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THERAPEUTIC COMPOUNDS

CROSS- REFERENCE TO RELATED APPLICATIONS
This application claims priority to United States Provisional Application Number
63/213,519, filed June 22, 20021, The entire content of the application referenced above s

hereby incorporated by reference herein.

BACKGROUND OF THE INVENTION

Bacterial resistance has been observed to every antibiotic introduced into the clinice,
ncluding drugs-of-last resort such as vancomycin, daptomycin, and colistin. The increased rate
of resistance, coupled with declining trends in discovery and development of new antibiotics,
foreshadows a crisis. Pathogens now exist that are resistant to all or almost all available
antibiotics, resulting in an increased number of deaths from bactenal infections. According to
the CDC, each year in the U.S., at least 2 & million people are infected with antibiotic-resistant
bacteria or fungt, and more than 35,000 people die as a result. Without improvements in
anttbactenial drug discovery and development this problem s ondy expected to get worse. H has
been predicted that by 2050 10 mitlion people worldwide will die per vear from drug-resistant
bacterial infections.

ESKAPE pathogens: Enferococcus faecium, Staphylococcus aureus, Kiebsiella
preumoniae/bscherichia coli (Enterobacteriacaea), Acinefobacter baumannii, Pseudomonas
aeruginosa, and Enterobacter species cause the most hospital-acquired infections and frequently
“escape” the action of traditional therapeutics. The prevalence of multi-drug resistant (MDR)
Gran-negative infections has continued to 1ocrease. The latest example comes frora the
observed rapid spread of multitdrg-resistant gram-negative bacteria among patients in dedicated
coronavirus disease care units in a hospital in Marviand, USA, during May-June 2020. The
World Health Organization (WHO) 1ssued a list of antibiotic-resistant “Priority Pathogens’ in
2017 for which new antibiotics are urgently needed. The most critical group of all includes
multidrag resistant bacteria that pose a particular threat in hospitals, mursing homes, and among
patienis whose care requires devices such as ventilators and blood catheters. They include
Acinetohacter, Pseudomonas and various Enterobacieniaceae (including Kiebsielia, E. coli,
Serratia, and Proreus). They can cause severe and often deadly infections such as bloodstream
miections and pueomonia. The second and third most critical groups list high and medium
priority bacteria that are becoming increasingly drug-resistant sach as Neisseria gonorrhioeae.
Sexuallv transmitted infections (8TIs) caused by the bacteria N. gonorrhioeae (gonococcal
infections) have increased 63% since 2014 and are a cause of sequelae including pelvic
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inflammatory disease, ectopic pregnancy, and infertility and can facilitate transmission of human
immunodeficiency viras (HIV). N gonorriweae s ability to acquire anfumicrobial resistance
mfluences treatment recommendations and complicates control. In 2010, CDC recommended
the combination of cefiriaxone and azithromycin for treatment of uncomplicated gonococcal
mnfeciions. However, continued low incidence of ceftriaxone resistance and the increased
merdence of azithromyein resistance, has led to reevaluation of this recommendation.
Azithromycin resistance in N. gonorrficeae 1s an increasing concern. Genomic epidenuology
data confirm that azithromyein resistance can result from nuitipie mechanisms. Nationally, the
percentage of N. gonorrhoeae isolates with reduced susceptibility (MIC >2.0 ug/mL) increased
mwore than sevenfold over 3 vears {from 0.6% in 2013 10 4.6% 1n 2018). During 2018, the
proportion of Gonococcal Isolate Surveillance Project {GISP) isolates with an azithromycin alert

7

value was &.6% among men who have sex with men. compared with 2.9% among men who have
sex with wornen only. Studies have associated developroent of reduced azithromyvein
susceptibility with azithromycin exposure among patients with & gonorriiceae infection.
No new class of antibictics effective against Gram-negative bacieria has been imtroducad inio
the chinic since the fluoroguanolones in 1968, and clinicians have had (o rely on later generation
broad-spectrum antibiotics (that is, antibiotics effective aganst both Gram-positive and Gram-
negative pathogens), particularly the carbapenems. Unfortunately carbapenem-resistance is also
on the rise, and infections caused by carbapenem-resisiant Enierobactenaceae (CRE) are
estitnated to have as much as 50% higher mortality rates than carbapenenm-susceptible
infections. With the increase n carbapenem-rasistant infections, colistin, a drug that was
previousty removed from the clinte due to high foxicity, has been re-introduced to the clinic.
However, colistin resistance is emerging and spread eastly via horizontal gene transfer of
plasmids. Pathogens that are resistant to both colistin and carbapenems are challenging 1o freat,
with mortality rates ranging from 20-70%. With the increase in carbapenem-resistant and
colistin-resistant infections, new broad-spectrum anttbiotics will need to be developed to combat
the rise of Gram-positive and Gram-negative antibiotic resistance.

Accordingly, there is g need for therapeutic agents and methods for treating and/or

preventing bacterial infections.

SUMMARY OF THE INVENTION
Compounds disclose herein, have been demonstrated o have antibacterial activity
agamnst a variety of bacteria.

Accordingly, one embodument provides a compound of formula §
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wherein;

R!is hydrogen, (Ci-Celalkyl, (Cr-Codalkenvl, (Cr-Codatkyvnyl, -CEORE -CEOINR Yy,
~S{=0RN{RY, ~-CENRIONRY,, (Ci-Crycarboeyelvl, arvl, heterocyelvl, heteroarvl, {(Cs-
Crycarboovcelvl{Ci-Celalkyl-, arvi{C-Celalkyi-, heterocycly T -Uslalkyl-, or heteroaryl{C:-
Coyalkyvl-, wherein the (Ci-Csralkyl, {(Co-Cslalkvnyl, (Ca-Uslalkenyl, (Us-Crcarbocyelyl, aryl,
heterocyclyl, heteroarvl, (Cs-Cricarbocyelvl{Cy-Cojallyl-, aryH{C1-Ceolalkyl-, heterocyely Ty~
Celalkyl-, or hetercaryl{C1-Coalkyl-, 1s optionally substituted with one or more (eg., 1. 2, 3, 4,
or 5} groups independenily selected from the group consisting of halo, -OH, -NG:, -CN, (Ci-
Cayalkyl, (Ci-Cohaloalkyl, (Ci-Cadalkoxy, (Ci-Caohaloalkoxy, -N{R¥,, -NR*C(E=ENRIINR ),
SCENRINRY ), phenyl, and -OP(=0Y0OH), wherein phenyl 1s optionailly substituted with one
or more halo, -OH, -NG», -CN, (C-Coalkyl, (Ci-Cyohaloalkyl, {(Ci-Celalkoxy, or (Cs-
Cyhaloalkoxy: and

R is hydrogen, {Ci-Colalkyl, (Ca-Colatkernyl, -C{=0R -CEOWNER ., -S(=0RNR" ),
-CENRMIN(R Y, (Ca-Crearboeyelyl, arvl, heterocyelyl, heteroaryl, (C3-Crearboeyely (-
Coralkyl-, aryl(Ci-Uslalkyl-, heterocyclvl{Cr-Ceiatkyl-, or heteroaryl(C-Cs)alkyl-, wherein the
{C1-Ciralkyl, (Cr-Coalkenvl, (Cs-Crycarbocyelvl, arvl, heterocyelyvi, heteroaryl, {Cs-
Crycarbocvelvl{Ci-Caalkyl-, arvi{(C-Celalkyl-, heterocyclv{C-Cslalkyl-, or heteroaryl{(Cs-
Cslalkyl-, is optionally substituted with one or more (e.g.. 1, 2. 3, 4, or 5} groups independently

selecied from the group consisting of halo, ~-OH, -NO», ~-CN, {C-Calalkyl, (Ci-Cohaloalkyl,

-OP(=0X0OH); or

R' and R? together with the nitrogen to which they are attached form a heterocyelyl,
whergin the heterocyely 1s optionally substituted with one or more {e.g., 1, 2, 3, 4, or §) groups
mdependently selected from the group consisting of halo, -OH, -NO;, ~CN, (C~Cajalkyl, (Cr-
Cyphalealkyl, (C-Coalkoxy. (C1-Cahaloatkoxy, -N(R™ ), -NRPCENRDINR®Y,,

LENRPINR®Y,, and -OP(E0HOH ),
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{Ci-Coialkenyl, -CEOR-CEOINR ), ~SEQENR ), (Cs-Cricarboeyelyl, arvl, heterocyelyl,
heteroaryl, (Cs-Cricarboey elvi{Ci-Calalkvl~, arvl{Ci~-Calalkyl-, heterocyclyH{C-Celalkyl~, or
hetercarv{-Celalkyl-, wherein the (Ci-Colalkyvl, {Ci-Cealalkenvl, {C:-Cricarbocyclyl, arvi,
heterocyclyl, heteroarvl, (Cs-Crcarboeyvelvl(C - Coyalkvl-, arvli{C1-Colalkyl-, beterocvelyl{(Ci-
Celalkyl~, or heteroarvl{C1~Csalky! is optionally substituted with one or more (e.g., 1,2, 3,4, or
5} groups independently selected from the group consisting of halo, ~OH, -NOG», -UN, {Cr-

Caalkyl, (Ci-Cohaloalkyvl, {Ci-Cajalkoxy, (Ci-Cyhaloalkoxy, -N{R ), -NRICENRONR ),

Xis CR or N;

X% is CR* or N;

R? is hydrogen, halo, -OH, -NQ», -CN, (C1-Ceralkoxy, ({i-Cealkyl, (C1-Colatkenvl, (Co-
Coatkynyl -C(=0RI-CEOINRY,, -SEORNERY:, -NRICENRONER D, -CENRONGRY,, or-
N{R%,, wherein the (C-Cealkoxy, (Ci-Us)alkyl, (Ca-Coatkenyl or (Ca-Colalkynyl is optionally
substituted with one or more {e.g., 1, 2, 3, 4, or 5} groups independently selected from the group
consisting of halo, -OH, -NO,, -CN, (Ci-Coalkoxy, {C1-Cathaloalkoxy, -N{R%,,
NRACENRONER Y, -CENRONRD,, and -OP(=0W0OH),;

R4 is hydrogen, halo, -OH, -NQ;, -CN. (C1-Ceatkoxy, (Ci-Cealkyl, (C2-Colatkenyl, (Ca-
Coyatkvnyl, -CEOIRS, -CEONR ), -SE=0RNR ), -NROCENRONER ), ~-CENRONRY, or
-N{R ), wherein the {C-Cealkoxy, (C1-Calalkvl, {Co-Copalkenyl or (Cr-Celalkyuyl 1s optionally
substituted with one or more {e. g, 1, 2. 3, 4, or 5} groups independently selected from the group
consisting of halo, -OH, -NO», -UN, (Ci-Caalkoxy, {Ci-Cathaloalkoxy, -N{R")s,
SNREFCENRINGR Y, -CENRONR),, and -OP=00H ),

Yiis NR™® Y2 is N or CR®. ¥ is N or CR, the dashed bond between ¥’ and Y¥ is a
single bond, and the dashed bond between Y* and Y7 is a double bond; or

Y s NR™ ¥Y'is Nor CR™, Y2 is N or CR®, the dashed bond between Y and Y2 is a
double bond, and the dashed bond between Y* and Y™ is a single bond;

R™ and R™ are each independently {Ci-Ciodalkyl, (C1-Cinalkenyl, ~-W-{Cs-
Cricarbocyelvl, -W-aryl, W-heterocvelvl, -or W-hetercaryi, whergin the (Ci-Ciajalkyi, (Cy-
Cigralkenyl, -W-{Cs-Cojcarboevelyl, ~Wearyl, W-heterocvclyl, -W-heteroarvl, is optionally
substituted with one or more {e.g., 1, 2, 3, 4, or 5) groups independently selected from Q;

R’ R® and R™ are each independently hydrogen, halo, -OH. -NOy, -CN, (-
Coyalkoxy, (Ci-Codatkyl, (Ci-Coyalkenyl, -CEOR-CEONR:, -SEORNERD,,
NRICENROINR DY, -CENRINER D, or -NRY.. wherein the (C1-Codatkoxy, {Ci-Coralkyl, or

{C:-Ceralkenyl is optionally substitined with one or more (e.g, 1, 2, 3, 4, or 3) groups
4
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independently selected from the group consisting of halo, -GH, -NO», -ON, ({-Cygyatkoxy, {Cy-
Cyrhaloatkoxy, -N{R ), -NRICENRINER D, -CENRONERD,, and -OPEOHOHY,
Wis absent,{Ci-Crodalkyvl, or {Co-Coyalkyny! wherein the (Ci-Ciodalkyl or {C:-Coalkynyl
is optionally substituted with one or more {e.g., 1, 2, 3. 4, or 3) oxo (=0) and wherein one more
5 of the carbons of the {Ci~Ciodalkyl 15 optionally replaced with one ormore {e.g., 1,2, 3, 4, or 3) -
(- or -NRY-;
each Q is independently halo, ~-OH, -NO:, -CN, (Ci-Cealkyl, (Co-Coalkenyl, (Cz-
Coyalkynyl, ({i-Cehaloalkyl, (Ci-Caialkoxy, ({i-Csihaloatkoxy, CEORY-CEGINERY),,
NERY, ~S{=0RNRY, aryl, ~G-arvl, hetercaryl, or ~-O-heteroaryl, wherem the {C:-Cilalkyl,
10 {Cr-Uelalkenyl, (Cr-Coalkynyl, (C-Cshaloalkyl, (Ci-Celalkoxy, (Ci-Csihaloalkoxy, aryl,
-(haryl, heteroaryl, or -Gheteroaryl is optionally substituted with oneormore (e g, 1,2, 3, 4, or
5} groups independently selected from the group consisting of halo, -OH, -NG;, -CN, (Cs-
Coalkyl, (Ci-Cohaloalkyl, (Ci-Coalkoxy, (Ci-Cydhaloalkoxy, CE=ORY, -CEOXORY,
~CEON(R Y, -S(=E0RNMN(RYY,, aryl and heteroaryl, wherein the aryl or heteroary! is optionally
15 substituted with one or more (e, 1, 2, 3. 4, or 5) QL
gach Q' is independently halo, -OH, -NO», -CN, {(T1-Calalkyl, (Ci-Cohaloalkyl, (G-
Cayalkoxy, or (C1-Cyihaloalkoxy;
each R% R” R™® R® R% R and R' is independently hydrogen. (C1-Cejalkyl, (Ci-
Coalkenyl, (Ci~Cohaloalkyvl, (Ts-Cricarbocvelyl, or aryly
20 each RY 15 independently hvdrogen or {C-Celalkyl;

R%is hydrogen, {Ci-Uslalkyl, (C:-Cepalkenyt, (C1-Cephaloalkyl (Ci-Crjcarbocvelyl or
arvl, wherein the arvi is optionally substituted with one or more {e.g., 1, 2, 3, 4, or 5) groups
idependently selected from the group consisting of halo, -OH, -NO», ~-ON| (Ci-Calalkyl, (G-
Cyphaloatkyl, (Ci-Caalkoxy. (Ci-Cathaloalkoxy, CEOIRY, -CEOORY), -CEOMNRY Y, and
-SEQRNERY Y, and

each RY is independently hydrogen, (C1-Cesalkyl, (C1-Celalkenyl, (C1-Cothaloalkyl,

[N
L

{C3-Crycarbocyelyl, or arvl;
or a salt thereof

One embodiment provides a compound of formmila T:
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wherein;

R!is hydrogen, (Ci-Coalkyl, (C1-Codalkenyl, -CEOIRE -CE=0INRY), -SEORNR ),
~CENRONRYY, (C3-Crearboeyelvl, arvl, heterocyelvl, heteroaryl, (Ca-Crcarboovelyl{Ch-
Ceyalkyvl-, arvi{Ci-Celalkyl-, heterocvelvl{Ci-Cslalkyl-, or heterocarvl(Ci-Cejatkyl-, wherein the
(U -Coralkvl, (Ci-Coralkenyl, (Cs-Cryearbocyclyl, aryl, heterocyclyvl, heteroaryl, (Cs-
Coycarboeyclyl{C-Colalkyl-, arvl{Ci-Celalkyl-, heteroovely T i-Colalkyl-, or heteroarvl{C-
Celalkyl-, is optionally substituted with one or more {e.g, 1, 2, 3, 4, or 5) groups independently
selected from the group consisting of halo, -OH, -NGs, -CN, (Ci-Cylalkvl, {C:-Cadhaloalkyl,
{Ci-Caalkoxy, (Ci-Cahaloalkoxy, -N{R%, -NR*CENRIN(R ,, ~-C{ENRONR Y, and
~OP(=0YOH):; and

R?is hydrogen, (Ci-Caatkyl, (Ci-Colalkenvl, -C{=0RE-CEOINR D, -S(=0RNR),,
CENRYINR Y, (Co-Crearboeyelyl, arvl, heterocyelyl, heteroaryl, (Us-Cr)earboeyelyH(Ci-
Coralkyl-, aryl{Ci-Celalkyl-, heterocyv eyl Ci-Cojalkvl-, or heteroaryl{Ci-Calalkyl-, wherein the
(C-Coralkvl, (Cr-Colalkenyl, (Cs-Colearboeyclyl, arvl, heterocyclvl, heteroaryl, {Cs-
CricarbocyclviCi-Celalkyl-, aryl{Ci-Celalkyl-, heterocycly{C-Celalkyl-, or heteroary (-
Cejalkyl-, is optionally substituted with one or more {e.g., 1, 2, 3, 4, or 5) groups independently
selected from the group counsisting of halo, -OH, -NO;, -CN, (C-Coalkyl, (Ci~-Cohaloalkyl,
(C1-Coalkoxy, (C1-Caothaloalkoxy. -N{RP . -NEPCENRDNGRD),, -CE=NREINR ), and
~OPEONOHY,: or

R! and R? together with the nitrogen o which they are attached form a heterocyelyl,
wherein the heterocycly 1s optionally substituted with one or more {e.g.. 1. 2, 3, 4, or 5} groups
independently selected from the group consisting of halo, -GH, -NG.», -ON, ({1-Cayatkyl, (G-
Carhaloalkyl, (C-Coalkoxy, (Ci-Cahaloalkoxy, -N{R® ), NRPC(=NR®IN(R®),,
~CENRTINGRDY,, and -OPEOWOH ),

7 is ~OR -R(R Y, -8R, -NRSC(ENRONRS ), -C{=NRON(R D, hydrogen, (Ci-Cs)aikyl,
(Ci-Colalkenyl, -C{(=0R"-CEOINR Y, -5{=0nN{R p, (Ts-Crycarbocvelyl, aryl, heterocyclyl,
hetercarvi, (Cs-Cricarbocy vl Ci-Colalkyl-, arylCi-Cealalkyl-, heterocyelyl{T1-Colalkyl, or

6
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heterocary{Ci-Ceatkyi-, wherein the {C-Cslalkyl, (U i-Uslalkenyl, (Ts-Crcarbocvelyl, arvl,
heterocyclyl, hetercaryl, (Ca-Cohearboey chvl{Cr- Cedalkyl-, arvHCr-Colalkyl-, heterocyelyl{Cr-
Ceialkyl-, or heteroaryl{C-Celalkyvl- is optionally substifuted with one ormore {e.g., 1,2, 3, 4,
or 53 groups independently selected from the group consisting of halg, ~-OH, -NO», -ON, {C1-
Cayalkyl, (Ci-Cothaloalkyl, (Ci-Coalkoxy, {(Ci-Cothaloalkoxy, -N{R")z, -NRC{=NRINR ),
~CENRON(R ), and -OP(=0)0H);

Xis CRYor N;

X?is CRYor N;

