic alcohol 29 which is esterified with the
dienoic acid 3 to give 30. Thermal cyclization of 30 at 190-210°C
followed by base treatment gives 17. Intermediate 28 is prepared from
(2-chloro-6-methyl)pyridine by coupling with (trimethylsilyl)acetylene in
the presence of palladium, followed by deprotection of the silyl group
using fluoride anion and treatment of the isolated product with tributyitin
hydride foillowed by iodine.

In Scheme 3, a process is shown for preparing compounds of
formula | wherein n is 0, the optional double bond is not present, Q forms
a phenyl ring, X is -O-, Y is =0, R, R2, R3, R8 and R? are each hydrogen,
R10 and R11 are absent, B is -CH=CH-, and Het is methoxy-substitued
quinolyl. However, a similar process may be used to prepare
compounds comprising other optionally substituted Het groups.
Scheme 3

OTHP 4 ppulj OTHP prsa, G
2. CICO,Bn MeOH
N2 \ \
H CO.Bn CO%Bn
18
R
PhCH=CHCOCI Z 1809 s
20 NEts, DMAP, CHgClg o)
COan COan
. QH H R
Ho (60 psi),- 3 %1mWMWF : A
22 PiO,, MeOH @ ; 2. TBTH, Pd(PPhs), |
R / 5 /
s =
H CO.H 24 CHO

R
n-Buli, THF, 0°C
24

H3CO
m, PO(OEt), :

25

. OCHg
Commercially available acetylenic derivative 18 is converted to
the corresponding ester 19 by treatment with n-BuLi in THF followed by
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quenching with benzylchioroformate. Removal of the THP group
followed by esterification using trans-cinnamyl chloride under standard
conditions gives the ester 21 which, upon thermal cyclization at 190°C,
gives the tricyclic ester 22. Hydrogenation of 22 over platinum oxide
gives the carboxylic acid 23 which is converted to the corresponding
acid chloride under standard conditions. Reduction of the acid chloride
generated from 23 using Pd(0) and tributyltin hydride gives the
aldehyde 24 which is condensed with the anion generated from the
phosphonate 25 to give the final product, 26.

Compounds wherein R3 is alkyl can be prepared from the
corresponding compounds wherein R3 is hydrogen. For example,
treatment of compound 26 with LDA followed by CHal results in the
preparation of the corresponding compound 27 wherein R3 is methyl:

Amide, lactam and imide derivatives of compounds of formula |
wherein Q is an aromatic ring can be prepared from compounds
whetein X is -O- and Y is =O using the following procedures showing

partial structural formulas:
0

H
o MeNHs, MeOH Me:gm
b et

The lactone is treated with an amine to form the ring-opened amide.

H W

MeHN” SOCly, CH,Cly Me"’m
Ho 2 ——————— =
A

Hz
H;;'i

The amide is treated with a reagent such as SOCI2 to cyclize the amide
to the lactam. '

(o]
(O s

T
bs of D)

“’L\":,.:l
”
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The hydroxy-substituted portion of the amide can be converted to a
carboxylic acid by treatment with a reagent such as Jones Reagent, and
the resultant product is cyclized to form the imide in the same manner as
5 forthe lactam.
In Scheme 4, a process is shown for preparing compounds of

formula | wherein n is 0, the optional double bond is not present, Q is a
cyclohexyl ring substituted in the 6-position by ethylenedioxy (i.e., Z is
-C(R13R14)), X is -O-, Y is =0, R, R3, R8, RY, R10 and R'1 are each

10 hydrogen, R2is methyl, R15 is absent, B is -~CH=CH-, Het is pyridyl and
W is CF3-phenyl. However, a similar process may be used to prepare
compounds comprising other optionally substituted Het groups.

Scheme 4
MeO.C
o) TH0, CHoClz li\’ld(tPPhs)zCIa, 2 -
QO M (b 59% 10 h, 89%
o) B Q ZcoMe 4 S
28  tBu”N°“tBu 2 Q
NaOH (10%) 1928

30 THF-MeOH, 95%

18
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A solution of 1,4-cyclohexanedione mono-ethylene Ketal, 28, and
2,6-di-t-butyi-4-methylpyridine is treated with triflic anhydride to obtain
the enol triflate, 29. Compound 29 is converted to compound 30 by
treatment with methyl acrylate in a soivent such as DMF, in the presence
of a base such as Et3N and a catalyst such as Pd(PPh3)2Clp, and 30 is
converted to the corresponding acid, 31, by standard methods, e.g. by
treatment with a base such as NaOH. Acid 31 is then reacted with
racemic 2 and cyclized as described in Scheme 1 to obtain the product
36 as a racemic mixture.

A ketal such as compound 36 can be converted to the
corresponding ketone by treatment with an acid such as HCl. The
ketone, in tum, can be reduced to the corresponding hydroxy compound
be treatment with a reagent such as NaBH4 or K-Selectride®,

In Scheme 4A, a process is shown for preparing compounds
similar to those in Scheme 4, but wherein Z is ethylenedioxy and is in
the 7-position of the cyclohexy! ring.

Scheme 4A
HO O  Lindarcat OH @
=4, THF.He )\)\" o8
42 43
(PhaP)oPdCh
DMF, 75°C o o
O~ A0 O0— NaOH, CHyOH o}
Br ;3 /\OfCH . 9 THE HOJ\/\O(;}
. OCH; a5 46
a4
i) DCC, PPY,
CH>Cl»
a3 QH 3 DPACLHz QO H H 0—3
ii) Xylene, 215°C @ 0 oo, O o
4 MDBU RYH EtOAc HIH
— coBh ——— CO.H
a7 48
PONCEY): 0 yy 4 oy
i) SOCly, . Z N Q O
PhMe, 80 "C S A
i) BugSnH, QH H 0\ HiH
Pd(Ph3P)4, o o) N 50
PhMe e CF. N
48 HiH : ‘
_ &b BuLl, THF
49
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A solution of the ketal, 44, is treated with methyl acrylate in a
solvent such as DMF, in the presence of a base such as Et3gN and a
catalyst such as Pd(PPh3)2Cla, and the resultant ester, 45, is converted
to the corresponding acid, 46, by standard methods, e.g. by treatment
with a base such as NaOH. Acid 46 is then reacted with compound 43
and cyclized to obtain 47, which is then converted to the corresponding
acid by standard methods. The intermediate of 49 is coupled to the
-B-Het group using a procedure as described in Scheme 1 to obtain
compound 50.

A ketal such as compound 50 can be converted to the
corresponding ketone by treatment with an acid such as HCl. The
ketone, in turn, can be reduced to the corresponding hydroxy compound
be treatment with a reagent such as NaBH4 or K-Selectride®. The
ketone can be converted to the corresponding 7-hydroxy-7 methyl
compound by treatment with a reagent such as CHzMgBr.

In Scheme 5, a process is shown for preparing compounds of
formula | wherein n is 0, the optional double bond is absent, Q forms a
cyclohexyl ring, X is -O-, Y is =0, R1, R3, R, RY, R10 and R11 are each H,
R2is -CHg, R15 is absent, B is -CH=CH-, Het is pyridyl, W is CF3-phenyl,
and R is hydroxy. However, a similar process may be used to prepare
compounds comprising other optionally substituted Het groups.
Scheme 5

.o o OH o© OH
H Se0, H H =
o) — , 0
HELH Dioxane- N Y H H:H
CO.Bn pyridine CO2Bn CO2Bn
6 37A, 30% 37B, 30%
Separated by chromatography
Hp (balloon), O H HSH on H{Ae
Acz0,
() &
H:H H&H
COsH COaH

38 39
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37 > {HIH
2N
\l
41B
CFs

Intermediate 6 from Scheme 1 is oxidized to give intermediate
alcohols 37A and 37B. Alcohol 37A is hydrogenated to give 38 which
is subsequently converted to acetate 39. Acetate 39 is converted to
intermediate 40 in the same fashion as in Scheme 1. Intermediate 40
is hydrolyzed to give 41A. Using a similar procedure, but substituting
37B in the second step, a compound of formula 41B is obtained.

Compounds of formula | wherein B is -C(O)NH- can be prepared
from the acid chloride described above (see Scheme 3) by
condensation with the appropriate amine.

Starting materials for the above processes are either
commercially available, known in the art, or prepared by procedures
well known in the ar.

Reactive groups not involved in the above processes can be
protected during the reactions with conventional protecting groups
which can be removed by standard procedures after the reaction. The
following Table A shows some typical protecting groups:
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Table A
Group to be Group to be Protected and
Protected Protecting Group
-COOH —COOalkyl, -=COObenzyi,~COOpheny!
N
SNH > NCOalkyl,, NCObenzyl, = NCOpheny)

N ~
,NCH200HZCH25i(CH3)3 /NC(O)OC(CHs)a,
CHs

\ N \
/N-benzyl, /NSi(CHg)s, /Nsli-c(CH)s
0 CHs
—NH2 -NQ
o fHs
—OH —OCH3, —OCH0CHg~ OSi{CH3)3— OSI-C(CH)3
or — OCHophenyt CHs

The present invention also relates to a pharmaceutical
composition comprising a compound of formula | of this invention and a
pharmaceutically acceptable carrier. The compounds of formula | can
be administered in any conventional oral dosage form such as capsules,
tablets, powders, cachets, suspensions or solutions. The formulations
and pharmaceutical compositions can be prepared using conventional
pharmaceutically acceptable excipients and additives and
conventional techniques. Such pharmaceutically acceptable excipients
and additives include non-toxic compatible fillers, binders, disintegrants,
buffers, preservatives, anti-oxidants, lubricants, flavorings, thickeners,
coloring agents, emulsifiers and the like.

The daily dose of a compound of formula | for treatment of a
disease or condition cited above is about 0.001 to about 100 mg/kg of
body weight per day, preferably about 0.001 to about 10 mg/kg. For an
average body weight of 70kg, the dosage level is therefore from about
0.1 1o about 700 mg of drug per day, given in a single dose or 2-4
divided doses. The exact dose, however, is determined by the attending
clinician and is dependent on the potency of the compound
administered, the age, weight, condition and response of the patient.
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Following are examples of preparing compounds of formula .
EXAMPLE 1
[[2-[(E)-2-(3R, 3aS, 48, 8aS, 9aR-Dodecahydro-3-methyl-1-oxo-
naphtho[2,3-c]furan-4-yl)ethenyl}-6-quinolinylloxylacetic acid

Step 1:

(R)-3-Butyn-2-ol {15 ml, 0.204 mol) and 3,4-dihydro-2H-pyran
(26.1 ml, 1 eq) were stirred at 0°C. p-Toluenesulfonic acid{(hydrate)
(0.38 g, 5 mol %) was added and the mixture stirred for a further 2 h.
Ethyl Acetate (EtOAc) (319 ml) and NaHCO3 (1.6 g) were added and
after 1 h the mixture was filtered and concentrated. Chromatography
(8i0,, 19:1 hexane/EtOAc gave 31.49 g (100%) of the desired product
as a mixture of diastersomers. 'H NMR major diastereomer (CDCly) &
1.54 (d, J = 7.5 Hz, 3H), 1.55-2.0 (m, 6H), 2.42 (s, 1H), 3.56 (m, 1H), 3.88
(m, 1H), 4.60 (br g, J=7.5 Hz, 1H), 5.00 {t, J=5.0 Hz, 1H).
Step 2: o

The product of Step 1 (31.49 ¢, 0.204 mol) was dissolved in THF
(1 L) and cooled to -78°C with stirring. n-Butylithium (97.8 mlofa2.5 M
solution, 1.2 eq) was added dropwise. After stirring for 20 min, benzy!
chloroformate (35.1 mi, 1.2 eq) was added and the reaction stirred at
-78°C for 2 h. The mixture was allowed to warm to room temperature
{RT), NH4CI solution (saturated) was added and the mixiture was
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extracted with EtOAc. The organic extracts were dried (MgSQO4),
concentrated and then dissolved in CH3zOH (2 L), DOWEX 50WX8-100
ion-exchange resin (60 g, prewashed with CHzOH) was added and the
mixture stirred at RT overnight. The mixture was filtered, concentrated
and chromatographed (SiO,, 9:1-4:1 hexane/EtOAc) to give 29.9 g (71
%) of the desired product. 'H NMR (CDCl) § 1.55 (d, J=7.5 Hz, 3H),
4.70 (q, J=7.5 Hz, 1H), 5.27 (s, 2H), 7.44 (br s, 5H).

Step 3: o
OJ\//\O
/\(

trans-3-(1-Cyclohexenyl)acrylic acid (4.13 g, 0.0273 mol) and 4-
pyrrolidinopyridine (0.4 g, 10 mo! %) in CHa2Cla (100 ml) were stirred at
0°C. 1,3 Dicyclohexylcarbodiimide (5.63 g, 1 eq) was added and the
mixture stirred for 10 min. A solution of the product of Step 2 (5.58 g,
0.0273 mol) in CH2Clz (40 ml) was added dropwise. The resulting
mixture was stirred for 2 hs, filtered, concentrated and chromatographed
(SiO,, 97:3 hexane/EtOAc) to give 5.82 g (63 %) of the desired product.
"H NMR (CDCly) 8 1.61 (d, J= 7.0 Hz, 3H), 1.66 (m, 2H), 1.74 (m, 2H),
2.18 (m, 2H), 2.27 (m, 2H), 5.25 (s, 2H), 5.67 (m, 1H), 5.80 (d, J= 15.0
Hz, 1H), 6.26 (br s, 1H), 7.37 (d, J= 15.0 Hz, 1H), 7.42 (s, 5H).

Step 4: Qo
O
o

The product of Step 3 (5.82 g, 0.017 mol) and triethylamine (EtaN)
(0.112 mL) were dissolved in THF (32 mL). Lindlar catalyst (0.58 g) was
added and the mixture stirred under 1 atm. of hydrogen for 16h. The
mixture was filtered, concentrated, dissolved in o-xylene, and degassed
under a stream of No. The degassed mixture was sealed in a pressure
tube and heated at 210°C for 6 h. After cooling to RT, the xylene was
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removed under reduced pressure and the resulting mixture
chromatographed (SiO,, 19:1-9:1 hexane/EtOAc) to give 3.81 g (66 %)
of the desired product. '"H NMR (CDCls) 8 0.94 (m, 1H), 1.20 (d, J=7.0
Hz, 3H), 1.31 (m, 1H), 1.50 (m, 1H), 1.82 (m, 2H), 2.00 (m, 1H), 2.20 (m,
1H), 2.39 {br d, J= 15.0 Hz, 1H), 2.51 (m, 1H}, 2.62 (m, 1H), 2.73 (m,
1H), 3.35 (m, 1H), 4.53 {m ,1H), 5.22 (AB quartet, J= 12.5 Hz, 2H), 5.34
(brs, 1H), 7.42 (br s, 5H).
Step 5:

3
HO” S o

The product of Step 4 (3.81 g, 0.011 mol) was dissolved in
CH3OH (100 mi). Platinum (IV) oxide (0.38 g) was added and the
mixture shaken for 16 h under an atmosphere of hydrogen (60 psi). The
mixture was filtered, concentrated and recrystallized (CH2Clz/ hexanes)
to give 2.12 g (75 %) of the desired product. 'H NMR (CDCl,) § 0.90-1.0
(m, 1H), 1.05-1.20 (m, 2H), 2.21-1.55 (m, 7H), 1.75-1.92 (m, 4H), 1.92-
2.00 {m, 1H), 2.52-2.64 (m, 2H), 2.74 (m, 1H), 4.76 (m, 1H).

Step 6: Uy

H

H é\
o

The product of Step 5 (2.3 g, 9.66 mmol) was suspended in
toluene (20 ml), SOClz (4 ml) was added and the mixture heated at
80°C for 16 h. After cooling to RT, the volatiles were removed under
reduced pressure and the resulting gum dissolved in fresh toluene (23
ml). Tetrakistriphenylphosphinepatladium(0) (800 mg, 8 mol %) was
added and the mixture was cooled to 0°C. Tributyitin hydride (BuaSnH)
(3.24 ml, 1.2 eq) was added dropwise and the mixture stirred for 30 min,
after which time TLC showed approximately 66 % conversion. BugSnH
(1.35 mL, 0.5 eq) was added and the mixture stirred for a further hour.
The mixture was then chromatographed (SiO,, 4:1 hexanes/EtOAc) to
give 1.9 g (88 %) of the desired product. ‘H NMR (CDCls) & 0.88-1.05
(m, 1H), 1.10-1.20 (m, 2H), 1.22-1.50 {m, 5H), 1.55-1.70 (m, 2H), 1.75-
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1.90 (m, 4H), 1.98 (dd, J= 12.5, 7.0 Hz, 1H) 2.53 (m, 1H), 2.63 (m, 1H),
2.73 (m, 1H), 4.73 (m, 1H), 9.80 (d, J= 5.0 Hz, 1H).
Step 7:

6-Hydroxyquinaldine (1.97 g, 0.0123 mol) and imidazole (0.85 g,
0.0124 mol) were dissolved in DMF (20 mi) and cooled to 0°C with
stirring. Triisopropyisilyl chloride (2.7 ml, 1.05 eq) was added and the
mixture stirred for 30 min. NH4Cl solution (saturated) was added and
the mixture extracted with EtOAc. The organic extracts were dried
(MgS0Qy4), concentrated and chromatographed (SiOz, 4:1-1:1 hexane/
EtOAG) to give 3.39 g (88 %) of the desired compound. ‘H NMR (CDCls)
8 1.12(d, J=8.5 Hz, 18H), 1.30(heptet. J= 8.5 Hz, 3H), 2.05 (s, 3H), 7.13
(brs, 1H), 7.22 (d, J=9.0 Hz, 1H), 7.31 (d, J= 11.0 Hz), 7.89 (m, 2H).

Step 8: ' o [

11
PTO

The product of Step 6 (3.39 g, 0.0108 mol) and diisopropylamine
(1.66 ml, 1 eq) were dissolved in THF (54 mL) and cooled to -78°C with
stirring. n-Butyllithium (9 ml of a 2.5 M solution in hexanes, 2.1 eq) was
added dropwise and after 20 min diethylchlorophosphate (1.7 ml, 1.1
eq) was added. After a further 20 min, the mixture was allowed to warm
to RT. NH4Cl solution (saturated) was added and the mixture extracted
with EtOAc. The organic extracts were dried (MgSQg4), concentrated and
chromatographed (SiOz, 1:1 hexane/EtOAc-100 % EtOAc) to give 4 g
(82 %) of the desired compound. 'H NMR (CDCls) & 1.12 (d, J = 8.0 Hz,
18H), 1.25 (t, J= 7.5 Hz, 6H), 1.3 (heptet, J= 8.0 Hz, 3H), 3.55 (d, J=22
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Hz, 2H), 4.08 (q, J= 7.5 Hz, 4H), 7.14 (s, 1H), 7.32 (d, J= 9.5 Hz, 1H),
7.44 (d, J = 7.4 Mz, 1H), 7.90 (d, J= 7.4 Hz, 1H), 7.95 (d, J =9.5 Hz, 1H).

