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COMBINATIONOFANTIBODY-DRUGCONJUGATEANDPARPi 

SELECTIVE INHIBITOR 

ETechnicalFieldJ 

Thepresent disclosure relatestoapharmaceutical 

product foradministrationofa specificantibody-drug 

I 

con]ugate, havinganantitumordrugconjugatedtoan 

anti-HER2 antibodyviaa linker structure, combination 

withaPARPi selective inhibitor, andtoatherapeutic 

useandmethodwhereinthe specificantibody-drug 

I 

con]ugateandthePARPi selective inhibitorare 

administeredin combinationtoa subject.  

EBackgroundj 

ThePoly (ADP-ribose) polymerase (PARP) familyof 

enzymesplays an important role inanumberof cellular 

processes, suchas replication, combination, chromatin 

(2015) 60(4):547-60). Examples ofPARP inhibitors and 

theirmechanismofactionaretaught ine.g.  

W02004/080976.  

PARPi andPARP2 arethemost extensivelystudied 

PARPs fortheir role inDNAdamage repair. PARPi is 

activatedbyDNAdamagebreaks andfunctionsto catalyst 

theadditionofpoly (ADP-ribose) (PAR) chains totarget 

proteins. Thispost-translationalmodification, knownas 

PARylation, mediates the recruitment ofadditionalDNA 

repair factorstoDNAlesions. Followingcompletionof 

remodeling, andDNAdamage repair (O'ConnorMJ, Mol Cell
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this recruitment role, PARP auto-PARylationtriggersthe 

releaseofboundPARP fromDNAtoallowaccess toother 

DNArepairproteinsto complete repair. Thus, thebinding 

ofPARPtodamagedsites, its catalyticactivity, bandits 

eventual release fromDNAareall important steps fora 

cancer cello respondtoDNAdamage causedby 

chemotherapeuticagents andradiationtherapy (ThaiP.  

Biologyofpoly(ADP-ribose) polymerase: thefactotumsof 

cellmaintenance. Mol Cell 2015;58:947-58).  

TnhibitionofPARP familyenzymeshasbeenexploited 

as a strategyto selectivelykill cancer cellsby 

inactivatingcomplementaryDNArepairpathways. Number 

ofpre-clinicalandclinical studies have demonstrated 

thattumor cellsbearingdeleterious alterations ofBRCA1 

orBRCA2, keytumor suppressorproteins involvedin 

double-strandDNAbreak (DSB) repairbyhomologous 

recorubination (HR), are selectivelysensitiveto small 

enzymes. Suchtumorshavedeficienthomologous 

combination repair (HRR) pathways andare dependent on 

PARP enzymes function for survival. AlthoughPARP 

inhibitortherapyhaspredominantlytargetedBRCA-mutated 

cancers, PARP inhibitorshavebeentestedclinicallyin 

non-BRCA-mutanttumors, thosewhichexhibithomologous 

recorubinationdeficiency (HRD) (TurnerN, TuttA, 

AshworthA. Hallmarksof 'BROAness' insporadiccancers.  

NatRevCancer . 814-9) 

2004;4 

molecule inhibitors ofthePARP familyofDNArepair
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It isbelievedthatPARP inhibitorshavingimproved 

selectivityforPARPimaypossess improvedefficacyand 

reducedtoxicitycomparedtonon-selectivePARP 

inhibitors. It isbelievedalsothat selective strong 

inhibitionofPARPiwouldleadtotrappingofPARPi on 

DNA, resultinginDNAdouble-strandbreaks (DSBs) through 

collapseof replication forks in S-phase. Tt disbelieved 

alsothatPARP1-DNAtrappingis aneffectivemechanism 

for selectivelykillingtumor cellshavingHRD.  

Antibody-drugconjugates (ADCs) whichare composed 

ofa cytotoxicdrugconjugatedtoan antibody, can 

deliverthedrugselectivelyto cancercells, andare 

thereforeexpectedto causeaccumulationofthe drug 

within cancer cells andtokillthe cancer cells (Ducry, 

L., et al., BioconjugateChem. (2010) 21, 5-13; Alley, S.  

C., et al., CurrentOpinion inChemicalBiology (2010) 

14, 529-537; DamleN. K. ExpertOpin. Biol. Ther. (2004) 

(2012) 30, 631-637; BurnsHA., et al., J. Clin. Oncol.  

(2011) 29(4): 398-405) 

One suchantibody-drugconjugate istrastuzumab 

deruxtecan, whichis composedofaHER2-targeting 

antibodyandaderivativeofexatecan (OgitaniY. et al., 

ClinicalCancerResearch (2016) 22(20), 5097-5108; 

OgitaniY. et al., Cancer Science (2016) 107, 1039-1046) 

Trastuzumabderuxtecan (Enhertu®, DS-8201) has shown 

significant clinicalefficacyinHER2-expressingsolid 

tumors, includingbreast cancer, gastric cancer, 

4, 1445-1452; SenterP. D., et al., Nature Biotechnology
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colorectal cancerandnon-small cell lungcancer0 

Significantly, DS-8201 has demonstratedpromising 

activityinHER2 lowtumors intheabove indications.  

There is aneedtoidentifycombinationpartners forDS

8201 toenhanceefficacy, increasedurabilityof 

therapeuticresponse, improvetolerancetopatients 

and/orreducedose-dependenttoxicity.  

Despitethetherapeuticpotential ofantibody-drug 

I 

con]ugates suchastrastuzumabderuxtecan, andofPARPi 

inhibitors, noliterature ispublishedthat describes a 

test result demonstratinganexcellenteffectofcombined 

I 

useofanantibody-drugcon]ugateandaPARPi selective 

inhibitor.  

Accordingly, aneedremains forimprovedtherapeutic 

compositions andmethods, that canenhance efficacyof 

existingcancertreatingagents, increase durabilityof 

therapeuticresponse, improvetolerancetopatients 

[SummaryofDisclosurej 

Theantibody-drugconjugateusedinthepresent 

disclosure (ananti-HER2 antibody-drugconjugatethat 

includes aderivativeofthetopoisomerase I inhibitor 

exatecan, as component) hasbeenconfirmedtoexhibit 

excellent antitumoreffect inthetreatment certain 

cancers suchasbreast cancerandgastric cancer, when 

administeredsingly. Furthermore, aPARPi inhibitorhas 

beenconfirmedtoexhibit anantitumoreffect inthe 

and/orreducedose-dependenttoxicity.
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treatment ofcertaincancers. However, it isdesiredto 

provideamedicineandtreatmentwhichcanobtaina 

superiorantitumoreffect inthetreatment ofcancers, 

suchas enhancedefficacy, increaseddurabilityof 

therapeuticresponseand/orreduceddose-dependent 

toxicity.  

Thepresent disclosureprovides pharmaceutical 

productwhichcanexhibit anexcellentantitumoreffect 

inthetreatment of cancers, throughadministrationofan 

anti-HER2 antibody-drug con]ugate in combinationwitha 

PARPi selective inhibitor. Thepresentdisclosure also 

provides atherapeuticuseandmethodwhereinthe anti

HER2 antibody-drugconjugateandPARPi selective 

inhibitorareadministeredin combinationtoa subject.  

Specifically, thepresent disclosure relatestothe 

0 

following E1J to E54J 
nj apharmaceuticalproduct comprisingananti-HER2 

foradministrationincombination, whereinthe anti-HER2 

antibody-drugconjugate is anantibody-drugconjugate in 

whichadrug-linker representedbythe followingformula: 

antibody-drugconjugateandaPARPi selectiveinhibitor
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0 

A H H 0 N N N'~0 0 
N N 

0 H H H NH 
II" 

Me 0 

N 
F 

OHO 

whereinArepresentsthe connectingpositionto an 

antibody, is conjugatedtoananti-HER2 antibodyviaa 

thioetherbond; 

E2J thepharmaceuticalproduct according El), wherein 

thePARPi selective inhibitor is a compoundrepresented 

0 

bythe followingformula (I).  

H 

0 N Nt> 
N 

x x H 
3 

NR 

(I) 

wherein* 

xlandX2 areeachindependentlyselectedfromNand 

0(H), 

x3is independentlyselectedfromNandC(R4 ), wherein 

isHor fluoro, 

R'is cl-4alkylorCi-4 fluoroalkyl 

R2 is independentlyselectedfromH, halo, Ci-4alkyl, and 

01-4 fluoroalkyl, and 

0
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R3 is H or01-4 alkyl, 

orapharmaceuticallyacceptable salt thereof 

0 

providedthat.  
whenX'isN, thenX2 is C(H), andX3 is 

when isN, then C(H), and is and 

whenX3 isN, thenX'andX2 areboth0(H); 

E3J thepharmaceuticalproduct according E2fl wherein, 

in formula (I), is 01-4 F 

E4J thepharmaceuticalproduct according E3fl wherein, 

in formula (I), R3 ismethyl, 

E5J thepharmaceuticalproduct accordingtoanyoneof 

E2J to E4J wherein, in formula (T),R'is ethyl; 

E6J thepharmaceuticalproduct according [1], wherein 

thePARPi selective inhibitors acompoundrepresented 

0 

bythe followingformula (Ia).  

H 

0 

R K-N H 

0 
(Ta.) 

wherein 

R'is Ci-4alkyl 

R2 is selectedfromH, halo, 01-4 alkyl, and01-4 

fluoroalkyl, 

R 3 isHor01-4 alkyl, and 

R4 isH, 

orapharmaceuticallyacceptable salt F 

NR3
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[7J thepharmaceuticalproduct according [6] wherein, 

in formula (Ta),R2 isHorhalo, 

[SJ thepharmaceuticalproduct according [6] wherein 

in formula (Ia), R'is ethyl, R2 is selectedfromH 

chioroandfluoro, andR3 ismethyl; 

E9J thepharmaceuticalproduct according ~1fl, wherein 

thePARPi selective inhibitor isAZD5305, also knownas 

AZ14170049, representedbythe following formula: 

H 

Nt 
K-N 

H 

0 

orapharmaceuticallyacceptable saltF 

[1OJ thepharmaceuticalproduct accordingtoanyoneof 

EM to H:I, whereintheanti-HER2 antibodyisanantibody 

comprisingaheavychain comprisingCDRH1 consistingof 

aminoacidresidues 26to 33 of SEQIDNO: 1J, CDRH2 

consistingofanaminoacidsequence representedbySEQ 

IDNO: 4 aminoacidresidues 51 to 58 ofSEQ IDNO: 1J 

andCDRH3 consistingofanaminoacidsequence 

representedbySEQIDNO: 5 amino acidresidues 97 to 

109of SEQTDNO: 1J, anda light chaincomprisingCDRL1 

consistingofanaminoacidsequence representedbySEQ 

NO.  
IDNO: 6 aminoacidresidues 27 to 32 ofSEQ ID 0 

2J, CDRL2 consistingofanaminoacidsequence consisting 

ofaminoacidresidues 1 to 3 of SEQ IDNO: 7 amino 

anaminoacidsequence representedbySEQ IDNO: 3
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acidresidues 50 to 52 of SEQIDNO: 2J andCDRL3 

consistingofanaminoacidsequence representedbySEQ 

IDNO: S Eaminoacidresidues 89to 97 of SEQ IDNO: 2J; 

ElM thepharmaceuticalproduct accordingtoanyoneof 

nj to [9J, whereintheanti-HER2 antibodyisanantibody 

comprisingaheavychain comprisingaheavychain 

variable region consistingofanaminoacidsequence 

representedbySEQIDNO: 9 amino acidresidues 1 to 

120 of SEQIDNO: 1J anda light chaincomprisingalight 

chainvariable region consistingofanaminoacid 

sequence representedbySEQIDNO: 10 amino acid 

residues 1 to 107 of SEQIDNO: 2), 

[12) thepharmaceuticalproduct accordingtoanyoneof 

El) to H), whereintheanti-HER2 antibodyisanantibody 

comprisingaheavychain consistingofan amino acid 

sequence representedbySEQIDNO: 1 anda light chain 

consistingofanaminoacidsequence representedbySEQ 

E13J thepharmaceuticalproduct accordingtoanyoneof 

El) to [9), whereintheanti-HER2 antibodyisanantibody 

comprisingaheavychain consistingofan amino acid 

sequence representedbySEQIDNO: 11 amino acid 

residues 1 to 449of SEQIDNO: 1) anda light chain 

consistingofanaminoacidsequence representedbySEQ 

IDNO: 2; 

E14J thepharmaceuticalproduct accordingtoanyoneof 

El) to [13), whereintheanti-HER2 antibody-drug 

I 

con]ugate is representedbythe following formula: 

IDNO: 2;
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0 

Anti H 0 H Y N 0 N~T N Nor 0 H H H 

Me 

F 
0 

OHO n 

wherein 'Antibody' indicatestheanti-HER2 antibody 

I 

con]ugatedtothedrug-linkerviaathioetherbond, andn 

indicates anaveragenumberofunits ofthe drug-linker 

I 

con]ugatedperantibodymolecule intheantibody-drug 
I 

con]ugate, wherein is inthe range offrom7 to 8; 

E15J the pharmaceuticalproduct accordingtoanyoneof 

nj to [14J, whereintheanti-HER2 antibody-drug 

I 

con]ugate istrastuzumaflcieruxtecan (DS-8201)F 

E16J thepharmaceuticalproduct accordingtoanyoneof 

comprisingtheanti-HER2 antibody-drugconjugate andthe 

PARPi selective inhibitor, for simultaneous 

administration; 

[17J thepharmaceuticalproduct accordingtoanyoneof 

EM to E15J whereintheproduct is a combinedpreparation 

comprisingtheanti-HER2 antibody-drugconjugate andthe 

PARPi selective inhibitor, for sequential orsimultaneous 

administration; 

[1SJ thepharmaceuticalproduct accordingtoanyoneof 

EM to E17J, whereintheproduct is fortreatingcancer, 

nj to [15J whereintheproduct is a composition
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[19J thepharmaceuticalproduct according [18], 

whereinthe cancers at least one selectedfromthe 

groupconsistingofbreast cancer, gastric cancer, 

colorectal cancer, lungcancer, esophageal cancer, head

and-neckcancer, esophagogastric junctionadenocarcinoma, 

biliarytract cancer, Paget's disease, pancreaticcancer, 

ovariancancer, uterine carcinosarcoma, urothelial 

cancer, prostate cancer, bladdercancer, gastrointestinal 

stromaltumor, digestivetract stromaltumor, uterine 

cervixcancer, squamous cell carcinoma, peritoneal 

cancer, livercancer, hepatocellular cancer, corpusuteri 

carcinoma, kidneycancer, vulval cancer, thyroidcancer, 

penis cancer, leukemia, malignant lymphoma, plasmacytoma, 

myeloma, glioblastomamultiforme, osteosarcoma, sarcoma, 

andmelanoma, 

E20J thepharmaceuticalproduct according [19), 

whereinthe cancerisbreast cancer; 

whereinthebreast cancerhas aHER2 status scoreof IHC 

3+, 

E22J thepharmaceuticalproduct according [20), 

whereinthebreast cancerisHER2 low-expressingbreast 

cancer; 

E23J thepharmaceuticalproduct according [20), 

whereinthebreast cancerhas aHER2 status scoreof IHC 

2+, 

[21J thepharmaceuticalproduct according [20],
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[24J thepharmaceuticalproduct according [20], 

whereinthebreast cancerhas aHER2 status scoreof THC 

1+, 

E25J thepharmaceuticalproduct according [20], 

whereinthebreast cancerhas aHER2 status scoreof IHC 

>0 and<1+, 

E26J thepharmaceuticalproduct according [20], 

whereinthebreast canceristriple-negativebreast 

cancer; 

[27J thepharmaceuticalproduct according [18], 

whereinthe cancers gastriccancer, 

E28J thepharmaceuticalproduct according [18], 

whereinthe cancers colorectal cancer, 

E29J thepharmaceuticalproduct according [18], 

whereinthe cancers lungcancer; 

E30J thepharmaceuticalproduct according [29], 

whereinthe lungcancerisnon-small cell lung 0 

whereinthe cancerispancreaticcancer, 

[32J thepharmaceuticalproduct according [18], 

whereinthe cancers ovariancancer, 

[33J thepharmaceuticalproduct according [18], 

whereinthe cancerisprostate cancer, 

E34J thepharmaceuticalproduct according [18], 

whereinthe cancers kidneycancer; 

E35J apharmaceuticalproduct as definedinanyoneof 

nJto [17J, foruse entreating 0 

[31J thepharmaceuticalproduct according [18],
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[36J thepharmaceuticalproduct fortheuseaccordingto 

E25J, whereinthe cancers as definedinanyoneof E19J 

to [34J, 

E37Juseofananti-HER2 antibody-drugconjugateora 

PARPi selective inhibitorinthemanufactureofa 

medicament foradministrationofthe anti-HER2 antibody

drugconjugateandthePARPi selective inhibitorin 

combination, whereintheanti-HER2 antibody-drug 

I 

con]ugateandthePARPi selective inhibitorare as 

definedinanyoneof [1J to [15J, fortreatingcancer; 

E38J the use according E37fl, whereinthe cancers as 

definedinanyoneof E19J to E34J, 

[39J theuseaccordingto [37J or [38J whereinthe 

medicament is acompositioncomprisingthe anti-HER2 

antibody-drugconjugateandthePARPi selective 

inhibitor, for simultaneous administration, 

[40J theuseaccordingto [37J or [38J whereinthe 

HER2 antibody-drugconjugateandthePARPi selective 

inhibitor, for sequentialor simultaneous administration; 

E41J ananti-HER2 antibody-drugconjugate foruse, in 

combinationwithaPARPi selective inhibitor, inthe 

treatment of cancer, whereintheanti-HER2 antibody-drug 

I 

con]ugateandthePARPi selective inhibitorare as 

definedinanyoneof [1J to [15J; 

E42J theanti-HER2 antibody-drugconjugate fortheuse 

according [41J, whereinthe cancer is as definedin 

anyoneof E19J to E34J, 

medicament is acombinedpreparation comprisingtheanti-
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[43J theanti-HER2 antibody-drugconjugate fortheuse 

according E41J or E42J, whereintheuse comprises 

administrationoftheanti-HER2 antibody-drugconjugate 

andthePARPi selective inhibitor sequentially; 

[44J theanti-HER2 antibody-drugconjugate fortheuse 

according E41J or E42J, whereintheuse comprises 

administrationoftheanti-HER2 antibody-drugconjugate 

andthePARPi selective inhibitor simultaneously; 
E45J Ananti-HER2 antibody-drug I 

con]ugate foruse inthe 

treatment of cancer ina subject, wherein saidtreatment 

comprisesthe separate, sequentialor simultaneous 

administration i) saidanti-HER2 antibody-drug 

I 

con]ugate, andii) aPARPi selective inhibitorto said 

I 

sub]ect, wherein saidanti-HER2 antibody-drugconjugate 

andsaidPARPi selective inhibitorareas definedinany 

oneof E1J to E15J, 

[46J aPARPi selective inhibitor foruse, combination 

withananti-HER2 antibody-drug I 

treatment of cancer, whereintheanti-HER2 antibody-drug 

I 

con]ugateandthePARPi selective inhibitorare as 

definedinanyoneof EM to E15J; 

[47J thePARPi selective inhibitor fortheuseaccording 

to E46J, whereinthe cancer is as definedinanyone of 

E19J to E34J, 

[48J thePARPi selective inhibitor fortheuseaccording 

to E46J or E47J, whereintheuse comprises administration 

oftheanti-HER2 antibody-drugconjugateandthePARPi 

selective inhibitor sequentially; 

con]ugate, inthe
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[49J thePARPi selective inhibitor fortheuseaccording 

to E46J or E47J, whereintheuse comprises administration 

ofthe anti-HER2 antibody-drugconjugate andthePARPi 

selective inhibitor simultaneously, 

[50J APARPi selective inhibitor foruse inthetreatment 

of cancer ina subject, wherein saidtreatment comprises 

the separate, sequentialor simultaneous administration 

of i) saidPARPi selective inhibitor, andii) ananti

HER2 antibody-drugconjugateto saidsubject, wherein 

saidPARPi selective inhibitorandsaidanti-HER2 

antibody-drugconjugateareas definedin anyone of EM 

to E15J, 

[51J amethodoftreatingcancercomprisingadministering 

ananti-HER2 antibody-drugconjugate andaPARPi 

selective inhibitors definedinanyone of [1J to [15J 

in combinationtoa subject inneedthereof; 

[52J themethodaccordingto [51], whereinthe cancers 

E53Jthemethodaccordingto E51fl or E52fl, whereinthe 

methodcomprises administeringtheanti-HER2 antibody

drugconjugate andthePARPi selective inhibitor 

sequentially; and 

E54Jthemethodaccordingto E51fl or E52fl, whereinthe 

methodcomprises administeringtheanti-HER2 antibody

drugconjugate andthePARPi selective inhibitor 

simultaneously.  

EAdvantageousEffects ofDisclosurej 

as definedinanyoneof [1% to [34JF
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Thepresent disclosureprovides pharmaceutical 

productwhereinananti-HER2 antibody-drugconjugate, 

havinganantitumordrugconjugatedtoan anti-HER2 

antibodyviaa linker structure, andaPARPi selective 

inhibitorareadministeredin combination, anda 

therapeuticuseandmethodwhereinthe specific antibody

drugconjugateandthePARPi selective inhibitorare 

administeredin combinationtoa subject. Thus, the 

present disclosure canprovideamedicine andtreatment 

whichcanobtaina superiorantiturnor effect inthe 

treatment of cancers.  

[BriefDescriptionofDrawingsj 

[Figure 1J Figure 1 is adiagramshowingtheaminoacid 

sequenceofaheavychainofananti-HER2 antibody (SEQ 

IDNO: 1) 

[Figure 2J Figure 2 is adiagramshowingtheaminoacid 

IDNO: 2) 

[Figure 3J Figure 3 is adiagramshowingtheaminoacid 

sequenceofaheavychainCDRH1 (SEQ IDNO: 3 amino 

acidresidues 26to 33 of SEQIDNO: 1J).  

[Figure 4J Figure 4 is adiagramshowingtheaminoacid 

sequenceofaheavychainCDRH2 (SEQ TDNO: 4 amino 

acidresidues 51 to 58 of SEQIDNO: 1J).  

[Figure 5J Figure 5 is adiagramshowingtheaminoacid 

sequenceofaheavychainCDRH3 (SEQ IDNO: 5 [ amino 

acidresidues 97 to 109of SEQIDNO: 1)).  

sequenceofa light chainofananti-HER2 antibody (SEQ
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[Figure 6J Figure 6 is adiagramshowingtheaminoacid 

sequenceofa light chainCDRL1 (SEQ TDNO: 6 amino 

acidresidues 27 to 32 of SEQIDNO: 2J).  

[Figure 7J Figure 7 is adiagramshowinganaminoacid 

sequence comprisingtheaminoacidsequence of alight 

chainCDRL2 (SAS) (SEQIDNO: 7 aminoacidresidues 50 

to 56of SEQTDNO: 2J).  

[Figure SJ Figure S is adiagramshowingtheaminoacid 

sequenceofa light chainCDRL3 (SEQ IDNO: 8 amino 

acidresidues 89to 97 of SEQIDNO: 2J).  

[Figure H Figure 9 is adiagramshowingtheaminoacid 

sequenceofaheavychainvariable region (SEQ TDNO: 9 

[ aminoacidresidues 1 to 120 of SEQIDNO: 1J).  

[Figure 1OJ Figure 10 is adiagramshowingthe aminoacid 

sequenceofa light chainvariable region (SEQ IDNO: 10 

aminoacidresidues 1 to 107 of SEQIDNO: 2)).  

[Figure 11J Figure 11 is adiagramshowingthe aminoacid 

residues 1 to 449of SEQIDNO: 1)).  

[Figures 12Aand12BJ Figures 12Aand12B arediagrams 

showingcombinationmatrices obtainedwithhigh

throughput screens combiningDS-8201 withAZD5305 

(AZ14170049; PARPi selective inhibitor) in cell lines 

withhighHER2 expression.  

[Figures 13Aand13BJ Figures 13Aand13B arediagrams 

showingcombinationmatrices obtainedwithhigh

throughput screens combiningDS-8201 withAZD5305 incell 

lineswithlowHER2 expression.  

sequenceofaheavychain (SEQIDNO: 11 [ aminoacid
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[Figure 14J Figure 14 is adiagramshowingcombination 

EmaxandLoewe synergyscores in cell linestreatedwith 

DS-8201 combinedwithAZD5305.  

[Figures 15Aand15BJ Figures 15Aand15B arediagrams 

showingcombinationmatrices for combiningDS-8201with 

AZD5305 in cell lineswithloworhighHER2 expression.  

[Figures lEAand1GBJ Figures lEAand1GB show 

respectivelyanX-raydiffractionpattern anda 

representativeDSCtrace, of SynthesisExample 4 FormA.  

[Figure 17J Figure 17 is agraphshowingtumourvolumes 

for invivotreatmentswithDS-8201 orAZD5305 alone or 

withDS-8201 in combinationwithAZD5305. Thedotted 

line representstheendoftheAZD5305dosingperiod.  

[Figures iSA, 1SBand1SCJ Figures iSA, 1SBand1SCare 

diagrams showingcombinationmatrices obtainedwithhigh

throughput screens combiningDS-8201 withAZD5305 in 

NSCLC cell lineswithloworhighHER2 expression.  

diagrams showingcombinationmatrices obtainedwithhigh

throughput screens combiningDS-8201 withAZD5305 ina 

urinarytract cancer cell linewithHER2-mutant 

I 

expression.  

Inorderthatthepresent disclosure canbemore 

readilyunderstood, certainterms are first defined.  

Additionaldefinitions are set forththroughout the 

detaileddescription.  

[Figures 191½, 19Band19CJ Figures 19A, 19Band190are
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Beforedescribingthepresent disclosure indetail, 

it istobeunderstoodthatthis disclosure is not 

limitedto specific compositions ormethodsteps, as such 

canary. Asusedinthis specificationandthe appended 

I, H H 

claims, the singular forms "a , an and "the" include 
plural referentsunlessthe context clearlydictates 
otherwise. Theterms aII (or I, I 

an'), swell as theaters 

"oneormoreII and "at least oneI' canbeused 

interchangeablyherein.  

II 'I 

Furthermore, and/or whereusedhereinistobe 
takenas specificdisclosureofeachofthetwo specified 

features or componentswithorwithoutthe other. Thus, 

theater and/or" asusedinaphrase suchas "Aand/or 

B" herein is intendedto include "AandB," "AorB," "A" 

(alone), and "B" (alone). Likewise, theater and/or" as 

usedinaphrase suchas "A, B, and/orC" is intendedto 

encompass eachofthe followingaspects: A, B, and 

C.  

C; A (alone); B (alone); andC (alone).  

Unless definedotherwise, alltechnicaland 

scientifictermsusedhereinhavethe samemeaningas 

commonlyunderstoodbyoneofordinaryskill inthe art 

towhichthis disclosure is related. Forexample, the 

ConciseDictionaryofBiomedicineandMolecularBiology, 

Juo, Pei-Show, 2nded 2002, CRCPress; TheDictionary 

ofCellandMolecularBiology, 3rded 1999, Academic 

Press; andtheOxfordDictionaryOfBiochemistryAnd 

MolecularBiology, Revised, 2000, OxfordUniversity 

B, or ,AorCAorB F AandC; AandB; Band
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Press, provideoneof skillwithageneral dictionaryof 

manyofthetermsusedinthis disclosure.  

Units, prefixes, andsymbols aredenotedintheir 

Syst6me InternationaldeUnites (SI) acceptedform.  

Numeric ranges are inclusiveofthenumbers definingthe 

range 

It isunderstoodthatwhereveraspects aredescribed 

hereinwiththe language IIcomprising'I, otherwise 

'I analogous aspects describedinterms of consistingof" 

H and/or consistingessentiallyof" arealsoprovided.  

Theterms Iinhibit" "block", and "suppress" are 

usedinterchangeablyhereinandrefertoany 

statisticallysignificant decrease inbiological 

activity, includingfullblockingoftheactivity. For 

'I example, "inhibition can refertoa decreaseofabout 

0 0 100, 20%, 30%, 40%, 50%, 60%, 70%, SOC, 90% or 100% in 

biologicalactivity. Cellularproliferation canbe 

rateof celldivision, and/orthe fraction ofcells 

within cellpopulationundergoingcelldivision, and/or 

rateof cell loss froma cellpopulationduetoterminal 

differentiationor celldeath (e.g., thymidine 

incorporation).  

Theterm subject" referstoanyanimal (e.g., a 

mammal), including, butnot limitedtohumans, non-human 

primates, rodents, andthe like, whichis tobethe 

recipient ofaparticulartreatment. Typically, theaters 

assayedusingart recognizedtechniqueswhichmeasure
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II 'I subject" and patient" areusedinterchangeablyherein 
in referencetoahuman I 

sub]ect.  

Theterm"pharmaceuticalproduct" referstoa 

preparationwhichis in suchformas topermit the 

biologicalactivityoftheactive ingredients, eitheras 

acompositioncontainingalltheactiveingredients (for 

simultaneous administration), oras a combination 

separate compositions (acombinedpreparation) each 

containingat least onebutnot allofthe active 

ingredients administrationn sequentiallyor 

simultaneously), andwhichcontainsnoadditional 

componentswhichareunacceptablytoxictoasubjectto 

whichtheproductwouldbeadministered. Suchproduct can 

be sterile. By"simultaneous administration ismeant 

thattheactive ingredients areadministeredat the same 

time. By'I' sequentialadministration" ismeantthatthe 

active ingredients areadministeredoneaftertheother, 

individualadministrations. Thetime interval canbe, 

forexample, lessthan24 hours, preferablylessthan 6 

hours, morepreferablylessthan2 hours.  

Terms suchas "treating" or "treatment" or "to 

treat" or VIalleviating" or "toalleviate'I refertoboth 

(1) therapeuticmeasuresthat cure, slowdown, lessen 

symptoms of, and/orhaltprogressionofadiagnosed 

pathologic conditionordisorderand (2) prophylacticor 

preventativemeasuresthatprevent and/or slowthe 

development ofatargetedpathologic conditioner 

ineitherorder, at atime intervalbetweenthe
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disorder. Thus, those inneedoftreatment includethose 

alreadywiththedisorder; thosepronetohavethe 

disorder; andthose inwhomthedisorderistobe 

prevented. Incertainaspects, a subject is successfully 

"treated" forcanceraccordingtothemethodsofthe 

present disclosure ifthepatient shows, e.g., total, 

partial, ortransient remissionofa certaintypeof 

cancer.  

VI VI VI "cancerous'I Theterms cancer , "tumor , and 

I' malignant" refertoordescribethephysiological 

conditioninmanalsthat istypicallycharacterizedby 

unregulatedcellgrowth. Examples of cancers includebut 

aren't limitedto, breast cancer, gastric cancer, 

colorectal cancer, lungcancer, esophageal cancer, head

and-neckcancer, esophagogastric junctionadenocarcinoma, 

biliarytract cancer, Paget's disease, pancreaticcancer, 

ovariancancer, uterine carcinosarcorna, urothelial 

stromaltumor, digestivetract stromaltumor, uterine 

cervixcancer, squamous cell carcinoma, peritoneal 

cancer, livercancer, hepatocellular cancer, corpusuteri 

carcinoma, kidneycancer, vulval cancer, thyroidcancer, 

penis cancer, leukemia, malignant lymphoma, plasmacytoma, 

myeloma, glioblastomamultiforme, osteosarcoma, sarcoma, 

andmelanoma. Cancers includehematologicalmalignancies 

suchas acutemyeloidleukemia, multiplemyeloma, chronic 

lyruphocyticleukemia, diffuse largeB cell lyruphoma, 

Burkitt's lymphoma, folliczularlymphomaandsolidtumors 

cancer, prostate cancer, bladdercancer, gastrointestinal
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suchasbreast cancer, lungcancer, neuroblastomaand 

coloncancer.  

ThetermIcytotoxicagent" asusedhereinis defined 

broadlyandreferstoa substancethat inhibits or 

preventsthe functionofcells and/or causesdestruction 

ofcells (celldeath), and/orexerts anti

neoplastic/anti-proliferativeeffects. Forexample, a 

cytotoxicagentprevents director indirectlythe 

development, maturation, or spreadofneoplastictumor 

cells. Thetermincludes also suchagents that cause 

cytostaticeffect onlyandnot amere cytotoxiceffect.  

Thetermincludes chemotherapeuticagents as specified 

below, aswellas otherHER2 antagonists, anti-angiogenic 

agents, tyrosinekinase inhibitors, proteinkinaseA 

inhibitors, members ofthe cytokine family, radioactive 

isotopes, andtoxins suchas enzymaticallyactivetoxins 

ofbacterial, fungal, plant oranimal origin.  

'I 

cytotoxicagent" comprisingnatural orsynthetic 
chemical compounds.  

Inaccordancewiththemethods oruses ofthe 

present disclosure, compounds ofthepresentdisclosure 

maybeadministeredtoapatienttopromoteapositive 

therapeuticresponsewithrespectto cancer. Theterm 

II 'I 

positivetherapeuticresponse withrespectto cancer 
treatment referstoanimprovement inthe symptoms 

associatedwiththedisease. Forexample, improvement 

inthedisease canbe characterizedasacomplete 

Theterm"chemotherapeuticagent" is asubsetoftheterm



WO2022/074617 PCT/1B2021/059232 
24 

response. ThetermIIcomplete response'I referstoan 

absenceofclinicallydetectablediseasewith 

normalizationofanyprevioustest results.  

Alternatively, an improvement inthe disease canbe 

'I categorizedasbeingapartial response. A positive 

'I therapeuticresponse encompasses areductionor 

inhibitionoftheprogressionand/ordurationofcancer, 

the reductionorameliorationofthe severityofcancer, 

and/ortheameliorationofoneormore symptoms thereof 

resultingfromtheadministrationof compounds ofthe 

present disclosure. In specificaspects, suchterms 

refertoone, twoorthreeormore results followingthe 

administrationofcompounds ofthe instant disclosure 

(1) a stabilization, reductionoreliminationofthe 

cancercellpopulation; 

(2) a stabilizationor reduction in cancer growth; 

0 

(3) an impairment inthe formationof cancer, 

and/ormetastaticcancer; 

(5) a reduction in 0 

(6) increase indisease-free, relapse-free, 

progression-free, and/oroverall survival, duration, or 

(7) increase inthe response rate, the durabilityof 

response, ornumberofpatientswhorespondorare in 

remission; 

(8) decrease inhospitalizationrate, 

(9) decrease inhospitalizationlengths, 

(4) eradication, removal, control ofprimary, regional
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(10) the sizeofthe cancer ismaintainedanddoesnot 
increaseor increasesbylessthan 0 

lois, preferablyless 
than 5%, preferablylessthan 0 

40, preferablylessthan 

2%, and 

(11) an increase inthenumberofpatients inremission.  

I 

(12) decrease inthenumberofad]uvant therapies 

(e.g., chemotherapyorhormonaltherapy) thatwould 

otherwisebe requiredtotreatthe cancer.  

Clinical response canbeassessedusingscreening 

techniques suchasPET, magnetic resonance imaging (MRI) 

scan, x-radiographic imaging, computedtomographic (CT) 

scan, flowcytometryor fluorescence-activatedcell 

sorter (FACS) analysis, histology, grosspathology, and 

bloodchemistry, includingbutnot limitedtochanges 

detectablebyELISA, RIA, chromatography, andthe like.  

Inadditiontothesepositivetherapeutic responses, the 

I sub]ectundergoingtherapycanexperiencethebeneficial 

thedisease.  

Alkylgroups andmoieties are straight orbranched 

chain, e.g. C1 -8 alkyl, C1 -6 alkyl, C1 -4 alkylorC5 -6 alkyl.  

Examples ofalkylgroups aremethyl, ethyl, n-propyl, 

iso-propyl, n-butyl, t-butyl, n-pentyl, n-hexyl, n-heptyl 

andn-octyl, suchasmethylorn-hexyl.  

Fluoroalkylgroups arealkylgroups inwhichoneor 

moreHatoms is replacedwithoneormore fluoroatoms, 

e.g. C1-8 fluoroalkyl, C1-6 fluoroalkyl, C1-4 fluoroalkylor 

05-6 fluoroalkyl. Examples include fluoromethyl (CH2 F-), 

effect ofan improvement inthe symptoms associatedwith
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difluromethyl (CHF2-), trifluoromethyl (OF3-), 2,2,2

trifluoroethyl (CF3CH2-), 1,1-difluoroethyl (CH3CHF2-), 

2,2-difluoroethyl (CHF2CH2-), and2-fluoroethyl 

(CH2FCH2-).  

Halomeans fluoro, chioro, bromo, andjodo. Inan 

embodiment, halo is fluoroor chioro.  

Asusedherein, thephrase "effectiveamount"means 

anamount ofa compounder compositionwhichis 

sufficient enoughto significantlyandpositivelymodify 

the symptoms and/or conditionstobetreated (e.g., 

provideapositive clinical response). The effective 

amount ofanactive ingredient foruse in a 

pharmaceuticalproductwillvarywiththeparticular 

conditionbeingtreated, the severityofthe condition, 

thedurationofthetreatment, thenature ofconcurrent 

therapy, theparticularactive ingredients) being 

employed, theparticularpharmaceutically-acceptable 

theknowledgeandexpertiseoftheattendingphysician.  

Inparticular, aneffectiveamount of acompoundforuse 

inthetreatment ofcancerincombinationwiththe 

antibody-drugconjugate is anamount suchthat the 

combination is sufficientto symptomaticallyrelieve ina 

warm-bloodedanimal suchasman, the symptomsofcancer, 

to slowtheprogressionof cancer, orto reduce in 

patientswithsymptoms of cancerthe risk getting 

worse 

excipient(s)/carrier(s) utilized, andlike factorswithin
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Inthis specification, unless otherwise stated, the 

term pharmaceuticallyacceptable" as usedhereinrefers 

tothose compounds, materials, compositions, and/or 

dosage formswhichare, withinthe scopeof soundmedical 

judgment, suitable foruse incontactwiththetissues of 

humanbeings andanimalswithout excessivetoxicity, 

irritation, allergicresponse, orotherproblemor 

complication, czonensuratewithareasonablebenefit/risk 

ratio 

Ttwillbeunderstoodthat compounds of formula (T) 

mayformstablepharmaceuticallyacceptableacidorbase 

salts, andin suchcases administrationofacompoundas 

a saltmaybeappropriate. Examples ofacidaddition 

salts includeacetate, adipate, ascorbate, benzoate, 

benzenesulfonate, bicarbonate, bisulfate, butyrate, 

camphorate, camphorsulfonate, choline, citrate, 

cyclohexyl sulfarnate, diethylenediarnine, ethanesulfonate, 

2-hydroxyethylsulfonate, heptanoate, hexanoate, 

hydrochloride, hydrobromide, hydroiodide, hydroxymaleate, 

lactate, malate, maleate, methanesulfonate, meglumine, 

2-naphthalenesulfonate, nitrate, oxalate, pamoate, 

persulfate, phenylacetate, phosphate, diphosphate, 

pirate, pivalate, propionate, quinate, salicylate, 

stearate, succinate, sulfamate, sulfanilate, sulfate, 

tartrate, tosylate (p-toluenesulfonate), 

trifluoroacetate, andundecanoate. Non-toxic 

physiologically-acceptable salts arepreferred, although 

fumarate, glutamate, glycolate, hemisulfate,
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other saltsmaybeuseful, suchas in isolatingor 

purifyingtheproduct.  

The saltsmaybe formedbyconventionalmeans, such 

asby reactingthe freebase formof theproduct withone 

ormoreequivalents oftheappropriateacidina solvent 

ormediuminwhichthe salt is insoluble, orina solvent 

suchaswater, whichis removedin vacuoorbyfreeze 

dryingorbyexchangingtheanions ofanexistingsalt 

foranotheranionona suitable ion-exchangeresin.  

Compounds of formula (T) mayhavemorethanone 

chiral center, andit istobeunderstoodthat the 

applicationencompasses all individual stereoisomers, 

enantiomers anddiastereoisomers andmixturesthereof.  

Thus, it istobeunderstoodthat, insofarasthe 

compounds of formula (I) canexist inopticallyactiveor 

raczemicz formsbyvirtueofoneormoreasynetriccarbon 

atoms, theapplicationincludes initsdefinitionany 

above-mentionedactivity. Thepresent application 

encompasses all suchstereoisornershavingactivityas 

hereindefined.  

Thus, throughoutthe specification, where reference 

ismadetothe compoundof formula (I) it istobe 

understoodthatthetermcompoundincludes 

diastereoisomers, mixtures ofdiastereoisomers, and 

enantiomersthat arePARPi inhibitors 

Tt is alsotobeunderstoodthat certaincompounds 

of formula (I), andpharmaceutically salts thereof, can 

suchopticallyactiveorracemic formwhichpossessesthe
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exist in solvatedaswellasunsolvatedforms suchas, 

forexample, hydratedandanhydrous forms. Tt is tobe 

understoodthatthe compoundsherein encompass all such 

solvatedforms. Forth sakeofclarity, this includes 

bothsolvated (e.g., hydrated) forms ofthe free formof 

the compound, aswellas isolated (e.g., hydrated) forms 

ofthe salt ofthe compound.  

Someofthe compounds of formula (I) maybe 

crystallineandmayhavemorethanone crystalline form.  

It istobeunderstoodthatthedisclosure encompasses 

anycrystallineoramorphous form, ormixtures thereof, 

whichhavePARPi selective inhibitoryactivity. Tt is 

generallyknownthat crystallinematerialsmaybe 

analysedusingconventionaltechniques suchas, for 

example, X-RayPowderDiffraction (hereinafterXRPD) 

analysis andDifferential ScanningCalorimetry (DSC).  

