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(57) ABSTRACT 

The present invention provides compounds, and pharmaceu 
tical compositions thereof, encompassed by the formulae (I), 
(II) or (III). 

(I) 
Zl (R) 

)-. X-R- 
Z2 

Zl (R'), (II) 
V 
B-L 

A 
Z2 

(R) (R2) (III) 
Zl pi iii. 

)-1-(3--G) 
Z2 

Methods of preparing compounds encompassed by the for 
mulae (I), (II) or (III) are also provided. The present invention 
also provides methods for treating an FAAH mediated dis 
ease, disorder or condition by administering a therapeutically 
effective amount of a provided compound of the formulae (I), 
(II) or (III), or a pharmaceutical composition thereof, to a 
patient in need thereof. Additionally, the present invention 
provides methods for inhibiting FAAH in a patient by admin 
istering a therapeutically effective amount of a compound of 
the formulae (I), (II) or (III), or a pharmaceutical composition 
thereof, to a patient in need thereof. 
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INHIBITORS OF FATTY ACIDAMIDE 
HYDROLASE, METHODS OF TREATMENT 
AND METHODS OF PREPARING SAME 

PRIORITY INFORMATION 

0001. This application is a continuation of U.S. patent 
application Ser. No. 14/137,875, filed Dec. 20, 2013, pend 
ing, which is a continuation of U.S. patent application Ser. 
No. 13/662,268, filed Oct. 26, 2012, now U.S. Pat. No. 8,629, 
125, issued Jan. 14, 2014, which is a continuation of U.S. 
patent application Ser. No. 13/049,785, filed Mar. 16, 2011, 
now U.S. Pat. No. 8,349,814, issued Jan. 8, 2013, which is a 
continuation of U.S. patent application Ser. No. 1 1/870,130. 
filed Oct. 10, 2007, now U.S. Pat. No. 7,947,663, issued May 
24, 2011, which claims priority under 35 U.S.C. S 119(e) to 
United States provisional patent application U.S. Ser. No. 
60/850,520, filed Oct. 10, 2006, the entireties of which are 
incorporated herein by reference. 
0002 The present specification is being filed with a com 
puter readable form (CRF) copy of the Sequence Listing. The 
CRF entitled 12928-129-999 seqlisting..txt, which was cre 
ated on Dec. 20, 2013 and is 5,418 bytes in size, is identical to 
the paper copy of the Sequence Listing and is incorporated 
herein by reference in its entirety. 

BACKGROUND 

0003 Fatty acid amidehydrolase (FAAH), also referred to 
as oleamide hydrolase and anandamide amidohydrolase, is an 
integral membrane protein that degrades fatty acid primary 
amides and ethanolamides, including oleamide and ananda 
mide. FAAH degrades neuromodulating fatty acid amides at 
their sites of action and is intimately involved in their regu 
lation. 

0004 FAAH has been demonstrated to be involved in a 
number of biological processes and its inhibition has been 
shown to be effective in treating a variety of conditions. For 
example, inhibiting FAAH has been shown to be useful in 
treating chronic pain, acute pain, neuropathic pain, anxiety, 
depression, feeding behaviors, movement disorders, glau 
coma, neuroprotection and cardiovascular disease. 
0005. However, current inhibitors of FAAH lack the target 
selectivity, biological activity and/or bioavailability needed 
for in vivo studies and therapeutic use. Thus, to date, the 
therapeutic potential of FAAH inhibitors remains essentially 
unexplored. 

BRIEF SUMMARY 

0006 Compounds of the present invention and pharma 
ceutical compositions thereof, are effective inhibitors offatty 
acid amide hydrolase (FAAH). Such compounds provided 
herein are encompassed by any of the formulae (I), (II) or 
(III): 

(I) 
Zl (R'), 
V 
B-L X-R- 

Z2 
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-continued 
(II) 

Zl (R'), 
V 
B-L 

A 
Z2 

(III) 
Zl (R'), (R). 

)--G3 B-L X 

or a pharmaceutically acceptable form thereof, wherein Z', 
Z, L', X, Ring A. Ring B, R', R., n and m are as defined 
herein. 
0007. The present invention also provides methods for 
treating conditions associated with excessive FAAH activity 
by administering a therapeutically effective amount of a pro 
vided compound of the formulae (I), (II) or (III), or a phar 
maceutical composition thereof, to a patient in need thereof. 
0008. Additionally, the present invention provides meth 
ods for inhibiting FAAH in a patient by administering a 
therapeutically effective amount of a compound of the for 
mulae (I), (II) or (III), or a pharmaceutical composition 
thereof, to a patient in need thereof. 
0009. The details of additional or alternative embodiments 
of the invention are set forth in the accompanying Detailed 
Description of Certain Embodiments and Examples as 
described below. Other features, objects, and advantages of 
the invention will be apparent from this description and from 
the claims. 

SEQUENCE IDENTIFICATION NUMBERS 
0010 

SEQ ID NO. 1: Homo sapiens FAAH amino acid sequence 
MVOYELWAALPGASGVALACCFWAAAVALRWSGRRTARGAVWRARORORAG 

LENMDRAAQRFRLONPDLDSEALLALPLPOLVOKLHSRELAPEAWLFTYWG 

KAWEVNKGTNCVTSYLADCETOLSOAPROGLLYGVPWSLKECFTYKGODST 

LGLSLNEGVPAECDSVVVHVLKLOGAVPFWHTNVPOSMFSYDCSNPLFGOT 

WNPWKSSKSPGGSSGGEGALIGSGGSPLGLGTDIGGSIRFPSSFCGICGLK 

PTGNRLSKSGLKGCWYGOEAVRLSWGPMARDWESLALCLRALLCEDMFRLD 

PTVPPLPFREEVYTSSOPLRVGYYETDNYTMPSPAMRRAVLETKOSLEAAG 

HTLVPFLPSNIPHALETLSTGGLFSDGGHTFLONFKGDFWDPCLGDLVSIL 

KLPQWLKGLLAFLVKPLLPRLSAFLSNMKSRSAGKLWELOHEIEWYRKTWI 

AOWRALDLDVVLTPMLAPALDLNAPGRATGAVSYTMLYNCLDFPAGVWPWT 

TWTAEDEAOMEHYRGYFGDIWDKMLOKGMKKSVGLPVAVOCVALPWOEELC 

LRFMREVERLMTPEKOSS 

DETAILED DESCRIPTION OF CERTAIN 
EMBODIMENTS OF THE INVENTION 

1. General Description of Compounds of the 
Invention 

0011. The present invention is based on the discovery that 
inhibitors of FAAH which contain at least one Lewis acidic 
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boron head group, Such as, for example, a boronic acid, 
boronic ester, borinic acid or borinic ester head group, are 
highly active antagonists of FAAH function. 
0012. Thus, in one aspect, the present invention provides 
compounds of formula (I): 

(I) 
Zl (R'), 

Y-L X-R- 
A 

Z2 

0013 and pharmaceutically acceptable forms thereof; 
0014 wherein: 
(0015 (i) Z' is —OR and Z is OR, an optionally 

Substituted Caliphatic, C. heteroaliphatic, C-2 
aryl, or C. heteroaryl group 

I0016 (ii) Z' and Z taken together form a 5- to 8-mem 
bered ring having at least one Oatom directly attached to 
B, wherein the ring is comprised of carbon atoms and 
optionally one or more additional heteroatoms indepen 
dently selected from the group consisting of N.S., and O: 
O 

I0017 (iii) Z' is —OR, and Z and Ring A taken together 
form an optionally substituted 5- to 7-membered ring, 
wherein the ring is comprised of carbonatoms and optionally 
one or more additional heteroatoms independently selected 
from the group consisting of N. S., and O; each R is hydrogen 
or an optionally substituted C-6 aliphatic, C. het 
eroaliphatic, Caryl, or C. heteroaryl group; 
0018. L' is a covalent bond, or an optionally substituted 
straight or branched C-6 alkylene or Calkenylene moiety; 
0019 Ring A is an optionally substituted saturated, par 

tially unsaturated or aromatic Css monocyclic, Co. bicyclic 
or Co-1 tricyclic ring System optionally containing one or 
more heteroatoms independently selected from the group 
consisting of N, S and O; 
0020 X is a covalent bond or a bivalent C. hydrocarbon 
chain, wherein one, two or three methylene units of X are 
optionally and independently replaced with one or more 
O—, N-N , NR (C—NR)— —S , 
C(=O)— —S(=O)— —S(=O) - or an optionally 

Substituted phenylene moiety; 
0021 each R is hydrogen, —C(O)R, a suitable amino 
protecting group, or an optionally substituted Cali 
phatic, C. heteroaliphatic, C-2 aryl, or C-12 het 
eroaryl group; 

I0022) R' is (i) hydrogen, halogen, —OR, CF, —CN, 
NO, NC, -SOR, -SOR, C(O)R, COR, 

—C(O)N(R'), —CHO, N, —NR, or —N(R'); or (ii) 
Ring B having the formula: 

(R): 

wherein Ring B is an optionally Substituted Saturated, par 
tially unsaturated or aromatic Css monocyclic, Co. bicyclic 
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or Co-g tricyclic ring System optionally containing one or 
more heteroatoms independently selected from the group 
consisting of N, S and O; 
(0023) each occurrence of R' is, independently, halogen, 
OR, CF, CN, NO, NC, -SOR, -SOR, 

- C(O)R, COR, C(O)N(R'), —CHO, - N - NR, 
—N(R'). —B(OH), or an optionally substituted Cls ali 
phatic group; 
(0024) each instance of R is, independently, halogen, 
OR, CF, CN, NO, NC, -SOR, -SOR, 

—C(O)R. —COR, —C(O)N(R') —N —NR, —N(R'), 
an optionally substituted Cls aliphatic or Caryl group: 
and 

0025 each instance of n and mis, independently, an inte 
ger between 0 to 10, inclusive. 
0026. In certain embodiments, the present invention pro 
vides a compound of formula I wherein said compound 
excludes any compound of Table 1, infra. 
0027. In certain embodiments, wherein X is a covalent 
bond and R is hydrogen, the present invention provides 
compounds of formula (II): 

(II) 
(R'), 

and pharmaceutically acceptable forms thereof; wherein Z', 
Z, L', Ring A, R' and n are as defined above and herein. 
0028. In certain embodiments, the present invention pro 
vides a compound of formula II wherein said compound 
excludes any compound of Table 1, infra. 
(0029. Further, in other embodiments, wherein R is Ring 
B, the present invention provides compounds of formula (III): 

(III) 
(R'), (R). 

V 
B-L X 

Z2 

and pharmaceutically acceptable forms thereof; wherein Z', 
Z. L', X, Ring A. Ring B. R. R., n and m are as defined 
above and herein. 

0030. In certain embodiments, the present invention pro 
vides a compound of formula III wherein said compound 
excludes any compound of Table 1, infra. 
0031. For example, in certain embodiments, the present 
invention provides compounds of the formula (III-a): 

(III-a) 
(R'), 

Zl == Y. ) M A N × R4 
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0032 and pharmaceutically acceptable forms thereof; 
wherein Z, Z, L', X, and Rareas defined above and herein; 
and n is an integer between 0 to 4, inclusive. 
0033. In certain embodiments, the present invention pro 
vides a compound of formula III-a wherein said compound 
excludes any compound of Table 1, infra. 
0034. In certain embodiments, the present invention pro 
vides compounds of the formula (III-b): 

(III-b) 
(R'), (R), 
xa X SA 

ZS-N 21 
y 

0035 and pharmaceutically acceptable forms thereof; 
wherein Z, Z, L', X, R' and R are as defined above and 
herein; n is an integer between 0 to 4, inclusive; and m is an 
integer between 0 to 5, inclusive. 
0036. In certain embodiments, the present invention pro 
vides a compound of formula III-b wherein said compound 
excludes any compound of Table 1, infra. 

