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THERAPEUTIC COMPOUNDS 

CROSS- REFERENCE TO RELATED APPLICATIONS 

This application claims prionty to United States Provisional Application Number 

5 63/213,519, filed June 22, 20021. Theentire content of the application referenced above is 

hereby incorporated by reference herein.  

BACKGROUND OF THE INVENTION 

Bacterial resistance has been observed to every antibiotic introduced into the clinic, 

10 including 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 bacterial infections. According to 

the CDC, eachyear in the U.S., at least 2.8 million people are infected with antibiotic-resistant 

15 bacteria or fungi, and more than 35,000 people dieas a result. Without improvements in 

antibacterial drug discovery and development this problem is only expected to get worse. It has 

been predicted that by 2050 10 million people worldwide will die per year from drug-resistant 

bacterial infections.  

ESKAPE pathogens: Enterococcus jaeciuni, Staphylococcus aureus, Klebsiella 

20 pneumnonie/Escherichia coli(Enterobacteriacaea), Acinetobacter 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) 

Gram-negative infections has continued to increase. The latest example comes from the 

observed rapid spread of inultidrug-resistant gram-negative bacteria among patients in dedicated 

25 coronavirus disease care units in a hospital in Maryland. USA, during May-June 2020. The 

World Health Organization (WHO) issued a list of antibiotic-resistant 'Priority Pathogens' in 

2017 for which new antibiotics are urgently needed. The most critical group of all includes 

multidrug resistant bacteria that pose a particular threat in hospitals, nursing homes, andamong 

patients whose care requires devices such as ventilators and blood catheters. They include 

30 Acinetobacter. Pseudomnonas and various Enterobacteriaceae (including Klebsiela, E coli, 

Serratia, and Proteus). They can cause severe and often deadly infections such as bloodstream 

infections and pneumonia. The second and third most critical groups list high and mediurn 

priority bacteria that are becoming increasingly drug-resistant such asNeisseria gonorrhoeae.  

Sexually transmitted infections (STIs) caused by the bacteriaN gonorrhoeae (gonococcal 

35 infections) have increased 63% since 2014 and are a cause of sequelaeincluding pelvic 
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inflammatory disease, ectopic pregnancy, and infertility and can facilitate transmission of human 

immunodeficiency virus (HIV). N. gonorrhoeae 's ability to acquire antimicrobial resistance 

influences treatment recommendations and complicates control. In 2010, CDC recommended 

the combination of ceftriaxone and azithromycin for treatment of uncomplicated gonococcal 

5 infections. However, continued low incidence of cefiriaxone resistance and the increased 

incidence of azithromycin resistance, has led to reevaluation of this recommendation.  

Azithromycin resistance in N. gonorrhoeae is an increasing concern. Genomic epidemiology 

dataconfirmthatazithromvcin resistance can result from multiple mechanisms. Nationally, the 

percentage of N. gonorrhoeae isolates with reduced susceptibility (MIC >20 g/mL) increased 

10 more than sevenfold over 5 years (from 0.6% in 2013 to 4.6% in 2018). During 2018, the 

proportion of Gonococcal Isolate Surveillance Proiect (GISP) isolates with an azithromycin alert 

value was 8.6% among men who have sex with men, compared with 2.9% among men who have 

sex with women only. Studies have associated development of reduced azithromycin 

susceptibility with azithromycin exposure among patients withN gonorrhoeae infection.  

15 No new class of antibiotics effective against Gram-negative bacteria has been introduced into 

the clinic since the fluoroquinolones in 1968, and clinicians have had to rely on later generation 

broad-spectrum antibiotics (that is, antibiotics effective against both Gram-positive and Gram

negative pathogens), particularly the carbapenems. Unfortunately carbapenem-resistance is also 

on the rise, and infections caused by carbapenen-resistant Enterobacteriaceae (CRE) are 

20 estimated to have as much as 50% higher mortality rates than carbapenem-susceptible 

infections. With the increase in carbapenem-resistant infections, colistin, a drug that was 

previously removed from the clinic due to high toxicity, has been re-introduced to the clinic.  

However, colistin resistance is emergingand spread easily via horizontal gene transfer of 

plasnids. Pathogens thatare resistant to both colistin and carbapenems are challenging to treat., 

25 with mortality rates ranging from 20-70%. With the increase in carbapenem-resistant and 

colistin-resistant infections, new broad-spectrum antibiotics will need to be developed to combat 

the rise of Gram-positive and Gram-negative antibiotic resistance.  

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

preventing bacterial infections.  

30 

SUMMARY OFTHE INVENTION 

Compounds disclose herein, have been demonstrated to have antibacterial activity 

against a. variety of bacteria.  

Accordingly, one embodiment provides a compound of formula I:
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z 

X1 
N X2 

R'R2 N N Y1 

Y3 2 

wherein; 

R1 is hydrogen, (Ci-C)alkvl, (C2-C alkenyl, (C2-C)alknl, -C(:::O)R,-C(:::O)N(R) 2 , 

-S(=0) 2N(Ra)2, -C(=NRa)N(R)2, (C3-C7)carbocyclyl, aryl, heterocyclyl. heteroaryl, (C 3

Cf)carbocvclvl(Ci-C)alkyl-, arl(C1-C)alkyl-, heterocvclvl(C1-C6)alkyl-, or heteroaryl(Ci

5 C)alkyl-, wherein the (C1-C)alkyl, (-Cs)alkynyl, (C2-C)alkenyl, (C 3-C7)carbocclyl, aryl, 

heterocyclyl, heteroaryl, (C3-C-)carbocVciy(C1 -C6)alkyl-, .a1yi(C1-Calkvl-, heterocyclyl(C 

C6)alkyl-, or heteroaryl(CI-C)alkyl-, is optionally substituted with one or more (e.g., L 2, 3, 4, 

or 5) groups independently selected from the group consisting of halo, -OH, -NO 2, -CN, (C1

C4)alkyl, (Ci-C4 )haloalkyl, (C-C4)alkoxy, (C-C4)haloalkoxy, -N(R)2, -NRC(::NR)N(R) 2, 

10 -C(=NR)N(R) 2 , phenyl, and -OP(=O)(OH)2 , wherein phenyl is optionally substituted with one 

or more halo, -OH -NO 2 , -CN, (C1 -C4)alkyl (C-C4)haloalkl, (C-C4)alkoxv or (C

C4)haloalkoxy; and 

R2 is hydrogen, (C-C)alky, (C2-C6)alkenyl, -C(=0)R-C(=O)N(R)2,, -S(=0) 2N(R) 2 , 

-C(=NRb)N(R) 2 , (C3-C7)carbocyclyl, aryl, heterocyclyl, heteroaryl, (C3-C7)carbocyclyl(C1

15 CU)alkyl-, aryl(CI-C6)alkyl-, heterocyclyl(C1-Ct)alkvl-, or heteroaryl(C1-Cs)alkyi-, wherein the 

(Ci-C6)alkvi, W2-C)alkenyl, (C3-C7)carbocyclyl, aryl, heterocyclyl, heteroaryl, (C3

C7)carboc cil(Ci-C6 )alkyl-, aryl(CI-C6)alkyl-, heterocVcl(C1 -C 6)alky-, or heteroaryl(Cj

C)alkyl-, is optionally substituted with one or more (e.g., 1, 2, 3, 4, or 5) groups independently 

selected from the group consisting of halo, -H, -NO 2 , -CN, (C-C4)alkyl, (C-C4)haloalkyl, 

20 (Ci-C4)alkoxy, (Ci-C4)haloalkoxy, -N(R) 2, -NRC(:::NRb)N(R)2, -C(=NRb)N(R)2, and 

-OP(=O)(OH) 2; or 

R1 and R2 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, -OH, -NO 2, -CN, (C1-C4)alkyl, (C1

25 C4)haloalkl, (Ci-C4)alkoxv (Ci-C4)haloalkox, -N(Rab) 2, -NRabC(=NRa)N(Rt)2 , 

-C(=NRab)N(Rab)2, and -OP(=0)(H),, 

3
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Z is -OR-N(R)2 , -SR°, -NRC(::=NR')N(R') 2, -C(=NR)N(RC) 2 hydrogen, (C1-C6)alkyl, 

(Ci-C6 )alkenyl, -C(=O)R°,-C(=0)N(R)2, -S(0)2N(R) 2, (C-C)carbocyclvl,aryl, lheterocyclyi, 

heteroaryl, (C3-Ci)carbocy cll(C1 -C6)alkyl-, aryl(Cj-C)alky-, heterocvycly(C1-Cs)alkyl-, or 

heteroaryd(Ci-C6)alkyl-, wherein the (C-C)alkyl,(C-C)alkenyl, (C3-C7)carbocyclyl, aryl, 

5 heterocyclyl, heteroaryl, (C3-C7)carbocyclvl(C1- C)alkyl-, aryl(CI-C6)alkyl-, heterocycly](Ci

C6)alkVl-, orbheteroaryl(C-C6)alkyl is optionally substituted with one or more (e.g., 1, 3, 4, or 

5) groups independently selected from the group consisting of halo, -OH, -NO 2 , -CN, (C1

C4)alkyl, (Ci-C4 )haloalkyl, (C1-C4)alkoxy, (C1-C 4)haloalkoxy, -N(R')2, -NRC(=NR)N(R'h.  

-C(=NR)N(R')2, id -OP(:::O)(OH) 2; 

10 Xis CR or N; 

X. is CR4 or N; 

R is hydrogen, halo, -OH, -NO 2 -CN. (C-C)akox, (C-Cs)alkyl, (C1-C)akenyl, (C2

C6)alkynvl -C(=O)R,-C(=O)N(Rd) 2, -S(=O)2N(R) 2, -NRC(=NRd)N(Rd)2, -C(=NR)N(Rd)2, or

N(R 2 . wherein the (C-C)alkoxv, (C1-C)alkvl., (C2-C)alkenyl or (C2-C6)alkvnyl is optionally 

15 substituted with one or more (e.g., 1 2,3, 4, or 5) groups independently selected from the group 

consisting of halo, -011, -NO2 , -CN., (Ci-C4)alkoxy, (CI-C 4 )haloalkoxy, -N(R)2, 

-NRdC(N )N(Pd)-C(=NRd)N(Rd)2, and -OP(=)(OH)2 ; 

R4 is hydrogen, halo, -OH, -N0 2, -CN (C-Cs)alkoxy, (C-CG)akyl, (C 2-C)alkenyl, (C 2

C6)alkynyl, -C(=O)R, -C(:::O)N(R') 2, -S(:::O)2N(R), -NR°C(:::NR)N(R) 2,-C(=NP)N(R')2 ,or 

20 -N(R e) 2, wherein the (CI-C)alkoxy, (CI-C)alkyl, (C 2-C)alkenyl or (C2-C6)alkynyl is optionally 

substituted with one or more (e.g., 1 , 3, 4, or 5) groups independently selected from the group 

consisting of halo, -OH, -NO2, -CN, (Ci-C4)alkoxy, (C1-C4)haloalkoxy, -N(R')2, 

-NRcC(::NR)N(R')2, -C(:::NR)N(Re)2 , and -OP(:::0)(011)2; 

Y; is NRa y2 is N or CR 0 ,Y is N or CR7, the dashed bond between Y' and Y2 is a 

25 single bond, and the dashed bond between Y2 and y3 is a double bond; or 

is NR is N or CRTY2 is N orCR the dashed bond between Y andY2 isa 

double bond, and the dashed bond between Y' and Y3 is a single bond 

R5
aand R" are each independently (Ci-Cio)alkyl, (C-Cio)alkenyl, -W-(C3

C)carbocyclyl, -W-aryl, W-heterocvcly, -or W-heteroarvi, wherein the (Ci-Cio)alkyl, (CI

30 Cio)alkenyl, -W-(C3-C7)carbocyclyL -W-aryl, W-heterocyclyl, -W-heteroaryl, is optionally 

substituted with one or more (e g., 1, 2, 3, 4., or 5) groups independently selected from Q; 
R b, 7and R areeach independently hydrogen, halo, -OH, -NO 2 , -CN, (C1

C)alkoxy, (C1-C)alkyl, (Ci-C)alkenyl, -C(:::0)RI,-C(:::0)N(R) 2, -S(:::0) 2N(R) 2 , 

-NRC(=NRf)N(R) 2,-C(=NR)N(R T)2, or -N(R),. wherein the (C1-Cs)alkoxy, (C-C6)alkyl. or 

35 (CI-C6)alkenyl is optionally substituted with one or more (e.g., 1,2, 3, 41 or 5) groups 

4
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independently selected from the group consisting of halo, -OH, -NO 2, -CN, (C1-C4)alkoxy, (C1

C4)haloalkoxy, -N(R) 2, -NRfC(:::NR)N(Ri), -C(=NR)N(Rf)2, and -OP(=O)(OH)2; 

W is absent,(C1-Cio)alkvi, or (C2-C6)alkynyl wherein the (C-Co)akyl or (C2-C)alkynyl 

is optionally substituted with one or more (e.g., 1, 2, 3. 4. or 5) oxo (=0) and wherein one more 

5 of the carbons of the (C1-Cio)alkyl is optionally replaced with one or more (e.g.,1, 2, 3, 4, or 5) 

0- or -NR"-; 

each Q is independently halo, -OH, -NO2, -CN, (C-C)alkl, (C2-C)alkenyl (C2

Cs)alkynyl, (C 1 -C6)haloalkyl, (C-C6)alkoxy, (C1-C)haloalkoxy, C(=O)R,-(O)N(R) 2, 

-N(R)2, -S(::0)N(R`)2, aryl, -0-aryl, heteroaryl, or -0-heteroaryl, wherein the (-C)alkyl, 

10 (C2-C)alkenyl, (C2-C)alkynyl, (CI-C)haloalkyl, (C-C)alkoxy, (C1-C6)haloalkoxv, aryl, 

-Oarnl, heteroaryl, or -Oheteroary is optionally substituted with one or more (e.g., 1, 2 3, 4, or 

5) groups independently selected from the group consisting of halo, -01-, -NO 2, -CN, (C1

C4)alkyl, (C 1-C4 )haoalkyl(C1-C4)alkoxy, (C-C4 )haioalkoxy,C(=0)R, -C(=0)0(Rr), 

-C(=)N(Ry)2, -S(=) 2N(Rq)2, adl and heteroarl, wherein the aryl or heteroayl is optionally 

15 substituted with one or more (e.g., 1 2, 3, 4, or 5) Q1; 
each Q'is independently halo, -01-1, -NO2 , -CN, (C-C4)alkyl, (Ci-C 4)haloalkvl, (C1

C4 )aIkoxy, or (C -C 4)haloalkoxy; 

each Ra, R", R"), W, RW R, and Re, is independentlyhydrogen. (Ci-C)alkyl, (C

C)alkenyl, (Ci-C6)haloalkyl, (C3-C-)carbocclvl, orayl; 

20 each R' is independently hydrogen or (Ci-C6 )alkyl; 

R is hydrogen, (C-C)alkyl, (C2-C)alkenyli (Ci-C)haloalkvl (C 3-C)carbocyclyl or 

arn, wherein the aryl is optionally substituted with one or more (e.g., 1, 2, 3, 4, or 5) groups 

independently selected from the group consisting of halo, -01-1, -NO2 , -CN, (Ci-C4)alkvl, (C1

C4)haoalkyl, (Ci-C4)alkoxv. (C1 -C4)haoalkoxy, C(=0)R1, -C(=O)O(R '),-C(=O)N(RQy)2, and 

25 -S(=0) 2N(Rq') 2; and 

each Rq1 is independently hydrogen, (C1-C6)alkyi, (Ci-C)alkenyl,(C-C)haloakyl, 

(C3-C7)carbocyclyl, oraryl; 

or a salt thereof 

One embodiment provides a compound of formula I:
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z 

X1 
N X2 

R'R2 N N Y1 

wherein; 

R1 is hydrogen, (Ci-C)alkvl, (C-CWalkenyl, -C(:::O)Ra,C(:::O)N(Ra) -S(0)2 N(R4) 2 , 

5 -C(=NRa)N(Ra)2 , (Cr-C)carbocyclvl, aryl, heterocyclyl, heteroaryl, (C3-C7)carbocycyl(C1

C)alkyl-, ari(C1-C)alkvl-, heterocvclil(C-C)aliky-,or heteroaryil(Ci-Cs)alkvl-, wherein the 

(C1-C 6)alkyl, (Ci-C)alkenyl, (C3-C7)carbocyclyl, aryl, heterocyclyl, heteroaryl, (C3

C7)carbocy clyl(Ci-C6)alkyl-, aryl(Ci-C6)alkyl-, heterocyclyl(Ci-C)akl-, or heteroaryl(Ci

C6)alkyl-, is optionally substituted with one or more (e.g., 1,2, 3, 4. or 5) groups independently 

10 selected from the group consisting of halo, -OH, -NO2, -CN, (C1-C4)alkl, (C-C4)haloalkyl, 

(C 3-C 4)aikoxy, (CI-C4 )haloalkoxy, -N(R)2, -NRC(=NR)N(Ra) 2, -C(::NR)N(Ra)2, and 

-OP(=O)(OH); jand 

R2 is hydrogen, (C-C)alkyl, (C1-C)alkenl, -C(O)R,-C(=0)N(Re)2, -S(=) 2 N(R) 2 

-C(=NR)N(R) 2 , (C3-C7)carbocyclyl, aiy, heterocyclyl, heteroaryl, (C 3-C7)carbocvclyl(Ci

15 C6)alkVl-, arvyl(CI-C6)aikyl-,t heterocYciyi(CJ-C6)ai-,orheteroaryl(C1C)alkyl-, wherein the 

(C1-C)alkyl, (Ci-Cfalkenvl, (C-C7)carbocyclvl, aryl, heterocyclyl, heteroaryl, (C3

C)carbocy clVI(C1-Cj)alkyl-, aryl(C-C6)alkyl-. heterocyclyl(C 1 -C6)alkyl-, or heteroaIyl(C1

C6)alkyl-, is optionally substituted with one ormore (e.g.,1, 2,3, 4, or 5) groups independently 

selected from the group consisting of halo, -OH -NO 2. -CN, (C-C4)alkyl,(C 1-C 4 )haoalkyl, 

20 (C1-C4)alkoxy, (C1-C4)haloalkoxy, -N(R)2 , -NR'C(=NRe)N(R) 2 , -C(=NR)N(R)2, and 

-OP(O)(OH)2; or 

R' and R2 together rith 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, -OH -NO2 , -CN, (Ci-C4)alkyl, (Ci

25 C4)haloalkyl, (C-C4)alkoxy, (C-C4)haloalkoxy, -N(Ra)2, -NRabC(:::NRa)N(Rab)I 

-C(=NRAt)N(Rab) 2, and -OP(=O)(OH)2, 

Zis -OR, -N(Rc) 2 , -SR, -NRC(=NR°)N(R)2, -C(=NR0 )N(R')2, hydrogen, (C-C6 )alkyl 

(C1-C6)alkenyl, -C(=O)R'-C(:=)N(R) 2 ,-S(=O)2N(R°)2, (C3-C)carbocyclyl, aryl, heterocyclyl, 

heteroaryl, (C3-C)carbocy clViC1-C6)alkyl-, a1yi(CI-C)alkyl-, heterocy clyl(CI-C)alkyl-, or 

6
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heteroaryl(C1-C)alkyl-, wherein the (C1-C)alkyl, (C1-C)alkenyl, (C3-C'7)carbocyclyl aryl, 

heterocVclVl, heteroaryl, (C3-Cf)carbocyclil(Ci-C6)alkyl-, arVI(Ci-Csalkyl-, heterocvclyl(Ci

C6)alkyl-, or heteroary(C-C)alkV- is optionally substituted with one or more (e.g. 1, 2, 3, 4, 

or 5) groups independently selected from the group consisting of halo, -01- i-NO 2 , -CN, (Ci

5 C4)alkyl, (C 1-C4)haloalkyl, (C-C4)alkoxy, (C-C4)haloalkoxy, -N(R')2, -NRC(=NR')N(R) 2 , 

-C(=NR)N(R), and -OP(=O)(OH)2; 

X isCR orN; 

X2 is CR4 orN, 

R` is hydrogen, halo, -OH, -NO 2, -CN (C1J-C)alkoxy, (CI-C6 )alkvl,(C-C)alkenyi 

10 -C(=O)R,-C(=O)N(Rc)2, -S(=0) 2N(R 2 , -NRCN~)N(R)2, -C(=NRt)N(R)2, or- N(W) 

wherein the(C1-C)alkoxy, (Ci-Cs)alkyl, or (Ci-C)alkenyl 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 2, -CN, (CJ-C4)alkoxy, (Ci-C 4)haloalkoxy. -N(Rd) 2, -NRC(=NR)N(R)2, 

-C(=NR)N(R)2, and -OP(=O)(OH)2; 

15 R4 is hydrogen, halo, -OH- -NO2, -CN, (C-C)akoxy, (C1 -C6 )alkvl, (C-C)alkenvl, 

-C(::::O)R, -C(=O)N(RX)2, -S(:::0) 2N(R2-NRC(=NR)N(R°)2,-C(=NR)N(R) 2 , or -N(R) 2 , 

wherein the (C1-C)alkoxy, (C 1-C)alkvl, or (CI-C)alkenyl is optionally substituted with one or 

more (e.g., 1,2, 3, 4. or 5) groups independently selected from the group consisting of halo.  

