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Ac,O acetic anhydride

ACE angiotensin [-converting enzyme

BINAP (£)-2,2'-bis(diphenylphosphino)-1,1'-binaphthalene

Bn benzyl

Boc tert-butoxycarbonyl

Boc,O di-tert-butyl dicarbonate

Bu butyl

Cbz (benzyloxy)carbonyl

CDI 1,1'-carbonyldiimidazole

CHAPS 3-((3-cholamidopropyl) dimethylammonio)- 1-propanesulfonate
DCM dichloromethane

DIBALH diisobutylaluminum hydride

DMAP 4-dimethylaminopyridine

DME 1,2-dimethoxyethane

DMF N,N-dimethylformamide

DMSO dimethylsulfoxide

DPP2 dipeptidyl peptidase-2

DPP4 dipeptidyl peptidase-4

DPP8 dipeptidyl peptidase-8

DPP9 dipeptidyl peptidase-9

dppf 1,1'-bis(diphenylphosphino)- ferrocene

EDC 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
ESI electrospray ionization

Et ethyl

Ext HB protein-ligand hydrogen bond energy

Ext vdW protein-ligand van der Waals energy

GHRH growth hormone releasing hormone

GIP glucose-dependent insulinotropic polypeptide (or gastric inhibitory polypeptide)
GLP-1 glucagon-like peptide-1
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1-1-1 a7 77— LHEK

7'u7 77—t (protease, EC3.4) L%, X7 TF ROF RV EEZEEELE LTEDT I NG OIIKS
fiRIZ K B IE R % ikl 9 DR ORI CTH D, T T —EIZIEX7 T (pepsin A, EC 3.4.23.1)
R RMYU 72 (trypsin, EC 3.4.21.4) 70 EITRE SN L HERFEBLS LBRBERN V—TL 0 T oF
?yyy%@%$(mymMmmemmwmmmAaLHnAwi)%v:y(mmlmnAmjﬁ\
TARTFUNARTF X —F 4 (dipeptidyl peptidase-4, DPP4, EC3.4.14.5) 72 EI2ftF S 5 FE 8

BN =T 030 | EBEREDOE W L — T ORICiE, AHRNERORE WREEOARS %
SRS DWVITAERT D Z LI KD AEEROEFMEIZELS B D 6 O30 Kinase [Z%1 3 % phosphatase,
acyltransferase (Z X9 % deacylase 72 &\ AEMFHIE DO R & WEER ITITARMY & BB IR 3 W EUG R A3
FIET D2 ENZVR, T a7 7 —BIE RIS & il 2RSS, —BEAT 5 &, E
DEAIZIEZ— R T 551 DNA OG- B D OAEAFGRFR 218 5 LB B Y — ERER & 25
L2 LD, ZOXIITHESRE WD RNAWRIS AT D LW OB, e T T —BI3E
HAUERARBORK 1L 725 Z ENEL, ZOTEETARN TEBICHEB S LTS, /- T, £ D
TuT T —EOMEEREIX, EHEEOBIEEHRRL D D2 EnD, IREWEBIEIRIC SO TR IR
JEO BN & L CHER ST T 7,

FuT T =Yk, METEER OB EEOREDT I REEA O B VR = VI EIEME LR & NSRS
BB D WNIKD T ORBBEREZ BT H 2 L1CL 07 2 RGO 5, MBS .OOEOIC X
D, BV, VRATA U AbA =2 TANTI U, @RT 0T T —EBREDIA TITHEIH

Peptide
or Protein

= Active site: Metal (191), Ser (178), Cys (161), Thr (27), Asp (21)

Number of known human enzymes are shown in parenthesis
as of 2010.

Figure 1-1. Protease cleaves a specific amide bond of its substrate.



D0, WTNDZ A FIZBNT S, EOIEGRIREEIX Figure 1-1 (2777 & O ITTEME LD LB AT 17
2 HEHOREEGR S v b (S2,81,S1,82,83 72 &) Lxbisd BT I 7 Wik (P2, P1', P1, P2, P3
728) BPHEEHTHZ LK EAHEIN TS, BIZxIE, Figure 1-1 (A) 127k L72 ACE 1, #&E
Td % angiotensin I @ Phe8 (P1) DA /LR = /VEATEMEHULOHESHA A4 2 MEMEL L, Glu384 D34z
IR DK T ORI EA G| & Z LTHis9 (P1) LDOBOT I REGEUIKT 5, TORE. C Kl
Leul0 (P2) OBV ARF %A 2R v hd Lys511 & Tyr520 C, £72 Leul0 (P2) DA V7 F /L H,
His9 OIS & E8 A /LR =/LFE, Phe8 (P1) ORI 725 TNC Pro7 (P2) b U YU BE,
ZHZE1 S2' (Phed57 72 &) | S1' (GInl62, Val380 72 &) | S1 (Phe512, Val518 72 &) S2 87 | (Phe391
mE) OF RN L DMAEFREFB LR L. 7 X REG YD 72 O i 72 SO %
BLTWAHEEZLNTWS 5, 20, Figure 12 127 LA ERD L9 I1c, e rT7—Yi, @
BOWERTy FTHETE2REDOHZEINL, FER LD 7 I FRE 2EET OO RISHIZG] &
HETUM L TWD EEBEXBND O,

Angiotensin |/ ACE

Active center
. Activated water
=== Binding interaction

—> Nucleophilic addition
—— Target cleavable amide bond Angiotensinogen / renin

Figure 1-2. Putative 2D diagrams of catalytic domain in protease with a substrate. (A) ACE and
angiotensin [; (B) DPP4 and glucagon-like peptide-1 (GLP-1); (C) Renin and angiotensinogen.

FO XD REERBORE THLHFEARYT v b EOMAEMZRIM L TLL OEEEIEIH S,
SOITITHREBIRFEE L LT ER SN TELR, Ko7 U — FE OIFEREEN A & 72> TOTEREE
DR ZIRE, FEAEDTrT T —EBHFRENEERTF ROBEBNLED GNTXTF RI AT
A 7 RGPS L, IR AR RS T OB ERI T EE 3 72y (Chart 1-1) MY, e T T



— B OIS E T UEE VTS, BEHITE Y ZLO/BER Ty Mk oTR#MshTwa 2 &
2l ple, FaT 7 —8 - REMOMAEMRIL, TEHTRARENE LTERZED TN L X
NG =B R EMEEROER/E T EEZ NS, T rT 7 —EHERILZ O EIERZ Wk
BERHLZEND, KV OFAERT Yy NEMBEHAL S 27 F ROXTF RKIAT 47 ADF
MIHEEHWRBLOT-ZDIITAFITH L LEXBND, 2D X ) REEFEFROET O 2 0, — KI5y
TALEW T A T 7V =07 aT T —EBHERD A A)V—T > kA7 J—=17 (high-throughput
screening, HTS) DRIIERITIRNZ &3 Mo TH Y | Ko F b v MEGITE OB EEMEZ W
D EIFBENTIEAN P e EEEOKWE v MEAY TIIEES & ORE AL AR 72
SRWGEENRE L BARMRILERT VA AR 5 £ TITIZZ < ORGURIED#ME Y K L S 0LEE L
%, —H. 7uTr T —BEOBMMIAENEZ/PTNEBERLLN LT TF FBIORTF FI AT
S 7 RZHBWTIE, R & OB ERIPEE O e, BOFEEME & W o 7o KB REIC BT 5
e EDORT v 774 7 X A0, & 6I1Z3E, AR L7 me 20H TORENR L U
— RERDOIRFIEGH & 725 £ CICHREMOMERELNM A E T 2 2 L bMcidin % Zh
LT F RBLONTF RI AT 4 7 2B HEIE. ARG FIZBNTHRBRICAELD Z
ElTd DM, & OBBRER DT D DIEGHR ) U AT BRFLF OB ICHZ S EHMIN TN D720,
U — RFE R DI & 70 2 £ TOMRRARBN T F ROXTF FI AT ¢ 7 R~ THEBIE
D LERIRTE D, WHOITABLFHEOBRENH L L ERD Z0MAE T v T 7 —EIEK
FTENT DI PRELL Y — MEEME AN TE 20D HERPLETH DL LEZEZBND,
Z 2T, a7 7 —EREEKOF KT U — RAIH NS 2 fer T < AP A BRSA LTz,

NHz Aliskiren

(A) P Q. Captopril
HSN “on ACE (Metallo) renin (Asp)

antihypertension antihypertension
(C)
\_\_L D/L Vildagliptin
>_Q Dablgatran etexilate /N DPP4 (Ser)
N thrombin (Asp) “ anti-diabetes
anticoagulation
(E) A o

oq Bortezomib g O - Tipranavir

i N
N H\/é\ proteasome (Thr) T o HIV protease (Asp)
[T N 7O anti-myeloma PN 070 7 b
N” F 2\

Chart 1-1. Representative protease inhibitors.



1-1-2 AF ¥ 7 4 —/)L R DA

ZHIE TICAI S - REM R IVERRGRE D@\ 7 1 7 7 —PILER O AR 1 285 L oIt
B X GNP D ER L2 A, XTF RIAT 4 7 AR KR EIND 7 e T 7 —EHERKIT, #L
TERERTEMEFLOT 2 BRFEIISINZ Z OO 2 DU EOFEER 7 v b E OMEERZFIH L T
%08 (Figure 1-3 (A) ~ (D)), EHNT D720 E OO—E Oy F-IESK T, FEEF L & T EERET

DIED 3 SLAEOFESH 7 v b EOMEFEREZFAL TS B2 b (Figure 1-3 (B).

Blndlnq modes with interaction to active center Blndlng mode :
: E without interaction to active center !
] 1

E Non-covalent inhibitors

Captopril | ACE Aliskiren / renin e Sitagliptin/DPP4 :

i Covalent inhibitors :

Active center
=== Binding interaction

—> Nucleophilic addition

Figure 1-3. Binding modes of representative protease inhibitors with interaction to active center (Left, (A)
ACE and captopril; (B) Renin and aliskiren; (C) Proteasome and bortezomib; (D) DPP4 and vildagliptin) and
that without interaction to active center (Right, (E) DPP4 and sitagliptin).

Bz 11X, Figure 1-3 (A) (2779 ACE BLEIK D captopril 1%, Z OIHAEEHEE NS A VD7 M IEENE
PR DDA A NI L, B U PUBRE LRI VEN 2Ry e £2T7 2 REGO DL
RN la fEATFAREN S ATy M EZAEZNMHEEH L THWD 2 ERMLNATND, T2bb5,
ACE [ESD 5 Bt Bl i 249 5 captopril TS 2 b, {HIEH O A G OEESE D 3 D OFRFREAL
%ﬂﬁbf@%ﬁ@%%ﬁbfvé:kﬁ&éhaRmmM%%@mﬁmn@@mLum)m%wf

. BB ROEBIRIE 2 LTz 4 (KBRS, TEMEH.OO Asp32 38 LY Asp215 L KFEREA # T
L. ZOMOAIEEEEFLIEEED S2'. SI'. S1, S3AR Ty FBIOS3 T ARry heznE
NAEA L TEY, BEHD 6 SOBMITMEZFHA L TVD Z ENMENTWD >, SEAFEARI TR b



W7k S 2 A4 % DPP4 [LESK D —>TH 5 vildagliptin (Figure 1-3 (D)) 1X. &7 /7 ENEMESF.LO
Ser630 L HARAETEM L, Er U VEBNSI ATy he, 7 7 EBIO 3-8 Refxv-1-7
B TFNVENS2HR Y M EENENENERTHZ L T3 OO AT T2 Z LI L VEEHR
ZRHEL TS 120 2o LT ARG DPP4 [LESRD —>TH % sitagliptin (Figure 1-3 (E))
1X, S1. S2 R4 b EIEFEERICHEMEMT 228, IEMEPO S ITMAEFERET, RDYICS2 A7 v b
DIER E S2 7Ry M EOHAEAEZFIALT 3 SR EHERF LTV 22 Zokiic, 1§
Pl & O AR O BCHEARFBAEEOFEIZEL T, AIKY — R ro7 a7 7 —EHEK
(ZIEGE3 DU EOFEAEN G A BUETHL EBER BN,

FROBLZIZESE, HERMEOmW I v T 7 —EBHEED Y — Al O & LT, KE~ T
FREY—FLLTATFRIAT 47 ADRAIMZ BT O TIE RS, BEXTTF RO EGHKRA%E
BIZAEAIR S FIREEO Y — FZAIHT 27200 [ A% v 7 —/L FERIE | 5B LT,

ZOHIEIILL FITRT 2 DO Z R TEiEMHEORIZEY — FOAIHEZ Bfs T DO Th 5.

1) EROIEMET LB IRZOEBEORAER 7y ho 9 b, #iid 5 2 DO K 2541
HEHRZBALIZA~AT nRPLER (A% v 74—/ R) OEE (Figure 1-4 @ Step 1)

2) AR 73— R~DOEEZEDE 3 OFBFENL & OF EAEH S oBINC L BiEMER E (Figure
1-4 O Step 2)

Flo. AX ¥ T4 —/L FEEEZ W56, RO KD RATREMEREIRFTE 5,

1) U — R b-omR ne i, B, ®EIH e & COMBERRICB N T, XTFRIAT 4
ALY BENTARS TRIBEORFR 2RI T & 5 AlRetk

2) HFUVB R D IEE R T F RO EH EIIAMIC R 5222 5T 5 /REERE <. Zhic X
0 T2 7Rk G & B D AT REME

3) BONTZAX ¥ 74—V RE& | EHRIEOLEE T & OBEERIC L Vo7 a7 7 — B EK
WA T & B ATRetk

ARSI L VA SRS+ 7 07 7 —EEERICIT., FiL T 2B OMAEDEICLY
2ODHA TRMESND, —J71%, Figure 1-4 D Type A D HHEIC L WA S5, BEETEMESF .S
REDEFED 2 SOREG R > b & DEFE3 DO EAEHEAL 2RI 2BHESE, fh 71X, Figure 1-4
® Type B O HIEIZ L VAN SN D | BERIEMEF.OITEO 3 SOFEEG R » M EFEER L, EHEHL
CITHAEER L WIHEERTH D, TOEFANDIRNWZ EE2ERLD L BEO LS RIGHEHR.OLEHA
ER L2 7 r 77 —EHEKD U — FAIHIT—RICREEE & 2 b, T OAIHEREE (Type B) %k
MY DI EOABEFRERIIREVWEE L b,



(Type A) Scaffold strategies targeting the active center

[Step 1] Establishment of scaffold [Step 2] Potency increase

&)

(A-1)

(Type B) Scaffold strategy without targeting the active center

[Step 1] Establishment of scaffold [Step 2] Potency increase

Additional binding group R3
Established scaffold -

Lead generation

Figure 1-4. Outlines of scaffold strategy. Step 1, establishment of a heterocyclic core bearing substituents (R1
and R2) targeting two binding sites; Step 2, generation of highly potent lead compound by introducing an
additional binding group (R3); Types A, strategies for inhibitors that interact to the active center; Type B,
strategy for inhibitors that do not interact to the active center.



1-1-3 RO HB

U EDSERE 2T, AFROBNE, HERBEOSWT 17 7 —EOEERICHT 2415 Y —
RAIMO GG E LT, FRLIZAS Y 74— /L REIEBS A G0 EHRT 5 2 L ICHREL, £0
RRAEDREM 1L, ITERERIRIARIE & L CHESEZ L TV D VT F VLT F X4 —+F 4 (DPP4)
BN LT,

BIfECIE, Chart 1-2 (T3 3 X 9128 < @ DPP4 PHES S HERIFIARIE L LT EfignTnd,
\Z vildagliptin (Chart 1-1 ® D, Chart 1-2 ® A) 72 & 2{LIKRE FHEEHREZEA LI Y VU
AT HMERKICREIND L) AefBErE O L EEA G T4 4 7OMERIL, TOT A
NSRS NTETEBY, —oDIEHm 7 T A ZTE L TW5 2, ZHIUTK L. sitagliptin (Chart
122D C) 7e EOIEMEAFL EEHEMAEER L A 72id, Wb IMBEEORmWZHbElm s Z
ADHEENZENLTND

Z ZCARRETIX, EER L EEEMAEER LI A TOMEREBIEL S5 AX Yy 74—V R
HEME (Figure 1-4 @D Type B) Z iR L, BERIEMEFLGEEED 3 SOFEE R v b E OMAENER Z 513
DT LICX DAY — R L~L K451 DPP4 HEKAIHO RS, 25 NNCAI S D U — ROME
PEIC X 0 2O E MRS 5 2 & TR OEREZ BIE T2 Sic L,

Inhibitors that interact to the active center Inhibitors that do not interact to the active center

I l:_
| !
| X
] I:
(A (B) O £ New
| T \
: ¥ F ‘N/\\ F
R Sy
: H L [
| ° W L O NH, .
Vildagliptin Saxag"ptm ¥ Sitagliptin r
! 2007, Novartis 2009, AstraZeneca L 2006, Merck
i Bristol-Myers Squibb ' E
I I
O
fiintuinivinisiuisiviutuistiniviuisiuisivistuistuintiuiinistuistuistsinti ittt

(D) (E)

5 F)

i o] \

| as TR0 s
s Cd qu v W
: HoN o HoN \ o © ‘CN):QO

N=— \
Alogliptin Linagliptin Teneligliptin
2010, Takeda 2011, Boehringer 2012, Mitsubishi-Tanabe

Chart 1-2. Representatives of launched DPP4 inhibitors.
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DPP4 [ N R/ 6 2% H & 3FROT I /AL (PLIBLUPL) OROT I Fia 205
T FONA_TF L —E (dipeptidyl peptidase, EC3.4.14) O—FETH 5, Table 1-1 [IZHIR L= K HI2%
DORENTIT, MR EARIFNED A 2V 3 WMRENE PR ENE T 72 & DRk 2 T i IR E 2 A
9% glucagon-like peptide-1 (GLP-1) X glucose-dependent insulinotropic polypeptide (GIP) &\ o7z, A
I LFURNNEAREEND BEERAEIEEAST T RREZ < EENTEY \DPP4 XD & 4fif
LAEMALT 22 & CEOABERZHE L WL b0 EEX bD, — 5T, MbEFHEIKEEDMGHE
U 72 B PRI BB 12 Tk, GLP-1 Ofsd TRV I - (112 <2 min) 22O EE R JH KN TH 55y
fifg% 5% DPP4 DOFRFIC LV IER S HIRHIE, BUER b A ARBERFIERIED —> LigoTng P,
S OIZIAETIE, DPP4 &z 0 A4 Y & oBE 2 R 2 b7 S TR Y . DPP4 FLE S

SEMEIRVRBEOIRIEIEIZ/R2 Y 5 2 Z LRI STV 5

DPP4 DS 1 oL d Ser630 TH D . Ser630 M D/KERIL MR T I Pk DI VAR =)L i 2R
BHRES 5 2 L TR RZ G &2 UG 2 UIkrd %, DPP4 [ZAH & LT Pl 2% Ala &%\ Pro
BWHRTHLTF RERIRT 52 LM TWD (Table 1-1), £ OEEFRIRRIL, P1 OMIEH % BUK
PET X BRFRIE TRERC S 41D ST AR v b (Vale56, Trp659. Tyr662, Tyr666, Val7ll 72 &) T, &6
N RSO T X Wi (P2) Ok X/ HE S2 R v RO Glu motif (Glu205, Glu206) 124X
RINDWMET IV BRENZEE LT, FTL P2 OMIEEE S2 R b (Argl25, Val207,
Ser209. Phe357. Arg358 72 &) T, TNENRMT 5 Z LICLViEREShD EEZBND ™Y,

Table 1-1. Representative Substrate for DPP4 and N-Terminal Amino Acid Sequence?

Substrate P2-P1-P1'-P2'-
Glucagon-like peptide-1 (GLP-1) [7-36] His—-Ala-Glu-Gly—
Glucose-dependent insulinotropic polypeptide (GIP) [1-42]  Tyr-Ala-Glu-Gly—
Neuropeptide Y (NPY) [1-36] Tyr—Pro-Ser-Lys—
Growth hormone releasing hormone (GHRH) [1-44] Tyr—Ala—-Asp-Ala—
Substance P Arg—Pro-Lys—Pro—

@ DPP4 degrades substrates with Ala or Pro at the penultimate N-terminal position as P1.



13 UNTFONANTF L =R AMERHAH OO D AT ¥ 7 4 —/1 Nl

1-3-1 AX% 74—V REIEDO O RTF NI FHZ—1 4 ~DiE

DPP4 (355 12 HilCii L= K 912, HEDPI BIUON KGO P2 07 I/ HABIBIML T\ D &
EZx bbb, £ T, DPP4 Oifid 2 EERLEHHITM CTHD S BLOS2 K7 h% Step 1 T
DR EAEHEMICRE L, TN ~OMEEMRR L R LBEHEZA~T v JBROEKICEAT S Z
& T DPP4 IZx T D HT-eBEIED A X v 7 4 — /L REHEHE L 5 H &% % 7= (Figure 1-5, Step 1), BAK
BIZIE, SI ATy MG T 28E D PL 7 X /7 BEFkH (Ala/Pro) OMIBAITHE L CHERZR E DR
VR Z . S2 AR b Glu motif IAE ST DB D N ARG 7 X /7 FEITeh it U ClEifE £ 7213 N-E#a o
T TNRNAIEE FTE 2Ry MIKEGT 2 P2 7 X BB OIS IS L TR % 2
ZIEYNCELE Le~T n BRI EROEEZ BT 52 L, ZOMELIZAF Y 7+ —/L K
(Z Step 2 TEAT HIHMEM LD 72D DH 3 OMAANEM R OIERIEAL S L TR, S1 AR > MIBHET S
SI' Ry vdpy kit ERS Th D EE 2 bz (Figure 1-5, Step 2), £ 2T, S2, SI, BLOVSI'
RNy b EOHMAMEMNZEL LT DPP4 HEKOHT-72 ) — PRI 2572 T7# T, FEBRICAIZEDIE
ZBAlG LT,

Step 1 Step 2

Lead generation
Establishment of a scaffold using Heterocycle scaffold
interacting to $1 and S2 pockets with aryl (R1), hydrophobic (R2),
and additional (R1') substituents
Introduction of
an additional group
targeting S$1' pocket

S
(hydrophobic)

Figure 1-5. Outline of scaffold strategy (Type B) for lead generation of DPP4 inhibitors. Step 1) establishment
of a heterocyclic core bearing substituents (R1 and R2) targeting S1 and S2 pockets, respectively; Step 2)
generation of highly potent lead compound by introducing an additional binding group (R1') targeting S1'
pocket.
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DPP4 BHEHKD Y — FAIHIZKH L TAF ¥ 7+ —/L FEIRZEH T 512H72 0 AN LEWM T A 75

V=260 HTS b v MuAWE W7 Tliiket 2 £ LR A2 E#5 S IIEcE L Tns %, 2o
BEFTiE, HTS by MEGTH DA VF / v o REEW lalZESW T, bEH le OffE TR I
HAYFX ) BURAF Y 74—/ REME L, HIEEMIC K VG 2a ICE THW (Figure 1-6),
FVRECIE, T AV —=0 7 F—20FEM L7 HTS IZ L 0 572 107°~107% M A — & —DfK
WIHEEEZ AT 2880 v MEEMOFNEA VF ) v RMbEW la ZBIR LT, TORE, Z0
ICED 4 (7 = =)VEN DPP4 ORE D Pl 7 ) oD 5 BEMPHEGT D SI Ay M, 3@k
KEEo7 27 EB IO 2 MBI P2 7 X BIRIEORNGT X/ KB I OMBSRET 2 S2 R v
Fe, ENENEAEH LT DPP4 BHECTZDDRIGE 725 2 LT, KO a7 MIAEEL S
DL DR ANL Tz, ZORBUZIESNT 2 7, 307, BIO 4 (@B OHEETEMMHBEZ T~ 5 2
ETIbE le 15T IEMRBLOT.ODOEAEETH LA VX /0 UV RAF ¥ 7 4+ — /)L FEME LI,
WNTIEER LD T= 0 O - 72 A BAEFEALIZ DPPA O S1' R 7r » hEFREL, £ V¥ /B R AF
¥ 74—V FICHAT AR E LT 6 MOBEHIENET 2 Z L 2R LT, Z0 6 (B
B LORER, DPP4 [HEIEMEN E » MEAY 1a 72645 80 fiF L L7c{b& i 2a 2 R4 2 LITEh L
7=

S2 Pocket .

" HoN

S1 b S1" Pocket

S1Pocket

1a 1e 2a
(IC50 = 16000 nM) (IC50 = 1600 nM) (IC50 = 220 nM)
HTS hit compound Isoquinolone scaffold Isoquinolone lead

Figure 1-6. Identification of isoquinolone-based DPP4 inhibitor 2a via scaffold 2e derived from HTS hit
compound 1a.

MY FT— M XV B Sz, A L7 bA 2a & DPP4 & o 3Lfk i % Figure 1-7 127
L7z, ZORERNG ANIEEIN SU AT > MIKEE L. 307 X AF AN 2K v NOERMET
X/ EEFRR (Glu205. Glu206) LIEREETERL. & HIZ 2 1A Y 7 FLHiE 82 K w Ml D Phe3s7
& CH-n fIEAERICR VAL TR, AF ¥ 74—/ FEGPIZIEEHE Y OfRF G A D 2 L
MABMNE I oTz, T2 BIBEANLTZMHEAERNTH D 6 frEHE T, RimD 1 /L AR =/LHDS Lys554
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ERFREGER L TEBY ., 7 FONH, & SI' AR MERIO Trp629 O L84 VR =)L L Dk
faEbEO BN, B2, Glide” ZAWIZfEAE T X R CIEZOFGIE SI' O7 I/ Bk
& DEKRFREA TR X —D 5%AT & /N ENZ EARBINTD, 6 fi=—T MAER TS TEI L
TIHMEHL D Ser630 35 L TN His740 L KFFEA L TVDH Z & bR TE T,

0 ]
,___\
Glu

aa T8

2
3 »

~
b

'/‘ Phe35
05 » . 'S2pocket .
oo AR .

~
. 4 ,

/
® st pocket

Figure 1-7. X-ray structure of compound 2a in complex with human DPP4 (Protein Data Bank Code:
30PM).* Representative amino acid residues (grey carbons, white texts) and waters (red oxygens) in binding
sites of 2a (green carbons) are indicated. Values listed in red are distances between heavy atoms in angstroms.

TR TR U7z 2a 3B FEHEALRME S VAIFRY — R &3 DT R D15 EALETH D
EEBZ DN, ZOTHBREFOERIZEY A% ¥ 7+ —/L FEBKIZ L2 ) — FRIHOFIE X 2155
TLRTE T, TI T, 2aDHMIEICHESW TRV SV EEEZREL O 2R AF v 74— R
ZEREt L. U — FAIIC ORI 5 2L TAF ¥ 7 4 —/L IS DR A BIE T Z LI LT,

BRBLIBEORIFICB N T, FETLHEERESMEMOT FA B L OERITA KT — A TEN
L. &7z ERORERLEFEEMEOFM L, Gly—Pro—p-nitoraniline (PNA, for DPP4, DPPS, and DPP9)
B L H-Lys-Ala-pNA (for DPP2) ZHEIZHNWTAZ V—=v 7 F— 208 L7, £/2 Ky F o
TABT =%, HEEAEWET — ML 0 R XIS I R S & R LR T — A3 FE i L
7,
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H2E X )V RN TFIONALTFH—P 4 HEHOAIH
21 X VUV BIURTSFIONRTF X —F 4 BHEKDLS 345
2-1-1  Hriz7ZeHlvEHE O in silico BEFR

I AF v 74—V RELT, AV F/ m R F/UEMEEICHEENRZRFFTE, ol
IEANT DM EEH R OREERPES R ONEELNWEE X FELORS I HEBELTA V¥
Ja BRI D FT- P ERERR T2 &I L,

Fri= 72 EAE O in silico R IL, FHEALFET — 2O FHIZ LY Ry ¥ /717 T A GOLD” 7
ALTER Lz, £, A YF /By RAXFY 74—/ RPAT 5 DPP4 D S1 BLUNS2 A7 MC
9 DA (2a D 267, 347, 4 (LEHIL) IBSIOSI A7y b EDOHAEN A (2a D 6 firiE
W) % 2a LSS 2 EMALEIEA LS A FRILGY B-H &G Lz, kT, Zhbo T
A AbEME DPPA LD Ry XU 7 BT VA LG 2a & DPP4 & LR IEIZ S5 & GOLD % H
WCHERR L, =D #EFPE%E GoldScore CTaEAfi L 7= (Table 2-1),

I L7k B0 5 b Eb @y GoldScore &R TLEMD—DTHY | NOBRRDEGIRF /Y
VEKEAT S BICHEH L, GOLD IZ K 55HlCix, &/ U V8RB XA V¥ / v U iF8K A IS
ARTY T RaFNERCET 2 A a7 HNRAT, il EEE2 R LB TE 2R THAITS
2 AIREMEDS R S 47z,

Table 2-1. In Silico Screening for Alternative Core Structure Using GOLD

o
N * *\N _N

B c D
(e} o} .

* * * \

D D - L
Scaffold A (2a) FO NS P \ !

E F G H

Scaffold GoldScore? Ext_HB Ext_vdW Int_Torsion Int_vdwW
A (2a) 73.8 243 64.6 -11.8 -3.3
B (9d) 78.4 246 62.1 -8.0 -0.3
C 79.7 21.7 64.4 -5.3 -11
D 76.6 23.0 61.7 -6.4 -1.7
E 69.7 23.5 62.9 -12.6 —-4.1
F 69.0 24.2 58.5 -10.1 =-3.7
G 70.1 21.6 60.5 -94 -2.5
H 68.4 22.4 56.5 -10.1 -0.5

@ GoldScore consists of protein—ligand hydrogen bond energy (Ext_HB), protein-ligand van der Waals
energy (Ext_vdW), ligand torsional strain energy (Int_Torsion) and ligand internal van der Waals
energy (Int_vdW).
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2-1-2 Insilico R FZHE B O RRFE

GOLD (T & 2 #FAlifs R D 2 M2 | ERRICFHER 2 Gk LIREEE LRI 2 2 LI X REE L7z,
BAREIZIZ, A Y X/ m 8] (A) &% U8 (B) 1WA T, REMZRFLEKRE LTEE D @
18-k Rr-1,7-77F VU -8-F VEBREAT HEME G L T% D DPP4 PLEIG M % 71~ 7= (Table
2-2), ZORER, FFEMEDFHIX GoldScore DJFH| L IZIXFERTH Y . ZFDOHFTH /U FFEMEKIT
b B L ULZEH o T, insilico TORRBHERI LOF 7 U U EBROBIROZ L PEN FRIFERIC L Y X
iz,

PLEOBFHZ Z 0 FOERIEROZYER S DFREFF SN2 06, ThUBIEX 2 U R A
v 74 —/L RICHERK > THGEA D 5 Z L2 LTz,

Table 2-2. DPP4 Inhibitory Activity of Representative Designed Compounds

human DPP4 ICg, (nM) @

R2

A B D
Br 1200 (2b) 630 (43a) 1200 (40a)
CONH, 360 (2¢)? 170 (43b) 470 (40b)
OCH,CONH, 220 (2a)® 270 (9d) not tested

@ 50% inhibitory concentration against human DPP4 using Lys—Ala—p-nitro-
aniline (pNA) as a substrate.

b Banno, Y., et al. Bioog. Med. Chem. 2011, 19, 4953—-4970.
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222 XY LURIVRTFIONRTFH—F 4 HEEOEK

¥ /U UFHEARE X OBEER RO A RIT Scheme 2-1-2-6 1278 T 71kI2 X W4T 572, Scheme 2-1,
Scheme 2-2 {213, FZ 6 (IR EHIL 2§ DB HAEOGKEEZ R LTz, £7 Scheme 2-1 (TR"$ & 5
2, HIROBEHRT > kT =L 3a,b 75 Z Weinreb 7 X Rk dab 12 ¥, xS+ 5 E# Y = =L~
T LR E S ST 272 /Ry 72 ) UK Sa—g ~EEHLT-, TS Sa—g & 2-7
LT b=k VUL 6a—f &% Friedlander ® % / ) U ARIEOSEE P ZHWT A X VALK VR
FHETTHESE, ¥/ UV VREMBETHZLTo-TREI VT /X U R Tac BLO 32T/
-6-t Rr¥ ¥/ U fR8a—c, 8f— ~LH W, ZDHHL6-TuEI-TT /XU AR TaBINTCe
I%. Buchwald ® 555 Ttert-7F L= —F /L L=, MRALHE L C8d B L8 ~EZHLZ, 155
Niz8a—j D6 AKIEIE A 2-7 m T N7 I REHWTT VXL 5 2 & ToMIBHAMEE L%,
3Ly T EERER= y s VETIE oL MBI XD EERIC LT 3«(7 X AT X Y UiEE
K 9aj ~ Lz,

Scheme 2-1.

for 4a
1) Triphosgene, THF, reflux
2) HN(OMe)Me-HCI, NEt3 R*-CgH4MgBr

HzN]@\ EtOH, 75°C  69% HaN THF, 0 °C
-
o
HO,C X for 4b X 28-68%

R%2_O

NC” 6d or 6e, MsOH
- .
toluene, reflux
58-88%

1) Cbz-Cl, E,0, H,0 N~
3a, X = Br 2) HN(OMe)Me-HCl, EDC
3b, X = OH DMF 4a, X = Br

3) TBSCI, imidazole, DMF 4b, X = TBSO

0,
4) Hy, PAIC, THF  40% 7 R'=H. RCiBu

7b, R' = Me, R? = i-Bu

5a,X=Br, R'=H 6a, R? = n-Pr > 7c, R'=H, R?=neo-Pen

5b,X=Br, R!=4-Me  6b, R?=n-Bu R°

5¢, X = TBSO,R' =H 6c, R”=n-Pen f

5d, X = TBSO,R! = 3-F 6d, R? =i-Bu NC

5e, X = TBSO,R! = 3-Me 6e, R? = neo-Pen 6a—d, 6f

5f, X = TBSO,R! = 4-F 6f, R>=Bn MsOH, toluene for 8d, 8e

5g, X = TBSO,R* = 4-Me reflux  40-91% 1) tert-BuOH, Pd(OAc),
rac-BINAP
tert-BuONa

1) CICH,CONH, toluene, 90 °C
K,CO3, DMF, 60 °C 2) TFA 43-87%
NH, ~————
O Y 21, (05 MPa)
o Raney Co (for 9a—f) 8a, 9a, Rt = H, R2 = n-Pr 8f,9f,Rl=H, RZ=Bn

or Raney Ni (for 9g—j)
NH3, THF, MeOH
rtor70°C

8b, 9b, R* = H, R>=n-Bu 89,99, R'=3-F, R?=i-Bu
8¢, 9c, R = H, R? = n-Pen 8h, 9h, R* = 3-Me,R? =i-Bu
8d, 9d, R* = H, R?=i-Bu 8,9 ,R'=4-F, R?=i-Bu
19-75% 8e, 9e, R'=H, R?=neo-Pen §j,9j, R =4-Me,R?=i-Bu

F 72 Scheme 2-2 (2R X 912, MK 8] D 3Ly 7T 7 HAaHfAlET L7-1%. N-Boc fRiET 52 & T
@A 10 2GR LTz, S OHRIR 10 O 6 fKEEEEZ AT L F b LT 1lae ~EEH L, =
o095 1la i N-Boc 35 Z & T 12a #157-, £7-. 1la B LV 1lc—e D 6 fLiE IR GO~
AT NVENKRGR, 50 11b O 6 BRSO T v 2 — Vs B35 2 & TR VBT
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WA 13a—e ~LZHA L, 25D 3 N-Boc FuZafifri#E+T A2 LT, Vo H—REDORELD WK
FHUIK 1da—e Z AR LT, SHICHER13a B L 0N13d DA LRF L HEEZT I FME L, Bl N-Boc {7
HZ LT, 12b B L NLE ~ LT

Scheme 2-2.

