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HIV : human immunodeficiency virus
NMR : nuclear magnetic resonance

TLC : thin-layer chromatography

ECso: half maximal effective concentration
CCso: 50% cytotoxic concentration

HLM : human liver microsomes

RLM : rat liver microsomes

LC : liquid chromatography

MS : metabolic stability

CLt : total clearance

AUC : are under the curve

T1/2: elimination half-time

F : bioavailability

Py : pyridine

Ph : phenyl

Bn : benzyl

IN : integrase

CCD : catalytic core domain

CTD : C-terminal domain

NTD : N-terminal domain

INLAIs : integrase-LEDGF/p75 allosteric inhibotors
LEDGEF: lens epithelium-derived growth factor
PDB : Protein Data Bank

HRMS : High Resolution Mass Spectrometry
ESI : electrospray ionization

BIC : bictegravir

DTG : dolutegravir

RAL : raltegravir

TAF : tenofovir alafenamide

FTC : emtricitabine

ABC : abacavir

3TC : lamivudine

RPV : rilpivirine

cobi : cobicistat



rtv : ritonavir

PIs : protease inhibitors

INSTTs : integrase strand transfer inhibitors
NRTIs : nucleoside reverse transcriptase inhibitors
NNRTTIs : non-nucleoside reverse transcriptase inhibitors
CD4 : cluster of differentiation 4

LIP : lymphocytic interstitial pneumonia
PLH : pulmonary lymphoid hyperplasia
DNA : deoxyribonucleic acid

RNA : ribonucleic acid

CCR5 : C-C chemokine receptor type 5
CXCR4 : C-X-C chemokine receptor type 4
HAART : higlhy active antiretroviral therapy
AIDS : acquired immunodeficiency syndrome
STR : single tablet regimen

PIC : pre-integration complex

SAR : structure-activity relationship

PDB : protein data bank

IBD : integrase binding domain

DIBAL : diisobutyl aluminium hydride
DMF : N,N-dimethyl formamide

NBS : N-bromo succinimide

TFAA : trifluoroacetic anhydride

DMSO : dimethyl sulfoxide

MsCl : methanesulfonyl chloride

Tt,0 : trifluoromethanesulfonic anhydride
Ms,O : methanesulfonic anhydride

DMA : N,N-dimethylacetamide

THF : tetrahydrofuran

EtOAc : ethyl acetate

AcCl : acetyl chloride

EDTA : ethylenediaminetetraacetic acid

ESI : electrospray ionization
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2. HIV-1integrase JXU* lens epithelium-derived growth factor (LEDGF)

3. HIV-1 integrase-LEDGF/p75 allosteric inhibitors (INLAIs)
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HIV (human immunodeficiency virus) (XL b 77 4 L RIS N, FiC CD4
TV Bk ~w27u77 -V ROMINICEES 2 V. BEWIHICITY 4 v R FEIC
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P EA 2ERERE (AIDS : Acquired Immunodeficiency Syndrome) T#® 4. AIDS &
ZWr XN 2551358 1 1OR L7z AIDS 8RR O b5,

| | CDARZETI ) ERES
|
HIV RNAE
e
b= F
S Egr et I IRRA AIDAFETER

1. HIV EHYE O R D



# 1. AIDSHEREpERY

BRI h vV RE (BE, [UE, [REZ M), 27V 7 bayhzbE ik
W), ar VA ATFREE, R FTFTARNE, = a—EvRF R
%

J5 R bV 7T R lE (BRI HUR) , 20 7 REY Uy AE (1
s HUA B THiZE-72b D) , 4V ZAKRTIE (17 HLAERE T
ZEo72b D)

{UIRMEMT R SYE, v 4 ZWIME (HREEZHEVEFdo<T, F72
HIC X2 0xkR<) WmEIERTHE (iSO ioMER) |, FERTZ IR

=3
=
B
[:-,m
e
=l

VANRIERIE | FA P AT ey AV REGYE (Bl AURT, B, M, Y v o Hibe
b)), B~V 2T A OV RERGYE, TS S B RO

JE 5% ARVPNE, R vo5E, ERYF ) vl (a0 KA -
GuEEIFERM b, Burkict %) | EHEE TR S
Z Dfth FAEPERGT S, U v oS ERE N2 Wi ) v oS fgak « LIP/PLH

complex (13j%Ai) , HIVEGEE GRS SOIIH2MEMZ) , HIVIEFENS
KEMERE (BHRFHXITR Y LJFH)
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HIVIZRNAYZ A L 2 TH Y, HEMIEDOL 27 % — (CD4, CCR5, CXCR4) #FH L <
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M2, HIVDZ 4 7% 4 2%

HIVDia#IZHAART (Highly active antiretroviral therapy) & FEIE AL % % FIGFH B 23 H
wWoh Y, —fRIC 3TEHOEA A G DS TRIEEXFEML, VAV ADOMEZINZ 5
TeDICEEREZ BT 2 0803 H 5. BEOAHIZL THREL, TFeT7 7 v REF TN
% HREEMESE 230/ C FICEEFIM IR S B L, IR L CLE S T & 3bh 5. % & THIFE
Tlt, —H—EloARARHDIEH, 3F%1§Eic £ & ®72STR (single tablet regimen) 1]
Ffoe 3 2 SIS O FIEE 23 25 233 S Lo T 5.

BEM o T 2 HIVIREEE OFRIZ I AT 0401c 0T 59,

(D NRTIs (nucleoside reverse transcriptase inhibitors)

(2) NNRTIs (non-nucleoside reverse transcriptase inhibitors)

(3 PIs (protease inhibitors)

@ INSTIs (integrase strand transfer inhibitors)

NRTIs 3R W B ERIAERTH Y, 7 4 L ARNAD & v £ L ADNAICHEHRE 3 % #
FOWEEFRLICHEA LIHE T 5. NNRTIsIZIFAIE RS ERHER<H b, SinE RS



OIEWEFOLTIERVWES, 2F 0T X T Y v ZEMICHEA LIHES 5. Plsiz 7ue 77—
YHERCTH Y, EEH2 Vv IEEERREX v X7 HICUIW 3 2 protease  fHE 3 5. INSTIs
BAVT77—®¥XF 7V 7277 —HEAITHY, 74 L ZADNA%fEEDNAICH
HATBREEAET 2. £7- 2 ohchHIVORIEMHEESEm WK% ¥ —F 7 v 7| &
MEOK, BEIIGIRE X ¥ — F 7 v 2 iE v, 2nzH#ibhT 284 %2 [Ny 7K —v] &
PFHINTHBY,

HEHARCHBEIN TV RHRBEL VAV ER2ICRLE, F—FI vy r7e L Ti3FEC
INSTIsZsFHH W oL TH h, £ D72 TdBIC (bictegravir), DTG (dolutegravir), RAL
(raltegravir) R I N T BY, 22Dy 7 KR—v e L CEI2EEONRTIsZSEL D A
LT3, FhftoF—F v 7 & LTiEPIs, NNRTIsAHSR I nTw 3,

2. HRINIZPHIVEOHAAGDEY

¥—F7v7 ORI NI MAADE
BIC/TAF/FTC
DTG/ABC/3TC
DTG+TAF/FTC
RAL+TAF/FTC
DRV/cobi/TAF/FTC
DRV+rtv+TAF/FTC
NNRIs RPV/TAF/FTC

INSTIs

PIs




2. HIV-1integrase XU lens epithelium-derived growth factor (LEDGF)

HIV-1 @ IN (##25 & 7172 DNA %1 £ DNA ICHHZGA LR TH 5. ZOFio TiL
L T HIV ® DNA # & WNIc#iik 3 % BRI, IN (2 HIV-DNA, LEDGF (lens epithelium-derived
growth factor) & PIC (pre-integration complex) Z K3 % ©. % L THIRE 2> S N ~1T
3525, ZOFXIC LEDGF 132 OBNBATZRET 2 L E 2 0T 5 (M 3). £7BNK
f7#, LEDGF 37 u~F v efiaL IN I/ a~vF v aonEed, A v7 /L —v =
VIRIGEEET 5.
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IN & LEDGF @ F A 4 V&% X4 1Rx L7727 IN X288 7 X VgD S5 7 4 v A
Ko#zTHY, NTD (N-terminal domain), CCD (catalytic core domain), CTD (C-
terminal domain) 2> ST ENE. 4 vF L — 3 VRIGICEIS 3 2 EHEF.0O 1 CCD ic
FELTWS

—75, LEDGF 13530 7 2V BkA bR 5 EHRDO 2 v X7 CH Y, 1HETORENIR
{h > Tz, LEDGF @ IBD (integrase binding domain) 28 IN IC#& T 5 2 & ic k-
T, PICOBNBITL A VT 7L —v a v RIGEREET 3.
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3. HIV-1 integrase-LEDGF/p75 allosteric inhibitors (INLAIs)

Sl L7= X 9, IN oiEtEF.OIckEd L HIV-1 DNA %2153 DNA I A0A T )G % FH
E932 INSTIs 8EARF—FI7 v 7 LCHwLRLTWS, Zo—J, IN OiFEF.LTIE
BT7TuRAT Yy 734 PickiAEL, BMRMEEZI %K INLALs (integrase-
LEDGF/p75 allosteric inhibitors) DFFE 3 E A ICIfTHIN T 5 9,

2010 FFIC AN —=F ¥ LR 7 Y —= v 7IC X 5 TfE b7z INLAI TH % compound 6 & IN-
CCD pitff i st a7 2(M6). Z offitz R<nd 3% X 512, LEDGF/p75-IBD
DA LT 2HEIEIC compound 6 239 £ K B o T\ 5 Z &3904 5. %7z compound 6
DIEED T nCH Y, IN & LEDGF/p75 DfE&IHE (ICs) X UHI7 A4 L 23k

(ECs0) BV THuMofEz/RL T3, LAEDFEF 26, IN-CCD & LEDGF/p75 @
WERHETZZLICX>T, MIVANAKRICERZ Z EBHL Lo 72,

LEDGF/p75-1BD

_ IN-CCD

compound 6

~ IN-CCD
IN-LEDGF/p75 MT4-MTT MT4-MTT
interaction (ICgp) (ECsp) (CCsp)
Compound 6 1.37uM 2.35uM 59.8uM

6. Compound 6 & IN-CCD o 4k S e OE 4

Lo Laedis, fEHA N =X 40T integrase D7 B A7 Y v 73 4 b INLAIs 23565 & L
HRHEZIIERIFTILTHLLEZOLNT WD, REDHEL L ZNHE AL v OfF
MATRZACZ EDBHL PR > TE T,

2014 4£ o Slaughter H OEIC X % &, INLAIs T integrase D B % 2t x5l ZfLC
L, INLAIs fFE FEEA I N2V AV RBFERICEKAL 2V A VRS b3, BEnEe
REALREE AT 5 L ARBINTHE O™ 7). ZLTZD Y 4 VR IHEDTK R



oA 2R, HilefililicERT 22 eATEREZEZLLN TV,

Mature Eccentric Immature

[ 7. INLAIs (BI-D)IC X 3 7 4 v 2 F DI R 10

¥ DX =7y MIkA TR » S FEH I N TEB Y, BALRHERF 2 I T
%. INLAIs OFfFF % HFE L T % e ifF e % LT icR 3 10,

Boehringer Ingelheim

Laboratorie BIODIM

Gilead

KU LEUVEN

KRICT

Pfizer

Bristol Myers Squibb

ViiV Heathcare

SHIONOGI
INLATs O#F7EICHL Y #A T 2 FREHEBIORL, B AL RTahrs Xk iiccox—"v b
THEETHLEEZLND.

— & HICEEREABR ICHEA 72L& & L T Boehringer Ingelheim o BI 224436 735 % (X
8). LA L, IS HIC XN\ F ¥ Phase I slB T IRIC R o T 2 12, BIZERRARER
Birp o b &3 ST PHARM @ STP0404 © 4 T&H b, BIfE Phase I 5lf % i ©H 3 12,
STP0404 OfEEIFFHFFR TR I Twiaw, SETcoé b, 2o INLAIs TEHi X
NIALEVIFER T, 20 bz T3,
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4. FWFEOEHH

b L7z& 51, HIV BEFOMAENEDOT FeT7 7 Vv ARRBICXVAEHITT A LR
DINHERBE 3. —FEMREERAA>TLE I &5 F CHEMAL TR0 sh R 2359855
L, HOEHEEZRHERLIN, BEICHWS 2 8 TE ZHEFDIEIEL 2o T,
TEBEPRVIREEZ BT 272D IO I A = X L DHpEARKD LN TEH Y, ZOF
RFFEDBEALTONT WS, ZZTRIEIHHRA I =X2Th 2 INLAIs iICEHL, fFIC
iz T L7z,

Z @ INLAIs (ZFEH 1%  OWFERBEI 2 L CTH W BiaB3ML v, 2 2 Tfhofb
EE DENLEH - 2 H OB ORI B X O, FH 7 7 —~a 7+ 7 DS A
DHWE LIFFERBIRT 52 2 Lic L7=. & IR RBRICHEA 2(LEY < H 5 Bl 224436 &
L <, Xomhhiiv A AE 2R~ fbame R L b HE Lz,
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INLAIs ZBEIC%  OWf eI cfE S hTh Y, FrRFdb G s hTnw3 9. 22T
Fedi L7= X512, £33 SAR Z HHICEMAIREIC T 2 2D ICHB OB ZAIH T2 2 &I
L7z,

Boehringer Ingelheim #f:1% INLAIs T&% % BI 224436 % BEIC Phase 1 il & T T\ %
B tgicZ ofbEPIE Gilead th~EH Xz, LA L, Zo{LEYIT Phase 1 THADE
m7mLic, SERAHIEL T3, BI224436 OfE* RCap» b L Hic, fiofhEs LTy
YU VER (FR) L -7 PR UBEI=y F OR) 2AELTwE (K9). -7+ F B
=y MIME I LTV BLAYIRITECicibiid afEcHHD 7 7 —~a 7+ T
LEZOLND. FMMOWEKE? S 14 IR THESEAET 2L D HREI LTS 2,

TZTRME, POEE LT Y VERBS VLN TV Z EILh DV, Zov)Y
VVBREMOBRICA T 2 2 LIc KXo T, itk OFEF L Ol 2 gL, HEIC SAR 3R]
RECTHDT L, TV VEKEIERIEAVBTE 2D TE RV WVWIEEEZ T,

Bl 224436
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10 ICHHHEWDa vy 7 s &R L7, INLAIs iIcH@ T 2 0ECTH 5 -7 b F U 1EE
2=y PABRLZCY Vv 5 2RICHBIERE T YA v Lz, bl X Sic -7
VHEEL =y MiBsZ O K TEERBLICHHOHEE TH L EZOLNLDTZDETEL,
MEOv) Py aET 3227 2O, v Y YRTII T ARICERES /T
BN EIERL, ZOHMICEBREIMIET LN TEINVEVEREER LK. $/-
SRR TEBEMCHEL, T2V vicT b2 T, BIREBHAASICRY SAR Z{Tn1
{5 b EZFHIRVEVEIK 6 B ELLT-.

OB D EHE A AT 5 K51, BD 1 s bEHEZMHIEL T2 b D
3 & A ETFEET, AOEWHiZR 77—~ 7 3 T2 COEBTESTE LT v v
ARB DB EEZT-.

INLAIsIC3:E T 3481 S 5
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2. fLEHDERK

BN 1 OB A FERT 272008 — P 2BRT3 2Lt L7z (RF—L41).
ROy 70Xy y TICHLT 34-VAFAXRYE VY 2Ry 70 v 7 CEHEAL 8
. BT AF AT AT % DIBAL GEJICL TT 3 — Uk 9 ~ L Btk MnO, T
BiLL<7ATe RF10 & L7z, TATe F10iC/ L < TMSCN 26 &4, ¥ 7/t F
Uy 1l ~ S, ML T AR ) — AR OE T2 L ic k), AF LT AT IR 12
~EE W, o7 12 oKEEE % ¢ -Bufb L 728, = b oz Ko7 v A% H
WCOKFRRML, 7=V v 14 ~eZ1L 72, fitvx< NBS #HHw<C7mE{tlL, bY AT
AR XLV EDEARA Y 7V VI X o TAFAE 16 ~e AL 72, BHohiz 16 DX
FNT AT NENKGIEL CTHLKRVEE LT 2157z,

KiCHhEA 16 D7 =Y VI TFAA ZKSXE Y 7ArAua 7w b7 2 F 18 2157, #it
WTTAFAANTA FRRILEHT19ab ~L B, XF VT AT ARNKGME, D7
AT e FNELORRTE % FIRFICTV, 2024 20a,b ~ L E w7z

BRI 16 1 U TSR % G & & 21a-i I L, A F AT AT A &K
ik L CENZF N 22a-1 ~ & BT,
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21f, 22f:

21i, 22i:

Me.
OMe OMe OH
a b
i O O 7

21a, 22a:
21b, 22b:
21c, 22c:
21d, 22d:
21e, 22e:

21g. 22g:
21h, 22h:

19a, 20a: R*=Me, 71% (2 steps)
19b, 20b: R?=Bn, 37% (2 steps)

R?= COMe, 52% (2 steps)
R?= COEt, 58% (2 steps)
R2= COPh, 25% (2 steps)
R?=CONHMe, 70% (2 steps)
R?=CONHEt, 65% (2 steps)
R?=CONHPh, 61% (2 steps)
R?= SO,Me, 43% (2 steps)
R?= S0,c-Pr, 88% (2 steps)
R?= SO,Ph, 39% (2 steps)

A % — L 1. Reagents and conditions: (a) 3,4-dimethylphenylboronic acid, Pd(PPhs)s, K2COsagq, 1,4-
dioxane, 100°C, 71%; (b) DIBAL, CH:Cly, -78°C, 90%; (c) MnO,, CH,Cly, reflux, 84%; (d) TMSCN,
Znlp, CHxCly, r.t.; (e) H2SO4, MeOH, 90°C, 89% (2 steps); (f) HC1O4, t-BuOAc, r.t., 60%; (g) PA(OH),
H», MeOH, r.t., 89%; (h) NBS, DMF, r.t., 95%; (i) trimethylboroxine, PdCl,(dppf), K.COsaq, 1,4-
dioxane, H,O, 120°C, 58%; (j) NaOHaq, THF, MeOH, 60°C, 69%; (k) TFAA, pyridine, CH>Cl,, 0°C,
98%; (1) Ral or RaBr, K,COs, DMF, r.t.; (m) NaOHaq, DMSO, 100°C; (n) RCOCI, pyridine, r.t.; (0)

RNCO, toluene, 70°C; (p) triphosgene, RNH,, Et;N, (CH2Cl),, r.t.;

NaOHaq, THF, MeOH, 60°C
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i 1o E#kE%E Ms FICETE LT, RZOEMEZFERTZ 20—+ OBEFICH Y #
AT (RF—202) . TFHRO7 27— 23 icxfLC= bufbzitwy, =ta7x/—
N 24 A5G LT T AT e FIC TMSCN &4, TMS > 7 /b VU v 25 215714

BEVESME R o T 7 A AF AT RAT L 26 ICEHL 72, RIT 26 D/KEEHRZBEEE ¢ -Bu &

WHEMEZ T ¢ -Bu = — 7 UK 27 Ic8 8, 7 = 7 — A Mokigd % THL,O ZFwT b
)77—M[:Lf:. BHoN-rY) 77 —=MER28 1L T, 34-VAF LT z=nFu Vg
ERHOWTEARAD Y 70 v 7 %17\ 29 Z157-. 29@~]~Dﬁ7&Pd(OH)Z%ﬁHb\“C7}<§'§Eﬁ
SALEICL, 7=V v 30 IcEfaL 72, NBS ZfHWwT 4z 7uxeftL7. 31l T
Ms,O %}iﬁﬁéﬁf,ﬂj@%{@%ﬁ5t&b@i§ ‘?F"%'ZIS’C})%}&?/XA/T/?’\ F {4 32
#7232 I LTS T 2R e vEE, AuVvBBIATARKARA Yy T v SEE B L

J:Dﬁ/7J/7f2|S33ah IS, A FNZ AT ARENKRS RS 2 2 21X D, XfG
35 AR VIE 34a-h AL 7=

o) ? OTMS OH
|
OMe
L e SR ¢
HO HO HO HO °
NO, NO, NO,
23 24 25 26

(\

Q0

cl

F _N
33a, 34a: R?= © 33c, 34c: R? = 33e, 34e: R%=
84% (2 steps) ! 42% (2 steps) 61% (2 steps)

HN
33b, 34b: R?= 33d, 34d: R2= 33f, 34f: R2=

72% (2 steps) 58% (2 steps) 87% (2 steps)

(6] [¢]
33g, 34g: R%2=
72% (2 steps)

o
33h, 34h: R?2=
12% (2 steps)

e



A % — L 2. Reagents and conditions: (a) H2SO4, KNOs3, 0°C, 97%; (b) TMSCN, Znl,, CHxCl, 0°C;
(c) HCI1 in MeOH, H»O0, reflux, 91% (2 steps); (d) HCIOs, -BuOAc, r.t., 86%; (e) TH,0, pyridine,
CH,Cly, r.t., 96%; (f) 3,4-dimethylphenylboronic acid, PdCl,(dppf)* CH>Cl,, K»COsaq, 1,4-dioxane,
80 °C, 63%; (g) Pd(OH)2, H2, MeOH, AcOH, 93%; (h) NBS, DMF, 0°C, 90%; (i) Ms0, pyridine,
60°C, 64%; (j) RB(OH), or R?B(pin), PdCly(dppf) * CH2Cl,, K>COsaq, 1,4-dioxane, 100 °C; (k)
NaOHaq, THF, MeOH, 60°C
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3. HEEHERE R X UK

1 fr o EffaEE R O REE IS MEMBI O FE S % 5 3 1R L 72, NL432 icxf§ 2 361 & ek
AHiiL 7. IR S F Y FEMIT Ty, 1 o ERE R & imE (T o
7o, ZOBE, 401 6 MLIINRAMEBERESIFENS L W FEHRIE 272D T, 34-Y AFL
RV VICEFELE Y.