2. Compounds and Definitions 

0037. Definitions of specific functional groups and chemi 
cal terms are described in more detail below. For purposes of 
this invention, the chemical elements are identified in accor 
dance with the Periodic Table of the Elements, CAS version, 
Handbook of Chemistry and Physics, 75" Ed., inside cover, 
and specific functional groups are generally defined as 
described therein. 
0038. Additionally, general principles of organic chemis 

try, as well as specific functional moieties and reactivity, are 
described in Organic Chemistry, Thomas Sorrell, University 
Science Books, Sausalito, 1999; Smith and March March's 
Advanced Organic Chemistry, 5" Edition, John Wiley & 
Sons, Inc., New York, 2001: Larock, Comprehensive Organic 
Transformations, VCH Publishers, Inc., New York, 1989; 
Carruthers, Some Modern Methods of Organic Synthesis, 3" 
Edition, Cambridge University Press, Cambridge, 1987; the 
entire contents of each of which are incorporated herein by 
reference. 
0039. Certain compounds of the present invention can 
comprise one or more asymmetric centers, and thus can exist 
in various isomeric forms, e.g., Stereoisomers and/or diaste 
reomers. Thus, inventive compounds and pharmaceutical 
compositions thereof may be in the form of an individual 
enantiomer, diastereomer or geometric isomer, or may be in 
the form of a mixture of stereoisomers. In certain embodi 
ments, the compounds of the invention are enantiopure com 
pounds. In certain other embodiments, mixtures of stereoiso 
mers or diastereomers are provided. 
0040. Furthermore, certain compounds, as described 
herein may have one or more double bonds that can exist as 
either the Z or E isomer, unless otherwise indicated. The 
invention additionally encompasses the compounds as indi 
vidual isomers substantially free of other isomers and alter 
natively, as mixtures of various isomers, e.g., racemic mix 
tures of stereoisomers. In addition to the above-mentioned 
compounds perse, this invention also encompasses pharma 
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ceutically acceptable derivatives of these compounds and 
compositions comprising one or more compounds. 
0041. Where a particular enantiomer is preferred, it may, 
in some embodiments be provided substantially free of the 
corresponding enantiomer, and may also be referred to as 
“optically enriched.” “Optically-enriched, as used herein, 
means that the compound is made up of a significantly greater 
proportion of one enantiomer. In certain embodiments the 
compound is made up of at least about 90% by weight of a 
preferred enantiomer. In other embodiments the compound is 
made up of at least about 95%, 98%, or 99% by weight of a 
preferred enantiomer. Preferred enantiomers may be isolated 
from racemic mixtures by any method known to those skilled 
in the art, including chiral high pressure liquid chromatogra 
phy (HPLC) and the formation and crystallization of chiral 
salts or prepared by asymmetric syntheses. See, for example, 
Jacques, et al., Enantiomers, Racemates and Resolutions 
(Wiley Interscience, New York, 1981); Wilen, S. H., et al., 
Tetrahedron 33:2725 (1977); Eliel, E. L. Stereochemistry of 
Carbon Compounds (McGraw-Hill, NY, 1962); Wilen, S. H. 
Tables of Resolving Agents and Optical Resolutions p. 268 (E. 
L. Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, Ind. 
1972). 
0042. As used herein, a “direct bond' or “covalent bond' 
refers to a single bond. 
0043. As used herein, the term “boronic acid refers to any 
chemical compound comprisinga —B(OH) moiety. Arylbo 
ronic acid compounds readily form oligomeric anhydrides by 
dehydration of the boronic acid moiety (see, for example, 
Snyder et al., J. Am. Chem. Soc. (1958) 80: 3611). Thus, 
unless otherwise apparent from context, the term “boronic 
acid' is expressly intended to encompass free boronic acids, 
oligomeric anhydrides, including, but not limited to, dimers, 
trimers, and tetramers, and mixtures thereof. Furthermore, 
the term “boronic ester” refers to any chemical compound 
comprising a —B(OR) moiety. The term “borinic acid 
refers to any chemical compound comprising a —B(R)OH 
moiety. The term “borinic ester refers to any chemical com 
pound comprising a —B(R)OR moiety. 
0044) The terms “halo' and “halogen, as used herein, 
refer to an atom selected from fluorine (fluoro. —F), chlorine 
(chloro. —Cl), bromine (bromo. —Br), and iodine (iodo, 
—I). 
0045. The term “aliphatic' or “aliphatic group, as used 
herein, denotes a hydrocarbon moiety that may be straight 
chain (i.e., unbranched), branched, or cyclic (including fused, 
bridging, and spiro-fused polycyclic) and may be completely 
saturated or may contain one or more units of unsaturation, 
but which is not aromatic. Unless otherwise specified, ali 
phatic groups contain 1-6 carbon atoms. In some embodi 
ments, aliphatic groups contain 1-4 carbon atoms, and in yet 
other embodiments aliphatic groups contain 1-3 carbon 
atoms. Suitable aliphatic groups include, but are not limited 
to, linear or branched, alkyl, alkenyl, and alkynyl groups, and 
hybrids thereofsuch as (cycloalkyl)alkyl, (cycloalkenyl)alkyl 
or (cycloalkyl)alkenyl. 
0046. The term “unsaturated as used herein, means that a 
moiety has one or more double or triple bonds. 
0047. The terms “cycloaliphatic,” “carbocycle,” or “car 
bocyclic.” used alone or as part of a larger moiety, refer to a 
saturated or partially unsaturated cyclic aliphatic monocyclic 
orbicyclic ring systems, as described herein, having from 3 to 
10 members, wherein the aliphatic ring system is optionally 
substituted as defined above and described herein. 
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Cycloaliphatic groups include, without limitation, cyclopro 
pyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, 
cyclohexenyl, cycloheptyl, cycloheptenyl, cyclooctyl, 
cyclooctenyl, and cyclooctadienyl. In some embodiments, 
the cycloalkyl has 3-6 carbons. The terms “cycloaliphatic.” 
“carbocycle' or “carbocyclic” also include aliphatic rings 
that are fused to one or more aromatic or nonaromatic rings, 
such as decahydronaphthyl or tetrahydronaphthyl, where the 
radical or point of attachment is on the aliphatic ring. 
0048. The term “alkyl as used herein, refers to saturated, 
straight- or branched-chain hydrocarbon radicals derived 
from an aliphatic moiety containing between one and six 
carbonatoms by removal of a single hydrogenatom. In some 
embodiments, the alkyl group employed in the invention con 
tains 1-5 carbon atoms. In another embodiment, the alkyl 
group employed contains 1-4 carbon atoms. In still other 
embodiments, the alkyl group contains 1-3 carbon atoms. In 
yet another embodiment, the alkyl group contains 1-2 car 
bons. Examples of alkyl radicals include, but are not limited 
to, methyl, ethyl, n-propyl, isopropyl. n-butyl, iso-butyl, sec 
butyl, sec-pentyl, iso-pentyl, tert-butyl, n-pentyl, neopentyl, 
n-hexyl, sec-hexyl, n-heptyl, n-octyl, n-decyl. n-undecyl 
dodecyl, and the like. 
0049. The term “alkenyl, as used herein, denotes a 
monovalent group derived from a straight- or branched-chain 
aliphatic moiety having at least one carbon-carbon double 
bond by the removal of a single hydrogen atom. In certain 
embodiments, the alkenyl group employed in the invention 
contains 2-6 carbon atoms. In certain embodiments, the alk 
enyl group employed in the invention contains 2-5 carbon 
atoms. In some embodiments, the alkenyl group employed in 
the invention contains 2-4 carbon atoms. In another embodi 
ment, the alkenyl group employed contains 2-3 carbonatoms. 
Alkenyl groups include, for example, ethenyl, propenyl, bute 
nyl, 1-methyl-2-buten-1-yl, and the like. 
0050. The term “alkynyl,” as used herein, refers to a 
monovalent group derived from a straight- or branched-chain 
aliphatic moiety having at least one carbon-carbon triple 
bond by the removal of a single hydrogen atom. In certain 
embodiments, the alkynyl group employed in the invention 
contains 2-6 carbonatoms. In certain embodiments, the alky 
nyl group employed in the invention contains 2-5 carbon 
atoms. In some embodiments, the alkynyl group employed in 
the invention contains 2-4 carbon atoms. In another embodi 
ment, the alkynyl group employed contains 2-3 carbonatoms. 
Representative alkynyl groups include, but are not limited to, 
ethynyl, 2-propynyl (propargyl), 1-propynyl, and the like. 
0051. The term “aryl used alone or as part of a larger 
moiety as in “aralkyl.” “aralkoxy.” or “aryloxyalkyl refers to 
monocyclic and bicyclic ring systems having a total of five to 
10 ring members, wherein at least one ring in the system is 
aromatic and wherein each ring in the system contains three to 
seven ring members. The term “aryl' may be used inter 
changeably with the term “aryl ring.” In certain embodiments 
of the present invention, “aryl” refers to an aromatic ring 
system which includes, but not limited to, phenyl, biphenyl, 
naphthyl, anthracyl and the like, which may bear one or more 
substituents. Also included within the scope of the term 
“aryl, as it is used herein, is a group in which anaromatic ring 
is fused to one or more non-aromatic rings, such as indanyl. 
phthalimidyl, naphthimidyl, phenantriidinyl, or tetrahy 
dronaphthyl, and the like. 
0052. The terms "heteroaryland “heteroar- used alone 
or as part of a larger moiety, e.g., "heteroaralkyl or "het 
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eroaralkoxy.” refer to groups having 5 to 10 ring atoms, pref 
erably 5, 6, or 9 ring atoms; having 6, 10, or 14 ni electrons 
shared in a cyclic array; and having, in addition to carbon 
atoms, from one to five heteroatoms. The term "heteroatom’ 
refers to nitrogen, oxygen, or Sulfur, and includes any oxi 
dized form of nitrogen or Sulfur, and any quaternized form of 
a basic nitrogen. Heteroaryl groups include, without limita 
tion, thienyl, furanyl, pyrrolyl, imidazolyl pyrazolyl, triaz 
olyl, tetrazolyl, oxazolyl, isoxazolyl, oxadiazolyl, thiazolyl, 
isothiazolyl, thiadiazolyl pyridyl, pyridazinyl, pyrimidinyl, 
pyrazinyl, indolizinyl, purinyl, naphthyridinyl, and pteridi 
nyl. The terms "heteroaryl' and "heteroar- as used herein, 
also include groups in which a heteroaromatic ring is fused to 
one or more aryl, cycloaliphatic, or heterocyclyl rings, where 
the radical or point of attachment is on the heteroaromatic 
ring. Nonlimiting examples include indolyl, isoindolyl, ben 
Zothienyl, benzofuranyl, dibenzofuranyl, indazolyl, benzimi 
dazolyl, benzthiazolyl, quinolyl, isoquinolyl, cinnolinyl, 
phthalazinyl, quinazolinyl, quinoxalinyl, 4H-quinolizinyl, 
carbazolyl, acridinyl, phenazinyl, phenothiazinyl, phenox 
azinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, and 
pyrido 2,3-b-1,4-oxazin-3 (4H)-one. A heteroaryl group 
may be mono- or bicyclic. The term "heteroaryl” may be used 
interchangeably with the terms "heteroaryl ring,” “heteroaryl 
group, or "heteroaromatic.' any of which terms include rings 
that are optionally substituted. The term "heteroaralkyl 
refers to an alkyl group substituted by a heteroaryl, wherein 
the alkyland heteroaryl portions independently are optionally 
Substituted. 