-01-, -NO2, -CN, (C-C4)alkoxy, (C-C4)haloalkoxy, -N(R2, -NR C(=:NR°)N(Ri)2, 

20 -C(=NR)N(Re)2, and -OP(=O)(OH)2; 

Y' is NRY2 is N orCR is N or CR the dashed bond between Y Iand Y2 is a 

single bond, and the dashed bond between Y? and Y3 is a double bond; or 

y3 is NR-a Y1 is N or CR Y 2 is N or CR6 b, the dashed bond between Yi and Y2 is a 

double bond, and the dashed bond between Y2 and y3 is a single bond; 

25 Ra and R a are each independently (Ci-Ci)alkyl, (Ci-Ci)alkenyl, -W-(C3

C7)carbocyclyl, -W-aryl, W-heterocyclyl, -or W-heteroaryl, wherein the (C-Cio)alkvl, (Ci

Ci)alkenyl, -W-(C3-C)carbocycivl, -W-aryl, W-heterocyclyl, -W-heteroaryl, is optionally 

substituted with one or more (e.g., 1 , 3, 4, or 5) groups independently selected from Q; 
R5 Rb 7,and R are each independently hydrogen, halo, -OH, -NO2 , -CN, (Ci

30 C6)alkoxy, (Ci-CWalkyl, (C-C)alkenyl, -C(O)R,-C(O)N(R)2, -S(=O)2N(Rj)2, 

-NR'C(=NR')N(R) 2, -C(=NRI)N(R)2, or -N(R)2, wherein the(Ci-C6 )alkoxy, (C1-C6 )alkvl, or 

(C1-C)alkenvl is optionally substituted with one or more (e.g., 1, 2, 3, 4, or 5) groups 

independently selected from the group consisting of halo, -01, -NO 2 , -CN, (C1 -C4)alkoxy, (Ci

C4)haloalkoxv, -N(R) 2, -NRtC(=NR)N(R%)2 -C(=NR)N(R') 2, and -OP(=O)(OH): 

'7
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W is absent or (C-Cl)akyi, wherein the (C-C1o)alkyl is 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 (C-Co)alkyi 

is optionally replaced with one or more (e.g., 1, 2, 3, 4, or 5) -0- or -NR"-; 

each Q is independently halo, -OH, -NO 2, -CN, (C1-C6)alkyl, (C1-C)haloalkyl, (Ci

5 C6)alkoxy, (C1-C6)haloalkoxy, C(::=0)R ,C(=O)N(R) 2 ,.-N(R') 2 ,-S(=:)N(Ra), aryl,-0-ar, 

heteroaryl, or -0-heteroar, wvherein the (C-C6)alkvl, (C 1-C)haoakyl,(C1-C6)alkox, (C 1

C6)haloalkoxy, aryl, -Oaryl, heteroaryl, or -Oheteroaryl 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, -NO2 , -CN, (Ci-C4)alkvl, (CI-C4)haloalkl, (C-C4)alkoxy, (C1 -C4)hdoalkoxy, C(=O)Rc, 

10 -C(=O)O(R-), -C(=)N(R1)2, -S(=) 2N(R") 2 aryl and heteroar, wherein the aryl or heteroaryl 

is optionally substituted with one or more (e.g., 1, 2, 3, 4. or 5) Q; 
each Q'is independently halo, -OH, -NO2, -CN, (Ci-C4)alkl, (C-C4)haoalkyl,(C1

C4)alkoxy, or (Ci-C4)haloalkoxy; 

each R, Re, Ra, R, eR, R. and R, is independently hydrogen, (Ci-C6)alkyl, (CI

15 Cj)alkenyl, (C-C6)haloalkyl, (C3-C7)carbocyclyl, or aryl; 

each R" is independently hydrogen or (C-C)alkyl; 

R" is hydrogen, (C1-C6)alkyl, (Ci-C6)alkenyl, (Ci-Cflhaloalkyl (C3-C)carbocycily or 

aryl, wherein the ari is optionally substituted with one or more (e.g., 1, 2 3, 4. or 5) groups 

independently selected from the group consisting of halo, -01, -NO 2 , -CN, (C-C4)akyl, (C1

20 C4)haloalkyl, (CI-C4)alkoxy, (C-C4)haloalkoxy, C(=O)R', -C(=0)O(R(i), -C(=O)N(R )2,and 

-S(=O)2N(R) and 

each Ris independently hydrogen, (C1-C)alkyil, (C-C)alkenyl, (C-C)haloakyI, 

(C3-C7)carbocyciyl, or aryl; 

or a salt thereof 

25 One embodiment provides a pharmaceutical composition comprising a compound of 

formula I or a pharmaceutically acceptable salt thereof as described herein, and a 

pharmaceutically acceptable vehicle.  

One embodiment provides pharmaceutical composition comprising a compound of 

formula I or a pharmaceutically acceptable salt thereof as described herein, one or more (e.g.,I 

30 or 2) antibacterial agents and a pharmaceutically acceptable vehicle.  

One embodiment provides a method of treating or preventing a bacterial infection in an 

animal (e.g., a mammal such as a human) comprising administering to the animal a compound 

of formula I or a pharmaceutically acceptable salt thereof as described herein.  

One embodiment provides a method of treating or preventing a bacterial infection in an 

35 animal (eg. mammal such as a human) comprising administering to the animal a compound 
8
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of formula I or a pharmaceutically acceptable salt thereof as described herein and one or more 

(e.g, or 2) antibacterial agents.  

One embodiment provides a method of treating or preventing a bacterialinfection in an 

animal (e.g., a mammal such as a human) comprising administering to the animal in need 

5 thereof a compound of formula I or a pharmaceutically acceptable salt thereof as described 

herein.  

One embodiment provides a method of treating or preventing a bacterial infection in an 

animal (e.g.. a mammal such as a human) infected with bacteria comprising administerngtothe 

animal a compound of forinula I or a pharmaceutically acceptable salt thereof as described 

10 herein.  

One embodiment provides a compound of formula I or a pharmaceutically acceptable 

salt thereof as described herein for use in medical treatment.  

One embodiment provides a compound of formula I or a pharmaceutically acceptable 

salt thereof as described herein for the prophylactic or therapeutic treatment of a bacterial 

15 infection.  

One embodiment provides the use of a compound of formula I or a pharmaceutically 

acceptable salt thereof as described herein for the preparation of a medicament for the 

prophylactic or therapeutic treatment of a bacterial infection in an animal.  

One embodiment provides the use of a compound of formula I or a pharmaceutically 

20 acceptable salt thereof as described herein for the preparation of a medicament for treating a 

bacterial infection in an animal (e.g., a mammal such as a human).  

One embodiment provides processes and intermediates disclosed herein that are useful 

for preparing compounds of fornula I or salts thereof.  

One embodiment provides a prodrug of a compound of formula I.  

25 

DETAILED DESCRIPTION 

The following definitions are used, unless otherwise described: halo or halogen is fluoro, 

chloro. bromo, or iodo. Alkyl, alkenyl and alkoxy, etc. denote both straight and branched 

groups but reference to an individual radical such as propyl embraces only the straight chain 

30 radical (a branched chain isomer such as isopropyl being specifically referred to).  

As used herein, the term"(CrCb)alkl"wherein a and b are integers refers to a straight 

or branched chain hydrocarbon alkyl radical having from a to b carbon atoms. Thus, when a is 1 

and b is 6, for example, the term includes methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 

sec-butyl, t-butyl, n-pentyl and n-hexyl.  

35 The term "alkenvi" as used herein refers to alkyl that contains one or more double bonds.  
9
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The term "aryl" as used herein refers to a single aromatic ring or a multiple condensed 

ring systern wherein the ring atoms are carbon. For example, an aryl group can have 6 to 10 

carbon atoms, or 6 to 12 carbon atoms. Aryl includes a phenyl radical Aryl also includes 

multiple condensed ring systems (e.g., ring systems comprising 2 rings) having about 9 to 12 

5 carbon atoms or 9 to 10 carbon atoms in which at least one ring is aromatic. Such multiple 

condensed ring systems may be optionally substituted with one or more (e.g., I or 2) oxo groups 

on any cycloalkyl portion of the multiple condensed ring system. It is to be understood that the 

point of attachment of a multiple condensed ring system, as defined above, can be at any position 

of the ring system including an aryl or a cycloalkyl portion of the ring. Typical aryl groups 

10 include, but are not limited to, phenyl, indenyl, naphthyl, 1, 2, 3, 4-tetrahydronaphthyl, anthracenyl, 

and the like. In one embodiment aryl is pheny Ior naphthyl.  

The term "heteroaryI" as used herein refers to a single aromatic ring or a multiple 

condensed ring system. The term includes single aromatic rings of from about I to 6 carbon 

atoms and about 1-4 heteroatoms selected from the group consisting of oxygen, nitrogen and 

15 sulfur in the rings. The sulfur and nitrogen atoms may also be present in in oxidized form 

provided the ring is aromatic. Such rings include but are not limited to pyridyl, pyrimnidinyl, 

oxazolyl or furyl. The term also includes multiple condensed ring systems (e.g. ring systems 

comprising 2 rings) wherein a heteroaryl group, as defined above, can be condensed with one or 

more heteroaryls (e.g., naphthyidinyl), heterocycles, (e.g., 1, 2, 3, 4-tetraiydronaphthyridinyl), 

20 cycloalkyls (eg.,5,6,7,8-tetrahydroquinolyl) or aryls (e g. indazolyl) to form a multiple 

condensed ring system. Such multiple condensed ring systems may be optionally substituted 

with one or more (e.g., I or 2) oxo groups on the cycloalkyl or heterocycle portions of the 

condensed ring. In one embodiment a monocyclic or bicyclic heteroaryl has 5 to 10 ring atoms 

comprising I to 9 carbon atoms and I to 4 heteroatoms. In one embodiment a monocyclic or 

25 bicvclic heteroaryl has 5 to 10 ring atoms comprising I to 9 carbon atoms and I to 4 

heteroatoms wherein at least one ring containing at least one heteroatom is aromatic. It is to be 

understood that the point of attachment of a multiple condensed ring system (as defined above 

for a heteroaryl) can be at any position of the multiple condensed ring system including a 

heteroaryl, heterocycle, aryl or cycloalkyl portion of the multiple condensed ring system and at 

30 any suitable atom of the multiple condensed ring system including a carbon atom and 

heteroatom (e.g.,anitrogen). Exemplary heteroaryls include but are not limited to pyridyl, 

pyrrolyl, pyrazinyl, pyrimidinyl, pyridazinyl, pyrazolvl, thienyl, indolyl imidazolyl, oxazolyl, 

thiazolyl, furyi, oxadiazolyl, thiadiazolyl, quinolyl, isoquinolyl, benzothiazolyl, benzoxazolvi, 

indazolyl, quinoxalyl, quinazolyl, 5,6,7,8-tetrahydroisoquinolinyl, benzofuranyl, benzinidazolyl 

35 and thianaphthenyl.  

to
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The term "heterocyclyl" or "heterocycle" as used herein refers to a single saturated or 

partially unsaturated ring containing at least one heteroatom or a multiple ring system wherein at 

least one ring is saturated or partially unsaturated and contains at least one heteroatom . The 

termincludes single saturated or partially unsaturated rings (e.g., 3, 4, 5, 6 or 7-membered rings) 

5 from about I to 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 embodiment a 

monocvclic or bicyclic heterocic has 5 to 10 ring atoms comprising I to 9 carbon atoms and 1 

to 4 heteroatoms (e.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 is saturated or partially unsaturated and includes at 

10 least one heteroatom. The ring may be substituted with one or more (e.g., L 2 or 3) oxo groups 

and the sulfur and nitrogen atoms may also be present in their oxidized forms. Such rings 

include but are not limited to azetidinvl, tetrahdrofuranyl or piperidinyl. It is to be understood 

that the point of attachment for a heterocycle can be at any suitable atom of the heterocycle 

Exemplary heterocycles include, but are not limited to aziridinyl, azetidinyl, pyrrolidinyl, 

piperidinyl, homopiperidinyl, morpholinyl. thiomorpholinyl, piperazinV, tetrahydrofuranyl.  

dihydrooxazolyl, tetrahydropyranyl and tetrahydrothiopyranyl.  

The term "haloalkyl" includes an alkyl group as defined herein that is substituted with 

one or more (eg1, 2, 3, or 4) halo groups. One specific halo alkyl is a "(C-C)haloalkyl".  

The tern "alkoxv" refers to an -0-alkyl group.  

20 The term cycloalkyi, carbocycle, or carbocyclyl includes saturated and partially 

unsaturated carbocyclic ring systems. In one embodiment the carbocyclyl is a monocyclic 

carbocyclic ring. Such carbocyclyls include "(CrC)carbocyclyl" and "(C3-C)cycloalkyl".  

Examples of carbocyclyls include without limitation cyclopropane, cyclobutane, cyclobutene, 

cyclopentane, cyclopentene, cyclohexane, cyclohexene, cycloheptane and cycloheptene.  

25 Specific values listed below for radicals. substituents, and ranges. are for illustration 

only; they do not exclude other defined values or other values within defined ranges for the 

radicals and substituents.  

Specifically, (CI-C)alkyl can be methyl, ethyl, propyl, isopropyl, butyliso-butyl, sec

butyl, pentyl, 3-pentyl, or hexy; (C-C)alkoxy can be methoxy, ethoxy, propoxy, isopropoxy.  

30 butoxy, iso-butoxy, sec-butoxy, pentoxy, 3-pentoxy, or hexyloxy; (C-Cs)cycloalkv can be 

cyclopropyl, cyclobutyl, cyclopentyl, or cycliohexyi; (C-C6)haloalkyl can be iodomethyl, 

bromomethyl, chloromethyi, fluoromethyl, trifluoromethyl. 2-chloroethvl, 2-fluoroethyl, 2,22

trifluoroethyl, or pentafluoroethyl; aryl can be phenyl, indenyl, or naphthyl; and heteroaryl can 

be furyl, imidazolyl, triazolyl, triazinyl, oxazolyl ,isoxazoly, thiazolyl, isothiazoyl, pyrazolyl, 

11
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pyrrolyl, pyraziyl, tetrazolylil, (or its N-oxide), thienyl, pyrimidinyl (or its N-oxide), 

indolyl, isoquinolyl (or its N-oxide) or quinolyl (or its N-oxide).  

It is understood that theembodiments provided below are for compounds of formula I 

and all sub-formulas thereof (e.g., formulas Ia, b, c, Id Ile, If, Ig, Ih). It is to be understood the 

5 two or more embodiments may be combined.  

In one embodiment .X is CR 

In one embodiment X2 is CR.  

In one embodiment X 2 is N.  

Inone embodiment a compound of formula I is a compound d of formula Ia: 

Z R3 

R 4 

N 

R'R2N N Y 

10Y3-y2 

Ia 

or a salt thereof 

Inone embodiment a compound of formula I is a compound d of formula Ib: 

Z R3 

R4 
NA' 

SI--,R5a 
R1 R2 N N N 

Y3 = y2 

15 lb 

or a salt thereof.  

In one embodiment a compound of formula I is a compound of formula Ic: 

Z R3 

R 4 

N 

R1 R2N N N 

Y2 

R1 

12
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Ic 

or a salt thereof.  

In one embodiment Y 3 is CR'7.  

In one embodiment Y2 is CR.  

5 In one embodiment a compound of formula I is a compound of formula Id: 

Z R3 

R4 
N 

R1 R2 N N N 

Rrb Rab 

Id 

or a salt thereof.  

In one embodiment a compound of formula I is a compound of formula le: 

Z R3 

N x2 

R1 R2 N N Y 

Y3- -y 2 

Ie 

or a salt thereof.  

In one embodiment a compound of formula I is a compound of formula If 

Z R3 

R2N ;x2 a 

R RN !N N 

y3 --- y2 

If 

or a salt thereof.  

In one embodiment a compound of formula I is a compound of formula Ig: 

13
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Z R3 

N X(2 

RR 2 R RN N N 

Y2 

Ig 

or a salt thereof 

In one embodiment the cornpoune of formula I is a compound of formula Ih: 

Z R3 

R 4 

N~ 

R5a 
R'R 2N N NR 

Y2 

Ih 

or a salt thereof.  

In one embodiment a compound of formula I is a compound of formula ii: 

Z R3 

N x2 

R 5 a 
R RN N N 

R7bRo 

Ii 

or a salt thereof 

In one embodiment R3 is hdrogen.  

In one embodiment R3 is hydrogen or halo.  

In one embodiment R4 is hydrogen.  

14
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In one embodiment R4 is hydrogen or halo 

In one embodiment R' is hydrogen, (C-C)alkyl, or ayl(C-C6)alkyl-, wherein the (C1

C6)alkyl or aryl(C1-C)akyl is optionally substituted ith one or more (eg.1, 2, 3, 4, or 5) 

groups independently selected from the group consisting of halo, -OH, -NO2 , -CN, (C-C4)alkyl, 

(C1-C4)haioalkyl, (C1-C4)akoxy, (C-C4)haoalkoxy, -N(R)2, -NRaC(:::NR)N(R)m 

5 -C(=NRa)N(Ra) 2 , phenland-OP(=)(OH;wherein phenvl is optionally substituted with one 

or more halo, -OH, -NO 2. -CN, (C1-C4)alkl, (C1 -C4)haloalkyl, (C1-C4)akoxy, or (C1

C4)haloalkoxy.  

In one embodiment R'R' is hydrogen, (Ci-C)alkyl, oraryl(C-C)alkvi-, wherein the 

(C1-C)alkyl or aryl(C1-C)alky is optionally substituted with one or more (e.g., 1, 2, 3, 4, or 5) 

10 groups independently selected from the group consisting of halo and phenyl, wherein phenyl is 

optionally substituted with one or more halo, -OH, -NO2 , -CN, (Ci-C4)alkyl, (C1-C 4 )haloakvl, 

(C-C4)alkoxy, or (C1-C4)haloalkoxy.  

In one embodiment R' is hdrogen.  

In one embodiment R2 is hydrogen.  

15 In one embodiment Z is -N(R2.  

In one embodiment Z is -NH 2 .  

In one embodiment R7b is hydrogen.  

In one embodiment Ri bis hydrogen.  

In one embodiment R7b is hydrogen or (C-C6 )alkyl.  