WEfDOT I v 17 L XFAT I v 20a 13 NL432 icxf L CPHEEM 2R L7 (ECs
(NL432) =27 nM, 31 nM). L 2 L&A 5, ¥ IAT v 20b 3EEHEOT 2V 17, X F
AT v 20a kIR L TIHWIEEER L7z (ECso (NL432) = 480 nM). Z D#ER 2 & & fakk
R! DRAMESBINT 2 EIEWEA TFAZ D TR AVAEWIRFEZLT, TIF, YL 7,
ANFK YT I N ORMRIEEREZEAT L LiC L.

T b7 IF 22a 3EEHREOT IV 17 LT, PR EES R EL 2 (ECs
(NL432) = 19 nM). Z Z CHeifii & i<, KEMAET 772 —% BT 5 EHEE
EHEICEE T AL L WHIRG DL T, T, ety 7T IF 220 37k b7 3
F 22a LRIBEOEEZRL, ~Y X7 I F 22c 37 3 v Ol & FEEICTEEDSE T L 72
(ECso (NL432) =51 nM). @&l R A7 L7 (22d-H) DA TIE, &M L IEEME oM IZ
WTHY, 722N LT 2B AF Ay LT 22d XY HiRWIEHEEZRL 72,

T ALF YT I PREDEBAICE T, AXVALKFYT IF 22g 3/ ray
NANKY T IR 22h, 7= AAAFRYT IR 221 X0 3HERERCIEEZRL, &
HER OZHciRd RiGE%Z 7R L7z (ECs (NL432) = 11 nM).

¥ 7B R 020 B CHllEEE & iSO TRREE T TH o 7.

/

7

#* 3. R OREL AR ¢

MT-4/MTT MT-4/MTT
Cmpd. R?
NL432 : ECs (NM) CCs (nM)
*
17 I 27+4.1 12000 +130
NH,
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20a

20b

22a

22b

22c

22d

22e

22f

229

22h

22i

|
HN .
S/

AN

HEI\SA

N

(OJN0)]

HN_.__Ph
S

//\\

Bl 224436

31+81

480 + 130

19 £3.9

19+10

51+10

77+11

37+8.8

29+59

29+6.6

33+10

56 +8.1

8800 + 280

4000 + 190

19000 + 1300

15000 + 1400

9100 + 300

20000 + 1400

15000 + 1500

8000 + 130

15000 + 650

11000 + 1100

11000 + 1200

>50000

2 Data represent the mean + s.d. from three independent experiments.
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E@%WkLTXﬂyx»$y7iFﬁ%%ﬁm%ﬁ%ﬁf:a%ﬁﬁbt@f,ﬁm
TEE RO AITI LI L7 (F4)., 2o, BEER EIXZVZALEFYTIF
FICHEE L7z, RYILEY 22g FOEIIE R? L LT34-YAF ANV EYPEAINT
WBEDT, XRALE AN TALDEREEDRHRICOWTREEL T Z & iT L.

FPEEREN VY 34a (334-F A F ARV LY 22g LR L TS 3 FEEK T L
7z (ECs (NL432) =34nM). ZDFERPH X 2L, NI EH LG L& s 25
ICEEZ WS 2 e DD otz FvT p-Cl v+ 34b 5 ECso (NL432) = 11 nM % 7R
L, p-Cl, m-F~Xv¥v 34c 7 ECso (NL432) =26 nM /R L 722 & 25, FRIT ST
BEHIETEEICEE S L v ) HE o 7.

RIT, NTL, A ZALICEBEDSTFRINE 2 h b, NTLe A X akiA CHERL -
B OBME 2fTo72. YeFuxv Yyt F4Yy 34d BiHESKE KT L 7228(ECs
(NL432) = 330 nM), 7=V vz AFMELLZZAF ALY e FaR Y Y FFH Y e
2% R L 72 (ECso (NL432) = 31 nM). C OFERED 5, @ik R O Ik E#EE K7
— DB ENTROCAREEDR B 2 L ER L7, Ty Frxv Yy 75 v 34f /u~v 3g
T3 34g DI ARG RIEMZ /R L 72, 34f & 34g DEWIL, MEBRL TWABIRT —F A5
B> 6 BEPEIPTHY, 6 BIRDOGH, IBAEORT v b %9 M3 L8 TE
TWBEDICEES L VBN D TR vh & EEL 7=,

i 34g R IC B O EEL % A 7. 34g 13 'TH-NMR, TLC OZ#)5 5725 7 b
O7T7AYV—RBEVITHLZEPEEINS. SHLIRZDOODEMKIIIu~ ST
7 4 —C—RMicotcE Ty, FEofEELicT re 774 vy ~—EBEWITR->TL
¥95. £7-, M 1212 34d & HIV-1 IN-CCD o #tih it 2R L7228, Coprs 7 n=
VIZEHE DR VX VI L TIRITER LTV T e300 5. % 2 THJTORBMKRICHEE
b3 22 CifEREEZERY 3L, HEXMET20TRAVIEFEXMIET 2L
I L 7=,

34g DA N ML Me FEZEA L 72 34h CIREAFREY, T e TT AV ~—RAEWTIZ
R H—DLEYITH o 7=, 7ML 34g L LLER L € 5 R R L L ECs (NL432) = 3.9
nM ZiR L7z, ZoiEEm EoMp e LCidihdo@y, ©7 Y —i8as o bz HE
L, WEHEREEID LT LA LPERTHE EEZLTWE, /220 34h OfifEe L
T2 EPEZONDH, K1 1LIRLZEMORETH 2 EHEL TS, ZoME L
LT, AHIOBRIETIZZ u~y DAFL VISR R 7 L2 LTE D, fAICAH 7 5H
BEFONDE (KFPoA Ly VEORRIEZ v N7 L OEERL T D),

LAED#ER>» S, ZoEf RROZHcifErRm EF 2L 2Rnd 2 3T, HICH
Ras kK <, WEE e o REEIE 2 TH 2 ERHL 2 L o7z, wmETEEEZ R L 72 34h
1%, HEBSRILAY L LTz BI224436 X 0 b 14 (SRR IEMEZ R L 7=,

FEEMMHB Ic W e 3 &, B R & RROZHpEEOm LICHEETH L Z L
FHOPICT 2R TE 2, FRICEGRE RROZBEIH LVWHRTH Y, SHOHH
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INLAIs EZR D FCHERIERICR > TL 2F=H LA FHEINS,

K 4 . R OFEEETERHES »

MT-4/MTT MT-4/MTT
Cmpd. R?
NL432 : ECs(nM) CCs (NM)
34a © 34+40 >50000
*
cl
34b © 11+£29 26000 + 610
%
cl

F
34c \© 26 3.7 22000 * 3000
HN
34d 330+ 12 42000 + 12000
*
_N
34e 31+11 31000 +5700
*
0]
34f ﬂ@ 35+10 38000 + 10000
*

20



349 22+37 28000 * 2700
*
(0]
34h® 39+1.2 24000 + 1000
Bl 224436 56+8.1 >50000

2 Data represent the mean + s.d. from three independent experiments.

P estimated structure of the atropisomer

11.3dh o 2O T F v 77 4 V< —TillfEAERER
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[ 12 ic 34d & HIV-1IN-CCD o #:fifif#iE %/~ L 7= (PDBID 6LMQ). fhic#i T
T3 INLAIs & [FREICH L F VBB X E170 & H171 © 7 2 BEFHK O T174 DT 3
RS E MHAERA L Cw2 230 ho72 12, TREBEHREAR OV Faxy ydF9y
Vi Q68 DT I VT ML TV B 2 LB o7z, Hic, EfFER O
ANF YT I FIE Q5 Ol L HAMFHL T, ZoMAFRIEEZL Y YTk
EEEST LI TET, 1ir bEHEAZMHIEL 2 v v aK7E2 5 2 20 1554
HER<TH 5.

¥72, £3IRL7E RIOEEFEHBICEWT, ALKk Yy T IF, 7IF, 7L7 0k
BKFBHAT 72 72 —PiEERAECHES L TOAFERBEL N, s L
Q95 & DHAMEREKIC X 2R HEz LN,

[ 12. 34d & HIV-1IN-CCD o #ti%&##E (PDB ID 6LMQ, 7fiffE : 2.1A)
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RICHEETEZ R L 7L EY) 34h ORBMLEMEL 7 v b OEYBIREFLHI T A — X —%
@mttcﬁw.%%ﬁﬁiﬁ%iﬁmg%%w)aﬁﬂ&%(m)ﬁﬁw,%n%na5
mg/ kg, 1 mg/kg THEfE L 7=,

L&Y 34h IIFREEORBREN (MS) 27 v b, b bDIZvy—LEHWERET
RL7Z(HLM MS =59 %, RLMMS =61 %). ¥72RBWw&5 279V 772 (CLt) kU4
HIFIA®E (BA) /R L7z (CLt = 6.99 mL/min/kg, BA = 36 %).

IS ORERIC X o TtEY 34h P REEORBILEEKRT, 7 v Mt TRWIEY)
BT m 7 7 ANV EHL T REMHERTE 7,

K 5. LEY) 34h OEHLIEN: & FEYBIRELR ST A — & —

34h
Cmpd. HLM®MS RLM"MS CLt® AUCiV® T° F®
(%) (%) (mL/min/kg)  (ng-hr/mL) (h) (%)
34h 59 61 6.99 1190 3.1 36

2 The compound was administered at 0.5 mg/kg (iv), 1.0 mg/kg (po) using a cassette dosing method.
> HLM: human liver microsome, RLM: rat liver microsome, CLt: total clearance, AUC: area under

the curve Ty,: elimination half-life, F: bioavailability

IMEST 2 L, 1ih D EBERHR L EFHIN VB8 EZH 32 INLAIs #7914 v L
AT D LICEIIL7z, ZOMBEROERE RUCOKER-AT 72 72 —%8AT 5
ECWEERH EL, 20ERE LT Q5 HAMFHL T3 & AR X ST
o7z, wifl SAR OFER, L&Y 34h 13 ECso (NL432) =3.9nM %R L, Like LT
V272 B1 224436 OiE1E (ECso (NL432) =56 nM) % E[El - 72, % 7= 2 ofb&%) 34h 12, i
EoORBEEERY, Ty MicBWTRWEYBIREY: T 7 7 A L E2H LT3 HE%2EDR
T& 7.
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B2E vYIVEREETHH INLAL ORIH

L. RIZEHAE DTt

F1IETERVEYVERD 12 b EHIE MR L 72848 INLALs O FERICD W T~ 72,
EREERICE VT, B0 LZH o 5 ciftk, B, w2tk Ytk <ok c
F2LAELDH D, TOFBIKFL ZETH - 2854, BIREOERO R TR+ % C
CIXWNEECH B, F T CHERGEIIE QYNNI BT 3 FHERERIIEEICE > T 5. &
DL O BIRERIUL 2 KD, B ICHHERET A v T2 IC L7z,

FH1ETHBR~Z X5, INLAIs oHLERICIEHOMEE LT Y Yy afleohn?
TEDBLHN D FhRyEYEHBLTY ) Y VIRIBEEA TR Y, i et
BHET2HDOA) Yy b ABH D, F6EBORVE VLT Y Y vid 5 ERRICK
2720, BEBPESGTHE, 22T, LZLHVLNTWAE Y Y vERKRERABRBLZ1
froEfIE 2 fHAGbE 25K 36 25 L7 (K1 3). 22T )Y YoERFFIT 1
2O EREA BRI EE720ICEICTS L. COFMEEHK 36 ofiBIcERF T2H7T 5
E) Y VEBIIRZICIE I N TR, I 5ICZDEK36 D 1AL LA R L 7 &
EoExlAaGbesZ bit, RBICERBETCELRVWHADTF A v TH Y, ZOHHED
ERICE T, FiMAMEOND 2 L HfFTE 2.

_ | OH J<
\N O Ar O
5 - OH
200 EDHEAELE =
INLAIs(C 3@ T 318& N | 0
L w
Ar O 36
OH _
FMEUS O BIR
o)
)
R1
35
1{ulCEREE2ETS
FHRAOEYBIg

1 3. FHEtk 36 Da 7 b
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2. {LEHDERK

1EZBEDHERTRL7ZZL I INLAIs ICHBED 7 7 —~a2 7+ 7 TH 5 +BuO Bffit2= v
MIBEACLTHEZEST 2, Mo SRS Zoz=y FOBEAICIIL TEZEL T
BY, 1TETEALTWSHlEZRV 191919 Scheme 3 I1C/R L 72 X 9 ICHFEARO &
RICHBWTIE, 3~5 TREME L 2o TWT, Z1%AY7% SAR B OEEEIC > Tnwd, 22
TLEEHIREZHWE LT, Ay 7Y v IIRIEERHWAZICL o T, 2=y 23T
FECEATE RO RETL 7.

WO02012033735A1
Cl Cl Cl  OH al cl

“ OMe i OM
- N e .
WOMS Davis oxidation @_m oxidation W CBS reduction
—_ 0o > / -
= N/ o] N N/ (o]

Cl OH cl ci oJ<

Cl = 0
/N\ N ~OMe 1By etherification /N N OMe
= Ao L 1 3
N N

WO02012003497A1
cl cl cl
> O, oh
OO N AD-mix OO ~OH PivCI OO OPIV ¢ By etherification

Cl

0 k&

deprotection OH oxidation
WO02010130034A1
Cl Ccl O Cl (?H Cl 9
S Turbo Grignard N OMe CBS reduction ‘ N OMe t-Bu etherification ‘ X OMe
— _ ,
_ 0 = o]
I N % N © N I ON
M
c?%(o e

e}

A ¥ — 1 3. t-BuO FERE D E AL
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Hartwig 5237 V)V —ANTA FEL IAT ) = AT —TADAy T v 72 HEL T
DD £BuO T—FAESEHET RSV — AT —FT A3 BEKTENIE, T2 K
DAy TN ITIR3IIBRELNDE EEZT (RF—L44).

OTMS Pd(dba),(0.05eq), P(t-Bu)s(0.1eq) 1
1 a)o(V.0oeq), -Bu)s(U.1eq R'O
R'O Z S0OR3 + ArBr P OR3
¥ ZnF,(0.5eq), DMF, 80°C R2 Ar
54~87%
J. Am. Chem. Soc. 2004, 126, 5182-5191
AR S 0E A
OTMS oj<
o)
oTf \/\OMe OMe
= | 38 = |
BnN > BnN o)
o) o)
37 39

AF¥ —2L 4. Hartwig k&G0 7 v 7 v 7RIS E % DiEHH

AF—L5ICEDERN— P 2R L7, mfCHiiRD 7 v € FFEE 40 10t L€ ¢-BuOH %
EL X 41 21572, eI vtk A FAEHCCTALNRVEEZ A FLrz 2T 0{LLl, =X
THUARA2 ~ e BWa L 72, IZICKHMDS & b YU X F L) vrue 4 FEHWT, YU
T)—NIT—=FN38 %G hy TV v = F =38R ELN-DT, TY—AL )7
S—F3TOFEETI I LIC Lz filRoeE Y43 1T L TRYIAT I VR RGX 4,
U FY 44 2572 i COKBEEZ Y 77— MUELTT V=AY 77— MR 3T B4
L 7-.

Ky 7Y VT DUEEHEE S 72 DT Hartwig 5 2ME L TV 3 IGZBEHT 2 2 Lic L7z,
SINET ) —LIT—=FTN38 LTIV =AY 77— 3T ICHLTCYRVYIYT VTRV
NIV L7 v iV S ZLick Y ISITERER CETL, BRY) 39 % 51% Tf%
BTN LT, ZORIGIET % RO -BuO BffiE1=v + % 1 TR CEAT 3 HHD
ffl-cd v, INLAIs ORZOBERICEWTHRRRIGICR VS5, $HAF—L6I1TRLE
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o0, KRGS T AT UAERN Ay 7Y v 7dMEINTEHY, CORICZEHT
52 8ICX o THAENIARS3 2228 TEEELZLNDE (AFX—L46).

