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ABSTRACT

THE EPIDERMAL GROWTH FACTOR RECEPTOR (EGFR) IS A WELL VALIDATED DRUG TARGET FOR THE
TREATMENT OF NON-SMALL CELL LUNG CANCER. HERE WE PRESENT AN OPTIMIZATION APPROACH AND
PRELIMINARY STRUCTURE-ACTIVITY RELATIONSHIP FOR 1H-PYRROLO[2,3-B]PYRIDINES AS COVALENT
IRREVERSIBLE MUTANT EGFR INHIBITORS. WE SYNTHESIZED A FOCUSED LIBRARY TO INVESTIGATE THE
EFFECT OF DIFFERENT AROMATIC SUBSTITUENTS IN THE 4-POSITION OF THIS SCAFFOLD, INTERACTING WITH
THE GATEKEEPER. WE DETERMINED THE ACTIVITY OF THE SYNTHESIZED COMPOUNDS MUTANT EGFR

ENZYME ASSAYS AND DETERMINED THE SELECTIVITY OVER THE WILD TYPE.
KEYWORDS: MEDICINAL CHEMISTRY, SYNTHESIS, ANTI-CANCER, EGFR, BIOLOGICAL ACTIVITY
1. INTRODUCTION

THE DEVELOPMENT OF EPIDERMAL GROWTH FACTOR RECEPTOR (EGFR) INHIBITORS FOR THE TREATMENT OF
NON-SMALL CELL LUNG CANCER (NSCLC) RESULTED IN THREE GENERATIONS OF SMALL MOLECULAR DRUGS
IN ONE DECADE (FIGURE 1)./ EGFR REPRESENTS A WELL-VALIDATED DRUG TARGET FOR PATIENTS HARBORING
SO-CALLED ACTIVATING MUTATIONS.?? THESE MUTATIONS LEAD TO A HIGHLY INCREASED LEVEL OF EGF
SIGNALING INDEPENDENT FROM EXTRACELLULAR STIMULI. THIS RESULTS IN AN ABERRANT EQUILIBRIUM
BETWEEN PRO-APOPTOTIC AND PRO-SURVIVAL SIGNALS IN MALIGNANT CELLS. BECAUSE THE SURVIVAL OF
THESE ABNORMAL CELLS IS HIGHLY DEPENDENT ON THE EGFR SIGNALING PATHWAY, EGFR INHIBITION
LEADS TO A RAPID INHIBITION OF TUMOR CELL GROWTH IN VITRO AND TUMOR SHRINKAGE IN VIVO.*®