20 InoneembodimentR* ishydrogenor(C-C)alkVl.  

In one embodiment Rsa is (C1-CO)alkenyl, -W-(C-C7)carbocyclyl, -W-aryl, or -W

heteroaryl, wherein the (Ci-Cio)alkenyl, -W-(C-C-)carbocyclyl, -W-aryl, -W-heteroaryl, is 

optionally substituted with one or more groups independently selected from Q.  
In one embodiment R is (Ci-Cio)alk (C2-Co)alkenyl, -W-(C3-C)carbocyclyl, -W

arylor -W-heteroaryl, wherein the C-Cio)alkyl, (C2-Cio)akeny, -W-(C3-C)carbocycyl, -W

aryl, or -W-heteroaryl, is optionally substituted with one or more groups independently selected 

from Q.  
In one embodiment Rsis (C 2-C1o)alkenl, -W-(C-C7)carbocyclyl, -W-aryl, or -W

heteroaryl, wherein the (C 2-Cio)alkenyl, -W-(C-Cy)carbocyclyl, -W-aryl, or -W-heteroaryl, is 

optionally substituted with one or more groups independently selected from Q.  
In one embodiment W is absent, (C-Cio)alkyl, or (C2-C6)alkynyl wherein the (C

25 Cio)alkyl or (C2-C)akvnyl is 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 (C-Co)alkyl is optionally replaced with one 

or more (e.g., 1, 2, 3 41 or 5) -0- or -NR'-.  
15
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In one embodiment Rsa iS (C2-C)akenvl, -W-(C-C7)carbocyclyl, -W-aryl, or -W

heteroarvi, wherein the (C2-CWalkenyl, -W-(C3-C-)carbocvclyl, -W-aryl, -W-heteroarvl, is 

optionally substituted with one or more groups independently selected from Q.  
In one embodiment R is(Ci-6)alkyl,(C2-C6)alkenl, -W-(C3-C)carbocyclyl,-W-aryl, 

or -W-heteroaryl, wherein the C-C)alkyl, (C2-C)akeny, -W-(C3-C7)carbocyclyl, -W-aryl, or 

W-heteroarvl, is optionally substituted with one or more groups independently selected from Q.  
In one embodiment Ra is (C 2 -Cj)akeny, -W-(C3-C7)carbocvclvl, -W-arl, or -W

heteroarylwherein the (C2-C)alkenyl, -W-(C3-C)carbocyclvl, -W-aryl, or -W-heteroaryl, is 

optionally substituted with one or more groups independently selected from Q.  
In one embodiment W is absent, (CI-C)alkyl, or (C2-C)alkynyl wherein the (CI

5 Cs)alkyl or (C2-Cj)alkvnv is 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 -C1o)alkyl is optionally replaced with one 

or more (e.g., 1, 2, 3, 4, or 5) -0- or -NR"-.  

In one embodiment W is absent or (C1-C4)alkyl, wherein the (C1-C4)alkyl is optionally 

10 substituted with one or more oxo (::0), 

Inone embodiment W is absent, (C-Cio)alkyl, or (C2-C6 )alkynyl wherein the (C1

Ci)alkyl or (C2-C6)alkvnvl is optionally substituted with one or more (e.g., 1, 2, 3, 4, or 5) oxo 

(=0).  

In one embodiment W is absent, -CH2-, -C(=0)-, or propyne, 

In one embodiment W is absent, -CH2 -, or -C(=0)

15 In one embodiment R' is: 

N 
Br Br / N 

Br 

CF 3  CF3  OCF3  F3F 

16 I 
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Ci 0 

0 

N~ Br 

-- -~ --N -N 

Br 

N- N 

N-N 

N--N 

5In one emboiment R 5 ais:.  

Br Br N~ N 

CF 3  CF3  OCF 3  /F - F 

/ 

Fp 
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- 00 -0 

0 

N .I\- Br 

-- -~ --N -N 

Br 

N- N 

N--N 

orN 

B- r 
F Br 

FF 

C- NC\ 

N NN

/F 3 C NE....  
- -- ~- \/ IN 
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One embodiment provides the compound: 

Br 
NH2  -NH 2  NH Br 

N N -""I- I 

H2N N N-Y H2N 'N' 01 2NN 

N N 

NH 2  /-NH 2  NH2  

N N r;j)~ 
N 2 N 

H 2N N4 

CF3  !N Nj F3N--I 

NH2  C3NH 2  CF 3  NH 2  OF 

H2N N NH 2N N N H 2N N"N 

/ F CF3  NH 2 
N2NH2  F H 

k HN N 

H2N N H2N NN N

cl H 0 Q0 
NH2

N~ N /N2 -0\ NH 2 

H2N N N' H2N N '-fN
--- H 2N N.  

N2NH 2 NH2  ~NH2N N 

N~:" 

H2N N JN 2  H2N N NHNN 
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NH 2 NHNH 

N 'N ~Y>N:' 

H 2N N N 'N H2N N N 
H2N N 

Br NH 2 
NH2  -- NH2  N~> ' 

H2  'HNN N~ H N 
N---rI

H2N N N__ H2N~ N_ --HN 

NH2  NH2  NH 2  B 

N ~ N 

HN N NH 2N -N N--, H 2NN N 

NH2NH NH2 

N NH 

NH 2  N 2  N 'N S 

N '* NN ~ H2N' N 

or asailtthereof 

One embodiment provides the compound: 

B r 
N2 NH2  NH2  B r 

H 2N 'N N- H2N N-H 2N! N N 

20



WO 2022/271723 PCT/US2022/034374 

N N 
NH 2  -~NH 2  INH 2  

jBr H2 NN -N H2N 'lN Nj H2N N N 

NH2CF3  N2  CF 3  H 2 OCF 3 

N N~:' 
H 2N N UN H2N N N_) H2N N~N

NH2  NH2  F C 3 NH2  C 

/ H2N N 
H2N N N H2N N 

NH 2  cI NH2  - NH 

N N 
H2N- N N- H2N N' N'

NHHN 2  N N~ Np 

N--o 
H2 N2 

H2N N N-'N', N H2N N N.

0 
-0\ 

NH H2 N 2 if 

HH N-2N 

H2N N - N 

Br NH 2 
NH2  NH2 N:' 

2 2 N 
N NN H:: X1 -- 'IpiHN N N N HNLN JH2N N N SN 
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NH2  NH2  NH2 

H2N -N N-H 2N N *N HN 

NH2  NH2  NH2  Br 

H2N' N N H2 N N H -l 

N~ H2N 

N~-,N 

NH2  / NH2 N-NH/NH 

NH NH N H2  NN\ 

NH2  NH NH 

H2NI N H2 N Br H2N 

N N 2N 

I \liCF3 

Br 
Br 

NH2  H 2N NH2 

N, N ~ 

H2N N N H2N N 'N -~ F H2N N F 

N I NC N, 
5 F 

NH2 2 

H2 N!N N-) I 
- F HAIN N--\N 
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NH 2 

N NH 2 

- 1 -1 N 

H2N N N--\.  

H2N N 

NH2  NHr Br S 

-' - -HN N N 
H2 N' "- NN N 2 N" -- N 

NHHB 
H22B 

N N N- N'' NH 

H2 N N ~"N:' HN N N N.-, 

Br 

NH   NHH2 

N ' ~N N or- N N 

H N 
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represent the final corresponding groups present in a compound of formula I or that these groups 

can represent groups that can be converted to the final corresponding groups present in a 

compound of formula I at a convenient point in a synthetic sequence. For example, the variable 

groups can contain one or more protecting groups that can be removed at a convenient point in a 

.5 synthetic sequence to provide the final corresponding groups in the compound of formula 1 

Schemes 1-3 illustrates a general method for the preparation of compounds of formula I.  

Scheme I 
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Scheme 2 
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H2N NH 2  OH m R :b 

R 7b R 6b 

NH 2 R3 
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Scheme 3 
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R H H2N NH2  OH mwR N 
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In one embodiment the bacterial infection being treated is a Gram-negative bacterial 

strain infection. In one embodiment the Gram-negative bacterial strain is selected from the 

10 group consisting ofAcinetobacter baunannii, Acinetobacter calcoaceicus, Acinetobacter 

haemolyticus, Acinetobacter wo/ffiActinobacilus acinomcetemomitansAeromonas 

hydrophiia, AggregatibacteractinomyceremcomitansAgrobacteriumrtue/bciens, Bacteroides 

distasonis, Bacteroides eggerthii, Bacteroidesfbrsythus, Bacteroidesfragilis, Bacterodes 

ovalus, Bacteroides splanchnicus, Bacteroides thetaiotaomicron, Bacteroides uniforms, 

15 acteroides vulgatus, Bordetella bronchiseptica., Bordetella parapertusi, Bordetela pertussis, 

Borrelia burgdorferi, Branhanella catarrhais, Burkholderia cepacia, Campylobacter col, 

CIampylobactertfetus, Campylobacter je juni, Caulobacter crescentus, Chlamydia trachomatis, 

Citrobacter diversus, Citrobacter freundli, Enterobacter aerogenes, Enterobacter asburiae, 

Enterobacter cloacae, EnterobactersakazakiEscherchia col, rancisella tularensis, 
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Fusobacteriun' nucleatum, Gardnerella vaginalis, Haemophilus ducreyi, aenophilus 

haemolyticus, faenophilus influenzae, faenophilus parahaemoIytics,Haemophilus 

parainfluenzaeHfelicobacter pylori, Kinge'lladenitrificans, Kingela indologenes, Kingella 

kngae,Kingeila oralis, K/Cbsiella oxytoca, Klebsiella pneuinonae, Klebsiella rhinoscleromatis, 

5 Legionelapneumopilaisteria nonocytoienes, Moraxella bovis, Moraxella catarrhals, 

Aloraxelia acunata, Morganela nrg'anii, Neisseria gonorrhoeae,Neisseriamennitidis, 

Pantoea agglomerans, Pasteurella canis, Pasteurella haemolytica, Pasteurella multocida, 

Pasteurella tularensis, Porphlyromonas gingivalis, Proteus iMrabiis, Proteus vulgaris, 

Providencia a encia rettgeri, Providencia stuarii, Pseudomonas 

10 acldovorans, Pseudononas aeruginosa, Pseudomonas alcaligenes. Psedomonasifluorescens 

Pseudononas putida, SaoInela enteritis, Salmonella paratypi, Salmonellatyphi, 

SIlnonella tvinuriun, Serratia narcescens, Shigelia Isenteriae, Shigellalexneri, Shigella 

sonnei, Stenotrophomonas ma/toph/llaVeilonela parvua Vibrio cholerae, Vibrio 

parahaemolyt/cusYersinia enterocolitica. Yersinia interedia, Yers/nia pests and Yersinia 

15 pseudotuberculosis.  

In one ernbodinent the bacterial infection being treated is a Gram-positive bacterial 

strain infection. In one embodiment the Gram-positive bacterial strain is selected from the 

group consisting of Actinomyces naslun Actinomyces viscosus Bacillus anthracis, Bacillus 

cereus, Bacilussubti/s, Clostridium difficile, Corynebacterium diphtheriae, Corynebaterium 

20 ulcerans, nterococcusfaecalis, Enterococcus faecium. Micrococcus luteus, Mycobacterium 

avium, Nvcobacterium intracellulare, _Mycobacterium leprae, Mycobacterium tuberculosis.  

Prop/onibacterium acnes, Staphylococcus aureus, Staphylococcus epidermidis, Staphylococcus 

haemolyticus, Staphylococcus hominis, Staphylococcus hyicus, Staphylococcus intermedius, 

Staphylococcus saccharolyticus, Staphylococcus saprophyticus, Streptococcus agalactiae, 

25 Streptococcus nutans, Streptococcus pneunon/ae, Streptococcus pyogenesStreptococcus 

sal/varius andStreptococcussangals.  

The compositions can, if desired, also contain other active therapeutic agents, such as a 

narcotic, a non-steroid anti-inflammatory drug (NSAID), an analgesic, an anesthetic. a sedative, 

a local anesthetic, a neuromuscular blocker, an anti-cancer, an antimicrobial (for example, an 

30 arninoglycoside, an antifungal, an antiparasitic, an antiviral, a carbapenem, a cephalosporin (e.g..  

cefepime), a fluoroquinolone, a macrolide, a penicillin, a sulfonamide, a tetracycline, another 

antimicrobial). an anti-psoriatic, a corticosteriod, an anabolic steroid, a diabetes-related agent, a 

mineral, a nutritional, a thyroid agent, a vitamin, a calcium-related hormone, an antidiarrheal, an 

anti-tussive, an anti-emetic, an anti-ulcer, a laxative, an anticoagulant, an erythropoietin (for 

35 example. epoetin alpha), a filgrastim (for example. G-CSF, Neupogen), a sargramostim (GM
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CSF, Leukine), an immunization, an immunoglobulin, animmunosuppressive (for example, 

basiliximab, cyclosporine, daclizumab), a growth hormone, a hormone replacement drug, an 

estrogen receptor modulator, a mydriatic, a cvcloplegic, an alkylating agent, an anti-metabolite, 

a mitotic inhibitor, a radiopharmaceutical, ananti-depressant, an anti-manic agent, an anti

5 psychotic, an anxiolytic, a hypnotic, a sympathomimetic, a stimulant, donepezil, tacrine, an 

asthma medication, a beta agonist, an inhaled steroid, a leukotriene inhibitor, a methiyxanthine, 

a cromolyn, an epinephrine or analog thereof, domase alpha (Pulmozyme), a cytokine, or any 

combination thereof 

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

10 gly copeptides, aminoglycosides, 3-lactams, rifamycins, macrolides, ketolides, oxazolidinones, 

coumermycins, and chloramphenicol.  

It will be appreciated that compounds of the invention having a chiral center may exist 

in and be isolated in optically active and racemic forms. Some compounds may exhibit 

polymorphism. It is to be understood that the present invention encompasses any racemic, 

15 optically-active, polymorphic, or stereoisomeric forn, or mixtures thereof, of a compound of the 

invention, which possess the useful properties described herein, it being well known in the art 

how to prepare optically active forns (for example, by resolution of the racemic form by 

recrystallization 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 in a non-stereochemical manner 

(e.g. flat), the atom to which the bond is attached includes all stereochemical possibilities.  

When a bond in a compound formula herein is drawn in a defined stereochemical manner (e.g.  

bold, bold-wedge, dashed or dashed-wedge), it is to be understood that the atom to which the 

stereochemical bond is attached is enriched in the absolute stereoisomer depicted unless 

25 otherwisenoted. In one embodiment, the compound (orcomposition thereof) may beat least 

51% the absolute stereoisomer depicted. In another embodiment, the compound (orcomposition 

thereof) may be at least 60% the absolute stereoisomer depicted. In another embodiment, the 

compound (or composition thereof) may be at least 80% the absolute stereoisomer depicted. In 

another embodiment, the compound (or composition thereof) may be at least 90% the absolute 

30 stereoisomer depicted. In another embodiment, the compound (or composition thereof) may be 

at least 95 the absolute stereoisomer depicted. In another embodiment, the compound (or 

composition thereof) may be at least 99% the absolute stereoisomer 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 

35 -NI-C(=)in a compound of formula (I) could existin tautomeric form as -N=C(OH)I. The 
27



WO 2022/271723 PCT/US2022/034374 

present invention encompasses all tautomeric forms of a compound of formula I as well as 

mixtures thereof that can exist in equilibrium 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 

5 formula I can be useful as an intermediate for isolating or purifying a compound of forinula 

Additionally, administration of a compound of formula I as a phannaceutically acceptable acid 

or base salt may be appropriate. Examples of pharmaceutically acceptable salts are organic acid 

addition salts formed with acids which form a physiological acceptable anion, for example, 

tosylate, methanesulfonate, acetate, citrate, malonate, tartrate, succinate, fumarate, benzoate, 

10 ascorbate, a-ketoglutarate, and a-glycerophosphate. Suitable inorganic salts may also be 

formed, including hydrochloride, sulfate, nitrate, bicarbonate, and carbonate salts. Salts may be 

obtained using standard procedures well known in the art. for example by reacting a sufficiently 

basic compound such as an anne with a suitable acid affording the corresponding anion. Alkali 

metal (for example, sodium., potassium or lithium) or alkaline earth metal (for example calcium) 

15 salts of carboxylic acids can also be made.  

Pharmaceuticall suitable counterions include pharmaceutical suitable cations and 

pharmaceutically suitable anions that are well known in the art, Examples of pharmaceutically 

suitable anions include, but are not limited to those described above (e.g. physiologically 

acceptable anions) including Cl-, Br-, F, CH3SO-, H42PO4-, CF3 SO3~,p-CH 3 C 6H4 SO3 citrate, 

20 tartrate, phosphate, palate, fumarate, formate, or acetate.  

It will be appreciated by those skilled in the art that a compound of the invention 

comprising a counterion can be converted to a compound of the invention comprising a different 

counterion. Such a conversion can be accomplished using a variety of well-known techniques 

and materials including but not limited to ion exchange resins, ion exchange chromatography 

25 and selective crystallization.  

The compounds of formula I can be formulated as pharmaceutical compositions and 

administered to a mammalian host, such as a human patient in a variety of forms adapted to the 

chosen route of administration, i.e., orally or parenterally, by intravenous, intramuscular, topical 

orsubcutaneous routes. For oral administration, the compounds can be formulated as a solid 

30 dosage form with or without an enteric coating.  

Thus, the present compounds may be systemically administered, 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 

35 oral therapeutic administration, the active compound may be combined with one or more 
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recipients and used in the forn of ingeibletablets. buccal tablets, troches, capsules, elixirs, 

suspensions, syrups, wafers, and the like. Such compositions and preparations should contain at 

least 0.1% of active compound. The percentage of the compositions and preparations may, of 

course, be varied and may coneniently be between about2 to about 90% of the weight of a 

5 given unit dosage form. The arnount of active compound in such therapeutically useful 

compositions is such that an effective dosage level will be obtained.  

The tablets, troches, pills, capsules, and the like may also contain the following: binders 

such as gum tragacanth, acacia, corn starch or gelatin; recipients such as dicalciun phosphate; a 

disintegrating agent such as corn starch, potato starch, alginic acid and the like; a lubricant such 

10 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 forn is a capsule, it may contain, in addition to materials of the above 

type, a liquid carrier, such as a vegetable oil or a polyethylene glycol Various other materials 

may be present as coatings or to otherwise modify the physical form of the solid unit dosage 

15 form. For instance, tablets, pills, or capsules may be coated with gelatin, wax, shellac or sugar 

and the like. A syrup or elixir may contain the active compound, sucrose or fructose as a 

sweetening agent, methyl and propylparabens as preservatives, a dye and flavoring such as 

cherry or orange flavor. Of course, any material used in preparing any unit dosage forn should 

be pharnaceutically acceptable and substantially non-toxic in the amounts employed. In 

20 addition, the active compound may be incorporated into sustained-release preparations, particles, 

and devices.  

The active compound may also be administered intravenously or intramuscularly by 

infusion or injection. Solutions of the active compound or its salts can be prepared in water, 

optionally mixed with a nontoxic surfactant. Dispersions can also be prepared in glycerol, liquid 

25 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 

microorganisms.  

The pharmaceutical dosage forms suitable for injection or infusion can include sterile 

aqueous solutions or dispersions or sterile powders comprising the active ingredient whichare 

30 adapted for the extemporaneous preparation of sterile injectable or infusible solutions or 

dispersions, optionally encapsulated in liposomes. 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 liquid dispersion medium comprising, for example, water, ethanol, a 

polyol (for example, glycerol, propylene glycol, liquid polyethylene glycols, and the like), 

35 vegetable oils, nontoxic glyceryl esters, and suitable mixtures thereof The proper fluidity can 
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be maintained, for example, by the formation of liposomes, by the maintenance of the required 

particle size in 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 agents, for 

example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases, 

5 it will be preferable to include isotonic agents, for example, sugars, buffersorodium chloride.  

Prolonged absorption of the injectable compositions can be brought about by the use in the 

compositions of agents delaying absorption, for example, aluminum monostearate and gelatin.  

Sterileiectablesolutionsarepreparedby incorporating the active compound in the required 

amount in the appropriate solvent with various of the other ingredients enumerated above, as 

10 required, followed by filter sterilization. In the case of sterile powders for the preparation of 

sterile injectable solutions, the preferred methods of preparation are vacuum drying and the 

freeze during techniques, which yield a powder of the active ingredient plus any additional 

desired ingredient present in the previously sterile-filtered solutions.  

For topical administration, the present compounds may be applied in pure form, i.e., 

15 when they are liquids. However, it will generally be desirable to administer them to the skin as 

compositions or formulations, in combination with a dermatologically acceptable carrier, which 

may be a solid or a liquid.  

