
US 20090324551Al 

(12) Patent Application Publication (10) Pub. No.: US 2009/0324551 A1 
(19) United States 

Carson et al. (43) Pub. Date: Dec. 31, 2009 

(54) TLR AGONISTS 

Dennis A. Carson, La Jolla, CA 
(US); Kenji Takabayshi, PoWay, 
CA (U S); Suzanne GrimshaW, 
legal representative, PoWay, CA 
(US); Howard B. Cottam, 
Escondido, CA (US); Michael 
Chan, San Diego, CA (US); 
Christina C.N. Wu, Escondido, CA 
(Us) 

(75) Inventors: 

Correspondence Address: 
SCHWEGMAN, LUNDBERG & WOESSNER, 
P.A. 
PO. BOX 2938 
MINNEAPOLIS, MN 55402 (US) 

(73) Assignee: The Regents of The University of 
California Of?ce of Technology 
Transfer, Oakland, CA (US) 

(21) Appl. No.: 12/064,529 

(22) PCT Filed: Aug. 21, 2006 

Related US. Application Data 

(60) Provisional application No. 60/710,337, ?led on Aug. 
22, 2005. 

Publication Classi?cation 

(51) Int. Cl. 
A61K 45/00 (2006.01) 
C07D 473/00 (2006.01) 
A61K 31/522 (2006.01) 
C12N 1/20 (2006.01) 
C12N 7/00 (2006.01) 
A61P 35/00 (2006.01) 

(52) US. Cl. ................. .. 424/93.4; 544/276; 514/263.37; 
435/252.5; 435/252.1; 435/252.8; 435/235.1; 

424/93.5; 424/93.6 

(57) ABSTRACT 

The present invention provides for TLR agonist conjugates 
(compounds) and compositions, as Well as methods of using 
them. The compounds of the invention are broad-spectrum, 
long-lasting, and non-toxic combination of synthetic immu 
nostimulatory agents, Which are useful for activating the 
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TLR AGONISTS 

RELATED APPLICATION 

[0001] This application claims priority from US. Provi 
sional Application Ser. No. 60/710,337 ?led Aug. 22, 2005, 
Which application is herein incorporated by reference. 

GOVERNMENT FUNDING 

[0002] The invention described herein Was made With gov 
ernment support under Grant Number 3 UO1 AI056453-01 
aWarded by the National Institute of Health. The United 
States Government has certain rights in the invention. 

BACKGROUND OF THE INVENTION 

[0003] A great deal has been learned about the molecular 
basis of innate recognition of microbial pathogens in the last 
decade. It is generally accepted that many somatic cells 
express a range of pattern recognition receptors that detect 
potential pathogens independently of the adaptive immune 
system. (See JaneWay et al., Annu Rev Immunol, 20: 197-216 
(2002).) These receptors are believed to interact With micro 
bial components termed pathogen associated molecular pat 
terns (PAMPs). Examples of PAMPs include peptidoglycans, 
lipotechoic acids from gram-positive cell Walls, the sugar 
mannose (Which is common in microbial carbohydrates but 
rare in humans), bacterial DNA, double-stranded RNA from 
viruses, and glucans from fungal cell Walls. PAMPs generally 
meet certain criteria that include, (a) their expression by 
microbes but not their mammalian hosts, (b) conservation of 
structure across the Wide range of pathogens, and (c) the 
capacity to stimulate innate immunity. Toll-like Receptors 
(TLRs) have been found to play a central role in the detection 
of PAMPs and in the early response to microbial infections. 
(See Underhill et al., Curr Opin Immunol, 14: 103-1 10 
(2002).) Ten mammalian TLRs and a number of their agonists 
have been identi?ed. For example, TLR7 and TLR9 recog 
niZe and respond to imiquimod and immunostimulatory CpG 
oligonucleotides (ISS-ODN), respectively. The synthetic 
immunomodulator R-848 (resiquimod) activates both TLR7 
and TLR8. While TLR stimulation initiates a common sig 
naling cascade (involving the adaptor protein MyD88, the 
transcription factor NF -kB, and pro -in?ammatory and effec 
tor cytokines), certain cell types tend to produce certain 
TLRs. For example, TLR7 and TLR9 are found predomi 
nantly on the internal faces of endosomes in dendritic cells 
(DCs) and B lymphocytes (in humans; mouse macrophages 
express TLR7 and TLR9). TLR8, on the other hand, is found 
in human blood monocytes. (See Hornung et al., J. Immunol, 
1681453 1 -4537 (2002)). 
[0004] Interferons (INFs) are also involved in the ef?cient 
induction of an immune response, especially after viral infec 
tion (Brassard et al., J. Leukoc Biol, 71:568-581 (2002).) 
HoWever, many viruses produce a variety of proteins that 
block interferon production or action at various levels. 
Antagonism of interferon is believed to be part of a general 
strategy to evade innate, as Well as adaptive immunity. (See 
Levy et al., Cytokine GroWth Factor Rev, 12: 143-156 
(2001).) While TLR agonists (TLR-L) may be suf?ciently 
active for some methods of treatment, in some instances the 
microbial interferon antagonists could mitigate the adjuvant 
effects of synthetic TLR-L. 
[0005] Accordingly, there exists a need for compounds that 
augment TLR-induced signal transduction, i.e., compounds 