R? is hydrogen, halo, -OH, -NO», -CN, (C1-Ceatkoxy, (Ci-Coralkyl, (C1-Colalkenyl,
LCEORY -CEOINR Y, -SEORNRY,, -NRICENRYNR Y, -CENRDNRY, or- N(RY,,
wherein the ({i-Cejalkony, {Ci-Ceralkyl, or (Ci-Cealkenyl 1s optionally substituted with one or
more {e.g.. 1, 2, 3, 4, or 5) groups independenily selected from the group consisting of halo,
-OH, -NO2. -CN, (C1-Coatkoxy, (C1-Cobaloalkosy, -N{RY,, -NRICENRINER Y,
SCENRON{RY,, and -OPEOQHOHR:

R* is hydrogen, halo, -OH, -NO», -ON, (C-Celalkoxy, (C1-Cedatkyl, (C1-Colalkenyl,

wherein the {Ci~-Csalkoxy, {C-Celalkyvl, or (Ci-Celalkenvl 1s optionally substituted with one or
more {e.g, 1, 2, 3, 4, or 5) groups independenily selected from the group consisting of halo,
-0OH, -NG», ~-CN, (C1-Calalkoxy, (Ci-Cadhaloalkoxy, -N{R), ~NRC{=NROIN(R ),
-C{=NRONR Y, and -OP(=0)0H);

Yis NR¥ Y2 is N or CR®™. Y° is N or CR™®. the dashed bond between Y' and Y is a
single bond, and the dashed bond between Y* and Y? is a double bond; or

Y3 is NR Yz Nor CR®, ¥ is N or CR®, the dashed bond between Y' and Y¥ is a
double bond, and the dashed bond between Y? and Y’ 15 a single bond;

R and R” are each independently (Ci-Crodatkvi, (C1-Ciodalkenvl, -W-((s-
Crycarboeyclyl, -Wearvl, W-hetlerocyclyl, -or W-heteroarvi, wherein the (Ci-Ciodalkyd, (Cr-
Ciealkenyl, -W~{(5-Cricarboeyelyl, ~W-aryl, W-heterocvelyl, ~-W-heteroarvl, 1s optionally
substituted with one or more (e.g., 1, 2, 3, 4, or 5} groups independently selected from (3;

R® R™_ and R™ are each independently hvdrogen, halo, -OH, -NQ;, -CN, (Ci-
Coyalkoxy, (Ci-Codatkyl, {Ci-Coralkenyl, -CEORL-CEONRDY,, -SEORNRD,,
INRICENRINER Y, -CENRONKR Y, or -N(R T, wherein the (Ci-Codalkoxy, (Ci-Coalkyl, or
(C-Cgralkenyl is optionally substituted with one ot more {e.g.. 1, 2, 3, 4, or 5} groups
mdependently selected from the group consisting of halo, -OH, -NG3, -CN, {C:-Cajaltkoxy, (Ci-

Cohaloalkoxy, -N(RD,, -NRICENRONRDY, -CENRONRY,, and -OP(=0¥0H)2:

~3
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W is absent or (Ci1=Crojalkyl, wherein the {Ci-Ciolalkyl is optionally substituted with one
ormore {e.g., 1, 2, 3, 4, or 5) oxo (=0} and whergin one more of the carbons of the (Ci-Cio)alkyl
is optionally replaced with one or more {e.g.. 1, 2, 3. 4, or 53 -O- or -NR~;

each {3 is independently halo, -OH, -NG», -CN, {Ti-Csralkyl, (Ci-Csihaloalkyvl, {Ci-
Coyalkoxy, {Ci-Cethaloalkoxy, CEORYL-CEOMNRY,, -NRY,, -S=0RNR Y, aryl, -O-aryl,
heteroaryl, or ~O-heteroaryl, wherein the (C1-Celalkyl, {C1-Ceihaloalkyl, (Ci-Coyatkoxy, {(Ci-
Csyhaloalkoxy, aryl, -Oarvl, hetercaryl, or -Oheteroaryi s optionally substituted with one or
more (e.g., 1, 2, 3, 4, or 5} groups independently selected from the group consisting of halg, -
OH, -NG,, -CN, (Ci-Caalkyl, {Ci-Cathaloalkyl, (C-Coalkoxy, {Ci-Cyhaloalkoxy, CEOIRY,
SCEOHORY, -CEOINR Y, -SEQRN(R Y., aryl and heteroaryl, wherein the arvl or heteroary!
is optionally substituted with one or more (e.g., 1, 2, 3, 4, or 3) Q!

each Q'is independently halo, -OH, -NO», -CN, (Ci-Cyoalkyl, (Ci-Cuoshaloalkyl, (C;-
Coalkoxy, or (Ci-Cadhaloalkoxy:

gach R* R® R®, R° RY R® and R, is independently hydrogen, (C1-Ceoalkyl, (Ci-
Coyalkenvi, {Ci-Coihaloalkyl, (G3-Crjcarboceyvelyl, or arvl;

each RY 13 independently hydrogen or (C1-Colalkyl,

RYis hvdrogen. (Ci-Celalkyvl, (Ci-Celalkenyl, (Ci-Cedbaloalkyl (Cs-Crlcarboevelyl or
arvl, wherein the arvl is optionally substitited with one or more (e.g, 1. 2, 3, 4, or 5} groups
mdependently selected from the group consisting of halo, -OH, -NG3, -CN, {C:-Cajalkyl, (C)-
Cohaloatkvl, (C1-Cajalkoxy, (Ci-Cobaloalkoxy, C(=0RY, -C(=010(R}, -CEONRY Y, and
-S{=0RNERY:: and

gach R%! is independently hvdrogen, ({i-Cealkyl, (Ci-Coialkenyl, (C1-Codhaloatky,
{Cs-Cricarbocyelyl, or aryl;

ot a salt thereol

One embodiment provides a pharmaceutical composition comprising a compound of
formuia T or a pharmaceutically acceptable salt thereof as described herein, and a
pharmaceutically acceptable vehicle.

One embodiment provides pharmaceutical composition comprising a compound of
formuda I or a pharmaceutically acceptable salt thereof as described herein, one or more {eg., 1
or 2} antibacterial agenis and a pharmaceutically acceptable vehicle.

One embodiment provides a method of treating or preventing a bacterial infection i an
animal {e.g., a mammal such as a human) comprising administering 1o the animal a compound
of formula I or a pharmaceutically acceptable salt thereof as described herein.

One embodument provides a method of treating or preventing a bacterial infection 1o an

animal {e g.. a mammal such as a human} comprising administering t¢ the animal a compound
8
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of formula I or a pharmaceutically acceptable salt thereof as deseribed herein and one or more
{e.g.. 1 or 2) antibacterial agents.

One embodiment provides a method of treating or preventing a bactenial infection n an
animal (e.g., a mammal such as a human) compnising administering to the animal in need
thereof a compound of formula T or a pharmaceatically acceptable salt thereof as deseribed
heren,

One embodiment provides a method of treating or preventing a bacterial infection in an
animal {e.g., a mammal such as a miman) infected with bacteria comprising administering o the
antmal a compound of formula ¥ or a pharmaceutically acceptable salt thereof as described
herein.

One embodiment provides a compound of formula { or a pharmacewtically acceptable
salt thereof as described herein for use in medical treatment.

One ermnbodiment provides a compound of formula 1 or a pharmaceutically acceptable
salt thereof as described herein for the prophylactic or therapeutic treatment of a bacterial
ifection.

One embodiment provides the use of a compound of formula T or a pharmaceutically
acceptable salt thereof as described herein for the preparation of a medicament for the
prophvlactic or therapeutic freatment of a bacterial infection in an animal.

One embodiment provides the use of a compound of formula or a pharmaceutically
acceptable salt thereof as described herein for the preparation of a medicament for treating a
bacterial infection in an animal {e.g., 2 marmmal such as a human).

One embodiment provides processes and intermediates disclosed herein that are useful
for preparing compounds of formula I or salts thereof.

One embodiment provides a prodrug of a compound of formula L

DETAILED DESCRIPTION

The following definitions are used, unless otherwise described: halo or halogen is fluoro,
chioro, bromo, oriode. Alkyl alkenyl and alkoxy, etc. denote hoth straight and branched
groups bui reference to an individual radical such as propyl embraces only the straight chain
radical (a branched chain isomer such as isopropyl being specifically referred to).

As used herein, the term “(Ca-Cylalkyl” wherein a and b are mitegers refers to a straight
or branched chain hydrocarbon alkyl radical having from a to b carbon atoms. Thus, whenais 1
and b s 6, for example, the term mcludes methyl, ethvl, n-propyl, 1sopropyl, n-butyl, isobutyl,
sec-butyl, t-butyl, n-pentyl and n-hexyl.

The term “alkenv!” as used herein refers to alkyl that contains one or more double bounds.
9
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The term “arvl” as used herein refers t¢ a single aromatic ring or a nmdtiple condensed

ring systern wherein the ring atoms are carbon. For example,

an aryl group can have 6 to 10
carbon atoros, ot 6 1o 12 carbon atoros. Arvl inchudes a phenyi radical. Aryl also includes
multiple condensed ring systems {e.g., ring svstems comprising 2 rings) having about 910 12
carbon atoms or 9 to 10 carbon atoms 1 which at least one ring is aromatic. Such nudtiple
condensed ring systems moay be optionally substituted with ove or muore {e.g., 1 or 2} oxo groups
on any cycloalkyl portion of the multiple condensed ring system. H 15 to be understood that the
point of attachment of a multiple condensed ring system, as defined above, can be at anv position
of the ring systemn including an ary! or a cycloalkyl portion of the ring. Typical aryl groups
include, but are not limited 1o, pheonvl, indenvl, naphthyl, 1, 2, 3, d-tetrahydronaphthy], anthracenyi,
and the like. In one embodiment arvl is phenvi or naphthyl

The term “heteroaryl” as used herein refers 1o a single aromatic ning or a multiple
condensed nng system. The term includes single aromatic rings of from about 1 to 6 carbon
atorns and about 1-4 heteroatorns selected from the group consisting of oxygen, nitrogen and
sutfur in the rings. The sulfur and nifrogen atoms may also be present in an oxidized form
provided the ring is aromatic. Such rings include but are not himited to pynidyl, pyrimidinyd,
oxazolvl or furyl. The terro also mncludes roultiple condensed ring systeros {e.g. ring svsteros
comprising 2 rings} wherein a heteroarvl group, as defined above, can be condensed with one or
more heteroaryls (e g, naphthyridingly, heterocycles, {e.g., 1, 2, 3, 4-tetrahy dronaphthyridiny},
cycloalkvls {e.g.. 5,6.7 8-tetrahvdroquinolvl} or arvls {e. g. indazoly!) to form a multiple
condensed ring system. Such multiple condensed ring systerns may be optionallv substituted
with one or more {e.g., 1 or 2} oxo groups on the cycioalkyl or heterocvcle portions of the
condensed ring. In one embodiment a monocyclic or bicyclic hetercaryl has 5 to 10 ning atoms
comprising 1 10 9 carbon atoms and 1 to 4 heteroatoms. fn one ernbodiment a monocyclic or
bicvclic hetercaryi has 5 to 10 ring atoms comprising 1 to 9 carbon atoms and 1 10 4
heteroatoms wherein at least one ring containing at least one heteroatom is aromatic. Itisto be
undersiood that the point of attachment of a multiple condensed ring svstem (as defined above
for a heteroarvl) can be at any position of the multiple condensed ring system including a
hetercaryl, heterocycle, aryi or cycloalkyl portion of the muitiple condensed ring system and at
any suitable atom of the mudtiple condensed ring svstem including a carbon atom and
heteroatom {(e.g., antirogen). Exemplary heteroaryls include but are not imited to pynidyl,
pyrrolvi, pyrazinyl, pyrinidinyl, pyridazinyi, pyrazolyl, thienvl, indolyl, imidazolvl, oxazolvi,
thiazolvl, furvl, oxadiazolvl, thiadiazolyl, quinolvl, isoquinolvi, benzothiazolyvl, benzoxazolvi,
mndazolyvl, quinoxalyl, quinazolvl, 5,6,7 8-tetrabvdrotsoquinolinyl, benzofuranyl, benzinudazoly!

and thianaphthenyl.
10
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The term “heterocvelvl” or “heterocycle” as used herein refers to a single saturated or
partially unsaturated ring containing at least one heteroator or a multiple ring system wherein at
least one ring is saturated or partially unsaturated and containg at least one heteroatom . The
term includes single saturated or partially unsaturated rings {e.g., 3, 4, 5, 6 or 7-membered rings}
from about T {0 6 carbon atoms and from about 1 to 3 {e.g., 1, 2 or 3} heteroatoms selected from
the group consisting of oxygen, nitrogen and sulfur in the ring. In one erbodument a
monacyclic or bicyclic heterocvelyl has 5 to 10 ring atoms comprising 1 to 9 carbon atoms and 1
1o 4 heteroatoms {(&.g., 1, 2, 3, or 4} selected from the group consisting of oxygen, nitrogen and
sulfur in the ring wherein the at least one ring s saturated or partially unsaturated and nchudes at
least one hetercatom. FThe ring may be substituted with one or more (e g.. 1. 2 or 3} oxo groups
and the sulfur and nitrogen atoms may also be present in theitr oxidized forms. Such rings
include but are not limited 1o azetidinyi, tetrahydrofuranyl or piperidiny]l. H 1S to be understood
that the point of attachment for a heterocycele can be at any suitable atorn of the heterocycle
Exemplary heterocyeles inciude, but are not limited to azividinyl, aretidinyl, pyrrolidinyi,
pipertdinyl, homopipenidinyl, morpholinyl, thiomorpholinvl, piperazinyl, tetrahydrofuranyl,
dihydrooxazolyl, tetrahvdropyrany! and tetrahydrothiopyranylh

The term “haloalkyvl” includes an alkyl group as defined herein that is substituied with
one or more {e.g.. 1, 2. 3, or 4} halo groups. One specific halo alkyl is a “(C1-Cethaloalky1”.

The term “alkoxy™ refers to an ~O-alkyi group.

The term cvcloalkyl, carboeycle, or carbocyclyl includes saturated and partially
unsaturated carbocyclic ring systems. In one embodiment the carbocyelyl is a monocyclic
carbocyclic ring. Such carbocyclyls inchide “(Cs-Corycarbocyelvl™ and “{Cs-Cyjeycloalkyl™
Examples of carbocycivls include without limitation cyclopropane, cyclobutane, cyclobutene,
cyvclopentane, cvclopentiene, cyvclohexane, cyclohexene, cycloheptane and cvcloheptene.

Specific values listed below for radicals, substituents, and ranges, are for llustration
only; they do not exclude other defined values or other values within defined ranges for the
radicals and substituents.

Specifically, (C1-Celalky!l can be methyl, ethyvl, propyl, isopropyvl, butyl, iso-buiyl, sec-
butvl, pentyl, 3-pentvi, or hexyl (C-Celatkoxy can be methoxy, ethoxy, propoxy, 1Sopropoxy,
butoxy, iso-butoxy, sec-butoxy, pentoxy, 3-pentoxy, or hexyvioxy; {Cs-Cslevcloalkyl can be
cyclopropvl, cvclobutyl, evelopenivl, or cyclohexyl; (Ci-Ceoihaloalkyi can be iodomethyl,
bromomethyvl, chloromethyl, fluoromethyl, triflucromethyl. 2-chloroethyl, 2-fluorcethyl, 2,2.2-
triftuoroethvl, or pentafiuoroethyl; arvl can be phenvl, indenyl, or naphthyl; and hetercaryl can

be furvl, imidazolvl, tniazolyl, triazioyl, oxazolyl, isoxarolyl, thiazolvl, 1sothiazoyl, pyrazolyl,

i
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pyrrolyl, pyrazinyl, tetrazolvi, pyridvl, {or its N-oxide}, thienyl, pyrnimudingl {or its N-oxide},
mdolyl, isoquinoivl {or its N-oxide) or quinoly] {or its N-oxide),

it 1s understood that the embodiments provided below are for compounds of forroula |
and all sub-formulas thereof (e g., formulas Ia, b, Ic, Id, Ie, If Ig, Th). K is to be understood the

3 two or more embodiments may be combined.

In one embodiment X' is CR*.

in one embodiment X’ is CR*.

In one embodiment X7 is N,

In one embodiment a compound of formula 1 is a compound of fornuida a:

{0
Ia
or a salt thereof
In one embodiment a compound of formula 1 is a compound of fornuida b
2 R’
15 ib

or a salt thereof.
in one embodiment a compound of formula 1 is a compound of formula Ic:

z R?
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or a salt thereof
In one embodiment ¥ is TR
In one embodiment Y7 is {R®

In one embodiment a compound of formuda 1 is a compound of formula Id:

Z R

Id
or a salt thereof

in one embodiment a compound of formula 1 is a compound of formula fe:

Z R?
1ga2 /L:\\\ = 1
RIRN N i‘g’
ng-»y;
fe

or a salt thereof

in one embodiment a compound of formula 1 is a compound of formula If:

if

or a salt thereof,

In one embodiment a compound of formula { is a compound of formula lg:

13
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Ig
or a salt thereof,

In one embodiment the compoune of formula § is a compound of fornuda th

or a salt thereof,

{n one embodiroent a compound of formula { is a compound of formula It

ot a salt thereof.
in one embodiment R’ is hydrogen.
Tn one embodiment R is hydrogen or halo.

Tn one embodiment R* is hydrogen.

14
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in one embodiment R* is hvdrogen or halo

Tn one embodiment R is hydrogen, (C-Co)alkyl, or aryHCi-Colalkyl-, wherein the (Ci-
Ceyalkyl or aryl{Ci-Colalkyl 1s optionally substituted with one or more {e.g., 1, 2, 3, 4, or 5}
groups independenty selected from the group consisting of halo, -OH, -NG., -UN, ({1-Cyaikyi,
(Ci-Cohaloalkyl, {Ci-Calalkoxy, (Ci-Cohaloalkoxy, -N{RY, -NR*CENRINR S,
SCENRON(R ), phenvl, and ~OP(=0)OH).; wherein phenyl is optionally substifuted with one
or more halo, ~-OH, -NGs, -CN, (C1-Cyalkyl, {(Ci-Cohaloalkvl, (C1-Caalkoxy, or (Ci-
Cathaloalkoxy.

Tn one embodiment R R is hydrogen, {Ci-Colalkyl, or aryl{Ci-Colalkyl-, wherein the
(C1-Ceralkyl or arvi{Ci-Cepalkyl 1s optionally substituted with one or more {e.g., 1,2, 3, 4, or 5)
groups independently selected from the group consisting of halo and phenyl, wherein phenyli is
optionally substituted with one or more hale, -OH, -NO», -UN, ({1-Coalkyl, (C1-Cadhaloalkyl,
(Ci-Cayalkoxy, or (Ci-Cyhaloalkoxy.

in one embodiment R is hydrogen.

In one embodiment R? is hvdrogen.

In one embodiment Z is ~-N{R ).

In one embodiment  is -NHs.

In one embodiment R is hydrogen.

In one embodiment R is hydrogen.

In one embodiment R 1s hydrogen or {Ci-Celalkyl,

In one embodiment R is hydrogen or {Ci-Cslalkyl.

In one embodiment R™ is ({T1-Ciodalkenyl, -W-(Cs-Cr)earboeyelyl, -W-arvl, or -W-
hetercaryl, wherem the (Ci-Ciodatkenyl, -W-{Cs-Cricarbocyelyl, -Wearyl, -W-heteroaryl, is
optionally substituted with one or more groups independently selected from .