Formula (T) as describedhereinis intendedto 

example, H (orhydrogen) includes anyisotopic formof 

hydrogen including'H, 2H (D), and3 H (T); C includes any 

isotopic formof carbon including'2 C, '3 C, and'4 C; 0 

includes anyisotopic formofoxygen including'6 Q, 17Q 

andlSQ; Nincludes anyisotopic formofnitrogen 

including'3 N, '4 Nand'5 N; F includes anyisotopic formof 

fluorine including'9 Fand'8 F; andthe like. Inone 

aspect, the compounds of formula (I) include isotopes of 

theatoms coveredtherein inamounts correspondingto 

theirnaturallyoccurringabundance. However, uncertain 

encompass all isotopes of its constituent atoms. For



WO2022/074617 PCT/1B2021/059232 
30 

instances, it maybedesirabletoenrichoneormoreatom 

inaparticularisotopewhichwouldnormallybepresent 

inalowerabundance. Forexample, 'Hwouldnormallybe 

present ingreaterthan 99.98% abundance; however, inone 

aspect, acompoundofanyformulapresentedhereinmaybe 

enrichedin2 Hor3 Hat oneormorepositionswhereHis 

present. Inanotheraspect, whenacompoundofany 

formulapresentedhereinis enrichedina radioactive 

isotope, forexample3 Hand'4 C, the compoundmaybe 

useful indrugand/or substratetissuedistribution 

assays. It istobeunderstoodthatthepresent 

applicationencompasses all suchisotopic forms.  

EDescriptionofEmbodimentsj 

Hereinafter, preferredmodes forcarryingoutthe 

present disclosurearedescribed. Theembodiments 

describedbelowaregivenmerelyfor illustratingone 

andarenot intendedtolimitthe scopeofthepresent 

disclosure.  

1. Antibody-drug conjugate 

Theantibody-drugconjugateusedinthepresent 

disclosure is anantibody-drugconjugate inwhichadrug

linkerrepresentedbythe followingformula: 

exampleofatypicalembodiment ofthepresent disclosure
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0 

A H 0 H 0 N N 0 
N N NO 

0 H H H NH 

Me 0 

N 
F 

OHO 

whereinArepresentsthe connectingpositionto an 

antibody, 

is conjugatedtoananti-HER2 antibodyvia athioether 

bond.  

Inthepresent disclosure, thepartial structure 

consistingofa linkerandadrugintheantibody-drug 

I I, 

con]ugate is referredtoas a "drug-linker . The drug
linker is connectedtoathiolgroup (inotherwords, the 

sulfuratomofa cysteine residue) formedatan 

chains, andtwo sitesbetweenaheavychainandalight 

chain) intheantibody.  

Thedrug-linkerofthepresent disclosure includes 

exatecan (IIJPACname: (iS,9S)-1-amino-9-ethyl-5-fluoro

1,2,3,9,12,15-hexahydro-9-hydroxy-4-methyl-1OH,13H

benzoEdejpyranoE3',4':6,7jindolizinoEl,2-bjquinolin

0 

10,13-dione, (alsoexpressedas chemicalname. (1S,9S)-1
amino-9-ethyl-5-fluoro-2,3-dihydro-9-hydroxy-4-methyl

1H,12H-benzoEdejpyranoE3',4'. 6,7JindolizinoEl,2

bjquinolin-1O,13(9H,15H)-dione)), whichis a 

interczhaindisulfidebondsite (two sitesbetweenheavy
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topoisomerase I inhibitor, as a component. Exatecanis a 

camptothecinderivativehavinganantitumoreffect, 

0 

representedbythe followingformula.  

2 

Me 0 

F 

OHO 

Theanti-HER2 antibody-drugconjugateusedinthe 

present disclosure canbealsorepresentedbythe 

followingformula: 

0 

H 0 H0 
Antibody N 0 

N N 
0 H 0 H H 

Me 

F 
0 

Here, thedrug-linkeris conjugatedtoananti-HER2 

antibody ('Antibody-') viaathioetherbond. Themeaning 

ofnisthe sameasthat ofwhat is calledthe average 

numberof conjugateddrugmolecules (DAR; Drug-to

AntibodyRatio), andindicatestheaveragenumberof 

units ofthedrug-linker conjugatedperantibody 

molecule.  

OHO n
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Aftermigratingintocancercells, theanti-HER2 

antibody-drugconjugateusedinthepresent disclosure is 

cleavedatthe linkerportiontoreleasea compound 

0 

representedbythe followingformula.  

0 
HO 

NH 

Me 0 

F 

OHO 

This compounds inferredtobetheoriginal source 

oftheantitumoractivityoftheantibody-drugconjugate 

usedinthepresent disclosure, andhasbeenconfirmedto 

haveatopoisomerase I inhibitoryeffect (OgitaniY. et 

al., ClinicalCancerResearch, 2016, Oct 15;22(20):5097

5108, Epub 2016Mar 29) 

Theanti-HER2 antibody-drugconjugateusedinthe 

(OgitaniY. et al., CancerScience (2016) 107, 1039

1046)0 Thebystandereffect isexertedthroughaprocess 

wherebytheantibody-drugconjugateusedinthepresent 

disclosure is internalizedincancer cells expressingthe 

target andthe compoundreleasedthenexertsanantitumor 

effect alsooncancercellswhicharepresenttherearound 

andnot expressingthetarget. Thisbystandereffect is 

exertedas excellent antitumoreffect evenwhenthe 

anti-HER2 antibody-drug con]ugate is usedincombination 

present disclosure is knowntohaveabystandereffect



WO2022/074617 PCT/1B2021/059232 
34 

withaPARPi selective inhibitoraccordingtothepresent 

disclosure.  

2. Antibody in antibody-drug conjugate 

Theanti-HER2 antibodyintheantibody-drug 

I 

czon]ugateusedinthepresent disclosuremaybe derived 

fromanyspecies, andispreferablyananti-HER2 antibody 

derivedfromahuman, a rat, mouse, ora rabbit. In 

caseswhentheantibodyis derivedfromspecies other 

thanhuman species, it ispreferablychimerizedor 

humanizedusingawellknowntechnique. The anti-HER2 

antibodymaybeapolyclonalantibodyoramonoclonal 

antibodyandispreferablyamonoclonalantibody.  

Theantibodyintheantibody-drugconjugateusedin 

thepresent disclosure is ananti-HER2 antibody 

preferablyhavinga characteristicofbeingcapable of 

targetingcancer cells, andispreferablyanantibody 

cancer cell, apropertyofbindingto cancer cell, a 

propertyof internalizingina cancer cell, and/or 

cytocidalactivityagainst cancer cells.  

Thebindingactivityoftheanti-HER2 antibody 

against cancer cells canbe confirmedusingflow 

cytometry. The internalizationoftheantibodyinto 

cancer cells canbe confirmedusing (1) an assayof 

visualizinganantibodyincorporatedincellsundera 

fluorescencemicroscopeusinga secondaryantibody 

(fluorescentlylabeled) bindingtothetherapeutic 

possessing, forexample, apropertyofrecognizinga
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antibody (CellDeathandDifferentiation (2008) 15, 751

761), (2) anassayofmeasuringa fluorescence intensity 

incorporatedin cellsusinga secondaryantibody 

(fluorescentlylabeled) bindingtothetherapeutic 

antibody (MolecularBiologyoftheCell, Vol. 15, 5268

5282, December 2004), or (3) aMat-ZAPassayusingan 

irnmunotoxinbindingtothetherapeuticantibodywherein 

thetoxin is releasedupon incorporation intocellsto 

inhibit cellgrowth (BioTechniques 28: 162-165, January 

2000)0 As the immunotoxin, recombinant complexprotein 

ofadiphtheriatoxin catalyticdomainandproteinGmay 

bemused.  

Theantitumoractivityoftheanti-HER2 antibodycan 

be confirmedinvitrobydetermininginhibitoryactivity 

against cellgrowth. Forexample, cancer cell line 

overexpressingHER2 as atargetproteinforthe antibody 

is cultured, andtheantibodyis addedatvarying 

inhibitoryactivityagainst focus formation, colony 

formation, andspheroidgrowth. Theantitumoractivity 

canbe confirmedinvivo, forexample, byadministering 

theantibodytoanudemousewithatransplantedcancer 

cell linehighlyexpressingthetargetprotein, and 

determiningchange inthe cancer cell.  

Sincethe compoundconjugatedintheanti-HER2 

antibody-drugconjugateexerts anantitumoreffect, it is 

preferredbutnot essentialthatthe anti-HER2 antibody 

itself shouldhaveanantitumoreffect. Forthepurpose 

concentrations intothe culture systemto determine
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of specificallyandselectivelyexertingthe cytotoxic 

activityoftheantitumor compoundagainst cancercells, 

it is important andalsopreferredthatthe anti-HER2 

antibodyshouldhavethepropertyof internalizingto 

migrate into cancer cells.  

Theanti-HER2 antibodyintheantibody-drug 

I 

con]ugateusedinthepresent disclosure canbe obtained 

byaprocedureknown intheart. Forexample, the 

antibodyofthepresent disclosure canbe obtainedusing 

amethodusuallycarriedout intheart, whichinvolves 

inunizinganimalswithanantigenicpolypeptide and 

collectingandpurifyingantibodiesproducedinvivo.  

Theoriginoftheantigen isnot limitedtohumans, and 

theanimalsmaybe immunizedwithan antigenderivedfrom 

anon-humananimal suchas mouse, a rat andthe like.  

Inthis case, the cross-reactivityof antibodiesbinding 

totheobtainedheterologous antigenwithhuman antigens 

humandisease0 

Alternatively, antibody-producingcellswhich 

produceantibodies againsttheantigenare fusedwith 

rnyelorna cells accordingtoamethodknown inthe art 

(e.g., KohlerandMilstein, Nature (1975) 256, p. 495

497; andKennet, R. ed., MonoclonalAntibodies, p. 365

367, PlenumPress, N.Y. (1980)) toestablishhybridomas, 

fromwhichmonoclonalantibodies can inturnbe obtained.  

Theantigencanbeobtainedbygenetically 

engineeringhost cellstoproduceageneencodingthe 

canbetestedto screen foranantibodyapplicabletoa
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antigenicprotein. Specifically, vectors thatpermit 

expressionoftheantigengenearepreparedand 

transferredtohost cells sothatthe gene expressed.  

Theantigenthus expressedcanbepurified. The antibody 

canalsobeobtainedbyamethodof immunizinganimals 

withtheabove-describedgeneticallyengineeredantigen

expressingcells ora cell lineexpressingthe antigen.  

Theanti-HER2 antibodyintheantibody-drug 

I 

con]ugateusedthepresent disclosure ispreferablya 

recombinant antibodyobtainedbyartificialmodification 

forthepurposeofdecreasingheterologous antigenicity 

tohumans suchas a chimericantibodyorahumanized 

antibody, or ispreferablyanantibodyhavingonlythe 

gene sequenceofanantibodyderivedfromahuman, that 

is, ahumanantibody. Theseantibodies canbeproduced 

usingaknownmethod.  

Asthe chimericantibody, anantibodyinwhich 

different species, forexample, a chimeric antibodyin 

whichamouse-or rat-derivedantibodyvariable regions 

connectedtoahuman-derivedantibodyconstant regioncan 

beexemplified (Proc. Natl. Acad. Sci. USA, 81, 6851

6855, (1984)) 

Asthehumanizedantibody, anantibodyobtainedby 

integratingonlythe complementaritydeterminingregion 

(CDR) ofaheterologous antibodyinto ahuman-derived 

antibody (Nature (1986) 321, pp. 522-525), andan 

antibodyobtainedbygraftingapart ofthe aminoacid 

antibodyvariableandconstant regionsare derivedfrom
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residues ofthe frameworkofaheterologous antibodyas 

wellastheCDRsequenceoftheheterologousantibodyto 

ahumanantibodybyaCDR-graftingmethod (WO 90/07861), 

andanantibodyhumanizedusingagene conversion 

mutagenesis strategy (U.S. PatentNo. 5821337) canbe 

exemplified.  

Asthehumanantibody, anantibodygeneratedby 

usingahumanantibody-producingmousehavingahuman 

chromosome fragment includinggenes ofaheavychainand 

light chainofahumanantibody (see Tomizuka, K. et al., 

NatureGenetics (1997) 16, p.133-143; Kuroiwa, Y. et.  

al., Nuol. AcidsRes. (1998) 26, p.3447-3448; Yoshida, H.  

et. al., AnimalCellTechnology:Basic andAppliedAspects 

vol.10, p.6 9 -7 3 (Kitagawa, Y., Matsuda, T. andlijima, S.  

eds.), KluwerAcademicPublishers, 1999; Tomizuka, K. et.  

al., Proc. Natl. Aczad. Sczi. USA (2000) 97, p7722-727, 

etc.) canbeexemplified. As alternative, anantibody 

fromahumanantibodylibrary (seeWormstone, I. M. et.  

al, InvestigativeOphthalmology&Visual Science.  

(2002)43 (7), p.2301-2308;Carmen, S. et. al., Briefings 

inFunctionalGenornics andProteornics (2002), 1(2), 

p.189-203; Siriwardena, D. et. al., Ophthalmology (2002) 

109(3), p.4 2 7 -4 3 ', etc.) canbeexemplified.  

Inthepresent disclosure, modifiedvariants ofthe 
anti-HER2 antibodyintheantibody-drug I 

con]ugateusedin 

thepresent disclosurearealso included. Themodified 

variant referstoavariant obtainedby I 

sub]ecztingthe 

obtainedbyphagedisplay, theantibodybeingselected
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antibodyaccordingtothepresent disclosureto chemical 

orbiologicalmodification. Examples ofthe chemically 

modifiedvariant includevariants includingalinkageof 

achemicalmoietytoanaminoacidskeleton, variants 

including linkageofa chemicalmoietytoanN-linked 

or0-linkedcarbohydrate chain, etc. Examples ofthe 

biologicallymodifiedvariant includevariants obtained 

bypost-translationalmodification (suchasN-linkedor 

0-linkedglycosylation, N-orC-terminalprocessing, 

deamidation, isomerizationofasparticacid, oroxidation 

ofmethionine), andvariants inwhichamethionine 

residuehasbeenaddedtotheNterminusbybeing 

expressedinaprokaryotichost cell. Further, an 

antibodylabeledsoastoenablethe detectionor 

isolationoftheantibodyoranantigenaccordingtothe 

present disclosure, forexample, anenzyme-labeled 

antibody, a fluorescence-labeledantibody, andan 

meaningofthemodifiedvariant. Suchamodifiedvariant 

oftheantibodyaccordingtothepresent disclosure is 

useful for improvingthe stabilityandbloodretentionof 

theantibody, reducingtheantigenicitythereof, 

detectingorisolatinganantibodyoranantigen, andso 

on.  

Further, byregulatingthemodificationofaglycan 

whichis linkedtotheantibodyaccordingtothepresent 

disclosure (glycosylation, defucosylation, etc.), it is 

possibletoenhanceantibody-dependent cellular cytotoxic 

affinity-labeledantibodyarealso includedinthe
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activity. As thetechnique forregulatingthe 

modificationofaglycanofantibodies, thosedisclosed 

inW099/54342, WOOO/61739, W002/31140, W02007/133855, 

W02013/120066, etc. areknown. However, thetechnique is 

not limitedthereto. Intheanti-HER2 antibodyaccording 

tothepresent disclosure, antibodies inwhichthe 

modificationofaglycan is regulatedare also included.  

It is knownthat lysine residueatthe carboxyl 

terminus oftheheavychainofanantibodyproducedina 

culturedmammalian cell is deleted (Journal of 

ChromatographyA, 705: 129-134 (1995)), andit is also 

knownthattwoaminoacidresidues (glycine andlysine) 

atthe carboxylterminus oftheheavychainof an 

antibodyproducedina culturedmammalian cell are 

deletedandaproline residuenewlylocatedat the 

carboxylterminus is amidated (AnalyticalBiochemistry, 

360: 75-83 (2007)). However, suchdeletion and 

theantigen-bindingaffinityandthe effectorfunction 

(theactivationof complement, antibody-dependent 

cellular cytotoxicity, etc.) oftheantibody. Therefore, 

intheanti-HER2 antibodyaccordingtothepresent 

disclosure, antibodies subjectedto suchmodificationand 

functional fragments oftheantibodyarealsoincluded, 

anddeletionvariants inwhichoneortwo amino acids 

havebeendeletedatthe carboxylterminus oftheheavy 

chain, variants obtainedbyamidation ofdeletion 

variants (forexample, aheavychain inwhichthe 

modificationoftheheavychain sequencedonot affect
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carboxylterminalproline residuehasbeen amidated), and 

the likearealso included. Thetypeofdeletionvariant 

havingadeletionatthe carboxylterminus oftheheavy 

chainoftheanti-HER2 antibodyaccordingtothepresent 

disclosure isnot limitedtotheabovevariants as long 

astheantigen-bindingaffinityandtheeffector function 

are conserved. Thetwoheavychains constitutingthe 

antibodyaccordingtothepresent disclosuremaybe of 

onetype selectedfromthegroup consistingof a full

lengthheavychainandtheabove-describeddeletion 

variant, ormaybeoftwotypes in combination selected 

therefrom. The ratiooftheamount ofeachdeletion 

variant canbeaffectedbythetypeofculturedmanalian 

cellswhichproducetheanti-HER2 antibodyaccordingto 

thepresent disclosureandthe culture conditions; 

however, anantibodyinwhichoneaminoacidresidue at 

the carboxylterminushasbeendeletedinbothofthetwo 

disclosure canbeexemplifiedaspreferred.  

As isotopes oftheanti-HER2 antibodyaccordingto 

thepresent disclosure, forexample, IgG (IgGi, IgG2, 

IgG3, IgG4) canbeexemplified, andIgGi or IgG2 canbe 

exemplifiedaspreferred.  

Inthepresent disclosure, thetermIanti-HER2 

I, 

antibody referstoanantibodywhich specificallybinds 
toHER2 (HumanEpidermalGrowthFactorReceptor Type 2; 

ErbB-2), andpreferablyhas anactivityof internalizing 

inHER2-expressingcellsbybindingtoHER2.  

heavychains intheantibodyaccordingtothepresent
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Examples oftheanti-HER2 antibodyinclude 

trastuzumab (U.S. PatentNo. 5821337) andpertuzumab 

(WOO1/00245), andtrastuzurnab canbe exemplifiedas 

preferred.  

3. Production of antibody-drug conjugate 

Adrug-linkerintermediate foruse inproductionof 

theanti-HER2 antibody-drugconjugate accordingtothe 

present disclosure is representedbythe following 

formula 

0 

0 H H 0 
N N N~O 0 

N N 
0 H H H NH 

Me 0 
N 

F 

Thedrug-linkerintermediate canbeexpressedasthe 

chemicalnameN-[6-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1

yl)hexanoyljglycylglycyl-L-phenylalanyl-N-E(2-{E(iS,9S)

9-ethyl-5-fluoro-9-hydroxy-4-rnethyl-1O,13-dioxo

2,3,9,10,13,15-hexahydro-iR,12H

benzoEdejpyranoE3',4':6,7jindolizinoEl,2-bjquinolin-1

ylJamino}-2-oxoethoxy)methyljglycinamide, andcanbe 

producedwithreferencetodescriptions inW02014/057687 

W02015/098099, W02015/115091, W02015/155998, 

W02019/044947 andsoon.  

OHO
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Theanti-HER2 antibody-drugconjugateusedinthe 

present disclosure canbeproducedbyreactingthe above

describeddrug-linker intermediateandan anti-HER2 

antibodyhavingathiolgroup (also referredto as a 

sulfhydrylgroup).  

Theanti-HER2 antibodyhavinga sulfhydrylgroupcan 

beobtainedbyamethodwellknown inthe art (Hermanson, 

G. T, Bioconjugate Techniques, pp. 56-136, pp. 456-493, 

AcademicPress (1996)). Forexample, byusing0.3to 3 

molarequivalents ofa reducingagent suchastris(2

carboxyethyl)phosphinehydrochloride (TOEP) per 

interchaindisulfidewithintheantibodyandreacting 

withtheantibodyinabuffer solutioncontaininga 

chelatingagent suchas ethylenediaminetetraaceticacid 

(EDTA), ananti-HER2 antibodyhavingasulfhydryl group 

withpartiallyor completelyreducedinterchain 

disulfideswithintheantibodycanbe obtained.  

drug-linker intermediateperanti-HER2 antibodyhavinga 

sulfhydrylgroup, ananti-HER2 antibody-drugconjugate in 
which to S drugmolecules are I 

con]ugatedper antibody 

molecule canbeproduced.  

Theaveragenumberofconjugateddrugmoleculesper 

anti-HER2 antibodymoleculeoftheantibody-drug 

I 

con]ugateproducedcanbedetermined, for example, bya 

methodof calculationbasedonmeasurement ofUV 

absorbance fortheantibody-drugconjugate andthe 

I 

czon]ugationprecursorthereofattwowavelengths of280 

Further, byusing2 to20molarequivalents ofthe
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nmand370 nm (UVmethod), oramethodof calculation 

basedonquantificationthroughHPLCmeasurement for 

fragments obtainedbytreatingtheantibody-drug 

I 

con]ugatewitha reducingagent (HPLCmethod) 

Conjugationbetweentheanti-HER2 antibodyandthe 

drug-linker intermediateandcalculationofthe average 

numberof conjugateddrugmoleculesperantibodymolecule 

oftheantibody-drugconjugate canbeperformedwith 

referencetodescriptions inW02014/057687, 

W02015/098099, W02015/115091, W02015/155998, 

W02017/002776, W02018/212136, andso on.  

Inthepresent disclosure, theterm'Ianti-HER2 

antibody-drugconjugate" referstoan antibody-drug 

I 

con]ugate suchthattheantibodyintheantibody-drug 

I 

con]ugateaccordingtothepresent disclosure is ananti

HER2 antibody.  

Theanti-HER2 antibodyispreferablyanantibody 

anaminoacidsequence consistingof amino acidresidues 

26to 33 of SEQIDNO: 1, CDRH2 consistingofanamino 

acidsequence consistingofaminoacidresidues 51 to 58 

of SEQIDNO: 1 andCDRH3 consistingofan aminoacid 

sequence consistingofaminoacidresidues 97to 109 of 

SEQTDNO: 1, anda light chain comprisingCDRL1 

consistingofanaminoacidsequence consistingofamino 

acidresidues 27 to 32 of SEQIDNO: 2, CDRL2 consisting 

ofanaminoacidsequence consistingofaminoacid 

residues 50 to 52 of SEQIDNO: 2 andCDRL3 consistingof 

comprisingaheavychain comprisingCDRH1 consistingof
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anaminoacidsequence consistingof amino acidresidues 

89 to 97 of SEQTDNO: 2, andmorepreferablyanantibody 

comprisingaheavychain comprisingaheavychain 

variable region consistingofanaminoacidsequence 

consistingofaminoacidresidues 1 to120 ofSEQIDNO: 

1 anda light chain comprising light chainvariable 

region consistingofanaminoacidsequence consistingof 

aminoacidresidues 1 to 107 of SEQIDNO: 2, andeven 

morepreferablyanantibodycomprisingaheavychain 

consistingofanaminoacidsequence representedbySEQ 

IDNO: 1 anda light chain consistingoftheaminoacid 

sequence representedbySEQTDNO: 2, oranantibody 

comprisingaheavychain consistingofaminoacid 

residues 1 to 449of SEQIDNO: 1 andalight chain 

consistingofanaminoacidsequence consistingofall 

aminoacidresidues 1 to 214 of SEQIDNO: 2.  

Theaveragenumberofunits ofthedrug-linker 

I 

antibody-drugconjugate ispreferably2to 8, more 

preferably3to 8, evenmorepreferably7 to8, evenmore 

preferably7.5to 8, andevenmorepreferablyabout 8.  

Theanti-HER2 antibody-drugconjugateusedinthe 

present disclosure canbeproducedwithreferenceto 

descriptions inW02015/115091 andso on.  

Inpreferredembodiments, theanti-HER2 antibody

drugconjugate istrastuzumabderuxtecan (DS-8201) 

4. PARPi selective inhibitor 

con]ugatedperantibodymolecule intheanti-HER2
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Inthepresent disclosure, theterm"PARPi selective 

inhibitor'I referstoaPARP inhibitorthat exhibits 

selectivityforPARPi overotherPARP familymembers such 

asPARP2, PARP3, PARP5a, andPARPG, advantageously 

selectivityforPARPi overPARP2, preferablyat least 10

foldselectivityforPARPi overPARP2, anymore 

preferablyat least 100-foldselectivityforPARPi over 

PARP2. Preferredexamples ofPARPi selective inhibitors 

can includethosedisclosedherein.  

Examples ofPARPi selective inhibitorswhichmaybe 

usedaccordingtothepresent disclosure include 

azaquinolone compounds of formula (T). Azaquinolone 

compounds of formula (I) describedhereinhave 

surprisinglyhighselectivityforPARPi overotherPARP 

familymembers suchasPARP2, PARP3, PARP5a, andPARPG.  

Advantageously, compounds of formula (I) describedherein 

have lowhERGactivity. Tt iswellknownthatblockade 

relatedgene (hERG) is a risk factor indrugdiscovery 

anddevelopment, andthatblockageofhERGcan cause 

safetyproblems suchas cardiacarrhythmia.  

Accordingly, inpreferredembodiments ofthePARPi 

selective inhibitorusedinthepresentdisclosure, the 

PARPi selective inhibitor is a compoundrepresentedby 

the followingformula (I): 

ofthe cardiac ion channel codedbyhuman ether½-gogo-
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H 
0 N 

Nr~R 

x N 
H 
N%3 

R 
0 

(I) 

(I) 

wherein* 

xlandX2 areeachindependentlyselectedfromNand 

0(H), 

x3is independentlyselectedfromNand0(R4 ), wherein 

isHor fluoro, 

R'is 01-4 alkylor01-4 fluoroalkyl (preferablyis ethyl), 

R2 is independentlyselectedfromH, halo, 01-4 alkyl, and 

01-4 fluoroalkyl, and 

R3 is Hor01-4 alkyl (preferablyis 01-4 alkyl, more 

preferablymethyl), 

orapharmaceuticallyacceptable salt thereof 

providedthat: 

when isN, then C(H), and is 0(R4 ), and 

whenX3 isN, thenX'andX 2 areboth0(H).  

InoneembodimentthePARPi selective inhibitorused 

inthedisclosure is a compoundof formula (Ia): 

H 
0 N 

N 
R N R H 

N3 

0 
(Ia) 

wherein 

whenX'isN, thenX2 is 0(H), andX3 is 0(R4),
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R' is 01-4 alkyl, R2 is selectedfromH, halo, 01-4 alkyl, 

andCi-4 fluoroalkyl (preferablyis selectedfrom 

difluoromethyl, trifluoromethyl, andmethyl, or isHor 

halo), R3 is HorCi-4 alkyl, andR4 isH. Inthecompound 

of formula (Ia), prefereblyR'is ethyl, R2 is selected 

fromH, chloroandfluoro, R3 ismethyl, andR4 isH 

InanotherembodimentthePARPi selective inhibitor 

usedinthedisclosure is a compoundofformula (Ib)0 
0 

H 

0 Nt> 

R K-N H 
NR3 

0 
(Ib) 

wherein 

R'is C1-4alkyl, R2 isHorhalo, andR3 isHorCi-4 

alkyl. Inthe compoundof formula (Ib), prefereblyR'is 

ethyl, R2 is selectedfromH, chloroandfluoro, and 

ismethyl.  

usedinthedisclosure is a compoundofformula (Ic)00 

H 
0 N 

N NN H 
N%3 

R 

0 
(Ic) 

wherein 

R'is Ci-4alkylorC1-4 fluoroalkyl, R2 is independently 

selectedfromH, halo, C1 -4 alkyl, andC1 -4 fluoroalkyl 

R3 is HorC1-4alkyl, andR4 isHor fluoro.  

InanotherembodimentthePARPi selective inhibitor
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InanotherembodimentthePARPi selective inhibitor 

1S a compoundof formula (To) wherein 

R'is independentlyselectedfromethyl, n-propyl, 

trifluoromethyl, 1,1-difluoroethyl, 

2,2-difluroethyl, 2-fluoroethyl, and2,2,2

trifluoroethyl; R2 is independentlyselectedfromH, 

methyl, ethyl, trifluoromethyl, difluoromethyl, 

fluoromethyl, fluoro, andchioro; R3 is Hormethyl, and 

R4 is H.  

InanotherembodimentthePARPi selective inhibitor 

is a compoundof formula (I), orof formula (Ia), (Ib) or 

(To), havingselectivityforPARPi overPARP2, preferably 

at least 10-foldselectivityforPARPi overPARP2, and 

morepreferablyat least 100-foldselectivityforPARPi 

overPARP2.  

InotherembodimentsthePARPi selective inhibitor 

usedinthedisclosure is a compoundselectedfrom: 

yl)methyljpiperazin-1-ylJ-N-methyl-pyridine-2

carboxamide, 

5-E4-E(3-ethyl-2-oxo-1H-1,6-naphthyridin-7

yl)methyljpiperazin-1-ylJ-6-fluoro-N-methyl-pyridine-2

carboxamide, 

6-chloro-5-E4-E(3-ethyl-2-oxo-1H-1,6-naphthyridin-7

yl)methyljpiperazin-1-ylJ-N-methyl-pyridine-2

carboxamide, 

5-[4-E(3-ethyl-2-oxo-1H-1,6-naphthyridin-7-
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5-[4-E(7-ethyl-6-oxo-5H-1,5-naphthyridin-3

yl)methyljpiperazin-1-ylJ-N-methyl-pyridine-2

carboxamide, 

5-E4-E(7-ethyl-6-oxo-5H-1,5-naphthyridin-3

yl)methyljpiperazin-1-ylJ-6-fluoro-N-methyl-pyridine-2

carboxamide, 

6-chloro-5-~4-~(7-ethyl-6-oxo-5H-1,5-naphthyridin-3

yl)methyljpiperazin-1-ylJ-N-methyl-pyridine-2

carboxamide, 

5-[4-E(7-ethyl-6-oxo-5H-1,5-naphthyridin-3

yl)methyljpiperazin-1-yljpyridine-2-carboxamide 

6-ethyl-5-~4-~(2-ethyl-3-oxo-4H-quinoxalin-6

yl)methyljpiperazin-1-ylJ-N-methyl-pyridine-2

carboxamide, 

5-[4-E(2-ethyl-3-oxo-4H-quinoxalin-6-yl)methyljpiperazin

1-ylJ-N-methyl-6-(trifluoromethyl)pyridine-2-carboxamide, 

6-(difluoromethyl)-5-[4-E(2-ethyl-3-oxo-4H-quinoxalin-6

carboxamide, 

5-[4-E(2-ethyl-3-oxo-4H-quinoxalin-6-yl)methyljpiperazin

1-ylJ-N-methyl-pyridine-2-carboxamide, 

5-[4-E(2-ethyl-3-oxo-4H-quinoxalin-6-yl)methyljpiperazin

1-ylJ-6-fluoro-N-methyl-pyridine-2-carboxamide, 

5-E4-E(2-ethyl-3-oxo-4H-quinoxalin-6-yl)methyljpiperazin

1-ylJ-N,6-dimethyl-pyridine-2-carboxamide, 

6-chloro-5-~4-~(2-ethyl-3-oxo-4H-quinoxalin-6

yl)methyljpiperazin-1-ylJ-N-methyl-pyridine-2

carboxamide, 

yl)methyljpiperazin-1-ylJ-N-methyl-pyridine-2-
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N-methyl-5-[4-E[3-oxo-2-(trifluoromethyl)-4H-quinoxalin

6-yljmethyljpiperazin-1-yljpyridine-2-carboxamide, 

6-chloro-N-methyl-5-[4-E[3-oxo-2-(trifluoromethyl)-4H

quinoxalin-6-yljmethyljpiperazin-1-yljpyridine-2

carboxamide, 

6-fluoro-N-methyl-5-E4-EE3-oxo-2-(trifluoromethyl)-4H

quinoxalin-6-yljmethyljpiperazin-1-yljpyridine-2

carboxamide, 

N-methyl-5-E4-E(3-oxo-2-propyl-4H-quinoxalin-6

yl)methyljpiperazin-1-yljpyridine-2-carboxamide, 

6-chloro-N-methyl-5-~4-~(3-oxo-2-propyl-4H-quinoxalin-6

yl)methyljpiperazin-1-yljpyridine-2-carboxamide, 

6-fluoro-N-methyl-5-[4-E(3-oxo-2-propyl-4H-quinoxalin-6

yl)methyljpiperazin-1-yljpyridine-2-carboxamide, 

5-[4-E(2-ethyl-7-fluoro-3-oxo-4H-quinoxalin-6

yl)methyljpiperazin-1-ylJ-6-fluoro-N-methyl-pyridine-2

carboxamide, 

yljmethyljpiperazin-1-ylJ-N-methyl-pyridine-2

carboxamide, 

5-1:4-I:E2-(2,2-difluoroethyl)-3-oxo-4H-quinoxalin-6

yljmethyljpiperazin-1-ylJ-N-methyl-pyridine-2

carboxamide, 

5-1:4-I:E2-(2,2-difluoroethyl)-3-oxo-4H-quinoxalin-6

yljmethyljpiperazin-1-ylJ-6-fluoro-N-methyl-pyridine-2

carboxamide, 

5-1:4-I:E2-(1,1-difluoroethyl)-3-oxo-4H-quinoxalin-6-
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5-[4-E[2-(2-fluoroethyl)-3-oxo-4H-quinoxalin-6

yljmethyljpiperazin-1-ylJ-N-methyl-pyridine-2

carboxamide, 

6-fluoro-5-E4-EE2-(2-fluoroethyl)-3-oxo-4H-quinoxalin-6

yljmethyljpiperazin-1-ylJ-N-methyl-pyridine-2

carboxamide, 

N-methyl-5-E4-EE3-oxo-2-(2,2,2-trifluoroethyl)-4H

quinoxalin-6-yljmethyljpiperazin-1-yljpyridine-2

carboxamide, and 

6-fluoro-N-methyl-5-(4-((3-oxo-2-(2,2,2-trifluoroethyl)

3,4-dihydroquinoxalin-6-yl)methyl)piperazin-1

y')picolinamide, 

orapharmaceuticallyacceptable salt thereof 

InanotherembodimentthePARPi selective inhibitor 

usedinthedisclosure is a compoundselected 0 

6-(difluoromethyl)-5-E4-E(7-ethyl-6-oxo-5H-1,5

naphthyridin-3-yl)methyljpiperazin-1-ylJ-N-methyl

5-E4-E(7-ethyl-6-oxo-5H-1,5-naphthyridin-3

yl)methyljpiperazin-1-ylJ-N-methyl-tB 

(trifluoromethyl)pyridine-2-carboxamide, 

5-[4-E(7-ethyl-6-oxo-5H-1,5-naphthyridin-3

yl)methyljpiperazin-1-ylJ-N,6-dimethyl-pyridine-2

carboxamide, and 

N-ethyl-5-[4-E(7-ethyl-6-oxo-5H-1,5-naphthyridin-3

yl)methyljpiperazin-1-yljpyridine-2-carboxamide, 

orapharmaceuticallyacceptable salt thereof.  

pyridine-2-carboxamide,
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InapreferredembodimentthePARPi selective 

inhibitorusedinthedisclosure isthe compoundAZD5305 

(5-[4-E(7-ethyl-6-oxo-5H-1,5-naphthyridin-3

yl)methyljpiperazin-1-ylJ-N-methyl-pyridine-2

carboxarnide) representedbythe following formula: 

H 
Nt 
K-N H 

0 

orapharmaceuticallyacceptable salt thereof.  

5. Combinationofantibody-drug I 

con]ugate andPARPi 

selective inhibitor 

Ina first combinationembodiment ofthedisclosure, 

theanti-HER2 antibody-drugconjugatewhichis combined 

withthe PARPi selective inhibitor is an antibody-drug 

I 

followingformula: 

0 

A H H 0 N N 0 
N N 

0 H H H NH 
I" 

Me 0 
N 

F 

OHO 

con]ugate inwhichadrug-linker representedbythe
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whereinArepresentsthe connectingpositionto an 

antibody, is conjugatedtoananti-HER2 antibodyviaa 

thioetherbond.  

Inanothercombinationembodiment, theanti-HER2 

antibody-drugconjugateas definedabove forth first 

combinationembodiment is combinedwithaPARPi selective 

inhibitorwhichis a compoundrepresentedbythe 

0 

followingformula (I).  

H 

0 N 

x K-N H 
NR3 

0 

(I) 

wherein* 

xlandX2 areeachindependentlyselectedfromNand 

isHor fluoro, 

R'is C1-4alkylorC1-4 fluoroalkyl 

R2 is independentlyselectedfromH, halo, C1 -4 alkyl, and 

cl-4 fluoroalkyl, and 

R3 is Hor01-4 alkyl, 

orapharmaceuticallyacceptable salt thereof 

0 

providedthat.  
whenX'isN, thenX2 is C(H), andX3 is 

when isN, then C(H), and is and 

whenX3 isN, thenX'andX 2 areboth0(H).  

x3is independentlyselectedfromNand0(R4 ), wherein
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Inanothercombinationembodiment, theanti-HER2 

antibody-drugconjugateas definedabove is combinedwith 

aPARPi selective inhibitors definedabovewherein, in 

formula (I), R3 is Ci-4alkyl.  

Inanothercombinationembodiment, theanti-HER2 

antibody-drugconjugateas definedabove is combinedwith 

aPARPi selective inhibitors definedabovewherein, in 

formula (I), R 3 ismethyl.  

Inanothercombinationembodiment, theanti-HER2 

antibody-drugconjugateas definedabove is combinedwith 

aPARPi selective inhibitors definedabovewherein, in 

formula (T), R'is ethyl.  

Inanothercombinationembodiment, theanti-HER2 

antibody-drugconjugateas definedabove is combinedwith 

aPARPi selective inhibitorwhichis compound 

representedbythe followingformula (Ia): 

H 

0 Nm 

RH 
NR3 

0 
(Ia.) 

wherein 

R'is 01-4 alkyl 

R2 is selectedfromH, halo, C1-4alkyl, and 

fluoroalkyl, 

R3 is HorCi-4 alkyl, and 

R4 isH, 

orapharmaceuticallyacceptable salt thereof.  

K-N
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Inanothercombinationembodiment, theanti-HER2 

antibody-drugconjugateas definedabove is combinedwith 

aPARPi selective inhibitors definedabovewherein, in 

formula (Ia),R2 isHorhalo.  

Inanothercombinationembodiment, theanti-HER2 

antibody-drugconjugateas definedabove is combinedwith 

aPARPi selective inhibitors definedabovewherein, in 

formula (Ia), R'is ethyl, R2 is selectedfromH, chloro 

andfluoro, andR3 ismethyl.  

Inanothercombinationembodiment, theanti-HER2 

antibody-drugconjugateas definedabove is combinedwith 

aPARPi selective inhibitorwhereinthePARPi selective 

inhibitor isAZD5305 representedbythe following 

formula 

H 
Nt K-N 

H 

orapharmaceuticallyacceptable salt thereof.  

Inanembodiment ofeachofthe combination 

embodiments describedabove, theanti-HER2 antibody 

comprises aheavychain comprisingCDRH1 consistingofan 

aminoacidsequence representedbySEQTDNO: 3, CDRH2 

consistingofanaminoacidsequence representedbySEQ 

IDNO: 4 andCDRH3 consistingofanamino acidsequence 

representedbySEQIDNO: 5, anda light chain comprising 

CDRL1 consistingofanaminoacidsequence representedby 

0
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SEQIDNO: 6, CDRL2 consistingofan amino acidsequence 

consistingofaminoacidresidues 1 to3 ofSEQ TDNO: 7 

andCDRL3 consistingofanaminoacidsequence 

representedbySEQIDNO: S. Inanotherembodiment of 

eachofthe combinationembodiments describedabove, the 

anti-HER2 antibodycomprises aheavychain comprising 

heavychainvariable region consistingof anaminoacid 

sequence representedbySEQIDNO: 9 anda light chain 

comprising light chainvariable region consistingofan 

aminoacidsequence representedbySEQIDNO: 10. Tn 

anotherembodiment ofeachofthe combinationembodiments 

describedabove, theanti-HER2 antibodycomprises heavy 

chain consistingofanaminoacidsequence representedby 

SEQIDNO: 1 anda light chain consistingofan amino 

acidsequence representedbySEQIDNO: 2. Tnanother 

embodiment ofeachofthe combination embodiments 

describedabove, theanti-HER2 antibodycomprises heavy 

SEQIDNO: 11 anda light chain consistingofanamino 

acidsequence representedbySEQIDNO: 2.  

Inaparticularlypreferredcombinationembodiment 

ofthedisclosure, theanti-HER2 antibody-drugconjugate 

istrastuzumabderuxtecan (DS-8201) andthePARPi 

selective inhibitor isthe compoundrepresentedbythe 

followingformula: 

chain consistingofanaminoacidsequence representedby
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H 
N> KN 

H 

0 
alsoidentifiedasAZD5305.  

use and method 

6. Therapeutic combined 

Describedinthe followingareapharmaceutical 

product andatherapeuticuseandmethodwhereinthe 
anti-HER2 antibody-drug I 

con]ugateaccordingtothe 

present disclosureandaPARPi selective inhibitorare 

administeredin combination.  

Thepharmaceuticalproduct andtherapeuticuseand 

methodofthepresent disclosuremaybe characterizedin 

that the anti-HER2 antibody-drugconjugate andthePARPi 

selective inhibitorare separatelycontainedas active 

components indifferent formulations, andare 

characterizedinthattheantibody-drug I 

con]ugate andthe 

PARPi selective inhibitorare containedas active 

components ina single formulationandadministered.  

