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CGAS IN SYSTEMIC LUPUS ERYTHEMATOSUS (SLE)

{0001} This application claims prionty from U.S. Provisional Apphcation No. 62/155,389
filed April 30, 2015, the disclosure of wiich is herein meorporated by reference n #s

entirety.

BACKGROUND OF THE INVENTION
10602} The innate inumune systom senses the presence of microbes or damage via germling-
encoded receptors, which detect pathogen associated molecular patterns (PAMPS) or damage-
assoctated molecular patterns (DAMPs). Nucleic acids constitute a major molecular pattern
that 1s recognized during infection by viruses or intracelhdar bacteria and that results in the
stimnulation of type I mterferons (IFN-1) and other cytokines. However, chronic or
mappropriate activation of nucleic acid-sensing pathwayvs are also implicated m mflanunatory
and autoimmune discases.
10603} Evidence for the involvement of type | IFNs (IFN-1) in the pathogenesis of systemic
autormunune disorders such as systemic lupus erythematosus (SLE) (Flkon, K.B. and A,
Wiedeman, Tvpe { IFN system in the development and manifesiations of SLE. Curr Opin
Rheumatol, 2012, 24(5): p. 499-505) as well as in rare monogenic disorders including
Aicardi-Goutierre’s Syndrome (AGS) and spondvioenchondrodysplasia (SPENCD), is
demonstrated by the increased expression of IFN-I stimulated genes (I5Gs) in peripheral
blood cells. SLE 15 a heterogeneous and flanng discase which can cause diseases of the skin,
heart, lung, kidney, joints, nervous system ete., which make it very difficult to treat. AGS is
arare inhertted ‘orphan’ disease that affects children. k is characterized predominantly by
abnormalities in the skin and brain resulting i severe braimn defects and even death in some of
these children (~35% of patients dic by age 15). This disease 1s also associated with the
expression of IFN-I and some of these patients develop features similar to SLE Ina
reciprocal fashion, 1-2% of SLE patients have mutations in TREX 1. The association of
TREX I mutations with SLE remains the strongest single association of a gene identified so
far (highest odds ratio}. There is currently no effective treatment for the severe, debilitating
disorder of AGS.
{0004} How, where and when IFN-1 is mitially stimulated, and which of the approximately
20 IFN-I subtvpes are expressed in cach disease, has been ditficult to determine. In vitro
studies (Santer, DM, et al., Potens induction of IFN-alpha and chemolkines by
autoantibodies in the cerebrospinal fluid of patients with neuropsychiatric lupus. § Inownol,

2009, 182(2); p. 1192-201), have revealed that IFN-alpha (IFNa) 1s induced by SLE immune
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complexes (IC) containing (ribonucleoprotein antigens {Lovgren, T, et al,, Induction of
interferon-alpha by immune complexes or liposomes containing systemic lupus
erythematasus qutoantigen- and Sjogren's syidrome autoantigen-associaied RNA. Arthritis
Rheum, 2006, 54(6): p. 1917-27). However, the in vitro studies do not address how TFN-I
may be induced prior to the formation of IC. Cytosolic DNA induces type 1 interferons and
other cyiokines which are important for antimicrobial defense but can also trigger
autoimununity. Experiments demonstrating that the serum from a significant proportion of
SLE farmily members without autoantibodies induce ISGs in responder cells (Niewold, T.B.,
ct al , High serum IFN-alpha activify is a heritable risk facior for systemic fupus
eryihematosus. Genes Immun, 2007, 8(6): p. 492-502) as well as incomplete neutralization of
18Gs m chinical trials using biologics targeting IFN-a, suggest that other IFN-f may well be
mvolved i SLE (Petn, M. et al., Sifadimumab, o human anti-interferon-alpha monoclonal
antibody, in systemic lupus erythematosus: a phase I randomized, conirolled, dose-escalation
studly. Arthritis Rhour, 2013, 63(4): p. 1011-21). Moreover, in a mouse model of AGS
caused by deficient expression of the 3-57 DNA exonuclease, TREX], accumulation of
mtraceliular DNA is responsible for cell intrinsic production of IFNb.

{0005] While many DNA sensors have been described, the recent discovery of cyclic GAMP
synthase, (cGAS) (Wu, ], et al,, Cyclic GMP-AMP is an endogenous second messenger in
innate immune signaling by cvivsolic DNA. Science, 2013, 33%(6121): p. 826-30) (Sun, L., et
al., Cyclic GMP-AMF synthase is a cytosolic DNA sensor that activates the type I interferon
pathway. Science, 2013, 339(5121): p. 786-91), 1s of particular interest as it has becn shown
to play a pivotal role in virus-induced as well as DNA damage- mduced IFN-I production.
Following binding of double stranded (ds)}-DNA to a positively charged pocket of ¢GAS, the
enzyme undergoes a conformational change revealing a catalvtic clett which results in the
synthesis of the cvelic dinucleotide, cvelic GMP-AMP {¢GAMP) (Diner, EJ. et al, The
Innate Immune DNA Sensor cGAS Produces a Noncanonical Cyelic Dinucleotide that
Activates Human STING. Cell Rep, 2013, 3{5}: p. 1355-61). cGAMP binds to the adapter
protein, STING, which triggers activation of TBEK, phosphorviation of IRF3 with resulting
transcription of TFN-b (Sun, 2013) (Wu, 2013). In cells that are deficient in TREX, it has
recently been shown that DNA tnggers IFN-b selectively through the cGAS pathway (Gao,
DB, et al. Activation of cyclic GMP-AMP syathase by self-DINA causes avtoimmune discases.
Proc Natl Acad Se1 U S A 112, E5699-5705 (2013}, 26371324); Grav, E.E,, Treuting, P.M.,
Woodward, J.J, and Stetson, D.B. 2015, Cutting Edge: ¢GAS Is Required for Lethal

b
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Aptoimmune Disease in the Trex1-Deficient Mouse Model of Aicardi-Gouticres Syndrome. J
Immunol 195:1939-1943).

{00606} There remains a need in the art for treatment of severe debilitating diseases associated
with IFN-I due to ¢GAS activation. Understanding the mechamism how ¢GAS/cGAMP
contribute to IFN-1 stimulation 1in SLE patients allows for directed therapeutic approaches
which we are purseing in SLE and possibly other antoimmune diseases associated with

cvtosolic DNA as a Danger Associated Molecular Patiom (DAMP).

SUMMARY OF THE INVENTION
{0007} Systemic Lupus Ervthematosus (SLE) is strongly associated with increased
expression of type | interferon (IFN-1) (Elkon, 2012). Both genetic as well as experimental
studics indicate that IFN-I plays a central role in this discase {Loveren, 20063 (Niewold,
2007}, IFN- { can be stimulated by several pathways including ¢cGAS (Cvclic di-GMP-AMP
Synthase), a recently discovered cviosolic DNA sensor (Wu, 2013; Sun, 2013). ¢cGAS is
activated by ds-DINA, catalyzes the production of novel second messenger, ¢cGAMP that
potently activates type 1 IFN through STING and IR¥F3 pathway. The discovery of ¢GAS
means that any microbe with DNA that stimulates gene expression by the transcription
factors NF-xB and TRF3 should also signal via a cyclic dinucleotide made by the host cell via
¢GAS. The pathway 1s also likely to be important for the sensing of self BNA, which can
lead to auntoimmunity. Since ¢(GAS has catalytic activity, it is possible that a small-molecule
mhibitor could have therapeutic potential for antommmune diseases.
{8008} In view of the key role that ¢GAS plays in DNA stimulated IFN-b prodection and the
suspected role of this pathway in diseases associated with high expression of IS8Gs | in silico
screcning of chemical and drug libraries was performed in order to identify candidate drugs
predicted to block ¢cGAS activity. Several candidates were identified by computational
analysis, including hydroxychloroguine (HCQ) and quinacrine {QC), belonging to the
antimalarial class of drags, that were predicted to interact with cGAS and ds-DNA. Studies
validated that scveral antimalarial drugs were effective mhibitors of IFN-b production and
that they functioned by inhibiting dsDNA stumulated ¢GAS production of cGAMP,
{18005} In an effort to identify drogs to block cGAS activity, we performed in silico screening
of chemical and drug libranies and identified several commonly used antimalanal drugs for
the treatment of SLE, predicted to interact strongly with ¢GAS by computational analvsis
{Figure 1). We have verified experimentally that these antimalarial drugs block DNA binding

to ¢GAS (Figure 1), Antimalarial drugs inchiding HOG could inhibit the ¢GAS activity and
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cGAMP production in vitro (Figure 2}. More importantly, they could inhibit the type 1 IFN
production when cells were transtected with dsDNA. Our resulis provide a novel mechanisim
of action of antimalarial drugs that arc used in the treatment of Lupus and RA and other
autormmune disorders.

{88610} It has been reported that the antimalanial drugs hydroxychloroquine and guimacring
mduce remissions of SLE and rheumatoid arthritis. However, despite the use of
hvdroxychloroguine and quinacrine as therapeutic drugs for autotmmune disease, their
mechanism of action still remains unelear and controversial. Current therapy for SLE such as
corticosteroids, cyclophosphamide and hvdroxychloroquine were introduced several decades
ago and, although used, were not approved by FDA for SLE. Beolysta (HGS/GSK) anti-BLys
monoclonal antibody (mAb) 1s the first and only approved SLE therapy m 50 vears. Although
chnical outcome following Benlysta treatment was better than placebo, the difference was
small. So there is still a large unmet medical need for therapewutic target identification and
new drug development for effective SLE treatiuent. The present invention provides
therapeutic strategies for treatment of severe debilitating diseases associated with IFN-I due

to ¢GAS activation.

BRIEF DESCRIPTION OF THE DRAWINGS
{0811} Figure 1 s an electrophorstic mobility shift agsay (EMSA) showing that HC( blocks
dsDNA/CGAS binding.
{8612} Figure 2135 (A) A ropresentative TLC analvsis of Quinacrine inhibition of ¢GAS
turnover; (B) Quantification of ¢GAS inhibition by HC(} denvatives; (C) summary of the
95% confidence intervals for the 15, of each associated mhubitor; and (D) binding affimty
correlated with —log (1Csg).
{8813} Figure 3 shows (A) the inhibition of the TFNb mduction with antimalarial drugs; and
(B and () the different capability of antimalarial drugs to inhibit IFNb production as shown
by inhibition curves and 1Csy.
{0614} Figure 4 shows the binding of 32P-c~di-AMP (2 nM) by STING (170 uM) monitored
m the presence of unlabeled ¢-di-AMP (200 pM) and HCQ with different concentrations.
{8615} Figure 515 (A) QPCR analysis of ¢GAS expression from healthy controls {CNT,
n=20} and SLE (n=51); {(B) ¢GAS expression correlated with IFN score in SLE patients; and

{C) Western blot assay for the phosphoryiated IRF3 expression.
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8615} Figure 6 shows (A} the abundance of cGAMP THPI cells were transfected with HT-
DNA quantized by mass spectrometry using SRM; and (B) the PBMC for cGAMP
expression by LC/MS/MS in SLE and RA patients.

{8817} Figure 7 shows ¢GAS activity of compounds X3, X6 and X7 by in vitro biochemical
assay.

10618} Figure 8 shows the effect of compound X6 on spleen mass in TREXT KO mouse.
{0019] Figure 9 shows the effect of compound X6 on the expression of ISG15 and CXCLIG
i TREX1 KO moase heart.

{0628} Figure 10 shows the effect of compound X6 on the expression of ISG15 and 1SG20
in TREX1 KO mouse spleen.

{8021} Figure 11 shows the effect of compound X6 on the expression of [FINb in TREX ]
KO mouse heart.

{0022] Figure 12 shows the effect of compound X6 on Trex1-/- KO mouse ¢cGAMP
expression compared to SPLENDA ™ treatment,

{8623} Figure 13 shows the Trexi-/~ Heart Pathology total score for compound X6,

18024} Figure 14 shows the effect of compound X6 on Trex1-/- heart endocardial
nflammation.

{0025 Figure 15 shows the effect of compound X6 on Trex1-/- heart endocardial fibrosis.
{0026] Figure 16 shows the effect of compound X6 on Trex1-/- Heart endocardial

nflammation/fibrosis.

DETAILED DESCRIPTION OF THE INVENTION
{8627} The present invention provides therapeutic strategies for treatment of severe
debilitating diseases associated with TFN-I due to ¢GAS activation.
{8028} Before the present invention is described, i 1s to be understood that this mvention is
not Himited to particular embodiments described, as such may, of course, vary. It is also to be
understood that the terounology used herein is for the purpose of describing particular
embodiments only, and 1s not intended to be imiting, since the scope of the present invention
will be limited only by the appended clamms.
{8629} Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and maternals similar or equivalent to those deseribed herein
can be used in the practice or testing of the present invention, the preferred methods and

matcrials are now described. All publications mentioned herein are incorporated herein by
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reference to disclose and describe the methods and/or materials in connection with which the
publications are cited.

{86306} It must be noted that as used herein and in the appended claims, the singular forms
"a", "and", and "the" mclude plural referents unless the context clearly dictates otherwise.
Thus, for example, reference to "a compound” mcludes a plurality of such compounds, and
reference to "the method" includes reference to one or more methods, method steps, and
equivalents thereof known to those skilled in the art, and so forth.

{6831} In the broadest sense, as used herein, the term "astoimmune disease,” refersto a
discase wherein a patient's immune system is producing an unwanted tmmune response (o
one or more of their own protemms. Representative examples of antormmmune diseases inchude
systemic tupus ervthematosus (SLE), lupus nephritis (LN}, rheumatoid arthritis, juvenile
rheumatoid arthritis, Wegener's disease, inflammatory bowel disease, idiopathic
thrombocyviopenic purpura (ITP), thrombotic thrombocyvtopenic purpura {(TTP), avtcimmune
thrombocyiopenia, multiple sclerosis, psoriasis, IgA nephropathy, IgM polyncuropathies,
myvasthenia gravis, vasculitis, diabetes mellitus, Revnaud's syndrome, Sjorgen's syndrome,
scleroderma, polymvositis and glomerulonephritis. Preferably, the antoimmune discase is
SLE.

{8832} In the broadest sense, as used herein, the term “monogenic disorder,” refersfo a
discase that is the result of a single defective gene on the autosomes. Representative
monogenic disorders include rare monogenic disorders, Aicardi-Goutierre’s Syndrome
{AGS) and spondyloenchondrodysplasia (SPENCD). Preferably, the monogenic disorder s
AGS.

{8633} A "biclogical sample" encompasses a variety of sample types obtained from an
ndividual and can be used in a diagnostic or monitoring assay. The definttion encompasses
blood and other hiquid samples of biological ongin, solid tissue samples such as a biopsy
specimen or tissue cultures or cells derived there from and the progeny thercof. The
definition also includes samples that have been manipulated in any way afier their
procurcment, such as by treatment with reagents, solubilization, or ennichment for certain
components, such as polvmucleotides. The term "biclogical sample” encompasses a climcal
sample, and also includes cells in culture, cell supernatants, cell lysates, serum, plasma,
biclogical fluid, and tissue samples.

{8834} As used herein, the terms "treatment”, "treating”, and the bike, refer to obtaining a
desired pharmacologic and/or physiologic effect. The effect may be prophylactic in terms of
completely or partially preventing a disease or symptom thereof and/or may be therapeutic in

6
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terms of a partial or complete cure for a discase and/or adverse effect attributable to the
discase. "Treatment”, as used herein, covers any treatment of a disease in a mammal,
particularly in a human, and mcludes: {a) preventing the discase from occurring in a subject
which may be predisposed to the disease but has not vet been diagnosed as having it; (b}
inhibiting the disease, t.¢., arresting its development; and (¢) relieving the disease, 1.6,
causing regression of the discase.

{0035] The terms "individual,” "subject,” and "paticnt,” used imterchangeably herein, refer to
a mammal, including, but not limited to, murines, simians, humans, mammalian farm
animals, mammalian sport animals, and mammalian pets. Preferably, the subject hergin is
human.

[8836] The present invention relates 1o compounds of Formula (I) or a prodrug or metabolite

thereof,

wherein
R; is -OH, -NH,, -NHYC(OR; or -NO;
R s -H or -OCH;;
Rs and R4 are mdependently -H or -CHs;

Rs and Ry are independently -H, -CH;, -CH,CH,5H,

H
¥ N
& \:‘f j
Rris -OCH;, ~-OCHCH;, -OCH,CHLYCHG, ~-OCH, CHCHLCH;, -CHs, -CHRCH;, -CH,
CH,CH;, -CH,CH,CH,CH;, -CH,CH,CH,(CH,(CH:, -CH,CH,CH,CH,CH,CH;, -CF;,

-CHLCFs or C ,and

nis 2 or3.

{88637} In some embodiments,

Ry is -NH,.



WO 2016/176222 PCT/US2016/029396

18638} In some embodiments, R, is -NH; or -N{FHC(GIR;

By 18 -OCH;;
Ry is -CHa;
By s -
Rsis -CHa

§ N
vy M\A\M_\m'\ Rt . £
Rs1s, , or W ;

Ry is -OCH;, -OCHCH;, -OCHCHLCH:, -OCHCHCHLCH,, -CH,, -CHLCH;, -CHy
CH,CH;, -CHCHCHLCH, -CHCHCHRCHCHG, -

Ci‘i_) CE‘{ 2 C}‘ig C}‘}g C}“Eg C}‘Eg B *CF 5y CE‘?QCF} or . . an d

nis 2.
108639} In some embodiments,
R; 15 -NHs or -N{HYC(O)R;
Ry s -OCH;;
Rs1s -CH;a;
Ryis-H;
Rs s -CHs,

e TNy
~ it s §l§
Ty #

Wt

S RS ~ {3 RN
R(, 15, s O

Ryis ~-OCHCH;, -CHCHCH CHCH;, -CRy or @ and
nis 2; and
1006490} In some embodiments,
Ry is -NH;
R, is -OCH;;
R 1s -CHa;
Ryis -H:
Rsis ~-CHs;

.......
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{8641} In some embodiments,
R, 1s -NH,:
Ry 18 ~-OCH;;
Ry1s ~-CH;y;
Ryis-H;
Rsis -CHa;

R 15

and nis 2.
[8642] In some embodiments,

R, 1s -NH,:

Ry 18 ~-OCH;;

Ry1s ~-CH;y;

Ryis-H;

Rs is -CHs;

Rsis

nis 2.
[8043] In some embodiments, R, 158 N(HYC(OR.
[8044] In some embodiments,

Ry 15 -NHC(OIR+;

Ry 15 -0OCH:;

R; is -CHs:

Ryis -H;

Rsis -CHa:

R
Rgis cand
nis 2.

[8845] In some embodiments,
R; is -N{HYC{OyCH,CH,CH, CH,CH;5;
Ry 15 -0OCH:;
R; is -CHs:
Ryis -H;
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Rg 18 -C}'ig,;

R5 18
nis 2.
[B846] In some embodiments,

Ry 18 -N{HEYCOHYCF3;

Ry 15 -OCH;;

Rsis -CHy;

Ryis -H;

Rs is -CH;s;

Re is TR
nis 2.

{8847} In some embodiments,

Ry is -N{FHC{OR;
R, is -OCH;;

R; is -CHs;

Ryis -H;

Rs is -CHs:

Ryis @; and
nis 2.

;and

;and

PCT/US2016/029396

[80648] The present invention also relates to compounds of Formula (JIF} or a prodrug or

metabolite thereof,

Ry

H3Cn - Ro

|
HaC . N/(G Hah

RN ~
s S
N

{1

10
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(‘.\\“_\'-‘\'.i ‘;}} OH.
wherein Ry 18 (1, -OH, -NH,, or -NG); Ry is . , , Or
i ,x'{‘\‘ ™%
Ny §
k & . ’
N‘*“‘ candnis 3 or 4.
\“\*m\
18049] In some aspects, Ry s -ClL Reis ' ,and nis 3.

{0650] In other aspects, R, 15 -Cl, Ry 15 ,and nis 4.

[88531] In other aspects, Ry 15 -CE Rg 18

,andnis 3.

18652} In some aspects, Ry 15 -Cl; R is ,and nis 4.

10653] In some aspects, Ry is -{1; Reis

,andnis 3.

[0054] In other aspects, Ry 15 -CE Rg 18 cand nis 4.

[B8535] In some aspects, R 1s OH, Rg1s cand nis 3.

e~y @

- . . -y .
[0636] In some aspects, Ry 1s OH, Rg 15 candnis 4.
.“(!:!::\
p S
{8657} In some aspects, R 1s OH, Ry 15 S .andnis 3.
I i
~ LR, N

N
N $

10658] In other aspects, Ry 15 OH; Ry is ,and nis 4.

[0659] In other aspects, By 1s OH; Reis - ,and nig 3,

[8664] In other aspects, R, 15 OH; Ry 18 cand nis 4.

RN
. W .
{6661} In some aspects, By 1s NHy, Re1s candnis 3.
18662} In some aspects, By is NH;, Ry is - ,and nis 4,
10663] In other aspects, R 1s NHy; Ry is R .andnis 3,

i
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[8064] In other aspects, Ry 19 NH»; Ko is

{8665} In some aspects, B is NH;, Ry is

10066] In some aspects, Ry s NH;: Rgis

[0667) In some aspects, R is NO2; Rg is

[8668] In some aspects, R; 18 NO»; Rgis

[8069] In some aspects, Ry 18 NO;: Rgis

{8678} In other aspects, By is NGO, Re1s

10671} In other aspects, R 1s N(O;; Ry is

[80672] In other aspects, R 19 NO;; Rgis

,and nis 4.

candnis 3.

,andnis 4.

,and nis 3.

,and nis 4.

,andnis 3.

cand nis 4.

candnis 3.

,and nis 4.

PCT/US2016/029396

[8673] Other aspects of the present invention relate to compounds of Formula (Il ora

prodrag or metabohite thergof,

‘ N ‘ Rs
P
R1 N

)

wherein Ry 1s H, Cl, OH, NH; or NOy; Ry is H or -OCH;; R and Ry are independently Hoor

H

N

& \
. or N

;andnis 2 or 3.

12
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[8674] In a preferred aspect, Ry is NH;, Ry 15~-0OCH;

sand nis 2.

18675} In some aspects, Ry 1s H, Cl, OH, NH) or NO»

arc H, andnis 2 or 3.

[08876] In some aspects, Ry s H, CL, OH, NH, or N(y,

are CH;, andnis 2 or 3.

16677} In some aspects, Ry s H, Cl, OH, NH; or NGO,

are ~-CH,CHLSH, and nis 2 or 3.

[8678] In some aspects, Ry 1s H, Cl, OH, NH; or NO;
SR

are b candnis 2 or 3.

[8679] In some aspects, R 1s H, Cl, OH, NH, or NGO,

arg ,andnis 2 or 3,

[0080] In some aspects, Ry s H, CL, OH, NH, or N(,

$
SN &
e Ead K
R

B 8

i

are T candnis 2 or 3.

[8681] In some aspects, Ry 1s H, Cl, OH, NH; or NO;

[B082] In some aspects, Ry is H, T, OH, NHy or NO»
CHs, andnis 2.

[6683] In some aspects, Ry s H, Cl, OH, NH; or NGO,
SCHLCHLSH, and nis 2 or 3.

[8684] In some aspects, Ry 1s H, Cl, OH, NH; or NO;

.andnis 2 or 3.

s
i
LW
Vo

,andnis 2 or 3.

[B085] In some aspects, Ry is H, Cl, OH, NHy or NO,

candnis 2 or 3.

13
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RyisCHy Ryis H Ry is CHa Re s

JRpis H, By and Ry are H, Rs and Rg

Ry H Ryand Ry are H, Rs and Ry

,Rsis H, R and Ry arc H, Rs and By

JRpis H Ry and Ry are H, Ry and Rg

CReis H, Ry and Ry are H, Rs and R

Ry H Ryand Ry are H, Rs and Ry

JRpis H Ry and Ry are H, Ry and Rg

CReisH, Ryand Ry are H, Rs1is H, Rgis

JRsisH, Ryand Ryarc H, Rs1s H, Ry is

JRyisH Rsand Rypare H Rsis H Ry s

. RpisH, Ryand Ry are H, Rs1s H, Rg1s
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[8686] In some aspects, Ry 1s H, Cl, OH, NH; or NO;

o
MR
& \Fz
ol el &
SR W\\\ &
Y R
R eid

,andnis 2 or 3.

[00887] In some aspects, Ry s H, CL, OH, NH, or N(,

<7

8688} In some aspects, Ry s H, Cl, OH, NH; or NO;

candnis 2 or 3.

ReisH,andnis 2 or 3.

[0089] In some aspects, R 1s H, ClL, OH, NH; or NO;
Re1s -CHCHLSH, and nis 2 or 3.

[80690] In some aspects, Ry s H, CL, OH, NH, or N(y,

Rg is - ,and nis 2 or 3.

16691} In some aspects, Ry s H, Cl, OH, NH; or NGO,

“;.‘ \\\\\\ \ %
SN &, P
iRy W
o
R

R(, 18
18692] In some aspects, Ry 1s H, Cl, OH, NH; or NO;

candnis 2 or 3.

S

Mg 8
Bgis e ,andnis 2 or 3.
[8093] In some aspects, Ry is H, 1, OH, NHjy or NGO,
H
N j
Rqis N andnis2or3

[8694] In some aspects, Ry 1s H, Cl, OH, NH; or NO;
CHLYCHSH ReisH o andnis 2 or 3.

{8695} In some aspects, Ry 1s H, Cl, OH, NH) or NO»
CHCH,SH, R s CH, andnis 2 or 3.

[08096] In some aspects, Ry s H, CL, OH, NH, or N(,
\‘2221.\.

S & S
N A N M o \ \‘::‘S‘ M -3
CHyCHLSH, R s ,andnis 2 or 3.
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JRyisH Rsand Rypare H Rsis H Ry s

Ry H Ryand Ryare H) Rsis HL Rgis

,Rpis H, R and Ry are H, Rs 15 CH;,

.RpisH, Ry and Ry are H, Rs 15 CHa,

Ry H Ryand Ry are H, R 15 CH;,

Ry 18 H, R; and Ry arc H, Ry 15 CH;,

JRpis H Ry and Ry are H, Ry 15 UH;,

CReis H, Ry and Ry are H, Rs 15 CHa,

JRyisH Rsand Ry are H, Rsas -

LRy isH Riand Ryare H Rsis -

Ry H Ryand Ryare H) Rsis -
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18697} In some aspects, Ryis H, CI, OH, NH; or NO;, Ry s H Ry and Ry are H, Rsig -

Faany,

sy & Nk
s R “\\j;’\ }'\Q
Ry &
R

CHLOCHLSH, Ry is candnis 2 or 3.
{0698} In some aspects, Ry is H. CL OH, NH or NO;, Rois H, Ryand Ryare H, Rsis -

CHCHSH, R ,andnis 2 or 3.
10699] In some aspects, Ryis H, CL OH. NHy or NG, Ry is H Ryand Rpare H, Rs 13-
H
N
&
CHLOCHLSH, Ry is N~ andnis2or3.
{0108} In some aspects, Ry is H, CL OH, NH or NO;, Ry s H Ry and Ryare H Rs is

PN
e
o

,RsisH, andnis 2 or 3.

[3181] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry s H, Ry and Ry are H, Ks is

.Reis CH;z andnis 2 or 3.
[0102] In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry is H, Ry and Ry arc H, Rs is

RSN
Y

& il %
Y iy
Vwwn

. Res -CHCH-SH, and nis 2 or 3.
[8103] In some aspects, Ryis H, CI, OH, NH; or NO», Ry s H, Ry and Ry are H, Rsis

"«":222;".\.\ ;m“\
S )}". k B B & .
, Rgis e cand nis Zor 3.

[3104] In some aspects, Ry is H, CI, OH, NHy or NO;, By s H, Ry and Ry are H, Rs s

h\c‘m\ AN & i -:\:}i‘

~Uy “‘"\\\ \\\ Sty “{:\ g\‘g
” , Rg is et andnis 2 or 3.
31357 In some aspects, Ryis H, CL OH, NH, or NG, Ry is H, Rz and Ry are H, Rs s
2 ] > 2
H
...... o, N
AN < \
ca ot ady, RN
.Reis NT Jandnis 2 or3.

{8106} In some aspects, Ryis H, CIL OH, NHy or NGO, Ro s H Ry and Ry are H Rsis

JRBeisH andnis2or 3.
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[8107] In some aspects, Ry 1is H, CI, OH, NH; or NO;, Ry s H, Ry and Ry are H, Rsis

R CRets THL andnis 2 or 3.

{0108} In some aspects, Ryis H, CILL OH, NHy or NGO, Ro s H Ry and Ry are H Rs is

. Rgis -CHCHRSH, andnis 2 or 3.
[3109] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry s H, Ry and Ry are H, Ks is

PNt

.Rg1s candnis 2 or 3.

[0110] In some aspects, Ry s H, CL, OH, NH, or NO;, Ry 1s H, Ry and Ry are H, Rs is

ST N

= 2 < 3

) ~HL “‘i\;\ i
Ty 3

N

\}ww“'*

. R5 18
[8111] In some aspects, Ry is H, CI, OH, NH; or NO;, Ry s H, Ry and Ry are H, Rsis

,candnis 2 or 3.

H
Nj
L Hets N andnis2or3.

[0112] In some aspects, Ry s H, CL, OH, NH, or NO;, Ry 1s H, Ry and Ry are H, Rs is

ey
3

.r‘i.'"' Ny
S R IS
. LReisH, andnis 2 or 3.

[8113] In some aspects, Ry s H, CI, OH, NHz or NO3, Ry 1s H, R and Ry are H, Rs s

AN \v‘"‘\
R S R §§
% ..“3.\3 : o S TV -
o ,Re1s CH;, andnis 2 or 3.

[8114] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry s H, Ry and Ry are H, Ks is

3
N
N
. ; N
~y “"{:\ i#
NN d
X aF

R . Reis -CH;CHLSH, and nis 2 or 3.
[8113] In some aspects, Ry 1s H, CI, OH, NH; or NO,, Ry 1s H, Ry and Ry are H, Rs1s

‘a’\“ N, RN,
T e & o~ & N
%, % & O el Y
N N

Rl Rgis
[3116] In some aspects, Ryis H, CI, OH, NHy or NO,, Ko is H, Ryand Ry are H, Rs s

andnis 2 or 3.