Useful solid carriers include finely divided solids such as talc, clay, microcrystalline 

cellulose, silica, alumina, nanoparticles, and the like. Useful liquid carriers include water, 

20 alcohols or glycols or water-alcohol/glycol blends, in which the present compounds can be 

dissolved or dispersed at effective levels, optionally with the aid of non-toxic surfactants.  

Adjuvants such as fragrances and additional antimicrobial agents can be added to optimize the 

properties for a given use. The resultant liquid compositions can be applied from absorbent 

pads, used to impregnate bandages and other dressings, or sprayed onto the affected area using 

25 pump-type or aerosol sprayers.  

Thickeners such as synthetic polymers, fatty acids, fatty acid salts and esters, fatty 

alcohols, modified celluloses or modified mineral materials can also be employed with liquid 

carriers to form spreadable pastes, gels, ointments, soaps, and the like, for application directly to 

the skin of the user.  

30 Useful dosages of the compounds of formula I can be determined by comparing their in 

vitro activity, and in vivo activity in animal models. Methods for the extrapolation of effective 

dosages in mice, and other animals, to humans are known to the art; for example, see U.S. Pat.  

No. 4,938,949.  

The amount of the compound, oran active salt or derivative thereof, required for use in 

35 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 clinician.  

In general, however, a suitable dose will be in the range of from about I to about 500 

mg/kg, e.g., from about 5 to about 400 mg/kg of body weight per day, such as I to about 250 mg 

5 per kilogram body weight of the recipient per day.  

The compound is conveniently formulated in unit dosage form; for example, containing 

5 to 500 mg, 10 to 400 mg, or 5 to 100 mg of active ingredient per unit dosage form. In one 

embodiment, the invention provides a composition comprising a compound of the invention 

fornulated in such a unit dosage form. The desired dose may conveniently be presented in a 

10 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 itself may be further divided, e.g., into a number 

of discrete loosely spaced administrations.  

Co-administration of a compound disclosed herein with one or more other active 

therapeutic agents (e.g., antibacterial agents) generally refersto simultaneousorsequential 

15 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. gonorrhoeae growth is shown 

in Table I and can be determined using a method as described in Example 34.  

20 
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The abilitY of compound disclosed herein to inhibit bacterial growth is shown in Table 

2 and can be determined. usinga method as described in Example 54.
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The invention will now be illustrated by the following non-limiting examples.  

Preparation of Arnine Intermediates A, B, C, D, and E 

Section 1: Synthetic Procedure for the Preparation of Intermediate A B C, D and E 

Inteimediate A B C D E 
Structure H 2 N NH 2  NH2 Br NH2 

H 2N N NH H2N H H 2N N NHH2 N N NH H 2N N ~NH N 2  N N NN 
NiH ILHI

5 

Preparation of Intermediate A: 7H-pyrrolo[2,3-h]quinazoline-2 4-diamine.  

NH 2 
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H 2N 
N 
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71-pyrrolo[2,3-h]quinazoline-2,4-diamine 
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NH 2 

NH2  NH 2 HCI N NN N 2N N NHNN FNa BF OEt H 
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10 

To a solution of 2-cy ano-1-(1I-indol-4-y)guanidine (5.2 g, 26 mmol) in 

dimethoxyethane (200 mL) was added BF3.E(20 (16 mL, 130 mmol) slowly at room 

temperature. It was stirred at 80 C ovemight under N2. then the solvent was removed in vacuo 

and the residue was suspended in methanol (50 mL). To the solution NH3/-1 20 (35 mL) was 

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

by column chroniatography on silica gel using MeOH in DCM as eluents to provide a brown 

powder (3.3 g, 64%yield). 'HNMR (300 MHz, DMSO-d 6) 1172 (s br, IH), 8.02 (s br, IH), 

7.73 (d,J:= 9.0 Hz, 1H), 7.42 (s, 1), 7.29 (d,. J= 9.0 Hz, 1H), 6.90 (br s, 1H), 6.85 (s, 1-). MS 

(ESI): Calcd for CjoHiONs 200.09M+H]*, found 199.80 [M+H]' 

20 

The requisite intermediate was prepared as follows: 

NH 2 

N JNH 
N N N 
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2-cyano-1-(i1H-indol-4-yl)guanidine 

To a solution of4-aminoindole (5.29 g, 40 mmiol) in methanol (150 mL) was added HCl 

solution (4 M in dioxane, 12.5 mL, 50 mmol) at r.t. slowly. The reaction mixture was stirred at 

5 r.t. for 10 min then the solvent was removed in vacuo. The residue was dissolved in DMF (60 

mL) and sodium dicyanamide (8.90 g, 100 mmiol) was added at rt. 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 driedin vacuo. The crude 

product was collected as a grey powder (5.3 g, 67% yield) which was used for the next step 

10 reaction without purification. 'H NMR (300 MHz, DMSO-d) 6 11.20 (s, 1H), 8.88 (s, 1H), 7.32 

(i, IH), 7.19 (tJ::: 8.1, Hz, 21-), 7.02 (t, J= 7.8 Hz, 1H), 6.94 (s, 211), 6.44 (s, 1-). MS (ESI): 

Called for CioHioN 5 ' 200.09 [M1-H1], found 199.85 [M +H1]-.  

Preparation of Intermediate B: 8-methyl-71-Rpyrrolo[2,3-h]quinazoline-2,4-diamine.  

NH 2 

N )"N 

H2N 

15 H 

8-methyl-7H-pyrrolo[2,3-h]quinazoine- 2 ,4-diamine 

NH2 NH2 NH2  NH 2  N NN -I NHN 
HCIHCI /F NNH N N 

N MeOH + NaN NE H 2N 
N' N H H N N 

H H 

To solution of 2-cy ano-I-(2-methyl-1H-indol-4-yl)guanidine (0.82g,3.8nmmol)in 

dimethoxyethane (30 mL) was added BF.Et20 (2.4 mL, 20 mmol) slowly at room temperature.  

20 itwas stirred at 80 C overnight under N2, then the solvent was removed in vacuo and the 

residue was suspendedin small amount of methanol (10 mL). To the solution NH3 .H2 0 (5 mL) 

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

purified by column chromatography on silica gel using MeOH in DCM to provide a brown 

powder (0.68 a, 83% yield). HNMR (300 MHz, DMSO-d) 1 11.82 (s br, 1H), 8.67 (s br, iH), 

25 8.45 (s br. 1H) 7.75 (d J= 9.0 Hz, 11-1). 7.31 (d J=: 9.0 -Iz, 11-1), 7.23 (s br, III) 7.06 (s br, 

1i), 6.89 (s br, I H), 6.59 (s, 11), 2.44 (s, 311). MS (ESI): Calcd for CJH12Ns214.10 [M1H1], 

found 213.85 [M+H]*.  

The requisite intermediate was prepared as follows: 
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NH2 

N NH 

H N 1 N 
H 

To a solution of 4-aninoindole (0.83 g, 5.7 mmol) in methanol (30 nL) was added IC 

5 solution (4 M in dioxane, 17 ml, 6.8 mmol) at r.t. slowly. The reaction mixture was stirred at 

rt. for 5 min then the solvent was removed in vacuo. The residue was dissolved in DMF (12 

mL) and sodium dicyananuide (1.26 g, 14.2 mmol) was added at r.t. 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 vacuo. The crude 

10 product was collected as a grey powder (0.83 g, 69% yield) which was used for the next step 

reaction without purification. INMR (300 MHz, DMSO-do) 6 11.02 (s, 1H). 8.79 (s, 1H) 7.09 

(t, J:: 7.5 Hz, 111), 7.04 (s, 111), 6.91 (t, J 7.8 Hz, 1H), 6.88 (s. 1H), 6.11 (s, 1H), 2.36 (s 31).  

MS (ESI): Calcd for CnH0 N 214.10 [M+H]4 , found 213.90 [M+H].  

15 Preparation of Intermediate C: 5-bromo-71J-pyrrolo[2,3-hquinazoline-2,4-dianine.  

N NH   NH 2 

NH 2  HN2 HOI N N NH N N 

Br DN BFOEt H 2NB 

BrN N 'AH DMF 'NDLME BZ~ 
H Br H Br 

HHH 

NH 2 Br 

N 

H2N N NH 

5-bromo-7I-I-pyrrolo(2,3-h]quinazoline-2.4-diamine 

20 

To a solution of 6-bromo-1H-indol-4-amine (0.25 g 1.2 mmol) in methanol (10 mL) was 

added HC solution (4 M in dioxane, 0.4 mL, 1.6 mmol) at r.t. The reaction mixture was stirred 

at r.t. then the solvent was removed invacuo. The residue\was dissolved in DMF (2 mL) and 

sodium dicyaanide (0.27 g, 3 mmol) was added at r.t.The reaction mixture was heated at 45 

25 °Covemight. Then DMF was removed in vocuo. The residue was treated with water, and the 

precipitate was filtered off, washed with water, and died in vacuo. The crude product was 
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collected as a grey powder. It was dissolved in dimethoxyethane (10 mL) then BF.Et2 O (0.8 

mL, 6 inol) was added slowly at room temperature. It was stirred at 65 °C for 2 hours under 

N 2, then the solvent was removed in vacuo and the residue was suspended in small amount of 

methanol. To the solution NI-13 .H 20 (0.5 iL) was added. It was stirred at r.t. then concentrated 

5 and loaded on silica gel. It was purified by column chromatography on silicagel using 0-25% 

MeOH (containing 2% NH3,H2) in DCM to provide a brown powder (0.10 g, 30% yield) 

'HNMR (300 MHz, MeOH-d4) 6 7.78 (d, J= 0.8 Hz, IH), 7.47 (d, J= 3.3 Hz, IH), 6.93 (dd, J= 

3.3, 0.8 Hz, 1H). MS (ESI): Calcd for CoHoBrN6 * 278.00 M+H]found 277.85 M1+H]1.  

10 Preparation of Intermediate D: 71-pyrrolo(3',2':5,6]pyrido[4,3-lpyrimidine-2,4-diamine.  

NH H2N 
C1 I H2N NH2 N NC 2 2 K2CO 3  N N 

H2N NH2 OH NMH 

NH2 

N 'N 

H2N N NH 

7H-pyrrolo[3',2':5,6]p*rido[4,3-]pyrimidine-2,4-diamine 

15 

To a mixture of 4-chloro-1H-pyrrolo[2,3-blpyridine-5-carbonitrile (177 mg,I 1nmol), 

guanidine carbonate (721 mg, 4 mmol) and anhydrous potassium carbonate (276 mg, 2 minol) 

NMP (15 mL) was added. The resulting mixture was sealed under nitrogen and heated via 

microwave for 3.5 hours at 150 C. After cooling to room temperature, the solvent was removed 

20 under vacuo, the residue was loaded on silica gel and purified on column chromatography on 

silicagel with 0-50% MeOH (containing 2% NH 3 1H20) in DCM to collect the productas a pale 

brown powder (136 mg, 68% yield). 1HNMR (300 MHz, DMSO-d) 6 12.11 (s br. 1H), 8.94 (s 

br, 1H), 7.43 (dd, J= 6.2, 1.78 Hz, 1H), 6.96 (s br, 21-1), 6.79 (dd, J= 6.2, 1.78 I-Iz, 1-1), 6.41(s 

br, 2I) MS (ESI): Calcd for C9Ht9N6 200.95 [M+HL, found 201.05 [M+H]J.  

25 

Preparation of Intermediate E: 7-pyrazolo3,4-h]quinazoline-2,4-diamine.  
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NH H 2N 
CI 
N > H2N NH2  N' N 

CN + NH 0 OH Kmw H 2N N 

H2N NH 2  OH H 

NH2 

N 

H2N N NH 
N 

7H-pyrazolo[3,4-hquinazoline-2,4-diarine 

5 To a mixture of 4-chloro-iH-indazole-5-carbonitrile (100 mg, 0.56 mnol) guanidine 

carbonate (406 ig, 2.24 mmol) and anhydrous potassium carbonate (155 ig, 1.12 mmol) was 

added NMP (8 nL). The resulting mixture was sealed under nitrogen 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% MeH 

10 (containing 2% NH3 .H2 0) in DCM to collect the product as a pale broin powder (38 tmg 34% 

yield). 'HNMR (300 MHz, MeOH-d 4 ) 6 8.43 (s, H), 7.85 (d, J= 84 Hz, IH), 7.34 (d, J= 8,4 

Hz, IH). MS (ESI): Calcd for C9 H9 N6 * 201.09 [M+H]*, found 200.90 IM+HV' 

General synthetic procedure for the preparation of examples compounds.  

15 

To a solution of intermediates: A-E or7H-pyrrolo2,3-h]quinazoline-2,4-dianiine (1 eq.) 

in anhydrous DMF (1 rnL/immol) was added Nai (60% in mineral oil, 1.5 eq.) under nitrogen.  

After stirring at r.t. for 10 min, the bromide oracid anhydride (1 eq.) was added.The reaction 

mixture was stirred at r.t. overnight, then treated with water, the precipitate was filtered, washed 

20 withwater, and dried. Then it was loaded on silica gel and purified by column chromatography 

on silica gel using MeOH in DCM as eluents.  

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

the paragraph above.  

25 Exam-ple 1 Preparation of 7-benzvl-7H-pyrrolo[2.3-h]quinazoline-2,4-diamine.  

NH 2 

H2 N N N 
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7-benzyl-7H-pyrrolo[2,3-hquinazoline-2,4-diamine 

To a solution of 7H-prrolo[2,3-h]quinazoline-2,4-diamine (40 ng, 0.2 mnol) in 

anhydrous DMF (0.2mL) was added Na- (60% in mineral oil, 12 mg, 0.3 mmol) under 

5 nitrogen. After stirring at r.t. for 10 min, benzyl bromide (24pL, 0.2 mmol) was added. The 

reaction mixture was stirred at rt. 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 colunm chromatography on silica gel using 0-10% MeO-I in DCM as eluents to give the 

product as a white powder (12 mg, 21% yield). 1H NMR (300 MIz, CD 3COCD3) 67.60 (d, J:::: 

to 8.7 Hz, 1H), 7.31 (m, 3H), 7.26 (i 2H), 7.16 (m, 2H), 7.06 (dHJ= 3.0 Hz, 1H), 6.50 (s br, 2H), 

5.52 (s br 21-) 5.46 (s. 21-1). MS (ESI): Calcd for C1Hp16N* 4290.13 M+H]. , found 289.80 

[M+H]*-.  

Examples 2-53 were prepared flowing the procedure outline for example 1, the general 

15 synthetic schemes and in the general synthetic procedure.  

ample2.Preparation of 7-(4-bromobenzyl)-7H-pyrrolo[*2,3-hquinazoline-2,4-diamine.  

Br 
NH 2 

N# 

H2N N N' 

744-bromobenzyl)-7H-pyrrolo[2,3-hquinazoline-2,4-diamine 

20 

Pale brown powder (182 ng, 20% yield) was obtained from 7H-pyrrolo[2,3

h]quinazoline-2,4-diamine (500 mg, 2.5 mmol). 2HNMR (300 MHz, DMSO-d) 6 763 (d,,J= 

9.3 Hz, 111), 7.49 (d,J::: 8.4 Hz, 21-), 7.41 (m. 1H), 7.19 (m, 11-1), 7.11 (d J= 8.4 iz, 21-1), 6.80 

(d,3 = 3.0 Hz, 1H), 6,08 (br, 2H), 5.43 (s, 2H). MS (ESI): Calcd for C17HIsBrN5* 368.04 

25 [M+H]*, found 367.85 [M+H] 

Example 3. Preparation of 7-(3-bromobenzyl)-7H-pyrrolo[2,3-hlquiazoline-2,4-diamine.  

NH2  Br 

NNH 

H2N N N 

7-(3-bromobenzyi)-7H-pyrrolo[2,3-h]quinazoline-2,4-diamine 
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White powder (19 ug, 26% yield) was obtained from 7H-pyroo[2,3-h quinazoline-2,4

diamine (40 mg, 0.2 mmol). MS (ESI): Calcd for CyHisBrNs 368.04 [M+H]V. found 367.85 

5 

Eamle 4. Preparation of 7-(2-bromobenzyl)-7H-pyrrolo[2,3-h]quinazoine-2,4-diaine.  

NH 2 

Br 
H2 N N ' N 

7-(2-bromobenzyl)-7H'J-pyrrolo[2,3-h]quinazoline-2,4-diamine 

10 White powder (33 ng, 18%v ield) was obtained from 711-pyrroo[2,3-hquinazoline-2,4

diamine (100 mg, 0.5 mmol), 'H NMR (300 MHz. CDCl3) 6 7.61 (m, IH), 7.19 (m, 1H), 7.15 

(m, 2H), 7.13 (m, 2H), 7.06 (d, J= 8.7 Hz, IH), 6.45 (m, 1H), 5.44 (s, 2H), 5.29 (s br, 2H), 4.91 

(s br, 2H). MS (ESI): Caled for ('HisBrNs* 368.04 [M--, found 367.90 [M+H].  

15 Example 5. Preparation of 4-((2,4-diamino-7-pyrrolo[2,3-hquinazolin-7

yl)methvi)benzonitriie.  

N 

NH2 

H 2N N N 

4-((2,4-dianino-7H-pyrrolo[2,3-h]quinazolin-7-y)iethli)benzonitrile 

20 White powder (38 mg, 24% yield) was obtained from 7H-prrolo[2,3-h]quinazoline-2,4

diamine (100 mg, 0.5 mmol). 1H NMR (300 MHz, CDCl 3) 6 7.59 (d, J= 8.4 Hz, 2H), 7.28 (dJ 

-9.0 Hz, 11-1), 7.19 (d, J= 9.0 Hz, 1H), 7.14 (d, J= 9.0 Hz, 111), 7.12 (d,J=: 8.7 Hz, 211). 6.99 

(d, J::: 87 z, 11H), 546 (s. 21H). 528 (s br, 2H), 4.90 (s br, 21H). MS (ESI): Calcd for CI-sN 

315.13 [M-H], found 314.90 [M-H].  

25 

Example 6. Preparation of 3-((2,4-dianiino-7-f-pyrrolo2,3-h]quinazolin-7

vi)methyi)benzonitrile.  
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N 

NH2 D 

H2N N N 

3-((2,4-diarnino-7H-pyrrolo[2,3-hi]quinazoin-7-y)methl)benzonitrile 

White powder (31 mg, 20% yield) was obtained from 7H-pyroo[2,3-hquinazoline-2,4

5 diamine (100 mg, 0.5 mrmol). MS (ESI): Calcd for Cis1 5 N6 315.13 [M+H] 4. found 314.90 

[M+H]*.  

Example 7.Preparation of 7-(4-(trifluoronethyl)benzvi)-7H-pyrrolo[2,3-h]quina.oline-2,4

diamine.  

CF3 

N H2 

N 

H2N N N 
10 

7-(4-(trifluoromethli)benzyl)-7-pyrrolo23 -hIquinazoline-2,4-diamine 

Nite powder (34 mg, 19% yield) was obtained from 7H-pyrolo[2,3-h]quinazoline-2,4

diamine (100 mg, 0.5 mmol). H NMR (300 MHz, CD(lI) 6 7.54 (d, J= 7.2 Hz, 21), 7.28 (in, 

15 11), 7,17 (m, 41), 7.03 (d,J:= 9.0 Hz, 111), 5.45 (s, 211), 5.28 (s br, 21), 4 89 (s br, 2H). MS 

(ESI): Calcd for C ,sHsFNs' 358.12 [M-H], .found 357,90 [M+H].  

Example 8. Preparation of 7-(3-(trifluoromethl)benzl)-7-pyrroo[2,3-h]quinazoline-2,4

diamine.  

NH2 CF 3 

20 
H2N N 

7-(3-(trifluoromethvl)benzil)-7H-pyrrolo[2,3-h]quinazoline-2,4-diaine 

White powder (78 mg, 44% yield) was obtained from 7H-prrolo[2,3-h]quinazoline-2,4

diamine (100 mg, 0.5 mmol). 'H NMR (300 MHz, CDCi) 7.53 (d, J= 7.8 Hz, 1H), 7.42(s 

25 1H), 7.38 (d, J= 7.5 Hz, Il), 7.29 (d, J= 9.0 Hz, 11-1). 7.17 (In, 311), 7.05 (d,,:= 8.7 Hz 1-) 
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5.44 (s, 2H), 5.29 (s br, 21-1), 4.91 (s br, 21-). MS (ES1): Caled for C1 iH1 5 F 3Ns* 358.12 [M-1-H 

found 357.90[M+H]*.  

