
The invention provides a novel class of compounds, immunogenic compositions and 

pharmaceutical compositions comprising such compounds and methods of using such compounds to 

treat or prevent diseases or disorders associated with Toll-Like Receptors 7. In one aspect, the 

compounds are useful as adjuvants for enhancing the effectiveness of a vaccine. 



WE CLAIM: 

1. A compound of Formula (I), or pharmaceutically acceptable salt thereof: 

Formula (I) 

wherein: 

R ' is Ci-C4alkyl, -C(R^)20H, -L'R^ -L^R^ -L^R^ -OL^R^ or -OL^R^; 

L ' i s - C ( 0 ) - o r - 0 - ; 

\} is Ci-Cealkylene, C2-C6alkenylene, arylene, heteroarylene or 

-((CR'*R'*)pO)q(CH2)p-, wherein the Ci-Cealkylene and C2-C6alkenylene of L^ are 

optionally substituted with 1 to 4 fluoro groups; 

each L^ is independently selected from d-Cealkylene and -((CR'*R'*)pO)q(CH2)p-, 

wherein the Ci-Cealkylene of L̂  is optionally substituted with 1 to 4 fluoro 

groups; 

\^ is arylene or heteroarylene; 

R^ is H or Ci-C4alkyl; 

R^ is selected from -L^R^ -L'R^ -L^R^ - L ^ L Y ^ R ^ -L^L^'R^ -L^L'^L^R^ -OL^R^ -

OL^R^ -OL^L^'R^ -OL^L^L^R^ -OR^ -OL^L^R^ and -OL^L'̂ L^R ;̂ 

each R'* is independently selected from H and fluoro; 

R^ is -P(0)(0H)2, 

R^ is -CF2P(0)(OH)2 or -C(0)OH; 

R^ is -CF2P(0)(OH)2 or -C(0)OH; 

R*isHorCi-C4alkyl; 

each p is independently selected from 1, 2, 3, 4, 5 and 6, and 

q is 1, 2, 3 or 4, 

with the proviso that when R^ is -OR*, R ' is - C ( R ' ) 2 0 H , -L'R^ -L'R^ -L^R^ -L^R^ -

OL^R^ or -OL^R^ wherein R^ is -CF2P(0)(OH)2 and R^ is -CF2P(0)(OH)2. 

2. The compound of claim 1, wherein: 

R ' is Ci-CealkyI; 

R^sCi-Cealkyl; 
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R̂  is -OL^R^ or -OL^R^; 

R̂  is -P(0)(0H)2; 

R^ is -CF2P(0)(OH)2, and 

L̂  isCi-Cealkylene. 

3. The compound of claim 1, wherein: 

R ' is Ci-Cealkyl; 

R^ is Ci-Cealkyl; 

R̂  is -OL^R^ or -OL^R^; 

R' is -P(0)(0H)2; 

R^s-CF2P(0)(OH)2; 

L ' is -((CR'R^)pO)q(CH2)p-; 

R^ is H; 

q is 1 or 2, and 

p is 2. 

4. The compound of claim 1, wherein: 

R' is -L^R^ 

R^isCi-Cealkyl; 

R^ is - O L ^ R ' or -OL^R^; 

R' is -P(0)(OH)2; 

R^is-C(0)OH; 

R^ is -CF2P(0)(OH)2; 

L̂  is Ci-Cealkylene, and 

L^ isCi-Cealkylene. 

5. The compound of claim 1, wherein: 

R ' is -L^R^; 

R^isCi-Cealkyl; 

R^ is - O L ^ R ' or -OL^R^; 

R' is -P(0)(OH)2; 

R^ is -C(0)OH; 

R^ is -CF2P(0)(OH)2; 

L^ is Ci-Cealkylene; 

L ' is -((CR''R')pO)q(CH2)pS 
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R̂  is H; 

q is 1 or 2, and 

p is 2. 

6. The compound of claim 1, wherein: 

R' is -C(R^)20H, -L'R^ -L̂ R^ or - L ' R ^ 

R^isCi-Cealkyi; 

R^ is -OR*; 

R* is Ci-CealkyI; 

R' is -P(0)(OH)2; 

R^is-CF2P(0)(OH)2; 

L' is -C(0)-, and 

L̂  is Ci-Ceaiicyiene or C2-C6alkenylene, each optionally substituted with 1 to 4 

fluoro groups. 

7. The compound of claim I, wherein: 

R' isCi-Cealkyl; 

R^isCi-Cealkyl; 

R̂  is -OL̂ L'̂ R^ -OL^L'* L^R^ or -OL^L'' L^R ;̂ 

R̂  is -P(0)(0H)2; 

R̂  is -CF2P(0)(OH)2; 

each L̂  is independently a Ci-Caalkylene, and 

L'* is phenylene. 

8. The compound of claim 1, wherein: 

R' is Ci-CealkyI; 

R̂  is Ci-CealkyI; 

R̂  is -L'R^; 

R̂  is -P(0)(0H)2, and 

L'is-C(0)-or-0-. 