0053 As used herein, the terms "heterocycle,” “heterocy 
clyl.” “heterocyclic radical and "heterocyclic ring are used 
interchangeably and refer to a stable 5- to 7-membered mono 
cyclic or 7-10-membered bicyclic heterocyclic moiety that is 
either saturated or partially unsaturated, and having, in addi 
tion to carbon atoms, one or more, preferably one to four, 
heteroatoms, as defined above. When used in reference to a 
ring atom of a heterocycle, the term "nitrogen' includes a 
Substituted nitrogen. As an example, in a saturated or partially 
unsaturated ring having 0-3 heteroatoms selected from oxy 
gen, Sulfur or nitrogen, the nitrogen may be N (as in 3,4- 
dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl), or +NR (as in 
N-substituted pyrrolidinyl). 
0054. A heterocyclic ring can be attached to its pendant 
group at any heteroatom or carbonatom that results in a stable 
structure and any of the ring atoms can be optionally substi 
tuted. Examples of Such saturated or partially unsaturated 
heterocyclic radicals include, without limitation, tetrahydro 
furanyl, tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl, pip 
eridinyl, pyrrolinyl, tetrahydroquinolinyl, tetrahydroiso 
quinolinyl, decahydroquinolinyl, oxazolidinyl, piperazinyl, 
dioxanyl, dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl, 
morpholinyl, and quinuclidinyl. The terms "heterocycle.” 
"heterocyclyl. "heterocyclyl ring.” “heterocyclic group.” 
"heterocyclic moiety.” and "heterocyclic radical.” are used 
interchangeably herein, and also include groups in which a 
heterocyclyl ring is fused to one or more aryl, heteroaryl, or 
cycloaliphatic rings, such as indolinyl, 3H-indolyl, chroma 
nyl, phenanthridinyl, or tetrahydroquinolinyl, where the radi 
cal or point of attachment is on the heterocyclyl ring. A 
heterocyclyl group may be mono- or bicyclic. The term “het 
erocyclylalkyl refers to an alkyl group substituted by a het 
erocyclyl, wherein the alkyl and heterocyclyl portions inde 
pendently are optionally substituted. 
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0055 As used herein, the term “partially unsaturated 
refers to a ring moiety that includes at least one double or 
triple bond. The term “partially unsaturated is intended to 
encompass rings having multiple sites of unsaturation, but is 
not intended to include aryl or heteroaryl moieties, as herein 
defined. 
0056. The term “alkylene' refers to a bivalent alkyl group. 
An “alkylene chain” is a polymethylene group, i.e., -(CH2) 

, wherein n is a positive integer, preferably from 1 to 6. 
from 1 to 4, from 1 to 3, from 1 to 2, or from 2 to 3. A 
Substituted alkylene chain is a polymethylene group in which 
one or more methylene hydrogen atoms are replaced with a 
substituent. Suitable substituents include those described 
below for a substituted aliphatic group. 
0057 The term “alkenylene' refers to a bivalent alkenyl 
group. A Substituted alkenylene chain is a polymethylene 
group containing at least one double bond in which one or 
more hydrogen atoms are replaced with a Substituent. Suit 
able substituents include those described below for a substi 
tuted aliphatic group. 
0058 As described herein, compounds of the invention 
may contain “optionally Substituted moieties. In general, the 
term “substituted, whether preceded by the term “option 
ally or not, means that one or more hydrogens of the desig 
nated moiety are replaced with a suitable substituent. Unless 
otherwise indicated, an “optionally Substituted’ group may 
have a suitable substituent at each substitutable position of the 
group, and when more than one position in any given struc 
ture may be substituted with more than one substituent 
selected from a specified group, the Substituent may be either 
the same or different at every position. Combinations of sub 
stituents envisioned by this invention are preferably those that 
result in the formation of stable or chemically feasible com 
pounds. The term “stable.” as used herein, refers to com 
pounds that are not substantially altered when subjected to 
conditions to allow for their production, detection, and, in 
certain embodiments, their recovery, purification, and use for 
one or more of the purposes disclosed herein. 
0059 Suitable monovalent substituents on a substitutable 
carbon atom of an “optionally Substituted’ group are inde 
pendently halogen; —(CH2)o R; —(CH)OR; —O— 
(CH2)C(O)OR: —(CH) CH(OR); —(CH). SR; 
—(CH). Ph, which may be substituted with R: —(CH). 
4(CH). Ph which may be substituted with R: 
-CH=CHPh, which may be substituted with R: - NO; 
—CN: N. —(CH)N(R); —(CH)N(R)C(O)R; 
N(R)C(S)R;-(CH)N(R)C(O)NR: N(R)C(S) 

OR; —(CH)OS(O).R. —S(O)NR; —(CH)S 
(O)R: N(R)S(O)NR: N(R)S(O).R; N(OR)R: 
C(NH)NR - P(O).R: P(O)R: OP(O)R: OP 

(O)(OR); SiR —(Castraight or branched alkylene)O— 
N(R); or —(C straight or branched alkylene)C(O)O N 
(R), wherein each R may be substituted as defined below 
and is independently hydrogen, Caliphatic, —CH2Ph. 
—O(CH)--Ph, or a 5-6-membered saturated, partially 
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unsaturated, or aryl ring having 0-4 heteroatoms indepen 
dently selected from nitrogen, oxygen, or Sulfur, or, notwith 
standing the definition above, two independent occurrences 
of R, taken together with their intervening atom(s), form a 
3-12-membered Saturated, partially unsaturated, or aryl 
mono- or bicyclic ring having 0-4 heteroatoms independently 
selected from nitrogen, oxygen, or Sulfur, which may be 
substituted as defined below. 
0060 Suitable monovalent substituents on R (or the ring 
formed by taking two independent occurrences of R together 
with their intervening atoms), are independently halogen, 
-(CH.) R', -(haloR), -(CH), OH,-(CH), OR, 
—(CH-)-CH(OR); —O(haloR), —CN, N, -(CH.) 
C(O)R, (CH),C(O)OH, -(CH),C(O)OR, 
(CH2)2SR, -(CH2)2SH,-(CH2)NH2. (CH2). 

2NHR, (CH.)NR, NO. SiR OSiR, 
—C(O)SR, (C straight or branched alkylene)C(O) 
OR, or SSR wherein each R is unsubstituted or where 
preceded by “halo' is substituted only with one or more 
halogens, and is independently selected from Caliphatic, 
—CHPh. —O(CH), Ph, or a 5-6-membered saturated, 
partially unsaturated, or aryl ring having 0-4 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur. Suit 
able divalent substituents on a saturated carbon atom of R 
include —O and —S. 
0061 Suitable divalent substituents on a saturated carbon 
atom of an “optionally substituted group include the follow 
ing: —O, =S, —NNR* =NNHC(O)R*, =NNHC(O) 
OR*, =NNHS(O).R*, NR*, —NOR*, O(C(R*,)). 
3O—, or —S(C(R)). S- , wherein each independent 
occurrence of R is selected from hydrogen, Caliphatic 
which may be substituted as defined below, or an unsubsti 
tuted 5-6-membered saturated, partially unsaturated, or aryl 
ring having 0-4 heteroatoms independently selected from 
nitrogen, oxygen, or Sulfur. Suitable divalent Substituents that 
are bound to vicinal substitutable carbons of an “optionally 
substituted group include: 
—O(CR)-O-, wherein each independent occurrence of 
R* is selected from hydrogen, C-6 aliphatic which may be 
substituted as defined below, or an unsubstituted 5-6-mem 
bered saturated, partially unsaturated, or aryl ring having 0-4 
heteroatoms independently selected from nitrogen, oxygen, 
or sulfur. 

0062 Suitable substituents on the aliphatic group of R* 
include halogen, Ro, -(haloR), OH, OR, —O(ha 
loR), CN, C(O)OH, C(O)OR, NH, NHR, 
—NR, or - NO, wherein each R is unsubstituted or 
where preceded by “halo' is substituted only with one or 
more halogens, and is independently C-aliphatic, 
—CHPh. —O(CH), Ph, or a 5-6-membered saturated, 
partially unsaturated, or aryl ring having 0-4 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur. 
0063 Suitable substituents on a substitutable nitrogen of 
an “optionally substituted” group include R, NR, 
C(O)R, C(O)CR, C(O)C(O)R, C(O)CHC(O) 

R. S(O).Rf, S(O)NR, C(S)NR, C(NH)NR, 
or - N(R)S(O).R. wherein each R is independently 
hydrogen, Caliphatic which may be substituted as defined 
below, unsubstituted —OPh, or an unsubstituted 5-6-mem 
bered saturated, partially unsaturated, or aryl ring having 0-4 
heteroatoms independently selected from nitrogen, oxygen, 
or sulfur, or, notwithstanding the definition above, two inde 
pendent occurrences of R, taken together with their interven 
ing atom(s) form an unsubstituted 3-12-membered Saturated, 
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partially unsaturated, or aryl mono- or bicyclic ring having 
0-4 heteroatoms independently selected from nitrogen, oxy 
gen, or Sulfur. 
0064 Suitable substituents on the aliphatic group of Rt are 
independently halogen, R, -(haloR), OH, OR, 
O(haloR), CN, C(O)OH, C(O)OR, NH, 
NHR, NR , or —NO, wherein each R is unsubsti 