HOWEVER, PATIENTS HARBORING WILD TYPE (WT) EGFR SHOWED POOR RESPONSE RATES UNDER AN ANTI



EGFR THERAPY. THE MOST FREQUENTLY OBSERVED ACTIVATING MUTATION IN NSCLC PATIENTS IS THE
SINGLE AMINO ACID EXCHANGE L858R, LOCATED ON EXON 21 THAT CODES FOR THE TYROSINE KINASE
DOMAIN OF EGFR.Z7FIRST GENERATION EGFR INHIBITORS LIKE GEFITINIB (/NV-(3-CHLORO-4-FLUOROPHENYL)-
7-METHOXY -6-(3-MORPHOLINOPROPOXY ))QUINAZOLIN-4-AMINE) ARE HIGHLY POTENT INHIBITORS OF THIS
PARTICULAR KINASE VARIANT. HOWEVER, DURING LONG-TERM TREATMENT, MOST OF THE INITIALLY
RESPONDING PATIENTS DEVELOP SECONDARY RESISTANCES TO FIRST GENERATION EGFR INHIBITORS. THE
SECONDARY POINT MUTATION T790M IS THE LEADING CAUSE FOR DRUG RESISTANCE IN 60 % OF NSCLC
PATIENTS.%? SECOND GENERATION EGFR INHIBITOR AFATINIB ((S,E)-NV-(4-((3-CHLORO-4-
FLUOROPHENYL)AMINO)-7-((TETRAHYDROFURAN-3-YL)OXY)QUINAZOLIN-6-YL)-4-(DIMETHYLAMINO)BUT-2-
ENAMIDE) OVERCOMES L858R/T790M RESISTANCE BY A COVALENT IRREVERSIBLE INTERACTION WITH THE
ENZYME. THUS, THIS COMPOUND BEARS A REACTIVE MICHAEL ACCEPTOR GROUP, AN ACRYLAMIDE, FOR THE
ALKYLATION OF A NON-CATALYTIC CYSTEINE (CYS797)./ DOSE LIMITING TOXICITY COMPROMISED THE
CLINICAL EFFICACY OF AFATINIB. THE POTENT INHIBITION OF WT EGFR HAS BEEN LINKED TO THE SERIOUS
SIDE EFFECTS OF AFATINIB.//”? THE RECENTLY FDA APPROVED THIRD GENERATION EGFR INHIBITOR
OSIMERTINIB (N-(2-((2-(DIMETHYLAMINO)ETHYL)(METHYL)AMINO)-4-METHOXY-5-((4-(1-METHYL-1 H-INDOL-
3-YL)PYRIMIDIN-2-YL)AMINO)PHENYL)ACRYLAMIDE) WAS DESIGNED TO COVALENTLY INHIBIT L858R AND
L858R/T790M MUTANT EGFR, WHILE SPARING THE WILD TYPE.”? OSIMERTINIB INHIBITS EGFR-L858R/T790M
WITH SUBNANOMOLAR ICso VALUES AND THE WT EGFR INHIBITION IN THE LITERATURE RANGES FROM ~1 TO
184 NM, DEPENDING ON THE ASSAY FORMAT.’**” EVEN THOUGH DOSE LIMITING TOXICITY COULD BE REDUCED
FOR OSIMERTINIB WHEN COMPARED WITH AFATINIB, THIS THIRD GENERATION EGFR INHIBITOR STILL SHOWS
THE TYPICAL WT ASSOCIATED EGFR INHIBITOR SIDE EFFECTS IN UP TO 30% OF TREATED PATIENTS, NAMELY
SKIN RASH, NEUTROPENIA, LEUKOPENIA AND DIARRHEA.’ THE ACTIVE METABOLITE AZ5104 (N-[2-[[2-
(DIMETHYLAMINO)ETHYL]METHYLAMINO]-5-[[4-(1H-INDOL-3-YL)-2-PYRIMIDINYL]AMINO]-4-
METHOXYPHENYL]-2-PROPENAMIDE), WHICH IS THE N-INDOLE-DEMETHYLATED DERIVATIVE OF OSIMERTINIB
IS LESS SELECTIVE AND DISPLAYS A POTENT INHIBITOR OF WT EGFR (15-FOLD MORE POTENT THAN
OSIMERTINIB), WHICH PARTIALLY EXPLAINS THE ADVERSE EFFECTS OF OSIMERTINIB, OBSERVED IN CLINICAL

TRIALS. /718

HERE WE PRESENT A RATIONAL DESIGN APPROACH OF NOVEL COVALENT IRREVERSIBLE EGFR INHIBITORS
TOWARDS IMPROVED ACTIVITY AND SELECTIVITY VERSUS WILD TYPE, EMPLOYING THE 1H-PYRROLO[2,3-
B]PYRIDINE SCAFFOLD AS A HINGE BINDER. WE PREVIOUSLY DESCRIBED TRISUBSTITUTED IMIDAZOLES

BEARING THE 1H-PYRROLO[2,3-B]PYRIDINE GROUP TO BE A VALUABLE SCAFFOLD TO ACT AS BIDENTATE



HINGE BINDERS IN EGFR (E.G. MJ-341 (N-(3-(4-(4-(4-FLUOROPHENYL)-2-(3-HYDROXYPROPYL)- 1 H-IMIDAZOL-5-
YL)-1H-PYRROLO[2,3-B]PYRIDIN-3-YL)PHENYL)ACRYLAMIDE), FIGURE 1).” WE FOUND THE 3-POSITION OF THE
HINGE BINDING HETEROCYCLE TO BE A SUITABLE ATTACHMENT POINT FOR A MICHAEL ACCEPTOR LINKED
VIA PHENYL RESIDUES IN ORDER TO COVALENTLY BIND CYS797. MJ-277 (N-(3-(4-(4-(4-FLUOROPHENYL)-2-(3-
HYDROXYPROPYL)-1H-IMIDAZOL-5-YL)-1H-PYRROLO[2,3-B]PYRIDIN-3-YL)PHENYL)ACRYLAMIDE) SERVED AS
A NEW HIT COMPOUND FOR THE DEVELOPMENT OF EGFR INHIBITORS WITH DECREASED MOLECULAR WEIGHT
WHEN COMPARED WITH THE STRUCTURE CLASS OF MJ-341 AND PROMISING BIOLOGICAL ACTIVITY. WE COULD
DEVELOP HIGHLY POTENT COMPOUNDS WITH THIS CHEMOTYPE FOR EGFR-L858R/T790M AND FOR EGFR-
L858R/T790M/C797S IN THE PAST.” HOWEVER, WE COULD NOT IMPROVE THE SELECTIVITY OVER EGFR WILD
TYPE. IN THE PRESENT WORK, WE FURTHER SYNTHESIZED A FOCUSED LIBRARY OF CLOSELY RELATED
COMPOUNDS DECORATED WITH DIFFERENT SUBSTITUENTS IN THE 4-POSITION IN ORDER TO IMPROVE THE
INHIBITORY ACTIVITY AND THE SELECTIVITY OVER EGFR WILD TYPE. IT HAS BEEN RECENTLY SHOWN THAT
PLACING AROMATIC RESIDUES BETWEEN THE GATEKEEPER MET790 RESIDUE AND LYS745 CAN BE USED TO
INCREASE EGFR-L858R/T790M ACTIVITY WHILE MAINTAINING SELECTIVITY VERSUS WILD TYPE.?’ DOCKING
PREDICTED THE 4-POSITION OF THE 1H-PYRROLO[2,3-B]PYRIDINE SCAFFOLD TO BE THE MOST PROMISING
ATTACHMENT POINT FOR SUBSTITUENTS TOWARDS THIS DIRECTION (FIGURE 2). COVALENT DOCKING OF 17
AND 19 PREDICTED A BIDENTATE HINGE-BINDING MOTIF AND ORIENTATION OF THE AROMATIC RESIDUES
BETWEEN MET790 AND LYS745 BUT AVOIDING TO FULLY OCCUPY HYDROPHOBIC REGION I, WHICH MIGHT BE
DETRIMENTAL FOR SELECTIVITY. FOR 19, DOCKING PREDICTED AN ADDITIONAL HYDROGEN BOND BETWEEN
THE PROTONATED AMINE OF LYS745 AND THE SULFONAMIDE GROUP (FIGURE 2B) THAT MIGHT BE BENEFICIAL

