
ISOSORBIDE DERIVATIVES AND THEIR USE AS FLAVOR
MODIFIERS, TASTANTS, AND TASTE ENHANCERS
Cross-Reference to Related Applications The present
application claims priority to U.S. Provisional
Application No. 61/033,140, filed March 3, 2008 and
entitled "ISOSORBIDE DERIVATIVES AND THEIR USE AS
FLAVOR MODIFIERS, TASTANTS, AND TASTE ENHANCERS", and
U.S. Provisional Application No. 61/139,421, filed
December 19, 2008 and entitled "ISOSORBIDE DERIVATIVES
AND THEIR USE AS FLAVOR MODIFIERS, TASTANTS, AND TASTE
ENHANCERS", the content of which are incorporated by
reference in their entirety for all purposes. Field of
the Invention The present invention relates to
isosorbide derivatives and their use as flavor or
taste modifiers, such as a flavoring or flavoring
agents and flavor or taste enhancers, more
particularly, savory ("umami") taste modifiers, savory
flavoring agents and savory flavor enhancers, for
foods, beverages, and other comestible or
non-comestible compositions. Background of the
Invention For centuries, various natural and unnatural
compositions and/or compounds have been added to
foods, beverages, and/or comestible compositions to
improve their taste. Although it has long been known
that there are only a few basic types of "tastes"
(sweet, sour, bitter, salty, and "umami'Vsavory), the
biological and biochemical basis of taste perception
was poorly understood, and most taste improving or
taste modifying agents have been discovered largely by
simple trial and error processes. One of the five
known basic tastes is the "savory" or "umami" flavor
of monosodium glutamate ("MSG"), which is now commonly
added to many food and beverage compositions to
desirably improve their "savory" flavor. MSG is known
to produce adverse reactions in some people, but very
little progress has been made in identifying
artificial substitutes for MSG. It is known that a few
naturally occurring materials can increase or enhance
the effectiveness of MSG as a savory flavoring agent,
so that less MSG is needed for a given flavoring
application. For example the naturally occurring
nucleotide compounds inosine monophosphate (IMP)
orguanosine monophosphate (GMP) are known to have a
synergistic and/or multiplier effect on the savory
taste of MSG. Nevertheless, IMP and GMP are both
difficult and expensive to either synthesize or
isolate and purify from natural sources and hence have
limited practical application to many commercial needs
in food compositions. Less expensive compounds that
would provide and/or replace the flavor of MSG itself,
or multiply the effectiveness of any MSG that is
present, e.g. to replace the need for IMP or GMP
additives, could be of very high value. This is
especially true if the compounds could be used at low
concentrations, so as to minimize costs and possible
health risks. In recent years substantial progress has
been made in biotechnology and particularly in
understanding the underlying biological and
biochemical phenomena of taste perception. For
example, taste receptor proteins involved in taste
perception have been recently identified in mammals.
In particular, two different families of G protein
coupled receptors believed to be involved in taste
perception, T2Rs and TlRs, have been identified. (See,
e.g., Nelson, et al., Cell (2001) 106(3):381-390;
Adler, et al., Cell (2000) 100(6):693-702;
Chandrashekar, et al., Cell (2000) 100:703-71 1;
Matsunami, et al., Nature (2000) 404:601-604; Li, et
al., Proc. Natl. Acad. Sci. USA (2002) 99:4962-4966;
Montmayeur, et al., Nature Neuroscience (2001)
4(S):492-498: U.S. Pat. No. 6,462,148; and PCT
publications WO 02/06254, WO 00/63166 art, WO
02/064631, and WO 03/001876, and U.S. Patent
publication US 2003-0232407 Al). The entire
disclosures of the articles, patent applications, and
issued patents cited immediately above are hereby
incorporated herein by reference, for all purposes,
including a) their disclosures of the identities and
structures of T2Rs and TlRs mammalian taste receptor
proteins; b) methods for artificially expressing those
receptors in cell lines ; c) using the resulting cell
lines for screening compounds as potential "savory"
flavoring agents; and d) assays and/or high throughput
screens that measure T1R1/T1R3 or T1R2/T1R3 receptor
activity by fluorometric imaging in the presence of
the target compounds. Whereas the T2R family includes
over 25 genes that are involved in bitter taste
perception, the TlR family includes only three
members, TlRl, T1R2 and T1R3. (See Li, et al., Proc.
Natl. Acad. Sci. USA (2002) 99:4962-4966.) Recently it
was disclosed in WO 02/064631 and/or WO 03/001876 that
certain TlR members, when co-expressed in suitable
mammalian cell lines, assemble to form functional
taste receptors. Particularly it was found that
co-expression of TlRl and T1R3 in a suitable host cell
results in a functional T1R1/T1R3 savory ("umami")
tastereceptor that responds to savory taste stimuli,
including monosodium glutamate. (See Li, et al. (Id.).
Recently, certain U.S. and international patent
applications have been filed by some of the current
Applicants that disclosed the use of certain compounds
as umami and/or sweet tastants, and/or synergistic
enhancers of the "Umami" taste of MSG, and/or the
sweet taste of a variety of natural and artificial
sweeteners. See, for example, U.S. Provisional Patent
Application Ser. No. 60/494,071 filed Aug. 6, 2003,
U.S. Provisional Patent Application Ser. No.
60/552,064 filed Mar. 9, 2004, U.S. Utility patent
application Ser. No. 10/913,303, filed Aug. 6, 2004
and published as U.S. Patent Publication Serial No.
US-2005-0084506-A1 on Apr. 21, 2005; and PCT Patent
Application Serial No. PCT/US04/25419 filed Aug. 6,
2004 and published as PCT Publication WO 2005/041684
on May 12, 2005, and PCT Publication WO 2005/015158
published on Feb. 17, 2005. The entire disclosures of
the patent applications cited immediately above are
hereby incorporated herein by this reference, for all
purposes, including their disclosures of the
identities and structures of compounds that can serve
as potential "savory" or sweet flavoring agents or
enhancers. Nevertheless, there is a continuing need
for new and improved taste enhancing compounds.
Summary of the Invention In one aspect, the present
invention provides a compound having structural
formula (I) or the salt, solvate, N-oxide, ester,
and/or prodrug thereof, wherein: A is aryl,
heteroaryl, or a covalent bond; Y is hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkylnyl, heteroalkyl,
substituted heteroalkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, arylalkenyl,
substituted arylalkenyl, heteroaryl, substituted
heteroaryl, heterocyclyl, substituted heterocyclyl,
heteroarylalkyl, substituted heteroarylalkyl,
heterocyclylalkyl, substituted heterocyclylalkyl,
carbocyclyl, substituted carbocyclyl, acyl, halo, -CN,
-NO , -OR1, -S(O)R1, -S(O)2R1, -OC(O)R1, -N(R^C(O)R 2,
-NR1R2, -C(O)NR1R2, -C(O)OR1, -S(O)2NR1R2,-COR1,
-N(R1)-C(=N-OR2)R6, -N(R^C(S)NR 2R6, -C(=N-OR )R2,
-C(=NR )-NR2R6, -N(R1)C(=NR2)NR6R7, -N(R )C(S)R2,
-N(R^-C(O)-C(O)R 2, -C(S)-NR1R2, -N(R1)C(=NR2)OR6,
-C(=NR1)O-NR2R6, -N(R1)N(R2)C(O)OR6, -N(R^C(O)OR 2,
-N(R^C(O)NR 2R6, -N(R^-C(O)-C(O)-NR 2R6,
-C(O)-C(O)-NR1R2, -P(O)(OR1XOR2), -P(O)(OR1XR2), or
-P(O)R1R2; 



X is -0-, -S-, -S(O)-, -S(O)2-, -C(R3R4)-, -C(O)-,
-C(S)-, -C(=NR3)-, -C(O)O-, -N(R3)-, -OC(O)-,
-N(R3)C(0)-, -C(O)N(R3)-, -N(R3)-C(=N-OR4)-, -C(=N-0R
3)-, -C(=NR3)-NR4-, -N(R3)C(S)N(R4)-R5,
-N(R3)C(O)N(R4)-R5, -N(R3)C(=NR4)-, -N(R3)C(S)-,
-N(R3)-C(0)-C(0)-, -C(S)-N(R3)-, -N(R3)S(O)2-,
-S(O)2-N(R3)-, -N(R3)C(=NR4)O-, -C(=NR4)O-N(R3)-,
-N(R3)-C(=NR4)-N(R5)-, -N(R3)N(R4)C(O)O-,
-N(R3)C(0)0-, -N(R3)C(O)N(R4)-, -N(R3)-C(O)-C(O)-NR4-,
-C(O)-C(O)-NR4-, -P(O)(OR3)-, or -P(O)R3-; Z is alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkylnyl, heteroalkyl,
substituted heteroalkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, arylalkenyl,
substituted arylalkenyl, heteroaryl, substituted
heteroaryl, heterocyclyl, substituted heterocyclyl,
heteroarylalkyl, substituted heteroarylalkyl,
heterocyclylalkyl, substituted heterocyclylalkyl,
carbocyclyl, or substituted carbocyclyl; R1, R2, R3,
R4, R5, R6, and R7 are each independently hydrogen,
alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkylnyl, heteroalkyl,
substituted heteroalkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, arylalkenyl,
substituted arylalkenyl, heteroaryl, substituted
heteroaryl, heterocyclyl, substituted heterocyclyl,
carbocyclyl, substituted carbocyclyl, heteroarylalkyl,
or substituted heteroarylalkyl; and with the following
provisos: (a) when A is triazole or tetrazole; then
-X-Z is not -O-alkyl, -O-acyl, or sulfonamido; (b)
when A is tetrazole, and Z is cyclohexyl; then X is
not - NH-C(O)-, -NH-C(O)-NH-; and (c) when A is a
covalent bond, then Y is not hydrogen.. In another
aspect, the present invention provides a composition
comprising the compound of formula (I): or the salt,
solvate, N-oxide, ester, and/or prodrug thereof,
wherein:A is aryl, heteroaryl, or a covalent bond; Y
is hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkylnyl,
heteroalkyl, substituted heteroalkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl,
arylalkenyl, substituted arylalkenyl, heteroaryl,
substituted heteroaryl, heterocyclyl, substituted
heterocyclyl, heteroarylalkyl, substituted
heteroarylalkyl, heterocyclylalkyl, substituted
heterocyclylalkyl, carbocyclyl, substituted
carbocyclyl, acyl, halo, -CN, -NO , -OR1, -S(O)R1,
-S(O)2R1, -OC(O)R1, -N(R^C(O)R 2, -NR1R2, -C(O)NR1R2,
-C(O)OR1, -S(O)2NR1R2, -COR1, -N(R1)-C(=N-OR2)R6,
-N(R^C(S)NR 2R6, -C(=N-0R 1)R2, -C(=NR )-NR2R6,
-N(R1)C(=NR2)NR6R7, -N(R )C(S)R2, -N(R^-C(O)-C(O)R 2,
-C(S)-NR1R2, -N(R1)C(=NR2)OR6, -C(=NR1)O-NR2R6,
-N(R1)N(R2)C(O)OR6, -N(R^C(O)OR 2, -N(R^C(O)NR 2R6,
-N(R^-C(O)-C(O)-NR 2R6, -C(O)-C(O)-NR1R2,
-P(O)(OR1XOR2), -P(O)(OR1XR2), or -P(O)R1R2; X is -0-,
-S-, -S(O)-, -S(O)2-, -C(R3R4)-, -C(O)-, -C(S)-,
-C(=NR3)-, -C(O)O-, -N(R3)-, -OC(O)-, -N(R3)C(0)-,
-C(O)N(R3)-, -N(R3)-C(=N-OR4)-, -C(=N-0R 3)-,
-C(=NR3)-NR4-, -N(R3)C(S)N(R4)-R5, -N(R3)C(O)N(R4)-R5,
-N(R3)C(=NR4)-, -N(R3)C(S)-, -N(R3)-C(0)-C(0)-,
-C(S)-N(R3)-, -N(R3)S(O)2-, -S(O)2-N(R3)-,
-N(R3)C(=NR4)O-, -C(=NR4)O-N(R3)-,
-N(R3)-C(=NR4)-N(R5)-, -N(R3)N(R4)C(O)O-,
-N(R3)C(0)0-, -N(R3)C(O)N(R4)-, -N(R3)-C(O)-C(O)-NR4-,
-C(O)-C(O)-NR4-, -P(O)(OR3)-, or -P(O)R3-; Z is alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkylnyl, heteroalkyl,
substituted heteroalkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, arylalkenyl,
substituted arylalkenyl, heteroaryl, substituted
heteroaryl, heterocyclyl, substituted heterocyclyl,
heteroarylalkyl, substituted heteroarylalkyl,
heterocyclylalkyl, substituted heterocyclylalkyl,
carbocyclyl, or substituted carbocyclyl; R1, R2, R3,
R4, R5, R6, and R7 are each independently hydrogen,
alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkylnyl, heteroalkyl,
substituted heteroalkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, arylalkenyl,
substituted arylalkenyl, heteroaryl, substituted
heteroaryl, heterocyclyl, substituted heterocyclyl,
carbocyclyl, substituted carbocyclyl, heteroarylalkyl,
or substituted heteroarylalkyl. In another aspect, the
present invention provides a method for modulating the
savory taste of a composition comprising combining the
composition with at least one compound of formula
(I):or the salt, solvate, N-oxide, ester, and/or
prodrug thereof, wherein: A is aryl, heteroaryl, or a