tuted or where preceded by “halo' is substituted only with one 
or more halogens, and is independently Caliphatic, 
—CHPh, —O(CH). Ph, or a 5-6-membered saturated, 
partially unsaturated, or aryl ring having 0-4 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur. 
0065. An “suitable amino-protecting group, as used 
herein, is well known in the art and include those described in 
detail in Protecting Groups in Organic Synthesis, T. W. 
Greene and P. G. M. Wuts, 3' edition, John Wiley & Sons, 
1999, the entirety of which is incorporated herein by refer 
ence. Suitable amino-protecting groups include methyl car 
bamate, ethyl carbamante, 9-fluorenylmethyl carbamate 
(Fmoc), 9-(2-sulfo)fluorenylmethyl carbamate, 9-(2,7-di 
bromo)fluoroenylmethyl carbamate, 2,7-di-t-butyl-9-(10, 
10-dioxo-10,10,10,10-tetrahydrothioxanthyl)methyl car 
bamate (DBD-Tmoc), 4-methoxyphenacyl carbamate 
(Phenoc), 2.2.2-trichloroethyl carbamate (Troc), 2-trimethyl 
silylethyl carbamate (Teoc), 2-phenylethyl carbamate (hZ), 
1-(1-adamantyl)-1-methylethyl carbamate (Adpoc), 1,1- 
dimethyl-2-haloethyl carbamate, 1,1-dimethyl-2,2-dibromo 
ethyl carbamate (DB-t-BOC), 1,1-dimethyl-2.2.2-trichloro 
ethyl carbamate (TCBOC), 1-methyl-1-(4-biphenylyl)ethyl 
carbamate (Bpoc), 1-(3,5-di-t-butylphenyl)-1-methylethyl 
carbamate (t-Bumeoc), 2-(2- and 4'-pyridyl)ethyl carbamate 
(Pyoc), 2-(N,N-dicyclohexylcarboxamido)ethyl carbamate, 
t-butyl carbamate (BOC), 1-adamantyl carbamate (Adoc), 
vinyl carbamate (Voc), allyl carbamate (Alloc), 1-isopropy 
lallyl carbamate (Ipaoc), cinnamyl carbamate (Coc), 4-nitro 
cinnamyl carbamate (Noc), 8-quinolyl carbamate, N-hydrox 
ypiperidinyl carbamate, alkyldithio carbamate, benzyl 
carbamate (Cbz), p-methoxybenzyl carbamate (MoZ), p-ni 
tobenzyl carbamate, p-bromobenzyl carbamate, p-chlo 
robenzyl carbamate, 2,4-dichlorobenzyl carbamate, 4-meth 
ylsulfinylbenzyl carbamate (MSZ), 9-anthrylmethyl 
carbamate, diphenylmethyl carbamate, 2-methylthioethyl 
carbamate, 2-methylsulfonylethyl carbamate, 2-(p-toluene 
sulfonyl)ethyl carbamate, 2-(1,3-dithianyl)methyl carbam 
ate (Dmoc), 4-methylthiophenyl carbamate (Mtpc), 2,4-dim 
ethylthiophenyl carbamate (Bmpc), 2-phosphonioethyl 
carbamate (Peoc), 2-triphenylphosphonioisopropyl carbam 
ate (Ppoc), 1,1-dimethyl-2-cyanoethyl carbamate, m-chloro 
p-acyloxybenzyl carbamate, p-(dihydroxyboryl)benzyl car 
bamate, 5-benzisoxazolylmethyl carbamate, 
2-(trifluoromethyl)-6-chromonylmethyl carbamate (Tcroc), 
m-nitrophenyl carbamate, 3.5-dimethoxybenzyl carbamate, 
o-nitrobenzyl carbamate, 3,4-dimethoxy-6-nitrobenzyl car 
bamate, phenyl(o-nitrophenyl)methyl carbamate, phenothi 
azinyl-(10)-carbonyl derivative, N'-p-toluenesulfonylami 
nocarbonyl derivative, N'-phenylaminothiocarbonyl 
derivative, t-amyl carbamate, S-benzyl thiocarbamate, p-cy 
anobenzyl carbamate, cyclobutyl carbamate, cyclohexylcar 
bamate, cyclopentyl carbamate, cyclopropylmethyl carbam 
ate, p-decyloxybenzyl carbamate, 2.2- 
dimethoxycarbonyl vinyl carbamate, o-(N.N- 
dimethylcarboxamido)benzyl carbamate, 1,1-dimethyl-3- 
(N,N-dimethylcarboxamido)propyl carbamate, 1,1- 
dimethylpropynyl carbamate, di(2-pyridyl)methyl 
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carbamate, 2-furanylmethyl carbamate, 2-iodoethyl carbam 
ate, isoborynl carbamate, isobutyl carbamate, isonicotinyl 
carbamate, p-(p'-methoxyphenylazo)benzyl carbamate, 
1-methylcyclobutyl carbamate, 1-methylcyclohexylcarbam 
ate, 1-methyl-1-cyclopropylmethyl carbamate, 1-methyl-1- 
(3,5-dimethoxyphenyl)ethyl carbamate, 1-methyl-1-(p-phe 
nylazophenyl)ethyl carbamate, 1-methyl-1-phenylethyl 
carbamate, 1-methyl-1-(4-pyridyl)ethyl carbamate, phenyl 
carbamate, p-(phenylazo)benzyl carbamate, 2,4,6-tri-t-bu 
tylphenyl carbamate, 4-(trimethylammonium)benzyl car 
bamate, 2,4,6-trimethylbenzyl carbamate, formamide, aceta 
mide, chloroacetamide, trichloroacetamide, 
trifluoroacetamide, phenylacetamide, 3-phenylpropanamide, 
picolinamide, 3-pyridylcarboxamide, N-benzoylphenylala 
nyl derivative, benzamide, p-phenylbenzamide, o-nitopheny 
lacetamide, o-nitrophenoxyacetamide, acetoacetamide, (N'- 
dithiobenzyloxycarbonylamino)acetamide, 3-(p- 
hydroxyphenyl)propanamide, 3-(o-nitrophenyl) 
propanamide, 2-methyl-2-(o-nitrophenoxy)propanamide, 
2-methyl-2-(o-phenylaZophenoxy)propanamide, 4-chlo 
robutanamide, 3-methyl-3-nitrobutanamide, o-nitrocinna 
mide, N-acetylmethionine derivative, o-nitrobenzamide, 
o-(benzoyloxymethyl)benzamide, 4,5-diphenyl-3-oxazolin 
2-one, N-phthalimide, N-dithiasuccinimide (Dts), N-2,3- 
diphenylmaleimide, N-2,5-dimethylpyrrole, N-1,1,4,4-tet 
ramethyldisilylazacyclopentane adduct (STABASE), 
5-substituted 1,3-dimethyl-1,3,5-triazacyclohexan-2-one, 
5-substituted 1,3-dibenzyl-1,3,5-triazacyclohexan-2-one, 
1-substituted 3,5-dinitro-4-pyridone, N-methylamine, N-al 
lylamine, N-(2-(trimethylsilyl)ethoxymethylamine (SEM), 
N-3-acetoxypropylamine, N-(1-isopropyl-4-nitro-2-oxo-3- 
pyroolin-3-yl)amine, quaternary ammonium salts, N-benzy 
lamine, N-di(4-methoxyphenyl)methylamine, N-5-dibenzo 
suberylamine, N-triphenylmethylamine (Tr), N-(4- 
methoxyphenyl)diphenylmethylamine (MMTr), N-9- 
phenylfluorenylamine (PhF), N-2,7-dichloro-9- 
fluorenylmethyleneamine, N-ferrocenylmethylamino (Fcm), 
N-2-picolylamino N' oxide, N-1,1-dimethylthiomethylene 
amine, N-benzylideneamine, N-p-methoxybenzylideneam 
ine, N-diphenylmethyleneamine, N-(2-pyridyl)mesitylme 
thyleneamine, N (N',N'-dimethylaminomethylene)amine, 
N,N'-isopropylidenediamine, N-p-nitrobenzylideneamine, 
N-salicylideneamine, N-5-chlorosalicylideneamine, N-(5- 
chloro-2-hydroxyphenyl)phenylmethyleneamine, N-cyclo 
hexylideneamine, N-(5,5-dimethyl-3-oxo-1-cyclohexenyl) 
amine, N-borane derivative, N-diphenylborinic acid 
derivative, N-phenyl(pentacarbonylchromium- or tungsten) 
carbonyl)amine. N-copper chelate, N-zinc chelate, N-ni 
troamine, N-nitroSoamine, amine N-oxide, diphenylphosphi 
namide (Dpp), dimethylthiophosphinamide (Mpt), 
diphenylthiophosphinamide (Ppt), dialkyl phosphorami 
dates, dibenzyl phosphoramidate, diphenyl phosphorami 
date, benzenesulfenamide, o-nitrobenzenesulfenamide 
(Nps), 2,4-dinitrobenzenesulfenamide, pentachlorobenzene 
Sulfenamide, 2-nitro-4-methoxybenzenesulfenamide, triph 
enylmethylsulfenamide, 3-nitropyridinesulfenamide (Npys), 
p-toluenesulfonamide (Ts), benzenesulfonamide, 2.3.6.-tri 
methyl-4-methoxybenzenesulfonamide (Mitr), 2,4,6-tri 
methoxybenzenesulfonamide (Mtb), 2,6-dimethyl-4-meth 
oxybenzenesulfonamide (Pme), 2,3,5,6-tetramethyl-4- 
methoxybenzenesulfonamide (Mte), 
4-methoxybenzenesulfonamide (Mbs), 2,4,6-trimethylben 
Zenesulfonamide (Mts), 2,6-dimethoxy-4-methylbenzene 
sulfonamide (iMds), 2.2.5.7.8-pentamethylchroman-6-sul 
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fonamide (Pmc), methanesulfonamide (Ms), 
B-trimethylsilylethanesulfonamide (SES), 9-anthracene 
sulfonamide, 4-(4,8-dimethoxynaphthylmethyl)benzene 
sulfonamide (DNMBS), benzylsulfonamide, trifluorometh 
ylsulfonamide, and phenacylsulfonamide. 
0066. A “suitable hydroxyl protecting group, as used 
herein, is well known in the art and include those described in 
detail in Protecting Groups in Organic Synthesis, T. W. 
Greene and P. G. M. Wuts, 3' edition, John Wiley & Sons, 
1999, the entirety of which is incorporated herein by refer 
ence. Suitable hydroxyl protecting groups include methyl, 
methoxylmethyl (MOM), methylthiomethyl (MTM), t-bu 
tylthiomethyl, (phenyldimethylsilyl)methoxymethyl 
(SMOM), benzyloxymethyl (BOM), p-methoxybenzy 
loxymethyl (PMBM), (4-methoxyphenoxy)methyl 
(p-AOM), guaiacolmethyl (GUM), t-butoxymethyl, 4-pente 
nyloxymethyl (POM), siloxymethyl, 2-methoxyethoxym 
ethyl (MEM), 2.2.2-trichloroethoxymethyl, bis(2-chloroet 
hoxy)methyl, 2-(trimethylsilyl)ethoxymethyl (SEMOR), 
tetrahydropyranyl (THP), 3-bromotetrahydropyranyl, tet 
rahydrothiopyranyl, 1-methoxycyclohexyl, 4-methoxytet 
rahydropyranyl (MTHP), 4-methoxytetrahydrothiopyranyl, 
4-methoxytetrahydrothiopyranyl S.S.-dioxide, 1-(2-chloro 
4-methyl)phenyl-4-methoxypiperidin-4-yl (CTMP), 1,4-di 
oxan-2-yl, tetrahydrofuranyl, tetrahydrothiofuranyl, 2.3.3a, 
4,5,6,7,7a-octahydro-7,8,8-trimethyl-4,7- 
methanobenzofuran-2-yl, 1-ethoxyethyl, 1-(2- 
chloroethoxyl)ethyl, 1-methyl-1-methoxyethyl, 1-methyl-1- 
benzyloxyethyl, 1-methyl-1-benzyloxy-2-fluoroethyl, 2.2.2- 
trichloroethyl, 2-trimethylsilylethyl 2-(phenylselenyl)ethyl, 
t-butyl, allyl, p-chlorophenyl, p-methoxyphenyl, 2,4-dinitro 
phenyl, benzyl, p-methoxybenzyl, 3,4-dimethoxybenzyl, 
o-nitrobenzyl, p-nitrobenzyl, p-halobenzyl, 2,6-dichloroben 
Zyl, p-cyanobenzyl, p-phenylbenzyl, 2-picolyl, 4-picolyl, 
3-methyl-2-picolyl N-oxido, diphenylmethyl, p.p'-dini 
trobenzhydryl, 5-dibenzosuberyl, triphenylmethyl, a-naphth 
yldiphenylmethyl, p-methoxyphenyldiphenylmethyl, di(p- 
methoxyphenyl)phenylmethyl, tri(p-methoxyphenyl) 
methyl, 4-(4-bromophenacyloxyphenyl)diphenylmethyl, 
4,4',4'-tris(4,5-dichlorophthalimidophenyl)methyl, 4,4',4'- 
tris(levulinoyloxyphenyl)methyl, 4,4',4'-tris(benzoylox 
yphenyl)methyl, 3-(imidazol-1-yl)bis(4,4'-dimethoxyphe 
nyl)methyl, 1,1-bis(4-methoxyphenyl)-1-pyrenylmethyl, 
9-anthryl, 9-(9-phenyl)xanthenyl, 9-(9-phenyl-10-oxo)an 
thryl, 1,3-benzodithiolan-2-yl, benzisothiazolyl S.S.-dioxido, 
trimethylsilyl (TMS), triethylsilyl (TES), triisopropylsilyl 
(TIPS), dimethylisopropylsilyl (IPDMS), diethylisopropylsi 
lyl (DEIPS), dimethylthexylsilyl, t-butyldimethylsilyl (TB 
DMS), t-butyldiphenylsilyl (TBDPS), tribenzylsilyl, tri-p- 
xylylsilyl, triphenylsilyl, diphenylmethylsilyl (DPMS), 
t-butylmethoxyphenylsilyl (TBMPS), formate, benzoylfor 
mate, acetate, chloroacetate, dichloroacetate, trichloroac 
etate, trifluoroacetate, methoxyacetate, triphenylmethoxyac 
etate, phenoxyacetate, p-chlorophenoxyacetate, 
3-phenylpropionate, 4-oxopentanoate (levulinate), 4.4-(eth 
ylenedithio)pentanoate (levulinoyldithioacetal), pivaloate, 
adamantoate, crotonate, 4-methoxycrotonate, benzoate, 
p-phenylbenzoate, 2,4,6-trimethylbenzoate (mesitoate), 
alkyl methyl carbonate, 9-fluorenylmethylcarbonate (Fmoc), 
alkyl ethyl carbonate, alkyl 2.2.2-trichloroethyl carbonate 
(Troc), 2-(trimethylsilyl)ethyl carbonate (TMSEC), 2-(phe 
nylsulfonyl)ethyl carbonate (Psec), 2-(triphenylphosphonio) 
ethyl carbonate (Peoc), alkyl isobutyl carbonate, alkyl vinyl 
carbonate alkyl allyl carbonate, alkyl p-nitrophenyl carbon 
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ate, alkylbenzyl carbonate, alkyl p-methoxybenzyl carbon 
ate, alkyl 3,4-dimethoxybenzyl carbonate, alkyl o-nitroben 
Zyl carbonate, alkyl p-nitrobenzyl carbonate, alkyl S-benzyl 
thiocarbonate, 4-ethoxy-1-napththyl carbonate, methyl 
dithiocarbonate, 2-iodobenzoate, 4-azidobutyrate, 4-nitro-4- 
methylpentanoate, o-(dibromomethyl)benzoate, 2-formyl 
benzenesulfonate, 2-(methylthiomethoxy)ethyl, 4-(meth 
ylthiomethoxy)butyrate, 2-(methylthiomethoxymethyl) 
benzoate, 2,6-dichloro-4-methylphenoxyacetate, 2,6- 
dichloro-4-(1,1,3,3-tetramethylbutyl)phenoxyacetate, 2,4- 
bis(1,1-dimethylpropyl)phenoxyacetate, 
chlorodiphenylacetate, isobutyrate, monosuccinoate, (E)-2- 
methyl-2-butenoate, o-(methoxycarbonyl)benzoate, a-naph 
thoate, nitrate, alkyl N,N,N',N'-tetramethylphosphorodiami 
date, alkyl N-phenylcarbamate, borate, 
dimethylphosphinothioyl, alkyl 2,4-dinitrophenylsulfenate, 
Sulfate, methanesulfonate (mesylate), benzylsulfonate, and 
tosylate (Ts). For protecting 1.2- or 1,3-diols, the protecting 
groups include methylene acetal, ethylidene acetal, 1-t-butyl 
ethylidene ketal, 1-phenylethylidene ketal, (4-methoxyphe 
nyl)ethylidene acetal, 2.2.2-trichloroethylidene acetal, 
acetonide, cyclopentylidene ketal, cyclohexylidene ketal, 
cycloheptylidene ketal, benzylidene acetal, p-methoxyben 
Zylidene acetal. 2,4-dimethoxybenzylidene ketal, 3,4- 
dimethoxybenzylidene acetal, 2-nitrobenzylidene acetal, 
methoxymethylene acetal, ethoxymethylene acetal, 
dimethoxymethylene ortho ester, 1-methoxyethylidene ortho 
ester, 1-ethoxyethylidine ortho ester, 1,2-dimethoxyeth 
ylidene ortho ester, a-methoxybenzylidene ortho ester, 1-(N, 
N-dimethylamino)ethylidene derivative, a-(N,N'-dimethy 
lamino)benzylidene derivative, 2-oxacyclopentylidene ortho 
ester, di-t-butylsilylene group (DTBS), 1.3-(1,1,3,3-tetraiso 
propyldisiloxanylidene) derivative (TIPDS), tetra-t-butoxy 
disiloxane-1,3-diylidene derivative (TBDS), cyclic carbon 
ates, cyclic boronates, ethylboronate, and phenylboronate. 
0067. As used herein, a “pharmaceutically acceptable 
form thereof includes any pharmaceutically acceptable 
salts, prodrugs, tautomers, isomers, and/or polymorphs of a 
compound of the present invention, as defined below and 
herein. 

