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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
20 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’/savory), the biological and biochemical basis of taste perception was poorly
understood, and most taste improving or taste modifying agents have been discovered largely by
25  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. Itis

30  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) or
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artificially expressing those receptors in cell lines ; ¢) using the resulting cell lines for screening

compounds as potential "savory" flavoring agents; and d} assays and/or high throughput screens
that measure TIR1/T1R3 or TIR2/T1R3 receptor activity by fluorometric imaging in the
25  presence of the target compounds.
Whercas the T2R family includes over 25 genes that are involved in bitter taste
perception, the TIR family includes only three members, TIR1, TIR2 and T1R3. (See Ly, 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 T1R members, when co-expressed in suitable mammalian cell
30 lines, assemble to form functional taste receptors. Particularly it was found that co-expression of

T1R1 and T1R3 in a suitable host cell results in a functional TIR1/T1R3 savory ("umami") taste
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Summary of the Invention

In one aspect, the present invention provides a compound having structural formula (I)

Y\A
e
0 1 (1)
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20 Z

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

25  arylalkyl, arylalkenyl, substituted arylalkenyl, heteroaryl, substituted heteroaryl, heterocyclyl,

substituted heterocyelyl, heteroarylalkyl, substituted heteroarylalkyl, heterocyclylalkyl,
substituted heterocyclylalkyl, carbocyclyl, substituted carbocyclyl, acyl, halo, -CN, -NO,, -OR!,
_S(O)R’, -S(0),R’, -OC(O)R’, -N(R"YC(O)R, -NR'R?, -C(O)NR'R?, -C(O)OR', -S(O);NR'R?,



X 20 or the salt, solvate, N-oxide, ester, and/or prodrug thereof
wherein: Ais aryl, heteroaryl, or a covalent bond,;

hydrogen,‘ﬁ?ﬁwpﬂxgﬂbstituted al kyl, allcenyl, substltufgaﬂggw§ﬁ§ﬁw

al l cynyl, substituted al kyl nyl, heteroalkyl, substituted heteroal kyl,
aryl, substituted aryl, arylalkyl, substituted 25arylal kyl,
arylalkenyl substituted aryl al kenyl, heteroaryl, substituted
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alkenyl, substituted alkenyl, alkynyl, substituted alkylnyl, heteroalkyl, substituted heteroalkyl,
aryl, substituted aryl, arylalkyl, substituted arylalkyl, arylalkenyl, substituted arylalkenyl,

20  heteroaryl, substituted heteroaryl, heterocyclyl, substituted heterocyclyl, carbocyclyl, substituted
carbocyelyl, heteroarylalkyl, or substituted heteroarylalkyl; and
with the following provisos: (a) when A is triazole or tetrazole; then -X-Z is not

-0-alkyl, -O-acyl, or sulfonamido; (b) when A is tetrazole, and Z is cyclohexyl; then X is not -
NH-C(0O)-, -NH-C(0)-NH-; and (c) when A is a covalent bond, then Y is not hydrogen..

25 In another aspect, the present invention provides a composition comprising the compound
of formula (I):
Y.
“A
Q
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or the salt, solvate, N-oxide, ester, and/or prodrug thereof, wherein:



Rl, R2, R3, R4, R5, RP, and R7 are each independently hydrogen
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substituted aryl, aryIaIkyI, substituted arylal kyl, atylal kenyl,
substituted arylallcenyl, 20het er oaryl , substituted het er oaryl ,
het erocycl yl, substituted heterocyclyl, carbocyclyl, substituted
car bocycl yl, heteroaryl al kyl or substltuted heteroarylallcyl and
with the fol Adwmilheeieeivhesa cqualeniitoash A is triazole or tetrazol e

then -X-Z 'sngfiyangea' 115u5$’u@&wﬂty1q{lkeﬁﬂl f%@ﬁ%&’%k%{glp)ﬁ%ﬁ%d&ﬂﬁed
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NERHNERHC(OYORS, -NRNC(OYOR?, -NRHC(O)NRIRS, -N(R')-C(0)-C(O)-NR’R®,
-C(0)-C(0)-NR'R2, -P(O)(OR")(OR?), -P(O)ORMR?), or -P(O)R'R?;
X is -O-, -§-, -3(0)-, -8(0)z-, -CR'R%-, -C(O)-, -C(S)-, -C(=NR?)-, -C(0)O-, -N(R’)-,
-OC(0)-, N(R)C(O)-, -C(OIN(R?)-, -NR>)-C(=N-OR*-, -C(=N-OR%)-, -C(=NR’)-NR'-,

15 NERHICENRH-R, -NRHICOINERH-R®, NRHCENRY-, -NRHC(S)-, -NR)-C(0)-C(0)-,
-C(S)-N(RY)-, -N(RHS(0)z-, -5(0)-N(R?)-, -N(RH)C(=NR)O-, -C(=NRHO-NRY)-,
N(RY)-CENRH-NR®)-, -NERHINRHC(0)O-, -NR})C(0)0-, -NRHC(OINRY-,
N(R?)-C(0)-C(0)-NR*-, -C(0)-C(0)-NR"-, -P(O)(OR?)-, or -P(O)R-;

Z is alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkylnyl,

20  heteroalkyl, substituted heteroalkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl,
arylalkenyl, substituted arylalkenyl, heteroaryl, substituted heteroaryl, heterocyclyl, substituted
heterocyelyl, heteroarylalkyl, substituted heteroarylalkyl, heterocyclylalkyl, substituted
heterocyclylalkyl, carbocyclyl, or substituted carbocyclyl;

R', R% R3, RY, R, RS, and R7 are each independently hydrogen, alkyl, substituted alkyl,

25  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
carbocyelyl, heteroarylalkyl, or substituted heteroarylalkyl.

In another aspect, the present invention provides a method for modulating the savory

30 taste of a composition comprising combining the composition with at least one compound of

formula (I}



substituted heterocyclylalkyl car bocycl yl, substltuted car bocycl yl,
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-C(S)-NRY-, -NRHS(0)z-, -S(0)2-N(R®)-, -N(R})C(=NRYO-, -C(=ENRHO-NRY)-, -
NERH-C(=ENRHY-NR?)-, -NRIHINRHT(0)O-, -NRHC(O)0-, -NRHC(ONRH-, -
20 N(R»-C(0)-C(0)-NR*-, -C(0)-C(0)-NR*-, -P(O)(OR%)-, or -P(O)R’-;

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, heteroarylatkyl, substituted heteroarylalkyl, heterocyclylalkyl, substituted

25  heterocyclylalkyl, carbocyclyl, or substituted carbocycelyl;

R, R%L R’ RY, R RS 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,
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20  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,
25  in order to administer the inventive compound in a dispersed/diluted form, so that the biclogical
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
30  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,



het eroaryl, substituted heteroaryl, heterocyclyl, substituted

heterocyckél, garbocyclyl, substituted carbocyclyl, heteroar 1aLK¥I,
or substi tWPéWHREET oaryl al kyl . Brief Description of tR&IEPARAGS

S5Figure 1 is a graph showi ng the panel average umam intensity
rati ngs over 2 sessions for 70 second rating period, n = 33 (17
Panelists x Irep x dayl and 16 panelists x Irep x day2). Figure 2 is
a graph show ng the average umam intensity ratings over a 70 seconds
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water at neutral, acidic, or basic pH fruit or vegetable juices,
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mlk or condensed , compound or biologically acceptable salt thereof that elicits a detectable savory
flavor in a subject, ¢.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

20  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, ¢.g., monosodium glutamate (MSG) in an
animal or a human.

25 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 TIR1/T1R3 receptor.

30 An "umami receptor modulating compound" herein refers to a compound that modulates

(activates, enhances or blocks) an umami receptor.
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such as ethanol, solid edible diluents such as vegetabl e powders or

flours, or other |iquid vehicles; dispersion or suspensign aids;
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20 present inventi'on are savory flavoring agents/conpounds.
sufficient to enhance the taste of a natural or synthetic flavoring agents, ¢.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

20  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

25  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 uM). A
*TIR1/T1R3 receptor modulating or activating amount” is an amount of compound that is
sufficient to modulate or activate a TIR1/T1R3 receptor. These amounts are preferably the same
as the umami receptor modulating amounts.

30 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 umami
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flavor enhancin herein refers n"anou conpound
t hat i s 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
20  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
25  mixture of the two. The chiral centers can be further designated as R or S or R,S or d,D, L,.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
cither 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,
30  if asingle enantiomer of the potentially optically active heterocyclic compounds disclosed is

desired, for cither health or efficacy reasons, preferably it is present in an enantiomeric excess of

10
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conbi ni ng corrpou e invention wth anot savory flavori ng
agert0 subdt paécrhlsﬁrahhdanm&acg@mshtymeindﬂpmé@n@s s¢lpaed 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+, Cat+ and K+, halogens which include
fluorine, chlorine, bromine, and iodine, OH, SH, SO;H, SO3", POsH, POs, NO, NO? or NH,, and
the like.

25 As used herein, the term "alkyl," "alkenyl" and "alkynyl" include straight- and branched-
chain 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

30  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 "C1 to
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SUbgFSOUB) @Jynﬁaﬂbﬁ‘@h v béth‘hyﬁ 3l RAEG T}ﬂ ﬁﬂéghﬁaﬁ h&@ﬂ?lohﬂﬂéc E She alns
only carbon and hy ro?en 5at ons. rocarbon’ resi %/

al i phat i3chaytynzls édreptyey]. Sshaphinghas el b Al- aé@’éﬂf@s Oiﬁﬁ&’fgéh@é bl%la C‘lsircé{ﬂéﬁ or
unsat urq.%cq]gdm &cﬂg enbodi nents the hydrocarbon residues are of
limted ‘'size and nol ecul ar wei ght, and may corrprl se lto
18 carbon at Ghsterms tsabstigrekalybh "abginesd aikenyl, 1 Subsittsestellatnshandl to 10
carbon aj

carbon ot gl fiyRefHRA0 B QPSR S RIORT BB Rl cfibed
"sult i thetedd whecormaionsowrhyidwgeudiens hastbeeh qmtdmtually substltuted 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 C1 to C7 alkoxy, or alkoxy-alkyl,
oxo, C3 to C7 ¢ycloalkyl, naphthyl, amino, {(monosubstituted)amino, (disubstituted)amino,
guanidino, heterocycle, substituted heterocycle, imidazolyl, indolyl, pyrrolidinyl, C1 to C7 acyl,
25  Cl to C7 acyloxy, nitro, carboxy, carbamoyl, carboxamide, N-(C1 to C6 alkyl)carboxamide,
N,N-di(C1 to C6 alkyl)carboxamide, cyano, methylsulfonylamino, thiol, C1 to C4 alkylthio or
C1 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,
30  fluoro, chloro, NH,, NHCH3, N(CHs),, CO,CHs, SEt, SCHs, methyl, ethyl, isopropyl, vinyl,

trifluoromethyl, methoxy, ethoxy, isopropoxy, and trifluoromethoxy groups. In many
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one or nore independently selected heteroatons such as 0, S, N P, or
t he hal ogens ‘i}Hl uorine, chlorine, brom ne, and iodine), or one or
mor e substW® a1 4#bups cont ai ni ng het er oat ons (COH, NHZC WGJ"W
and the |like) over and above the carbon and hydrogen atons of the
substituent residue. Substituted hydrocarbon residues nmay al so

contai n carbonyl groups, am no groups, 15hydroxy| groups and the

| i ke, or contain heteroatons inserted into the "backbone" of the
hydr ocarcmbpdiments gf il invention thed copgierise Hisrabpye, listsi of SpbgRMFRL Qb 3P ey more

resi due ;qurper%n&u? RsRkEA! g0 ngi?‘h'cﬁ?éﬁydal géﬁﬁeswﬁg nfeffit, %5;1 isopropyl,

substitdents he or gani ecu ed or claimed here
t hat ha\?reﬂlﬁomcﬁlﬁn@f:@(ﬁﬂathaxmﬁmQﬂlﬂa@ronﬁothnutgrbml ude carbon, but do

contain ot he, ”30% o%{eoa'ﬂ%v mr&tpc‘?a lrg%/o%gée ﬁg@gée)%@]g%%ﬁ) t1 gll, ehes Bl Y

i ncl ude one or ons 1N epende romt
consisst iyhgyafomethyD) pittimeyl, ohlercorethyb teflivadrogienshy doxyabtkel i | met aI or

R T R G AR L et M
fluori nearbckyhmhym,allybkmboﬁyMﬂﬂl nH)ﬂDnearbajlarsShbm&@aantﬁﬁ)@meﬁP@H,

P03 i ke used. herein, .t term

Talky 1 enokymelt, Mhifs Ryl B EmE Piia et Pl et i iRl
chain arzch Gy biotn- mﬂ@\ﬂadrﬁﬂéprspybst—dhﬂdi&ﬂﬁﬁ, 3-HaérostREpEbiomeethyl, 2cBlorocthyl,
sat ur at ed unsaﬁq f?t ed wit bon nd un turat ed

one do | e
wi t H0at Irilpeqeityhe-fyaroshyl, t}o‘ﬁgoethy?%”“’doe‘ y Por?lﬁ?@”rhsr FhOPTEPIRRA r ocar bon
group t Ralradbyhe-wensaaiua bymbpoprd- Bfoﬁﬁb@ﬁylaliﬂﬁazﬂ obYl, Z-8a®dpHiagyl,

hydrogen fromthe structure of a non- c clic drocarhon conpound
havi ng StiuergrerybR-aunestahdnapinediho etwavln%am@ﬂﬁhﬂémaaf‘éﬂr?gal’ﬂlﬁ%ﬂhﬂ

hydr ogeny.gt 631w ﬁxﬂné‘a@lh@facé}ﬂﬂ&r@iﬁo&ﬁﬂ@ﬁﬁ fhe Ake.i NOr gani ¢ substi t uent
group. In sone enbodi nents of the invention, the alkyl groups are "C

to WD 2009/ E}WW@SW@#@BQWP@@CMRanxlu%ﬁhla@ “TeReHylyL BeHgio;
pr OPDS' Hu?eﬁ-qryq heth@xybﬁxto}ﬁéna &Ba: @bﬁﬂ putes! Qcﬂ bluéy)ého-bﬁt@{ 8 Patdhe 1@ he

tert -arryl ny enbodi'ment’'s of the’invention
conpris @cm@t:trlt:@ w@meaw ifltot eyitisalynd 24l goempiaicalyseimprs: fer mgigon ubsiswchiguple:

groups) b%P@Ea but are not limted to, nethyl, ethyl, propyl,
i SO- propy I]buty |so butyl, sec-butyl, and t-buty I roups. Sone of

t he pref erre&XEralblkswf sgbsoap@i @fynﬁ’moum\mhldﬁ@helﬂbvmbhﬂe’ lahepy}r2epropyn-
car bon qt_ﬁrgﬁdﬁlr gigerably 3 to 16 carbon atons,

20 “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-, -8(0)-, -8(0),-, -S(O)NH-, -S(0),NH- and the like and combinations thereof. The

25  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, -O-, -8-, ~0-0-, -8-8-, -0-5-, -NRj-, =N-N=, -N=N-, -N=N-NR;, -PR-,
-P(0);-, -POR-~, -0-P(0);-, -SO-, -SO2-, -SnR,- and the like, where R is each independently
hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl,

30 cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroalkyl,
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4 to 14 carbon atons, or 6 to 12 carbon atons. The term "al kenyl" is
structurally anal ogous to an al kyl group or residue that c ri ses at
| east one‘ﬁé?ﬁ%ﬂlﬁg}bon doubl e bond. In some enbodinen?gTﬂggE&WVﬁ”
groups are "C2 to C7 al kenyls" which are exenplified by vinyl, allyl,
2- butenyl, 3-butenyl, 2-pcntcnyl, 3-pentenyl, 10 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
st r ai ghsubstartaghaisecalyL dpfaroaw], suhstitaddetesppo dictrstirgalkg ok Hyiitedr e
limtedytQ Lo kg four carbon atoms. The term "alkynyl" is anal ogous
to an al y1 é@oup or radical that conprises at |east one

car bon- car bofHalpalkl&isiselseitutqdralifyé grospl omickigupihegein opsoranae hxdpogens @the

al kynyl " 2 0ty . .

3 pont y S5 Bty ST HL ty EAREORAINC i OB ok FBEAEY dine bromine

4- hept yayd jodhehdirefpngd hadmilkpd dan dsvedine tefodr ¢aronytvess. Bfamplesail pietermedd

branche ins includi ene- T " tituted al kyl,"

Poubst  oapan e giete P BT due b RO MR subsc vt ot

al | cyl ene" delabtikotshaburshe: @ikdgy lgrovas kengidyes eheminkopn pt mgredydegors from
20 herein, \wher nor e

radi cal s descr| be in.one or hydr ogep. at ans
has beertSB ARERELAF AoSUBEN Tht SOy T Birting Fhiotis brofias A1y done
or twg mﬁﬁaﬂﬁnﬁﬁﬁﬂbe§@hﬁﬁhﬁﬁm&k@ﬁ&ﬂbwﬂmﬂbﬁaﬁgﬁnEﬂmﬁmb$fbmﬁﬁmﬁ gr oups
or radicals, that can ipnclude a hal ogep, hydroxy, amno, SH a C to
&7 dDicogloapr i R Ry TS sy o kep B RAR TRpit hyt

ani no, (NMONOFYHEh !'éio ddrds AQarbbAl b iwhiddib 66) &llitRal @AM kGE Qubstituted
het er ocycl e, substituted heterocycle, imdazolyl, indohyl, ,

pyr rol i dYifyn oxygenagpngoukly fondeifejthe qgrber aloay sty farmines Kepoap i or

car banoylgaear boxam de, N-(Cl to C6 al kyl)carboxam de, N, N-di (Cl to
C6 al kyl ) carboxam de, cyano, nethyl sul fonyl am no, thi ol

ol, G to 4
al lcylthio orAlpxy'er kKl e shyiR mdisaby Zromrevhin it o dbylgdicpl In

groups 1By RRLSdRS i hRHxPREEpsQUan BOEE t0 @R AnPHEiRS: @RbY1iABAScAMbelOM €,
with the sane or wth diffeerent substituents. In many enbodi nents of

t he i nverkdlkmxy geoups whereindidis gy 2Bl suabes B MeBWEY-GHoBH - Hrepoxy, isopropoxy,
RS, ) DO AU USRI A R
is a substituted alkyl group or residue. Examples of substituted alkoxy groups include

trifluoromethoxy, hydroxymethyl, hydroxyethyl, hydroxypropyl, and alkoxyalkyl groups such as
20  methoxymethyl, methoxyethyl, polyoxoethylene, polyoxopropylene, and similar groups.
“Alkylamine” refers to -NHR or -NR,, wherein cach R is independently an alkyl radical.
In some embodiments the alkylamine groups can be C1 to C8, and in other embodiments can be
C1 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,
25  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 CI to C8, and in other embodiments can be
C1 to C4. In many embodiments, both R and R’ are a lower alkyl, such as a methoxy, ethoxy,
N-Ppropoxy, isopropoxy, n-butoxy, t-butoxy and like alkoxy groups. Examples of alkoxyalkyl
30  groups include, methoxymethyl, ethoxyethyl, methoxypropyl, and methoxybutyl and similar

groups.
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trifluoronethyl, nethoxy, ethoxy, isopropoxy, and trifluoronet hoxy
groups. In ma 0\6 WD 2009/ 111447PCT/ US2009/ 035837 enbodi nent s %37
i nvent i on WRAPLEHHT i se the above lists of substituent P&F‘gﬁb@)mﬁ'

even nore preferred group of substituent groups include hydroxy, SEt,
SCH3, nethyl, ethyl, isopropyl, trifluronethyl, methoxy, ethoxy, and
trifluoronmethoxy groups. Exarrpl es of the above substituted al kyl

groups include the 2-oxo-p CE) 1-yl, 3-oxo0-but-1- 5 C anorret hyl ,
ni tronet hyi , "4y 0 rﬁéﬁrﬁwanfi @or F%WtW}GRWG@B‘%EﬁﬁI‘P\%ﬁW aryl,

tetrahy %E@fwy@w bm(éa%mmlbubgumtéw %mmt éw)!;mutea 9[91 PV YRR byl

am nonet hy car boxynmnet iy | yl oxycarb
al lyl ox;gmmbomﬂtcahwhmetmﬁ radmltcn@nympwﬂo se@pwoxmﬁetfmlcalbon atoms. In

6. hydr o3 sy ot SR RUTE U maiflh SRR ory ML MORIRII LY oy
2- chbbor datyjdxy, deetorn W@dnyioﬁy,z’»ugmlgxyo etvhlyovloxm;@Entﬁnqybwmétcha}doyloxy,
2-T1 uor %ettgéloyfoxy gn&) %g?f(cj? )flll othgr m%%?%%eqwthe 7 81%5143 Oirg egr om)

2- chloroﬁ?op orop roy op yl,

3- br onopr opy is uedfhletsar, ey Bpytomrdsses tho ﬂﬁnnmqw Iof alBylf 4lkkouy phkpmpt Iand the

2- am noet h t.

N acet y PSR ARIRRI ol e Bl G HHTRORCRg e e drgpeh »carbony! roup

1- am noes Fyrh addatbnt hedicki df%loﬂﬁXB[ﬁ&he& adl gﬁulbkﬂird: Tt o > 7adcide miych ag fammpl
oro

i ncl ude styr 3-chl oro- open , 3= uten- 1-yl .

5 methoxserdh Gpbag: GomRbEHBRTE Boueu eyl P S potarand Byt
the |i k@,refa'{@ g@ﬂ%@b@&bayl&ﬁméﬁz@ﬁl is not critical, and all

geonet ri cal |sorrers for a_given substituted douhl &Gbond ;ﬁ@gdg@edhyone

i ncl uded. The tepry - %Ft@%?"}’g@ﬁg?tﬁt@t*’é&l EAPURY AT G & oY

phenyl a%@h%hceand pr}ffeiab@'dﬁg%ﬂﬁﬁge Kal@gcﬁmwlox@nﬂkﬁr@ciohlkﬁl naphthyl, amino,
20" Heteroal kyl " refers to al éw?roup in ch one or. nore of the

car bon dMepESUPHiHHCOERInG{dispst %Qa@P%{‘ECE%P h%ﬁo&&é‘ﬁ Iige, éH%S)ﬂmt%@r e
eachys | ﬁﬁ&%?aﬁm ymﬁaaz%tﬁ iRIR8H, ;p?fmh&@)m@pﬁd:wm&y,tm ﬁ@n@z @1 to C7

di fferent heteroatons or heteroatom c groups. Typical heteroatons or
het er oateonh €1 gy Gl lonkii o Cdlrio CEpliat estarrrarbony o gradonyh sieharosl but

are not &{- %—fﬁq%t}p Clo Ba él&l)c@ooxan%’é‘ NN-2f(®) 10 C6 M)c%fboxan%ig)c

-S(0) 2N e and “conbi nati 6n$ thereof The 25het eroa oms or
het er oatrmﬁl}dSl@]ﬁO@IlysmnﬁblObéllﬁb géelkylihio anG! frterlkypulipoyl aroups. 1ok sphsttuted

al kyl, aalcg'leg@éﬂps may be substituted once or more, and preferably once or twice, with the same or
20  with different substituents.

Examples of C1 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

25  hydrocarbon radical having some or all carbon atoms linked in one or more ring structures.
Carbocyelyl 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

30  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.
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or allcynyl groups. Typical heteroatom c groups which can be included
in these Qups |nclude, but are not Iimted to, -0-, -S&-, -0-0-
S5, %‘, g Y ' SNCNE, -NEN-, -NEN-NR2, -PR-, -P( 6’?55‘{52‘1"3%???7
-0-P(0)2- -SC> -502- -SnR2- and the like, where Ris each
i ndependent |y hydrogen, al kyl, substituted al kyl, aryl, substituted
aryl, arylalkyl, substituted arylallcyl, 30cycloal kyl, substituted
cycloalﬁ% C cIoheteroaIkyI substltuted C cIoheteroaIkI

yrp

het er oal ied shougopsiothy wasitiet ingblo evrl oo 2y doleyl; %Yﬁk@ﬁﬁyl cyclohexyl,
het er oal, %ﬁaﬂ)he REtEoaN Ilm%bs RSk b lﬁt@% ef ﬁ@é(wﬂolycbax&@aaam@é é&M Ls Or

substitu eteroar i's substituted al kyl
group ordegadisigehues. \nﬁlefﬁmhﬁH@l}bembjlrorr?ﬁfémﬂy@r%‘g%ﬁﬁd@Phl('he correspondi ng

| kyl
chl ot b, - br oSSR ARG B eSO TIEh L HESER AL . e
to féurC&dd%mﬂ—G@bﬂ@ﬂﬂEﬁahpbe@OnﬂwbheﬁﬂﬂmgﬁSham@ﬁl%yﬁﬂgﬁﬁﬁﬂsc?ncIude
trifluor, J“gﬂg%pﬁggé%h%ﬁéggﬁgximq&ag% IHﬁ%oallcoxy groups are

aIIcoxy rou S or rern-one-or ydrogens fromthe R
group of the“&kkmmwdgwﬂm@qﬁhknaehay@géndahgnﬂ¢kﬁmﬂmbm@,m@m&mrﬁhelm

b
Do 9 b S DS BRSOV B A0 Ae Le
trifi uort@{m'ra]ikymxy, QInd (Pedtityadul foddg €tiho Xy atkyBulkmyl, Teo Cdsubstitmod alkylthio,

Cunal T 1ch  E B CI A Caee b b Gy bk TenE b baa o

t her eby aﬁ&kmmo@6&65§ﬁﬂﬁecfaal@il ol to@4 almydmgl ok Nﬂm%yubsmﬁted)ainmz(w "

15 Some (GrUBHTIHIGIS AR SaRpaneih st ekt el Pra@ien of her

enbodi m%i%r%;laﬁﬁﬁxnb@ piénylsQlf6A/ 1 AKX Yh GESURS MRS off siBsiitated cluuiity] gloyd, ,
such as a t hox et hoxy, n-propoxy, i Sopropoxy, n-butoxy

but
and |.kéheaqwbat epelnafiy] erppRwildians 4.2 Baqridsubsigreay %@W'm%@ﬂgntkmglﬁctf%e

R gr@up fich By@88S HidrslBRra NEL! NETOUIN@IH,,LESORAYE, SEXSOR], @R, ethyl,
substituted alkoxr groups i ncl ude trlfluoronethOXé§.hydroxynet yl,
1

hydr oxy e8apyapyL. ripark S3nercsmsiy ]l regiepxy| ERnxy alf ®YPPOFY -Gl cifipxy 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

20  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

25  Cl to C6 alkyl, halogen, hydroxy, C1 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

30  groups. Similarly, the term "substituted cycloalkenylene” means a cycloalkenylene further
substituted preferably by halogen, hydroxy, C1 to C4 alkylthio, C1 to C4 alkylsulfoxide, C1 to

16



20 net hoxynet hyl , net hoxyet hyl, pol yoxoet hyl ene, polyoxopropylene
and simlar "Al kyl am ne" refers to -NHR

wherei n ea%ﬂg??) 12“ ndependent ly an alkyl radical. In s ﬁ“gméﬁ%%?:’ﬁgnts

t he al kyl am ne groups can be O to C8, and in other enbodi ments can
be d to C4 allcylamne groups wherein Ris a |ower alkyl, such as a
met hyl ami ne, ethylam ne, propylam ne, N, N-nethylethylan ne,

N, N-di net hyl arni ne, N, N-di et hyl am ne, 25 N_N-dii sopropyl am ne_and
[ ke al RSSO Stk O ubsitcd iy G KP4 SYPek e g iR, ©f e C4

group O uﬁsﬁfﬁ't&laallkylsm&{ﬁ '(ﬂ tB C%QﬂkyR Clab €7 %h&)d/ (gftQ '{'B%ubsltlﬂlt&%l Clto C7

enbodi ments the all coxyal %rou ps can C8, i n ot her
enmbodi mehkosy-ekhl, beo, @oqogulmtut )@W@W%ﬁt@;tll@@@mmﬁhahéarbvwar e a

" 2ot AR 0 Rl OB, o

30 gpoupssibaatuigdemineerdpxynet hyl , ethoxyethyl rrethoxypropyl and

ot Roxybut Y| Aol Sl e B OHPSr WO 2009 4RO SRO091 3567

"Acyl oxy" ers - ester “grou
cycl oal lnwmbcmdyings hﬁeirgromabyinprcs:wﬂmsn a1bu$ echnad:tkcyin a rgighisdt plsel t@nbrlse [tod

cycl oal k) tltuted arvyl, su L.t uted Lerar | . ar
radi cal éﬁ@?tgf SUR PS8 %%ﬁ Su@%‘ﬁ%m?gélgm@nn e or?gé@%n%élrn%oﬁje %o four
car bon albmfmycllcmngaam be Hﬁﬁﬁtcﬂﬁﬂfsﬂ:uraﬁd io8 patialpl daydturtad) bmaire peefidatdyic h

SCY ey Sl 0, XL e, B, OIS RSELREL L i o
hept ano&ftﬂ%ﬂdy@@@'ra&ﬂﬂ?l bénkBxazdlb, &hhﬁﬁzcﬂé‘[ﬁﬁiﬂbﬂfﬂﬂ'g sndile hRRe@auasSe AR,

O . L el b RIS e AL SR, °
coupl ed tét%h?d}oﬂl%btpyﬁ'&ﬁll 24 ﬂﬁ’@hﬁhcﬁtﬁi’ébﬁiﬂdﬂ ddggough a carbonyl group to
form"a ket one_radi cal grou ! ,grr(taldtacyl gr oups area CL aEbO C_:?
acyl " such adh¢ tg ubstltute heterocycle or "substituted Reterocyelic ring” means the above

15  described 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,
liydroxy, thio, alkylthio, cyano, nitro, C1 to C4 alkyl, C1 to C4 alkoxy, C1 to C4 substituted
alkoxy, alkoxy-alkyl, C1 to C4 acyl, C1 to C4 acyloxy, carboxy, alkoxycarbonyl,
carboxymethyl, hydroxymethyl, alkoxy-alkyl amino, monosubstituted)amino,

20  (disubstituted)amino carboxamide, N~(C1 to C6 alkyl)carboxamide, N,N-di(Cl to C6
alkyl)carboxamide, trifluoromethyl, N-((C1 to Cé6 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, fluoro, chloro, NH,, NHCHj,

25  N(CH;);, CO,CHs, SEt, SCH;s, 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,

30  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 all
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10acetyl, propionyl butyryl, pentanoyl, pivaloyl, hexanoyl,

hept anoyl benzo and t he I|ke More preferred acyl b/6sss
acetyl anc}V‘BéW%éf‘ The term "substituted acyl” Ii)glll}r?%%@élgzi

acyl group wherein the R group substituted by one or nore, and
preferably one or two, hal ogen, hydroxy, oxo, alkyl, cycloalkyl,
napht hyl, am no, (nonosubstituted)an no, (disubstituted)anino

guanldlno het erocyclic ring, substituted 15he c rin
i m dazo |1t§, pubsiirqq%fr ggmpnﬁ%,\aq,tmsqncﬁ aﬁ% 18, qyrrglgyaldy 6 apcé( bé gﬁr Moraqg iggﬁlfcrrcél

to C7 a%wlonagubhﬁueg? gz@ﬁ[)él ifet¥de ant3 @r4 gﬂbsﬁtﬁer@%ro%H(MHep%ﬁdeﬂﬂy selefdadom
al koxycar bonyl, carb %Iﬂ car boxam de
¢
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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

20  different which substituents preferably can be halogen, hydroxy, protected hydroxy, thio,
alkylthio, cyano, nitro, C1 to C6 alkyl, C1 to C7 substituted alkyl, C1 to C7 alkoxy, C1 to C7
substituted alkoxy, alkoxy-alkyl, C1 to C7 acyl, C1 to C7 substituted acyl, C1 to C7 acyloxy,
carboxy, alkoxycarbonyl, carboxymethyl, hydroxymethyl, amino, (monosubstituted)amino,
(disubstituted)amino, carboxamide, N-(C1 to Cé6 alkyl)carboxamide, N, N-di(C1 to C6é

25  alkyl)carboxamide, trifluoromethyl, N-((Cl 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, NHz, NHCH3, N(CH3)2, CO,CHs, SEt, SCHs, methyl, ethyl,
isopropyl, vinyl, trifluoromethyl, methoxy, ethoxy, isopropoxy, and trifluoromethoxy groups.

30 Similarly, "arylalkyl" and "heteroarylalkyl" refer to aromatic and heteroaromatic systems

which are coupled to another residue through a carbon chain, including substituted or
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Exanpl es of such cycl oal kyl residues include cycl opropyl, cyclobutyl,
cycl opentyl clohexyl cycl oheptyl, cyclooctyl rings, g ur at ed
bi cyclic d?oﬁﬂééﬂlbolycycllc cycloalkanes such as decaﬁcﬁﬂlwgﬁﬁ P37
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Preferred cycl oal kyl groups include "C3 to C7 cycloal kyl" such as
cycl opropyl, 5cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl
rings. Slnllarlé the term"C5 to C7 cycloallcyl" includes .
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substituted or unsubstltuted for a resulting bipheny! 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.

25 Examples of the term "substituted arylalkyl" include groups such as 2-phenyl-1-
chloroethyl, 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-1-yl and the like.

30 The term "arylalkylenc" specifies an arylalkyl, as defined above, where the arylalkyl

radical is bonded at two positions connecting together two separate additional groups. The
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20  independently selected from hydroxy, fluoro, chioro, NH;, NHCH3z, N(CHz)2, CO.CHs, SEt,
SCH;, methyl, ethyl, isopropyl, vinyl, trifluoromethyl, 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

25  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 propertics when administered to an animal in vivo, Therefore, in the various
embodiments of the compounds of Formula (1), if a halogen atom (including a fluoro, chloro,
bromo, or iodo atom) is listed as a possible substituent, an alternative and preferred group of

30  substituents expressly contemplated hereby would not include the halogen groups.

The term "(monosubstituted)amino” refers to an amino (NFR) group wherein the R
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25  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(0)-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
30  carbonyl group, which alkoxy may be substituted as described above in relation to substituted

alkyl.