Dec. 31, 2009 

that hinder viral or bacterial obstruction of interferon produc 
tion or have the ability to modulate the innate immune system 
using the TLR agonists. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides for TLR agonist 
conjugates (compounds) and compositions, as Well as meth 
ods of using them. The compounds of the invention are broad 
spectrum, long-lasting, and non-toxic combination of syn 
thetic immunostimulatory agents, Which are useful for 
activating the immune system of a mammal, preferably a 
human and can help direct the pharmacophore to the receptor 
Within the endosomes of target cells and enhance the signal 
transduction induced by the pharmacophore. The compounds 
of the invention include a pharmacophore covalently bound to 
an auxiliary group. Accordingly there is provided a com 
pound of the invention Which is a compound of formula (I): 

(1) 

[0007] wherein X1 is iOi, iSi, or iNRCi; 
[0008] Wherein RC hydrogen, C 1_ l0alkyl, or C 1_ 1Oalkyl sub 
stituted by C3_6-cycloalkyl, or R” and R1 taken together With 
the nitrogen atom can form a heterocyclic ring or a substituted 
heterocyclic ring, Wherein the substituents are hydroxy, 
Cl_6alkyl, hydroxyCl_6alkylene, Cl_6alkoxy, Cl_6alkoxyCl_ 
6alkylene, or cyano; 

[0009] R1 is (Cl-C1O)alkyl, substituted (Cl-Clo)alkyl, 
C6_ 1Oaryl, or substituted C6_ 1Oaryl, C5_9heterocyclic, substi 
tuted C5_9heterocyclic; 
[0010] each R2 is independently hydrogen, ‘OH, (C l-C6) 
alkyl, substituted (Cl-C6)alkyl, (Cl-C6)alkoxy, substituted 
(Cl-C6)alkoxy, 4C(O)i(Cl-C6)alkyl (alkanoyl), substi 
tmed*C(O)*(C1-C()a11<y1, %(O)*(C6-C10)ary1 (aroyl), 
substituted 4C(O)i(C6-Clo)aryl, iC(O)OH (carboxyl), 
4C(O)O(Cl-C6)alkyl (alkoxycarbonyl), substituted 4C(O) 
O(Cl-C6)alkyl, iNRaRb, 4C(O)NR“Rb (carbamoyl), sub 
stituted iC(O)NR“Rb, halo, nitro, or cyano; 
[0011] each R“ and Rh is independently hydrogen, (C 1-C6) 
alkyl, (C3-C8)cycloalkyl, (Cl-C6)alkoxy, halo(Cl-C6)alkyl, 
(C3-C8)cycloalkyl(Cl-C6)alkyl, (Cl-C6)alkanoyl, hydroxy 
(Cl-C6)alkyl, aryl, aryl(Cl-C6)alkyl, Het, Het (Cl-C6)alkyl, 
or (C l-C6)alkoxycarbonyl; 
[0012] X2 is a bond or a linking group; and R3 is an auxil 
1ary group; 

