
6-SUBSTITUTED PHENOXYCHROMAN CARBOXYLIC ACID
DERIVATIVES [0001] The present invention relates to
novel compounds, to pharmaceutical compositions
comprising compounds of this invention, to a process
for making compounds of this invention and to the use
of compounds of this invention in therapy. More
particularly, this invention relates to certain
6-substituted phenoxychroman carboxylic acid
derivatives useful in the treatment and prevention of
allergic diseases such as asthma, allergic rhinitis
and atopic dermatitis and other inflammatory diseases
mediated by prostaglandin D (PGD ) . [0002] DP2 is a
G-protein coupled receptor that is selectively
expressed on cell types that mediate allergic
inflammation including mast cells, basophils,
eosinophils and Th2 cells and there is growing
evidence that it plays a critical role in the
pathophysiology of allergy (Hirai et. al., Journal of
Experimental Medicine (2001) 193:255-261). The
endogenous ligands for DP2 (PGD2 and its active
metabolites) are made by activated mast cells and by
Th2 cells, and can be readily detected at sites of
allergic disease. Agonism of DP2 promotes the
migration and or activation of basophils, eosinophils
and Th2 cells in vitro and in vivo (Kostenis and
Ulven, Trends in Molecular Medicine (2006)
12:1471-148-158), suggesting that this receptor may
drive disease processes in vivo. In support of this
mice made deficient in DP2 by gene inactivation
through homologous recombination show evidence of
reduced allergic responses in pre-clinical models of
asthma and atopic dermatitis. Similar results have
been reported using selective small molecule
inhibitors of DP2 (reviewed in Pettipher, et. al.,
Nature Reviews Drug Discovery (2007) 6:313-325).
[0003] Clinical validation for DP2 as a target for
allergic disease is also provided by Ramatroban (BAY
u34505). Ramatroban was originally developed as a
Thromboxane A2 (TP) receptor antagonist but showed
unexpected clinical activity in allergy, which could
not be readily explained by its activity against TP.
It has recently been shown that Ramatroban is also an
inhibitor of DP2 and its activity in pre-clinical
models of allergy can be recapitulated using selective
inhibitors of DP2 but not of TP (Sugimoto et. al.,
Journal of Pharmacology and Experimental Therapeutics
(2003) 305:347-352; Takeshiti et. al., International
Immunology (2004) 16:947-959). These findings support
the view that the clinical efficacy seen with
Ramatroban in allergic disease is due to its activity
against DP2. Ramatroban is currently approved in Japan
for the treatment of seasonal allergic rhinitis. Based
on the validation of DP2 as a drug target in allergy
many have sought to develop inhibitors of DP2 for the
treatment of allergic disease, and the first of these
has now entered clinical development.[0004]
International patent application, publication number
WO 2004/058164 discloses inter alia, certain
2-substituted phenoxyphenylacetic acid derivatives
that modulate the PGD2-selective receptor CRTH2
(chemoattractant receptor-homologous molecule
expressed on Th2 cells), now more commonly referred to
as DP2. The compounds are said to be useful in the
treatment of immunologic diseases such as asthma and
allergic inflammation. [0005] It has now been found
that certain phenoxychroman carboxylic acid
derivatives having an amide-linked group at the
4-position of the phenoxy moiety are DP2 receptor
antagonists. [0006] According to one aspect, the
present invention provides a compound of general
Formula I : [0007] or a pharmaceutically acceptable
salt thereof, wherein: [0008] A1 is hydrogen, CN, Cl,
F, Br, OMe, (1-4C alkyl) or cyclopropyl; [0009] A2 is
hydrogen, Cl, Br, F, (1-4C alkyl) or cyclopropyl;
[0010] W is -Q=O)NR 1- or -NR2C(=O)-; [0011] R1 and R2
are each hydrogen or methyl; [0012] L is a bond, -(CR
3R4)n-(CRaRb)m-(CR5R6)-*, (2-4C)alkenylene, -0(1 -4C
alkyl)-*, -(1-4C alkyl)-O-*, -(1-4C alkyl)-S-*,
(3-6C)cycloalkylene, or hetCyc 1, wherein the
indicates the point of attachment to G, provided that
when W is -C(=O)NR2- then L is not - (CH=CH)-; [0013]
m = 0, 1 or 2; [0014] n = 0 or l ; [0015] Ra and Rb
are independently selected from hydrogen and (1-4C
alkyl); [0016] R3 is hydrogen, (1-4C alkyl) or CH2OH;
[0017] R4 is hydrogen or methyl; [0018] R5 is
hydrogen, (1-4C alkyl), OH, -O(1-4C alkyl) or F;[0019]
R6 is hydrogen, F or methyl, [0020] or R5 and R6
together with the carbon to which they are attached
form a cyclopropyl ring, [0021] provided that when m =
0 and n = 0, then R5 and R6 do not form a ring with
the carbon to which they are attached; [0022] hetCyc 1
is a group having the formula [0023] where t is 1 or 2
and p is 0 or 1, and the indicates the point of
attachment to G; [0024] G is Ar 1, Ar2, naphthyl, a
benzo-fused (5-6C)cycloalkyl ring optionally
substituted with one or more substituents
independently selected from Cl and OMe, a benzofused
5-6 membered heterocyclic ring having 1-2 heteroatoms
independently selected from O and N, a
(3-6C)cycloalkyl ring optionally substituted with one
or more substituents independently selected from
(l-4C)alkyl, an oxaspirononanyl ring, or t-butyl;
[0025] Ar 1 is phenyl optionally substituted with one
or more substituents independently selected from F,
Cl, Br, CF3, (l-4C)alkyl, OH, -0(1 -4C alkyl), -S(I
-3C alkyl), -SCF3, cyclopropyl, -CH2N(1-3C alkyl)2,
-O-(2-3C)fiuoroalkyl, -O-(l-3C)difluoroalkyl -O-
(l-3C)trifluoroalkyl, -OCH2(cyclopropyl), and
(3-4C)alkynyl; [0026] Ar2 is phenyl which is
substituted with Ar3, -O-Ar4, hetAr 1 or -O-hetAr2,
wherein Ar2 is optionally further substituted with one
or more substituents independently selected from F, Cl
and CF ; [0027] Ar3 is phenyl optionally substituted
with one or more substituents independently selected
from F, Cl, Br and (1-4C alkyl); [0028] Ar4 is phenyl
optionally substituted with one or more substituents
independently selected from F, Cl, Br and (1-4C
alkyl); [0029] hetAr 1 is a 6-membered heteroaryl
having 1-2 nitrogen atoms and optionally substituted
with one or more substituents independently selected
from (1-4C alkyl); [0030] hetAr2 is a 6-membered
heteroaryl having 1-2 nitrogen atoms and optionally
substituted with one or more substituents
independently selected from (1-4C alkyl) and CF3;
[0031] R7a, R7b and R8 are each independently hydrogen
or methyl; [0032] R9 is hydrogen, methyl, fluoro or
NO2; and[0033] R10 is hydrogen, methyl or fluoro.
[0034] Compounds according to the present invention
have been found to be DP2 antagonists and are useful
in the treatment of immunologic diseases such as
asthma and allergic inflammation. [0035] It will be
appreciated that certain compounds according to the
invention may contain one or more centers of asymmetry
and may therefore be prepared and isolated in a
mixture of isomers such as a racemic mixture, or in an
enantiomerically pure form. [0036] The compounds of
Formula I include pharmaceutically acceptable salts
thereof. In addition, the compounds of Formula I also
include other salts of such compounds which are not
necessarily pharmaceutically acceptable salts, and
which may be useful as intermediates for preparing
and/or purifying compounds of Formula I and/or for
separating enantiomers of compounds of Formula I .
[0037] Examples of salts of Formula I include alkali
metal salts, such as lithium, sodium or potassium
salts, or alkaline earth metal salts, such as calcium
salts. Particular mention is made of the sodium salt.
[0038] A further example of a salt includes a
tromethamine salt (IUPAC name: 2-
amino-2-(hydroxymethyl)-l,3-propanediol; also known as
Tris). [0039] It will further be appreciated that the
compounds of Formula I or their salts may be isolated
in the form of solvates, and accordingly that any such
solvate is included within the scope of the present
invention. [0040] The term "(l-4C)alkyl" used herein
refers to a saturated linear or branchedchain
monovalent hydrocarbon radical of one to four carbon
atoms. Examples of alkyl groups include, but are not
limited to, methyl, ethyl, 1-propyl, 2-propyl,
1-butyl, 2-methyl-lpropyl, 2-butyl, and 2-methyl-2
-propyl. [0041] The term "(2-4C)alkenylene" as used
herein refers to a linear or branchedchain bivalent
hydrocarbon radical of two to four carbon atoms having
a double bond. The double bond may be in the cis- or
trans- orientation. [0042] The term "(3-4C)alkynyl" as
used herein refers to a linear or branched-chain
monovalent hydrocarbon radical of 3-4 carbons having a
triple bond. [0043] The term "(2-3C)fluoroalkyl" as
used herein refers to a C2-C3 alkyl group wherein one
of the hydrogen atoms is replaced by a fluorine
atom.[0044] The term "(l-3C)difluoroalkyl" as used
herein refers to a C1-C3 alkyl group wherein two of
the hydrogen atoms are each replaced by a fluorine
atom. [0045] The term "(l-3C)trifluoroalkyl" as used
herein refers to a Ci-C 3 alkyl group wherein three of
the hydrogen atoms are each replaced by a fluorine
atom. [0046] In certain embodiments, A1 is CN, Cl,
(1-4C alkyl) or cyclopropyl. 



[0047] In certain embodiments, A1 is CN, Cl, methyl or
cyclopropyl. [0048] In certain embodiments, A1 is CN,
Cl or cyclopropyl. [0049] In certain embodiments, A1
is CN or Cl. [0050] In certain embodiments, A1 is
hydrogen. In certain embodiments, A1 is CN. In certain
embodiments, A1 is Cl. In certain embodiments, A1 is
(1-4C alkyl). An example of A1 is methyl. In certain
embodiments, A1 is cyclopropyl. In certain
embodiments, A1 is OMe. In certain embodiments, A1 is
Br. [0051] In certain embodiments, A2 is selected from
H, Br, Cl, cyclopropyl and methyl. [0052] In certain
embodiments, A2 is selected from H, Br, Cl, and
cyclopropyl. [0053] In certain embodiments, A2 is
selected from hydrogen and Br. [0054] In certain
embodiments, A2 is selected from hydrogen and Cl.
[0055] In certain embodiments, A2 is selected from
hydrogen and cyclopropyl. [0056] In certain
embodiments, A2 is hydrogen. In certain embodiments,
A2 is Cl. In certain embodiments, A2 is Br. In certain
embodiments, A2 is (1-4C alkyl). A particular example
is methyl. In certain embodiments, A2 is cyclopropyl.
[0057] In certain embodiments, A1 is selected from Cl,
CN and cyclopropyl, and A2 is selected from H, Cl and
cyclopropyl. [0058] In certain embodiments, A1 is
selected from CN, Cl and cyclopropyl, and A2 is H.
[0059] In certain embodiments, A1 is CN and A2 is
hydrogen. [0060] In certain embodiments, A1 is Cl and
A2 is hydrogen. [0061] In certain embodiments, A1 is
cyclopropyl and A2 is hydrogen. [0062] In certain
embodiments, A1 is Cl and A2 is Br. [0063] In certain
embodiments, A1 and A2 are both Cl. [0064] In certain
embodiments, A1 is Cl and A2 is cyclopropyl. [0065] In
certain embodiments, A1 and A2 are both
cyclopropyl.[0066] In certain embodiments, A1 and A2
are both hydrogen. [0067] In certain embodiments, R7a
and R7b are both hydrogen. [0068] In certain
embodiments, R7a and R7b are both methyl. [0069] In
certain embodiments, R7a is hydrogen and R7b is
methyl. [0070] In certain embodiments, R8 is hydrogen.
In certain embodiments, R8 is methyl. [0071] In
certain embodiments, each of R7a, R7b and R8 is
hydrogen. [0072] In certain embodiments, R9 is
hydrogen or fluoro. [0073] In certain embodiments, R9
is hydrogen. In certain embodiments, R9 is fluoro. In
certain embodiments, R9 is methyl. In certain
embodiments, R9 is NO . [0074] In certain embodiments,
R10 is hydrogen or fluoro. [0075] In certain
embodiments, R10 is hydrogen. In certain embodiments,
R10 is fluoro. In certain embodiments, R10 is methyl.
[0076] In certain embodiments, each of R9 and R10 is
hydrogen. [0077] In certain embodiments, each of R7a,
R7b, R8, R9 and R10 is hydrogen. [0078] In one
embodiment, W is -CONR 1- . An example of a particular
value for R1 is hydrogen. In one embodiment, W is -NR
2CO-. In one embodiment R2 is hydrogen. In another
embodiment, R2 is methyl. Examples of values for W are
-C(=O)NH-, -NHC(=O)- and -N(CH3)CO-. [0079] In a
particular embodiment, W is -C(=O)NH-. [0080] In one
embodiment, L is a bond. [0081] In one embodiment, L
is -(CR 3R4)n-(CRaRb)m-(CR5R6)-* . [0082] In certain
embodiments when L is -(CR 3R4)n-(CRaRb)m-(CR5R6)-*, n
is 0 or 1 and m is 0, 1 or 2. In certain embodiments,
each of R3, R4, Ra, Rb, R5 and R6 is hydrogen such
that L is selected from -CH 2-, -CH2CH2-, -CH2CH2CH2-
and -CH 2CH2CH2CH2- . [0083] In certain embodiments
when L is -(CR 3R4)n-(CRaRb)m-(CR5R6)-* where one of m
or n is 0. [0084] In certain embodiments, L is a bond
and CH2CH2. [0085] In certain embodiments when L is
-(CR 3R4)n-(CRaRb)m-(CR5R6)-*, n is 0 or 1, m is 1 or
2, and R5 and R6 together with the atom to which they
are attached form a cyclopropyl ring. In certain
embodiments, each of R3 and R4 when n is 1 and each of
Ra andRb is hydrogen. Particular values for L include
-CH 2(cycloprop-l,l,-diyl) and
CH2CH2(cycloprop-l,l,-diyl) groups having the
structures: [0086] In certain embodiments when L is
-(CR 3R4)n-(CRaRb)m-(CR5R6)-*, R5 is hydrogen, (1-4C
alkyl), OH, -O(1-4C alkyl) or F, and R6 is hydrogen, F
or methyl. In certain embodiments, n is 1 and m is 0.
In certain embodiments, each of R3 and R4 is hydrogen.
Particular values for L include the structures: [0087]
wherein the asterisk indicates the point of attachment
to the G group. [0088] In certain embodiments when L
is -(CR 3R4)n-(CRaRb)m-(CR5R6)-*, n is 1, m is 0, 1 or
2, R3 is hydrogen, (1-4C alkyl) or -CH2OH, and R4 is
hydrogen or methyl. In certain embodiments, each of
Ra, Rb, R5 and R6 is hydrogen. In certain embodiments,
m is 0 and each of R5 and R6 is hydrogen. Particular
values for L include the structures: [0089] wherein
the asterisk indicates the point of attachment to the
G group. [0090] In certain embodiments, L is
(2-4C)alkenylene. Particular values for L include -CH
2=CH2- and -CH 2CH2CH=CH2- . [0091] In certain
embodiments, L is -O(1-4C alkyl)-* wherein the
asterisk indicates the point of attachment to the G
group. A particular value is -OCH 2-*. [0092] In
certain embodiments, L is -(1-4C alkyl)-O-* wherein
the asterisk indicates the point of attachment to the
G group. A particular value is -CH 2CH2O-*. [0093] In
certain embodiments, L is -(1-4C alkyl)-S-* wherein
the asterisk indicates the point of attachment to the
G group. A particular value is -CH 2CH2S-*. [0094] In
certain embodiments, L is (3-6C)cycloalkylene, that
is, a divalent cycloalkyl ring having from 3-6 carbon
atoms in the ring, wherein the radicals are located on
different carbon atoms within the ring. Examples
include cyclopropylene, cyclobutylene, cyclopentylene,
and cyclohexylene rings. Particular values for L
include the structures:[0095] In certain embodiments,
L is hetCyc 1 which is represented the formula [0096]
where t and p are as defined herein and the asterisk
indicates the point of attachment to the G group.