21



25al | cypcar boxam de, trifluoronmethyl, N-((Cl to C6

-aIkyI)squon Dam no_or N (phenylsulfonyflanlno groups
embodi ment¥O3PdIHET i t ut ed het eroaryl groups, the subs?cﬁﬂpggQ%h&”

cycl oal kyl group will have 1, 2, 3, or 4 substituent groups

i ndependently sel ected fron1hydroxy, fluoro, chloro, NH2, NHCH3,
N(CH3) 2, CO2CH3, SEt, SCH3, nethyl, ethyl, isopropyl, vinyl,
trifluoronetgg nethox et hoxy, 1 sopropoxy, and trlfluoronethox
groups. 30Si m}myphemé?rw meklwapha% gl‘%ﬁ*’élﬁ@émhamréwdwa} Bbapdeg gt 6
ar onat i %oﬁﬂ&hbr&gﬁlﬁ'&% tQﬁ@ﬁc‘r F\V@%ﬁﬁr@@dm&rﬁhg@ﬁ EoHRlI&dr t'ﬂmﬁ&%&é"%{dudes

resi due'through a carbon chain, including substituted or
2009/ 11144nRaTiEus?adrniseandddspiissylFtat ed, saturated or unsat ur at ed,

carbon chai ngy. {.y “&@ét’t{)ﬁecﬁ)glﬁﬁel@c cllﬁea%edﬁéff‘ Eﬁwﬁ&@klﬁ%ﬂ@ﬁédﬁ!ﬂ%@bondcd at

include a carbonyl group, |ng e to provid
substi t tenpssitims arnnaging teasthet o sPpasite pddatianal greyps andfprthebearing an

het er oar, Xﬁx%@( %ubtst?tygf[ll %J h\ﬁdeﬁ gf nﬁHeQis %ﬁ&gegcﬁa%S%wﬂ énQn]

aryl group, eroar or substitut etero
Pr ef er r d¢i- qhydm}(;armhes)d 1- ethyluueacshmyu,z FhypPefaydtanidy)1,2-ethyl, 2-hydroxy 11-

3- phenyl hen n-butyl, 3- phenyl -n-anyl, 3-phenyl -2-butyl,
2 pyrldlﬂgiﬂé¥ﬁyﬁ§lg ﬁxbyridinypethyl, and the |ike. The term
substltutedcmby}mbkyﬁﬁmdem@mﬁﬂsahhamyhﬂbkyhagmqmum&ubsBﬁtWhemnmhwﬁhe

al kyl portion w rabl one _or two rou

pr eflé)r aﬁ:pgpnaﬁasbﬁ% or,;ers&ﬁﬁ ﬁ%ﬁ 8 \ﬁrith ﬂg;&a% 1:58%0 grtﬁi ﬁ%nne mtrogbnsg.mg HRTude

(nonos uQsmsbfouﬁ@idz)laﬂma&gar{xdmﬁjlb@gaﬁzwneaa)saﬁﬁl m;.ongdl@imiséd belpwhRirtemayes! i C
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substltqﬁgﬂﬁzg&ng&qgh$ng9§§n from hal ogen, hydroxy, protected
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N-(C1 t M 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,

25  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

30 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
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5- (4-ar ni nomgf, hyl ﬁﬁﬁéjo)f i n(v%gi ngﬂﬁ l:))lstrhs Q(Fq]{;'attéél and hydrates. Thus, these

5-phenyl - 3-oxo-n-pent-| -yl an e term™ ary al kyl ene"
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hydr.axy, ed hydro G to 4.alk hi.

Al ey s A BHHEES et e abipecty o <4 Pl R idpgehicn v
S?Ikklyl t F?I&Iloﬁl c@@v%t&fﬁlﬁe{ﬂ;ﬁﬁlﬁ%o&hﬁyg SrﬂinFﬁkﬁHﬁSuoIﬁontxﬂh@lﬁdtbﬁﬁng ut ed
al kyl sul f ony to C6 a , d to, Cr7 al koxy, (1 to0 C6 ut ed
al kyl , @miqackdy l%l‘félﬁx%?‘ %i‘laW?é noglegeing Q‘rgif’o% 83@’?‘3/‘13& ‘6’))th? nal%tha anine,
(di subs tortithi R @i ) Bomdakdihih &l oawBid)vhd othak heK knovwal iﬁewls@ﬁ@@ny kuch as

phenyl, substituted phenyl, pheny yl sul f oxid )
phenylsd@ﬁ%ﬁ?*mb%Hﬁ BO‘FEﬂ? H@E?@ S&ﬁ?ﬁﬁg g SﬁnlﬁﬁégaﬁﬁﬁyFmi?%g or

on tie &pkinberOrepld NehOFhR, 18T, Moks wlsitobt léih@gtep.'laﬁ ANd Y osRe Wil #8258 Peptide
phenyl % oup subsfituted with one or nore, and greferably one or two,

moi et | eSYPhETLT A1 - Fharsdhemicahte-nRogiw L. ESisPath phhich 2 icagarptcd
hydr Oxy’heféﬁlpﬁyﬁ&fe?éﬁc@)éﬁ'ﬁj%(%idste}ﬁﬂQmuﬁ,la'éﬁﬂlahglb ca%@pﬁcha@e&do@fm&llamsg%a

al kyl , Co substituted al kyl, al koxy,
subst i t Lﬁhéamcal ko x§dvanpgddtpmigely o, sy@ilesw@d @n&@yﬁlodschnow nn?e §li§bst ituted

ﬁ%lr byt hyg 1o @G X Mticaf f AR MricaPpk QY SA1EPMYhe spETLBYY B diMibiuding

20 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 -OCH2CH;O- repeat units in
the polyester, regardless of whether ethylene glycol is used to prepare the polyester.

25 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 be 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,

30  cycloalkyl or substituted cycloalkyls, cycloalkenyl or substituted cycloalkyenyls, heterocycles

and substituted heterocycles, aryls and substituteed aryls, heteroaryls and substituted heteroaryls,

23



15am no, (nonosubstituted)am no, (disubstituted)am no, carboxam de,

N-(Cl to SgPﬁgéxgkggrboxanide, N, N-di (Cl to C6 al kyl)garhoxam de.

trifluoro ((CL to C6 al kyl)sul fonyfl am no,

N- ( phenyl sul fonyfl am no or phenyl, wherein the phenyl is substituted
or unsubstituted, such that, for exanple, a biphenyl results. In many
enbodi ments of substituted phenyl groups, the substituted cycl oal kyl

group will have 1, 2, 3, or 4 substituent groups 20 independently . .
sel ect ed PP SRTHYAT S amm&&midf‘cwwo@@#ﬂ _ IR ey 2SR Hpegiply i
SEt, SCHR alkfEhiYthe LiRS. BYAmplESARPRRY lof orhhlY kroupd dridsUREOREL MY but alBbhOXY,

et hoxy, jsoprqgoxgHiand trifluoromnmethox rouPs. . The terns
"hal o" aitted faiNHydHiCHe NgEH Y Q485 SEL ooty hd, inpronyligingbons or

i ons. Prn@ﬁﬁ&aﬁﬁhﬁghag&Dﬁetﬁ&)gsﬁ%%ﬁyﬁﬁﬁu&w%&y, AhdnbOYBRoRRMAd b ridhe

conpounds of the 1nvention /i'ng”hal ogen atons aS substituents "are
hi ghly efdupe et rpedien, 4o thtilikg. @rganihessida¢seoym pempsiaito 1 earkonratangspl & 55,

such halagepabag, 4b9adhBol AEROUNGR oBMh hibmd AT 1FRSE.IRE, undesi rabl e

t oxi col ogical properties mnistered to an animal 1 n vivo.
Ther ef ore, i Bythrgewafteifoctseembud! aftompofind sereavided bensits's wfarfte spiikignt
(1), if ! LN ' fil : i
R e R T
pr ef er r gohegiomwp thefin@BticuiFatpattivelat typexiirssroepton e mll bt puntbdowbylow,

woul d not include the.hal ggen groups. . The.ter . .

" oS et ay are: " oray S0 30t ikt Raegoins gube sasgbster ne R
VO 2009/gtAd A4 3RGTdUSI000L PR5GEF figidentty sd bhosletionf dTdm domestiploupposition,
consi sting. . pof phenyl, ©6-Cl10 substituyted phenyl,, to C6 al kyl, C

o oe” st ek by ey ereey ot sty Sapbir B mg o
to C7 alekfestitk amcdntlcon be/defdtisilel byl betofakdeny kkill @2thé ot (ingdrkty roytine C2 t o

C7 substituted al kynyl, C7 to Cl2 phenylal kyl, C7 to Cl2 substituted
phenyl al*KeMeARYhet er ocyclic ring. The (nonosubstituted)ani no can

Saddist i onal | Yhoaus “@BrapdliBAlyRIRERE aindntd AR (BSanRteOsmAsEBeutdast he

term "protected (nnnosubstitutedganlnq.' . The term __ .
" (di subS¥dsddarcanhiovheadaimistered o ReFFH Sorgieating A NiRese: Wisticiepigo effect

subst i t gt SeatRdeRe RRCMChY. TROSBRafLOORIY REEH O RGN IStabN@pBiding on
phenyl, C6-Cl10 substituted phenyl, C to C6 alkyl, O to Cb6
subst i t dkeepmpopsd, thedisepss aghiteseyerity end the agey walgRlefigh of Eppatientey bafreaedy| |

C7 to CligndOnPhenw @ulpbhnd @0 GhrhRelied] Supalititd e BhRMh@hMlicany he
two substituents can be the sane or different.
20  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.

25 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

30  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 as



The term "al kylthio" refers to -SR groups wherein Ris an optionally
substituted Ci1- C? or d -C4 organic group, preferably -
cycl oal kylwoé?‘ﬂ/ HHE het erocyclic group, such as net hy??ﬁ&]g%gmbs”
ethylthio, n-propylthio, isopropylthio, n-butylthio, t-butylthio and
| i ke groups. 15The term "al kyl sul f oxi de" i ndi cates --802R groups
wherein Ris an optionally substi tut ed Cl-C7 or Cl1-C4 organic group,
preferably an al kyl, cycl oall cg , or het erocfycl i ¢ group, such
as met hy Sh%"é"atf‘ét(%‘ﬂ thiEE; hrdrpe WW H‘P@for PegpEYBsEthi 0, n-butyl thio,
t-butylthio apg l-idees 4 @;&t%ssmﬁiéﬁ% ASrdiR tdyhis vhd xider vahd)Mheed b oxode,
n- propyl sul f oxi de, 1 sopropyl sul foxi de, nbutyl sul f oxi de
sec- but yheiberinesticaler whe. When suck e ranpe Tapresterh mabryadeinsainchdes dioarthes
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onenyl S e ket 8 RorBBErBRoL 81 g endppinbaf ko f s ranes
sul f oxi cee s@glﬁa‘ﬁ@)mlﬁ)h ingelatdanl th Oreetier SERRN, \m@mé¢mndelnéy B e olpr dngpaant.
phenyl group.~The her s sLLEULE 2 i
phenyl sul f oxi %%“‘mal Qpnmﬁdﬂ? ?lu%ngtglagﬁlg%%@gcﬁ%{’t%{/e?mbﬁgg\%g?érﬁgﬁ [?%%nce
phenyl Ghaytdn ase ngf@umsaxﬁalmtlﬂe: chmnbﬁ mbledbsa;sstame@sovhchmalda:bwer in
reI tion.to "substitut gar.bo
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car bOXWshlﬁ‘shﬁﬁéddoﬁ&{aﬂ{y " mn%mhame lonkee sley Iz dRipi reaypir @fag maﬁ:le)sumnaédqnﬂ that

21 KoxycAbesmgiraonisntebo Gt fudebes by ThBAR A Pt hES 0 ar bony!

group, whbgitishkoxy may be substituted as described above in relation
to substituted al kyI WO 2009/ 111447PCT/ US2009/ 035837 The term
"pheny!| drpgoprds ol the PresgniJuventon,y where the phenyl radical is bonded
at tjo posi t PR SRRD eRtprdiehti RESHdIEo¥HIR a%@ﬁﬁé@ﬁ%aﬁﬂ@btiﬂcﬁiiﬁ'forﬁihm{gs-
Exanpl es of "phenyﬁgygne lJlrncl udes &ﬁjz phenyl ene, 1, 3-phenyl ene

1, 4- phenyl ene. The term' substltu\[\gd al kyl ene" neans an al kyl group

where the al kyl radical is bonded at 0
@ {n

X

N

Z

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
20  alkylnyl, heteroalkyl, substituted heteroalkyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, arylalkenyl, substituted arylalkenyl, heteroaryl, substituted heteroaryl, heterocyclyl,
substituted heterocyelyl, heteroarylalkyl, substituted heteroarylalkyl, heterocyclylalkyl,
substituted heterocyelylalkyl, carbocyelyl, substituted carbocyclyl, acyl, halo, -CN, -NO, -OR’,
-S(O)R}, -S(O):R', -OC(O)R!, -N(RMC(O)R?, -NR'R?, -C(O)NR'R?, -C(0)OR, -S(0):NR'R?,
25  -COR', -N(RHS(O):R%, -SR', -C(R'R?R®), -C(S)-R!, -C(=NR?)-R!, -N(R")-C(=N-OR}R’,
NERNHCSNRRS, -C(=N-0RHR?, -C(=NR)-NRZRY, -N(R)C(ENRAHNR R, -NRYC(S)R?,
NRH-C(0)-C(O)R?, -C(S)-NR'R?, -NRHC(=NR?)ORS, -C(=NR"O-NR’R’,



5two positions connecting together two separate additional groups and

further b%ﬁé€%62@4?ddl tional substituent. Exanples of PC%HB?JUL/E?%?/OI

al kyl ene am nonet hyl ene, 1-(am no)- 1, 2-ethyl,
2-(amno)-1,2-ethyl, 1-(acetam do)-1, 2-ethyl,

2- (acetam do) -1, 2-et hyl, 2-hydroxy-1, 1- et hyI , 1-(am no)-1, 3-propyl.
One or nore of the corrpounds of the invention, may be present as a

car boxy | SE R SHO R R REORTE r SUBNE AR Rnchriecar SO Rea w tn
t he orgagi®- @(@%Ngig? 9RO RINORAS [qo@thaj(R%;n& pl@cggigslsed bel ow.

Furthernore, e termincludes salls rmb dard aci d-hase
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hol - L . ht hal

Cartar | cOOTaURe, G BUOp ISPy, GeR RRRE: Pl fiofo Spnt el &

benzencsHE AR YMNBNe - NR: M@C)C(@H?rzdﬂ(&i )CEPYham BICEMFRDke aci ds.
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sodi hﬁ&f ﬁ <) ﬁ'rlRSﬂcuéqd %Fﬁah(ﬁg aWés?Pbtfr?n&ttegt aqélﬁlgylgf atuﬁ}tl and
tri vaI entylatedngl, lsulstitiaddi aonidk Syt he%ady&su&muteﬂlhammmmmnwcyﬁﬂ $ubktgutedind
anmoni u ation ani at i on m.ea. i,ons

der i vedrylf’%e %Mf t‘f‘P@é@%%‘% Pm%fi%? %Fci @%&y tétﬁ%ﬁgr y, or
tertiar yheRpcREglakyl bala@cyblgl gﬁtdbytitﬂtaal aﬁbocgzg/lgll ohexyl am ne; and t he
organi c catign ych as_di 4 m aﬁE"P

2- hydr oxyet h lm %wrﬁ* Bi: §’€‘gﬁh%} ?’Bﬁrﬁﬁ‘dﬁg ﬁ%’/n 2P Qe aliy,
phemyl etalﬂééhﬁeﬁlbytit@tﬁﬁl@]ﬂlbﬂ#mw@hﬂeﬁlbyﬂt@t%@Mkﬂﬁﬂﬂhcﬁéf&ﬂkylLuﬁbstﬁﬁéﬂ Hdtek@alkyl
cations. See for_ exanp har ITB.CEUtI cal E{ﬁ )a gtﬁ ﬁ( L

Phar m &Yl substdiied argl arylaﬁ@l Swlatlcdl%y ihdppsiaiksr UFUH% drplglkenyl,

refer en%teré%ﬁ%bﬁﬁﬁtb&ﬁ@er%ﬁomé§@%@1 BibstifgedHeR¥R YIS Earbdrgividaubbtiated
protonated form of procai ne, quinine and N-nethyl glucosam ne, and the

pr ot onateedoexsivighcisroasdalicrl, errmbsituied hetereandalkdpand gl yci ne, orni t hi ne,

hi stidi ne, p%ﬂﬂ%ﬁé}ﬁoﬁ&wag prolv}égé f@@) \%9 AGE &ia%l@%r tefratoleNBEADX-L, is ASYO-alkyl,
zwitterionic form of i nstant’” conmpounds fornmed by acarbo>§\}lllc

aci ®landOaasyhaf wéfogfmd@ (bbwheéff’elrsrf@@-z‘tlé a5 Z isgyclohexyl; then X s not -NH-C(0)- -
2009/ 11144 E'?@T N&{S&ggé}%ﬁ% is a covalent bond, then Y is not hydrogen.

In one embodiment of the compound of formula (1), Y is alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkylnyl, heteroalkyl, substituted heteroalkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, arylalkenyl, substituted arylalkenyl, heteroaryl,

25  substituted heteroaryl, heterocyelyl, substituted heterocyclyl, carboeyclyl, substituted
carbocyelyl, 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 carbocyctyl.

In one embodiment of the compound of formula (T), A is monocyclic five- or six-

30  membered heteroaryl. In another embodiment of the compound of formula (I), A has a structural

formula selected from the group consisting of:

26



this term For exanple, a cation for a carboxylate anion will exist
when R2 or R3 is substltuted wi th a (quaternary ammoni

group. A ﬁ?"‘é UPAEHCati on for the ca§ goxyl ate ;nl on |S$Pﬁ@§é@% S
cation. The conpounds of the invention can also exist as sol vates and
hydrates. Thus, these 5conpounds may crystallize with, for exanple,
waters of hydration, or one, a nunber of, or any fraction thereof of
nol ecul es of the nother uor solvent. The so|vates and hydrates of
such corrpounds ange R ncl udea ithint Nscope oil ht)hl S invention.

The term "am cf\g inq%}@ eg any /\oﬁz t he nty

nat ur al | y-occu i'RQ am. nos aci'ds’ or ‘t hg D f.or o‘T’ vany one of the
natural |l y-occurring amno acids. In addition, 'the term"am no acid"

10al so includes other non-naturally occurring am no aci ds besides the
D-am no aci dz% ?ch ar“b“functl oné\FNequgh.a-f nts f——st he

natural | y-oc ung a ﬁ ‘aci ds "Su&h n tur I(iby\ occurring am no
aci ds include, FF Ve, nhorlleffci e ("N &), norvaline ("Nva"), L-

or D napht hal ani ne, omthl ne ("Urn"), honoarginine (honoArg) and
others wel | knowrhln the pgptjde artg guch asgtjhose described in M

Bodanzsky, "Pr @gl\es aLI\ggQ %\I de esi s, "t J$t and 2nd revi sed
ed., 153pringers- I"&g, Y 198%nd 1993, and Stewart
and Young, "Solid Phase Peptide Synt hesi s," 2nd cd., Pierce Chem cal

Co., Rockford, III ) 1984 bot h of Whl ch are |ncorporat ed herein by
reference. Am no\" a 0 aci nal ogs § b pur chased
commercially f qﬂgﬁm «%dﬁa%ced ch) or synthesized
usi ng met hods Known | n the art. riesi due'abdr radi cal of whereinem cal

species, as used in the specification and congl udi Ocl ai refers
to a struct ufdp cxpa mﬂé’rselé‘:tﬁ%%”%‘?ﬁhetgﬁ%%’tp qoBsIftng OF%éq%?gcePr@(nE’r oduct

of the chemhka aus,memeﬁ ésttﬁutE@ﬁ]kbr@Waﬁd&n{deﬁl%Eﬁtﬂ@d gﬁmﬁemﬁo@qbs equent
formul ati on or chem ca regar dl ess of whet hﬂ{( t he lIucturaI

f r agmentsubstyigs @feyoqﬂeﬂ awtlwébfftw%ftf&k ek srRst e deRdd Aty ia %fby ihes.

Thus s a r&u@sﬁhﬂéﬁi‘?a]ﬂ&wf Qllete’fcﬁﬁﬂ C&H@stﬂtlﬂccﬂle&‘i’éa)‘ﬁsﬁe?é’rody%ﬁ "s@osﬁl‘ﬁte@ MetccydFl €
eat uni'ts in pol yester, gard ess of whet her

- OCH2CH20
et hyl ene:a@qoy)@gul Sﬂléstlﬁé@ﬂcpafwcmhép'ﬁ%oatﬂélkﬂww frigyted heterpraylalkyln  or gani ¢
residue” or wog Qﬁﬂbggen l1C@bstirdled | é]ﬂﬁ l@en?ﬁ&ﬁﬁﬂu&@ Qﬂ(@ﬁﬁ'éﬂ%n&ﬁﬂb@ﬁt@te@r

radi cal, conprising at |east one carb qanlc resi dues can
contain B@W@yérhew&yh@uwhmmma&b’l bléfl b@b‘fﬁ@éﬁdta@’ andalkgl subpiitaied | e

2 06 TR, L A9BSR Bty SR,
10 substituted heterocyclyl hetcroaryla]kyl substituted hetcroarylalkyl carbocyclyl, or substltuted
carbocyclyl; and

R® and R’ are cach 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

15  heteroaryl, heterocyclyl, substituted heterocyelyl, carbocyclyl, substituted carbocyelyl,
heteroarylalkyl, or substituted heteroarylatkyl.

In one embodiment of the compound of formula (1), 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

20 arylalkyl, arylalkenyl, substituted arylalkenyl, heteroaryl, substituted heteroaryl, heterocyclyl,



al kyl or substituted al kyls, al koxyls or substituted al koxyl s,

hydr oxyal a | koxyal kyl s, 30cycl oal | cyl or substi orias
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20ef fective anmount, or altern Vﬁ| y, not in a therapeutically

ef fecti ve anopunt. In ot her wor
QO
O Z

/
/N-Xa (la)

or the salt, solvate, or N-oxide thereof, wherein
X is -8(0)-, -S(O)z-, -C(R®RY-, -C(0)-, -C(0)O-, ~C(OINR?)-, -C(=N-OR?)-,
20 -C(=NR*-NR*, -C(=NR-, -C(S)-NR?)-, -C(S)-, -NR*-C(0)-C(0)-NR"-, -C(0)-C(0)-NR*-, or
-S(0)NRY);
Y is alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyI,
carbocyclyl, or substituted carbocyclyl;
Z is alkyl, substituted alkyl, heteroalkyl, substituted heteroalkyl, aryl, substituted aryl,
25  arylalkyl, substituted arylalkyl, arylalkenyl, substituted arylalkenyl, heteroaryl, substituted
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when the present conmpound is in a pharmaceutical conposition, it can
be either I ve ingredient or inactive ingredient. onas
"Véhicle"\§§e§§é1¥§7a di l uent, adjuvant, excipient or gg?ﬂ?%%”@ﬁ%ﬁ?
whi ch a compound is adm nistered. 25t nust be noted that, as used in
the specification and the appended clains, the singular forns "a,"”
"an" and "the" include plural referents unless the context clearly
dictates otherwi se. Thus, for exanple, refer to "an_ aromat.i
conpound®oRRT-dgEECHTlK: HPEESH ﬁ%{?fa eSS b s gty
conmpoundeRfoctdigaRyC BN itulcDHRLL RN alkyl R oRY @A CHH suba IRAWAbocy cBI; antihe
conpound of the present invention" refers to any conpound an
conpounds coRdveresy dkneozogerded ekflor mul a (1) and/or any subgenus

thereof incl yoiRQnbaGaThCorMebhhthd HrARuURI BB Sy S BARLEAARA Slicy,
tautoners, or any other isoners and analog;I such a&s N-oxi de) thereof

as W8l l as Vwomeoohrdimeasftecrrusrodsf Gasgkilnal keryl.osbubstiatdesiich as,
e.g., hydrat / $ ARGILAE), 7 is hetertdHERr HRAGER
are expr esseﬁ) Iglilee(raée%lﬁ&ﬁggerﬁbgr%]% E@gﬁ%};ﬂg}ne{&part%)ﬂ aFS vea ruer$z ’ aﬁgl or to
"about " hatewiehwr particul ar val ue. When such a range is expressed,
anot her enbodj nent i r t rticu i / .
fhe other  patt PEurabdafhrHEaT g Aeifs F ReBfh AFHAK HBAOER Berbfha
appr oxi natbbgrl]. by use of the antecedent "about,"” it will be
understood that the particular value forns another e di qent . |
111056 P ur ¢ REol e B R RO o P S lrnB TR PR & iyl
ar e si gribimutagetectad filomi the grolatdneitiignft he ot her endpoi nt, and
i ndependently of the other endpoint. "Optional"™ or "optionally"
' 5 may or
may not 3 ere said
event or 10gircunstance occurs_and instantes where /it does npt. For
exanpl e, S phraseﬁ"eptionalﬁy\ ubstitytgd | ower & kyl " e

the | ower " kyl grolip{ may or nm&y not beNa@bstitut®ed and thay't he
descri ption/ udes R\ unsu rtyted | p_al kyl | onek_abkyl s
wher e t her egi ubst i ion. Co ds o 5 Pres nven 6 5In

one aspect, thenpresent imvention pwovi des a.ﬁpnpoqu avi ng \H
%
=N

structural f8/ula (1)° o o
/'{' /\N /0 7] VA
e — o Q s

NH NH G NH o
0 O o} o NHH
g g
2 == — == — == 0]
Sl O/ 0/ O/



\A .z or the salt, solvate, N-oxide, ester, and/or prodrug thereof,
mhereln heteroaryl, or a coval ent bond; Y i

al kyl , suﬁgb?Wﬁ@¥Q4alkyl all cenyl, substituted aIkenyF%Tn¥%{ R”
substi t ut ed 20al kyl nyl , heteroallcyl substituted heteroal kyl, aryI

substituted aryl, aryIaIIcyI, substi t ut ed aryl all cyl, arylalkenyl,
substituted aryl al kenyl, heteroaryl, substituted heteroaryl,

het erocyclyl, substituted heterogyclyl, heteroarylalkyl, substituted
het er oar, | kyl, het ey clyl al , Subst ted he‘aiocyclylalkyl,
car bocyc substi t uted carboc |, acylM"hal o, -€N NO2, -OR,
-S(0)R1, -H0)2121, -0 -NS ) C(0) R2 NR1R2, -¢ 0)NR2122
qmom.p(mZMﬂm F QR n RD&OQ -SHH\CMﬂmHn
C(S) R1, I\C( =NR2) - 121, NN(Rl) N OR2) R6, N(121) ) NR2R6,
NO%) Oq Mﬂ) - N( =NR2) - N( S) R2,
-N R1) - = , - ) 0- NR2R6,
MD 2009/111447 /U820091 3 7 - N(RLNN( R2) C( , -Ng !{XO)OFQ,
-N(RI')C(0O)N , -N(RI) C(0)-¢C(0)-NR3
-P(O)(0R1)(§E§E3/“mep)(0R1 YRIR2; N X i -S
-5(0)-, -5(0) 2 - O R3RA) 0)-, &S, -o(¥RRE)-, @&))0-
-N(R3) - -OC(O)- :

- C(=N- ORB),

-N(R3) (M)RS
-O(S)-N(R3)}, -N(R3
- O( =NR4) O R3) - , @

N N
-N(R3) C{ 002, - N(R3}'{0) N(Rd) -+ - N(R3) - G 0) - L 0) -
-¢(0)- C(O)}A:Rlﬁ\\? = 8]'\"? %
5 [®) 0 O

N
~ N~ -
Q e} Q, (&) G
O o} (o] e} (o]
NH NH NH NH NH
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Z is alkyl, substituted al kyl, al kcnyl, substituted al kenyl, al kynyl,
substi t ut 10het er oal kyl , substltuted het er |,
substitute g%@ﬁlﬂgrylalkyl substltuted arylallcyl, a??# %@W&%?%
substituted aryl al kenyl, heteroaryl substituted heteroaryl,

het er ocycl yl , substituted heterocyclyl, het er oaryl al kyl , substituted
het eroaryl al | cyl , heterocyclyl al kyl, substituted heterocyclylal kyl,

car bocycl yl, or sub i tuted carbocyclyl; R2, R4, R5, R6, and
R7 are e i ndepe tly hydrogen, al substi d al kyl,
15al ken substi tuted al kenyt~\al kynyl bsti tut al kyl nyl ,

heteroal I'cyy, substitpted heterqg al kyl, substi futed aryl,

aryl al kyl \ubstltuﬁem aryIaI N atylalme yl, subg ut ed
aryl al keng§l / heteroaryl, substituted hete aryI het®rocycl yl ,
substitute hegerocyq%ggg?carbo I ed c ycIyI

het eroaryl &l klyl} or s tuted roaryl W th
t he follouﬁ;%[gaovisos: mhen Ns trlaz I IOf tetrazume t hen
-X-Z is not oQ 4l kyl, A -0 acyl squona (b) en Ais
tetrazole, and is cycl xyl; th n~ IS not‘ﬂNH-C(O)

NH- C( 0) - NH-; 4(c) whel™ is a covdlent bongNMthen Y i bot

hydr ogen. In ofle enbodl nt of the ‘conpound of formula » Y 1S

al kyl, substituted |, al ken substi tuted al keny aIkynyI

substituted al kyl nyl et eroal k substi d heter I, aryl,
substitutedyaryl, ary | cyl, substytuted ary allcyl, | al kenyl ,
substitut gdl aryl al ke heteroar 25subst it ut ed het aryl,
heterocyc“ », substltM_ d hetero D yl, car@o yclyl, sub |tuted
carbocyclyl hgteroary or sibstltutetheteroaryI allkyl
anot her e nt of npound ornul % Yis JI
substltutedO arylO S bstltut-u l cyl, s tuted
aryl al kyl , cycIyI Eubstltutednmarbocycl H In odi ment
of the conpoun Pf f or mul 1), A is“Tonocycl i Tfive- or s| 30
menber ed hete b yI In a omhe enbodi t of t onpound formul a
(), Abhas a s ruetural r sel ec fromt up con i ng
: R N-N, NN N YNY N—N ’ ’ ’ ’
i 3
N "N b ~N
g o I i o
© O o] Q O
o NH o NH
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NN NY R ,RY | CYlI , and , wherein R i s each

i ndependently sel ected fromthe group consisting of hysy . ,
substi t ut e‘&oép(? Fl,ﬁial kenyl, substituted al kenyl, alkyn F‘}qgsg%%@-{%{ ed
allryl nyl, heteroal kyl, substituted heteroal kyl, aryl, substituted

aryl, arylal kyl, substituted aryl al kyl, aryl al kenyl,

l}!' > N N
N““N ] A RN i N
0 ~N ,{LN N~pj
O 0
o 0]
NH O o 0

-
P
e
Z=F
-
Z=Z
{

N A
Ne
N N-.N [hl.,_ --N N
0, Q N Q O
0
© o 5 o
NH NH & NH
N o)



5substituted aryl al kenyl, heteroaryl, substituted heteroatyl,

het er ocycl tuted heterocyclyl car bocycl yl
carbocycl\ybzwéﬁgé%%rylalkyl or substltuted heteroary#§?&§%ﬁb@g&”
hydr ogen, al kyl, substituted al kyl, al kenyl, substituted al kenyl,

al kynyl , substituted al kyl nyl , heteroallcyl, substituted heteroalkyl,

aryl, substituted aryl, arylallcyl, substituted aryl al kyl,
aryl al kenyl, substituted aryl al kenyl, heteroaryl, substituted

het er oar het er o Iyl 10ststi t ut ed hetero yl,

het er oar 'l cyl, titute et er oar | kyl , ocycl yl 4

substi tutedycarbocyclyl; and R6 an R7 are eAach |ndep ndent |y
hydrogen, ,a{ kyl, su ituted gl alm sub¥t Wt ut ed wkenyl ,

al kynyl, gu st|tuteq; kyl nyl i ’eteroamk " subs¥iut ed he -roalkyl
aryl, subst tuted aryl, aryIaP subs ut@d ary) -I.I o
aryIaIkenyI st t ryl al ryl, |t t eld
15het er oar yby—Ret er oc , sub ted ocycl9 arbo@yc
substituted arhocyclyl et er oap | rath kyI ubstlb

het eroaryl al 21;1x n oné &mbodi nen the c npound o fornula A
i s nonocyclic fiwe-nmenbeye heteroar | kyl, titute

al kyl, al kenyl, substituted al kenyl, alkyny substltuted al kyl nyl ,
het er oal , substit ut ed heteroalkyl aryl, substituted aryl,

aryl al ky substituted 20ary|a||cy| arylalkenyl substituted

aryl al kenyl , heteroaryl 3? |tuted he oaryl, hetergcy lyl, WO
20091111447RCT/ US20 st iyt ut het rocyclyl C Bocyclyl,

substitut g carboc

, het r al Kyl>"or
heteroarylalkyl W ( /
“q(9)-, - o

-0z, -S - s( of
990- -N(@ 0q(0)
-C(O)N(RS) o- =N- e ( NR4-

“N(RB) C( S) - e;) N “ﬁﬂ -N(Rs)csﬁa-, -S(0)2 (|R3)
“N(R 3) O =NRITT-

) ¥
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5 -C(=NR4)0-N(R3)-, -N(R3)-C(=NR4)-N(R5)-, -N(R3)N(R4)C(0)O0-,

-N(R3) C(0),05 g N A23) C(0) N(124) -, - NR3- C(0) - C(0) - NR4-,
-0(0)-0(0)‘?&%%'-)%5‘%?0)(0%)-, or -P(0)(123)-: Z is al kg IR ed
al kyl, al kenyl, substituted al kenyl, allcynyl, substituted al kyl nyl,
het er oal kyl , substituted heteroal kyl, aryl, substituted aryl,
aryl al kyl, substituted arylal kyl, arylal kenyl, substituted
aryl al kenyl, heteroaryl, substltuted hcteroaryl hct,crocycl yl ,
substituted hetcrocyclyl, 10carbocyclyl, substitute car bocy,

het er oaryl al kyl , or substltuted heteroarylallcyl ahd R3, R nd R5

are each independently ogen, \al kyl , stitutegd al kyl, al nyI
substituted al kenyl, al |, 'tutes al kyl nyl heteroalk
substituted heteroa INHaryI itutedjaryl, al kyl ,
substituted aryl alk arylalker SUbStIB ted ar Ikenyl

heteroaryP tute et er oar det erocked y %tltu

I
het er ocy, roamy aIIcyI bstltut@ hete rylalky
car bocyclyl, or subi%z§%§ ycl% ong odi , ] the
conpound of rnula (1 tr ur al anl af ( p o)~ he
salt, soIOat or N- oxi thereo , mherel Xa is =5(0) - 0)2-
C(R3R4 -, 0z C( 0) ONH MN(R3) . RO - C( NR@- C( =NR3) -
-C(9S) - N 10 C(S) Nﬁlfgb %0) NR4- \ -C(0) - ) NR4- j Y
is alkyl, su tltuted al kyl , subst uted argd, aryl yl,
substi t ted aryl al kyl , carbocyclyl or substituted carbocyclyl
Z is al kyf; substitut al kyl , roal kyl bstlt d heteroalkyl
aryl, sul¥stituted aryh, 25ary| alT eyl , subst@ al kyl ,
aryl al kenyl, substityted aryl enyl, heter spbsti t ut WO
/USZOO 35837 N-N iz
HN

jShh
o 0
o) ?:;ig q%i?j o)
I, onNH o NH

3 £ E] 2 L]

g

SRS .
0P P ePof §



het eroaryl, heterocyclyl, substituted heterocyclyl, heteroaryl al kyl,
substi t ut roaryl al kyl, heterocyclylal kyl, substi <
heterocycﬁ@?gﬁkéﬂﬁgéarbocyclyI, or substituted carbocy%#&ﬁgmg%ghﬁ”
hydr ogen, al kyl, or substituted al kyl. In one enbodi nent of the
conpound of forrmula (la), Zis alkyl, or substituted al kyl. 5In one
enbodi mrent of the conmpound of fornmula (la), Zis aryl, or substituted
aryl. in one enhodi nent of the conmpound of fornula (la), Zis

het eroaryl, or | m one enbodi nent of
ocycl yl substi t
carbocyclyl. 1QIn a he S @ nv 0 ovi des

e
a conpound ng a Structural la sel @ fromt dt oup

consi stin WO 200% 111447PCY/ US2009/ 035 WO o)
2009/ 11 7PCT/USZOO?.%%5837 e HN W
0
o
0 o NH <;I;8 © \ \H

OXNH, A Of’ 1**1

-0 O
=N
/
o) O o]
Y 0
; z, E: ;io 2;
o o)
s AN O HN HN o HN
o o)
o 0TS TS DD LD
0 0~ o 0~/
o z 3 H R
A NH NH o H

: or the salt, solvate, N-

oxide, ester, and/or prodrug thereof.