Example 9. Preparation of'7-(4-(trifluoromethoxy)benzyl)-7H-pyrrolo[2,3-hlquinazoline-2,4

5 diamine.  

OCF3 
NH2 

N 

H2N 1,N KI N' 

7-44-(trifluoromethoxy)benzyl)-7H-pyrrolo[23-h]quinazoline-2,4-diamine 

White powder (36 mg, 19% yield) was obtained from 711-py Irolo[2,3-hquinazoline-2,4

I0 diamine (100 mg, 0.5 mniol), H NMR (300 MHz CDCI3 ) 6 7.56 (d, J= 7.2 Hz, lH), 7.38 (m, 

2H), 7.29 (d, J= 9.0 Hz, IH), 7.23 (m, IH), 7.15 (dd, J= 13.8, 3.0 Hz, 2H), 7.02 (d, J= 8.7 Hz, 

11-1), 5.42 (s, 21-1), 5.30 (s br.2H), 4.92 (s br, 21-1). MS (ESI): Caled for CsHisF3NsO* 374.12 

[M+H]-1,found 373.90 [M4I]'.  

15 Example 10. Preparation of 7-(4-isopropybenzi)-7H-pyrrolo[2,3-hquinazoine-2,4-dianmine.  

NH2 

H2 N N 

7-(4-isopropylbenzyi)-7H-pyrrolo[2,3-hiquinazoline-2,4-diamine 

White powder (92 mg, 55% yield) was obtained from 7H-py11nolo13-hlquinazoline-2,4

20 diamine (100 mg, 0.5 inmol). H NMR (300 MIz CDCl3 ) 6 7.27 (d J 9.0 I-z, 11-1). 7.19 (n, 

51),7.14 (ni,211), 7.01 (d,.J= 8.1 Hz,211), 5.35 (s,211), 5.28 (s br, 21) 4.89 (sbr,2H)286 

(m, IH), 1.21 (d,. = 6,9 Hz, 6H) MS (ESI): Caled for CoH22Ns* 332.18 [M+H]-, found 332.00 

[M-+-H]*.  

2 Exam-mle 11. Preparation of 7-(3-fluoro-4--(trifluoromthy)benzyi)-7H-pyrrolo[2.3

hIquinazoline-2,4-diamine.  
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NH2  F CF 3 

NH 

H2 N N N 

7-(3-fluoro-4-(trifluoromethyl)benzlI)-7H-pyrrolo[2,3-hquinazoline-2,4-diamine 

White powder (59 mg, 31%yield) was obtained from 7H-prrolo[2,3-h]quinazoline-2,4

5 diamine (100 mg, 0.5 mmol). 'H NMR (300 MHz, CDCl) 6 7.53 (1t,J= 7.8 Hz, 11), 7.30 (d, J= 

8.7 liz, 211), 7.16 (d,/=: 3.0 Hz, 11-) 7.02 (d,,j::: 8.7 Hz, 1H), 6.90 (d,J::: 9.0 Hz, 1), 6.84 (d, 

J= 11.1 Hz, 11), 5,44 (s. 2H), 5.35 (s br, 2H). MS (EST): Caled for CsH4F4Ns*F376.11 

[M+H], found 375.95 [M+H]*.  

10 Example 12. Preparation of 7-(5-chloro-2-fltiorobenzyl)-71H-pyrrolo[2,3-h Iquinazoline-2,4

diamine 

NH 2  
CI 

H2N N N 

7-(5-chloro-2-fluorobenzyl)-711-pyrrolo[2,3-hquinazoline-2,4-diamine 

I5 Nite powder(62 mg,36%ield) was obtained from71H-pyrrolo[2,3-h]quinazoine-2,4

diamine (100 mg, 0.5 mmol). ]H NMR (300 MHz, .CDC) 6 7.32 (d, J= 9.0 Hz, 11-1), 7.17 (m, 

314), 7.12 (d, J= 9.0 liz, 11), 7.05 (t, J= 9.0 Hz, 11), 6.73 (dd, J= 6.9, 3.0 Hz, 11I), 5.39 (s, 

2H), 5.29 (s br, 2H), 4.89 (s br, 2H), MS (ESI): Calcd for C1rH14ClFNs* 342,08 [M+H]f, found 

341.85 IM+H]*.  

20 

Example 13. Preparation of 7-(2,5-dichlorobenl)-71-pyrrolo[2,3-h]quinazoline-2,4-diamine.  

NH 2  CI 

H2 N N N C 

7-(2,5-dichlorobenzyl)-7H-pyrrolo[2,3-h]quinazoline-2,4-diamine 

25 Off-white powder (8 mg, 13% yield) was obtained from 7H-pyrrolo[2,3-h]quinazoline

2,4-dianine (40 mg, 0.2 mmol). MS (ESI): Calcd for CH, 4Cl2Ns 358.05 [M+H]*, found 

357.90 [M+H]*.  
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Example 14. Preparation of 7-(3,5-dinethoxy benzyl)-H-pyrrolo2,3-h]quinazoline-2,4

diamine.  

NH2  
0 

0 

H2 N N N 

5 7-(3,5-dirnethoxvbenzil)-7Hf-pyrrolo[2,3-h]quinazoline-2,4-diamine 

White powder (108 mg, 62% yield) was obtained from 7H-pyrrolo[2,3-hlquinazoline

2,4-diamine (100 ig, 0.5 mmol). 1H NMR (300 MIHz, CDCl 3 ) 6 7.27 (d,J::: 9.0 Hz, 1), 7.15 

(m2H), 7,11 (d, J= 8.7 Hz, 1H), 6.34 (t, J= 2.1 Hz, IH), 6,21 (d, J= 2.4 Hz, 2H), 5.31 (s, 2H), 

to 5.28 (s br, 2H), 4.89 (s br, 2H), 3.68 (s, 6H). MS (ESI): Caled for C1H2N5O2' 350.15 [M+H*, 

found 349.95MH]*.  

Exmple-L.Preparation of'7-(4-phenoxy benzyl)-7Hff-pyrrolo[2,3-h]quinazoline-2,4-diamine.  

NH 2 

H2N N 

15 7-(4-phenoxybenzi)-7H-pyrrolo[23-hquinazoline-2,4-diamine 

White powder (35 mg, 33% yield) was obtained from 7H-pyrrolo[2,3-h]quinazoline-2.,4

diamine (56 mg, 0.28 mmol). H NMR (300 MHz.,CD3 COCD 3) - 8.19 (br, 21-1), 7.92 (d, J= 9.0 

Hz, lH), 7.66 (m, 2H), 7.36 (im 2H), 7,30 (d,J= 8.7 Hz, 2H), 711 (i, 2H), 6.92 - 6.99(m, 

20 4H), 5.59 (s, 2H). MS (ESI): Cald for C2 3H2 ON5 O 382.16 IM+H, found 381.95 [M+H].  

Example 16. Preparation of (4-((2,4-dianino-7H-pyrrolo[2,3-h]quinazolin-7

vl)methyl)phenyl)(phenyl)methanone.  
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NH2 

N 

H 2N N N 

(4-((2,4-diamino-7H-pyrrolo[2,3-h]quinazolin-7-yi)methvl)pheniyl)(phenvli)methanone 

White powder (35 mg, 18% yield) was obtained from 7-pyrrolo2,3-h]quinazoiine-2.4

5 diamine (100 mg, 0.5 mmol) t11 NMR (300 MHz, CDCls) 3771 - 780 (in, 5H), 7.57 (m, 211), 

7.45 (m, 3H), 7.17 (m., 2H), 7.08 (d, J= 9.0 Hz, 1H), 5.48 (s,2H), 5.28(s br, 2H) 4.90 (s br, 

21-1). MS (ES): Calcd for C2A 2 0No 50 394.16 MH-1-, found 393.95[M+H]4 .  

Example17. Preparationof7-([,'-bipheny]-4-ylmethyl)-7H-pyrroo[2,3-]quinazoline-24

10 diamine.  

NH2 

H2N N N' 

7-([1,1'-biphenyl]-4-ymethvl)-7H-pvrrolo[2,3-/]lquinazoline-2,4-diamine 

Off-white powder (28mg, 26% yield) was obtained from 7H-pyrrolo[2,3-h]quinazoline

1s 2,4-diamine (60 mng 03 minol). 'H NMR (300 MHz, CD 3COCD-,) 6 750 - 7.58 (m, 4H), 7.36 

7.43 (m 3H), 7.26 (m., 2H), 7.20 (d,1J= 8.4 Hz, 2H), 7.15 (d, J= 9.0 Hz, 1H), 7.06 (d, J= 3.0 

iz, 1H), 6.35 (s br, 211), 5.48 (s, 21-), 5.35 (s br, 2-1). MS (ESI): Caled for C23Hy2N5* 366.16 

[M+H]-1,found 366.00 [M-H] 

20 Example 18.Preparation of 7-([1,1'-biphenvil]-3-ylmethyl)711-pyrrolo[2,3-h]lquinazoline-2,4

diamine.  

NH 2 

H2N N 

7-([1,1'-biphenyl]-3-ylmeth-l)-7--pyrrolo[2,3-hlquinazoline-2,4-diarine 
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Off-white powder (25 mg, 23% yield)vwas obtained from 7H-pyrrolo[2,3-h]quinazoline

2,4-diamine (60 ng 0.3 mnol). MS (ESI): Caled for CH2QN* '366.16 [M+H], found '365.95 

5 

Exmple19. Preparationof4'-((2,4-diamino-7H-pyrrolo[2,3-h]quinazoin-7-vl)methyil)-[1,1

biphenyl]-2-carbonitrile.  

N' 

NH2 

N 

H2N N N 

4'-((2,4-diamino-7H-pyrroio[2,3-h]quinazolin-7-yl)methl)-[1,1'-biphenyl] -2-carbonitrile 

I0 

Off-white powder (27mg, 23% yield)vwas obtained from 7H-pyrrolo[2,3-hlquinazoline

2,4-diamine (60 mng 03 mmol). 'H NMR (300 MHz, CD 3OD) 6 7,79 (d, J= 78 Hz1-H), 7.68 

(m, 1H), 7.60 (d, J= 9.0 Hz, 1H), 7.41 - 7.56 (m, 5H), 7.36 (d, J= 3.0 Hz., 1H), 7.25 (m, 2H), 

7.07 (d, J= 3.3 Hz, 11-1),5.53 (s, 211). MS (ES): Caled for CnHoN6 t 391.16 IM+H]I, found 

15 390,95 [M-1.  

Emple 20. Preparationof methyl 4'-((2,4-dianmno-7H-pyrrolo[2,3-h]quinazoln-7-l)methI)

[1,1'-bipheniyl]-4-carboxylate.  

0 
O\ 

NH2 

H2N N Y N' 

20 methyl4'-((2,4-dianino-7H-pyrrolo[2,3-h]quinazolin-7-yI)methvi)-[1,1'-biphenl]-4

carboxylate 

Off-white powder (29 mg, 14% yield) was obtained from 7H-pyrrolo[2,3-hiquinazoline

2,4-diamine (100 mg, 0.5imol). "1 HNMR (300 MHz, CDCL3)6 8.08 (d, J: 8.4 Hz, 2H), 7.60 

25 (d, J:::: 84 Hz, 214). 7,55 (d, J:::: 8.1 Hz, 214), 729 (d,J 8.7 Hz, H) 7,18 (m, 41), 7.12 (d,J:::: 
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8.7 Hz, 111), 5.45 (s, 211), 5.27 (s br, 2H), 4.90 (s br, 21-1), 3.93 (s, 31-1). MS (ESI): Calcd for 

C2 5 H2 2N 5 O2 424.18 IM-H. found 42395 [M+-I]1 

Example 21. Preparation of 7-(naphthalen-2-lmethyl)-7H-pyrrolo[2,3-h quinazoline-2,4

5 diamine.  

NH 2  - I 
' 

H2NtN N> 

7-(naphthaen-2-yimethyil)-71H-pyrrolo[2,3-h]quinazoine-2,4-diainne 

White powder (20 mg, 18% yield) was obtained from71H-pyn-olo[2,3-h]quinazoline-2,4

10 diamine (64 mg, 0.32 mmol). 'H NMR (300 MHz, CDC13) 6 8.17 (s, iH), 7.92 (m, 3H), 7.80 (m 

11-1), 7.73 (n 11), 7.59 (m, 21-H), 7.44 (in, 31-1), 5.33 (s, 21-1). MS (ES): Calcd for C21HiN5s 

340 15 [M+H], found 339.90 [M+H]*.  

Example 22. Preparationof7-((5-bromopridin-2-yl)methyl)-7HI-pyrrolo2,3-h]quinazoline

15 2,4-diamine.  

Br 

NH2 
N' 

H2 N N 

7-((5-bromopyridin-2-vI)methvi)-7H-pyrrolo12,3-h]quinazoline-2,4-diamine 

Pale brown powder (27 mg, 15% yield) was obtained from7H-pyrroio2,3

20 h]quinazoline-2,4-diamine (100 mg 0.5 mnmol). 'H NMR (300 MHz, CDCl3) 6 8.65 (dJ= 2.4 

Hz,, H), 7.64 (dd, = 8.4,2.4 Hz, 1H), 7.28 (d, J= 8.7 Hz, IH), 7.19 (s,2H), 7.06 (d, J= 9.0 

Hz, 1-). 6.51 (d,J:= 8.1 Hz, 111). 5.47 (s2H),5.27 (s br, 21-1). 4.88 (s br,211). MS (ESI): Calcd 

for CiH14BrN* J369.05 [M-H]*, found 368.85 [M+H] 

25 Example 23. Preparation of 7-((1-methyl-1H-benzo[cl| midazole-2-yl)methil)-7-pyrrol(2,3

h1quinazoline-2,4-diamine.  
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NH 2 

N-N N y_ N 

H 2N N N 7 

7-(1-methyl-i-benzo[J midazole-2-yl)methyi)-7H-pyrrolo[2,3-h]quinazoline-2,4-diamine 

Pale brown powder (45 ig, 26% yield) was obtained from 71-pyrrolo[2,3

5 h]quinazoline-2,4-diamine (100 mg, 0.5 mmol). HNMR (300 MHz, DMSO-d) 7,63 (d,J= 

9.0 Hz, 1l), 7.56 (d, J:= 7.5 Hz, 111), 7.50 (d J: 8.1 -z, 11-1). 7.39 (d, J= 3.0 Hz, 1H), 7.28 (m, 

1), 7,20 (m, 11), 7.18 (i, 111), 6.81 (d,.J= 3,0 Hz, 1H), 6.00 (br,211), 5.79 (s,211), 3.73 (s, 

31). MS (ESI): Caled for C1HisNK* 343.90 [M+H], found 344,10[M+H].  

10 Example 24. Preparation of 7-((4-phenyIthiazol-2-yi)methyl)7-pyrrolo[2,3-hquinazoline

2,4-diamine.  

NH 2 

H2 N N N N 

7-((4-phen)thiazol-2-yi)methyl)-7J1-pyrrolo[2,3-h]qJinazoline-2,4-dianine 

15 White powder (52 mg, 30% yield) was obtained from 7H-pyrrolo[2,3-h]quinazoline-2,4

diamine (100 mg, 0.5 mmol). 1H NMR (300 MHz, DMSO-d) 6 7.88 (d,::: 7.5 iz,2H). 7.42 

(i2n), 736 (m, 4H), 7.20 (m, 2H), 5.72 (s, 2H), 5.31 (s br, 2H),4.90 (s by, 2H). MS (ESI): 

Called for C26Hi7N6S* 373.12 [M+H], found 372.90 [M+H*.  

20 Example 25. Preparation of 7-(3-methylbut-2-en--y)-7H-pyrrolo[2,3-h]quinazoline-2,4

diamine.  

NH 2 

"
H2N N N 

7-(3-methylbut-2-en-1-yi)-7H-pyrrolo[2,3-hquinazoline-2,4-diamine 
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White powder (15 mg, 28%)yield) was obtained from 7-pyrrolo(2,3-hlquinazoiine2,4

diamine (40 mg, 0.2 mrol). ij HNMR (300 MHz, CD30D) 67.61 (d, J= 9,0 Hz, 1H). 7.24 (d, J 

9.0 Hz, IH), 720 (d,J= 3.0 Hz, IH), 6.96 (dJ= 3.3 Hz, 1H), 5.38 (m, IH), 4.80 (d, J= 6.9 

Hz, 21), 1.86 (s, 31-1). 1.77 (s, 31-1). MS (ESI): Caled for CsIsNs4 268.15 [M-H-11, found 

5 267.85 [M-H]*.  

ExampIe26. Preparationof7-(cyclohex-2-en-1-y)7.H-pyrrolo[2,3-h]quinazoine-2,4-diamine.  

NH2 

N& N 

H2N N N 

7-(cyclohex-2-en-1-yl)-7H-pyrrolo2,3-h-quinazoline-2,4-diaine 

10 White powder (8 mg 12% yield) was obtained from 7H-pyrrolo[2,3-h]quinazoline-2,4-diainein 

(48 mg. 0.24 imol). H NMR (300 MHz, CD3COCD 3) 7.93 (d,.J= 8.7 Hz, 1H), 7.71 (d, J= 

9.0 liz, 1H), 7.51 (d,,/= 3.0 Hz, 11-) 7.04 (d,J= 3.0 lz, 11). 6.20 (m, 11), 5.83 (in, 1-1), 5.34 

(m, 11), 217 (in, 411), 1.76 (n, 21).  

15 Example 27. Preparation of 7-(cyclohexylmeth)711- pyrrolo[2,3-h]quinazoline-2,4-diamine.  

NH2 

N )I 
H2N N N~ 

7-(cyclohexylmethy)-7H--pyrroio[2,3-h]quinazoline-2,4-diamine 

White powder (56 mg, 38% yield) was obtained from711-pyrrolo[2,3-h]quinazoline-2,4-diamine 

20 (100 mg, 0.5 inmol). iH NMR (300 MHz, CDCl3) 67.29 (dJ= 9.0 iz, 11), 7.17 (d,J= 9.00 Hz, 

IH), 7.07 (s. 2H), 5,28 (s br, 2H), 4.88 (s br, 2Ht)398 (d,J= 8.4 Hz, 2H), 1.84 (i, lH), 1.53 

1.72 (m, 10H). MS (ESI): Caled for C 1 H22Ni* 296.18 [M+H], found 295.95 IM+H]*.  

Example 28. Preparation of 7-(cy clopropylethl)-7H-pyrrolo[2,3-h]quinazoline-2,4-diamine.  

NH2 

N "

H2N N N 

25 

7-(cyvclopropvlmethiyl)-71--pyrrolo[23-h]quinazoline-2,4-dianine 
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White powder (47 mg, 37% yield) was obtained from 7-pyrrolo(2,3-h]quinazoine-2.,4

diamine (100 mg, 0.5 mmol), 'H NMR (300 Mz, CDCl3) 6 7.31 (d J::: 9.0 Hz, 1H), 7.23 (d,.J 

3.0 Hz, IH), 721 (d,J= 9.0, Hz, IH), 7.09 (d, J= 3.0 Hz, 1H), 5.27 (s br, 21), 4.86 (s br, 

21-1), 4.04 (d, J= 6.3 Hz, 2H), 1.29 (i, IH) 0.65 (in, 21-1), 0.38 (in, 211). MS (ESI): Calcd for 

5 C1HiN5' 254.14M+HJ*, found 253.90 [M-H].  

Exmle 29. Preparation of (2,4-diamino-7R-prrolo[2,3-/]quinazolin-7-y)(phenyl)methanone.  