9. The compound of claim 1 or claim 6, wherein R* is methyl. 

10. The compound of any one of claims 1-3 or 7-9, wherein R' is methyl. 

11. The compound of any one of claims 1-10, wherein R̂  is methyl. 

12. The compound of claim 1, wherein the compound is selected from: 
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4-(4-(2-(5-amino-8-methylbenzo[f][l ,7]naphthyridin-2-yl)ethyl)-3-methylphenoxy)-l, 1 -

difluorobutylphosphonic acid; 

3-(5-amino-2-(4-(4,4-difluoro-4-phosphonobutoxy)-2-

niethylphenethyl)benzo[f|[l,7]naphthyridin-8-yl)propanoicacid; 

3-(5-ainino-2-(4-(2-(3,3-difluoro-3-phosphonopropoxy)ethoxy)-2-

methylphenethyl)benzo[f][l,7]naphthyridin-8-yl)propanoicacid; 

3-(5-amino-2-(2-methyl-4-(2-(2-(2-

phosphonoethoxy)ethoxy)ethoxy)phenethyl)benzo[f][l,7]naphthyridin-8-yl)propanoicacid; 

4-(2-(5-amino-8-methylbenzo[f][ 1,7]naphthyridin-2-yl)ethyl)-3-methylphenyl dihydrogen 

phosphate; 

(4-(2-(5-amino-8-methylbenzo[f][l,7]naphthyridin-2-yl)ethyl)-3-

methylphenoxy)methylphosphonicacid; 

5-(4-(2-(5-aniino-8-methylbenzo[f| [ 1,7]naphthyridin-2-yl)ethyl)-3-methy Iphenoxy)-1,1-

difluoropentylphosphonic acid; 

4-(4-(2-(5-amino-8-methylbenzo[fl[ 1,7]naphthyridin-2-yl)ethyl)-3-methylphenoxy)-1,1-

difluorobutylphosphonic acid; 

3-(2-(4-(2-(5-amino-8-methylbenzo[f|[l,7]naphthyridin-2-yl)ethyl)-3-

methylphenoxy)ethoxy)-1,1 -difluoropropylphosphonic acid; 

2-(4-((4-(2-(5-amino-8-methylbenzo[f][l,7]naphthyridin-2-yl)ethyl)-3-

methylphenoxy)methyl)phenyl)-l, 1 -difluoroethylphosphonic acid; 

2-(5-amino-2-(4-methoxy-2-methylphenethyl)benzo[f][l,7]naphthyridin-8-yl)-l,l-difluoro-

2-oxoethylphosphonic acid; 

(E)-2-(5-amino-2-(4-methoxy-2-methylphenethyl)benzo[f|[l,7]naphthyridin-8-

yl)vinylphosphonic acid; 

2-(5-amino-2-(4-methoxy-2-methylphenethyl)benzo[fl[l,7]naphthyridin-8-

yl)ethylphosphonic acid; 

(E)-2-(5-aniino-2-(4-methoxy-2-methylphenethyl)benzo[f|[l,7]naphthyridin-8-yl)-l-

fluorovinylphosphonic acid; 

3-((4-(2-(5-amino-8-methylbenzo[f][l,7]naphthyridin-2-yl)ethyl)-3-

methylphenoxy)methyl)phenylphosphonicacid; 

5-amino-2-(4-methoxy-2-methylphenethyl)benzo[f|[l,7]naphthyridine-8-

carbonylphosphonic acid; 
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3-(5-amino-2-(2-inethyl-4-(3-phosphonopropoxy)phenethyl)benzo[f][ 1,7]naphthyridin-8-

yOpropanoic acid; 

3-(5-amino-2-(4-(2-(2-(3,3-difluoro-3-phosphonopropoxy)ethoxy)ethoxy)-2-

methylphenethyl)benzo[f][l,7]naphthyridin-8-yl)propanoicacid; 

3-(5-amino-2-(2-methyl-4-(2-(2-

phosphonoethoxy)ethoxy)phenethyl)benzo[f|[ 1,7]naphthyridin-8-yl)propanoic acid; 

2-(4-(2-(5-amino-8-methylbenzo[fI[l,7]naphthyridin-2-yl)ethyl)-3-

methylphenoxy)ethylphosphonicacid; 

6-(4-(2-(5-amino-8-methylbenzo[f|[l,7]naphthyridin-2-yl)ethyl)-3-

methylphenoxy)hexylphosphonicacid; 

6-(4-(2-(5-amino-8-methylbenzo[f| [ 1,7]naphthyridin-2-yl)ethyI)-3-methylphenoxy)-1,1-

difluorohexylphosphonic acid; 

4-((4-(2-(5-amino-8-methylbenzo[f][l,7]naphthyridin-2-yl)ethyl)-3-

methylphenoxy)methyl)benzylphosphonicacid; 

2-(2-(2-(4-(2-(5-amino-8-methylbenzo[f][l,7]naphthyridin-2-yl)ethyl)-3-

niethylphenoxy)ethoxy)ethoxy)ethylphosphonic acid; 

3-[5-amino-2-(2-{4-[2-(3,3-difluoro-3-phosphonopropoxy)ethoxy]-2-

methylphenyl} ethyl)benzo[f] 1,7-naphthyridin-8-yl]propanoic acid; 

{5-[4-(2-{5-amino-8-methylbenzo[f|l,7-naphthyridin-2-yl}ethyl)-3-

methylphenoxy]pentyl}phosphonic acid, and 

{4-[4-(2-{5-amino-8-methylbenzo[f]l,7-naphthyridin-2-yl}ethyl)-3-

methy Iphenoxy] butyl} phosphon ic ac id. 