[0013] nis 1,2,3, or4;mis1or2;qis1or2; or 
[0014] a pharmaceutically acceptable salt thereof. 
[0015] The auxiliary groups can include organic mol 
ecules, composed of carbon, oxygen, hydrogen, nitrogen, 
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sulfur, phosphorous atoms. These groups are not harmful to 
body tissues (e.g., they are non-toxic, and/or do not cause 
in?ammation). 
[0016] In addition, the invention also provides a pharma 
ceutical composition comprising at least one compound of 
formula (I), or a pharmaceutically acceptable salt thereof, in 
combination With a pharmaceutically acceptable diluent or 
carrier. 
[0017] In one embodiment, the invention provides a thera 
peutic method for preventing or treating a pathological con 
dition or symptom in a mammal, such as a human, Wherein 
the activity of TLR agonists is implicated and its action is 
desired, comprising administering to a mammal in need of 
such therapy, an effective amount of a compound of formula 
(I), or a pharmaceutically acceptable salt thereof. Non-limit 
ing examples of pathological conditions or symptoms that are 
suitable for treatment include cancers, treatment for bacterial 
or viral diseases, treating autoimmune diseases, and treating 
Crohn’s Disease. 
[0018] The compounds of the invention can also be used as 
or to prepare vaccines against bacteria, viruses, cancer cells, 
cancer speci?c peptides, enhancers of monoclonal antibodies 
against cancer, a CNS stimulant, or for biodefense. 
[0019] The invention provides a compound of formula (I) 
for use in medical therapy (e.g., for use as an anti-cancer 
agent, treatment for bacterial diseases, treatment for viral 
diseases, such as hepatitis C and hepatitis B, Crohn’s Disease, 
and as therapeutic agents for treating immunologic disease). 
Furthermore, it is suggested that compounds of formula (I) 
Will prevent carcinogenesis by hepatitis C and hepatitis B, as 
Well as the use of a compound of formula (I) for the manu 
facture of a medicament useful for the treatment of cancer, 
viral diseases, Crohn’s Disease, and immunologic disorders 
in a mammal, such as a human. 

[0020] In a speci?c embodiment, the present invention pro 
vides a method for treating a viral infection in a mammal by 
administering a TLR agonist compound of formula (I). The 
viral infection can be caused by an RNA virus, a product of 
the RNA virus that acts as a TLR agonist and/ or a DNA virus. 
A speci?c DNA virus for treatment is the Hepatitis B virus. 
[0021] In another speci?c embodiment, the present inven 
tion provides a method for treating cancer by administering 
an effective amount of a TLR agonist compound of formula 
(I). The cancer can be an interferon sensitive cancer, such as, 
for example, a leukemia, a lymphoma, a myeloma, a mela 
noma, or a renal cancer. 

[0022] In another speci?c embodiment, the present inven 
tion provides a method of treating an autoimmune disease by 
administering a therapeutically effective amount of a TLR 
agonist compound of formula (I) or a pharmaceutically 
acceptable salt of such a compound. A speci?c autoimmune 
disease is Multiple Sclerosis, lupus, rheumatoid arthritis and 
the like. 
[0023] In another speci?c embodiment, the present inven 
tion provides a method of treating Crohn’s Disease by admin 
istering a TLR agonist compound of formula (I). 
[0024] The TLR agonists can be a homofunctional TLR 
agonist polymer and can consist of a TLR-7 agonist or a 
TLR-8 agonist. The TLR7 agonist can be a 7-thia-8-oxogua 
nosinyl (TOG) moiety, a 7-deaZaguanosinyl (7DG) moiety, a 
resiquimod moiety, or an imiquimod moiety. The TLR8 ago 
nist can be a resiquimod moiety. In another aspect, the TLR 
agonist is a heterofunctional TLR agonist polymer. The het 
erofunctional TLR agonist polymer can include a TLR-7 
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agonist and a TLR-8 agonist or a TLR-9 agonist or all three 
agonists. The heterofunctional TLR agonist polymer can 
include a TLR-8 agonist and a TLR-9 agonist. 
[0025] The invention also provides processes and interme 
diates disclosed herein that are useful for preparing com 
pounds of formula (I) or salts thereof. 

