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Ac acetyl

AcOH acetic acid

secBuLi sec-butyllithium

Bu tert-Butyl

bid bis in die (— H 2 [A])

Chol cholesterol

CSI Cholesterol Synthesis Inhibitory activity in rat hepatic cell
DEAD diethyl azodicarboxylate

DMAP N,N-dimethyl-4-aminopyridine

DMF N,N-dimethylformamide

DMSO dimethyl sulfoxide

EDC or WSCI  N-[3-(Dimethylamino)propyl]-N'-ethylcarbodiimide
Et;N triethylamine

EtOH ethanol

AcOEt ethyl acetate

HDL high density lipoprotein

HMG-CoA 3-hydroxy-3-methyl-glutaryl-CoA

HOBt 1-hydroxybenzotriazole

ICso 50% inhibitory concentration

1.p. intraperitoneal

K2CO; Potassium carbonate

LDL low density lipoprotein

Me methyl

Ms methanesulfonyl

NaBH4 sodium borohydride

NaH sodium hydride

Pd-C palladium on carbon

PDB Protein Data Bank (& HEMEIET — & /N 7)
Ph;P triphenylphosphine

Ph;PO triphenylphosphine oxide

quant. quantitative yield

Red-Al sodium bis(2-methoxyethoxy)aluminum hydride
SSI rat Squalene Synthase Inhibitory activity



TBAF tetrabutylammonium fluoride

TBS tert-butyldimethylsilyl

THO trifluoromethanesulfonic anhydride
TC total cholesterol

TG triglyceride

THF tetrahydrofuran
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F—E AT LUEHEREEDOEEH

P, WOKBRLO BAETEDIRE Y & AHOFEEIZ LY | BIREE LB ARE B2 LT
JipzE 7 & O MAE BB TR THATL T\ 5, AFBICERIT 25RO 3 EIE, M LW
DO ME TR - 2IEERMIRBTH D, TOMHBEIIEBO ZRAERINT L LT, &
JE « BEIRIE - IR RFE (BIFIE) Mo Tnsd, IFEREES X, & LDL 2L
A7 m—/ViljfE, @Y 27U EY FifjiE, fKHDL 2 L A7 12— VlFETH Y | it
BRI L2 R S AN LI fERIN - Ch 5, T BIREREEOIREIKICIE, ==
FUA, 7 47T — FRBA BBA AR, 7 r 72—/ HMG-CoA &t
BERILER] (AZFY) . aLATa—/L kT U AR—F—[HEHZ & OREHF DM &
n<Tunsd (Figurel) .
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Figure 1. Medicines for dyslipidemia
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BT TE S AEGKEN 5720, BFFESCHEERIEIINA T, EAIZLD
BIRPANTH D,

Frio, EBIREEICKTT 5 HMG-CoA Bt RIER (X2 F ) DU AT IKER)
RiT, 2 < ORBUEEFRABRIC L VIEA SN TS 19 LI LAZF i, ks
M IR L B R AT | BT R ARAE 4672 EORIER O Y 27 B ST g
IO ORIEMIZ. HMG-CoA iR EAIN, 77 =1 F 7= 1n ] VERPaE
%/V(ﬂiV%KAQ) DI AT a—NA VTV ) A RERDOEGHEZ BILET 2
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Scheme 1. Sites of inhibition of cholesterol biosynthesis
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7Vt FOBKRTEMZ GBI TE DN LAIFIERN TH 5 710, 1992 4212 Merck
& Glaxo NOHFIFFIZ, ZORI T VAR EZHET 2 REM 7 7 I U —REES
N7z, FIEH zaragozic acidt1? (Merck) . squalestatin (Glaxo) & FE[EIL72 Z DK
K7 7 IV —OFHEICLY 27T L oG BERILEROMEIIRE <R LT, #F
FELDTNV—TIZBWTYH, zaragozic acid & b & ICA AR 256 L, M E O AR
MEERET LA 7 Vo AIEREEA OB LT 13 (Figure2) . L L
ZOFHEKRLIX, BWAT T L UAKREBERILEEMEEZ A L Wil b rnbbd, 20
IEFITENVEAMREGRDOTD, in vivo RERIZB T H2ENIAR+nRbDOTh o7, F
Fix, ZomWEAMAGREZEE L TEWEDZ R I bEm 2 BGT 5 2 LRIV,
AT v — VHEY O A AR E LEE T HMG-CoA & iR EAlZ LRl 2% @i

AT ORERTEL/OND LEX AR 7 L A pilERER OBRRIISE
%F’aﬁ%bf:o

H02 ./\/\/\ J:
HO,C HO,C” ~ 0" CO,H
OH C02H

Zaragozic acid A (Squalestatine) Our previous compound 1

Figure 2. Zaragozic acid A and our previous compound

HE O BAMIE A BMG L= CREIZ, Abbott, =—H 1 | [LZNREE (BT 275
ZHUHK) | Bayer, mUHEEN TR CHEBO I V—TNh, 27T Lo AR DO E
FIN L X T e, Zaragozic acid A48 L 7= HEA 14190 X7 7 L A pkiEESR O 5
BThoHr7 7N nen ) VERICEBLIALEY 1610 7 7 L x v a U UG
ATV ~ORISTFRERTHDLAINRATF LT ZhT I o0x%X 7 ) Vv
ROREH 1820 2 L TREAEEMICRE SN D 7 BEBRMEEE AT 2 HEA 2127 L
Thbd, TORT, KA TED TAK-475 136k b B % 258 2055 R 55 = A0 BR 3B 4h
EN TV, BICBEBITF SN, 2ok Hc, BEETIC L&A T L
ARBERLERITES T, FHELILT 7 — A M 7 T AOIEEEEZ Hig L% %
B L TE 7,
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Bristol-Mayer Squibb, BMS-188494
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Novartis (Sandoz), SDZ-268-596 Astellas (Yamanouchi) Zeneca, ZM-97480
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o] H
)Lo Takeda, TAK-475 Bayer's compound

Figure 3. Compounds reported as squalene synthase inhibitors.
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Scheme 2. Design of the novel squalene synthase inhibitor

WICEBL, COEEEOSEEEDOHA 21T o7e, 7B IRKOIEW 12 L2 T
L B iR & OB AR XA s 2 Fi L7 & 2 A, (9-8 FrXx-(aR)-7
Fa =T ROBPHEEE S, TR BEEEEOROEMEATH D Z LI LT,
FIIEHIZHRIRN 2 L2, ZOIEERMEEIIAN S e B a— U5 DK & AIBER
Il DT I RA VIR =VEEE DRI THFRKEREG 2R L. 11 BREEZTEHK L T
AT VAR EZE L TWDL ZERHLMNE o (B—F) |

BonlNrXe Fe— WRERERIE, 7 NEEOERR L HFREZES CN
FEE TORmONARFREEIC L A BEEREMERG e —7BER)OIREMTH Y | IWIRIREE
TRHRGIZEMT D EPMETH T, £ZTEHIL, 207 e —7EYEbola)kE
AT, RETORER, BRI Th A7 =1 v OA I MLIZT v ax %L E A
L ClEREEZ & o, M BEERZEE L CoBiT 2 FICR Lz, EiZ, W7 ha—
THRMEROBRERILEEEEZ SO L2 2 A FABD E LTELNDT br—T R
PEARDS L VSRR Z G35 Z ERH L7, B2, 2 bBEEfb S 2F8mi, if
Mg civa L AT e — /LA EBRE (CSI) IEME2E2 R LT, £OFRNLEFR X, HE
D in vivo &7 /L TORMOEERRICB O TP EEER FER 2754, (9-(aR)-61e
AT LIS L BB .
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Scheme 3. Fixation of the atrop isomerization
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E—E2-7I/RVAeFO—LETYTL—HMZLEEEERI 7L
VERERETHORR

F—H HRER

BRI S ORI N—TTIEALEY LITRESND AT T LU oGkl R ER %
WELTWD ¥, ZALMEANL, 1nM UL T O ICo HA R~ T IFFITHIR A7 7L
AR ERME (SSIiEM) 2F LT\, LavL, Zh b —#HOMEANL, 7V in
vitro{EMEZH LTV =M, 1n vivo ildBRICEB W CEAMN R 58 CTHo R 2RI
IXELRDoT, ZORRIL. ZNIEEMOIEFICEVERMSERENRKRTH L L5
2oz, ZOEWEAMBESRIE, ZNHERD, FEEICEEEN B RS TH
HFT7HEVURE, ETOWMmIIENENA L TWAZ EICHEKTDHEEBELZ LN, T
LILEANIZ OEmWERMBEROTZD, ERNIZBIT 57 U —RORENIFFITIEL
AT VAR 2 FERIZIE TE 20 FOREN D22, In vivo IREBRIZE W
Ta L AT e —/LOAEGHEREEZ 0TI D Z ERHBRRsTeb D RIS,
PLEOEHNG, KVIRWEREAERZH L in vivo ilBRIZEBW TI 723 & 38T
T2 AL G ORI R D LT W e, Frx OWFIE T — 7128 W TBEIL, ZDbEW
113 L RIS TEORFTHEEY 29D ZNEICONT, AT T L U B REER DKEE
PEERAL & O X MR EE AT 3T, TOMEERAEARH LI TWD
(Figure 4) 29, ZOfNTHERN O ALAEM 1 BL N2 OET D _SDOBEFRIZETNE
NIEFICELSERYE->TEY, S FNTHEWICHEST LR E 2> T, £ LTA
7T v A RS OTEEF T B D Z O DORREYER 7 v MMkt L CRBRICH E/ERH %
LCW5AZ ENER STV (Figure ba, b)

(o
o S Y
.N\/\Ho cJ: “NCO,H A-B B' O N,z "I|-|>o_zc CO,H
%) 0

2

Figure 4. Structure of compound 1 and 2.

11



Figure 5a. Crystal structure of compound 1 bound in two lipophilic pockets of

squalene synthase (PDB code: 3Q30).

Figure 5b. X-ray crystal structure of compound 1 (green carbons, PDB code: 3Q30)
overlaid with the bound crystal structure of 2 (magenta carbons, PDB code: 3Q2Z)

(protein not shown).
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bEW 1D ABERLLEM 2 DB BiX, A7 7 L U GR#F#ED Phe 54, Val 69,
Phe 72, Tyr 73, Leu 76, Val 179, Leu 183 % L T Phe 288 OfflIgH /5 72 B fRIATER
ro MZHENTEY (AW 1 O C-DEREEEM 2 D A BRIZ, [FERIZ Val 179, Leu
183, Met 207, Gly 208, Leu 211, Tyr 276, Phe 288 % L T Pro292 7572 5 5IA
PRy MZHENTWD, MINOIEEER T v b, ENEN—0 D7 7 LRI L
Eu U UBAHAEERAT D L EZLNLEMLTHY ., £ SICAT T L U ARREESR O
HbE WX DL TH D,

TS CODSENER Ay NI AT T LA REEE R LET S 5 2 CEEZENE
MNThHhHEBEZOND, HiT-RIAEMET A T HICEEL T, Zub ZODFHFERE
DEBEBEESZENGHENE B X D, 22 CTEHIX, L0 0 rEN NS LSHROE
WA T LA ER G D120, —ODEERE 7 L 7RO
DT = e T A U LEREIT>T0, TOEEALEY 1 BIEF ITEmWIREMEE A
L TNl bR N 2 R E 2o 72 2 L BB L, L0 IRAEMEDOIR O FLER % %5
L7z, HFEBRWNLICT 72 LRI TRUB VEREZBRIR L, FICBUKMEZ 7
DITKBIEEE R T H X A e — LV iF8kad 74 v Lz,

“/\/\/\ I Ring A
HO,C” S0 CcoH

® N on
3
§>m5.§.,£> S

Cl Q

O ’2.” SSIICso: 20 nM
HO,C'  COH

N o 2

75 2

Scheme 4. Design of novel benzhydrol template

ZOETIE, 227 )RRk Re— ) UMEEEZBTLHIHHT 7L — b DRA L, *
DAZ T VU ARREERIBER L U T OMETEMEMEBE O OW TR RS,
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FoH EHBEEEVDOER

—EHOFHESF 2 7 7 L AR L EANL, Scheme 5 IR L7k Iz T
= ) UPBARREIT ST, RO T 2 ) R T 2 )3 kB ARTEF R AT
ButL, 227 X VR Ak Fr—b 4 24572, Hi<iBuumiT I/ 7%/t kv x4
NUFNT IV 5 EBIRICETHRIEE, ATFVvans@ral) RERISSETIRG6
AR LT ZOT7 X ReEMKGIHEST HZ LT RO T\ ANR BT EEK LT,
ANTBECTIR8IFAINKRURT EA Y =RaF VB AT )VE N [3- (P AF LT
I )T ENL]N-ZF AL RTA IR (EDC) #HWTHIGT 52 &L THR LT
ZOB%TATVENASRL, EDC ZHWTHRET 2 v A EITV. —HOA Y =
NRaF U7 N 10af 21570, =XaFUomHEAR 1L L 1213, =XaTF BT
ZHOTRROFETHEREIT 272,

4R=H —] 6R=Me
5R=CH,¢Bu b 7R=H =1 d

R2
e O —@ O O
R2 H
13

11R2<OF 14 R2 = COEt
8R2=0Et —_— d = OEt 15R2 = COBn
9R2=0OH 12R2=0H:| d o - f

16R2=H
10a R2 = NMg, e 17 R2 = SQMe
10b R2 = NHMe 18 R2 = CH,CO,Et

10c R2=NH,
10d R2 = NHEt
10e R2 = NHPr
10f R2 = NHnBu

Scheme 5. Synthesis of open form compounds 8-18. Reagents and conditions: (a)
NaBH., MeOH, 0°C — rt (quant.); (b) tBuCHO, NaBH4, AcOH, 0°C — rt (81%); (c)
methyl 4-chloro-4-oxobutanoate, NaHCO3, CH2Cls, 0°C — rt (61%); (d) K2COs, MeOH
— H»0, rt (9 88%, 12 68%); (e) amine, EDC, HOBt, CH:Cls, rt (8 76%, 10a 57%, 10b
61%, 10c 34%, 10d 42%, 10e 38%, 10f 45%, 11 85%, 13 65%, 14 quant., 15 69%, 18
71%); () He, Pd-C, MeOH, rt (quant.); (g) MsCl, EtsN, CH2Cls, 0°C — rt (62%).

ERT O UFHEKR 1418 1%, DVARUBET LVFE LT, WVRUERT & 4D
WAV INVR=ZNNERT D EDREE TR LNV —"A— K 15 &2, 10%
INT VT NRBTHEMAKZR LT DI LI T I 16 ~EEBH L, it AX AL
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A=Az X VbEW 17T 26Uz, Bt => N2 EALLEY 18 1L, IR
VEET L 4 (mRXRUHANRZILATF) BT UL DS THET,

BIRDIRFBD AT L a2/ DB DOE % Scheme 6 (Z/”d, 1A F b
TIvhx~vu=ral) RERITLVZNE7a ) RENSELZEICED 7R
19a,b ZZNZENA LIz, S MAKDREE A Y =_RaF VBT LT 2TV EOFEE
2LV 21a, b 21572,

0
19a R=Et,n=3 21a n=3
19b R=Et,n=1 21b n=1
20a R=H,n=3 b

20b R=H,n=1

Scheme 6. Synthesis of various length compounds. Reagents and conditions: (a) acid
chloride, NaHCOs, CH:2Cls, 0°C — rt (quant.); (b) Na:COs, MeOH — H:0, rt (quant.);
(c) ethyl isonipecotate, EDC, HOBt, CH:Clo, rt (21a 86%, 21b 78%).

N-AFNLVEBEIORN-7m ELFE{R26a & 26b 1X.Scheme 712/ R L2 X D IZHR LT,
fbEW 22 ONMUKGIRE . THICH K AEDINC R A Y =_aF U Br ATV 24 &
A LT, WV TKFEILT R oA L I b7 AF % V- 24 D N-T7VF AARIC &
VLAY 26a, b AR LTz, k#%IC NaBHs 2 iV _y Y 7= ) v oiETic Lo,
Nk Re—/L 26a,b %57,

CO CO @) QC'O O
0 ”j(—)wR LI g ”j(_f“a‘*oa _c . @:{_)LND—QH

22R = Et 2 25aX=CO,R = Me

23R=H a - -
25b X= CO,R = nPr _'I b
26aX = CHOH, R = Me

26b X=CHOH, R = nPr

Scheme 7. Synthesis of smaller alkyl compounds. Reagents and conditions: (a)
K2COs, MeOH — H20, 60°C (67%); (b) amine, EDC, HOBt, CH:Cls, rt (95%); (c) alkyl
iodide, NaH, DMF, 0°C (25a 95%, 25b 68%); (d) NaBH., EtOH, 0°C (26a 83%, 26b
79%).
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KRB AFFTZ WA F LAY G 281X, XAk Fr—/ 5 KV GK LT, 8
B R ROSiE, N 7= /bR AT 4 A F U REBEKRNY 7t 22w
Z VR U, NaBHs & FO 72450 2002 L 0 87T% DI THEIT L7z, B Hh/=7T 20 27
W v RERISSE D Z & TIhEY 28 A L7 (Scheme 8)

27 lh/ \K ° 28

Scheme 8. Synthesis of non-hydroxyl compound. Reagents and conditions: (a)
PhsPO, Tf:0, NaBHs, CH2Cle, 0°C — rt (87%); (b) acid chloride, NaHCOs, CH:zCle,
0°C — rt (32%).

EEHORBUBREEWR L TALEMREX. 7 I R X Rr—/L 3lak Z#kH LT
AR L7- (Scheme 9) , &7, HilDOX Y 7= /20, ¢ HDHNIR VLT L
—/180a LVT7 I /R Ak Fr—/L8lac &k Lz, £z, fedTdH50 7=/
UHHIRSNTWARN 2-7 I ) RN Xk Re—/LiFEk 81d-k (X, B3V ET I K 33
IR L 2 BEOTAFAYF LML DAL N Fo— g U EITDEET LT R
ZROSEE, < T I FEOBETTIZE D AR LT,
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R1 R1 35a-k R2=0OMe :|
R R1 cl cl gy 36ak R2=OH ¢
RSN ¢ g ¢ I 4 SV es
\Q\/: mH NH N 37a-k R2= - :>—COZEI h
’ ’ \% \K © CO,Et
e e 38c-k R2= 3

=N

e 31a-k
R1 / g
cl d cl oH 39c-k R2= - :>—COzH
@ R > CO,H
N NH

00k R2= N

= gzgotsuj © dk °

FoL ok o o o

- TG PRGSO

a b c d e f g h i i K
Scheme 9. Synthesis of various upper ring compounds. Reagents and conditions: (a)
NaBH., MeOH, 0°C (30b 91%, 80c 88%); (b) tBuCHO, NaBH4, AcOH, 0°C — rt (81a
73%, 31b 45%, 81c 62%); (c) pivaloyl chloride, DMAP, EtsN, CH2Cls, 0°C — rt (91%);
(d) secBuLi, THF then aldehyde -78°C — rt (34d 46%, 34g 76%, 34h quant., 34i
quant., 34j 46%, 34k 77%); (e) Red-Al, THF, rt (31d 47%, 31e 14%, 31f 87%, 31g 49%,
31h quant., 31i quant. , 31j 77%, 31k 78%); (f) methyl 4-chloro-4-oxobutanoate,
NaHCOs, CH:Cls, rt (85a 85%, 35b 85%, 35¢ 87%, 85d 55%, 35e 60%, 35f 67%, 35g
79%, 35h 86%, 351 91%, 35j 96%, 35k 89%); (g) K2COs, MeOH — H:0, 50°C (36a 98%,
36b quant., 36¢ quant., 36d 86%, 36e 86%, 36f 97%, 36g 93%, 36h quant., 361 quant.,
36j quant., 36k 88%, 39c quant., 39d 87%, 39e 83%, 39f 64%, 39g 92%, 39h quant,
391 quant, 39j 91%, 39k 87%, 40c 96%, 40d 92%, 40e 83%, 40f 80%, 40g 90%, 40h
quant, 40i quant, 40j 89%, 40k quant.); (h) amine, EDC, HOBt, CH:2Cls, rt (37a 81%,
37b 53%, 37c 78%, 37d 58%, 37e 76%, 37f 71%, 37g 91%, 37h 98%, 371 99%, 37j 62%,

37k 57%, 38c 93%, 38d 80%, 38e 63%, 38f 73%, 38g 69%, 38h 95%, 38i 93%, 38j 51%,
38k 84%).
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F=1H AUt FO—/LFEROFMEREER

LG O/EMIEYE % Table 1 \RT, RUIZEREITo72 227 /R X R
H—/ViHERTHLTATIVE EHNRUBET DA T Vo AREERIRE (SSD &M
ZHELIZEZA, ZNENO ICs fEIX 1.7 kM & 6.5 pM TH Y . BHEN TED
Fratacd b 54 2 (ICs0 = 11 nM) (ZHe~ FEFICHIVEME A R TICR £ o7, 24U,
BeR S NRE VR BRI 24 2 Z > O R HFER O RALERBRRNZL LTcTod &5 &
bz,

(a, b, c)® (a, b, c)®
KmEmAbE HEAEREAHE

Figure 6. a) Crystal structure of compound 2 bound in squalene synthase (the cavity
was highlighted, PDB code: 3Q27Z), b) Half-cut structure, ¢) Crystal structure of
compound 1 and squalene synthase (PDB code: 3Q30), d) The side view of compound

1 overlaide with compound 2 (protein not shown), e) The side chain of compound 8 .
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Hrz 2 iE R B BT 2 JBICoR U XA S AT O R R 2 H R L2
(Figure 6) 29, A7 7 L Al OTEMEHOIEE A OIEFITIROE IS H O | L
RSO DENED BRI A THD 7 7 A n ) U2 5 F R MAEERT S
Wy FPWATHEEL TV D, RELHERIL, ~— Y MM & 2 IO
A anbirs< EBFx b5 (Figure 6a,b) . = LT, {EMHLO oMK O 1E mANE,
W2 80 H L2 E A OMIEHIC L0 EoR S REL 7t >T\5 (Figure 6¢)
{bEW 2 O XFREERIT ORER NG ALEW 6, T DM b RIRIC, Z OIEMEAL
IR > T2 E O Z B L CHEEHal> £ 0 fim O EmEf~m D TWnWD EHERIND
(Figure 6d) . € Z CIEMEOM L2 BFEL., ZOWERDOR T v  OBEHEER > & OHFi 72
IRFREAE M 2 WIRF LTl VAR B Gy ~ D BRR D E L O F A 4372 (Figure 6e) .
AV =RaF VB ATNVEEANLTALEW 8 2T A L LI ZA RIBMEATH DD
JVIR R T SSIVEMEDBIRIZ M B35 Z &3 B & 72 572 (ICs50 = 0.85 nM) .
4,1- X AF X B AU EYICICET 2R T v VERTH, AV T LA
FHEROFHRT > 7L — &2 RHETZ LTI Lz,

AR HEETEYEARRS (SAR) 4R 5720, 2 TOEMIT O VT T v MFI 7=
V—LHRD AT T VoA pEERIAE (SSD {EEEZEIE L. miEtEE R LI bEmIc
SONT T v MREEEF MR Z W2 L AT o — L EkBRE (CSI) {HME2HIE L7
20, SSIVEMEIL LA DR L AEFE T LR T v v Zm LS ¥ D720 DfREE L,
—J70 CSI &ML, SSI {EVEIZ L ~MEEW DRHIENE~DBATIEIC SOV TH sk L
TZRHlZAARETH D Z b IR a L AT i1 — WK TFEARSG T2 ETh 0 EAR
TREURTHY . BWET L TONE= VAT m— SR ETEE 2 HEE T 2 FREE &
L7z, 1> THMEDO WM ISIZ W Tid, SSI iEMEE CSIL EM DM Zm ES¥ 5 2
IR S TTCEREMZIT 7,

BLRIZRNZ LT, o Y =~XaF Uk 9 O SSLiEMEIE, DO AT R 8 ([~ TH
IR T L7223, 2 & Tfimic, =~aF g 12 L2027 /UK 11 (3 OB
fRER L, VR CVEEIR 12 O3 SSTiEM 2R L7z, SSITEMEICEIL Tk, =X
TND XD RIREMEDOEBILITIE Y D UBR EDO AR E L DAVRCEED XL S 2
BUAKMEOBEBILIT, EXY DU EO SMAFE LN ERHER I,

BArZ b, VR R 9 D SSIIEMIZ= AT AR 8 D 150 4D 1 TH HITH )
MHHT, D CSIEMHIZ= AT L8 L0 b 7EMVMAEZ R LTz, CSI/SSI diEMELH
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W LTI AEEM IR 12D X 9 R VR U eE AT HbEWNs . FOMMoFER X
DY BIFREEEZ R T ENALNE o7,

DOFERIT, ALEW 9B L W12 DI IVR I 0y, AR IEIZFET D AT
=4 N T U AR—Z —|ZEEE S AL A DA I EIE STV D 2 & SRR
Th D MR STz, IEFITIREMEO@mVMEEY 18 b BUf72 CSIUSSI lbAZ /R LTV 5
. FUHMEEYOEWHIIRELEEMEIC L2 b0 LB LN, LLERRL, RT Y
AR — 4 —DRGZREET 5 7o DI, Frio 2R O A 5 W 7 72 DTS L EE
&S, HICEAIAT Z LXK o T,

FlEfEE A Y =RaF VR OB 21T > 7o R 2 TOMEMIZIB W THRRELL
Eo SSTIEWRSHR SN, A Y =_aF U o—@E#T7 I F (10b,d, e, f) Ti,
BB IO TERT I K (10a, ¢) 1ZHAT 10 fE@VIEER AL, 2D OfER
X, —BE#T I FOFT LRI EOKER T3, BRI Thsr 2 L E2RL
TWb, o, ZOT7 X RICEBRT DT VX HEOKRE XL, SSITEMEIC K& i
HZ2TWianWZ LB amotz, mANCAToTz X BHEEMAT O RN D, ERVEVE
PRI TVABANCER I LTl 0 | BEE & OMAERICITREL 5. 2 700, BEHRT I R
K 10c TIEHERHIT L TWDH Z LD /NS R AT LI TH > TH RO BE IO
TFENEIEEIZEBN D Z ERH NI o T2,
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Table 1. Evaluation of squalene synthase inhibitory (SSI) activity and cholesterol
synthesis inhibitory (CSI) activity (Part 1)

Q <.

o ) NOH R
o

ssl csl csussl
Compound R (IC5, NM) (IC5, NM) ratio
6 OMe 1700 - -
7 OH 6500 - -
8 —N_)-cozt 0.85 1700 200

9 —@—COZH 130 250 1.9
10a —N_)-conwe, 97 . .