covalent bond; Y is hydrogen, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkylnyl, heteroalkyl, substituted
heteroalkyl, aryl, substituted aryl, arylalkyl,
substituted arylalkyl, arylalkenyl, substituted
arylalkenyl, heteroaryl, substituted heteroaryl,
heterocyclyl, substituted heterocyclyl,
heteroarylalkyl, substituted heteroarylalkyl,
heterocyclylalkyl, substituted heterocyclylalkyl,
carbocyclyl, substituted carbocyclyl, acyl, halo, -CN,
-NO , -OR1, -S(O)R1, -S(O)2R1, -OC(O)R1, -N(R )C(0)R
2, -NR1R2, -C(O)NR1R2, -C(O)OR1, -S(O)2NR1R2, -COR1,
-N(R^S(O) 2R2, -SR1, -C(R1R2R6), -C(S)-R1, -C(=NR2)-R
, -N(R1)-C(=N-OR2)R6, -N(R^C(S)NR 2R6, -C(=N-0R )R2,
-C(=NR )-NR2R6, -N(R1)C(=NR2)NR6R7, -N(R )C(S)R2,
-N(R^-C(O)-C(O)R 2, -C(S)-NR1R2, -N(R1)C(=NR2)OR6,
-C(=NR1)O-NR2R6, -N(R1)N(R2)C(O)OR6, -N(R^C(O)OR 2,
-N(R^C(O)NR 2R6, -N(R^-C(O)-C(O)-NR 2R6,
-C(O)-C(O)-NR1R2, -P(0)(0R 1)(0R 2), -P(0)(0R 1)(R2),
or -P(O)R1R2; X is -0-, -S-, -S(O)-, -S(O)2-,
-C(R3R4)-, -C(O)-, -C(S)-, -C(=NR3)-, -C(O)O-,
-N(R3)-, -OC(O)-, -N(R3)C(0)-, -C(O)N(R3)-,
-N(R3)-C(=N-OR4)-, -C(=N-0R 3)-, -C(=NR3)-NR4-,
-N(R3)C(S)N(R4)-R5, -N(R3)C(O)N(R4)-R5,
-N(R3)C(=NR4)-, -N(R3)C(S)-, -N(R3)-C(0)-C(0)-,
-C(S)-N(R3)-, -N(R3)S(O)2-, -S(O)2-N(R3)-,
-N(R3)C(=NR4)O-, -C(=NR4)O-N(R3)-, -
N(R3)-C(=NR4)-N(R5)-, -N(R3)N(R4)C(O)O-, -N(R3)C(0)0-,
-N(R3)C(O)N(R4)-, - N(R3)-C(O)-C(O)-NR4-,
-C(O)-C(O)-NR4-, -P(O)(OR3)-, or -P(O)R3-; Z is alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkylnyl, heteroalkyl,
substituted heteroalkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, arylalkenyl,
substituted arylalkenyl, heteroaryl, substituted
heteroaryl, heterocyclyl, substituted heterocyclyl,
heteroarylalkyl, substituted heteroarylalkyl,
heterocyclylalkyl, substituted heterocyclylalkyl,
carbocyclyl, or substituted carbocyclyl; R1, R2, R3,
R4, R5, R6, and R7 are each independently hydrogen,
alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkylnyl, heteroalkyl,
substituted heteroalkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, arylalkenyl,
substituted arylalkenyl,heteroaryl, substituted
heteroaryl, heterocyclyl, substituted heterocyclyl,
carbocyclyl, substituted carbocyclyl, heteroarylalkyl,
or substituted heteroarylalkyl. Brief Description of
the Drawing Figure 1 is a graph showing the panel
average umami intensity ratings over 2 sessions for 70
second rating period, n = 33 (17 Panelists x lrep x
dayl and 16 panelists x lrep x day2). Figure 2 is a
graph showing the average umami intensity ratings over
a 70 seconds period for three samples. Detailed
Description of the Invention The present invention can
be understood more readily by reference to the
following detailed description of various embodiments
of the invention and the Examples included therein and
to the chemical drawings and Tables and their previous
and following description. Before 



the present compounds, compositions, and/or methods
are disclosed and described, it is to be understood
that unless otherwise specifically indicated by the
claims, the invention is not limited to specific foods
or food preparation methods, specific comestible
carriers or formulations, or to particular modes of
formulating the compounds of the invention into
comestible products or compositions intended for oral
administration, because as one of ordinary skill in
relevant arts is well aware, such things can of
course, vary. It is also to be understood that the
terminology used herein is for the purpose of
describing particular embodiments only and is not
intended to be limiting. Definitions A "comestibly
acceptable carrier or excipient" is a solid or liquid
medium and/or composition that is used to prepare a
desired dispersed dosage form of the inventive
compound, in order to administer the inventive
compound in a dispersed/diluted form, so that the
biological effectiveness of the inventive compound is
maximized. Comestibly acceptable carriers includes
many common food ingredients, such as water at
neutral, acidic, or basic pH, fruit or vegetable
juices, vinegar, marinades, beer, wine, natural
water/fat emulsions such as milk or condensed milk,
edible oils and shortenings, fatty acids and their
alkyl esters, low molecular weight oligomers of
propylene glycol, glyceryl esters of fatty acids, and
dispersions or emulsions of such hydrophobic
substances in aqueous media, salts such as sodium
chloride, wheat flours,solvents such as ethanol, solid
edible diluents such as vegetable powders or flours,
or other liquid vehicles; dispersion or suspension
aids; surface active agents; isotonic agents;
thickening or emulsifying agents, preservatives; solid
binders; lubricants and the like. A "flavor" herein
refers to the perception of taste and/or smell in a
subject, which include sweet, sour, salty, bitter,
umami, and others. The subject may be a human or an
animal. A "flavoring agent" herein refers to a
compound or a biologically acceptable salt thereof
that induces a flavor or taste in an animal or a
human. A "flavor modifier" herein refers to a compound
or biologically acceptable salt thereof that
modulates, including enhancing or potentiating, and
inducing, the tastes and/or smell of a natural or
synthetic flavoring agent in an animal or a human. A
"flavor enhancer" herein refers to a compound or
biologically acceptable salt thereof that enhances
and/or multiplies the tastes or smell of a natural or
synthetic flavoring agent, or a comestible composition
comprising the flavor enhancer. "Savory flavor" herein
refers to the savory "umami" taste typically induced
by MSG (mono sodium glutamate) in an animal or a
human. "Savory flavoring agent," "savory compound" or
"savory receptor activating compound" herein refers to
a compound or biologically acceptable salt thereof
that elicits a detectable savory flavor in a subject,
e.g., MSG (mono sodium glutamate) or a compound that
activates a T1R1/T1R3 receptor in vitro. The subject
may be a human or an animal. Compounds of the present
invention are savory flavoring agents/compounds. A
"savory flavor modifier" herein refers to a compound
or biologically acceptable salt thereof that
modulates, including enhancing or potentiating,
inducing, and blocking, the savory taste of a natural
or synthetic savory flavoring agents, e.g., monosodium
glutamate (MSG) in an animal or a human. A "savory
flavor enhancer" herein refers to a compound or
biologically acceptable salt thereof that enhances or
potentiates the savory taste of a natural or synthetic
savory flavoring agents, e.g., monosodium glutamate
(MSG) in an animal or a human. An "umami receptor
activating compound" herein refers to a compound that
activates an umami receptor, such as a T1R1/T1R3
receptor. An "umami receptor modulating compound"
herein refers to a compound that modulates (activates,
enhances or blocks) an umami receptor.An "umami
receptor enhancing compound" herein refers to a
compound that enhances or potentiates the effect of a
natural or synthetic umami receptor activating
compound, e.g., monosodium glutamate (MSG). A "savory
flavor modulating amount" herein refers to an amount
of a compound of Formula (I) that is sufficient to
alter (either increase or decrease) savory taste in a
comestible or medicinal product or composition, or a
precursor thereof, sufficiently to be perceived by a
human subject. In many embodiments of the invention,
at least about 0.001 ppm of the heterocyclic compound
would need to be present in order for most human
subjects to perceive a modulation of the savory flavor
of a comestible composition comprising the
heterocyclic compound. A broad range of concentration
that would typically be employed in order to
economically provide a desirable degree of savory
flavor modulation can be from about 0.001 ppm to 100
ppm, or a narrow range from about 0.1 ppm to about 10
ppm. Alternative ranges of savory flavor modulating
amounts can be from about 0.01 ppm to about 30 ppm,
from about 0.05 ppm to about 15 ppm, from about 0.1
ppm to about 5 ppm, or from about 0.1 ppm to about 3
ppm. A "savory flavor enhancing amount" herein refers
to an amount of a compound that is sufficient to
enhance the taste of a natural or synthetic flavoring
agents, e.g., monosodium glutamate (MSG) in a
comestible or medicinal product or composition, as
perceived by an animal or a human. A broad range of a
savory flavor enhancing amount can be from about 0.001
ppm to 100 ppm, or a narrow range from about 0.1 ppm
to about 10 ppm. Alternative ranges of savory flavor
enhancing amounts can be from about 0.01 ppm to about
30 ppm, from about 0.05 ppm to about 15 ppm, from
about 0.1 ppm to about 5 ppm, or from about 0.1 ppm to
about 3 ppm. An "umami receptor modulating amount"
herein refers to an amount of a compound that is
sufficient to modulate (activate, enhance or block) an
umami taste receptor protein. In many embodiments of
the invention, an umami receptor modulating amount is
at least about 1 pM, or at least about 1 nM, or at
least about 10 nM, or at least about 100 nM (i.e.
about 0.1 mM). A "T1R1/T1R3 receptor modulating or
activating amount" is an amount of compound that is
sufficient to modulate or activate a T1R1/T1R3
receptor. These amounts are preferably the same as the
umami receptor modulating amounts. An "umami receptor"
is a taste receptor that can be modulated by a savory
compound. Preferably an umami receptor is a G protein
coupled receptor, and more preferably the
umamireceptor is a T1R1/T1R3 receptor. Compounds of
the invention modulate an umami receptor and
preferably are agonists of the T1R1/T1R3 receptor. An
agonist of this receptor has the effect of activating
a G protein signaling cascade. In many cases, this
agonist effect of the compound on the receptor also
produces a perceived savory flavor in a taste test. It
is desirable, therefore, that such inventive compounds
serve as a replacement or enhancer for MSG, which is
not well tolerated by some in, for example, comestible
products. In addition, this agonist effect also is
responsible for the synergistic savory taste effect,
which occurs when a compound of the invention is
combined with another savory flavoring agent such as
MSG. The nucleotides, IMP or GMP, are conventionally
added to MSG, to intensify the savory flavor of MSG,
so that relatively less MSG is needed to provide the
same 



savory flavor in comparison to MSG alone. Therefore,
it is desirable that combining compounds of the
invention with another savory flavoring agent such as
MSG advantageously eliminates the need to add
expensive nucleotides, such as IMP, as a flavor
enhancer, while concomitantly reducing or eliminating
the amount of a savory compound such as MSG needed to
provide the same savory flavor in comparison to the
savory compound or MSG alone. A "synergistic effect"
relates to the enhanced savory flavor of a combination
of savory compounds or receptor activating compounds,
in comparison to the sum of the taste effects or
flavor associated effects associated with each
individual compound. In the case of savory enhancer
compounds, a synergistic effect on the effectiveness
of MSG may be indicated for a compound of Formula (I)
having an EC50 ratio (defined herein below) of 2.0 or
more, or preferably 5.0 or more, or 10.0 or more, or
15.0 or more. When the compounds described here
include one or more chiral centers, the
stereochemistry of such chiral centers can
independently be in the R or S configuration, or a
mixture of the two. The chiral centers can be further
designated as R or S or R,S or d,D, 1,L or d,l, D,L.