0068. As used herein, the term “pharmaceutically accept 
able salt” refers to those salts which are, within the scope of 
Sound medical judgment, Suitable for use in contact with the 
tissues of humans and lower animals without undue toxicity, 
irritation, allergic response and the like, and are commensu 
rate with a reasonable benefit/risk ratio. Pharmaceutically 
acceptable salts are well known in the art. For example, S. M. 
Berge et al., describe pharmaceutically acceptable salts in 
detail in J. Pharmaceutical Sciences, 1977, 66, 1-19, incor 
porated herein by reference. Pharmaceutically acceptable 
salts of the compounds of this invention include those derived 
from Suitable inorganic and organic acids and bases. 
Examples of pharmaceutically acceptable, nontoxic acid 
addition salts are salts of an amino group formed with inor 
ganic acids such as hydrochloric acid, hydrobromic acid, 
phosphoric acid, Sulfuric acid and perchloric acid or with 
organic acids such as acetic acid, oxalic acid, maleic acid, 
tartaric acid, citric acid, Succinic acid or malonic acid or by 
using other methods used in the art Such as ion exchange. 
Other pharmaceutically acceptable salts include adipate, algi 
nate, ascorbate, aspartate, benzenesulfonate, benzoate, bisul 
fate, borate, butyrate, camphorate, camphorsulfonate, citrate, 
cyclopentanepropionate, digluconate, dodecylsulfate, 
ethanesulfonate, formate, fumarate, glucoheptonate, glycero 
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phosphate, gluconate, hemisulfate, heptanoate, hexanoate, 
hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate, lac 
tate, laurate, lauryl Sulfate, malate, maleate, malonate, meth 
anesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, 
oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 
3-phenylpropionate, phosphate, picrate, pivalate, propionate, 
Stearate. Succinate, Sulfate, tartrate, thiocyanate, p-toluene 
Sulfonate, undecanoate, Valerate salts, and the like. Salts 
derived from appropriate bases include alkali metal, alkaline 
earth metal, ammonium and N(Calkyl) salts. Represen 
tative alkali or alkaline earth metal salts include Sodium, 
lithium, potassium, calcium, magnesium, and the like. Fur 
ther pharmaceutically acceptable salts include, when appro 
priate, nontoxic ammonium, quaternary ammonium, and 
amine cations formed using counterions such as halide, 
hydroxide, carboxylate, Sulfate, phosphate, nitrate, lower 
alkyl Sulfonate and aryl Sulfonate. 
0069. As used herein, the term “prodrug” refers to a 
derivative of a parent compound that requires transformation 
within the body in order to release the parent compound. In 
certain cases, a prodrug has improved physical and/or deliv 
ery properties over the parent compound. 
0070 Prodrugs are typically designed to enhance pharma 
ceutically and/or pharmacokinetically based properties asso 
ciated with the parent compound. The advantage of a prodrug 
can lie in its physical properties, such as enhanced water 
solubility for parenteral administration at physiological pH 
compared to the parent compound, or it enhances absorption 
from the digestive tract, or it may enhance drug stability for 
long-term storage. The compounds of the invention readily 
undergo dehydration to form oligomeric anhydrides by dehy 
dration of the boronic acid moiety to form dimers, trimers, 
and tetramers, and mixtures thereof. These oligomeric spe 
cies hydrolyze under physiological conditions to reform the 
boronic acid. As such, the oligomeric anhydrides are contem 
plated as a “prodrug of the compounds of the present inven 
tion, and may be used in the treatment of disorder and/or 
conditions a wherein the inhibition of FAAH provides athera 
peutic effect. 
0071 Prodrugs of boronic acids can be in the form of the 
“ate' form when the boron is in its tetrahedral form. 
Examples of this are trifluoroborates which will rapidly 
hydrolyze to the boronic acid. Salt forms (e.g., Na', Li", 
Mg", Ca", and the like) of the boronic acid could be con 
sidered to exist as an “ate' as well. Other 1.2 and 1,3 hydroxy 
Sugars can be used to form “ate' prodrugs as depicted above, 
Such as, for example, glycerol, erythritol, threitol, ribitol, 
arabinitol. Xylitol, allitol, altritol, galactitol, Sorbitol, manni 
tol, and iditol. Other sugars which useful in the formation of 
prodruts include, but are not limited to, maltitol, lactitol, and 
isomalt, other monosaccharides which include hexoses (e.g., 
allose, altrose, glucose, mannose, gulose, idose, galactose, 
talose) and pentoses (e.g., ribose, arabinaose, Xylose, lyxose); 
pentaerythritols and structural derivatives thereof, such as 
methylated, ethylated, acetate, ethoxylate, and propoxylate 
derivatives; and phenolic polyols such as 1.2.4 benzenetriol, 
5-methylbenzene 1,2,3-triol, 2,3,4-trihydroxybenzaldehyde, 
and 3,4,5-trihydroxybenzamide. Prodrugs also include 
NMIDA-derivatives as provided in the Examples (such as the 
synthesis of compound (165), Example 113). 
0072. As used herein, the term “tautomer includes two or 
more interconvertable compounds resulting from at least one 
formal migration of a hydrogenatom and at least one change 
in Valency (e.g., a single bond to a double bond, a triple bond 
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to a single bond, or vice versa). The exact ratio of the tau 
tomers depends on several factors, including temperature, 
Solvent, and pH. Tautomerizations (i.e., the reaction provid 
ing a tautomeric pair) may catalyzed by acid or base. Exem 
plary tautomerizations include keto-to-enol; amide-to-imide; 
lactam-to-lactim; enamine-to-imine; and enamine-to-(a dif 
ferent) enamine tautomerizations. 
0073. As used herein, the term "isomers' includes any and 
all geometric isomers and stereoisomers. For example, "iso 
mers' include cis- and trans-isomers, E- and Z-isomers, R 
and S-enantiomers, diastereomers, (D)-isomers, (L)-isomers, 
racemic mixtures thereof, and other mixtures thereof, as fall 
ing within the scope of the invention. For instance, an isomer/ 
enantiomer may, in Some embodiments, be provided Substan 
tially free of the corresponding enantiomer, and may also be 
referred to as “optically enriched.” “Optically-enriched as 
used herein, means that the compound is made up of a sig 
nificantly greater proportion of one enantiomer. In certain 
embodiments the compound of the present invention is made 
up of at least about 90% by weight of a preferred enantiomer. 
In other embodiments the compound is made up of at least 
about 95%.98%, or 99% by weight of a preferred enantiomer. 
Preferred enantiomers may be isolated from racemic mix 
tures by any method known to those skilled in the art, includ 
ing chiral high pressure liquid chromatography (HPLC) and 
the formation and crystallization of chiral salts or prepared by 
asymmetric syntheses. See, for example, Jacques, et al., 
Enantiomers, Racemates and Resolutions (Wiley Inter 
science, New York, 1981); Wilen, S. H., et al., Tetrahedron 
33:2725 (1977); Eliel, E. L. Stereochemistry of Carbon Com 
pounds (McGraw-Hill, N.Y., 1962); Wilen, S. H. Tables of 
Resolving Agents and Optical Resolutions p. 268 (E. L. Eliel, 
Ed., Univ. of Notre Dame Press, Notre Dame, Ind. 1972). 
0074 As used herein, “polymorph” refers to a crystalline 
inventive compound existing in more than one crystalline 
form/structure. When polymorphism exists as a result of dif 
ference in crystal packing it is called packing polymorphism. 
Polymorphism can also result from the existence of different 
conformers of the same molecule in conformational polymor 
phism. In pseudopolymorphism the different crystal types are 
the result of hydration or solvation. 

3. Description of Exemplary Compounds 

(i) Z' and Z 
(0075). As defined generally above, Z' may be —OR, and 
Z may be —OR, an optionally substituted Cle-aliphatic, 
Co-heteroaliphatic, C-2 aryl, or C-12 heteroaryl group. 
wherein R is independently hydrogen or an optionally Sub 
stituted Caliphatic, C. heteroaliphatic, C-2 aryl, or 
C-12 heteroaryl group. 
(0076. In certain embodiments, Z' is –OH and Z is 
OH. 