Inthepharmaceuticalproduct andtherapeuticmethod 

ofthepresent disclosure, a singlePARPi selective 

inhibitorusedinthepresent disclosure canbe 

administeredin combinationwiththe anti-HER2 antibody

drugconjugate, ortwoormoredifferentPARPi selective 

inhibitors canbe administeredin combinationwiththe 

antibody-drugconjugate.  

administeredsimultaneouslyorat differenttimes, or
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Thepharmaceuticalproduct andtherapeuticmethodof 

thepresent disclosure canbeusedfortreatingcancer, 

andcanbepreferablyusedfortreatingat least one 

cancer selectedfromthegroupconsistingofbreast 

cancer (includingtriplenegativebreast cancerand 

luminalbreast cancer), gastriccancer (alsocalled 

gastricadenocarcinoma), colorectal cancer (alsocalled 

colonandrectal cancer, andincludingcoloncancerand 

rectal cancer), lungcancer (includingsmallcell lung 

cancerandnon-small cell lungcancer), esophageal 

cancer, head-and-neckcancer (includingsalivarygland 

cancerandpharyngeal cancer), esophagogastric junction 

adenocarcinoma, biliarytract cancer (includingbileduct 

cancer), Paget's disease, pancreatic cancer, ovarian 

cancer, uterine carcinosarcoma, urothelial cancer, 

prostate cancer, bladdercancer, gastrointestinal stromal 

tumor, uterine cervixcancer, squamous cell carcinoma, 

corpusuteri carcinoma, kidneycancer, vulvalcancer, 

thyroidcancer, penis cancer, leukemia, malignant 

lymphoma, plasmacytoma, myeloma, glioblastomamultiforme, 

osteosarcoma, sarcoma, andmelanoma, andcanbemore 

preferablyusedfortreatingat least one cancer selected 

fromthegroupconsistingofbreast cancer, gastric 

cancer, colorectal cancer, lungcancer (preferablynon

small cell lungcancer), pancreaticcancer, ovarian 

cancer, prostate cancer, andkidneycancer.  

peritoneal cancer, livercancer, hepatocellular cancer,
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ThepresenceorabsenceofHER2 tumormarkers canbe 

determined, forexample, bycollectingtumortissue from 

a cancerpatienttopreparea formalin-fixed, paraffin

embedded (FFPE) specimenandsubjectingthe specimentoa 

test forgeneproducts (proteins), forexample, within 

inunohistochemical (IHO) method, a flowcytometer, or 

Westernblotting, ortoatest forgenetranscription, 

forexample, within in situhybridization (ISH) method, 

aquantitativePCRmethod (q-PCR), ormicroarray 

analysis, orbycollectingcell-free circulatingtumor 

DNA (ctDNA) froma cancerpatient andsubjectingthe 

ctDNAtoatestwithamethodsuchas next-generation 

sequencing (NGS).  

Thepharmaceuticalproduct andtherapeuticmethodof 

thepresent disclosure canbeusedforHER2-expressing 

cancer, whichmaybeHER2-overexpressingcancer higherr 

moderate) ormaybeHER2 low-expressingcancer.  

overexpressingcancer" isnotparticularlylimitedas 

longs it is recognizedasHER2-overexpressingcancerby 

those skilledintheart. Preferredexamplesofthe 

HER2-overexpressingcancer can include cancergivena 

scoreof 3± fortheexpressionofHER2 in anIHOmethod, 

andcancergivena scoreof 2+ fortheexpressionofHER2 

inan IHCmethodanddeterminedaspositive forth 

expressionofHER2 inan in situhybridizationmethod 

(ISH). The in situhybridizationmethodofthepresent 

disclosure includes a fluorescence in situhybridization 

Inthepresent disclosure, theterm"HER2-
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method (FISH) andadual color in situhybridization 

method (DTSH).  

Inthepresent disclosure, theterm"HER2 low

'I 

expressingcancer isnotparticularlylimitedas longs 
it is recognizedasHER2 low-expressingcancerbythose 

skilledintheart. Preferredexamples oftheHER2 low

expressingcancer can include cancer given score of2+ 

fortheexpressionofHER2 inan IHOmethodand 

determinedasnegative fortheexpression ofHER2 inan 

in situhybridizationmethod, andcancergiven a score of 

1+ fortheexpressionofHER2 inan IHOmethod.  

Themethodfor scoringthedegreeofHER2 expression 

bythe IHOmethod, orthemethodfor determining 

positivityornegativitytoHER2 expressionbythe in 

situhybridizationmethodisnotparticularlylimitedas 

longs it is recognizedbythose skilledinthe art.  

Examples ofthemethodcan includeamethoddescribedin 

breast cancer (developedbythe JapanesePathologyBoard 

forOptimalUseofHER2 forBreast Cancer).  

The cancer, particularlyinregardtothetreatment 

ofbreast cancer, maybeHER2-overexpressing higherr 

moderate) or low-expressingbreast cancer, ortriple

negativebreast cancer, and/ormayhaveaHER2 status 

scoreof IHC 3+, IHC 2±, IHC 1±or IHC>0 and<1+.  

Thepharmaceuticalproduct andtherapeuticmethodof 

thepresent disclosure canbepreferablyusedfora 

manal, but aremorepreferablyusedforahuman 

the 4theditionoftheguidelines forHER2 testing,
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Theantitumoreffect ofthepharmaceuticalproduct 

andtherapeuticmethodofthepresent disclosure canbe 

confirmedbytransplantingcancer cellsto atest subject 

animaltoprepareamodelandmeasuringreductionin 

tumorvolumeor life-prolongingeffectbyapplicationof 

thepharmaceuticalproduct andtherapeuticmethodofthe 

present disclosure. Andthen, theeffect of combineduse 

oftheantibody-drugconjugateusedinthepresent 

disclosureandaPARPi selective inhibitor canbe 

confirmedbycomparingantitumoreffectwithsingle 

administrationoftheantibody-drugconjugateusedinthe 

present disclosureandthat ofthePARPi selective 

inhibitor.  

Theantitumoreffect ofthepharmaceuticalproduct 

andtherapeuticmethodofthepresent disclosure canbe 

confirmedina clinicaltrialusinganyof anevaluation 

methodwithResponseEvaluationCriteria inSolidTumors 

method, bodyweightmeasurement, another approaches, 

andcanbedeterminedonthebasis of indexesofcomplete 

response (CR), partial response (PR); progressive disease 

(PD), objective response rate (ORR), durationofresponse 

(DoR), progression-free survival (PFS), overall survival 

(OS), andsoon.  

Byusingtheabovemethods, the superiorityin 

antitumoreffect ofthepharmaceuticalproduct and 

therapeuticmethodofthepresent disclosureto existing 

(RECIST), aWHOevaluationmethod, aMacdonaldevaluation
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pharmaceuticalproducts andtherapeuticmethods for 

cancertreatment canbe confirmed.  

Thepharmaceuticalproduct andtherapeuticmethodof 

thepresent disclosure candelaydevelopmentof cancer 

cells, inhibit growththereof, andfurtherkill cancer 

cells. Theseeffects canallowcancerpatientstobe 

free fromsymptoms causedbycancerorachieve 

improvement inqualityoflife (QOL) ofcancerpatients 

andattainatherapeuticeffectbysustainingthe lives 

ofthe cancerpatients. Evenifthepharmaceutical 

product andtherapeuticmethodofthepresentdisclosure 

donot accomplishkillingcancercells, theycanachieve 

higherQOLofcancerpatientswhileachievinglonger-term 

survival, byinhibitingorcontrollingthe growthof 

cancercells.  

Thepharmaceuticalproduct ofthepresent disclosure 

canbeexpectedtoexert atherapeuticeffectby 

additionally, bylocalapplicationto cancertissues.  

Thepharmaceuticalproduct andtherapeuticmethodof 

thepresent disclosure, inanotheraspect, provides for 

useas anadjuct incancertherapywithionizing 

radiationorotherchemotherapeuticagents. Forexample, 

inthetreatment ofcancer, thetreatmentmaycomprise 

administeringtoa subject inneedoftreatment a 

therapeutically-effectiveamount ofthepharmaceutical 

product, simultaneously sequentiallywithionizing 

radiationorotherchemotherapeuticagents.  

applications systemictherapytopatients, and
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Thepharmaceuticalproduct andtherapeuticmethodof 

thepresent disclosure canbeusedas adjuvant 

chemotherapycombinedwithsurgeryoperation. The 

pharmaceuticalproduct ofthepresent disclosuremaybe 

administeredforthepurposeof reducingtumor size 

before surgical operation (referredtoas preoperative 

adjuvant chemotherapyorneoadjuvant therapy), ormaybe 

administeredforthepurposeofpreventingrecurrence of 

tumorafter surgicaloperation (referredtoas 

postoperativeadjuvant chemotherapyoradjuvant therapy).  

In furtheraspects, thepharmaceuticalproduct of 

thepresent disclosuremaybeusedforthetreatment of 

cancerwhichis deficient inHomologousRecombination 

(HR) dependent DNADSB repairactivity. TheHRdependent 

DNADSB repairpathwayrepairs double-strandbreaks 

(DSBs) inDNAviahomologousmechanisms to reform 

continuousDNAhelix (K.K. KhannaandS.P. Jackson, Nat.  

dependent DNADSB repairpathwayinclude, but aren't 

limitedto, ATM (NM000051), RAD51 (NM002875), RAD5iLl 

(NM002877), RAD51C (NM002876), RAD51L3 (NM002878), 

DMC1 (NM007068), XRCC2 (NM005431), XRCC3 (NM005432), 

RAD52 (NM002879), RAD54L (NM003579), RAD54B 

(NM012415), BRCA1 (NM007295), BRCA2 (NM 000059), RAD5O 

(NM005732), MRE11A (NM005590) andNBS1 (NM002485) 

Otherproteins involvedintheHRdependentDNADSB 

repairpathwayinclude regulatoryfactors suchasEMSY 

(Hughes-Davies, et al Cell, 115, pp523-535). HR 

Genet. 27(3): 247-254 (2001)). The componentsoftheHR
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components arealsodescribedinWood, eQ al., Science, 

291, 1284-1289 (2001). Acancerwhichis deficient inHR 

dependentDNADSB repairmaycomprise or consist ofone 

ormore cancer cellswhichhavea reducedorabrogated 

abilityto repairDNADSBsthroughthatpathway, relative 

tonormal cells Ni.e. theactivityoftheHRdependentDNA 

DSB repairpathwaymaybe reducedor abolishedinthe one 

ormore cancer cells. Theactivityofoneormore 

components oftheHRdependentDNADSBrepairpathwaymay 

beabolishedintheoneormore cancercellsof an 

individualhavinga cancerwhichis deficient inHR 

dependentDNADSB repair. Components oftheHRdependent 

DNADSB repairpathwayarewell characterisedinthe art 

(see forexample, Wood, eQ al Science, 291, 1284-1289 

(2001)) andincludethe components listedabove.  

In some embodiments, the cancer cellsmayhave a 

BRCA1 and/oraBRCA2 deficientphenotype i.e. BRCA1 

cancer cells. Cancer cellswiththisphenotypemaybe 

deficient inBRCA1 and/orBRCA2, i.e. expressionand/or 

activityofBRCA1 and/orBRCA2maybe reducedor 

abolishedinthe cancer cells, forexamplebymeans of 

mutationorpolymorphismintheencodingnucleicacid, or 

bymeans ofamplification, mutationorpolymorphismina 

geneencodinga regulatoryfactor, forexampletheEMSY 

genewhichencodes aBRCA2 regulatory factor (Hughes

Davies, eQ al., Cell, 115, 523-535). BRCA1 andBRCA2 are 

knowntumour suppressorswhosewild-typealleles are 

and/orBRCA2 activities reducedorabolishedinthe
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frequentlylost intumours ofheterozygous carriers 

(JasinM Oncogene, 21(58), 8981-93 (2002); Tutt, et 

al., TrendsMolMed., 8 (12), 571-6, (2002)). The 

associationofBRCA1 and/orBRCA2mutationswithbreast 

cancer iswell-characterisedintheart (Radice, 

FxpOlin CancerRes., 21(3 Suppi), 9-12 (2002)).  

AmplificationoftheEMSYgene, whichencodesaBRCA2 

bindingfactor, is alsoknowntobeassociatedwith 

breast andovarian cancer. Carriers ofmutations inBRCA1 

and/orBRCA2 arealsoat elevatedriskof certain 

cancers, includingbreast, ovary, pancreas, prostate, 

hematological, gastrointestinalandlungcancer. In some 

embodiments, the individual isheterozygous for one or 

morevariations, suchasmutations andpolymorphisms, in 

BRCA1 and/orBRCA2 ora regulatorthereof. The detection 

ofvariation inBROAl andBRCA2 iswell-knowninthe art 

andis described, forexample inEP 699 754, EP 705 903, 

83 (1992); Chappnis, P.O. andFoulkes, W.O., CancerTreat 

Res, 107, 29-59 (2002); JanatovaM., et al., Neoplasma, 

50(4), 246-505 (2003)F Jancarkova, N., Ceska Gynekol., 

68{1)F ~ (2003)). Determinationofamplificationof 

theBRCA2bindingfactorEMSYisdescribedinHughes

Davies, et al., Cell, 115, 523-535) 

Mutations andpolymorphisms associatedwithcancer 

maybedetectedatthenucleicacidlevelbydetecting 

thepresenceofavariantnucleicacidsequence oratthe 

Neuhausen, S.L. andOstrander, E.A., Genet. Test, 1, 75-
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proteinlevelbydetectingthepresenceofavariant 

(i.e. mutant orallelicvariant) polypeptide.  

Thepharmaceuticalproduct ofthepresent disclosure 

canbeadministeredcontainingat leastone 

pharmaceuticallysuitable ingredient. Pharmaceutically 

suitable ingredients canbe suitably selectedandapplied 

fromformulationadditives orthe likethat are generally 

usedintheart, inaccordancewiththedosage, 

administrationconcentration, orthe like ofthe 

antibody-drugconjugateusedinthepresent disclosure 

andaPARPi selective inhibitor. Theanti-HER2 antibody

drugconjugateusedinthepresent disclosurecanbe 

administered, forexample, as apharmaceuticalproduct 

containingabuffer suchashistidinebuffer, vehicle 

suchas sucroseandtrehalose, anda surfactant suchas 

Polysorbates SO and20. Thepharmaceuticalproduct 

containingtheantibody-drugconjugateusedinthe 

injection, canbemorepreferablyusedas anaqueous 

injectionoralyophilizedinjection, andcanbeeven 

morepreferablyusedas alyophilizedinjection. Inthe 

casethatthepharmaceuticalproduct containingthe anti

HER2 antibody-drugconjugateusedinthepresent 

disclosure is anaqueous in]ection, theaqueous injection 

canbepreferablydilutedwitha suitable diluent and 

thengivenas anintravenous infusion. Examples ofthe 

diluent can includedextrose solution andphysiological 

saline, dextrose solutioncanbepreferablyexemplified, 

present disclosure canbepreferablyusedasan
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and 0 dextrose solution canbemore preferably 

exemplified. Inthe casethatthepharmaceuticalproduct 

ofthepresent disclosure is a lyophilizedinjection, a 

requiredamount ofthe lyophilizedinjectiondissolvedin 

advance inwater for injection canbepreferablydiluted 

witha suitablediluent andthengivenas anintravenous 

infusion. Examples ofthediluent canincludedextrose 

solutionandphysiological saline, dextrose solutioncan 

bepreferablyexemplified, and5% dextrose solutioncan 

bemorepreferablyexemplified.  

Examples oftheadministrationrouteapplicableto 

administrationofthepharmaceuticalproductofthe 

present disclosure can include intravenous, intradermal, 

subcutaneous, intramuscular, andintraperitoneal routes, 

andintravenous routes arepreferred.  

Theanti-HER2 antibody-drugconjugateusedinthe 

present disclosure canbeadministeredto ahumanwith 

administeredwithintervals ofaweek, twoweeks, three 

weeks, or fourweeks, andcanbemorepreferably 

administeredwithintervals ofthreeweeks. The anti

HER2 antibody-drugconjugateusedinthepresent 

disclosure canbeadministeredinadoseofabout 0.001 

to 100mg/kgperadministration, andcanbepreferably 

administeredinadoseof 0.8 to 12.4mg/kgper 

administration. Forexample, theanti-HER2 antibody-drug 

I 

con]ugate canbeadministeredonceeverythreeweeks at a 

doseof 0.8mg/kg, 1.6mg/kg, 3.2mg/kg, 5.4mg/kg, 6.4 

intervals of 1 to 180days, canbepreferably
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mg/kg, 7.4mg/kg, or Smg/kg, andcanbepreferably 

administeredonceeverythreeweeks atadoseof 5.4 

mg/kgor 6.4mg/kg.  

ThePARPi selective inhibitormaybeadministeredin 

a suitabledosebyanysuitable route administration.  

The sizeofthedose requiredforthetherapeutic 

treatment ofaparticulardisease statewillnecessarily 

bevarieddependingonthe subjecttreated, the route of 

administrationandthe severityofthe illnessbeing 

treated. For furtherinformationonroutes of 

administrationanddosage regimes, referencemaybemade 

toChapter 25.3 inVolume 5 ofComprehensiveMedicinal 

Chemistry (CorwinHansch; ChairmanofEditorialBoard), 

PergamonPress 1990.  

Compounds of formula (T), orpharmaceutically 

acceptable saltsthereof, willnormallybe administered 

viatheoral route inthe formofpharmaceutical 

pharmaceuticallyacceptable salt or solvatethereof, ora 

solvateof sucha salt, inapharmaceuticallyacceptable 

dosage form. Dependinguponthedisorderandpatientto 

retreated, the compositionsmaybeadministeredat 

varyingdoses 
0 

Thepharmaceutical formulations ofthe compoundof 

formula (I) describedabovemaybepreparedfororal 

administration, particularlyinthe formoftablets or 

capsules, andespeciallyinvolvingtechnologies aimedat 

preparations comprisingtheactive ingredientora
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furnishingcolon-targeteddrugrelease (Patel, M. M.  

ExpertOpin. DrugDeliv. 2011, 8 (10), 1247-1258).  

Thepharmaceutical formulations ofthe compoundof 

formula (I) describedabovemayconvenientlybe 

administeredinunit dosage formandmaybepreparedby 

anyofthemethodswell-known inthepharmaceutical art, 

forexampleas describedinRemingtonI sPharmaceutical 

Sciences, 17thed., MackPublishingCompany, Easton, PA., 

(1985) 

Pharmaceutical formulations ofacompoundof formula 

(I) suitable fororaladministrationmaycomprise one or 

morephysiologicallycompatible carriers and/or 

recipients andmaybe in solidor liquidform. Tablets 

andcapsulesmaybepreparedwithbindingagents, 

fillers, lubricants and/or surfactants, suchas sodium 

lauryl sulfate. Liquidcompositionsmaycontain 

conventionaladditives suchas suspendingagents, 

compositionsmaybeencapsulatedin, forexample, gelatin 

toprovideaunit dosage form. Solidoral dosage forms 

includetablets, two-piecehardshell capsules andsoft 

elasticgelatin (SEG) capsules. Suchtwo-piecehardshell 

capsulesmaybemade forexamplebyfillingacompoundof 

formula (T) intoagelatinorhydroxypropyl 

methylcellulose (HPMC) shell.  

Adryshell formulationofacompoundof formula (I) 

typicallycomprises ofabout 40%to 60%w/wconcentration 

ofgelatin, about a 20%to 30% concentrationof 

emulsifyingagents and/orpreservatives. Liquid
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plasticizer (suchas glycerin, sorbitolorpropylene 

glycol) andabout a 30%to 40% concentrationofwater0 

Othermaterials suchaspreservatives, dyes, pacifiers 

andflavours alsomaybepresent. The liquidfill 

material comprises a soliddrugthat hasbeendissolved, 

solubilizedordispersed (withsuspendingagents suchas 

beeswax, hydrogenatedcastoroilorpolyethyleneglycol 

4000) oraliquiddruginvehicles or combinations of 

vehicles suchasmineraloil, vegetableoils, 

triglycerides, glycols, polyols andsurface-active 

agents.  

Suitabledailydoses ofthe compounds of formula 

(I), orapharmaceuticallyacceptable salt thereof, in 

therapeutictreatment ofhumans areabout 0.0001-100 

mg/kgbodyweight. Oral formulations arepreferred, 

particularlytablets or capsuleswhichmaybe formulated 

bymethods knowntothose skilledinthearttoprovide 

1000 mg.  

EExamples 

Thepresent disclosure is specificallydescribedin 

viewoftheexamples shownbelow. However, thepresent 

disclosure isnot limitedtothese. Further, it isbyno 

meanstobe interpretedina limitedway.  

Synthesis Examples of PARPi selective inhibitor 

doses oftheactive compoundinthe range of0.1rugto
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SynthesisExamples 1 to 32 describedbelow, ofPARPi 

selective inhibitors, areas describedinExamples 1 to 

32 ofW02021/013735.  

GeneralExperimentalConditions 

'HNMRspectrawereobtainedusingaBruker 300MHz, 400 

MHz or 500MHz spectrometerat 27 0 Cunless otherwise 

noted* chemical shifts areexpressedinpartspermillion 

(ppm, units) andare referencedtothe residualmono-'H 

isotopologueofthe solvent (CHCl3: 7.24ppm; CHDCl2: 

5.32ppm; CD3 S( 0)CD2 H: 2.49ppm) Couplingconstants are 

given inunits ofhertz (Hz). Splittingpatterns 

describeapparentmultiplicities andaredesignatedas s 

(singlet), d doubleet, t (triplet), q (quartet), m 

multiplee) andbr s (broadsinglet). LC-MSwas carried 

outusingaWatersUPLC fittedwithaWaters SQDmass 

spectrometeror ShimadzuLC-2OAD LC-2OXR LC-3OADwitha 

correspondto EMH-HJ+unless otherwisenoted; for 

moleculeswithmultiple isotopicpatterns (Br, Cl, etc.) 

the reportedvalue istheoneobtainedforthe lowest 

isotopemassunless otherwise specified.  

Flashchromatographywasperformedusingstraightphase 

flashchromatographyona SP1TMPurification systemfrom 

BiotageTM, CombiFlash®Rf fromISCOor onGilson system 

fromThermoFisherusingnormalphase silicaFLASH+TM 

(4CM, 25Mor 12M) or SNAPTMKP-Sil Cartridges (340, 100, 

50 or 10), FlashColumn silica-CS columns fromAgela, 

Shimadzu 2020mass spectrometer. Reportedmolecularions
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with018-flashcolumns or standardflashchromatography.  

Ingeneral, all solventsusedwere conerciallyavailable 

andofanalyticalgrade. Anhydrous solvents were 

routinelyusedfor reactions. Phase Separators usedin 

theexamples are ISOLUTE®Phase Separator columns. The 

intermediates andexamplesnamedbelowwerenamedusing 

ACD/Name 12.01 fromAdvancedChemistryDevelopment, Tnc.  

(ACD/Labs). The startingmaterialswere obtainedfrom 

commercial sources ormadevia literature routes.  

X-RayPowderDiffraction (XRPD) Analysis 

XRPDanalysiswasperformedusingaBrukerDS 

diffractometer, whichis conerciallyavailable from 

BrukerAXS IncT M (Madison, Wisconsin) TheXRPD spectra 

wereobtainedbymountinga sample (approximately10trig) 

ofthematerial foranalysis ona single siliconcrystal 

wafermount (e.g., aBruker silicon zerobackgroundX-ray 

intoathin layerwiththeaidofamicroscope slide.  

The samplewas spunat 30 revolutionsperminute (to 

improve countingstatistics) andirradiatedwithX-rays 

generatedbya copper long-fine focus tube operatedat 40 

kVand40mAwithawavelengthof 1.5406angstroms (i.e., 

about 1.54 angstroms). The samplewas exposedfor1 

secondper 0.02 degree 2-theta increment (continuous scan 

mode) overthe range 5 degreesto 40 degrees 2-thetain 

theta-thetamode. The runningtimewas ~15mm forDEL 

diffraction sampleholder) andspreadingoutthe sample
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XRBD2~valuesmayvarywitha reasonable range, e.g., in 

the range-F 0.20 andthatXRPD intensitiesmayvarywhen 

measuredforessentiallythe same crystalline formfora 

varietyof reasons including, forexample, preferred 

orientation. Principles ofXRPDaredescribedin 

publications, suchas, forexample, Giacovazzo, C. et al.  

(1995), Fundamentals of Crystallography, Oxford 

UniversityPress; Jenkins, R. andSnyder, R. L. (1996), 

IntroductiontoX-RayPowderDiffractometry, JohnWiley& 

Sons, NewYork; andKlug, H. P. &Alexander, L. E.  

(1974), X-rayDiffractionProcedures, JohnWileyand 

Sons, NewYork.  

DSCAnalysis 

DSCanalysiswasperformedon samplespreparedaccording 

to standardmethodsusingaQSERIEST M QiOQO DSC 

calorimeteravailable fromTAINSTRUMENTS® (NewCastle, 

intoanaluminumsamplepanandtransferredtotheDSC.  

The instrumentwaspurgedwithnitrogenat 50mL/minand 

data collectedbetween 22 0 Cand300 0C, usingadynamic 

heatingrateof 10 0 C/minute. Thermaldatawas analyzed 

usingstandardsoftware, e.g., Universalv.4.5AfromTA 

TNSTRLJMENTS®.  

The followingabbreviations aroused: AcOH aceticacid; 

aq aqueous; BAST Bis(2-methoxyethyl)aminosulfur 

Trifluoride ; Boc2O di-tezt-butyldecarbonate; Boo 

butyloxycarbonyl; ODd3 deuteratedchloroform; CD3OD 

Delaware). Sample (approximately2mg) wasweighed
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deuteratedmethanol; CH3NO2 nitromethane; DOE 1,2

dichioroethane; DOM aichioromethane; DEA 

diethylamine; DEAD diethylazodicarboxylate; Dess

martinperiodinane 1,1,1-Tris(acetyloxy)-1,1-dihydro

1,2-benziodoxol-3-(1H)-one; DTPEA NN

diisopropylethylamine; DMAP 2 6-dimethylaminopyridine, 

DMF NN-dimethylformamide; DMSO aimethylsulfoxide, 

DMSO-d6 deuterateddimethylsulfoxide; DPPA diphenyl 

phosphorazidate; dppf 1,11~ 

bis(diphenyiphosphino)ferrocene; DIAD Di-isopropyl (E)

diazene-1,2-dicarboxylate; DSC differential scanning 

calorimetry; DTAD Di-tert-butyl (E)-diazene-1,2

dicarboxylate; ee enantiomericexcess; eq.  

equivalent; ESI electrosprayionization; Et2O diethyl 

ether; EtOAcorEA ethylacetate; EtOH ethanol; FA 

formicacid; Grubbs catalyst (1,3-Dimesitylimidazolin-2

ylidene)(tricyclohexylphosphine)rutheniumdichloride; h 

E1,2, 3JtriazoloE4, 5-bJpyridinyl)methaniminium 

hexafluorophosphate; HOl hydrochloricacid; H202 

hydrogenperoxide; HP high-pressure; IPA 

isopropylalcohol; 1iquidchromatography; LiClO4 

lithiumperchlorate; nol millimole; mCPBA meta

chloroperoxybenzoicacid; MeGH methanol; mm 

minutess; MeONorCH3CN acetonitrile; MeNO2 

nitromethane; MS mass spectrometer; NMP N 

2-pyrrolidone; NMR nuclearmagnetic resonance; Pd/C 

Palladiumon carbon; Pd2dba3 

hourss; HATU (dimethylamino)-NN-dimethyl(3-oxido-1H-
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Tris(dibenzylideneacetone)dipalladium (0); PdC12(dppf) 

1,1'-bbs(di-tert-butyiphosphino)ferrocenepalladium 

dichloride; PE Petroleumether; PPh3 

Triphenylphosphine; rt roomtemperature; RtorRT 

retentiontime; RuphosPdG3 (2-Dicyclohexyiphosphino

2',6'-diisopropoxy-1,1'-biphenyl)[2-(2'-arrtino

1,1'biphenyl)Jpalladium(II) inethanesultonate; sat 

saturated; SF0 Superoritical fluidchromatography; T3P 

2,4,6-tripropyl-1,3,5,2,4,6-trioxatriphosphinane 2,4,6

trioxide; TBTU 2-(1H-benzo[dJ[1,2,3jtriazol-1-yl)

1,1,3,3-tetramethylisouroniumtetrafluoroborate; TFA 

trifluoroaceticacid; THF tetrahydrofuran; TLC thin 

layer chromatography; TMS trimethylsilyl; Xantphos 

4, 5-bis(diphenylphosphino)- 9, 9-dimethylxanthene; CBr4 

Carbontetrabromide; HOl Hydrochloricacid; HBr 

Hydrobromicacid; Cs2003 Cesiumcarbonate; MgSO4 

Magnesiumsulfate; NaHCO3 Sodiumbicarbonate; DDQ 

Thionyl chloride; DIBAL-H Diisobutylaluminiumhydride, 

NH4HCO3 Arnrnoniu~bicarbonate; BINAB 2,2'

bis(diphenyiphosphino)-1,1' binaphthyl.  

SynthesisofStartingMaterialsandIntermediates 

2,3-Dichloro-5,6-dicyano-1,4-benzoquinone; 50012
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H H 
Br Br 

'I 

0 

Intermediate Intermediate2 Intermediate3 Intermediate4 

H 
H H 

OH ____ Br ____ N 
H 

Intermediate Intermediate6 Example1 0 

Intermediate 2: 7-bromo-3-ethyl-IH-1., 6-naphthyridin-2-one 

Butyryl chloride (0.143mL, 1.37rnmol) was addeddropwise 

toa stirredsolutionof 4-amino-6-bromo-pyridine-3

carbaldehyde (Intermediate 1 250 rug, 1.24 nol), DIPEA 

(1.086mL, 6.22 mmol) andDMAP (30.4 rug, 0.25mmol) in 

CH2Cl2 (5mL) at O~'C. The resultingsolutionwas stirred 

rt for 4 h. More 2 eqofbutyryl chloridewasaddedand 

reactionwas continuedforanother 24 h. Reactionwas 

dilutedwithwaterandextractedwithethyl acetate.  

Organic layerwas driedover sodiumsulphateand 

andthe solid (product) was filteroff, washedwithlmL 

MeOHtogive 7-bromo-3-ethyl-1H-1,6-naphthyridin-2-one 

(Intermediate2, 167mg, 53.1 0 as white solid.  

1HNMR (DMSO-dG) 1.17 (3H, t), 2.45 - 2.50 (2H, 

overlappedwithsolventDMSOpeak), 7.35 (iR, s), 7.82 

(1H, s), 8.63 (1H, s), 12.09 (1H, br s) , m/z (ES~) 

[M+HJ+ 252.  

Intermediate: 

3-ethyl-7-vinyl-IH-1, 6-naphthyridin-2-one 

concentratedtogive crudeproduct. 1.5mLMeORwas added
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PdC12(dppf) (37.6rug, 0.05nol) was addedtoa stirred 

mixtureof 7-bromo-3-ethyl-1H-1,6-naphthyridin-2-one 

(Intermediate2, 130mg, 0.51mmol), 4,4,5,5-tetramethyl

2-vinyl-1,3,2-dioxaborolane (0.105mL, 0.62mmol) and 

K2 C03 (213rug, 1.54rumol) in 1,4-dioxane (4mL)/water 

(1.333mL) andthe resultingmixturewas stirredat 90 00 

for 1 h. The reactionmixturewas dilutedwithwaterand 

extractedwithethylacetate. Theorganic layerswere 

combined, driedover sodiumsulphate andconcentratedto 

give crudeproduct. The resultingresiduewaspurifiedby 

20~ 
flashsilica chromatography, elution gradient 0 to 0 

MeGHinDOM. Product fractionswere concentratedunder 

reducedpressuretodrynesstoafford3-ethyl-7-vinyl-1H

1,6-naphthyridin-2-one (Intermediate3, 93mg, 90 ~6) as a 

yellowsolid.  

iRNMR (DMSO-dG) 1.18 (3H, t), 2.53 (2H, m, overlapped 

withsolventDMSOpeak), 5.49 (1H, dd), 6.27 (1H, dd) 

12.00 (iR, br s) F m/z (ES~) 201.  

Intermediate 4: 3-ethyl-2-oxo-IH-1, 6-naphthyridine-7

carbaldehyde 

Osmiumtetroxide inH2 0 (0.024mL, 3.00 pmol) was added 

toa solutionof 3-ethyl-7-vinyl-1H-1,6-naphthyridin-2

one (Intermediate3, 30mg, 0.15mmol), 2,6-lutidine 

(0.035mL, 0.30mmol) andsodiumperiodate (128mg, 0.60 

rumol) inTHF (1mL)/water (0.200mL) andstirredat rt 

forovernight. Reactionwas dilutedwithwater and 

6.84 (iR, dd), 7.15 (iR, s), 7.81 (iR, s), 8.78 (1H,
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extractedwithethylacetateandthe filtratewas 

concentratedtodryness. The resultingresiduewas 

purifiedbyflashsilica chromatography, elutiongradient 

ato 15%MeORinDCM. Product fractionswere concentrated 

under reducedpressuretoafford3-ethyl-2-oxo-1H-1,6

naphthyridine-7-carbaldehyde (Intermediate4, 24.00mg, 

79 ~&) as a light-yellowfoam.  

iRNMR (DMSO-dG) 1.20 (3H, t), 2.55 - 2.62 (2H, 

overlappedwithsolventDMSOpeak), 7.73 (iR, s), 7.95 

(1H, s), 9.03 (1H, s), 10.00 (1H, s), 12.32 (1H, br 

m/z (ES~) EMH-H+ 203.  

Intermediate 5: 3-ethyl-7- hydroxymethyll) -IH-1, 6

naphthyridin-2-one 

Sodiumborohydride (61.4mg, 1.62rnmol) was addedslowly 

toa stirredsolutionof 3-ethyl-2-oxo-1H-1,6

naphthyridine-7-carbaldehyde (Intermediate4, 82mg, 0.41 

mixturewas stirredat roomtemperature for 1h. Methanol 

was removedundervacuumandthe resultingresiduewas 

purifiedbyflashsilica chromatography, elutiongradient 

ato 35~&MeGHinDCM. Product fractionswere concentrated 

under reducedpressuretoafford3-ethyl-7

(hydroxymethyl)-1H-1,6-naphthyridin-2-one (Intermediate 

5, 68.0mg, 82 0 as apale-yellowsolid.  

iRNMR (500MHz, DMSO-dG) 1.18 (3H, t), 2.52 - 2.55 (2H, 

at, overlappedwithsolventDMSOpeak), 4.59 (2H, br 

nol) inmethanol (2mL) at 0 00 andthe resulting
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5.52 (iR, br s), 7.33 (iR, s), 7.80 (1H, s), 8.71 (1H 

12.01 (1H, br s) m/z (ES~) 205.  

Intermediate 6: 7- (bromomethyl) -3-ethyl-IH-1, 6

naphthyridin-2-one 

CBr4 (928rug, 2.80nol) was addedto astirredsolution 

of 3-ethyl-7-(hydroxymethyl)-1H-1,6-naphthyridin-2-one 

(Intermediate5, 381rug, 1.537ramol) and 

triphenyiphosphine (734rug, 2.80rumol) in CH2Cl2 (18.656 

ml) at 0 0 Candthe resultingsolutionwas stirredat 

aoc for 2 hours. Reactionwas concentrated, andthe 

resultingresiduewaspurifiedbyflashsilica 

chromatography, elutiongradient 0 to 15%MeORinDOM.  

Product fractionswere concentratedunder reduced 

pressuretoafford7-(bromomethyl)-3-ethyl-1H-1,6

0 

naphthyridin-2-one (Intermediate6, 386mg, 77 ~) as a 
white solid (Containstriphenylphosphine oxide, 

thenext stepwithout furtherpurification.  

m/z (ES~) [MJ~ 267.  

Synthesis Example .1: 5-[4-[ (3-ethyl-2-oxo-IH-1, 6

naphthyridin-7-yl)methyl]piperazin-1-yl]-N-methyl

pyridine-2-carboxamide 

H 
0 N 

K-pN -"N 

0 

difficult separate). This compoundwas subjectedto
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DIPEA (0.059mL, 0.34nol) was addedtoa stirred 

solutionof 7-(bromomethyl)-3-ethyl-1H-1,6-naphthyridin

2-one (Intermediate 6, 30rug, 0.11rnmol) andN-methyl-5

piperazin-1-yl-pyridine-2-carboxamide, 2HCl (Intermediate 

13, 42.8rug, 0.15mmol) inacetonitrile (1mL) at 200C.  

The resultingsolutionwas stirredat 70 00 for 2 hours.  

Solventwas removedundervacuumandthe resultingcrude 

materials furtherpurifiedbyreversephase 

0 

chromatography (RediSepRfGold®CiS, 0to 9O~ 
acetonitrile inwater, 0.1%NH4OHas anadditive).  

Product fractionswere concentratedunder reduced 

pressuretodrynesstoafford5-E4-E(3-ethyl-2-oxo-1H

1,6-naphthyridin-7-yl)methyljpiperazin-1-ylJ-N-methyl

pyridine-2-carboxamide (SynthesisExample1, 23.60mg, 

51.7 ~&) as apale-yellowsolid.  

iRNMR (500MHz, DM50-tB) 1.18 (3H, brt), 2.54 (2H, 

overlappedwithsolventDMSOpeak), 2.67 (4H, br s), 2.79 

s), 7.42 (iR, brdd), 7.77 - 7.88 (2H, in), 8.29 (iR, br 

d), 8.40 (1H, brd), 8.75 (1H, s), 11.60 - 12.11 (1H, 

m/z (ES~) 407.  

Synthesis Example 2: 5-[4-[ (3-ethyl-2-oxo-IH-1, 6

naphthyridin-7-yl)methyl]piperazin-1-yl]-6-fluoro-N

me1:hyl-pyridine-2- carboxamide 

H 
0 N Nt F 

K-N 
H 

0 

(3H, brd), 3.38 (4H, br s), 3.75 (2H, br s), 7.34 (1H,
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DIPEA (0.082mL, 0.47nol) was addedtoa stirred 

solutionof 7-(bromomethyl)-3-ethyl-1H-1,6-naphthyridin

2-one (Intermediate 6, 25rug, 0.09ramol) and 6-fluoro-N

methyl-5-piperazin-1-yl-pyridine-2-carboxamide, HCl 

(Intermediate23, 28.3rug, 0.10rurnol) inacetonitrile (2 

mL) at 2000. The resultingsolutionwas stirredat 70 00 

for 2 hours. Solventwas removedundervacuum. The 

resultingresiduewaspurifiedbyflashsilica 

chromatography, elutiongradient 0 to 20%MeORinDOM.  

Product fractionswere concentratedunder reduced 

pressuretoafford5-E4-E(3-ethyl-2-oxo-1H-1,6

naphthyridin-7-yl)methyljpiperazin-1-ylJ-6-fluoro-N

methyl-pyridine-2-carboxamide (SynthesisExample2, 17.00 

mg, 42.8 %) as apaleyellowsolid.  

1HNMR (500MHz, DM50-tB) 1.18 (3H, t), 2.52 - 2.55 (2H, 

m, overlappedwithsolventDM50peak), 2.64 (4H, br 

2.77 (3H, d), 3.20 (4H, br s), 3.70 (2H, s), 7.32 (1H 

8.49 (iR, in), 8.73 (iR, s), 11.93 (iR, br s); m/z (ES~) 

[MH-HJ~ 425.  

Synthesis Example 3: 6-chloro-5-[4-[ (3-ethyl-2-oxo-IH

1, 6-naphthyridin-7-yl)methyl]piperazin-1-yl]-N-methyl

pyridine-2-carboxamide 

H 
CI K-N 

H 

0 

s), 7.59 (iR, dd), 7.80 (iR, s), 7.86 (iR, d), 8.31 -
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DIPEA (0.082mL, 0.47nol) was addedtoa stirred 

solutionof 7-(bromomethyl)-3-ethyl-1H-1,6-naphthyridin

2-one (Intermediate 6, 25 rug, 0.09 ramol) and 6-chloro-N

methyl-5-piperazin-1-yl-pyridine-2-carboxamide, 2HCl 

(Intermediate 47, 33.7 rug, 0.10 rumol) inacetonitrile (2 

mL) at 2000andthe resulting solutions stirredat 

70 oc for 2 hours. Solventwas removedundervacuum. The 

resultingresiduewaspurifiedby flashsilica 

chromatography, elutiongradient 0 to 20%MeOR inDCM.  

Product fractionswere concentratedunder reduced 

pressuretoafford 6-chloro-5-E4-E(3-ethyl-2-oxo-1H-1,6

naphthyridin-7-yl)methyljpiperazin-1-ylJ-N-methyl

pyridine-2-carboxamide (Synthesis Example 3, 19.20 mg, 

46.5 ~&) as white solid.  

1H NMR (500MHz, DM50-tB) 1.18 (3H, t), 2.53 (2H, 

overlappedwith solvent DM50peak), 2.66 (4H, br s), 2.80 

(3H, d), 3.15 (4H, br s), 3.72 (2H, s), 7.33 (1H, 

d), 8.74 (iR, s), 11.93 (iR, s); m/z (ES~) EM+Hfl~ 441.  

0 0 
02N N __________ 02N N ____________ Q~0N____________ 

0I 
N" % N o 

Intermediate Intermediatea Intermediate9 Intermediate10 

H 

H OH HNTh 

___________ N 
Nh 

0 
0 

Intermediate11 Intermediate12 Intermediate13 Example4 

Intermediate 8: ethyl 6-formyl-5-nitro-pyridine-3

carboxylate 

7.68 (iR, d), 7.81 (iR, s), 7.95 (iR, d), 8.43 (1H, br



WO2022/074617 PCT/1B2021/059232 
84 

Amixtureofethyl 6-methyl-5-nitro-pyridine-3

carboxylate (Intermediate7, 10 g, 47.58rnmol) and 

seleniumdioxide (7.92 g, 71.36mmol) in 1,4-dioxane (50 

mL) was stirredat 110 0C for 20 h. The reactionmixture 

was cooledto roomtemperature, filteredthroughapadof 

celiteandthe celitewaswashedwithethyl acetate. The 

combinedfiltratewas concentrated, andthe resulting 

residuewaspurifiedbyflashsilica chromatography, 

elutiongradient 0 to 70% ethylacetate inhexanes.  

Product fractionswere concentratedunder reduced 

pressuretoaffordethyl 6-formyl-5-nitro-pyridine-3

carboxylate (Intermediate8, 9.70 g, 91 %) as brown 

oil. iRNMR (500MHz, CHLOROFORM-d) 1.48 (3H, t), 4.54 

(2H, ci), 8.81 (iR, d), 9.51 (iR, d), 10.32 (iR, s); m/z 

(ES~) [MJ~ 224.  