13. A pharmaceutical composition comprising a therapeutically effective amount of a 

compound of any one of claims 1-12 and a pharmaceutically acceptable carrier. 

14. A medicament for treating a patient with a disease or disorder associated with TLR7 

receptor activity, wherein the medicaments comprises a therapeutically effective amount of 

a compound of any one of claims 1-12 and wherein the compound of Formula (I) is a TLR7 

receptor agonist. 

15. Use of a compound of any one of claims 1-12 in the manufacture of a medicament for 

treating a disease or disorder in a patient where modulation of a TLR7 receptor is 

implicated. 
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16. A method for activating a TLR7 receptor, wherein the method comprises administering to a 

system or a subject a therapeutically effective amount of a compound of any one of claims 

1-12. 

17. A method for treating a disease or disorder where modulation of TLR7 receptor is 

implicated, wherein the method comprises administering to a system or subject in need of 

such treatment an effective amount of a compound of any one of claims 1-12, wherein the 

compound is a TLR7 receptor agonist. 

18. The method of claim 17, wherein the disease or condition is an infectious disease, an 

inflammatory disease, a respiratory disease, a dermatological disease or an autoimmune 

disease. 

19. The method of claim 17, wherein the disease or condition is asthma, chronic obstructive 

pulmonary disease (COPD), adult respiratory distress syndrome (ARDS), ulcerative colitis, 

Crohns disease, bronchitis, dermatitis, actinic keratosis, basal cell carcinoma, allergic 

rhinitis, psoriasis, scleroderma, urticaria, rheumatoid arthritis, multiple sclerosis, cancer, 

breast cancer, HIV or lupus. 

20. A compound for use in a method of medical treatment, wherein the method of medical 

treatment is for treating a disease associated with TLR7 receptor activity, wherein the 

disease is selected from an infectious disease, an inflammatory disease, a respiratory 

disease, a dermatological disease or an autoimmune disease, and wherein the compound is 

a compound of any one of claims 1-12. 

21. The compound of claim 20, wherein the disease is asthma, chronic obstructive pulmonary 

disease (COPD), adult respiratory distress syndrome (ARDS), ulcerative colitis, Crohns 

disease, bronchitis, dermatitis, actinic keratosis, basal cell carcinoma, allergic rhinitis, 

psoriasis, scleroderma, urticaria, rheumatoid arthritis, multiple sclerosis, cancer, breast 

cancer, HIV or lupus. 

CiodbLJl -ihio 2S\^ da^ (^ ( M A X ^ i^)2-

OF ANAND AND ANAND ADVOCATES 
ATTORNEY FOR THE APPLICANT 
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COMPOUNDS AND COMPOSITIONS AS TLR ACTIVITY MODULATORS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of priority under 35 U.S.C. §119(e) to U.S. 

Provisional Patent Application No. 61/239,217, filed September 2, 2009, the disclosure which is 

incorporated herein by reference in its entirety and for all purposes. 

STATEMENT OF GOVERNMENT SUPPORT 

[0002] This invention was made in part with Government support under DTRA Grant No. 

HDTRA1-07-9-0001 awarded by the Department of Defense. The Government has certain rights in 

the invention. 

FIELD OF THE INVENTION 

[0003] The invention relates to modulators of Toll-Like Receptors (TLRs), and methods of using 

such compounds. 

BACKGROUND OF THE INVENTION 

[0004] Early detection of specific classes of pathogens is accomplished by the innate immune 

system with the help of pattern recognition receptors (PRRs). The detected pathogens include 

viruses, bacteria, protozoa and fungi, and each constitutively expresses a set of class-specific, 

mutation-resistant molecules called pathogen-associated molecular patterns (PAMPs). These 

molecular markers may be composed of proteins, carbohydrates, lipids, nucleic acids or 

combinations thereof, and may be located internally or externally. Examples of PAMPs include 

bacterial carbohydrates (lipopolysaccharide or LPS, mannose), nucleic acids (bacterial or viral DNA 

or RNA), peptidoglycans and lipotechoic acids (from Gram positive bacteria), A^-formylmethionine, 

lipoproteins and fungal glucans. 

[0005] Pattern recognition receptors have evolved to take advantage of three PAMP qualities. 

First, constitutive expression allows the host to detect the pathogen regardless of its life cycle stage. 

Second, the PAMPs are class specific, which allows the host to distinguish between pathogens and 

thereby tailor its response. Third, mutation resistance allows the host to recognize the pathogen 

regardless of its particular strain. 

[0006] Pattern recognition receptors are involved in more than just recognition of pathogens via 

their PAMPs. Once bound, pattern recognition receptors tend to cluster, recruit other extracellular 

and intracellular proteins to the complex, and initiate signaling cascades that uUimately impact 
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transcription. Additionally, pattern recognition receptors are involved in activation of complement, 

coagulation, phagocytosis, inflammation, and apoptosis functions in response to pathogen detection. 