.andnis 2 or 3.

16
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18117} In some aspects, Ry is H, CI, OH, NH; or NO;, Ry s H, Ry and Ry are H, Rsis

N

'\e\“
™% \

X &

s N\ .
R , Rg1s N7 Jandnis2or3.

iﬁiiS} In some aspects, Ry is H, CL OH, NH, or NO;, Ry s H, Ry and Ry are H, Rs 1

<

61 19} In some aspects, Ry is H, CI, OH, NH; or NOy, Ry 1s H, R and Ry are H, Rs s

j ,Reis CHs, andnis 2 or 3.

[3120] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry is H, Ry and Ry are H, Ks is

H
N
~J
NT | Reis -CHyCHSH, andnis 2 or 3.

61 21} In some aspects, Ry is H, CI, OH, NH; or NO,, Ry 1s H, Ry and Ry are H, Rs s

SR
\ N &

JReisH, andnis 2 or 3.

R@ib candnis 2 or 3.

[3122] In some aspects, Ryis H, CI, OH, NHy or NO,, Ko s H, Ryand Ry are H, Rs s

H

N
4<\ J O

NT  Rgis andnis 2 or 3
iﬂi”?«] Insome aspects, Ry s H, CL OH. NH, or NG, Ry s H, Ksand Ry are H, Rs s

P
S ‘o“js \\e}

R(; 18
{3124] In some aspects, Ry is H, Cl, OH, NH; or NO;, By s H, Ry and Ry are H, Rs 15 CH;,
ReisH, andnis 2 or 3.
[3125] In some aspects, Ry s H, CL OH, NHy or NG, Ry is H Ryand Ry are H Rs 15 -
CHYCH,SH. RgisH, andnis 2 or 3.
10126} In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry is H, Ry and Ry arc H, Rs is

.and nis 2 or 3.

LReisH, andnis 2 or 3.

17
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18127} In some aspects, Ry is H, CI, OH, NH; or NO;, Ry s H, Ry and Ry are H, Rsis

JRetsH. andnis 2 or 3.
{0128} In some aspects, Ryis H, CL OH, NHo or NGO, Ro s H Ry and Ry are H Rs is

¥
R
& \\}
8

%N . .
R JReisH, andnis 2 or 3.

10129] In some aspects, Ry s H, CL, OH, NH; or NO;, Ry is H, Ry and Ry arc H, B is

N
~
N
{8138} In some aspects, Ry is H. CL OH, NH or NO;, Ry s H, Byand Ryare H Rsis H, Ry s
CHy, andnis 2 or 3.
[3131] In some aspects, Ry is H, CI, OH, NHy or NGOy, Ry s H, Ry and Ry are H, Rs 15 -
CHCH,SH. R CHy, and nis 2 or 3.
10132] In some aspects, Ry s H, CL, OH. NH; or NO;, Ry is H, Ry and Ry arc H, B is

‘ \‘._«\\\\\v\r
.\\5:3}3\&. ity S

,ReisH, andnis 2 or 3.

JRetisCHs andnis 2 or 3.

18133] In some aspects, Ry is H, CI, OH, NH; or NO;, Ry s H, Ry and Ry are H, Rsis

SRR,

SN & Nt
~L¥y v-\ B
o .Re1s CHs, andnis 2 or 3.

{0134} In some aspects, Ryis H, CIL OH, NHy or NGO, Ro s H Ry and Ryare H Rsis

CReis CHy, andnis Zor 3.

13135] In some aspects, Ry s H, CL, OH, NH; or NO;, Ry is H, Ry and Ry arc H, B is

H
N
~J
NT  Reis CHsz andnis 2 or 3.

{0136} In someaspects, Ry is H. CL OH, NH or NO;, Ry s H Byand Ryare H Rsis H, Ry s
SCH,CHSH, andnis 2 or 3.

[3137] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry 15 H, Ry and Ry are H, Rs is CHs,
Re 1 -CHYCH,SH, and nis 2 or 3.

I8
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[8138] In some aspects, Ry is H, CI, OH, NH; or NO;, Ry s H, Ry and Ry are H, Rsis

.
& N

TR AR B
-

, Rgis -CH,CH,8H, and nis 2 or 3.
[8139] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry s H, Ry and Ry are H, Ks is

X

LR is -CHLOCHLSH, and nis 2 or 3.

101490] In some aspects, Ryis H, By is H Ryand Ry are H, Rs 15
CHyCHLSH, and nis 2.
[8141] In some aspects, Ry s H, Cl, OH, NH; or NO3, Ry 1s H, R and Ry are H, Rs s

H
N
~ ]
NT | Rgis -CHCHLSH, andnis 2 or 3.

[3142] In some aspects, R is H, I, OH, NH, or NGOy, Ry s H, Ry and Ry are H, Rs is H, Rg1s

candnis 2 or 3.

[0143] In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry 1s H, Ry and Ry arc H, Rs is CH;,

- {:\ﬁ:::: w{‘\:\\\\\:
Rs is o ,andnis 2 or 3.
[8144] In some aspects, Ryis H, CL, OH, NH or NO,, Ry s H Ry and Ry are H, Rsg -

CH,CHLSH, R 1s e ,andnis 2 or3.
[3145] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry s H, Ry and Ry are H, Ks is

SRR SRR

ks 3 £ i & $
wO¥g N R
TRy & W

.Rg1s candnis 2 or 3.

10146] In some aspects, Ry s H, CL, OH, NH; or NO;, Ry is H, Ry and Ry arc H, Bs is

R , Rp 18 ,andns 2 or 3.

18147} In some aspects, Ry is H, CI, OH, NH; or NO», Ry s H, Ry and Ry are H, Rsis

H
N )
\ . ‘é_\\\\\\a\“
\ R toe ""‘{}““::‘\:‘;}
N

, Rg1s ,andnis 2 or 3.

19
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[8148] In some aspects, Ry is H, CL, OH, NH; or NO;, Ry s H Ry and Ryare H, R is H Ry s

£
QRSN

,and nis 2 or 3.

{0149} In some aspects, Ryis H, CI, OH, NHa or NO;, Ry s H, Ry and Ry are H, Rs is CH4,

Rsis S ,andnis2or 3.
[31530] In some aspects, Ry is H, CI, OH, NHy or NGOy, Ry s H, Ry and Ry are H, Rs 15 -

N

CH,CH,SH. Ry is S ndnisZor3
[131] In some aspects, Ry s H, CL, OH, NH, or NO;, Ry 1s H, Ry and Ry are H, Rs is

[0152) In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry is H, Ry and Ry arc H, Rs is

,and nis 2 or 3.

N
N
S Ny
AR - i
<L, & T
8 3}
N B

et Reis

{0153} In some aspects, Ryis H, CL OH, NHy or NGO, Ro s H Ry and Ry are H Rsis

H
N
\ SN {"‘\ - \\.\'
\ SRRy {\ e'\\\
N

,Rgis R ,and nis 2 or 3.

,and nis 2 or 3.

10154] In some aspects, Ryis H, CL OH. NHy or NG, Ry is H Ryand Rpare H, Rs is H, Rgis

N

L
v_ﬁ.\'\" Ny
“{}3“:“ ‘“{\ §§
RN
Bt

candnis 2 or 3.

{0155] In some aspects, Ry is H, CI, OH, NH; or NO;, Ry s H) Ry and Ry are H, Ry is CH;,

R is
[3136] In some aspects, Ry H, CL OH, NHy or NGy, Ry is H, Ry and Ry are H) Ry 15 -

,andnis 2 or 3.

CHLCHLSH, Re s T .andnis 2 or 3.

[8157] In some aspects, Ry is H, CI, OH, NH; or NO», Ry s H, Ry and Ry are H, Rsis

S
~OMow R
, Rs 18 G candnis 2 or 3.

20
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[8158] In some aspects, Ry is H, CI, OH, NH; or NO;, Ry s H, Ry and Ry are H, Rsis

&N
S R
Raat e £ N §$
X § . "
b candnis 2 or 3.

?R(} 18

[0139] In some aspects, Ry s H, CL, OH, NH, or NO;, Ry 1s H, Ry and Ry are H, Rs is

8 N
N R
& Ny
SN o
\ \ h v‘.».o?‘?& “‘\ §§
! (=
e

R R(, iS =

{8168} In some aspects, Ry s H, CL, OH, NH; or NGy, Ry is H, Ry and Ry are H, Rsis H, Re 15

H
N
~ ]
N
[3161] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry 15 H, Ry and Ry are H, Rs is CHs,
H
N
Reis N andnis 2 or 3.

[8162] In some aspects, Ry s H, CL, OH, NH; or NG5, Ry is H, Ry and Ry are H, Rz 15 -

candnis2or3.

,andnis 2 or 3.

H
N

~J

CHyCHLRH, R is N andnisZor3.
[3163] In some aspects, Ryis H, CI, OH, NHy or NO,, Ko s H, Ryand Ry are H, Rs s

H
------- N
O 8 — \
) \\\W“:‘\ : \j Ty -
. Rsis N Jandnis 2 or3.

[0164] In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry is H, Ry and Ry arc H, Rs is

H
N

vy

,Rsis NT Jandnis 2 or 3.

[3165] In some aspects, Ry is H, CI, OH, NHy or NO;, By s H, Ry and Ry are H, Rs s

candnis 2 or 3.

10166] In some aspects, Ry s H, CL, OH, NH; or NO2, Ry is H, R and Ry are CHs, Ry and Re
are H, andnis 2 or 3,

18167} In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 1s H, R; and Ry are CH;, Rs and Re

are CHs, andnis 2 or 3.

21
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[8168] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 1s H, R; and Ry are CH;, Rs and Re
are -CHCH-SH, and nis 2 or 3.
[3169] In some aspecis, Ry is H, Cl, OH, NH, or NO;, By s H, Ry and Ry are CHi, Rsand R

are ,andnis 2 or 3.

10170] In some aspects, Ry s H, Cl, OH, NH; or NO;, Ry 1s H, R; and Ry are CHs, Ry and R

S,

Sl )
4y R
awe ,and nis 2 or 3.

10171} In some aspects, Ry is H, Cl, OH, NH; or NGO, Ry 1s H, R and Ry are CHs, Bsand Re

.and nis 2 or 3.

[6172] In some aspects, Ry is H, Cl, OH, NH, or NO;, By s H, Ry and Ry are CHi, Rsand R

[0173] In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry 1s H, Ry and Ry are CHj, Rsis H,

are

candnis 2 or 3.

Reis CH;, andnis 2 or 3.

[8174] In some aspects, Ry is H, CI, OH, NH; or NO,, Ry 1s H, Ry and Ry are CHis, Rsis H,
B is -CHCH:SH, and nis 2 or 3.

{3175] In some aspects, Ry is H, Cl, OH, NH; or NO;, By s H, Ry and Ry are CHs, Rsis H,

o :.\-\\\\\“\“\
SRS
Rs1s ,and nis 2 or 3.

10176] In some aspects, Ry s H, C1, OH, NH; or NO;, Ry is H, Ry and Ry are CH;, Rsis H,

Re1s
{0177} In some aspects, R is H, Cl, OH, NH; or NO,, Ry 1s H, Ry and Ry are CH;, Ksis H,

.andnis 2 or 3.

Beis
{6178] In some aspects, Ry is H, Cl, OH, NH; or NO;, By s H, Ry and Ry are CHs, Rsis H,

H
N
Rg1s _<\Nj

candnis 2 or 3.

candnis 2 or 3.
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[8179] In some aspects, Ry 1s H, Cl, OH, NH; or NO;,
ReisH andnis 2 or 3.

[3180] In some aspects, R is H, Cl, OH, NH; or NO,,
Re1s -CHCHLSH, and nis 2 or 3.

{3181} In some aspects, Ry s H, CL OH, NH,; or N(,,

Reis o ,andnis 2 or 3.

[8182] In some aspects, Ry s H, Cl, OH, NH; or N,

R(, is

[8183] In some aspects, Ry 1s H, Cl, OH, NH; or NO;»,

,andnis 2 or 3.

Rsis L ,andnis2or3.

[3184] In some aspects, Ry s H, CL, OH, NH, or N(,,

H
N

.

Rsis N7 andnis 2 or3.

[8185] In some aspects, Ry 1s H, Cl, OH, NH; or NO;,
CHyCH,SH RgisH andnis 2 or 3.

[3186] In some aspects, R is H, Cl, OH, NH; or NO,,
CHCH,SH, R s CH, andnis 2 or 3.

{3187} In some aspects, Ry s H, CL, OH, NH, or N(,,

CHCHLSH, R s b ,andnis 2 or 3.
[6188] In some aspects, Ry s H, Cl, OH, NH; or N,

Fjcccceey

ouy & Nk

ARy R
TR 8
R

(?‘E) CF{_) S}‘L R5 IS
[8189] In some aspects, Ry 1s H, Cl, OH, NH; or NO;»,

,candnis 2 or 3.

s
et

RS
o \\
ew
Y

C}‘ig C}‘}g SE‘L R6 1 S
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Ry s H Ry and Ry are CH;, R 15 CH;,

R, 1s H, Ry and Ry are CH;, Ry is CH;,

R;is H Ry and By are TH;, Rs 15 TH;,

R, 1s H, R; and Ry are CHi, Rs1s CH;,

Ry s H Ry and Ry are CHi, Ry 15 CH;,

Rg 19 1‘1) R3 Eﬂ’!d Rq arc C}'E}, Rj iS (T‘L,

RysH Ryand Ryare CHy, Rs 15 -

Ry1s H, Ry and Ry are CH;, Rs 15~

RyisH Ryand Ryare CH:, Rs1s -

Ry is H, R; and Ry are CHs, Ry 1s -

Ry s H, Ry and Ry are CH;, Rs 15 -

,andnis 2 or 3.
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18198} In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; s H, Ry and Ry are CH;, Rsis -

H
N

3

N\
CHyCHLSH, Rg s N~ andnis2or3.

[3191] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry 1s H, Ry and Ry are CH:, Rs 13

LReisH andnis 2 or 3.

[0192] In some aspects, Ry is H, Cl, OH, NH; or NGy, Ry is H, R and Ry are CHs, Rs s

SRR

N

.ReisCHs andnis 2 or 3.

18193} In some aspects, By is H, Cl, OH, NH; or NO;, Ry s H, R and Ry are CH;, Rs i

;

oI

RELE N
W

, Ry 1s ~-CHLCH,8H, and nis 2 or 3.

[3194] In some aspects, Ry is H, CI, OH, NHy or NOy, Ry 18 H, Rz and Ry are CHs, Rs is

.\‘.-»»:«\
ANy §
Nt

,and nis 2 or 3.

101935] In some aspects, Ry s H, Cl, OH, NH; or NGO, Ry is H, Ry and Ry are CHs, Rs is

¥

JOIEEN
e 3 &
\\\....J\ R:Y i
. Reis Ko ,andnis 2 or 3,

18196] In some aspects, Ry 1s H, Cl, OH, NH; or NO», Ry 18 H, Ry and Ry are CHi, Rs is

H
N

‘.'D:CCQ\ .
N \
Y \

. Rois N

,and nis 2 or 3.

[3197] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry 1s H, Ry and Ry are CH:, Rs 13

.ReisH andnis 2 or 3.

[0198] In some aspects, R is H, Cl, OH, NH; or NO,, Ry is H, Ry and Ry are CHs, Rs s

,ReisCH;3, andnis 2 or 3.

[8199] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, Ry 18 H. Rz and Ry are CHi, Rsis

24

, Rgi1s ~-CH,CHLSH, and nis 2 or 3.
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[0200] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, Ry s H, R; and Ry are CH;, Ry is

. Rgis candnis 2 or 3.

{0201} In some aspects, Ry is H, Cl, OH, NHy or NO;, Ry s H, Ry and Ry are CHi, Rsig

.Reis
10202} In some aspects, Ry s H, Cl, OH, NH; or NGO, Ry is H, Ry and Ry are CHs, Ry is

candnis 2 or 3.

H
N
D,
s . Rgis N7 andnis2or3.

10203} In some aspects, By is H, Cl, OH, NH; or NO;, Ry s H, R and Ry are CH;, Ry ig

X 3
.é“-)““\\

JBewsH andonis2or 3.

[0204] In some aspects, Ry s H, C1, OH, NH; or NGy, Ry 1s H, Rs and Ry are CHs, R s

s s & \:\N
it 5 N
‘“'{»'ﬁﬁ wwifly ss‘
SN Y

e 3

B ,Reis CH:, andnis 2 or 3.

[8205] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; s H, R; and Ry are CH;, Ry is

, Be1s -CHL,CH,SH, andnis 2 or 3.
[0206] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry 1s H, Ry and Ry are CH:, Rs 13

. Res s ,andnis 2 or 3.

[8207] In some aspects, Ry 1s H, Cl, OH, NH; or NGO, Ry 18 H. R and Ry are CHs, Rsis

-3 §
Y W
T , Rg1s ,andnis 2 or 3.

[0208] In some aspects, Ry is H, CI, OH, NH, or NGOy, Ry 18 H, Ry and Ry are CHi, Rs is

H
o N
A Ny
SR o S ROy \
Sty {\\im :$ . \j . .
. Rsis N Landnis2or3.
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18209] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, Ry s H, R; and Ry are CH;, Ry is

H
N
~J
NT RsisH andnis2or3.

[8210] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry 1s H, Ry and Ry are CH:, Rs 13

H
N
—J
N  Reis CHi, and nis 2 or 3.

[8211] In some aspects, Ry 1s H, Cl, OH, NHz or NGO, Ry 18 H. R and Ry are CHs, Rsis

H
N
~ ]
N Rgis -CHCHLSH, andnis 2 or 3.

[08212] In some aspects, Ry is H, CI, OH, NH, or NGOy, Ry 18 H, Ry and Ry are CHi, Rs is

,andnis 2 or 3.

[8213] In some aspects, Ry 15 H, Cl, OH, NH; or NO;, Ry 18 H. R and Ry are CH;, Rsis

R Rj 15 H, Rj and Rd are CH}, Rs is

5 o
B Mo
R T
<\ \ AW
NT  Rgis R ,andnis 2 or 3.

10213] In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry 1s H, Ry and Ry are CH;, s is CH;,
ReisH.andnis 2 or 3.

18216] In some aspects, Ry 1s H, Cl, OH, NH: or NO», Ry 18 H, R; and Ry are CHi, Rsis -
CHyCHSH ReisH oandnis 2 or 3.

[08217] In some aspects, Ry is H, CI, OH, NH, or NGOy, Ry 18 H, Ry and Ry are CHi, Rs is

,ReisH andnis 2 or 3.

10218} In some aspects, Ry s H, T, OH, NH; or NGOz, Ry is H, R and Ry are CHs, Ry is

.ReisH, andnis 2 or 3.
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18219] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; s H, R; and Ry are CH;, Ry is

o

SHENY
& Ny
IV ST
T W 3
NN w‘\\\ gs\

St RgisH, andnis 2 or 3.

[08220] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry 1s H, Ry and Ry are CH:, Rs 13

<7

JReisH, andnis 2 or 3.

[8221] In some aspects, Ry is H, CI, OH, NH; or NO3, Ry 18 H, R; and Ry are CHs, Rsis H,

Reis CHi, and nis 2 or 3.

{06222} In some aspects, Ry is H, Cl, OH, NH; or NO;
CHCH,SH, R s CH, andnis 2 or 3.

[08223] In some aspects, Ry s H, CL, OH, NH, or N(,

-

.Reis CH;z andnis 2 or 3.
10224] In some aspects, Ry s H, Cl, OH, NH; or NO;

,Rs1s CHs5, and nis 2 or 3.
[8225] In some aspects, Ry 1s H, Cl, OH, NH; or NO;

£

S
h \\‘\" \\~\§§ M ) M s} -
s ,Re1s CH;, andnis 2 or 3.

[8226] In some aspects, Ry is H, Cl, OH, NHjy or NO»

H
N
—J
N  Reis CHi and nis 2 or 3.

[8227] In some aspects, Ry s H, Cl, OH, NH; or NO;
Beis -CHOCHSH, and nis 2 or 3.
{0228} In some aspects, Ry 1s H, Cl, OH, NH, or NO»
Re1s -CHCHLSH, and nis 2 or 3.

[09229] In some aspects, Ry s H, CL, OH, NH, or N(y,
SRR

s &
B
3, S

. Reis -CH,CHLSH, and nis 2 or 3.

27

R RQ 15 H, Rg and R4 are CHz

Ry H, Ry and Ry are CH;

,R;1s H, R; and Ry are CH;

Ry is H Ry and Ry are CH;

. Rg 18 ]L R} and RA are (Th

,Rsis H, R; and Ry are CH;

Ry is H, Ry and Ry are CH;

Ry H, Ry and Ry are CH;

5 Rs is -

,Rj i3

,R,j; is

,R5 is

,Rs i3

RsisH,

, Rsis CHa,

,Rj i3
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18238] In some aspects, Ry 1s H, ClI, OH, NH; or NO;, Ry s H, R; and Ry are CH;, Ry is

St , Reis -CHLCHLSH, and nis 2 or 3.
10231} In some aspects, Ry is H, Cl, OH, NHy or NO;, Ry s H, Ry and Ry are CHi, Rsig

R -CHL,CH,SH, andnis 2 or 3.
10232] In some aspects, Ry s H, T, OH, NH; or NO;, Ry is H, Ry and Ry are CHs, Rs s

H
N
~ ]
N7 Reis -CHOUHSH. andnis 2 or 3.

10233} In some aspects, By is H, CI, OH, NH; or NO;, Ry s H) Ry and Ry are CHi5, Rsis H,
g \._\\\\\\\\.
Rs s .andnis 2 or3.

[08234] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry s H, Ry and Ry are CHi, Rs 18 CH;,

S‘ J':"“
Rgis ,andnis 2 or 3.

10235} In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry is H, R; and Ry are CHs, Rsis -

Sseead,

i »s\\ &
CHLCHLSH, R 18 andnis 2 or 3,
18236] In some aspects, Ry 1s H, Cl, OH, NH; or NO», Ry 1s H, Ry and Ry are CHi, Rs is
R T
S E 58 W .
¥Ry ii\ $.\ Ny W\N}‘;

RSNy , Rb iS
[06237] In some aspects, Ry is H, Cl, OH, NH, or NO;, By s H, Ry and Ry are CHi, Rs is

.and nis 2 or 3.

"y SN
3% e »
R . R
- .Rgis

candn s 2 or 3.

10238] In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry is H, R; and Ry are CHs, Rs s

H
N g

N" | Rgis ,and nis 2 or 3.
10239} In some aspects, Ry is H, CI, OH, NHa or NO;, Ry is H) Ry and Ry are CHj, Rsis H,
& O
R is R ,andnis 2 or 3.

23
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[0248] In some aspects, Ry 1s H, Cl, OH, NH; or NO;

R5 is
10241} In some aspects, Ry 1s H. Cl, OH, NH, or NO»

candnis 2 or 3.

CH,CH,SH, R s
[06242] In some aspects, R is H, T, OH, NH, or NGO,

,andnis 2 or 3.

Y
N \ TON
=y, Ry 2

N =

, Rp s
[08243] In some aspects, Ry s H, CL, OH, NH, or N(,

3R515

[0244] In some aspects, Ry 1s H, Cl, OH, NH; or NO;

,andn

H
N R

_<\j TURTRE .
NT | Rgis ,andnis2or 3.

[08245] In some aspects, Ry s H, C1, OH, NH, or NO;

& ‘\\ 3
R( 15 \:‘M‘“\R
8

[8246] In some aspects, Ry s H, Cl, OH, NH; or NGO

candnis 2 or3.

2 Ny

* EY &
; oo S bl
Bgis ; ,andnis 2 or 3.

[08247] In some aspects, R is H, 1, OH, NH, or NGO,

CHZ CH}SE’L R(, iS

[8248] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R, 18 H. R; and Ry are CH;,

.‘E}}}Q\.\
d
-~ ‘V\\‘H{\‘ Ry &
- W
N

,Rgis

candnis 2

PCT/US2016/029396

Ry is H, Ry and Ry are CH;,

, Ry is H, Ry and Ry are CH;,

R Rg 18 ]‘L R} and ng are (‘}{3)

cand nis 2 or 3.

Ry H, Ry and Ry are CH;,

is 2 or 3.

Ry is H, Ry and Ry are CH;,

Ry H, Ry and Ry are CH;,

, Rz 18 H, R; and Ry are CH,

R Rg 18 ]‘L R} and ng are (‘}{3)

candnis 2 or 3.

or3.

Rsis CH;,

R@ 1S -

Rs 18

Rj 18

R5 1s

Rsis H,

Rs IS CE{" )

Rs 18~

Rf, 1S

[0249] In some aspects, Ry is H, Cl, OH, NHy or NO,, By s H, Ry and Ry are CHi, Rsis

.andn

29

1s 2 or 3.
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[0250] In some aspects, Ry 1s H, ClI, OH, NH; or NO;, Ry s H, R; and Ry are CH;, Ry is

H .
N L
\ o STy
< . ¥
R Ry
\ j R
N PN

,Réis

,andnis 2 or 3.
[8231] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry 1s H, Ry and Ry are CH3, Rs s H,

H
N

~J

Rqis N andnis 2 or3

[8252] In some aspects, Ry 1s H, Cl, OH, NH; or NOy, Ry 18 H, R; and Ry are CHs, Rs s CH;s,

Rsis 4<\Nj

N andnis?2or3.
[082533] In some aspects, R 1s H, I, OH, NH, or NGOy, Ry 1s H, Ry and Ry are CHs, Rs s -

H
N
—J
CHCHLSH, R s NT andnis2or3.
[8254] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, Ry 18 H. Rz and Ry are CH;, Rsis

H
N
ST,
, Rgis N andnis2or3.

[0255] In some aspects, Ry is H, Cl, OH, NHy or NOy, By s H, Ry and Ry are CHi, Rsis

H
N j
,Reis N andnis 2 or 3.
10256] In some aspects, Ry is H, Cl, OH, NH; or NGOy, Ry is H, R and Ry are CHs, Rs s
H

v"{:\.‘\\a N

X . ,

L , KBy 18 N andnisZor3.

[0257] In some aspects, Ry is H, Cl, OH, NH> or NO;, By s H, Ry is H, Ry 1s CH;, Bs and Rg
arc H, andnis 2 or 3.

[8238] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry is H, Ry is H, Ry 15 CH;, Rs and Ry
are CH;, andnis 2 or 3.

10259] In some aspects, Ry is H, Cl, OH, NH; or NO», Ry is H, Ry is H, Ry 1s CH;, Rs and R
are -CHUHSH. and nis 2 or 3.
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10268] In some aspects, Ry 1s H, CI, OH, NH; or NO,, Ry s H, Ry is H, Ry 15 CH;, Rs and Rg

R F
RS .
are candnis 2 or 3.

[08261] In some aspects, Ry is H, CI, OH, NHy or NGO, Ry s H, Ry s H, Ry 1s CH;, Ks and Rg

arg ,andnis 2 or 3,

[8262] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry is H, Ry is H, Ry 15 CH;, Rs and Ry

SN

S & \?
R ]
TR R
Rone®

are candnis 2 or 3.

[8263] In some aspects, Ry 1s H, CI, OH, NH; or NOy, Ry 1s H, Rs is H, Ry 15 CH;, Rs and Re

[08264] In some aspects, Ry is H, CI, OH, NHy or NO,, R s H, Ry s H, Ry 1s CH;, Bsis H, Rg

.andnis 2 or 3.

s CH;, and nis 2 or 3.

[02653] In some aspects, Ry is H, CL, OH, NHy or NO,, Ry s H, Ry is H, Ry 1s CH;, Rsis H Rg
18 ~CHCHLSH, and nis 2 or 3.

10266] In some aspects, Ry is H, CI, OH, NH; or NO;, Ry s H, Ry is H, Ry 1s CH;, Rsis H Ry

IS candnis 2 or 3.

[03267] In some aspects, Ryis H, CL, OH, NHo or NOp, Ko is H Ry is Ho Ry 1s CH;, Rsis H, Re

is ,andnis 2 or 3.

[08268] In some aspects, Ry s H, CL, OH, NH, or NO;, Ry s H Ry is H) Ry 1s CH;, Rsis H, Rg

& N

Nt e R

is Tt .andnis2or3.

18269] In some aspects, Ry is H, CI, OH, NH; or NO;, Ry s H, Ry is H, Ry 15 CH;, Rsis H Ry
H
N

~J
is NT andnis2or3.

[8270] In some aspects, R is H, I, OH, NH, or NGOy, Ry s H, Ry s H, Ry 1s CH;, Rs 15 CH;,

ReisH andnis 2 0r 3.

3
Nanst
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[8271] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, Ry s H, Ry is H, Ry 1s CH;, Rsis CH;,
B is -CHCH:SH, and nis 2 or 3.
[06272] In some aspects, R is H, Cl, OH, NH; or NO;, By is H, Ry is H, Ryis CHj, Rsis CH;,

Rsis ,andnis 2 or 3.
10273} In some aspects, Ry s H, CL, OH, NH or NGOy, Ry is H, Ry is H, Ry is CH;, Rs is CH;,

Re1s .andnis 2 or 3.

10274] In some aspects, Ry is H, CL, OH, NHz or NO», Ry is H, R is H, Ry is CHj, Rsis CH;,
T B

R is R .andnis 2 or 3.

[0275] In some aspects, R is H, Cl, OH, NH, or NO,, By is H, Ry is H, Ry is CHj, Rsis CH;,

H
N

~J

Rg1s N
10276] In some aspects, Ry is H, CL, OH, NHy or NO,, Ryis H, Ry is H, Ry 1s CH;, Rs s -
CHCHLSH, ReisH o and nis 2 or 3.

18277} In some aspects, Ry is H, CIL, OH, NH; or NO;, Ry s H, Ry is H, Ry 1s CH;, R s -
CHyCH,SH, Ry is CHs, andnis 2 or 3.

[0278] In some aspects, Ry is H, CL, OH, NH or NO;, By s H Ry is H Rgis CH;, Rsis -

RN

candnis 2 or 3.