WD 2009/ 111447PCT/ US2009/ 035837 F-1N o)Ly_o HNHNHN NHNH

HN) CC) - - - 16 2000111447 PCT/US2009/035837

Preferably, the present invention provides a compound having a structural formula

selected from the group consisting of

N
NN N 3 N7 NN\ ¢
Ne N N N~y N~y !
N N 2 fo) = : N\N
Y o % © NH o < o z (OI)
A = - NH =
o NH o NH le) o NH o ° NH
4
7N 7\ \ /0 /] /S
kl 2 ? 1 L) H
11 ]
E N N N~y N -
-..r!' N--.N- < o N-N z o
0 " 0 o N o o NH
o oM oM
~z —
7 | d = Q e o = Q o
s = e
2 H > ? 2
NN N7 E, A NN N
N-.N NHN \N_ N--N (I?)
o) O e O, 0
1) ¢ 1) o (IO o,
o o T o o
oMM e N o o N
=N
g =0 7 N o 4~ NH _
5 - o N’ e N



00 HNHNHNHN 0"---R0O-'-(0------ (0"? at 01, & O NH WO

2009/ 1114%@%@}#@9})9/ 035837 WD 2009/ 111447PCT/ U8200988?13§é)§%@%§ge,

ester, an rug thereof. WO 2009/111447PCT/ US20
Preferably, the present invention provides a conpound having a
structural formula selected fromthe group consisting of

N N A\ NN NN
i ; 1> NhN; My Ny

N'--N pa =
e PRy O
‘ ssResIIReT,
5 NH oM oM o NHJ Oy
y N P
N7 NH 4 & &
74 4 - =N =N
N* N*

> k 3 ¥ >

=

VE.

- =

Z—Z

L

= -

N
i N 'r\,:, N\ NN NTR N
N ™ N~ "y Ny
o T o7~/ oT <DI-)
NH NH R NH R
o c Oy o oM
= == =N \"‘“ x
\-NH NN N\ NH \~NH Ny NH
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5 n one enbodi nent of the conpound of forrmula (1), Ais a coval ent

bond; Y i _S(0)Ri , -S(0)2Rl, -0C(O)RI, -N(RI - ,
_C(0)NRI R? %09@("’6} ’ ,)-S(O)ZN(RI?R’Z, -N(RIC§S%0)2R2 (-S?R’%%)r@%i%f%%),
~Q(S)-Rl, -C(=NR2)-RI, -N(121)-C(=N-0R2)R6, -C(=N-ORI)R2,
_C(=NRL) - NR2R6, -N(RI)C(=NR2)R6, -N(RI)C(S)R2, -N(121)-C(0)-C(0)R2,
VO 2009/ 111447PCT/ US20091035837 - N(RI ) C(S) N(R2) - R6, - O(S)- NRI R2,
“N(RI ) C(=NR2) OR6, - C(=NRI) O NR2R6, -N(RI) - C(=NR2) - N( R6) R?,
“N(R1) N(R2) C{0) OR6, -N(RI)C(0)0R2, -N(RI)C(0)NR2R6,
“N(RI)- C(0) - C(0) - NR2R6, _-.C(0) - C( 0) - NRI R2

-P(0)(012.1) (R2), or -F R1IR2; sand R, y R6 ang’ R7 are each
i ndependently al kyl, suBstitute kyl , "afkenyl, 5Ssubstitute
al kenyl , al kynyl Huted a yl, heteroall subst iit ut ed
heteroalkyl aryl tltuted ar aryl at kyl , stRstitute
yl, hetsaroaryl =g

aryIaIkyI 3 kenyl Qubstit Wy Oarylahvi. 18" :
substltut oaryw heterocy yl, subsgti ut edet er oc lyl,
car bocydi? I uostltuiigggaer§-cl |, %ﬁ???baryba Kyl, QLS bstit ut ed

het er oar I | n agother e I'frent lof >the ¢ 09nd f $6ornul a

(ry, V\/ner IMmAiIs aco nt bo‘\%;fino s-N(RI) 0)R2, NRI R2,
-N(RI') S(0) 5* -N(1(1) ) , N =NR2) R,
-N(RI)C(S) -N(RI) - c&%ﬁg , -N(RI) S)N(R2 “R6, -N R ) C(=NR2)

o
OR6, -N(RI)-©(=NRR) - NR6R7, N(RZ)C( ) OR6, RI) (0 R2, :
“N(RI) C{0) NR2R6, or - NyR1)- C(O) C(0)-NR2R6; X is -N(R3)C(0)-
“N(R3) - ,\=N(R3) S(0) 2- ,{ - N(R3) - O( =NOR4) -, - N( R3) C( =NR4) -
-N(121) - ¢(=NR2) - N(R6) /, - N( R3) -N(R3) C( R4) -

-N(R3) C(OY)N(R4) -, - N(

j%i R5
(0] 1 1
ependently al kyl, su ttuted all cyl, alkenyl,
kenyl , gro , Substituted heteroahKyP, ary’ ©

substi t ut aryl, het®droaryh, substituted oaryl, laryl al ky
substituted IaIIcy ~ hete ryl al kyl, stltutaﬂv ef er oyy: aIkyI
het er ocycl y\,~Substdtuted he ocycl yl, cycl yl 0or s f*uted

car bocycl yh; and Z al kyl ubstitute
substituted heterea Neyl ary NHSUbStIéUt aryl, eroar ¢
substltutedo teroa yl aryI subsjituted aryI%IkyI,

heteroarylalkyl |tuted he roaryl kyl, carb clyl, o

substi tut ed carbdcycl . Alternately,’Yis -N(RI)C( 0OR2, ’ ’
-N(R1) - C( =N ) R6, -N(?RI)C(S)RZ -N(RI)C(S)NR2R6 -N(RI)C(O)NR2R6

NH

_N(zi ) C(=NRZ)eNR6127 N(RI) S(0 and X 45 - N(R3) C(
-N(R3) - 25CH=N- ORA)s , ) , R3),6 ) @

-N(RI) - O =fR2))- NRe)

G - N( ) 2-. 2/ ahot ment ,
i s carbocyc or ~ubst|tuted car bocycl yl;Xal ternate cﬁs al kyl or
substituteq1 ‘-one enb nt, thg{vrnwound of mula (1) has
a

a structur forﬁﬂia d b) o
‘f,‘o o z B
NH H NH
oM o:§ 0=3 o:E o E i

>

-

O
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, N WD 2009/ 111447PCT/ US2009/ 035837 or a salt, solvate, N-oxide,
ester, an g thereof, wherein Mis 0 or S ang e
each |nde§£§ééﬁﬁﬁg¥glkyl substltuted al kyl, al kenyl, suﬁit?ﬁﬁ%ggﬁ
al kenyl , al kynyl substit ut ed al kyl nyl , aIIcoxy, al | cyl am ne,
heteroalkyl, substituted het er oal kyl , aryl, substituted aryl,
aryl al kyl, substituted arylal kyl, arylal kenyl, substituted

aryl ancenyl, he eroaryl substltuted 5heteroary| het erocycl yl ,

substituted heterocycl eteroarybalkyl substituted F

het er oaryl al ky}, yIaIkyI bstltute terocyc IkyI,
car bocycl yl, d ca -ocy are
each i ndepe ntIy S Iected fr ctuted Q al kenyl ,

substi t ut yI, subs futed ar ohetero aryI

substi t uined het er oar oaryl al é substlﬂuted aryl al

het er ocy Q substK{t[?h het er lyl, he ryl al k

105ubstigi3ﬁ%? heteroary ﬁq kyl , {;jibbcyclyl,o /substit 4

carbocyclyl . 3in anot hes'al ternati vey, Z i s carbaayclyl of bstituted

carbocycl Y?=(' I n one enbadi nent, N%%;ps;,in afiXal t ernat e %ﬁgodinent, M
o

is O In anopher ‘enbodi fent, the ound of flormula (1) S a
structural formula (Thi), Y ,N 150r a salt, solvate, N-oxide,’” ester,

enyl arkyl am ne,

and/ or prodrug thereof, wherein Y' is -C(O)R2 =N-0 , -C(S)R2,
-C(S) NR2 C(O) NR2R6, - C(=NR2)-NR6R7, or -
enbodi rre foroguyfa (1b), C(O) R2, - ) or

v
-C(O)N . In S specifg c er |nqnt~ of fa O Y' |s
150 Q
<’I°>
O -

; or the salt, solvate, N-
oxide, ester, and/or prodrug thereof.

5 In one embodiment of the compound of formula (I), A is a covalent bond; Y is -OR’,
S(O)R}, -S(O):R!, -OC(O)R', -NRNHC(O)R?, -NR'R?, -C(O)NR'R?, -C(O)OR, -S(O),NR'R?,
N(RHS(0)2RZ, -8R, -C(R'R?RY), -C(S)-R!, -C(=NR*-R!, -N(R)-C(=N-OR*R’,
-C(=N-ORMHR?, -C(=NR')-NR’R®, -N(R")C(=NRHR®, -N(RHC(S)R?, -N(R")-C(0)-C(O)R?,
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WO 2009/ 111447PCT/ US2009/ 035837 WD 2009/ 111447PCTI US2009/ 035837 WO
2009/ 1114%5’({‘?'?9}{%9.})9/ 035837 that each of the above- "%E’?ﬂxs%w/&{s@ﬁps
to

connects e nitrogen atomon the isosorbide bicyclicrin
formula (111) through the carbon atom of the carbonyl group of Y.
I n anot her aspect, the present invention provides a conposition
conprising the conpound 100of Fornmula I: or the salt, solvate,

et or oar YT G REER TR MRS i@#@ bst i t ut ed

al kyl, aNKémtthsww)Rﬂtm m(hém(o)owﬂ myuomasmm@nmﬁw, _

arot LS R B S RGNl B o
aryl al kemd R ﬁ?e&ﬁr}@aﬂ RS aﬁi@%é tddh %mefﬁug{t@awl sumﬁleerdgwp ladenyl,

substi t ut ed het erocycl 'yl , heter oar yI substi t ut ed

het ePoaryistiuiealkepd; dkgwiscrieigfadpk 2@@%&1@4@?@@#@3@@@‘9%@5837
substit lgﬁlfsqtulﬂﬁta@ﬁ%m albgﬁmned nggmﬁ@,hmeng@ @Qﬁhfutedta%ﬂam&m@%m

a&z/ :qi) ggiy;)smlted_lmmwl hs@(r@:yp\]gqll stmu@(l @ytgpgyclylg(ad)ogmﬂ;:@ stltuted
carbocyclyl, heteroarylalkyl, or substituted heteroarylalkyl.
In another embodiment of the compound of formula (I), wherein A is a covalent bond; Y
10 is -NRHCOR?, -NR'R?, -NRHS(0),R?, -N(RH)-C(=N-OR*RS, -C(=NR")-NR’R’,
NERHYCENRARS, NERHC(S)R?, -N(RN-C(0)-C(O)R?, -NRNC(SNRY-R®,
NERHCENRHORS, -NRND-C(=NRH-NR°R’, -NR"N(RHC(0)OR® -N(R')C(0)OR?,
NERHCONRRS, or -N(R)-C(0)-C(O)-NRR®; X is -N(R)C(O)-, -N(R?)-, -N(RHS(0)2-,
NRH-CEN-ORY-, -NRHCENRY-, -N(RY-CENRY)-NRY-, -NRHC(S)-, -NRHC(SNRY-,
15 -NERHCONRY-, NRHCENRNO-,-NRH-CENRY-NR)-, -NRHINRHC(0)O-,
NERHC(0)0-, or NRHC(OWN(RH-; R', R%, R?, R®, RS, and R” are each independently alkyl,
substituted alkyl, alkenyl, substituted alkenyl, heteroalkyl, substituted heteroalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, arylalkyl, substituted arylalkyl,
heteroarylalkyl, substituted heteroarylalkyl, heterocyclyl, substituted heterocyclyl, carbocyclyl,
20  or substituted carbocyclyl; and Z is alkyl, substituted alkyl, heteroalkyl, substituted heteroalkyl,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, arylalkyl, substituted arylalkyl,
heteroarylalkyl, substituted heteroarylalkyl, carbocyclyl, or substituted carbocyclyl. Alternately,
Y is -NRNHC(O)R?, -N(RD-C(E=N-ORY)RS, -NRNC(S)R?, -NRNC(S)NRR®,
NRHCOWNRZRS, -NRHCENRA-NRR, or -N(RHS(0)2-R% and X is -N(R*)C(0)-, -N(R?)-
25 C(=N-ORY-, -NR)C(S)-, -NRHCENERY-, -NRH-CENRYH-NRY-, or -N(RHS(0)-. In yet
another embodiment, Z is carbocyclyl or substituted carbocyelyl; alternately Z is alkyl or

substituted aikyl.
In one embodiment, the compound of formula (I) has a structural formula (Ib),
M
Wwa o 5
Hi
\L/gj\NJLZ
o 7

H (Ib)
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_N(R1) S(0) 2R2, -SRI, -C(RLR2R6), -C(S)-Rl, -C(=NR2)-121, .
N(RL N(RL) O S) NR2R6, N-ORL) R2, - S NRRRE
-N§R|gqc( ‘%g@m&%ﬁw( N%cR:(l))C(S)RZ SC(N(Rl) c(0) - C(O)Pg?u)s 5537
C(S)-NRLR2, - N(RL) C( =NR2) OR6, - C{=NR1) 0- NR2R6, - N( 121) N( R2) C( 0) OR®,
“N(RL) C(0) OR2, - N(R1) C(0) NR2R6, - N(121) - C(0) - C( 0) - NR2R,

- C(0)-C(0)-NRLR2, -P(0)(0RL) (OR2), -P(0)(ORL)(R2), or -P(0)RIR2: Xis

: gi 0) E)S-oi' a i@?ﬁ(;\,%l{fdtc -lgé-)f(() %fs? -es’tcr- %@?@j&g tﬁccé%%lje'{fii%f Ps o or-S'C(cufci\@S e?n-d 'Z are

- N( R3) - GhcrNadIpdndently z@(ﬁ NuBRtcd alk &EINE@]), st¥dtuted menyu(aﬁ%)aga( @ob&tﬁi@m R5,

: gg g? ﬁga]%gi}llyﬁg Ri?}%g?{gkaw@_, hetergf(RbyjlzsuRKt%y eterﬂ%llgg)a@?( %}t@t 9 aryl

- C(=NR4 3 (& Osubstitute

) N( R3) E%;;mk' (u%)u( m% ENB@ ]{zié &%‘Blm%t( % )N@g(@&h{ﬁﬁ%&éé}}l substituted
IORRA,_heteran/@y]( g]hgt)tu ed b@telzcycgil,d]ekeyqarylglhﬂsqupgtmt%heéqu%yylaﬁcyl

al keny' het%ib@?élirl % %b%%ﬁ@ﬁétero@chﬁmwl oalb%Hﬁ‘ﬁll 6r%€s@m§édm}b6wdyl

15het er oal ky Stituted heteroal K , Substituted Yk |
enyi,

aryl al kyltermatelys 8 enst B ere arah indopgndently 5,61651611@@5;4 alkyd, sBlstifntqgt adley ],

aryl al k a i

Subst |t Pt el R, S B R PSRN, ISRl ABKElth

het er oarawldlqﬂyﬂubstm@ﬂmbWI Wetadokydlyl, subisuted hptaseeynll, betowpylafyhl kyl |

car bacy te oLy, :
ana 7 SRR SRS RGeSty el 28
20al kenyhkibosuths br iumtmxtecatdrbmwyl, Iabrkejam}ldo;:lmmnbM istSy1iveh adtkdngte eybodiment,
heteroag@?(lo substituted heteroal kyl, aryl, substituted aryl,

aryl al | S“substituted aryl al kyl , aryl al kenyl, substituted

aryl al kenyl , Iiheioéiecoanyddimshisd doipoed dfebrenbal)tas a betceuradyeduyd (b7,
substituted heterocyclyl, carbocyglyl, substituted carbocyclyl,

het er oaryl al kyl , or subst | tuNed eterodyyl al kyl . In

anot her aspect the present i nvENtN ¢ vi des a conposition
conprising the conpound 25of F | a , or |b' In one
enbodi ment, the conposition conpri seé‘ an ngest (}bi)e conposi tion.

used herein es bl e" St 26
e e P SR R e P TR E@%@ﬁ@ R,

rmuL h. Sch)Ré,nC(S)]gRﬁﬁl M(e)mmzmﬁos:(mnfmmﬁy ,oe-J(@ket. losncasmbopiuicposte,
such as di ghe £aning, and etc. In
anot her fap %’@h{; ?n’én&%)ghec é@%% %&ﬁ@g@i g’é‘)ﬁ" tPh8verage. In
one enbcbqiba@lﬂ{entstohﬁ,lﬂﬁﬁsm?ty iventi on provi des a beverage product
conprising the conpound of Fornmula I, or the salt,

\N 3 3
F
S
E m\(mﬁ. | w ’ " @]
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WO 2009/ 111447PCT/ US2009/ 035837 sol vate, and/or ester thereof. In
anot her e ient . the present invention provides a f [ C
conprisingygﬁgH§5H§Bund of Formula | or the salt, so|vﬁﬁgﬂﬁaﬁg¢%$”

ester thereof. I n one enbodi nent, the conposition is a
pharmaceutical conposition and the conmpound of Formula | is an

i nactive ingredient. In another enbodinent, the conpositionis a 5
phar maceuti cal cgonposition and the conpound of Forrmula I is an active

ingredient. IR €t anot her embodi nent, the co ositi(%kg S a

phar maceuli cal onpositin 4 i ges a ph rﬁacegtically
accept aljl eTveli cile. Al tcer maceltyca

conposi tefls szl osed HEreFn conpri ses mpound ormula la, Ib
or Ib or the salt, solvate, N-oxide, cstc? and/or prodrug thereof.

10l n on pect, the present i nvention provindes a nethod forg
nmodul at @%ﬁ{g savory taste O#E,a«“‘u:orrposi ti eonpri si ng_canbllning the
conposi tion §fyh4@t | east ore onpoundliﬁi oymul a or tHe salt,
sol vate, N oXi‘de,*ester, and/o progg.' pher @of’, ¢ ein: 15A is
aryl, heteroaryl, or a coval ent bond; Y is hydrogen, alkyl,
substitu , al kenyl, substituted al kemyl, alkynyl, substituted

al kyl nyl-; 'l cyl .. substi t ut ed deicer oal |, |4 bstituted
subs a yIa, @ al®eny[l, kubStituted
het'er oar yhys#&Dst i t ut es¥het exbar yl ,, héﬁ%rocyclyl,

aryl, aryl

aryl al kenyl ,

substituted heterocyclyl, heteroarylallcyl, substitwsMed |,
heteroaryl al kyl , heterocyclylal kyl, 2@ substituted heterocyclylalkyl,
carbocyclyl, supstituted cafbocyclyl, &e¥l, halo, -EN o N2, -OR,
-S(O)RI,; - , -0 ) R2, - 1 )NRI R2,
-C(0)01 (0) 2NRlI - $C(R1IR2R6) ,

CORI, -N(Bl) $0) 2R~ - SR~
-o(S)-R V- =NR2) - RL, R1)-C(OR2‘)R6, .-.7, -N(RL) C(S) NR2RS,
-Cer-N-CR}RZ, ~C(=NRI ) -
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R2R6, _N(RI)c(_NR2)NR6K N(RI)C(S)R2, -MRL)-C(0)-C(0)R2, -C(S)-NR R2,
“N(RI) - C(=NRI) O NR2R6, 25 -N(RI)N(R2) C(0)0 <
N RI)C(O%‘QORBH('%C(O) NR2R6. - N(R1) - G 0) - O 0) - NRZRGB%T/HSZGG)!UI‘) 837
-C(0)-C(0)-NRI R2, -P(0)(0R1)(0R2), -P(0)(ORI)(R2), or -P(0)12.1122;
Xis -0-, -S, -5(0)-, -S(0)2-, -C(R3R4)-, -C(0)-, -C(S)-, -C(=NR3)-
-C(0)0-, -N(R3)-, -0C(0)-, -N(R3)C(0)-, -C(0)N(R3)-

- N(R3) - O(=N- CR4) -, - C(=N-0RB)-, -C(=NR3)-NRI-, WO

2009/ 111447PET/ US2009/ 035837 - N(R3) O5) N(R4) - RS, - N(R3) C(0) N( R4) - R5,
-N(RB) O =M - N(RIYG8I = - N

R4) N(|R -N(R3) N(R4) C(
- N( R3) CLMNKRY) -, ~N( R3) - C(0) - §( 0) - _
R)4, or 5Zis al kyl , substitwetled al kyl, al kenyl, substituted
al kenyl , 4l kynyl , subst it ut ed al kyl nyl, heteroal kyl ,’ substituted
het eroal kyl, aryl, substituted aryl, aryjal kyl, subSIituted
arylallcyl, arylgal kenyl, substituted ary aIkenyI groaryl,
substituted hegte oaryl(\ et erogycl yl ubsti t ut @ rocycl yl,
het er oaryl al[kyl], #UbstTi e roa;:;;ikyl he -rdﬁ?ﬁlylalkyl

erocycl yl al carbocyclil, (o] substk{»ﬁ

; and 10RlI, R2, R3 R4, R5, |[R6,| and R7 are each

i ndependent |y hydrogen aIkyI substitu al kyl, al kenyl,
substituted al kenyl, al kynyl, substituted aIkyInyI heteroallcyl,
substitut& teroal lcyl, aryl, substltuted ary al kyl ,

substituted\ar Ialreﬁﬁ%_izylaMJ | kenyl ,
ubgtitu tero het IyI ubs§ituted

het er oar yl
het er oc Qrbocy IyI substrtu?ed carbocyclyl, het er oaryl aLkyl,

or substltuted heteroarylalkyl 151 n ot her aspect, the present
i nvention prQ%rdes t hod ¢ nodul af'i ng t he y taste of a
conposi t nprN N onty osition wijth.at | east one
corrpoun| pr (1%, [ tfre npounds of
Formula (1) to Prepare Cbnposrt ons conmpouhdsoof Formula (1)
and its various conpound sub-genuses and Species, as ’
2 s Y
ey o
HN< o N/
5 >
OH
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descri bed above are intended to be savory flavorant conpounds or
flavor conesti bl e products. As is appare

t eachi ngs&ééﬁ@éﬁg es herein, many conpounds of For rrulrpgT( S?J&MI%FI
agoni sts of an hTIRL/hT1lR3 "savory" receptor, at |east at
concentrations of about 100 gMor |ess. Accordingly nmany of the
conpounds of Fornmula (1) have a significant 25savory fl avor

i ndependent of t he presence or absence of MSG and therefore can have

utility as in endemiH smvory flavorgnts or fJl avor enhanggrs.
Neverth bI s ([ of s@ﬂsﬁficial
flavora as poss| u ni m z dcost undesi rabl e
health side effectts adm n| stration of the corrpo&nds of Formula (I)
at high concentration | eveI s. Accordingly, it is dgsirable to test

t he conmpgtmds of030For (1) for thejr effectiveliess as taste
recepto onbst %n @ ]soﬂ"as to identify
t he best and m)st ffe ove co & (1). As was

di sclosed in WD 2009/ 111447PCT/ US2009/ 035837 WD 03/ 001876, and U. S.
Pat ent Publication US 2003/ 0282407 Al, hereby incorporateg herein by
referen nd asgdescri beg ynbel ow, aborﬁ@)o y oced res now

exi st f surilag th gopl st act or*an hT1Rl

[ hT1R3 "savory" r Cep/OIN uch measuremant net ods typ ally neasure
an "EC50", i.e. the 'cofifentration at which the conpound causes 50%
S5activation of the relevant receptor. Preferably, the conpounds
of Fornmula (1) ®hat are sayor nodif i ers v o, for the
hTI Rl / hTl 5} thar Hlt re prefé?ably,
such co nds havelaa EC50 for th& hT1RL/HT1R8 MeéCeptor of |ess than

about 5uM 3 p.M 2 AM 1 AM or 0.5 RM In sone enbodi ments, the
conpounds of Farmul aWre savoryoflavorBrm)duI ators or 10 enhancers

of the a%onl st Jlacti v m)oosdl gI utapate for an hT1R1/hT1R3
recept oriﬁ@)ﬁﬁel n s deslc ass No oc dure for so-called
EC50 _r at .. i ssol corrp@und f wat e

cont &i ni ng MSG, and rreasurl ng the degree to which "ﬁé%&%& Gethg)\’/fgrs

the anoumd: c@th JVBfe ab&@HliskRdy’ tgam@g&dnﬁadtﬁmfn&%l@aﬁgeh A neotethé RBdoBbide bicyclic
hT1R1/ hT] R3 recegt ors. Preferaply F ngounds of For mula (1), when
tom of the car

di ssol vetgioh foamulzdlbadhreughihe earbar Vi onyl group of

In another aspect, the present invention provides a composition comprising the compound

10 ofFomulal:

Y\A
¢
o (1)
X\z

or the salt, solvate, N-oxide, ester, and/or prodrug thercof, wherein:
A is aryl, heteroaryl, or a covalent bond;
Y is hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted
15 alkylnyl, heteroalkyl, substituted heteroalkyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, arylalkenyl, substituted arylalkenyl, heteroaryl, substituted heteroaryl, heterocyclyl,
substituted heterocyclyl, heteroarylalkyl, substituted heteroarylalkyl, heterocyclylalkyl,

47



15 conprising about | uM of the conpound wi |l decrease the observed

an riEkoos TR e by “at T cat 50% .. t Licﬁﬁ%éaﬁﬁﬁ’t{“@?%gﬂave

an EC50 ratio of at least 2.0, or preferably 3.0, 5.0, or
The above identified assays arc useful in identifying the m)st pot ent
of the corrpounds of Formula (1) for savory taste nodifier or enhancer

properties the results of such assa bel i.eved |
Cor ol aSESHR hgerokyev sk cariRry iyl pupstitute & %fﬁf%’gﬁcx el (F?%l YOmfR
hunans, -MRULS(UW eby:(mle ml)b O)RSf N‘RhEz II{lzaJ’C(QFOIC]OfBC(DkNRdRZ at

| east for th uman

taste t S6PRNGNIIA RomaR R S R R R N e G
quant i fi_gek 'RAENGORE - @tir@@mbwt 23LTRY-NARS CRNh AR 2 RRIRO umis)c(@)R

aqueous solutlons npared to control” aqueous, sol utio

21t ePnat N HA@yCIABE. ) LR ONEB IHEROOR e (23K HOSMERbns i n act ual
food co 6 2n er 2he nore
pot ent 2138?% GR?ESO QR %RQ ﬁlﬂ(g o (ﬁwﬁéﬁt N&@)\/Xg% %\I]%E on

conpri si- ﬁ@)a@(ﬁh@‘{ﬂﬁ FPENER HORY, ﬁ(ﬁ@{%& toroP(QBRR par t i cuI ar

Caste ns ,"Ldgedg?sf%éo SRF R R TGO THSED AR ¢ OBNG- ey or
taste te®CHEDs, - es@(@jH(ng-L W(R?)acm@R“)t eCG%GR?)f,yCHWW
Povady PRgbRTSHIBRHY: AR R OITRDER, Sugtcl B, PRIE) érsﬁf‘ahﬁ?%bi'd?@ba
2009/ 111@$XW)USEG(?W(O&5,83(D)$N(W rm(mémcelNHhOgl a{-amdy@ N( {l,n d have
comr 1 s RBC S TR R IS o R R RE AR RN R AR ey ori ¢y
of OIa p?gﬂltrgggtt(c?) c{@asm“ ecght- c(gmrrﬁ{i‘ tag]h)gmzsbe@so)mj{ gf e:] aglnyé in

er
vt er sor utt g el AR By rrs G G RS Bt cd ity
(prefser Ql@iebbaﬂ@p HiibsBfted hetercalkyRbryR spRutedlari ey EIRPP Qbesuel a&mkwl a (1)
and 12 mM_npnosodi umcgl utamate wi Il have .an i ncr ea ?}g sav& aste as

conpar edntdkenyb sHistiyred Rt dkenyb heferoaml seniiufedihgigropsy Pifhed
gl ut amth%teﬁﬁ?c@{oﬁ)etd:ro&%ﬂ ua[ap SiRGITRRORRASRINAY %teaﬁyagmgmmﬁu@ﬁ the

majority of a panel | east eight human taste testers. Using the

Conpou n@temyqiﬂﬁlﬂml garpqeyclyly oméﬁﬁwéd eorrsEely o Conposi ti ons
R, RE RY, RY, R, RS, and R are each independently hydrogen, alkyl, substituted alkyl,

20  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 heteroarylallkyl.

In another aspect the present invention provides a composition comprising the compound

25  of Formula Ia, Ib, or Ib".

In one embodiment, the composition comprises an ingestible composition. As used
herein, the terms “ingestible™ and “comestible” are used interexchangeably and denote a
composition that can be taken by mouth. Such an ingestible composition may be taken for any
purpose, such as digestion, medical treatment, chewing, cleaning, and etc. In another

30 embodiment, the composition comprises food or beverage. In one embodiment, the present

invention provides a beverage product comprising the compound of Formula I, or the salt,
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10Fl avors, flavor nndifiers flavoring agents, flavor enhancers,
savory (" voring agents and/or flavor enhanc d
fromthe c (Uh %f Formula | and its various subgengrznggégggggl
conpounds herein, and their comrestibly acceptable salts, and
conpositions thereof, have application in foods, beverages and ot her
conestible conpositions wherein savory conpounds, especially MG

| MP, or conventl nal Iy utili hese 15conpositi. ns | clude
conposi SPSHE T FRET A e RS %‘ﬁbf CEFCSCRATE T PN
drinks ﬁa!rddqwc%}mél@g the @EBHITRL bOPorRilaa G tHeWhlt, b Rhtc ARIPEsTor tHéﬁéoS and
Zoo anrnals used herein, the terns 'ing estibl e conposition”
and "conmesti Bl @e@m%@grem theeompesition dp réseeﬁ%ﬁgeabqowaﬁaorr Bridhe cograms
CoONpPOSsi ir PPmhfALis %@ﬁaaﬁretlr?glfﬁ%nPXn AR emBOBmbMI8R ebRb& itk i¢pMest i bl e
conposi tion nay be taken by the nmouth for any purpose including
di gesdt i pharmpoealicprgpositioaapd Hg coepwndvﬁﬁorm&e@r PbdcEv e BEISEisnt: i) et
I ncl ude%naﬁélembga%{m\é%a itioAMda | mﬁacea%béo%g%agyardsfmthé%ermpnses a
exanpl e e I ngestible co OSItIO% I ncl udes od/ bever age
conposi nnilmc@mcqﬂy@dwtablcanq ickee diltginataly, eomd dhwi thpomseusicalppodesdtions

" Food" d t t y
(Food” e fldy HIRAD Sorfie aomps%rfalr gfifdﬁié%% 1A gonqqlerggff il SAPROUD - ?ﬁd@
beverage&#rmﬁheptﬂnmnmﬁmdd and the term"food and beverage are

her used intercha e of nar [
of glrpeparr ngi and SRhi hedj r%%?rgelg‘fenb?nepwwgesoasﬁn [ o‘?rfso |°Mm§tm§i E? &'F %ﬂgé& %fﬁ
bever agaesconpbsifisre canigding @mbfligyvihe cﬁosﬁtroarvsrﬂrt fideaobie emepowsd bf Bovanub
of a Iarﬁe vari ety of classes, subclasses and species of the
comest i BPe conpositions, and utilize well-known and recogni zed terns
of art to refer to those conestibke conpositions while endeavoring to
prepare and sell various of those €onestible conpositions. Such a
list of terns of art is 30enunerat low, and it is specifically
contenpl ated hereby that the vari U bgenuses and species of the
conpounds of Fornmula (1) could be Used to $odify or enhance the
savory flavors WD 20091111447PCT/ US2 1035837 of the follow ng |i st
conmesti bl e conpositions, either singly 6r in all reasonable
conbinakﬁﬁﬁSaMmommxnmbm@euhmremﬂmqﬁmﬂu@ﬁwmmfemaemfectioneries,

chocgql ate conf.ectionery, - tabl et ntlines, bagged

selﬂglnes/so lFﬁﬁégew %Q@@r§§§@%?5§ﬁﬁ' standard boxed assortments,
tw st w appet ighidragen] €5y], sibam@ebi Imlﬁdﬂ latmmsnmhdemhla,ﬂamwsdb db@tytﬁted
al fajore Elgrﬂ::E(g olasée nfecu{yEl v st dlféqu%iJ ;

pover ﬂﬁ&yény feroa rﬁw@et@te a@ffra gry ﬁ‘?ﬁémﬁ é’ﬂlr aulaliy ﬁt&rrs

t of f ees,arylalkyl, arylalkenyl, substituted arylalkenyl, heteroaryl, substituted heteroaryl, heterocyclyl,

substituted heterocyclyl, heteroarylalkyl, substituted heteroarylalkyl, heterocyclylalkyl,

20  substituted heterocyclylalkyl, carbocyclyl, substituted carbocyclyl, acyl, halo, ~CN, -NOa, -OR},
-S(O)R’, -S(O):R}, -OC(O)R’, -N(RHC(O)R?, -NR'R?, -C(O)NR'R?, -C(O)OR’, -S(0),NR'R?,
-COR!, -N(RHS(0):R?, -SR}, -C(R'R'R®), -C(S)-R!, -C(=NR?)-R?, -N(R")-C(=N-OR*R®,
NERHC(SINRRRS, -C(=N-ORNR?, -C(=ENRY-NRPRE, -NRDC(ENRDNRR, -NRDC(S)R?,
N(RH-C(0)-C(0)R?, -C(S)-NR'R?, -N(RHC(=NRHORS, -C(=NR")O-NR’R,

25  -NERHNERHC(0)OR® -NRHC(O)YOR?, -NRHC(OINRR?, -N(R)-C(0)-C(0)-NR’R?,
-C(0)-C(0)-NR'R?, -P(O}OR")(OR?), -P(O)(ORN(R?), or -P(O)R'R?;

X is -O-, =S-, -S(0)-, -8(0)a-, -CR*RY-, -C(O)-, -C(S)-, -C(=NR?)-, -C(0)O-, -N(R?)-,
-0C(0)-, -NRHC(O)-, -C(ONR?)-, -NR*)-C(=EN-0RY-, -C(=N-OR%)-, -C(=NR*)-NR*-,

49



caranel s and nougat medi cat ed confectionery, lollipops, liquorice,
ot her sugaf, 3&@ ?ngonery, gum chewi ng gum sugarlsed]E,@f]r{}sﬂmm33837
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30  Formula (I) for their effectiveness as taste receptor agonists at lower concentration levels, so as

to identify the best and most effective compounds of Formula (I). As was disclosed in
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yeast - based knmaa¢gmo&n@h@ﬂhbtwmmmh@cﬁéhgmﬂmﬁkmgﬁmpbﬂhwp@nem#m@aﬁrbe

us elet 0 e%anc ¥ opﬁm g%hl%rf"%; v 8f ﬁ@lﬁol%cﬂulgg‘p AL fopgn 191“1%1?{1*1%?‘}& rt he

fol I ow ng € cofpositions: con tioneri es,
bakery ﬂ{emdnhﬁlcsy 1S|dcm1b¢cbemr35$ayqba]cc@r@food@jcaﬂlsd E€avratiop, ism e klsssolwinae k
bars, neal rep enent rod cts., .rea u dl es,
oanned T oLl ESTRM aPhSAELSah FEMATER e hBHPBe gBAS BRnidl s
fats, b&bmpémﬂd&wclmfheﬁmbmﬂ@ﬁ MS@F requirddxé anteate ﬁ@%@(ﬁfhe available thRl/FrliﬁIRS

i t hat conta

general an ing i bl e co SItIO

suf fi ci éﬁ"teptﬁfﬁog'i‘?%er y’% Oémél%r‘rgoﬁﬁ S? lﬁf%m hé q%ec%i)

For msl a donprigiig atiost Ve (dtise @Hipgﬁfdlu&ﬁ&ied%e thclbsbrvedBCsq of rnonosodlum
2009/ 111447PCT/ US2009/ 035837 her ei nabove to_pr e con

havi ng tahgamas for ag hf PRYRT 1Ry reqentor @%ﬁé@d&%ﬁ%ﬁ?@?%geﬂ?@% l?&%fy"
taste chapact akhd Shigend will have YIRS 8dtioYof atledsERG or PreF@NEY ¥.0f £.8\01. 0
nndulatlng amount, of one or nore of the conpounds of Fornul a ()

will be addedhe équﬁeflce@ﬁr‘éisaﬁaﬁch@d%tdentsfwnﬂ fhetmasheotes bihg compgygds of

modi fi eqsormula (1) for savory taste modifier or enhancer properties, and the results of such assays are

20 believed to correlate well with actual savory taste perception in animals and humans, but
ultimately the results of the assays can be confirmed, at least for the most potent of the
compounds of Formula (1), by human taste testing. Such human taste testing experiments can be
well quantified and controlled by tasting the candidate compounds in aqueous solutions, as
compared to control aqueous solution, or alternatively by tasting the compounds of the

25  inventions in actual food compositions.