1) H, (0.5 MPa)
Raney Co, NH3
THF, MeOH, 90 °C

Br-(CH,),-CO,R
K,CO3, DMF

oH ——— e —— Boc ofcH,}-cor
2) Boc,0, THF n
83% 53-94% 1la(n=1,R = Me)
11lc (n=3,R=Et)
11d (n =4, R = Ef)
1le (n=5, R= EY)
Br-(CHy),-CH,OH for 13a, 13c—e
K,COs3, DMF NaOH, THF HCI
MeOH or EtOH EtOAc
66-97% 92%
H H,OH
ofc Ztc ,0 O{CHZ%HCOZH
for 13b
11b 1) (COCl),, DMSO, DCM

2) NaClO,, NaH,PO,
2-methyl-2-butene
THF, tert-BuOH, H,O  72%

1) MeNH,, HOBt

EDC, DMF

2) HCI, EtOAC
43%

1) HOBt-NH3
for 14a—c, 14e EDC, DMF
HCI, EtOAc | | ) Tra
73-92% 3) netutralization ~ 65%
for 14d
H,N 1) TFA
O{CHZ%COZH 2) prep HPLC N
2HCI 3)HCI  93% ‘ \ o)
HoN = /\/\)’L
2 o NH
13a, 14a:n =
13b, 14b: n =
13c, 14c:n=
13d, 14d: n=

13e, 14e:n 15

Scheme 2-3 1Z1%, R/ T VU LA RN a2 0 v 7Y U T RISIZ K D 6 (B IO ZEH 7
EER LT, £9, FHEE 10 O 6 fikfigEs U 74 v ALk = b L@ A 16 #1572,
Z D 6 TIZ Heck SURZEFIALTT 7 VAV F R EE 2 8 A L7tk 77, Riftm 2 7 V8 5r & Ik
O, IRWTIET X NMEL T 17T ~E B LTz, BoN7=T 7 VAT I RFEEER 1T 2. TP 0 LMl
BET TR T L7, BEN-Boc b L CF 47 2 RiFElk 12c ~ L8, £/217 42T D EFE
i N-Boc (. L7=7 7 U V7 2 Rk 12d HE K LTz, [RRRIC/RT U0 Al R ¢, 10 & U —fE
RFEHFANAINVR=NAARA L CERAT AR E Lotk . =27 V0% T 07 Y K E L C v
NUPEREAR 18 ~EEW LT, BN VAR VTSR 18 AT I NITAEHL L 72% . i N-Boc 1k
LT X RiFEIR 19a ~ &8, £72, 18 D F E i N-Boc 1k L7 /LR R EM 190 b &
L7z, EBIT, NIV LABET T10 O 6 (o> 7/ HAFEA L7z PREA 20 2 VT, 6 i
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91

Scheme 2-3.

PhN(T), 1) HC=CHCO,Et
NaH PACI,(PPhg),, NEt;
DMF

DMF, 70 °C

Boc”
75% 2) NaOH, THF, EtOH
60 °C
3) HOBt:NH3, EDC, DMF
29%

1) bis(pinacolato)diboron
PdCl,(dppf), NaOAc
DMSO, 80 °C

2) 22a or 22b

Pd(PPhg)s, KoCO3

toluene, EtOH, H,O

1) CO, MeOH, Pd(OAc),, dppf
NEtz, THF, 105 °C
(sealed tube)

2) NaOH, THF
MeOH, 60 °C

25-56%
H
B0 0 Br_O_ Zn(CN),
oc o Wo/ PA(PPhs)s
228 NMP, 80 °C
, 73%
23a: R°=Me cl N 6]
23b: R = Et \(/J’J(
S o)
220 "
NaOH, MeOH, THF Boc” N
90-98%
for 26a
HOBt-NH,, EDC, DMF
68%
for 26b

1) HNMe(OMe)-HCl
HOBt, EDC, NEts, DMF

2) MeMgBr, DME, 0 °C

81%

HCI, dioxane
93-98%

23a, 24a, 25a: Het = /\ﬁ/),\
23b, 24b, 25b: Het = /\r/%
/

S

for 12¢

1) Hp, Pd/C, THF

2) HCI, EtOAc 78% o
- HaN LinkerJ<
for 12d NH,
1) HCI, EtOAc

2)K,CO;  87%

12c (2HCI salt): Linker = CH,CH,
12d: Linker = CHCH

for 19a
1) HOBt:NH3, EDC, DMF
2) HCl, dioxane 48% 1
HoN R
for 19b
HCI, dioxane 95% 2HCl

19a: R = NH,

19b: R' = OH
for 21a
1) NaN3, NH,CI, DMSO
Ny 70 °C R2o /\4“\
_ 2) HC, dioxane 51% ZlaR%= N:N,NH
cN
for 21b
O 1) HoNOH-HCI, tert-BuOK /\/H
EtOH, 70 °C 21b:R?= | »>=o
20 2) CDI, THF, reflux N~g
3) HCI, dioxane 49%

HCI
dioxane

P —

89-93%

27b: R* = Me



TOEETAF N O AERIESECT T Y —VBHCEH L721% . i N-Boc { L C 21a ~ & 3>
oo ARIZ, 2007 7% R LT IV ERIGSETH LT I FXFUAFEKRE 1,1~V
RNV A IES =V ERIGESET 124 FF V07— LBRICE# L Y i N-Boc k452 & T 21b
LAWK LT, FHME161E, B Fa—AYRT U EDIa Ry T U TICE ) R VBT AT ViHE
KedTHZLT, FrOBAT V=B 7Y ZOhEEE LTRAL Y iV TEERNT
A F22abH50E 220 LDH YTV I X ERERESIL LGN LT 27 VEFEK 23a 35 LU 23b
AR LT, DN AT VEBEK 23a 38 XUV 23b & 7V UMK R L C ol VR VEREEIR 24a F5
X0 24b & U772, Wi N-Boc{b LT 25a 3L 25b ~& 8=, F£7-, AR R 24b 13T 2 K 26a
(R, 82T Weinreb 7 X RICEHE L721212, A T~ 7 2o 0 A3 & OIS S/ TT BT /LK 26b
(AL, EHZ U N-Boc 1L L C 27a 38 L TN 27b ~ & -,

Scheme 2-4 (21, Buchwald D7 2 /ALEUE ® 2RI L7z 6 MERIREHIL 2 479 258K DA ik & R
L7, Buchwald % A 7O 6-7 0 E-3-27 /X /7 U VHER T 2k L TfT-72, 2D Th D6
L& 24X XTI TT I/ bLictk (28), 3y 7/ BAHEARITC L T X ) A F A LA
LT2 &Lz, £72Tb D6 i% 12-2F LT I TT7 2 L L TEDORIET 2 7 54 RN
|2 N-Boc fif L7212, 3Ly 7/ EAasiizoc Uiz, 16072 3-7 X ) A F /UK E ZiiE P -tert-7 F /L
EROSEED T LT, 3027 X/ M) N-Boe PR S A7z IR 30 ~ &8 7z, IRWT, HIEE 30 @ 6
PDZIET ) IeET LT a U7 X FR3L & L, BEIFE F T2 20 N-Boc 7 2/ S & [lifri#

Scheme 2-4.
Pd(OAC), H, (0.5 MPa)
HN O rac-BINAP Raney Ni
K/ tert-BUONa _N NH;
NH " gioxane, 80 °C \ o _THF.MeOH
- -
NC X N/\f

9
71% K/NH 56%

28
2 Pd(OAC),
rac-BINAP
HZN/\/NH2 tert-BuONa
toluene, 80 °C N
2) Boc,0, THFE Ho [ \
3)H, (0.5 MPa), Raney Ni, NHs  Boc” N~ X N~ NHBoc
THF, MeOH 2
4) Boc,0, THF 54% O
1) Glycine tert-Bu ester o
Pd(OACc),, rac-BINAP
tert-BUONa, toluene, 90 °C Cl)SfOEt 30,R?=H ;) ;Féo 29b
2) H, (0.5 MPa), Raney Ni, NH; 0, NaHCO4 E ) 2o500
THF, MeOH EtOAc, H,O 31,R?= COCO,Et
3) Boc,0, THF 83% 90%

Cbz-NHCH,COCI 1) Hp, Pd/IC

H N ‘ DMAP, pyridine N | EtOH,_reflux
N X N/YO\K THF . . N/Yoj< 2) HCI, dioxane HoN

Boc

o 87% o o] 34% 2HCI
g O A .

O.
32 33 TO(

ZT
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Lz 24, 6 MEHIEOBRILEISbEIT L T23-UA X VY ENT O UREAT D 290 ~E A TE -,
[FERIZ T D 6 1% 7Y v v 2 AT )VTT 2 L LTz, 3L T/ H% N-Boc 7 2/ A F /LK~ L 25 Ha
LT3RELIERNTOMLD 4T 2/ HEN-Cobz 7 V> Dfgr7 ) KEIGSETT AL L (33)
7% MARFE T N-Coz (L LTz & Z A, 6 (LEHIEOBRALSUS T L T 25-VA4F VY ERT VB
AT D PN AER LT-, ZOHREED 3 7 N-Boc 7 3 / A FIVIEABRELE F ChR#L T, BB
29c Z B R LT,

B4 2 1,7-7 7 F VU Vo8- L iFE K 40a,0 B L O V& v EEER 2b 1%, BEFEOGRIE Y LR
DO ETHERM LT (Scheme 2-5), £9°, BV P223-U ViR U EEFEIR 34 s 525 U T- BRI KW %
M 7= Friedel-Crafts SUGSC KD N Br 2T 2L LT, 3-_U Y AV D21 VR g 35 &6
Lo, ZOANRFIHEZBE 0 ) FIIEBL, IRWT 2-E FerX v VBT 27 0 & RISSET
MU 270 e LT, ZRABRRBAE T CINBERT 5 2 & TERILE = AT VIR RN ET L2 E T
J Y VURBEIR 36 B, RIZBICTTFATIVERGSEDLZETLT-F7F Y D84 U RE
ML L. (37a), bz 37a D 6 (LA NARF L7 v ) NICER L%, KEbRURT NI
LATE RU RELLT6-b R 2 F /UK 38a (28 /o, SCEREERNI D A >V & 7 1 sk 3700 12>
THRERD LT 38b 12 o, HfEfAk 38a D/KERE A (L L. Gabriel S UEIC KLY 7 X014 I FIK
EARET 3-7 X AFIUVIRIZEE . N-Boc b L THIIA 39a 25 L7z, 1557 Ak 39a #BEfF(E T
T N-Boc b LC40a &k L7, 7o, R 39a 2 /37 U0 Mt T, — (LRI Z VT 30
ANREZNVEFAL TTATIVRE L, = AT VKGR, BT 2 REE1T > 7214128 N-Boc L% =
& TA0b ~E ML 7o, A 38D IZ DWW TIIKIE A AR L LTcth, T o E=7 2RSS T3-7 3
J AF AR 2b (A LT,

Scheme 2-5. 1) SOCI,, DMF
toluene, 60 °C
9 1) Ac,0, 80 °C 2) CO,Et _ . \( o]
Ho” NN 2) CgHe, AICI, HO 1) i-BuNH,, MeOH, 50 °C N
85°C CO,Et 2) HCI, MeOH, reflux
HOL AN, HO. Br
o 63% pyridine, MeCN, 0 °C 3) LiOH, dioxane, reflux

3) ¢-HCI, AcOH, reflux 56%

86%

34

1) CO, MeOH, Pd(OAG),

for 39a dppf, NEt;, THF
1) (COCl), o 1) SOCl,, toluene 105 °C (sealed tube)
THF \( reflux . \( 2) NaOH, THF, MeOH
2) NaBH, 2) Potassium phthalimide 3) HOBt-NH3, EDC
DME, 0°C Ho o DMF BocHN DMF
62-80% 3) HaNNH;-H,0 4)TFA
EtOH, reflux 5) prep HPLC
38a,b 4) Boc,O, THF 85% 6) HCI 33%
37a, 38a, 40a, 40b: X = N for 2b for 40a
37b, 38b, 2b: X = CH 1) SOCl,, DMF 1) TFA
toluene, 60 °C 2) NaOH

97%

2) NH3, EtOH, 140 °C
(sealed tube)  45%
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X /U UFFEAA 43a,b 122V TiE, Scheme 2-6 127”3 X 912 5a & B-7 AT L 6g & EAFA L THE
SN INNCTAT N ERTLHX U AR 4L 2R CER L=, FK 4L o= 27 V5o RY FiE
HiFb, Gabriel BRRIC LY 3-7 2 ) AF AR 43a ~LiEE | ZD 6 fii~DT T ) HEFEATE LN

= RNU RO T VT U NIKSFRIZ LV 43b 25 R LT,

Scheme 2-6.

1) Zn(CN),

Pd(PPhy)s N
O NMP, 80 °C O
N B HoN__ A NH,

DIBALH 2) NaOH
toluene o o
41:R = Cone 759 DMSO, 80 °C
5% 1) socl, 43b
42: R = CH, OH

toluene, reflux 33%
2) Potassium phthalimide

DMF
3) HoNNH, H,0

EtOH, reflux  38%

_O
7
69 MsOH
(o] , VIS
o Br —_— R \

toluene, reflux

O 5a 58%

19



23 XY URIUNTFIONATFHE—F 4 HEFEOETEIEAES

2-3-1 ¥V UFRAFY 74—/ KOS

FTLBRNLIEX U VBREFLEKE T DAFX Y 74—/ ROWELZRFT I, 2 MBIV 4 i
EHEL D R b 21T o 7,

ZDH B2 ERIE RY) OMEHIEMBEZ, 1 VX v U HEROMEREMB L & $IC Table 2-3
(R LTz, RIIREBEHEN 3 MFE L (9a>9b,90), TORII DSBS A Y 7F L (9d) x
F R T (9e) ORI E O EIEEZ R L, ZOFMIEA V¥ a UFEROR L [FETH
o7z (leB LW, —J7, S2 74K hd Phe357 & OBUKIEF AAEM OBEsR A WIFF L T UL La 8
A LTS A T BRI Es Lz (9, 2o Z &nh, of TRV VO N & &Y Phe3s57 JA
AOZERNITHR SN P> Te b D EZE X BND,

ULEORERNS, ¥/ U VRAFY 7 4—L RO 2 fL@EHRIEE LTA V% v U FB8ROS5A LR
WA VT TFNHETR LT,

Table 2-3. Structure—Activity Relationship of 2-Substituent (R?) of Quinoline Derivatives

Compound R2 ICs0 (NM) ®
9a n-Pr 510
9b n-Bu 620
9c n-Pen 540
9d i-Bu 270
9e neo-Pen 250
of Bn 720
1b n-Pr 2400
1c n-Bu 2400
1d n-Pen 3800
1e i-Bu 1600
1f neo-Pen 1900

@Banno, Y., et al. Bioog. Med. Chem. 2011, 19, 4953-4970.
b |nhibitory activity for human DPP4.
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WA, ANEMIEDBGE(L AT > 12, ETHRBILICHT > T, 551 B 132 BTk~ A V¥ )
2a @ DPP4 & OILHEEEIZOWT ST AR v NELORE G A fENT L7= (Figure 2-1), ZOfER, 2a
DANLT7 = =NV E R bITEET 5 S1 AR > MEEF ORRAMEESEL (Tyr631, Val656, Val7ll 72 &) & Dk
FIEERE L 3.9~44 A THY | 47 = = NVEED A ZAD BT AAHTIZIE ST AR > MEERE & DI 1
IRFEDFRED NS D Z E PR TETZ, DO END, 4 L7 == VIO X ZNLEH DT ST L~
DN S TR R EHAIL OB A HETENE A7) | S 5 ATREMED VR S 4172,

[¢]
S1 pocket
Kss A
HoN N NH>
oY

o)
2a

U (ICsg = 220 nM)

S1 pocket

Figure 2-1. X-ray structure of compound 2a in complex with human DPP4 (Protein Data Bank Code: 30PM).*
Representative amino acid residues (grey carbons, white texts) in S1 binding sites of 2a (green carbons) are
indicated in cross-sectional view. Values listed are distances between carbon atoms in angstroms.
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ZZTIDOBRIZESNT, EBIC 4 (L7 = =V BIO/N S 7p@EHdE 28 A UL BRI~ O R %2 7
~7- (Table 2-4), ZDFER, 4 (L7 = =/VHD A Z (L A~OEHERE NI ETEME 245 FI8055 S & DGR
L0 WAIZ X DIEMEN ERITRRO Do, — T, SNIMA~OENFEEEE ED, BT
H A FNFLOE NTPETE 2 13 (517 EXw7 (9)),

P EDORERNS, ¥ U VB AMOBEBRIEE L CTp- MY VEZRIRL, Eibo 2 fr@EiEoFEE L&
PELHZET . DPPADSI BLOS2 AT v FEERNETLHX )Y URAF Yy 74— /L RELTD, 3«(T
R RAFN)2A I TFNA(4-AF NV T = =)W)F ) ) UHEENRER T X T,

Table 2-4. Effect of Substitution on the 4-Phenyl Group on DPP4 Inhibition

Compound R* ICs0 (NM) 2
9g 3F 350
9h 3-Me 340
9i 4-F 150
9j 4-Me 20
9d H 270

2 Inhibitory activity for human DPP4.
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2-3-2 ¥/ U RYU— NMeEMOAIH

WIZ, /ohlex /) U RAF Y 74— RO A EH AN X D1EER EE Y — MMed
ORI Z KiEt Uz, Bz e M AR S OER & L7z S1' AR 7w ME JEPEF LN Ser630 (ZRERE L Tyrs47
72 EORRENET 2 VBRI X VIR SN AREAR 7 v FTH Y | Z ORIGEEIT Lys554 2MIE L TV 5

(Figure 2-2)

Figure 2-2. Docking model of —
quinoline-based scaffold (green S1 pocket
carbons) into DPP4 binding site. S1' s

. . . er630
pocket and representative amino acid
residues are depicted.

Z D Lys FRIEEAFEN L 45 DPP4 [HERKOT A NILUPIHRE SN TR -T2 b h 0, A
DEWFEERROLEREZ BHE LT, Lys554 & O AEAERESGEZ LT O 280 OFEHI LV R LT,

FiEE1 ¢ Lys554 & OKFERECTERT (6 MLEHAIE~ DK A IEEHIDEN)
J7#t 2 : Lys554 & OGN (6 (LEHIE~D VAR ¥ HEA)
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2-3-2-1 Ji#t 112865 < Lys554 & DKFEREA TTREZR 6 CLEHIL DM

Table 2-5 |Z/RT K 912, 6 ML OFVREHIEL ARG, OKFER-EAVEERELAGA LI ZAH, = AT
KR (12a) CEH#LY I MR (12b) Tidk, MEEHL I MK (9) (ZHAATEEDNEES Lz, HEEH#LY I
REDY U I—ERFIZOWTEL, 9 OD=—T UG E AT LU SHICEBR L7856 (120) 1% 9) &FRI%D
FHETEMEZ, U o —3 e =F LU IR L7254 (12d) 12 3 FEWVBEEFEEEEZ R Lz, BiE
Figure 1-7 {27 L7z 2a Ok aAEE & [AERIZ, 9 b= —T /L5 TR %91 LT Ser630 & [AIEERIZHH
HEHLTWa Z & BE S Neh, ZOMEFER LY b, 12d O 6 ft=F L o HIZHEE S D S1' A7
v NNHRYAIET 2 BRFE AL & OBUKMER EAEFA O 2 23, IETEEAS~OR G DR RE N EAVRE ST,
—. 6 fLEFEDT I N 19a TIIRHETEMEDS 9j 1ZEb~KT 10 50855 L TH Y . Lys554 & OE#ER L O
HEYAMEY X 7 BRFRIE & OALERIR & ITAFNZB W2 D B X bz,

Table 2-5. Introduction of Polar Moiety onto 6-Substituent of Quinoline Derivatives

Compound R" ICs50 (NM) @

12a f\o/\[ro\ 330
°y

12b 270

“g\O/\n/N\

o)

12¢ A/\”/NHZ 25
o)

12d /\/\”/NHZ 6.1
o)

19a /\WNH2 210

o)

9j ;;\O/\H/NHz 20

o)

@ Inhibitory activity for human DPP4.
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L2 AT, Bilko 19a DIEFIKTH H /LR FE 19b 123t L, T OEWFENEMATHLT KT —
JURBEAR 21a 1 14 5@ W LEIEEZ R T 2 E RN oTo, 2O END 6 fMLESEL S U CEBRIRERILN
HFELWAREMRE Z SNIZTod, 6 (fL~DBIREHIEDOEAZ T L7z (Table 2-6), Z Ok, Mk
AT DERIREHILD @O EEEZ R T 2 Do 7oy, FRZ 3-A X VY ERT U UEEE R TS
29a-c OPEFEMES R o7z, &V biF 29¢ 1, ICo D 107 M A — & —DIEFIT @O LETEME 277 L
77

Table 2-6. Introduction of Cyclic Group at the 6-Position of Quinoline Derivatives

Compound RY ICs50 (NM) 2
H_o
21b 19
i—<\
\-O
/ :O
29a N NH 11
%_ /
Compound RY ICsp (NM) o o
19a CONH, 210 20 %_N NH 1
19b CO.H 330 f—
O
N 29¢ E—N NH 4.9
N
2la | 23
E (\N/NH o>/

2 Inhibitory activity for human DPP4.
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2322 FhF 2105 LysSsd & DU TRE ., 6 A B HIE O At

S1' AR b Lys554 & OB AZRR L, K NVRI VIEREGT D 6 fLEEOx /) U %R
Ax ¥ T A=)V FADFEAZBF Lz, 7, SREHILOBFTIE LTHOARF LDV U —DK
FHFEC L BB EFIE~ DA 7= (Table 2-7), %5 2-3-2 i Figure 2-2 (2~ L= & 912, Ay &3
% Lys554 &% U VRO EDFBEINS A LB 2 b, 6 MBI MR L4, Table 2-2 (2551
LEMRFEHEIL Mdab D n=1-2 Th D & THEENT, Lol b, ERICEDEWVIEEELZ R L
TEOIXRFEHENR N =4 (14d) OEETHY ., ZOROREEINLRFVELEOMOY v h—FiX, 9
DN Lys554 L DFEBEL D b ED o7, —F, WERBEITH O > TWRWE DD, TRy
FRIR 14d (6327 X FIK 156 ORRETEMEN 3 UL KT 95 Z &6 14d 13 Lys554 & DGz TE
B L CHEEEZ @D TWD Z EPRBRE NS, LIz -> T, 14d TV ARF U EAE Lys554 & OIERGEE
RIZTHE T AALEICEET D720, 0 6 \LY o I—DRFBEHEITV EA T SI' Ry MDD TND &
EBIT, PV BATIREHICE Y SI' OFRENET 2/ BRI & O OB BERZEM L T D b
DEEZ LN, ZORAKERIT BRIIRS20A 14d ZHOEE Ry X v 727 0 b b RSz,
F7o. B 2-3-2-1 fi Table 2-5 (2B WTCY U I —IZn B FEAT D 12d BEWEFIEEEZ TR LT 2 &0,
[F] Table 2-6 (Z3UNT A /LR i 19b KV & & 2 A3 2 AW AR 21a O 5 23 @m O IR ETEE 2 7R
L2 E%BETDE, TOEENT 6 NORFHN, SI' A7 MEERIZF /U VB & FATICRE S
7= Tyr547 EFHEAER LTV 2 ATREMED RIE X7z,

Table 2-7. Effect of 6-Linker Length of Quinoline-based Carboxylic Acids

Compound n R!"  ICso (nM)?

14a 1 OH 140
_N 14b 2 OH 29
| 0
HoN N O%CHZH 14c 3 OH 17
n R" 14d 4 OH 4.6
O 14e 5 OH 6.8
15 4 NH, 13

2 Inhibitory activity for human DPP4.
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£ ZTCRIZ, Tyr547 & OBUKMMHEAEMERZRET L, 6 MEHEO D LRI EE OO Y 1 —
ELT, Tyr547] DR BUBRE nn AX X T L) DAEBRET VA LEDEANEIToT-, £ O
A, Table 2-8 (Zd 5 BEFE TEWAERMENG O, LV DITF 7Y —VEBEEAT 5 25b TIEICs
i 0.38 nM & | EIZHRE DB D DPP4 [HEIKDOH T s L~V D DPP4 fHEIEME AR LTz, VAR
% 25b 123t L CHERRIETH LT X MK (27a) BE O AR (27b) TITPHFIEMEDS 5 1438 LT 20 584
HETFLTEY, 25b DI ARF R L DBEERA HETEMICEHE TH D Z EAVRIR ST,

Table 2-8. DPP4 Inhibitory Activity of Quinoline Derivatives with Heterocyclic Linker

Compound R" IC50 (NM) 2
o)
25a O OH 28
\
Tyr547 o
N OH
25b % ¢ ])\ 0.38
S
o)
Lys554 27a % /:N]/U\ NH, 21
S

N CH
27b o ])L ’ 87
S

2 Inhibitory activity for human DPP4.
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233 RyFo ZEFLmfni-&s

AX ¥ 74—V iAW TR L7=% 7 U R DPP4HEIKD DPPA & D R v % 0 7 E T )L ZAERK
L. ZO#EGHENZ 5% LT, Figure 2-3 \Z/R €T /LTI, Lys554 & ODKFFEGTMZ IR L TERL
7229c X, A V¥ v R EFERIZ 2014 Y 7 F LI Phe35T & CH-n FHAMEM ATREZRALEIC, F72 3
KLT X 7 AFVEED Glu205, Glu206, Tyr662 & HEAGIZAK FIREZRALIEIZH D . 4 L p- b U LI S1 A
v hEREG LT, AF ¥ 74—V REDICBES NI S BL OS2 K7 v b EDFEAENRFRETH D Z &
RS ST, BINOFAAEREALCEE LZ SI' R v b EOMBEMERTIL, 6 fiiBEBRLTHD LT
TV UBRD 3NLA T Y FEDS Lys554 & DIKFBREETERATREZRALEIZ H Y . 6 A Y B E Tyr631 O F44 NH
ERFERER FTRENIEIZ Do Tz, S BITENT VU BRI Tyr547 (2 LT, IRFEHD CH-nt & D\ Tl v
REABpag AZ X 7952 8T, SI' COHKEFHEEREZEOTWEHDEE 2 B,

Phe357

| lu206 S2 pocket
\‘/%_ e \
O o Glu205 . R |

N '\
o):/\r\il

29¢ (ICsq = 4.9 nM)

HoN

2HCI

\'

\
S1 pocket

Tyree2

S1' pocket

I CEY
5 N

Figure 2-3. Docking model of 29¢ in the catalytic domain of DPP4.
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—7J7. Lys554 & OB AZFRE L AR LT= 25b @ K % 75 /L%, Figure 2-4 (2" X 912,
F U U AF Y T 4 =)L FERIDS 29¢ DA L RRROFE G L 7> TWD Z & AR L TV D, SI' AR
7y & OMEAER T, 25b DA /VR S U EE T Lys554 OISR T 2/ H Ll HWdERL 2 % 2
EWNTRBENTL, £l2. FT Y —IVEBRIT Tyr554 OB VB LK 4 A ORREEE B CRIEFATICAE L
TEY, Bif e nn AX v X 72 L TWHI LRI, ZD25b b, Figure 1-7 IR L7 A V%
J 7 R 2a O IR SIS & RIERIZK ST 7240 LT Ser630 & [IHEHIZHR A/ER L T 5 ATREMEIEAT
ETERVR, F /U BRO 6 MEIOMIENFE 29 IZE_RTZORFHITL D /hEL, Fha V)
7 2a DY ERFRIC S1' & O AEAEIZE N T H TR LF—IITRERFLEITIT R > TV RNES
bbb,

52 pocket

\Glu206 <

Glu205

Fd
25b (ICs; = 0.38 nM)

51 bocket

51’ pocket

Figure 2-4. Docking model of 25b in the catalytic domain of DPP4.
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2-4 b

Ay 74—V RERIED Step 1 & LT A YV F /v UBRIZMRD LD HULERE O insilico BRER IS L ONEHLL
RIE(IC LD Bl A%y 74—V R THD 3-(T X ) ATFN)2-A Y TF )b (4- AT )T = =)W ¥/
U UGS LTZ, RWTStep 2 & LT, ZDOAX Y 7 4 —/)L RICH - R AR S ZE AL,
DPP4 @ S1' AR v R Lys554 & OKEREGIAME L OB EZ BR9E LTz 6 M@ #siesk 2 50 L
72 TOFER. 1CsfH 0.38 nM DIEF @O BREIGTEZ H T 5 IV AR U EETHER 25b &bk, @\ EE
EEEAT 5 12d°29¢, 14d & BT Z LICBh Lz, Ry X v Z 2T AORNR END, Zhb &k
PEORHEHNA X ¥ 74—/ RE TSI BEIUS2 K7 v b & REFRMAERZER L. SI' A7 v MZ
FBUWTIE Lyss54 EAHANERT 5720 T2 < | Tyr547 LB EERT 5 2 LI X 0 BEEEEZ & T
WD ATREMED RIS 4L, — 7 TIEMEHLTdH 5 Ser630 & DM ANERA O T HITNI N EE 2 b,
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BIE FHEY DURIRTFIUNATFH—E 4 HEKROAIH
3-1 BV VURURTFUNRT T H—E 4 [HEKD ) 3%F

DPP4 FHERAIH D72 DD A3 v 7 4 —/b RERIE DR 7= 72 i & LT R TR~ 72 /2 U R A%
¥ 74—V ROFLEREZEMEL, Y PV RAT Yy 74—V RETYP A LTU — FAIHERE L
7

%2 75 2-2-3 Hid Figure 2-3 33 L O Figure 2-4 (R LT Ry XU 7T AT, £/ UV VBONRVE

VERERIE DPPA O E DT X WFRIEE bR EEMZ L TWRnEEZX b, DI Enb,
ZORCEVER OREINBERIEOFWEEBRET 2L DOHTHH EBREL, X/ U VERPHRY
BUBRMADERELIEEY DUVBREPLEKRETDHAT Y 74—/ RPHEETE, A% v 7 4+ —/L R

p

EEHACcTE25b0EE LT,
XU UBEROFRERNS, SI' Ry hD 2 SOEE AR EAER (Tyr547 & OBUKMEFEER B L O

Lys554 & OREIARIC X DM EMER) #FIHT 2 EED 7 7 —~ 27 4+ 7 —I Figure 3-1 O L 9 12%#
BTx, TNOMHAMERZ#FCENE, BV PUVRAT Y 74 —)L RIZBWTH @IEHEORERZ A

HT&BEHEZT,

Glu206

Figure 3-1. Pharmacophore model for a potent DPP4 inhibitor employing interactions with Lys554 and Tyr547 in
S1' pocket.
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BEICEZ DIL, 3-T7 X ) AT N2-A VT F)-d-(p- VWV E U 2 U481, DPP4 FLETE R BLO i/
MEEHN THD Z L ZHERFE A THD M, BIZIE, ZOMEE EARS & UCaT 25 MEEHT & L
THR LT- = 2 F ALK 44 13, 1Cs il 28 nM @ DPP4 JRETE % 7% L7-, Figure 3-2 |Z5~3 DPP4 &
OIAEIHEIE NS 44 13 5 LA LR X VT Tyr547 OKERILLIHME L0 Ser630 D /KFEHE & KT A
LTEY, SI'Ry v hAEAFIATE TIWARY, LNLARNDL, ZOREAMEESIE, 2601 Y 7F
NIEE3ZNT R ) ATFAELETS2 ARy bE, 4L p- MU LETSI Ry b EENENEFRESZ
e L TWD Z L, 44 OFEARSEH I I M BEAER R A2 5T 572D DAF ¥ 74—/ RE L
T TH D Z ENHIETE 5,

ZIZT, ZOEKREMEEEZ Y DURAF Y T A/ FELTERAL, 2D 5 02 SI' Ry b &
OAAEM 250 LI BRI 2 EAT 5 2 LI L,

_J/ -._\\]PheSST

Glu206 {2 pocket
on %2{ I
% Tyr547

\ Lys554
44 (ICg = 28 NM) ) ™ A (
Tyrée2 S1 pdcket —

—

S1'pocket

His740 / SBI'S\O
/

Figure 3-2. X-ray structure of compound 44 in complex with human DPP4 (Protein Data Bank Code: 309V).**
Amino acids (light grey carbons, white texts) and waters (red oxygens) in the binding sites of 44 (green carbons)
are indicated. Major interactions are depicted as red dotted lines. Values listed are heavy atom distances in
angstroms.
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32 BUPURIRTFINRTF X —P 4 HEED LR

B D UBERIT, BECHEE SO = aF VAR 45% & HFEJFEHE LC.L Scheme 3-1 (2733 1k
WCEVAR LT, £, A= AT VY U —% 79 5558k 49a—-e 1%, 45 % N-Boc fRi# L7-%. 7
NH VR CMBNETT 5 2 LI2 X 0 = AT VKR LT VAR Uk 46 2R & LT, TLL
LIZ RO SHET 2 = AT /UK 4Ta—e ~ &5z, 723 47c IZBAL Tl 0-7 BB VLT AT VIR Z %
T, NT VT NEE AW B LRFBFEASISIC LD 47c ~EEN, GO AT VRE SRR T
TT N VNKGIEST 2 2 & T, RO AT VOBBNKGE ST 48a—e ISR S, KW
T N-Boc (k9% Z &Ik W HIID VAR Uk 48a—e & Gpk LTz,

Scheme 3-1.
halide or mesylate, K,CO3, DMF
(for 47c)
1) Boc,0, THF 2) CO, MeOH
| AN 2) NaOH, MeOH oY AN PdCl,(dppf), NEt oY AN
H,N N O reflux Boc” _A\_OH  DMF80°C 8o 0. Linker—R3
_— >
(0] 60% o 57-92% (0]
45 46 47a—e
NaOH Linker= R%=
THF, MeOH 47a  CH,CH, CO,Et
rtor 60 °C 47b CsH1o trans-4-CO,;Me
47c CgHga 0-CO,Me
32-88% 47d  CeHs  mM-COMe
47e CgHgs p-CO,Me
N HCI N
‘ = . EtOAc or dioxane H \ h . 3 Linker= R3=
HoN = O._ Linker—R® -———«——— BOC/N = O._Linker—R 48a, 49a CH,CH, CO,H
HCl o 65-99% o) 48b,49b  CgHyg trans-4-CO,H
48c, 49¢ CgHa 0-CO,H
48d,49d  CgH, m-CO,H
49a—e 48a—e 48e,49e  CgHy p-CO,H

—J. B DSTAT VAL RY RETICEDE Fr¥ U XA F AL EHL, N-Boc kL TT /L=
—UARB0 AR LT, ZOT a3 — HEKOKEEIEZ A>T — MILTp-7 BERVUAT LT —L LK
JEEHDL L Tm—T N Y U I—%FTHEL ~ELHL  IRWNT/RT D0 Ll Z 7z — Rl e 4T
AN E W AT AR B2 ~E BB L 7=, Z DT AT LEIMASHEL (53). it N-Boc k3% = & T,
54 AR L7~ (Scheme 3-2),
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Scheme 3-2.

