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AL BRI, EREIflomAbEESh s 202122 Ll EXS, DPP-4 HEKT 2
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FRIRFER 23\ T DPP-4BHE SR IM OHUHEIRTAIREEE & bl U T, ARk, Z2atEn
BENLTWDZ EARINTEIY 2824, ZHIZHE-SE | Vildagliptin2s, Saxagliptin26,
Alogliptin?7, Linagliptin28, Sitagliptin2® % & {eDPP-4[HE 3N PEIC 2B IRIFIR I & L
T hfign T (Figure 8) . 28UBEIRIFITNE MR R TGN MLELToH D Z &6, DPP-880,
DPP-931, FAP-a (fibroblast activation protein, alpha)32, DPP-23373 & (O DPP-4E %1% 55
W23t L CRWIERYEZ A3 2DPP-4fHEIE N L2 EREN D, FxiEREOF T, DPP-8
L DPP-9IZDPP-4IZ % 2 E DRI @SV 2T TidZe <, lET S Z LI X 5RITEH
DREEDH Y | T OEER IR 238 TEF, FEamO Iz 72> T %, DPP-8X°DPP-9
ZPAET DL Ty MBI DWEIE, M/RIEAE, fRIRIMERBUE, MIE, ZhEas
MR ERZEA L, SEEHRD EHEZFIEE I L, A XITHBIT HELEBFEEEBEEL T D L fiE
SNTWD3, —J7, £ 6 DO@EMEIDPP-8X°DPP-9TIE /2 MDA N =X L2 &0 5| i
ZENTWD AREME 2RI 2 Md b 8 52335, & MZHi) 5 DPP-8 & DPP-9D A HH) 2tk
FNIERITHH STV, FAP-oOFEMI 72 EFREEREIZ AR Cd 2 23, IEH ML Tl i
HEAT, BHE, B, AEGIRER EOMBOBAER Y T Y U 7WBETRRET 52 &
BHE BTN D,

10



Vildagliptin{ZDPP-8 &£ DPP-9%4 £ 11 Kif810 nM, 95 nM T, Saxagliptin (X%
ZICs0ffi244 nM, 104 nM CFLET % (Table 2)36, X 52, Linagliptini3ZFAP-o.% Bl
THZENHESNTND (IC5 89 nM) 36, —J57, Sitagliptin, Alogliptin/ZEil7- 5%
A BT 5 2 & 8BTS (FAP-a, DPP-8, DPP-9 ; ICs0 >48 uM),

ZO L) RRBUCEN T, FHIHIRODPP-4MER LV RO AUCB W CTER 7 7
77 ANERT HEHDPP-4EROAIN A BRE L TEMMELZBME LTI, T7hbb,
MO D, Vildagliptin, Saxagliptin, Linagliptin & 0 72 BER R IEA2H 7
DIbEMERLZ LA, o, KVERTEINNGOND Z & 2WfF L, Sitagliptin,
Alogliptin & V f##17-1in vitro DPP-4fLEE 2 AT 2{bamE AT 2L 20 I LT,

Table 2. DPP-4 inhibitory activity of selected marketed drugs (ICs0 nM)

IC;, (nM) DPP-4 FAP-a DPP-8 DPP-9
Vildagliptin Ki=3 NA Ki =810 Ki=95
Saxagliptin 3.37 NA 244 104
Linagliptin 1.0 89 >40,000 >10,000

Alogliptin 4 >100,000 >100,000 >100,000
Sitagliptin 18 >100,000 48,000 >10,000

Curr. Drug Targets 2009, 10, 71. Note: NA, Not available
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EW2% 157 (ICs0 418 nM) ., & HIZ ALBEM2DNL % A FNALT 5 Z 12XV, ICsfE 103
nMOREEEEZ AT 2 Y — Mea3% it Lz,

S1 pocket

/ Glu205

o~ T
5 />_N \NII-|2’ Glu206
éfi 1 }NQ

DPP-4 IC;, 676 nM

@OH Glu205/G1lu206 &
ol HEIER
Try547 /j@
o
TRERR R h-DPP-4 ICs,
- )—N > 2:R=H 418nM
i, 3 R=Me 103nM
Figure 9. Synthesis of the DPP-4 inhibitor 2 and 3 from the HTS hit 1
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%28 HHDPP-4fLERK D Gk LR

U — MbBEMm8DERE(LZIT O ICHTED | 2, 8, MDKEIITIFIFE T LTNDHZ &
MH6— IR 2 I BEHEE 2 AN LB R ABGET 2 Z L 23l Lz, A I ¥ Y%/
U UHEERUIRE XIRER E L TR B TR Y 2 OERIEN A ST 538 (Figure
10). LINLZRIS. ZOEMIETIE6 - ILEHELZ 5 o El /i 2 A i B 7~ & v
DUENHY | 6 - L OEWILAE G T 2LAEWENFEITERT 5 DITITEH S 720,
I BT, 2T XV AR T 2ILEMOEIEITHRE STV, £ 2T, FAIF2{ZIC
TI)REGTDAIXY XY ) UFEROMEE TR ERIEORIIZE T L,

Figure 10.
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B3H A XXXV EROE LR

TLDIT, 22T ALY F V) EEOERICOVWTEAR—EH/ e X v 7Y

VRO, i< T 2 NMEORE AW zpath A% % 2. RERULV— N OETE1T- 72
(Scheme 1), Pl SN2 G TREBIISTRETH Y . AETHIITEHRARITMNIET DT
U—iha VN OIRET DT2DEANES Th D,

path A cl cl
o 1) he
N EtO,C N
won N — | />_Ni 2 —
| NN |/\ " NHB
1 ocC
// NHR R = NO,
R 5:R'=H
6:R'=Boc
Cl
NO, /jg
Kjﬁwm +  Et0C \
| N
[» )
10 NHBoc
Scheme 1.

{bEW3DE A Scheme 21277 d, MFEBINVT ) ANVKR A I RBY 7 == 1D 7
/)X VEDO1 2B (R)-3-TI /BRI UACL D ER L, $\ T80 CIZTHHED Y
VUZTFINEATINTREET 5 Z L2 LD 9Q2%DIRTTEET-40, 2~/ X7
2 REHWTTONT V¥ b Z FE i LT th, THFEE S, KELT N U LTRSS
Z LI X OBRALBUS B EIT L9% 57, (bAaW9% MV R SRR S Y T I Ve Y
g — KA X CTHLEE L Sandmeyer S 21T 9 2 &I X W LAWI0E 57, KRIZ, SETFET
bH2-= T == AR u UEEEI0DEAR -7 v A v 7Y U TG ERE LT L
A ABRIERZRNLITEOET U — /bW 21572 (IE24%), ASUSIZBWT, Ar
AT a— N AT AVERND Z LI bR m B L (0E40%), HEREIS I
.80 CIZTLEWILD = h AT TT 2/ BKRICEBRT 5 LB & HVTHTHT
RAEBEITL2-T X /A I XXV 7 2 12%92% D EIER TR, (LAEMI20DN- A T
MBITERINTET LALEWIBNGE DTz, BRI, Wiz W tert 7 FF v VAR =)L
HAEPiR#ET 52 & THMIOILEM3EHT-,
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PO~ -OFh a - Et0,C._N O\ bk
Y hig NHBoc

NCN
NCN

7

cl Cl

c d

O\ _— > EtO,C N B ——
EtochN\n/N NHBoc I )N
N Q

NCN H,N
8 9

pe pe

INHQ — | :/HQ —

NHBoc

NHBoc NHBoc
10 NOZ 11
Cl Cl
e g e
N _— N
HN MeN
| )N > [ )N
N N
NHBoc NHBoc
12 13

Scheme 2. Reagents and Conditions: a) (%)-3-tert-butoxycarbonylaminopiperidine (1.0
eq), PrOH then EtO:CCH:NH: (5.0 eq), EtsN (5.0 eq), 80 °C, 92%; b)
2-chlorobenzylbromide (1.5 eq), K2COs (3.0 eq), MeCN, 40 °C, 74%; c) NaH (1.5 eq), THF,
15 °C, quant.; d) isoamylnitrite (5.0 eq), CHzI2 (10 eq), toluene, 80 °C, 53%; e) Pd(PPhs)4
(10 mol%), Na2COs (2.0 eq), 2-nitrophenylboronic acid or 2-nitrophenylboronic acid
pinacol ester (1.1 eq), DME-H20 (1:1), reflux, 24% or 40%; f) Fe (6.0 eq), AcOH, 80 °C,
92%; g) K2COs (2.0 eq), Mel (1.5 eq), DMF, quant.; h) HC], dioxane, quant.
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BAR—EHI AR v 7Y TRISIZEBNT, W DDOFEERF LS, Zhbl b
DORIFRNRIESNR o T2, ZHFREDO I VR FICHET 5= F Lo AT L LR
2 EREKIC IS DR U RIEF RS LTCRFBIRA DA MUHFET H= koo
SARBEEICED, FTUARAXIUETEMEESR TS ZERFKTHY . Z ONAE
EEH L72WRY BIF/RINRCI8%2 155 Z IR CH L B2 T-, AT, ZEHRO
TU—ARe BT ) — A Re VB 2 — LT AT A ATT L2 ERNHEECH D 2
L REBNL— FEHWTAKRTAZ O TEHLEWMITIIRY 08dH D Z L RHELE I,
LIEE D path ARG Z K& Lz,

WEIAWA R A ATRRIC L, bR O M B IRF C & 287272 4L — hpath B
T %A L7= (Scheme 3), path BO6IZH51T % 9ahr & 9L [E D[R — IRFEFEETEAIL.
path AlZBIT52-= h a7 = = /LR b DA D X 5 (2SO T & VB 2
AT LG 2 AN RS L0 b2 EE#E & 5 50 FHNRISDIZ ) BIFE LV, #
LCHE & LTEHEARER A —2 D2 a7 =) VA AFT S Z Lidpath ADT Y —
NAROUEBEOBEAE IV bES THDHEHE 2T, LA -> T, path BTIE., &#iC14at 14b
ZHANWTT I FMEL, W THFNT AR, b LITRT 2y AfifEZz v 5
T TR ET) 2 EE LT,

) f:'/\@ . i

| \gng
a
& NHBoc NHBoc
R 6 (X = halogen)
cl
NH,
X+ HOC N
|, \[ )—N
A N
R NHBoc
14a 14b

Scheme 3. Proposed path B using intramolecular key reaction
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Scheme 2 CE AL L72bAE10% AW T, Bie 7 UAbG, i< 7 v U KRG
EITV2TREI2% D EINE TL16% 1547~ (Scheme 4), {LAWI6L2- 7 uET =V L OFFHIK
JEICE V1T ~NEE Z L C1T2 I — RAZ L EREH Y O ATUETH 2 LICk v, 210F
28% DINFHET18% 1F7=, {LEWI8, KFEIL KNV TFNLAXLAIBN (T Y EAL VT Fa=

N U VD bV IR A INBGETE T RER U723, B OBILIRITAER Lo 72, — 7,
RT VT MM E ANy 7Y U I ROSITHEFT L7242, L LS, BBIR1813 b
7= b OO DORIAERKDNE CIRIE TH - 72 (INFE13%),

(o] (o]
pO NS o,
N _— EtO,C N —_—
T o T
N N
NHBoc NHBoc

10 15

cl cl
R M
HOZC\[:/)—NQ ?\HJ\[:/)—NQ -

EtO,C

NHBoc NHBoc
16 17
cl Cl
Q\ o ;@ eorf o /\©
N — MeN N
N
N
Br MﬁK[N)_N: 2 | N/>_ :
NHBoc NHBoc
18 13

Scheme 4. Reagents and Conditions: a) Pd-C, Hs, MeOH, quant.; b) 1M NaOH,
THF-EtOH (1:1), 92%; ¢) 1) (COCD2 (1.5 eq), DMF (cat.), CH2Cl: 2) DIPEA (3.0 eq),
2-bromoaniline (1.0 eq), toluene, 100 °C, 43%; d) K2COs (1.5 eq), Mel (1.5 eq), DMF, 66%:;
e) BusSnH (1.3 eq), AIBN (0.05 eq), toluene, reflux, gave no product; f) Pd(OAc)2 (10
mol%), NaHCOs (2.5 eq), DMA, 170 °C, 13%.
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13% L ARINR TIEH 22 HDOBALIKRI3N G b= Z Linh . /T U0 Az fluv7-
By 7V T RIGORELZAT > 1o, BAINS, HE18 b A3 AT S lfRIZ
TIERRRDFNZ B LT (Figure 11), OffirsT 277 K18 ~ERALEIfTIN L 728, Z2EL
T HIZOITEFEOREFRF & ¥ L — FE2JER L 6 BEROTEIFIIZTENR T 5, ZD7,
A IZY =NV EORIER EIELS 2D A THEUK2000 /37 Z A 7 JATE G (K5 1
SINHZEHLTHREIND (A, ZNHDOZ EMRINELGIEEH I LIEFKEEZEZbND,
INEDOHLEEY IO, 212 - T L6V — FBET VA Lc, ZO5E, BB
R&22a7N PRk S 4L, i7" b By SR — A 2 UK, fee\ > CE TR BEDS AT D43, — 75,
UTfF OEHINT L0 A C D SIRREE D L, BUSHEME T L7z 5 BERTPR{A22bI3TE AT
LT ENTERWVWETELI,

N NS e

Me || )—N - NG N
s T
NHBoc Br N
19 20 NHBoc
cl cl
0 e
B N N - Me\N N
Me IN/>—N > D— | N/>—N >
fd NHBoc .-~-Pd NHBoc
| X
X 2 _ 22a
base

)

Y N
o | )N

* N
| NHBoc
22b

Figure 11.
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A IS E . 262 AW TND v 7Y v G & ik 724445 (Scheme 5), (L&
1007 VI VAKGIREES, 7=V &2 Ani=T 2 RMb, VDTN A F LIS EITV, 3
TRET4% & BAF 7R CERALATBE A5~ & 3=, THF S L < IZDMFVASET , g T
DA, NI T2=)VRRAT (0, REBEH Y T LEZHANTE0 CTH Y 7V v S &IT- 1=
LZA, HBD13Z LI EIL39%, 31%DINERTHD Z L N TE T, (LEWLI8%E IV T4y
TNH > 7V T ROG IR | BOSRITEVERD D D72 < OFEMRFHEF L1 2
ED, AREISIZBITHIEFNED Z 67250 BIZRETH D & 270,

pe pe
a b
Etozcji:/>_N Q HOZCI:)_N Q

| |
NHBoc NHBoc

10 23

Ci Ci
QWi -~ - AJ -~
N - N
N N
H)in)—N Mﬁﬁ[}—N
1~ N 1~ "N
NHBoc NHBoc
24 25

Cl
LD

MeN N

NHBoc
13

Scheme 5. Reagents and Conditions: a) 1M NaOH (1.5 eq), EtOH, 80 °C, quant.; b) 1)
(COCD:2 (1.3 eq), DMF (cat.), CH2Cl: 2) DIPEA (3.0 eq), aniline (1.3 eq), toluene, 86%; c)
K2COs (4.0 eq), Mel (4.0 eq), DMF, 86%; d) PAd(OAc)2 (10 mol%), PPhs (20 mol%), K2COs
(2.0 eq), THF, 39% or DMF, 31%.
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W, WHEEEZ D Z LIZE 0 ISR SN D085 LTz, T72b5, 60 CTRIGE
ATV, 0.5F[EI % & AR I SOG DORRHE 231 L 72 (Table 3), KEET Y U L& W8
A, 0.5WFfH, #926%D257318 A S 41, £ DRBUSHEITE T, /o, ZORETIE
FE R ORI DO GER RN & gt Lic, REET MY U L2 W56 S REOR R
DGO NT, REESRZ FAWZBE, 260D WME &IV o7, KIGE S LICIEEIE 5720
2. BOSIREEZ100 C~ B TRETEITo 7o, REET U U LARKEET Y U LA DOSE . 4k
%, 757 L T\ 526D &ITM36% E TR L7y, ZD%EOHEIGITELIZEN -T2,
—Ji. REEEROYE. 60 CLIZRARY | KEED YV U A, KEET NY 7 ALK V2513 < HE
A, 18DAERENE LM L7 (70.6%), iR CRERAERLE L THWD Z &ICk
D, BURERPGEOND Z ENRBINT, A TR T V=R T DT DEEEND
AUERRTESEHL LI LT, KOS T T AR FHFEREL ST
DI, BIRIZB T D REBIROEOHENE LT EEZ BILDH,

Table 3. Time course consumption of 25 and production of 13 with various base at 60

°C and 100 °C in palladium coupling reaction. (25 / 13) (%)

cl Pd(OAc), (10 mol%) cl

PPh; (20 mol%)
@\ o Base (2.0 eq) 0
N MeN N
nNnerI >—N > DMF TN ?
I N

N
NHBoc NHBoc
25 13
60°C (25/13) 100°C (25/13)
Entry Base
0.5 hr 4 hr 0.5h 4.0 hr
1 K2COs3 76.8/23.2 76.1/23.9 69.9/30.1 34.6/58.9
2 Na2C0s 82.1/17.9 72.5/27.6 70.8/27.7 39.8/59.0
3 Ag2COs 82.2/3.5 81.2/10.3 47.2/151.3 28.8/70.6

*The reaction was monitored by HPLC at 203 nm
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FOSIRE DR ERFET D 72010, HEEE U CRBEIRZ AV, &SR EICB T 5250
HEEEZWHE L (Figure 12), 25 CTII251XIEE A CHE ST, 60 CTH UG HEE
TIERITED 272, 100 ClZBWW T 2 R, 2513KI30%FRAF L2, £ D%, £ hidiE
Motz, 125 CIZBWTO.5FEM %, 2513#926% % Tl L7223, Dk, ZOEIE LD
Bphotz, XRENIZ, 150 CIZBWT, 251FESLHIC, £ L TREBIHEE SN, Lz
N T, ARG TITRERRZ AV S Z & L @O USIRE N EE 2 RE 2 Rid 2 L b
STz, K2, BN E T H7201213150 COGIRENEER THHZ xR L, L
UG, @MVIRE CRIEBGEIT > e E . 18DAEREIIHRA D L, B4R
OEIEPHEM LT (Figure 13), &> T, BRI OREMIZHEL 5 2 7o Feff (SRR -
W) 258852 ENEETHD,

o Pd(OAc), (10 mol%) cl

PPh; (20 mol%)
©\ o Ag,CO; (2.0 eq), DMF o
N MeN N
nNne)ﬁz )N [ >N ?
I~ N N

NHBoc NHBoc
25 13

100
80
60
40
20

0

Survival rate (%) *

0 1 2 3 4 5 6
Reaction time (hr)

—25C —60°C —100°C —125C —150C

*The reaction was monitored by HPLC at 203 nm

Figure 12. Survival rate of 25 in the palladium coupling reaction
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*

100

80

5 [ —

0 1 2 3
Reaction time (hr)

Production rate (%)

— 100 C —125°C —150 C

*The reaction was monitored by HPLC at 203 nm
Figure 13. Production rate of 13 in palladium coupling reaction

RIS, SBRIZRRMET, B F 2T 5 Z LI L VRIS EINET 5 Z LN TE D00
FEL7- (Table 4), &+ Y v F72Ploto)s& PnBusZ 7= & 2 %, PPhs bbili L T250%%
FFRIZKEREWT o T, LI o T, BN OFEEILS S OEITICHE L 5 2 720,
LLEMND | REISOETICEOR RS 5 2 S b EERERIIEL & U CRBBIRE V2
ZEERWRISRE TH D, b ENTRKIEEZHWRISEIToT2 &8 2 A, 13D LFIER
13£90% ~FEEMIZ 7 E L7 (Entry 4),

Pd(OAc), (10 mol%) cl
Ligand (20 mol%)
@ Ag,CO; (2.0 eq), DMF o
N
MeN
Mer[ />—N | N/>—N ?

NHBoc NHBoc
13
Entry qt:gf' Ligand iizf 25 /13 (%) Yield (%)a
1 60 PPhs 10 78.3/14.8
2 60 P(otoD)s 10 82.8/9.1
3 60 PrBus 10 77.1/15.7
4 150 PPhs 0.5 90
*The reaction was monitored by HPLC at 203 nm a isolated yield.

Table 4. Ligand effect in the optimization of palladium coupling reaction of 25
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R LT NZ oy MMz el v 70 U T ROED A TT = A BT DONWTELE LT
(Figure 14), Offi’XT P ANT U —/L 3 — RIZELAFIN L, FiV TRERERN I 7 F R
TG EHRLS Z LT 0 DT A PEFEIR26A & 26B~E 0I5, IEIREETII T A L 1E
HR26AD BN T D, RN v b %5 2TDORTFE — A X MARIE R
28% 5.2, ft\ T, BITAIBEEHC L0 HRDO13A LS, ARISICEWT, OffirsT v
LOT Y= F— R 2B IR Ch 2 B 2 T, e, Binm
TR EGRRIERD BN NN ETH D, M T, SALOBEHILOLEIC LY AT
SARIIZIARB > TEY, T L CALUCT I/ REATDHI DA I XY — LEBRITE
FITHHID, FURFFITHTI0M TP LOFATR DI WEBEZLNRD, L
T2 o T, @OV RE IR LA I TRICHEERRE 2 R-T B2 TWD, @mVIGL
IR K0 S B b Nte. B T A PR R R ECNCA L B, 7 X RO
FNETH 526A L 26BITTHLRAEICH U | YLAKFEE D72 DI FH1326B~F> TV D H DD,
26A7) 52T ~D FUGR DSR2 80 1 F A P AR N TH # S VB IRRE2T ~E )L
Do LIZDo T, @MWINREIXOM/ ST ¥ v AOBALR I TARIZ B\ CEEZREE 42 5
=9

cl
o /\© Pd(ll)
NHBoc N
13 Pd(0) Me \N/%NQ

NHBoc
A92003 25

v 0 g R
Q) giﬁ oI Va8

NHBoc
26A NHBoc 26B

C
)j: //%N

"”Pd

NHBoc

AgCO3

Figure 14. Mechanism of the palladium coupling reaction.
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e OEBIEEZHT 536 - 4254 FEH L LTHW, R L7727 U0 Atz =75+
WET U — by 7 o F RGO B # I E %2 5Ef L 7= (Scheme 6), Scheme 5 & [RIERIZ,
{EEW28LFliA D7 =V VFEERET I NMEL, FEWVTN— AT IS EITH Z LIk
D, BAFRINEECERLATERIAS6 - 422 ARk L1z, EW5IES LITERGEEZHT D
36 -42007 v 7V VT ROSIE BAF RN THEIT L, 48 - 141572, A Z{LICEMEZ A
D86, TREETIINICERE L BT 2ILEMRNIREM E L TR, AR E
PR LD S TEHRICR > T\ e, ZOZ EiE, /RNT VT AE A X NLEBILE O RREE
DEBEE 2 D L AHEAICHATE 5 ([Figure 15), A X WEHILN 7 = = VEOLA . ThE
EHUR N EBURDIREW I VA TN T L ra~w NI 7 4 —IZX 0BT 52 &
MARETH Y | 45Z T2% DI TRz, A ZNLEHILN A F N AT VOYE | THLERK
EULEMRDIREMI L VAT NI T L7 a~ N7 T 74— CL VBT 52 &R T
FTLATLA8DRAEM & LT LN, ERUITRT X 9IS, ARSI WIEE#EISTEZ A L,
Fx B IEE T DA ERRT D Z ENAETH D, TIEBRA L I BEHRIKON &
BRI RIEICOWTIEHE 2 BTk D, tert7 b WK = VAR CHRET D 2
L2k, FrEm52 - 54, 56 - 58%& 1%7=,
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Scheme 6. Palladium coupling reaction of 36-42 with different substituents.
29 R=0-OMe
30 R=0-CO,Me

Cl
/\© /\© 31 R=m-Ph
HO,C O\ 32 R=m-CO,Me
)t L0

N
IN/%N > 33 R=p-F
|
NHBoc NHBoc 34 R=p-OMe
23 35 R=p-Me
36 R=0-OMe
m c 37 R=0-CO,Me
b p @\0 o 38 R=m-Ph c
g 4 N 39 R=m-CO,Me _—
R I\Nlle)t[ )—N
| N 40 R=p-F
NHBoc 41 R=p-OMe
42 R=p-Me
cl cl
e e
MeN N d;» MeN N
I >N )N Hel
6 | A N | A N
7% A9 NHBoc U NH,
R R
8
43 R=6-OMe 47 R=7-CO,Me 52 R=6-OMe 56 R=8-F
44 R=6-CO,Me 48 R=9-CO,Me 53 R=6-CO,Me 57 R=8-OMe
45 R=7-Ph 49 R=8-F 54 R=7-Ph 58 R=8-Me
46 R=9-Ph 50 R=8-OMe 55 R=7-CO,Me

51 R=8-Me

Reagents and Conditions: (a) 1) (COCD2 (1.3 eq), DMF (cat.), CH2Cl: 2) DIPEA (3.0 eq),
R-substituted aniline (1.3 eq), toluene, 29 76%, 30 55%, 31 59%, 32 65%, 33 82%, 34 78%,
35 80%; (b) K2COs (4.0 eq), Mel (4.0 eq), DMF, 36 81%, 37 87%, 38 87% , 39 88%, 40 83%,
41 82%, 42 91%; (c) PA(OAc)2 (10 mol%), PPhs (20 mol%), Ag2COs (2.0 eq), DMF, 150 °C,
43 70%, 44 64%, 45 72%= (45/46 11.8/1P), 47+48 76%¢ (47/48 4/1Y), 49 76%, 50 60%, 51
78%; (d) HCl, dioxane, 52 quant., 53 59%, 54 92%, 56 97%, 57 90%, 58 quant.

ajsolated yield P the rate was determined by HPLC ¢ combined yield due to the inseparable
mixture of 47 and 48
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Cl

\
R2 N N
W
pa” N
NHBoc
59

NHBoc

Cl

NHBoc
Rz& 60

NHBoc

Figure 15.

UEDE DI, T V0 LA NN ET V= 70 7RIS & % 20273
TIVETERINIA IZYFX ) ) UFEEOHRN LG KIEE R LTz, ARISIZ
B o bEERERITEILL LTRBELHNND Z L EmWBRNEE (1560 C) THD

ZEPIRENT,
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Fow RN EEME, EN - REEEREA G T 5DPP4LER A I ¥V
/U UEREROAI

F1H ALEMOTVA L ERTTE

F1ECTHRARIA I XY XU ) UIHERORRILHHLE EEZ VT, LA W20HE
AL &2 1T > 72, DPP-4PLETEMIHMEIL & b L 3EDPP-4% 7, {LAW2D 51 EHAFED
HRIZ DWW THRGE L7 (Table 5), L&k L TCAFNIEEAEATHZ LICLY, HE
TEVED ARG L7z (&8, IC50 103 nM)), —F., AF ALY IR K E W E#H
5 iz ((bEWel) ., ek (bEwe2). b LIy UniE (kaw
63) ZEALL L ZAMERMEIE T Lz, L > T, SAIEHIELIT A F VRN R D5 E
DLWEEZ T, 103 nMOICsfEA =~ T~ U — NMeAa8%a 57,

NH,
Compound R h-DPP-4 ICs0 (nM)
2 H 418
3 Me 103
61 Et 400
62 nPr 3400
63 Bn >10000

Table 5. DPP-4 inhibitory activity of 2 derivatives with different substituents at the

5-position
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WIT, B2 DBERHEL AT 9T Ry F o J & s LR T #ta 2 Lz
(Figure 16), [t AMBICHBIT H Y D UBOIHRT I 7 1 & Glu205, Glu206 & O FEEEISZ
NEN2.92,2.718ATHHZ LD, INLIEFAFUEGERTHZLENTES, LD
7auaNXPNVEIISIR Sy b ST 5 LB 270, ANED T VR =)V EEIT Tyr6310 84
NH KBRS EZRT 22 NS ND, A I XY F /U ) UENLETyrb470D 7 = = )b
BB g AX XU BB TE ANEICH -T2, S HIT, Lysbs48DfllgHn 1 I %
XU UERRONRY UBRIFEIINE LTS Z EIZER Lz, Z OLysb54MI84 & 3D~
BB RICEA LT BUKMEE S EAEH 5 Z L3 T& U, & L < DPP-4fRETE
Pz B35 2 LR TE D EHEE Lz, BRI, TS VAR ¥ U7 E OB EHE
HATHZ LT LY Lysbb4llH & A A U REBE BT 2720, b RIIZDPP-4 4
Ry L OBFFIENR T LD AR E LT,

Figure 16. Docking structure of 8 in the active site of DPP-4 (2RGU)
(35 - 45 RFERT. F o BRRF. F o EFEF. Fk EREF)
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WO AIFYX V) UHEROERK

ILAWT3, 74, 78, 79, 80, 83} 184(kScheme 7IZ/RT HikICL W Ak L7z, HILAR
V23 L FE A DT = U VEEEMEA L, FEWV TN A TFIULEITS T & T6T, 68, 69% Gk L
oo TNBALEWMERNTAT DU LEMEEL T2 v 7Y o TROSZATV, RAFRINE
T70, 71, 72~F o, BockkZMEE THifRiET D 2 LTk VT8, T4%1572, (LEW44,
1, 120 ZXT NIz T VA VKGR L, fitWTBockkZBrET 5 2 L TT78, 79, 80%
iz, TUoE=TH LBV ATFAT IV ERHWE VR VEET6DT X RMEZ1TV, Boc
HEAERETDHZ LICL V83, 845AK LT,
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m
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N
I/%N R H)E[
N N

cl
m
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JS N)E[N
R Me |
N

)N > )N
I I
NHBoc NHBoc NHBoc
23 64 R=p-OCHF, 67 R=p-OCHF,
65 R=p-CO,Me 68 R=p-CO,Me
66 R=p-CH,CO,Et 69 R=p-CH,CO,Et
cl
g@ LD
%N — MeN™) N%N
/ 6 ‘ AN N/ HCI
NHBoc NH
¥ 7 ¥ 2
/ 9 R0
8
70 R—8-0CHF2 73 R=8-OCHF,
71 R=8-CO,Me 74 R=8-CO,Me
72 R=8-CH,CO,Et
0 m;@ 2
e
MeN
\ /%N MeN
,}N
NHBoc ‘ A Hl
7 // 9 L NHBoc NH,
R
8
44 R=6-CO,Me 75 R=6-CO,H R=6-CO,H
71 R=8-CO,Me 76 R=8-CO,H 79 R=8-CO,H
72 R=8-CH,CO.Et 77 R=8-CH,CO,H 80 R=8-CH,CO,H
c cl CI
0 0
MeN N Me
| N/%N —_— \ N,%N —_— /%N >
NHBoc NHBoc NH,
8 com 8 tor Hel
76
81 R=NH, 83 R=NH,
82 R=NMe, 84 R=NMe,

Scheme 7. Reagents and Conditions: (a) (1) (COCD2 (1.3 eq), DMF (cat.), CH2Cls, rt (2)
DIPEA (3.0 eq), R-substituted aniline (1.3 eq), toluene, rt, 64 48%, 65 79%, 66 56%; (b)
K2COs (4.0 eq), Mel (4.0 eq), DMF, rt, 67 quant., 68 82%; (c) Pd(OAc)2 (10 mol%), PPhs
(20 mol%), Ag2COs (2.0 eq), DMF, 150 °C, 70 86%, 71 85%, 72 86% for 2 steps; (d) HCI,
dioxane, rt., 73 68%, 74 quant., 78 quant., 79 quant., 80 quant. for 2 steps, 83 83%, 84
92%; (e) 1M NaOH/MeOH/THF (1/1/1), 80 °C, 75 81%, 76 58%; (f) WSC-HC1 (1.5 eq),
HOBt (1.5 eq), TEA (1.5-3.0 eq), NH4OH (1.5 eq), 81 73% or NHMe2-HC1 (2.0 eq), DMF,

rt., 82 quant.
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Scheme 8. Regioselective synthesis of 91 with carboxy group at the 7-position

Cl Cl

CO,R cl
@ i /\© 2 i i
N N
N _— MeN MeN
N N N
MjE[N/%N > Table W Q e

1 7

NHBoc NHBoc
NHBoc RO,C o COR
39: R=Me g; ;g
85: R=Et 39 L 20 B
86: R=Bu

Cl Cl
oI e
N N
MeN —_— MeN
| )—N ‘ /%N
N>7 N HCI
o NHBoc 7 NH,
\J( HO,C
(o]

89 91

Reagents and Conditions: (a) Pd(OAc)2 (10 mol%), PPhs (20 mol%), Ag2COs (2.0 eq),
DMTF, 150 °C; (b) HCI, dioxane, 80 °C, quant.

Entry Substrate R Product ratio2 Yield
1 39 Me 47/48 4/1 76% (47+48)
2 85 Et 87/88 14/1 not determined
3 86 ‘Bu 89/90 28/1 89 : 73%"

a The ratio was determined by HPLC. P Isolated yield.
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AIRE D X 91T, TAZICERMEERERL., BRC W VR F U EEZE AT S Z L IC L W DPP-4PHETR
Pz ESELIEAZ N Tl L LN L, ATFAZATAEEHT539% W= >
TV T RIS TIEATEABDIREMN G LIV, ZHBIET I BTN T LI n~w NI T 7 4
—TCHBET 2 Z EMTE R0 o7 (47/48 4:1), L7235 T, T-H VAR VERILZ 155 T2 9DIT,
NEEEIR BB AIE OMESL AL EE L 72> 7= (Scheme 8), G AN = A LBz LE, 7TV —
NI =T RPN NT D0 LABRERIIN L eV TRERIRZY 3 U RIF 25 k< 2 & T
A U7 4 AR EIAR92 & 987> HBRALBOSITHEIT T2 (Figure 17), TALE BRI A3
D72 DIITHEIARI2Z R 35 DT, @VMLERIRVEZ 15 5 72 DITIT 3921w 5 = &
DUETHD, NT VT LEREDNAREEZT Z LICL 0 FHENRICHD EE X, AT
NI AT LD BSRICE SN ATV EANWDZ L L, =F LT AT L85%
To b T ANERIRPEILTARE Y ) - L7z (87/88 14/1, entry 2), & B72 2EHRMED ) E %
HIEL., L@@ Bux A7 vaxfnie, TORE, 86 W= tNI v 7'V v 7 Kk
ITENTALESEIRMEE 5 272 (89/90 28/1, entry 3), & 512, BuT AT /LDOIREMS8 L 90
IXET DA TN ATV (AT, 48)DIGG L BIgV L VTN T Ao a~x NI T 7 14—
EVGBET 2 Z LN TE, 7T3% & BAFRINRT89A BT 5 Z LI Eh L=, 89%80 C

v
¢
ICRW TR TREL 2 Z &Ik 0 91Z157,

-
—
-

—
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Figure 17. Proposed mechanism for predominantly producing 7-ester derivatives

CO,R cl
@\ o /\©
N N
MjE[N/%N N

|
NHBoc

Me\ o
RO,C.7 & N N N N
QT uiq
Pd Pd
8 9 h(

8 NHBoc NHBoc
9 CO,R

N N
MeN MeN
| )—N [ )—N
N N
7 NHBoc NHBoc
RO,C g CO;R
94 95

33




Scheme 7, 8 & [k D FIEIZ & 0 BEEAFHE(A100, 101% &% L7 (Scheme 9), 237531
BETI6LITDIREWM AT, /NT VU MMEA N2 » 7Y & 7 RSO AR 1396/97
831ThHY, ZhENEZI VI ITNI T LIa~ NI T 7 4 —THlffrieCTho7o, 5
7296, 97% 7V VMK RIE, ft O THiBoc/bBUGICAT L, 100, 101%& ARk L7z,

Scheme 9. Synthesis of 100 and 101

23 — MeN N MeN -
[ p—N I />— ?
N
Etozc NHBoc cozEt NHBoc
96 97

(96 /97 =3.3/1)

MeN

o
N Me
| N/>—N > />—N >
, NHBoc NH,
R! R

98 R'=CH,CO,H R?=H 100 R1=CH2002H R?=H
99 R'=H R2=CH,CO,H 101 R'=H R?=CH,CO,H

Reagents and Conditions: (a) (1) (COCD2 (1.3 eq), DMF (cat.), CH2Cls, rt (2) DIPEA (3.0
eq), ethyl 2-(3-aminophenyl)acetate (1.3 eq), toluene, rt, 62%; (b) K2COs (4.0 eq), Mel
(4.0 eq), DMF, rt; (c) PA(OAc)2 (10 mol%), PPhs (20 mol%), Ag2COs (2.0 eq), DMF, 150 °C,
96 43% for 2 steps, 97 13% for 2 steps; (d) 1M NaOH/MeOH/THF (1/1/1), rt; (e) HCI,
dioxane, rt, 100 88% for 2 steps, 101 53% for 2 steps
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SERPNZ NS WEHEL A TR T 2k WE G T DB, X7 U Al A V-
v N T RSO UL L E R DAL E BRI ZEZNE IS WZ E R Y BTV T
Luavw NI 7 4—TCENLEDHTHDZ DLW EN TSNS, Len-> T,
WICRT KD T V0 MMl W= T v 7Y v T ROGDS R AT 70, T 7 v B
T EATHIEWI0513MBI I E L TAHNL MLICRFZR 26T 51020557 5 Z &2
A[RETH D (Scheme 10), T 725, 102% AW+ WH » 7 U v RIS %E{TV N 108% B
— DA E LT T, S CEMUKEIRINBUSIZ X 0 EF(L 21T 5 2 & TL04% 1572,
WEZ AW TBock A RETHZ LIZEV106~EL Z LT LTc, 2D e F AfBL
EHRWIERBERIEICLY ., b 21 O0OFETH HAEINA 72 I B LAY DA R
ENTz, TROLAN MUERF 26T 51065 2 v 7 U & RIS ZATV, fit
W CHER K B IRINBOGIT K 0 RIRA e iR L3 AT L 108 %4572, 7 /v U K G R |
fot < BiBoc LG X 0 O EHUAL109% Gpk LTz, T ORI N1 7 AL RIE, 641
DORFFAH U ITHHFIRA & N A FILE L OB OFEWREE 2 fifl4 45 72O IC#iT L
7B Z TS,

35



Scheme 10. Regioselective synthesis of 105 and 109

Cl
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N - MeN -
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NHBoc . NHBoc
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MeN
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[ )N > /%
N 6
NHBoc NH2 HCI
F

104

cl
CO,Me cl
@ i . i :
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m N N MeN N
ol me || )—N cl W
cl AN N

NHBoc NHBoc

106 107
Cl)@ Cl

o
MeN N MeN
| )N /%N
N
NHBoc NH, HCI
cOo,Me cozu

108

Reagents and Conditions: (a) PA(OAc)2 (10 mol%), PPhs (20 mol%), Ag2COs (2.0 eq),
DMF, 150 °C, 21%; (b) Pd/C, Hs, MeOH, rt, quant.; (c) HCl, dioxane, rt, quant.; (d)
Pd(OAc)z (10 mol%), PPhs (20 mol%), Ag2COs (2.0 eq), DMF, 150 °C, 57%; (e) Pd/C, Hz,
MeOH, rt, 97%; (f) 1M NaOH, THF/MeOH (1/1), rt; (g) HC], dioxane, rt, quant. for 2
steps
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Scheme 1LIZ/RT K 912, ThLICkkA REHIEA G T 2 FHEEROEGKEITo 72, {LEHIL
DT X/ FEEBockk THRE L1108\ -, (LEW110Z =F /L7 ma ki A— b FVTK
FARTHEF Y TLATUETHZ L T ReX I A FNVI111557-, 1110OKEEEE 2 F
METHZ LR ATF L —=FT V112G LT, (bEWI0%2T E=T7T £/2ZVAF
AT I EREE, bLFI— RAX U EANVTAF UL EITWENZE 114, 115, 47~
LTz, feW\CTHEREZ AV CBoc k2 lifri€7 5 Z LI K 113, 116, 117, 55% G AL
T7o —. 11413 N U 7 A a FrR K 2 IV Ok Sn-1%. b 7 u4 iz v
TBockkZ lifri#Ed 52 L T= kU L1192 E -,
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Scheme 11. Synthesis of 7-substituted derivatives

. 00 L D

N N
MeN —_ MeN — N
)N )N MeN™ T )—N
N N N
NH, NHBoc
HO,C Hel HO,C HO NHBoc
91 110 111

Cl
c 0,
_— N —_— N
MeN MeN
[ )N )N
N N
MeO NHBoc MeO NH,
1

V.
2 113 HCI

cl cl
eorf o / d o /

10 — MeN” SN — MeN” N 116 R=NH,
| N/%N | N/%N > 117 R=NMe,
R NHBoc R NH, 55 R=0Me
) 114 R=NH, s
115 R=NMe,
47 R =OMe
g9

Cl Cl
S ¢ I e
N N
MeN —_— MeN
)N ) e >
N
NHBoc NH,

NC NC
118 119

Reagents and Conditions: (a) (Boc):0 (1.3 eq), sat.NaHCOs aq./THF (1/1), rt, 60%; (b)
CICO:2Et (1.5 eq), TEA (2.0 eq), THF, 0 °C then NaBH4 (3.0 eq), H20, rt, 57%; (c) NaH
(1.2 eq), Mel (1.2 eq), DMF, rt, 86%; (d) HC], dioxane, rt, 113, 116, 117, 55 quant.; (e)
WSC-HCI (1.5 eq), HOBt (1.5 eq), TEA (1.5 eq), NH4OH (1.5 eq) or NHMe2-HCI (2.0 eq),
DMTF, rt, 114 80%, 115 quant.; (f) Mel (2.0 eq), K2COs (3.0 eq), DMF, rt, 47 quant.; (g)
TFAA (4.5 eq), THF, 65 °C then K2COs (4.0 eq), MeOH, rt, 44%; (h) TFA, CHCls, rt, then
sat.NaHCOs aq., 88%
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Eo. AbEWEIIIOE Rex i avR b L, KBFEAVHRT N U ATI UHRR
FEEILT DI LI XV TINLA FIUARLI21 %457~ (Scheme 12), % IZEE % VTV Bockk
FREITLHZ LTI D122, 12356 LT,