Particular values for L include the structures: [0097]
In certain embodiments of Formula I , L is selected
from a bond, -(CR 3r R > 4)n- (CRaRb)m-(CR5R6)-*,
(3-6C)cycloalkylene, -O(1-4C alkyl)-*, -(1-4C
alkyl)-O-*, and -(1-4C alkyl)-S-. [0098] In certain
embodiments of Formula I , L is selected from hetCyc
1, -0(1 -4C alkyl)-*, -(1-4C alkyl)-O-*, and -(1-4C
alkyl)-S-*. [0099] In certain embodiments of Formula I
, L is selected from -O(1-4C alkyl)-*, -(1- 4C
alkyl)-O-*, and -(1-4C alkyl)-S-*. [00100] In certain
embodiments of Formula I , L is hetCyc 1. [00101] In
certain embodiments of Formula I , L is selected from
a bond, -(CR 3R4)n- (CRaRb)m-(CR5R6)-*, and
(3-6C)cycloalkylene. [00102] In certain embodiments of
Formula I , L is selected from a bond and [00103] In
certain embodiments of Formula I , L is selected from
a bond and CH2CH2. [00104] In certain embodiments, the
G group is Ar 1. [00105] In certain embodiments, Ar 1
is phenyl optionally substituted with one or more
substituents independently selected from F, Cl, Br,
CF3, (l-4C)alkyl, OH, -O(1-4C alkyl), -S(1-3C alkyl),
-SCF3, cyclopropyl, -CH2N(1-3C alkyl)2,
-O-(2-3C)fluoroalkyl, -O-(l- 3C)difluoroalkyl
-O-(l-3C)trifluoroalkyl, -OCH2(cyclopropyl), and
(3-4C)alkynyl. [00106] In particular embodiments, Ar 1
is phenyl optionally substituted with one or more
substituents independently selected from F, Cl, Br, CF
, methyl, ethyl, propyl, tertbutyl, OH, methoxy,
ethoxy, propoxy, isopropoxy, tert-butoxy, SMe, SCF3,
cyclopropyl, CH2NMe2, OCH2CH2F, OCH2CH2CH2F, OCHF2,
OCF3, -OCH2(cyclopropyl), andpropynyl. In certain
embodiments, Ar 1 is phenyl optionally substituted
with 2 of said substituents. In certain embodiments,
Ar 1 is phenyl optionally substituted with 3 of said
substituents. [00107] Particular values for G when
represented by Ar 1 include phenyl, 2- chlorophenyl,
3-chlorophenyl, 4-chlorophenyl, 2,6-dichlorophenyl,
3,4-dichlorophenyl, 2,4- dichlorophenyl,
2,5-dichlorophenyl, 2,3-dichloropyhenyl,
3,5-dichlorophenyl, 2-chloro-6- fluorophenyl,
2-chloro-4-fluorophenyl, 2-fluorophenyl,
3-fluorophenyl, 4-fluorophenyl, 2,4- difluorophenyl,
2-bromophenyl, 4-bromophenyl, 2-trifluoromethylphenyl,
3- trifluoromethylphenyl, 4-trifluoromethylphenyl,
2-methylphenyl, 3-methylphenyl, 4- methylphenyl,
2,4-dimethylphenyl, 2-hydroxyphenyl, 3-hydroxyphenyl,
4-hydroxyphenyl, 2- methoxyphenyl, 3-methoxyphenyl,
4-methoxyphenyl, 2-tert-butoxyphenyl, 2-ethoxyphenyl,
3-isopropoxyphenyl, 2-trifluoromethoxyphenyl,
2-thiomethylphenyl, 3-thiomethylphenyl, 4-
thiomethylphenyl, 4-trifluoromethylthiophenyl,
2-cyclopropylphenyl, 4-cyclopropylphenyl,
3-tert-butylphenyl, 4-tert-butylphenyl,
4-(dimethylamino)methylphenyl, 3,4- dimethoxyphenyl,
2,3-dimethoxyphenyl, 2,4-dimethoxyphenyl,
3-methoxy-4-chlorophenyl, 2-chloro-4-methoxyphenyl,
2-methoxy-4-bromophenyl, 2-methoxy-4-chlorophenyl, 2- 



methoxy-4-fluorophenyl,
2-methoxy-4-trifluoromethylphenyl, 2-methoxy-4-
cyclopropylphenyl, 2-fluoro-5-chlorophenyl,
2-chloro-4-trifluoromethylphenyl, 2-chloro-4-
bromophenyl, 2-methyl-4-chlorophenyl,
2,5-dimethoxyphenyl, 2-methoxy-5-bromophenyl,
2-bromo-4-chlorophenyl, 2-chloro-4-cyclopropylphenyl,
2-cyclopropyl-4-chlorophenyl, 2,4-
dichloro-6-methoxyphenyl, 3-methoxy-4-chlorophenyl,
4-difluoromethoxyphenyl, 2-chloro-
4,6-dimethoxyphenyl, 2,6-dimethoxyphenyl,
4-chloro-2,6-dimethoxyphenyl, 2-chloro-6-
methoxyphenyl, 2,4-dichloro-6-ethoxyphenyl,
2-methyl-4-chlorophenyl, 2-ethyl-4- chlorophenyl,
2-propyl-4-chlorophenyl, 2,6-dichloro-4-methoxyphenyl,
2-trifluoromethyl-4- chlorophenyl, 2,4-diethoxyphenyl,
3,5-dimethoxyphenyl, 2-methoxy-3-chlorophenyl, 3-
chloro-5-methoxyphenyl, 2,4-trifluoromethylphenyl,
2-ethylphenyl, 2-thiomethyl-4- chlorophenyl,
2-ethoxy-4-methoxyphenyl, 2-methoxy-5-chlorophenyl,
2-ethoxy-4- chlorophenyl,
2-trifluoromethoxy-4-chlorophenyl,
2-tert-butoxy-4-chlorophenyl, 2-
cyclopropylmethoxy-4-chlorophenyl,
2-isopropoxy-4-chlorophenyl, 2-ethoxy-4- chlorophenyl,
2-propoxy-5-chlorophenyl,
4-chloro-2-(2-fluoroethoxy)phenyl, 4-chloro-2-(3-
fluoropropoxy)phenyl, and
2-chloro-4-(propyn-l-yl)phenyl.[00108] Additional
values for G when represented by Ar 1 include 2,4-
di(trifluoromethyl)phenyl,
2-cyclopropyl-4-trifluoromethylphenyl,
2,4,6-trimethoxyphenyl, 2-methoxy-4-ethoxyphenyl,
2-fluoro-4-chlorophenyl and 2-hydroxy-4-chlorophenyl.
[00109] In certain embodiments of Formula I , G is
Ar2. [00110] In certain embodiments, Ar2 is a phenyl
group substituted with Ar3, wherein Ar2 is optionally
further substituted with one or more substituents
independently selected from F, Cl and CF3. Examples of
Ar3 include phenyl, 2-chlorophenyl, 3-chlorophenyl, 4-
chlorophenyl, 3-methylphenyl, 4-methylphenyl,
3,4-dimethylphenyl, and 2,3- dimethylpheny1. [00111]
Particular values for G when represented by Ar2
include the structures: [00112] In certain embodiments
of Formula I , G is Ar2 and Ar2 is phenyl substituted
with O-Ar4, wherein the Ar2 group is optionally
further substituted with one or more substituents
independently selected from F, Cl and CF3. Examples of
O-Ar4 substituents include phenoxy groups optionally
substituted with fluoro, chloro or bromo. Particular
examples of O-Ar4 can be represented by the
structure:[00113] where X1 and X2 are independently
selected from fluoro, chloro and bromo. [00114]
Examples of G when represented by Ar include the
structures: [00115] wherein X1 and X2 are
independently selected from fluoro, chloro and bromo.
Particular examples of G when represented by Ar2
include the structures: [00116] In certain embodiments
of Formula I , G is Ar2 and Ar2 is phenyl substituted
with hetAr 1, wherein said Ar2 is optionally further
substituted with one or more substituents
independently selected from F, Cl and CF3. Examples of
hetAr 1 substituents include pyridyl and pyrimidyl
rings. In certain embodiments, hetAr 1 is substituted
with one or more (1-4Calkyl) groups, for example, one
or more methyl groups. Particular examples of hetAr 1
include methylpyrimidyl groups, such as
2-methylpyrimidyl. A particular example of G when
represented by Ar2 is the structure: [00117] In
certain embodiments of Formula I , G is Ar2 wherein
Ar2 is phenyl substituted with -O-hetAr 2, wherein
said Ar2 is optionally further substituted with one or
more substituents independently selected from F, Cl
and CF3. Examples of O-hetAr 2 include pyridinyloxy
and pyrimidinyloxy groups, each of which is optionally
substituted with CF3. Examples of G when represented
by Ar2 include the structures: [00118] Particular
examples of G when represented by Ar include the
structures: [00119] In certain embodiments, G is
naphthyl. Examples include 1-naphthyl and 2- naphthyl.
[00120] In certain embodiments, G is a benzo-fused
(5-6C)cycloalkyl ring optionally substituted with one
or more substituents independently selected from Cl
and OMe. Examples of benzo-fused (5-6C)cycloalkyl ring
include unsubstituted and substituted 2,3-
dihydro-lH-indenyl and tetrahydronaphthyl rings, for
example unsubstituted and substituted
2,3-dihydro-lH-inden-l-yl, 2,3-dihydro-lH-inden-2-yl,
l,2,3,4-tetrahydronaphth-2-yl rings. Particular values
for the G group include the structures:[00121] In
certain embodiments, G is a benzo-fused 5-6 membered
heterocycle having 1-2 ring heteroatoms independently
selected from O and N. Examples include chromanyl,
tetrahydroquinolinyl, and benzodioxolyl rings.
Particular values for G include the structures:
[00122] In certain embodiments, G is a
(3-6C)cycloalkyl ring optionally substituted with one
or more substituents independently selected from
(l-4C)alkyl. Examples include cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl rings optionally
substituted with one or more alkyl groups, such as one
or more methyl, ethyl, propyl, isopropyl, butyl and
t-butyl groups. In certain embodiments G is a
cycloalkyl group substituted with one or more methyl
or t-butyl groups. Particular examples of G include
the structures: [00123] In certain embodiments, G is
an oxaspirononanyl ring. A particular example is
l-oxaspiro[4.4]nonanyl. [00124] In certain
embodiments, G is a tert-butyl group. [00125] In
certain embodiments, G is selected from Ar 1, Ar2 and
a (3-6C)cycloalkyl ring. [00126] In certain
embodiments, G is selected from Ar 1 and Ar2. [00127]
In certain embodiments, G is selected from Ar 1 and
Ar2, where Ar2 is phenyl substituted with Ar3. [00128]
Particular embodiments of Formula I include compounds
wherein: [00129] Ar 1 is phenyl optionally substituted
with one or more substituents independently selected
from F, Cl, Br, CF3, methyl, ethyl, propyl,
tert-butyl, OH, methoxy,ethoxy, propoxy, isopropoxy,
tert-butoxy, SMe, SCF3, cyclopropyl, CH2NMe ,
OCH2CH2F, OCH2CH2CH2F, OCHF2, OCF3,
-OCH2(cyclopropyl), and propynyl; [00130] Ar3 is
selected from phenyl, 2-chlorophenyl, 3-chlorophenyl,
4-chlorophenyl, 3-methylphenyl, 4-methylphenyl,
3,4-dimethylphenyl, and 2,3-dimethylphenyl; [00131]
-O-Ar4 is selected from groups having the formula
[00132] where X1 and X2 are independently selected
from fluoro, chloro and bromo; [00133] hetAr 1 is
selected from a pyridyl and pyrimidyl ring, each of
which is optionally substituted with one or more (1-4C
alkyl) groups; and [00134] O-hetAr2 is selected from
pyridinyloxy and pyrimidinyloxy groups, each of which
is optionally substituted with CF3. [00135] Examples
of particular values for -L-G- groups include groups
wherein: [00136] L is a bond and G is Ar 1, Ar2,
naphthyl, a benzo-fused (5-6 Qcycloalkyl ring, a
benzofused-5-6 membered heterocyclic ring, a
(3-6C)cycloalkyl ring, or an oxaspirononanyl ring;
[00137] L is CH2 and G is Ar 1, naphthyl, or a
benzo-fused (5-6 Qcycloalkyl ring; [00138] L is CH2CH2
and G is Ar 1, Ar2, naphthyl, (3-6C cycloalkyl), or
tert-butyl; [00139] L is -(CR 3R4)n-(CRaRb)m-(CR5R6)-
and G is Ar 1; [00140] L is CH2CH2CH=CH and G is Ar 1;
[00141] L is -OCH2 and G is Ar 1; [00142] L is
CH2CH2S- and G is Ar 1; [00143] L is CH2CH2O- and G is
Ar 1; [00144] L is hetCyc 1 and G is Ar 1; and [00145]
L is (3-6C)cycloalkylene and G is Ar 1; [00146]
wherein each of the above G groups is optionally
substituted as defined herein. [00147] In certain
embodiments of Formula I , -L-G- is a group wherein L
is a bond or CH2CH2 and G is Ar 1, Ar2, naphthyl,
(3-6C cycloalkyl), or tert-butyl, or a group wherein L
is -(CR 3R4)n-(CRaRb)m-(CR5R6)- where one of m or n is
0 and G is Ar 1.[00148] In particular embodiments of
Formula I , -L-G- is a group wherein L is a bond or CH
CH and G is Ar 1, Ar2 or a (3-6C)cycloalkyl ring, or a
group wherein L is -(CR 3R4)n- (CRaRb)m-(CR5R6)- and G
is Ar 1. [00149] In certain embodiments of Formula I ,
-L-G- is a group wherein L is a bond or CH2CH2 and G
is Ar 1 or Ar2, or a group wherein L is -(CR
3R4)n-(CRaRb)m-(CR5R6)- and G is Ar 1. [00150] In
certain embodiments of Formula I , -L-G- is a group
wherein L is a bond or -(CR 3R4)n-(CRaRb)m-(CR5R6)-
and G is Ar 1. [00151] In each of the above-described
-L-G- combinations, G is optionally substituted as
described for Formula I . [00152] In certain
embodiments of the -L-G- combinations above, W is
C(=O)NH. [00153] Compounds of Formula I include
compounds of Formula Ia wherein: [00154] A1 is CN, Cl,
or cyclopropyl; [00155] A2 is hydrogen, Cl, Br, or
cyclopropyl; [00156] W is -C(O)NH-; [00157] L is as
defined for Formula I ; [00158] G is Ar 1, Ar2,
naphthyl, a benzo-fused (5-6C)cycloalkyl ring
optionally substituted with one or more substituents
independently selected from Cl and OMe, a benzofused
5-6 membered heterocyclic ring having 1-2 heteroatoms
independently selected from O and N, or a
(3-6C)cycloalkyl ring optionally substituted with one
or more substituents independently selected from
(l-4C)alkyl; [00159] Ar 1 is as defined for Formula I
; [00160] Ar2 is as defined for Formula I ; [00161]
R7a, R7b and R8 are each independently hydrogen; 



[00162] R9 is hydrogen, methyl, fluoro or NO2; and
[00163] R10 is hydrogen, methyl or fluoro. [00164]
Compounds of Formula I also include compounds of
Formula Ib wherein: [00165] A1 is CN, Cl, or
cyclopropyl; [00166] A2 is hydrogen, Cl, Br, or
cyclopropyl; [00167] W is -C(=O)NH-; [00168] L is as
defined for Formula I ;[00169] G is Ar 1, Ar2,
naphthyl, or a (3-6C)cycloalkyl ring optionally
substituted with one or more substituents
independently selected from (l-4C)alkyl; [00170] Ar 1
is as defined for Formula I ; [00171] Ar2 is as
defined for Formula I ; [00172] R7a, R7b and R8 are
each independently hydrogen; [00173] R9 is hydrogen,
methyl, fluoro or NO ; and [00174] R10 is hydrogen,
methyl or fluoro. [00175] Compounds of Formula I also
include compounds of Formula Ic wherein: [00176] A1 is
CN, Cl, or cyclopropyl; [00177] A2 is hydrogen, Cl,
Br, or cyclopropyl; [00178] W is -C(=O)NH-; [00179] L
is a bond or -(CR 3R4)n-(CRaRb)m-(CR5R6)- wherein R3,
R4, Ra, Rb, R5 and R6 are as defined for Formula I ;
[00180] G is Ar 1, Ar2, naphthyl, a benzo-fused
(5-6C)cycloalkyl ring optionally substituted with one
or more substituents independently selected from Cl
and OMe, a benzofused 5-6 membered heterocyclic ring
having 1-2 heteroatoms independently selected from O
and N, or a (3-6C)cycloalkyl ring optionally
substituted with one or more substituents
independently selected from (l-4C)alkyl; [00181] Ar 1
is as defined for Formula I ; [00182] Ar2 is as
defined for Formula I ; [00183] R7a, R7b and R8 are
each independently hydrogen; [00184] R9 is hydrogen,
methyl, fluoro or NO ; and [00185] R10 is hydrogen,
methyl or fluoro. [00186] In a particular embodiment
of Formula Ic, L is a bond or CH2CH2. [00187]
Compounds of Formula I also include compounds of
Formula Id wherein: [00188] A1 is CN, Cl, or
cyclopropyl; [00189] A2 is hydrogen, Cl, Br, or
cyclopropyl; [00190] W is -C(O)NH-; [00191] L is a
bond or -(CR 3R4)n-(CRaRb)m-(CR5R6)- wherein R3, R4,
Ra, Rb, R5 and R6 are as defined for Formula I ;
[00192] G is Ar 1, Ar2, naphthyl or a (3-6C)cycloalkyl
ring optionally substituted with one or more
substituents independently selected from (l-4C)alkyl;
[00193] Ar 1 is as defined for Formula I ; [00194] Ar2
is as defined for Formula I ; [00195] R7a, R7b and R8
are each independently hydrogen; [00196] R9 is
hydrogen, methyl, fluoro; and [00197] R10 is hydrogen,
methyl or fluoro. [00198] In a particular embodiment
of Formula Id, L is a bond or CH CH . [00199] In
certain embodiments of Formula Id, G is Ar 1, wherein
Ar 1 is phenyl optionally substituted with one or more
substituents independently selected from F, Cl, Br,
CF3, methyl, ethyl, propyl, tert-butyl, OH, methoxy,
ethoxy, propoxy, isopropoxy, tertbutoxy, SMe, SCF3,
cyclopropyl, CH2NMe2, OCH2CH2F, OCH2CH2CH2F, OCHF2,
OCF3, - OCH2(cyclopropyl), and propynyl. In certain
embodiments, Ar 1 is substituted with one to three of
said substituents. In certain embodiments, Ar 1 is
substituted with two of said substituents. [00200]
According to another aspect, the present invention
provides a process for the preparation of a compound
of Formula I or a salt thereof as defined hereinabove,
which comprises: [00201] (a) for a compound of Formula
I in which A1 is CN and A2 is hydrogen, reacting a