1) DIBALH 1) MsCl, NEt;, THF
‘ N\ toluene, -78 °C H ‘ N\ 2) HO 5 H ‘ N\ Br
;< % r
H,N _ o 2) Boc,O Boc/N _ OH , NaH Boc/N _ o
o 75% 34%
45 50 51

CO, MeOH, PdCl,(dppf)
NEt;, DMF, 80°C
(sealed tube) 60%

o NaOH o
HCl Ny on THF. MeOH Ny o
dioxane \ P o 60 °C H \ P o
-~ Boc ~—— Boc”
2HCI 57% 90%
54 53 52

F 72, AR50 & Dess—Martin BB{LIZ LD 7T RiKE L, 7Y=LV ATV EGT 5D L aR#K
Ze VT2 Wittig BOSIZ KD Bba ~ & 2841 L7z, 1§57z 55a O 27 VAR S3 i (56a) & it N-Boc 1K

X BHO IV EE 5Ta AR LT, 55a O 5 (A L7 4 v ERENE T L CnF L) -t
ZHa UT-1% (85b), = AT VNIAKSMiE (56b) & Jit N-Boc {biZ &k 0 HYD A1 VAR % 57b AR LTz,
BT, HIVR RS 2 HEIEIC LV EET X Rb (56¢) L7-1&IZHE N-Boc (L9 % Z & T 57b (Zxbisd %
fe7 I R{K57c 2GR L7z (Scheme 3-3),

Scheme 3-3. o
1) Dess—Martin oxidation
2) Pr)\r
Ph-P CO,Et
N gr P j N
H b NaOEt, DMF H H b
0 0
Boc™ A\ OH Boc \NH H,, PA/C Boc ™ Z /\NH
60% /R EtOH s/ '\
1%
50 CR1=
55a: R = OEt j NaOH ‘o
THF, EtOH 2
p1= ’
56a: R' = OH 69% 55b: R' = OEt THF, EtOH
38%
1TFA 56b: R' = OH
2) prep HPLC HOBt-NH;
3) HCI 56¢: R" = NH, EDC, DMF
HCl 66%
HCl
80% 90%
N N
® ®
H,N A~ /\N)"'/<o H,N — /NJ"'/Z) HoN /\NHO
2HCI s/ oH 2HCI s~/ “on 2HCI % NH,
57a 57b 57¢
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33 BUDURIRNTFIONATFF—F 4 HEKOSTEEAE]

3-3-1 BUTURY— NMLAmOAIH

B LI 8 ) U FRER 0 DPP4 FHFIG 2 3l L7 (Table 3-1), £3°, KFEH Y o B —%FF> 49a
DOFRFIEMEIL 107 M LUV T 44 1T T IS 555 L TR Y | 49a TiE 44 12 E5R< Ser630 LAEAH T
72T TWVBHZ ERHERI STz, ZORBEHY A —% T anF U VRICERT D L HEREIL S
fEm L (49b)  HICAUBUBRICERR LG A1E, IEEMEII A VR T VHEOMMEN A Z (49d) <A
JU b (49c) </3F (49e) DNEICTEMEANAE L. 49 TiX 49a ICHAT 25 fFof B3R bhiz, &5
\Z 49 DY I —5E . AT NG ABEOEWNT—T AT 5 2 L CIEMEITm B L, g
541X 10° M L L D@ W LER A R L, RIS, U v B —ior &, JERICEWIEEZ R L7ox 2 U v
25b DR B A BRER LIS IS A L 72 57Ta B L N5 OFLEFRMEZ R 2 A 0 TFhRb 10°M
UL DE W ETEMEZ /R L, STa ik L TR BHRHEDORmWF L) U —%F3 2 57b 13 ICs fE
2.6 nM DIEFTE W IEEIEZ R Lz, —J7. HAARUEE5Tb 2% D A RFH 3 R (57c) (T4
95 EPLEFEMEEREEI L. OB O DV R CEEFEAROSEATHL B LT\, ZOZEND,
TSIV F HD Lys554 LHEZTER L T\ D 2 L2V < R STz,

PLEDOFERD D, BV PUFEERIZBWT S, 5 AISHICER U v — %I L7o VR Uk, FRICHT
BRI VI —% N LIz VR F VOB AN L 5T Lyss54 & Tyr547 OfiJ; & OWMAEERZ#EST5 2
&ET, ElEMEDOIFEZAINL 5 2 Z LAVRaS NI,

Table 3-1. Inhibitory Activity of Pyridine-based Carboxylic Acids and Carboxamide against Human DPP4*

Compound RY ICs0 (NM)

O
49c X ortho 29
o | 5
/%( Z  OH
49d meta 87

o

49e para 17

Compound RY ICs50 (NM)
OH
o 54 A_o 7.2

49a /f\r( O\/\)J\OH 470
= N O
o o 57a /\/),4 55
OH

| S
J\OH
49 /\WO 80 57b /\/\r/j‘)j 26
o s/ ‘ow
/S(OH 57c /\/\r/i\l)’«o 8.5
44
28 s/ NH,
0

& Inhibitory activity against human DPP4 was assayed using Gly—Pro—pNA as a substrate.
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332 RyF o ZE®TF AN ELR

IEMED EDN > 72 5Th (122 T DPP4 & OFEEHERE Ry X o 727 v E W TEL L7z (Figure 3-3),
VY DU ST 1T, ¥ U UEENK (Figure 2-3 BX TN 2-4) LRBEIC 2 A Y TF LM, 3AIT R
JAFNVIET 2Ry hE, 4L p-FUNETSI ARy FEMAERHLY 22 ENRB S, A%y
T A=) RE L COMBEZHERF CEXTVWA Z EAVRB ST, IBIMOMEERAE LTEALL 5 1E
BAILIZONW T, KGO IR X VI SI' AR » b Lys554 LA AIRE 2B, £ 7V —

JVERIN Tyr547 & n A Z » F U JR[REIRIEIZH D 2 L VR STz,

2 pocket
" 'Phe357
Glu206
_N
|
HoN A N "\
/ Glu205
2HC Sﬂo” .
57b
|C50=2.6 nM

S1 pocket

Ser630 | S1)pocket

Figure 3-3. Docking model between DPP4 protein and compound 57b. Values in red are heavy atom distances in

angstrom.
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3-4 i

F2ETHAHLEX 2V U RAF Y 74—V FOPLAT RBREZHEMLL, BEU PV RAF Y 7 4+ —
NRETHAL L L TAF Y 74—V NS Z @A L72& 2 A SI' Ry y b EOMBEMERAE LTEAL
2 SALEHFE ORI FHF B R 2N L CHVRF VIEEEZ G T DFHEAN 107 M Lob O O PSR 2R
Lize RuyXo 72T ME, THPA L LB VUV RAF Y 74—/ RBHMOMEEZHE L TNWDHZ L
R LTz, SHIZSAR EHROEDOETHELETLHE, HEFRE Tyr5dT LD nn A¥ vFx 2 77BN
TV F VI E Lys554 L DRGSR O O AE-H 27 A VIR AhD Z & T, BV URAF
¥ 74—V R b b EiE D DPP4 HEF AR L © 5 2 & v < iR S vz,
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FATE HHORTTFONRTFE =Y AERO ALY AR

4-1 EEREMWIZ BT DHEERIEVER

AX o 7 g — b REEIE & - C R L2 @iEED DPP4 FHEIEA, AIEKY — RL~v b5 Th D
Z L EMERT 5 BT, FTh DHINEIRINTE M A 3 L 7=,

HUBE RIS TE M OREAM B T — L3 T L7z, £ TR AR GZORNTO DPP4 LETEM DR X
O E A TR 2 72012, il DPP 12 HIET 5 ex vivo skl A Fh L, KW TREZ X 2 ifpE E5A-
OIMHIREZ TR D 2012, RIET T VB A O TR OB A ATRER 2 F206 U CithEse 2 i~ 7=,
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4-1-1 7 v M OEESERETEME (ex vivo 7lER)

%2 BB LU 3 = THE L2 DPP4 [HLEEDAKN TOMREEM 2 FHE T 57290, (bW afkn&
H. U721 ® Sprague-Dawley 7 > b D IEH DPP BEETEMEOHER 2T ~7, &/ U U 3HE(K 25b OF5 R %
Figure 4-1 (2R T %, LA 25b 1%, 1 mgkg DRRAHKEEGTT » MufEF O DPP4 Z[HE L, o5
% 1 BEE S 6 REROBIE IR 238 L TR 60%LL EDORLEZ AR Uiz, BEERRE L THW A VX
m 2 2a (ZH, 25b 13 ex vivo (2SN THIREZIEEM LA R Le, E72A U< Bt & LTIV TR
Pl E HFEGT D % A4 7O TH 5 vildagliptin & [F5ELL EOBREEE 2R3 2 &R LA
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Figure 4-1. Effect of oral administration (1 mg/kg) of compound 25b on plasma dipeptidyl peptidase activity of
Sprague-Dawley rats. Compound 2a and Vildagliptin were used as positive controls. Data are indicated by mean
=+ standard deviation (n =5).

* p<0.05; **, p<0.01; *** p<0.001 vs control by Dannett test.
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4-1-2 7 v MEOFEAMTER (in vivo FE2h55R)

& OB A AT BRI T AR & 2 b ER OMEIREZ HET 2T VRO —>TH Y | FrlHEE
Wistar fatty 7 v k ¥ 128V CIXMFEREAME T L7 e COFMEE T /L & 722 %, Figure 4-2 (A) B X (B)
WRLTZE 912, 25b 1% 1 mg/kg D% D BHAZIZ 7V a— A% 52 X HHENE Wistar fatty &~ b O ik |
A BRI L, A AV U oUMREEIZ X0 iR o srEA A Y > (IRD bUb 2 I
KREWT, ZOEMBEX, THREETH 5 vildagliptin L 1FIEF%ETH -7,
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Figure 4-2.  Oral glucose tolerance test in female Wistar fatty rats. Plasma glucose (A) and plasma IRI levels (B)
of female Wistar fatty rats administered with compounds (1 mg/kg, p.o.) or 0.1% methylcellulose 1 h before oral
glucose load (1 g/kg at 0 min). Vildagliptin was used as a positive control. Data are indicated by mean =+
standard deviation (n = 6). *, p <0.05; **, p <0.01 vs control by Dannett test.
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42 ORI FIONRTFL =T L DT A VA LRI

WBIZ, AF v 74—/ RERI&RZ -V C R L 7o mii&E > DPP4 [HEIED T A Y ¥ A LB A R
L7z (Table4-1), %/ V> 29c ® DPP2 (EC3.4.14.2) 3 XUV DPP8*, DPPOY |Z%td % BHEFIEMEIZIEH 12
<, FNEIITHET 5 DPP4 BIWEIT 4,000 504 E3s KLU0 20,000 520 E, 12,000 (5L ECThH o7, B
U U RRRESR S E\ O DPPS FLETEYEZ /R L, B2 1E 49 38 L= a5 U EEFA (A 44 1%, = DPPS
(25 LT 5,800 LA B3 KUY 390 £500 DPP4 R Z 7R L7, A3+ 74—/ FOMIEIZTIELS SI' AT v
FEMAEFEHLTOWRNEB I HND 4 THRWVIBRMEZBE TE TNWD Z 0 n, SREIEH SR
FHHD DPP IZKIF DIBPNMEIT A F ¥ 7+ —/b FIEICHR T2 L F A b5, —T7. 4412 SI'RT
e DOMAERRAZEA LT 49 CTid, BRI EIC 4 FEU EmELTEY, SI' A7 > b EDOMAE
MRIZ S DPP I3 DRI 2 T HIER RN G ENL D EEXBID,

Table 4-1.  Selectivity for DPP4 against Other Dipeptidyl Peptidases®

ICs50 (NM)
DPP4 DPP2 DPP8 DPP9
29¢ 4.9 20000 >100000 >60000
o)
|C50 (nM)
R5 = OH
N //\”/O DPP4 DPP8
| N
H,N
2 Z RS O 49 49 17 >100000
OH
/\[( 44 28 11000

o 44

& Inhibitory activity against human DPP4, DPP8, and DPP9 were evaluated using Gly—Pro—pNA
as a substrate, and that against rat DPP2 were done using H-Lys—Ala—pNA as a substrate.

DPP8 Dt it 1 1 3R 728 A S TUVVRV S, Rummey H O S 12k 5 &, DPP8 @ S2 3L UNS1' A
7y FTlL, DPP4 @ Phe357 35 KUY Lys554 (ZHH S T DALEIZ £ His B X O e 3ELE L TV D,
AR U7 BESTIE, 2 A Y 7 F /LIS DPP4 @ Phe357 LM ANEM 2523, DPP8 Tldstisd DA
EIZZD X D RBUKMEDTIRNFAE L RN 2D, 200 A VT TF AL OFEERFHNEBZbND, £,
SI' AR v hO Lys554 & OFEGZFRI L TT X ROA VAR Vg7 & OMEFE A8 A L7z 7- %, DPP8 Tl
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KT DOLEN 8 DIRTATEFR L e 28, PHEIRE OMEERZ2E L EHIE-EE26Nn5, D2
MOT X BRI X DA BEAEREALOMTEOFEEN., 4 [E115 & 17z DPP4 BREZK D DPPS (2% 2 FEH
WCEVEBIRMEO FRTERTHDL EEZHILD,
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4-3  ffim

A ¥ 7 4 —/b Rkl A - C R & 4172 DPP4 BREIEDHIZIE, 25b 72 & D X 512, EREMIZ B
TROBEGIZE VTR EN TS DPP4 LER L IZIFRSOHRRFIER 2T bbb o7z, Z Ok
FE D, AREBEIZ LV ABRY — FLL 038 & R K TRLER Y — MEMEZAIH L 2 2 2 & N5EGE
SNz, £, RS- EIEKIL DPPS Zhhd & 357 A VYA ATk 25 DPP4 BIRMEN & < | BRE
HNT A VWA AETOT X BEHIOEWIC X5 WERFS OO ZR AR L ORI E 5| &
HLTWb EEXHND,
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AWFIRIL, AHEARRIRS T ToHEsYa s 7 —PIEKY — FAIHEOBREZ B L L, HERE
EFEANCESL e 7 7 —PBHEREARETE O FRFICET 2 L0 TH 5.

) AEEEES T 707 7 —BHERDO Y — NAIHERG & L TAX vy 74 —b NEISZ B L7, A
M3, OFFETEIEFOLEED 2 SOMBEIEREAL L FAEIERT 2 A% v 74—V R L, K
W T 2 AAEEAL L OMBEAEMREZEAT L2 LICE Y, V= FAIHZIT O BIETH D,

2) AMFEOBRNZ, ZOEBUZHEIKEO 5> B FMAEMEML S U TEERTEET O TR R AR T »
NEARI LT D A% ¥ 7 4 —/b Pk Type B 258K L. BERIGIET L AR L2 A 7 DI
7 a7 7T —BHERY — FAHIZB T 26802895 2 & LD, DPP4 [HER A M & L
T, AERY — R~V THBMEDH 5 U — MEGBE2SAI I TaED & 9 2 MGE L7,

3) LFCOEBKIZHEV, DPP4 O S1 B L ONS2 AR > b EMHAMEHT 2 3 EH#x /U U7 b ONT 3 Ef e
U % DPPA PHERA R v 74— /L N & L TR L, ZAUTHTZ RS HNLE LTSI A7y b o
Lys554 38 KON Tyr547 & OMBEARHSZEAT S Z LICL Y, ATy 74—/ RT, &gk, &%
RHT, oG CHESERT Y — MEGwORITITERI LT,

4) KREIECH LN Y — MMEEWIL, (bLEMORESE EOM AT T BERIGMEFRL E OFRUE
A2 LIC 107 M LoULLL EOFEFICEWLEFR 2R L TR Y . ABIEORIHIC L > T, —i%
W72~ F RI AT ¢ 7 ALERIII ARV EEZH T 5K FRLERY — REAIHT 5 Z L IR
LT,

5) LLEOEERAG . ABFIEE, AF % 74—l NEHS Type B AV I HED BV MES 77 0 7 7 — P L
KDY — NAIOF R E LTHATHS 2 L 2w Lis, 70, —RIICIEHEPL S HE R L7
WFRT T —PIERKOARIRIEL E X bR, Z0 kS RIS EOEMES T n T 7 —PHLE
HAIIC BT SE R FIER AR L,
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General information. The proton nuclear magnetic resonance (‘H NMR) spectra were measured on a Bruker
AVANCE 300 (300 MHz), Varian Ultra-300 (300 MHz), or Varian Gemini-200 (200 MHz) spectrometer. Chemical
shifts are given in 6 values (ppm) using tetramethylsilane as the internal standard. All J values are given in hertz.
The following abbreviations are used: s, singlet; d, doublet; t, triplet; q, quartet; quin, quintet; spt, septet; m,
multiplet; dd, doublet of doublets; br, broad. Low-resolution liquid chromatography mass spectra (LC-MS) were
recorded on an Agilent 1200 LC/MS system, a Waters ZQ LC/MS system, or a Shimadzu LCMS-2020 UFLC/MS
system in an electrospray ionization (ESI) mode. Melting points (mp) were determined on a Yanagimoto melting
point apparatus, a Biichi melting point apparatus B-545, or an OptiMelt melting point apparatus MPA100 and were
uncorrected. Elemental analyses (C, H, N) were within £0.4% of theoretical values. For thin layer chromatography
(TLC) analysis throughout this work, Merck precoated TLC plates (silica gel 60 F,s4) and basic TLC plates (NH
silica gel, Fuji Silysia Chemical Ltd.) were used. The products were purified on silica gel 60 (0.040-0.063 or
0.063-0.200 mm, E. Merck), basic silica gel (Chromatorex NH, 100-200 mesh, Fuji Silysia Chemical Ltd.), or
Purif-Pack (Si or NH, Shoko scientific Co., Ltd.). Preparative high performance liquid chromatography (HPLC)
was performed on a Gilson preparative HPLC system (CombiPrep ODS-A (50 x 20 mm 1.D., YMC) with UV
detection at 220 nm) or a Waters 2525 system (L-column2 ODS (20 % 150 mm L.D., CERI) with MS (ESI)
detection using Waters ZQ2000) eluting with a gradient of acetonitrile—distilled water containing 0.1%
trifluoroacetic acid. Reagents and solvents were obtained from commercial sources and used without further
purification. Amounts of Raney cobalt and Raney nickel are theoretical values calculated from their weights in

water. Yields are unoptimized.

3-(Aminomethyl)-6-bromo-2-isobutyl-4-phenylisoquinolin-1(2H)-one (2b).

i) 6-Bromo-3-(chloromethyl)-2-isobutyl-4-phenylisoquinolin-1(2H)-one (2ba). To a solution of 38b (2.2 g, 5.7
mmol) in tetrahydrofuran (30 mL) was added SOCl, (0.90 mL, 12 mmol) at room temperature. After stirring for 15
h, the resulting mixture was concentrated in vacuo. The residual oil was crystallized from hexanes to afford the title
compound 2ba (1.6 g, 69%) as colorless crystals. 'H NMR (300 MHz, DMSO-dc): & 0.93 (d, J = 6.69 Hz, 6H), 2.20
(spt, J =7.50 Hz, 1H), 4.07 (d, J = 7.24 Hz, 2H), 4.50 (s, 2H), 6.99 (s, 1H), 7.38 (d, J = 7.06 Hz, 2H), 7.52-7.65 (m,
3H), 7.74 (dd, J = 8.49, 1.60 Hz, 1H), 8.24 (d, J = 8.61 Hz, 1H). LC-MS (ESI) m/z: 404 (M + H)".

ii) 3-(Aminomethyl)-6-bromo-2-isobutyl-4-phenylisoquinolin-1(2H)-one (2b). A mixture of 2ba (0.80 g, 2.0
mmol) in tetrahydrofuran (10 mL) and 2 M NHj in ethanol (35 mL, 70 mmol) was stirred in a sealed tube at 140 °C
for 5 h. After evaporation of the solvent, the residue was diluted with ethyl acetate, washed with saturated NaHCO;
and brine, dried over Na,SO,, and concentrated in vacuo. The residue was purified by column chromatography

(silica gel, eluting with ethyl acetate) to afford the title compound 2b (0.50 g, 65%) as colorless crystals. "H NMR
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(300 MHz, DMSO-dg): 8 0.91 (d, J = 6.69 Hz, 6H), 1.70 (br s, 2H), 2.15 (spt, J = 6.80 Hz, 1H), 3.48 (s, 2H), 4.20
(d, J=7.43 Hz, 2H), 6.94 (s, 1H), 7.39 (d, J = 7.34 Hz, 2H), 7.46-7.58 (m, 3H), 7.63 (dd, J = 8.53, 1.60 Hz, 1H),
8.20 (d, J = 8.51 Hz, 1H). LC-MS (ESI) m/z: 385 (M + H)". Anal. Calcd for CooH,BrN,O: C, 62.35; H, 5.49; N,
7.27. Found: C, 62.34; H, 5.49; N, 7.02.

2-Amino-5-bromo-N-methoxy-N-methylbenzamide (4a).

i) 6-Bromo-2H-3,1-benzoxazine-2,4(1H)-dione (4aa). To a solution of 2-amino-5-bromobenzoic acid (3a, 25 g,
0.12 mol) in tetrahydrofuran (350 mL) was added bis(trichloromethyl) carbonate (24.4 g, 0.082 mol) was added,
and the resulting suspension was stirred at reflux for 4 h. The reaction mixture was poured onto ice, and the
precipitate was collected by filtration, washed with methanol, and dried to afford the title compound 4aa (27.1 g,
96%) as a white powder. 'H NMR (200 MHz, CDCl;) &: 7.19 (d, J = 8.4 Hz, 1H), 7.96-8.02 (m, 1H), 8.09 (d, J =
2.6 Hz, 1H).

ii) 2-Amino-5-bromo-N-methoxy-N-methylbenzamide (4a). A mixture of N,O-dimethylhydroxylamine
hydrochloride (16.4 g, 168 mmol) and triethylamine (13.4 mL, 168 mmol) in ethanol (70 mL) was stirred at room
temperature for 30 min. To the resulting suspension was added 4aa (27.1 g, 112 mmol), and the resulting mixture
was stirred at 75 °C for 17 h. The reaction mixture was cooled and filtered. The filtrate was concentrated in vacuo,
and the residue was neutralized with saturated NaHCO; and extracted with ethyl acetate. The extract was washed
sequentially with saturated NaHCO; and brine, dried over MgSQO,, and concentrated in vacuo. Purification by
column chromatography (silica gel, eluting with a gradient of 50-80% ethyl acetate in hexanes) was followed by
recrystallization from diisopropyl ether—hexanes to afford the title compound 4a (21.8 g, 72%) as pale orange
crystals; mp 78-81 °C. '"H NMR (200 MHz, CDCls) &: 3.34 (s, 3H), 3.59 (s, 3H), 4.67 (br s, 2H), 6.64 (d, J = 8.4
Hz, 1H), 7.27 (dd, J = 8.4, 2.4 Hz, 1H), 7.50 (d, J = 2.4 Hz, 1H). LC-MS (ESI) m/z: 198 (M — N(Me)OMe)".

2-Amino-5-((tert-butyl(dimethyl)silyl)oxy)-N-methoxy-N-methylbenzamide (4b).

i) 2-(((Benzyloxy)carbonyl)amino)-5-hydroxybenzoic acid (4ba). A solution of benzyl chloroformate (52 mL,
0.36 mmol) in diethyl ether (200 mL) was added dropwise with a vigorous stirring to a mixture of
2-amino-5-hydroxybenzoic acid (3b, 50 g, 0.33 mmol), NaHCO; (109 g, 1.3 mol), diethyl ether (200 mL), and
water (200 mL) at room temperature. The resulting mixture was stirred at room temperature for 30 min, and then
neutralized with concd HCI. The reaction mixture was extracted with ethyl acetate, and the extract was washed with
brine, dried over MgSOy,, and concentrated in vacuo. The residue was crystallized from diisopropyl ether—hexanes
to afford the title compound 4ba (92 g, 98%) as a white powder. "H NMR (200 MHz, CDCl;) &: 5.13 (s, 2H), 7.00
(dd, J=9.0, 3.0 Hz, 1H), 7.33-7.41 (m, 6H), 8.00 (d, J =9.0 Hz, 1H), 9.50 (br s, 1H), 10.32 (s, 1H).
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ii) Benzyl (4-((tert-butyl(dimethyl)silyl)oxy)-2-(methoxy(methyl)carbamoyl)phenyl)carbamate (4bb). To a
mixture of 4ba (91 g, 0.32 mol) and N,O-dimethyl hydroxylamine hydrochloride (36 g, 0.36 mol) of in
N,N-dimethylformamide (500 mL) were sequentially added triethylamine (55 mL, 0.36 mol) and
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (70 g, 0.36 mol) at room temperature, and the
resulting mixture was stirred at room temperature for 2.5 h. After quenching with 1 M hydrochloric acid, the
mixture was extracted with ethyl acetate. The extract was washed with brine, dried over MgSO,, and concentrated
in vacuo. Purification by column chromatography (silica gel, eluting with a gradient of 25—-100% ethyl acetate in
hexanes) gave a brown oil. A mixture of the obtained brown oil, tert-butyl(chloro)dimethylsilane (48 g, 0.32 mol),
and imidazole (22 g, 0.32 mol) in N,N-dimethylformamide (500 mL) was stirred at room temperature for 14 h. The
reaction mixture was partitioned between ethyl acetate and water. The extract was washed sequentially with 1 M
HCI and brine, dried over MgSO,, and concentrated in vacuo. Purification by column chromatography (silica gel,
eluting with 25% ethyl acetate in hexanes) gave the tile compound 4bb (85 g, 59%) as a white powder. 'H NMR
(200 MHz, CDCl5) 8: 0.28 (s, 6H), 1.08 (s, 9H), 3.45 (s, 3H), 3.62 (s, 3H), 5.28 (s, 2H), 7.02 (dd, J = 8.8, 2.6 Hz,
1H), 7.06 (d, J=2.6 Hz, 1H), 7.44-7.51 (m, 5H), 8.04 (d, J = 8.8 Hz, 1H), 8.45 (brs, 1H).

iii) 2-Amino-5-((tert-butyl(dimethyl)silyl)oxy)-N-methoxy-N-methylbenzamide (4b). A mixture of 4bb (85 g,
0.19 mol), 10% palladium on charcoal (2.5 g), ethanol (250 mL), and tetrahydrofuran (250 mL) was stirred at room
temperature for 20 h under a hydrogen atmosphere. The reaction mixture was filtered, and the filtrate was
concentrated in vacuo to afford the title compound 4b (40 g, 69%) as a white powder. "H NMR (200 MHz, CDCls)
8:0.25 (s, 6H), 1.07 (s, 9H), 3.45 (s, 3H), 3.68 (s, 3H), 6.70 (d, J = 8.8 Hz, 1H), 6.84 (dd, J = 8.8, 3.0 Hz, 1H), 6.97
(d, J=3.0 Hz, 1H).

(2-Amino-5-bromophenyl)(phenyl)methanone (5a). To a solution of 4a (5.0 g, 19 mmol) in diethyl ether (50 mL)
was added 2 M phenylmagnesium bromide in tetrahydrofuran (24 mL, 48 mmol) dropwise at 0 °C. The resulting
mixture was stirred at 0 °C for 15 min. After quenching with saturated NH4Cl, the reaction mixture was extracted
with ethyl acetate. The extract was washed with brine, dried over dried over MgSQO,, and concentrated in vacuo.
Purification by column chromatography (silica gel, eluting with a gradient of 5-25% ethyl acetate in hexanes)
afforded title compound 5a (3.21 g, 60%) as yellow crystals. 'H NMR (200 MHz, CDCL) 8: 6.08 (br s, 2H), 6.65 (d,
J=28.8 Hz, 1H), 7.26-7.66 (m, 7H).

(2-Amino-5-bromophenyl)(4-methylphenyl)methanone (5b). By a procedure similar to that described for the
synthesis of compound 5a using p-tolylmagnesium bromide, the title compound 5b was obtained as yellow crystals
(3.5 g, 63%). '"H NMR (300 MHz, CDCl;) 5: 2.44 (s, 3H), 5.98 (br s, 2H), 6.64 (d, J = 8.9 Hz, 1H), 7.28 (d, J = 7.9
Hz, 2H), 7.35 (dd, J = 8.9, 2.3 Hz, 1H), 7.55-7.60 (m, 3H). LC-MS (ESI) m/z: 290 (M + H)".
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(2-Amino-5-((tert-butyl(dimethyl)silyl)oxy)phenyl)(phenyl)methanone (5¢). To a solution of 4b (5.0 g, 16
mmol) in tetrahydrofuran (100 mL) was added 2 M phenylmagnesium bromide in tetrahydrofuran (20 mL, 40
mmol) at =78 °C. The resulting mixture was stirred for 30 min and allowed to warm to room temperature. The
reaction was quenched with saturated NH,CI and extracted with ethyl acetate. The extract was washed with brine,
dried over MgSO,, and concentrated in vacuo. The residue was purified by column chromatography (silica gel,
eluting with 17% ethyl acetate in hexanes) to afford the title compound 5¢ (3.4 g, 65%) as an orange syrup. 'H
NMR (300 MHz, CDCl): § 0.09 (s, 6H), 0.91 (s, 9H), 5.72 (br s, 2H), 6.60—6.67 (m, 1H), 6.80-6.90 (m, 2H), 7.40—
7.55 (m, 3H), 7.60-7.70 (m, 2H). LC-MS (ESI) m/z: 328 (M + H)".

(2-Amino-5-((tert-butyl(dimethyl)silyl)oxy)phenyl)(3-fluorophenyl)methanone (5d). By a procedure similar to
that described for the synthesis of compound 5¢ using 3-fluorophenylmagnesium bromide, the title compound 5d
was obtained as a yellow syrup (1.2 g, 43%). '"H NMR (200 MHz, CDCl) &: 0.09 (s, 6H), 0.92 (s, 9H), 5.75 (br s,
2H), 6.66 (d, J = 8.4 Hz, 1H), 6.80-6.95 (m, 2H), 7.15-7.25 (m, 1H), 7.30-7.50 (m, 3H). LC-MS (ESI) m/z: 346
M +H)".

(2-Amino-5-((tert-butyl(dimethyl)silyl)oxy)phenyl)(3-methylphenyl)methanone (5¢). By a procedure similar to
that described for the synthesis of compound 5C using m-tolylmagnesium bromide, the title compound 5e was

obtained as a crude brown syrup (1.5 g, 68%). LC-MS (ESI) m/z: 342 (M + H)".

(2-Amino-5-((tert-butyl(dimethyl)silyl)oxy)phenyl)(4-fluorophenyl)methanone (5f). By a procedure similar to
that described for the synthesis of compound 5c using 4-fluorophenylmagnesium bromide prepared from
p-bromofluorobenzene, the title compound 5f was obtained as an orange syrup (1.3 g, 47%). '"H NMR (200 MHz,
CDCl) &: 0.10 (s, 6H), 0.93 (s, 9H), 5.63 (br s, 2H), 6.65 (d, J = 9.2 Hz, 1H), 6.80-6.95 (m, 2H), 7.05-7.20 (m,
2H), 7.60-7.75 (m, 2H).

(2-Amino-5-((tert-butyl(dimethyl)silyl)oxy)phenyl)(4-methylphenyl)methanone (5g). By a procedure similar to
that described for the synthesis of compound 5C wusing p-tolylmagnesium bromide prepared from
p-bromofluorobenzene, the title compound 59 was obtained as a yellow syrup (1.4 g, 28%). 'H NMR (200 MHz,
CDCl) 6: 0.10 (s, 6H), 0.93 (s, 9H), 2.43 (s, 3H), 5.58 (br s, 2H), 6.64 (d, J = 8.8 Hz, 1H), 6.70-6.75 (m, 2H),
7.00-7.10 (m, 2H), 7.25 (d, J = 8.8 Hz, 2H), 7.55-7.65 (m, 2H). LC-MS (ESI) m/z: 342 (M + H)".

6-Bromo-2-isobutyl-4-phenylquinoline-3-carbonitrile (7a). A mixture of 5a (4.2 g, 15 mmol), 6d (2.28 g, 18.2
mmol), methanesulfonic acid (1.46 g, 15.2 mmol), and toluene (200 mL) was heated to reflux for 6 h using a
Dean-Stark trap. The reaction mixture was allowed to cool to room temperature, washed sequentially with saturated
NaHCO; and brine, dried over MgSQO,, and concentrated in vacuo. Purification by column chromatography (silica

gel, eluting with a gradient of 5-20% ethyl acetate in hexanes) was followed by recrystallization from ethyl
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acetate—hexanes to afford the title compound 7a (4.85 g, 88%) as colorless crystals; mp 136137 °C. '"H NMR (300
MHz, CDCl;) 8: 1.06 (d, J = 6.6 Hz, 6H), 2.25-2.55 (m, 1H), 3.11 (d, J = 7.3 Hz, 2H), 7.40-7.50 (m, 2H), 7.55-
7.65 (m, 3H), 7.79 (d, J = 2.2 Hz, 1H), 7.87 (dd, J = 8.4, 2.2 Hz, 1H), 8.80 (d, J = 8.4 Hz, 1H). LC-MS (ESI) m/z:
365 (M +H)".

6-Bromo-2-isobutyl-4-(4-methylphenyl)quinoline-3-carbonitrile (7b). By a procedure similar to that described
for the synthesis of compound 7a, the title compound 7b was obtained from 5b as pale orange crystals (6.6 g,
58%); mp 168-169 °C. '"H NMR (200 MHz, CDCls) &: 1.05 (6H, d, J = 6.8 Hz), 2.30-2.50 (1H, m), 2.50 (3H, s),
3.10 (2H, d,J=7.4 Hz), 7.34 (2H, d, J=8.2 Hz), 7.42 (2H, d, J = 8.2 Hz), 7.80-7.90 (2H, m), 7.99 (1H, d, J=9.0
Hz). LC-MS (ESI) m/z: 379 (M + H)".

6-Bromo-2-(2,2-dimethylpropyl)-4-phenylquinoline-3-carbonitrile (7c). By a procedure similar to that described
for the synthesis of compound 7a using 5,5-dimethyl-3-oxohexanenitrile (6e), the title compound 7¢ was obtained
as a white powder (1.99 g, 66%); mp 163—164 °C. "H NMR (300 MHz, CDCls): & 1.11 (s, 9H), 3.18 (s, 2H), 7.42—
7.47 (m, 2H), 7.58-7.65 (m, 3H), 7.78 (d, J = 2.2 Hz, 1H), 7.87 (dd, J = 8.6, 2.2 Hz, 1H), 8.01 (d, J = 8.6 Hz, 1H).
LC-MS (ESI) m/z: 379 (M + H)".

6-Hydroxy-4-phenyl-2-propylquinoline-3-carbonitrile  (8a). A mixture of 5¢ (2.0 g, 6.1 mmol),
3-oxohexanenitrile (6a, 0.811 g, 7.3 mmol), and methanesulfonic acid (0.586 g, 0.1 mmol) in toluene (50 mL) was
stirred at reflux for 15 h with azeotropic removal of water. The reaction mixture was partitioned between ethyl
acetate and water, and the organic layer was washed with brine, dried over MgSOy,, and concentrated in vacuo. The
residue was triturated with diisopropyl ether to afford the title compound 8a (0.980 g, 56%) as an orange powder.
'H NMR (300 MHz, DMSO-dg): & 1.00 (t, J = 7.2 Hz, 3H), 1.80-1.89 (m, 2H), 3.01-3.07 (m, 2H), 6.78 (d, J=1.8
Hz, 1H), 7.42 (dd, J = 9.3, 1.8 Hz, 1H), 7.49-7.52 (m, 2H), 7.60-7.65 (m, 3H), 7.95 (d, J = 9.3 Hz, 1H), 10.19 (s,
1H). LC-MS (ESI) m/z: 289 (M + H)".

2-Butyl-6-hydroxy-4-phenylquinoline-3-carbonitrile (8b). By a procedure similar to that described for the
synthesis of compound 8a using 3-oxoheptanenitrile (6b), the title compound 8b was obtained as a brown powder
(0.75 g, 65%). '"H NMR (300 MHz, CDCl;): & 0.98 (t, J = 7.2 Hz, 3H), 1.46-1.54 (m, 2H), 1.81-1.92 (m, 2H),
3.15-3.21 (m, 2H), 6.91 (d, J = 2.7 Hz, 1H), 7.39-7.42 (m, 3H), 7.51-7.56 (m, 3H), 8.01 (d, J = 9.3 Hz, 1H). LC—
MS (ESI) m/z: 303 (M + H)".

6-Hydroxy-2-pentyl-4-phenylquinoline-3-carbonitrile (8c). By a procedure similar to that described for the

synthesis of compound 8a using 3-oxooctanenitrile (6¢), the title compound 8c was obtained as a white powder

(0.96 g, 55%). "H NMR (300 MHz, CDCls): § 0.89 (t, J = 7.2 Hz, 3H), 1.27-1.49 (m, 4H), 1.82-1.91 (m, 2H), 3.16
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(t, J= 7.2 Hz, 2H), 6.66 (br s, 1H), 6.56-6.74 (m, 1H), 6.92 (d, J = 2.7 Hz, 1H), 7.39-7.43 (m, 3H), 7.52-7.54 (m,
3H), 8.00 (d, J=9.3 Hz, 1H). LC-MS (ESI) m/z: 317 (M + H)".