NH 2 

H 2N N N 

(2,4-diaino-711-pyrrolo[2,3-h]quinazolin-7-yi)(phenil)methanone 

10 

White powder (58 mg, 38% yield) was obtained from 7H-pyrrolo[2,3-h]quinazoline-2,4

diamine (100 ig, 0.5 mnol)and benzoic anhydride (113 mg, 0.5imol). 'H NMR (300 MHz, 

CD 3COCD 3) 6 7.81 (d,J= 8,7 Hz, 1H), 7.64 (in, 21), 7.53 (m, 1H), 7.49 (, 11), 7.42 (in, 21), 

7.16 (d,.J= 3,9 Hz, 1H), 7.07 (d,,J= 3.6 Hz,1H), 5 91 (s br, 2H), 5.02 (s br, 2H). MS (ESI): 

15 Calcd for CH14NsO* 304.11 [M-- 4 , found 303.90 [M+1H]'.  

Example 30. Preparation of 7-(3-bromobenzil)-8-methyl-7H-pyrrolo[23-h]quinazoline-2,4

diamine.  

Br 
N N 

H2N N N 

20 7-(3-bromobenzvl)-8-methvi-7H-pyrrolo[2,3-h]quinazoline-2,4-diamine 

White powder (40 n, 21% yield) was obtained from 8-methyl-7H-pyrrolo[2,3

h]quinazoline-2,4-diamine (100 ng, 0.5 nmol). 'H NMR (300 MHz, DMSO-d) 6 7.44 (m,2H), 

7.37 (m, 111), 7.25 (t,,J::: 7.5 I-z, l1), 7.01 (s, 11H), 6.91 (d J=: 8.1 Hz, 11-) 6.74 (s, 1-1) 5.52 

25 (s, 2H), 2.36 (s, 3H). MS (ESI): Caled for C23H0 2N5 O 382.16 [M-1-H, found 381,85 [M-1H.  

Example 31. Preparation of 4'-((2,4-diamino-8-methy-7H-prrolo[2,3-h]quinazolin-7

yl)nethyl)-[1,1'-bipheni]-2-carbonitrile.  
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N -

NH 2 

N 

H2N N N 

4'-((2,4-diamino-8-methyl-7H-pyrroio[2,3-hIquinazolin-7-yi)methyl)-[1,i'-biphenyl]-2

carbonitrile 

5 White powder (46 mg, 23% yield) was obtained from 8-methl-7H-pyrrolo[2,3

h]quinazoline-2,4-diamine (100 mg, 0.5 nrmno). 'H NMR (300 MHz, DMSO-d6) 6 7,92 (m, iH), 

7.82 (,in 1),7.74 (m 2H), 7.50 -7.59 (in, 51-1), 7.12 (d, J= 8.4 Hz, 1H), 6.80 (slI -), 5.64 (s, 

21-1), 2.34 (s, 31-1). MS (ES): Calcd for C25HN 6
1 405.17 M1-H, found 405.05[M+H4-].  

10 Example 32.Preparation of7-((2-(H-tetrazo-5-yi)-1,1'-biphenyi]-4-yi)methy)-8-methyl

7H--pyrrolo2,3-h~quinazoiine-2,4-diamnine.  

N 

N N H 
NH 2 N--NH 

N 

H2N"NC N 

7-((2'-(lH-tetrazol-5-yl)-[1,1'-biphenyl]-4-yi)nmethyl)-8-niethv-7H-pyrrolo[2,3-h]quinazoliMe

2,4-diamine 

To a solution of 8-methyl-7H-pvrrolo[2,3-/i]quinazoline-2,4-diamine (100 ng, 0.5 

nmol) in anhydrous DMF (0.5 mL) was added NaH (60% in mineral oil, 30 mg, 0.75 nmol) 

under nitrogen. After stirring at r.t. for 10 min, 5-(4'-(bromomethl)-[,1'-biphenyl]-2-yl)-1

trityl-1H-tetrazole (279 mg, 0.5 minol) was added. The reaction mixture was stirred at r.  

20 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 0-10% MeOH in DCM as eluents to give the intermediate which was purified by 

column chromatography on silica gel. Then it was dissolved in MeOH (5 nL) and treated with 

HCi solution (4 M in dioxane, 0.5 mL, 2 mmol). The mixture was stirred at r.t. for 4 hours and 

25 concentrated in vocuo. The residue was dissolved in MeOH and neutralized with DIPEA. After 
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removing solvents, it was purified by column chromatography on silica gel using MeO- in 

DCMas eluents to give a white powder (43 mg, 19% yield) 'H NMR (300 MHz, DMSO-d6 ) 6 

7.82 (m, iH), 7.57 (n, 2H) 7.52 (i, 1H), 7.49 (m, iH), 7.43 (m, 1H) 7,19 (m, 2H), 7.04 (d,J= 

8.4 Hz, 2-1), 6.90 (s, I), 5.52 (s, 211), 2.37 (s, 3H). MS (ESI): Caled for CHN 448.19 

5 [M+H] , found 448.05[M4H]'.  

E Ixmple 33. Preparation of 7-(benzo[ithiazol-2-vlmethyi)-8-iethvl-7H-pyrrolo[2,3

h]quinazoline-2,4-diamine.  

NH 2 

H2 N N 

10 7-(benzo~althiazoi-2-ylmethyl)-8-methyl-7H-pyrroil2,3-h]quinazoline-2,4-diamiine 

Pale brown powder (45 mg, 25% yield) was obtained from8-ethy-7-prroo[2,3

h]quinazoline-2,4-diamine (100 mg, 0.5 mmol). MS (ESI): Calcd for C1H1N6S 361.12 

[M+H]*, found 360.90 [M+H]*.  

15 

Example 34. Preparation of 7-(5-bromo-2-fluorobenizl)-7H-pyrrolo[2,3

hi]quinazoline-2,4-diainne.  

NH2 

NN ' N.  

H2N N N

Br 

7-(5-bromo-2-fluorobenzyl)- 7H-pyrrolo[2,3-h]quinazoline-2,4-diamine 

20 

Off white powder (10 mg, 13% yield) was obtained from 7H-pyrrolo[2,3-h]quinazoline

2,4-diamine (40 mg, 0.20 mmol). 1 NMR (300 M-liz, CD-3D) 6 7.66 (d,J:::: 93 lz, 111) 7.44 

(IH) 7.36 (d,J= 3.3 Hz, 1H), 7.29 (,J= 8.7 Hz, 1H), 7.12-7.03 (3H)5.50 (s. 2H). MS 

(ES1): Caled for C1 7Hu4BrFNs* 386.04 [M+H]*, found 385.95 [M+H]*.  

25 

Example 35. Preparation of 7-(2,4-dibromobenzil)-7H-pyrrolo[2,3-h]quinazoline-2,4-diamine.  
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NH 2 

Br 
H2 N N N 

Br 

7-(2,4-dibromobenzv)-7H-pyrrolo[2,3-h]quinazoline-2,4-diamine 

Biege powder (29 mg, 32% yield) was obtained from 7H-pyrrolo[2,3-h]quinazoline-2,4

5 diamine (40 mg, 0.20 mmol). 1H NMR (300 MHz, CDOD) 7.83 (s, 1H), 7.59 (d, J= 10.2 Hz, 

11), 7.34 (d, J= 8.4 Hz, Il), 7.26 (in, 11-1), 7.08-7.05 (m 1), 6.43 (d, J= 7.8 Hz, Il), 5.45 (s, 

2H1). MS (ESI): CaledforCIH14Br2N 447.96 [M+], found447.90 [M+H]*.  

Exmple36. Preparationof7-((2'-(trifluoromethvl)-[1,I'-biphenl]-4-yi)methyl)-7H

10 pyrrolo12,3-h]quinazoline-2,4-diamine 

NH 2 

N 

H2N N N 

CF3 

7-((2'-(trituoromethyl)-1,1'-biphenvil]-4-yl)methil)711-pyrrolo[2,3-h]quinazoline-2,4-diamine 

Biege powder (12 mg, 14% yield) was obtained from 7H-pyrrolo[2,3-hquinazoline-2,4

15 diamine (40 mg, 0.20 mmol). 1H NMR (300 MHz, CDOD) a 7.74 (d, J= 7.5 Hz, IH), 7.67

7.57 (m, 21-), 7.50 (in, 111), 7.38 (d, J=: 3.0 Hz, 11-)7.31-7.17 (m, 61-1), 7.05 (d J= 3.0 Hz, 

IH), 5.53 (s, 2H). MS (ESI): Calcd for C24 HtF3Ns* 434.16 [M-H]", found 43405 [M+H].  

Example 37. Preparation of 4'-((2,4-diamino-7H-pyrrolo12,3-h]quinazolin-7-vl)methy)-4

20 fluoro-[l,1'-biphenyl]-2-carbonitrile 
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NH2 

N 

H2 N N N' 

NC

F 

4'-((2,4-dianino-7H-pyrrlol2,3-hIquinazolin-7-yl)rnethyl) 

-4-fluoro-[1,1'-biphenyl]-2-carbonitrile 

5 White powder (24 mg, 29% yield) was obtained from 7H-pyrrolo[2,3-h]quinazoline-2,4

diamine (40 mg, 0.20 mmol). 1-H NMR (300 11Hz, DMSO-d) 6 7.94 (n, IH), 7.62 (in, 31-1), 

7.47 (m, 3H), 7.31-7.22 (i, 3H), 7.04 (s br, 21), 6.81 (d, J= 2.4 Hz, 11). 600 (s br, 2H), 5.54 

(s, 2H). MS (ESI): Caled for C24HisFN* 409.16 [M+H]*, found 409.05 [M+H]*.  

10 Example 38. Preparation of 4'-((2,4-diamino-7H-pyrrolo[2,3-h]quinazolin-7-yl)methyl)-2

fluoro-[1,1'-biphenyl]-2-carbonitrile.  

H 2N 

N 

H2 N N N 

NC' 

4'-((2,4-diamino-7H-pyrrolol2,3-h]quinazolin-7-yl)methyl)-2'-fluoro-[1,1'-biphenyl]-2

carbonitrile 

15 

Off white powder (35 mg, 43% yield)vwas obtained from7-pyrroo[2,3-h]quinazoline

2,4-diamine (40 mg, 0.20 mmol). 'H NMR (300 MHz, DMSO-d6) 6 7.94 (dJ= 7.5 Hz, 1H), 

7.77 (i, iH), 7.66-7.53 (m, 3H), 7.46-7.40 (i,2H), 7.26-7.17 (in, 2H), 7.09 (d, J= 7.8 Hz, 

1H1), 7.00 (s br, 21-1), 6.82 (d, J=:2.7 liz, 111), 5.95 (s br.211). 5.56 (s,2H).MS (ESI): Caled for 

20 C24HsFN 6-*409.16 IM+H]i, found 409.00 [M+1

Exanipl 9. Preparation of 4'-((2,4-diamino-7H-pyrrolo2,3-h]quinazolin-7-vl)inethvi)-3'

fluoro-[ii,'-biphenyl]-2-carbonitrile, 
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NH2 

N' 
F 

H2 N N N 

NC \ 

4'-((2,4-diamino-7I-pyrrolo[2,3-h]quinazolin-7-yl)methyl)-3-fluoro-11,1'-biphenyl]-2

carbonitrile 

5 White powder (32 mg, 39% yield) was obtained from 7H-py rroo[2,3-hquinazoline-2,4

diainne (40 mg. 0.20 mmol). 1H NMR (300 MHz, DMSO-d) 6 7.60 (s,2H), 7.56 (d, J= 7.8 

iz, 11-) 7.46 (d J=: 9.0 Iz, 11-1), 7.40 (m. 1-)7.27-7.10 (m, 41-1), 7.46 (d J=: 9.0 I-z, 1-1), 

6.99 (d, J::: 8.11-z, 211), 6.76 (n, 11), 662 (d, J= 3,0 Iz, 11), 5.89 (s br, 2H), 5.29 (s,2H).  

MS (ESI): Calcd for C24HsFNJ" 409.15 [M+H]., found 409,00 [M+H].  

10 

Example 40. Preparation of 4'-((2,4-diamino-7H-pyrrolo[2,3-hqunazolin-7-yl)methyl)-2',3

difluoro-[1,I'-biphenyl]-2-carbonitrile 

NH 2 

N 
F 

H2 N N N I 
- F 

NC

4'-((2,4-dianino-7H-pyrrolo[2,3-h]quinazolin-7-l)nettyil)-2',3'-difluoro-[1,l'-biphenyi]-2

15 carbonitrile 

Yellow powder (20 mg, 23%yield) was obtained from 7-pyrriolo[23-h]quinazoline

2,4-diamine (40 ing, 0.20 innol). 3H NMR (300 MHz, DMSO-d) 6 7.60 (m, 3H), 7.45 (m, 1H), 

7.33-7.19 (i, 4H). 6.92(m 111), 6.59 (i, -1), 5.43 (s, 2H). MS (ESI): Caled for 

20 C24HF2N6* 42715 [Mi-], found 427.05 [M+H4].  

Example 41. Preparation of 7-(3-phenvlprop-2-yn-1-vy)-7-pyrrolo[2,3-hquinazoline-2,4

diamine.  
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NH 2 

N 

H2N N N 

7-(3-phenylprop-2-yn-1-vi)-7H-pyrrolol2,3-h]quinazoline-2,4-diamine 

Off white powder (12 mg, 19% yield) was obtained from 7H-pyrrolo[2,3-h]quinazoline

5 2,4-diamine (40 rng, 0.20 mrnol), 'H NMR (300 MHz, DMSO) 7.75 (d,,J= 8.7 Hz, 1H), 7.50

728 (m, 9H), 6.83 (d, J= 3.6 Hz, 1H), 6.28 (s br, 2H) 5,39 (s, 2H). MS (ESI): Caled for 

C19H1Ns 314.14[M+-H]', found 314.00 [M-H]'.  

Example 42. Preparation of 74-ethynylbenzyl)-711-prrolo2,3-h]quinazoline-2,4-diamine.  

NH 2 

N 

H 2N N N 

10 

7-(4-ethvnibenzy)71H-pyrrolo[2,3-hquinazoline-2,4-diamine 

Biege powder (16 rng, 25% yield)was obtained from 7H-pyrroio[2,3-hquinazoline-2,4

diamine (40 mg, 0.20 mmol). 1H NMR (300 MHz, DMSO-d) 6 7,62 (d, J= 9.3 Hz, 1H), 7.39 

15 (d, J= 7.2 Hz, 2H), 7.14 (d, J= 7.8 Hz, 2H), 7.08 (s br, 2H), 6.80 (s, 1H)., 6.02 (s br,2H), 5.46 

(s, 2H), 4.14 (s, 1H). MS (ES1): Caled for C9H16N 314.14 [M+H]*, found 314.00 [M+H]*.  

Exampl43 Preparation of 7-(4-(phenylethvnvl)benzyl)-7H-pvrrolo[2,3-h]quinazoline-2,4

diamine.  
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NH 2 

H2N N 

7-(4-(phenylethynyl)benzyl)-7-pyrrolo[2,3-h]quinazoline-2,4-dianine 

White powder (25 mg, 32% yield) was obtained from 7H-pvrrolo[2,3-h]quinazoline-2,4

5 diamine (40 mg, 0.20 mmol). 1H NMR (300 MHz, DMSO-d) a 7.77 (d,, = 7.5 Hz, 1H), 7.58 

(s, 1H), 7.54-7.35 (m, 911), 7.20 (n, 111), 6.98 (s, 111), 5.54 (s, 211). MS (ESI): Caled for 

C25H2 oNs< 390.16 [M+H], found 390,00 [M+H].  

Example 44. Preparation of 7-(3-(phenylethynyl)benzyl)7H-pyrrolo2,3-h]quinazoline-2.4

10 diamine 

NH 2 

N 

H2N N N 

7-(3-(phenylethvnvl)benzy)-7H-pyrrolo[2,3-h]quinazoline-2,4-diamine 

White powder (20 mg, 26% yield) was obtained from 7H-pyrrolo[2,3-h-quinazoline-2,4

15 diamine (40 mg, 0.20 mmol). 1H NMR (300 MHz, DMSO-d) a 783 (d, .1= 9.3 Hz, 1H), 7,69 

(s, iH), 7.61-7.30 (m, 9H), 7.25 (m, iH), 7.02 (s, iH), 5.55 (s, 2H). MS (ESI): Caled for 

C2 5H26 Ns* 390.16 IM-HI', found 390.05 [M-H]1.  

Example 45. Preparation of 7-(3-((2-(trifluoromethyl)phenl)ethynvi)benzl)-7H-pyrrolo[2,3

20 hjquinazoline-2,4-diamine 

NH 2 

N N 
I F30 

H2 N N 
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7-(3-((2-(triluoromethyl)phenyl)ethynyl) 

benzyl)-7H-pyrrolo[2,3-hlquinazoline-2,4-diamine 

Off white powder (26 mg, 28% yield) was obtained from 7-pyrrolo[2,3-hquinazoline

5 2,4-diamine (40 mg, 0.20 mmol)' '1H NMR (300 MHz, DMSO) 6 7.82-7-75 (m, 2H), 7.71-7.64 

(, 2H), 7.59 (mJ 1H), 7,46-7,34 (m, 4H), 7.24 (m, 2H), 6.84 (s, IH), 5.51 (s. 2H), MS (ESI): 

Called for C2mHWFN<* 458.15 [M+H] t , found 458.05 IM+H].  

Example 46. Preparation of4'-((2,4-diainino-5-bromo-7-pyrrolo[2,3-hlquinazolin-7

10 vl)methvi)-2'-fluoro-[1,1'-biphenyl]-2-carbonitrile.  

NH 2 Br -F 

N 
A' / 

H 2N N N-' 

4'-((2,4-diamino-5-bromo7H1-pyrrolo[2,3-h ]quinazolin-7-yl)methy)-2'-fluoro-[1,1'-biphenyl]

2-carbonitrile 

15 Wite powder (26 ng, 53% field) was obtained from 5-brono-7H-pyrroo[2,3

hjquinazoline-2,4-diamine (28 mg, 0.1 mmol). 11 NMR (300 MHz, CDC3) 6 7.76 (dJ::: 8.1 

11z, 11). 765 (dd, J:::: 8.1, 1.5 Hz, 1H), 7.84 (t, J 78 Hz, 21-1), 7.37 (tJ=: 7.8 Hz, 11), 7.35 

(s, 1H), 7.13 (m, 2H), 6.93 (d,,J= 7,8 Hz, IH), 6.86 (d, J= 14. Hz, 1H), 5.38 (s, 2H), 4,87 (s 

br, 2H). MS (ESI): Caled for C24H7BrFN6* 487.07 [M+H]*, found 487.00 M+H]*.  

20 

Example 47. Preparation of 5-bromo-7-(3-bromobenzyl)-7H-pyrrolo2,3-h]quinazoline-2.4

diamine.  

NH2 Br 

N 

H2 N N 

--Br 

5-bromo-7-(3-bromobenzyi)-' 7 H-pvrrolo[2,3-h]quinazoline-2,4-diamine 

25 

Off-white powder (18 mg, 40% yield) was obtained from 5-bromo-7H-pyrrolo[2,3

hjquinazoline-2,4-diamine (28 mg, 0.1 mmol). 11- NMR (300 N-z, MeOH-d 4) 6 7.55 (d J:= 0.9 
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zli, 1H), 7.43 (m, IH), 7.33 (d, J:= 3.2 -Iz, 1-) 7.32 (m, 11), 7.23 (t J=: 8.0 I-Iz, 1-1), 7.09 (, 

11), 7.02 (dd,=::: 30, 0.8 Hz, 1H), 5.42 (s. 21). MS (EST): Caled for CH1 4Br 2N* 44796 

[M+H]F, found 447.85 [M+H]'.  

5 Example 48. Preparation of 5-bromo-N2 .7-bis(3-bromobenzyl)-7H-pyrrolo[2,3-hquinazoline

2.4-diamine.  