corresponding compound having the formula (II):
[00202] in which P1 represents a hydrogen atom or a
carboxyl protecting group and Z1 represents a leaving
atom or group, with a corresponding compound having
the formula (III) [00203] in the presence of a base;
or [00204] (b) coupling a compound of formula
(IV)[00205] in which P2 is as defined for P1 and Z2
represents -NH2 or -C(=O)OH, or a reactive derivative
thereof, with a compound of formula (V) H-Z3-L-G (V)
[00206] in which Z represents OC(=O) or NH,
respectively, or a reactive derivative thereof; or
[00207] (c) for a compound of Formula I in which A1 is
Cl, (1-4C alkyl), OMe or cyclopropyl and A2 is (1-4C
alkyl), chloro, bromo or cyclopropyl, coupling a
compound having the formula (VI) (VI) [00208] in which
P3 is as defined for P1 and A1 is Cl, (1-4C alkyl), or
cyclopropyl, and A2 is (1-4C alkyl), chloro, bromo or
cyclopropyl, with a corresponding compound having the
formula (VII) (VII) [00209] wherein E is an electron
withdrawing group and Z4 is a leaving atom, in the
presence of a base, and if desired removing said
electron withdrawing group; or[00210] (d) for a
compound of Formula I where G is Arx where Arx is (1)
Ar 1 substituted with cyclopropyl or (l-4C)alkyl and
optionally further substituted as defined for Ar 1, or
(2) Ar2 where Ar2 is phenyl substituted with Ar3 and
optionally further substituted with F or Cl, reacting
a corresponding compound having the formula (VIII)
[00211] where P4 is as defined for P1 and Z5 is a
leaving atom or group, with a compound having the
formula Y-B(OH)2 where Y is cyclopropyl, (1-4 C alkyl)
or Ar3, in the presence of a transition metal catalyst
and a ligand; or [00212] (e) for a compound of Formula
I where L is a bond and G is Ar 1 or Ar2, reacting a
corresponding compound having the formula (IX) H2
[00213] wherein P5 is as defined for P1, with a
compound having the formula Ar Z6 or Ar2-Z6 where Z6
is a leaving atom or group, in the presence of a metal
catalyst and a ligand; or [00214] (f) for a compound
of Formula I where A1 is chloro, A2 is cyclopropyl, R9
and R10 are hydrogen, and W is C(=O)NH, reacting a
corresponding compound having the formula (X)[00215]
wherein P6 is as defined for P1, E is an electron
withdrawing group, and B is O-tertbutyl, NH2 or
NH-L-G, with about 2 equivalents of cyclopropylboronic
acid in the presence of a suitable base, a metal
catalyst and a ligand at temperatures between about
100 0C and about 150 0C, followed by removal of the
electron withdrawing group, if desired, and coupling
with a compound having the formula H N-L-G when B is
O-tBu or coupling with a compound having the formula
X-L-G when B is NH2, where X is a leaving group or
atom; or [00216] (g) for a compound of Formula I where
A1 is cyclopropyl, A2 is cyclopropyl, R9 and R10 are
hydrogen and W is C(=O)NH, reacting a corresponding
compound having the formula (X) with about 4
equivalents of cyclopropylboronic acid in the presence
of a suitable base, a metal catalyst and a ligand at
temperatures between about 100 0C and 150 0C, followed
by removal of the electron withdrawing group, if
desired, and coupling with a compound having the
formula H2N-L-G when B is O-tBu or coupling with a
compound having the formula X-L-G when B is NH2, where
X is a leaving group or atom; or [00217] (h) for a
compound of Formula I where A1 is cyclopropyl, A2 is
hydrogen, R9 and R10 are hydrogen and W is C(=O)NH,
reacting a corresponding compound having the formula
(XI)[00218] with about 3 equivalents of
cyclopropylboronic acid in the presence of a suitable
base, a metal catalyst and a ligand at temperatures
between about 90 0C and 150 0C, for example 120 0C,
followed by removal of the electron withdrawing group,
if desired, and coupling with a compound having the
formula H N-L-G when B is O-tBu or coupling with a
compound having the formula X-L-G when B is NH , where
X is a leaving group or atom; and [00219] removing any
protecting group or groups and, if desired, forming a
salt. [00220] The carboxyl protecting groups in any of
the above methods may be any convenient carboxyl
protecting group, for example as described in Greene &
Wuts, eds., "Protecting Groups in Organic Synthesis",
John Wiley & Sons, Inc. Examples of carboxyl
protecting groups include (l-6C)alkyl groups, such as
methyl, ethyl and t-butyl. Removal of the carboxyl
protecting group may be performed using methods known
in the art. For example, alkyl protecting groups can
be removed by hydrolysis, for example, by treating the
protected compound with a metal hydroxide, for example
lithium, potassium or sodium hydroxide, in a suitable
solvent such as THF or an alcohol (for example
ethanol) or mixtures thereof. Tert-butyl protecting
groups can be removed by acid hydrolysis, for example
with TFA or hydrogen chloride in an organic solvent. 



[00221] Referring to process (a), the leaving atom
represented by Z1 may be, for example, a halogen atom
such as a fluorine atom. Alternatively, Z1 may be a
leaving group such as a triflate or tosylate. The base
may be, for example, an alkali metal hydride or
carbonate, such as sodium hydride, sodium carbonate or
potassium carbonate, or a tertiary amine, such as
triethylamine, or N,N-diisopropylethylamine.
Convenient solvents include Nmethylpyrrolidinone, or
amides, sulfoxides and nitriles, such as DMF, DMSO or
acetonitrile. The reaction can be performed at an
elevated temperature, such as in the range of from 50
to 15O 0C. [00222] Compounds of formula (II) are known
or can be prepared by treating the corresponding bromo
derivative having formula (Ha)[00223] with Cu(I)CN in
an appropriate solvent, such as N-methylpyrrolidone.
The reaction is conveniently performed at elevated
temperatures, for example between 100 and 200 0C, such
as at 160 0C. [00224] Compounds of formula (Ha) can be
prepared by treating the corresponding derivative
having formula (lib) [00225] with N-bromosuccinimide
in an appropriate solvent, such as DMF. The reaction
is conveniently performed at temperatures between
ambient temperature and 100 0C, for example at 50 0C.
[00226] Compounds of formula (lib) wherein R8 is Me
can be prepared by reacting a corresponding compound
of formula (lib) wherein R8 is H with methyl iodide in
the presence of a suitable base, such as an alkali
metal carbonate (e.g., sodium carbonate, potassium
carbonate or cesium carbonate) or an alkali metal
hydride (e.g., sodium hydride). [00227] Compounds of
formula (lib) can be prepared by homologating a
corresponding compound having formula (lie) (lie)
[00228] using methodologies known in the art [such as
via enol ethers, epoxides, cyanohydrins,
a,b-unsaturated sulfones, ketene thioacetals, glycidic
esters, nitriles and a- acetoxyacrylonitriles], to add
the one carbon unit followed by reductive hydrolysis
with tin(II)chloride under acidic conditions. For
example, in one embodiment, the compound of formula
(lie) can be treated with trimethylsilylnitrile and a
catalyst such as zinc iodide or I , either neat or in
a suitable solvent, for example dichloromethane. The
reaction is conveniently performed at ambient
temperature.[00229] Compound of formula (lib) wherein
R7a and R7b are each Me can be prepared by cyclizing a
compound having the formula [00230] with 2-propanone
in the presence of a suitable base, for example an
amine base such as pyrrolidine. The reaction is
conveniently preformed at elevated temperatures, such
as between 50-100 0C, for example 80 0C. [00231]
Referring to process (b), the coupling of the compound
of formula (IV) with a compound of formula (V) may be
performed using conventional amide bond formation
conditions, for example by treating the carboxylic
acid with an activating agent, followed by addition of
the amine in the presence of a base. Suitable
activating agents include oxalyl chloride, thionyl
chloride, EDCI, HATU, and HOBt. Suitable bases include
amine bases, for example triethylamine,
diisopropylethylamine, pyridine, or excess ammonia.
Suitable solvents include DCM, DCE, THF, and DMF.
[00232] Alternatively, the amide bond formation can be
performed by coupling a reactive derivative of a
carboxylic acid, for example an acid halide, such as
an acid chloride. [00233] In a particular embodiment,
a compound of formula (IV) where A1 is Cl, A2 is
hydrogen and Z2 is CO H can be prepared by coupling a
compound having the formula (IVa) [00234] with a
corresponding compound having the formula [00235]
where Z7 is a leaving atom or group, in the presence
of copper(I) chloride and an inorganic base, followed
by hydrolysis of the ester to form the corresponding
acid.Suitable inorganic bases include carbonates, such
as cesium carbonate. Leaving atoms represented by Z7
include halogen atoms, for example Br or I .
Alternatively, Z7 can be a leaving group such as an
alkylsulfonyl or arylsulfonyl group, for example, a
triflate group. [00236] Referring to process (c),
examples of leaving atoms represented by Z4 include
halogen atoms, for example F and Cl. Alternatively, Z5
can be a leaving group such as an alkylsulfonyl or
arylsulfonyl group, for example, a triflate group.
Examples of electron withdrawing groups include NO .
In embodiments wherein the electron withdrawing group
is NO , this group can be removed, if desired, by
reducing the nitro group to an amino group using any
convenient reducing conditions (for example, Zn and NH
Cl) followed by cleavage of the amino group (for
example, by treating the amino compound with isobutyl
nitrite). [00237] Referring to process (d), examples
of a leaving atom represented by Z5 include F, Cl, Br
and I . Alternatively, Z5 can be a leaving group such
as an alkylsulfonyl or arylsulfonyl group, for
example, a triflate group. Suitable transition metal
catalysts include palladium catalysts, such as Pd(II)
catalysts, for example Pd(OAc)2 in the presence of a
suitable ligand. The ligand can be a phosphine ligand,
such as PPh3. Suitable bases include inorganic bases,
for example alkali metal carbonates such as potassium
carbonate, sodium carbonate or cesium carbonate.. The
reaction is conveniently performed in a suitable
solvent such as DMF, DMA, DMSO, NMP or dioxane, at
temperatures ranging from about 50-160 0C. [00238]
Referring to method (e), the leaving atom represented
by Z6 can be a halogen atom, for example F, Cl, Br, or
I . Alternatively, Z5 can be a leaving group such as
an alkylsulfonyl or arylsulfonyl group, for example, a
triflate group. Suitable metal catalysts include
palladium catalysts, such as Pd(II) catalysts, for
example Pd(OAc)2 in the presence of a suitable ligand.
The ligand can be a phosphine ligand, such as PPh .
The reaction is conveniently performed in the presence
of an inorganic base such as an alkali metal carbonate
(for example sodium carbonate or cesium carbonate) in
a suitable solvent, such as toluene, DMF, THF, or NMP.
The reaction is conveniently performed at temperatures
ranging from 50-160 0C. [00239] Referring to processes
(f), (g) and (h), suitable bases include inorganic
bases, for example alkali metal phosphates, such as
potassium phosphate. Suitable catalysts include
palladium catalysts, such as Pd(II) catalysts, for
example Pd(OAc)2 in the presence of a suitable ligand.
The ligand can be a phosphine ligand, such as
tricyclohexylphosphine. Examples of electron
withdrawing groups include NO2. In embodiments wherein
theelectron withdrawing group is NO , this group can
be removed, if desired, by reducing the nitro group to
an amino group using any convenient reducing
conditions (for example, Zn and NH Cl) followed by
cleavage of the amino group (for example, by treating
the amino compound with isobutyl nitrite). Suitable
solvents include xylene and toluene. The reaction is
conveniently performed at the reflux temperature of
the solvent. [00240] The compounds of Formulas (IV),
(VI), (VIII), (IX, (X) and (XI) are also believed to
be novel and are provided as further aspects of this
invention. [00241] Also provided herein is a compound
of general Formula Ie: [00242] or a salt thereof,
wherein: [00243] Pg is a carboxyl protecting group;
[00244] A1 is hydrogen, CN, Cl, F, Br, OMe, (1-4C
alkyl) or cyclopropyl; [00245] A2 is hydrogen, Cl, Br,
F, (1-4C alkyl) or cyclopropyl; [00246] W is -Q=O)NR
1- or -NR2C(=O)-; [00247] R1 and R2 are each hydrogen
or methyl; [00248] L is a bond, -(CR
3R4)n-(CRaRb)m-(CR5R6)-*, (2-4C)alkenylene, -0(1 -4C
alkyl)-*, -(1-4C alkyl)-O-*, -(1-4C alkyl)-S-*,
(3-6C)cycloalkylene, or hetCyc 1, wherein the
indicates the point of attachment to G, provided that
when W is -NR2C(=O)- then L is not - (CH=CH)-; [00249]
m = 0, 1 or 2; [00250] n = 0 or l ; [00251] Ra and Rb
are independently selected from hydrogen and (1-4C
alkyl); [00252] R3 is hydrogen, (1-4C alkyl) or CH2OH;
[00253] R4 is hydrogen or methyl; [00254] R5 is
hydrogen, (1-4C alkyl), OH, -0(1 -4C alkyl) or F;
[00255] R6 is hydrogen, F or methyl, [00256] or R5 and
R6 together with the carbon to which they are attached
form a cyclopropyl ring; [00257] hetCyc 1 is a group
having the formula [00258] where t is 1 or 2 and p is
0 or 1, and the indicates the point of attachment to
G; [00259] G is Ar 1, Ar2, naphthyl, a benzo-fused
(5-6C)cycloalkyl ring optionally substituted with one
or more substituents independently selected from Cl
and OMe, a benzofused 5-6 membered heterocyclic ring
having 1-2 heteroatoms independently selected from O
and N, a (3-6C)cycloalkyl ring optionally substituted
with one or more substituents independently selected
from (l-4C)alkyl, an oxaspirononanyl ring, or t-butyl;
[00260] Ar 1 is phenyl optionally substituted with one
or more substituents independently selected from F,
Cl, Br, CF3, (l-4C)alkyl, OH, -0(1 -4C alkyl), -S(I
-3C alkyl), -SCF3, cyclopropyl, -CH2N(1-3C alkyl)2,
-O-(2-3C)fiuoroalkyl, -O-(l-3C)difluoroalkyl -O-
(l-3C)trifluoroalkyl, -OCH2(cyclopropyl), and
(3-4C)alkynyl; [00261] Ar2 is phenyl which is
substituted with Ar3, -O-Ar4, hetAr 1 or -O-hetAr2,
wherein Ar2 is optionally further substituted with one
or more substituents independently 



selected from F, Cl and CF ; [00262] Ar3 is phenyl
optionally substituted with one or more substituents
independently selected from F, Cl, Br and (1-4C
alkyl); [00263] Ar4 is phenyl optionally substituted
with one or more substituents independently selected
from F, Cl, Br and (1-4C alkyl); [00264] hetAr 1 is a
6-membered heteroaryl having 1-2 nitrogen atoms and
optionally substituted with one or more substituents
independently selected from (1-4C alkyl); [00265]
hetAr2 is a 6-membered heteroaryl having 1-2 nitrogen
atoms and optionally substituted with one or more
substituents independently selected from (1-4C alkyl)
and CF3; [00266] R7a, R7b and R8 are each
independently hydrogen or methyl; [00267] R9 is
hydrogen, methyl, fluoro or NO2; and [00268] R10 is
hydrogen, methyl or fluoro.[00269] The protecting
group represented by Pg in Formula Ie may be any
convenient carboxyl protecting group, for example as
described in Greene & Wuts, eds., "Protecting Groups
in Organic Synthesis", John Wiley & Sons, Inc.