Step 9:

A solution of the product of Step 8 (4 g, 8.86 mmol) in THF (20 ml)
5 was cooled to 0°C with stirring. n-Butyllithium (3.5 mi of a 2.5M solution
in hexanes, 1 eq) was added dropwise. The resulting solution was
stirred for a further 10 min and added to a solution of the product of Step
6 (1.9 g, 8.05 mmol) in THF (20 mi) at 0°C. After 1 hr, NH4Cl solution
(saturated) was added and the mixture extracted with EtOAc. The
10  organic extracts were dried {(MgSQOy), concentrated and
chromatographed (SiO», 1:5-1:3 hexane/EtOAc) to give 2.8 g (65 %) of
the title compound. 'H NMR (CDCly) & 1.12 (d, J = 8.0 Hz, 18H), 1.0-1.5
(m, 11H}), 1.43 (d, J=6.0 Hz, 8H), 1.73 (br d, J= 9.5 Hz, 2H), 1.84 (m,
1H), 1.92 (dd, J=9.2, 7.0 Hz, 1H), 2.40 (m, 2H), 2.71 (g, J= 6.0 Hz, 1H),
15  4.77 (m, 1H), 6.46 (dd, J= 15.8, 9.6 Hz, 1H), 6.69 (d, J=15.8 Hz, 1H),
7.13 (s, 1H),7.31 (d, J=6.5 Hz, 1H), 7.43 (d, J=8.5 Hz, 1H), 7.90 (d, J=
9.0 Hz, 1H), 7.94 (d, J=8.5 Hz, 1H).
Q H H

—

A solution of the product of Step 9 (2.8 g, 5.25 mmol) was stirred
20 in THF (72 ml) at 0°C. Tetrabutylammonium flouride (5.3 m! of a 1M
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solution in THF, 1 eq) was added dropwise, TLC (5 min) showed
complete conversion. NH4Cl solution (saturated) was added and the
mixture extracted with EtOAc. The organic extracts were dried (MgSOg),
concentrated and chromatographed (SiO2, 1:2-1:1 hexane/EtOAc) to
give 1.96 g (99 %) of the title compound. 'H NMR (CDClg) § 1.0-1.4 (m,
8H), 1.45 (d, J= 6 Hz, 3H), 1.7-1.9 (m, 3H), 1.97 (m, 1H), 2.43 (m, 2H),
2.72 (g, J = 6.5 Hz, 1H), 4.78 (m, 1H), 6.50 (dd, J= 15.9, 9.5 Hz, 1H),
6.78 (d, J= 15.9 Hz, 1H), 7.17 (s, 1H), 7.34 (d, J=9.0 Hz, 1H), 7.53 (d, J
= 8.5 Hz, 1H), 8.01 (m, 2H); MS m/z 378 (M*), 332, 264, 236: HRMS
calcd for C24H2gNO3 (MH®) 378.2069, found 378.2060. Anal. Calcd for
C24H27NO3HCI*0.5H50: C, 68.16: H, 6.91: N, 3.31. Found: C, 68.21: H,
7.64: N, 3.36.

Step 11: S uw H

HEH

NZ
N

(o)
oL
OMe

NaH (33 mg of a 60 % dispersion in mineral oil, 0.825 mmol) was
added to a solution of the product of Step 10 (75 mg, 0.2 mmol) in DMF
(1 ml). After stirring for 10 min, methyl bromoacetate (166 mi, 8 eq) was
added and after a further 10 min, TLC indicated complete reaction.
NH4C! solution (saturated) was added and the mixture extracted with
EtOAc. The organic extracts were dried (MgSQy), concentrated and
chromatographed (SiOp, 1:4-1:2 hexane/EtOAc) to give 60 mg (68 %) of
the title compound. *H NMR (CDClg) § 0.8-1.4 (m, 8H), 1.48 (d, J=6.0
Hz, 3H), 1.79 (br d, J=9.0 Hz, 2H), 1.89 (d, J= 10.5 Hz, 1H), 1.98 (dd, J
= 13.5, 6.0 Hz, 1H), 2.46 (m, 2H), 2.75 (q, J= 6.5 Hz, 1H), 3.89 (s, 3H),
4.82 (br s, 3H), 6.55 (dd, J= 15.7, 9.5 Hz, 1H), 6.58 (d, J= 9.5 Hz, 1H),
7.06 (s, 1H), 7.48 (d, J=6.5 Hz, 1H), 7.51 (d, J=8.5 Hz, 1H), 8.03 (t, J=
9.0 Hz, 2H), HRMS calcd for Co7H3aNOs (MHY) 450.2280, found
450.2282.
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Step 12:

The product of Step 11 (60 mg, 0.136 mmol) was dissolved in 4:1
CH3OH/water (6.5 ml). LiOH (0.25 ml of a 1 M solution in water, 2 eq)
was added and the mixture stirred for 2 hs. Water was added and the
mixture extracted with EtOAc. The aqueous layer was acidified and
extracted with EtOAc (x3), these extracts were dried (MgS0,4) and
concentrated to give 30 mg of the titie compound (50 %). 'H NMR
(CD30D) 8 0.9-1.5 (m, 8H), 1.42 (d, J=6.0 Hz, 3H), 1.80 (m, 3H), 1.92
(m, 1H), 2.50 (m, 1H), 2.64 (m, 1H), 2.83 (q, J=6.5 Hz, 1H), 4.95 (m, 38H),
6.89 (d, J=15.8 Hz, 1H), 7.16 (dd, J= 15.8, 10.0 Hz, 1H), 7.56 (d, J=2.5
Hz, 1H), 7.76 (dd, J=9.5, 2.5 Hz, 1H), 8.08 (d, J=9.5 Hz, 1H), 8.16 (d, J
=9.0 Hz, 1H), 8.71 (d, J= 9.0 Hz, 1H); MS m/z420 (18), 392 (100), 302
(2), 117 (8); Anal. Calc'd for CogHzgNO5*HCIe2 H20O: C, 61.47: H, 6.75:
N, 2.76. Found: C, 61.02; H, 6.45; N, 2.91.

Using the procedure of Example 1, empioying starting materials
known in the art or prepared according to procedures similar to those
described below in the following examples, the compounds shown in
the following Table 1 are prepated, wherein the variables are as defined
in the table:



R3 R10
ece
R’ RB HH
“SHet" _
Ex. | R1 RS RS RS R10 | RM B Het Physical Data
1A """CH3 it ~umH H - H —sH A AN HRMS (MH+)
SH N found:
?H X 340.2281
1B -mCH3 — ~amH H wiH | . i A MS (CI) m/z = 326
cy N (MH+, 100%)
il B
1C | ~mCH3 — -uH | H il | -t A o MS |\XC') m/z = 326
CH z (MH+, 100%);
H
f ) [df = 255°
~ (c 0.18, CH3OH)
ID| <aCHg | == | ~apy| H | —ay | -~aH i : MS dcu) m/z = 326
cy 7 (MH+, 100%);
a ) [0 = +15.8°
(¢ 0.16, CH30H)
1E ~CH3 - i H -itH ~=mH ] wr MS (Cl) m/z = 326
cy Z*N (MH+, 100%)
?H 9

_08-

£1697/66 OM
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ot

_
1F -.mlCHa et ~oaiH it H veng - A .,{p MS]\XC}) m/z = 326
C@ Z (MH+, 100%);
(‘: X mp = 147-148° C;
[)B = -32.1°
(c 0.52, CHa0OH)
1G | <CH | —=H | == N EZn A (+)-isomer
cy AN MS (Cl) m/z = 326
GH X (MH+, 100%)
1H -«tuCHs it} o i} ~—t H 3 AP HRMS (MH‘l‘)
£ NS found:
H X 326.2118
1 ...mCHa <rtifff wilH ~H ) ./zp HRMS (MH+)
N?Y found:
X 326.2115
1J '“'”CHS MﬂﬂH “'IMH '“"“H «H ‘A,n HRMS (MH"")
NZ found:
X 326.2118
1K ~atCHg waH i wigH | et An HRMS (MH+)
N3 found:
X 326.2115
iL wiCHa -y ~aiH ~mH | -——sH MS (Cl) m/z = 346

(MH+, 100%)

£V697/66 OM
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1M ~nCHg i -l ol | ——apy An MS m/z =
r‘ N 328(100), 326(7),
S 120(7), 107(10)
iN -CH i —nH wl | ——-p . MS m/z =
"o ‘J WX 328(100),
oJ 326(10), 120(6),
107(12)
10r_ «mCHg i i} i | —-—mH F An MS m/z =
SRR i
N ’
1P| -mCHg | -wH | -wH I r‘ A 328('\1”303"/:3;6(6)
g 120(9), 107(13)
1Q | .uCHy waH | wH ot | ——aH A A MS (C)) m/z = 312
cH 2N (MH+, 100%)
CH xS
| : !
1R "'"'CH3 -l -miH it e H [} J.V‘ MS (Cl) m/z - 368
cy @1 (MH+, 100%)
?H N7~ (CH;)aCH3
1S ] wmiCHy | ~aH | - ot | e ) 4o MS (Cl) m/z = 326
cy % (MH+, 100%)
?H )
T [ wCHg | e | -—uH i Bl I Ar MS (C1) m/z = 395
0,
s?H @"N D (MH+, 100%)

-ZS-
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iU ~CHa wattH i Ly A i MS (Cl) m/z = 410
cy Z (MH4+, 100%)
¢ SN
LN
1V +CHg wiH ~H -t H A “r MS (Cl) m/z = 417
cH @ (MH+, 100%)
CH X
| ' A®
1w ~mCH3 sl ~llH et H éH i MS (Cl) m/z = 362
\\? H % (MH-+, 100%)
1X -mCH3 il - cenitH A An MS (Cl) m/z = 340
cy . (MH+, 100%)
('3 %
1Y =CHgq o] -~ H i A o MS (Cl) m/z = 396
~ AN (MU 1000

~ 7L

V69766 OM.
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1AB

""“CHS «atH ~aiiH ~H ~eag H ‘ v HRMS (MH"’)
£H NTY found:
({H % 392.2219
-0
1AC|  .auiCH, wanH ~aniH ol | el A wr HRMS (MH+)
CH N7y found:
(%H Y 376.2270
1AD -mCH3 wsifH -mitH ~eutlH ~mH i e HRMS (MH'I')
SH 0 g found:
(% H 392.2219
1AE -mCHg i -nmH ~nH st '\ S MS (Cl) m/z = 354
Ctg " @ (MH+, 100%)
i X~ (CHy)2CH3
1AF «mCH3 wntiH -l -itH ———H 'y .,'v. MS (C') m/z = 354
CH 9
\? H : N (MH+, 100%)
1AG| .uGH, w4 ~niH o | ——uH A Ar MS (Cl) m/z = 340
CH Cl\'l\' (I\XH+. 100%);
CH N <y
] [dlF = -26.2°

{c 0.24, CH30H)
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1AH -«nnCHS ~eriiH i H i et H A An o- MS (FAB) m/z =
C\t{ /N"” 356
?H X (MH+, 100%)
1Al ~MCHz | it R T A v HRMS (MH+)
£H 3 found:
(%H ¥ 340,2285
1AJ | .CH4 —— o s | -y i wn MS (FAB) m/z =
cy @ 362
?H X (MH+, 100%)
1AK -CH3 it “sH iy H et H A A MS (FAB) miz =
C'\'J = 'N 342
?H X (MH+, 100%)
OH
1AL | <mCHgq — it ol | - A e HRMS (MH+)
cy #N found:
?H X 376.2274
1AM .mCH4 woriH i i | -y A wr MS (FAB) m/z =
Ckl 2 N+—CH3 376
GH ¥ (MH-+, 100%)
1AN|  .uiCH4 wettH o i | -l A An MS (FAB) m/z =
cy 356
(;JH OH

(MH+, 100%)

-98-

CP69TI66 OM

€ZSYT/8680/10d



1A0

-mCHg ~mH ~mH i | ——-y A Ar MS (FAB) m/z =
CH < 372
(‘)H XAOH (MH+, 100%)
OH
1AP | .CH4 v ~iH H ~mH | —=al A Ar MS (FAB) m/z =
cy N l\ll 369
C’ZH X ~ (MH+, 100%)
1AQ | .aCHg wiilH wmH H it | el A Ar MS (FAB) m/z =
cy 2 352
?H X (MH+, 100%)
TAR|  —wCHg it | wmp | OH | omp |y i Ar MS (FAB) m/z =
Ct\i = (q (o] HO H 386
?H x (MH+, 100%)
1AS on ) -4 HH ~<mH —— o
iohs | | A, & | s ma
chi g 464(100)
\
\'oro
Q
1AT | .wiCH4 - ~mH H ~mH | ——-p A A MS (Cl) m/z = 355
cy AN (MH+, 100%)
CH ) N’
I |
1AU|  .uCHg — i H sl | . A R MS (FAB) m/z =
C&l 2 I\I 341
(":H -3 H* (MH+, 100%)

-98-
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so"I

1AV --mlCHa «uiitH wnil R 1] HHMS (MH+)
found:
"+ 422.2340
1AW ~CH3 ot H M wngH A HRMS (MH+)
cH found:
? 492,2738
1AX “itCHq i . el ~antH A HRMS (MH+)
. CH found:
? 450.2282
1AY «iGHa i i il | MS (Cl) m/z = 342
°y (MH+, 100%)
]
1AZ aniCHg - - ~aH | MS (FAB) m/z =
C 388

(MH+, 100%)

CPEOTI66 OM
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1BA ~=nCHg wntl ~H i | et (‘)I;l v HRMS (MH+)
3 v found:
CH 3/ 406.2374
O~”
1BB -nCH 3 -niiH ~uil}H wenif e él;{ v HRMS (MH+)
found:
CH 521.3009
i O .
ofuﬂo_%
1_C ~-nCH3 ~wilH ot -~ ~=u H é Q ';/'\CN H HRMS (MH+)
i’ found:
\(,'JH @ 351.2082
_BD ..ullCHs -t -l il et} | ‘ y . MS mlz
c -
e H g 421(100),
l J 232(21), 201(4)
H2N‘\,o
1BE| .mCH4 -t ~wiH ~oH | ——_H é'{' MS (FAB) m/z =
380
\?H (MH+, 100%)
F

-88-
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il B T R R T R W MS (FAB) m/z =
cy @ 396
?H N (MH+, 100%)
Cl
1B «MCH3 «mCHg | -mH H i | —— A : HRMS (MH+)
cy Z found:
oH Y 378.2060
1BH """CHQ ""“CHS ] | H -l et |- A v
cH N MS: 406 (M+H+)
]S
Hsc’o
1B' """CH3 T | - H ~amH -t H s} I Jb‘ MS (ES') m/z =
cY N 456
GH N (MH+, 100%)
CF3_
iBJ ~mCHg ——) et | wmH | el | -l I An MS (ESI) m/z =
cy 2N 456
GH 3 (MH+, 100%)
cFy

-68-
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1BK

-wICH3 - it} R ] st 4 e | a MS (ES[) m/z=
CH 2N
‘CH S ) 402
I (MH+, 100%)
1BL| -uCH4 weniH vt | o | el | -y | An MS (Cl) m/z = 394
cy N (MH+, 43%),
OH N 188(100%)
3\
rﬁM -CH 3 woillH ~mH H i e H ‘ Y
c:'-S;:H N [c}® = -42.88°
{ (¢ 1.0, CH30H)
OH
1BN| <«CHj -y | —--y| H —pf | ~mH g wr HRMS (MH+)
LH N"Y found: 378.2060
. N
§" [Z = +39.95°
OH (c 1.5, CH3OH)
1BO -mCHg ) | - H sl | e | v MS (F AB) m/z =
CH N*Y 438
CH N (MH+, 100%)
g
J
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1BP ---u|CH3 i il <o ~iH —=uH ] A MS (Cl) m/z =
cy N 431
CH Y (MH+, 100%)
~Ne
1BQ|  .nCH, - oo | i | e | -y | A MS (FAB) m/z =
cy Z*N 432
cHo | (MH+, 100%)
1BR """CHa ) . i H vt el | W MS (FAB) m/z =
No
r‘ ) 394
(MH+, 100%)
1BS ~mCHg wantH woiH anatH vl | i [ Ar MS (FAB) m/z =
cH 4 472
CH (MH+, 100%)
F3C-Q
1BT -ullICHa -“lllCHa '“‘“H "'NH """H '-H l an MS (FAB) m/Z =
. Cl{' d 'N 430
,CH % (MH+, 10070)

-t
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1BU -CHS - ——m}H H —ag} - Z S MS m/z =
cy ) 378(100),
CH A _OH 377(15), 154(2),
J 50(2)
«enif S v Iz Y
1BV| ~aCHg | —~aH [ = | H | —a | i 5 24 4335 120118),
S z 393(28 392 100),
]
[ct]%3 = +15.7°
O‘iOH (c 0.45, CH3OH)
1BW ~mCHaq il H <4 H -ttt <t A wr
CH 2N [o]R = -14.65°
¢H o (c 0.45, CH3OH)
- o“)LOH
1BX """CH3 ot -4 H - = H A v HRMS (MH+)
CH 2N found: 392.2225
e
o n (—— a
BY - CHg w4 - H H ~uH ——aH A v HRMS (MH+)
CH & found: 468.2539
N
"o
1BZ| —aCHs —aff | ~ap| H | <apy| 3 v HRMS (MH+)
c;’QH N\l found: 468.2536
\
Ao

€TSYT/86SN/LOd




1CA ~aCHj et ——y H g | wiH H wr HRMS (MH+)
r N found: 380.2232
OH
1CB "'"'CH3 waitlH <oy ~tH it et -} | \A/" MS (ESI) m/z =
cH z N 406
?H (MH+, 100%)
| F
1CC --mlCHa it w4 ~mH . a ] s ' t’{" MS (FAB) m/z =
cH 2N 440
CH y (MH+, 100%)
Cl
| F
1CD| .wCH; it} gl | o | e | -y | v MS (FAB) m/z =
cy ﬁ 4625
CH N 0) (MH+, 100%)
1CE| -mCHs ey witl | ~mH | enH | ———py I ‘ MS (FAB) m/z =
C%H J Y
> %
, Y \/@ (MH+, 100%)
1CF | .CHy i il | wmp | el | -p | ' MS (FAB) m/z =
CH J@J% (MH+, 100%)
@) OCHj3;