In one embodiment R™ is (Ci-Ciolalkvi, (C2-Ciodalkenyl, -W-{Cs-CUr)carbocvelyi, -W-
aryl, or -W-heteroarvl, wherein the Ci-Ciojalkyl, (Co-Ciglalkenyl, -W~(Cx-Crlcarbocyclvl, -W-
arvl, or -W-heteroarvl, 1s optionally substituted with one or more groups independently selected
from Q.

In one embodiment R™ is ({Tr-Ciodalkenyl, -W-(Cs-Cr)earboeyelyl, -W-arvl, or -W-
hetercaryl, wherem the (Co-Ciodatkenyl, -W-{Cs-Cricarbocyelvl, ~-Wearyl, or -W-heteroaryl, is
optionally substituted with one or more groups independently selected from Q.

In one embodiment W is absent, {C1-Cipalkyl, or (Ur-Cslalkynyl wherein the {(Cs-
Cioyalkyl or {Co-Celalkynyl 1s optionally substituted with one or more {e.g., 1, 2, 3, 4, or 5) oxo
(=0} and wherein one more of the carbons of the (Cy-Cig)alkyl is optionally replaced with one

ormore{eg, 1,2 3 4 or 5} -0- or -NR"-
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In one embodiment R™ is ({y-Cslalkenvl, -W-(Cs-Cr)carbocyclyl, -W-arv, or -W-
hetercaryl, wherem the (Co-Calalkenyl, -W~{Cs-Cricarbocyelvl, ~Wearyl, -W-heteroaryl, is
optionally substituted with one or more groups independently selected from .

In one embodiment R™ is (Ci-Celalkyl, (Co-Colalkenvl, -W-({s-Crcarboeyelyl, -W-arvl,
or -W-heteroarvl, wherein the C1-Cealkyl, (Cr-Celalkenyl, ~W-{Cs-Crjcarbocyelvl, ~-Wearyl, or -
W-heteroaryl, 1s optionally substituted with one or ore groups independently selected from Q.

in one embodiment R™ is ({2-Celalkeny, -W-(C3-Cr)earbocyelyl, -W-arvl, or -W-
heteroaryl, wherein the (Cx-Celalkenyl, -W-{C5-Cyicarbocyelvl, -W-aryl, or -W-heteroaryl, 1s
optionally substituted with one or more groups independently selected from Q.

In one embodiment W is absent, (C1-Celalkyl, or (Cr-Cslalkynvl wherein the (Cy-
Coyalkvl or (Co-Calalkynvl is optionally substituted with one or more{e.g.. 1, 2, 3, 4, or 5) oxo
(=0} and wherein ong more of the carbons of the {T+-Ciclalkyl is optionally replaced with one

ormoref{eg, 1,2, 3, 4, or §) -0- or -NR%-,

in one embodiment W is absent or {C:1-Cajaikyl, wherein the (C-Cylalkyl is optionally
substituied with ong or more oxo (0}

In one embodiment W is absent, {C1-Cigalkyl, or (Ca-Celalkynyl wherein the (Ci-
Cipjaltky!l or {C-Ceialkynyl is optionally substituted with one ormore {e.g., 1, 2, 3, 4, or 5) oxo
(=0}

In one embodument W is absent, -CHa-, -C(=0}-, or propyne.

In one embodiment W 1s absent, -CHy-, or -C{(=0)-.

In one embodiment R™ is:

N
§> Br ;fil Ny
) O =N =
%» N/ N
%‘J %——* E 2 9
;iﬁ CF, ¢ CFs o
o D { "o
. - / [
Q 2 S, 3 <
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In one embodiment R is:
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or a salt thereof

One embodiment provides the compound:
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or a sait thereof.

Generally, compounds of formula I as well as synthetic intermediates that can be used
for preparing compounds of formuda I can be prepared as ilhustrated in the following general
schemes. 1t is understood that variable groups shown below {e.g., Y, BE K™ R® R™) can

23
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represent the final corresponding groups present in a compound of formula I or that these groups
can represent groups thal can be converted to the final corresponding groups presentin a
compound of formula | at a convenient point 1n a synthetic sequence. For example, the vanable
groups can contain one of more protecting groups that can be removed at a convenient point in a
synthetic sequence to provide the final corresponding groups in the compound of formula 1

Scherues 1-3 illusirates a general method for the preparation of compounds of forroula L

Scheme 1

N == X
N TN g

/gﬁ Na BFyOEL
R ’ TN _pis DME
S g
RS N
=3 :

NH, R
i i 4
DMF HZNK‘N/’K/’\N,R%
R {Rﬁb

Scheme 2

NC. A HaN" NH
HNT "NHp g mw
NaH_ j‘: N
DME HZN \N \";J\N__RSa
RTb;}\k{\Rﬁb
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Scheme 3
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j\\,&»\\ R i OO e
3TN N -
R bsa HoN™ TNHz o mw
NH, R
N7 gN
HZN/L‘QN/ /KN"’QEH
=i
R?b)—m\ﬁﬁb

Scheme 4

NaH
DMF

In one embodiment the bacterial imfection being treated 1s a Graro-negative bacterial
strain infection. In one embodiment the Gram-negative bacterial strain is selecied from the

group consisting of Acinetobacier bawmannii, Acinetobacier calcoaceticus, Acinetobacter

ey

waemolviicus, Acinetobacter woifi, Actinobaciilus actinomycetemeomitans, deromonas
hvdrophilia, Aggregatibacter aciinomycetemcomitans, Agrobacterium tumefaciens, Bacteroides
distasonis, Bacteroides eggerihii, Racteraides forsvihus, Bacteroides fragilis, Bacteroides
ovaius, Bacteroides splanchnicus, Bacteroides thetaiotaomicron, Bactervides uniformis,
Racteroides vidgatus, Bordelelia bronchiseptica, Bordetelia parapertussis, Bordetella pertussis,
Borrelia burgdorferi, Branhamella catarrhalis, Burkholderia cepacia, Campylobacter coli,
Campylobacter fetus, Campylobacter jejuni, Caulebacter crescentus, Chiomydia trachomatis,
Citrobacter diversus, Citrobacter frewvudii, Enterobaciter aerogenes, Enterobacter asburice,

Enterchacter cloacae, Enterobacter sakazakii, Escherchia coli. Francisella tularensis,

xe]
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Fusobacterium nmucleatum, Gardnerella vaginalis, Haemophilus ducreyi, Haemophilus
haemolyticus, Haemophilus influenzae, Haemophilus parahaemolyiicus, Haemophiius
pare:zmﬂuenzae“, Helicobacter pyloyi, Kingella denitrificans, Kingella indologenes, Kingella
vingae, Kingella oralis, Kiebsiella oxytoca, Klebsiella pneumoniae, Klebsielia rhinoscleromatis,
Legionella pneumophila, Listeria monocyiogenes, Moraxella bovis, Moraxella catarrhalis,
Moraxelia locunata, Morganella morganii, Neisseria gonorrhoeae, Neisseria meningifidis,
Pantoea agglomerans, Pasteurelia canis, Pasteurelia haemolytica, Pasteurella multocida,
Pasteurella tularensis, Porphyromonas gingivalis, Proteus mirabilis, Proteus vidlgaris,
Providencia alcaiifaciens, Providencia retigeri, Providencia stuartii, Pseudomonas
acidovorans, Psevdomonas aeruginosa, Pseudomonas aicaligenes, Pseudomonas fluorescens,

~

Pseudomonas putida, Salmonelia enteridifis, Saimonelia paratvphi, Salmoneila typhi,
Salmonelia tvphimurium, Servatia marcescens, Shigelia dyvsenteriae, Shigeila jlexneri, Shigella
sonnei, Stenotrophomonas maltophitia, Veillonella parvila, Vibrio cholerae, Vibrio
parahaemolyticus, Yersinia enferocofitica, Yersinia intermedia, Yersinia pestis and Yersinia
pseudotuberculosis.

In one embodiment the bacterial imfection being treated 1s a Gram-positive bacterial
strain infection. fn one ernbodirnent the Gram-positive bacterial sirain s selected {rom the
group consisting of Actinomyces naesiundii, Actinomyces viscosus, Bacillus anthracis, Bacillus
cereus, Bacilius subtilis, Clostridium difficile, Corvnebacierium diphtheriae, Corynebacterium

wlcerans, Enterococcus faecalis, Exderococcus faeciurn, Micrococcus huteus, Mycobacteriurn
avium, Mycobactenium intracellulare, Myvcobacierium leprae, Mycobacterium tuberculosis,
Propionibacterium acnes, Staphviococcus aureus, Staphviococcus epidermidis, Staphylococcus
haemolyticus, Staphylococcus hominis, Staphviococcus hiyicus, Staphviococcus intermedius,
Staphylococceus saccharolyticus, Staphylococcus sapraphiyticus, Streplococcus agalactive,
Streptococcus mutans, Sireptococcus preumoniae, Strepiococcus pyogenes, Streptococcus
salivarius and Streptococcus sanguis.

The compositions can, if desired, also contain other active therapeutic agents, such as a
narcotic, a non-steroid anti-inflammatory drug (NSAD), an analgesic, an anesthetic, a sedative,
a local anesthetic, a neuromuscular blocker, an anti-cancer, an antimicrobial (for example, an
aminoglvcoside, an antifungal, an antiparasitic, an antiviral, a carbapenem, a cephalosporin {e.g.,
cefepime), a fluoroquinolone, a macrohde, a peniciiling a sulfonamide, atetracychine, another
antimicrobial}, an anti-psoriatic, a corticosteriod, an anabolic steroid, a diabetes-related agent, a
mineral, a nulritional, a thyroid agent, a vitaman, a calcium-related hormone, an antidiarrheal, an
anti~{ussive, an anti-eraetic, an anti-ulcer, a laxative, an anticoagulant, an ervthropoietin {for

example, epoetin alpha), a filgrastim (for example, G-CSF, Neupogen}, & sargramostim {GM-
26
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CSF, Leukine), an immunization, an immunoglobulin, an immunosuppressive (for example,
basiliximab, cyclosporing, daclizumab), a growth hormone, a hormone replacement drag, an
estrogen receptor modulator, a mydniatic, a cyvcloplegic, an alkylating agent, an anti-metabolite,
a mitolic inhibitor, a radiopharmaceutical, an anti-depressant, an anti-manic agent, an anti-

5 pevchotic, an anxiolviic, a hypnolic, a sympathomimetic, a stimulant, doneperil, tacrine, an
asthma medication, a bela agonist, an 1ohaled steroid, a leukotriene inhibitor, a methyixanthine,
a cromolyn, an epinephrine or analog thereof, domase aipha (Pulmoryme), a cytokine, or any
combination thereof.

In one embodiment the antibacterial agent is selected from quinolones, tetracyclines,

10 glyecopeptides, aminoglycosides, P-lactaros, rifamveios, macrolides, ketolides, oxazolidinones,
coumermy cins, and chloramphenicol.

It will be appreciated that compounds of the mvention having a chiral center may exist
in and be isolated in optically active and raceniic forms. Some compounds may exhibit
polymorphism. It is to be understood that the present invention encompasses any racemic,

15 optically-active, polymorphie, or stereoisomeric form, or mixtures thereof, of a compound of the
nvention, which possess the useful properties describad herein, it being well known in the art
how to prepare optically active forms (for example, by resolution of the racemic form by
recrysiatlization techniques, by synthesis from optically~-active starting materials, by chiral
synthesis, or by chromatographic separation using a chiral stationary phase.

20 When a bond in a compound formula herein is drawn n a non-stereochemical manner
{e.g. flat), the atom to which the bond is attached includes all sterenchemical possibilities.
When a bond in a compound formula herein is drawn in a deflined stereochenucal manner (e.g.
bold, bold~wedge, dashed or dashed-wedge). i1 is to be understood that the atom o which the
stereochemical bond is attached is enriched in the absclute stereoisomer depicted unless

25 otherwise noted. In one embodiment, the compound {or composition thereof} may be at least
51% the absolute sterecisomer depicied. In another ervbodiment, the comapound {or composition
theraof) may be at least 60% the absolute sterecisomer depicied. In another embodiment, the
compound {or composition thereof) may be at least 80% the absolute sterecisomer depicted. In
another embodiment, the compound {or corposition thereof) may be at least 90% the absohite

30 stereoisomer depicted. In another embodiment, the compound {or composition thereof) may be
at least 95 the absolute siersoisomer depicied. In another embodiment, the compound (or
composifion thereof) may be at least 99% the absohite stereocisomer depicted.

it will also be appreciated by those skilled in the art that certain compounds of the

invention can exist in more than one tautomeric form. For example, a substituent of formula

ey

(o8]
L

d exist in tautomeric form as ~N=C{(OHH. The

-
/

-NH-C{=0H in a compound of formula (I} coul

3]
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present invention encompasses all tautomeric forms of a compound of formula I as well as
mixtures thereof that can exist in equilibrivin with non-charged and charged entities depending
upon pH, which possess the useful properties described herein

In cases where compounds are sufficiently basic or acidic, a salt of a compound of
formula T can be usefid as an intermediate for isolating or purifying a compound of formuda T
Additionally, admirustration of a compound of formula | as a pharmaceutically acceptable acid
or hase salt may be appropriate. Examples of pharmaceutically acceptable salis are organic acid
addition salts formed with acids which form a physiological acceptable anion, for example,
tosylate, methanesulfonate, acetate, citrale, malonate, tartrate, succinate, fumarate, benzoate,
ascorbate, a-ketoghutarate, and o-glvcerophosphate. Suitable inorganic salts may also be
formed, including hydrochioride, sulfate, nitrate, bicarbonate, and carbonate salts. Salis may be
obiained using standard procedures well known in the art, for example by reacting a sufficiently
basic compound such as an amine with a suitable acid affording the corresponding anton. Alkall
metal (for example, sodium, potassium or hithium} or alkaline earth metal {for example calcium)
salts of carboxylic acids can also be made.

Pharmaceutically suitable counterions nclude pharmaceutically suitable cations and
pharmaceutically suitable anions that are well known in the art. Exarmples of pharmaceutically
suitable anions include, but are not limited to those described above (e.g. physiologically
acceptable anions) including CF, By, T, CH38Gs, FbPOy, CFSOy, p-CHsCsHs SOy, citrate,
tartrate, phosphate, malate, fumarate, formale, or acetate.

1t will be appreciated by those skilled n the art that a compound of the inveniion
comprising a counterion can be converted to a compound of the invention comprising a different
counterion. Such a conversion can be accomphished using a variety of well-known techniques
and materials inclhuding but not limted to 100 exchange resins, ion exchange chromatography
and selective crystallization.

The compounds of formula T can be formulated as pharmaceutical compositions and
adnunistered to a mammalian bost, such as a huran patient 1n a vanety of forms adapted 1o the
chosen route of administration, 1.e., orally or parenterally, by infravenous, tmramuscular, topical
or subcutaneous routes. For oral adminisiration, the compounds can be formulated as a solid
dosage form with or without an enteric coating,

Thus, the present compounds may be systemically admunistered, e.g., orally, in
combination with a pharmaceutically acceptable vehicle such as an inert diluent, excipient or an
assimilable edible carrier. They may be enclosed in hard or soft shell gelatin capsules, may be
compressed into tablets, or may be incorporated directly with the food of the patient’s diet. For

oral therapeutic adnunistration, the active compound may be combined with one or more
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excipients and used in the form of ingestible tablats, buccal tablets, troches, capsules, elixirs,
suspensions, syrups, waflers, and the like. Such compositions and preparations showld contain at
least 0.1% of active compound. The percentage of the compositions and preparations may, of
course, be varied and may conveniently be between about 2 {o about 90% of the weight of a
given unit dosage form. The amount of active compound in such therapeutically usefid
composttions 15 such that an effective dosage level will be obtained.

The tablets, troches, mlis, capsules, and the like may also coniain the foliowing: binders
such as gum tragacanth, acacia, comn starch or gelatin; excipients such as dicalcium phosphate; a
disintegrating agent such as corn starch, potato starch, alginic acid and the hike; a hubricant such
as magnesium stearate; and a sweetening agent such as sucrose, fructose, lactose or aspartame or
a flavoring agent such as peppermint, oil of wintergreen, or cherry flavoring may be added.
When the unit dosage form is a capsule, it may contain, in addition to materials of the above
type, a iquid carmer, such as a vegetable ol or a polvethviene glveol. Various other materials
may be present as coatings or 1o otherwise modify the phvsical form of the solid unit dosage
form. For instance, tabiets, pills, or capsules may be coated with gelatin, wax, shellac or sugar

and the ke, A syrup or elixir may coniain the active compound, sucrose or fractose as a

cherry or orange flavor. Of course, any material used in preparing any unit dosage form should
be pharmaceuiically acceptable and substantially non-toxic in the amounts emploved. In
addition, the active compound may be mcorporated into sustained-release preparations, particles,
and devices.

The active compound may also be administered intravenously or inframuscularly by
miusion or injection. Solutions of the active compound or its salts can be prepared in water,
optionally muxed with a nontoxic surfactant. Dispersions can also be prepared 1o glyeerol, iquid
polyethylene glycols, triacetin, and mixtures thereof and in oils. Under ordinary conditions of
storage and use, these preparations contain a preservative to prevent the growth of
THICTOOTZansms.

The pharmaceutical dosage forms suitable for injection or infusion can include sterile
aqueous solutions or dispersions or sterile powders comprising the active ingredient which are
adapted for the extemporanecus preparation of sterile injectable or infusible solutions or
dispersions, optionally encapsulated in iposomes. In all cases, the ultimate dosage form should
be sterile, fluid and stable under the conditions of manufacture and storage. The liquid carrier or
vehicle can be a solvent or liquud dispersion mediom comprising, for example, water, ethanol, a
polyal (for example, glveerol, propylene ghveol, higuid polvethvlene glveols, and the like),

vegetable oils, nontoxic glvcervl esters, and suitable mixtures thereof. The proper fldity can
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be maintained, for example, by the formation of liposomes, by the maintenance of the required
particle size n the case of dispersions or by the use of surfactants. The prevention of the action
of microorganisms can be brought about by various antibacterial and antifungal ageuts, for
example, parabens, chiorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases,
it will be preferable to mclude isotonic agents, for example, sugars, buffers or sodivm chlonde.
Prolonged absorption of the injectable compositions can be brought about by the use 1o the
compositions of agents delaying absorption, for example, aliminun monostearate and gelatin.
Sterile injectable solutions are prepared by incorporating the active compound in the required
amount in the appropriate solvent with various of the other ingredients enumerated above, as
required, followed by filter sterilization. In the case of sterile powders for the preparation of
sterife injectable solutions, the preferred methods of preparation are vacuum drying and the
freeze drying techniques, which yield a powder of the active ingredient plus any additional
desired ingredient present m the previously stenle-filtered solutions.

For topical admirusiration, the present compounds may be applied in pure form, 1.6,
when they are liguids. However, 1t will generally be desirable to administer them to the skin as
compositions or formuidations, in combination with a dermatologically acceptable camer, which
may be a solid or a hquid.

Useful solid carriers include finely divided solids such as talc, clay, microcrystaliine
cellulose, silica, alumina, nanoparticles, and the ike. Useful liguid carriers include water,
alcohols or glveols or water-alcohol/glveol blends, in which the present compounds can be
dissolved or dispersed at effective levels, optionally with the aid of non-toxic surfactams.
Adpuavants such as fragrances and additional antimicrobial agents can be added to optimize the
properiies for g given use. The resultant ligand compositions can be applied from absorbent
pads, used to impregoate bandages and other dressings, ot spraved ounto the affected area using
pump-type of aerosol sprayers.