Intermediate 9: ethyl 6-[ (F) -2-ethoxycarbonylbut-1-enyl]

Toa stirredsolutionof sodiumhydride (9.63g, 240.89 

rnmol) (60% inmineraloil) inanhydrousTHF (100mL) was 

addedethyl 2-(diethoxyphosphoryl)butanoate (60. 8 

240.89rnrnol) dropwisewithanadditionfunnelat 0 0 Cto 

giveagreycoloredmixture. The resultingmixturewas 

stirredat 00C for 10mm andwarmedtoroomtemperature 

over 10minutes andstirredat 400C for5minutes. The 

reactionmixturewas cooledto-780 C andtothis cooled 

reactionmixturewasthen slowlyaddedsolution ofethyl 

6-formyl-5-nitro-pyridine-3-carboxylate (Intermediate8 

5-nitro-pyridine-3-carboxylate (mixture of E/Z isomers)
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22.5 g, 100.37nol) in 100mlTHF. Themixturewas 

quenchedwithsat.NH4C1 solution, extractedwithethyl 

acetate. The combinedtheorganic layersweredriedover 

sodiumNa2SO4, filteredandconcentratedtogive crude 

product. the resultingresiduewaspurifiedby flash 

silica chromatography, elutiongradient 0 to50% ethyl 

acetate inhexanes. Product fractionswere concentrated 

under reducedpressuretoaffordethyl 6-[(E)-2

ethoxycarbonylbut-1-enylJ-5-nitro-pyridine-3-carboxylate 

(Intermediate9, 24.30 g, 75 ~&) as ayellowoil (1:1 and 

mixtureofE/Z isomer). iRNMR (500MHz, CHLOROFORM-d) 

1.13 (3H, t), 1.18 (3H, t), 1.23 (3H, t), 1.37 (3H, 

1.45 (ER, q), 2.57 (2H, qd), 2.66 (2H, q), 4.11 - 4.24 

(2H, in), 4.32 (2H, q), 4.45 - 4.56 (4H, in), 7.08 (iR, s) 

7.85 (1H, s), 8.86 (2H, dd), 9.26 (1H, d), 9.43 (1H, 

m/z (ES~) 322.  

naphthyridine-3-carboxylate 

Amixtureofethyl 6-E(E)-2-ethoxycarbonylbut-1-enylj-5

nitro-pyridine-3-carboxylate (1:1mixture ofE/Z isomers) 

(Intermediate9, 3.75 g, 11.63mmol), Pd/C (1.857g, 1.75 

nol) (10%) inethanol (30mL) was degassed, filledup 

withH2 (balloon), andthe reactionwas stirredat room 

temperature forovernightunderH2 atmosphere. The 

mixturewas filteredthrougha celitebedandthe elite 

bedwashedwithethanol. After concentration, 4MHCl in 

dioxanes (15ml) was addedtothe resultingresidue and 

Intermediate .10: ethyl 7-ethyl-6-oxo-7., S-dihydro-5H-1, 5-
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themixturewas stirredat roomtemperature for 30mm.  

Themixturewas dilutedwithetherandthe solidwas 

filteredoff, washedwithdiethyletheranddriedunder 

vacuumtoaffordethyl 7-ethyl-6-oxo-7,S-dihydro-5H-1,5

naphthyridine-3-carboxylate (Intermediate10, 2.260 

78 ~&) as white solid. iRNMR (500MHz, DMSO-dG) 0.94 

(3H, t), 1.33 (3H, t), 1.41 - 1.51 (1H, in), 1.69 - 1.81 

(iR, in), 2.41 - 2.48 (iR, in), 2.94 (1H, dd), 3.20 (1H 

dd), 4.35 (2H, t), 7.67 (iR, d), 8.61 (iR, d), 10.32 (iR 

s); m/z (ES~) [M+HJ~ 249.  

Intermediate II ethyl 7-ethyl-6-oxo-5H-1,5

naphthyridine-3-carboxylate 

Ethyl 7-ethyl-6-oxo-7,S-dihydro-5H-1,5-naphthyridine-3

carboxylate (Intermediate10, 2.26 g, 9.10rnrnol) was 

dissolve into 1,4-dioxane (40mL), DDQ (2.273g, 10.01 

rurnol) was addedandthemixturewas stirredat refluxfor 

NaHCO3 solutions addedandthe residue stirredat room 

temperature for lhr. The solidwas filteredoff, washed 

withwater followedbylOmlofdiethylether. The 

resultingsolidwas driedundervacuumaffordethyl 7

ethyl-6-oxo-5H-1,5-naphthyridine-3-carboxylate 

(Intermediate11, 1.738 g, 78 ~6) asalightbrown solid.  

1HNMR (500MHz, DMSO-dG) 1.14 - 1.28 (3H, in), 1.35 (3H, 

t), 2.58 (2H, q), 4.38 (2H, q), 7.83 (iR, s), 8.17 (iR, 

s), 8.90 (1H, s), 12.05 (1H, s); m/z (ES~) [M+HJ~ 247.  

3 h. Solventwas removedunder reducedpressure, sat.
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Intermediate It 3-ethyl-7- hydroxymethyll) -IH-1, 5

naphthyridin-2-one 

Lithiumaluminumhydride, 2MinTHF (29.2mL, 58.47 

rnmol) was addeddropwise to ethyl 7-ethyl-6-oxo-5H-1,5

naphthyridine-3-carboxylate (Intermediate11, 7. 2 

29.24nol) intetrahydrofuran (150mL) at O~C overa 

periodof 45minutesundernitrogen. The resulting 

mixturewas stirredat 0 00 for 1.5hours. The reaction 

mixturewas quenchedbydropwiseaddition of1MaqHCl 

(29mL). The reactionmixturewas concentratedandthe 

solidwas dilutedwithwater ('~ 150ml) and29ml of iM 

HCl solutiongaveayellowsuspension. The solidwas 

collectedbyfiltration, washedwithwater, diethyl ether 

anddriedtoyieldthe crudeproduct asayellowsolid 

(contaminatedbysome inorganic salt). This solidwas 

suspendedinamixtureofmethanolandDOM (2:1) (400ml) 

andheatedto reflux. The solidwas filteredoff. This 

repeatedthisprocedure 5timestogetmost ofthe 

product out fromthismixture. The combinedfiltratewas 

then concentrateduntilabout lOOmlandthe solidwas 

collectedbyfiltration, washedwithether, driedunder 

vacuumtoyield3-ethyl-7-(hydroxymethyl)-1H-1,5

naphthyridin-2-one (Intermediate12, 4.35 g, 72.8 %) as 

yellowsolid. 1HNMR (500MHz, DMSO-dG) 1.18 (3H, 

2.52 - 2.56 (2H, in), 4.61 (2H, d), 5.44 (iR, t), 7.61 

(1H, s), 7.74 (1H, s), 8.37 (1H, s), 11.87 (1H, br 

m/z (ES+) EMH-HJ+ 205.3.  

solidwas resuspendedinmethanol/DOMmixtureand
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Synthesis Example 4: 5- E4- E (7-ethyl-6-oxo-5H-1, 5

naphthyridin-3-yl)methyljpiperazin-1-ylJ -N-methyl

pyridine-2-carboxamide 

H 
ON N> 

-9 

0 

Thionyl chloride (6.41mL, 88.14rnmol) was addeddropwise 

toa suspensionof 3-ethyl-7-(hydroxymethyl)-1,5

naphthyridin-2(1H)-one (Intermediate12, 3 g, 14.69nol) 

andNN-dimethylformamide (0.114mL, 1.47nol) inCH2Cl2 

(60mL) at O~Candthe resultingsolutionwas stirredat 

roomtemperature for hours. Themixturewas 

concentratedtodrynesstogive crude 7-(chloromethyl)-3

ethyl-1H-1,5-naphthyridin-2-one (Intermediate17).  

DIPEA (12.83mL, 73.45nol) was addedto a stirred 

2-one (Intermediate17, crude fromabove), potassium 

iodide (0.488 g, 2.94nol) andN-methyl-5-piperazin-1

yl-pyridine-2-carboxamide, 2HCl (Intermediate13, 4.31 

14.69nol) in acetonitrile (50.00mL) at 200C. The 

resultingsolutionwas stirredat SO 00 for2hours.  

Solventwas removedundervacuum. Crudematerialwas 

dilutedwithwater, basifiedwithaq. NaHCO3 solutionand 

extractedwithethylacetate. Organic layerwas dried 

over sodiumsulphateandconcentratedtogive crude 

product. The resultingresiduewaspurifiedby flash 

solutionof 7-(chloromethyl)-3-ethyl-1H-1,5-naphthyridin-
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silica chromatography, elutiongradient 0 to15%MeGHin 

DCM. Product fractionswere concentratedunder reduced 

pressuretoafford5-[4-[(7-ethyl-6-oxo-5H-1,5

naphthyridin-3-yl)methyljpiperazin-1-ylJ-N-methyl

pyridine-2-carboxamide (SynthesisExample4, 3.93 

65.8 ~&) as anoffwhitepartiallycrystalline solid. iR 

NMR (500MHz, DMSO-dG) 1.19 (3H, t), 2.53 - 2.59 (GIrl, 

2.79 (3H, d), 3.33 - 3.39 (4H, in), 3.66 (2H, s), 7.39 

(iR, dd), 7.64 (iR, s), 7.76 (iR, s), 7.83 (iR, d), 8.27 

(1H, d), 8.36 - 8.40 (1H, in), 8.41 (1H, d), 11.85 (1H 

m/z (ES~) 406.  

H 
F 

H H 
OH ________ Br __________ 0 

Pt Example5 

Intermediate-i2 H 
N> CI 

Nb 

0 

Intermediate 14 7- (bromomethyl) -3-ethyl-IH-1, 5

naphthyridin-2-one 

CBr4 (219mg, 0.66rurnol) was addedto astirredsolution 

of 3-ethyl-7-(hydroxymethyl)-1H-1,5-naphthyridin-2-one 

(Intermediate12, 90mg, 0.44ramol) and 

triphenylphosphine (173mg, 0.66rumol) in CH2Cl2 (4mL) 

at a0 C. The resultingsolutionwas stirredat 0 0 Cfor 

2 hours. Reactionwas concentratedundervacuumandthe 

resultingresiduewaspurifiedbyflashsilica 

Example
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chromatography, elutiongradient 0 to 15%MeORinDOM.  

Product fractionswere concentratedunder reduced 

pressuretoafford7-(bromomethyl)-3-ethyl-1H-1,5

0 

naphthyridin-2-one (Intermediate14, 84mg, 71.4 

(Containstriphenylphosphineoxide, difficult to 

separate). This compoundwas subjectedtothenext step 

without furtherpurification.  

m/z (ES~) [MJ~ 267.  

Synthesis Example 5: 5-[4-[ (7-ethyl-6-oxo-5H-1,5

naphthyridin-3-yl)methyl]piperazin-1-yl]-6-fluoro-N

me1:hyl-pyridine-2- carboxamide 

H 
ON NThF 

K-N 
NH 

0 

DIPEA (0.082mL, 0.47rumol) was addedtoa stirred 

2-one (Intermediate14, 25mg, 0.09rnmol) and 6-fluoro-N

methyl-5-piperazin-1-yl-pyridine-2-carboxamide, 2HCl 

(Intermediate23, 32.0mg, 0.10nol) inacetonitrile (2 

mL) at 200C. The resultingsolutionwas stirredat 70 

for 2 hours. Solventwas removedundervacuum. The 

resultingresiduewaspurifiedbyflashsilica 

chromatography, elutiongradient 0 to 20%MeOHinDCM.  

Product fractionswere concentratedunder reduced 

pressuretoafford5-[4-[(7-ethyl-6-oxo-5H-1,5

naphthyridin-3-yl)methyljpiperazin-1-ylJ-6-fluoro-N

solutionof 7-(bromomethyl)-3-ethyl-1H-1,5-naphthyridin-
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methyl-pyridine-2-carboxamide (SynthesisExample5, 13.00 

rug, 33 ~&), paleyellowsolid. 1HNMR (500MHz, DMSO-dG) 

1.19 (3H, t), 2.55 (2H, m, overlappedwith solventDMSO 

peak), 2.58 (4H, brd), 2.77 (3H, d), 3.19 (4H, br s) 

3.67 (2H, s), 7.57 (1H, dd), 7.63 (1H, s), 7.76 (1H, 

7.85 (iR, d), 8.32 - 8.49 (2H, in), 11.35 (iR, s); m/z 

(ES~) EM+H~ 425.  

Synthesis Example 6: 6-chloro-5-[4-[ (7-ethyl-6-oxo-5H

1, 5-naphthyridin-3-yl)methyl]piperazin-1-yl]-N-methyl

pyridine-2-carboxamide 

H 
ON CI 

K-N 

0 

DIPEA (0.082mL, 0.47nol) was addedtoa stirred 

solutionof 7-(bromomethyl)-3-ethyl-1H-1,5-naphthyridin

methyl-5-piperazin-i-yl-pyridine-2-carboxamide 

(Intermediate48, 26.2rug, 0.10rumol) inacetonitrile (2 

mL) at 200C. The resultingsolutionwas stirredat 70 

for 2 hours. Solventwas removedundervacuum. The 

resultingresiduewaspurifiedbyflashsilica 

chromatography, elutiongradient 0 to 20%MeGHinDCM.  

Product fractionswere concentratedunder reduced 

pressuretoafford 6-chloro-5-E4-E(7-ethyl-6-oxo-5H-1,5

naphthyridin-3-yl)methyljpiperazin-1-ylJ-N-methyl

pyridine-2-carboxamide (SynthesisExample6, 19.80mg, 

2-one (Intermediate14, 25rug, 0.09rnmol) and 6-chloro-N-
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48.0 ~&) as apale-yellowsolid. iRNMR (500MHz, DMSO-dG) 

1.19 (3H, t), 2.55 (2H, m, overlappedwith solventDMSO 

peak), 2.58 - 2.65 (4H, in), 2.79 (3H, d), 3.13 (4H, br 

s), 3.68 (2H, s), 7.63 (iR, d), 7.67 (iR, d), 7.76 (iR, 

s), 7.94 (1H, d), 8.34 - 8.50 (2H, in), 11.85 (1H, s); m/z 

(ES~) EM+H~ 441.  

0 H 

0 HNTh H 
___ K- N 

Nh 

Intermediate18 
Intermediate15 Intermediate16 Intermediate17 

H 

_______________ Nt 

K-N 
NH2 

Example 0 

Intermediate16:methylN 

5-piperazin-1-ylpyridine-2

carboxylate 

stirredsolutionoftert-butyl 4-(6-methoxycarbonyl-3

pyridyl)piperazine-1-carboxylate (Intermediate15, 600 

rug, 1.87rnmol) inMeOR (1mL) andthe resulting solution 

was stirredat rt for 18 hours. Solventwas removedunder 

vacuumtogivemethyl 5-piperazin-1-ylpyridine-2

carboxylate, 2HCl (Intermediate16, 543mg, 99 ~6) as 

light yellow solid.  

iRNMR (500 MHz, DMSO-dG) 3.20 (4H, br s), 3.71 (4H, br 

s), 3.85 (3H, s), 7.58 (1H, brd), 7.99 (1H, br d), 8.43 

HOl indioxane (4.67mL, 18.67nol) was addedtoa
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(iR, br s), 9.73 (2H, br), 11.29- 11.75 (1H, br) F m/z 

(ES~) EM+H~ 222.  

Intermediate 

.18: methyl 5-E4-E (7-ethyl-6-oxo-5H-1,5

naphthyridin-3-yl)methyljpiperazin-1-yljpyridine-2

carboxylate 

DTPEA (944 Ri, 5.40 rumol) was addedtoa stirred solution 

of 7-(chioromethyl)-3-ethyl-1H-1,5-naphthyridin-2-one, 

HCl (Intermediate17, 200mg, 0.77mmol), sodiumiodide 

(11.57rug, 0.08rumol) andmethyl 5-piperazin-1

ylpyridine-2-carboxylate, 2HCl (Intermediate16, 250rug, 

0.85mmol) inacetonitrile (6774 Ri) at 200C. The 

resultingsolutionwas stirredat SO 00 for hours.  

Solventwas removedundervacuum, 0.4mL saturatedsodium 

bicarbonate solutionand1.5mLacetonitrilewas added 

andreactionwas stirredfor 10mm. Solidwas filtered 

off, washedwith2mLwater followedby1mLacetonitrile 

3-yl)methyljpiperazin-1-yljpyridine-2-carboxylate 

(Intermediate18, 158mg, 50.2 0 as offwhite solid. 1H 

NMR (500MHz, DM50-tB) 1.19 (3H, brt), 2.54 - 2.61 (ER, 

in), 3.40 (4H, br s), 3.66 (2H, s), 3.81 (3H, s), 7.35 

(iR, brdd), 7.62 (iR, s), 7.75 (iR, s), 7.33 (iR, brci) 

8.28 - 8.47 (2H, in), 12.03 (1H, br); m/z (ES~) EMH-Efl~ 

408.  

togive methyl 5-[4-[(7-ethyl-6-oxo-5H-1,5-naphthyridin-
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Synthesis Example 7: 5-[4-[ (7-ethyl-6-oxo-5H-1,5

naphthyridin-3-yl)methyl]piperazin-1-yl]pyridine-2

carboxamide 

H 
0 N Nt 

N K-.N 
NH2 

0 

Ammonia inmethanol (4mL, 28.00nol) was addedto 

methyl 5-E4-E(7-ethyl-6-oxo-5H-1,5-naphthyridin-3

yl)methyljpiperazin-1-yljpyridine-2-carboxylate 

(Intermediate 18, 60 mg, 0.15nol) andThe resulting 

solutionwasheatedto 50 0C for 24 h (sealedtube).  

Reactionwas cooledto roomtemperatureandthe solidwas 

filteredoffandwashedwith2mLmethanoltogive 5<4

E(7-ethyl-6-oxo-5H-1,5-naphthyridin-3

yl)methyljpiperazin-1-yljpyridine-2-carboxamide 

(SynthesisExample 7, 88mg, 90 ~&) as lightbrown solid.  

overlappedwithsolventDMSOpeak), 3.35 (4H, brd), 3.66 

(2H, s), 7.30 (1H, br s), 7.40 (1H, dd), 7.64 (1H, s) 

7.76 (2H, s), 7.85 (iR, d), 8.28 (iR, d), 8.41 (iR, 

11.61 - 11.98 (1H, m) . m/z (ES~) [M+HJ~ 393.  

iRNMR (500MHz, DMSO-dG) 1.19 (3H, t), 2.56 (ER,
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0 

Br Br t 0 0 

IN ___ INbF H Nt F 0 N F 
________ ___________ N ___________ 

0 N 0  0 
HNN 

Intermediate19 Intermediate20 Intermediate21 Intermediate22 

___ HNt F 

Intermediate23 

Intermediate 20: methyl 5-bromo-6-fluoro-pyridine-2

carboxylate 

An ovendriedflaskwas chargedwithmethyl 5

bromopyridine-2-carboxylate (Intermediate 19, 6 g, 27.77 

mmol) inacetonitrile (60mL). Silver (II) fluoride 

(14.18 g, 97.21rnmol) was addedandthemixturewas 

stirredat roomtemperature forovernight. Reaction 

mixturewas filteredthroughfilterpaper andwashedwith 

solid. The residuewas suspendedinamixtureofDCMand 

sat. NH4Cl solutionandthewhite suspensionwas filtered 

off. Theorganic layerwas separated, andtheaqueous 

layerwas extractedwithDCM (100mlx2). The combined 

organic layersweredriedoverNa2SO4, filteredand 

concentrated. The resultingresiduewaspurifiedbyflash 

silica chromatography, elutiongradient 0 to25%EtOAcin 

hexanes. Product fractionswere concentratedunder 

reducedpressuretodrynesstoaffordmethyl 5-bromo-6

fluoro-pyridine-2-carboxylate (Intermediate20, 5. 98g 

DOM. The filtratewas concentrated give alightbrown
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yield 90%). 'HNMR (500MHz, CHLOROFORM-d) 4.01 (3H, s) 

7.93 (1H, d), 8.15 (1H, m/z (ES~) 234.  

Intermediate 21. tert-butyl 4-(2-fluoro-6

N 

methoxycarbonyl-3-pyridyl)piperazine-1-carboxylate 

Amixtureoftert-butylpiperazine-1-carboxylate (13.11 

§1~ 70.41mmol), methyl 5-bromo-6-fluoro-pyridine-2

carboxylate (Intermediate20,10.985 g, 46.94mmol), 

RuphosPd-G3 (2.5 g, 2.99mmol) andCs2CO3 (38 g, 116.63 

rumol) in 1,4-dioxane (200mL) was stirredat 80 0C for 

overnightunderN2 . Themixturewas dilutedwithwater 

andethylacetate, the layerswere separated. The aqueous 

layerwas extractedwithDOM (100mlx2). The combined 

organic layersweredriedoverNa2SO4, filteredand 

concentrated. The resultingresiduewaspurifiedbyflash 

silica chromatography, elutiongradient 0 to100%EtOAc 

inhexanes. Product fractionswere concentratedunder 

fluoro-6-methoxycarbonyl-3-pyridyl)piperazine-1

carboxylate (Intermediate21,14.00 g, 88 ~&) as yellow 

solid, iRNMR (500MHz, CHLOROFORM-d) 1.51 (914, 3.16 

- 3.32 (4H, in), 3.58 - 3.72 (4H, in), 3.98 (3H, s), 7.29 

7.34 (114, in), 8.00 (114, d); m/z (ES~) EMH-1fl~ 340.  

Intermediate 22. tert-butyl 4-[2-fluoro-6

N 

(methylcarbamoyl) -3-pyridyl]piperazine-1-carboxylate 

tert-butyl 4-(2-fluoro-6-methoxycarbonyl-3

pyridyl)piperazine-1-carboxylate (Intermediate21, 12.49 

36.80no1 inmethylamine (120ILL±..J, * nol, wt00 

reducedpressuretodryness toaffordtert-butyl
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inethanol) was stirredat r.t for 24 hrs. (sealedtube).  

The solventwas removedunder reducedpressure. The 

residuewas dissolvedintoDCMandfilteredthrough 

silicagelbedandwashedwithethyl acetate. The 

filtratewas concentratedanddriedundervacuumto 

affordtert-butyl 4-E2-fluoro-6-(methylcarbamoyl)-3

pyridyljpiperazine-1-carboxylate (Intermediate22,12.45 

g, 100 ~&) as ayellowsolid. 1HNMR (500MHz, DMSO-d6) 

1.42 (9H, s), 2.77 (3H, d), 3.04 - 3.16 (4H, in), 3.43 

3.56 (4H, in), 7.59 (1H, dd), 7.80 - 7.93 (1H, in), 8.41 

(iR, ci); m/z (ES~) EM+H~ 340.  

Intermediate 23: 6-fluoro-N-methyl-5-piperazin-1-yl

pyridine-2-carboxamide 

HCl (4Mindioxane, 100ml, 400.00rnmol) wasaddedtoa 

solutionoftert-butyl 4-E2-fluoro-6-(methylcarbamoyl)-3

pyridyljpiperazine-1-carboxylate (Intermediate22, 12.5 

reactionwas stirredfor 5hduringwhichthetemperature 

waswarmedto roomtemperaturetogiveayellow 

suspension. The suspensionwas dilutedwithether, solid 

was filteredoffandwashedwithether. This solidwas 

driedundervacuumtoafford 6-fluoro-N-methyl-5

piperazin-1-yl-pyridine-2-carboxamide, 2HCl (Intermediate 

23,11.42 g, 99 %) as a light-yellowsolid. 1HNMR (500 

MHz, DMSO-d6) 5ppm2.8 (d, J4.6Hz, 3H) 3.3 (br 4 

H) 3.4 (brd, J4.4 Hz, 4 H) 7.6- 7.7 (in, 1H) 7.9 (d, 

g, 36.94nol) in 1,4-dioxane (50mL) at O~'C. the
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JS.1 Hz, 1 H) 8.4 (brci, J4.4 Hz, 1 H) 9.0 - 9.3 (in, 2 

H); m/z (ES~) EM+H~ 239 

00 
t 

Br N 0 
0 

N 0 0 
___________ N KN AN 

½ 0 NhI 0 
0 

N Intermediate19 Intermediate15 Intermediate24 

Nt 
~II N AN 

I 0 

Intermediate13 

Intermediate .15: tert-butyl 4- (6-methoxycarbonyl-3

pyridyl)piperazine-1-carboxylate 

RuphosPdG3 (4.07 §I~ 4.86rnmol) was addedtoa degassed 

mixtureofmethyl 5-bromopyridine-2-carboxylate 

(Intermediate 19, 30 g, 138.87nol), tert-butyl 

piperazine-1-carboxylate (27.2 g, 145.81rumol), Cs2CO3 

mixturewas stirredat 110 0C for 6hrsunderN2 

atmosphere. Themixturewasthen cooledto room 

temperature, dilutedwithwater, extractedwithethyl 

acetate (150 mlx3). Combinedorganiclayerswere dried 

overanhydrousNd2SO4andfiltered. Tothis filtratewas 

added3-(Diethylenetriamino)propyl-functionalizedsilica 

gel (12 g, 1.3mmol/gloading) andthemixturewas stirred 

at r.t for lhr. Themixturewas filtered, andthe 

filtratewas concentrated '~1OOml. The crystalline 

yellowsolidwas filteredoff, washedwithetherand 

(90 g, 277.73nol) in 1,4-dioxane (200mL) andthe



WO2022/074617 PCT/1B2021/059232 
99 

driedundervacuumtoaffordtert-butyl 4-05

methoxycarbonyl-3-pyridyl)piperazine-1-carboxylate 

(Intermediate15, 26.36 g, 82mmol, 59.1 0 as yellow 

solid. iRNMR (500MHz, CHLOROFORM-d) 1.50 (9H, s), 3.31 

- 3.42 (4H, in), 3.56 - 3.68 (4H, in), 3.98 (3H, s), 8.04 

(iR, d), 8.37 (iR, d)F m/z (ES~) 322.  

Intermediate 24 tert-butyl (methylcarbamoyl) -3

pyridyl]piperazine-1-carboxylate 

Methylamine (100ml, 1155.26mmol, 40% inwater) was 

addedtoa solutionoftert-butyl 4-(6-methoxycarbonyl-3

pyridyl)piperazine-1-carboxylate (Intermediate15, 36 g 

112.02nol) inMeOR (100mL) andthe reactionwas 

stirredat roomtemperature for 4hstogive white 

suspension. Themixturewas concentrated, the residuewas 

partitionedbetween sat. NH4C1 solutionandDOM, the 

layerswere separated. Theaqueous layerwasextracted 

brine, driedoverNa2SO4, filteredandconcentratedto 

givetert-butyl 4-[6-(methylcarbamoyl)-3

pyridyljpiperazine-1-czarboxylate (Intermediate24, 35.9 

g, 100 ~&) as ayellowsolid. 1HNMR (500MHz, CHLOROFORM

ci) 1.49 (9H, s), 3.02 (3H, d), 3.26- 3.35 (4H, in), 3.58 

- 3.67 (4H, in), 7.23 (1H, dd), 7.81 (1H, brd), 8.07 (1H 

8.16 (1H, d); m/z (ES~) [M+HJ~ 321.  

Intermediate .13: carboxylate N-methyl-5-piperazin-1-yl

pyridine-2-carboxamide 

withDOM, theorganic layerswere combined, washedwith
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HOl (4Mindioxane, 150ml, 600.00nol) wasaddedtoa 

suspensionoftert-butyl 4-EG-(methylcarbamoyl)-3

pyridyljpiperazine-1-carboxylate (Intermediate24, 35.9 

§I~ 112.05rnmol) inMeOR (50mL) andthe resultingorange 

suspensionwas stirredat r.t for 4hr. About SOml of 

solventwas removedunder reducedpressure andthe 

mixturewas dilutedwithetherandhexanes (200ml, 1/1).  

The solidwas collectedbyfiltration, washedwith 

hexanes, driedanddriedundervacuumtoaffordN-methyl

5-piperazin-1-yl-pyridine-2-carboxamide, 2HCl salt 

(Intermediate13, 37.0 g, 100%) as ayellowsolid. iR 

NMR (500MHz, DMSO-d6) 2.79 (3H, d), 3.22 (4H, br 

3.53 - 3.67 (4H, in), 7.51 (iR, dd), 7.91 (1H, d), 8.33 

(iR, d), 8.50 (iR, br s), 9.19- 9.49 (2H, F m/z (ES~) 

[MH-HJ~ 221 

Os-, 02N H 
NH2  0 N 

F HN 4 
~vo ~L NH 

0 

H H H 
0 N OH Br 

N ~j~N SN 

Intermediate28 Intermediate29 Intermediate30 

Intermediate 26: methyl 4- (1-methoxycarbonylpropylamino) 

3-nitro-benzoate 

sodiumhydrogen carbonate (27.0 g, 321.39nol) was added 

portionwisetoa stirredmixtureofmethyl 4-fluoro-3

nitrobenzoate (Intermediate25, 16g, 80.35nol), and 

Intermediate25 Intermediate26 Intermediate27
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methyl 2-aminobutanoate, HOl (14.81 g, 96.42nol) inTHE' 

(100mL). The reactionmixturewas stirredat room 

temperature forovernight. The reactionwas quenchedby 

additionofwater, extractedwithethylacetate. The 

combinedorganic layerwaswashedwithsaturatedaq.  

NaHCO3 solution, organiclayerwas driedoverMgSO4and 

concentratedtodrynesstogivemethyl 

methoxycarbonylpropylamino)-3-nitro-benzoate 

(Intermediate26, 22.86 g, 96 %) as abrightyellow 

solid. 1HNMR (500MHz, DMSO-d6) 0.91 (3H, t), 1.75 - 2.12 

(2H, in), 3.75 (3H, s), 3.85 (3H, s), 4.63 - 4.82 (iR, m) 

7.15 (1H, d), 8.00 (1H, dd), 8.52 - 8.76 (2H, m) 

Intermediate 2> methyl 2-ethyl-3-oxo-2, 4-dihydro-IH

quinoxalThe-6-carboxylate 

Pd/C (4.15 g, 3.90nol) was addedportionwisetoa 

stirredsolutionofmethyl 

(Intermediate26, 23.1 g, 77.97rnmol) inMeOR (300mL) 

andthe resultingslurrywas stirredunderH2 atmosphere 

at roomtemperature for 30 h. Methanolwas removedunder 

vacuum, 150niLDMFwas addedandthemixturewas stirred 

for 10mm. Thepalladiumcatalystwas filteredoffon 

ceilite, washedwith50mLofDMF (Materialhasverylow 

solubilityinorganic solvents likeMeOH/DCM/EtOAc). The 

filtratewas concentratedinGenevactogivemethyl 2

ethyl-3-oxo-2,4-dihydro-1H-quinoxaline-6-carboxylate 

(Intermediate27, 15.80 g, 37 0 as agraycoloredsolid.  

methoxycarbonylpropylamino)-3-nitro-benzoate
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Materialwas analyzedbyNMRandsubjectedtothenext 

stepwithoutpurification. iRNMR (500MHz, DMSO-d6) 0.91 

(3H, t), 1.63 - 1.73 (2H, in), 3.75 (3H, s), 3.90 (1H, 

td), 6.71 (iR, d), 6.84 (iR, s), 7.33 (iR, d), 7.41 (iR, 

dd), 10.39 (1H, m/z (ES~) [MJ~ 235.  

Intermediate28: methyl I.  

2-ethyl-3-oxo-4H-quinoxaline-6

carboxylate 

DDQ (15.87 g, 69.92rnmol) was addedtoa suspensionof 

methyl 2-ethyl-3-oxo-2,4-dihydro-1H-quinoxaline-6

carboxylate (Intermediate27, 15.6 g, 66.59nol) in 1,4

dioxane (150mL). The reactionmixturewas stirredfor 

overnight at roomtemperature. Themixturewas slowly 

addedto saturatedaqNaHCO3 solution >500ml) and 

stirredat roomtemperature for 20mm. Theprecipitate 

was filtered, washedwithwater (100ml) anddriedto 

yieldmethyl 2-ethyl-3-oxo-4H-quinoxaline-6-carboxylate 

iRNMR (500MHz, DMSO-d6) 1.23 (3H, t), 2.83 (2H, 

3.89 (3H, s), 7.73 - 7.86 (2H, in), 7.89 (1H, d), 12.45 

(iR, s); m/z (ES~) EM+H~ 233.  

Intermediate 29: 3-ethyl-7- hydroxymethyll) -IH-quinoxalin

2-one 

Lithiumaluminumhydride, 2MinTHF (49.1mL, 98.17 

rnmol) was addeddropwisetoa slurryofmethyl 2-ethyl-3

oxo-4H-quinoxaline-6-carboxylate (Intermediate28, 11.4 

g, 49.09nol) intetrahydrofuran (350mL) at O~Covera 

as anoffwhite solid (Intermediate28, 11.40 g, 73*7 0
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periodof 50minutesundernitrogenatmosphere. The 

resultingmixturewas stirredat 0 0C for 1.5hours. The 

reactionmixturewas slowlypouredinto1MaqHC1 (300 

mL) at a0 C. The reactionmixturewas extractedwith 

ethylacetate U 300mlX2) followedbyextractionwith 

DOM/methanol (5:1) (150mlx3). The combinedorganic 

layerswere concentrated 300mlanddilutedwithether 

(200ml) togivea suspension. The solidwas collectedby 

filtration, washedwithether, driedundervacuumto 

yield3-ethyl-7-(hydroxymethyl)-1H-quinoxalin-2-one 

(Intermediate29, 8.00 g, SO ~&). iRNMR (500 MHz, DMSO

d6) 1.22 (3H, t), 2.80 (2H, q), 4.59 (2H, s), 5.19- 5.61 

(iR, in), 7.19 (iR, dd), 7.28 (iR, s), 7.66 (iR, d), 12.28 

(iR, br s); m/z (ES~) EM+H~ 205.  

Intermediate 30: 7- (bromomethyl) -3-ethyl-IH-quinoxalin-2

one 

ethyl-7-(hydroxymethyl)-1H-quinoxalin-2-one (Intermediate 

29, 7>3 g, 38.19mmol) (results in clearbrown solution) 

andthemixturewas stirredat SO 0C for Shrs, the 

reactionmixturewas cooledto roomtemperature, poured 

to 150 mL icedwatertogiveanoff-whiteprecipitate0 

The solidwas filteredundervacuumandwashedwithwater 

followedbydiethyletheranddriedtogive 7

(bromomethyl)-3-ethyl-1H-quinoxalin-2-one asabeige 

solid (Intermediate30, 11.10 g, 34 0 with80%purity.  

iRNMR (500 MHz, DMSO-d6) 1.20 (3H, t), 2.79 (2H, 

Hydrogenbromide (60ml, 48wt% inwater) wasaddedto 3-
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4.79 (2H, s), 7.27 - 7.38 (2H, in), 7.69 (1H, ci), 12.34 

(1H, br m/z (ES~) 267.0.  

0 0 0 

F 0 #O4> 0 
- KNH 0 

Br N 0 _________ _________ _________ 

0 
Br N' 0 Br N 

HN,~ 
HNN 

Intermediate31 Intermediate32 Intermediate33 Intermediate34 

H 

0 H 

______ ______ HNTh Intermediate30 0 N 

HN~ HNN 

Intermediate35 Intermediate36 Example8 

Intermediate 32: tert-butyl 4- (2-bromo-6-methoxycarbonyl

N 3-pyridyl)piperazine-1-carboxylate 

Amixtureoftert-butylpiperazine-1-carboxylate 

(Intermediate31, 2.57 g, 13.80mmol), methyl 6-bromo-5

fluoro-pyridine-2-carboxylate (1.9g, 8.12ramol) and 

potassiumcarbonate (1.459g, 10.55mmol) inDMF (20mL) 

was stirredat 110 0C for hours, LCMS indicatedfull 

DCMandwater, the layerswere separated. Thewaterlayer 

was extractedtwicewithDCMandthe combinedorganic 

layersweredriedoveranhydrousNa2SO4, filteredand 

concentrated. The resultingresiduewaspurifiedby 

flashsilica chromatography, elution gradient 0 to 0 

EtOAc inhexanes. Product fractionswere concentrated 

under reducedpressuretodrynessto affordtert-butyl 4

(2-bromo-6-methoxycarbonyl-3-pyridyl)piperazine-1

0 

carboxylate (Intermediate32, 2.200 g, 67.7 ~) as a 
light-yellowsolid. iRNMR (500MHz, CHLOROFORM-cl) 1.50 

conversion. Themixturewas cooledto r.t, dilutedwith
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(914, s), 3.05 - 3.20 (4H, in), 3.58 - 3.72 (4H, in), 3.98 

(3H, s), 7.31 (1H, d), 8.06 (1H, d); m/z (ES~) EMH-Efl~ 

400.  

Intermediate 33: tert-butyl 4-[2-bromo-6

N (methylcarbamoyl) -3-pyridyl]piperazine-1-carboxylate 

Asealedpressurevesselwas chargedwithtert-butyl 4

(2-bromo-6-methoxycarbonyl-3-pyridyl)piperazine-1

carboxylate (Intermediate32, 2.2 g, 5.50rnmol) and 

0 methylamine (22ml, 176.72rumol) (33w.t0 inethanol) and 

themixturewasheatedat 60 00 for 2 hours, LOMS 

indicatedfull conversion. Themixturewas concentrated, 

andthe resultingresiduewaspurifiedby flash silica 

chromatography, elutiongradient 0 to 80% EtOAc in 

hexanes. Product fractionswere concentratedunder 

reducedpressuretodrynesstoaffordtert-butyl 4<2

bromo-6-(methylcarbamoyl)-3-pyridyljpiperazine-1

solid. iRNMR (500MHz, CHLOROFORM-d) 1.50 (9H, s), 3.02 

(3H, d), 3.05 - 3.14 (4H, in), 3.56- 3.74 (4H, in), 7.36 

(iR, d), 7. 68 (iR, brd), 3* 11 (iR, d); m/z (ES~) EMH-H+ 

399.  

Intermediate 34: te~rt-buty1 4-[6- (methylcarbamoyl) -2

vinyl-3-pyridyl]piperazine-1-carboxylate 

Amixtureoftert-butyl 4-E2-bromo-6-(methylcarbamoyl)-3

pyridyljpiperazine-1-carboxylate (Intermediate33, 200 

mg, 0.50nol), tributyl(vinyl)stannane (0.161ml, 0.55 

carboxylate (Intermediate33, 2.200 g, 100 %) as white
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nol) and2ndgenXPhosPdcycle (19.71rug, 0.03nol) in 

1,4-dioxane (5ml) was stirredat 100 0 CunderN2 for 

2.5hr, LCMS indicatedfull conversion. Themixturewas 

dilutedwithDCM, washedwithsat. NH4C1, theorganic 

layerwas dried (anhydrousNa2SO4), filteredand 

concentrated. The resultingresiduewaspurifiedbyflash 

silica chromatography, elutiongradient 0 to80%EtOAcin 

hexanes. Product fractionswere concentratedunder 

reducedpressuretodrynesstoaffordtert-butyl 4-E6

(methylcarbamoyl)-2-vinyl-3-pyridyljpiperazine-1

czarboxylate (Intermediate34, 174mg, 100 %) as white 

solid. m/z (ES~) 347 

Intermediate 35: tezt-butyl 4-[2-ethyl-6

N (methylcarbamoyl) -3-pyridyl]piperazine-1-carboxylate 

0 Pd/C (53.5mg, 0.05nol) (10wt0 drybasis, wet load) 

was addedtoa solutionoftert-butyl 

carboxylate (Intermediate34, 174mg, 0.50rnmol) MeOR (6 

mL)0 The flaskwas degassedandrefilledwithH2 

(balloon). Themixturewas stirredat r.t forovernight.  

LCMS indicatedthe reactionwasnot complete. MorePd/C 

(53.5mg, 0.05nol), was addedandthe resultingmixture 

was stirredat r.t for 5hrsunderH2 atmosphere. The 

mixturewas filteredthroughapadof elite, washedwith 

methanol, the filtratewas concentrated drynessto 

yieldtert-butyl 4-E2-ethyl-6-(methylcarbarnoyl)-3

pyridyljpiperazine-1-carboxylate (Intermediate35, 172 

(methylcarbamoyl)-2-vinyl-3-pyridyljpiperazine-1-
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rug, 98 ~&) as a colorless residue. iRNMR (500MHz, 

CHLOROFORM-d) 1.37 (3H, t), 1.51 (9H, s), 2.82 - 2.95 

(611, in), 3.05 (3H, d), 3.57 - 3.73 (4H, in), 7.39 (1H, d) 

7.93 - 8.13 (2H, m/z (ES~) EM~ 348.  

Intermediate36: I.  

6-ethyl-N-methyl-5-piperazin-1-yl

pyridine-2-carboxamide 

Amixtureoftert-butyl 4-[2-ethyl-tB-(methylcarbamoyl)-3

pyridyljpiperazine-1-carboxylate (Intermediate35, 172 

rug, 0.49mmol) inHCl (4Mindioxane, 8ml, 32.00mmol) 

was stirredat r.t for lhrtogiveawhite suspension 

Themixturewas dilutedwithetherandthe solidfiltered 

offanddriedundervacuumtogive 6-ethyl-N-methyl-5

piperazin-1-yl-pyridine-2-carboxamide, 2HCl (Intermediate 

36, 159mg, 100 %) as a light-yellowsolid. 1HNMR (500 

MHz, DMSO-d6) 1.31 (3H, t), 2.74 - 2.86 (5H, in), 3.00 

3.14 (4H, in), 3.24 (4H, br s), 7.57 (1H, d), 7.82 (1H 

249.  