T h Yy 7Y v R399 DEMiZ 1T o 72,39 I L TNBS Z W T 44 % 7 v E{big,
BWARAYy TV v I Ko T AT 34-VAFAT = NVEEBAL, Rice) Fryos
FIRTF LEoX v OB BRIEES, Pd/C ZH W TKRRMNTIREL 47 21572, ®I&EIC
THLO ZHWTHEFERTH L MY 77— MK 48 ~L B \wiz, ZoffEEs» s 1ioE
a2 a2 FEfE L 7z,

7 I F{&50ab DA ITHEIA 48 1o L TR FFHSIL, ~7vvneTIvEe
FHwaZickoTIET 27 I FME49ab 2 A L 72, &IZIC A F VT XTIV % IR
T5ZEICX o THNRVIES0ab ~ LML 7=,

0 a @ b o oTMs
—_— o 0 _— N

BF\AOH X \)kOH >( \AOMe >( OMe
40 41 42 38

39

_~_OH 4 _~ ‘ OH . _ ‘ OTf . _ ‘ OMe
o ‘ B — BnN —_— BnN —— >  BnN o)

o (0] (o} (¢}

43 44 37

Rb
49a : R?=H, R°=Bn 50a : R?=H, RP=Bn, 77% (2 steps)
49b : R?=Me, RP=Bn 50b : R?%=Me, RP=Bn, 73% (2 steps)
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Z % — 1 5. Reagents and conditions: (a) NaH, ¢-BuOH, THF, reflux, 74%; (b) Mel, K,COs,
DMF, r.t., 71%; (c) KHMDS, TMSCI, THF, -78°C, 67%; (d) BnNHz, H,O, reflux, 51%; (e) Tf.O,
Py, CH,Cly, r.t., 92%; (f) 38, Pd(dba),, P(£-Bu)s, ZnF,, DMF, 100°C, 51%; (g) NBS, CH;CN, r.t.,
82%; (h) 3,4-diMePhB(OH),, Pd(PPhs),, K,COsaq, DMF, 140°C; (i) H,, Pd/C, AcOH, 80°C,
44% in 2 steps; (j) Tf.O, Py, CH,Cl,, 0°C; (k) amine, Pd(PPhs)s, CO(1 atm), Et;N, LiCl, DMF,
80°C; (1) NaOHaqg, MeOH, reflux

0TMSo
>‘/O = NJ<
0] o) J<
S ", ©

oTf N OMe

“ 51 a - NaOMe a

BnN BNN 0 s BNN o
N\
ol 0
37 52 53

RAF¥—Lb6. VT AT VAERNA Y 7Y v 7 ROGOER

AF— LTI L ESE DGR — b 2R L7z, HEAR48ICk L TBuchwald-Hartwig 7 I 4
—YaviHn, BRFEELTRVYIALT IVEEALL. it CTMeOHEEH, KEFHAT
Pd/CEHWTR Y VAVEEZREL, TI /78 YV VE5%k. RICT I/ HEIC&EL Vv T 4 —
FERICE A, WNIGT BV L TREb6a-gE AL 72, RIZRICHIKDMRIC KL > TAF LT RT V%
ARV~ AR 5Ta-g % {577,

L &159a-c D A T A48 12 X} L CBuchwald-Hartwig7 3 4 —v a YIic X W& T I v %
BAL, AFAZATARNKDRET S EICEVER L. $72, (LEW6lalZT I/ v )Y
v55% Ak v T LM, e MK Ko THKL 7.
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56a : R=Ph

56b : R=Bn

56¢ : R=Phenethyl

56d : R=cyclopentyl

56e : R=cyclohexyl

56f : R=4-tetrahydropyranyl
569 : R=cycloheptyl

57a : R=Ph, 49% (2 steps)

57b : R=Bn, 84% (2 steps)

57¢ : R=Phenethyl, 85% (2 steps)

57d : R=cyclopentyl, 7% (2 steps)

57e : R=cyclohexyl, 11% (2 steps)

57f : R=4-tetrahydropyranyl, 65% (2 steps)
579 : R=cycloheptyl, 34%(2 steps)

58a : R=p-MeOPh 59a : R=p-MeOPh, 41% (2 steps)

N N

58b : R= @[ St 50b : R= @[N\%* 23% (2 steps)
N
\

\

N
59¢c : R= @[\y* 65% (2 steps)
S

R._..NH R...NH
N I\

55 oo [ele}
60a : R=1-naphtyl 61a : R=1-naphty, 42% (2 steps)

A% —L 7. Reagents and conditions: (a) BnNH,, Pd(dba),, xantphos, Cs,COs, 1,4-dioxane,
80°C, 98%:; (b) H,, Pd/C, MeOH, r.t., 86%; (c) RNCO, Et;N, 1,2-dichloroethane, 60°C; (d)
NaOHaq, MeOH, reflux; (e) RNH; Pd,(dba);, xantphos, Cs;COs, toluene, reflux; (f) NaOHag,
MeOH, reflux; (g) 1-naphthalenesulfonyl chloride, Py, 80°C; (h) NaOHaq, MeOH, reflux
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RICIPOBEWEEZS 7o ~F o VY LTICEEL, 40EHE R2Z2EWL -{LEW
DERICET L (¥ —248). ik 39 o~ v Iz EEfET Pd/C % v CTKETR
MckELZ VT ) Py 62 e LT THO ZHWENY 77— MEL, Ry AT 2
VEHY T v IIRIGTEA L TLAY) 64 2157, RicXyv IAK%E Pd/C % HvTKHE
DIMTRREL, TI/78)V P v 6b~eEfal 7. 71 /7)Y v 651K LT, NBS%H
W4 iR TueEL, Yru~FIAL YT A— b EDOMIGIC X o CTHETRIATH B
LT 67 %187, wLT 67 LofEAoRu VgD L3R VBT AT AL O8RS v
FY) VRIS Y, SET B H v T v K 68a-f B15 7. BARICA F AT RT AR IKEE
EF + V7 LEFCTHKGRT 2 2 i X 0 AAF VB 69a-f %1572

= O\ a = O\ b = O\ c = O\
BnN ‘ o) HN ! o N ‘ o N ‘ o]
o o) oTf HN o
39 62 63 64
OJ< Br OJ< Br oj<
o o o
d 4 e = ~ f 4 ~ g
Ny o] N o N o
H
NH, NH, NTNH
S
65 66 67
e oK v o<
y ‘ o _ ‘ OH
Na o) h Na o
H H CF, o
N._NH NTNH
Tof ° 68a, 69a: R?= 68b, 69b: R? = 68c, 69c: R?=
68a-f 69a-f 15% (2 steps) 32% (2 steps) 36% (2 steps)

(\O (0] (0]
2 HN 2 2
68d, 69d: R“= 68e, 69e: R“= 68f, 69f: R“=
20% (2 steps) 21% (2 steps) 3% (2 steps)

A% — L 8. Reagents and conditions: (a) Pd/C, H;, AcOH, 80°C, 88%; (b) Tf.O, pyridine,
CH.Cl,, 0°C, 96%; (c) BnNH,, Cs;COs, Pd(dba)., xantphos, 1,4-dioxane, 80°C, 87%; (d) Pd/C,
H,, MeOH, r.t., 99%; (e) NBS, CH;CN, 0°C, 95%; (f) cyclohexyl isocyanate, CH,Cls, r.t., 67%;
(g) PdCly(dtbpf), R®B(OH);, or R?B(pin), K,COsaq, DMF, 120°C; (h) NaOHaq, MeOH/THF,
90°C

30



3. FEEEMEE s X AR

6 ICEE R ORGEEHMHBE ORE R Z R L7z, WT, T1741 i<t 3 2517 4 v 236
& MR EE D - 2 1T - 7. & & C T1741 I3t E SR ChERl S N ZB—ECcH v, ECs
(WT) < 100 nM DALEWI D & T1741 1203 2 3Pk % 314 L 7-.

FFAMN OB 1 ZCRRAER VL VEKD SAR ERIEIC3,4-C A F LRV ¥ VI
E L, B R OBWE{To7. p-A X2 7=V v 59 3 WT ik L C iR o bk
ZmL7z (ECso=220nM). BHIT, 2- 7 I/ RV A IX) =59 & 2-TI )V F
7V =159 b WT ok L CREEOIEHEE R L7 (ECs =190 nM, 350 nM). LA L%
B, 1-F7 XLV ALKy T IF6laldznoDfbE LY HRWIEWEZ R L7 (ECso=
32nM). EBRREEEVCIZALFY T IFEZALTWE20Ea0WrTH L. TOMEIL
R DE#H L UCOKRMET 7 72 -G ERBICERE I v Ex. B 18T
RYELVEED IO ANFR YT I Q95 ofilfE L AHAMEH L T3 2 & Zik~x728,
HLZER6laTELTWEDIELERL -

KIZ, Q95 L oMHAEHEZH>TCT I VYL THEDONVRo VIR ET 2 B LE
ATBZEICLz, RYUATIF50ald N-AFA_VILT I F50b &HEELTWT
oxf LT 2 fi55mviEtE 2R L7z (ECso = 180 nM). {LA#) 50a & 50b DR HE - 135 F
WKEEAZTER CTX 20830 Th 5. TRy VA EoRE R IGAMRE R O J1h 5
WHEICHEL TR 2L E2R LTV RARENEDL D 5. & OIREE IR I FINKER G % TE
L, BEfEAEECEZ 7L TEEALZ, 7 IF 50a LKL THIGT 2y Ly
L7 57b 13 5 (5 iEEZ R L7z (ECso=35nM). 7 3 FIZEENI 7 5 BERA2TEK T 5 0
XL, YL Tk 6 BEEEHTZ (K14). L->T, ThZhov I ARomE

DERLY, 6 BEROGAED RV Y VH DA E I EEFIIC EE &@fi&m#k% L7

INLDOFERP LRy Py LT 57b Ot zfT5 Z&ic L7z, 57b X b b 1jRKFEM
w7;:»7v75hiibﬁwﬁﬁ%mb(Hh=HnML%@71:»%#v7n~
F NI o 72 5Te IFHEICIHEMEA M E L 72 (ECso=6.6nM). HiZ, 7 a Tk vicsy
FiX N3 57d,57g bEOEN AR L7 (EC5=83nM,11nM). —J7, 4-FF 7t Fnm
v 7 v O 57a LB L TH A o7z (ECso = 45 nM) Z & 205, Z DFEIRIIHRIER S
HFENRNTH S D LERL., ULEOHE» L RIFGTIY ANV AEEHKEO -0 I1CIT v
ra~*+vo X hREENEC, RS S 2 BEIREAMLETH L L\ T L HH
27z,

¥ 72 TITALZBRICH L T, B R' o B CifE 2 R LaWIE R w7280 5 72,
ZoMi e LCE %ﬁRﬂiTn4#6ﬁn<w5kb Z ORI E R D ) 7 P A
Ky b OMHBERICGEE R G X o/l bBEZLND.
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6. R! OFEEETERHES »

MT-4/MTT MT-4/MTT MT-4/MTT
Cmpd. R!
WT : ECso (M) T1741 : ECso ("M) CCso (M)
*
NH
59a 9ol 220 N.T. 28000
O
;
N NH
59 @\N( 190 N.T 14000

59¢ Cy\\sr 350 N.T. 6600
Sl 3
6la [ s 32 1000 16000

[elye)
*
HN/go
50a @2 180 N.T 54000
%
N o
50b @2 360 N.T. 77000
KA
Y
57a 0 11 >1000 9900
SuE
N NH
57b T 35 >4000 17000
Ho¥
N NH
57 O 20 >2000 11000
Ho¥
N NH
57d {r'vy 8.3 >1000 8000
HoF
N _NH
57e (T'Y 6.6 >1000 7900
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N NH
57f CO/ T 45 >5000 29000

N NH
579 O/ T 11 >1000 7700

2 Data represent the mean from two independent experiments.

N.T. : not tested

K14. 73IF50a&wL7 57b D4 F-HNKERES D

1 fr DB D FE L2 b 5 72 D T, ?ﬁ'l‘iiﬁ%%ﬁ#oﬁ“ sa~Fy Ly LTI ER
AR ZEELC, BRAEROEEZITI CLicLE GB7). B R OEREITI &
T, b EE ) S T1741 &Rk :ﬂa‘ézﬁ‘l‘é& IAET20TERVDLEE LT,

T9, NIV OBEBBREOEWEITHIZLIC LT p-Zun 7 =169t p-AbFTT
=L 69c i3 WT ioxf L CRIFEE oM (ECso = 17 nM, 10 nM) #/R L7225 p-+ 1V 7
Amr 7 2= 69b 13 LFTiEEE R L7 (ECso=61nM). F72 69c iICBHL Tl T1741
RIS L CTD FREOEMNEZ R L7 (ECso = 750 nM). Z OFfER D5 69c DFRIC Y7
MCERIE T 2o bAVEL A ER T 2 Lic L, e A 2fizfEA cifb &2
AR AMEIT A2 i L. Ve Ry Y FH Y0 69d 1 WT ok L Cifitkz R &
Bpotz, HFETRLEZIOY e Faxy YA 4 Y v 2354 E IN-CCD oit

33



GRS D5 koI, 7=V VERDDOKEFR T Q168 M L HAMEH LT3 D
T, WACFAENTH L. coZlrb, HEMELCLEoRERO—D2 L LT, LAY
DRFYEDE N &R L 72 KELEEESEE SN D2, 3-o&E 0 LRI > T
v, —J, 7= 6% 1 WT icxf L CRWEMNZ/RL (ECs=21nM), T1741 icxfL
THPREDOENZR L7 (ECs =560 nM).

T1741 OZERIFIAL A= v B4 v uf v itk 22tk Y, VA Y F ez
~H LU, O LA BEBIE R ELD A R— 2B R X450 T, 28D 7 n~< v 69
ETITAIZRRAED R 7y M) ELAMEELIEEZ R L T 2D TE R0 EHEL TV 5,
RIZICR V2V EKD SAR & [ARRICEIL DO EE 2 il A7z, A Ml Me 2 EAL
e AFza=y 69 TlE WT 3 X O T17411nf U Ttk L 72 (ECso = 6.6 nM, 270
nM)., AFr2zu<y 69 BETEER TR LML LTiiR vy v EKOE L FlkC, 41
MIDAFAERET Y Ao inzHET 2Lk V T var T4 Vv~—040,
FHOT ra7T7A4Y~—RiREiEE IS 2 EERZD, BWiEtzR Lz E
TWw3,

B R2 0Z5Hcld WT 720 Cldza T1741 BRI 2iEM b M EX ¢ 3 2 &8
T&7z. T/, LAY 69f 12 B1224436 LV HiRVIGEETRL, COBEKORT Vv L%
NI TN TE .

K 7. R ORFEEIETERES

MT-4/MTT MT-4/MTT MT-4/MTT
Cmpd. R?
WT : ECso (nM) T1741 : ECso (nM) CCso (NM)
Cl
69a 17 1800 16000
3
CF;
69b 61 7700 9800
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o
69c @ 10 750 19000

%

(o

N
69d \<> >100 N.T. 30000

I

*
(0]
69 21 560 17000
%
o
69f 6.6 270 11000
*
Bl 224436 22 >5000 >50000

2 Data represent the mean from two independent experiments.

N.T. : not tested

L& 69f & HIV-1IN-CCD o &% X 1 5ic/n L7 (PDBID7D83). E170 &
H171 © 7 3 7 B 83t INLAIs & [FEEIC, VA Y FoAARVEEERS & HEAER L <
WL o, MOMAEERAZEZRE T2 L3 TEhd ol RVEVEKD SAR
CBWTC2MDANLFYT I P2 Q95 LHAEMFHL TWwE Z & 2l c& Tz, b
V6 LTIt Q95 LHEMEHLTCwiarol. 6L, VL THNTHNKERE %
T2zt THEREE SN, VLT DHIARZAED Q95 ICED TR\ &8
MHEERZERTERWERERNZ EEZTHS, 2O THKZRRBEICI>T, VL TEa0
e 7: 6 BERZTUIL, v 7 u~FH v offEx iR sy, 2o ra~FH v
WAV NI ORMICIHI LHORCHELTWEI R0 o7z. TEAFALIBYDRAF
L VA BRI Z T T, BUKED R Y P2 L IFFE o T 0B T B0
7=.

A la] A il X SRS AR <13 HIV-1 IN 00 HEE©H 5 CCD ZHwTw7223%, IN
DEESFE Y NTD+CCD+CTD ¢ U Ay FodERb@HEIhcwns (M16) 9. %
OREEICX 2, IR LEZTWEEBICHL 5 IND CTD BV ART 5 TH
D, IBRMESIFEN R v P 2L T3 GROIEEMEAFEn 2 58). %2 L T4
DILEY 6 D 7 v ~F ¥ v Z DI ET 2. Z0FErL, 1ioEHEICY LT
HVE Z L CHEMEAALELZDIE, YL T OEBRESSFRKER-EIC L o TIEATED
HENZHEBICNELZ2OTH D EEZKL /2.
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1 5. {b&4 69f & HIV-1 IN-CCD o 3L4E k% (PDB ID 7D83, /M fi#fg : 2.4A)

1 6. HIV-1IN&E& Y 7 v F ol ifgsE
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fie\ > TLEY) 5Te DR E SR & HEYBREFR T X — X —DHIEZIT - 72 (£ 8).
RV ¥ v E L RRRICEY B EER ISR Gv) LRSS (po) TITw, ZhZ i
0.5 mg/kg, 1 mg/kg THEfiL 7-.

L&Y 57e ZHREOMRBLEE MS) 27 v b, ebroIzoy—niHnizillac
A~ L7z (HLMMS=065%, RLMMS=66%). £7257 V77X (CLt) KUEYFH
M= (BA) %/ L7 (CLt=12.5 mL/min/kg, BA =9.2 %).

THOHRERIC X o> TILAEY) 57e IPFREORBLEELE 7 v MtV TRWEYHRE
¥T7a 77 ANERBL T HEEMERTE 72,

K 8. L) 57e DINHILIENE & M BNREAM X T A — X —

Cmpd. HLMP MS RLMP MS CLtb AUCivP Tizb (h) P> (%)
(%) (%) (mL/min/kg) (ng.hr/mL)
57e 65 66 12,5 127 1.6 9.2

* Compound was administered at 0.5 mg/kg (iv), 1.0 mg/kg (po) using a cassette dosing method.
b HLM: human liver microsome, RLM: rat liver microsome, CLt: total clearance, AUC: area under the curve, Ti/:

elimination half-life, F: bioavailability

MEF 2L, BIETHELE 1 o@Efdle v ) Vv it 7Y v P LESEEE
THEAVLAKT 52 LI L7, C OFHER I FRKER/BE RIS 2 2 L AT
%, T EBREZEELT S Lick Y, HEOM EICHFESE L TwiD TR AL 2L W)
FERIF LN, ol SAR OfER, Bk R? 0%y WT 721 ¢ <, T1741 icxt3
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MO EICHFS T 5 L3007, ALEY 69f 1Z ECs (WT) = 6.6 nM, ECso (T1741)
=270nM %/~ L, H#EE LTz B1 224436 Ot (ECso (WT) = 22 nM, ECs (T1741) >
5000nM) % LAl 5 7=, F7t&W) 57e 1%, PREOMRBMETENL 7 v itk TRWIEY)
LT 7 7 AN TR L T HEHERTE .

510 BI 224436 L (L&Y 34h, 69f D70 7 7 A VDR E R L 72, BT A v i E
fite Uit % 1T - 72L& 34h, 69f 137 & IR TH Y 7535 BI 224436 & ik L THE\if
HERLZ LAY 69 B\ WTIix WT 721 T it Bk T1741 12 b %2R L C
w5, BI 224436 <l T1741 ioxf L T iGEEZ RS A o720 T, ZOHIRIZSHD
INLAIs BERICBE W CHRARAMAIC R LExbND,. —), HEYEREAN AT A —X—IC
BT, L&Y 34h, 69f 13 Bl 224436 L L TH - T3, % b RAERE W C
LSRR CRBLELAEL 2D, CLt bBEVWDOTIE AW EEZ bNE DT, SH%ITIEN
HERF L s Otk 2 fH S L, BhEA O L T uw Ak 5Tl 3.

#9. BI224436 L{tL&%) 34h, 69f © 71 7 7 4 L D g

compound BI 224436 34h 69f

HN_ ..~
&3
CIHLZFEHETE)
ECs0o(NL432) nM 56 39 N.T.
ECso(WT) nM 22 N.T. 6.6
ECso(T174I)_ nM >5000 N.T. 270
CCso_nM >50000 24000 11000
MS h,r % 98, 100 59, 61 N.T.
CLt_mL/min/kg 1.09 6.99 N.T.
AUC ng.hr/mL 7680 1190 N.T.
Tiz_h 42 3.1 N.T.
BA % 64 36 N.T.

N.T. : not tested
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=

3

PP HIV Fii A =X L TH 3 INLAIs iICEH L, FHEK&DAIH & Bl 224436 X
D HEEWIEEZ R I LAY ORI A BIE L TR MHA 72, Z bR, RS F T
NTZ o fRICBEREZHECE 2RV VY EROAIHICEI LK1 7). $72%
DEHRFED SAR ICHWT, FH77—~a 7537 & L TQIS5 & DMHAEMEZESL 7-.

R? 0J<OH EREFEEMCHT

R e

N "\N (]

5
INLAIsICHBT348E 000000000 . ;
A EYBIR

17, FHRy L BKOFHFA v

HICZDH R ZiE2 L, INLAIs TR Wb A ) PV EKicF 0B 2E A L7
Y VERETFEA VL (M1 8). ZOFBERIINTWNKEREZEKT 3 &3
T, ZhEHREZEENL, HEom FICHFLSLTWE I L300 o7z.