Correspondingly, the compounds of the invention, if
they can be present in optically active form, can be
present in the form of a racemic mixture of
enantiomers, or in the form of either of the separate
enantiomers in substantially isolated and purified
form, or as a mixture comprising any relative
proportions of the enantiomers. Where so indicated in
the claims herein, if a single enantiomer of the
potentially optically active heterocyclic compounds
disclosed is desired, for either health or efficacy
reasons, preferably it is present in an enantiomeric
excess ofat least about 80%, or at least about 90%, or
at least about 95%, or at least about 98%, or at least
about 99%, or at least about 99.5%. As used herein,
"hydrocarbon residue" or "hydrocarbon radical" refers
to a chemical sub group or radical within a larger
chemical compound which contains only carbon and
hydrogen atoms. The hydrocarbon residue may be
aliphatic or aromatic, straight-chain, cyclic,
branched, saturated or unsaturated. In many
embodiments the hydrocarbon residues are of limited
dimensional size and molecular weight, and may
comprise 1 to 18 carbon atoms, 1 to 16 carbon atoms, 1
to 12 carbon atoms, 1 to 10 carbon atoms, 1 to 8
carbon atoms, 1 to 6 carbon atoms, or 1 to 4 carbon
atoms. The hydrocarbon residue, when described as
"substituted," contains or is substituted with one or
more independently selected heteroatoms such as O, S,
N, P, or the halogens (fluorine, chlorine, bromine,
and iodine), or one or more substituent groups
containing heteroatoms (OH, NH , NO , SO3H, and the
like) over and above the carbon and hydrogen atoms of
the substituent residue. Substituted hydrocarbon
residues may also contain carbonyl groups, amino
groups, hydro xyl groups and the like, or contain
heteroatoms inserted into the "backbone" of the
hydrocarbon residue. As used herein, "inorganic" group
or residue refers to a neutral, cationic, or anionic
radical substituents on the organic molecules
disclosed or claimed herein that have from one to 16
atoms that do not include carbon, but do contain other
heteroatoms from the periodic table that preferably
include one or more atoms independently selected from
the group consisting of H, O, N, S, one or more
halogens, or alkali metal or alkaline earth metal
ions. Examples of inorganic radicals include, but are
not limited to, H, Na+, Ca++ and K+, halogens which
include fluorine, chlorine, bromine, and iodine, OH,
SH, SO3H, SO3 , PO3H, PO3 , NO, NO2 or NH2, and the
like. As used herein, the term "alkyl," "alkenyl" and
"alkynyl" include straight- and branchedchain and
cyclic monovalent substituents that respectively are
saturated, unsaturated with at least one double bond,
and unsaturated with at least one triple bond. "Alkyl"
refers to a hydrocarbon group that can be conceptually
formed from an alkane by removing hydrogen from the
structure of a non-cyclic hydrocarbon compound having
straight or branched carbon chains, and replacing the
hydrogen atom with another atom or organic or
inorganic substituent group. In some embodiments of
the invention, the alkyl groups are "Cl toC6 alkyl"
such as methyl, ethyl, propyl, isopropyl, n-butyl,
iso-butyl, sec-butyl, tert-butyl, amyl, tert-amyl,
hexyl and the like. Many embodiments of the invention
comprise "Cl to C4 alkyl" groups (alternatively termed
"lower alkyl" groups) that include, but are not
limited to, methyl, ethyl, propyl, iso-propyl n-butyl,
iso-butyl, sec-butyl, and t-butyl groups. Some of the
preferred alkyl groups of the invention have three or
more carbon atoms preferably 3 to 16 carbon atoms, 4
to 14 carbon atoms, or 6 to 12 carbon atoms. The term
"alkenyl" is structurally analogous to an alkyl group
or residue that comprises at least one carbon-carbon
double bond. In some embodiments, alkenyl groups are
"C2 to C7 alkenyls" which are exemplified by vinyl,
allyl, 2-butenyl, 3-butenyl, 2-pentenyl, 3-pentenyl,
4-pentenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl,
5-hexenyl, 2-heptenyl, 3-heptenyl, 4-heptenyl,
5-heptenyl, 6-heptenyl, as well as dienes and trienes
of straight and branched chains. In other embodiments,
alkenyls are limited to two to four carbon atoms. The
term "alkynyl" is analogous to an alkyl group or
radical that comprises at least one carbon-carbon
triple bond. Preferred alkynyl groups are "C2 to C7
alkynyl" such as ethynyl, propynyl, 2-butynyl,
2-pentynyl, 3-pentynyl, 2-hexynyl, 3-hexynyl,
4-hexynyl, 2-heptynyl, 3-heptynyl, 4-heptynyl,
5-heptynyl as well as di- and tri-ynes of straight and
branched chains including ene-ynes. The terms
"substituted alkyl," "substituted alkenyl,"
"substituted alkynyl," and "substituted alkylene"
denote that the alkyl, alkenyl, or alkynyl groups or
radicals as described herein, wherein one or more
hydrogen atoms has been conceptually substituted by
one or more, and preferably one or two independently
selected organic or inorganic substituent groups or
radicals, that can include a halogen, hydroxy, amino,
SH, a Cl to C7 alkoxy, or alkoxy-alkyl, oxo, C3 to C7
cycloalkyl, naphthyl, amino, (monosubstituted)amino,
(disubstituted)amino, guanidino, heterocycle,
substituted heterocycle, imidazolyl, indolyl,
pyrrolidinyl, Cl to C7 acyl, Cl to C7 acyloxy, nitro,
carboxy, carbamoyl, carboxamide, N-(Cl to C6
alkyl)carboxamide, N,N-di(Cl to C6 alkyl)carboxamide,
cyano, methylsulfonylamino, thiol, Cl to C4 alkylthio
or Cl to C4 alkylsulfonyl groups. The substituted
alkyl groups may be substituted once or more, and
preferably once or twice, with the same or with
different substituents. In many embodiments of the
invention, a preferred group of substituent groups for
a substantial alkyls include hydroxy, fiuoro, chloro,
NH2,NHCH3, N(CH3)2, CO2CH3, SEt, SCH3, methyl, ethyl,
isopropyl, vinyl, trifluoromethyl, methoxy, ethoxy,
isopropoxy, and trifluoromethoxy groups. In
manyembodiments of the invention that comprise the
above lists of substituent groups, an even more
preferred group of substituent groups include hydroxy,
SEt, SCH3, methyl, ethyl, isopropyl, trifluro methyl,
methoxy, ethoxy, and trifluoromethoxy groups. Examples
of the above substituted alkyl groups include the
2-oxo-prop-l-yl, 3-oxo-but-lyl, cyanomethyl,
nitromethyl, chloromethyl, trifluoromethyl,
hydroxymethyl, tetrahydropyranyloxymethyl,
trityloxymethyl, propionyloxymethyl, aminomethyl,
carboxymethyl, allyloxycarbonylmethyl,
allyloxycarbonylaminomethyl, methoxymethyl,
ethoxymethyl, t-butoxymethyl, acetoxymethyl,
chloromethyl, trifluoromethyl, 6-hydroxyhexyl,
2,4-dichloro(n-butyl), 2-aminopropyl, 1-chloroethyl,
2-chloroethyl, 1-bromoethyl, 2-chloroethyl, 



1-fluoroethyl, 2-fluoroethyl, 1-iodoethyl,
2-iodoethyl, 1-chloropropyl, 2-chloropropyl, 3-
chloropropyl, 1-bromopropyl, 2-bromopropyl,
3-bromopropyl, 1-fiuoropropyl, 2-fluoropropyl,
3-fluoropropyl, 2-aminoethyl, 1-aminoethyl,
N-benzoyl-2-aminoethyl, N-acetyl-2-aminoethyl,
N-benzoyl-1-aminoethyl, N-acetyl-1 -aminoethyl and the
like. Examples of substituted alkenyl groups include
styrenyl, 3-chloro-propen-l-yl, 3-chlorobuten- 1-yl,
3-methoxy-propen-2-yl, 3-phenyl-buten-2-yl,
l-cyano-buten-3-yl and the like. The geometrical
isomerism is not critical, and all geometrical isomers
for a given substituted double bond can be included.
Examples of substituted alkynyl groups include
phenylacetylen- 1-yl, l-phenyl-2-propyn- 1-yl and the
like. "Heteroalkyl" refers to alkyl group in which one
or more of the carbon atoms (and optionally any
associated hydrogen atoms), are each, independently of
one another, replaced with the same or different
heteroatoms or heteroatomic groups. Typical
heteroatoms or heteroatomic groups which can replace
the carbon atoms include, but are not limited to, O,
S, N, Si, -NH-, -S(O)-, -S(O)2-, -S(O)NH-, -S(O)2NH-
and the like and combinations thereof. The heteroatoms
or heteroatomic groups may be placed at any interior
position of the alkyl, alkenyl or alkynyl groups.
Typical heteroatomic groups which can be included in
these groups include, but are not limited to, -0-,
-S-, -0-0-, -S-S-, -0-S-, -NR2-, =N-N=, -N=N-,
-N=N-NR2, -PR-, -P(O)2-, -POR-, -0-P(O) 2-, -SO-,
-SO2-, -SnR2- and the like, where R is each
independently hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, arylalkyl, substituted
arylalkyl, cycloalkyl, substituted cycloalkyl,
cycloheteroalkyl, substituted cycloheteroalkyl,
heteroalkyl,substituted heteroalkyl, heteroaryl,
substituted heteroaryl, heteroarylalkyl or substituted
heteroarylalkyl. "Haloalkyl" is substituted alkyl
group or residue wherein one or more hydrogens of the
corresponding alkyl group have been replaced with a
halogen atom (fluorine, chlorine, bromine, and
iodine). Preferred haloalkyls can have one to four
carbon atoms. Examples of preferred haloalkyl groups
include trifluoromethyl and pentafluoroethyl groups.
Haloalkoxy groups are alkoxy groups or residues
wherein one or more hydrogens from the R group of the
alkoxy group are a halogen atom (fluorine, chlorine,
bromine, and iodine). Preferred haloalkoxy groups can
have one to four carbon atoms. Examples of preferred
haloalkoxy groups include trifluoromethyoxy and
pentafluoroethoxy groups. The term "oxo" denotes a
carbon atom bonded to two additional carbon atoms
substituted with an oxygen atom doubly bonded to the
carbon atom, thereby forming a ketone radical or
residue. "Alkoxy" or "alkoxyl" refers to an -OR
radical or group, wherein R is an alkyl radical. In
some embodiments the alkoxy groups can be Cl to C8,
and in other embodiments can be Cl to C4 alkoxy groups
wherein R is a lower alkyl, such as a methoxy, ethoxy,
n-propoxy, isopropoxy, n-butoxy, t-butoxy and like
alkoxy groups. The term "substituted alkoxy" means
that the R group is a substituted alkyl group or
residue. Examples of substituted alkoxy groups include
trifluoromethoxy, hydroxymethyl, hydroxyethyl,
hydroxypropyl, and alkoxyalkyl groups such as
methoxymethyl, methoxyethyl, polyoxoethylene,
polyoxopropylene, and similar groups. "Alkylamine"
refers to -NHR or -NR , wherein each R is
independently an alkyl radical. In some embodiments
the alkylamine groups can be Cl to C8, and in other
embodiments can be Cl to C4 alkylamine groups wherein
R is a lower alkyl, such as a methylamine, ethylamine,
propylamine, N,N-methylethylamine, N,N-dimethylamine,
N,N-diethylamine, N,N-diisopropylamine and like
alkylamine groups. "Alkoxyalkyl" refers to an -R-O-R'
group or radical, wherein R and R' are alkyl groups.