Accordingly, in order to identify the more potent of the savory taste modifiers or agents,

a water solution comprising a savory flavor modifying amount of any particular compound of
Formula (I} or one of its subgenuses should have a savory taste as judged by the majority of a
panel of at least eight human taste testers.

30 Correspondingly, in order to identify the more potent of the savory taste enhancers, a

water solution, comprising a savory flavor modifying amount of a compound of Formula (I) and
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ppm to about ) riet n
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frostings, es for co tlbI qQducts aqr. an i ncl uded
1 Ehe Sobasneatabrye CHESBLE DireRr GKRSEi st A EaERs ¥ rdgever age
cat egor Yeombbsitidre aidycolVbate 4L o ih fobdiebdianpedng® btth@&ﬁﬁtVnﬁﬁcdﬁqjaﬁitlons
25cat egory, .the Frozen Processed Food catﬁgﬁry t he Chll Pr o essed
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UHT and Wedershangeably, andaefer hanpermmsidonthat oan e gken by mpeh. Mlﬁe@)lblﬁ@ans
a food Woﬁlgﬁfb?éjcotl{pgﬁlon%@%e%%%gﬁg% %&%Q@%l@%@%ﬁdmg digestion,

20 chewing, cleaning, etc. The ingestible composition includes both “food/beverage” and “non-

edible products”. For example, the ingestible composition includes food/beverage compositions
or products and medicinal compositions or products. “Food” herein means any edible product
intended for consumption by humans or animals, including solids, semi-solids, or liquids (e.g.,
beverages). The term “food” and the term “food and beverage” are herein used interchangeably.

25 Those of ordinary skill in the art of preparing and selling comestible compositions (i.e
edible foods or beverages, or precursors or flavor modifiers thereof) are well aware of a large
variety of classes, subclasses and species of the comestible compositions, and utilize well-known
and recognized terms of art to refer to those comestible compositions while endeavoring to
prepare and sell various of those comestible compositions. Such a list of terms of art is

30  enumerated below, and it is specifically contemplated hereby that the various subgenuses and

species of the compounds of Formula (I) could be used to modify or enhance the savory flavors
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precursor m Xes. e Bever ge cate ory a i nc es the al cohol
dri nks, Skisgneigesh a%#wegcd%l fng- hé?/ jealk, {’ @git él"rlﬂg B kgteai S‘&W&“Hg‘ing

drinks. ﬁérﬁht%hgcomwc@lo@lg h&hﬁn mﬂﬁlgwﬁmnb%n@ﬁ@d@%omm hi@id plagh beer,
ci der/ perr W ne, an 2538| rits. The soft drjnks include, but

are not qonfifﬁnﬁeé‘&vmra&%ra%ékaé@mds Btional apd pher cerdenrvhde flavvmddaiat es:

fruit juiGes dﬁgpéhlyaﬁa\louifeﬁ%uﬂinﬁﬁk@'ﬂ§voul:édl'lﬁﬁ( Sk sh 2 jdisdbdy hinaveured
drinks; bott wat er h includes sparkling water, spring water

and Pur mﬂb@mﬁaﬁmwe&tg@ dairy drinks P Brrarhisnemips wdenidh Tavaragopdrafiat ed
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such as |qU| and pO\SAiger concentrates 1 n ready t nmeasure. The
hot dri rikeesg.nobradessedizhecsarspreadsblelunpioceseedIbeese.dord Céleese,slaelfagq’shafrd ghehse,

op 20t B A 1686 YL plafifhani? S0P, FbRGHa BURR ruitilybGhurt

ool on
pI‘OblOUC yoghurt, drinking yoghurt, regular drinking yoghurt, probiotic drinking yoghurt, chilled

25  and shelf-stable desserts, dairy-based desserts, soy-based desserts, chilled snacks, fromage frais
and quark, plain fromage frais and quark, flavoured fromage frais and quark, savoury fromage
frais and quark, sweet and savoury snacks, fruit snacks, chips/crisps, extruded snacks,
tortilla/corn chips, popcorn, pretzels, nuts, other sweet and savoury snacks, snack bars, granola
bars, breakfast bars, energy bars, fruit bars, other snack bars, meal replacement products,

30  slimming products, convalescence drinks, ready meals, canned ready meals, frozen ready meals,

dried ready meals, chilled ready meals, dinner mixes, frozen pizza, chilled pizza, soup, canned
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or peopl.e in th or fi S. co es. 0
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5€ Si aration
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spices, seasonings and seasoning blends, fermented sauces, soy based sauces, pasta sauces, wet
sauces, dry sauces/powder mixes, ketchup, mayonnaise, regular mayonnaise, mustard, salad
dressings, regular salad dressings, low fat salad dressings, vinaigrettes, dips, pickled products,
20  other sauces, dressings and condiments, baby food, milk formula, standard milk formula, follow-
on milk formula, toddler milk formula, hypoallergenic milk formula, prepared baby food, dried
baby food, other baby food, spreads, jams and preserves, honey, chocolate spreads, nut-based
spreads, and yeast-based spreads.
Preferably, the compounds of Formula (I) can be used to modify or enhance the savory
25  flavor of one or more of the following sub-genuses of comestible compositions: confectioneries,
bakery products, ice creams, dairy products, savory snacks, snack bars, meal replacement
products, ready meals, soups, pastas, noodles, canned foods, frozen foods, dried foods, chilled
foods, oils and fats, baby foods, or spreads, or a mixture thereof.
In general an ingestible composition will be produced that contains a sufficient amount of

30  at least one compound within the scope of Formula (1) or its various subgenuses described
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enhancer effect of the particular compound on such savory compounds. As noted, a significant
application of the compounds of Formula (I} is for modulating (inducing, enhancing or

15  inhibiting) the savory tastes or other taste properties of other natural or synthetic savory tastants,
cspecially MSG. A broad range of concentrations of the compounds of Formula (I) can be
employed to provide such savory taste enhancement, i.e, from about 0.001 ppm to 100 ppm, or
narrower alternative ranges from about 0.1 ppm to about 10 ppm, 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

20 about 0.1 ppm to about 3 ppm.

A variety of classes, subclasses and species of foods are known. Examples of food and
beverage products or formulations include, but are not limited to sweet coatings, frostings, or
glazes for comestible products or any entity included in the Soup category, the Dried Processed
Food category, the Beverage category, the Ready Meal category, the Canned or Preserved Food

25  category, the Frozen Processed Food category, the Chilled Processed Food category, the Snack
Food category, the Baked Goods category, the Confectionary category, the Dairy Product
category, the Ice Cream category, the Meal Replacement category, the Pasta and Noodle
category, and the Sauces, Dressings, Condiments category, the Baby Food category, and/or the
Spreads category.

30 In general, the Soup category refers to canned/preserved, dehydrated, instant, chilled,

UHT and frozen soup. For the purpose of this definition soup(s) means a food prepared from
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15sauces, soy based sauces, pasta sauces, wet/cooking sauces, dry
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The Beverage category usually means beverages, beverage mixes and concenfrates,

20  including but not limited to, carbonated and non-carbonated beverages, alcoholic and
non-alcoholic beverages, ready to drink beverages, liquid concentrate formulations for preparing
beverages such as sodas, and dry powdered beverage precursor mixes. The Beverage category
also includes the alcoholic drinks, the soft drinks, sports drinks, isotonic beverages, and hot
drinks. The alcoholic drinks include, but are not limited to beer, cider/perry, FABs, wine, and

25  spirits. The soft drinks include, but are not limited to carbonates, such as colas and non-cola
carbonates; fruit juice, such as juice, nectars, juice drinks and fruit flavored drinks; bottled water,
which includes sparkling water, spring water and purified/table water; functional drinks, which
can be carbonated or still and include sport, energy or elixir drinks; concentrates, such as liquid
and powder concentrates in ready to drink measure. The hot drinks include, but are not limited

30  to coffee, such as fresh, instant, and combined coffee; tea, such as black, green, white, oolong,
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of or relating to or providing nutrition, and conbi nati ons thereof
Topi cal anal gesjcs and/or anesthetic include any topic -
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20  confectionery, sugar confectionery, gum, and the likes and any combination products.

The Meal Replacement category generally refers to any food intended to replace the
normal meals, particularly for people having health or fitness concerns. Examples of meal
replacement include, but are not limited to slimming products and convalescence products.

The Ready Meal category generally refers to any food that can be served as meal without

25  extensive preparation or processing. The ready meal include products that have had recipe
"skills" added to them by the manufacturer, resulting in a high degree of readiness, completion
and convenience. Examples of ready meal include, but are not limited to canned/preserved,
frozen, dried, chilled ready meals; dinner mixes; frozen pizza; chilled pizza; and prepared salads.

The Pasta and Noodle category includes any pastas and/or noodles including, but not

30  limited to canned, dried and chilled/fresh pasta; and plain, instant, chilled, frozen and snack

noodles,
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conposition as a flavor source or to increase the flavor of another
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The Dairy Product category generally refers to edible produet produced from mammal’s
milk. Examples of dairy product include, but are not limited to drinking milk products, cheese,

yoghurt and sour milk drinks, and other dairy products.

25 According to the present invention, “non-edible products” include supplements,
nutraceuticals, functional food products (e.g., any fresh or processed food claimed to have a
health-promoting and/or disease-preventing properties beyond the basic nutritional function of
supplying nutrients), pharmaceutical and over the counter products, oral care products such as

dentifrices and mouthwashes, cosmetic products such as sweetened lip bahms and other personal

30 care products that use sucralose and or other sweeteners.
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pH, fruit or vegetable juices, vinegar, nmarinades, beer, w ne,
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provides the bisazide (IV)"wth the desiied stereochem stry.
2009/ 11 ¥AhPRETViLSE @mgf/d@?,laggfﬁssmb rxapplegpithe P arodypts include, but are oot

(35, 3aRy teﬁﬁ?ﬂfu%m? dflﬁét&ﬁp@ﬁ)?&%ﬁ’@qfsofw1&i FhafeeBbS AR alRthetic; Cough, cold

am de- su strtute
and allergy rcmedms Antihistamines and/or allergy remedies; and combinations thercof.

10 Vitamins and dietary supplements include, but are not limited to vitamins, dietary supplements,
tonics/bottled nutritive drinks, child-specific vitamins, dietary supplements, any other products
of or relating to or providing nutrition, and combinations thereof. Topical analgesics and/or
anesthetic include any topical creams/ointments/gels used to alleviate superficial or deep-seated
aches and pains, ¢.g. muscle pain; teething gel; patches with analgesic ingredient; and

15  combinations thereof. Cough, cold and allergy remedies include, but are not limited to
decongestants, cough remedies, pharyngeal preparations, medicated confectionery,
antihistamines and child-specific cough, cold and allergy remedies; and combination products.
Antihistamines and/or allergy remedies include, but are not limited to any systemic treatments
for hay fever, nasal allergies, insect bites and stings. Examples of oral care product include, but

20 are not limited to mouth cleaning strips, toothpaste, toothbrushes, mouthwashes/dental rinses,
denture care, mouth fresheners at-home teeth whiteners and dental floss.

In one embodiment of the present invention, the present compounds, i.e., compounds of
Formula (I) including any subgenus and specific embodiments thereof, can be formulated to
make a high-protein composition. By “high-protein composition”, it is meant a composition

25  wherein the percentage of proteins or amino acids is higher than that in natural food or beverage.
Examples of the high-protein composition includes, but are not limited to, protein shakes, protein
powder, protein-enhanced drinks, and other high protein diet. Examples of the proteins suitable
for the high-protein composition include, but are not limited to, vegetable or gluten based
proteins, such as wheat, soy, rice, and corn; dairy based proteins such as whey, milk, and caseins;

30  animal based proteins such as poultry, beef, and gelatin; and other protein hydrolysates.
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in a ready-to-serve composition. The flavoring composition can be a liquid, semi-liquid, gel,

10 foam, semi-solid, or solid. The solid form may be tablet, powder, granule, cube, capsule, and the
like. In one specific embodiment, the flavoring composition also contains MSG or other umami
tastants.

Other examples of foods and beverages wherein compounds according to the invention
may be incorporated included by way of example carbonated and non-carbonated beverages,

15  e.g., sodas, fruit or vegetable juices, alcoholic and non-alcoholic beverages, confectionary
products, ¢.g., cakes, cookics, pics, candies, chewing gums, gelatins, ice creams, sorbets,
puddings, jams, jellies, salad dressings, and other condiments, cereal, and other breakfast foods,
canned fruits and fruit sauces and the Tike.

Additionally, the subject compounds can be used in flavor preparations to be added to

20  foods and beverages. In preferred instances the composition will comprise another flavor or
taste modifier such as a savory tastant.

Accordingly, in some embodiments, the inventions relate to methods for modulating the
savory taste of a comestible product comprising: a) providing at least one comestible product, or
a precursor thereof, and b) combining the comestible product or precursor thereof with at least a

25  savory flavor modulating amount of at least one compound of Formula (I) or any of its

subgenuses, or a comestibly acceptable salt thercof, so as to form a modified comestible product.
The invention also relates to the modified comestible products produced by such

processes, and similar processes for producing comestible products well known to those of

ordinary skill in the art, especially if such compositions comprise MSG, and the compound is

30  employed as a savory taste enhancer for the MSG also present in the composition.
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thioureas XIV may be prepared by reaction with an isothiocyanate. The
sul f onam de anal ogs XV are prepared by reaction of amne VI with

R1- substituted sul fonyl

The compounds of Formula (I) and its various subgenuses can be combined with or
applied to the comestible or medicinal products or precursor thereof in any of innumerable ways
known to cooks the world over, or producers of comestible or medicinal products. For example,
the compounds of Formula (I) could be dissolved in or dispersed in or one one of many known

5 comestibly acceptable liquids, solids, or other carriers, 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, certain 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, vegetable flours,

10 solvents such as ethanol, solid edible diluents such as vegetable powders or flours, and the like,
and then combined with precursors of the comestible or medicinal products, or applied directly

to the comestible or medicinal products.

Example Procedures for Making the Compounds of Formula (1

15  Scheme 1: Preparation of (35,3aR,68,6aR)-3,6-diazidohexahydrofure|3,2- b|furan.
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As shown in Scheme 1, (3R, 3aR,6R,6aR)-hexahydrofuro[3,2-b}furan-3,6-diol (I) can be
converted to the bisazide (IV) through formation of the bistosylate (II) or bistriflate (I1I).

Displacement with sodium azide provides the bisazide (IV) with the desired stereochemistry.
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chlorides. WD 2009/111447PCT/ US2009/ 035837 Schene 5: Synthesis of
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Scheme 2: Conversion of (35,3aR, 6, 6aR)-3,6-diazidohexahydrofuro|[3,2-5|furan to amide-
substituted final compounds.
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The bisazide (IV) can be converted into the mono-substituted triazole (V) using
5  traditional “click” chemistry in the presence of copper (II) sulfate and sodium ascorbate.
Catalytic hydrogenation, followed by amide coupling provides the desired product (VII) (Noren-
Muller, A.; Reis-Corréa, 1. Jr,; Prinz, H.; Rosenbaum, C.; Saxena, K.; Schwalbe, H. J.;
Vestweber, D.; Cagna, G.; Schunk, S.; Schwarz, O.; Schiewe, H.; Waldmann, H. Proc. Nat.
Acad. Sci. 2006, /03, 10606-10611).

10 Scheme 3: Alternative method for synthesis triazole analogs
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Scheme 4: Preparation of urea, thiourea and sulfonamide-containing compounds.
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From amine VI, urea analogs X111 can be prepared by reaction with an isocyanate, and

10 analogously, thioureas XIV may be prepared by reaction with an isothiocyanate. The
sulfonamide analogs XV arc prepared by reaction of amine VI with R;-substituted sulfonyl

chlorides.
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Amine VI can be reacted with ethyl 2-chloro-2-oxoacetate in the presence of EtsN to
provide the ethyl oxoacetate XV, which can then go on to react with a primary or secondary
amine to yield the desired oxalamides XVII. In addition, amine VI can be converted to the
carbamate by reaction with R;-substituted chloroformate in EtsN and CH»Cl, o provide the
desired carbamates XVIII.

Scheme 6: Preparation of mono-and disubstituted amine analogs.
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Preparation of differentially substituted diamine analogs XX can be synthesized by
reaction of amine VI with an aldehyde in the presence of NaCNBH;. A second amine
substitution can then be accomplished by reaction with an alkyl halide in the presence of a base
such as NaH. N, N-disubstituted analogs can be accomplished through reaction of amine VI with
two equivalents of a halide in the presence of NaH to provide N,N-disubstituted amine XXI.
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Preparation of the mono-armde amine building block XXIV can be accomplished through
mono-azide reduction with triphenylphosphine and HCI (Lee, J. W.; Jun, S. I.; Kim, K.
5 Tetrahedron Lett. 2001, 42, 2709-2711.), followed by amide coupling with a carboxylic acid in

the presence of HOBt and EDCI. Hydrogenation of resultant azide XXIII provides amine XXIV.

Scheme 8. Synthesis of bisamide and sulfonamide-containing derivatives
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Reaction of amine XXIV with a carboxylic acid in the presence of HOBt and EDCI
provides unsymmetrical bisamide XXV. In addition, reaction of the amine XXIV with a sulfonyl

chloride and pyridine results in formation of sulfonamide-containing compounds XXVI.
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Reaction of amine XXIV with either an isocyanate or isothiocyanate leads to the

5  corresponding urca (XXV) and thiourca (XXVI} derivatives.

Scheme 10. Preparation of carbamate and oxalamide analogs.
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Oxalamide-containing isosorbide derivative XXVII can be accessed through reaction of
amine XXIV with ethyl 2-chloro-2-oxoacetate in the presence of triethylamine, followed by
substitution of the ester functionality with an amine substituent. In addition, amine XXVII can be
reacted with a chloroformate of choice to provide carbamate 2XXX1X.

5  Scheme 11. Synthesis of substituted amino isosorbide derivatives.
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Reductive amination of a chosen aldehyde with amine XXI1V in the presence of sodium

cyanoborohydride can provide monosubstituted amine XXX. Further reaction of the

10  monsubstituted amine with an equivalent of R2X and base would provide differentially
substituted amine XXXI. In addition, N, N-disubstituted analogs can be synthesized through
reaction of amine XXIV with two equivalents of a halide in the presence of Nak to provide N,N-
disubstituted derivatives XXII.
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A further method for synthesis of the isosorbide analogs without the use of an azide
5  group, can be carried out by mesylate protection of diol 1. Displacement of the bismesylate with
benzylamine, followed by catalytic hydrogenolysis provides diamine XXXV, Alternatively
Mitsunobu reaction of diol I with phthalimide, triphenylphosphine and diethylazodicarboxylate
provides bisphthalimide derivative XXXV1. Removal of the phthalimide protecting groups with
hydrazine yields diamine XXXV,

10 Scheme 13. Reaction of diamine to form amides and sulfonamides.
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Diamine XXXV can be reacted with a carboxylic acid in the presence of HOBt and EDCI
to provide both the bisamide XXXVII and the monoamide XXIV. The monoamide can be further

elaborated using chemistry discussed in Schemes 8-11.
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Symmetrically substituted urea XL can be accomplished through reaction of diamine
5 XXXV with an isocyanate in the presence of triethylamine. In addition, the monourea may be
synthesized in this way. Similarly, the symmetrically disubstituted and monosubstituted thio
urcas XLIT and XLIII respectively can be synthesized by reaction of diamine XXXV with an
isothiocyanate. The monosubstituted urea and thiourea can then be elaborated through

fonctionalization of the amine using chemistry described in Schemes 8-11.
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Reaction of diamine XXXV with ethyl 2-chloro-2-oxoacetate can provide symmetrically
5  disubstituted ester XLIV as well as mono-ester XLV, Further reaction of both XLIV and XLV
can resulf in formation of oxalamides XL VI and XLVIL. In addition, reaction of diamine XXXV
with a chloroformate in the presence of tricthylamine can yield symmetrically disubstituted

carbamates XL VIII and monocarbamate XLIX.
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Reductive amination of an aldehyde of choice with diamine XXXV can provide both

5  disubstituted and monosubstituted amines XLX and XLXI. Further reaction of structure XLX
with a halide in the presence of NaH will provide symmetrical, differentially substituted amino
compound XLXIII. Unsymmetrical amine XIL.XI can then be treated with either an aldehyde to
provide differentially substituted diamine XLXII or it can be reacted with a halide in the
presence of NaH to provide substituted amine XLXIV. Additionally, differentially substituted

10 diamine XLXII can be reacted with a halide in the presence of NaH to provide substituted amine

XLXV. To provide a diamine with equivalent substitution, amine XXXV can be reacted with a

halide in the presence of NaH to provide compound XLXVI.

Measuring the Biological Activity of the Compounds of the Invention
15  In Vitro hTIR1/hT1R3 activation assay:
An HEK293 cell line derivative (See e.g., Chandrashekar, ef al., Cell (2000) 100: 703-

711) which stably expresses Gal5 and hT1IR1/hT1R3 under an inducible promoter (see
WO 03/001876 A2) was used to identify compounds with umami tasting properties.
Compounds of the present invention were initially selected based on their activity on the
20 hTIRI/hTIR3-HEK293-Gul5 cell line, Activity was determined using an automated

fluorometric imaging assay on a FLIPR instrument (Fluorometric Intensity Plate Reader,
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Molecular Devices, Sunnyvale, CA) (designated FLIPR assay). Cells from one clone
(designated clone I-17) were seeded into 384-well plates (at approximately 48,000 cells per well)
in a medium containing Dulbecco’s modified Eagle’s medium (DMEM) supplemented with
GlutaMAX (Invitrogen, Carlsbad, CA), 10% dialyzed fetal bovine serum (Invitrogen, Carlsbad,
CA), 100 Units/ml Penicillin G, 100 pg/ml Streptomycin (Invitrogen, Carlsbad, CA) and 60 pM
mifepristone (to induce expression of hTIR1/hTIR3, (see WO 03/001876 A2). 1-17 cells were
grown for 48 hours at 37°C. I-17 cells were then loaded with the calcium dye Fluo-3AM
(Molecular Probes, Eugene, OR), 4 1M in a phosphate buffered saline (D-PBS) (Invitrogen,
Carlsbad, CA), for 1.5 hours at room temperature. After replacement with 25 ul D-PBS,
stimulation was performed in the FLIPR instrument and at room temperature by the addition of
25 ul D-PBS supplemented with different stimuli at concentrations corresponding to twice the
desired final level. Receptor activity was quantified by determining the maximal fluorescence
increases (using a 480 nm excitation and 535 nm emission) after normalization to basal
fluorescence intensity measured before stimulation,

For dose-responses analysis, stimuli were presented in duplicates at 10 different
concentrations ranging from 1.5 nM to 30 pM. Activities were normalized to the response
obtained with 60 mM monosodium glutamate, a concentration that elicits maximum receptor
response. ECsgs (concentration of compound that causes 50% activation of receptor) were
determined using a non-linear regression algorithm, where the Hill slope, bottom asymptotes and
top asymptotes were allow to vary. Identical results were obtained when analyzing the dose-
response data using commercially available software for non-linear regression analysis such as
GraphPad PRISM (San Diego, California). All compounds listed in all of the Examples herein
have been tested and each have an ECsg of 30 uM or less.

In order to determine the dependency of hTIR1/hT1R3 for the cell response to different
stimuli, selected compounds were subjected to a similar analysis on I-17 cells that had not been
induced for receptor expression with mifepristone (designated as un-induced I-17 cells). The un-
induced 1I-17 cells do not show any functional response in the FLIPR assay to monosodium
glutamate or other umami-tasting substances. Compounds were presented to un-induced umami
cells at 10 uM—or three times the maximum stimulation used in the dose-response analysis.
Compounds covered in this document do not show any functional response when using un-

induced umami cells in the FLIPR assay.
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et al., Cell 0) 10Q; 7 whi ch st Xprgsses 0al5 and
hT1R1/ h FERBC H Infgest. SAme eﬁfnéy ﬁ? fipPdre E(ﬂgaé‘@ to Ysstet ssolving compounds

into solution. Samples are three-digit blind coded and served in 20 ml volumes. Samples are
presented to panclists in randomized, counterbalanced order. All data is collected using the

10  Compusense five software program. Umami intensity is rated on a scale from 0 to 100 (0=no
umami intensity; 100=strong umami intensity). Panelists sip a sample and begin rating umami
intensity. Panelists move the mouse on the horizontal scale to correspond to the wmami intensity
they perceive. Panelists continue rating the intensity for 70 seconds, and then expectorate the
sample. The software program records an intensity score for each panelist for each 1 second

15  period during the sample evaluation.

After tasting each sample, panelists sip and swish water in the mouth for a few seconds

and expectorate. They may repeat this several times. Panelists wait 30 minutes before tasting

the next sample.

20 Data analysis. Time-intensity curves are created for each of the samples and various parameters
of the test are compared statistically.

To create the graphical representation of the sample: For each of the 70 seconds of the
evaluation, panelists individual scores are averaged and presented graphically. For example,
each panelist’s intensity score at time = 0 seconds is averaged and plotted. The same calculation

25  is made for cach of the 70 seconds to create the time-intensity curve.

To evaluate the Time to Maximum Intensity parameter: A time-intensity curve is created
for each panelist. Each panelist’s graph shows their individual point of maximum umami
intensity, and the specific time to maximum is recorded. The specific time scores for each
panclist are averaged. Next, the average scores for the various samples are compared using

30 ANOVA, and multiple comparisons are performed using Tukey’s Honestly Significant
Difference test at alpha = 0.05.
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nm eni ssion) after normﬁ ization to basal flUorescence intensity
measur ed ablef2d prd ther graduatly devreas®lFo pmdnsiatonsibpuyastéme.anal ysi s, stinul i
were presented in duplicates at 10 different concentrations ranging
froml.5 nMto 30 pM Activities were nornalized to the response

obt diSned wi t Fa®Qlei2riis mprissagd Homtginetiawat igtcnsaty ©6 W exbrdai(ico ablh &) which
elicits e e f ound
That calemt EYRpARIaRLahal SIRALEsunkR 0% 3R GEPLRE hllell AN

non- | i neaensitggf 858 (son Tallgdrahitingyaswhelntly lbdachaniSainpdd Hpe, bottom
asynptotes and 20 top asynptotes were allow to vary. ldentical
results were obtai ned when anal yzi ng the dose-response data using
comer ci al | y Tamed 1 atdl 2edi syt nmetigle f;@ﬁpam@mslchmaﬂed neay my@mmtmitse

G hPad PRI SM ( S ted
S 1S R g ot nu SR e St Pt Bt aSt oA e 2 and 2o

of 30 p.S¥hiple $ €65%.not Sﬁgrﬁﬁdiﬁﬂy titfeded for bﬂtﬂﬂ@vdrdge tidepedeintyh igfensity (Table 1)
hT1R1/ hT1R3 for .the, cell esl}l)l? 56 50 dl{ ren
murn ( Table 2)

and average intensity at maxi (p>0 amp}e 3 was rated significantly more

savory than Sample 1 (Table 2) (p<0.05).
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25stinmuli, selected conpounds were subjected to a simlar analysis on
1-17 cel | syphadonhaagy Nnot been induced for receptor expregghRbcWoiskss

m fepristone (designated as un-induced 1-17 cells). The un- induced
1-17 cells do not show any functional response in the FLIPR assay to
nonosodi um gl utamat e or other umam -tasting substances. Conpounds

were presented to un-induced umam cells at 1011Mor three tines the
maxi mum stinmul ati on used in the dose-response anal ysis. 30 Conpounds
covered in this docunment do not show any functional response when

usi ng unifallede dvarmaailincetotdai,m €138 (FLIPRRlats salrep xWBy1 and 16 panelists x Irep x
2009/ 1114472PCIike)p2 V0RE 63588 To. Fi0rds), lorixl € is+ DM 0Test i ng Pr ot ocol

Overvi ey
over ti
i ncl udej
Sanpl es|ir
i nto solu
m vqu-W TPl edmpiE o S
count er _ ggﬁgi AT data g§700t1e01gglusp- She 10 Cgnpus
five 501‘ E Un*am Fipt EnSltV isiratedlon g iseal e from: o
100 (0=no umani |ntenS|ty 100=strong umam intensity). Panelists Slp
a sanple be ur o0 [ t

a sanp hgfﬁ@ kgﬁea %teéag, HIRY, o Ak 9)%’3‘5%%6%}{%1 sPamFJegﬁg iy e @ﬁglgg%% rep x
per ceji ve T BED ¢ 7% S

then e
i nt ensi
t he sa
and sw gh
may repga
tasting‘“
Cr eat ed o e T T T
are con]area srat|5t|ca||y

Example 29 comparison to MSG:
5 Figure 2 displays a graphical representation of the average umami intensity ratings over a
70 second period for three samples:

All samples were made in Low Sodium Buffer (LSB) at pH 7.1.