Scheme 12. Synthesis of 7-substituted derivatives

- S o

o a o
N N MeN N
MeN ‘ /%N MeN ‘ /%N ‘ /%N
N N N
NHB NHB NHBoc
HO oC 1 oC Me
111 120 121
cl cl
, S e
N N
MeN MeN
T N/%N | N/%N
HO NH, NH,
Me
123 122

Reagents and Conditions: (a) Iz (2.0 eq), imidazole (2.5 eq), PPhs (1.5 eq), THF, rt, 25%:;
(b) NaBHa4 (3.0 eq), DMSO, 50 °C, 91%; (c) HCI, dioxane, rt then satNaHCOs aq.,
quant.; (d) (1) TFA, CHCIs, rt (2) K2COs (3.0 eq), MeOH, rt, 75%
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LD E ML % Scheme 1312777, PEGHIENHENL L TWeZ & A OE TR THRY
MEERTAHZENTEHZENOTIE AW TEREEREIT T2, (LEWTIEZ A S ) —
MR RT U T A—[RFE, BT =0 LE AW TONBGRE . IKES )G E
179 2 LI XV EINERTI24% 1572, N7 m I REAWTIMOR DA ZIT0,
T AT NVEEET VI VKSR L. W CBock R+ 2 Z LI L 0 {bEW12T %2157,
127D AL L FEIC (LEW124 L T2 DT U — NV A F AT A R HALEY128—140%

AR L7,

Scheme 13. Conversion of substituents at the 3-position in 8-carobxy derivatives
CI
s

b N

MeN Me MeN

/%N > /%N > " y \N/%N >
NHBoc NHBoc NHBoc

CO,Me CO,Me CO,Me
71 125

o

c MeN N MeN
¢ )—N > /% HCl
> N
NHBoc NH2
CO,H CO,H
126
cl OMe
128 129 130 131 132 133 134
M
Cl © Me _—-Me c c
H/ L\ZM/
cl F
",
135 136 137 138 139 140

Reagents and Conditions: (a) Pd/C, HCO2NH4 (10 eq), MeOH, reflux, 83%; (b) benzyl
bromide or R-halide (2.0 eq), K2COs (3.0 eq), DMF, 60 °C, 99%; (c) IM
NaOH/THF/MeOH (1/1/1), rt, 54%; (d) HCI, dioxane, rt, 127 quant., 128 70%, 129 11%,
130 55%, 131 54%, 132 86%, 133 78%, 134 54%, 135 25%, 136 60%, 137 17%, 138 41%, 139

40%, 140 75% for 3 steps
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Scheme 13 & [AAEDTFIEIZ L0 . ALEWATE B A, T vFb, BiBocf/b I
42 L2k V144, 145~E\ /= (Scheme 14),

Scheme 14. Synthesis of 144 and 145

cl
o /\© a 2 u b

N N
MeN _— MeN _—
T )N T L )N
N N
NHBoc NHBoc
MeO,C MeO,C
47 141
Me
0, 7 ",
F o
MeN E— MeN
| )N [ )N 145
N N
NHBoc NH,
MeO,C HO,C
142 144 HCI

Reagents and Conditions: (a) Pd/C, HCO2NH4 (10 eq), MeOH, reflux, 54%;

(b) 2-chloro-5-fluorobenzyl bromide or 5-fluoro-2-methylbenzyl bromide (2.0 eq), K2COs
(3.0 eq), DMF, 60 °C, 142 71%, 143 66%; (c) 1M NaOH/THF/MeOH (1/1/1), rt; (d) HCI,
dioxane, rt, 144 90%, 145 84%
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AL~ 2 DT NFNFEEZEN, S LALTNIZ A FF T EEEANT 5720 DG ML — b
% Scheme 15(2773, {LAEWI0L2-4-A hFv-2-= b7 ==/V)-4455 T F 7 A F)L
A132-UAF VR T o EHWEEA—BEHZ Ay 7Y OGN L D 146~ X | IE
THEAWCT= buekkE T I RICEHR, TOBRBECCEL DL FNT 2 RMERIEIC X
D 147% 157, {LEW14ATEZDMEFGEEH, [REET UV U AL 3 — RA X TUBT 5 Z L2 X
D 148~E T, MR A IV CTBockk A MifriE+ 2 Z LIk V| (bEW2, 149% Gk LT,
Fix DT IVFENNT A REHWT, 120NT VXL EIT, BockkZERETHZ LI12kD
61, 62, 63%1537=,

Scheme 15. Alternative synthetic route to 2, 61-63 and 149
cl
cl
10 pe o
E0,C a EtO,C_ N b N
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:[ )N ? | N/>_ Q |
i~ N NHBoc
NHBoc
1

MeO NO, o)
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Cl (o3
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d N

- N —_—
N N HCI
NHBoc NH,
MeO M 7
149
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eO
cl cl
o ;@ e f o ;@ 2 R2=H
Hli N - Rz\N N 61 R2=Et
[ )—N 5 [ )—N
N N HCI 62 R2=Pr
NH, NH, 63 R2=Bn
12
Reagents and Conditions: (a) Pd(PPhs)s (10 mol%), Na2COs (2.0 eq),
2-(4-methoxy-2-nitrophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1.5 eq),
DME-H20 (1/1), reflux, 89% ; (b) Fe (6.0 eq), AcOH, 80 °C; (c) K2COs3 (2.0 eq), Mel (2.0
eq), DMF, 74% for 2 steps (d) HCI, dioxane, rt, 2 83%, 149 89%; (e) (1) R2-halide (3.0 eq),
K2COs (3.0 eq), DMF, rt; (f) HCI, dioxane, rt, 61 73%, 62 60%, 63 69% for 2 steps
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F3HI A XXV XV CHEROEYENE R OB S

AT NV F I OB ERREZEAT D Z LI LY | Lysbs4ligi & 1 A U #EE %
R D72, e bRANDPP-4% /X7 L OFFIENR L2 &0 5 G (255 1
i) ZMEET D721, Table 6127~ L72ALEW ODPP-AREIGE ARG L7z, F V7R
T8IILAMB & Lk U ChOT MMIBAEIGMEN M E L7 b DD, 6L E# I DR ETEMEIZ k-
DENRITIFE A ERBD Do Tz, TRLEBILIC W T, BUkED 7 v FHE (105) °7

==V (54) 1T T ITIEER M E LR, AF A (122) 13MeEW8icx LT, 3
R ETEMERNES Lz, 20O K 512, BUKMEBEBILI I ETE MR BICEH G Lo Tz, Fi
WC, BUK RS AL \_’)b\fﬁ-ld-ﬁﬁi&TTOf:o AN TUEEZAET 5149138 L B LT, K92
ERETEME N m E L, 14912 A F Lo ) U —%E A L72118° Rue v A F L ika 79
512813 & 512149X 0 HRISEMEEEN L L, AF 2T )L (BB), HNEA )L

(116), ¥ AF T I R (117) 1%, ICsodEZH16, 12, 10 nM & BAF72iEMEA2 A LT
oo MAT, 7 7 HEEEALIZEZ A, 6725 EEEOR E2RRD Gz (119, ICso
6.3nM), FFlT, BILARF EITBEIRNCPHEFEMED M B L, £ DICsofEIX3 &V 64fFm L
1.6nMIZEL7= (91), b 9 1 DOFMEEBILCdH D FEERIL b F 7= LEEEA A E L 7= (100,
3.8nM), KIZSMEHIEDSARIZOWVTiERD, A X (57) AT (58) #E
ALT=E Z A, DPP4RHEEM I EL o7, 7 vRIET (56), Y74 A hFv
B (78) 1 XS BLETEES 1 E L7Z0Ic LT, AF L= ATV (74), 72 K (83, 84)
1L B AT 72 DPP-4f L ENRE A R Uiz, BMGRWNZ L2, TLEHIEOSGA LR, DR s v
B (79) 13F LSHEEEZ M B L, £70, BT EMA80TILE bIZHETE N M L
7. INIEEREFAEIR (101) 1317 nMOREIGM: 2R L7y, NI B VR VB DOZh R
IXTRERSML DG A LV REL oo dz, LD 747, SOLICH/KMEERER, FRZH LR
FUREBEBEATLHZ LIV HEFEE®RITE LM EL,

43



Table 6. [In vitro activity of the synthesized DPP-4 inhibitors

Cl

0
MeN N
6 N | N)_NQ
, |/ o NH,
R 8
Compound h-DPP-4 Compounds R h-bDPP-4
ICs0 (nM) ICs0 (nM)
52 6-OMe 660 91 7-CO2H 1.6
53 6-CO:2Me 271 100 7-CH2CO2H 3.8
78 6-CO2H 72 57 8-OMe 90
105 7-F 66 58 8-Me 94
54 7-Ph 72 56 8-F 56
122 7-Me 340 73 8-OCHF? 60
149 7-OMe 66 74 8-COz2Me 21
113 7-CH20Me 17 83 8-CONH: 14
123 7-CH20H 22 84 8-CONMez 13
55 7-CO:2Me 16 79 8-COz:H 5.8
116 7-CONH: 12 80 8-CH:2CO:2H 3.5
117 7-CONMe: 10 109 9-COz:H 54
119 7-CN 6.3 101 9-CH2C0O:2H 17
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58 72 L ETEME 2 o8 LIAL & 91 £ DPP-4 % > /37 ORI AR 2 HEE U S 72 2 i i
bZ#ED DI, Ry X 72 7= (Figure 18), {LAWILIFLAWS & RO
HERRE R U, TRLH VAR ¥ 3k & Lys55IIBH O BRREIZ2.78ATh o 7=, L7zd-> T, )L
TNV I Lys5b4IEH & A A U AER ZIEART D Z LR I NTe, T OMAERNE
LWBRETEE O FIZ® S Lz &35 L EE 2 AT 26 %100 F 72 [Ffk O AAEH
EEKTDEEZLND, A MFU AT (118), £/2ike Fud o 2 F L (123) @
iR SRR 1 & Lysbb4I8{ D /K F Ak A B EIR M 2 1) b S 872, BUKMEBERELITR Shizns,
A F UGG L R U CLysbb4MIgH & DF EAERI ATV EZ X D & VAR 3 BNl A
0 HIEEENME T T 2B NHATE D, HWVT, 8 A /VAR UL DPP-4% /3 &
OHEAER ZRFET 5729012, {LAW80ZHWT v X V24T~ 7~ (Figure 19), 8
RORFEICIBUNT, AR o SO L & R AR 2 0BT 3 B8 3471 E
L CTWRWA, Lysb54, Argh60, Asp556, Tyrd56, Argd29, % L CTyr585DHIEHIZ L v F F
MBS A FEL TV D, Lo T, BUKEBRENHFRSNZLEEZ TS,
FRIZ, IVRF VORI A EATH Z LIk F LW AEEEO R B ER ST,

DY b—v g CIESNEERE AL X Arg560 DT < ATALE L TV 5 23, %@EE%E@M.H
ATHY [ EHEMEERZ T 5 XA EEIL TV 5, 80DFERE SEITAK 5y & I L“CArg560
EHEERZEMAR L, U L0 EEERM ELZTRRERS S, 20X, 1314
VE Y ) UFERICBWTUL S L SISO VAR F U AE AT 5 2 & TR 724
HAERADIEAR S LW BAEIEER ERER SN B2 b5,
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Figure 18. Docking structure of 91 in the active site from 2RGU of DPP-4.

v /

Figure 19. Docking structure of 80 in the active site from 2RGU of DPP-4.

L T
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BB, EOR5MEFEEEOR EA B L, b LIS OV AR X VA FT 510
HBWEMWT, SIAKRYT v N BHET 2 3(EHEORGEbZ2 i L7z (Table 7), 7, ~
VUMK EOBEBIES R A REFE LT, ALAWTID AL My 1o RIKER T (127) L
NTHKILORFPRETEME A 1) | S W72, I AL Mr @S B A WEE LT-, A F L5 (128)
37 mo e RRREOMREEMEEZ R LZOICs LT, A FF 8 (129), 7 v FEHEF (130)
PR SN hoTe, TOZEMND, SIART v MZEBT B EHIEO YA XZDPP-4fHEE
PEICEETHY, WHEFTH LAIATFAVEREORE IR GFENT, MAx T, EELW
EHAE T, AV N (79, 128) > A& (181,183) >/37 (182,184) Tholz, R
A M OBRIE~ER L 7= 2 A, 2277 xF L (185) R/ a~F I AT
VKL (1836) TH L < FEHEMEIMEI L7-, Linagliptin°fth O DPP-4fLEH TSI 7 > b
EEETHEEZONTWAHERILZEA L7223, 187138 D A ETEMEIZE L <Fs L7,
FRUERICESE | BIZIF2-7 v o 7232 A TF AR UNED K ) Ao E LA AT
DR UNVEE FICHT-ICEBREAZEAL, SIRTZ Yy hOEFEFEICEDDZ EICLD,
DPP-4fHLFEMEIX M B2 & B2 7o, 2ICERL L AT o PNV LV SIAR T v M
FEALEERESNTWELODANIZEMBOT NS TWNWD I L& Ry o 7T
RELTEZ ED RN UNEDOS L ~EHREAZEANT D Z LN ARETH D L HEI L7, 2,5-
TruaRXr UM (189) 13798 AR THOT B 2 S H72 23, o2 &I13E
FIRADBEDAADZEMEY OTNIRENTCDTHY | RICKV/NSRT v FREF%
BMATHZ LR AT, 570 Fa-2-7ma XUV EEBEALZEZA, 9L LT
1401X T I PETEENRMm E L7 IC04.8nM), L7203-> T, 3WMVOERLSIDLVE
HadLiI5-7 A a-2-7 nua XU NVETH D w72, S OICEEEZR LT 57
WDIZ, 57 NAr-2-7 maa X UV EII I NR X VIR EAT H0EW, Hl 21291108
ALTe, ZORER, A XXV F 7V 7 VFERIZEW TR b IR ) R ETEME 2 77144 %
H L7z (IC50.48nM), 7=, 5-7/Aw-2-AF N7 aaXr N EEFT 51454H1CsH0
fil£0.55 nM & R /) 72 B EEE 2 R LTz, Ry U TMATICBW T, AL 7 v EFE L O%)
FIFArg1 25188 & AKFEREEIC K DMAEH KR OSIAR T » M & 7ERITEA LR, BUktE
WHEEROR EICEHG LD THD Z EDNREBI T,
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Table 7. In vitro activity of DPP-4 inhibitors with various moiety at the 3-position.

N 3
MeN i E
N
N | N/>_
|

(o) R
/

i NH,
X
8
Compound X R b-DPP-4

ICs0 (M)

79 8-COz:H 2-chlorobenzyl 5.8
127 benzyl 64
128 2-methylbenzyl 11
129 2-methoxybenzyl 38
130 2-fluorobenzyl 160
131 3-chlorobenzyl 110
132 4-chlorobenzyl >10000
133 3-methoxybenzyl 150
134 4-methoxybenzyl 6900
135 2-chlorophenethyl 3500
136 cyclohexylmethyl 8900
137 methylbut-2-enyl 51
138 but-2-ynyl 90
139 2,5-dichlorobenzyl 25
140 2-chloro-5-fluorobenzyl 4.8
144 7-COzH 2-chloro-5-fluorobenzyl 0.48
145 5-fluoro-2-methylbenzyl 0.55
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5871 7 DPP-4RHEE M 2 /8 LT 2L &W79, 140, 91, 1440 DPP-2, DPP-8, DPP-9, %
L CFAP « % & e DPP-4JEBZEE R T3 2 BPWEIC OV TR 21TV, ZOFRER A IO
DPP-4Fl#3E DfE & ke L7= (Table 8)35.36, Vildagliptin & SaxagliptiniZ, DPP-8, DPP-9
2R L CHIFEMZ R L, DPP-4IZxd 2 PULITHIB0fE Cholz, — T, HEHF LA
HL72bAWT79, 140, 91, 144(XDPP-8, DPP-9iZxf L C100 uM T PLEEE 2R & 72
Mo 72, Linagliptinif, FAPa #HEL. ZDICs0iE89 nMTH > 7=DIZxt LT, {LEW
79, 140, 91, 144/3FAP o iZxt L CIHFICH < BAEEMEZ ST H DD, £ DDPP-41Zx4
%iER T Linagliptin & 13 5 272 BRI D FER TH - 7= (62501514 1), DPP-2i2%F L T 1k
A79, 140, 91, 144 IMHEFEMZ RS- Tz, LLED X 912, LAWT9, 140, 91,
144/ 3DPP-AJERBREER (TR L CTHENZERINEEZ AT 5, AT, 8MLICh v REF VA AT
HALETI. 14013 7= 38R IME %2 3 5 Alogliptin & [FIFEFE D58 ) 72 DPP-4[LE IR 2
L. Sitagliptin& ¥ & 3fELL EOIRD IpiEMEZ R~ Lz, E£72, {LE%91, 14413 Alogliptin
XV bENEN8AE, 2.5 L. EORA) IR EEMEZ R LT,

Table 8. DPP-4 inhibitory activity of 79, 140, 91 and 144 and other marketed drugs (ICso
nM)

Compound DPP-4 FAPa DPP-2 DPP-8 DPP-9
79 5.8 >100,000 >10,000 >100,000 >100,000
140 4.8 30,000 >10,000 >100,000 >100,000
91 1.6 20,400 >10,000 >100,000 >100,000
144 0.48 30,600 >10,000 >100,000 >100,000
Vildagliptin Ki=3 NA >500,000 Ki=810 Ki=95
Saxagliptin 3.37 NA >30,000 244 104
Linagliptin 1.0 89 >100,000 >40,000 >10,000
Alogliptin 4 >100,000 >100,000 >100,000 >100,000
Sitagliptin 18 >100,000 >100,000 48,000 >10,000

Note: NA, Not available
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Wiz, LEtE) 27 Z5HET 272012, bEWT9, 140, 91, 1440OhERGT v #/LFHE
DOFM 21T > 7= (Table 949, A ¥ L A F NIV T /) HAEHT HLA¥118, 119/1FhERG
F ¥ FEREL, ZDICEIZZENEN1.81, 1.20 M ThH o712, —F. {LAEWT, 140,
91, 144 CIEfHE L 72 2hERGT v RV EIEMEITR D bivieo7c (IC50>10 uM), HEW
FHHY VNREIEIL Y VIRESMINICERE T 0 BS ThH Y . MR Rt B CRIERUG 72
E OB Z R L, ALEMONRTAENE & M EMEICBIE L 7= 3k CTd 550, [tk
(DMSO; Y AF AKX RO U B EY AT KT L CRtExT R (Proprnolol, 30
UMDY UHREER Y AL OEEZEH L, BExtRO U CIREEY AR 2L A9,
140, 91, 1440V UFEMV AL DHREZF I Lz, ZOMEN50%LL L2, 256~50%
EREGE. 25%LL FaREME L LHIEEIT - 7251, (LA W118, 119133 uMOJEE THY iA A
LN 33%, 3T% % LR Ly, (LEWT9, 140, 91, 1441330 WMORETE 2 b,
ZOMEITKMETHY . UV VIREIEAFHE BT DV A7 2RI erole, £, ZHUHLEW
I3BEFE 5 ELCYP (Cytochrome P450)FHE (ICs0 >50 uM; 1A2, 2A6, 2C8, 2C9, 2C19, 2D6,
BA) E RS 2o Tz, ALAWTI, 140, 91, 144X D VRF LT I VAR L, WEA
T2 Z BT B O AMERNE W (dlogD(7.4) 1.6-1.9), L7245 T, @\ in vitroZZ &
70T 7 A NEERT DITIINREME AR T D 2 L S ATRE R I VAR X DB AN M &
Bz oihDd, LLEXY | 57172 DPP-ARHETENE, FERREESE (T3 D BB IRME X OVE Wi
vittoZ &7 v 7 7 A VEGT HLEWT9, 140, 91, 144% HHI LT,

Table 9. in vitro safety profiles

Phospholipidosis CYP inhibition
hERG
Compound %Ratio To Positive Control ICs0 (nM) CLOgD(7-4)
ICs0 (M)
(propranolol) Mean (3, 30pM) (1A2, 246, 208 209, 2C19, 2D6, 3A4)
113 1.81 33%, * NA 3.6
119 1.20 37%, * NA 3.1
79 >10 0.13%, 0.07% >50 1.6
140 >10 0.18%, 0.13% >50 1.7
91 >10 0.2%, 0.1% >50 1.9
144 >10 0.14%, 0.08% >50 1.9

Note: NA, Not available * flifinz/t
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B3FE HHAIXYX Y ) UFHERORBELIE . e KT v 7kic kb
1 1 WA D 238 e OMBE N 7= HURE IR R 2 n 3L & OBl H

FLE BRSBTS R

F 2B TR LIALEWTI, 140, 91, 1441TIFREOWIENRZ Ly E V9 KX ZifEN
Holey BEOLLS WA UVIET I ) ENGAINTIEA AU ZEMRLTWDT2D, Kl
BRMEMEN T & DFA EHERI L TV 5, EEE. 7 v FPKERBRICE W T, {bEWTIE911X
ZNEN<0.1%, 2.7% DLW FHIFARE (bioavailability ; BA) T# 7= (Table 10), L7»
L7226, 2 HAbEWITIEE 2R S 72 DPP-ARLETEME . JEEEE SR 63 DB 73 IR M
CtEWinvitroZ &7 e 7 s ANV ERB L TNWAZ D, MHPICRET L ERTENR
TR bEmTH Y . BIBEMILEWIZR 25 B2 b, AT, B REDT v
MIFR 7Y — AP CRERTHY . 2027 VT T AMEIEZEH21<0.01, <0.01
(mL/min/mg protein) T ¥ FFREHHC L DHATIERWEE X2, ZNHDZ &b, ih
POFIET L BE@IE 2 ST 5 - LA TEAUT, SARIER [ BT 5 2 & S
b, £ZT, ALEWTI, 140, 91, 144\Z%FL T, {HLE TIXLELIFR, & L <idif
IR DIRT A EREECH AR B EZ AT T A7 1 KT v ZBIRIC LY 20
PR BRI T B = & BRI,

Table 10. Compounds 79, 140, 91 and 144 membrane permeability ,metabolic property
and BA in rat

PAMPA MS
Rat PK . )
Compound Pe(106cm/s) mL/min/mg protein
BA (%)
pH 5.0/ 7.4 human / rat
79 <0.1/<0.1 <0.1 <0.01/<0.01
140 <0.1 / <0.1 not determined <0.01 / <0.01
91 <0.1/<0.1 2.7 <0.01/<0.01
144 0.6/<0.1 not determined <0.01/<0.01
ci ci ci ci
[o} [o} PQ\F [0} PQ [o} F
N N N N
MeN ‘ />7N MeN\ ‘ />7N MeN\ ‘ />7N MeN ‘ />7N
N N N N
NH, NH, NH, NH,
HO,C HO,C
dou 7O dou 140 91 144
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o T ATFATE KT v TOAERK

in vitroﬁ%ﬁﬁ”‘r ARERIZEB VT MFS9, b L < IHImiEH TSI AR A~
ENDT AT VTR EZ Y T ALEWTI, 140, 91, 1440 27 /)L 71 KT v 7'151a—151j
AR LT (scheme 16), FMAT6, 152, 110, 153LFx DT NFNNT A KEHNT
7 AL EFTVMEA150a— 150§ % Ak L 7=, g% AV CBockk 2 frET 25 Z iz kv
TAT)Ta KT v 7 151a—151j% 157,

Scheme 16. Preparation of the prodrugs 151a - 151j2,
Cl
o L

MeN" ) :/%NQ & meN /%NQ 2w /%NQ
NHBoc

NHBoc NH,
COH CO,R CO,R
76 150a-150g 151a-151g
o Me Me
R o/\rr,f MezN\/}rr MezNW (o} K\N/\/\rrﬁ.r o/'\ o
K/N\/\rr,:‘ O\) )\/N %0
Me \/\rj‘ J
a b c d e f g
cl
F
Men N a | N/f" b /% N
7N NHBoc NH,
NHBoc Me
CO,H O)ﬁﬂo ° )ﬁﬂ
2 o (o]
152 0>f 150h o>// 151h
al cl cl
o g@ o o
a N b N
L NI 0 MeN >N 0 MeN >N
B o N o N
NHBoc o o NHBoc o o NH,
HO,C Me o Mé o HCl
110 150i 151i
1) Rl
(o] E o N F b
N a MeN
MeN pu o>\\0 | N/>7N -~
N
NHBoC (o] _ o NHBoc
HO,C
153 Me ° 150j O 159

aReagents and conditions: (a) R-halide, K2COs, DMF, 34%-quant.; (b) HC], 1,4-dioxane,
70%-quant.
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B3I AT AT KT v 7Ol & B OMEE151g DA

— AT, BG5S RNEN TR A =T D 2 LI XV KIS R oA (O
PERGEHAR) (28 S, R ZRET 5 L5 I LFNIBMi SN R T e KT v 7
THD, TOFME LT, BOowrtom B, BIEROKREL, 1EA ORI Enz
bILh, FIOIZ, {LAEWTI, 140, 91, M4EIEMERGEIAL T2 AT L7 0 BT v ZHgE
Darv 7 NEHER L, TRbb, BT EICHVRF L IEE2HT 579 L9157
REHE L LTHW, AF L 25174 L 550in vitrof SETF I DUV TR L 7= (Table 11),

o
MeN MeN MeN N
© | /%N /%N /%N > © « )N >
N
NH, NH,
HO,C HO,C

144

CO,Me
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ILEWTAXT » G CREM A 2~ L2AS, FFSOH T/ AR X st
WIRTOZ AL Tz, — . 6517 v MIFSOHF CTLE Th -7, MIFH TIIARLZE Th o7z,
ELLDOEEL . ENENIEMHENAHHATIE 7213910 BN AR L, ORI AR IR S
PRI o T2, T4 & BEIT R - - 2 7R L7228, £ OREHEEDN S 7 » MR n& 54,
W LA L HITMERIZIRAE L 202 LB STz, 798 91D 1 & parallel
artificial membrane permeability assay (PAMPA, pH 5.0/7.4, 106cm/s) CRHii L7= & = A,
ZIEN<0.1,<0.1 LR TH > 7= DTkt LT, T4 L 55D BLERMEILT AT /LT 25 Z &1
FOFELIHML, ZOMEIXZZENZI134.1/47.4, 36.2/41.4ThH -7,

Table 11. Compounds 74 and 55 membrane permeability and metabolic properties in

the rat (r-) and human (h-) sera and liver S9 fractions

Active Remaining ratio (%)= PAMPA Pe (106 cm/s)
Prodrug
metabolite r-liver S9 r-serum h-liver S9 h-serum pH 5.0/7.4
74 79 <0.5 72 >99 80 34.1/47.4
55 91 70 8.4 >99 92 36.2/41.4

aCompounds were incubated at 37 °C for 30 min.
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WIS, TEEREHATILE 91 L X T 27 1 KT » 774 L 55O I & g g% 7
v M FWTEHE L7z (Figure 21), {bAEWT4%EROEE Lz Z A, T9DBAIZDT )
24% ThoTz, TSMNZ, MIEHFIZT 2T ARTADFERATF L, ZDAUCIETID Z 41 & b L
TB.3GFREMoTz, —J, &Nk s Liz & &, oldm iR EIT R L, £DBA
1390% T o7z, MIFEFIZT AT ARESIL T < DT DI L7y, 6IFRI#% AR E &R
ARG TH Y (LOQ; 1.0 ng/mL) . = DAUCIFIL & LE_XTOUETH 7=, 7T/ FEEH L,
JEEMED BV AT U NMEFICRBET L2281 FE L RN EEZTWD, RS,
FD L5 kAT e MZBWThERGTF v 1 /LELE . Mechanism based inhibition (MBI),
WHIFR Y VNREAE, £ U CIFmtEE 5 & Z 9 /et & 553, REBRID = 27 LML
BER D GERNTIHAT H 7o OIiE, Mg THECITIEEREHA A~ s 5 Z &
2T, IS TH AR 4 Hin vitroREFHEZ G T2 Z ENHETH D B X T,

cl cl cl cl

o PQ (o] P@ o P@ o P@
MeN N MeN N MeN N MeN N

g N/HQ g N/HQ g N/HQ g N/HQ

NH, NH, NH, NH,
HO,C MeO,C
74 91 55

CO,H 79 CO,Me
Figure 21. Time-dependent concentrations of 79 and 74 after oral administration of 74,

and 91 and 55 after oral administration of 55 in the plasma of rats (10 mg/kg)
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ZOMRB T 7y A b e MSROKESG LB, T4 L5513 TICERGFT 52 RNy
HENDT=D, b b~OIMEMEZE B [E LA < in vitrofLig & OSSO O 17 T LA v
DA INDS T 1 N T v T OWREITo T, IHEREHAEZTIE T Dkx 7pm R
TN EERK L., in vitrofCEHHEEZ 14 L7~ (Table 12), ©/3a A 4% A F /1 (POM)
T AT NVEAT H151aldt MFSOH CIHECOMTIEIEMREHA~E R S =23, & MJET T
ZOEMIIAR 0 ThHo71254, TILXT 2 ) TIAAF)ILT AT )UFE MR CREETH
HERESNTWNWEDTH, YAFNLT I ) 2F N AT/N151b, VATFLT I ) Fa L
T AT )V151lexEA LTZ, {LEW151b, 15lcitt bIIET CRAECHEHABER~EHR SN
0, TRHT AT EE MIFSOHF TIE & A SR ST, N2 TGRS & b TR
VMETH 72, RIS @O E2#ELEARY ) TAXF LT AT ILOEKEIT- 1=,
FARY ) TF LT AT N6E AT H151dIT e b ILIE T CEeNITIMH S, TSS9
THRBINDEAZR LB OO, BuFimrEnz Linot-, = A7 /1151e57, 151fD i1l
AT FIET THLNIC AR I EB I T, (LEW151£3151d L D bt MITS9
e SN0 RR T, BEREEEEEZ R LZ, Lo Laens, v MFSOH itk
REHATIRIZ & A RSN T, MERMEONRHH N LK L, DXz, EFEL
wﬁ%7m774»%ﬁ#57»%»7:/Tw%wiXTw\%L<i%w$)/7w
XNVTZ AT NERGDHZ LITTERpoT, - AT IN-2-FF V-1,3-TVAF Y —/b-4-A L AF
U (Dox) T AT /UFE MIER TREE, T72DOLECOIIHNVR B ERHT 5 2 &7
WE SN TNDS, DoxT AT /VEFT HI51gh Ak LizE 2 A, b MLEKL L FFS9
M TRZETH Y, BEARBEERIEAZA LT\, LEn-> T, 151gide b iffEdic iz
BT EEREHATII RN S 4L, o2 a2 "3 2 L iR s vie, 1%
PEAREA140, 91, 144/ZDox = A7 /L 28 A L7- (k& #151h, 1514, 151ji3151g & FlEkD 7
n7 7 ANERL, fHST DIEEEE~R G ICE Sz, Iz T, 151g, 151h, 151i,
1510 7 v MZHIT Hin vitrof St AFEZ B R EHEBPIL TW =2 &b, 7 v S ORI
PEEZOTIYEE T 0 7 7 A VAR LNCT 5 Z Lkt RO O WRIYE A S 6 L FEL %
THZLIWCEHM T EEZ2 NS, BEL W17 7 A V&7 DoxT A7 /1151g, 151h,
151i, 151j& S HICeHMlidT 5 2 & & L7z,
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Table 12. Ester membrane permeability and metabolic properties in the human (h-) and

rat (r-) serum and liver S9 fractions

PAMPA
Active Remaining ratio (%)=
Prodrug Pe(106 cm/s)
metabolite
h-liver S9 h-serum rliverS9 r-serum pH 5.0/7.4
151a 79 <0.5 73 <0.5 0.6 6.5/6.3
151b 79 >99 <0.5 >99 97 <0.1/0.6
151c 79 >99 <0.5 >99 38 <0.1/<0.1
151d 79 37 6.8 >99 50 0.9/7.1
151e 79 48 7.0 78 76 <0.1/3.4
151f 79 22 <0.5 30 92 10.1/18.0
151g 79 7.8 <0.5 <0.5 <0.5 10.3/12.1
151h 140 3.5 <0.5 1.0 <0.5 11.0/8.4
1511 91 17 <0.5 1.0 <0.5 12.5/14.2
151; 144 13 <0.5 3.6 <0.5 15.8/15.9

aCompounds were incubated at 37 °C for 30 min.
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7a RT oy 7 Lt DIEEREHE O AR 2 G  72 0l T v b & W TPKR
B FEhE L=, F1DIT, TEMEREHATI, 140, 91, 1440OPK7 1 7 7 A L& ERNE 512
L VRD7 (Table 13), (LAWTI, 140, 91, 144(TW\ T b IF MG EZ 8 2 5 IEFITHE D
J VT T UAEER LTV, £ LT, {BAW11F0.6 h& W ) Vi 2R L=, ek
T79 & 144 TTEERBHAEOT TR v RWEFE (AUC) &Pz rL7-, 7 v M2
B RT w7 &N EE Lz & & OIRMEREHAD P 2 57 L7- (Table 14), #ifF L7
£ 912, 151gZa N5 L=t 0T9D MAETIREEITZE L< M L L. ZDBAIZ35% ThH > 7=,
Z LT, 2 TOUERERIZB W TI51gDIREILERBARM (LOQ: 1.0 ng/mL) THY
MAEFINZIFEFE L2 o7z, —JF, 151h, 1514, 151j& & A& 5-L7- & 2140, 91, 144
DOBAIZZNEINI11T,4.0,4.8%TH Y, T HMLAWITE LTI 7e sk Dtz R S
T a7 v FOHEERDRILRD e o iz, pH2.5ICB T 2IRME IO 7 1 KZ
v 7 X0 H1BIgNE O TRIFTH-T-7-0, TIHR D BV OWINMEEZ R LT &EE X
HZLHTEDH, 1561gDE MBI HMHFHEITT v FEFRRTHDLZ &b, & MIE
WT, 151ga RN h Lz & &, 793+ 7e iR 2R L, = A7 Mgz ik L
PN ERHIREEI NS, LN o T, 161gh S L7 b mikiHti~ED 5 Z L & LT,
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Table 13. Pharmacokinetic parameters of the active metabolites 79, 140, 91 amd 144

after i.v. administration in rats

Active AUC )
, Dose (mg/kg) CL (mL/min/kg) Vd (IL/kg) Tiz(h)
metabolite (ng hr/mL)
79 1.5 188 132 2.9 1.0
140 1 75.3 222 7.1 1.3
91 3 276 181 4.5 0.6
144 1 99.9 167 31.5 8.3
Table 14. In vitro activity of DPP-4 and pharmacokinetic parameters after oral
administration in rats and solubility of the prodrugs 151g, 151h, 151i, and 151
h-DPP-4 Active Dose Chnax Tax AUC BA  Solubility (mg/mL)
Prodrug
ICs M) metabolite (mg/kg)  (ng/mL) (h) (ng+hr/mL) (%) pH 7.4/5.5/2.5
151g 6.0 79 20 94.1 2 728 35 <0.001/0.003/0.210
151h 4.7 140 10 14.8 2 72.7 11.7 <0.001/0.002/0.025
1511 1.4 91 20 81.7 0.25 61.9 4.0 0.002/0.002/0.054
1515 3.4 144 10 nda nda 43.9 4.8 <0.001/0.001/0.047

a Not determined.
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151gD BRI ARG 2 A0t 25l § 5 72 912SD 7 v MIFk) 2 DPP-4fHETE
P % 0-24 B3 O WM TREAM L 7= (3 mg/kg, Figure 22), #ifFL7-18 Y . {LEW151giXsk /)7
DPP-4FLEIGMEZ R L, 1R & 1085 O AP DPP-4FLERIZZ N EN8T%, 64% T
bolc, ZORRIT, FLHKEEGE (3mgkg) 2T S Sitagliptin B[RS 6D THh o7z,

Figure 22. Time-dependent plasma DPP-4 activity after oral administration of 151g (3

mg/kg) and sitagliptin (3 mg/kg) in SD rats
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kA rRER (OGTT : oral glucose tolerance test) (23 C1LEBDZE T v b & {4k
L., Bo7-8E5% (0.3,1.0mgkg) Tl5lg, L LIZE—Z 1 LTAF LB LT —
A Z A Uz (Figure 23), 1FF[E# (t=0), 7 v M7 v a—2 & 05 L (2 g/kg) |
Mo 7N a—2REZRE L, ZORER, (bEW1s1gITk 5 Bk FAN 21T 7L a2 —2
BEOIEFE25 L, 1 mgkglo BN TE LW/ L a— X BEOE FERER L, b0
X, LEW151gDIRFN RIIDPP-4% HEF T 5 = L1233 < GLP-1D# ) E A
HHDTHDHZ EaRE LT, LLERY ., 2BERPEHREDORBEEMILEY & L TLEY
151g# R L7,

Figure 23. (A) Effect of 151g on plasma glucose concentration in OGTT in male Zucker
fatty rats. (B) changes in AUC of plasma glucose from 0 min to 120 min. Each value

represents the mean and SEM, n=10 rats in each group.**P<0.0125 versus vehicle

control.
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WA EEPERTIORELE KL OB%

1% 0 DPP-4fLEIGEZ T 2 AZLEW151gIXTIZ2 B L TR SN D =D, (LAEWTL
FEHEEPEAETH L EBZZTWD, TUIHRIEEINT 2 INVR A I RV 7 = =L
LA TEDZ L AF 2HTIRAIEN, ZOEHIEIIS TRAE L, 2IEIX19.9% & il 2
DNV LD TIER, Lo T, ALAEMTIORN A RIEORBENLETH D, T2
T, VTV =7 AH1545961 R LT 1N T Y I ABAERUG & I, ALEW155H0 5 A
XXV EEEREET 2 LWERUL— M2 T A LT (Scheme 17),

Scheme 17. New synthetic route for the preparation of

3 H-imidazol4,5-clquinolin-4(5 H)-ones by intramolecular radical cyclization

N N
MeN
N/%N — Mjﬁ N/%N > —
NHBoc +N NHBoc
x I
N
CO,Me
71 L 154
MeOZC
o8 s e
)t%N NCN

155

NHBoc
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saar7vIFnrsadf ReEHWTATFI 4 AFLVT I )XV 2= NOT I ) HKET
LT B Z L TEEMICATF A AF LT I )Ry o— 156~ H#i 7= (Scheme
18)) NoT7 ) HNKRUAI NP 722D 1507 = /) %A R)-3-7T I ) Y)Y
ANTKVEHL HVTE0 CICTLIAYED2-7 o Xy VLT I TS Z LIckD,
EINETI8T2 15372, bAEW166% AV T157DON-7 L LAk %40 "C“C“ﬁof:k Z %, 158
E1BDIREWINER LT, feW CRISIER 260 CITIET 2 Z &2 & 0 LS et
L. VY Ry hTLI65%T5%DINETH-,

Scheme 18. Synthesis of 155

NHMe Nle
I — oy
(o]
MeO,C MeO,C
156

NCN

PhO_ _OPh //\)\ c
\n/ > NHBoc
NCN

157

MeO,C
i \©\ f MeO,C g@
ﬂj\ QNHBOC \©\ )t )N

Y
CI\<5 NCN
NHBoc
155

158

aReagents and conditions: (a) chloroacetyl chloride (1.2 eq), pyridine (1.0 eq), THF, 0 °C,
quant.; (b) (£)-3-tert-butoxycarbonylaminopiperidine (1.0 eq), PrOH then
2-chlorobenzylamine (1.5 eq), 80 °C, 95%; (c) 156 (1.1 eq), Cs2COs3 (2.0 eq), MeCN, 40 °C

then 60 °C, 75%
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WIT, ALEW1I55%Z W ToH+N T P NELRIE %772 (Scheme 19), FERRESEET
HIRTIG56 L Al R U U AZMISSE D Z & THRELSSIIE THE SN YT YV =7 A1
154083 LT, ALV T Y =0 WA G ATEIRAMICEBIZINZ 5 Z L T, 51%DIL
FTLEWTIE 15372 (entry 1), @BHIOMKDV IC MO (1) ZHW-EZA, T1
DIRITE NI A BRI 272 b DD SHEEITE 72572 (entry 2), WP & LT A
OYEALSR (1) 2Nz 7-& 2 A, &RHCHEER (1) OEE LY HIRIETH 7= (entry
3), WEEevAfirh, HAEEeT MU v A &RHIEZ VT80 CTHRIGEIT 7203, HEIROLE
LI L TIRICEIZ R BN o 7= (entry 4), KIT, D7 VLRI L U CHMEEAS VT
INERANDZ L L, Bl&EEE e UCHiRE AW TS EITo72 8 2 A, HEER
T RU T LAOEE LKL TOTNICTIONERIFE T L7z (entry 5), %l T, WHEIZ hL
TrERWCEZ A, VT Y =0 AEIBATRI ST, ERHFEINZ D Z LR <EIRTT
DERPHER ST (entry 6), BHRIZY T Y =7 AE1R4DZECICHGTH—F, v
TATFD X I RN RAE RS Rhotz, TOZENS, ML ERAWERE, V7V =
U AP REEDBEIRE Y SR LY TV IANEL., FEODTERILEIS A ET LT1IAME 5
NibBz7262, S50, FEROHA LKL T, MY URBECRIEEIT 7 & &, Bl
DI e iR R Lz, WRIZ, b U EEEEE L THOW T, RISIRE O R
ICOWTHRELT, 80 CTHIGNEIT-oT2E Z A, TIOWNRIIKE < ML Liz(entry 7)., Hi
A Y 7 I V& O TROGSREESD CO S CRIGA I O Fiift 217 > 72, THFEE
ISEIT-128 2 A, MU OEE LRBEOINERTTINE LN, Fv Ly, BV
Yo b LLETE b= NI AVERWESA, TUIAERT 2 b OO E DWW IR TIE/Aeh
o7 (entry 8-11), MafDOFER, 1,4- VA XV 2l E Z A, kb BEFRIGRTTLING
vz (y. 73%, entry 12), LA EX V| 53 1NT VA VEBRALG 2 W T2 BB TR 72 A
IEVHR N BRERIEEZRR L, USSR O R EST Lz (ALRAIES2%),
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Scheme 19. Intramolecular radical cyclization of 155

Diazotization reagent

Me0,C g@ solvent, temp. Me0,C /j©
O *; - " O J\L .