In some embodiments the alkoxyalkyl groups can be Cl
to C8, and in other embodiments can be Cl to C4. In
many embodiments, both R and R are a lower alkyl, such
as a methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
t-butoxy and like alkoxy groups. Examples of
alkoxyalkyl groups include, methoxymethyl,
ethoxyethyl, methoxypropyl, and methoxybutyl and
similar groups."Acyloxy" refers to an RCO - ester
group where R is an alkyl, cycloalkyl, aryl,
heteroaryl, substituted alkyl, substituted cycloalkyl,
substituted aryl, or substituted heteraryl group or
radical wherein the R radical comprises one to seven
or one to four carbon atoms. In many embodiments, R is
an alkyl radical, and such acyloxy radicals are
exemplified by formyloxy, acetoxy, propionyloxy,
butyryloxy, pivaloyloxy, pentanoyloxy, hexanoyloxy,
heptanoyloxy and the like. In other embodiments the R
groups are C1-C4 alkyls. As used herein, "acyl"
encompasses the definitions of alkyl, alkenyl, alkynyl
and the related hetero-forms which are coupled to an
additional organic residue through a carbonyl group to
form a ketone radical or group. Preferred acyl groups
are "Cl to C7 acyl" such as formyl, acetyl, propionyl,
butyryl, pentanoyl, pivaloyl, hexanoyl, heptanoyl,
benzoyl and the like. More preferred acyl groups are
acetyl and benzoyl. The term "substituted acyl"
denotes an acyl group wherein the R group substituted
by one or more, and preferably one or two, halogen,
hydroxy, oxo, alkyl, cycloalkyl, naphthyl, amino,
(monosubstituted)amino, (disubstituted)amino,
guanidino, heterocyclic ring, substituted heterocyclic
ring, imidazolyl, indolyl, pyrrolidinyl, Cl to C7
alkoxy, alkoxy-alkyl, Cl to C7 acyl, Cl to C7 acyloxy,
nitro, Cl to C6 alkyl ester, carboxy, alkoxycarbonyl,
carbamoyl, carboxamide, N-(Cl to C6 alkyl)carboxamide,
N,N-di(Cl to C6 alkyl)carboxamide, cyano,
methylsulfonylamino, thiol, Cl to C4 alkylthio or Cl
to C4 alkylsulfonyl groups. The substituted acyl
groups may be substituted once or more, and preferably
once or twice, with the same or with different
substituents. Examples of Cl to C7 substituted acyl
groups include 4-phenylbutyroyl, 3-phenylbutyroyl,
3-phenylpropanoyl, 2- cyclohexanylacetyl,
cyclohexanecarbonyl, 2-furanoyl and 3
dimethylaminobenzoyl. "Carbocyclyl", as used herein,
denotes a saturated, unsaturated, or partially
saturated hydrocarbon radical having some or all
carbon atoms linked in one or more ring structures.
Carbocyclyl includes cycloalkyl, cycloalkylene,
cycloalkenyl, cycloalkenylene, and the like, such as,
for example, cyclohexylmethylene. Cycloalkyl residues
or groups are structurally related to cyclic
monocyclic or bicyclic hydrocarbon compounds wherein
one or more hydrogen atoms has been replaced with an
organic or inorganic substituent group. The
cycloalkyls of the current inventions comprise at
least 3 up to 12, or more preferably 3 to 8 ring
carbon atoms, or more preferably 4 to 6 ring carbon
atoms.Examples of such cycloalkyl residues include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl rings, and saturated bicyclic
or fused polycyclic cycloalkanes such as decalin
groups, polycyclic norbornyl or adamantly groups, and
the like. Preferred cycloalkyl groups include "C3 to
C7 cycloalkyl" such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl or cycloheptyl rings.
Similarly, the term "C5 to C7 cycloalkyl" includes
cyclopentyl, cyclohexyl or cycloheptyl rings.
"Substituted cycloalkyl" denote a cycloalkyl rings as
defined above, substituted by 1 to four, or preferably
one or two substituents independently selected from a
halogen, hydroxy, Cl 



to C4 alkylthio, Cl to C4 alkylsulfoxide, Cl to C4
alkylsulfonyl, Cl to C4 substituted alkylthio, Cl to
C4 substituted alkylsulfoxide, Cl to C4 substituted
alkylsulfonyl, Cl to C4 alkyl, Cl to C4 alkoxy, Cl to
C6 substituted alkyl, Cl to C4 alkoxy-alkyl, oxo
(monosubstituted)amino, (disubstituted)amino,
trifluoromethyl, carboxy, phenyl, substituted phenyl,
phenylthio, phenylsulfoxide, phenylsulfonyl, amino. In
many embodiments of substituted cycloalkyl groups, the
substituted cycloalkyl group will have 1, 2, 3, or 4
substituent groups independently selected from
hydroxy, fluoro, chloro, NH2,NHCH3, N(CH3)2, CO2CH3,
SEt, SCH3, methyl, ethyl, isopropyl, vinyl,
trifluoromethyl, methoxy, ethoxy, isopropoxy, and
trifluoromethoxy groups. The term "cycloalkylene"
means a cycloalkyl, as defined above, where the
cycloalkyl radical is bonded at two positions
connecting together two separate additional groups.
Similarly, the term "substituted cycloalkylene" means
a cycloalkylene where the cycloalkyl radical is bonded
at two positions connecting together two separate
additional groups and further bearing at least one
additional substituent. The term "cycloalkenyl"
indicates preferably a 1,2, or 3-cyclopentenyl ring, a
1,2,3 or 4-cyclohexenyl ring or a 1,2,3,4 or
5-cycloheptenyl ring, while the term "substituted
cycloalkenyl" denotes the above cycloalkenyl rings
substituted with a substituent, preferably by a Cl to
C6 alkyl, halogen, hydroxy, Cl to C7 alkoxy,
alkoxy-alkyl, trifluoromethyl, carboxy, alkoxycarbonyl
oxo, (monosubstituted)amino, (disubstituted)amino,
phenyl, substituted phenyl, amino, or protected amino.
The term "cycloalkenylene" is a cycloalkenyl ring, as
defined above, where the cycloalkenyl radical is
bonded at two positions connecting together two
separate additional groups. Similarly, the term
"substituted cycloalkenylene" means a cycloalkenylene
further substituted preferably by halogen, hydroxy, Cl
to C4 alkylthio, Cl to C4 alkylsulfoxide, Cl toC4
alkylsulfonyl, Cl to C4 substituted alkylthio, Cl to
C4 substituted alkylsulfoxide, Cl to C4 substituted
alkylsulfonyl, Cl to C6 alkyl, Cl to C7 alkoxy, Cl to
C6 substituted alkyl, Cl to C7 alkoxy-alkyl, oxo,
(monosubstituted)amino, (disubstituted)amino,
trifluoromethyl, carboxy, alkoxycarbonyl, phenyl,
substituted phenyl, phenylthio, phenylsulfoxide,
phenylsulfonyl, amino, or substituted amino group. The
term "heterocyclyl" or "heterocyclic ring" denotes
optionally substituted 3 to 8- membered rings having
one or more carbon atoms connected in a ring that also
comprise 1 to 5 ring heteroatoms, such as oxygen,
sulfur and/or nitrogen inserted into the ring. These
heterocyclic rings can be saturated, unsaturated or
partially unsaturated, but are preferably saturated.
Preferred unsaturated heterocyclic rings include
furanyl, thiofuranyl, pyrrolyl, pyridyl, pyrimidyl,
pyrazinyl, benzoxazole, benzthiazole, quinolinlyl, and
like heteroaromatic rings. Preferred saturated
heterocyclic rings include piperidyl, aziridinyl,
piperidinyl, piperazinyl, tetrahydrofurano, pyrrolyl,
and tetrahydrothiophenyl.rings. The term "substituted
heterocycle" or "substituted heterocyclic ring" means
the abovedescribed heterocyclic ring is substituted
with, for example, one or more, and preferably one or
two, substituents which are the same or different
which substituents preferably can be halogen, hydroxy,
thio, alkylthio, cyano, nitro, Cl to C4 alkyl, Cl to
C4 alkoxy, Cl to C4 substituted alkoxy, alkoxy-alkyl,
Cl to C4 acyl, Cl to C4 acyloxy, carboxy,
alkoxycarbonyl, carboxymethyl, hydroxymethyl,
alkoxy-alkyl amino, monosubstituted)amino,
(disubstituted)amino carboxamide, N-(Cl to C6
alkyl)carboxamide, N,N-di(Cl to C6 alkyl)carboxamide,
trifluoromethyl, N-((C1 to C6 alkyl)sulfonyl)amino, N-
(phenylsulfonyl)amino groups, or substituted with a
fused ring, such as benzo-ring. In many embodiments of
substituted heterocyclic groups, the substituted
cycloalkyl group will have 1, 2, 3, or 4 substituent
groups independently selected from hydroxy, fiuoro,
chloro, NH , NHCH3, N(CH3)2, CO2CH3, SEt, SCH3,
methyl, ethyl, isopropyl, vinyl, trifluoromethyl,
methoxy, ethoxy, isopropoxy, and trifluoromethoxy
groups. An "aryl" group refers to a monocyclic, linked
bicyclic or fused bicyclic radical or group comprising
at least one six membered aromatic "benzene" ring.
Aryl groups preferably comprise between 6 and 12 ring
carbon atoms, and are exemplified by phenyl, biphenyl,
naphthyl, indanyl, and tetrahydronapthyl groups. Aryl
groups can be optionally substituted with various
organic and/or inorganic substituent groups, wherein
the substituted aryl group in combination with allits
substituents comprise between 6 and 18, or preferably
6 and 16 total carbon atoms. Preferred optional
substituent groups include 1, 2, 3, or 4 substituent
groups independently selected from hydroxy, fiuoro,
chloro, NH2,NHCH3, N(CH3)2, CO2CH3, SEt, SCH3, methyl,
ethyl, isopropyl, vinyl, trifluoromethyl, methoxy,
ethoxy, isopropoxy, and trifluoromethoxy groups. The
term "heteroaryl" means a heterocyclic aryl derivative
which preferably contains a five-membered or
six-membered conjugated and aromatic ring system
having from 1 to 4 heteroatoms independently selected
from oxygen, sulfur and/or nitrogen, inserted into the
unsaturated and conjugated heterocyclic ring.
Heteroaryl groups include monocyclic heteroaromatic,
linked bicyclic heteroaromatic or fused bicyclic
heteroaromatic moieties. Examples of heteroaryls
include pyridinyl, pyrimidinyl, and pyrazinyl,
pyridazinyl, pyrrolyl, furanyl, thiofuranyl,
oxazoloyl, isoxazolyl, phthalimido, thiazolyl,
quinolinyl, isoquinolinyl, indolyl, or a furan or
thiofuran directly bonded to a phenyl, pyridyl, or
pyrrolyl ring and like unsaturated and conjugated
heteroaromatic rings. Any monocyclic, linked bicyclic,
or fused bicyclic heteroaryl ring system which has the
characteristics of aromaticity in terms of electron
distribution throughout the ring system is included in
this definition. Typically, the heteroaromatic ring
systems contain 3-12 ring carbon atoms and 1 to 5 ring
heteroatoms independently selected from oxygen,
nitrogen, and sulfur atoms. The term "substituted
heteroaryl" means the above-described heteroaryl is
substituted with, for example, one or more, and
preferably one or two, substituents which are the same
or different which substituents preferably can be
halogen, hydroxy, protected hydroxy, thio, alkylthio,
cyano, nitro, Cl to C6 alkyl, Cl to C7 substituted
alkyl, Cl to C7 alkoxy, Cl to C7 substituted alkoxy,
alkoxy-alkyl, Cl to C7 acyl, Cl to C7 substituted
acyl, Cl to C7 acyloxy, carboxy, alkoxycarbonyl,
carboxymethyl, hydroxymethyl, amino,
(monosubstituted)amino, (disubstituted)amino,
carboxamide, N-(Cl to C6 alkyl)carboxamide, N, N-di(Cl
to C6 alkyl)carboxamide, trifluoromethyl, N-((C1 to C6
alkyl)sulfonyl)amino or N- (phenylsulfonyl)amino
groups. In many embodiments of substituted heteroaryl
groups, the substituted cycloalkyl group will have 1,
2, 3, or 4 substituent groups independently selected
from hydroxy, fluoro, chloro, NH2,NHCH3, N(CH3)2,
CO2CH3, SEt, SCH3, methyl, ethyl, isopropyl, vinyl,
trifluoromethyl, methoxy, ethoxy, isopropoxy, and
trifluoromethoxy groups. Similarly, "arylalkyl" and
"heteroarylalkyl" refer to aromatic and heteroaromatic
systems which are coupled to another residue through a
carbon chain, including substituted orunsubstituted,
saturated or unsaturated, carbon chains, typically of
1-6C. These carbon chains may also include a carbonyl
group, thus making them able to provide substituents
as an acyl moiety. Preferably, arylalkyl or
heteroarylalkyl is an alkyl group substituted at any
position by an aryl group, substituted aryl,
heteroaryl or substituted heteroaryl. Preferred groups
also include benzyl, 2-phenylethyl, 3-phenyl-propyl,
4-phenyl-n-butyl, 3-phenyl-n-amyl, 3-phenyl-2-butyl,
2-pyridinylmethyl, 2-(2-pyridinyl)ethyl, and the like.