10279] Insome aspects, Ryis H, CL OH. NH; or NO;, Ry is H Ry s H, Ry is CH;, Bs s -

,andnis 2 or 3.

CHCHLSH, Re is e ,and nis 2 or 3.
10280] In some aspects, Ry is H, CL OH, NHy or NOp, Ryis H, Ry is H, Ry 1s CH;, Rs s -

S
CHyCHLS8H, Ry 1s N ,andnis 2 or 3.
[0281] In some aspects, Ry is H, CLL OH, NH or NO;, By s H Ry is H Rgis CH;, Rs s -

H
N

.

CHCHLSH, R N andnis2or 3

a3
N
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10282] In some aspects, Ry is H, CIL, OH, NH; or NO,, Ry s H, Ry is H, Ry 1is CH;, Rs s

.
& N

TR AR B
-

,ReisH andnis 2 or 3.
[0283] In some aspects, Ryis H, CI, OH, NHh or NOp, Rp s H, Ry s H, Ry 1s CH;, Ks s
JReisCHs, andnig 2 or 3.

10284] Insome aspects, Ryis H, CL OH. NH or NO, Ry is H Ry is H, Ry is CH;, Bs 18

“'_\\\\\\v\

CRets -CHCH,SH, and nis 2 or 3.

[0285] In some aspects, Ry is H, CIL, OH, NH; or NO,, Ry s H, Ry is H, Ry 1is CH;, Rs s

.......

. Rg s candnis 2 or 3.

{0286] In some aspects, Ry is H, CL OB, NH or NO;, Ry s H Ry is H Ryis CH;, Ry s

.\‘.-»»:«\
ANy §
Nt

10287) Insome aspects, Ryis H, CL OH. NH or NO, Ry is H Ry is H, Ry is CH;, Bs 1

candnis 2 or 3.

H
N
JOIEEN
.Reis NT andnis 2 or3.

10288] In some aspects, Ry is H, CI, OH, NH; or NO», Ry s H, Ry is H, Ry 1is CH;, Ry s

& A
Wg X
R ,ReisH, andnis 2 or 3.

[0289] In some aspects, Ryis H, CLL OH, NHy or NO;, Bp s H Ry is H Ryis CH;, Rs s

) F X,
o v\\\}':-f w{i ‘_-‘}\‘
* .Rgis CHs, andnis 2 or 3.

[0290] In some aspects, Ryis H, CI, OH, NHh or NOp, Rp s H, Ry s H, Ry 1s CH;, Ks s

s \\g\ “\\ &

SF Reis -CH,CH,SH, and nis 2 or 3,
10291} In some aspects, Ryis H, CL OH. NH or NO;, Ry is H Ry is H, Ry is CH;, Bs 18

.Rgis ,andnis 2 or 3.

|98
W
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[08292] In some aspects, Ry is H, CIL, OH, NH; or NO,, Ry s H, Ry is H, Ry 1is CH;, Rs s

S N
‘ R ’“\\\\\ 33 (
. Rgis S ,andnis 2 or 3.
[8293] In some aspects, Ry s H, CL, OH, NH or NO;, Ry s H Ry is H, Ry 1s CH;, Rs i
H
. N
i ‘;“‘w\\ \
R 5 R
TR ¢ o o
, Re1s NT and nis 2 or 3.

[8294] In some aspects, Ry s H, CI, OH, NH; or NOy, Ry s H, Ry is H, Ry 1s CH;, Rsis

,ReisH andnis 2 or 3.

[0295] In some aspects, Ry is H, CI, OH, NHh or NOp, Rp s H, Ry s H, Ry 1s CH;, Ks s

o
PR

e N

0 o &
B
T RO8

Nt .Reis CHz andnis 2 or 3.
[8296] In some aspects, Ry s H, CI, OH, NH, or NO,, Ry s H, Ry is H, Ry 15 CH;, Rs s

{"3
BN
o , Ry i3 -CHCH,SH, and nis 2 or 3.

[6297] In some aspects, Ryis H, CLL OH, NHo or NOp, Bo s H Ry is H Ry s CHs, Rs s

BN o TR ) &
Rowes? .Rgis ,andnis 2 or 3.

[0298] In some aspects, Ry is H, CL, OH, NHy or NO,, Ry is H, Ry is H, Ry is CH;, Rs i

, R is
[06299] In some aspects, Ryis H, CLL OH, NHy or NO;, Bp s H Ry is H Ryis CH;, Rs s

,and nis 2 or 3.

H
N

~J

.Reis N
10300] Insome aspects, Ry s H, CL OH. NH or NOp, Ry is H Ry is H, Ry is CHs, By s

<

7
£3
B

,and nis 2 or 3.

,ReisH, andnis 2 or 3.

98]
N
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18301} In some aspects, Ry 1s H, Cl, OH, NH; or NO;,

<7

,Rgis CHs, andnis 2 or 3.

[8302] In some aspects, Ry s H, CL, OH, NH, or N(,,

<7

Re1s -CH,CH,SH, and nnis 2 or 3.

[8303] In some aspects, Ry s H, Cl, OH, NH; or N,

H
N *\

, Rg is .andnis 2 or 3.

[8304] In some aspects, R 1s H, Cl, OH, NH, or Ny,

,andnis 2 or 3.

[8303] In some aspects, Ry s H, Cl, OH, NH; or N,

<

, Ry 18

.and nis 2 or 3.

[3306] In some aspects, Ry is H, Cl, OH, NH» or NO;,

ReisH, andnis 2 or 3.

13307} In some aspects, Ry is H, T, OH, NH; or NG,

CHYCHLSH, ReisH, andnis 2 or 3.

[8308] In some aspects, Ry s H, Cl, OH, NH; or N,

LReisH, andnis 2 or 3.

{0309} In some aspects, Ry 1s H, Cl, OH, NH) or NO»,

g
& X

RS S ™y

Y
NS
\\‘ &

JRBeisH andnis2or 3.

[8310] In some aspects, R 1s H, Cl, OH, NH, or Ny,

.ReisH, andnis 2 or 3.

a3
(o

PCT/US2016/029396

Rz 18 }'i, ng is H'L Rq 18 Ci‘ig) Rs 18

Rg 19 1‘1) R3 IS }'H, R4 i8 C}'ig, Rg 1S

Rz lb }} R3 1’8 EL R; !S fii;, R< 1&

Rg 18 ]‘L R3 18 }‘L R4 is C}‘%e R5 18

R2 18 }‘L R3 18 E‘L Rq 18 Ci‘%, R3 18

Rg iS H, Rj jS HQ, R4 iS (/Hj Rs iS (/Hg

ij 1S H, R3 18 H, R4 is CH3, }{5 is -

R2 18 }‘L R3 18 E‘L Rq 18 Ci‘%, R3 18

Rz iS H, }{5 15 H R4 iS CH}., Rs iS

Rg 18 ]‘L R3 18 }‘L R4 is C}‘%e R5 18
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[8311] In some aspects, Ry is H, CL, OH, NH; or NO,, Ry s H, Ry is H, Ry 1is CH;, Rs s

<7

,ReisH, andnis 2 or 3.

[3312] In some aspects, Ry s H, CL, OH, NH, or NO;, Ry s H Ry is H) Ry 1s CH;, Rsis H, Rg

1s CH;, and nis 2 or 3.

16313} In some aspects, Ry is H, CL, OH, NHy or NOp, Ry is H, Ry is H, Ry 1s CH;, Rs s -

CHLCHLSH, Reis CHz, and nis 2 or 3.

[8314] In some aspects, Ry is H, CILL OH, NH; or NO;, Ry s H, Ry is H, Ry 1is CH;, Rs s

o I
R N

,Reis CHs, andnis 2 or 3.

[8315] In some aspects, Ryis H, CI, OH, NHh or NOp, Rp s H, Ry s H, Ry 1s CH;, Ks s

SRR,

o S Nk
‘*““‘\“\ N
SR . .
ot LReis CHs, andnis 2 or 3.

[8316] In some aspects, Ry s H, CL, OH, NH or NO;, Ry s H Ry is H Ry 1s CH;, Rs i

o
; e R
R o w\{ 8
R e
£ 39

.Reis CHz, andnis 2 or 3.

18317] In some aspects, Ry is H, CLL OH, NH; or NO,, Ry s H, Ry is H, Ry 1is CH;, Rs s

<]

,Rgis CHs, andnis 2 or 3.

[3318] In some aspects, Ryis H, CI, OH, NHy or NOp, R s H, Ry is H, Ry 1s CHs, Rsis H, Re

18 -CHRCHLSH, and nis 2 or 3.

10319} In some aspects, Ry is H, CL, OH, NH; or NO,, Ry is H, Ry is H, Ry is CH;, Rsis CH;,

Re1s -CH,CH,SH, and nis 2 or 3.

183288] In some aspects, Ry is H, CLL OH, NH; or NO,, Ry s H, Ry is H, Ry 1is CH;, Rs s

x\.\
¢
~ gty S
TR A
S

, Rgis -CH,CH,8H, and nis 2 or 3.

[6321] In some aspects, Ryis H, CLL OH, NHo or NOp, Bo s H Ry is H Ry s CHs, Rs s

CReis -CHLCH,SH, andnis 2 or 3.

a3
(=)
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18322} In some aspects, Ry 1s H, Cl, OH, NH; or NO;

Ry
N
& N
B
Fa¥ g K §
X &
RO

Rt , Reis -CHLCHLSH, and nis 2 or 3.

[8323] In some aspects, Ry s H, CL, OH, NH, or N(,

H
N
—J
NT  Reis -CH,CH,SH. and nis 2 or 3.

[8324] In some aspects, Ry s H, Cl, OH, NH; or NGO

. et .
is candnis 2 or 3.

[3325] In some aspects, R is H, ClL, OH, NH; or NO;

Reis ,and nis 2 or 3.

[8326] In some aspects, Ry s H, CL, OH, NH; or N(»,

CHYCHLSH, R is e ,andnis 2 or 3.
18327} In some aspects, Ry s H, Cl, OH, NH; or NO;

LIRINRY, S
S

PCT/US2016/029396

N Rz 18 }'i, ng is H'L Rq 18 Ci‘ig) Rs 18

2

N Rg 19 1‘1) R3 IS }'H, R4 i8 C}'ig, Rg 1S

. Rz lb }} R‘g iS EL Rg !S fii;, Rs 1& }L R5

R RQ 15 H, Rg 18 Hu, R4 is (/Hg_ R5 15 (/H_;u

. RA iS }‘L R3 iS E‘L Rq !S Ci‘%, R3 ]S

ow TG it N
s . Rs1s candnis 2 or 3.

[8328] In some aspects, Ry 1s H, Cl, OH, NH; or NGO,

%
i “‘\“ \\:} R,
e & Oy N
R et o S PR
o ,Re1s candnis 2

[8329] In some aspects, Ry s H, CL, OH, NH, or N(y,

H
N
“.0.\\\\\1
\ SN
\ LW

N7 Rgis ,andnis 2 or 3.
18338] In some aspects, Ry 1s H, Cl, OH, NH; or NO;
R

&
N N
) R h:‘ \k\ \:‘\Q )
18 e candnis 2 or 3.
18331} In some aspects, Ry 1s H. Cl, OH, NH) or NO»
¥ o

& & 5 -~

Rgis ' ,andnis2or 3.

98]
R

. Rz is 11 R; i H, R4 18 Ciig Rs is

or 3.

N Rg 19 1‘1) R3 IS }'H, R4 i8 C}'ig, Rg 1S

. Rz lS }'i, ng 19 H'L Rq iS Ci‘ig) Rs iS }'H, R5

R Rz iS H, }{5 15 H R4 iS CH}., Rs iS LH_;
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18332] In some aspects, Ry is H, CL, OH, NH; or NO;, Ry s H, Ry is H, Ry 1s CH;, R s -

SRR,
S

SRR &

TR TN IR
. . SRS . ”
CHLOCHLSH, Ry is e candnis 2 or 3.

18333} Insome aspects, Ryis H, CLOH, NHo or NO;, Ro s H Ry is H Ry is CH;, Re s

™,

, R is
[6334] In some aspects, Ry is H, CI, OH, NHh or NOp, Rp s H, Ry s H, Ry 1s CH;, Ks s

,and nis 2 or 3.

T

N
SNNET & &
g Y §

\5-_-“““3: . l{(, IS
[0335) In some aspects, Ryis H, CL, OH, NH or NOo, Ry is H, Ry is H, Ry 1s CH;, Rsis

{\:], Rgis

[3336] In some aspects, Ryis H, CLL OH, NHo or NOp, Ko s H Ry is H Ry is CH;, Rsis H, Re

.andnis 2 or 3.

,and nis 2 or 3.

is ,andnis 2 or 3.

10337} In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry is H, R is H, Ry is CH;, Rsis CH;,

%
. S
g
Rs 18 e andnis 2 or 3.

[6338] In some aspecis, Ry is H, CLL OH, NH or NO;, Bp s H Ry is H Rgis CH;, Rsis -

\:\
U &
CHCHSH, R Nt ,andnis 2 or 3.

10339] Insome aspects, Ryis H, CL OH. NH or NO;, Ry is H Ry is H, Ry is CH;, Bs i

, Re s Sho candnis 2 or 3.

{8348] In some aspects, Ry is H, CLOH, NHy or NO;, Ry s H Ry is H Ry is CH;, Ry s

w
. R F .
. Reis e candnis 2 or 3,

(98]
o el
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[8341] In some aspects, Ry is H, CLL OH, NH; or NO,, Ry s H, Ry is H, Ry 1is CH;, Rs s

H .
N L
\ o STy
. ¥
R Ry
\< j R
N PN

,Réis

,andnis 2 or 3.

[8342] In some aspects, Ry s H, CL, OH, NH, or NO;, Ry s H Ry is H) Ry 1s CH;, Rs s H, Rg

is {\:]

[8343] In some aspects, Ry s H, Cl, OH, NH; or NOs, Ry 1s H, K3 is H, Ry 18 CH;, Rs s CH;,

candnis 2 or3.

H
N
{\j
Rsis N~ andnis 2 or3.

[8344] In some aspects, Ry is H, T, OH, NHy or NOg, B s H Ry s H, Ry 1s CH;, Rsis -
H
N
]
CHCHLSH, R s NT andnis2or3.
[8343] In some aspects, Ry s H, CI, OH, NH, or NO,, Ry s H, Ry is H, Ry 15 CH;, Rs s

H
N
ST,
, Rgis N andnis2or3.

[3346] In some aspects, Ryis H, CLL OH, NHo or NOp, Bo s H Ry is H Ry is CHs, Rs s

H
N j
,Reis N andnis 2 or 3.
10347) In some aspects, Ry is H, CL, OH, NHy or NO,, Ry is H, Ry is H, Ry is CH;, Rs i
N H
S ,s“'\\\ Ny
T , Ry 18 NT JandnisZor3.

[3348] In some aspects, R is H, Cl, OH, NH, or NO,, By is H, Ry 15 CHs, Ryis H, Rs and Rg
arc H, andnis 2 or 3.

[8349] In some aspects, Ry s H, CL, OH, NH, or NGy, Ry is H, Ry 1s CH;, Reis H, Rs and Ry
are CH;, andnis 2 or 3.

10350] In some aspects, Ry is H, CL, OH, NHz or NOs, Ry is H, Ry is CHsz, Ry is H, Rs and Re
are -CHUHSH. and nis 2 or 3.

9%
O
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18351} In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R, 18 H, Ry 1s CHi, Ry is H, Rs and Rg

R F
RS .
are candnis 2 or 3.

[3352] In some aspects, R is H, 1, OH, NH, or NGOy, Ry s H, Ry 18 CHs, Reis H, Rs and Rq

arg ,andnis 2 or 3,

[8333] In some aspects, Ry s H, CL, OH, NH, or NGy, Ry is H, Ry 1s CH;, Reis H, Rs and Ry

SN

S & \?
R ]
TR R
Rone®

are candnis 2 or 3.

[8354] In some aspects, Ry 1s H, Cl, OH, NH; or NGO, Ry 1s H, K3 1s CH3, Ry 1s H, Rs and Rg

[33535] In some aspects, Ry is H, CI, OH, NHy or NOp, R s H, Ry 1s CHs, Ry is H, Rsis H, Rg

.andnis 2 or 3.

s CH;, and nis 2 or 3.

[0356] In some aspects, Ry is H, CL OH, NHy or NO,, Ry is H Ry is CHy, Ry is H Rsis HU R
18 ~CHCHLSH, and nis 2 or 3.

[8357] In some aspects, Ry is H, CI, OH, NH; or NO;, Ry s H, Ry is CHs, Ry is H Rsis HO Ry

IS candnis 2 or 3.

{3358] In some aspects, Ryis H, CLL OH, NHo or NOp, Ko s H Ry is CHs, Ry is HO Rsis H, Re

is ,andnis 2 or 3.

[33539] In some aspects, Ry s H, CL, OH, NH, or NO;, Ry s H Ry s OH;, Ry s H O Rs s H, Rg

& N

Nt e R

is Tt .andnis2or3.

18368] In some aspects, Ry is H, CI, OH, NH; or NO;, Ry s H, Ry is CHs, Ryis H Rsis HO Ry
H
N

~J
is NT andnis2or3.

[3361] In some aspects, R is H, I, OH, NH, or NGOy, Ry s H, Ry 18 CHs, Reis H, Rs 15 CH;,

ReisH andnis 2 0r 3.

40
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[18362] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R, 18 H, Ry 1s CHs, Ryis H, Rsis CH;,
B is -CHCH:SH, and nis 2 or 3.
[3363] In some aspects, R is H, Cl, OH, NH; or NO,, By is H, Ry 15 CHs, Ryis H, Rs is CH;,

Reis and nis 2 or 3.
2

103364] In some aspects, Ryis H, CL, OH, NH or NGOy, Ry is H, Ry 1s CH;5, Ry is H, R5 is CH;,

Re1s .andnis 2 or 3.

[03653] In some aspects, Ry s H, CL, OH, NHz or NO», Ry is H, B3 1s CHs, Ry is H, Rsis CH;,
T B

R is R .andnis 2 or 3.

[3366] In some aspects, R is H, Cl, OH, NH; or NO,, By is H, Ry 15 CHs, Ryis H, Rs is CH;,

H
N

~J

Rg1s N
10367} In some aspects, Ry is H, CL OH. NHy or NO, Ry is H Ry s CHy, Ryis H Ry s -
CHCHLSH, ReisH o and nis 2 or 3.

18368] In some aspects, Ry is H, CL OH, NH; or NO;, Ry s H Ry is CHa, Ry is H R s -
CHyCH,SH, Ry is CHs, andnis 2 or 3.

[3369] In some aspects, Ry is H, CL, OH, NH or NO;, By s H Ry is CH;, Rgis Ho Rs is -

RN

candnis 2 or 3.

10370] Insome aspects, Ryis H, CL OH. NH or NO, Ry is H Ry s OH;, Ryis H Bs s -

,andnis 2 or 3.

CHCHLSH, Re is e ,and nis 2 or 3.
16371} Insome aspects, Ry is H, CL OH, NHy or NO,, Ry is H Ry s CHy, Ryis H Ry s -

S
CHyCHLS8H, Ry 1s N ,andnis 2 or 3.
[6372] In some aspects, Ry is H, CL, OH, NH or NO;, By s H Ry is CH;, Ry is Ho Rs is -

H
N

.

CHCHLSH, R N andnis2or 3
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18373] In some aspects, Ry is H, CLL OH, NH; or NO;, Ry s H, Ry is CHs, Ryis H Rs s

.
& N

TR AR B
-

,ReisH andnis 2 or 3.
[6374] In some aspects, Ry is H, CI, OH, NHh or NOp, Rp s H, Ry 1s CHs, Ry is Ho Rs s
JReisCHs, andnig 2 or 3.

10375) Insome aspects, Ryis H, CL OH. NH or NO,, Ry is H Ry s OH;, Ryis H Ry 18

“'_\\\\\\v\

CRets -CHCH,SH, and nis 2 or 3.

18376] In some aspects, Ry is H, CILL OH, NH; or NO;, Ry s H, Ry is CHs, Ry is H Ry s

.......

,R@iS

18377} In some aspects, Ry is H, CLOH, NHy or NO;, Ry s H Ry is CH;, Ry is H Ry s

.\‘.-»»:«\
ANy §
Nt

10378] Insome aspects, Ryis H, CL OH. NH or NO,, Ry is H Ry s OH;, Ryis H Ry 18

candnis 2 or 3.

H
N
JOIEEN
.Reis NT andnis 2 or3.

18379] In some aspects, Ry is H, CI, OH, NH; or NO», Ry s H, Ry is CHi, Ryis H Ry s

& A
Wg X
R ,ReisH, andnis 2 or 3.

[3380] In some aspects, Ryis H, CL, OH, NHy or NO;, Bp s H Ry is CH;, Ryis HURs s

) F X,
o v\\\}':-f w{i ‘_-‘}\‘
* .Rgis CHs, andnis 2 or 3.

[3381] In some aspects, Ry is H, CI, OH, NHy or NOp, Rp s H, Ry 1s CHs, Ry is HL Rs s

s \\g\ “\\ &

S5 Reis -CH,CH,SH, and nis 2 or 3.
10382] In some aspects, Ryis H, CL OH. NH or NO;, Ry is H Ry s OH;, Ryis H Ry 18

.Rgis ,andnis 2 or 3.
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18383] In some aspects, Ry is H, CLL OH, NH; or NO;, Ry s H, Ry is CHs, Ryis H Rs s

s \f“.““ \\3
. Rgis S ,andnis 2 or 3.
[384] In some aspects, Ry H, CL, OH, NH or NO;, Ry s H Ry s OH;, Ry s H O Rs i

H

. N

ALY \"“ w\ ‘
TN "\\ N \
, Re1s NT and nis 2 or 3.

[8383] In some aspects, Ry s H, CI, OH, NH; or NOy, Ry s H, Ry is CHz, Ryis H, Rsis

[N
ety

@ '\:\ ¥
B N
Sy

ot

,ReisH andnis 2 or 3.
[3386] In some aspects, Ry is H, CI, OH, NHh or NOp, Rp s H, Ry 1s CHs, Ry is Ho Rs s

PN
&
X &

Nt .Reis CHz andnis 2 or 3.
[8387] In some aspects, Ry s H, CI, OH, NHy or NO,, Ry s H, Ry is CHs, Ryis H, Rs s

N
IO
N o 3
R 2 e XY Ny
R
B o

-

R is -CHLCHSH, andnis 2 or 3.
[6388] In some aspects, Ryis H, CLL OH, NHo or NOp, Bo s H Ry is CH;, Ryis HU Rs s

.Rgis ,andnis 2 or 3.

[0389] In some aspects, Ry is H, CL OH. NHy or NOo, Ry is H Ry is CHs, Ryis H  Rs i

, Ry is
[3390] In some aspects, Ryis H, CL, OH, NHy or NO;, By s H Ry is CH;, Ryis HURs s
H

% N
- 2 \

.Reis N
10391] Insome aspects, Ry s H, CL OH. NH or NOp, Ry is H Ry is OHy, Ryis H Ry s

<

,and nis 2 or 3.

,and nis 2 or 3.

,ReisH, andnis 2 or 3.
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18392} In some aspects, Ry 1s H, Cl, OH, NH; or NO;,

<7

,Rgis CHs, andnis 2 or 3.

18393} In some aspects, Ry s H, CL, OH, NH, or N(,,

<7

Re1s -CH,CH,SH, and nnis 2 or 3.

[6394] In some aspects, Ry s H, Cl, OH, NH; or N,

H
N *\

, Rg is .andnis 2 or 3.

[8395] In some aspects, R 1s H, Cl, OH, NH, or Ny,

,andnis 2 or 3.

[8396] In some aspects, Ry s H, Cl, OH, NH; or N,

<

, Ry 18

.and nis 2 or 3.

{3397} In some aspects, R is H, Cl, OH, NH» or NO;,

ReisH, andnis 2 or 3.

103398} In some aspects, Ry is H, T, OH, NH; or NG,

CHYCHLSH, ReisH, andnis 2 or 3.

[6399] In some aspects, Ry s H, Cl, OH, NH; or N,

FRONON
h

W %
Ly

HE O ¢
s

LReisH, andnis 2 or 3.

{0408} In some aspects, Ry 1s H, Cl, OH, NH) or NO»,

JRBeisH andnis2or 3.

[3401] In some aspects, R 1s H, Cl, OH, NH, or Ny,

.ReisH, andnis 2 or 3.

44

Rz lS }'i, ng 19 C}'&

Rz lb }} R‘g iS C}ia

Rg 18 ]‘L R3 18 (?‘E_z

R2 18 }‘L R3 18 C}‘ig

Rg iS H, Rj jS CHj

R2 18 }‘L R3 18 C}‘ig

Rz iS H, }{5 15 CH2

Rg 18 ]‘L R3 18 (?‘E_z
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JRets H, Rs s
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18402] In some aspects, Ry 1s H, CI, OH, NH; or NO;, Ry s H, Ry is CHs,

<7

,ReisH, andnis 2 or 3.

[3403] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry s H, Ry s CH;,

1s CH;, and nis 2 or 3.

[0404] In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry is H, B3 s CHs,

CHLCHLSH, Reis CHz, and nis 2 or 3.

18405] In some aspects, Ry 1s H, CI, OH, NH; or NO,, Ry 1s H, Ry is CHs,

s ‘\‘:‘ }\\
,Reis CHs, andnis 2 or 3.
[3406] In some aspects, Ry is H, CI, OH, NH, or NGOy, Ry s H, Ry 18 CHs,
SN
Nt JReisCHs andnis 2 or 3.

[3407] In some aspects, Ry w H, C1, OH, NH, or NO;, Ry 1s H, Ry s CH;,

o
; e R
R o w\{ 8
R e
£ 39

.Reis CHz, andnis 2 or 3.

18408] In some aspects, Ry 1s H, CI, OH, NH; or NO;, Ry 1s H, Ry is CHs,

<]

,Rgis CHs, andnis 2 or 3.

[3409] In some aspects, Ry is H, CI, OH, NH, or NOy, Ra s H, Ry 18 CH;,

18 -CHRCHLSH, and nis 2 or 3.

10410] In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry is H, B3 s CHs,

Re1s -CH,CH,SH, and nis 2 or 3.

1841 1] In some aspects, Ry 1s H, CI, OH, NH; or NO,, Ry s H, Ry is CHs,

x\.\
¢
~ gty S
TR A
S

, Rgis -CH,CH,8H, and nis 2 or 3.

[08412] In some aspects, Ry 1s H, Cl, OH, NHy or NOy, By s H, Ry is CH;3,

CReis -CHLCH,SH, andnis 2 or 3.

PCT/US2016/029396

R@ 19 1‘1) Rs iS

Ryis H, Rs is H, Re

RiisH Rsis -

R@ 19 1‘1) Rs iS

Rsis H, Rs1s

R/; lS }'i, Rs 1S

R@ 19 1‘1) Rs iS

RA lb }} Rg 1’% EL R5

R4 15 H, RA_«', 1S CH?,

R@ 19 1‘1) Rs iS

R4 iS H Rs iS
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1841 3] In some aspects, Ry 1s H, Cl, OH, NH; or NO;

Ry
N
& N
B
Fa¥ g K §
X &
RO

Rt , Reis -CHLCHLSH, and nis 2 or 3.

[8414] In some aspects, Ry s H, CL, OH, NH, or N(y,

H
N
—J
NT  Reis -CH,CH,SH. and nis 2 or 3.

[8413] In some aspects, Ry s H, Cl, OH, NH; or NGO

. et .
is candnis 2 or 3.

[0416] In some aspects, R is H, Cl. OH, NH; or NO;

Reis ,and nis 2 or 3.

{8417} In some aspects, Ry s H, CL, OH, NH; or N(»,

CHYCHLSH, R is e ,andnis 2 or 3.
[8418] In some aspects, Ry 1s H, Cl, OH, NH; or NO;

LIRINRY, S
S

PCT/US2016/029396

. Rz lS }'i, ng 19 CE'ig,, R@ 19 1‘1) Rs iS

2

N Rg 19 1‘1) R3 IS C}‘Igj R/; lS }'i, Rs 1S

. Rz lb }} R‘g iS C}ia R.@ iS ]L Rs 1& }L R5

R RQ 15 H, Rg 18 CH?, R4 18 Hu R5 15 (/H_;u

. RA 18 }‘L R3 18 C}{}, R4 18 ]‘L R3 18

ow TG it N
s . Rs1s candnis 2 or 3.

[8419] In some aspects, Ry 1s H, Cl, OH, NH; or NGO,

%
i “‘\“ \\:} R,
e & Oy N
R et o S PR
o ,Re1s candnis 2

[3420] In some aspects, Ry s H, CL, OH, NH, or N(y;

H
N
“.0.\\\\\1
\ SN
\ LW

N7 Rgis ,andnis 2 or 3.
[8421] In some aspects, Ry 1s H, Cl, OH, NH; or NO;
R

&
R 8
) ~ "h:‘ \k\ \:‘\Q )
18 e candnis 2 or 3.
10422} In some aspects, Ry 1s H, Cl, OH, NH, or NO»
xS

- . -

Rgis ' ,andnis2or 3.

46

,Rois HL Ry is CHs, Ry is H Ry is

or 3.

N Rg 19 1‘1) R3 IS C}‘Igj R/; lS }'i, Rs 1S

. Rz lS }'i, ng 19 CE'ig,, R@ 19 1‘1) Rs iS }'H, R5

R Rz iS H, }{5 15 CH3, RJ, IS H., R_s iS LH_;
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18423] In some aspects, Ry is H, CLL OH, NH; or NO;, Ry s H, Ry is CHa, Ry is H R s -

SRR,
S

SRR &

TR TN IR
. . SRS . ”
CHLOCHLSH, Ry is e candnis 2 or 3.

{0424} In some aspects, Ryis H, CLOH, NHo or NO;, Ro s H Ry is CH;, Ryis H Rs s

™,

, Rg 1s
[8425] In some aspects, Ry is H, CI, OH, NHh or NOp, Rp s H, Ry 1s CHs, Ry is HL Rs s

,and nis 2 or 3.