/| OH )<
\N 0O Ar O
5 " OH
2DO0EBEDHEAEhE =
INLAIs[C3E T 318 N | 0
L w
Ar O 36
OH ]
FHEVS > BIg
o}
1
R1
35
1HcBREE2EIS
AV EYBIR

18, FHley v ERoFFL v

BB CEOEL X L&Y 34h, 69f 1ZHESHHECH 2 Bl 224436 LV i@ HLY
ANZEEZRT B0 ho7 (F£10)., {LEW 6 B Tid WT 721 T/  iFHZE
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Rk T1741 1 b ikt %278 L 7=, Bl 224436 Tl T1741 i) L T iERE RIS R o 72
DT, TOMRAIFSHD INLAIs HERICEWCHERAAMRAKC R LEzx 605, —T, ¥Y
FIREFAI N T A — X —ItEB\\TiL, LAY 34h 12 BI 224436 L HEKL CTH > T 5. 5
IIEE AR L 20 O BB R OGE L T K Bdko b Tl 3,

#10. BI224436 L{tAY) 34h, 69f D 7' v 7 7 4 L DK

compound BI 224436 34h 69f

HN. ..~
o\

00
QIR EF(IHEE)
ECso(NL432) nM 56 39 N.T.
ECs(WT) nM 22 N.T. 6.6
ECso(T174I)_nM >5000 NT. 270
CCsy nM >50000 24000 11000
MS hr % 98, 100 59, 61 N.T.
CLt mL/min/kg 1.09 6.99 N.T.
AUC_nghr/mL 7680 1190 N.T.
Tiz h 42 3.1 N.T.
BA_% 64 36 N.T.
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KER DI

Chemistry

Reactions were carried out under a nitrogen atmosphere with anhydrous solvents. "H NMR spectra
were measured on a Bruker 400MHz spectrometer in a solution of either CDCl3 or DMSO-dp, using
tetramethylsilane as the internal standard. Chemical shifts are expressed as & (ppm) values for protons
relative to the internal standard (s = singlet, d = doublet, m = multiplet, dd = double doublet, br =
broad peak). High resolution mass spectra (HRMS) were obtained on a Thermo Fisher Scientific LTQ
OrbiTrap. Mass spectra (MS) were recorded using Shimadzu LCMS-2020 and Waters ACQUITY
UPLC. Unless otherwise noted, all reagents and solvents obtained from commercial suppliers were

used without further purification.

Methyl 2',3,3",4,4"-pentamethyl-6"-nitro-[1,1':3", 1"-terphenyl]-4'-carboxylate (8)

To a solution of methyl 2,4-dichloro-3-methyl-5-nitro benzoate 7 (18.5 g, 70.1 mmol) in 1,4-
dioxane (315 mL), were added 3,4-dimethylphenylboronic acid (22.07 g, 147 mmol), 2M aq K>CO3
(105 mL, 210 mmol), and Pd(PPh3)4 (810 mg, 0.701 mmol). The reaction mixture was stirred at 100
°C for 22 h. Ice water and 2 M aq HCI were added to the reaction mixture and then extracted with
EtOAc. The organic layer was washed with saturated aq NaHCO3 solution and dried with anhydrous
NaySO4. After concentration of the solvent, the residue was purified by silica gel column
chromatography (n-hexane: EtOAc/9:1—4:1) to obtain the product as a yellow foam (20.1 g, 71%
yield). "H NMR (CDCls) 8 (ppm): 1.85 (s, 3H), 2.27 (s, 3H), 2.29 (s, 3H), 2.30 (s, 3H), 2.31 (s, 3H),
3.64 (s, 3H), 6.80-6.98 (m, 4H), 7.15-7.21 (m, 2H), 8.08 (s, 1H); MS (ESI) m/z [M+H]"404.10.

(2',3,3",4,4"-Pentamethyl-6"-nitro-[1,1":3', 1"-terphenyl]-4'-yl)methanol (9)

To a solution of methyl 2',3,3",4,4"-pentamethyl-6"-nitro-[1,1":3',1"-terphenyl]-4'-carboxylate 8
(20.1 g, 49.7 mmol) in CH2Cl, (300 mL), 1M DIBAL-H solution in toluene (149 mL, 149 mmol) was
added over 1 h at -78 °C. The reaction mixture was stirred at -78 °C for 2 h. Next, 2 M aq HCI was
added to the reaction mixture with stirring for 30 min. To the reaction mixture, ice water was added
and then extracted with CHCIs. The organic layer was washed with saturated aq NaHCOj3 solution and
dried with anhydrous Na>SO4. After concentration of the solvent, the residue was purified by silica gel
column chromatography (n-hexane: EtOAc/5:1-1:1) to obtain the product as an orange oil (16.8 g,
90% yield). 'H NMR (CDCI3) 8 (ppm): 1.80 (s, 3H), 2.27 (s, 3H), 2.29 (s, 3H), 2.30 (s, 3H), 2.32 (s,
3H), 4.42 (s, 2H), 6.85-6.98 (m, 4H), 7.14-7.27(m, 2H), 7.83 (s, 1H); MS (ESI) m/z [M+H]" 376.20.
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2'3,3" 4,4"-Pentamethyl-6"-nitro-[1,1":3', 1"-terphenyl]-4'-carbaldehyde (10)

To a solution of (2',3,3",4,4"-pentamethyl-6'-nitro-[1,1':3',1"-terphenyl]-4'-yl)methanol 9 (16.8 g,
44.7 mmol) in CH,Cl, (170 mL), MnO, (38.9 g, 447 mmol) was added. The reaction mixture was
stirred at reflux for 2.5 h. After filtration of the precipitate, the filtrate was concentrated to obtain the
product as an orange oil (14.0 g, 84% yield). 'H NMR (CDCls) & (ppm): 1.91 (s, 3H), 2.28 (s, 3H),
2.30(s,3H), 2.32 (s, 3H), 2.35 (s, 3H), 6.90-7.03 (m, 4H), 7.17-7.25 (m, 2H), 8.18 (s, 1H), 9.66 (s,1H);
MS (ESI) m/z [M+H]*374.10.

2-(2',3,3",4,4"-Pentamethyl-6'"-nitro-[1,1':3', 1"-terphenyl]-4'-yl)-2-((trimethylsilyl) oxy) acetonitrile
(11)

To a solution of 2',3,3",4,4"-pentamethyl-6'-nitro-[1,1":3',1"-terphenyl]-4'-carbaldehyde 10 (14.0
g, 37.4 mmol) in CH2Cl, (140 mL), Znl> (12.6 g, 37.4 mmol), TMSCN (15.7 mL, 112 mmol) was
added at 0 °C. The reaction mixture was stirred at rt for 1.5 h. Saturated aqg NaHCO3; solution was
added to the reaction mixture and then extracted with CHCIs. The organic layer was washed with brine
and dried with anhydrous Na;SOs. The solvent was concentrated and the residue (18.8g) was used

without further purification.

Methyl 2-hydroxy-2-(2',3,3",4,4"-pentamethyl-6"-nitro-[1,1'":3', 1"-terphenyl]-4'-yl)acetate (12)

To a solution of crude 2-(2',3,3",4,4"-pentamethyl-6"-nitro-[1,1":3',1"-terphenyl]-4'-yl)-2-
((trimethylsilyl)oxy)acetonitrile 11 (18.8g) in MeOH (83 mL), H2SO4(20.8 mL, 374 mmol) was added
at 0 °C. The reaction mixture was stirred at 90 °C for 21 h. The reaction mixture was added to ice
water and then extracted with EtOAc. The organic layer was washed with saturated aq NaHCOj;
solution and dried with anhydrous Na;SO4. After concentration of the solvent, the residue was purified
by silica gel column chromatography (n-hexane: EtOAc/3:1-1:1) to obtain the product as a yellow
foam (14.4 g, 89% yield (2 steps)). 'H NMR (CDCls) & (ppm): 1.80 (s, 3H), 2.25-2.33 (m, 12H), 3.37
(brs, 1H), 3.73 (s, 1.5H), 3.74 (s, 1.5H), 4.99 (m, 1H), 6.86-7.03 (m, 4H), 7.13-7.25 (m, 2H), 7.65 (brs,
1H).

Methyl 2-(tert-butoxy)-2-(2',3,3",4,4"-pentamethyl-6"-nitro-[1,1':3', 1 "-terphenyl]-4'-yl) acetate (13)
To a solution of methyl 2-hydroxy-2-(2',3,3",4,4"-pentamethyl-6"-nitro-[ 1,1":3',1"-terphenyl]-4'-yl)
acetate 12 (14.4 g, 33.2 mmol) in ~-BuOAc (144 mL), 70% aq perchloric acid (5.7 mL, 66.3 mmol)

was added at 0 °C. The reaction mixture was stirred at rt for 2 h. Saturated aqg NaHCOj3 solution was
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added to the reaction mixture and then extracted with EtOAc. The organic layer was washed with brine
and dried with anhydrous Na>SOs. After concentration of the solvent, the residue was purified by silica
gel column chromatography (n-hexane: EtOAc/4:1) to obtain the product as a pale orange foam (9.77
g, 60% yield). '"HNMR (CDCl3) & (ppm) (1:1 ratio of conformers): 1.10 (s, 4.5H), 1.11 (s, 4.5H), 1.78
(s, 3H), 2.25-2.36 (m, 12H), 3.66 (s, 3H), 4.87 (s, 0.5H), 4.89(s, 0.5H), 6.85-7.00 (m, 4H), 7.15-7.26
(m, 2H), 7.99 (s, 0.5H), 8.01 (s, 0.5H); MS (ESI) m/z [M+Na]"512.25.

Methyl 2-(6'-amino-2",3,3",4,4"-pentamethyl-[1,1':3' 1"-terphenyl]-4'"-yl)-2-(tert-butoxy)acetate (14)
To a solution of methyl 2-(tert-butoxy)-2-(2',3,3",4,4"-pentamethyl-6"-nitro-[1,1":3",1"-
terphenyl]-4'-yl)acetate 13 (2.45 g, 5.0 mmol) in MeOH (25 mL), Pd(OH)> (490 mg, 0.698 mmol) was
added. The reaction mixture was stirred at rt under hydrogen atmosphere for 7 h. After filtering through
Celite, the solvent was concentrated. The residue was purified by silica gel column chromatography
(n-hexane: EtOAc/4:1-1:1) to obtain the product as a pale pink foam (2.03 g, 89% yield). '"H NMR
(CDClI3) 6 (ppm) (1:1 ratio of conformers): 1.13 (s, 4.5H), 1.04 (s, 4.5H), 1.71 (s, 3H), 2.22-2.35 (m,
12H), 3.63 (s, 3H), 4.83 (brs, 1H), 6.83-7.26 (m, 6H), 7.56 (brs, 1H); MS (ESI) m/z [M+H]" 460.25.

Methyl 2-(6'-amino-5"-bromo-2',3,3",4,4"-pentamethyl-[1,1':3', 1 "-terphenyl]-4'-yl)-2- (tert-butoxy)
acetate (15)

To a solution of methyl 2-(6'-amino-2',3,3",4,4"-pentamethyl- [1,1':3',1"-terphenyl]-4'-y1)-2-(tert-
butoxy) acetate 14 (5.22 g, 11.4 mmol) in DMF (52 mL), NBS (2.02 g, 11.4 mmol) was added at 0 °C.
The reaction mixture was stirred at rt for 1 h. Saturated aq NaHCO3 solution was added to the reaction
mixture and then extracted with EtOAc. The organic layer was washed with brine and dried with
anhydrous Na;SOs. After concentration of the solvent, the residue was purified by silica gel column
chromatography (n-hexane: EtOAc/10:1-3:1) to obtain the product as an orange oil (5.78 g, 95% yield).
"H NMR (CDCl3) & (ppm) (1:1 ratio of conformers): 1.13 (s, 4.5H), 1.05 (s, 4.5H), 1.61 (s, 3H), 2.22-
2.33 (m, 12H), 3.69 (s, 3H), 5.21 (brs, 1H), 6.82-7.26 (m, 6H); MS (ESI) m/z [M+H]" 538.

Methyl 2-(6"-amino-2"3,3",4,4",5'-hexamethyl-[1,1":3", 1"-terphenyl]-4"-yl)-2-(tert-butoxy) acetate
(16)

To a solution of methyl 2-(6'-amino-5'-bromo-2',3,3",4,4" pentamethyl- [1,1'":3',1"-terphenyl]-4'-
yl)-2-(tert-butoxy)acetate 15 (369 mg, 0.685 mmol) in 1,4-dioxane (7.4 mL) and H,O (0.74 mL),
trimethylboroxine (258 mg, 2.06 mmol), PdCl>(dppf) (56.0 mg, 0.069 mmol) was added. The reaction

mixture was stirred at 120 °C for 7.5 h. Ice water was added to the reaction mixture and then extracted
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with EtOAc. The organic layer was washed with brine and dried with anhydrous Na,SOs. After
concentration of the solvent, the residue was purified by silica gel column chromatography (n-hexane:
EtOAc/10:1-5:1) to obtain the product as an orange oil (188 mg, 58% yield). 'H NMR (CDCl;) &
(ppm) (1:1 ratio of conformers): 0.99 (s, 9H), 1.62 (s, 3H), 2.18-2.36 (m, 15H), 3.67 (s, 1.5H), 3.69 (s,
1.5H), 5.03(s, 1H), 6.89-7.25 (m, 6H).

2-(6"-Amino-2'3,3",4,4",5'-hexamethyl-[1,1':3", 1"-terphenyl]-4'-yl)-2- (tert-butoxy)acetic acid (17)

To a solution of methyl 2-(6'-amino-2',3,3",4,4",5'-hexamethyl-[1,1':3',1"-terphenyl]-4'-y1)-2-(tert-
butoxy) acetate 16 (100 mg, 0.211 mmol) in THF (1.1 mL) and MeOH (2.2 mL), 2 M aq NaOH (0.528
mL, 1.06 mmol) was added. The reaction mixture was stirred at 60 °C for 5 h, then 2 M aq HCI was
added to the reaction mixture followed by extraction with EtOAc. The organic layer was washed with
brine and dried with anhydrous Na>;SO4. Concentration of the solvent gave the product as a pale orange
powder (67 mg, 69% yield). 'H NMR (DMSO-de) & (ppm) (1:1 ratio of conformers): 0.89 (s, 9H),
1.48 (s, 1.5H), 1.50 (s, 1.5H), 2.10 (s, 3H), 2.18-2.30 (m, 12H), 3.90 (brs, 2H), 4.86 (s, 0.5H), 4.89 (s,
0.5H), 6.82-7.29 (m, 6H); HRMS (ESI): m/z calcd for C30H3s03N [M+H]": 460.2846; found: 460.2841.

Methyl2-(tert-butoxy)-2-(2',3,3",4,4",5 '-hexamethyl-6'-(2, 2, 2-trifluoroacetamido)-[1,1":3" 1""-
terphenyl]-4'-yl)acetate (18)

To a solution of methyl 2-(6'-amino-2',3,3",4,4",5'-hexamethyl-[1,1':3',1"-terphenyl]-4'-yl)-2-(tert-
butoxy) acetate 16 (550 mg, 1.61 mmol) in CH>Cl» (5.5 mL), pyridine (0.187 mL, 2.32 mmol), TFAA
(0.246 mL, 1.74 mmol) was added at 0°C. The reaction mixture was stirred at 0 °C for 1.5 h, then 2
M aq HCI and water were added to the reaction mixture, followed by extraction with EtOAc. The
organic layer was washed with brine and dried with anhydrous Na,SO4. After concentration of the
solvent, the residue was purified by silica gel column chromatography (n-hexane: EtOAc/20:1-4:1) to
obtain the product as a white foam (648 mg, 98% yield). "H NMR (CDCls) 8 (ppm) (1:1 ratio of
conformers): 1.00 (s, 9H), 1.68-1.71 (m, 3H), 2.24-2.33 (m, 15H), 3.67-3.71 (m, 3H), 5.07 (m, 1H),
6.85-7.20 (m, 7H).

Methyl 2-(tert-butoxy)-2-(2",3,3",4,4", 5"-hexamethyl-6"-(2, 2, 2-trifluoro-N-methylacetamido)-[ I,
1":3", 1"-terphenyl]-4'-yl)acetate (19a)

To a solution of  methyl 2-(tert-butoxy)-2-(2',3,3",4,4",5'-hexamethyl-6'-(2,2,2-
trifluoroacetamido)-[1,1":3',1"-terphenyl]-4'-yl)acetate 18 (147 mg, 0.258 mmol) in DMF (1.5 mL),
K>CO3(71.3 mg, 0.516 mmol), Mel (0.081 mL, 1.29 mmol) was added. The reaction mixture was
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stirred at rt for 2 h, and then 2 M aq HCI and water were added to the reaction mixture followed by
extraction with EtOAc. The organic layer was washed with brine and dried with anhydrous Na>SOa.

The solvent was concentrated and the residue was used without further purification.

2-(tert-Butoxy)-2-(2",3,3",4,4",5"-hexamethyl-6"-(2, 2, 2-trifluoro-N-methylacetamido)-[1,1':3',1""-
terphenyl]-4'-yl)acetic acid (20a)

To a solution of crude methyl 2-(tert-butoxy)-2- (2',3,3",4,4",5'-hexamethyl-6'-(2,2,2-trifluoro-N-
methylacet amido)-[1,1":3',1"-terphenyl]-4'-yl) acetate 19a in DMSO (1 mL), 2M aq NaOH (0.25 mL,
0.5 mmol) was added. The reaction mixture was stirred at 100 °C for 3 h, then 2 M aq HCI and water
were added to the reaction mixture followed by extraction with EtOAc. The organic layer was washed
with brine and dried with anhydrous Na>SOs. After concentration of the solvent, the residue was
purified by silica gel column chromatography (CHCI3: MeOH/10:1) to obtain the product as a pale
white powder (22 mg, 71% yield(2 steps)). 'H NMR (DMSO-dc) & (ppm) (1:1 ratio of conformers):
0.89 (s, 9H), 1.48-1.51 (m, 3H), 2.20-2.30 (m, 15H), 2.36 (s, 3H), 4.89 (m, 1H), 6.85-7.25 (m, 6H);
HRMS (ESI): m/z caled for C31H40O3N [M+H]*: 474.3003 ; found: 474.2999.

2-(6"-(Benzylamino)-2',3,3",4,4",5"-hexamethyl-[1,1':3',1"'-terphenyl]-4'-yl)-2-(tert-butoxy)acetic
acid (20b)

This compound was prepared from 18 in a similar manner to that described for 19a, 20a. (pale
yellow powder, 36mg, 37% yield (2 steps)). 'H NMR (CDCls3) 8 (ppm) (1:1 ratio of conformers): 1.02-
1.06 (m, 9H), 1.61 (s, 1.5H), 1.62 (s, 1.5H), 2.26-2.33 (m, 12H), 2.43 (brs, 3H), 3.89 (brs, 2H), 5.19-
5.23 (m, 2H), 6.76-7.30 (m, 11H); HRMS (ESI): m/z calcd for C37H4403N [M+H]": 550.3316; found:
550.3313.

Methyl 2-(6"-acetamido-2",3",4,4",5 -pentamethyl-[1,1':3',1"-terphenyl]-4'-yl)-2-(tert-butoxy) acetate
(21a)

To a solution of methyl 2-(6'-amino-2',3,3",4,4",5'-hexamethyl-[1,1':3',1"-terphenyl]-4'-yl)-2-(tert-
butoxy) acetate 16 (100 mg, 0.211 mmol) in CH>Cl, (1 mL), were added pyridine (0.034 mL, 0.422
mmol), and AcClI (0.023 mL, 0.317 mmol) at 0°C. The reaction mixture was stirred at 0 °C for 1.5 h,
then 2 M aq HCI and water were added to the reaction mixture followed by extraction with EtOAc.
The organic layer was washed with brine and dried with anhydrous Na,;SO4. The solvent was

concentrated and the residue was used without further purification.

45



Methyl 2-(6"-acetamido-2",3",4,4",5"-pentamethyl-[1,1":3' 1"-terphenyl]-4"-yl)-2-(tert-butoxy) acetate
(22a)

To a solution of crude methyl 2-(6'-amino-2',3,3",4,4",5'-hexamethyl-[1,1":3',1"-terphenyl]-4'-yl)-
2-(tert-butoxy) acetate 21a in THF (0.8 mL) and MeOH (1.6 mL), 2 M aq NaOH (0.383 mL, 0.766
mmol) was added. The reaction mixture was stirred at 60 °C for 4 h, then 2 M aq HCI and water were
added to the reaction mixture followed by extraction with EtOAc. The organic layer was washed with
water and dried with anhydrous Na>SOs4. Concentration of the solvent gave the product as a white
powder (58 mg, 52% yield (2 steps)). "'H NMR (DMSO-ds) & (ppm) (1:1 ratio of conformers): 0.90 (s,
9H), 1.57 (s, 1.5H), 1.59 (s, 1.5H), 1.66 (s, 3H), 2.11-2.31 (m, 15H), 4.91 (s, 0.5H), 4.94 (s, 0.5H),
6.80-7.30 (m, 6H), 8.81 (brs, 1H); HRMS (ESI): m/z calcd for C32H40OsN [M+H]": 502.2952; found:
502.2947.