6-Hydroxy-2-isobutyl-4-phenylquinoline-3-carbonitrile (8d).

i) 6-tert-Butoxy-2-isobutyl-4-phenylquinoline-3-carbonitrile (8da). A mixture of palladium(II) acetate (0.062 g,
0.27 mmol) and (+)-2,2"-bis(diphenylphosphino)-1,1'-binaphthalene (0.098 g, 0.15 mmol) in toluene (20 mL) was
stirred at 40 °C for 1 h under a nitrogen atmosphere. To the mixture were added 7a (1.89 g, 4.98 mmol), sodium
tert-butoxide (0.79 g, 8.2 mmol), and tert-butanol (1.1 mL, 11 mmol), and the resulting mixture was stirred at 90 °C
for 1 h. The reaction mixture was cooled to room temperature and filtered through Celite. The filtrate was washed
with brine, dried over MgSO,, and concentrated in vacuo. The residue was purified by column chromatography
(silica gel, eluting with a gradient of 5-20% ethyl acetate in hexanes) to afford the title compound 8da (1.8 g, 92%)
as a white powder. "H NMR (300 MHz, CDCl;) 8: 1.06 (d, J = 6.6 Hz, 6H), 1.33 (s, 9H), 2.30-2.50 (m, 1H), 3.10
(d, J=7.2 Hz, 2H), 7.14 (d, J = 2.5 Hz, 1H), 7.40-7.65 (m, 6H), 8.03 (d, J = 9.1 Hz, 1H). LC-MS (ESI) m/z: 369
M+H)".

ii) 6-Hydroxy-2-isobutyl-4-phenylquinoline-3-carbonitrile (8d). A mixture of 8da (1.0 g, 2.8 mmol),
trifluoroacetic acid (10 mL) in tetrahydrofuran (2 mL) was stirred at room temperature for 1 h. The reaction mixture
was poured into water and extracted with ethyl acetate. The extract was washed with brine, dried over MgSO,, and
concentrated in vacuo. The residue was crystallized from diisopropyl ether —hexanes to afford the title compound
8d (0.81 g, 95%) as a pale yellow powder. '"H NMR (200 MHz, CDCl3) &: 1.10 (d, J = 6.6 Hz, 6H), 2.28-2.43 (m,
1H), 3.29 (d, J=7.5 Hz, 2H), 7.13 (d, J = 2.4 Hz, 1H), 7.45-7.51 (m, 2H), 7.62—7.70 (m, 3H), 7.73 (dd, J=9.3,2.4
Hz, 1H), 8.32 (br s, 1H), 8.57 (d, J =9.3 Hz, 1H).

2-(2,2-Dimethylpropyl)-6-hydroxy-4-phenylquinoline-3-carbonitrile (8e).

i) 6-tert-Butoxy-2-(2,2-dimethylpropyl)-4-phenylquinoline-3-carbonitrile (8ea). By a procedure similar to that
described for the synthesis of compound 8da, the title compound 8ea was obtained from 7¢ as a white powder (0.81
g, 44%); mp 129-130 °C. 'H NMR (300 MHz, CDCls): & 1.12 (s, 9H), 1.33 (s, 9H), 3.17 (s, 2H), 7.13 (d, J = 2.4
Hz, 1H), 7.42-7.62 (m, 6H), 8.03 (d, J = 9.2 Hz, 1H). LC-MS (ESI) m/z: 373 (M + H)".

ii) 2-(2,2-Dimethylpropyl)-6-hydroxy-4-phenylquinoline-3-carbonitrile (8¢). By a procedure similar to that
described for the synthesis of compound 8d, the title compound 8e was obtained from 8ea as a pale yellow powder
(0.62 g, 98%); mp 181182 °C. 'H NMR (300 MHz, CDCLy): & 1.16 (s, 9H), 3.39 (s, 2H), 7.15 (d, J = 2.6 Hz, 1H),
7.45-7.50 (m, 2H), 7.61-7.73 (m, 4H), 8.58 (d, J = 9.2 Hz, 1H), 9.67 (br s, 1H). LC-MS (ESI) m/z: 317 (M + H)".
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2-Benzyl-6-hydroxy-4-phenylquinoline-3-carbonitrile (8f). By a procedure similar to that described for the
synthesis of compound 8a using 3-oxo-4-phenylbutanenitrile (6f), the title compound 8f was obtained as a pale
yellow powder (2.21 g, 83%); mp 235-236 °C. 'H NMR (300 MHz, CDCLy): & 4.50 (s, 2H), 6.91 (d, J = 2.6 Hz,
1H), 7.13-7.50 (m, 12H), 8.02 (d, J = 8.8 Hz, 1H). LC-MS (ESI) m/z: 337 (M + H)".

4-(3-Fluorophenyl)-6-hydroxy-2-isobutylquinoline-3-carbonitrile (8g). By a procedure similar to that described
for the synthesis of compound 8a using 5-methyl-3-oxohexanenitrile (6d), the title compound 8g was obtained
from 5d as an off-white powder (0.83 g, 75%); mp 273-276 °C. 'H NMR (300 MHz, CDCL) &: 1.05 (d, J = 6.6 Hz,
6H), 2.25-2.45 (m, 1H), 3.08 (d, J = 7.4 Hz, 2H), 5.46 (br s, 1H), 6.68 (d, J = 2.8 Hz, 1H), 7.10-7.35 (m, 3H), 7.48
(dd, J=9.2, 2.8 Hz, 1H), 7.50-7.65 (m, 1H), 8.05 (d, J = 9.2 Hz, 1H). LC-MS (ESI) m/z: 321 (M + H)".

6-Hydroxy-2-isobutyl-4-(3-methylphenyl)quinoline-3-carbonitrile (8h). By a procedure similar to that described
for the synthesis of compound 8a using 6d, the title compound 8h was obtained from 5e as an off-white powder
(0.050 g, 40%); mp 275 °C (decomp). "H NMR (200 MHz, CDCls) 3: 0.99 (d, J = 6.6 Hz, 6H), 2.20-2.35 (m, 1H),
2.43 (s, 3H), 2.96 (d, J = 7.3 Hz, 2H), 6.81 (d, J =2.6 Hz, 1H), 7.25-7.60 (m, 5H), 7.97 (d, J=9.2 Hz, 1H), 10.20
(s, 1H).

4-(4-Fluorophenyl)-6-hydroxy-2-isobutylquinoline-3-carbonitrile (8i). By a procedure similar to that described
for the synthesis of compound 8a using 6d, the title compound 8i was obtained from 5f as an off-white powder
(0.88 g, 68%); mp 247-249 °C. "H NMR (300 MHz, CDCls) &: 1.04 (d, J = 6.6 Hz, 6H), 2.15-2.45 (m, 1H), 3.07 (d,
J =172 Hz, 2H), 5.87 (br s, 1H), 6.89 (d, J = 2.6 Hz, 1H), 7.10-7.50 (m, 5H), 8.04 (d, J = 9.2 Hz, 1H). LC-MS
(ESI) m/z: 321 (M + H)".

6-Hydroxy-2-isobutyl-4-(4-methylphenyl)quinoline-3-carbonitrile (8j). By a procedure similar to that described
for the synthesis of compound 8a using 6d, the title compound 8] was obtained from 5 as pale yellow crystals (7.2
g, 91%); mp 247 °C (decomp). 'H NMR (200 MHz, CDCls) 8: 1.03 (d, J = 6.6 Hz, 6H), 2.20-2.45 (m, 1H), 2.46 (s,
3H), 3.06 (d, J= 7.3 Hz, 2H), 6.28 (d, J = 2.9 Hz, 1H), 7.25-7.40 (m, 4H), 7.41 (dd, J=9.2,2.9 Hz, 1H), 8.02 (d, J
=9.2 Hz, 1H). LC-MS (ESI) m/z: 317 (M + H)"

2-((3-(Aminomethyl)-4-phenyl-2-propylquinolin-6-yl)oxy)acetamide (9a).

i) 2-((3-Cyano-4-phenyl-2-propylquinolin-6-yl)oxy)acetamide (9aa). A mixture of 8a (0.98 g, 3.4 mmol),
2-chloroacetamide (0.355 g, 3.8 mmol), and K,CO; (0.553 g, 4.0 mmol) in N,N-dimethylformamide (10 mL) was
stirred at 60 °C for 12 h. The reaction mixture was partitioned between ethyl acetate and water. The organic layer
was washed with brine, dried over MgSO,, and concentrated in vacuo. The residue was purified by column

chromatography (silica gel, eluting with a gradient of 50-100% ethyl acetate in hexanes) to afford the title
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compound 9aa (1.03 g, 88%) as a pale yellow powder. 'H NMR (300 MHz, DMSO-dg): 8 1.00 (t, J = 7.5 Hz, 3H),
1.81-1.91 (m, 2H), 3.08 (t, J = 7.5 Hz, 2H), 4.39 (s, 2H), 6.86 (d, J = 2.7 Hz, 1H), 7.36 (br s, 1H), 7.51-7.60 (m,
3H), 7.60-7.66 (m, 4H), 8.06 (d, J = 9.3 Hz, 1H). LC-MS (ESI) m/z: 346 (M + H)".

ii) 2-((3-(Aminomethyl)-4-phenyl-2-propylquinolin-6-yl)oxy)acetamide (9a). A mixture of 9aa (1.0 g, 2.9
mmol), Raney cobalt (5 mL), 28% NH; (5 mL), tetrahydrofuran (2.5 mL), and methanol (2.5 mL) was stirred at
70 °C for 6 h in a sealed tube under a hydrogen atmosphere (0.5 MPa). The reaction mixture was filtered, and the
filtrate was partitioned between ethyl acetate and water. The organic layer was washed with brine, dried over
MgSQy, and concentrated in vacuo. The residue was purified by column chromatography (silica gel, eluting with a
gradient of 0-25% methanol in ethyl acetate) to afford the title compound 9a (0.62 g, 62%) as a pale yellow powder.
'H NMR (300 MHz, CDCls): § 1.10 (t, J = 7.2 Hz, 3H), 1.85-1.96 (m, 2H), 3.01-3.11 (m, 2H), 3.77 (s, 2H), 4.33 (s,
2H), 5.75 (br s, 1H), 6.54 (d, J = 1.8 Hz, 1H), 6.55 (br s, 1H), 7.25-7.33 (m, 3H), 7.52-7.58 (m, 3H), 8.02 (d, J =
9.0 Hz, 1H). LC-MS (ESI) m/z: 350 (M + H)". Anal. Calcd for C,;H,3N;0,: C, 72.18; H, 6.63; N, 12.03. Found: C,
71.49; H, 6.88; N 11.71.

2-((3-(Aminomethyl)-2-butyl-4-phenylquinolin-6-yl)oxy)acetamide (9b).

i) 2-((2-Butyl-3-cyano-4-phenylquinolin-6-yl)oxy)acetamide (9ba). By a procedure similar to that described for
the synthesis of compound 9aa, the title compound 9ba was obtained from 8b as a brown powder (0.71 g, 82%). 'H
NMR (300 MHz, CDCLy): & 1.00 (t, J = 7.5 Hz, 3H), 1.48-1.60 (m, 2H), 1.84-1.95 (m, 2H), 3.19-3.24 (m, 2H),
4.41 (s, 2H), 5.65 (br s, 1H), 6.52 (br s, 1H), 6.92 (d, J = 2.7 Hz, 1H), 7.42-7.47 (m, 2H), 7.50 (dd, J= 8.7, 2.7 Hz,
1H), 7.58-7.63 (m, 3H), 8.08 (d, J = 8.7 Hz, 1H). LC-MS (ESI) m/z: 360 (M + H)".

ii) 2-((3-(Aminomethyl)-2-butyl-4-phenylquinolin-6-yl)oxy)acetamide (9b). By a procedure similar to that
described for the synthesis of compound 9a, the title compound 9b was obtained from 9ba as a pale yellow powder
(0.56 g, 82%). 'H NMR (300 MHz, CDCLy): & 1.00 (t, J = 7.4 Hz, 3H), 1.44-1.62 (m, 2H), 1.84-1.90 (m, 2H),
3.07-3.15 (m, 2H), 3.77 (s, 2H), 4.33 (s, 2H), 5.68 (br s, 1H), 6.55 (d, J = 3.0 Hz, 1H), 6.45-6.60 (m, 1H), 7.24—
7.33 (m, 3H), 7.52-7.57 (m, 3H), 8.03 (d, J = 9.2 Hz, 1H). LC-MS (ESI) m/z: 364 (M + H)". Anal. Calcd for
C,HysN;0,:0.75H,0: C, 70.10; H, 7.09; N, 11.15. Found: C, 69.90; H, 6.89; N 11.09.

2-((3-(Aminomethyl)-2-pentyl-4-phenylquinolin-6-yl)oxy)acetamide (9c).
i) 2-((3-Cyano-2-pentyl-4-phenylquinolin-6-yl)oxy)acetamide (9ca). By a procedure similar to that described for

the synthesis of compound 9aa, the title compound 9ca was obtained from 8cC as a pale yellow powder (1.09 g,

98%). "H NMR (300 MHz, DMSO-d): & 0.9 (t, J = 6.6 Hz, 3H), 1.45-1.55 (m, 4H), 1.86-2.00 (m, 2H), 3.16—
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3.27 (m, 2H), 4.50 (s, 2H), 6.96 (d, J = 2.6 Hz, 1H), 7.47 (br s, 1H), 7.61-7.79 (m, 6H), 7.95-8.11 (m, 1H), 8.18 (d,
J=9.0 Hz, 1H). LC-MS (ESI) m/z: 374 (M + H)".

ii) 2-((3-(Aminomethyl)-2-pentyl-4-phenylquinolin-6-yl)oxy)acetamide (9c). By a procedure similar to that
described for the synthesis of compound 9a, the title compound 9¢ was obtained from 9ca as a white powder (0.72
g, 71%). '"H NMR (300 MHz, CDCls): 6 0.93 (t, J = 6.9 Hz, 3H), 1.39-1.54 (m, 4H), 1.82-1.95 (m, 2H), 3.07-3.13
(m, 2H), 3.77 (s, 2H), 4.33 (s, 2H), 5.66 (br s, 1H), 6.55 (d, J = 3.0 Hz, 1H), 6.45-6.60 (m, 1H), 7.25-7.29 (m, 2H),
7.31 (dd, J=9.6, 3.0 Hz, 1H), 7.51-7.50 (m, 3H), 8.01 (d, J = 9.6 Hz, 1H). LC-MS (ESI) m/z: 378 (M + H)". Anal.
Calcd for Cy3H,7N;0,-H,0: C, 69.85; H, 7.39; N, 10.62. Found: C, 69.86; H, 7.40; N 10.55.

2-((3-(Aminomethyl)-2-isobutyl-4-phenylquinolin-6-yl)oxy)acetamide (9d).

i) 2-((3-Cyano-2-isobutyl-4-phenylquinolin-6-yl)oxy)acetamide (9da). By a procedure similar to that described
for the synthesis of compound 9aa, the title compound 9da was obtained from 8d as a white powder (0.71 g, 79%).
'H NMR (200 MHz, CDCly) 8: 1.05 (d, J = 6.6 Hz, 6H), 2.32-2.43 (m, 1H), 3.09 (d, J = 7.2 Hz, 2H), 4.40 (s, 2H),
5.75 (br s, 1H), 6.51 (br s, 1H), 6.92 (d, J = 3.0 Hz, 1H), 7.41-7.48 (m, 2H), 7.49 (dd, J = 9.0, 3.0 Hz, 1H), 7.57-
7.64 (m, 3H), 8.09 (d, J =9.0 Hz, 1H).

ii) 2-((3-(Aminomethyl)-2-isobutyl-4-phenylquinolin-6-yl)oxy)acetamide (9d). By a procedure similar to that
described for the synthesis of compound 9a, the title compound 9d was obtained from 9da as a white powder (0.43
g, 66%); mp 139-141 °C. "H NMR (200 MHz, CDCls) &: 1.04 (d, J = 6.6 Hz, 6H), 1.24 (br s, 2H), 2.32-2.44 (m,
1H), 3.00 (d, J = 7.2 Hz, 2H), 3.78 (s, 2H), 4.33 (s, 2H), 5.88 (br s, 1H), 5.55 (br s, 1H), 6.56 (d, J = 2.7 Hz, 1H),
7.25-7.28 (m, 2H), 7.30 (dd, J = 9.3, 2.7 Hz, 1H), 7.49-7.58 (m, 3H), 8.02 (d, J = 9.3 Hz, 1H). Anal. Calcd for
CyHsN;0,: C, 72.70; H, 6.93; N, 11.56. Found: C, 72.35; H, 6.80; N 11.28. HPLC purity: 96.69% (A 220 nm),
95.60% (A 254 nm).

2-((3-(Aminomethyl)-2-(2,2-dimethylpropyl)-4-phenylquinolin-6-yl)oxy)acetamide (9e).

i) 2-((3-Cyano-2-(2,2-dimethylpropyl)-4-phenylquinolin-6-yl)oxy)acetamide (9ea). By a procedure similar to
that described for the synthesis of compound 9aa, the title compound 9ea was obtained from 8e as a pale yellow
powder (0.41 g, 61%); mp 184-185 °C. "H NMR (300 MHz, CDCls): § 1.11 (s, 9H), 3.17 (s, 2H), 4.41(s, 2H), 5.69
(brs, 1H), 6.52 (br s, 1H), 6.92 (d, J = 2.8 Hz, 1H), 7.41-7.48 (m, 2H), 7.51 (dd, J = 9.0, 2.8 Hz, 1H), 7.57-7.64 (m,
3H), 8.11 (d, J = 9.0 Hz, 1H). LC-MS (ESI) m/z: 374 (M + H)".

ii) 2-((3-(Aminomethyl)-2-(2,2-dimethylpropyl)-4-phenylquinolin-6-yl)oxy)acetamide (9). By a procedure

similar to that described for the synthesis of compound 9a, the title compound 9e was obtained from 9ea as a white
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powder (0.15 g, 47%); mp 152-154 °C. 'H NMR (300 MHz, CDCl;): & 1.08 (s, 9H), 1.34 (br s, 2H), 3.07 (s, 2H),
3.84 (s, 2H), 4.33(s, 2H), 5.73 (br s, 1H), 6.54 (d, J = 2.7 Hz, 1H), 6.55 (br s, 1H), 7.25-7.30 (m, 2H), 7.31 (dd, J =
9.0, 2.7 Hz, 1H), 7.51-7.57 (m, 3H), 8.02 (d, J = 9.0 Hz, 1H). LC-MS (ESI) m/z: 378 (M + H)". Anal. Calcd for
CyHyN30,: C, 73.18; H, 7.21; N, 11.13. Found: C, 72.91; H, 7.24; N 10.83.

2-((3-(Aminomethyl)-2-benzyl-4-phenylquinolin-6-yl)oxy)acetamide (9f).

i) 2-((2-Benzyl-3-cyano-4-phenylquinolin-6-yl)oxy)acetamide (9fa). By a procedure similar to that described for
the synthesis of compound 9aa, the title compound 9fa was obtained from 8f as a white powder (0.40 g, 85%); mp
178-179 °C. "H NMR (300 MHz, CDCly): & 4.40 (s, 2H), 4.56 (s, 2H), 5.63 (br s, 1H), 6.50 (br s, 1H), 6.91 (d, J =
3.0 Hz, 1H), 7.19-7.43 (m, 6H), 7.49-7.62 (m, 5H), 8.14 (d, J = 9.2 Hz, 1H). LC-MS (ESI) m/z: 394 (M + H)".

ii) 2-((3-(Aminomethyl)-2-benzyl-4-phenylquinolin-6-yl)oxy)acetamide (9f). By a procedure similar to that
described for the synthesis of compound 9a, the title compound 9f was obtained from 9fa as a white powder (0.29 g,
74%); mp 180-182 °C. '"H NMR (300 MHz, CDCLy): & 1.32 (br s, 2H), 3.68 (s, 2H), 4.33 (s, 2H), 4.56 (s, 2H), 5.83
(brs, 1H), 6.56 (d, J = 3.0 Hz, 1H), 6.58 (br s, 1H), 7.15-7.30 (m, 7H), 7.34 (dd, J = 9.0, 3.0 Hz, 1H), 7.45-7.54 (m,
3H), 8.08 (d, J = 9.0 Hz, 1H). LC-MS (ESI) m/z: 398 (M + H)". Anal. Calcd for CysH,3N30,0.5H,0: C, 73.87; H,
5.95; N, 10.34. Found: C, 74.17; H, 5.95; N 10.04.

2-((3-(Aminomethyl)-4-(3-fluorophenyl)-2-isobutylquinolin-6-yl)oxy)acetamide (99).

i) 2-((3-Cyano-4-(3-fluorophenyl)-2-isobutylquinolin-6-yl)oxy)acetamide (9ga). By a procedure similar to that
described for the synthesis of compound 9aa, the title compound 9ga was obtained from 8¢ as an off-white powder
(0.38 g, 81%); mp 186193 °C."H NMR (300 MHz, CDCl;) 8: 1.06 (d, J = 6.6 Hz, 6H), 2.30-2.50 (m, 1H), 3.10 (d,
J=7.3 Hz, 2H), 4.43 (s, 2H), 5.74 (br s, 1H), 6.52 (br s, 1H), 6.88 (d, J = 2.8 Hz, 1H), 7.10-7.25 (m, 2H), 7.25-
7.40 (m, 1H), 7.52 (dd, J = 9.2, 2.8 Hz, 1H), 7.55-7.65 (m, 1H), 8.11 (d, J = 9.2 Hz, 1H). LC-MS (ESI) m/z: 378
M +H)".

i) 2-((3-(Aminomethyl)-4-(3-fluorophenyl)-2-isobutylquinolin-6-yl)oxy)acetamide (9g). A mixture of 9ga (0.35
g, 0.93 mmol), Raney nickel (ca. 4 g), 25% NH; (4 mL), tetrahydrofuran (50 mL), and methanol (50 mL) was
stirred at room temperature for 9 h in a sealed tube under a hydrogen atmosphere (0.5 MPa). The reaction mixture
was filtered, and the filtrate was concentrated in vacuo. The residue was purified by column chromatography (silica
gel, eluting with a gradient of 0-20% methanol in ethyl acetate) followed by recrystallization from aqueous ethanol
to afford the title compound 99 (0.27 g, 76%) as colorless crystals; mp 106-108 °C. "H NMR (300 MHz, CDCl;) &:
1.04 (d, J = 6.6 Hz, 6H), 1.51 (br s, 2H), 2.25-2.50 (m, 1H), 3.00 (d, J = 7.2 Hz, 2H), 3.78 (s, 2H), 4.36 (s, 2H),
5.62 (brs, 1H), 6.53 (d, J = 2.8 Hz, 1H), 6.55 (br s, 1H), 6.90-7.30 (m, 3H), 7.34 (dd, J = 9.2, 2.8 Hz, 1H), 7.45-
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7.60 (m, 1H), 8.03 (d, J = 9.2 Hz, 1H). LC-MS (ESI) m/z: 382 (M + H)". Anal. Calcd for Co,H,4FN;0,-H,0: C,
66.15; H, 6.56; N, 10.52. Found: C, 65.92; H, 6.43; N 10.31. HPLC purity: 98.31% (A 220 nm), 97.68% (% 254

nm).

2-((3-(Aminomethyl)-2-isobutyl-4-(3-methylphenyl)quinolin-6-yl)oxy)acetamide (9h).

i) 2-((3-Cyano-2-isobutyl-4-(3-methylphenyl)quinolin-6-yl)oxy)acetamide (9ha). By a procedure similar to that
described for the synthesis of compound 9aa, the title compound 9ha was obtained from 8h as an off-white powder
(0.25 g, 71%); mp 123-125 °C. "H NMR (300 MHz, CDCl) &: 1.05 (d, J = 6.8 Hz, 6H), 2.25-2.45 (m, 1H), 2.48 (s,
3H), 3.10 (d, J = 7.2 Hz, 2H), 4.41 (s, 2H), 5.64 (br s, 1H), 6.53 (br s, 1H), 6.93 (d, J = 2.8 Hz, 1H), 7.15-7.30 (m,
2H), 7.30-7.55 (m, 3H), 8.09 (d, J = 9.2 Hz, 1H). LC-MS (ESI) m/z: 374 M + H)".

ii) 2-((3-(Aminomethyl)-2-isobutyl-4-(3-methylphenyl)quinolin-6-yl)oxy)acetamide (9h). By a procedure
similar to that described for the synthesis of compound 9g, the title compound 9h was obtained from 9ha as a white
powder (50 mg, 27%); mp 98-101 °C."H NMR (300 MHz, CDCl;) &: 1.04 (d, J = 6.6 Hz, 6H), 1.60 (br s, 2H),
2.30-2.45 (m, 1H), 2.45 (s, 3H), 2.99 (d, J = 7.4 Hz, 2H), 3.78 (br s, 2H), 4.34 (s, 2H), 5.63 (br s, 1H), 6.57 (d, J =
2.6 Hz, 1H), 6.60 (br s, 1H), 7.05 (d, J = 7.2 Hz, 1H), 7.25-7.40 (m, 1H), 7.32 (dd, J = 9.2, 2.6 Hz, 2H), 7.40-7.50
(m, 1H), 8.01 (d, J = 9.2 Hz, 1H). LC-MS (ESI) m/z: 378 (M + H)"; HRMS (ESI) calcd for C,3H,,N;0, (M + H)"
m/z 378.2176, found m/z 378.2151. Anal. Calcd for C»3H,;N30,-2H,0: C, 66.81; H, 7.56; N, 10.16. Found: C,
66.73; H, 7.05; N 9.93. HPLC purity: 95.87% (A 220 nm), 95.11% (A 254 nm).

2-((3-(Aminomethyl)-4-(4-fluorophenyl)-2-isobutylquinolin-6-yl)oxy)acetamide (9i).

i) 2-((3-Cyano-4-(4-fluorophenyl)-2-isobutylquinolin-6-yl)oxy)acetamide (9ia). By a procedure similar to that
described for the synthesis of compound 9aa, the title compound 9ia was obtained from 8i as pale yellow crystals
(0.93 g, 94%); mp 153—154 °C."H NMR (300 MHz, CDCl;) 8: 1.05 (d, J = 6.6 Hz, 6H), 2.30-2.50 (m, 1H), 3.10 (d,
J =7.4 Hz, 2H), 4.43 (s, 2H), 5.68 (br s, 1H), 6.51 (br s, 1H), 6.90 (d, J = 2.9 Hz, 1H), 7.25-7.40 (m, 2H), 7.40—
7.50 (m, 2H), 7.52 (dd, J=9.2, 2.9 Hz, 1H), 8.11 (d, J = 9.2 Hz, 1H). LC-MS (ESI) m/z: 378 (M + H)".

ii) 2-((3-(Aminomethyl)-4-(4-fluorophenyl)-2-isobutylquinolin-6-yl)oxy)acetamide (9i). By a procedure similar
to that described for the synthesis of compound 9g, the title compound 9i was obtained from 9ia as a white powder
(0.42 g, 49%); mp 142 °C.'H NMR (300 MHz, CDCl;) &: 1.04 (d, J = 6.6 Hz, 6H), 1.54 (br s, 2H), 2.25-2.50 (m,
1H), 2.99 (d, J = 7.2 Hz, 2H), 3.77 (s, 2H), 4.36 (s, 2H), 5.63 (br s, 1H), 6.54 (br s, 1H), 6.54 (d, J = 2.8 Hz, 1H),
7.20-7.30 (m, 4H), 7.33 (dd, J =9.2, 2.8 Hz, 1H), 8.03 (d, J = 9.2 Hz, 1H). LC-MS (ESI) m/z: 378 (M + H)". Anal.
Calcd for Cy,H»4FN30,:0.75H,0: C, 66.90; H, 6.51; N, 10.64. Found: C, 66.56; H, 6.61; N 10.43. HPLC purity:
99.54% (A 220 nm), 99.39% (A 254 nm).
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2-((3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)oxy)acetamide (9j).

i) 2-((3-Cyano-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)oxy)acetamide (9ja). By a procedure similar to that
described for the synthesis of compound 9aa, the title compound 9ja was obtained from 8j as a white powder (0.37
g, 78%); mp 184-186 °C."H NMR (200 MHz, CDCl) &: 1.05 (d, J = 6.6 Hz, 6H), 2.30-2.50 (m, 1H), 2.51 (s, 3H),
3.04 (d, J=17.3 Hz, 2H), 4.42 (s, 2H), 5.71 (br s, 1H), 6.53 (br s, 1H), 6.96 (d, J = 2.9 Hz, 1H), 7.25-7.45 (m, 4H),
7.50 (dd, J=9.2,2.9 Hz, 1H), 8.08 (d, J = 9.2 Hz, 1H). LC-MS (ESI) m/z: 374 (M + H)".

i)  2-((3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)oxy)acetamide (9j). By a procedure
similar to that described for the synthesis of compound 9g, the title compound 9j was obtained from 9ja as a white
powder (0.24 g, 72%); mp 175-177 °C."H NMR (200 MHz, CDCl5) &: 1.04 (d, J = 6.6 Hz, 6H), 1.60 (br s, 2H),
2.25-2.45 (m, 1H), 2.50 (s, 3H), 2.99 (d, J = 7.3 Hz, 2H), 3.78 (br s, 2H), 4.34 (s, 2H), 5.68 (br s, 1H), 6.58 (br s,
1H), 6.59 (d, J =2.9 Hz, 1H), 7.15 (d, J = 8.1 Hz, 2H), 7.25-7.40 (m, 3H), 8.01 (d, J=9.2 Hz, 1H). LC-MS (ESI)
m/z: 378 (M + H)". Anal. Caled for C»3H»N;0,-1.25H,0: C, 69.06; H, 7.43; N, 10.51. Found: C, 69.27; H, 7.50; N
10.11. HPLC purity: 99.10% (A 220 nm), 98.84% (A 254 nm).

tert-Butyl ((6-hydroxy-2-isobutyl-4-(4-methylphenyl)quinolin-3-yl)methyl)carbamate (10). A mixture of 8j
(274 g, 86.6 mmol), Raney cobalt (ca. 101 g), 25% aqueous ammonia (50 mL), methanol (300 mL), and
tetrahydrofuran (150 mL) was stirred at 90 °C for 8 h in a sealed tube under a hydrogen atmosphere (0.5 MPa). The
reaction mixture was cooled to room temperature and filtered, and the filtrate was poured into brine and extracted
with ethyl acetate. The extract was dried over MgSO, and concentrated in vacuo. The residue was dissolved in
tetrahydrofuran (500 mL) and then di-tert-butyl dicarbonate (22.7 g, 104 mmol) was added. After stirring at room
temperature for 96 h, the reaction mixture was concentrated in vacuo. The residual solid was triturated with
diisopropyl ether to afford the title compound 10 (30.2 g, 83%) as an off-white powder. 'H NMR (200 MHz,
CDCly) 8: 0.97 (d, J = 6.6 Hz, 6H), 1.40 (s, 9H), 2.15-2.30 (m, 1H), 2.42 (s, 3H), 2.92 (d, J = 7.3 Hz, 2H), 4.25-
4.35 (m, 3H), 6.67 (d, J=2.5 Hz, 1H), 7.08 (d, J = 7.3 Hz, 2H), 7.20-7.30 (m, 3H), 7.88 (d, J = 8.9 Hz, 1H). LC-
MS (ESI) m/z: 421 (M + H)".

Methyl  ((3-(((tert-butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)-oxy)acetate
(11a). A mixture of 10 (1.50 g, 3.56 mmol), methyl bromoacetate (0.92 g, 6.0 mmol), and K,COs (0.55 g, 4.0
mmol) in N,N-dimethylformamide (10 mL) was stirred at room temperature for 2.5 h. The reaction mixture was
partitioned between ethyl acetate and water. The organic layer was washed with brine, dried over MgSO,, and
concentrated in vacuo. The residual solid was triturated with diisopropyl ether to afford the title compound 11a
(1.66 g, 94%) as a white powder. "H NMR (300 MHz, DMSO-dq): 5 0.99 (d, J = 6.6 Hz, 6H), 1.35 (s, 9H), 2.26—
2.32 (m, 1H), 2.43 (s, 3H), 3.09-3.10 (m, 2H), 3.60 (s, 3H), 4.12 (s, 2H), 4.77 (s, 2H), 6.54 (s, 1H), 7.12 (s, 1H),
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7.29 (d, J = 7.8 Hz, 2H), 7.40 (d, J = 7.8 Hz, 2H), 7.75-7.77 (m, 1H), 8.48-8.51 (m, 1H). LC-MS (ESI) m/z: 493
M+H)".

tert-Buty! ((6-(3-hydroxypropoxy)-2-isobutyl-4-(4-methylphenyl)quinolin-3-yl)methyl)carbamate (11b). By a
procedure similar to that described for the synthesis of compound 1la using 3-bromo-1-propanol, the title
compound 11b was obtained as a white powder (0.84 g, 89%). 'H NMR (300 MHz, CDCl;): & 1.12 (d, J = 6.6 Hz,
6H), 1.40 (s, 9H), 1.97-2.05 (m, 2H), 2.34-2.45 (m, 1H), 2.50 (s, 3H), 3.51 (d, J=7.5 Hz, 2H), 3.83 (t, J = 6.0 Hz,
2H), 3.99 (t, J = 6.0 Hz, 2H), 4.38 (br s, 3H), 6.99 (d, J =2.6 Hz, 1H), 7.16 (d, J = 8.0 Hz, 2H), 7.44 (d, J = 8.0 Hz,
2H), 7.54 (dd, J=9.3, 2.6 Hz, 1H), 9.09 (d, J = 9.3 Hz, 1H). LC-MS (ESI) m/z: 479 (M + H)".

Ethyl 4-((3-(((tert-butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)oxy)butanoate
(11c). K,COs (73 mg, 0.53 mmol) was added to a mixture of compound 10 (201 mg, 0.48 mmol) and ethyl
4-bromobutyrate (105 mg, 0.54 mmol) in N,N-dimethylformamide (5 mL) at room temperature. The resulting
mixture was stirred at room temperature for 12 h. The reaction mixture was partitioned between ethyl acetate and
water. The organic layer was separated, washed with brine, dried over MgSQ,, and concentrated in vacuo. The
residue was purified by column chromatography (silica gel, eluting with a gradient of 19-40% ethyl acetate in
hexanes) to afford the title compound 11¢ (175 mg, 69%) as a white powder. 'H NMR (300 MHz, DMSO-d,): &
0.97 (d, J = 6.51 Hz, 6H), 1.14 (t, J = 7.11 Hz, 3H), 1.38 (s, 9H), 1.92 (quin, J = 6.70 Hz, 2H), 2.32 (spt, J = 6.80
Hz, 1H), 2.40 (t, J=7.30 Hz, 2H), 2.42 (s, 3H), 2.77 (d, J = 6.79 Hz, 2H), 3.83 (t, J = 5.96 Hz, 2H), 3.97-4.03 (m,
2H), 4.02 (q, J = 7.20 Hz, 2H), 6.51 (d, J = 1.90 Hz, 1H), 7.01 (t, J = 3.90 Hz, 1H), 7.26-7.37 (m, SH), 7.89 (d, J =
9.05 Hz, 1H). LC-MS (ESI) m/z: 535 (M + H)".

Ethyl 5-((3-(((tert-butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)oxy)-
pentanoate (11d). By a procedure similar to that described for the synthesis of compound 11c using ethyl
5-bromovalerate, the title compound 11d was obtained as a white powder (161 mg, 61%). '"H NMR (300 MHz,
DMSO-dg): 6 0.97 (d, J = 6.3 Hz, 6H), 1.15 (t, J=7.0 Hz, 3H), 1.38 (s, 9H), 1.54-1.73 (m, 4H), 2.30 (t,J = 6.8 Hz,
2H), 2.34 (quin, J = 6.5 Hz, 1H), 2.42 (s, 3H), 2.77 (d, J = 6.9 Hz, 2H), 3.81 (t, J = 5.4 Hz, 2H), 3.97-4.07 (m, 2H),
4.02 (q, J=7.0 Hz, 2H), 6.52 (d, J = 1.9 Hz, 1H), 7.01 (t, J = 4.8 Hz, 1H), 7.26-7.38 (m, 5H), 7.89 (d, J =9.2 Hz,
1H). LC-MS (ESI) m/z: 549 (M + H)".

Ethyl 6-((3-(((tert-butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)oxy)hexanoate
(11e). By a procedure similar to that described for the synthesis of compound 11¢ using ethyl 6-bromohexanoate,
the title compound 11e was obtained from compound 10 as a white powder (0.90 g, 53%).'H NMR (300 MHz,
CDCl): 6 1.12 (d, J = 6.6 Hz, 6H), 1.25 (t, J = 7.2 Hz, 3H), 1.40 (s, 9H), 1.43-1.53 (m, 2H), 1.61-1.81 (m, 4H),
2.29-2.43 (m, 3H), 2.52 (s, 3H), 3.51 (d, J= 7.5 Hz, 2H), 3.83 (t, J = 6.0 Hz, 2H), 4.12 (q, J = 7.2 Hz, 2H), 4.37 (br
s, 3H), 6.64 (d, J = 2.4 Hz, 1H), 7.16 (t, J = 7.6 Hz, 2H), 7.44 (t, J = 7.6 Hz, 2H), 7.53 (dd, J = 9.3, 2.4 Hz, 1H),
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9.09 (d, J=9.3 Hz, 1H).