Thickeners such as synthetic polymers, fatty acids, fatty acid salis and esters, fatty
alcohols, modified celluloses or modified nuneral matenals can also be emploved with hiquid
carriers to form spreadable pastes, gels, ointments, soaps, and the like, for application directly to
the skin of the user.

Useful dosages of the compounds of formula [ can be determined by comparnng their in
vifro activity, and i vivo activity in aniroal models. Methods for the extrapolation of effective
dosages in mice, and other animals, to humans are known 1o the art; for example, see U 8. Pat.
No. 4,938,949,

The amount of the compound, or an active salt or derivative thereof, required {or use in

treatment will vary not only with the particular salt selected but also with the route of
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administration, the nature of the condition being treated and the age and condition of the patient
and will be ultimately at the discretion of the attendant physician or chinician.

In general, however, a suttable dose will be in the range of from about 1 to about 500
me/kg, e.g., from about 5 to about 400 mg/kg of body weight per day, such as 1 to about 250 mg
per kilogram body weight of the recipient per day.

The compound 15 conveniently formulated in uoit dosage form; for exarple, containing
510 500 mg, 10 1o 400 mg, or 3 to 100 mg of active ingredient per unit dosage form. In one
embodiment, the invention provides a composiiion comprising a compound of the invention
formudated in such a unit dosage form. The desired dose may convemtently be presented in a
single dose or as divided doses administered at appropriate intervals, for example, as two, three,
four or more sub-doses per day. The sub-dose iiself may be further divided, e.g., into a number
of discrete loosely spaced adminisirations.

Co-admimstration of a compound disclosed herein with one or more other active
therapeutic agents {e.g., antibacterial agents) generally refers to simultanecus or sequential
administration of a compound disclosed herein and one or more other active therapeutic agents,
such that therapeutically effective amounts of disclosed herein and one or more other active
therapeutic agents are both present in the body of the patient.

The ability of a compound disclosed herein to inhibit a N. gonorrfiveae growth is shown

in Table T and can be determuned using a method as described i Example 34

Table i
MIC
Exarople Structure {pg/mL)’
i 8
2 2
3 3.5
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HzN SN
42 8
43 >64
44 ND
45 N
46 N[
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48 ND
49 ND
50 ND
51 ND
52 ND
|
N NT )\N-/\
Q
53 N ND

' Antibacterial Activity against N gonarrhoeae ATCC 49226 in TH.

The ability of a compound disclosed herein to inhibit bacterial growth is shown in Table

2 and can be deterroined using a method as described i Example 54
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The invention will now be illustrated by the following non-fimiting examples.

Preparation of Amine Intermediaies A, B, C, D, and E

Section 1: Synthetic Procedure for the Preparation of Intermediate A, B, T, Dand E

Intermediate | A B C D] E

Structure HzN NH; Br NH, NH

\-‘::\ -/

2
g 3\ \j\ 1:\ /\ N)\\/*‘N N
s ) P » »
/\(—J j\( N ? \Lw Hzm’i‘m’%w HQNA\N' \i:

Preparation of Intermediate A: 7TH-pvrrolo|2,3-#lguinazoline-2 4-dianune.

NH,

Ay

)

N, NHp w0 ’f.?*’

) e -

H H

10
To a solution of 2-¢cyano-1-{1H-indoi-4-vijguanidine (5.2 g, 26 mmol) in
dimethoxyethane (200 mL) was added BF: ELO (16 mbL, 130 mmol} slowly at room
temperature. It was stirred at 80 °C overnught under N, then the solvent was removed in vacuo
and the residue was suspended in methanol (50 mL). To the sohution NHy/H>( (35 mL} was

added. It was stirred at r.1. for 2 hours then concentrated and loaded on silica gel. It was purified

o
L

by column chromatography on silica gel using MeUOH in DCM as eluents to provide a brown
powder (3.3 2. 64% vield). "HNMR (300 MHz, DMSO-ds) 8 11.72 (s br, 1H), 8.02 (s br, 1H),
773 (4, J=9.0Hz 1H), 7.42 (s, 1H), 7.29 (d, J = 9.0 Hz, 1H), 6.90 (brs. 1H). 6.85 (5. 1H). MS
(EST): Caled for o ieNs' 200,00 [MHH]', found 199,80 [M+HI
20
The requisite intermediate was prepared as follows;
NH,

\J\
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2-cyano-1-{1H-mdol-4-yljguanidine

To asolution of 4~-amunoindole (5.29 g, 40 nuyvol) in methanol (150 ml) was added HCI
solution {4 M in dioxane, 12.5 mL, 50 mmol} at r.1. slowly. The reaction mixture was stirred at
v 1 for 10 mun then the solvent was removed in vacuo. The residue was dissolved in DMFE (60
ml) and sodiurn dicyanamude (8.90 g, 100 nwool) was added at r.t. The reaction nuxture was
heated at 45 °C overnight. Then DMF was removed in vacuo. The residue was treated with
water and the precipitate was filtered off, washed with water, and dried in vacuo. The crude
product was collected as a grev powder {5.3 g, 67% vield} which was used for the next step
reaction without purtfication. 'H NMR (300 MHz, DMSO-de) 3 11.20 (s, 1H), 8.88 (s, 1H). 7.3
(m, 1H), 7.19 (&, J = 8.1. Hz, 2H), 7.02 (t, J = 7.8 Hz, 1H), 6.94 (5, 2H), 6.44 (s, 1H). MS (ESI):
Caled for CieHigNs™ 200.09 [M+H]", found 199.85 [M+H]".

i

Preparation of Intermediate B: 8-methyl-7H-pyrrola{2,3-Alqunazoline-2 4-diamine.

NH,
Y
Hgm’ﬁ Ny
N

.

8-methyl-7TH-pyrrolo|2,3-k]quinazoline-2 4-dianmine

N
Ny N, /?\E N NHz )\2
HCH , 4 NN

7R = e, N N/ DMF BFyOEt i
S MeoH | TS a e /D_

N - \

N Sy BN DIME

N

To asolution of 2-cyano-1-(Z-methvi-1H-indol-4-yhguanidine (0.82 g, 3.8 mmol} in
dimethoxyethane (30 mlL} was added BF: En0 (2.4 mb, 20 mmol) slowly at room temperature,
It was stirred at 80 °C overnight under N, then the solvent was removed in vacuo and the
residue was suspended in small amount of methanol (16 mL}. To the solution NH: H2O (5 mb}
was added. It was stirred at r.t. for 2 hours then concentraied and loaded on silica gel. It was
purified by column chmmawgraphv on silica gel using MeOH in DCM to provide a brown
powder (0.68 g, 83% vield)., ‘HNMR (300 MHz, DMSQO-de} § 11.82 (s br. 1H), 8.67 {5 br, 1H),
8.45 (s br, 1H), 7.75(d, J=9.0 Hz, 1H). 7.31 (d, J = 9.0 Hz 1H), 7.23 (s br, 1H), 7.06 (s br,
1H). 6.89 ¢s br, 1H), 6.59 (5, 1H), 2.44 (s, 3H). MS (ESI}. Caled for CyHuNs' 214,10 [M+H]',
found 213.85 [M+H]",

The requisiie intermediate was prepared as follows:
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b
zT/ NH
i
N S
N

2-cyano-1-(2-methyl-1H-mndol-4-vhguamdine

To asolution of 4-aminoindole (0.83 g, 5.7 mmol} in methanol (30 mbL) was added HCI
5 soluiion (4 M in dioxane, 1.7 mL, 6.8 mmol) ai r.t. slowly. The reaction mixture was stirred at

r.1. for 3 nun then the solvent was removed iz vacuo. The residue was dissolved in DMF (12
mbl} and sodium dicyananude (1.26 g, 14.2 mmol} was added at r.1. The reaction mixture was
heated at 45 °C overnight. Then DMF was removed in vacuo. The residue was treated with
water, and the precipitate was filtered off, washed with water, and dried in vacue. The crude

10 product was collected as a grev powder (0,83 g, 69% vield) which was used for the next step
reaction without purification. 'HNMR (300 MHz, DMSO-ds} § 11.02 ¢s, 1H), 8.79 (s, 1H), 7.09
(4, J=T735H s 1HY, 704 (s, IH), 691 ¢, J=78Hz, 1H), 688 (s, 1H), 6.11 (s, 1H}, 2.36 (s, 3H)
MS (ESI): Caled for CuHunNs' 214,10 [MHH]Y, found 213.90 [MHH]".

{3 Preparation of Intermediate C: S-bromo-TH-pyrrolo{2,3-/|quinazohne-2,4-diamine.
NH
NH, 2
N N 2 !

NH, jljjz HOl %\N/"’f’; N%\N{/&N NTON
HC Na BFy OEt ‘ )
SO BN S G &
. MeOH SN DME " OME A
Br N Br H Br N Br H

S-bromo-7H-pyrrolo]2,3-Alquinazoline-2, 4-diamine
20
To asolution of 6-bromo-1H-indoi-4-amine (0.25 g 1.2 mmol) in methanol (10 mL} was
added HCI solution (4 M in dioxane, 0.4 mL, 1.6 mmol} at r.{ The reaciion mixture was stirred
at 1.1 then the solvent was removed in vacuo. The residus was dissolved in DMF (2 mL) and
sodium dicvanamide (0.27 g, 3 romol) was added at vt The reaction mixture was heated at 45
25 °C overnight Then DMF was removed i vacuo. The residue was treated with water, and the

precipiiate was filtered off, washed with water, and dried in vacuo. The crude product was
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collected as a grev powder. It was dissolved in dimethoxyethane (10 mL} then BFLEQO {8
ml, 6 mmol) was added slowly at room temperature. It was stirred ai 65 °C for 2 hours under
M, then the solvent was removed in vacue and the residue was suspended n small amount of
methanol. To the solution WH3 HxG (0.5 mb) was added. It was stirred at r.1. then concenirated
and loaded on silica gel. It was purified by columm chromatography on silica gel using 0-25%
MeOQH (contaiming 2% NHi HO0) i DCM to provide a brown powder (0.10 g, 30% yield).
THNMR (300 MHz, MeOH-ds) § 7.78 (. /= 0.8 Hz, 1H), 7.47 (d. /=33 Hz, 1H), 693 (dd, / =
3.3, 0.8 Hz, 1H). MS (ESI): Caled for CioHoBrNg' 278.00 [M+H]", found 277.85 [M+H]".

Preparation of Intermediate Iv: 7H-pyrrolo]37,27:5,6}pvrido]4,3-|pyrimidine-2 4-diamine,

NH HaN
j
¢ HZNJ\NHZ P

NC._ A~ KoCOs N
Ly - NH  O. _OH NS Sy
X, N NMP 2 |
N ) Y

N o i
HoNT “NH,  OH mw NN
NH,
Ny
| i
P
HZNJ\N A
-

TH-pyrrolo[37.27:5 olpyridol 4, 3-d|pyrimidine-2, 4-diamine

To a mixture of 4-chloro-1H-pyrrolof2,3-b{pyridine-S-carbonitrile (177 mg, 1 mmol},
guanidine carbonate {721 mg, 4 mmol) and anhydrous potassium carbonate (276 mg, 2 mmol)
NMP (15 ml) was added. The resulting roixture was sealed under nitrogen and heated via
microwave for 3.5 hours at 150 °C. After cooling to room temperature, the solvent was removed
under vacuo, the residue was loaded on silica gel and pwified on column chromatography on
silica gel with 0-30% MeOH (contamming 2% NH; Hz(0) 10 DCM to collect the product as a pale
brown powder {136 mg. 68% vield). 'THNMR (300 MHz DMSO-de} §12.11 (s br, 1H). 8.94 (s
br, 1H), 743 {dd. J= 6.2, 1. 78 Hz, 1H}, 6.96 (s br, 2H), 6.79 {dd, /= 6.2, 1.78 Hz, 1H), 6.41 {s

Preparation of Intermediate F: 7H-pyrazolo| 3 4-/iquinazoline-2 4-dianmine.
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o j‘f’i HoN
NG ~ HaNDNH, KGO NN
@»N’N ¥ NH QYDH NMP HaNT I /§N
H HZNJI\NHQ OH e \\\\‘/}\ﬁ

NHs

DOl
i |
A,

N
7H-pyrazolo]3,4-4]

guinazoline-2 4-diamine

To a mixture of 4-chloro-1H-indazole-S-carbonitrile (100 mg, 0.56 ramol), guanidine
carbonate (406 mg, 2.24 mmol) and anhydrous potassium carbonate {155 mg, 1.12 mmol) was
added NMP (8 mL). The resulting mixture was sealed under mitrogen and heated via microwave
for 2 hours at 150 °C. After cooling to room temperature, the solvent was removed under vacuo,
the residue was loaded on silica gel and purified on silica gel column with 0-30% MeQOH
{contamning 2% NHs HxO) in BCM (o collect the product as a pale brown powder (38 mg, 34%
yield), "HNMR (300 MHz, MeOH-ds) 5 8.43 (s, 1H), 7.85 (d. /=84 Hz, 1H), 734 (4. /=54
Hz, 1H). MS (ESI): Caled for CsHoNs™ 201.09 [M+H]", found 200.90 [M+H]".

General synthetic procedure for the preparation of examples compounds.

To a solution of intermediates: A-E or 7TH-pyrrolo{2,3-h]quinazoline-2 4-diamine (1 eq.)
m anhydrous DMF {1 mL/Immol} was added NaH (60% in mineral oil, 1.5 eq ) under nitrogen.
Afier stirring at 1.t for 10 min, the bronide or acid anhvdride {1 eq.) was added. The reaction
mixiure was stirred at r.1. overnight, then treated with water, the precipitate was filtered, washed
with water, and dried. Then it was loaded on silica gel and purified by column chromatography
on silica gel using MeOH in DCM as eluents.

Example 1 describes a representative synthesis using the general procedure described in

the paragraph above.

NH,

'i:-’:-\
oY
PNy
HoN" N N
e/
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T-benzyi-7H-pyrrolo| 2 3-Ajquinazolineg-2 4-diamine

To asolution of TH-pyrrolo{ 2,3~k ]quinazoline-2 4-diamine (40 mg, 0.2 mmoel) in
anhydrous BMF (0.2 mL} was added NaH (60% in mineral oil, 12 mg, 0.3 mmol) under
nitrogen. After stirring at r.t. for 10 min, benzyl bromide (24 pL, 0.2 mynol) was added. The
reaction mixture was stirred at v.1. overnight, then treated with water, the precipitate was filtered,
washed with water, and dried. Then it was suspended in DCM and loaded on silica gel, purified
by column chromatography on silica gel using (-10% MeOH in DCM as eluents 1o give the
product as a white powder (12 mg, 21% vield). TH NMR (300 MHz, CD;COCD) 8 7.60(d, J =
8.7 Hz, 1H), 7.31 (o, 3H), 7.26 (m. 2H). 7.16 {m, 2D, 7.06 (4. J = 3.0 Hz, 1H), 6.50 (s br, 2H),
5.52 (s br, 2H), 5.46 (s, 2H). MS (ESI}: Caled for CiHisNs' 290.13 {M+H]", found 289.80
(MH]

Examples 2-53 were prepared following the procedure outline for example 1. the general

synthetic schames and in the general synthetic procedure.

f\r
NHZ g
EAEN 5,/
N //E
HolN™ N N
mmf

i

7-{4-bromobenzyl}-7H-pyrrolo{2,3-hquinazoline-2 4-diaming

Pale brown powder (182 mg, 20% vield) was obtained from 7H-pyrrolof2,3-
s)quinazoline-2,4-diamine (500 mg. 2.5 mmol). "HNMR {300 MHz, DMSO-ds) 8 7.63(d, J =
O3 Hr 1H:, 749(d, /=84 Hyz 2H}) 741 (m, 1H), 719 (m, 1H), 7.11 {d, /=84 Hr, 2H), 6.80
{d,.J = 3.0 Hz, 1H). 6.08 (br, 2H), 5.43 (s, 2F). MS (ESH): Caled for Ci7HisBrNs' 368,04
[MHHTY, found 367 .83 [M+HT"

Example 3. Preparation of 7-(3-bromobeneyi-7H-pyrrolo]2,3-4 jquinazoline-2 4-diamine.
V3 S

Br
2 \l,-:::\

NH
jg\f i =X Ny /"
o) s
HoN N ! N
e/

7-(3-bromobenzyl~TH-pyrrolol2,3-Alquinazoline-2 4-diarnine
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White powder (19 mg, 26% vield} was obiained from 7H-pyrroio]2,3-2]quinazoline-2,4~
dianine (40 mg, 0.2 mmol). M8 (ESTy: Caled for Ci7HisBrNs" 368,04 [M+H]", found 367 .85
(MAHHTE

Nty N
N7 !/N\\\? 5\/’;{"
HzN’i\\\N \/ N Br
Yo/

7-(2-bromobenzyl)-TH-pyrrolol2, 3-hjquinazohne-2, 4-diamine

White powder (33 mg, 18% vield} was obiained from 7H-pyrroio|2,3-2]quinazoline-2,4~
diamine (100 mg, 0.5 mameol), H NMR (300 MHz CDCLY§ 7.61 (m, 1H), 7.19 (o, 1H), 7.15
{m, 2H). 7.13 (m, 2H), 7.06 (d, J = 8.7 Hz, 1H), 6.45 (m, 1H). 5.44 (5. 2H). 5.29 (s br, 2H), 4.91
(s br, 2H). MS (ESI): Calcd for Ci7HisBrNe" 368.04 IM+H]", found 367.90 [M+H{".

Exarple 3. Preparation of 4-((2,4-diamino-7H-pyrrolo|{2,3-Alqmnazolin-7-

ylimethylbenzonitrife.

4-{(2,4-diamino-7H-pvrrolo] 2, 3-#jquinazolin-7-yimethyl tbenronitrile

White powder (38 mg, 24% vyield) was obtained from 7H-pyrrolo|2, 3~ lquinazoline-2,4-
diamine {100 mg, 0.5 mmol}). H NMR (300 MHz, CDCL)Y 8 7.59(d, /=% 4 Hz, 2H). 728 (d. J
=90Hz, 1H), 7.19{d, J=90Hz, 1H), 714 (d, /=90 Hy, 1H}, 712, /=8 7Hz 2H)} 699
{(d,.J =87 Hez, 1H), 546 (s, 2H), 5.28 {s br, 2H}, 4.90 (s br, 2H). MS (ESL): Caled for CiaHisNg'
315.13 [M+H], found 314.90 [M+H]"

Example 6. Preparation of 3-((2,4-diamino-7H-pyrrolo]2,3-4]quinazolin-7-

yvUmethyhbenzonitrile.
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3-((2 4-diamino-TH-pyvrrolo] 2,3~k lquinazolin-7-y Dimethvhbenzomtrile
White powder (31 mg, 20% vield) was obtained from 7H-pyrrolo{2,3-4jquinazoline-2,4~
dianine (100 mg, 0.5 mmol), MS (EST): Caled for CisHisNg" 31513 [M+H]", found 314.90

[MHHT

Example 7. Preparation of 7-{4-(trifhuoromethyhbenzyD-7TH-pyrrolof 2,3-4{quinarzoline-2 4+

diamine.
CF;
NHZ .
N/\\/’\\ e y/
J\N /‘\N__J

7-{4-{trifluoromethylibenzyl}-7H-pyrrolo} 2, 3-2{quinazoline-2 4-diamine

White powder (34 mg, 19% vield) was obtained from 7H-pyrrolo{2.3-4lquinazoline-2,4~
diamine (100 mg, 0.5 mmol). TH NMR (300 MHz, CDCLY 8§ 7.54 (d, J = 7.2 Hz, 2H), 7.28 {m,
1H), 7.17 {m, 4H), 7.03 (4. J = 9.0 Hz, 1H), 5.45 (s, 2F1), 5.28 (s br, 2H). 4.89 (s br, 2H). MS
(EST) Caled for CrsHisF:Ns™ 35812 [M+HI", found 357.90 [M+H]",

Example 8 Preparation of 7-(3-(irifluoromethvibenzyl}-7H-pyrrolof2,3-A]quinazoline-2 4~

diamine.