NH 2 Br 

N 

HN N N 
Br 

Br 

5-bromo-N 2,7-bis(3-bromobenzvl)>7H-pyrrolo[2,3-/]quinazoline-1,4-diamine 

to Brown powder (9 mg, 15% yield) was obtained from 5-bromo-7H-pyrrolo[2,3

h]quinazoline-2,4-diamine (28 mg 0.1 mmol) as a byproduct. 'H NMR (300 MHz, CDCl3) 6 

7.57 (s iH), 7.42 (m, 11), 7.39 (m, 1-1), 7.35 (m 1H), 7.27 (s 1-) 7.20 (m, 21-1), 7.18 (m, 1H), 

7.13 (m,11), 7.10 (d, J= 3.2 Hz, 114), 7.93 (m, I1H), 5.28 (s, 2H), 4.71 (s, 211). MS (ESI): Cald 

for C2 4HBrN 5 615.92 [M-H], found 615.85 [M+H] 

15 

Example 49. Preparation of 4'-((2,4-diamino-7H-pyrrolo[3',2':5,6]pyrido(4,3-djpyrimidin-7

yli)methyi)-[1,1'-biphenyi]-2-carbonitrile.  

N' 

NH 2 

N N 

H2 N N 

4'-((2.4-diamino-7U-pyrrolo[3',2':5,6]pyrido[4,3-d]pyrimidin-7-y)methyl)-[1,1'-biphenyl] 2

20 carbonitrile 

White powder (42 mg, 40% yield) was obtained from 4-chloro-1-((2'-cyano-[1,1'

biphenyl]-4-y)methl)-IH-pyrrolo[2,3-5b]pyridine-5-carbonitrile (100 mg, 0.27 mmol) 

according to the general synthesis as described for intermediate D. 'H NMR (300 MHz, DMSO

25 d) 6 8.87 (s, 114), 7.90 (d, 8.0 1z, 111), 7.75 (t, J= 8.0 Hz, 21), 7.55 (d,: 7.8 -Iz, 211), 
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7.49 (in, 21-1), 7.13( 21), 6.70 (s, 111), 6.57 (s br, 2-1), 5.57 (s, 2H). MS(ESI Caled for 

C23HIN7 392.16 [M-+H], found 392.05 [M4+11] 

The requisite intermediates were prepared as follows: 

NC 
I N 

CI 

5 

-lN 

4-chloro-1-((2'-cyano-[1,1'-biphenyI]-4-yi)methyl)-1-pyrrolo2,3-bipyridine-5-carbonitrile 

To a solution of 4-chloro-IH-pyrrolo[2,3-blpyridine-5-carbonitrile (53 mg, 0.3 mmol) in 

anhydrous DMF (0.5 mL) was added NaH (60% in mineral oil, 18 mg, 0.45 mmol) under 

10 nitrogen. After stirring at r.t. for 10 min, 4'-(broomethiyl)-11'-biphenyl]-2-carbonitrile (82 

mg, 0.3 minol) was added. The reaction mixture was stirred at rt. for 3 hours, 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 EtOAc in hexane as eluents to give the 

product as a white powder (100 ing, 90% yield). 1H NMR (300 M-z, CDCl3) 6 8.55 (s, 1H), 

15 7,76 (d,J= 7.8 Hz, 1H), 7.64 (t, J= 8.0 Hz, iH), 752 (d,J= 8.0 Hz, 2H), 7.46 (dJ= 7.8 Hz, 

2H), 7.41 (d,.J= 3.6 Hz, 1H), 7.32 (d, J= 8.1 Hz, 2H), 6.73 (d, J=3.6 Hz, iH), 5.57 (s., 2H).  

Example 50. Preparationof7-(3-bromobenzyl)-7H-pyrrolo[3',2':5,6]prido[4,3-l]pyrimidine

2,4-dianine.  

NH2 

N N 

H2 N N N 
Br 

20 

7-(3-broimobenzvi)-7H-pyrrolo[3',2':5,6]pyrido[4,3-dipyriinidine-2,4-diamine 

Off white powder (18 mg, 24% yield) was obtained from 7H

pyrrolo[3',2':5,6]pyrido[4,3-dpyriidine-2,4-diamine (40 ig,0.2mmol).'LINMR(300MHz, 

25 MeOH-d4 ) 6 8.87 (s, 11). 741 (in, 1H), 7.37 (i, 211), 7.22 (in, 11), 7.7 (m, 1H), 6.94 (d, J=: 

3.5 Hz, IH), 5.54 (s, 2H). MS (ESI): Caled for C6H14BrN* 369.05 [M+H]*, found 368.90 
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Example 51 Preparation of4'-((2,4-diamino--pyirrolo[3,2':5,6]pyrido4,3-d pyrimidin-7

yi)methyl)-2'-fluoro-[1,'-bipheny]-2-carbonirile.  

N-- 

NH 2 

H 2N NN

5 4'-((2,4-diamino-7H-pyrrolo[3',2':5,6]pyrido[4,3-dIpyimidin-.7-vl)methyl)-2'-fluoro-[1,1'

biphenyl]-2-carbonitrile 

White powder (21 mg. 35% yield) was obtained from7H-py11010[3'2:5,prio[4,3

dlpyrimidine-2,4-diamine (30 mg, 0.15 mmol). 'H NMR (300 MHz. MeOH-d4) 3 8.87 (s, 1H), 

10 7 82 (dd, J::: 7.8, 0.9 Hz, 1H), 7.71 (td,,J= 8., 1.4 Hz, 1H), 7.56 (td, J::: 7.8, 1.3 z, 11), 7.50 

(d J= 8.1 Hz, 1H), 7.42 (dJ=3,6 Hz, IH), 7.36 (d,,J= 78 Hz, IH), 7.10 (m, 2H), 6,98 (d,J= 

3.4 Hz, IH), 5.64 (s, 2H). MS (ESI): Cald for C2 3H7FN* 410.15 [M+H], found 410.05 

[M-+H]*.  

15 Example 52. Preparationof4'-((4-amino-2-(((2-cano 2-fluoro-[1,1'-biphenyl]-4

yl)methvl)amino)711-pyrrolo[3',2':5,6]pyrido[4,3-dipyrirnidin-7-ylr)methyl)-2'-fluoro-[1,1'

biphenyl]-2--carbonitrile.  

NH 2 

N N 

F -~ N -N N 
H - N 

4'-((4-anino-2-(((2'-cyano-2-fluoro-[1,1'-biphenvil]-4-i)methi)amino)-7H

20 pyrrolo[3',2:5,6]pyrido[4,3-dlpyrinidin-7-yl)methyl)-2'-fluoro-[1,1'-biphenl]-2-carbonitrile 

Broni powder (10 mg, 11%yield) was obtained from 7H-pyrrolo[3',2':5.6]pyrido[4,3

d]pyrimidine-2,4-diamine (30 mg, 0.15 mnol) as a byproduct. 'H NMR (300MHz, CDCl 3) 6 

8.75 (s, 1H) 7.75 (m, 31-), 7.61 (n, 31), 7.45 (i 51-1) 7.32 (m, 1-), 7.17 (n, 1-1), 7.05 (i 

25 211), 6.95 (in, 11), 555 (s. 21H). 484 (s. 21). MS (EST): Caled for C3H2F2Ns* 619.22 [M+H11, 

found 619.20 [M+H]*.  
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Example 53.Preparationof7-(4-ethynybenzyl)-71-pyrrolo[3',2':5,6]pyrido[4,3-d]pyrimidine

2,4-diamine.  

NH 2 

N "~ N 

H2N N N 

S7-(4-ethvnvlbenzyl)-7H-pyrrolo[3',2':5,6]pyrido[4,3-]primidine-2,4-diamine 

White powder (21 mg, 45% yield) was obtained from 7H-pyrrolo3',2':5,6]pyrido(4,3

d~pyrimidine-2,4-diamine (30 mg, 0,15 mmol). iH NMR (300 MHz, MeOH-d4 ) 6 8.84 (s, 1H), 

7,38 (d, J= 8.4 Hz, 2H), 7.32 (dJ= 3.6 Hz, 1H), 7.15 (d,J = 8.4 Hz, 2H), 6.93 (d, J= 3.6 Hz, 

10 1H), 5.55 (s, 2H), 3.10 (s, iH). MS (ESI): Caled for CisHisN* 315.14 [M+H], found 315.00 

[M+H]f.  

Example 54: MIC assays 

MIC assays forb. gonorrhoeae were done using the ATCC 49226 strain. The procedure 

15 guidelines recommended by the Clinical and Laboratory Standards Institute (CLSI) for the broth 

microdilution MIC assay were modified by substituting cation-adjusted Mueller-Hinton 

(CAMH) broth forTodd-Hewitt (TH) broth. Also, the recommended bacterial inoculum was 

modified to meet the high inoculum demands needed forN. gonorrhoeae growth. A 96-well 

plate containing TH broth with 2-fold serial dilution of compounds was inoculated with log

20 phase bacterial at 2.5xiO CFU/mL. The final volume in each well was 200 pL. Each 

compound was tested in duplicate. The microtiter plates were incubated in an anaerobic 

environment for 24 hours at 37 °C using the candlejar technique. Then the bacterial growth was 

tested by reading the plate with a SpectraMax iD5 plate reader (Molecular Devices. Inc.) at 600 

nm. The MlIC was defined as the lowest compound concentration that inhibited bacteria growth.  

25 

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 log-phase bacterial 

at 5x105 CFU/mL. The final volune in each well was 100 p.Each compound was tested in 

30 duplicate.'The microtiter plates were incubated in an aerobic environment for 18 hours at 37 °C.  
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Then the bacterial grolh was tested by reading the plate with a SpectraMax iD5 plate reader 

(Molecular Devices, Inc.) at 600 rim. The MIC wsdefined as the lowest compound 

concentration that inhibited bacteria growth.  

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

procedure: 

P. aeruginosa ATCC 27853 

A baumannii ATCC 19606 

F. col ATCC 25922 

10 E. coti W4573 

E. coli N43 

K. pneUMonmae ATCC 10031 

Kpneuonoie ATCC 13883 

S. sonnet ATCC 29930 

15 'P. mirabilis ATCC 29906 

Methicillin-susceptible S.aureus (MSSA) ATCC 19636 

Methicillin-resistantS. aureus (MRSA) ATCC 33951 

Example 55. The following can illustrate representative pharmaceutical dosage forms, 

20 containing a compound of formula I ('Compound X) or a phamaceuticalil acceptable salt 

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

enteic coating.  

(i)_Tablet mgtablet 

25 Compound X= 100.0 
Lactose 77.5 
Povidone 15.0 
Croscarmellose sodium 12.0 
Microcrystalline cellulose 92.5 

30 Magnesium stearate 3.0 
300.0 

(ij) Tablet 2 mg/tablet 

Compound X= 20.0 
35 Microcrystalline cellulose 410.0 

Starch 50.0 
Sodium starch glycolate 15.0 
Magnesium stearate 50 

500.0 
40 
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ii) Capsue mg'easul 
Compound X= 10.0 
Colloidal silicon dioxide 1.5 

5 Lactose 465.5 
Pregelatinized starch 120.0 
Magnesium stearate 3.0 

600.0 
(iv) Injection 1 (1 img/mL) m g/mnL_ 

10 Compound X= (free acid form) 1.0 
Dibasic sodium phosphate 12.0 
Monobasic sodium phosphate 0.7 
Sodium chloride 4.5 
1.0 N Sodium hydroxide solution 

15 (pH adjustment to 7.0-7.5) q.s.  
Water for injection q.s. ad I mL 

(v) Iniection 2 (10 nm/mL) mg/mL 
Compound X::: (free acid forn) 10.0 

20 Monobasic sodium phosphate 0.3 
Dibasic sodium phosphate 1.1 
Polyethylene glycol 400 200.0 
1.0 N Sodium hydroxide solution 
(pH adjustment to 7.0-7.5) q.s.  

25 Water for injection q.s. ad I mL 

(vi) Aerosol mg/can 
Compound X= 20.0 
Oleic acid 10.0 

30 Trichioromonofluoromethane 5,000.0 
Dichlorodifluoromethane 10,000.0 
Dichlorotetrafluoroethane 5,000.0 

The above formulations may be obtained by conventional procedures well known in the 
35 pharmaceutical art.  

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

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

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

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

spirit and scope of the invention.  

70



WO 2022/271723 PCT/US2022/034374 

CLAIMS 

1. A compound of formula I: 

z 

X1 
N X2 

R1 R2 N N Y1 

Y3--y2 

wherein; 

R' is hydrogen, (C-C)alkyl, (C2-C)alkenyl, (C2-C)alkynyl, -C(=)R,-C(=)N(R) 2, 

-S(=0) 2N(Ra)2 , -C(:=NR:)N(Ra)2, (C3-C7)carbocyclyl, aryl, heterocyclyl, heteroaryl, (C 3

5 C7)carbocy clyl(Ci-C6)alkyl-, aryl(CI-C 6)alkyl-, heterocyclyl(Ci-C6)alkyl-, or heteroaryl(Cp

C6)alkyl-, wherein the (C1 -C)akyl., (C2-C)alkenyl, (C2-C)alkvnvl, (C3-C7)carbocyclyl, aryl, 

heterocyclyI, heteroaryl, (CC3-C)carbocyclil(C1-C6)alkyl-, arvl(Ci-C)alkyl-, heterocyclyl(C1

C6)akyl-, or heteroaryl(C1-C)alkyl-, is optionally substituted with one or more (e.g., 1, 2, 3, 4, 

or5) groups independently selected from the group consisting of halo, -OH, -NO 2 , -CN, (C1

10 C4)alkyl, (C-C4)haloalkyl, (C1-C4)alkoxy, (Ci-C4)haloalkoxy MN(R)2, -NRC(=NR)N(R) 2, 

-C(=NRa)N(Ra)2, phenyl, and -OP(=0)(OH)2, wherein phenyl is optionally substituted with one 

or more halo, -OH, -NO2., -CN, (C1-C4)alkyl, (CI-C4)haloalkyl, (CI-C 4)alkoxy, or (Ci

C4)haloalkoxy; and 

R2 is hydrogen, (C-C)alkyl, (C2-C)alkenvl, -C(=:O)R,-((:::O)N(R)2, -S(=O)2N(R)2, 

15 -C(=NR!)NR) 2 ,(C 3 -C)carbocyclyl, aryl, heterocyclyl, heteroaryl, (C 3-C 7 )carbocyclyl(Ci

C6)alkyl-, aryl(CI-C6)alkil-, heterocy civi(Ci-C6 )alkyi-, or heteroaryl(C1-Cs)alkyl-, wherein the 

(C 1-C)alkyl, (C 2-C)alkenyl, (C-C-)carbocyclvl, aryl, heterocyclyl, heteroaryl, (C;

C7)carbocy clyl(C1-C6)alkyl-, aryl(Ci-C6)alkyl-, heterocyclyl(C1-C6)alkyl-, or heteroaryl(C1

C)alkyl-, is optionally substituted with one or more (e.g., 1, 2, 3, 4, or 5) groups independently 

20 selected from the group consisting of halo, -OH, -NO2, -CN, (C-C4)alkl, (C1-C4)haoakyl, 

(Ci-C4a)alkoxy, (C1-C4)haloalkoxy, -N(R)2, -NRC(=NR)N(Re)2, -C(:NR)N(R)2,. and 

-OP(=0)(OH) 2; or 

R' and R2 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 

25 independently selected from the group consisting of halo, -01-, -NO 2 -CN. (C1 -C4)alkyl, (C1
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C4)haloalkyl, (C-C4)alkoxy, (C1-C4)haoalkoxy, N(Rab) 2 , -NRaC(:::NRa)N(Rab, 

-C(=NRA)N(Rab)2, and -OP(=OO)(H)2, 

Z is -OR -N(Rc)2, -SR-, -NR0 C(=NR°)N(R)2, -C(NR')N(R°)2, hydrogen, (C1 -C)alkyl, 

(C2-C)alkenyL -C(=O)R',C(=)N(R),-S(=O)2N(R°)2, (C3-C-)carbocvcyl, aryl, heterocyclyl, 

5 heteroaryl, (C3-Cy)carbocyvcivi(Ci-Cs)aiky-ayl(Ci-C)alky-, heterocyclyl(C1-C)alkyl-, or 

heteroaryl(CI-C)alkyl-, wherein the (CI-C)alkyl, (C2-)alkenyl, (C3-Cf)carbocyvcyl,aril, 

heterocyclyl, heteroaryl, (C;-Cj)carbocycly(Ci- C)alkl-, ary(C-C)alkl-., heterocclvl(C

C)alkyl-, or heteroaryl(C-C)alkv is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 

5) groups independently selected from the group consisting of halo, -0H, -NO2 , -CN, (C1

10 C4)alkyl, (C1-C4)haoakyl, (C1 -C4)alkoxy, (C-C4)haoakoxy <N(R) 2, -NR°C(=NR)N(R) 2 , 

-C(=:NR°)N(R')2, and -OP(=O)(OH)2; 

X± is CR or N; 

X2 isCR4 or N: 

R3 is hydrogen, halo, -OH., -NO2, -CN, (C-C)alkoxy, (C-C)alkyl, (C2-C)alkenvl, (C2

15 C)alkynyl, -C(=O)Rd,-C(=:O)N(Rd)2, -S(=O) 2N(R) 2, -NRdC(=NR)N(R) 2, -C(=:NRd)N(Rd)2, 

or- N(R0 )2, wherein the (C-C)alkoxy, (C-C)alkyl, (C2-C)alkenyl, or (C2-C6)alkynyl is 

optionally substituted with one or more (e.g. 1 2, 3, 4, or 5) groups independently selected from 

thegroup consisting of halo, -OH, -NO2, -CN, (C-C4)alkoxy, (C1-C4)haloalkoxy, -N(R)2, 

-NRdC(:::NR)N(Rd)2, -C(:::NR)N(R')2, and -OP(=0)(OH)2; 

20 R4 is hydrogen, halo, -OH, -NO2, -CN, (C-C)alkoxy, (C-C)alkyl, (C2-C)alkenvl, (C

C6)alkynyl, -C(=O)R, -C(=O)N(R)2, -S(=0)2N(R), -NR*C(=NR)N(R')2, -C(=NR)N(Rf) 2, or 

-N(R')2, wherein the (C1-Cm)alkoxy, (C1-C)alyl, (C2-C)alkenyl, or (C2-C6)alkvnvl 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, -NO2, -CN, (C-C4)alkoxy, (C-C4)haloakoxy, -N(R`)2, 

25 -NR°C(=NR)N(RC)2, -C(:=NR')N(R°)2, and -OP(=O)(OH)2; 

YN is NRa y2 is N or CR6 bY0 3 is N or CRW7 , the dashed bond between Y1 and Y 2 is a 

single bond, and the dashed bond between Y 2 and Y 3 is a double bond; or 

y3 is NR, Y1 is N or CR>, Vis N or CR, the dashed bond between Yi and Y ?is a 

double bond, and the dashed bond between Y2 and Y 3 is a single bond; 

30 R 5and R7 aare each independently (C1-Co)alkvl, (C2-Cio)alkenyl, -W-(C3

C-)carbocyclyl, -W-aryl, W-heterocyclyl, -or W-heteroaryl, wherein the (Ci-Co)alkyl, (C?