Examples of carboxyl protecting groups include
(l-6C)alkyl groups, such as methyl, ethyl and t-butyl.
[00270] It will be appreciated that the afformentioned
processes can comprise the formation of an
intermediate of Formula Ie in which Pg is a carboxyl
protecting group (for example (l-6C)alkyl, such as
methyl or ethyl), which protecting group is removed to
afford a compound of Formula I . Such compounds form a
further aspect of the invention. Compounds of Formula
Ie may also function as prodrugs of compounds of
Formula I . [00271] The ability of test compounds to
act as DP2 receptor antagonists may be demonstrated by
the assay described in Example A. [00272] Compounds
which are antagonists of DP2 are useful in the
treatment of diseases or disorders mediated by PGD ,
for example, diseases or disorders associated with
overproduction or dysregulation of PGD . [00273] As
used herein, the term treatment includes prophylaxis
as well as treatment of an existing condition. [00274]
Examples of disorders or diseases that may be treated
with compounds according to the invention include
immunologic diseases. In addition, compounds of the
invention may be useful for treating inflammatory
diseases and disorders. Compounds of the invention may
also be useful for treating itching/pruritis. [00275]
Examples of immunologic diseases include allergic
inflammatory disease such as asthma, dermatitis,
allergic rhinitis, urticaria, anaphylaxis,
angioedemea, allergies, contact hypersensitivity
(e.g., nickel sensitivity), drug hypersensitivity, and
allergic conjunctivitis in addition to inflammatory
autoimmune diseases such as hyper-eosinophilic
syndromes, psoriasis, systemic mast cell disorders,
chronic obstructive pulmonary disease, inflammatory
bowel disease, and arthritis. [00276] Examples of
immunologic diseases include allergic inflammatory
diseases, such as asthma, atopic dermatitis, allergic
rhinitis, seasonal allergies, food allergies, contact
hypersensitivity (e.g., nickel sensitivity),
hyper-eosinophilic syndromes, and allergic
conjunctivitis. [00277] Further examples of allergic
inflammatory diseases include asthma (including
mild-to-moderate asthma, severe asthma, refractory
asthma, steroid-resistant asthma, steroidinsensitive
asthma, and exercise-induced asthma), allergies such
as severe allergy/anaphylaxis, food allergies, plant
allergies, drug allergies, latex allergy, allergic
reactions to venemous stings, seasonal allergic
rhinitis, and perrennial allergic rhinitis, chronic
rhinosinusitis, cystic fibrosis, eosinophilic diseases
and disorders (including eosinophilic gastroenteritis,
eosinophilic esophagitis, acute eosinophilic
pneumonia, chronic eosinophilic pneumonia, pulmonary
eosinophilia (Loeffler's Disease),
eosinophilia-myalgia syndrome, Chrug-Strauss syndrome,
eosinophilic fasciitis, familial eosinophilic
cellulitis, cutaneous eosinophilia, nonallergic
rhinitis with eosinophilia syndrome, familial
eosinophilia, and drug reaction with eosinophilia and
systemic symptoms), hyper IgE syndrome, allergic
diseases of the gastrointestinal tract, celiac sprue,
gluten enteropathy, gluten intolerance, acute
hypersensitivy reaction, and delayed hypersensitivity
reaction. [00278] Further examples of allergic
inflammatory diseases include severe
allergy/anaphylaxis, eosinophilic gastroenteritis,
eosinophilic esophagitis, severe asthma, refractory
asthma, steroid-resistance asthma, allergic diseases
of the gastrointestinal tract, celiac sprue, gluten
enteropathy, gluten intolerance, acute hypersensitivy
reaction, and delayed hypersensitivity reaction.
[00279] Additional diseases or disorders which may be
treated with compounds of this invention include
inflammatory bowel diseases such as Crohn's disease,
ulcerative colitis, ileitis and enteritis, vasculitis,
Behcet's syndrome, psoriasis and inflammatory
dermatoses such as dermatitis, eczema, urticaria,
viral cutaneous pathologies such as those derived from
human papillomavirus, HIV or RLV infection, bacterial,
fungal and other parasital cutaneous pathologies, and
cutaneous lupus erythematosus, respiratory allergic
diseases such as persensitivity lung diseases, chronic
obstructive pulmonary disease and the like, autoimmune
diseases, such as arthritis (including rheumatoid and
psoriatic), systemic lupus erythematosus, type I
diabetes, myasthenia gravis, multiple sclerosis,
Graves' disease, glomerulonephritis and the like,
graft rejection (including allograft rejection and
graft-v-host disease), e.g., skin graft rejection,
solid organ transplant rejection, bone marrow
transplant rejection, fever, cardiovascular disorders
such as acute heart failure, hypotension,
hypertension, angina pectoris, myocardial infarction,
cardiomyopathy, congestive heart failure,
atherosclerosis, coronary artery disease, restenosis,
thrombosis and vascular stenosis, cerebrovascular
disorders such as traumatic brain injury, stroke,
ischemic reperfusion injury and aneurysm, cancers of
the breast, skin, prostate, cervix, uterus, ovary,
testes, bladder, lung, liver, larynx, oral cavity,
colon and gastrointestinal tract (e.g., esophagus,
stomach,pancreas), brain, thyroid, blood and lymphatic
system, fibrosis, connective tissue disease and
sarcoidosis, genital and reproductive conditions such
as erectile dysfunction, gastrointestinal disorders
such as gastritis, ulcers, nausea, pancreatitis and
vomiting; neurological disorders, such as Alzheimer's
disease, sleep disorders such as insomnia, narcolepsy,
sleep apnea syndrome and Pickwick Syndrome, pain,
renal disorders, ocular disorders such as glaucoma,
infectious diseases, viral infections such as HIV, and
bacterial infections such as sepsis, inflammation,
flushing, nasal congestion, and otitis media. [00280]
Additional diseases or disorders which may be treated
with compounds of this invention include inflammatory
bowel diseases such as IgA deficiency, inflammatory
dermatoses such as chronic urticaria, acute urticaria,
seborrheic dermatitis, contact dermatitis, pemphigus,
and exfoliative dermatitis (etythroderma), dermatitis
herpetiformis, trichinosis, visceral larva migraines,
trichuriasis, ascariasis, strongyloidiasis, hookworm
infection, clonorchiasis, pragonimiasis, fascioliasis,
cysticerosis, echinococcosis, filariasis,
schistocomiasis, brucellosis, cat scratch fever,
infectious lymphocytosis, acute coccidiodomycosis,
infectious mononucleosis, mycobacterial disease,
scarlet fever, tuberculosis, and cutaneous lupus
erythematosus, respiratory allergic diseases such as
hypersensitivity lung diseases, allergic
broncopulmonary aspergillosis, tropical pulmonary
eosinophilia, and the like, autoimmune diseases such
as mastocytosis, leukocytoclastic vasculitis,
urticarial vasculitis, basophilic leukocytosis,
adrenal hypofunction and the like, cardiovascular
disorders such as Coombs'-positive hemolytic anemias,
Hashimoto's thyroiditis, Goodpasture's syndrome, serum
sickness, polyarteritis nodosa, Dressler's syndrome,
Wiskott-Aldrich syndrome, scleroderma, cirrhosis, and
sarcoidosis, and ocular disorders such as vernal
keratoconjunctivitis, atopic keartoconjunctivitis,
giant papullary conjunctvitis. [00281] Accordingly,
another aspect of this invention provides a method of
treating diseases or medical conditions in a mammal
mediated by PGD2, comprising administering to said
mammal one or more compounds of Formula I or a
pharmaceutically acceptable salt or prodrug thereof in
an amount effective to treat or prevent said disorder.
[00282] Another aspect of this invention provides a
method of treating diseases or medical conditions in a
mammal mediated by the DP2 receptor comprising
administering to said mammal one or more compounds of
Formula I or a pharmaceutically acceptable salt or
prodrug thereof in an amount effective to treat or
prevent said disorder.[00283] Another aspect of this
invention provides a method of treating diseases or
medical conditions in a mammal involving the Th2 T
cell via production of IL-4, IL-5 and/or IL- 13
comprising administering to said mammal one or more
compounds of Formula I or a pharmaceutically
acceptable salt or prodrug thereof in an amount
effective to treat or prevent said disorder. [00284]
Another aspect of this invention provides a method of
treating diseases or medical conditions in a mammal
involving the activation and trafficking of
granulocytes (mast cell, eosinophil, neutrophil,
basophil, etc.) comprising administering to said
mammal one or more compounds of Formula I or a
pharmaceutically acceptable salt or prodrug thereof in
an amount effective to treat or prevent said disorder.
[00285] The phrase "effective amount" means an amount
of compound that, when administered to a mammal in
need of such treatment, is sufficient to (i) treat or
prevent a particular disease, condition, or disorder
mediated by PGD2, (ii) attenuate, ameliorate, or
eliminate one or more symptoms of the particular
disease, condition, or disorder, or (iii) prevent or
delay the onset of one or more symptoms of the
particular disease, condition, or 



disorder described herein. [00286] The amount of a
compound of Formula I that will correspond to such an
amount will vary depending upon factors such as the
particular compound, disease condition and its
severity, the identity (e.g., weight) of the mammal in
need of treatment, but can nevertheless be routinely
determined by one skilled in the art. [00287] As used
herein, the term "mammal" refers to a warm-blooded
animal that has or is at risk of developing a disease
described herein and includes, but is not limited to,
guinea pigs, dogs, cats, rats, mice, hamsters, and
primates, including humans. [00288] This invention
also provides compounds of Formula I for use in the
treatment of PGD2-mediated conditions. [00289] An
additional aspect of the invention is the use of a
compound of Formula I in the preparation of a
medicament for therapy, such as for the treatment or
prevention PGD2- mediated conditions. Further,
compounds which are antagonists of DP2 are useful in
the treatment of diseases and disorders mediated by
metabolites of PGD2 and other prostaglandins (and
their corresponding metabolites) that may be acting
via the DP2 receptor. [00290] Compounds of the present
invention can be used in combination with one or more
additional drugs that work by the same or a different
mechanism of action. Examplesinclude anti-inflammatory
compounds, steroids (e.g., dexamethasone, cortisone
and fluticasone), NSAIDs (e.g., ibuprofen,
indomethacin, and ketoprofen), anti-histamines, and
anti-leukotrienes (e.g., Singulair(r)). [00291]
Compounds of the invention may be administered by any
convenient route, e.g., by dermal application (i.e.,
topical application to the skin), transdermally, or
into the gastrointestinal tract (e.g. rectally or
orally), nose, lungs, musculature or vasculature.
[00292] Compounds may be administered in any
convenient administrative form, e.g., creams, tablets,
powders, capsules, solutions, dispersions,
suspensions, syrups, sprays, suppositories, gels,
emulsions, and drug delivery devices such as patches,
etc. Such compositions may contain components
conventional in pharmaceutical preparations, e.g.
diluents, carriers, pH modifiers, sweeteners, bulking
agents, and further active agents. If parenteral
administration is desired, the compositions will be
sterile and in a solution or suspension form suitable
for injection or infusion. Such compositions form a
further aspect of the invention. [00293] According to
another aspect, the present invention provides a
pharmaceutical composition, which comprises a compound
of Formula I or a pharmaceutically acceptable salt
thereof, as defined hereinabove. In one embodiment,
the pharmaceutical composition includes the compound
of Formula I together with a pharmaceutically
acceptable diluent or carrier. [00294] According to
another aspect, the present invention provides a
compound of formula (I) or a pharmaceutically
acceptable salt thereof, for use in treating an
immunologic disorder. [00295] According to a further
aspect, the present invention provides the use of a
compound of Formula I or a pharmaceutically acceptable
salt thereof, in the manufacture of a medicament to
treat an immunologic disorder, as defined hereinabove.
[00296] The following examples illustrate the
invention. In the examples described below, unless
otherwise indicated all temperatures are set forth in
degrees Celsius. Reagents were purchased from
commercial suppliers such as Aldrich Chemical Company,
Lancaster, TCI or Maybridge, and were used without
further purification unless otherwise indicated.
Tetrahydrofuran (THF), dichloromethane (CH Cl ,
methylene chloride), toluene, and dioxane were
purchased from Aldrich in Sure seal bottles and used
as received.[00297] The reactions set forth below were
done generally under a positive pressure of nitrogen
or argon or with a drying tube (unless otherwise
stated) in anhydrous solvents, and the reaction flasks
were typically fitted with rubber septa for the
introduction of substrates and reagents via syringe.
Glassware was oven dried and/or heat dried. [00298]
1HNMR spectra were obtained as CDCl3 or CD3OD
solutions (reported in ppm), using tetramethylsilane
(0.00 ppm) or residual solvent (CDCl : 7.25 ppm;
CD3OD: 3.31 ppm) as the reference standard. When peak
multiplicities are reported, the following
abbreviations are used: s (singlet), d (doublet), t
(triplet), m (multiplet), br (broadened), dd (doublet
of doublets), dt (doublet of triplets). Coupling
constants, when given, are reported in Hertz (Hz).
[00299] Separation of racemic mixtures to isolate
enantiomers was performed as described below on a
CHIRALCEL(r) OJ-H column (Chiral Technologies, West
Chester, PA), in which the packing composition is
cellulose tris(4-methylbenzoate) coated on 5 mM silica
gel. Enantiomeric purity was determined using a
CHIRALPAK(r) QD-AX column ((Chiral Technologies, West
Chester, PA), which is a quinidine (QD) based column.