CFy

7-(3-(irifluoromethyiybenzy}-7H-pyrrolo] 2, 3-4)quinazoline-2 4-diamine

White powder (78 mg, 44% vyield) was obtained from 7H-pyrrolo]2, 3~ lquinazoline-2,4-
diamine {100 mg, 0.5 mmol}). H NMR (300 MHz, CDC) 8 7.53(d, /= 7.8 Hz, 1H). 7.42 (.
1H), 738 (4. J= 7.5 Hz, 1H), 7.29(d. J = 9.0 Hz, 1H), 7.17 {(m, 3H), 7.05 (d, /= 8.7 Hz, 1H),
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5.44 (s, 2H), 5.29 (s br. 2H), 4.91 (s br, 2H). MS (ESI): Caled for CisH sFaNs' 358.12 [M+H]',
found 357.90 M+HT

Example 9. Preparation of 7-{(4-(tniflucromethoxy Ybenzyl)-7H-pvrrolo] 2,3-4lquinazoline-2 4-
diamine.

OCF;

WeeRy

7-(4-(tnflucromethoxyibenzy)-7H-pyrrolo 2, 3-Alquinazoline-2,4-diamine

White powder (36 mg, 19% vield) was obiained from 7H-pyrrolo|2,3-1]quinazoline-2,4~
diamine (100 mg, 0.5 mamel), H NMR (300 MHz CDCLY S 7.56 (d, J= 7.2 Hz, 1H), 7.38 (m,
ZH)Y, 729{(d, J=90Hz 1H) 723 (m 1H), 7.15(dd, /=138, 3.0 Hz 2H), 702 {d, /= 8.7 Hz,
1H), 5.42 €s, 2H), 5.30 (s br, 2H), 4.92 (s br, 2H). MS (ESI): Caled for CisHisFsNsO 374,12
[M+H]", found 373.90 IM+H]".

Example 10 Preparation of 7-(4-1sopropyltbenzyi}-7H-pyrrolo| 2, 3-Alquinazoline-2 4-diamine.

5

7-{4-1sopropvibeney - TH-pyrrolof2,3-#]quinazoline-2 4-diamine

White powder {92 mg, 55% vield} was obtained from 7H-pyrrolo]|2 3-#|quinaroline-2,4-
diamine (100 mg, 0.5 mmol). 'H NMR (300 MHz, CDCL:) § 7.27 (d, J = 9.0 Hz, 1H), 7.19 (m,
SH), 714 (m, ZH}, 7.01 (4, /=& 1 Hz, 2H), 535 (5, 2H), 5.28 (s br, 2ZH), 4 89 (s br, ZH}, 2.86
(m, 1H), 1.21 (d.J = 6.9 He, GH). MS {(ESD): Caled for CaocHaNs' 332,18 [M+HT', found 332.00
IMAHHT

Example 11, Preparation of 7-(3-fluoro-4-(trifluoromethyDbensy1}-7H-pyrrolo|2,3-

Algumnarzoline-2 4-diamine,
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7-(3-fluoro-4-(trifluoromethvibenzyly-7H-pvrrolo] 2,3 -2 lquinazoline-2 4-diamine

White powder (59 mg, 31% yield) was obtained from 7H-pyrrolo|2 3~ lquinazoline-2,4-
diamine {100 mg, 0.5 mmol}). 'H NMR (300 MHz, CDCLY§ 7.53 (1, J=7.8Hz, 1H), 7.30(d. J=
87 Hz, 2H), 7.16 (d, J = 3.0 Hz. 1H). 7.02(d, J= 8.7 Hz, 1H), 6.90 (4. J= 9.0 Hz, 1H), 6.84 (&,
J= 111 He, 1H), 5.44 (s, 2H), 5.35 (s br, 2H). MS (ES1): Caled for CiaHaFaNs' 376,11
[MHHTY, found 375.95 [M+HT"

Example 12, Preparation of 7-(S-chloro-2-fluorobenzy}-7TH-pyvrrolo] 2, 3-4{quimazohine-2 4-

diarnine.

A\
/ o
,
7-{5-chloro-2-fluorobenzyly-7H-pyrrolof 2. 3-#iquinazoline-2, 4-diamine

White powder {62 rog, 36% vield) was obtained from 7H-pyrrolo{2.3-4lquinazoline-2,4~
diamine (100 mg, 0.5 mmol). TH NMR (300 MHz, CDCLY 8§ 7.32(d, J= 9.0 Hz, 1H), 7.17 {m,
SHD, 71244, =90 He, IH, 705 (L J=9.0Hz, 1H), 673{dd, /=69, 3.0 Hz, 1H)}, 539 (s,
IH), 5.29 (s br, ZH), 4.89 (s br, 2H). MS (ESI): Caled for CHuLCIFNs' 342,08 [M+HT, found
341.85 [M+H]Y

Exammple 13, Preparation of 7-(2,S-dichlorobeney}-7TH-pyrrolof{2,3-A |quinazoline-2 4-diamine.

7-(2,5-dichlorobenzyl}-7H-pyrrolof2,3-Ajqunazoline-2 4-diamine

Off-white powder {8 mg, 13% yield) was obtained from 7TH-pyrrolo]2,3-2]quinazoline-
2 4-diamine {40 mg, 0.2 mmol). MS (ESI): Caled for CiHiaChNs' 358.05 [M+H], found

357.90 [M+HI".
49
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Example 14, Preparation of 7-(3,5-dimethoxybenzy -7 H-pyvrrolo] 2, 3-4quinazoline-2, 4-

diamine.

7-(3,5~dimethoxvbenzy1}-7H-pyrrolo{2,3-hlquinazoline-2 4-diamine

White powder (108 mg, 62% vield) was obtained from 7H-pyrrole{2,3-h]quinazoline-
2, 4-diaming (100 mg, 0.5 mmol}. H NMR (300 MHz CDCR)Y 8727 (d. /=90 Hz, 1H), 7.15
{(m, 2HD, 71, J= 8.7 He, D), 6.34 (4, J=2.1 Hz, 1H), 6,21 (d, J= 2.4 Hz, ZH), 3.31 (s, 2H),
5.28 (s br, 2H). 4.89 (s br, 2H), 3.68 (s, 6H). MS (ESI): Caled for CrsHzoNs02" 350,15 {MHH],
found 349.95 [M+HT

T-{4-phenoxvbenzyvi)}-7H-pyrrolof 2,3-Alquinazoline-2,4-diamine
White powder (35 mg, 33% vield) was obtained from 7H-pyrroio{2,3-4]qunazoline-2 4-
diamine (56 mg, 0.28 mmol}. 'H NMR (300 MHz, CD:COCD;) 6 8.19 (br, 2H), 7.92(d, /= 9.0
Hz, tH), 7.66 (m, 2H), 7.36 (m, 2H), 730 (d, /=87 Hz, 2H), 711 (m, 2H), 692 - 699 (m,
4H}, 5.59 (s, 2H). MS (ESI): Caled for CosHaoNsO' 382,16 [M+H]", found 381.95 [M+H]".

Example 16, Preparation of {(4-{(2 4-diamino-7H-pyrrolo]2,3-4]quinazolin-7 -

yhmethyDpheny P phenyDmethanone.
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Y

(4-((2 4-diaromno-7H-pyrrolol 2, 3-hquinazohin-7-vhmethyDphenv{phenyloethanone

White powder (35 mg, 18% vield) was obitained from 7H-pyrroio|2,3-4jquinazoline-2,4-
diamine (100 mg, 0.5 mumol), TH NMR (300 MHz, CDCI3) 8 7.71 — 7.80 (m, 5H), 7.57 (m, 2H),
7.45 (m, 3H). 7.17 (my 2H), 7.08 (d. J= 9.0 Hz, 1H), 5.48 (s, 2F), 5.28 (s br, 2H), 4.90 (s br,
2H). MS (ESI): Caled for CasHaeNsO™ 39416 {MHHT'. found 393.95 [M+H|".

Example 17, Preparation of 7-{{1,1 -biphenvl]-4-yimethy1}-7H-pvrrolo{ 2, 3-2]gunazoline-2 4-

diamine.

7-(11,1 -biphenyil-d-vimethv)-7H-pyvrrole| 2,3~ quinazoline-2 4-diamine

Off-white powder (28 mg, 26% vield) was obtained from 7H-pyrrolof2,3-h]quinazohine-
2.4-diamine (60 mg, 0.3 nunol). 'H NMR (300 MHz, CDHCOCDS) & 7.50 - 7.58 (m, 4H), 7.36 -
7.43 {m, 3H)Y, 726 (m, 2H), 720(d. J=84Hz 2H), 715(d. J=90Hz 1H) 706 {d. /=30
Hez, 1¥), 6.35 (s br, 2H), 5.48 (s, 2ZH)}, 5.35 (s br, 2H). MS (ESI): Calced for CsHxNs' 366.16
[MAH]Y, found 366.00 [M+H]™
Example 18 Preparation of 7-({1,1 -biphenvl{-3-ylmethyi}-7H-pyrrolo]2,3-h]quinazoline-2 4~

diamine.

N”. SN
HN SN

7-({ 1,V -biphenyli-3~vlimethvD)-7H-pyrrolo] 2,3-hlquinazoline-2 4-diamine
51
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Off-white powder (25 mg, 23% vield) was obtained from 7H-pyrrolof2,3-hquinazoline-
2, 4-diamine (60 mg, 0.3 mmol}. MS (ES{): Caled for Co:HaeNs' 366,16 [M+H], found 36595
(M

biphenyl}-2-carbontrile.

'::——""

NW\
N’A\(/\N_—

& (2 4-drarmino-TH-pyrrolof 2, 3-hiquimazolin-7-yDmethy - 1,1 -biphenyl|-2-carboniinle

Off-white powder (27 mg, 23% vield) was obtained from 7H-pyrrolof2,3-hquinazohine-
2,4-diamine (60 mg, 0.3 nunol}. 'H NMR (300 MHz, CDROD) 8 7.79(d, J= 7.8 Hz, 1H), 7.68
{m, 1H), 7.60(d,J=9.0 Hz, 1H), 7.41 - 7.56 {m, 3H). 7.36 (d, /= 3.0 Hz, 1H). 7.25 (m, 2H),
7.07 (d,J = 3.3 Hz, 1H), 5.53 (s, 2H). MS (ESH): Caled for CoaHioNg' 391.16 [M+H]', found
390.95 [M+H]".

Exarple 20. Preparation of methyl 47-{{(2,4-diamino-7H-pvrrolof2,3-#|quinazolin-7-ymethy -

[1,1 -biphenyli-4-carboxylate.

methyl 4"-({2 4-diaming-7H-pyirolof 2, 3-A)quinazohin-7-yDmethv)-{ 1,17 -biphenyi]-4-

carboxylate

Off-white powder (29 mg, 14% vield) was obtamed from 7H-pyrrolof 2, 3-4iqunarzoline-
2.4-diamine (100 mg, 0.5 mmol). H NMR (300 MHz, CDCL) 8 8.08 (d. J = 8.4 Hz, 2H), 7.60
(d,J=84Hz 2H), 7.55{(d, J=81Hxz, 2H), 729(d, /=87 Hxz, IH), 718 (m, 4H), 712 (4, /=

52
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8.7 Hz, 1H), 5.45 (s, 2Hy, 5.27 (s br, 2H), 4.90 (s br. 2H), 3.93 (s, 3H). MS (ESI): Caled for
CosHa NSOy 424,18 [MHHT, found 423.95 [MHH]"

Example 21, Preparation of 7-(naphthalen-2-vimethyl}-7H-pyrolo] 2,3-4{quinazoline-2,4-

diamine.

7-(naphthalen-2-yimethyvi}-7H-pyrrolo| 2, 3-Alquinazoline-2, 4-diamine

White powder {20 mg, 18% vield) was obtained from 7H-pyrrolo{2.3-4lquinazoline-2,4~
diamine {64 mg, 0.32 mmol). TH NMR (300 MHz, CDCLY§ 8.17 (s, 1H), 7.92 {m, 3H). 7.80 {m,
TH), 7.73 {m. 1H), 7.59 (m, 2H), 7.44 (m, 3H), 5.33 (s, 2H). MS (ES): Caled for CnHigNs'
34013 [M+H]', found 339.90 {M+H]".

Example 22, Preparation of 7-({5-bromopyvridin-2-v}methvi}-7H-pyrrolol 2, 3-4quinazoline-

2. 4-diamine.

7-{{5-bromopyvridin-2-viymethv - 7H-pyirolo{2,3-/1jquinazoline-2 4-diamine

Pale brown powder (27 mg, 15% vield} was obtained from 7H-pyrrolof2,3-
#lquinazoline-2 4-diamine (100 mg, 0.5 mmol). 'H NMR (300 MHz, CDCE)Y§8.65(d. /=24
Hr 1HY 764 (dd, /=84 24 Hz, 1H), 728(d J=87Hz 1H}, 7.19(s, 2H}), 706 (d, /=90
Hz, 1H), 651 (d, /=81 Hz 1H), 547 (s, 2H), 5.27 (s br, 2H), 4.88 {s br, 2H} MS (ESI}: Caled
for CisHBrNe' 369.05 [M+HT', found 368,85 [M+H]".

Fxample 23, Preparation of 7-({(1-methvi-1H-benzold| midazole-2-ylmethyi}-7H-pyrrolo]2,3-

Alquinazohne-2 4-diamine.
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7-{({1-methyi-1 H-benzold| mudarzole-2-yUimethyi}-7H-pyrrolol2,3-4lquinazoline-2 4-diamine

Pale brown powder (45 mg, 26% vield) was obtained from 7H-pyvirolof2,3-
hlquinazoline-2.4-diamine {100 mg, 0.5 mmol). 'H NMR (300 MHz, DMSO-de) 3 7.63 (d, /=
9.0 Hz, 1H), 7.56 (4. J= 7.5 Hz, 1H), 7.50(d, J= 8.1 Hz, 1H), 7.39(d, J = 3.0 Hz, 1), 7.28 (m,
1FD), 7.20 ¢m, TH), 7.18 (m, 1H), 6.51 (d,.J= 3.0 Hz, 1), 6.00 (br, 2H), 5.79 (s, 2}, 3.73 (s,
3H). MS (EST): Caled for CioHisNy" 343.90 [M+H]', found 344,10 [M+H].

Example 24 Preparation of 7-({(4-phenvithiazol-2-yimethyl}-7TH-pyrroloi 2, 3-h{quinazoline-
2. 4-diamine.

NH,
N I
N
20
T-{(4-phenyithiazol-2-vDimethyv)-7H-pyrrolof 2, 3-Alqunazoline-2,4-diamine
White powder (52 mg, 30% vield) was obtained from 7H-pyrroio{2,3-4]quinazoline-2 4-
diamine (100 mg, 0.5 mmol}. H NMR (300 Miz, DMS0-de) 6 7.88 (4, ./ = 7.5 Hz, 2H), 7.42

{m, 2H), 7.36 (m, 4H), 7.20 (m, ZH), 5.72 (3, 2H), 531 {5 br, 2H), 4.90 {s br, 2H}. MS (ESx
Caled for CoeH NS 373.12 [M+HT, found 372.90 [M+H]

Example 25, Preparation of 7-(3-methylbut-2-en-1-y-7TH-pyrrolo] 2,3-4 jquinazoline-2 4~

diarnine.

5]

7-(G-methylbut-2-en-1-v)-7H-pyrrolo] 2, 3-Alquinazolime-2 4-diamine
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White powder (15 mg, 28% vield) was obtained from 7H-pyrrolo{2,3-h}quinazoline-2,4-
diamine (40 mg, 0.2 mmol). 'H NMR (300 MHz, CDsOD) 8 7.61 {d, J= 9.0 He, 1H), 7.24(d, J
=0.0Hz, 1H). 7.20(d, J=3.0 Hz, 1H). 6.96 (4.7 =3.3 Hz, 1H), 5.38 (m, 1H), 480 (d, /=69
ez, 2FD), 1.86 (s, 3H). 1.77 (s, 3H). M5 (EST): Caled for CrsHieNs' 268.15 {M+HT", found
267.85 IMHHT

Exarple 26, Preparation of7-(cyclohex-2-en-1-v1}-7H-pyrrolo|{2,3-4 quinazoline-2 4-diamine.

0

7-{cyclohex-2-en-1-y1}-7H-pyrrolo| 2,3-#{quinaroline-2 4-diamine

White powder (8 mag, 12% vield) was obtained frora 7H-pyrrolol2,3-/ijquinazohne-2,4-diamine
(48 mg. 0.24 mmol). "H NMR (300 MHz, CD:COCD;) 8 7.93(d, J=8.7Hz, 1H), 7.71 (4. J =
9.0 He, 1H), 7.51 (d, J = 3.0 Hz, 1H), 7.04 (d, J= 3.0 Hz, 1H), 6.20 (m, 1H), 5.83 (m, 1H), 5.34
{m, 1HY, 2,17 (m, 4H}, 1.76 (m, 2H).

Example 27 Preparation of 7-(cyclohexvimethy!}-7H-pyrrolo{2,3-4]quinazoline-2 4-diamine.
e

T-{cyclohexylmethy)-7H-pyrrolo{ 2,3-4{quinazoline-2.4-diamine

White powder (56 mg, 38% vyield) was obtamed from 7H-pyrrolo{2,3-h]quinazoline-2 4-diamine
(100 mg, 0.5 mmol). 'H NMR (300 MHz CDCL)Y 8 7.29 (4, J= 9.0 Hz, 1H), 7.17(d. J= 9.0 Hz,
1H), 7.07 (s, 2HD, 5.28 (s br, 2H), 4.88 (s br. 2H), 3.98 (d, J= 8.4 Hz, 2HD), 1.84 (m, 1H}, 1.53 -
1.72 (m, 10H). MS (ESI): Caled for CiHaaNs™ 296,18 [M+H]", found 295.95 {M+H]",

Example 28, Preparation of 7-(cyclopropylmethyl -7 H-pyrrolof 2, 3-4lquinazoline-2 4-dianune.

7-{cvclopropyimethyD-7H-pyrrolo] 2, 3-4lquinazoline-2, 4-diamine,

.
A
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White powder (47 mg, 37% vield) was obiained from 7H-pyrroio|2,3-#jquinazoline-2, 4-
diamine {100 mg, 0.5 mmol). 'H NMR (300 MHz, CDCLY87.31 (4. /=90 Hz, 1H), 723 (4, J
=3.0Hz TH), 721 (d, J=9.0, Hz, 1H), 7.09 (d. J = 3.0 Hz, 1H). 5.27 (5 br, 2F), 4.86 (s br,
JHY, 4.04 (d, J = 6.3 Hz, 2H). 1.29 (m, TH), 0.65 (m, 2H), 0.38 {m, 2H). MS (ESI): Caled for
CiaHieNs" 254,14 [MHHT, found 253.90 [M+HT

Example 29, Preparation of (2,4~diamino-7H- p‘\/ﬂ”OiO 3-hjquinazolin-7-vi ¥phenyvlymethanone.