10b —N_)—CcONtive 13 900 692

10¢c —n(:>—cor\u-|2 280 . .
10d —IO—CONHEt 2.4 - .

10e —N_)-contier 3.7 1600 432
10f —N_)-conrsu 1.6 2000 1250
O,Et
11% - 410 : :
COH

12* _O 20 270 13.5

N
13 H/\O 220 2600 11.8
14 —N N-cogt 2.3 - .

15 - N-con 11 ) .
16 i 2100 . :
17 —VO\I—SOZMe 260 . ;

CO,Et
18 N 7.9 1400 177

SSI: Squalene Synthase Inhibitory activity. CSI: Cholesterol Synthesis Inhibitory activity in rat liver cell.
“*! diastereomixture, - not tested”.
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ENRT U —NA— K 14,15 E AR T I K171, &V SSLIEEE R LTc, —
7. EEHO YT U0 16 TIEFITURIENETh o 7o, M) 2 O E IS IEMETAL A &
DT &R BEREOHENEWEEZ b, L L, EEETIVERET LT Y
HNVRZIVAFLERT T 18 NEW SSIEMEZREFL T2 2 & n, IRIEMER %
ST L2 GBI, R I KD TR EDIR T A2 TE Al & 5 2 & 73
LI,

AV =RaFUBET ATV 8 ORER A FEICMAE R I E A RET 572 RO L 9
TR I A AT,

(1) I3 ICdH D D07 I FfEARIDO A TF L U HO R S O,

(2) RERIBEMEETHD XA FNVED, LO/NSRT IV VE~DEHE,
(3) N XE Fu—/Li5y OKBERIEDERE,

PLEDOKETZNEIZAT 72, & OFHlifE R % Table 2 (2R,

Table 2. Evaluation of squalene synthase inhibitory (SSI) activity and cholesterol
synthesis inhibitory (CSI) activity (Part 2)

0]

Cl
Cl X OEt
i
\
R o e

Ssli
Compound X R n (IC50, NM)
8 CHOH CH,tBu 2 8.5
21a CHOH CH,tBu 3 >6000
21b CHOH CH,fBu 1 >600
26a CHOH Me 2 21000
26b CHOH nPr 2 600
28 CH, CH,tBu 2 650
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Mg % ZIRFEIMIE L7V Z AT X RK 21a &, —RFE~ELELS LIzvr Yy
f27 X N 21b i, sox DaNTBET I R 8 ITHAATIHERICHI SSI Iz =3 721
Thol, £lo. FARVFNURITBZ TEV/NERATFANEST o ULV EEET S
26a,b . FEFICTIV SSITIEME LAVRE 20070, B, KEEZRW LAY 28 12
BWTH, [FARRICHHVEEDNBIE I N, ZILHODRERNG, ZOOT I REAF L
B> TENZans g7 I MU S LA EmW T A FLESZE LT e R

2V DRI 20T o L— FOTERE R T AR A —3 g a2 YN REF
THEOICMATHLZ ENRHLNERST,

feN T, EEAN B B OBEHESNR MR T D720, O WREZ G R LR
L7z (Table 8) ., MIBHOKRIHL/TIZONTIE, = AT /LA TR Y SSITHHED M- 7=
AV =_aF U A7)V 8Tak BL LD VAR B 89¢-k, J1/V7AR VIR Tlie biETE
23R < SSI/CSI e EIFCH T =RaTF Uk 40ck &F DT AT LK 38ck (D0
THR LT,

B L —HEOFERICBNT, ZRETLERBRICA Y =_aF Bz X7 /LK 37
D bRy SST IEMEAFF O Z L3R SNz, £, EEICRU B VB E R0 A
V=RXaF U ATV 37a [TFRETER A RS T, N U BICEBRE A R0
37b IFIEFITTHINEMZ R TICH £ o 72,

—H. 22T NF X B DAY =N aF B ATV 3Tc 1%, & bRV SSTTEME A
KLz, LcL, FOfo 2-7 0 A4 o¥ U ihEk 88-40¢ 1%, 2-7 X P Uik
HRI D BV SSIIEETH 72, 2D Z LiX, 2-7 A u B UHERO RO E
TEPEDRT 2 WITHARINAR NS BER L OBMEO S WA Y =_aF gt AT
JUAR 8Tc DA TEVIEMNRI- LT\ E 2 61D,

BECEVEEZ BT 2 B> TS 227 aa XU BUFEREEARLE LT HIC
Ho)—ODEBRILE LT A KA EALFERd e, f 2R LT, TOREE, 2-
7an-3- 704 u R FERd I 2- 7 e XU R URFER LD b E SSTIEEE
SRTZENRHLMMNE T, LvL, 2-7 an-4-7 4 aRPUFEK e TIELERE
MERRKRESIKTL, 2278857 b4 n X P UiHER f e EEEZ RS R o
oo TN DOFERIT, EEANVBUBRO 40 E BAL~OBEBRIEOENIL, 27T LU

23



Table 3. Evaluation of squalene synthase inhibitory (SSI) activity and cholesterol

synthesis inhibitory (CSI) activity (Part 3)

1

R
(o)
N
X °

Compound 37a-k 38c-k 39c-k 40c-k
CO,Et CO,H
R2 - :>—C02Et —N - :>—C02H —N
R’ SSI(nM)  SSI(nM)  SSI(nM) CSI(nM)  SSI(nM) CSI (nM)
QCI 0.85 410 130 250 20 270
a H >6000 - . - - -
b Q 770 - ] ] . .
c Q\ 0.45 >600 1700 >10000 290 200
F
F
d ;Im 7.2 28 17 920 8.4 1300
F
e 2 >600 >600 - 190 -
Cl
F
f >600 >600 >600 - >600 -
cl
g Q 1.1 2.6 1.7 600 1.3 84
o/
0\
h Q 210 >600 >600 - >600 -
i Qo,\ 410 >600 >600 - >600 -
0\
i 11 1.3 2.8 1600 2.0 1500
J o~
(o]
k @o] 10 13 7 230 6.8 170

SSI: Squalene Synthase Inhibitory activity. CSI: Cholesterol Synthesis Inhibitory activity in rat liver cell.

“*! diastereomixture, -, not tested”.
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SR ORRIEMER 7> b EDOMAEAERICE S 2V 2R L TWA, F£72, 3-X hFv
NP UHER h 1T ETEEE R E T, RUB VB 3 M OB T TIEE WO IEER
BONRNZ ERHGMNE T,

FIZ, 2- A PR TFFEAR, 2,3- VA FFIARUBUHEARB LI 1,40 XU AT
VIHEER (g3, k) 1%, b iR SSITEEZR L2, $FIC, 224 X IR B UiFE
Rg b 14 XAV AFH UFHER Kk (3, B IF7e CSIIEMEEZA LTz, 2@ CSI
EPEOM X, A MRV K A RIRDIFEEORRIC LD b D EE R b,

LL, 2,34 FFRI_UP UFHEEER TRV SSTIEM AR LIy, & i LT
Z® CSIIEMEIX D2 D JES LTz, ZDREKEE LT, 1,40V UFF 4 LTI
DA RFVEPNABIZEHZTE 5 2,3- 7 A hXF T _UB OB (LEWORIEETST O
NEIZHBEZ X TWDHTD, H 5 WIENTFMIO T 0 AR =% =1 LI %
HBZTWalbtBEx bl 2n2 |

Eiko kARG LN T — 20 b EER B B ORBEIREMBE 2 52N
L2 ek, LG 87a, b OFERNDL, ZOFHT 7 L— MIBWT LER
RUBVERNPAI T VO AREBEROREBEICEETH L Z EBNHLMNIR-T-, £ LT,
B Y B EOBEWIEDOFIE FCE D 2 (L EWIENEME RIS SETH D Z LN
FIBA L7z, FEiC, #U> SSIIEME L BAf7 CSI iR Z AT 5 2- A hF TRV U aFiEk
gL 1A XA XY UFERK ZEGTHZ LI LT,

2O LTHRIZT A U LTe_U X R — L8 RIZEB W T, 580 SSI iEfER &
O RAF72 CSITEME A BT HILEME AT 5 Z LITEI L, Lo LIbEY 12 1ITRE
ENDIREDN X e Ra— Vi8R, 7 ho—FBEK 2 00RAW TH -1,
ZO—MOEEREMARIT, 7=V RIS OREREIRT L EFRIY L 2S5 CN oz
Hl & LIcEWEERREFIC L D AT T e, Ziud, 207 X MEAEOERET LI
VR AR TV HE L AL MISER L EmE WS EFRSER L TS Z L ITA
LTWe, B2 b A TOFRERIL, N X e — LN ICAFRELZGELTEY .,
T hue—T7RELHOE T4 OORMEEOREY E L TIFEEL TV e, 2 b BYERO
T, EORMEDR R BIEENEWEERTH L DN AR LN T H0ERH T,

25



WRIZ, B EEEOEWEMERZH LI T L5720, Y —F o TEEHWA T U
VA RREESR DB & BYEROIRAM TH 5 12 ) S HEA K 2 MER L X B f i
FRNT 24T o T2, TOFER, ME—(9-t Ruaxi-(a9-7 hua—7BHEROLNBR A7 T L
A RREESE OIEMER L TH DIRIAMER 7 v MTIEL k> TO D E ARG T S iz, B
FIEPED L0 ARt BAMERZ BT T Z O BMEROADES R R E 522 &b,
Z DRI b ILFIEEN RO REA CTH D LR SN (Figure 7) . Z O
AR LEFEETH D 2 L1, BICHER LI AEE 2R ik SST iEtEs ., £ %
77 VoA ISR & DGR X SRS OFE R b R S 7z 80,

Figure 7. a) Crystal structure of compound 12 bound in squalene synthase. The
intramolecular hydrogen bond between the proton of the hydroxyl group and the
oxygen atom of side chain amide is highlighted (PDB code: 8ASX), b) Structure of

the detected isomer of compound 12.
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FICIER ICHIRR W Z L1, kAW 12 OKEEFEDO 7 v kv IO RmM O 7 I K

HEOWBFRTT & ORI THFRAKRBEMENER SN, 2=—27 72 11 BREHIEZZKR L T
MERZHEL TS Z LB L7, ZORRNG | MIBHORIRIC =3 F <
AV =RaF U A LB SST EMEN K E 1 L LZBE A LN E 725
Too B, ZNBHBRRT I ARG T X REGTEALZZ LIk, ZhvE
TOTZAT ARG NI R T L& WA~ TIBEAR SR 0O A7 VAR = VIO WG 1 — A > b
L, TOREEE L TRV TFNKRERGDIER S, (LEWOa R A= g R
EE ST SSITEENRRESMELTEEEZBND,

SFmE F—E/ME

B EENT YA LI 2-7 2 /N Ak Re— L/, 27 7 L AR
WL LTEWEEEAET D ZERALMNIC -7, RESNILEY 81F, 4,1-X
RAFHEE U FERICICET 2RO EEEE A L, BIROB R R L oz,
CENTER LTZ ZOHT 7 L —  OREEEMAAEOREZ B L-RIcB 0T b
VARV ERERT 26EWN T > MIFRIRIZ SO TRV CSLIEHEZ AT 5 2 & 2B 5
27 BT, 22 FFXRIURUPUBERE 1,4-_XU XAV UEEERIT, BN
SSI itk & CSTiEEA A L Cuz,

Flo, AT VURRHEERL 72 IRDOT e —TREWTH LAY 12 L DIgE
fm & O 72 X SRS e ST ic L0 kB 12 ©(9)-& Ruxv-(a9-7 hr— 78k
RO INE R OIEEF L TH DIREMER 7 v MIHl-> TR Y, FIZE O BHERD,
KEREE L IBHO T X REG & ORI THTIKERBGZEMR L, 11 BBEEL Lica=
— 7 IREE I R A— g VB S TN Z EEALNI LT,

ZOF LT 7 L— MIOWT, B2 oSOl & AEWTEYEORHEZ 5] & it &
Fhid oz L Lz,
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FIE 7 hO—TREOBEEILICEILEZLIAXFOTI/IRY
At ROo—)LFEHFORR

$—H HRER

MR FIE OB Z LI BT, FFH IR AEEREEZ AT 50 X Fr—L
A7 T VB EERAEROES 2 B LT 21T > TRc, F—RICB W T
bEM 12 ITREESNDN A Fr—AFEROT A LA, EDOENAZT L
VA BEERLEEMEICOWTHE Le, 2o DIbEMIT. RERBISHE LT KEEE
XA Fua—/VE S L, BIZIFIASICRE L TLE S 7 bu—7RBIEEDIR
M ThoT-, BIBAEAEY 12 1%, 8 DONKREMEEKDOIREH TH Y | BREMILED
IZHIS LWEBEZRBADbE T -7 (Figure8) . 207 b ua—7RyERD~
TIX, 72 NS OBERIFT L BEREDY & 2SS CN #AE P& Li-@mo EliEkE
FIZEVAET, T FOERFT LI, BEWRA XTI E AL M E#R LT
FEN/BEHRL VWD ZENZORRNTHL EEZ LN, B, BEiLZT hr—7 R
PERITIRIRIREBIC B W TAESICEME L L (LEMITHE LB 2 6D —ED R %
W57 ha—7RMEOIREM & 70D Z EAVHIBIL T,

Hil

High r
barrie

(R)-Minor-atropisomer .r-atropisomer

Figure 8. Compound 12 consists of four stereo isomers

WA ST 57201203, 207 e —7 B O REZ fifk L OUHEEERO &
A FHt 2 ATV BRRERER I A A5 D b 6 e RIS REN H -7z, £ 2 THET,
S EMEROT TR b BWEMEZ A3 0 /IR 2 B 5 2 LiciES L,
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B TRAIERIZ, A7 T L ARlER L LAY 12 & OIS D X SRS s g
FroOfERENG, HE— (9-& ReX-(a9-7 bua—7BYEEROLN, 5 FWNAKFEKEG %
L7z 11 BREE & Blo TSR OIENESAL A AAEH L T 2803 sl S iz, B
BN Z ORMERN, AFHEECORMEEKOP T, HHIFEOEWEMEARTH D & HER
Sz,

Z DR BIEHEDOEWEMEKDERZEB T D720 FFHILOOT e —F 27z,
—OHIX. XTI T LERHWEERRK e~ N T 7 4 =2 DX Xk Fa—b
Wy DORFREROSEI O, b2, HLWERLEEZEAL T C-N fHEEOMR
RAPREE 2 H(Cmd T b — 7RI L2 EE L, &4 OREEEZHEET 2 2 TH 5,

BHILET L C-NFEA O JE DI SR i i WO E S 28 A U C IR RE 2 FT 1 <
TAHHEIZHONWT, BFEEBLE, 20Xk Fa— AR tEemo C-N #E4 0
WX, Fri i E I OE AN AR LB X = » AT B 2 bz (Figure 9)

(1) JKEREESEHE L TV D AFRFE,
(2) XAXUFATIVERIVEED AF L U ET,
(3) FHEBROAINL ML,

1

\ Cl 0
Cl OH OH
S )
/ 0O Compound 12
3 ‘\\
2
Figure 9. Three possible positions near the C-N bond to attach new substitute: (1)

alcohol attached chiral carbon; (2) methylene carbon of neopentyl alkyl part; (3)

ortho-position of aryl ring.
FBETIE, 207 be—FREOEEORI L | BT T L TOR A ERRERIC

BOTMAPIREER TER 2R Le@ifE Rl r v a7 I 7 Xy e Fe—Lif
BROBERIZONT, ZOFEMEZIRND,
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B_E 7hrO—JREZEFELLEEVDERR

SAREEEZFICEODL I LICEV T e =T B EEE L LD EE X TRy
At Ra— W g% =hk7 v a— A~ B LI EMDOE R EZ A AT, =T va—
JVRBEIRIEL, XU 7 = ) 2 41 225 Scheme 10 (28 L= HIETARKR LTz, HilRO 41
HAFNTX LTI RERIESE, =T Va—L 42 #4837, FlE k&
7 7 TNAXNALE ATV ansfgral) Rk T7 bz kv, 73 R 44 ~&
. TOMKGIRIZ L O XHIET D IR R 45 24372, ZhUlA Y =~XaF VT A
TN ERFAET DX, 7T he—7RBEKROREDE AR LT, Bl&E<H T
Lra<w N7 T7 4 =X DBHTRICBWT, 7 ha—7BE Ko7 Th HbaEW
46 L AT #ZTNENH—DORMEERE L TR Z LTI Lz, FohomBEAkiT, =
7 aa RV AR CRRFRRE L CH R ET 5 2 L1372 7 e —T BEOE E
BIZH RS LTV A Z &3 TH-NMR (1 & » THER Sz,

C a \;\c \‘?\c
O N:Z —> <« N —_—
T ‘3
O N—O(H_\rOR N )N

>ﬁ 00 0o

44: R=Me :| d Less polar 46 SSI IC50 5.6 uM
45:R=H More polar 47 SSI ICs, >6.0 NV

Scheme 10. Synthesis of tert-alcohol compounds. Reagents and conditions: (a) 3eq.
MeMgBr, THF, -78°C — rt, 20 h (26%); (b) tBuCHO, NaBH4, AcOH, 0°C , 10 min
(31%); (c) methyl 4-chloro-4-oxobutanoate, NaHCOs, CH:Cls, rt, 42 h (76%); (d)
K2COs, MeOH — H20, 50°C, 1 h (78%); (e) ethyl isonipecotate, EDC, HOBt, CH:Cls,
rt, 17 h (46 17%, 47 59%).

BENT, FAR_RUFIVEDRATF L RS ~DAF VOB A ZR T, L, 24
RUTF NV OREREBSOTD, B ET2{LEWE GRS - T,
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BRI, HERBROA N MI~OERIEOE ALK L7, Scheme 11 (2% D—f%Hy
AkEERT, 7=V 48ac,ja U Ersn ) REMIGSETT 2 KN 49a-c,j 215
oo TR RO hX3K49d & A Y 7B ENLA XK 49, 3-8 Fudv 7o 4%
KA, glT. T2 ) =L 49] LT AXANT A REFIZT A a—AnLER LT, 3F
WIZEEWT AV ax I MEEET D 2,2V AFT -3 RaxFrrm et ke x
FRUF A X IAROFRIA 49h, 1 13, AKEFOTZO ESVEET IR 49) 92D DH AL
MAHRETHoTlzh, 2-=hr 7=/ — /50 PHFHFE LT,

—HDOEIVEET I F49a1 & 22 A XU RUAT LT REDTT =4 F72013 b
V7 =4 hAZ R v 7Y RSk D R Xk Rr—L 52a-j AT, fi
SKFIEAR@- A RFTZ FHIN)TALI=T L) R 7L (Red-Al) #iLic kv 7
v B3a-i AR LTz, FOE. R 7AFaAF LT IR 52b i1E. AF/LT I 53

LiEILI T,

BT, A R VFFER a lZoN TR X Ra— /Ly Ol YR B RO A R 21T -
Too fOT IV X UFFEAREL . DT 2 TV a— )R ERICB W TR T T A
HWEHRIR v~ N7 T 7 4 = X0 Bl A e Uic, X0 RFRREE ORIV
HPER % isomer A, KV RFFFH O R WEME(L A isomer B &7, AL N7 ik
53¢ IZOW T, ZOEBETONFHEENREETH 7272, ZIZTT I NK 58¢ 123
W BT EI R T o7z, B T R bbaiid, ¥ 74T I /R X Ra—L ko
NIBRE) 70 T4 RERILSETHE LI, ZOansgilinzE8 A L7z%,. major
BL O minor ZNZENDOT kv —FEBEARD TH-NMR 12 K-> CTHER S, fie <

IZ X ARSI E BRRT 2 v & DFEE RIS . Y7 IR AT )L 57a, d. 58a-i.
59a #1537, = 2T LELSS DINKASfRIZ W%%T%éﬁWﬁyﬁﬁhﬂ\MWL

62a & BRIF72IRTERKT A Z Enik-, -2 oiFEKRIZBWT, #iIFF L Tz
W7 re—7EBEEREEENTEBY B v a R AR A BRE L2
TH7 b —7 B LIRS o T,

ZL T FFURAdIZBW T, major 38 X minor D7 b v — 7 BPE K% BEE L |
TNENEREETHDINR R~ EE Z LIRS LTz, £712% < DIEEmics vy
T, BHEORFERICL 0 REKIETH D VR BRI EZ, ik major 7 ho—7 5
PERE LCHED Z LTk LTz,
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Cl aorb Cl Cl cord Cl o
é
QNHZ QNH Q le/ \@N)ﬁ/
R Roéz/ OH H R H
49j dore 49d R = OEt
48a R =OMe 49a R =OMe 49e R = OiPr

48b R =CF, 49b R =CF;

48c R=Cl 49c R=Cl cl o
48] R=OH 49j R=OH NJ‘%/ 49k R1=Bn, R2=H I
R1-O o H 49f R1=R2=H
R 49g R1=H, R2 = Me

C|\©\ d cl g cl a C'O 0
NO, ———> NO, — > NH, > N)ﬁ/
OH ra_X_o ra_Y_o0 R3 o H

50 5th R3=H 48h R3=H :glh gg gTBS
= 481 R3 = OTBS
511 R3 = OTBS 491 R = o
- | a,.
NH — o C O on _— o ¢ cl
" Oﬁ/ NH N H N H
R
49a-i o
52a-i 53a-i 54a-i ,
O . O .
I 0 m o

S5ai R4= OMe "] 'm 60a,d R4 = - N:>—COZH
56a-i R4= OH CO,H
57a,d R4= - N:>— CO,Et 61a-i R4= -N

CO,Et n CO,H

58a-i R4= —-N

50a R4= —N:>

62a R4= -N:>

R= O F—'I:—F or e & rcI) \ré Ho~Lb o M & Mo H07<\,(|)
a b c d e f g h i
Scheme 11. Synthesis of various upper ring compounds. Reagents and conditions:
(a) pivaloyl chloride, EtsN, DMAP, CH:zClz, 0°C — rt, 2 h (49a 98%, 49b 37%, 49¢ 78%,
49h 66%, 491 94%); (b) pivaloyl chloride, NaHCOs, CH2Cls, rt, 1.5 h (49d 95%); (c) RI,
K2COs, DMF, rt, 19 h (49d 95%); (d) ROH, DEAD, PPhs, THF, 0°C —rt, 2 h (49e 93%,
49k 87%) or rt — 60°C, 2 h (51h 83%, 511 97%); (¢) ROMs, K2CO3, DMF, rt, 60°C, 6 h
(49g 99%); (f) Pd-C, Hz, AcOEt, rt, 7 h (87%); (g) Raney-Ni, Hs, EtOH, rt (48h 87%,
481 97%); (h)TBAF, THF, rt (96%); (i) secBuLi, THF then 2-methoxybenzaldehyde,
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-78°C — 1t (52a 88%, 52b 25%, 52¢ 47%, 52d 66%, 52e 40%, 52f 43%, 52g 80%, 52h
47%, 52i 88%); (j) Red-Al, THF, rt (53a 89%, 53b 66%, 53¢ 64%, 53d 84%, 53e 37%,
53f quant., 53g 92%, 53h 50%, 531 77%); (k) HPLC separation by using CHIRALCEL
OD (2-PrOH — n-hexane); () methyl 4-chloro-4-oxobutanoate, NaHCOs, CH:Cls, rt
((9)-55a 93%, (R)-55a 98%, 55b 88%, 55¢ 49%, 55d quant., 55e 99%, 55f quant., 55g
98%, 55h quant., 55i 99%); (m) K2COs, MeOH — H20, 50°C ((S)-56a quant., (R)-56a
quant., 56b 92%, 56c 96%, 56d 99%, 56e 93%, 56f 99%, 56g 97%, 56h 87%, 56i 97%,
(9-(aR)-60a 68%, (R)-(a9-60a 99%, (9-(aR)-60d 80%, (9-(a9-60d 36%,
(9)-(aR)-61a 97%, (R)-(a9-61a 93%, 61b 78%, 6lc 48%, (9)-(aR)-61d 87%,
(9-(a9-61d 93%, 61e 99%, 61f 86%, 61g 89%, 61h 90%, 61i 86%, (S)-(aR)-62a 92%,
(R)-(aS)-62a 89%); (n) amine, EDC, HOBt, CH:Cls, rt ((S)-57a 56%, (R)-57a 56%,
(9)-(aR)-57d 87%, (9)-(a9-57d 7%, (9)-(aR)- 58a 74%, (R)-(aS)- 58a 19%, 58b 72%,
58c 88%, (9)-(aR)-58d 74%, (9)-(aS)-58d 7%, 58e 68%, 58f 88%, 58g 81%, 58h 92%,
58i 87%, (8)-59a 76%, (R)-59a 31%).
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B=E 7 hFO—TEMZEFELLELSVOFTERR & ER

C-N #§a DORHARERE A & O T b — 7R EE(LT 2720, 20 C-N fEEiats
([ZHT T TR BB D B A& AT o 12, JeTHIDIZ, R X R — L5 ORFRHE~D A
FNIEOE AN LR T-, ERLTZ=ZR TV a— M RI T I R THoT=ZN, 7 ha—7
BYEDOEEE T b o — T BIRO GBS Lz, W7 hr—7RE R0 55 &
D ARMGIE R T D BRYER (BB 46) 72028 SSLIETEZ /R LT=2S, Z DIEMEIT ICs =
5600 nM TH Y, {LEW 12 (ICs0 = 0.85 nM) [ZHARTRELFL TV, KA E
LCE=MTva—kid, 2 FRKERGEZ Lica=—2 72 11 BRMOTEME =2 7R
A= a VEEBHRERR NI LB Z BND, B -E Tl X BGOSR
b, 2011 BREMEIIAZ T VU GBEREZILET 5 L CHFEICEETHD Z LA
LTS TND,

S RARTFNEDATF L AR ~OBHIEDOEANICL DT b — 7 B FEE
bi%, RARCF A DREREE S OO RN E T bW E SRR, Brats
D E/IRM 0T,

BRI SN CH D5 FBR O AL MICERLEZE N LI LAWRHE, T O
L RO FEEFEEFEICL Y 7 he—T7EBEREE SN TS Z ERHLMNE R oT,
BIZAFRFZBEAT 2N A Fa— Ly D LY @iEtE R B R Z B 5 hIc T 57
D A MFVIERT =Y o OA )L MIZERE LCHFE R a lZOW T, ZOR Xk R
— LRG3 D G BAMER O TEM: 2l E L7z,

Table 4 (TR LT2ERIZ, ¥ TNVA T ATRYRWRERHAZAGT 57 I/ 7 /va—u
54a-isomer B L Y Al L 72 54K 57-62a-isomer B 23, L 0 (RFFIFE OB NT I /7
Jb—)L bda-isomer A /) b 15 HAVZFHEIR 57-62a-isomer A X 0 & TRV HEIEM 2R
Lice A7 T VU GRBER LG 12 & OBES RO X BRFEREIEMIT O RN S &K
D @M 7 BAVE(R isomer B IE(S)-FlE O KEEI A H T 5 BIMEKTH 5 L HEE S L7z,
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Table 4. Evaluation of squalene synthase inhibitory (SSI) activity and cholesterol
synthesis inhibitory (CSI) activity of major atropisomer of ortho-methoxy

derivatives 57-62a

Isomer A from shorter Isomer B from longer
retention time aminoalcohol retention time aminoalcohol

Ssi csi Ssi Csi
R (IC50, NM)  (ICsp, NM) (ICs0, NM)  (IC5q, NM)

57a  —_)—cos 72 : 13
58a _@ 95 . 3.4
592 (") 90 . 25

60a —N_ )—coH 65 880 1.6 25

61a* _,( ; 55 690 1.5 8.6
COH
62a _O 50 830 1.6 15
SSI: Squalene Synthase Inhibitory activity. CSI: Cholesterol Synthesis Inhibitory activity in rat hepatic cell. “-, not tested”.