-ep-

SP69T/66 OM

€TSYT/86SN/LOd



1CG -nCH3 it -l il -t ~=mH | wr MS (FAB) m/z =
. cH 2N 445
?H N (MH+, 100%)
CHa
N"CHs
1CH|  .nCHg s o | omH [ el | -y | A MS (FAB) m/z =
CH 2N 418
?H X (MH+, 100%)
OH
1Cl ] .nCHg e o | e | el | -y | A MS (FAB) m/z =
cH N 416
?H N (MH+, 100%)
0
1CJ ~CHg it it -~ -l ~ent ) MS (FAB) m/z =
CcH N 544
o N (MH+, 100%)
)
1CK ~aCHj ST T H - ~uiH i O
cH @ HRMS (MH+)
¢H 5 found: 459.2635
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~niCHg weniH ol | ewH | il | ——ap | ; MS (FAB) m/z =
cy NZY 448
GH (MH+, 100%)
QCHga
1CM|  -wGHg it b | omp | sl | )y ) wr MS (FAB) m/z =
CH N 448
?H X (MH+, 100%)
. OCHa,
1CN ~mCHg woit =at)}4 ) wmH = ] W M3 (FAB) m/z =
cy N* 486
lCH - (MH+, 100%)
o
FsC’é
1CO|  -wiCHj it ~atl | comH | el | ——-p ] : MS (FAB) m/z =
cy 462
,CH (MH+, 100%)
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1CP | .mCHg i ool | oo | o | ———p I An MS (Cl) m/z =
cy @l 448
GH \0 (MH+, 100%)
©OCH3
1 Q """CHa -mllH --ﬂlllH --lll||H --ulllH - H l WV MS (CI) m/z -
: cy r\@ 486
¢H Y (MH+, 100%)
o
| CF3
1CR «ntCHgq sttt H it -« H -l H ~—m}H | An MS (C') miz =
cy N 422
¢H N (MH+, 100%)
cl
1 CS -tCHg i -~ it H wnit — H C|:|:' 6' MS (C') m/z =
' 9 432
CH
, o é“s (MH+, 100%)
1CT "'"'CHS - -l i wanii ~aH | wr MS (CI) m/z =
CcH @' 432
CH N
‘ 50 (MH+, 100%)

-gv-
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1CU "“”CHs - < il H ~wifl et H | wr MS (FAB) miz =
C% " : N 446
i S /\/\© (MH+, 100%)
1CV| —uCH; ~ap | ~aq | ——ap | —eay | <o i ; MS dcn) m/z = 418
cy 6\! (MH+, 100%);
CH N 24 0
! fo) [df = +26.2
(¢ 0.48, CHaOH)
1CW|  —uCH; —ap| | ——ay | - | ———py | oy { “n MS (Cl) m/z = 422
cH Z*N (MH+, 100%);
C 3
7 [c]3! = +19.8°
cl (c 0.39, CH30H)
1CX|  —uCH; —al | ey | | —y | owH [ oA MS (Cl) m/z = 394
cy Z*N (MH+, 100%);
CH ) 24
! A [c]d! = +23.8°
— (¢ 0.20, CH3OH)
1CY -mCHg wrfH il H wiH i e 2| { An MS (FAB) m/z =
cH d) 432
?H (MH+, 100%)
| OH
1CZ ""“CH3 - _--muH otk | g} ‘ . MS 396
C e +
z;,,,: ¢ (M)

O
T
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1DA ~-=CH3 —~—u} - | —uH | —=aH | -omH 2 nr
cH ZN HRMS (MH+)
?H N found: 377.2224
NH»
iDB -2 CHg ——H —al | ~—af | —-y il H o MS m/z =
CH 2 406(100),
CH X 241(25), 225(51),
| 194(56), 168(53)
OH
iDC ~aCHj g} ~al] | —mmp | ——ay | ol £ N
cH HRMS (MH+)
¥..CH
¢ 3 found: 406.2381
OCHg
1DD|  -.wCH, i ot | o | e | ———y | A MS (Cl) m/z = 445
cy z 100%
. ? N (MH+, 100%)
! 0
N CHa
1DE <CH3 ——t ey | H e H - H H wr
cH z N HRMS (MH+)
GH found: 505.2698
N 9\¢O
OUN

-87-
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1DF | .mCH, — N B I B T — | As MS (FAB) m/z =
ch Z'N 464
¢H LS (MH+, 100%)
1DG +mCHg ~oui) it ~ii | g | P MS (FAB) m/z =
CH N 472
¢H 3 (MH+, 100%)
| OCFg
DH| —CHs | —=H | ==t | H | == | —H | 2 :
cH @ HRMS (MH+)
GH X found: 464.2431
| O“leCHa
CHa
101 - CHg e 1] e | H st |- H 3 ;
cH 4 HRMS (MH+)
¢H found: 526.2592
o]
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1DJ| —aCHj ~alf | —-y | —ay | <—-y | -mH ] Ar MS(ESI) m/z =
cy N 402
(,>H X (MH+, 100%);
[]Z = +23.2°
| CHy (¢ 0.55, CH30H)
1DK| —wCHg4 ~al | -} | —y | - | ol | “n MS(ESI) m/z =
Cl;l z !\l 402
CH N (MH+, 100%);
{ CH3 2
[(X.]D = +18.1°
. (c 0.42, CH3OH)
1DL| -aCHj ~af | —~aH | -y | ==y | -wH | I MS(FAB) m/z =
cH AN 418
CH X (MH+, 100%);
OCHg [)3 = +19.5°
A (c 0.86, CH30H)
1DM "‘CH3 ~——m -} H i ~aniH 2 ¢
CH >N HRMS (MH+)
¢H 3 found: 525.2746

HeC
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[TIDN| aCHg | —=H | —a | H | —=f | —H s :
3 HRMS (MH+)
CH % found: 478.2584
O
0]
OCHg
HachL
1DO| —aCHg —-l | -y | -y | -y | i { An MS (ESI) m/z =
Cl{‘ /I\l 418
GH S (MH+, 100%)
[0lE = +23.0°
F (c 0.38, CH30H)
1DP|  <aCHj T | | ——ap | ——aH | w4 ('; y A MS (Efl% miz =
3 N
cH g (MH+, 100%)
[}® = +223°
NO, (c 0.44, GHgOH)
1DQ| ~aCHg ~a | ~=p | -y | —apy | owH | o MS (ESI) m/z =
cy N 418
GH S (MH+, 100%)
OCHg
1DR| —aCH, —y | —my | wp | =y ]| -l [ An MS (Cl) m/z =
cyd 2N 432
CH |y (MH+, 100%)
Q
o
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1DS ~«CHj ——H -—a | ==l | ——y | -l | A MS (ESl) m/z =
cH AN 456
GH g (MH+, 100%)
[d]# = +20.3°
cl Cl (c 0.30, CH3OH)
1DT| <aCHg —mp | | -y | ———y | ol | an MS (ESI) m/z =
: C \l;l Z°N 428
GH g (MH+, 100%)
#°s [oc]%4 = +25.4°
=~cl (c 0.26, CH30H)
1DU ~aCHg ——} ~al | -y | -y | -l I Ar MS (Cl) m/z =
cy 2N 406
CH g (MH+, 100%)
F [o]2 = +17.20
(¢ 0.50, CH30H)
1DV «wnCHg i it} waufH il ~mt H | A MS (FAB) m/z =
cy AN 543
CH S (MH+, 100%)
N-50-D
1DW]  .uCH4 it H i | e | el | -l | A MS (FAB) m/z =
chy Z*N 507
CH S o (MH+, 100%)
N
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1DX

«wCH3 -mH i it -attlfH ~—mtH | v MS (Cl) miz =
CH @ 426
OH 3 (MH+, 100%)
Cl
I OCH3
1DY |  <aCHj —a | ] | et | -y | sl | An MS (Cl) m/z =
C!é'; H 2N 456
N [/
7 CFg (MH+, 100%)
1DZ| —aCHs —apf | —wH | ey | - | | | e MS (Cl) m/z =
cH 2N 422
CH g (MH+, 95%)
“ [ = +15.1°
(c 0.35, CH3OH)
1EA | <aCHg ~a] | -y | <y | -y | oy | A MS (Cl) m/z =
CH @ 389
CH | (MH-+, 100%)
4
N
1EB | -aCHg —al | e | <l | ——ap | ol | An MS (FAB) m/z =
cH 2N 389
GH 3 (MH+, 100%)
“ 3
N
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~0%“T

OO

TEC| <wCHg | —aH | —ay | —apy | ey [ iy | An MS (FAB) m/z =
CH 2N 388
¢ N (MH+, 100%)
1ED | <aGH3 —y | -y | ——-py | <y | omH ] Ar MS (Cl) m/z =
. cH N 430
% Y (MH+, 100%)
1TFE| -wCHj3 —y | -y | ——y | —ay | -ouH | " MS (Ch) m/z =
cH N 430
% N (MH+, 100%)
1EF | —=CH4 -y | —ay | ——y | —-y | owH | o MS (Cl) m/z =
CH z 402
C X (MH+, 100%)
]

[0}3 = +15.7°
| (¢ 0.33, CHCl3)
1EG| .mCHg wutt oottH | ol | ol | -y | MS (Cl) m/z =

c 476

(MH+, 100%)
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TEH| .wCHg oot |l |l | e | -y { A MS (FAB) m/z =
cy N 481
?H % (MH+, 100%)
0. .0
N~ ~CHg
1El | .mCH; wotH o I I I I I Y | o MS (ESly m/z =
cH N 462
GH X (MH+, 100%)
o’\fo
s OH
1EJ | ~aCHy4 —~al | -y | ay | <y | ol ! An MS (ESI) m/z =
C!;l 2N 456
CH & (MH-+, 100%)
[0]® = +40.0°
CFa (c 0.39, CHCla)
1EK| -aCcHj —a | -y | —apy | ——ay | onH | A MS (ESI) m/z =
CH g (MH+, 100%)
i £ o
[Q]D = +25.5°
F (c 0.26, CH30H)
1EL | —aCHs —~] | -y | ——y | - | o I An MS (ESI) m/z =
C\H Z N 474
CH 9 (MH+, 100%)
I E o
[a]D = +22.40
CFa (¢ 0.50, CHgOH)

-gg-
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[TEM| <aCH; | —=H | —=H | ==t | <= | -wH | | o MS (FAB) m/z =
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EXAMPLE 2
R o QR I
M~ N
1 R=R'=H 2% o%
=R'= 10 R=TBDMS

ib R=TBDMS,R'=H
ic R=TBDMS,R' =1

Q
2 COoH Z
05 o —
——— i \

83% M I
13a R = p-H SiMeg
12 SiMes 13b R = o-H (73%)
Step 1: To a solution of compound 1b (4.532 g, 24.6 mmol} in THF
{15 ml), cooled to 0 °C under argon, was added a solution of n~Buli (1.6
M in cyclohexane, 17 ml, 27 mmol). After stirring at 0 °C for 40 min, a
solution of Iz (6.24 g, 24.6 mmol) in THF (10 ml) was added and the
reaction mixture was stirred for an additional 15 min. The reaction was
quenched by addition of water (25 mi) and diluted with hexane (50 ml).
The aqueous phase was extracted with hexane (3 x 50 ml). The
combined organic phase was washed with §% sodium thiosulfate
solution (2 x 50 mi), dried over MgSO4 and evaporated in vacuo to give
the acetylenic iodide 1¢ as an orange oil (7.281 g, 95%).
[o]p23 -48.8 (¢ 1.23, CHCI3); IR (CH2Cl3) 2200 cm-1; 1H NMR (400
MHz, CDClg) § 0.11 (s, 3 H), 0.12 (s, 3 H), 0.90 (s, 9 H, C(CHa)3z), 1.40 (d,
J=6.5 Hz, 3 H, CH3), 4.63 (q, J=6.4 Hz, 1 H, CH(OTBS)); 13C NMR
(100 MHz, CDCl3) § -4.65, -0.31, 18.21, 25,35, 25.76, 60.50, 96.98.
Step 2: To a solution of cyclohexene (6.8 ml, 67 mmol) in
anhydrous pentane (50 ml) stirred at 0 °C under argon was added
borane-methyi suifide compiex (2 M in THF, 16.7 ml, 33.4 mmol). The
solution was warmed to room temperature and stirred for 1 h to give a
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cloudy suspension to which was added the acetylenic iodide 1¢ (8.446
0, 27.2 mmol). The resulting clear solution was stirred at room
temperature for 80 min, and glacial acetic acid (5 ml, 87.3 mmol) was
added. After stirring the reaction mixture for 20 min, ethanolamine (5.2
mi, 86.2 mmol) was added and stirring was continued for an additional
15 min. The mixture was diluted with EtOAc (300 ml), washed with water
(2 x 100 ml), and brine (100 ml). The organic phase was dried over
anhydrous MgSO4 and concentrated in vacuo to yield the crude product
as a yellow oil. Purification by column chromatography on silica gel
(hexane) gave cis-vinyl iodide 10 as a colorless oil (7.167 g, 84%).
[a]p?3 +68.1 (¢ 0.79, CHCI3); IR (KBr pellet) 1610 cm-1; 1H NMR (400
MHz, CDCI3) 8 0.13 (s, 3 H), 0.16 (s, 3 H), 0.95 (s, 9 H, C(CHg)3), 1.27 (d,
J=6.4, 3 H, CHa3), 4.56 (dqg, J=6.4, 6.2 Hz, 1 H, OCH), 6.18 (d, J=7.6 Hz, 1
H, HC=CHlI), 6.28 (dd, J=7.6, 7.6 Hz, 1 H, CH=CHI); 13C NMR (100 MHz,
CDCl3) & -5.15, -4.95, 17.80, 22.37, 25.29, 71.63, 78.25, 145.09.

Step 3: To a solution of PdCIx(PhCN)2 (58.1 mg, 0.15 mmol) and
Cul (58.8 mg, 0.31 mmol) in piperidine (3 ml) was added a solution of the
cis-vinyl iodide 10 (303 mg, 0.97 mmol) in anhydrous THF (3 ml). This
was followed by addition of (trimethyisilyl)acetylene (0.35 ml, 2.48 mmol)
which was accompanied by a color change from dark green to pale
green and then to black over 5 min. The solution was stirred at room
temperature under argon for 18 h. The solvents were removed in vacuo
and the mixture was purified by flash chromatography on silica gel
(hexane, followed by 5% EtOAc in hexane) to give the product 11 as a
yellow oil (267 mg, 98%).

[o]p2S +128.7 (c 0.745, CHCIg); IR {CH2Cl2) 2151, 1252 cm-t; 1TH NMR
(400 MHz, CDCl3) 8 0.12 (s, 3 H), 0.15 (s, 3 H), 0.25 (s, 9 H, Si(CHa)3),
0.95 (s, 9 H, C(CHg)3), 1.29 (d, J=6.2 Hz, 3 H, CH3), 4.89 (dq, J=8.5, 6.3
Hz, 1 H, OCH), 5.46 (d, J=11.0 Hz, 1 H, CH=C), 5.97 (dd, J=8.5, 11.0 Hz,
1 H, C=CH); 13C NMR (100 MHz, CDCl3) 3 -4.88, -4.58, 1.08, 18.21,
23.61, 25.91, 67.03, 99.53, 101.13, 107.40, 148.86.; MS (Cl/CH,) 283
(MH+), 267, 225.

Step 4: To a solution of the protected enyne 11 (1.744 g, 10.38
mmol) in CH3zOH (30 ml) was added TFA (0.6 mi). The reaction mixture
was stirred at rt for 2 h. The solvent was removed in vacuo and the
residue was diluted with Et20 (40 ml) and water (40 mi). The agueous
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phase was extracted with Et20 (3 x 40 mi), the combined organic phase
was washed with brine (50 mi), dried over MgSO4, and concentrated.
The final trace of solvent was removed under high vacuum.

To a solution of the deprotected enyne from above in anhydrous
CH2Cl2 (30 ml) was added 1-(3-dimethylaminopropyl)-3-
ethylicarbodiimide hydrochloride (4.412 g, 23.01 mmol),
dimethylaminopyridine (DMAP) (2.836 g, 23.2 mmol), TEMPO (1 mg),
and dienoic acid 3 (2.414 g, 15.9 mmol). The reaction mixture was
stirred at room temperature under argon for 18 h. The solvents were
removed and the mixture was dituted with EtOAc (300 mi). The organic
phase was washed with water (150 ml), 0.5 N HCI solution (2 x 100 mi),
and brine (100 mi) and dried over anhydrous MgSQ4. Evaporation
under reduced pressure yielded the ester 12 as a brown oil (2.601 g,
83%). An analytical sample was prepared by further chromatography on
silica gel (5% EtOAc in hexane).

[o]p25 +190.7 (¢ 1.04, CHCIg); IR {CH2Clz) 2151, 1715 cm-1; 1H NMR
(400 MHz, CDCl3) § 0.20 (s, 9 M, C(CHag)3), 1.40 (d, J=6.4 Hz, 3 H, CH3),
1.58-1.66 (m, 2 H, CHy), 1.66-1.73 (m, 2 H, CHy), 2.10-2.18 (m, 2 H,
CHy), 2.23-2.30 (m, 2 H, CH2), 5.57 (dd, J=11.0, 1.1 Hz, 1 H, C=CH), 5.76
(d, J=15.6 Hz, 1 H, CH=C), 5.86 (dq, J=6.44, 7.56 Hz, 1 H, CH=C), 5.97
(dd, J=7.8, 11.0 Hz, 1 H, CH=0), 6.22 (t (broad), J=4.0 Hz, CH=C}, 7.31
(s, 1 H, CH=C); 13C NMR (100 MHz, CDCla) § -0.203, 19.81, 21.98,
22.01, 24.07, 26.40, 69.02, 100.20, 101.51, 110.35, 114,55, 134.85,
138.77, 143.55, 148.21, 166.65; HRMS (FAB): Calcd for C1gH2702Si
(M) m/e 302.1702, found m/e 302.1695,

Step 5: To a solution of intermediate 12 (2.125 g, 7.03 mmol) in
anhydrous, degassed toluene (25 ml) was added TEMPO (1 mg). The
solution was heated in a sealed tube at 185 °C for 2.5 h. The reaction
mixture was cooled to room temperature, added DBU (1 ml) and stirred
for 30 min. The mixture was diluted with EtOAc (300 m!) and washed
with water (100 ml), 0.5 N HCI solution (2 x 100 ml), and brine (100 ml).
The organic phase was dried over anhydrous MgSOQy, filtered and
evaporated to give the crude product as a yellow oil (2.290 g).
Purification by chromatography on silica gel (8% EtOAc in hexane) gave
the tricyclic derivative 13b as a pale yellow oil (1.541 g, 73%).
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[a]p2? +115.6 (¢ 1.01, CHCI3); IR (CH2Clp) 2170, 1768 cm-1; 1H NMR
(400 MHz, CDClg) 8 0.21 (s, 9 H, Si(CH3)3), 0.98 (dddd, J=12.0, 10.5,
10.5, 3.5 Hz, 1 H, CsHay), 0.92-1.04 (m, 1 H, CH), 1.23-1.36 (m, 1 H),
1.40-1.54 (m, 1 H), 1.66 (d, J=6.1 Hz, 3 H, CH3), 1.78-1.94 (m, 2 H),
1.96-2.15 (m, 2 H), 2.31-2.44 (m, 2 H), 2.54-2.68 (m, 2 H), 3.23-3.29 (m,
1 H, C(O)CH), 4.52-4.62 (m, 1 H, OCH(CHg), 5.35 (d, J=2.2 Hz, 1 H,
C=CH); 13C NMR (100 MHz, CDCl3) & -0.10, 21.29, 25.80, 26.79, 32.94,
33.18, 34.87, 38.16, 43.49, 44.73, 77.67, 88.22, 107.05, 113.12, 142.13,
175.75, HRMS (FAB) Calcd for C1gH2702Si (MH*) m/e 303.1780,
found m/e 303.1775.