2-(tert-Butoxy)-2-(2",3,3",4,4", 5"-hexamethyl-6"-propionamido-[1,1':3" 1"-terphenyl]-4'"-yl)acetic
acid (22b)

This compound was prepared from 16 in a similar manner to that described for 21a, 22a. (white
powder, 63 mg, 58% (2 steps)). "H NMR (CDCI3) & (ppm) (1:1 ratio of conformers): 0.92-0.98 (m,
3H), 1.05 (brs, 9H), 1.68 (s, 1.5H), 1.69 (s, 1.5H), 1.90-2.16 (m, 2H), 2.19-2.33 (m, 15H), 5.17 (brs,
1H), 6.37 (s, 1H), 6.79-7.00 (m, 3H), 7.12-7.32 (m, 3H); HRMS (ESI): m/z calcd for C33H40O4N
[M+H]*: 516.3108 ; found: 516.3101.

2-(6"-Benzamido-2",3,3",4,4",5'-hexamethyl-[1,1':3" 1"-terphenyl]-4"-yl)-2-(tert-butoxy)acetic acid
(22¢)

This compound was prepared from 16 in a similar manner to that described for 21a, 22a. (white
powder, 29 mg, 25% (2 steps)). '"H NMR (CDCIs) & (ppm) (1:1 ratio of conformers): 1.09 (brs, 9H),
1.69-1.75 (m, 3H), 2.24-2.33 (m, 15H), 5.22 (brs, 1H), 6.91-7.23 (m, 6H), 7.30-7.47 (m, 6H); HRMS
(ESI): m/z calcd for C37H4204N [M+H]*: 564.3108 ; found: 564.3102.

Methyl 2-(tert-butoxy)-2-(2',3",4,4", 5 "-pentamethyl-6'-(3-methylureido)-[1,1":3',1"-terphenyl]- 4'-
yl)acetate (21d)

To a solution of methyl 2-(6'-amino-2',3,3",4,4",5'-hexamethyl-[1,1":3',1"-terphenyl]-4'-yl)-2-
(tert-butoxy) acetate 16 (100 mg, 0.211 mmol) in (CH>Cl), (2 mL), EtsN (0.029 mL, 0.211 mmol),
triphosgene (25.1 mg, 0.084 mmol) was added at 0°C. The reaction mixture was stirred at rt for 1.5 h.
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Next, MeNH; (0.528 mL, 1.06 mmol) was added to the solution with stirring at rt for 1.5h. Saturated
aq NaHCO:s solution and water were added to the reaction mixture followed by extraction with EtOAc.
The organic layer was washed with brine and dried with anhydrous Na;SO4. The solvent was

concentrated and the residue was used without further purification.

2-(tert-Butoxy)-2-(2',3,3",4,4",5"-hexamethyl-6"-(3-methylureido)-[1,1':3' 1 "-terphenyl]-4"-yl)acetic
acid (22d)

This compound was prepared from 21d in a similar manner to that described for 22a. (white
powder, 75 mg, 70% (2 steps)). '"H NMR (CDCls) & (ppm) (1:1 ratio of conformers): 1.04 (s, 4.5H),
1.05 (s, 4.5H), 1.69 (s, 1.5H), 1.70 (s, 1.5H), 2.23-2.35 (m, 15H), 2.71 (s, 1.5H), 2.72 (s, 1.5H), 4.22
(brs, 1H), 5.18-5.15 (m, 1H), 5.43-5.51 (m, 1H), 6.77-7.23 (m, 5H); HRMS (ESI): m/z calcd for
C3H4104N2 [M+H]*: 517.3061 ; found: 517.3055.

Methyl 2-(tert-butoxy)-2-(6'-(3-ethylureido)-2'3,3",4,4",5' -hexamethyl-[1,1'":3', 1"-terphenyl]- 4"-yl)
acetate (21e)

To a solution of methyl 2-(6'-amino-2',3,3",4,4",5'-hexamethyl-[1,1':3',1"-terphenyl]-4'-y1)-2-(tert-
butoxy) acetate 16 (100 mg, 0.211 mmol) in toluene (1 mL), ethyl isocyanate (0.025 mL, 0.317 mmol)
was added. The reaction mixture was stirred at 70 °C for 4 h. Water was added to the reaction mixture
and then extracted with EtOAc. The organic layer was washed with brine and dried with anhydrous

NazSO4. The solvent was concentrated and the residue was used without further purification.

2-(tert-Butoxy)-2-(6'-(3-ethylureido)-2",3,3",4,4", 5"-hexamethyl-[1,1":3', 1 "-terphenyl]-4'-yl)acetic
acid (22e)

This compound was prepared from 21e in a similar manner to that described for 22a. (white powder,
71 mg, 65% (2 steps)). 'H NMR (CDCls) & (ppm) (1:1 ratio of conformers): 1.04 (brs, 9H), 1.03-1.09
(m, 3H), 1.69 (s, 1.5H), 1.71 (s, 1.5H), 2.23-2.35 (m, 15H), 3.08-3.29 (m, 2H), 4.23 (brs, 1H), 5.22 (s,
0.5H), 5.23 (s, 0.5H), 5.35-5.48 (m, 1H), 6.79-7.02 (m, 3H), 7.12-7.23 (m, 3H); HRMS (ESI): m/z
calcd for C33H4304N2 [M+H]": 531.3217; found: 531.3213.

2-(tert-Butoxy)-2-(2"3,3",4,4",5"-hexamethyl-6'"-(3-pheny lureido)-[1,1':3" 1"-terphenyl]-4'"-yl)acetic
acid (22f)

This compound was prepared from 16 in a similar manner to that described for 21e, 22e. (white
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powder, 74 mg, 61% (2 steps)). 'H NMR (CDCI3) & (ppm) (1:1 ratio of conformers): 1.02-1.09 (m,
9H), 1.71 (s, 1.5H), 1.72 (s, 1.5H), 2.20-2.40 (m, 15H), 5.20-5.28 (m, 1H), 5.67 (s, 1H), 6.10-6.20 (m,
1H), 6.81-7.33 (m, 11H); HRMS (ESI): m/z calcd for C37H4304N, [M+H]*: 579.3217; found: 579.3212.

Methyl 2-(tert-butoxy)-2-(2',3,3",4,4", 5 '-hexamethyl-6'-(methylsulfonamido)-[1,1':3', 1 "-terphenyl]-
"“vl)acetate (21g)

To a solution of methyl 2-(6'-amino-2',3,3",4,4",5'-hexamethyl-[1,1":3',1"-terphenyl]-4'-y1)-2-(tert-
butoxy) acetate 16 (100 mg, 0.211 mmol) in pyridine (1 mL), MsCl (0.025 mL, 0.317 mmol) was
added at 0°C. The reaction mixture was stirred at 50 °C for 5 h, then 2 M aq HCI and water were added
to the reaction mixture followed by extraction with EtOAc. The organic layer was washed with brine
and dried with anhydrous Na,SO4. The solvent was concentrated and the residue was used without

further purification.

2-(tert-Butoxy)-2-(2",3,3",4,4", 5"-hexamethyl-6'-(methyl sulfonamido)-[1,1":3",1"-terphenyl]-4'-
yl)acetic acid (22g)

This compound was prepared from 21g in a similar manner to that described for 22a. (white
powder, 48 mg, 43% (2 steps)). 'H NMR (CDCls) & (ppm) (1:1 ratio of conformers): 1.03 (s, 9H),
1.65-1.71 (m, 3H), 2.23-2.33 (m, 12H), 2.42-2.49 (m, 6H), 5,19 (s, 1H), 5.84 (s, 0.5H), 5.89 (s, 0.5H),
6.89-7.28 (m, 6H); HRMS (ESI): m/z calcd for C31H330sNS [M-H]: 536.2476; found: 536.2460.

2-(tert-Butoxy)-2-(6'-(cyclopropanesulfonamido)-2',3,3",4, 4",5'-hexamethyl-[1,1":3", 1"-terphenyl]-
"“vl)acetic acid (22h)

This compound was prepared from 16 in a similar manner to that described for 21g, 22g. (506 mg,
88% (2 steps)). '"H NMR (DMSO-de) & (ppm) (1:1 ratio of conformers): 0.40-0.72 (m, 4H), 0.90 (s,
9H), 1.16-1.28 (m, 1H), 1.56-1.64 (m, 3H), 2.19-2.26 (m, 9H), 2.28 (s, 3H), 2.40 (s, 3H), 4.88-4.94
(m, 1H), 6.92-7.26 (m, 6H), 8.32 (s, 1H); HRMS (ESI): m/z calcd for C33H4NOsS [M+H]":564.2778 ;
found: 564.2771.

2-(tert-Butoxy)-2-(2",3,3",4,4", 5"-hexamethyl-6"-(phenylsulfonamido)-[1,1':3" 1"-terphenyl]-4'-
yl)acetic acid (22i)
This compound was prepared from 16 in a similar manner to that described for 21g, 22g. (pale

yellow powder, 49 mg, 39% (2 steps)). 'H NMR (CDCls) & (ppm) (1:1 ratio of conformers): 1.10 (s,
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9H), 1.49 (s, 1.5H), 1.51 (s, 1.5H), 1.98-2.53 (m, 15H), 5.15-5.23 (m, 1H), 5.85-6.07 (m, 1H), 6.16-
6.34 (m, 1H), 6.54-7.39 (m, 9H), 7.49-7.58 (m, 1H); HRMS (ESI): m/z calcd for C3sHs2NOsS
[M+H]*:600.2778 ; found: 600.2774.

4-Hydroxy-2,5-dimethyl-3-nitrobenzaldehyde (24)

To a solution of 4-hydroxy-2,5-dimethylbenzaldehyde 23 (21.7 g, 144 mmol) in H2SO4 (303 mL),
KNO; (16.1 g, 159 mmol) was added at 0 °C. The reaction mixture was stirred at 0 °C for 1 h. The
reaction mixture was poured into ice water. Precipitated solid was collected by filtration and washed
with water to obtain the product as a yellow solid (27.3 g, 97% yield). 'H NMR (CDCl3) & (ppm): 2.35
(s, 3H), 2.81 (s, 3H), 7.88 (s, 1H), 10.04 (s, 1H), 10.28 (s, 1H); MS (ESI): m/z [M-H] 194.20.

2-(4-Hydroxy-2,5-dimethyl-3-nitrophenyl)-2-((trimethyl silyl)oxy)acetonitrile (25)

To a solution of 4-hydroxy-2,5-dimethyl-3-nitrobenzaldehyde 24 (25 g, 128 mmol) in CH>Cl, (750
mL) were added, Znl, (12.6 g, 128 mmol) and TMSCN (51.5 mL, 384 mmol) at 0 °C. The reaction
mixture was stirred at rt for 0.5h. Saturated aq NaHCOj3 solution was added to the reaction mixture
and then extracted with CHCIs. The organic layer was washed with brine and dried with anhydrous

NaxSOs. The solvent was concentrated and the residue (47.7g) was used without further purification.

Methyl 2-hydroxy-2-(4-hydroxy-2,5-dimethyl-3-nitro  phenyl)acetate (26)

To a solution of crude 2-(4-hydroxy-2,5-dimethyl-3-nitrophenyl)-2-
((trimethylsilyl)oxy)acetonitrile 25 (47.7g) in 5-10% HCI in MeOH (456 mL), H,O (2.21 mL, 123
mmol) was added. The reaction mixture was stirred at reflux for 19 h. After concentration of the
solvent, water was added to the reaction mixture and then extracted with EtOAc. The organic layer
was washed with saturated aq NaHCO3 solution and dried with anhydrous Na>SO4. Concentration of
the solvent gave the product as a yellow solid (28.6 g, 91% yield (2 steps)). 'H NMR (CDCl3) § (ppm):
2.28 (s, 3H), 2.50 (s, 3H), 3.44 (brs, 1H), 3.78 (s, 3H), 5.38 (s, 1H), 7.33 (s, 1H), 9.50 (s, 1H); MS
(ESI) m/z [M-H] 253.90.

Methyl 2-(tert-butoxy)-2-(4-hydroxy-2,5-dimethyl-3-nitrophenyl)acetate (27)
To a solution of methyl 2-hydroxy-2-(4-hydroxy-2,5-dimethyl-3-nitrophenyl)acetate 26 (3.0 g,
11.75 mmol) in +-BuOAc (30 mL), 70% aq perchloric acid (2.12 mL, 35.3 mmol) was added at 0 °C.

The reaction mixture was stirred at rt for 10 min. Saturated aq NaHCO3; solution was added to the
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reaction mixture and then extracted with EtOAc. The organic layer was washed with brine and dried
with anhydrous Na>SOs. After concentration of the solvent, the residue was purified by silica gel
column chromatography (n-hexane: EtOAc/10:1-5:1) to obtain the product as a colorless solid (3.15
g, 86% yield). '"H NMR (CDCls) & (ppm): 1.23 (s, 9H), 2.29 (s, 3H), 2.51 (s, 3H), 3.68 (s, 3H), 5.22
(s, 1H), 7.61 (s, 1H), 9.52 (s, 1H); MS (ESI) m/z [M-H] 310.10.

Methyl 2-(tert-butoxy)-2-(2, 5-dimethyl-3-nitro-4-(((trifluoromethyl)sulfonyl)oxy)phenyl)acetate (28)

To a solution of methyl 2-(tert-butoxy)-2-(4-hydroxy-2,5-dimethyl-3-nitrophenyl)acetate 27 (9.34
g, 30.0 mmol) in CH>Cl, (94 mL), pyridine (3.63 mL, 45.0 mmol), T£,0 (6.08 mL, 36.0 mmol) was
added at 0 °C. The reaction mixture was stirred at rt for 1.5 h, and then 2M aq HCI and ice water were
added to the reaction mixture and followed by extraction with EtOAc. The organic layer was washed
with brine and dried with anhydrous Na>SOs. After concentration of the solvent, the residue was
purified by silica gel column chromatography (n-hexane: EtOAc/20:1-4:1) to obtain the product as a
pale yellow solid (12.7 g, 96% yield). '"H NMR (CDCls) & (ppm) :1.24 (s, 9H), 2.36 (s, 3H), 2.47 (s,
3H), 3.72 (s, 3H), 5.20 (s, 1H), 7.69 (s, 1H).

Methyl 2-(tert-butoxy)-2-(3,3' 4',6-tetramethyl-2-nitro-[ 1, 1 -biphenyl]-4-yl)acetate (29)

To a solution of  methyl 2-(tert-butoxy)-2-(2,5-dimethyl-3-nitro-4-
(((trifluoromethyl)sulfonyl)oxy) phenyl)acetate 28 (5.0 g, 11.3 mmol) in 1,4-dioxane (68 mL), 3,4-
dimethylphenyl boronic acid (2.54 g, 16.9 mmol) were added, 2M aq K»CO3 (22.6 mL, 45.1 mmol)
and PdClx(dppf) - CH2Cl; (460 mg, 0.564 mmol). The reaction mixture was stirred at 80 °C for 2 h. Ice
water and 2 M aq HCI were added to the reaction mixture and then extracted with EtOAc. The organic
layer was washed with saturated aq NaHCO; solution and dried with anhydrous Na>SOs4. After
concentration of the solvent, the residue was purified by silica gel column chromatography (n-hexane:
EtOAc/9:1-4:1) to obtain the product as a colorless foam (2.82 g, 63% yield). 'H NMR (CDCls) &
(ppm) :1.27 (s, 9H), 2.10 (s, 3H), 2.25 (s, 3H), 2.27 (s, 3H), 2.31 (s, 3H), 3.73 (s, 3H), 5.25 (s, 1H),
6.89-6.97 (m, 2H), 7.12-7.17 (m, 1H), 7.58 (s, 1H); MS (ESI) m/z [M+NH4]" 417.2.

Methyl 2-(2-amino-3,3"4',6-tetramethyl-[ 1, 1 -biphenyl]-4-yl)-2-(tert-butoxy)acetate (30)

To a solution of methyl 2-(tert-butoxy)-2-(3,3',4',6-tetramethyl-2-nitro-[1,1'-biphenyl]-4-yl)
acetate 29 (1.17 g, 2.92 mmol) in MeOH (18 mL) and AcOH (2 mL), Pd(OH). (500 mg, 0.356 mmol)
was added. The reaction mixture was stirred at rt under 5.5 atm hydrogen atmosphere for 18 h. After

filtering through Celite, the solvent was concentrated to obtain the product as a pale pink foam (1.00
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g, 93% vield). 'H NMR (DMSO-ds) & (ppm) :1.18 (s, 9H), 1.85 (s, 3H), 2.07 (s, 3H), 2.25 (s, 3H),
2.26 (s, 3H), 3.60 (s, 3H), 3.93 (s, 2H), 5.20 (s, 1H), 6.64 (s, 1H), 6.87 (d, 1H, J = 7.6 Hz), 6.93 (s,
1H), 7.24(d, 1H, J=7.6 Hz); MS (ESI) m/z [M+H]" 370.6.

Methyl 2-(2-amino-5-bromo-3,3',4',6-tetramethyl-[ 1, 1'-biphenyl]-4-yl)-2-(tert-butoxy)acetate (31)

To a solution of methyl 2-(6'-amino-2',3,3",4,4"-pentamethyl-[1,1":3',1"-terphenyl]-4'-yl)-2-(tert-
butoxy)acetate 30 (1.08 g, 2.92 mmol) in DMF (15 mL), NBS (525 mg, 2.92 mmol) was added at 0
°C. The reaction mixture was stirred at 0 °C for 1 h. Saturated ag NaHCO3; solution and water was
added to the reaction mixture and then extracted with EtOAc. The organic layer was washed with brine
and dried with anhydrous Na,SOs. After concentration of the solvent, the residue was purified by silica
gel column chromatography (n-hexane: EtOAc/20:1-2:1) to obtain the product as a pale brown oil
(1.18 g, 90% yield). '"H NMR (DMSO-ds) & (ppm) :1.19 (s, 9H), 1.99 (s, 3H), 2.07 (s, 3H), 2.25 (s,
3H), 2.28 (s, 3H), 3.62 (s, 3H), 4.03 (s, 2H), 5.89 (s, 1H), 6.87 (dd, 1H, J=7.3, 10.1 Hz), 6.93 (d, 1H,
J=10.1 Hz), 7.27 (d, 1H, J= 7.3 Hz); MS (ESI) m/z [M+H]" 447.9, 450.4.

Methyl 2-(3-bromo-2,3" 4", 5-tetramethyl-6-(methyl sulfonamido)-[1,1'-biphenyl]-4-yl)-2-(tert-
butoxy) acetate (32)

To a solution of methyl 2-(2-amino-5-bromo-3,3',4',6-tetramethyl-[1,1'-biphenyl]-4-yl)-2-(tert-
butoxy)acetate 31 (4.7 g, 10.5 mmol) in pyridine (47 mL), Ms,O (3.65 g, 21.0 mmol) was added. The
reaction mixture was stirred at 60 °C for 4 h, and then 2 M aq HCI and ice water were added to the
reaction mixture followed by extraction with EtOAc. The organic layer was washed with brine and
dried with anhydrous Na>SO4. After concentration of the solvent, the residue was purified by silica gel
column chromatography (n-hexane: EtOAc/10:1-1:1) to obtain the product as a yellow foam (3.54 g,
64% yield). "H NMR (CDCl3) & (ppm) (1:1 ratio of conformers): 1.25 (s, 9H), 2.19 (s, 3H), 2.29 (s,
3H), 2.32 (s, 3H), 2.41 (s, 3H), 2.50 (s, 3H), 3.73 (s, 3H), 5.67 (s, 0.5H), 5.68 (s, 0.5H), 6.05 (s, 1H),
6.91-7.01 (m, 2H), 7.20-7.24 (m, 1H), MS (ESI) m/z [M-H] 524, 526.