Methyl ((3-(aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)oxy)acetate dihydrochloride (12a). To
a solution of 11a (0.15 g, 0.3 mmol) in ethyl acetate (5 mL) was added 4 M HCl in ethyl acetate (5 mL) at room
temperature. The resulting mixture was stirred at room temperature for 1.5 h and then concentrated in vacuo. The
residue was crystallized from diisopropyl ether to afford the title compound 12a (0.13 g, 92%) as a yellow powder.
'H NMR (200 MHz, DMSO-dg) &: 1.00 (d, J = 7.2 Hz, 6H), 2.24-2.32 (m, 1H), 2.46 (s, 3H), 3.25 (s, 2H), 3.59 (s,
3H), 3.93-3.99 (m, 2H), 4.75 (s, 2H), 6.49 (s, 1H), 7.33 (d, J = 7.5 Hz, 2H), 7.45 (d, J = 7.5 Hz, 2H), 7.72-7.75 (m,
1H), 8.39-8.42 (m, 1H), 8.56 (br s, 3H). HRMS (ESI) calcd for CoHysN,05 (M + H)" m/z 393.2173, found m/z
393.2155. HPLC purity: 98.26% (X 220 nm), 98.12% (A 254 nm).

2-((3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)oxy)-N-methylacetamide  dihydrochloride
(12b).

i) tert-Butyl ((2-isobutyl-6-(2-(methylamino)-2-oxoethoxy)-4-(4-methylphenyl)quinolin-3-yl)methyl)-
carbamate (12ba). To a mixture of 13a (0.48 g, 1.0 mmol), 1 M methylamine in tetrahydrofuran (2 mL, 2 mmol)
in N,N-dimethylformamide (3 mL) were added 1-hydroxy-1H-benzotriazole (0.16 g, 1.2 mmol) and
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.23 g, 1.2 mmol). The resulting mixture was
stirred at room temperature for 15 h. The reaction mixture was diluted with ethyl acetate, washed sequentially with
1 M HCI and brine, dried over MgSO,, and concentrated in vacuo. The residue was purified by column
chromatography (silica gel, eluting with 50% ethyl acetate in hexanes) to give the title compound 12ba (0.27 g,
55%) as a pale yellow solid. '"H NMR (200 MHz, CDCl;) &: 1.00 (d, J = 6.6 Hz, 6H), 1.41 (s, 9H), 2.30-2.33 (m,
1H), 2.49 (s, 3H), 2.88-2.98 (m, 5H), 4.28-4.34 (m, 4H), 6.58-6.59 (m, 2H), 6.60 (br s, 1H), 7.07 (d, J = 8.1 Hz,
2H), 7.32 (d, J=8.1 Hz, 2H), 7.33-7.34 (m, 1H), 8.02 (d, J=9.0 Hz, 1H).

i)  2-((3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)oxy)-N-methylacetamide  dihydro-
chloride (12b). By a procedure similar to that described for the synthesis of compound 12a, the title compound 12b
was obtained from 12ba as a pale yellow powder (0.20 g, 79%). 'H NMR (200 MHz, DMSO-dg) 8: 0.99 (d, J = 6.6
Hz, 6H), 2.26-2.30 (m, 1H), 2.46 (s, 3H), 2.58 (s, 3H), 3.18 (s, 2H), 3.97 (s, 2H), 4.42 (s, 2H), 6.64 (s, 1H), 7.32 (d,
J = 8.4 Hz, 2H), 7.44 (d, J = 8.4 Hz, 2H), 7.72-7.73 (m, 1H), 8.07-8.08 (m, 1H), 8.41 (br s, 3H). HRMS (ESI)
caled for CyyHpoN;0, (M + H)™ m/z 392.2333, found m/z 392.2316. HPLC purity: 99.08% (A 220 nm), 99.05% (A
254 nm).

3-(3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)propanamide dihydrochloride (12c).

i) tert-butyl ((6-(3-amino-3-oxopropyl)-2-isobutyl-4-(4-methylphenyl)quinolin-3-yl)methyl)carbamate (12ca).
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A mixture of 17 (0.25 g, 0.53 mmol), 10% palladium on charcoal (0.25 g), ethanol (5 mL), and tetrahydrofuran (5
mL) was stirred at room temperature for 3.5 h under a hydrogen atmosphere. The reaction mixture was filtered, and
the filtrate was concentrated in vacuo. The residue was triturated with diisopropyl ether to afford the title compound
12ca (0.20 g, 81%) as a white powder.'H NMR (300 MHz, CDCl) &: 1.03 (d, J = 6.6 Hz, 6H), 1.41 (s, 9H), 2.31—
2.39 (m, 1H), 2.46 (t, J = 7.8 Hz, 2H), 2.49 (s, 3H), 3.00 (t, J = 7.8 Hz, 2H), 3.00-3.03 (m, 2H), 4.31 (s, 2H), 4.34
(br s, 1H), 5.28 (br s, 1H), 5.40 (br s, 1H), 7.12 (d, J = 8.1 Hz, 2H), 7.12-7.15 (m, 1H), 7.35 (d, J = 5.1 Hz, 2H),
7.55-7.61 (m, 1H), 8.17 (br s, 1H).

ii) 3-(3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)propanamide dihydrochloride (12c). By a
procedure similar to that described for the synthesis of compound 123, the title compound 12¢ was obtained from
12ca as a white powder (0.14 g, 96%) as a pale yellow powder. 'H NMR (200 MHz, DMSO-dg) &: 0.84 (d, J = 6.3
Hz, 6H), 2.11-2.17 (m, 1H), 2.15 (t, J = 7.2 Hz, 2H), 2.36 (s, 3H), 2.71 (t, J = 7.2 Hz, 2H), 3.09 (s, 2H), 3.82-3.88
(m, 2H), 6.57 (br s, 1H), 7.03 (s, 1H), 7.09 (br s, 1H), 7.20 (d, J = 7.8 Hz, 2H), 7.29 (d, J = 7.8 Hz, 2H), 7.75-7.76
(m, 1H), 8.28-8.33 (m, 1H), 8.32 (br s, 3H). HRMS (ESI) calcd for Co,HN;O (M + H)" m/z 376.2383, found m/z
376.2366. HPLC purity: 99.10% (A 220 nm), 99.50% (A 254 nm).

(2E)-3-(3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)acrylamide (12d).

i) (2E)-3-(3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)acrylamide (12da). By a procedure
similar to that described for the synthesis of compound 12a, the title compound 12da was obtained from 17 as a
white powder (0.83 g, 98%). 'TH NMR (200 MHz, DMSO-dg) &: 0.99 (d, J = 6.6 Hz, 6H), 2.28-2.30 (m, 1H), 2.43
(s, 3H), 3.18-3.19 (m, 2H), 3.94-3.96 (m, 2H), 6.60 (d, J = 15.6 Hz, 1H), 7.11-7.12 (m, 1H), 7.35-7.45 (m, 5H),
7.56 (d, J=15.6 Hz, 1H), 7.60-7.62 (m, 1H), 8.13-8.14 (m, 1H), 8.45 (br s, 3H).

ii) (2E)-3-(3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)acrylamide (12d). A mixture of 12da
(0.22 g, 0.50 mmol) and 10% K,CO; (100 mL) was stirred at room temperature for 5 min. The mixture was
partitioned between ethyl acetate and water. The organic layer was washed with brine, dried over MgSQO,, and
concentrated in vacuo. The residual solid was recrystallized from aqueous ethanol to afford the title compound 12d
(0.16 g, 89%) as a white powder. 'H NMR (200 MHz, DMSO-dg) &: 1.04 (d, J = 6.6 Hz, 6H), 1.26 (br s, 2H), 2.33—
2.44 (m, 1H), 2.50 (s, 3H), 3.02 (d, J = 6.9 Hz, 2H), 3.82 (s, 2H), 5.51 (br s, 2H), 6.42 (d, J = 15.6 Hz, 1H), 7.16 (d,
J = 8.1 Hz, 2H), 7.34-7.36 (m, 3H), 7.59 (d, J = 8.1 Hz, 1H), 7.81 (dd, J = 8.7, 1.8 Hz, 1H), 8.03 (d, J = 8.7 Hz,
1H). LC-MS (ESI) m/z: 374 (M + H)". Anal. Caled for C,4H,7N;0-2H,0: C, 70.39; H, 7.63; N, 10.26. Found: C,
70.36; H, 7.77; N, 10.25. HPLC purity: 96.28% (A 220 nm), 95.83% (A 254 nm).

((3-(((tert-Butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)-oxy)acetic acid (13a).
To a mixture of compound 11a (1.60 g, 3.25 mmol), tetrahydrofuran (5 mL), and methanol (5 mL) was added 1 M
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NaOH (10 mL) at room temperature. After stirring at room temperature for 1.5 h, the reaction mixture was acidified
with 1 M HCI and extracted with ethyl acetate. The extract was washed with brine, dried over MgSQ,, and
concentrated in vacuo. The residual solid was triturated with diisopropyl ether to afford the title compound 13a
(1.32 g, 85%) as a pale yellow powder. 'H NMR (300 MHz, CDCl5): 8 1.05 (d, J = 6.6 Hz, 6H), 1.40 (s, 9H), 2.29—
2.31 (m, 1H), 2.48 (s, 3H), 3.36 (s, 2H), 4.35 (s, 2H), 4.53 (s, 2H), 4.89 (br s, 1H), 6.71 (s, 1H), 7.12-7.13 (m, 2H),
7.27-7.40 (m, 3H), 8.57 (d, J = 8.1 Hz, 1H). LC-MS (ESI) m/z: 493 (M + H)".

3-((3-(((tert-Butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)oxy)propanoic  acid
(13b).

i) tert-Butyl ((2-isobutyl-4-(4-methylphenyl)-6-(3-oxopropoxy)quinolin-3-yl)methyl)carbamate (13ba). To a
solution of oxalyl chloride (0.20 mL, 2.3 mmol) was added dimethylsulfoxide (0.33 mL, 4.6 mmol) at =78 °C in a
dropwise manner. After stirring at —78 °C for 15 min, a solution of compound 11b (0.72 g, 1.5 mmol) in CH,Cl,
(15 mL) was added at the same temperature. The resulting mixture was stirred at =78 °C for 30 min. To the reaction
mixture was added triethylamine (1.0 mL, 7.5 mmol), and the resulting mixture was stirred at 0 °C for 30 min. The
mixture was poured into ice water and extracted with ethyl acetate. The extract was washed with brine, dried over
MgSOy, and concentrated in vacuo. The residue was crystallized from ethyl acetate—diisopropyl ether to afford the
title compound 13ba (0.56 g, 78%) as a white powder. 'H NMR (300 MHz, CDCly): & 1.02 (d, J = 6.9 Hz, 6H),
1.42 (s, 9H), 2.29-2.38 (m, 1H), 2.48 (s, 3H), 2.83-2.87 (m, 2H), 2.93 (d, J = 7.5 Hz, 2H), 4.16 (d, J = 6.0 Hz, 2H),
4.27 (brs, 3H), 6.60 (d, J =2.7 Hz, 1H), 7.12 (d, J = 7.8 Hz, 2H), 7.27-7.34 (m, 3H), 7.97 (d, J = 9.3 Hz, 1H), 9.83
(s, 1H).

i) 3-((3-(((tert-Butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)oxy) propanoic
acid (13b). To a mixture of 13ba (0.71 g, 1.5 mmol), NaH,PO, (0.18 g, 1.5 mmol), and 2-methyl-2-butene (0.64
mL, 6.0 mmol) in tetrahydrofuran—water—tert-butanol (1:1:1, v/v, 30 mL) was added NaClO, (0.27 g, 3.0 mmol) at
room temperature. After stirring at room temperature for 1 h, the reaction mixture was poured into water and
extracted with ethyl acetate. The extract was washed with brine, dried over MgSO,, and concentrated in vacuo. The
residue was crystallized from ethyl acetate—diisopropyl ether to afford the title compound 13b (0.69 g, 92%) as a
white powder. 'H NMR (300 MHz, CDCls): & 1.10 (d, J = 6.3 Hz, 6H), 1.37 (s, 9H), 2.24-2.35 (m, 1H), 2.45 (s,
3H), 2.69 (t, J = 6.0 Hz, 2H), 3.06 (br s, 2H), 4.06 (t, J = 6.0 Hz, 2H), 4.11 (s, 2H), 6.67 (d, J = 2.4 Hz, 1H), 7.13
(br's, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.43 (d, J = 8.0 Hz, 2H), 7.71 (br s, 1H), 8.36 (br s, 1H).

4-((3-(((tert-Butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)-oxy)-butanoic  acid
(13c). By a procedure similar to that described for the synthesis of compound 13a, the title compound 13c was
obtained from compound 11c as a white powder (0.16 g, 97%). 'H NMR (300 MHz, DMSO-d):  0.99 (d, J = 6.3
Hz, 6H), 1.37 (s, 9H), 1.89 (quin, J = 6.5 Hz, 2H), 2.26-2.36 (m, 1H), 2.34 (t, J = 7.2 Hz, 2H), 2.44 (s, 3H), 2.82—
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3.10 (m, 2H), 3.86 (t, J = 5.5 Hz, 2H), 3.98-4.16 (m, 2H), 6.60 (br s, 1H), 7.09 (br s, 1H), 7.32 (d, J = 7.5 Hz, 2H),
7.39(d, J= 8.5 Hz, 2H), 7.48-7.69 (m, 1H), 8.15 (br's, 1H), 12.15 (br s, IH). LC-MS (ESI) m/z: 507 (M + H)".

5-((3-(((tert-Butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)oxy)pentanoic  acid
(13d). By a procedure similar to that described for the synthesis of compound 13a, the title compound 13d was
obtained from compound 11d as a pale yellow powder (98 mg, 66%). 'H NMR (300 MHz, DMSO-dg): & 0.97 (d, J
= 6.4 Hz, 6H), 1.38 (s, 9H), 1.52-1.72 (m, 4H), 2.22 (t, J = 6.9 Hz, 2H), 2.34 (spt, J = 6.2 Hz, 1H), 2.42 (s, 3H),
2.77 (d, J = 6.8 Hz, 2H), 3.81 (t, J = 5.5 Hz, 2H), 4.01 (d, J = 3.6 Hz, 2H), 6.52 (d, J= 1.9 Hz, 1H), 7.03 (t, J=4.7
Hz, 1H), 7.24-7.43 (m, 5H), 7.89 (d, J = 9.2 Hz, 1H), 12.02 (br s, 1H). LC-MS (ESI) m/z: 521 (M + H)".

6-((3-(((tert-Butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)oxy)hexanoic ~ acid
(13e). By a procedure similar to that described for the synthesis of compound 13a, the title compound 13e was
obtained from compound 11e as a white powder (0.61 g, 95%). "H NMR (300 MHz, CDCLy): § 1.07 (d, J = 6.6 Hz,
6H), 1.40 (s, 9H), 1.42-1.53 (m, 2H), 1.61-1.79 (m, 4H), 2.29-2.41 (m, 3H), 2.50 (s, 3H), 3.26 (br s, 2H), 3.82 (t, J
= 6.2 Hz, 2H), 4.32 (d, J = 4.8 Hz, 2H), 4.41 (br s, 1H), 6.61 (d, J = 2.7 Hz, 1H), 7.15 (d, J = 8.0 Hz, 2H), 7.37-
7.44 (m, 3H), 8.54-8.62 (m, 1H).

((3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)oxy)acetic acid dihydrochloride (14a). By a
procedure similar to that described for the synthesis of compound 123, the title compound 14a was obtained from
compound 13a as a slightly brown powder (0.10 g, 73%). '"H NMR (300 MHz, DMSO-d): § 1.00 (d, J = 6.6 Hz,
6H), 2.20-2.31 (m, 1H), 2.45 (s, 3H), 3.20 (br s, 2H), 3.97 (s, 2H), 4.64 (s, 2H), 6.57 (d, J=2.7 Hz, 1H), 7.32 (d, J
= 8.1 Hz, 2H), 7.40 (d, J = 8.1 Hz, 2H), 7.72 (br s, 1H), 8.46 (br s, 4H). LC-MS (ESI) m/z: 379 (M + H)". Anal.
Calcd for C,3H¢N,O5-2HCI1-3H,0: C, 54.66; H, 6.78; N, 5.54. Found: C, 54.86; H, 6.69; N, 5.50.

3-((3-(aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)oxy)propanoic acid dihydrochloride (14b).
By a procedure similar to that described for the synthesis of compound 12a, the title compound 14b was obtained
from compound 13b as a white powder (0.12 g, 92%). 'H NMR (300 MHz, DMSO-dq): 8 1.02 (d, J = 6.6 Hz, 6H),
2.24-2.36 (m, 1H), 2.48 (s, 3H), 2.69 (d, J = 5.4 Hz, 2H), 3.20 (br s, 2H), 3.994.07 (m, 4H), 6.63 (br s, 1H), 7.38
(d, J=7.5 Hz, 2H), 7.48 (d, J = 7.5 Hz, 2H), 7.70 (br s, 1H), 8.43 (br s, 4H). LC-MS (ESI) m/z: 393 (M + H)".
Anal. Calcd for Co4H5N,05-2HCI-2H,0: C, 57.49; H, 6.83; N, 5.59. Found: C, 57.34; H, 6.58; N, 5.35.

4-((3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)oxy)butanoic acid dihydrochloride (14c).
By a procedure similar to that described for the synthesis of compound 123, the title compound 14c was obtained
from compound 13¢ as a white powder (0.30 g, 79%). 'H NMR (300 MHz, DMSO-dg): & 1.02 (d, J = 6.5 Hz, 6H),
1.90 (quin, J = 6.5 Hz, 2H), 2.23-2.37 (m, 1H), 2.35 (t, J = 7.2 Hz, 2H), 2.48 (s, 3H), 3.26 (br s, 2H), 3.90 (t, J =
5.7 Hz, 2H), 3.99 (d, J = 3.9 Hz, 2H), 6.62 (br s, 1H), 7.39 (d, J = 7.6 Hz, 2H), 7.48 (d, J = 7.6 Hz, 2H), 7.72 (br s,
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1H), 8.32-8.64 (m, 4H). LC-MS (ESI) m/z: 507 (M + H)". Anal. Calcd for C,5H;(N,05-2HCI-0.5H,0: C, 61.47; H,
6.81; N, 5.74. Found: C, 61.48; H, 6.53; N 5.63.

5-((3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)oxy)pentanoic acid dihydrochloride (14d).
Compound 13d (65 mg, 0.12 mmol) was dissolved in trifluoroacetic acid (2 mL), and the resulting solution was
stirred at room temperature for 1 h. The reaction mixture was concentrated in vacuo, and the residue was purified
by preparative HPLC. The obtained solid was dissolved in 1 M HCI (1 mL) and concentrated in vacuo. The residue
was solidified with diisopropyl ether to afford the title compound 14d (57 mg, 93%) as a pale yellow powder. 'H
NMR (300 MHz, DMSO-dy): 8 1.03 (d, J = 6.3 Hz, 6H), 1.51-1.78 (m, 4H), 2.18-2.35 (m, 3H), 2.48 (s, 3H), 3.36
(d, J=6.5Hz, 2H), 3.91 (t, J = 5.5 Hz, 2H), 4.02 (d, J = 4.2 Hz, 2H), 6.66 (s, 1H), 7.11-7.28 (m, 1H), 7.43 (d, J =
8.3 Hz, 2H), 7.49 (d, J = 8.2 Hz, 2H), 7.80 (d, J = 9.2 Hz, 1H), 8.59 (d, J = 8.7 Hz, 1H), 8.69 (br s, 3H). LC-MS
(ESI) m/z: 421 (M + H)". Anal. Caled for CysH3,N,05-2HCI-H,0: C, 61.05; H, 7.09; N, 5.48. Found: C, 61.22; H,
6.77; N 5.34.

6-((3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)oxy)hexanoic acid dihydrochloride (14e).
By a procedure similar to that described for the synthesis of compound 123, the title compound 14e was obtained
from compound 13¢ as a white powder (0.14 g, 93%). '"H NMR (300 MHz, DMSO-dg): 8 1.03 (d, J = 6.3 Hz, 6H),
1.30-1.40 (m, 2H), 1.45-1.55 (m, 2H), 1.63-1.72 (m, 2H), 2.20 (t, J = 7.2 Hz, 2H), 2.23-2.34 (m, 1H), 2.84 (s, 3H),
3.35(d, J=6.9 Hz, 2H), 3.89 (t, J = 6.3 Hz, 2H), 3.99 (br s, 2H), 6.65 (d, J =2.4 Hz, 1H), 7.42 (d, J = 7.8 Hz, 2H),
7.49 (d, J = 7.8 Hz, 2H), 7.78 (d, J = 8.4 Hz, 1H), 8.56-8.65 (m, 4H). LC-MS (ESI) m/z: 435 (M + H)". Anal.
Calcd for C,;H34N>,O5-2HCI-H,0: C, 61.71; H, 7.29; N, 5.33. Found: C, 61.42; H, 7.18; N 5.27.

5-((3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)oxy)pentanamide (15).

i) tert-Butyl ((6-((5-amino-5-oxopentyl)oxy)-2-isobutyl-4-(4-methylphenyl)quinolin-3-yl)methyl)carbamate
(15a). A mixture of 13d (0.80 g, 1.5 mmol), ammonium salt of 1-hydroxy-1H-benzotriazole (0.25 g, 1.6 mmol),
and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.38 g, 2.0 mmol) in N,N-dimethylformamide
(10 mL) was stirred at room temperature for 17 h. The reaction mixture was partitioned between ethyl acetate and
water. The organic layer was washed with 1 M HCI, saturated NaHCOs;, and brine, dried over MgSO,, and
concentrated in vacuo. The residue was crystallized from diisopropyl ether to afford the title compound 15a (0.60 g,
77%) as a colorless powder. "H NMR (300 MHz, CDCLy) & 1.02 (d, J = 6.6 Hz, 6H), 1.41 (s, 9H), 1.76-1.81 (m,
4H), 2.24-2.30 (m, 2H), 2.33 (spt, J = 6.9 Hz, 1H), 2.48 (s, 3H), 2.93 (d, J = 7.1 Hz, 2H), 3.79-3.85 (m, 2H), 4.27
(d, J =4.6 Hz, 2H), 4.32 (br s, 1H), 5.30 (br s, 1H), 5.41 (br s, 1H), 6.56 (d, J = 2.4 Hz, 1H), 7.12 (d, J = 7.5 Hz,
2H), 7.29 (dd, J=9.1, 2.4 Hz, 1H), 7.33 (d, J = 7.6 Hz, 2H), 7.96 (d, J = 9.1 Hz, 1H). LC-MS (ESI) m/z: 520 (M +
H)".
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ii) 5-((3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)oxy)pentanamide (15). A mixture of
compound 15a (0.40 g, 0.77 mmol) and trifluoroacetic acid (10 mL) was stirred at 0 °C for 3 h. The reaction
mixture was concentrated in vacuo, and the residue was dissolved in ethyl acetate. The solution was washed with
saturated NaHCO; and brine, dried over MgSQO,, and concentrated in vacuo. The residue was crystallized from
diethyl ether to afford the title compound 15 (0.27 g, 84%) as a pale yellow powder. 'H NMR (300 MHz, CDCl;): &
1.03 (d, J= 6.8 Hz, 6H), 1.74-1.82 (m, 4H), 2.23-2.30 (m, 2H), 2.37 (spt, J = 6.8 Hz, 1H), 2.48 (s, 3H), 2.97 (d, J
=7.2 Hz, 2H), 3.77 (s, 2H), 3.79-3.85 (m, 2H), 5.34 (br s, 1H), 5.42 (br s, 1H), 6.54 (d, J = 3.1 Hz, 1H), 7.16 (d, J
=7.9 Hz, 2H), 7.27 (dd, J=9.1, 3.1 Hz, 3H), 7.33 (d, J = 7.9 Hz, 2H), 7.95 (d, J = 9.1 Hz, 1H). LC-MS (ESI) m/z:
420 (M + H)". Anal. Calcd for Co6H33N;0,-1.2H,0: C, 70.78; H, 8.09; N, 9.52. Found: C, 70.96; H, 7.86; N 9.26.

3-(((tert-butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yI trifluoromethane-
sulfonate (16). To a mixture of compound 10 (1.5 g, 3.6 mmol) and NaH (60% suspension in oil, 0.21 g, 5.4 mmol)
in N,N-dimethylformamide (10 mL) was added N-phenyl-bis(trifluoromethanesulfonimide) (1.9 g, 5.4 mmol) at
0 °C. The resulting mixture was stirred at room temperature for 1 h. The reaction mixture was diluted with water
and extracted with ethyl acetate. The extract was washed with brine, dried over MgSOy,, and concentrated in vacuo.
The residue was triturated with diisopropyl ether—hexanes to afford the title compound 16 (1.5 g, 75%) as a white
powder. "H NMR (300 MHz, CDCLy): & 1.01 (d, J = 6.6 Hz, 6H), 1.41 (s, 9H), 2.33-2.42 (m, 1H), 2.49 (s, 3H),
2.97-3.01 (m, 2H), 4.33 (s, 2H), 7.12 (d, J = 8.0 Hz, 2H), 7.25 (d, J = 3.0 Hz, 1H), 7.36 (d, J = 8.0 Hz, 2H), 7.52
(dd,J=7.4,3.0 Hz, 1H), 8.13 (d, J=7.4 Hz, 1H).

tert-Butyl
((6-((1E)-3-amino-3-oxoprop-1-en-1-yl)-2-isobutyl-4-(4-methylphenyl)quinolin-3-yl)methyl)carbamate (17).

i) Ethyl (2E)-3-(3-(((tert-butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)-quinolin-6-yl)acrylate
(17a). A mixture of 16 (2.0 g, 3.6 mmol), ethyl acrylate (0.65 mL, 6.0 mmol), bis(triphenylphosphine)palladium(1I)
(dichloride complex, 0.021 mg, 0.03 mmol), and triethylamine (4.2 mL, 30 mmol) in N,N-dimethylformamide (10
mL) was stirred at 70 °C for 20 h under a nitrogen atmosphere. The reaction mixture was partitioned between ethyl
acetate and water, and the organic layer was washed with brine, dried over MgSO,, and concentrated in vacuo.
Purification by column chromatography (silica gel, eluting with a gradient of 0-25% ethyl acetate in hexanes)
afforded the title compound 17a (0.89 g, 50%) as a white powder. '"H NMR (300 MHz, CDCl;) & 1.03 (d, J = 6.6
Hz, 6H), 1.32 (t, J = 7.2 Hz, 3H), 1.42 (s, 9H), 2.38 (spt, J = 7.2 Hz, 1H), 2.50 (s, 3H), 2.97 (d, J = 7.2 Hz, 2H),
425 (q, J =7.2 Hz, 2H), 4.31 (br s, 3H), 6.40 (d, J = 15.6 Hz, 1H), 7.12 (d, J = 7.9 Hz, 2H), 7.36 (d, J = 7.9 Hz,
2H), 7.39 (d, J=1.7 Hz, 1H), 7.64 (d, J = 16.1 Hz, 1H), 7.85 (dd, J = 8.8, 1.9 Hz, 1H), 8.04 (d, J = 8.7 Hz, 1H).

ii) (2E)-3-(3-(((tert-Butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)acrylic acid
(17b). To a mixture of 17a (0.62 g, 1.2 mmol), ethanol (5 mL), and tetrahydrofuran (5 mL) was added 1 M NaOH

63



(10 mL) at room temperature. The resulting mixture was stirred at 60 °C for 4 h. The reaction mixture was cooled
to room temperature, neutralized with 1 M HCI, and extracted with ethyl acetate. The extract was washed with
brine, dried over MgSO,, and concentrated in vacuo. The residual solid was triturated with diisopropyl ether to
afford the title compound 17b (0.41 g, 70%) as a white powder. 'H NMR (200 MHz, CDCl;) &: 1.13 (d, J = 6.0 Hz,
6H), 1.41 (s, 9H), 2.36-2.39 (m, 1H), 2.52 (s, 3H), 3.15 (s, 2H), 4.35 (s, 2H), 4.35 (br s, 1H), 6.43 (d, J = 15.6 Hz,
1H), 7.14 (d, J = 8.1 Hz, 2H), 7.26 (s, 1H), 7.28 (d, J = 8.1 Hz, 2H), 7.45 (s, 1H), 7.70 (d, J = 15.6 Hz, 1H), 7.93 (s,
1H).

iii) tert-Butyl ((6-((1E)-3-amino-3-oxoprop-1-en-1-yl)-2-isobutyl-4-(4-methylphenyl)quinolin-3-yl)methyl)-
carbamate (17). By a procedure similar to that described for the synthesis of compound 15a, the title compound 17
was obtained from 17b as a white powder (0.25 g, 84%). 'H NMR (300 MHz, CDCL) &: 1.03 (d, J = 6.6 Hz, 6H),
1.41 (s, 9H), 2.35-2.39 (m, 1H), 2.50 (s, 3H), 2.97 (d, J = 7.2 Hz, 2H), 4.32 (s, 3H), 5.49 (br, 2H), 6.42 (d, J = 15.6
Hz, 1H), 7.11 (d, J =3.1 Hz, 2H), 7.33-7.37 (m, 3H), 7.58 (d, J = 15.6 Hz, 1H), 7.82 (dd, J= 8.7, 2.1 Hz, 1H), 8.04
(d, J=8.7 Hz, 1H).

3-(((tert-Butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)quinoline-6-carboxylic acid (18).

i) Methyl 3-(((tert-butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)quinoline-6-carboxylate
(18a). By a procedure similar to that described for the synthesis of compound 40ba, the title compound 18a was
obtained from 16 as a white powder (6.8 g, 67%); mp 192—-194 °C. '"H NMR (300 MHz, CDCl;) &: 1.04 (d, J=6.3
Hz, 6H), 1.42 (s, 9H), 2.34-2.37 (m, 1H), 2.49 (s, 3H), 2.99 (d, J = 7.2 Hz, 2H), 3.87 (s, 3H), 4.32 (br s, 3H), 7.13
(d, J=7.8 Hz, 2H), 7.35 (d, J = 7.8 Hz, 2H), 8.06-8.10 (m, 2H), 8.23 (dd, J = 8.7, 2.1 Hz, 1H). Anal. Calcd for
CysH3uN,O4: C, 72.70; H, 7.41; N, 6.06. Found: C, 72.69; H, 7.69; N 5.84.

ii) 3-(((tert-Butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)quinoline-6-carboxylic acid (18). A
mixture of 18a (6.5 g, 14 mmol), 1 M NaOH (28 mL), tetrahydrofuran (20 mL), and methanol (20 mL) was stirred
at 60 °C for 1 h. The reaction mixture was poured into water, acidified with 1 M hydrochloric acid, and extracted
with ethyl acetate. The extract was washed with brine, dried over MgSO,, and concentrated in vacuo.
Recrystallization of the residual solid from tetrahydrofuran—diisopropyl ether afforded the title compound 18 (6.0 g,
95%) as a white powder; mp 276277 °C. '"H NMR (300 MHz, CDCl;) &: 1.05 (d, J = 6.6 Hz, 6H), 1.41 (s, 9H),
2.30-2.49 (m, 4H), 3.18 (br s, 2H), 4.35 (d, J= 5.1 Hz, 2H), 4.49 (br s, 1H), 7.15 (d, J=7.5 Hz, 2H), 7.33-7.38 (m,
3H), 8.19 (s, 1H), 8.29-8.41 (m, 2H). Anal. Calcd for C»;H3,N,04°0.5H,0: C, 70.87; H, 7.27; N, 6.12. Found: C,
70.54; H, 7.00; N 5.94.

3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinoline-6-carboxamide dihydrochloride (19a).
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tert-Butyl  ((6-carbamoyl-2-isobutyl-4-(4-methylphenyl)quinolin-3-yl)methyl)carbamate  (19aa). By a
procedure similar to that described for the synthesis of compound 15a, the title compound 19aa was obtained from
18 as a white powder (0.12 g, 55%); mp 206-208 °C. 'H NMR (300 MHz, CDCl;) &: 1.02 (d, J = 6.3 Hz, 6H), 1.41
(s, 9H), 2.29-2.48 (m, 1H), 2.52 (s, 3H), 3.49 (d, J = 6.6 Hz, 2H), 4.37 (d, J = 5.1 Hz, 2H), 5.26 (br s, 1H), 5.84 (br
s, 1H), 7.23 (d, J="7.8 Hz, 2H), 7.39 (d, J = 7.8 Hz, 2H), 8.08 (br s, 2H), 8.55 (d, J=9.0 Hz, 1H), 8.79 (d, J=9.0
Hz, 1H).

ii) 3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinoline-6-carboxamide dihydrochloride (19a). A mixture
of 19aa (90 mg, 0.2 mmol) and 4 M HCI in 1,4-dioxane (5 mL) was stirred at room temperature for 1 h. The
reaction mixture was concentrated in vacuo, and the residual solid was triturated with ethyl acetate—diisopropyl
ether to afford the title compound 19a as a white powder (70 mg, 88%); mp 194-196 °C. '"H NMR (300 MHz,
DMSO-dg) 8: 1.03 (d, J = 6.3 Hz, 6H), 2.32-2.49 (m, 4H), 3.17 (br s, 2H), 3.99 (d, J = 6.3 Hz, 2H), 7.36 (d, J=7.8
Hz, 2H), 7.47 (d, J = 7.8 Hz, 2H), 7.59 (br s, 1H), 7.89 (s, 1H), 8.21-8.33 (m, 3H), 8.42 (br s, 3H). HRMS (ESI)
caled for CH,sN30 (M + H)" m/z 348.2070, found m/z 348.2044. HPLC purity: 98.61% (X 220 nm), 98.20% (A
254 nm).

3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinoline-6-carboxylic acid dihydrochloride (19b). By a
procedure similar to that described for the synthesis of compound 19a, the title compound 19b was obtained from
18 as a white powder (0.20 g, 95%); mp 284-286 °C. 'H NMR (300 MHz, DMSO-dg) &: 1.04 (d, J = 6.3 Hz, 6H),
2.28-2.44 (m, 1H), 2.49 (s, 3H), 3.27 (d, J = 6.9 Hz, 2H), 4.02 (d, J = 5.4 Hz, 2H), 7.41 (d, J = 8.0 Hz, 2H), 7.49 (d,
J=28.0 Hz, 2H), 8.00 (d, J = 1.5 Hz, 1H), 8.34-8.45 (m, 2H), 8.62 (br s, 3H). HRMS (ESI) calcd for C»,H2N,0,
(M + H)" m/z 349.1911, found m/z 349.1876; calcd for C5,H4N,O, (M — H)” m/z 347.1765, found m/z 347.1771.
Anal. Calcd for C,,H,4N,0,-2HCI-0.45H,0: C, 61.53; H, 6.31; N, 6.52. Found: C, 61.89; H, 6.48; N 6.14. HPLC
purity: 99.74% (A 220 nm), 99.57% (A 254 nm).

tert-Butyl ((6-cyano-2-isobutyl-4-(4-methylphenyl)quinolin-3-yl)methyl)carbamate (20). By a procedure
similar to that described for the synthesis of compound 43ba, the title compound 20 was obtained from 16 as a
white powder (2.18 g, 73%). '"H NMR (300 MHz, CDCly) &: 1.03 (d, J = 6.6 Hz, 6H), 1.42 (s, 9H), 2.34-2.47 (m,
1H), 2.50 (s, 3H), 3.00 (d, J = 7.2 Hz, 2H), 4.34 (br s, 3H), 7.11 (d, J = 7.8 Hz, 2H), 7.37 (d, J = 7.8 Hz, 2H), 7.72
(d,J=1.8 Hz, 1H), 7.77 (dd, J=8.7, 1.8 Hz, 1H), 8.12 (d, J = 8.7 Hz, 1H). Anal. Calcd for C,;H;;N;0,-0.1H,0: C,
75.18; H, 7.29; N, 9.74. Found: C, 74.96; H, 7.45; N 9.53.