T

N
SNNET & &
g Y §

\5-_-“““3: . l{(, IS
[0426] In some aspects, Ry is H, CL, OH, NHy or NGO, Ry is H, Ry is CHa, Ry is H  Rs s

{\:], Rgis

[0427] In some aspects, Ryis H, CLL OH, NHo or NOp, Ko s H Ry is CHs, Ry is H  Rsis H, Re

.andnis 2 or 3.

,and nis 2 or 3.

is ,andnis 2 or 3.

10428] In some aspects, Ry s H, Cl, OH, NH; or NO,, Ry is H, B3 1s CHj, Ryis H, Rs is CH;,

%
. S
g
Rs 18 e andnis 2 or 3.

[6429] In some aspects, Ry is H, CL, OH, NH or NO;, By s H Ry is CH;, Rgis Ho Rs s -

\:\
U &
CHCHSH, R Nt ,andnis 2 or 3.

104390] Insome aspects, Ryis H, CL OH. NH or NO,, Ry is H Ry s OH;, Ryis H Ry 18

, Re s Sho candnis 2 or 3.

{0431} In some aspects, Ry is H, CLOH, NH or NO;, Ry s H Ry is CH;, Ry is H Ry s

w
. R F .
. Reis e candnis 2 or 3,

47
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18432] In some aspects, Ry is H, CLL OH, NH; or NO;, Ry s H, Ry is CHs, Ryis H Rs s

H .
N L
\ o STy
. ¥
R Ry
\< j R
N PN

,Réis

,andnis 2 or 3.

[3433] In some aspects, Ry s H, CL, OH, NH, or NO;, Ry s H Ry s OH;, Ry s H O Rs s H, Rg

is {\:]

[8434] In some aspects, Ry s H, Cl, OH, NH; or NOs, Ry 1s H, R; 1s CHs, Ry s H, Rsis CH;,
H

N
~J
Rsis N~ andnis 2 or3.

[8435] In some aspects, Ry is H, T, OH, NH, or NOg, R s H, Ry 1s CHs, Rgis H, Rs s -

candnis 2 or3.

H
N
]
CHCHLSH, R s NT andnis2or3.
[8436] In some aspects, Ry s H, CI, OH, NHy or NO,, Ry s H, Ry is CHs, Ryis H, Rs s

H
N
ST,
, Rgis N andnis2or3.

[8437] In some aspects, Ryis H, CLL OH, NHo or NOp, Bo s H Ry is CH;, Ryis HU Rs s

H
N j
,Reis N andnis 2 or 3.
[0438] In some aspects, Ryis H, CLL OH. NHy or NO,, Ry is H Ry is CHs, Ryis H  Rs i
H

v"{:\.‘\\a N

N . .

R , KBy 18 N andnisZor3.

[0439] In some aspects, Ry is H, Cl, OH, NH, or NO;, B, 1s -OCH;, R; and Ry are H, Rs and
Rsarc H, and nis 2 or 3.

[3440] In some aspects, Ry 18 H, €1, OH, NH, or N, R, 1s ~OCH;, Rs and Ry are H, R and
Reare CHs, andnis 2 or 3.

10441} In some aspects, Ry is H, Cl, OH, NH; or NO», R, 1s -OCH;, Rs and Ry are H, Rs and
By are CHCHSH, andnis 2 or 3.
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[8442] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH;, R; and Ry are H, Rs and

Rg arc .andnis 2 or 3.

[8443] In some aspects, Ry is H, CI, OH, NH, or NGO, R, 15 =OCH;, Rs and Ry are H, Rs and

Rs are

,andnis 2 or 3.

[8444] In some aspects, Ry 18 H, C1, OH, NH, or N(y;, R, 1s ~OCH;, Rs and Ry are H, R and

R are oo ,andnis 2 or 3.

[8443] In some aspects, Ry 15 H, Cl, OH, NH; or N3, Ry 18 ~OCH;, Rs and Ry are H, Rs and

H

~<J

Rgare NT andnis2or3.

[8446] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry 1s =OCH;, Ry and Ry are H, Rs i

H, Reis CHs andnis 2 or 3.

10447) In some aspects, R is H, Cl, OH, NH; or NO,, Ry 1s -OCH;, Ry and Ry are H, Rs 15

H, Rg1s -CH,CHSH, andnis 2 or 3.

[8448] In some aspects, Ry 1s H, ClI, OH, NH; or NO,, R; 18 ~OCH:, Ry and Ry are H, Rs 15

H Ry is b candnis 2 or 3.

[0449] In some aspects, Ry is H, Cl, OH, NHy or NOy, By 1s -OCH;, Ry and Ry are H, Rs i

H, Rs 15 candnis 2 or 3.

[3430] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry 15 ~OCH;, Ry and Ryare H, Rs is

oY
R

R N
H. Re 18 Ko candnis 2 or3.

[8451] In some aspects, Ry 1s H, CI, OH, NH; or NO,, R; 18 ~OCH:, Ry and Ry are H, Rs 15

H
N
—<\j\
H, Ry is N ,andnis2or3.

[84532] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry 1s =OCH;, Ry and Ry are H, Rs i

CHi, ReisH andnis 2 or 3.
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[8453] In some aspects, Ry 1s H, ClI, OH, NH; or NO,, R; 18 ~OCH:, Ry and Ry are H, Rs 15

CH;, R 18 -CHyCHSH andnis 2 or 3.

[0454] In some aspects, Ry is H, Cl, OH, NH; or NO;, By 1s -OCH;, Ry and Ry arc H, Rs i

,andnis 2 or 3,

13455] In some aspects, Ry s H, T, OH, NH; or NO;, Ry 15 ~OCH;, Ry and Ryare H, Rs is

CH;, Rgis candnis 2 or 3.

10456] In some aspects, Ry is H, Cl, OH, NH; or NO», Ry 1s ~OCH:, Ry and Ry are H, Rs 15

N TN
SRR
CH;, Ry is Nt ,andnis 2 or 3.

[0457] In some aspecis, Ry is H, Cl, OH, NH; or NO;, By 1s -OCH;, Ry and Ry arc H, Rs i

H

~<J

CHa, Rg 18 NT andnis?or3.

10458]) In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry 1s -OCH;, Ry and Ry are H, Rs 15 -

CHCHLSH, ReisH o and nis 2 or 3.

18459] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry and Ry are H, Rs 1s -

CHyCH,SH, Ry is CHs, andnis 2 or 3.

[0468] In some aspects, Ry is H, Cl, OH, NH; or NO;, B, 1s -OCH;, Ry and Ry are H, Rs 15 -

RN

CHyCHSH, Re s ,andnis 2 or 3.

13461] In some aspects, Ry s H, Cl, OH, NH; or NO;, Ry 15 ~OCH;, Ry and Ryare H, Rs i -

CHCHLSH, Re is e ,and nis 2 or 3.

10462] In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry 1s -OCH;, Ry and Ry are H, Rs 15 -

& Ny
- . . WL . -
CH,CH,SH, Ry is [ee¥ ndnisZord.

[0463] In some aspects, Ry is H, Cl, OH, NH; or NO;, B, 1s -OCH;, Ry and Ry are H, Rs 15 -

H
N

.

CHCHLSH, R N andnis2or 3
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[8464] In some aspects, Ry 1s H, CI, OH, NH; or NO,, R; 18 ~OCH:, Ry and Ry are H, Rs 1

.
& N

TR AR B
-

,ReisH andnis 2 or 3.

[8465] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry 1s =OCH;, Ry and Ry are H, Rs i

JReisCHs, andnig 2 or 3.

13466] In some aspects, Ry s H, €, OH, NH; or NO;, Ry 15 ~OCH;, Ry and Ryare H, Rs is

“'_\\\\\\v\

CRets -CHCH,SH, and nis 2 or 3.

[8467] In some aspects, Ry 1s H, ClI, OH, NH; or NO,, R; 18 ~OCH:, Ry and Ry are H, Rs 1

.......

. Rg s candnis 2 or 3.

{0468} In some aspects, By s H, Cl, OH, NH; or NO;, Ry 18 ~OCH;, Ryand Ryare H, Rs 1

.\‘.-»»:«\
ANy §
Nt

candnis 2 or 3.

13469] In some aspects, Ry s H, C1, OH, NH; or NO;, Ry 15 ~OCH;, Ry and Ryare H, Rs is

H
N
JOIEEN
.Reis NT andnis 2 or3.

[847%] In some aspects, Ry 1s H, ClI, OH, NH; or NO», Ry 18 ~OCH;, Ry and Ry are H, Rs 1

& A
Wg X
R ,ReisH, andnis 2 or 3.

[0471] In some aspects, Ry is H, Cl, OH, NH; or NO;, By 1s —-OCH;, Ry and Ry arc H, Rs i

wew & A
o \\}':-E vv\\ .-5\‘
R

.Rgis CHs, andnis 2 or 3.

[8472] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry 1s =OCH;, Ry and Ry are H, Rs i

s \\g\ “\\ &

S Reis <CHLCH,SH. and nis 2 or 3,

13473} In some aspects, Ry s H, Cl, OH, NH; or NO;, Ry 15 ~OCH;, Ry and Ryare H, Rs is

.Rgis ,andnis 2 or 3.
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[8474] In some aspects, Ry 1s H, CI, OH, NH; or NO,, R; 18 ~OCH:, Ry and Ry are H, Rs 1

" ‘.“““\A \\3
L Heis S ,andnis 2 or 3.
[8475] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry 15 ~OCH;, Ry and Ry are H, Rs is

H

o N

SR 3‘?‘ w\"" \
b \;..\\.is “‘»&\x‘ 3::\
b ,Rsis N andnis 2 or 3.

[8476] In some aspects, Ry 1s H, Cl, OH, NH; or NO3, Ry 18 =OCH:, Ry and Ry are H, Rs 1

[N
ety

@ '\:\ ¥
B N
Sy

ot

,ReisH andnis 2 or 3.
[8477] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry 1s =OCH;, Ry and Ry are H, Rs i

PN
&
X &

Nt .Reis CHz andnis 2 or 3.
[8478] In some aspects, Ry 1s H, Cl, OH, NH; or NO,, R; 18 =OCH;, Ry and Ry are H, Rs 1

N
IO
N o 3
R 2 e XY Ny
R
B o

-

R is -CHLCHSH, andnis 2 or 3.
[0479] In some aspects, Ry is H, Cl, OH, NHy or NOy, By 1s -OCH;, Ry and Ry are H, Rs i

.Rgis ,andnis 2 or 3.

[0480] In some aspects, R is H, Cl, OH, NH; or NO,, Ry 1s -OCH;, Ry and Ry are H, Rs 15

, R is
[0481] In some aspects, Ry is H, Cl, OH, NH; or NO;, By 1s -OCH;, Ry and Ry arc H, Rs i
H

% N
- 2 \

.Reis N
13482] In some aspects, Ry s H, T, OH, NH; or NGy, Ry 15 ~OCH:, Ry and Ryare H, R is

<

,and nis 2 or 3.

,and nis 2 or 3.

,ReisH, andnis 2 or 3.
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[8483] In some aspects, Ry 1s H, CI, OH, NH; or NO,, R; 18 ~OCH:, Ry and Ry are H, Rs 15

H
N
~,J
NT RgisCHs, andnis 2 or 3.

[3484] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry 15 ~OCH;, Ry and Ryare H, Rs is

H
N
—J
NT  Reis -CH,CH,SH. and nis 2 or 3.

[8483] In some aspects, Ry 1s H, Cl, OH, NH; or NOy, Ry 18 =OCH:, Ry and Ry are H, Rs 1

H
N *\

,Réis

[3486] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry 1s =OCH;, Ry and Ry are H, Rs i

candnis 2or 3.

,andnis 2 or 3.

[8487] In some aspects, Ry 1s H, Cl, OH, NH; or NO,, R; 18 =OCH;, Ry and Ry are H, Rs 1

_<\:j, Rgis

[0488] In some aspects, Ry is H, Cl, OH, NHy or NOy, B 1s -OCH;, Ry and Ry arc H, Rs i
CHi, ReisH andnis 2 or 3.

13489] In some aspects, Ry s H, T, OH, NH; or NO;, Ry 15 ~OCH;, Ry and Ryare H, Rs is
CHYCHLSH, ReisH, andnis 2 or 3.

[8494] In some aspects, Ry 1s H, Cl, OH, NH; or NO,, R; 18 =OCH;, Ry and Ry are H, Rs 1

.and nis 2 or 3.

LReisH, andnis 2 or 3.

{0491} In some aspects, By is H, Cl, OH, NHy or NGO, Ry 158 ~OCH;, Ry and Ry are H, Rs 1

&
& X

i & o

Y
e’

JRBeisH andnis2or 3.

[3492] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry 1s =OCH;, Ry and Ry are H, Rs i

.ReisH, andnis 2 or 3.
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[8493] In some aspects, Ry 1s H, ClI, OH, NH; or NO;, R; 18 ~OCH:, Ry and Ry are H, Rs 15

<7

,ReisH, andnis 2 or 3.

[8494] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry 1s ~OCH;, Ry and Ryare H, Rs is

H. Rsis CH; and nis 2 or 3.

[0495] In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry 1s -OCH;, Ry and Ry are H, Rs 15

CHLCHLSH, Reis CHz, and nis 2 or 3.

[8496] In some aspects, Ry is H, ClI, OH, NH; or NO,, R; 18 ~OCH:, Ry and Ry are H, Rs 15

o I
R N

,Reis CHs, andnis 2 or 3.

[3497] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry 1s =OCH;, Ry and Ry are H, Rs i

SRR,

o S Nk
‘*““‘\“\ N
SR . .
ot LReis CHs, andnis 2 or 3.

[8498] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry 15 ~OCH;, Ry and Ryare H, Rs is

o
; e R
R o w\{ 8
R e
£ 39

.Reis CHz, andnis 2 or 3.

[8499] In some aspects, Ry is H, CI, OH, NH; or NO,, R; 18 ~OCH:, Ry and Ry are H, Rs 15

<]

,Rgis CHs, andnis 2 or 3.

[0580] In some aspects, Ry is H, CI, OH, NH, or NOy, Ry 1s =OCH;, Rz and Ry are H, Rs is

H, Reis -CHyCH,SH, and nis 2 or 3.

[0501] In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry 1s -OCH;, Ry and Ry are H, Rs 15

CHs, Rg 18 ~-CHLCHLSH, andnis 2 or 3.

[8502] In some aspects, Ry is H, CI, OH, NH; or NO,, R; 18 ~OCH:, Ry and Ry are H, Rs 15

x\.\
¢
~ gty S
TR A
S

, Rgis -CH,CH,8H, and nis 2 or 3.

[0503] In some aspects, Ry is H, Cl, OH, NHy or NOy, By 1s -OCH;, Ry and Ry are H, Rs i

CReis -CHLCH,SH, andnis 2 or 3.
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[0504] In some aspects, Ry 1s H, CI, OH, NH; or NO,, R; 18 ~OCH:, Ry and Ry are H, Rs 1

Ry
RN
. & b
e h i
X 3
N &

Rt , Reis -CHLCHLSH, and nis 2 or 3.

[8505] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry 15 ~OCH;, Ry and Ryare H, Rs is

<7

Re1s -CH,CH,SH, and nnis 2 or 3.

[8506] In some aspects, Ry is H, Cl, OH, NH; or NO3, Ry 18 =OCH:, Ry and Ry are H, Rs 1

H Ry is b candnis 2 or 3.

{0507] In some aspects, Ry is H, Cl, OH, NH; or NO;, By 1s -OCH;, Ry and Ry arc H, Rs i

s \
T “{\ o
Ny

CHy, Re1s ,andnis 2 or 3.

[8508] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry 15 ~-OCH;, Ry and Ry are H, Rs is

CHYCHLSH, R is e ,andnis 2 or 3.

[8509] In some aspects, Ry 1s H, Cl, OH, NH; or NO,, R; 18 =OCH;, Ry and Ry are H, Rs 1

LIRINRY, S
S

ow TG it N
s . Rs1s candnis 2 or 3.

[8518] In some aspects, Ry 1s H, CI, OH, NH; or NO», Ry 18 ~OCH;, Ry and Ry are H, Rs 1

S
N \\.} N
& & SNEA L N
RS 3 & RS NN
o ,Re1s ,andnis 2 or 3.

[8511] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry 15 ~OCH;, Ry and Ryare H, Rs is

H
N
“.0.\\\\\1
| e B
\ o

N7 Rgis ,andnis 2 or 3.

18512] In some aspects, Ry 1s H, CI, OH, NH; or NO,, R; 18 ~OCH:, Ry and Ry are H, Rs 15

SN

}-H, R6 15 TR

,andnis 2 or 3.

{0513} In some aspects, Ry is H, Cl, OH, NHy or NO;, Ry 158 ~OCH;, Ry and Ry are H, Rs 1

& N
.\o\ B
CHy, Rets ,andnis 2 or 3.

LA
(o
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18514] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH;:, R and Ry are H, Rs 15 -

SRR,
S

SN
TR
ERIES

B
CH,CH,SH., Ry is Yo

,and nis 2 or 3.

{0515} In some aspects, Ry is H, Cl, OH, NHy or NO;, Ry 158 ~OCH;, Ry and Ry are H, Rs 1

™,

, Rg 1s

,and nis 2 or 3.

[08516] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry 1s =OCH;, Ry and Ry are H, Rs i

T

N
SNNET & &
g Y §

™, ¥ .
SR X Ry is

.andnis 2 or 3.

[0517) In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry 1s -OCH:, Ry and Ry are H, Rs 15

<7

, Rg 18

,and nis 2 or 3.

[0518] In some aspects, Ry is H, Cl, OH, NHy or NOy, By 1s -OCH;, Ry and Ry are H, Rs i

H, Rgis

candnis 2 0r 3.

[0519] In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry 1s -OCH;, Ry and Ry are H, Rs 15

45

3
)

SRR

CH;, R 18

,and nis 2 or 3.

[0528] In some aspecis, Ry is H, Cl, OH, NH; or NO;, B, 1s -OCH;, Ry and Ry are H, Rs 15 -

CH,CH,SH. Re is

,andnis 2 or 3.

10521] In some aspects, Ry s H, T, OH, NH; or NG, Ry 15 -OCH;, Ry and Ryare H, Rs is

,R@iS

candnis Zor 3.

{0522} In some aspects, By 1s H, Cl, OH, NH; or NO;, Ry 158 ~OCH;, Ryand Ryare H, Rs 18

candnis 2 or 3,
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[8523] In some aspects, Ry 1s H, CI, OH, NH; or NO,, R; 18 ~OCH:, Ry and Ry are H, Rs 15

H .
N L
\ o STy
< . ¥
R Ry
\ j R
N PN

, Rgis ,andnis2or 3.

[8524] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry 15 ~OCH;, Ry and Ryare H, Rs is

H
N

~J

H.Rq 15 N andnis2or3.

[8523] In some aspects, Ry s H, Cl, OH, NH; or NOy, Ry 18 =OCH:, Ry and Ry are H, Rs 1

H

~<J

CHy, Rets N andnisZor3

[0526] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry 1s =OCH;, Ry and Ry are H, Rs i

H

~<J

CHCHLSH, R s NT andnis2or3.

[8527] In some aspects, Ry s H, Cl, OH, NH; or NO,, R; 18 =OCH;, R and Ry are H, Rs 1

H
N
ST,
, Rgis N andnis2or3.

[0528] In some aspects, Ry is H, Cl, OH, NHy or NOy, B 1s -OCH;, Ry and Ry are H, Rs i

H
N

J

,Reis N andnis 2 or 3.

[0529] In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry 1s -OCH;, Ry and Ry are H, Rs 15

o H
i o My
v...{\;i‘bgé, .\.\.{\ §§\ \
%
R i .
,Ro1s N~ . and nisZor3.

[0530] In some aspects, R is H, Cl, OH, NH; or NO,, R, 1s ~OCH;, B and Ry are CH;, Rs

and Reare H, andnis 2 or 3.

18531} In some aspects, Ry 18 H, CL, OH, NH, or N(y;, R, 1s ~OCH;, R; and Ry are CH;, Rs

and Rgare CH;, and nis 2 or 3.

10532} In some aspects, Ry s H, Cl, OH, NH; or NO», Ry 15 —~OCH;, Rs and Ry are CHi, Rs

and R are -CHCHLSH, andnis 2 or 3.
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18533] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~-OCH:, R; and Ry are CH:, R;

and R; are Landnis 2 or 3.

[0534] In some aspects, R is H, Cl, OH, NH, or NGOy, R, 15 —~OCH;, Rz and Ry are CH;, Rs

and R are candnis 2 or 3

[8535] In some aspects, Ry 18 H, CL, OH, NH, or N(y;, R, 1s ~OCH;, R; and Ry are CH;, Rs

&N

~OH gy B
. L P .
and Rs are s candnis 2 or 3.

[8536] In some aspects, Ry 1s H, Cl, OH, NH; or NO», Ry 15 ~OCH;, Rs and Ry are CHs, Rs

H
Nj
and R are N  andnis?2or3.

[8537] In some aspects, Ry is H, CI, OH, NH, or NGOy, R, 15 =OCH;, Ry and Ry are CH;, Rs s

H, Reis CHs andnis 2 or 3.

10538] In some aspects, Ry is H, Cl, OH, NH; or NO,, R, 1s “OCH;, R; and Ry are CH;3, Rsis

H, Rg1s -CH,CHSH, andnis 2 or 3.

18539] In some aspects, Ry 1s H, CI, OH, NH; or NO,, R; 18 ~OCH;:, R; and Ry are CH;, Rs 18

H Ry is b candnis 2 or 3.

[0548] In some aspects, Ry is H, Cl, OH, NHy or NOy, By 1s -OCH;, Ry and Ry are CH;, Rs s

H, Rs 15 candnis 2 or 3.

[8541] In some aspects, Ry w H, C1, OH, NH, or NO;, R, 15 ~OCH;, R; and Ry are CH;, Rsis

oY
R

R N
H. Re 18 Ko candnis 2 or3.

[18542] In some aspects, Ry 1s H, CI, OH, NH; or NO,;, R; 18 ~OCH;:, R; and Ry are CH;, Rs 18

H
N
—<\j\
H, Ry is N ,andnis2or3.

[0543] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry 1s “OCH;, Ry and Ry are CH;, Rs1s

CHi, ReisH andnis 2 or 3.
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[0544] In some aspects, Ry 1s H, CI, OH, NH; or NO;, R; 18 ~OCH;:, R; and Ry are CH;, Rs 18
CH;, R 18 -CHyCHSH andnis 2 or 3.
[0545] In some aspects, Ry is H, Cl, OH, NH; or NO;, B, 1s -OCH;, Rs and Ry are CH;, Bs is

C}ia Rs iS
13546] In some aspects, Ry s H, Ry 15 ~OCH;, Rs and Ry are CH;, Rs 15 CH;, Re g

,andnis 2 or 3,

S
S

SR
N \

cand nis 2.

10547) In some aspects, Ry is H, Cl, OH, NH; or NGO, R, 1s -OCH:, Rs and Ry are CHaz, Rsis

RN
e TR ;S
RS v\\ 32\
CH;, Ry is R ,andnis 2 or 3.

[05438] In some aspecis, Ry is H, Cl, OH, NH; or NO;, B, 1s -OCH;, Rs and Ry are CH;, Bs is
H

N
~

CHa, Rg 18 NT andnis?or3.

10549] In some aspects, Ry is H, Cl, OH, NH; or NO,, R, 1s “OCH;, R; and Ry are CH;3, Rsis

SCHOCHLSH, Ry is H, and nis 2 or 3.

[8558] In some aspects, Ry 1s H, CI, OH, NH; or NO;, R; 18 ~OCH;:, R; and Ry are CH;, Rs 18

SCHLCHGSH, Ry is CHs, andnis 2 or 3.

[0551] In some aspects, Ry is H, Cl, OH, NH; or NO;, B, 1s -OCH;, Rs and Ry are CH;, Bs is
PN

-CHRCH,SH, Re1s

13552] In some aspects, Ry s H, Cl, OH, NH; or NO, R, 15 ~OCH;, R; and By are CH;, Rsis

,andnis 2or 3.

"CHQCHﬂSH, R;() IS
[0553] In some aspects, Ry is H, Cl, OH, NH; or NO,, R, 1s “OCH;, R; and Ry are CH;3, Rsis

.andnis 2 or 3.

:g“ “\i\ \;:g
~ ~ <t ‘ : % 2\3{ « -
-CH,CH,S8H, Ry is S ,and nis 2 or 3.
[0554] In some aspects, Ry is H, Cl, OH, NH; or NO;, B, 1s —-OCH;, R; and Ry are CH;, Bs is

<]

SCHOCHRSH, Re s NT andnis2or3
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[8555] In some aspects, Ry 1s H, Cl, OH, NH; or NO,, R; 18 ~OCH;:, R; and Ry are CH;, Rs 18

.
& N

TR AR B
-

[85536] In some aspects, Ry is H, CI, OH, NH, or NGOy, R, 15 =OCH;, Ry and Ry are CH;, Rs s

JReisCHs, andnig 2 or 3.

10557) In some aspects, Ry s H, Cl, OH, NH; or NO, R, 15 ~OCH;, R; and By are CH;, Rsis

“'_\\\\\\v\

CRets -CHCH,SH, and nis 2 or 3.

[0558] In some aspects, Ry 1s H, Cl, OH, NH; or NO,, R; 18 ~OCH;:, R; and Ry are CH;, Rs 18

3

.......

. Rg s candnis 2 or 3.

{0559} In some aspects, By 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH;, Ry and Ry are (H;, Es 1

.\‘.-»»:«\
ANy §
Nt

candnis 2 or 3.

105690] In some aspects, Ry s H, Cl, OH, NH; or NO;, R, 15 ~OCH;, R; and By are CH;, Rsis

H
N
JOIEEN
.Reis NT andnis 2 or3.

18561] In some aspects, Ry 1s H, CI, OH, NH; or NO», R; 18 ~OCH;, Rs and Ry are CH;, Rs 18

& A
Wg X
R ,ReisH, andnis 2 or 3.

[08562] In some aspects, Ry is H, Cl, OH, NH; or NO;, B, 1s —-OCH;, Rs and Ry are CH;, Bs is

) F X,
o v\\\}':-f w{i ‘_-‘}\‘
* .Rgis CHs, andnis 2 or 3.

[8563] In some aspects, Ry is H, CI, OH, NH, or NGO, R, 1s =OCH;, Ry and Ry are CH;, Rs s

B
b3
S
24

SN 3
S Reis -CHLCHL,SH, and nis 2 or 3.

108564] In some aspects, Ry s H, Cl, OH, NH; or NO;, R, 15 ~OCH;, R; and By are CH;, Rsis

.Rgis ,andnis 2 or 3.

60
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[18565] In some aspects, Ry 1s H, CI, OH, NH; or NO,, R; 18 ~OCH;:, R; and Ry are CH;, Rs 18

s \f“.““ \\3
. Rgis S ,andnis 2 or 3.
[8566] In some aspects, Ry s H, C1, OH, NH, or NO;, R, 15 ~OCH;, R; and Ry are CH;, Rsis

H

. N

ALY \"“ w\ ‘
TN "\\ N \
, Re1s NT and nis 2 or 3.

[8567] In some aspects, Ry 1s H, Cl, OH, NH; or NOy, Ry 18 “OCH:, Rs and Ry are CH:, Rs 1

[N
ety

@ '\:\ ¥
B N
Sy

ot

,ReisH andnis 2 or 3.
[0568] In some aspects, Ry is H, CI, OH, NH, or NGOy, R, 15 =OCH;, Ry and Ry are CH;, Rs1s

PN
&
X &

Nt .Reis CHz andnis 2 or 3.
[8569] In some aspects, Ry 1s H, Cl, OH, NH; or NO,, R; 18 “OCH;, R; and Ry are CHi, Rs 1

N
IO
N o 3
R 2 e XY Ny
R
B o

-

R is -CHLCHSH, andnis 2 or 3.
[8570] In some aspects, Ry is H, Cl, OH, NHy or NOy, By 1s -OCH;, Ry and Ry are CH;, Rs s

.Rgis ,andnis 2 or 3.

10571} In some aspects, Ry is H, Cl, OH, NH; or NO,, R, 1s -OCH;, R; and Ry are CH;3, Rs s

, R is

H

% N
- 2 \

.Rsis N

,and nis 2 or 3.

103573) In some aspects, Ry s H, Cl, OH, NH; or NO, R, 15 ~OCH;:, Rs and By are CH;, Rsis

<

,ReisH, andnis 2 or 3.

61
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18574} In some aspects, Ry 1s H, Cl, OH, NH; or NO;,

<7

,Rgis CHs, andnis 2 or 3.

[8575] In some aspects, Ry s H, CL, OH, NH, or N(,,

<7

Re1s -CH,CH,SH, and nnis 2 or 3.

[85876] In some aspects, Ry s H, Cl, OH, NH; or N,

H
N *\

, Rg is .andnis 2 or 3.

{8577} In some aspects, R is H, Cl, OH, NH, or Ny,

,andnis 2 or 3.

[6578] In some aspects, Ry s H, Cl, OH, NH; or N,

<

, Ry 18

.and nis 2 or 3.

[3579] In some aspects, R is H, Cl, OH, NH» or NO;,

CHi, ReisH andnis 2 or 3.

10580] In some aspects, Ry is H, T, OH, NH; or N{O;,,

SCHOCHLSH, Rgis H, and nis 2 or 3.

[6581] In some aspects, Ry s H, CL, OH, NH; or N,

LReisH, andnis 2 or 3.

{0582} In some aspects, Ry 1s H, Cl, OH, NH) or NO»,

g
& X

RS S ™y

Y
NS
\\‘ &

JRBeisH andnis2or 3.

[0583] In some aspects, R 1s H, Cl, OH, NH, or Ny,

.ReisH, andnis 2 or 3.

62
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Ry 18 ~OCH;:, Ry and Ry are CH:, Rs 15

R, 18 ~OCH;, Rs and Ry are CH;, R

R; 18 ~OCH;, R; and Ry are CH;, Rs 18

Ra1s -OCH:, Rz and Ry are CHs, Rss

R, 18 —-OCH;, R; and Ry are CH;, Rs 18

R; 18 -OCH;, R; and Ry are CH;, Rs s

R;1s ~OCH;, R; and Ry are CH;, Ry1s

R, 18 —-OCH;, R; and Ry are CH;, Rs 18

R; 18 -OCH;, R; and Ry are CH;, Bs 15

Ra1s -OCH:, Rz and Ry are CHs, Rss
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[0584] In some aspects, Ry 1s H, CI, OH, NH; or NO,, R; 18 ~OCH;:, R; and Ry are CH;, Rs 18

<7

,ReisH, andnis 2 or 3.