*: Only major atropisomer.

HW T, major B XL minor ZNFNDT b —TBMKIZHONWT, FOEEEILE
TEYEDREM 2 32 72, AV MLIZE b HE3E# L7 (L& #(S)-57, 58, 60, 61d 12D
WCORZREMER T 2 T v a—1(8)-54 /B4 57 HA L Y major 35 X O minor
D7 hu—FREREZNENSEE L, KA DDREEEZSEDL Z LI LT, £h
o SSTIEMEAMIE LT LR, FEkim & LTI B S major 7 b r—7 %
PEIAR(S)-major-57, 58, 60, 61d 73, *id % minor 7 k 1 — 7 BM(A(S)-minor-57, 58,
60, 61d (Ztb~T, 58 SSIVEMZ T Z E L E e >7- (Table 5) . X #fbdn
REEMATOFER LV . 20 major 7 b —7EBMEEIZ(S)-& Faxi-(aR)-7 ha—7
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BMEKRCTHD EHREINTZ, £, 207 he—7RBEERR LY &EETHD Z L1
BATHF LT ATR MR IR D SST EPEE . TD R T L ARl & DA X
MAE AT 22 DAF DD HL & BB L7z 3,

Table 5. Evaluation of SSI and CSI activity of major and minor atropisomers of

ortho-ethoxy derivatives 57, 58, 60, 61d

(S)-hydroxyl-major- (S)-hydroxyl-minor-
atropisomer atropisomer
SSI csl Ssi CsSl
R (ICs50, NM) (ICs50, NM) (ICs50, NM) (ICs50, NM)

57 — )coe 34 : 32

58d _pd 45 ; >600
60d _O‘COZH 45 150 40

61d _p( ; 29 77 300 >300

SSI: Squalene Synthase Inhibitory activity. CSI: Cholesterol Synthesis Inhibitory activity in rat hepatic cell. “-, not tested”.

FIZ, AL ML A PR VEBLOT P VENER LTINS TV a % gk
BT, (9-=~aF BRI LAEY 61a, d M bifvy CSIFEMEZ/RT Z E RS &
2oty Z ORISR OB L DK E e CSIIEEDZERIL, VR B O
HEIEIKFEL TV D EHER S, IR EORRET =4 b7 UV AR—F =285
VIR B ORBTR L . EAUCHE S FLEHI ORI B AR DTN D LB LT,

BT, XUBUBRANL MLOBEBRIEA Kb Lz, ATV, Z7ank, K7L
o U5 A EERCME S E A I L e Y et o a B L -
{bEMREZ G L., ZTOIEMEEFMI L=, TORER, 262 TOFHERIZBNHNTT
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n— 7 B A EE RS Z EAHI L7z, Table6 iICROHND L HIC, A hFv ikl
A V7 a AR HENER LT FER(S)-(aR)-61a, e 2T, FEIZHRV SST B LT
CSI {EMENHEER STz, AT 3-& RuXo 7o 4% 4K(9-61f 123\ T, SSI
BLO CSI iR T 2 Z &< BRI TOKEMED M ELTWD Z &3
HNETRoT,

3 FE*o 7 m A F U HERICBO TS RS ERME LN L0 b, K
(= Caco-2 Ml & AW BEIEEDORHE Z21T > 72, B-7 0 vy BW—DT T/ m—/L L5k
AW OEFBBIEO LT | FBEENRT T ) u— L OMfETH H0ERE L-, &0k
B AFABLIOT A aXUHEK 6la, b, d, e 1T H EWBEERIEE R LAY, 3
B RE 7L % ok 61f OBSEBIEIE 2.6 LKoo, 2 2 Tl E
I, KBEOEHICY = I P AP AFAREEEAN LAY E AR L, Fohi
VxSV AFLHEM(9)-61g, 1 1T BLETEIE A R LT N, ORE i
(T T L 2 SFFER L L TED S D TR Ao T, A FLEE TS DISEMED
NG, BB 53 2 R RR 0 BB A T 5 1T R F Y Th 5 L g S
ns.,
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Table 6. Evaluation of SSI and CSI activity, solubility, and cell permeability of
(S)-hydroxyl-(aR)-atropisomers 61a-i

s o\
(0] OH
O
N—=
k°

(S)-hydroxyl-(aR)-atropisomer

ssl csl Solubility Caco-2 cell

R (ICs, nM)  (IC4, nM) (pH1.2/6.8)  Permeability
ratio
61a MeO 1.5 8.6 <3/980 24
61b Me 1 310 <3/>1100 30
61c cl 9.7 270 - - -
61d EtO 2.9 77 <3/1000 >30
61e iPro 1.3 6.6 <3/97 >30
617 HO_~_O— 25 8.4 92 /440 2.6
61g* Ho7<A\,0— 3.8 18 371280 3.6
61h M_o- 2.4 19 <3/110 >30
61 o M _o- 37 35 121210 18.1

SSI: Squalene Synthase Inhibitory activity. CSI: Cholesterol Synthesis Inhibitory activity in rat hepatic cell. “-, not
tested”. Solubility: pg/ml in pH 1.2 and 6.8 buffer. Caco-2 cell permeability ratio: atenolol = 1. #: Containing small

amount of minor atropisomer.

SEREMW) T OEKIABRIZ IS D NG THR R A 7 7 L AR EA & LT
DEE z il 25720, B ~OfE A 5% OREA OENEIE, FHIRNEER TH 5
FElige~ D BIRVED R TE 21T > 7o, mOHIBEE BRIt Z F 4 5 2 AR F A F Ik
(9)-(aR)-61h Z 34k L, MHAFER TR 21T 5 A OB TH 5 /LA HF — 72 FI
T B RE R & 2 L 7,
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FOFEH. (9-(aR)-61h 13 5- 4 FE# T FPIEEE O 50 2L F o ORI RIR M 2 R
FTZEDRRALNERY AT T VUAKREERREAE LT E LW EYEIEEL A LT
HZEDNHER I (Table 7) .

Table 7. PK profile of (S)-(aR)-61h in hamster.

Time after

> € ! Plasma conc. Liver conc. Kp
adm";'hs)"atw“ (ng / mL) (ng /g of liver) (liver / plasma)

4 486 24,867 54.5

7 244 19,707 79.8

100 mg/kg/5mL p.o. Fed. hamster.

BT, ND AL — % FI T2k i AR T ek g i L7z, 2 oilRix, I
Bz D a L AT e —VAEGRKE LAY OEK 512 X ke L CTIHET 5 2 & T,
I L AT u—/L7p ERRE OE 2 5 LDL OlE~DOE Y iAZZEE L, mHIEE O
KTFZH-T R TH D, NLAFX—IZBWTIE, MFHRaLxA7e—L&E (TC) &
A hY7VE) K& (TG) NEDHEEL 2D,

gRVY CSI 1M & m Wl fE 2 a8 LT\ DA Y 7 e B A% KRB LR A~
VT A % R(9)-(aR)-6le, h Z38H L. /N2 A X —{% 1B P SRS T 2k & e
L7- (Figure 10) . —H Z[F1® 100 mg/kg #& 0 $5-2 @ MMGe L 726 R. m{bEY
(9-(aR)-6le, h IFHFFICMPRI L AT 1 —/LE (6le T-32%. 61h T-24%) & I
FUZU%®U R&E (6le T-35%, 61h T-44%) ZIKFS¥7-, —J. HMG-CoA &L
BRAFEETHLT MARRLF U, ARICKRI L AT — V@& Z KT SH7228 TG

(2 LTI RS ooz, ZHUEEER bOmMENL 22 — I JEE IR TaERIC
RIELIZARTH LN, A7 T L ApilEALEA O HMG-CoA ia o4 [HE A%t
THEMMEEZ R LT —Fl & VR D,
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Figure 10. Evaluation of plasma lipid lowering effects of (S)-(aR)-6le, h and

atorvastatin in hamster orally repeated doses for 14 days

TC: total cholesterol. TG: triglyceride. Values are means =S.E.M. (n = 8). * P<0.05, ** P<0.01, *** P<0.001 vs.

control values.

WIZ, FET oW TH D~ —Ft v MBI D8 0 AR AR Tl 2 550 L 7=,
v —FETy MZBWTE mHFEar27re—1&(TC) L Y 7 U kY N&(TG)
Oz, HDL 2L A7 v—)L'& non'HDL 2L A7 0 — L& HE+T 52 & T, LV
RIS ARE OB ARE L 70D, ZORBRIZL Y, HDL 2L AT a—L%
K F &St F non'HDL = L AT m—/L & TG KT S5, [FEKTHRE LTHELY
Foh7T a7 7 ANl AN TH L ZFHIT 2,

TR FHEADOKRE L LTA Y T oA FAR(9)-(aR)-61e ZiEK L, v—F
Yoo hEE M AR TR 2 I L 7= (Figure 11) . ZOf5%, 100 mg/kg/day T
D 5 HEEERBRICBNT, 4 Y 7 u Ed % R(9-(aR)-6le ITHFHIICHE
non-HDL = L 275 o — UK FEH (2> hr— /L HT-834%) %5 LT~ BICHE G50
B> 6 OZELRIZBWTIEL, non-HDL 2L 25 m—/L e TG O G2 HEICE TS+
Tz, £7ZHDL 22 LV AT m—) W 3iA ST, ENRD B S Eiz,

EFIL. XA Fe— L REORES TH-7-7 hae—7FRByEofi@Es - L. 8
B OEWFEIZ I 1T 5 0l 5B I B W TR M IEEIR TER 2754, 7/ra
FIARURE Ra— VDR T Lo AR LERIS)-(aR)-61e & FLH 4 Z L I2akzh
L7,
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Figure 11. Evaluation of plasma lipid lowering effects of (S)-(aR)-61e in marmoset

100 mg/kg/day orally repeated doses for 7 days; change values (for total cholesterol,

HDL cholesterol, non-HDL cholesterol, and triglyceride; line graph) and percent

changes from initial values (for non-HDL cholesterol and triglyceride; bar graph).

Values are means +S.E.M. (n = 6). **: P<0.001 vs. control values.

SR FTE/NME

BRVEME A LA THER R A7 7 L U ARREER L ER OS2 B 5 L 7-#F5E
IZBNWT, Z< DT I/ RXU A Fr— 8 KORRZ1To72, £ LT, 73/~
At Re— L REEOMBER ThH 727 e —F 8% 7=V > O4 /L MIZT7 L= %
VEAEB AL OLEREEE SO CEELT 5 2 ST L, TOfEE, mWisttEz s
T HE B OEROBISNATRE L 2o Tz, BARD TN aF Iy OEMREIT- T
fiR, NAZAZ =B IO~ —Fty F TORMERRBRICEWN T, AERLPIFEERT
EHZRT A Y 7 r B % R (9)-(aR)-61e DIEFFHITHED LTz,
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THNETCHRARTEX LI, BF T L AT e — VAESKRRKBICBITAATe A RE

=

FREHEAT A RyFDERKE DRI RO FRICAET DRI DR THDL A7 T L
VAR EAET S 2L T, AT a— LR BES O AR E EE T, EES LS
SEISBRVWEZERIFERTRELZGL ZENRHRD LB A T L ARkl
FEHOAIZ B LANIRICEF L, NN TREREST,

T AL LT 227 2 )RR Ra— L RN, A7 7 L ARk I E %
ELTEWEEEZATHZ EEHLMI L, ARHENAY 8 1%, 4,10 X
¥ YB v UFHERICILECT 2 RO EEEME R A L, RO e iR L o T,
BEWNTEM L2 ZOFT 7 b — M OREEEMHBE OIS % B L 725tz n
T, INKRUBERT 26617 > MFRZIBS W TRV CSI IEEAHFT5 2
xR LT RRIT 22 A PRI N B URREIR L 1,4- X0 XU F 4 URFEIRIE,
g7 SSIVEMEE CSITEMEZR/ LTz, £/2, ZoH LW T T L— b aFT
L7 IMEOT hun—TREMTHLHIEW 12 L AT T L oA REESR & O
W X MRS ST IC L 0  EA 12 D(9)-E Rr¥i-(aS)-7 hu—7 5
MAR D BDEESE OTEMEF LT DIREMER 7 > M- TR Y | BITZE O RMERD,
IKEBIE L ABER AT X ROH AR =L L OB THFIKRER/REEA L, 11
BBREELZ Lita=—oRiEMEa s i A=y a v ERH-> TS Z EEHLMNT L
77

UMEMEZ A LN G CHOBRENEZ RT A7 T v oA REER L E A O #1552
HigL., Z2< 07 /XU X Fr— B8k oRRZ1To7-, £ LT, 73/
VAt Fa— L BEORBER ThH- 727 ha—78% 7=U O/ MLZT
A HERZBEAN L CNREEZEHDL Z L CTHERENT D EICBI LT, D
fid, EUVEMEZ A 2 H— R ARORER 2 BS Lz, 207 vax oo
BAAT ST FER, NLAZ —B IO~ —Ft v N COROBMBRRICHBNTHER
MHIRER FIERZ7Rd. 4 Y 7 a 4% 4R(9)-(aR)-61e DEFFIZALE LT,
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EERDED

F—E Chemistry

General. Unless otherwise noted, materials were obtained from commercial
suppliers and used without further purification. 'H NMR spectra were recorded on
JEOL JNM-EX400 spectrometers, and chemical shifts are given in ppm from
tetramethylsilane as an internal standard. Spin-spin couplings were depicted by
using standard abbreviations: s (singlet), d (doublet), t (triplet), q (quartet), m
(multiplet), br (broad). Parenthetical peak derives from minor atropisomer. FAB
mass spectra were recorded on a JEOL JMS-HX110 spectrometer. HR-FAB mass
spectra were recorded on a JEOL JMS-700. ESI mass spectra were recorded on
SCIEX API-150EX and Agilent Technologies Agilent 1100 series LC/MS. Optical
rotations were recorded on a Autopol V plus. Column chromatography was
performed with Merck silica gel 60 (particle size 0.060-0.200 or 0.040-0.063). Flash
column chromatography was performed with YAMAZEN cartridge series or Ultra
Pack series. Thin-layer chromatography (TLC) was performed on Merck pre-coated
TLC glass sheets with silica gel 60F254 or Whatman Partisil PLK5F with Silica gel
150A.

[2-amino-5-chlorophenyl](2-chlorophenyl)methanol (4).

O Cl
“ O OH
NH,

{4-chloro-2-[(2-chlorophenyl)carbonyllphenyllamine (30.0 g, 113 mmol) was
dissolved in MeOH (400 ml). Sodium borohydride (8.53 g, 225 mmol) was added to
the solution at 0°C. The reaction mixture was stirred at 0°C for 2 h. To the reaction
mixture, sat NH4Claq was added. The mixture was concentrated in reduced
pressure. The concentrate was diluted with AcOEt. The organic material was
extracted with AcOEt. The extract was washed with brine, dried over Na2SO4, and

then concentrated in vacuo. Then, the residue was washed with diethyl ether and

hexane to give compound 4 (30.2 g, 113 mmol, quant.) as a colorless solid.
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1H-NMR (CDCls) 6§ 2.57 (1H, br s), 4.07 (2H, br s), 6.16 (1H, s), 6.64 (1H, d, J= 8.5
Hz), 6.89 (1H, d, J = 2.5 Hz), 7.07 (1H, dd, J = 8.3, 2.5 Hz), 7.28-7.34 (2H, m),
7.39-7.42 (1H, m), 7.46-7.49 (1H, m).

[5-chloro-2-(2,2-dimethylpropylamino)phenyl](2-chlorophenyl)methanol (5).

g cl
cl
O OH
N
H

Compound 4 (5.00 g, 18.7 mmol) was dissolved in 1,2-dichloroethane. Pivalaldehyde
(2.43 mL, 22.4 mmol) was added to the solution at rt. To the cloudy solution, sodium
tri(acetoxy)borohydride (4.74 g, 22.4 mmol) was added at 0°C. The reaction mixture
was stirred for 30 min. at 0°C. Sat. NaHCOsaq was added to the solution, the
organic material was extracted with AcOEt. The extract was washed with brine,
dried over Na2SO4, and then concentrated in vacuo. The residue was purified by
silica gel column chromatography (AcOEt : n-hexane = 1 : 10) to give compound 5
(5.12 g ,15.1 mmol, 81%) as a colorless solid.

'H-NMR (CDCls) § 1.04 (9H, s), 4.06 (1H, br s), 4.53 (1H, br ), 6.31 (1H, s), 6.55 (1 H,
s), 6.59 (1 H, d, J=8.5Hz), 6.99 (1 H, dd, J= 2.4, 0.7 Hz), 7.25-7.28 (1, m), 7.38-7.44
(1H, m).

Methyl 4-[{4-chloro-2-[(2-chlorophenyl)(hydroxy)methyllphenyl}(2,2-dimethyl-

propyl) amino]-4-oxobutanoate (6).

An  ice-cooled solution of {5-chloro-2-[(2,2-dimethylpropyl)aminolphenyl}
(2-chlorophenyl)methanol (0.50 g, 1.5 mmol) in CH:2Cl> (50 ml) was added ethyl
4-chloro-4-oxobutanoate (0.23 g, 1.7 mmol) and NaHCOs (0.37 g, 4.4 mmol). After
being stirred for 2 h at room temperature, the reaction was quenched with water.

The organic material was extracted with CHzCle. The extract was washed with
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brine, dried over Na2S0s4, and then concentrated in vacuo. The residue was purified
by silica gel column chromatography (AcOEt : nmhexane = 1: 2 — 1 : 1) to give
compound 6 (0.41 g ,0.90 mmol, 61%) as a colorless powder.

IH-NMR (CDCl») 6 0.87 (0.88) (9H, s), 2.23-2.39 (3H, m), 2.80-2.90 (1H, m), 3.02
(2.98) (1H, d, J = 13.8 Hz), 3.66 (3.57)(3H, s), 4.44 (4.50) (1H, d, 13.8 Hz), 4.56-4.57
(1H, m), 6.13 (6.33) (1H, br s), 7.03 (1H, br ), 7.21-7.37 (5H, m), 7.73-7.78 (1H, m).
IR (ATR) cm™ 3359, 2950, 1745, 1650, 1432, 1168, 1027, 752, 420.

Mp 130-132 °C.

MS (FAB) m/z 452 (M + H)*.

Anal. Caled. for C23H27NO4Cle: C, 61.07; H, 6.02; N, 3.10; Cl, 15.67. Found: C, 61.09;
H, 6.04; N, 3.00; Cl, 15.78.

4-[{4-Chloro-2-[(2-chlorophenyl) (hydroxy)methyllphenyl}(2,2-dimethylpropyl)-

amino]-4-oxobutanoic acid (7).
ey,
c O j;jOH
%;N %

Compound 6 (0.20 g, 0.44 mmol) was suspended in a mixture of MeOH (10 ml) and
water (5 ml), and K2COs was added at room temperature, followed by stirring for 12
h at same temperature. The solvent was removed under reduced pressure and was
adding 1N hydrochloric acid and CHzClz. The organics were extracted with CH2Cl2
(3 times). The extract was washed with brine, dried over Na2SOs, and then
concentrated in vacuo. Then, the residue was washed with diethyl ether and hexane
to give compound 7 (0.19 g, 0.44 mmol, quant.) as a colorless powder.
TH-NMR (DMSO-ds) § 0.76 (0.84) (9H, s), 1.06-1.27 (1H, m), 1.71-2.48 (3H, m), 2.54
(3.03) (1H, d, J=13.7 Hz), 4.20 (4.40) (1H, d, J= 13.7 Hz), 5.89 (6.09) (1H, br s), 6.27
(1H, br), 7.07 (1H, d, J = 2.4 Hz), 7.28-7.61 (6H, m).
IR (ATR) cm'! 2954, 1710, 1641, 1477, 1396, 1168, 1027, 750.
Mp 78-80 °C.
MS (ESD m/z 438 (M + H)*.
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Anal. Calced. for C2sH27NO4Cl2-0.25H=0: C, 59.67; H, 5.80; N, 3.16; Cl, 16.01. Found:
C, 59.36; H, 5.96; N, 2.96; Cl, 16.30.

Ethyl 1-{4-[{4-chloro-2-[(2-chlorophenyl)(hydroxy)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoyl}piperidine-4-carboxylate (8).

To a solution of Compound 7 (0.16 g, 0.37 mmol) and isonipecotic acid ethyl ester
(0.086 ml, 0.56 mmol) in CH2Cl: was added WSCI-HC1 (0.11 g) and HOBt (0.085 g),
and then the mixture was stirred at room temperature for 18 h. The reaction
mixture was diluted with water and the organics were extracted with CH2Clz. The
extract was washed with brine, dried over Na2SOs4, then concentrated in vacuo, and
then the residue was purified with silica gel column chromatography (0-5% MeOH —
CH:Cl: as eluent) to give compound 8 (0.16 g, 0.28 mmol, 76 %) as a colorless
powder.

'H-NMR (CDCly) § 0.91 (9H, s), 1.24 (1.26) (3H, t, J = 7.0 Hz), 1.80-1.97 (3H, m),
2.11-2.22 (2H, m), 2.38-2.52 (2H, m), 2.68-2.89 (2H, m), 3.07-3.19 (2H, m), 3.29
(3.28) (1H, d, J = 13.9 Hz), 3.83-3.84 (1H, m), 4.12 (4.14) (2H, q, J = 7.3 H2),
4.26-4.40 (1H, m), 4.50 (4.51) (1H, d, J =13.7 Hz), 6.16 (1H, s), 6.40 (6.30) (1H, d, J=
5.0 Hz), 6.98 (1H. d, J= 1.2 Hz), 7.30-7.42 (5H, m), 7.92-7.95 (1H, m).

IR (ATR) cm™ 3320, 2950, 1731, 1664, 1625, 1394, 1166, 1041, 746, 478.

Mp 138-140°C.

MS (ESD m/z 577 (M + H)*.

Anal. Caled. for C30H3sN205Cla: C 62.39, H 6.63, N 4.85, C1 12.28. Found: C 62.24, H
6.63, N 4.79, Cl 12.05.

1-{4-[{4-Chloro-2-[(2-chlorophenyl)(hydroxy)methyllphenyl}(2,2-dimethylpropyl)-

amino]-4-oxobutanoyl}piperidine-4-carboxylic acid (9).
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Compound 9 was prepared in a similar manner described for 8 in 88% yield as a
colorless powder.