BRIEF DESCRIPTION OF THE FIGURES 

[0026] FIG. 1 is a graphic illustration of the absorption 
chromophore (at ~350 nm) of a compound of formula I (OVA/ 
IV150 Conjugate). 
[0027] FIG. 2 is a graphic illustration of the stimulation of 
bone marroW derived dendritic cells (BMDC). 
[0028] FIG. 3 illustrates the conjugation of a TLR7 agonist, 
UC-1V150, to mouse serum albumin (MSA). The success of 
conjugation is indicated by UV spectroscopy. The UC-1V150 
to MSA ratio is approximately 5:1 
[0029] FIGS. 4A and B illustrate that the UC-1V150 and 
MSA conjugates activate both murine bone marroW-derived 
macrophages (4A) and human peripheral blood mononuclear 
cells (4B). Cells Were incubated With various concentrations 
of the compound from 0.5 nM to 10 [1M in BMDM or from 0.1 
to 10 [1M in PBMC. Culture supematants Were harvested after 
24 h and cytokine levels Were analyZed by Luminex. 
[0030] FIGS. 5A, 5B, 5C, and 5D illustrate the increased 
potency and duration of effect of UC-1V1 50/MSA. C57BL/ 6 
mice Were injected (i .v.) With (A) 0.1 micromole of 
SM-360320, a TLR7 ligand, or (B) equivalent amount of a 
TLR7 agonist UC-1V150 (aldehyde-modi?ed SM-360320) 
or UC-1V150/MSA to 500 pg MSA per mouse. Serum 
samples Were collected at the indicated time points and cytok 
ine levels Were analyZed by Luminex. MSAImouse serum 
albumin. The effect from the original TLR7 ligand, 
SM-360320, lasted for only 2 hours Whereas UC-1V150/ 
MSA has extended the effect to at least 6 hours. 
[0031] FIG. 6 illustrates the effects of UC-1V150 conju 
gated With inactivated SIV (6A) or With OVA in combination 
With ODN (6B). Myeloid BMDC Were incubated for 24 hr 
With various conditions at 0.1 ug/ml as indicated. IL-12 levels 
in the cell supernatant Were measured by ELISA. 
[0032] FIGS. 7A and 7B illustrates an increased potency of 
UC-1V150/MSA. C57BL/6 mice Were i.v. injected With 380 
mmole of SM-360320 or UC-1V150, or 500 pg of 
UC-1V150/MSA (equivalent to 3.8 mmole UC-1V150) per 
mouse. Serum samples Were collected after 2 h and cytokine 
levels Were analyZed by Luminex. To achieve the similar 
effect, at least 100-fold higher concentration of either 
UC-1V150 or SM-360320 Was required as compared to that 
ofUC-1V150/MSA. 
[0033] FIG. 8 is an illustration of the uv spectrum of a 
double-conj ugate, (OVA/1V1 50/1 043). 
[0034] FIG. 9 is an illustration of the induction of IL-12 in 
BMDC using OVA/ODN/IV150 conjugates. 
[0035] FIG. 10 illustrates direct conjugation of SIV Par 
ticles to the IA compound IV150. 
[0036] FIG. 11 illustrates the ability to prepare compounds 
of the invention With virus particles attached to a compound 
having formula IA and the TLR agonist activity of the com 
pounds. 
[0037] FIG. 12 illustrates the molecular areas of speci?city 
for antibodies raised against the conjugates containing a 
linker and a TLR ligand. 
[0038] FIGS. 13A and 13B illustrate the distinction 
betWeen the four substances applied to the respective lanes on 
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a gel in a Western plot analysis. In FIG. 13A, the gel mem 
brane Was probed With anti-ovalbumin (anti-OVA) antibody 
and all lanes gave a positive band, indicating that OVA Was 
detected in all lanes, as expected. In FIG. 13B, the gel mem 
brane Was probed With the selective antibody raised to the 
TLR ligand portion of the conjugate, and therefore only lane 
4 Was positive, con?rming the speci?city of the antibody for 
the TLR ligand. 

DETAILED DESCRIPTION 

[0039] Non-limiting examples of auxiliary groups include 
side chains that increase solubility, such as, for example, 
groups containing morpholino, piperidino, pyrrolidino, or 
piperaZino rings and the like; amino acids, polymers of amino 
acids (proteins or peptides), e.g., dipeptides or tripeptides, 
and the like; carbohydrates (polysaccharides), nucleotides 
such as, for example, PNA, RNA and DNA, and the like; 
polymers of organic materials, such as, for example, polyeth 
ylene glycol, poly-lactide and the like; monomeric and poly 
meric lipids; insoluble organic nanoparticles; non-toxic body 
substances such as, for example, cells, lipids, vitamins, co 
factors, antigens such as, for example microbes, such as, for 
example, viruses, bacteria, fungi, and the like. The antigens 
can include inactivated Whole organisms, or sub-components 
thereof and the like. 
[0040] The compounds of the invention can be prepared 
using compounds having formula (IA): 