[0007] Pattern recognition receptors (PRRs) may be divided into endocytic PRRs or signaling 

PRRs. The signaling PRRs include the large families of membrane-bound Toll-like receptors 

(TLRs) and cytoplasmic NOD-like receptors, while the endocytic PRRs promote the attachment, 

engulfment and destruction of microorganisms by phagocytes without relaying an intracellular 

signal, are found on all phagocytes and mediate removal of apoptotic cells. In addition, endocytic 

PRRs recognize carbohydrates and include mannose receptors of macrophages, glucan receptors 

present on all phagocytes and scavenger receptors that recognize charged ligands. 

SUMMARY OF THE INVENTION 

[0008] Provided herein are compounds and pharmaceutical compositions thereof, which are 

agonists of toll-like receptor 7 (TLR7). Such TLR7 agonists are immune potentiators that bind to 

aluminum-containing adjuvants, such as, by way of example only, aluminum hydroxide, aluminum 

oxyhydroxide and aluminum hydroxyphosphate. Thus, also provided herein are immunogenic 

compositions that contain an antigen and a TLR7 agonist provided herein that bind to aluminum-

containing adjuvants. When such immunogenic compositions are administered to a subject in need 

thereof, such TLR7 agonists enhance the immune response to the immunogenic composition. 

[0009] In one aspect provided herein such compounds, and the pharmaceutically acceptable 

salts, pharmaceutically acceptable solvates (e.g. hydrates), the N-oxide derivatives, prodrug 

derivatives, protected derivatives, individual isomers and mixture of isomers thereof, have a 

structure according to Formula (I): 

Formula (I) 

wherein: 

R̂  is H, Ci-Cealkyl, -C(R^)20H, -L'R^ - L ' R ^ -L^R^ -L^R^ -OL^R^ or -OL^R^ 

L' is-C(0)-or-0-; 

L isCi-Cealkylene, C2-C6alkenylene, arylene, heteroaryleneor 

((CR''R'*)pO)q(CH2)p-, wherein the Ci-Cealkylene and C2-C6alkenylene of L̂  are 

optionally substituted with 1 to 4 fluoro groups; 
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each L̂  is independently selected from Ci-Cealkylene and -((CR'*R'')pO)q(CH2)p-, wherein the 

Ci-Cealkylene of L̂  is optionally substituted with 1 to 4 fluoro groups; 

L'* is arylene or heteroarylene; 

R^isHorCi-Cealkyl; 

R̂  is selected from C,-C4alkyl, -L^R^ -L'R^ -L^R^ -L\W\ -L^L^R^ -L^LVR^ -OL^R^ 

-OL^R^ -OL^L^R^ -OL^L'̂ L^R^ -OR*, -OL^L^R^ -OL̂ L'*L̂ R^ and -C(R^)20H; 

each R'* is independently selected from H and fluoro; 

R̂  is -P (0 ) (0R ' )2 , 

R̂  is -CF2P(0 ) (0R ' )2 or -C(0)0R"^; 

R ' is -CF2P(0)(0R% or - C ( 0 ) 0 R ' ° ; 

R*isHorCi-C4alkyl; 

each R̂  is independently selected from H and Ci-Cealkyl; 

R'" is H or Ci-C4alkyl; 

each p is independently selected from 1, 2, 3,4, 5 and 6, and 

q is 1, 2, 3 or 4; 

with the proviso that when R̂  is C1-C4 alkyl or-OR*, R' is -C(R^)20H, - L ' R ^ - L ' R ^ -L^R^ 

-L^R^ -OL^R^ or -OL^R^ wherein R̂  is -CF2P(0)(OR^)2 and R ' is -CF2P(0)(OR^)2 

[00010] In certain embodiments of the compounds of Formula (I), R' is Ci-Ce alkyl, in other 

embodiments R' is a methyl. In certain embodiments, R' is H. In other embodiments, R ' is -

C(R^)20H, -L'R^ -L'R*, -L^R^ -L^R^ -OL^R^ or -OL^R^ 

[00011] In certain embodiments of the compounds of Formula (I), when R' -C(R^)20H, - L ' R ^ 

-L 'R^ -L^R^ -L^R^ -OL^R^ or -OL^R^ then R̂  is -OR* or Ci-Ce alkyl. In certain embodiments, R' 

is -C(R^)20H, -VR\ -VK\ -L^R^ -L^R^ -OL^R^ or -OL^R^ and R̂  is -OMe. 

[00012] ' In some embodiments of the compounds of Formula (I), R̂  is Ci-Cealkyl. In certain 

embodiments, R̂  is methyl. 

[00013] In some embodiments of the compounds of Formula (I), R̂  is selected from C1-C4 alkyl, 

-L^R^ -L'R^ -L^R^ -L^L^L^R^ -L^L'̂ R^ and -LWW In alternative embodiments, R̂  is selected 

from -OL^R^ -OL^R^ -OL^L^'R^ -OL^LY^R^ -OR*, -OL^L''R^ -OL^L^'L^R^ and -C(R^)20H. In 

certain embodiments, R̂  is-OL^R ,̂ wherein -OL^R^ is a group of the formula -0(CH2)i-

5P(0)(OR)2. In other embodiments, R̂  is-OL^R ,̂ wherein -OL^R^ is a group of the formula 

-0(CH2),.5CF2P(0)(OR)2. 