(2. 4-diamino-7H-pyrrolo] 2. 3-4lquimazolin-7-yD{pheny Dmethanone

fo]
>

White powder (58 mg, 38% vield) was obtained from 7H-pyrroio{2,3-4]qunazoline-2 4~
diamine (100 mg, 0.5 mmol} and benzoic anhydride (113 mg, ¢.5 mmol). 1H NMR (300 MHz,
CD;COCD) 5 7.81 (4,0 = 5.7 He, 1H), 7.64 (m, 2F), 7.53 (m, 1), 7.49 (m, 1H), 7.42 (m, 2F),
716 (4, J=3.9Hz, 1H), 7.07 (d, /= 3.6 He, 1H), 5.91 {s br, 2F), 5.02 (s br, 2H). MS (ESI):

Caled for CryHuNsO' 304.11 [M+H]", found 303.90 [M+H]".

Example 30, Preparation of 7-(3-bromobeneyi}-8-methy-7H-pyrrolo]2.3-]guinazoline-2 4~

Br.
NH, -
BN )
HNT N {;-J

7-(3-bromabenzyl}-8-methy-7H-pyrrolo]2, 3-/1|quinazoline-2, 4-dianuine

diamine.

~

White powder {40 mg, 21% vyield) was obtained from 8-methyl-7H-pyrrolof2,3-
s)quinazoline-2,4-diamine {100 mg, 0.5 mmol). 1H NMR {300 MHz, DMSO-ds) & 7.44 (m, 2H),
737, 1H), 7.25 (4, J=7.5 Hz, TH), 7.01 (s, TH), 6.91 (. J= 8.1 Hz, 1H), 6.74 (s, 1H), 5.52
(s, 2FD), 2.36 {5, 3FT). MS (ESI): Caled for CFhoNsO' 382,16 [M+H]", found 381,85 M+

Exanmple 31 Preparation of 4'-({2,4-dianmino-8-methvi-7H-pyrrola|2,3-4]qunazoiin-7-
yvhmethyb-{1,1 -biphenvi|-2-carbonitrile.
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& «((2 4-diamino-B-methyl-7H-pyrrolo2,3-A jquinazolin-7-vhmethy D-[ 1,1 -biphenvi]-2-

2

carbonitnle

3 White powder (46 mg, 23% vield) was obtained from 8-methvi-7H-pyrrolof2.3-
hlquinazoline-2.4-diamine {100 mg, 0.5 mmol). 'H NMR (300 MHz, DMSO-de} 8 7.92 (m, 1H),
7.82 (m. 1HD). 7.74 (m, 2H), 7.50 - 7.59 (m, SH), 7.12(d, J = 8.4 Hyz, 1H), 6.80 (s, 1H). 5.64 (5.
ZH), 2.34 (s, 3H). MBS (ESI): Caled for CasHoiNs' 40517 [M+H]', found 405.05 [M+H]".

10 Example 32 Preparation of 7-{{2°-{1Htetrazol-5-y1)-{ 1,17 -biphenvi}-4-vDmethyl}-8-methyl-

7H-pyrroio]2,3-Alqunazoline-2 4-diamine.

T2~V H-etrazol-S-vI}-{ 1, U-biphenyii-4-vDmethyD-8-methyl- 7H-pyrrolof 2, 3-4quinazohine-

2 d-diamine

To asolution of §~methvl-7H-pyrrolof2,3-Alquinazoline-2 4-dianune (100 mg, 0.5
mmol) in anhvdrous DMF (0.5 mL} was added NaH (60% in mineral oil, 30 mg, 0.75 mmol)
wnder nitrogen. After stirring at r.t. for 10 min, 5-{(4°-(bromomethyi}-| 1,1 -biphenyl]-2-vi)-i-
trityl-1H-tetrazole (279 mg, 0.5 mmol) was added. The reaction muixiure was stirred at v t.

20 overnight, then treated with water, the precipitate was filtered, washed with water, and dried.
Then it was suspended in BCM and loaded on silica gel, purified by column chromatography on
silica gel using 0-10% MeOH 1 DCM as eluents to give the intermediate which was purified by
columu chromatography on silica gel. Then it was dissolved in MeOH (S mlL) and treated with
HCl sohution (4 M in dioxane, 0.5 mL, 2 mmol}. The mixture was stirred at r.1. for 4 hours and

concentrated in vacuo. The residue was dissolved in MeOH and newtralized with DIPEA. After

[N
L

L
-3
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removing solvents, it was pwrified by column chromatography on silica gel using MeOH in
DCM as eluents {o give a white powder (43 mg, 19% vield). 'H NMR (300 MHz, DMS0-de) &
7.82 (m, 1H). 7.57 (m, 2H), 7.52 (o0, VHD, 7.49 (m, 1H), 7.43 (m, 1HD, 719 (m, 2H), 7.04 (4. J =
8.4 Hz, 2H), 6.90 (s, 1H), 5.52 (s, 2H), 2.37 (s, 3H). MS (ESI): Calcd for CasHnNe' 44819
[M+H]", found 448 05 [M+H]".

Example 33. Preparation of 7-(henzo{d|thiarol-2-vimethy!}-8-methvi-7H-pyrrolof2,3-

Aiquinazoline-2, 4-diamine.
NH; LA
HQN/*\\N/ N~
T-(benzo|dthiazol-2-vimethy)-8-methvl-7H-pyrrolof 2.3-/ |qunnazoline-2, 4-dianune
Pale brown powder (45 mg, 25% vield) was obtained from &-methyl-7H-pyrrolof 2,3~
hlgqumazoling-2,4-diamine (100 mg, 0.5 mmol). MS (ESI): Caled for CisHiNsS" 36112

[MHH]", found 360.90 [M+HT.

Example 34, Preparation of 7-{5-bromo-2-flucrobensy}-7H-pyrrolo]2,3-

SO\
oy

i
/
8Br

siquinazoline-2 4-dianune.

.,

o,

..
o,

7-{5-bromo-2-fluorobenzy 3-7H-pyrrolo]| 2, 3-4 ] quinazoline-2, 4-diamine

Off white powder (10 mg, 13% yield) was obtained from 7H-pyrrolol 2, 3-#iquinazoline-
2,4-diamine (40 mg, 0.20 mmol). 'H NMR (300 MHz, CD:0D) 8§ 7.66 (4, /= 9.3 Hz, 1H) 744
(., 1TH), 736 ¢4, J =33 Hz, 1H), 7.29 (4, /=87 Hz, 1H), 7.12-7.03 (m, 3H). 550 (s, 2H). MS
(EST): Caled for Cr7HwBrIENs' 386,04 [MHH]Y, found 385.95 [M+HT"

Example 35, Preparation of 7-{2,4-dibromobenzy}-7H-pyrrolof 2, 3-4iquinazoline-2 4-diamine.

S8
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HoNT TN N
b/ ﬁk

7-(2,4-dbromobenzy -7 H-pyrrolof 2,3~ quinaroline-2,4-diamine

Biege powder (29 mg, 32% vield) was obtained frora TH-pyrrolo{2,3-/ilquinazohne-2 4~

5 diamine (40 mg, 0.20 mmol). 'H NMR (300 MHz, CD:0DY§ 7.83 (s, 1H). 7.59(d, /= 10.2 Hz,

1H), 7.34 (4, J = 8.4 Hz, 1H), 7.26 {m, 1H), 7.08-7.05 (m, 2H), 6.43 (d, J = 7.8 Hz, 1H), 5.45 (s,
2H). MS (ESI): Caled for CrHusBnN: 447.96 IM+H]', found 447.90 [M+H]".

Example 36, Preparation of 7-({2°-(influoromethyl}-[1,1 -biphenvij-d-yDmethy - 7H-

10 pyrrolol2,3-iquinazoline-2 4-dianune

T-((2°-(rifluoromethyl}-{ 1,1 -biphenvi|-4-yimethy1}-7H-pyrrolo 2, 3-h quinazoline-2 4-diamine

Biege powder (12 mg, 14% vield) was obtained froma TH-pyrrolo{2,3-/ilquinazohne-2 4~
15 diamine (40 mg, 0.20 mmol). 'H NMR (300 MHz, CD;0D) 8§ 7.74 (d, /= 7.5 Hz. 1H). 7.67-
7.57 (m, 2HD), 7.50 (m, 1H), 7.38 (d, J = 3.0 Hz, 1H). 7.31-7.17 (m, 6H), 7.05 (d. J = 3.0 Hz,
TH), 5.53 (5, 2H). MS (BESI): Caled for CosHisFsNs™ 434,16 [M+H]', found 434.05 [M+H]",

Fxample 37, Preparation of 4" -({Z 4-diamino-7 H-pyrroloi 2, 3-4iquinarolin-7-vlymethyi)-4-

30 fluoroe-[ 1,17 -biphenyl]-2-carbonitnle
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47-{{2 4-diamino-7H-pvrrolo} 2, 3-2fquimazolin-7-y hmethyi}

-4-fluoro-{ 1,17 -biphenvi|-2-carbonitrile

White powder (24 mg, 29% vield) was obtained from 7H-pyrroio]2,3-4]qunazoline-2 4-
diamine (40 mg, 0.20 mmol}. H NMR (300 Mz DMSO0-de) 6 7.94 (m, 1H), 7.62 {m, 3H},
747 (m, 3H), 7.31-7.22 (m, 3H)}, 7.04 (s br, 2H), 6.81 {d, J =24 Hz, 1H)}, 6.00 {s br, ZH}, .34
{s. ZH). MS (ESI): Caled for CoaHigFNs™ 409.16 [MHH]T, found 409.05 [M+H]'

Fxample 38 Preparation of 4"-({2 4-diamino-7 H-pyrrolo} 2.3-4iquinarolin-7-vlmethy1)-2"-
fluoro-{ 1,17 -biphenyl}-2-carbounitrile.
HoN

NM
) {

t"j\»\\\ Xy N

N =
HEN e/ /’/ / —~F
\, f
/"‘;}
NN
4°-((2 A-diamino-7H-pyrrolof 2 3-Alquinazolin-7T-yDmethv 2" -Buore-{ 1,1 -biphenyi}-2-

carbontinile

Off white powder (35 mg, 43% vield) was obtained from 7TH-pyrrolof2,3-Aiquinazoline-
2 4-diamine (40 mg, 0.20 romol). 'H NMR (300 MHz, DMSO-d6) § 7.94 (d. J = 7.5 Hz, 1H),
777 (m, 1H), 7.66-7.53 (m. 3H). 7.46-7.40 (m, 2H). 7.26-7.17 (m, 2H), 7.09(d, J = 7.8 Hz,
1H), 7.00 (s br, 2H), 6.82 (d, J = 2.7 Hz, 1H), 5.95 (s br, 2H), 5.56 (s, 2H). MS (ESI): Caled for
CaaH1sFNG" 409,16 IMHHT', found 409.00 [M+HT

Example 39. Preparation of 4"-((2 4-diamino-7H-pyrrolo| 2, 3-#lquinazolin-7-viymethy1)-3°-

fluore-{ 1,17 -biphenyl]-2-carbonitrile.

&0
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MM,
N

b =/
HaNT N N
N

F
/
Y
NGy f
4" -{((2.4-diamino-7H-pyrrolo} 2,3-4 iquinazolin-7-vDmethv}-3"-fluore-{ 1,1 -biphenyl{-2-

carbontinle

White powder (32 mg, 39% vield) was obtained from 7H-pyrrolo{2,3-hjquinazoline-2,4~
diamine (40 mg, 0.20 mmeol). 'H NMR (300 MHz, DMSO-de) § 7.60 (s, 2H), 7.56 {d, /= 7.8
Hz, 1H), 7.46 (d, J = 9.0 Hz, 1H), 7.40 (m, 1H), 7.27-7.10 (m, 4H), 7.46 (d, J = 9.0 Hz, 11,
6.99 (d, J = 8.1Hz, 2H), 6.76 (m. 1H), 6.62 (¢, T= 3.0 He, 1H), 5.89 (s br, 2}, 5.29 (s, 2H).
MS (ESI): Caled for CaHisFNG 40915 [M+HTY, found 409 00 [M+HT*

Example 40. Preparation of 4°-{(2, 4-diamino-7H-pyrrole]{2,3-Ajquinazolin-7-yimethyi}-2",3"-

diftuoro-] 1,17 -biphenyl|-Z-carboniirile.

4 (2 A-diamuno~7H-pyrrolo{2,3-Aiqumarolin-7-vDmethy}-27, 3 -difluoro-{ 1,1 -biphenyl]-2-

carboniinle

Yellow powder (20 rag, 23% vield) was obtained from 7H-pyrrolof2,3-#]quinazoline-
2,4-diamine {40 mg, 0.20 mmol}. 'H NMR (300 MHz DMSO-de)} § 7.60 (m, 3H), 7.45 (m, 1H),
7.33-7.19 (m, 4H), 6.92(m, 1H), 6.539 (m, 1H), 5.43 {5, 2H). MS (ESI): Caled for
CosHpFaNs 427 15 [M+HY', found 427.05 [MH+H]

Example 41, Preparation of 7-(3-phenviprop-2-yn-1-vi}-7H-pyrrolo| 2,3-#lquinazoline-2,4-

diamine.

61
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7-(3-phenviprop-2-yn-t-vb-TH-pyrrolof 2,3~ quinaroline-2,4-diamine

Off white powder {12 mg, 19% vield) was obtamed from 7H-pyrrolo{2, 3-4iqunazoline-
5 2A4-diamine (40 mg, 0.20 romol). 'H NMR (300 Mz, DMSO) 7.75 (d, = 8.7 Hz, 1HD, 7.50-
7.28 (m, 9H), 6.83 (d.J= 3.6 Hz, 1H), 6.28 (s br, 2H). 5.39 (s, 2H). MS (EST): Caled for
CoothieNs" 31414 [M+HT', found 314.00 [M+H]".

Exammple 42, Preparation of 7-(4-ethynvibenzyl}-7H-pyvrrolo]|2,3-#lquinazoline-2 4-diammne.

10
7-(4-ethynvibenzyl}-7H-pyrrolo{2,3-hlquinazoline- 2 4-diamine

Biege powder (16 mg, 25% vield) was obtained from 7H-pyrrolo[2,3-A]quinazohne-2 4~
diamine (40 mg, 0.20 mmol). 1H NMR (300 MHz, DMSG-ds) 8 762 (d, J =93 Hz, 1H), 7.39
15 (d.J=72Hz 2H), 7.14 (d,J = 7.8 Hz, 2H), 7.08 (s br, 2H). 6.80 (5. 1H), 6.02 (s br, 2H), 5.46
(s, 2H), 4.14 (s, 1H). MS (ESI): Caled for CioHigNs' 314.14 [M+H]', found 314.00 [M+HT".

Exanple 43, Preparation of 7-(4-{phenviethvnvhbenzy}7H-pyrrolo2,3~Alqunazoline-2,4-

dianune.
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O

7-(4-(phenylethynyhbenzyl}-7TH-pyrrolo]2,3-hquinazoline-2, 4-diaming

White powder (25 mg, 32% vield) was obtained from 7H-pyrrolo|2, 3~ lquinazoline-2,4-

5 diamine (40 mg, 0.20 mmol). 'H NMR {300 MHz, DMSO-ds) 8 7.77 (4,7 = 7.5 Hz, 1H), 7.58

{5, 1H}, 7.54-7.35 {m, O}, 7.20 (m, 1H), 6.98 (5, 1H), 5.54 (3, 2ZH). MS (ESI): Caled for

CosHuoNs" 390,16 [M+H]', found 390.00 [M+H]"

Example 44, Preparation of 7-(3-(phenylethynyhbenzyi}-7H-pyrrolo{2,3-h|quunazoline-2, 4~
10 diamine

NH,
N > \

HgN :-:j /t\}/ “”j

7-(3-(phenviethynyhbenzyl}-7H-pyrrolo{ 2, 3-4]quinazoline-2 4-diamine

White powder {20 mg, 26% vield} was obtained from 7TH-pyrrolo]2,3-%quinazoline-2 . 4-
15 diamine (40 mg, 0.20 mmol). 'H NMR (300 MHz, DMSO-ds) 3 7.83 (d, 7= 9.3 Hz, 1H), 7.69
(s, TH), 7.61-7.30 (m. OH). 7.25 (m, 1H), 7.02 (s, 1H), 5.55 (s, 2H). MS (ESD): Caled for
CosHzeNs" 390,16 [M+HT, found 390.05 [M+HT

Example 45, Preparation of 7-(3-{(2-(tnfluoromethyphenyethvnyYbenzvly-7H-pyrrolof2,3-

20 higuinazoline-2.4-diamine
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T-(3-{(2-(uifluoromethylyphenyDethvnyl}
benzyl-7H-pyvrrolof2, 3-hiquinazohine-2 4-diamine
Off white powder (26 mg, 28% vield) was obtamed from 7H-pyrrolof2,3-Aiqunazoline-
2. 4-diamine (40 mg, 0.20 mumol). 'H NMR (300 Mz, DMSO) § 7.82-7-75 (m, 2H), 7.71-7.64
(m, 2H), 7.59 (o, 1H), 7.46-7.34 (m, 4H), 7.24 (m, 2H), 6.84 (5, 1H). 5.51 (s, 2H). MS (EST:

Caled for CasHisEaNs™ 458,15 [M+H]", found 458.05 [M+H]".

Example 46, Preparation of 4°-{{2, 4-diamimo-S-bromo-7H-pyrrolof 2,3 -k lquimazolin-7-

viymethyD)-2"-fluorc-{1,1 -biphenvyi}-2-carbonitrile.

4°{{2 4-diamino-~5-bromo-7H-pyrrolof 2, 3-4]qunazolin-7-yUmethyl}-2° ~thuoro-[ 1,1 -biphenvii-

2-carbonitrile

White powder (26 rog, 33% vield) was obtained from S-browmo-7H-pyrrolof 2,3~
hlquinazoline-2.4-diamine (26 mg, 0.1 mmol). 'H NMR (300 MHz, CBCL)§7.76 (4, J =81
Hz, 1H), 7.65 (dd, J= 8.1, 1.5 Hz, 1), 7.84 (1, J = 7.8 Hz, 2H), 7.37 (1. J = 7.8 Hz, 1H), 7.35
(s, TH), 7.13 (1, 2H), 6.93 (4, /=7 8 He, 1H). 6.56 {d,J = 14.4 Hz, 1H). 5.38 (5. 2H), 4.87 (s
br. 2H). MS (ES1): Caled for CoHiBrFNe' 487.07 [M+H]. found 487.00 [M+H]".

Example 47. Preparation of 5-bromo-7-(3-bromobenzy -7 H-pyrrolo|2,3-4{quinarzoline-2,4-

dianune.

S-bromo-7-(3-bromobenzy -7 H-pyrrolol 2,34 lquinaroline-2, 4-diamine

Off-white powder (18 myg, 40% vield) was obtained from 5-bromo-7H-pyrrolo{2.3-

hlquinazoline-2 4-diamine (28 mg, 0.1 mmol). 'H NMR (300 MHz, MeOH-d:) § 7.55(d, /= 0.9

64
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Hz, 1H). 743 (m, 1H), 7.33 (4. J= 3.2 Hz, 1H), 7.32 (m, 1H), 7.23 (1, J = 8.0 Hz, 1H), 7.09 (m,
TH), 7.02 (dd, J = 3.0, 0.8 He, 1H), 5.42 (s, 2H). MS (ESE: Caled for C1-HBnNs™ 447.96
M+H]T, found 447 85 [M+HT".