Sample4: 12 mM Monosodium Glutamate (MSG)
10 Sample 5: 16 mM Monosodium Glutamate (MSG)
Sample 6: 2.5 ppm (6.86 uM) N-((35,3aR,65,6aR)-6-(4-cyclohexylbutanamido)-
hexahydrofuro[3,2-b]furan-3-yl)cyclopropanecarboxamide (Example 29)

Sample 6 quickly increases in umami intensity and has an average time to maximum

15  intensity of 18.3 seconds (see Table 3). It reached an average maximum intensity of 57.9 (see

Table 4) and then gradually decreased in umami intensity over time.
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To create the graphical representation of the sanple: For each of the
70 secondsyghyoifgy @l uation, panelists individual scorReg @bRemnsssst
averaged and presented graphically. For exanple, each panelist's
intensity score at time = 0 seconds is averaged and plotted. The sane
cal culation 25is made for each of the 70 seconds to create the
time-intensity curve. To evaluate the Tinme to MaxinumlIntensity
paranet er: ASt | s hgg b Sve}‘ e emgnés m%r em SISl foP 65 gc%gndgﬁ]&g ll"'a]?[% 3) \Eﬁl%ﬂ
panelist's grap “Shows” THErT i Rdl Vi in

I nt ensi twas tvansbedihie slsmecthﬁm Bamhpk®. ISemmae)él mmrhds sn m&wge dfadlmu'ﬁhmnamem fic
time scores.fof e are xt .. the average scores
For t o it Ao Lo BRI oS DU mab ShRoE  and mirti pi o

conpari sons are performed using Tukey's anestly Si gni fi cant

D'ff rence t | p = 0.05. WO 2009/1 1447PCT SZO 3
le 1 coﬁﬂ“ﬁ?ﬁ%@ﬁ %@uhnﬁe comperiR S2§u P B ?@ﬁ%‘ ggfﬂle

r epr eseny@hdeindh nd@may ﬁft@@i@ Mﬁ&m avtefag@ﬂ]&lngﬁy dt ﬂiakiﬂnﬁﬁn O34ipléd, Mmple 5
second period for three sanmp npl es, were nade in Low Sodi um

Buf f er ER&EymBle o5psronot mgsa"mtb( differaré f?ﬁWWB%Fo‘W&‘FﬁXG“H’P aeney (IRkley)-
Sampl e Zampfe MMINRRRIOSHSNELEEERES KMRG average 1@&&% 8t rdax 15919 hile
(41.62 ul\/;nJp 33, 32%?68 6aR) - g (gyclohex I#Et )-1H ( o

{11 azol SR SEWT RS DL amoBLg SREpla L ApmHS Grob o o e)
(Exagpl e 1) Sanple 3 quickly increase in umam intensity and has
an average tine to maximumintensity of 14.9 seconds (see table 1).

|t reach&dablad. AvestgsgemprdcMenm T At eiflanslisisix Bgp)( see Table 2) and then

gr adual sNebreth. 712 (oreh@S)i nt ensity over ti 15 e an
aver age i ch
was two ge
maxi nmum | ess

than Safple 3. Sample5

Table 4. Average Intensity-at-Max, n = 36 (18 Panelists x 2rep).
020 (@ =0.05)

EXAMPLES
The following examples are given to illustrate a variety of exemplary embodiments of the
mvention and are not intended to be limiting in any manner.
15
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Tables 1 and 2 display nultiple conparisons cal cul ated using Tukey's
HSD test f\ppbfdA:14% average tinme to maxi mumintensity apq dshfomsgiage
intensity at maximum Sanple 2 and Sanple 3 were not significantly
different for both average tinme to maximumintensity (Table 1) and
average intensity at maxi num (Table 2) (p>0.1). Sanple 3 was rated
significantly nore savory than Sanple 1 (Table 2) (p<0 05). WO

2009/ 11 _dab X N = 33 (17
Panel i s#géz' FJ{ 'T@QQ Igg)'gﬁ )féﬁ%é:ﬁcl ?’g&iﬂﬁ)ele% 13( 21‘7‘%4312(1’71)Aver age

| nt ensi ﬂszadeuro[maé]mﬂad—&?l)ﬁalwkdmlscwrbémepde( dayl and 16 panelists
X 1 rep x Exanple 29 conparison to MSG_3Figure 2 displays a

graphi cal representation of the awbrage amanj intensity ratings over

a 70 second period for thr anpleg: rﬁﬁ were made in Low
Sodi um Buf fer (LSB) at pH npl e 46-12 nosodi um G ut anmat e
(MSG 10Sanple 5: 16 i nM Monosodi um @ ut amat &€ ( MSG) Sanpl e 6:

2.5 ppm (6. 84 sHMmﬁ\'é@@S§%86§§71§§4?@4-(§yé1&m%%9g>% DYEARAYI 9) -

hexahydrofuro[ 3, 2-/1 furan- ycycl opr opanecar boxam de (Exanpl e 29)
Sanple @e@ﬁhnf@mﬁlyomﬁdﬂ@a@e%amme (evampleilnt @déigt §0 ameplh agclepmoraveraepayli¢ me

oo AT S o i sgencnble g atinaangls) on

aver age nmaxi mum | nt ens en gra
decr easaafxiure QIMIQIDME(@ k) wasestirred abat overnight. Upon completion, the reaction

mixture was filtered, and the filtrate was diluted with CH;Cl; and washed with 0.5 N HCI, water,
saturated NaHCOj3 and brine. The organic layer was dried over MgSOy, filtered and concentrated

10 to provide N-((35,3aR,65, 6aR)-6-(4-(cyclohexylmethyl)-14-1,2,3-triazol-1-yhexahydrofuro-
[3,2-b]furan-3-yl)eyclopropanecarboxamide (880 mg, 53%) as an off-white solid, which was
recrystallized from CH,Cly/hexane. 'H NMR. (DMSO-ds, 400 MHz): 0.64 (m, 4H), 0.90 (m, 2H),
1.13 {m, 3H), 1.52 (m, 2H), 1.63 (m, 4H), 2.47 (m, 2H), 3.71 (dd, 1H, J= 9.2 Hz, 2.4 Hz), 3.95
(dd, 1H, J=9.6 Hz, 4.8 Hz), 4.02 (dd, 1H, J=10.0, 2.8 Hz), 4.16 (m, 2H), 4.59 (d, 1H, /=36

15 Hz),4.81(d, IH,/=4.0Hz),5.16 (s, 1H), 7.87 (s, 1H), 8.39 (d, 1H, J= 7.2 Hz). MS 361
(MH").

Example 1a: (35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-triazol-1-yl)-
hexahydrofuro[3,2-b]furan-3-amine

20 To a solution of 1-((35,3aR, 65, 6aR)-6-azidohexahydrofuro[3,2-b]furan-3-yl)-4-
(cyclohexylmethyl)-1A-1,2,3-triazole 2-amino-6-propoxybenzonitrile (example 1b) (5.26 g,
16.52 mmol) in MeOH (45 mL), was added a catalytic amount of 10% Pd/C. The reaction
mixture was hydrogenated on a Parr shaker overnight at 40 psi. Upon completion, the reaction
was filtered through celite and concentrated to provide (35,3aR,6S,6aR)-6-(4-(cyclohexyl-

25  methyl)-14-12 3-triazol-1-yDhexahydrofuro[3,2-b]furan-3-amine (4.35 g, quant.) as an off-
white solid. 'H NMR (DMSO-ds, 400 MHz): 0.94 (m, 2H), 1.18 (m, 3H), 1.65 (m, 7H), 2.49 (s,
2H), 3.58 (dd,./=8.8, 1.6 Hz, 1H), 3.89 (dd, /= 8.5,4.2 Hz, 1H),4.04 (dd, /=99, 2.4 Hz, 1H),
413 (dd,J=9.9,5.2 Hz, 1H),4.45 (d, /=3.8 Hz, 1H),4.83 (d,/=4.2 Hz, IH), 5.11 (m, 1H),
7.88 (s, 1H). MS 293 (MH™).
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WO 2009/ 111447PCT/ US2009/ 035837 Sanmpl e 5 has an average tinme to

maxi mum i R{§RGbhY14¢f 16.3 seconds (see Table 3) which wag kyResREANdS
shorter than Sanple 6. Sanple 5 al so has an average maxi mum umamni

intensity of 62.9 (see Table 4) which was slightly nore than Sanple
6. STables 3 and 4 display nultiple conparisons cal cul ated using
Tukey's HSD test for the average tinme to maximumintensity and the
average intensity at maxi num Sanple 4, Sanple 5 and Sanple 6 were
not significantly different for average tine to maxi mumintensity
(Tabl e 3). SHrguhme b: AHESSREISS:B)-6hndeexgdiygrildid [Bdnb]furadd-fhdr ent

aver age Tabl.e whil e Sample 6 was not
S|gn|f|égﬁ#ﬁ hP%?%iéﬁqé¥égﬁ?ge?her Sanple 4 or Sanple 5 (Table 4)
(p>0.1). 10 [Baldar,63.6aRVE6ageidbhdxehtdooiMdi3,2-b]fErad Gexirhfle IPa)r(eJ9ig$t S X

1T Ut 2ROV P eRehras S toa RRAE b SR en( {2 Amahand

are not shditrensRebateq1he gl 5.61 inmag wolle @Bk VAR RNES:1 mbfure\8OH,O:t-butanol
2009/ 11](447P /Uszoo 1035837

N-((. 3S. ELRyTed 2Tk oy ﬂw%ﬁawgmodm“fs soligcted by Sifyatiqn. pug
hexahy drbHGP 1Av2oh] Twlamm&?fqahﬁw%@%rﬁm@msgzﬁrtﬁamﬁhme filtrafd Wl Ut i on

of (38, %gricgt§atcd6lg@dcu% tc(1 glovgicell(%g%)é ]Bg%gfr{] -6 az-lc]folilk(:)%ahgdr%ﬁ}r(l;[l3%.Zbollcuran %lyl)) 4-
10 (cyclohexylmethyl)-1H-1,2,3-triazole (5.26 g, 53%) as a white solid. 'H NMR (DMSO-dg,
400 MHz): 0.90 (m, 2H), 1.14 (m, 3H), 1.61 (m, 6H), 2.46 (s, 2H), 3.90 {dd, /=104, 1.5 Hz,
1H), 3.96 (dd, /= 10.4, 4.1 Hz, 1H), 4.04 (dd, /=104, 3.1 Hz, 1H), 4.16 (dd, /=102, 5.6 Hz,
1H}), 432 (m, 1H), 4.75 (d, J=4.4 Hz, 1H),4.86 (d, /J=4.4 Hz, 1H), 5.17 (m, 1H), 7.88 (s, 1H).
MS 319 (MH").
15
Example 1¢: (3S,3aR, 685, 6aR)-3,6-diazidohexahydrofuro[3,2-b]furan:
To a solution of (3R, 3aS,6R, 6aS)-hexahydrofuro[3,2-b]furan-3,6-diyl bis(trifluoro-
methanesulfonate) (example 1d) (7.86 g, 19.16 mmol) in DMF (200 ml.), was added NaNs
(3.86 g, 59.39 mmol). The reaction mixture was heated to 120 °C for 2h, cooled to rt and
20  concentrated in vacuo. The residue was diluted with CH,Cl,, and the solid salts were removed by
filtration, The filtrate was washed with H,O and brine, dried over MgS80,, filtered and
concentrated to provide (35,3aR, 65, 6aR)-3,6-diazidohexahydrofuro[3,2-b]furan (2.5 g, 67%) as a
light brown oil. 'H NMR (CDClsz 400 MHz): 3.90 (dd, /= 10.4, 4.2 Hz, 2H), 3.95 (dd, /= 10.3,
1.5 Hz, 2H), 4.08 (m, 2H), 4.63 (s, 2H).
25
Example 1d: (3R, 3aS,6R, 6aS)-hexahydrofuro[3,2-b]furan-3,6-diyl
bis(triflucromethanesulfonate):
To a solution of (3R, 3aR,6R, 6aR)-hexahydrofuro[3,2-b]furan-3,6-diol (3.0 g, 20 mmol)
and pyridine (3.9 mL, 48 mmol) in CHCl, (100 mL) at 0 °C, was added triflic anhydride
30 (7.9 mL, 48 mmol) dropwise. After complete addition, the reaction was slowly warmed to rt, and

stirred under Nj overnight. Upon completion, the reaction mixture was diluted with CH,Cl,,
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5hexahydr of uro[ 3, 2-b] furan- 3-am ne (exanple la) (1.46 g, 5.0 mol),

cycl opropagg 26@nkR¥ylic acid (418 uL, 5.0 mmol), EDCI @g@ﬁmﬂgwmg&g
nmmol ) and HOBt (676 ng, 5.0 mmol) in a 4:1 mxture of CH2Cl12:

m.) was stlrred at it overnight. Upon conpletion, the reactlon
m xture was filtered, and thc filtrate was diluted with CH2Cl2and
washcd with 0.5 N HCl, water, saturated NaHCO3 and brine. The organic

s SO M ot e G,

ydr of ur MgJC8, Bidotd and zprcBatyadalto popided AR SCHEMD GxH by dr8 B [Bi; b]ﬂa@%.% f@as

an off e.s I|d i ch r II| ed fr H
NVR (Dl\/\égl h]é(triﬁ nes%fo\,\%s)((?n%g {?6%/% ro(lelrge gﬁ)%%%ﬁéaf)&%%%
1.52 (m4.12,,J 45.631z( 48), 478 (m2H75.83 (i, 2BH)4.6B(s/2H)( dd, 1H, J = 9.2 Hz,
2.4 Hz), 3.95 (dd, 1H, J= 9.6 Hz, 4.8 Hz), 4.02 (dd, 1H, J= 10.0, 2.8
Hz), °4.16 (m 2H). 4.59 (d, 1H, J= 3.6 15Hz), 4.81 (d, 1H, J= 4.0
Hz), 5. lﬁaﬁﬁale il;b‘o((35,3&?,6S83Rﬂﬂ+(c$cl&ﬁex§ﬁ1etﬂglﬂ 18-12, ¥ tréazb)-yDMS 361

(M. | a
(35, 3aR“6’sa"6’§R3f“'6’l%ablfem SARRSARIdRy | ) - 14 1, 2, 3-tri azol - 1-y1) -
hexahydr of ur o[ 3, 2- b] furan- 3-am ne 20To a solutlon of

1- ((3S, 3aR, 6S, 6aR) - 6- azi dohexahydr of ur.of3, 2-b] furan-3-y1)-4-
(cycl ohexyl net hyl )-1H 1, 2, 3- trlquJ - am np- 6-pgopoxybenzonitrile
(exanple I'b) (5.26 g, 16. I n 0 5 was added a

xt

catal ytic amount of 10% P e reacdi was hydr ogenat ed
on a Parr shaker overnight at 40 psi. Upon @bnpletlon the reaction

was il teredpidouadin¢eln 1@1%& SOBLEHY, 684 Y &R HEthy1)-1H-1,2,3-
(3S, 3aR 6S, 6aR) - 6- .H(C‘Cﬁo hexy ( 2480 44 & ROV Hehy)-

75meiny [tyaze}l -y she ﬁqoalz@{ﬁllhlﬁlme%cm@ﬁ@p@[la) dppRagicasiddo aravide

(4.35 g, N-gBL@ﬁER a5, @a‘f‘?z @mg rohxvilﬂh{a&hﬁjlhm 23 f:rtazgi'-\ﬁls Pé@%&#@mlogﬁﬁ’ bj\ﬂﬂé)l
0.94 (m (s;

8. 8, 1@}%en@mdemw7(( J—85 42Hz, 1H) 404(dd J—99
2.4 Hz, 1H), 4.13 (dd, J= 9.9, 5.2 Hz, 1H), 4.45 (d, J= 3.8 Hz, 1H),
4.83 (d, J= 4.2 Hz, 1H), 5.11 (m 1H), 7.88 (s, 1H. NS 293 (MA.
WO 2009/Example7RCH(8520R.65 68R8GW-(cyclohaxy hmashd)-1B:1,2,3-triazol-1-yh)-

(1 g§/§’1§ 2‘%@%&? ﬁﬁhﬁ %%ﬁfﬂ%ﬁ%ﬁj %J' F,g,{tg{agetgﬁpdef uran- 3-y1) - 4-

(38 3aR, 68, 6aR) - 3, 6- d|a2|dohexahydrofuro[3 2-b]furan (exanple 1c)

Prepared as in example 1 from (35,3aR,685,6aR)-6-(4-(cyclohexylmethyl)-14-1,2,3-
triazol-1-yl)-hexahydrofuro[3,2-b]furan-3-amine (example 1a} and 2-cyclopentylacetic acid to
provide N-((35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1 H-1,2,3-triazol-1-yl)-hexahydrofuro-

20 [3,2-b]furan-3-yl)-2-cyclopentylacetamide. MS 403 (MH™).
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5 28.04 mmoD, prop-2-ynylcycl ohexane (4.05 ni, 28.04 mmol), CuSO4
(179 ny, J\gagzmmhl)uand sodi um ascorbate (1.11 g, 5.61 RlusM808Bs37
di ssolved in 5:1 mxture of H20:t-butanol (240 nmL), and stirred at
rt overnight. The preci pitated product was collected by filtration,
and taken up in MeOH. The insoluble inpurity was renoved by
fiItration and the filtrate was concentrated in vacuo to provide

T0( ovol ARARpROE I SSARBT IR MUb R Bl AT St be Sy
sol i d. wamms,zwmrmyl)papMame 2H) 1714 (m 311), 1.61 (m
611), 2.46 (s, 2H), 3.90 (dd, J= 10.4 1.5 Hz, lH) 3.96 (dd, J=

10.4, 4.1 Hz, 1H), 4.04 (dd, J= 10.4, 3. , 4.16 (dd, J= 10.2,
5.6 Hz, 1H), 4.32 (m 1H) 475(%'@%?‘51 4.86 (d, J= 4.4
Hz, 1H), 5.17 (m 1H), 7.8 (MTE) 15 Exanple |c:
(3S, 3aR, 6S, 6aR) - 3, 6-di azi d rof ur ran: To a

Eol uti OPI of (3R ﬁa8 6RI $a8) xahydr of uro[3 Z}b] furan-3,6-diyl
8
DA (200 ey PGS Bh Srrrilnus S GRS el Gl nSunah b uiTS
_m Xt §r e tM@sl- h-@ﬂilﬁﬂahfy&oﬁﬁ&{?,@ H]ﬂﬂanﬁhmﬁ@@éx&ﬂq&lfczl a) ﬁnd@;ﬂ?ﬂcﬁﬁb a0ne erdvidat ed
B R e I Tk I R s TR

brine, @Lﬁggomﬂﬁﬁ&ggﬁ@égmg Migred and concentrat ed to provide
(3S, 3aR, 6S, 6aR) - 3, 6-di azi ohexahydrofuro[3 2-b]furan (2.5 g, 67% as

a light brown oil. IHNVR (CDC13 400 MHz): 3.90 (dd, J= 10. 4, 42Hz,
2H) 3. S5abiib 5. 0 3@33]{6@651& 4-@5Roh ey Eeth1)-12: 234&«:@31-1 | 25
npl e Iczi)ﬁq)( 35R Be(a(S 6R -t%&aﬁly%?oﬁrot 3”)2 b] ar arll j}&l

bi s(1t0r| fﬂeﬁﬂ?ﬁ’dﬁ@?ﬁﬁ%ﬂ’dﬁurﬁh B)’l‘c“h“amlde To a sol ution of

(3R, 3aR, 6R, 6aR) - hexahydr of uro[ 3, 2-b] furan-3,6-diol (3.0 g, 20 mmol)
and pyridine (3.9 rnL, 48 rrm)l) R CH2&32 (100 |nL) at 0 C, was added
triflic anhydride 30 (7.9 fter conplete
addition, the reactionwa mm:%r ad stirred under N2
overni ght. Upon conpl eti ont e reacti 8 m ¥ ur® was diluted with

CH2Cl12, washed with 1IN HCl, water, sat'dNaHCO3, water and brine. The
organi ¢ | ayePropasd dy inesanple i IS8, 3a k. 68,6 el 4 depl abondwethy i Bel . 2.

G 1 bi S(UPRHT oo BRaD Bt RNk e duciblegdl Mot sig o gayice 1

NVR ( CDG)Z:H?’&@:U? OTR)-64 41 dy clcdhexydmetbylP 1 Hizl .2, 3k} azol4L- ﬂ&héx&hycﬁbﬁuo{52 2Pufam

211) 5 453 (Stindtie. Ms 308 (M.
Example 6: N-((35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-triazol-1-yl)-
hexahydrofuro[3,2-b]furan-3-yl)nicotinamide
0]
N =z
N= * - H
- N'C._/)/_N 7N
0 =N
O
20

Prepared as in example 1 from (35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-14-1,2,3-

triazol-1-yl)-hexahydrofuro[3,2-b]furan-3-aminc (cxample 1a) and nicotinic acid to provide
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5 Exanple 2:

N-q3S, 3aR&26@R 1467 (4- (eyel ohexyl methyl) - 1H1, 2, 3- t ri §¢bustoo¥ddsssr
| i exahydrofurol 3, 2-b] furan-3-yOoenzam de O Prepared as in exanple

from (38, 3aR, 65, 6aR) - 6- (4-(cycl ohexyl net hyl )-1H 1, 2, 3-
10tri azol - 1-y1l) - hexahydr of uro[ 3, 2- b] f uran- 3-am ne (exanple |a) and
benzoic acid to provide

N4( 3S, 35R (4 X 2t byl s AH 1,2 .32 11 ] - 1+ y 1= hexa
e of or Bl S iR aa Y ELED BT R Ay Sy Pt Rl Al

N- (( 3S, 3aRn6StitaR)le. 04 393 @) ohexyl met hyl ) - 1H1, 2, 3-tri azol - 1-y1) -
15hexahydr of ur o[ 3, 2- b] furan- 3-y1l)-2-cycl opentyl acet am de

Prepared as in exanple 1 from

( 35, 3a:?,}1?48n?ﬂ:-1\6((3&3 4&?@“%‘;—{;??1@]&)’%}1}2H322,3-triaz|01-1-|yl)—) .
triazol -1- - Nex ur - uran- 3- ani ne (exanpl e ia) an
2-cycl oﬁ'éﬁ%/‘v)ﬂ5{}qu?€¥%§5&!{-§-§§$115%%- arboxamide

N4( 38, 3aR, 68, 6aR) - 6- (4- (cycl ohexyl nethyl )-1H1, 2, 3-tri azol -1-y1l) - hexa
hydr of uro- 20[ 3, 2-b] furan-3-y1)-2-cycl pent yl acetam de. M5 403 (M).

Exanpl e 4: NV 4
N- ((3S, 3aR, 6S, 6aR) - 6- (4-( heks)/ met gy W 3-triazol -1-y1)-
hexahydr of ur o[ 3, 2- bl f ur an- pr opi o id > N N "N cipy.

Prepared as in example 1 from (35,3aR,685,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-
triazol-1-yl)-hexahydrofuro[3,2-b]furan-3-amine (example 1a) and furan-2-carboxylic acid to
provide N-((35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1#-1,2,3-triazol-1-yl)-hexahydrofuro-

10 [3,2-b]furan-3-yhfuran-2-carboxamide. MS 387 (MH).

Example 8: N-((35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-triazol-1-yI)-

hexahydrofuro[3,2-b]furan-3-yD)furan-3-carboxamide

O
N =
N7 ‘. H
NN N )ﬁ@o
B X
O
15 Prepared as in example 1 from (35,3aR,65,6aR)-6-(4-(cyclohexylmethy)-1H-1,2,3-

triazol-1-yl)-hexahydrofuro[3,2-b]furan-3-amine {(example 1a) and furan-3-carboxylic acid to
provide N-((35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-triazol-1-yl)-hexahydrofuro[3,2-
b]furan-3-y)furan-2-carboxamide. MS 387 (MH").
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Prepared as in exanple 1 from

(35, 3aR, 68y§3RLPratA- (cycl ohexyl nethyl)-1H1, 2, 3- PCT/US2009/035837
5triazol -1-y1) - hexahydrofuro[ 3, 2-h]furan-3-am ne (exanple la) and

propi onic acid to provide
N4( 3S, 3aR, 6S, 6aR) - 6- (4- (cycl ohexyl net hyl)-1H 1, 2, 3-tri azol - 1- 34) - hexa
hydrofiro[ 3, 2-b] furan3-yl) propi onam de. M5 349 (MW . Exanpl e 5:

TohexanRBP RS R3S it Y O IEL IRbIN ki B LBt Y )
exanpl e hexdhydnof (3E3,3d [y G- Iram)lmﬁﬂléﬂe-z-cymﬂomxlyl met hyl ) -1H1, 2, 3-

triazol -1-yl)-hexahydrofuro[3, 2 b]furan -am ne (exanple Ia) and
picolinic acid to provide

N4( 3S, 3aR, 651, 6aR) - 6- (4- (cycl ohewi th ) L 2,3-triazol-1-y1)-hex
ahydro furo[ 3, 2-b] furanl I)p i nam 98(I\/[L1) Exanpl e
6: N ((3S, 3aR, 6S, 6aR) - 6-( ohexyl hyI 1,2,3-triazol-1-y1)-
hexahydr of ur 013, 2- b] f uran- 3-y1) ni coti nam de 20 Prepared as in

exanple 1 fr Pfﬁﬁﬁé(ﬁaﬁﬁ&@ﬁpl@ﬁﬁbm%f BaK 6/ S RO Y R B che - 1474 ,233-

triazol-1-yl cxahydrof uro[ 3 bg uran-3-amne (exanple_|a and
ni cofi nitidezgk dlhh@xa&y@r@ﬁ{gg3 2-b| ﬁlran— -amine (example 1a) and thiophene-2-carboxylic acid

N-R3S, 3 1@%&@3&%&%&6@%}25 ehexyb Brhﬁ/éﬂ))d Hi 1;223rt%ailel%K)0ﬁex&h)Mﬂ&furbexa
de.

hydr of ur o[ 3 ur an3 ) ni coti nam Exanpl e 7
N- PS, 3afid: é]feéﬂre)fi e)ilanhebg areomexyRid AV H9S i, 2 3 triazol 1. y1)-

hexahydr of ur o[ 3, 2- bl f ur an- 3-yl gur an- 2- ear boxani de

Example 10: N-((35,32R,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-triazol-1-yl)-
10 hexahydrofuro[3,2-b]furan-3-yl)thiophene-2-carboxamide

Q
N z
N 2 H
5 ™"
(@]

Prepared as in example 1 from (35,3aR,68,6aR)-6-(4~(cyclohexylmethyl)-1H-1,2 3-
triazol-1-yl)-hexahydrofuro[3,2-b]furan-3-amine (example 1a) and thiophene-3-carboxylic acid
15  to provide N-((35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-triazol-1-yl)-hexahydrofuro-
[3,2-b]furan-3-y)thiophene-2-carboxamide. MS 403 (MH™".

Example 11: N-((35.3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-triazol-1-yl)-
hexahydrofuro[3,2-b]furan-3-yl)-3-methylbenzamide

20 %
Prepared as in example 1 from (35,3aR,6S,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3~
triazol-1-yl)-hexahydrofuro[3,2-b]furan-3-amine (example 1a) and 3-methylbenzoic acid to
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0 Prepared as in exanple 1 from

(35, 3aR, 63y83fhnPryl#A- (cycl ohexyl nethyl)-1H-1, 2, 3- PCT/US2009/035837
triazol -1-yl)-hexahydrofuro[ 3, 2-b] furan-3-am ne (exanple |a) and
furan-2-carboxylic acid to provide

NA3S, 3aR, 68, 6aR) - 6- (4- (cycl ohexyl nethyl)-1H 1, 2, 3-tri azol -1-y1l) - hexah
ydrofuro- 10[ 3, 2-b] furan-3-yl)furan-2-carboxam de. M5 387 (ME).

Exanple 8: .. 1. (AL I 9 2teiarn]T ol 3
N- 05, 3aR BEdGHy St e ) G h e Rty Py S R g gy ot
hexahy dbifiitan&f B)- 2-niefifylircarsn8dy M ldr(MBT ear boxam de  15Prepared as in
exanple 1 from (38, 3aR, 6S, 6aR) - 6- (4- (cycl ohexyl nethyl )-1H 1, 2, 3-
triazol -1-yl)-hexahydrofuro[ 3, 2-b] furan-3-am ne (exanple |la) and

f ur an- 3-Exafphxigt Ne((B53ad, 606410 @44 eyclohexylmethyl)-1H-1,2,3-triazol-1-yl)-

N ((3S, 3aR,.6S, 6aR) - 6-(4-(cyc exyl methyl )-1H 1,2, 3-triazol -1-yl) - hex
ahydrof %ﬁ*@?@quﬁnsg-#&fnr%z—i—gb%%ﬁ%s%aﬁ% de. M5 387 (MW .

Exanpl e 9:

N- ((3S, 3aR, 6S, 6aR) - 6- (4- (cycl ohexyl %yl -1H1,2,3-triazol-1-yl)-
hexal t ydr of ur 013, 2-b] f ur an~3-yft h lene-_2- e am de Prepared as
in exanple 1 from (3S, 3al Ry - 6- (A-fcy lnmet hyl)-1H1, 2, 3-
5triazol -1-y1) - hexahydr of Ur0[ 3, 2- b] f ur an- 3gam ne gexanple | a) and

t hi ophene- 2-car boxyl.ic acid to proyi ,

NA( 35, 3R 657 BHRP B 0 UGy SRR TRE R Bl obet e AT - hexa
hydr of un@azol-ByB-Heidhyaann&3 e hirerhenke ZxaapRaxpaid dehy dMRy¥dZoit YR to

provide N-((35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1.2 3-triazol-1-yl)-hexahydrofuro[3,2-
10 bJfuran-3-y1)-3-hydroxybenzamide. MS 413 (MH").

Example 13: 3-cyano-N-((35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-triazol-1-yl)-
hexahydrofuro[3,2-5]furan-3-yl)benzamide

Q
N z
N= ™ ; H
NN
© 0] D
N
15 Prepared as in example ! from (35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-14-1,2,3-

triazol-1-yl)-hexahydrofuro[3,2-b]furan-3-amine (example 1a) and 3-cyanobenzoic acid to
provide 3-cyano-N-{(35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-triazol-1-y1)-
hexahydrofuro[3,2-b]furan-3-yl)benzamide. MS 422 (MH™).
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Exanpl e 10:

N-{ (3S, 3aRy6SyPaARaP- (4- (cycl ohexyl nethyl ) -1H 1, 2, 3-t r ipggR]s20ho¥skks7 10
hexahydr of ur o[ 3, 2- b] furan- 3-yl )t hi ophene- 2- car boxam de

Prepared as in exanple 1 from
(3S, 3aR, 65, 6aR) - 6- (4- (cycl ohexyl net hyl )-1H 1, 2, 3-
triazol -1-yl)-hexahydrofuro[ 3, 2-bl furan-3-anm ne (exanple [a) and

N a35 sannuRei2fittiv & SRS drpb O Eoneyimey (T L2 il - o
g(/gr o:‘ uﬂlﬁal{var(ﬁubiﬁ,%Hnraﬁl—?yncafhaupllybh@uﬁatear boxan de. MS 403 (M/\).
mpl e

N- CS, 3aR, 6S, 6aR) - 6(4(eye|oh yl ohyl ) -1H-1, 2, 3-triazol -1-y1)-
hexahydr of ur o[ 3, 2- b] f ur an- 3 hyiHbe agi de O Prepared as
in example 1 from (35, ¢ 68 R) Myl net hyl )-1H1, 2, 3-

- amng

triazol - 1- y1) - hexahydr 6fuf o1 3, 2- b] fi ran- Pexanpl e | a) and

3-net hyl benzoic acid to provide

N4( 3S, 3aR, 65, 6aR) - 6- (4- (cycl ohexyl met hyl ) - 1H-1 2,3-triazol-1-yl)-hexa
hydr of ur o[ 3, Empar}ad einnxanid ) i8mi(By, Wﬂ w&m(ééoycwsewmdbw:lﬂﬁ-

SRR gl e PR (I ) 94 et ol
hex ahyd racifl iy o BidR miohy L3-E(BS,3a R4, 6 36 dr{ cpcldbendanth gy 1 GOEE ,3-triazol- Pylepar ed
(35, 3aR EPeSRlrofS DT YRRy RRbRYPY e S 15504
triazol -1-yl)-hexahydrofuro[3, 2-bi furan-3-am ne (exanple |a) and

N3, saaaniary MU ReEbRE ety me ) Y a0 gz by 1) - nexan

ydr abur (he{:zﬂlyarofﬁﬂ){hl-fbﬂhmrﬁayyB}m&hkﬂﬁﬂfaﬁw&h@ﬁmmld@ M5 413 (NMHF).
Exanpl e 13:

3- eyano- M3S, 3aR, 6S, 6aR) - 6- (4- (cycl ohexyl met hyI) 1H1,2,3-triazol-1-y
1) - hexahydr of ur o[ 3, 2- b] f ur an- B,yﬁqpcz!a/gclq.{

Prepared as in example 1 from (35,3aR,65,6aR)-6-(4-(cyclohexylmethyD)-1/-1,2,3-
triazol-1-yl)-hexahydrofuro[3,2-b]furan-3-amine (example 1a) and 3-methylfuran-2-carboxylic
acid to provide N-((35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2 3-triazol-1-y1)-

15 hexahydrofuro[3,2-b]furan-3-yl)-3-methylfuran-2-carboxamide. MS 401 (MH").

Example 16: ¥-((38,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1/7-1,2,3-triazol-1-yl)-

hexahydrofuro|3,2-b]furan-3-ylisoxazole-5-carboxamide

él \)
o
=TI
=
Qo
pra

20 Prepared as in example 1 from (35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-
triazol-1-yl}-hexahydrofuro[3,2-h]furan-3-amine (example 1a) and isoxazole-3-carboxylic acid
to provide N-((35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-triazol-1-yl)-hexahydrofuro-
[3,2-b]furan-3-yl)isoxazole-5-carboxamide. MS 388 (MHM.
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C'), N 15Prepared as in exanple 1 from

(3S, 3aR, 6%@%@&@1&74' (cycl ohexyl nethyl)-1H1, 2, 3- PCT/US2009/035837
triazol-1-yl)- ﬁ'exahydrof uro[ 3, 2-b]furan-3-am ne (exanple la) and

3-cyanobenzoic acid to provide

3-cyano- N ( (35, 3aR, 6S, 6aR) - 6- (4- (cycl ohexyl net hyl )-1H1, 2, 3-tri azol -
-y1l) - hexahydrofuro[ 3, 2-b]furan-3-yl)benzam de. M 422 (MH).

Exanpl e 14: net hyl

3-((3S, 3aR, 6S, 6aR) - 6- (4- (eycl ohexyl nethyl )-1H1, 2, 3-tri azol - 1-371) -
hexal t y dixefupteo73 N2{(IH, SaR,ﬁﬂ‘)éa?%)w—(aa(njaﬁom;tyI)riaewd:)eﬁf-é,z JotrRedplayied as in
exarrple r | ohe thyl)-1H1, 2, 3-
5tri azolf® ’i“‘*v%“fﬁ‘é%f%ri?iﬁi’ 'U‘?afé}‘g 'é)‘ﬁ?’[(?fey% gﬁilrﬂ‘ge( exanpl e 1a) and
3- (et boxycar bonyl ) benzoic acid to provi de nethyl

34(33, 3aR, 6S, 6aR) 6- (4- (cycl ohexylet yD) - 1H 1, 2 3-triazol-1-y1)-
hexahydr of ur o[ 3, 2- b] f ur an- | c ba%m%a}‘zm)at NMS 455 (MO,

Exanpl e 15:

N PS, 3aR, 6S, 6aR) - 6- ( 4- (cyc exyl met hylo) 1H- 3 triazol-1-yl)- 10

hexahydr of uro[ 3, 2-b] furan- 3-y1) - 3- net hL%/I f ur an- 2 ear boxam de
Prepared as in example | from (35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-14-1,2,3-

triazol-1 -y1}-hexahydrofuro[3,2-b]furan-3-amine (example 1a) and 1H-imidazole-5-carboxylic
acid to provide N-((35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3~triazol-1-yI)-
hexahydrofuro[3,2-b]furan-3-yl)-1 H-imidazolc-5-carboxamide. MS 387 (MH™).

10 Example 18: N-((35,3aR,685,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-triazol-1-y1}-
hexahydrofuro]3,2-b|furan-3-yl)-1H-1,2,3-triazole-5-carboxamide

O
N =
N+ ™ ; H
S N)/[NN
0 N’

o] H
Prepared as in example 1 from (35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-
triazol-1-yD)-hexahydrofuro{3,2-b}furan-3-amine (example 1a) and 3H-[1,2,3]triazole-4-
[5  carboxylic acid to provide N-((35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-triazol-1-yl)-
hexahydrofuro[3,2-b]furan-3-yl)-1H-1,2,3-triazole-5-carboxamide. MS 388 (MH").

Example 19: N-((38,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-triazol-1-yl)-
hexahydrofuro[3,2-b]furan-3-yl)-1,3-dimethyl-1 H-pyrazole-5-carboxamide

Prepared as in example 1 from (35,3aR,6S,6aR)-6-(4-(cyclohexylmethyl)-14-1,2,3-
triazol-1-yl)-hexahydrofuro[3,2-5b]furan-3-amine (example 1a) and 1,3-dimethyl-1H4-pyrazole-5-
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0 Prepared as in exanple 1 from

(35,3aR 6 3719144 #- (cycl ohexyl net hyl ) -1H-1, 2, 3- PCT/US2009/035837
triazol - %V? Ei%u){a>§<lahydrofuro[3 2-b]ftran-3-amne (exanple | a and

3- nethylfuran 2-carboxylic acid to provide

N a3S, 3aR, 68, 6aR) - 6- (4- (cycl ohexyl nethyl )-1H 1,2, 3-triazol- | -yl)-
15hexahydr of ur o[ 3, 2- b] furan- 3-y1) - 3- et hyl f ur an- 2- car boxam de. M 401
(MH). Exanple 18: — " . T
NA( 35, 3PCBE BAF PPNE Ay TSRO 2 b e L - iy )
hexahy dmefalyéoRyrd3 2} H] fikmns-3H I 3 disetkalz Hl-py:2zd@ b easbaxtindée. NIS 413" (MH).