Methyl 2-(tert-butoxy)-2-(2',3,4, 5 "-tetramethyl-6'-(methylsulfonamido)-[1,1':3',1"- terphenyl]-4"-yl)
acetate (33a)

To a solution of methyl 2-(3-bromo-2,3',4',5-tetramethyl-6- (methylsulfonamido)-[1,1'-biphenyl]-
4-yl)-2-(tert-butoxy)acetate 32 (100 mg, 0.19 mmol) in DMA (2 mL), were added phenylboronic acid
(34.7 mg, 0.285 mmol), 2M aq K»,CO3(0.19 mL, 0.38 mmol) and PdCl,(dtbpf) (24.8 mg, 0.038 mmol).
The reaction mixture was stirred at 110 °C for 2 h, then 2 M aq HCI was added to the reaction mixture
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followed by extraction with EtOAc. The organic layer was washed with brine and dried with

anhydrous Na>SOs. The solvent was concentrated and the residue was used without further purification.

2-(tert-Butoxy)-2-(2',3,4,5 -tetramethyl-6'-(methylsulfon amido)-[1,1':3',1"-terphenyl]-4"-yl) acetic
acid (34a)

This compound was prepared from 33a in a similar manner to that described for 22a. (white
powder, 81.3 mg, 84% (2 steps)). 'H NMR (CDCls) & (ppm) (1:1 ratio of conformers): 1.03 (s, 9H),
1.67 (s, 1.5H), 1.68 (s, 1.5H), 2.30 (s, 3H), 2.31 (s, 3H), 2.45 (s, 1.5H), 2.46 (s, 1.5H), 2.48 (brs, 3H),
5.16 (brs, 1H), 5.85 (s, 0.5H), 5.91 (s, 0.5H), 6.90-6.99 (m, 1H), 7.03-7.13 (m, 1H), 7.19-7.25 (m, 2H),
7.35-7.62 (m, 4H), 9.83 (brs, 1H); HRMS (ESI): m/z calcd for C29H340sNS [M-H]: 508.2163; found:
508.2149.

2-(tert-Butoxy)-2-(4"-chloro-2",3,4,5 -tetramethyl-6'-(methylsulfonamido)-[1,1":3" 1"-terphenyl]-4'-
yl)acetic acid (34b)

This compound was prepared from 32 in a similar manner to that described for 33a, 34a. (white
foam, 74 mg, 72% (2 steps)). 'H NMR (DMSO-dc) & (ppm): 0.91 (s, 9H), 1.59 (s, 3H), 2.02 (s, 3H),
2.25 (brs, 6H), 2.41 (s, 3H), 4.84 (s, 1H), 6.98 (d, 1H, J= 7.5 Hz), 7.05 (s, 1H), 7.21 (d, I1H, J=17.5
Hz), 7.29 (d, 1H, J= 8.0 Hz), 7.37 (d, 1H, J= 8.0 Hz), 7.53 (d, 1H, J="7.9 Hz), 7.59 (d, 1H, J="7.9
Hz), 8.51 (s, 1H), 12.63 (brs, 1H); HRMS (ESI): m/z calcd for C2o0H30sNCIS [M-H]: 542.1773; found:
542.1760.

2-(tert-Butoxy)-2-(4"-chloro-3"-fluoro-2",3,4, 5 -tetra methyl-6'-(methylsulfonamido)-[1,1':3",1"-
terphenyl]-4'-yl)acetic acid (34¢)

This compound was prepared from 32 in a similar manner to that described for 33a, 34a. (colorless
solid, 42 mg, 42%(2 steps)). 'H NMR (CDCls) & (ppm) (1:1 ratio of conformers): 1.07 (s, 9H), 1.64-
1.69 (m, 3H), 2.30 (s, 3H), 2.31 (s, 3H), 2.43-2.55 (m, 6H), 5.07 (brs, 1H), 5.87 (s, 0.5H), 5.92 (s,
0.5H), 6.88-7.14 (m, 3H), 7.20-7.55 (m, 3H), 9.73 (brs, 1H); HRMS (ESI): m/z calcd for
C29H3,0sNCIFS [M-H]: 560.1679; found: 560.1663.

2-(tert-Butoxy)-2-(3-(3,4-dihydro-2H benzo[b][1,4] oxazin-6-yl)-2,3",4' 5-tetramethyl-6-(methyl
sulfonamido)-[1,1'-biphenyl]-4-yl)acetic acid (34d)

This compound was prepared from 32 in a similar manner to that described for 33a, 34a. (yellow
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foam, 56 mg, 58% (2 steps)). 'H NMR (DMSO-ds) & (ppm) (1:1 ratio of conformers): 0.94 (s, 4.5H),
0.95 (s, 4.5H), 1.63 (brs, 2H), 1.66 (brs, 1H), 2.00 (brs, 3H), 2.25 (brs, 6H), 2.36 (brs, 3H), 3.29 (brs,
2H), 4.11-4.20 (m, 2H), 5.07-5.13 (m, 1H), 5.79-5.87 (m, 1H), 6.25-6.32 (m, 0.5H), 6.37-6.45 (m,
0.5H), 6.54 (brs, 1H), 6.66-6.75 (m, 1H), 6.93-7.09 (m, 2H), 7.17-7.22 (m, 1H), 8.43 (s, 1H), 12.48
(brs, 1H); HRMS (ESI): m/z caled for C31H3706N2S [M-H]: 565.2378; found: 565.2365.

2-(tert-Butoxy)-2-(2,3" 4", 5-tetramethyl-3-(4-methyl-3,4-dihydro-2H-benzo[b] [ 1,4] oxazin-6-yl)-6-
(methylsulfon amido)-[1,1"-biphenyl]-4-yl)acetic acid (34e)

This compound was prepared from 32 in a similar manner to that described for 33a, 34a. (white
foam, 29 mg, 61% (2 steps)). 'H NMR (DMSO-ds) & (ppm) (1:1 ratio of conformers): 0.91 (s, 4.5H),
0.94 (s, 4.5H), 1.65-1.69 (m, 3H), 1.99-2.02 (m, 3H), 2.23-2.30 (m, 6H), 2.37 (brs, 3H), 2.74-2.79 (m,
3H), 3.23-3.29 (m, 2H), 4.23-4.30 (m, 2H), 5.05-5.10 (m, 1H), 6.40-6.46 (m, 0.5H), 6.51-6.57 (m,
0.5H), 6.69-6.80 (m, 2H), 6.95-7.10 (m, 2H), 7.18-7.23 (m, 1H), 8.45 (brs, 1H), 12.51 (brs, 1H).
HRMS (ESI): m/z caled for C3,H4106N2S [M+H]": 581.2680 ; found: 581.2673.

2-(tert-Butoxy)-2-(3-(2,3-dihydrobenzofuran-5-yl)-2,3' 4", 5-tetramethyl-6-(methylsulfonamido)-[ 1, 1 -
biphenyl]-4-yl)acetic acid (34f)

This compound was prepared from 32 in a similar manner to that described for 33a, 34a. (colorless
solid, 92 mg, 87% (2 steps)). 'H NMR (CDCls) & (ppm) (1:1 ratio of conformers): 1.05 (s, 9H), 1.67-
1.73 (m, 3H), 2.29 (s, 3H), 2.31 (s, 3H), 2.42 (s, 1.5H), 2.43 (s, 1.5H), 2.47 (brs, 3H), 3.16-3.34 (m,
2H), 4.57-4.68 (m, 2H), 5.25 (s, 0.5H), 5.27 (s, 0.5H), 5.89 (s, 0.5H), 5.94 (s, 0.5H), 6.8-6.88 (m, 1H),
6.89-6.99 (m, 1.5H), 7.00-7.13 (m, 1.5H), 7.19-7.24 (m, 1.5H), 7.36 (brs, 0.5H), 9.85 (brs, 1H); HRMS
(ESI): m/z caled for C31H360sNS [M-H]: 550.2269; found: 550.2254.

2-(tert-Butoxy)-2-(3-(chroman-6-yl)-2,3' 4", Stetra methyl-6-(methylsulfonamido)-[1, I'-biphenyl]-4-
yl)acetic acid (34g)

This compound was prepared from 32 in a similar manner to that described for 33a, 34a. (white
powder, 58 mg, 72% (2 steps)). '"H NMR (DMSO-ds) & (ppm) (1:1 ratio of conformers): 0.91 (s, 9H),
1.62 (s, 1.5H), 1.64 (s, 1.5H), 1.84-1.97 (m, 2H), 2.01 (s, 3H), 2.25 (brs, 6H), 2.38 (brs, 3H), 2.59-
2.83 (m, 2H), 4.12-4.21 (m, 2H), 4.95 (s, 0.5H), 4.99 (s, 0.5H), 6.76-6.85 (m, 1H), 6.87-6.93 (m, 1H),
6.94-7.08 (m, 3H), 7.19 (s, 0.5H), 7.20 (s, 0.5H), 8.42 (s, IH); HRMS (ESI): m/z calcd for C3;H330sNS
[M-H]: 564.2425; found: 564.2418.
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2-(tert-Butoxy)-2-((R)-2,3",4' 5-tetramethyl-3-(5-methyl chroman-6-yl)-6-(methylsulfonamido)-[1,1"-
biphenyl]-4-yl)acetic acid (34h)

This compound was prepared from 32 in a similar manner to that described for 33a, 34a. (white
powder, 21 mg, 12% (2 steps)). '"H NMR (DMSO-ds) & (ppm): 1.02 (s, 9H), 1.13-1.21 (m, 2H), 1.49
(s, 3H), 1.83 (s, 3H), 2.01 (s, 3H), 2.25 (s, 6H), 2.44 (s, 3H), 2.60-2.67 (m, 2H), 4.08-4.15 (m, 2H),
4.90 (s, 1H), 6.64-6.69 (m, 1H), 6.74-6.82 (m, 1H), 6.91-6.98 (m, 1H), 7.02 (s, 1H), 7.17-7.24 (m, 1H),
8.41 (s, 1H), 12.37 (brs, 1H). HRMS (ESI): m/z calcd for C33H4006NS [M-H]: 578.2582; found:
578.2567.

2-(tert-Butoxy)acetic acid (41)

To a suspension of NaH (10.4 g, 259 mmol) in THF (500 mL), ~-BuOH (20.5 mL, 216 mmol) and
2-bromoacetic acid 40 (20 g, 144 mmol) were added at 0°C. The reaction mixture was stirred at reflux
for 4 h. Next, 2 M aq HCI was added to the reaction mixture and extracted with EtOAc. The organic
layer was washed with brine and dried over anhydrous Na,SOs. After concentration of the solvent, the
residue was purified by silica gel column chromatography (n-hexane/EtOAc) to give the product as a

yellow oil (14 g, 74% yield). "H NMR (CDCls) & (ppm): 1.27 (s, 9H), 4.03 (s, 3H)

Methyl 2-(tert-butoxy)acetate (42)

To a solution of 2-(tert-butoxy)acetic acid 41 (150 g, 1.14 mmol) in DMF (2.25 L), K,CO; (314 g,
2.27 mol) and Mel (241 g, 1.70 mol) were added. The reaction mixture was stirred at rt for 3 h. Water
was added to the reaction mixture and extracted with EtOAc. The organic layer was washed with water
and dried over anhydrous Na2SO4. After concentration of the solvent, the residue was distilled (1
mmHg/80°C) to give the product as a yellow oil (117 g, 71% yield). "H NMR (CDCI3) & (ppm): 1.25
(s, 9H), 3.76 (s, 3H), 4.05 (s, 3H)

(Z)-((2-(tert-Butoxy)- I-methoxyvinyl)oxy)trimethylsilane (38)

To a solution of 0.5 M KHMDS in THF (677 mL, 339 mmol) in THF (100 mL), methyl 2-(tert-
butoxy)acetate 42 (45 g, 308 mmol) was added at -78°C. After continuing the stirring at -78°C for 1 h,
TMSCI (47.2 mL, 369 mmol) was added to the solution. The reaction mixture was stirred at -78°C for
10 min. The solution was concentrated and #-hexane was added to the residue. After filtering through
Celite, the solvent was concentrated. The residue was distilled (0.1 mmHg/90°C) to give the product
as a colorless oil (45 g, 67% yield). '"H NMR (CDCI3) & (ppm): 0.23 (s, 9H), 1.23 (s, 9H), 3.50 (s, 3H),
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5.36 (s, 1H)

1-Benzyl-4-hydroxy-3,6-dimethylpyridin-2(1H)-one (44)

To a suspension of 4-hydroxy-3,6-dimethyl-2H-pyran-2-one 43 (25 g, 178 mmol) in H>O (250
mL), BnNH; (19.5 mL, 178 mmol) was added. The reaction mixture was stirred at reflux for 5 h. After
concentration of the solvent, the residue was filtered and washed with n-hexane to give the product as
an orange solid (21 g, 51% yield). '"H NMR (DMSO-d6) & (ppm): 1.87 (s, 3H), 2.17 (s, 3H), 5.25 (s,
2H), 5.90 (s, 1H), 7.07-7.12 (m, 2H), 7.23-7.37 (m, 3H), MS (ESI) m/z [M+H]* 230.55

1-Benzyl-3,6-dimethyl-2-oxo- 1, 2-dihydropyridin-4-yl trifluoromethanesulfonate (37)

To a solution of /-benzyl-4-hydroxy-3,6-dimethylpyridin-2(1H)-one 44 (22 g, 96 mmol) in CH>Cl,
(200 mL), pyridine (10.1 mL, 125 mmol) and T£,0 (17.8 mL, 106 mmol) were added at 0°C. The
reaction mixture was stirred at 0°C for 30 min. Next, 2 M aq HCI] and water was added to the reaction
mixture and extracted with EtOAc. The organic layer was washed with brine and dried over anhydrous
Na2S04. After concentration of the solvent, the residue was purified by silica gel column
chromatography (n-hexane/EtOAc) to give the product as a yellow oil (32 g, 92% yield). '"H NMR
(CDCls) & (ppm): 2.18 (s, 3H), 2.32 (s, 3H), 5.33 (s, 2H), 6.07 (s, 1H), 7.12-7.16 (m, 2H), 7.25-7.36
(m, 3H), MS (ESI) m/z [M+H]" 362.40

Methyl 2-(1-benzyl-3,6-dimethyl-2-oxo-1,2-dihydropyridin-4-yl)-2-(tert-butoxy)acetate (39)

To a solution of 1-benzyl-3,6-dimethyl-2-0x0-1,2-dihydropyridin-4-yl trifluoromethanesulfonate
37 (32 g, 89 mmol) in DMF (300 mL) were added ZnF» (13.7 g, 133 mmol), Pd(dba), (5.1 g, 8.86
mmol), P(#-Bu)z (4.16 mL, 17.7 mmol), and (Z)-((2-(tert-butoxy)-1-methoxyvinyl)oxy)trimethylsilane
38 (58.3 g, 267 mmol). The reaction mixture was stirred at 100°C for 45 min. Water was added to the
reaction mixture and extracted with EtOAc. The organic layer was washed with water and dried over
anhydrous Na2SO4. After concentration of the solvent, the residue was purified by silica gel column
chromatography (n-hexane/EtOAc) to give the product as a yellow solid (16 g, 51% yield). 'H NMR
(CDCls) & (ppm): 1.24 (s, 9H), 2.26 (s, 3H), 2.27 (s, 3H), 3.71 (s, 3H), 5.17 (s, 1H), 5.28 (d, 2H, J=
15.8Hz), 5,35(d, 2H, J= 15.8Hz), 6.31 (s, 1H), 7.14-7.18 (m, 2H), 7.21-7.32 (m, 3H), MS (ESI) m/z
[M+H]* 358.65

Methyl 2-(1-benzyl-5-bromo-3,6-dimethyl-2-oxo-1,2-dihydropyridin-4-yl)-2-(tert-butoxy)acetate (45)
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To a solution of methyl 2-(1-benzyl-3,6-dimethyl-2-oxo-1,2-dihydropyridin-4-yl)-2-(tert-
butoxy)acetate 39 (9.0 g, 25.2 mmol) in CH3CN (100 mL), NBS (4.48 g, 25.2 mmol) was added at
0°C. The reaction mixture was stirred at rt for 30 min. Saturated aq NaHCOs3 solution was added to
the reaction mixture and extracted with EtOAc. The organic layer was washed with brine and dried
over anhydrous Na,SOs. After concentration of the solvent, the residue was purified by silica gel
column chromatography (n-hexane/EtOAc) to give the product as a white solid (9.02 g, 82% yield).
IH NMR (CDCI3) é (ppm): 1.24 (s, 9H), 2.29 (s, 3H), 2.52 (s, 3H), 3.73 (s, 3H), 5.33-5.58 (m, 2H),
7.11-7.19 (m, 2H), 7.22-7.36 (m, 3H), MS (ESI) m/z [M+H]" 436.10

Methyl 2-(1-benzyl-5-(3,4-dimethylphenyl)-3,6-dimethyl-2-oxo-1,2-dihydropyridin-4-yl)-2-(tert-
butoxy)acetate (46)

To a solution of methyl 2-(1-benzyl-5-bromo-3,6-dimethyl-2-oxo- 1,2-dihydropyridin-4-yl)-2-(tert-
butoxy) acetate 45 (8.0 g, 18.3 mmol) in DMF (80 mL) were added 2 M K»,COsaq (22.5 mL, 55 mmol),
3,4-dimethylphenylboronic acid (5.5 g, 36.7 mmol), and Pd(PPh3)4 (2.12 g, 1.83 mmol). The reaction
mixture was stirred at 140°C for 1 h. Next, 2 M aq HCl was added to the reaction mixture and extracted
with EtOAc. The organic layer was washed with brine and dried with anhydrous Na>SOs. After
concentration of the solvent, the residue was used without further purification. MS (ESI) m/z [M+H]*

462.70

Methyl 2-(tert-butoxy)-2-(5-(3,4-dimethylphenyl)-3, 6-dimethyl-2-oxo- 1, 2-dihydropyridin-4-yl)
acetate (47)

To a solution of crude methyl 2-(1-benzyl-5-(3,4-dimethylphenyl)-3,6-dimethyl-2-oxo-1,2-
dihydropyridin-4-yl)-2-(tert-butoxy)acetate 46 (5 g, 10.8 mmol) in AcOH (50 mL), 10%wt Pd/C (500
mg) was added. The reaction mixture was stirred at 80°C under hydrogen atmosphere for 1.5 h. After
filtering through Celite, the solvent was concentrated. The residue was purified by silica gel column
chromatography (n-hexane/ EtOAc) to give the product as a white solid (3.0 g, 44% yield (2 steps)).
"H NMR (CDCI3) 6 (ppm) (1:1 ratio of conformers); 0.98 (brs, 9H), 2.04-2.08 (m, 3H), 2.20-2.32 (m,
9H), 3.68 (s, 1.5H), 3.69 (s, 1.5H), 4.82 (s, 1H), 6.87-7.19 (m, 3H), 11.92 (brs, 1H), MS (ESI) m/z
[M+H]"462.70

Methyl 2-(tert-butoxy)-2-(3-(3,4-dimethylphenyl)-2, 5-dimethyl-6-(((trifluoromethyl)sulfonyl)oxy)
pyridin-4-yl) acetate (48)
To a solution of methyl 2-(tert-butoxy)-2-(5-(3,4-dimethylphenyl)-3,6-dimethyl-2-oxo-1,2-

56



dihydropyridin-4-yl)acetate 47 (3.0 g, 8.08 mmol) in CH,Cl, (30 mL) were added pyridine (0.849 mL,
10.5 mmol) and T£,0 (1.50 mL, 8.8 mmol) at 0°C. The reaction mixture was stirred at 0°C for 30 min.
Next, 2 M aq HCl was added to the reaction mixture and extracted with EtOAc. The organic layer was
washed with brine and dried over anhydrous Na2SO4. After concentration of the solvent, the residue
was purified by silica gel column chromatography (n-hexane/EtOAc) to give the product as a colorless
0il (3.0 g, 74% yield). 'HNMR (CDCls) & (ppm) (1:1 ratio of conformers): 0.97 (s, 9H), 2.18 (s, 1.5H),
2.20 (s, 1.5H), 2.29 (s, 1.5H), 2.29 (s, 1.5H), 2.34 (brs, 3H), 2.35 (s, 1.5H), 2.36 (s, 1.5H), 3.69 (s,
1.5H),3.71 (s, 1.5H), 4.96 (s, 1H), 6.88-7.01 (m, 2H), 7.18-7.24 (m, 1H), MS (ESI) m/z [M+H]* 504.05