[3585] In some aspects, Ry s H, C1, OH, NH, or NO;, R, 15 ~OCH;, R; and Ry are CH;, Rsis

H. Rsis CH; and nis 2 or 3.

[0586] In some aspects, Ry is H, Cl, OH, NH; or NO,, R, 1s “OCH;, R; and Ry are CH;3, Rsis

SCHLCHLSH, R 1s CH:, andnis 2 or 3.

[8587] In some aspects, Ry 1s H, CI, OH, NH; or NO,, R; 18 ~OCH;:, R; and Ry are CH;, Rs 18

o I
R N

,Reis CHs, andnis 2 or 3.

[0588] In some aspects, Ry is H, CI, OH, NH, or NGO, R, 15 “OCH;, Ry and Ry are CH;, Rs1s

SRR,

o S Nk
‘*““‘\“\ N
SR . .
ot LReis CHs, andnis 2 or 3.

[8589] In some aspects, Ry s H, C1, OH, NH, or NO;, R, 15 ~OCH;, R; and Ry are CH;, Rsis

o
; e R
R o w\{ 8
R e
£ 39

.Reis CHz, andnis 2 or 3.

18594] In some aspects, Ry 1s H, CI, OH, NH; or NO,;, R; 18 ~OCH;:, R; and Ry are CH;, Rs 18

<]

,Rgis CHs, andnis 2 or 3.

[0591] In some aspects, Ry is H, CI, OH, NH, or NGOy, Ry 15 =OCH;, R and Ry are CH;, Rsis

H, Reis -CHyCH,SH, and nis 2 or 3.

[0592) In some aspects, Ry is H, Cl, OH, NH; or NO,, R, 1s “OCH;, R; and Ry are CH;3, Rsis

CHs, Rg 18 ~-CHLCHLSH, andnis 2 or 3.

[18593] In some aspects, Ry 1s H, Cl, OH, NH; or NO,, R; 18 ~OCH;:, R; and Ry are CH;, Rs 18

x\.\
¢
~ gty S
TR A
S

, Rgis -CH,CH,8H, and nis 2 or 3.

[0594] In some aspects, Ry is H, Cl, OH, NHy or NOy, By 1s -OCH;, Ry and Ry are CHs, Rs s

CReis -CHLCH,SH, andnis 2 or 3.

63



WO 2016/176222

PCT/US2016/029396

[18595] In some aspects, R 1s H, ClI, OH, NH; or NO,, R; 18 ~OCH;:, R; and Ry are CH;, Rs 18

Ry
N
& N
B
TR WY §
XN

Rt , Reis -CHLCHLSH, and nis 2 or 3.

[8596] In some aspects, Ry s H, C1, OH, NH, or NO;, R, 15 ~OCH;, R; and Ry are CH;, Rsis

<7

Re1s -CH,CH,SH, and nnis 2 or 3.

[6597] In some aspects, Ry 1s H, Cl, OH, NH; or NOy, Ry 18 “OCH:, Rs and Ry are CH:, Rs 1

H Ry is b candnis 2 or 3.

[0598] In some aspects, Ry is H, Cl, OH, NH; or NO;, B, 1s -OCH;, Rs and Ry are CH;, Bs is

s \
T “{\ o
Ny

CHy, Re1s ,andnis 2 or 3.

[8599] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry 15 ~OCH;, R; and Ry are CH;, Rsis

oy

N
3
N

¥

~CHLCHLSH, R is b candnis 2 or3.

[8600] In some aspects, Ry 1s H, Cl, OH, NH; or NOs, R; 18 “OCH;, R; and Ry are CHi, Rs 1

LIRINRY, S
S

ow TG it N
s . Rs1s candnis 2 or 3.

18601] In some aspects, Ry 1s H, CI, OH, NH; or NO», R; 18 ~OCH;, Rs and Ry are CH;, Rs 18

S
N \\.} N
& & SNEA L N
RS 3 & RS NN
o ,Re1s ,andnis 2 or 3.

[8602] In some aspects, Ry s H, C1, OH, NH, or NO;, R, 15 ~OCH;, R; and Ry are CH;, Rsis

H
N
“.0.\\\\\1
| e B
\ o

N7 Rgis ,andnis 2 or 3.

18603] In some aspects, Ry 1s H, CI, OH, NH; or NO;, R; 18 ~OCH;:, R; and Ry are CH;, Rs 18

SN

}-H, R6 15 TR

,andnis 2 or 3.

{0604} In some aspects, By is H, CI, OH, NHy or NGO, Ry 18 ~OCH;, Ry and Ry are (H;, Bs 15

& N
.\o\ B
CHy, Rets ,andnis 2 or 3.
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18605] In some aspects, R 1s H, CI, OH, NH; or NO,, R; 18 ~OCH;:, R; and Ry are CH;, Rs 18

CHLCHLSH, Ry 18 candnis 2 or 3.

10606} In some aspects, By 1s H, Cl, OH, NH> or NGO, Ry 18 ~OCH;, Ry and Ry are (H;, Bs 15

, Rg 1s

,and nis 2 or 3.

[8687] In some aspects, Ry is H, CI, OH, NH, or NGOy, R, 15 =OCH;, Ry and Ry are CH;, Rs1s

T

N
SNNET & &
g Y §

™, ¥ .
SR X Ry is

.andnis 2 or 3.

[0608] In some aspects, Ry is H, Cl, OH, NH; or NGO, R, 1s —OCH:, Rs and Ry are CHaz, Rsis

<7

, Rg 18

,and nis 2 or 3.

[8609] In some aspects, Ry is H, Cl, OH, NHy or NOy, By 1s -OCH;, Ry and Ry are CH;, Rs s

H, Rgis

candnis 2 0r 3.

[0610] In some aspects, Ry is H, Cl, OH, NH; or NO,, R, 1s “OCH;, R; and Ry are CH;3, Rsis

{H;, Ry i ,andnis 2 or 3.

[8611] In some aspecis, Ry is H, Cl, OH, NH; or NO;, B, 1s —-OCH;, Rs and Ry are CH;, Bs is

SCHLOCHLSH, Re s candnis 2 or 3

10612} In some aspects, Ry s H, Cl, OH, NH; or NO;, R, 15 ~OCH;, R and By are CH;, Ry is

. ‘;«\'««J»\\
S A R B A\ &
Rnd . N8 f
, Re s o candnis 2 or 3.

10613} In some aspects, By is H, Cl, OH, NH; or NO;, R; 18 ~OCH;, R; and Ry are (H;, Bs 1

65

candnis 2 or 3,
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18614] In some aspects, Ry 1s H, CI, OH, NH; or NO;, R; 18 ~OCH;:, R; and Ry are CH;, Rs 18

H .
N L
\ o STy
< . ¥
R Ry
\ j R
N PN

, Rgis ,andnis2or 3.

[8615] In some aspects, Ry s H, C1, OH, NH, or NO;, R, 15 ~OCH;, R; and Ry are CH;, Rsis

H
N

~J

H.Rq 15 N andnis2or3.

[8616] In some aspects, Ry 1s H, Cl, OH, NH; or NOy, Ry 18 “OCH:, Rs and Ry are CH:, Rs 1

H
N
%\j
CHy, Rets N andnisZor3

[8617] In some aspects, Ry is H, CI, OH, NH, or NGO, R, 15 =OCH;, Ry and Ry are CH;, Rs1s

H
N

\

\
~CHaCHLSH, R i N~ andnis2or3.

[6618] In some aspects, Ry 1s H, Cl, OH, NH; or NO,, R; 18 “OCH;, R; and Ry are CHi, Rs 1

H
N
ST,
, Rgis N andnis2or3.

[0619] In some aspects, Ry is H, Cl, OH, NHy or NOy, By 1s -OCH;, Ry and Ry are CH;, Rs s

H
N

J

,Reis N andnis 2 or 3.

10620] In some aspects, Ry is H, Cl, OH, NH; or NO,, R, 1s “OCH;, R; and Ry are CH;3, Rsis

o H
i o My
v...{\;i‘bgé, .\.\.{\ §§\ \
%
R i .
,Ro1s N~ . and nisZor3.

[0621] In some aspects, Ry is H, Cl, OH, NH, or NO;, By 1s —-OCH;, Ry is H, Ry is CHi, R;s

and Reare H, andnis 2 or 3.

[8622] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry 15 ~OCH;, Ra s H, Ry 18 CH3, R;

and Rgare CH;, and nis 2 or 3.

[0623] In some aspects, Ry is H, Cl, OH, NH; or NGOy, Ry 1s -OCH;, Ry is H, Ry s CHs, B

and R are -CHCHLSH, andnis 2 or 3.
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18624] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry s H, Ry is CH;, Rs

and R; are Landnis 2 or 3.

[8625] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry 1s =OCH;, Ry s H, Ry 18 CHi, Rs

and R are ,andnis 2 or 3.

[8626] In some aspects, Ry s H, C1, OH, NH, or NO;, Ry 15 ~OCH;, Rr s H, Ry 18 CH3, R;

S & \?5
TR OB
. L P .
and Rs are s candnis 2 or 3.

[8627] In some aspects, Ry 1s H, Cl, OH, NH, or NOy, Ry 18 “OCH:, Rs 18 H, Ry 18 CHs, Rs

H
Nj
and R are N  andnis?2or3.

[8628] In some aspects, R is H, I, OH, NH, or NGOy, Ry 1s —-OCH;, Rais H, Ry 18 CHs, Rs 1s

H, Reis CHs andnis 2 or 3.

10629] In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry 1s —-OCH;, Ry is H, Ry is CHs, Rs s

H, Rg1s -CH,CHSH, andnis 2 or 3.

18638] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 -OCH:, Ry s H, Ry 1s CH;, Ry is

H Ry is b candnis 2 or 3.

[8631] In some aspects, Ry is H, Cl, OH, NHy or NO,, B 1s -OCH:, Rais H, Ry 18 CHs, Rs is

H, Rs 15 candnis 2 or 3.

[8632] In some aspects, Ry s H, €L, OH, NH, or NG, Ry 1s -OCH;, Rs s H, Ry s CH:, Ry 18

oY
R

R N
H. Re 18 Ko candnis 2 or3.

18633] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 -OCH:, Ry s H, Ry 1s CH;, Ry is

H
N
—<\j\
H, Ry is N ,andnis2or3.

[8634] In some aspects, R is H, I, OH, NH, or NGOy, By 1s -OCH;, Ry s H, Ry 18 CHs, Ry 1s

CHi, ReisH andnis 2 or 3.
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18635] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry s H, Ry 1s CH;, Ry is
CH;, R 18 -CHyCHSH andnis 2 or 3.
[8636] In some aspects, Ry is H, Cl, OH, NH, or NO,, By is -OCH;, Ry is H, Ry 1s CHi, Ry is

,andnis 2 or 3,

108637} In some aspects, Ry s H, Cl, OH, NH; or NO;, R, 15 ~OCH;, Ry is H, Ry is CH;, R s

CH;. Reis
10638] In some aspects, Ry is H, Cl, OH, NHz or NGO, Ry 1s -OCH;, Ry is H, Ry s CHs, Rs s

.andnis 2 or 3.

RN
e TR ;S
RS v\\ 32\
CH;, Ry is R ,andnis 2 or 3.

[8639] In some aspecis, R is H, Cl, OH, NH, or NO,, By is -OCH;, Ry is H, Ry 1s CHi, Ry is
H

N
~

CHa, Rg 18 NT andnis?or3.

10640] In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry 1s —-OCH;, Ry is H, Ry is CHs, Rs s

SCHOCHLSH, Ry is H, and nis 2 or 3.

[8641] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 -OCH:, Ry s H, Ry 1s CH;, Ry is

SCHLCHGSH, Ry is CHs, andnis 2 or 3.

[0642] In some aspects, R is H, Cl, OH, NH, or NO,, By is -OCH;, Ry is H, Ry 1s CHi, Ry is
PN

-CHRCH,SH, Re1s

10643} In some aspects, Ry s H, Cl, OH, NH; or NO;, Ry 15 ~OCH;, Ry is H, Ry is CH;, R s

,andnis 2or 3.

"CHQCHﬂSH, R;() IS
[0644] In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry 1s —-OCH;, Ry is H, Ry is CHs, Rs s

.andnis 2 or 3.

:g“ “\i\ \;:g
~ ~ <t ‘ : % 2\3{ « -
-CH,CH,S8H, Ry is S ,and nis 2 or 3.
[0645] In some aspects, Ry is H, Cl, OH, NH, or NO,, By is -OCH;, Ry is H, Ry 1s CHi, Ry is

<]

SCHOCHRSH, Re s NT andnis2or3
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[8646] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 -OCH:, Ry s H, Ry 1s CH;, Ry is

.
& N

TR AR B
-

,ReisH andnis 2 or 3.

[8647] In some aspects, Ry is H, I, OH, NH, or NGOy, Ry 1s —-OCH;, Ry s H, Ry 18 CHs, Rs is

JReisCHs, andnig 2 or 3.

10648] In some aspects, Ry s H, Cl, OH, NH; or NO;, R, 15 ~OCH;, Ry is H, Ry is CH;, R s

“'_\\\\\\v\

CRets -CHCH,SH, and nis 2 or 3.

[8649] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry s H, Ry 1s CH;, Ry is

kY i

.......

. Rg s candnis 2 or 3.

{0658] In some aspects, By is H, Cl, OH, NH; or NO;, Ry s ~OCH;, Ry is H, Ry is CH;, Ry ig

.\‘.-»»:«\
ANy §
Nt

candnis 2 or 3.

10651] In some aspects, Ry s H, CL, OH, NH; or NO, R, 1s ~OCH;, Ry is H, Ry is CH;, R s

H
N
JOIEEN
.Reis NT andnis 2 or3.

[18652] In some aspects, Ry 1s H, Cl, OH, NH: or NO,, Ry 18 ~OCH;, Ry s H, Ry 1s CHi, Rsis

SN \"‘ ﬁ'@.\'
A ii\ i ‘.‘\\
R ,ReisH, andnis 2 or 3.

[8653] In some aspects, R is H, Cl, OH, NH, or NO,, By is -OCH;, Ry is H, Ry 1s CHi, Ry is

) F X,
o v\\\}':-f w{i ‘_-‘}\‘
* .Rgis CHs, andnis 2 or 3.

[86534] In some aspects, Ry is H, I, OH, NH, or NGOy, R 1s —-OCH;, Rais H, Ry 1s CHs, Ry 1s

B
b3
S
24

SN 3
S Reis -CHLCHL,SH, and nis 2 or 3.

103655] In some aspects, Ry is H, Cl, OH, NH; or NO;, R, 15 ~OCH;, Ry is H, Ry is CH;, R s

.Rgis ,andnis 2 or 3.
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[18656] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 -OCH:, Ry s H, Ry 1s CH;, Ry is

S N
s> Sy i
R N 33

X i

R i

?R(} 18

Vot , andnis 2 or 3.

[8637] In some aspects, Ry s H, CL, OH, NH, or NGO, R, 1s -OCH;, Rs s H, Ry s CH:, Ry 18

H
N
, Rgis N andnis 2 or 3.

[6658] In some aspects, Ry 1s H, Cl, OH, NH; or NO3, Ry 18 =OCH:, Ry s H, Ry 158 CHs, Rsis

et
R ,ReisH andnis 2 or 3.

[86539] In some aspects, R is H, I, OH, NH, or NGOy, By 1s —-OCH;, Ry s H, Ry 18 CHs, Ry is

v X
At &

W 3

R .Reis CHz andnis 2 or 3.

[8664] In some aspects, R 15 H, Cl, OH, NH; or NO;, R, 18 =OCH;, Ry s H, Ry s CHi, Rsis

{"3
BN
o , Ry i3 -CHCH,SH, and nis 2 or 3.

[3661] In some aspects, Ry is H, Cl, OH, NHy or NO,, B is -OCH:, Rais H, Ry 18 CHi, Rs is

R

XN
N N
o \\,ﬁ\\ \\\%X \§\s 3
% & . Yol .
Rws  Rgis ,andnis 2 or 3.

[0662] In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry 1s —-OCH;, Ry is H, Ry is CHs, Rs s

%
\v"\\‘ N,
e §
xR
At

, R is

,and nis 2 or 3.

[3663] In some aspects, Ry is H, Cl, OH, NH, or NO,, By is -OCH;, Ry is H, Ry 1s CHi, Ry is

,and nis 2 or 3.

10664] In some aspects, Ry is H, Cl, OH, NH; or NOy, Ry 15 ~OCH;, Ry is H, Ry is CHs, Ry s

<

,ReisH, andnis 2 or 3.
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18665] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 -OCH:, Ry s H, Ry 1s CH;, Ry is

H
N
~,J
NT RgisCHs, andnis 2 or 3.

[8666] In some aspects, Ry s H, CL, OH, NH, or NGO, Ry 1s -OCH;, Ra s H, Ry s CH:, Ry 18

H
N
—J
NT  Reis -CH,CH,SH. and nis 2 or 3.

[8667] In some aspects, Ry 1s H, Cl, OH, NH; or N3, Ry 18 =OCH:, Ry s H, Ry 1s CHs, Rsis

H
N *\

,Réis

[8668] In some aspects, R is H, I, OH, NH, or NGOy, R 1s —-OCH;, Ry s H, Ry 18 CHs, Ry 1s

candnis 2or 3.

,andnis 2 or 3.

[8669] In some aspects, R 15 H, Cl, OH, NH; or NG5, R, 18 =OCH;, Ry s H, Ry 1s CHi, Rsis

_<\:j, Rgis

[8670] In some aspects, Ry is H, Cl, OH, NHy or NO,, B 1s -OCH:, Rais H, Ry 1s CHi, Rs is
CHi, ReisH andnis 2 or 3.

108671} In some aspects, Ry is H, Cl, OH, NH; or NO;, R, 1s ~OCH;, Ry is H, Ry is CH;, R s
SCHOCHLSH, Rgis H, and nis 2 or 3.

[8672] In some aspects, R 15 H, Cl, OH, NH; or NG5, R, 18 =OCH;, Ry is H, Ry s CHi, Rsis

.and nis 2 or 3.

SRR,
P

T 3
Lty

NS

LReisH, andnis 2 or 3.

{8673} In some aspects, By is H, Cl, OH, NHo or NO;, Ry s ~OCH;, Ry is H, Ry is CHi, Rsig

JRBeisH andnis2or 3.

[8674] In some aspects, Ry is H, I, OH, NH, or NGOy, By 1s —-OCH;, Rais H, Ry 18 CHs, Ry 1s

.ReisH, andnis 2 or 3.
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18675] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry s H, Ry 1s CH;, Ry is

H
N
~J
NT RsisH andnis2or3.

[8676] In some aspects, Ry s H, CL, OH, NH, or NG, Ry 1s -OCH;, Rs s H, Ry s CH:, Ry 18
H. Rsis CH; and nis 2 or 3.

16677} In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry 1s —-OCH;, Ry is H, Ry is CHs, Rs s
SCHLCHLSH, R 1s CH:, andnis 2 or 3.

18678] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 -OCH:, Ry s H, Ry 1s CH;, Ry is

Y,

ot X
Ol

,Reis CHs, andnis 2 or 3.
[8679] In some aspects, R is H, I, OH, NH, or NGOy, Ry 1s —-OCH;, Ry s H, Ry 18 CHs, Ry is

SRR,

o S Nk
‘*““‘\“\ N
SR . .
ot LReis CHs, andnis 2 or 3.

[8680] In some aspects, Ry s H, CL, OH, NH, or NGO, R, 1s -OCH;, Rs s H, Ry s CH:, Ry 18

o
; e R
R o w\{ 8
R e
£ 39

.Reis CHz, andnis 2 or 3.
[8681] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry s H, Ry 1s CH;, Ry is

H
N
~J
NT  RsisCHs andnis2or 3.

[8682] In some aspects, Ry is H, I, OH, NHjy or NGOy, Ry 1s —-OCH;, Rais H, Ry 1s CHs, Rs is
H, Reis -CHyCH,SH, and nis 2 or 3.

[0683] In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry 1s —-OCH;, Ry is H, Ry is CHs, Rs s
CHs, Rg 18 ~-CHLCHLSH, andnis 2 or 3.

[8684] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 -OCH:, Ry s H, Ry 1s CH;, Ry is

x\.\
¢
~ gty S
TR A
S

, Rgis -CH,CH,8H, and nis 2 or 3.
[0685] In some aspects, Ry is H, Cl, OH, NHy or NO,, By 1s -OCH:, Rais H, Ry 18 CHi, Rs is

CReis -CHLCH,SH, andnis 2 or 3.
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18686] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry s H, Ry 1s CH;, Ry is

Ry
N
& N
B
TR WY §
XN

Rt , Reis -CHLCHLSH, and nis 2 or 3.

[8687] In some aspects, Ry s H, €L, OH, NH, or NG, Ry 1s -OCH;, Rs s H, Ry s CH:, Ry 18

<7

Re1s -CH,CH,SH, and nnis 2 or 3.

[0688] In some aspects, Ry 1s H, Cl, OH, NH or N3, Ry 18 =OCH:, Ry s H, Ry 158 CHs, Rsis

H Ry is b candnis 2 or 3.

[0689] In some aspects, R is H, Cl, OH, NH, or NO,, By is -OCH;, Ry is H, Ry 1s CHi, Ry is

s \
T “{\ o
Ny

CHy, Re1s ,andnis 2 or 3.

[8690] In some aspects, Ry s H, CL, OH, NH; or NGy, Ry 1s -OCH;, Ry is H, Ry 1s CHs, Rs s

oy

N
3
N

¥

~CHLCHLSH, R is b candnis 2 or3.

[6691] In some aspects, R 1s H, Cl, OH, NH; or NG5, R, 18 “OCH;, Ry s H, Ry 1s CHi, Rsis

LIRINRY, S
S

ow TG it N
s . Rs1s candnis 2 or 3.

18692] In some aspects, Ry 1s H, Cl, OH, NH; or NGOy, Ry 18 -OCH;, Ry s H, Ry 1s CHi, Rsis

S
N \\.} N
& & SNEA L N
RS 3 & RS NN
o ,Re1s ,andnis 2 or 3.

[8693] In some aspects, Ry s H, CL, OH, NH, or NG, Ry 1s -OCH;, Rs s H, Ry 1s CH:, Ry 18

H
N
“.0.\\\\\1
| e B
\ o

N7 Rgis ,andnis 2 or 3.

18694] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry s H, Ry 1s CH;, Ry is

SN

}-H, R6 15 TR

,andnis 2 or 3.

{0695} In some aspects, By is H, Cl, OH, NHo or NO;, Ry s ~OCH;, Ry is H, Ry is CHi, Ry ig

& N
.\o\ B
CHy, Rets ,andnis 2 or 3.
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[8696] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 13

18697} In some aspects, By 1is H. Cl, OH, NH or NOs, Ry s

, Rp s
[8698] In some aspects, R 1s H, I, OH, NH, or NOy, Ry is

,and nis 2 or 3.

~OCH:, Ryis H, Ry 1s CH;,

PCT/US2016/029396

---{}C}'h, R3 18 }'i, R@ 19 C}'{g, Rs IS

OCHH R}; iS H, RJ, IS CH3, Ré iS

Rj 18

—OCH3, R) iS H R;@ iS (/HJ Rﬁ iS

.Rgis candnis 2 or 3.
10699} In some aspects, Ry is H, CL, OH, NH; or NO», Ry 15
H
N
~J
N | Rgis ,and nis 2 or 3.

H, Rg 18 ,and nis 2 or 3.
{0701} In some aspects, Ry s H, CL, OH, NH; or NO,, Ry is
,.{i}ﬁ\.
O B

CH;, Rsis
[3702] In some aspects, Ry is H, CL, OH, NH; or NO;, Ry s

,and nis 2 or 3.

SNEE 3
~THp 3}"

SCHLOCHLSH, Re s
10703} In some aspects, Ry s H, CL, OH, NH; or NOy, R ig

candnis 2 or 3

X 3
RAFRPEI

, Reis candnis 2 or 3.

{0704} In some aspects, By is H. Cl, OH, NH; or NO,, Ry s

.
% \ N
ST R
NN &8 RSy
N Q\&;“N\fe

74

—OCH% R3 is H* R4 15 (/HJ«* R,j 18

—GCHJ, R'g is H, R4 18 CHz, Rj is

'"GCH% E{? iS H, R4 iS CHg, R;; iS

"'OCHg, R_g is H, R__/; 1s CH3, R@ is

candnis 2 or 3,
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[8705] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 -OCH:, Ry s H, Ry 1s CH;, Ry is

H .
N L
\ o STy
. ¥
R Ry
\< j R
N PN

, Rgis ,andnis2or 3.

[706] In some aspects, Ry s H, CL, OH, NH, or NG, Ry 1s -OCH;, Rs s H, Ry s CH:, Ry 18

H
N

~J

H.Rq 15 N andnis2or3.

[8707] In some aspects, Ry 1s H, Cl, OH, NH or N3, Ry 18 =OCH:, Ry s H, Ry 158 CHs, Rsis

H
N
%\j
CHy, Rets N andnisZor3

[3708] In some aspects, R is H, I, OH, NH, or NGOy, Ry 1s —-OCH;, Rais H, Ry 18 CHs, Ry is

H
N

\

\
~CHaCHLSH, R i N~ andnis2or3.

[8709] In some aspects, R 1s H, Cl, OH, NH; or NO;, R, 18 =OCH;, Ry s H, Ry s CHi, Rsis

H
N
ST,
, Rgis N andnis2or3.

[3718] In some aspects, Ry is H, Cl, OH, NHy or NO,, By 1s -OCH:, Rais H, Ry 1s CHi, Rs is

H
N

J

,Reis N andnis 2 or 3.

10711} In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry 1s —-OCH;, Ry is H, Ry is CHs, Rs s

o H
i o My
v...{\;i‘bgé, .\.\.{\ §§\ \
%
R e .
,Ro1s N~ . and nisZor3.

[3712] In some aspects, Ry is H, Cl, OH, NH, or NO;, B 1s —-OCH;, Ry 1s CH;, Ry s H, R

and Reare H, andnis 2 or 3.

[8713] In some aspects, Ry s H, C1, OH, NH, or NO;, R; 15 ~OCH;, R7 1s CH;, Ry is H, R;

and Rgare CH;, and nis 2 or 3.

[0714] In some aspects, Ry is H, Cl, OH, NH; or NOy, Ry 1s “OCH;, Ry 1s CHs, Ry s H, B

and R are -CHCHLSH, andnis 2 or 3.
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18715] In some aspects, Ry 1s H, CI, OH, NH; or NO;, R; 18 ~OCH:, Ry s CHz, Ry s H, Rs

and R; are Landnis 2 or 3.

[8716] In some aspects, Ry is H, CI, OH, NH, or NGO, Ry 1s =OCH;, Ry 1s CHs, Ry s H, R;

and R are ,andnis 2 or 3.

[8717] In some aspects, Ry s H, C1, OH, NH, or NO;, R; 15 ~-OCH;, R7 1s CH;, Ry s H R;

S & \?5
TR OB
. L P .
and Rs are s candnis 2 or 3.

[0718] In some aspects, Ry 1s H, Cl, OH, NH; or NO», Ry 18 “OCH:, Rs 18 CHa, Reis H, Rs

H
Nj
and R are N  andnis?2or3.

[8719] In some aspects, R is H, I, OH, NH, or NGOy, R, 1s -OCH;, R 1s CHs, Ryis H, Ry is

H, Reis CHs andnis 2 or 3.

10720) In some aspects, Ry is H, Cl, OH, NH; or NO,, R, 1s -OCH;, Ry is CH;, Ryis H, Rs s

H, Rg1s -CH,CHSH, andnis 2 or 3.

18721} In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry 18 CHs, Ry s H, Ry is

H Ry is b candnis 2 or 3.

[3722] In some aspects, Ry is H, Cl, OH, NHy or NO,, By 1s -OCH:, Ry is CHs, Ry is H, Rs is

H, Rs 15 candnis 2 or 3.

[8723] In some aspects, Ry s H, CL, OH, NH; or NGO, R, 1s -OCH;, R3 1s CH;, Ry is H, Ry s

oY
R

R N
H. Re 18 Ko candnis 2 or3.

18724] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry 18 CHs, Ry s H, Ry is

H
N
—<\j\
H, Ry is N ,andnis2or3.

[8725] In some aspects, Ry is H, I, OH, NH, or NGOy, R, 1s -OCH;, R 1s CHs, Ryis H, Ry is

CHi, ReisH andnis 2 or 3.
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18726] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry 18 CHs, Ry s H, Ry is
CH;, R 18 -CHyCHSH andnis 2 or 3.
[3727] In some aspects, Ry is H, Cl, OH, NH, or NO,, By 1s -OCH;, R is CH;, Ry is H, Ry is

,andnis 2 or 3,

10728] In some aspects, Ry is H, Cl, OH, NH; or NO, R, 15 ~OCH;, Ry 1s CH;, Ry is H, R is

CH;. Reis
10729) In some aspects, Ry is H, Cl, OH, NH; or NO», R, 1s -OCH;, Ry is CHs, Ry is H, Rsis

.andnis 2 or 3.

RN
e TR ;S
RS v\\ 32\
CH;, Ry is R ,andnis 2 or 3.

[3730] In some aspecis, R is H, Cl, OH, NH, or NO,, By 1s -OCH;, R is CHs, Ry is H, Ry is
H

N
~

CHa, Rg 18 NT andnis?or3.

10731} In some aspects, Ry is H, Cl, OH, NH; or NO,, R, 1s -OCH;, Ry is CH;, Ryis H, s is

SCHOCHLSH, Ry is H, and nis 2 or 3.

18732] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry 18 CHs, Ry s H, Ry is

SCHLCHGSH, Ry is CHs, andnis 2 or 3.