Step 6:

14 H 15 SnBus

Alkyne 14 (1 g), generated by desilylation of 13b using KoCOg3 in
CH30H, was dissolved in toluene (20 ml) in the presence of tributyitin
hydride (1.75 ml) and AIBN (100 mg), and the mixture heated at 120 °C
for 2 h. The solution was poured onto a column of silica gel, and the
desired product eluted with EtOAc-hexane (5:95).

TH-NMR (CDCl3): 8 0.8-0.9 (m, 9H); 1.2-1.6 (m); 3.2 (m, 1H); 4.5 (m, 1H);
5.3 (s, 1H); 5.75 (dd, J = 8.3, 18 Hz, 1H); 6.05 (d, J = 18 Hz, 1H).
Step 7:

A solution of 15 (224 mg), 6-bromopicoline (356 mg), and
Pd{PPh3)4 (50 mg) in toluene (4 ml) was heated overnight in pressure
tube at 120 °C. The resulting solution was poured onto a column of
silica ge! and the title compound eluted with EtOAc-hexane (5:95 to
10:90) mixtures.

'H-NMR (CDCl3): 5 1.35 (d, 6 Hz, 3H); 2.46 (s, 3H); 3.2 (m, 1H); 4.5 (m,
1H); 5.3 (s, 1H); 6.5 (m, 2H); 6.9 (d, 1H); 7.1 (d, 1H); 7.5 (t, 1H).

Using a similar procedure, compounds of the following structure
are prepared, wherein the variables are as defined in the following
Table 2:
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-mCHz -t it ——aH ~ _/ HRMS (M+H+)
c=C z found:
"‘;“N 414.2432
2BF H it s vt A : HRMS (M+H+)
o {d 2 found:
("JH X 346.1811
 2BG H wanH ] i é H A HRMS (M+H*+)
SH d found:
i X 310,1808
2BH : il T o gt A AP HRMS (M+H+)
CHaoffz C%H @I\ found:
7 X 338.2127
2Bl M CHg it i et A ! HRMS (M+Ht)
cy Z N found:
? H 416.2593
2BJ “nfl CHS ""“IH ~oitfH ~rnt}-{ ‘ ‘A" HRMS (M+H+)
cy z N found:
?H 386.2115
2BK .,.m(;l-'3 -mIIIH -v“lﬂH ez (‘;H J.'\J‘ HRMS (M+H+)
‘b H N found:
i X 386.2115
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2BL

-CHg

il

«milH

(9] =
~0%T
n

HRMS (M+H*)
found:
380.2594

o] C H 3

«mCHg

-uvllH

O
—~o7T
I

HRMS (M+H)
found:
434,2331

-CHg

-ullllH

-

/
C=C

HRMS (M+H*)
found:
404.1867

2BO

onii} CH3

~uitH

il H

(o] _J
—o7x

HRMS (M+H+)
found:
404.1871

o8P

-ulllCHa

it

<o} H

Q>
. -

HRMS (M+H*)
found:
410.2126

-GHg

] H

-

HRMS (M+H+)
found:
410.2122
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CN |

2BR -CHg «wnCHg it ~tH A Ar HRMS (M+H+)
c {-\I =N found:
’CH X 400.2269
2BS| .mCH,Z - it et} A v HRMS (M+H+)
CH N found:
CH o 436.2271
TG
2BT | mCHg oG F-Té' H —=H é'(' o MS: 388
g2 \(';H &~ (M+H+)
ZBU '"'"CHS ""“CHS ""'“H ~——aiy ‘ v HRMS (M+H+)
C t\! 2N found:
’CH Xy 411.2072
!z
2BV ~MCH3 CHoOH - ~—aH A ; HRMS (M+H*)
¥ cH ZN found:
(,:H X 390.2064
2BW -4 CHg CHo (] ~——} A WS HRMS (M+H*)
)l CH 7 !\z found:
CHz GH N 400.2293
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2BX | .uCHjg ~CHga ~aiH —=sH A wr HRMS (M+H*)
cy “'N found:
('3H X 374.2107
2BY | .mCHg —r ot —at| A Ar HRMS (M+H*)
CH ZN found:
(':H X 443.2336
o]
oL
2BZ | -mCHg -y — A i HRMS (M+H*)
)@ CH 2N found:
H ?H X 450.2445
2CA ~--|||CH3 it il - |- ‘ dl\,‘
%, 7N MS: 416
] ?Q (M+H?)
2CB| .mCH wmH winH —~aH / RMS (M+H*
78| o ol | 00 |
';1.- 466.2373
2CC | -wCH3 0 -l ~—H A : HRMS (M+H)
_)LOH cy Z'N found:
g ('3H ) 418.2022
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-
2CD +CH3 <t ] ——uH A Ar HRMS (M+H+)
CH N found;
,C H é\? CHa 430.2375
2CE| .uCHg ot} ~tH =g H N,/ ﬁ
| ¢ | ° MS: 430
| N (M+H+)
2CF ~--|||CH3 i -~ -~ H i A
CH N3 .
CH N MS: 429
I %:! (M+H*)
2CG """CHS (o] ogiH et A Vo7
{K OCHg CH 2N MS: 432
¥ ?H Y (M+H+)
2CH -tCH3 it il ——nH A W\
CH ZN
D\ ) MS: 435
™KL (MsH)
2ClI -nCHg CH3 i —H A nr
Z~cHs cy 2N MS: 416
: (‘JH X (M+H+)
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2CJ

-« CHgz witH ~nH —~n A u’v‘:l
cH ¢ MS: 429
CH X M+H+
B i o N’© (M+H*)
2CK ""“CH3 i} - -} Iy Ar
Cl;' N\' ) MS: 465
?H o % (M+H*)
o
2CL -sCHg3 - nH ~mtH A W HRMS (M+H+)
CH @ found:
(’JH \ 410.2130
2CM | .wCHq HsC OH|  ~mH —}{ A Y HRMS (M+H+)
\g/ cH N found:
' CII H X 404.2226
2CN | .aCHg <o i —mH A ; HRMS (M+H)
cy N found:
(,:H N 390.2071
HaCO
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2CO | .miCHg ~wCHg o ~—t} A \ HRMS (M+H*)
CH ZN found:
C’tH X 404.2231
[ H3CO
2CP -« CHg i mH i H A N HRMS (M+H+)
cy Z°N found:
?H 3 466.2377
Qo
2CQ ~mMCHz wniH it w—H v HRMS (M+H+)
L' N found:
3 392.2223
H3CO
2CR}  -.mCHg HaC. FHa i i A wr
e cH Z'N MS: 474
iOCHs CH C@ (M+H+)
2CS| -mCH3 i <ot ~—t} A Ar MS (FAB): 343
HN‘fO . ‘/N (MH+, 100%)
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EXAMPLE 3

OCH,

The compound numbers used in the following steps correspond
to those shown in reaction Scheme 3, above.
Step 1: A solution of THP-ether 18 (2.8 g, 20 mmol) in dry THF (100 ml)
was cooled to -78 °C and n-BuLi (25 mmol, 10 ml, 2.5N in hexanes) was
added dropwise. After 15 min at that temperature, benzyl chloroformate
(3.75 mi, 25 mmol, 85% pure) was added dropwise. The resulting
solution was stirred at -78 °C for 2 h and the reaction quenched by
addition of NH4Cl (sat. sol). After reaching room temperature, the
reaction mixture was diluted with EtoO (50 ml) and washed with brine.
The organic phase was dried (MgSO4) and solvents removed in
rotavapor, yielding 7.0 g of crude ester 19. 1TH NMR (CDCl3) § 1.3-2.0
(m, 6H), 3.6-3.9 (m, 2H), 4.45 (s, 2H), 5.27 (s, 2H), 7.40 (m, 5H).
Step 2: Crude THP-ether 18 (7.0 g) was dissolved in CHzOH (15 ml)
and a catalytic amount of PTSA (250 mg) added at room temperature.
After 15 min, the solution was diluted with Et2O and brine, and the
organic phase washed with NaHCO3; (sat. sol.) and brine, and dried
(MgS04). Solvents were removed in rotavapor, yielding 4.6 g of crude
alcohol 20. 1H NMR (CDClg) & 4.45 (s, 2H), 5.27 (s, 2H), 7.40 (m, 5H).
Step 3: Crude alcohol 20 (4.6 g) was dissolved in CH2Cla (50 ml)
containing DMAP (catalytic amounts) and EtzN (3 ml) at 0 °C.
Cinnamoyl chloride (3.3 g, 20 mmol) was added and the mixture stirred
at 0 °C for 30 min. The resulting suspension was diluted with EtoO and
water, and the organic phase successively washed with NaOH (10%, 50
mi), HCI (2N, 50 ml) and brine, dried (MgSQO4) and the solvents removed
in rotavapor, yielding crude ester 21 (7.2 g). TH NMR (CDClg) & 5.0 (s,
2H), 5.27 (s, 2H), 6.50 (d, J = 16 Hz, 1H), 7.40-7.70 (m, 10H), 7.80 (d, J =
16 Hz, 1H).
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Step 4: A solution of cinnamic ester 21 (7.2 g) in o-xylene (50 ml) was
degassed with Ar and heated at 190 °C in pressure tube for 18 h. The
mixture was cooled down, and the solvent removed in rotavapor. After
chromatographic purification, lactone 22 (3.0g, 44% yield from ether 18)
was obtained. 1H NMR (CDClI3)  3.62 (m, 1H), 3.78 )d, J = 15.2 Hz,
1H), 4.08 (t, J = 8.8 Hz, 1H), 4.68 (t, J = 8.8 Hz, 1H), 5.34 (d, J = 12.0 Hz,
1H), 5.42 (d, J = 12 Hz, 1H), 7.2-7.5 (m, 10H).

Step 5: Lactone 22 (0.9 g) was dissolved in CH3OH (40 mi) and
hydrogenated under 60 psi of total pressure in the presence of PtO>
(150 mg) for 14 h. The catalyst was filtered off through a celite bed, and
the solvent removed in rotavapor. Acid 23 (270 mg, 41%) crystallizes
from EtOAc and hexanes. "M-NMR (CDCl,) 5 2.93 (dd, 3.2; 15.3 Hz, 1H),
3.52 (dd, J =7.8; 15.3 Hz, 1H), 3.23 (m, 1H), 3.55 (m, 1H), 3.61 (d, J =
3.2 Hz, 1H), 3.7 (dd, J = 5.5; 8.5 Hz, 1H), 4.44 (t, J =9.2 Hz, 1H)}, 7.1-7.2
(m, 4H).

Step 6: Carboxylic acid 23 (0.18 g) was suspended in CH2Clz (5 mL)
containing (COCI)2 (0.15 ml) under an N2 atmosphere at room
temperature, A drop of DMF was added and the resulting mixture stirred
at room termperature for 1 h. Solvents were removed in rotavapor, and
the crude solid obtained was washed twice with toluene, temoving the
solvent in rotavapor. A white solid resuits, which was treated with a
solution of toluene (5 ml) and tributyitin hydride (0.3 ml) containing
catalytic amounts of Pd(PPhg)4 at 0 °C. After 2 h, the mixture was
diluted with Et20 and the organic phase washed with brine.
Chromatographic purification afforded aldehyde 24 (95 mg, 56% yield)
as a solid. 'H-NMR (CDClg) § 2.75 (ddd, 1.0; 7.1; 15.5 Hz, 1H), 3.52 (dd,
J=23; 16,5 Hz, 1H), 3.5 (m, 1H), 3.64 (d, J = 1.8 Hz, 1H), 3.78 (m, 1H),
3.83 (dd, J =4.7; 9.2 Hz, 1H), 4.55 (t, J = 9.1 Hz, 1H), 7.2-7.4 (m, 4H);
9.56 (s, 1H).

Step 7. A solution of phosphonate 25 (125 mg, 0.45 mmol) in dry THF
(10 mi) at 0 °C was treated with n-Buli (0.2 ml, 0.5 mmol, 2.5N in
hexanes). After 15 min, a solution of aldehyde 24 (95 mg) in dry THF
was added. The resulting solution was stirred at that temperature for 30
min, and diluted with EtzO and brine. The organic phase was washed
with brine and dried (MgS04). Solvents are removed in rotavapor, and
chromatographic purification affords the titte compound (50 mg, 32%).
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TH-NMR (CDClg): 5 8.35 (d, J = 8.5 Hz, 1H); 8.0 (d, J = 9.4 Hz, 1H); 7.54
(d, J = 8.6 Hz, 1H); 7.42 (dd, J =2.9; 9.2, 1H), 7.28-7.36 (m, 4H); 7.11 (d,
J =28 Hz, 1H); 6.94 (dd, J = 7.6; 15.9 Hz, 1H); 6.78 (d, J = 15.9 Hz, 1H);
4.56 (dd, J = 8.3; 9.4 Hz, 1H); 4.18 (dd, J = 4.4; 9.4 Hz, 1H); 4.0 (s, 3H);
3.6 (t, d =7.3 Hz, 1H).
18C-NMR (CDClg): 179.4; 157.6; 152.5; 143.9; 137.3; 135.2; 135.1;
133.9; 133.6; 130.5; 128.3; 127.5; 127.3; 126.9; 122.3; 119.3; 105.0;
71.5; 65.4; 45.6; 39.0; 38.4; 28.7.

Using a similar procedure, compounds of the following structural
formulas were prepared, wherein the variables are as defined in the

table:
QH

e @0
L
Ex. Q Het Physical Data
3A .‘b " MS m/z
% ~#"0CH, Y7y | 430(18), 403(28),
402(100), 401(14)
OCHgj
38 ¢Ha T HRMS (MH+)
'j@ N found: 386.1756
"L. N
OCHj3
3C fn Y HRMS (MH+)
%~ 0CHj, &) | found: 466.1625
FaC
3 |-, §OMe il HRMS (MH*)
w N*Y | found: 402.1709
"
OCH3
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3E P CHs 4 HRMS (MHY)
]@ N\ ) found: 450.1684
¥
FaC
3F CHa et HRMS (MH+)
’b N found: 370.1799
"'z, N
CHj
3G eb - HRMS (MH+)
% ~PCHg N\’; found: 386.1750
3H m.p. 173-176°C
31 £ HRMS (MH*)
N3 | found: 454.1427
‘IL, N
FsC
3J ﬁ‘:@ - HRMS (MH®)
NP NV | found: 454.1423
FsC
3K .:*':@ ~ HRMS (MH*)
% "NU | found: 436.1533
F3C
3L £ -~ HRMS (MH+)
;j@F "V | found: 472.1332
FsC
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Using a similar procedure, the following compound, 3M, is
prepared:

HRMS (MH+) found: 346.1445.

5 EXAMPLE 4
(+)-(3R,3a5,45,4aR,8a85,9aR)-Decahydro-4-[(E)-2-[5-[3-
(trifluoromethyl)phenyl}-2-pyridinyl)ethenyl]}-3-Methylnaphtho-

[2,3~-c]furan-1(3H)-one
Q u

CFa
Step 1:
S Ti,0, NEty 'y '
69%
10 OH oTt

Triflic anhydride (46 ml, 0.275 mol) was added dropwise to a
stirred solution of 3-hydroxy-6-methylpyridine (10 g, 0.092 mol) in
pyridine {200 ml) at 0 °C and stirred at 0 °C to room temperature for 16
h. The mixture was poured into ice-water (300 ml) and extracted with

- 15  Etx0. The Et20 layer was washed with water (2 x 150 ml) and brine,
dried (MgS0O4), and concentrated in vacuo to give the desired product
(18.7 g, 83%) as a brown oil. TH NMR (400 MHz, CDClg3) 3 2.67 (s, 3H),
7.32 (d, 1H, J=8.5 Hz), 7.57 (dd, 1H, J= 8.6, 2.8 Hz), 8.53 (d, 1H,
J=2.8 Hz). MS (ESI) m/z 242 (MH*), 100%); Anal. calc'd for
20 C7HgF3NO3S: C, 34.86; H, 2.51; N, 5.81. Found: C, 35.24; H, 2.48;
N, 5.54.
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Step 2:

CFy

To a solution of the product of Step 1 (8.5 g, 34.5 mmol) and 3-
triftuoromethylphenylboronic acid (10 g, 55 mmol) in toluene (100 ml)
was added EtOH (25 ml), KoCO3 (14.3 g, 104 mmol) in H20 (50 ml) and
Pd(PPhg)4 (400 mg, 0.345 mmoi). The mixture was heated in a closed
pressure tube under Ar at 120 °C for 16 h. The mixture was diluted with
EtOAc, washed with 5% NaOH and brine, dried (MgSOy), and
concentrated in vacuo. Flash chromatography of the residue on a silica
gel column with EtOAc:hexane (10:90, then 20:80) as siuent gave the
desired product (6.7 g, 82%) as yellow solids. TH NMR (400 MHz,
CDCl3) 6 2.68 (s, 3H), 7.32 (d, 1H, J =8 Hz), 7.62-7.80 (m, 5H}, 8.79 (d,
1H, J= 2 Hz). Anal. calc'd for C13H1oF3N*0.10 H20: C, 65.32; H, 4.30;
N, 5.86. Found: C, 65.27; H, 4.44; N, 5.78.
Step 3: (E10),0P