The term "substituted arylalkyl" denotes an arylalkyl
group substituted on the alkyl portion with one or
more, and preferably one or two, groups preferably
chosen from halogen, hydroxy, oxo, amino,
(monosubstituted)amino, (disubstituted)amino,
guanidino, heterocyclic ring, substituted heterocyclic
ring, Cl to C6 alkyl, Cl to C6 substituted alkyl, Cl
to C7 alkoxy, Cl to C7 substituted alkoxy,
alkoxy-alkyl, Cl to C7 acyl, Cl to C7 substituted
acyl, Cl to C7 acyloxy, nitro, carboxy,
alkoxycarbonyl, carbamoyl, carboxamide, N-(Cl to C6
alkyl)- carboxamide, N, N-(Cl to C6
dialkyl)carboxamide, cyano, N-(Cl to C6
alkylsulfonyl)amino, thiol, Cl to C4 alkylthio, Cl to
C4 alkylsulfonyl groups; and/or the phenyl group may
be substituted with one or more, and preferably one or
two, substituents preferably chosen from halogen,
hydroxy, protected hydroxy, thio, alkylthio, cyano,
nitro, Cl to C6 alkyl, Cl to C6 substituted alkyl, Cl
to C7 alkoxy, Cl to C7 substituted alkoxy,
alkoxy-alkyl, Cl to C7 acyl, Cl to C7 substituted
acyl, Cl to C7 acyloxy, carboxy, alkoxycarbonyl,
carboxymethyl, hydroxymethyl, amino,
(monosubstituted)amino, (disubstituted)amino,
carboxamide, N-(Cl to C6 alkyl) carboxamide, N,
N-di(Cl to C6 alkyl)carboxamide, trifluoromethyl,
N-((C1 to C6 alkyl)sulfonyl)amino,
N-(phenylsulfonyl)amino, cyclic C2 to C7 alkylene or a
phenyl group, substituted or unsubstituted, for a
resulting biphenyl group. The substituted alkyl or
phenyl groups may be substituted with one or more, and
preferably one or two, substituents which can be the
same or different. Examples of the term "substituted
arylalkyl" include groups such as
2-phenyl-lchloroethyl, 2-(4-methoxyphenyl)ethyl,
4-(2,6-dihydroxy phenyl) -n-hexyl, 2-(5-cyano-3-
methoxyphenyl)-n-pentyl, 3-(2,6-dimethylphenyl)propyl,
4-chloro-3-aminobenzyl,
6-(4-methoxyphenyl)-3-carboxy-n-hexyl,
5-(4-aminomethylphenyl)-3-(aminomethyl)-n-pentyl,
5-phenyl-3-oxo-n-pent-l-yl and the like. The term
"arylalkylene" specifies an arylalkyl, as defined
above, where the arylalkyl radical is bonded at two
positions connecting together two separate additional
groups. Thedefinition includes groups of the formula:
-phenyl-alkyl- and alkyl-phenyl-alkyl-. Substitutions
on the phenyl ring can be 1,2, 1,3 or 1,4. The term
"substituted arylalkylene" is an arylalkylene as
defined above that is further substituted preferably
by halogen, hydroxy, protected hydroxy, Cl to C4
alkylthio, Cl to C4 alkylsulfoxide, Cl to C4
alkylsulfonyl, Cl to C4 substituted alkylthio, Cl to
C4 substituted alkylsulfoxide, Cl to C4 substituted
alkylsulfonyl, Cl to C6 alkyl, Cl to C7 alkoxy, Cl to
C6 substituted alkyl, Cl to C7 alkoxy-alkyl, oxo,
(monosubstituted)amino, (disubstituted)amino,
trifiuoromethyl, carboxy, alkoxycarbonyl, phenyl,
substituted phenyl, phenylthio, phenylsulfoxide,
phenylsulfonyl, amino, or protected amino group on the
phenyl ring or on the alkyl group. The term
"substituted phenyl" specifies a phenyl group
substituted with one or more, and preferably one or
two, moieties preferably chosen from the groups
consisting of halogen, hydroxy, protected hydroxy,
thio, alkylthio, cyano, nitro, Cl to C6 alkyl, Cl to
C6 substituted alkyl, Cl to C7 alkoxy, Cl to C7
substituted alkoxy, alkoxy-alkyl, Cl to C7 acyl, Cl to
C7 substituted acyl, Cl to C7 acyloxy, carboxy,
alkoxycarbonyl, carboxymethyl, hydroxymethyl, amino,
(monosubstituted)amino, (disubstituted)amino,
carboxamide, N-(Cl to C6 alkyl)carboxamide, N, N-di(Cl
to C6 alkyl)carboxamide, trifiuoromethyl, N-((C1 to C6
alkyl)sulfonyl)amino, N-(phenylsulfonyl)amino or
phenyl, wherein the phenyl is substituted or
unsubstituted, such that, for example, a biphenyl
results. In many embodiments of substituted phenyl
groups, the substituted cycloalkyl group will have 1,
2, 3, or 4 substituent groups independently selected
from hydroxy, fluoro, chloro, NH2,NHCH3, N(CH3)2,
CO2CH3, SEt, SCH3, methyl, ethyl, isopropyl, vinyl,
trifiuoromethyl, methoxy, ethoxy, isopropoxy, and
trifluoromethoxy groups. The terms "halo" and
"halogen" refer to fluoro, chloro, bromo or iodo atoms
or ions. Preferred halogens are chloro and fluoro.
Although many of the compounds of the invention having
halogen atoms as substituents are highly effective in
binding to the relevant Umami taste receptors, such
halogenated organic compounds can in some cases have
undesirable toxicological properties when administered
to an animal in vivo. Therefore, in the various
embodiments of the compounds of Formula (I), if a
halogen atom (including a fluoro, chloro, bromo, or
iodo atom) is listed as a possible substituent, an
alternative and preferred group of substituents
expressly contemplated hereby would not include the
halogen groups. The term "(monosubstituted)amino"
refers to an amino (NHR) group wherein the Rgroup is
chosen from the group consisting of phenyl, C6-C10
substituted phenyl, Cl to C6 alkyl, Cl to C6
substituted alkyl, Cl to C7 acyl, Cl to C7 substituted
acyl, C2 to C7 alkenyl, C2 to C7 substituted alkenyl,
C2 to C7 alkynyl, C2 to C7 substituted alkynyl, C7 to
C12 phenylalkyl, C7 to C12 substituted phenylalkyl and
heterocyclic ring. The (monosubstituted)amino can
additionally have an amino-protecting group as
encompassed by the term "protected
(monosubstituted)amino." The term
"(disubstituted)amino" refers to an amino group (NR2)
with two substituents independently chosen from the
group consisting of phenyl, C6-C10 substituted phenyl,
Cl to C6 alkyl, Cl to C6 substituted alkyl, Cl to C7
acyl, C2 to C7 alkenyl, C2 to C7 alkynyl, C7 to Cl 2
phenylalkyl, and C7 to C12 substituted phenylalkyl.
The two substituents can be the same or different. The
term "alkylthio" refers to -SR groups wherein R is an
optionally substituted C1-C7 or C1-C4 organic group,
preferably an alkyl, cycloalkyl, aryl, or heterocyclic
group, such as methylthio, ethylthio, n-propylthio,
isopropylthio, n-butylthio, t-butylthio and like
groups. The term "alkylsulfoxide" indicates -SO R
groups wherein R is an optionally substituted C1-C7 or
C1-C4 organic group, preferably an alkyl, cycloalkyl,
aryl, or heterocyclic group, such as methylthio,
ethylthio, n-propylthio, isopropylthio, n-butylthio,
t-butylthio and like groups ,such as methylsulfoxide,
ethylsulfoxide, n-propylsulfoxide, isopropylsulfoxide,
nbutylsulfoxide, sec-butylsulfoxide and the like. The
term "alkylsulfonyl" indicates -S(O)R groups wherein R
is an optionally substituted C1-C7 or C1-C4 organic
group, which include for example groups such as
methylsulfonyl, ethylsulfonyl, n-propylsulfonyl,
isopropylsulfonyl, n-butylsulfonyl, t-butylsulfonyl
and the like. The terms "phenylthio,"
"phenylsulfoxide," and "phenylsulfonyl" specify a
sulfoxide (-S(O)-R), or sulfone (-SO R) wherein the R
group is a phenyl group. The terms "substituted
phenylthio," "substituted phenylsulfoxide," and
"substituted phenylsulfonyl" means that the phenyl of
these groups can be substituted as described above in
relation to "substituted phenyl." The term
"alkoxycarbonyl" means an "alkoxy" group attached to a
carbonyl group, (i.e. a carboxylic acid ester,
-C(O)-OR, wherein R is preferably an alkyl group,
preferably a C1-C4 alkyl group. The term "substituted
alkoxycarbonyl" denotes a substituted alkoxy bonded to
the carbonyl group, which alkoxy may be substituted as
described above in relation to substituted alkyl.The
term "phenylene" means a phenyl group where the phenyl
radical is bonded at two positions connecting together
two separate additional groups. Examples of
"phenylene" includes 1,2-phenylene, 1,3-phenylene, and
1,4-phenylene. The term "substituted alkylene" means
an alkyl group where the alkyl radical is bonded at 



two positions connecting together two separate
additional groups and further bearing an additional
substituent. Examples of "substituted alkylene"
includes aminomethylene, l-(amino)- 1,2-ethyl,
2-(amino)-l,2-ethyl, 1-(acetamido)- 1,2-ethyl,
2-(acetamido)-l,2-ethyl, 2-hydroxy- 1,1- ethyl,
1-(amino)- 1,3-propyl. One or more of the compounds of
the invention, may be present as a salt. The term
"salt" encompasses those salts that form with the
carboxylate anions and amine nitrogens and include
salts formed with the organic and inorganic anions and
cations discussed below. Furthermore, the term
includes salts that form by standard acid-base
reactions with basic groups (such as nitrogen
containing heterocycles or amino groups) and organic
or inorganic acids. Such acids include hydrochloric,
hydrofluoric, trifiuoroacetic, sulfuric, phosphoric,
acetic, succinic, citric, lactic, maleic, fumaric,
palmitic, cholic, pamoic, mucic, D-glutamic,
D-camphoric, glutaric, phthalic, tartaric, lauric,
stearic, salicyclic, methanesulfonic, benzenesulfonic,
sorbic, picric, benzoic, cinnamic, and like acids. The
term "organic or inorganic cation" refers to
positively charged counter-ions for the carboxylate
anion of a carboxylate salt. Inorganic positively
charged counter-ions include but are not limited to
the alkali and alkaline earth metals, (such as
lithium, sodium, potassium, calcium, magnesium, etc.)
and other divalent and trivalent metallic cations such
as barium, aluminum and the like, and ammonium (NH4)+
cations. Organic cations include ammonium cations
derived from acid treatment or alkylation of primary-,
secondary, or tertiary amines such as trimethylamine,
cyclohexylamine; and the organic cations, such as
dibenzylammonium, benzylammonium,
2-hydroxyethylammonium, bis(2-hydroxyethyl)ammonium,
phenylethylbenzylammonium, dibenzylethylenediammonium,
and like cations. See, for example, "Pharmaceutical
Salts," Berge, et al., J . Pharm. Sci. (1977) 66:1-19,
which is incorporated herein by reference. Other
cations encompassed by the above term include the
protonated form of procaine, quinine and
N-methylglucosamine, and the protonated forms of basic
amino acids such as glycine, ornithine, histidine,
phenylglycine, lysine and arginine. Furthermore, any
zwitterionic form of the instant compounds formed by a
carboxylic acid and an amino group is referred to by
11this term. For example, a cation for a carboxylate
anion will exist when R2 or R3 is substituted with a
(quaternary ammonium)methyl group. A preferred cation
for the carboxylate anion is the sodium cation. The
compounds of the invention can also exist as solvates
and hydrates. Thus, these compounds may crystallize
with, for example, waters of hydration, or one, a
number of, or any fraction thereof of molecules of the
mother liquor solvent. The solvates and hydrates of
such compounds are included within the scope of this
invention. The term "amino acid" includes any one of
the twenty naturally-occurring amino acids or the
D-form of any one of the naturally-occurring amino
acids. In addition, the term "amino acid" also
includes other non-naturally occurring amino acids
besides the D-amino acids, which are functional
equivalents of the naturally-occurring amino acids.