20Prepared as in exanple 1 from
(3S, 3aR, 6S, 6aR) - 6- (4- (cycl ohexyl nethyl)-1H 1, 2, 3-

triazol E@u@dmmﬂmﬂsm waﬂ&@@qk@w@mﬂ&m@mmu@cﬁmbm 4B and
i soxazol e-5-carboxylic_ aci

to
N4( 33, 3&1@‘%@%‘5}#}0[ 2(”5“(%%13’ pfzﬁ?lﬁ’effﬁwywlﬁ -garboxamide 570) - 1-y1) - hexa
hydr of ur o[ 3, 2- b] f ur an- 3- ypi soxazol e- 5- car boxam de. M5 388 (ML-0. WO

2009/ 111447PCT/ US2009/ 035837 Exa | e
N4( 3S, 3aR, 6S, 6aR) - 6- (4-(cyc ohe -+ 1,2n3-triazol -1-yl) -
hexahydr of ur o[ 3, 2- b] f ur an- im da fiquoxam de 5Prepared

as in exanple 1 from
(3S, 3aR, 6S, 6aR) - 6- (4- (cycl ohexyl met hyl ) - 1H f, 2, 5-
triazol-1- yl}’fdpaxdihwidremzfmplc)[l&o@-(&]? Bart, 6h6E)-Grti ey clabrarpt by )-a)- st

1H- i m dazol ar o de )
N s SRR ARSIk Atk O REN [yl 1) apd J-methyl L Hepyprole -
hexahy dreafbaxyd{cacid-tbplourda ml-(\BSSﬁh)? 6Bt Rpb-gb oy tle sy hadtiydx Bl A8 -trivis1-3 §T)-

(M) 3%@3%3&]@%%95%99%& W{O}B‘ifiﬁf&"’?“%*‘t% 08 1) -

hexahydrofuro[3 -b]furan-3-y1)-1H 1, 2, 3-tri azol e- 5- ear boxam de
Example 21: N-((35,3aR,68,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-triazol-1-yl)-
hexahydrofuro[3,2-b]furan-3-yl)-1 H-pyrazole-3-carboxamide

N, \
77/<\._\NH

15 Prepared as in example 1 from (35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1A4-1,2,3-
triazol-1-y1)-hexahydrofuro[3,2-b}furan-3-amine (example 1a) and 1H-pyrazole-3-carboxylic
acid to provide N-((3S5,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-triazol-1-yl)-
hexahydrofuro[3,2-b]furan-3-y1)- 1 H-pyrazole-3-carboxamide. MS 387 (MH").
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Prepared as in exanple 1 from

(3S, 3aR, 6 =6-(A- (cycl ohexyl net hyl )-1H1, 2, 3-

triazol - 1%??@ggﬁﬁ/dr of ur o[ 3, 2- b] furan- 3-am ne (exarrpIPgT/IUzgfuﬂgg?SS”
3H41, 2, 3] tri azol e-4- 15carboxylic acid to provide

N R3S, 3aR, 6S, 6aR) - 6- (4- (cycl ohexyl nethyl )-1H1, 2, 3-tri azol - 1-y1) -
hexahydrof uro[ 3, 2-b] furan-3-yl1)-1H 1, 2, 3-tri azol e- 5- car boxam de. M5
388 (M -0. : . ;

N 435, 3 ERBEIGER SRR 6 AR PRt 35 o v y 1)

hexahy dmetahyafadurb{ht-Hin e ByY-HHF-gyrdzde-nrhibokahitepyr azol e- 5- ear boxam d
e Prepared as in exanple 1 from

(3S, 3aR, 65, 6aR) - 6- (4- (cycl ohexyl net hyl ) 1H 1, 2, 3-

triazol -1-y1l) - hexahydr of ur o[ 3, 25 8y.f uare 3- gni ne (exanple la) and

1, 3-di et hy1- 1H pyr azol e- canhgRy N%r/@ rovi de

N4( 35, 3aR, 6S, 6aR) - 6- (4- (¢ yI net -1 TN2M3-triazol - 1-y1) -
hexahydr of uro[ 3, 2-b] furan-3~y1) -1, 3-di met hy®- 1H pyr azol e- 5- car boxani d

e. M5 415 ( . . b(d. 1H- -
N 23S, 3am, oo lepsd g IATRIE) B (5308 0.6a) 6,4 fexgloforyimetyly- 147133
5hex &hy driagblit-9]) cLahpfit fire(d 23] fotdn-3ramst kyxkhmple- p)/and d FHepydazeerbescbory ie
Pr epar ed LN ex for 1 triaral] ol

(36: 3an 68 e ARy BERTE L (SSHIL G 4 orohgippy 1 2-tiazok Ly

t ri azol -hixahydrofieo{aByidfucined-pl)-3 F2pyidzblerdacetDxamidacMB BRAGYHD. | a) and
1-met hyl- 1H pyrrol c-3- carboxylic acid to provide

N-( (38, 3aR, 6S, 6aR)-6-(4-(cycl ohexyl nethyl)-1H1, 2, 3-triazol -1-yl)-
Example 23: N-((35,32R,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3~triazol-1-yI)-

10 hexahydrofuro[3,2-b]furan-3-yl)-1-methyl-1 H-imidazole-4-carboxamide

O
N =
N~ =~ A H
_ TN N
B )/J\/N\
O

Prepared as in example I from (38,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-14-1,2,3-
triazol-1-yl)-hexahydrofuro[3,2-b]furan-3-amine (example l1a) and 1-methyl-1H-imidazole-4-
carboxylic acid to provide N-((35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-triazol-1-yl)-

15  hexahydrofuro[3,2-b]furan-3-yl)-1-methyl-1 H-imidazole-4-carboxamide. MS 401 (MH").

Example 24: N-((35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-triazol-1-yI)-
hexahydrofuro[3,2-b}furan-3-yl)-1,5-dimethyl-1H-pyrazole-3-carboxamide

O
N =
N”°N - H Nﬂ
O\)ﬂ 5 NN~
O
20 Prepared as in example I from (35,3aR,68,6aR)-6-(4-(cyclohexylmethyl)-1H-1,2,3-

triazol-1-yl)-hexahydrofuro[3,2-b]furan-3-amine (example 1a) and 1,5-dimethyl-1H-pyrazole-3-
carboxylic acid to provide N-((35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-1H4-1,2,3-triazol-1-yl)-
hexahydrofuro[3,2-b]furan-3-yl)-1,5-dimethyl-1H-pyrazole-3-carboxamide. MS 415 (MH").
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10 hexahydrof uro[ 3, 2-b] furan-3-yl)-1-nethyl-1H pyrrol e-3-car boxam de.

M5 400 (MAfq 2besatRLe 21 . PCT{US2009/035837

N4( 3S, 3aR, 6S, 6aR) - 6- (4- (cycl ohexyl nethyl)-1H 1,2, 3-triazol -1-y1)-

| i exahydrof uro[ 3, 2-b] furan-3-yl)-1H pyrazol e-3-carboxam de ' yrr altN

riHO 15Prepared as in exanple 1 from

(3S, 3aR, 6S, 6aR) - 6- (4- (cycl obexyl net hyl )-1H1, 2, 3-

triazol -1-yl)-hexahydrofuro[ 3, 2-b] furan-3-am ne (exanple |la) and

1H pyrazol e- 3-carboxylic acid to provide

E4( BE, gmaﬁ@l@m (GG%M,@@IGWWSMM‘JH-T,I&tﬁaﬂll-g-ﬂ)-ha?bydrbﬁsrm[)332-
exahydr,of ur o] 3, 2- uran-3:-y1)-.1H pyrazol e- 3- car boxam de. M5 387

(M n. \Rg“%béﬂ‘iyfg'k’fﬂ@ffﬁéﬁéﬁé‘)‘é%5837 Exanpl e 22:

N a3S, 3aR, 6S, 6aR) - 6- (4- (eyel ohexyl et hyl )-11/-1, 2, 3-triazol -1-y1)-

hexahydr of ur o[ 3, 2- b] f ur an- @—ljzl razol e- 4- car boxam de 0 Prepared

as in exanple 1 from HN Ny

(3S, 3aR, 6S, 6aR) - 6- (4- (cycl ohexyl net hyl W
5triazol - 1-y1) - hexahydr of ur o[ 3, 2- b] Pwr'an- 3- ani'ne™(exanpl e | a) and

1H pyr azol e- 4-.carboxyl.i i@ ' 6-(4- -1H-12.3-
N (O3S 3R oL RRRF R e EACt RobQBRNBRy 6 U yclohgnimetuh L2 S
hexahy drtG4zat-bjyB;@xdbiy frofuapl3 3-Afuyant Hupipe fzetple A5e@nt oxderireancauboggi acid

038, 3R A S G s P o Vst 3 lfeng

hexahy dr3efl)oydpoanbidhmanids- M$ 321 (MBhy| - Wi ni dazol e- 4- ear boxam de

10 Example 25a: (38,3aR,685,6aR)-6-(4-isobutyl-1H-1,2,3-triazol-1-yl)-hexahydrofurof3,2-
blfuran-3-amine
Prepared as in example la from 1-((35,3aR,6S,6aR)-6-azido-hexahydrofuro[3,2-b]furan-
3-y‘l)-4-isobutyl-1H~1,2,3-triazole (example 25b) to provide (35,3aR,65,6aR)-6-(4-isobutyl-1H-
1,2,3-triazol- I-yD)-hexahydrofuro[3,2-b]furan-3-amine . MS 253 (MH").
15
Example 25b: 1-((35,3aR,65,6aR)-6-azido-hexahydrofuro[3,2-b]furan-3-yl)-4-isobutyl-
1H-1,2 3-triazole
Prepared as in example 1b from (35,3aR,6S,6aR)-3,6-diazido-hexahydrofuro[3,2-5]furan
(example I¢) to provide 1-((35,3aR,68,6aR)-6-azido-hexahydrofuro[3,2-b]furan-3-yl)-4-isobutyl-
20  1H-1.273-triazole.

Example 26: N-((35,3aR,65,6aR)-6-(4-(cyclopentylmethyl)-1H-1,2,3-iriazol-1-yI)-

hexahydrofuro[3,2-b]furan-3-yI)cyclopropanecarboxamide

25 Prepared as in example 1 from (35,3aR,68,6aR)-6-(4-(cyclohexylmethyl)-14-1,2 3-
triazol-1-yl)-hexahydrofuro[3,2-b]furan-3-amine (example 26a) and cyclopropanecarboxylic to

38



0 Prepared as in exanple 1 from

(3S, 3aR, 6 (4#- (cycl ohexyl methyl)-1H1, 2, 3- <
triazol - S’V?%{ﬁ{al?({é‘hf/ldrofuro[3 2-b] furan- 3-am ne (exarrpIPgTUS(mgHz&'837
1-net hyl - 1H i m dazol e-4- carboxylic acid to provide

N ((3S, 3aR, 6S, 6aR) - 6- (4- (cycl ohexyl nethyl )-1H 1, 2, 3-tri azol -1-y1)-
15hexahydrof uro[ 3, 2-b] furan-3-yl)-1-net hyl- 1H i m dazol e- 4- car boxam de
. M5 401 : ; - -

- PS, 3aR LS oS e PR Y DL 23 oo Dgessgpfuro 2
hexahy drmftin - 1) Relbprbpemasuridxyh)de IMS 3dF (dHAy| - 1H pyr azol e- 3- ear boxanmi d
e 0 20Prepared as in exanple 1 from

(3S, 3aR, 65, 6aR) - 6- (4- (cycl ohexyl net hyl )-1H1, 2, 3-

a ris aéol 1- ylgi_%@(mqsmgfﬁ[?%aﬁ)b@w Glﬂtfjf@lﬂpeﬁtygﬂé’fﬁbe) (Hng{im{razélai)ymnd

i p e- carboxylic acid to provide
N4( 38, gzﬁ*%@df@&@[gé% IOy EMRexyl met hyl ) - 1H 1, 2, 3-tri azol - 1-y1) -
hexahydr of ur efe3ardd B ih Uxaipidt ¥ fam 1.(Bsha B BYk @ﬁlwn@awd%f&@gaaq bxam d
e. MB 415 (Mn. WO 2009/ 111447PCT/ US2009/ 035837 Exa

N- CS, 3aR %gﬁwsopﬂlﬁ(lmhgaﬂéfrwﬁwe@@ (xappiedfl) torrgiige r@%ﬁ%ﬁm%%@ﬁr(&[ 3,

2- 61fu (&Riope ﬁ‘tﬁ%&éﬁiygpﬁpPQ@Qﬁﬁop@WmeQﬁlth%B{?ﬁ ﬂﬁfrﬁpﬁéﬁﬂleaﬁs'z% (MH*)
exanple I from (3S, 6S, 6aR) (cycl ohexy net hyl)

triazol - 1-y1) - hexahydrof ur of 3, 2- b]furan 3-ani ne (exanple 25a) and

cycl;gpr opane A
N 31@ 3aR 68 %Qz; é(%ﬂ Cf (@:%"SQ.R%Q f@]ﬁ)&léﬂ@o hex?l}jzldaoz’ftéro[3 2_ 173}{31*::11'}1‘| )%ghdrydr of ur of
3,2-b]f lﬁqcsash@elytpl@;c&yapldﬁp,aﬁetceao&ﬂoxam de. M 321 (WD. 10Exanpl e 25a:

(38, 3R 65, 63,0 (45 SRR Yl Rt IR S bl R ABRHIS 1 Rk 2
(example l¢) to provide 1-((35,3aR,65,6aR)-6-azido-hexahydrofuro[3,2-b]furan-3-yl)-4-
(cyclopentylmethyl)-1H-1,2,3-triazole.

15
Example 27: ¥-((35,3aR,68,6aR)-6-(4-phenyl-1H-1,2,3-triazol-1-yl)-hexahydrofuro|3,2-

b]furan-3-yl)cyclopropanecarboxamide

Me

Prepared as in cxample 1 from (35,3aR,65,6aR)-6-(4-(cyclohexylmethyl)-14-1,2,3-
20 triazol-1-yl)-hexahydrofuro[3,2-5}furan-3-amine (example 27a) and cyclopropanccarboxylic to
provide N-((35,3aR,65,6aR)-6-(4-phenyl-1H-1,2, 3-tnazol-1-yl)-hexahydrofuro[3,2-bJfuran-3-
yleyclopropanecarboxamide. MS 341 (MH).

Example 27a: (35,3aR,65,6aR)}-6-(4-phenyl-1H-1,2 3-triazol-1-yl)-hexahydrofurc-
25  [3,2-b]furan-3-amine
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Prepared as in exanple la from

1- ((33, 3aRy§w@aRlap- azi do- hexahydr of ur o[ 3, 2- b] f ur an3- pExnArdoseREH7Y 1-
1H1,2,3-tri1azol e (exanple 25b) to provide

(38, 3aR, 68, 6aR) - 6- (4-1i sobutyl-1H1, 2, 3-tri azol - 1-yl) - hexahydr of uro[ 3, 2
-b]furan-3-amne . M5 253 (ML-0. 15 Exanpl e 25b:

1435, 3aR, 6S, 6aR) - 6- azi do- hexahydr of uro[ 3, 2-b] furan- 3-y1)-4-i sobutyl-

1H 1,2, 3 | .
(35, 3aR 65, oRy g & e AR Eoarne P B e e

provi de 3-yl)-4-phenyl-1H-1,2,3-triazole {example 27b) to provide (35,3aR.6S,6aR)-6- (4-pheny1 1H-

L0458, 08,000 B BB AL 6L s g3y - sobuty

N ((3S, 3aR, 6S, 6aR) - 6- ( 4- (eyclopentyl nmet hyl)-1H 1, 2, 3-tri azol -1-y1)-
QEX?hyg;gl;r;:‘ EL@ Iﬁ? gih Y(gg 3aR %g' %dﬁsgé- 023 ({oof%x%ey%raorfubrgfginl]gumnﬁ y%S heeg)?lrﬁ-?
(3S, 3aR16%-6aRIe 6- (4- (cycl ohexyl nethyl )-1H-1, 2, 3-
triazol - 1-y11§ hexahydr of urobqu 8_‘135 uran- 3- am ne (exanpl e |)'3 g}éa
cycl opr opanebEPHEX I examyple SPROA LT IS FE B G RIP S
N-((351, éc?kample 1¢) to provide 1-((35,3aR,6S, 6aR? -6-azido-hexahydrofuro[3,2- b]furan—3 yl?} 4-phenyl-
aR, 651, 6aR) - 6- ( (pyc | opent’yl mefhyl)-1H 1, 2, 3-tri azol - 1- y1)~ hexahydr o
furo [ 3,18 %Pftmzah 3-yl) cycl opr opanecar boxami de. MS 347 (NO.

| e 26a:
(35, aR, 6S, 6aR) - 6- (4- (cycl opent yl net hy lf} 1H 1,2, 3-triazol - ylE 5
hexahy dighmply 3; X-(635.inahS .G larhr-(debenzyl-1 Piléptszﬁ@ﬂ-laxé) hexabydnepire(32-a
from
14( 3S, BaHuggl %g%vcgjpr%paél g?(’é F of ur o[ 3, 2-b]furan3-yl)-4-(cycl opent
ylmethyl)-1H1, 2, 3-triazole (exarrpl e 26b) to provide
(3S, 3aR, 68, 6aR) 6- (4-
(cycl opentyl methyl)-1H1, 2, 3-tri aéml - ) hexahydrof uro[ 3, 2-b] furan-

3-am ne. I\/8253(M/\) 10Ex bN
rof ur SZWanSyl) 4-

14(3S, 3aR, 65, 6aR) - 6- azi do- @
Prepared as in example 1 from (35,3aR,6S,6aR)-6-(4-(cyclohexylmethyl)-14-1,2,3-
15  ftriazol-1-yl)-hexahydrofuro[3,2-5b]furan-3-amine (example 28a) and cyclopropanecarboxylic to
provide N-((35,3aR,68,6aR)-6-(4-benzyl-1H-1,2,3-triazol-1-yl)-hexahydrofuro[ 3,2-b]furan-3-
yl)eyclopropanecarboxamide. MS 355 (MHD.

Example 28a: (35,3aR,65,6aR)-6-(4-benzyl-1H-1,2 3-triazol-1-yl)-hexahydrofuro[3,2-
20  b]furan-3-amine
Prepared as in example 1a from 1-((3.5,3aR,65,0aR)-6-azido-hexahydrofuro[3,2-b]furan-
3-yl)-4-benzyl-1H-1,2,3-triazole (example 28b) to provide (35,3aR,65,6aR)-6-(4-benzyl-1H-
1,2,3-triazol-1-yl)-hexahydrofuro[3,2-b]furan-3-amine. MS 287 (MH").

25 Example 28b: 1-((35,3aR,6S,6aR)-6-azido-hexahydrofuro[3,2-b]furan-3-yl)-4-benzyl-1H-
1,2,3-triazole
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(cycl opentyl methyl)-1H1, 2, 3-triazol e Prepared as in exanple Ib
from (33, Q@B&ag@l(ﬁﬁ@ 3, 6- d| azi do- hexahydr of ur o[ 3, 2- b] f Wr-aRibR¥ AR
lc) to provi

14( 38, 3aR, 6S, 6aR) - 6- azi do- bexahydr of ur o[ 3, 2- b] furan- 3-y1l) - 4-

(cycl opentyl nmethyl)-1H1, 2, 3-triazole. 15 Exanple 27:

N a3S, 3aR, 6S, 6aR) 6- (4- phenyl -1H 1, 2, 3-tri azol - 1-y1) - hexahydr of ur o[ 3,

2- bifuran- 3: cycl.opro rb ared a Ln.e l.e 1

2 D an S ASts] SRLORATRCRLAMON R N PRORBIRY T AT Rk

triazol -(éxaﬁé)e-lhﬁbadﬂb’\dcﬂd)lf WBNER, @@M-ﬂm‘ﬂo&emmﬁm{c{xa:mﬁ;eanmﬁ)-melﬁizyl-
cycl opr opagggar bo yI ic to provide

N- R3S, 3dR" é’éﬁ)" ©6- (4-phenyl - 1H1, 2, 3-tri azol - 1-y1) - hexahydr of ur o[ 3,

2-b] furan-3- yl)cycl opropanecar boxam de. M5 341 (M-1+).

Ex le 27a
(36, 3aR FoSMBIEREY: &-(S B Ak -crcighywibasmmidhsxadesfiyar 3R rHEsY 3,
I2 - b]eL ;L%q,})%va@@g%le\é\gb%ggg{d%; 1447PCT/ US2009/ 035837 Prepared as

14( 35, 3aR, 651, 6aR) - 6- azi do- hexahyd
4,2,3-triazole (exanple 27b) t@ pPROV,
(3S, 3aR, 63, 6aR) - 6- (4- phenyl1-1 2, rigzol - 1- - bexahydrof uro[ 3, 2-b
]furan-3-amne. M5 273 (Ml l e 27b:

14( 35, 3aR, 68, 6aR) - 6- azi do- hexathrofuro[B 2- b] furan-3-y1)-4-phenyl - 1H
- 1,2, 3-tri apRbed as in exdﬁﬁlﬂ@ﬁfﬁﬁi@@rcloﬁe)@&ﬁxﬁﬁﬁbﬁ abid ahd 8MY(3S,3aR,685,6aR)-6-

383R686R3 di h hydr of u -h] ft | 1 t
gr oVi Se ammohgxa ydro ro[!’) %Zbl] 1Oan 3?))7(1?(e¥anr11())16 2928[t0 prOVId NEJ(E.% gied)g'agq%) ¢) to

14( 39, 3%&%@ fibmgnaaﬁagﬁw@eam[pi BrehR 331yt MpRPardcatloxathidi enyidg,
1H1, 2, 3-tri azo

N (35 38RY0S: auhitc Brdes LITIVIE TIMSO s 409 M) 6610, £50.0e5Rclry Al Lo
[3,2- blfug@n13oyAcus) PBE aRAIBEREORX A D04 (¢, 2H, J = 7.2 Hz), 3.62 (ddd, 2H, J=
15.2,9.2,2.0 Hz), 3.84 (dd, 2H, J=9.2, 4.8 Hz), 4.11 (m, 2H), 4.38 (m, 2H), 8.07 (d, 1H, J=7.2

Hz), 8.37(d, 1H, J=7.2 Hz). M+H =365, m.p = 181.5- 182.5 °C.

f_‘gt} o[ 3, 2- b] furan3-y1) - 4- pheny1- 1H

15
Example 29a: N-((3S,3aR,65,6aR)-6-aminohexahydrofuro[3,2-b]furan-3-yl)cyclo-
propanecarboxamide:
Prepared as in example 1a from N-((35,3aR.6S, 6aR)-6-azidohexahydrofuro[3,2-b]furan-
3-yleyclopropancearboxamide (example 29b) to yield N-((3S,3aR, 68, 6aR)-6-amino-
20  hexahydrofuro[3,2-b]furan-3-yl)cyclopropanecarboxamide (1.06 g, quantitative) as pure product.
M+H=213.

Example 29b: N-((35,3aR, 65,6aR)-6-azidohexahydrofuro{3,2-bfuran-3-yl)cyclo-
propanecarboxamide:
25 Prepared as in example 1 from cyclopropane carboxylic acid and (38, 3aR,6S,6aR)-6-
azidohexahydrofuro[3,2-b]furan-3-amine (example 29¢) to yield N-((35,3aR,6S,6aR)-6-
azidohexahydrofuro[3,2-b}furan-3-yl)cyclopropanecarboxamide (3.29 g, 69%). M+H = 239
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Prepared as in exanple 1 from

(3S,3aR 6 ~6-(A- (cycl ohexyl met hyl ) - 1H4, 2, 3- ’

15triazolgzgaﬁ%gﬁgﬁﬁhydrofuro[3,2-b]furan-3-anine (exaﬁgFgm%gggﬁgﬁd

cycl opropanecar boxylic to provide

N ( (35, 3aR, 6S, 6aR) - 6- (4-benzyl-1H1, 2, 3-tri azol - 1-yl) - hexabydr of uro[ 3

, 2-b] furan-3- ypcycl opropanecar boxam de. M5 355 ( MO.

Exanpl e 28a: _ . ) i i

(3S, 3aR, 6S, 655mRle 298 (g -ASppfr6-szidohershydrofurql3 ARl S amRE ot ur of 3, 2-

20 b] f ur an- 3Tagksletion of (35, RRefSata@y3 Ssdidaiokmahpdrefulod3 LHifivan (7.84 g,

| - 43S, 3aR, 6S, 6aR) - 6-azi.do- h drofurql 3, 2- [ - - 4: benzyl-1H

1,2 3-t ?Lp g%qiéé(%%gﬁ%ﬁ an g%ﬁ;ﬁ@xﬁ&gﬁﬂ @a[) azﬁd2 40br11£ 9 ,6819181 s%flﬁ)tlon in water, was

]( ?8, 3aR§@<§,d@a1§i) (‘1%(%48@&?&)3[)3? thﬂz-ll goraoﬂslra't ame28 vel ydyr- Taxabyee ohsithed &irdb
ur an- 3- am ne. 7 ' )... 25Exa e :

143s53aRt @s%m@r@uﬁfwaagﬁax%ﬁyaﬁw@&f ‘BV?SZB‘E?FVIG? AL e yappou Re AFPEL 1 -

1, 2, 3- t nixaz@ BethIEhXPR1dd L TR N Wa2 0R tA3ffiP Basified to piR0GRAE @d NaASaOH

exanple I b from (35, 3aR, 68, 6aR) - 3, 6- di azi do- hexahydr of ur.o[ 3, 2- b] f uran
(exanpl éolﬂggn. t’laaergplggq)was then extracted with methylene chloride 3X and dried over NazCOs.

14(38, 3 o Add - A b 1-
. FE 28 g{ﬁf??g@%% 'QSI@JSX g epgﬁsgéggaqwf W @13, 80 54 br @R38R ¥ bam-doenzy

N- W8, 3aRzi@ghaalRyrdurp3 dyhdiueekymibe tsshetash hewaH\idHet Wo- 13, 2- bl f ur an
3-ylyycycl opropanecar boxam de:  r't Prepared as in exanple 1
from 4-cycl ohexyl but anoi ¢ acid and N-((3S, 3aR, 65, 6aR) - 6-

am nol | dxampdr Wt W35, 3R6H 4R rtaiey dogroparessiaxpinéd lexphydyofwren3. & furan-

N-((3S, 33} 5 3nbaR) b&izamide:
H
0 (§E¥MNW/(::ID”£:i7
V[LH o °

Prepared as in example 1 from 3-phenoxybenzoic acid and N-((35,3aR,6S,6aR)-6-
15  aminohexahydrofuro[3,2-b]furan-3-yl) (example 29a) to yield N-((35,3aR,6S,6aR)-6-
(cyclopropanecaboxamido)hexahydrofuro[3,2-5]furan-3-yl)-3-phenoxybenzamide (11 mg,
54.5%). M+H = 409.

Example 31: N-((35,3aR,6S,6aR)-6-(cyclopropanecaboxamido)}hexahydrofure-[3,2-5]furan-
20 3-y1)-5,6,7.8-tetrahydronaphthalene-2-carboxamide:

H
o .u\N
O
el
N\“ O
H

Prepared as in example 1 from 5,6,7,8-tetrahydronaphthalene-2-carboxylic acid and
N-((35,3aR,6S,6aR)-6-aminohexahydrofuro[3,2-b]furan-3-yl) (example 29a) to yield
N-((35,3aR, 6S,6aR)-6-(cyclopropanecaboxamido)hexahydroforo[3,2-b]furan-3-y1)-5,6,7,8-

25  tetrahydronaphthalene-2-carboxamide (10 mg, 54.1%). M+H =371.
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10( 4- cycl ohexyl but anam do) hexahydr of ur o[ 3, 2- b] furan- 3-y1) -cycl opropan
ecar boxam 58.2% as a white powder. |LINW 00
0. ea‘gﬁzﬁﬁﬁb 0. 83 (in, 2H), 1.15 (m 6H), 1.49 (P(:g@%”%“sé
(m 2H) 1.66 (m 1H), 204(t 2H, J = 7.2 Hz), 3.62 (ddd, 2H, J =
15.2, 9.2, 2.0 Hz), 3.84 (dd, 2H, J= 9.2, 4.8 Hz), 4.11 (m 2H), 4.38
(m 2H), 8.07 (d, 1H, J= 7.2 Hz), 8.37 (d, 1H, J= 7.2 Hz). MrH = 365,
mp = 181.5- 182.5 C. 15 Exanpl e 29a:
N- a3S, 3aR, 6S, 6aR) - 6- am nohexahydr of ur o[ 3, 2- b] f ur an- 3- yecycl opr opaneca

r boxam d&ample 32: Aﬂ(ﬁ?ﬁﬂ@&t‘ GER) L6 cEAGPTRh e e bhokNfiido)hexahydrofuro-
N R3S, 3aR, 6S 6aR% azi dohexah dr of uro[ 3, 2- bl furan3-yl)cycl opropaneca

rboxani déh'(béf}éé?f'p ‘él)‘z'@@)w?@“ﬁ )PG‘?;@“S%‘FQ 6S, 6a R) - 6-ami no-
' Ohexahydr of ur o[ 3, 2- b] furan- 3-yl ) cycl opropanecar boxam de (1.06 g,

guantitative) as pure product. M+HO— N _o Exanpl e 29b:
N43S, 3aR, 6S, 6aR) - 6- azi dohexahyd of U -b]fur an- 3-ypcycl opr opanecar
boxam de. 25Prepared as in e?ﬂﬁ%

zid

| @pr opane carboxylic
acid and (3S, 3aR, 6S, 6aR) - 6- exahywdrof urlp[ 3, 2- b] fur an- 3- am ne

(exanmpl e 29c) to yield N ((38, 3aR, 6S, 6aR) - 6-

T 4 T LA Ul I e St F L S

( 3|5 3?5 J‘GBZ?B&F&6$6cdﬁiﬁgkmgeoéafa%wglfoﬁilm[6[2%]ﬂk¢n}3-uﬁ txaBplRPodo yirhl a

oo o e R SR Bl AORE LR e A e,
HC1l sol @tylanthyDbonadneide (vésgad8led MRIBP4(310.5 g, 40 mmol ) in snall
portions at OC over | hour. The m xture was then stirred

10 Example 33: S5-fert-butyl-N-((35,3aR,6S,6aR)-6- (cyclopropanecarboxamido)
hexahydrofuro[3,2-b]furan-3-yl)-2-methylfuran-3-carboxamide:

Q
e
HN= —_
v
0"

Prepared as in example 1 from 5-tert-butyl-2-methylfuran-3-carboxylic acid and
N-((35, 3aR, 68, 6aR)-6-aminohexahydrofuro[3,2-b]furan-3-yl) (example 29a) to yield 5-tert-
15 butyl-N-((3S,3aR, 68, 6aR)-6-(cyclopropanecarboxamido)hexahydrofuro-[3,2-b]furan-3-yl)-2-
methylfuran-3-carboxamide (3.6 mg, 38.8%). M+H = 377.
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5at roomtenperature overnight. The organic | ayer was di scarded and

the aqueo yghed 2X with nethylene chloride. Theag Sniaas
t hen car efﬁ??@ﬁgggi%?i ed to pH 9 using a IN NaCH sol uti gﬁ'}ﬂ_‘%ﬁg "

solution was then extracted with nmethyl ene chloride 3X and dried over
Na2CO3. The nethyl ene chloride was evaporated to yield (4.1 g, 60.2%
of (3S, 3aR, 68, 6aR)-6- azi dohexahydrofuro-[3,2-blfuran-3-amne as a

yel | ow ligud., MH= | e 30: .

(35, saneBelo- PG A S R RSB SRR [ 3, 2- ] fura
n3- y0- 3-hpkehiydxofeix 261 fdein-3-Mephhethnaarboxaadaapl e | from

3- phenoxybenzoi ¢ acid and N-( (38, géalR, 6S, 6aR) - 6-

15am nohexahydr of ur o[ 3, 2- bi f ur an- 1 exanple 29a) to yield

N-((.38, 3aR 6S, 6aR) - 6- Y

(cycl opr opanecaboxam do) hexahydr o]f\i'- r o3, 2- B] f uran- 3-y1l) - 3- phenoxybenz
am de (11 ng, 54.5% . MtH = 4009. E kxanpl e 31:

N- ((3S, 3aR, 6S, 6aR) - 6- (cycl opropan fxam do) hexahydr of uro-[ 3, 2- bl fur
an203-y1)-5, 6, 7, 8-t et rahydr onapht hal ene4 2- car boxam de:

Prepared as in exanple 1 from O&

5,6, 7, 8-tetrahydronapht hal ene-2-carboxylic acid and

N- ((3S, 3aR, 63, 6aR) - 6- am nohexahydr of uro[ 3, 2-b] furan-3-yl) (exanple
29a) to vyi el drcdhrtd &Sn cdafple 6Spm 4-rert-butyleyclohexancearboxylic acid and

6aR) - 6- b ' h f . 2- .
B S L
54. 19 . pMHNS(BT3R, 6S\WPRE 008/clobiopdnelsrbb Admd @Rk AR RigTro B Bphren-32:

N ((3S, 3aR, 6S, 6aR) - 6- (cycl opr opanecar boxam do) hexahydr of ur 013, 2- 14
fur an- 3 5pBIGegRreiHERS G g HyBb A G-

Example 35: N-((385,3aR,68,6aR)-6-(5-(4-fluorophenyljpentanamido)hexahydro-furo[3,2-

10 bjfuran-3-ylcyclopropanecarboxamide:

Prepared as in example 1 from 5-(4-fluorophenyl)pentanoic acid and
N-((3S,3aR,6S,6aR)-6-aminohexahydrofuro[3,2-b]furan-3-yl) (example 29a) to yield
N-((38,3aR,6S,6aR)-6-(5-(4-fluorophenyl)pentanamido)hexahydrofuro[3,2-b]furan-3-yI)-

15 cyclopropanecarboxamide (3.7 mg, 38%). M+H = 391.
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5Prepared as in exanple | from 2-(thi ophen-2-yl nmethyl)benzoic acid
and N-((3 R) - 6- am nohexahydr of ur o[ 3, 2- bl f ur aRe3rédovesnzsss
(exanpl e %é) E‘)’t”ﬁﬁﬁ’; d N-((38, 3aR 6S, /3583
6aR) - 6- (cycl opr opanecar boxam do) hexahydr of uro[ 3, 2-b] furan-3-y1)-2-(th
i ophen2-yl met hyl ) benzam de (2.8 ng, 27%. M+H = 413. 10 Exanple 33:
5-tert-butyl-N((3S, 3aR, 6S, 6aR)-6- (cycl opropanecar boxam do)

hexahydr, fur 11uran 3 c 0 HNt
Prepare ?e%éx%a@%)ﬁt ya@@%(%ﬁ?]%(qdoqmg ?rng ]tdﬂ&eﬁh %natdreéar boxylic
aci d ancﬂs,z-b] furd\i-.’ﬁ-@ﬁﬁi(ﬂ&ﬂﬁhﬁ@phenyl)cyclopentanecarboxamlde

6aR) - 6- am nohexahydr of ur o[ 3, 2- b] f ur an- 3-y, (exanple 29a) to yield
5-tenl5butyl - N- ((3S, 3aR, 6S, H

6aR) - 6- (cycl opr opanecar boxam dq)
met hyl f ur an- 3- car boxam de (3. 64 ny,
2009/ 111447PCT/ US2009/ 0358 A 34'
4-tert-butyl -Ng3S, 3aR, 6S, 6aR) - B- (cycl opr opane&#boxani do)

hexahydr of ur o[ 3, 2- bl furan- 3-y1) cycl ohexanecar boxam de: 0
HN, )\ --(1)-- Ptepax@d pgHn example 1 from [-(4-methoxyphenyl)cyclopentanecarboxylic acid and

5  N-((3S,3aR,6S,6aR)-6-aminohexahydrofuro[3,2-b]furan-3-yl) (example 29a) to yield
N-((35,3aR, 68, 6aR)-6-(cyclopropanecarboxamidoYhexahydrofuro[3,2-b]furan-3-yl)-1-(4-
methoxyphenyl)eyelopentanecarboxamide (3.7 mg, 36%). M+H = 415.

urQ-[3, 2-b]furan-3-yl)-2-

= 377. WO

Example 37: N-((35,34R,6S,6aR)-6-(2-(2-(trimethylsilyl)ethylthio)acetamido)
10  hexahydrofurof3,2-b]furan-3-yl)cyclopropanccarboxamide:

\/
C})\\/S“/\S‘i\
HN

0" =

o ;NH
Prepared as in example 1 from 2-(2-(trimethylsilyl)ethylthio)acetic acid and
N-((38,3aR,68S,6aR)-6-aminohexahydrofuro[3,2-b]furan-3-yl) (example 2%a) to yield
N-((38, 3aR, 68, 6aR)-6-(2-(2-(trimethylsilyl)ethylthio)acetamido)hexahydrofuro[3,2-5] furan-3-
15  yDeyclopropanecarboxamide (3.3 mg, 34.4%). M+H=387.
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Prepared as in exanple 1 from44 ert -butyl cycl ohexanccarboxylic acid
and SN-( (38 3@ 847 6aR) - 6- am nohexahydr of ur o[ 3, 2- b] f upgRnB2009m35837
(exanple 29a) to yield 4-tert- butyl-N((38,3aR, 68,

6aR) - 6- (cycl opr opanecar boxanm do) hexahydr of ur o[ 3, 2- b] f ur an- 3-

yl ) cycl ohexanecar boxam de (3.4 ng, 36.3% . M+H = 379. Exanpl e 35:
N CS, 3aR, 6S 6aR) - 6- (5- (4-fl uor ophenybpent anam do) hexahydr o-fur o[ 3, 2-
10 6] f I as in
oxanpl ¢ HPPB At NS PR ARG AR B arbgranyogigk AR &

N4( 38, 3@6ﬂumwBMeﬂphlﬁxaﬂwﬁ&meoxm{nm¢2 b] furan-3-yl) (exanple
29a) to yield

N-((38,3al2, 68, 6al?)-6-(5-(4-fl uooophenylnt anam do) hexahydr of uro
[3,2-1)] furan-3-yl)- 15 cyclopro Rarboxenmi de (3.7 ng, 38%. MH =
391. Exanple 36: N a3S, 3aR, 6S, GraR) - cycl opr opaneear boxa

m do) hexahydr of ur o[ 3, 244 0

furan-3-yl)-1-(4-net hoxyphenyl)e eI nt anecar boxam de: Prepared as
in exanple 1 from 1- (4 met hoxyphefy| )Eéd opent anecar boxylic acid and
5N- ((3S, 3aR, 6S, 6aR) - 6- am nohexahydboi}bgo[ 3,2-b]furan-3-yl) (exanple
29a) to yield

N-((3S 3aR, 6S, 6aR) - 6- (cycl opr opanecar{boxam do) hexahydr of ur o[ 3, 2- b] f ur

1)-1-(4- nethoxyphenyl).cycl opent nec rboxa 3.7 , 369 .
M+H _y4)15 (Prcpgﬁ pégzgqpqg 1)fr0r>§14 phpenylﬂl?'azole -carboxylic amd(and 9 A

N-((3S, 3a 5§§ﬁ§ﬂaﬁﬁ(£ﬁlﬁ&ckﬁwmwrmIzsa JFuyRes - ka% k&x@in@]}:@@@tt@?ieﬁp) 10
hexahydr of ur o[ 3, 2- b] f uran- 3-ypcycl opr opaneear bo
N-((35,3aR, 68, 6aR)-6-(cyclopropanecarboxamido)hexahydrofuro[3,2-b]furan-3-yl)-4-

phenylthiazole-2-carboxamide (4.0 mg, 40%). M+H = 400.