Methyl 2-(2-(benzylcarbamoyl)-5-(3,4-dimethylphenyl)-3, 6-dimethylpyridin-4-yl)-2-(tert-
butoxy)acetate (49a)

To a solution of methyl 2-(tert-butoxy)-2-(3-(3,4-dimethylphenyl)-2,5-dimethyl-6-
(((trifluoromethyl)sulfonyl)oxy)pyridin-4-yl) acetate 48 (200 mg, 0.397 mmol) in DMF (2 mL) were
added Et3N (0.11 mL, 0.794 mmol), BnNH; (0.13 mL, 1.19 mmol), LiBr (103 mg, 1.19 mmol), and
Pd(PPh3)s4 (45.9 mg, 0.04 mmol). The reaction mixture was stirred at 80°C under CO atmosphere for
30 min. Next, 2 M aq HCl was added to the reaction mixture and extracted with EtOAc. The organic
layer was washed with brine and dried over anhydrous Na2SO4. After concentration of the solvent,

the residue was used without further purification. MS (ESI) m/z [M+H]" 489.25

2-(2-(Benzylcarbamoyl)-5-(3,4-dimethylphenyl)-3, 6-dimethylpyridin-4-yl)-2-(tert-butoxy)acetic acid
(50a)

To a solution of crude methyl 2-(2-(benzylcarbamoyl)-5-(3,4-dimethylphenyl)-3,6-
dimethylpyridin-4-yl)-2 -(tert-butoxy)acetate 49a in MeOH (2 mL), 2 M aq NaOH (0.546 mL, 1.09
mmol) was added. The reaction mixture was stirred at reflux for 30 min. Next, 2 M aq HCI was added
to the reaction mixture and extracted with CHCIs. The organic layer was washed with brine and dried
with anhydrous Na2SO4. After concentration of the solvent, the residue was purified by silica gel
column chromatography (CHCI3/MeOH) to give the product as a white solid (145 mg, 77% yield (2
steps)). "H NMR (CDCI3) & (ppm) (1:1 ratio of conformers): 0.99 (s, 4.5H), 1.00 (s, 4.5H), 2.20 (s,
1.5H), 2.23 (s, 1.5H), 2.30 (s, 3H), 2.33 (s, 3H), 4.60-4.70 (m, 2H), 5.18 (s, 1H), 6.89-7.00 (m, 1H),
7.17-7.41 (m, 7H), 8.39-8.48 (m, 1H), HRMS (ESI): m/z calcd for C29H34N204 [M+H]": 475.2591;
found: 475.2586

2-(2-(Benzyl(methyl)carbamoyl)-5-(3,4-dimethylphenyl)-3,6-dimethylpyridin-4-yl)-2-(tert-
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butoxy)acetic acid (50b)

This compound was prepared from 48 in a similar manner to that described for 49a, 50a. (colorless
oil, 101 mg, 73% (2 steps)). 'H NMR (CDCls) & (ppm) (mixture of conformers): 0.78-0.86 (m, 9H),
2.13-2.32 (m, 12H), 2.71 (s, 1.5H), 2.92 (s, 1.5H), 4.32 (s, 1H), 4.57-4.67 (m, 0.5H), 4.76-4.91 (m,
1.5H), 6.86-7.15 (m, 2H), 7.21-7.39 (m, 6H), HRMS (ESI): m/z calcd for C3H3sN204 [M+H]":
489.2748; found: 489.2745

Methyl 2-(2-(benzylamino)-5-(3,4-dimethylphenyl)-3, 6-dimethylpyridin-4-yl)-2-(tert-butoxy)acetate
(54)

To a solution of methyl 2-(tert-butoxy)-2-(3-(3,4-dimethylphenyl)-2,5-dimethyl-6-
(((trifluoromethyl) sulfonyl)oxy)pyridin-4-yl) acetate 48 (300 mg, 0.596 mmol) in 1,4-dioxane (3 mL),
were added Cs2COs3 (582 mg, 1.79 mmol), BnNH; (0.13 mL, 1.19 mmol), xantphos (68.9 mg, 0.119
mmol), and Pd(dba), (34.3 mg, 0.06 mmol). The reaction mixture was stirred at reflux for 2 h. Water
was added to the reaction mixture and extracted with EtOAc. The organic layer was washed with brine
and dried over anhydrous Na2SO4. After concentration of the solvent, the residue was purified by
silica gel column chromatography (n-hexane/EtOAc) to give the product as a yellow foam (270 mg,
98% yield). "H NMR (CDCls) & (ppm) (1:1 ratio of conformers): 0.96 (s, 9H), 2.11-2.15 (m, 6H), 2.26
(s, 1.5H), 2.28 (s, 1.5H), 2.32 (s, 3H), 3.65 (s, 1.5H), 3.67 (s, 1.5H), 4.38-4.45 (m, 1H), 4.65-4.75 (m,
2H), 4.92 (s, 1H), 6.92-7.08 (m, 2H), 7.11-7.18 (m, 1H), 7.28-7.47 (m, SH), MS (ESI) m/z [M+H]*
461.70

Methyl 2-(2-amino-5-(3,4-dimethylphenyl)-3,6-dimethylpyridin-4-yl)-2-(tert-butoxy)acetate (55)

To a solution of methy!l 2-(2-(benzylamino)-5-(3,4-dimethylphenyl)-3, 6-dimethylpyridin-4-yl)-2-
(tert-butoxy)acetate 54 (1.04 g, 2.26 mmol) in MeOH (10 mL), 10%wt Pd/C (100 mg) was added. The
reaction mixture was stirred at rt under hydrogen atmosphere for 4.5 h. After filtering through Celite,
the solvent was concentrated. The residue was purified by silica gel column chromatography (#-
hexane/ EtOAc) to give the product as a white solid (720 mg, 86% yield). 'H NMR (CDCls) & (ppm)
(1:1 ratio of conformers); 0.97 (s, 9H), 2.05 (s, 1.5H), 2.09 (s, 1.5H), 2.10 (s, 1.5H), 2.17 (s, 1.5H),
2.18 (s, 1.5H), 2.26 (s, 1.5H), 2.28 (s, 1.5H), 2.32 (s, 3H), 3.66 (s, 1.5H), 3.68 (s, 1.5H), 4.38 (s, 2H),
4.91 (s, 1H), 6.89-6.96 (m, 1H), 6.99-7.05 (m, 1H), 7.12-7.19 (m, 1H), MS (ESI) m/z [M+H]"371.55

Methyl 2-(2-(3-benzylureido)-5-(3,4-dimethylphenyl)-3, 6-dimethylpyridin-4-yl)-2-(tert-
butoxy)acetate (56b)
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To a solution of methyl 2-(2-amino-5-(3,4-dimethylphenyl)-3,6-dimethylpyridin-4-yl)-2-(tert-
butoxy)acetate 55 (50 mg, 0.135 mmol) in 1,2-dichloroethane (1 mL) were added Et;N (0.056 mL,
0.405 mmol) and benzyl isocyanate (0.033 mL, 0.27 mmol). The reaction mixture was stirred at reflux
for 1 h. Water was added to the reaction mixture and extracted with EtOAc. The organic layer was
washed with brine and dried over anhydrous Na>SOs. After concentration of the solvent, the residue

was used without further purification. MS (ESI) m/z [M+H]" 504.75

2-(2-(3-Benzylureido)-5-(3,4-dimethylphenyl)-3,6-dimethylpyridin-4-yl)-2-(tert-butoxy)acetic ~ acid
(57b)

To a solution of crude methyl 2-(2-(3-benzylureido)-5-(3,4-dimethylphenyl)-3,6-dimethylpyridin-
4-yl)- 2-(tert-butoxy)acetate 56b in MeOH (1 mL), 2 M aq NaOH (0.194 mL, 0.387 mmol) was added.
The reaction mixture was stirred at reflux for 30 min. Next, 2 M aq HCI was added to the reaction
mixture and extracted with CHCls. The organic layer was washed with brine and dried with anhydrous
Na2S04. After concentration of the solvent, the residue was purified by silica gel column
chromatography (CHCI3/MeOH) to give the product as a white solid (53 mg, 84% yield (2 steps)). 1H
NMR (CDCI3) & (ppm) (1:1 ratio of conformers): 0.98 (s, 4.5H), 0.99 (s, 4.5H), 2.08 (s, 1.5H), 2.09
(s, 1.5H), 2.22 (brs, 3H), 2.28 (brs, 3H), 2.31 (brs, 3H), 4.62 (d, J/=5.3Hz, 2H), 5.07 (s, 0.5H), 5.08 (s,
0.5H), 6.86-6.96 (m, 1H), 7.04-7.28 (m, 4H), 7.31-7.42 (m, 4H), 10.43 (d, /=5.3Hz, 2H), HRMS (ESI):
m/z caled for Co9H35N304 [M+H]*: 490.2700; found: 490.2698

2-(tert-Butoxy)-2-(3-(3,4-dimethylphenyl)-2, 5-dimethyl-6-(3-phenylureido)pyridin-4-yl)acetic  acid
(57a)

This compound was prepared from 55 in a similar manner to that described for 56b, 57b. (white
solid, 38.5 mg, 49% (2 steps)). 'H NMR (CDCls) & (ppm) (1:1 ratio of conformers): 1.01 (s, 4.5H),
1.02 (s, 4.5H), 2.25 (brs, 3H), 2.29-2.32 (m, 6H), 2.33 (s, 1.5H), 2.34 (s, 1.5H), 5.12 (s, 0.5H), 5.12 (s,
0.5H), 6.91-7.10 (m, 2.5H), 7.19-7.37 (m, 4.5H), 7.57-7.62 (m, 2H), 12.47 (s, 1H), HRMS (ESI): m/z
calcd for CasH33N304 [M+H]": 476.2544; found: 476.2542

2-(tert-Butoxy)-2-(3-(3,4-dimethylphenyl)-2, 5-dimethyl-6-(3-phenethylureido)pyridin-4-yl)acetic
acid (57¢)

This compound was prepared from 55 in a similar manner to that described for 56b, 57b. (white
solid, 54 mg, 85% (2 steps)). '"H NMR (CDCl3) & (ppm) (1:1 ratio of conformers): 0.97 (s, 4.5H), 0.98
(s,4.5H),2.27-2.37 (m, 9H), 2.59 (s, 1.5H), 2.61 (s, 1.5H), 2.88-2.96 (m, 2H), 3.48-3.56 (m, 2H), 5.03
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(s, 0.5H), 5.05 (s, 0.5H), 6.85-6.91 (m, 1H), 7.15-7.33 (m, 8H), 9.09-9.21 (m, 1H), 11.12 (s, 0.5H),
11.18 (s, 0.5H), HRMS (ESI): m/z calcd for C30H37N304 [M+H]*: 504.2857; found: 504.2851

2-(tert-Butoxy)-2-(2-(3-cyclopentylureido)-5-(3,4-dimethylphenyl)-3,6-dimethylpyridin-4-yl)acetic
acid (57d)

This compound was prepared from 55 in a similar manner to that described for 56b, 57b. (white
solid, 7 mg, 7% (2 steps)). '"H NMR (CDCls) & (ppm) (1:1 ratio of conformers): 0.97 (s, 9H), 1.53-
1.80 (m, 5H), 1.92-2.05 (m, 3H), 2.16 (s, 1.5H), 2.17 (s, 1.5H), 2.28 (s, 3H), 2.32 (s, 3H), 4.20-4.30
(m, 1H), 5.04 (s, 0.5H), 5.05 (s, 0.5H), 6.87-6.97 (m, 1H), 7.07 (brs, 1H), 7.14-7.23 (m, 2H), 10.09-
10.17 (m, 1H), HRMS (ESI): m/z calcd for C27H37N304 [M+H]": 468.2857; found: 468.2852

2-(tert-Butoxy)-2-(2-(3-cyclohexylureido)-5-(3,4-dimethylphenyl)-3, 6-dimethylpyridin-4-yl)acetic
acid (57e)

This compound was prepared from S5 in a similar manner to that described for 56b, 57b. (white
solid, 7 mg, 11% (2 steps)). 'H NMR (CDCl3) 6 (ppm) (1:1 ratio of conformers): 0.98 (s, 4.5H), 0.99
(s, 4.5H), 1.22-1.79 (m, 8H), 1.93-2.02 (m, 2H), 2.17-2.21 (m, 6H), 2.29 (s, 3H), 2.32 (s, 3H), 3.80-
3.90 (m, 1H), 5.07 (s, 0.5H), 5.08 (s, 0.5H), 6.89-6.98 (m, 2H), 7.16-7.23 (m, 2H), 10.04-10.14 (m,
1H), HRMS (ESI): m/z calcd for CogH39N304 [M+H]*: 482.3013; found: 482.3010

2-(tert-Butoxy)-2-(3-(3,4-dimethylphenyl)-2, 5-dimethyl-6-(3-(tetrahydro-2 H-pyran-4-
yl)ureido)pyridin-4-yl)acetic acid (57f)

This compound was prepared from 55 in a similar manner to that described for 56b, 57b. (white
solid, 76 mg, 65% (2 steps)). '"H NMR (CDCl3) & (ppm) (1:1 ratio of conformers): 0.97 (s, 4.5H), 0.98
(s, 4.5H), 1.56-1.76 (m, 2H), 1.92-2.06 (m, 2H), 2.14-2.68 (m, 12H), 3.50-3.60 (m, 2H), 3.92-4.06 (m,
3H), 5.04 (s, 0.5H), 5.06 (s, 0.5H), 6.87-7.00 (m, 1H), 7.15-7.24 (m, 2H), 10.38 (brs, 1H), HRMS
(ESI): m/z calcd for C27H37N30S5 [M+H]": 484.2806; found: 484.2801

2-(tert-Butoxy)-2-(2-(3-cycloheptylureido)-5-(3,4-dimethylphenyl)-3,6-dimethylpyridin-4-yl)acetic
acid (57g)

This compound was prepared from 55 in a similar manner to that described for 56b, 57b. (white
solid, 41 mg, 34% (2 steps)). 'H NMR (CDCls) & (ppm) (1:1 ratio of conformers): 0.98 (s, 9H), 1.50-
1.71 (m, 10H), 1.92-2.06 (m, 2H), 2.18 (s, 1.5H), 2.19 (s, 1.5H), 2.21 (brs, 3H), 2.29 (s, 3H), 2.32 (s,
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3H), 4.05 (brs, 1H), 5.05 (s, 0.5H), 5.06 (s, 0.5H), 6.89-7.23 (m, 4H), 10.08-10.18 (m, 1H), HRMS
(ESI): m/z caled for C2oH41N3O4 [M+H]": 496.3170; found: 496.3168

Methyl 2-(tert-butoxy)-2-(3-(3,4-dimethylphenyl)-6-((4-methoxyphenyl)amino)-2,5-dimethylpyridin-
4-yl)acetate (58a)

To a solution of methyl  2-(tert-butoxy)-2-(3-(3,4-dimethylphenyl)-2,5-dimethyl-6-
(((trifluoromethyl) sulfonyl)oxy)pyridin-4-yl) acetate 48 (80 mg, 0.159 mmol) in toluene (4 mL) were
added Cs,COs (78 mg, 0.238 mmol), 4-methoxyaniline (23.5 mg, 0.191 mmol), xantphos (4.14 mg,
0.007 mmol), and Pd(dba), (4.4 mg, 0.005 mmol). The reaction mixture was stirred at reflux for 1 h.
Water was added to the reaction mixture and extracted with EtOAc. The organic layer was washed
with brine and dried over anhydrous Na2SO4. After concentration of the solvent, the residue was used

without further purification. MS (ESI) m/z [M+H]" 477

2-(tert-Butoxy)-2-(3-(3,4-dimethylphenyl)-6-((4-methoxyphenyl)amino)-2, 5-dimethylpyridin-4-
yl)acetic acid (59a)

To a solution of crude methyl 2-(2-(3-benzylureido)-5-(3,4-dimethylphenyl)-3,6-dimethylpyridin-
4-yl)- 2-(tert-butoxy)acetate 58a in MeOH (2 mL), 2 M aq NaOH (0.6 mL, 1.2 mmol) was added. The
reaction mixture was stirred at reflux for 5 h. Next, 2 M aq HCl was added to the reaction mixture and
extracted with CHCIls. The organic layer was washed with brine and dried with anhydrous Na2SO4.
After concentration of the solvent, the residue was purified by silica gel column chromatography
(CHCI3/MeOH) to give the product as a pale yellow solid (30 mg, 41% yield (2 steps)). IH NMR
(CDCI13) 6 (ppm): 1.01 (s, 9H), 2.17 (s, 3H), 2.18 (s, 3H), 2.28 (s, 3H), 2.31 (s, 3H), 3.80 (s, 3H), 5.10
(s, 1H), 6.17 (brs, 1H), 6.86 (d, J=8.1 Hz, 2H), 6.90-6.99 (m, 1H), 7.11-7.23 (m, 2H), 7.43 (d, J=8.1Hz,
2H), HRMS (ESI): m/z calcd for C2sH34N204 [M+H]": 463.2591; found: 463.2584

2-(tert-Butoxy)-2-(3-(3,4-dimethylphenyl)-2, 5-dimethyl-6-((1-methyl- 1 H-benzo[d]imidazol-2-
yl)amino)pyridin-4-yl)acetic acid (59b)

This compound was prepared from 48 in a similar manner to that described for 58a, 59a. (pale
yellow solid, 18 mg, 23% (2 steps)). 'H NMR (CDCls) & (ppm): 1.03 (s, 9H), 2.22 (s, 3H), 2.30 (s,
3H), 2.32 (s, 3H), 2.45 (s, 3H), 3.66 (s, 3H), 5.09 (s, 1H), 6.93-7.03 (m, 1H), 7.10-7.37 (m, 6H), HRMS
(ESI): m/z calcd for C2oH34N4O3 [M+H]": 487.2704; found: 487.2699
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2-(2-(Benzo[d]thiazol-2-ylamino)-5-(3,4-dimethylphenyl)-3,6-dimethylpyridin-4-yl)-2-(tert-
butoxy)acetic acid (59c¢)

This compound was prepared from 48 in a similar manner to that described for 58a, 59a. (pale
yellow solid, 51 mg, 65% (2 steps)). 'H NMR (CDCl3) & (ppm) (1:1 ratio of conformers): 1.06 (s, 9H),
2.31 (s, 1.5H), 2.34 (s, 1.5H), 2.37 (s, 4.5H), 2.43 (s, 1.5H), 2.62 (s, 1.5H), 2.63 (s, 1.5H), 5.13 (s,
0.5H), 5.15 (s, 0.5H), 6.95-7.04 (m, 1H), 7.17-7.24 (m, 1.5H), 7.29-7.50 (m, 2.5H), 7.58-7.63 (m, 1H),
7.71-7.76 (m, 1H), HRMS (ESI): m/z calcd for C2sH31N303S [M+H]": 490.2159; found: 490.2157

Methyl 2-(tert-butoxy)-2-(3-(3,4-dimethylphenyl)-2, 5-dimethyl-6-(naphthalene- I -sulfonamido)
pyridin-4-yl)acetate (60a)

To a solution of methyl 2-(2-amino-5-(3,4-dimethylphenyl)-3,6-dimethylpyridin-4-yl)-2-(tert-
butoxy)acetate 55 (100 mg, 0.27 mmol) in pyridine (4 mL), naphthalene-2-sulfonyl chloride (122 mg,
0.54 mmol) was added. The reaction mixture was stirred at r.t. for 5 h. Next, 2 N HCl aq was added to
the reaction mixture and extracted with EtOAc. The organic layer was washed with brine and dried
over anhydrous Na2SO4. After concentration of the solvent, the residue was used without further

purification. MS (ESI) m/z [M+H]" 561

2-(tert-Butoxy)-2-(3-(3,4-dimethylphenyl)-2, 5-dimethyl-6-(naphthalene- 1 -sulfonamido)pyridin-4-
yl)acetic acid (61a)