Such non-naturally-occurring amino acids include, for
example, norleucine ("NIe"), norvaline ("Nva"), L- or
D-naphthalanine, ornithine ("Orn"), homoarginine
(homoArg) and others well known in the peptide art,
such as those described in M . Bodanzsky, "Principles
of Peptide Synthesis," 1st and 2nd revised ed.,
Springer- Verlag, New York, N.Y., 1984 and 1993, and
Stewart and Young, "Solid Phase Peptide Synthesis,"
2nd ed., Pierce Chemical Co., Rockford, 111., 1984,
both of which are incorporated herein by reference.
Amino acids and amino acid analogs can b e purchased
commercially (Sigma Chemical Co.; Advanced Chemtech)
or synthesized using methods known in the art. A
residue or radical of a chemical species, as used in
the specification and concluding claims, refers to a
structural fragment, or a moiety that is the resulting
product of the chemical species in a particular
reaction scheme or subsequent formulation or chemical
product, regardless of whether the structural fragment
or moiety is actually obtained from the chemical
species. Thus, an ethylene glycol residue in a
polyester refers to one or more -OCH CH O- repeat
units in the polyester, regardless of whether ethylene
glycol is used to prepare the polyester. The term
"organic residue" or "organic radical" defines a
carbon containing residue or radical, comprising at
least one carbon atom. Organic residues can contain
one or more heteroatoms, or b e bonded to another
molecule through a heteroatom, including oxygen,
nitrogen, sulfur, phosphorus, or the like. Examples of
organic residues include but are not limited alkyl or
substituted alkyls, alkoxyls or substituted alkoxyls,
hydroxyalkyls and alkoxyalkyls, cycloalkyl or
substituted cycloalkyls, cycloalkenyl or substituted
cycloalkyenyls, heterocycles and substituted
heterocycles, aryls and substituteed aryls,
heteroaryls and substituted heteroaryls,mono or
di-substituted amino, amide groups, CN, CO2H, CHO,
COR', CO2R', SR' wherein R' is an alkyl, and the like.
Examples of species of organic groups or residues
include but are not limited to NH2,NHCH3, N(CH3)2,
CO2CH3, SEt, SCH3, methyl, ethyl, isopropyl, vinyl,
trifluoromethyl, methoxy, ethoxy, isopropoxy,
trifluoromethoxy, phenyl, phenoxyl, and pyridyl groups
or residues, and the like. Organic residues can
comprise 1 to 18 carbon atoms, 1 to 15, carbon atoms,
1 to 12 carbon atoms, 1 to 8 carbon atoms, or 1 to 4
carbon atoms. By the term "effective amount" of a
compound as provided herein is meant a sufficient
amount of the compound to provide the desired
regulation of a desired function, such as protein
function, or the induction of a particular type of
taste perception. As will be pointed out below, the
exact amount required will vary from subject to
subject, depending on the species, age, general
condition of the subject, specific identity and
formulation of the comestible composition, etc. Thus,
it is not possible to specify an exact "effective
amount." However, an appropriate effective amount can
be determined by one of ordinary skill in the art
using only routine experimentation. The term
"therapeutically effective amount" means the amount of
a compound as provided herein that, when administered
to a patient for treating a disease, is sufficient to
effect such treatment for the disease. The
"therapeutically effective amount" will vary depending
on the compound, the disease and its severity and the
age, weight, etc., of the patient to be treated. When
the present compound is in a pharmaceutical
composition, it can be in a therapeutically effective
amount, or alternatively, not in a therapeutically
effective amount. In other words, when the present
compound is in a pharmaceutical composition, it can be
either an active ingredient or inactive ingredient.
"Vehicle" refers to a diluent, adjuvant, excipient or
carrier with which a compound is administered. It must
be noted that, as used in the specification and the
appended claims, the singular forms "a," "an" and
"the" include plural referents unless the context
clearly dictates otherwise. Thus, for example,
reference to "an aromatic compound" includes mixtures
of aromatic compounds. Furthermore, "a compound of the
present invention", "the present compound", or "the
compound of the present invention" refers to any
compound and compounds covered by the generic formula
(I) and/or any subgenus thereof including racemic
mixtures, diastereomers, enantiomers, tautomers, or
any other isomers and analogs (such as N-oxide)
thereof as well assalts, solvates (such as, e.g.,
hydrate), esters, and/or prodrugs thereof. 



Often, ranges are expressed herein as from "about" one
particular value, and/or to "about" another particular
value. When such a range is expressed, another
embodiment includes from the one particular value
and/or to the other particular value. Similarly, when
values are expressed as approximations, by use of the
antecedent "about," it will be understood that the
particular value forms another embodiment. It will be
further understood that the endpoints of each of the
ranges are significant both in relation to the other
endpoint, and independently of the other endpoint.
"Optional" or "optionally" means that the subsequently
described event or circumstance may or may not occur,
and that the description includes instances where said
event or circumstance occurs and instances where it
does not. For example, the phrase "optionally
substituted lower alkyl" means that the lower alkyl
group may or may not be substituted and that the
description includes both unsubstituted lower alkyl
and lower alkyls where there is substitution.
Compounds of the Present Invention In one aspect, the
present invention provides a compound having
structural formula (I) or the salt, solvate, N-oxide,
ester, and/or prodrug thereof, wherein: A is aryl,
heteroaryl, or a covalent bond; Y is hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkylnyl, heteroalkyl,
substituted heteroalkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, arylalkenyl,
substituted arylalkenyl, heteroaryl, substituted
heteroaryl, heterocyclyl, substituted heterocyclyl,
heteroarylalkyl, substituted heteroarylalkyl,
heterocyclylalkyl, substituted heterocyclylalkyl,
carbocyclyl, substituted carbocyclyl, acyl, halo, -CN,
-NO , -OR1, -S(O)R1, -S(O)2R1, -OC(O)R1, -N(R^C(O)R 2,
-NR1R2, -C(O)NR1R2, -C(O)OR1, -S(O)2NR1R2, -COR1,
-N(R^S(O) 2R2, -SR1, -C(R1R2R6), -C(S)-R1, -C(=NR2)-R
, -N(R1)-C(=N-OR2)R6, -N(R^C(S)NR 2R6, -C(=N-0R )R2,
-C(=NR )-NR2R6, -N(R1)C(=NR2)NR6R7, -N(R )C(S)R2,
-N(R^-C(O)-C(O)R 2, -C(S)-NR1R2, -N(R1)C(=NR2)OR6,
-C(=NR1)O-NR2R6,-N(R1)N(R2)C(O)OR6, -N(R1)C(O)OR2,
-N(R^C(O)NR 2R6, -N(R^-C(O)-C(O)-NR 2R6,
-C(O)-C(O)-NR1R2, -P(O)(OR1XOR2), -P(O)(OR1XR2), or
-P(O)R1R2; X is -0-, -S-, -S(O)-, -S(O)2-, -C(R3R4)-,
-C(O)-, -C(S)-, -C(=NR3)-, -C(O)O-, -N(R3)-, -OC(O)-,
-N(R3)C(0)-, -C(O)N(R3)-, -N(R3)-C(=N-OR4)-, -C(=N-0R
3)-, -C(=NR3)-NR4-, -N(R3)C(S)N(R4)-R5,
-N(R3)C(O)N(R4)-R5, -N(R3)C(=NR4)-, -N(R3)C(S)-,
-N(R3)-C(0)-C(0)-, -C(S)-N(R3)-, -N(R3)S(O)2-,
-S(O)2-N(R3)-, -N(R3)C(=NR4)O-, -C(=NR4)O-N(R3)-,
-N(R3)-C(=NR4)-N(R5)-, -N(R3)N(R4)C(O)O-,
-N(R3)C(0)0-, -N(R3)C(O)N(R4)-, -N(R3)-C(O)-C(O)-NR4-,
-C(O)-C(O)-NR4-, -P(O)(OR3)-, or -P(O)R3-; Z is alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkylnyl, heteroalkyl,
substituted heteroalkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, arylalkenyl,
substituted arylalkenyl, heteroaryl, substituted
heteroaryl, heterocyclyl, substituted heterocyclyl,
heteroarylalkyl, substituted heteroarylalkyl,
heterocyclylalkyl, substituted heterocyclylalkyl,
carbocyclyl, or substituted carbocyclyl; R1, R2, R3,
R4, R5, R6, and R7 are each independently hydrogen,
alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkylnyl, heteroalkyl,
substituted heteroalkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, arylalkenyl,
substituted arylalkenyl, heteroaryl, substituted
heteroaryl, heterocyclyl, substituted heterocyclyl,
carbocyclyl, substituted carbocyclyl, heteroarylalkyl,
or substituted heteroarylalkyl; and with the following
provisos: (a) when A is triazole or tetrazole; then
-X-Z is not -O-alkyl, -O-acyl, or sulfonamido; (b)
when A is tetrazole, and Z is cyclohexyl; then X is
not -NH-C(O)-, - NH-C(O)-NH-; and (c) when A is a
covalent bond, then Y is not hydrogen. In one
embodiment of the compound of formula (I), Y is alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkylnyl, heteroalkyl,
substituted heteroalkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, arylalkenyl,
substituted arylalkenyl, heteroaryl, substituted
heteroaryl, heterocyclyl, substituted heterocyclyl,
carbocyclyl, substituted carbocyclyl, heteroarylalkyl,
or substituted heteroarylalkyl. In another embodiment
of the compound of formula (I), Y is alkyl,
substituted alkyl, aryl, substituted aryl, arylalkyl,
substituted arylalkyl, carbocyclyl, or substituted
carbocyclyl. In one embodiment of the compound of
formula (I), A is monocyclic five- or sixmembered
heteroaryl. In another embodiment of the compound of
formula (I), A has a structural formula selected from
the group consisting of:r ,wherein R is each
independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkylnyl,
heteroalkyl, substituted heteroalkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl,
arylalkenyl, substituted arylalkenyl, heteroaryl,
substituted heteroaryl, heterocyclyl, substituted
heterocyclyl, carbocyclyl, substituted carbocyclyl,
heteroarylalkyl, or substituted heteroarylalkyl; Y is
hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkylnyl,
heteroalkyl, substituted heteroalkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl,
arylalkenyl, substituted arylalkenyl, heteroaryl,
substituted heteroaryl, heterocyclyl, substituted
heterocyclyl, heteroarylalkyl, substituted
heteroarylalkyl, carbocyclyl, or substituted
carbocyclyl; and R and R7 are each independently
hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkylnyl,
heteroalkyl, substituted heteroalkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl,
arylalkenyl, substituted arylalkenyl, heteroaryl,
substituted heteroaryl, heterocyclyl, substituted
heterocyclyl, carbocyclyl, substituted carbocyclyl,
heteroarylalkyl, or substituted heteroarylalkyl. In
one embodiment of the compound of formula (I), A is
monocyclic five-membered heteroaryl; Y is alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkylnyl, heteroalkyl,
substituted heteroalkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, arylalkenyl,
substituted arylalkenyl, heteroaryl, substituted
heteroaryl, heterocyclyl,substituted heterocyclyl,
carbocyclyl, substituted carbocyclyl, heteroarylalkyl,
or substituted heteroarylalkyl; X is -O-, -S-, -S(O)-,
-S(O)2-, -C(R3R4)-, -C(O)-, -C(S)-, -C(=NR3)-,
-C(O)O-, -N(R3)-, -OC(O)-, -N(R3)C(0)-, -C(O)N(R3)-,
-C(=N-0R 3)-, -C(=NR3)-NR4-, -N(R3)C(=NR4)-,
-N(R3)C(S)-, -C(S)-N(R3)-, -N(R3)S(O)2-,
-S(O)2-N(R3)-, -N(R3)C(=NR4)O-, -C(=NR4)O-N(R3)-,
-N(R3)-C(=NR4)-N(R5)-, -N(R3)N(R4)C(O)O-,
-N(R3)C(0)0-, -N(R3)C(O)N(R4)-, -NR3-C(O)-C(O)-NR4-,
-C(O)-C(O)-NR4-, -P(O)(OR3)-, or -P(O)(R3)-; Z is
alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkylnyl, heteroalkyl,
substituted heteroalkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, arylalkenyl,
substituted arylalkenyl, heteroaryl, substituted
heteroaryl, heterocyclyl, substituted heterocyclyl,
carbocyclyl, substituted carbocyclyl, heteroarylalkyl,
or substituted heteroarylalkyl; and R , R , and R are
each independently hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted
alkylnyl, heteroalkyl, substituted heteroalkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl,
arylalkenyl, substituted arylalkenyl, heteroaryl,
substituted heteroaryl, heterocyclyl, substituted
heterocyclyl, heteroarylalkyl, substituted
heteroarylalkyl, carbocyclyl, 



or substituted carbocyclyl. In one embodiment, the
compound of formula (I) has a structural formula (Ia),
or the salt, solvate, or N-oxide thereof, wherein Xa
is -S(O)-, -S(O)2-, -C(R3R4)-, -C(O)-, -C(O)O-,
-C(O)N(R3)-, -Q=N-OR 3)-, -C(=NR3)-NR4-, -C(=NR3)-,
-C(S)-N(R3)-, -C(S)-, -NR3-C(O)-C(O)-NR4-,
-C(O)-C(O)-NR4-, or -S(O)2-N(R3)-; Y is alkyl,
substituted alkyl, aryl, substituted aryl, arylalkyl,
substituted arylalkyl, carbocyclyl, or substituted
carbocyclyl; Z is alkyl, substituted alkyl,
heteroalkyl, substituted heteroalkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl,
arylalkenyl, substituted arylalkenyl, heteroaryl,
substitutedheteroaryl, heterocyclyl, substituted
heterocyclyl, heteroarylalkyl, substituted
heteroarylalkyl, heterocyclylalkyl, substituted
heterocyclylalkyl, carbocyclyl, or substituted
carbocyclyl; and R hydrogen, alkyl, or substituted
alkyl. In one embodiment of the compound of formula
(Ia), Z is alkyl, or substituted alkyl. In one
embodiment of the compound of formula (Ia), Z is aryl,
or substituted aryl. In one embodiment of the compound
of formula (Ia), Z is heteroaryl, or substituted
heteroaryl. In one embodiment of the compound of
formula (Ia), Z is carbocyclyl, or substituted