[3733] In some aspects, R is H, Cl, OH, NH, or NO,, By is -OCH;, Ry is CH;, Ry is H, Ry is
PN

-CHRCH,SH, Re1s

10734] In some aspects, Ry s H, Cl, OH, NH; or NO, R, 15 ~OCH;, Ry 1s CH;, Ry is H, R is

,andnis 2or 3.

"CHQCHﬂSH, R;() IS
10735) In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry 1s -OCH;, Ry is CH;, Ryis H, s is

.andnis 2 or 3.

:g“ “\i\ \;:g
~ ~ <t ‘ : % 2\3{ « -
-CH,CH,S8H, Ry is S ,and nis 2 or 3.
[3736] In some aspects, R is H, Cl, OH, NH, or NO,, By is -OCH;, R is CHs, Ry is H, Ry is

<]

SCHOCHRSH, Re s NT andnis2or3
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18737} In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 -OCH:, Ry 18 CHs, Ry s H, Ry is

.
& N

TR AR B
-

,ReisH andnis 2 or 3.

[3738] In some aspects, Ry is H, I, OH, NH, or NGOy, R, 1s -OCH;, R 1s CHs, Ryis H, Ry is

JReisCHs, andnig 2 or 3.

13739} In some aspects, Ry s H, Cl, OH, NH; or NOy, R, 15 ~OCH;, Ry 1s CH;, Ry is H, R is

“'_\\\\\\v\

CRets -CHCH,SH, and nis 2 or 3.

[8748] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry 18 CHs, Ry s H, Ry is

.......

. Rg s candnis 2 or 3.

{0741} In some aspects, By is H, Cl, OH, NH; or NO;, Ry s ~OCH;, Ry is CHs, Ry is H, Ry ig

.\‘.-»»:«\
ANy §
Nt

candnis 2 or 3.

13742} In some aspects, Ry s H, Cl, OH, NH; or NOy, R, 15 ~OCH;, Ry 1s CH;, Ryis H, R is

H
N
JOIEEN
.Reis NT andnis 2 or3.

[8743] In some aspects, Ry 1s H, Cl, OH, NH; or NGO, Ry 18 ~OCH;, Ry 18 CHs, Ry s H, Rsis

& A
Wg X
R ,ReisH, andnis 2 or 3.

[3744] In some aspects, R is H, Cl, OH, NH, or NO,, By 1s —-OCH;, R is CHs, Ry is H, Ry is

. & X,
i v\\\}':-f w{i ‘.-‘}\‘
.Rgis CHs, andnis 2 or 3.

B
b3
S
24

SN 3
S Reis -CHLCHL,SH, and nis 2 or 3.

13746] In some aspects, Ry is H, Cl, OH, NH; or NOy, R, 15 ~OCH;, Ry 1s CH;, Ry is H, R is

.Rgis ,andnis 2 or 3.
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18747} In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry 18 CHs, Ry s H, Ry is

L - %
wd M\\ 3{
.Rgis R candnis 2 or 3.
[8748] In some aspects, Ry s H, CL, OH, NH; or NG, R, 1s -OCH;, R3 1s CH;, Ry is H, Ry s
H
N
,Rgis N” andnis 2or3.

[8749] In some aspects, Ry 15 H, Cl, OH, NH; or N3, Ry 18 =OCH;, Rs 18 CHa, Reis H, Rsis

,ReisH andnis 2 or 3.

[8750] In some aspects, Ry is H, I, OH, NH, or NGOy, R, 1s -OCH;, R 1s CHs, Ryis H, Ry is

Nt .Reis CHz andnis 2 or 3.
[8751] In some aspects, R 1s H, Cl, OH, NH; or NG5, R, 18 =OCH;, Ry 18 CHs, Ry is H, Rsis

AN
“-\“‘\'3\\~
iy ?\ M\\ “"
Rt Ry is -CH,CH,SH, and n is 2 or 3.

[3752] In some aspects, Ry is H, Cl, OH, NHy or NO,, B 1s -OCH:, Ry is CHs, Ry is H, Rs is

R

& N
SN TN \Q Q _
R T . F® .
X .Rgis ,andnis 2 or 3.

10753) In some aspects, Ry is H, Cl, OH, NH; or NO,, R, 1s -OCH;, Ry is CH;, Ryis H, s is

¥
S ,s“'\\ g
R "\'i\\\\\ §
N , Ry is ,and nis 2 or 3.
[3754] In some aspects, R is H, Cl, OH, NH, or NO,, By 1s -OCH;, Ry is CHs, Ry is H, Ry is
H
N j
,Reis N L and nis 2 or 3.

10755] In some aspects, Ry s H, T, OH, NH; or NO, Ry 15 ~OCH;, Ry s CH;, Ry is H, Ry is

<

,ReisH, andnis 2 or 3.
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[8756] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry 18 CHs, Ry s H, Ry is

<7

,Rgis CHs, andnis 2 or 3.

[0737] In some aspects, Ry s H, CL, OH, NH; or NGO, R, 1s -OCH;, R3 s CH;, Ry is H, Ry s

<7

Re1s -CH,CH,SH, and nnis 2 or 3.

[8758] In some aspects, Ry 1s H, Cl, OH, NH; or NOs, Ry 18 ~OCH:, Rs 18 CHa, Reis H, Rsis

H

£

"\
N

R
&

, Rg is .andnis 2 or 3.

[3759] In some aspects, R is H, I, OH, NH, or NGOy, R, 1s -OCH;, R 1s CHs, Ryis H, Ry is

,andnis 2 or 3.

[8764] In some aspects, Ry 1s H, Cl, OH, NH; or NG5, R, 18 =OCH;, Ry 18 CHs, Ry is H, Rsis

<

, Ry 18

.and nis 2 or 3.

[3761] In some aspects, Ry is H, Cl, OH, NHy or NO,, By 1s -OCH:, Ry is CHs, Ry is H, Rs is

CHi, ReisH andnis 2 or 3.

10762} In some aspects, Ry is H, Cl, OH, NH; or NO, R, 15 ~OCH;, Ry 1s CH;, Ry is H, R is

SCHOCHLSH, Rgis H, and nis 2 or 3.

[8763] In some aspects, R 1s H, Cl, OH, NH; or NO;, R, 18 =OCH;, Ry 18 CHs, Ry is H, Rsis

LReisH, andnis 2 or 3.

{0764} In some aspects, By is H, Cl, OH, NHy or NO;, Ry s ~OCH;, Ry is CH;, Ry is H, Rsig

R Rg IS —QCE‘ES, R} lS CE‘i’j, ng 18 }i Rj 1‘5
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[8766] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry 18 CHs, Ry s H, Ry is

<7

,ReisH, andnis 2 or 3.

{8767} In some aspects, Ry s H, C1, OH, NH,; or NG, R, 1s -OCH;, R3 1s CH;, Ry is H, Ry s

H. Rsis CH; and nis 2 or 3.

[0768] In some aspects, Ry is H, Cl, OH, NH; or NO,, R, 1s -OCH;, Ry is CH;, Ryis H, Rsis

SCHLCHLSH, R 1s CH:, andnis 2 or 3.

18769] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry 18 CHs, Ry s H, Ry is

o I
R N

,Reis CHs, andnis 2 or 3.

[8770] In some aspects, Ry is H, I, OH, NH, or NGOy, R, 1s -OCH;, R 1s CHs, Ryis H, Ry is

SRR,

o S Nk
‘*““‘\“\ N
SR . .
ot LReis CHs, andnis 2 or 3.

{8771} In some aspects, Ry s H, CL, OH, NH; or NGO, R, 1s -OCH;, R3 1s CH;, Ry is H, Ry s

o
; e R
R o w\{ 8
R e
£ 39

.Reis CHz, andnis 2 or 3.

18772] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry 18 CHs, Ry s H, Ry is

<]

,Rgis CHs, andnis 2 or 3.

[8773] In some aspects, Ry is H, I, OH, NHj or NOy, Ry 1s -OCH;, Ra1s CHs, Ry s H, Rsis

H, Reis -CHyCH,SH, and nis 2 or 3.

[0774) In some aspects, Ry is H, Cl, OH, NH; or NO,, Ry 1s -OCH;, Ry is CH;, Ryis H, Rs s

CHs, Rg 18 ~-CHLCHLSH, andnis 2 or 3.

18775] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 -OCH:, Ry 18 CHs, Ry s H, Ry is

x\.\
¢
~ gty S
TR A
S

, Rgis -CH,CH,8H, and nis 2 or 3.

[3776] In some aspects, Ry is H, Cl, OH, NHy or NO,, By 1s -OCH:, Ry is CHs, Ry is H, Rs is

CReis -CHLCH,SH, andnis 2 or 3.
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18777} In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry 18 CHs, Ry s H, Ry is

Ry
N
& N
B
TR WY §
XN

Rt , Reis -CHLCHLSH, and nis 2 or 3.

[8778] In some aspects, Ry s H, C, OH, NH; or NGO, R, 1s -OCH;, R3 1s CH;, Ry is H, Ry s

<7

Re1s -CH,CH,SH, and nnis 2 or 3.

[8779] In some aspects, Ry 1s H, Cl, OH, NH; or NOs, Ry 18 =OCH;, Rs 18 CHa, Reis H, Rsis

H Ry is b candnis 2 or 3.

[0780] In some aspects, R is H, Cl, OH, NH, or NO,, By 1s -OCH;, Ry is CHs, Ry is H, Ry is

s \
T “{\ o
Ny

CHy, Re1s ,andnis 2 or 3.

[8781] In some aspects, Ry s H, C1, OH, NH; or NGOy, Ry 15 ~OCH;, R31s CH;, Ry is H, Ry s

oy

N
3
N

¥

~CHLCHLSH, R is b candnis 2 or3.

[8782] In some aspects, R 1s H, Cl, OH, NH; or NG5, R, 18 =OCH;, Ry 18 CHs, Ry is H, Rsis

LIRINRY, S
S

ow TG it N
s . Rs1s candnis 2 or 3.

18783] In some aspects, Ry 1s H, Cl, OH, NH: or NGO, Ry 18 ~OCH;, Ry 18 CHs, Ry s H, Rs is

S
N \\.} N
& & SNEA L N
RS 3 & RS NN
o ,Re1s ,andnis 2 or 3.

[8784] In some aspects, Ry s H, C1, OH, NH; or NGO, R, 1s -OCH;, R3 1s CH;, Ry is H, Ry s

H
N
“.0.\\\\\1
| e B
\ o

N7 Rgis ,andnis 2 or 3.

10785] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry 18 CHs, Ry s H, Ry is

SN

}-H, R6 15 TR

,andnis 2 or 3.

{0786] In some aspects, By is H, Cl, OH, NHo or NO;, Ry s ~OCH;, Ry is CH;, Ry is H, Rsig

& N
.\o\ B
CHy, Rets ,andnis 2 or 3.
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18787] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry 18 CHs, Ry s H, Ry is

CHLCHLSH, Ry 18 candnis 2 or 3.

{0788} In some aspects, By is H, Cl, OH, NHo or NO;, Ry s ~OCH;, Ry is CH;, Ry is H, Rsig

, Rg 1s

,and nis 2 or 3.

[3789] In some aspects, R is H, I, OH, NH, or NGOy, R, 1s -OCH;, Ra1s CHs, Ryis H, Ry is

T

N
SNNET & &
g Y §

™, ¥ .
SR X Ry is

.andnis 2 or 3.

[0790] In some aspects, Ry is H, Cl, OH, NH; or NOs, R, 1s -OCH;, Ry is CHs, Ry is H, Rsis

<7

, Rg 18

,and nis 2 or 3.

{3791} In some aspects, Ry is H, Cl, OH, NHy or NO,, By 1s -OCH,, Ry is CHs, Ry is H, Rs is

H, Rgis

candnis 2 0r 3.

10792} In some aspects, Ry is H, Cl, OH, NH; or NO,, R, 1s -OCH;, Ry is CH;, Ryis H, s is

{H;, Ry i ,andnis 2 or 3.

[3793] In some aspecis, R is H, Cl, OH, NH, or NO,, By 1s -OCH;, R is CHs, Ry is H, Ry is

SCHLOCHLSH, Re s candnis 2 or 3

10794] In some aspects, Ry s H, Cl, OH, NH; or NOy, R, 15 ~OCH;, Ry 1s CH;, Ry is H, Rs s

. ‘;«\'««J»\\ o
S A R \ &
Rnd . N8 f
, Re s o candnis 2 or 3.

{0795} In some aspects, By is H, Cl, OH, NH; or NO;, Ry s ~OCH;, Ry is CHs, Ry is H, Ry ig

83

candnis 2 or 3,
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18796] In some aspects, Ry 1s H, Cl, OH, NH; or NO;, R; 18 ~OCH:, Ry 18 CHs, Ry s H, Ry is

H .
N RO
e " Ty
| ~Otg §
\ T3
N R

, Rgis ,andnis2or 3.
18797 In some aspects, Ry s H, C1, OH, NH,; or NGO, R, 1s -OCH;, R3 1s CH;, Ry is H, Ry s

H
N

~J

H.Rq 15 N andnis2or3.

[8798] In some aspects, Ry 1s H, Cl, OH, NH; or NOs, Ry 18 =OCH;, Rs 18 CHa, Reis H, Rsis
H

N
—J
CHy, Rets N andnisZor3
[8799] In some aspects, R is H, I, OH, NH, or NGOy, R, 1s -OCH;, R 1s CHs, Ryis H, Ry is
H
N
)
~CHaCHLSH, R i N~ andnis2or3.
{0804} In some aspects, R 1s H, Cl, OH, NH; or NG5, R, 18 =OCH;, Ry 18 CHs, Ry is H, Rsis

H
N
ST,
, Rgis N andnis2or3.

[0801] In some aspects, Ry is H, Cl, OH, NHy or NO,, By 1s -OCH:, Ry is CHs, Ry is H, Rs is

H
g
,Reis N andnis 2 or 3.

10802} In some aspects, Ry is H, Cl, OH, NH; or NO,, R,y 1s -OCH;, Ry is CH;, Ryis H, s is

o H
i o My
v...{\;i‘bgé, .\.\.{\ §§\ \
%
R i .
,Ro1s N~ . and nisZor3.

[0803] The invention also provides pharmaceutical compositions of the compounds disclosed
herem. In some embodiments, the pharmaceuiical composition may include a compound of
formudae (I} or (1) and a pharmaceutically acceptable carrier, diluent or excipient.

10804] The invention further relates to the treatment of autoimmune diseases by the
administration of a compound of a compound of Formula (I) or a compound of Formula (1),
Compounds of Formuida (I} and Formula (1} can be useful for the treatment of autoimmune
discases including systemic lupus ervthematosus (SLE), lupuos nephritis {(EN), rheumatoid

arthritis, juvenile rheumatoid arthritis, Wegener's disease, inflanumatory bowel disease,
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wdiopathic thrombocyvtopenic purpura (ITP), thrombotic thrombocyvtopenic purpura {TTP),
autoimmune thrombocytopenia, multiple sclerosis, psoriasis, gA nephropathy, IgM
polyncuropathics, myasthenia gravis, vasculitis, diabetes mellitus, Reynaud's syndrome,
Sjorgen's syndrome, scleroderma, polvmyositis and glomerulonephritis. Preferably, the
autoimmune disease i1s SLE.

10805} The invention further relates to the treatment of monogenic disorders by the
administration of a compound of Formula (1} or a compound of Formula (). Compounds of
Formula (1) and Formula (H) can be useful for the treatment of monogenic disorders
mchiding Aicardi-Goutierre’s Syndrome { AGS) or spondyloenchondrodysplasia (SPENCD).
Preferably, the monogenic disorder 1s AGS.

{0806} In one embodiment, the method of reatment includes the adminmistration of a
phamaceutical described herein.

10807} The invention also relates to a method for the treatment of an auwtoimmune disgase or
a monogenic disorder, the method comprsing administering an effective amount of a

compound of Formula (1) or a prodrag or metabolite thereof,

X
\ /’\\ﬁ
A X
Ri N >~
(i

wherein
R, 1s -H, halogen, -OH, -OCH;, -NH,, -NMe,, -NHIC{O)R; or -NO,,
wherein R7 1S -QCEE: -OC}{"CH% ~OC§12CH7,CE§2 -OC}}'CHﬂC}LCi{; -C}iz
-CH,CH;, -CH, CHRCH;, -CHCHCHLCH, -CH CH, CHLCHLCH
-"(ji‘i_)CE‘{ZCE‘L(}{ZC}‘ng}‘Eg) ““CFS, -C}‘}g(,‘f“g or :

>

[
JRe
ring X is absent or , wherein R, is -H, halogen, -NMe,, -OCH; or
"0CH1CH3;
i H Re
q )
H /L NI COH RY_/ | Rg ‘()C\Hz)n
Ra~
'low- NH X-"“NH SNTUR,
Xis -H, -NH,, "3 ) e e OF
wherein
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By 18 -H or -CHy;
Ryis -Hor -CHs;
Rs and R, are independently -H, -CH,, -CH,CH;, -CH,CH,SH, -CH,CH,0H,

—
i a R O v}‘ \
% LVl N 3
" - N\
> s e . OF N >

RY is 'N(_)z, ~C(O}GCH2CH2 or 'N(H)SG;N@C and
nis 2 or3;
to a patient in need thereof.

{0808} In some embodiments of the method, the compound is of formula (1ia):

X
SN
P
4 ~ N

tHEY
wherein
R; s -H, halogen, -OH, -OCH;, -NH,, -NHIC(O)R; or -NG,,
wherein Ry is ~-OCH,, ~-OCH,CH,, -OCH,CH,CH;, ~-OCH,CH,CH,CH4, -CH,,
-CH,CH,, -CH, CHCH,, -CH CHYCHLCHG, -CHRCHRCHLCHLCH;,

CHCHCH,CH,CHLCH, -CFs, -CHhCFror N f |

I H Rg
- J*\ R /Ni CH
H ’\1\/7 5 ({CHay
HO ' R,
F{ \\" N Rd
Xig ™ OF oo , wherein

Ry 15 -H or ~CH;;

Ry is -H or -CHs;

R and R are independently -H, -CH;, -CH,CH; or -CH,CH,0H; and
nis2or3.

[0809] In some embodiments of the method, the compound 1s of formula (I1ib):

(Iiih)

wherein
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R, is -H, halogen, -OH, -OCH;, -NH;, -N{HYC{O}R; or -NO;,
‘Wh(’)f@iﬁ }{7 1S “OCHg, '(}C}IQ,C‘E{;j "0CH7CH4CH3, 'GCHzCHgCHzCH3, -'\CH;,
-CH,CHs, -CH, CH,CHy, -CH,CHLCH,CH, -CH,CH, CHLCHLCH:,

-(,}%CIE’*?EE?@?E)CE{?‘CE{" -CF% ~fii)CF3 Or \ ----- / o
R, is -H, halogen, -0CH; or -OCH,CH;;

y N
Voo _fl Rs” " (CHa,
7 A\ R
< NH = NK 3 N”)\&;
Xis-NH,, Y e , b o1 ki

Rs 15 -H or -CH;;
By 18 -Hor -CHs;
Rs and R are independently -H, -CH;, -CH,CH;, -CH,CH,SH, -CH,CH,0H,

. wherein

H
N
\\m\ ;}{m«\ o \
N § Haegy A —
R N R’ R comend N\ .
° > s or N °

Ry is -NGO,, -C(OYOCH,CH; or -N{H)SO; Me; and
nis 2 or 3.

18818} In some embodiments of the method, X 15 -NH;,.

H
N

i COLH
W“"
= he

[0812] In some embodiments of the method, X 1s i

{0811} In some embodiments of the method, X s

{0681 3] In some embodiments of the method, X is e oF
i
o |

NH

[8814] In some embodiments of the method, the compound of Formula (T1ic) or a prodrug or

metabolite thereof,
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wherein
R 1s -H, halogen, -OH, -OCH;, -NH,, -NUHC(OIR, or -NO;y;
8, 18 -H or -OCH:;
R; and Ry are independently -H or -CHs;
Rs and Rg are independently -H, ~-CH;, -CH,CH,, -CH,CHLSH, -CH CHLOH,

H
N
, o A N . Of N

R, is ~-OCH:, -OCH,CH;, -OCH,CH,CH;, -OCH, CHCH,CH,, -CHs, -CHLCH,. -CH,
CH,CH:, -CH,CHLCHLCH, -CHLCH,CHLCHLCHG, -

CHCH,CH, CH,CHLCH:, -CFs, -CH,CFr or Yl _and
nis2 or3.
{0815} In some embodiments of the method,

Ryis -H, -Ci, -OH, -NH,, -NH)YC(OYR; or -NG»;

Ry is -H or -OCHS;;
Ry and Ry are independently -H or -CH:
3\,\'« \w_\
A% \“\% \':}}
Rs and Rg are independently -H, -CHs, -CHLCHSH, ,
H
;:I.“.\ - N \
D - ~OMe 8 < j
S or N

Ris -OCH;, -OCH,CH;, -OCH,CH,CH,, -OCH,CH,CHLCH,, -CHi, -CHLCH,, -CHa
CHLCH, -CHCH CHLCH, -CHCHCHLCHLCHG, -

CHzCHzCHgCH}CHzCH}, ~Ci:"3j -CHQCF3 or : K and
nis 2 or3.

[08816] In some embodiments of the method,
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R, is -NH; or -N{H)YC{O)R;
Ry 18 ~OCH;;

Ry1s ~-CH;j;

Rys ~H

R; is -CHs.
PN SR
My \'\ Ay :;\ {§ W
R s s or ;

PCT/US2016/029396

R;is -OCH;, -OCH,CH;, ~-OCH,CH,CH;, -OCH,CHCHRCH,, -CH, -CHCH,, -CH,

CHaCH;, -CHoCHCHYCHs, -CHCH2CH, CHLCH;, -

CHgCHgCHJCH_)CHgCHJ ~C}-“3ﬁ -CHJCFJ or . and

nis 2.

{0817} In some embodiments of the method,

Ry is NH; or N(H)C(O)R

Ry 18 ~OCH;;
Rjis -CH;s;
Ry -H;
Rsis -CHa.

Be s

R7 15 'OQHZ(/HJ: CHzCHgCH;CHg(/Hg ~CP3 ot .; and

nis 2.

or

[0818] In some embodiments of the method,

Ry 1s -NH;:
Ry 18 ~OCH;;
Rjis -CH;s;
Ry -H;
Rsis -CHs;

R6 iS

nis 2z,

[0819] In some embodiments of the method,
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;15 -NH;;
Ry 18 ~OCH;;
Ry 1s ~-CH;;
Rys ~H

Rsis -CH;y;
¥ “"\. | ‘g. ¢
SRR Y R
~ W)
Reis ™ ; and
nis 2.

08241 In some embodiments of the method,
;15 -NH;;
Ry 18 ~OCH;;
Ry 1s ~-CH;;
Rys ~H
Rsis -CHs;

R@ is

nis 2.

[3821] In some embodiments of the method, R is -NEDCOR,
[#822] In some embodiments of the method, Ry 1s -NEHCOR;
Ry 15 -OCH;;
R; is -CHs;
Ryis -H;
Rsi1s -CH;a;

Be s

nis 2.

cand

[0823] In some embodiments of the method,
Ry is -N{HHYC{OGCH,CH,CH, CHCH;
By 18 -OCH;;
R;is -CHa;
Ryis -H;
Rsis ~CHa:
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Re s : ; and

nis 2.
{0824} In some embodiments of the method,
Ry 15 -N(HYC(OCF5;
R, is -OCH;;
R; is -CH;;
Ryis-H;
Rs is -CHs:

Re s ; and
nis 2.

{0825} In some embodiments of the method,
Ry 1s -NEHC(OR

Ry -H;
Rs 15 -CHq;
Ry,
~0¥ ,.\\ \\
Ke is * S
R7is \_7 ; and
nis?2

[0826] In some embodiments of the method, the treatment 15 of an autoimmune discase. The
autotmmune disease may be selected from the group consisting of systemic lupus
erythematosus (SLE), lupus nephritis (LN), theumatoid arthritis, juvenile rheumatoid
arthritis, Wegener's disease, inflammatory bowel disease, idiopathic thrombocyiopenic
purpura (ITP), thrombotic thrombocyvitopenic purpura (TTP), autoimmune thrombocytopenia,
multipic sclerosis, psoriasis, igA nephropathy, igM polvneuropathics, myasthenia gravis,
vasculitis, diabetes mellitus, Reynaud's syndrome, Sjorgen's svndrome, scleroderma,
polymyositis and glomeralonephrtis.

18827} In some embodiments of the method, the autotmmune disease 1s SLE.

{0828} In some embodiments of the method, the autoimmune disease involves inhibition of
cGAS activity.

[8829] In some embodiments of the method, the treatment of a monogenic disorder.
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8838} In some embodiments of the method, the monogenic disorder 1s Aicardi-Goutierre’s
Syadrome {AGS) or spondyloenchondrodysplasia (SPENCD).

{0831} In some embodiments of the method. the monogenic disorder is AGS.

EXAMPLES

Example 1

Anti-malarial drugs are predicted to block cGAS-DNA interaction by computational
analysis

10832} The structural domains of ¢GAS present two highly attractive drug targets, the
catalvtic site and a regulatory site, both with established kev residues in relatively
compressed regions and both with known substrates/ligands. The pronounced conformational
change in the dsDNA bound enzyme compared to apo enzyme lends further enthusiasm to the
hypothesis that cGAS activity could be inhibited by appropriately-designed small molecules.
{0833} In an ctfort to identify drugs to block ¢GAS activity, we performed in silico screcning
of chemical and drug libraries using the publicly available software, such as VINA™ and
DOCK™. Using Computational Analysis with the Autodock VINA™ platform, we identified
hyvdroxychloroguine (HC(), 9-amino-6-chioro-2-methoxyacridine and quinacrne to interact
at the Zn thumb and spine regions of cGAS involving simultaneous enzyme and DNA
binding. The two main binding events, at the zine thumb and at the spine, appear to occur
within 3-10 Angstroms of the amine acids shown by mutation {o be needed for dsDNA

binding. The binding affinity was calculated by AutoDock VINA™ software. See Table 2.

Anti-malarial drugs inhibit BDNA binding to ¢GAS and dsDBNA/cGAS complex
formatien

{8834} To deternune whether these anti-malarial drugs could mhibit DNA binding to ¢GAS
in vitro, we performed DNA binding studies by the electrophoretic mobility shift assay
{EMSA}. As previcusly shown, addition of increasing concentrations of ¢GAS to a constant
concentration of ds DNA (ISD), results in the protein retarding migration of 1SD on the gel
{*mel shift™) and less free DNA (Figure 1, lefi panel). To test whether HC(Q as a model
antimalarial could attenuate the gel shift, we used constant concentrations of both ISD and
c(GAS (Figure 1, right panel} in the presence of increasing concentrations of HCQ. As shown,
mereasing the concentration of HCQ reduced the gel shift caused by the formation of
dsDNA/CGAS complexes and led to increasing free DNA at the bottom of the gel. This result
imdicates that HCQ blocked dsDNA/CGAS binding. Inhibition of formation of dsBNA/CGAS
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higher order complexes by antimalarial drugs are especially intergsting and important since
¢GAS 1s activated by dsDNA induced oligomerization and dsDNA/CGAS complex formation

is required for cGAS activation.

Antimalarial drugs differentially inhibit ¢GAS activity and ¢GAMP production

10835} HCQ belongs to a family of antimalarial drugs that share the structure of
aminoquinolines. To rapidly screen these antimalanal drugs for their ability to interfere with
c(GAS activation by ds-DNA, we performed dose titration experiments with drug and
quantified cGAMP production using thin faver chromatograpbhy (TLC) (Figure ZA).
Reactions were performed in triphicate and nommalized to no-inhibitor controls and fit by non-
lingar regression using Prism GRAPHPAD ™ to determine the ICs0 of cach compound. Each
compound vielded dose-response curves similar to HCG but with different inhibitory
activities {(Figure 2B}, From these curves, we estimated the concentration of the test
compound required for half maximal blockade of ¢cGAS activity (1Csp, 50% inhibition
coefficient). As shown in Figure 2C, Qumacrine and ACMA were relatively potent mhibitors
of cGAMP production; Prnimaguine and Quinine had very low mhibitory activity and both
HCQ and Chloroquine had intermediate inhibitory activities. Strikingly, the computational
predicted binding affinities of these anti-malania drugs inversely correlated with the 15y of
anti-malarial drugs, validating the prediction of our computational analysis (Figure 2D).
10836} To test whether HCQ specifically mhubit ¢GAS activity but not STING activity, we
menbated 1sotope labelled c-di-AMP with STING and then added un-labelled c-di-AMP or
different concentration of HCQ. Gur results demonstrated that HCQ could specifically block
dsDNA binding to ¢GAS but not ¢-di-AMP to STING (Figure 4).

Antimalarial drugs could inhibit IFNb expression

{0837} Systenuc Lupus Ervthematosus (SLE) 1s strongly associated with increased
expression of type | imterteron (JIFN-} (Elkon, 2012). Both genetic as well as experumental
studies indicate that IFN-I plays a ceniral role in this disease (Lovgren, 2006} (Niewold,
2007). To determine the phystological relevance of our computational analysis and n vitro
observance, we examined whether antimalanal drugs could inhibit IFNb production within
the cell. As previously demonstrated by Sun and Wu et al (Sun, 2013) (Wu, 2013), ¢GAS 15
the cytosolic DNA sensor required for the IFNb production in THPI cells transfected with
herring testis DNA. Using this approach, we transfected THP1T cells with DNA in the
presence or absence of antimalanal compounds and quantified IFNb expression by QPCR. As

shown m Figure 3, Quinacrine, AMCA, HCQ and Chloroguine all inhibited IFNb production
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by THP1 cells with an ICs dose range of 3-25 gM. In contrast primaquine and Quinine were
less effective by about one log order IFNb (Figure 3A and 3B). Of note, the rank order of
antimalarials in vitro and in vivo was virtually identical validating the DNA/cCGAS interaction
as the target {compare Figure 2B and Figure 3B).

{0838] To rule out whether antimalarial drogs inhibited IFNb prodaction by micrfering with
transfection efficiency, we performed two expeniments, First, we compared DNA transfection
efficiency in the presence or absence of antimalarial. 1o the second experiment, we
preincubated THPT cells with antimalarial, washed the drug away and then evahuated the
ability of transfected drug to stinnlate IFNbD.