Z°N
g

CF3

Using a procedure similar to that described in Example 1, Step 8,
treat the product of Step 2 to obtain the dasired product (8.84 g, 85%) as
atan oil. TH NMR (400 MHz, CDCl3) & 1.36 {t, 6H, J =7 H2), 3.56 (d, 2H,
J=22 Hz), 4.19 (dq, 4H, J= 7,7 Hz), 7.58-7.96 (m, 6H), 8.84 (d, 1H, J=
2 Hz); MS (FAB) m/z 374 (MH+, 100%); Anal. calc'd for
C17H1gF3NO3P«0.25 HxO: C, 54.04; H, 5.20; N, 3.71. Found; C,
54.22; H, 5.54; N, 3.93.
Step 4: Treat the product of Step 3 in a manner similar to that described
in Example 1, Step 9, to obtain the title compound.
1H NMR (400 MHz, CDCl3) § 0.83-2.03 (m, 12H), 1.49 (d, 3H, J = 6 Hz),
2.38-2.51 (m, 2H), 2.72-2.81 (m, 1H), 4,79-4.88 (m, 1H), 6.57-6.73 (m,
2H), 7.30-7.95 (m, 6H), 8.85 (d, 1H, J=2 Hz); MS (FAB) m/z 456 (MH+,
100%). HCI salt: off-white solids; [a}?2p= +17.0° (¢ 0.33, MeOH); Anal.
calc'd for Co7HzgFaNO2*HCI1#0.50 HoO: C, 64.73; H, 6.04; N, 2.80.
Found: C, 64.57; H, 6.32; N, 2.94.
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The product of Example 4 is treated as described below to obtain
the compounds of Examples 4A, 4B and 4C:

4A: The product of Example 4 (21 mg, 0.050 mmol) was stirred under
Hz (1 atm) over Pd/C (30 mg) in CH3OH (10 mL) at room temperature for
8 h. The mixture was filtered and the filtrate was concentrated in vacuo
to obtain 4A (52 mg, 88%) as semi-solids. [0]22p = -35.1° (¢ 0.69,
MeOH); MS (FAB) m/z 458 (MH*+, 100%).
4B: To a solution of the product of Example 4 (20 mg, 0.044 mmol) in
CH2zClz (1 mL) was added m-CPBA (11 mg, 0.066 mmol) at room
temperature. The mixture was stirred at room temperature for 16 h. The
mixture was diluted with CH2Clp, washed with NaHCO3 (sat.). dried
(MgSQy4), and concentrated in vacuo. Preparative TLC separation ot the-
residue with CH2Cl2:CH30H (95:5) as eluent gave 4B (19 mg, 21%) as
off-white solids. [o]24p = +23.3° (¢ 0.43, CHaOH); MS (ESI) m/z 472
(MH+, 100%).
4C: The product of Exampie 4 {21 mg, 0.050 mmol) was heated with
SeO2 (0.2 mg, 0.23 mmol) in 1,4-dioxane (2 mL) at reflux for 40 min.
The mixture was concentrated in vacuo. Preparative TLC separation of
the residue with EtOAc:hexane (40.60) as eluent gave 4C (17 mg, 80%)
as white solids. [0]20p = +42.8° (¢ 0.65, CHzOH); MS (FAB) m/z 472
(MH+, 100%).

The product of Example 4 is treated as described below to obtain
the compounds of Example 4D and 4E:
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CF3 CF3

4D:  LiN(TMS)2 (0.6 mL, 0.60 mmol) was added to a solution of the
product of Example 4 (227 mg, 0.50 mmol) in dry THF (5 mL) at -78 °C
and stirred at -78 °C for 30 min. and at room temperature for 1 h. A
solution of (10-camphorsulfonyl)oxaziridine (137 mg, 0.60 mmol) in dry
THF (2 mL) was added at -78 °C and stirred at -78 °C for 30 min. and at
room temperature for 2 h. The mixture was neutralized with saturated
NH4CI solution and extracted with EtOAc. The organic layer was
washed with brine, dried, and concentrated in vacuo. Flash
chromatography of the residue on a silica gel column with EtOAc:
hexane (40:60) as eluent gave 4D (100 mg). MS: 472 (MH).

4E:  LiIN(TMS)2 (0.6 mL, 0.60 mmol.) was added to a solution of the
product of Example 4 (227 mg, 0.50 mmol) in dry THF (5 mL}) at -78 °C
and stirred at -78 °C for 30 min. and at room temperature for 1 h. A
mixture of paraformaldehyde (225 mg, 2.5 mmol) in dry THF (2 mL) was
added at -78 °C and stirred at -78 °C for 30 min and at room
temperature for 2 days. The mixture was neutralized with saturated
NH4CI solution and extracted with EtOAc. The organic layer was
washed with brine, dried, and concentrated in vacuo. Flash
chromatography of the residue on a silica gel column with
EtOAc:hexane (40:60) as eluent gave 4E (30 mg). MS: 486 (MH*).

EXAMPLE 5
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Step 1:
TiO o
&y

To a solution of 1,4-cyclohexanedione mono-ethylene ketal (10 g,
64 mmol) and 2,6-di-tert-butyl-4-methylpyridine (21 g, 102 mmol) in
CHaCl2 (350 mL) at room temperature was added triflic anhydride (16
mL, 96 mmol) and the mixture was stirred for 16 h. The mixture was
washed with NaHCOg3 (sat.). The organic layer was dried (MgSOy4) and
concentrated in vacuo. Flash chromatography of the residue on a silica

gel column with EtOAc:hexane (5:95 then 10:90) as eluent gave the
desired product (13.4 g, 72%) as a clear oil.

Step 2:
MeO,C 7
[ ],o
J

o]

To a solution of the product of Step 1 (13 g, 46 mmol) in DMF
(150 mL) was added methyl acrylate (8.4 mL, 92 mmol), EtgN (19 mL,
138 mmol), and Pd{PPh3)2Cl> (1.62 g, 2.3 mmol). The mixture was
stirred at 75 °C for 10 h. The mixture was diluted with NH4Cl (sat.) and
extracted with ether. The organic layer was washed with brine, dried
(MgSO0ys), and concentrated in vacuo. Flash chromatography of the
residue on a silica gel column with EtOAc:hexane (15:85) as eluent
gave the desired product (9.15 g, 89%) as a clear oil.

Step 3.
o/

To a solution of the product of Step 2 (9.15 g, 40 mmol) in THF:
CH3OH (450 mL, 1:1) was added NaOH (225 mL, 10%). The mixture
was stirred at room temperature for 3 h. The mixture was diluted with
water, washed with CHoClp, acidified with 10% HCI, and extracted with
EtOAc. The organic layer was washed with brine, dried (MgSOg), and
concentrated in vacuo to give the desired compound (8.00 g, 95%) as
light-yellow solids.

Step 4:

The product of Step 3 was treated in a manner similar to that

described in Example 1, steps 3 through 6 and 9 to obtain the title
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compound (racemate) as off-white solids; MS (ES!) m/z 514 (MH*,
100%).

The product of Example 5 is treated as described below to obtain
the compounds of Examples 5A, 5B and 5C:

5A: A mixture of the compound of Example 5 (65 mg, 0.13 mmol) and
HCI (2 mL, 5%) in acetone (2 mL) was stirred at reflux temperature for 16
h. The mixture was neutralized with NaHCOg3 (sat.) and extracted with
EtOAc. The organic layer was washed with brine, dried (MgS0O4) and
concentrated in vacuo. Preparative TLC separation of the residue with
EtOAc:hexane (40:60) as eluent gave 5A (42 mg, 71%), the HCl salt, as
white solids. MS (FAB) m/z 470 (MH*, 100%).

5B: To a solutien of 5A (70 mg, 0.15 mmol) in THF:CH3zOH (10 mL,
1:1) was added NaBH4 (11 mg, 0.30 mmol). The mixture was stirred at
room temperature for 10 min. The mixture was diluted with NH4Cl (sat.)
and extracted with EtOAc. The organic layer was washed with brine,
dried (MgSQj4) and concentrated in vacuo. Preparative TLC separation
of the residue with EtOAc:hexane (60:40) as eluent gave 5B (39 mg,
55%), the HCl salt, as white solids. MS (FAB) m/z 472 (MH+, 100%).
5C: To a solution of 5A (70 mg, 0.15 mmol) in dry THF (5 mL) was
added K-Selectride® (0.23 mL., 0.23 mmol, 1.0 M in THF) at -78 °C. The
mixture was stirred at -78 °C for 1.5 h. The mixture was diluted with
NH4Cl (sat.) and extracted with EtOAc. The organic layer was washed
with brine, dried (MgS04) and concentrated in vacuo. Preparative TLC
separation of the residue with EtOAc:hexane (60:40) as eluent gave 5C
(45 mg, 63%), the HCl salt, as white solids. MS (FAB) m/z472 (MH+,
100%).
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Compounds 5D, 5E and 5F are prepared in a manner similar to
that described for Examples 5A-5C using enantiomerically pure starting
materials:

Q4 H
o
H iH
N
Z N
g
5E
CF;3 CF, CF;

5 8D: MS: 470 (MH*); 5E: MS: 472 (MH+); 5E: MS: 472 (MH+)
From 5D, the following compounds 5G and 5H can be prepared
by conventional methods known to those skilled in the art:

OH H O H H
H iH h i H
X OH H ’\H
Z
) 2
5G 5H
CF3 CF3

5G: MS: 485 (MH*); 5H: MS: 485 (MH+).
10
EXAMPLES 6, 6A, 6B, 6C
HO H H

OMe
6: To a stirred solution of Example 1AB (0.91 g, 2.3 mmol) in dry
THF (20 mL) at room temperature was added LAH (0.18 g, 4.6 mmol) in
15 portions. The mixture was stirred at room temperature for 30 min. NaOH
(10%, 0.50 mL) was added dropwise, followed by EtOAc (50 mL) and
MgSO4 powders. The mixture was stirred vigorously for 10 min and
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fitered. The filtrate was concentrated in vacuo to give the title
compound (0.88 g, 96%) as white solids. MS (FAB) m/z 396 (MH™,
100%).

OMe
B6A: To a solution of Example 1AB (0.200 g, 0.511 mmol) in dry
toluene (10 mL) at -78 °C was added DIBAL (0.76 mL, 0.77 mmol, 1.0 M
in toluene) dropwise and the mixture was stirred at -78 °C for 1.5 h.
EtOAc was added and stirred to room temperature. Water was added
and stirred vigorously for 1 h. The organic layer was separated and the
aqueous layer was extracted with EtOAc. The combined organic layers
were dried (MgS0Q4) and concentrated in vacuo. Flash chromatography
of the residue on a silica gel column with EtOAc:hexane (30:70) as
eluent gave the title compound (0.100 g, 50%) as white solids. MS (FAB)
m/z 394 (MH+, 100%).

OMe
6B: To a solution of Example 6A (50 mg, 0.13 mmo!) in CHzOH (20
mL) at 0 °C was added BF3*OEt2 (31 mL, 0.26 mmol) dropwise and the
mixture was stirred at 0 °C to room temperature for 3 h. CH3zOH was
concentrated in vacuo. The residue was partitioned between EtOAc and
NaHCOg (sat.). The organic layer was dried (MgSQ4) and concentrated
in vacuo. Preparative TLC separation of the residue with EtOAc:hexane
(20:80) as eluent gave the title compound (30 mg). HCI salt: off-white
solids. MS (FAB) Amvz 408 (MH+, 100%).
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6C: To a solution of Example 6A (50 mg, 0.13 mmol) in CHoCly (20
mL) at -78 °C was added BF3*OEt> (31 mL, 0.26 mmol) and Et3SiH
(0.24 mL, 1.3 mmol). The mixture was stirred at -78 °C to room
temperature for 3 h. The mixture was partitioned between CHoCly and
NaHCOg3 (sat.). The organic layer was dried (MgSO4) and concentrated
in vacuo. Preparative TLC separation of the residue with EtOAc:hexane
(20:80) as eluent gave the title compound (38 mg). HCI salt: off-white
solids. MS (FAB) m/z 378 (MH+, 100%).
EXAMPLES 7, 7A, 7B
WH Ry
om H3CHN\J‘:'(ID
TN HO =
H

H =

N
MeNH,, MeOH
N —_—_—
~ 1
CF3 CF4

7. The lactone, prepared in a manner similar to Example 3, (75 mg,
0.17 mmol) was dissolved in a 2,0M solution of CHzNH3 in CH3OH (3.0
mL) and stirred under N2 at room temperature for 1 h. At that time, tic
showed no starting material left, as well as the presence of a more-polar
spot. The solution is dissolved in Et2O (30 mL) and extracted with brine
(30 mL x 2), dried (Na2SO4) and the solvents removed in rotary
evaporator. The title compound (Example 7) was obtained as a white
solid (70 mg, 86%). 'H-NMR (CDClg) § 2.5 (m, 1H); 2.82 (d, J = 4.6 Hz,
3H); 3.0 (dd, J = 5.4; 16.8 Hz, 1H); 3.07 (m, 1H); 3.25 (dd, J = 10.1; 16.8
Hz, 1H); 3.67 (dd, J = 5.5; 11.6 Hz, 1H); 3.79 (m, 1H); 3.89 (dd, J = 8.0;
11.4, 1H); 6.33 (d, J = 15.6 Hz, 1H); 6.49 (m, 1H); 6.95 (dd, J = 7.0; 15.6
Hz, 1H); 7.2 (m, 4H); 7.25 (d, J = 8.2 Hz, 1H); 7.64 (t, J = 7.6 Hz, 1H);

=2
ﬂ
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7.70(d, J =7.9, 1H); 7.78 (d, J = 7.6, 1H); 7.82 (m, 2H); 8.73 (d, J = 1.8

Hz, 1H).

13C.NMR (CDClg): 175.93; 154.80; 147.57; 139.59; 138.22; 134.93;

134.79; 134.24; 133.43; 130.81; 130.57; 130.07; 129.58; 129.11;

126.74; 126.30; 124.68; 123.50; 121.74; 62.52; 44.54; 42.89; 39.58;

28.66; 26.40. MS: 467 (M+1). HRMS: 467.1947 {(calc.: 467.1946).
OH

HE

N
“"N
o

CFs

7A. The product of Example 7 (40 mg) was dissolved in dry CH2Clz (3
mL) under N2 atmosphere and SOCIz (0.1 mL) was added dropwise via
syringe. The solution was stirred at room temperature for 1 h. The
reaction was quenched by addition of NaHCOg (sat. sol., 15 mL). The
aqueous suspension was extracted with Et20 (3 x 30 mL). The organic
fractions are combined and washed with brine, dried (NazS04) and
taken to dryness in rotary evaporator. The title compound (35 mg, 91%)
was obtained as a white solid. 'H-NMR (CDCl,): 8 2.82 (m, 1H); 3.0 (dd,
J = 6.4; 14.7 Hz, 1H); 3.04 (s, 3H); 3.23 (m, 1H); 3.30 (dd, J = 8.2; 14.7
Hz, 1H); 3.48 (t, 7.9 Hz, 1H); 4.20 (dd, J =4.4; 9.3 Hz, 1H), 4.48 (dd, J =
7.8; 9.2 Hz, 1H); 6.70 (d, J = 15.6 Hz, 1H); 7.0 (dd, J = 8.4; 15.6 Hz, 1H);
7.25-7.35 (m, 4H); 7.43 (d, J=7.7 Hz, 1H); 7.64 (t, J=7.6 Hz, 1H); 7.72
(d, J=7.6, 1H); 7.83 (d, J = 7.4, 1H); 7.88 (s, broad, 1H); 8.73 (dd, J =
2.4; 8.1 Hz, 1H); 8.84 (d, J = 1.8 Hz, 1H).

13C.NMR (CDCly): 167.21; 154.36; 148.03; 138.42; 138.18; 136.28;
135.01; 134.89; 133.77; 132.32; 130.15; 129.63; 128.26; 127.07,;
126.88; 126.56; 124.74; 124.70; 123.72; 123.68; 121.84; 73.17; 45.12;
40.88; 39.01; 34.18; 30.79.

MS: 449 (M+1). HRMS: 449,1842 (calc.: 449.1841).
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g
|
CF3

7B:  The crude product of Example 7 (45 mg) was dissolved in
acetone (2 mL) at 0 °C under N2 atmosphere. Jones reagent was added
dropwise until its red color persisted. The reaction was quenched by
dropwise addition of ethanol until red color was fully discharged. The
resulting green suspension was diluted with EtoO and water, and the
organic phase washed with brine, dried (MgSQOg4) and the solvents
removed in rotavapor. The crude acid was dissolved in dry CHxCls (5
mL) under No atmosphere and SOCl> (0.1 mL) added dropwise via
syringe. The solution was stirred at room temperature for 1 h. The
reaction was quenched by addition of NaHCO3 (sat. sol., 15 mL). The
aqueous suspension was extracted with Et20 (3 x 30 mL). The organic
fractions were combined and washed with brine, dried (Na2SQO4) and
taken to dryness in rotary evaporator. After flash chromatography (30%
EtOAc in hexanes) the desired imide (35 mg, 77%) was obtained.
TH-NMR (CDClg): 8 2.86 (s, 3H); 3.20 (m, 2H); 3.5 (m, 1H); 3.58 (dd, J =
1.8; 9.2 Hz, 1H); 4.4 (m, 1H); 6.38 (dd, J = 1.2; 15.6 Hz, 1H); 7.10 (dd, J =
5.2; 15.6 Hz, 1H); 7.2-7.4 (m, 5H); 7.65 (t, J=7.7 Hz, 1H); 7.72 (d, J =
7.6, 1H); 7.8 (d,J = 7.6, 1H); 7.86 (s, 1H); 7.92 (d, J = 8.2 Hz, 1H); 8.86
(s, 1H). MS: 463 (M+1). HRMS: 463.1634 (calc.: 463.1633).
EXAMPLE 8
(+)-(3R,3aS5,4S,4aR,8aS,9aR)-Decahydro-4-[( E)-2-(6-ethyl-2-
pyridinyl)ethenyl}-3-methyinaphtho[2,3-cJfuran-1(3H)-one

Oy
H3CN
o)
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Step 1: Preparation of
(Et0),0P

'
Cl

Using a procedure similar to that of Example 1, Step 8, 2-chloro-6-
methylpyridine was treated with diethylchlorophosphate to obtain a clear
oil.
1H NMR (400 MHz, CDCl3) 8 1.34 (t, 6H, J=7 Hz), 3.43 (d, 2H, J= 22
Hz), 4.15 (dg, 4H, J=7, 7 Hz), 7.27 (dd, 1H, J=8, 2 H2), 7.38 (dd, 1H, J
=8, 2 Hz), 7.66 (t, 1H, J=8 Hz); MS (FAB) m/z 264 (MH*, 100%).
Step 2: Preparation of

LN ™ PO(OEY),

To a solution of the product of Step 1 (5.24 g, 19.9 mmol) in
anhydrous THF (100 mL) was added Pd(PPhs)s (1.2 g, 1.0 mmol) and
vinyltributyltin (8.72 mL, 29.9 mmol). The mixture was heated in a
closed pressure tube under Ar at 120 °C for 16 h. The aqueous layer
was neutralized with 10% NaOH and solid NaHCOg and extracted with
CH2Clo. The organic layer was dried (MgSQ4) and concentrated in
vacuo. Flash chromatography of the residue on a silica gel column with
EtOAc:hexane (40:60 then 80:20) as eluent gave the desired product
(3.66 g, 72%) as a clear oil. TH NMR (400 MHz, CDClz) 5 1.32 (i, 6H, J=
7 Hz), 3.48 (d, 2H, J= 22 Hz), 4.15 (dq, 4H, J=7,7 Hz), 5,52 (d, 1H, J=
11 Hz), 6.26 (d, 1H, J=17 Hz), 6.85 (dd, 1H, J=17, 11 Hz), 7.26-7.34
(m, 2H), 7.66 {t, 1H, J= 8 Hz); MS (Ci) m/z 256 (MH+, 100%); Anal.
caic'd for C12H1gNO3P*0.50 H20: C, 54.54; H, 7.25; N, 5.30; P, 11.72.
Found: C, 54.80; H, 7.21; N, 5.34; P, 11.87.