0077. In some embodiments, Z' is –OH and Z is -OR. 
(0078. In other embodiments, Z' is —OR and Z is -OR. 
(0079. In yet other embodiments, Z' is -OH or OR, and 
Z is an optionally substituted Caliphatic. 
0080. In yet other embodiments, Z' is -OH or OR, and 
Z is an optionally substituted C. heteroaliphatic. 
I0081. In yet other embodiments, Z' is -OH or OR, and 
Z is a Caryl. 
I0082 In yet other embodiments, Z' is —OH or —OR, and 
Z is a C-12 heteroaryl. 



US 2015/0344503A1 

I0083. Alternatively, as generally defined above, Z' and Z 
may be taken togetherform a 5- to 8-membered ring having at 
least one O atom directly attached to B, wherein the ring is 
comprised of carbon atoms and optionally one or more addi 
tional heteroatoms independently selected from the group 
consisting of N. S., and O. 
I0084. In some embodiments, Z' and Z form a 5-mem 
bered ring. Exemplary 5-membered ring structures include, 
but are not limited to: 

( -O ON -O ON -O OS -O 

O O 
NY 
olo 

I0085. In other embodiments, Z' and Z form a 6-mem 
bered ring. Exemplary 6-membered ring structures include, 
but are not limited to: 

OS O O On O O 
N1 B1 

I0086) In yet other embodiments, Z' and Z form an 
8-membered ring. Exemplary 8-membered ring structures 
include, but are not limited to: 

Re 

N 
Re 

O O O O 
a 1 
B -- B-N 

0087 wherein R is hydrogen, a suitable amino protecting 
group, or an optionally substituted Caliphatic, C. het 
eroaliphatic, C-2 aryl, or C-12 heteroaryl group. 
I0088. Furthermore, as generally defined above, Z' may be 
—OR, wherein R is hydrogen or a Caliphatic, C. het 
eroaliphatic, C-2 aryl, or C-12 heteroaryl group, and Z and 
Ring A taken together form an optionally Substituted 5- to 
7-membered ring, wherein the ring is comprised of carbon 
atoms and optionally one or more additional heteroatoms 
independently selected from the group consisting of N. S., and 
O. 

Dec. 3, 2015 

I0089. For example, in certain embodiments, Z' is —OR, 
and Z and Ring A taken together form an optionally substi 
tuted 6-membered ring. Exemplary ring structures include, 
but are not limited to: 

and s 

wherein Ring A is as defined above and herein. 

(ii) L' 
I0090. As is also defined generally above, L' may be a 
covalent bond or an optionally Substituted Straight or 
branched C alkylene or Calkenylene moiety. 
I0091. In certain embodiments L' is a covalent bond. 
0092. In some embodiments, L' is an optionally substi 
tuted Cls alkylene moiety. In some embodiments, L' is an 
optionally substituted C- alkylene moiety. In other embodi 
ments, L' is an optionally substituted C-2 alkylene moiety. 
0093. In yet other embodiments, L' is a -CH(R)- 
group, wherein R is as defined herein. In some embodi 
ments, L' is a -CH2-group. 
0094. In other embodiments, L' is a -CHCH(R)- 
group, wherein R is as defined herein. In yet other embodi 
ments, L' is a —CH2CH2-group. 
I0095. In some embodiments, L' is an optionally substi 
tuted Coalkenylene moiety. In other embodiments, L' is an 
optionally Substituted C2-alkenylene moiety. In yet other 
embodiments, L' is a -CH=CH-group. 
(iii) Ring A 
0096. As is also defined generally above, Ring A is an 
optionally Substituted Saturated, partially unsaturated or aro 
matic Css monocyclic, Co. bicyclic or Co. tricyclic ring 
system optionally containing one or more heteroatoms inde 
pendently selected from the group consisting of N, S and O. 
0097. In certain embodiments, Ring A is a substituted 
saturated, partially unsaturated or aromatic Css monocyclic, 
Co. bicyclic or Co. tricyclic ring System optionally con 
taining one or more heteroatoms independently selected from 
the group consisting of N, S and O, wherein Ring A has at 
least one fluorine substituent (e.g., as defined by R"). In 
certain embodiments, Ring A has at least two fluorine Sub 
stituents. In certain embodiments, Ring A has at least three 
fluorine substituents. 

0098. In certain embodiments, Ring A is an aromatic ring 
system. In certain embodiments, both Ring A and Ring B are 
aromatic ring systems. However, in certain embodiments, 
Ring A is a Saturated or partially unsaturated ring system. 

(a) Monocyclic Ring A Groups 

0099. In certain embodiments, Ring A is an optionally 
Substituted Saturated, partially unsaturated or aromatic Css 
monocyclic ring system, optionally containing one or more 
heteroatoms independently selected from the group consist 
ing of N, S and O. 
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0100. In some embodiments, Ring A is an optionally sub 
stituted Saturated, partially unsaturated or aromatic Css 
monocyclic carbocyclic ring system. 
0101 For example, in some embodiments, Ring A is an 
optionally substituted aromatic C or Cs monocyclic carbocy 
clic ring system. Such monocyclic carbocyclic ring systems 
include, but are not limited to: 

N 21 

it (R'), \ 1. - N 
2S and N2 X-R'; 

I0102 wherein X, R', R' and n are as defined above and 
herein. 

0103) In certain embodiments, Ring A is an optionally 
Substituted phenyl ring system of the formula: 

Nux 
X-Ra: 

0104 wherein X, R, R are as defined above and herein; 
and 

0105 n is an integer between 0 to 5, inclusive. 
0106. In certain embodiments, Ring A is phenyl. In certain 
embodiments, Ring A is phenyl and at least one R' group is 
fluoro in the ortho position relative to the boronatom. 
I0107. In certain embodiments, Ring A is phenyl, R is 
Ring B, and Ring B is also phenyl. In other embodiments, 
Ring A is phenyl, and the group: 

(R), 

x-G) 
is attached to Ring A para to the boron (B) atom. 
0108. In certain embodiments, n is an integer between 0 to 
3. In some embodiments, n is an integer between 0 to 2. In 
other embodiments, n is 1 or 2. In yet other embodiments, n is 
1. In still yet other embodiments, n is 2. In still yet other 
embodiments, n is 0. 
0109. In certain embodiments, Ring A is an optionally 
Substituted phenyl ring system of any one of the formulae: 
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-continued 

N *Y. 
(R)-H 

2 

I0110 wherein X, R, R and n are as defined above and 
herein. 

0111. In other embodiments, Ring A is an optionally sub 
stituted phenyl ring system having an —XR" group para to 
the boron atom of any one of the formulae: 

R! 

R1 

X X X 
NRA NRA NRA 

R R1 

RI , R R1, R s 

X X X 
a. R4 na R4 a. R4 

R! R or R R; 

RI RI 

X X 
na R4 a. R4 

I0112 wherein X, R', R' and n are as defined above and 
herein. 

0113. In yet other embodiments, Ring A is an optionally 
substituted phenyl ring system having an —XR" group meta 
to the boron atom of any one of the formulae: 

R4 -R 
1 

R1 

A. 
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-continued 

I0114 wherein X, R', R' and n are as defined above and 
herein. 

0115. In yet other embodiments, Ring A is an optionally 
Substituted phenyl ring system having an —XR" group ortho 
to the boron atom of any one of the formulae: 

RI 

X R X 

C NRA NRA 
R1 R1 

R X 
R4 R. X 

n R4 

RI 
RI 
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X 
R! X NRA 

n R4 

R1 
RI 

RI 

X 
X NRA 

R', or 
R1 

R1 R1 
RI 

wherein X, R", R' and n are as defined above and herein. 
0116. However, also in certain embodiments, wherein X is 
a covalent bond and R is hydrogen, Ring A is an optionally 
Substituted phenyl ring system of the formula: 

-N 
(R)- 

21 

wherein R' and n is as defined above and herein. 
0117 For example, in certain embodiments wherein X is a 
covalent bond and R' is hydogen, Ring A is an optionally 
Substituted phenyl ring system of any one of the formulae: 

R1 

R! 
R R! R1 

R1 
RI 

R! 

RI RI 
RI RI 

RI R1 

or R R; 
R! R1 

R1 RI 
RI R1 

R1 

I0118 wherein R' and n are as defined above and herein. 
0119. In other embodiments, Ring A is an optionally sub 
stituted Saturated or partially unsaturated Css monocyclic 
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carbocyclic ring system. Such monocyclic carbocyclic ring 
systems include, but are not limited to: 

N N 
(R)-- s (R)-- s \ ^x- X 

X-R- 

(R)- - RI)-- s "\ S. X X-R- 

t and (R'), 
S- \ ^x-R' 

I0120 wherein X, R', R' and n are as defined above and 
herein. 

0121. In other embodiments, Ring A is an optionally sub 
stituted Saturated, partially unsaturated or aromatic Css 
monocyclic ring system containing one or more heteroatoms 
independently selected from the group consisting of N, S and 
O 

0.122 For example, in certain embodiments, Ring A is an 
optionally substituted aromatic Css monocyclic ring system 
containing one or more heteroatoms independently selected 
from the group consisting of N, S and O. Such aromatic 
monocyclic ring systems include, but are not limited to: 

X-R- -N 

O 

RSN 

A. X-R, K s M M 
\ | (Rav X 
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R- -\ ( y Nix 1. \\ NYX R. (R'), \ ^x-R, 

(R'),-\, X 

(R), 

NN 

& R 

X-R': 

(0123 wherein X, R', R' and n are as defined above and 
herein, and 
0.124 R is hydrogen, a suitable amino protecting group, 
or an optionally Substituted C- aliphatic, C. het 
eroaliphatic, C-12 aryl, or C-12 heteroaryl group. 
0.125. In other embodiments, Ring A is an optionally sub 
stituted Saturated or partially unsaturated Css monocyclic 
ring system containing one or more heteroatoms indepen 
dently selected from the group consisting of N, S and O. Such 
saturated or partially unsaturated monocyclic ring systems 
include, but are not limited to: 

X-R, X-R-, 

(R)-(\ (R) \, Six S-x X-R', X-R, 

(R'), ? \ (R)-A 
SS QS O. O 
YS Y^s. 

(y (Y, 
*( x-R, *( \v 4, 
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-continued 

\ 
NR3 

RI)- (R') \ ^x-R, 

/\, / R 
*( x-R, *( x-R, 
/ \ / IV 
X O RN, O 

(R) o- \x-R, *( x-R, 

/F pi\ 
(R)- (R)- N 

\ / X-R, \ / X-R-, 

/IV 
RSN, NR 
s/ x-R, 

NR 
N (R pi X R4; 

0126 whereinX,R,R,R and n areas defined above and 
herein. 

(b) Bicyclic Ring A Groups 

0127. In certain embodiments, Ring A is an optionally 
Substituted Saturated, partially unsaturated or aromatic Co 
bicyclic ring system optionally containing one or more het 
eroatoms independently selected from the group consisting of 
N, S and O. 
0128. In certain embodiments, Ring A is an optionally 
Substituted Saturated, partially unsaturated or aromatic Co 
bicyclic carbocyclic ring system. 
0129. In certain embodiments, Ring A is an optionally 
Substituted aromatic Co. bicyclic carbocyclic ring system. 
Aromatic Co. bicyclic ring systems of this type may be 
either fully aromatic (i.e., wherein both rings are aromatic) or 
partially aromatic (i.e., wherein one ring is aromatic and one 
ring is not aromatic). 
0130 For example, in certain embodiments, Ring A is an 
optionally substituted fully aromatic Co. bicyclic carbocy 
clic ring system. Such bicyclic carbocyclic ring systems 
include, but are not limited to: 

13 
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(R')^{- \ 
—fx-R', 

I0131 wherein X, R', R' and n are as defined above and 
herein. 