[00300] Particular compounds of the invention include:
[00301]
6-Cyano-7-(4-(4-chlorophenylcarbamoyl)phenoxy)chroman-
4-carboxylic acid; [00302]
7-(4-(4-chlorophenylcarbamoyl)phenoxy)-6-cyano-4-methy
lchroman-4- carboxylic acid; [00303]
7-(4-(4-Chlorophenylcarbamoyl)phenoxy)-6-cyano-2,2-dim
ethylchroman-4- carboxylic acid; [00304]
6-Cyano-7-(4-(2,4-dichlorophenylcarbamoyl)phenoxy)chro
man-4-carboxylic acid; [00305]
6-Cyano-7-(4-(phenethylcarbamoyl)phenoxy)chroman-4-car
boxylic acid; [00306]
6-Cyano-7-(4-(2,3-dihydro-lH-inden-2-ylcarbamoyl)pheno
xy)chroman-4- carboxylic acid; [00307]
7-(4-(4-Chlorobenzyloxycarbamoyl)phenoxy)-6-cyanochrom
an-4-carboxylic acid; [00308]
6-Cyano-7-(4-(3,4-dichlorophenylcarbamoyl)phenoxy)chro
man-4-carboxylic acid;[00309]
6-Chloro-7-(4-(4-chlorophenethylcarbamoyl)-2-nitrophen
oxy)chroman-4- carboxylic acid; [00310]
6-Chloro-7-(4-(4-chlorophenethylcarbamoyl)phenoxy)chro
man-4-carboxylic acid; [00311]
6-Chloro-7-(4-(4-chlorophenethylcarbamoyl)phenoxy)chro
man-4-carboxylic acid; [003 12]
6-chloro-7-(4-(phenethylcarbamoyl)phenoxy)chroman-4-ca
rboxylic acid; [003 13]
6-chloro-7-(4-(4-phenylbutylcarbamoyl)phenoxy)chroman-
4-carboxylic acid; [00314]
6-chloro-7-(4-(4-(3-chlorophenyl)butylcarbamoyl)phenox
y)chroman-4- carboxylic acid; [00315]
6-chloro-7-(4-(4-(4-chlorophenyl)butylcarbamoyl)phenox
y)chroman-4- carboxylic acid; [00316]
(Z)-6-chloro-7-(4-(4-(2-chlorophenyl)but-3-
enylcarbamoyl)phenoxy)chroman-4-carboxylic acid;
[00317]
6-chloro-7-(4-(4-(2-chlorophenyl)butylcarbamoyl)phenox
y)chroman-4- carboxylic acid; [00318]
(Z)-6-chloro-7-(4-(4-(2,4-dichlorophenyl)but-3-enylcar
bamoyl)phenoxy) chroman-4-carboxylic acid; [00319]
6-chloro-7-(4-(4-(2,4-dichlorophenyl)butylcarbamoyl)ph
enoxy)chroman-4- carboxylic acid; [00320]
6-chloro-7-(4-(2-methylphenethylcarbamoyl)phenoxy)chro
man-4-carboxylic acid; [00321]
6-chloro-7-(4-(2,4-dimethylphenethylcarbamoyl)phenoxy)
chroman-4- carboxylic acid; [00322]
6-chloro-7-(4-(4-methylphenethylcarbamoyl)phenoxy)chro
man-4-carboxylic acid; [00323]
7-(4-(4-bromophenethylcarbamoyl)phenoxy)-6-chlorochrom
an-4-carboxylic acid; [00324]
6-chloro-7-(4-(4-cyclopropylphenethylcarbamoyl)phenoxy
)chroman-4- carboxylic acid; [00325]
6-chloro-7-(4-(2-cyclopropylethylcarbamoyl)phenoxy)chr
oman-4-carboxylic acid;[00326]
6-chloro-7-(4-(2-(2'-chlorobiphenyl-4-yl)ethylcarbamoy
l)phenoxy)chroman-4- carboxylic acid; [00327]
6-chloro-7-(4-(4-chloro-2-methylphenethylcarbamoyl)phe
noxy)chroman-4- carboxylic acid; [00328]
7-(4-(4-bromo-2-chlorophenethylcarbamoyl)phenoxy)-6-ch
lorochroman-4- carboxylic acid; [00329]
6-chloro-7-(4-(2-(2',3-dichlorobiphenyl-4-yl)ethylcarb
amoyl)phenoxy) chroman-4-carboxylic acid; [00330]
6-chloro-7-(4-(2-chloro-4-cyclopropylphenethylcarbamoy
l)phenoxy)chroman- 4-carboxylic acid; [00331]
6-chloro-7-(4-(2-(3-chlorobiphenyl-4-yl)ethylcarbamoyl
)phenoxy)chroman-4- carboxylic acid; [00332]
7-(4-(2-bromo-4-chlorophenethylcarbamoyl)phenoxy)-6-ch
lorochroman-4- 



carboxylic acid; [00333]
6-chloro-7-(4-(2-(2',5-dichlorobiphenyl-2-yl)ethylcarb
amoyl)phenoxy) chroman-4-carboxylic acid; [00334]
6-chloro-7-(4-(4-chloro-2-cyclopropylphenethylcarbamoy
l)phenoxy)chroman- 4-carboxylic acid; [00335]
7-(4-(4-bromo-2-methoxyphenethylcarbamoyl)phenoxy)-6-c
hlorochroman-4- carboxylic acid; [00336]
6-chloro-7-(4-(4-cyclopropyl-2-methoxyphenethylcarbamo
yl)phenoxy) chroman-4-carboxylic acid; [00337]
6-chloro-7-(4-(2,4-dichloro-6-
methoxyphenethylcarbamoyl)phenoxy)chroman-4-carboxylic
acid; [00338]
8-bromo-6-chloro-7-(4-(4-chlorophenethylcarbamoyl)phen
oxy)chroman-4- carboxylic acid; [00339]
7-(4-(4-chlorophenethylcarbamoyl)phenoxy)-6,8-dicyclop
ropylchroman-4- carboxylic acid; [00340]
6,8-dicyclopropyl-7-(4-(2,4-dichlorophenethylcarbamoyl
)phenoxy)chroman- 4-carboxylic acid; [00341]
7-(4-(4-chlorophenethylcarbamoyl)phenoxy)-6-cyclopropy
lchroman-4- carboxylic acid;[00342]
6-cyclopropyl-7-(4-(2,4-dichlorophenethylcarbamoyl)phe
noxy)chroman-4- carboxylic acid; [00343]
6-chloro-8-cyclopropyl-7-(4-(2,4-dichlorophenethylcarb
amoyl)phenoxy) chroman-4-carboxylic acid; [00344]
6-Cyano-7-(4-(4-((dimethylamino)methyl)phenethylcarbam
oyl)phenoxy) chroman-4-carboxylic acid [00345]
6-Cyano-7-(4-(l,2,3,4-tetrahydroisoquinolin-7-ylcarbam
oyl)phenoxy) chroman-4-carboxylic acid; [00346]
6,8-dichloro-7-(4-(4-chlorophenethylcarbamoyl)phenoxy)
chroman-4- carboxylic acid; [00347]
7-(4-((2-Phenylcyclopropyl)carbamoyl)phenoxy)-6-cyano-
3,4-dihydro-2Hchromene- 4-carboxylic acid; [00348]
7-(4-((3-Methoxyphenethyl)carbamoyl)phenoxy)-6-cyano-3
,4-dihydro-2Hchromene- 4-carboxylic acid; [00349]
7-(4-((4-Fluorophenethyl)carbamoyl)phenoxy)-6-cyano-3,
4-dihydro-2Hchromene- 4-carboxylic acid; [00350]
7-(4-((4-(Trifluoromethyl)phenethyl)carbamoyl)phenoxy)
-6-cyano-3,4- dihydro-2H-chromene-4-carboxylic acid;
[00351]
7-(4-((2-(4-Chlorophenyl)cyclopropyl)carbamoyl)phenoxy
)-6-cyano-3,4- dihydro-2H-chromene-4-carboxylic acid;
[00352]
7-(4-(chroman-3-ylcarbamoyl)phenoxy)-6-cyanochroman-4-
carboxylic acid [00353] 6-Cyano-7-(4-(6-methoxy-
1,2,3,4-tetrahydronaphthalen-2-
ylcarbamoyl)phenoxy)chroman-4-carboxylic acid; [00354]
6-Cyano-7-(4-(naphthalen-
1-ylmethylcarbamoyl)phenoxy)chroman-4- carboxylic
acid; [00355] 6-Cyano-7-(4-(2-(naphthalen-
1-yl)ethylcarbamoyl)phenoxy)chroman-4- carboxylic
acid; [00356]
6-Cyano-7-(4-(2-(naphthalen-2-yl)ethylcarbamoyl)phenox
y)chroman-4- carboxylic acid; [00357]
7-(4-(4-tert-Butylphenethylcarbamoyl)phenoxy)-6-cyanoc
hroman-4- carboxylic acid;[00358]
7-(4-(2-(Biphenyl-4-yl)ethylcarbamoyl)phenoxy)-6-cyano
chroman-4- carboxylic acid; [00359]
7-(4-(2-Biphenyl-4-yl)ethylcarbamoyl)phenoxy)-6-chloro
chroman-4- carboxylic acid; [00360]
6-chloro-7-(4-((R)-2-phenylpropylcarbamoyl)phenoxy)chr
oman-4-carboxylic acid; [00361]
6-chloro-7-(4-((S)-2-phenylpropylcarbamoyl)phenoxy)chr
oman-4-carboxylic acid; [00362]
6-chloro-7-(4-(2-(4-chlorophenyl)propylcarbamoyl)pheno
xy)chroman-4- carboxylic acid; [00363]
6-chloro-7-(4-(2-methoxyphenethylcarbamoyl)phenoxy)chr
oman-4-carboxylic acid; [00364]
6-chloro-7-(4-(2-(trifluoromethoxy)phenethylcarbamoyl)
phenoxy)chroman-4- carboxylic acid; [00365]
6-chloro-7-(4-(2-phenoxyphenethylcarbamoyl)phenoxy)chr
oman-4-carboxylic acid; [00366]
6-Cyano-7-(4-(3',4'-dimethylbiphenyl-3-ylcarbamoyl)phe
noxy)chroman-4- carboxylic acid; [00367]
7-(4-(Biphenyl-3-ylcarbamoyl)phenoxy)-6-cyanochroman-4
-carboxylic acid; [00368] [00369]
7-(4-(Biphenyl-4-ylcarbamoyl)phenoxy)-6-cyanochroman-4
-carboxylic acid; [00370] [00371]
7-(4-(4'-Chlorobiphenyl-4-ylcarbamoyl)phenoxy)-6-cyano
chroman-4- carboxylic acid; [00372]
6-Cyano-7-(4-(3-(2-methylpyrimidin-4-yl)phenylcarbamoy
l)phenoxy) chroman-4-carboxylic acid; [00373]
6-Chloro-7-(4-(4'-chloro-6-fluorobiphenyl-3-ylcarbamoy
l)phenoxy)chroman- 4-carboxylic acid; [00374]
6-Cyano-7-(4-(l ,2,3,4-tetrahydronaphthalen-2-
ylcarbamoyl)phenoxy)chroman-4-carboxylic acid; [00375]
7-(4-(5-Chloro-2,3-dihydro-lH-inden-2-ylcarbamoyl)phen
oxy)-6- cyanochroman-4-carboxylic acid;[00376]
7-(4-(4-Chlorophenylcarbamoyl)phenoxy)-6-cyanochroman-
4-carboxylic acid; [00377]
6-Cyano-7-(4-(4-(trifluoromethyl)phenylcarbamoyl)pheno
xy)chroman-4- carboxylic acid; [00378]
6-Cyano-7-(4-(naphthalen-2-ylcarbamoyl)phenoxy)chroman
-4-carboxylic acid; [00379]
6-chloro-7-(4-(3-(4-chlorophenyl)propylcarbamoyl)pheno
xy)chroman-4- carboxylic acid; [00380]
6-chloro-7-(4-(3-phenylpropylcarbamoyl)phenoxy)chroman
-4-carboxylic acid; [00381]
6-chloro-7-(4-(2-chlorophenethylcarbamoyl)phenoxy)chro
man-4-carboxylic acid; [00382]
6-chloro-7-(4-(2,6-dichlorophenethylcarbamoyl)phenoxy)
chroman-4- carboxylic acid; [00383]
6-chloro-7-(4-(2,4-difluorophenethylcarbamoyl)phenoxy)
chroman-4- carboxylic acid; [00384]
6-chloro-7-(4-(2-chloro-6-fluorophenethylcarbamoyl)phe
noxy)chroman-4- carboxylic acid; [00385]
6-chloro-7-(4-(3-hydroxyphenethylcarbamoyl)phenoxy)chr
oman-4-carboxylic acid; [00386]
6-chloro-7-(4-(4-hydroxyphenethylcarbamoyl)phenoxy)chr
oman-4-carboxylic acid; [00387]
6-chloro-7-(4-(4-fluorophenethylcarbamoyl)phenoxy)chro
man-4-carboxylic acid; [00388]
6-chloro-7-(4-(2-(naphthalen-
1-yl)ethylcarbamoyl)phenoxy)chroman-4- carboxylic
acid; [00389]
6-chloro-7-(4-(2-(naphthalen-2-yl)ethylcarbamoyl)pheno
xy)chroman-4- carboxylic acid; [00390]
6-chloro-7-(4-(2,5-dimethoxyphenethylcarbamoyl)phenoxy
)chroman-4- carboxylic acid; [00391]
6-chloro-7-(4-(2,3-dimethoxyphenethylcarbamoyl)phenoxy
)chroman-4- carboxylic acid;[00392]
7-(4-(5-bromo-2-methoxyphenethylcarbamoyl)phenoxy)-6-c
hlorochroman-4- carboxylic acid; [00393]
7-(4-(2-bromophenethylcarbamoyl)phenoxy)-6-chlorochrom
an-4-carboxylic acid; [00394]
7-(4-(2-(biphenyl-2-yl)ethylcarbamoyl)phenoxy)-6-chlor
ochroman-4- carboxylic acid; [00395]
6-chloro-7-(4-(2-cyclopropylphenethylcarbamoyl)phenoxy
)chroman-4- carboxylic acid; [00396]
6-chloro-7-(4-(2-(4'-chlorobiphenyl-2-yl)ethylcarbamoy
l)phenoxy)chroman-4- carboxylic acid; 



[00397]
6-chloro-7-(4-(2-(3'-chlorobiphenyl-2-yl)ethylcarbamoy
l)phenoxy)chroman-4- carboxylic acid; [00398]
6-chloro-7-(4-(2-(2'-chlorobiphenyl-2-yl)ethylcarbamoy
l)phenoxy)chroman-4- carboxylic acid; [00399]
6-chloro-7-(4-(2-chloro-4-fluorophenethylcarbamoyl)phe
noxy)chroman-4- carboxylic acid; [00400]
6-chloro-7-(4-(2-chloro-4-(trifluoromethyl)phenethylca
rbamoyl)phenoxy) chroman-4-carboxylic acid; [00401]
6-chloro-7-(4-(4-chloro-2-methoxyphenethylcarbamoyl)ph
enoxy)chroman-4- carboxylic acid; [00402]
6-chloro-7-(4-(2-chloro-4-methoxyphenethylcarbamoyl)ph
enoxy)chroman-4- carboxylic acid; [00403]
6-chloro-7-(4-(4-fluoro-2-methoxyphenethylcarbamoyl)ph
enoxy)chroman-4- carboxylic acid; [00404]
6-chloro-7-(4-(2-methoxy-4-(trifluoromethyl)phenethylc
arbamoyl)phenoxy) chroman-4-carboxylic acid; [00405]
6-chloro-7-(4-(2,5-dichlorophenethylcarbamoyl)phenoxy)
chroman-4- carboxylic acid; [00406]
6-chloro-7-(4-(5-chloro-2-fluorophenethylcarbamoyl)phe
noxy)chroman-4- carboxylic acid; [00407]
6-chloro-7-(4-(2,4-dichlorophenethylcarbamoyl)-phenoxy
)chroman-4- carboxylic acid;[00408] Enantiomer 2 of
6-chloro-7-(4-(2,4-dichlorophenethylcarbamoyl)-phenoxy
) chroman-4-carboxylic acid; [00409]
6-chloro-7-(4-(2,4-dichlorophenethylcarbamoyl)-phenoxy
)chroman-4- carboxylic acid; [00410]
6-Cyano-7-(4-(4'-methylbiphenyl-3-ylcarbamoyl)phenoxy)
chroman-4- carboxylic acid; [00411]
6-Cyano-7-(4-(3'-methylbiphenyl-3-ylcarbamoyl)phenoxy)
chroman-4- carboxylic acid; [00412]
6-Cyano-7-(4-(2',3'-dimethylbiphenyl-3-ylcarbamoyl)phe
noxy)chroman-4- carboxylic acid; [00413]
7-(4-(2-(benzo[d][l,3]dioxol-5-yl)ethylcarbamoyl)pheno
xy)-6- chlorochroman-4-carboxylic acid; [00414]
6-chloro-7-(4-((2,3-dihydro-lH-inden-2-yl)methylcarbam
oyl)phenoxy) chroman-4-carboxylic acid; [00415]
6-chloro-7-(4-(2-(p-tolylthio)ethylcarbamoyl)phenoxy)c
hroman-4-carboxylic acid; [00416]
6-chloro-7-(4-(2-(4-chlorophenylthio)ethylcarbamoyl)ph
enoxy)chroman-4- carboxylic acid; [00417]
6-chloro-7-(4-(2-ethoxyphenethylcarbamoyl)phenoxy)chro
man-4-carboxylic acid; [00418]
6-chloro-7-(4-(2-(2-chlorophenoxy)ethylcarbamoyl)pheno
xy)chroman-4- carboxylic acid; [00419]
7-(4-(2-tert-butoxyphenethylcarbamoyl)phenoxy)-6-chlor
ochroman-4- carboxylic acid; [00420]
6-chloro-7-(4-(2-(methylthio)phenethylcarbamoyl)phenox
y)chroman-4- carboxylic acid; [00421]
6-chloro-7-(4-(4-(methylthio)phenethylcarbamoyl)phenox
y)chroman-4- carboxylic acid; [00422]
6-chloro-7-(4-(l-(3-chlorophenyl)pyrrolidin-3-
ylcarbamoyl)phenoxy)chroman-4-carboxylic acid; [00423]
6-chloro-7-(4-(l-(3-chlorophenyl)piperidin-4-ylcarbamo
yl)phenoxy)chroman- 4-carboxylic acid;[00424]
6-chloro-7-(4-(l-(3-(trifluoromethyl)phenyl)azetidin-3
-ylcarbamoyl)phenoxy) chroman-4-carboxylic acid;
[00425]
6-chloro-7-(4-(l-(3-(trifluoromethyl)phenyl)pyrrolidin
-3-ylcarbamoyl) phenoxy)chroman-4-carboxylic acid;
[00426]
6-chloro-7-(4-(l-(3-(trifluoromethyl)phenyl)piperidin-
4- ylcarbamoyl)phenoxy) chroman-4-carboxylic acid;
[00427]
6-chloro-7-(4-(l-(2,4-dichlorophenyl)piperidin-4-ylcar
bamoyl)phenoxy) chroman-4-carboxylic acid; [00428]
6-chloro-7-(4-((S)-l-(3-chlorophenyl)piperidin-3-ylcar
bamoyl)phenoxy) chroman-4-carboxylic acid; [00429]
6-Cyano-7-(4-((2,3-dihydro-lH-inden-2-yl)methylcarbamo
yl)phenoxy) chroman-4-carboxylic acid; [00430]
7-(4-(4-tert-Butylcyclohexylcarbamoyl)phenoxy)-6-cyano
chroman-4- carboxylic acid; [00431]
7-(4-(4-Chlorophenylcarbamoyl)phenoxy)chroman-4-carbox
ylic acid; [00432]
7-(4-(4-Chlorophenethylcarbamoyl)-2-methylphenoxy)-6-c
yanochroman-4- carboxylic acid; [00433]
6-Cyano-7-(4-((R)-2-phenylpropylcarbamoyl)phenoxy)chro