NH2 

wily... 
RI—XIJ\N/ N 

\ /X 

|// 
Where X is a group that can react to form a bond to the linking 
group or can react to form a bond to the auxiliary group. A 
speci?c group of compounds having formula (IA) are dis 
closed in Us. Pat. No. 6,329,381. 
[0041] The folloWing de?nitions are used, unless otherWise 
described: halo is ?uoro, chloro, bromo, or iodo. Alkyl, 
alkoxy, alkenyl, alkynyl, etc. denote both straight and 
branched groups; but reference to an individual radical such 
as “propyl” embraces only the straight chain radical, a 
branched chain isomer such as “isopropyl” being speci?cally 
referred to. Aryl denotes a phenyl radical or an or‘tho-fused 
bicyclic carbocyclic radical having about nine to ten ring 
atoms in Which at least one ring is aromatic. Heteroaryl 
encompasses a radical attached via a ring carbon of a mono 
cyclic aromatic ring containing ?ve or six ring atoms consist 
ing of carbon and one to four heteroatoms each selected from 
the group consisting of non-peroxide oxygen, sulfur, and 
N(X) Wherein X is absent or is H, O, (C l-C4)alkyl, phenyl or 
benZyl, as Well as a radical of an or‘tho-fused bicyclic hetero 
cycle of about eight to ten ring atoms derived therefrom, 
particularly a benZ-derivative or one derived by fusing a pro 
pylene, trimethylene, or tetramethylene diradical thereto. 
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[0042] It Will be appreciated by those skilled in the art that 
compounds of the invention having a chiral center may exist 
in and be isolated in optically active and racemic forms. Some 
compounds may exhibit polymorphism. It is to be understood 
that the present invention encompasses any racemic, opti 
cally-active, polymorphic, or stereoisomeric form, or mix 
tures thereof, of a compound of the invention, Which possess 
the useful properties described herein, it being Well knoWn in 
the art hoW to prepare optically active forms (for example, by 
resolution of the racemic form by recrystallization tech 
niques, by synthesis from optically-active starting materials, 
by chiral synthesis, or by chromatographic separation using a 
chiral stationary phase) and hoW to determine nicotine ago 
nist activity using the standard tests described herein, or using 
other similar tests Which are Well knoWn in the art. 

[0043] Processes for preparing compounds of formula I or 
for preparing intermediates useful for preparing compounds 
of formula I are provided as further embodiments of the 
invention. Intermediates useful for preparing compounds of 
formula I are also provided as further embodiments of the 
invention. 

[0044] In cases Where compounds are suf?ciently basic or 
acidic to form acid or base salts, use of the compounds as salts 
may be appropriate. Examples of acceptable salts are organic 
acid addition salts formed With acids Which form a physi 
ological acceptable anion, for example, tosylate, methane 
sulfonate, acetate, citrate, malonate, tartarate, succinate, ben 
Zoate, ascorbate, ot-ketoglutarate, and ot-glycerophosphate. 
Suitable inorganic salts may also be formed, including hydro 
chloride, sulfate, nitrate, bicarbonate, and carbonate salts. 
[0045] Acceptable salts may be obtained using standard 
procedures Well knoWn in the art, for example by reacting a 
suf?ciently basic compound such as an amine With a suitable 
acid affording a physiologically acceptable anion. Alkali 
metal (for example, sodium, potassium or lithium) or alkaline 
earth metal (for example calcium) salts of carboxylic acids 
can also be made. 

[0046] Alkyl includes straight or branched Cl_1O alkyl 
groups, e.g., methyl, ethyl, propyl, butyl, pentyl, isopropyl, 
isobutyl, l-methylpropyl, 3 -methylbutyl, hexyl, and the like. 
[0047] LoWer alkyl includes straight or branched C1_6 alkyl 
groups, e.g., methyl, ethyl, propyl, l-methylethyl, butyl, 
l-methylpropyl, 2-methylpropyl, l,l-dimethylethyl, pentyl, 
l-methylbutyl, 2-methylbutyl, 3-methylbutyl, l,l-dimethyl 
propyl, l,2-dimethylpropyl, 2,2-dimethylpropyl, and the like. 
[0048] The term “alkylene” refers to a divalent straight or 
branched hydrocarbon chain (e. g. ethylene 4CH24CH2i). 
[0049] C3_7 Cycloalkyl includes groups such as, cyclopro 
pyl, cyclopentyl, cyclohexyl, cycloheptyl, and the like, and 
alkyl-substituted C3_7 cycloalkyl group, preferably straight or 
branched C1_6 alkyl group such as methyl, ethyl, propyl, butyl 
or pentyl, and C5_7 cycloalkyl group such as, cyclopentyl or 
cyclohexyl, and the like. 
[0050] LoWer alkoxy includes Cl_6 alkoxy groups, such as 
methoxy, ethoxy or propoxy, and the like. 
[0051] LoWer alkanoyl includes C 16 alkanoyl groups, such 
as formyl, acetyl, propanoyl, butanoyl, pentanoyl or hex 
anoyl, and the like. 
[0052] C7_ll aroyl, includes groups such as benZoyl or 
naphthoyl; 
[0053] LoWer alkoxycarbonyl includes C2_7 alkoxycarbo 
nyl groups, such as methoxycarbonyl, ethoxycarbonyl or pro 
poxycarbonyl, and the like. 
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[0054] Lower alkylamino group means amino group sub 
stituted by C1_6 alkyl group, such as, methylamino, ethy 
lamino, propylamino, butylamino, and the like. 
[0055] Di(loWer alkyl)amino group means amino group 
substituted by the same or different and C1_6 alkyl group (e. g. 
dimethylamino, diethylamino, ethylmethylamino). 
[0056] LoWer alkylcarbamoyl group means carbamoyl 
group substituted by C1_6 alkyl group (e. g. methylcarbamoyl, 
ethylcarbamoyl, propylcarbamoyl, butylcarbamoyl). 
[0057] Di(loWer alkyl)carbamoyl group means carbamoyl 
group substituted by the same or different and C1_6 alkyl 
group (eg dimethylcarbamoyl, diethylcarbamoyl, ethylm 
ethylcarbamoyl). 
[0058] Halogen atom means halogen atom such as ?uorine 
atom, chlorine atom, bromine atom or iodine atom. 