[00014] In some embodiments, R̂  is selected from C|-C4alkyl, -L^R^ - L ' R ^ -L^R^ -L^L^L^R^ -
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L^L^R^ -L^L^'L^R^ -OL^R^ -OL^R^ -OL^L^R^ -OL^L\^R^ -OR^ -OL\^R^ and -OL^L^L^R^ 

[00015] Where more than one R̂  is present, as in compounds comprising a -P(0)(0R^)2, moiety, 

theR^ groups are the same or are different. In certain embodiments of such compounds of Formula 

(I), R̂  is H at each occurrence. In other embodiments, at least one R̂  is H and the other R̂  is Ci-

Cealkyi. In other embodiments, at least one R̂  is H and the other R ' is methyl. In other 

embodiments, at least one R̂  is H and the other R̂  is ethyl. In other embodiments of such 

compounds of Formula (I), each R̂  is Ci-CealkyI and in certain embodiments, R̂  is methyl or ethyl, 

or a combination thereof 

[00016] In certain embodiments of the compounds of Formula (I), L̂  and/or L̂  is a group of the 

formula -((CR'*R\0)q(CH2)p-, and in certain embodiments, this group is of the formula -

(CH2CH20),.3(CH2),.3-. 

[00017] In certain embodiments of the compounds of Formula (I), L̂  is Ci-Ce alkylene, while in 

other embodiments L̂  is Ci-Ce alkylene substituted with one to four fluoro groups. In certain 

embodiments of such compounds of Formula (I), L̂  is of the formula (CH2)o-5CF2, wherein the 

fluoro-substituted carbon is not directly attached to the phenyl ring of Formula I. In certain 

embodiments of the compounds of Formula (I), L̂  is C2-C6 alkenylene, while in other embodiments 

L̂  is C2-C6 alkenylene substituted with one to four fluoro groups. 

[00018] In certain embodiments of the compounds of Formula (I), L̂  is Ci-Ce alkylene while in 

other embodiments L̂  is C1-C6 alkylene substituted with one to four fluoro groups. In certain 

embodiments of such compounds of Formula (I), L'' is of the formula (CH2)o-5CF2, wherein the 

fluoro-substituted carbon is not directly attached to the phenyl ring of Formula I. 

[00019] In certain embodiments of the compounds of Formula (I), L̂  is arylene or heteroarylene. 

In some of these embodiments, L̂  is phenylene, such as 1,3-disubstituted phenylene or 1,4-

disubstituted phenylene. 

[00020] In certain embodiments of such compounds of Formula (I), R' is Ci-Caalkyl; R̂  is Ci-

Cealkyl; R̂  is -OL^R' or -OL^R^ R̂  is -P(0)(0R^)2; R̂  is -CF2P(0)(OR^)2, and L̂  is Ci-Cealkylene. 

[00021] In certain embodiments of such compounds of Formula (I), R' is Ci-Cealkyl; R̂  is Ci-

Cealkyl; R̂  is -OL^R^ or -OL^R ;̂ R̂  is -P(0)(0R^)2; R̂  is -CF2P(0)(OR^)2; L̂  is -

((CRV)pO)q(CH2)p-; R" is H; q is 1 or 2, and p is 2. 

[00022] In certain embodiments of such compounds of Formula (I), R' is -L'̂ R ;̂ R̂  is CpCaalkyl; 

R̂  is -OL^R^ or -OL^R ;̂ R̂  is -P(0)(0R^)2; R̂  is - C ( 0 ) 0 R " ' ; R^ is -CF2P(0)(OR^)2; L̂  is Ci-

Caalkylene, and L̂  is CpCealkylene. 
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[00023] In certain embodiments of such compounds of Formula (I), R' is -L^R^; R̂  is Ci-Ceaikyl; 

R̂  is -OL^R^ or -OL^R^ R̂  is -P (0 ) (0R ' )2 ; R^ is - C ( 0 ) 0 R ' ^ ; R^ is -CF2P(0)(OR^)2; L̂  is C,-

Cealkylene; L̂  is -((CR''R'*)pO)q(CH2)p-; R̂* is H; q is 1 or 2, and p is 2. 

[00024] In certain embodiments of such compounds of Formula (I), R' is -C(R^)20H, -L'R^, -

L̂ R̂  or - L ' R ^ R^ is Ci-Cealicyl; R̂  is -OR*; R* is Ci-Cealicyl; R̂  is -P(0)(0R^)2; R̂  is -

CF2P(0)(OR^)2; L ' is -C(0)-, and L̂  is Ci-Cealkylene or C2-C6alkenylene, each optionally 

substituted with 1 to 4 fluoro groups. 

[00025] In certain embodiments of such compounds of Formula (I), R' is Ci-Cealkyl; R̂  is Ci-

Cgalkyl; R̂  is -OL̂ L'̂ R^ -OL̂ L"* L^R^ or -OL^L'* L^R ;̂ R̂  is -P(0)(OR^)2; R ' is -CF2P(0)(OR^)2; 

each L̂  is independently a Ci-Cealkylene, and L'* is phenylene. 

[00026] In certain embodiments of such compounds of Formula (I), R' is Ci-Cealkyl; R̂  is Ci-

Cealkyl; R̂  is -C(R^)20H or - L ' R ^ R^ is -P (0 ) (0R ' )2 , and L ' is -C(0)- or -0- . 