ITH-NMR (DMSO-ds) 6 0.73 (0.81) (9H, s), 1.27-1.46 (2H, m), 1.73-1.81 (2H, m),
1.96-2.17 (1H, m), 2.29-2.69 (5H, m), 2.97-3.06 (2H, m), 4.12-4.38 (3H, m), 5.88
(6.07) (1H, br s), 6.26 (1H, br ), 7.02 (1H, s), 7.26 (1H, s), 7.34-7.60 (5H, m).

IR (ATR) cm™! 2952, 1727, 1658, 1621, 1475, 1396, 1170, 1020, 744, 541, 420.

Mp 168-170 °C.

MS (ESD m/z 549 (M + H)*.

Anal. Caled. for C2sH34N205Clo: C, 61.20; H, 6.24; N, 5.10; Cl, 12.90. Found: C, 60.96;
H, 6.29; N, 4.89; Cl, 12.69.

1-{4-[{4-Chloro-2-[(2-chlorophenyl)(hydroxy)methyllphenyl}(2,2-dimethylpropyl)-
amino]-4-oxobutanoyl}- N, N-dimethylpiperidine-4-carboxamide (10a).

Cl Clo\ /0
o Oa
Ni
N /
%J 0

Compound 10a was prepared from 9 in a similar manner described for 8 in 57%
yield as a colorless powder.

TH-NMR (CDCIs) § 0.91 (9H, s), 1.69-1.76 (3H, m), 2.11-2.24 (2H, m), 2.41-2.49 (1H,
m), 2.66-2.75 (2H, m), 2.93 (3H, s), 3.06 (3H, s), 3.10-3.17 (3H, m), 3.29 (3.27) (1H, d,
J=13.7 Hz), (3.95) 4.50 (1H, d, J = 13.7 Hz), 4.45-4.57 (1H, m), 6.15-6.18 (1H, m),
6.42 (6.25) (1H, d, J = 5.0 Hz), 6.97-6.99 (1H, m), 7.22-7.42 (5H, m), 7.95 (7.91) (1H,
d, J=17.7 Hz).

IR (ATR) cm' 3278, 2948, 1639, 1617, 1398, 1276, 1027, 750, 482.

Mp 197-199 °C.

MS (FAB) m/z 576 (M + H)".
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Anal. Caled. for C30H39N304Cl2-1.5H20: C 59.70, H 7.01, N 6.96, C1 11.75. Found: C
59.96, H 6.76, N 6.84, C1 11.84.

1-{4-[{4-Chloro-2-[(2-chlorophenyl)(hydroxy)methyllphenyl}(2,2-dimethylpropyl)-
aminol-4-oxobutanoyl}- N-methylpiperidine-4-carboxamide (10b).

Cl CIO\ /0
) IfQ%
Ni
N— H
%J 0

Compound 10b was prepared from 9 in a similar manner described for 8 in 61%
yield as a colorless powder.

ITH-NMR (CDCls) § 0.90(0.91) (9H, s), 1.61-1.87 (3H, m), 2.11-2.47 (5H, m), 2.63-2.70
(1H, m), 2.81 (3H, s), 3.03-3.14 (2H, m), 3.28 (3.94) (1H, d, J = 13.7 Hz), 4.49 (4.50)
(1H, d, J= 13.8 Hz), 4.11-4.57 (1H, m), 5.42 (5.58) (1H, br), 6.14-6.17 (1H, m), 6.37
(6.28) (1H, d, J= 5.1 Hz), 6.98 (6.99) (1H, s), 7.22-7.41 (5H, m), 7.91-7.95 (1H, m).
IR (ATR) cm' 3266, 2948, 1652, 1627, 1475, 1407, 1168, 1027, 833, 746, 534.

Mp 130-132 °C.

MS (FAB) m/z 562 (M + H)".

Anal. Caled. for C20H37N304Cl2-0.5H20: C 60.94, H 6.70, N 7.35, Cl 12.41. Found: C
60.84, H 6.64, N 7.21, Cl 12.42.

1-{4-[{4-Chloro-2-[(2-chlorophenyl)(hydroxy)methyllphenyl}(2,2-dimethylpropyl)-

amino]-4-oxobutanoyl}piperidine-4-carboxamide (10c).

cl ° O\ /O
) 0}%“0%
NH,
N—\
%J ¢}

Compound 10c was prepared from 9 in a similar manner described for 8 in 34%
yield as a colorless powder.

'H-NMR (CDCls) § 0.91 (9H, s), 1.84-1.95 (3H, m), 2.11-2.22 (2H, m), 2.35-2.48 (2H,
m), 2.68-2.74 (2H, m), 3.03-3.17 (2H, m), 3.28 (3.27) (1H, d, J = 13.8 Hz), (3.94) 4.49
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(1H, d, J = 13.8 Hz), 4.48-4.55 (1H, m), 5.28 (1H, br), 5.41 (5.60) (1H, br), 6.15-6.17
(1H, m), 6.34 (6.27) (1 H, d, J= 5.0 Hz), 6.98 (1H, d, J= 1.7 Hz), 7.23-7.52 (4H, m),
7.91-7.94 (1H, m).

IR (ATR) cm* 3324, 2950, 1677, 1654, 1614, 1475, 1402, 1270, 1027, 763, 570.

Mp 90-92°C.

MS (ESD) m/z 548 (M + H)*.

Anal. Caled. for C2sH35N304Cl2-1.0H20: C 59.36, H 6.58, N 7.42, Cl 12.52. Found: C
59.12, H 6.64, N 7.21, Cl 12.31.

1-{4-[{4-Chloro-2-[(2-chlorophenyl)(hydroxy)methyllphenyl}(2,2-dimethylpropyl)-
amino]-4-oxobutanoyl}- N-ethylpiperidine-4-carboxamide (10d).

Compound 10d was prepared from 9 in a similar manner described for 8 in 42%
yield as a colorless powder.

'H-NMR (CDCl3) § 0.91 (0.90) (9H, s), 1.12 (1.14) (3H, t, J = 7.1 Hz), 1.78-2.66 (8H,
m), 2.93-3.10 (3H, m), 3.29 (2H, q, J= 7.1 Hz), 3.26-3.31 (1H, m), 3.94 (1H, br d, J =
11.7 Hz), 4.50 (4.51) (1H, d, J = 13.6 Hz), 4.45-4.53 (1H, m), 5.38 (5.50) (1H, br),
6.15-6.17 (1H, m), 6.37 (6.28) (1H, d, J = 5.0 Hz), 6.98 (1H, s), 7.23-7.42 (5H, m),
7.91-7.95 (1H, m).

IR (ATR) cm'! 3266, 2954, 1662, 1625, 1475, 1394, 1180, 1029, 744, 576, 480.

Mp 148-150 °C.

MS (FAB) m/z 576 (M + H)*.

Anal. Caled. for C30H39N304Cl2-0.5H20: C 61.53, H 6.89, N 7.18, Cl 12.11. Found: C
61.56, H 6.81, N 7.12, C] 12.22.

1-{4-[{4-Chloro-2-[(2-chlorophenyl)(hydroxy)methyllphenyl}(2,2-dimethylpropyl)-

amino]-4-oxobutanoyl}- N-isopropylpiperidine-4-carboxamide (10e).
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Compound 10e was prepared from 9 in a similar manner described for 8 in 38%
yield as a colorless powder.

TH-NMR (CDCIs) § 0.91 (9H, s), 1.12-1.16 (6H, m), 1.76-1.87 (3H, m), 2.11-2.66 (5H,
m), 3.02-3.13 (3H, m), 3.28 (3.27) (1H, d, J = 13.8 Hz), 3.93 (1H, br d, J = 14.2 Ha),
4.03-4.06 (1H, m), 4.51 (4.50) (1H, d, J=13.7 Hz), 4.48-4.56 (1H, m), 5.20 (5.29) (1H,
br), 6.16 (1H, br), 6.37 (6.27) (1H, br), 6.98 (1H, s), 7.24-7.52 (5H, m), 7.91-7.95 (1 H,
m).

IR (ATR) cm'! 3282, 2958, 1662, 1623, 1473, 1394, 1166, 1027, 744, 541, 480.

Mp 148-150 °C.

MS (ESI) m/z590 (M + H)*.

Anal. Caled. for Cs1H41N304Cl2-0.25H20: C 62.57, H 7.03, N 7.06, C1 11.91. Found: C
62.69, H 6.98, N 7.04, C1 11.53.

N-Butyl-1-{4-[{4-chloro-2-[(2-chlorophenyl) (hydroxy)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoyl}piperidine-4-carboxamide (10f).

Compound 10f was prepared from 9 in a similar manner described for 8 in 45% yield
as a colorless powder.

TH-NMR (CDCIs) § 0.91 (9H, s), 1.30-1.55 (7H, m), 1.78-1.88 (3H, m), 2.11-2.45 (4H,
m), 2.64-2.70 (1H, m), 3.03-3.30 (6H, m), 3.94 (1H, br d, J= 13.2 Hz), 4.51 (4.50) (1H,
d, J=13.6 Hz), 4.48-4.51 (1H, m), 5.38 (5.51) (1H, br), 6.16 (1H, t, J = 4.9 Hz), 6.38
(6.28) (1H, d, J= 4.9 Hz), 6.98 (1H, d, J = 2.0 Hz), 7.22-7.42 (5H, m), 7.91-7.95 (1H,
m).

IR (ATR) cm™! 3259, 2956, 1662, 1623, 1473, 1394, 1180, 1027, 744, 478, 422.
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Mp 178-180 °C.

MS (ESI) m/z 604 (M + H)*.

Anal. Caled. for Cs2H43N304Cl2-0.25H20: C 63.10, H 7.20, N 6.90, C1 11.64. Found: C
63.09, H 7.14, N 6.88, C1 11.87.

Ethyl 1-{4-[{4-chloro-2-[(2-chlorophenyl) (hydroxy)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoyl}piperidine-3-carboxylate (11).

Cl
OH

Compound 11 was prepared from 7 in a similar manner described for 8 in 85% yield
as a colorless amorphous.

'H-NMR (CDCls) § 0.91 (0.90) (9H, s), 1.25 (1.26) (3H, t, J =7.08 Hz), 1.35-2.21 (4H,
m), 2.32-3.53 (6H, m), 3.73-4.19 (5H, m), 4.51 (4.50) (1H, d, J = 13.7 Hz), 4.48-4.75
(1H, m), 6.16-6.18 (1H, m), 6.28-6.40 (1H, m), 6.98 (1H, d, J = 1.95 Hz), 7.24-7.43
(5H, m), 7.91-7.96 (1H, m).

IR (ATR) cm™ 3345, 2950, 1727, 1627, 1168, 1027, 750, 480.

MS (ESI) m/z577 (M + H)*.

Anal. Caled. for C30H3sN205Cleo: C, 62.39; H, 6.63; N, 4.85; Cl, 12.28. Found: C, 62.02;
H, 6.69; N, 4.71; Cl, 11.99.

1-{4-[{4-Chloro-2-[(2-chlorophenyl)(hydroxy)methyllphenyl}(2,2-dimethylpropyD)-

amino]-4-oxobutanoyl}piperidine-3-carboxylic acid (12).

@5

Compound 12 was prepared from 11 in a similar manner described for 7 in 68%

yield as a colorless powder.
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ITH-NMR (DMSO-ds) 6 0.69-0.86 (9H, m), 1.09-3.96 (13H, m), 4.08-4.42 (2H, m),
5.76-6.30 (2H, m), 6.98-7.73 (TH, m).

IR (ATR) ecm' 3326, 2952, 1621, 1475, 1394, 1168, 1029, 748, 480, 420.

Mp 153-155 °C.

MS (ESD) m/z 549 (M + H)*.

Anal. Caled. for CesH3:N205Cl2-2.1H20: C, 57.26; H, 6.56; N, 4.77; Cl, 12.07. Found:
C, 56.99; H, 6.32; N, 4.49; Cl, 11.86.

N-{4-Chloro-2-[(2-chlorophenyl)(hydroxy)methyllphenyl}- N'-(cyclohexylmethyl)- N-
(2,2-dimethylpropyl)succinamide (13).

5O
Cl AN

O j}ﬁ N

¥
Compound 13 was prepared from 7 in a similar manner described for 8 in 65% yield
as a colorless amorphous.
TH-NMR (CDCls) 6 0.87 (9H, s), 0.88-1.68 (11H, m), 2.09-2.17 (1H, m), 2.23-2.28 (1H,
m), 2.46-2.54 (1H, m), 2.63-2.77 (1H, m), 2.94-3.03 (1H, m), 3.03 (1H, d, J =13.8 Hz),
3.14-3.21 (1H, m), 4.42 (4.52) (1H, d, J = 13.8 Hz), 5.70 (1H, m), 5.89 (1H, d, J =5.3
Hz), 6.07 (1H, d, J =5.3 Hz), 7.11 (1H, d, J =2.20 Hz), 7.21-7.38 (5H, m), 7.81-7.83
(1H, m).
IR (ATR) cm® 3330, 2923, 1639, 1475, 1394, 1276, 1168, 1027, 748, 478, 422.
MS (ESI) m/z 533 (M + H)*.
Anal. Calcd. for C29H3sN203Cl2-0.9H20-0.3ether: C, 63.42; H, 7.54; N, 4.90; Cl, 12.40.
Found: C, 63.77; H, 7.28; N, 4.81; Cl, 12.07.

Ethyl 4-{4-[{4-chloro-2-[(2-chlorophenyl)(hydroxy)methyllphenyl}(2,2-dimethyl-

propyl)amino]-4-oxobutanoyl}piperazine-1-carboxylate (14).
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Compound 14 was prepared from 7 in a similar manner described for 8 in
quantitative yield as a colorless powder.

'H-NMR (CDCl3) § 0.91 (0.89) (9H, s), 1.27 (1.21) (3H, t, J = 7.1 Hz), 2.13-2.49 (3H,
m), 3.05-3.14 (1H, m), 3.28 (2.94) (1H, d, J=13.7 Hz), 3.33-3.66 (8H, m), 4.15 (2H, q,
J=17.1Hz), 4.50 (4.46) (1H, d, J= 13.7 Hz), 6.15-6.18 (2H, m), 6.98 (1H, dd, J= 2.0,
0.73 Hz), 7.21-7.43 (4H, m), 7.92 (1H, dd, J= 7.8, 1.5 Hz).

IR (ATR) cm™! 3332, 2948, 1700, 1662, 1635, 1423, 1234, 1184, 1027, 750.

Mp 177-179 °C.

MS (ESD m/z 578 (M + H)*.

Anal. Caled. for C20H37N305Cl2: C 60.21, H 6.45, N 7.26, Cl 12.26. Found: C 60.07, H
6.46, N 7.30, Cl 12.18.

Benzyl  4-{4-[{4-chloro-2-[(2-chlorophenyl)(hydroxy)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoyl}piperazine-1-carboxylate (15).

I Cl
cl NN Nl
) jfu*o
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Compound 15 was prepared from 7 in a similar manner described for 8 in 69% yield
as a colorless powder.

'H-NMR (CDCls) § 0.91 (9H, s), 2.15-2.45 (2H, m), 3.09-3.62 (11H, m), 4.50 (1H, d, J
= 14.9 Hz), 5.15 (2H, s), 6.15 (2H, m), 6.98 (1H, br s), 7.26-7.36 (10H, m), 7.93 (1H,
m).

IR (ATR) cm'! : 3345, 2960, 1695, 1664, 0625, 1427, 1222, 1020, 748, 696, 574.

Mp 129-132 °C.

MS (ESD m/z 640 (M + H)*.
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Anal. Caled. for C34H39N305Cl2: C 63.75, H 6.14, N 6.56, C1 11.07. Found: C 63.58, H
6.18, N 6.33, Cl 11.22.

N-{4-Chloro-2-[(2-chlorophenyl) (hydroxy)methyllphenyl}- N-(2,2-dimethylpropyl)-4-

oxo-4-piperazin-1-ylbutanamide (16).

A suspension of 15 (0.15 g, 0.23 mmol) and 10% palladium on carbon (50% water, 30
mg) in MeOH (30 ml) was hydrogenated for 2 h. The reaction mixture was filtrated
and concentrated in vacuo to give 16 (0.12 g, quant.) as colorless amorphous.
'H-NMR (CDCls) § 0.87 (9H, s), 2.14-2.25 (2H, m), 2.54-3.98 (11H, m), 4.35-4.60 (1H,
m), 5.79-6.28 (2H, m), 7.00 (1H, s), 7.24-7.37 (5H, m), 7.81 (1H, s).

IR (ATR) cm™! 3338, 2952, 1637, 1392, 1247, 1024, 700, 561, 509.

Mp 148-150°C.

MS (FAB) m/z 506 (M + H)*.

HRMS (FAB) m/z 506.1951 (Calcd. for C26Hs403N3Cl2: 506.1977).

Anal. Caled. for C26H33sN3OsCle-1.5H20-0.25hexane-0.20ether: C 59.65, H 7.34, N
7.37, C1 12.44. Found: C 59.77, H 7.72, N 7.46, C1 12.56.

N-{4-Chloro-2-[(2-chlorophenyl) (hydroxy)methyllphenyl}- N-(2,2-dimethylpropyl)-4-
[4-(methylsulfonyl)piperazin-1-yl]-4-oxobutanamide (17).

Compound 17 was dissolved in CH:Cl., followed by the addition of EtsN (0.028 ml,
0.20 mmol) and methane sulfonyl chloride (0.013 ml, 0.16 mmol). The reaction
mixture was stirred at room temperature for 18 h. The mixture was diluted with

water and CH:Cls. The organics were extracted with CH2Clz, the extract was
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washed with brine, and then dried with Na2SO4. The organic solvent was removed
under reduced pressure and the residue was purified with silica gel column
chromatography (5-7% MeOH — CH:Cls) to give Compound 17 (49 mg, 0.083 mmol,
62%) as colorless powder.

TH-NMR (DMSO-ds) 6 0.76-0.86 (9H, m), 2.04-2.71 (5H, m), 2.87 (3H, s), 2.92-3.12
(4H, m), 3.37-3.54 (4H, m), 4.08-4.42 (1H, m), 5.63-6.21 (2H, m), 7.02-7.69 (TH, m).
IR (ATR) cm™! 3388, 2954, 1635, 1324, 1157, 958, 775, 516.

Mp 104-106 °C.

MS (FAB) m/z 584 (M + H)*.

HRMS (FAB) m/z 584.1714 (Calcd. for C27Hss05N5Cl2S: 584.1753).

Ethyl (4-{4-[{4-chloro-2-[(2-chlorophenyl)(hydroxy)methyll phenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoyl}piperazin-1-yl)acetate (18).

Cl Clo\
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Compound 18 was prepared from 7 in a similar manner described for 8 in 71% yield
as a colorless amorphous.

IH-NMR (CDCls) § 0.91 (9H, s), 1.27 (3H, t, J = 7.10 Hz), 2.11-2.22 (2H, m),
2.38-2.66 (5H, m), 3.05-3.12 (1H, m), 3.20 (2H, s), 3.27 (1H, d, J =13.7 Hz), 3.48-3.72
(4H, m), 4.18 (2H, q, J =7.10 Hz), 4.50 (1H, d, J =13.7 Hz), 6.15 (1H, d, J =5.0 Hz),
6.28 (1H, d, J =5.0 Hz), 6.97 (1H, s), 7.24-7.41 (5H, m), 7.92 (1H, d, J = 7.6 Hz).

IR (ATR) cm'* 3266, 2962, 1749, 1664, 1625, 1440, 1180, 1160, 746.

MS (ESD) m/z 592 (M + H)*.

Anal. Caled. for Cs0Hs9N305Cl2-0.5H20: C, 59.90; H, 6.70; N, 6.99; Cl, 11.79. Found:
C, 60.04; H, 6.61; N, 6.93; Cl, 12.03.

Ethyl 5-[{4-chloro-2-[(2-chlorophenyl)(hydroxy)methyllphenyl}(2,2-dimethylpropyl)

amino]-5-oxopentanoate (19a).

56



Compound 19a was prepared from 5 in a similar manner described for 6 in
quantitative yield as a colorless amorphous.

TH-NMR (CDCIs) § 0.91 (9H, s), 1.17-1.28 (3H, m), 1.77-2.56 (6H, m), 4.00-4.16 (2H,
m), 4.35 (1H, d, J=13.7 Hz), 4.53 (1H, d, J = 13.7 Hz), 6.11 (1H, br s), 6.34 (1H, s),
7.19-7.76 (TH, m).

MS (FAB) m/z 480 (M + H)*.

HRMS (FAB) m/z 480.1682 (Calcd. for C20Hs705N2Cl2: 480.1708).

5-[{4-Chloro-2-[(2-chlorophenyl)(hydroxy)methyllphenyl}(2,2-dimethylpropyl)-

amino]-5-oxopentanoic acid (20a).
S
LY
OH
¥
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Compound 20a was prepared from 19a in a similar manner described for 7 in
quantitative yield as a colorless amorphous.

'H-NMR (DMSO-ds) 6 0.77-0.86 (9H, m), 0.93-3.03 (6H, m), 4.22 (1H, br d, J =
13.3Hz), 4.40 (1H, br d, J = 13.3), 5.84-6.20 (2H, m), 6.76-7.62 (7H, m), 11.97 (1H,
br).

IR (ATR) cm'! 2954, 1706, 1635, 1475, 1396, 1166, 1025, 754, 418.

Mp 65-67 °C.

MS (ESD m/z 452 (M + H)*.

Anal. Calced. for C2sH27NO4Clz-0.3H20-0.2ether: C 60.49, H 6.31, N 2.96, Cl 15.00.
Found: C 60.83, H 6.27, N 2.80, Cl 14.71.

Ethyl 1-{5-[{4-chloro-2-[(2-chlorophenyl) (hydroxy)methyllphenyl}(2,2-dimethyl-
propyl)amino]-5-oxopentanoyl}piperidine-4-carboxylate (21a).
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Compound 21a was prepared from 20a in a similar manner described for 8 in 86%
yield as a colorless amorphous.

'H-NMR (CDCls) & 0.81-0.90 (9H, s), 1.26 (3H, t, J = 7.1Hz), 1.41-2.31 (8H, m),
2.48-3.21 (6H, m), 3.68-3.81 (1H, m), 4.12-4.18 (2H, m), 4.27-4.53 (2H, m), 5.84-6.33
(2H, m), 7.17-7.74 (7T H, m).

IR (ATR) cm™ 2952, 1727, 1639, 1475, 1170, 1037, 755, 418.

Mp 58-60 °C.

MS (ESD m/z591(M + H)*.

Anal Calcd. for C31H40N205Cl2-0.4H20 -0.2ether: C 62.25, H 7.03, N 4.57, Cl 11.56.
Found: C 62.52, H 6.97, N 4.46, C] 11.16.

Ethyl 3-[{4-chloro-2-[(2-chlorophenyl)(hydroxy)methyllphenyl}(2,2-dimethylpropyl)

amino]-3-oxopropanoate (19b).

(L

al o/
Compound 19b was prepared from 5 in a similar manner described for 6 in 81%
yield as a yellow oil.

TH-NMR (CDCls) 6 0.89 and 0.94 (9H, s), 1.20-1.30 (3H, m), 2.30 and 2.70 (1H, d, J =
15.7 Hz), 2.83 and 4.57 (1H, d, J = 13.4 Hz), 3.05 and 4.46 (1H, d, J = 13.7 Ha),
3.18-3.27 (1H, m), 4.40-4.19 (2H, m), 6.15 and 6.32 (1H, s), (7.00-7.06) 7.20-7.39 (6H,
m), 7.58-7.67 (1H, m).

MS (ESI) m/z 452 (M + H)*.
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Ethyl 1-{3-[{4-chloro-2-[(2-chlorophenyl) (hydroxy)methyllphenyl}(2,2-dimethyl-
propyl)amino]-3-oxopropanoyl}piperidine-4-carboxylate (21b).

)
oWl
Cl O oH N
A\
o

Compound 21b was prepared from 19b in a similar manner described for 20a and
21a in 78% yield from 19b as a colorless amorphous.

'H-NMR (DMSO-ds) § 0.74-0.84 (9H, m), 1.15 (38H, t, J = 7.1 Hz), 1.32-1.78 (3H, m),
2.23-3.74 (8H, m), 4.04 (2H, q, J= 7.2 Hz), 4.10-4.38 (2H, m), 5.86-6.03 (1H, m), 6.34
(1H, br), 6.98 (1H, dd, J=11.2, 2.4 Hz), 7.30-7.53 (6H, m).

IR (ATR) cm'! 3345, 2952, 1727, 1623, 1475, 1166, 1029, 748, 586, 418.

Mp 90-92 °C.

MS (FAB) m/z 563 (M + H)*.

HRMS (FAB) m/z 563.2100 (Calcd. for C20Hs705N2Clz: 563.2080).

Anal. Calced. for C29H37N205Cl2: C 61.81, H 6.44, N 4.96, Cl 12.58. Found: C 61.45, H
6.46, N 4.85, Cl 12.54.

Ethyl 4-({4-chloro-2-[(2-chlorophenyl)carbonyllphenyl}amino)-4-oxobutanoate (22).

] Cl

cl O o o
Compound 22 was prepared from 3 in a similar manner described for 6 in 52% yield
as a colorless amorphous.
TH-NMR (CDCls) § 1.27 (3H, t, J= 7.1 Hz), 2.74-2.77 (2H, m), 2.81-2.85 (2H, m), 4.17
(2H, q, J= 7.1 Hz), 7.29-7.33 (2H, m), 7.39-7.42 (1H, m), 7.48-7.53 (3H, m), 8.78 (1H,
d, J=9.3 Hz), 11.48 (1H, br s).
IR (ATR) cm'! 3291, 1735, 1698, 1637, 1577, 1425, 1398.
MS (ESD) m/z 396 [(M + H)*, 37Cl], 394 [(M + H)*, 35C1].
Anal. Caled. for C19H17ClaNO4: C, 57.88; H, 4.35; Cl, 17.99; N, 3.55. Found: C, 57.84;
H, 4.34; Cl, 17.97; N, 3.42.
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4-({4-Chloro-2-[(2-chlorophenyl)carbonyl]phenyl}amino)-4-oxobutanoic acid (23).