FOR INHIBITORY ACTIVITY.

2. MATERIALS AND METHODS

2.1 COMPOUND SYNTHESIS AND CHARACTERIZATION

A DETAILED DESCRIPTION OF COMPOUND SYNTHESES AND CHARACTERIZATION CAN BE FOUND IN THE

SUPPLEMENTARY INFORMATION.

2.2 BIOCHEMICAL CHARACTERIZATION



INHIBITION DATA (ICs0) AGAINST EGFR-WILDTYPE, EGFR-L858R/T790M AND EGFR-L858R/T790M/C797S AS
WELL AS SELECTIVITY AMONG TARGETABLE CYSTEINE CONTAINING KINASES (JAK3, MKK7, TEC, TXK, ITK,
BTK wT, BMX, BLK, ERBB2 wT, EGFR wT, ERBB4) WERE CONDUCTED AT REACTION BIOLOGY CORP VIA
COMMERCIAL RADIOLABELED 33P(ATP) KINASE ASSAYS. ICs0 VALUES WERE MEASURED IN DUPLICATES AT 5
DIFFERENT CONCENTRATION WITH 10-FOLD DILUTION STEPS STARTING FROM 5 uM. STAUROSPORINE WAS
TESTED AS CONTROL COMPOUND IN SINGLICATE AT 10 DIFFERENT CONCENTRATIONS WITH A 4-FOLD
DILUTION STARTING AT 20 pM. INHIBITION OF TARGETABLE CYSTEINE CONTAINING KINASES WERE
PERFORMED AT SINGLE CONCENTRATIONS (200 NM) IN DUPLICATES. A DETAILED DESCRIPTION OF THE ASSAY

FORMAT IS GIVEN IN THE LITERATURE?*%Z,

3 RESULTS AND DISCUSSION

3.1 CHEMISTRY

FOR THE SYNTHESIS OF A FOCUSED LIBRARY (SCHEME 1), WE FIRST CONVERTED COMMERCIALLY AVAILABLE
1 H-PYRROLO[2,3-BJPYRIDINE TO THE CORRESPONDING 7-N-OXIDE (2) USING MCPBA (M-CHLOROPERBENZOIC
ACID).”’ SUBSEQUENT CHLORINATION WITH METHANESULFONYL CHLORIDE GAVE THE 4-CHLORO DERIVATIVE
(3) IN GOOD YIELD. NEXT WE IODINATED THE 3-POSITION OF THE SCAFFOLD WITH I UNDER BASIC CONDITIONS.
FOR THE FOLLOWING PD-CATALYZED CROSS COUPLING REACTIONS, WE HAD TO PROTECT THE NITROGEN IN
I-POSITION OF THE 1H-PYRROLO[2,3-B]JPYRIDINE CORE. THUS, WE INTRODUCED A SEM
(TRIMETHYLSILYLETHOXYMETHYL) PROTECTIVE GROUP BY DEPROTONATION WITH SODIUM HYDRIDE AND
NUCLEOPHILIC SUBSTITUTION OF SEM CHLORIDE. INITIALLY THIS STEP YIELDED A REGIOISOMERIC MIXTURE
OF THE 1- AND 7-SEM PROTECTED 1H-PYRROLO[2,3-B]PYRIDINE 5, WHICH COULD BE CONVERTED TO THE 1-
REGIOISOMERE BY STIRRING WITH A CATALYTIC AMOUNT OF SEM CHLORIDE AT ELEVATED TEMPERATURE IN
ACETONITRILE. TO INSTALL AN AROMATIC LINKER, THAT SHOULD LATER BEAR THE REACTIVE MICHAEL
ACCEPTOR, WE INTRODUCED THE META-NITROPHENYL RESIDUE BY MEANS OF SUZUKI CROSS COUPLING
REACTION USING 3-NITROPHENYL BORONIC ACID IN GOOD YIELDS. NEXT WE EITHER USED SUZUKI OR
BUCHWALD-HARTWIG CROSS COUPLING REACTIONS FOR CARBON-CARBON OR CARBON-NITROGEN BOND
FORMATIONS IN THE 4-POSITION OF THE SCAFFOLD TO YIELD INTERMEDIATES 7A-I. WE CONVERTED THE NITRO
GROUP TO THE CORRESPONDING PRIMARY AROMATIC AMINE (8A-I) BY HETEROGENEOUS CATALYSIS USING
HYDROGEN AND PALLADIUM ON ACTIVATED CHARCOAL IN EXCELLENT YIELDS. AMIDE BOND FORMATION
WITH ACRYLOYL CHLORIDE UNDER BIPHASIC SCHOTTEN-BAUMANN CONDITIONS GAVE ACRYLAMIDES 9A-I IN