Step 3: Preparation of

N y PO(OEN

X
To a stirred solution of the product of Step 2 (3.58 g, 14.0 mmol)
in CH3OH (100 ml) was added 5% Pd/C (0.36 g). The mixture was
stirred under Ha (1 atm) at room temperature for 16 h. The mixture was
diluted with EXOAc and extracted with 10% HCL The solids were filtered
and washed with CH3OH. The filtrate and washings were combined
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and concentrated in vacuo to give the desired product (3.56 g, 99%) as
aclear oil. TH NMR (400 MHz, CDClg) § 1.32 (t, 6H, J= 7 Hz), 1.34 (t,
3H, J=7.6 Hz), 2.84 (q, 2H, J= 7.6 Hz), 3.44 (d, 2H, J= 22 Hz), 4.13 (dq,
4H, J=7,7 Hz), 7.08 (d, 1H, J=7.6 Hz), 7.25 (d, 1H, J=7.6 Hz), 7.59 (t,
1H, J = 7.6 Hz); MS (CI) m/z 258 (MH+, 100%); Anal. caic'd for
C12H20NO3P+0.50 HoO: C, 54.13; H, 7.95; N, 5.26; P, 11.63. Found: C,
54.19; H, 7.95; N, 5.25; P, 11.65.
Step 4: Using a procedure similar to that described in Example 1, Step
9, combine the product of Step 3 with the product of Example 1, Step 6,
to obtain the title compound as a white gum. 'H NMR (400 MHz, CDCls3)
8 0.78-2.01 (m, 12H), 1.36 (t, 3H, J=7.6 Hz), 1.49 (d, 3H, J=6 Hz),
2.36-2.43 (m, 2H), 2.70-2.78 (m, 1H), 2.86 (q, 2H, J=7.6 Hz), 4.77-
4.85 (m, 1H), 6.47-6.58 (m, 2H), 7.06 (d, 1H, J=7.6 Hz), 7.11 (d, 1H, J=
7.6 Hz), 7.59 (t, 1H, J= 7.6 Hz). HCl salt: off-white solids; [0]22p = +21.3°
(c 0.41, CH30OH); MS (ESI) m/z 340 (MH*, 100%). Anal. calc'd for
Ca2oHogNO2eHCIe1.50 H20: C, 65.58; H, 8.25; N, 3.48. Found: C,
65.54; H, 8.40; N, 3.68.

EXAMPLES g, 9A and 9B

Example 9, Step 1: Using a procedure similar to that of Example 1, Step
7, treat 3-hydroxy-6-methylpyridine with triisopropylsilyl chloride.

Step 2: Using a procedure similar to that of Example 1, Step 8, treat the
product of Step 1 with diethylchlorophosphate.

Step 3.
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Using a procedure similar to that of Example 1, Step 9, combine the
product of Step 3 with the product of Example 1, Step 6, to obtain the
desired product (Tips is triisopropylsilyl) as white solids; MS (FAB) m/z
484 (MH*, 100%).

Step 4: By treating the product of Step 3 as described in Example 1,
Step 10, the product of Example 9 was obtained. HCI salt, off-white
solids; MS (Cl) m/z 342 (MH+, 100%).

Example 9A, Step 1:
Qy

olI

oTf

To a solution of the product of Example 9 (30 mg, 0.092 mmol)
and EtsN (64 mL, 0.46 mmol) in CH2Cl2 (5 mL) at room temperature was
added triflic anhydride (46 mL, 0.28 mmol) and the mixture was stirred
for 10 min, then washed with water. The organic layer was dried
(MgS0y4) and concentrated in vacuo. Fiash chromatography of the
residue on a silica gel column with EtOAc:hexane (40:60) as eluent
gave the desired triflate (42 mg, 100%). HCI salt, fight-yellow solids.
MS (FAB) m/z 460 (MH*, 100%).
Step 2: To a solution of the product of Step 1 (37 mg, 0.081 mmol) and
p-methoxyphenylboronic acid (24 mg, 0.16 mmol} in toluene (2 mL) was
added EtOH (0.5 mL), KoCO3 (44 mg, 0.32 mmol) in H20 (1 mL), and
Pd(PPhg)4 (8 mg, 0.008 mmol). The mixture was heated in a closed
pressure tube under Ar at 120 °C for 16 h. The mixture was diluted with
EtOAc, washed with 5% NaOH and brine, dried (MgSQOy) and
concentrated in vacuo. Preparative TLC separation of the residue with
EtOAc:hexane (40:60) as eluent gave 9A (24 mg, 71%). HCI salt, white
solids. MS (Cl) m/z 418 (MH*, 100%).
Example 9B:
A mixture of the product of Example 9 (33 mg, 0.10 mmol), 4-
(trifluoromethyl)benzyl bromide (36 mg, 0.15 mmol), and K2CO3 (42 mg,
0.30 mmol) in acetone (2 mL) was stirred at reflux temperature for 3 h.
The solids were filiered and washed with EtOAc. The filtrate and the
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washings were combined and concentrated in vacuo. Preparative TLC
separation of the residue with EtOAc:hexane (40:60) as eluent gave
Example 9B (41 mg, 85%). HCI salt, off-white solids. MS (Cl) m/z 486
(MH+, 100%).

EXAMPLE 10, 10A, 10B
H H

o]

Oy y

Alternatives to coupling procedure of Example 9:

Method A:
QH H PG ,{dpph)
o PACl, (dppf) KsPO, B0%C .
KOAc, dppf Br +)

dioxane, 80 °C

(3

Cl
N

OoTf

A mixture of 10(a) (prepared similarly to Example 9A, step 1,
using approptiate starting material, 460 mg, 1.00 mmol), diboron pinacol
ester (305 mg, 1.20 mmol), potassium acetate (294 mg, 3.00 mmol), 1,1'-
bis(diphenylphosphino)ferrocene (55 mg, 0.10 mmol), and dichloro[1,1'-
bis(diphenylphosphino)ferrocenejpalladium (ll) dichloromethane adduct
(82 mg, 0.10 mmol) in 1,4-dioxane (5 mL) was heated in a closed
pressure tube under Nz at 80 °C for 2 h. The mixture was cooled to room
temperature. To this mixture was added 1-bromo-3-chloro-benzene
(235 uL, 2.00 mmol), K3PO4 (636 mg, 3.00 mmol), dichloro-[1,1'-bis(di-
phenylphosphino)ferrocene]-palladium (ll) dichloromsthane adduct (41
mg, 0.050 mmol), and 1,4-dioxane (5 mL). The mixture was heated in a
closed pressure tube under nitrogen at 80 °C for 16 h. The mixture was
partitioned between NH4ClI (saturated) and EtOAc. The organic layer
was washed with brine, dried (MgSQO4), and concentrated in vacuo.
Flash chromatography of the residue on a silica gel column with
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EtOAc:hexane (20:80, then 25:75) as eluent gave (+)-Example 10 (360
mg, 85%) as off-white solids. HCI salt; off-white solids; MS (FAB) m/z
422 (MH*, 100).

Method B:

5 10A: A mixture of 10(a) (46 mg, 0.10 mmol), 2-tributylistannylthiazole
(112 mg, 0.30 mmol), and tetrakis(triphenylphesphine)paliadium (12 mg,
0.010 mmol} in N-methylpyrrolidinone (1 mL) was heated in a closed
pressure tube under nitrogen at 120 °C for 20 h. The mixture was
partitioned between H20 and ether. The organic layer was washed with

10 brine, dried (MgSOy4), and concentrated in vacuo. Preparative TLC of
the residue on a silica gel plate with EtOAc:hexane (30:70) as eluent
gave Example 10A (17 mg). MS: 395 {(MH+).
10B: Example 10B was prepared using a similar procedure:

MS: 392 (MHH).
16 EXAMPLE 11

To a solution of Example 1L (20 mg, 0.058 mmol) and

phenylboronic acid (14 mg, 0.12 mmol) in toluene (2 mL) was added
EtOH (0.5 mL), K2CO3 (32 mg, 0.23 mmol) in H20 (1 mL), and

20 Pd(PPhgs)4 (7 mg, 0.006 mmol). The mixture was heated in a closed

' pressure tube under Ar at 120 °C for 16 h. The mixture was diluted with

EtOAc, washed with 5% NaOH and brine, dried (MgSQOy4), and
concentrated in vacuo. Preparative TLC separation of the residue with
EtOAc:hexane (20:80) as sluent gave the title compound (10 mg, 71%).

25 HCI salt, off-white solids. MS (Cl) m/z 388 (MH*+, 100%).

EXAMPLE 12
O H ];;

$0®
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Example 1L (333 mg, 0.963 mmol) was heated with vinyltri-n-
butyltin (424 uL, 1.44 mmol) and Pd(PPha)4 (62 mg, 0.05 mmol) in THF
(10 mL) in a closed pressure tube under Ar at 120 °C for 16 h. The
mixture was diluted with EtOAc, washed with NH4Cl (sat.) and brine,
dried (MgSQ4) and concentrated /in vacuo. Flash chromatography of the
residue on a silica gel column with EtOAc:hexane (20:80) as eluent
gave the title compound (281 mg, 86%) as white solids. MS (Cl) m/z
338 (MH*, 100%).

EXAMPLE 13
SR

To a solution of ZnClz (0.96 mL, 0.5 M in THF) was added
isobutylmagnesium chloride (0.22 mL, 2.0 M in ether) at -78 °C. The
mixture was stirred at -78 °C to room temperature for 1 h. Example 1L
(30 mg) and Pd(PPh3)4 (10 mg) were added to the resulting mixture.
The mixture was heated in a closed pressure tube under Ar at 120 °C for
2.5 h. The mixture was diluted with EtOAc, washed with NH4ClI (sat.),
dried (MgSQOg4) and concentrated in vacuo. Preparative TLC separation
of the residue with EtOAc:hexane (20:80) as eluent gave the title
compound (16 mg) as the HCI salt, white solids. MS (FAB) m/z 368
(MH+, 100%).

EXAMPLE 14

Example 1L (20 mg, 0.058 mmol) was heated with piperidine (0.5
mL) in a closed pressure tube under Ar at 190 °C for 13 h. The mixture

25 was diluted with EtOAc, washed with NaHCOj3; (sat.) and brine, dried

(MgSOy), and concentrated in vacuo. Preparative TLC separation of the
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residue with EtOAc:hexane (30:70) as eluent gave the title compound
(15 mg, 66%). HCI salt, white solids. MS (Cl) m/z 395 (MH*, 100%).
EXAMPLE 15

5 To a solution of ZnCl3 (0.95 mL, 0.44 mmol, 0.5 M in THF) was

added benzylmagnesium chloride (0.44 mL, 0.44 mmol, 1.0 M in ether)
at -78 °C. The mixture was stirred at -78 °C to room temperature for 1 h.
The product of Example 9A, Step 1 (40 mg, 0.087 mmol) and Pd(PPh3)4
(10 mg, 0.009 mmol) were added to the resuiting mixture. The mixture

10 was heated in a closed pressure tube under Ar at 120 °C for 16 h. The
mixture was diluted with EtOAc, washed with brine, dried (MgSO4) and
concentrated in vacuo. Preparative TLC separation of the residue with
EtOAc:hexane (30:70) as eluent gave the title compound (34 mg, 97%).
HCI salt, off-white solids, MS (FAB) m/z 402 (MH+, 100%).

15 EXAMPLES 16, 16A, 16B and 16C
OH H OH

0]
Hs\H

~ !

Step 1:
on ¢ Qo

0
HYA H§H

€O,Bn COuBn
a7A 378

A mixture of 6 (3.15 g) and Se0» (3.10 g) in 1,4-dioxane {50 mL)
20 and pyridine (5 mL) was heated in a closed presstre tube at 100 °C for
1 h. The mixture was cooled to room temperature, filtered, and
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concentrated in vacuo. Flash chromatography of the residue on a silica
gel column with EtOAc:hexane (30:70) as eluent gave 37B (950 mg)
and 37A (1.05 g).

Step 2:
OH

O H H
O
;‘ H L H
COzH
A mixture of 37A (1.05 g) and PtO2 (250 mg) in EtOAc (70 mL)
was stirred under a hydrogen balloon at room temperature for 16 h. The

mixture was filtered and the filtrate was concentrated in vacuo to give
the desired product (670 mg, 85%).

Step 3:
0 N HOAc
o)
-
HiH
COzH

A mixture of the product of Step 2 (670 mg) and Ac2O (2 mL) in
pyridine (5 mL) was stirred at room temperature for 16 h. The mixture
was poured into a mixture of dilute HCI solution and ice and stirred for 1
h. The résulting mixture was extracted with ether. The organic layer
was washed with brine, dried, and concentrated in vacuo to give the
desired product (700 mg).

Step 4:
(o) QAc

O
X T
fove

7\ /Ih-

CFa
Treat the product of Step 3 in a manner similar to that described
in Example 1, Steps 6 and 9, using the appropriate phosphonate to
obtain the desired compound.
Step 5:
A mixture of the product of Step 4 (100 mg), NaOH (10%, 2 mL),
and CH3OH (2 mL) in THF (7 mL) was stirred at 0 °C for 3h. The
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mixture was neutralized with saturated NH4Cl solution and extracted
with ether. The organic layer was washed with brine, dried, and
concentrated in vacuo. Flash chromatography of the residue on a silica
gel column with EtOAc:hexane (45:55, then 50:50) as eluent gave the
5 ftitle product (25 mg). MS (FAB) m/z 472 (MH+, 100).
Using the appropriate phosphonates in the procedure of Example

16, Steps 4-5, the following compounds 16A and 16B were prepared:
oy uy

) 04 4OH
:\ :i
H g
2N
168 <$)
e
c

16A: (MS (ESt) m/z 438 (MH+, 100);
10 16B: MS (ESH) m/z 438 (MH+, 100).
Using the procedure of Example 16, Steps 2-5, employing

starting material 37B, the following compound 16C was prepared:
OH :

Oy
o
;Hj:;

N
'

/Is

-
16C &

CFs MS (FAB) m/z 472 (MH*, 100).
EXAMPLES 17 and 17A

O W H
o
H §

15 CFa
Jones reagent was added to a solution of the product of Example
16 hydrochloride (20 mg) in acetone (5 mL} at room temperature until
red color persisted. The reaction was quenched with EtOH and
extracted with ether. The organic layer was washed with brine, dried,
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and concentrated in vacuo to give the title compound (20 mg).
"MS (FAB) m/z 470 (MH*, 100).
From the compound of Example 17, the following compound can

be prepared by conventional methods known to those skilled in the art:
NOH

Oy
o
;HéH

N

g
17A L
5 R MS (ESI) m/z 485 (MH*, 100).

From 17A, the following compound can be prepared by

conventional methods known to those skilled in the art:
onx HH O

)
HEH
;I.:\‘:

N .
178 QF

L)

CFs MS (FAB) m/z 485 (MH*, 100).
EXAMPLES 18, 18A, 18B, 18C, and 18D
On HE

10 CFa
DAST (diethylaminosulfurtrifluoride) (2-3 drops) was added to a
solution of the product of Example 16 (12 mg) in CH2Cl2 (2 mL) at 0 °C
and the mixture was allowed to warm to room temperature. The mixture
was washed with NaHCOg3 solution (sat'd) and brine, dried and
15 concentrated in vacuo. Flash chromatography of the residue on a silica
gel column with EtOAc:hexane (35:65) as eluent gave the title product (8
mg). MS (ESI) m/z 474 (MH+, 100).
Using the procedure of Example 18, employing as starting
material the product of Example 16C, the compound 18A was prepared;
20 similarly, using the approrpiate starting materials, compounds 18B, 18C
and 18D were also prepared:
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18A: MS (FAB) m/z 454 (MH*, 100).
18B: MS (ESI) m/z 440 (MH*, 100).
18C: MS (ESI) m/z 474 (MH+, 100).
18D: MS (ESI) m/z 440 (MH+, 100).

EXAMPLE 19
o E F

;:H Hff
o
H i

N

AR/ LN

CFs
DAST (250 mL) was added to a solution of the product of
Example 17 (60 mg) in CH2Cl2 (5 mL) and stirred at room temperature
for 3 days, The mixture was washed with saturated NaHCO3 sofution
and brine, dried, and concentrated in vacuo. Flash chromatography of
the residue on a silica gel column with EtOAc:hexane (35:65) as eluent
gave the title product. MS (FAB) m/z 492 (MH+, 100).

EXAMPLES 20, 20A and 20B

Oy uy
O;
)
H:H
N
7°N

\l

CF3

Step 1:



WO 99/26943 PCT/US98/24523

-110-

i H
CO,Bn

DAST was added to a solution of compound 37B (180 mg) in
CH2Cls at -78 °C and stirred for 15 min. The mixture was washed with
saturated NaHCQg3 solution and brine, dried, and concentrated in vacuo.

5 Flash chromatography of the residue on a silica gel column with EtOAc:

hexane (10:90) as eluent gave the desired product (100 mg).
Step 2:

Treat the product of Step 1 in a manner similar to that described
in Example 16, Steps 2 and 4, gave the title compound.

10  MS (ESI) m/z 474 (MH*, 100).

Using the appropriate phosphonate in the above procedure, 20A
is prepared; using the procedure of 4C, the compound 20B is prepared
from the product of Example 18:

H

Cl
15 20A: MS (Cl) m/z 440 (MH*, 100).
20B: MS (ESI) m/z 490 (MH*, 100).