I Cl

o < \OI‘}OH
Compound 23 was prepared from 22 in a similar manner described for 7 in 67%
yield as a colorless crystal.
'H-NMR (CDCls) § 2.79-2.85 (4H, m), 7.26-7.34 (2H, m), 7.39-7.43 (1H, m), 7.48-7.54
(3H, m), 8.76 (1H, d, J= 9.3 Hz), 11.50 (1H, bs).
Mp 152-155 °C.
MS (ESI) m/z 366 [(M + H)*, 35C1].

Ethyl 1-[4-({4-chloro-2-[(2-chlorophenyl)carbonyllphenyltamino)-4-oxobutanoyl]-
piperidine-4-carboxylate (24).

Compound 24 was prepared from 23 in a similar manner described for 8 in 95%
yield as a colorless crystal.

IH-NMR (CDCls) § 1.26 (3H, t, J = 7.1 Hz), 1.59-1.78 (2H, m), 1.89-2.05 (2H, m),
2.51-2.57 (1H, m), 2.72-2.90 (5H, m), 3.14-3.21 (1H, m), 3.87-3.94 (1H, m), 4.13 (2H,
q, J=17.1Hz), 4.37-4.43 (1H, m), 7.26-7.33 (2H, m), 7.37-7.43 (1H, m), 7.47-7.54 (3H,
m), 8.78 (1H, d, J= 9.1 Hz), 11.50 (1H, bs).

IR (ATR) ecm™ 3300, 3200, 1727, 1702, 1641, 1598, 1577, 1504, 1432, 1398, 1375,
1315, 1240, 1162, 1101.

Mp 155-157 °C (AcOEt — n-hexane).

MS (ESD m/z 507 [(M + H)*, 3°Cl], 505 [(M + H)*, 35C1].

HRMS (FAB) m/z 507.1316 (Calcd. for C25H27ClaN2Os: 507.1297).

Anal Caled. for C25H26C12N205: C, 59.41; H, 5.19; Cl, 14.03; N, 5.54. Found: C, 59.41;
H, 5.13; Cl, 13.87; N, 5.61.
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Ethyl 1-{4-[{4-chloro-2-[(2-chlorophenyl)carbonyl]lphenyl}(methyl)amino]-4-oxo-
butanoyl}piperidine-4-carboxylate (25a).

To the solution of compound 24 (0.52 g, 1.03 mmol) in N,N-dimethylformamide (10
ml) was added sodium hydride (60%net, 45 mg, 1.13 mmol) at 0°C, and stirred for
10 min. Then, the reaction mixture was added diazomethane (0.79 ml, 0.73 g, 5.15
mmol) and stirred for 50 min at the same temperature. The reaction mixture was
diluted with AcOEt and organics were washed with brine. The extract was dried
over Na2S0O4 and then concentrated in vacuo, and the residue was purified with
silica gel column chromatography (0-5% MeOH — CH:Cls) to give Compound 25a
(0.51 g, 0.98 mmol, 95 %) as a colorless oil.

'H-NMR (CDCls) & 1.25 (3H, t, J = 7.1 Hz), 1.55-1.74 (2H, m), 1.86-1.97 (2H, m),
2.16-2.25 (1H, m), 2.34-2.62 (3H, m), 2.76-2.90 (2H, m), 2.99 (3.28) (3H, s), 3.82-3.90
(1H, m), 4.14 (2H, q, J= 7.1 Hz), 4.31-4.40 (1H, m), 7.40-7.59 (TH, m).

MS (ESD) m/z 521 [M + H)*, 37Cl], 519 [(M + H)*, 35C1].

Ethyl 1-{4-[{4-chloro-2-[(2-chlorophenyl)carbonyllphenyl}(propyl)amino]-4-oxo-
butanoyl}piperidine-4-carboxylate (25b).

Compound 25b was prepared from 24 in a similar manner described for 25a in 68%
yield as a pale yellow amorphous.

'H-NMR (CDCls) § 0.83 (0.89) (3H, t, J = 7.6 Hz), 1.25 (3H, t, J= 7.1 Hz), 1.40-1.77
(4H, m), 1.86-1.97 (2H, m), 2.14-2.25 (1H, m), 2.36-2.54 (3H, m), 2.76-2.91 (3H, m),
3.06-3.15 (1H, m), 3.86-3.91 (1H, m), 3.95-4.02 (1H, m), 4.13 2H, q, J = 7.1 H2),
4.29-4.37 (1H, m), 7.27-7.47 (6H, m), 7.54 (7.55) (1H, d, J= 8.3 Hz).
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MS (ESI) m/z 549 [M + H)*, 37Cl], 547 [(M + H)*, 35C1].
HRMS (FAB) m/z 547.1789 (Calcd. for C2sH33Cl2N20s5: 547.1767).

Ethyl  1-{4-[{4-chloro-2-[(2-chlorophenyl)(hydroxy)methyllphenyl}(methyl)aminol-
4-oxobutanoyl}piperidine-4-carboxylate (26a).

O o 0
cl O /NPND—/(O\
0

Compound 26a was prepared from 25a in a similar manner described for 4 in 83%
yield as a colorless amorphous.

ITH-NMR (CDCls) § 1.22-1.27 (8H, m), 1.50-1.72 (2H, m), 1.82-2.04 (3H, m), 2.20-2.25
(1H, m), 2.48-2.67 (2H, m), 2.80-2.96 (1H, m), 3.08-3.22 (2H, m), 3.37 (3.38) (3H, s),
3.82-3.89 (1H, m), 4.10-4.17 (2H, m), 4.26-4.40 (1H, m), 6.25-6.28 (1H, m), 6.56
(0.45H, d, J = 5.6 Hz, exchangeable with D:0), 6.66 (0.55H, d, J = 5.9 Hz,
exchangeable with D20), 6.94 (1H, d, J = 2.5 Hz), 7.05-7.08 (1H, m), 7.26-7.32 (3H,
m), 7.39-7.43 (1H, m), 7.98-8.01 (1H, m).

MS (ESD) m/z 523 [M + H)*, 37Cl], 521 [(M + H)*, 35C1].

HRMS (FAB) m/z 521.1636 (Calcd. for C26Hz1C12N2Os: 521.1610).

Ethyl 1-{4-[{4-chloro-2-[(2-chlorophenyl)(hydroxy)methyllphenyl}(propyl)aminol-4-
oxobutanoyl}piperidine-4-carboxylate (26b).

Compound 26b was prepared from 25b in a similar manner described for 4 in 79%
yield as a colorless amorphous.

'H-NMR (CDCls) & 0.88 (3H, t, J = 7.3 Hz), 1.20-1.28 (4H, m), 1.40-1.75 (3H, m),
1.82-2.03 (5H, m), 2.44-2.55 (2H, m), 2.78-2.90 (1H, m), 3.05-3.29 (2.4H, m),
3.81-3.89 (0.6H, m), 4.11-4.41 (2H, m), 6.23-6.26 (1H, m), 6.51 (0.4H, d, J= 5.6 Hz),
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6.59 (0.6H, d, J = 2.4 Hz), 7.01-7.04 (1H, m), 7.26-7.35 (3H, m), 7.39-7.43 (1H, m),
7.77-8.00 (1H, m).

MS (ESD m/z 551 [(M + H)*, 37Cl], 549 [(M + H)*, 35Cl].

HRMS (FAB) m/z 549.1901 (Calcd. for C2sHs5ClaN2Os: 549.1923).

4-Chloro-2-(2-chlorobenzyl)- N-(2,2-dimethylpropyl)aniline (27).
Cl
:

A solution of triphenylphosphineoxide (329 mg, 1.18 mmol) in CH:2Cl: (5.0 ml) was
cooled to 0°C, added trifulic anhydride (109 pl, 0.65 mmol), and stirred for 1h. At the
same temperature, the mixture was added [5-chloro-2-(2,2-dimethylpropyl-
amino)phenyl](2-chlorophenyl)methanol (200 mg, 0.591 mmol) and stirred for 2h.
Then, the reaction mixture was added sodium borohydride (89.5 mg, 2.36 mmol)
and allowed to warm to room temperature for 2 h. The solution was removed under
reduced pressure, the residue was extracted with AcOEt, and then saturated
NH4Claq. The organic layer was washed with brine and dried over Na2SO4. The
solution was concentrated in vacuo and the residue was purified by column
chromatography (AcOEt : n-hexane =0:1—1:0) to give the title compound (166 mg,
87%).

TH-NMR (CDCls) § 0.81 (9H, s), 2.77 (2 H, ), 3.34 (1 H, br s), 3.94 (2 H, s), 6.55 (1 H,
d, J =8.8 Hz), 6.97-7.03 (2 H, m), 7.10-7.18 (3 H, m), 7.38-7.42 (1 H, m).

MS (ESD m/z 322 (M + H)*.

Ethyl 1-(4-{[4-chloro-2-(2-chlorobenzyl)phenyl](2,2-dimethylpropyl)amino}-4-oxo-
butanoyl)piperidine-4-carboxylate (28).

A\Y
(e}

(6] 6]
N /
o 0L
%J
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A solution of 1-(3-Carboxypropionyl)piperidine-4-carboxylic acid ethyl ester (100 mg,
0.384 mmol) in CH:Cl: (3.0 ml) was added N,N-dimethylformamide (50 pl) and
cooled to -15°C. The mixture was added oxalyl chloride (40.2 pl, 0.471 mmol) and
stirred for 1h. The solution was concentrated in vacuo. The residue was dissolved in
CH:Cl: (3.0 ml) and added [4-chloro-2-(2-chlorobenzyl)phenyl](2,2-dimethylpropyl)
amine (82.5 mg, 0.256 mmol) at 0°C, 4-dimethylaminopyridine (47.0 mg, 0.384
mmol) and diisopropylethylamine (66.9 ul, 0.384 mmol). The reaction mixture was
stirred for 12 h and treated with H20. The organic layer was washed with brine and
dried over Na2SOas. The solution was concentrated in vacuo and the residue was
purified by column chromatography (AcOEt : n-hexane =0:1—1:0) to give the title
compound (45.3 mg, 32%).

'H-NMR (CDCls) 6 0.92 (9 H, s), 1.25 3 H, t, J = 7.2 Hz), 1.53-1.75 (2 H, m),
1.85-1.95 (2 H, m), 1.95-2.13 (1 H, m), 2.40-2.82 (6 H, m), 3.05-3.13 (1 H, m),
3.79-3.89 (1 H, m), 3.95-4.06 (2 H, m), 4.14 (2 H, q, J = 7.2 Hz), 4.32-4.40 (2 H, m),
6.87-6.92 (1 H, m), 7.15-7.27 (3 H, m), 7.36-7.45 (1 H, m).

MS (ESD m/z 561 (M + H)*.

Anal. Caled. for C30H3sCl.N204: C, 64.17; H, 6.82; N, 4.99. Found: C, 64.10; H, 7.25;
N, 4.63.

{5-Chloro-2-[(2,2-dimethylpropyl)aminolphenylimethanol (31a).

N

Compound 31a was prepared from 30a in a similar manner described for 5 in 73%
yield as a colorless oil.

TH-NMR (CDCls) § 1.02 (9H, s), 2.88 (2H, s), 4.64 (2H, d, J= 3.2 Hz), 4.85 (1H, br s),
6.58 (1H, d, J= 8.5 Hz), 7.02 (1H, d, J= 2.4 Hz), 7.14 (1H, dd, J= 8.5, 2.4 Hz).

IR (ATR) cm'! 3568, 2954, 1604, 1581, 1508, 1475, 1200, 1001, 872, 802.

MS (ESD) m/z 228 [M + H)*, 35C1], 230 [(M + H)*, 37C1].

Methyl 4-{[4-chloro-2-(hydroxymethyl)phenyl](2,2-dimethylpropyl)amino}-4-oxo-
butanoate (35a).
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Compound 35a was prepared from 31a in a similar manner described for 6 in 85%
yield as a colorless oil.

IH-NMR (CDClIs) § 0.89 (9H, s), 2.09-2.42 and 2.80-2.90 (4H, m), 2.68 (4.26) (1H, d, J
= 13.4 Hz), 3.14-3.20 (1H, m), 3.66 (3H, s), 4.49 (4.51) (1H, d, J = 12.9 Hz), 4.67
(4.68) (1H, d, J = 12.9 Hz), 7.21 (1H, d, J = 8.3 Hz), 7.29 (1H, dd, J = 8.1, 2.2 Hz),
7.66 (1H, d, J= 2.2 Hz).

IR (ATR) cm™! 3450, 2952, 1736, 1645, 1479, 1406, 1365, 1236, 1169, 1045, 847.

MS (ESD m/z 342 [(M + H)*, 35Cl], 364 [(M + Na)*, 35Cl].

4-{[4-Chloro-2-(hydroxymethyl)phenyll(2,2-dimethylpropyl)amino}-4-oxobutanoic
acid (36a).

(0]
N—{
%} e}

Compound 36a was prepared from 35a in a similar manner described for 7 in 98%
yield as a colorless amorphous.

TH-NMR (CDCIs) § 0.90 (9H, s), 2.15-2.45 and 2.77-2.90 (4H, m), 2.68 (1H, d, J =
13.5 Hz), 4.29 (1H, d, J=13.5 Hz), 4.50 (1H, d, J= 13.5 Hz), 4.65 (1H, d, J= 13.5 Hz),
7.20 (1H, d, J= 8.5 Hz), 7.30 (1H, dd, J= 8.5, 2.4 Hz), 7.64 (1H, d, J= 2.4 Hz).

IR (ATR) cm'! 3423, 2954, 1712, 1639, 1477, 1394, 1246, 1171, 1093, 1043, 829.

MS (ESD m/z 328 (M + H)*.

1-(4-{[4-Chloro-2-(hydroxymethyl)phenyll(2,2-dimethylpropyl)amino}-4-oxo-
butanoyl)piperidine-4-carboxylate (37a).

O O

]
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Compound 37a was prepared from 36a in a similar manner described for 8 in 81%
yield as a colorless amorphous.

IH-NMR (CDCls) § 0.89 (9H, s), 1.24 (1.26) (83H, t, J = 7.1 Hz), 1.70-2.05 (5H, m),
2.06-2.21 (1H, m), 2.29-2.54 (2H, m), 2.60 (2.63) (1H, d, J= 13.4 Hz), 2.70-2.85 (1H,
m), 2.92-3.19 (2H, m), 3.78-3.87 (1H, m), 4.13 (4.14) (2H, q, J = 7.1 Hz), 4.18-4.40
(2H, m), 4.30 (1H, d, J = 13.6 Hz), 4.67 (1H, d, J = 13.6 Hz), 4.75-4.94 (1H, m),
7.10-7.31 (2H, m), 7.65 (1H, s).

IR (ATR) cm'! 3440, 2952, 1728, 1630, 1477, 1392, 1273, 1173, 1039.

MS (ESD m/z 467 [(M + H)*, 35Cl], 469 [(M + H)*, 37Cl].

Anal. Calcd. for C24H35CIN205-0.2H20: C, 61.25; H, 7.58; Cl, 7.53; N, 5.95. Found: C,
61.06; H, 7.56; Cl, 7.76; N, 5.65.

(2-Amino-5-chlorophenyl)(phenyl)methanol (30b).

“ OH
NH,

Compound 30b was prepared from 29b in a similar manner described for 4 in 91%
yield as a colorless crystal.
'H-NMR (CDCls) 6 3.94 (1H, br s), 5.81 (1H, s), 6.59 (1H, dd, J = 8.8, 1.0 Hz),
7.02-7.09 (2H, m), 7.27-7.41 (5H, m).
IR (ATR) cm! 3213, 1603, 1485, 1448, 1417, 1257, 1200, 1028, 906, 854, 823, 686.
MS (ESD) m/z 234 [M + H)*, 35C1], 236 [(M + H)*, 37C1].
Anal. Caled. for C13H12CINO-0.05H20: C, 66.56; H, 5.20; Cl, 15.11; N, 5.97. Found: C,
66.58; H, 5.15; Cl, 15.03; N, 5.90.

{5-Chloro-2-[(2,2-dimethylpropyl)amino]phenyl}(phenyl)methanol (31b).

Cl
L
%JNH
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Compound 31b was prepared from 30b in a similar manner described for 5 in 45%
yield as a pale yellow syrup.

1H-NMR (CDCls) 5 0.81 (9H, s), 2.45 (1H, br s), 2.72 and 2.73 (2H, both s), 4.34 (1H,
br s), 5.78 (1H, br ), 6.55 (1H, d, J= 8.8 Hz), 7.08 (1H, d, J= 2.4 Hz), 7.14 (1H, dd, J
= 8.6, 2.4 Hz), 7.25-7.40 (5H, m).

IR (ATR) cm™! 3409, 2954, 1600, 1579, 1508, 1475, 1252, 1170, 1018, 804, 700.

MS (ESI) m/z 304 [(M + H)*, 35C1], 306 [(M + H)*, 37C1].

Methyl 4-[{4-chloro-2-[hydroxy(phenyl)methyllphenyl}(2,2-dimethylpropyl)aminol
-4-oxobutanoate (35b).

o

cl Mo

o2
%; o
Compound 35b was prepared from 31b in a similar manner described for 6 in 85%
yield as a colorless syrup.
ITH-NMR (CDCls) & (0.70-0.82 and 1.73-1.82) 2.07-2.19 and 2.23-2.44 and 2.94-3.04
(4H, m), 0.90 (0.92) (9H, s), 2.55 (2.86) (1H, d, J = 13.3 Hz), 3.58 (3.69) (3H, s), 4.45
(4.48) (1H, d, J = 13.3 Hz), 4.71 (4.72) (1H, br s), 5.81 (5.88) (1H, s), 7.22-7.43 (TH,
m), 7.93 (1H, d, J= 2.2 Hz).
IR (ATR) cm' 3423, 2952, 1736, 1664, 1475, 1238, 1167, 1024, 835, 700, 501.
MS (ESD m/z 418 [((M + H)*, 3Cl], 420 [(M + H)*, 37CI].

4-[{4-Chloro-2-[hydroxy(phenyl)methyllphenyl}(2,2-dimethylpropyl)amino]-4-oxo-
butanoic acid (36b).

J
cl O }}OH
N—
S
Compound 36b was prepared from 35b in a similar manner described for 7 in

quantitative yield as a colorless amorphous.
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IH-NMR (CDCls) § 0.87 (0.92) (9H, s), 1.80-1.89 and 2.00-2.24 and 2.33-2.47 and
2.91-2.99 (4H, m), 2.48 (2.90) (1H, d, J = 13.4 Hz), 4.39 (4.49) (1H, d, J = 13.4 H2),
5.79 (5.84) (1H, s), 7.15-7.43 (7H, m), 8.00 (1H, d, J = 2.7 Hz).

MS (ESD m/z 404 [(M + H)*, 35Cl], 406 [(M + H)*, 37C1].

Ethyl 1-{4-[{4-chloro-2-[hydroxy(phenyl)methyllphenyl}(2,2-dimethylpropyl)amino]
-4-oxobutanoyl}ipiperidine-4-carboxylate (37b).

Cl O O\ /O
SV
o]

Compound 37b was prepared from 36b in a similar manner described for 8 in 53%
yield as a colorless amorphous.

'H-NMR (CDCl») § 0.92 (9H, s), 1.24 (1.25) (3H, t, J = 7.1 Hz), 1.47-1.73 (2H, m),
1.75-1.99 (2H, m), 2.00-2.09 (1H, m), 2.14-2.23 (1H, m), 2.36-2.55 (2H, m), 2.66 (1H,
d, J=13.7 Hz), 2.70-2.89 (1H, m), 3.05-3.19 (2H, m), 3.79-3.89 (1H, m), 4.12 (4.14)
(2H, q, J=7.1 Hz), 4.23-4.40 (1H, m), 4.50 (4.52) (1H, d, J=13.7 Hz), 5.89-5.95 (1H,
m), 6.08-6.19 (1H, m), 7.18-7.43 (8H, m).

IR (ATR) cm! 3388, 2952, 1728, 1626, 1475, 1392, 1274, 1169, 1038, 700.

MS (ESD m/z 543 [(M + H)*, 35Cl], 445 [(M + H)*, 37Cl].

Anal. Caled. for C30H39CIN20s5: C, 66.35; H, 7.24; N, 5.16; Cl, 6.53. Found: C, 66.41;
H, 7.25; N, 4.96; Cl, 6.83.

(2-Amino-5-chlorophenyl)(2-fluorophenyl)methanol (30c).

L,
cl O on
NH,
Compound 30c was prepared from 29¢ in a similar manner described for 4 in 88%

yield as a colorless crystal.
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ITH-NMR (CDCls) § 4.10 (1H, br s), 6.10 (1H, s), 6.62 (1H, d, J= 8.5 Hz), 7.00 (1H, s),
7.04-7.13 (2H, m), 7.19 (1H, dd, J = 7.6 Hz), 7.22-7.27 (1H, m), 7,29-7.37 (1H, m),
7.43 (1H, dd, J = 7.6 Hz).

IR (ATR) cm'™ 3307, 1618, 1585, 1483, 1454, 1279, 1217, 1026, 802, 748.

MS (ESD m/z 252 [(M + H)*, 3Cl], 254 [(M + H)*, 37C1].

Anal. Caled. for CisH1:CIFNO: C, 61.32; H, 4.43; Cl, 14.04; F, 7.52; N, 5.55. Found: C,
61.69; H, 4.38; Cl, 13.96; F, 7.43; N, 5.47.

{5-Chloro-2-[(2,2-dimethylpropyl)aminolphenyl}(2-fluorophenyl)methanol (31c).

.,

Cl
O OH
%)NH

Compound 31c was prepared from 30c in a similar manner described for 5 in 62%
yield as a pale yellow syrup.

'H-NMR (CDCl) § 0.94 (9H, s), 2.49 (1H, br s), 2.82 (2H, s), 4.59 (1H, br s), 6.07 (1H,
s), 6.569 (1H, d, J= 8.8 Hz), 7.00 (1H, d, J= 2.2 Hz), 7.05-7.18 (4H, m), 7.28-7.35 (1H,
m), 7.38 (1H, ddd, J= 7.6, 7.6, 1.7 Hz).

MS (ESD m/z 322 [(M + H)*, 3Cl], 324 [(M + H)*, 37Cl].

Methyl 4-[{4-chloro-2-[(2-fluorophenyl) (hydroxy)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoate (35c).

I,

0
cl o

O OH
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Compound 35¢ was prepared from 31c in a similar manner described for 6 in 87%

yield as a colorless syrup.
TH-NMR (CDCls) & 0.91 (0.93) (9H, s), (1.18-1.27 and 1.93-2.03) 2.14-2.49 and
2.95-3.04 (4H, m), 2.95 (2.97) (1H, d, J=13.7 Hz), 3.58 (3.61) (3H, s), 4.51 (4.52) (1H,
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d, J = 13.7 Hz), 5.05-5.09 (1H, m), 6.08-6.18 (1H, m), 6.99-7.06 (2H, m), 7.13-7.17
(1H, m), 7.22-7.39 (3H, m), 7.69-7.78 (1H, m).

IR (ATR) cm® 2954, 1736, 1579, 1508, 1367, 1230, 1144, 985, 806, 756, 696.

MS (ESD m/z 436 [(M + H)*, 3Cl], 438 [(M + H)*, 37C1].

4-[{4-Chloro-2-[(2-fluorophenyl) (hydroxy)methyllphenyl}(2,2-dimethylpropyl)-
amino]-4-oxobutanoic acid (36c).

.,

cl oH N om
57

Compound 36c was prepared from 35c¢ in a similar manner described for 7 in
quantitative yield as a light green amorphous.
IH-NMR (CDCls) 6§ 0.91 (0.92) (9H, s), (1.25-1.35 and 1.95-2.10) 2.20-2.50 and
2.85-2.95 (4H, m), 2.87 (2.98) (1H, d, J = 13.6 Hz), 4.47 (4.53) (1H, d, J = 13.6 Ha),
6.06 (6.17) (1H, s), 6.96-7.07 (1H, m), 7.09-7.17 (1H, m), 7.20-7.39 (4H, m), 7.70-7.77
(1H, m).
MS (ESD m/z 422 (M + H)*.

Ethyl 1-{4-[{4-chloro-2-[(2-fluorophenyl) (hydroxy)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoyl}piperidine-4-carboxylate (37c).

Compound 37¢c was prepared from 36¢ in a similar manner described for 8 in 78%
yield as a colorless amorphous.

IH-NMR (CDCls) § (0.90) 0.93 (9H, s), 1.24 (1.25) (3H, t, J = 6.8 Hz), 1.48-1.72 (2H,
m), 1.80-1.99 (2H, m), 2.04-2.21 (2H, m), 2.34-2.55 (2H, m), 2.74-2.90 (1H, m),
3.03-3.20 (3H, m), 3.79-3.88 (1H, m), 4.12 (4.14) (2H, q, J = 6.8 Hz), 4.21-4.41 (1H,
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m), 4.53 (4.56) (1H, d, J= 13.7 Hz), 6.09-6.16 (1H, m), (6.54) 6.55 (1H, d, J= 5.1 Hz),
6.95-7.03 (1H, m), 7.10-7.14 (1H, m), 7.19-7.34 (4H, m), 7.90-7.97 (1H, m).

IR (ATR) em™ 3322, 2952, 1728, 1662, 1624, 1477, 1392, 1167, 1038, 756.