Example 39: N-((35,3aR,6S,6aR)-6-(cyclopropanecarboxamido)hexahydrofuro-
10 [3,2-b]furan-3-yI)-1 H-pyrrole-3-carboxamide:

Prepared as in example 1 from 1H-pyrrole-3-carboxylic acid and N-((3S,3aR, 65,6aR)-6-
aminohexahydrofuro[3,2-b]furan-3-yl) (example 29a) to yield N-((35,3aR,65,6aR)-6-
(cyclopropanecarboxamido)hexahydrofuro[3,2-5]furan-3-y1}- 1 H-pyrrole-3-carboxamide

15  (3.0mg, 39.5%). M+H = 306.
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HNI , Prepared as in exanple 1 from

2-(2-(tri | et hyl t hi o)acetic acid and 911135
N-((3S, 3ayég¥d€gﬁ@¥; am nohexahydr of ur o[ 3, 2- b] f ur an- 3- y%mj ;.éu)?gums? 3(;,
29a) to yield

N ((3S, 3aR, 65, 6aR)-6-(2-(2-(trinethylsilyDethylthio)acctam do)hcxahyd
rofuro[ 3, 2-b] furan-3- 15 ypcycl opr opanecar boxam de (3.3 ng, 34.4%.
MtH = 3 a

N ( (35, Smmate Ry SeCRuan B FUp R AR RSHIS) PPy oH
an- 3- y1)3,a-pplaenyl-yheyapkepadeembiaxdai:de:  Prepared as i n exanple 1
from 4- phenyl t hi azol e- 2- carboxylic acid an
N- ((3S, 3aR, 6S, 6aR) - 6- am nohexahydr of ur
29a) to yield N ((3S, 3aR, 6S, o
6aR) - 6- (cycl opr opanecar boxanm do) hex rdfurof 3, 2-b] furan-3-yl)-4-
phenyl t hi azol e- 2- car boxam de (4. 0HNy, 40% . M+H = 400. Exanpl e

2-b]furan-3-yl) (exanple

39: o)

N VS, 3aR, 6S, 6aR) - 6- (cycl opr opaneca{%ﬂ\?&% do) hexahydr of ur 01013, 2- b] f ur
an- 3-yl ) - 1H pyrrol e- 3- ear boxanm de: B Prepared as in exanple 1
from 1H pyrrol e-3-carboxylic acid a R3S, 3aR, 6S, 6aR) - 6-

am nohexahydr of uro[ 3, 2-b] furan-3-yl) (exanple 29a) to yield

N-((SS 3aR, 6S, 6aR) - 6- (cycl opropanecar paxam do) hexahydr of ur o

[3,2-bl furan-3-yl)-1H pyrrol e-3-carboxam de 15 (3.0 ng, 39.5%. MH =
306. WO 2008repared asAipeyptp b Fom@a@gngthyleyclohexylacetic acid and

5  N-((35,3aR,6S,6aR)-6-aminohexahydrofuro[3,2-b]furan-3-yl) (example 29a) to yield
N-((35,3aR,6S,6aR)-6-(2-(4-methylcyclohexyl)acetamido)hexahydrofuro[3,2-b]furan-3-y1)-
cyclopropanecarboxamide (3.5 mg, 40%). M+H =351,

Example 41: N-((3S,3aR,68,6aR)-6-(3-cyclopentylpropanamido)hexahydrofuro-
10 [3,2-blfuran-3-yD)cyclopropanecarboxamide:

Prepared as in example 1 from 3-cyclopentylpropanoic acid and N-({35,3aR, 65, 6aR)-6-
aminohexahydrofuro[3,2-b]furan-3-yl) (example 29a) to yield N-((35,3aR,6S,6aR)-6-(3-
cyclopentylpropanamido)hexahydrofuro[3,2-b]furan-3-yl)cyclopropanecarboxamide (4.3 mg,

15 51.2%). M+H =337.
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Exanpl e 40: N-((3S, 3uR, 6S, 6aR) - 6- (2- (4- met hyl eycl ohexyl ) acet am do)
hexahydr o-{ y5afA1 43 M ur an- 3-yl ) cycl opr opanecar boxam dep@)dsbdossnzsss
Prepared as in exanple |I from 2-(4-nethyl cycl ohexypacetic acid and
5N ((3S, 3aR, 68, 6aR) - 6- anai nohexahydr of uro[ 3, 2- M uran-3-yl) (exanple
29a) to yield N ((33, 3aR 6S,

6aR) - 6- ( 2- (4- met hyl cycl ohexyDacet am do) hexahydr of uro[ 3, 2-b] furan-3-y1

)- cycl gpropangc 1 , 9 MtH = 351, npl e 41:
N v, 5a RRR SRR Ao BAR AT Rk S Priseiigarrariis. 5. b
r an- 3- ynecamgtiegfnapapéffardosiahtydtmhe Wnecarboxamide: Prepared as in exanpl e
1 from 3-cycl opentyl propanoi c aciod and N-( (38, 3aR, 65, 6aR) - 6-

am nohexahydr of ur o[ 3, 2- b] f ur an- 3-)4}) 29a) to yield
N g3S, 3aR, 6S, 6aR) - 6- ( 3- aN

cycl opent yl propanam do) hexahydr ofur
xam de (4.3 ng, 15 51.29% . M+H Exanpl e 42:

(1S,4S)-4-butyl - N- R3S, 3aR, 6S, 6aR cycl opr opanecar boxam do)
hexahydr of ur o[ 3, 2- bl f ur an- 3-yl )cy%lqognaneear boxam de: 0 H\ 0 r'{

, 2- Wir an- 3-yl ) cycl opr opanecar bo

Prepared as in example 1 from {7s,4r)-4-butylcyclohexanccarboxylic acid and
5  N-((3S,3aR,65,6aR)-6-aminohexahydrofuro[3,2-b]furan-3-yl) (example 29a) to yield (/s,45)-4-
butyl-N-((35,3aR,6S,6aR)-6-(cyclopropanecarboxamido)hexahydrofuro-[3,2-5]furan-3-
yl)cyclohexanecarboxamide (3.8 mg, 40%). M+H = 379.

Example 43: N-((38,3aR,6S,6aR)-6-(cyclopropanecaboxamido)hexahydrofuro[3,2-5]furan-
10 3-yD)-2-(m-tolyloxy)benzamide;

H
O .|\N
O
O
V(N“' o °
” o

Prepared as in example 1 from 2-(m-tolyloxy)benzoic acid and N-((3S,3aR, 685, 6aR)-6-
aminohexahydrofuro[3,2-b]furan-3-yl) (example 29a) to yield N-((35,3aR,6S,6aR)-6-
(cyclopropanecaboxamido)hexahydrofuro]3,2-b]furan-3-yl)-2-(m-tolyloxy)benzamide (11 mg,

15 74.1%). M+H=423.

Example 44: N-((38,3aR,6S,6aR)-6-(cyclopropanecaboxamido)hexahydrofuro[3,2-b]furan-

3-yl)-2-phenoxybenzamide:
H
O .\\NW@
O
2 Z O
V&N\,. O O
ik O
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NH Prepared as in exanple 1 from (.1s, 40-4-butyl cycl ohexanecarboxylic
acid and 68, 6aR) - 6- am nohexahydr of ur o[ 3, 2- Bl-hkisads/B55¥3b)
(exanpl e g%b%é‘?élé?gd (1s, 4S)-4- butyl - N-((3S, 3aR, 6S, Ctisatorss
6aR) - 6- (cycl opr opanecar boxanm do) hexahydr of urol3, 2- b] f ur an- 3-

yl ) cycl ohexanecar boxam de (3.8 ng, 40% . M+H = 379. Exanpl e 43:
N43S, 3aR, 6S, 6aR) - 6- (cycl opr opanecaboxam' do) hexahydr of ur oP, 2- bl furanl0

3-y1)- 2- b d f
> ol y1 o B SR L g peae R AU B (B AR & 1O
am nohexalwotiexhydrofuds[ 2.2 3] fitsh-3ayl) @xymfle 22 geld a3, nRydpdak)-6-

N- ( (35, S, 6

et o e BNy SR e A 2 res- by B A AosYErmids (07dM)1 oxy
) benzam@ey)1Min=440 74.1% . MrH = 423. Exanpl e 44:

N W5, 3aR, 68, 6aR) - 6- (cycl opr opanecaboxam do) hexahydr ol ur oP, 2- bl f uran3-
yl)- ?- phenoxybenzam de: WO 2009/ 111447PCT/ US2009/ 035837

Pr epar e(i:xa léusemmfans y&emm & furo[3,2-b]furan-
N-((35,3 gﬁ, zﬁlﬂ% gg%}?gro [3,2 [ urgﬁymo;ll{()}[ (egelllrl;%rlle
29a) to yi el

Exanpl e 45:
N4(3S, 3aR, 6S, 6aR) - 6- (eydopro anee{ab am do)h ydrof urof[ 3, 2-b] furan3
-y1) - 2- (phenyl am no) benzam de:

N- (38 %aR 63, 6aR) - 6-
(cycl opr opanecaboxam do) hexahydr of ¢
[ 3, 2-b] furan-3-yl)-2- phenoxybengam 75.5% . MtH = 409. 5

Prepared as in example 1 from 2-(phenylamino)benzoic acid and N-((3S5,3aR.6S,6aR)-6-
10 aminohexahydrofuro[3,2-b]furan-3-yl) (example 2%a) to yield N-((3S,3aR,65,6aR)-6-
(cyclopropanccaboxamido)hexahydrofuro[3,2-5]furan-3-y1)-2-(phenylamino)benzamide (10.1
mg, 70.9%). 'H NMR (DMSO-ds, 400 MHz): 0.66 (m, 4H), 1.57 (m, 1H), 3.66 (m, 1H,), 3.77
(dd, 2H, J= 9.6, 2.8 Hz), 3.88 (dd, 2H, J=9.6, 4.8 Hz), 3.95 (dd, 2H, J= 9.6, 5.6 Hz), 4.14 (m,
1H), 4.31 (m, [H), 4.45 (d, 1H, J=3.6 Hz), 4.58 (d, 1H, J=4.0 Hz), 6.84 (m, 1H), 6.97 (m,
15 1H),7.14 (m, 2H), 7.26-7.36 (m, 4H), 7.68 (dd, 2H, J=8.0, 5.2 Hz), 8.37 (d, 1H, J=7.2 Hz),
8.67(d, 1H, J= 6.8 Hz), 9.46 (s, |H). M+H =408.

Example 46: 2-benzyl-V-((3S,3aR, 68, 6alt)-6-(cyclopropanecaboxamido)hexahydrofurof3,2-
b]furan-3-yl)benzamide:

)

Prepared as in example 1 from 2-benzylbenzoic acid and N-((3S5,3aR 65 6aR)-6-
aminohexahydrofure[3,2-b]furan-3-yl) (example 29a) to yield 2-benzyl-N-((35,3aR,6S,6aR)-6-
{cyclopropanecaboxamido}hexahydrofuro[3,2-b]furan-3-yl)benzamide (7 mg, 68.8%). M+H =
407.

25
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Prepared as in exarrpl e 1 from 2-(phenyl am no) benzoi c acid and

N-((35, 3a 10ami nohexahydr of ur o[ 3, 2- b] f ur an appl e
29a) to yﬁveﬁg ‘ﬁf}ﬁ%‘ 33, 3aR, 651, 6aR) - 6- e TAd00b B3

(cycl opr opanecaboxam do) hexahydr of ur o

[ 3, 2-b]furan-3-yl)-2-(phenyl am no) benzam de (10.1 ng, 70.9% . | H NWR
(DVBO-d5, 400 M—lz) 066(m 4H), 1.57 (m 1H), 3.66 (m 1H), 3.77
(ng JZE J p? S a , g 86 qépr&p%%{%%a%%oﬁ)lhegaﬁ%i)r?ialro[?a b(]g.lran-
3.6 Hz), 'YA) ("&““’f ‘“"&"XY)'ZL © 6.84 (ip. 1H), 6.97 (m 151H),
7.14 (m 2H), 726736(m4|—|),o.8\dd , J= 8.0, 5.2 Hz), 8.37
(d, 1H, J = 7.2 Hz), 8.67 (d, dHxJ /= , 9.46 (s, 1H. MH =
408. Exanpl e 46: O

2-benzyl - N- ((3S, 3aR, 6S, 6aR)/6- {4y Yegahoxan do) hexahydr of ur of 3
, 2- Db] furan-3-371) benzam de: 2025 ared as in exanple 1
from 2- benzyl benzoi c acid and N ((3S, 3aR, 6S, 6aRy-6-

am nohexahydrof uro[ 3, 2-b] furan-3-yl) (exanple 29a) to yield

2- benzyl - N- ( 63pard@R G x LA 1 Bom(L qha&; RenLgRREaBLaMitexahydr of uro
[ 3, 2-b] furan- %%a benzanmide (7 ng v )%9/()9 ﬁ 407. WO
2009/5111&1357"@&15;5 b@gm@lskcs@w@éawﬁ %vblftran -3- Yl) (examplc 292) to yicld N-

N-((3S, g@@ 38R 6@%5@(7 @(&Ei%ﬁﬂo?ﬂe%@%ﬁé&ﬁé@ﬁ}cﬁ%w%ﬁﬁ‘{a%w’lpi #-2-b]fura

n3-y1) énoxy) benzam d .
mcthoxyphcnoxy benzam1dc 11.6 mg, 75.7%). "H NMR (DMSO-ds, 400 MHz): 0.65 (m, 4),

1.56 (m, 1H), 3.64 (m, 1H,), 3.74 (s, 1H), 3.87 (m, 2H), 4.10 (m, 1H), 4.27 (m, 1H), 4.36 (d, 1H,
J= 8.0 Hz), 449 (d, 1H, J= 4.0 Hz), 4.49 (d, 1H, J = 4.0 Hz), 6.80 (dd, 2H, J = 8.0, 0.8 Hz),

10 6.93-7.03 (m, 4H), 7.15 (m, 1H), 7.40 (m, 1H), 7.57 (dd, 2H, J="7.6, 1.6 Hz), 8.35 (d, 1H, .J =
7.2 Hz), 8.46 (d, 1H, J = 6.8 Hz). M+H = 439.

Example 48: N-((38,3aR,6S8,6aR)-6~(cyclopropanecaboxamido)hexahydrofuro[3,2-b]furan-
3-yI)-2-(o-tolyloxy)benzamide:

Y

Prepared as in example 1 from 2-(o-tolyloxy)benzoic acid and N-((3S,3aR,6S,6aR)-6-
aminohexahydrofuro[3,2-b]furan-3-yl) (example 29a) to yield N-((3S,3aR,6S,6aR)-6-
(cyclopropanecaboxamido)hexahydrofuro[3,2-b]furan-3-y1)-2-(o-tolyloxy)benzamide (8.8 mg,
83.2%). M+H =423,

Example 49: N-((3S,3aR,68,6aR)-6-(cyclopropanecaboxamido)hexahydrofuro[3,2-b}furan-
3-yD-2-(3-methoxyphenoxy)benzamide:

H
O .l‘N
0 © 0
Uo\

0
V/[LN‘"
H
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Prepared as in exanple 1 from 2-(4-nethoxyphenoxy)benzoic acid and N
5((38, 3aR, ‘gﬁ @@)11-4(}7 am nohexahydr of ur o[ 3, 2- b] f ur an- 3- y Ll R¥R0M1s837
29a) to yie é

a3S3aR, 6S, 6aR) - 6- (cycl opr opanecaboxan do) hexahydr of ur o[ 3, 2- b] f ur an- 3-
y1)-2-(4- nmethoxyphenoxy)benzam de (11.6 nmg, 75.7% . 1HNWVR (DVSO- do,
400 MHz): 0.65 (m 4H), 1.56 (m 1H), 3.64 (m 1H,), 3.74 (s, 1H),

3.87 2H) d.. 1H, J, = 8.0 Hz

229 (a1 PyBagdy il yofe-Olherthongo e aiag B oy ) -

?dg (Z)&(stﬂz?)zR ,65@BRPBamindBexahydréftdo]3, ¥- 5 Torag-Byy ) E)ample 20Q) forpicld M) , 7. 57
H

6.8 Hz) ((3&5;(3,63 g@%-@&% oganggl(boxamldo)hexahydlofu;Hi’J) 2- b?ﬁlran 3- yq) 2-(3- ) =

NA3S, Sa&ﬁ&xﬁgﬁhoﬁo&&y&m@@ao&aﬂ@@abmyam@p%h@xahydrofur0[3 2-b] furan3
-y1l)-2-(o-tol yl oxy) benzam de: Prepared as in exanple 1

fr om>2- (o-tol yl oxy) benzoi c aci d and N ((3S, 3aR, 69, 6aR) - 6-

am nohexaf 04[7\0{(35‘ ?dIbH‘ MIQQS e%yéiél)rog%mﬂxﬁm%ﬂﬁﬂeﬁ Mbﬁﬂr@B ,2-b}furan-

N-((SS aak) Op Rendkf)behARligRanecaboxan do) hexahydr of ur o
blfuran 3-yl)-2-(o-tolyl oxy) benzaqn de .8 ng, 83.2%. MH =

423 Exanpl e 49: o7 N

N- ((3S, 3aR, 6S, 6aR) - 6- (cycl oprofan oxm' 00) hexahydr of uro[ 3, 2-b] fura

n3-yl) - 2-(3- met hoxyphenoxy) ﬁm deg ‘

2009/ 111447PCT/ US2009/ 03583

Prepared as in example 1 from 2-(3-fluorophenoxy)benzoic acid and N-((3S,3aR,6S, 6aR)-
10 6-aminohexahydrofuro[3,2-b]furan-3-yl) (example 29a) to yield N-((3S,3aR,6S,6aR)-6-
(cyclopropanecaboxamidoYhexahydrofuro[3,2-5]furan-3-yl)-2-(3-flnorophenoxy)benzamide (8.9
mg, 60%). M+H =427,

Example 51: N-{(38,3aR,68,6aR)-6-(cyclopropanecaboxamido)hexahydrofuro{3,2-5[furan-

15 3-yD)-2-(4-fluorophenoxy)benzamide:

VKN“

Prepared as in example 1 from 2-(4-fluorophenoxy)benzoic acid and N-((3S5,3aR, 65, 6aR)-
6-aminohexahydrofirro[3,2-5]furan-3-yl) (cxamplc 29a) to yield N-((35,3aR, 6S,6aR)-6-
(cyclopropanecaboxamido)hexahydrofuro[3,2-4]furan-3-y1)-2-(4-fluorophenoxy)benzamide (8

20 mg, 75.6%). M+H =427,

F

Example 52: N-((35,3aR,6S,6aR)-6-(cyclopropanecaboxamido)hexahydrofuro[3,2-#]furan-
3-yD)-2,3,4,5,6-pentamethylbenzamide:
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Prepared as in exanple 1 from 2-(3-net hoxyphenoxy) benzoic acid and
N((3S, 3aR, @? @@r\@ 1187 am nohexahydr of ur o[ 3, 2- b] f ur an- 3- y Lk R¥AMMs837
20a) to yierd N(38 3aR 6S,

6aR) - 6- (eyel opr opanecaboxam do) hexahydrofuro [ 3, 2-b] furan-3-y1)-2-(3-
met hoxyphenoxy) benzam de (10.6 ny, 69.3% . MtH = 439. 5 Exanple 50:

N ((3S, 3aR, 6S, 6aR) - 6- (cycl opr opanecaboxam do) hexahydr of uro[ 3, 2-b] fura
n3-yl)-2-(3-fl uorophenoxy)benzam de: Prepared as in exanple 1 from

2- (3-fl uor ophenoxy) benzoi ¢ acid and N R3S 3aR 6S, 6aR) -

106- am nohexahydr of ur o[ 3, 2- b]fur ang ;IFE (exampl e 29a) to yield

N ((3AS, 3aR, 6S, 6aR) - 6-
(cycl opr opanecaboxam do) hex of ro 3 Q b furan 3-y1l)-2-(3-fluoroph
enoxy) benzam de (8.9 ny, 609 Exanpl e 51:

N a3S, 3aR, 6S, 6aR) - 6- (cycl opr opanecaboxam do) hexahydr of ur oP, 2- b]

| oran-15 3-y Iy ared as in
exanple 1 frg)mp%r éﬂs %I uorpg% grﬁ%x%’/%’% g{;@gﬁgﬂglgenﬁﬁ acid shERE

N- (( 38, 3R 368,06.48)-6- &nmnhm]mekefmyot& bb]fm@{ts ;Y2 (baimpleatPaBtoyyidld Vexanpl e
29a) to yi.el S, 3aR, 6S, 6a

Cons o #§5§ﬁ§’€§8§§aﬁﬁfﬁ%@%ﬁy oRamido)bexahydrofuro[3,2-blfuran-3-y1)-2.3,4,5.6-

[ 3, 25b] fpantametBypdnzadide 49.6 goTPhe naxy )+B8dzam de (8 20 ng, 75.6% . M-H
= 427. Exanpl e 52:

N4( 3S, 3aR, 6S, 6aR) - 6- (eyel opr opanecaboxam do) hexahydr of ur o[ 3, 2- bl furan
3-y1) - 2, Eathple $3: PR3SISER, Oy 6D 2@ ISR 0pandaboxamido)hexahydrofuro[3,2-5] furan-
2009/ 11]34%?52@1{&&3@&&&;@3&837 Prepared as in exanple 1 from

2,3,4,5, 6-pent anet hyl benzoi ¢ aci d and-;
Na3S, 3aR, 6S, 6aR) - 6- ami nohexahydr ur -yl) (exanpl e 29a)

to yield N ((38, 3aR, 6S,
6aR) - 6- (cycl opropanecaboxW’d‘{)}\lh y&ofuro[3 2-b]furan-3-yl)-2, 3,4,
5, 6- H

10 Prepared as in example 1 from 4-phenoxybenzoic acid and N-((35,3aR,6S8,6aR)-6-
aminohexahydrofuro[3,2-b]furan-3-yl) (example 29a) to yield N-((35,3aR,65,6aR)-6-
(cyclopropanecaboxamido)hexahydrofuro[3,2-b]furan-3-y1)-4-phenoxybenzamide (8.1 mg,
56.6%). M+H = 409.

15  Example 54: N-((35,3aR,68,6aR)-6~(cyclopropanecaboxamido)hexahydrofurof3,2-b]furan-

3-y)-4-pentybenzamide:
H
) .n\N)@/\/\/
O
v 8 °
NSO
H

Prepared as in example 1 from 4-pentylbenzoic acid and N-((35,3aR,6S,6aR)-6-
aminohexahydrofuro[3,2-51furan-3-yl) (example 29a) to yield N-((35,3aR,65,6aR)-6-
20 (cyclopropanecaboxamido)hexahydrofuro[3,2-5]furan-3-yl)-4-pentybenzamide (4.3 mg, 44.6%).
M+H = 387.

Example 55: 3-chloro-N-((35,3aR,6S,6aR)-6-(cyclopropanecaboxamido)hexahydrofuro[3,2-
b]furan-3-yl)benzamide:
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5 pent anet hyl benzam de (9.6 ng, 70.9% . M+H = 387. Exanpl e 53:

N4( 3S, 3aR, 7 (eycl opr opanecaboxani do) hexabydr of aRlLur an
3-y1l) - 4- pﬁgnoxyginzanlde Cr-1(H 10Prepared as in e%gﬁgﬁg%fe%égm
4- phenoxybenzoi ¢ acid and N ( (351, 3aR, 6S, 6aR) - 6-

am nohexahydrof uro[ 3, 2-b] furan-3-yl) (exanple 29a) to yield

N ( (38, 3aR, 68, 6aR) - 6- (cycl opropanecaboxam do) hexahydr of ur o

[ 3, 2-b] furan-3-yl)-4- phenoxybenzam de (ﬁ 1 56.6% . M-H = 409. 15
Exanpl e 54:

N g3S, 3aR, 6S, 6aR) - 6- (cycl opr opamec Sbo a 0 ahydr of uro[ 3, 2-b] furan
3-yl)-4-pentybenzam de: repgarked @s in é&anple 1 from

4- pentyl benzoic acid and N-( R85, 6aR) - 6-

am nohexahydr of ur o[ 3, 2- b]furan-3-y1) (exanple 29a) to yield

N-((3S, 3aR 6
20( Gyol opr opLieL ab AR b SR OB SRS 18 G S5t ybenz
ani de ( 4nGnotregahsidio BG[3,2NiHtram-BEY (ex ExplaRd® (GBicid 3-chloro-N-(35, 3R, 65, 6aR)-6-

S N R

351.

Example 56: N-((35,3aR,6S,6aR)-6-(cyclopropanecaboxamido)hexahydrofuro[3,2-f|furan-

3-yD-4-(trifluoromethoxy)benzamide:
V@ Xt
§7’JLN“

10 Prepared as in example 1 from 4-(trifluoromethoxy)benzoic acid and M-
((35,3aR,6S,6aR)-6-aminohexahydrofuro[3,2-b]furan-3-y1) (example 29a) to yicld N-
((35,3aR,6S,6aR)-6-(cyclopropanecaboxamido)hexahydrofurof3,2-b]furan-3-y1)-4-
(trifluoromethoxy)benzamide (4.0 mg, 40%). M+H = 401.

15 Example 57: N-((35,3aR,6S8,6aR)-6-(cyclopropanecaboxamido}hexahydrofuro[3,2-5] furan-

3-yDpicolinamide:
H ==
N
vl
N\" O
H

Prepared as in example 1 from S-butylpicolinic acid and N-((3S,3aR,6S,6aR)-6-
aminohexahydrofuro[3,2-b]furan-3-y1) (example 29a) to yield N-((35,3aR, 65,6aR)-6-
20 (cyclopropanecaboxamidoYhexahydrofuro[3,2-b]furan-3-yl)picolinamide (4.5 mg, 47.8%). M+H
=374.

Example 58: N-((38,3aR,68,6all)-6-(3,7-dimethyloct-6-enamido)hexahydrofuro[3,2-

blfuran-3-yl)cyclopropanecarboxamide:
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Prepared as in exanple 1 from 3-chl orobenzoic acid and

N4( 3S, 3aR, am nohexahydr of ur o[ 3, 2- b] f ur an- 3-

29a) to yl‘gﬁgo@ﬁ%ﬁgro N- R3S, 3aR, 68, 6ct R) 6- bk RS
(cycl opr opanecaboxam do) hexahydr of ur o[ 3, 2- b] fur an- 3-yGbenzam de (4.0
ng, 45.3% . MH = 5351. Exanpl e 56:

N ( (35, 3aR, 6S, 6aR) - 6- (cycl opr opanecaboxam do) hexahydr of ur 013, 2- bl fura
n3-yl)-4-(trifluoromethoxy)benzam de: , I NOF F VAR'. 10Prepared as in
exanple 1 from4-(trifluoronethoxy)penzaNc acid and N

((35, 3aR 6S, 6aR) - 6- am nohexahydrdfi z , 2-[b[ Turan-3-yl) (exanple 29a)
o yield
N( (38, 3aR, 6S, 6aR) - 6- (cycl opr opane b am dg) hexahydr of uro[ 3, 2-b] fur an
-3-yl)-4- (trlfluoronethoxy)benzam de (4.0 , 40% . M+H = 401. 15

Exanpl e 57:

N- W5, 3aR, 6S, 6aR) - 6- (eyel opr opanecaboxani do) h ahydr of uro[ 3, 2- b] furan3
-yl') pi col i nam de: Prepared as in exanple 1 from

5- but yl pi col pRipgre@&d idl eﬁeﬂﬁ]plé\li @16{%95 ﬁaﬂle@@o@a&n&c actd andN((?S 3aR 65,6aR)-6-
am nohexahydr of ur O{ﬂ@ﬂ ]]fur an- 3-yl) (éxanple 29a) g

N- ( (38, 3311@(@5}&2@5_@ [3,2-b]furan- 3—y1) (example 29a) to ylcldN ((SS 3aR 6aR) 6-(3,7-

20( CyC' %%&H%E}?%a&gﬁ 15 lggiﬂﬁféximfﬁrzozﬁ]ﬁfrﬁi -3y BelobtdphRarBoRRiLE s mam de

N—q3$ 333@"/681\/?8"&1?)‘3@(3 7-di met hyI oct - 6- enam do) hexahydr of uro[ 3, 2- 6]
furan-3-yl)cycl opropaneear boxam de: WO 2009/ 111447PCT/ US2009/ 035837

Example 59: N~((35,3aR,6S,0aR)-6-undec-10-ynamidohexahydrofuro[3,2-5]furan-3-

yl)cyclopropanecarhoxamide:

10 Prepared as in example 1 from undec-10-ynoic acid and N-((3S,3aR, 6S,6aR)-6-
aminohexahydrofuro[3,2-b]furan-3-yl) (example 29a) to yield N-((35,3aR,65,6aR)-6-undec-10-
ynamidohexahydrofuro[3,2-b]furan-3-yl)cyclopropanecarboxamide (2.4 mg, 25.9%). M+H =
377.

15  Example 60: N-((35,3aR,6S,6aR)-6-(cyclopropanecarboxamido)hexahydrofuro[3,2-b]furan-

3-yl)-4-pentylcyclohexanecarboxamide:

H
O O .|\N O
V[(N"' ©
H
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Prepared as in exanple 1 from 3, 7-di net hyl oct-6-enoic acid and

N- ( 3S, 3aR, - 6- am nohexahydr of uro[ 3, 2- b] f ur an- 3-
29;) to yivgﬁaﬁ@ .§738, 3aR, 65?(6a>|é)-6- l(J3[7 - Jr %%wg%%g%ﬁ

di et hyl oct - 6- enam do) hexahydr of ur o[ 3, 2- b] f ur an- 3- Acycl opr opanecar box
amde (3.6 ng, 5 39%. M-H = 365. Exanple 59:
N a3S, 3aR, 6S, 6aR) - 6- undee- 10- ynam dohexahydr of ur o[ 3, 2- b] f ur an- 3-

beyel opr opaneear boxam de: OPrepared as in exanple .l from
e 0 vp PR B B s B dr e e s RRe e S oAt ur o
[N:?( (2},2] g@g@ggﬁ%’,ﬁ%&)-&-%ﬁgﬁﬂx@}i%i&ﬂ:)lrotﬂ—yjf@ﬁﬁi}yl) (example 29a) to yield N-

, vak, ,.baR).- b-unaec- - .
ynarm dorﬁ@ﬁéﬁ%ﬁéf)t’w%E%?IQDrsmnﬁ?aél?ﬂxsmmP@wyerﬁﬁBﬂaﬁda5%%&&%%e (2.4

Ny, 25. QiylcMibhexanddafboxhRideXRIRAL 390%). M+H = 393.
N a3S, 3aR, 6S, 6aR) - 6- (eyel opr opanecar boxam do) hexahydr of uro[ 3, 2-b] fura

n3-y?) - 4-pent yl cycl ohexaneear boxani de: WO

2009/ 11k‘}é}%@deﬁz&%é&éé@iﬁ&)-6-(5,-cgc1§%§d9ﬂfeﬁf$nﬂéo)il&a%ml%[3}2-5]&1%11-3-

4- pent yl cycl ohexanecar boxyl i ¢ aci

N( ( 351, IaRydbaropaRyargoxamideshexahydr of ur o[ 3, 2-b] fi uran-3-y1) (exanpl e
29a) to yield H

N( (3S, 3aR, 68, 6aR) - 6- (cycl opr opanecar I@grﬂ ) hexahydr of uro[ 3, 2-b] fura
n-3-yl)-4- pentyl cycl ohexanecar boxam (3.3 ng, 33.7%. MtH = 393. 5
Exanpl e 61: N™

N ((3S, 3aR, 6S, 6aR) - 6- (5- cycl ohexyl dént am do) hexahydr of uro[ 3, 2-b] furan
-3- yl)cycl opr opanecar boxam de:

Prepared as in example 1 from S-cyclohexylpentanoic acid and N-((35,3aR, 68, 6aR)-6-
10 aminohexahydrofuro[3,2-b]furan-3-yl) (example 29a) to yicld N-((3S,3aR,65,6aR)-6-(5-
cyclohexylpentamido)hexahydrofuro[3,2-b]furan-3-yl)cyclopropanecarboxamide (5.0 mg,
53.2%). M+H=1379.