{0839 PolviC was transfected by Lipotectamine to THP1 cells with different concentration
of HCQ. The IL~1b cytokime production was measured by ELISA and the results mdicated
HCO did not interfere with the Lipofectamine transfection efficiency (Supplemental Figure

).

10840} The results demonstrated that some of antimalarial drugs could strongly block the

3

mteraction of DNA and ¢GAS and thus inhibit the TFNb production, which is a novel

mechanism of antimalarial drogs’ whibition of type 1 IFN production.
Materials and Methods

Computational analysis
{8841} ¢GAS inhibitors were screened based on the crvstal structure of the ¢GAS and
docking of compounds predicted 1n silico. In silico, structure-based drug screening were

provided by AutoDock VINA™ and DOCK™.

cGAS expression and purification

10842} Protein was expressed in Rosetta BE21 pLysS cells. 4.5 L of bacterial culture was
mduced at ODgo=0.5 with 500 pM IPTG and at 18 "C for 20 hrs. Cells were lysed wnto

50 mM Tns-HCL pH = 8, 300 mM Na(l, 20 mM Imidazole, 3 mM BME and 0.2 mM PMSF
by sonication. Cleared lvsate was incubated with Ni-N'TA | washed with 50 mL of Lysig
buffer and eluted with 20 mM Tris-Cl, pH = 7 4, 300 mM Na(Cl, 500 mM Imidazole. Protein
was subsequently diluted to 200 mM NaCl and bound to a Heparin SEPHAROSE™ column
{(GE Healthcare). The column was washed with 2 cohumn volumes of 250 mM NaCl, 20 mM
Tris, 1 mM DTT, pH 7.4 and developed with a gradient from 250-1600 mM NaCl. The major
peak of cGAS was finally purified using an 8200 SUPERDEX™ (GE Healthcare) size
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exclusion columm with 20 mM Tris pH 7.3, 250 mM NaCl and 1 mM DTT running butfer.

Protein was ~93 % pure by Coomassic stained SDS-PAGH gel.

cGAS activity assays

10843} Imitial characterization of enzyme activity was monitored in the presence of 250 pM
ATP, 250 uM GTP, 0-500 pg/mL herring testes DNA, 1.4 uM ¢GAS, 3.3 nM "P-y-ATPin 3
buffer composed of 40 mM Trnis, 250 mM Na(l, 10 mM MgCi2, pH 7.3, Reactions were
meupbated for 1 hr at room temperature and subsequently spotted on PEL-cellulose TLC plates
and developed using a solvent composition 1:1.5 [v/v] saturated NH4504 and 15 M
KHZPO4 [pH 3.6]. For inhibition assavs, compounds were characterized in the presence of
the above reaction contents at fixed 100 pg/mb htDNA. TLC plates were exposed to a
phosphor-storage screen and imaged using a TYPHOON™ imaging system. {Sec Figures 7-
16).

10844 cGAKN activity was momiored in the presence of 230 uM ATE, 250 uM OGP, 0-500
po/ml herring testcs DNA, F4 oM oGAS, and 3.3 uM [PPL-ATP in Tris huffer (pH 7.5).
After incubation for 1 h at room tomperature, samples were spotted op PEI-celfulose Thin
Layer Chromatograph {TLL) plates, and developed using a solvent composed of 1.1 3 [viv]
saturated NH 5O, and 1.5 M KHPO, [pH 3.6]. For miubition assays, compounds werg
charactenized n the presence of the above reaction contents at fixed 100 pg/ml HT DNAL
TLC plates were exposed o a phosphor-storage sercen and imaged vsing a TYPHOOON™
mnaging svetem. {(Figure 7).

{18845] Thin Laver Chromatograph (TLC) assay was used for the guantification of «GAS
ifubition by compounds X5/X6/X7. Reactions were normalized 1o no-inhibitor controls and
fit by non-linear rogression using Prizm GRAPHPAD™ 1o determine the 1Cs of cach
coraponnd. {Figure 7).

{0846] Troxi-/~ mouss were treated with 25mg/ig/day compound X6 dissolved in water with
SPLENDA™ or water with SPLENDA ™ only as control for 8 wecks froan birth. At 8 wecks
age, mice were sacrificed and spleens were harvested. Mouse body mass and spleen mass
were measured by balance. Statisucal analysis was performed with a two~tatled, vonpared
Student’s ttest.  (Figure ¥}

{0847} Total KNA was isolated from beart or spleen tissues using the RNeagy mums kit with a
DNASE™ treatment stop (Qiagen, Valoncia, CAY. cDMA was geverated using 300 ng RNA
with the high-capacity ¢DNA RT-KIT™ using random primers {Apphied Biosysiems, Foster

City, UA). Reactions in duplicate were nun on an AR ONESTEP PLUS™ using the differcnt
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gene specific primers. A twoestage ovele of 9570 for 13 3 and 60°C for T mun was repeated
for 40 cycles followed by a dissociation stage. Threshold cyele values were 3ot as a constant
threshold at 0.2, and fold changes in gene expression were then caloulated using the 2°CT
method. {(Figures %, 10and 11).

0848} Heart weore harvesied when the mounse were sacrificed after ¥ weeks treatment. RNA
was isclated from heat tissucs with RNEAST MINIKIT™ and ¢DNA was syathesized with
the high-capaciy cINA RIpgT using random primers, ISGIS and CXCLIO mBNA
expreasion was normalized fo the 188 mBNA. Horzontal bars represent the mean valoes,
Statistical analysis was perfrmed with a two-taided, unpaired Student’s tiest. (Figure 93
{0849} Spleen were harvested when the mouse were sacrificed afier § weeks treatment.
Spleen 1SGS and 1SG2G mBNA coxprossion was analvzed by gPUR and the results expressed
relative 1o the 125 mRNA . Hortzontal bars represent the mean values. Mean data was
compared using a tiest. (Figure 16}

10850} Heart were harvested when the mouse were sacnificed aftor 8 weeks treatment. Heart
D mRNA cxpression was analvzed by gPCR and the results expressed relative to the 1858
mBNA. Horzontal bars represent the mean valugs, Mean data was compared using a 1 test.
{Figure 11}

{08531} Heart tissues were Iysed with 80% MeQGH spiked with 3nM heavy 1sotope-labeled
cGAMP (¢cGAMP*), containing C, "N-perlabeled AMP, as internal standard. Tissues
extracts were sonicated on ice for 1 mun with 20% duty eycle and 1 output settings. Tissue
debris was pelleted at 14,000rpm for 10 munutes. Methano! extraction solution was
transferred to a new tube and evaporated using a speed vac. cGAMP was turther purified by
Solid phase extraction column (OASIS WAX™ column from Waters) and re-suspended in
50ul OPTIMA LC/MS™ water (Thermal Scientific, Odessa, TX) for Mass Spec analysis. For
targeted detection of ¢cGAMP, a Muitiple Reaction Monitoring (MRM} assay was developed
on Waters XEVO TQS™ Mass Spectrometer coupled with Ultra-Performance Liquid
Chromatogram (UPLC). In the assay, two transitions of each target ion were monitored:
cGAMP, +675 1/152 1 (parent wn/daughter ion) and +675.1/136.0; cGAMP*, +690.0/152.1
and +690.0/146.0.  {(Figure 12},

10852} cGAMP was isclated from mouse heart fissues by a methanol extraction procedure.
The abundance of «GAMP was quaniitated by mass spectrometry using mubtipls rwaction
mantormg {(MEMY. Heavy sotope-labeled ¢GAMP was spiked nto cach sameple as an
witernal standard and the mass spectrum of the mternal standard was used to detormune the
peak of the endogenous cGAMP. cGAMP signal peak arca was nomalized to Heavy isotope
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fabelled cGAMP mtornal standards peak area. Mean data was compared using a t test.
{Figure 12}
Method for Pathology (Figure 13, 14, 15, 16)
[0833] Trexl-/- mouse were treated with 25mg/kg/day compound X6 dissolved in water with
SPLENDA ™ or water with SPLENDA ™ only as control for 8 weeks from birth. At 8 weeks
age, mice were sacrificed and heart tissues were harvested. Tissues were fixed in Formaling
paraffin ecmbedded, cut into 5 um sections, and stained with hematoxylin and cosin. All
tissues were coded to remove genotype identification and were evaluated for evidence of
mflammation and fibrosis. Numerical scores were assigned based on degree of severnity (0
=normal to 5 = most severe). The sum of individual scores from Endocardial Inflammation,
Fibrosis and Mvocardial inflammation was used to obtain a fotal tissuc histological score.
Scoring criteria for each tissue:
Endocardial Inflammation score:

0 =normal; 1 = fow inflammatory cells; 2 = multifocal clusters £ 35; 3 = multfocal
clusters < 10; 4 = coalescing foci 2 10; 5 = coalescing to diffusc foct
Myocardial Inflammation:

0 =normal; 1 =few (1 -3 cells); 2 = multifocal foc1 (3 - 3) with degenerative changes;
3 =multifocal foci (3 - 3) with necrotic changes; 4 =2 10 coalescing foci
Endocardial Fibrosis:

0 =normal; I =few mflammatory cells; 2 = multifocal clusters < 3; 3 = multifocal
clusters < 10; 4 = coalescing foci 2 10; 5 = coalescing to diffuse foci
10854} Blinded analysis of heart tissues from Trex1-/- mouse treated with compound X6 or
SPLENDA™ Data are represented as total histological scores from individual animals as a
sum of the scores from Endocardial Inflammation, Endocardial Fibrosis and Myocardial
changes. Horizontal bars ropresent the mean values. Statistical analysis was performed with
atwo-tailed, unpaired Student’s ttest. (Figure 133
{0855] Blinded analysis of heart tissues from Trex1-/- mouse treated with compound X6 or
SPLENDA™ . Data are represented as histological scores from individual animals for
Endocardial Inflammation. Horizontal bars represent the mean values. Statistical analysis
was performed with a two-tailed, unpaired Student’s ttest. (Figure 14}
10856] Blinded analysis of heart tissues from Trex -/~ mouse treated with compound X6 or

SPLENDA™ | Data are represented as histological scores from individual animals for
o
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Endocardial Inflammation.  Horizontal bars represent the mean values. Statistical analysis
was performed with a two-tailed, unpaired Student’s ¢t test. {(Figure 153

{0857} Blinded analysis of heart tissues from Trexl-~/- mouse treated with compound X6 or
SPLENDA ™ Data are represented as combined histological scores from individual animals
as a sum of the scores from Endocardial Inflammation and Fibrosis. Horizontal bars
represent the mean values. Statistical analysis was performed with a twe-tailed, unpaired

Student’s ttest. {Figure 16}

Electrophoretic mobility shift assays (EMSA)

{0858] Electrophoretic mobility shift assay (EMSAs) were performed to measure the DNA-
binding ability with or without HCQ m vitro. For the DNA binding stadies, 0.2uM of the
100 bp anoealed double stranded mterferon stimulatory DNA (18D) (Forward: 5°-
ACATCTAGTACATGTCTAGTCAGTATCTAGTGATTATCTAGACATACATCTAGTA
CATGTCTAGTCAGTATCTAGTGATTATCTAGACATGGACTCATCC-3', Backward 5°-
GGATGAGTCCATGTCTAGATAATCACTAGATACTGACTAGACATGTACTAGATGT
ATGTCTAGATAATCACTAGATACTGACTAGACATGTACTAGATGT-3") were mixed
1.5 uM cGAS protein and different concentration of HCQ (0.075~5mM) and incubated m RT
for Zhours. The mixtures were resolved on 19 agarose gel usmg1 X TBE electrophoresis
buffer of at constant voltage of 100 V. The gel was analyzed by using a fluorescence-based
EMSA kit (Molecular Probes) according to the manufacturee’s protocol. Gels stained with

. . ™ . N
fluorescent dyes were visnalized by a Gel Doc XR™ (Bio-Rad).

THP! cell stimulation and IFND expression inhibitien

[0859] THP1 cells (0.2X10°) were transfected with 0 Sug herring testis DNA using
Lipofectamine 2000 (Invitrogen) according to the manufacture’s nstruction. Before
transfection, THP1 cells were incubated with different concentration of Hydroxychloroquine
or other antimalanal drugs (100, 50, 25, 12.5 uM) for 5 nunutes. Celis were stimulated for 16

hours and then harvested for RNA extraction.

RNA preparation and quantitative real-time PCR

{0860} Total RNA was 1solated trom THPI cells using the RNeasy mim kit (Qiagen,
Valencia, CA}. ¢DNA was synthesized using 100 ng RNA with the high-capacity ¢DNA RT-
KIT™ using random primers (Applicd Biosystems, Foster City, CA). Reactions in duplicate
were run on an ABI STEPONE PLUS™ using the primers from Qiagen (primer catalog

number); a two-stage cyele of 95°C for 15 s and 60°C for 1 mian was repeated for 40 cyeles
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followed by a dissociation stage. Threshold cvele values were set as a constant threshold at

. . ) . ~- T
0.2, and fold changes in gene expression were then calculated using the 2724%" method.

Example 2

The second messenger, cGAMP, and the enzyvme, ¢cGAS, are expressed in Systemic
Lupus Erythematosas

10861} To deternune whether the ¢GAS pathway could contribute to IFN production in SLE,
¢GAS expression was guantified by QPCR from RNA obtained from 51 SLE and 20 Normal
Control peripheral blood mononuclear cells (PBMC). These studies revealed that SLE
patients had a significant increase 10 the expression of ¢GAS (P=0.0045). ¢GAS ¢xpression
posttively correlated with ISG expression and IFN score in SLE patients consistent with it
being an IFN signature gene.

08862} To determine whether downstream pathways of cGAS were activated in SLE cells,
IRF3 activation was quantified by phosphorviation in PBMC. IRF3 was activated in a higher
proportion of SLE patients compared to controls. These findings suggest that the ¢GAS
pathway appears active in SLE patients and likely contributes to IFN stimulation regardless
of whether upregulation of ¢GAS is an mitiator of IFN-I stimulation or s a conseguence of
IFN-f stimudation. To quantify ¢-GAMP 1n patient samples we have obtained cyvelic GMP-
AMP dinucleotide that 1s comprised of the unusual 2°-57 and 37-5” phosphodiester finkage
and have been able to distingaish the cyclic dinucleotide from other species by High
Performance Laquid Chromatography-tandem Mass Spectrometry (HPLC-MS/MS). ¢cGAMP
1s expressed in approximately one third of SLE patients with higher anti-DNA antibody titer.
Experiments were conducted to determine whether ¢cGAS and ¢GAMP can be used as a
biomarker of SLE activity that correlates with disease activity, duration or severity.
AutoDock VINA™ was used to identify several drugs including Hydroxychloroguine that
mieracts at the Zn thumb and spine regions of ¢cGAS mvolving simultanecus protein and
DINA binding. EMSA analvsis shows that HC(Q inhibits the DNA binding to ¢GAS, which
suggests a possible mechanism of HCE action through the interruption of dsPDNA stimulated
c¢GAS enzyme activation besides the HCQ inhibition of lysosome acidification.

{10863} IFN-B can be produced by almost any cell following stimulation by {viral or bacterial)
nucleic acids. Release of this cvtokine serves to prime or amphify type TIFN by other cells,
espacially plasmacytoid dendritic cells {pDCs) that are the main producers of IFN-g. Over the
last decade, there have been major advances in the understanding of the role of intracellular

sensors such as Toll Like Recepiors (TLRs}, RIG-T like recepiors (RLRs) and Amm-like
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receptors (ALRs} that respond to nucleic acid ligands by stimulating production of IFN-I and
other inflammatory cyiokines { Takeuchi, 0. and 8. Akira, Patrern recognition receptors and
inflammation. Cell, 2010, 146(6): p. 805-20). Cyclic di-nucleotides were discovered in
bacteria more than 25 years ago and are known to function as ubiguitous second messenger
molecules that regulate motility, biofilm formation, and virulence. Recently, it was reported
that cyclic di-AMP {c-di-AMP} produced by bacteria could stimulate the production of IFN-I
by the cvtosolic surveitlance pathway (CSP) (Woodward, J.J.. AT lavarone, and D A,
Portnoy, o-di-AMP secreted by intraceliular Listeria monocviogenes activates a hiost type 1
interferon response. Science, 2010, 328(5986): p. 1703-3). Further dissection of the pathway
revealed that c~di-GMP bound to and activated the adaptor, STING ( Burdette, D L., etal,
STING is a direct innafe immune sensor of cyclic di-GMP. Nature, 2011, 478(7370) p. 515~
3} which was previously identified as a DNA sensor in the CSP resulting in the stimulation of
1FN-b. More recently, Chen et al { Wu, 1., et al,, Cyelic GMP-AMP is an endogenous second
messenger in innate immune signaling by cyfosolic DNA. Science, 2013, 33%(5121): p. 826~
30) discovered that a cyclic GMP-AMP (cGAMP) was produced 1 metazoans and that it also
stimulated IFN-I in mammakian cells. In brief, ds-DNA binds to a positively charged pocket
of the enzvme, cyclic GAMP svithase (¢cGAS) ( Sun, L., et al., Cyelic GMP-AMP synthase is
a eytosolic DNA sensor that activates the tvpe { interferon pathway. Science, 2013,
339(6121) p. 786-91). This binding results in a conformational change and opening of a
catalytic cleft resulting in the synthesis of the noncanonical cyclic dinucleotide, cyclic GMP-
AMP (cGAMP) containing an unusual [G(27-5")pA(37-5"p] linkage ( Dmer, EJ., ctal, The
Innare fmmune DNA Sensor cGAS Produces a Noncanonical Cvelic Dinucleotide that
Activates Human STING. Cell Rep, 2013, 3(5): p. 1355-61) ¢GAMP binds to the adaptor
protein, STING, which triggers activation of TBK, IRF3 and HEN-b (5an, 2013}, Our goal
was to determine whether the second messenger, cGAMP, plavs a role in the disease SLE

that is characterized by an [FN signature.

Increased expression of ¢GAS and pIRF3 in a proportion of SLE patients

{0864} QPCR analvsis of cGAS expression from healthy controls (CNT, n=20) and SLE
{n=51). Samples were normalized for expression of 185 ribosomal RNA. A highly
statistically significant difference in expression was observed between SLE patients and
controls. ¢GAS expression correlated well with IFN score in SLE patients (Figure SB).
Western blot assay for the phosphorylated IRF3 expression. PBMC werg obtained from 10
SLE patients, 13 RA patients and healthy controls. Proteins were resolved by SDS-PAGE,
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blotted to nitrocellnlose and probed with an antibody to phosphorylated IRF3. The blot was
stripped and reprobed with antibody 1o b-actin to ensure equal loading. A representative blot
is shown in Figure 5C. From in vitro studies, it has been shown that stimulation of TLR7 /9
by IC endocviosed from blood or tissue contribute to the IFN signature observed m human
SLE. There 1s precedent for cell intrinsic stimulation of IFN-1 by DNA in the Aicardi-
Goutierre’s Syndrome {AGS) and a subset of SLE patients {Lee-Kirsch, M A etal |
Mutations in the gene encoding the 3'-5" DNA exonuciease TREX] are associated with
systemic lupus ervthematosus. Nat Genet, 2007 39(9). p. 1063-7; Namjou, B, ctal .,
Evaluation of the TREXT gene in a large multi-ancestrad lupus cohort. Genes Inmman, 2011
12{4): p. 270-93. We therefore explored the idea that ¢GAS was imphicated in the mitiation or
perpetuation of IFN stimulation in SLE. We first tested ¢GAS expression in SLE pationts.
QPCR obtained from 51 5LE patients and 20 normal controls, revealed that, indeed, cGAS
expression was significantly increased in SLE patients compared to normal controls (Figure
S5A}. The IFN score and ¢GAS expression were highly correlated (Figure 5B). Since ¢GAS
(c60ORF150) is an IFN response genes (ISG) {(Schoggins, YW, et al., 4 diverse range of gene
products are effeciors of the type [ interferon antiviral response. Nature, 2011, 472(7344). p.
481-485), this finding could mdicate that ¢GAS 1s elevated as a consequence of exposure to
IFN-{ and/or that cGAS may be induced by an unknown DNA stimulus which then primes
for enhanced TFN-I responses i a positive feedback cycle.

[0865] cGAS synthesis of cGAMP leads to direct binding and activation of STING which, in
turn, causes activation of IRF3 in a TBK dependent pathway. When IRF3 15 activated, it
becomes phosphorylated, dimerizes and translocates to the nucleus where it exerts its
transcriptional function leading to upregulation of ITFN-b (Akira, 2010). We therefore tested
whether IRF3 was activated in PBMC from SLE patients. As shown in Figure 5C, when
randomly selected SLE, rhoumatotd arthntis {RA) and normal PBMC were tested for IRF3
activation, IRF3 phosphorviation was observed in 6 out of 10 SLE patients PBMC but only 2
out of 13 control samples (p=0.028, Fishers exact test). The finding that IRF3 was activated
i PBMC from a proportion of SLE patients strongly indicates that this second messenger

pathway is active.

GAS s functional and ¢GAMP is expressed in SLE patients
{0866} THP1 cells were transfected with HT-DNA . ¢GAMP were purified from THPI cells,
SLE patients PBMC and their controls as described in the methods section. The abundance of

cGAMP was quantitated by mass spectrometry using SRM. Note that the peak in the SLE
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cells 18 dertved from m/z of the danghter ions of m/z 673.1 corresponding to ¢GAMP. This
result is pivotal because it proves that not only s the expression of ¢GAS mereased. but alss
that the cnzyme 15 functional in SLE patient celis and imphies activation by DNA. B. cGAMP
were purtfied from PBMC of SLE patients (n=13), RA patients (n=3) and healthy controls
(n=6} The presence of cCGAMP was measured by mass spectrometry using SRM.

10867} Activation of IRF3 could result from stimulation by ¢GAS or by other pathways such
as TLR4, RIG-T or MDAS To definitively determine whether the ¢GAS pathway was active
i SLE patients, we sought to determine whether cGAMP was expressed in PBMC. We first
optimized methods and detected cGAMP in DNA transfected {as well as HSV infected)
THP1I cells but not in un-transfocted THP1 cells (Figure 6A). When we tested SLE and
healthy control PBMCs, we detected the dinucieotide at exactly 3 minutes in the SLE patient,
but not control sample. Note that the peak is derved from m/z of 673.1 corresponding to
¢GAMP. This result is pivotal because it proves that ¢GAS in SLE patient cclls 1s functional.
We then randomlby selected 13 SLE, 6 normal controls and 3 thewmatoid arthntis patients and
tested their PBMC for cGAMP expression by LE/MS/MS. Of these 22 samples, 4/13 (31%)
SLE, but none of the 9 controls were positive {Figure 6B). Thos ¢GAMP 15 produced in the
cells of approximately one third of SLE patients. BNA 1Cs have been shown to stimulate 1L~

b in monocyies.

Clinical features of SLE patients with ¢GAS expression

{0868} To deternune what clinical, therapeutic or other properties might distinguish those
that do and do not express cGAMP, the duration of discase 1s examined as we postulated that
activation of the ¢GAS pathway may prime cells such as pDC for {FN-a responses. To
determine whether drug therapy could explain suppression of ¢cGAMP i about two thirds of
patients, hvdroxychloroguine, corticosteroid and other therapies are compared. The severity

of discase are explored by examining the SLEDAT in each patient.

Materials and Methods

RNA preparation and quantitative real-time PCR

{0869} Total RNA was isolated from pernipheral mononuciear cells (PBMC} of normal and
SLE paticnts’ biood using the RNEASY MINI KIT™ with on column DNASE™ treatment
{{hagen, Valencia, CA}. ¢cDNA was generated using 25 ng RNA with the high-capacity
¢DNA RT-KIT™ using random primers (Applied Biosystems, Foster City, CA). Reactions in
duplicate were run on an ABI STEPONE PLUS™ using ¢GAS forward primer and backward

priner; a two-stage cvele of 95°C for 15 s and 60°C for 1 min was repeated for 40 cycles
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followed by a dissociation stage. Threshold cvele values were set as a constant threshold at

. . ) . ~- T
0.2, and fold changes in gene expression were then calculated using the 2724%" method.

Western blot

{0870} Cells were lvsed in RIPA buffer (25mM Trs-HCI pH 7.6, 150mM NaCl, 1% NP-40,
1% sodivm deoxycholate, 0.1% SDS} with 1X protease inhibttors and phosphatase inhibitors
cocktail (Thermal Scientific, Odessa, TX) |, and 20 pg protein from each sample was used for
Westem blot. The dilution of anti-pIRF3 was 1:500 (Cell Signalling, Danvers, MA, USA),
the dilution of anti-actin was 1:5000 (Santa Cruz Bictechnology, Santa Cruz, CA, USA).
Signals were detected using the ECL™ detection system and film (GE Healthcare,
Piscataway, NJ, USA). The quantitation was carried out using FLUGRCHEM™ imaging
gystern and software (Alpha Innotech, San Leandro, CA, USA)} with normalizing on the

mtensity of B-actin.

DNA stimulation for cGAMP production

{0871} THP1 cells wers sceded 35M cells in 35ML medium at the time of transfection in
T175 celi culture flask. 90ug DNA was diluted in 1.75mi Serum free medivm and 230ul
LIPOFECTAMINE 2000™ reagent was dituted in 1.75mi scrum free medium. Then diluted
DNA was added to the tube of dituted LIPOFECTAMINE 2000™ reagent in 111 ratio. The
DNA and LIPOFECTAMINE™ mixture was incubated for 3 mins at RT and then DNA-
regent complex wags added to the cells. The transfected cells were cultured in 37C incubator

for 2 days and then harvested for the cGAMP purifications.

eGAMP purification

[0872] The cells were lysed with NER ™ lysis buffer from NE-PER Nuclear and
Cytoplasmic Extraction kits (Thermal Scientific, Odessa, TX) according to the instruction for
the cell volumes ve NER volames. Spin down the nuclei (~16,000g for Smin), take the
supernatant and nux this with phenol with 1:1 ratio. Mix, incubate on ice for Smin, centrifuge
for 5min at 16,000g at 4°C. Take the upper phase and max with 2x volumes chloroform. Mix,
meupbate for Smin, centrifuge for Smin at 16,000g at 4°C. Take the upper phase and transfer
it to a molecular weight cut-off column (10,000 MW}, Spin ag indicated and collect the flow-
through. The flow-through was dricd by SPEEDVAC ™ and resuspended in 20ul OPTIMA
LO/MS ™ water {Thermal Scientific, Odessa, TX). This was loaded on the HPLC column for

Mass Spec analysis.
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cGAMP measurement by UPLC-MS/MS

{0873} High resclution mass measurement and tander MS/MS 15 performed on Waters
XEVO TQS ™ Mass Spectrometer coupled with Ultra-Performance Liguid Chromatogram
{UPLC). Full scan mass spectra are acquired form m/z 200-800. MS/MS spectra are acquired
and the top five most abundant 1ons subtected to further fragmentation by collision induced
dissociation (CID). For targeted quantification of cGAMP, a selective reaction monttorning
(SRM) assay was developed on the XEVO TOS™ mass spectrometer. Tn the assay, three
transitions of each target 1on are monitored. The parent ion 18 isolated at m/z 673.1ina
negative mode {M-H)-, fragmented while the resulting daughter ion is monitored at wy/z

341.10, 150.05, and 133.93 in a negative mode {M-H}-.

Example 3

Targeted Therapy to Inhibit ¢GAS stimulated Type [ IFN Production

{0874] In an effort to identify drugs to block cGAS activity, we performed 7 silico screening
of chemical and drig librarics and identified a candidate, HCQ, predicted to interact strongly
with ¢cGAS. HCQ is FDA approved and has a favorable safety profile.

[0875] The compound of Formula (1),

§y.
%,
by r«"'“‘\'"\f o
f»:::.\.
J +

wherein R is selected from Cl, OH, NH,, and NO;: R; 1s selected from

o
S, N
e d X o S ™%
R ,and Fot? candnis3ord
& 2

[8876] The compounds of Formuda (1) potently imhibit ¢GAS resulting in reduced produoction
of IFN-I 1 hipus as well as autoimmune diseases such as sclerodenma, polymyositis and
possibly type 1 diabetes that have been associated with increased IFN L

[6877] The design of the compound of Formula (I} started with the energv-munimized
structures of X-cGAS and DNA-X-cGAS complexes. Preliminary in silico studies have
alrcady identified two potential binding sites that arc hikely responsible for the blocking of the

crucial DNA-cGAS interactions. The compound of Formula (I} has an increased affinity to
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c¢GAS while preventing DNA interaction with ¢cGAS. Compounds of Formula {(I) were be
chemically synthesized and evaluated for binding to ¢GAS and for their ability to block the
formation of DNA-c(GAS complexes. Thev were also tosted in cell-based assays (THP-1
production of IFN-b by QPCR) for production of IFN-I. The most promising drug candidates
were tested in animal models of lupus and AGS. Compounds of Formula (I} non-toxic to
cells were tested in AGS mouse model and lupus mouse model compared with quinacrine
{QC) or HCQ as controls. In some aspects the AGS mouse model is TREX 1/~ In some

aspects the lupus mouse mode] 1s NZB/W.

Synthesis

[0878] N, N'-Dimethyl-N'~(6-nitro-2-methoxy-acridm-9-yl-N-benzylpropane-1,3-diamine
(Rl =NO2, R2=benzyl, n=3). 6-Nitre-2-methoxy-9-chloroacrdme (288 mg. 1 mmol}{Csuk,
2004 #3231 }is reacted with NN -dimethvi-N-benzyipropane 1, 3-diamine (192 mg, 1 mmol)
m phenol (10 mL) for 5 hrs at 110 °C. After cooled to room temperature, the reaction mixture
is diluted with dichlgromethane. The mixture 1s washed twice with sodium hvdroxide
solution (1IN} and twice with ammonium chlornide sohution. The organic layer is separated,
dried over anhydrous sodium sulfate, and concentrated. The residue is purified by silica gel
chromatography using triethylanune (5%} and methanol (5 to 15%) in dichloromethane to
give the desired compound.