NHBoc \H NHBoc
155
L 154 ]
cl
o
Additive N
MeN ‘ /%N
N
NHBoc
CO,Me
71
Diazotization reagent  Additive Time Yield
Entry Solvent  Temp.

(eq.) (eq.) (h) (%)
1 NaNO: (3.0) Cu (1.0) AcOH rt 5 51
2 NaNO: (3.0) CuCl (1.0) AcOH rt 26 43
3 NaNO: (3.0) CuClz (1.0) AcOH rt 26 29
4 NaNO: (3.0) Cu (1.0) AcOH 80°C 3 53
5 isoamyl nitrite (2.0) Cu (1.0) AcOH rt 1.5 36
6 isoamyl nitrite (3.0) none toluene rt 22 332
7 isoamyl nitrite (5.0) none toluene 80 °C 3 71
8 isoamyl nitrite (5.0) none xylene 80 °C 3 59
9 isoamyl nitrite (5.0) none  pyridine 80 °C 3 34
10 isoamyl nitrite (5.0) none acetonitrile 80 °C 3 51
11 isoamyl nitrite (5.0) none THF  80°C 3 64
12 isoamyl nitrite (5.0) none 1,4-dioxane 80 °C 3 73

2The yield was determined by HPLC using an external standard method after quenching
the reaction
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EEROHE
Chemistry

Melting Points were determined on an electrothermal apparatus without correction. 1H
NMR and 13C NMR spectra were recorded on a JEOL JNM-LA300 spectrometer and a
Brucker AVANCE 400 spectrometer in the stated solvents using tetramethylsilane as an
internal standard. Chemical shift (6) are expressed in ppm. IR spectra were recorded on
a JEOL JIR-SPX60 spectrometer as ATR. High resolution MS spectra were recorded on
a Thermo Fisher Scientific LTQ orbitrap Discovery MS equipment. Elemental analysis
was conducted at Sumitomo Analytical Center Inc. Reactions were followed by TLC on
silica gel 60F 254 using precoated TLC plates (E. Merck). Column chromatography was
carried out on a Yamazen W-prep system using prepacked silica-gel or amino silica-gel
or performed on silica gel 60 (230-400 or 70-230 mesh, Merck). HPLC was performed on
a Shimadzu Corporation system. Samples were applied onto a YMC-Pack Ph column
(250 mm X 4.6 mm, 5 um) and eluted at 1 mL/min with a 40 min isocratic flow (42.5% B),
where solvent A is water (0.1% TFA solution) and solvent B is acetonitrile (0.1% TFA
solution). Unless otherwise noted, all materials were obtained from commercial
suppliers and used without further purification. All solvents were of the commercially
available grade. Reactions requiring anhydrous conditions were performed under

nitrogen atmosphere.

Ethyl N[(B)-{(3R)-3-[(tert-butoxycarbonyl)amino]piperidin-1-yl}(cyanoimino)methyll
glycinate (7).

To solution of (£)-3-tert-butoxycarbonylaminopipiridine (154.0 g, 0.769 mol) in PrOH
(3.0 L) was added diphenyl cyanocarbonimidate (183.2 g, 0.769 mol). The mixture was
stirred at room temperature for 2.5 h. To the reaction mixture was added glycine ethyl
ester hydrochloride (536.7 g, 3.85 mol) at 0 °C, and the mixture was stirred at 80 °C for
6 h. After cooling to room temperature, the reaction mixture was diluted with AcOEt
(1.4 L) and the precipitate was removed by filtration through a Celite pad. The filtrate
was concentrated in vacuo, and the residue was diluted with 5% sodium carbonate
solution and extracted with CHCIls three times. The combined organic layers were dried
over NazS04, and concentrated in vacuo. The residue was purified by silica gel column
chromatography to give 7 (249.2 g, y. 92%) as a pale yellow oil. '"H NMR (300 MHz,
CDCls) § 5.68 (brs, 1H), 4.66 (brs, 1H), 4.28-4.19 (m, 4H), 3.81-3.34 (m, 5H), 2.05-1.51 (m,
4H), 1.45 (s, 9H), 1.30 (t, J = 7.2 Hz, 3H); 13C NMR (75 MHz, CDCls) § 169.6, 160.0,
155.5,117.1, 80.1, 61.8, 51.2, 47.3, 45.4, 44.6, 29.8, 28.3, 22.8, 14.1; HRMS (ESD [M+H]*
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caled for C16H2sN504 354.2136, found 354.2128; IR (ATR): 1743, 1685, 1575, 1531, 1440,
1390, 1365, 1309, 1243, 1197, 1162, 1051, 1031, 1018 cm'1.

Ethyl N[(9-{(8B)-3-[(tert-butoxycarbonyl)amino] piperidin-1-yl}(cyanoimino)methyl]
- N-(2-chlorobenzyl) glycinate (8).

A mixture of 7 (249.2 g, 0.705 mol), 2-chlorobenzylbromide (225 g, 1.09 mol) and
potassium carbonate (292 g, 2.11 mol ) in MeCN (1.5 L) was stirred at 40 °C for 3 days.
After cooling to room temperature, the mixture was filtered through a Celite pad. The
filtrate was concentrated under reduced pressure. The residue was purified by silica gel
column chromatography to give 8 (249.5 g, y. 74%) as a pale brown oil. 1H NMR (300
MHz, CDCls) § 7.42-7.38 (m, 1H), 7.31-7.16 (m, 3H), 4.87 (brs, 1H), 4.62 (d, J= 15.0 Hz,
1H), 4.55 (d, J = 15.0 Hz, 1H), 4.22 (q, J= 7.2 Hz, 2H), 3.98-3.89 (m, 2H), 3.77-3.69 (m,
2H), 3.54-3.25 (m, 3H), 1.94-1.83 (m, 2H), 1.72-1.63 (m, 2H), 1.44 (s, 9H), 1.29 (q, J= 7.2
Hz, 3H); 13C NMR (75 MHz, CDCls) § 168.9, 166.2, 155.0, 134.2, 132.5, 130.3, 130.2,
129.8, 127.3, 116.3, 79.6, 61.6, 60.4, 53.4, 52.6, 49.0, 46.7, 29.8, 28.3, 23.0, 14.1; HRMS
(ESD [M+HI* caled for C2sH33CIN504 478.2216, found 478.2209; IR (ATR): 1741, 1700,
1535, 1496, 1442, 1390, 1365, 1164 cm'™.

Ethyl 4-amino-2-{(3 B)-3-[(tert-butoxycarbonyl)amino] piperidin-1-yl}-1-(2-chlorobenzyl)
- 1H-imidazole-5-carboxylate (9).

To a solution of sodium hydride (60% in oil, 15.94 g, 0.399 mol) in THF (1.8 L) was
added 8 in THF (1.2 L) dropwise at 0 °C, and the mixture was stirred for 2.5 h at 15 °C.
The reaction mixture was quenched with saturated NH4Cl solution and water. The
mixture was concentrated under reduced pressure. The residue was extracted with
AcOEt, washed with 10% sodium carbonate solution and brine. The organic layer was
dried over Na2SOs and concentrated under reduced pressure to give 9 (132.57 g,
quant.) as a pale brown amorphous. 'H NMR (300 MHz, CDCls) § 7.38-7.35 (m, 1H),
7.27-7.14 (m, 2H), 6.78-6.75 (m, 1H), 5.25 (brs, 2H), 5.01-4.78 (m, 3H), 4.11-4.07 (m, 2H),
3.73-3.71 (m, 1H), 3.31-3.25 (m, 1H), 2.96-2.85 (m, 3H), 1.75-1.51 (m, 4H), 1.42 (s, 9H),
1.34 (t, J= 7.5 Hz, 3H); 13C NMR (75 MHz, CDCls) § 154.9, 154.4, 135.7, 131.6, 129.6,
129.1, 128.0, 126.9, 126.5, 99.3, 79.1, 59.1, 55.3, 51.4, 46.8, 45.9, 29.5, 28.2, 22.3, 13.9;
HRMS (ESI) [M+H]* calcd for C2sHssCIN504 478.2216, found 478.2210; IR (ATR): 2360,
1710, 1645, 1606, 1515, 1436, 1392, 1369, 1342, 1311, 1166, 1120, 1051 cm'1.
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Ethyl 2-{(3 R)-3-[(tert-butoxycarbonyl)amino] piperidin-1-yl}-1-(2-chlorobenzyl)-4-iodo-
1H-imidazole-5-carboxylate (10).

A mixture of 9 (261.7 g, 0.548 mol), Isoamylnitrite (368 ml, 2.74 mol) and CHal2 (440 ml,
5.46 mol) in Toluene (2.6 L) was stirred at 80 °C for 4 h. The reaction mixture was
cooled to room temperature and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography to give 10 (170.8 g, y. 53%) as a pale
yellow amorphous. 'H NMR (300 MHz, CDCls) § 7.40-7.38 (m, 1H), 7.37-7.13 (m, 2H),
6.60-6.57 (dd, J= 1.8, 6.6 Hz, 1H), 5.49 (d, J= 17.1 Hz, 1H), 5.42 (d, J= 17.1 Hz, 1H),
4.92 (brd, J= 7.5 Hz, 1H), 4.18 (q, J= 7.2 Hz, 2H), 3.75 (brs, 1H), 3.29 (dd, J= 3.6, 12.3
Hz, 1H), 2.94-2.82 (m, 3H), 1.81-1.65 (m, 2H), 1.60-1.46 (m, 2H), 1.42 (s, 9H), 1.19 (t, J =
7.2 Hz, 3H); 13C NMR (75 MHz, CDCls) § 159.1, 157.2, 154.9, 134.8, 131.8, 129.5, 128.5,
127.1, 126.2, 122.7, 92.3, 79.3, 60.7, 55.9, 51.8, 47.4, 46.1, 29.5, 28.3, 22.4, 13.8; HRMS
(ESD [M+H]* caled for C23Hs1C1IN4O4 589.1073, found 589.1078; IR (ATR): 1697, 1673,
1521, 1517, 1488, 1475, 1438, 1313, 1297, 1238, 1224, 1176, 1149, 1066, 1056, 1049,
1033, 1016 cm™.

Ethyl 2-{(3 B)-3-[(tert-butoxycarbonyl)amino]-piperidin-1-yl}-1-(2-chlorobenzyl)-4-
(2-nitrophenyl)- 1 H-imidazole-5-carboxylate (11).

A mixture of 10 (589.0 mg, 1.00 mmol), 2-Nitrophenylboronic acid pinacol ester (274 mg,
1.10 mmol), Pd(PPhs)s (116 mg, 0.10 mmol) and Na2:COs (212 mg, 2.00 mmol) was
stirred under reflux for 10 h. After cooling to room temperature, the mixture was
diluted with AcOEt and filtered through a Celite pad. The filtrate was washed with
saturated NaHCOs3 solution. The organic layer was dried over Na2SO4 and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography
to give 11 (235.8 mg, y. 40%) as a pale yellow amorphous. 'H NMR (300 MHz, CDCls) &
8.05 (dd, J= 0.9, 8.1 Hz, 1H), 7.63-7.61 (m, 2H), 7.55-7.49 (m, 1H), 7.42-7.39 (m, 1H),
7.26-7.22 (m, 2H), 6.70-6.68 (m, 1H), 5.55 (d, J= 16.8 Hz, 1H), 5.49 (d, /= 16.8 Hz, 1H),
5.11-5.09 (m, 1H), 3.92 (q, J= 6.9 Hz, 2H), 3.79 (brs, 1H), 3.34 (dd, J= 3.3, 12.0 Hz, 1H),
2.99-2.93 (m, 3H), 1.77-1.74 (m, 2H), 1.60-1.55 (m, 2H), 1.42 (s, 9H), 0.96 (t, J= 6.9 Hz,
3H); 13C NMR (75 MHz, CDCls) § 159.4, 155.8, 155.0, 154.8, 149.2, 143.3, 135.0, 132.5,
131.7, 130.6, 129.3, 128.9, 128.4, 127.4, 126.2, 124.0, 117.9, 79.2, 60.4, 55.8, 51.9, 46.9,
46.0, 31.5, 29.5, 28.4, 22.2, 13.3; HRMS (ESD) [M+H]* calcd for C20HssCIN5Os 584.2270,
found 584.2273; IR (ATR): 1700, 1525, 1477, 1442, 1349, 1240, 1170, 1081, 1064, 1039,
1024 ecm'; Anal. Caled for C20H34CIN5O6: C, 59.64; H, 5.87; N, 11.99, found: C, 59.69; H,
5.93, N, 11.69.
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tert-Butyl {(3R)-1-[3-(2-chlorobenzyl)-4-oxo-4,5-dihydro- 3H-imidazo[4,5-c quinolin-2-yl]
piperidin-3-yl}-carbamate (12).

A mixture of Fe (87.8 mg, 1.57 mmol) in acetic acid (4 ml) was stirred at 80 °C for 30 min.
To this suspension was added 11 (91.8 mg, 0.157 mmol) in acetic acid (2 ml) dropwise,
and the mixture was stirred at 80 °C for 4 h. After cooling to room temperature, the
mixture was diluted with AcOEt and filtered through a Celite pad. The filtrate was
washed with water, saturated NaHCO3 solution twice and brine, dried over Na2SOs4,
and concentrated in vacuo. The residue was purified by silica gel column
chromatography to give 12 (71.5 mg, y. 90%) as a white powder. Mp 241-243 °C; 'H
NMR (300 MHz, CDCls) § 10.87 (brs, 1H), 8.21 (dd, /= 1.2, 7.8 Hz, 1H), 7.44 (dd, J= 1.5,
7.8 Hz, 1H), 7.40-7.34 (m, 1H), 7.30-7.18 (m, 2H), 7.14-7.09 (m, 2H), 6.73 (d, J= 7.2 Hz,
1H), 6.31 (brs, 1H), 5.80 (d, /= 16.8 Hz, 1H), 5.68 (d, /= 16.8 Hz, 1H), 3.83 (brs, 1H),
3.45 (dd, J = 3.6, 12.9 Hz, 1H), 3.32-3.27 (m, 1H), 3.12-3.11 (m, 2H), 1.75 (m, 2H),
1.63-1.50 (m, 2H), 1.47 (s, 9H); 13C NMR (75 MHz, CDCls) § 157.7, 154.9, 154.8, 142.7,
136.4, 135.3, 131.1, 129.3, 128.9, 127.9, 127.7, 127.0, 122.0, 121.6, 119.2, 116.0, 115.8,
77.8, 55.0, 50.6, 46.5, 46.0, 29.8, 28.4, 23.3; HRMS (ESD [M+H]* calcd for C27Hs1CIN50s3
508.2110, found 508.2096; IR (ATR): 1679, 1658, 1533, 1498, 1444, 1419, 1386, 1365,
1340, 1311, 1243, 1170, 1051, 1033, 1014 cm™1,

tert-Butyl {(3R)-1-[3-(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro- 3H-imidazo[4,5-]
quinolin-2-yllpiperidin-3-ylicarbamate (13).

To a solution of 12 (50.3 mg, 99.9 pmol) and K2COs3 (27.3 mg, 0.198 mmol) in DMF (2 m])
was added Mel (9.2 pl, 0.148 mmol). The reaction mixture was stirred at room
temperature for 12 h and quenched with saturated NH4Cl solution, extracted with
AcOEt. The organic layer was washed with saturated NH4Cl solution twice and brine,
dried over Na2S04, and concentrated under reduced pressure. The residue was purified
by silica gel column chromatography to give 13 (55.0 mg, quant.) as a yellow amorphous.
'H NMR (300 MHz, CDCls) § 8.32 (dd, J= 1.5, 7.8 Hz, 1H), 7.56-7.51 (m, 1H), 7.45-7.40
(m, 2H), 7.36-7.29 (m, 1H), 7.22-7.10 (m, 2H), 6.67 (d, J= 6.8 Hz, 1H), 6.37-6.35 (m, 1H),
5.78 (d, J= 16.8 Hz, 1H), 5.65 (d, J= 16.8 Hz, 1H), 3.82-3.79 (m, 1H), 3.75 (s, 3H), 3.43
(dd, /= 3.0, 12.9 Hz, 1H), 3.27 (dd, J = 3.6, 13.5 Hz, 1H), 3.08 (brs, 2H), 1.74-1.51 (m,
4H), 1.48 (s, 9H); 13C NMR (75 MHz, CDCls) § 157.9, 155.2, 155.0, 141.8, 137.4, 135.1,
131.8, 129.4, 128.4, 128.2, 127.1, 126.4, 122.7, 122.1, 119.1, 116.9, 114.7, 78.8, 54.6, 51.4,
46.1, 45.6, 29.3, 28.8, 28.4, 21.2; HRMS (ESI) [M+H]* calcd for C2sH33CIN503 522.2266,
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found 522.2260; IR (ATR): 1707, 1645, 1521, 1502, 1465, 1444, 1388, 1362, 1319, 1240,
1224, 1166, 1114, 1049, 1039 cm'.

2-[(8 B)-3-aminopiperidin-1-yl]-3-(2-chlorobenzyl)-5-methyl-3,5-dihydro- ZH-imidazol4,5-

dquinolin-4-one (3).

To a solution of 13 (240.5 mg, 0.461 mmol) in 1,4-dioxane (5 ml) was added 4N
HCI-1,4-dioxane (5 ml). The reaction mixture was stirred at room temperature for 5 h
and concentrated under reduced pressure to give 3 (215.2 mg, quant.) as a white
amorphous. 1H NMR (400 MHz, DMSO-ds) 6 8.38 (brs, 3H), 8.21 (d, /= 7.6 Hz, 1H),
7.62-7.56 (m, 2H), 7.52 (dd, J/= 1.1, 7.9 Hz, 1H), 7.39-7.35 (m, 1H), 7.33-7.29 (m, 1H),
7.25-7.21 (m, 1H), 6.71 (d, J= 7.2 Hz, 1H), 5.66 (d, /= 17.6 Hz, 1H), 5.61 (d, J=17.6 Hz,
1H), 3.69-3.66 (m, 1H), 3.62 (s, 3H), 3.38-3.24 (m, 2H), 3.11-3.08 (m, 1H), 2.89-2.84 (m,
1H), 1.96 (m, 1H), 1.79-1.76 (m, 1H), 1.62-1.49 (m, 2H); 13C NMR (100 MHz, DMSO-ds &
156.9, 154,1, 140.3, 137.5, 135.3, 131.1, 129.5, 129.1, 129.0, 127.9, 127.1, 122.6, 122.4,
118.7,115.9, 115.8, 52.4, 51.1, 46.6, 46.3, 29.0, 27.3, 22.1; HRMS (ESI) [M+H]* calcd for
C23Ha5CIN50 422.1742, found 422.1734; IR (ATR): 2657, 1672, 1591, 1477, 1444, 1330,
1249, 1114, 1052, 1033, 1016 cm'™.

Ethyl 2-{(3 B)-3-[(tert-butoxycarbonyl)amino]piperidin-1-yl}-1-(2-chlorobenzyl)
- 1H-imidazole-5-carboxylate (15).

A mixture of 10 (1.66 g, 2.82 mmol) and 10% Pd-C (50% wet, 2.22 g) in MeOH (15 ml)
was stirred at room temperature under H2 atmosphere for 4 h. The reaction mixture
was filtered through a Celite pad, and the filtrate was concentrated under reduced
pressure to give 15 (1.66 g, quant.) as a white amorphous. 'H NMR (300 MHz, CDCls) &
7.76 (s, 1H), 7.41 (d, /= 1.8 H, 1H), 7.25-7.18 (m, 2H), 6.68 (m, 1H), 5.53 (d, J/= 16.8 Hz,
1H), 5.46 (d, J = 16.8 Hz, 1H), 4.76 (brd, J = 7.5 Hz, 1H), 4.21 (q, J = 7.2 Hz, 2H),
3.74-3.72 (m, 2H), 3.49-3.46 (m, 1H), 3.19-2.97 (m, 2H), 1.87-1.77 (m, 2H), 1.67-1.44 (m,
2H), 1.40 (s, 9H), 1.18 (t, J = 7.2 Hz, 3H); 13C NMR (75 MHz, CDCls) § 159.6, 155.6,
155.1, 134.6, 133.6, 131.9, 129.5, 128.6, 127.2, 126.4, 121.2, 79.5, 60.6, 55.7, 51.7, 46.7,
46.1, 29.5, 28.4, 22.6, 14.1; HRMS (ESID) [M+H]* calcd for C23Hs2CIN4O4 463.2107, found
463.2104; IR (ATR): 1702, 1685, 1506, 1444, 1392, 1365, 1307, 1238, 1168, 1066, 1049,
1039, 1024 cm™1.
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2-{(3R)-3-[(tert-Butoxycarbonyl)amino] piperidin-1-yl}-1-(2-chlorobenzyl)- 7H-imidazole-
5-carboxylic acid (16).

A mixture of 15 (1.31 g, 2.82 mmol) and 1M NaOH (5.54 ml) in EtOH (10 ml) was stirred
at 80 °C for 5 h. After cooling to room temperature, the reaction mixture was
concentrated under reduced pressure. The residue was acidified with 10% KHSO4
solution and extracted with AcOEt. The organic layer was washed with brine, dried over
Na2S04, and concentrated under reduced pressure to give 16 (1.20 g, y. 92%) as a pale
brown amorphous. 'H NMR (300 MHz, DMSO-ds & 12.49 (brs, 1H), 7.53 (s, 1H),
7.47-7.44 (m, 1H), 7.26-7.23 (m, 2H), 6.78 (m, 1H), 6.48-6.45 (m, 1H), 5.36 (s, 2H),
3.43-3.30 (m, 1H), 3.21-3.08 (m, 1H), 2.96-2.92 (m, 1H), 2.65-2.50 (m, 2H), 1.74-1.45 (m,
3H), 1.37-1.11 (m, 10H); 13C NMR (75 MHz, CD30D) § 162.5, 157.5, 157.1, 136.4, 134.1,
133.2, 130.6, 129.8, 128.3, 127.8, 123.1, 80.1, 56.8, 52.4, 48.1, 47.4, 30.8, 28.7, 24.6;
HRMS (ESD [M+H]* caled for C21H2sCIN4O4 435.1794, found 435.1789; IR (ATR): 1691,
1502, 1444, 1411, 1365, 1305, 1243, 1168 cm™1,

tert-Butyl [(3R)-1-{5-[(2-bromophenyl)carbamoyll-1-(2-chlorobenzyl)- 7 H-imidazol-2-y1}
piperidin-3-yllcarbamate (17).

To a solution of 16 (783.1 mg, 1.80 mmol) in CH2Cl: (6 ml) was added (COCD)2 (240 nl,
2.75 mmol) and DMF (5 nul). The reaction mixture was stirred at room temperature for 2
h, concentrated under reduced pressure. The residue was dissolved toluene (6 ml),
added DIPEA (943 pl, 5.4 mmol) and 2-Bromoaniline (237 1l, 2.16 mmol). The reaction
mixture was stirred at 100 °C for 4 h. After cooling to room temperature, the reaction
mixture was quenched with saturated NH4Cl solution. The mixture was extracted with
AcOEt, washed with brine, dried over NazSO4 and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography to give 17 (454.4 mg, y.
43%) as a white amorphous. 'H NMR (300 MHz, CDCls) § 8.26 (dd, J= 1.2, 8.1 Hz, 1H),
8.11 (brs, 1H), 7.58 (s, 1H), 7.54 (dd, J= 1.5, 6.6 Hz, 1H), 7.40-7.37 (m, 1H), 7.29-7.13 (m,
3H), 6.96 (m, 1H), 6.70-6.67 (m, 1H), 5.62 (d, /= 16.5 Hz, 1H), 5.53 (d, /= 16.5 Hz, 1H),
4.98-4.95 (m, 1H), 3.79 (brs, 1H), 3.28 (dd, J = 3.6, 12.0 Hz, 1H), 2.91-2.85 (m, 3H),
1.72-1.56 (m, 4H), 1.43 (s, 9H); 13C NMR (75 MHz, CDCls) § 157.8, 156.7, 155.0, 135.4,
135.0, 132.2, 132.1, 130.3, 129.5, 128.5, 128.4, 127.1, 126.8, 125.1, 124.2, 121.7, 113.4,
79.2, 55.8, 51.9, 46.1, 45.9, 29.4, 284, 22.2; HRMS (ESD [M+H]* caled for
C27H32C1BrN503 588.1372, found 588.1365; IR (ATR): 1679, 1577, 1506, 1430, 1388,
1368, 1309, 1280, 1236, 1168 cm'™.
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tert-Butyl [(3R)-1-{5-[(2-bromophenyl)(methyl) carbamoyll-1-(2-chlorobenzyl)- 14
imidazol-2-yl}piperidin-3-yllcarbamate (18).

A mixture of 17 (418.5 mg, 0.711 mmol), K2COs (147.0 mg, 1.06 mmol) and Mel (66.4 yl,
1.07 mmol) in DMF (2 ml) was stirred at 40 °C for 12 h. After cooling to room
temperature, the reaction mixture was quenched with saturated NH4Cl solution and
extracted with AcOEt. The organic layer was washed with saturated NH4Cl solution
twice and brine, dried over Na2SO4, and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography to give 18 (284.0 mg, y. 66%)
as a white amorphous. 1H NMR (300 MHz, CDCIs) § 7.63 (d, J= 8.1 Hz, 1H), 7.39 (dd, J
=1.5, 7.5 Hz, 1H), 7.29-7.16 (m, 4H), 6.96-6.90 (m, 1H), 6.81-6.76 (m, 1H), 6.15 (brs, 1H),
5.55-5.42 (m, 2H), 4.93-4.82 (m, 1H), 3.74 (brs, 1H), 3.22-3.16 (m, 4H), 2.84-2.74 (m, 3H),
1.63-1.50 (m, 4H), 1.41 (s, 9H); 13C NMR (75 MHz, CDCls) 6 155.4, 155.3, 155.0, 143.1,
135.5, 134.0, 132.7, 132.3, 130.0, 129.7, 129.4, 128.8, 128.7, 128.6, 126.7, 123.5, 123.2,
79.2, 55.9, 51.9, 46.6, 45.9, 31.6, 29.4, 28.4, 22.2; HRMS (ESID) [M+H]*+ calcd for
C2sH34C1BrN50s 602.1528, found 602.1528; IR (ATR): 1700, 1635, 1477, 1440, 1363,
1309, 1241, 1168, 1051, 1033, 1016 cm™™.

Palladium coupling reaction of 18 to give 13.

A mixture of 18 (85.5 mg, 0.142 mmol), Pd(OAc): (3.5 mg, 15.6 pmol) and NaHCOs (29.8
mg, 0.355 mmol) in DMA (2 ml) was stirred at 170 °C for 12 h. After cooling to room
temperature, the reaction mixture was diluted with AcOEt and filtered through a Celite
pad. The filtrate was washed with saturated NH4Cl solution twice, saturated NaHCOs3
solution and brine. The organic layer was dried over Na2SO4 and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography to give

13 (9.3 mg, y. 13%) as a pale yellow amorphous.

General procedure for the synthesis of 13 from 25.

2-{(3 R)-3-[(tert-Butoxycarbonyl)amino] piperidin-1-yl}-1-(2-chlorobenzyl)-4-iodo- 7 H-imid
azole-5-carboxylic acid (23).

A mixture of 10 (170.8 g, 0.29 mol) and 1M NaOH (435 ml, 0.435 mol) in EtOH (2.3 L)
was stirred at 80 °C for 6 h. After cooling to room temperature, the reaction mixture was
concentrated under reduced pressure. The residue was acidified with 5% KHSO4

solution and extracted with AcOEt. The organic layer was dried over Na2S04, and

concentrated under reduced pressure to give 23 (168.1 g, quant.) as a pale yellow
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amorphous. 'H NMR (300 MHz, DMSO-ds) § 8.31 (s, 1H), 7.46-7.43 (m, 1H), 7.27-7.24
(m, 2H), 6.82 (d, J = 7.8 Hz, 1H), 6.56-6.53 (m, 1H), 5.37 (s, 2H), 3.38-3.33 (m, 2H),
3.15-3.08 (m, 1H), 2.96-2.92 (m, 1H), 2.66-2.54 (m, 1H), 1.90-1.60 (m, 2H), 1.54-1.45 (m,
1H), 1.33 (s, 9H), 1.22-0.95 (m, 1H); 13C NMR (75 MHz, CDsOD) § 161.9, 158.6, 157.6,
136.4,133.2, 130.6, 129.8, 128.3, 127.9, 124.9, 92.0, 80.1, 66.9, 56.9, 52.5, 30.8, 28.8, 24.6,
15.5; HRMS (ESI) [M+H]* calcd for C2:H27CIIN4O4 561.0760, found 561.0754; IR (ATR):
1683, 1496, 1490, 1473, 1442, 1409, 1392, 1365, 1349, 1240, 1222, 1162, 1066, 1051,
1033, 1020 cm™.

tert-Butyl {(3R)-1-[1-(2-chlorobenzyl)-4-iodo-5-(pheny-lcarbamoyl)- 1 H-imidazol-2-yl]
piperidin-3-yl}carbamate (24).

To a solution of 23 (1.96 g, 3.49 mmol) in CH2Clz (11 ml) was added (COCI)z (396 pl, 4.54
mmol) and DMF (5 pl) at 0 °C. The reaction mixture was stirred at room temperature
for 2 h, concentrated under reduced pressure. The residue was dissolved toluene (11 ml),
added DIPEA (1.83 ml, 10.5 mmol) and Aniline (414 pl, 4.53 mmol). The reaction
mixture was stirred at room temperature for 12 h. The reaction mixture was quenched
with saturated NH4Cl solution, extracted with AcOEt, washed with brine, dried over
Na2S04 and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography to give 24 (1.91 g, y. 86%) as a white solid. Mp 161-163 °C; 1H
NMR (300 MHz, CDCls) § 8.09 (brs, 1H), 7.54-7.51 (m, 2H), 7.38-7.30 (m, 3H), 7.22-7.10
(m, 3H), 6.83-6.79 (m, 1H), 5.58 (d, /= 16.2 Hz, 1H), 5.51 (d, J= 16.2 Hz, 1H), 4.94-4.91
(m, 1H), 3.77 (brs, 1H), 3.29 (dd, J= 3.3, 12.0 Hz, 1H), 2.92-2.83 (m, 3H), 1.76-1.64 (m,
2H), 1.58-1.49 (m, 2H), 1.43 (s, 9H); 13C NMR (75 MHz, CDCls) § 157.1, 157.0, 154.9,
137.1, 134.6, 132.4, 129.5, 129.0, 128.7, 127.7, 127.0, 126.5, 125.1, 124.7, 120.0, 85.3,
55.8, 51.9, 47.1, 45.9, 29.4, 28.4, 22.3; HRMS (ESD [M+H]* caled for Cz27H32ClIN503
636.1233, found 636.1230; IR (ATR): 1679, 1643, 1529, 1510, 1479, 1442, 1434, 1315,
1307, 1236, 1220, 1176, 1066, 1041 cm'™.

tert-Butyl [(3R)-1-{1-(2-chlorobenzyl)-4-iodo-5-[methyl(phenyl)carbamoyll- 7 H-imidazol
-2-yl}piperidin-3-yl]-carbamate (25).

A mixture of 24 (213.0 mg, 0.335 mmol), K2COs (185.0 mg, 1.34 mmol) and Mel (83.4 pl,
1.34 mmol) in DMF (2 ml) was stirred at room temperature for 15 h. The reaction

mixture was quenched with saturated NH4Cl solution and extracted with AcOEt. The

organic layer was washed with saturated NH4Cl solution twice and brine, dried over
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Na2S0y4, and concentrated under reduced pressure. The residue was purified by silica
gel column chromatography to give 25 (187.6 mg, y. 86%) as a pale yellow amorphous.
TH NMR (300 MHz, CDCls) § 7.41 (dd, J= 1.8, 7.8 Hz, 1H), 7.33-7.11 (m, 7H), 6.85 (brd,
J=6.9 Hz, 2H), 5.16 (brs, 2H), 3.78 (brs, 1H), 3.28-3.24 (m, 1H), 3.21 (s, 3H), 2.94-2.81
(m, 3H), 1.79-1.75 (m, 2H), 1.65-1.51 (m, 2H), 1.42 (s, 9H); 13C NMR (75 MHz, CDCls) §
161.9, 155.5, 155.0, 142.7, 133.9, 133.6, 130.8, 129.8, 129.7, 128.9, 128.0, 127.0, 126.7,
125.8,125.1, 84.0, 56.2, 51.9, 46.4, 46.1, 38.6, 29.5, 28.4, 22.5; HRMS (ESI) [M+H]* calcd
for C2sH34ClIN5O3 650.1389, found 650.1385; IR (ATR): 1700, 1635, 1506, 1492, 1473,
1442, 1417, 1363, 1307, 1238, 1209, 1166, 1106, 1049, 1041, 1025, 1006 cm'1.

Palladium coupling reaction of 25 to give 13 (Table 4. Entry 4).

A mixture of 25 (72.4 mg, 0.111 mmol), Pd(OAc)2 (2.50 mg, 11.1 pmol), PPhs (5.84 mg,
22.3 nmol) and Ag2COs (61.4 mg, 0.223 mmol) in DMF (2 ml) was stirred at 150 °C for
30 min. After cooling to room temperature, the reaction mixture was diluted with
AcOEt and filtered through a Celite pad. The filtrate was washed with saturated NH4Cl
solution twice and brine. The organic layer was dried over Na2SO4 and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography

to give 18 (52.6 mg, y. 90%) as a pale yellow amorphous.

tert-Butyl {(3R)-1-[3-(2-chlorobenzyl)-6-methoxy-5-methyl-4-oxo-4,5-dihydro- 34
imidazol4,5-clquinolin-2-yllpiperidin-3-ylicarbamate (43).

Compound 43 was prepared from 23 in a manner similar to that described for compound
13 with a yield of 43% for 3 steps as a white amorphous. 'H NMR (300 MHz, CDCls) §
7.87 (d, J= 8.0 Hz, 1H), 7.32 (d, J= 7.9 Hz, 1H), 7.19-7.01 (m, 3H), 6.96 (d, J= 7.9 Hz,
1H), 6.60 (d, J= 7.5 Hz, 1H), 6.38 (brs, 1H), 5.71 (d, /= 16.9 Hz, 1H), 5.57 (d, J=16.9 Hz,
1H), 3.88 (s, 3H), 3.85 (s, 3H), 3.75 (brs, 1H), 3.34 (dd, J= 3.1, 13.2 Hz, 1H), 3.21 (dd, J=
4.1, 12.8 Hz, 1H), 3.00 (brs, 2H), 1.66-1.56 (m, 4H), 1.40 (s, 9H); 13C NMR (75 MHz,
CDCls) § 158.0, 156.2, 155.2, 149.1, 141.8, 135.1, 131.8, 129.4, 128.9, 128.4, 127.0, 126.5,
123.0, 119.3, 119.2, 115.5, 111.8, 78.8, 56.4, 54.5, 51.4, 46.1, 45.6, 31.5, 29.3, 28.4, 21.1;
HRMS (ESID) [M+H]* caled for C29HssCIN5O4 552.2372, found 552.2372; IR (ATR): 1706,
1648, 1492, 1469, 1442, 1386, 1363, 1309, 1241, 1168, 1074, 1049, 1039 cm'1.

Methyl 2-{(3R)-3-[(tert-butoxycarbonyl)amino]piperidin-1-yl}-3-(2-chlorobenzyl)-5-
methyl-4-oxo-4,5-dihydro- 3H-imidazol4,5-c quinoline-6-carboxylate (44).
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Compound 44 was prepared from 23 in a manner similar to that described for compound
13 with a yield of 31% for 3 steps as a white amorphous. 'H NMR (300 MHz, CDCls) §
8.40 (dd, J= 0.9, 7.7 Hz, 1H), 7.66 (dd, J = 0.9, 7.5 Hz, 1H), 7.38 (d, /= 7.7 Hz, 1H),
7.82-7.27 (m, 1H), 7.21-7.12 (m, 2H), 6.69 (d, J= 7.1 Hz, 1H), 6.24 (brs, 1H), 5.74 (d, /=
16.9 Hz, 1H), 5.61 (d, J= 16.9 Hz, 1H), 3.95 (s, 3H), 3.80 (brs, 1H), 3.55 (s, 3H), 3.41 (dd,
J=3.3,13.0 Hz, 1H), 3.25 (dd, J = 3.8, 12.6 Hz, 1H), 3.06 (m, 2H), 1.71-1.50 (m, 4H),
1.48 (s, 9H); 13C NMR (100 MHz, CDCls) § 169.5, 158.3, 155.9, 155.2, 142.0, 136.4, 134.8,
131.9, 129.8, 129.5, 128.6, 127.2, 126.6, 125.6, 122.0, 121.6, 119.3, 118.6, 78.9, 54.6, 52.7,
51.5, 46.3, 45.7, 31.5, 29.4, 28.4, 21.3; HRMS (ESI) [M+H]* calcd for C30Hss5CIN5Os
580.2321, found 580.2316; IR (ATR): 1716, 1683, 1654, 1490, 1386, 1263, 1201, 1166,
1130, 1066 cm™.

tert-Butyl {(3R)-1-[3-(2-chlorobenzyl)-5-methyl-4-oxo-7-phenyl-4,5-dihydro- H-imidazo
[4,5-clquinolin-2-yllpiperidin-3-yl}carbamate (45).

Compound 45 was prepared from 23 in a manner similar to that described for compound
13 with a yield of 37% for 3 steps as a white amorphous.!H NMR (400 MHz, CDCls) §
8.36 (d, /= 8.1 Hz, 1H), 7.70-7.68 (m, 2H), 7.61 (d, J= 1.2 Hz, 1H), 7.56 (d, J= 8.2 Hz,
1H), 7.52-7.48 (m, 2H), 7.42-7.39 (m, 2H), 7.21-7.18 (m, 1H), 7.15-7.11 (m, 1H), 6.69 (d, /
=17.6 Hz, 1H), 6.29 (brs, 1H), 5.79 (d, J=16.8 Hz, 1H), 5.67 (d, J= 16.8 Hz, 1H), 3.81 (s,
3H), 3.81 (brs, 1H), 3.44 (dd, J = 3.1, 9.6 Hz, 1H), 3.30-3.26 (m, 1H), 3.09 (brs, 2H),
1.74-1.68 (m, 3H), 1.53-1.51 (m, 1H), 1.48 (s, 9H); 13C NMR (100 MHz, CDCls) § 158.1,
155.2, 155.1, 141.8, 141.4, 140.9, 137.9, 135.2, 131.9, 129.4, 128.9, 128.4, 127.7, 127.4,
127.1,126.5,123.2, 121.4, 119.2, 116.0, 113.3, 78.9, 54.7, 51.5, 46.2, 45.7, 29.4, 29.0, 28 4,
21.3; HRMS (ESD [M+H]* calcd for CssHs7CIN503 598.2579, found 598.2583; IR (ATR):
1706, 1646, 1581, 1508, 1363, 1315, 1224, 1164, 1049, 981 cm.

tert-Butyl {(3R)-1-[3-(2-chlorobenzyl)-8-fluoro-5-methyl-4-oxo-4,5-dihydro- 3H-imidazo
[4,5-clquinolin-2-yllpiperidin-3-I}carbamate (49).