man-4-carboxylic acid; [00434]
6-Cyano-7-(4-((S)-2-phenylpropylcarbamoyl)phenoxy)chro
man-4-carboxylic acid; [00435] 7-(4-(
1-(4-Chlorophenyl)propan-2-ylcarbamoyl)phenoxy)-6-cyan
ochroman-4- carboxylic acid; [00436] [00437]
7-(4-(4-Chloro-3-methoxyphenethylcarbamoyl)phenoxy)-6-
cyanochroman-4- carboxylic acid; [00438]
7-(4-(3-tert-Butylphenylcarbamoyl)phenoxy)-6-cyanochro
man-4-carboxylic acid; [00439]
6-Cyano-7-(4-(3-isopropoxyphenylcarbamoyl)phenoxy)chro
man-4-carboxylic acid; [00440]
6-chloro-7-(4-(3,4-dichlorobenzylcarbamoyl)phenoxy)chr
oman-4-carboxylic acid;[00441]
6-chloro-7-(4-(4-(trifluoromethyl)phenethylcarbamoyl)p
henoxy)chroman-4- carboxylic acid; [00442]
6-chloro-7-(4-(3,4-dichlorophenethylcarbamoyl)phenoxy)
chroman-4- carboxylic acid; [00443]
6-chloro-7-(4-(2,3-dichlorophenethylcarbamoyl)phenoxy)
chroman-4- carboxylic acid; [00444]
6-chloro-7-(4-(4-methoxyphenethylcarbamoyl)phenoxy)chr
oman-4-carboxylic acid; [00445]
6-chloro-7-(4-(3,4-dimethoxyphenethylcarbamoyl)phenoxy
)chroman-4- carboxylic acid; [00446]
7-(4-(4-tert-butylphenethylcarbamoyl)phenoxy)-6-chloro
chroman-4- carboxylic acid; [00447]
6-chloro-7-(4-(3-methoxyphenethylcarbamoyl)phenoxy)chr
oman-4-carboxylic acid; [00448]
6-chloro-7-(4-(2,4-dimethoxyphenethylcarbamoyl)phenoxy
)chroman-4- carboxylic acid; [00449]
6-chloro-7-(4-(3-fluorophenethylcarbamoyl)phenoxy)chro
man-4-carboxylic acid; [00450]
6-chloro-7-(4-(3-methylphenethylcarbamoyl)phenoxy)chro
man-4-carboxylic acid; [00451]
6-chloro-7-(4-(4-(trifluoromethy
lthio)phenethylcarbamoyl)phenoxy)chroman- 4-carboxylic
acid; [00452]
6-chloro-7-(4-(3,5-dichlorophenethylcarbamoyl)phenoxy)
chroman-4- carboxylic acid; [00453]
6-chloro-7-(4-(3-phenoxyphenethylcarbamoyl)phenoxy)chr
oman-4-carboxylic acid; [00454]
6-chloro-7-(4-(3-chlorophenethylcarbamoyl)phenoxy)chro
man-4-carboxylic acid; [00455]
6-chloro-7-(4-(3-(trifluoromethyl)phenethylcarbamoyl)p
henoxy)chroman-4- carboxylic acid; [00456]
6-chloro-7-(4-(2-(trifluoromethyl)phenethylcarbamoyl)p
henoxy)chroman-4- carboxylic acid;[00457]
6-chloro-7-(4-(2-fluorophenethylcarbamoyl)phenoxy)chro
man-4-carboxylic acid; [00458]
6-Cyano-7-(4-(3-(trifluoromethyl)phenylcarbamoyl)pheno
xy)chroman-4- carboxylic acid; [00459]
Cis-6-Chloro-7-(4-(4-phenylcyclohexylcarbamoyl)phenoxy
)chroman-4- carboxylic acid; 



[00460]
Trans-6-Chloro-7-(4-(4-phenylcyclohexylcarbamoyl)pheno
xy)chroman-4- carboxylic acid; [00461]
7-(4-(4-ter-butylcyclohexylcarbamoyl)phenoxy)-6-chloro
chroman-4- carboxylic acid; [00462]
6-Chloro-7-(4-(4,4-dimethylcyclohexylcarbamoyl)phenoxy
)chroman-4- carboxylic acid; [00463]
6-Chloro-7-(4-(3-phenylcyclohexylcarbamoyl)phenoxy)chr
oman-4-carboxylic acid; [00464]
6-Chloro-7-(4-(3-(3-chlorophenyl)cyclohexylcarbamoyl)p
henoxy)chroman-4- carboxylic acid; [00465]
6-Chloro-7-(4-(3-(4-methylphenyl)cyclohexylcarbamoyl)p
henoxy)chroman-4- carboxylic acid; [00466]
6-Chloro-7-(4-(3-(4-methoxyphenyl)cyclohexylcarbamoyl)
phenoxy)chroman- 4-carboxylic acid; [00467]
6-Chloro-7-(4-(3-(4-(methylthio)phenyl)cyclohexylcarba
moyl)phenoxy) chroman-4-carboxylic acid; [00468]
6-Chloro-7-(4-(3-(3-methoxyphenyl)cyclohexylcarbamoyl)
phenoxy)chroman- 4-carboxylic acid; [00469]
6-chloro-7-(4-(3-(4-chlorophenyl)cyclohexylcarbamoyl)p
henoxy)chroman-4- carboxylic acid; [00470]
6-chloro-7-(4-(3-phenylcyclopentylcarbamoyl)phenoxy)ch
roman-4-carboxylic acid; [00471]
6-Chloro-7-(4-(3-/?-tolylcyclopentylcarbamoyl)phenoxy)
chroman-4- carboxylic acid; [00472]
6-Chloro-7-(4-(3-(3-chlorophenyl)cyclopentylcarbamoyl)
phenoxy)chroman-4- carboxylic acid;[00473]
6-chloro-7-(4-(3-(4-chlorophenyl)cyclopentylcarbamoyl)
phenoxy)chroman-4- carboxylic acid; [00474]
6-chloro-7-(4-(3-(3-methylphenyl)cyclopentylcarbamoyl)
phenoxy)chroman-4- carboxylic acid; [00475]
6-chloro-7-(4-(3-(3-
(trifluoromethyl)phenyl)cyclopentylcarbamoyl)phenoxy)c
hroman-4-carboxylic acid; [00476]
6-chloro-7-(4-(3-(3-fluorophenyl)cyclopentylcarbamoyl)
phenoxy)chroman-4- carboxylic acid; [00477]
6-chloro-7-(4-(3-(3-(methylthio)phenyl)cyclopentylcarb
amoyl)phenoxy) chroman-4-carboxylic acid; [00478]
6-chloro-7-(4-(3-(3,4-dichlorophenyl)cyclopentylcarbam
oyl)phenoxy) chroman-4-carboxylic acid; [00479]
6-chloro-7-(4-(3-(4-methoxyphenyl)cyclopentylcarbamoyl
)phenoxy)chroman- 4-carboxylic acid; [00480]
6-chloro-7-(4-(3-(4-(methylthio)phenyl)cyclopentylcarb
amoyl)phenoxy) chroman-4-carboxylic acid; [00481]
6-chloro-7-(4-(4-(4-chlorophenyl)cyclohexylcarbamoyl)p
henoxy)chroman-4- carboxylic acid; [00482]
6-chloro-7-(4-(3-phenylcyclobutylcarbamoyl)phenoxy)chr
oman-4-carboxylic acid; [00483]
6-chloro-7-(4-(l-(4-chlorophenyl)-3-hydroxypropan-2-yl
carbamoyl)phenoxy) chroman-4-carboxylic acid; [00484]
6-chloro-7-(4-(3,3-dimethylbutylcarbamoyl)phenoxy)chro
man-4-carboxylic acid; [00485]
6-chloro-7-(4-(2-cyclohexylethylcarbamoyl)phenoxy)chro
man-4-carboxylic acid; [00486]
6-chloro-7-(4-(4-chlorophenethylcarbamoyl)-2-methylphe
noxy)chroman-4- carboxylic acid; [00487]
6-chloro-7-(4-(2,4-dichlorophenethylcarbamoyl)-2-methy
lphenoxy)chroman- 4-carboxylic acid;[00488]
6-chloro-7-(4-(2,4-dichlorophenethylcarbamoyl)-3-methy
lphenoxy)chroman- 4-carboxylic acid; [00489]
6-chloro-7-(4-(2-(4-chlorophenyl)-2-hydroxyethylcarbam
oyl)phenoxy) chroman-4-carboxylic acid; [00490]
6-chloro-7-(4-(2-(2-chlorophenyl)-2-hydroxyethylcarbam
oyl)phenoxy) chroman-4-carboxylic acid; [00491]
6-chloro-7-(4-(2-cyclopentylethylcarbamoyl)phenoxy)chr
oman-4-carboxylic acid; [00492]
7-(4-(l-oxaspiro[4.4]nonan-3-ylcarbamoyl)phenoxy)-6-ch
lorochroman-4- carboxylic acid; [00493]
6-chloro-7-(4-(2-(4-chlorophenyl)-2-methoxyethylcarbam
oyl)phenoxy) chroman-4-carboxylic acid; [00494]
6-chloro-7-(4-(2-(4-chlorophenyl)-2-fluoroethylcarbamo
yl)phenoxy)chroman- 4-carboxylic acid; [00495]
6-chloro-7-(4-(3,5-dimethoxyphen-ethylcarbamoyl)phenox
y)chroman-4- carboxylic acid; [00496]
6-chloro-7-(4-(3-chloro-2-methoxyphen-ethylcarbamoyl)p
henoxy)chroman-4- carboxylic acid; [00497]
6-chloro-7-(4-(4-chloro-2-(trifluoro-methyl)phenethyl-
carbamoyl)phenoxy) chroman-4-carboxylic acid; [00498]
7-(4-(2-(benzo[d]
[1,3]dioxol-4-yl)ethylcarbamoyl)phenoxy)-6-
chlorochroman-4-carboxylic acid; [00499]
6-chloro-7-(4-(2-(l-(4-(trifluoromethyl)phenyl)-lH-pyr
rol-2-yl)ethylcarbamoyl) phenoxy)chroman-4-carboxylic
acid; [00500]
6-chloro-7-(4-(2-(4-chlorophenyl)-2,2-difluoroethylcar
bamoyl)phenoxy) chroman-4-carboxylic acid; [00501]
6-chloro-7-(4-(2-ethylphenethylcarbamoyl)phenoxy)chrom
an-4-carboxylic acid; [00502]
6-chloro-7-(4-(2-(2,4-dichlorophenyl)-2-hydroxyethylca
rbamoyl)phenoxy) chroman-4-carboxylic acid; [00503]
6-chloro-7-(4-(4-chloro-2-ethoxyphen-ethylcarbamoyl)ph
enoxy)chroman-4- carboxylic acid;[00504]
6-chloro-7-(4-(4-chloro-2-(cyclopropyl-methoxy)pheneth
ylcarbamoyl) phenoxy)chroman-4-carboxylic acid;
[00505]
6-chloro-7-(4-(4-chloro-2-(2-methoxyethoxy)phenethylca
rbamoyl)phenoxy) chroman-4-carboxylic acid; [00506]
6-chloro-7-(4-(4,5-dichloro-2-ethoxyphenethylcarbamoyl
)phenoxy)chroman- 4-carboxylic acid; [00507]
6-chloro-7-(4-(4-chloro-2-isopropoxy-phenethylcarbamoy
l)phenoxy)chroman- 4-carboxylic acid; [00508]
6-chloro-7-(4-(4-chloro-2-(trifluoromethoxy)phenethylc
arbamoyl)phenoxy) chroman-4-carboxylic acid; [00509]
6-chloro-7-(4-(3,5-dichlorophen-ethylcarbamoyl)phenoxy
)chroman-4- carboxylic acid; [00510]
6-chloro-7-(4-((l,2,3,4-tetrahydronaphthalen-l-yl)meth
ylcarbamoyl)phenoxy) chroman-4-carboxylic acid;
[00511] 6-chloro-7-(4-(2-(4-chlorophenoxy)
phenethylcarbamoyl) phenoxy)chroman- 4-carboxylic
acid; [00512]
6-chloro-7-(4-(4-chloro-2-phenoxyphen-ethylcarbamoyl)p
henoxy)chroman-4- carboxylic acid; [00513]
6-chloro-7-(4-(4-chloro-2-(4-chlorophenoxy)phenethylca
rbamoyl)phenoxy) chroman-4-carboxylic acid; [00514]
6-chloro-7-(4-(2-(3-chlorophenoxy)
phenethylcarbamoyl)phenoxy)chroman-4- carboxylic acid;
[00515] 6-chloro-7-(4-(2-(2-chlorophenoxy)
phenethylcarbamoyl)phenoxy)chroman-4- carboxylic acid;
[00516]
6-chloro-7-(4-(4-chloro-2-(3-chlorophenoxy)phenethylca
rbamoyl)phenoxy) chroman-4-carboxylic acid; [00517]
6-chloro-7-(4-(2-(3,4-dichlorophenoxy)-5-
fluorophenethylcarbamoyl)phenoxy) chroman-4-carboxylic
acid; [00518]
6-chloro-7-(4-(2-(2,4-dichlorophenoxy)-5-
fluorophenethylcarbamoyl)phenoxy) chroman-4-carboxylic
acid; [00519]
6-chloro-7-(4-(4-chloro-2-(2-fluoroethoxy)phenethylcar
bamoyl)phenoxy) chroman-4-carboxylic acid;[00520]
6-chloro-7-(4-(4-chloro-2-(3-fluoropropoxy)phenethylca
rbamoyl)phenoxy) chroman-4-carboxylic acid; [00521]
6-chloro-7-(4-(2-chloro-6-methoxyphen-ethylcarbamoyl)p
henoxy)chroman-4- carboxylic acid; 



[00522]
6-chloro-7-(4-(2,6-dimethoxyphen-ethylcarbamoyl)phenox
y)chroman-4- carboxylic acid; [00523]
5-chloro-7-(4-(4-chlorophenethylcarbamoyl)phenoxy)chro
man-4-carboxylic acid; [00524] 7-(4-((
1-(4-chlorophenyl)cyclopropyl)methylcarbamoyl)phenoxy)
-6- cyanochroman-4-carboxylic acid; [00525]
6-chloro-7-(4-(2-phenoxyethylcarbamoyl)phenoxy)chroman
-4-carboxylic acid; [00526]
7-(4-(2,4-bis(trifluoromethyl)phenethylcarbamoyl)pheno
xy)-6- chlorochroman-4-carboxylic acid; [00527]
6-chloro-7-(4-(2,4,6-trimethoxyphenethylcarbamoyl)phen
oxy)chroman-4- carboxylic acid; [00528]
6-chloro-7-(4-(4-(difluoromethoxy)phenethylcarbamoyl)p
henoxy)chroman-4- carboxylic acid; [00529]
6-chloro-7-(4-(2,6-dichloro-4-
methoxyphenethylcarbamoyl)phenoxy)chroman-4-carboxylic
acid; [00530]
6-chloro-7-(4-(2,4-diethoxyphenethylcarbamoyl)phenoxy)
chroman-4- carboxylic acid; [00531]
6-chloro-7-(4-(2-chloro-4,6-
dimethoxyphenethylcarbamoyl)phenoxy)chroman-4-carboxyl
ic acid; [00532]
6-chloro-7-(4-(4-ethoxy-2-methoxyphenethylcarbamoyl)ph
enoxy)chroman-4- carboxylic acid; [00533]
6-chloro-7-(4-(2-ethoxy-4-methoxyphenethylcarbamoyl)ph
enoxy)chroman-4- carboxylic acid; [00534]
6-chloro-7-(4-(4-chloro-2-
(methylthio)phenethylcarbamoyl)phenoxy)chroman-4-carbo
xylic acid; [00535]
6-chloro-7-(4-(4-chloro-2-fluorophenethylcarbamoyl)phe
noxy)chroman-4- carboxylic acid;[00536]
6-chloro-7-(4-((5-chloro-2,3-dihydro-lH-inden-l-yl)met
hylcarbamoyl) phenoxy)chroman-4-carboxylic acid;
[00537]
6-chloro-7-(4-(2-cyclopropyl-4-(trifluoromethyl)phenet
hylcarbamoyl) phenoxy)chroman-4-carboxylic acid;
[00538]
6-Chloro-7-(4-(4-chloro-2-hydroxyphenethylcarbamoyl)ph
enoxy)chroman-4- carboxylic acid; [00539] Enantiomer 2
of
6-chloro-7-(4-(4-chloro-2-cyclopropylphenethylcarbamoy
l) phenoxy)chroman-4-carboxylic acid; [00540]
Enantiomer 2 of
6-chloro-7-(4-(4-cyclopropyl-2-methoxyphenethylcarbamo
yl) phenoxy)chroman-4-carboxylic acid; [00541]
Enantiomer 2 of
6-chloro-7-(4-(2,4-dichloro-6-methoxyphenethylcarbamoy
l) phenoxy)chroman-4-carboxylic acid; [00542]
Enantiomer 2 of
6-chloro-7-(4-(4-chloro-2-methoxyphenethylcarbamoyl)
phenoxy)chroman-4-carboxylic acid; [00543]
6-chloro-7-(4-(2-methoxy-4-(trifluoromethyl)phenethylc
arbamoyl) phenoxy)chroman-4-carboxylic acid; [00544]
Enantiomer 2 of
6-chloro-7-(4-(2-methoxy-4-(trifluoromethyl)phenethylc
arbamoyl) phenoxy)chroman-4-carboxylic acid; [00545]
Enantiomer 2 of
6-chloro-7-(4-(2,4-dimethoxyphenethylcarbamoyl)
phenoxy)chroman-4-carboxylic acid; [00546] and salts
thereof. Particular mention is made of the sodium salt
of the aforementioned compounds. Example A DP-2
binding Inhibition Assay [00547] The coding sequence
of human DP2 was introduced into the human Leukemic
cell line K562 by electroporation and stable clones
expressing DP2 were obtained by limiting dilution
followed by cell surface staining with a rat
monoclonal antibody specific for human DP2. Membranes
were prepared from one of these DP2 expressing clones
and used to determine the ability of compounds of the
present invention to inhibit binding of prostaglandin
D2 (PGD2) to its receptor DP2 in the presence of one
or more of the following serum protein concentrations,
0.1% BSA, 1% HSA or 4% HSA, by the following
procedure. Membranes (1.25 mg/well for 0.1% BSA and 6
mg/well for 1% or 4% HSA) were mixed with3H-labeled
PGD and various concentrations of test compounds in
150 mL of binding buffer (50 mM Tris-HCl, pH 7.4, 40
mM MgCl 2, 0.1% bovine serum albumin, 0.1% NaN3) in
96- well U-bottom polypropylene plates. After
incubation for 60 minutes at room temperature, the
assay was transferred to a filtration plate (#MAFB;
Millipore Corporation, Bedford, MA), and washed three
times with binding buffer. Radioactivity was measured
by a scintillation counter (TopCount; PerkinElmer Life
Sciences, Boston, MA). Nonspecific binding was
determined by incubations in the presence of 1
mMunlabeled PGD2 or 5 mM of a known DP2 antagonist.