1-(2-1sobutyl-4-(4-methylphenyl)-6-(2H-tetrazol-5-yl)quinolin-3-yl)methanamine dihydrochloride (21a).

i) tert-Butyl ((2-isobutyl-4-(4-methylphenyl)-6-(2H-tetrazol-5-yl)quinolin-3-yl)methyl)carbamate (21aa). A
mixture of 20 (0.60 g, 1.4 mmol), NaN; (0.18 g, 2.8 mmol), and NH,4CI (0.30 g, 5.6 mmol) in dimethylsulfoxide
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(10 mL) was stirred at 70 °C for 48 h. The reaction mixture was partitioned between ethyl acetate and 0.1 M HCL
The organic layer was washed with brine, dried over MgSQ,, and concentrated in vacuo. The residue was
crystallized from ethyl acetate—hexanes to afford the title compound 21aa (0.38 g, 57%) as a white powder. 'H
NMR (300 MHz, CDCl,) 6: 1.00 (d, J = 6.4 Hz, 6H), 1.39 (s, 9H), 2.25-2.45 (m, 1H), 2.47 (s, 3H), 2.86 (d, J= 7.0
Hz, 2H), 4.07 (d, J = 4.3 Hz, 2H), 7.09 (t, J = 4.3 Hz, 1H), 7.35 (d, J = 8.1 Hz, 2H), 7.41 (d, J = 8.1 Hz, 2H), 8.05
(d, J=1.8 Hz, 1H), 8.18 (d, J=8.7 Hz, 1H), 8.28 (dd, J=8.7, 1.8 Hz, 1H).

ii) 1-(2-1sobutyl-4-(4-methylphenyl)-6-(2H-tetrazol-5-yl)quinolin-3-yl)methanamine dihydrochloride (21a).
By a procedure similar to that described for the synthesis of compound 19a, the title compound 21a was obtained
from 21aa as a pale yellow powder (0.14 g, 89%). 'H NMR (300 MHz, DMSO-dg) &: 1.05 (d, J = 6.8 Hz, 6H),
2.30-2.50 (m, 1H), 2.49 (s, 3H), 3.08 (d, J = 7.0 Hz, 2H), 4.00 (d, J = 5.5 Hz, 2H), 7.38 (d, J = 7.8 Hz, 2H), 7.49 (d,
J=17.8 Hz, 2H), 8.08 (d, J = 1.5 Hz, 1H), 8.29 (d, J = 8.8 Hz, 1H), 8.33 (br s, 3H), 8.43 (dd, J = 8.8, 1.5 Hz, 1H).
LC-MS (ESI) m/z: 373 (M + H)"; HRMS (ESI) caled for Cy,HpyNg (M + H)" m/z 373.2135, found m/z 373.2115.
HPLC purity: 99.44% (A 220 nm), 99.42% (A 254 nm).

3-(3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl1)-1,2 4-oxadiazol-5(4H)-one  dihydrochloride
(21b).

i) tert-Butyl ((6-(N-hydroxycarbamimidoyl)-2-isobutyl-4-(4-methylphenyl)quinolin-3-yl)methyl)carbamate
(21ba). To a suspension of 20 (3.0 g, 7.0 mmol) and hydroxylamine hydrochloride (0.73 g, 11 mmol) in ethanol (75
mL) was added potassium tert-butoxide (1.18 g, 11 mmol). The resulting mixture was stirred at 70 °C for 6 h,
cooled to room temperature, and filtered. The filtrate was concentrated in vacuo, and the residue was partitioned
between ethyl acetate and water. The organic layer was washed with brine, dried over MgSQO,, and concentrated in
vacuo. The residual solid was triturated with dichloromethane—ethyl acetate to afford the title compound 21ba (2.38
g, 74%) as an off-white powder; mp 224-225 °C. 'H NMR (300 MHz, CDCl;) &: 1.03 (d, J= 6.6 Hz, 6H), 1.43 (s,
9H), 2.25-2.45 (m, 1H), 2.47 (s, 3H), 2.96 (d, J = 7.2 Hz, 2H), 4.29 (d, J = 4.7 Hz, 2H), 4.49 (t, J = 4.7 Hz, 1H),
4.75 (brs, 2H), 7.12 (d, = 7.5 Hz, 2H), 7.33 (d, J = 7.7 Hz, 2H), 7.40-7.50 (m, 1H), 7.80-7.95 (m, 1H), 8.01 (d, J
= 8.7 Hz, 1H). LC-MS (ESI) m/z: 463 (M + H)".

i) tert-Butyl ((2-isobutyl-4-(4-methylphenyl)-6-(5-ox0-4,5-dihydro-1,2,4-oxadiazol-3-yl)quinolin-3-yl)-
methyl)carbamate (21bb). To a mixture of 21ba (0.25 g, 0.54 mmol), tetrahydrofuran (10 mL), and ethyl acetate
(10 mL) was added 1,1’-carbonyldiimidazole (0.26 g, 1.62 mmol), and the resulting mixture was stirred at reflux
for 3 h. The reaction mixture was poured into 0.1 M aqueous citric acid solution and extracted with ethyl acetate—
tetrahydrofuran (2:1, v/v). The extract was washed with brine, dried over MgSQO,, and concentrated in vacuo. The
residual solid was crystallized from ethyl acetate—hexanes to afford the title compound 21bb (0.24 g, 90%) as a
white powder. 'H NMR (300 MHz, DMSO-ds) 8: 0.99 (d, J = 6.6 Hz, 6H), 1.38 (s, 9H), 2.30-2.50 (m, 1H), 2.45 (s,
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3H), 2.85 (d, J = 6.8 Hz, 2H), 4.05 (d, J = 4.2 Hz, 2H), 7.08 (t, J = 4.2 Hz, 1H), 7.31 (d, J = 8.0 Hz, 2H), 7.38 (d, J
= 8.0 Hz, 2H), 7.81 (d, J = 1.9 Hz, 1H), 8.03 (dd, J = 8.8, 1.9 Hz, 1H), 8.14 (d, J = 8.8 Hz, 1H), 13.21 (brs, 1H).

iii)  3-(3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)-1,2,4-oxadiazol-5(4H)-one  dihydro-
chloride (21b). By a procedure similar to that described for the synthesis of compound 19a, the title compound 21b
was obtained from 21bb as pale yellow crystals (0.14 g, 74%). '"H NMR (300 MHz, DMSO-dg) &: 1.04 (d, J = 6.6
Hz, 6H), 2.30-2.45 (m, 1H), 2.49 (s, 3H), 3.08 (d, J = 7.2 Hz, 2H), 3.97 (d, J = 5.3 Hz, 2H), 7.34 (d, J = 7.9 Hz,
2H), 7.46 (d, J= 7.9 Hz, 2H), 7.83 (d, J = 1.8 Hz, 1H), 8.16 (dd, J= 8.9, 1.9 Hz, 1H), 8.25 (d, J = 8.9 Hz, 1H), 8.36
(br s, 3H), 13.33 (br s, 1H). HRMS (ESI) caled for Cy3HN,0, (M + H)" m/z 389.1972, found m/z 389.1956.
HPLC purity: 99.96% (A 220 nm), 99.92% (A 254 nm).

Methyl 5-(3-(((tert-butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)-2-furoate
(23a). A mixture of compound 16 (5.5 g, 10 mmol), bis(pinacolato)diboron (5.1 g, 20 mmol),
(1,1"-Bis(diphenylphosphino)ferrocene)dichloropalladium(Il) (dichloromethane complex, 0.22 g, 0.30 mmol), and
potassium acetate (3.0 g, 30 mmol) in dimethylsulfoxide (50 mL) was stirred at 40 °C for 2 h under an argon
atmosphere. The reaction mixture was cooled and partitioned between ethyl acetate and water. The organic layer
was washed with brine, dried over MgSO,, and concentrated in vacuo. The residue was purified by column
chromatography (silica gel, eluting with a gradient of 5-25% ethyl acetate in hexanes) to afford 2.8 g of white solid,
which was dissolved in toluene—methanol-water (8:1:1, v/v, 50 mL). To the solution were added
tetrakis(triphenylphosphine)palladium(0) (0.62 g, 0.54 mmol), K,CO; (4.1 g, 30 mmol), and methyl
5-bromo-2-furoate (22a, 3.3 g, 16 mmol). The resulting mixture was stirred at 100 °C for 17 h under an argon
atmosphere. The reaction mixture was cooled and partitioned between water and ethyl acetate. The organic layer
was washed with brine, dried over MgSO,, and concentrated in vacuo. The residue was purified by column
chromatography (silica gel, eluting with a gradient of 20-100% ethyl acetate in hexanes) followed by preparative
HPLC to afford the title compound 23a (1.4 g, 27%) as a white powder. 'H NMR (300 MHz, CDCl;): & 1.04 (d, J =
6.6 Hz, 6H), 1.42 (s, 9H), 2.36-2.39 (m, 1H), 2.50 (s, 3H), 3.00 (d, J = 6.9 Hz, 2H), 3.89 (s, 3H), 4.32 (s, 3H), 6.66
(d,J=3.3 Hz, 1H), 7.16 (d, J=7.5 Hz, 2H), 7.20 (d, J = 3.3 Hz, 1H), 7.36 (d, J = 7.5 Hz, 2H), 7.68 (s, 1H), 8.09 (d,
J=1.2 Hz, 2H). LC-MS (ESI) m/z: 529 (M + H)".

Ethyl 2-(3-(((tert-butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)-1,3-thiazole-4-
carboxylate (23b). A mixture of compound 16 (0.50 g, 0.90 mmol), bis(pinacolato)diboron (0.25 g, 1.0 mmol), and
potassium acetate (0.27 g, 2.7 mmol) in dimethylsulfoxide (20 mL) was stirred at 80 °C for 10 min under an argon
atmosphere. To the resulting solution was added (1,1’-Bis(diphenyl-phosphino)ferrocene)dichloropalladium(II)
(dichloromethane complex, 20 mg, 0.027 mmol). After stirring at 100 °C for 15 min under an argon atmosphere,
the reaction mixture was cooled and partitioned between ethyl acetate and water. The organic layer was washed

with brine, dried over MgSO,, and concentrated in vacuo. The residue was dissolved in toluene—methanol-water
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(5:1:1, v/v, 28 mL). To the solution were added ethyl 2-chloro-1,3-thiazole-4-carboxylate (22b, 0.17 g, 0.90 mmol),
K,CO; (0.63 g, 4.5 mmol), and tetrakis(triphenylphosphine)palladium(0) (0.10 g, 0.090 mmol), and the resulting
mixture was stirred at reflux for 17 h under an argon atmosphere. The reaction mixture was cooled and partitioned
between water and ethyl acetate. The organic layer was washed with brine, dried over MgSO,, and concentrated in
vacuo. The residue was purified by column chromatography (silica gel, eluting with a gradient of 10-30% ethyl
acetate in hexanes) followed by preparative HPLC to afford the title compound 23b (0.28 g, 56%) as a white
powder; mp 193-194 °C. "H NMR (300 MHz, CDCLy): & 1.04 (d, J = 6.6 Hz, 6H), 1.42 (t, J = 7.0 Hz, 3H), 1.42 (s,
9H), 2.34-2.49 (m, 4H), 2.89 (d, J = 7.2 Hz, 2H), 4.28-4.35 (m, 3H), 4.42 (q, J=7.0 Hz, 2H), 7.16 (d, J = 7.8 Hz,
2H), 7.35 (d, J=7.8 Hz, 2H), 7.86 (d, J = 1.8 Hz, 1H), 8.11 (d, J= 9.3 Hz, 1H), 8.35 (dd, J=9.3, 1.8 Hz, 1H). LC-
MS (ESI) m/z: 560 (M + H)".

5-(3-(((tert-Butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)-2-furoic acid (24a). A
mixture of compound 23a (1.2 g, 2.3 mmol), 1 M NaOH (10 mL), and methanol (10 mL) was stirred at room
temperature for 22 h. The reaction mixture was acidified with 1 M HCI and extracted with ethyl acetate. The extract
was washed with brine, dried over MgSO,, and concentrated in vacuo. The residual solid was triturated with
diisopropyl ether to afford the title compound 24a (1.1 g, 98%) as a pale yellow powder. 'H NMR (300 MHz,
CDCl): 6 1.09 (d, J=6.3 Hz, 6H), 1.42 (s, 9H), 2.22-2.26 (m, 1H), 2.52 (s, 3H), 3.32 (s, 2H), 4.35 (s, 2H), 4.82 (br
s, 1H), 6.68 (s, 1H), 7.20-7.23 (m, 3H), 7.41-7.43 (m, 2H), 7.67 (s, 1H), 8.12-8.13 (m, 1H), 8.55-8.58 (m, 1H).
LC-MS (ESI) m/z: 515 (M + H)".

2-(3-(((tert-Butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)-1,3-thiazole-4-
carboxylic acid (24b). A mixture of compound 23b (0.21 g, 0.36 mmol), 1 M NaOH (4 mL), tetrahydrofuran (8
mL), and methanol (8 mL) was stirred at room temperature for 15 min. The reaction mixture was acidified with 1
M HCI and extracted with ethyl acetate. The extract was washed with brine, dried over MgSQO,, and concentrated in
vacuo. The residual solid was triturated with diisopropyl ether to afford the title compound 24b (0.18 g, 90%) as a
pale yellow solid. '"H NMR (300 MHz, CDCly): § 1.05 (d, J = 6.6 Hz, 6H), 1.43 (s, 9H), 2.25-2.50 (m, 1H), 2.50 (s,
3H), 3.03 (d, J= 7.2 Hz, 2H), 4.33 (d, J = 4.4 Hz, 2H), 4.41 (br s, 1H), 7.18 (d, J=7.7 Hz, 2H), 7.37 (d, J = 7.7 Hz,
2H), 7.80-7.95 (m, 1H), 8.10-8.25 (m, 1H), 8.20 (s, 1H), 8.32 (dd, J =9.1, 2.2 Hz, 1H). LC-MS (ESI) m/z: 532 (M
+H)".

5-(3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)-2-furoic acid dihydrochloride (25a). By a
procedure similar to that described for the synthesis of compound 19a, the title compound 25a was obtained from
24a as a yellow powder (133 mg, 93%). '"H NMR (300 MHz, CD;0D): § 1.16 (d, J = 6.5 Hz, 6H), 2.34 (spt, J = 6.5
Hz, 1H), 2.57 (s, 3H), 3.32 (d, J = 6.7 Hz, 2H), 4.34 (s, 2H), 7.14 (d, J=3.6 Hz, 1H), 7.31 (d, J=3.8 Hz, 1H), 7.44
(d, J=7.4 Hz, 2H), 7.62 (d, J = 3.8 Hz, 2H), 7.97 (s, 1H), 8.41 (d, J = 9.0 Hz, 1H), 8.60 (d, J =9.0 Hz, 1H). LC-
MS (ESI) m/z: 415 (M + H)". Anal. Caled for CysHpsN,03-2HCI-3.5H,0: C, 56.73; H, 6.41; N, 5.09. Found: C,
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56.98; H, 6.22; N 4.98.

2-(3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl1)-1,3-thiazole-4-carboxylic acid
dihydrochloride (25b). By a procedure similar to that described for the synthesis of compound 19a, the title
compound 25b was obtained from 24b as a pale yellow powder (0.13 g, 98%); mp 266-269 °C. '"H NMR (300
MHz, CD;0D): $ 1.16 (d, J = 6.6 Hz, 6H), 2.25-2.42 (m, 1H), 2.56 (s, 3H), 3.28 (d, J = 7.0 Hz, 2H), 4.33 (s, 2H),
7.44 (d, J = 8.1 Hz, 2H), 7.60 (d, J = 8.1 Hz, 2H), 8.15 (d, J = 1.9 Hz, 1H), 8.41 (d, J = 8.9 Hz, 1H), 8.46 (s, 1H),
8.76 (dd, J = 8.9, 1.9 Hz, 1H). LC-MS (ESI) m/z: 432 (M + H)". Anal. Caled for C,5H,5N;0,S-2HCI-H,0: C,
57.47; H, 5.59; N, 8.04. Found: C, 57.36; H, 5.88; N 7.76.

tert-Butyl  ((6-(4-carbamoyl-1,3-thiazol-2-yl)-2-isobutyl-4-(4-methylphenyl)quinolin-3-yl)-methyl)carbamate
(26a). A mixture of 24b (0.20 g, 0.38 mmol), ammonium salt of 1-hydroxy-1H-benzotriazole (0.086 g, 0.56 mmol),
and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.11 g, 0.56 mmol) in N,N-dimethylformamide
(5 mL) was stirred at room temperature for 3 h. The reaction mixture was partitioned between ethyl acetate and
water. The organic layer was washed with brine, dried over MgSO,, and concentrated in vacuo. The residue was
purified by column chromatography (silica gel, eluting with a gradient of 50-80% ethyl acetate in hexanes) to
afford the title compound 26a (0.14 g, 68%) as colorless crystals; mp 256-258 °C. '"H NMR (300 MHz, DMSO-dj)
8 1.00 (d, J = 6.6 Hz, 6H), 1.39 (s, 9H), 2.30-2.55 (m, 1H), 2.46 (s, 3H), 2.85 (d, J = 6.6 Hz, 2H), 4.08 (d, J=4.5
Hz, 2H), 7.17 (t, J = 4.5 Hz, 1H), 7.30-7.45 (m, 4H), 7.67 (br s, 1H), 7.76 (d, J = 2.2 Hz, 1H), 7.84 (br s, 1H), 8.12
(d, J=8.8 Hz, 1H), 8.23 (s, 1H), 8.42 (dd, J = 8.8, 2.2 Hz, 1H). LC-MS (ESI) m/z: 531 (M + H)".

tert-Butyl ((6-(4-acetyl-1,3-thiazol-2-yl)-2-isobutyl-4-(4-methylphenyl)quinolin-3-yl)methyl)carbamate (26b).

i) tert-Butyl ((2-isobutyl-6-(4-(methoxy(methyl)carbamoyl)-1,3-thiazol-2-yl)-4-(4-methylphenyl)quinolin-3-
yl)methyl)carbamate (26ba). A mixture of 24b (0.27 g, 0.51 mmol), N,O-dimethylhydroxylamine hydrochloride
(0.060 g, 0.62 mmol), triethylamine (80 puL, 0.57 mmol), 1-hydroxy-1H-benzotriazole monohydrate (0.098 g, 0.59
mmol), and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.12 g, 0.63 mmol) in
N,N-dimethylformamide (10 mL) was stirred at room temperature for 2 h. The reaction mixture was poured into
water and extracted with ethyl acetate. The extract was washed with brine, dried over MgSO,, and concentrated in
vacuo. The residue was crystallized from diisopropyl ether—ethyl acetate to afford the title compound 26ba (0.24 g,
86%) as a white powder. 'H NMR (300 MHz, CDCl3) & 1.05 (d, J = 6.8 Hz, 6H), 1.42 (s, 9H), 2.41 (spt, J = 6.6 Hz,
1H), 2.49 (s, 3H), 2.99 (d, J = 7.2 Hz, 2H), 3.41 (s, 3H), 3.72 (s, 3H), 4.30-4.37 (m, 3H), 7.17 (d, J = 7.4 Hz, 2H),
7.34 (d, J=17.5 Hz, 2H), 7.98 (d, J = 1.5 Hz, 1H), 8.00 (s, 1H), 8.12 (d, J = 9.0 Hz, 1H), 8.19 (dd, J =9.0, 2.3 Hz,
1H). LC-MS (ESI) m/z: 575 (M + H)".

ii) tert-Butyl ((6-(4-acetyl-1,3-thiazol-2-yl)-2-isobutyl-4-(4-methylphenyl)quinolin-3-yl)methyl)carbamate
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(26b). To a suspension of 26ba (0.23 g, 0.40 mmol) in tetrahydrofuran (10 mL) was added 3 M methylmagnesium
bromide in diethyl ether (400 pL, 1.2 mmol) at 0 °C. After stirring at 0 °C for 1 h, the reaction was quenched with
saturated NH,Cl. The mixture was partitioned between ethyl acetate and water. The organic layer was washed with
brine, dried over MgSO,, and concentrated in vacuo. The residue was purified by column chromatography (silica
gel, eluting with a gradient of 5-25% ethyl acetate in hexanes) to afford the title compound 26b (0.20 g, 95%) as a
white powder. 'H NMR (300 MHz, CDCl3) & 1.05 (d, J = 6.6 Hz, 6H), 1.43 (s, 9H), 2.41 (spt, J = 6.7 Hz, 1H), 2.50
(s, 3H), 2.70 (s, 3H), 3.00 (d, J = 7.2 Hz, 2H), 4.30-4.38 (m, 3H), 7.18 (d, J = 8.1 Hz, 2H), 7.38 (d, J = 7.8 Hz, 2H),
7.86 (d, J = 1.9 Hz, 1H), 8.07 (s, 1H), 8.15 (d, J = 8.7 Hz, 1H), 8.34 (dd, J = 8.8, 1.9 Hz, 1H). Anal. Calcd for
C5H35N;05S: C, 70.29; H, 6.66; N, 7.93. Found: C, 70.05; H, 6.51; N, 8.03.

2-(3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)-1,3-thiazole-4-carboxamide
dihydrochloride (27a). By a procedure similar to that described for the synthesis of compound 19a, the title
compound 27a was obtained from compound 26a as pale yellow crystals (0.10 g, 89%); mp 212-215 °C. '"H NMR
(300 MHz, DMSO-dg): 8 1.06 (d, J = 6.6 Hz, 6H), 2.30-2.40 (m, 1H), 2.43 (s, 3H), 3.04 (br s, 2H), 4.00 (d, J= 7.0
Hz, 2H), 7.35-7.45 (m, 2H), 7.49 (d, J = 8.2 Hz, 2H), 7.68 (br s, 1H), 7.75-7.80 (m, 1H), 7.85 (br s, 1H), 8.15-8.25
(m, 1H), 8.26 (s, 1H), 8.35 (br s, 3H), 8.45-8.60 (m, 1H). LC-MS (ESI) m/z: 431 (M + H)". Anal. Calcd for
C,5sHyN4OS-2HCI-2H,0: C, 55.65; H, 5.98; N, 10.38. Found: C, 55.59; H, 6.17; N 10.20.

1-(2-(3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)-1,3-thiazol-4-yl)ethanone

dihydrochloride (27b). By a procedure similar to that described for the synthesis of compound 19a, the title
compound 27b was obtained from compound 26b as a pale yellow powder (0.14 g, 93%). 'H NMR (300 MHz,
DMSO-dy) 8 1.05 (d, J = 6.6 Hz, 6H), 2.40 (spt, J = 6.8 Hz, 1H), 2.49 (br s, 3H), 2.57 (s, 3H), 3.15 (d, J = 6.4 Hz,
2H), 4.01 (d, J= 5.3 Hz, 2H), 7.42 (d, J = 8.1 Hz, 2H), 7.49 (d, J = 7.9 Hz, 2H), 7.89 (d, J = 1.7 Hz, 1H), 8.33 (d, J
=9.0 Hz, 1H), 8.45 (d, J = 9.4 Hz, 1H), 8.45-8.54 (m, 3H), 8.58 (s, 1H). LC-MS (ESI) m/z: 430 (M + H)". Anal.
Caled for CyH,7N;0S-2HCI-0.5H,0: C, 61.05; H, 5.91; N, 8.21. Found: C, 60.92; H, 5.99; N, 7.83.

2-1sobutyl-4-(4-methylphenyl)-6-(3-oxopiperazin-1-yl)quinoline-3-carbonitrile (28). A mixture of palladium(II)
acetate (0.014 g, 0.063 mmol) and (+)-2,2"-bis(diphenylphosphino)-1,1'-binaphthalene (0.12 g, 0.19 mmol) in
1,4-dioxane (30 mL) was stirred at 40 °C for 30 min under a nitrogen atmosphere. To the mixture were added 7b
(0.50 g, 1.25 mmol), piperazin-2-one (0.25 g, 2.5 mmol), and Cs,COj; (0.57 g, 1.8 mmol), and the resulting mixture
was stirred at 80 °C for 24 h under a nitrogen atmosphere. The reaction mixture was cooled to room temperature
and filtered through Celite. The filtrate was washed sequentially with water and brine, dried over MgSQO,, and
concentrated in vacuo. Purification by column chromatography (silica gel, eluting with a gradient of 0-5%
methanol in ethyl acetate) afforded the title compound 28 (0.35 g, 71%) as a yellow powder; mp 237-238 °C. 'H
NMR (300 MHz, CDCl;) &: 1.04 (d, J = 6.6 Hz, 6H), 2.25-2.45 (m, 1H), 2.50 (s, 3H), 3.07 (d, J = 7.4 Hz, 2H),
3.45-3.60 (m, 4H), 3.81 (s, 2H), 6.22 (s, 1H), 6.83 (d, J=2.8 Hz, 1H), 7.30-7.45 (m, 4H), 7.53 (dd, J=9.4, 2.7 Hz,
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1H), 8.04 (d, J = 9.4 Hz, 1H). LC-MS (ESI) m/z: 399 (M + H)’".

4-(3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)piperazin-2-one (29a). By a procedure similar
to that described for the synthesis of compound 9g, the title compound 29a was obtained from 28 as a pale yellow
powder (0.18 g, 56%); mp 155-157 °C."H NMR (300 MHz, CDCl;) &: 1.03 (d, J = 6.6 Hz, 6H), 1.55 (br s, 2H),
2.25-2.40 (m, 1H), 2.49 (s, 3H), 2.97 (d, J = 7.2 Hz, 2H), 3.35-3.45 (m, 2H), 3.45-3.55 (m, 2H), 3.72 (s, 2H), 3.75
(s, 2H), 6.21 (d, J = 10.9 Hz, 1H), 6.50 (d, J = 2.8 Hz, 1H), 7.15 (d, J = 7.8 Hz, 2H), 7.33 (d, J = 7.8 Hz, 2H), 7.37
(dd, J =9.2, 2.8 Hz, 1H), 7.99 (d, J = 9.2 Hz, 1H). LC-MS (ESI) m/z: 403 (M + H); HRMS (ESI) calcd for
CysH30N,O (M + H)" m/z 403.2492, found m/z 403.2478. HPLC purity: 97.72% (A 220 nm), 95.11% (A 254 nm).

1-(3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)piperazine-2,3-dione (29b). A mixture of 31
(0.50 g, 0.75 mmol) and trifluoroacetic acid (3 mL) was stirred at room temperature for 30 min. The reaction
mixture was concentrated in vacuo, and the residue was partitioned between ethyl acetate and 10% K,COs. The
organic layer was dried over anhydrous K,CO;, and concentrated in vacuo. Purification by column chromatography
(silica gel, eluting with a gradient of 0—20% methanol in ethyl acetate) afforded the title compound 29b (0.21 g,
65%) as a pale yellow powder; mp 229-232 °C. '"H NMR (300 MHz, CDCls) &: 1.02 (d, J = 6.6 Hz, 6H), 1.66 (br s,
2H), 2.30-2.45 (m, 1H), 2.46 (s, 3H), 3.01 (d, J = 7.2 Hz, 2H), 3.55-3.65 (m, 2H), 3.80 (s, 2H), 3.85-3.90 (m, 2H),
7.16 (d, J=8.0 Hz, 2H), 7.18 (d, J =2.3 Hz, 1H), 7.32 (d, J = 8.0 Hz, 2H), 7.57 (dd, J = 9.0, 2.3 Hz, 1H), 8.06 (d, J
=9.0 Hz, 1H), 8.08 (br s, 1H). LC-MS (ESI) m/z: 417 (M + H)"; HRMS (ESI) calcd for C,sH,sN4O, (M + H)" m/z
417.2285, found m/z 417.2271. HPLC purity: 99.67% (A 220 nm), 99.42% (A 254 nm).

1-(3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)piperazine-2,5-dione dihydrochloride (29c).

i) tert-Butyl ((6-(2,5-dioxopiperazin-1-yl)-2-isobutyl-4-(4-methylphenyl)quinolin-3-yl)methyl)carbamate
(29ca). A mixture of 33 (0.45 g, 0.62 mmol), 10% palladium on charcoal (0.04 g), ethanol (100 mL) was stirred at
room temperature for 24 h under a hydrogen atmosphere. The reaction mixture was filtered through Celite, and the
filtrate was concentrated in vacuo. The residue was dissolved in ethanol (10 mL), and the resulting solution was
stirred at reflux for 17 h. The reaction mixture was concentrated in vacuo, and the residue was purified by column
chromatography (silica gel, eluting with a gradient of 0—10% methanol in ethyl acetate) followed by crystallization
from ethyl acetate to afford the title compound 29ca (0.16 g, 44%) as pale yellow crystals; mp 128-129 °C. 'H
NMR (300 MHz, CDCl;) &: 1.02 (d, J = 6.6 Hz, 6H), 1.42 (s, 9H), 2.25-2.45 (m, 1H), 2.48 (s, 3H), 2.98 (d, J=7.2
Hz, 2H), 4.16 (s, 2H), 4.28 (s, 2H), 4.30 (br s, 3H), 6.13 (s, 1H), 7.12 (d, J=7.8 Hz, 2H), 7.14 (d, J=2.3 Hz, 1H),
7.34(d, J=7.8 Hz, 2H), 7.62 (dd, J = 9.0, 2.3 Hz, 1H), 8.11 (d, J = 9.0 Hz, 1H). LC-MS (ESI) m/z: 517 (M + H)".

ii)  1-(3-(Aminomethyl)-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)piperazine-2,5-dione  dihydrochloride

(29¢). By a procedure similar to that described for the synthesis of compound 19a, the title compound 29¢ was
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obtained from 29ca as a pale yellow powder (0.11 g, 83%); mp 250 °C (decomp). 'H NMR (300 MHz, DMSO-ds)
8: 1.03 (d, J = 6.6 Hz, 6H), 2.25-2.40 (m, 1H), 2.46 (s, 3H), 3.13 (d, J = 7.0 Hz, 2H), 3.92 (s, 2H), 3.98 (d, J=5.5
Hz, 2H), 4.21 (s, 2H), 7.23 (d, J = 1.9 Hz, 1H), 7.34 (d, J=7.9 Hz, 2H), 7.45 (d, J = 7.9 Hz, 2H), 7.88 (d, J = 8.8
Hz, 1H), 8.24 (dd, J = 8.8, 1.9 Hz, 1H), 8.30 (brs, 1H), 8.35 (brs, 3H). LC-MS (ESI) m/z: 417 (M + H)"; HRMS
(ESI) calcd for CosHysN,O, (M + H)" mfz 417.2285, found m/z 417.2272. Anal. Caled for C,sH,sN40,-2HCI: C,
61.35; H, 6.18; N, 11.45; Cl, 14.49. Found: C, 61.11; H, 6.22; N, 11.33; Cl, 14.44. HPLC purity: 99.90% (A 220
nm), 99.93% (A 254 nm).

tert-Butyl ((6-((2-((tert-butoxycarbonyl)amino)ethyl)amino)-2-isobutyl-4-(4-methyl-phenyl)quinolin-3-yl)-
methyl)carbamate (30).

i) tert-Butyl (2-((3-cyano-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)amino)ethyl)carbamate (30a). A mixture
of palladium(Il) acetate (0.030 g, 0.13 mmol) and (£)-2,2"-bis(diphenylphosphino)-1,1'-binaphthalene (0.246 g,
0.40 mmol) in toluene (20 mL) was stirred at 40 °C for 30 min under a nitrogen atmosphere. To the mixture were
added 7b (1.00 g, 2.64 mmol), sodium tert-butoxide (0.35 g, 3.7 mmol), and a solution of ethylenediamine (0.44
mL, 6.6 mmol) in toluene (2 mL). The resulting mixture was stirred at 80 °C for 2 h under a nitrogen atmosphere.
The reaction mixture was cooled to room temperature and filtered through Celite. The filtrate was washed with
saturated NaHCO; and brine, dried over MgSQO,, and concentrated in vacuo to afford crude amine (2.02 g) as a
yellow syrup. The obtained crude amine (2.02 g) was dissolved in tetrahydrofuran (100 mL), and then di-tert-butyl
dicarbonate (0.70 g, 3.2 mmol) was added. The resulting mixture was stirred at room temperature for 1 h and
concentrated in vacuo. Purification by column chromatography (silica gel, eluting with a gradient of 20-40% ethyl
acetate in hexanes) afforded the title compound 30a (0.85 g, 70%) as a yellow powder. "H NMR (300 MHz, CDCl;)
6:1.03 (d, J = 6.6 Hz, 6H), 1.43 (s, 9H), 2.25-2.40 (m, 1H), 2.48 (s, 3H), 3.03 (d, J=7.4 Hz, 2H), 3.15 (q, J =5.5
Hz, 2H), 3.36 (q, J = 5.5 Hz, 2H), 4.57 (br s, 1H), 4.74 (br s, 1H), 6.49 (d,J=2.5 Hz, 1H), 7.18 (dd, J = 9.1, 2.5 Hz,
1H), 7.30-7.40 (m, 4H), 7.89 (d, J = 9.1 Hz, 1H). LC-MS (ESI) m/z: 459 (M + H)".

ii) tert-Butyl ((6-((2-((tert-butoxycarbonyl)amino)ethyl)amino)-2-isobutyl-4-(4-methylphenyl)quinolin-3-yl)-
methyl)carbamate (30). A mixture of 30a (0.80 g, 1.7 mmol), Raney nickel (ca. 2 g), 25% aqueous ammonia (5
mL), methanol (50 mL), and tetrahydrofuran (10 mL) was stirred at room temperature for 6 h in a sealed tube under
a hydrogen atmosphere (0.5 MPa). The reaction mixture was filtered, and the filtrate was concentrated in vacuo.
The residue was dissolved in tetrahydrofuran (50 mL), and then di-tert-butyl dicarbonate (0.57 g, 2.6 mmol) was
added. The resulting mixture was stirred at room temperature for 30 min and concentrated in vacuo. Purification by
column chromatography (silica gel, eluting with a gradient of 20-50% ethyl acetate in hexanes) afforded the title
compound 30 (0.75 g, 77%) as a yellow powder; mp 57 °C. "H NMR (300 MHz, CDCl;) &: 1.01 (d, J = 6.6 Hz, 6H),
1.41 (s, 9H), 1.43 (s, 9H), 2.20-2.40 (m, 1H), 2.46 (s, 3H), 2.89 (d, J = 7.2 Hz, 2H), 3.10 (q, J = 5.3 Hz, 2H), 3.31
(9, J=5.3 Hz, 2H), 4.20-4.25 (m, 3H), 4.31 (t, J = 3.6 Hz, 1H), 4.72 (br s, 1H), 6.17 (d, J = 2.5 Hz, 1H), 7.05 (dd,
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J=9.0,2.5 Hz, 1H), 7.11 (d, J = 7.8 Hz, 2H), 7.30 (d, J = 7.8 Hz, 2H), 7.85 (d, J = 9.0 Hz, 1H). LC-MS (ESI) m/z:
563 (M +H)".