ACCEPTABLE TO EXCELLENT YIELDS. SEM-DEPROTECTION WAS ACHIEVED USING TRIFLUOROACETIC ACID IN



METHYLENE CHLORIDE YIELDING COMPOUNDS 10 — 15 AND 22 - 24. FOR THE SYNTHESIS OF N-SUBSTITUTED
INDOL-3-YL AND PYRAZOL-3-YL DERIVATIVES (SCHEME 2), WE FIRST INTRODUCED THE N-TOSYL-PROTECTED
HETEROCYCLES BY SUZUKI CROSS COUPLING REACTIONS (26A, B). SELECTIVE DEPROTECTION WITH KOH IN
MEOH YIELDED THE FREE NH HETEROCYCLES (27A, B), WHICH COULD BE SUBSTITUTED USING SODIUM
HYDRIDE AND THE CORRESPONDING ALKYL HALIDES OR SULFONYL CHLORIDES. SUBSEQUENT REDUCTION OF
THE NITRO GROUP FOLLOWED BY AMIDE BOND FORMATION AND SEM DEPROTECTION YIELDED FINAL
COMPOUNDS 17 - 21. FOR THE SYNTHESIS OF 16, WE INTRODUCED TIPS (TRIISOPROPYLSILYL) PROTECTED
INDOLE BY SUZUKI CROSS COUPLING, FOLLOWED BY REDUCTION OF THE NITRO GROUP, AMIDE BOND
FORMATION WITH ACRYLOYL CHLORIDE AND SUBSEQUENT ONE STEP TIPS AND SEM DEPROTECTION.
BORONIC ACIDS OR ACID ESTERS WERE SYNTHESIZED BY LITHIATION-BORYLATION OR MIYAURA

BORYLATION APPROACHES FOLLOWING LITERATURE PROCEDURES.?*

3.2 KINASE INHIBITION

WE NEXT DETERMINED THE INHIBITORY ACTIVITIES OF OUR SYNTHESIZED COMPOUNDS FOR THE GEFITINIB
RESISTANT L858R/T790M EGFR MUTANT (TABLE 1) IN AN ACTIVITY BASED *P(ATP) COMMERCIALLY
AVAILABLE RADIOMETRIC ASSAY. ?%??IN THIS ASSAY, THE HIT COMPOUND MJ-277 SHOWED AN ICso VALUE OF
0.068 uM. TO EXAMINE THE POTENTIAL OF AN INTERACTION BETWEEN R AND THE GATEKEEPER METHIONINE
OF THE EGFR L858R/T790M MUTANT, WE SYNTHESIZED COMPOUNDS WITH VARYING SUBSTITUENTS IN THIS
POSITION. WE HAVE CHOSEN MORE AND LESS BULKY AROMATIC RESIDUES AS WELL AS ELECTRON RICH AND
POOR ANALOGUES. GROWING THE SIZE AND SPATIAL REQUIREMENTS FROM PHENYL (10) TO NAPHTH-1-YL
ANALOGUE 11 RESULTED IN A SIGNIFICANT DROP OF ACTIVITY (1.27 uM) OF OVER ONE ORDER OF MAGNITUDE.
HOWEVER, WE COULD DETERMINE AN ICso VALUE OF 0.198 uM FOR THE NAPHTH-2-YL DERIVATIVE 12,
INDICATING THAT THIS SUBSTITUTION PATTERN IS MUCH BETTER TOLERATED. THESE FINDINGS SUGGEST
THAT AN ANNELATED RING SYSTEM MIGHT CLASH WITH THE GATEKEEPER IF THE ANGLE IS TOO SHORT, AS IT
IS FOR THE NAPHTH-1-YL DERIVATIVE 11. AND MOREOVER, WE COULD SHOW WITH COMPOUND 12, THAT
INDEED THESE RING SYSTEMS CAN BE INSTALLED IN THE | A~-PYRROLO[2,3- BJPYRIDINE 4-POSITION IN ORDER
TO ADDRESS THE GATEKEEPER REGION. WE NEXT DETERMINED THE INFLUENCE OF ELECTRON RICH
HETEROCYCLES (13 — 15) IN THIS POSITION. COMPOUND 13 SHOWED AN ICso VALUE OF 0.027 uM AND A 3.6
FOLD INCREASE OF ACTIVITY WHEN COMPARED WITH THE PHENYL ANALOGUE 10. WE COULD EVEN IMPROVE
THE ACTIVITY WITH PYRAZOLE BEARING COMPOUNDS 20 AND 21 TO ICso VALUES OF 0.018 uM AND 0.012 uM,