[00027] In certain embodiments, of such compounds of Formula (I), and the pharmaceutically 

acceptable salts, pharmaceutically acceptable solvates (e.g. hydrates), the N-oxide derivatives, 

prodrug derivatives, protected derivatives, individual isomers and mixture of isomers thereof, 

NH2 

R2 f ^ Y ^ N 

Rf^^ ^ R, 

Formula (I) 

R' is Ci-C4alkyl, -C(R^)20H, -VR\ -L^R^ -L^R^ -OL^R^ or -OL^R^ 

L' is-C(0)-or-0-; 

L̂  is Ci-Cealkylene, C2-C6alkenylene, arylene, heteroarylene or -((CR''R'')pO)q(CH2)p-, 

wherein the Ci-Cealkylene and C2-C6alkenylene of L̂  are optionally substituted with 1 to 

4 fluoro groups; 

each L̂  is independently selected from Ci-Cealkylene and -((CR''R'*)pO)q(CH2)p-, wherein the 

Ci-Cealkylene of L̂  is optionally substituted with 1 to 4 fluoro groups; 

L'* is arylene or heteroarylene; 

R̂  is H or Ci-C4alkyl; 

R̂  is selected from C,-C4alkyl, -L^R^ -L'R^ -L^R^ -L^LY^R^ -L^L^R^ -L^LY^R^ -OL^R^ 

-OL^R^ -OL^L^R^ -OL^L^'L^R^ -OR*, -OL^L'*R^ -OL̂ L'̂ L̂ R^ and -C(R^)20H; 

each R" is independently selected from H and fluoro; 

R̂  is -P(0)(OH)2, 
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such compounds. 

BACKGROUND OF THE INVENTION 

[0004] Early detection of specific classes of pathogens is accomplished by the innate immune 

system with the help of pattern recognition receptors (PRRs). The detected pathogens include 

viruses, bacteria, protozoa and fungi, and each constitutively expresses a set of class-specific, 

mutation-resistant molecules called pathogen-associated molecular patterns (PAMPs). These 

molecular markers may be composed of proteins, carbohydrates, lipids, nucleic acids or 

combinations thereof, and may be located internally or externally. Examples of PAMPs include 

bacterial carbohydrates (lipopolysaccharide or LPS, mannose), nucleic acids (bacterial or viral DNA 

or RNA), peptidoglycans and lipotechoic acids (from Gram positive bacteria), A^-formylmethionine, 

lipoproteins and fungal glucans. 

[0005] Pattern recognition receptors have evolved to take advantage of three PAMP qualities. 

First, constitutive expression allows the host to detect the pathogen regardless of its life cycle stage. 

Second, the PAMPs are class specific, which allows the host to distinguish between pathogens and 

thereby tailor its response. Third, mutation resistance allows the host to recognize the pathogen 

regardless of its particular strain. 

[0006] Pattern recognition receptors are involved in more than just recognition of pathogens via 

their PAMPs. Once bound, pattern recognition receptors tend to cluster, recruit other extracellular 

and intracellular proteins to the complex, and initiate signaling cascades that uUimately impact 
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transcription. Additionally, pattern recognition receptors are involved in activation of complement, 

coagulation, phagocytosis, inflammation, and apoptosis functions in response to pathogen detection. 

[0007] Pattern recognition receptors (PRRs) may be divided into endocytic PRRs or signaling 

PRRs. The signaling PRRs include the large families of membrane-bound Toll-like receptors 

(TLRs) and cytoplasmic NOD-like receptors, while the endocytic PRRs promote the attachment, 

engulfment and destruction of microorganisms by phagocytes without relaying an intracellular 

signal, are found on all phagocytes and mediate removal of apoptotic cells. In addition, endocytic 

PRRs recognize carbohydrates and include mannose receptors of macrophages, glucan receptors 

present on all phagocytes and scavenger receptors that recognize charged ligands. 

SUMMARY OF THE INVENTION 

[0008] Provided herein are compounds and pharmaceutical compositions thereof, which are 

agonists of toll-like receptor 7 (TLR7). Such TLR7 agonists are immune potentiators that bind to 

aluminum-containing adjuvants, such as, by way of example only, aluminum hydroxide, aluminum 

oxyhydroxide and aluminum hydroxyphosphate. Thus, also provided herein are immunogenic 

compositions that contain an antigen and a TLR7 agonist provided herein that bind to aluminum-

containing adjuvants. When such immunogenic compositions are administered to a subject in need 

thereof, such TLR7 agonists enhance the immune response to the immunogenic composition. 