Ethyl ((2-((tert-butoxycarbonyl)amino)ethyl)(3-(((tert-butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-
methylphenyl)quinolin-6-yl)amino)(oxo)acetate (31). Ethyl chloro(oxo)acetate (0.30 g, 2.2 mmol) was added to a
vigorously stirred mixture of 30 (0.50 g, 0.89 mmol), ethyl acetate (50 mL), and saturated NaHCO; (50 mL) at
room temperature. After vigorous stirring for 30 min, the organic layer was separated, washed with brine, dried
over MgSQ,, and concentrated in vacuo. Purification by column chromatography (silica gel, eluting with a gradient
of 20-40% ethyl acetate in hexanes) afforded the title compound 31 (0.53 g, 90%) as a white powder; mp 110—
114 °C. "H NMR (300 MHz, CDCl) &: 0.93 (t, J = 7.1 Hz, 3H), 1.03 (d, J = 6.6 Hz, 6H), 1.33 (s, 9H), 1.42 (s, 9H),
2.30-2.45 (m, 1H), 2.48 (s, 3H), 2.98 (d, J = 7.4 Hz, 2H), 3.31 (q, J = 6.0 Hz, 2H), 3.85-3.90 (m, 2H), 3.90 (q, J =
7.1 Hz, 2H), 4.30 (br s, 3H), 4.75 (t, J = 4.7 Hz, 1H), 7.08 (d, J = 7.9 Hz, 2H), 7.14 (d, J=2.1 Hz, 1H), 7.34 (d, J =
7.9 Hz, 2H), 7.56 (dd, J = 8.9, 2.1 Hz, 1H), 8.09 (d, J = 8.9 Hz, 1H). LC-MS (ESI) m/z: 663 (M + H)".

tert-Butyl  N-(3-(((tert-butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)-quinolin-6-yl)glycinate
(32).

i) tert-Butyl N-(3-cyano-2-isobutyl-4-(4-methylphenyl)quinolin-6-yl)glycinate (32a). By a procedure similar to
that described for the synthesis of compound 8da using tert-butyl glycinate, the title compound 32a was obtained
from 7b as yellow crystals (1.41 g, 83%); mp 128-129 °C. '"H NMR (300 MHz, CDCl;) 3: 1.03 (d, J = 6.6 Hz, 6H),
1.44 (s, 9H), 2.25-2.40 (m, 1H), 2.49 (s, 3H), 3.04 (d, J = 7.2 Hz, 2H), 3.71 (d, J = 5.2 Hz, 2H), 4.81 (t, J = 5.2 Hz,
1H), 6.45 (d, J=2.6 Hz, 1H), 7.22 (dd, J = 9.0, 2.6 Hz, 1H), 7.30-7.40 (m, 4H), 7.92 (d, J = 9.0 Hz, 1H). LC-MS
(ESI) m/z: 430 (M + H)".

ii)  tert-Butyl N-(3-(((tert-butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methylphenyl)-quinolin-6-yl)-
glycinate (32). By a procedure similar to that described for the synthesis of compound 30, the title compound 32
was obtained from 32a as pale yellow crystals (0.96 g, quantitative); mp 181-185 °C. '"H NMR (300 MHz, CDCl;)
d: 1.01 (d, J = 6.6 Hz, 6H), 1.41 (s, 9H), 1.44 (s, 9H), 2.20-2.40 (m, 1H), 2.48 (s, 3H), 2.89 (d, J = 7.4 Hz, 2H),
3.65 (d, J=5.3 Hz, 2H), 4.22 (d, J = 4.9 Hz, 2H), 4.30 (br, 1H), 4.42 (t, J = 4.9 Hz, 1H), 6.14 (d, J = 2.5 Hz, 1H),
7.08 (dd, J = 9.0, 2.5 Hz, 1H), 7.11 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.87 (d, J = 9.0 Hz, 1H). LC-MS
(ESI) m/z: 534 (M + H)".

tert-Butyl N-((benzyloxy)carbonyl)glycyl-N-(3-(((tert-butoxycarbonyl)amino)methyl)-2-isobutyl-4-(4-methyl-
phenyl)quinolin-6-yl)glycinate (33). To an ice-cooled mixture of N-((benzyloxy)carbonyl)glycine (0.78 g, 3.75
mmol), N,N-dimethylformamide (0.1 mL), and tetrahydrofuran (20 mL) was added oxalyl chloride (0.33 mL, 3.7

mmol) in a dropwise manner. The resulting mixture was stirred at 0 °C for 1 h and added dropwise to a mixture of
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32 (0.40 g, 0.75 mmol), pyridine (0.3 mL), and tetrahydrofuran (100 mL) at room temperature. After stirring at
room temperature for 1 h, 4-dimethylaminopyridine (0.01 g, 0.08 mmol) was added, and the resulting mixture was
stirred at room temperature for 60 h. The reaction mixture was partitioned between ethyl acetate and water. The
organic layer was washed sequentially with water, saturated NaHCO;, and brine, dried over MgSO,4, and
concentrated in vacuo. Purification by column chromatography (silica gel, eluting with a gradient of 25-50% ethyl
acetate in hexanes) afforded the title compound 33 (0.47 g, 87%) as a white powder; mp 81-83 °C. '"H NMR (300
MHz, CDCl;) &: 1.04 (d, J = 6.8 Hz, 6H), 1.37 (s, 9H), 1.42 (s, 9H), 2.25-2.45 (m, 1H), 2.46 (s, 3H), 3.00 (d, J =
7.4 Hz, 2H), 3.69 (d, J = 4.3 Hz, 2H), 4.22 (s, 2H), 4.32 (br s, 3H), 5.04 (s, 2H), 5.60 (t, J=4.3 Hz, 1H), 7.11 (d, J
= 7.9 Hz, 2H), 7.25-7.40 (m, 8H), 7.60 (dd, J = 8.9, 2.1 Hz, 1H), 8.11 (d, J = 8.9 Hz, 1H). LC-MS (ESI) m/z: 725
M+H)".

3-Benzoyl-5-bromopyridine-2-carboxylic acid (35).

i) 3-Bromofuro[3,4-b]pyridine-5,7-dione (35a). A mixture of 5-bromopyridine-2,3-dicarboxylic acid (34, 10.0 g,
40.6 mmol) and acetic anhydride (20 mL, 200 mmol) was stirred at 80 °C for 2 h. The reaction mixture was
concentrated in vacuo, and the residual solid was triturated with hexanes to afford the title compound 35a (8.69 g,
94%) as a pale yellow powder; mp 142—144 °C. "H NMR (200 MHz, DMSO-d,): & 8.50 (d, J = 2.20 Hz, 1H), 9.22
(d, J=2.20 Hz, 1H).

ii) 3-Benzoyl-5-bromopyridine-2-carboxylic acid (35). To an ice-cooled mixture of 35a (14.5 g, 63.6 mmol) and
benzene (17 mL, 190 mol) in nitrobenzene (29 mL) was added AICl; (18.7 g, 140 mmol), and the resulting mixture
was stirred at 85 °C for 17 h. The reaction mixture was diluted with nitrobenzene (50 mL), and crushed ice was
carefully added. The mixture was extracted with ethyl acetate. The organic layer was washed with 1 M HCI and
then extracted with 4 M NaOH. The aqueous layer was washed with diethyl ether, acidified to pH 2 with 6 M HCI,
and extracted with ethyl acetate. The extract was washed with brine, dried over MgSQO,, and concentrated in vacuo.
The residual solid was triturated with diisopropyl ether to afford the title compound 35 (13.0 g, 67%) as a pale
yellow powder; mp 166-167 °C. '"H NMR (300 MHz, CDCly): & 7.40-7.50 (m, 2H), 7.60 (tt, J = 7.5, 1.5 Hz, 1H),
7.70-7.75 (m, 2H), 7.97 (d, J = 2.1 Hz, 1H), 8.81 (d, J = 2.1 Hz, 1H). LC-MS (ESI) m/z: 306 (M + H)".

3-Bromo-8-oxo-5-phenyl-8H-pyrano[3,4-b]pyridine-6-carboxylic acid (36). To a mixture of 35 (8.00 g, 26.1
mmol) and N,N-dimethylformamide (0.5 mL) in toluene (50 mL) was added SOCl, (2.3 mL, 31 mmol) at room
temperature. The resulting mixture was stirred at 60 °C for 2 h. After evaporation of the solvent, the residue was
dissolved in acetonitrile (80 mL). To the solution was added a solution of diethyl 2-hydroxymalonate (5.85 g, 31.4
mmol) in acetonitrile (20 mL) and then pyridine (5.7 mL, 71 mmol) was added dropwise at 0 °C. After stirring at
0 °C for 2 h, the reaction mixture was partitioned between ethyl acetate and 4 M HCI. The organic layer was

washed with brine, dried over MgSO,, and concentrated in vacuo. The residue was dissolved in acetic acid (12 mL)
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and concd HCI (12 mL) was added. The resulting mixture was stirred at reflux for 24 h and then cooled to 80 °C.
To the resulting suspension water (25 mL) was added in a dropwise manner. The suspension was cooled to 0 °C,
and the precipitated crystals were collected by filtration to afford the title compound 36 (7.72 g, 86%) as a pale
yellow powder. 'H NMR (200 MHz, CDCly): § 7.22-7.32 (m, 2H), 7.50-7.60 (m, 3H), 7.62 (d, J = 2.2 Hz, 1H),
8.99 (d,J=2.2 Hz, 1H).

3-Bromo-7-isobutyl-8-oxo-5-phenyl-7,8-dihydro-1,7-naphthyridine-6-carboxylic acid (37a). To a solution of
36 (3.50 g, 10.1 mmol) in methanol (100 mL) was added isobutylamine (3.0 mL, 30 mmol), and the resulting
mixture was stirred at 50 °C for 3 h. The reaction mixture was concentrated in vacuo, and the residue was
partitioned between ethyl acetate and 0.1 M HCL. The organic layer was washed with brine, dried over MgSQ,, and
concentrated in vacuo. The residue was dissolved in 5% HCI in methanol (50 mL) and stirred at reflux for 2.5 days.
The reaction mixture was concentrated in vacuo, and the residue was dissolved in 1,4-dioxane (20 mL). To the
solution was added 4 M LiOH (20 mL), and the resulting mixture was stirred at reflux for 3 h. The reaction mixture
was partitioned between ethyl acetate and 1 M HCI. The organic layer was washed with brine, dried over MgSO,,
and concentrated in vacuo. The residual solid was recrystallized from toluene to afford the title compound 37a
(2.25 g, 56%) as a pale yellow powder. 'H NMR (200 MHz, CDCls): & 0.95 (d, J = 6.6 Hz, 6H), 2.33 (spt, J = 6.6
Hz, 1H), 4.15 (d, J = 7.8 Hz, 2H), 7.35-7.42 (m, 2H), 7.45-7.53 (m, 3H), 7.72 (d, J =2.2 Hz, 1H), 8.63 (d, J = 1.8
Hz, 1H). LC-MS (ESI) m/z: 401 (M + H)".

3-Bromo-6-(hydroxymethyl)-7-isobutyl-5-phenyl-1,7-naphthyridin-8(7H)-one (38a). By a procedure similar to
that described for the synthesis of compound 38b, the title compound 38a was obtained from 37a as a yellow
powder (0.36 g, 62%). "H NMR (300 MHz, CDCl;): § 0.98 (d, J = 6.6 Hz, 6H), 2.20-2.35 (m, 1H), 2.61 (br s, 1H),
4.29 (d, J=17.5 Hz, 2H), 4.46 (d, J = 6.0 Hz, 2H), 7.30-7.45 (m, 2H), 7.42 (d, J = 2.3 Hz, 1H), 7.50-7.60 (m, 3H),
8.70 (d, J = 2.3 Hz, 1H). LC-MS (ESI) m/z: 387 (M + H)".

6-Bromo-3-(hydroxymethyl)-2-isobutyl-4-phenylisoquinolin-1(2H)-one (38b). To a solution of 6-bromo-2-
isobutyl-1-ox0-4-phenyl-1,2-dihydroisoquinoline-3-carboxylic acid™ (37b, 4.0 g, 10 mmol) in tetrahydrofuran (30
mL) was added oxalyl chloride (1.7 mL, 20 mmol) and N,N-dimethylformamide (catalytic amount) at room
temperature. After stirring at 2 h, the reaction mixture was concentrated in vacuo, and the residue was crystallized
from hexanes to afford 3.8 g of white powder. The obtained powder was dissolved in tetrahydrofuran (30 mL) and
added to an ice-cooled suspension of sodium borohydride (1.1 g, 29 mmol) in 1,2-dimethoxyethane (30 mL). The
resulting mixture was stirred at 0 °C for 15 h. The reaction mixture was poured into ice-water with HCl and
extracted with ethyl acetate. The extract was washed with saturated NaHCOj; and brine, dried over Na,SO,, and
concentrated in vacuo. The residual solid was crystallized from diisopropyl ether—ethyl acetate to afford the title
compound 38b (3.1 g, 80%) as colorless crystals. "H NMR (300 MHz, DMSO-dq): 8 0.91 (d, J = 6.60 Hz, 6H), 2.21
(spt, J = 6.60 Hz, 1H), 4.15 (d, J = 7.24 Hz, 2H), 4.25 (d, J = 4.68 Hz, 2H), 5.35 (t, J = 4.72 Hz, 1H), 6.99-7.04 (m,
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1H), 7.35 (d, J = 4.41 Hz, 2H), 7.46-7.62 (m, 3H), 7.68 (dd, J = 8.62, 1.65 Hz, 1H), 8.23 (d, J = 8.53 Hz, 1H). LC—~
MS (ESI) m/z: 386 (M + H)".

tert-Butyl ((3-bromo-7-isobutyl-8-o0xo-5-phenyl-7,8-dihydro-1,7-naphthyridin-6-yl)methyl)carbamate (39a).
To a solution of 38a (0.35 g, 0.90 mmol) in toluene (15 mL) was added SOCI, (0.13 mL, 1.8 mmol), and the
resulting mixture was stirred at reflux for 2 h. The reaction mixture was concentrated in vacuo, and the residue was
partitioned between ethyl acetate and saturated NaHCO;. The organic layer was washed with brine, dried over
MgSQO,4, and concentrated in vacuo to afford crude chloride (0.41 g). The chloride was dissolved in
N,N-dimethylformamide (5 mL) and potassium phthalimide (0.25 g, 1.4 mmol) was added. After stirring at room
temperature for 12 h, the reaction mixture was partitioned between ethyl acetate and saturated NaHCO;. The
organic layer was washed with brine, dried over MgSO,, and concentrated in vacuo to afford crude imidate (0.58 g).
The imidate was dissolved in ethanol and hydrazine monohydrate (1.0 mL, 21 mmol) was added. The resulting
mixture was stirred at reflux for 2h. The reaction mixture was partitioned between ethyl acetate and saturated
NaHCOs;. The organic layer was washed with brine, dried over MgSQO,, and concentrated in vacuo to afford crude
amine (0.36 g). The obtained amine was dissolved in tetrahydrofuran (10 mL), and di-tert-butyl dicarbonate (0.30 g,
1.4 mmol) was added at room temperature. After stirring for 1 h, the reaction mixture was concentrated in vacuo.
The residue was purified by column chromatography (silica gel, eluting with a gradient of 33—60% ethyl acetate in
hexanes) to afford the title compound 39a (0.37 g, 85%) as a white solid. 'H NMR (200 MHz, CDCl;): & 1.00 (d, J
= 6.6 Hz, 6H), 1.44 (s, 9H), 2.15-2.40 (m, 1H), 4.12 (d, J = 7.2 Hz, 2H), 4.21 (d, J = 5.6 Hz, 2H), 4.79 (br s, 1H),
7.25-7.35 (m, 2H, overlapped), 7.42 (d, J = 2.0 Hz, 1H), 7.50-7.60 (m, 3H), 8.78 (d, J = 2.0 Hz, 1H). LC-MS
(EST) m/z: 486 (M + H)".

6-(Aminomethyl)-3-bromo-7-isobutyl-5-phenyl-1,7-naphthyridin-8(7H)-one (40a). A mixture of 39a (0.35 g,
0.73 mmol) and trifluoroacetic acid (5 mL) was stirred at room temperature for 15 min. The reaction mixture was
concentrated in vacuo, and the residue was partitioned between ethyl acetate and 1 M NaOH. The organic layer was
washed with 1 M NaOH and brine, dried over MgSQO,, and concentrated in vacuo. The residue was crystallized
from ethyl acetate to afford the title compound 40a (0.27 g, 97%) as a slightly brown solid. '"H NMR (200 MHz,
CDCL): 3 1.00 (d, J = 6.6 Hz, 6H), 2.15-2.40 (m, 1H), 3.69 (s, 2H), 4.27 (d, J = 7.8 Hz, 2H), 7.20-7.30 (m, 2H,
overlapped), 7.46 (d, J = 2.2 Hz, 1H), 7.50-7.60 (m, 3H), 8.82 (d, J = 2.2 Hz, 1H). LC-MS (ESI) m/z: 386 (M +
H)".

6-(Aminomethyl)-7-isobutyl-8-oxo-5-phenyl-7,8-dihydro-1,7-naphthyridine-3-carboxamide dihydrochloride
(40Db).

i) Methyl 6-(((tert-butoxycarbonyl)amino)methyl)-7-isobutyl-8-oxo-5-phenyl-7,8-dihydro-1,7-naphthyridine-
3-carboxylate (40ba). To a mixture of compound 39a (0.25 g, 0.51 mmol), triethylamine (0.11 mL, 0.76 mmol),
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methanol (25 mL), and tetrahydrofuran (25 mL) was added palladium(I) acetate (6 mg, 0.03 mmol) and
1,1'-ferrocenediyl-bis(diphenylphosphine) (14 mg, 0.03 mmol). The resulting mixture was stirred at 105 °C for 4 h
under a CO atmosphere (0.5 MPa). The reaction mixture was partitioned between ethyl acetate and 0.1 M HCI. The
insoluble was removed by filtration, and the organic layer was washed with brine, dried over MgSO,, and
concentrated in vacuo. The residue was purified by column chromatography (silica gel, eluting with a gradient of
60-80% ethyl acetate in hexanes) to afford the title compound 40ba as a yellow powder (0.21 g, 88%). "H NMR
(300 MHz, CDCl;): 6 1.01 (d, J = 6.6 Hz, 6H), 1.44 (s, 9H), 2.20-2.35 (m, 1H), 3.89 (s, 3H), 4.14 (d, J = 8.7 Hz,
2H), 4.23 (d, J = 6.0 Hz, 2H), 4.77 (br s, 1H), 7.25-7.30 (m, 2H, overlapped), 7.45-7.60 (m, 3H), 7.90 (d, J = 1.8
Hz, 1H), 9.27 (d, J = 1.8 Hz, 1H). LC-MS (ESI) m/z: 466 (M + H)".

i) 6-(((tert-Butoxycarbonyl)amino)methyl)-7-isobutyl-8-oxo-5-phenyl-7,8-dihydro-1,7-naphthyridine-3-
carboxylic acid (40bb). A mixture of 40ba (0.20 g, 0.43 mmol), 1 M NaOH (2 mL), methanol (2 mL), and
tetrahydrofuran (2 mL) was stirred at room temperature for 17 h. The reaction mixture was partitioned between
ethyl acetate and 0.5 M HCI, and the organic layer was washed with brine, dried over MgSO,, and concentrated in
vacuo. The residual solid was triturated with diisopropyl ether to afford the title compound 40bb (0.18 g, 93%) as a
yellow solid. '"H NMR (300 MHz, CDCl;):  0.99 (d, J = 6.6 Hz, 6H), 1.49 (s, 9H), 2.15-2.30 (m, 1H), 4.00-4.20
(m, 4H), 6.18 (br s, 1H), 7.45-7.60 (m, SH), 7.65 (br s, 1H), 8.99 (d, J= 1.2 Hz, 1H). LC-MS (ESI) m/z: 452 (M +
H)".

iii)  6-(Aminomethyl)-7-isobutyl-8-oxo-5-phenyl-7,8-dihydro-1,7-naphthyridine-3-carboxamide  dihydro-
chloride (40b). A mixture of 40bb (0.17 g, 0.38 mmol), ammonium salt of 1-hydroxy-1H-benzotriazole (0.12 g,
0.75 mmol), and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.15 g, 0.75 mmol) in
N,N-dimethylformamide (5 mL) was stirred at room temperature for 4 h. The reaction mixture was partitioned
between ethyl acetate and 0.1 M citric acid. The organic layer was washed with saturated NaHCO; and brine, dried
over MgSQ,, and concentrated in vacuo. The residual solid was triturated with diisopropyl ether to afford crude
amide (0.15 g) as a white solid. LC-MS (ESI) m/z: 451 (M + H)". The amide was dissolved in trifluoroacetic acid
(3 mL), and the solution was stirred at room temperature for 30 min. The reaction mixture was concentrated in
vacuo, and the residue was purified by preparative HPLC. The obtained solid was dissolved in 1 M HCI (1 mL) and
concentrated in vacuo. The residue was solidified with diisopropyl ether to afford the title compound 40b (66 mg,
40%) as a yellow powder. '"H NMR (200 MHz, DMSO-d,): 8 0.94 (d, J = 6.6 Hz, 6H), 2.00-2.25 (m, 1H), 3.90 (d,
J=4.6 Hz, 2H), 4.11 (d, J = 6.6 Hz, 2H), 7.35-7.45 (m, 2H), 7.55-7.65 (m, 3H), 7.74 (d, J = 2.0 Hz, 1H), 7.83 (br s,
1H), 8.43 (br s, 1H), 8.63 (br s, 3H), 9.24 (d, J = 2.0 Hz, 1H). LC-MS (ESI) m/z: 351 (M + H)". Anal. Calcd for
C0H»nN4O,2HCL: C, 54.43; H, 5.94; N, 12.69. Found: C, 54.18; H, 6.12; N 12.60.

Methyl 6-bromo-2-isobutyl-4-phenylquinoline-3-carboxylate (41). A mixture of 5a (3.67 g, 13.3 mmol), methyl

5-methyl-3-oxohexanoate (69, 2.18 g, 13.8 mmol), and methanesulfonic acid (1.28 g, 13.3 mmol) in toluene (5 mL)
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was stirred at reflux for 14 h with azeotropic removal of water. The reaction mixture was partitioned between ethyl
acetate and saturated NaHCOs;, and the organic layer was washed with brine, dried over MgSQ,, and concentrated
in vacuo. The residue was purified by column chromatography (silica gel, eluting with a gradient of 5-15% ethyl
acetate in hexanes) to afford the title compound 41 (3.08 g, 58%) as a pale yellow solid; mp 108—110 °C. 'H NMR
(300 MHz, CDCl): 6 0.98 (d, J = 6.6 Hz, 6H), 2.20-2.40 (m, 1H), 2.87 (d, J=7.2 Hz, 2H), 3.55 (s, 3H), 7.35-7.40
(m, 2H), 7.45-7.55 (m, 3H), 7.71 (d, J = 2.4 Hz, 1H), 7.79 (d, J = 9.0 Hz, 1H), 7.98 (d, J = 9.0 Hz, 1H). LC-MS
(ESI) m/z: 398 (M + H)".

(6-Bromo-2-isobutyl-4-phenylquinolin-3-yl)methanol (42). To a solution of 41 (3.00 g, 7.53 mmol) in toluene
(100 mL) was added a solution of diisobutylaluminum hydride in toluene (1 M, 20 mL, 20 mmol) in a dropwise
manner over 30 min at —75 °C. The resulting mixture was stirred at —75 °C for 1 h, and Na,SO,-10H,O (2.67 g,
8.29 mmol) was added portionwise. The reaction mixture was allowed to warm to room temperature, stirred for 1 h,
and then filtered. The filtrate was concentrated in vacuo, and the residual solid was recrystallized from toluene—
hexanes to afford the title compound 42 (1.78 g, 64%) as colorless crystals; mp 98-100 °C. '"H NMR (300 MHz,
CDCly): 6 1.04 (d, J = 6.6 Hz, 6H), 1.51 (t, J = 6.0 Hz, 1H), 2.30-2.50 (m, 1H), 3.05 (d, J= 7.2 Hz, 2H), 4.60 (d, J
= 6.0 Hz, 2H), 7.10-7.60 (m, 6H, overlapped), 7.72 (dd, J = 9.0, 2.1 Hz, 1H), 7.94 (d, J = 9.0 Hz, 1H). LC-MS
(ESI) m/z: 370 (M + H)".

1-(6-Bromo-2-isobutyl-4-phenylquinolin-3-yl)methanamine (43a).

i) 2-((6-Bromo-2-isobutyl-4-phenylquinolin-3-yl)methyl)-1H-isoindole-1,3(2H)-dione (43aa). To a solution of
42 (1.55 g, 4.19 mmol) in toluene (30 mL) was added SOCI, (0.61 mL, 8.4 mmol), and the resulting mixture was
stirred at 55 °C for 30 min. The reaction mixture was concentrated in vacuo, and the residue was dissolved in
N,N-dimethylformamide (20 mL). To the solution potassium phthalimide (1.16 g, 6.28 mmol) was added. After
stirring at 55 °C for 1 h, the reaction mixture was partitioned between ethyl acetate and water. The organic layer
was washed with saturated NaHCO; and brine, dried over MgSO,, and concentrated in vacuo. The residue was
purified by column chromatography (silica gel, eluting with a gradient of 10-20% ethyl acetate in hexanes) to
afford the title compound 43aa (1.02 g, 82%) as a pale yellow solid; mp 164—165 °C. "H NMR (300 MHz, CDCL,):
6 1.01 (d, J= 6.6 Hz, 6H), 2.20-2.45 (m, 1H), 3.00 (d, J=7.2 Hz, 2H), 4.91 (s, 2H), 7.15-7.25 (m, 2H), 7.30-7.40
(m, 4H), 7.65-7.75 (m, 5H), 7.93 (d, J = 8.8 Hz, 1H). LC-MS (ESI) m/z: 499 (M + H)".

ii) 1-(6-Bromo-2-isobutyl-4-phenylquinolin-3-yl)methanamine (43a). A mixture of 43aa (1.70 g, 3.40 mmol)
and hydrazine monohydrate (5 mL, 103 mmol) in ethanol (150 mL) was stirred at reflux for 2 h. The reaction
mixture was partitioned between ethyl acetate and saturated NaHCO;. The organic layer was washed with saturated
NaHCO; and brine, dried over MgSQO,, and concentrated in vacuo. The residue was purified by column

chromatography (silica gel, eluting with a gradient of 0-10% methanol in ethyl acetate) followed by
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recrystallization from diisopropyl ether—hexanes to afford the title compound 43a (0.90 g, 72%) as colorless
crystals; mp 129-130 °C. '"H NMR (300 MHz, CDCLy): § 1.04 (d, J = 6.6 Hz, 6H), 1.26 (br s, 2H), 2.30-2.50 (m,
1H), 3.01 (d, J =7.2 Hz, 2H), 3.79 (s, 2H), 7.25-7.35 (m, 2H), 7.35-7.45 (m, 1H), 7.50-7.60 (m, 3H), 7.69 (dd, J =
9.0, 2.1 Hz, 1H), 7.95 (dd, J = 9.0, 0.3 Hz, 1H). LC-MS (ESI) m/z: 369 (M + H)". Anal. Calcd for CoH,;BrN,: C,
65.05; H, 5.73; N, 7.59. Found: C, 65.47; H, 5.79; N 7.90.

3-(Aminomethyl)-2-isobutyl-4-phenylquinoline-6-carboxamide (43b).

i) 3-(Aminomethyl)-2-isobutyl-4-phenylquinoline-6-carbonitrile (43ba). A mixture of 43a (0.20 g, 0.54 mmol),
Zn(CN), (0.038 g, 0.32 mmol), and tetrakis(triphenylphosphine)palladium(0) (0.032 g, 0.027 mmol) in
I-methyl-2-pyrrolidinone (8 mL) was stirred at 80 °C for 1 h under a nitrogen atmosphere. The reaction mixture
was partitioned between ethyl acetate and a mixture of 28% NHj—saturated NH,Cl-water (1:1:4, v/v). The organic
layer was washed with 28% NHj;—saturated NH,Cl-water (1:1:4, v/v) and brine, dried over MgSQO,4, and
concentrated in vacuo. The residue was purified by preparative HPLC to afford a colorless paste. The obtained
paste was partitioned between ethyl acetate and saturated NaHCO;. The organic layer was washed with brine, dried
over MgSQ,, and concentrated in vacuo. The residue was crystallized from ethyl acetate—hexanes to afford the title
compound 43ba (0.153 g, 90%) as a white powder; mp 128-129 °C. '"H NMR (200 MHz, CDCl;): & 1.06 (d, J =
6.6 Hz, 6H), 1.40 (br s, 2H), 2.30-2.55 (m, 1H), 3.06 (d, J = 7.4 Hz, 2H), 3.82 (br s, 2H), 7.20-7.35 (m, 2H), 7.50-
7.60 (m, 3H), 7.67 (d, J = 1.4 Hz, 1H), 7.76 (dd, J = 8.8, 1.4 Hz, 1H), 8.12 (d, J = 8.8 Hz, 1H). LC-MS (ESI) m/z:
316 M+ H)".

ii) 3-(Aminomethyl)-2-isobutyl-4-phenylquinoline-6-carboxamide (43b). A mixture of 43ba (0.111 g, 0.35
mmol), 1 M NaOH (2 mL), and dimethylsulfoxide (4 mL) was stirred at 80 °C for 3 h. The reaction mixture was
extracted with ethyl acetate. The extract was washed with brine, dried over MgSO,, and concentrated in vacuo. The
residue was crystallized from ethyl acetate—diisopropyl ether to afford the title compound 43b (0.043 g, 37%) as
pale yellow crystals; mp 128-129 °C. 'H NMR (300 MHz, CDCL): § 1.05 (d, J = 6.6 Hz, 6H), 2.35-2.50 (m, 1H),
3.05(d, J="7.1 Hz, 2H), 3.80 (s, 2H), 5.64 (br s, 1H), 5.94 (br s, 1H), 7.25-7.35 (m, 2H), 7.50-7.60 (m, 3H), 7.74
(d, J=1.4 Hz, 1H), 8.01 (dd, J = 8.6, 2.0 Hz, 1H), 8.11 (d, J = 6.6 Hz, 1H). LC-MS (ESI) m/z: 334 (M + H)". Anal.
Calcd for C,;Hx3N30: C, 75.65; H, 6.95; N, 11.60. Found: C, 75.16; H, 7.16; N, 11.65.

5-(((tert-Butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)nicotinic acid (46).
i) Methyl 5-(((tert-butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)nicotinate (46a).
Di-tert-butyl dicarbonate (0.72 g, 3.3 mmol) was added to a solution of compound 45 (0.90 g, 2.8 mmol) in

tetrahydrofuran (25 mL), and the resulting mixture was stirred at room temperature for 12 h. The reaction mixture

was concentrated in vacuo, and the residue was purified by column chromatography (silica gel, eluting with a
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gradient of 5-15% ethyl acetate in hexanes) to afford the title compound 46a (1.2 g, 98%) as a white powder; mp
139-142 °C. '"H NMR (300 MHz, CDCl;): § 0.97 (d, J = 6.8 Hz, 6H), 1.39 (s, 9H), 2.10-2.30 (m, 1H), 2.39 (s, 3H),
2.54 (s, 3H), 2.78 (d, J = 7.2 Hz, 2H), 3.50 (s, 3H), 4.15 (d, J = 4.9 Hz, 2H), 4.24 (br s, 1H), 7.06 (d, J = 7.9 Hz,
2H), 7.20 (d, J = 7.9 Hz, 2H). LC-MS (ESI) m/z: 427 (M + H)".

ii) 5-(((tert-Butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)nicotinic acid (46). A
mixture of compound 46a (1.0 g, 2.3 mmol) and 1 M NaOH (10 mL) in methanol (30 mL) was stirred at reflux for
3 days. The reaction mixture was acidified with 0.5 M HCI and extracted with ethyl acetate. The extract was
washed with brine, dried over MgSQ,, and concentrated in vacuo. The residue was crystallized from methanol—
water to afford the title compound 46 (0.58 g, 60%) as a white powder; mp 182-183 °C. '"H NMR (300 MHz,
CDCl;): 8 0.87 (d, J = 6.4 Hz, 6H), 1.39 (s, 9H), 1.95-2.10 (m, 1H), 2.38 (s, 3H), 2.67 (s, 3H), 2.75 (d, J = 7.2 Hz,
2H), 4.13 (d, J = 4.7 Hz, 2H), 4.30 (t, J = 4.7 Hz, 1H), 7.15 (d, J = 7.9 Hz, 2H), 7.22 (d, J = 7.9 Hz, 2H). LC-MS
(EST) m/z: 413 (M + H)".

4-Ethoxy-4-oxobutyl 5-(((tert-butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)-
nicotinate (47a). A mixture of compound 46 (0.41 g, 1.0 mmol), ethyl 4-bromobutyrate (0.21 g, 1.1 mmol), and
K,CO3 (0.15 g, 1.1 mmol) in N,N-dimethylformamide (20 mL) was stirred at room temperature for 1 h. The
reaction mixture was partitioned between ethyl acetate and brine, and the organic layer was separated, dried over
MgSO,, and concentrated in vacuo. The residue was purified by column chromatography (silica gel, eluting with a
gradient of 5-30% ethyl acetate in hexanes) to afford the title compound 47a (0.45 g, 85%) as a colorless syrup. 'H
NMR (300 MHz, CDCl;): 6 0.98 (d, J = 6.6 Hz, 6H), 1.25 (t, J =7.2 Hz, 3H), 1.39 (s, 9H), 1.55-1.70 (m, 2H), 2.08
(t, J=17.5 Hz, 2H), 2.15-2.30 (m, 1H), 2.38 (s, 3H), 2.54 (s, 3H), 2.78 (d, J = 7.3 Hz, 2H), 3.95 (t, J = 6.2 Hz, 2H),
4.11 (q, J=7.2 Hz, 2H), 4.14 (d, J = 5.3 Hz, 2H), 4.21 (br s, 1H), 7.07 (d, J = 8.0 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H).
LC-MS (ESI) m/z: 527 (M + H)".

(4-(Methoxycarbonyl)cyclohexyl)methyl  5-(((tert-butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-
methylphenyl)nicotinate (47b). A solution of methanesulfonyl chloride (0.27 mL, 3.5 mmol) in tetrahydrofuran (2
mL) was added dropwise to a mixture of methyl trans-4-(hydroxymethyl)cyclohexanecarboxylate (0.40 g, 2.5
mmol) and triethylamine (0.65 mL, 4.6 mmol) in tetrahydrofuran (10 mL) at room temperature. The resulting
mixture was stirred at room temperature. The reaction mixture was diluted with ethyl acetate, washed with brine,
dried over MgSQOy,, and concentrated in vacuo. The residue was dissolved in N,N-dimethylformamide (5 mL), and
the solution was added in a dropwise manner to a mixture of compound 46 (0.96 g, 2.3 mmol) and K,CO; (0.48 g,
3.5 mmol) in N,N-dimethylformamide (10 mL). The resulting mixture was stirred at 70 °C for 15 h. The reaction
mixture was partitioned between ethyl acetate and water. The organic layer was washed with brine, dried over
MgSO,, and concentrated in vacuo. The residue was purified by column chromatography (silica gel, eluting with a

gradient of 20-40% ethyl acetate in hexanes) to afford the title compound 47b (0.75 g, 57%) as a colorless paste.
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'H NMR (300 MHz, CDCLy): § 0.97 (d, J = 6.6 Hz, 6H), 1.02-1.20 (m, 2H), 1.30-1.50 (m, 5H), 1.38 (s, 9H
overlapped), 1.77-1.99 (m, 2H), 2.12-2.32 (m, 1H), 2.39 (s, 3H), 2.46-2.60 (m, 4H), 2.78 (d, J = 7.3 Hz, 2H), 3.67
(s, 3H), 3.78 (d, J = 6.8 Hz, 2H), 4.11-4.18 (m, 2H), 4.23 (s, 1H), 7.07 (d, J = 7.9 Hz, 2H), 7.20 (d, J = 7.7 Hz, 2H).
LC-MS (ESI) m/z: 567 (M + H)".

2-(Methoxycarbonyl)benzyl 5-(((tert-butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methyl-
phenyl)nicotinate (47c).

i) 2-Bromobenzyl 5-(((tert-butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)nicotinate
(47ca). A mixture of compound 46 (1.1 g, 2.7 mmol), 2-bromobenzyl bromide (0.61 g, 2.4 mmol), and K,COj; (0.50
g, 3.7 mmol) in N,N-dimethylformamide (10 mL) was stirred at room temperature for 15 min. The reaction mixture
was partitioned between ethyl acetate and brine, and the organic layer was separated, dried over MgSQO,, and
concentrated in vacuo. The residue was purified by column chromatography (silica gel, eluting with a gradient of
8-20% ethyl acetate in hexanes) to afford the title compound 47ca (1.2 g, 79%) as a white powder. '"H NMR (300
MHz, CDCl;): 6 0.97 (d, J = 6.8 Hz, 6H), 1.38 (s, 9H), 2.14-2.25 (m, 1H), 2.35 (s, 3H), 2.56 (s, 3H), 2.78 (d, J =
7.2 Hz, 2H), 4.11-4.13 (m, 2H), 4.22 (br s, 1H), 5.05 (s, 2H), 7.02-7.05 (m, 3H), 7.11 (d, J = 7.9 Hz, 2H), 7.16—
7.21 (m, 2H), 7.51-7.54 (m, 1H). LC-MS (ESI) m/z: 583 (M + H)".

ii) 2-(Methoxycarbonyl)benzyl 5-(((tert-butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methyl-
phenyl)nicotinate (47c). By a procedure similar to that described for the synthesis of compound 52, the title
compound 47¢ was obtained from compound 47ca as a white powder (0.88 g, 74%). '"H NMR (300 MHz, CDCL,):
80.97 (d, J = 6.6 Hz, 6H), 1.38 (s, 9H), 2.16-2.25 (m, 1H), 2.35 (s, 3H), 2.56 (s, 3H), 2.78 (d, J = 7.2 Hz, 2H), 3.87
(s, 3H), 4.11-4.16 (m, 2H), 4.21 (br s, 1H), 5.39 (s, 2H), 7.01-7.06 (m, 3H), 7.11 (d, J = 7.9 Hz, 2H), 7.32-7.42 (m,
2H), 7.93-7.96 (m, 1H). LC-MS (ESI) m/z: 561 (M + H)".