Example 48, Preparation of 5-bromo-NZ2 7-bis(3-bromobenzy}-7H-pyrrolo] 2,3-4jquinazoline-

2. 4-diarmine,

Br

S-bromo-N’,7-his(3-bromobenzyl}-7H-pyvrrolo] 2, 3-4quinazoline-2, 4-dianine

Brown powder (9 mg, 15% vield} was obtained from 5-bromo~7H-pyrrolof2,3-
#jquinazoline-2, 4-diamine {28 mg. 0.1 mmol) as a byproduct. 'H NMR (300 MHz CDCL3
757 (s, TH), 7.42 (rm, 1H), 7.39 (m. 1H). 7.35 {m, 1H), 7.27 (s, 1H), 7.20 (m, 2H), 7.18 (m, 1),
743 (o, 1H), 7.10 (d, J = 3.2 Hz, TH), 7.93 (m, 1), 528 (s, 2H), 4.71 (s, 2H). MS (EST): Caled
for CoeH1sBr:Ns' 615.92 [M+H]', found 615.85 [M+H]"

Fxample 49. Preparation of 4" -({2 4-diamino-7 H-pyrrolo{3°,27:5,6{pyndol4,3-dlpyrimidin-7-

yUmethv-{1, U-biphenvl]-2-carbonitrile.

Yy

NET N
NH, ,$
; 2
N"”'\E/*“N g,:,.

& (2, d-dramino-7H-pyrrolo[3°,27:5 6 pyndo{d, 3-dpyrimidin-7-yDmethyl - 1,1 ~-biphenyl]-2-

carbonttrile

White powder {42 mg, 40% vield} was obtained from 4~chloro~1-{{2 ~cyano-{1,1°-
biphenvl]-4-ylmethvl)-1H-pyrrolof2,3-0lpyvridine-5-carborutrile (100 mg, $.27 romol}
according to the general synthesis as described for intermediate D. 'H NMR (300 MHz, DMSO-

de) 8 5.87 (s, 1FD), 7.90 (d, J = 8.0 Hz, 1H), 7.75 (4, J = 8.0 Hz, 2FD), 7.55 (d, J = 7.8 Hz, 2H),
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7.49 (m, 2H), 7.13 (m, 2H), 6.70 (5. 1H). 6.57 (s br, 2H), 5.57 (s, 2H). MS (ESI): Calcd for
CosHisNo" 39216 [MHHT, found 392.05 [M+HT'.

The requisite intermediates were prepared as foliows:
NC
B
Ci J\ ~*\
,-“\

4-chloro-1-((2’-cyano-{ 1,1 -biphenvij-4-yDimethyi}-1 H-pyrrolo{2,3-b{pyridine-5-carbonitrile

To a solution of 4-chloro-1H-pyrrolo{2,3-Apyridine-S-carbonitrile (53 rog, 0.3 nuool) in

anhydrous DMF (0.5 mL) was added NaH (60% in nuneral oil, 18 mg, 0 45 mmol) under

16 nitrogen. After stirring at v.1. for 10 mun, 4 ~{bromomethyii-{ 1,17 -biphenyl|-2-carbonitrile (82
mg, ¢.3 mmol} was added. The reaction mixture was stirred at v.1. for 3 howrs, then treated with
water and extracted with DCM, washed with water, brine and dried. After concentration it was
purified by column chromatography on silica gel using Fi{Ac in hexane as eluenis to give the
product as a white powder (100 mg, 90% yield). 'H NMR (300 MHz CDCL) 8 8.55 (s, 1H),

15 776(d, =78 Hr 1H), 764 (4.7 =80z 1H). 752¢d, J=8.0 Hy, 2D, 746 (4. J=7.5 Hz,
2H), 741 (4, J=3.6Hz, 1H), 732(d. J=8.1 Hz, 2H), 6.73 (d. J =3.6 Hz. 1H), 5.57 (s, 2H).

Exanmple 30, Preparation of 7-(3-bromobenzvl)-7H-pyrrolof3°.2°:5.6]pyndol4, 3-d]pyrimidine-

2, 4-diamine.

3 N’t
- o Br
o

7-(3-bromobenzy D-TH-pyrrolo]37,27:5,6]pyndel4, 3¢ pyrimidine-2,4-diamine

Off white powder {18 mg, 24% vield) was obtained from 7H-
pyrrolo]3°.27:5 61pyridol4,3-dlpyrimidine-2,4-diamine {40 mg, 0.2 mmol). 'TH NMR (300 MHz,
35 MeQOH-dy 6 887 (s, 1H), 7.41 {m, 1H, 7.37 (m, 2H), 7.22 (m, 1H), 7.17 {m, 1H), 694 (4, J =
3.5 Hz, 1H), 5.54 {s, 2H). MS (ESI): Caled for CieHuuBrNg' 369.05 [M+H]", found 368.90
IMAHHT
66
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Exammple 531 Preparation of 4”-((2,4-diamino-TH-pyrrolo{37,27:5,6{pyridol4,3~d]py nimidin-7-

vhmethvl}-2 fluoroe-{1,1 7 -biphenyii-2-carbomirile.

5 4’ -((2,4-diamino-7 H-pyrroio|3°,27: 5, 6}pyrido{ 4. 3-¢|pyrimidin-7-yUmethyi}-2 - fluoro-f 1 ,1°-
biphenyl|-2-carbonitrile
White powder {21 mg, 35% vield} was obtained from 7H-pvrrolo{3”.27:5 6fpyrido{4,3-
dipyrimidine-2. 4-diamine (30 mg, 0.15 mmol). 'H NMR (300 MHz, MeOH-d4) & 8.87 {5, 1H).
10 782{dd, J=T78 09Hy, IH), 771 (td, /=8, 1.4 Hz 1H), 756 (td, /=78, 1 3 Hz, 1H), 7.5¢
(d.J=81Hz 1H),742(d.J=36Hz 1H), 736({d,/=78Hz 1H), 710 (m, 2H), 6 98 (d, J =
3.4 He, 1H), 5.64 (s, 2H). MS (ESH: Caled for CoaHpFNG' 410,15 [M+H]', found 410.05
IMAHHT

vhmethyDamino}-7H-pyrrolo{37,2°:5 6{pyrido{4, 3-A{pyrimidin-7-ylimethyi}-2 -fluoro-{ 1,1°-

biphenvl]-2-carbonitrile.

4 {{4-amino-2-({{2 -evano-2-fluore-[ 1,1 "-biphenvl]-4-vDimethy Danmino -7 H-

20 pyrrolo{3°,27:5,6]pvridof 4, 3-d fpyrimudin-7-y imethyi}-2 -fluoro-[ 1,1 -biphenyi{-2-carbonitrile

Brown powder (10 mag, 11% vield) was obtained from 7TH-pyrrolo] 37,275, 6jpynidof4,3~
dipyrimidine-2 4-diamine {30 mg, 0.15 mmol} as a byproduct. "H NMR (300 MHz, (D15} 8
8.75 (s, TH), 7.75 (m, 3H), 7.61 (m, 3H), 7.45 (m, SH), 7.32 (m, 1H), 7.17 (m, 1H), 7.05 (m,
25 2H), 6.95 (m, 1H), 5.55 (s, 2H), 4.84 (s, 2H). M5 (ESI): Caled for CaHpsFoNg ' 619.22 [M+HT,
found 619.20 [M+H]",
67
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Exammple 33, Preparation of 7-(4-ethynyltbenzy}-7H-pyrrolo]37.27. 5, 6jpynidol 4, 3-dlpyrimidine-

2, 4~diamine.

T-(4~ethynyvibenzy )-7H-pyrrolof37,27: 5, 61pyridol4,3-dlpyrinudine-2 4-diarmine

White powder {21 mg, 45% yield} was obtained from 7H-pvrrolo|3°,27:5,6{pyrido{4,3~
dipyrivniding-2,4-diamine (30 mg, 0.15 mmol). TH NMR (300 MHz, MeOH-dy) § 3.84 (s, 1H),
738 (4 J=84 Hz 2H), 7.32(d. J=3.6 Hz, 1H), 7.15(d. J= 8.4 Hz, 2H), 6.93 (d. /= 3.6 Hz,
1H), 5.55 (s, 2H), 3.10 (s, 1H). MS (ESD: Caled for CisHisNe™ 315,14 [M+HI", found 315.00
IMAHT

Example 34 MIC assavs

MIC assays for N. gonorrhoeae were done using the ATCC 49226 strain. The procedure
guidelines recommended by the Chinical and Laboratory Standards Institute {CLST) for the broth
microdilution MIC assay were modified by substituting cation-adjusted Mueller-Hinton
{CAMH) broth for Todd-Hewitt {TH) broth. Also, the recommended bacterial inoculum was
modified to meet the high moculum demands needed for N. gonorrhiceae growth. A 96-well
plate containing TH broth with 2-fold serial dihition of compounds was moculated with tog-
phase bacterial at 2.5x107 CFU/mL. The final volume in each well was 200 uL.. Each
compound was tested in duplicate. The microtiter plates were incubated in an anaercbic
environment for 24 hours at 37 °C using the candle jar techmigue. Then the bacterial growth was
tested by reading the plate with a SpectraMax D5 plate reader (Molecular Devices, Inc.) at 600

am. The MIC was defined as the lowest compound concentration that mhibited bacteria growth,

MIC assays for various Gram-negative and Gram-positive strains were conducted in
accordance with the CLSI guidelines for broth microdilution. A 96-well plate containing
CAMH broth with 2-fold serial dilution of compounds was inoculated with fog-phase bacterial
at 5x10° CFU/mL. The final volume in each well was 100 uL. Each compound was tested in

duplicate. The microtiter plates were incubated i an aerobic environment for 18 hours at 37 °C.
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Then the bacterial growth was tested by reading the plate with a SpectraMax 1D35 plaie reader

{Molecular Devices, Ine.} at 600 nm. The MIC was defined as the lowest compound

concentration that inhibited bacieria growth,

The following Gram-negative and Gram-positive strains were used in the aerobic MIC

procedure:

n

£
A
- coli ATCC 25922

. coli W4573

<. coli N43

L preumoniae ATCC 10031

" pneumoniae ATCC 13883

A

F.

Methicillin-susceptible & aureus (MSSAY ATCC 19636
Methicillin-resistant 8 aureus (MRS A)Y ATCC 33951

Example S5

aeruginosa ATCC 27853
baumannii ATCC 19606

- sonnel ATCC 29930

mirabilis ATCC 29906

The following can iHlustrate representative pharmaceutical dosage forms,

contairing a compound of formula I (*Corapound X} or a pharmaceutically acceptable salt

thereof, for therapeautic or prophylactic use in humans. The tablets can optionally comprise an

enteric coating.

{1} _Tablet 1 mg/tablet
Compound X= 1000
Laciose 775
Povidone 15.0
Croscarmellose sodium 12.0
Microcrystalline cellulose  92.5
Magnesium stearate 3.0

360.0
(1) Tablet2 mg/tablet
Coropound X= 20.0
Microcrystalline cellulose 4100
Starch 50.0
Sodium starch glveolate 15.0
Magnesium stearate 3.0

500.0
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(1) _Capsule mg/capsule
Compound X= 10.0
Colloidal silicon dioxade 1.5

Laciose 4653
Pregelatinized starch 1200
Magnesium stearate 3.0

G000

() _Imection 1 (1 mg/mb)
Compound X= (free acid form)
Thbasic sodivm phosphate
Monobasic sodium phosphate
Sodium chionde

1.0 N Sodiurn hydroxide solution
(pH adjustment {0 7.0-7.5)

Water for injection

(v} Injection 2 (30 mg/ml)
Compound X= (free acid form)
Monobasic sodium phosphate
Thbasic sodivm phosphate
Polyethylene glycol 400

1.0 N Sodium hyvdroxide solution
{pH adjustment to 7.0-7.5}
Water for injection

{(vi} Aerosol

Compound X=

Oleic acid
Trichloromonofiuoromethane
Dnchiorodifluoromethane
Dichlorotetrafluoroethane

mg/ml.
1.0
12.0
0.7

4.5

aq.s.
q.s. ad 1 mL

my/ml,
10.0
0.3

1.1
200.0

4.5
q.s. ad 1 ok

mg/ean
20.0
10.0
5.000.0
10,0660.0
5.000.0

PCT/US2022/034374

The above formulations may be obtained by conventional procedures well known in the

pharmaceutical art.

All publications, patents, and patent documents are incorporated by reference herein, as

though mdividually incorporated by reference. The invention has been described with reference

to vartous specific and preferred embodiments and techniques. However, it should be

wundersiood that many variations and modifications may be made while remaining within the

spirit and scope of the invention.
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CLAIMS

t. A compound of formula I

whersin;

R! is hydrogen, {Ci-Coyalkyl, (Cr-Colalkenvi, (Cr-Codatkynyl, -CEOIRY-CEOINRY,,
-SEORNER Y., -CENRIONRY S, (C-Crcarbooyelyl, aryl, heterocyelyl, heteroaryl, (Us-
Coycarboeyclyl{C-Colalkyl-, arvl{Ci-Celalkyl-, heteroovely T i-Colalkyl-, or heteroarvl{C-
Ceralkyl-, wherein the (Ci-Uelalkyl, (Co-Copalkenyi, (Co-Cepalkvnvl, (Ca-Coicarbocyelyl, arvl,
heterocyclyl, heteroaryl, (Cs-Cricarbooyclvl{Cr-Celalkyl-, arvC1-Cslalkyl-, heterocycly{(Ci-
Celalkyl-, or hetercaryl{C1-Cealkyvl-, is optionally substituted with one or more{e.g., 1, 2, 3, 4,
or 3) groups independently selected from the group consisting of halo, -OH, -NG,, -CN, {C-
Cyyalkyl, (Ci-Cathaloalkyl, (Ci-Caalkoxy, (Ci-Cythaloalkoxy, ~N{R ", -NRICENRYNERY ),
SC(ENROGN(R Y, phenvl, and -OP(=0)OH ), wherein phenyl is optionally substituted with one
ot more halo, ~OH, -NG», ~-CN, (C1-Cyalkyl, (Ci-Cohaloalkyl, (Cr-Caalkoxy, or {Ti-

Carhaloalkoxy; and

R? is hydrogen, (Ci-Uealkyl, (Cz-Coatkenyl, -CEORY -CEOINR Y, -S=00NR ),

Ceyalkyl-, arvl{Ci-Colalkyl-, heterocvclvl{Ci-Celalkyi-, or heteroaryl{Ci-Cejatkyl-, wherein the
(Ci-Csalkyl, (Co-Capalkenvl, (C:-Crycarbocyclyl, arvl, heterocyclyl, heteroaryl, (Cs-
Cryearboeyclyl{Ci-Celalkyl-, arvl{Ci-Colalkyl-, heterocyely (T i-Cslalkyl-, or heteroaryi{C-
Celalkyl-, is optionally substituted with one or more (e.g., 1, 2, 3, 4, or §) groups independently
selected from the group consisting of halo, -OH, -NO», -CN, (Ci-Cylalkyl, (Cs-Cadhaloalkyl,
{Ci-Cayatkoxy, (Ci-Cahaloalkoxy, -N(R ), -NRPC{=NR"N(R): -C(=NRINRY,, and
~OP(=0XOH); or

R! and R’ together with the nitrogen to which they are attached form a heterocyclyl,
wherein the heterocycly is optionally substituted with one or more{e.g., 1, 2, 3, 4, or 5) groups

independently selected from the group consisting of halo, -GH, -NQG», -CN, {C:-Cajatkyl, ({-
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Cathaloalkyl, (Cr-Coalkoxy, (C1-Cahaloalkoxy, -N{R™},, NRPCEENR®INR™),,

Z1s ~OR" -N{R ), -8R, -NRCE=NRON(R )7, -CENRGNR ), hvdrogen, (Ci-Celalkyl,
(Co-Colalkenyl, -C{(=0R"-CEOINR Y, -5{=0nN{Rp, (Ts-Crcarbocvelyl, aryl, heterocyclyl,
heteroarvi, (Cs-Crcarbocy ehvC 1-Colalkyl-, ary{Ci-Cedalkyl-, heterocy ey T -Celalkyl-, or
heteroary{Ci~-Cepatkyl-, wherein the (Ci-Celalkyl, (Cr-Cslalkenyl, (Cs-Crlcarboeyelvl, arvi,
heterocyclyl, heteroarvl, {(C:-Crocarbocy chvl{Cr- Cslalkyl-, arvi{Ci-Celalkyl-, heterocyelyl{Cs-
Cesalkyl-, or hetercaryl{C1-Cejalkyvi is optionally substituted with one ormore{e.g.. 1,2, 3,4, or
53 groups independently selected from the group consisting of halo, ~-OH, -NG», ~-CN, (-
Caalkyl, (Ci-Cathaloalkyl, {Ci-Cajaltkoxy, {(Ci-Cathaloalkoxy, -N{R ), -NRFCENRINER »,
LENRONR ), and -OP(=0X0H R

Xis CRY or N;

X is CRYor N

R* is hydrogen, halo, -OH, -NG», -OUN, {{1-Caatkoxy, {C2-Celalkyl, (Cr-Colalkenvl, (Co-
Coralkyayl, -CE=MRY-CEOINR Y, -SEORNRY,, -NRICENRYNR Y, -CENRNR Y,
or- N(R%,, wherein the (C1-Codalkoxy, (Cr1-Calatkyl, {Co-Colalkenyl, or (Cr-Cealkynyl is
optionally substituted with one or more {e.g., L, 2, 3, 4, or 3) groups independently selected from
the group consisting of halo, -OH, -NO;. -CN. (C1-Caatkoxy, (C1-Cohaloalkoxy, -N{R%,,
NRICENRONR Y, -CENRONRY,, and -OPE0HOH):

R* is hydrogen, halo, ~OH, -NG;, -CN, (Ci-Caatkoxy, (Ci-Colalkyl, (C2-Colalkenyl, (Ca-
Celalkynyl, -C=ORE, -CEOINER D, ~SEORNER Y, -NROCENRONR ), ~CENREINKR,, or
-MN{R"}2, wherein the (Ci-Celalkoxy, {C-Cslalkyl, (Cr-Uglalkenyl, or {(Co-Colalkvnyl is
optionally substituted with one or more {e.g., 1, 2, 3, 4, or 5) groups mdependently selected from
the group consisting of halo, ~-OH, ~NOa, ~CN, (C;-Cyjalkoxy, {Ci-Cohaloalkoxy, -N{R" ),
SNREC(ENRONR ), -CENRONR R, and -OPE0)OH R

Yiis NR™ Y2 is Nor CR® Y? is N or CR, the dashed bond between Y and Y2 is a
single bond, and the dashed bond between Y7 and Y” is a double bond; or

Y s NR™ Ylis Nor CR™ Y¥is N or CR® the dashed bond between Y'and Y¥ is a
double bond, and the dashed bond between ¥? and Y is a single bond;

R* and R™ are each independently (Ci-Ciodalkvl, (Ca-Crodalkenyl, -W-(Cs-
Crycarbocvelvl, ~Wearvl, W-heterocyelyl, ~or W-heteroaryi, wherein the (Ci-Cidalkyl, (Cs-
Cipjaltkenyl, ~-W-(Ca-Cojcarbocvelyl, -W-aryl, W-heterocyelyl, -W-heteroarvl, is optionally
substituted with one or more{e.g., 1, 2, 3, 4, or 5) groups independently selected from

R R and R™ are each independently hydrogen, halo, -OH, -NO», -CN, (Cs-
Coralkoxy. (C1-Celalkyl, (Ca-Coralkenyl, -CEORL-CEOINR D, -SEORNR Y.
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NRICENRDNER D, -CENRINKR Y, or -NRY,, whersin the (Ci-Codatkoxy, (Ui-Cealkyl, or
{C-Ciralkenyl 1s optionally substitited with one or more {e.g., 1, 2, 3, 4, or 5) groups