MS (ESD) m/z 562 (M + H)*.

Anal. Calcd. for C3oHssCIFN205-0.1CH:Cl2-0.2H20: C, 63.07; H, 6.79; N, 4.89; Cl,
7.42; F, 3.31. Found: C, 63.24; H, 6.74; N, 4.70; Cl, 7.15; F, 3.33.

Ethyl 1-{4-[{4-chloro-2-[(2-fluorophenyl) (hydroxy)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoyl}piperidine-3-carboxylate (38c).

0
O o
cl FO\
o
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Compound 38c was prepared from 36¢ in a similar manner described for 8 in 93%
yield as a colorless amorphous.

'H-NMR (CDCls) 6 0.94 (9H, s), 1.19-1.29 (3H, m), 1.30-1.88 (2H, m), 1.90-2.22 (2H,
m), 2.26-2.52 (2H, m), 2.57-2.74 (1H, m), 2.86-3.28 (3H, m), 3.47-4.02 (2H, m),
4.06-4.19 (2H, m), 4.34-4.57 (2H, m), 6.13 (1H, s), 6.48-6.60 (8H, m), 6.96-7.03 (1H,
m), 7.06-7.15 (1H, m), 7.19-7.34 (4H, m), 7.92-7.99 (1H, m).

IR (ATR) cm'! 3321, 2951, 1728, 1662, 1624, 1475, 1248, 1169, 1030, 756.

MS (ESD m/z 561 [(M + H)*, 35Cl], 563 [(M + H)*, 37Cl].

Anal. Calced. for C30HssC1FN:205-0.1H20: C, 64.01; H, 6.84; N, 4.98; Cl, 6.30; F, 3.38.
Found: C, 64.10; H, 6.68; N, 4.83; Cl, 6.40; F, 3.40.

1-{4-[{4-Chloro-2-[(2-fluorophenyl)(hydroxy)methyll phenyl}(2,2-dimethylpropyl)-

amino]-4-oxobutanoyl}piperidine-4-carboxylic acid (39¢c).
“ HF 3 N\/:>—</O
O H or
¥
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Compound 39c was prepared from 37c in a similar manner described for 9 in
quantitative yield as a light green amorphous.

'H-NMR (CDCls) § 0.90 (0.94) (9H, s), 1.24-1.76 (3H, m), 1.77-2.04 (2H, m), 2.05-2.22
(1H, m), 2.28-47 (1H, m), 2.49-2.65 (1H, m), 2.70-2.97 (1H, m), 2.98-3.23 (2H, m),
3.68-3.88 (1H, m), 4.24-4.39 (1H, m), 4.43-4.57 (1H, m), 6.13 (6.19) (1H, br s),
6.95-7.06 (1H, m), 7.08-7.18 (1H, m), 7.22-7.45 (7.61-7.67 and 7.90-7.97) (5H, m).

IR (ATR) cm™! 3346, 2952, 1728, 1620, 1477, 1396, 1169, 1030, 756.

MS (ESD m/z 533 [(M + H)*, 35Cl], 535 [(M + H)*, 37Cl].

Anal. Caled. for C2sHs4C1IFN205-1.0H20: C, 61.03; H, 6.58; N, 5.08. Found: C, 60.86;
H, 6.28; N, 4.85.

1-{4-[{4-Chloro-2-[(2-fluorophenyl)(hydroxy)methyll phenyl}(2,2-dimethylpropyl)-

amino]-4-oxobutanoyl}piperidine-3-carboxylic acid (40c).

<R
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Compound 40c¢ was prepared from 38c in a similar manner described for 9 in 96%
yield as a light green amorphous.

IH-NMR (CDCls) § 0.90 (0.93) (9H, s), 1.19-1.47 (1H, m), 1.50-1.88 (2H, m), 1.98-2.22
(2H, m), 2.25-3.22 (7TH, m), 3.40-4.07 (2H, m), 4.40-4.58 (2H, m), 6.00-6.21 (2H, m),
6.90-7.04 (1H, m), 7.06-7.46 (4H, m), 7.53-7.67 (1H, m), 7.84-7.97 (1H, m).

IR (ATR) cm'* 3500-3200, 2952, 1728, 1620, 1477, 1396, 1169, 756.

MS (ESD m/z 531 [(M + H)*, 3Cl], 533 [(M + H)*, 37C1].

HRMS (FAB) m/z 533.2195 (Calcd. for C2sHssCIFN2 Os 533.2219).

Anal. Caled. for C2sHsiCIFN205-0.2CH:Cl2-0.3H20: C, 60.98; H, 6.35; N, 5.04.
Found: C, 61.09; H, 5.96; N, 4.85.

N-(4-Chlorophenyl)-2,2-dimethylpropanamide (33).
Cl o
.
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To a solution of 4-chloroaniline (82, 2.592 g, 20.32 mmol) in CH2Cls (40 ml) was
added 4-(dimethylamino)pyridine (273 mg, 2.23 mmol), triethylamine (3.11 ml, 22.3
mmol), and pivaloyl chloride (2.63 ml, 251.3 mmol) at 0°C. The mixture was stirred
at room temperature for 1h. After water was added, the two layers were separated.
The aqueous layer was extracted with CH2Clz and the combined organic layer was
washed with brine and dried over NasSOa. The solvent was removed under reduced
pressure, and the residue was recrystallized from n-hexane and CH:zCl: to afford the
title compound (83, 3.912 g, 18.48 mmol, 91%) as a colorless crystal.

'H-NMR (CDCls) 6§ 1.31 (9H, s), 7.26-7.30 (2H, m), 7.45-7.52 (2H, m).

IR (ATR) cm™! 3294, 2966, 1655, 1593, 1523, 1491, 1396, 1309, 1244, 1173, 827.

MS (ESD m/z212 (M + H)*.

Anal. Caled. for C11H14CINO: C, 62.41; H, 6.67; Cl, 16.75; N, 6.62. Found: C, 62.37;
H, 6.71; Cl, 16.59; N, 6.55.

2-Chloro-3-fluorobenzaldehyde.

F
Cl
>

(e} H
To a solution of 2-Chloro-3-fluoro-benzoic acid (1.00 g, 5.73 mmol) in THF (40 ml)
was added borane-tetrahydrofuran complex (1.0 M solution, 20.1 ml, 20.1 mmol) at
0°C. The mixture was stirred under reflux overnight and then cooled with crushed
ice. After 1IN HClaq and AcOEt were added to the reaction mixture, the two layer
ware separated. The organic layer was dried over NazSO4 and concentrated in vacuo,
and then alcohol residue was obtained. Separately, to the solution of oxalyl chloride
(737 ul, 8.60 mmol) in CH2Cl: (50 ml) was dropped dimethylsulfoxide (1.22 ml, 17.2
mmol) at -78°C. The mixture was stirred for 5 min at the same temperature. Then,
the residue described above was added with CH2Clz (15 ml) to the reaction mixture
at -78°C. The solution was stirred for 1 h at -40°C, and then triethylamine (3.97 ml,
28.7 mmol) was added. The mixture was stirred and warmed to room temperature.
After 0.5N HClaq was added, the two layers were separated. The organic layer was

washed with brine and dried over NasSO4 The solvent was removed under reduced
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pressure, and the residue was chromatographed (AcOEt : n-hexane = 1 : 50) to give
the title compound (500 mg, 55%).
IH-NMR (CDCls) 6 7.35-7.43 (2H, m), 7.72-7.78 (1H, m), 10.47 (1H, s).

N-4-Chloro-2-[(2-chloro-3-fluorophenyl)hydroxymethyllphenyl}-2,2-dimethyl-
propionamide (34d).

I

Cl

I
NH

(0]

Cl

N-Pivaloyl-4-chloroaniline (83, 595 mg, 2.81 mmol) was dissolved in THF (50 ml),
and the solution was added secbutyl lithium c-hexane, n-hexane solution (0.99 M,
5.96 ml, 6.18 mmol) at -78°C, and then stirred at 0°C for 2 h. The mixture was
added 2-chloro-3-fluoro-benzaldehyde (490 mg, 3.09 mmol) at the same temperature
for 30 min. The reaction mixture was poured saturated with NH4+Claq and AcOEt.
The organic layer was washed with brine and dried over Naz2SO4. The solvent was
removed under reduced pressure, and the residue was purified by column
chromatography (AcOEt : n-hexane = 1: 9) to give the title compound (676 mg, 65%)
as light yellow oil.

'H-NMR (CDCls) § 1.27 (9H, s), 3.85 (1H, d, J = 3.5 Hz), 4.81 (1H, br s), 6.95 (1H, d,
J = 3.5 Hz), 7.08-7.17 (1H, m), 7.28-7.32 (3H, m), 7.72 (1H, d, J = 8.8 Hz), 8.39 (1H,
br s).

MS (FAB) m/z 370 (M + H)*.

[5-Chloro-2-(2,2-dimethylpropylamino)phenyl]-(2-chloro-3-fluorophenyl)methanol
(314).

I
Cl
I
NCK

Cl
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A solution of N-{4-Chloro-2-[(2-chloro-3-fluorophenyl)hydroxymethyllphenyl}-2,2-
dimethylpropionamide (34d, 670 mg, 1.81 mmol) was dissolved in THF (30 ml). To
the solution was dropwised a toluene solution of sodium bis(2-methoxyethoxy)
aluminum hydride (35%, 3.37 ml, 10.9 mmol) at 0°C. The mixture was stirred for 2h
at room temperature. The reaction mixture was added saturated (+)-tartaric acid
sodium potassium solution and stirred for 5 min. The mixture was added AcOEt
and separated with a funnel. The organic layer was washed with brine and dried
over Na2SO4. The solvent was removed under reduced pressure, and the residue
was purified by column chromatography (AcOEt : n-hexane = 1 : 20) to give the title
compound (300 mg, 47%) as light yellow oil.

IH-NMR (CDCls) § 0.94 (9H, s), 2.85 (2H, s), 6.14 (1H, s), 6.62 (1H, d, J = 8.8 Hz),
6.88 (1H, d, J = 2.4 Hz), 7.10-7.18 (2H, m), 7.24-7.30 (2H, m).

MS (FAB) m/z 357 (M + H)*.

Methyl 4-[{4-chloro-2-[(2-chloro-3-fluorophenyl) (hydroxy)methyllphenyl}(2,2-
dimethylpropyl)amino]-4-oxobutanoate (35d).

O F

cl OHCIO\ o
5

Compound 35d was prepared from 31d in a similar manner described for 6 in 55%
yield as a colorless solid.
TH-NMR (CDCls) § 0.90 (0.94) (9H, s), 2.18-2.27 (1H, m), 2.23-2.47 (2H, m), 2.87-2.96
(1H, m), 3.07 (1H, d, J = 16.3 Hz), 3.66 (3.69) (3H, s), 4.49 (1H, d, J = 16.3 Hz), 6.14
(1H, s), 7.00-7.06 (1H, m), 7.14-7.21 (1H, m), 7.27-7.32 (1H, m), 7.23-7.39 (2H, m),
7.63 (1H, d, J= 7.8 Hz).
IR (ATR) cm™ 3411, 2956, 2869, 1743, 1648, 1577, 1469, 1434, 1409, 1351, 1263,
1232, 1164, 1114, 1068, 1043, 998, 948, 904, 873, 846, 809.
MS (FAB) m/z 470 (M +H)".
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4-[{4-Chloro-2-[(2-chloro-3-fluorophenyl)(hydroxy)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoic acid (36d).
.
(K,
cl oH )-OH
o7

Compound 36d was prepared from 35d in a similar manner described for 7 in 86%
yield as a colorless amorphous.
'H-NMR (CDCls) & 0.89 (0.90) (9H, s), (1.56-1.58 and 2.05-2.10) 2.24-2.48 and
2.78-2.86 (4H, m), 2.96 (3.08) (1H, d, J = 13.4 Hz), 4.45 (4.50) (1H, d, J = 13.4 Hz),
6.05 (6.29) (1H, s), 6.92 (1H, d, J = 2.2 Hz), 7.09-7.17 (1H, m), 7.24-7.32 (4H, m),
7.50-7.59 (1H, m).
IR (ATR) cm’ 2956, 2869, 1708, 1637, 1579, 1467, 1442, 1396, 1365, 1322, 1263,
1168, 1114, 1101, 1043, 968, 946, 902, 875, 833, 808.
MS (FAB) m/z 456 (M +H)".
Anal. Caled. for C22H21Clo:FNO4-0.4CHCls: C, 53.81; H, 4.83; N, 2.75. Found: C,
53.90; H, 4.99; N, 2.65.

Ethyl 1-{4-[{4-chloro-2-[(2-chloro-3-fluorophenyl) (hydroxy)methyllphenyl}(2,2-
dimethylpropyl)amino]-4-oxobutanoyl}piperidine-4-carboxylate (37d).

Compound 37d was prepared from 36d in a similar manner described for 8 in 58%
yield as a colorless amorphous.

IH-NMR (CDCls) & (0.89) 0.91 (9H, s), 1.24 (1.26) (3H, t, J = 7.1 Hz), 1.75-2.00 and
2.05-2.20 (3H, m), 2.41-2.56 (2H, m), (2.69-2.91) 3.00-3.21 (3H, m), 3.12 (1H, d, J =
13.5 Hz), 3.67-3.82 (1H, m), 4.10-4.18 (3H, m), 4.22-4.50 (1H, m), 4.52 (4.53) (1H, d,
J=13.5 Hz), 6.13-6.16 (1H, m), 6.45-6.71 (6.51-6.54) (1H, m), 6.96 (1H, s), 7.14-7.20
and 7.33-7.40 (3H, m), 7.73-7.80 (1H, m).
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IR (ATR) cm 3318, 2954, 2865, 1727, 1625, 1577, 1467, 1442, 1392, 1365, 1313,
1263, 1168, 1097, 1039, 987, 970, 946, 902, 875, 833, 808.

MS (FAB) m/z 595 (M + H)*.

Anal. Calcd. for Cs0Hs7C1:FN205-0.5H20: C, 59.60; H, 6.34; N, 4.63. Found: C, 59.26;
H, 6.20; N, 4.46.

Ethyl 1-{4-[{4-chloro-2-[(2-chloro-3-fluorophenyl) (hydroxy)methyllphenyl}(2,2-
dimethylpropyl)amino]-4-oxobutanoyl}piperidine-3-carboxylate (38d).

F
(L, ™
cly
CI j(H_\fN
N
¥

Compound 38d was prepared from 36d in a similar manner described for 8 in 80%
yield as a colorless amorphous.

IH-NMR (CDCls) § (0.91) 0.92 (9H, s), 1.23 (1.24) (3H, t, J = 7.3 Hz), (1.65-1.73)
1.90-2.14 (4H, m), 2.20-2.52 and 2.55-2.70 (3H, m), (2.79-2.88) 2.93-3.18 (2H, m),
3.19-3.28 (3.49-3.56) (1H, m), 3.70-3.86 (3.92-3.99) (4.35-4.44) (4.70-4.73) (2H, m),
4.07-4.19 (2H, m), 4.52 (1H, d, J=13.7 Hz), 6.16 (6.32) (1H, d, J = 4.1 Hz), 6.93-7.00
(1H, m), 7.14-7.19 (2H, m), 7.28-7.41 (2H, m), 7.72-7.78 (1H, m).

IR (ATR) cm™ 3332, 2950, 2865, 1727, 1625, 1579, 1467, 1442, 1392, 1365, 1309,
1261, 1170, 1114, 1068, 1031, 1006, 946, 900, 875, 856, 833, 808.

MS (FAB) m/z 595 (M + H)".

Anal. Calcd. for C30Hs7ClaFN205-0.5H20: C, 59.60; H, 6.34; N, 4.63. Found: C, 59.26;
H, 6.19; N, 4.46.

1-{4-[{4-Chloro-2-[(2-chloro-3-fluorophenyl)(hydroxy)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoyl}piperidine-4-carboxylic acid (39d).
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Compound 39d was prepared from 37d in a similar manner described for 9 in 87%
yield as a colorless amorphous.

'H-NMR (CDCls) § (0.89) 0.91 (9H, s), 1.36-1.74 (3H, m), 1.75-2.27 (3H, m), 2.28-2.62
(3H, m), 2.68-3.28 (3H, m), 3.71-3.87 (1H, m), 4.20-4.52 (2H, m), 6.14 (1H, s), (6.31)
6.94 (1H, d, J= 8.6 Hz), 7.00-7.46 (4H, m), (7.53-7.58) 7.67-7.77 (1H, m).

IR (ATR) cm™ 2954, 2865, 1727, 1623, 1467, 1444, 1396, 1365, 1263, 1170, 1105,
1031, 948, 929, 902, 875, 833, 808.

MS (FAB) m/z 567 (M + H)*.

Anal. Caled. for C2sH3s3CloFN2Os: C, 59.26; H, 5.86; N, 4.94. Found: C, 59.49; H, 6.10;
N, 4.58.

1-{4-[{4-Chloro-2-[(2-chloro-3-fluorophenyl) (hydroxy)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoyl}piperidine-3-carboxylic acid (40d).
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Compound 40d was prepared from 38d in a similar manner described for 9 in 92%
yield as a colorless amorphous.

IH-NMR (CDCls) § (0.88) 0.90 (9H, s), 1.46-1.87 (2H, m), 1.88-2.25 (3H, m), 2.30-2.70
(1H, m), 2.77-3.22 (3H, m), (3.40-3.49) 3.55-4.15 (4.29-4.44) (4.57-4.64) (4H, m),
4.45-4.56 (1H, m), 6.10-6.14 (6.23-6.31) (1H, m), 6.97 (1H, s), 7.01-7.41 (7.42-7.60)
(4H, m), 7.62-7.73 (1H, m).

IR (ATR) cm'! 2950, 2867, 1727, 1619, 1579, 1467, 142, 1396, 1365, 1261, 1170, 1116,
1043, 1008, 977, 948, 900, 873, 856, 833, 808.

MS (FAB) m/z 567 (M + H)".

Anal. Calcd. for C2sHssCloFN2Os: C, 59.26; H, 5.86; N, 4.94. Found: C, 59.04; H, 5.98;
N, 4.63.

{5-Chloro-2-[(2,2-dimethylpropyl)amino]phenyl}(2-chloro-4-fluorophenyl)methanol
(31e).
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Compound 31e was prepared from 33 in a similar manner described for 31d in 14%
yield in 2 steps as a pale yellow amorphous.

IH-NMR (CDCls) § 0.93 (9H, s), 2.84 (2H, s), 6.11 (1H, s), 6.61 (1H, d, J = 8.8 Hz),
6.95 (1H, d, J= 2.4 Hz), 6.96-7.05 (1H, m), 7.13-7.18 (2H, m), 7.38-7.42 (1H, m).

MS (FAB) m/z 356 (M + H)*.

Methyl 4-[{4-chloro-2-[(2-chloro-4-fluorophenyl) (hydroxy)methyllphenyl}(2,2-
dimethylpropyl)aminol-4-oxobutanoate (35¢).

Compound 35e was prepared from 3le in a similar manner described for 6 in 60%
yield as a colorless amorphous.

TH-NMR (CDCls) § 0.89 (0.90) (9H, s), 2.18-2.25 (1H, m), 2.32-2.49 (2H, m), 2.88-2.98
(1H, m), 3.02 (1H, d, J= 13.7 Hz), (3.60) 3.68 (3H, s), 4.48 (1H, d, J = 13.7 Hz), 4.80
(1H, d, J= 5.8 Hz), 6.10 (6.30) (1H, d, J= 5.8 Hz), 7.02 (1H, d, J= 2.0 Hz), 7.08-7.16
(2H, m), 7.28-7.37 (2H, m), (7.68-7.70) 7.78-7.83 (1H, m).

IR (ATR) cm™ 3392, 2960, 1739, 1646, 1600, 1481, 1434, 1411, 1396, 1351, 1288,
1226, 1164, 1112, 1054, 1031, 998, 962, 937, 912, 863, 835, 804.

MS (FAB) m/z 470 (M + H)*.

4-[{4-Chloro-2-[(2-chloro-4-fluorophenyl)(hydroxy)methyllphenyl}(2,2-dimethyl-

propyl)aminol-4-oxobutanoic acid (36e).
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Compound 36e was prepared from 35e in a similar manner described for 7 in 86%
yield as a colorless amorphous.

IH-NMR (CDCIs) § 0.88 (0.90) (9H, s), (1.38-1.46) (2.01-2.09) 2.21-2.49 (2.77-2.86)
(4H, m), 2.89 (3.03) (1H, d, J = 13.7 Hz), 4.43 (4.51) (1H, d, J = 13.7 Hz), 6.02 (6.28)
(1H, s), 6.93-7.14 and 7.27-7.36 (5H, m), 7.62-7.68 (1H, m).

IR (ATR) cm™ 2954, 1710, 1639, 1600, 1477, 1394, 1326, 1259, 1226, 1166, 1114,
1052, 1029, 981, 912, 860, 833.

MS (FAB) m/z 456 (M + H)*.

Anal. Caled. for C22H24Cl:FNO4-0.5H20: C, 56.78; H, 5.41; N, 3.01. Found: C, 56.56;
H, 5.25; N, 3.07.

Ethyl 1-{4-[{4-chloro-2-[(2-chloro-4-fluorophenyl)(hydroxy)methyllphenyl}(2,2-
dimethylpropyl)amino]-4-oxobutanoyl}piperidine-4-carboxylate (37¢).

F
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Compound 37e was prepared from 36e in a similar manner described for 8 in 76%
yield as a colorless amorphous.
IH-NMR (CDCls) & (0.89) 0.90 (9H, s), 1.23 (1.26) (3H, t, J = 7.1 Hz), (1.28-1.39)
1.49-1.71 (1H, m), 1.78-1.98 (2H, m), 2.06-2.66 (4H, m), 2.69-2.90 (1H, m), 2.94-3.21
(3.63-3.85) (3H, m), 4.05-4.13 (2H, m), 4.18-4.51 (2H, m), 6.06-6.09 (6.28-6.30)
(6.37-6.40) (6.42-6.48) (1H, m), 6.95 (1H, d, J= 2.0 Hz), 7.08-7.12 (2H, m), 7.17-7.39
(2H, m), (7.66-7.68) 7.84-7.91 (1H, m).
IR (ATR) cm™ 2952, 2867, 1727, 1627, 1475, 1448, 1392, 1365, 1313, 1272, 1220,
1168, 1112, 1033, 946, 912, 858, 833, 804, 752.
MS (FAB) m/z 595 (M + H)".
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Anal. Caled. for Cs0H37C12FN205-0.56H20: C, 59.60; H, 6.34; N, 4.63. Found: C, 59.44;
H, 6.18; N, 4.58.

Ethyl 1-{4-[{4-chloro-2-[(2-chloro-4-fluorophenyl) (hydroxy)methyll phenyl}(2,2-
dimethylpropyl)amino]-4-oxobutanoyl}piperidine-3-carboxylate (38e).

F
(0]
O o
Cl
Cl O\
lvaa
N
%} 0

Compound 38e was prepared from 36e in a similar manner described for 8 in 63%
yield as a colorless amorphous.

IH-NMR (CDCls) & (0.89) 0.90 (9H, s), 1.23 (1.25) (8H, t, J = 7.1 Hz), (1.30-1.46)
1.50-1.85 (3H, m), 1.90-2.26 (3H, m), 2.27-3.15 (5H, m), 3.16-3.26 (3.46-3.52) (1H, m),
3.62-3.87 (3.94-4.00) (4.32-4.40) (4.69-4.73) (2H, m), (4.43)4.48 (1H, d, J = 13.7 Hz),
6.07-6.12 (6.28-6.31) (6.35-6.40) (6.43-6.47) (1H, m), 6.95 (1H, s), 7.05-7.12 (2H, m),
7.19-7.46 (2H, m), (7.63-7.71) 7.83-7.93 (1H, m).

IR (ATR) cm™ 2950, 2865, 1727, 1627, 1475, 1442, 1392, 1309, 1280, 1255, 1220,
1174, 1114, 1031, 912, 856, 833, 804, 754.

MS (FAB) m/z 595 (M + H)".

Anal. Caled. for CsoHs7Cl2FN205:-0.5H20: C, 59.60; H, 6.34; N, 4.63. Found: C, 59.44;
H, 6.18; N, 4.58.

1-{4-[{4-Chloro-2-[(2-chloro-4-fluorophenyl) (hydroxy)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoyl}piperidine-4-carboxylic acid (39e).

Compound 39e was prepared from 37e in a similar manner described for 9 in 83%

yield as a colorless amorphous.
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ITH-NMR (CDCls) & (0.89) 0.90 (9H, s), (1.20-1.38) 1.50-1.72 (2H, m), 1.75-2.02 (3H,
m), 2.05-2.60 (3H, m), 2.70-2.92 (1H, m), 2.96-3.37 (3H, m), 3.67-3.88 (1H, m),
4.21-4.56 (2H, m), 6.10 (6.29) (1H, s), 6.94 (1H, d, J = 7.2 Hz), 7.03-7.16 (2H, m),
7.20-7.34 (7.37-7.43) (2H, m), (7.62-7.67) 7.82-7.93 (1H, m).

IR (ATR) cm™ 2956, 2867, 1724, 1621, 1602, 1477, 1396, 1365, 1265, 1222, 1168,
1112, 1029, 912, 858, 833, 804, 750.

MS (FAB) m/z 567 (M + H)".

Anal. Caled. for C2sHssClaFN205-0.5H20: C, 55.01; H, 5.33; N, 4.42. Found: C, 55.35;
H, 5.58; N, 4.39.

1-{4-[{4-Chloro-2-[(2-chloro-4-fluorophenyl) (hydroxy)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoyl}piperidine-3-carboxylic acid (40e).