EXAMPLE 21

CFs
20 The product of Example 16 (30 mg, 0.063 mmol) was refluxed in
SOCIz (1 mL) for 3 h. The mixture was concentrated in vacuo.
Preparative TLC of the residue on a silica gel plate with EtOAc:hexane
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(30:70) as eluent gave the title product (13 mg).
MS (FAB) m/z 490 (MH+, 100).

EXAMPLE 22, 22A

AN _HYOH oK W
O; j i ] o)
HiH }JHI_:\;,K)
2 ) 22a Y
CF3 CF3
5 222 MeMgBr (0.1 mL, 1.4 M) was added to a solution of the product of
Example 17 (50 mg) in dry THF (3 mL) and stirred at room temperature
for a few minutes. The mixture was neutralized with saturated NH4ClI
solution and extracted with ether. The organic layer was washed with
brine, dried, and concentrated in vacuo. Flash chromatography of the
10 residue on a silica gel column with EtOAc:hexane (40:60) as eluent
gave the title product (10 mg). MS (FAB) m/z 486 (MH+, 100).
22A: Using the product of Example 4 in a similar procedure, 22A was
prepared. MS (FAB) m/z 454 (MH*, 100).

EXAMPLES 23, 23A, 23B

on Hf ot
[\

15 CF3
n-BuLi (0.15 mL, 0.22 mmol) was added to a solution of

diisopropylamine (0.060 mL, 0.22 mmol) in dry THF at -78 °C and stirred
for a few minutes. A solution of the product of Example 17 (40 mg, 0.10
mmol) in dry THF (2 mL) was added at -78 °C and stirred for 15 min. A

20 solution of {10-camphorsulfonyl)oxaziridine (46 mg, 0.20 mmol) in dry
THF (2 mL) was added at -78 °C and stirred to room temperature (2 h).
The mixture was neutralized with saturated NH4Cl solution and
extracted with ether. The organic layer was washed with brine, dried,
and concentrated in vacuo. Flash chromatography of the residue on a
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silica gel column with EtOAc:hexane (60:40, then 70:30) as eluent gave
the title product (10 mg). MS (ESI) m/z 486 (MH+, 100).
The product of Example 23 is treated in a manner similar to that

described for Example 5B to give the following compounds:
oy y 0 Od

C o}
H EH H LA
) 238 )
CF3 CF3
: MS (FAB) m/z 488 (MH*, 100).
: MS (FAB) m/z 488 (MH*, 100).

N[
(]
>

EXAMPLE 24

4 H o
o o

HIH
N

CFa

Brﬁ;

See J. anomettallic Chem., 521 (1996) pp203-210; J. Org.
Chem., 47 (1982), pp2825-2832.
Step 2:

Step1:

o

o]
Hsco)v\og

The product of Step 1(27.5 g, 0.1255 mol) was dissolved in DMF
(400 mL) and methylacrylate (23 ml, 0.251 mol), EtgN (52.25 mL, 0.3765
mol) and Pd(Ph3P)2Clz (4.37 g, 5 mol %) were added successively. The
mixture was heated at 75°C for 16 h. The reaction mixture was
combined with NH,CI (sat'd), extracted with ether and dried (MgSOQy).
The extracts were concentrated in vacuo and the residue
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chromatographed (9:1-4:1 hexane/EtOAc) to give 20 g (71 %) of the
desired compound. 'H NMR (CDCla) § 1.78 (¢, J = 6.5 Hz, 2H), 2.38 (s,
2H), 2.44 (m, 2H), 3.74 (s, 3H), 4.0 (s, 4H), 5.73 (d, J = 15 Hz, 1H), 6.17
(brs, 1H), 7.36 (d, J= 15 Hz, 1H).

Step 3:
o]
HOJ\/\O(}

The product of Step 2 {20 g, 0.089 mol) was dissolved in a 1:1
mixture of THF/CHzOH (520 mL total). 1M NaOH solution (260 mL) was
added slowly. The mixture was stirred for 4 h and water was added.
The mixture was washed with ether, the aqueous layer was acidified to
pH 1 and extracted with EtOAc (x3), the combined extracts were dried
(MgS04) and the solution concentrated in vacuo to give 19 g (99 %) of
the desired compound. 'H NMR (CDClg) 8 1.79 (t, J = 6.5 Hz, 2H), 2.40
(s, 2H), 2.46 (m, 2H), 4.01 (m, 4H), 5.73 (d, J= 15.7 Hz, 1H), 6.23 (s, 1H),
7.41(d, J=15.7 Hz, 1H).

Step 4:
. 0

The product of Example 1, Step 2 (23.28 g, 0.114 mol) was
dissolved in THF (232 mL) and Lindlar's hydrogenation catalyst was
added (3.48 g). The mixture was placed under 1 atm pressure of Hz (g)
and stirred for 2.5 h. The mixture was filtered and concentrated in vacuo
to give the desired compound (22 g, 93 %). 'H NMR (CDCl3) 5 1.32 (d,
J=6.56 Hz, 3H), 5.09 (m, 1H), 5.17 (s, 2H), 5.86 (d, J= 11.7 Hz, 1H), 6.30
(dd, J = 11.7, 7.0 Hz, 1H), 7.38 (s, 5H). "

Step 5:
Q o
ool
HIH

CO.Bn
The product of step 3 (18 g, 0.0856 mol) was dissolved in CH2Cl2
(350 mL) and cooled to 0°C. 1,3-Dicyclohexylcarbodiimide (23.23 g,
0.112 mol) was added, followed by 4-pyrollidinopyridine (1.39 g, 9.4
mmol), After stirring 5 min, a solution of the product of step 4 (22 g,
0.1067 mol) in CH2Clz (127 mL) was added over 10 min. The mixture
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was stirred at 0°C for 2 h and at room temperature for 1 h. The mixture
was then filtered, concentrated in vacuo, and the residue column
chromato- graphed (9:1-4:1 hexane/EtOAc as eluent) to obtain 27 g of
an oil. This product was dissolved in xylene (300 mL) and heated at
5 215°C for 7 h. Column chromatography (9:1-4:1-2:1 hexane/EtOAc)

gave 13.2 g of an oil. The oil was dissolved in THF (264 mL) and DBU
(4.9 mL, 0.033 mol) was added. The mixture was stirred for 1 h, diluted
with EtOAc (500 mL), washed with NH4Cl(sat), dried (MgSOy),
concentrated in vacuo, filtered through a pad (1 inch) of SiO» (eluting

10  with EtOAc) and concentrated in vacuo to give the desired compound
(13 g, 38 %). 'H NMR (CDCl3) 3 1.10 (d, J = 6.0 Hz, 3H), 1.2 (m, 1H),
1.65-1.85 (m, 2H), 1.92 (m, 1H), 2.35 (m, 1H), 2.47 (m, 1H), 2.59 (dd, J =
10.75, 4.0 Hz, 1H), 2.70 (m, 1H), (g, J=2.5 Hz, 1H), 3.85-4.0 (m, 5H),
4.45 (m, 1H), 5.15 (AB quartet, J= 12.0, 10.5 Hz, 2H), 5.36 (br s, 1H),

15 7.35 (s, 5H).
Oy H o—>
H.
H:H

Step 6:
CO-H

The product of step 5 (4.92 g, 0.0123 mol) was dissolved in EtOAc

(250 mL), 10% palladium on carbon (492 mg) was added and the

20  mixture stirred under 1 atm of Ha (g) for 1 h. The mixture was filtered
through a pad of celite, PtO2 (492 mg) was added to the filtrate and the
mixture stirred for 16 h under 1 atm Hs (g). The mixture was then filtered
and concentrated in vacuo to give 3.81 g (99 %) of the desired
compound. TH NMR (CDCl3g) & 1.25 (m, 2H), 1.35 (d, J= 6.5 Hz, 3H),

25 1.3-1.5(m, 3H), 1.6 (m, 1H), 1.7-1.95 (m, 3H), 2.5 (m, 1H), 2.58 (m, 1H),
2.68 (m, 1H), 3.95 (m, 5H), 4.69 (m, 1H).
Step 7: '

QH H
o;j:jj o
HiH

CHO
The product of step 6 (1 g, 3.2 mmol) was dissolved in toluene (20
30 mL), SOCiz (1.25 mL) was added and the mixture heated at 80°C for 16
. The mixture was concentrated in vacuo , dissolved in fresh toluene (16
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mL) and cooled to 0°C. Pd(PhgP)4 (186 mg) was added, followed by
tributyltinhydride (1.3 mL, 4.8 mmol). The mixture was stirred for 3 h,
then chromatographed (4:1-2.5:1 hexane:EtOAc) to give 450 mg (48 %)
of the desired compound. 'H NMR (CDCls) & 1.24 (d, J = 6.5 Hz, 3H),
1.0-1.9 {m, 10H), 2.48 (m, 1H), 2.6-2.7 (m, 2H), 3.87 (m, 4H), 4.54 (m,
1H), 9.70 (br s, 1H).

Step 8:

The product of Example 4, Step 3 (1.14 g, 3.0 mmol) was
dissolved in THF (10 mL) and cooled to 0°C. n-BuLi (1.9 mL of 2.5 M
solution in hexanes, 2.9 mmol) was added and the mixture stirred for 10
min. The solution was then added to a solution of the product of Step 7
(450 mg, 1.58 mmol) in THF (10 mL) at 0°C. The mixture was stirred for
2 h, then NH4CI (sat) was added. The mixture was extracted (EtOAc),
dried (MgSQ4), concentrated in vacuo and then chromatographed
(60:40 hexane:EtOAc) to give 650 mg (83 %) of the title compound.

TH NMR (CDClg) § 1.12-1.55 (m, 8H), 1.43 (d, J = 6 Hz, 3H), 1.78 (m,
2H), 1.79 (m, 1H), 1.96 (dd, J = 6.5, 3.0 Hz, 1H), 2.9 (m, 2H), 2.70
(quintet, J= 6. 5Hz, 1H), 3.95 (m, 4H), 4.76 (m, 1H), 6.55 (d, J= 15 5 Hz,
1H), 6.65 (m, 1H), 7.29 (d, J=8.0 Hz, 1H), 7.60 (t, J= 7.5 Hz, 1H), 7.66
(d, J=7.5Hz, 1H), 7.75 (d,  =7.5Hz, 1H), 7.80 (s, 1H), 7.86 (d, J=8.0
Hz, 1H), 8.79 (s, 1H).

The product of Example 24 is treated as described below to
obtain Examples 24A, 24B-1, 24B-2 and 24C:

on 2 oH QH H OH
o) o o
HiH HiH
W ) N N
24N 24B-1 24B-2 2ac '\
CFa CFa CFg CFs

24A: The product of Example 24 (650 mg, 1.26 mmol) was dissolved in
acetone (7.5 mL) and HCI (7.5 mL of a 1M solution) was added. The
mixture was heated at 50°C for 16 h. NaHCO3; (sat'd) was added and
the mixture extracted with EtOAc. The combined extracts were dried
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(MgSOy4), concentrated in vacuo and chromatographed (1:1 hexane:
EtOAc) to give 590 mg (99 %) of compound 24A. 'H NMR (CDClg) 6
1.2-1.5 (m, 2H), 1.47 (d, J= 7.0 Hz, 3H), 1.65 (m, 2H), 2.08 (m, 2H), 2.10
(m, 2H), 2.3-2.5 (m, 4 H), 2.74 (quintet, J= 6.5 Hz, 1H), 4.80 (m, 1H),
6.59 (d, J=6.5Hz, 1H), 6.72 (m, 1H), 7.28 (d, J=8.0 Hz, 1H), 7.61 (t, J=
7.5 Hz, 1H), 7.66 (d, J=7.5 Hz, 1H), 7.76 (d, J= 7.5 Hz, 1H), 7.81 (s,
1H), 7.87 (d, J=8.0 Hz, 1H), 8.80 (s, 1H).
24B-1 and 24B-2: The product of Example 24A (100 mg, 0.213 mmol)
was dissolved in EtOH (8 mL) and NaBH4 (30 mg) was added. After 5
min, NaHCOg3 (sat) was added and the mixture extracted with EtOAc.
The extracts were dried (MgS04) and concentrated in vacuo .
Purification by preparative TLC (47.5:47.5:5 hexane:EtOAc:CH30OH)
gave the least polar isomer, 24B-1 (15 mg, 15 %): TH NMR (CDCl3) &
1.15-1.4 (m, 4H), 1.43 (d, J= 6.0 Hz, 3H), 1.5-1.7 (m, 3H), 1.75-1.95 (m,
3H), 2.35-2.5 (m, 2H), 2.72 (quintet, J= 6.6 Hz, 1H), 4.16 (br s, 1H), 4.75
(m, 1H), 5.46, J=15.5 Hz, 1H), 6.65 (m, 1H), 7.29 (d, J= 8.0 Hz, 1H),
7.60 (t, J=8 Hz, 1H), 7.66 (d, J=7.5 Hz, 1H), 7.76 (d, J= 7.5 Hz, 1H),
7.80 (s, 1H), 7.85 (d, J= 8.0 Hz, 1H), 8.79 (s, 1H); and the most polar
isomer, 24B-2 (70 mg, 70 %): 'H NMR (CDClg) 8 0.93 (m, 1H), 1.06-1.4
(m, 5H), 1.43 (d, J = 6.0 Hz, 3H), 1.85-2.05 (m, 4H), 2.40 (m, 2H), 2.70
(quintet, J = 6.5 Hz, 1H), 3.64 (m, 1H), 4.75 (m, 1H), 6.55 (d, J= 15.5Hz,
1H), 6.64 (m, 1H), 7.29 (d, J= 8.0 Hz, 1H), 7.60 (t, J= 7.75 Hz, 1H), 7.65
(d, J=7.5Hz, 1H), 7.75 (d, J= 7.5 Hz, 1H), 7.80 (s, 1H), 7.85 (d, J= 8.0
Hz, 1H), 8.79 (s, 1H).
24C: The product of Example 24A (30 mg, 0.0638 mmol) was dissolved
in THF (1 mL). CH3MgBr (150 pL of a 1M solution) was added. TLC
showed a more polar compound. NH4Cl (sat'd) was added and the
mixture extracted with EtOAc. The extracts were dried (MgSQOg4) and
concentrated in vacuo. The residue was purified by preparative TLC
(30:70 hexane:EtOAc) to give 68 mg of the desired compound.
MS (FAB) m/z 486 (100).

Using similar procedures, compounds of the following structural
formulas were prepared, wherein the variables are as defined in the
table:
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W
EX. Q W Physical Data
24D JD}’“ T MS (FAB)m/z = 418
'zk ©
CHa
24E /’I)..-OH MS (FAB)m/z = 418
1
CHj
24F aj:j"” 5,% MS (FAB)m/z = 418
%
JOH -
24G "b 5 o, MS (FAB)m/z =418
%
24H HF:OOH [] MS (FAB)m/z = 422
% F |
241 Hb.@” MS (FAB)m/z =422
% 5\
24J ,r"j::r"“ T MS (FAB)m/z = 422
&2’ @
F
24K ,’?3»0” ‘E:S MS (FAB)m/z = 422
F
24L JOH 'H NMR (CDCls) 0.93 (m, 1H), 1.05-
@\ 1.38 (m, 5H), 1.43 (d, J= 6.0 Hz, 3H),
ks o | 1.88-2.1 (m, 4H), 2.36 (m, 2H), 2.68
(m, 1H), 3.65 (m, 1H), 5.75 (m, 1H),
6.5-6.65 (m, 2H), 7.27 (d, J= 8.0 Hz,
1H), 7.35-7.5 (m, 3H), 7.55 (s, 1H),
7.81 (d, J=8.0 Hz, 1H), 8.75 (s, 1H).
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The following formulations exemplify some of the dosage forms of
this invention. In each, the term "active compound" designates a
compound of formula .

EXAMPLE A - Tablets

No. Ingredien mg/tablet mg/tablet
1  Active Compound 100 500
2 Lactose USP 122 113
3  Com Starch, Food Grade, as a 10% 30 40
paste in Purified Water

4  Corn Starch, Food Grade 45 40
5 Magnesium Stearate 3 7

Total 300 700

Method of Manufacture

Mix Item Nos. 1 and 2 in suitable mixer for 10-15 minutes.
Granulate the mixture with ftem No. 3. Mill the damp granules through a
coarse screen (e.g., 1/4", 0.63 cm) if necessary. Dry the damp granules.
Screen the dried granules if necessary and mix with item No. 4 and mix
for 10-15 minutes. Add item No. 5 and mix for 1-3 minutes. Compress
the mixture to appropriate size and weight on a suitable tablet machine.

EXAMPLE B - Capsules

No. Ingredient mg/tablet mg/tablet
1 Active Compound 100 500
2 Lactose USP 106 123
3  Com Starch, Food Grade 40 70
4  Magnesium Stearate NF 4 rd
Total 250 700

Msthod of Manufacture

Mix ltem Nos. 1, 2 and 3 in a suitable blender for 10-15 minutes.
Add ltem No. 4 and mix for 1-3 minutes. Fill the mixture into suitable
two-piece hard gelatin capsules on a suitable encapsulating machine.