Synthesis Example 8: 6-ethyl-5-[4-[ (2-ethyl-3-oxo-4H

quinoxalin-6-yl)methyl]piperazin-1-yl]-N-methyl-pyridine

2-carboxamide 

H 
0 N Nm 

N KN 
HN~ 

d), 8.43 (iR, brd), 9.20 (2H, br s); m/z (ES~) [M+HJ~
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DIPEA (0.203mL, 1.17nol) was addedtoa suspensionof 

6-ethyl-N-methyl-5-piperazin-i-yl-pyridine-2-carboxamide, 

2HC1 (Intermediate36, 75rug, 0.23rnmol) and7

(bromomethyl)-3-ethyl-1H-quinoxalin-2-one (Intermediate 

30, 69.3rug, 0.23rurnol) inacetonitrile (3mL). The 

resultingmixturewas stirredat 60 00 for 3hrs, LOMS 

indicatedfull conversion. Themixturewas cooledtor.t, 

concentrated, the residuewaspurifiedon Gilsonreverse 

phase column (elutedwith0 to 95%ACN/water/O.1%TFA, 15 

mm run, collectedfrom5to 9mm). Theproduct 

containingfractionswere concentratedandthe residue 

wasthendissolvedintomethanolandDCM. 300mgs of 

tetraalkylanoniumcarbonite, polymer-bound (40-9Omesh, 

2.5-3.Smmol/g) andthemixturewas stirredat r.t for 10 

mm. Themixturewasthen filteredandwashedwith 

methanol. The filtratewas concentrated, redissolvedinto 

amixtureofwater/CANandthismixturewas lyophilized 

quinoxalin-6-yl)methyljpiperazin-1-ylJ-N-methyl-pyridine

2-carboxamide (SynthesisExample8, 60.0mg, 59.1 %) as a 

light-yellowsolid. iRNMR (500MHz, DM50-tB) 1.22 (3H, 

t), 1.30 (3H, t), 2.54 - 2.69 (2H, in), 2.72 - 2.86 (7H, 

in), 2.93 (4H, br s), 3.26 (2H, s), 3.64 (2H, s), 7.17 

7.33 (2H, in), 7.52 (1H, d), 7.69 (1H, brd), 7.80 (1H 

8.40 (1H, brd), 12.25 (1H, br s)F m/z (ES~) [M+HJ~ 

435.  

todrynesstoyield 6-ethyl-5-[4-[(2-ethyl-3-oxo-4H-
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H 
N 

Br 

0 SN 
0 

____ ____ Intermediate30 
bi F 

F F 
F HN HNN F HNN~ N 

Intermediate33 Intermediate37 Intermediate38 

H 
N Nm 

HN 
N 

Example 

Intermediate 37: tert-butyl 4-[6- (methylcarbamoyl) -2

N 

(trifluoromethyl) -3-pyridyl]piperazine-1-carboxylate 

Toawell stirredmixtureof silver(T) fluoride (176rug, 

1.39nol) inDMF (2ruL) 

trimethyl(trifluoromethyl)silane (0.247ruL, 1.67nol) 

was addedat roomtemperature. Themixturewas stirred 

for 20mm whichfollowedbyaddition of copperpowder 

(133mg, 2.09nol). After stirredfor 4hthe reaction 

ofCuCF3). tert-butyl 4-(2-bromo-6--methoxycarbonyl-3

pyridyl)piperazine-1-carboxylate (Intermediate33, 150 

mg, 0.38nol) was addedtothemixtureandthe resulting 

darkmixturewas stirredat 900C for 18hrs gave brown 

suspension. LOMS indicatedfull conversion. Themixture 

was dilutedwithethylacetateandthe solidwas filtered 

off. The filtratewaswashedwithwaterfollowedbywash 

withbrine. Theorganic layerwas driedoveranhydrous 

Na2SO4, filteredandconcentrated. The resultingresidue 

waspurifiedbyflashsilica chromatography, elution 

mixtureturnedtoblue color (indicatorofthe formation
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gradient 0 to 70%EtOAc inhexanes. Product fractions 

were concentratedunder reducedpressuretodrynessto 

affordtert-butyl 4-[6-(methylcarbamoyl)-2

(trifluoromethyl)-3-pyridyljpiperazine-1-carboxylate 

(Intermediate37, 146mg, 100 %) as ayellowresidue. 1H 

NMR (500MHz, CHLOROFORM-d) 1.50 (9H, s), 2.93 - 3.03 

(4H, in), 3.05 (3H, d), 3.55 - 3.69 (4H, in), 7.71 (1H, d) 

7.81 (iR, brd), 8.33 (iR, IF m/z (ES~) [M+HJ~ 389.  

Intermediate 38: I.  

N-methyl-5-piperazin-1-yl-6

(trifiuoromethyl) pyridine-2-carboxamide 

Amixtureoftert-butyl 4-EG-(methylcarbamoyl)-2

(trifluoromethyl)-3-pyridyljpiperazine-1-carboxylate 

(Intermediate37, 146mg, 0.38rnmol) inHC1 (4Min 

dioxane, Sml, 32.00rumol) was stirredat r.t for2 hrs.  

LOMS indicatedfull conversion. The solventwas 

concentratedtothevolume 2m1, themixturewas diluted 

offanddriedundervacuumtoaffordN-methyl-5

piperazin-1-yl-6-(trifluoromethyl) pyridine-2-carboxamide, 

2HCl (Intermediate38, 127mg, 94 ~&) as apink solid. iR 

NMR (500MHz, DMSO-d6) 2.83 (3H, d), 3.21 (SH, br 

8.09 (iR, d), 8.23 (iR, d), 8.46 (iR, brd), 9.03 (2H, br 

d); m/z (ES~) EM+H~ 289.  

Synthesis Example 9:_______________________________ 

____________________ 5-[4-[ (2-ethyl-3-oxo-4H-quinoxalin

N 

6-yl)methyl]piperazin-1-yl]-N-methyl-6

(trifiuoromethyl) pyridine-2-carboxamide 

withether/hexanes (15ml, 5/1). The Solidwas filtered
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H 
0 N Nm 

K-N 
N 

F 

HNN 

DIPEA (0.121mL, 0.69rnrnol) was addedtoa suspensionof 

N-methyl-5-piperazin-1-yl-6-(trifluoromethyl)pyridine-2

carboxamide, 2HC1 (Intermediate38, 50rug, 0.14rumol) and 

7-(bromomethyl)-3-ethylquinoxalin-2(1H)-one (Intermediate 

30, 46.2rug, 0.14rumol) inacetonitrile (3mL) andthe 

mixturewas stirredat 60 0C for 3hrs. Themixturewas 

cooledto r.t, concentrated, the residuewaspurifiedon 

Gilson reversephase column (elutedwith0 to 95% 

ACN/water/O.1%TFA). Theproduct containing fractionswere 

concentrated roomtemperature. The residewasthen 

dissolvedintomethanolandDCMfollowedbyadditionof 

250mgoftetraalkylanoniumcarbonitepolymer-bound (40

90mesh, 2.5-3.Smmol/g) andthemixturewas stirredat 

off, washedwithmethanolandthe filtratewas 

concentratedtogive solid. This solidwas then 

redissolvedintoamixtureofwater/CH3CNandlyophilized 

todrynesstoafford5-[4-[(2-ethyl-3-oxo-4H-quinoxalin

6-yl)methyljpiperazin-1-ylJ-N-methyl-6

(trifluoromethyl)pyridine-2-carboxamide (Synthesis 

Example 9, 40.0mg, 60.9 %) as white solid. 1HNMR (500 

MHz, CHLOROFORM-d) 1.40 (3H, t), 2.70 (4H, br s), 2.98 

3.08 (5Hin), 3.12 (4H, br s), 3.72 (2H, br s), 7.29 

7.32(iRin), 7.37 (iR, dd), 7.74 (iR, d), 7.79 - 7.33 

roomtemperature for 10mm. The solidwas then filtered



WO2022/074617 PCT/1B2021/059232 
112 

(2H, in), 8.33 (iR, ci), 11.06 (iR, br s); m/z (ES~) [M+HJ~ 

475.  

0 0 

0 
0 

0 F 

HN~ HNN F HNN 

Intermediate34 Intermediate39 Intermediate40 

H 
0 N 

Br 
N HNTh N H 

0 N 

F 0 Intermediate30 N 
_____________________ N 

F HNN F 

Intermediate41 Exampleio F HNN 

Intermediate 39: tert-butyl 4-[2-formyl-6

N (methylcarbamoyl) -3-pyridyl]piperazine-1-carboxylate 

Osmiumtetroxide inH2 0 (0.050mL, 6.35 lImol) was added 

toa solutionoftert-butyl 4-EG-(methylcarbamoyl)-2

vinyl-3-pyridyljpiperazine-1-carboxylate (Intermediate 

rnrnol) andsodiumperiodate (272mg, 1.27mmol) inTHF (5 

mL)/water (1mL)/ tert-butanol (0.304mL, 3.18mmol) and 

themixturewas stirredat rt forovernightto give a 

yellowsuspension. LCMSandTLC indicatedfull 

conversion. Reactionwas dilutedwithwaterandextracted 

withethylacetate. Afterconcentrationthe resulting 

residuewaspurifiedbyflashsilica chromatography, 

elutiongradient 0 to 100%EtOAc inhexanes. Product 

fractionswere concentratedunderreducedpressureto 

drynesstoaffordtert-butyl 4-E2-formyl-6

34, 110rug, 0.32nol), 2,6-lutidine (0.074mL, 0.64
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(methylcarbamoyl)-3-pyridyljpiperazine-1-carboxylate 

(Intermediate39, 100rug, 90 ~6) as ayellowsolid. iRNMR 

(500 MHz, CHLOROFORM-d) 1.50 (9H, s), 3.07 (3H, d), 3.14 

- 3.29 (4H, in), 3.66- 3.79 (4H, in), 7.49 (iR, d), 7.86 

(1H, br d), 8.28 (1H, d), 10.10 (1H, s). m/z (ES~) [M+HJ~ 

349.  

Intermediate 40: tert-butyl 4-[2- (difluoromethyl) -6

N (methylcarbamoyl) -3-pyridyl]piperazine-1-carboxylate 

tert-butyl 4-[2-formyl-6-(methylcarbamoyl)-3

pyridyljpiperazine-1-carboxylate (Intermediate39, 99rug, 

0.28rnmol) inCH2 Cl2 (2ruL) was cooledto 00C, DAST 

(0.710 ruL, 0.71 nol) (iMinDOM) was addedandthe 

resultingmixturewas stirredat roomtemperature for 

3hr. TLCandLCMS indicatedfull conversion. Reactionwas 

quenchedwithdropwiseadditionof sat. NaHCO3 solution 

andextractedwithDCM. The combinedorganicswere dried 

the crudeproduct. The resultingresiduewaspurifiedby 

flashsilica chromatography, elution gradient 0 to 100% 

EtOAc inhexanes. Product fractionswere concentrated 

under reducedpressuretodrynessto affordtert-butyl 4

E2-(difluoromethyl)-6-(methylcarbamoyl)-3

pyridyljpiperazine-1-carboxylate (Intermediate40, 94mg, 

89 ~&) as anoffwhite solid. 1HNMR (500MHz, CHLOROFORM

d) 1.51 (9H, s), 2.89- 3.03 (4H, in), 3.06 (3H, d), 3.54 

- 3.73 (4H, in), 6.82 - 7.16 (1H, in), 7.64 (1H, d), 7.94 

(iR, brd), 8.29 (iR, d); m/z (ES~) EM+H~ 371.  

overanhydrousNa2SO4, filteredandconcentratedtogive
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Intermediate 41 6- (difluoromethyl) -N-methyl-5-piperazin

I-yl-pyridine-2-carboxamide 

Amixtureoftert-butyl 4-E2-(difluoromethyl)-6

(methylcarbamoyl)-3-pyridyljpiperazine-1-carboxylate 

(Intermediate40, 92rug, 0.25nol) inHOl 4Min 1, 4

dioxane (6ml, 24.00rumol) was stirredat r.t for 1.5hr 

gaveanorange suspension, themixturewas dilutedwith 

ether, filtered, the solidwas redissolvedintomethanol 

concentratedtodrynesstoyield 6-(difluoromethyl)-N

methyl-5-piperazin-1-yl-pyridine-2-carboxamide, 2H01 

(Intermediate41, 56.0rug, 65.7 %) as anorange solid. 1H 

NMR (500MHz, DMSO-d6) 2.83 (3H, d), 3.03 - 3.23 (5H, 

3.30 (4H, br s), 7.06- 7.49 (iR, in), 7.92 (iR, d), 8.13 

(1H, d), 8.43 (1H, brd), 9.00 (2H, brd); m/z (ES~) 

EMH-HJ~ 271.  

N 3-oxo-4H-quinoxalin-6-yl)methyl]piperazin-1-yl] -N-methyl

pyridine-2-carboxamide 

H 
0 N Nm 

N KN 
F 

N 

F HNN 

DIPEA (0.127mL, 0.73rnmol) was addedtoa suspensionof 

6-(difluoromethyl)-N-methyl-5-piperazin-1-yl-pyridine-2

carboxamide, 2HCl (Intermediate41, 50mg, 0.15rumol) and 

7-(bromomethyl)-3-ethylquinoxalin-2(1H)-one (Intermediate 

Synthesis Example .10: 6- (difluoromethyl)-5-[4-[ (2-ethyl-
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30, 48.6rug, 0.15nol) in acetonitrile (3mL). The 

resultingmixturewas stirredat 60 0 Cfor 3hrs, LCMS 

indicatedfull conversion. Themixturewas concentrated, 

andthe residuewaspurifiedonGilsonreversephase 

column (elutedwith0 to 95%ACN/water/O.1%TFA). The 

product contain fractionswere concentrated room 

temperature. The residewasthendissolvedintomethanol 

andDOMfollowedbyadditionof 250mgof 

tetraalkylammoniumcarbonitepolymer-bound (40-90mesh, 

2.5-3.5mmol/g) andthemixturewas stirredat room 

temperature for 10mm. The solidwas then filteredoff, 

washedwithmethanolandthe filtratewas concentrated 

give solid. This solidwasthen redissolvedintoa 

mixtureofwater/CH3CNandlyophilizedto drynessto 

afford 6-(difluoromethyl)-5-[4-[(2-ethyl-3-oxo-4H

quinoxalin-6-yl)methyljpiperazin-1-ylJ-N-methyl-pyridine

2-carboxamide (SynthesisExample10, 50.0mg, 75 ~&) as a 

t), 2.72 (4H, br s), 2.97 - 3.17 (9H, in), 3.73 (2H, 

6.84 - 7.15 (1H, in), 7.32 (1H, s), 7.37 (1H, d), 7.64 

(iR, d), 7.83 (iR, d), 7.95 (iR, brd), 8.29 (iR, 

11.32 - 11.62 (1H, F rn/z (ES~) [M+HJ~ 457.  

H 
HN% 0 N Nt 

N X'N H ~4hN N 

rN H 

0 0 

Intermediate13 Example11 

yellowsolid. 1HNMR (500MHz, CHLOROFORM-d) 1.40 (3H
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Synthesis Example . 5-[4-[ (2-ethyl-3-oxo-4H-quinoxalin

N 

6 -y1 )methyl]piperazin-1-yl]-N-methyl-pyridine-2

carboxamide 

H 
0 N Nt 

K-N AN H 

0 

In a 20 mLvialwas added7-(bromomethyl)-3

ethylquinoxalin-2(1H)-one (Intermediate30, 0.147 g, 0.55 

ramol) andN-methyl-5-piperazin-1-yl-pyridine-2

carboxamide, 2HCl (Intermediate 13, 0.161 g, 0.55nol).  

Thevialwas sealed, evacuated, andrefilledwithN2 .  

Acetonitrile (3mL) andDIPEA (0.481mL, 2.75mmol) were 

addedtothevialandplacedinaheatingblockpre

heatedto 70 C. The reactionmixturewas stirredatthe 

sametemperature for 2 hours andcooledto room 

temperature. Thevolumeofthe reactionwas reducedto 

solutions added (2mL). The reactionmixturewas 

stirredfor 30mins, filteredandthe solidwaswashed 

withwater (50mL). The crudeproductwaspurifiedby 

flashsilica chromatographyusing0-30%MeGHinDCMto 

yield5<4<(2-ethyl-3-oxo-4H-quinoxalin-6

yl)methyljpiperazin-1-ylJ-N-methyl-pyridine-2-carboxamide 

(SynthesisExample 11, 93.0mg, 41.6%) as alight-yellow 

solid. 'HNMR (500MHz, DMSO-d6) 1.22 (3H, t), 2.52 

2.60 (4H, in), 2.73 - 2.85 (5H, in), 3.30 (4H, 

overlappedwithwaterpeak), 3.62 (2H, s), 7.22 - 7.31 

1/3 of its initialvolumeundervacuumandaqueousNaHCO3
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(2H, in), 7.39 (iR, dci), 7.69 (iR, ci), 7.83 (iR, d), 8.23 

- 8.31 (1H, in), 8.39 (1H, brd), 12.13 - 12.36 (1H, 

m/z (ES~) [M+HJ+ 407.  

Nt F 0 N N% F 
QN ___ N 

N 

0 0 

Intermediate23 Example12 

Synthesis Example . 5-[4-[ (2-ethyl-3-oxo-4H-quinoxalin

N N 

6 -y1 )methyl]piperazin-1-yl]-6-fluoro-N-methyl-pyridine-2

carboxamide 

0 N Nm F 

KN 
0 

7-(bromomethyl)-3-ethylquinoxalin-2(1H)-one (Intermediate 

piperazin-1-yl-pyridine-2-carboxamide(Intermediate23, 60 

rug, 0.25rumol) andDIPEA (0.270mL, 1.55mmol) inNMP (2 

mL)0 The resultingmixturewas stirredat 80 0C for2 

hours. The solventwas removedunder reducedpressure0 

The crudeproductwaspurifiedbypreparativeHPLC 
(Column0 0 

0 XBridge ShieldRP1S OBDColumn, 5um, 19x150 

MobilePhaseA: Water (10MMOL/LNH4 HCO3 , 0.1%NH3 0 H2 0), 

28~ 
MobilePhaseB: ACN; Flowrate: 20mL/min; Gradient: 0 

RT 
Bto 38%B in 8mm; 254; 220 nm; 0 8.02mm.  
Fractions containingthedesiredcompoundwere evaporated 

30, 150rug, 0.56rumol) was addedto 6-fluoro-N-methyl-5-
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todrynesstoafford5-[4-[(2-ethyl-3-oxo-4H-quinoxalin

6-yl)methyljpiperazin-1-ylJ-6-fluoro-N-methyl-pyridine-2

carboxarnide (SynthesisExample12, 9rug, 42.9%) as a 

white solid. 'HNMR (400MHz, CD3OD) 5 1.33 (3H, t), 2.65 

- 2.72 (4H, in), 2.87 - 2.95 (5H, in), 3.26 - 3.30 (4H, m) 

3.71 (2H, s), 7.33 - 7.41 (2H, in), 7.52 (iR, dd), 7.76 

(1H, d), 7.90 (1H, dd); '9 FNMR (376MHz, CD3OD) 5 -73.40; 

m/z (ES~) [MA-H]+ 425.  

0 

0 
Br Br ___ KN ___ 

____________ H H 

0 0 o 

Intermediate42 Intermediate43 Intermediate44 

H 

HNt 0 N Nm 
N ___ Nb KrN 

H N H 

0 0 

Intermediate 43: 5-bromo-N, 6-dimethylpicolinamide 

A2Msolutionofmethylamine inTHF (20mL, 40.00rnrnol) 

was addedtomethyl 5-bromo-6-methylpicolinate 

(Intermediate42, 2.0 g, 8.69ramol) andthe resulting 

mixturewas stirredat SO 00 for 18 hours. The solvent 

was removedunder reducedpressure. The crudeproductwas 

purifiedbyreversephase chromatography, elution 

gradient 5to 80%MeORinwater (0.1%NH4 HCO3 ). Pure 

fractionswereevaporatedtodryness toafford5-bromo

N,6-dimethylpicolinamide (Intermediate43, 1.5 g, 75%) as 

Intermediate45 Example13
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apaleyellowsolid. 'HNMR (400MHz, DMSO-d6) 5 2.65 

(3H, s), 2.82 (3H, d), 7.75 (1H, d), 8.17 (1H, d), 8.57 

8.76 (1H, in); m/z (ES~) [M+HJ~ 229.  

Intermediate 44 tert-butyl 4-(2-methyl-6

(methylcarbamoyl)pyridin-3-yl)piperazine-1-carboxylate 

5-bromo-N,6-dimethylpicolinamide (Intermediate43, 1. 0 

4.37nol) was addedtotert-butylpiperazine-1

carboxylate (0.894 g, 4.80mmol), BINAP (0.272 g, 0.44 

mmol), Pd(OAc)2 (0.098 §1~ 0.44mmol) andCs2CO3 (3.56 

10.91nol) intoluene (20mL) undernitrogen. The 

resultingmixturewas stirredat 80 0 Cfor 16hours. The 

solventwas removedunder reducedpressure. The crude 

productwaspurifiedbyreversephase chromatography, 

elutiongradient 5to 30%MeOHinwater (0.4%HCO2H).  

Pure fractionswereevaporatedtodryness toaffordtert

butyl 4-(2-methyl-6-(methylcarbamoyl)pyridin-3

as brown solid. 'HNMR (300MHz, CD3OD) 5 1.50 (9H, 

2.58 (3H, s), 2.92 - 3.00 (7H, in), 3.62 (4H, in), 7.50 

(iR, d), 7.88 (iR, d)F m/z (ES~) EM+H~ 335.  

Intermediate 45: N, 6-dimethyl-5- (piperazin-1

y1)p1 colinamide 

tert-butyl 4-(2-methyl-tB-(methylcarbamoyl)pyridin-3

yl)piperazine-1-czarboxylate (Intermediate44, 1.18 g 

3.53rnrnol) was addedtoa 4MsolutionofHCl inthe 1,4

dioxane (10mL, 329.15nol). The resultingmixturewas 

yl)piperazine-1-carboxylate (Intermediate44, 1.2 g, 82%)
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stirredat roomtemperature for 1 hour. Theprecipitate 

was collectedbyfiltration, washedwithpetroleumether 

(5mLx2), Et2O (5mLx2), anddriedundervacuumto 

affordN,6-dimethyl-5-(piperazin-1-yl)picolinamide 

(Intermediate45, 0.77 g, 81%) as anyellowsolid. 'HNMR 

(300MHz, CD3OD) 5 2.86 (3H, s), 3.02 (3H, s), 3.42 

3.54 (SH, in), 8.29 (2H, d); m/z (ES~) EMH-Efl~ 235.  

Synthesis Example .13: 5-[4-[ (2-ethyl-3-oxo-4H-quinoxalin

N 

6-yl)methyl]piperazin-1-yl]-N, 6-dimethyl-pyridine-2

carboxamide 

H 
0 N 

N N 
-"N H 

0 

7-(bromomethyl)-3-ethylquinoxalin-2(iR)-one (Intermediate 

30, 100rug, 0.37rumol) was addedtoN,6-dimethyl-5

0.33rumol) andDIPEA (0.36mL, 2.05mmol) inNMP (2mL).  

The resultingmixturewas stirredat 80 0C for 2 hours.  

The solventwas removedunder reducedpressure. The crude 

productwaspurifiedbypreparativeHPLC (Column: XBridge 

PrepOBD018 Column 30 x150n, 5um; MobilePhaseA: 

Water (10MMOL/LNH4 HCO3 ), MobilePhase . ACN; Flow 

rate: 60mL/min; Gradient: 30%Bto 40%B in7mlix; 254, 

220 nm; RT 6.43mm) Fractions containingthe desired 

compoundwereevaporatedtodrynesstoafford 

ethyl-3-oxo-4H-quinoxalin-6-yl)methyljpiperazin-1-ylJ

(piperazin-1-yl)picolinamide (Intermediate45, 90rug,
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N,6-dimethyl-pyridine-2-carboxamide (Synthesis Example 

13, 68.7 rug, 43.6%) as an off-white solid. 'H NMR (400 

MHz, CD3OD) 5 1.33 (3H, t), 2.55 (3H, s), 2.71 (4H, 

2.87 - 2.99 (5H, in), 3.05 (4H, t), 3.73 (2H, s), 7.35 

(1H, s), 7.38 (1H, d), 7.49 (1H, d), 7.77 (1H, d), 7.87 

(iR, d); m/z (ES+) EMH-HJ~ 421.  

CI HNTh CI HNTh CI 

________ _________ Kr~N 
__________ Kqu~-N 

H K 
0 0 0 

Intermediate46 Intermediate47 Intermediate48 

H 
0 N N% CI 

_____________ N N 
N K AN H 

0 

Example14 

Intermediate 47 methyl 6-chloro-5- N 

yl)picolinate 

Piperazine (1.0 g, 11.61rumol) was addedtomethyl 6

chloro-5-fluoropicolinate (Intermediate46, 1.0 g, 5.28 

rumol) inMeCN (30mL). The resultingmixturewas stirred 

at 80 00 for 18 hours. The solventwas removedunder 

reducedpressure. The crudeproductwaspurifiedby 

reversephase chromatography, elution gradient 5to 60% 

MeCNinwater (0.1%NH4HCO3 ). Pure fractionswere 

evaporatedtodrynesstoaffordmethyl 6-chloro-5

(piperazin-1-yl)picolinate (Intermediate47, 1.28 g, 95%) 

(piperazin-1-
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as a redoil. 'HNMR (400MHz, DMSO-d6) 5 2.81 - 2.91 

(4H, in), 3.04 - 3.08 (4H, in), 3.85 (3H, s), 7.61 (1H, d) 

8.00 (1H, d) (NHproton isnot F m/z (ES~) [M+HJ~ 

256.  

Intermediate 48: 6-chloro-N-methyl-5- (piperazin-1

y1)p1 colinamide 

A2Msolutionofmethylamine inTHE' (40mL, 80.00nol) 

was addedtomethyl 6-chloro-5-(piperazin-1-yl)picolinate 

(Intermediate 47, 1.26g, 4.93rumol). The resulting 

mixturewas stirredat SO 00 for 18 hours. The solvent 

was removedunder reducedpressure. The crudeproductwas 

purifiedbyreversephase chromatography, elution 

gradient 5to 60%MeCNinwater (0.1%NH4 HCO3 ). Pure 

fractionswereevaporatedtodryness toafford 6-chioro

N-methyl-5-(piperazin-1-yl)picolinamide (Intermediate48 

1.12 g, 89%) as apaleyellowoil. 'HNMR (300MHz, DMSO

in), 7.63 (iR, d), 7.94 (iR, d), 8.45 (iR, q) (Piperazine

NHproton isnot shown); m/z (ES~) [M+HJ~ 255.  

14 

Synthesis Example . 6-chloro-5-[4-[ (2-ethyl-3-oxo-4H

quinoxalin-6-yl)methyl]piperazin-1-yl]-N-methyl-pyridine

2-carboxamide 

H 
0 N N CI 

N KN ZN H 

0 

d6) 5 2.79 (3H, d), 2.85 - 2.89 (4H, it), 2.97 - 3.02 (4H,
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7-(bromomethyl)-3-ethylquinoxalin-2(1H)-one (Intermediate 

30, 200rug, 0.75rumol) was addedto 6-chloro-N-methyl-5

(piperazin-1-yl)picolinamide (Intermediate48, 100rug, 

0.39rumol) andDIPEA (0.358ruL, 2.05nol) inNMP (2ruL).  

The resultingmixturewas stirredat 80 0C for 2 hours.  

The solventwas removedunder reducedpressure. The crude 

productwaspurifiedbypreparativeHPLC (Column: XBridge 

PrepOBD018 Column 30x150n5um; MobilePhaseA: Water 

(10MMOL/LNH4 HCO3 ), MobilePhase . ACN; Flowrate: 60 

mL/min; Gradient: 30%Bto 40%B in Smm; 254; 220 nm; 

RT 7.3mm) Fractions containingthedesiredcompound 

wereevaporatedtodrynesstoafford 6-chloro-5-E4-E(2

ethyl-3-oxo-4H-quinoxalin-6-yl)methyljpiperazin-1-ylJ-N

methyl-pyridine-2-carboxamide (SynthesisExample14, 52.6 

mg, 30.4%) as white solid. 'HNMR (400MHz, CD3OD) 5 

1.33 (3H, t), 2.71 (4H, s), 2.87 - 2.96 (5H, in), 3.23 

(4H, s), 3.73 (2H, s), 7.33 - 7.41 (2H, in), 7.62 (1H, d) 

H H 
H2N Br 0 N Br 0 N 

N + F N 

~K F N Br 
F F 

F F 

Intermediate49 Intermediate50 Intermediate51 

H 0 H 
0 N N 

__ OH__ 
F N Pr F N N 
F FF 

F 
Intermediate52 Example15 FINN 

7.77 (iR, d), 8.00 (iR, d); m/z (ES~) [M+HJ~ 441.
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Intermediate 

50: r7~bromo~3~ (trifluoromethyl) quinoxalin

2 (IH) -one 

4-bromobenzene-1,2-diamine (Intermediate49, 0.9g, 4.81 

ramol) was addedtomethyl 3,3,3-trifluoro-2-oxopropanoate 

(0.9 g, 5.77rumol) intoluene (10mL). The resulting 

mixturewas stirredat 100 00 for minutes. The solvent 

was removedunder reducedpressure. The crudeproductwas 

purifiedbyflashsilica chromatography, elutiongradient 

ato 50%EtOAc inpetroleumether. Pure fractionswere 

evaporatedtodrynesstoaffordregioisomericmixture of 

7-bromo-3-(trifluoromethyl)quinoxalin-2(iR)-one and 6

bromo-3-(trifluoromethyl)quinoxalin-2(1H)-one 

(Intermediate50+Intermediate51, 1.28 g, 45.4%) as an 

off-white solid. Amixtureof regioisomerswere isolated 

andthe 'HNMRspectrumwas not interpreted; m/z (ES~) 

EM+HJ+ 295.  

N 

(trifluoromethyl) quinoxalin-2 (IH) -one 

Pd(Ph3P)4 (0.3 g, 0.26rumol) was addedtoamixtureof 7

bromo-3-(trifluoromethyl)quinoxalin-2(iR)-oneand 6

bromo-3-(trifluoromethyl)quinoxalin-2(1H)-one 

(Intermediate50+Intermediate51, 1.2 g, 2.05nol) and 

(tributylstannyl)methanol (1.2 g, 3.74rumol) in 1,4

dioxane (40mL). The resultingmixturewas stirredat 

100 oc for 18 hoursundernitrogen. The solventwas 

removedunder reducedpressure. The crudeproductwas 

purifiedbyreversephase chromatography, elution 

Intermediate 52: 7- hydroxymethyll) -3-
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gradient 5to 50%MeONinwater (0.1% HCO2H). Pure 

fractionswereevaporatedtodryness toafford7

(hydroxymethyl)-3-(trifluoromethyl)quinoxalin-2(1H)-one 

(Intermediate52, 0.32 g, 64.0%) asanoff-white solid.  

'HNMR (300MHz, DMSO-d6,) 5 4.63 (2H, d), 5.52 (iR, 

7.30 (iR, dd), 7.38 (iR, d), 7.83 (iR, d), 13.05 (iR, 

m/z (ES~) EM+H~ 245.  

Synthesis Example .15: N-methyl-5-[4-[[3-oxo-2

N 

(trifluoromethyl) -4H-quinoxalin-6-yl]methyl]piperazin-1

y1]pyridine-2- carboxamide 

H 
0 N 

F N. K-N 
F 

F 

HNN 

Asolutionof 33%HBr inAcOR (3mL, 18.23nol) was 

addedto 7-(hydroxymethyl)-3-(trifluoromethyl)quinoxalin

resultingmixturewas stirredat SO 0 Cfor 1hour. The 

solventwas removedunder reducedpressure. DIEA (0.5mL 

2.86rnmol) andN-methyl-5-(piperazin-1-yl)picolinamide 

(Intermediate 13, 100mg, 0.45ramol) wereaddedtothe 

abovemixture inNMP (3mL). The resultingmixturewas 

stirredat 80 0C for 1 hour. The solventwas removed 

under reducedpressure. The crudeproductwaspurifiedby 

preparativeHPLC (Column: XBridgePrepOBD CiS Column, 30 

x 150mmSum; MobilePhase . Water (10MMOL/LNH 4 HCO3 ), 

MobilePhaseB: ACN; Flowrate: 60mL/min; Gradient: 22 B 

2(1H)-one (Intermediate52, 111mg, 0.45ramol). The
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254 

to 32 B in 7mm; F 220 nm; RT: 5.77. Fractions 

containingthe desiredcompoundwere evaporatedto 

dryness toaffordN-methyl-5-[4-[[3-oxo-2

(trifluoromethyl)-4H-quinoxalin-6-yljmethyljpiperazin-1

yljpyridine-2-carboxamide (SynthesisExample 15, 44.0 mg, 

21.71%) as white solid. 'HNMR (400MHz, DMSO-d6) 5 

2.55 - 2.62 (in, 4H), 2.78 (d, 3H), 3.34 - 3.38 (t, 4H), 

3.69 (s, 2H), 7.34 - 7.44 (in, 3H), 7.80- 7.91 (in, 2H), 

8.27 (d, iR), 8.36 - 8.41 (in, iR), 12.97 (s, iR); '9 FNMR 

(376MHz, DMSO-d6) 5 -68.36; rn/z (ES~) [M+HJ~ 447.  

H 

H 0 N 
0 N Nr~ CI OH F N N 

F ~ FF 
N 

F 
HNN 

Intermediate52 Example16 

N 

(trifluoromethyl) -4H-quinoxalin-6-yl]methyl]piperazin-1

y1]pyridine-2- carboxamide 

H 
0 N Nt 

F N 
F 

F 

HNN 

339~ HBr inAcOH (3mL, 18.23rnmol) was addedto 7

(hydroxymethyl)-3-(trifluoromethyl)quinoxalin-2(1H)-one 

(Intermediate52, 43.1 mg, 0.18 rnmol). The resulting 

mixturewas stirredat SO 00 for 1 hour. The solventwas 

Synthesis Example .16: 6-chloro-N-methyl-5-[4-[[3-oxo-2-
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removedunder reducedpressure. DIPEA (0.5mL, 2>36nol) 

and 6-chloro-N-methyl-5-(piperazin-1-yl)picolinamide 

(Intermediate 48, 45mg, 0.18rnmol) was addedtothe 

abovemixture inNMP (5mL). The resultingmixturewas 

stirredat SO 0C for 1 hour. The solventwas removed 

under reducedpressure. The crudeproductwaspurifiedby 

preparativeHPLC (Column: XBridgePrepOBD CiS Column, 30 

X 150nSum; MobilePhase . Water (10MMOL/LNH 4 HCO3 ), 

MobilePhaseB: ACN; Flowrate: 60mL/min; Gradient: 10 B 

to 50 B in 7 mm; F 220 nm; RT: 6.75. Fractions 

containingthedesiredcompoundwere evaporatedto 

drynesstoafford 6-chloro-N-methyl-5-E4-EE3-oxo-2

(trifluoromethyl)-4H-quinoxalin-6-yljmethyljpiperazin-1

yljpyridine-2-carboxamide (SynthesisExample 16, 22.00 

mg, 25.9%) as anoff-white solid. 'HNMR (400MHz, DMSO

d6) 5 2.56 - 2.64 (s, 4H), 2.79 (d, 3H), 3.09 - 3.17 (it, 

4H), 3.71 (s, 2H), 7.36- 7.42 (in, 2H), 7.67 (d, 1H), 

(s, . '9 FMAR (376MHz, DMSO) 5 -68.41; rrt/z (ES+) 
iR), 

[MH-HJ~ 481.  

H 
H 0 N F 

0 N OH F N 1 
N 

F 
N FE 

F 
F 

HNN 
Intermediate52 Example17 

7.88 (d, iR), 7.94 (d, iR), 8.39- 8.44 (in, iR), 12.89
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Synthesis Example .17: 6-fluoro-N-methyl-5-[4-[[3-oxo-2

N 

(trifluoromethyl) -4H-quinoxalin-6-yl]methyl]piperazin-1

y1]pyridine-2- carboxamide 

H 
0 N N F 

F N 
F 

F 

HNN 

339~ HBr inAcOR (3mL, 55.25nol) wasaddedto 7

(hydroxymethyl)-3-(trifluoromethyl)quinoxalin-2(iR)-one 

(Intermediate52, 102rug, 0.42rnrnol). The resulting 

mixturewas stirredat SO 00 for 1 hour. The solventwas 

removedunder reducedpressure. 6-fluoro-N-methyl-5

(piperazin-1-yl)picolinamide (Intermediate23, 100mg, 

0.42 rnmol) andDIPEA (0.5mL, 2.86rnmol) wasaddedtothe 

abovemixture inNMP (5mL). The resultingmixturewas 

stirredat SO 00 for 1 hour. The solventwas removed 

under reducedpressure. The crudeproductwaspurifiedby 

x 150ramSum; MobilePhase . Water (10MMOL/LNH4HCO3), 

MobilePhaseB: ACN; Flowrate: 60mL/min; Gradient: 15B 

to 40 B in Smm; F 220 nm; RT: 7.2. Fractions 

containingthedesiredcompoundwere evaporatedto 

drynesstoafford 6-fluoro-N-methyl-5-E4-EE3-oxo-2

(trifluoromethyl)-4H-quinoxalin-6-yljmethyljpiperazin-1

yljpyridine-2-carboxamide (SynthesisExample 17, 66.0mg, 

33.9%) as white solid. 'HNMR (400MHz, DMSO-d6) 5 2.55 

- 2.69 (in, 4H), 2.77 (d, 3H), 3.15 - 3.23 (in, 4H), 3.69 

(s, 2H), 7.33 - 7.46 (in, 2H), 7.58 (dd, iR), 7.73 - 7.93 

preparativeHPLC (Column: XBridgePrepOBD 018 Column, 30
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(in, 2H), 8.37 - 8.42 (in, iR), 12.99 (s, iR); '9 FNMR (376 

MHz, DMSO-d6) 5 -68.36,-72.52; (ES~) EM+HJ~ 465.  

0 

02N 0~t H 
N 0 

OH Os- HN 
NH2  NH2HOI A N 

H 
0 

Intermediate53 Intermediate54 Intermediate55 Intermediate56 

0 H H 
N 

*5 o~4W *5 _______________ Br 

N N 

Intermediate57 Intermediate58 Intermediate59 

H 
0 N 

_______ N 
N 

INN 
-*4, 0 

HNN 

Example18 

Intermediate 54: methyl 2-aminopentanoate hydrochloride 

sod2 (17 mL, 232.94nol) was addeddropwiseto 2

aminopentanoicacid (Intermediate53, 10.0 g, 85.36nol) 

stirredat roomtemperature for 18 hours. The solventwas 

removedunder reducedpressuretoaffordmethyl 2

aminopentanoatehydrochloride (Intermediate54, 15.78 g 

110%) as white solid. 'HNMR (DMSO-d6, 400MHz) 5 0.88 

(3H, t), 1.19- 1.51 (2H, in), 1.67 - 1.83 (2H, in), 3.74 

(3H, s), 3.89- 3.93 (1H, in), 8.64 (3H, s); m/z (ES+) 

[M+HJ+ 132.  

Intermediate 55: methyl 4- (1-methoxy-1-oxopentan-2

ylamino) -3-nitrobenzoate 

inMeOR (200mL) at 0 00 The resultingmixturewas
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Sodiumbicarbonate (20.0 g, 238.08nol) wasaddedto 

methyl 2-aminopentanoatehydrochloride (Intermediate54, 

15.57 g, 92.88rumol) andmethyl 4-fluoro-3-nitrobenzoate 

(9.0 §I~ 45.19mmol) inTHE' (160mL). The resulting 

mixturewas stirredat roomtemperature for 18 hours. The 

solventwas removedunder reducedpressure. The reaction 

mixturewas dilutedwithEtOAc (150mL), andwashed 

sequentiallywithwater (100mLx1), saturatedNaHCO3 

(100mLx1) andsaturatedbrine (100mLx 1). The 

organic layerwas driedoverNa2SO4, filteredand 

evaporatedtoaffordmethyl 4-(1-methoxy-1-oxopentan-2

ylamino)-3-nitrobenzoate (Intermediate55, 14.09g, 100%) 

as ayellowoil. 'HNMR (400MHz, DMSO-d6) 5 0.89 (3H, 

t), 1.26- 1.41 (2H, in), 1.84 - 1.94 (2H, in), 3.73 (3H, 

s), 3.83 (3H, s), 4.68 - 4.75 (1H, in), 7.12 (1H, d), 8.00 

(iR, d), S. 60 (iR, d), S. 63 (iR, d); m/z (ES+) EM+HJ~ 

Intermediate 56: methyl 3-oxo-2-propyl-1,2, 3, 4

tetrahydroquinoxalThe-6-carboxylate 

Pd(OH)2 /C (20%wt, 1.58 g, 2.25nol) was addedtomethyl 

4-((1-methoxy-1-oxopentan-2-yl)amino)-3-nitrobenzoate 

(Intermediate55, 14.05 g, 45.28nol) inMeOR (300mL) 

The resultingmixturewas stirredat roomtemperature 

underH2 for 30 hours. The reactionmixturewas filtered.  

TheprecipitatewaswashedwithDMF (100mL) andthe 

filtratewas evaporatedtodrynessto affordcrude 

product. The crudeproductwaswashedwithDOM (10mL) 

311.
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anddriedundervacuumtoaffordmethyl 3-oxo-2-propyl

1,2,3,4-tetrahydroquinoxaline-6-carboxylate (Intermediate 

56, 9.12 g, 81%) as white solid. 'HNMR (400MHz, DMSO

d6) 5 0.87 (3H, t), 1.32 - 1.46 (2H, it), 1.57 - 1.64 (2H, 

in), 3.74 (3H, s), 3.88 - 3.93 (1H, in), 6.70 (1H, d), 6.83 

(iR, d), 7.32 (iR, d), 7.40 (iR, dd), 10.33 (iR, s); m/z 

(ES~) EM+H~ 249.  

Intermediate 57: methyl 3-oxo-2-propyl-3,4

dihydroquinoxalme-6-carboxylate 

DDQ (9.42 g, 41.50nol) was addedtomethyl 3-oxo-2

propyl-1,2,3,4-tetrahydroquinoxaline-6-carboxylate 

(Intermediate56, 9.12 g, 36.73rumol) in 1,4-dioxane (200 

mL) 0 The resultingmixturewas stirredat room 

temperature for 18 hours. The reactionmixturewas 

dilutedwithsaturatedNaHCO3 (200mL). The resulting 

mixturewas stirredat roomtemperature for 0.5 hour. The 

water (1000mL) anddriedundervacuumto affordmethyl 

3-oxo-2-propyl-3, 4-dihydroquinoxaline-6-carboxylate 

(Intermediate57, 7.86 g, 87%) as anoff-white solid. 'H 

NMR (400MHz, DMSO-d6) 5 0.98 (3H, t), 1.68 - 1.80 (2H, 

in), 2.75 - 2.83 (2H, in), 3.89 (3H, s), 7.73 - 7.35 (2H, 

in), 7.88 (1H, d), 12.45 (1H, s); m/z (ES~) EM+Efl~ 247.  