carbocyclyl. In another embodiment, the present
invention provides a compound having a structural
formula selected from the group consisting of303
13233INSTALLATION-READY PIPE COUPLING METHOD OF
MANUFACTURE Field of the Invention This invention
concerns a method of manufacturing mechanical pipe
couplings that are ready to be installed without the
need for disassembly and reassembly. Background of the
Invention Mechanical couplings for joining pipe
elements together end-to-end comprise interconnectable
segments that are positionable circumferentially
surrounding the end portions of co-axially aligned
pipe elements. The term "pipe element" is used herein
to describe any pipelike item or component having a
pipe like form. Pipe elements include pipe stock, pipe
fittings such as elbows, caps and tees, as well as
fluid control components such as valves, reducers,
strainers, restrictors, pressure regulators and the
like. Each mechanical coupling segment comprises a
housing having arcuate surfaces which project radially
inwardly from the housing and engage the outer
surfaces of the pipe elements to be joined. Such pipe
elements include plain end, grooved, beaded as well as
shouldered configurations. Engagement between the
arcuate surfaces and the pipe elements provides
mechanical restraint to the joint and ensures that the
pipe elements remain coupled even under high internal
pressure and external forces. The housings define an
annular channel between the arcuate surfaces that
receives a gasket or seal, typically an elastomeric
ring, which engages the ends of each pipe element and
cooperates with the segments to provide a fluid-tight
seal. The segments have connection members, typically
in the form of lugs which project outwardly from the
housings. The lugs are adapted to receive fasteners,
such as nuts and bolts, which are adjustably
tightenable to draw the segments toward one another.
To ensure a good fit between the couplings and the
pipe elements, the arcuate surfaces on prior art
couplings have a radius of curvature that is
substantially matched to the radius of curvature of
the outer surface of the pipe element that it is
intended to engage. For couplings used with grooved
pipe elements, the radii of curvature of the arcuate
surfaces are smaller than the radii of curvature of
the outer surfaces of the pipe elements outside of the
grooves so that the arcuate surfaces fit within and
engage the grooves properly. For couplings used with
shouldered or beaded pipe elements, the radii of
curvature are sized to engage the outer diameter of
the pipe adjacent to the bead or shoulder.This
geometrical relation between the arcuate surfaces of
the couplings and the outer surfaces of the pipe
elements in prior art couplings results in a time
consuming installation process when mechanical
couplings are used. Typically, the coupling is
received by the technician with the segments bolted
together and the ring seal captured within the
segments' channels. The technician first disassembles
the coupling by unbolting it, removes the ring seal,
lubricates it (if not pre-lubricated) and places it
around the ends of the pipe elements to be joined.
Installation of the ring seal requires that it be
lubricated and frequently stretched to accommodate the
pipe elements, an often messy task, as the lubrication
makes manual manipulation of the seal difficult. With
the ring seal in place on both pipe elements, the
segments are then placed one at a time straddling the
ends of the pipe elements and capturing the ring seal
against them. During placement, the segments engage
the seal, the arcuate surfaces are aligned with the
grooves, beads or shoulders (when present), the bolts
are inserted through the lugs, the nuts are threaded
onto the bolts and tightened, drawing the coupling
segments toward one another, compressing the seal and
engaging the arcuate surface within the grooves. As
evident from the previous description, installation of
mechanical pipe couplings according to the prior art
requires that the technician typically handle at least
seven individual piece parts (and more when the
coupling has more than two segments) and must totally
disassemble and reassemble the coupling. Significant
time, effort and expense would be saved if the
technician could install a mechanical pipe coupling
without first totally disassembling it and then
reassembling it, piece-by-piece. Summary of the
Invention The invention is drawn to a method of
manufacturing an installation-ready pipe coupling for
joining pipe elements in end-to-end relation. An
installation-ready pipe coupling according to the
invention arrives at the work site preassembled and is
configured to permit the pipe elements to be inserted
without disassembling it. The method comprises: (a)
providing a plurality of segments, each of the
segments having a pair of contact surfaces adapted to
interface with the outer surfaces of the pipe
elements, the contact surfaces being in spaced apart
side by side relation, the segments subtending an
initial angle; and(b) deforming each of the segments
into a deformed shape subtending a final angle,
wherein the final angle is less than the initial
angle, the segments maintaining the deformed shape. In
another embodiment, the method comprises: (a)
providing a plurality of segments, each of the
segments having a pair of arcuate contact surfaces
adapted to interface with the outer surfaces of the
pipe elements, the arcuate contact surfaces being in
spaced apart side by side relation, the arcuate
contact surfaces having an initial radius of
curvature; and (b) deforming each of the segments into
a deformed shape wherein the arcuate contact surfaces
have a final radius of curvature, the final radius of
curvature being greater than the initial radius of
curvature, the segments maintaining the deformed
shape. 



In another embodiment the method of manufacturing an
installation ready pipe coupling comprises: (a)
providing a plurality of segments, each of the
segments having a pair of contact surfaces adapted to
interface with the outer surfaces of the pipe
elements, the contact surfaces being in spaced apart
side by side relation, the contact surfaces having
first and second ends oppositely disposed and
positioned at an initial distance apart from one
another; and (b) deforming each of the segments into a
deformed shape wherein the first and second ends of
the contact surfaces are positioned at a final
distance apart from one another, the final distance
being greater than the initial distance, the segments
maintaining the deformed shape. In a particular
embodiment, deforming of the segments may comprise:
(a) providing a tool having at least one surface
engageable with each of the segments; (b) engaging
each of the segments with the tool; and (c) forcing
each of the segments and the tool against one another
such that each of the segments deforms to subtend the
final angle and/or have the final radius of curvature
when the segments are removed from the tool. In
another embodiment of the method, deforming of the
segments comprises bending effected by:(a) supporting
each of the segments at two support points in spaced
relation lengthwise along each of the segments; and
(b) applying a force transversely to each of the
segments at a point located between the two support
points. The method further comprises assembling the
installation-ready coupling by joining at least two of
the segments in end-to-end relation such that the
contact surfaces are in facing relation surrounding a
center space. The segments may be joined using
adjustably tightenable fasteners. Preferably, the
segments are maintained in spaced apart relation after
joining. A ring shaped seal may be positioned between
the segments. The seal has an outer surface which
supports the segments and maintains them in the
desired spaced apart relation. Preferably, the initial
and final angles and the radius of curvature are
measured at the contact surfaces, which are preferably
arcuate in shape. Brief Description of the Drawings
Figure 1 is a flow chart illustrating a method of
manufacturing an installation-ready coupling according
to the invention; Figures 2-4 and 2A-4A are schematic
illustrations depicting an embodiment of a method of
manufacturing an installation-ready coupling according
to the invention; Figures 5-9 are schematic
illustrations depicting another embodiment of a method
of manufacturing an installation-ready coupling
according to the invention; Figure 10 is a flow chart
illustrating another method of manufacturing an
installationready coupling according to the invention;
Figures 11 and 12 show a pipe coupling segment
deformed according to the method described in Figure
10; Figure 13 is a partial sectional end view of an
installation-ready coupling; and Figures 14-17 show
assembly of a joint using an installation-ready
coupling.Detailed Description of the Embodiments
Figure 1 is a flow chart which illustrates a method of
manufacturing an installation-ready pipe coupling
according to the invention. As seen in box 10, a
plurality of segments are provided. The segments are
typically cast from ductile iron but could also be
formed of other metals such as copper, steel, aluminum
malleable iron, stainless steel, copper-nickel alloy
as well as plastics such as PVC and CPVC. For the
process to be effective, the material from which the
segments are formed must be capable of plastically
deforming and taking a permanent set into a first
deformed shape without cracking or manifesting other
modes of failure. The material must also be capable of
deforming again without failing, although not
necessarily plastically, when in use. The segments
have portions which subtend an initial angle and/or
have an initial radius of curvature. As noted in box
12, the segments are deformed so that the subtended
angle decreases and/or the radius of curvature
increases. The segments are permanently deformed in
this manner, meaning that they are stressed beyond
their elastic limit so that they take a permanent set
and assume the smaller subtended angle and/or the
larger radius of curvature. In box 14, the segments
are assembled into couplings by attaching the segments
in endto- end relation using tightenable fasteners.
The segments are assembled and maintained in spaced
apart relation, for example, by using a seal to
support the segments. The spacing between the segments
is chosen to allow pipe elements to be inserted
between the segments without having to disassemble the
coupling. Once the pipe elements are positioned
properly within the coupling, the fasteners are
tightened. The segments are drawn toward the pipe
elements and are engaged with them. The segments
deform as a result of the tightening of the fasteners
and engagement with the pipe elements, the deformation
now increasing the subtended angle and/or decreasing
the radius of curvature. Figures 2-4 show one method
of deforming a representative segment 16. A tool 18 is
provided, the tool having a radius of curvature 20
which is larger than the final radius of curvature
desired for the segment 16. The tool radius of
curvature 20 may be somewhat larger to compensate for
spring-back from the deformed shape, which often
occurs when an elastic material is deformed
plastically. There is almost always a portion of the
material for which the stress induced by the deforming
forces does not exceed the elastic limit. This portion
of thematerial does not deform plastically and its
elastic properties act to return the segment partially
to its original undeformed shape. In Figure 2, the
segment 16 is shown engaged with the tool 18. In this
example the segment subtends an initial angle 22 of
about 180, and it rides high on the tool because its
initial radius of curvature 24 is less than the radius
of curvature 20 of the tool 18. As shown in Figure 3,
a ram 26 engages the segment 16 and forces it against
the tool 18. The ram is preferably actuated
hydraulically, although mechanical rams are also
feasible. The segment deforms both elastically and
plastically as a result and conforms to the shape of
the tool. While engaged under force, the segment 16
has the same radius of curvature as the tool. Because
it is forced to assume a larger radius of curvature,
the subtended angle becomes smaller. As shown in
Figure 4, the ram 26 is disengaged and the segment 16
is released from the tool 18. The segment has been
deformed plastically and takes a permanent set, with a
final radius of curvature 28 larger than the initial
radius of curvature 24, and a final subtended angle 30
smaller than the initial angle 22. For an initial
subtended angle 22 of 180 final subtended angles 30
between about 170 and about 178 are feasible. For
practical segments the final radius of curvature may
be between about 5% and about 10% greater than the
initial radius of curvature. Figures 2A, 3A and 4A
illustrate the steps as described above for Figures
2-4, but for a 



segment 16 which subtends an initial angle 22 of 120.