RESPECTIVELY. THE ELECTRON POOR PYRIDINE-4-YL DERIVATIVE (22) SHOWED A TREMENDOUS DROP OF



ACTIVITY RESULTING IN AN ICso VALUE OF 0.97 pM. COMPARED TO THE PHENYL ANALOGUE (10) THIS
REPRESENTS AN ALMOST 10-FOLD DECREASE OF ACTIVITY, INDICATING THE IMPORTANCE OF ELECTRON
DENSITY OF THESE SUBSTITUENTS. WE COULD ALSO IMPROVE THE ACTIVITY OF 10 BY INSTALLING THE
CORRESPONDING PHENYLAMINO RESIDUE (23), A MORE FLEXIBLE SUBSTITUTION PATTERN, RESULTING IN AN
ICs0o VALUE OF 0.045 uyM. HOWEVER, WE COULD NOT TRANSFER THIS TO THE NAPHTHYL-1-AMINE DERIVATIVE
(24) WHICH SHOWED A COMPLETE LACK OF INHIBITION. WE NEXT DECORATED THE 1H-PYRROLOI[2,3-
BIPYRIDINE SCAFFOLD WITH INDOL-3-YL SUBSTITUENTS (17 — 19). THE THREE N-SUBSTITUTED INDOLE
MOIETIES IMPROVED THE ACTIVITY, IN GENERAL. WE DETERMINED AN ICso VALUE OF 0.060 uM FOR
COMPOUND 16, BEARING THE UNSUBSTITUTED INDOLE AS WELL AS 0.014 uM AND 0.042 uM FOR THE M-
ISOPROPYL AND N-METHYLSUFONYL DERIVATIVES 18 AND 19, RESPECTIVELY. THE MOST POTENT COMPOUND
(17) IN THIS SERIES SHOWED AN ICso VALUE VERY CLOSE TO THE RESOLUTION LIMIT OF THE KINASE ASSAY OF
0.001 uM. THE KINASE CONCENTRATION (2 NM) USED IN THE ASSAYS SET A LOWER RESOLUTION LIMIT OF 1
NM TO DETERMINE INHIBITORY ACTIVITIES QUANTITATIVELY. WITH 17, WE COULD ACHIEVE HIGHER
INHIBITORY ACTIVITIES THAN WITH OUR PREVIOUSLY PUBLISHED HIGHLY OPTIMIZED COMPOUND MIJ-341,

WHILE REDUCING MOLECULAR WEIGHT.

3.3 COMPOUND SELECTIVITY

TO EXAMINE THE COMPOUND’S SELECTIVITY PROFILE, WE DETERMINED THE INHIBITORY ACTIVITIES OF
SELECTED COMPOUNDS AGAINST EGFR WILD TYPE IN AN ACTIVITY BASED *P(ATP) COMMERCIALLY
AVAILABLE RADIOMETRIC ASSAY. 22 TABLE 2 SHOWS THE RESULTS OF OUR TESTED COMPOUNDS IN AN EGFR
WT ENZYME ASSAY AND THE SELECTIVITY RATIO FOR THE DOUBLE MUTANT EGFR-L858R/T790M OVER THE
WILD TYPE. EXCEPT COMPOUNDS 11 AND 16, MOST OF OUR COMPOUND SHOWED PREFERENCE FOR THE
DOUBLE MUTANT EGFR-L858R/T790M. FOR THE MOST SELECTIVE COMPOUND (12) WE COULD DETERMINE A
SELECTIVITY RATIO OF OVER 11. NEVERTHELESS, THIS COMPOUND SHOWED DECREASED INHIBITORY
ACTIVITY OF 0.20 uM AGAINST EGFR-L858R/T790M. HOWEVER, THIS ASSAY SETTING WAS NOT SUITABLE FOR
THE SELECTIVITY DETERMINATION OF THE MOST POTENT COMPOUND 17 AND OSIMERTINIB, BECAUSE THESE
COMPOUNDS SHOWED ICso VALUES BELOW AND CLOSE TO THE RESOLUTION LIMIT OF 0.001 pM.
INTERESTINGLY 16 SHOWED COMPARABLE ICs0 VALUES FOR THE MUTANT AND THE WILD TYPE ENZYME IN
THE LOW NANOMOLAR RANGE. THIS INDICATES THAT THIS PARTICULAR COMPOUND COVALENTLY BINDS TO
BOTH TESTED PROTEINS WITH SOME PREFERENCE TO THE WILD TYPE. IN ORDER TO OBTAIN RELIABLE ICso