Example 62: N-{(38,3aR,65,6aR)-6-(3-phenylpropiolamide)hexahydrofuro[3,2-b]furan-3-

3
O A O
Z EE
VJLN“‘ O N
H

Prepared as in example 1 from 3-phenylpropiolic acid and N-((3S,3aR, 6S,6aR)-6-
aminohexahydrofuro[3,2-b]furan-3-yl) (example 29a) to yield N-((3S,3aR,6S,6aR)-6-(3-
phenylpropiolamido)hexahydrofuro[3,2-b]furan-3-yl)cyclopropanecarboxamide (6.8 mg, 81%).

20  M+H=341.

15  yheyclopropanecarboxamide:

Example 63: N-((35,3aR,6S8,6aR)-6-(cyclopropanecarboxamido)hexahydrofuro[3,2-5]furan-
3-yI)-3-methyl-1 H-indene-2-carboxamide:
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Prepared as in exanple 1 from 5-cycl ohexyl pentanoic acid and

N ( (35, 3ail?‘z$§m§&@-§?- 10am nohexahydr of ur o[ 3, 2-b] fur an}%i%;uuglggg%pl e

29a) toy 3aR, 6S, 6aR) - 6- ( 5-

cycl ohexyl pent am do) hexahydr of ur o[ 3, 2- b] furan-3-y1) cycl opr opanecar box
amde (5.0 ng, 53.2% . M-H = 379. Exanpl e 62:

N ((3S, 3aR, 6S, 6aR) - 6- ( 3- phenyl propi ol am do) hexahydr of ur o[ 3, 2- b] f ur an-

3- 15 yl)cycl opropanecar boxam de: Prepared as in exanple 1 from

3- phenyl propiolic acid and N ((3S, 3aR/83+aR) - 6-
am nohexahydr of ur o[ 3, 2- b] f uran- 3-y3)
N4( 3S, 3aR, 6S, 6aR) - 6- ( 3- N
phenyl pr opi ol am do) hexahydr of ur o[ 3, 2- b] f 8
mde (6.8 ng, 81%. 20 MtH = 341. Exanpl :
NA3S, 3aR, 6S, 6aR) - 6- (cycl opr opanecar boxam do) hexahydr of ur op, 2- bl f uran3
-y1) - 3- net hyPrep#icd proia wraniple hfbmdamre el | H-indene-2-carboxylic acid and M-

2009/ 11 7P ' - from

a- ot hy KCTHE R RaCRE b A 3RA iy drofrcls 2 PERRRESH) @hulfle BT &

NR35, 3aR365 18R aB)-@ynloheratkydbohurd)i@xaybrofimali3;235]§itn-3-eh-drpiteyl29h)
to yiceld N((35, 3aR 6 - 6~ (<6 r neear boxam do) hexahy drofuro
[ 3, 2-5b] f‘%&%‘%—éﬁ?éﬁmﬁ,&n@?@ﬁglfl@s‘ g“%gégggz- car boxam de (4.7 ny,
51.5% . MtH = 369. Exanpl e 64:

3 y1) - 5 Eramys o MY CEb ARG oot S A At S i P

exanpl e 3lylf-s-aetloy el eyl - H-phenylk-dlddrpyaniddd: e- 4- car boxylic acid and N

§
0 il
VA w of N
N |
H N~N

10 Prepared as in example 1 from 5-methyl-1-phenyl-1H-pyrazole-4-carboxylic acid and V-
((35,3aR, 65, 6aR)-6-aminohexahydrofuro[3,2-b]furan-3-yI) (example 29a) to yield V-
((3S,3aR, 685, 6aR)-6-(cyclopropanecarboxamidoYhexahydrofurof3,2-5]furan-3-yl)-5-methyl-1-
phenyl-1 H-pyrazole-4-carboxamide (4.4 mg, 44.4%). M+H = 397.

15  Example 65: N-((385,34R,68,6aR)-6-((E)-4-phenylbut-3-enamido)hexahydrofurof3,2-

b]furan-3-yDcyclopropanecarboxamide:

Prepared as in example 1 from (E)-4-phenylbut-3-enoic acid and N-((3S,3aR,65,6aR)-6-
aminchexahydrofuro[3,2-b]furan-3-yl) (example 29a) to yield N-((3§,3aR,6S,6aR)-6-((E)-4-
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((35, 3aR, 6S, 6aR) - 6- am nohexahydr of uro[ 3, 2- b] furan-3-y1l) (exanple 29a)
to yield 011, ors

N( (38, 3aR,%g,2%0§ﬁ}l-%7- (cycl opr opanecar boxam do) hexahydr o l(J:rT'b é“,“ﬂf‘%i%r a
n-3-yl)-5-met hyl - 1- phenyl-1H pyrazol e- 4-carboxani de (4.4 ng, 44.4%.
MtH = 397. 15 Exanpl e 65:

N a3S, 3aR, 6S, 6aR) - 6- (( E) - 4- phenyl but - 3- enam do) hexahydr of ur o[ 3, 2-

b] furan-3-371)cycl opropanecarb 1 de: Pr epar ed. LN

X! o PR LR Ao DR Bl s SaNaE s argP ek S BHRUED TEaR) - 6-
am nohexalzygr afuH ©B$;.2- b] furan-3-y1) (exanple 29a) to yield

N ((3S, 3aR, 6S, 6aR)-6-((E)-4- WD 2009/ 111447PCT/ US2009/ 035837

phenyl but - 3- enam do) hexahydr of ur o[ 3, 2- b] f uran- 3-yl ) cycl opr opanecar box
am de (454 664N-PE, 30 6Kl 671 38 (cyclopr dpa AbMbExRfide)hexahydrofuro[3,2-b]furan-
N-a3$g, 33RIPREANIR)bEShARE opanecaBoxam do) hexahydr of ur o[ 3, 2- bl] furan
53-y1)-3-(o-tol yl oxy) bencam de:

0 H gpared as in exanple 1
from 3-(o-tolyl oxy)benzoic acid N R, aR) - 6-
am nohexahydr of ur o[ 3, 2- bl f ur af- 33 (O xa to yield
8]

N- R3S, 3aR, 68, 6aR) - 6- .
(cycl opr opanecaboxam do) he ahyHr offuro[ 3, 2-b] furan-3-y1)-3-(o-tolyl oxy
) benzam de ( PrcParb® as 10 cdafupldA) - frovit B-(5-tdi2Bxy ) Baa0R| Riddnd: N-((3S,3aR,6S,6aR)-6-
N ((3S, 3aR, 6S, 6aR) - 6- §cyc| opr.opanecaboxam do) hexak_ygr of uro[3,2-b]fura
n3-y1) - 3MRoheXaBY IR R ) deeBplcepaiad Qs YiRldexdHGiddak 68.p67ro-
3- (M t ol pYopReRaksmAe iHIx A ahohird [6 35 1RedR-£) 83 RkcIPloxy)benzamide (7.0 mg,

10 47.1%). M+H =423,

Example 67 : N-((35,3aR,6S,6aR)-6-(cyclopropanecaboxamido)hexahydrofuro[3,2-5]furan-
3-yD-3-(m-tolyloxy)benzamide:

4 BrQ

15 Prepared as in example 1 from 3-(m-tolyloxy)benzoic acid and N-((38,3aR,6S,6aR)-6-
aminohexahydrofuro[3,2-6]furan-3-yl) (example 29a) to yield N-((3S,3aR,6S5 6aR)-6-
(cyclopropanecaboxamido)hexahydrofuro[3,2-b]furan-3-y1)-3-(m-tolyloxy)benzamide (6.6 mg,
44 4%). M+H = 423.

20  Example 68: N-((35,3aR,6S,6aR)-6-(cyclopropanecaboxamido)hexahydrofuro[3,2-b]furan-
3-yI)-3-(p-tolyloxy)benzamide:

H
C 4 o
V(N“‘ 0
H

Prepared as in example 1 from 3-(p-tolyloxy)benzoic acid and N-((3S,3aR,6S,6aR)-6-

aminohexahydrofuro[3,2-b}furan-3-yl) (example 29a) to vyield N-((3S,3aR,6S,6aR)-6-

25  (cyclopropanecaboxamido)hexahydrofuro[3,2-b]furan-3-y1}-3-(p-tolyloxy)benzamide (5.8 mg,
39.0%). M+H =423,
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am nohexahydrof uro[ 3, 2-b] furan-3-yl) (exanple 29a) to yield

N-((3S, 3a

(cycl opro?z\ilﬁecaaoxam do) hexahydr of ur o[ 3, 2- b] f ur an- 3- yl)PC?U(SZOOtW °§/ 7oxy
) benzam de (6.6 ng, 44.4% . M-H = 423. 20 Exanpl e 68:

NA3S, 3aR, 6S, 6aR) - 6- (cycl opr opanecaboxam do) hexahydr of ur op, 2- bi f ur an3-
yl) - 3- (p tol yl oxy) benzam de: O Prepared as in exanple 1 from

am hoholp 39?9 ﬁ%f 36 o s o p Bl Bl g2 o

N- ( (33, enoxy)benzamide:

, 5(cycl opr opanecaboxam do) hexahy ufﬁ o[ b] f n-3-yl)-3-(p-tolylo
xy) benzam de (5.8 ng, 39.0% .My = 4
2009/ 111447PCT/ US2009/ 035837

‘l'$1
N ((3S, 3aR, 6S, 6aR) - 6- (cycl pro a %boxam do) he ahydrofuro [ 3, 2- 6]
furan3-yl)-3-

Prepared as Féfp%rﬁ Lgﬁoé hc(';(?]g ﬁg%( ﬁé? Vrlﬁ’f?ﬁobc SEY 9o V-

glg( § 3? ?g@aslas,é@,aﬁm @a@ﬁm@@m&mﬁm la}f@l{aﬁsgdﬂo] {otemple3-30L) ([@Xangl e N-
a 0.Vl e

a3S, 3aR/ §36§1%?L S8R) (R Plopropps e sy sy detiol aP Brarord-2(h] f ur an- 3

- y1) - 3- (ethd¥BHRAXMPRANNNI Ben@aHodes) 844H #839.39. 499 . MrH = 439.
Exanpl e 70:

N-((3S, 3aR 6S, 6aR) - 6- (cycl opr opanecaboxam do) hexahydr of ur o
[ 3, 2- b] T aipidi03 md3s, Fit, 65, 5ah oy ABS3P Kok PSR 2 A IFexahydrofuro[3,2-5] furan-

10 3-yD)-3-(3-methoxyphenoxy)benzamide:

H

O O .\\N
V/( © © O
N O ]

Prepared as in example 1 from 3-(3-methoxyphenoxy)benzoic acid and N-
((38.3aR,65,6aR)-6-aminohexahydrofuro[3,2-b]furan-3-yl}  (example 29a) to yield N-
((3S,3aR,65,6aR)-6-(cyclopropanecaboxamido)hexahydrofiro[3,2-h]furan-3-y1)-3-(3-

15  methoxyphenoxy)benzamide (6.1 mg, 40.0%). M+H = 439,

Example 71: N-((35,3aR,68,6aR)-6~(cyclopropanecaboxamido)hexahydrofuro[3,2-b]furan-
3-yI)-3-(4-methoxyphenoxy)benzamide:

H /
AL e
0 4 5
V/XLN“' o

20 Prepared as in example 1 from 3-(4-methoxyphenoxy)benzoic acid and N-
((35,3aR, 65, 6aR)-6-aminohexahydrofuro[3,2-b]furan-3-yl)  (example 29a) to vyield N-
{((3S,3aR,65,6aR)-6-(cyclopropanecaboxamidoyhexahydrofuro[3,2-b]furan-3-y1)-3-(4-
methoxyphenoxy)benzamide (6.8 mg, 44.6%). M+H = 439,

25  Example 72: N-((35,3aR,6S5,6aR)-6-(cyclopropanecaboxamido)hexahydrofure[3,2-b] furan-
3-y1)-3-(pyridin-3-yloxy)benzamide:
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O V-11\ N Prepared as in exanple 1 from 3-(3-net hoxyphenoxy) benzoi c
acid and 65, 6aR) - 6- am nohexahydr of ur of 3, 2- =3-y1)
(exanpl e %Q%@’gié?’g d N((3S, 3aR 65, 2 Bers s la¥sh
6aR) - 6- (cycl opr opanecaboxam do) hexahydrofuro [ 3, 2-b] furan-3-y1)-3-(3-
15 met hoxyphenoxy) benzam de (6.1 ng, 40.0% . M+H = 439. Exanple 71:
N4( 3S, 3aR, 6S, 6aR) - 6- (cycl opr opa_necaboxam' do) hexahydr of ur op, 2- bl f uran3

1) - 3- (4- met hoxyphenoxy) benzam de: 0 20Pr epar ed as in
exanple 1 from 3-(4-met hoxyphenao zo
aBS 3aR, 6S16aR) - 6- am nohexahydr o n- yl) (exanpl e 29a)
o vyield
N(( 3S, 3aR, 6S, 6aR) - 6- (cycl\@pr oja %boxam do) hexahydr of uro[ 3, 2-b] fura

Exz r%ﬁ')e :;2 4P1cpa1rc<51 %Qz?mnﬁx)f)fgmnf% rﬁm— -%oxy)ggizmc aclg%?ld 1\1]\{'(.43",3:;!}{,46%%‘.:1]2?-5
N- 08, SaR-a&Snﬁ_ﬁlR)hyﬂfoﬁ&y[G [2efifinpaiel) aljeraamicd 0) 93 X ahy dictf uNQ(33 32R b]?ﬁmk)amS
E)yil-/al g QP%Hpgcpoﬁe%a%x dg%g&%%%”hﬂ() 3,2-b \fgrazngogls-%%ﬁ*ﬁi?nl? - oxy (gl’(l)Z%.l/‘n? c g%

5 mg, 47.3%). M+H=410.
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Prepared as in exanple 1 from 3-(pyridin-3-yl oxy)benzoic acid and

N ( (35, 3aR, 63, 6aR) - 6-am nohexahydrof uro[ 3, 2-b] furan-3-y1l) (exanple
29a) to yield Ar-g3S, 3aR, 68, 6aR) - 6-

(cycl opr opanecaboxam do) hcxahydrofuro [3 ,2-b] furan-3-y1)-3 -(pyrid
in-3 -yloxy)benzamid c (6.8 5 ng, 47.3%9. MrH = 410. We claim 1.A
conpouw dieixn: ng structural formula (1) A (1) or the salt, solvate,
ester, or N-oxide thereof, wherein: Ais aryl, or heteroaryl
selected fromthe group consisting of pyridinyl, pyrimdinyl,
pyrazinyl, RArdegshiyhaviddydhathuyd forﬁﬂ[aaoyyl , thiofuranyl, oxazoloyl,

i soxazolyl, thiazolyl, and triazol e; Y i s hydrogen, alkyl,
substituted al kyl, al kenyl, subsYxiAt uted al kenyl, allcynyl,
substituted al kyl nyl, heteroal kyl ;| substituted heteroal kyl, aryl,
substituted aryl, arylal kyl, subs Ped aryl al kyl, arylal kenyl,
substituted aryl al kenyl, heteroar |, substituted

het eroaryl al kyl , heterocycl yl al kyl", sybst i} ut ed het erocycl yl al kyl
carbocyclyl, substituted carbocyclyl, %l , halo, -CN, -N®2, -ORI,
-S(0)RI, -S(0)2R, -0C(O)RI, -N(RI)C(0O)R2, -NRIR2, -C(O)NRIR2, -

C( 0) ORir, the (D32, [B2ter, o 0ORIxide-thkrBbf) BHOERR2, -SRI, - C(RI R2R6),
AR SN R o _ . . .
N(RI ) - G =N-DES PRG, ONpetPiPeiplysriegted fony e 2apy) ronsisting (R nyridiryRepyrimidinyl,
N(N(R:?? gg%ﬁ%?g%aaﬁnﬂ,%ﬁralg Sﬁl%yl, B M(dﬂr)mycl:,( %}{az%ﬁaﬁ,%oxﬁzgﬁ) 'tﬂ}lﬂoﬁg; and
- C( =NRIip®INR2R6, - N( Rl ) N( R2) C( 0) OR6, - N(RI ) C(0) OR2, - N( Rl ) C( 0) NR2R6,

P(0) (0R) (Fa) PP o b BT o, gt
- C( R3RALylnyl; Ge@roalkyl CoThstituted(tretdBieyl, a0 bbstitutdd BB, ,arylQB{I0)substituted
] IC\I;E 5|3\]) lgm_ é&qﬁ%%%@@;@%ﬁﬁ%%&% %@W@Z&s&%ﬁtéd heteroarylalkyl,
- N( R3)}ﬁ&&NB'@Malkyl,M@@dﬁe@)heﬁerﬁc%lﬁﬁkyﬂc@b‘o@@l,' substituted carbocyclyl, acyl, halo,
-CN, -NO,, -OR', -S(O)R!, -S(0):R!, -OC(O)R!, -NRYHC(O)R?>, -NR'R?, -C(O)NR'R?, -
C(O)OR', -S(O),NR'R?, -COR', -NR)HS(O)R?, -SR!, -C(R'R?R®), -C(S)-R!, -C(=NRHR/,

NRYH-C(=N-0ORHRS, NERHC(SINRZR®, -C(=N-ORHR?, -C(=NRH-NR?R®,
NRHCENRDNRR?, -NRDOS)RE, -N(RY-C(0)-C(OIR, -C(S)-NR'R?, -NRHC(=NR*OR,
-C(ENRDONRRS, NERHYNER?HC(O)OR® N(RHC(O)OR?, NERHCOINRRS,
NR')-C(0)-C(0)-NR’R®, -C(0)-C(0)-NR'R?, -P(O)OR')(OR?), -P(O)YOR\HR?, or
-P(O)R'R?

X is -0-, -S-, -8(0)-, -8(0)2-, -C(R’RY)-, -C(0)-, -C(8)-, -C(=NR?)-, -C(0)O-, -N(R?)-,
-0C(0)-, -NR)HC(0)-, -C(ON(RY-, -NR»-C(=N-ORY-, -C(=N-OR’)-, -C(=NR?-NR*,
NERHCENRH-R’, NRHCONR-R®, -NRHCE=NRY-, -NRHCS)-, -NR)-C(0)-C(O)-,
-C(S)-NRY-, -NR)S(0)-, -S(0)-N®RY-, -NRC(ENRYO-, -CENRHO-NR?)-, -NRY)-
CENRD-NRY)-, -NRINRHC(0)0- -NR*)C(0)0-, -NERHC(ONRY-, -NR*)-C(0)-C(O)-
NR*, -C(0)-C(O)-NR*-, -P(O}OR>)-, or -P(O)R’-;

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
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C(S)-N(R3)-, -N(R3)S(0)2-, -S(0)2-N(R3)-, -N(R3)C(=NRrR4)O0-,
-C(=NR4) 0-N(R3) -, -N(R3)- C(=NR4)-N(R5)-, -NR3)NR4)C(0)O0-,
-N(R3) C(0) 0-, -N(R3)C(0) N(R4)-, -N(R3)-C(0)-C(0)- NR4-,
-C(0)-C(0)-NR4-, -P(0)(OR3)-, or Zis allcyl, substituted

al kyl, al kenyl, substituted al kenyl, al kynyl, substituted al kyl nyl,

het er OEdt&y&ycI}ﬂubBétbﬁht@m}fllet ﬁb@%ﬁéﬁ' he@d’r&drylaﬁislps tHefe%c@Qlyﬁ[l&ﬂ substituted
aryl al ﬁ%ﬁ??wbs“ tuted arylal kyl., aryl al kenyl, substituted

aryI al yelyldkdr epabgrvely: Gb%%bF?‘eré&aWQE@héaﬂdl het er ocycl ylI ,

substi tut edg! IRet ¥ 1 e ®’
“heteroarylal l'cy R q{g{%r%ﬁc cl ?IE E%It id%%?q%%g?ﬁé?dg%icﬁubfmftﬁd fﬂkyl
Car boc@ﬂﬁ%ﬂ Subﬁl@@ﬂ)siihetlﬂt @ﬂkynldr bldtsgltuleﬂlalkﬂn}d heteroalkyl shbstituRad heta"oalﬂ?ﬂt],
re e ch pe y h substitu
aI kyl , "“kase“rl?f/ tuf? Qﬁ'iaf'%é;ﬁ{}]‘ﬁ od” & a“@%} tﬂ{bét'i fod) gy myl
het er O]&itétyéryl Sﬁﬁkﬁtﬂtédﬁe@do:h?l, Betenlckalll, sﬁsﬁiutedﬂ‘léfb%dy& b, %le@é&!blyl substituted
aryl al ky| , t| t ut &&(ﬁr yl al kyl, aryl al kenyl, substitute

aryl al ‘F@é‘?ﬁ?V" y Ftéli%’a’ @ sebttitgted beienayialky rayﬂ het er ocycl ylI ,

substi t ut e%ﬁ?&%rf&%h%bmv&af bocyclyl, substituted carbocycl yI
het eroaryl al kyl, ‘or substituted het eroaryl al kyl; and with the

f ol | owi ng U\V}@m&@ trioeda thoeni -X-Z s iz eD-elkyl, hOracyiXoZsuilfonangitlo - 0- al kyl,
-0-acyl, or sulfonam do. 2. The conpound of claiml1l, wherein Y is
al kyl, substituted al kyl, aryl, substituted aryl, arylalkyl,

substi2.ut edl‘lmrc;oh@bkmi of o¢aﬁmblo Mleie)ﬁ Y xpaﬂkﬁybﬁ:tththtéﬁ entyp af}il)%ﬁh(ﬁﬂu)/d:d
The co H‘g of cI i/\lh nmonocyclic five- mear%ered
heter o k? v SpRsEg ?‘”VIGPW ﬁ@bﬁ?ﬁ% Qféﬁléﬁt@f‘?qﬁ‘gﬂwyﬂylrrol yl, furanyl,

t hi of uranyl, oxazol oyl, isoxazolyl, thiazolyl, and tri azol e; Y
is alkyl, substi t ut ed aIkyI aIkenyI substi t ut ed al kenyl , al kynyl,
subst i %-ut edTlm%WﬁWdOfﬁéﬂcm}rlomhRVm substi t ut ed heteroal kyl , aryl

substi tut ed, ar al t ut ed 1ar | al ken

substi tut ecf3x ary a?‘%é/&lml f%/é l?een?b%gisfgh SEroALH] ec grémh GEY TR ISfmg of
car bocyyatopyl, ﬁlsmnlystl'ﬂbﬁﬂ‘fﬁgﬂ @aaﬂomaéqxhzolﬁethﬁrzo@r yih@{d@)zd;le or substituted
heteroaryl

XS -0-,. -, -5(0)-, -50)2-, -C(R3K4)-
- Q(0) - a% aﬂiylcéumg)ted glkbi]( @$I@nﬁ stmtsﬁélye)d alk@@% @§kynyl, ﬁ[(l%@yt@e\%ylkylnyl
N?(Rgg g((e%ﬂ)alk 1C(G(sﬂ)ﬁﬂﬁ?%)hetmﬂﬁ Bého S OR]?) %)ESW) “substituted arylalkyl,
ﬁg@lg subs’r@p&:mR4malkEm) hetercpq(yﬁ;y) @(1 gd N(lqr(@'))cyclyl carbocyelyl,

C(Ng);qs W&ﬁ%%%@o%@(}% %)1]%(]05)1( %%ﬂl% %etlt\ell(olgﬁ)halk)é :\ISRS alch(al)
ZFESIt |nt ut edX ad l@-lé -S-alxeny- S(@Mbﬁ(ﬁ?ﬂf)edceﬂg«i@(m &I(KNRZ)ubSCgOﬁJ% (l;li(lfﬁld
ar y?/ ﬁ%ﬁpg & icﬁéél’l fﬁ@ﬁ(gr yl a@&&t 85Qa)rﬂyl ﬁﬁ‘K@ﬁQT Subyl(]liét)Gf’é‘H{ )

aryl alk at RLN%RH) tRd), oA cyeLahé 5
subst i t(&?)@@%et %(?2%1? ik 9a§{§))£ u S%é hﬁgﬁ S?F%tceﬂﬁ???gog?uk )O-N(R)-

het eroam)a@ R NRONERACHI ﬂ&@)@p&% -N§ROC(O)N(R )RQ*TRSF@(O)

and Cl W oge substituted al kyl ,

al ken;s/?@j)sulgﬁ‘u t(g? al ken ﬁl(b)dg?i?éy ?( j;ﬁ{ Stituted al kyl nyl ,

het er oal kyIZ isalbgl isthstieedhakgy aklekgu subam;ated Akeast, iatkyheld sﬁb’syﬂ."uted alkylnyl,
aryl al k st yl I al keuyl , su i.tuted

aryl allffg‘:ﬁ%lﬁ eﬂl%ﬁ& gﬁ?‘ﬂl {%f(j@@{i P{}il=ea Byaptsdo ars @ rﬂ?"’j]tf@r Stytfyped arylalkyl,
subst |mmenﬁegmmmlavjzlalk&@tzeﬁaaﬁwyalshwﬂtute@ H&&roh yytkeﬂerooycl ], substituted
heteroarylal]cyl, carbocyclyl, or substituted carbocyclyi X

conpo Jﬁéprm}yhg:agogycﬂﬂcq ptgptefi Srr0e gLyl hgjeroarylalkyl, or substituted hetero arylalkyl;
and
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"'"Nor the salt, solvate, ester, or Noxide thereof, wherein Xa is
-5(0)-, -S(0)2-, -C(R3R4)-, -C(0)-, -C(0)0-, -C(0)N(R3)-,
-C(=NR3)-NR4-, -C(=NR3)-, -C(S)-N(R3)-, -C(S)-, -NR3-C(0)-C(0)-Nr4-,
-C(0)-C(0)-NR4-, or Y is alkyl, substituted alkyl, aryl,
substituted ar yI arylallcyl, substituted aryl al kyl, car bocycl yl, or
substi t ut edRY aR‘mel)iCRgllare each depd:rﬁleﬁl}lek/drog&ibSd}kﬁlUfsﬂﬁuﬁﬂtéﬂy hlkyl alkenyl,
het er oal k ed  het er oal kyI aryl, substituted ary

|
aryl al f%‘)hmy ?Gbé??l‘cy t y Ffistipnad allylayh| heterpalkyls splstifutest é‘ﬁeroalkyl aryl,
aryl al K%@Nthted@leﬁﬁﬁlw 1su§§lﬁ§t%& taHﬂaﬁEiyl hﬁ%{%ﬂ&ﬁf/}égubsﬁﬁ%eﬁra‘?ﬁx&le%h heteroaryl,

substituted heterocyc , heteroary stit
het er o#tbytitatedy Ihe'feﬁ'»@f}é.r d@?ﬁ'tl:qlo}’ﬂé[l k)ﬂlbsfl thetayoaydlyhe heteveydiliylal sapstituted

car boc%(&%rxépl%&lscgg?g%&tlﬂtgrcgug&%&)(gé;gar{)%ydyﬁnd R is hydrogen, alkyl, or

substi oun a’structural formula selected
fromthe group consisting of Pi\rill \rill V' N-NN-NN-N F4) OFO
hQ 4, A compound having a structural formula (la):
Y. N,
Tox
N
8]
O zZ
/
N-x2 (la)

or the salt, solvate, ester, or N-oxide thereof, wherein

X' is -8(0), -S(O)-, -CR'RY-, -C(0)-, -C(0)O-, -C(ON(R®)-, -C(=N-OR%-,
| -C(=NR})-NR*., -C(=NR?)-, -C(8)-NR?)-, -C(S)-, -NR>-C(0)-C(0)-NR"-, -C(0)-C(O)-NR*-, or
-S(0)-NR®’)-;

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, substituted
heteroaryl, heterocyclyl, substituted heterocyclyl, heteroarylalkyl, substituted heteroarylalkyl,
heterocyclylalkyl, substituted heterocyclylalkyl, carbocyclyl, or substituted carbocyclyl; and

R is hydrogen, alkyl, or substituted alkyl.

5. A compound having a structural formula selected from the group consisting of
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N HN NN7

r:1 --N,

NHNH OH N 00 Tr(
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>c/ S\

\O r-Si

N,NN,N 00 NHNH Ot \/

\

N-N11\1"NN N
N- NHNHNHN

I
o =z
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S 0---RO---RotgH ; ot NH, 01, 01 57-0 o0jj O)Lrip HNHNHN

0-40----- L?)----- 4 ot NElcl NH or N-oxide thereof 6.A conposition
conprising a conpound having structural formula (1) of claiml1, or
the salt, solvate, ester, or N-oxide thereof; and a carrier. 7. The

conposition of claim5, which conprises an ingestible conposition.
8. A od for no ting the sayory taste\xof a conppsition

conpri g conbi ni he conpos on wt | east o onpound of
formula () according)to claim 1.
fﬂ b ’ l}t' b &ﬁ '}]1 N U] N
N~y N~y N~p N~p N
0 o}
NH NH 0 © o

(. o N 5 9 o AH
NH
o oM o
O
/
OH
OH o) 0
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9. A food or beverage product conprising a conpound of fornula (1)
according to claim1. 10. A compound of the follow ng structural
formula (1): or a salt, solvate, ester, or N-oxide thereof,
wherein A is a coval ent bond, Y is -N(R1)C(0)R2, -NRLR2,
C(O)NRIR2 -N(Rl)S(0)2R2, -N(R1) - C(=N-OR2) R6, - C(=N-OR1) R2,

- N(R1) C(=NR2) R6, -N(Rl)C(SRZ -N(R1)-C(0)-C(0) R2,
C(S) - NR1 -N(R1) ( ) OR6, - C(=NR1) 0- NR2R6,

N( R1) N( R2)
- N(R1) - C( NR2) -

N(R6)R7N ( RL) N( R2) O 0) ORS, - ) C(0) OR2, - NRl)C(O)NR2R6 or

-N(R1) - -¢(0) - Xis -NMR3)CO)-, NN(R3)-, -N(R3)S5(0)2-,
-N(R3) - C( QR4) - , N-fX(R3) C(=NBA) ,~ N(R1) NGY=NR2) - N( RS) -
-N(R3)C(S) -] ->N(R3) CLS) N(R4) - N(R3) C(0) N(R4) - -N(RS)C(r-NR4)O- :
-N(R3) - C( -N(R -N(R3) 0)0-, ¢r[-NT(R3)C(0)O0-; Z
is aryl, it ut edOar het e |, substO ed het er oaryl ,
aryl al kyI stl tuted 'S}I al kyI et er oar yl substi t ut ed
het eroaryl aI car bogyckFyl, oF%ubstit ute ar bocycl yl; and
Rl, R2, R6 a R7 are | ndepe t |y al kyl ubstituted al kyl ,
al kenyI substen ut ed al al kywy¥Fsubsti t cabiy| nyl ,
het er oaI kyl , substituted het er oal kyl , aryl, substituted aryl,
aryl al s substl tute ryl al kyl, aryl al kenyl ubstitu
aryl al , heteroar substitute

N

N N N R

~N rif Y &L; oy

N-N
o)
313 : °
0 NH ° o o ©
0 o= NH o NH 0= H
o}
CH,OH CHO 1 E
NN
N~
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het eroaryl, heterocyclyl, substituted heterocyclyl, carbocyclyl,
substituted carbocyclyl, heteroarylallcyl, or substituted
heteroarylallcyl. 11. The conpound of claim 10, wherein Z is
carbocyclyl or substituted carbocyclyl. 12. A ingestible conposition
conprising a conpound of forrmula (I) of claim10, or the salt,

sol vate, ester, or oxi de thereof 13. The in i bl e conposition of
claim whi ch i f ood verage. 14. A od for ating
t he sa taste conpo {on conprising conbi hing the
conpositign with at least one vonpoundN f or mul \I) accg ing to
NN N 1N N R
Ny N

claim1Qi™N
N-py N~y N N-N

SRR

H

)

NH NH NH NH

LT

f:
Z.
T
zfo
w
,b?
I
2.0
L
. B
o Z O
= V[L
T
T
=
\\
o

HN HN
HN
O 0 o o
NH NH NH NH
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%_dj Q:Q Qob Q b L OQ
I

o)
0 " 0 ©
HN d\) o o]
NH
0 0 NH o)
NH 01
o) o)
N i , H NH
01H 01 OX
3
—0 O
=N
0 0 /o)
Y o)
é z E:O io
Ve W O aN. © HN . HN
o) 0
o (TS TS (D
o o) 07 0™ = o~
3 K 3 NH NH
NH o= o= o o)
0 . and

; or the salt, solvate, ester,

or N-oxide thereof.

6. A composition comprising a compound having structural formula (I) of claim 1, or the

salt, solvate, ester, or N-oxide thereof: and a carrier.
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7. The composition of claim 5, which comprises an ingestible composition.

8. A method for modulating the savory taste of a composition comprising combining the

composition with at least one compound of formula (I) according to claim 1.

0. A food or beverage product comprising a compound of formula (I) according to claim 1.

10. A compound of the following structural formula (I):

Y\A
]
o ()
X\z

or a salt, solvate, ester, or N-oxide thereof,
wherein

A is a covalent bond;

Y is -NRHC(OR?, -NR'R? -C(ONR'R?, -NRHS(O%R? -NR®R")-CEN-ORHRS,
-C(=N-OR"R?, -C(=NR)-NR’R, -NRNHCENRHR®, -NRHC(SR?, -NRH-C(0)-C(O)R?,
“NRHC(S)N(R?)-R®, -C(S)-NR'R?, -N(R"C(=NR»)OR®, -C(=NRHO-NR’R®, -N(R')-C(=NR?)-
NROHR’, -NRHNR?)C(O)OR®, -N(RHC(O)OR?, -N(RHC(ONRZRS, or
-N(R-C(0)-C(O)-NR’RS;

X is -N®HC(0), -NR¥-, -NER)HS(0)-, -NR)-CEN-ORY-, -NRHC(E=NRY-,
NRH-CENRY)-NRY)-, -NER)C(S)-, -NRIHCESNRY-, -NR)HCO)NRH-, NRHC(=NRHO-
. NR)-CENRY-NR’)-, -NR*)NRHC(0)0-, o -NR)C(0)0-;

Z 1is aryl, substituted aryl, heteroaryl, substituted heteroaryl, arylalkyl, substituted
arylalkyl, heteroarylalkyl, substituted heteroarylalkyl, carbocyclyl, or substituted carbocyclyl;
and

R', R? R® and R’ are each independently alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkylnyl, heteroalkyl, substituted heteroalkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, arylalkenyl, substituted arylalkenyl, heteroaryl, substituted
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heteroaryl, heterocyclyl, substituted heterocyclyl, carbocyclyl, substituted carbocyclyl,
heteroarylalkyl, or substituted heteroarylalkyl.

1l. The compound of claim 10, wherein Z is carbocycelyl or substituted carbocyelyl.

12. A ingestible composition comprising a compound of formula (I} of claim 10, or the salt,

solvate, ester, or N-oxide thereof.
13.  The ingestible composition of claim 12, which is a food or beverage.

14. A method for modulating the savory taste of a composition comprising combining the

composition with at least one compound of formula (I) according to claim 10.
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