3-(Methoxycarbonyl)benzyl 5-(((tert-butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methyl-
phenyl)nicotinate (47d). By a procedure similar to that described for the synthesis of compound 47a using methyl
3-(bromomethyl)benzoate, the title compound 47d was obtained as a white powder (1.8 g, 78%). 'H NMR (300
MHz, CDCl;): 6 0.96 (d, J = 6.6 Hz, 6H), 1.38 (s, 9H), 2.16-2.25 (m, 1H), 2.33 (s, 3H), 2.53 (s, 3H), 2.77 (d, J =
7.4 Hz, 2H), 3.94 (s, 3H), 4.13 (br s, 2H), 4.20 (br s, 1H), 4.95 (s, 2H), 7.01 (d, J = 8.1 Hz, 2H), 7.09 (d, J= 7.9 Hz,
2H), 7.22 (d, J = 7.7 Hz, 1H), 7.35 (d, J = 7.7 Hz, 1H), 7.83 (s, 1H), 7.98 (d, J = 7.7 Hz, 1H). LC-MS (ESI) m/z:
561 (M +H)".

4-(Methoxycarbonyl)benzyl 5-(((tert-butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methyl-

phenyl)nicotinate (47e). By a procedure similar to that described for the synthesis of compound 47a using methyl

4-(bromomethyl)benzoate, the title compound 47e was obtained as a white powder (2.5 g, 92%). '"H NMR (300
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MHz, CDCLy): § 0.96 (d, J = 6.6 Hz, 6H), 1.38 (s, 9H), 2.14-2.25 (m, 1H), 2.35 (s, 3H), 2.54 (s, 3H), 2.78 (d, J =
7.2 Hz, 2H), 3.93 (s, 3H), 4.12 (d, J = 7.0 Hz, 2H), 4.21 (brs, 1H), 4.98 (s, 2H), 7.01 (d, J = 7.9 Hz, 2H), 7.07-7.12
(m, 4H), 7.93 (d, J = 8.3 Hz, 2H). LC-MS (ESI) m/z: 561 (M + H)".

4-(((5-(((tert-Butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methylphenyl) pyridin-3-yl)carbonyl)-
oxy)butanoic acid (48a). By a procedure similar to that described for the synthesis of compound 13a, the title
compound 48a was obtained from compound 47a as a white powder (0.23 g, 82%); mp 70-72 °C. 'H NMR (300
MHz, CDCly): & 1.02 (d, J = 6.6 Hz, 6H), 1.39 (s, 9H), 1.55-1.70 (m, 2H), 2.12 (t, J = 7.1 Hz, 2H), 2.15-2.30 (m,
1H), 2.39 (s, 3H), 2.75 (br s, 3H), 2.85-3.20 (m, 2H), 4.00 (t, J = 6.2 Hz, 2H), 4.20 (d, J = 3.6 Hz, 2H), 4.37 (br s,
1H), 7.10 (d, J = 7.7 Hz, 2H), 7.26 (d, J = 7.7 Hz, 2H). LC-MS (ESI) m/z: 499 (M + H)".

4-((((5-(((tert-butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methylphenyl) pyridin-3-yl)carbonyl)-
oxy)methyl)cyclohexanecarboxylic acid (48b). By a procedure similar to that described for the synthesis of
compound 53, the title compound 48b was obtained from compound 47b as a white powder (0.55 g, 75%). 'H
NMR (300 MHz, CDCL): 6 097 (d, J = 6.6 Hz, 6H), 1.04-1.22 (m, 2H), 1.26-1.70 (m, SH), 1.39 (s, 9H
overlapped), 1.82-1.99 (m, 2H), 2.10-2.31 (m, 1H), 2.38 (s, 3H), 2.48-2.64 (m, 4H), 2.78 (s, 2H), 3.78 (d, J = 6.6
Hz, 2H), 4.08-4.19 (m, 2H), 4.24 (s, 1H), 7.07 (d, J = 7.9 Hz, 2H), 7.20 (d, J = 7.7 Hz, 2H). LC-MS (ESI) m/z: 553
M+H)".

2-((((5-(((tert-Butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)pyridin-3-yl)carbonyl)-
oxy)methyl)benzoic acid (48c). By a procedure similar to that described for the synthesis of compound 53, the title
compound 48¢ was obtained from compound 47¢ as a white powder (0.75 g, 88%). 'H NMR (300 MHz, CDCl;): &
0.96 (d, J = 6.6 Hz, 6H), 1.37 (s, 9H), 2.12-2.21 (m, 1H), 2.36 (s, 3H), 2.54 (s, 3H), 2.83 (d, J = 7.2 Hz, 2H), 4.13—
4.18 (m, 2H), 4.25 (br s, 1H), 5.38 (s, 2H), 7.01-7.04 (m, 3H), 7.11 (d, J = 7.5 Hz, 2H), 7.38-7.46 (m, 2H), 8.06—
8.09 (m, 1H). LC-MS (ESI) m/z: 547 M + H)'".

3-((((5-(((tert-Butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methylphenyl) pyridin-3-yl)carbonyl)-
oxy)methyl)benzoic acid (48d). By a procedure similar to that described for the synthesis of compound 53, the
title compound 48d was obtained from compound 47d as a white powder (1.4 g, 87%). '"H NMR (300 MHz,
CDCl;): 8 0.96 (d, J = 6.6 Hz, 6H), 1.38 (s, 9H), 2.13-2.25 (m, 1H), 2.34 (s, 3H), 2.55 (s, 3H), 2.80 (d, J = 7.4 Hz,
2H), 4.11-4.16 (m, 2H), 4.22 (br s, 1H), 4.98 (s, 2H), 7.02 (d, J = 7.9 Hz, 2H), 7.11 (d, J = 7.7 Hz, 2H), 7.26-7.30
(m, 1H), 7.39 (d, J = 7.7 Hz, 1H), 7.89 (s, 1H), 8.04 (d, J = 7.5 Hz, 1H). LC-MS (ESI) m/z: 547 (M + H)".

4-((((5-(((tert-Butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)pyridin-3-yl)carbonyl)-

oxy)methyl)benzoic acid (48e). By a procedure similar to that described for the synthesis of compound 53, the title

compound 48e was obtained from compound 47¢ as a white powder (0.34 g, 32%). 'H NMR (300 MHz, CDCl): &
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0.91 (d, J=6.5 Hz, 6H), 1.35 (s, 9H), 2.21 (spt, J = 6.5 Hz, 1H), 2.31 (s, 3H), 2.43 (s, 3H), 2.62 (d, J = 7.1 Hz, 2H),
3.87 (d, J = 3.5 Hz, 2H), 5.04 (s, 2H), 6.99 (t, J = 4.0 Hz, 1H), 7.07-7.16 (m, 6H), 7.84 (d, J = 8.0 Hz, 2H), 13.00
(br s, 1H). LC-MS (ESI) m/z: 547 (M + H)".

4-(((5-(Aminomethyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)pyridin-3-yl)carbonyl)oxy)butanoic acid
dihydrochloride (49a). By a procedure similar to that described for the synthesis of compound 12a, the title
compound 49a was obtained from compound 48a as a white powder (0.20 g, 99%); mp 221-223 °C. '"H NMR (300
MHz, DMSO-dq): 6 0.97 (d, J = 6.6 Hz, 6H), 1.40-1.55 (m, 2H), 2.00 (t, J = 7.4 Hz, 2H), 2.15-2.30 (m, 1H), 2.36
(s, 3H), 2.52 (br s, 3H, overlapped), 2.80-2.95 (m, 2H), 3.83 (d, J=4.3 Hz, 2H), 3.92 (t, J = 6.2 Hz, 2H), 7.20 (d, J
= 7.7 Hz, 2H), 7.29 (d, J = 7.7 Hz, 2H), 8.29 (br s, 3H). LC-MS (ESI) m/z: 447 (M + H)'. Anal. Calcd for
C,7H;30N,04-2HCI'H,O: C, 57.49; H, 6.83; N, 5.59. Found: C, 57.69; H, 6.93; N 5.70.

4-((((5-(Aminomethyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)pyridin-3-yl)carbonyl)oxy)methyl)cyclohex-
anecarboxylic acid dihydrochloride (49b). By a procedure similar to that described for the synthesis of compound
19a, the title compound 49b was obtained from compound 48b as a white powder (0.25 g, 83%). 'H NMR (300
MHz, DMSO-d¢): 6 0.97 (d, J = 6.6 Hz, 6H), 1.13-1.48 (m, 7H), 1.60-1.86 (m, 2H), 2.09-2.30 (m, 1H), 2.37 (s,
3H), 2.40-2.48 (m, 1H), 2.54 (s, 3H), 2.82-3.00 (m, 2H), 3.76 (d, J = 6.6 Hz, 2H), 3.83 (d, J=4.7 Hz, 2H), 7.20 (d,
J =7.9 Hz, 2H), 7.30 (d, J = 8.1 Hz, 2H), 8.34 (br s, 3H). LC-MS (ESI) m/z: 453 (M + H)". Anal. Calcd for
C,7H36N,04-2HCI1.5H,0: C, 58.69; H, 7.48; N, 5.07. Found: C, 59.04; H, 7.29; N 4.93.

2-((((5-(Aminomethyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)pyridin-3-yl)carbonyl)oxy)methyl)benzoic
acid dihydrochloride (49c). By a procedure similar to that described for the synthesis of compound 19a, the title
compound 49¢ was obtained from compound 48¢c as a white powder (0.28 g, 65%). 'H NMR (300 MHz,
DMSO-dg): 6 0.98 (d, J = 6.5 Hz, 6H), 2.22 (spt, J = 6.8 Hz, 1H), 2.36 (s, 3H), 2.62 (s, 3H), 2.99 (d, J = 6.1 Hz,
2H), 3.85 (d, J=4.9 Hz, 2H), 5.34 (s, 2H), 7.00 (d, J = 7.1 Hz, 1H), 7.19-7.28 (m, 4H), 7.41-7.53 (m, 2H), 7.90 (d,
J=7.2 Hz, 1H), 8.44 (br s, 3H). LC-MS (ESI) m/z: 447 (M + H)". Anal. Calcd for C»;H;3pN,04-2HCI'1.5H,0: C,
59.34; H, 6.46; N, 5.13. Found: C, 59.15; H, 6.40; N, 4.97.

3-((((5-(Aminomethyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)pyridin-3-yl)carbonyl)oxy)methyl)benzoic
acid dihydrochloride (49d). By a procedure similar to that described for the synthesis of compound 19a, the title
compound 49d was obtained from compound 48d as a white powder (0.28 g, 65%). '"H NMR (300 MHz,
DMSO-dg): 6 0.96 (d, J = 6.6 Hz, 6H), 2.16-2.25 (m, 1H), 2.32 (s, 3H), 2.54 (s, 3H), 2.90 (d, J = 6.6 Hz, 2H), 3.81
(d, J=5.1 Hz, 2H), 5.04 (s, 2H), 7.13 (d, J = 8.5 Hz, 2H), 7.17 (d, J = 8.3 Hz, 2H), 7.26-7.30 (m, 1H), 7.44 (t, J =
7.6 Hz, 1H), 7.73-7.74 (m, 1H), 7.89-7.92 (m, 1H), 8.30 (br s, 3H). LC-MS (ESI) m/z: 447 (M + H)". Anal. Calcd
for Cp;H30N,042HCI-0.25H,0: C, 61.89; H, 6.25; N, 5.35. Found: C, 61.78; H, 6.27; N 5.02.
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4-((((5-(Aminomethyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)pyridin-3-yl)carbonyl)oxy)methyl)benzoic
acid dihydrochloride (49e). By a procedure similar to that described for the synthesis of compound 19a, the title
compound 49 was obtained from compound 48e as a white powder (0.33 g, 94%). 'H NMR (300 MHz,
DMSO-ds): 6 0.97 (d, J = 6.5 Hz, 6H), 2.21 (spt, J = 6.7 Hz, 1H), 2.34 (s, 3H), 2.56-2.68 (m, 3H), 3.02 (br s, 2H),
3.83 (brs, 2H), 5.08 (s, 2H), 7.13 (d, J = 7.9 Hz, 2H), 7.16-7.23 (m, 4H), 7.85 (d, J = 7.9 Hz, 2H), 8.48 (br s, 3H),
11.30 (br s, 1H). LC-MS (ESI) m/z: 447 (M + H)". Anal. Calcd for C,;H30N,0,2HCI-0.25H,0: C, 61.89; H, 6.25;
N, 5.35. Found: C, 61.90; H, 6.23; N 5.29.

tert-Butyl ((5-(hydroxymethyl)-2-isobutyl-6-methyl-4-(4-methylphenyl)pyridin-3-yl)methyl)carbamate (50).
A solution of diisobutylaluminum hydride in toluene (1 M, 100 mL, 100 mmol) was added in a dropwise manner
over 30 min to a stirred solution of methyl 5-(aminomethyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)nicotinate™
(45, 9.3 g, 29 mmol) in toluene (150 mL) at —78 °C. The reaction mixture was allowed to warm, and acetone (10
mL) and sodium sulfate decahydrate (40 g) were added at 0 °C. The resulting suspension was stirred at room
temperature for 15 h, and insoluble materials were filtered off and washed with ethyl acetate. The filtrate and the
wash were combined, and 1 M NaOH (30 mL) and di-tert-butyl dicarbonate (6.9 mL, 30 mmol) were added. The
mixture was stirred at room temperature for 30 min. The reaction mixture was washed sequentially with water and
brine, dried over anhydrous MgSO, and concentrated in vacuo. The residue was purified by column
chromatography (silica gel, eluting with 50% ethyl acetate in hexanes) to afford the title compound 50 (8.5 g, 75%)
as colorless crystals; mp 140141 °C. '"H NMR (300 MHz, CDCl;):  0.97 (6H, d, J = 6.6 Hz), 1.32 (9H, s), 2.13—
2.25 (1H, m), 2.42 (3H, s), 2.68 (3H, s), 2.75 (2H, d, J = 7.4 Hz), 4.05 (2H, d, J = 4.7 Hz), 4.19 (1H, br s), 4.36 (2H,
d, J=5.7 Hz), 7.05 (2H, d, J = 7.9 Hz), 7.24-7.26 (2H, m). LC-MS (ESI) m/z: 399 (M + H)".

tert-Butyl  ((5-(((4-bromobenzyl)oxy)methyl)-2-isobutyl-6-methyl-4-(4-methylphenyl)pyridin-3-yl)methyl)-
carbamate (51). Methanesulfonyl chloride (0.15 mL, 1.9 mmol) was added to a mixture of compound 50 (0.50 g,
1.3 mmol) and triethylamine (0.35 mL, 2.5 mmol) in tetrahydrofuran (10 mL), and the resulting mixture was stirred
at room temperature for 30 min. The reaction mixture was diluted with ethyl acetate, washed with saturated
NaHCO; and brine, dried over MgSO,, and concentrated in vacuo. The residual mesylate was dissolved in
tetrahydrofuran (10 mL). NaH (60% suspension in oil, 60 mg, 1.5 mmol) was added to a solution of
(4-bromophenyl)methanol (0.33 g, 1.8 mmol) in tetrahydrofuran (10 mL) at room temperature and stirred for 30
min. To the resulting mixture was added the solution of mesylate dropwise, and the mixture was stirred at reflux for
17 h. The reaction mixture was quenched with water, extracted with ethyl acetate. The extract was washed with
brine, dried over MgSQO,, and concentrated in vacuo. The residue was purified by column chromatography (silica
gel, eluting with a gradient of 20-40% ethyl acetate in hexanes) to afford the title compound 51 (0.24 g, 34%) as a
white powder. 'H NMR (300 MHz, CDCls): & 0.95 (d, J = 6.8 Hz, 6H), 1.37 (s, 9H), 2.13-2.22 (m, 1H), 2.42 (s,
3H), 2.61 (s, 3H), 2.74 (d, J = 7.2 Hz, 2H), 4.05 (d, J = 4.9 Hz, 2H), 4.26 (s, 2H), 7.00 (d, J = 7.9 Hz, 2H), 7.06 (d,
J=8.3Hz, 2H), 7.19 (d, J = 7.7 Hz, 2H), 7.39 (d, J = 8.3 Hz, 2H). LC-MS (ESI) m/z: 569 (M + H)".
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Methyl  4-(((5-(((tert-butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)-pyridin-3-yl)-
methoxy)methyl)benzoate (52). To a mixture of compound 51 (1.7 g, 3.0 mmol), triethylamine (0.84 mL, 6.1
mmol), N,N-dimethylformamide (15 mL), and methanol (5 mL) was added (1,1’-Bis(diphenylphosphino)-
ferrocene)dichloropalladium(Il) (dichloromethane complex, 0.25 g, 0.30 mmol), and the resulting mixture was
stirred at 80 °C for 14 h under a CO atmosphere. The reaction mixture was diluted with ethyl acetate, washed with
brine, dried over MgSQO,, and concentrated in vacuo. The residue was purified by column chromatography (silica
gel, eluting with a gradient of 15-40% ethyl acetate in hexanes) to afford the title compound 52 (1.0 g, 60%) as a
white powder. 'H NMR (300 MHz, CDCls): & 0.96 (d, J = 6.6 Hz, 6H), 1.38 (s, 9H), 2.14-2.23 (m, 1H), 2.41 (s,
3H), 2.63 (s, 3H), 2.75 (d, J = 7.4 Hz, 2H), 3.92 (s, 3H), 4.06 (d, J = 4.7 Hz, 2H), 4.14 (s, 2H), 4.37 (s, 2H), 7.02 (d,
J=28.1 Hz, 2H), 7.20 (d, J = 7.7 Hz, 2H), 7.26 (d, J = 8.3 Hz, 2H), 7.95 (d, J = 8.3 Hz, 2H). LC-MS (ESI) m/z: 547
M +H)".

4-(((5-(((tert-Butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methylphenyl) pyridin-3-yl)methoxy)-
methyl)benzoic acid (53). A mixture of compound 52 (0.91 g, 1.7 mmol), 1 M NaOH (5 mL), tetrahydrofuran (5
mL), and methanol (5 mL) was stirred at 60 °C for 1 h. The reaction mixture was acidified with 1 M HCI and
extracted with ethyl acetate. The extract was washed with brine, dried over MgSO,, and concentrated in vacuo. The
residual solid was triturated with diisopropyl ether—hexanes to afford the title compound 53 (0.80 g, 90%) as a
white powder. 'H NMR (300 MHz, CDCls): & 0.99 (d, J = 6.6 Hz, 6H), 1.38 (s, 9H), 2.12-2.28 (m, 1H), 2.42 (s,
3H), 2.77 (s, 3H), 2.93 (br s, 2H), 4.10 (d, J = 5.1 Hz, 2H), 4.16 (s, 2H), 4.25 (br s, 1H), 4.39 (s, 2H), 7.02 (d, J =
7.2 Hz, 2H), 7.21-7.28 (m, 4H), 8.01 (d, J = 7.9 Hz, 2H). LC-MS (ESI) m/z: 533 (M + H)".

4-(((5-(Aminomethyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)pyridin-3-yl)methoxy)methyl)benzoic acid
dihydrochloride (54). By a procedure similar to that described for the synthesis of compound 19a, the title
compound 54 was obtained from compound 53 as a white powder (0.22 g, 57%). '"H NMR (300 MHz, DMSO-d,):
80.98 (d, J = 6.2 Hz, 6H), 2.11-2.22 (m, 1H), 2.40 (s, 3H), 2.87 (br s, 3H), 3.14 (br s, 2H), 3.75-3.86 (m, 2H), 4.18
(s, 2H), 4.43 (s, 2H), 7.23 (d, J=7.9 Hz, 2H), 7.28 (d, J = 8.3 Hz, 2H), 7.33 (d, J = 7.9 Hz, 2H), 7.87 (d, J = 8.1 Hz,
2H), 8.40 (br s, 3H). LC-MS (ESI) m/z: 433 (M + H)". Anal. Calcd for C,;H3,N,05-2HCI-0.5H,0: C, 63.03; H,
6.86; N, 5.44. Found: C, 62.88; H, 6.74; N, 5.40.

Ethyl
2-((E)-2-(5-(((tert-butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)pyridin-3-yl)vinyl)-

1,3-thiazole-4-carboxylate (55a).

i) tert-Butyl ((5-formyl-2-isobutyl-6-methyl-4-(4-methylphenyl)pyridin-3-yl)methyl)carbamate (55aa). A

mixture of compound 50 (3.4 g, 8.5 mmol) and Dess—Martin reagent (5.4 g, 13 mmol) in dichloromethane (50 mL)
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was stirred at room temperature for 30 min. To the reaction mixture was added 10% Na,S,0; (50 mL) and saturated
NaHCOs; (50 mL). After vigorous stirring at room temperature for 1 h, the organic layer was separated, washed with
brine, dried over MgSQO,, and concentrated in vacuo. The residue was purified by column chromatography (silica
gel, eluting with 75% ethyl acetate in hexanes) to afford the title compound 55aa (3.4 g, quantitative) as a white
powder. "H NMR (300 MHz, DMSO-dy) & 0.93 (d, J = 6.6 Hz, 6H), 1.36 (s, 9H), 2.25 (spt, J = 6.5 Hz, 1H), 2.38 (s,
3H), 2.62-2.71 (m, 5H), 3.88 (d, J = 4.1 Hz, 2H), 6.98 (br t, J =3.7 Hz, 1H), 7.25 (d, J = 7.7 Hz, 2H), 7.30 (d, J =
7.9 Hz, 2H), 9.59 (s, 1H). LC-MS (ESI) m/z: 397 (M + H)".

ii) Ethyl 2-((E)-2-(5-(((tert-butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)pyridin-
3-yl)vinyl)-1,3-thiazole-4-carboxylate (55a). To a solution of ethyl 2-(bromomethyl)-1,3-thiazole-4-carboxylate
(2.4 g, 9.7 mmol) in toluene (20 mL) triphenylphosphine (2.7 g, 10 mmol) was added at room temperature, and the
resulting mixture was stirred at 100 °C for 3 h. The reaction mixture was cooled to room temperature, and the
precipitate  was  collected by filtration, washed with  hexanes, and dried to afford
((4-(ethoxycarbonyl)-1,3-thiazol-2-yl)methyl)(triphenyl)phosphonium bromide (55ab, 3.7 g, 74%) as a brown
powder, which was used without further purification. To a mixture of compound 55aa (2.2 g, 5.5 mmol) and
compound 55ab (3.7 g, 7.2 mmol) in N,N-dimethylformamide (20 mL) was added sodium ethoxide (0.75 g, 11
mmol) at room temperature, and the resulting mixture was stirred at room temperature for 3 h. The reaction mixture
was partitioned between ethyl acetate and water. The organic layer was separated, washed with brine, dried over
MgSO,, and concentrated in vacuo. The residue was purified by column chromatography (silica gel, eluting with a
gradient of 10-50% ethyl acetate in hexanes) to afford the title compound 55a (1.8 g, 60%) as a pale yellow powder.
'H NMR (300 MHz, CDCl): § 0.99 (d, J = 6.6 Hz, 6H), 1.36-1.44 (m, 3H), 1.39 (s, 9H), 2.24 (spt, J = 6.6 Hz, 1H),
2.39 (s, 3H), 2.68 (s, 3H), 2.78 (d, J = 7.3 Hz, 2H), 4.11 (d, J = 4.9 Hz, 2H), 4.18-4.29 (m, 1H), 4.36-4.48 (m, 2H),
6.76 (dd, J=16.8, 0.8 Hz, 1H), 6.95 (s, 1H), 6.99 (d, J = 7.7 Hz, 2H), 7.23 (d, J=7.7 Hz, 2H), 8.01 (dd, J = 17.3,
0.8 Hz, 1H). LC-MS (ESI) m/z: 550 (M + H)".

Ethyl 2-(2-(5-(((tert-butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)pyridin-3-yl)-
ethyl)-1,3-thiazole-4-carboxylate (55b). A mixture of compound 55a (1.5 g, 2.7 mmol) and 10% palladium on
charcoal (0.15 g) in ethanol (20 mL) was stirred at room temperature for 1 h in a sealed tube under a hydrogen
atmosphere (0.5 MPa). The reaction mixture was filtered, and the filtrate was concentrated in vacuo. The residue
was purified by column chromatography (silica gel, eluting with a gradient of 20-50% ethyl acetate in hexanes) to
afford the title compound 55b (1.1 g, 71%) as a white powder. '"H NMR (300 MHz, CDCl3): § 0.97 (d, J = 6.6 Hz,
6H), 1.39 (t, J="7.1 Hz, 3H), 1.38 (s, 9H), 2.19 (spt, J = 6.8 Hz, 1H), 2.41 (s, 3H), 2.55 (s, 3H), 2.74 (d, J = 7.3 Hz,
2H), 2.77-2.87 (m, 2H), 2.98-3.06 (m, 2H), 4.02 (d, J = 4.9 Hz, 2H), 4.20 (br s, 1H), 4.40 (q, J = 7.2 Hz, 2H), 6.98
(d, J=17.9 Hz, 2H), 7.25 (d, J = 7.9 Hz, 2H, overlapped), 7.98 (s, IH). LC-MS (ESI) m/z: 552 (M + H)".

2-((E)-2-(5-(((tert-Butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methylphenyl) pyridin-3-yl)vinyl)-
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1,3-thiazole-4-carboxylic acid (56a). A mixture of compound 55a (0.15 g, 0.27 mmol), 1 M NaOH (1 mL),
tetrahydrofuran (1 mL), and ethanol (1 mL) was stirred at room temperature for 12 h. The reaction mixture was
diluted with water, acidified to pH 2 with 1 M HCI, and extracted with ethyl acetate. The extract was washed with
brine, dried over MgSQO,, and concentrated in vacuo. The residual solid was triturated with diisopropyl ether to
afford the title compound 56a (95 mg, 69%) as a white powder. 'H NMR (300 MHz, CDCl;): & 0.95 (d, J = 6.5 Hz,
6H), 1.36 (s, 9H), 2.22 (spt, J = 6.1 Hz, 1H), 2.35 (s, 3H), 2.58-2.75 (m, 5H), 3.86 (br s, 2H), 6.70 (d, J = 17.1 Hz,
1H), 6.94 (br s, 1H), 7.04 (d, J = 16.5 Hz, 1H), 7.18 (d, J = 8.3 Hz, 2H), 7.26 (d, J = 8.1 Hz, 2H), 8.32 (s, 1H),
13.04 (br s, 1H). LC-MS (ESI) m/z: 522 (M + H)".

2-(2-(5-(((tert-Butoxycarbonyl)amino)methyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)pyridin-3-yl)ethyl)-1,3-
thiazole-4-carboxylic acid (56b). By a procedure similar to that described for the synthesis of compound 56a, the
title compound 56b was obtained from compound 55b as a pale yellow powder (0.30 g, 38%). '"H NMR (300 MHz,
CDCl3): 6 1.06 (d, J= 6.2 Hz, 6H), 1.38 (s, 9H), 2.21-2.37 (m, 1H), 2.46 (s, 3H), 3.00 (s, 3H), 3.28-3.44 (m, 2H),
3.82-4.24 (m, 4H), 4.13 (d, J = 2.1 Hz, 2H), 4.52 (br s, 1H), 7.05 (d, J = 7.2 Hz, 2H), 7.36 (d, J = 7.0 Hz, 2H), 8.10
(s, 1H). LC-MS (ESI) m/z: 524 (M + H)".

tert-Butyl  ((5-(2-(4-carbamoyl-1,3-thiazol-2-yl)ethyl)-2-isobutyl-6-methyl-4-(4-methylphenyl)pyridin-3-yl)-
methyl)carbamate (56¢). A mixture of 56b (0.17 g, 0.32 mmol), ammonium salt of 1-hydroxy-1H-benzotriazole
(0.074 g, 0.49 mmol), and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.094 g, 0.49 mmol) in
N,N-dimethylformamide (6 mL) was stirred at room temperature for 5 days. The reaction mixture was partitioned
between ethyl acetate and water. The organic layer was washed with brine, dried over MgSOy, and concentrated in
vacuo. The residue was purified by column chromatography (silica gel, eluting with a gradient of 50-100% ethyl
acetate in hexanes) to afford the title compound 56¢ (0.11 g, 66%) as a white powder; mp 174-176 °C. '"H NMR
(300 MHz, CDCl3) 6 0.97 (d, J = 6.6 Hz, 6H), 1.39 (s, 9H), 2.20 (spt, J = 7.3 Hz, 1H), 2.41 (s, 3H), 2.59 (s, 3H),
2.75 (d, J = 7.2 Hz, 2H), 2.77-3.00 (m, 4H), 4.03 (d, J = 5.1 Hz, 2H), 4.20 (br s, 1H), 5.60 (br s, 1H), 6.97 (d, J =
6.9 Hz, 2H), 7.03 (br's, 1H), 7.25 (d, J = 6.9 Hz, 2H), 7.94 (s, 1H). LC-MS (ESI) m/z: 523 (M + H)".

2-((E)-2-(5-(Aminomethyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)pyridin-3-yl)vinyl)-1,3-thiazole-4-carbox-
ylic acid dihydrochloride (57a). Compound 56a (75 mg, 0.14 mmol) was dissolved in trifluoroacetic acid (2 mL),
and the resulting solution was stirred at room temperature for 1 h. The reaction mixture was concentrated in vacuo,
and the residue was purified by preparative HPLC. The obtained solid was dissolved in 1 M HCI (1 mL) and
concentrated in vacuo. The residue was solidified with diisopropyl ether to afford the title compound 57a (51 mg,
71%) as a pale yellow powder. "H NMR (300 MHz, CD;OD): § 1.13 (d, J = 6.4 Hz, 6H), 2.21 (spt, J = 6.5 Hz, 1H),
2.41 (s, 3H), 2.95 (s, 3H), 3.14 (d, J = 7.2 Hz, 2H), 4.20 (s, 2H), 6.88 (d, J = 16.9 Hz, 1H), 7.11 (d, J = 16.5 Hz, 1H),
7.29 (d, J = 7.8 Hz, 2H), 7.40 (d, J = 6.5 Hz, 2H), 8.32 (s, 1H). LC-MS (ESI) m/z: 422 (M + H)". Anal. Calcd for
C,4H,7N50,S-2HCI-1.5H,0: C, 55.27; H, 6.18; N, 8.06. Found: C, 55.38; H, 6.32; N 8.02.
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2-(2-(5-(Aminomethyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)pyridin-3-yl)ethyl)-1,3-thiazole-4-carboxylic
acid dihydrochloride (57b). A mixture of compound 56b (0.20 g, 0.38 mmol) and 6 M HCI (5 mL) was stirred at
room temperature for 30 min. The reaction mixture was concentrated in vacuo, and the residual solid was
recrystallized from water—acetonitrile (1:100, v/v) to afford the title compound 57b (0.15 g, 80%) as a white
powder; mp 235-240 °C. '"H NMR (300 MHz, DMSO-d,): 5 0.98 (d, J = 6.6 Hz, 6H), 2.15 (spt, J = 6.6 Hz, 1H),
2.41 (s, 3H), 2.79-2.96 (m, 2H), 2.89 (s, 3H), 2.98-3.08 (m, 2H), 3.12-3.28 (m, 2H), 3.78 (d, J = 4.5 Hz, 2H), 7.28
(d, J=7.7 Hz, 2H), 7.40 (d, J = 7.9 Hz, 2H), 8.29 (s, 1H), 8.38 (br s, 3H). LC-MS (ESI) m/z: 424 (M + H)". Anal.
Calcd for CyHpoN30,S-2HCI:3H,0: C, 52.36; H, 6.77; N, 7.63. Found: C, 52.11; H, 6.50; N 7.90.

2-(2-(5-(Aminomethyl)-6-isobutyl-2-methyl-4-(4-methylphenyl)pyridin-3-yl)ethyl)-1,3-thiazole-4-carboxam-
ide dihydrochloride (57c). By a procedure similar to that described for the synthesis of compound 19a, the title
compound 57¢ was obtained from compound 56¢ as a pale yellow powder (0.94 g, 90%). '"H NMR (300 MHz,
DMSO-dg): 6 0.98 (d, J = 6.3 Hz, 6H), 2.16 (spt, J = 6.1 Hz, 1H), 2.41 (s, 3H), 2.79-3.07 (m, 4H), 2.86 (br s, 3H),
3.16 (br d, J=2.6 Hz, 2H), 3.78 (br d, J = 3.9 Hz, 2H), 7.28 (d, J = 7.5 Hz, 2H), 7.39 (d, J = 7.8 Hz, 2H), 7.45 (br s,
1H), 7.58 (br s, 1H), 8.08 (s, J = 3.0 Hz, 1H), 8.42 (br s, 3H). LC-MS (ESI) m/z: 423 (M + H)". Anal. Calcd for
C14H30N4OS-2HCI3H,0: C, 52.45; H, 6.97; N, 10.19. Found: C, 52.68; H, 6.96; N 9.98.

Docking study. Docking studies in Table 2-1 and Figures 2-3 and 2-4 were carried out with a docking software
Glide® or with an automatic docking using GOLD* and the subsequent energy-minimization at the MMFF94s
force field using MOE.*® Docking study in Figure 3-3 was performed using Maestro.*' The protein coordinates of
the cocrystal structure of 2a (Protein Data Bank Code: 30PM) or 44 (Protein Data Bank Code: 309V) was used as
a template for docking study. The binding free energies of each compound were calculated using molecular

mechanics Poisson—Boltzmann surface area (MM/PBSA) method’' or using Maestro.*!

In vitro DPP4, DPP2, DPP8, and DPP9 enzyme assay. Human DPP4 was partially purified from Caco-2 cells
(ATCC No. HTB-37). The compounds (1 pL in DMSO) at each concentration were added to 79 pL of assay buffer
(0.25 M Tris—HCI pH 7.5, 0.25% bovine serum albumin, 0.125% CHAPS) and mixed with 20 pL of human DPP4
fraction. After the mixture was incubated at room temperature for 15 min, the reaction was initiated by adding 100
pL of 1 mM of Gly—Pro—pNA -p-tosylate in distilled water as a substrate and run for 60 min at 37 °C. Rat DPP2 was
partially purified from rat kidney according to the method previously reported.”> One microliter of compounds
dissolved in DMSO was mixed with 29 L of distilled water, 10 puL of 1 M 3,3-dimethylglutamic acid buffer (pH
5.5), and 10 pL of the DPP-2 fraction. After the mixture was incubated at room temperature for 20 min, the reaction
was initiated by adding 50 pL of 1 mM of H-Lys—Ala—pNA-2HCI and run at 37 °C for 60 min. Human DPP8 and
DPP9 were purified respectively by affinity chromatography from the 293-F cells expressing each FLAG"-tagged

protein. One microliter of compounds dissolved in DMSO was mixed with 29 uL of distilled water, 10 uL of 1 M
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Tris—HCI buffer (pH 7.5), and 10 pL of the enzyme fraction. After the mixture was incubated at room temperature
for 20 min, the reaction was initiated by adding 50 pL of 2 mM of Gly—Pro—pNAp-tosylate in distilled water for
DPPS or 4 mM of Gly—Pro—pNA-p-tosylate in distilled water for DPP9 and run at 37 °C for 90 min. Absorbance at
405 nm of each reaction mixture was measured using a microplate reader at the initial time and the end of the
reaction. The well containing substrate alone was used as a basal control. The well containing the substrate and the

enzyme without the compound was used as a total reaction.

Ex vivo plasma DPP4 enzyme assay. Male Sprague-Dawley rats were purchased from CLEA Japan, Inc. (Tokyo,
Japan). Rats were orally administered vehicle (0.5% methylcellulose) or compounds at a dose of 1 mg/kg. Blood
samples were collected from tail vein at 1, 3, and 6 hours after dosing. Plasma sample was prepared from each
blood sample and the residual DPP4 activity was measured using the method employed in the in vitro DPP4

enzyme assay described above.

Effects of single administration of compounds on glucose tolerance in female Wistar fatty rats. Female Wistar
fatty rats were obtained from Takeda Rabics, Ltd. At the age of 10 weeks, the rats were fasted overnight and
divided into 4 groups based on plasma glucose levels and body weights (6 rats in each group). Each group was
orally administered vehicle (0.5% methylcellulose) or compounds at a dose of 1 mg/kg. Four hours later, all
animals were received an oral glucose load (1 g/kg). Blood samples were collected from tail vein at 0, 10, 30, and
60 minutes after the glucose load. Plasma glucose level was determined by an enzyme assay method (L-type
Glucose 2; Wako Pure Chemical Ind., Ltd.). Plasma insulin level was determined as immunoreactive insulin (IRI)

level in plasma by using a radioimmunoassay (RIA) kit (Shionogi, Japan).
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