VALUES WE MODIFIED THE ENZYME ASSAYS AND TESTED COMPOUND 17 WITH AN INCREASED



CONCENTRATION OF ATP. AT A 10 FOLD INCREASED ATP CONCENTRATION, COMPOUND 17 SHOWED ICso
VALUES OF 0.002 uM AND 0.012 uM AGAINST EGFR-L858R/T790M AND EGFR-WT, RESPECTIVELY. WE COULD
DETERMINE A SELECTIVITY RATIO OF 6 WITH THESE MODIFIED ASSAY CONDITIONS. TO EXAMINE THE
INFLUENCE OF THE COVALENT BOND FORMATION ON THE INHIBITORY ACTIVITY, WE TESTED SELECTED
COMPOUNDS IN A TRIPLE MUTANT EGFR-L858R/T790M/C797S ENZYME ASSAY. THIS ENZYME LACKS THE NON-
CATALYTIC CYSTEINE 797 THAT IS NECESSARY FOR THE COVALENT BOND FORMATION. WE HAVE RECENTLY
SHOWN, THAT THIS MUTATION CAN BE OVERCOME BY THE OPTIMIZATION OF NON-COVALENT REVERSIBLE
BINDING PATTERNS OF COVALENT IRREVERSIBLE EGFR INHIBITORS. #/%? BECAUSE THESE COMPOUNDS AND
OSIMERTINIB SHOW ONLY LIMITED INTERACTIONS WITH THE ATP POCKET BESIDES THE COVALENT BOND
FORMATION, WE EXPECTED A DRAMATIC DROP OF ACTIVITY WHEN COMPARED WITH THE DOUBLE MUTANT
EGFR-L858R/T790M ASSAY. AS EXPECTED, ALL TESTED COMPOUNDS SHOWED A TREMENDOUS DECREASE OF
ACTIVITY FOR THE CYSTEINE MUTATED PROTEIN. THIS INDICATES THAT OUR SYNTHESIZED POTENT
COMPOUNDS COVALENTLY BIND TO THE DOUBLE MUTANT EGFR-L858R/T790M AND THAT THIS INTERACTION
IS THE MAJOR CONTRIBUTOR TO THE INHIBITORY ACTIVITY. WITH AN ICso VALUE OF 1.3 uM, COMPOUND 17
SHOWED LOW RESIDUAL ACTIVITY, DUE TO REVERSIBLE BINDING. HOWEVER, 10 — 13 AND 20 — 21 SHOWED A
DROP OF ACTIVITY OF UP TO OVER 500-FOLD. WE ALSO DETERMINED THE SELECTIVITY OF 13 AND 17 IN A
PANEL OF THE TEN KINASES CARRYING A CYSTEINE AT THE EQUIVALENT POSITION. AS DEPICTED IN TABLE 4,
THE MOST POTENT COMPOUND 17 SHOWED OVER 70% INHIBITION FOR EIGHT OF THESE KINASES. COMPOUND
13 SHOWED A MORE SELECTIVE PROFILE, INHIBITING FIVE OTHER KINASES. IT IS NOTEWORTHY THAT THIS

COMPOUND SHOWS SELECTIVITY WITHIN THE ERBB KINASE FAMILY, WHILE 17 DOES INHIBIT THESE KINASES.