Compound 49 was prepared from 23 in a manner similar to that described for compound
13 with a yield of 52% for 3 steps as a white amorphous. !H NMR (300 MHz, CDCls) §
7.99-7.95 (m, 1H), 7.42-7.37 (m, 2H), 7.25-7.10 (m, 3H), 6.68 (d, J = 7.5 Hz, 1H),
6.36-6.35 (m, 1H), 5.77 (d, J=16.9 Hz, 1H), 5.64 (d, J= 16.9 Hz, 1H), 3.82 (brs, 1H), 3.73
(s, 3H), 3.42 (dd, /= 3.3, 13.0 Hz, 1H), 3.27 (dd, J= 4.0, 12.6 Hz, 1H), 3.09-3.08 (m, 2H),
1.74-1.64 (m, 4H), 1.48 (s, 9H); 13C NMR (100 MHz, CDCls) § 158.4 (1J (C,F) = 240 Hz),
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158.2, 155.3, 154.8, 141.3, 135.1, 134.1, 132.0, 129.6, 128.6, 127.2, 126.5, 119.8, 118.2 3/
(C,F) = 8.8 Hz), 116.4 3J(C,F) = 8.8 Hz), 115.8 (2J(C,F) = 24 Hz), 108.3 2J (C,F) = 24
Hz), 79.1, 54.7, 51.5, 46.4, 45.7, 29.4, 29.3, 28.5, 21.3; HRMS (ESI) [M+H]+ calcd for
C2sH32C1FN503 540.2172, found 540.2156; IR (ATR): 1706, 1652, 1506, 1434, 1363, 1307,
1241, 1166, 1106, 1049, 995 cm™.

tert-Butyl {(3R)-1-[3-(2-chlorobenzyl)-8-methoxy-5-methyl-4-oxo-4,5-dihydro- 34
imidazol4,5-clquinolin-2-yllpiperidin-3-yl}carbamate (50).

Compound 50 was prepared from 23 in a manner similar to that described for compound
13 with a yield of 38% for 3 steps as a white amorphous. H NMR (300 MHz, CDCls) §
7.74 (d, J= 2.9 Hz, 1H), 7.42-7.35 (m, 2H), 7.19-7.11 (m, 3H), 6.67 (d, /= 7.3 Hz, 1H),
5.83 (d, J=17.0 Hz, 1H), 5.67 (d, J= 17.0 Hz, 1H), 5.34-5.31 (m, 1H), 3.96 (s, 3H), 3.83
(brs, 1H), 3.73 (s, 3H), 3.43 (dd, J = 2.7, 12.3 Hz, 1H), 3.17 (dd, J= 5.3, 11.9 Hz, 1H),
3.06-3.05 (m, 2H), 1.73-1.59 (m, 4H), 1.44 (s, 9H); 13C NMR (75 MHz, CDCls) § 158.0,
155.1, 155.1, 154.8, 141.9, 135.2, 132.0, 131.9, 129.5, 128.5, 127.2, 126.6, 119.7, 117.9,
117.0, 116.2, 104.6, 79.2, 55.9, 55.2, 51.6, 46.2, 45.9, 29.5, 29.1, 28.4, 21.9; HRMS (ESI)
[M+H]+ caled for C2oHssCIN504 552.2372, found 552.2355; IR (ATR): 1706, 1648, 1506,
1423, 1363, 1307, 1214, 1166, 1116, 1039 cm™.

tert-Butyl {(3R)-1-[3-(2-chlorobenzyl)-5,8-dimethyl-4-oxo-4,5-dihydro- 3H-imidazo[4,5-d
quinolin-2-yllpiperidin-3-ylicarbamate (51).

Compound 51 was prepared from 23 in a manner similar to that described for compound
13 with a yield of 57% for 3 steps as a white amorphous.!H NMR (300 MHz, CDCls) §
8.09 (s, 1H), 7.40 (dd, J/=1.1, 7.7 Hz, 1H), 7.33 (s, 2H), 7.22-7.09 (m, 2H), 6.67 (d, J= 7.1
Hz, 1H), 5.81 (brs, 1H), 5.80 (d, J= 16.8 Hz, 1H), 5.65 (d, J= 16.8 Hz, 1H), 3.83 (brs, 1H),
3.73 (s, 3H), 3.42 (dd, J= 2.9, 12.5 Hz, 1H), 3.23 (dd, /= 4.6, 13.2 Hz, 1H), 3.07-3.05 (m,
2H), 2.49 (s, 3H), 1.72-1.49 (m, 4H), 1.49 (s, 9H); 13C NMR (75 MHz, CDCls) § 158.1,
155.2, 155.1, 142.0, 135.6, 135.3, 131.9, 131.9, 129.5, 128.5, 127.2, 126.6, 122.5, 119.4,
117.0, 114.7, 114.7, 79.1, 54.9, 51.6, 46.2, 45.8, 29.4, 29.0, 28.5, 28.0, 21.6; HRMS (ESI)
[M+H]* caled for C2oHssCIN503 536.2423, found 536.2410; IR (ATR): 1689, 1646, 1521,
1498, 1388, 1353, 1309, 1234, 1176, 1116, 1068, 1039 cm'.

2-[(3 R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-6-methoxy-5-methyl-3,5-dihydro- 4H-
imidazol4,5-dquinolin-4-one hydrochloride (52).
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Compound 52 was prepared from 43 in a manner similar to that described for compound
3 with a quantitative yield as a white amorphous. 'H NMR (400 MHz, DMSO-ds) & 8.43
(brs, 3H), 7.85 (d, J= 7.6 Hz, 1H), 7.50 (d, J= 7.8 Hz, 1H), 7.32-7.28 (m, 2H), 7.22-7.19
(m, 2H), 6.74 (d, J= 7.5 Hz, 1H), 5.63 (d, /= 18.0 Hz, 1H), 5.58 (d, J= 18.0 Hz, 1H), 3.88
(s, 3H), 3.76 (s, 3H), 3.69-3.67 (m, 1H), 3.32-3.24 (m, 2H), 3.10-3.07 (m, 1H), 2.89-2.84 (m,
1H), 1.95 (brs, 1H), 1.75 (brs, 1H), 1.62-1.49 (m, 2H); 13C NMR (100 MHz, DMSO-ds) &
157.0, 155.2, 149.1, 140.4, 135.2, 131.1, 129.5, 129.1, 128.6, 127.8, 127.2, 123.7, 118.7,
118.0, 115.1, 113.0, 56.9, 52.4, 51.1, 46.5, 46.3, 34.8, 27.3, 22.1; HRMS (ESI) [M+H]+
caled for C24H27CIN5O2 452.1848, found 452.1835; IR (ATR): 1673, 1594, 1483, 1444,
1247, 1074, 1051, 1041, 977 cm'}; Anal. Caled for C2sHa6CIN5O2-2.75 HCL: C, 52.20; H,
5.25; N, 12.68, found: C, 52.25; H, 5.56, N, 12.30.

Methyl 2-[(3R)-3-aminopiperidin-1-yl]-3-(2-chloro-benzyl)-5-methyl-4-oxo-4,5-dihydro-
SH-imidazol4,5-clquinoline-6-carboxylate hydrochloride (53).

Compound 53 was prepared from 44 in a manner similar to that described for compound
3 with a yield of 59% as a white amorphous.!H NMR (400 MHz, DMSO-ds & 8.37 (brs,
3H), 8.30 (d, J= 7.0 Hz, 1H), 7.70 (d, J= 6.7 Hz, 1H), 7.51 (d, /= 7.7 Hz, 1H), 7.43-7.39
(m, 1H), 7.32-7.29 (m, 1H), 7.25-7.21 (m, 1H), 6.73 (d, /= 7.7 Hz, 1H), 5.63 (d, J = 17.2
Hz, 1H), 5.58 (d, /= 17.2 Hz, 1H), 3.90 (s, 3H), 3.72-3.58 (m, 2H), 3.37 (s, 3H), 3.27-3.22
(m, 1H), 3.09-3.06 (m, 1H), 2.87-2.82 (m, 1H), 1.95 (brs, 1H), 1.76 (brs. 1H), 1.61-1.49 (m,
2H); 13C NMR (100 MHz, DMSO-d») § 169.0, 157.9, 155.1, 141.6, 135.8, 135.2, 131.2,
129.8, 129.5, 129.1, 127.9, 127.2, 125.1, 122.2, 122.2, 119.0, 118.2, 53.1, 52.3, 51.1, 46.4,
46.3, 34.8, 27.4, 22.1; HRMS (ESI) [M+H]* calcd for C25H27CIN50s 480.1797, found
480.1783; IR (ATR): 1722, 1658, 1577, 1527, 1496, 1471, 1267 cm'1.

2-[(3 B)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-5-methyl-7-phenyl-3,5-dihydro-4H-
imidazo[4,5-cdquinolin-4-one hydrochloride (54).

Compound 54 was prepared from 45 in a manner similar to that described for compound
3 with a yield of 92% as a white amorphous.!H NMR (400 MHz, DMSO-ds) & 8.47 (brs,
3H), 8.33-8.31 (m, 1H), 7.82 (d, /= 7.5 Hz, 2H), 7.76 (s, 1H), 7.67 (d, /= 8.1 Hz, 1H),
7.53-7.49 (m, 3H), 7.43-7.39 (m, 1H), 7.32-7.28 (m, 1H), 7.25-7.21 (m, 1H), 6.75 (d, J =
7.5 Hz, 1H), 5.63 (d, J=17.2 Hz, 1H), 5.58 (d, J=17.2 Hz, 1H), 3.69-3.64 (m, 1H), 3.66 (s,
3H), 3.38-3.29 (m, 2H), 3.12-3.09 (m, 1H), 2.91-2.86 (m, 1H), 1.97 (brs, 1H), 1.76 (brs,
1H), 1.64-1.50 (m, 2H); 13C NMR (100 MHz, DMSO-ds § 156.9, 154.2, 140.7, 140.0,
139.8, 138.0, 135.2, 131.1, 129.5, 129.2, 129.1, 128.1, 127.8, 127.4, 127.1, 123.1, 121.3,
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118.7,114.8, 113.9, 52.4, 51.1, 46.7, 46.3, 29.0, 27.3, 21.2; HRMS (ESI) [M+H]* calcd for
C20H29CIN50 498.2055, found 498.2040; IR (ATR): 1668, 1596, 1444, 1419, 1324, 1051,
1033, 1016 cm'L.

2-[(3 B)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-8-fluoro-5-methyl-3,5-dihydro- £4H-
imidazol[4,5-dquinolin-4-one hydrochloride (56).

Compound 56 was prepared from 49 in a manner similar to that described for compound
3 with a yield of 97% as a white amorphous. 'H NMR (400 MHz, DMSO-ds) § 8.14 (brs,
3H), 7.80 (dd, J= 3.0, 8.7 Hz, 1H), 7.65 (dd, /= 4.5, 9.3 Hz, 1H), 7.52 (dd, J=1.1, 7.9 Hz,
1H), 7.47-7.42 (m, 1H), 7.33-7.29 (m, 1H), 7.25-7.21 (m, 1H), 6.66 (d, J = 6.4 Hz, 1H),
5.63 (s, 2H), 3.62 (s, 3H), 3.61-3.56 (m, 1H), 3.38-3.36 (m, 1H), 3.23-3.18 (m, 1H),
3.09-3.06 (m, 1H), 2.85-2.82 (m, 1H), 1.98-1.90 (m, 1H), 1.77-1.75 (m, 1H), 1.58-1.49 (m,
2H); 13C NMR (75 MHz, DMSO-dp 6 158.3, 157.7 (1J (C,F) = 240 Hz), 154.0, 140.9 (4J
(C,F) = 3.1 Hz), 135.4, 134.0, 131.0, 129.4, 128.9, 127.7, 126.9, 119.4, 117.8 (3J(C,F) =
8.7 Hz), 117.8 (3J (C,F) = 8.7 Hz), 115.7 (2J (C,F) = 31 Hz), 107.1 2J (C,F) = 31 Hz),
58.6, 50.7, 47.4, 46.1, 33.2, 29.1, 23.5; HRMS (ESD [M+H]* calcd for CesHz4CIFN50
440.1648, found 440.1639; IR (ATR): 1672, 1604, 1525, 1463, 1313, 1245, 1213, 1110,
1051, 1000 cm™,

2-[(3 B)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-8-methoxy-5-methyl-3,5-dihydro- 45~
imidazo[4,5-cdquinolin-4-one hydrochloride (57).

Compound 57 was prepared from 50 in a manner similar to that described for compound
3 with a yield of 90% as a white amorphous. 'H NMR (400 MHz, DMSO-ds) § 8.27 (brs,
3H), 7.63 (d, /= 2.9 Hz, 1H), 7.56-7.51 (m, 2H), 7.33-7.29 (m, 1H), 7.23 (dd, J= 1.1, 7.7
Hz, 1H), 7.21-7.18 (m, 1H), 6.67 (d, J= 7.2 Hz, 1H), 5.64 (s, 2H), 3.88 (s, 3H), 3.72-3.63
(m, 1H), 3.60 (s, 3H), 3.50-3.46 (m, 1H), 3.28-3.25 (m, 1H), 3.11-3.07 (m, 1H), 2.88-2.83
(m, 1H), 1.99-1.94 (m, 1H), 1.79-1.76 (m, 1H), 1.60-1.49 (m, 2H); 13C NMR (100 MHz,
DMSO-ds § 156.9, 154.9, 153.7, 140.1, 135.3, 131.9, 130.3, 129.5, 129.1, 127.8, 127.0,
119.1, 117.4, 117.3, 116.4, 104.1, 55.8, 52.4, 51.2, 46.4, 46.3, 29.0, 27.3, 22.1; HRMS
(ESD [M+H]* caled for C24H27CIN5O2 452.1848, found 452.1834; IR (ATR): 1670, 1508,
1471, 1423, 1230, 1051, 1033 cm'1.

2-[(3 F)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-5,8-dimethyl-3,5-dihydro- 4H-imidazo
[4,5-clquinolin-4-one hydrochloride (58).

Compound 58 was prepared from 51 in a manner similar to that described for compound
3 with a quantitative yield as a white amorphous. H NMR (400 MHz, DMSO-ds) § 8.29
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(brs, 3H), 7.99 (s, 1H), 7.52-7.48 (m, 2H), 7.40-7.38 (m, 1H), 7.34-7.02 (m, 2H), 6.67 (d, /
= 7.6 Hz, 1H), 5.58 (s, 2H), 3.59 (s, 3H), 3.48-3.44 (m, 1H), 3.37-3.33 (m, 1H), 3.25-3.22
(m, 1H), 3.10-3.06 (m, 1H), 2.87-2.85 (m, 1H), 1.97 (m, 1H), 1.74 (m, 1H), 1.57-1.51 (m,
2H); 13C NMR (100 MHz, DMSO-ds) § 158.4, 155.1, 142.3, 135.6, 135.5, 131.9, 131.8,
129.4, 129.3, 128.4, 127.2, 126.7, 122.5, 119.4, 117.0, 114.7, 59.1, 51.1, 47.4, 46.2, 33.3,
28.9, 23.3, 20.7; HRMS (ESD) [M+H]* caled for C24H27CIN50 436.1899, found 436.1890;
IR (ATR): 1666, 1575, 1506, 1471, 1444, 1052, 1033 cm'L.

Methyl 4-({[2-{(3R)-3-[(¢tert-butoxycarbonyl)amino]piperidin-1-yl}-1-(2-chlorobenzyl)-4-
iodo- 1 H-imidazol-5-yllcarbonyl}amino)benzoate (65)

To a solution of 23 (56.08 g, 100 mmol) in CH2Cl: (1.3 L) were added (COCI)2 (16.5 g, 130
mmol) and DMF (5 ml) at 0 °C. The reaction mixture was stirred at room temperature
for 4 h and concentrated under reduced pressure. The residue was azeotroped with
toluene and redissolved in toluene (1.3 L). To this solution was added DIPEA (38.8 g,
300 mmol) followed by methyl 4-aminobenzoate (19.7 g, 130 mmol). The reaction
mixture was stirred at room temperature for 12 h. The reaction mixture was then
quenched with saturated NH4Cl aqueous solution, extracted with EtOAc, washed with
brine, dried over Na2SQO4, and concentrated under reduced pressure. The residue was
purified by silica-gel column chromatography to give 64 (54.63 g, yield 79%) as a white
amorphous. 1H NMR (300 MHz, CDCls) § 8.30 (brs, 1H), 8.01 (d, J= 8.7 Hz, 2H), 7.62 (d,
J=8.7 Hz, 2H), 7.39-7.36 (m, 1H), 7.22-7.13 (m, 2H), 6.82-6.78 (m, 1H), 5.58 (d, /= 16.2
Hz, 1H), 5.50 (d, J=16.2 Hz, 1H), 4.93-4.90 (m, 1H), 3.90 (s, 3H), 3.77 (brs, 1H), 3.31 (dd,
J=3.3, 12.0 Hz, 1H), 2.93-2.84 (m, 3H), 1.78-1.54 (m, 4H), 1.49 (s, 9H); HRMS (ESID)
[M+H]* caled for C20H3405N5CII 694.1288, found 694.1272; IR (ATR): 1714, 1675, 1591,
1513, 1434, 1405, 1311, 1280, 1243, 1222, 1172, 1110, 1060 cm'l; Anal. Calcd for
C29H3305N5C1I: C, 50.19; H, 4.79; N, 10.09, found: C, 50.52; H, 4.95; N, 9.92.

Methyl 4-[{[2-{(3R)-3-[(tert-butoxycarbonyl)amino]piperidin-1-yl}-1-(2-chlorobenzyl)-4-
iodo- 1 H-imidazol-5-yllcarbonyl}(methyl)amino]benzoate (68)

A mixture of 65 (109 mg, 0.157 mmol), K2COs (86.8 mg, 0.628 mmol), and Mel (39.1 nl,
0.63 mmol) in DMF (2 ml) was stirred at room temperature for 12 h. The reaction
mixture was quenched with saturated NH4Cl aqueous solution and extracted with
EtOAc. The organic layer was washed with saturated NH4Cl aqueous solution twice and
brine, dried over Na2SO4, and concentrated under reduced pressure. The residue was

purified by silica-gel column chromatography to give 68 (91.6 mg, yield 82%) as a pale
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yellow amorphous. 'H NMR (300 MHz, CDCls) § 7.87 (d, /= 8.1 Hz, 2H), 7.46-7.43 (m,
1H), 7.34-7.18 (m, 3H), 6.79 (brs, 2H), 5.24 (brs, 2H), 4.99-4.97 (m, 1H), 3.90 (s, 3H), 3.82
(brs, 1H), 3.32 (brs, 1H), 3.23 (s, 3H), 3.00 (brs, 2H), 2.92-2.86 (m, 1H), 1.80-1.79 (m, 2H),
1.64 (m, 2H), 1.42 (s, 9H); 13C NMR (75 MHz, CDCls) § 166.2, 161.9, 155.9, 155.0, 147.0,
146.9, 134.2, 133.4, 131.4, 130.1, 130.0, 129.9, 129.9, 127.6, 126.9, 125.1, 79.2, 56.2, 52.2,
51.9, 46.4, 46.1, 38.1, 29.5, 28.3, 22.5; HRMS (ESD [M+HI* calcd for CsoHssO5N5CII
708.1444, found 708.1428; IR (ATR): 1716, 1704, 1699, 1652, 1646, 1635, 1506, 1488,
1473, 1456, 1436, 1363, 1276, 1241, 1170, 1105, 1049 cm'; Anal. Cacld for
C30H3505N5C1I - 1.25H20: C, 49.32; H, 5.17; N, 9.59, found: C, 49.17; H, 4.87; N, 9.33.

Methyl 2-{(3R)-3-[(tert-butoxycarbonyl)amino]piperidin-1-yl}-3-(2-chlorobenzyl)-5-
methyl-4-oxo-4,5-dihydro- 3H-imidazol4,5-dquinoline-8-carboxylate (71)

A mixture of 68 (172 mg, 0.243 mmol), Pd(OAc): (5.46 mg, 0.0234 mmol), PPhs (12.7 mg,
0.0484 mmol), and Ag2COs (133.9 mg, 0.486 mmol) in DMF (2 ml) was stirred at 150 °C
for 1 h. After cooling to room temperature, the reaction mixture was diluted with EtOAc
and filtered through a Celite pad. The filtrate was washed with saturated NH4Cl
aqueous solution twice and brine. The organic layer was dried over Na2S0Os4 and
concentrated under reduced pressure. The residue was purified by silica-gel column
chromatography to give 71 (119.8 mg, yield 85%) as a pale yellow solids. Mp 186-188 °C;
H NMR (300 MHz, CDCls) § 8.95 (d, /= 1.8 Hz, 1H), 8.18 (dd, J= 2.1, 9.0 Hz, 1H), 7.47
(d, J=11.6 Hz, 1H), 7.42 (d, J= 7.5 Hz, 1H), 7.27-7.12 (m, 2H), 6.70 (d, /= 6.9 Hz, 1H),
5.78 (d, J=17.4 Hz, 1H), 5.63 (d, J= 17.4 Hz, 1H), 5.40-5.37 (m, 1H), 3.98 (s, 3H), 3.84
(brs, 1H), 3.76 (s, 3H), 3.48-3.31 (m, 1H), 3.24-3.18 (m, 1H), 3.10 (m, 2H), 1.78 (m, 4H),
1.44 (s, 9H); HRMS (ESD [M+H]* caled for C30Hs505N5C1 580.2321, found 580.2314; IR
(ATR): 1718, 1689, 1652, 1569, 1500, 1446, 1429, 1388, 1353, 1313, 1274, 1234, 1174,
1124, 1110, 1066, 1039 cm™1; Anal. Calcd for C30H34CIN50s: C, 62.12; H, 5.91; N, 12.09,
found: C, 62.11; H, 5.88; N, 12.07.

Methyl 2-[(3R)-3-aminopiperidin-1-yl]-3-(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro-
SH-imidazol4,5-clquinoline-8-carboxylate hydrochloride (74)

To a solution of 71 (22.1 mg, 0.0381 mmol) in 1,4-dioxane (1 ml) was added 4N
HCl-1,4-dioxane (1 ml). The reaction mixture was stirred at room temperature for 2 h

and concentrated under reduced pressure to give 74 (21.9 mg, quantitative yield) as a
white amorphous. 1H NMR (400 MHz, DMSO-dy) & 8.69 (d, J= 2.1 Hz, 1H), 8.37 (brs,
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3H), 8.09 (dd, J= 2.1, 8.9 Hz, 1H), 7.69 (d, J= 9.0 Hz, 1H), 7.51 (dd, J= 1.1, 7.9 Hz, 1H),
7.83-7.28 (m, 1H), 7.25-7.21 (m, 1H), 6.71 (d, J= 6.7 Hz, 1H), 5.62 (d, /= 17.2 Hz, 1H),
5.56 (d, = 17.2 Hz, 1H), 3.73-3.69 (m, 1H), 3.64 (s, 3H), 3.38-3.36 (m, 1H), 3.28-3.23 (m,
1H), 3.11-3.08 (m, 1H), 2.88-2.83 (m, 1H), 1.99-1.97 (m, 1H), 1.78-1.75 (m, 1H), 1.63-1.49
(m, 2H); 13C NMR (100 MHz, DMSO-ds) § 166.0, 157.8, 154.2, 141.2, 140.4, 135.2, 131.1,
129.5,129.1, 128.9, 127.8, 127.1, 123.5, 123.3, 119.3, 116.2, 116.1, 52.4, 52.3, 51.0, 46.4,
46.3, 29.2, 27.5, 22.2; HRMS (ESD [M+H]+ caled for C25H2703N5Cl 480.1797, found
480.1787; IR (ATR): 1710, 1670, 1652, 1646, 1594, 1558, 1521, 1506, 1473, 1288, 1261,
1112, 1004 e¢m't; Anal. Cacld for C25H2603N5Cl1-2.75HCI: C, 51.75; H, 4.99; N, 12.07,
found: C, 51.69; H, 5.36; N, 11.69.

2-{(3R)-3-[(tert-Butoxycarbonyl)amino] piperidin-1-yl}-3-(2-chlorobenzyl)-5-methyl-4-oxo
-4,5-dihydro-8H-imidazo(4,5-cquinoline-8-carboxylic acid (76)

A mixture of 71 (3.77 g, 6.49 mmol) and 1M NaOH (16 ml) aqueous solution in THF (16
ml) and MeOH (16 ml) was stirred at room temperature for 12 h. The mixture was
concentrated under reduced pressure. The residue was acidified with 10% KHSO4
aqueous solution and extracted with EtOAc. The organic layer was washed with brine,
dried over Na2SOs, and concentrated under reduced pressure to give 76 (2.13 g, yield
58%). TH NMR (300 MHz, DMSO-de & 8.67 (d, /= 1.8 Hz, 1H), 8.05 (dd, J= 2.1, 8.7 Hz,
1H), 7.65 (d, J= 8.7 Hz, 1H), 7.48 (dd, J= 0.9, 7.8 Hz, 1H), 7.30-7.17 (m, 2H), 6.90 (d, J=
7.8 Hz, 1H), 6.67 (d, J= 7.2 Hz, 1H), 5.57 (d, J= 18.0 Hz, 1H), 5.51 (d, /= 18.0 Hz, 1H),
3.63 (s, 3H), 3.52-3.25 (m, 3H), 2.86-2.70 (m, 2H), 1.80-1.67 (m, 2H), 1.59-1.51 (m, 1H),
1.39-1.27 (m, 10H); HRMS (ESD) [M+H]* caled for C29H3305N5Cl 566.2165, found
566.2162; IR (ATR): 1700, 1685, 1654, 1508, 1457, 1388, 1309, 1238, 1168, 1116 cm'%;
Anal. Caled for C29H32CIN505: C, 61.53; H, 5.70; N, 12.37, found: C, 61.63; H, 5.73; N,
12.07.

2-[(3R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro- 3H-
imidazo[4,5-dquinoline-8-carboxylic acid hydrochloride (79)

To a solution of 76 (39.9 mg, 0.0705 mmol) in 1,4-dioxane (1 ml) was added 4N
HCl-1,4-dioxane (1 ml). The reaction mixture was stirred at room temperature for 2 h
and concentrated under reduced pressure to give 79 (40.2 mg, quantitative yield) as a
white amorphous. 'H NMR (300 MHz, CDs0OD) § 8.96 (d, /= 2.0 Hz, 1H), 8.25 (dd, J =
2.0, 9.0 Hz, 1H), 7.73 (d, J=9.0 Hz, 1H), 7.49 (dd, J= 1.1, 7.7 Hz, 1H), 7.35-7.23 (m, 2H),
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6.98 (d, J=8.2 Hz, 1H), 5.71 (s, 2H), 3.93 (brd, J=11.3 Hz, 1H), 3.74-3.37 (m, 3H), 3.64
(s, 3H), 3.21-3.06 (m, 1H), 2.16 (m, 1H), 1.87-1.72 (m, 3H); 13C NMR (100 MHz,
DMSO-ds) 6 166.8, 157.6, 154.0, 141.2, 140.0, 135.1, 130.9, 129.3, 128.9, 128.9, 127.7,
126.8, 124.3, 123.5, 119.1, 116.0, 115.9, 52.3, 50.9, 46.4, 46.1, 29.2, 27.5, 22.1; HRMS
(ESD) [M+HI* caled for C24H2503N5Cl 466.1640, found 466.1636; IR(ATR): 2886, 1668,
1645, 1216, 1118 cm'; Anal. Caled for C24H2403N5Cl1-5HC1-H20: C, 43.27; H, 4.69; N,
10.51, found: C, 43.33; H, 4.59; N, 10.47.

tert-Butyl {(3R)-1-[8-carbamoyl-3-(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro- 3H-
imidazo[4,5-cquinolin-2-yllpiperidin-3-yl}carbamate (81)

A mixture of 76 (233.4 mg, 0.412 mmol), WSC-HCl (119 mg, 0.62 mmol), HOBt (94.7 mg,
0.62 mmol), TEA (86.2 uL, 0.62 mmol), and 28% NH4OH (37.6 uL, 0.62 mmol) in DMF (2
ml) was stirred at room temperature for 3 h. The reaction mixture was quenched with
saturated NH4Cl aqueous solution and extracted with EtOAc. The organic layer was
washed with saturated NH4Cl aqueous solution twice, saturated NaHCOs aqueous
solution and brine, dried over Na2SO4, and concentrated under reduced pressure. The
residue was purified by silica-gel column chromatography to give 81 (170.6 mg, yield
73%) as a white amorphous. 1TH NMR (400 MHz, DMSO-ds) § 8.64 (d, /= 2.0 Hz, 1H),
8.18 (brs, 1H), 8.04 (dd, /= 2.0, 9.0 Hz, 1H), 7.61 (d, J= 9.0 Hz, 1H), 7.48 (dd, J= 1.0,
8.2 Hz, 1H), 7.40 (brs, 1H), 7.29-7.25 (m, 1H), 7.22-7.18 (m, 1H), 6.87 (d, J= 7.7 Hz, 1H),
6.66 (d, J=17.6 Hz, 1H), 5.59 (d, J= 17.2 Hz, 1H), 5.54 (d, J= 17.2 Hz, 1H), 3.63 (s, 3H),
3.49-3.38 (m, 2H), 3.26-3.23 (m, 1H), 2.84-2.71 (m, 2H), 1.78-1.68 (m, 2H), 1.57-1.54 (m,
1H), 1.38-1.22 (m, 10H); 13C NMR (100 MHz, DMSO-ds § 167.5, 158.1, 155.0, 154.3,
141.8, 139.1, 135.4, 131.2, 129.4, 128.9, 128.1, 127.7, 127.4, 126.9, 122.0, 119.1, 116.1,
115.5, 77.9, 55.2, 50.7, 46.7, 46.3, 29.8, 29.1, 28.4, 23.5; HRMS (ESI) [M+H]* calcd for
C290H3404N6Cl 565.2330, found 565.2328; IR(ATR): 1677, 1662, 1618, 1527, 1508, 1457,
1434, 1388, 1349, 1309, 1238, 1170, 1114, 1051 cm'1.

2-[(3R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro- 3H-
imidazol[4,5-dquinoline-8-carboxamide hydrochloride (83)

To a solution of 81 (98.3 mg, 0.174 mmol) in 1,4-dioxane (2 ml) was added 4N
HCl-1,4-dioxane (2 ml). The reaction mixture was stirred at room temperature for 4 h

and concentrated under reduced pressure to give 83 (72.5 mg, yield 83%) as a white
amorphous. 1H NMR (400 MHz, DMSO-ds, free form) § 8.66 (d, J= 2.1 Hz, 1H), 8.21 (brs,
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1H), 8.05 (dd, /= 2.1, 8.9 Hz, 1H), 7.89-7.87 (m, 1H), 7.61 (d, J= 8.9 Hz, 1H), 7.50 (dd, /
=1.1, 7.9 Hz, 1H), 7.41 (brs, 1H), 7.31-7.27 (m, 1H), 7.23-7.19 (m, 1H), 6.64 (d, /= 6.7 Hz,
1H), 5.58 (s, 2H), 3.63 (s, 3H), 3.55-3.52 (m, 1H), 3.17-3.14 (m, 1H), 3.07-3.03 (m, 1H),
2.95-2.82 (m, 2H), 1.89-1.86 (m, 1H), 1.71-1.67 (m, 1H), 1.51-1.34 (m, 2H); 13C NMR (100
MHz, DMSO-ds, free form) § 167.5, 158.1, 154.3, 141.8, 139.2, 135.4, 131.1, 129.5, 129.0,
128.0, 127.8, 127.4, 127.0, 122.1, 119.1, 116.1, 115.5, 55.8, 50.9, 46.9, 46.2, 30.7, 29.1,
22.9; HRMS (ESD [M+H]* calcd for C24H2602N6Cl 465.1800, found 465.1795; IR (ATR):
1652, 1610, 1558, 1506, 1471, 1444, 1388, 1313, 1124 cm'™.

2-[(3R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-8-(difluoromethoxy)-5-methyl-3,5-
dihydro-4H-imidazol4,5-c quinolin-4-one hydrochloride (73)

Compound 73 was prepared from 23 in a manner similar to that described for compound
74 with total yield of 41% for 4 steps as a white amorphous. 'H NMR (400 MHz,
DMSO-ds) § 8.32 (brs, 3H), 7.85 (d, J= 2.8 Hz, 1H), 7.64 (d, /= 9.3 Hz, 1H), 7.53-7.49 (m,
1H), 7.40 (d, J= 2.8 Hz, 1H), 7.34 (t, J (H, F) = 74 Hz, 1H), 7.31-7.27 (m, 1H), 7.23-7.19
(m, 1H), 6.66 (d, J = 6.8 Hz, 1H), 5.63 (s, 2H), 3.63-3.56 (m, 4H), 3.38-3.31 (m, 1H),
3.25-3.20 (m, 1H), 3.10-3.06 (m, 1H), 2.86-2.82 (m, 1H), 1.96-1.93 (m, 1H), 1.78-1.74 (m,
1H), 1.62-1.48 (m, 2H); 13C NMR (100 MHz, DMSO-d» § 157.6, 154.0, 145.9, 140.5,
135.3, 134.8, 131.1, 129.5, 129.1, 127.8, 127.0, 120.3, 119.5, 117.8, 117.2, 117.1, 116.7 (¢,
J (C-F) = 257 Hz), 52.4, 51.1, 46.3, 34.3, 29.1, 27.4, 22.1; HRMS (ESD) [M+H]+ calcd for
C24H2502N5CIF2 488.1659, found 488.1643; IR(ATR): 1675, 1635, 1508, 1465, 1444, 1396,
1216, 1108, 1049, 1002 cm™1.

2-[(3R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro- 3H-
imidazo[4,5-dquinoline-6-carboxylic acid hydrochloride (78)

Compound 78 was prepared from 23 in a manner similar to that described for compound
79 with total yield of 23% for 5 steps as a white amorphous. 'H NMR (400 MHz,
DMSO-do & 8.38 (brs, 3H), 8.29 (d, J= 7.5 Hz, 1H), 7.70 (d, /= 7.2 Hz, 1H), 7.51 (d, J =
7.5 Hz, 1H), 7.42-7.38 (m, 1H), 7.33-7.29 (m, 1H), 7.26-7.22 (m, 1H), 6.74 (d, J= 7.2 Hz,
1H), 5.58 (s, 2H), 3.73-3.56 (m, 1H), 3.48 (s, 3H), 3.38-3.16 (m, 2H), 3.07 (m, 1H),
2.88-2.84 (m, 1H), 1.96 (m, 1H), 1.77 (m, 1H), 1.62-1.50 (m, 2H); 13C NMR (100 MHz,
DMSO-dy) § 170.2, 157.8, 155.1, 141.5, 135.7, 135.2, 131.2, 129.5, 129.4, 129.1, 127.9,
127.2, 124.5, 124.1, 122.1, 118.9, 118.0, 52.3, 51.4, 46.4, 46.3, 34.9, 27.4, 22.1; HRMS
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(ESD [M+H]* caled for C24H2503N5Cl 466.1640, found 466.1627; IR(ATR): 1704, 1664,
1557, 1490, 1471, 1367, 1220, 1199, 1124, 1095, 1066, 1049, 1018 cm'1.

{2-[(3R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro- SH-
imidazol4,5-dquinolin-8-yl}acetic acid hydrochloride (80)

Compound 80 was prepared from 23 in a manner similar to that described for compound
79 with a yield of 48% for 5 steps as a white amorphous. 'H NMR (400 MHz, DMSO-d»)
6 8.33 (brs, 3H), 8.06 (d, J= 2.0 Hz, 1H), 7.55-7.50 (m, 2H), 7.45 (dd, /= 2.0, 8.7 Hz, 1H),
7.82-7.28 (m, 1H), 7.24-7.20 (m, 1H), 6.64 (dd, /= 1.1, 6.6 Hz, 1H), 5.64 (s, 2H), 3.74 (s,
2H), 3.67-3.64 (m, 1H), 3.61 (s, 3H), 3.32 (m, 1H), 3.25-3.20 (m, 1H), 3.11-3.08 (m, 1H),
2.87-2.81 (m, 1H), 1.97-1.95 (m, 1H), 1.78-1.76 (m, 1H), 1.61-1.44 (m, 2H); 13C NMR (100
MHz, DMSO-ds § 173.0, 157.4, 154.2, 141.0, 136.3, 135.4, 131.1, 130.1, 129.5, 129.4,
129.0, 127.8, 127.0, 122.7, 119.0, 116.1, 115.8, 52.4, 51.2, 46.3, 46.3, 28.9, 27.4, 27.4,
22.2; HRMS (ESD) [M+H]* calcd for Ca5H2703N5Cl 480.1797, found 480.1785; IR(ATR):
2867, 1733, 1670, 1621, 1575, 1508, 1448, 1417, 1378, 1245, 1157, 1047 cm'}; Anal.
Caled for C25H2603N5C1- 2.50HCI: C, 52.58; H, 5.03; N, 12.26, found: C, 52.61; H, 5.11; N,
12.09.

tertButyl {(3R)-1-[3-(2-chlorobenzy])-8-(dimethylcarbamoyl)-5-methyl-4-oxo-4,5-
dihydro- 3H-imidazol4,5-cdquinolin-2-yllpiperidin-3-yl}carbamate (82)

A mixture of 76 (264.6 mg, 0.467 mmol), WSC-HCI (134 mg, 0.699 mmol), HOBt (107
mg, 0.699 mmol), TEA (195 pL, 1.40 mmol), and NHMe2-HCI (76.2 mg, 0.934 mmol) in
DMF (2 ml) was stirred at room temperature for 2 h. The reaction mixture was
quenched with saturated NH4Cl aqueous solution and extracted with EtOAc. The
organic layer was washed with saturated NH4Cl aqueous solution twice, saturated
NaHCOs aqueous solution and brine, dried over Na2SQ4, and concentrated under
reduced pressure. The residue was purified by silica-gel column chromatography to give
82 (303 mg, quantitative yield) as a white amorphous. 'H NMR (400 MHz, CDCls) § 8.37
(brs, 1H), 7.61 (dd, J= 1.5, 8.6 Hz, 1H), 7.45 (d, /= 8.8 Hz, 1H), 7.40 (dd, J= 1.0, 8.8 Hz,
1H), 7.22-7.18 (m, 1H), 7.15-7.11 (m, 1H), 6.68 (d, J= 7.5 Hz, 1H), 5.77 (d, /= 16.8 Hz,
1H), 5.65 (d, /= 16.8 Hz, 1H), 3.81 (brs, 1H), 3.75 (s, 3H), 3.43 (dd, J= 2.8, 12.5 Hz, 1H),
3.20-3.09 (m, 9H), 1.77-1.55 (m, 4H), 1.43 (s, 9H); 13C NMR (100 MHz, CDCls) § 170.9,
158.2, 155.1, 155.0, 141.8, 138.0, 135.0, 131.9, 130.1, 129.5, 128.5, 127.3, 127.1, 126.4,
121.6, 119.5, 116.6, 114.8, 79.0, 54.9, 51.4, 46.3, 45.8, 39.7, 35.4, 29.4, 29.0, 28.3, 21.7;
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HRMS (ESI) [M+H]* caled for C3:H3sO4N6Cl 593.2643, found 593.2642; IR(ATR): 1700,
1683, 1652, 1506, 1496, 1473, 1457, 1388, 1363, 1307, 1270, 1243, 1168, 1114, 1089,
1049 cm'L.

2-[(3R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)- N, N,5-trimethyl-4-oxo-4,5-dihydro-
SH-imidazol4,5-clquinoline-8-carboxamide hydrochloride (84)

Compound 84 was prepared from 82 in a manner similar to that described for compound
83 with a yield of 92% as a white amorphous. 'H NMR (400 MHz, DMSO-ds) & 8.41 (brs,
3H), 8.20 (s, 1H), 7.65-7.60 (m, 2H), 7.51 (dd, J = 1.1, 7.9 Hz, 1H), 7.32-7.28 (m, 1H),
7.24-7.20 (m, 1H), 6.71 (d, J= 7.0 Hz, 1H), 5.64 (d, J=17.2 Hz, 1H), 5.59 (d, J=17.2 Hz,
1H), 3.70-3.66 (m, 1H), 3.63 (s, 3H), 3.37-3.35 (m, 1H), 3.29-3.23 (m, 1H), 3.10-3.08 (m,
1H), 3.01 (s, 6H), 2.90-2.85 (m, 1H), 1.97-1.94 (m, 1H), 1.77-1.74 (m, 1H), 1.63-1.58 (m,
1H), 1.53-1.48 (m, 1H); 13C NMR (100 MHz, DMSO-d» § 169.7, 156.6, 153.9, 139.3,
137.9, 135.0, 131.1, 130.4, 129.6, 129.2, 128.0, 127.8, 127.2, 121.5, 118.9, 115.9, 114.8,
59.4, 52.3, 50.9, 46.8, 46.2, 43.8, 29.2, 27.3, 22.1; HRMS (ESD [M+H]+ caled for
C26H3002N6Cl 493.2113, found 493.2114; IR(ATR): 1672, 1618, 1506, 1471, 1444, 1394,
1319, 1243, 1118, 1051 cm'L.

Methyl 3-[{[2-{(3R)-3-[(¢tert-butoxycarbonyl)amino]piperidin-1-yl}-1-(2-chlorobenzyl)-4-
iodo- 1 H-imidazol-5-yllcarbonyl}(methyl)amino]benzoate (39)

Compound 39 was prepared from 23 in a manner similar to that described for compound
68 with total yield of 57% for 2 steps as a white amorphous. 'H NMR (300 MHz, CDCls)
§8.35 (d, J= 8.1 Hz, 1H), 8.16 (d, /= 1.3 Hz, 1H), 7.97 (dd, J= 1.3, 8.1 Hz, 1H), 7.41 (dd,
J=1.5, 7.9 Hz, 1H), 7.36-7.25 (m, 2H), 7.20-7.18 (m, 1H), 6.93 (brs, 1H), 5.25-4.95 (m,
3H), 4.10 (s, 3H), 3.80 (brs, 1H), 3.32 (dd, J= 3.3, 11.9 Hz, 1H), 3.18 (s, 3H), 2.99-2.91 (m,
3H), 1.83-1.53 (m, 4H), 1.42 (s, 9H).