[0059] Aryl refers to a C6_1O monocyclic or fused cyclic aryl 
group, such as phenyl, indenyl, or naphthyl, and the like. 

[0060] Heterocyclic refers to monocyclic saturated hetero 
cyclic groups, or unsaturated monocyclic or fused heterocy 
clic group containing at least one heteroatom, e.g., 0-3 nitro 
gen atoms (iNRdi), 0-1 oxygen atom (40*), and 0-1 
sulfur atom (iSi). Non-limiting examples of saturated 
monocyclic heterocyclic group includes 5 or 6 membered 
saturated heterocyclic group, such as tetrahydrofuranyl, pyr 
rolidinyl, morpholinyl, piperidyl, piperaZinyl or pyraZolidi 
nyl. Non-limiting examples of unsaturated monocyclic het 
erocyclic group includes 5 or 6 membered unsaturated 
heterocyclic group, such as furyl, pyrrolyl, pyraZolyl, imida 
Zolyl, thiaZolyl, thienyl, pyridyl or pyrimidinyl. Non-limiting 
examples of unsaturated fused heterocyclic groups includes 
unsaturated bicyclic heterocyclic group, such as indolyl, 
isoindolyl, quinolyl, benZothiZolyl, chromanyl, benZofura 
nyl, and the like. 
[0061] R” and R1 taken together With the nitrogen atom to 
Which they are attached can form a heterocyclic ring. Non 
limiting examples of heterocyclic rings include 5 or 6 mem 
bered saturated heterocyclic rings, such as 1-pyrrolidinyl, 
4-morpholinyl, 1 -piperidyl, 1-piperaZinyl or 1-pyraZolidinyl, 
5 or 6 membered unsaturated heterocyclic rings such as 
1-imidaZolyl, and the like. 
[0062] The alkyl, aryl, heterocyclic groups of R1 can be 
optionally substituted With one or more sub stituents, Wherein 
the substituents are the same or different, and include loWer 
alkyl; cycloalkyl, hydroxyl; hydroxy C1_6 alkylene, such as 
hydroxymethyl, 2-hydroxyethyl or 3-hydroxypropyl; loWer 
alkoxy; C1_6 alkoxy C1_6 alkyl, such as 2-methoxyethyl, 
2-ethoxyethyl or 3-methoxypropyl; amino; alkylamino; 
dialkyl amino; cyano; nitro; acyl; carboxyl; loWer alkoxycar 
bonyl; halogen; mercapto; C l_6 alkylthio, such as, methylthio, 
ethylthio, propylthio or butylthio; substituted C1_6 alkylthio, 
such as methoxyethylthio, methylthioethylthio, hydroxyeth 
ylthio or chloroethylthio; aryl; substituted C6_ 10 monocyclic 
or fused-cyclic aryl, such as 4-hydroxyphenyl, 4-methox 
yphenyl, 4-?uorophenyl, 4-chlorophenyl or 3,4-dichlorophe 
nyl; 5-6 membered unsaturated heterocyclic, such as furyl, 
pyrrolyl, pyraZolyl, imidaZolyl, thiaZolyl, thienyl, pyridyl or 
pyrimidinyl; and bicyclic unsaturated heterocyclic, such as 
indolyl, isoindolyl, quinolyl, benZothiaZolyl, chromanyl, 
benZofuranyl or phthalimino. 
[0063] The alkyl, aryl, heterocyclic groups of R2 can be 
optionally substituted With one or more sub stituents, Wherein 
the substituents are the same or different, and include 
hydroxyl; C1_6 alkoxy, such as methoxy, ethoxy or propoxy; 
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carboxyl; C2_7 alkoxycarbonyl, such as methoxycarbonyl, 
ethoxycarbonyl or propoxycarbonyl) and halogen. 
[0064] The alkyl, aryl, heterocyclic groups of RC can be 
optionally substituted With one or more sub stituents, Wherein 
the substituents are the same or different, and include C3_6 
cycloalkyl; hydroxyl; C1_6 alkoxy; amino; cyano; aryl; sub 
stituted aryl, such as 4-hydroxyphenyl, 4-methoxyphenyl, 
4-chlorophenyl or 3,4-dichlorophenyl; nitro and halogen. 
[0065] The heterocyclic ring formed together With RC and 
R1 and the nitrogen atom to Which they are attached can be 
optionally substituted With one or more sub stituents, Wherein 
the substituents are the same or different, and include Cl_6 
alkyl; hydroxy C1_6 alkylene; C1_6 alkoxy C1_6 alkylene; 
hydroxyl; C l _6 alkoxy; and cyano. 
[0066] The term “amino acid” as used herein, comprises the 
residues of the natural amino acids (eg Ala, Arg, Asn, Asp, 
Cys, Glu, Gln, Gly, H is, Hyl, Hyp, lle, Leu, Lys, Met, Phe, 
Pro, Ser, Thr, Trp, Tyr, and Val) in D or L form, as Well as 
unnatural amino acids (eg phosphoserine, phosphothreo 
nine, phosphotyrosine, hydroxyproline, gamma-carboxy 
glutamate; hippuric acid, octahydroindole-2-carboxylic acid, 
statine, 1,2,3,4,-tetrahydroisoquinoline-3-carboxylic acid, 
penicillamine, omithine, citruline, -methyl-alanine, para 
benZoylphenylalanine, phenylglycine, propargylglycine, sar 
cosine, and tert-butylglycine). The term also comprises natu 
ral and unnatural amino acids bearing a conventional amino 
protecting group (eg acetyl or benZyloxycarbonyl), as Well 
as natural and unnatural amino acids protected at the carboxy 
terminus (eg as a (C1-C6)alkyl, phenyl or benZyl ester or 
amide; or as an -methylbenZyl amide). Other suitable amino 
and carboxy protecting groups are knoWn to those skilled in 
the art (See for example, T. W. Greene, Protecting Groups In 
Organic Synthesis; Wiley: NeW York, 1981, and references 
cited therein). An amino acid can be linked to the remainder 
of a compound of formula I through the carboxy terminus, the 
amino terminus, or through any other convenient point of 
attachment, such as, for example, through the sulfur of cys 
teine. 
[0067] The term “toll-like receptor” (TLR) refers to a mem 
ber of a family of receptors that bind to pathogen associated 
molecular patterns (PAMPs) and facilitate an immune 
response in a mammal. Ten mammalian TLRs are knoWn, 
e.g., TLR1-10. 