This compound was prepared from 60a in a similar manner to that described for S0a. (white solid,
60 mg, 42% (2 steps)). '"HNMR (DMSO-d6) & (ppm) (1:1 ratio of conformers): 0.81 (s, 9H), 1.88 (brs,
3H), 2.19 (s, 6H), 2.24 (s, 3H), 4.67 (s, 0.5H), 4.68 (s, 0.5H), 6.84-6.94 (m, 1H), 6.99-7.20 (m, 2H),
7.59-7.70 (m, 2H), 7.97-8.07 (m, 3H), 8.09-8.15 (m, 1H), 8.60 (s, 1H), HRMS (ESI): m/z calcd for
C31H34N205S [M+H]": 547.2261; found: 547.2258

Methyl 2-(tert-butoxy)-2-(3,6-dimethyl-2-oxo- 1, 2-dihydropyridin-4-yl)acetate (62)

To a solution of methyl 2-(1-benzyl-3,6-dimethyl-2-oxo-1,2-dihydropyridin-4-yl)-2-(tert-
butoxy)acetate 39 (17.5 g, 49 mmol) in AcOH (175 mL), 10%wt Pd/C (8.3 g) was added. The reaction
mixture was stirred at 80°C under hydrogen atmosphere for 5 h. After filtering through Celite, the
solvent was concentrated to give the solid. The solid was filtered and washed with n-hexane to give
the product as a white solid (11.5 g, 88% yield). 'H NMR (CDCl3) & (ppm): 1.23 (s, 9H), 2.19 (s, 3H),
2.26 (s, 3H), 3.69 (s, 3H), 5.15 (s, 1H), 6.29 (s, 1H), 10.45 (brs, 1H), MS (ESI) m/z [M+H]* 268.40
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Methyl 2-(tert-butoxy)-2-(3, 6-dimethyl-2-(((trifluoromethyl)sulfonyl)oxy)pyridin-4-yl)acetate (63)

To a solution of methyl 2-(tert-butoxy)-2-(3,6-dimethyl-2-oxo-1,2-dihydropyridin-4-yl)acetate 62
(11.5 g, 43.1 mmol) in CH2Cl, (115 mL), pyridine (4.43 mL, 56 mmol), T,0 (8.0 mL, 47.4 mmol)
was added at 0°C. The reaction mixture was stirred at 0°C for 20 min. Next, 2 M aq HCI] was added to
the reaction mixture and extracted with CH,Cl,. The organic layer was washed with water and dried
over anhydrous Na;SO4. After concentration of the solvent, the residue was purified by silica gel
column chromatography (n-hexane/EtOAc) to give the product as a colorless oil (16.5 g, 96% yield).
"H NMR (CDCls) & (ppm): 1.23 (s, 9H), 2.34 (s, 3H), 2.49 (s, 3H), 3.70 (s, 3H), 5.19 (s, 1H), 7.40 (s,
1H), MS (ESI) m/z [M+H]" 400.00

Methyl 2-(2-(benzylamino)-3,6-dimethylpyridin-4-yl)-2-(tert-butoxy)acetate (64)

To a solution of methyl 2-(tert-butoxy)-2-(3,6-dimethyl-2-(((trifluoromethyl)sulfonyl)oxy) pyridin-
4-yl)acetate 63 (2.76 g, 6.91 mmol) in toluene (20 mL) were added CsCO3 (6.75 g, 20.7 mmol),
BnNH; (1.41 g, 13.2 mmol), xantphos (780 mg, 1.35 mmol), and Pd(dba), (397 mg, 0.69 mmol). The
reaction mixture was stirred at 80°C for 2 h. Water was added to the reaction mixture and extracted
with EtOAc. The organic layer was washed with brine and dried over anhydrous Na2SO4. After
concentration of the solvent, the residue was purified by silica gel column chromatography (n-
hexane/EtOAc) to give the product as a colorless oil (2.13 g, 87% yield). '"H NMR (CDCl3) & (ppm):
1.23 (s, 9H), 2.09 (s, 3H), 2.39 (s, 3H), 3.66 (s, 3H), 4.36 (t, J=5.3Hz, 1H), 4.67 (d, J=5.3Hz, 2H), 5.15
(s, 1H), 6.68 (s, 1H), 7.26-7.30 (m, 1H), 7.31-7.37 (m, 2H), 7.39-7.44 (m, 2H)

Methyl 2-(2-amino-3,6-dimethylpyridin-4-yl)-2-(tert-butoxy)acetate (65)

To a solution of methyl 2-(2-(benzylamino)-3,6-dimethylpyridin-4-yl)-2-(tert-butoxy)acetate 64
(14 g, 39.3 mmol) in MeOH (140 mL), 10%wt Pd/C (6.4 g) was added. The reaction mixture was
stirred at rt under hydrogen atmosphere for 22 h. After filtering through Celite, the solvent was
concentrated to give a solid. The solid was filtered and washed with n-hexane to give the product as a
white solid (10.4 g, 99% yield). '"H NMR (CDCI3) § (ppm): 1.23 (s, 9H), 2.16 (s, 3H), 2.42 (s, 3H),
3.68 (s, 3H), 5.10 (brs, 2H), 5.16 (s, 1H), 6.79 (s, 1H), MS (ESI) m/z [M+H]+ 267.35

Methyl 2-(2-amino-5-bromo-3, 6-dimethylpyridin-4-yl)-2-(tert-butoxy)acetate (66)
To a solution of methyl 2-(2-amino-3,6-dimethylpyridin-4-yl)-2-(tert-butoxy)acetate 65 (2.4 g,
9.01 mmol) in CH3CN (24 mL), NBS (1.76 g, 9.91 mmol) was added at 0°C. The reaction mixture
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was stirred at 0°C for 15 min. Saturated aq NaHCO3 solution was added to the reaction mixture and
extracted with EtOAc. The organic layer was washed with brine and dried over anhydrous Na2SO4.
After concentration of the solvent, the residual solid was filtered and washed with n-hexane to give
the product as a beige solid (2.95 g, 95% yield). IH NMR (CDCI3) & (ppm): 1.21 (s, 9H), 2.16 (s, 3H),
2.53 (s, 3H), 3.69 (s, 3H), 4.39 (brs, 2H), 5.80 (s, |H), MS (ESI) m/z [M+H]+ 344.95

Methyl 2-(3-bromo-6-(3-cyclohexylureido)-2, 5-dimethylpyridin-4-yl)-2-(tert-butoxy)acetate (67)

To a solution of methyl 2-(2-amino-5-bromo-3,6-dimethylpyridin-4-yl)-2-(tert-butoxy)acetate 66
(500 mg, 1.45 mmol) in CH>Cl, (1 mL), cyclohexyl isocyanate (363 mg, 5.80 mmol) was added. The
reaction mixture was stirred at rt for 36 h. Water was added to the reaction mixture and extracted with
CH:Cl,. The organic layer was washed with brine and dried over anhydrous Na,SOs. After
concentration of the solvent, the residual solid was filtered and washed with n-hexane to give the
product as a beige solid (453 mg, 67% yield). 1H NMR (CDCI3) 6 (ppm): 1.02-1.63 (m, 6H), 1.20 (s,
9H), 1.65-1.77 (m, 2H), 1.86-2.02 (m, 2H), 2.23 (s, 3H), 2.61 (s, 3H), 3.69 (s, 3H), 3.77-3.88 (m, 1H),
5.83 (s, 1H), 6.64 (s, 1H), 9.63 (d, J=7.3Hz, 1H)

Methyl 2-(tert-butoxy)-2-(3-(4-chlorophenyl)-6-(3-cyclohexylureido)-2, 5-dimethylpyridin-4-
yl)acetate (68a)

To a solution of methyl 2-(3-bromo-6-(3-cyclohexylureido)-2,5-dimethylpyridin-4-yl)-2-(tert-
butoxy)acetate 67 (100 mg, 0.213 mmol) in DMF (1 mL) were added 2 M K>CO3z aq (0.319 mL, 0.639
mmol), 4-chlorophenylboronic acid (37 g, 0.234 mmol), and PdCl>(PPhs), (7.0 mg, 0.01 mmol). The
reaction mixture was stirred at 80°C for 1 h. Next, 2 M aq HCI was added to the reaction mixture and
extracted with EtOAc. The organic layer was washed with brine and dried with anhydrous Na;SOs.

After concentration of the solvent, the residue was used without further purification.

2-(tert-Butoxy)-2-(3-(4-chlorophenyl)-6-(3-cyclohexylureido)-2, 5-dimethylpyridin-4-yl)acetic  acid
(69a)

To a solution of crude methyl 2-(tert-butoxy)-2-(3-(4-chlorophenyl)-6-(3-cyclohexylureido)-2,5 -
dimethylpyridin-4-yl)acetate 68a in MeOH (2 mL), 2 M aq NaOH (1 mL, 2.0 mmol) was added. The
reaction mixture was stirred at reflux for 2 h. Next, 2 M aq HC] was added to the reaction mixture and
extracted with CHCIls. The organic layer was washed with brine and dried with anhydrous Na2SO4.
After concentration of the solvent, the residue was purified by silica gel column chromatography

(CHCI3/MeOH) to give the product as a pale yellow solid (16 mg, 15% yield (2 steps)). 'H NMR
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(CDCI13) & (ppm): 0.99 (s, 9H), 1.06-1.99 (m, 10H), 2.17 (s, 3H), 2.23 (s, 3H), 3.79-3.90 (m, 1H), 4.96
(s, 1H), 7.10 (brs, 1H), 7.13-7.19 (m, 1H), 7.40-7.48 (m, 3H), 10.03 (d, J=7.3Hz, 1H), HRMS (ESI):
m/z calcd for Co6H34CIN3O4 [M+H]+: 488.2311; found: 488.2306

2-(tert-Butoxy)-2-(2-(3-cyclohexylureido)-3,6-dimethyl-5-(4-(trifluoromethyl)phenyl)pyridin-4-
yl)acetic acid (69b)

This compound was prepared from 67 in a similar manner to that described for 68a, 69a. (pale
yellow solid, 36 mg, 32% (2 steps)). 'H NMR (CDCls) & (ppm): 0.97 (s, 9H), 1.20-1.77 (m, 8H), 1.90-
2.03 (m, 2H), 2.14 (s, 3H), 2.32 (s, 3H), 3.79-3.89 (m, 1H), 4.85 (s, 1H), 7.32-7.37 (m, 1H), 7.65-7.78
(m, 3H), 7.88 (brs, 1H), 10.26 (d, J=7.2Hz, 1H), HRMS (ESI): m/z calcd for C27H34F3N304 [M+H]":
522.2574; found: 522.2570

2-(tert-Butoxy)-2-(2-(3-cyclohexylureido)-5-(4-methoxyphenyl)-3,6-dimethylpyridin-4-yl)acetic acid
(69¢)

This compound was prepared from 67 in a similar manner to that described for 68a, 69a. (pale
yellow solid, 37 mg, 36% (2 steps)). 'H NMR (CDCls) & (ppm): 0.99 (s, 9H), 1.22-2.03 (m, 10H), 2.20
(s, 3H), 2.20 (s, 3H), 3.81-3.90 (m, 1H), 3.87 (s, 3H), 5.09 (s, 1H), 6.92-7.03 (m, 3H), 7.09-7.14 (m,
1H), 7.39-7.44 (m, 1H), 10.06 (d, J=8.0Hz, 1H), HRMS (ESI): m/z calcd for C27H37N305 [M+H]":
484.28006; found: 484.2801

2-(tert-Butoxy)-2-(2-(3-cyclohexylureido)-5-(3,4-dihydro-2H-benzo[b] [ 1,4]oxazin-6-yl)-3, 6-
dimethylpyridin-4-yl)acetic acid (69d)

This compound was prepared from 67 in a similar manner to that described for 68a, 69a. (pale
yellow solid, 22 mg, 20% (2 steps)). "H NMR (CDCI3) & (ppm) (1:1 ratio of conformers): 1.02 (s, 9H),
1.18-2.03 (m, 10H), 2.18 (s, 1.5H), 2.20 (s, 1.5H), 2.23 (s, 3H), 3.42-3.52 (m, 2H), 3.78-3.90 (m, 1H),
4.24-4.35 (m, 2H), 5.16 (s, 0.5H), 5.19 (s, 0.5H), 6.37-6.47 (m, 1H), 6.67-6.88 (m, 2H), 7.00 (brs, 1H),
10.04-10.17 (m, 1H), HRMS (ESI): m/z calcd for CogH3sN4Os [M+H]™: 511.2915; found: 511.2915

2-(tert-Butoxy)-2-(3-(chroman-6-yl)-6-(3-cyclohexylureido)-2, 5-dimethylpyridin-4-yl)acetic acid
(64e)
This compound was prepared from 67 in a similar manner to that described for 68a, 69a. (pale

yellow solid, 23 mg, 21% (2 steps)). "H NMR (CDCl3) & (ppm) (1:1 ratio of conformers): 0.99 (s, 9H),
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1.22-2.91 (m, 18H), 3.60-3.87 (m, 1H), 4.20-4.34 (m, 2H), 5.08 (brs, 1H), 6.79-7.24 (m, 3H), 9.04
(brs, 1H), 10.23 (brs, 1H), HRMS (ESI): m/z calcd for CxH3oN30s [M+H]": 510.2962; found:
510.2962

2-(tert-Butoxy)-2-((S)-2-(3-cyclohexylureido)-3, 6-dimethyl-5-(5-methylchroman-6-yl)pyridin-4-
yl)acetic acid (69f)

This compound was prepared from 67 in a similar manner to that described for 68a, 69a. (pale
yellow solid, 14 mg, 3% (2 steps)). 'H NMR (CDCls) & (ppm): 1.10 (s, 9H), 1.24-2.14 (m, 12H), 1.93
(s, 3H), 2.06 (s, 3H), 2.26 (s, 3H), 2.60-2.77 (m, 2H), 3.79-3.89 (m, 1H), 4.16-4.23 (m, 2H), 5.01 (s,
1H), 6.70-6.85 (m, 2H), 7.09-7.21 (m, 1H), 10.12 (d, J=7.9Hz, 1H), HRMS (ESI): m/z calcd for
C30H41N30s [M+H]": 524.3119; found: 524.3117

Biological assay
Cells and viruses

Molt-4 cells persistently infected with HIV-1 strain II1IB (Harada et al., 1985) and human T cell
line MT-4 cells were obtained from the Institute for Virus Research, Kyoto University. Molt-4 cells
and MT-4 cells were maintained in RPMI 1640 medium supplemented with 10% FBS and 100 mg/mL
kanamycin sulfate. HIV-1 recombinant molecular clone NL432 was obtained from A. Adachi
(Tokushima University, Tokushima, Japan). NL432 based site-directed IN mutant clone T1741 was

constructed by previously described method.??

Antiviral assay and cytotoxicity assays

Antiviral activity and cytotoxicity were measured using MT-4 cells, as described previously.?!
MT-4 cells at 2.5 x 104 cells/well were aliquoted to 96-well plates in the presence of varying
concentrations of compounds. After incubation for 1 hour, NL432 wild-type, HIV-1 strain IIIB or
T1741 mutant virus at a 50% tissue culture infectious dose of 4 to 10 was infected and cultured for 4
days. The antiviral activity was evaluated as the cell viability measured by absorbance at 560 (subtract
background at 690 nm) using the yellow tetrazolium MTT reagent [(3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide)]. The effective concentration achieving 50% inhibition (ECso) of cell
death caused by HIV-1 infection was determined from concentration response curves using a four-

parameter logistic curve fitting model. Under the same conditions, the cytotoxicity of the compounds

(CCso) was determined using MT-4 cells without HIV-1 infection.
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Metabolic stability studies

The metabolic stabilities of the test compound in rat and human liver microsomes were determined
at one concentration (0.5 uM). The compounds were incubated with 0.5 mg protein/mL in suspension
in 50 mM Tris—HCI buffer (pH 7.4), 150 mM KCI, 10 mM MgCl;, ImM NADPH at 37 °C.
Microsomal incubations were initiated by the addition of 100-fold concentrated solution of the
compounds. Incubations was terminated by addition of 2-fold volume of organic solvent
(MeCN/MeOH = 1:1) after 0 and 30 min of incubation at 37 °C. The preparation protein was removed
by centrifugation. The supernatants were analyzed by LC/MS/MS. All incubations were conducted in
duplicate, and the percentage of compound remaining at the end of the incubation was determined
from the LC/MS/MS peak area ratio.

Pharmacokinetic studies

Male Sprague—Dawley rats (8 weeks) were purchased from Charles River Laboratories.
Compounds were formulated as suspensions in 0.5% methylcellulose and dosed orally at 1 mg/5
mL/kg (n = 2) under isoflurane anesthesia on the nonfasted condition. Blood samples (0.2 mL) were
collected with 1 mL syringes containing anticoagulants (EDTA-2K and heparin) at 0.25, 0.5, 1, 2, 4,
6, 8, and 24 h after dosing. Compounds were formulated as solutions in DMA/propylene glycol (1:1,
v/v) and dosed intravenously from the tail vein at 0.5 mg/1 mL/kg (n = 2) under isoflurane anesthesia
in the nonfasted condition. Blood samples (0.2 mL) were collected with 1 mL syringes containing
anticoagulants (EDTA-2K and heparin) at 2, 5, 15, 30, 60, 120, 240, 360, 480 and 1440 min after
dosing. Blood samples were centrifuged to obtain plasma samples, which were transferred to each
tube and stored in a freezer until analysis. Plasma concentrations were determined by LC/MS/MS
following protein precipitation with methanol. Pharmacokinetic parameters were calculated using

WinNonlin based on a noncompartment model.

X-ray crystallography
Crystallization

Recombinant IN CCD (50-212; F185K) protein was expressed in E. coli and purified as
described.?? Crystals of IN CCD protein were grown at 20°C using the sitting drop vapor diffusion
method. A 1:1 mixture was prepared of 10 mg/ml protein in 20 mM Tris-HCI pH 7.5, 0.5 M NaCl, and
5 mM dithiothreitol with reservoir solution (0.1 M sodium cacodylate pH 6.5, 0.2 M ammonium
sulfate, 10% PEG 8000, 5 mM dithiothreitol). The crystals were soaked at 20°C for 16 hours with
reservoir solution containing 5 mM compound in 5% DMSO. The crystals were then harvested in 30%

glycerol prepared in soaking solution and flash-cooled in a nitrogen stream.
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Structure determination

X-ray diffraction data were collected with MicroMax-007HF and R-axis IV++ (Rigaku). Data

were processed with HKL2000 2%, solved by molecular replacement in MOLREP 2%, and refined in

RECMAC 2% with iterative manual model building in Coot 9. Structures and structure factors were

deposited in the Protein Data Bank database with accession codes 6LMQ (31d) and 7D83 (69f).

X-ray data collection and refinement statistics for compounds (31d, 69f) are described the below table.

PDB code 6LMQ (31d) 7D83 (69f)
Data collection statistics

Space group P3:21 P3121
Cell parameters (A) 71.9,71.9, 65.5 72.3,72.3, 65.8
Wavelength (A) 1.5418 1.5418
Resolution (A) 50.00-2.10 (2.14-2.10) 50.00-2.43 (2.47-2.43)
Number of 11752 (580) 7819 (366)
unique reflections

Multiplicity 5.1 (4.6) 6.5 (5.6)
Completeness (%) 99.5 (99.8) 99.8 (96.8)
Rmerge (%) 6.4 (54.4) 8.3 (56.0)
Mean I/o(1I) 13.7 (2.5) 10.8 (2.4)
Refinement statistics

Resolution range (A) 19.1-2.10 36.2-2.43
Number of reflections 11184 (812) 7444 (541)
in working set

Number of reflections 557 (36) 359 (28)

in test set

R value (%) 21.1(29.2) 22.4 (28.4)
Rfree value (%) 23.9 (37.0) 27.8 (24.6)
rmsd bond length (A?) 0.031 0.029
rmsd angle (°) 1.757 1.410
Number of water 27 15
molecules in AU

Mean B value (A?) 41.3 39.9
Ramachandran plot statistics

Residues in favored/ 96.8/3.2 97.5/2.5

allowed regions (%)
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