Ethyl 3-[{[2-{(3R)-3-[(tert-butoxycarbonyl)amino]piperidin-1-yl}-1-(2-chlorobenzyl)-4-
iodo- 1H-imidazol-5-yllcarbonyl}(methyl)amino]benzoate (85)

Compound 85 was prepared from 23 in a manner similar to that described for compound
68 with total yield of 17% for 2 steps as a white amorphous. H NMR (400 MHz, CDCls)
§7.86 (d, J="7.8 Hz, 1H), 7.70 (brs, 1H), 7.42 (dd, J= 1.1, 7.9 Hz, 1H), 7.34-7.28 (m, 3H),
7.18 (m, 1H), 6.95 (m, 1H), 5.25 (brs, 1H), 5.08 (brs, 1H), 4.89 (brs, 1H), 4.47 (q, J= 7.2
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Hz, 2H), 3.79 (brs, 1H), 3.32-3.29 (m, 1H), 3.16 (s, 3H), 2.98-2.87 (m, 3H), 1.77 (m, 2H),
1.64-1.63 (m, 1H), 1.56-1.49 (m, 1H), 1.42-1.25 (m, 13H); 13C NMR (100 MHz, CDCls) &
165.7, 162.0, 155.6, 155.0, 142.7, 134.0, 133.5, 131.4, 131.2, 130.3, 129.9, 129.8, 128.9,
127.8, 127.5, 127.0, 126.8, 83.9, 79.2, 61.2, 56.2, 51.9, 46.6, 46.1, 38.8, 31.6, 28.4, 22.6,
14.3; HRMS (ESI) [M+H]* calcd. for C31HssO5N5CII 722.1601, found 722.1591; IR(ATR):
1716, 1635, 1538, 1506, 1488, 1473, 1444, 1417, 1363, 1280, 1236, 1168, 1103, 1049,
1008 cm™.,

tert-Butyl 3-[{[2-{(3R)-3-[(tert-butoxycarbonyl)amino]piperidin-1-yl}-1-(2-chlorobenzyl)
-4-iodo- I H-imidazol-5-yllcarbonyl}(methyl)amino]benzoate (86)

Compound 86 was prepared from 23 in a manner similar to that described for compound
68 with total yield of 50% for 2 steps as a white amorphous. 'H NMR (400 MHz, CDCls)
§7.81(d, J="17.8 Hz, 1H), 7.67 (s, 1H), 7.42 (dd, /= 1.3, 7.6 Hz, 1H), 7.34-7.28 (m, 4H),
7.16 (brs, 1H), 5.26 (brs, 1H), 5.05 (brs, 1H), 4.85-4.59 (m, 1H), 3.79 (brs, 1H), 3.29 (d, J
=10.4 Hz, 1H), 3.16 (s, 3H), 2.96 (m, 3H), 1.76 (m, 2H), 1.59 (s, 9H), 1.54-1.50 (m, 2H),
1.41 (s, 9H); 13C NMR (100 MHz, CDCls) § 164.6, 161.9, 155.5, 154.9, 142.5, 133.7, 133.4,
132.8, 130.8, 129.8, 129.7, 129.7, 128.7, 127.6, 127.5, 126.9, 126.6, 83.9, 81.3, 79.0, 56.2,
51.8, 46.4, 46.0, 38.6, 29.4, 28.3, 28.1, 22.4; HRMS (ESD [M+H]* calcd for C33sH4205N5CII
750.1914, found 750.1892; IR(ATR): 1700, 1652, 1646, 1635, 1506, 1488, 1363, 1303,
1243, 1160, 1128, 1079, 1049, 1008 cm'1; Anal. Cacld for C3sH4105N5CII -H20: C, 51.60;
H, 5.64; N, 9.12, found: C, 51.41; H, 5.40; N, 8.93.

tert-Butyl 2-{(3R)-3-[(tert-butoxycarbonyl)amino]piperidin-1-yl}-3-(2-chlorobenzyl)-5-
methyl-4-oxo-4,5-dihydro- 3H-imidazol4,5-d quinoline-7-carboxylate (89)

Compound 89 was prepared from 86 in a manner similar to that described for compound
71 with a yield of 73% as a white amorphous. 1H NMR (300 MHz, CDCls) § 8.31 (d, J=
8.4 Hz, 1H), 8.12 (d, J= 1.2 Hz, 1H), 7.91 (dd, J= 1.2, 8.4 Hz, 1H), 7.41 (dd, J=1.5, 7.8
Hz, 1H), 7.27-7.11 (m, 2H), 6.70 (d, J= 6.0 Hz, 1H), 6.10-6.08 (m, 1H), 5.79 (d, /= 17.1
Hz, 1H), 5.65 (d, J=17.1 Hz, 1H), 3.83 (brs, 1H), 3.80 (s, 3H), 3.45 (dd, /= 3.3, 12.6 Hz,
1H), 3.24 (dd, J= 5.4, 12.6 Hz, 1H), 3.10-3.08 (m, 2H), 1.73-1.54 (m, 13H), 1.44 (s, 9H);
13C NMR (75 MHz, CDCls) § 165.6, 158.4, 155.2, 155.1, 141.3, 137.1, 134.9, 132.0, 131.3,
129.6, 128.6, 127.2, 126.5, 122.9, 122.6, 120.5, 120.2, 116.2, 81.6, 79.1, 54.8, 51.5, 46.4,
45.7, 29.4, 29.1, 28.5, 28.2, 21.5; HRMS (ESI) [M+H]* calcd for CssH4105N5Cl 622.2791,
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found 622.2780; IR (ATR): 1706, 1652, 1506, 1473, 1390, 1365, 1307, 1240, 1224, 1160,
1108, 1039 cm'L.

2-[(3R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro- 3H-
imidazol[4,5-dquinoline-7-carboxylic acid hydrochloride (91)

To a solution of 89 (337.5 mg, 0.542 mmol) in 1,4-dioxane (4 ml) was added 4N
HCl-1,4-dioxane (4 ml). The reaction mixture was stirred at 80 °C for 4 h and
concentrated under reduced pressure to give 91 (283 mg, quantitative yield) as a white
amorphous. 'H NMR (400 MHz, DMSO-ds) 6 8.33 (s, 3H), 8.22 (d, J= 8.1 Hz, 1H), 8.07
(d, J=1.5Hz, 1H), 7.89 (dd, J/=1.5, 8.1 Hz, 1H), 7.50 (dd, J= 1.2, 7.8 Hz, 1H), 7.31-7.27
(m, 1H), 7.24-7.20 (m, 1H), 6.69 (dd, J= 1.4, 7.6 Hz, 1H), 5.65 (d, /= 17.1 Hz, 1H), 5.59
(d, J=17.1 Hz, 1H), 3.66 (s, 3H), 3.66-3.64 (m, 1H), 3.30 (brs, 1H), 3.26-3.21 (m, 1H),
3.09-3.06 (m, 1H), 2.86-2.82 (m, 1H), 1.96 (m, 1H), 1.77-1.75 (m, 1H), 1.60-1.51 (m, 2H);
13C NMR (100 MHz, DMSO-ds § 167.0, 157.5, 154.0, 140.3, 136.8, 135.0, 130.9, 130.1,
129.3, 128.9, 127.6, 126.8, 122.8, 122.2, 120.1, 119.5, 116.5, 52.3, 51.1, 46.4, 46.3, 28.9,
27.4, 22.2; HRMS (ESID) [M+H]* caled for C24H2503N5Cl 466.1640, found 466.1637;
IR(ATR): 2869, 1716, 1679, 1652, 1623, 1508, 1473, 1457, 1444, 1419, 1394, 1326, 1245,
1222, 1178, 1130, 1052, 1041 cm. Anal. Cacld for C24H2403N5C1-2HCI1- 2H20: C, 50.14;
H, 5.26; N, 12.18, found: C, 50.15; H, 5.29; N, 12.06.

{2-[(3R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro- 3H-
imidazol4,5-cquinolin-7-yl}acetic acid hydrochloride (100)

Compound 100 was prepared from 23 in a manner similar to that described for
compound 74 with total yield of 23% for 5 steps as a white amorphous. 'H NMR (400
MHz, DMSO-ds) 6 8.36 (brs, 3H), 8.16 (d, /= 8.0 Hz, 1H), 7.54-7.50 (m, 2H), 7.33-7.27 (m,
2H), 7.24-7.20 (m, 1H), 6.71 (d, J= 7.6 Hz, 1H), 5.63 (s, 2H), 3.77 (s, 2H), 3.70-3.64 (m,
2H), 3.60 (s, 3H), 3.33-3.24 (m, 1H), 3.12-3.09 (m, 1H), 2.89-2.85 (m, 1H), 1.97-1.94 (m,
1H), 1.78-1.75 (m, 1H), 1.62-1.49 (m, 2H); 13C NMR (100 MHz, DMSO-ds) 6 172.7, 157.1,
154.2, 140.8, 137.4, 136.1, 135.3, 131.1, 129.5, 129.1, 127.8, 127.1, 124.0, 122.2, 118.6,
116.7, 114.5, 52.4, 51.1, 46.5, 46.3, 41.2, 29.0, 27.3, 22.1; HRMS (ESI) [M+H]* calcd for
C25H2703N5C1 480.1797, found 480.1786; IR(ATR): 1683, 1670, 1652, 1635, 1589, 1558,
1540, 1506, 1473 cm'; Anal. Caled for C25H2603N5C1-2.256HCI-1.75H20: C, 50.59; H,
5.39; N, 11.80, found: C, 50.73; H, 45.47; N, 11.67.
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{2-[(3R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro- SH-
imidazol4,5-dquinolin-9-yl}acetic acid hydrochloride (101)

Compound 101 was prepared from 23 in a manner similar to that described for
compound 74 with total yield of 4.3% for 5 steps as a white amorphous. 'H NMR (400
MHz, DMSO-ds) § 8.38 (brs, 3H), 8.16 (d, J= 8.0 Hz, 1H), 7.52-7.50 (m, 2H), 7.32-7.27 (m,
2H), 7.24-7.21 (m, 1H), 6.71 (d, /= 7.5 Hz, 1H), 5.63 (s, 2H), 3.77 (s, 2H), 3.72-3.67 (m,
1H), 3.60 (s, 3H), 3.33-3.25 (m, 2H), 3.12-3.09 (m, 1H), 2.90-2.85 (m, 1H), 1.95 (m, 1H),
1.78-1.76 (m, 1H), 1.62-1.47 (m, 2H); 13C NMR (100 MHz, DMSO-ds) § 172.6, 157.1,
154.2, 140.5, 137.5, 136.1, 135.3, 131.1, 129.5, 129.1, 127.8, 127.1, 124.0, 122.2, 118.6,
116.7, 114.5, 52.4, 51.1, 46.5, 46.2, 40.5, 28.9, 27.3, 22.1; HRMS (ESI) [M+H]* calcd for
C25H2703N5Cl1 480.1797, found 480.1783; IR(ATR): 2867, 1718, 1670, 1625, 1604, 1513,
1475, 1444, 1326, 1245, 1162, 1122, 1051, 1000 cm'™.

Methyl 2-{(3R)-3-[(tert-butoxycarbonyl)amino]piperidin-1-yl}-3-(2-chlorobenzyl)-5-
methyl-4-oxo-4,5-dihydro- 3H-imidazol4,5-dquinoline-9-carboxylate (108)

A mixture of compound 107 (16.9 mg, 0.0275 mmol) which was prepared from 23 in a
manner similar to that described for compound 71 with total yield of 11% in 3 steps, and
10% Pd/C (50% wet, 40.0 mg) in MeOH (5 ml) was stirred at room temperature under He
atmosphere for 4 h. The reaction mixture was filtered through a Celite pad, and the
filtrate was concentrated under reduced pressure. The residue was purified by silica-gel
column chromatography to give 108 (15.5 mg, yield 97%) as a white amorphous. 'H
NMR (300 MHz, CDCls) § 7.56-7.49 (m, 2H), 7.40 (d, /= 7.5 Hz, 1H), 7.32 (dd, J= 2.4,
5.9 Hz, 1H), 7.23-7.11 (m, 2H), 6.71 (d, /= 7.3 Hz, 1H), 5.80 (d, J=17.0 Hz, 1H), 5.65 (d,
J=17.0 Hz, 1H), 4.69 (brd, J= 7.7 Hz, 1H), 4.03 (s, 3H), 3.81-3.79 (m, 1H), 3.76 (s, 3H),
3.39 (dd, /= 3.1, 12.1 Hz, 1H), 3.04-2.96 (m, 3H), 1.74-1.49 (m, 4H), 1.42 (s, 9H); 13C
NMR (75 MHz, CDCls) § 170.5, 157.6, 154.9, 154.8, 140.6, 137.7, 134.9, 131.9, 129.9,
129.5, 128.6, 127.6, 127.2, 126.7, 120.7, 120.2, 116.2, 113.6, 79.4, 60.4, 55.5, 52.8, 51.5,
46.3, 29.3, 28.3, 22.3, 14.2; HRMS (ESI) [M+H]* calcd for CsoHs505N5Cl1 580.2321, found
580.2305; IR(ATR): 1733, 1716, 1652, 1506, 1496, 1471, 1457, 1311, 1278, 1213, 1168

cml,

2-[(3R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro- 3H-
imidazo[4,5-dquinoline-9-carboxylic acid hydrochloride (109)
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Compound 109 was prepared from 108 in a manner similar to that described for
compound 79 with total yield of 99% for 2 steps as a white amorphous. 'H NMR (400
MHz, DMSO-ds § 8.27 (brs, 3H), 7.69 (d, J= 8.3 Hz, 1H), 7.61-7.57 (m, 1H), 7.52 (d, J=
7.7 Hz, 1H), 7.39 (d, J= 7.4 Hz, 1H), 7.35-7.28 (m, 1H), 7.24-7.21 (m, 1H), 6.66 (d, J= 7.4
Hz, 1H), 5.64 (s, 2H), 3.65 (s, 3H), 3.49-3.37 (m, 2H), 3.23-3.15 (m, 1H), 3.07-3.04 (m,
1H), 2.92-2.87 (m, 1H), 1.93 (brs, 1H), 1.72-1.62 (m, 2H), 1.48-1.46 (m, 1H); 13C NMR
(100 MHz, DMSO-d9 6 169.8, 156.2, 153.7, 139.4, 137.5, 135.1, 130.9, 130.8, 129.3,
128.9, 127.9, 127.6, 126.7, 121.2, 119.3, 116.7, 112.1, 51.9, 50.6, 46.1, 45.6, 29.1, 27.1,
21.3; HRMS (ESD [M+H]* calcd for C24H2503N5Cl 466.1640, found 466.1630; IR(ATR):
2915, 1652, 1575, 1558, 1540, 1508, 1456, 1444, 1419, 1375, 1319, 1245, 1095, 1039 cm™.

2-[(3R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-7-fluoro-5-methyl-3,5-dihydro- 4 -
imidazo[4,5-dquinolin-4-one hydrochloride (105)

Compound 105 was prepared from 23 in a manner similar to that described for
compound 109 with total yield of 14% for 5 steps as a white amorphous. 'H NMR (400
MHz, DMSO-ds) 6 8.19-8.13 (m, 4H), 7.52-7.46 (m, 2H), 7.32-7.20 (m, 3H), 6.65 (d, J =
8.0 Hz, 1H), 5.60 (s, 2H), 3.58 (s, 3H), 3.49-3.46 (m, 1H), 3.37-3.33 (m, 1H), 3.23-3.18 (m,
1H), 3.08-3.05 (m, 1H), 2.86-2.82 (m, 1H), 1.98-1.93 (m, 1H), 1.75 (m, 1H), 1.58-1.49 (m,
2H); 13C NMR (100 MHz, DMSO-d») § 159.9, 156.5, 153.2, 138.9 (d, %/ (C, F) = 238 Hz),
137.8,134.2, 129.9, 128.2 (d, 2J(C, F) = 44 Hz), 128.1 (d, 2/ (C, F) = 44 Hz), 126.7 (d, 3/
(C, F) =8.8 Hz), 125.8, 122.9 (d, 4J (C, F) = 8.8 Hz), 117.1 (d, 4/ (C, F) = 4.0 Hz), 112.1,
109.1, 108.9, 51.2, 50.0, 45.2, 42.7, 28.1, 26.3, 20.9; HRMS (ESI) [M+HI* calcd for
C23H240N5CIF 440.1648, found 440.1638; IR(ATR): 2921, 1673, 1652, 1577, 1523, 1508,
1473, 1415, 1394, 1353, 1309, 1243, 1224, 1149, 1128, 1106, 1051 cm'1.

2-{(3R)-3-[(tert-Butoxycarbonyl)amino] piperidin-1-yl}-3-(2-chlorobenzyl)-5-methyl-4-oxo
-4,5-dihydro- 3H-imidazo[4,5-d quinoline-7-carboxylic acid (110)

A mixture of 91 (1.53 g, 3.05 mmol), (Boc)20 (864 mg, 3.97 mmol) in THF (10 ml) and
saturated NaHCOs aqueous solution (10 ml) was stirred at room temperature for 3 h.
The reaction mixture was quenched with 5% KHSO4 aqueous solution and extracted
with CHCls. The organic layer was washed with brine, dried over Na2SO4, and
concentrated under reduced pressure. The residual solid was triturated with hexane to
afford 110 (1.04 g, yield 60%) as a white amorphous. 'H NMR (400 MHz, DMSO-dp) §
8.18 (d, J=8.1 Hz, 1H), 8.06 (d, /= 1.1 Hz, 1H), 7.88 (dd, J= 1.1, 8.1 Hz, 1H), 7.48 (dd, J
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=1.0, 7.9 Hz, 1H), 7.29-7.25 (m, 1H), 7.22-7.17 (m, 1H), 6.93 (d, J= 7.7 Hz, 1H), 6.66 (m,
1H), 5.57 (d, J=17.6 Hz, 1H), 5.53 (d, J= 17.6 Hz, 1H), 3.66 (s, 3H), 3.48-3.22 (m, 3H),
2.84-2.71 (m, 2H), 1.78-1.76 (m, 1H), 1.69-1.66 (m, 1H), 1.55-1.50 (m, 1H), 1.39-1.29 (m,
10H); 13C NMR (100 MHz, DMSO-ds § 167.4, 158.1, 155.0, 154.2, 140.8, 136.9, 135.3,
131.2,130.1, 129.4, 128.9, 127.7, 126.9, 122.8, 122.3, 120.0, 119.8, 116.5, 77.9, 55.1, 50.6,
46.6, 40.3, 29.8, 28.8, 28.4, 23.4; HRMS (ESI) [M+H]+ calcd for C20H3305N5Cl 566.2165,
found 566.2155; IR(ATR): 2935, 1685, 1646, 1621, 1585, 1558, 1508, 1473, 1446, 1409,
1365, 1349, 1307, 1241, 1222, 1168, 1122, 1070, 1049, 1039, 1024 cm'1.

tert-Butyl {(3R)-1-[7-carbamoyl-3-(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro- 3H-
imidazo[4,5-cquinolin-2-yllpiperidin-3-yl}carbamate (114)

Compound 114 was prepared from 110 in a manner similar to that described for
compound 81 with a yield of 80% as a white amorphous. 'H NMR (400 MHz, CDCls) &
8.31 (d, J= 8.1 Hz, 1H), 8.03 (s, 1H), 7.63 (dd, J= 1.0, 8.1 Hz, 1H), 7.40 (dd, J= 0.9, 7.9
Hz, 1H), 7.21-7.18 (m, 1H), 7.15-7.11 (m, 1H), 6.68 (d, J/ = 7.2 Hz, 1H), 6.02 (brs, 1H),
5.77 (d, J=16.8 Hz, 1H), 5.64 (d, /= 16.8 Hz, 1H), 3.82 (brs, 1H), 3.77 (s, 3H), 3.44 (dd, J
=3.2,12.7 Hz, 1H), 3.22 (dd, J= 4.9, 12.6 Hz, 1H), 3.08-3.06 (m, 2H), 1.83-1.65 (m, 4H),
1.46 (s, 9H); 13C NMR (100 MHz, CDCls) § 168.9, 158.4, 155.2, 155.1, 141.2, 137.5, 134.9,
132.5, 132.0, 129.6, 128.6, 127.2, 126.5, 122.9, 120.4, 120.1, 119.8, 115.0, 79.1, 54.9, 51.5,
46.4, 45.8, 29.2, 28.5, 28.2, 21.6; HRMS (ESI) [M+H]+ caled for C20H3404N6Cl 565.2325,
found 565.2309; IR(ATR): 1716, 1699, 1683, 1652, 1646, 1635, 1558, 1540, 1521, 1506,
1473, 1457, 1386, 1363, 1319, 1224, 1164, 1039 cm'1.

2-[(3R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro- 3H-

imidazol4,5-dquinoline-7-carboxamide hydrochloride (116)

Compound 116 was prepared from 114 in a manner similar to that described for
compound 83 with a quantitative yield as a white amorphous. H NMR (400 MHz,
DMSO-de & 8.37 (brs, 3H), 8.28 (brs, 1H), 8.20 (d, /= 8.1 Hz, 1H), 8.06 (s, 1H), 7.87 (dd,
J=1.0, 8.1 Hz, 1H), 7.58-7.49 (m, 2H), 7.32-7.29 (m, 1H), 7.25-7.16 (m, 1H), 6.71 (d, J=
7.2 Hz, 1H), 5.65 (d, J=17.2 Hz, 1H), 5.59 (d, J= 17.2 Hz, 1H), 3.68 (s, 3H), 3.50-3.45 (m,
1H), 3.34 (brs, 1H), 3.28-3.25 (m, 1H), 3.09-3.06 (m, 1H), 2.87-2.82 (m, 1H), 1.95 (m, 1H),
1.78-1.75 (m, 1H), 1.61-1.49 (m, 2H); 13C NMR (100 MHz, DMSO-d9 6§ 167.6, 157.5,
154.3, 140.5, 137.1, 135.3, 134.0, 131.1, 129.5, 129.1, 127.9, 127.1, 122.0, 121.6, 119.8,
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118.3, 115.1, 52.3, 51.1, 46.4, 43.8, 29.1, 27.4, 22.1; HRMS (ESI) [M+H]+ caled for
C24H2602N6C1 465.1800, found 465.1790; IR(ATR): 1672, 1598, 1444, 1122, 1041 cm'1.

tert-Butyl {(3R)-1-[3-(2-chlorobenzyl)-7-(dimethylcarbamoyl)-5-methyl-4-oxo0-4,5-
dihydro- 3H-imidazol4,5-dquinolin-2-yllpiperidin-3-yl}carbamate (115)

Compound 115 was prepared from 110 in a manner similar to that described for
compound 82 with a quantitative yield as a white amorphous. 'H NMR (400 MHz,
CDCls) 6 8.31 (d, J=8.0 Hz, 1H), 7.53 (d, J= 1.1 Hz, 1H), 7.40 (dd, J= 1.1, 7.9 Hz, 1H),
7.33 (d, /= 8.0 Hz, 1H), 7.22-7.18 (m, 1H), 7.15-7.11 (m, 1H), 6.68 (d, J = 7.5 Hz, 1H),
6.25 (brs, 1H), 5.77 (d, J= 16.8 Hz, 1H), 5.65 (d, J= 16.8 Hz, 1H), 3.82 (brs, 1H), 3.74 (s,
3H), 3.43 (dd, /= 3.2, 12.9 Hz, 1H), 3.25 (dd, J= 4.3, 12.9 Hz, 1H), 3.17 (s, 3H), 3.09-3.07
(m, 2H), 3.03 (s, 3H), 1.73-1.50 (m, 4H), 1.46 (s, 9H); 13C NMR (75 MHz, CDCls) § 171.2,
158.3, 155.2, 155.1, 141.5, 137.5, 136.0, 135.0, 132.0, 129.6, 128.6, 127.2, 126.5, 122.7,
120.7, 119.9, 117.8, 114.0, 79.0, 54.7, 51.5, 46.4, 45.7, 39.7, 35.5, 29.4, 29.1, 28.4, 21.4;
HRMS (ESD [M+H]* caled for C31H3304N6Cl 593.2638, found 593.2621; IR(ATR): 1700,
1635, 1583, 1508, 1467, 1444, 1405, 1388, 1363, 1315, 1241, 1162, 1122, 1087, 1068,
1049, 1039 cm™.

2-[(3R)-3-Aminopiperidin-1-yll-3-(2-chlorobenzyl)- N, N,5-trimethyl-4-oxo-4,5-dihydro-
SH-imidazol4,5-clquinoline-7-carboxamide hydrochloride (117)

Compound 117 was prepared from 115 in a manner similar to that described for
compound 84 with a yield of 95% as a white amorphous. 'H NMR (400 MHz, DMSO-dy)
§ 8.41 (brs, 3H), 8.22 (d, /= 8.0 Hz, 1H), 7.58 (s, 1H), 7.51 (dd, /= 0.6, 7.9 Hz, 1H), 7.36
(d, J=8.0 Hz, 1H), 7.32-7.29 (m, 1H), 7.24-7.21 (m, 1H), 6.71 (d, /= 7.4 Hz, 1H), 5.66 (d,
J=17.6 Hz, 1H), 5.61 (d, J=17.6 Hz, 1H), 3.71-3.66 (m, 1H), 3.63 (s, 3H), 3.38-3.24 (m,
2H), 3.11-3.03 (m, 1H), 3.03 (s, 3H), 2.95 (s, 3H), 2.89-2.84 (m, 1H), 1.95 (m, 1H),
1.78-1.76 (m, 1H), 1.62-1.49 (m, 2H); 13C NMR (100 MHz, DMSO-ds) § 169.9, 157.5,
154.2, 140.5, 137.1, 136.6, 135.2, 131.1, 129.5, 129.1, 127.8, 127.1, 122.2, 121.0, 119.4,
116.7,114.4, 52.3, 51.1, 46.4, 46.3, 43.8, 35.0, 29.0, 27.4, 22.1; HRMS (ESI) [M+H]* calcd
for Ca6H3002N6Cl 493.2113, found 493.2101; IR(ATR): 1677, 1639, 1602, 1498, 1475,
1442, 1409, 1398, 1321, 1245, 1205, 1122, 1051, 1039 cm™L.

Methyl 2-{(3R)-3-[(tert-butoxycarbonyl)amino]piperidin-1-yl}-3-(2-chlorobenzyl)-5-
methyl-4-0xo0-4,5-dihydro- 3H-imidazol4,5-clquinoline-7-carboxylate (47)
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A mixture of 109 (1.02 g, 1.80 mmol), K2COs (746 mg, 5.40 mmol), and Mel (224 pl, 3.60
mmol) in DMF (5 ml) was stirred at 45 °C for 4 h. After cooling to room temperature, the
reaction mixture was quenched with saturated NH4Cl solution and extracted with
EtOAc. The organic layer was washed with saturated NH4Cl aqueous solution twice and
brine, dried over Na2SOs4, and concentrated under reduced pressure. The residue was
purified by silica-gel column chromatography to give 47 (1.12 g, quantitative yield) as a
pale yellow amorphous. H NMR (400 MHz, CDCls) § 8.33 (d, J/=8.2 Hz, 1H), 8.15(d, J
= 1.1 Hz, 1H), 7.97 (d, /= 8.2 Hz, 1H), 7.41 (dd, J= 1.0, 7.9 Hz, 1H), 7.22-7.18 (m, 1H),
7.15-7.11 (m, 1H), 6.68 (d, J= 7.6 Hz, 1H), 6.16 (brs, 1H), 5.77 (d, J= 16.8 Hz, 1H), 5.65
(d, J=16.8 Hz, 1H), 3.99 (s, 3H), 3.81 (brs, 1H), 3.80 (s, 3H), 3.43 (dd, = 3.3, 12.8 Hz,
1H), 3.24 (dd, J= 4.2, 12.5 Hz, 1H), 3.09-3.08 (m, 2H), 1.74-1.62 (m, 3H), 1.54-1.52 (m,
1H), 1.46 (s, 9H); 13C NMR (100 MHz, CDCls) § 167.5, 159.0, 155.9, 155.6, 141.7, 137.8,
135.6, 132.6, 130.2, 129.9, 129.2, 127.8, 127.1, 123.6, 123.4, 121.2, 121.1, 117.0, 79.7,
55.4, 53.0, 52.1, 47.0, 46.4, 30.0, 29.8, 29.1, 22.1; HRMS (ESD [M+H]* caled for
C30H3505N5Cl1 580.2321, found 580.2314; IR (ATR): 1716, 1652, 1646, 1508, 1307, 1257,
1238, 1220, 1164, 1108, 1049, 1033 cm'L.

Methyl 2-[(3R)-3-aminopiperidin-1-yl]-3-(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro-
SH-imidazol4,5-clquinoline-7-carboxylate hydrochloride (55)

Compound 55 was prepared from 47 in a manner similar to that described for compound
74 with a quantitative yield as a white amorphous. 'TH NMR (400 MHz, CD30D, free
form) § 8.18 (d, /= 8.2 Hz, 1H), 8.01 (d, J= 1.2 Hz, 1H), 7.87 (dd, J= 1.2, 8.2 Hz, 1H),
7.46 (dd, J=1.1, 8.0 Hz, 1H), 7.28-7.24 (m, 1H), 7.19-7.15 (m, 1H), 6.67 (dd, J= 1.1, 7.7
Hz, 1H), 5.62 (d, /= 16.8 Hz, 1H), 5.53 (d, J = 16.8 Hz, 1H), 3.97 (s, 3H), 3.64 (s, 3H),
3.52 (dd, J= 3.5, 11.6 Hz, 1H), 3.20-3.17 (m, 1H), 2.97-2.80 (m, 3H), 1.98-1.94 (m, 1H),
1.75-1.61 (m, 2H), 1.43-1.28 (m, 1H); 3C NMR (100 MHz, DMSO-dy § 166.2, 158.4,
154.1, 140.8, 136.8, 135.2, 131.0, 129.4, 129.0, 128.6, 127.8, 127.4, 127.0, 122.6, 122.4,
120.1, 116.2, 58.6, 52.6, 50.6, 47.4, 46.2, 33.3, 28.8, 23.5; HRMS (ESI) [M+H]* calcd for
C25H2703N5Cl1 480.1797, found 480.1792; IR(ATR): 1718, 1652, 1623, 1525, 1506, 1471,
1436, 1405, 1309, 1259, 1240, 1222, 1108, 1049, 1039, 1033, 1000 cm'!.

tert-Butyl {(3R)-1-[3-(2-chlorobenzyl)-7-cyano-5-methyl-4-oxo-4,5-dihydro- 3H-
imidazol4,5-cquinolin-2-yllpiperidin-3-yl}carbamate (118)
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To a solution of 114 (255.8 mg, 0.410 mmol) in THF (3 ml) was added trifluoroacetic acid
anhydride (256 pl, 1.84 mmol) at room temperature. The reaction mixture was stirred at
65 °C for 3 h. After cooling to room temperature, the reaction mixture was
supplemented with K2COs (226 mg, 1.64 mmol) and MeOH (3 ml), and the whole was
stirred at room temperature for 3 h. The reaction mixture was quenched with saturated
NH4CI aqueous solution, extracted with EtOAc, washed with brine, dried over NasSOs,
and concentrated under reduced pressure. The residue was purified by silica-gel column
chromatography to give 118 (99.6 mg, yield 44%) as a white amorphous. 'H NMR (400
MHz, CDCls) 6 8.35 (d, J= 8.1 Hz, 1H), 7.70 (d, /= 1.0 Hz, 1H), 7.56 (d, J= 8.1 Hz, 1H),
7.42 (dd, J= 1.2, 7.9 Hz, 1H), 7.23-7.19 (m, 1H), 7.16-7.12 (m, 1H), 6.67 (d, J= 7.4 Hz,
1H), 5.99 (brs, 1H), 5.76 (d, /= 16.8 Hz, 1H), 5.64 (d, /= 16.8 Hz, 1H), 3.82-3.78 (m, 1H),
3.74 (s, 3H), 3.45 (dd, J= 3.2, 12.7 Hz, 1H), 3.22 (dd, /= 4.7, 12.9 Hz, 1H), 3.08 (m, 2H),
1.78-1.70 (m, 3H), 1.61-1.51 (m, 1H), 1.46 (s, 9H); 13C NMR (100 MHz, CDCls) § 158.6,
155.1, 154.7, 140.8, 137.2, 134.6, 132.0, 129.6, 128.7, 127.2, 126.4, 124.9, 123.6, 120.8,
120.3, 119.0, 118.6, 111.1, 79.1, 54.8, 51.4, 46.5, 45.8, 31.5, 29.1, 28.4, 21.6; HRMS (ESI)
[M+H]* caled for C29oH3203N6Cl 547.2219, found 547.2206; IR(ATR): 1700, 1652, 1581,
1508, 1471, 1444, 1409, 1390, 1365, 1315, 1240, 1162, 1124, 1070, 1049, 1041 cm'1.

2-[(8R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro- 3H-

imidazol4,5-cquinoline-7-carbonitrile (119)

To a solution of 118 (99.6 mg, 0.182 mmol) in CHCIs (2 ml) was added trifluoroacetic
acid (0.5 ml, 6.49 mmol) at room temperature. The reaction mixture was stirred at room
temperature for 2 h, and concentrated under reduced pressure. To the residue was
added saturated NaHCOs aqueous solution, and the whole was extracted with CHCls,
washed with brine, dried over Naz2SO4, and concentrated under reduced pressure to give
119 (72.0 mg, yield 88%) as a white amorphous. 'H NMR (300 MHz, CDCls) § 8.33 (d, J
= 8.0 Hz, 1H), 7.68 (s, 1H), 7.55 (dd, J= 1.3, 8.1 Hz, 1H), 7.40 (dd, J= 1.3, 7.9 Hz, 1H),
7.23-7.10 (m, 2H), 6.70 (d, J= 7.5 Hz, 1H), 5.71 (d, /= 17.0 Hz, 1H), 5.64 (d, /= 17.0 Hz,
1H), 3.72 (s, 3H), 3.39-3.36 (m, 1H), 3.27-3.23 (m, 1H), 2.98-2.91 (m, 2H), 2.77-2.70 (m,
1H), 1.92-1.87 (m, 1H), 1.76-1.55 (m, 2H), 1.31-1.20 (m, 1H); 13C NMR (75 MHz, CDCl5)
6 159.5, 155.4, 141.9, 137.9, 135.6, 132.5, 130.2, 129.3, 127.9, 127.3, 125.6, 124.3, 121.6,
121.2, 119.7, 119.3, 111.6, 59.5, 51.5, 48.0, 47.3, 33.4, 29.7, 24.0; HRMS (ESD [M+H]*
caled for C24H240N6Cl 447.1695, found 447.1694; IR(ATR): 1646, 1619, 1504, 1463, 1444,
1407, 1392, 1349, 1319, 1243, 1226, 1159, 1122, 1049 cm'1.
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tert-Butyl {(3R)-1-[3-(2-chlorobenzyl)-7-(hydroxymethyl)-5-methyl-4-oxo-4,5-dihydro-
3H-imidazol4,5- clquinolin-2-yllpiperidin-3-yl}carbamate (111)

To a solution of 110 (471.5 mg, 0.833 mmol) and TEA (232 ul, 1.67 mmol) in THF (4 ml)
was added ethyl chloroformate (119 pl, 1.25 mmol) at 0 °C. The reaction mixture was
stirred at 0 °C for 1.5 h. To this reaction mixture was added sodium borohydride (94.5
mg, 2.50 mmol) in H20 (1 ml) at 0 °C. The reaction mixture was stirred at room
temperature for 5 h and then quenched with saturated NH4Cl aqueous solution,
extracted with EtOAc, washed with brine, dried over Na2SQ4, and concentrated under
reduced pressure. The residue was purified by silica-gel column chromatography to give
111 (261 mg, yield 57%) as a white amorphous. H NMR (400 MHz, CDCls) § 8.24 (d, J=
7.9 Hz, 1H), 7.44 (brs, 1H), 7.41 (dd, J = 1.0, 7.9 Hz, 1H), 7.28 (d, J = 8.1 Hz, 1H),
7.21-7.19 (m, 1H), 7.14-7.10 (m, 1H), 6.68 (d, J= 7.6 Hz, 1H), 5.76 (d, /= 17.2 Hz, 1H),
5.64 (d, J= 17.2 Hz, 1H), 4.85 (brs, 2H), 3.82 (brs, 1H), 3.72 (s, 3H), 3.43 (dd, J = 3.1,
12.9 Hz, 1H), 3.25 (dd, J= 4.1, 12.7 Hz, 1H), 3.08-3.07 (m, 2H), 1.73-1.51 (m, 4H), 1.47 (s,
9H); 13C NMR (75 MHz, CDCls) § 158.1, 155.3, 155.2, 141.9, 141.4, 137.7, 135.1, 131.9,
129.5, 128.5, 127.2, 126.5, 123.0, 120.9, 119.2, 116.3, 113.0, 79.0, 65.3, 54.7, 51.6, 46.3,
45.7, 29.5, 29.0, 28.5, 21.4; HRMS (ESI) [M+H]* caled for C29H3504N5C1 552.2372, found
552.2354; IR(ATR): 1685, 1637, 1581, 1508, 1473, 1444, 1413, 1388, 1363, 1317, 1241,
1160, 1122, 1068, 1049, 1039 cm'1.

2-[(3R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-7-(hydroxymethyl)-5-methyl-3,5-
dihydro-£A-imidazol4,5-cd quinolin-4-one (123)

To a solution of 111 (40.3 mg, 0.073 mmol) in CHCIs (2 ml) was added trifluoroacetic
acid (112 pl, 1.45 mmol) at room temperature. The reaction mixture was stirred at room
temperature for 2 h, and concentrated under reduced pressure. The residue was
azeotroped with toluene and dissolved in MeOH (3 ml). To this solution was added
K2COs (30.3 mg, 0.219 mmol) and the reaction mixture was stirred at room temperature
for 3 h, and concentrated under reduced pressure. The residue was purified by silica-gel
column chromatography to give 123 (24.7 mg, yield 75%) as a white amorphous. 'H
NMR (300 MHz, CDCls) § 8.14 (brs, 1H), 7.36 (m, 2H), 7.24-7.14 (m, 3H), 6.72 (brs, 1H),
5.67 (brs, 2H), 4.78 (brs, 2H), 3.64 (s, 3H), 3.37-3.33 (m, 1H), 3.18 (m, 1H), 2.93 (m, 2H),
2.76-2.73 (m, 1H), 1.87-1.62 (m, 4H); 13C NMR (75 MHz, CDCls) § 158.4, 155.2, 142.3,
141.5, 137.5, 135.4, 131.8, 129.4, 128.5, 127.2, 126.7, 122.8, 120.8, 119.2, 116.2, 112.9,
65.0, 58.9, 51.0, 47.4, 46.3, 33.2, 29.0, 23.3; HRMS (ESI) [M+H]* calcd for C24H2702N5Cl
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452.1848, found 452.1848; IR(ATR): 1641, 1581, 1508, 1471, 1444, 1413, 1392, 1353,
1319, 1214, 1159, 1120, 1049, 1039 cm'1.

tert-Butyl {(3R)-1-[3-(2-chlorobenzyl)-7-(methoxymethyl)-5-methyl-4-oxo-4,5-dihydro-
JH-imidazol4,5- clquinolin-2-yllpiperidin-3-yl}carbamate (112)

To a solution of 111 (147.4 mg, 0.267 mmol) in THF (2 ml) was added sodium hydride
(60% in oil, 12.8 mg, 0.32 mmol) at 0 °C. The reaction mixture was stirred at 0 °C for 10
min. To this reaction mixture was added Mel (19.9 pl, 0.32 mmol) at 0 °C, and the whole
was stirred at room temperature for 3 h. The reaction mixture was quenched with
saturated NH4Cl aqueous solution, extracted with EtOAc, washed with brine, dried over
Na2S04, and concentrated under reduced pressure. The residue was purified by
silica-gel column chromatography to give 112 (129.6 mg, yield 86%) as a white
amorphous. 1H NMR (400 MHz, CDCls) § 8.28 (d, /= 8.0 Hz, 1H), 7.43 (d, J= 1.1 Hz,
1H), 7.40 (dd, J= 1.1, 8.0 Hz, 1H), 7.28 (d, J= 8.1 Hz, 1H), 7.21-7.17 (m, 1H), 7.14-7.10
(m ,1H), 6.67 (d, J= 7.5 Hz, 1H), 6.26 (brs, 1H), 5.77 (d, J = 16.8 Hz, 1H), 5.65 (d, J =
16.8 Hz, 1H), 4.62 (s, 2H), 3.81 (m, 1H), 3.75 (s, 3H), 3.46 (s, 3H), 3.42 (dd, J= 3.2, 12.9
Hz, 1H), 3.28-3.23 (m, 1H), 3.08-3.07 (m, 2H), 1.73-1.62 (m, 4H), 1.46 (s, 9H); 13C NMR
(100 MHz, CDCls) § 158.7, 155.9, 155.8, 142.5, 139.3, 138.3, 135.8, 132.5, 130.1, 129.1,
127.8,127.2, 123.5, 122.2, 119.8, 117.0, 114.4, 79.6, 75.3, 58.9, 55.4, 52.2, 46.8, 46.4, 30.0,
29.6, 29.1, 22.0; HRMS (ESD [M+H]* caled for Cs0Hz704N5Cl 566.2529, found 566.2525;
IR(ATR): 1700, 1652, 1646, 1583, 1508, 1473, 1457, 1444, 1417, 1388, 1363, 1315, 1241,
1159, 1101, 1070, 1049, 1039 cm'™.