0.132. In other embodiments, Ring A is an optionally sub 
stituted partially aromatic Co. bicyclic carbocyclic ring sys 
tem. Such bicyclic carbocyclic ring systems include, but are 
not limited to: 

r T 9 / \ / \ &R) . 
r r / \ / 'N 29 . .o 

X-R; 

7 x-R, 

wherein X, R, R and n are as defined above and herein. 
I0133. In yet other embodiments, Ring A is an optionally 
Substituted Saturated or partially unsaturated Co. bicyclic 
carbocyclic ring system. 
I0134. In certain embodiments, Ring A is an optionally 
Substituted aromatic Co. bicyclic ring system containing 
one or more heteroatoms independently selected from the 
group consisting of N, S and O. Aromatic Co. bicyclic ring 
systems of this type may be either fully aromatic (i.e., 
wherein both rings are aromatic) or partially aromatic (i.e., 
wherein one ring is aromatic and one ring is not aromatic). 
0.135 For example, in certain embodiments, Ring A is an 
optionally substituted fully aromatic Co. bicyclic ring sys 
tem containing one or more heteroatoms independently 
selected from the group consisting of N, S and O. Such 
aromatic bicyclic ring systems include, but are not limited to: 

R. R. 
X-R-, X-R-, 

( \, ( "Y X NR8 X NR8 

(RJ) \- 2. R. Q. 
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-continued 

NR8 

X M w. 2 (R) > (R'), ea 
N X-R4, X-R, 
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(), X (R) 

0.136 whereinX,R,R,R and nareas defined above and 
herein. 

0.137 In other embodiments, Ring A is an optionally sub 
stituted partially aromatic Co. bicyclic ring system contain 
ing one or more heteroatoms independently selected from the 
group consisting of N, S and O. Such bicyclic ring systems 
include, but are not limited to: 

0138 whereinX,R,R,R and nareas defined above and 
herein. 

0.139. In yet other embodiments, Ring A is an optionally 
Substituted Saturated or partially unsaturated Co. bicyclic 
ring system containing one or more heteroatoms indepen 
dently selected from the group consisting of N, S and O. 

(c) Tricyclic Ring A Groups 

0140. In certain embodiments, Ring A is an optionally 
Substituted Saturated, partially unsaturated or aromatic Co 
tricyclic ring system optionally containing one or more het 
eroatoms independently selected from the group consisting of 
N, S and O. 
0.141. In certain embodiments, Ring A is an optionally 
Substituted Saturated, partially unsaturated or aromatic Co 
tricyclic, carbocyclic ring system. Such tricyclic carbocyclic 
ring systems include, but are not limited to: 
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(R)- H 

M 
X-R- 

0142 wherein X, R, R and n are as defined above and 
herein. 
0143. In certain embodiments, Ring A is an optionally 
Substituted aromatic Co. tricyclic, carbocyclic ring system. 
Aromatic Co. tricyclic ring systems of this type may be 
either fully aromatic (i.e., wherein all three rings are aro 
matic) or partially aromatic (i.e., wherein at least one ring is 
aromatic and at least one ring is not aromatic). 
0144. For example, in certain embodiments, Ring A is an 
optionally Substituted fully aromatic Co. tricyclic, car 
bocyclic ring system. Such tricyclic carbocyclic ring systems 
include, but are not limited to: 

(0145 wherein X, R', R' and n are as defined above and 
herein. 
0146 In other embodiments, Ring A is an optionally sub 
stituted partially aromatic Co. tricyclic, carbocyclic ring 
system. Such tricyclic carbocyclic ring systems include, but 
are not limited to: 

N 

ex 
X-R and 

(R') — \ 
m ^x-R, 

I0147 wherein X, R', R' and n are as defined above and 
herein. 
0148. In certain embodiments, Ring A is an optionally 
Substituted Saturated, partially unsaturated or aromatic Co 
tricyclic ring system containing one or more heteroatoms 
independently selected from the group consisting of N, S and 
O. 
0149 For example, in certain embodiments, Ring A is an 
optionally Substituted aromatic Co. tricyclic ring system 
containing one or more heteroatoms independently selected 
from the group consisting of N, S and O. Aromatic C 
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tricyclic ring systems of this type may be either fully aromatic 
(i.e., wherein all three rings are aromatic) or partially aro 
matic (i.e., wherein at least one ring is aromatic and at least 
one ring is not aromatic). 
0150. For example, in certain embodiments, Ring A is an 
optionally substituted fully aromatic Co. tricyclic ring sys 
tem containing one or more heteroatoms independently 
selected from the group consisting of N, S and O. Such 
tricyclic ring systems include, but are not limited to: 

r / \ . . - —x-R, 
0151. In other embodiments, Ring A is an optionally sub 
stituted partially aromatic Co. tricyclic ring system con 
taining one or more heteroatoms independently selected from 
the group consisting of N, S and O. 
0152. In yet other embodiments, Ring A is an optionally 
Substituted Saturated or partially unsaturated Co. tricyclic 
ring system containing one or more heteroatoms indepen 
dently selected from the group consisting of N, S and O. 

(iv) X 
0153. As is also defined generally above, X is a covalent 
bond or a bivalent C hydrocarbon chain, wherein one, two or 
three methylene units of X are optionally and independently 
replaced with one or more —O— —N—N—, 
CH-CH , NR' , S , C(=O)—, 

—C(=NR')— —S(=O)— —S(=O)— or an optionally 
Substituted phenylene moiety. 
0154 As is used herein, when one, two or three methylene 
units of X are optionally and independently replaced with one 
O. O. O—, N-N , CH-CH , NR' , 
S——C(=O)— —C(=NR')— —S(=O)——S(=O) 
- or an optionally substituted phenylene moiety, it is meant 

that one, two or three methylene units may be replaced with 
any of the groups —O— —N=N-, —CH=CH-, 
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O155 In certain embodiments, X is a covalent bond. 
0156. In certain embodiments, X is a bivalent C. hydro 
carbon chain. In other embodiments, X is a bivalent Ca 
hydrocarbon chain. In yet other embodiments, X is a bivalent 
C. hydrocarbon chain. In yet other embodiments, X is 
—CH2—. 
0157. In certain embodiments, X is a bivalent C hydro 
carbon chain, wherein one, two or three methylene units of X 
are optionally and independently replaced with one or more 
—O— —N—N , —CH=CH , —NR' , —S , 
—C(=O)— —C(=NR')— —S(=O)— —S(=O)—or 
an optionally Substituted phenylene moiety. 
0158. In certain embodiments, X is a bivalent C. hydro 
carbon chain, wherein one methylene unit of X are optionally 
and independently replaced with one or more —O—, 
N=N-, -CH=CH-, - NR' - S -, - C(=O) , 

—C(=NR')— —S(=O)— —S(=O) or an optionally 
Substituted phenylene moiety. 
0159. In certain embodiments, X is a bivalent C. hydro 
carbon chain, wherein one methylene unit of X is replaced 
with —O—. 
0160. In certain embodiments, X is a bivalent C. hydro 
carbon chain, wherein one methylene unit of X is replaced 
with NR' . 
0161 In certain embodiments, X is a bivalent C-hydro 
carbon chain, wherein one methylene unit of X is replaced 
with an optionally Substituted phenylene moiety. 
(0162 Exemplary bivalent C-hydrocarbon chains of X 
include, but are not limited to: —(CHR),O(CHR"): 
O(CHR).O(CHR) -(CHR), S(CHR"): (CHR) 

NR(CHR). ;-(CHR), (C=O)(CHR) (CHR) 
(COO(CAR) -(C–O)(CHR).O. : (CHR) 
(CNRCHR"); 
O(CHR S-O)(CHR)NRCHR) -(CHR). (SO)(CHR)-; (CHR), SO(CHR); (CHR) 

SONR'(CHR) ; (CHR). CH-CH(CHR ). (CHR)N NCCHR), : (CHR'),C(O)NR(CHR) 
g 

FV O 
x1 

(CHR)-O-(CHR) M - (R'), 

0163 wherein R is as defined above and herein; 
(0164) R' is hydrogen, halogen, OR, NR'2, C(=O) 
R", C(=O)CR', C(=O)N(R'), or an optionally sub 
stituted Caliphatic, C. heteroaliphatic, Caryl, or 
C. heteroaryl group; wherein R is hydrogen, a Suitable 
hydroxyl protecting group or an optionally Substituted C 
aliphatic, C. heteroaliphatic, C-2 aryl, or C-12 heteroaryl 
group, each instance of R is, independently, hydrogen, a 
Suitable amino protecting group, an optionally Substituted 
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Caliphatic, C. heteroaliphatic, C-2 aryl, or C-12 het 
eroaryl group, or two R' are joined to form a 5- to 6-mem 
bered ring; and R" is hydrogen, or an optionally substituted 
C-aliphatic, C-heteroaliphatic, Caryl, or C. het 
eroaryl group; 
(0165 q is 0 to 4: 
(0166 r is 0 to 1; and 
(0167 s is 1 to 3. 
19168) In certain embodiments, when X is —(CHR")NR' 
(CHR") , at least one fluorine substituent of Ring A is ortho 
to the boron (B) atom. In other embodiments, when X is 
—(CH),NR'(CH) , at least one fluorine substituent of 
Ring A is ortho to the boron (B) atom. In yet other embodi 
ments, when X is NHCH , at least one fluorine substitu 
ent of Ring A is ortho to the boron (B) atom. In still yet other 
embodiments, when X is —NHCH , one fluorine substitu 
ent of Ring A is ortho to the boron (B) atom. 

(v) R' 
(0169. As is defined generally above, R is (i) hydrogen, 
halogen, OH, OR, CF, CN, NO, NC, 
SOR, -SOR, —C(O)R, COR, C(O)N(R), N., 

—NR, or—N(R'), wherein RandR' is as described herein; 
or (ii) Ring Bhaving the formula: 

(R): 

wherein Ring B is an optionally Substituted Saturated, par 
tially unsaturated or aromatic Css monocyclic, Co. bicyclic 
or Co. tricyclic ring System optionally containing one or 
more heteroatoms independently selected from the group 
consisting of N, S and O. 
(0170. In certain embodiments, R is hydrogen, halogen, 
OH, -OR, CF, CN, NO, NC, -SOR, 

—SOR, —C(O)R.—COR, C(O)N(R'), N = NR, or 
—N(R'), wherein R and R' areas defined above and herein. 
(0171 Incertain embodiments, X is a covalent bond and R' 
is hydrogen, halogen, —OH, -OR, —CF, —CN, —NO, 
NC, -SOR, -SOR, C(O)R, CO.R.—C(O)N(R'), 

—C(O)NH2, —CHO. —N —NR, or—N(R'), wherein R 
and Rare as defined above and herein. 