4 CONCLUSION

IN SUMMARY, WE SUCCESSFULLY DEVELOPED EGFR-L858R/T790M INHIBITORS BASED ON THE 1H-
PYRROLO([2,3-BJPYRIDINE CORE AS THE HINGE BINDING MOTIF. WE DEVELOPED ROBUST AND MODULAR
SYNTHETIC ROUTES TO PREPARE 3,4-DIARYL 1H-PYRROLO|[2,3-B]PYRIDINES. THE MOST POTENT COMPOUND
(17) SHOWED AN ICso VALUE OF 0.001 pM IN THE GEFITINIB RESISTANT EGFR-L858R/T790M ENZYME ASSAY
AND SELECTIVITY OVER THE WILD TYPE. FOR THE MOST SELECTIVE COMPOUNDS (12 AND 13) WE COULD
DETERMINE OVER 10 FOLD SELECTIVITY FOR THE MUTANT ENZYME OVER THE WILD TYPE, WHILE 13 INHIBITS
THE EGFR-L858R/T790M IN THE LOW NANOMOLAR RANGE. IN ADDITION, WE COULD SHOW THE INFLUENCE

OF THE COVALENT BOND FORMATION ON THE INHIBITORY ACTIVITY BY TESTING AGAINST THE CYSTEINE



MUTATED PROTEIN. WE HAVE SUCCESSFULLY SHOWN THE GREAT POTENTIAL OF THIS SCAFFOLD TOWARD
EGFR INHIBITION. THIS NOVEL STRUCTURE CLASS COULD SERVE AS A NEW LEAD STRUCTURE FOR THE
FURTHER DEVELOPMENT OF EITHER EGFR INHIBITORS OR POTENT INHIBITORS OF OTHER PROTEIN KINASE,

CONTAINING TARGETABLE CYSTEINE RESIDUES AT AN EQUIVALENT POSITION.
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FIGURE 1: THREE GENERATIONS OF FDA APPROVED EGFR INHIBITORS (LEFT). HIT COMPOUNDS MJ-277 AND MJ-341 AND

METABOLITE AZ5104 (RIGHT).



FIGURE 2: RATIONAL FOR THE SYNTHESIS OF A FOCUSED LIBRARY OF EGFR INHIBITORS. PREDICTED COVALENT BINDING
MODES: A: DOCKING POSE OF 17 IN AN X-RAY STRUCTURE OF T790M MUTATED EGFR (PDB-CODE: 2JIU). B: DOCKING POSE
OF 19 IN AN X-RAY STRUCTURE OF T790M MUTATED EGFR (PDB-CODE: 2JIU. PREDICTED HY DROGEN BONDS ARE DEPICTED
AS DASHED YELLOW LINES.

NO,
cl cl | Cl | cl
X i X ii X iii X iv X v X
ol AR s S pu SN oo JEN o'
NT R '?'@ H NT N"H \\o N \_
07y 3 4 5 \\\ 6 0\\\
Si— Si—
7\ / {
NO, NH, H H
R R
§ R g’/\ R g//\
X
Vi | N vii | b viii |\ A\ ix X N
LN P L Z~N b P — |
N N\\ N \\O N N\\ N/ N
7a-i Q 8a-i 9ai O H
\\\ \\\ \\\ 10-158& 22 -24
Si Si— i
A 7\ A

SCHEME 1: REAGENTS AND CONDITIONS: I): M-CHLOROPERBENZOIC ACID, N-HEXANE,
DIMETHOXYETHANE, RT, 3H, 62 %; I1): CH3SO,CL, DMF, 75 °C, 8H, 62 %; 1I): KOH (S), I, DMF, RT,
2H, 66 %:; 1V): NAH, SEM-CL, TETRAHYDROFURAN, 50 °C, 2H, 88 %; V): NA>COs3 (AQ), PD(PPH3),CL,
3-NITROPHENYLBORONIC ACID, 1,4-DIOXANE, 40 °C, OVERNIGHT, 75-83 %; VI): (H-1): NA,CO; (AQ),
SPHOS PD Gj;, R-B(OH),, 1,4-DIOXANE, 50-87 % (A-G): K;CO; (s), XPHOs PpD G4 ((2-
DICYCLOHEXYLPHOSPHINO-2',4',6'-TRIISOPROPYL-1,1'-BIPHENYL)[2-(2'-METHYLAMINO-1,1'-



BIPHENYL)|-PALLADIUM(II) METHANESULFONATE) , R-NH», 1,4-DIOXANE, 7-BUOH, 13-34 % (H,1);
vil): Hy, PD-C, ETOAC, RT, OVERNIGHT, 90-99 %; viIl): NAHCO; (AQ), ACRYLOYL CHLORIDE, H,O,
TETRAHYDROFURAN, 0 °C, 30 MIN, 41-93 %; 1X): TRIFLUOROACETIC ACID, METHYLENE CHLORIDE,
RT, OVERNIGHT, 43-83 %; A = PHENYL, B = NAPHTHALEN-1-YL, C = NAPHTHALEN-2-YL, D = FURAN-
2-YL, E = THIOPHEN-3-YL, F = THIOPHEN-2-YL, G = PYRIDINE-4-YL, H = PHENYLAMINO, I = I-