2-[(3R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-7-(methoxymethyl)-5-methyl-3,5-
dihydro-4H-imidazol4,5-cquinolin-4-one hydrochloride (113)

Compound 113 was prepared from 112 in a manner similar to that described for
compound 74 with a quantitative yield as a white amorphous. H NMR (400 MHz,
DMSO-de & 8.41 (brs, 3H), 8.20 (d, J= 8.0 Hz, 1H), 7.52-7.50 (m, 2H), 7.33-7.28 (m, 2H),
7.24-7.20 (m, 1H), 6.73 (d, /= 7.2 Hz, 1H), 5.62 (s, 2H), 4.57 (s, 2H), 3.70-3.66 (m, 1H),
3.61 (s, 3H), 3.34 (s, 3H), 3.30-3.25 (m, 2H), 3.11-3.08 (m, 1H), 2.89-2.87 (m, 1H),
1.96-1.94 (m, 1H), 1.76-1.74 (m, 1H), 1.62-1.51 (m, 2H); 13C NMR (100 MHz, DMSO-ds) &
156.6, 154.1, 139.6, 139.6, 137.5, 135.1, 131.1, 129.5, 129.1, 127.8, 127.2, 122.6, 121.8,
118.5, 114.6, 114.5, 73.8, 57.9, 52.3, 51.0, 46.7, 46.3, 29.0, 27.3, 22.1; HRMS (ESI)
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[M+H]J* caled for C25H2002N5Cl 466.2004, found 466.2003; IR(ATR): 1670, 1637, 1602,
1473, 1444, 1417, 1386, 1326, 1249, 1199, 1159, 1108, 1051, 1039, 1033 cm™1.

tert-Butyl {(3R)-1-[3-(2-chlorobenzyl)-7-(iodomethyl)-5-methyl-4-oxo0-4,5-dihydro-
3H-imidazol4,5- clquinolin-2-yllpiperidin-3-yl}carbamate (120)

A mixture of 111 (274.3 mg, 0.497 mmol), Iz (252 mg, 0.99 mmol), imidazole (84.6 mg,
1.25 mmol), and PPhs (196 mg, 0.75 mmol) in THF (2 ml) was stirred at room
temperature for 16 h. The reaction mixture was quenched with saturated Na2S203
aqueous solution, extracted with EtOAc, washed with saturated NH4Cl aqueous
solution, saturated NaHCOs aqueous solution and brine, dried over Na2SO4, and
concentrated under reduced pressure. The residue was purified by silica-gel column
chromatography to give 120 (81.5 mg, yield 25%) as a pale yellow amorphous. H NMR
(400 MHz, CDCls) § 8.22 (d, J= 8.0 Hz, 1H), 7.42 (d, J= 1.1 Hz, 1H), 7.40 (dd, J= 1.1,
7.9 Hz, 1H), 7.33 (d, J= 8.0 Hz, 1H), 7.21-7.17 (m, 1H), 7.13-7.09 (m, 1H), 6.64 (d, J=17.6
Hz, 1H), 6.23 (brs, 1H), 5.75 (d, J=17.3 Hz, 1H), 5.64 (d, /= 17.3 Hz, 1H), 4.63 (s, 2H),
3.82 (m, 1H), 3.74 (s, 3H), 3.42 (dd, J= 3.2, 12.9 Hz, 1H), 3.24 (dd, J= 4.4, 12.8 Hz, 1H),
3.08-3.07 (m, 2H), 1.73 (m, 2H), 1.62-1.58 (m, 1H), 1.53-1.47 (m, 1H), 1.47 (s, 9H);
HRMS (ESI) [M+H]* caled for C20H3403N5CII 662.1389, found 662.1375. IR(ATR): 1700,
1683, 1652, 1583, 1508, 1473, 1446, 1417, 1394, 1363, 1319, 1243, 1164, 1049 cm'1.,

tert-Butyl {(3R)-1-[3-(2-chlorobenzyl)-5,7-dimethyl-4-oxo-4,5-dihydro- 3Himidazo
[4,5-clquinolin-2-yllpiperidin-3-yl}carbamate (121)

A mixture of 120 (81.5 mg, 0.123 mmol) and NaBH4 (14.0 mg, 0.369 mmol) in DMSO (2
ml) was stirred at 50 °C for 3 h. After cooling to room temperature, the reaction mixture
was quenched with saturated NH4Cl aqueous solution, extracted with EtOAc, washed
with saturated NH4Cl aqueous solution twice and brine, dried over Na2SOs4, and
concentrated under reduced pressure. The residue was purified by silica-gel column
chromatography to give 121 (59.7 mg, yield 91%) as a pale yellow powder. Mp 207-209
°C; TH NMR (400 MHz, CDCl3) § 8.20 (brs, 1H), 7.40 (dd, /= 0.8, 7.8 Hz, 1H), 7.24 (brs,
1H), 7.21-7.10 (m, 3H), 6.67 (d, J= 7.3 Hz, 1H), 5.76 (d, J= 16.8 Hz, 1H), 5.65 (d, J =
16.8 Hz, 1H), 3.82-3.78 (m, 1H), 3.73 (s, 3H), 3.44-3.41 (m, 1H), 3.28-3.26 (m, 1H), 3.08
(m, 2H), 2.53 (s, 3H), 1.73-1.51 (m, 4H), 1.47 (s, 9H); 13C NMR (100 MHz, CDCls) § 158.6,
155.9, 155.9, 142.8, 139.2, 138.3, 135.9, 132.5, 130.1, 129.1, 127.8, 127.2, 124.1, 123.3,
119.3, 115.7, 115.3, 79.6, 55.3, 52.2, 46.8, 46.4, 30.1, 29.5, 29.1, 22.8, 22.0; HRMS (ESI)
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[M+H]* caled for C290Hs503N5C1 536.2423, found 536.2420; IR(ATR): 1700, 1646, 1583,
1508, 1473, 1411, 1390, 1363, 1317, 1243, 1164, 1049 cm'!.

2-[(3R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-5, 7-dimethyl-3,5-dihydro- 4H-imidazo
[4,5-clquinolin-4-one (122)

To a solution of 121 (54.0 mg, 0.10 mmol) in 1,4-dioxane (2 ml) was added 4N
HCl-1,4-dioxane (2 ml). The reaction mixture was stirred at room temperature for 4 h,
and concentrated under reduced pressure. To the residue was added saturated NaHCOs
aqueous solution, and the whole was extracted with CHCls, washed with brine, dried
over Na2SO4, and concentrated under reduced pressure to give 122 (50.7 mg,
quantitative yield) as a white amorphous. 1H NMR (300 MHz, CDCls) 6 8.16 (d, /= 8.0
Hz, 1H), 7.39 (d, /= 7.7 Hz, 1H), 7.23-7.12 (m, 4H), 6.71 (d, J= 7.7 Hz, 1H), 5.72 (d, J =
16.8 Hz, 1H), 5.65 (d, J= 16.8 Hz, 1H), 3.72 (s, 3H), 3.40-3.37 (m, 1H), 3.23-3.19 (m, 1H),
2.98-2.92 (m, 2H), 2.79 (dd, J = 8.4, 11.9 Hz, 1H), 2.53 (s, 3H), 1.72-1.60 (m, 2H),
1.30-1.26 (m, 2H); 13C NMR (75 MHz, CDCls) § 158.9, 155.9, 143.2, 139.1, 138.3, 136.2,
132.4, 130.0, 129.1, 127.9, 127.4, 124.2, 123.2, 119.4, 115.8, 115.5, 59.3, 51.7, 48.0, 46.9,
33.6, 29.6, 23.9, 22.8; HRMS (ESD) [M+HI* caled for C24H27ON5Cl 436.1899, found
436.1897; IR(ATR): 1645, 1581, 1508, 1471, 1444, 1409, 1390, 1319, 1243, 1226, 1160,
1122, 1068, 1049, 1039 cm'L.

Methyl 2-{(3R)-3-[(tert-butoxycarbonyl)amino]piperidin-1-yl}-5-methyl-4-oxo-4,5-
dihydro- 8H-imidazol4,5-cdquinoline-8-carboxylate (124)

A mixture of 71 (1.90 g, 3.28 mmol), 10% Pd/C (50% wet, 0.95 g), HCO2NH4 (2.07 g, 32.8
mmol) in MeOH (15 ml) was stirred under reflux for 2 h. After cooling to room
temperature, the reaction mixture was filtered through a Celite pad. To the filtrate was
added H20, and the whole was extracted with CHCls, washed with brine, dried over
Na2S04, and concentrated under reduced pressure to give 124 (1.23 g, yield 83%) as a
white amorphous. 'TH NMR (300 MHz, DMSO-ds) § 12.13 (brs, 1H), 8.55 (s, 1H), 7.97 (d,
J=8.7Hz, 1H), 7.59 (d, J= 8.7 Hz, 1H), 6.98 (d, J= 7.8 Hz, 1H), 4.12-4.02 (m, 2H), 3.88
(s, 3H), 3.69 (s, 3H), 3.45 (brs, 1H), 2.99-2.91 (m, 1H), 2.87-2.79 (m, 1H), 1.85-1.74 (m,
2H), 1.55-1.52 (m, 2H), 1.40 (s, 9H); 13C NMR (100 MHz, DMSO-de § 165.5, 156.0, 154.4,
152.9, 142.1, 139.6, 127.3, 122.9, 121.9, 117.9, 115.6, 115.1, 78.7, 51.6, 50.4, 45.7, 45.4,
29.7, 28.5, 27.8, 22.6; HRMS (ESI) [M+H]* caled for C23H3005N5 456.2241, found
456.2229; IR(ATR): 1716, 1683, 1652, 1558, 1515, 1456, 1311, 1253, 1168, 1105, 1052
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cm’l. Anal. Caled for C2sH2005N5-0.75H20: C, 58.90; H, 6.55; N, 14.93, found: C, 58.93;
H, 6.32; N, 14.69.

Methyl 3-benzyl-2-{(3R)-3-[(tert-butoxycarbonyl)amino]piperidin-1-yl}-5-methyl-4-oxo-
4,5-dihydro- 8H-imidazol4,5-dquinoline-8-carboxylate (125)

A mixture of 124 (82.4 mg, 0.181 mmol), K2COs (75.0 mg, 0.543 mmol), and BnBr (43.1
nl, 0.362 mmol) in DMF (2 ml) was stirred at 65 °C for 3 h. After cooling to room
temperature, the reaction mixture was quenched with saturated NH4Cl aqueous
solution, and extracted with EtOAc. The organic layer was washed with saturated
NH4Cl aqueous solution twice and brine, dried over Na2SO4, and concentrated under
reduced pressure. The residue was purified by silica-gel column chromatography to give
125 (97.8 mg, yield 99%) as a white powder. Mp 205-207 °C; 'H NMR (300 MHz, CDCls)
§ 8.93 (d, J = 2.0 Hz, 1H), 8.16 (dd, J = 2.0, 9.0 Hz, 1H), 7.46 (d, J = 9.0 Hz, 1H),
7.33-7.21 (m, 2H), 7.19-7.17 (m, 2H), 5.77 (d, J= 15.4 Hz, 1H), 5.55 (d, J= 15.4 Hz, 1H),
5.21-5.19 (m, 1H), 3.99 (s, 3H), 3.87-3.80 (m, 1H), 3.79 (s, 3H), 3.46 (dd, J= 2.9, 12.2 Hz,
1H), 3.16-3.11 (m, 3H), 1.86-1.71 (m, 2H), 1.65-1.58 (m, 2H), 1.41 (s, 9H); 13C NMR (75
MHz, CDCIs) § 166.6, 158.4, 155.2, 155.0, 142.2, 140.3, 137.2, 128.9, 128.7, 127.5, 126.5,
124.7, 123.8, 119.3, 116.7, 114.6, 79.2, 55.5, 52.0, 51.3, 48.3, 46.2, 29.6, 29.2, 28.3, 22.3;
HRMS (ESI) [M+HI* caled for Cs0Hz605N5 546.2711, found 546.2699; IR (ATR): 1714,
1652, 1569, 1496, 1465, 1456, 1436, 1427, 1390, 1365, 1309, 1276, 1240, 1166, 1126,
1112, 1064 cm'l; Anal. Caled for Cs0H3505N5: C, 66.04; H, 6.47; N, 12.84, found: C, 65.84;
H, 6.53; N, 12.77.

2-{(3R)-3-[(tert-Butoxycarbonyl)amino] piperidin-1-yl}-5-methyl-4-oxo-4,5-dihydro- 3H-

imidazol4,5-cquinoline-8-carboxylic acid (126)

A mixture of 125 (85.8 mg, 0.157 mmol) and 1M NaOH aqueous solution (1 ml) in THF
(1 ml) and MeOH (1 ml) was stirred at room temperature for 6 h. The mixture was
concentrated under reduced pressure. The residue was supplemented with 10% KHSO4
aqueous solution until the pH reached at 2~3. The resulting solids were filtered, washed
sequentially with water, Et20 and hexane, and dried in vacuo to give 126 (44.8 mg, yield
54%) as a white amorphous. 'H NMR (400 MHz, DMSO-ds) § 8.66 (s, 1H), 8.05 (d, J =
8.7 Hz, 1H), 7.60 (d, J= 8.9 Hz, 1H), 7.31-7.24 (m, 2H), 7.24-7.17 (m, 3H), 6.93 (d, J="7.5
Hz, 1H), 5.57 (s, 2H), 3.68 (s, 3H), 3.53 (brs, 1H), 3.42-3.39 (m, 1H), 3.30-3.27 (m, 1H),
2.88-2.74 (m, 2H), 1.79-1.71 (m, 2H), 1.61-1.58 (m, 1H), 1.37 (m, 1H), 1.37 (s, 9H); 13C
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NMR (100 MHz, DMSO-do § 166.9, 157.6, 154.4, 153.9, 141.2, 138.7, 137.2, 128.4, 128.0,
126.7,126.1,122.8,122.8, 118.2, 115.5, 114.8, 77.3, 54.6, 50.1, 47.3, 46.1, 29.1, 28.4, 27.7,
22.8; HRMS (ESD [M+HI]* caled for C29oH3405N5 532.2554, found 532.2537; IR(ATR):
1700, 1652, 1506, 1496, 1456, 1386, 1307, 1240, 1166, 1116 cm'!.

2-{(3R)-3-[(tert-Butoxycarbonyl)amino] piperidin-1-yl}-3-benzyl-5-methyl-4-oxo-4,5-
dihydro- 8H-imidazol4,5-d quinoline-8-carboxylic acid hydrochloride (127)

Compound 127 was prepared from 126 in a manner similar to that described for
compound 74 with a quantitative yield as a white amorphous. 'H NMR (400 MHz,
DMSO-ds) § 8.68 (d, J=2.0 Hz, 1H), 8.43 (brs, 3H), 8.05 (dd, J= 2.0, 8.9 Hz, 1H), 7.66 (d,
J=28.9 Hz, 1H), 7.32-7.28 (m, 2H), 7.25-7.22 (m, 1H), 7.17 (d, J= 7.2 Hz, 2H), 5.68 (d, J=
16.0 Hz, 1H), 5.62 (d, /= 16.0 Hz, 1H), 3.74-3.70 (m, 1H), 3.68 (s, 3H), 3.37-3.35 (m, 1H),
3.22-3.15 (m, 2H), 2.87-2.82 (m, 1H), 1.99-1.97 (m, 1H), 1.82-1.79 (m, 1H), 1.62-1.49 (m,
2H); 13C NMR (100 MHz, DMSO-d») § 167.1, 157.7, 154.5, 141.1, 140.2, 137.8, 129.1,
128.8, 127.6, 126.7, 124.5, 123.7, 119.1, 116.0, 115.9, 52.5, 51.1, 48.1, 46.4, 29.3, 27.5,
21.1; HRMS (ESD) [M+H]* caled for C24H2603N5 432.2030, found 432.2015; IR (ATR):
1700, 1670, 1652, 1594, 1506, 1496, 1456, 1375, 1305, 1216, 1114, 1049 cm'1.

2-{(3R)-3-[(tert-Butoxycarbonyl)amino] piperidin-1-yl}-5-methyl-3-(2-methylbenzyl)-4-
0xo0-4,5-dihydro- 3H-imidazo[4,5-dquinoline-8-carboxylic acid hydrochloride (128)

Compound 128 was prepared from 124 in a manner similar to that described for
compound 127 with total yield of 70% for 3 steps as a white amorphous. 'H NMR (400
MHz, DMSO-ds § 8.71 (d, /= 2.0 Hz, 1H), 8.35 (brs, 3H), 8.06 (dd, J= 2.0, 8.8 Hz, 1H),
7.65 (d, J= 8.8 Hz, 1H), 7.23-7.21 (m, 1H), 7.15-7.11 (m, 1H), 7.06-7.02 (m, 1H), 6.47 (d,
J=17.6Hz, 1H), 5.58 (d, J=17.2 Hz, 1H), 5.51 (d, J= 17.2 Hz, 1H), 3.74-3.66 (m, 1H),
3.66 (s, 3H), 3.40-3.38 (m, 1H), 3.28-3.23 (m, 1H), 3.13-3.10 (m, 1H), 2.90-2.85 (m, 1H),
2.38 (s, 3H), 1.94 (m, 1H), 1.76-1.75 (m, 1H), 1.61-1.57 (m, 1H), 1.51-1.46 (m, 1H); 13C
NMR (100 MHz, DMSO-de § 167.1, 157.8, 154.2, 141.1, 140.2, 136.1, 134.6, 130.2, 129.0,
127.0, 126.3, 124.5, 124.4, 123.7, 119.3, 116.0, 116.0, 52.3, 50.9, 46.4, 46.2, 29.1, 27.4,
22.0, 18.9; HRMS (ESD [M+H]* calcd for C25H2s03Ns 446.2187, found 446.2173; IR
(ATR): 1700, 1670, 1623, 1596, 1506, 1457, 1386, 1317, 1245, 1220, 1106, 1051 cm'1.

2-[(3R)-3-Aminopiperidin-1-yl]-3-(2-methoxybenzyl)-5-methyl-4-oxo-4,5-dihydro- 3H-
imidazo[4,5-dquinoline-8-carboxylic acid hydrochloride (129)
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Compound 129 was prepared from 124 in a manner similar to that described for
compound 127 with total yield of 11% for 3 steps as a white amorphous. 'H NMR (400
MHz, DMSO-ds 6 8.69 (d, /= 2.0 Hz, 1H), 8.28 (brs, 3H), 8.05 (dd, J= 2.0, 8.8 Hz, 1H),
7.66 (d, J= 8.8 Hz, 1H), 7.25-7.21 (m, 1H), 7.03 (d, J= 8.7 Hz, 1H), 6.82-6.78 (m, 1H),
6.53 (d, /= 7.0 Hz, 1H), 5.52 (s, 2H), 3.85 (s, 3H), 3.74-3.69 (m, 1H), 3.64 (s, 3H),
3.43-3.38 (m, 1H), 3.22-3.19 (m, 1H), 3.15-3.12 (m, 1H), 2.87-2.82 (m, 1H), 1.98-1.96 (m,
1H), 1.72-1.69 (m, 1H), 1.59-1.45 (m, 2H); 13C NMR (100 MHz, DMSO-dy) § 167.1, 157.9,
156.1, 154.3, 141.3, 140.2, 129.0, 128.5, 125.9, 125.7, 124.4, 123.7, 120.7, 119.4, 116.1,
116.0, 110.8, 55.7, 52.3, 50.7, 46.2, 43.9, 29.1, 27.6, 22.2; HRMS (ESI) [M+H]* calcd for
C25H2804N5 462.2136, found 462.2136; IR (ATR): 1714, 1652, 1569, 1506, 1463, 1436,
1386, 1309, 1245, 1108, 1051, 1024 cm™™.,

2-[(8R)-3-Aminopiperidin-1-yl]-3-(2-fluorobenzyl)-5-methyl-4-oxo-4,5-dihydro- 3H-
imidazo[4,5-dquinoline-8-carboxylic acid hydrochloride (130)

Compound 130 was prepared from 124 in a manner similar to that described for
compound 127 with total yield of 55% for 3 steps as a white amorphous. 'H NMR (400
MHz, DMSO-ds) 6 8.69 (d, /= 2.0 Hz, 1H), 8.43 (brs, 3H), 8.05 (dd, J= 2.0, 9.0 Hz, 1H),
7.65 (d, J = 9.0 Hz, 1H), 7.34-7.29 (m, 1H), 7.25-7.20 (m, 1H), 7.10-7.07 (m, 1H),
6.89-6.86 (m, 1H), 5.68 (d, J= 16.8 Hz, 1H), 5.62 (d, /= 16.8 Hz, 1H), 3.73-3.68 (m, 1H),
3.64 (s, 3H), 3.38-3.36 (m, 1H), 3.25-3.15 (m, 2H), 2.94-2.89 (m, 1H), 1.98 (m, 1H),
1.82-1.79 (m, 1H), 1.66-1.51 (m, 2H); 13C NMR (100 MHz, DMSO-ds & 167.0, 159.6 (d, ZJ
(C, F) =243 Hz), 157.8, 154.3, 141.1, 140.2, 129.5 (d, 2J(C, F) = 7.9 Hz), 129.1, 128.0 (d,
4J(C, F) = 3.9 Hz), 124.8 (d, 2J(C, F) = 25 Hz), 124.8 (d, 2J(C, F) = 8.0 Hz), 124.5, 123.7,
119.1, 116.0, 115.8, 115.4 (d, 2/ (C, F) = 21 Hz), 52.4, 51.0, 46.3, 43.8, 29.2, 27.4, 22.1;
HRMS (ESI) [M+H]* caled for C24H2503NsF  450.1936, found 450.1925; IR (ATR): 1716,
1673, 1596, 1508, 1456, 1375, 1317, 1218, 1126 cm'1.

2-[(3R)-3-Aminopiperidin-1-yl]-3-(3-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro- 3H-
imidazo[4,5-dquinoline-8-carboxylic acid hydrochloride (131)

Compound 131 was prepared from 124 in a manner similar to that described for
compound 127 with total yield of 54% for 3 steps as a white amorphous. 'TH NMR (400
MHz, DMSO-ds) § 8.68 (d, /= 2.0 Hz, 1H), 8.42 (brs, 3H), 8.06 (dd, J= 2.0, 8.8 Hz, 1H),
7.68 (d, J=9.0 Hz, 1H), 7.37-7.32 (m, 3H), 7.17-7.10 (m, 1H), 5.69 (d, /= 16.4 Hz, 1H),
5.61 (d, J=16.4 Hz, 1H), 3.72-3.66 (m, 4H), 3.38 (m, 1H), 3.24-3.13 (m, 2H), 2.88-2.84 (m,
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1H), 1.98 (m, 1H), 1.85-1.82 (m, 1H), 1.64-1.51 (m, 2H); 13C NMR (100 MHz, DMSO-ds) &
167.0, 157.8, 154.5, 142.2, 140.3, 140.2, 133.4, 130.8, 129.1, 127.6, 126.7, 125.4, 124.5,
123.7, 119.0, 116.1, 116.0, 52.4, 51.2, 47.5, 46.3, 29.3, 27.4, 22.0; HRMS (ESI) [M+H]+
caled for C24H2503N5Cl 466.1640, found 466.1627; IR (ATR): 1700, 1670, 1594, 1508,
1473, 1457, 1419, 1375, 1313, 1216, 1110 cm'™.

2-[(3R)-3-Aminopiperidin-1-yl]-3-(4-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro- 3H-
imidazo[4,5-dquinoline-8-carboxylic acid hydrochloride (132)

Compound 132 was prepared from 124 in a manner similar to that described for
compound 127 with total yield of 86% for 3 steps as a white amorphous. 'H NMR (400
MHz, DMSO-de) 6 8.67 (d, /= 1.9 Hz, 1H), 8.42 (brs, 3H), 8.04 (dd, J= 1.9, 8.8 Hz, 1H),
7.65 (d, J=8.8 Hz, 1H), 7.36 (d, J= 8.4 Hz, 2H), 7.21 (d, /= 8.4 Hz, 2H), 5.66 (d, J=16.0
Hz, 1H), 5.60 (d, J = 16.0 Hz, 1H), 3.71-3.65 (m, 4H), 3.37 (m, 1H), 3.23-3.14 (m, 2H),
2.89-2.84 (m, 1H), 1.97 (m, 1H), 1.85-1.82 (m, 1H), 1.63-1.52 (m, 2H); 13C NMR (100
MHz, DMSO-ds § 167.0, 157.7, 154.5, 141.1, 140.1, 136.8, 132.1, 129.1, 128.8, 128.7,
124.5, 123.7, 119.0, 116.0, 115.9, 52.4, 51.2, 47.5, 46.3, 29.3, 27.4, 22.0; HRMS (ESID)
[M+H]* caled for C24H2503N5Cl 466.1640, found 466.1624; IR (ATR): 1700, 1670, 1596,
1506, 1490, 1471, 1317, 1218 cm'L.

2-[(3R)-3-Aminopiperidin-1-yll-3-(3-methoxybenzyl)-5-methyl-4-oxo-4,5-dihydro- 34
imidazo[4,5-dquinoline-8-carboxylic acid hydrochloride (133)

Compound 133 was prepared from 124 in a manner similar to that described for
compound 127 with total yield of 78% for 3 steps as a white amorphous. 'H NMR (400
MHz, DMSO-ds & 8.68 (d, /= 2.0 Hz, 1H), 8.40 (brs, 3H), 8.05 (dd, J= 2.0, 8.9 Hz, 1H),
7.66 (d, J= 8.9 Hz, 1H), 7.23-7.19 (m, 1H), 6.82-6.78 (m, 2H), 6.70 (d, J = 7.7 Hz, 1H),
5.64 (d, J=16.4 Hz, 1H), 5.57 (d, J= 16.4 Hz, 1H), 3.74-3.64 (m, 7H), 3.37-3.36 (m, 1H),
3.22-3.17 (m, 2H), 2.88-2.83 (m, 1H), 2.00-1.97 (m, 1H), 1.83-1.80 (m, 1H), 1.62-1.51 (m,
2H); 13C NMR (100 MHz, DMSO-ds) § 167.0, 159.5, 157.7, 154.5, 141.0, 140.1, 139.4,
130.0, 129.1, 124.5, 123.7, 119.1, 118.7, 116.0, 116.0, 115.9, 112.7, 55.2, 52.4, 51.0, 48.0,
46.4, 29.3, 27.5, 22.2; HRMS (ESI) [M+HI* caled for C2sH2s04N5 462.2136, found
462.2120; IR (ATR): 1700, 1670, 1652, 1594, 1558, 1506, 1456, 1375, 1218, 1049 cm'1.

2-[(3R)-3-Aminopiperidin-1-yl]-3-(4-methoxybenzyl)-5-methyl-4-oxo-4,5-dihydro- 3H-
imidazo[4,5-dquinoline-8-carboxylic acid hydrochloride (134)
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Compound 134 was prepared from 124 in a manner similar to that described for
compound 127 with total yield of 54% for 3 steps as a white amorphous. 'H NMR (400
MHz, DMSO-ds 6 8.67 (d, /= 1.9 Hz, 1H), 8.47 (brs, 3H), 8.04 (dd, J= 1.9, 8.8 Hz, 1H),
7.65 (d, J=8.8 Hz, 1H), 7.16 (d, J= 8.6 Hz, 2H), 6.86 (d, J= 8.6 Hz, 2H), 5.60 (d, J= 15.2
Hz, 1H), 5.53 (d, J = 15.2 Hz, 1H), 3.72-3.65 (m, 7H), 3.39-3.38 (m, 1H), 3.23-3.18 (m,
2H), 2.91-2.85 (m, 1H), 2.01 (m, 1H), 1.84-1.83 (m, 1H), 1.64-1.55 (m, 2H); 13C NMR (100
MHz, DMSO-ds & 167.0, 158.7, 157.5, 154.5, 140.8, 140.1, 129.6, 129.1, 128.3, 124.4,
123.7, 118.9, 116.0, 115.7, 114.1, 55.2, 52.5, 51.1, 47.6, 46.4, 29.3, 27.5, 22.2; HRMS
(ESD) [M+HI* caled for C2sH2s04N5 462.2136, found 462.2119; IR (ATR): 1700, 1670,
1596, 1511, 1457, 1378, 1309, 1243, 1176, 1110, 1025 cm'}; Anal. Caled for C2sH2704N5:
3HCI-2.25H20: C, 49.11; H, 5.69; N, 11.45, found: C, 49.31; H, 5.63; N, 11.23.

2-[(3R)-3-Aminopiperidin-1-yl]-3-[2-(2-chlorophenyl)ethyll-5-methyl-4-oxo-4,5-dihydro-
SH-imidazol4,5-clquinoline-8-carboxylic acid hydrochloride (135)

Compound 135 was prepared from 124 in a manner similar to that described for
compound 127 with total yield of 25% for 3 steps as a white amorphous. 'H NMR (400
MHz, DMSO-ds 6 8.62 (d, /= 1.6 Hz, 1H), 8.31 (brs, 3H), 8.05 (dd, J= 1.6, 8.8 Hz, 1H),
7.69 (d, J= 8.8 Hz, 1H), 7.41 (d, J= 7.8 Hz, 1H), 7.24-7.21 (m, 1H), 7.16-7.12 (m, 1H),
6.99 (d, J=6.9 Hz, 1H), 4.53 (t, J= 6.0 Hz, 2H), 3.75 (s, 3H), 3.69-3.65 (m, 1H), 3.39-3.36
(m, 1H), 3.21 (¢, J= 6.0 Hz, 2H), 3.10-3.06 (m, 1H), 2.94-2.91 (m, 1H), 2.83-2.78 (m, 1H),
2.06-2.03 (m, 1H), 1.77 (m, 1H), 1.57-1.49 (m, 2H); 13C NMR (100 MHz, DMSO-ds §
167.0, 157.7, 154.6, 141.3, 140.2, 135.4, 133.4, 131.4, 129.3, 129.0, 129.0, 128.9, 127.4,
124.4, 123.7, 118.9, 116.0, 52.8, 51.0, 46.6, 44.6, 34.4, 29.4, 27.9, 22.8; HRMS (ESI)
[M+H]* caled for C25H2703N5C1 480.1797, found 480.1782; IR (ATR): 1699, 1646, 1569,
1498, 1437, 1386, 1303, 1255, 1238, 1114, 1049, 1033 cm'L.

2-[(3R)-3-Aminopiperidin-1-yl]-3-(cyclohexylmethyl)-5-methyl-4-oxo-4,5-dihydro- 34
imidazo[4,5-dquinoline-8-carboxylic acid hydrochloride (136)

Compound 136 was prepared from 124 in a manner similar to that described for
compound 127 with total yield of 60% for 3 steps as a white amorphous. TH NMR (400
MHz, DMSO-dy) & 8.68 (brs, 1H), 8.44 (brs, 3H), 8.04 (d, J= 7.7 Hz, 1H), 7.67 (d, J=17.7
Hz, 1H), 4.19 (brs, 2H), 3.71 (s, 3H), 3.48-3.38 (m, 3H), 3.12-3.07 (m, 1H), 2.96 (m, 1H),
2.11 (brs, 1H), 1.88-1.61 (m, 7H), 1.33-0.84 (m, 7H); 13C NMR (100 MHz, DMSO-ds) §
167.0, 157.8, 154.5, 140.7, 140.2, 129.0, 124.4, 123.8, 118.9, 116.0, 115.7, 52.8, 51.0, 50.9,
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46.7, 43.8, 29.8, 29.3, 27.8, 26.0, 25.3, 22.8; HRMS (ESI) [M+H]* caled for C24H3203N5
438.2500, found 438.2484; IR (ATR): 1699, 1670, 1592, 1521, 1508, 1465, 1457, 1419,
1375, 1305, 1253, 1230, 1112, 1043 cm'L.

2-[(3R)-3-Aminopiperidin-1-yll-5-methyl-3-(3-methylbut-2-en-1-yl)-4-oxo-4,5-dihydro-
SH-imidazol4,5-clquinoline-8-carboxylic acid hydrochloride (137)

Compound 137 was prepared from 124 in a manner similar to that described for
compound 127 with total yield of 17% for 3 steps as a white amorphous. 'H NMR (400
MHz, DMSO-d» & 8.68 (d, J= 1.3 Hz, 1H), 8.47 (brs, 3H), 8.03 (d, /= 8.8 Hz, 1H), 7.66
(dd, J=1.3, 8.8 Hz, 1H), 5.39 (m, 1H), 5.00-4.95 (m, 1H), 4.90-4.83 (m, 1H), 3.75 (m, 1H),
3.70 (s, 3H), 3.48-3.38 (m, 2H), 3.32-3.20 (m, 1H), 3.09-3.02 (m, 1H), 2.08-1.99 (m, 1H),
1.93 (brs, 2H), 1.78-1.66 (m, 1H), 1.19 (s, 3H), 1.18 (s, 3H); 13C NMR (100 MHz,
DMSO-ds § 167.0, 156.7, 154.2, 140.1, 136.4, 129.0, 124.4, 123.7, 123.7, 120.8, 118.9,
115.9, 115.5, 52.8, 51.0, 46.5, 43.5, 29.4, 29.4, 29.3, 27.6, 22.4; HRMS (ESI) [M+H]+ calcd
for C22H2s03N5 410.2187, found 410.2176; IR (ATR): 1716, 1683, 1635, 1508, 1473, 1456,
1375, 1311, 1216 cm'L.

2-[(8R)-3-Aminopiperidin-1-yl]-3-(but-2-yn-1-yl)-5-methyl-4-oxo-4,5-dihydro- 34
imidazo[4,5-dquinoline-8-carboxylic acid hydrochloride (138)

Compound 138 was prepared from 124 in a manner similar to that described for
compound 127 with total yield of 41% for 3 steps as a white amorphous. 'H NMR (400
MHz, DMSO-ds & 8.63 (d, /= 2.0 Hz, 1H), 8.25 (brs, 3H), 8.05 (dd, J= 2.0, 8.8 Hz, 1H),
7.67 (d, J= 8.8 Hz, 1H), 5.18 (d, J=19.2 Hz, 1H), 5.12 (d, J=19.2 Hz, 1H), 3.75 (s, 3H),
3.60-3.48 (m, 3H), 3.31-3.19 (m, 2H), 2.04-2.01 (m, 1H), 1.94-1.90 (m, 1H), 1.79 (s, 3H),
1.76-1.67 (m, 2H); 13C NMR (100 MHz, DMSO-dy) § 167.1, 157.2, 154.3, 141.1, 140.2,
129.0, 124.4, 123.6, 118.6, 116.0, 116.0, 81.0, 74.6, 52.1, 50.8, 46.2, 35.3, 27.5, 25.0, 22.0,
3.3; HRMS (ESD) [M+H]* caled for C2iH2403Ns 394.1874, found 394.1874; IR (ATR):
1699, 1652, 1569, 1538, 1506, 1457, 1375, 1309, 1241, 1110 cm'™.

2-[(3R)-3-Aminopiperidin-1-yl]-3-(2,5-dichlorobenzyl)-5-methyl-4-oxo-4,5-dihydro- SH-
imidazol[4,5-dquinoline-8-carboxylic acid hydrochloride (139)

Compound 139 was prepared from 124 in a manner similar to that described for

compound 127 with total yield of 40% for 3 steps as a white amorphous. TH NMR (400
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MHz, DMSO-ds 6 8.70 (d, /= 2.0 Hz, 1H), 8.42 (brs, 3H), 8.06 (dd, J= 2.0, 8.9 Hz, 1H),
7.65 (d, J=8.9 Hz, 1H), 7.56 (d, J= 8.5 Hz, 1H), 7.40 (dd, J= 2.2, 8.5 Hz, 1H), 6.86 (d, J
=2.2 Hz, 1H), 5.58 (d, J=17.6 Hz, 1H), 5.52 (d, /= 17.6 Hz, 1H), 3.72-3.69 (m, 1H), 3.63
(s, 3H), 3.37 (m, 1H), 3.30-3.24 (m, 1H), 3.15-3.10 (m, 1H), 2.93-2.88 (m, 1H), 1.98-1.97
(m, 1H), 1.78 (m, 1H), 1.64-1.47 (m, 2H); 13C NMR (100 MHz, DMSO-ds) § 167.0, 157.7,
154.2, 141.1, 140.2, 137.4, 132.4, 131.3, 130.0, 129.2, 129.1, 127.1, 124.5, 123.8, 119.1,
116.1, 115.8, 52.2, 50.9, 46.5, 46.2, 29.2, 27.4, 22.0; HRMS (ESI) [M+H]+ calcd for
C24H2403N5Cl2 500.1251, found 500.1240; IR (ATR): 1652, 1646, 1623, 1558, 1506, 1457,
1419, 1386, 1313, 1216, 1101, 1049 cm'™.

2-[(8R)-3-Aminopiperidin-1-yl]-3-(2-chloro-5-fluorobenzyl)-5-methyl-4-oxo-4,5-dihydro-
SH-imidazol4,5-clquinoline-8-carboxylic acid hydrochloride (140)

Compound 140 was prepared from 124 in a manner similar to that described for
compound 127 with total yield of 75% for 3 steps as a white amorphous. 'H NMR (400
MHz, DMSO-de) 6 8.71 (d, /= 2.0 Hz, 1H), 8.40 (brs, 3H), 8.06 (dd, J= 2.0, 8.8 Hz, 1H),
7.67 (d, /= 8.8 Hz, 1H), 7.59-7.56 (m, 1H), 7.22-7.17 (m, 1H), 6.64 (dd, J= 2.8, 9.4 Hz,
1H), 5.57 (d, J= 17.6 Hz, 1H), 5.52 (d, J= 17.6 Hz, 1H), 3.72-3.67 (m, 1H), 3.64 (s, 3H),
3.41-3.37 (m, 1H), 3.29-3.24 (m, 1H), 3.12-3.09 (m, 1H), 2.93-2.88 (m, 1H), 1.97 (m, 1H),
1.80-1.77 (m, 1H), 1.63-1.51 (m, 2H); 13C NMR (100 MHz, DMSO-ds) & 167.0, 161.3 (d, ZJ
(C, F) =243 Hz), 157.5, 154.2, 140.9, 140.2, 137.8 (d, 3/ (C, F) = 7.4 Hz), 131.4 (d, 3J (C,
F) =8.4 Hz), 129.2, 126.4 (d, 4/ (C, F) = 2.6 Hz), 124.5, 123.8, 119.1, 116.1 (d, 2J(C, F) =
24 Hz), 116.0, 115.7, 114.5 (d, 2/ (C, F) = 25 Hz), 52.2, 51.0, 46.7, 46.1, 46.1, 29.2, 27.4,
22.0; HRMS (EST) [M+H]* caled for C24H2403N5CIF 484.1546, found 484.1533; IR (ATR):
1714, 1670, 1627, 1594, 1471, 1425, 1251, 1224, 1112 cm™L.

Methyl 2-{(3R)-3-[(tert-butoxycarbonyl)amino]piperidin-1-yl}-5-methyl-4-oxo-4,5-
dihydro- 8H-imidazol4,5-cdquinoline-7-carboxylate (141)

Compound 141 was prepared from 47 in a manner similar to that described for
compound 124 with a yield of 54% as a white amorphous. 'H NMR (300 MHz, DMSO-d5)
6 8.31 (brs, 1H), 8.10 (d, J= 8.2 Hz, 1H), 8.04 (d, /= 1.1 Hz, 1H), 7.83 (dd, J= 1.1, 8.2 Hz,
1H), 6.98 (d, /= 8.0 Hz, 1H), 4.18-4.14 (m, 1H), 4.05-4.01 (m, 1H), 3.90 (s, 3H), 3.74 (s,
3H), 3.43 (brs, 1H), 2.97-2.90 (m, 1H), 2.83-2.76 (m, 1H), 1.85-1.74 (m, 2H), 1.55-1.51 (m,
1H), 1.40-1.32 (m, 10H); HRMS (ESI) [M+H]+ caled for C23Hs005N5 456.2241, found
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456.2241; IR(ATR): 1716, 1683, 1646, 1618, 1594, 1515, 1307, 1267, 1224, 1168, 1108

cm'l,

Methyl 2-{(3R)-3-[(tert-butoxycarbonyl)amino]piperidin-1-yl}-3-(2-chloro-5-fluorobenzyl)
-5-methyl-4-oxo-4,5-dihydro- $H-imidazo[4,5-d quinoline-7-carboxylate (142)

Compound 142 was prepared from 141 in a manner similar to that described for
compound 125 with a yield of 71% as a white amorphous. 'H NMR (400 MHz, CDCls) §
8.35 (d, J= 8.1 Hz, 1H), 8.16 (d, J= 1.0 Hz, 1H), 7.98 (d, /= 8.1 Hz, 1H), 7.40-7.36 (m,
1H), 6.94-6.89 (m, 1H), 6.44-6.41 (m, 1H), 6.09 (brs, 1H), 5.70 (d, /= 16.8 Hz, 1H), 5.61
(d, J=16.8 Hz, 1H), 3.99 (s, 3H), 3.82 (m, 1H), 3.80 (s, 3H), 3.45 (dd, J = 3.2, 12.8 Hz,
1H), 3.24-3.09 (m, 3H), 1.77-1.46 (m, 4H), 1.46 (s, 9H); 13C NMR (100 MHz, CDCls) §
166.6, 161.5 (d, 7/ (C, F) = 245 Hz), 158.0, 155.1, 154.7, 141.0, 137.2 (d, 3/ (C, F) = 7.3
Hz), 137.0, 130.7 (d, 3J(C, F) = 8.2 Hz), 129.2, 126.6 (d, 4J(C, F) = 2.9 Hz), 122.8, 122.6,
120.2, 120.1, 116.3, 115.6 (d, 2J (C, F) = 23 Hz), 113.7 (d, 2J (C, F) = 25 Hz), 78.9, 54.8
52.3, 51.4, 46.1, 45.7, 29.3, 29.0, 28.3, 21.6; HRMS (ESID) [M+HI]* caled for
C30H3405N5CIF 598.2227, found 598.2227; IR(ATR): 1716, 1652, 1506, 1471, 1309, 1240,
1220, 1168, 1110 cm'L.