EC50 values for inhibition of binding were determined
for each compound tested from the inflexion point of a
standard 4-parameter logistical curve fitted to the
values obtained. Compounds of the invention had EC50
values less than 5 micromolar in one or more of the
binding assays. Certain compounds of the invention had
EC50 values less than 1 micromolar in one or more of
the binding assays. Certain compounds of the invention
had EC50 values less than 0.5 micromolar in one or
more of the binding assays. Certain compounds of the
invention had EC50 values less than 0.25 micromolar in
one or more of the binding assays. [00548] When
certain compounds of the invention prepared as racemic
mixtures were separated to isolate each enantiomer, it
was found that one enantiomer was more potent than the
other enantiomer when tested in a DP2 binding
inhibition assay as described above. [00549] EC50
values for compounds of the invention when tested in a
DP2 binding inhibition assay as described above are
provided in Table A. Table AMETAL-TO-METAL SEAL FOR
SMOOTH BORE Field of the Invention This invention
relates in general to subsea oil and gas well
production, and in particular to a metal-to-metal seal
for use in a tieback connector. Background of the
Invention Metal-to-metal sealing is commonly used in
subsea hydrocarbon production assemblies. For example,
subsea wells typically have a subsea wellhead assembly
at the seafloor with a subsea production tree mounted
on the wellhead assembly. The tree has valves
connected to flowlines for controlling flow from the
well. In another type of installation, a string of
tieback conduit extends from the subsea wellhead
assembly to a platform at the surface. A surface tree
is mounted on the upper end of the tieback conduit.
Some riser systems have inner and outer tieback
conduits, each of which is run separately and
connected by a tieback connector. The inner and outer
tieback conduits make up the tieback riser in that
type of system. The inner tieback conduit is installed
by connecting a tieback connector to the lower end of
the conduit and lowering it into the bore of the
subsea wellhead housing assembly. The tieback
connector has a locking member that locks to the
subsea wellhead housing or to the tapered stress joint
at the bottom of the outer tieback conduit. The inner
tieback connector also includes a seal between where
the tieback connector lands onto the subsea wellhead
assembly. The seal is preferably a metal-to-metal
seal, and it seals to an internal component of the
subsea wellhead housing assembly. Metal-to-metal seals
have a variety of configurations. While many work
well, improvements are desired. Summary of the
Invention The seal assembly includes a tubular member
having a longitudinal axis and a tubular member seal
profile. A metal seal ring having a proximal base and
a distal end has a seal ring seal profile between the
proximal base and distal end that contacts the tubular
member sealprofile. A distal annular recess is in one
of the seal profiles, the distal annular recess being
spaced axially from the distal end of the seal ring,
defining a primary seal surface between the distal end
of the seal ring and the distal annular recess. The
seal surface engages a seal surface of the tubular
member seal profile. The contacting portions of the
seal surfaces form a primary metal-to-metal seal area.
A proximal annular recess is in one of the seal
profiles and spaced axially from the distal annular
recess, defining a support area axially spaced from
the metal-to-metal seal area. The distal annular
recess has an axial extent length that exceeds an
axial extent length of the metal-to-metal seal area,
measured along the axis of the tubular member.
Preferably, the proximal annular recess has an axial
extent length, measured along the axis of the tubular
member, that exceeds the axial extent length of the
metal-to-metal seal area. In the preferred embodiment,
when viewed in an axial cross-section, each of the
annular recesses forms a continuous curve from one
edge to an opposite edge. The support area on one of
the seal profiles is in contact with part of the other
of the seal profiles when exposed to a selected level
of fluid pressure, but less compressive force exists
between this part and the support area than at the
metal-to-metal seal area. The support area contact
does not necessarily form a metal-to-metal seal,
particularly at lower pressure 



levels. The distal annular recess may be in the seal
ring seal profile or it may be in the tubular member
profile. The proximal annular recess may be in the
seal ring seal profile or in the tubular member seal
profile. If the proximal annular recess is in the
tubular member seal profile, an additional proximal
annular recess may be formed in the seal ring seal
profile opposite the proximal annular recess in the
tubular member seal profile. In one embodiment, the
distal and proximal annular recesses are in the
tubular member seal profile. The seal ring seal
profile comprises a conical surface that is
substantially straight from the metal-to-metal sealing
area to the proximal annular recess in the tubular
member seal profile. Brief Description of the Drawings
Figure 1 is a sectional view illustrating a tieback
connector, having a seal assembly, landing on a
wellhead assembly. Figure 2 is a sectional view
illustrating the tieback connector of Figure 1 in a
landed position. Figure 3 is an enlarged sectional
view of the seal assembly of Figure 1.Figure 4 is an
enlarged sectional view of the seal assembly of Figure
2. Figure 5 is a sectional view of an alternate
embodiment of the seal assembly of Figure 4. Figure 6
is a sectional view of another alternate embodiment of
the seal assembly of Figure 4. Figure 7 is an enlarged
sectional view of the mandrel portion of the seal
assembly of Figure 6. Detailed Description of the
Invention Referring to Figure 1, a tieback connector
20 for a subsea wellhead is illustrated in side
cross-sectional view landing to a wellhead housing
(not shown). The tieback connector 20 comprises a
tubular mandrel 22, an actuator sleeve 34
circumscribing the mandrel 22 lower portion, a sleeve
32 formed around both the upper portion of the
actuator sleeve 34 and the mandrel 22, and a casing
hanger lockdown member 28 coaxially circling the
sleeve 32. Opposing mating surfaces of the mandrel 22
and the sleeve 32 respectively include a mandrel
groove 23 and a sleeve groove 33. As shown, these
grooves 23, 33 are aligned with a split ring 30
extending into both the mandrel groove 23 and the
sleeve groove 33. The mandrel 22 and the sleeve 32 are
coaxially coupled by the presence of the split ring 30
within the grooves 23, 33. The tieback connector 20
further includes a seal assembly 50 affixed to the
lower end of the mandrel 22. Figures 1 and 3
illustrate seal 50 prior to energizing the seal 50.
Figures 2 and 4 depict seal 50 in engagement with a
casing hanger 38. With reference now to Figure 3, an
enlarged side cross-sectional view of the seal
assembly 50 is illustrated. The seal assembly 50
comprises a metal seal member that may have an annular
rib, base or web 54 on its outer side extending
radially outward from its mid section and an upper leg
56 extending from the midsection substantially
perpendicular to the web 54. Optionally included is a
lower leg 58 extending in an opposite direction from
the upper leg 56. An outer surface of the upper leg 56
has portions in sealing contact with a lower terminal
end of the mandrel 22. Although the mandrel 22 is
shown as a part of the tieback connection 20, the seal
assembly 50 can be coupled with any annular member and
used for sealing there between. Mandrel 22 preferably
has a lower cylindrical sealing surface 29a, a central
cylindrical or slightly conical support surface 29b
and an upper conical sealing surface 29c. Lower
cylindrical sealing surface 29a has a diameter larger
than central cylindrical supportsurface 29b and is
separate by a conical transition area. Upper conical
sealing surface 29c has a maximum diameter at its
junction with support surface 29b. Seal 50 is an
annular member circumscribing a longitudinal axis of
mandrel 22. An upper leg seal groove 72 is optionally
formed on a cylindrical lower portion of the upper leg
outer surface proximate to the web 54. An elastomeric
seal 74, located in seal groove 72, is shown in
cross-section and elastically deformed when pressed
against lower cylindrical sealing portion 29a of the
opposing sealing surface 29 of the mandrel 22. An
undercut or annular recess 68 is formed into the upper
leg outer surface beginning a short distance above
groove 74. Recess 68 begins at a portion of seal 50
that may be considered to be part of a base of first
leg 56, thus may be referred to as proximal recess 68.
When viewed in the axial cross-sectional view of
Figures 3 and 4, the recess 68 preferably has a
continuously curved profile from its lower edge to its
upper edge. In this example, the curved profile is
formed at a single radius. The upper edge of proximal
recess 68 terminates at a support area 66; which may
be cylindrical and has a finite axially dimension or
thickness. Support area 66 may contact but does not
necessarily seal to mandrel central support surface
29b. If in contact after initial assembly, support
area 66 would exert less force against upper tubular
member 22 than sealing area 62. Support are 66 would
contact central support surface 29b when fluid
pressure at the maximum level, but the contact would
not be sufficient to form a metal-tometal seal at the
specified fluid pressure. The support area 66 axial
extent or thickness is less than the axial extent or
length of the undercut 68. The axial length is
measured along the axis of mandrel 22. A second upper
leg undercut or annular recess 64 is formed in the
upper leg 56 and since it is closer to the upper end
of upper leg 56, it may be referred to as a distal
recess. Undercut 64 begins at support area 66 and
terminates at an upper leg outer sealing area 62. The
sealing area 62 is formed proximate the tip of the
upper leg 56, and as will be described below, provides
a primary point of sealing contact between the seal
assembly 50 and the mandrel 22 upper conical sealing
area 29c. Undercut 64 is shown as having a larger
radius and axial length than undercut 68, but
variations are possible. In the embodiment of Figure
3, sealing area 62 has a curved generally conical
crosssection, but other configurations are feasible.
The diameter of the sealing area 62 is less than the
support area 66 diameter. The axial dimension or
length of undercut 64 is greater than the contacting
portion of upper seal 62. The axial length of sealing
area 62, which is the portion that contacts and seals
against mandrel surface 29c, ranges from about 10% to
about 50% of the first recess axial length.Upper leg
56 deflects elastically when being installed on
mandrel 22, with sealing area 62 deflecting radially
inward slightly to form a metal-to-metal seal with
sealing surface 29c. Support area 66 preferably
deflects a very small amount compared to the
deflection of sealing area 62. Prior to being
installed on mandrel 22, a line 69 tangent to seal
area 62 and support area 66 would be a small positive
angle Ta relative to a vertical line 70 parallel with
the axis of mandrel 22. After installation the taper
angle Ta between lines 69 and 70 increases slightly.
Prior to installation, taper angle Ta may be from
about 8 to about 15. The embodiment of the lower leg
58 of Figure 3 is similar to the upper leg 56 but some
differences do exist in the embodiments shown. Lower
leg 58 will sealingly engage a sealing surface in
casing hanger 38. As shown in Figure 4, the sealing
area in casing hanger 38 includes a lower cylindrical
surface 38a, a conical transition area 39b and an
upper cylindrical surface 39c. Upper cylindrical
surface 39c is larger in diameter than lower
cylindrical surface 39a. Upper cylindrical surface 39c
and lower cylindrical surface 38a could be slightly
conical, if desired. The lower leg 58 optionally
includes a cylindrical portion on its outer surface
with a base portion having a seal groove 90 and an
elastomeric O-ring seal 92 that seals to upper
cylindrical surface 39c. The lower leg 58 also
includes third and fourth recesses or undercuts 82, 86
separated by a support area 84. Recess 86 begins at
what may be considered to be part of the base of
second leg 58. Support area 84 may contact but does
not necessarily seal to lower cylindrical surface 39a.
Support area 84 exerts less force against casing
hanger 38 than second sealing area 80. In this
example, the lower undercut 82 and the upper undercut
84 have about the same axial lengths and radii, but
the lower undercut 82 is shallower. Sealing area 80 on
the lower leg 58 is proximate to the lower leg tip and
optionally may have a rounded cross-section. Sealing
area 80 sealingly engages casing hanger cylindrical
surface 39a. The axial length of each undercut 82, 84
is greater than the axial thickness of support section
84 and the axial length of the contacting portion of
sealing area 80. One of the differences between the
lower leg 58 and the upper leg 56 is the difference
between the initial upper taper angle Ta and a lower
taper angle Tb. Lower taper angle Tb is the initial
angle, prior to installation, between a tangent line 8
1 and vertical line 70, which is parallel with the
axis of casing hanger 38. The tangent line 8 1 is
tangent to support area 84 and lower sealing area 80.
Lower taper angle Tb is a reverse taper relative to
vertical line 70 from upper taper angle Ta. Sealing
area 80 has an outer diameter slightly greater than
the diameter of casing hanger cylindrical surface 39a.
When sealing area 80 is forced against casing hanger
cylindrical surface 39a, lower leg 58 elastically
deflects inward, therebydecreasing taper angle Tb.
Angle Tb decreases during installation, and prior to
installation is preferably no greater than about 2
degrees. The web 54 has a generally frusto-conical
cross section, its width decreasing from the body 52
mid section to the web 54 crown 55. The crown 55 outer
surface is profiled to form a ridge 57 along the
crown's 55 outer circumference in this example. In
this embodiment, the web 54 upper surface 67 and lower
surface 65 are not parallel. These surfaces 65, 67 may
have the same angle with respect to the axis of seal
50, or can have different angles as shown. In another
embodiment, the surfaces 65, 67 may be generally
parallel with each other, 



resulting in a near uniform thickness of rib 54. A
retainer assembly 59 engages the ridge 57 for
retaining the seal assembly 50 on the lower end of the
mandrel 22. The retainer assembly 59 comprises a clip
6 1 having an elongated body with an inwardly
protruding lip 7 1 on its lower end. The lip 7 1 mates
with the ridge 57 and supports the seal assembly 50 on
the mandrel 22. At this stage the seal assembly 50 is
only partially in sealing engagement with the mandrel
22, thus a gap 31 remains between the mandrel 22 lower
terminal surface 27 and the web 54 upper surface 67.