Compound 40e was prepared from 38e in a similar manner described for 9 in 83%
yield as a colorless amorphous.

'H-NMR (CDCls) 6§ 0.89 (9H, s), 1.18-1.90 (5H, m), 1.91-2.69 (4H, m), 2.80-3.22
(3.36-3.55) (3H, m), 3.69-3.92 (3.96-4.09) (1H, m), 4.30-4.69 (2H, m), 6.00-6.12
(6.20-6.3) (1H, m), 6.83-7.48 (5H, m), (7.56-7.70) 7.80-7.95 (1H, m).

IR (ATR) ecm™ 2952, 2867, 1725, 1623, 1602, 1475, 1396, 1365, 1286, 1255, 1222,
1174, 1114, 1052, 1031, 912, 858, 833.

MS (FAB) m/z 567 (M + H)*.

Anal. Caled. for C2sHs3Cl:FN205 -0.4CHCls: C, 55.79; H, 5.43; N, 4.52. Found: C,
55.59; H, 5.58; N, 4.29.

2-Chloro-5-fluorobenzaldehyde.

F
Cl
>

O~ 'H
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The solution of 2-Chloro-5-fluoro-benzoic acid (4.00 g, 23.0 mmol) in THE (200 ml)
was added triethylamine (4.14 ml, 29.9 mmol). At -30°C, the mixture was added
ethyl chloroformate (2.62 ml, 27.8 mmol) and stirred for 10 min. The solution was
added sodium borohydride (2.60 g, 68.9 mmol) and stirred for 5 min. The mixture
was added H20 (10 ml) and stirred for 20 min at room temperature. The solution
was concentrated in vacuo and the residue was added CHCIs and 1N HClaq. The
organic layer was washed with 1IN NaOHaq and dried over Na2SO4. The solution
was removed in reduced pressure. The residue was washed with n-hexane to give
alcohol as a colorless solid. To the CH2Cl: suspension of dimethylsulfoxide (2.43 ml,
34.2 mmol) was added a solution of oxalyl chloride (1.47 ml, 17.1 mmol) in 50 ml of
dry CH:Cl: at -78°C, and the resulting mixture was stirred for 20 min. CH2Cl: (15
ml) solution of the alcohol was added to the reaction mixture at -78°C. The mixture
was allowed to warm to -40 °C for 1 h. The mixture was added triethylamine (7.89
ml, 57.0 mmol), allowed to warm to room temperature, and was treated with 0.1N
HClaq. The organic layer was washed with saturated Na:COsaq, dried over Na2S04,
and concentrated in vacuo to give the title compound (1.33 g, 37%) as a colorless
solid after trituration with n-hexane.

'H-NMR (CDCls) & 7.22-7.28 (1H, m), 7.41-7.47 (1H, m), 7.58-7.64 (1H, m), 10.42
(1H, d, J= 3.2 Ha).

MS (ED m/z 158 M*.

N-{4-Chloro-2-[(2-chloro-5-fluorophenyl)(hydroxy)methyllphenyl}-2,2-dimethyl-
propanamide (34f).

e
Cl
Cl
I
NH

(0]

Compound 34f was prepared from 33 in a similar manner described for 34d in 46%

yield as a colorless solid.
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IH-NMR (CDCls) § 1.30 (9H, s), 3.90 (1H, d, J= 3.5 Hz), 5.99 (1H, d, J= 3.5 Hz), 6.93
(1H, br s), 6.98-7.04 (1H, m), 7.27-7.36 (3H, m), 7.63 (1H, d, J= 8.8 Hz), 8.21 (1H, br
s).

MS (FAB) m/z 371 (M + H)*.

{5-Chloro-2-[(2,2-dimethylpropyl)amino]phenyl}(2-chloro-5-fluorophenyl)methanol
(319).

F
L,

Cl
L

%
Compound 31f was prepared from 34f in a similar manner described for 31d in 87%
yield as a pale yellow syrup.
TH-NMR (CDCls) § 0.95 (9H, s), 2.85 (2H, s), 6.09 (1H, s), 6.63 (1H, d, J = 8.8 Hz),
6.90 (1H, d, J = 2.4 Hz), 6.98-7.07 (1H, m), 7.14-7.21 (2H, m), 7.37 (1H, dd, J = 5.1,
8.8 Hz).
MS (FAB) m/z 357 (M + H)*.

Methyl 4-[{4-chloro-2-[(2-chloro-5-fluorophenyl) (hydroxy)methyllphenyl}(2,2-
dimethylpropyl)amino]-4-oxobutanoate (35f).

g

Cl CIO\
SO N
%JN \

/

(0]

Compound 35f was prepared from 31f in a similar manner described for 6 in 67%
yield as a colorless solid.

IH-NMR (CDCls) § 0.90 (0.92) (9H, s), 2.17-2.24 (1H, m), 2.33-2.45 (2H, m), 2.88-2.98
(1H, m), 3.16 (1H, d, J= 13.7 Hz), (3.61) 3.69 (3H, s), 4.50 (1H, d, J= 13.7 Hz), 4.97
(1H, d, J= 5.4 Hz), 6.07 (6.30) (1H, d, J= 5.4 Hz), 6.94 (1H, d, J= 2.0 Hz), 6.97-7.03
(1H, m), 7.27-7.35 (3H, m), 7.60-7.64 (1H, m).
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IR (ATR) cm 3338, 3266, 2950, 1729, 1625, 1587, 1465, 1434, 1396, 1357, 1290,
1263, 1199, 1170, 1114, 1064, 1031, 998, 943, 904, 873, 819.
MS (FAB) m/z 470 (M + H)*.

4-[{4-Chloro-2-[(2-chloro-5-fluorophenyl)(hydroxy)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoic acid (36f).

g
CIo
CI on )-oH
%JN

(0]

Compound 36f was prepared from 35f in a similar manner described for 7 in 97%
yield as a colorless amorphous.

'H-NMR (CDCls) § 0.90 (0.91) (9H, s), (1.50-1.58) (2.08-2.15) 2.22-2.49 (2.78-2.88)
(4H, m), 3.04 (3.07) (1H, d, J=13.7 Hz), 4.48 (4.53) (1H, d, J = 13.7 Hz), 6.01 (6.25)
(1H, s), 6.88 (1H, d, J = 2.2 Hz), 6.94-7.07 (7.08-7.14) (2H, m), 7.20-7.33 (2H, m),
7.48-7.51 (7.58-7.60) (1H, m).

IR (ATR) cm™ 2954, 1710, 1637, 1587, 1469, 1396, 1324, 1261, 1170, 1112, 1052,
1027, 966, 941, 902, 885, 813.

MS (FAB) m/z 456 (M + H)*.

Anal. Caled. for C22H21Clo:FNO4-0.3CHCls: C, 54.75; H, 4.94; N, 2.83. Found: C,
54.58; H, 5.02; N, 2.91.

Ethyl 1-{4-[{4-chloro-2-[(2-chloro-5-fluorophenyl) (hydroxy)methyllphenyl}(2,2-
dimethylpropyl)aminol-4-oxobutanoyl}piperidine-4-carboxylate (37f).

Compound 37f was prepared from 36f in a similar manner described for 8 in 71%

yield as a colorless amorphous.

85



IH-NMR (CDCls) & (0.89) 0.92 (9H, s), 1.24 (1.26) (3H, t, J = 7.1 Hz), (1.48-1.74)
1.78-1.99 (3H, m), 2.07-2.23 (2H, m), 2.33-2.54 (2H, m), (2.55-2.65) 2.71-2.96 (2H, m),
3.00-3.19 (2H, m), 3.33 (1H, d, J = 13.4 Hz), 3.72-3.87 (1H, m), 4.07-4.16 (2H, m),
4.18-4.43 (1H, m), 4.52 (4.54) (1H, d, J = 13.4 Hz), 6.04-6.09 (6.22-6.26) (1H, m),
(6.55) 6.62 (1H, d, J = 5.2 Hz), 6.90 (1H, s), 6.92-7.11 (1H, m), (7.05-7.17) 7.20-7.32
(7.40-7.52) (2H, m), 7.69-7.75 (1H, m).

IR (ATR) cm™ 3330, 2952, 2863, 1727, 1625, 1467, 1392, 1365, 1313, 1261, 1170,
1112, 1035, 946, 902, 875, 813.

MS (FAB) m/z 595 (M + H)*.

Anal. Calcd. for Cs0Hs7CloFN2Os: C, 60.37; H, 6.27; N, 4.71. Found: C, 60.50; H, 6.26;
N, 4.70.

Ethyl 1-{4-[{4-chloro-2-[(2-chloro-5-fluorophenyl)(hydroxy)methyll phenyl}(2,2-
dimethylpropyl)aminol-4-oxobutanoyl}piperidine-3-carboxylate (38f).

F 0
O Yo
cl ° QA
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Compound 38f was prepared from 36f in a similar manner described for 8 in 73%
yield as a colorless amorphous.

ITH-NMR (CDCls) 6 (0.89) 0.92 (9H, s), 1.18-1.28 (3H, m), (1.30-1.45) 1.47-1.86 (3H,
m), 1.96-2.23 (3H, m), 2.28-2.51 (2.55-2.72) (2H, m), 2.83-3.24 (2H, m), 3.27-3.36
(3.46-3.53) (1H, m), 3.68-3.87 (3.94-4.02) (4.33-4.46) (4.68-4.73) (2H, m), 4.48-4.54
(2H, m), 6.04-6.12 (6.24-6.29) (1H, m), 6.54-6.65 (1H, m), 6.90 (1H, s), 6.92-7.02 (1H,
m), (7.03-7.14) 7.18-7.30 (7.36-7.57) (2H, m), 7.69-7.77 (1H, m).

IR (ATR) cm™ 3320, 2950, 2865, 1727, 1625, 1467, 1392, 1365, 1309, 1278, 1249,
1172, 1112, 1029, 960, 902, 813.

MS (FAB) m/z 595 (M + H)*.

Anal. Caled. for Cs0H37CloFN20s: C, 60.50; H, 6.26; N, 4.70. Found: C, 60.48; H, 6.33;
N, 4.64.
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1-{4-[{4-Chloro-2-[(2-chloro-5-fluorophenyl) (hydroxy)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoyl}piperidine-4-carboxylic acid (39f).

Compound 39f was prepared from 37f in a similar manner described for 9 in 64%
yield as a colorless amorphous.

'H-NMR (CDCls) § 0.92 (9H, s), 1.50-1.75 (2H, m), 1.77-2.04 (3H, m), 2.07-2.29 (2H,
m), 2.30-2.70 (2H, m), 2.72-3.40 (3H, m), 3.71-3.90 (1H, m), 4.18-4.58 (2H, m),
5.99-6.27 (1H, m), 6.46-7.09 (3H, m), 7.11-7.54 (2H, m), 7.60-7.83 (1H, m).

IR (ATR) cm™ 2950, 2865, 1725, 1619, 1587, 1469, 1407, 1365, 1265, 1170, 1112,
1029, 964, 929, 902, 875, 813.

MS (FAB) m/z 567 (M + H)*.

Anal. Caled. for C2sHs3CloFN2Os -0.3CHCls: C, 56.60; H, 5.53; N, 4.62. Found: C,
56.85; H, 5.72; N, 4.57.

1-{4-[{4-Chloro-2-[(2-chloro-5-fluorophenyl) (hydroxy)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoyl}piperidine-3-carboxylic acid (40f).

F
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Compound 40f was prepared from 38f in a similar manner described for 9 in 80%
yield as a colorless amorphous.

TH-NMR (CDCIs) § 0.91 (9H, s), 1.18-1.90 (5H, m), 1.91-3.55 (7H, m), 8.71-4.07 (1H,
m), 4.34-4.70 (2H, m), 6.01-6.16 (6.19-6.28) (1H, m), 6.85-7.10 (2H, m), 7.13-7.54 (3H,
m), 7.63-7.79 (1H, m).

IR (ATR) cm’ 2952, 2865, 1725, 1619, 1587, 1469, 1409, 1365, 1249, 1172, 1112,
1052, 1029, 960, 902, 875, 813.

MS (FAB) m/z 567 (M + H)*.

87



Anal. Caled. for C2sHs3sCl2FN20s5-0.4CHCls: C, 55.79; H, 5.43; N, 4.52. Found: C,
55.41; H, 5.57; N, 4.43.

N-{4-Chloro-2-[hydroxy(2-methoxyphenyl)methyllphenyl}-2,2-dimethylpropan-
amide (34g).

Compound 34g was prepared from 33 in a similar manner described for 34d in 76%
yield as a colorless crystal.

'H-NMR (CDCls) 6 1.13 (9H, s), 3.93 (3H, s), 4.10 (1H, d, J=4.4 Hz), 5.99 (1H, d, J =
4.6 Hz), 6.82-6.93 (2H, m), 6.96-7.00 (2H, m), 7.28-7.35 (2H, m), 8.20 (1H, d, J= 8.8
Hz), 9.20 (1H, br).

IR (ATR) cm™! 3313, 2958, 1645, 1510, 1394, 1254, 1039, 818, 746, 654.

MS (ESD m/z 348 (M + H)*.

{5-Chloro-2-[(2,2-dimethylpropyl)amino]phenyl}(2-methoxyphenyl)methanol (31g).

g O/
Cl
L
NKHK

Compound 31g was prepared from 34g in a similar manner described for 31d in 49%
yield as a colorless solid.

"H-NMR (CDCls) 6 0.92 (9H, s), 2.83 (2H, s), 3.27 (1H, br s), 3.89 (3H, s), 4.86 (1H, br
s), 5.99 (1H, s), 6.58 (1H, d, J = 8.5 Hz), 6.91-7.00 (3H, m), 7.09-7.15 (2H, m),
7.28-7.34 (1H, m).

IR (ATR) cm'! 3421, 2954, 1601, 1508, 1464, 1240, 1026, 752.

MS (ESD m/z 334 (M + H)*.
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Methyl 4-[{4-chloro-2-[hydroxy(2-methoxyphenyl)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoate (35g).

O O/

cl \_o

NOH
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/
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Compound 356g was prepared from 31g in a similar manner described for 6 in 79%
yield as a colorless solid.

ITH-NMR (CDCls) & (0.91) 0.93 (9H, s), (0.95-1.10) (1.76-1.88) 2.15-2.47 (3H, m),
(2.64-2.70) 2.78-2.94 (1H, m), (2.95) 3.05 (1H, d, J = 13.4 Hz), (3.58) 3.68 (3H, s), 3.73
(3.82) (3H, s), 4.41-4.47 (1H, m), 4.60 (1H, d, J= 5.1 Hz), 6.09 (6.23) (1H, d, J= 5.1
Hz), 6.84-6.91 (2H, m), 7.05-7.11 (2H, m), 7.16-7.18 (1H, m), 7.21-7.35 (1H, m),
7.65-7.69 (7.82-7.85) (1H, m).

IR (ATR) cm'® 3373, 2949, 1738, 1635, 1242, 1167, 1038, 748.

MS (ESD) m/z 448 (M + H)*.

Anal. Caled. for C24H30CINOs: C, 64.35; H, 6.75; Cl, 7.91; N, 3.13. Found: C, 64.27; H,
6.76; Cl, 8.02; N, 3.13.

4-[{4-Chloro-2-[hydroxy(2-methoxyphenyl)methyllphenyl}(2,2-dimethylpropyl)

amino]-4-oxobutanoic acid (36g).
(Lo
cl O j;_}OH
N—
¥

Compound 36g was prepared from 35g in a similar manner described for 7 in 93%
yield as a colorless amorphous.
ITH-NMR (DMSO-ds) § 0.85 (9H, s), (0.90-1.05) (1.73-1.86) 2.07-2.40 (4H, m), 2.81
(3.01) (1H, d, J = 14.0 Hz), 3.65 (3.66) (3H, s), 4.27 (4.34) (1H, d, J = 13.5 Hz), 5.75
(5.81) (1H, s), 5.85 (6.06) (1H, d, J = 4.9 Hz), 6.86-7.08 (3H, m), 7.17-7.61 (4H, m).
IR (ATR) cm™ 3421, 2964, 1734, 1643, 1475, 1394, 1246, 1169, 1028, 756.
MS (ESI) m/z 434 (M + H)*.
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Anal. Calced. for C2sH2sCINOs5-0.1CH2Cls: C, 62.71; H, 6.42; Cl, 9.62; N, 3.17. Found:
C, 63.03; H, 6.44; Cl, 9.37; N, 3.12.

Ethyl  1-{4-[{4-chloro-2-[hydroxy(2-methoxyphenyl)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoyl}piperidine-4-carboxylate (37g).

L,
Cl OO\ /0
g jH_f”Q*o
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Compound 37g was prepared from 36g in a similar manner described for 8 in 91%
yield as a colorless amorphous.
ITH-NMR (CDCls) § (0.91) 0.97 (9H, s), 1.14-1.28 (4H, m), 1.55-1.71 (1H, m), 1.74-1.98
(2H, m), 2.02-2.23 (2H, m), 2.34-2.53 (2H, m), 2.66-2.90 (2H, m), 2.96-3.19 (2H, m),
3.21-3.34 (1H, m), 3.69 (3H, s), 3.73-3.89 (1H, m), 4.12 (2H, q, J= 7.0 Hz), 4.19-4.55
(2H, m), 6.04-6.41 (1H, m), 6.85 (1H, d, J= 8.3 Hz), 7.03-7.13 (2H, m), 7.15-7.34 (2H,
m), 7.79-7.92 (1H, m).
IR (ATR) cm' 3309, 2964, 1730, 1660, 1624, 1444, 1394, 1240, 1176, 1028, 750.
MS (ESD) m/z573 (M + H)*.
Anal. Calcd. for Cs1H41CIN2Os: C, 64.97; H, 7.21; Cl, 6.19; N, 4.89. Found: C, 64.71;
H, 7.22; Cl, 6.59; N, 4.90.

Ethyl  1-{4-[{4-chloro-2-[hydroxy(2-methoxyphenyl)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoyl}piperidine-3-carboxylate (38g)

o
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Compound 38g was prepared from 36¢g in a similar manner described for 8 in 69%
yield as a colorless amorphous.

TH-NMR (CDCIs) § 0.97 (9H, s), 1.14-1.39 (4H, m), 1.55-1.84 (2H, m), 1.89-2.88 (6H,
m), 2.94-3.35 (3H, m), 3.40-3.90 (2H, m), 3.69 (3H, s), 3.94-4.19 (2H, m), 4.33-4.58
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(2H, m), 6.05-6.41 (2H, m), 6.85 (1H, d, J = 8.8 Hz), 7.02-7.13 (2H, m), 7.17-7.35 (3H,
m), 7.80-7.94 (1H, m).

IR (ATR) cm' 3354, 2954, 1732, 1664, 1628, 1473, 1406, 1242, 1163, 1030, 752.

MS (ESD m/z 573 (M + H)*.

Anal. Caled. for C31H41CIN206: C, 64.97; H, 7.21; Cl, 6.19; N, 4.89. Found: C, 64.93;
H, 7.26; Cl, 6.37; N, 4.87.

1-{4-[{4-Chloro-2-[hydroxy(2-methoxyphenyl)methyllphenyl}(2,2-dimethylpropyl)

amino]-4-oxobutanoyl}piperidine-4-carboxylic acid (39g).

L,
Cl 00\ /O
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Compound 39g was prepared from 37g in a similar manner described for 9 in 92%
yield as a colorless amorphous.

IH-NMR (DMSO-ds) 8§ (0.85) 0.86 (5H, s), 0.88-1.04 (1H, m), 1.20-1.55 (2H, m),
1.69-1.89 (2H, m), 2.03-2.20 (1H, m), 2.26-2.76 (4H, m), 2.84-3.14 (2H, m), 3.53-3.86
(1H, m), (3.66) 3.67 (3H, s), 4.05-4.20 (1H, m), 4.29 (4.34) (1H, d, J = 13.7 H2),
5.79-6.09 (2H, m), 6.86-7.10 (2H, m), 7.17-7.27 (1H, m), 7.29-7.43 (2H, m), 7.49-7.60
(2H, m).

IR (ATR) cm 2952, 1726, 1620, 1483, 1396, 1284, 1242, 1171, 1030, 750.

MS (ESI) m/z 545 (M + H)*.

Anal. Calcd. for C20Hs7CIN20s: C, 63.90; H, 6.84; Cl, 6.50; N, 5.14. Found: C, 63.84;
H, 6.91; Cl, 6.63; N, 5.03.

1-{4-[{4-Chloro-2-[hydroxy(2-methoxyphenyl)methyllphenyl}(2,2-dimethylpropyl)

amino]-4-oxobutanoyl}piperidine-3-carboxylic acid (40g)

ST
~ OH
Cl OO\
o
N—
%J o]
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Compound 40g was prepared from 38¢g in a similar manner described for 9 in 90%
yield as a colorless amorphous.

ITH-NMR (DMSO-ds) 6 (0.85) 0.86 (7H, s), 0.94-1.34 (1H, m), 1.45-1.72 (2H, m),
1.83-2.24 (3H, m), 2.26-2.71 (3H, m), 2.84-3.09 (2H, m), 3.15-3.88 (2H, m), 3.67 (3H,
s), 4.24-4.42 (2H, m), 5.80-6.09 (2H, m), 6.86-7.10 (2H, m), 7.17-7.28 (1H, m),
7.29-7.42 (2H, m), 7.47-7.60 (2H, m).

IR (ATR) cm! 2951, 1728, 1622, 1475, 1396, 1240, 1167, 1115, 1030, 756.

MS (ESD m/z 545 (M + H)*.

Anal. Caled. for C29H37CIN206: C, 63.90; H, 6.84; Cl, 6.50; N, 5.14. Found: C, 64.03;
H, 7.09; Cl, 6.49; N, 4.90.

N-{4-Chloro-2-[hydroxy(3-methoxyphenyl)methyllphenyl}-2,2-dimethylpropan-
amide (34h).

Compound 34h was prepared from 33 in a similar manner described for 34d in
quantitative yield.

ITH-NMR (CDCls) § 1.09 (9 H, s), 3.35-3.38 (1 H, m), 3.76 (3 H, s), 5.79 (1 H, br s),
6.80-6.94 (1 H, m), 7.08 (1 H, d, J= 2.5 Hz), 7.22-7.30 (2 H, m), 8.11 (1 H, d, J= 8.8
Hz), 8.72 (1 H, br s).

MS (ESD m/z 348 (M + H)*.

{5-Chloro-2-[(2,2-dimethylpropyl)aminol phenyl}(3-methoxyphenyl)methanol (31h)
o
Cl O OH
<

Compound 31h was prepared from 34h in a similar manner described for 31d in

quantitative yield.
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IH-NMR (CDCls) § 0.83 (9 H, s), 2.58 (1 H, br s), 2.73 (2 H, s), 3.78 (3 H, s), 4.37 (1 H,
br s), 5.72 (1 H, s), 6.55 (1 H, d, J = 8.6 Hz), 6.82-6.85 (1 H, m), 6.82-6.85 (1 H, m),
7.06 (1 H,d, J=25Hz),7.06 (1 H,d, J=2.5Hz), 7.13 (1 H, dd, J= 8.6, 2.7 Hz, ),
7.24-7.28 (1 H, m).

MS (ESI) m/z 334 (M + H)*.

Methyl 4-[{4-chloro-2-[hydroxy(3-methoxyphenyl)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoate (35h).
o8
cl O j_o\fo/
¥

Compound 35h was prepared from 31h in a similar manner described for 6 in 86%
yield.
'H-NMR (CDCls) & (0.90) 0.91 (9H, s), (1.81-1.91) 2.09-2.22 and 2.23-2.44
(2.63-2.78) (2.93-3.05) (4H, m), 2.60 (2.86) (1H, d, J = 13.5 Hz), 3.59 (3.69) (3H, s),
(3.78) 3.82 (3H, s), (4.47) 4.49 (1H, d, J = 13.5 Hz), (4.66-4.75), 5.76-5.88 (1H, m),
6.77-6.90 (6.92-6.97) (7.03-7.06) (2H, m), 7.32-7.19 (4H, m), (7.40)7.89 (1H, d, J= 2.0
Hz).
MS (ESD m/z 448 (M + H)*.
Anal. Caled. for C24H30CINO5-0.25H,0: C, 63.71; H, 6.79; N, 3.09. Found: C, 63.83; H,
6.77; N, 2.66.

4-[{4-Chloro-2-[hydroxy(3-methoxyphenyl)methyllphenyl}(2,2-dimethylpropyl)-

amino]-4-oxobutanoic acid (36h).

7
o)
CI jjOH
N—
%} o

Compound 36h was prepared from 35h in a similar manner described for 7 in

quantitative yield.
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IH-NMR (CDCls) § (0.88) 0.91 (9H, s), 2.06 (1H, d, J = 12.5 Hz), (1.88-1.98) 2.08-2.25
(2H, m), 2.30-2.45 (2.63-2.76) (2H, m), (2.51) 2.90 (1H, d, J = 13.5 Hz), 3.76 (3H, s),
(3.80) 3.82 (3H, s), (4.39) 4.48 (1H, d, J = 13.5 Hz), 4.67 (1H, s), (5.78) 5.74 (1H, s),
6.75-6.87 (3H, m), 6.91-6.98 (1H, m), 7.32-7.17 (2H, m), (7.39) 7.90 (1H, d, J = 2.5
Hz).

MS (ESI) m/z 434 (M + H)*.

Anal. Calcd. for C2sH2sCINOs: C, 63.66; H, 6.50; N, 3.23. Found: C, 63.47; H, 6.70; N,
2.76.

Ethyl 1-{4-[{4-chloro-2-[hydroxy(3-methoxyphenyl)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoyl}piperidine-4-carboxylate (37h).