Intermediate58: 7-(hydroxymethyl) N 

-3-propylquinoxalin

2 (IH) -one 

precipitatewas collectedbyfiltration, washedwith
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A1MsolutionofDIBAL-HinTHE' (100mL, 100.00nol) 

was addeddropwisetomethyl 3-oxo-2-propyl-3,4

dihydroquinoxaline-6-carboxylate (Intermediate57, 7.81 

§I~ 31.71rumol) inTHE' (200mL) at 0 0C. The resulting 

mixturewas stirredat roomtemperature for 18 hours. The 

reactionmixturewas quenchedwithMeOR (5mL) and 

saturatedaqueousMonopotassiummonosodiumtartrate 

tetrahydrate solution (20mL), theorganic layerwas 

evaporatedtoafford7-(hydroxymethyl)-3

propylquinoxalin-2(1H)-one (Intermediate58, 1.2g 

17.34%) as white solid. 'HNMR (400MHz, DMSO-d6) 5 

0.97 (3H, t), 1.36- 1.77 (2H, in), 2.71 - 2.79 (2H, 

4.59 (2H, s), 5.39 (iR, s), 7.18 (iR, dd), 7.27 (1H, 

7.65 (iR, d), 12.30 (iR, s); m/z (ES~) EM+H~ 219.  

Intermediate59: 7-(bromomethyl) N 

-3-propylquinoxalin

2 (IH) -one 

(hydroxymethyl)-3-propylquinoxalin-2(iR)-one 

(Intermediate58, 300rug, 1.37ramol). The resulting 

mixturewas stirredat SO 0C for 1 hour. The solventwas 

removedunder reducedpressuretoafford7-(bromomethyl)

3-propylquinoxalin-2(1H)-one (Intermediate59, 600rug, 

155%) as brown solid (the crudeproductwasnotpure 

andcontainedAcOHandother impurities. Theproductwas 

usedinthenext stepwithout furtherpurification. The 

'HNMRspectrumwas not cleanandwas not interpreted; 

m/z (ES~) EM+Hfl+ 282.  

339~HBr inAczOH (74.6Rl' 1.37nol) was addedto 7-
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Synthesis Example .18: N-methyl-5-[4-[ (3-oxo-2-propyl-4H

N 

quinoxalin-6-yl)methyl]piperazin-1-yl]pyridine-2

carboxamide 

H 

0 N 

N K~-N 
HNN 

DIPEA (200 pL, 1.15rnmol) was addedto7-(bromomethyl)-3

propylquinoxalin-2(1H)-one (Intermediate59, 200rug, 0.71 

nol) andN-methyl-5-(piperazin-1-yl)picolinamide 

(Intermediate13, 80rug, 0.36rnmol) inNMP (3mL). The 

resultingmixturewas stirredat SO 00 for 1hour. The 

solventwas removedunder reducedpressure. The crude 

productwaspurifiedbypreparativeHPLC (Column: XBridge 

ShieldRP1S OBDColumn, 19x250n, lOum; MobilePhaseA: 

Water (10MMOL/LNH4 HCO3 , 0.1%NH3 .H2 0), MobilePhase 

mm; 254/ 220 nm; RT 6.20. Fractions containingthe 

desiredcompoundwereevaporatedtodrynessto affordN

methyl-5-E4-E(3-oxo-2-propyl-4H-quinoxalin-6

yl)methyljpiperazin-1-yljpyridine-2-carboxamide 

(SynthesisExample18, 71.0mg, 46.5%) as white solid.  

'HNMR (400MHzDMSO-d6 ) 5 0.97 (3H, t), 1.66 - 1.80 (2H, 

in), 2.55 - 2.61 (4H, in), 2.73 - 2.85 (5H, in), 3.33 - 3.40 

(4H, in), 3.62 (2H, s), 7.19- 7.31 (2H, in), 7.40 (iR, 

dd), 7.68 (1H, d), 7.83 (1H, d), 8.27 (1H, d), 8.35 

8.45 (iR, in), 12.26 (iR, s); m/z (ES+) EMH-HJ~ 421.  

ACN; Flowrate: 20mL/min; Gradient: 38Bto50 Bin 7
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H 

H 0 N N CI 
0 N B ____ N N 

HNN 

Intermediate59 Example19 

Synthesis Example .19: 6-chloro-N-methyl-5-[4-[ (3-oxo-2

propyl-4H-quinoxalin-6-yl)methyl]piperazin-1-ylipyridine

2-carboxamide 

H 
0 N Nt 

N N 
N 

HNN 

DIPEA (200 pL, 1.15rnmol) was addedto7-(bromomethyl)-3

propylquinoxalin-2(1H)-one (Intermediate59, 200 rug, 0.71 

rnrnol) and 6-chloro-N-methyl-5-(piperazin-1

NMP (3mL). The resultingmixturewas stirredat 80 

for 1 hour. The solventwas removedunder reduced 

pressure. The crudeproductwaspurifiedbypreparative 

HPLC (Column XBridge ShieldRP1S OBD Column, 19x250 
10 um; MobilePhaseA: Water 0 

(0.1~HCO2 H), Mobile 

Phase ACN; Flowrate: 20mL/min; Gradient: 18 Bto 30 

B in 7mm; 254/ 220 nm; RT: 5.93. Fractions containing 

thedesiredcompoundwereevaporatedtodryness toafford 

6-chloro-N-methyl-5-[4-[(3-oxo-2-propyl-4H-quinoxalin-6

yl)methyljpiperazin-1-yljpyridine-2-carboxamide 

yl)picolinamide (Intermediate 48, 80 rug, 0.31 rumol) in
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(SynthesisExample 19, 52.0rug, 36.4%) as white solid.  

'HNMR (400MHz, DMSO-d6) 5 0.97 (3H, t), 1.66 - 1.79 

(2H, in), 2.55 - 2.65 (4H, in), 2.71 - 2.85 (5H, in), 3.06 

3.12 (4H, in), 3.64 (2H, s), 7.20 - 7.32 (2H, in), 7.64 

7.72 (2H, in), 7.94 (1H, d), 8.40 - 8.50 (1H, in), 12.27 

(iR, s); m/z (ES~) EM+H~ 455.  

H 

H 0 N NTh F 
0 N Br ____ N N 

HNN 

Intermediate59 Example20 

Synthesis Example 20: 6-fluoro-N-methyl-5-[4-[ (3-oxo-2

propyl-4H-quinoxalin-6-yl)methyl]piperazin-1-ylipyridine

2-carboxamide 

H 
0 N 

F 
N N 

HNN 

DIPEA (500 R" 2.86rnmol) was addedto 7-(bromomethyl)-3

propylquinoxalin-2(1H)-one (Intermediate59, 200rug, 0.71 

ramol) and 6-fluoro-N-methyl-5-(piperazin-1

yl)picolinamide, 2 HOl (Intermediate23, 100rug, 0.32 

rumol) inNMP (3mL). The resultingmixturewas stirredat 

80 oc for 1 hour. The solventwas removedunder reduced 

pressure. The crudeproductwaspurifiedbypreparative 

HPLC (Column SunFire CiS OBDPrepColumn, 100 A,5 pm, 

19nx250n, MobilePhaseA: Water (0.1% HCO2H) 

NN
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Mobile Phase B: ACN; Flow rate: 25 mL/min; Gradient:1O B 

to 20 B in 13 mm; 254/ 220 nm; . 12.13. Fractions 

containingthe desired compoundwere evaporatedto 

dryness to afford 6-fluoro-N-methyl-5-E4-E(3-oxo-2

propyl-4H-quinoxalin-6-yl)methyljpiperazin-1-yljpyridine

2-carboxamide (SynthesisExample20, 71.0 mg, 50.4%) as a 

white solid. 'HNMR (400 MHz, DMSO-d6) 5 0.97 (3W 

1.66 - 1.78 (2H, in), 2.54 - 2.60 (4H, in), 2.71 - 2.83 

(5H, in), 3.14 - 3.25 (4H, in), 3.62 (2H, s), 7.19 - 7.33 

(2H, in), 7.57 (1H, dd), 7.68 (1H, d), 7.85 (1H, dd), 8.37 

- 5.43 (iR, in), 12.27 (iR, sh '9F NMR (376MHz, DMSO-d6 ) 

5 -72.51; (ES~) EM+H~ 439.  

HO 0 ~0 0 0 
_________ _________ 0~~ _________ 

NH2  NH2  N 
HOI H 

Intermediate60 Intermediate61 Intermediate62 

H H H 
0 N N N OH 

N N N 
H 

Intermediate63 Intermediate64 Intermediate65 

H 
0 N Nm F 

N K-.N H 

0 
Example21 

Intermediate 61: methyl 2-aminobutanoate hydrochloride 

SOd2 (17 mL, 232.94 nol) was addeddropwise to 2

aminobutanoic acid (Intermediate 60, 10.0 g, 96.97 nol) 

~tt
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inMeOR (100mL) at 0 00 The resultingmixturewas 

stirredat roomtemperature for 18 hours. The solventwas 

removedunder reducedpressuretoaffordmethyl 2

aminobutanoatehydrochloride (Intermediate 61, 14.84 

100%) as white solid. 'HNMR (400MHz, DMSO-d6) 5 0.91 

(3H, t), 1.75 - 1.95 (2H, in), 3.73 (3H, s), 3.93 (iR, t) 

8.72 (3H, s); m/z (ES~) EM+H~ 118.  

Intermediate 62: methyl 2-fluoro-4- (1-methoxy-1-oxobutan

2-ylamino) -5-nitrobenzoate 

DIPEA (4.02mL, 23.03nol) was addedtomethyl 2,4

difluoro-5-nitrobenzoate (1.0 g, 4.61mmol) andmethyl 2

aminobutanoatehydrochloride (Intermediate 61, 0.707 

4.61rumol) inNMP (10mL). The resultingmixturewas 

stirredat rt for hours. The crudeproductwaspurified 

byreversephase chromatography, elutiongradient 5to 

8O~&MeCNinwater (0.1%NH4 HCO3 ). Pure fractionswere 

methoxy-1-oxobutan-2-ylamino)-5-nitrobenzoate 

(Intermediate 62, 1.2 g, 83%) as black solid. 'HNMR 

(400MHz, DMSO-d6) 5 0.88 (3H, t), 1.78 - 2.03 (2H, it), 

3.75 (3H, s), 3.83 (3H, s), 4.73 - 4.80 (1H, in), 7.06 

(iR, d), 8.66- 8.72 (2H, in); m/z (ES~) EM+H~ 315.  

Intermediate 63: methyl 2-ethyl-7-fluoro-3-oxo-1,2, 3, 4

1:etrahydroquinoxalThe-6-carboxylate 

Methyl 2-fluoro-4-((1-methoxy-1-oxobutan-2-yl)amino)-5

nitrobenzoate (Intermediate 62, 1.15 g, 3.66nol) was 

evaporatedtodrynesstoaffordmethyl 2-fluoro-4-(1-
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addedto 20wtPd(OH)2 (500rug, 0.71nol) inMeGH (300 

mL) andethylacetate (50mL) underhydrogen. The 

resultingmixturewas stirredat roomtemperature for 3 

days. The reactiondidnot goto completion. The reaction 

mixturewas filtered. Theorganic layerwas evaporatedto 

affordcrudeproduct, methyl 2-ethyl-7-fluoro-3-oxo

1,2,3,4-tetrahydroquinoxaline-6-carboxylate (Intermediate 

63, 0.780 g, 85%), as abrowngum. The crudeproductwas 

usedinthenext stepdirectlywithout further 

purification. The crudeproductwasnot clean, andthe 

'HNMRspectrumwas not interpreted; m/z (ES~) 

253.  

Intermediate 64: methyl 2-ethyl- '7-fluoro-3-oxo-3, 4

dihydroquinoxalThe-6-carboxylate 

Methyl 2-ethyl-7-fluoro-3-oxo-1,2,3,4

tetrahydroquinoxaline-6-carboxylate (Intermediate63, 760 

DCM (20mL). The resultingmixturewas stirredat room 

temperature for 2 hours. The reactionwent completion 

The resultingmixturewas concentratedunderreduced 

pressuretoobtainabrown solid. AqNaHCO3 saturated 

solution (10mL) was addedtothe solidandstirredat 

roomtemperature for 1 hour. Theprecipitatewas filtered 

andrinsedwithadditionalaqNaHCO3 solution (10mLx 

5). The solidwas driedundervacuumtoaffordmethyl 2

ethyl-7-fluoro-3-oxo-3, 4-dihydroquinoxaline-6-carboxylate 

(Intermediate 64, 750mg, 99%) as brown solid. 'HNMR 

mg, 3.01nol) was addedtoDDQ (821mg, 3.62mmol) in
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(300MHz, DMSO-d6) 5 1.20 (3 H, t), 2.82 (2 H, q), 3.87 

(3H, s), 7.65 (1 H, d), 7.76 (1 H, d), 12.42 (1 H, 

m/z (ES~) [M+HJ~ 251.  

Intermediate 

65: 3-ethyl-6-fluoro-7

(hydroxymethyl) quinoxalin-2 (IH) -one 

A1Msolutionofdiisobutylaluminumhydride in THF 

(15.35mL, 15.35nol) was addedportionwisetomethyl 2

ethyl-7-fluoro-3-oxo-3, 4-dihydroquinoxaline-6-carboxylate 

(Intermediate64, 640rug, 2.56rnrnol) inTHF (300mL). The 

resultingmixturewas stirredat roomtemperature for 16 

hours. The reactionwentto completion. The reaction 

mixturewas quenchedwithsaturatedpotassiumsodium 

tartrateaqueous solution (20mL) andMeGH (10mL) at 

a0c.The resultingmixturewas stirredfor 1 hourat 

roomtemperature. The reactionmixturewas filteredand 

washedwithTHF (50mLx3). The organic layerwas 

crudeproductwaspurifiedbyreversephase 

chromatography, elutiongradient 5to 60%MeOHinwater 

(0.4%HCO2 H). Pure fractionswereevaporatedtodryness 

toafford3-ethyl-6-fluoro-7-(hydroxymethyl)quinoxalin

2(1H)-one (Intermediate65, 110mg, 19.37 ~&) as anoff

white solid. 'HNMR(400MHz, DMSO-d6 ) 5 1.21 (3H, t)F 

2.80 (2H, q), 4.63 (2H, d), 5.49 (1H, t), 7.41 (1H, 

7.49 (iR, d), 12.36 (iR, s); m/z (ES~) EM+H~ 223.  

evaporatedtodrynesstoaffordthe crudeproduct. The
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Synthesis Example 21. 5-[4-[ (2-ethyl-7-fluoro-3-oxo-4H

quinoxalin-6-yl)methyl]piperazin-1-yl]-6-fluoro-N-methyl

pyridine-2-carboxamide 

H 

0 N Nm F 

N H 

0 

3-ethyl-6-fluoro-7-(hydroxymethyl)quinoxalin-2(1H)-one 

(Intermediate 65, 50rug, 0.23rnmol) was addedto 33% HBr 

in theAcOH (2mL, 12.15rurnol). The resultingmixture 

was stirredat SO 00 for 2 hours. The reactionmixture 

was evaporatedundervacuumtoafford7-(bromomethyl)-3

ethyl-6-fluoroquinoxalin-2(iR)-one (crudeproduct). The 

productwasusedinthenext stepdirectlywithout 

furtherpurification. DIPEA (0.196mL, 1.13mmol) was 

addedto 7-(bromomethyl)-3-ethyl-6-fluoroquinoxalin

2(1H)-oneand 6-fluoro-N-methyl-5-(piperazin-1

NMP (2mL). The resultingmixturewas stirredat 80 

for 2 hours. The resultingmixturewaspurifiedby 

preparativeHPLC (Column: SunfireprepCiS column, 30 x 

150ruin, 5um; MobilePhase . Water (0.1% HCO2H), Mobile 

Phase ACN; Flowrate: 60mL/min; Gradient: 10 Bto 35 

B in Smm; 254/ 220 nm; RT: 7.37. Fractions containing 

thedesiredcompoundwereevaporatedtodryness toafford 

5-E4-E(2-ethyl-7-fluoro-3-oxo-4H-quinoxalin-6

yl)methyljpiperazin-1-ylJ-6-fluoro-N-methyl-pyridine-2

carboxamide (SynthesisExample21, 55.0mg, 53.7%) as an 

yl)picolinamide (Intermediate23, 70mg, 0.29rumol) in



WO2022/074617 PCT/1B2021/059232 
141 

off-white solid. 'HNMR(400MHz, DMSO-d6) 5 1.21 (3H, 

2.61 (4H, in), 2.73 - 2.85 (5H, in), 3.18 (4H, in), 3.68 

(2H, s), 7.38 (1H, d), 7.51 - 7.61 (2H, in), 7.84 (1H, 

dd), 8.13 (O.29H, s), 8.38 (iR, in), 12.29 (iR, s); 

NMR (376MHz, DMSO-d6) 5 -72.53, -124.31; rn/z (ES+) 

EM+HJ+ 443.  

GOOMe H H 0 N 0 N 
NH2  'K 'K 'K 

tech 

OH HOI N N N 
OHH OHH OH 

Intermediate66 Intermediate67 Intermediate68 Intermediate69 

H 

0 N OH 
'a F 'a 'KF 'SN 

I F F 
0 

Intermediate70 Intermediate71 Intermediate72 

H 
0 N Nt 

______________ F 'a 
N H 

F 
N 

0 
Example22 

oxobutan-2-ylamino) -3-nitrobenzoate 

DIPEA (8.77 mL, 50.22 rnmol) was addedtomethyl 4-fluoro

3-nitrobenzoate (2.0 g, 10.04rumol) andmethyl 2-amino-3

hydroxybutanoatehydrochloride (Intermediate66, 2.04 g 

12.05nol) inDMF (20mL). The resultingmixturewas 

stirredat rt for 16hours. The reactionmixturewas 

dilutedwithEtOAc (100mL), andwashedsequentiallywith 

saturatedaqueousNH4 Cl solution (100mLx 1), andbrine 

(100mLx 4). The organic layerwas driedoverNa2SO4, 

filteredandevaporatedtoafforddesiredproduct, methyl 

Intermediate 67: methyl 4-(3-hydroxy-1-methoxy-1-
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4-((3-hydroxy-1-methoxy-1-oxobutan-2-yl)amino)-3

nitrobenzoate (Intermediate 67, 2.9 g, 92%), asayellow 

solid. 'HNMR (400MHz, DMSO-d6) 5 1.15- 1.27 (3H, nfl, 

3.64 - 3.74 (3H, in), 3.83 (3H, s), 4.08 - 4.44 (iR, 

4.61 - 4.72 (1H, in), 5.39- 5.60 (1H, in), 7.03 - 7.15 

(iR, in), 7.90 - 8.03 (iR, in), 8.62 - 8.69 (iR, in), 8.73 

8.89 (1H, in); m/z (ES+) EMH-HJ~ 313.  

Intermediate 68: methyl 2- (1-hydroxyethyl) -3-oxo-1,2, 3, 4

tetrahydroquinoxalThe-6-carboxylate 

20% Pd(OH)2 /C (0.648 g, 0.92nol) was addedtomethyl 

4-((3-hydroxy-1-methoxy-1-oxobutan-2-yl)amino)-3

nitrobenzoate (Intermediate 67, 2.88 g, 9.22rnmol) in 

MeOR (300mL) underhydrogen. The resultingmixturewas 

stirredat roomtemperature for 16hours. The reaction 

wentto completion. The reactionmixturewas filtered 

throughcelite. Theorganic layerwas evaporatedto 

tetrahydroquinoxaline-6-carboxylate (Intermediate68, 

2.290 g, 99%) as agreysolid. 'HNMR (400MHz, DMSO-d6 ) 

5 1.07 (3H, ni), 2.81 (iR, d), 3.72 (iR, it), 3.74 (3H, s)'F 

4.78 (1H, d), 6.70 - 6.86 (2H, in), 7.27 (1H, d), 7.37 

(iR, dd), 10.38 (iR, d); m/z (ES~) EM+H~ 251.  

Intermediate 69: methyl 2- (1-hydroxyethyl) -3-oxo-3, 4

dihydroquinoxalThe-6-carboxylate 

DDQ (2.265 g, 9.98rumol) was addedtomethyl 

hydroxyethyl)-3-oxo-1,2,3,4-tetrahydroquinoxaline-6

affordmethyl 2-(1-hydroxyethyl)-3-oxo-1,2,3,4-
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carboxylate (Intermediate 68, 2.27 g, 9.07nol) inDOM 

(100mL). The resultingmixturewas stirredat room 

temperature for 1 hour. The reactionwent completion.  

The reactionmixturewas concentratedunderreduced 

pressuretoobtainabrown solid. AqNaHCO3 saturated 

solution (100mL) was addedtothe solidandstirredat 

roomtemperature for 1 hour. Theprecipitatewas filtered 

andrinsedwithadditionalaqNaHCO3 solution (30mLx 

3). The solidwas driedundervacuumtoaffordmethyl 2

(1-hydroxyethyl)-3-oxo-3,4-dihydroquinoxaline-6

carboxylate (Intermediate 69, 2.24 g, 99%) as agrey 

solid. 'HNMR (400MHz, DMSO-d6) 5 1.40 (3H, d), 3.88 

(3H, s), 4.94 (iR, cj, 7.69 (iR, dd), 7.77 (iR, d), 7.90 

(iR, d) protonss aren't shown); m/z (ES~) 

249.  

Intermediate 70: methyl 2-acetyl-3-oxo-3,4

Dess-martinperiodinane (2.56g, 6.04mmol) was addedto 

methyl 2-(1-hydroxyethyl)-3-oxo-3,4-dihydroquinoxaline-6

carboxylate (Intermediate 69, 1.0 g, 4.03nol) inDOM 

(30niL). The resultingmixturewas stirredat room 

temperature for hours. The reactionmixturewas 

evaporatedtoaffordthe crudeproduct. The crudeproduct 

waspurifiedbyreversephase chromatography, elution 

gradient 5to 30%MeCNinwater (0.4% HCO2H). Pure 

fractionswereevaporatedtodryness toaffordmethyl 2

acetyl-3-oxo-3, 4-dihydroquinoxaline-6-carboxylate 

dihydroquinoxalme-6-carboxylate
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(Intermediate70, 0.62 g, 62.5%) as apaleyellowsolid.  

'HNMR (400MHz, DMSO-d6) 5 2.58 (3H, s), 3.91 (3H, 

7.84 (1H, dd), 7.91 - 8.03 (2H, in), 12.86 (1H, s); m/z 

(ES~) EM+H~ 247.  

Intermediate 71 methyl 2- (1, 1-difluoroethyl) -3-oxo-3, 4

dihydroquinoxalThe-6-carboxylate 

BAST (1.35mL, 7.31nol) was addedtomethyl 2-acetyl-3

oxo-3,4-dihydroquinoxaline-6-carboxylate (Intermediate 

70, 600rug, 2.44rurnol) inDCM (20mL). The resulting 

mixturewas stirredat roomtemperature for 16hours. The 

reactionmixturewas evaporatedtoaffordcrudeproduct.  

The crudeproductwaspurifiedbyreversephase 

chromatography, elutiongradient 5to 30%MeCNinwater 

(0.4%HCO2 H). Pure fractionswereevaporatedtodryness 

toaffordmethyl 2-(1,1-difluoroethyl)-3-oxo-3,4

dihydroquinoxaline-6-carboxylate (Intermediate71, 174 

DMSO-d6) 5 2.07 (3H, t), 3.91 (3H, s), 7.84 (iR, dd), 

7.92 - 7.99 (2H, in), 12.90 (1H, . '9 FNMR (376MHz, 

DMSO-d6) 5 -93.26; rn/z (ES~) EM+HJ~ 269.  

Intermediate 

. 3- (1, 1-difluoroethyl) -7

(hydroxymethyl) quinoxalin-2 (IH) -one 

Asolutionof 1Mdiisobutylaluminumhydride in THF (2.39 

mL, 2.39rumol) was addedtomethyl 2-(1,1-difluoroethyl)

3-oxo-3,4-dihydroquinoxaline-6-carboxylate (Intermediate 

71, 160ing, 0.60nol) inTHF (50mL) at O~'C. The 

mg, 26.6 %) as anoff-white solid. 'HNMR (400MHz,
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resultingmixturewas stirredat roomtemperature for 16 

hours. The reactionmixturewas quenchedwithsaturated 

potassiumsodiumtartrateaqueous solution (3mL) and 

MeOR (1mL) at 00C. The resultingmixturewas stirredfor 

1 hour. The reactionmixturewas filteredandwashedwith 

THF (10mLx3). Theorganic layerwasevaporatedto 

affordcrudeproduct, 3-(1,1-difluoroethyl)-7

(hydroxymethyl)quinoxalin-2(1H)-one (Intermediate72, 120 

mg, 84%). Theproductwasusedinthenext step directly 

without furtherpurification. 'HNMR (400MHz, DMSO-d6) 5 

2.06 (3H, t), 4.63 (2H, s), 5.47 (iR, s), 7.26 (iR, old), 

7.35 (1H, d), 7.78 (1H, d), 12.75 (1H, br s); m/z (ES+) 

[MH-HJ~ 241.  

Synthesis Example . 5-[4-[[2- (1, 1-difluoroethyl) -3-oxo

N N 

4H-quinoxalin-6-yl]methyl]piperazin-1-yl]-N-methyl

pyridine-2-carboxamide 

H 

F KN 
F H 

0 

3-(1,1-difluoroethyl)-7-(hydroxyrnethyl)quinoxalin-2(1H)

one (Intermediate 72, 60 mg, 0.25nol) was addedto 0 

HBr inaceticacid (2mL, 12.15nol). The resulting 

mixturewas stirredat 80 0C for 2 hours. The reaction 

mixturewas evaporatedundervacuumtoafford7

(bromomethyl)-3-(1,1-difluoroethyl)quinoxalin-2(1H)-one 

(crudeproduct). Theproductwasusedinthenext step 

0 N
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directlywithout furtherpurification. DIPEA (0.218mL, 

1.25rnmol) was addedto 7-(bromomethyl)-3-(1,1

difluoroethyl)quinoxalin-2(1H)-one (crudeproduct) andN

methyl-5-(piperazin-1-yl)piczolinamide (Intermediate13, 

60rug, 0.27rurnol) inNMP (3mL). The resultingmixture 

was stirredat SO 00 for 1 hour. The reactionmixturewas 

concentratedandpurifiedbypreparativeHPLC (Column0 

XBridge ShieldRP1S OBD Column, 30 x 150mm, 5um; Mobile 

Phase Water (0.05%NH 3 H2 O), MobilePhaseB: ACN; Flow 

rate: 60mL/min; Gradient: 13Bto 33 Bin 7mm; 254 

220 nm; RT 5.70. Fractions containingthe desired 

compoundwereevaporatedtodrynesstoafford 

(1,1-difluoroethyl)-3-oxo-4H-quinoxalin-6

yljmethyljpiperazin-1-ylJ-N-methyl-pyridine-2-carboxamide 

(SynthesisExample22, 47.8mg, 43.2%) as anyellow 

solid. 'HNMR (400MHz, DMSO-d6) 5 2.06 (3H, t), 2.52 

2.62 (4H, in), 2.78 (3H, d), 3.30 - 3.40 (4H, in), 3.67 

(iR, d), 8.34 - 8.42 (iR, in), 12.70 (iR, s); '9 FNMR (376 

MHz, DMSO-d6 ) 5 -92.74; rn/z (ES~) [M+HJ~ 443.  

COOMe H H 

N 0 N 

NH2  'K 

N N N 
F F HOI H H 

F F F F F F 
Intermediate73 Intermediate74 Intermediate75 Intermediate76 

H 
H H 0 N 

0 N OH 0 N Nm 

N w N N H 
N 

F F F F F F 
0 

Intermediate77 Intermediate78 Example23 

(2H, s), 7.32 - 7.42 (3H, in), 7.80 - 7.86 (2H, in), 8.27
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Intermediate 74 methyl 4- (4, 4-difluoro-1-methoxy-1

oxobutan-2-ylamino) -3-nitrobenzoate 

DIPEA (8.77mL, 50.22rnmol) was addedtomethyl 4-fluoro

3-nitrobenzoate (2.0 g, 10.04rumol) andmethyl 2-amino

4,4-difluorobutanoatehydrochloride (Intermediate73, 2.0 

g, 10.55nol) inDMF (20mL). The resultingmixturewas 

stirredat 40 0C for S hours. The reactionmixturewas 

dilutedwithEtOAc (100mL), andwashedsequentiallywith 

saturatedNH4 C1 (100mLx1), andbrine (100mLx4). The 

organic layerwas driedoverNa2SO4, filteredand 

evaporatedtoafforddesiredproduct, methyl 

difluoro-1-methoxy-1-oxobutan-2-yl)amino)-3-nitrobenzoate 

(Intermediate74, 2.5 g, 74.9%), asayellowsolid. 'H 

NMR (300MHz, DMSO-d6) 5 2.50 - 2.76 (2H, it), 3.71 (3H, 

s), 3.82 (3H, s), 4.95 (1H, q), 6.22 (1H, tt), 7.18 (1H, 

d), 7.99 (iR, dd), 8.63 (iR, d), 8.66 (iR, ci)F m/z (ES+) 

[MH-HJ~ 333.  

75: methyl 2- (2, 2-difluoroethyl) -3-oxo

1,2, 3, 4-tetrahydroquinoxaline-6-carboxylate 

20%Pd(OH)2 /C (0.465 g, 0.66nol) was addedtomethyl 4

((4,4-difluoro-1-methoxy-1-oxobutan-2-yl)amino)-3

nitrobenzoate (Intermediate74, 2.2 g, 6.62nol) inMeOR 

(300mL) underhydrogen. The resultingmixturewas 

stirredat roomtemperature for 16hours. Thereaction 

mixturewas filteredthroughcelite. The filtratewas 

evaporatedtoaffordmethyl 2-(2,2-difluoroethyl)-3-oxo

1,2,3,4-tetrahydroquinoxaline-6-carboxylate (Intermediate 

Intermediate
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75, 1.64 g, 92%) as ayellowsolid. 'HNMR (400MHz, 

DMSO-d6 ) 5 2.24 - 2.32 (2H, it), 3.76 (3H, s), 4.10 - 4.18 

(1H, in), 6.27 (1H, tt), 6.73 (1H, d), 6.89 (1H, s), 7.37 

(1H, d), 7.44 (1H, dd), 10.58 (1H, F m/z (ES~) 

271.  

Intermediate 76: methyl 2- (2,2-difluoroethyl) -3-oxo-3, 4

dihydroquinoxalThe-6-carboxylate 

DDQ (1.478 g, 6.51rumol) was addedtomethyl 2-(2,2

difluoroethyl)-3-oxo-1,2,3,4-tetrahydroquinoxaline-6

carboxylate (Intermediate 75, 1.6 g, 5.92nol) inDOM 

(100mL). The resultingmixturewas stirredat room 

temperature for hours. The resultingmixturewas 

removedunder reducedpressuretoobtainabrown solid.  

AqNaHCO3 saturatedsolution (100mL) was addedtothe 

solidandstirredat roomtemperature for 1 hour. The 

precipitatewas filteredandrinsedwithadditional 

vacuumtoaffordmethyl 2-(2,2-difluoroethyl)-3-oxo-3,4

dihydroquinoxaline-6-carboxylate (Intermediate 76, 1.58 

g, 99%) as anoff-white solid. 'HNMR (400MHz, DMSO-d6 ) 

3.46 (2H, td), 3.90 (31¾ s), 6.57 (iR, t), 7.79- 7.92 

(3H, in), 12.68 (1H, s); m/z (ES~) 

Intermediate 77 

. 3- (2, 2-difluoroethyl) -7

(hydroxymethyl) quinoxalin-2 (IH) -one 

A1Msolutionofdiisobutylaluminumhydride in THF 

(22.37mL, 22.37nol) was addedportionwisetomethyl 2

NaHCO3 solution (30mLx3).The solidwas driedunder
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(2, 2-difluoroethyl)-3-oxo-3, 4-dihydroquinoxaline-6

carboxylate (Intermediate76, 1.0 g, 3.73rnmol) inTHF 

(100mL) at 0 0C. The resultingmixturewas stirredat 

roomtemperature for 16hours. The reactionmixturewas 

quenchedwithsaturatedpotassiumsodiumtartrate aqueous 

solution (20mL) andMeOR (10mL) at 0 00 The resulting 

mixturewas stirredfor 1 hour. The reactionmixturewas 

filteredandwashedwithTHF (30mLx 3). Theorganic 

layerwas evaporatedtoafford3-(2,2-difluoroethyl)-7

(hydroxymethyl)quinoxalin-2(1H)-one (0.72 g, SO ~&) as a 

redsolid (crudeproduct). The crudeproductwaspurified 

byreversephase chromatography, elutiongradient 5to 

60%MeORinwater (0.4%HCO2 H). Pure fractionswere 

evaporatedtodrynesstoafford3-(2,2-difluoroethyl)-7

(hydroxymethyl)quinoxalin-2(1H)-one (Intermediate77, 500 

mg, 69.4%) as a redsolid. 'HNMR (300MHz, DMSO-d6) 5 

3.42 (2H, td), 4.61 (2H, s), 5.42 (1H, brs), 6.56 (1H 

(iR, s); m/z (ES+) EMH-HJ~ 241.  

Intermediate 78: 2-(2,2-difluoroeth1)-3-oxo-3,4

y 

dihydroquinoxalThe-6-carbaldehyde 

Dess-Martinperiodinane (530mg, 1.25mmol) was addedto 

3-(2,2-difluoroethyl)-7-(hydroxymethyl)quinoxalin-2(1H)

one (Intermediate77, 200mg, 0.83rnmol) inDCM (5mL).  

The resultingmixturewas stirredat roomtemperature for 

2 hours. The resultingmixturewas evaporatedtoafford 

crudeproduct. The crudeproductwaspurifiedbyreverse 

tt), 7.23 (iR, dd), 7.32 (iR, d), 7.71 (iR, d), 12.55
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phase chromatography, elutiongradient 5to 30%MeONin 

water (0.4%HCO2 H). Pure fractionswereevaporatedto 

drynesstoafford2-(2,2-difluoroethyl)-3-oxo-3,4

dihydroquinoxaline-6-carbaldehyde (Intermediate78, 160 

mg, 81%) as ayellowsolid. 'HNMR (400MHz, DMSO-d6) 5 

3.47 (2H, td), 6.58 (iR, tt), 7.77 - 7.85 (2H, in), 7.90 

7.98 (1H, in), 10.09 (1H, s), 12.79 (1H, s); m/z (ES~) 

[M+HJ+ 239.  

Synthesis Example 23: 5-[4-[[2- (2,2-difluoroethyl) -3-oxo

N N 

4H-quinoxalin-6-yl]methyl]piperazin-1-yl]-N-methyl

pyridine-2-carboxamide 

H 
0 N 

<I-,N 

H 

F F 
0 

Titaniumisopropoxide (65.6rug, 0.23ramol) was addedto 

carbaldehyde (Intermediate78, 55mg, 0.23rnmol) andN

methyl-5-(piperazin-1-yl)picolinamide (Intermediate13, 

60mg, 0.23rumol) inTHE' (2mL). The resultingmixture 

was stirredat roomtemperature for minutes. Sodium 

triacetoxyborohydride (196mg, 0.92mmol) wasadded. The 

resultingmixturewas stirredat roomtemperature for 1 

hour. The reactionmixturewas quenchedwithMeOH (0.1 

mL)0 The reactionmixturewas evaporatedtoaffordcrude 

productwhichwaspurifiedbypreparativeHPLC (Column: 

XBridge ShieldRP1S OBDColumn, 30 x 150n, 5um; Mobile 

2-(2,2-difluoroethyl)-3-oxo-3,4-dihydroquinoxaline-6-
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Phase Water (0.05%NH3 H2 O), MobilePhaseB: ACN; Flow 

rate: 60mL/min; Gradient: 13 Bto 33 Bin 7mm; 254 

220 nm; RT 5.70. Fractions containingthe desired 

compoundwere evaporatedtodryness toafford 

(2,2-difluoroethyl)-3-oxo-4H-quinoxalin-6

yljmethyljpiperazin-1-ylJ-N-methyl-pyridine-2-carboxamide 

(SynthesisExample23, 8.76mg, 8.57%) as ayellowsolid.  

'HNMR (400MHz, DMSO-d6) 5 2.56 (4H, nfl, 2.78 (3H, 

3.32 - 3.48 (ER, in), 3.64 (2H, s), 6.55 (iR, tt), 7.27 

7.33 (2H, in), 7.39 (1H, dd), 7.73 (1H, d), 7.83 (1H, 

8.26 (iR, d), 8.37 (iR, in), 12.49 (iR, s); '9 FNMR (376 

-114.29 

MHz, DMSO-d6) 5 F (ES~) EM+HJ~ 443.  

H 
H 0 N 

0 N F 

_________ NN ___ N N 

F F 
F F 

Synthesis Example . 5-[4-[[2- (2, 2-difluoroethyl) -3-oxo

N N 4H-quinoxalin-6-yl]methyl]piperazin-1-yl]-6-fluoro-N

me1:hyl-pyridine-2- carboxamide 

H 
0 N NTh F 

K-N NN H 

FF 
0 

Titaniumisopropoxide (59.7mg, 0.21 nol) was addedto 

2-(2,2-difluoroethyl)-3-oxo-3,4-dihydroquinoxaline-6

carbaldehyde (Intermediate78, 50mg, 0.21nol) and 6

Intermediate78 Example24
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fluoro-N-methyl-5-(piperazin-1-yl)picolinamide 

(Intermediate23, 50.0rug, 0.21ramol) inTHE' (2mL). The 

resultingmixturewas stirredat roomtemperature for2 

minutes. Sodiumtriacetoxyborohydride (178rug, 0.84nol) 

was added. The resultingmixturewas stirredat room 

temperature for 1 hour. The reactionwent completion.  

The reactionmixturewas quenchedwithMeGH (0.1mL). The 

reactionmixturewas evaporatedtoaffordcrudeproduct.  

The crudeproductwaspurifiedbypreparativeHPLC 

(Column* SunfireprepCiS column, 30 x150, 5urn; Mobile 

Phase Water (0.1%HCO2 H), MobilePhaseB: ACN; Flow 

rate: 60mL/min; Gradient: 2 Bto 27 Bin 7mm; 254/ 220 

nm; RT: 6.78. Fractions containingthedesiredcompound 

wereevaporatedtodrynesstoafford 

difluoroethyl)-3-oxo-4H-quinoxalin-6-yljmethyljpiperazin

1-ylJ-6-fluoro-N-methyl-pyridine-2-carboxamide (Synthesis 

Example24, 21.72mg, 22.13%) as ayellowsolid. 'HNMR 

3.14 - 3.22 (4H, in), 3.41 (2H, td), 3.64 (2H, s), 6.39 

6.71 (1H, in), 7.26- 7.33 (2H, in), 7.57 (1H, dd), 7.73 

(iR, d), 7.82 - 7.86 (iR, in), 8.13 (0.1614, s), 8.37 (iR, 

in), 12.49 (1H, s); '9 FNMR (376MHz, DMSO-d6) 5 -72.52, 

-114.29; m/z (ES~) EM+H~ 461.  

(400MHz, DMSO-d6) 5 2.54 - 2.61 (4H, it), 2.76 (3H,



WO2022/074617 PCT/1B2021/059232 
153 

GOOMe H 
0~v N -p 0 

NH2  p p p N.  

N 
F H H 

F F F 

Intermediate79 Intermediateso Intermediate81 Intermediate82 

H H H 
0 OH 0 N N 

~ mitt N. N KtN 
N H 

F F F 
0 

Intermediate83 Intermediate84 Example25 

Intermediate 80: methyl 4- (4-fluoro-1-methoxy-1-oxobutan

2-ylamino) -3-nitrobenzoate 

DIPEA (8.77mL, 50.22rnmol) was addedtomethyl 4-fluoro

3-nitrobenzoate (2.0 g, 10.04nol) andmethyl 2-amino-4

fluorobutanoatehydrochloride (Intermediate 79, 1.81 

10.55nol) inDMF (20mL). The resultingmixturewas 

stirredat 40 0C for S hours. The reactionmixturewas 

dilutedwithEtOAc (100mL), andwashedsequentiallywith 

saturatedNH4 Cl (100mLx1), andbrine (100mLx4). The 

organic layerwas driedoverNa2SO4, filteredand 

fluoro-1-methoxy-1-oxobutan-2-yl)amino)-3-nitrobenzoate 

(Intermediate 80, 2.5 g, 79%), as ayellowsolid. 'HNMR 

(300 MHz, DMSO-d6 ) 5 2.25- 2.35 (iR, it), 2.35- 2.45 

(1H, in), 3.71 (3H, s), 3.82 (3H, s), 4.36 - 4.58 (1H, m) 

4.56- 4.74 (iR, in), 4.84 (iR, q), 7.14 (iR, d), 7.99 

(1H, dd), S. 63 (1H, d), S. 67 (1H, d); m/z (ES+) EM+HJ+ 

315.  

Intermediate 81: methyl 2- (2-fluoroethyl) -3-oxo-1,2,3,4

tetrahydroquinoxalThe-6-carboxylate 

evaporatedtoafforddesiredproduct, methyl
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20% Pd(OH)2 /C (0.547 g, 0.78nol) was addedtomethyl 4

((4-fluoro-1-methoxy-1-oxobutan-2-yl)amino)-3

nitrobenzoate (Intermediate80, 2.45 g, 7.80rnmol) in 

MeOR (300mL) underhydrogen. The resultingmixturewas 

stirredat roomtemperature for 16hours. The reaction 

wentto completion. The reactionmixturewas filtered 

throughcelite. The filtratewas evaporatedtoafford 

methyl 2-(2-fluoroethyl)-3-oxo-1,2,3,4

tetrahydroquinoxaline-6-carboxylate (Intermediate81, 1. 9 

g, 979~) as agreysolid. 'HNMR (400MHz, DMSO-d6) 51.91 

- 2.19 (2H, in), 3.75 (3H, s), 4.03 (iR, in), 4.49 - 4.73 

(2H, in), 6.73 (1H, d), 6.91 (1H, d), 7.35 (1H, d), 7.42 

(iR, dd), 10.46 (iR, s); m/z (ES~) [M+HJ~ 253.  