A coupling would have three such segments joined
end-to-end. The process is essentially the same as for
the 180 segment shown in Figures 2-4, however, with an
initial subtended angle 22 of about 120 the final
subtended angle 30 will preferably be between about
112 and about 119. Figures 5-7 show another method of
deforming the segments 16 in the method of making an
installation-ready coupling. These figures illustrate
a three point bending method. As shown in Figure 5,
the segment 16, having its initial radius of curvature
24 and subtended angle 22, is supported at each end by
supports 32 and 34. As shown in Figure 6, the ram 26
engages the segment somewhere between the supports,
preferably midway between them. The ram applies a
force transverse to the segment, bending the segment
plastically and forcing it to assume a deformed shape
having a greater radius of curvature 36 (the
"intermediate radius of curvature") and a smaller
subtended angle 38 (the "intermediate subtended
angle"). Once the proper angulardeflection has been
achieved, the ram 26 is removed (see Figure 7) and the
segment is removed from supports 32 and 34. The force
applied by the ram has resulted in the segment taking
a permanent set with a final radius of curvature 28
greater than the initial radius of curvature 24 and a
final subtended angle 30 less than the initial
subtended angle 22. The final radius of curvature 28
may be less than or equal to the intermediate radius
of curvature 36 depending on the amount of spring back
in the segment 16. Similarly, the final subtended
angle 30 may also be greater than or equal to the
intermediate subtended angle 38, again depending on
the degree of spring back in the segment. Figure 8
schematically illustrates another method of deforming
a segment 16. In this example, tension forces 17 are
applied at opposite ends in opposite directions.
Application of such forces may be effected
hydraulically using fixtures to engage the lugs 42
which provide convenient attachment points. Figure 9
illustrates yet another deforming method, whereby an
outwardly expanding force 19 is applied between the
ends of each segment 16. Again, appropriate fixturing
is necessary to effectively apply the deforming force
19. It is understood that the radii of curvature 24,
28 and 36 may be measured with respect to any
convenient point on the segment 16. It is advantageous
to measure these radii with respect to concave arcuate
surfaces such as 40, which project inwardly and are
adapted to contact the outer surfaces of the pipe
elements being joined by the coupling as discussed
below. Similarly, it is advantageous to measure the
subtended angles 22, 30 and 38 with respect to the
contact surfaces 40. Alternately, there are lugs 42 at
each end of the segments which can be used as the
reference datum for the determination of the subtended
angles. Figure 10 presents another flow chart which
describes an alternate method of manufacturing an
installation ready pipe coupling. As described in box
11, segments having contact surfaces with ends
positioned at an initial distance apart from one
another are provided. An example of such a segment 16
is shown in Figure 11, wherein contact surfaces 40
have oppositely disposed ends 4 1 and 43 separated by
an initial distance 45. With reference again to Figure
10, as explained in box 13, the segments are deformed,
for example by any of the aforementioned techniques
(forced engagement with a tool or three point bending
method), so that the ends of the contact surfaces are
at a final distance apart from one another, the final
distance being greater than the initial distance. This
is further illustrated in Figure 12 wherein segment 16
is shown in a deformed shape with ends 4 1 and 43
positioned at a final distance 47which is greater than
the initial distance 45 shown in Figure 11. In a
practical embodiment, the final distance 47 is between
about 5% to about 10% greater than the initial
distance 45. Box 15 in Figure 10 describes that the
segments are joined in end-to-end relation to
construct a coupling as explained in detail below. As
shown in Figure 13, the segments 16, in their deformed
shape, are assembled to form a coupling 42. The
assembly process comprises joining at least two
segments 16 in end-to-end relation and securing them
to one another using adjustably tightenable fasteners,
such as bolts 44 and nuts 46. The installation-ready
aspect of the coupling is afforded by the deformed
shape and the fact that the segments are maintained in
spaced apart relation to allow pipe elements (for
which the coupling is sized) to be inserted between
the segments as described below. The segments are
preferably maintained in spaced relation by a seal 48
positioned between them. Seal 48 has an outer surface
50 which supports the segments and maintains them in
spaced apart relation. Other forms of spacers are also
feasible. Notches 52, shown in phantom line, may also
be positioned at opposite ends of the segments to
provide additional clearance for pipe element
insertion. The presence of notches reduces the degree
of separation required between the segments and allows
for fasteners of reasonable length. U.S. Patent No.
7,086,13 1 to Gibb et al describes these various
aspects of the coupling and is hereby incorporated by
reference herein. The preassembled, installation-ready
coupling is supplied as shown in Figure 13. In use, as
shown in Figures 14 and 15, pipe elements 54 and 56
are inserted between the segments 16 without the need
for any disassembly thanks to their deformed shape,
separation and notches 52 (if present). For the
joining of grooved pipe as shown, the contact surfaces
40 of the segments are aligned with grooves 58. As
shown in Figures 16 and 17, the fasteners (bolts 44
and nuts 46) are tightened, drawing the segments
toward one another and into engagement with the pipe
elements. Tightening of the fasteners deforms the
segments 16 so that the contact surfaces 40 thereon
engage the outer surface of the pipe within the
grooves 58 substantially over their entire arc length.
The force applied by the fasteners is reacted by the
pipe elements and the segments are deformed to a
smaller radius of curvature and a larger subtended
angle as determined by their engagement with the
groove surfaces. In a practical example of an
installation ready pipe coupling for use with a pipe
having a 2 inch nominal outer diameter (2.375 inch
actual outer diameter), the contact surface's final
radius of curvature for the deformed shape (before
tightening of the fasteners) is about 1.22inches and
the radius when tightened in pad to pad engagement is
about 1.12 inches. Alternately, this may be expressed
as a function of the distance between the ends of the
contact surfaces. For use with the 2 inch nominal
outer diameter pipe, in the deformed shape (before
tightening), the final distance between the contact
surface ends is 2.44 inches. The distance when the
fasteners are tightened to bring the segments into pad
to pad relation is 2.26 inches. In another example of
an installation ready pipe coupling, for a pipe having
a 4 inch nominal outer diameter (4.5 inch actual outer
diameter), the contact surface's final radius of
curvature for the deformed shape (before tightening of
the fasteners) is about 2.36 inches, and the radius
when tightened in pad to pad engagement is about 2.16
inches. Alternately, this may be expressed as a
function of the distance between the ends of the
contact surfaces. For use with the 4 inch nominal
outer diameter pipe, in the deformed shape (before
tightening), the final distance between the contact
surface ends is 4.71 inches. The distance when the
fasteners are tightened to bring the segments into pad
to pad relation is 4.35 inches. Installation-ready
pipe couplings manufactured according to the methods
described herein provide a robust, rigid, fluid-tight
joint while reducing the time and effort required for
installation.CLAIMS What is claimed is: 



1. A method of manufacturing an installation ready
pipe coupling for joining pipe elements in end-to-end
relation, said method comprising: providing a
plurality of segments, each of said segments having a
pair of contact surfaces adapted to interface with the
outer surfaces of said pipe elements, said contact
surfaces being in spaced apart side by side relation,
said segments subtending an initial angle; and
deforming each of said segments into a deformed shape
subtending a final angle, wherein said final angle is
less than said initial angle, said segments
maintaining said deformed shape. 2. A method according
to Claim 1, wherein said initial angle is about 180. 3
. A method according to Claim 2. wherein said final
angle is between about 170 and about 178. 4. A method
according to Claim 1, wherein said initial angle is
about 120. 5 . A method according to Claim 4, wherein
said final angle is between about 112 and about 119.
6. A method according to Claim 1, wherein said
deforming comprises: providing a tool having at least
one surface engageable with each of said segments;
engaging each of said segments with said tool; and
forcing each of said segments and said tool against
one another such that each of said segments deforms to
subtend said final angle when said segments are
removed from said tool. 7. A method according to Claim
1, wherein said deforming comprises:supporting each of
said segments at two support points in spaced relation
lengthwise along each of said segments; and applying a
force transversely to each of said segments at a point
located between said two support points. 8. A method
according to Claim 1, wherein said deforming comprises
applying tension forces to opposite ends of said
segments. 9. A method according to Claim 1, wherein
said deforming comprises applying an outwardly
expanding force between ends of each of said segments.
10. A method according to Claim 1, further comprising
joining at least two of said segments in end-to-end
relation such that said contact surfaces are in facing
relation and surround a central space. 11. A method
according to Claim 10, further comprising joining said
segments using adjustably tightenable fasteners. 12. A
method according to Claim 10, further comprising
maintaining said segments in spaced apart relation
after joining said segments. 13. A method according to
Claim 12, further comprising positioning a ring shaped
seal between said segments, said seal having an outer
surface supporting said segments and maintaining them
in said spaced apart relation. 14. A method according
to Claim 1, wherein said contact surfaces comprise
arcuate surfaces, said method further comprising
measuring said initial and final angles at said
arcuate surfaces. 15. A method of manufacturing an
installation ready pipe coupling for joining pipe
elements in end-to-end relation, said method
comprising: providing a plurality of segments, each of
said segments having a pair of arcuate contact
surfaces adapted to interface with the outer surfaces
of said pipe elements, said arcuate contact surfaces
being in spaced apart side by side relation, said
arcuate contact surfaces having an initial radius of
curvature; anddeforming each of said segments into a
deformed shape wherein said arcuate contact surfaces
have a final radius of curvature, said final radius of
curvature being greater than said initial radius of
curvature, said segments maintaining said deformed
shape. 16. A method according to Claim 1, wherein said
final radius of curvature is between about 5% and
about 10% greater than said initial radius of
curvature. 17. A method of manufacturing an
installation ready pipe coupling for joining pipe
elements in end-to-end relation, said method
comprising: providing a plurality of segments, each of
said segments having a pair of contact surfaces
adapted to interface with the outer surfaces of said
pipe elements, said contact surfaces being in spaced
apart side by side relation, said contact surfaces
having first and second ends oppositely disposed and
positioned at an initial distance apart from one
another; and deforming each of said segments into a
deformed shape wherein said first and second ends of
said contact surfaces are positioned at a final
distance apart from one another, said final distance
being greater than said initial distance, said
segments maintaining said deformed shape. 18. A method
according to Claim 17, wherein said final distance is
between about 5% and about 10% greater than said
initial distance. 19. A method according to Claim 17,
wherein said deforming comprises: providing a tool
having at least one surface engageable with each of
said segments; engaging each of said segments with
said tool; and forcing each of said segments and said
tool against one another such that each of said
segments deforms to position said first and second
ends of said contact surfaces at said final distance
apart. 20. A method according to Claim 17, wherein
said deforming comprises: supporting each of said
segments at two support points in spaced relation
lengthwise along each of said segments; and applying a
force transversely to each of said segments at a point
located between said two support points.21. A method
according to Claim 17, wherein said deforming
comprises applying tension forces to opposite ends of
said segments. 22. A method according to Claim 17,
wherein said deforming comprises applying an outwardly
expanding force between ends of each of said segments.
23. A method according to Claim 17, further comprising
joining said segments in end-toend relation such that
said contact surfaces are in facing relation
surrounding a central space. 24. A method according to
Claim 23, further comprising joining said segments
using adjustably tightenable fasteners. 25. A method
according to Claim 23, further comprising maintaining
said segments in spaced apart relation after joining
said segments. 26. A method according to Claim 25,
further comprising positioning a ring shaped seal
between said segments, said seal having an outer
surface supporting said segments and maintaining them
in said spaced apart relation. 