NAPHTYLAMINO. SEM: TRIMETHYLSILYLETHOXYMETHYL.
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SCHEME 2: REAGENTS AND CONDITIONS: I) CORRESPONDING BORONIC ACID OR BORONIC ACID ESTER,
SPHOS PD G (2-DICYCLOHEXYLPHOSPHINO-2' ,6' -DIMETHOXYBIPHENYL) [2-(2" -AMINO-1,1" -
BIPHENYL)|PALLADIUM(I]) METHANESULFONATE), NA,CO3, 1,4-DIOXANE /H>0, 40°C, 6H, 68 — 74%:; 11) KOH,
MEOH, RT, OVERNIGHT, 63 — 95%, III) NAH, R-X, TETRAHYDROFURAN, 0°C, 55 - 97 %, 1vV) H>, PD/C, ETOAC,
RT, OVERNIGHT, 85 — 99%, V) ACRYLOYL CHLORIDE, TETRAHYDROFURAN/H,O, NAHCO3, 0°C, 30 MIN, 54 —
92%, VI) TRIFLUOROACETIC ACID, METHYLENE CHLORIDE, NAHCO3, 48 — 77%, vII) 3-(4,4,5,5-TETRAMETHYL-
1,3,2-DIOXABOROLAN-2-YL)-1-(TRIISOPROPYLSILYL)-1 #-INDOLE, SPHOS PD G3, NA,COs, 1,4-DIOXANE/H;0,
30°C, OVERNIGHT, 50%, vin) H,, PD/C, ETOAC, RT, OVERNIGHT, 98%, IX) ACRYLOYL CHLORIDE,
TETRAHYDROFURAN/H,O, NAHCO;, 0°C, 30 MIN, 90%, X) 1. TRIFLUOROACETIC ACID, METHYLENE
CHLORIDE, 60°C OVERNIGHT, 49%. 26/27: A = INDOL-3-YL; PG = PHENYLSULFONYL, B = PYRAZOL-3-YL; PG



= TOSYL, 28/29/30: A = N-METHYLINDOL-3-YL, B = AM-METHYLSULFONYLINDOL-3-YL, C = M-
ISOPROPYLINDOL-3-YL, D = A-METHYLPYRAZOL-3-YL, E = -METHYLSULFONYLPYRAZOL-3-YL



TABLE 1: ICs0 VALUES IN AN EGFR-L858R/T790M KINASE ASSAY.

H
N
R T
0
B
ZN
N" H
IC50 EGFR- IC50 EGFR-
No. R L858R/T790M No. R L858R/T790M
[uM] [1M]

H33\
CH
10 0.10 18 N s 0.014
V4
9%
O ,S—CHj
11 1.27 19 N 0.042
S
LH3

O CH
N—N
12 O 0.198 20 /) 0.018

0.0
= S
13 C

S
14 %\”}

S o ©\
15 0.068 23 NH 0.045

Y
o
NH O
P 0.060 24 NH NI
o
,CH3
N

MJ-277 - 0.068
17 Q_ﬁ 0.001

4

Ry

0.027 21 N-N' CHs

y

N
N

0.060 2 | 0.97

0.012

\

-

16

MIJ-341 - 0.002

OSIMERTINIB - < 0.001*
* ICsp1S BELOW THE RESOLUTION LIMIT OF THE ASSAY (0.001 pM). N.I. NO INHIBITION AT THE HIGHEST COMPOUND CONCENTRATION OF 3 uM




TABLE 2: ICs0o DETERMINATION AGAINST EGFR WILD TYPE AND SELECTIVITY RATIO

No ICso EGFR wT 1Cs0 wT 7/ ICs0
(uM] LR/TM
10 0.425 43
11 0.242 0.2
12 226 114
13 0.291 10.8
14 0.571 95
15 0.725 10.7
16 0.004 0.1
17 0.003 3
MIJ-277 0.525 77
MI-341 <0.001%* ;
OSIMERTINIB <0.001* -

*]CsoIS BELOW THE RESOLUTION LIMIT OF THE ASSAY (0.001 uM)

TABLE 3: ICso DETERMINATION AGAINST EGFR-L858R/T790M/C797S

No. 1Cso EGFR-
L858R/T790M/C797S [uM]

10 N.I

12 N.I

13 N.L

16 1.7

17 1.3

18 1.7

20 N.I

21 N.I

N.I. NO INHIBITION AT THE HIGHEST COMPOUND CONCENTRATION OF 3 AND 6 uM



TABLE 4: INHIBITION OF KINASES CARRYING A CYSTEINE AT AN EQUIVALENT POSITION

No. 17 13
KINASE KINASE ACTIVITY [%]* @ 200 NM
BLK 6 43
BMX/ETK 1 2
BTK 28 7
EGFR WILD-TYPE 4 69
ERBB2/HER2 14 85
ERBB4/HER4 0 66
ITK 14 42
JAK3 0 2
MKK?7 67 73
TEC 44 23
TXK 1 0

*MEAN OF TWO EXPERIMENTS
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