The activity of the compounds of formula | can be determined by
the following procedures. '
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in Vitro Testing Procedure i c r Antagonists:
Preparation of [BHlhaTRAP

A(pF-F)R(ChA)(hR)(l2-Y)-NH2 (1.03 mg) and 10% Pd/C (5.07 mg)
were suspended in DMF (250 pf) and diisopropylethylamine (10 pl).
The vessel was attached to the tritium line, frozen in liquid nitrogen and
evacuated. Tritium gas (342 mCi) was then added to the flask, which
was stirred at room temperature for 2 hours. At the completion of the
reaction, the excess tritium was removed and the reacted peptide
solution was diluted with DMF (0.5 ml) and filtered to remove the
catalyst. The coliected DMF solution of the crude peptide was diluted
with water and freeze dried to remove the labile tritium. The solid
peptide was redissolved in water and the freeze drying process
repeated, The tritiated peptide ([BHJhaTRAP) was dissolved in 0.5 ml of
0.1% aqueous TFA and purified by HPLC using the following conditions:
column, Vydac C18, 25 cm x 9.4 mm 1.D.; mobile phase, (A) 0.1% TFA in
water, (B) 0.1% TFA in CH3CN; gradient, (A/B) from 100/0 to 40/60 over
30 min; flow rate, 5 m! /min; detection, UV at 215 nm. The radiochemical
purity of [BHlhaTRAP was 99% as analyzed by HPLC. A batch of 14.9
mCi at a specific activity of 18.4 Ci/mmol was obtained.
Preparation of platelet membranes

Platelet membranes were prepared using a modification of the
method of Natarajan et al (Natarajan et al, nt. J. Peptide Protein Res.
45:145-151 (1995)) from 20 units of platelet concentrates obtained from
the North Jersey Biood Center (East Orange, NJ) within 48 hours of
collection. All steps were carried out at 4° C under approved biohazard
safety conditions. Platelets were centrifuged at 100 x g for 20 minutes at
4° C to remove red cells. The supernatants were decanted and
centrifuged at 3000 x g for 15 minutes to pellet platelets. Platelets were
resuspended in 10 mM Tris-HClI, pH 7.5, 150 mM NaCl, 5 mM EDTA, to
a total volume of 200 ml and centrifuged at 4400 x g for 10 minutes. This
step was repeated two additional times. Platelets were resuspended in 5
mM Tris-HCI, pH 7.5, 5 mM EDTA to a final volume of approximately 30
mi and were homogenized with 20 strokes in a Dounce homogenizer.
Membranes were pelleted at 41,000 x g, resuspended in 40-50 ml 20
mM Tris-HCI, pH 7.5, 1 mM EDTA, 0.1 mM dithiothreitol, and 10 ml
aliquots were frozen in liquid N2 and stored at -B0° C. To complete
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membrane preparation, aliquots were thawed, pooled, and
homaogenized with 5 strokes of a Dounce homogenizer. Membranes
were pelleted and washed 3 times in 10 mM triethanolamine-HCI, pH
7.4, 5 mM EDTA, and resuspended in 20-25 mt 50 mM Tris-HCI, pH 7.5,
5 10 mM MgClz, 1 mM EGTA, and 1% DMSO. Aliquots of membranes
were frozen in liquid N2 and stored at -80° C. Membranes were stable for
at least 3 months. 20 units of platelet concentrates typically yielded 250
mg of membrane protein. Protein concentration was determined by a
Lowry assay (Lowry et al, J. Biol. Chem., 193:265-275 (1951)).
10 High Throughput Thrombin Receptor Radioligand Binding Assa
Thrombin receptor antagonists were screened using a
modification of the thrombin receptor radioligand binding assay of Ahn
et al. (Ahn et al, Mol. Phamnacol., §1:350-356 (1997)). The assay was
~ performed in 96 well Nunc plates (Cat. No. 269620) at a final assay
15  volume of 200 pl. Platelet membranes and [3H}haTRAP were diluted to
0.4 mg/ml and 22.2 nM, respectively, in binding buffer (50 mM Tris-HCl,
pH 7.5, 10 mM MgCls, 1 mM EGTA, 0.1% BSA). Stock solutions (10 mM
in 100% DMSO) of test compounds were further diluted in 100% DMSO.
Unless otherwise indicated, 10 pi of diluted compound solutions and 90
20 i of radioligand (a final concentration of 10 nM in 5% DMSO) were
added to each well, and the reaction was started by the addition of 100
ul of membranes (40 pug protein/well). The binding was not significantly
inhibited by 5% DMSO. Compounds were tested at three concentrations
(0.1, 1 and 10 uM). The plates were covered and vortex-mixed gently on
25 a Lab-Line Titer Plate Shaker for 1 hour at room temperature. Packard
UniFilter GF/C filter plates were soaked for at least 1 hour in 0.1%
polyethyleneimine. The incubated membranes were harvested using a
Packard FilterMate Universal Harvester and were rapidly washed four
times with 300 ul ice cold 50 mM Tris-HCI, pH 7.5, 10 mM MgClz, 1 mM
30 EGTA. MicroScint 20 scintillation cocktail (25 pl) was added to each
well, and the plates were counted in a Packard TopCount Microplate
Scintillation Counter. The specific binding was defined as the total
binding minus the nonspecific binding observed in the presence of
excess (50 uM) unlabeled haTRAP. The % inhibition by a compound of
35 [3H}haTRAP binding to thrombin receptors was calculated from the
following relationship:
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% Inhibition =

Total binding-Binding in the presence of a test compound x 100

Total binding-Nonspecific binding
Materials
A(pF-F)R(ChA)(hR)Y-NH2 and A(pF-F)R(ChA)(hR)(1>-Y)-

NHz, were custom synthesized by AnaSpec Inc. (San Jose, CA). The
purity of these peptides was >95%. Tritium gas (97%) was purchased
from EG&G Mound, Miamisburg Ohio. The gas was subsequently
loaded and stored on an IN/US Systems inc. Trisorber, MicroScint 20
scintillation cocktail was obtained from Packard Instrument Co.
Protocol For Ex-Vivo Platelet Aggregation in Cynomolgus Whole Blood
Dru inistration a ollection:

Conscious chaired cynomolgus monkeys are allowed to
equilibrate for 30 min. A needle catheter is inserted into a brachial vein
for infusion of test drugs. Another needie catheter is inserted into the
other brachial or saphenous vein and used for blood sampling. In those
experiments where the compound is administered orally only one
catheter is used. A baseline blood sample (1-2 ml) is collected in
vacutainer tubes containing a thrombin inhibitor CVS 2139 (100 ug/0.1
mi saline) as an anticoaculant. The drug is then infused intravenously
over a period of 30 min. Blood samples (1 ml) are collected at 5, 10, 20,
30 min during and 30, 60, 90 min after termination of the drug infusion.
In PO experiments the animals are dosed with the drug using a gavage
cannuia. Blood samples are collected at 0, 30, 60, 90, 120, 180, 240,
300, 360 min after dosing. 0.5 mi of the blood is used for whole blood
aggregation and the other 0.5 ml is used for determining the plasma
concentration of the drug or its metabolites. Aggregation is performsd
immediately after collection of the blood sample as described below,
Whole Blood Aggregation:

A 0.5 ml blood sample is added to 0.5 m! of saline and warmed to
370C in a Chronolog whole blood aggregometer. Simultaneously, the
impedance electrode is warmed in saline to 37°C. The blood sample
with a stir bar is place in the heating block well, the impedance electrode
is placed in the blood sample and the collection software is started. The
software is allowed to run until the baseline is stabilized and then a 20 Q
calibration check is performed. 20 Q is equal to 4 blocks on the graphic
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produced by the computer software. The agonist (haTRAP) is added by
an adjustable volume pipette (5-25 wl) and the aggregation curve is
recorded for 10 minutes. Maximum aggregation in 6 minutes following
agonist is the value recorded.

In_vitro Platelet Aggregation Procedure:

Platelet aggregation studies were performed according to the
method of Bednar et af. (Bednar, B., Condra, C., Gould, R.J,, and
Connolly, T.M., Throm, Res., 77:453-463 (1995)). Blood was obtained
from healthy human subjects who were aspirin free for at least 7 days by
venipuncture using ACD as anticoagulant. Platelet rich plasma was
prepared by centrifugation at 100Xg for 15 minutes at 15 deg C.
Platelets were pelleted at 3000xg and washed twice in buffered saline
containing 1 mM EGTA and 20 pg/ml apyrase to inhibit aggregation.
Aggregation was performed at room temperature in buffered saline
supplemented with 0.2 mg/mi human fibrinogen. Test compound and
platelets were preincubated in 96-well flat-bottom plates for 60 minutes.
Aggregation was initiated by adding 0.3 pM haTRAP or 0.1 U/mli
thrombin and rapidly vortexing the mixture using a Lab Line Titer Plate
Shaker (speed 7). Percent aggregation was monitored as increasing
light transmittance at 405 nm in a Spectromax Plate Reader.

In vivo Antitumor Procedure: '

Tests in the human breast carcinoma model in nude mouse are
conducted according to the procedure reported in S. Even-Ram et. al.,
Nature Medicine, 4, 8 (1988), p. 908-914.

Using the test procedures described above, in the in vitro
thrombin receptor antagonist assay, compounds of the invention were
found to have ICgp values (i.e., the concentration at which a 50%
inhibition of thrombin receptor was observed) in the range of about 4 to
2000 nM, with preferred compounds having ICsg values in the range of
about 4 to 100 nM.

In the in vitro Platelet Aggregation Inhibition {PAI) assay,
compounds tested were found to have ICsg values in the range of 67 to
1000 nM. In the ex-vivo C. Monkey Whole Blood PAI, one compound
tested showed 100% aggregation at 3 mpk (oral in betahydroxypropyl-
cyclodextrin as cosolvent) and another showed 100% aggregation at 10
mpk (i.v. infusion over 30 min. in 5% dextrose).
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What is claimed:

1. A compound represented by the structural formula

5 or a pharmaceutically acceptable salt thereof, wherein:
the single dotted line represents an optiohal double bond;
the double dotted line represents an optional single bond;

nis 0-2;
Qis
?H'e)rpz
]
—R
~
1 0 (CH2)n2

wherein ny and ng are independently 0-2; or when the double bond is
not present, Q is also fused R-substituted aryl or R-substituted
heteroaryl;

R is 1 to 3 substituents independently selected from the group

15  consisting of H, C4-Cg alkyl, halogen, hydroxy, amino, (C1-Cg)alkyl-
amino, (C1-Cg)dialkylamino, (C1-Cg)alkoxy, -COR'6, -COOR17, -SOR18,
-SO2R16, -NR16COR162, -NR16COOR162, -NR16CONR4RS, fiuoro-(C1-
Cs)alkyl, difluoro(C4-Cg)alky), triflucro(C4-Cg)alkyl, C3-Cg cycloalkyl,
C2-Cg alkenyl, aryl(C1-Cg)alkyl, aryl(C2-Cg)alkenyl, heteroaryl(C4-Cg)-

20  alkyi, heteroaryl(C2-Cg)alkenyl, hydroxy(C4-Cg)alkyl, amino(C4-Cg)-
alkyl, aryl and thio(C+-Cg)alkyl;

R and R2 are independently selected from the group consisting
of H, C4-Cg alkyl, fluoro(C1-Cg)alky!, difluoro(C1-Cg)alkyl, trifluoro-(C4-
Ceg)alkyl, C3-Cg cycloalkyl, C2-Cg alkenyl, aryl{C1-Cg)alkyl, aryl(Cz-

25 Cg)alkenyl, heteroaryl(C1-Cg)alkyl, heteroaryl{(Co-Cg)alkenyl, hydroxy-
(C1-Ce)alkyl, amino{C1-Cg)alky!, aryl and thio(C1-Ce)alkyl; or R1 and R2
together form a =0 group;

R8 is H, hydroxy, C4-Cg alkoxy, -SOR16, -SOsR17, -C(O)OR17,
-C(O)NRT8R19, C4-Cs alkyl, halogen, fiuoro(C1-Cg)alkyl, difluoro(C+-
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Cs)alkyl, trifluoro{C1-Cg)alkyl, C3-Cg cycloalkyl, C2-Cg alkenyl, aryl(C1-
Ce)alkyl, aryl(Co-Cg)alkenyl, heteroaryl(C4-Cg)alkyl, heteroaryl(Co-
Cs)alkenyl, hydroxy(C1-Cg)alkyl, amino(C1-Cg)alkyl, aryl or thio(C1-
Ce)alkyl;

Het is a mono-, bi- or tricyclic heteroaromatic group of 5 to 14
atoms comprised of 1 to 13 carbon atoms and 1 to 4 heteroatoms
independently selected from the group consisting of N, O and S,
wherein a ring nitrogen can form an N-oxide or a quaternary grE)up with
a C1-C4 alkyl group, wherein Het is attached to B by a carbon atom ring
member, and wherein the Het group is substituted by 1 to 4 substituents,
W, independently selected from the group consisting of H; C1-Cg alkyi;
fluoro(C1-Cg)alkyl; difluora(C1-Cg)alkyl; trifluoro-(C+-Cg)-alkyl; C3-Cg
cycloalkyl; heterocycloalkyl; heterocycloalkyl substituted by C1-Cg alkyl
or C2-Cg alkenyl; C2-Cg alkenyl; R21-aryl(C4-Cg)alkyl; R21-aryl-(C2-Cg)-
alkenyl; heteroaryl(C1-Cg)alkyl; heteroaryl{C2-Cg)-alkenyl; hydroxy(C1-
Ce)alkyl; dihydroxy(C1-Cg)alkyl; amino(C+-Cg)alkyl; (C1-Cg)alkylamino-
(C1-Ceg)alkyl; di-((C1-Cg)alkyl)-amino(C1-Cg)alkyl; thio(C4-Cg)alkyl; C1-
Cs alkoxy; C2-Cg alkenyloxy; halogen; -NR4RS; -CN; -OH; -COOR17;
-COR18; -OS0,CFj3; -CHpOCH2CF3; (C4-Cg)alkylthio; -C(O)NR4RS5;
-QCHRE-phenyl; phenoxy-(C1-Cg)alkyl; -NHCOR16; -NHSO,R16;
biphenyl; -OC(R€)2COOR7; -OC(R8)2C(O)NR4RS5;

(C4-Cg)alkoxy; C4-Cg alkoxy substituted by (C1-Cg)alkyl, amino, -OH,
COOR17, -NHCOOR?7, -CONRARS, aryl, aryl substituted by 1 to 3
substutuents independently selected from the group consisting of
halogen, -CF3, C1-Cg alkyl, C1-Cg alkoxy and -COOR17, aryl wherein
adjacent carbons form a ring with a methylenedioxy group, -C(O)NR4R5
and heteroaryl;

R21-aryl; aryl wherein adjacent carbons form a ring with a
methylenedioxy group;

heteroaryl; heteroaryl substituted by 1 to 4 substituents selected from the
group consisting of halogen, C1-Cg alkoxy, C1-Cg alkyl, (C1-Cg)alkyl-

‘amino, di-((C4-Ceg)alkyl)amino, -OCF3, -NQO2, hydroxy(C1-Cg)alkyl, -CHO

and phenyl; and heteroaryl wherein adjacent carbon atoms form a ring
with a Ca.Cs alkylene group or a methylenedioxy group;

R4 and RS are independently selected from the group consisting
of H, C1-Cg alkyl, phenyl, benzyl and C3-Cg cycloalkyl, or R4 and RS
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together are -(CH2)4-, -(CHz)s- or -(CH2)2NR7-(CH2)2- and form a ring
with the nitrogen to which they are attached;

R6 is independently selected from the group consisting of H,
C1-Cs alkyl or pheny!;

R7 is H or (C4-Cg)alkyl,

R8, R10 and R11 are independently selected from the group
consisting of Rt and -OR1, provided that when the optional double bond
is present, R10 is absent, and when ring Q is aromatic, R10 and R'1 are
absent;

R9 is H, OH, C1-Cg alkoxy, halogen or halo(C1-Cg)alkyl;

Bis -(CH2)p3-, -CH2-O-, -CH2S-, -CH2-NR8-, -C{O)NRE-,

-NREC(O}-, ANE , Cis or trans -(CHg)ngCR12=CR123(CHa)ns or

‘(CH2)n4CEC(CH2)n5', wherein nz is 0-5, n4 and ns are independently

0-2, and R12 and R122 are independently selected from the group
consisting of H, C1-Cs alkyl and halogen;

X is -O- or -NRS- when the double dotted line represents a single
bond, or X is -OH or -NHR20 when the bond is absent;

Y is =0, =S, (H, H), (H, OH) or (H, C1-Cg alkoxy) when the double
dotted line represents a single bond, or when the bond is absent, Y is
=0, (H, H), (H, OH), (H, SH) or (H, C1-Cg alkoxy);

R15 is absent when the double dotted line represents a single
bond and is H, C1-Cg alkyl, -NR18R19, or -OR'7 when the bond is

0] S%
absent; orYis '-0 )1'2 or ' -8 )1'2 and R15 is H or C4-Cg alky;

R16 and R162 are independently selected from the group
consisting of C1-Cg lower alkyl, phenyl or benzyl;

R17, A18 and R19 are independently selected from the group
consisting of H, C1-Cg alkyl, phenyl, benzyl;

R20 s H, C1-Cs alkyl, phenyi, benzyl, -C(O)R or -SO2RE;

R21 is 1 to 3 substutuents independently selected from the group
consisting of -CF3, -OCF3, halogen, -NO2, C4-Cg alkyl, C4-Cgalkoxy,
(C4-Cg)alkylamino, di-((C1-Cg)alkyl)amino, amino(C1-Cg)alkyl, (C1-Ce)-
alkylamino(C1-Cg)alky!, di~((C1-Ce)alkyl)-amino(C4-Cg)alkyl, hydroxy-
(C1-Cg)alkyl, -COOR17, -COR17, -NHCOR?'6, -NHSO2R 16 and
-NHSO2CH2CF3;
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Z is -CHa-, -O-, -8(0)g-2-, -NR22-, -C(0)-, -C(=NOR7)- or
-C(R13R14)-, wherein R13 and R'4, together with the carbon to which
they are attached, form a spirocycloalkyl group of 3 to 6 carbons, or a
spiroheterocycloalkyl group of 3 to 6 members, comprised of 2to 5
carbon atoms and 1 or 2 heteroatoms selected from the group consisting
of O, Sand N; and
R22 js H, C4-Cg alkyl, phenyl, benzyl, -COR16 or -CONR18R19,

2. A compound of claim 1 wherein n is zero.

3. A compound of any of claims 1 or 2 wherein the double dotted
line represents a single bond, Xis -O-and Y is =0.

4. A compound of any of claims 1, 2 or 3 wherein R2 and R8 are
each hydrogen; R3 is hydrogen or C1-Cg alkyl; and R®is H, OH or
C1-Cg alkoxy.

5. A compound of any of claims 1, 2, 3 or 4 wherein R1 is C4-Cg
alkyl.

6. A compound of any of claims 1, 2, 3, 4 or 5 wherein Q is R-
substituted cyclohexyl or R-substituted phenyl.

7. A compound of any of claims 1, 2, 3, 4, 5 or 6 wherein Ris H,
fluorine, OH, C4-Cg alkyl, C1-Cg alkoxy or -COOR17.

8. A compound of any of claims 1, 2, 3, 4, 5, 6 or 7 wherein B is
-CH=CH-.

9. A compound of any of claims 1, 2, 3, 4, 5, 6, 7 or 8 wherein Het is
pyridyl, W-susbtituted pyridyl, quinolyl or W-substituted quinolyl.

10. A compound of claim 9 wherein W is C1-Cg alky!, aryl, R21-aryl or
heteroaryl. '

11. A compound of claim 1 selected from the group consisting of
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12. A pharmaceutical composition comptrising an effective amount of
a compound of claim 1 and a pharmaceutically acceptable carrier.

13. A method of inhibiting thrombin receptors comprising
administering to a mammal in heed of such treatment an effective
amount of a compound of claim 1.
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14. A method of treating thrombosis, atherosclerosis, restenaosis,
hypertension, angina pectoris, arrhythmia, heart failure, myocardial
infarction, glomerulonephritis, thrombotic stroke, thromboembolytic

5  stroke, peripheral vascular diseases, inflammatory disorders, cerebral
ischemia and cancer, comprising administering to a mammal in need of
such treatment an effective amount of a compound of claim 1.