{0879] N, N'-Dimethy-N~{(6-nitro-2-methoxy-acidin-9-yD-N-(4-pyridypropans-1,3-
diamine{R1 = NO2, R2=4-pyridyl, n=3). Essentially the same reaction as above is carried out
by using 6-Nitro-2-methoxy-9-chloroacriding and NN -dimethyb-N-(4-pyridylpropanel,3-
diamine.

{0880] N, N'-Dimethyl-N'~(6-nitro-2-mcthoxy~-acrndm-9-yl}-N-(2-furanyDpropanc-1,3-
diamine{R1 = NO2Z, R2=2-furanyl, n=3). Hssentially the same reaction as above is carmed out
by using 6-Nitro-2-methoxy-9-chloroacridine and NN’ -dimethyl-N-Q2-furanyljpropane1,3-
diamine.

{0881} A hot (60°C) solution of 5nCl12-2H20 (3.5 mol/mol of nitro group) in 12N HCI-
AcOH (1:1 viv) CmlJ/g of SnCl2-2H20) 1s added in one portion to fincly powdered nitro
acridine compound contained in an larger flask. The minial vigor of the reaction is moderated
by cooling in tap water. It is essential that at some stage in the reaction a clear solution is
obtained. When the vigorous reaction abated the mixture is boiled under reflux for 1.5 hr.
After cooling to room temperature, HCL 18 added to precipitate the crude product. The crude

prodact is dissolved in hot 0.2 N HCL, filtered, and added 12N HCl to precipitate the pure
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material. The same general method 18 used to produce the following three compounds; N, N7~
Dimethvl-N-(6-amino-2-methoxy-acridin-9-vi)-N-benzylpropane-1,3-diamine (R1 = NH2,
R2=benzyl, n=3}, N, N’~-Dimethyi-N'~(6-amino-2-methoxy-acndin-9-yH-N-(4-
pyvridylpropane-1,3-dianune(R1 = NH2, R2=4-pyridvi, n=3), and N, N"-Dimethvl-N"-{6-
amino-2-methoxy-acridin-9-y1}-N-{2-furanyBpropane- 1, 3-diamine(R 1 = NH2, R2=2-furanvyl,

n=3).

Example 4
Targeted Therapy te Inhibit ¢GAS stimulated Type 1 IFN Production
[0882] The compound of Formula (1),

(CHz)n

R /(
3\N R4

‘ S ‘ Rs
P
R1 N

wherein Ry 1s H, CI, OH, NH; or NO5; By is H or -OCH;5; Rs and Rs are H or CH;3; BRs and Rg

I\W\\

o A3

are H, CH;, -CH,CHL8H, , Or
H

N

~J

N“ cand nis 2 or 3,

10883} The compounds of Formulae (1), (11} and (1) potently inhibit ¢cGAS resulting in
reduced production of IFN-1 in lupus as well as autoimmune diseases such as scleroderma,

polvmyositis and possibly type 1 diabetes that have been associated with mercased IFN L
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Example 5

Synthesis of Compounds of Formulae (I} - (11}

9-LChloro-3-nitro-7-methoxyacridine
10884} 9-Chloro-3-nitro-7-methoxyvacridine was prepared in two steps according to the

published procedure.

H N
9-Chilore-3-amine-7-methoxyacridine

{0883} In a 10mL round bottom flask were placed 9-chloro-3-nitro~-7-methoxyacndine (0.1
gram, 3.46 % 107" mole), Fe powder (58 mg, 1.04 x 107 mole), BtOH (0.5 mL), AcOH (2 mL)
and H2O (10 ul). Yellow starting matenial appeared largely msoluble and suspended. Puta
glass cap on the tlask. Sonicated the mixture at 30 ~ 43 °C (started at 30°C and the bath
temperature gradually increased during the sonication) for 30-min, 15min-break and another
50-min. The solution turned to a decp red color at the end of reaction. Filtered the reaction
mixture through a small glass filier to remove excess iron. The insoluble residues were
washed with EtOH-AcOH(1:1) and then EtOH. The filtrate and washings were combmed and
concentrated under vacuum to approximately 1~2ml.. To the viscous red residues, 12NHCI
{2 mL} was added, and sonicated briefly. The oily residues turned into solid, and were
collected by centrfugation. The products were dried under vacuum. Yicld: 0,138 gram

(quantitative yield). ESI-MS: m/z = 2591 ({M+H]).

H
ANae~NS

N, N’ -Bimethyl-N-benzyl-1,3-propasediamine (XS arm)

{08846} The compound was prepared according to the published procedure. Benzyl chloride

(2.0 mL, 0.017 mole) was added drop-wise mnto a retfluxing solution of N, N -dimethyi-1,3-

propanediamine (3.2 mL, 0.026 mole} dissolved in 20mE THF. White precipitates appeared

as the benzyl chlonde was added gradually over 30-min. After the addition is complete, the
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reaction mixture was kept refhodang for another 1 hr. The reaction mixtere was then cooled to
room temperature, 1M NaOH solution was added and extracted with CH2Z{12. The organic
layer was collected, dried over anhydrous Na2804, and concentrated. The product was
isolated by distillation under reduced pressure. The product botled at 75 ~ 80°C (0.1 mmHg).
Yield 1.29 g (40%;).

Z N

S I

H

ANa~NS
N, N’-Bimethyl-N-{(4-pyridylmethyl}-1,3-propanediamine (X6 arm}
{0887 4-chloromcthvipyridine HCU(2.79 gram, 0.017 molc) s neutralized with 20 mbL of
1M NaOH on an ice bath, and extracted with CH2CI2 three times. The CH2CIZ layers were
combined and dried over anhvdrous Nap,504. The solvent was evaporated, and the residues
were re-dissolved in SmbL THF. The THF solution was used immediately for the synthesis.
10888} A solution of N, N -dimethyl-1,3~propanedianmine (3.2 mL, 0.026 mole) in 15 mL
THF was brought to reflux, and the THF solution of 4-chloromethyipynidine was added
dropwise over 30-min. After the addition, the dropping funnel was washed with 5 mbL THF.
After the addition is complete, the reaction mixture was kept refluxing for another 1 hr.
White precipitates were formed. The reaction mixture was then cooled to room temperature,
and the solvent was removed under vacuum. To the residue was added 1M NaOH, and the
product was extracted CH2CI2 three times. The organic layers were combined, and dried
over anhydrous Na2CO3. The CHZCI? solution was concentrated, and the product was
1solated by distillation under reduced pressure. The product boiled at 90 ~ 953°C (0.1 mmHg),
Yield 1.33 gram (419). 'H-NMR (300 MHz, CDCl:): 3(ppm) 8.54 (2H, d), 7.26 (2H, d}, 3.48
(2H. ), 262 2H, 1), 241 (3H, 5), 2.41 (2H. 1), 2.20 (3H, s), 1L.70 (2H, quintet), 1.51 (1H, br.
).

R

0
H

ANoA~NL
N, M'-Dimethyi-N-furfuryl-1,3-propanediamine (X7 arm}
6889} Furfuryl chionde (2.0 mL, 0.017 mole) was added drop-wise into a refluxing solution
of N, N’-dimethyl-1,3-propanediamine (3.2 mL, 0.026 mole} dissolved m 20mL THF. White

precipitates were observed as furfurvl chlonde was added gradually over 30-min. After the

108



WO 2016/176222 PCT/US2016/029396

addition is complete, the reaction mixture was kept refluxing for another 1 hr. The reaction
mixture was then cooled to room temperature, 1M NaOH solution was added, and extracted
with CH2CI2. The organic layers were combined, dried over anhydrous Na2504 and
concentrated. The product was 1solated by distillation under reduced pressure. The product
boiled at 60 - 65°C (0.1 mmHg). Yield 1.16 g (37%). 'H-NMR (300 MHz, CDCL): 8(ppm)
737 (0H, m), 631 (IH, m}, 6.17 (1H, m), 3.55 (ZH, s}, 2.61 (2H, 1}, 2.40 (3H, 5}, 240 (2H, 1},
2.24 (3H, s}, 1.70 2H, quintet), 1.84 (1H, br. s).

N
TReR
HoN N*

9-(N-(4”-pyridylmethyl}-N-methyl-N-methyl-1°,3 -propanediamine)}}-3-amino-7-
methexyacridine (X6}

{0899} The dark red powder of crude 9-Chloro-3-amino-7-methoxvacridineg prepared from
0.2 gram of the corresponding nitro compound was placed m 50 mL flask, and added 2mL of
EtOH, X6 arm {0.25 gram} and tricthylamine (300 pl). The mixture was sonicated briefly to
make a suspension, and then heated to reflux on an ol bath. The reflux was continued with
stirring for 3 hrs. The solvent was removed under vacuum. The residues were dissolved
10mL CH2CIZ with sonication. Some nsoluble materials were visible. Apply the whole
suspension to a stlica gel columan (12 g in CH2C2}. The cohima was washed with 50 mbL
CH2(12, and then eluted with 9:1:0.1 (CH2CI2, McOH, NH40H) 100 mL. Collected the
dark red fraction, and concentrated with under vacuum. The residues were dried under
vacuum overnight. Yield 0.39 gram. The crude material was dissolved in DMF and purified
by HPLC, C18 reverse phase and a standard acetonitrile-water-0.1% TFA linier gradient. The

purified X6 was Ivophilized to produce orange powder. ESI-MS: m/z = 416.3 ({M+H]").
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\N
\NJ/'
B
)
H,N N

9-{N-benzyl-N-methyl-N"-methyl-1",3 -propanediamine}-3-amino-7-methoxyacridine
(X3}

[0891] XS was prepared by the same procedare as for X6 by using X5 arm. ESEMS: m/z =
415.5 (M+H)

~_°

\N
S
d RN

S-(M-furfuryl-N-methyl-N’-methyl-1,3-propanediamine}-3-amino-7-methoxyacridine
X7
10892} X7 was prepared by the same procedure as for X6 by using X7 arm. ESE-MS: mz =
405.2 (IM+H

N\

P

\N
S
O\

9-{N-(4-pyridylmethyl}-N-methyi-N-methyl-1°,3’ -propanediamine}}-3-n-

butoxyamine-7-methoxyacridine (C6X8)
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8893} X6 (S mg, 1.2 x 10-5 mole} was suspended m 1 mL CH2CIZ, and tricthyiamine (8.4
ul, 6 x 10-5 mole) was added. Slight color changes occurred from orange to yeliow.
Sonicated the mixture for | mun, and n-hexanoyl chloride (3.4 ul., 2.4 x 10-4 mole) was
added by using a 10uk. syringe. White fume appeared. The vellow color intensified with
disappearance of suspended small particles of X6, The mixture was kept at room temperature.
The color changed to vellow-green after 2hrs. HPLC showed a major peak that appears to be
more hvdrophobic than X6, The reaction was then quenched by adding 50ul. of methanol.
The product was purified by 18 reverse phase HPLC with a standard acetonitrile-water-
0.1% TFA gradient. Yield 6.4 mg (100 %). ESI-MS: m/z = 524 4 ({M+H]")

N
X

P

\N
\NJ/'
(o]
i )
e A AN
F7T H

G-(N-(4” -pyridyimethyl}-N-methyl-N -methyl-1°,3’ -propanediamine}}-3-
trifluoroacetylamide-7-methoxyacridine (TFAXG6)

/

I
NSeceh

S {N-{4-pyridylmethyl}-N-methyl-N-methyl-1°,3 -propanediamine} }-3-benzamide-7-
methexyacridine {BzX6)
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D N-(4"-pyridyimethy}-Nomethyi-N-methyl-1’,3 -propancdiamine}}-3-

ethoxycarbonyl-7-methoxyacridine (ET0OX6)
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[0894] TFAXS, BzX6 and ETOX6 were prepared by ustng the same procedure as that for

C6X0, starting from purified X6 and trifiuoroacetic anhydride, benzoyl chionde or

chloroethylcarbonate as an acylating agent, respectively. The reaction product was purified

by reverse phase HPLC, and the product was more hvdrophobic than X6,
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3 6.8 -5.7 -6.7 -5.3 5.2 6.0
4 -84 -6.8 ~6.0 =52 -6.9 ~6.4
5 -8.2 -6.6 -7.2 =57 -7.0 -7
6 -7.7 -7.1 -7.3 -5.9 ~1.2 6.8
7 ~3.2 -7.2 ~7.6 -6.2 <71 ~6.8
g -7.3 6.5 -5.6 =57 -6.8 -6.3
9 -9.3 -8.1 5.1 -6.9 -8.4 -7.9
10 ~3.8 -8.5 ~7.5 -6.4 -7 ~7.2
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11 -9.3 -3.6 -1.7 -6.7 -7.5 -7.5
12 -8.5 ~7.5 -8.0 ~6.2 -1.5 -7.5
13 ~0.5 5.2 ~1.2 -3.5 -7.4 ~7.3
14 -9.0 -71.9 -7.3 -6.1 =77 -7.3
15 9.2 ~8.1 -7.4 ~5.4 -1.4 -7.5
20 ~7.8 -7.0 ~7.0 -3.4 -7.3 ~7.3
2 -7.3 -6.7 -6.8 -6.6 NA -7.5
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CLAIMS

WHAT IS CLAIMED:

L. A compound of Formula (I) or a prodrug or metabolite thereof,
Rs
i
N

wherein

Ry 18 -OH, -NH,, -NHIC(OR; or -NOy;
R, is -H or -QCH;;

R and Ry are independently -H or ~CHjs;

.\'»\\\\\\
R
Ry

Rs and Rg are independently -H, -CHs, ~-CH,CH,SH,

. H
% N
S oo
OE S N N i \
" " R AN . Or N

R+ is -OCH:, -OCH,CH;, ~OCHCH.CH;, -OCH,CH,CH,CH,, -CHs, -CHCH;, -CH,
CH-CH:, -CH.CHCHLCH;, -CH.CHCHLCHLCH;, -CHCHLCHLCHLCHLCH:, -

CFs, -CH,CFs or \_7 ,and
nis 2 or3.
2. The compound of claim 1, wherem
Ry 18 -NH; or -NEDC(OR
Ry 15 -OCH;;
Rz 1s -CHa;
Ry is -H;
Rsis -CHs,

Sy ‘\x"’““‘\\
~oeed SOl N

N g X S

R R

18
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o
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R;is -OCH;, -OCH,CH;, ~-OCH,CH,CH;, -OCH,CHCHRCH,, -CH, -CHCH,, -CH,
CH,CH,. -CH,CHCH,CH;, -CH, CH,CHCH, CH;, -CH, CHCHCH CHLCHG, -

CF}, 'CHZC}-"; or . . and

nis 2.

The compound of claim 1, wherein
Ry 18 -NH; or -NDHC(OR,;

R; 15 -OCH;;

Rsis -CH;;

Ryis -H;

Rsis -CHa

¥
BN . ‘s‘o‘“ \\.}"t
Sy @ B
& \Q - ¥

R7 iS *chiy(}ia ~€EE?€E§7CE{2CE{7(,}§Q ~FF2 or : . and

nis 2; and

The compound of claim 1, wherein
R; is -NH;;

By 18 -OCH;;

Rz 1s -CHa;

Ryis -H;

}{5 is "(‘Hz,
=

Rs 18 :and

nis?2.

The compound of claim 2, wherein
R;is -NH;

R, is -OCH;;

Ry 15 -CHs;

Ryis -H;

Rs1s ~-CH;j;
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9.

. NS
Re s : ; and

nis 2.

The compound of claim 2, wherein
R; is -NH;;

Ry 15 -OCH;;

R 15 -CHa;

Ryis -H;

Rsi1s -CH;a;

R 18

nis?2.

;and

The compound of claim 2, whercin R, 1s N(HYC(OR,.

The compound of claim 2, wherem

Ry is -N(F)C(O)R;

R3 1S "CH“);

Ryis-H;

R5 iS *C}‘{};

Re 1s S ; and
nis 2.

The compound of claim 2, wherein

Ry is -N{HHYC{OGCH,CH,CH, CHCH;
Ry 15 -OCH;;

Rs 15 -CHq;

Ryis -H;

Rsis -CHa:

cand

128
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10. The compound of claim 2, wherem
Ry 1s -N{HYC(OY(F5;
Ry 18 ~-OCH;;
Ra1s -{CH;;
Ryis -H;
Rsis -CHy;

nis 2.
11, The compound of claim 2, wherein
Ry is -NEHC(OIR;

Ryis -H;
Rsis -CHs;
Ke is S
R;is \_7 ; and
nis2
12, A compound of Formula (11} or a prodrug or metabolite thereof,
HaCry-Rs
wherein
Ryis -Cl, -OH, -NH;, or -NO;y;
el :\s s & ~ O “,e_‘f \\t . “\*‘f \3
E . R = \\\l ,\;" b \\\ .jfg 1
Ry 1s , L, OF R s and
nis3or4.
13, 'The compound of claim 1, wherein Ry 1s -CL
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14.

19

20.

22.

24.

e
W

28,

29.

The compound of claim 1, wherein Ry
The compound of claim 1, wherein By

The compound of claim 1, wherein R,

The compound of claim 1, wherein Rs

The compound of claim 1, wherein Rg

The compound of claim 1, wherein Ry

The compound of claim 1, wherein nis 3.

The compound of claim 1, wherein n is 4.

The compound of claim 1, wherein R,

The compound of claim 1, wherein R,

The compound of claim 1, wherein R,

The compound of claim 1, wherein Ry

The compound of claim 1, whereim Ry

The compound of claim 1, wherein Ry

The compound of claim 1, wherein By

The compound of claim 1, wherein Ry 1

is ~OH.
iS —NHg .
1s -N 07 .
":-.‘.-.‘.-.‘:.\
~seh N
, s
is
PN
. S
is
"“\?\‘\‘:-.\“‘{-/ f‘?
. R
1S
Oy
\\w\i\ @\"

s -Ch; Rg 18

1s ~Cl; Rg 1

1s -Cl; Rg 1

15 -Cl; Re 18

15 L Ry i8

is {1 R is

s -OH: Rs s

s

-y
PNy
~ T~ Ny
SRy \\ s‘q}k
Nl
S
SNOY s
b e £ ;
ThF
- ‘)‘-::::::»-\_‘
ATy, R
5 &
\\. By
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candnis 3.

,and nois 4.

,and nis 3.

cand nis 4.

Land nis 3,

cand nis 4.

candnis 3

,andnis 4.
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33.

34.

(53
(]

36.

37.

38.

39.

40.

43.

The compound of claim 1, wherein Ry 15 -OH; Re 13

The compound of claim 1, wherein By 1s ~-OH; Re s

The compound of claim 1, wherem Ry 15 -OH; Re 15

The compound of claim 1, wherein R, 1s -OH; Rg 15

The compound of claim 1, whereim Ry 18 -NH;; R is

The compound of claim 1, wherein Ry 15 -NH;; Re 18

The compound of claim 1, wherein Ry 15 -NH;; R is

The compound of claim 1, whereim Ry 18 -NHj; Re1s

The compound of claim 1, wherein R 15 -NHj: Rg1s

The compound of claim 1, wherein Ry 15 -NH;; K 18

The compound of claim 1, wherein Ry 18 -NOy: Re1s

The compound of claim 1, wherein Ry 15 -NO;; Re is

The compound of claim 1, wherein Ry 18 -NOy; Re 1s

The compound of claim 1, wherein R 18 -NOy. Rg1s

PCT/US2016/029396

,and nis 3.

,and nis 4.

candnis 3,

candnis 4,

,and nis 3.

andnis 4.

candnis 3.

candnis 4.

cand nis 3.

,and nis 4,

candnis 3.

.andnis 4.
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44 The compound of claim 1, wherein Ry 15 -NO;; R, 18
45 The compound of claim 1, wherein Ry is -NQO;; Rq is Wt and nis 4.
46 A compound of Formula (I} or a prodrug or metabolite thereof,
Rg \N ,RG
\
(CH2)n
Rs
~ N R4
S R2
P
R1 N
ity
wherem

R, is -H, -Cl -OH -NH; or -NGs;
Ry 15 -H or -OCH;;
Rs and Ry are -H or -CHs:

_ . - e e e o o b \;\ &
s and Rg are -H, -CH;, -CH,CHLSH, ,

N
~ ]
, OF N“ :and

nis 2 or 3.

47. The compound of claim 35, wherein Ry 1s -NH;; Ry 15 -OCH;; By 15 -CHs; Ry is -H R

15 -CHj3 Re is candnis 2.

48. A pharmaceutical composition comprising a compound of any one of claims 1-47 and

a pharmaceutically acceptable carnier, diluent or excipient.

49, A method for the treatment of an autoimmune disease or a monogenic disorder, the

method comprising administering an effective amount of a compound of any of
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claims 1 to 47, or a pharmaceutically acceptable composition of clain 48, to a patient

in need thereof

50. A method for the treatment of an avtoimmune disease or a monogenic disorder, the
method comprising administering an cffective amount of 3 compound of Formulda (111}
or a prodrug or metabolite thercof,

X

[ x|
- N
R N ~

(I
whergin
Ry is -H, halogen, -OH, -OCH;, -NHa, -NMe,, -N(HYC(O)R, or -NG,,
wherein Ry is -OCH,, ~OCH,CH;, -OCH,CH,CH;, -OCH,CHCHL,CH;, -CH;,
-CH,CH;, -CH, CHL,CH;, -CHLCHCH,CH,, -CHLCH, CH,CH,CHG,

“CHQ,CH?,CHQCHﬂCHj(/H"j, 'Cst "CH’vCFz or i .

ring X is absent or

OCH,CH;;

HO
X is -H, -NH,, 7

wherein

R;1s ~-Hor -CHj;

Ry s -Hor -CH;;

Rs and Ry are independently -H, -CH;, -CH,CH;, -CH,CH,SH, -CH,CH,0H,
H
N

RS g“m\ 5 ]
, oooosd® i 3 o , or N D

Ry is ~NG,, -C{OYOCH,CH; or -N(H)SO;Me; and
nis 2 or3;
to a patient in need thereof.

51. The method of claim 30, wherein the compound is of formula (Ila):
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X
ise
s
Ry N
(ITia)
wherein
Ry is -H, halogen, -OH, -OCH;, -NH,, -NHIC(O)R, or -NG,,

whereiﬂ R'; 15 -QCH3, "GCHﬂ‘CHz, “OCHgCHgCH3, "GCHﬂCHﬂLH“;CH; "CH3,
-CH,CHs, -CH, CH,CHs. -CH CH,CHLCH:, -CHLCH, CH,CHLCHE,

-C}“EQC}‘E (?‘E) Ci‘i_) C‘E‘iz C}‘ig R -CF kR ~CE‘{2 CF 53 OF :

|
N.
H £N R~ (CHa)n

2

R3\N)\R4
OF b . wherein
Rs ts -H or -CH;:
Ris -Hor -CH-;
Rs and R are independently -H, -CH;, ~-CH,CH; or -CH; CHL,OH: and

nis 2 or3.

52. The method of claim 50, wherein the compound is of formula (1ib):
X
"
o
R4 N
(Hib)
wherein

R; is -H, halogen, ~OH, -OCH;, -NH,, -N{HYC(OR, or -NG,,
wherein R'? 18 "OCE‘E}, *OCF{ZC‘E‘{)‘, “Q(}‘%CE‘EQC}‘EL *OC}‘LC‘E‘{zCE‘LC}q}Q -C}izﬂ
~CH,CH;, -CH, CHyCH;, -CH CHCHRCHG, -CHLCH, CHCHLCH,

"CH}CH2€H2CH2CH2CH3, -CF3, mCHzCFg or :
Ry i1s H, halogen, —OCH; or ~-OCH,CH;;

>
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Rg
H N
A T “@L Re N (CH),
<, ‘ NH TN R3‘N’J\R4
Xis -NH,, e e OF b , wherein
Rsis -Hor -CH;;
Ry1s -Hor -CHs:

Rs and R are independently -H, -CH;, -CH,CH;, -CH,CH:SH, -CHCH,0H,

SN H
-c\\"\ N, N
e \
N W N\~
2 i 2 Or N 2

Ry 18 -NO7, -C{OYOCHCH: or -NH)SO,Me; and

nis?2or3.

53. The method of claim 52, wherein X 15 -NH..

H
N COM
i 2
(§U NH
— “wL’W h

54, The method of claim 52, wherein X is

9

Ry‘—

= NH

55. The method of claim 52, wherein X is
o) NO,
’ NH NH
56 The method of claim 52, wherein X is - , or
H

(v
~3

The method of claim 32, wherein compound of Formuda (1He) or a prodrug or

metabolite thercof,
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39,

whergin

R, is -H, halogen, -OH, -OCH;, -NH,, -NHYC{OIR; or -NG;;

Ry s ~-H or ~-OCH;;

Ry and Ry are independently ~-H or -CHa;

Rs and Rg are mmdependently -H, -CH;, -CH.CH;, -CH,CHSH, -CH,CH,OH,

N
D
gy SRR oo \\_‘
RS TR 8 TR \
“““ e Ko or N7
b 2 9

>

R;is -OCH;, -OCH,CH;, ~-OCH,CH,CH;, -OCH,CHCHRCH,, -CH, -CHCH,, -CH,
CH,CH,. -CH,CHCH,CH;, -CH, CH,CHCH, CH;, -CH, CHCHCH CHLCHG, -

CFs, -CH,CF4 or . ,and

nis 2 or3.

The method of claim 57, wherein

Ry s -H, -C1, -OH, ~NH,, -NH)YC(O)R5 or -NO,;
Ry s -H or -GCH;;

R; and R, are mdependently -H or -CH;;

Rs and Rq are independently -H, -CH;, -CH.CH,SH,

g H
i N
i — }} \
| \
L , O NT

R, 15 -OCH;, -OCH,CH;, -OCH,(H,CH;, -OCH,CH,CH,CH;, -CH;, -CH,CH;, -CH,
CH,CH;, -CHCHCHCH;, -CH CHCHCHLCH;, -CHCHCHRCHLCHLCH, -

CFs;, -CHCFa or \ ----- Y ,and
nig 2 or 3.
The method of claim 57, wherein
Ry 18 -NH; or -NDHC(OR,;
R, is -OCH;;
B3 15 -CHs;
Ryis -H;
Rsis -CHa,

128



WO 2016/176222 PCT/US2016/029396

S, SmR "
}:_ i ‘\ §\$ s‘}\

?

R
8

8

Tl

TN \.: '}'\\ \\ 5 T W \
) W R e
Reis, . S or R R

Rsis -OCH;, -OCH,CH;, -OCH,CHLCH;, ~-OCH,CH,CHLCH,, -CH;, -CHLCH;, -CH,

CH,CH,, -CHCH, CHLYCH,, -CHCHCH CHLCH,, -CHCHCH CHL,YCHLCH;, -
CF% “(‘H?CF% or \ '/ . and

nis 2.

640, The method of claim 57, wherein
R; 15 -NHs or -N{HYC(O)R;
Ry 15 -0OCH;;
R 1s -CHa;
Ryis -H:
Rs1s -CH;s;

.«*"::vl \\\

SN 3

- & 3 RN “"7\-35"3:»3 "'\““\ f‘s‘

N A & R Y &

R B el WS ) Nt
618 2 > [0 ~

?w 18 "OCHZCH?, “(/Hz(/HZCHZCHZCH’%, —(/FJ (08 : and

nis 2; and

61, The method of claim 57, wherein
Ry 1s -NHy;
R, is -OCH;;
R;is -CHa:
Ryis-H;
Rsis -CH;y;

oSN
R 18 ;and
nis 2.

62. The method of claim 37, wherein
Ry s -NH,;
Ry 18 ~OCH;;
Rjis -CH;s;
Ry -H;
129
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[N
2

64.

63,

66.

Rg 18 -C}'ig,;

RG is Nhswe

nis 2z,

The method of claim 57, wherein
By 18 -NHo;

Ko 15 -OCHs;

R;1s -CH;s;

Ryis -H;

Rs1s ~-CH;j;

Rsis

nis?2.

The method of claim 37, wherein Ry s -NHYC(O)R .

The method of claim 57, wherein
Ry is -N{FHC{OR;

By 18 -OCH:;

R; is -CHs;

Ryis -H;

Rsi1s -CHa;

Rs 18

nis 2.

The method of claim 57, wherein

Ry 15 -N{HC(C)CH,CH,CH, CHCH;;
Ry 15 -0OCH:;

R;1s -CH;s;

Ryis -H:

Rs1s ~-CH;j;

ST
T

R is

nis 2.

cand
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67. The method of claim 37, wherein
Ry 1s -N{HYC(OY(F5;
Ry 18 ~-OCH;;
Ra1s -{CH;;
Ryis -H;
Rsis -CHy;

nis 2.

68. The method of claim 57, wherein
Ry 18 -N(HYC({O)R;
R; 18 -OCH;;
Ry is -CH;;
RyisH;
Rs1s CHy;

Rris \_4 ; and

nis 2.
69.  The method of any of claims 49-68, for the treatment of an autoimnmme discase.

70.  The method of claim 69, wheremn the autoimmune disease 1s selected from the group
consisting of systemic lupus ervthematosus (SLE), lupus nephritis (LN}, rheumatoid
arthritis {RA), juvenile rheumatoid arthntis, Wegener's disease, immflammatory bowel
disease, idiopathic thrombocytopenic purpura (1TF), thrombotic thrombocyiopenic
purpura (TTP), autoimmune thrombocytopenia, multiple sclerosis, psonasis, IgA
nephropathy, ight polvneuropathies, myasthenia gravis, vasculitis, diabetes mellitus,
Revnaud's syndrome, Sjorgen's syndrome, scleroderma, polymyositis and

glomerulonephritis.

71.  The method of claim 70, wherein the autcimmune disease is systemic lapus

erythematosus (SLE}.
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72. The method of claim 70, wherein the autopmmune discase is rheumatoid arthritis
{RA).

73. The method of claim 69, wherein the autormmune disease involves inhibition of
c¢lGAS achivity.

74.  The method of any of claims 49-68, for the treatment of a monogenic disorder.

75 The method of claim 74, whercin the monogenic disorder is Aicardi-Gouticrre’s
Syndrome (AGS) or spondvicenchondrodysplasia (SPENCD).

76. The method of claim 75, wherein the monogenic disorder is Aicardi-Gouticrre’s

Syndrome {AGS).
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the intemational application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 49 and 69-76
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I___] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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