Intermediate 82: methyl 2- (2-fluoroethyl) -3-oxo-3, 4

dihydroquinoxalme-6-carboxylate 

DDQ (1.83 g, 8.07rnmol) was addedtomethyl 

carboxylate (Intermediate81, 1.85 g, 7.33rnmol) inDCM 

(100mL). The resultingmixturewas stirredat room 

temperature for hours. The resultingmixturewas 

removedunder reducedpressuretoobtainabrown solid.  

Aq. NaHCO3 saturatedsolution (100mL) was addedtothe 

solidandstirredat roomtemperature for 1 hour. The 

precipitatewas filteredandrinsedwithadditional 

NaHCO3 solution (30mLx3). The solidwas driedunder 

vacuumtoaffordmethyl 2-(2-fluoroethyl)-3-oxo-3,4

dihydroquinoxaline-6-carboxylate (Intermediate82, 1. S 

fluoroethyl)-3-oxo-1,2,3,4-tetrahydroquinoxaline-6-
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98%) as agrey solid. 'HNMR (400MHz, DMSO-d6) 5 3.23 

(2H, dt), 3.89 (3H, s), 4.90 (2H, dt), 7.76 - 7.85 (2H, 

in), 7.88 (1H, d), 12.55 (1H, s); m/z (ES~) [M+HJ~ 251.  

Intermediate 

83: 3- (2-fluoroethyl) -7

(hydroxymethyl) quinoxalin-2 (IH) -one 

1Msolutionofdiisobutylaluminumhydride inTHF (15.99 

mL, 15.99nol) was addedportionwisetomethyl 

fluoroethyl)-3-oxo-3,4-dihydroquinoxaline-6-carboxylate 

(Intermediate 82, 1.0 g, 4.00rnmol) inTHF (100mL) at 

aoc The resultingmixturewas stirredat room 

temperature for 16hours. The reactionmixturewas 

quenchedwithsaturatedpotassiumsodiumtartrate aqueous 

solution (20mL) andMeOR (10mL) at 0 0C. The resulting 

mixturewas stirredfor 1 hour. The reactionmixturewas 

filteredandwashedwithTHF (30mLx 3). Theorganic 

layerwas evaporatedtoaffordcrudeproduct. The crude 

elutiongradient 5 to 60%MeORinwater (0.4%HCO2H).  

Pure fractionswereevaporatedtodryness toafford 

fluoroethyl)-7-(hydroxymethyl)quinoxalin-2(iR)-one 

(Intermediate 83, 0.49 g, 55.2%) as brown solid. 'HNMR 

(300 MHz, DMSO-d6) 5 3.20 (2H, dt), 4.60 (2H, d), 4.90 

(2H, dt), 5.41 (1H, t), 7.21 (1H, dd), 7.30 (1H, d), 7.68 

(1H, d), 12.42 (1H, s); m/z (ES+) [MH-HJ~ 223.  

Intermediate 

84: 2- (2-fluoroethyl) -3-oxo-3, 4

dihydroquinoxalme-6-carbaldehyde 

productwaspurifiedbyreversephase chromatography,
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Dess-Martinperiodinane (229rug, 0.54rumol) was addedto 

3-(2-fluoroethyl)-7-(hydroxymethyl)quinoxalin-2(1H)-one 

(Intermediate83, 100rug, 0.45rnmol) inDCM (3mL). The 

resultingmixturewas stirredat roomtemperature for2 

hours. The reactionmixturewas evaporatedtoafford 

crudeproduct. The crudeproductwaspurifiedbyreverse 

phase chromatography, elutiongradient 5to 30%MeCNin 

water (0.4%HCO2 H). Pure fractionswereevaporatedto 

drynesstoafford2-(2-fluoroethyl)-3-oxo-3,4

dihydroquinoxaline-6-carbaldehyde (Intermediate84, 93 

mg, 94%) as ayellowsolid. 'HNMR (300MHz, DMSO-d6) 5 

3.20 - 3.28 (2H, in), 4.90 (2H, dt), 7.74 - 7.80 (2H, 

7.91 (iR, d), 10.06 (iR, s), 12.66 (1H, s); m/z (ES+) 

EMH-HJ~ 221.  

Synthesis Example 25: 5-[4-[[2- (2-fluoroethyl) -3-oxo-4H

quinoxalin-6-yl]methyl]piperazin-1-yl]-N-methyl-pyridine

H 
0 N 

Nb KN 
N H 

F 
0 

Titaniumisopropoxide (64.5mg, 0.23nol) was addedto 

2-(2-fluoroethyl)-3-oxo-3,4-dihydroquinoxaline-6

carbaldehyde (Intermediate84, 50mg, 0.23ramol) andN

methyl-5-(piperazin-1-yl)picolinamide (Intermediate13, 

50.0mg, 0.23rumol) inTHF (3mL). The resultingmixture 

was stirredat roomtemperature for minutes. Sodium 

2-carboxamide



WO2022/074617 PCT/1B2021/059232 
157 

triacetoxyborohydride (192rug, 0.91mmol) wasadded. The 

resultingmixturewas stirredat roomtemperature for 2 

hours. Thiswas repeatedinanotherbatch, andtwo 

batcheswere combinedforthepurification. The combined 

reactionmixturewaspurifiedbypreparativeHPLC 

(Column* XBridgePrepOBD018 Column, 30 x 150mmSum, 

MobilePhaseA: Water (10MMOL/LNH4 HCO3 ), MobilePhase 

B: ACN; Flowrate: 60 mL/min; Gradient: 20 Bto 35 B in 7 

mm; 254/ 210 nm; RT 6.38. Fractions containingthe 

desiredcompoundwereevaporatedtodrynessto afford5

E4-EE2-(2-fluoroethyl)-3-oxo-4H-quinoxalin-6

yljmethyljpiperazin-1-ylJ-N-methyl-pyridine-2-carboxamide 

(SynthesisExample25, 4.83rug, 2.54%) as white solid.  

'HNMR (400MHz, DMSO-d6) 5 2.53 - 2.59 (4H, in), 2.78 

(3H, d), 3.17 (1H, t), 3.23 (1H, t), 3.32 - 3.38 (4H, m) 

3.63 (2H, s), 4.83 (iR, t), 4.95 (iR, t), 7.25 - 7.32 

(2H, in), 7.39 (1H, dd), 7.71 (1H, d), 7.83 (1H, d), 8.26 

DMSO-d6) 5 -217.70; rn/z (ES~) EM+HJ~ 425.  

H 0 H 

0 N N NTh F 

N ,t N K-N NN H 
F 

F 0 
Intermediate84 Example26 

Synthesis Example 26: 6-fluoro-5-[4-[[2- (2-fluoroethyl) 

N 

3-oxo-4H-quinoxalin-6-yl]methyl]piperazin-1-yl] -N-methyl

pyridine-2-carboxamide 

(iR, d), 8.37 (iR, d), 12.36 (iR, s). '9 FNMR (376MHz,
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H 
0 N F 

K~-N 
H 

F 
0 

Titaniumisopropoxide (90rug, 0.32rnmol) wasaddedto2

(2-fluoroethyl)-3-oxo-3,4-dihydroquinoxaline-6

carbaldehyde (Intermediate84, 70rug, 0.32ramol) and 6

fluoro-N-methyl-5-(piperazin-1-yl)picolinamide 

(Intermediate23, 76mg, 0.32ramol) inTHE' (3mL). The 

resultingmixturewas stirredat roomtemperature for2 

minutes. Sodiumtriacetoxyborohydride (269mg, 1.27nol) 

was added. The resultingmixturewas stirredat room 

temperature for 1 hour. The reactionmixturewas quenched 

withMeOR (0.1mL). The reactionmixturewasevaporated 

toaffordcrudeproduct. The crudeproductwaspurified 

bypreparativeHPLC (Column: XBridgePrepOBD018 Column, 

30 x 150n5um; MobilePhaseA: Water (10 MMOL/L 

Gradient: 28 Bto 35B in Smm; 254/ 210 nm; RT: 7 

Fractions containingthedesiredcompoundwere evaporated 

todrynesstoaffordcrudeproduct. The crudeproductwas 

furtherpurifiedbypreparativeHPLC . Select CSH 

0 OBD Column 5UwIbUn5um, n; NOD1I~ vnaseA: warer (0.10 

HCO2 H), MobilePhase . ACN; Flowrate: 60mL/min, 

Gradient: 5Bto 20 B in 7mm; 254; 220 nm; . 6.83.  

Fractions containingthedesiredcompoundwere evaporated 

todrynesstoafford 6-fluoro-5-[4-[[2-(2-fluoroethyl)-3

oxo-4H-quinoxalin-6-ylJmethyljpiperazin-1-ylJ-N-methyl

NH4HCO3), MobilePhaseB: ACN; Flowrate: 60mL/min,
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pyridine-2-carboxamide (Synthesis Example 26, 3.79 rug, 

2.65%) as a yellowsolid. 'HNMR (400MHz, DMSO-d6) 5 

2.55 - 2.60 (4H, in), 2.76 (3H, d), 3.14 - 3.25 (611, 

3.63 (2H, s), 4.89 (2H, dt), 7.24 - 7.31 (2H, in), 7.57 

(1H, dd), 7.70 (1H, d), 7.84 (1H, d), 8.24 (O.174H, 

8.38 (iR, d), 12.37 (iR, s); '9 FNMR (376MHz, DMSO-d6) 5 

-72.51, -217.71; (ES~) EM+H~ 443.  

0 H 0 
GOOMe o N o-r 

NH2 
N N 

F F H H F F F F F 
F F 

Intermediate85 Intermediate86 Intermediate87 

H 
H 0 H 0 N 
N 0 N OH Nm 

.L N ______________ NN N 
N N I H 

N 
FFF FFF F FF 

Intermediate88 Intermediate89 Example27 

Intermediate86:methI 3-nitro-4-(4,4,4-trifluoro-1y 

methoxy-1-oxobutan-2-ylamino)benzoate 

3-nitrobenzoate (2.0 g, 10.04rumol) andmethyl 2-amino

4,4,4-trifluorobutanoatehydrochloride (Intermediate85, 

2.2 g, 10.55rumol) inDMF (20mL). The resultingmixture 

was stirredat 50 0C for 10 hours. The reactionmixture 

was dilutedwithEtOAc (100mL), andwashedsequentially 

withsaturatedaqueousNH4 Cl (100ruLx1), andbrine (100 

mLx4). Theorganic layerwas driedoverNa2SO4, 

filteredandevaporatedtoafforddesiredproduct, methyl 

3-nitro-4-((4,4,4-trifluoro-1-methoxy-1-oxobutan-2

yl)amino)benzoate (Intermediate86, 3.0 g, 85%), as a 

DIPEA (8.77 ruL, 50.22 nol) was addedtomethyl 4-fluoro-
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yellowsolid. 'HNMR (400MHz, DMSO-d6) 5 2.99- 3.28 

(2H, in), 3.73 (3H, s), 3.84 (3H, s), 5.18 (1H, td), 7.28 

(1H, d), 8.01 (1H, dd), 8.65 (1H, d), 8.71 (1H, d); m/z 

(ES~) EM+H~ 351.  

Intermediate 

87: methyl 3-oxo-2- (2, 2, 2-trifluoroethyl) 

1,2, 3, 4-tetrahydroquinoxaline-6-carboxylate 

20%Pd(OH)2 /C (0.601 g, 0.86nol) was addedtomethyl 3

nitro-4-((4,4,4-trifluoro-1-methoxy-1-oxobutan-2

yl)amino)benzoate (Intermediate 86, 3.0 g, 8.57rumol) in 

MeOR (300mL) underhydrogen. The resultingmixturewas 

stirredat roomtemperature for 16hours. The reaction 

mixturewas filteredthroughcelite. The filtratewas 

evaporatedtodrynesstoaffordmethyl 3-oxo-2-(2,2,2

trifluoroethyl)-1,2,3,4-tetrahydroquinoxaline-6

carboxylate (Intermediate 87, 2.3 g, 93%) as anoff-white 

solid. 'HNMR (400MHz, DMSO-d6) 5 2.64 - 2.83 (2H, net), 

(iR, d), 7.37 (iR, d), 7.43 (iR, dd), 10.64 (iR, s); m/z 

(ES~) [M+HJ~ 289.  

Intermediate 88: methyl 3-oxo-2- (2,2,2-trifluoroethyl) 

N 

3, 4-dihydroquinoxaline-6-carboxylate 

DDQ (1.975 g, 8.70rnmol) was addedtomethyl 3-oxo-2

(2,2,2-trifluoroethyl)-1,2,3,4-tetrahydroquinoxaline-6

carboxylate (Intermediate 87, 2.28 g, 7.91nol) inDOM 

(100mL). The resultingmixturewas stirredat room 

temperature for hours. The resultingmixturewas 

3.76 (3H, s), 4.32 - 4.37 (iR, in), 6.78 (1H, d), 6.90
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removedunder reducedpressuretoobtainabrown solid.  

Aq. NaHCO3 saturatedsolution (100mL) was addedtothe 

solidandstirredat roomtemperature for 1 hour. The 

precipitatewas filteredandrinsedwithadditional 

NaHCO3 solution (30mLx3). The solidwas driedunder 

vacuumtoaffordmethyl 3-oxo-2-(2,2,2-trifluoroethyl)

3,4-dihydroquinoxaline-6-carboxylate (Intermediate88 

2.2 g, 97%) as brown solid. 'HNMR (400MHz, DMSO-d6) 5 

3.88 - 3.98 (5H, in), 7.81 (iR, dd), 7.86- 7.94 (2H, 

12.75 (1H, F m/z (ES~) [M+HJ~ 287.  

Intermediate 89: 7- hydroxymethyll) -3- (2,2,2

trifluoroethyl) quinoxalin-2 (IH) -one 

A1Msolutionofdiisobutylaluminumhydride in THF 

(20.96mL, 20.96rumol) was addedportionwisetomethyl 3

oxo-2-(2,2,2-trifluoroethyl)-3,4-dihydroquinoxaline-6

carboxylate (Intermediate88, 1.0 g, 3.49rnmol) inTHF 

roomtemperature for 16hours. The reactionmixturewas 

quenchedwithsaturatedpotassiumsodiumtartrate aqueous 

solution (20mL) andMeOR (10mL) at 0 0C. The resulting 

mixturewas stirredfor 1 hour.The reactionmixturewas 

filteredandwashedwithTHF (30mLx 3). Theorganic 

layerwas evaporatedtoaffordanoff-white solidthat 

waspurifiedbyflashsilica chromatography, elution 

gradient 5to 55%MeORinwater (0.4% HCO2H). Pure 

fractionswereevaporatedtodryness toafford7

(hydroxymethyl)-3-(2,2,2-trifluoroethyl)quinoxalin-2(iR)

(100mL) at 0 00 The resultingmixturewas stirredat
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one (Intermediate89, 650rug, 72.2 %) asayellowsolid.  

'HNMR (300MHz, DMSO-d6) 5 3.88 (2 H, q), 4.62 (2H, 

5.45 (1H, t), 7.24 (1H, dd), 7.33 (1H, d), 7.73 (1H, 

12.62 (iR, F m/z (ES~) EM+H~ 259.  

Synthesis Example 27: N-methyl-5-[4-[[3-oxo-2- (2,2,2

N N 

trifluoroethyl) -4H-quinoxalin-6-yl]methyl]piperazin-1

y1]pyridine-2- carboxamide 

H 
0 N N 

KN 
N H 

F FF 
0 

7-(hydroxymethyl)-3-(2,2,2-trifluoroethyl)quinoxalin

2(1H)-one (Intermediate89, 50rug, 0.19rnmol) was added 

to 339~HBr inAcOH (2mL, 12.15rumol). The resulting 

mixturewas stirredat SO 00 for 2 hours. The reaction 

mixturewas evaporatedundervacuumtoafford7

one (crudeproduct). Theproductwas usedinthenext 

stepdirectlywithout furtherpurification. DIPEA (0.169 

mL, 0.97rumol) was addedto 7-(bromomethyl)-3-(2,2,2

trifluoroethyl)quinoxalin-2(1H)-one (crudeproduct) and 

N-methyl-5-(piperazin-1-yl)picolinamide (Intermediate13 

50rug, 0.23rumol) inNMP (2mL) . The resultingmixture 

was stirredat SO 0C for 1 hour. The reactionmixturewas 

concentratedpurifiedbypreparativeHPLC (Column: 

SunfireprepCiS column, 30 x150, 5 urn; MobilePhase 

Water (0.1%HCO2 H), MobilePhaseB: ACN; Flowrate: 60 

(bromomethyl)-3-(2,2,2-trifluoroethyl)quinoxalin-2(1H)-
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mL/min; Gradient: 10 Bto 25B in 7mm; 254/ 220 nm; RT: 

6.57. Fractions containingthedesiredcompoundwere 

evaporatedtodrynesstoaffordN-methyl-5-[4-[[3-oxo-2

(2,2,2-trifluoroethyl)-4H-quinoxalin-6

yljmethyljpiperazin-1-yljpyridine-2-carboxamide 

(SynthesisExample27, 41.5mg, 46.6%) as anoff-white 

solid. 'HNMR (400MHz, DMSO-d6) 5 2.56 (4H, nfl, 2.78 

(3H, d), 3.35 (4H, in), 3.65 (2H, s), 3.88 (2H, q), 7.29 

7.42 (3H, in), 7.79 (2H, in), 8.25 - 8.30 (iR, in), 8.38 

(1H, m),12.6O (1H, br s); '9 FNMR (376MHz, DMSO-d6) 5 

61.53' m/z (ES~) EM+H~ 461.  

H 0 H 
0 N OH N N F 

'a _________ 'a K-N 
H 

FFF F F F 
0 

Intermediate89 Example28 

Synthesis Example 28: 6-fluoro-N-methyl-5-[4-[[3-oxo-2

N yl]methyl]piperazin-1-yl]pyridine-2-carboxamide 

H 
0 N N F 

KN 
N H 

F F 
F 

0 

7-(hydroxymethyl)-3-(2,2,2-trifluoroethyl)quinoxalin

2(1H)-one (Intermediate89, 60mg, 0.23ramol) was added 

to 33%HBr inAcOR (2mL, 12.15rumol). The resulting 

mixturewas stirredat 80 0C for 2 hours. The reaction 

mixturewas evaporatedundervacuumtoafford7

(2,2,,2-trifluoroethyl) -4H-quinoxalin-6-
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(bromomethyl)-3-(2,2,2-trifluoroethyl)quinoxalin-2(1H)

one (crudeproduct). Theproductwas usedinthenext 

stepdirectlywithout furtherpurification. DIPEA (0.203 

mL, 1.16rumol) was addedto 7-(bromomethyl)-3-(2,2,2

trifluoroethyl)quinoxalin-2(1H)-one (crudeproduct) and 

6-fluoro-N-methyl-5-(piperazin-1-yl)picolinamide 

(Intermediate23, 60rug, 0.25ramol) inNMP (2mL) . The 

resultingmixturewas stirredat SO 00 for hours. The 

resultingmixturewaspurifiedbypreparativeHPLC 

(Column* SunfireprepCiS column, 30 x150, Sum; Mobile 

Phase Water (0.1%HCO 2 H), MobilePhaseB: ACN; Flow 

rate: 60mL/min; Gradient: 12 Bto 30 Bin 7mm; 254/ 

220 nm; RT 6.25. Fractions containingthe desired 

compoundwereevaporatedtodrynesstoafford6-fluoro-N

methyl-5-E4-EE3-oxo-2-(2,2,2-trifluoroethyl)-4H

quinoxalin-6-yljmethyljpiperazin-1-yljpyridine-2

carboxamide (SynthesisExample28, 49.0mg, 43.3%) as an 

(4H, in), 2.76 (3H, d), 3.15 - 3.22 (4H, in), 3.65 (2H, s) 

3.88 (2H, q), 7.28 - 7.35 (2H, in), 7.57 (1H, dd), 7.76 

(iR, d), 7.84 (iR, dd), 8.17 (O.185H, s), 8.38 (iR, 

12.57 (1H, sh '9 FNMR (376MHz, DMSO-d6) 5 -61.54 

72.5> m/z (ES~) EM-4-H~ 479.  

Synthesis Example 29: 6- (difluoromethyl) -5-[4-[ (7-ethyl

6-oxo-5H-1, 5-naphthyridin-3-yl)methyl]piperazin-1-yl]-N

me1:hyl-pyridine-2- carboxamide 

off-white solid. 'HNMR (400MHz, DMSO-d6) 5 2.53 - 2.63
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HN~ 

F 0 

F HNN HN 

H Intermediate41 Nm 
0 N ______ N 

CI _________________ 

F 0 

F HNN 

Intermediate17 Example29 

DTPEA (330 Ri, 1.89rumol) was addedtoa stirredsolution 

of 7-(chioromethyl)-3-ethyl-i,5-naphthyridin-2(1H)-one, 

HCl (Intermediate17, 70mg, 0.27mmol), sodiumiodide 

(4.05rug, 0.03rumol) and 6-(difluoromethyl)-N-methyl-5

piperazin-1-yl-pyridine-2-carboxamide, 2HCl (Intermediate 

41,102rug, 0.30mmol) inacetonitrile (2.4mL) at 200 C 

andthe resultingsolutionwas stirredat 50 00 for 3 

hours. Solventwas removedundervacuumand50mLwater 

followedby3mL satNaHCO3was added. Mixturewas 

extractedwithethylacetate. After concentration, the 

resultingresiduewaspurifiedbyflashsilica 

Product fractionswere concentratedunder reduced 

pressuretodrynesstoafford 6-(difluoromethyl)-5-E4

E(7ethylGoxo5Hl,5-naphthyridin-3

yl)methyljpiperazin-1-ylJ-N-methyl-pyridine-2-carboxamide 

(SynthesisExample29, 52.0mg, 42 %) as apaleyellow 

solid. 'HNMR (500MHz, DMSO-d6) 1.19 (3H, t), 2.54 - 2.58 

(2H, in), 2.63 (4H, br s), 2.84 (3H, d), 3.03 (4H, br 

3.68 (2H, s), 7.14 (iR, t), 7.62 (iR, d), 7.76 (iR, 

7.86 (1H, d), 8.10 (1H, d), 8.32 - 8.45 (2H, in), 11.86 

(iR, s); m/z (ES~) EM+H~ 457.  

chromatography, elutiongradient 0 to 30%MeORinDOM.
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Synthesis Example 30: 5-[4-[ (7-ethyl-6-oxo-5H-1, 5

naphthyridin-3-yl)methyl]piperazin-1-yl]-N-methyl-6 

N N N N 

(trifiuoromethyl)pyridine-2-carboxamide 

HNt K-N 
F0 
F H 

F HNN 0 N 

H Intermediate38 
0 N 

CI __________________ 

0 

HN~ 

Intermediate17 Example30 

DIPEA (330 Ri, 1.89nol) was addedtoa stirredsolution 

of 7-(chioromethyl)-3-ethyl-i,5-naphthyridin-2(1H)-one, 

HCl (Intermediate17, 70rug, 0.27mmol), sodiumiodide 

(4.05mg, 0.03rumol) andN-methyl-5-piperazin-1-yl-6

(trifluoromethyl)pyridine-2-carboxamide, 2HCl 

(Intermediate38,107mg, 0.30nol) inacetonitrile (2.4 

mL) at 200 Candthe resultingsolutionwas stirredat 

50mLwater followedby3mL satNaHCO3was added.  

Mixturewas extractedwithethylacetate. After 

concentration, the resultingresiduewaspurifiedby 

30t 
flashsilica chromatography, elution gradient 0 to 0 

MeORinDOM. Product fractionswere concentratedunder 

reducedpressuretodrynesstoafford5-E4-E(7-ethyl-6

oxo-5H-1,5-naphthyridin-3-yl)methyljpiperazin-1-ylJ-N

methyl-tB (trifluoromethyl)pyridine-2-carboxamide 

(SynthesisExample30, 58.0mg, 45 ~&) as apaleyellow 

solid. 'HNMR (500MHz, DMSO-d6) 1.19 (3H, t), 2.54 - 2.62 

50 00 for hours. Solventwas removedundervacuumand
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(ER, in), 2.83 (3H, ci), 3.04 (4H, brt), 3.67 (2H, 

7.62 (1H, d), 7.75 (1H, s), 8.04 (1H, d), 8.19 (1H, 

8.31 - 8.48 (2H, in), 11.85 (1H, s); m/z (ES~) [M+HJ~ 

475.  

Synthesis Example 31: 5-[4-[ (7-ethyl-6-oxo-5H-1,5

naphthyridin-3-yl)methyl]piperazin-1-yl]-N, 6-dimethyl

pyridine-2-carboxamide 

HNt 

0 

HNN 0 HN H Intermediate45 N 
0 N 

Br _________________ 

0 

HN 

Intermediate14 Example31 
DIPEA (0.366mL, 2.10rumol) was addedtoa stirred 

solutionof 7-(bromomethyl)-3-ethyl-i,5-naphthyridin

2(1H)-one (Intermediate14, 80rug, 0.30nol) andN,6

dimethyl-5-piperazin-1-yl-pyridine-2-carboxamide, 2HCl 

mL) at 200 Candthe resultingsolutionwas stirredat 

70 oc for hours. Solventwas removedundervaccumand 

50mLwater followedby3mL satNaHCO3was added.  

Mixturewas extractedwithethylacetate. After 

concentration, the resultingresiduewaspurifiedby 

30t 
flashsilica chromatography, elution gradient 0 to 0 

MeOHinDCM. Product fractionswere concentratedunder 

reducedpressuretodrynesstoafford5-E4-E(7-ethyl-6

oxo-5H-1,5-naphthyridin-3-yl)methyljpiperazin-1-ylJ-N,6

dimethyl-pyridine-2-carboxamide (SynthesisExample31 

(Intermediate45, 101rug, 0.33rumol) inacetonitrile (2
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36.0rug, 29 9~) as apaleyellowsolid. 'HNMR (500MHz, 

DMSO-d6) 1.19 (3H, t), 2.50 (3H, s), 2.54 - 2.57 (2H, 

2.57 - 2.64 (4H, in), 2.81 (3H, d), 2.96 (4H, br s), 3.68 

(2H, s), 7.49 (iR, d), 7.63 (iR, d), 7.76 (iR, s), 7.80 

(1H, d), 8.35 - 8.47 (2H, in), 11.85 (1H, br s); m/z (ES~) 

EM+HJ+ 421.  

0 0 

0 ____ ____ Nt 

K-N 0 Nt _________ N 

1 0 K-N 
¾ N 

Intermediate 
Intermediate15 Intermediate90 

H 

Br 

H 

Intermediate14 

0 

HN 

Example32 

Intermediate 90: tert-butyl 4-[6- (ethylcarbamoyl) -3

Ethanamine inmethanol (7M, 7.78mL, 15.56nol) was 

addedto solutionoftert-butyl 4-05

(methoxycarbonyl)pyridin-3-yl)piperazine-1-carboxylate 

(Intermediate15, 500rug, 1.56ramol) andthe resulting 

solutions stirredat 50 00 for 18 hours. Solventwas 

removedundervacuumandsamplewas dried furtherto 

affordtert-butyl 4-E6-(ethylcarbamoyl)-3

pyridyljpiperazine-1-carboxylate (Intermediate 90, 0.495 

g, 95%). 'HNMR (500MHz, DMSO-dG) 1.11 (3H, t), 1.43 (9H, 

pyridyl]piperazine-1-carboxylate
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s), 3.27 - 3.32 (ER, in), 3.44 - 3.52 (4H, in), 7.42 (1H, 

dd), 7.85 (1H, d), 8.28 (1H, d), 8.44 (1H, brt).  

Intermediate 91 : N-ethyl-5-piperazin-1-yl-pyridine-2

carboxamide 

HOl indioxane (0.473mL, 15.58nol) was addedslowlyto 

a stirredsolutionoftert-butyl 

(ethylcarbamoyl)pyridin-3-yl)piperazine-1-carboxylate 

(Intermediate 90, 521rug, 1.56mmol), inmethanol (10 

mL)0 The resultingsolutionwas stirredat rt for 17 

hours. Reactionwas concentratedandthe solidwas dried 

togiveN-ethyl-5-piperazin-1-yl-pyridine-2-carboxamide, 

2HCl (Intermediate 91, 421mg, 88 ~&); m/z (ES~) [M+HJ~ 

235.  

Synthesis Example 32: N-ethyl-5-[4-[ (7-ethyl-6-oxo-5H

1, 5-naphthyridin-3-yl)methyl]piperazin-1-yl]pyridine-2

H 
0 N 

K-N 
0 

HN 

DIPEA (0.320mL, 1.83nol) was addedtoa stirred 

solutionof 7-(bromomethyl)-3-ethyl-i,5-naphthyridin

2(1H)-one (Intermediate14, 70mg, 0.26mmol), andN

ethyl-5-piperazin-1-yl-pyridine-2-carboxamide, 2HCl 

(Intermediate 91, 89mg, 0.29rumol) inacetonitrile (2 

mL) at 20 00 and the resultingsolutionwas stirredat 

carboxamide
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70 00 for hours. Solventwas removedundervaccumand 

50mLwater followedby3mL satNaHCO3was added.  

Mixturewas extractedwithethylacetate. After 

concentration, the crudeproductwaspurifiedbyreverse 

phase chromatography . XbridClS), elutiongradient 

20 to 5O~&MeONinwater (withO.2%NH4OH). Pure fractions 

wereevaporatedtodrynesstoaffordN-ethyl-5-E4-E(7

ethyl-6-oxo-5H-1,5-naphthyridin-3-yl)methyljpiperazin-1

yljpyridine-2-carboxamide (SynthesisExample32, 28.0mg, 

25 ~&) aswhite solid. 'HNMR (500MHz, DMSO-d6) 1.10 (3H, 

t), 1.19 (3H, t), 2.52 - 2.55 (2H, in), 2.55 - 2.59 (4H, 

in), 3.26- 3.30 (2H, in), 3.34 (4H, br d), 3.66 (2H, 

7.40 (iR, dd), 7.63 (iR, s), 7.76 (iR, s), 7.83 (1H, 

8.27 (iR, d), 8.36- 8.46 (2H, in), 11.74 - 11.94 (iR, 

m/z (ES~) [MJ~ 420.  

Synthesis Example 4 Form A 

naphthyridin-3-yl)methyljpiperazin-1-ylJ-N-methyl

pyridine-2-carboxamidewas obtainedasapartially 

crystalline solidbyevaporatinga 

methanol/dichloromethane solutionunderreducedpressure.  

The crystallinematerial so-obtainedwas characterisedas 

crystallineFormA.  

Inthe caseofpoor crystallinity, crystallineFormAwas 

obtainablebysuspending20mgofthe crude sample in 

0.20mlofwater, methanol, ethanol, acetone, 

In SynthesisExample 4, 5-[4-[(7-ethyl-6-oxo-5H-1,5-
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acetonitrile, tetrahydrofuran, ethyl acetateor other 

solvent for 1 dayattheambienttemperatureor 500C.  

FormAwas analysedbyXRPDandthe results are shownin 

Figure lEAandtabulatedbelow: 

XRPDPeaks forFormA 

Angle Intensity 

(2e±O.2~) (%) 
3.3 100.0 

12.4 30.9 

19.4 26.5 

20.4 25.3 

26.3 19.2 

21.2 17.4 

20.8 14.8 

22.8 14.1 

16.8 14.0 

10.2 13.2 

18.4 10.8 

11.4 9.9 

28.1 8.4 

18.0 8.4 

25.2 8.2 

16.5 6.4 

17.3 5.3 

22.1 4.0 

29.3 3.3 

24.3 2.7 

30.3 2.5 

38.2 2.0 

33.9 1.4 

14.2 1.4 

13.7 1.4 

33.0 1.3 

36.5 1.2 

39.2 1.2 

24.9 6.7
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FormAis characterizedinprovidingat leastone ofthe 

following20valuesmeasuredusingCuKcxradiation: 8.3 

12.4, and 19.40.  

FormAwas analyzedbythermaltechniques. DSC analysis 

indicatedthatFormAhas ameltingpointwithanonset 

at 254 0 Candapeakat 255 0C. ArepresentativeDSC 

traceofFormAis shown inFigure 1GB.  

BiologicalAssays (PARPi selectiveinhibitor) 

The followingtestproceduresmaybe employedto 

determinethe inhibitoryproperties ofPARPi selective 

inhibitor compounds describedherein.  

PARP Fluorescence Anisotropy binding assays 

Recombinant full length GRIStaggedPARPi proteinwas 

dilutedto 6nMwith50ruMTrispH8, 0.001%TritonX100 

withanequivalentvolumeof 2 nMfluorescentprobe 

dilutedwith50ruMTrispH8, 0.001% TritonX100, 10mM 

MgCl2, 150mMNaCi. The finalDMSOconcentrationofthe 

probewas keptbelow1% (v/v)0 

Recombinant full lengthPARP2proteinwas dilutedto 6nM 

with50ruMTrispH8, 0.001% TritonX100, 10ruMMgCl2, 

150ruMNaClandincubatedfor fourhourswithan 

equivalentvolumeof 2 nMfluorescentprobe dilutedwith 

50 ruMTrispH8, 0.001% TritonX100, 10ruMMgCl2, 150ruM 

10ruMMgCl2, 150raMNaCiandincubatedfor fourhours
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NaCi. The finalDMSOconcentrationoftheprobewaskept 

below10 (v/v) 

Recombinant full lengthPARP3proteinwas dilutedto 100 

nMwith50ruMTrispH8, 0.001% TritonX100, 10ruMMgCl2, 

150ruMNaClandincubatedfor fourhourswithan 

equivalentvolumeof 6nMfluorescentprobe dilutedwith 

50 ruMTris pH 8, 0.001% Triton X100, 10ruMMgCl2, 150ruM 

NaCl. The finalDMSOconcentrationoftheprobewaskept 

below10 (v/v) 

RecombinantPARP5abindingdomainwas dilutedto 160 nM 

with50ruMTrispH8, 0.001% TritonX100, 10ruMMgCl2, 

150ruMNaClandincubatedfor fourhourswithan 

equivalentvolumeof 6nMfluorescentprobe dilutedwith 

50ruMTrispH8, 0.001% TritonX100, 10ruMMgCl2, 150ruM 

NaCl. The finalDMSOconcentrationoftheprobewaskept 

below10 (v/v) 

Recombinant full lengthGSTtaggedPARPGproteinwas 

0.0010 Triton 

x100, 10ruMMgCl2, 150mMNaCiandincubatedfor four 

hourswithanequivalentvolumeof 6riMfluorescentprobe 

dilutedwith50ruMTrispH8, 0.001% TritonX100, 10mM 

MgCl2, 150ruMNaCl. The finalDMSOconcentrationofthe 

probewas keptbelow1% (v/v).  

Fluorescenceanisotropyoftheprobewhenboundtothe 

proteinswasmeasuredusingaHAGPherastarFS© inthe 

presenceoftest compounds or solvent controlandthe 

C inhibitionvalues for 
effect onanisotropydetermined. 0 

differenttest compoundconcentrationswere calculated 

dilutedto 160 nMwith50ruMTrispH 8, 0
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andfittedtoa fourparameter logisticplot in orderto 

determinethe TC5 ovalue. Wherenecessary, the compound 

K~ canbedeterminedfromthe TC5 OvalueusingaMunson 

RodbardequationdefinedinAnal. Biochem. 1980 Sep 

1;107(1):220-39 andis basedonthe knownLCD oftheprobe 

bindingtothe relevantPARPprotein.  

hERG Electrophysiological Assay 

Electrophysiological recordings (allperformedatRT) 

fromstablytransfectedCHOhKvll.1 cellswere obtained 

usingtheNanion Syncropatch7GSPE. Test compounds, 

vehicleorpositive controlswereaddedwith 6 compound 

plates eachat different concentrationtoallow 

cumulativedosingonto cells (10ruM, 3.167mM, 1mM, 

0.3167ruM, 0.1ruM, 0.03167 ruM). 600 Wiofcompoundis 

resuspendedinto 90 p1 ofreferencebuffer (inmM, NaCl 

so, KCL 4, CaCl 5, MgCl 1, NMDGCl 60, D-Glucose 

compoundconcentrationof 39.6pM, 13.2pM, 4.4 pM, 1.46 

pM, 0.48 pM, 0.16pM. ForeachNanion Syncropatch7GSPE 

run, the current amplitude ineachcellinthepresence 

ofextracellular solution (inraM, NaCl 80, KCL 4, CaCl 

5, MgCl 1, NMDGCl 60, D-Glucosemonohydrate 5, HEPES 10 

(pH7.4 HCL, 29SmOsm) ismeasuredwithall liquid 

additionsperformedusingthe Syncropatchliquidhandling 

system. Add40 yiLexternal solution (inraM, HBBS, CaCl2 

2, MgCl2 1 (pH7.4, NaGH) to 384wellmultiholemedium 

resistance recordingchipandperfuse internalbuffer (in 

monohydrate 5, HEPES 10 (pH7.4 HOL, 29SmOsm) fora final
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ruM, KF 130, KOl 20, MgC12 1, EGTA10 , HEPES 10, Escin 25 

(all Sigma-Aldrich; pH7.2-7.30 usinglOMKOH, 320mOsm) 

to theundersideofplate. Dispense 20pLofcells at a 

densityof leG cells/mlmaintainedat ~90C intoeachwell 

ofthe chip followedby20 of seal enhancer (inmM'V 

NaCl SO, KOl 3, Cad 10, HEPES 10, MgCl 1 (pH7.4NaGH).  

Performwashstep leavingaresidualvolumeof 40yiL.  

Dispense 40pLofreferencebufferto establish stable 

baselinepriortotheadditionoftest compounds, witha 

removal stepof 40pLafter 3ruin, repeat this step.  

Dispense 40pLofcompoundconcentration 1 (0.16pM), 

realtime'F recordings for 3mm exposurepriorto 

removal of 40pL. This step is repeatedfor 5 further 

subsequent compoundplatestogeneratecumulative curve 

analysis. Alldatais leak subtracted, pulses to-SOmV 

lOOmswithlOOms delay. OutwardK+ currents arethen 

evokedbyavoltage stepto+GOmVfromaholding 

frequencyof2Hzwitha 15spulse interval.  

PARP Proliferation Assay (4 day compound dosing) 

DLD1 andBRCA2 (-/-) DLD1 cellswereharvestedtoa 

densityof 1.375E4 cells/mland Ei.25E4 cells/ml 

respectivelyincompletemedia, 40 pL/well seededinto 

384-wellplates (Greiner, Kremsmunster, Austria; 781090) 

usingaMultidropCombithenincubatedat 370C, 5% CO2 

overnight. Next day (Day1) usingaMultidropCombiadd 

sytoxgreen (5u1, 2uM) andsaponin (lOul, 0.25% stock) to 

potentialof-9OmV, Eachpulse is delivered a
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aday 0 plate, sealtheplateusingablackadhesive lid 

andincubate for>3 hrs at RT. Cells were imagedusing 

Cell Insight (ThermoFisher) fittedwitha 4xobjective.  

Test compounds areaddedusinganEcho555 andplacedin 

incubatormaintainedat 370C, 5% CO.2 andincubatedfor 4 

days. OnDay 5 addsytoxgreen (5u1, 2uM) andthen 

saponin (lOul, 0.25% stock) toplates, sealtheplate 

usingablackadhesive lidandincubate for>3 hrs at RT.  

Readall cells onthe Cell Insightwith4xObjective. The 

rateofproliferation is determinedinGenedataby 

assessingthetotal cellnumberoutput fromthe Cell 

Tnsight forDay 0 andDay plates.  

Synth. BARBi BARB2 BARB3 BARB5a BARBG BRCA2 WT hERG 
Example 1C50 1C50 1C50 1C50 1C50 DLD-1 1C50 
No. (p14) (p14) (p14) (p14) (p14) DLD-1 prolif (p14) 

prolif 4ct 

4c1 1C50 
1C50 (p14) 

________ _______ ______ (p14) _____ 

1 0.003 1.7 4 >100 34 0.010 >30 >40 
2 0.004 0.88 9.9 20 14 0.008 >30 >40 

4 0.004 >1.5 4.7 >100 19 >0.017 >30 >40 
5 0.002 0.65 7.1 >100 23 0.006 >30 >40 
6 0.003 0.84 9.3 >100 8.2 0.006 >30 >40 
7 0.002 1.3 2.6 94 22 4.14 ______ 
8 0.003 11 55 93 18 0.011 >19 >40 
9 0.009 22 >100 >100 47 0.010 17 >40 
10 0.005 17 48 56 26 0.006 >30 >40 
11 0.005 4 13 >100 22 0.184 >30 >40 
12 0.004 1.6 19 89 11 0.008 >30 >40 
13 0.007 8.5 30 >100 30 0.005 >26 >40 
14 0.004 2.9 30 50 11 0.006 >30 >40 
15 0.011 3.6 35 >100 80 0.090 >30 >40 

16 0.007 3.3 74 61 31 0.018 >22 >40 
17 0.007 1.7 96 >100 59 0.020 >30 >40 
18 0.031 17 >100 >100 >29 4.90 >30 5.2 
19 0.015 >100 >100 >100 >29 0.015 >30 21 

3 0.005 1.3 12 >100 14 0.004 >30 22
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Synth. BARBi BARB2 BARB3 BARB5a BARBG BRCA2 WT hERG 

Example 1C50 1C50 1C50 1C50 1C50 -/-- DLD-1 1C50 

No. (p14) (p14) (p14) (p14) (p14) DLD-1 prolif (p14) 

prolif 4d 

4ct 1C50 

1C50 (p14) 

________ _______ ______ (p14) _____ 

20 0.014 28 >100 >100 >100 0.016 >24 38 
21 0.004 9.5 >100 >100 33 0.016 >30 >40 
22 0.006 1 2.6 26 16 0.012 >30 >40 
23 0.004 4.4 60 60 >100 __________ 4.2 36 
24 0.003 5.1 >100 93 >100 0.010 14 37 
25 0.002 6 43 >100 >100 _____________ >25 >40 
26 0.005 6.7 >100 >100 >100 0.005 23 >40 
27 0.007 16 >100 71 >100 10.3 >10 26 
28 0.006 14 >100 >29 >100 0.027 >30 >40 
29 0.004 6.1 9.9 >100 14 0.007 >30 >40 
30 0.003 7.6 4.5 >100 10 0.004 >30 >40 
31 0.005 3.7 2.6 >100 28 _______>40 
32 0.003 2.1 1.9 >100 10 ________>40
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Example 1: Production of antibody-drug conjugate 

Inaccordancewithaproductionmethoddescribedin 

W02015/115091 andusingananti-HER2 antibody (an 

antibodycomprisingaheavychain consistingof anamino 

acidsequence representedbySEQIDNO: 11 (aminoacid 

residues 1 to 449of SEQIDNO: 1) anda light chain 

consistingofanaminoacidsequence consistingofall 

aminoacidresidues 1 to 214 of SEQIDNO: 2), ananti

HER2 antibody-drugconjugate inwhichadrug-linker 

0 

representedbythe followingformula.  