Pl 2

mdependently selected from the group consisting of halo, -OH, -NO;, ~-CN, {C;~Caalkoxy, (G-

W is absent, (C~-Ciodalkyl, or {C2-Celalkynyl whergin the (Ci-Crodadkyl or {Cs-
Ceralkynvl s optionally substituted with one or more {e.g.. 1, 2, 3, 4, or 5) oxo (=0) and wherein
one more of the carbons of the (C1-Crolalkyl is optionally replaced with one or more {e.g, 1, 2,
3,4, or 5) -0~ or -NRY-;

gach G 1s independently halo, -OH, -NOs, -CN, (Ci-Colalkyl, {Co-Colalkenyi, (Ca-
Coyalkvnyl, (Ci-Colhaloaltkyl, (Ci-Celalkony, (Ci-Cshaloalkoxy, C(=0MRE-CE=OINR D),
“N(R%Y, -SEQRN(RY,, arv, -O-arvi, hetercarvl, or -O-heteroaryl, wherein the (Ci-Cs)alkyl,
(Ur-Coraikenyl, {Tr-Ugdalkynyl, (Ci-Ugihaloalkvl, {(C1-Celalkoxy, (C1-Cerhaloatkoxy, arvi,
-Oarvl, heteroaryl, or ~-Oheteroarvi 15 optionally substituted with one ormore{eg.. 1, 2, 3, 4, or
5} groups independently selected from the group consisting of halo, ~-OH, -NG», -UN, ({1~
Calalkyl, (Ci-Cyohaloalkyvl, {Ci-Cajalkoxy, (Ci-Cyhaloalkoxy, C=0RY, -C(=00RY,
SCEOINRY, ~-SEQRN(RY,, arvl and heteroarvl, wherein the aryl or heteroarvl 1s optionally
substituted with one or more {e.g.. 1, 2, 3, 4, or 53 QY

each ' is independently halo, -OH, -NG:, -CN, (C1-Cajalkyl, (Ci-Codhatoalkyl, {Ci-
Caalkoxy, or (Ci-Cahaloalkoxy:

each R RY, R®, R®, RY RS, and R, is fndependently hydrogen, (C1-Colalkyl, (Co-
Ceralkenvl, (Ci-Cerhaloalkyl, (Cs-Cr)carbocvelyl, or arvl;

gach RY 15 independently hydrogen or (C-Celalkyl:

RYis hydrogen, (Ci~-Celalkyl, {Cr-Celalkenvl, (Ci-Codhaloalkyt (Ca-Coicarbooyclvl or
aryl, wherein the arvl 1s optionally substituted with one or more {e.g., 1. 2, 3, 4, or 5) groups
independently selected from the group consisting of halo, -GH, -NQG;, -CN, {C:-Cajatkyl, ({1-
Cohaloatkvl, (Ci-Caalkoxy, (C1-Cohaloalkoxy, C(=01RY, -CEOORY), -CEONRY Y, and
-S(=0); MR, and

each R%' is independently hydrogen, (Ci-Uslalkyl, {C2-Colalkenyl. (C1-Cothaloalkyl,
{Cs-Cricarbocyelvl, or aryl;

ot a salt thereof

2. The compound of claim 1 wherein:R' is hvdrogen, {(C;-Ceoalkyl, (C1-Ceoalkenyl,
CE=GIRE-CEOINR Y, -S(=0nRNR Y, ~-CE=ENRONR ), (Cs-Cricarboeyelvl, arvi,
heterocyelyl, beteroarvl, (Cs-Crearboey clyHCyi-Copatkyl-, arvH{Ci-Codalkyl-, heterocvely G-

Ceralkyl-, or heteroaryl{C1-Celalkyl-, wherein the (Ci-Celalkyl {(Ci-Coalkenvl, (Cs-
73
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Cricarbocyelvl, arvl, heterocvelvl, heteroarvl, {Cs-Cricarbocyelvl{Ci-Celalkyl-, ary (-
Celalkyl-, heterocyclyl{Ci~Co)alkvl-, or heteroarvl{Ci-Cilalkyl-, is optionally substituted with
one or more {e.g., 1, 2, 3, 4, or 3) groups independently selected from the group consisting of

halo, -OH, -NOy, -ON, (C-Caalkyl, (Cr-Cahaloatkvl, (C1-Caalkoxy, (C1-Cadhaloalkoxy, -

R is hydrogen, {Ci-Celalkyl, (C1-Calatkeryl, -C{=0R -CEOWNERP ., -S(=0nNR" ),
SCENRDN(R Y, (C3-Criearbocyelyl, arvi, heterocycelyl, heteroarvl, (C3-Cricarboeyelyl(Cs-
Coralkyl-, aryl(C1-Uelalkyl-, heterocy clyHCi-Celalkyl-, or heteroaryi{{U-Tsalkvi-, wherein the
{Ci-Coialkyvi, (C-Coralkenvi, (Cs-Cricarbocvelvl, arvi, heterocyelvl, hetercarvl, {Cs-
Crycarbooyelvl(Ci-Colalkyl-, arvl{Ci-Celalkyl-, heterocyelyvl{Ci-Us)alkyl-, or heteroary {Cs-
Coyalkvl-, is optionally substituted with one or more (e.g., 1, 2, 3, 4, or 5} groups independently
selected from the group consisting of halo, -OH, -NO», -CN, {C-Calalkyl, (Ci-Ceohaloalkyl,
(Ci-Coatkoxy, {Ci-Cohaloalkoxy, -N(RY )y, NRPCENRDNR), -CENRINERDY,, and
-OP{(=0X0OH)y; or

R' and R? together with the nitrogen to which they are attached form a heterocyelyl,
whergin the heterocycely 1s optionally substituted with one or more {e.g., 1, 2, 3, 4, or S} groups
mdependently selected from the group consisting of halo, -OH, ~NO», ~CN, {(C5-Caatkyi, (Cy-
Cyphalealkyl, (C-Coalkoxy. (C1-Cathaloatkoxy, -N(R™ ), -NRPCENRDINR®Y,,
CENREPINGR®Y,, and -OPEOHOH ),

£18 -ORCE -N(R Y, -SRE, -NRICENRTGIN(R ), -CENROINR Y, hvdrogen, (Ci-Colalkyl,
{Ci-Ceoiatkenyl, -CEOR-CEOINER D, -S(=0nN{R Y, (C:-Crycarbocyelyl, arvl, heterocycelyl,
hetercaryl, (C:-Crycarbooy clyl{Ci-Cajalkvi-, arvi T -Celalkyl-, haterocyclyl{C i-Ueyalkyl-, or
heteroary{C-Celatkyl-, wherein the {C1-Colalkyl, (Ci-Celalkenyl, {Cs-Crcarbocyvelyl, aryl,
heterocyvelvl, heteroaryl, {Cs-Crycarbocy clvl{Cr- Celalkyl-, arvl{Ci-Colalkyl-, heterocvelvl{Ci-
Coyalkvl-, or heteroarvi{C1-Csalkyl- is optionally subsiituted with one or more (g, 1, 2, 3, 4,
or 53 groups independently selecied from the group consisting of halo, ~-OH, -NG», ~-CN, (T~
Coalkyl, (Ci-Cohaloalkyl, (Ci-Cyoalkoxy, (Ci-Caihaloalkoxy, -N{R" ), -NREC{=ENRONRD,,
~C=ENRON(RSY, and -OP{=0H0HY;

Xis CRYor N;

X2is CRY or N,

R’ is hydrogen, halo, -OH, -NO», -CN, (C1-Celatkoxy, {Ci-Cslalkyl, (C1-Coatkenyl,
LEMRY -CEOINRY,, -SEORNERY,, -NRICENRDNERY,, -CENRONERD,, or- N(RY,,
wherein the (Ci-Cejalkoxy, {Ci-Ceralkyl, or (Ci-Celalkenyl is optionally substituled with one or

more {e.g., |, 2, 3, 4, or 3} groups independently selected {rom the group counsisting of halo,
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RYis hvdrogen, halo, -OH, -NO,, ~-CN, (Ci-Ceiatkoxy, (Ci-Celalkyl, (Ci-Cealkenyl,
~C(=OIRE, -CE=OINR L -SEORNR ), -NRPCENRONR p, -CENRONR D, or -N(R%),
wherein the (Ci-Cejalkoxy, {Ci-Ceralkyl, or (Ci-Celalkenyl is optionally substituled with one or
more {e.g., 1, 2, 3, 4, or 3} groups independently selected {rom the group counsisting of halo,
-OH, -NQO;, -CN, (Ci-Cyjalkoxy, (Ci-Cohaloalkoxy, -N{R®),, -NREC{ENRONR®),
~CENRON(RS Y, and -OP(=00H);

Vs NR™ Y2 is Nor CR®, Y? is N or CR, the dashed bond between Y' and Y¥ is a
single bond, and the dashed bond between Y” and Y’ is a double bond; or

Yis NR™ ¥’ is Nor CR™ Y7 is N or CR®, the dashed bond between ¥ and Y7 is a
double bond, and the dashed bond between Y? and Y7 is a single bond;

R* and R™ are each independently (Ci-Ciodalkyl, (C1-Ciopalkenyl, ~-W-((s-
Crycarbocyelyl, -W-arvl, W-heterocyelvl, -or W-heteroaryi, wherein the (Ci-Ciodalkyi, (Cr-
Cigalkenvl, -W-({s-Crycarboeyelyl, -W-arvl, W-heterocyclyl, -W-heteroarvl, is optionally
substituted with one or more {e.g., 1, 2, 3, 4, or 5} groups independently selected {rom G;

R® R® and R™ are each independently hydrogen, halo, -OH. -NO,, -CN, ((1-
Coyalkoxy, (Ci-Coalkyl (Ci-Colalkenyl, -CEOIR-CEOINER,, -SEQRNRY,,
NRICENRONR D, -CENRINR D, or -NRD, wherein the (Ci-Co)atkoxy, (C-Cealkyl, or
(Ci-Coralkenyl is optionally substituted with one or more (e.g., 1, 2, 3, 4, or 5) groups
independently selected from the group consisting of halo, -OH, -NO», -CUN, (C-Cgatkoxy, (Cy-
Cathaloalkoxy, -N{RY,, -NRICENRONRY,, -CENRONERY,, and -OPEOXOH:

W is absent or (Cr-Crolalkyl, wherein the {Ci-Ciolalkyl is oplionally substituted with one
ormaore {e.g., 1, 2, 3, 4, or 3) oxo (=0) and wherein one more of the carbons of the {Ci-Cio)alkyl
is optionally replaced with one or more {e.g., 1, 2, 3, 4, or 53 -0~ or -NR"-;

each (Q 1s independently hale, ~OH, -NG», -CN, {Ci-Csralkyl, (Ci-Cshaloalkyvl, {Ci-
Ceralkoxy, {Ci~Cehaloalkoxy, CE=MRL-CEOINRYY,, ~NRD,, -S(=0RNR Y arvl, -O-arvl,
heteroaryl, or -(-heteroaryl, wherein the (C1-Celalkyl, (Ci-Csihaloalkyl, {(C1-Ceralkoxy, (Ci-
Cesihaloalkoxy, aryl, -Qarvi, hetercarvl, or -Oheteroaryi is optionally substituted with one or
more {e.g., 1, 2, 3, 4, or 5} groups independently selected from the group consisting of halp, ~
OH., -NG», -CN, (C-Coalkyl, {Ci-Cyhaloalkyl, {(C-Caalkoxy, {C1-Cyhaloalkoxy, C=ORY,
~CEGYORY), -CEOINR Y, -SEORNRY,, aryl and heteroarvl, wherein the arvi or heteroary!
is optionally substituted with one or more {e.g., 1, 2, 3, 4, or 5) QL

each Q' is independently halo, -OH, -NOz, -ON, (C-Calalkyl, (Ci-Cohaloalkyl, (Ci-
Cayalkoxy, or (C1-Cydhaloalkoxy;

~J
A
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gach R% RY, R™ R®, RY R, and R, is independently hydrogen, ({-Celalkyl, (Ci-
Ceojalkenvl, (Ci-Codhaloalkyl, (Ci-Crycarboeyelyl, or arvl;
each RV 1s independently hvdrogen or (C1~-Celalkyl;
Ris hydrogen, (Ci-Csalkyl, (Ci-Cealkenyl, (C1-Ceophaloalkvl (Ts-Cricarbocevelvl or
5 aryl, wherein the aryl 15 optionally substituied with one or move {e.g., 1, 2, 3, 4, or 5} groups
mdependently selected from the group consisting of halo, -OH, -NG,, -CN, {C-Caalkyl, (Cy-
Cohaloatkyl, (C1-Calalkoxy, (C1-Cahaloalkoxy, C=ORY, -C(=00(RYY, -C=OMNRY Y, and
SS{=0RNR Y, and
gach R9! is independently hydrogen, (Ci-Ceaikyl, {Ci-Colalkenyl, (C1-Codhaloalkyi,
10 {Us-Crycarbocyelyl, or arvl;

or a salt thereof

3. The compound or salt of claim |, wherein X' is CRY.

4. The compound or salt of any one of claims 1-3, wherain X* is CR*,

5. The compound or salt of any one of claims 1-3, wherein X% is N,

6. The compound or salt of claim 1, wherein the compound of formula 1 18 a compound of

formula e

z R
/i\i’? o
RIR?N N he
i -—yg
e
or a salt thereof
7. The compound or salt of claim 1, wherem the compound of fornula 1 is a compound of

formula If;
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if

or a salt thereof.

8. The compound or salt of claim 1, wherein the compound of formula Ig is a compound of

formuia Ig:

ig
or a salt thereof
9. The compound or salt of claim |, wherem the compound of formuda 1 is a compound of

formula la

fa

-
77

or a salt thereof,
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16, The compound or salt of claim 1, wherein the compound of fornmila I 1s a compound of
formula Ib:
ib
or a salt thereof.
1. The compound or salt of any one of claims 1-10, wherein Y is CR™.
12, The compound or salt of any one of claims 1-11, wherein Y2 1s CR™
13. The compound or salt of claim 1, wherein the compound of formula 1 is 2 compound of
tormula Id:
id
or a sait thereof.
14, The compound or salt of claim 1, wheretn the compound of formula Tis a compound of

formula
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ih
or a salt thereof.
15. The compound or salt of any one of claims 1-14, wherein R¥ is hydrogen or halo.
16. The compound or salt of any one of claims 1-14, wherein R? is hydrogen.
17.  The compound or salt of any one of claims 1-16, wherein R* is hydrogen.
18 The compound or salt of any one of claims 1-17, wherein R' is hydrogen, {Ci-Cs)alkyl,

or aryl{Ci-Ceatkyi-, wherein the {C-Uslalkyl or aryl{Ci-Celalkyl is optionally substituted with
one or more {e.g., 1, 2, 3, 4, or §) groups independently selected from the group consisting of
halo, -OH, -NQ2, ~-CN, (Ci-Caalkyi, (Cr-Cohaloalkyl, (Ci-Calalkoxy, (Ci-Cadhaloalkoxy, ~
N{RM), -NRECENRONR ), -CENRON(RY,, phenyl, and -OP(=0N0H); wherein phenyl is
optionally substitited with one or more halo, -OH, -NQ», -CN, {C1-Cajatkyl, {T-Cyihaloaliyl,
{Ci-Cayalkowy, or (Ci-Cohaloalkoxy.

19. The compound or salt of any one of claims 1-17, wherein R' is hydrogen, (Ci-Celalkyl,
or arvl{Cr-Csyalkyi~, wherein the (Ci~-Calalkyl or arvl{Ci-Celalkyl 1s optionally substituted with
oneorruore {e.g, 1, 2, 3, 4, or 5) groups independently selected from the group consisting of

halo and phenyl wherein phenyl is optionally substituted with one or more halo, -OH, -NO;, -

CN, {Ci-Caralkyl, (C-Cyohaloalkyl, (Ci-Caalkoxy, or {Ci-Cuthaloalkoxy.

20.  The compound or salt of any one of claims 1-17, wherein R' is hydrogen.
2% The compound or salt of any one of claims 1-17, wherein R? is hydrogen.
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22, The compound or salt of any one of claims 1-18, wherein Z 15 -N(R").

23, The coropound or salt of any one of claims 1-18, wherein 7 i3 -NH,.

24, The compound or salt of any one of claims 1-23, wherein R™ is hydrogen.

25 The compound or salt of any one of claims 1-24, wherein R® is hydrogen or (Ci-
Ceralkyl

264. The compound or salt of any one of claims 1-25, wherein R™ is (C1-CroYalkyl, (Co-

Cigjalkenyl, -W-{C:-Crjcarbocycivl, -W-aryl, or -W-heteroarvi, wherein the C1-Ciodalkyl, (Co-

Cipjalkenyl, ~-W-{Cs-Cojcarbocyclyl, -W-aryl, or -W-heteroarvi, is optionally substituied with

one or more groups independently selected from Q.

27. The compound or salt of any one of claims 1-25, wherein R™ is (C-Cio)alkenyl, -W-(Cs-
Crycarbocyelvl, ~Wearyl, or -W-heteroaryl, wheremn the (Co-Chgdalkenvl, ~W(Ca-Crlearboeyclyl,
~W-aryl, or ~W-heteroarvl, 15 optionally substituied with one or more groups independently

selected from Q.

28, The compound or salt of any one of claims 1-27, wherein W is absent, (C1-Crg)alkyl, or
{C-Ceralkynyl wherein the (Ci-Cinlalkyl or (Co-Celalkynyl 1s optionally substituted with one or
more {e.g., 1, 2, 3, 4, or 5} oxo (=0) and wherein one more of the carbons of the {C1-Ciolalkyl is

optionally replaced with one or more{e.g., 1, 2, 3, 4, or 5§} -0~ or -NR"-,

29. The compound or salt of any one of claims 1-27, wherein W is absent, {C1-Ciojalkyi, or
(Co-Coyalkynyl wherein the (Ci-Ciojalkyl or (Co-Celalkynyl is optionally substituted with one or

more {e.g., |, 2, 3, 4, or 3) oxo (=0).

30 The compound or salt of any one of claims 1-27, wherein W is absent, -CHs-, -C{=Q0}-,

or propyne.

31.  The compound or salt of any one of claims 1-27, wherein W is absent, -CHy-, or
(=0
32. The compound or salt of any one of claims 1-31, wherein R™ is:
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or a salt thereof

34. A pharmaceutical composition comprising a comnpound as described in any one of claims

1-33 or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable excipient.

35 A raethod of treating or preventing a bacterial nfection 1o an animal comprising
T

administering to the animal a compound as described in any one of claims 1-33 or a

pharmaceutically acceptable salt thereot.

36, The method of claim 35 wherein the animal is infected with bactenia.

37. The method of claim 335 or claim 36, wherein the bacterial infection is a N. gonorrfiveae,
P aeruginosa, A baumannii, F. coli, K. pneumoniae, 8. sonnei, P mirabilis, MSSA or MRSA
infection.

38, The method of claim 35 or claim 36, wherein the bacterial infection 18 3 Gram-negative

bacterial strain infection.
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39 The method of claim 35 or claim 36, wherein the bactenial infection is a Gram-positive

bacierial strain infection.

44, A compound as described in any one of claims 1-33 or a pharmaceutically acceptable

salt thereof {or use in medical ireatment,

41 A compound as described in any one of claims 1-33 or a pharmaceutically acceptable

salt thereof for the prophylactic or therapeutic treatment of a bacterial infection.
42, The use of a compound as described in any one of claims 1-33 or a pharmaceutically

acceptable salt thereof for the preparation of a medicament for the prophylactic or therapeutic

treatment of a bacterial infection in an amimal.
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