Methyl 2-{(3R)-3-[(tert-butoxycarbonyl)aminolpiperidin-1-yl}-3-(5-fluoro-2-
methylbenzyl)-5-methyl-4-oxo-4,5-dihydro- 3H-imidazo[4,5-dquinoline-7-carboxylate
(143)

Compound 143 was prepared from 141 in a manner similar to that described for
compound 125 with a yield of 66% as a white amorphous. 'H NMR (400 MHz, CDCls) §
8.35 (d, J= 8.2 Hz, 1H), 8.15 (d, J= 1.0 Hz, 1H), 7.97 (d, /= 8.2 Hz, 1H), 7.16-7.12 (m,
1H), 6.85-6.80 (m, 1H), 6.24 (dd, J= 2.3, 9.8 Hz, 1H), 6.03 (brs, 1H), 5.62 (d, /= 16.8 Hz,
1H), 5.48 (d, J=16.8 Hz, 1H), 3.99 (s, 3H), 3.84-3.82 (m, 1H), 3.79 (s, 3H), 3.44 (dd, J =
3.3, 12.8 Hz, 1H), 3.19-3.10 (m, 3H), 1.80-1.67 (m, 3H), 1.56-1.46 (m, 1H), 1.46 (s, 9H);
13C NMR (100 MHz, CDCls) § 166.8, 161.5 (d, %/ (C, F) = 242 Hz), 158.0, 155.1, 154.9,
141.0, 137.6 (d, 3J (C, F) = 6.8 Hz), 137.1, 131.6 (d, 3/ (C, F) = 7.8 Hz), 129.9 (d, 4/ (C, F)
=2.9 Hz), 129.2, 122.8, 122.7, 120.4, 120.3, 116.3, 113.7 (d, 2/ (C, F) = 21 Hz), 111.4 (d,
2J (C, F) = 23 Hz), 79.0, 55.0, 52.3, 51.2, 46.2, 45.9, 29.5, 29.0, 28.3, 21.7, 18.3; HRMS
(ESD [M+H]* caled for CsiHs7OsNsF 578.2773, found 578.2766; IR(ATR): 1716, 1652,
1506, 1307, 1259, 1220, 1164, 1108 cm™™.,
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2-[(8R)-3-Aminopiperidin-1-yl]-3-(2-chloro-5-fluorobenzyl)-5-methyl-4-oxo-4,5-dihydro-
SH-imidazol4,5-clquinoline-7-carboxylic acid hydrochloride (144)

Compound 144 was prepared from 142 in a manner similar to that described for
compound 127 with total yield of 90% for 2 steps as a white powder. All of the following
equipment data is methane sulfonic acid salt of 144. Mp 208-211 °C; 1H NMR (400 MHz,
DMSO-ds) 6§ 8.20 (d, J= 8.2 Hz, 1H), 8.07 (d, J= 1.2 Hz, 1H), 7.98 (brs, 3H), 7.90 (dd, /=
1.3, 8.2 Hz, 1H), 7.60-7.57 (m, 1H), 7.22-7.17 (m, 1H), 6.60 (dd, /= 3.0, 9.4 Hz, 1H), 5.57
(s, 2H), 3.67 (s, 3H), 3.62 (dd, J = 2.8, 12.4 Hz, 1H), 3.38 (brs, 1H), 3.23-3.18 (m, 1H),
3.11-3.08 (m, 1H), 2.89-2.88 (m, 1H), 2.34 (s, 3H), 1.95 (m, 1H), 1.78 (m, 1H), 1.57-1.55
(m, 2H); 13C NMR (100 MHz, DMSO-ds) § 167.3, 161.3 (d, %/ (C, F) = 243 Hz), 157.8,
154.3, 140.7,137.9 (d, %/ (C, F) = 7.5 Hz), 137.1, 131.4 (d, %/ (C, F) = 8.7 Hz), 130.4, 126.4
(d, 4/ (C, F) = 2.7 Hz), 123.0, 122.4, 120.2, 119.7, 116.7, 116.2 (d, 2J (C, F) = 22.7 Hz),
114.4 (d, 2J(C, F) = 24.6 Hz), 52.3, 51.2, 46.6, 46.3, 29.0, 27.5, 22.0; HRMS (ESI) [M+H]+
caled for C2aH2403N5CIF 484.1546, found 484.1547; IR(ATR): 1673, 1639, 1467, 1151,
1124, 1041 cmL.

2-[(8R)-3-Aminopiperidin-1-yl]-3-(5-fluoro-2-methylbenzyl)-5-methyl-4-oxo-4,5-dihydro-
SH-imidazol4,5-clquinoline-7-carboxylic acid hydrochloric acid (145)

Compound 145 was prepared from 143 in a manner similar to that described for
compound 127 with total yield of 84% for 2 steps as a white powder. Mp 231-234 °C; tH
NMR (400 MHz, DMSO-ds, MeSOsH salt) § 8.20 (d, J= 8.2 Hz, 1H), 8.07 (d, J= 1.2 Hz,
1H), 7.98 (brs, 3H), 7.90 (dd, /= 1.2, 8.2 Hz, 1H), 7.28-7.24 (m, 1H), 7.01-6.96 (m, 1H),
6.28 (dd, /= 2.8, 10.0 Hz, 1H), 5.51 (s, 2H), 3.67 (s, 3H), 3.63-3.62 (m, 1H), 3.39-3.38 (brs,
1H), 3.24-3.19 (m, 1H), 3.12-3.09 (m, 1H), 2.89-2.85 (m, 1H), 2.35 (s, 3H), 2.34 (s, 3H),
1.94-1.90 (m, 1H), 1.76-1.75 (m, 1H), 1.56-1.50 (m, 2H); 13C NMR (100 MHz, DMSO-ds,
HCI salt) § 167.4, 161.1 (d, 2J (C, F) = 239 Hz), 157.8, 154.2, 140.6, 138.7 (d, 2J (C, F) =
7.9 Hz), 137.1, 132.0 (d, %/ (C, F) = 8.0 Hz), 130.7 (d, 4/ (C, F) = 2.9 Hz), 130.3, 123.0,
122.3, 120.3, 119.7, 116.7, 113.7 (d, 2J (C, F) = 23.0 Hz), 111.7 (d, 2J (C, F) = 22.8 H2),
52.3, 51.7, 46.4, 46.3, 28.9, 27.5, 22.0, 18.2; HRMS (ESI) [M+H]* calcd for C25H2703NsF
464.2092, found 464.2076; IR (ATR): 1716, 1683, 1635, 1506, 1473, 1456, 1230 cmL;
Anal. Caled for C25H2603NsF - 2.25MeSOsH-2.5H20: C, 45.16; H, 5.56; N, 9.66, found: C,
45.06; H, 5.63; N, 9.76.
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2-[(8R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-3,5-dihydro- 4H-imidazo[4,5-

quinolin-4-one (2)

Compound 2 was prepared from 12 in a manner similar to that described for compound
74 with a yield of 83% as a white amorphous. 1H NMR (300 MHz, DMSO-ds § 11.60 (s,
1H), 8.28 (brs, 3H), 7.50-7.26 (m, 7H), 6.69 (m, 1H), 5.63 (s, 2H), 3.65-3.62 (m, 1H),
3.24-3.07 (m, 2H), 2.94 (m, 1H), 2.81 (m, 1H), 1.93 (m, 1H), 1.74 (m, 1H), 1.52 (m, 2H);
13C NMR (100 MHz, DMSO-dy) § 157.1, 154.8, 142.2, 136.6, 135.3, 131.1, 129.5, 129.1,
128.3, 127.8, 127.1, 122.2, 121.7, 119.4, 116.1, 115.5, 52.4, 51.1, 46.4, 46.2, 27.5, 22.2;
HRMS (ESD) [M+H]* caled for C22H230N5Cl 408.1586, found 408.1576; IR (ATR): 1652,
1616, 1506, 1473, 1444, 1419, 1386, 1214, 1049 cm™.

2-[(3R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-5-ethyl-3,5-dihydro- £H-imidazol4,5-c]
quinolin-4-one hydrochloride (61)

To a solution of 12 (61.3 mg, 0.121 mmol) and K2COs (50.0 mg, 0.363 mmol) in DMF (2
ml) was added EtI (29.0 pl, 0.363 mmol). The reaction mixture was stirred at room
temperature for 12 h, quenched with saturated NH4Cl aqueous solution, and extracted
with EtOAc. The organic layer was washed with saturated NH4Cl aqueous solution
twice and brine, dried over Na2SO4, and concentrated under reduced pressure. The
residue was purified by silica-gel column chromatography to give tert-Butyl
{(3R)-1-[3-(2-chlorobenzyl)-5-ethyl-4-0x0-4,5-dihydro- SH-imidazol 4 5-clquinolin-2-yllpip

eridin-3-yljcarbamate (58.9 mg, yield 91%). To a solution of the tertButyl
{(3R)-1-[3-(2-chlorobenzyl)-5-ethyl-4-0x0-4,5-dihydro- SH-imidazol 4 5-clquinolin-2-yllpip

eridin-3-yl}carbamate (58.9 mg, 0.11 mmol) in 1,4-dioxane (0.5 ml) was added 4N
HCl-1,4-dioxane (2 ml). The reaction mixture was stirred at room temperature for 2 h
and concentrated under reduced pressure to give 61 (41.8 mg, yield 80%) as a white
powder. Mp 207-210 °C; 'H NMR (400 MHz, DMSO-ds) & 8.30 (brs, 3H), 8.19 (d, J= 7.4
Hz, 1H), 7.64 (d, J= 8.5 Hz, 1H), 7.59-7.55 (m, 1H), 7.51 (d, J= 7.8 Hz, 1H), 7.36-7.28 (m,
2H), 7.24-7.20 (m, 1H), 6.68 (d, J= 7.4 Hz, 1H), 5.64 (s, 2H), 3.70-3.58 (m, 2H), 3.49-3.45
(m, 1H), 3.31 (brs, 1H), 3.24-3.19 (m, 1H), 3.11-3.08 (m, 1H), 2.87-2.82 (m, 1H), 1.98-1.94
(m, 1H), 1.75 (brs, 1H), 1.59-1.51 (m, 2H), 1.16 (t, J= 6.8 Hz, 3H); 13C NMR (100 MHz,
DMSO-d») § 156.7, 153.2, 140.4, 135.5, 134.7, 130.4, 128.8, 128.4, 128.2, 127.1, 126.3,
121.8, 121.6, 118.1, 115.8, 114.9, 51.7, 50.4, 45.6, 43.1, 35.5, 26.7, 21.4, 12.6; HRMS
(ESD [M+HI* caled for C24H270N5Cl 436.1899, found 436.1887; IR (ATR): 1670, 1637,
1592, 1477, 1442, 1240, 1199, 1160, 1122, 1085, 1051, 1041, 1027 cm'1.
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2-[(3R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-5-propyl-3,5-dihydro- 4H-imidazo
[4,5-cquinolin-4-one hydrochloride (62)

Compound 62 was prepared from 12 in a manner similar to that described for compound
61 with total yield of 60% for 2 steps as a white powder. Mp 197-200 °C; 'H NMR (400
MHz, DMSO-ds) § 8.32 (brs, 3H), 8.19 (d, J = 7.6 Hz, 1H), 7.62 (d, J/ = 8.6 Hz, 1H),
7.58-7.54 (m, 1H), 7.56 (d, J= 7.8 Hz, 1H), 7.36-7.28 (m, 2H), 7.23-7.19 (m, 1H), 6.68 (d,
J=17.6 Hz, 1H), 5.63 (s, 2H), 4.22-4.18 (m, 2H), 3.71-3.64 (m, 1H), 3.26-3.21 (m, 2H),
3.11-3.08 (m, 1H), 2.88-2.83 (m, 1H), 1.97-1.95 (m, 1H), 1.75 (brs, 1H), 1.61-1.48 (m, 4H),
0.88 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, DMSO-ds § 156.7, 153.4, 140.3, 135.8,
134.6, 130.4, 128.8, 128.4, 128.2, 127.1, 126.3, 121.8, 121.6, 118.0, 115.7, 115.1, 51.7,
50.4, 45.7, 45.6, 41.8, 26.7, 21.4, 20.3, 10.5; HRMS (ESI) [M+H]* calcd for C25H200N5C1
450.2055, found 450.2044; IR (ATR): 1670, 1637, 1592, 1473, 1442, 1355, 1128, 1051,
1039 cm'l,

2-[(3R)-3-Aminopiperidin-1-yll-5-benzyl-3-(2-chlorobenzyl)-3,5-dihydro- 4H-imidazo
[4,5-clquinolin-4-one hydrochloride (63)

Compound 63 was prepared from 12 in a manner similar to that described for compound
61 with total yield of 69% for 2 steps as a white amorphous. 'H NMR (400 MHz,
DMSO-ds) § 8.40 (brs, 3H), 8.21 (d, J=17.7 Hz, 1H), 7.50 (d, J= 7.7 Hz, 1H), 7.43 (d, J=
3.6 Hz, 1H), 7.32-7.16 (m, 6H), 7.10 (d, /= 7.3 Hz, 2H), 6.76 (d, J= 7.4 Hz, 1H), 5.67 (s,
2H), 5.52 (brs, 2H), 3.69-3.64 (m, 1H), 3.37-3.25 (m, 2H), 3.16-3.13 (m, 1H), 2.92-2.87 (m,
1H), 1.97 (m, 1H), 1.78 (m, 1H), 1.63-1.52 (m, 2H); 3C NMR (100 MHz, DMSO-ds §
157.0, 153.8, 140.7, 136.6, 135.9, 134.6, 130.5, 128.8, 128.4, 128.1, 128.0, 127.1, 126.5,
126.4, 125.9, 121.9, 121.8, 118.0, 115.8, 115.6, 51.7, 50.5, 45.9, 45.6, 43.5, 26.7, 21.4;
HRMS (ESI) [M+H]* caled for C20H200N5C1 498.2055, found 498.2042; IR (ATR): 1670,
1646, 1637, 1610, 1575, 1540, 1515, 1508, 1442, 1396, 1353, 1326, 1176, 1153 cm'1; Anal.
Calced for C29H280N5C1-2HC1-1.75H20: C, 57.81; H, 5.60; N, 11.62, found: C, 58.15; H,
5.51; N, 11.28.

{2-[2-{(3R)-3-[(tert-Butoxycarbonyl)aminolpiperidin-1-yl}-1-(2-chlorobenzyl)-5-
(ethoxycarbonyl)- 1 H-imidazol-4-yl]-5-methoxyphenyl} (hydroxy)oxoammonium (146)

A mixture of 10 (353 mg, 0.599 mmol), 2-(4-methoxy-2-nitrophenyl)-4,4,5,5-tetramethyl
-1,3,2-dioxaborolane (251 mg, 0.90 mmol), Pd(PPhs)4 (69.2 mg, 0.060 mmol) and Na2COs

(127 mg, 1.20 mmol) was stirred under reflux for 10 h. After cooling to room

110



temperature, the mixture was diluted with EtOAc and filtered through a Celite pad.
The filtrate was washed with saturated NaHCO3s aqueous solution, and the organic
layer was dried over Na2SO4 and concentrated under reduced pressure. The residue was
purified by silica-gel column chromatography to give 146 (329.0 mg, yield 89%) as a pale
yellow amorphous. 'H NMR (300 MHz, CDCls) § 7.57 (d, J= 2.6 Hz, 1H), 7.51 (d, J= 8.6
Hz, 1H), 7.41-7.38 (m, 1H), 7.25-7.20 (m, 2H), 7.17 (dd, J= 2.6, 8.4 Hz, 1H), 6.68 (d, /=
6.8 Hz, 1H), 5.50 (s, 2H), 5.16-5.13 (m, 1H), 3.93 (q, J= 7.0 Hz, 2H), 3.91 (s, 3H), 3.77
(brs, 1H), 3.34 (dd, /= 3.3, 12.1 Hz, 1H), 2.98-2.94 (m, 3H), 1.74 (m, 2H), 1.63-1.55 (m,
2H), 1.42 (s, 9H), 0.89 (t, J = 7.0 Hz, 3H); 13C NMR (75 MHz, CDCls) § 159.7, 159.5,
155.6, 155.0, 149.8, 143.3, 135.1, 133.3, 131.7, 129.3, 128.4, 127.4, 126.2, 122.7, 118.7,
116.8, 109.0, 79.2, 60.3, 55.9, 55.7, 51.9, 46.9, 46.0, 29.5, 28.3, 24.8, 22.2; HRMS (ESI)
[M+H]* caled for C30Hs707N5Cl 614.2376, found 614.2360; IR (ATR): 1699, 1527, 1506,
1490, 1456, 1444, 1363, 1353, 1330, 1297, 1276, 1232, 1170, 1072, 1049, 1039 cm'1.

2-[(3R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-7-methoxy-5-methyl-3,5-dihydro- 45~
imidazo[4,5-clquinolin-4-one (148)

A mixture of Fe (253 mg, 4.53 mmol) in acetic acid (5 ml) was stirred at 80 °C for 30 min.
To this suspension was added 146 (278.3 mg, 0.453 mmol) in acetic acid (3 ml) dropwise,
and the mixture was stirred at 80 °C for 4 h. After cooling to room temperature, the
mixture was diluted with EtOAc and filtered through a Celite pad. The filtrate was
washed with water, saturated NaHCO3s aqueous solution twice and brine, dried over
Na2S0s4, and concentrated in vacuo. To a mixture of the residue and K2COs (125 mg,
0.906 mmol) in DMF (3 ml) was added Mel (56.4 pl, 0.906 mmol). The reaction mixture
was stirred at 65 °C for 7 h. After cooling to room temperature, the reaction mixture was
quenched with saturated NH4Cl aqueous solution, and extracted with EtOAc. The
organic layer was washed with saturated NH4Cl aqueous solution twice and brine, dried
over Na2SO4, and concentrated under reduced pressure. The residue was purified by
silica-gel column chromatography to give 148 (184.2 mg, yield 74% for 2 steps) as a pale
yellow amorphous. 'H NMR (300 MHz, CDCls) § 8.20 (d, J=8.6 Hz, 1H), 7.39 (d, J= 7.9
Hz, 1H), 7.20-7.09 (m, 2H), 6.93-6.88 (m, 2H), 6.68 (d, /= 7.1 Hz, 1H), 6.34 (brs, 1H),
5.73 (d, J=17.0 Hz, 1H), 5.61 (d, J= 17.0 Hz, 1H), 3.93 (s, 3H), 3.81 (brs, 1H), 3.69 (s,
3H), 3.41 (dd, J = 3.1, 13.0 Hz, 1H), 3.25 (dd, J = 4.6, 12.5 Hz, 1H), 3.06 (brs, 2H),
1.79-1.72 (m, 4H), 1.46 (s, 9H); 13C NMR (75 MHz, CDCls) & 160.8, 158.8, 156.1, 143.1,
139.8, 136.0, 132.6, 130.2, 129.1, 127.8, 127.2, 127.2, 124.7, 118.2, 111.6, 110.0, 100.5,
79.6, 56.2, 55.4, 52.3, 46.9, 46.4, 30.2, 29.7, 29.1, 22.0; HRMS (ESI) [M+H]* caled for
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C20H3504N5C1 552.2372, found 552.2371; IR (ATR): 1700, 1646, 1577, 1508, 1473, 1417,
1388, 1363, 1315, 1236, 1164, 1066, 1039 cmL.

2-[(3R)-3-Aminopiperidin-1-yl]-3-(2-chlorobenzyl)-7-methoxy-5-methyl-3,5-dihydro- 4H-
imidazo[4,5-cdquinolin-4-one (149)

Compound 149 was prepared from 148 in a manner similar to that described for
compound 74 with a yield of 89% as a white amorphous. 'H NMR (400 MHz, DMSO-dy)
§ 8.41 (brs, 3H), 8.21 (d, J = 8.4 Hz, 1H), 7.51 (d, J/ = 7.8 Hz, 1H), 7.32-7.28 (m, 1H),
7.25-7.21 (m, 1H), 7.02-7.00 (m, 2H), 6.77 (d, /= 7.4 Hz, 1H), 5.59 (s, 2H), 3.89 (s, 3H),
3.70 (d, J=10.2 Hz, 1H), 3.58 (s, 3H), 3.37-3.27 (m, 2H), 3.12-3.09 (m, 1H), 2.92-2.87 (m,
1H), 1.97-1.94 (m, 1H), 1.75 (m, 1H), 1.62-1.49 (m, 2H); 13C NMR (100 MHz, DMSO-ds) &
160.3, 156.4, 154.2, 139.1, 135.2, 131.0, 129.5, 129.1, 128.4, 127.8, 127.1, 123.9, 116.9,
110.2, 109.0, 100.4, 55.8, 52.3, 51.0, 46.6, 46.3, 29.0, 27.2, 22.1; HRMS (ESI) [M+H]+
caled for C24H2702N5C1 452.1848, found 452.1838; IR (ATR): 1675, 1652, 1635, 1604,
1558, 1508, 1473, 1457, 1436, 1419, 1251, 1047 cm'L,

2-{(3 B)-3-[(tert-Butoxycarbonyl)amino] piperidin-1-yl}-3-(2-chloro-5-fluorobenzyl)-5-
methyl-4-0xo-4,5-dihydro-3 H-imidazol4,5-c]quinoline-8-carboxylic acid (152)

A mixture of Methyl 2-{(3R)-3-[(tert-butoxycarbonyl)amino]piperidin-1-yl}-5-methyl-4-
ox0-4,5-dihydro-3H-imidazo[4,5-clquinoline-8-carboxylate (312.5 mg, 0.686 mmol),
K2COs (284 mg, 2.05 mmol), and 2-Chloro-5-fluorobenzyl bromide (185 pl, 1.37 mmol) in
DMF (3 ml) was stirred at 60 °C for 3 h. After cooling to room temperature, the reaction
mixture was quenched with saturated NH4Cl aqueous solution, and extracted with
EtOAc. The organic layer was washed with saturated NH4Cl aqueous solution twice and
brine, dried over Na2SO4, and concentrated under reduced pressure. The residue was
purified by silica-gel column chromatography to give Methyl 2-{(3R)-3-[(tert-
butoxycarbonyl)aminolpiperidin-1-yl}-3-(2-chloro-5-fluorobenzyl)-5-methyl-4-oxo-4,5-di

hydro-3H-imidazol4,5-clquinoline-8-carboxylate (306.0 mg, yield 75%) as a white
powder. A mixture of above-product (216.5 mg, 0.362 mmol) and 1M NaOH (1 ml)
aqueous solution in THF (1 ml) and MeOH (1 ml) was stirred at room temperature for 6
h. The mixture was acidified with 5% KHSOs aqueous solution and extracted with
CHCIs. The organic layer was washed with brine, dried over Na2SQs, and concentrated
under reduced pressure to give 152 (165.7 mg, yield 78%). 'H NMR (400 MHz,
DMSO-de & 8.65 (d, J= 2.0 Hz, 1H), 8.04 (dd, J= 2.0, 9.0 Hz, 1H), 7.64 (d, /= 9.0 Hz,
1H), 7.56-7.52 (m, 1H), 7.18-7.13 (m, 1H), 6.88 (d, J= 7.7 Hz, 1H), 6.59 (dd, J= 2.5, 9.3
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Hz, 1H), 5.48 (d, J= 18.0 Hz, 1H), 5.42 (d, /= 18.0 Hz, 1H), 3.62 (s, 3H), 3.48-3.44 (m,
1H), 3.38-3.27 (m, 2H), 2.89-2.84 (m, 1H), 2.75-2.70 (m, 1H), 1.79-1.71 (m, 2H), 1.61-1.58
(m, 1H), 1.38-1.32 (m, 10H); 13C NMR (100 MHz, DMSO-ds) § 166.9, 161.0 (d, ZAC, F) =
243 Hz), 158.0, 154.7, 154.0, 141.5, 140.0, 137.7 (d, 3AC, F) = 7.2 Hz), 131.0 (d, 3/C, F) =
7.9 Hz), 128.7, 126.2 (d, #AC, F) = 3.0 Hz), 124.1, 123.5, 118.8, 116.0, 115.7 (d, 2AC, F) =
23.0 Hz), 115.7, 114.0 (d, 2/C, F) = 25.0 Hz), 79.1, 54.9, 50.2, 46.5, 46.3, 30.5, 28.9, 28.1,
23.2; HRMS (ESD [M+H]* caled for C29H3205N5CIF 584.2071, found 584.2068; IR (ATR):
1700, 1652, 1648, 1569, 1533, 1500, 1469, 1429, 1388, 1365, 1309, 1267, 1241, 1222,
1164, 1112 cm™.

2-{(3 B)-3-[(tert-Butoxycarbonyl)amino] piperidin-1-yl}-3-(2-chloro-5-fluorobenzyl)-5-
methyl-4-0xo-4,5-dihydro-38 H-imidazol4,5- clquinoline-7-carboxylic acid (153)

A mixture of 142 (195 mg, 0.326 mmol) and 1M NaOH (2 ml) aqueous solution in THF (2
ml) and MeOH (2 ml) was stirred at 50 °C for 4 h. The mixture was acidified with 5%
KHSO4 aqueous solution and extracted with CHCls. The organic layer was washed with
brine, dried over Na2SO4, and concentrated under reduced pressure to give 153 (171.7
mg, yield 90%) as a white amorphous. 'H NMR (400 MHz, DMSO-ds) § 8.18 (d, /= 8.1
Hz, 1H), 8.06 (d, / = 1.1 Hz, 1H), 7.88 (dd, J = 1.1, 8.1 Hz, 1H), 7.56-7.53 (m, 1H),
7.18-7.13 (m, 1H), 6.93 (d, J= 7.7 Hz, 1H), 6.59 (dd, J= 2.5, 9.4 Hz, 1H), 5.52 (d, J/=17.6
Hz, 1H), 5.46 (d, J = 17.6 Hz, 1H), 3.66 (s, 3H), 3.48-3.25 (m, 3H), 2.87-2.82 (m, 1H),
2.76-2.71 (m, 1H), 1.79-1.69 (m, 2H), 1.60-1.57 (m, 1H), 1.40-1.35 (m, 1H), 1.33 (s, 9H);
13C NMR (100 MHz, DMSO-ds) § 167.3, 161.2 (d, ZAC, F) = 243 Hz), 158.2, 154.9, 154.3,
141.0, 137.9 (d, 3.XC, F) = 7.4 Hz), 137.0, 131.2 (d, 5AC, F) = 8.3 Hz), 130.3, 126.4 (d, %AC,
F) = 2.8 Hz), 122.9, 122.3, 120.1, 119.9, 116.6, 116.0 (d, 2AC, F) = 23.0 Hz), 114.3 (d, 2XC,
F) = 25.0 Hz), 77.9, 55.1, 50.5, 46.7, 46.6, 29.7, 28.8, 28.4, 23.4; HRMS (ESI) [M+H]*
caled for C20H3205N5C1F 584.2071, found 584.2071; IR (ATR): 1712, 1660, 1646, 1623,
1508, 1473, 1456, 1423, 1400, 1365, 1349, 1313, 1290, 1251, 1240, 1220, 1149, 1122,
1112, 1068, 1049, 1027 cm™L.

[(2,2-Dimethylpropanoyl)oxylmethyl 2-{(3 B)-3-[(tert-butoxycarbonyl)aminolpiperidin
-1-y1}-3-(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro-3 H-imidazo[4,5-cd quinoline-8-carbo
xylate (150a)

A mixture of 76 (217.3 mg, 0.384 mmol), K2COs (159.2 mg, 1.15 mmol), and
chloromethyl pivalate (112 pl, 0.766 mmol) in DMF (2 ml) was stirred at room
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temperature for 12 h. The reaction mixture was quenched with saturated NH4Cl
aqueous solution, and extracted with EtOAc. The organic layer was washed with
saturated NHiCl aqueous solution twice and brine, dried over Na2SQO4 and
concentrated under reduced pressure. The residue was purified by silica-gel column
chromatography to give 150a (89.0 mg, yield 34%) as a white amorphous. 'H NMR (300
MHz, CDCl3) § 8.99 (d, J= 2.1 Hz, 1H), 8.17 (dd, J= 2.1, 9.0 Hz, 1H), 7.45 (d, J= 9.0 Hz,
1H), 7.40-7.38 (m, 1H), 7.18-7.09 (m, 2H), 6.66 (d, J= 7.1 Hz, 1H), 6.04 (s, 2H), 5.76 (d, J
=16.8 Hz, 1H), 5.63 (d, /= 16.8 Hz, 1H), 5.12 (brs, 1H), 3.79 (brs, 1H), 3.74 (s, 3H), 3.45
(dd, J=3.1, 12.3 Hz, 1H), 3.16-3.08 (m, 3H), 1.79-1.61 (m, 4H), 1.41 (s, 9H), 1.22 (s, 9H);
13C NMR (100 MHz, CDCls) § 177.2, 164.7, 158.5, 155.0, 142.1, 140.9, 134.9, 131.9, 129.5,
129.4, 128.6, 127.1, 126.5, 125.4, 125.4, 122.7, 119.5, 116.8, 114.8, 79.9, 79.2, 55.3, 51.4,
46.4, 46.0, 31.5, 29.2, 28.3, 26.8, 22.6; HRMS (ESD [M+HI* caled for CssHa307N5Cl
680.2846, found 680.2845; IR (ATR): 1733, 1716, 1683, 1652, 1558, 1540, 1508, 1473,
1457, 1363, 1270, 1218, 1157, 1078, 1033 cm'L.

2-(Dimethylamino)ethyl 2-{(3 R)-3-[(tert-butoxycarbonyl)amino]piperidin-1-yl}-3-
(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro-3 H-imidazo[4,5-cd quinoline-8-carboxylate
(150D)

Compound 150b was prepared from 76 in a manner similar to that described for
compound 150a with a yield of 85% as a white amorphous. 1H NMR (300 MHz, CDCls) §
8.93 (d, J/=2.0 Hz, 1H), 8.15 (dd, /= 2.0, 9.0 Hz, 1H), 7.43 (d, J= 9.0 Hz, 1H), 7.40-7.37
(m, 1H), 7.20-7.09 (m, 2H), 6.66 (d, J= 7.3 Hz, 1H), 5.76 (d, /= 16.8 Hz, 1H), 5.61 (d, J=
16.8 Hz, 1H), 5.14-5.11 (m, 1H), 4.51 (t, J= 5.7 Hz, 2H), 3.81 (brs, 1H), 3.73 (s, 3H), 3.42
(dd, J = 3.3, 12.5 Hz, 1H), 3.15-3.06 (m, 3H), 2.82 (t, J = 5.7 Hz, 2H), 2.40 (s, 6H),
1.80-1.58 (m, 3H), 1.41 (m, 10H); 3C NMR (100 MHz, CDCls) § 166.1, 158.5, 155.1,
155.0, 142.3, 140.5, 134.9, 131.9, 129.5, 129.2, 128.6, 127.1, 126.5, 124.9, 124.0, 119.5,
116.8,114.7, 79.2, 62.9, 57.8, 55.2, 51.4, 46.4, 46.0, 45.8, 29.5, 29.2; HRMS (ESI) [M+H]+
caled for CssHa205N6Cl 637.2900, found 637.2892; IR (ATR): 1712, 1652, 1569, 1506,
1457, 1388, 1363, 1311, 1272, 1234, 1166, 1112, 1066, 1049 cm'!.

3-(Dimethylamino)propyl 2-{(8 B)-3-[(tert-butoxycarbonyl)aminolpiperidin-1-yl}-3-
(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro-3 H-imidazo[4,5-cd quinoline-8-carboxylate
(150¢)
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Compound 150c was prepared from 76 in a manner similar to that described for
compound 150a with a yield of 70% as a white amorphous. 'H NMR (400 MHz, CDCls) §
8.94 (d, J=2.1Hz, 1H), 8.16 (dd, J=2.1, 9.0 Hz, 1H), 7.45 (d, J=9.0 Hz, 1H), 7.41 (dd,
=1.1, 7.9 Hz, 1H), 7.22-7.18 (m, 1H), 7.15-7.11 (m, 1H), 6.68 (d, J= 7.4 Hz, 1H), 5.79 (d,
J=17.2 Hz, 1H), 5.65 (d, J=17.2 Hz, 1H), 5.13 (brs, 1H), 4.44 (t, J= 6.4 Hz, 2H), 3.82
(brs, 1H), 3.76 (s, 3H), 3.45 (dd, J= 3.2, 12.3 Hz, 1H), 3.17-3.08 (m, 3H), 2.54 (t, J= 7.2
Hz, 2H), 2.33 (s, 6H), 2.08-2.01 (m, 2H), 1.79-1.72 (m, 2H), 1.62-1.60 (m, 2H), 1.43 (s,
9H); 13C NMR (100 MHz, CDCls) § 166.0, 158.3, 154.9, 154.9, 142.2, 140.3, 134.9, 131.8,
129.4, 129.0, 128.5, 127.1, 126.4, 124.6, 124.1, 119.3, 116.7, 114.6, 79.1, 63.3, 56.2, 55.2,
51.3, 46.3, 46.0, 45.4, 29.5, 29.1, 28.3, 27.0, 22.1; HRMS (ESD [M+H]+ caled for
C34H4405N6Cl 651.3056, found 651.3051; IR (ATR): 1716, 1654, 1508, 1457, 1272, 1220,
1166, 1112, 1033 cm'L.

2-(Morpholin-4-yl)ethyl 2-{(3 R)-3-[(tert-butoxycarbonyl)amino]piperidin-1-yl}-3-
(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro-3 H-imidazo[4,5-cd quinoline-8-carboxylate
(150d)

Compound 150d was prepared from 76 in a manner similar to that described for
compound 150a with a yield of 73% as a white amorphous. 1H NMR (300 MHz, CDCls) §
8.94 (d, J=2.0 Hz, 1H), 8.15 (dd, J/=2.0, 8.9 Hz, 1H), 7.46 (d, J= 8.9 Hz, 1H), 7.41 (dd, J
=1.1, 7.9 Hz, 1H), 7.20-7.18 (m, 1H), 7.15-7.11 (m, 1H), 6.68 (d, J= 7.4 Hz, 1H), 5.78 (d,
J=17.2 Hz, 1H), 5.65 (d, J=17.2 Hz, 1H), 5.12-5.10 (m, 1H), 4.55 (brs, 2H), 3.80-3.75 (m,
6H), 3.72-3.68 (m, 1H), 3.46 (dd, /= 3.2, 12.3 Hz, 1H), 3.15-3.08 (m, 3H), 2.88 (m, 2H),
2.66-2.57 (m, 5H), 1.82-1.72 (m, 2H), 1.62-1.60 (m, 2H), 1.43 (s, 9H); 13C NMR (100 MHz,
CDCls) 6§ 166.0, 158.4, 155.0, 155.0, 142.2, 140.4, 134.9, 131.9, 129.5, 129.1, 128.5,
127.1,126.5, 124.8, 123.9, 119.5, 116.8, 114.7, 79.2, 66.9, 62.2, 57.1, 55.2, 53.8, 51.4, 46.4,
46.0, 29.5, 29.2, 28.3, 22.2; HRMS (ESI) [M+H]* calcd for C35H4406N6Cl1 679.3005, found
679.3003; IR (ATR): 1708, 1691, 1654, 1569, 1498, 1465, 1430, 1388, 1351, 1309, 1274,
1218, 1164, 1116, 1066, 1039 cm'1.

3-(Morpholin-4-yl)propyl 2-{(8 B)-3-[(tert-butoxycarbonyl)amino]piperidin-1-yl}-3-
(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro-3 H-imidazo[4,5-cd quinoline-8-carboxylate
(150e)

Compound 150e was prepared from 76 in a manner similar to that described for

compound 150a with a yield of 86% as a white amorphous. 1H NMR (400 MHz, CDCls) §
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8.92 (d, /= 2.0 Hz, 1H), 8.15 (dd, /= 2.0, 8.9 Hz, 1H), 7.45 (d, J= 8.9 Hz, 1H), 7.42-7.40
(m, 1H), 7.22-7.18 (m, 1H), 7.15-7.11 (m, 1H), 6.68 (d, /= 7.5 Hz, 1H), 5.77 (d, J = 17.2
Hz, 1H), 5.64 (d, J=17.2 Hz, 1H), 5.13-5.11 (m, 1H), 4.56 (t, /= 6.4 Hz, 2H), 3.79 (brs,
5H), 3.75 (s, 3H), 3.46 (dd, J= 3.2, 12.3 Hz, 1H), 3.16-3.07 (m, 3H), 2.59 (brs, 6H), 2.10
(brs, 2H), 1.81-1.71 (m, 2H), 1.61-1.59 (m, 2H), 1.42 (s, 9H); 13C NMR (100 MHz, CDCls)
6§ 166.1, 158.4, 155.0, 155.0, 142.2, 140.4, 134.9, 131.9, 129.5, 129.0, 128.5, 127.1, 126.5,
124.6, 124.0, 119.4, 116.7, 114.7, 79.1, 66.7, 63.3, 55.5, 55.2, 53.6, 51.4, 46.3, 46.0, 29.5,
29.2, 28.3, 25.8, 22.2; HRMS (ESI) [M+H]+ caled for CssH06N6Cl 693.3167, found
693.3155; IR (ATR): 1716, 1652, 1558, 1506, 1457, 1363, 1272, 1220, 1166, 1112, 1066

cm'l,

2-[(2R,6.9-2,6-Dimethylmorpholin-4-yllethyl 2-{(3 ®)-3-[(tert-butoxycarbonyl)amino]
piperidin-1-yl}-3-(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro-3 H-imidazo[4,5-d
quinoline-8-carboxylate (150f)

Compound 150f was prepared from 76 in a manner similar to that described for
compound 150a with a yield of 49% as a white amorphous. 1H NMR (400 MHz, CDCls) §
8.92 (d, J=2.0 Hz, 1H), 8.15 (dd, /= 2.0, 9.0 Hz, 1H), 7.45 (d, J= 9.0 Hz, 1H), 7.40 (d, J
= 7.9 Hz, 1H), 7.21-7.17 (m, 1H), 7.14-7.10 (m, 1H), 6.67 (d, J= 7.4 Hz, 1H), 5.77 (d, J=
17.2 Hz, 1H), 5.63 (d, J=17.2 Hz, 1H), 5.12-5.10 (m, 1H), 4.53 (m, 2H), 3.81-3.75 (m, 6H),
3.44 (dd, J= 3.0, 12.3 Hz, 1H), 3.14-3.07 (m, 3H), 2.90-2.82 (m, 4H), 1.94 (t, J= 6.6 Hz,
2H), 1.79-1.71 (m, 2H), 1.61-1.59 (m, 2H), 1.42 (s, 9H), 1.17 (d, J= 6.3 Hz, 6H); 13C NMR
(100 MHz, DMSO-ds) § 166.0, 158.5, 155.1, 155.0, 142.3, 140.5, 134.9, 132.0, 129.6,
129.2, 128.6, 127.2, 126.5, 124.8, 123.9, 119.6, 116.8, 114.8, 79.3, 62.2, 59.6, 56.7, 55.3,
51.5, 46.4, 46.0, 31.5, 29.2, 28.4, 22.6, 22.2, 19.1; HRMS (ESD [M+H]+ calcd for
C37H4306N6Cl1 707.3318, found 707.3308; IR (ATR): 1716, 1654, 1569, 1558, 1506, 1457,
1363, 1309, 1272, 1236, 1220, 1166, 1114, 1066 cm.