Ci)alkenyl, -W-(C3-C7)carbocycly, -W-aryl, W-heterocyclVli -W-heteroaryl, is optionally 

substituted with one or more (e.g., 1, 2, 3,4, or 5) groups independently selected from Q; 

R",Rub, and R71 are each independently hydrogen, halo. -OH, -NO2 , -CN, (Ci

35 C)alkoxv (C-C)alkl, (C2-C)alkenyl, -C(=)R%,-C(=0)N(-)2, -S(=0) 2 N(-'), 
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-NRC(=NR')N(R2, -C(=NR)N(R)2, or -N(Rt)2, wherein the (C1-Cj)alkoxv, (C1-C6)alky 1.or 

(C 2-C)alkenl 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, -NO2 , -CN, (C-C4)alkoxy, (Cr 

C4)haloalkoxy, -N(R)2, -NRC(:NR)N(R)2, -C(=:NR)N(R), and -P(:::O)(OH) 2; 

5 W is absent, (Ci-Cio)alkyl, or (C2-C6)alkyrnl wherein the (C-Ci)alkl or (C2

C 6)alkvnvl is optionally substituted with one or more(eg.1, 2, 3, 4, or 5) 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 5) -0- or -NRM -; 

each Q is independently halo, -OH, -NO2 , -CN, (C-C6)alkyl, (C2-C6)alkenyl, (C 2

10 C6)alkVnyl, (C1-C6)haloalkyl, (C1-C6)alkoxy, (C-C6)haloalkoxv, C(=0)R-C(=0)N(R)2., 

-N(Rl)2, -S(=0) 2N(R) 2, arV, -0-ary, ,heteroaryl, or -0-heteroaryl, wherein the (C1-C)alkyl, 

(C2-C6)alkenyl, (C2-C6 )alkynyl, (C-C6 )haloalkyl, (C-C)akoxy, (C1-(6)haloalkoxy, aryl, 

-Oaryl, heteroaryl, or -- heteroaryl 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 2 , -CN, (CI

15 C4)alkyl, (C1-C)haloalkyl, (C-C4)akox, (C-C4)haloalkoxy, C(0)R, -C(:=O)O(Rq), 

-C(=O)N(R) 2, -S(=O)2N(R")2 , aryl and heteroaryl, wherein the aryl or heteroaryl is optionally 

substituted with one or more (e.g., 1, 2, 3, 4. or 5) Q; 
each Q'is independently halo. -OH, -NO 2, -CN, (CC4)alki., (CC4)haloalkl, (CI

C4)alkoxy, or (C1-C4)haloalkoxy; 

20 each R", R, Rab, R, Rd, Re, and Rk, is independently hydrogen, (C-C)alkyl, (C 2

C6)alkenyl, (C1-C6)haloalkyl, (C3-C7)carbocvclyl, or ariyl; 

each R" is independently hydrogen or (C-C)alkyl; 

Rq is hydrogen, (Ci-C6)alkvl, (C2-C)alkenyl, (Ci-C6)haloalkyl (C3-Cf)carbocyclyl or 

arnl,wherein the aryl is optionally substituted with one or nore (e.g., 1, 2, 3, 4. or 5) groups 

25 independently selected from the group consisting of halo, -OH, -NO 2, -CN, (Ci-Calkyl, (C1

C4)haloalkyl, (CI-C4)alkoxy, (Ci-C4)haloalkox, C(:O)R', -C(:::O)O(R("), -C(=O)N(R1')2, and 

-S(=O)2N(R1)2; and 

each RqI is independently hydrogen, (CC)alkyl, (C 2-C)alkenyl, (CC)haloalkyl, 

(C3-C-)carbocyclyl, or aryl; 

30 or a salt thereof 

2. The compound of claim wherein:R is hydrogen, (C-C6 )alkyl, (Ci-C)alkenyl, 

-C(:::O)Ra,-C(O)N(R) 2 , -S(:::0)2N(Ra)2, -C(::NRa)N(Ra)2, (C-C-7)carbocvclyi, aryl, 

heterocyclylh, eteroaryl, (C3-Ci)carbocVclyi(CJ-C6)alkyl-, aryl(Ci-C)aikyl-, heterocyclyl(Ci

35 C)alkyl-, or heteroaryl(C C)alkv-. wherein the (Ci-C)alkyl, (C -C6 )alkenyl, (C3
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C7)carbocvclvl, aryl, heterocyclyl, heteroari,(C3-C)carbocycll(C-C 0 )alkyl-,aryl(C 

C6)alkyl-, heterocyclyl(Ci-C)alkvl-,o- is optionally substituted with 

one or more (e.1, 2, 3, 4, or 5) groups independently selected from the group consisting of 

halo, -01- i-NO 2, -CN, (C-C4)alkyl, (C-C4)haloalkvl, (Ci-C4)alkoxy (C-C4)haloalkoxy,

5 N(Ra)2, -NRaC(:::NRa)N(R)2, -C(::NRa)N(Ra)2, and -OP(::O)(OH); and 

R2 is hydrogen, (C-C)alky, (CJ-C6)alkenyl, -C(=0)R -C(=0)N(R)2, -S(=0) 2N(R)2, 

-C(=NRe)N(R) 2 , (C3-C7)carbocyclvl, ay, heterocyclyl, heteroarv, (C 3 -C7)carbocycyl(C

CU)alkyl-ary(Ci-C6)akl-,heterocycl(C1-)akl-, or heteroaryl(C1-C6)alkyl-, wherein the 

(C-C6)alkvi, (C1 C)alkenyl, (C3-C7)carbocychl, aryl, heterocyclyl, heteroaryl, (C

10 C-)carbocyclvl(C -C6)alkyl-, aryl(CI-C6)alkyl-, heterocyciyl(C-C)alkyl-, or heteroariy(C

C()alky-, 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, -N02, -CN, (CC4 )alkyl, (C-C4)haloalkl, 

(C-C4)alkoxy, -C4 )haioaikoxy,-N(R),-NRC(=NR)N(R) 2 , -C(=N )N(R ) 2 , and 

-OP(=0)(OH) 2; or 

15 R 1 and R2 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, -OH, -NO 2, -CN, (C-C4)alkvl, (Ci

C4)haloalkvl, (CeC4)alkoxy, (Ci-C4)haloalkoxv, -N(R)2, -NRabC(=NRtabN(R 

-C(=NRt)N(Rab)2, and -OP(=O)(OH1)2, 

20 Z.is -OR -N(R2., -SR, -NRC(=NR°)N(R0),-C(=NR)N(R2hydrogen,(Ci-C)akl, 

(Ci-Ccalkenyl, -C(=0)R-C(=0)N(R')2, -S(=0)2N(R), (C3-C)carbocvclyl, aryl., heterocyclyl, 

heteroaryl, (C-C)cabocyclylC 1 -Csjakyl-,aryl(C1-C6)alkyl-, heterocyclyl(Ci-C6)alkyl-, or 

heteroarVl(C 1-C6)alkyl-, wherein the (C-C6)alkyl, (Ci-C)alkenyl, (C3-C7)carbocyclyl, aryl, 

heterocy cil, heteroaryl, (C-C)carbocyclyl(Ci- C6)alkyi-, aryl(C1-Calkyl-, heterocyclyl(C

25 C()alkyI-, or heteroaryl(C-Clalkyl- is optionally substituted with one or more (e.g., 1, 2, 3, 4, 

or 5) groups independently selected from the group consisting of halo, -0H, -NO2, -CN, (C

C4)alkVI,(C-C 4 )haoakyl (C-C4)alkox,,(C-C 4)haoakoxy,-N(R'), NRC(NR)N(R) 2 

-C(=NRC)N(R)2, and -OP(=O)(OH)2; 

X is CR or N, 

30 X is CR4 or N; 

R hydrogen, halo, -OH, -NO 2 , -CN, (CCs)alkoxy, (C-C)alky, (C-C6)alkenyl, 

-C(=0)R,-C=)N(Rd)2, -S(=0)2N(R>)2, -NRdQ-NRd)N(Rd)2, -C(=NR)N(Rd)2, or- N(Rd)2, 

wherein the (Ci-C6)alkoxy, (Ci-Cr)alkyl, or (Ci-C)alkenyl is optionally substituted with one or 

more (e.g. 1, 2, 3, 4, or 5) groups independently selected from the group consisting of halo, 
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-01-, -N02, -CN, (C1-C4)alkoxy, (Ci-C4)haloalkoxy, -N(Rd) 2 , -NRdC(=NR)N(R'), 

-C(::NRd)N(Rd) 2, and -OP(:::O)(OH)2; 

R4 is hydrogen, halo, -OH, -NO 2 , -CN, (C-C)alkoxy, (C1 -C)alky, (C-C)alkenyl, 

-C(=:O)R, -C(=O)N(R')2, -S(=0) 2N(R) 2, -NRC(:=NR)N(R')2 , -C(=:NR')N(R°)2, or -N(R°)2, 

5 wherein the (C-C6)alkoxy, (Ci-C6)alkyl, or (Ci-C)alkenyl 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, -NO2 , -CN, (C-C4)alkoxy, (C-C4)haloalkoxy, -N(R')2 -NRWC(=NR*)N(R) 

-C(=NR)N(R) 2, and -)P(:::O)(O1)2; 

Y1 is NR 5 y2 is N or CR 3 is N or CR/b, the dashed bond between Vand Y2 is a 

10 single bond, and the dashed bond between Y2 and Y' is a double bond; or 

Y3 is NR7, Y1 is N or CR Y2 is N or CRY,, the dashed bond between Y' and Y 2 is a 

double bond, and the dashed bond between Y 2 and Vis a single bond; 

R$aand R are each independently (Ci-Cio)alkyl, (C1-C10)alkenyl, -W-(C3

C7)carbocyclyl, -W-aryl, W-heterocyclyl, -or W-heteroaiylwherein the (C1-C1o)alkvl, (Ci

15 Ci)alkenyl, -W-(C3-C'7)carbocvclyl, -W-aryl, W-heterocyclyl, -W-heteroaryl, is optionally 

substituted with one or more (e.g.,1,2, 3,4, or 5) groups independently selected from Q; 

R, Ra, and R are each independently hydrogen, halo, -OH -NO2,-CN,(C1

C)alkoxy, (C 1-Calk , (CI-C)alkenyl, -C(=)R,-C(=)N(R) 2, -S(=) 2 N(R) 2 , 

-NRfC(:::NR)N(R) 2, -C(=NRi)N(R) 2, or -N(Rf)2, wherein the (Ci-C)akoxy,(C1-C6)alkyl, or 

20 (CI-C)alkenyl 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., -NO2 , -CN, (Ci-C4)alkoxy, (C1

C4)haloalkoxy, -N(R) 2 , -NRC(:::NR)N(R)2, -C(=NR)N(R)2, and -OP(=0)(OH)2; 

W is absent or (CI-CuOalkyl, wherein the (Cj-Ci)alkyl is optionally substituted with one 

or more (eg.1, 2,3,4, or 5) oxo (=0)and wherein one more of the carbons of the (C-C1)alkvl 

25 is optionally replaced with one or more (e.g.. 1, 2, 3, 4, or 5) -0- or -NR-, 

each Qis independently halo, -OH, -NO 2 , -CN, (C-C6)alkyl, (C-C)haloalkyl, (C1

C6)alkoxy, (CI-C)haloalkoxy, C(=O)Rq,-C(=)N(Rq)2, -N(Rq)2, -S(=O) 2N(Ra)2, aryl, -0-aryl, 

heteroary, .or -O-heteroaryl, wherein the (C-C)alkyl, (C1 -C)haloalkyl, (C-C)alkoxv, (C1

Cj)haloalkoxyary'l. -Oaryl, heteroaryl. or -Oheteroari is optionally substituted with one or 

30 more (e.g., 1, 2, 3, 4. or 5) groups independently selected from the group consisting of halo, 

OH, -NO 2 , -CN, (Ci-C4)alkyl, (C-C 4)haloalkyl, (Ci-C4)alkoxy. (C1 -C4)haloalkoxy, C(=O)R, 

-C(=0)O(R) -C(=O)N(R) 2, -S(=) 2N(R9) 2, aryl and heteroarl, wherein the aryl or heteroaryl 

is optionally substituted with one or more 1, 2, 3, 4, or 5) Q'; 
each Q'is independently halo, -OH, -NO 2, -CN, (C1-C4)alkyl, (C-C4)haloalkyl, (Ci

35 C 4)alkoxy or (Ci-C4)haloalkoxy; 
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each R, R, RaR°W, R', R, and Ris independently hydrogen, (C1-C)alkyl, (C1

C)akenyl, (C-C)haloalkyl, (C3-C7)carbocyclyl, oraryl; 

each R ics independently hydrogen or (C1-C)alkyl; 

Rq is hydrogen, (CI-C6)alkyl, (C-C)alkenyl, (Ci-C)hailoalkvl (C3-C7)carbocvclvl or 

5 aryl,%herein the aryl is optionally substituted with one or more (e.g., 12, 3, 4, or 5) groups 

independently selected from the group consisting of halo, -OH, -NO 2, -CN, (C 1-C 4)alkyi(C1

C4)haloalkyl, (C1-C4)alkoxy, (Ci-C4)haloalkoxy, C(=O)Rq', -C(=0)O(R1), -C(=O)N(R 1)2, and 

-S(=0)2N(R')2; and 

each RO is independently hydrogen, (Ci-C)alkl, (C-C)alkenyl, (C1-CWhaloalkyi, 

10 (C3-C7)carbocyclyl, or aryl; 

or a salt thereof 

3, The compound or salt of claim 1, wherein XI is CR3.  

4. The compound or salt ofany one of claims 1-3. wherein X. is CR4.  

5. 'The compound or salt of any one of claims 1-3, wherein X2 is N.  

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

formula e: 

Z R3 

N X2 

R1 R2 N N Y1 

Y3- -y2 
IeI 

le 

or a salt thereof.  

7. The compound or salt of claim 1, wherein the compound of formula I is a compound of 

formula If: 
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Z R3 

N x2 

R'R2N ! N N 

Y3Zry2 

If 

or a salt thereof.  

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

formula Ig: 

Z R3 

N X(2 

R'R 2N N N a 

y2 

R7b 

Ig 

or a salt thereof 

9. The compound or salt of claim 1. wherein the compound of formula I is a compound of 

formula la: 

Z R3 

N~ 
R 4 

R RN N Y1 

Ia 

or a salt thereof 
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10. The compound or salt of claim 1 wherein the compound of formula I is a compound of 

formula Ib: 

Z R3 

R 4 

NN 
N  

R1 R2 N N N 

y3 y2 

Ib 

or a salt thereof.  

11. The compound or salt of any one of claims 1-10 wherein Y3 is CR.  

12. The compound or salt of any one of claims 1-11, wherein 2 is CR '.  

13. The compound or salt of claim 1, wherein the compound of formula I is a compound of 

formula Id: 

Z R3 

R4 
N 

R N N'R 
R1 R2 N N N 

Rib Rob 

Id 

or a salt thereof 

14. The compound or salt of claim 1, wherein the compound of formula I is a compound of 

formula Ih: 
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Z R3 

R 4 

N~ 

R 2 R5a 
R RN LN N 

Y2 

R 7b 

lh 

or a salt thereof 

15. The compound or salt of any one of claims 1-14, wherein R3 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 ofany one of claims 1-16, wherein R4 is hydrogen.  

18. The compound or salt of any one of claims 1-17, wherein R 1is hydrogen, (C1 -C)alkyl, 

or aryi(C1-C6)aikyl-, wherein the (C1-C6)alkyl or aryl(C1-C6 )alkvl is optionally substituted with 

one or more (e.g., 1, 2, 3, 4, or 5) groups independently selected frorn the group consisting of 

5 halo, -OH, -NO2 -, CN, (Cj-C4)akyl, (Ci-C4)haloalkyl, (C1-C 4)alkoxy, (C-C4)haloalkoxy, 

N(R)2, NRC(=NR)N(R)2, -C(=NRa)N(R) 2 phenyl, and -OP(=0)(OH)2; wherein phenyl is 

optionally substituted with one or more halo, -01-1, -NO 2 -CN (C1 -C4)alkl, (C1-C)hialoalkyl.  

(C?-C4)aikoxor (C 1-C 4)haloalkoxy.  

10 19. The compound or salt of any one of claims 1-17, wherein R is hydrogen, (C1-C?)alkl, 

oraryl(CI-C)alkyl-, wherein the (C1 -C6)alkyl or arVl(C1-C6)alkyl is 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 phenyl is optionally substituted with one or more halo, -OH, -NO2, 

CN, (CI-C4)alkyl, (C1-C4)haloalkyi, (C1-C4)alkoxy, or (C1-C4)haloalkoxy.  

20. The compound or salt of any one of claims 1-17, wherein R is hydrogen.  

21 The compound or salt of any one of claims 1-17, wherein R2 is hydrogen 
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22. Thecompound or salt ofany one of claims 1-18, whereinZis -N(R')2.  

23. The compound or salt of any one of claims 1-18, wherein Z is -NH2.  

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

25. The compound or salt of any one of claims 1-24, wherein Rob is hydrogen or (Ci

CU)alkyl.  

26. The compound or salt of any one of claims 1-25, wherein Ris (Ci-C)alkyl, (C2

Ci)alkenyl, -W-(C-C7)carbocyclyl, -W-aryl, or -W-heteroaryl, wherein the Ci-Cio)alkyl,(C

Cio)alkenyl, -W-(C3-C7)carbocyclyl, -W-aryl, or -W-heteroaryl, is optionally substituted with 

one or more groups independently selected from Q.  

27. The compound or salt of an one of claims 1-25, wherein R" is (C2-Cio)alkenyl, -W-(C 3

C-)carbocyclyl, -W-aryl, or -W-heteroaryl, wherein the (C2 -Cio)alkenyl, -W-(C3-C7)carbocyclyl, 

-W-aryl, or -W-heteroaryl, is optionally substituted 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, (Ci-Cio)alkyl, or 

(C2-C6)alkynyl wherein the (Ci-Cio)alkyl or (C2-C)alkvnv is 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 (C-C1l)alkyl is 

5 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, (Ci-Ci)alkyl, or 

(C2-C)akynyl wherein the (Ci-Cio)alkyl or(C2-CS)akynyl is optionally substituted with one or 

more (e.g., 1 2, 3, 4, or 5) oxo(=0).  

30. The compound or salt of any one of claims 1-27, wherein W is absent, -Cl2-, -C(=0)-, 

or propyne.  

31. The compound or salt of any one of claims 1-27, wherein W is absent, -CH2 -, or 

32. The compound or salt of any one of claims 1-31, wherein R" is: 
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N 
Br Br // N 

Br 

C3 CF3  QCF3  F F3 

F Fl 

Cl\ 0 7 

O\ 0 

CI, 

--0\ 

N// ~ Br 

Br.  

0 

N 

Nr

F Br1 

or N 

Br '-Br 
Br FNC
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F ~F 
-F 

F3CN 

- -~~ or\ 

.33. 'lle compound of claim Ithat Is: 

Br 
NH2  NH2 NH,  Br 

H NN N N~" 
H2N N NH2N< N N H2N'N N 

IN N 
NH 2  NH2  -NH 2  

H NN 
H2N N N H2  ~H2N N N 

N F3   C
FNHOCF3 

H2  NH2  C3H 2 

N N~ 

H2N N ~H2N N N H 2 N N 

CF 3  c 
F6 NH 2 N2NH 2  N 

NHN 
N ! N1H 

H2N'N N H2N N-- N2 

NH 2  CIN 2  H 

CN IHO2N 

HN-H2NeN Nl N 
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0
N2  / NH2  NH 2 

NH 
Irl 2 

2 N NN H2N!-':-- 2 N N-_ 

00 

N H2  H2 -NH 2 

~) ~! H2N 

H2 N N N- H IA 1 
H2N N 

L2 

Br NH 2 
NH2  -NH 2 N 

NH2N N N S 

NH 2  NH2  NH2 

NIKN N~ 
H2N -N N-H 2N N N H2 N N N 

NH2  NH2  KNH 2  Br

H2N N' N H2N N N% HN N 

N~0 2NNN/ NH 

NN 
N 

NH 2  NH 2  N1 NH 

N~ N 

H2N N N H2N N N 
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NH2  NH2  NH2 

~ -F HN HNN N 
H2 N N N~HN 

\ C F3 

Br 

NH2  H2N NH2 

N N- ' N 

H2N N-H 2N N N F H2N--' N

NC h 

NC
F 

NH 2  NH2 

NNH 
F N' N' F I

H2N N N 

N HJ 

NH   NH2 

H2N N N` 
2 

H2 NH2 Br 

- F3C 
H2N N; N ½- H2N NN 
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NH 2 Br NH2 Br NH2 

NN N N AN"N H2N N N HN ' H2N N N 

-Br 

NH22 

NH2  NH 

H2H2N N N N N N 
~-~" >--Br - / 

NH2 

N"' "N NH2 

"N' NA XNNN "N 
ii H ~ ,N 

N// r H2 N N N 

N F 

or a salt thereof 

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

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

35, A method of treating or preventinga bacterial infection in an animal comprising 

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

pharmaceutical acceptable salt thereof 

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

37. The method of claim 35 or claim 36,wherein the bacterial infection is aV. gonorrhoeae, 
P. aeruginosa, A. baumannii, . coli, K pneumoniae, S sonnei, P. mirabils, MSSA or MRSA 

infection.  

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

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

bacterial strain infection.  

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

salt thereof for use in medical treatment.  

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 phanaceutically 

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

treatment of a bacterial infection in an animal.  
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