(vi) Ring B 

(0172. As is defined generally above, R is, in certain 
embodiments, Ring B of the formula: 

(R): 

wherein Ring B is an optionally Substituted Saturated, par 
tially unsaturated or aromatic Css monocyclic, Co. bicyclic 
or Co. tricyclic ring System optionally containing one or 
more heteroatoms independently selected from the group 
consisting of N, S and O. 
0173. In certain embodiments, Ring B is an aromatic ring 
system. In certain embodiments, both Ring Band Ring A are 
aromatic ring systems. However, in certain embodiments, 
Ring B is a Saturated or partially unsaturated ring system. 
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(a) Monocyclic Ring Systems 

0.174. In certain embodiments, Ring B is an optionally 
Substituted Saturated, partially unsaturated or aromatic Css 
monocyclic ring system, optionally containing one or more 
heteroatoms independently selected from the group consist 
ing of N, S and O. 
0.175. In some embodiments, Ring B is an optionally sub 
stituted Saturated, partially unsaturated or aromatic Css 
monocyclic carbocyclic ring system. 
0176 For example, in some embodiments, Ring B is an 
optionally substituted aromatic C or Cs monocyclic carbocy 
clic ring system. Such monocyclic carbocyclic ring systems 
include, but are not limited to: 

N 
(R)- and 

21 

wherein R and mare as defined above and herein. 
0177. In certain embodiments, Ring B is an optionally 
Substituted phenyl ring system of the formula: 

N 
2 (R'), it 

2 

(0178 wherein R and mare as defined above and herein; 
and 

0179 m is an integer between 0 to 5, inclusive. 
0180. In certain embodiments, misan integer between 0 to 
3. In some embodiments, m is an integer between 0 to 2. In 
other embodiments, m is 1 or 2. In yet other embodiments, m 
is 1. In still yet other embodiments, m is 2. In still yet other 
embodiments, m is 0. 
0181. In certain embodiments, Ring B is an optionally 
Substituted phenyl ring system of any one of the formulae: 
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-continued 

or R2 R2; 

(0182 wherein R is as defined above and herein. 
0183 In certain embodiments, Ring B is phenyl. In certain 
embodiments, both Ring B and Ring A are phenyl. 
0184. In other embodiments, Ring B is an optionally sub 
stituted Saturated or partially unsaturated Css monocyclic 
carbocyclic ring system. Such monocyclic carbocyclic ring 
systems include, but are not limited to: 

(0185 wherein R and mare as defined above and herein. 
0186. In other embodiments, Ring B is an optionally sub 
stituted Saturated, partially unsaturated or aromatic Css 
monocyclic ring system containing one or more heteroatoms 
independently selected from the group consisting of N, S and 
O 

0187. For example, in certain embodiments, Ring B is an 
optionally Substituted aromatic Css monocyclic ring system 
containing one or more heteroatoms independently selected 
from the group consisting of N, S and O. Such aromatic 
monocyclic ring systems include, but are not limited to: 

(R), &-NR, 2. W 5 s (R'). - d 

(R)-f NR8 N s A s NY (R)- d 
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-continued 

?i\ (R). FIV of 
Nsal O N S ><1 N1 N 

N 

{ R- O (R), A / N1 

R2 & M (R2), K / ( ) \ N Y-N 

N N 
A. M s’ “ s’ “ 

0188 wherein R and mare as defined above and herein, 
and 

0189 R is hydrogen, a suitable amino protecting group, 
or an optionally Substituted C- aliphatic, C. het 
eroaliphatic, Caryl, or C. heteroaryl group. 
0190. In other embodiments, Ring B is an optionally sub 
stituted Saturated or partially unsaturated Css monocyclic 
ring system containing one or more heteroatoms indepen 
dently selected from the group consisting of N, S and O. Such 
saturated or partially unsaturated monocyclic ring systems 
include, but are not limited to: 

18 

-continued 

(R), 

/\, 
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(0191 wherein R, R and m are as defined above and 
herein. 

(b) Bicyclic Ring B Groups 

0.192 In certain embodiments, Ring B is an optionally 
Substituted Saturated, partially unsaturated or aromatic Co 
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bicyclic ring system optionally containing one or more het 
eroatoms independently selected from the group consisting of 
N, S and O. 
0193 In certain embodiments, Ring B is an optionally 
Substituted Saturated, partially unsaturated or aromatic Co 
bicyclic carbocyclic ring system. 
0194 In certain embodiments, Ring B is an optionally 
Substituted aromatic Co. bicyclic carbocyclic ring system. 
Aromatic Co. bicyclic ring systems of this type may be 
either fully aromatic (i.e., wherein both rings are aromatic) or 
partially aromatic (i.e., wherein one ring is aromatic and one 
ring is not aromatic). 
0.195 For example, in certain embodiments, Ring B is an 
optionally substituted fully aromatic Co. bicyclic carbocy 
clic ring system. Such bicyclic carbocyclic ring systems 
include, but are not limited to: 

(0196) wherein R and mare as defined above and herein. 
(0197) In other embodiments, Ring A is an optionally sub 
stituted partially aromatic Co. bicyclic carbocyclic ring sys 
tem. Such bicyclic carbocyclic ring systems include, but are 
not limited to: 

s O, 

/ \ / \ 

r r / 'N and / " \ zo: ...) or 
wherein R and mare as defined above and herein. 

0198 In yet other embodiments, Ring B is an optionally 
Substituted Saturated or partially unsaturated Co. bicyclic 
carbocyclic ring system. 
0199. In certain embodiments, Ring B is an optionally 
Substituted aromatic Co. bicyclic ring system containing 
one or more heteroatoms independently selected from the 
group consisting of N, S and O. Aromatic Co. bicyclic ring 
systems of this type may be either fully aromatic (i.e., 
wherein both rings are aromatic) or partially aromatic (i.e., 
wherein one ring is aromatic and one ring is not aromatic). 
0200 For example, in certain embodiments, Ring B is an 
optionally substituted fully aromatic Co. bicyclic ring sys 
tem containing one or more heteroatoms independently 
selected from the group consisting of N, S and O. Such 
aromatic bicyclic ring systems include, but are not limited to: 
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R. R. 
(R)-18 o (R:) (o 

2 s 

r / " \ opo 

(R), 4 

\ NRg, s , 
(R2)1 \= - (e. Z 

(R), 
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0201 wherein R, R and m are as defined above and 
herein. 
0202 In other embodiments, Ring B is an optionally sub 
stituted partially aromatic Co. bicyclic ring system contain 
ing one or more heteroatoms independently selected from the 
group consisting of N, S and O. Such bicyclic ring systems 
include, but are not limited to: 

or ir 

opo 
N 

(0203 wherein R, R and m are as defined above and 
herein. 
0204. In yet other embodiments, Ring B is an optionally 
Substituted Saturated or partially unsaturated Co. bicyclic 
ring system containing one or more heteroatoms indepen 
dently selected from the group consisting of N, S and O. 

(c) Tricyclic Ring B Groups 

0205. In certain embodiments, Ring B is an optionally 
Substituted Saturated, partially unsaturated or aromatic Co 
tricyclic ring system optionally containing one or more het 
eroatoms independently selected from the group consisting of 
N, S and O. 
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0206. In certain embodiments, Ring B is an optionally 
Substituted Saturated, partially unsaturated or aromatic Co 
tricyclic, carbocyclic ring system. Such tricyclic carbocyclic 
ring systems include, but are not limited to: 

(R2). H 

0207 wherein R and mare as defined above and herein. 
0208. In certain embodiments, Ring B is an optionally 
Substituted aromatic Co-stricyclic, carbocyclic ring system. 
Aromatic Co. tricyclic ring systems of this type may be 
either fully aromatic (i.e., wherein all three rings are aro 
matic) or partially aromatic (i.e., wherein at least one ring is 
aromatic and at least one ring is not aromatic). 
0209 For example, in certain embodiments, Ring B is an 
optionally substituted fully aromatic Co. tricyclic, car 
bocyclic ring system. Such tricyclic carbocyclic ring systems 
include, but are not limited to: 

(R), 

0210 wherein R and mare as defined above and herein. 
0211. In other embodiments, Ring B is an optionally sub 
stituted partially aromatic Co. tricyclic, carbocyclic ring 
system. Such tricyclic carbocyclic ring systems include, but 
are not limited to: 

(R), and 

(R), 

(0212 wherein R and mare as defined above and herein. 
0213. In certain embodiments, Ring B is an optionally 
Substituted Saturated, partially unsaturated or aromatic Co 
tricyclic ring system containing one or more heteroatoms 
independently selected from the group consisting of N, S and 
O. 
0214. For example, in certain embodiments, Ring B is an 
optionally Substituted aromatic Co. tricyclic ring system 
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containing one or more heteroatoms independently selected 
from the group consisting of N, S and O. Aromatic C 
tricyclic ring systems of this type may be either fully aromatic 
(i.e., wherein all three rings are aromatic) or partially aro 
matic (i.e., wherein at least one ring is aromatic and at least 
one ring is not aromatic). 
0215 For example, in certain embodiments, Ring B is an 
optionally substituted fully aromatic Co. tricyclic ring sys 
tem containing one or more heteroatoms independently 
selected from the group consisting of N, S and O. Such 
tricyclic ring systems include, but are not limited to: 

1So 

/ \ 1K 
(R), s 

A \ 1x 
(R), 8 s 

N 

7 and 
1. \ 

(R25 s 

y \ 
-- y 

0216) wherein R, R and m are as defined above and 
herein. 
0217. In other embodiments, Ring B is an optionally sub 
stituted partially aromatic Co. tricyclic ring system con 
taining one or more heteroatoms independently selected from 
the group consisting of N, S and O. 
0218. In yet other embodiments, Ring B is an optionally 
Substituted Saturated or partially unsaturated Co. tricyclic 
ring system containing one or more heteroatoms indepen 
dently selected from the group consisting of N, S and O. 
(vii) R' 
0219) 
R" is, independently, halogen, OR, CF, CN, NO, 
NC, -SOR, -SOR, C(O)R, CO.R.—C(O)N(R'), 

—N —NR, —N(R') —B(OH), or an optionally substi 
tuted Cisaliphatic group, wherein each instance of R and R' 
is as described herein; or two R' groups together form a 5- to 
6-membered heterocyclic ring. 
0220. In certain embodiments, eachinstance of R' is, inde 
pendently, halogen, —OR, —CF —CN, —NO. —NC. 
SOR, -SOR, C(O)R, COR, C(O)N(R') - N. 

—NR, or N(R'). 
0221) In certain embodiments, eachinstance of R' is, inde 
pendently, halogen, or —OR. 

As is also defined generally above, each instance of 
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(0222. In some embodiments, R' is halogen. In other 
embodiments, R' is —For C1. In yet other embodiments, 
R" is F. 
10223) In certain embodiments, at least one R' is ortho to 
the boronatom. In other embodiments, at least one R' is meta 
to the boronatom. In yet other embodiments, at least one R' 
is para to the boronatom. 
0224. In yet other embodiments, n is 1 and R' is ortho to 
the boronatom. In other embodiments, n is 1 and R' is meta 
to the boronatom. In yet other embodiments, n is 1 and R' is 
para to the boronatom. 
(viii) R 
0225. As is also defined generally above, each instance 
ofR is, independently, halogen, OR, CF, CN, 
NO, NC, SOR, SOR, —C(O)R, COR, 

—C(O)N(R) - N - NR, N(R), or an optionally sub 
stituted Caliphatic group, wherein each instance of R and 
R" is, as described herein. 
0226. In certain embodiments, each instance of R is, inde 
pendently, halogen, —OR, —CF —CN, —NO. —NC. 
SOR, -SOR, C(O)R, COR, C(O)N(R') - N. 

—NR, N(R') or an optionally substituted Caliphatic 
group. 

10227. In certain embodiments, eachinstance of R is, inde 
pendently, halogen or —OR. In some embodiments, R is 
halogen. In otherembodiments, Ris-For-Cl. In yet other 
embodiments, R is —F. 
0228. In certain embodiments, at least one R is ortho to 
the linker group X. In other embodiments, at least one R is 
meta to the linker group X. In yet other embodiments, at least 
one R is para to the linker group X. 
10229. In yet other embodiments, m is 1 and R is ortho to 
the linker group X. In other embodiments, m is 1 and R is 
meta to the linker group X. In yet other embodiments, m is 1 
and R is para to the linker group X. 

(ix) Exemplary Compounds 

0230 Exemplary compounds of the present invention are 
set forth in the Examples and in Tables 1 and 2, provided 
below. Compounds of the present invention were assayed as 
inhibitors of human or rat FAAHusing the method described 
in detail in Example 172. Activity of exemplified compounds 
is provided in Tables 1 and 2, below, wherein activity desig 
nated as 'A' refers to compounds having a K, of less than or 
equal to 0.01 microM, “B” refers to compounds having a K, of 
between 0.01 microM and 0.1 microM, “C” refers to com 
pounds having a K, of between 0.01 microM and 1 microM, 
and “D” refers to compounds having a K, of greater than 1 
microM. 

TABLE 1 

Compound Activity 

H H C 

O O 
n B1 
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Compound Activity Compound Activity 
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Compound Activity 
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