(5-Methyl-2-oxo-1,3-dioxol-4-yl)methyl 2-{(3%)-3-[(tert-butoxycarbonyl)amino]
piperidin-1-yl}-3-(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro-3 H-imidazo[4,5-d
quinoline-8-carboxylate (150g)

Compound 150g was prepared from 76 in a manner similar to that described for
compound 150a with a yield of 96% as a white amorphous.’H NMR (400 MHz, CDCls) &
8.96 (brs, 1H), 8.15 (dd, /= 2.1, 8.9 Hz, 1H), 7.46 (d, J= 8.9 Hz, 1H), 7.41 (dd, /= 1.0, 7.9
Hz, 1H), 7.22-7.18 (m, 1H), 7.15-7.11 (m, 1H), 6.69 (d, J= 7.5 Hz, 1H), 5.77 (d, J= 17.2
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Hz, 1H), 5.64 (d, J=17.2 Hz, 1H), 5.14 (s, 2H), 5.11 (brs, 1H), 3.82 (brs, 1H), 3.75 (s, 3H),
3.47 (dd, J = 3.3, 12.3 Hz, 1H), 3.16-3.09 (m, 3H), 2.28 (s, 3H), 1.81-1.72 (m, 2H),
1.61-1.60 (m, 2H), 1.43 (s, 9H); 13C NMR (100 MHz, DMSO-ds) § 165.1, 158.1, 154.9,
154.0, 152.1, 141.3, 140.6, 140.5, 135.2, 133.7, 131.2, 129.4, 128.9, 128.8, 127.7, 126.9,
123.5, 122.3, 119.0, 116.2, 116.0, 77.9, 55.1, 54.7, 50.6, 46.7, 46.2, 29.9, 29.0, 28.4, 23.5,
9.1; HRMS (ESI) [M+H]* caled for Cs4H370sN5Cl 678.2325, found 678.2325; IR (ATR):
1822, 1716, 1673, 1654, 1506, 1434, 1394, 1315, 1270, 1216, 1160, 1105, 1093, 1066,
1049 cm™,

(5-Methyl-2-o0xo-1,3-dioxol-4-yl)methyl 2-{(3 R)-3-[(tert-butoxycarbonyl)amino]
piperidin-1-yl}-3-(2-chloro-5-fluorobenzyl)-5-methyl-4-oxo-4,5-dihydro-3 H-imidazo
[4,5-cdlquinoline-8-carboxylate (150h)

Compound 150h was prepared from 152 in a manner similar to that described for
compound 150a with a yield of 87% as a white amorphous.’H NMR (300 MHz, CDCls) &
8.95 (d, /= 2.2 Hz, 1H), 8.16 (dd, /= 2.2, 9.0 Hz, 1H), 7.48 (d, J= 9.0 Hz, 1H), 7.40-7.36
(m, 1H), 6.95-6.88 (m, 1H), 6.44-6.42 (m, 1H), 5.70 (d, J=17.2 Hz, 1H), 5.60 (d, J=17.2
Hz, 1H), 5.14 (s, 2H), 5.10 (brs, 1H), 3.81 (brs, 1H), 3.76 (s, 3H), 3.48 (dd, J=2.9, 12.1 Hz,
1H), 3.12-3.06 (m, 3H), 2.28 (s, 3H), 1.85-1.75 (m, 3H), 1.42 (s, 9H), 1.27-1.15 (m, 1H);
13C NMR (100 MHz, CDCls) § 166.2, 162.3 (d, ZAC, F) = 245 Hz), 159.2, 155.7, 155.7,
152.9, 143.0, 141.6, 141.0, 138.0 (d, 3AC, F) = 7.1 Hz), 134.4, 131.6 (d, 3AC, F) = 8.2 Hz),
130.1, 127.5 (d, 2/AC, F) = 3.2 Hz), 125.9, 123.5, 120.1, 117.5, 116.4 (d, 2AC, F) = 22.8 Hz),
115.6, 114.6 (d, 2XC, F) = 24.5 Hz), 80.3, 56.2, 54.9, 52.1, 47.1, 46.9, 30.3, 30.0, 29.0, 23.2,
10.2; HRMS (ESD) [M+H]* caled for C34H360sN5CIF 696.2231, found 696.2231; IR (ATR):
1818, 1716, 1652, 1569, 1506, 1473, 1386, 1305, 1272, 1218, 1166, 1091, 1049 cm'1.

(5-Methyl-2-oxo-1,3-dioxol-4-yl)methyl 2-{(3%)-3-[(tert-butoxycarbonyl)amino]
piperidin-1-yl}-3-(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro-3 H-imidazo[4,5-d
quinoline-7-carboxylate (150i)

Compound 1501 was prepared from 110 in a manner similar to that described for
compound 150a with a yield of 73% as a white amorphous 'H NMR (400 MHz, CDCls) &
8.35(d, J=8.2 Hz, 1H), 8.13 (d, J=1.1 Hz, 1H), 7.96 (dd, J=1.1, 8.2 Hz, 1H), 7.41 (dd, J
=1.0, 7.9 Hz, 1H), 7.22-7.19 (m, 1H), 7.15-7.11 (m, 1H), 6.69 (brd, /= 7.5 Hz, 1H), 6.00
(brs, 1H), 5.78 (d, J=17.2 Hz, 1H), 5.65 (d, J= 17.4 Hz, 1H), 5.15 (s, 2H), 3.81 (brs, 1H),
3.80 (s, 3H), 3.44 (dd, /= 3.3, 12.6 Hz, 1H), 3.25-3.21 (m, 1H), 3.08 (m, 2H), 2.28 (s, 3H),
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1.77-1.72 (m, 3H), 1.56-1.51 (m, 1H), 1.46 (s, 9H); 13C NMR (100 MHz, CDCls) § 166.4,
159.0, 155.8, 155.5, 152.7, 141.6, 141.0, 137.8, 135.4, 134.1, 132.5, 130.2, 129.2, 128.7,
127.8,127.1,123.6, 123.5, 121.6, 121.4, 117.2, 79.7, 55.4, 55.1, 52.1, 47.0, 46.4, 30.1, 29.8,
29.1, 22.2, 10.1; HRMS (ESI) [M+H]* caled for CssHs70sN5Cl 678.2325, found 678.2325;
IR (ATR): 1824, 1716, 1652, 1558, 1508, 1473, 1307, 1216, 1166, 1097, 1049, 1033 cm'L.

(5-Methyl-2-oxo-1,3-dioxol-4-yl)methyl 2-{(3R)-3-[(tert-butoxycarbonyl)amino]
piperidin-1-yl}-3-(2-chloro-5-fluorobenzyl)-5-methyl-4-oxo-4,5-dihydro-3 H-imidazo
[4,5-cdquinoline-7-carboxylate (150j)

Compound 150j was prepared from 153 in a manner similar to that described for
compound 150a with a quantitative yield as a white amorphous. !H NMR (400 MHz,
CDCls) § 8.38 (d, /= 8.2 Hz, 1H), 8.14 (d, J= 1.2 Hz, 1H), 7.99 (dd, /= 1.2, 8.2 Hz, 1H),
7.40-7.36 (m, 1H), 6.95-6.90 (m, 1H), 6.45-6.42 (m, 1H), 5.90 (s, 1H), 5.71 (d, J=17.0 Hz,
1H), 5.62 (d, J=17.0 Hz, 1H), 5.15 (s, 2H), 3.82 (brs, 1H), 3.81 (s, 3H), 3.47 (dd, /= 3.2,
12.4 Hz, 1H), 3.21-3.10 (m, 3H), 2.28 (s, 3H), 1.84-1.56 (m, 4H), 1.46 (s, 9H); 13C NMR
(100 MHz, DMSO-ds) § 166.5, 162.3 (d, 2AC, F) = 245 Hz), 159.0, 155.8, 155.6, 152.7,
141.9, 141.1, 137.9, 137.9 (d,3JC, F) = 6.8 Hz), 134.1, 131.6 (d, 2AC, F) = 8.2 Hz), 129.0,
127.4 (d, 4/XC, F) = 2.7 Hz), 123.8, 123.7, 121.6, 121.2, 117.3, 116.4 (d, 2XC, F) = 22.8 Hz),
114.5 (d, 2KC, F) = 24.6 Hz), 79.8, 55.7, 55.2, 52.2, 47.0, 46.6, 32.2, 29.9, 29.1, 23.3, 10.1;
HRMS (ESI) [M+H]* caled for C34H3s0sN5CIF 696.2231, found 696.2238; IR (ATR): 1824,
1716, 1652, 1558, 1540, 1508, 1473, 1457, 1363, 1307, 1216, 1164, 1103, 1049, 1033 cm'!.

[(2,2-Dimethylpropanoyl)oxylmethyl 2-[(3A)-3-aminopiperidin-1-yl]-3-(2-chlorobenzyl)
-5-methyl-4-ox0-4,5-dihydro-3 H-imidazo[4,5-clquinoline-8-carboxylate hydrochloride
(151a)

To a solution of 150a (80.0 mg, 0.118 mmol) in 1,4-dioxane (2 ml) was added 4N
HC1-1,4-dioxane (2 ml). The reaction mixture was stirred at room temperature for 2 h
and concentrated under reduced pressure to give 151a (76.3 mg, quantitative yield) as a
white amorphous. !H NMR (400 MHz, DMSO-ds) § 8.68 (d, J= 2.1 Hz, 1H), 8.41 (brs,
3H), 8.07 (dd, J = 2.1, 8.9 Hz, 1H), 7.70 (d, J = 8.9 Hz, 1H), 7.50 (d, J = 7.9 Hz, 1H),
7.32-7.28 (m, 1H), 7.23-7.19 (m, 1H), 6.69 (d, J = 7.3 Hz, 1H), 6.01 (s, 2H), 5.61 (d, J =
17.2 Hz, 1H), 5.55 (d, J= 17.2 Hz, 1H), 3.73-3.65 (m, 1H), 3.63 (s, 3H), 3.49-3.45 (m, 1H),
3.33-3.23 (m, 1H), 3.10-3.07 (m, 1H), 2.89-2.82 (m, 1H), 1.97-1.96 (m, 1H), 1.78-1.76 (m,
1H), 1.62-1.48 (m, 2H), 1.16 (s, 9H); 13C NMR (75 MHz, DMSO-ds) § 176.5, 164.1, 157.6,
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154.0, 140.7, 140.6, 134.9, 130.9, 129.4, 129.0, 128.9, 127.6, 126.9, 123.7, 121.8, 119.1,
116.3, 115.8, 80.0, 59.2, 52.1, 50.9, 46.3, 46.1, 29.1, 27.2, 26.5, 22.0; HRMS (ESI) [M+H]*
caled for Cs0Hs505N5Cl 580.2319, found 580.2312; IR (ATR): 1704, 1672, 1616, 1594,
1508, 1442, 1375, 1317, 1245, 1218, 1114, 1049 cm'1.

2-(Dimethylamino)ethyl 2-[(3 R)-3-aminopiperidin-1-yll-3-(2-chlorobenzyl)-5-methyl-4-
0x0-4,5-dihydro-3 H-imidazo[4,5-dquinoline-8-carboxylate dihydrochloride (151b)

Compound 151b was prepared from 150b in a manner similar to that described for
compound 151a with a yield of 98% as a white amorphous.!H NMR (400 MHz,
DMSO-ds) § 10.98 (s, 1H), 8.78 (d, J= 1.8 Hz, 1H), 8.51 (brs, 3H), 8.23 (dd, J= 1.8, 8.8
Hz, 1H), 7.69 (d, J= 8.8 Hz, 1H), 7.51 (d, /= 7.8 Hz, 1H), 7.32-7.28 (m ,1H), 7.24-7.20 (m,
1H), 6.73 (d, J= 7.5 Hz, 1H), 5.64 (d, J=17.2 Hz, 1H), 5.58 (d, J=17.2 Hz, 1H), 4.63 (brs,
2H), 3.75-3.72 (m, 1H), 3.64 (s, 3H), 3.61-3.50 (m, 3H), 3.37-3.27 (m, 2H), 3.12-3.09 (m,
1H), 2.88 (s, 6H), 1.97 (m, 1H), 1.75 (m, 1H), 1.64-1.62 (m, 1H), 1.51-1.48 (m, 1H); 13C
NMR (75 MHz, DMSO-ds) § 165.0, 157.1, 153.9, 140.4, 140.1, 134.8, 130.9, 129.4, 129.4,
129.0, 127.7, 127.0, 123.9, 122.7, 118.9, 116.0, 115.3, 59.4, 54.8, 52.1, 50.8, 46.5, 46.0,
42.5, 29.1, 27.1, 21.9; HRMS (ESI) [M+H]+ caled for C2sHs403N6Cl 537.2375, found
537.2372; IR (ATR): 1718, 1670, 1627, 1608, 1592, 1558, 1515, 1457, 1446, 1371, 1321,
1276, 1261, 1241, 1218, 1126, 1114, 1066, 1051, 1039 cm'1.

3-(Dimethylamino)propyl 2-[(3 R)-3-aminopiperidin-1-yl]-3-(2-chlorobenzyl)-5-methyl-
4-0x0-4,5-dihydro-3 H-imidazo[4,5-c quinoline-8-carboxylate dihydrochloride (151c)

Compound 151c¢ was prepared from 150c in a manner similar to that described for
compound 151a with a quantitative yield as a white amorphous.’H NMR (300 MHz,
DMSO-ds) § 10.88 (brs, 1H), 8.72 (d, J= 2.2 Hz, 1H), 8.52 (brs, 3H), 8.10 (dd, J/= 2.2, 9.0
Hz, 1H), 7.65 (d, J/ = 9.0 Hz, 1H), 7.51 (dd, J = 1.1, 7.9 Hz, 1H), 7.32-7.27 (m, 1H),
7.24-7.19 (m, 1H), 6.72 (d, J= 6.8 Hz, 1H), 5.63 (d, J=17.2 Hz, 1H), 5.55 (d, J=17.2 Hz,
1H), 4.41 (t, J= 6.2 Hz, 2H), 3.77-3.73 (m, 1H), 3.63 (s, 3H), 3.33-3.21 (m, 4H), 3.11-3.07
(m, 1H), 2.90-2.83 (m, 1H), 2.78 (s, 6H), 2.24-2.19 (m, 2H), 1.97 (m, 1H), 1.75 (m, 1H),
1.65-1.61 (m, 1H), 1.51 (m, 1H); 13C NMR (75 MHz, CDCls) § 165.5, 157.5, 154.2, 140.6,
140.5, 135.1, 131.1, 129.6, 129.2, 129.2, 127.9, 127.1, 123.7, 123.2, 119.2, 116.2, 115.8,
62.3, 53.8, 52.3, 51.1, 46.6, 46.3, 42.2, 29.3, 27.4, 23.7, 22.2; HRMS (ESI) [M+H]+ calcd
for C29H3603N6Cl 551.2532, found 551.2531; IR (ATR): 3355, 1697, 1670, 1652, 1616,
1508, 1465, 1442, 1386, 1322, 1274, 1241, 1218, 1108, 1052, 1039 cm'1.
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2-(Morpholin-4-yl)ethyl 2-[(3 R)-3-aminopiperidin-1-yll-3-(2-chlorobenzyl)-5-methyl-4-
0x0-4,5-dihydro-3 H-imidazo[4,5-dquinoline-8-carboxylate dihydrochloride (151d)

Compound 151d was prepared from 150d in a manner similar to that described for
compound 151a with a quantitative yield as a white amorphous.’H NMR (300 MHz,
DMSO-ds) § 11.77 (brs, 1H), 8.76 (d, J= 2.0 Hz, 1H), 8.47 (brs, 3H), 8.21 (dd, /= 2.0, 9.0
Hz, 1H), 7.67 (d, J = 9.0 Hz, 1H), 7.51 (dd, J = 1.3, 7.9 Hz, 1H), 7.32-7.28 (m, 1H),
7.25-7.20 (m, 1H), 6.73 (d, J= 6.4 Hz, 1H), 5.64 (d, J=17.2 Hz, 1H), 5.57 (d, J=17.2 Hz,
1H), 4.75-4.74 (m, 2H), 4.00-3.88 (m, 4H), 3.75-3.64 (m, 6H), 3.54-3.50 (m, 2H), 3.32-3.28
(m, 4H), 3.08 (m, 1H), 2.91-2.85 (m, 1H), 1.97 (m, 1H), 1.76 (m, 1H), 1.61-1.52 (m, 2H);
13C NMR (100 MHz, DMSO-ds) § 165.1, 157.1, 154.0, 140.6, 139.8, 135.0, 131.1, 129.6,
129.5, 129.2, 127.9, 127.2, 124.1, 122.9, 119.0, 116.2, 115.3, 63.4, 59.4, 54.6, 52.3, 51.5,
51.0, 46.8, 46.2, 29.4, 27.3, 22.1; HRMS (ESI) [M+H]* caled for Cs0Hs604N6Cl 579.2481,
found 579.2464; IR (ATR): 1718, 1668, 1592, 1521, 1508, 1473, 1317, 1251, 1130, 1110,
1049, 1033 cm™.

3-(Morpholin-4-yl)propyl 2-[(3 R)-3-aminopiperidin-1-yl]-3-(2-chlorobenzyl)-5-methyl-4-
0xo0-4,5-dihydro-3 H-imidazo[4,5-dquinoline-8-carboxylate dihydrochloride (151e)

Compound 151e was prepared from 150e in a manner similar to that described for
compound 151a with a quantitative yield as a white amorphous.'H NMR (400 MHz,
DMSO-ds) § 11.51 (brs, 1H), 8.72 (d, J= 2.1 Hz, 1H), 8.47 (brs, 3H), 8.11 (dd, J=2.1, 8.9
Hz, 1H), 7.67 (d, J = 8.9 Hz, 1H), 7.51 (dd, J = 0.9, 7.9 Hz, 1H), 7.32-7.28 (m, 1H),
7.24-7.20 (m, 1H), 6.71 (d, J= 7.4 Hz, 1H), 5.63 (d, J=17.2 Hz, 1H), 5.57 (d, J=17.2 Hz,
1H), 4.20 (t, J= 6.4 Hz, 2H), 3.97-3.93 (m, 2H), 3.86-3.82 (m, 2H), 3.75-3.69 (m, 1H), 3.64
(s, 3H), 3.47-3.44 (m, 2H), 3.37-3.26 (m, 4H), 3.12-3.04 (m, 3H), 2.31-2.24 (m, 2H),
1.98-1.96 (m, 1H), 1.78-1.75 (m, 1H), 1.64-1.51 (m, 1H), 1.50-1.48 (m, 1H); 13C NMR (100
MHz, DMSO-ds) § 165.4, 156.6, 153.9, 140.4, 139.2, 134.9, 131.1, 129.6, 129.3, 129.2,
127.9,127.2,123.9, 123.3, 118.7, 116.1, 114.8, 63.4, 62.5, 53.4, 52.3, 51.1, 51.0, 46.8, 46.2,
29.4, 27.2, 22.9, 22.1; HRMS (ESI) [M+H]+ caled for C31HssOsN6Cl 593.2643, found
593.2637; IR (ATR): 1704, 1670, 1635, 1596, 1508, 1457, 1442, 1322, 1263, 1218, 11086,
1051 cm'.

120



2-[(2R,69-2,6-Dimethylmorpholin-4-yllethyl 2-[(8 ®)-3-aminopiperidin-1-yl]-3-
(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro-3 H-imidazo[4,5-d quinoline-8-carboxylate
dihydrochloride (151f)

Compound 151f was prepared from 150f in a manner similar to that described for
compound 151a with a quantitative yield as a white amorphous.’H NMR (300 MHz,
DMSO-ds) § 11.87 (brs, 1H), 8.72 (d, J= 2.2 Hz, 1H), 8.41 (brs, 3H), 8.21 (dd, /= 2.2, 9.0
Hz, 1H), 7.71 (d, J= 9.0 Hz, 1H), 7.51 (dd, J=1.3, 7.9 Hz, 1H), 7.32-7.19 (m, 2H), 6.70 (d,
J = 6.8 Hz, 1H), 5.65 (d, J = 17.2 Hz, 1H), 5.58 (d, J = 17.2 Hz, 1H), 4.74 (m, 2H),
4.08-4.04 (m, 3H), 3.69-3.55 (m, 7H), 3.37-3.21 (m, 2H), 3.10-3.05 (m, 1H), 2.89-2.75 (m,
3H), 1.95 (m, 1H), 1.76 (m, 1H), 1.63-1.48 (m, 2H), 1.15 (d, = 6.2 Hz, 6H); 13C NMR
(100 MHz, DMSO-ds) § 165.2, 157.7, 154.2, 140.8, 140.6, 135.2, 131.1, 129.6, 129.4,
129.2, 127.9, 127.1, 123.8, 122.9, 119.2, 116.2, 115.9, 68.6, 59.2, 55.5, 54.7, 52.3, 51.2,
46.5, 46.3, 29.3, 27.4, 22.1, 18.5; HRMS (ESI) [M+HI* calcd for C32H4004N6Cl 607.2794,
found 607.2794; IR (ATR): 1718, 1673, 1652, 1635, 1558, 1540, 1508, 1457, 1324, 1272,
1220, 1132, 1060, 1033 cm'..

(5-Methyl-2-0x0-1,3-dioxol-4-yl)methyl 2-[(3 R)-3-aminopiperidin-1-yl]-3-
(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro-3 H-imidazo[4,5-cd quinoline-8-carboxylate
hydrochloride (151g)

Compound 151g was prepared from 150g in a manner similar to that described for
compound 151a with a quantitative yield as a white amorphous.’H NMR (300 MHz,
DMSO-ds) § 8.67 (d, J= 1.8 Hz, 1H), 8.40 (brs, 3H), 8.07 (dd, /= 1.8, 9.0 Hz, 1H), 7.68 (d,
J=9.0 Hz, 1H), 7.50 (d, J= 7.7 Hz, 1H), 7.32-7.27 (m, 1H), 7.23-7.19 (m, 1H), 6.69 (d, J=
7.3 Hz, 1H), 5.60 (d, J=17.4 Hz, 1H), 5.53 (d, J= 17.4 Hz, 1H), 5.29 (s, 2H), 3.73-3.69 (m,
1H), 3.62 (s, 3H), 3.41-3.23 (m, 2H), 3.08-3.05 (m, 1H), 2.87-2.81 (m, 1H), 2.30 (s, 3H),
1.97-1.89 (m, 1H), 1.75 (m, 1H), 1.62-1.51 (m, 2H); 3C NMR (100 MHz, DMSO-ds) &
165.1, 157.8, 154.2, 152.1, 141.0, 140.7, 140.6, 135.1, 133.7, 131.1, 129.6, 129.1, 129.1,
127.8,127.1,123.6, 122.6, 119.3, 116.3, 116.0, 54.7, 52.3, 51.1, 46.4, 46.3, 29.3, 27.4, 22.2,
9.2; HRMS (ESI) [M+H]* caled for C29H2006N5C1 578.1801, found 578.1782; IR (ATR):
1830, 1716, 1670, 1592, 1558, 1540, 1508, 1473, 1230, 1130, 1033 cm'™.

(5-Methyl-2-0xo0-1,3-dioxol-4-yl)methyl 2-[(3 R)-3-aminopiperidin-1-yl]-3-(2-chloro-5-
fluorobenzyl)-5-methyl-4-oxo-4,5-dihydro-3 H-imidazol4,5-d quinoline-8-carboxylate
hydrochloride (151h)
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Compound 151h was prepared from 150h in a manner similar to that described for
compound 151a with a quantitative yield as a white amorphous.'H NMR (400 MHz,
DMSO-ds) § 8.68 (d, J=2.1 Hz, 1H), 8.39 (brs, 3H), 8.08 (dd, J=2.1, 8.9 Hz, 1H), 7.69 (d,
J=8.9 Hz, 1H), 7.59-7.55 (m, 1H), 7.21-7.16 (m, 1H), 6.65-6.62 (m, 1H), 5.58 (d, /= 17.4
Hz, 1H), 5.52 (d, J=17.4 Hz, 1H), 5.29 (s, 2H), 3.70-3.67 (m, 1H), 3.64 (s, 3H), 3.49-3.48
(m, 1H), 3.29-3.24 (m, 1H), 3.15-3.08 (m, 1H), 2.91-2.86 (m, 1H), 2.24 (s, 3H), 1.97 (m,
1H), 1.81-1.79 (m, 1H), 1.64-1.51 (m, 2H); 13C NMR (100 MHz, DMSO-ds) § 165.0, 161.2
(d, 7XC, F) = 243 Hz), 157.8, 154.2, 152.1, 141.1, 140.7, 140.6, 137.7 (d, 3AC, F) = 7.4 Hz),
133.6, 131.3 (d, 5AC, F) = 8.6 Hz), 129.1, 126.4 (d, +AC, F) = 2.6 Hz), 123.6, 122.6, 119.3,
116.3, 116.3 (d, 2AC, F) = 24.7 Hz), 116.2, 114.4 (d, 2/C, F) = 24.6 Hz), 54.7, 52.3, 51.2,
46.5, 46.3, 29.3, 27.4, 22.1, 9.1; HRMS (ESD) [M+H]* calcd for C29H2s06N5CIF 596.1707,
found 596.1708; IR (ATR): 1816, 1716, 1668, 1592, 1558, 1540, 1521, 1508, 1457, 1429,
1373, 1303, 1255, 1224, 1191, 1110, 1049, 1033 cm™.

(5-Methyl-2-0x0-1,3-dioxol-4-yl)methyl 2-[(3 R)-3-aminopiperidin-1-yl]-3-
(2-chlorobenzyl)-5-methyl-4-oxo-4,5-dihydro-3 H-imidazol[4,5-cd quinoline-7-carboxylate
hydrochloride (151i)

Compound 151i was prepared from 1501 in a manner similar to that described for
compound 151a with a yield of 95% as a white amorphous.!H NMR (300 MHz,
DMSO-ds) § 8.42 (brs, 3H), 8.25 (d, /= 8.3 Hz, 1H), 8.06 (d, J= 1.3 Hz, 1H), 7.91 (dd, J=
1.3, 8.3 Hz, 1H), 7.50 (dd, J= 1.1, 7.7 Hz, 1H), 7.32-7.27 (m, 1H), 7.24-7.21 (m, 1H), 6.71
(d, /= 6.6 Hz, 1H), 5.62 (d, J=17.4 Hz, 1H), 5.54 (d, J= 17.4 Hz, 1H), 5.28 (s, 2H), 3.69
(brs, 1H), 3.66 (s, 3H), 3.27-3.21 (m, 2H), 3.03 (m, 1H), 2.82-2.79 (m, 1H), 2.24 (s, 3H),
1.97 (m, 1H), 1.90 (m, 1H), 1.74-1.55 (m, 2H); 13C NMR (100 MHz, DMSO-ds) & 165.3,
157.7, 154.1, 152.1, 140.7, 140.1, 137.1, 135.1, 133.6, 131.1, 129.5, 129.1, 128.3, 127.9,
127.1, 122.9, 122.7, 120.5, 120.2, 116.7, 55.0, 52.3, 51.1, 46.5, 46.4, 29.0, 27.4, 22.2, 9.2;
HRMS (ESI) [M+H]* caled for C29H2006N5C1 578.1801, found 578.1786; IR (ATR):1810,
1733, 1681, 1621, 1560, 1508, 1473, 1448, 1309, 1224, 1122, 1052, 1033 cm'™.

(5-Methyl-2-oxo-1,3-dioxol-4-yl)methyl 2-[(3&)-3-aminopiperidin-1-yl]-3-(2-chloro-
5-fluorobenzyl)-5-methyl-4-oxo-4,5-dihydro-3 H-imidazo[4,5-c quinoline-7-carboxylate
hydrochloride (151;)

Compound 151 was prepared from 150j in a manner similar to that described for

compound 15la with a yield of 70% as a white amorphous.!H NMR (400 MHz,

122



DMSO-ds) § 8.31 (brs, 3H), 8.26 (d, /= 8.2 Hz, 1H), 8.09 (d, J= 1.3 Hz, 1H), 7.93 (dd, J=
1.3, 8.2 Hz, 1H), 7.59-7.56 (m, 1H), 7.22-7.17 (m, 1H), 6.68-6.63 (m, 1H), 5.60 (d, J=17.6
Hz, 1H), 5.55 (d, J=17.6 Hz, 1H), 5.28 (s, 2H), 3.68 (s, 3H), 3.59-3.47 (m, 1H), 3.38-3.22
(m, 2H), 3.10-3.07 (m, 1H), 2.90-2.85 (m, 1H), 2.24 (s, 3H), 1.97-1.96 (m, 1H), 1.79-1.78
(m, 1H), 1.61-1.53 (m, 2H); 13C NMR (100 MHz, DMSO-ds) § 165.1, 161.0 (d, ZXC, F) =
243 Hz), 157.5, 154.0, 151.9, 140.4, 140.0, 137.5 (d, 3/(C, F) = 8.2 Hz), 136.9, 133.3, 131.1
(d, 2AC, F) = 9.9 Hz), 128.2, 126.2 (d, #/AC, F) = 4.9 Hz), 122.7, 122.6, 122.5, 120.3, 116.5,
115.9 (d, 2J(C, F) = 23.6 Hz), 114.3 (d, 2AC, F) = 25.6 Hz), 54.8, 52.0, 50.9, 46.4, 46.1,
28.8, 27.1, 21.8, 8.9; HRMS (ESI) [M+H]* caled for C20H2:06N5CIF 596.1707, found
596.1707; IR (ATR): 1810, 1718, 1683, 1635, 1508, 1473, 1307, 1218, 1112, 1051, 1033,
1008 cm'l,

Methyl 4-[{[4-amino-2-{(3 B)-3-[(tert-butoxycarbonyl)amino]piperidin-1-yl1}-1-
(2-chloro benzyl)-1 H-imidazol-5-yllcarbonyl}(methyl)amino]benzoate (155)

A mixture of 157 (3.72 g, 9.50 mmol), 156 (2.53 g, 10.47 mmol) and cesium carbonate
(6.19 g, 19.00 mmol) in MeCN (10 ml) was stirred at 40 °C for 4 h, and stirred at 60 °C
for 3 h. After cooling to room temperature, the mixture was filtered through a Celite pad.
The filtrate was concentrated under reduced pressure. The residue was purified by
silica-gel column chromatography to give 155 (4.27 g, yield 75%) as a pale yellow solid.
'H NMR (400 MHz, CDCls) §: 7.86 (d, J= 8.8 Hz, 2H), 7.39-7.37 (m, 1H), 7.25-7.21 (m,
2H), 6.91 (d, /= 6.3 Hz, 1H), 6.77 (d, J= 8.8 Hz, 2H), 5.03 (brs, 1H), 4.87 (s, 2H), 4.12 (s,
2H), 3.90 (s, 3H), 3.76-3.73 (m, 1H), 3.29 (s, 3H), 3.27-3.25 (m, 1H), 2.97-2.94 (m, 3H),
1.73-1.56 (m, 4H), 1.41 (s, 9H); 13C NMR (100 MHz, CDCls) § 166.0, 163.0, 154.8, 148.8,
134.4, 133.2, 130.2, 130.0, 129.4, 129.3, 128.9, 126.8, 126.4, 125.5, 122.6, 103.8, 78.8,
54.8, 51.8, 51.2, 47.0, 45.7, 36.5, 29.3, 28.1, 22.1; HRMS (ESD [M+H]* caled for
Cs0H3:CIN6O5 597.2587, found 597.2579; IR (ATR): 1705, 1600, 1512, 1473, 1435, 1404,
1346, 1311, 1276, 1246, 1165, 1107, 1049, 1014, 991 cm'1.

Methyl 4-[(chloroacetyl)(methyl)amino]benzoate (156)

To a solution of chloroacetyl chloride (1.23 g, 10.89 mmol) in THF (5 ml) were added
methyl 4-methylaminobenzoate (1.50 g, 9.08 mmol) and pyridine (718 mg, 9.08 mmol) in
THF (10 ml) solution dropwise at 0 °C, and the mixture was stirred at 0 °C for 3 h. The
reaction mixture was quenched with saturated NH4Cl aqueous solution, extracted with

EtOAc, washed with saturated NaHCOs aqueous solution, brine, dried over Na2SOy,
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and concentrated under reduced pressure. The residue was purified by silica-gel column
chromatography to give 156 (2.19 g, quantitative yield) as a white solid. 'H NMR (400
MHz, CDCls) § 8.10 (d, /= 8.5 Hz, 2H), 7.32 (d, J = 8.5 Hz, 2H), 3.92 (s, 3H), 3.85 (brs,
2H), 3.32 (s, 3H); 13C NMR (100 MHz, CDCls) § 165.8, 165.7, 146.5, 131.1, 129.8, 126.7,
52.2, 41.2, 37.6; HRMS (ESD [M+H]+ caled for C11H1303NCl1 242.0578, found 242.0585;
IR (ATR): 1716, 1674, 1600, 1504, 1435, 1408, 1373, 1257, 1188, 1172, 1095, 1045, 1014,
952 cm'l.

tert-Butyl {(3R)-1-[N-(2-chlorobenzyl)- N-cyanocarbamimidoyl]lpiperidin-3-yl}carbamate
(157)

To solution of (R)-3-tert-butoxycarbonylaminopipiridine (1.63 g, 8.14 mmol) in ;PrOH
(60 ml) was added diphenyl cyanocarbonimidate (2.00 g, 8.14 mmol) at 0 °C. The
mixture was stirred at room temperature for 1 h. To the reaction mixture was added
2-chlorobenzyl amine (1.73 g, 12.22 mmol) at room temperature, and the mixture was
stirred at 80 °C for 2 h. After cooling to room temperature, the reaction mixture was
concentrated in vacuo. The residue was diluted with 5% potassium hydrogensulfate
aqueous solution, and extracted with AcOEt, washed with 5% potassium
hydrogensulfate aqueous solution, 1IN NaOH aqueous solution twice, brine, dried over
Na2S04, and concentrated under reduced pressure. The residue was purified by
silica-gel column chromatography to give 157 (3.04 g, yield 95%) as a white solid. 'H
NMR (400 MHz, CDCl3) §: 7.46-7.44 (m, 1H), 7.38-7.36 (m, 1H), 7.28-7.25 (m, 2H), 5.78
(brs, 1H), 4.66 (s, 1H), 4.65 (s, 1H), 3.75-3.70 (m, 1H), 3.62-3.57 (m, 2H), 3.45 (brs, 1H),
3.27 (brs, 1H), 1.90-1.88 (m, 1H), 1.78-1.74 (m, 2H), 1.63-1.59 (m, 2H), 1.41 (s, 9H); 18C
NMR (100 MHz, CDCls) § 160.3, 155.5, 134.8, 133.3, 129.9, 129.4, 129.0, 126.9, 117.5,
79.8, 51.3, 47.4, 46.8, 45.0, 29.6, 28.1, 22.9; HRMS (ESD [M+H]* calcd for C19H2702N5Cl
392.1848, found 392.1853; IR (ATR): 2164, 1685, 1570, 1531, 1438, 1388, 1365, 1311,
1284, 1242, 1165, 1080, 1049, 1022, 948 cm'1.

Synthesis of 71 using intramolecular radical cyclization of 155

A mixture of 155 (119 mg, 0.199 mmol), isoamylnitrite (0.134 ml, 1.00 mmol) in 1-4
dioxane (2 ml) was stirred at 80 °C for 3 h. The reaction mixture was cooled to room
temperature and concentrated under reduced pressure. The residue was purified by

silica-gel column chromatography to give 71 (84.7 mg, yield 73%).
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Biological experiments
PD test in SD rats

SD rats (male, 11 weeks old) were fasted for 24 h prior to pre-dose blood sampling (-0.5
h) and kept fasted until the end of blood sampling performed 12 h after dosing. The rats
received the test-compound (or test-drug) solution orally by gavage. Blood samples
were collected 0.5 h before (-0.5 h), and 1, 2, 4, 6, 10 and 24 h after dosing (0 h).
Time-course changes in plasma DPP-4 activity after administration of 151g (3 mg/kg) or
sitagliptin (3 mg/kg) were determined. DPP-4 activity in plasma samples was measured
by the following procedure. Plasma dilution buffer (5 uL containing 80 mmol/L MgCls,
140 mmol/L NaCl, 25 mmol/LL HEPES, and 1% (w/v%) BAS, pH 7.8) was placed into
each well of a 96-well plate and a 96 well Half Area Black with Clear Flat Bottom 3881
(Corning Incorporated), and 5 pL of each plasma sample or distilled water (for
measurement of background reaction) was added to each individual well, mixed and left
to stand for at least 5 min. To initiate the reaction, 10 pl of 100 pmol/L. Gly-Pro-MCA
solution diluted with substrate dilution buffer (140 mmol/L NaCl, 25 mmol/LL HEPES,
1% (w/v%) BAS, pH 7.8) was added to each well containing a plasma sample or distilled
water. Twenty minutes later, 5% acetic acid was added to stop the reaction.
Fluorescence intensity in RFUs (excitation wavelength 360 nm/emission wavelength
460 nm) was continuously monitored using a fluorescence microplate reader
(SpectraMax® Gemini EM). Next, 20 uL of standard AMC solution (1.28. 2.52, 5, 10, 20,
40 pmol/L; diluted with plasma dilution buffer, substrate dilution buffer, rat plasma
and DMSO) was placed into each of the wells with no plasma sample or distilled water,
and fluorescence intensity in RFUs (excitation wavelength 360 nm/emission wavelength
460 nm) of the standard AMC solution was measured to construct a calibration curve of
RFU against AMC per well. The curve was constructed on an arithmetic scale using
unweighed linear regression in SoftMax®Pro version 4.3.1 (Molecular Devices
Corporation), within the fluorescence microplate reader. The rates of AMC production
in the samples and background wells were calculated using the constructed calibration
curve. The net rate of AMC production (nmol/min) in a given sample well was
determined by subtraction of mean background rate from the rate for the sample well.
DPP-4 activity (mU/mL) per plasma unit was calculated by dividing the rate of AMC
production by the volume of plasma sample used for the measurement. Duplicate
measurements were performed for the standard AMC solution and for each plasma

sample.
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Oral glucose tolerance test (OGTT) in Zucker fatty rats

Zucker fatty rats (male, 11 weeks) were fasted overnight before each OGTT. Glucose
(0.2 g/mL D-glucose solution) was orally loaded by gavage in a volume of 10 mL/kg (2 g
of D-glucose/kg). Each concentration of 151g (0.3, 1.0 mg/kg) suspension or 0.5% Methyl
cellulose (MC) solution used as a control was administrated once 1 h prior to glucose
loading. Blood samples for determination of blood glucose concentration were taken just
before administration of the test-substance or 0.5% MC solution (-1 h relative to the
time of glucose loading), just before glucose loading (taken as 0 min), and 10, 30, 60, 120
min after glucose loading. Blood glucose concentration was measured for all the blood
samples collected. A 10 pL blood sample taken from the tail vein of each rat was
immediately mixed with 100 pL of 0.62 mol/Li perchloric acid solution. Potassium
carbonate solution (50 uL, 0.37 mol/L) was then added and mixed. The deproteinized
samples were stored in a refrigerator set at 4 °C until measurement of blood glucose
concentration. Blood glucose concentration was measured using a commercially
available kit, Glucose CII test Wako (Wako pure Chemical Industries, Ltd.). The
deproteinized samples were centrifuged at 2,000 rpm for 10 min, and 15 uL of the
supernatant of each test sample and glucose standard solution (100, 250, 500, 750
mg/dL) were added to 96-well plates, followed by addition of 200 uL of a coloring reagent
to each well and mixing. Color reaction was allowed to develop for 18 to 35 min at room
temperature, and absorbance was measured using a microplate reader
(SpectraMax®190) at a main wavelength of 505 nm and a sub-wavelength of 700 nm. A
linear calibration curve was constructed from differences in absorbance (Asos-A7oo,
Y-axis) of the glucose standard solution (mg/dL, X-axis), using a software provided with
the microplate reader (SoftMax®Pro version 4.3.1). Glucose concentration of each test
sample was determined by interpolation of its absorbance (Aso5-A700) on the standard
curve. Samples and standard solution glucose concentrations were determined in

duplicate.

Metabolic stability test
Materials

Human serum was purchased from COSMO BIO Co., Ltd (Tokyo, Japan). Pooled liver

S9 fractions from male Sprague-Dawley (SD) rats and humans were purchased from
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Xenotech, LLC (Lenexa, KS). Rat intestinal S9 fraction prepared without protease
inhibitor was purchased from Biopredic international (Rennes, France). p-NADPH was

purchased from Oriental Yeast Co., Ltd (Tokyo, Japan).

Hydrolysis Experiments

Hydrolysis experiments were performed in serum and in tissue S9 fractions from rats
and humans. Test- compounds were incubated at 37°C for 30 min in 100 pL of serum or
in an S9 reaction mixture consisting of 50 mM potassium phosphate buffer (pH7.4), 3
mM NADPH and 1 mg protein/mL S9 fraction. The final concentration of each
test-compound was set to 1 pM. After preincubation at 37 °C for 5 min, the hydrolysis
reaction was initiated by addition of the test-compound dissolved in acetonitrile—water
(1:1, v/v) and terminated by addition of 300 pL of ice-cold acetnitrile. The reaction
mixture was then centrifuged at 4500 rpm for 10 min to remove precipitated proteins,
and the supernatant was filtrated using a 0.45 nm 96-well filter plate (Varian Inc., Palo
Alto, CA). The filtrate was next injected onto a high-performance liquid
chromatography/tandem mass spectrometry (HPLC/MS/MS) system.

Analytical procedure

The concentrations of test-compounds and their sample hydrolysates were measured
using an HPLC-MS/MS system consisting of a TSQ 7000 mass spectrometer (Thermo
Fisher Scientific Inc., Waltham, MA) with a Shimadzu 10A series HPLC system
(Shimadzu Corporation, Kyoto, Japan). Chromatography was performed using a
Symmetry C18 column (5mm particle size, 2.1 x 150 mm, Waters Corporation, Milford
MA) warmed to 40 °C. The mobile phase consisted of 10 mM ammonium acetate (pH 4.0,
solvent A) and acetonitrile (solvent B). Elution gradient conditions were as follows:
[min, B%] = [0, 20]-[6.5, 80]-[8.5, 80]-[8.6, 20]-[12, 20], and flow rate was 0.2 mL/min.
Mass spectrometric detection was performed using positive ionization electrospray. The
selective reaction monitoring mode (m/z: precursor ion—product ion) was used to

monitor ions.
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