[0009] In one aspect provided herein such compounds, and the pharmaceutically acceptable 

salts, pharmaceutically acceptable solvates (e.g. hydrates), the N-oxide derivatives, prodrug 

derivatives, protected derivatives, individual isomers and mixture of isomers thereof, have a 

structure according to Formula (I): 

Formula (I) 

wherein: 

R̂  is H, Ci-Cealkyl, -C(R^)20H, -L'R^ - L ' R ^ -L^R^ -L^R^ -OL^R^ or -OL^R^ 

L' is-C(0)-or-0-; 

L isCi-Cealkylene, C2-C6alkenylene, arylene, heteroaryleneor 

((CR''R'*)pO)q(CH2)p-, wherein the Ci-Cealkylene and C2-C6alkenylene of L̂  are 

optionally substituted with 1 to 4 fluoro groups; 
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each L̂  is independently selected from Ci-Cealkylene and -((CR'*R'')pO)q(CH2)p-, wherein the 

Ci-Cealkylene of L̂  is optionally substituted with 1 to 4 fluoro groups; 

L'* is arylene or heteroarylene; 

R^isHorCi-Cealkyl; 

R̂  is selected from C,-C4alkyl, -L^R^ -L'R^ -L^R^ -L\W\ -L^L^R^ -L^LVR^ -OL^R^ 

-OL^R^ -OL^L^R^ -OL^L'̂ L^R^ -OR*, -OL^L^R^ -OL̂ L'*L̂ R^ and -C(R^)20H; 

each R'* is independently selected from H and fluoro; 

R̂  is -P (0 ) (0R ' )2 , 

R̂  is -CF2P(0 ) (0R ' )2 or -C(0)0R"^; 

R ' is -CF2P(0)(0R% or - C ( 0 ) 0 R ' ° ; 

R*isHorCi-C4alkyl; 

each R̂  is independently selected from H and Ci-Cealkyl; 

R'" is H or Ci-C4alkyl; 

each p is independently selected from 1, 2, 3,4, 5 and 6, and 

q is 1, 2, 3 or 4; 

with the proviso that when R̂  is C1-C4 alkyl or-OR*, R' is -C(R^)20H, - L ' R ^ - L ' R ^ -L^R^ 

-L^R^ -OL^R^ or -OL^R^ wherein R̂  is -CF2P(0)(OR^)2 and R ' is -CF2P(0)(OR^)2 

[00010] In certain embodiments of the compounds of Formula (I), R' is Ci-Ce alkyl, in other 

embodiments R' is a methyl. In certain embodiments, R' is H. In other embodiments, R ' is -

C(R^)20H, -L'R^ -L'R*, -L^R^ -L^R^ -OL^R^ or -OL^R^ 

[00011] In certain embodiments of the compounds of Formula (I), when R' -C(R^)20H, - L ' R ^ 

-L 'R^ -L^R^ -L^R^ -OL^R^ or -OL^R^ then R̂  is -OR* or Ci-Ce alkyl. In certain embodiments, R' 

is -C(R^)20H, -VR\ -VK\ -L^R^ -L^R^ -OL^R^ or -OL^R^ and R̂  is -OMe. 

[00012] ' In some embodiments of the compounds of Formula (I), R̂  is Ci-Cealkyl. In certain 

embodiments, R̂  is methyl. 

[00013] In some embodiments of the compounds of Formula (I), R̂  is selected from C1-C4 alkyl, 

-L^R^ -L'R^ -L^R^ -L^L^L^R^ -L^L'̂ R^ and -LWW In alternative embodiments, R̂  is selected 

from -OL^R^ -OL^R^ -OL^L^'R^ -OL^LY^R^ -OR*, -OL^L''R^ -OL^L^'L^R^ and -C(R^)20H. In 

certain embodiments, R̂  is-OL^R ,̂ wherein -OL^R^ is a group of the formula -0(CH2)i-

5P(0)(OR)2. In other embodiments, R̂  is-OL^R ,̂ wherein -OL^R^ is a group of the formula 

-0(CH2),.5CF2P(0)(OR)2. 

[00014] In some embodiments, R̂  is selected from C|-C4alkyl, -L^R^ - L ' R ^ -L^R^ -L^L^L^R^ -
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L^L^R^ -L^L^'L^R^ -OL^R^ -OL^R^ -OL^L^R^ -OL^L\^R^ -OR^ -OL\^R^ and -OL^L^L^R^ 

[00015] Where more than one R̂  is present, as in compounds comprising a -P(0)(0R^)2, moiety, 

theR^ groups are the same or are different. In certain embodiments of such compounds of Formula 

(I), R̂  is H at each occurrence. In other embodiments, at least one R̂  is H and the other R̂  is Ci-

Cealkyi. In other embodiments, at least one R̂  is H and the other R ' is methyl. In other 

embodiments, at least one R̂  is H and the other R̂  is ethyl. In other embodiments of such 

compounds of Formula (I), each R̂  is Ci-CealkyI and in certain embodiments, R̂  is methyl or ethyl, 

or a combination thereof 

[00016] In certain embodiments of the compounds of Formula (I), L̂  and/or L̂  is a group of the 

formula -((CR'*R\0)q(CH2)p-, and in certain embodiments, this group is of the formula -

(CH2CH20),.3(CH2),.3-. 

[00017] In certain embodiments of the compounds of Formula (I), L̂  is Ci-Ce alkylene, while in 

other embodiments L̂  is Ci-Ce alkylene substituted with one to four fluoro groups. In certain 

embodiments of such compounds of Formula (I), L̂  is of the formula (CH2)o-5CF2, wherein the 

fluoro-substituted carbon is not directly attached to the phenyl ring of Formula I. In certain 

embodiments of the compounds of Formula (I), L̂  is C2-C6 alkenylene, while in other embodiments 

L̂  is C2-C6 alkenylene substituted with one to four fluoro groups. 