[0068] The term “toll-like receptor agonist” (TLR agonist) 
refers to a molecule that binds to a TLR and antagoniZes the 
receptor. Synthetic TLR agonists are chemical compounds 
that are designed to bind to a TLR and activate the receptor. 
Exemplary novel TLR agonists provided herein include 
“TLR-7 agonist” “TLR-8 agonist” and “TLR-9 agonist.” 
[0069] The term “nucleic acid” as used herein, refers to 
DNA, RNA, single-stranded, double-stranded, or more 
highly aggregated hybridization motifs, and any chemical 
modi?cations thereof. Modi?cations include, but are not lim 
ited to, those providing chemical groups that incorporate 
additional charge, polariZability, hydrogen bonding, electro 
static interaction, and ?uxionality to the nucleic acid ligand 
bases or to the nucleic acid ligand as a Whole. Such modi? 
cations include, but are not limited to, peptide nucleic acids 
(PNAs), phosphodiester group modi?cations (e. g., phospho 
rothioates, methylphosphonates), 2'-position sugar modi?ca 
tions, 5-position pyrimidine modi?cations, 7-position purine 
modi?cations, 8-position purine modi?cations, 9-position 
purine modi?cations, modi?cations at exocyclic amines, sub 
stitution of 4-thiouridine, substitution of 5-bromo or 5-iodo 
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uracil; backbone modi?cations, methylations, unusual base 
pairing combinations such as the isobases, isocytidine and 
isoguanidine and the like. Nucleic acids can also include 
non-natural bases, such as, for example, nitroindole. Modi? 
cations can also include 3' and 5' modi?cations such as cap 
ping With a BHQ, a ?uorophore or another moiety. 
[0070] A speci?c value for X1 is a sulfur atom, an oxygen 
atom or iNRCi. 