0 

A H H 0 N N N~O 0 
N N 

0 H H H NH 

Me 0 

F 

OHO 

whereinArepresentsthe connectingpositionto an 

antibody, 

is conjugatedtotheanti-HER2 antibodyviaathioether 

bondwasproduced (DS-8201: trastuzumabderuxtecan). The 

DARoftheantibody-drugconjugate is 7.7 or7.8.  

'I"
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Exam½ 2: ProductionofPARPi selectiveinhibitor 

Inaccordancewithaproductionmethoddescribedherein, 

aPARPi selective inhibitorof formula (I) isprepared.  

Specifically, 5-[4-E(7-ethyl-6-oxo-5H-1,5-naphthyridin-3

yl)methyljpiperazin-1-ylJ-N-methyl-pyridine-2

carboxamide: 

H 

H 

0 

(AZD5305) 

canbepreparedaccordingto SynthesisExample 4 herein 

(Example 4 ofW02021/013735) 

3: Antitumor test 

Example 

Combinationofantibody-drugconjugateDS-8201 

inhibitorAZD5305 (5-1:4-I:(7-ethyl-6-oxo-5H-1,5

naphthyridin-3-yl)methyljpiperazin-1-ylJ-N-methyl

pyridine-2-carboxamide) 

Method: 

Ahigh-throughput combination screenwas run, inwhich27 

breast cancer cell lineswithdiverseHER2 expressionand 

onegastric cell linewithhighHER2 expression (Table 1) 

weretreatedwithcombinations ofDS-8201 andAZD5305 

(PARPi selective inhibitor).  

(trastuzumabderuxtecan (Enhertu)) withPARPi selective
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Table 1 

Cell Line HER2 Cancer Type 
_________________ Status _________________ 

NCI-N87 Amp (High) Gastric 

SKBRS Amp (High) Breast 

A1J565 Amp (High) Breast 

HCC15E59 Amp (High) Breast 

HCC11S7 Low Breast 

HCC1954 Amp (High) Breast 

KBL-4 Amp (High) Breast 

HCCZ3S Amp (Low) Breast 

MCF7 (ER+) Del (null) Breast 

I4DA-MB--157 Low Breast 

HCC1419 Amp (High) Breast 

ZR-75--3Q Amp (High) Breast 

ZR-75--1 (ER+) Low Breast 

HCC1B95 Low Breast 

BT474 (ER+) Amp (High) Breast 

EFM-19 (ER+) Low Breast 

HCC19S7 null Breast 

BT-549 Del(null) Breast 

I4DA-MB-453 Low Breast 

I4DA-MB--361 Amp (Low) Breast 

CAL-Si Low Breast 

3 4DA-MB-4458 Amp(Low) Breast 

HCCii4S Low Breast 

JIMTi Amp (Low) Breast 

CAMAl (ER+) Low Breast 

3 4DA-MB-231 Low Breast 

HCC7O Low Breast 

The readout ofthe screenwas a 7-dayCellTiter-Gb cell 

viabilityassay, conductedas a 6x 6 dose response 

matrix (5-point logserialdilution forDS-8201, andhalf 

logserialdilution forAZD5305). Maximumconcentration 

was 3pMforAZD5305 and10 pg/ml forDS-8201. In 

T-47D (ER+) Low Breast
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addition, trastuzumabandexatecan (DNAtopoisomerase I 

inhibitor) werealso screenedinparallelwithAZD5305, 

tohelpdeconvolutethemechanismof actionof effective 

combinations. Combinationactivitywas assessedbasedon 

a combination theAErnax andLoewe synergyscores.  

Results 0 

Results are shown forHER2 highcell lines (KPL4, NOI

N87, SKBR3, HCC1954, HCC15G9, AU565) inFigures 12Aand 

12B andTable 2, and forHER2 lowcell lines (MDA-MB-468 

MDA-MB-157, HCC11S7, T47D, HCC3S) inFigures 13Aand13B 

andTable 3.  

Figures 12Aand13Ashowmatrices ofmeasuredcell 

viabilitysignals. Xaxes represent drugA (DS-8201), and 

Yaxes represent drugB (AZD5305). Values inthebox 

representthe ratioof cellstreatedwithdrugA+ B 

normalisedto cellviabilityvalues atday 0. Values 

between 0 and100 represent 00 growthinhibitionand 

values above 100 represent celldeath.  

Figures 12Band13B showLoeweexcessmatrices. Values in 

theboxrepresent excessvalues calculatedbytheLoewe 

additivitymodel.  

Tables 2 and3 showHSAsynergyandLoewe additivity 

scores: 

comparedtoDMSOcontrolat day7. Allvaluesare
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Table 2 

Cellline KPL4 NCI-N87 SKBR3 HOCi954 HOCi569 AU565 

HSAsynergy 68.2 70.95 20.33 9.9 38.6 32.77 
score 

Loewe 68.2 70.95 20.33 9.9 38.6 32.77 
synergyscore 

Table 3 

Cellline MDA-MB-468 MDA-MB-157 HGG1187 T47D HGG38 

HSAsynergy 11.6 7.04 52.7 12.33 8.9 
score 

Loewesynergy 11.6 6.5 52.7 12.33 8.8 
score 

0 Notes 

LoeweDoseAdditivitypredictstheexpectedresponse if 

thetwocompoundsactonthe samemoleculartargetby 

meansofthe samemechanism. It calculatesadditivity 

compoundsandit is independent fromthenatureofthe 

dose-responserelationship.  

HSA (Highest SingleAgent) ~Berenbaum1989J quantifies 

thehigherofthetwo singlecompoundeffectsattheir 

correspondingconcentrations. Thecombinedeffectis 

comparedwiththeeffectofeachsingleagentatthe 

concentrationusedinthecombination. Excessoverthe 

basedontheassumptionofzerointeractionbetweenthe
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highest singleagenteffectindicatescooperativity. HSA 

doesnotrequirethecompoundstoaffectthesametarget.  

ExcessMatrix: Foreachwellintheconcentrationmatrixr 

themeasuredorfittedvaluesarecomparedtothe 

predictednon-synergisticvaluesforeachconcentration 

pair. Thepredictedvaluesaredeterminedbythechosen 

model. Differencesbetweenthepredictedandobserved 

valuesmayindicatesynergyorantagonism, andareshown 

intheExcessMatrix. ExcessMatrixvaluesaresummarized 

bythecombinationscoresExcessVolumeandSynergy 

Score.  

Figure 14 shows combinationEmaxandLoewe synergy scores 

invarious cell lines treatedwithDS-8201 combinedwith 

AZD5305.  

interactedsynergisticallywithDS-8201 andalso 

increasedcell deathinHER2+breast andgastric cell 

lines. As seen fromFigures 13Aand13B, andTable 3 

AZD5305 interacted synergisticallywithDS-8201 andalso 

increasedcell deathinHER2 lowbreast cancer cell lines 

at Emax (3 pMAZD5305 and10 ~g/mlDS-8201). As seen 

fromFigure 14, ineleven cell lines, includingHER2 low 

breast cancer cell lines, treatmentwithDS-8201 combined 

withAZD5305 resultedinhighcombinationEmax (>100) and 

highLoewe synergy scores (>5).  

As seen fromFigures 12Aand12B, andTable 2, AZD5305
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4: Antitumor test 

Example 

Combinationofantibody-drugconjugateDS-8201 

(trastuzumabderuxtecan (Enhertu)) withPARPi selective 

inhibitorAZD5305 (5-1:4-I:(7-ethyl-6-oxo-5H-1,5

naphthyridin-3-yl)methyljpiperazin-1-ylJ-N-methyl

pyridine-2-carboxamide) 

Method: 

Cells grown intheir respective conditionswereplatedin 

96-wellplates at optimaldensityto allowlinear 

proliferation forthedurationofthe assay (4 to 8 

days). mediatelyafterplating, the cellswere dosed 

withthe indicatedcompounds foratotalvolume of200 

pL/wellandplacedinthe incubator. Combinationswere 

conductedas a 6xS concentration responsematrixfor 

eachcombination. Attheendpoint, the cellswere fixed 

obtainthenumberof cells atthe startoftreatment, one 

additionalplatewasusedforeachexperimentandfixed 

after cells attached. The cellswerethenpermeabilised 

in 0.5% Triton-X100 inPBS for minutes. AfteraPBS 

wash, the cellswereblockedin 5%FBS inPBS lhatRT 

andincubatedwithprimaryantibodies in 5%FBS + 0.05% 

tritonovernight at 40C. After washes inPBS cellswere 

0.050 
incubatedwithsecondaryantibodies in5% FBS+ 0 

tritonwithHoechst3325S for lhat roomtemperature.  

After washes inPBS, the cellswere scannedwitha 

in 0 PFAfor 20minutes at roomtemperature. Inorderto
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Cellinsight instrumentwitha lOxobjective and 9 

fields/well. TmageswereanalysedusingColumbus forcell 

countbasedonnuclearHoechst staining. Thetotal cell 

count/wellwasusedto calculatethe relativegrowthin 

eachwell comparedto solvent control. To calculatethe 

synergyscores, thegrowthinhibition datawere analysed 

usingCombenefit software (DiVeroli, G.Y., et al., 

Combenefit: an interactiveplatformfortheanalysisand 

visualization ofdrugcombinations. Bioinformatics, 2016 

32(18): p. 2866-8) 

Results.  

Results are shown foraHER2 highcell line (KPL4) and 

twoHER2 lowcell lines (JIMT1, MDA-MB-468) inFigures 

15Aand15B.  

Figure 15Ashows cell countmatrices, inwhichYaxes 

(AZD5305). Values intheboxrepresentrelativetotal 

cell (nuclear) counts aspercentageofDMSOvehicle 

control.  

Figure 15B showsmatrices, inwhichYaxes represent drug 

A (DS-8201), andXaxes represent drugB (AZD5305), and 

thevalues intheboxrepresent calculatedLoewe synergy 

scores.  

represent drugA (DS-8201), andXaxes represent drugB
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The results inExamples 3 and4 demonstratethat 

selectivePARPi inhibitionusingAZD5305 enhancesthe 

antitumorefficacyofDS-8201 inbothhighandlowHER2

expressingcell lines invitro. InExample 3, AZD5305 in 

combinationwithDS-8201 showedcombinationbenefit in 

fiveHER2+breast cancer cell lines, oneHER2+ gastric 

cancer cell line (Figures 12A, 12B, 14 andTable 2) and 

fiveHER2 lowbreast cancer cell lines (Figures 13A, 13B 

and14, andTable 3). InExample 4, AZD5305 in 

combinationwithDS-8201 showedsynergisticactivityin 

HER2-high (KPL4) andHER2-low (JTMT-1, MDA-MB-468) cell 

lines (Figures 15Aand15B).  

5: Antitumor test - in vivo 

Example 

Combinationofantibody-drugconjugateDS-3201 

(trastuzumabderuxtecan (Enhertu)) withPARPi selective 

naphthyridin-3-yl)methyljpiperazin-1-ylJ-N-methyl

pyridine-2-carboxamide) 

Method: 

FemaleNudemice (CharlesRiver) aged5-S weekswere 

used, following days acclimatisationbeforeentryinto 

the study. 1x107 NCT-N87 tumourcells (1:1 inMatrigel) 

were implantedsubcutaneouslyontothe flankofthe 

femaleNudemice. Whenturnours reachedapproximately150 

inhibitorAZD5305 (5-1:4-I:(7-ethyl-6-oxo-5H-1,5-
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3 n, similar-sizedtumourswere randomlyassignedto 

treatment groups as shown inTable 

Table 4 

Treatment Dose Routeof DosingSchedule 
administration (28days) 

Vehicle a a a a IV+P0 Single dose + QD 

DS-8201 S mg/kg IV Single dose 

DS-8201 1 mg/kg IV Single dose 

AZD5SO5 1 mg/kg P0 QD 

DS-8201 ± 1mg/kg IV+P0 Singledose + QD 

AZD5305 or 

3mg/kg+ 

___________ 1 mg/kg____________________________________ 

P0: oral (peros) dosing 

QD: onceperday (quaguedie) dosing 

Thedoseof compoundforeachanimalwas calculatedbased 

onthe individualbodyweight onthe dayofdosing.  

DS-8201 andAZD5305 were dosedonthe same day, with 

DS-8201beingadministeredapproximately1 hourpostthe 

doseat 1mg/kgor 3mg/kgonday1, andAZD5305was 

administered 1mg/kgQD for 28 days. Durationof 

dosingwas for 28 days.  

FormulationofDS-8201at3mg/kgand1mg/kg 

Thedosingsolutions forDS-8201werepreparedonthe day 

ofdosingbydilutingtheDS-8201 stock (20.1mg/ml) in 

25ruMhistidinebuffer, 9% sucrose (pH5.5) to0.6mg/ml, 

and0.2mg/ml forth 3mg/kgand1mg/kgdosing 

solutions, respectively. Eachdosing solutionwasmixed 

PGdoseofAZD5305. DS-8201was administeredas a single
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wellusingapipettebeforeadministrationvia IV 

injectionat adosingvolumeof 5mi/kg.  

FormulationofAZD5305 at 1mg/kg 

To formulate fora 1mg/kgdosingsolution, a 

concentrationof 0.1mg/miAZD5305waspreparedwhich 

resuitedinadosingvoiumeof 10mi/kgforPGdosing. A 

totalof 49mlofvehiclewas required. Volume of 15p1 

of iMHCiwas addedtothe compoundandmixedweiiby 

vortexing. Avolumeof 1mlof sterilewaterwas addedto 

theEppendorftubeandmixedweiiwiththe compoundusing 

apeiietpestie. The compoundwas sonicatedfor 

approximately5minutesthenthe contents transferred 

agiassbottie. Avoiumeof 1mi steriiewaterwasused 

to rinsetheEppendorftubeofanyremainingcompoundand 

wasthentransferredtothegiassbottie. The remaining 

volumeof sterilewater (37.2ml; total of80% ofthe 

mixedweiiusingamagnetic stirrer. ThepHofthe dosing 

solutions adjustedtopH3.74 thenthe remaining 

vehicle (9.772miof steriiewater) wasaddedtothe 

glassbottleandmixedwellusingamagneticstirrer. The 

dosingsoiutionwasprotectedfromiight anda smaii 

aiiquotwastakendaiiyfordosing. Au remainingdosing 

solutions kept forupto 7 days inthe fridge. The 

finaidosingmatrixfor 1mg/kgAZD5305was aciear 

solution 

totalvehiclevolume) was addedtotheglassbottle and
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Measurements 

Tumourgrowthinhibition (TGT) was calculatedas follows: 

TGT% {1-(MTVtreated/MTVcontrol)}*100 

whereMTV meantumorvolume0 

Statistical significancewas evaluatedusingone-tailed 

t-test of (log(relativetumourvolume) 1og(finalvol / 

startvol)) at the dayof finalmeasure, comparingto 

vehicle control.  

Results 

Tumourvolumes fortreatmentswithDS-8201 orAZD5305 

aloneorwithDS-8201 in combinationwithAZD5305 are 

shown inFigure 17. Datarepresents change intumour 

volumeovertime fortreatment groups. The dottedline in 

Figure 17 represents endofdosingperiods. For full dose 

andschedule information, refertoTable 4 above. Values 

miceandn S forallothertreatment groups.  

TGI responses (Day41 TGI%) followingtreatmentwith 

DS-8201 orAZD5305 alone orwithDS-8201 in combination 

withAZD5305, inNCI-N87 xenograft, are showninTable 5: 

Table 5 

Treatmentgroup TGIclay41 p-valuevs Significance 

vehicle 

DS-8201 3mg/kg 62% 0. 00071 

DS-8201 1 mg/kg 25% 0.025 tns 

AZD5SO5 1 mg/kg 40% <0. 0001 tns 

shownaremeanH-SEM; n 10 initiallyforvehicle-treated
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DS-8201 1mg/kg+ 55% <0 0001 ** 

AZD5305 1 mg/kg 

DS-8201 3mg/kg+ 90% <0. 0001 

AZD5305 1 mg/kg 

tnotsignificant 

MonotherapywithDS-8201 at 3mg/kgshowedTGI value of 

62% at day41posttreatment. At 1mg/kgDS-8201 showed 

TGI of 25% at day41posttreatment. AZD5305monotherapy 

achievedaTGI of 40% at day41post treatment.  

Combinationtreatment ofAZD5305withDS-8201 at 1mg/kg 

resultedinaTGI of 55% at 41 daysposttreatment.  

CombinationtherapyusinghigherDS-8201 3mg/kgdose 

withAZD5305 achievedsignificant TGI of 90%at day41 

posttreatment andshowedbetter responsethan either 

respectivemonotherapies.  

Treatment groupsweregenerallywelltolerated (two 

outlieranimalstakenoff studyduetobodyweight loss 

>15%) andaveragebodyweights of all treatment groups 

Example 6: 

Combinationdosingofantibody-drugconjugateDS-8201 

(trastuzumabderuxtecan (Enhertu)) withPARPi selective 

inhibitorAZD5305 (5-1:4-I:(7-ethyl-6-oxo-5H-1,5

naphthyridin-3-yl)methyljpiperazin-1-ylJ-N-methyl

pyridine-2-carboxamide) inHER2 high, HER2 low, andHER2 

mutant-expressingcell lines invitro 

Method: 

remainedstableduringthe study.
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Ahigh-throughput combination screenwas run, inwhich 

four lungcancer cell lineswithdiverseHER2 expression 

(Table 6) andaHER2mutant cancer cell line (Table 7) 

were screenedwithcombinations ofDS-8201 andAZD5305.  

Table 6 

HER2 receptors IHCDako 
percellby H2LH

Cellline flow cytometry score Cancer Type 

HCC1171 146050±654 200 NSCLC adenocarcinoma 

NC1H1573 51090±165 100 NSCLC adenocarcinoma 

NCIH217O 2472499±21851 300 NSCLC squamous 

CaluG 12935±200 0 NSCLC adenocarcinoma 

Table 7 

HER2receptors 
percellby HER2 

Cell line flow cytometry Mutation Cancer Type 
I 

5637 27497±14 p.S31OF Urinary tract 

The readout ofthe screenwas a 7-dayCellTiter-Gb cell 

viabilityassay, conductedas a 6x 6 dose response 

dilutions foreachcombination). Maximumconcentration 

was 3.33 or 10 pMforAZD5305 and100 pg/nil forDS-8201.  

Combinationactivitywas assessedbasedon combination 

of theAErnax andLoewe synergyscores0 

Results 0 

Results are shown forHER2+, HER2 low, HER2 low/null 

NSCLC cell lines (HCC1171, NC1H1573, N01H2170, CabaG) in 

Figures iSA, 1SBand1SC, andTable 8, andfor aHER2 

matrix (DS-8201 andAZD5305 eachathalf-logserial
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mutant cell line (5637) inFigures 19A, 19Band190, and 

Table 9.  

Figures iSAand19Ashowmatrices ofmeasuredcell 

viabilitysignals. Xaxes represent drugA (DS-8201), and 

Yaxes represent drugB (AZD5305). Values inthebox 

representthe ratioof cellstreatedwithdrugA+ B 

comparedtoDMSOcontrolat day7. Allvaluesare 

normalisedto cellviabilityvalues atday 0. Values 

between 0 and100 represent 00 growthinhibition and 

values above 100 represent celldeath.  

Figures 1SBand19B showLoeweexcessmatrices. Values in 

theboxrepresent excessvalues calculatedbythe Loewe 

additivitymodel.  

Figures 1SC and19C showHSAexcessmatrices. Values in 

(Highest SingleAgent) model.  

Tables S and 9 showHSAsynergyandLoewe additivity 

scores: 

Table S 

Cell line HCC117J. NC1H1573 NCIH217O Calu6 
(NSCLC) ___________________________________ 

HSA Synergy Score 6.2 6.14 33.99 10.55 

Loewe Synergy Score 6.2 5.4 33.99 10.55 

theboxrepresent excessvalues calculatedbytheHSA
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Table 9 

Cellline 
(Urinary tract) 5637 

HSA Synergy Score 11.2 

Loewe Synergy Score 11.2 

As seen fromFigures iSA, 1SBand1SC, andTable 8 

AZD5305 interacted synergisticallywithDS-8201 andalso 

increasedcelldeathinHER2+ cell lineNCIH217O atEmax 

(0.125pMAZD5305 and100 pg/mlDS-8201), inHER2 low 

cell lineHCC1171 atEmax (0.125pMAZD5305 and100 pg/ml 

DS-8201) andinHER2 low/null cell lineCalmSatEmax 

(1.25pMAZD5305 and100 pg/mlDS-8201). Combination 

activitywas observedevenwhere singleagentactivity 

was absent or low. Althoughsynergywasobservedincell 

lineNC1H1573, therewasno celldeath.  

As seen fromFigures 19A, 19Band19C, andTable 9 

AZD5305 interactedsynergisticallywithDS-8201 andalso 

increasedcelldeathinHER2mutant cell line 5637 at 

Combinationactivitywas observedevenwhereAZD5305 as 

singleagentwasnot active.  

The foregoingwritten specifications considered 

be sufficienttoenableone skilledinthe art to 

practicetheembodiments. The foregoingdescriptionand 

Examples detail certainembodiments anddescribethebest 

mode contemplatedbythe inventors. Itwillbe 

appreciated, however, thatnomatterhowdetailedthe 

Emax (1.25pMAZD5305 and100 ~g/mlDS-8201)



WO2022/074617 PCT/1B2021/059232 
194 

foregoingmayappearintext, theembodimentsmaybe 

practicedinmanyways andthe claims includeany 

equivalentsthereof.
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FreeText of SequenceListing 

SEQTDNO: 1 - Aminoacidsequenceof aheavychainofan 

anti-HER2 antibody 

SEQIDNO: 2 - Aminoacidsequenceof alight chainofan 

anti-HER2 antibody 

SEQIDNO: 3 - Aminoacidsequenceof aheavychainCDRH1 

aminoacidresidues 26to 33 of SEQTDNO: 1J 

SEQIDNO: 4 - Aminoacidsequenceof aheavychainCDRH2 

aminoacidresidues 51 to 58 of SEQIDNO: 1J 

SEQIDNO: 5 - Aminoacidsequenceof aheavychainCDRH3 

aminoacidresidues 97 to 109of SEQIDNO: 1J 

SEQIDNO: 6- Aminoacidsequenceof alight chainCDRL1 

aminoacidresidues 27 to 32 of SEQIDNO: 2J 

SEQIDNO: 7 - Aminoacidsequence comprisingaminoacid 

sequenceofa light chainCDRL2 (SAS) amino acid 

residues 50 to 56of SEQIDNO: 2J 

SEQIDNO: S - Aminoacidsequenceof alight chainCDRL3 

SEQIDNO: 9- Aminoacidsequenceof aheavychain 

variable region aminoacidresidues 1 to 120 ofSEQID 

NO: 1J 

SEQIDNO: 10 - Aminoacidsequenceofa light chain 

variable region aminoacidresidues 1 to 107 ofSEQID 

NO: 2J 

SEQIDNO: 11 - Aminoacidsequenceofaheavychain 

aminoacidresidues 1 to 449of SEQIDNO: 1J 

aminoacidresidues 89to 97 of SEQIDNO: 2J
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CLAIMS 

1. Apharmaceuticalproduct comprisingananti-HER2 

antibody-drugconjugateandaPARPi selective inhibitor 

administration in combination, whereinthe anti-HER2 

antibody-drugconjugate is anantibody-drugconjugate in 

whichadrug-linker representedbythe followingformula: 

0 

A H H 0 N N 0 
N N 0 

0 H H H NH 

Me 0 
N 

F 

OHO 
whereinArepresentsthe connectingpositionto an 

antibody, is conjugatedtoananti-HER2 antibodyviaa 

2. The pharmaceuticalproduct accordingtoclaim1 

whereinthePARPi selective inhibitor is a compound 

representedbythe followingformula (I): 

H 
0 N 

x K-N H 
NR3 

0 

(I) 

wherein* 

thioetherbond.
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xlandX2 areeachindependentlyselectedfromNand 

x3is independentlyselectedfromNandC(R4 ), wherein 

isHor fluoro, 

R'is C1-4alkylorC1-4 fluoroalkyl 

R2 is independentlyselectedfromH, halo, 01-4 alkyl, and 

cl-4 fluoroalkyl, and 

R3 is Hor01-4 alkyl, 

orapharmaceuticallyacceptable salt thereof 

0 

providedthat.  
whenX'isN, thenX2 is 0(H), andX3 is 0(R4), 

when isN, then C(H), and is and 

whenX3 isN, thenX'andX 2 areboth0(H).  

3. Thepharmaceuticalproduct accordingtoclaim2 

wherein, in formula (I), R3 is 01-4 alkyl.  

wherein, in formula (I), R3 ismethyl.  

5. Thepharmaceuticalproduct accordingtoanyoneof 

claims 2 to wherein, in formula (I),R'is ethyl.  

6. Thepharmaceuticalproduct accordingtoclaim1 

whereinthePARPi selective inhibitor is a compound 

representedbythe followingformula (Ia): 

4. Thepharmaceuticalproduct according claim
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H 

0 

R K-N 
H 
N~R3 

0 
(Ia.) 

wherein 

R'is C1-4alkyl 

R2 is selectedfromH, halo, 01-4 alkyl, and01-4 

fluoroalkyl, 

R3 is Hor01-4 alkyl, and 

R4 isH, 

orapharmaceuticallyacceptable salt thereof.  

7. Thepharmaceuticalproduct according claim 6 

wherein, in formula (Ia), R2 is Horhalo.  

S. Thepharmaceuticalproduct accordingtoclaim6 

fromH, chloroandfluoro, andR3 ismethyl.  

9. Thepharmaceuticalproduct accordingtoclaim1 

whereinthePARPi selective inhibitor isAZD5305 

representedbythe followingformula.  

H 
Nt 
K-N H 

0 

wherein, in formula (Ia), R'is ethyl, R2 is selected
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orapharmaceuticallyacceptable salt thereof.  

10. Thepharmaceuticalproduct accordingtoanyoneof 

claims 1 to 9, whereintheanti-HER2 antibodies an 

antibodycomprisingaheavychain comprisingCDRH1 

consistingofanaminoacidsequence representedbySEQ 

TDNO: 3, CDRH2 consistingofanaminoacidsequence 

representedbySEQIDNO: 4 andCDRH3 consistingofan 

aminoacidsequence representedbySEQIDNO: 5, anda 

light chain comprisingCDRL1 consistingof anaminoacid 

sequence representedbySEQIDNO: ES, CDRL2 consistingof 

anaminoacidsequence consistingof amino acidresidues 

1 to 3 of SEQIDNO: 7 andCDRL3 consistingof anamino 

acidsequence representedbySEQIDNO: S.  

11. Thepharmaceuticalproduct accordingtoanyoneof 

claims 1 to 9, whereintheanti-HER2 antibodies an 

chainvariable region consistingofanaminoacid 

sequence representedbySEQIDNO: 9 anda light chain 

comprising light chainvariable region consistingofan 

aminoacidsequence representedbySEQIDNO: 10.  

12. Thepharmaceuticalproduct accordingtoanyoneof 

claims 1 to 9, whereintheanti-HER2 antibodies an 

antibodycomprisingaheavychain consistingof anamino 

acidsequence representedbySEQIDNO: 1 anda light 

antibodycomprisingaheavychain comprisingaheavy
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chain consistingofanaminoacidsequence representedby 

SEQ TDNO: 2.  

13. Thepharmaceuticalproduct according anyone of 

claims 1 to 9, whereintheanti-HER2 antibodies an 

antibodycomprisingaheavychain consistingof anamino 

acidsequence representedbySEQTDNO: 11 andalight 

chain consistingofanaminoacidsequence representedby 

SEQIDNO: 2.  

14. Thepharmaceuticalproduct accordingtoanyoneof 

claims 1 to 13, whereintheanti-HER2 antibody-drug 

I 

con]ugate is representedbythe following formula: 

0 
Antibody H 0 H 0 

N 0 

N N NQLN~o~ 0 0 0 H 

Me 

0 

OHO n 

wherein 'Antibody' indicatestheanti-HER2 antibody 

I 

czon]ugatedtothedrug-linkerviaathioetherbond, andn 

indicates anaveragenumberofunits ofthe drug-linker 

I 

con]ugatedperantibodymolecule intheantibody-drug 
I 

con]ugate, wherein is inthe range offrom7 to 8.  

F
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15. Thepharmaceuticalproduct accordingtoanyoneof 

claims 1 to 14, whereintheanti-HER2 antibody-drug 

I 

con]ugate istrastuzurnabderuxtecan (DS-8201).  

16. Thepharmaceuticalproduct accordingtoanyoneof 

claims 1 to 15, whereintheproduct isa composition 

comprisingtheanti-HER2 antibody-drugconjugate andthe 

PARPi selective inhibitor, for simultaneous 

administration.  

17. Thepharmaceuticalproduct accordingtoanyoneof 

claims 1 to 15, whereintheproduct isa combined 

preparation comprisingtheanti-HER2 antibody-drug 

I 

con]ugateandthePARPi selective inhibitor, for 

sequentialor simultaneous administration.  

18. Thepharmaceuticalproduct accordingtoanyoneof 

cancer.  

19. Thepharmaceuticalproduct accordingtoclaim18, 

whereinthe cancers at least one selectedfromthe 

group consistingofbreast cancer, gastric cancer, 

colorectal cancer, lungcancer, esophageal cancer, head

and-neckcancer, esophagogastric junctionadenocarcinoma, 

biliarytract cancer, Paget's disease, pancreaticcancer, 

ovariancancer, uterine carcinosarcorna, urothelial 

cancer, prostate cancer, bladder cancer, gastrointestinal 

claims 1 to 17, whereintheproduct is fortreating
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stromaltumor, digestivetract stromaltumor, uterine 

cervixcancer, squamous cell carcinoma, peritoneal 

cancer, livercancer, hepatocellular cancer, corpusuteri 

carcinoma, kidneycancer, vulval cancer, thyroidcancer, 

penis cancer, leukemia, malignant lymphoma, plasruacytoma, 

myeloma, glioblastomamultiforme, osteosarcoma, sarcoma, 

andmelanoma.  

20. Thepharmaceuticalproduct accordingtoclaim19, 

whereinthe cancerisbreast cancer.  

21. Thepharmaceuticalproduct according claim20, 

whereinthebreast cancerhas aHER2 status scoreof IHO 

3+.  

22. Thepharmaceuticalproduct accordingtoclaim20, 

whereinthebreast cancerisHER2 low-expressingbreast 

23. Thepharmaceuticalproduct accordingtoclaim20, 

whereinthebreast cancerhas aHER2 status scoreof IHC 

2+.  

24. Thepharmaceuticalproduct accordingtoclaim20, 

whereinthebreast cancerhas aHER2 status scoreof IHC 

1+.  

cancer.
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25. Thepharmaceuticalproduct accordingtoclaim20, 

whereinthebreast cancerhas aHER2 status scoreof THC 

>0 and<1+.  

26. Thepharmaceuticalproduct accordingtoclaim20, 

whereinthebreast canceristriple-negativebreast 

cancer.  

27. Thepharmaceuticalproduct according claim18, 

whereinthe cancers gastriccancer.  

28. Thepharmaceuticalproduct accordingtoclaim18, 

whereinthe cancers czolorecztal cancer.  

29. Thepharmaceuticalproduct accordingtoclaim18, 

whereinthe cancers lungcancer.  

whereinthe lungcancerisnon-small cell lungcancer0 

31. Thepharmaceuticalproduct accordingtoclaim18, 

whereinthe cancerispancreaticcancer.  

32. Thepharmaceuticalproduct accordingtoclaim18, 

whereinthe cancers ovariancancer.  

33. Thepharmaceuticalproduct accordingtoclaim18, 

whereinthe cancerisprostate cancer 

30. Thepharmaceuticalproduct accordingtoclaim29,
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34. Thepharmaceuticalproduct accordingtoclaim18, 

whereinthe cancers kidneycancer.  

35. Apharmaceuticalproduct as definedinanyoneof 

claims 1 to 17, foruse intreatingcancer.  

36. Thepharmaceuticalproduct fortheuseaccordingto 

claim35, whereinthe cancers at least one selected 

fromthegroupconsistingofbreast cancer, gastric 

cancer, colorectal cancer, lungcancer, esophageal 

cancer, head-and-neckcancer, esophagogastric junction 

adenocarcinoma, biliarytract cancer, Paget'sdisease, 

pancreaticcancer, ovariancancer, uterine 

carcinosarcoma, urothelial cancer, prostate cancer, 

bladdercancer, gastrointestinal stromaltumor, digestive 

tract stromaltumor, uterine cervixcancer, squamous cell 

hepatocellularcancer, corpusuteri carcinoma, kidney 

cancer, vulval cancer, thyroidcancer, penis cancer, 

leukemia, malignant lymphoma, plasmacytoma, myeloma, 

glioblastornarnultiforrne, osteosarcoma, sarcoma, and 

melanoma.  

37. Thepharmaceuticalproduct fortheuseaccordingto 

claim35, whereinthe cancerisbreast cancer 

carcinoma, peritoneal cancer, livercancer,
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38. Thepharmaceuticalproduct fortheuseaccordingto 

claim37, whereinthebreast cancerhasaHER2 status 

scoreof IHC 3+.  

39. Thepharmaceuticalproduct fortheuse according 

claim37, whereinthebreast cancer isHER2 low

expressingbreast cancer 

40. Thepharmaceuticalproduct fortheuseaccordingto 

claim37, whereinthebreast cancerhasaHER2 status 

scoreof IHO 2+.  

41. Thepharmaceuticalproduct fortheuseaccordingto 

claim37, whereinthebreast cancerhasaHER2 status 

scoreof IHC 1+.  

42. Thepharmaceuticalproduct fortheuseaccordingto 

scoreof IHC>0 and<1+.  

43. Thepharmaceuticalproduct fortheuseaccordingto 

claim37, whereinthebreast cancer istriple-negative 

breast cancer 

44. Thepharmaceuticalproduct fortheuseaccordingto 

claim35, whereinthe cancer is gastriccancer.  

claim37, whereinthebreast cancerhasaHER2 status
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45. Thepharmaceuticalproduct fortheuseaccordingto 

claim35, whereinthe cancers colorectal cancer.  

46. Thepharmaceuticalproduct forth use according 

claim35, whereinthe cancers lungcancer.  

47. Thepharmaceuticalproduct fortheuseaccordingto 

claim46, whereinthe lungcanceris non-small cell lung 

cancer.  

48. Thepharmaceuticalproduct fortheuseaccordingto 

claim35, whereinthe cancerispancreatic cancer.  

49. Thepharmaceuticalproduct fortheuseaccordingto 

claim35, whereinthe cancers ovariancancer.  

50. Thepharmaceuticalproduct fortheuseaccordingto 

51. Thepharmaceuticalproduct fortheuseaccordingto 

claim35, whereinthe cancers kidneycancer0 

52. Useofananti-HER2 antibody-drugconjugateora 

PARPi selective inhibitorinthemanufactureofa 

medicament foradministrationofthe anti-HER2 antibody

drugconjugateandthePARPi selective inhibitorin 

combination, whereintheanti-HER2 antibody-drug 

I 

czon]ugateandthePARPi selective inhibitorare as 

claim35, whereinthe cancerisprostate cancer.
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definedinanyoneofclaims 1 to 15, fortreating 

cancer.  

53. Theuseaccordingtoclaim52, whereinthe cancer 

is at least one selectedfromthegroupconsistingof 

breast cancer, gastriccancer, colorectal cancer, lung 

cancer, esophageal cancer, head-and-neckcancer, 

esophagogastric junctionadenocarcinoma, biliarytract 

cancer, PagetI s disease, pancreaticcancer, ovarian 

cancer, uterine carcinosarcoma, urothelial cancer, 

prostate cancer, bladdercancer, gastrointestinal stromal 

tumor, digestivetract stromaltumor, uterinecervix 

cancer, squamous cell carcinoma, peritoneal cancer, liver 

cancer, hepatocellularcancer, corpus uteri carcinoma, 

kidneycancer, vulval cancer, thyroidcancer, penis 

cancer, leukemia, malignant lymphoma, plasmacytoma, 

myeloma, glioblastomamultiforme, osteosarcoma, sarcoma, 

54. Theuseaccordingtoclaim52, whereinthe cancers 

breast cancer 

55. Theuseaccordingtoclaim54, whereinthebreast 

cancerhas aHER2 status scoreof THC 3+0 

56. Theuseaccordingtoclaim54, whereinthebreast 

cancerisHER2 low-expressingbreast cancer.  

andmelanoma.
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57. Theuseaccordingtoclaim54, whereinthebreast 

cancerhas aHER2 status scoreof THC 2+0 

58. Theuseaccordingtoclaim54, whereinthebreast 

cancerhas aHER2 status scoreof IHC 1+0 

59. Theuseaccordingtoclaim54, whereinthebreast 

cancerhas aHER2 status scoreof IHO >0 and<1+0 

60. Theuseaccordingtoclaim54, whereinthebreast 

cancer istriple-negativebreast cancer.  

61. Theuseaccordingtoclaim52, whereinthe cancers 

gastric cancer.  

62. Theuseaccordingtoclaim52, whereinthe cancers 

63. Theuseaccordingtoclaim52, whereinthe cancers 

lungcancer.  

64. Theuseaccordingtoclaim63, whereinthe lung 

cancer isnon-small cell lungcancer.  

65. Theuseaccordingtoclaim52, whereinthe cancers 

pancreatic cancer.  

colorectal cancer.
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66. Theuseaccordingtoclaim52, whereinthe cancers 

I 

ovarian cancer.  

67. These according claim52, whereinthe cancer is 

prostate cancer.  

68. Theuseaccordingtoclaim52, whereinthe cancers 

kidneycancer0 

69. Theuseaccordingtoanyoneofclaims 52 to 68 

whereinthemedicament is a compositioncomprisingthe 

anti-HER2 antibody-drug con]ugateandthePARPi selective 

inhibitor, for simultaneous administration.  

70. Theuseaccordingtoanyoneofclaims 52 to 68 

whereinthemediczament is a combinedpreparation 

comprisingtheanti-HER2 antibody-drugconjugate andthe 

administration.  

71. Amethodoftreatingcancercomprisingadministering 

ananti-HER2 antibody-drugconjugate andaPARPi 

selective inhibitors definedinanyone ofclaims 1 to 

15 in combinationtoa subject inneedthereof.  

72. Themethodaccordingtoclaim71, whereinthe cancer 

is at least one selectedfromthegroupconsistingof 

breast cancer, gastric cancer, colorectal cancer, lung 

PARPi selective inhibitor, for sequential orsimultaneous
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cancer, esophageal cancer, head-and-neckcancer, 

esophagogastric junctionadenocarcinoma, biliarytract 

cancer, PagetI s disease, pancreaticcancer, ovarian 

cancer, uterine carcinosarcoma, urothelial cancer, 

prostate cancer, bladdercancer, gastrointestinal stromal 

tumor, digestivetract stromaltumor, uterinecervix 

cancer, squamous cell carcinoma, peritoneal cancer, liver 

cancer, hepatocellularcancer, corpus uteri carcinoma, 

kidneycancer, vulval cancer, thyroidcancer, penis 

cancer, leukemia, malignant lymphoma, plasmacytoma, 

myeloma, glioblastomamultiforme, osteosarcoma, sarcoma, 

andmelanoma.  

73. Themethodaccordingto claim71, whereinthe cancer 

isbreast cancer 

74. Themethodaccordingtoclaim73, whereinthebreast 

75. Themethodaccordingtoclaim73, whereinthebreast 

cancerisHER2 low-expressingbreast cancer.  

76. Themethodaccordingtoclaim73, whereinthebreast 

cancerhas aHER2 status scoreof THC 2+0 

77. Themethodaccordingtoclaim73, whereinthebreast 

cancerhas aHER2 status scoreof IHC 1+0 

cancerhas aHER2 status scoreof IHO 3+0
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78. Themethodaccordingtoclaim73, whereinthebreast 

cancerhas aHER2 status scoreof THC>0 and<1+0 

79. Themethodaccordingto claim73, whereinthebreast 

cancer is triple-negativebreast cancer.  

80. Themethodaccordingtoclaim71, whereinthe cancer 

is gastriccancer.  

81. Themethodaccordingtoclaim71, whereinthe cancer 

is colorectal cancer.  

82. Themethodaccordingtoclaim71, whereinthe cancer 

is lungcancer.  

83. Themethodaccordingtoclaim82, whereinthe lung 

84. Themethodaccordingtoclaim71, whereinthe cancer 

ispancreaticcancer.  

85. Themethodaccordingtoclaim71, whereinthe cancer 

is ovariancancer.  

86. Themethodaccordingtoclaim71, whereinthe cancer 

isprostate cancer.  

cancerisnon-small cell lungcancer.
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87. Themethodaccordingtoclaim71, whereinthe cancer 

is kidneycancer0 

88. Themethodaccordingtoanyoneofclaims 71 to 87, 

whereinthemethodcomprises administeringthe anti-HER2 

antibody-drugconjugateandthePARPi selective inhibitor 

sequentially.  

89. Themethodaccordingto anyone of claims 71 to 87, 

whereinthemethodcomprises administeringthe anti-HER2 

antibody-drugconjugateandthePARPi selective inhibitor 

0
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