[00018] In certain embodiments of the compounds of Formula (I), L̂  is Ci-Ce alkylene while in 

other embodiments L̂  is C1-C6 alkylene substituted with one to four fluoro groups. In certain 

embodiments of such compounds of Formula (I), L'' is of the formula (CH2)o-5CF2, wherein the 

fluoro-substituted carbon is not directly attached to the phenyl ring of Formula I. 

[00019] In certain embodiments of the compounds of Formula (I), L̂  is arylene or heteroarylene. 

In some of these embodiments, L̂  is phenylene, such as 1,3-disubstituted phenylene or 1,4-

disubstituted phenylene. 

[00020] In certain embodiments of such compounds of Formula (I), R' is Ci-Caalkyl; R̂  is Ci-

Cealkyl; R̂  is -OL^R' or -OL^R^ R̂  is -P(0)(0R^)2; R̂  is -CF2P(0)(OR^)2, and L̂  is Ci-Cealkylene. 

[00021] In certain embodiments of such compounds of Formula (I), R' is Ci-Cealkyl; R̂  is Ci-

Cealkyl; R̂  is -OL^R^ or -OL^R ;̂ R̂  is -P(0)(0R^)2; R̂  is -CF2P(0)(OR^)2; L̂  is -

((CRV)pO)q(CH2)p-; R" is H; q is 1 or 2, and p is 2. 

[00022] In certain embodiments of such compounds of Formula (I), R' is -L'̂ R ;̂ R̂  is CpCaalkyl; 

R̂  is -OL^R^ or -OL^R ;̂ R̂  is -P(0)(0R^)2; R̂  is - C ( 0 ) 0 R " ' ; R^ is -CF2P(0)(OR^)2; L̂  is Ci-

Caalkylene, and L̂  is CpCealkylene. 
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[00023] In certain embodiments of such compounds of Formula (I), R' is -L^R^; R̂  is Ci-Ceaikyl; 

R̂  is -OL^R^ or -OL^R^ R̂  is -P (0 ) (0R ' )2 ; R^ is - C ( 0 ) 0 R ' ^ ; R^ is -CF2P(0)(OR^)2; L̂  is C,-

Cealkylene; L̂  is -((CR''R'*)pO)q(CH2)p-; R̂* is H; q is 1 or 2, and p is 2. 

[00024] In certain embodiments of such compounds of Formula (I), R' is -C(R^)20H, -L'R^, -

L̂ R̂  or - L ' R ^ R^ is Ci-Cealicyl; R̂  is -OR*; R* is Ci-Cealicyl; R̂  is -P(0)(0R^)2; R̂  is -

CF2P(0)(OR^)2; L ' is -C(0)-, and L̂  is Ci-Cealkylene or C2-C6alkenylene, each optionally 

substituted with 1 to 4 fluoro groups. 

[00025] In certain embodiments of such compounds of Formula (I), R' is Ci-Cealkyl; R̂  is Ci-

Cgalkyl; R̂  is -OL̂ L'̂ R^ -OL̂ L"* L^R^ or -OL^L'* L^R ;̂ R̂  is -P(0)(OR^)2; R ' is -CF2P(0)(OR^)2; 

each L̂  is independently a Ci-Cealkylene, and L'* is phenylene. 

[00026] In certain embodiments of such compounds of Formula (I), R' is Ci-Cealkyl; R̂  is Ci-

Cealkyl; R̂  is -C(R^)20H or - L ' R ^ R^ is -P (0 ) (0R ' )2 , and L ' is -C(0)- or -0- . 

[00027] In certain embodiments, of such compounds of Formula (I), and the pharmaceutically 

acceptable salts, pharmaceutically acceptable solvates (e.g. hydrates), the N-oxide derivatives, 

prodrug derivatives, protected derivatives, individual isomers and mixture of isomers thereof, 

NH2 

R2 f ^ Y ^ N 

Rf^^ ^ R, 

Formula (I) 

R' is Ci-C4alkyl, -C(R^)20H, -VR\ -L^R^ -L^R^ -OL^R^ or -OL^R^ 

L' is-C(0)-or-0-; 

L̂  is Ci-Cealkylene, C2-C6alkenylene, arylene, heteroarylene or -((CR''R'')pO)q(CH2)p-, 

wherein the Ci-Cealkylene and C2-C6alkenylene of L̂  are optionally substituted with 1 to 

4 fluoro groups; 

each L̂  is independently selected from Ci-Cealkylene and -((CR''R'*)pO)q(CH2)p-, wherein the 

Ci-Cealkylene of L̂  is optionally substituted with 1 to 4 fluoro groups; 

L'* is arylene or heteroarylene; 

R̂  is H or Ci-C4alkyl; 

R̂  is selected from C,-C4alkyl, -L^R^ -L'R^ -L^R^ -L^LY^R^ -L^L^R^ -L^LY^R^ -OL^R^ 

-OL^R^ -OL^L^R^ -OL^L^'L^R^ -OR*, -OL^L'*R^ -OL̂ L'̂ L̂ R^ and -C(R^)20H; 

each R" is independently selected from H and fluoro; 

R̂  is -P(0)(OH)2, 
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