The upper end of the clip 6 1 includes a base 53
wedged into a channel 25 formed on the mandrel 22
outer radial surface. An annular ring 63 circumscribes
the outer portion of the base 53 for slidingly
retaining it within the channel 25. Other retainers
are feasible. With reference now to Figure 2, the
tieback connector 20 is shown landed on the wellhead
housing and in contact with inner or second casing
hangar 38. The seal assembly 50 is wedged between the
lower terminal end 27 (Fig. 4) of the mandrel 22 and
the upper terminal end 4 1 of the second casing hangar
38. In this embodiment the mandrel 22 has been
uncoupled from the sleeve 32 and traveled downward
with respect to the sleeve 32. Uncoupling the sleeve
32 from the mandrel 22 involves using the activation
sleeve 34 to urge the split ring 30 into an open space
at the back end of the recess 33. The activation
sleeve 34 upper end engages a profiled portion on the
split ring 30 lower end to slide it out of the mandrel
groove 23 permitting axial sliding of the mandrel 22
with respect to the sleeve 32. Alternatively, mandrel
22 could have a threaded engagement with sleeve 32
that causes it to move between the portion of Figure 1
and the portion of Figure 2 by rotation of the mandrel
22. An enlarged view of the seal assembly 50 wedged
between the mandrel 22 and the casing hangar 38 is
provided in a cross-sectional view in Figure 4. During
landing, lower seal leg 58 will stab into casing
hanger cylindrical portion 38a with straight downward
movement. Seal area 80 elastically deflects and forms
a sealing engagement with cylindricalportion 38a.
Then, in this example, the operator rotates mandrel
22, which will rotate relative to seal 50. The
rotation causes mandrel 22 to advance downward
slightly relative to seal 50, causing gap 3 1 to close
as mandrel lower surface 27 contacts web 54 upper
surface 67. The downward movement of mandrel 22 also
engages the upper leg sealing area 62 with mandrel
sealing surface 29c. This engagement bends the upper
leg 56 elastically toward the axis, thereby forming a
stress area between the seal area 62 and the sealing
surface 29c to energize the seal assembly 50. Internal
pressure acts against seal 50 to apply an internal
force on seal areas 62 and 80, which is reacted by
casing hanger seal surface 39a and mandrel sealing
surface 29c. Internal pressure may also cause support
areas 66 and 84 to contact mandrel surface 29b and
casing surface 39a, respectively. This contact is not
necessarily a sealing contact, however, and the
contacting force under pressure is less than the
forces imposed by the sealing areas. If the pressure
is high enough, the contact may result in sealing, but
this is not necessary. Strategically positioning the
support area 66 on the sealing surface, in combination
with the curved undercuts 64, 68, provides a means for
controlling the sealing stress value between the
sealing area 62 and the sealing surface 29c when
energizing the seal assembly 50. A significant
increase in sealing stress is achievable using the
control means, wherein the maximum sealing stress is
maintained below the yield point of the respective
materials of the mandrel 22 and the seal 50.
Additionally, controlling the stress at the sealing
area 62 also insures other high stress points in the
seal 50 will not exceed their respective yield values.
The support areas 66 and 84 provide stiffening of legs
56, 68 against internal pressure loads. It is well
within the capabilities of those skilled in the art to
form seal legs having appropriately dimensioned
undercuts, supports, and seal areas to achieve the
desired results described herein. The angled upper and
lower surfaces 67, 65 of the web 54 comprise an
additional feature of the seal assembly 50. The
corresponding lower terminal end 27 of the mandrel 22
and the upper terminal end 4 1 of the casing hangar 38
are correspondingly angled to match the upper and
lower surface contours. A lateral force exerted to the
exterior of either the mandrel 22 or the casing hangar
38 is transferred to the other annular member via the
wedge shaped web 54. This force transfer effectively
couples the members together, thereby resisting
lateral movement of one member with respect to the
other. A second embodiment of a seal assembly is
illustrated in Figure 5. A tubular member 94, which
may be similar to mandrel 22 or casing hanger 38 of
the first embodiment or another tubular member, has a
seal profile 96 on its inner diameter. Seal profile 96
has aprimary seal area 98 that in this embodiment is a
conical surface at the upper end of seal profile 96.
In this example, a cylindrical surface 100 extends
downward from primary seal area 98. An annular recess
102, referred to herein as a proximal recess, is
formed at the lower end of cylindrical surface 100.
Proximal recess 102 is preferably formed as a
continuous curve when viewed in the axial
cross-section shown in Figure 5. A cylindrical surface
104 extends downward from proximal recess 102.
Cylindrical recess 104 is slightly larger in inner
diameter than cylindrical surface 100. Cylindrical
surfaces 100 and 104 could alternately be conical
surfaces. A seal ring 106 has a base 108, a distal end
110, and a seal profile 109 extending between base 108
and distal end 110. In this example, base 108 could be
an end of seal ring 106 opposite distal end 110.
Alternately, base 108 could comprise a mid-section
between two distal ends if the seal ring had two legs,
such as the seal ring shown in the first embodiment. A
web, such as web 54 of the first embodiment, could
extend laterally from base 108. Distal end 110 is
shown above base 108 in the example of Figure 5, but
it would be located below base 108 if seal 106 were
inverted. The terms "upper" and "lower" are used
merely for convenience. The terms "proximal" and
"distal" are used to describe features located closer
to or farther from base 108. Seal ring 106 has a seal
ring sealing profile 109 on its outer diameter that
engages tubular member seal profile 96. A distal
recess 112 has its upper edge spaced a selected
distance below distal end 110, defining a primary seal
area 114. Distal recess 112 is preferably in the
configuration of a continuous single curve from its
upper edge to its lower edge. Primary seal area 114
engages tubular member primary seal area 98 to form a
primary metal-to -metal seal. The overlapped portion
shown in Figure 5 of primary seal area 114 and primary
seal area 98 illustrates how much deflection or
preload is required of seal ring 106 when it is
installed. Seal profile 109 deflects to the left as
shown in Figure 5 when it is installed by an amount
equal to the overlapped lines shown in Figure 5. In
this embodiment, seal primary seal area 114 is
slightly rounded but it could have other shapes. A
seal proximal recess 116 is spaced a distance below
seal distal recess 112, resulting in an annular
support area 118 between them. In this embodiment,
annular support area 118 is a cylindrical surface, but
it could be tapered. Seal proximal recess 116 has
approximately the same curved configuration as seal
distal recess 112 and is located directly opposite
tubular member proximal recess 102. Seal proximal
recess 116 is located closer to base 108 than seal
distal recess 112.When seal ring 106 is initially
installed in tubular member 94, optionally, a portion
of support area 118 will contact a portion of tubular
member cylindrical surface 100. The overlapped lines
in Figure 5 illustrate that some deflection may take
place of support area 118 when seal ring 106 is
initially installed. However, this deflection, if it
occurs, is not necessarily sufficient to form a
metal-to-metal seal, unlike primary seal area 114.
There would be less preload compressive force
initially between support area 118 and cylindrical
surface 100 than primary seal areas 114 and 98. If
there is no initial contact between support area 118
and cylindrical surface 100, when later exposed to the
specified pressure within tubular member 94, seal ring
106 may deflect further, causing support area 118 to
contact cylindrical surface 100, but the contact force
between support area 118 and cylindrical surface 100
will be less than the contact forces between primary
seal areas 98 and 114. A cylindrical surface 120
extends from proximal recess 116 into base 108.
Cylindrical surface 120 could alternately be conical.
An optional seal groove 122 is formed in cylindrical
surface 120 in this example. An elastomeric seal 124
locates within seal groove 122 and seals against
tubular member cylindrical surface 104. Elastomeric
seal 124 serves as a backup seal to the metal-to-metal
seal formed by seal areas 98 and 114. Contacting
portions of primary seal areas 98 and 114 have an
axial extent or length 126 measured along a
longitudinal axis of seal ring 106 and tubular member
94. Distal recess 112 has an axial extent 128 that is
greater than axial extent 126. Support area 118 has an
axial extent 130 that is less than primary seal axial
extent 126 in this example. Proximal recesses 102 and
116 have an axial extent 132 that in this example is
about the same as axial extent 128 and greater than
axial extents 126 and 130. When seal ring 106 is
installed in tubular member 94, liquid would be
present if it is a tieback seal arrangement as in the
first embodiment. Liquid would tend to be trapped in
distal recess 112 and proximal recesses 102 and 116 as
seal ring 106 and tubular member 94 move axially
relative to each other. Proximal recess 102 reduces
the possibility of hydraulic lock occurring as
elastomeric seal 124 and metal-to-metal seal areas 98
and 114 slide into engagement with each other. Figures
6 and 7 illustrate another alternate embodiment of a
seal assembly. Referring more particularly to Figure
7, tubular member 134 could be either mandrel 22 or
casing 



hanger 38 of the first embodiment or a tubular member
for other purposes. Tubular member 134 has a seal
profile 136 on its inner diameter that includes a
conical surface 138 at the upper end of tubular seal
profile 136. Alternately, conical surface 138 could be
cylindrical. A distal recess 140 is formed in seal
profile 136 at the lower edge of conical surface 138.
Asin the other embodiments, distal recess 140 is
annular and preferably a continuous curve from its
upper edge to its lower edge. A proximal recess 142 is
located in seal profile 136 a selected axial distance
below distal recess 140. Proximal recess 142 has
approximately the same configuration and axial extent
as distal recess 140. An annular support area 144 is
located between distal recess 140 and proximal recess
142. Support area 144 may be cylindrical or slightly
conical. The axial extent of support area 144 is less
than either of the recesses 140 or 142. A cylindrical
surface 146 extends downward from proximal recess 142.
Cylindrical surface 146 could alternately be slightly
conical. Referring to Figure 6, seal ring 148 has a
base 150 and a distal end 152. Seal ring 148 has a
seal profile 154 on its outer surface that engages
seal profile 136 of tubular member 134. In this
embodiment, seal profile 154 is a smooth surface, free
of any recesses except for an optional seal groove
that contains an elastomeric seal ring 156. The
portion of seal profile 154 containing elastomeric
seal ring 156 may be cylindrical or slightly conical.
The portion of seal profile 154 beginning at the lower
end of proximal recess 142 to approximately distal end
152 is a straight conical surface when viewed in the
axial cross-section shown in Figure 6. The overlapped
lines in Figure 6 illustrate that the primary
metal-to-metal seal surface will exist at conical
surface 138. Support area 144 may be contacted by a
portion of seal profile 154. As in the other
embodiments, support area 144 does not necessarily
form a metal-tometal seal. While the invention has
been shown in a few forms, it should be apparent to
those skilled in the art that it is not so limited but
susceptible to various changes without departing from
the scope of the invention. For example, the lower
seal leg could be mounted to a seal ring having a
considerably different upper seal leg than shown, and
vice-versa. Also, in the first embodiment, the upper
seal leg is configured to allow rotation between the
mandrel and the upper seal leg prior to full setting,
but this not need be the case. A seal with only a
single seal leg and no rib or web is also feasible,
particularly if the seal is formed as a lip on a
sleeve. The clip for retaining the seal member during
deployment could be replaced with a threaded
fastener.Claims 1. A seal assembly, comprising: a
tubular member having a longitudinal axis and a
tubular member seal profile; a metal seal ring having
a proximal base and a distal end, the seal ring having
a seal ring seal profile between the proximal base and
distal end that contacts the tubular member seal
profile; a distal annular recess in one of the seal
profiles, the distal annular recess being spaced
axially from the distal end of the seal ring, defining
a seal surface between the distal end of the seal ring
and the distal annular recess that engages a seal
surface of the tubular member seal profile, the
contacting portions of the seal surfaces forming a
metal-to-metal seal area; a proximal annular recess in
one of the seal profiles and spaced axially from the
distal annular recess, defining a support area axially
spaced from the metal-to-metal seal area; and wherein
the distal annular recess has an axial extent length
that exceeds an axial extent length of the
metal-to-metal seal area measured along the axis of
the tubular member,. 2. The seal assembly of claim 1,
wherein the proximal annular recess has an axial
extent length, measured along the axis of the tubular
member, that exceeds the axial extent length of the
metal-to-metal seal area. 3. The seal assembly of
claim 1, wherein when viewed in an axial
cross-section, each of the annular recesses forms a
continuous curve from one edge to an opposite edge. 4.
The seal assembly of claim 1, wherein the support area
on one of the seal profiles is in contact with part of
the other of the seal profiles when exposed to a
selected level of fluid pressure, but less compressive
force exists between said part and the support area
than at the metal-to-metal seal area. 5. The seal
assembly of claim 1, wherein the distal annular recess
is in the seal ring seal profile. 6. The seal assembly
of claim 1, wherein the distal annular recess is in
the tubular member seal profile.7. The seal assembly
of claim 1, wherein the proximal annular recess is in
the seal ring seal profile. 8. The seal assembly of
claim 1, wherein the proximal annular recess is in the
tubular member seal profile. 9. The seal assembly of
claim 1, wherein: the distal annular recess is in the
seal ring seal profile; the proximal annular recess is
in the tubular member seal profile; and an additional
proximal annular recess is formed in the seal ring
seal profile opposite the proximal annular recess in
the tubular member seal profile. 10. The seal assembly
of claim 1, wherein the distal and proximal annular
recesses are in the tubular member seal profile. 11.
The seal assembly of claim 1, wherein: the distal and
proximal annular recesses are in the tubular member
seal profile; and the seal ring seal profile comprises
a conical surface that is substantially straight from
the metal-to-metal sealing area to the proximal
annular recess in the tubular member seal profile. 12.
A seal assembly, comprising: a tubular member having a
longitudinal axis and a tubular member seal profile; a
metal seal ring having a base, a distal end, and a
seal ring seal profile between the base and distal end
that engages the tubular member seal profile; a distal
annular recess in one of the seal profiles, the distal
annular recess being spaced axially from the distal
end of the seal ring, defining a seal surface between
the distal end of the seal ring and the distal annular
recess that engages a seal surface of the tubular
member seal profile, the contacting portions of the
seal surfaces forming a metal-to-metal seal area; a
proximal annular recess in one of the seal profiles
and spaced axially from the distal annular recess,
defining a support area axially spaced from the
metal-to-metal seal area;the support area on one of
the seal profiles being in contact with part of the
other of the seal profiles when exposed to a selected
level of fluid pressure, but less compressive force
exists between said part and the support area than at
the metal-to-metal seal area; and wherein at least one
of the distal and proximal annular recesses is in the
tubular member seal profile. 13. The seal assembly
according to claim 12, wherein the proximal annular
recess is in the tubular member seal profile. 14. The
seal assembly according to claim 13, further
comprising an additional proximal annular recess in
the seal ring seal profile opposite the proximal
annular recess in the tubular member seal profile. 15.
The seal assembly according to claim 14, wherein the
distal annular recess is in the seal ring seal
profile. 16. The seal assembly according to claim 12,
wherein: the distal and proximal annular recesses are
in the tubular member seal profile; and the seal ring
profile is free of any recesses between the proximal
annular recess and the metal-to-metal seal area. 17. A
seal assembly, comprising: a tubular member having a
longitudinal axis and a tubular member seal profile; a
metal seal ring having a base, a distal end, and a
seal ring seal profile between the base and the distal
end that engages the tubular member seal profile; a
distal annular recess in the seal ring seal profile,
spaced axially from the distal end of the seal ring,
defining a seal surface between distal end of the seal
ring and the distal annular recess that contacts a
seal surface of the tubular member seal profile, the
contacting portions of the seal surfaces forming a
metal-to-metal seal area; a proximal annular recess in
the seal ring seal profile and spaced axially from the
distal annular recess, defining a support area between
the distal and proximal annular recesses, wherein when
the seal ring is exposed to fluid pressure at the
selected level, the support area contacts a portion of
the tubular member seal profile but exerts less force
than the contacting portions of the seal surfaces
forming the metal-to-metal seal area; andan additional
proximal annular recess in the tubular member seal
profile opposite the proximal annular recess in the
seal ring seal profile. 18. The seal assembly of claim
17, wherein the distal annular recess and each of the
proximal annular recesses have an axial extent length
that exceeds an axial extent length of the
metal-to-metal seal area, the axial extent lengths
being measured along the axis of the tubular member.
19. The seal assembly of claim 17, wherein when viewed
in an axial cross-section, each of the annular
recesses forms a continuous curve from one edge to an
opposite edge. 