[0071] Another speci?c X1 is a sulfur atom. 
[0072] Another speci?c X1 is an oxygen atom. 
[0073] Another speci?c X1 is iNRci. 
[0074] Another speci?c X1 is iNHi. 
[0075] A speci?c value for R” is hydrogen, Cl_4 alkyl or 
substituted C1_4 alkyl. 
[0076] A speci?c value for R1 and RC taken together is When 
they form a heterocyclic ring or a substituted heterocyclic 
ring. 
[0077] Another speci?c value for R1 and R” taken together 
is substituted or unsubstituted morpholino, piperidino, pyr 
rolidino, or piperaZino ring 
[0078] A speci?c value for R1 is hydrogen, Cl_4alkyl, or 
substituted C l_4alkyl. 
[0079] Another speci?c R1 is 2-hydroxyethyl, 3-hydrox 
ypropyl, 4-hydroxybutyl, 2-aminoethyl, 3-aminopropyl, 
4-aminobutyl, methoxymethyl, 2-methoxyethyl, 3-methox 
ypropyl, ethoxymethyl, 2-ethoxyethyl, methylthiomethyl, 
2-methylthioethyl, 3-methylthiopropyl, 2-?uoroethyl, 
3-?uoropropyl, 2,2,2-tri?uoroethyl, cyanomethyl, 2-cyano 
ethyl, 3-cyanopropyl, methoxycarbonylmethyl, 2-methoxy 
carbonylethyl, 3-methoxycarbonylpropyl, benZyl, phenethyl, 
4-pyridylmethyl, cyclohexylmethyl, 2-thienylmethyl, 
4-methoxyphenylmethyl, 4-hydroxyphenylmethyl, 4-?uo 
rophenylmethyl, or 4-chlorophenylmethyl. 
[0080] Another speci?c R1 is hydrogen, CH3i, CH3i 
CHzi, CH3CH2CH2i, hydroxyCl_4alkylene, or 
Cl_4alkoxyCl_4alkylene. 
[0081] Another speci?c value for R1 is hydrogen, CH3i, 
CH3%H2i, CH3ADiCH2CH2i or CH3iCH2-Oi 
CHzCHzi. 
[0082] A speci?c value for R2 is hydrogen, halogen, or 
Cl_4alkyl. 
[0083] Another speci?c value for R2 is hydrogen, chloro, 
bromo, CH3i, or CH3iCH2i. 
[0084] Speci?c substituents for substitution on the alkyl, 
aryl or heterocyclic groups are hydroxy, Cl_6alkyl, 
hydroxyCl_6alkylene, Cl_6alkoxy, Cl_6alkoxyCl_6allylene, 
C3_6cycloalkyl, amino, cyano, halogen, or aryl. 
[0085] A speci?c value for X2 is a bond or a chain having up 
to about 24 atoms; Wherein the atoms are selected from the 
group consisting of carbon, nitrogen, sulfur, non-peroxide 
oxygen, and phosphorous. 
[0086] Another speci?c value for X2 is a bond or a chain 
having from about 4 to about 12 atoms. 
[0087] Another speci?c value for X2 is a bond or a chain 
having from about 6 to about 9 atoms. 
[0088] Another speci?c value for X2 is 

O 

N 
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[0089] Another speci?c value for X2 is 

O 

\ 

/ N 

N Né [0090] A speci?c auxiliary group is an amino acid, a car 

bohydrate, a peptide, an antigen, a nucleic acid, a body sub 
stance, or a microbe. 

[0091] A speci?c peptide, has from 2 to about 20 amino 
acid residues. 
[0092] Another speci?c peptide, has from 10 to about 20 
amino acid residues. 
[0093] A speci?c auxiliary group is a carbohydrate. 
[0094] A speci?c nucleic acid is DNA, RNA or PNA. 
[0095] A speci?c body substance is a cell, lipid, vitamin, or 
co-factor. 
[0096] Another speci?c body substance is a cell or lipid. 
[0097] A speci?c antigen is a microbe. 
[0098] A speci?c microbe is a virus, bacteria, or fungi. 
[0099] Another speci?c microbe is a virus or a bacteria. 

[0100] Speci?c bacteria are Bacillus anthracis (anthrax), 
Listeria monocylogenes, Francisella Zularensis, or Salmo 
nella. 
[0101] Speci?c Salmonella are Zyphimurium or enlerilidis. 
[0102] Speci?c viruses are RNA viruses, a product of the 
RNA virus, or a DNA virus. 

[0103] A speci?c DNA virus is the Hepatitis B virus. 


