Compound 37h was prepared from 36h in a similar manner described for 8 in 98%
yield.

TH-NMR (CDCls) § (0.89), 0.93 (9H, s), (1.21-1.29) 1.48-1.62 (2H, m), 1.77-2.10 (3H,
m), 2.13-2.28 (1H, m), 2.36-2.60 (2H, m), 2.69 (1H, d, J = 13.0 Hz), (2.95-3.21)
2.72-2.91 (2H, m), (3.78 ) 3.82 (3H, s), 4.08-4.19 (2H, m), 4.22-4.47 (1H, m), 4.51
(4.53) (1H, d, J=13.5 Hz), 5.80-5.93 (1H, m), 6.12 (1H, d, J= 5.6 Hz), 6.17 (1H, d, J
= 5.1 Hz), 6.75-6.92 (2H, m), 7.07-7.11 (1H, m), 7.17-7.38 (7.83-7.74) (3H, m).

MS (ESD) m/z573 (M + H)*.

Anal. Caled. for Cs1Hs1CIN,Os: C, 64.97; H, 7.21; N, 4.89. Found: C, 64.78; H, 7.26; N,
4.83.

Ethyl 1-{4-[{4-chloro-2-[hydroxy(3-methoxyphenyl)methyllphenyl}(2,2-dimethyl-

propyl)aminol-4-oxobutanoyl}piperidine-3-carboxylate (38h).
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Compound 38h was prepared from 36h in a similar manner described for 8 in 95%
yield.

TH-NMR (CDCls) § (0.89) 0.93 (9H, s), 1.20-1.31 (1H, m), 1.32-1.88 (3H, m), 1.92-2.12
(8H, m), 2.13-2.52 (2H, m), 2.54-2.86 (2H, m), 2.89-3.29 (3.47-3.56) (2H, m), (3.77)
3.82 (3H, s), 4.06-4.20 (2H, m), (4.64-4.72) 4.29-4.60 (2H, m), 5.80-5.92 (1H, m),
6.08-6.21 (1H, m), 6.75-6.91 (3H, m), 7.06-7.12 (1H, m), 7.19-7.30 (2H, m), 7.31-7.40
(7.81-7.72) (1H, m).

MS (ESD m/z 573 (M + H)*.

Anal. Caled. for Cs1Hs1CIN,Os: C, 64.97; H, 7.21; N, 4.89. Found: C, 64.75; H, 7.25; N,
4.71.

1-{4-[{4-Chloro-2-[hydroxy(3-methoxyphenyl)methyllphenyl}(2,2-dimethylpropyl)

amino]-4-oxobutanoyl}piperidine-4-carboxylic acid (39h).

oy
o o) o
OH N\/:>—/(
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Compound 39h was prepared from 37h in a similar manner described for 9 in
quantitative yield.

ITH-NMR (CDCls) & (0.89) 0.92 (9H, s), (1.07-1.17) 1.48-1.74 (2H, m), 1.77-2.11 (3H,
m), 2.14-2.30 (1H, m), 2.37-2.61 (2H, m), 2.65-2.90 (2H, m), 2.97-3.21 (2H, m), (3.77)
3.82 (3H, s), 4.23-4.40 (2H, m), (4.51) 4.53 (1H, d, J= 13.2 Hz), 5.83 (1H, s), 5.90 (1H,
d, J = 4.2 Hz), 6.75-6.91 (3H, m), 7.06-7.10 (1H, m), 7.18-7.30 (2H, m), 7.32-7.39
(7.81-7.77) (1H, m).

MS (ESD) m/z 545 (M + H)*.

Anal. Caled. for C290H37CIN,Os: C, 63.90; H, 6.84; N, 5.14. Found: C, 63.64; H, 7.16; N,
4.79.
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1-{4-[{4-Chloro-2-[hydroxy(3-methoxyphenyl)methyllphenyl}(2,2-dimethylpropyl)

amino]-4-oxobutanoyl}piperidine-3-carboxylic acid (40h).

o o
}—OH
cl 2
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%J o

Compound 40h was prepared from 38h in a similar manner described for 9 in
quantitative yield.

TH-NMR (CDCls) § 0.89 (0.93) (9H, s), 1.02-1.58 (2H, m), 1.60-1.90 (1H, m), 1.96-2.59
(5H, m), 2.62-2.91 (1H, m), 2.93-3.27 (2H, m), 3.30-3.94 (1H, m), (3.78) 3.82 (3H, s),
4.31-4.55 (2H, m), 5.78-5.92 (1H, m), 6.75-6.92 (3H, m), 7.04-7.10 (1H, m), 7.17-7.31
(7.70-7.82) (2H, m), 7.32-7.41 (1H, m).

MS (ESD m/z 545 (M + H)*.

Anal. Caled. for C290H37CIN,Os: C, 63.90; H, 6.84; N, 5.14. Found: C, 64.03; H, 7.15; N,
4.87.

N-{4-Chloro-2-[(2-ethoxyphenyl)(hydroxy)methyllphenyl}-2,2-dimethylpropanamide
(34i).

Compound 341 was prepared from 33 in a similar manner described for 34d in
quantitative yield.

'H-NMR (CDCl) § 1.10 (9 H, s), 1.44 (3 H, d, J= 7.2 Hz), 4.05-4.25 (2 H, m), 4.29 (1
H, d, J=4.4 Hz), 5.99 (1 H, d, J = 3.7 Hz), 6.80-6.93 (1 H, m), 6.96 (1 H, d, J = 8.1
Hz), 7.01 (1 H, d, J= 2.5 Hz), 7.23-7.33 (2 H, m), 8.20 (1 H, d, J= 8.8 Hz), 9.19 (1 H,
br s).

MS (ESD m/z 362 (M + H)".
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{5-Chloro-2-[(2,2-dimethylpropyl)aminolphenyl}(2-ethoxyphenyl)methanol (31i).

o
c O OH
NCK

Compound 31i was prepared from 34i in a similar manner described for 31d in
quantitative yield.

IH-NMR (CDCls) § 0.91 (9 H, s), 1.40 (3 H, t, J= 6.9 Hz), 2.82 (2 H, s), 3.37 (1 H, br
s), 4.06-4.16 (2 H, m), 4.78 (1 H, s), 5.98 (1 H, s), 6.57 (1 H, d, J= 8.6 Hz), 6.85-6.96
(2H,m), 6.99 (1 H, d, J=2.7 Hz, ), 7.09-7.14 (1 H, m), 7.23-7.30 (1 H, m).

MS (ESD) m/z 348 (M + H)*.

Methyl 4-[{4-chloro-2-[(2-ethoxyphenyl)(hydroxy)methyllphenyl}(2,2-dimethyl-

propyl)amino]-4-oxobutanoate (35i).

Compound 351 was prepared from 34i in a similar manner described for 6 in 91%
yield.

IH-NMR (CDCls) § 0.89 (9H, s), 0.90 (10H, s), 1.29 (83H, t, J= 7.4 Hz), 1.47 (10H, t, J
= 7.1 Hz), (0.72-0.83) 1.66-1.76 (1H, m), (2.08-2.18) 2.23-2.34 and 2.36-2.52
(2.73-2.83) (3H, m), 2.80 (2.89) (1H, d, J = 13.7 Hz), 2.93 (4.15) (1H, d, J = 5.4 Hz),
(3.57) 3.68 (3H, s), 3.99-4.17 (2H, m), 4.37 (4.45) (1H, d, J=13.5 H2), (6.11) 6.19 (1H,
d, J=5.1 Hz), 6.81-6.91 (2H, m), 6.98-7.04 (1H, m), 7.17-7.33 (7.45-7.51) (7.96-7.94)
(4H, m).

MS (ESI) m/z 462 (M + H)*.

Anal. Caled. for C25H3s2CINOs: C, 65.00; H, 6.98; N, 3.03. Found: C, 64.65; H, 7.05; N,
2.84.
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4-[{4-Chloro-2-[(2-ethoxyphenyl)(hydroxy)methyllphenyl}(2,2-dimethylpropyl)
amino]-4-oxobutanoic acid (361).

G

(0]

cl l on )-oH
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Compound 351 was prepared from 34i in a similar manner described for 7 in
quantitative yield.

IH-NMR (CDCls) § 0.88 (0.92) (9H, s), 1.30 (1.48) (3H, t, J = 7.1 Hz), (1.76-1.86)
1.95-2.14 (1H, m), 2.31-2.47 (2H, m), 2.51-2.60 (2.62-2.72) (2H, m), 2.74 (2.92) (1H, d,
J=13.7 Hz), 3.97-4.14 (2H, m), 4.36 (4.48) (1H, d, J = 13.7 Hz), 6.06 (6.23) (1H, s),
6.83-6.92 (2H, m), 6.97-7.03 (2H, m), 7.13-7.40 (8.03-7.99) (4H, m).

MS (ESD) m/z 448 (M + H)*.

Anal. Caled. for C24H30CINO5-0.25H,0: C, 63.71; H, 6.79; N, 3.09. Found: C, 63.78; H,
6.73; N, 2.96.

Ethyl 1-{4-[{4-chloro-2-[(2-ethoxyphenyl)(hydroxy)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoyl}piperidine-4-carboxylate (371i).

O 05> o
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Compound 371 was prepared from 36i in a similar manner described for 8 in 99%
yield.
IH-NMR (CDCls) 6 (0.94) 0.94 (9H, s), 1.17-1.28 (6H, m), (1.44-1.72) 1.76-1.99 (3H,
m), 2.10-2.29 (2H, m), 2.37-2.54 (2H, m), 2.72-2.92 (1H, m), 2.95-3.19 (3H, m),
3.78-3.89 (1H, m), 4.02-4.18 (4H, m), 4.22-4.32 (1H, m), 4.36-4.45 (1H, m), 4.48 (1H,
d, J=13.7 Ha), (5.89) 6.08 (1H, d, J= 5.1 Hz), 6.12-6.18 (1H, m), 6.86 (1H, d, J= 8.3
Hz), 6.98-7.09 (1H, m), 7.12-7.16 (1H, m), 7.19-7.31 (7.92-7.73) (4H, m).
MS (ESI) m/z 587 (M + H)*.
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Anal Calced. for Cs2H43CIN2Os - C, 65.46; H, 7.38; N, 4.77. Found: C, 65.37; H, 7.47;
N, 4.66.

Ethyl 1-{4-[{4-chloro-2-[(2-ethoxyphenyl)(hydroxy)methyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoyl}piperidine-3-carboxylate (381).
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Compound 38i was prepared from 36i in a similar manner described for 8 in 93%
yield.

IH-NMR (CDCls) § (0.90) 0.94 (9H, s), 1.17-1.31 (6H, m), 1.33-1.86 (3H, m), 1.93-2.53
(4H, m), 2.55-2.93 (2H, m), 2.95-3.29 (8H, m), (3.47) 3.49 (1H, d, J = 13.5 H2),
3.56-3.90 (1H, m), 4.02-4.21 (4H, m), 4.32-4.60 (4.70-4.78) (1H, m), 4.47 (4.49) (1H, d,
J=13.5Hz), (5.92) 6.01 (1H, d, J = 5.1 Hz), (6.09) 6.12-6.20 (1H, m), 6.81-6.89 (1H,
m), 6.97-7.09 (1H, m), 7.11-7.40 (4H, m), 7.74-7.83 (7.92-7.89) (1H, m).

MS (ESD) m/z 587 (M + H)*.

Anal. Caled. for Cs2H43CIN,Os: C, 65.46; H, 7.38; N, 4.77. Found: C, 65.33; H, 7.48; N,
4.55.

1-{4-[{4-Chloro-2-[(2-ethoxyphenyl)(hydroxy)methyllphenyl}(2,2-dimethylpropyl)

amino]-4-oxobutanoyl}piperidine-4-carboxylic acid (39i).

0/\
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Compound 391 was prepared from 37i in a similar manner described for 9 in
quantitative yield.

'H-NMR (CDCl3) § (0.90) 0.94 (9H, s), 1.20 (1.47) (3H, t, J= 7.1 Hz), 1.51-1.72 (2H,
m), 1.76-2.02 (3H, m), 2.13-2.31 (2H, m), 2.36-2.59 (2H, m), 2.68-2.85 (1H, m), 2.89
(3.13) (1H, d, J=13.5 Hz), 2.94-3.11 (3.63-3.73) (1H, m), 3.78-3.90 (1H, m), 4.23-4.43
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(1H, m), (3.42-3.48) 4.00-4.12 (2H, m), 4.48 (4.49) (1H, d, J=13.5 Hz), 6.16 (1H, d, J
= 7.4 Hz), 6.80-6.89 (2H, m), 6.98-7.09 (1H, m), 7.11-7.39 (3H, m), 7.74-7.80
(7.92-7.88) (1H, m).

MS (ESD) m/z 559 (M + H)*.

Anal. Caled. for Cs0H3oCIN,Os: C, 64.45; H, 7.03; N, 5.01. Found: C, 64.49; H, 7.17; N,
4.80.

1-{4-[{4-Chloro-2-[(2-ethoxyphenyl) (hydroxy)methyllphenyl}(2,2-dimethylpropyl)

amino]-4-oxobutanoyl}piperidine-3-carboxylic acid (40i).
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Compound 401 was prepared from 381 in a similar manner described for 9 in
quantitative yield.

ITH-NMR (CDCls) 6 (0.90) 0.92 (9H, s), 1.16-1.25 (1.42-1.49) (3H, m), 1.57-1.87 (2H,
m), 1.96-2.13 (1H, m), 2.14-2.32 (1H, m), 2.32-2.58 (2H, m), 2.61-3.27 (4H, m),
3.39-3.67 (1H, m), 3.69-3.92 (1H, m), 3.96-4.12 (2H, m), 4.32-4.56 (4.61-4.69) (1H, m),
6.09-6.19 (1H, m), 6.79-6.89 (2H, m), 6.97-7.08 (1H, m), 7.10-7.42 (3H, m), 7.67-7.81
(7.93-7.87) (1H, m).

MS (ESD) m/z 559 (M + H)*.

Anal. Caled. for CsoH39CIN,Os: C, 64.45; H, 7.03; N, 5.01. Found: C, 64.48; H, 7.41; N,
4.68.

N-{4-Chloro-2-[2,3-dimethoxyphenyl(hydroxy)methyllphenyl}-2,2-
dimethylpropanamide (34;j).
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Compound 34j was prepared from 33 in a similar manner described for 34d in 46%
yield as a pale yellow crystal.

IH-NMR (CDCls) § 1.13 (9H, s), 3.89 (3H, s), 3.90 (3H, s), 4.23 (1H, d, J = 4.4 Hz),
5.98 (1H, d, J= 4.4 Hz), 6.50 (1H, dd, J= 7.5, 1.2 Hz), 6.93-7.01 (3H, m), 7.31 (1H, dd,
J=28.8,2.5Hz), 817 (1H, d, J= 8.8 Hz), 9.19 (1H, br s).

MS (ESD m/z 378 (M + H) *.

Anal. Caled. for C20H24CINO4: C, 63.57; H, 6.40; Cl, 9.38; N, 3.71. Found: C, 63.50; H,
6.49; Cl, 9.33; N, 3.60.

[5-Chloro-2-(2,2-dimethylpropylamino)phenyl]l(2,3-dimethoxyphenyl)methanol
(313).

o

I,

Cl
L

%
Compound 31j was prepared from 34j in a similar manner described for 31d in 77%
yield.
TH-NMR (CDCls) § 0.92 (9H, s), 2.83 (2H, s), 3.83 (3H, s), 3.88 (3H, s), 5.99 (1H, s),
6.57 (1H, d, J= 8.5 Hz), 6.80 (1H, dd, J= 7.8, 1.5 Hz), 6.90 (1H, dd, J= 8.3, 1.5 Hz),
6.99 (1H, d, J= 2.4 Hz), 7.03 (1H, dd, J= 8.1, 7.8 Hz), 7.10 (1H, dd, J= 8.5, 2.4 Hz).
Mp 118-119 °C (AcOEt — n-hexane).
MS (ESI) m/z 362 (M + H) *.

Methyl 4-[{4-chloro-2-[(2,3-dimethoxyphenyl)(hydroxy)methyllphenyl}(2,2-
dimethylpropyl)amino]-4-oxobutanoate (35;j).

Compound 35j was prepared from 31j in a similar manner described for 6 in 96%

yield.
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TH-NMR (CDCls) § 0.91 (0.94) (9H, s), (1.25-1.35) (1.85-1.95) 2.10-2.25 (3 H, m),
2.82-2.93 (1H, m), 2.97 (3.08) (1H, d, J=13.7 Hz), 3.59 (3.60) (3H, s), 3.68 (3.78) (3H,
s), 3.83 (3.88) (3H, s), 4.46 (4.47) (1H, d, J=13.7 Hz), 4.64 (1H, d, J= 5.1 Hz), 6.04
(6.09) (1H, d, J= 5.1 Hz), 6.73-7.74 (6H, m).

MS (ESD m/z478 (M + H) +.

N-{4-Chloro-2-[(2,3-dimethoxyphenylhydroxymethyllphenyl}- N-(2,2-dimethyl-
propyl)succinamic acid (36;).

X
a OHOB\ OH
e

Compound 36j was prepared from 35) in a similar manner described for 7 in
quantitative yield.
TH-NMR (CDCls) § (0.91) 0.92 (9H, s), 1.18-1.39 (3.44-3.52) (1H, m), (1.91-2.01)
2.19-2.34 (2H, m), 2.38-2.53 (2.73-2.84) (2H, m), (2.96) 2.98 (1H, d, J= 13.9 Hz), 3.62
(3.78) (3H, s), (3.83) 3.87 (3H, s), (4.43) 4.47 (1H, d, J = 24.7 Hz), (6.05) 6.08 (1H, s),
6.70-7.23 (7.83-7.79) (6H, m).
MS (ESI) m/z 464 (M + H) *.

Ethyl 1-{3-[{4-Chloro-2-[(2,3-dimethoxyphenyl)hydroxymethyllphenyl}-(2,2-
dimethylpropyl)carbamoyllpropionyl}piperidine-4-carboxylate (37j).

I

7

Cl OO\ /o
o O
%JN : A

o]

Compound 37j was prepared from 36j in a similar manner described for 8 in 62%
yield.

'H-NMR (CDCls) 6 0.94 (9H, s), 1.21-1.25 (3H, m), 1.47-1.97 (4H, m), 2.09-2.22 (2H,
m), 2.37-2.51 (2H, m), 2.73-2.92 (1H, m), 3.02-3.18 (2H, m), 3.28 (3.29) (1H, d, J =
18.7 Hz), 3.56 (3.57) (3H, s), 3.79-3.86 (1H, m), 3.87 (3H, s), 4.10-4.16 (2H, m),
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4.22-4.28 (4.37-4.43) (1H, m), 4.51 (4.53) (1H, d, J = 13.7 Hz), 6.11 (6.12) (1H, d, J =
5.1 Hz), 6.28 (6.39) (1H, d, J = 5.1 Hz), 6.91-6.94 (1H, m), 7.09-7.24 (4H, m),
7.48-7.52 (1H, m).

IR (ATR) cm™ 3316 (br), 3000-2850 (br), 1733, 1662, 1625, 1477, 1442, 1394, 1317.
Mp 152-153°C (AcOEt — n-hexane).

MS (ESI) m/z 606, 604 (M + H) *.

Anal. Caled. for Cs2HisCIN2O7: C, 63.72; H, 7.19; Cl, 5.88; N, 4.64. Found: C, 63.55;
H, 7.26; Cl, 5.96; N, 4.51.

Ethyl 1-{3-[{4-Chloro-2-[(2,3-dimethoxyphenyl)hydroxymethyllphenyl}-(2,2-
dimethylpropyl)carbamoyllpropionyl}piperidine-3-carboxylate (38;).

(6}
O ~ O\ —
o~ (0]
Cl 0\
S
N
%} o]

Compound 38j was prepared from 36j in a similar manner described for 8 in 51%
yield.

'H-NMR (CDCls) 6 0.97 (9H, s), 1.2-1.33 (3H, m), 1.5-3.8 (13H, m), 3.56 (3.57) (3H, s),
3.87 (3H, s), 4.0-4.8 (4H, m), 6.12-6.13 (1H, m), 6.27-6.30, 6,35-6.39 (1H, m), 6.91
(6.93) (1H, s), 7.08-7.09 (1H, m), 7.15-7.25 (3H, m), 7.48-7.51 (1H, m).

IR (ATR) cm'! 3345, 3000-2800 (br), 1731, 1654, 1625, 1475, 1438, 1411, 1367, 1303,
1274.

Mp 127-129 °C (AcOEt — n-hexane).

MS (ESD m/z 606, 604 (M + H) *.

HRMS (FAB) m/z 603.2834 (Calcd. for C32H4CIN207: 603.2837).

Anal. Calcd. for C32H43CIN207-0.33CsH14: C, 64.63; H, 7.60; Cl, 5.61; N, 4.43. Found:
C, 64.46; H, 7.70; Cl, 5.64; N, 4.26.

1-{3-[{4-Chloro-2-[(2,3-dimethoxyphenyl)hydroxymethyllphenyl}-(2,2-dimethyl-
propyl)carbamoyllpropionyl}piperidine-4-carboxylic acid (39;).
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Compound 39j was prepared from 37j in a similar manner described for 9 in 91%
yield as a colorless amorphous.
TH-NMR (CDCIs) 6 0.90 (0.97) (9H, s), 1.3-3.3 (13H, m), 3.562 (3.76) (3H, s), 3.83
(3.87) (3H, s), 4.25-4.6 (2H, m), 6.06 (6.12) (1H, s), 6.7-7.7 (6H, m).
IR (ATR) cm™ 2952 (br), 1727, 1625, 1477, 1270.
MS (ESI) m/z 578, 576 (M + H) *.
Anal. Calcd. for C30Hs9CIN207-0.3H20: C, 62.07; H, 6.88; Cl, 6.11; N, 4.83. Found: C,

62.06; H, 6.87; Cl, 6.10; N, 4.64.

1-{3-[{4-Chloro-2-[(2,3-dimethoxyphenyl)hydroxymethyllphenyl}-(2,2-dimethyl-
propyl)carbamoyllpropionyl}piperidine-3-carboxylic acid (40j).

Y oH
7
cl OO\
SO
N—
%J o

Compound 40j was prepared from 40j in a similar manner described for 9 in 89%
yield.

TH-NMR (CDCls) § 0.90, 0.91, 0.95, 0.96 (total 9H, s each), 1.3-4.9 (20H, m), 4.3-4.7
(1H, m), 6.04-6.14 (1H, m), 6.7-7.7 (6H, m).

IR (ATR) em™ 3050-2850 (br), 1727, 1623, 1477, 1272.

MS (ESD m/z 578, 576 (M + H) *.

Anal. Calcd. for C30Hs9CIN207-0.3H20: C, 62.07; H, 6.88; Cl, 6.11; N, 4.83. Found: C,
62.12; H, 6.87; Cl, 6.03; N, 4.65.

N-{4-Chloro-2-[2,3-dihydro-1,4-benzodioxin-5-yl(hydroxy)methyllphenyl}-2,2-
dimethylpropanamide (34k).
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Compound 34k was prepared from 33 in a similar manner described for 34d in 77%
yield as a pale yellow amorphous.
TH-NMR (CDCls) § 1.16 (9H, s), 3.82 (1H, br s), 4.25-4.40 (4H, m), 5.97 (1H, s),
6.48-6.53 (1H, m), 6.78-6.82 (1H, m), 6.88-6.90 (1H, m), 6.97 (1H, s), 7.28-7.33 (1H,

m), 8.17 (1H, d, J= 8.8 Hz), 9.15 (1H, br s).
MS (CI) m/z 375 M+.

{5-Chloro-2-[(2,2-dimethylpropyl)aminolphenyl}(2,3-dihydro-1,4-benzodioxin-5-yl)
methanol (31k).
o
L)
Cl OH
T

Compound 31k was prepared from 34Kk in a similar manner described for 31d in 78%
yield as a colorless syrup.

'H-NMR (CDCls) 6 0.95 (9H, s), 2.84 (2H, s), 4.27-4.36 (4H, m), 5.95 (1H, s), 6.59 (1H,
d, J = 85 Hz), 6.70-6.78 (1H, m), 6.80-6.89 (2H, m), 6.93 (1H, d, J = 2.4 Hz),
7.10-7.14 (1H, m).

MS (CI) m/z 361 M*.

Methyl 4-[{4-chloro-2-[2,3-dihydro-1,4-benzodioxin-5-yl(hydroxy)methyllphenyl}
(2,2-dimethylpropyl)amino]-4-oxobutanoate (35k).

1)
(6]

o

CII on o
%JN\

(0]
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Compound 35k was prepared from 31k in a similar manner described for 6 in 89%
yield as a colorless solid.

TH-NMR (CDCls) § 0.89 (0.90) (9H, s), (1.80-1.88) 2.15-2.28 and 2.31-2.45 (2.82-2.90)
(4H, m), 2.90 (2.99) (1H, d, J = 13.7 Hz), (3.59) 3.67 (3H, s), (4.08-4.15) 4.17-4.29
(4.29-4.38) (4H, m), 4.42 (4.44) (1H, d, J = 13.7 Hz), 4.50-4.53 (1H, m), 6.05 (6.23)
(1H, d, J = 4.9 Hz), (6.63-6.69) 6.70-6.77 (1H, m), 6.83-6.92 (1H, m), 7.18-7.23 (2H,
m), 7.87 (1H, s).

IR (ATR) cm™ 3409, 2952, 2875, 1735, 1644, 1600, 1473, 1407, 1363, 1324, 1280,
1241, 1193, 1166, 1087, 1039, 993, 956, 921, 889, 817.

MS (FAB) m/z 476 (M +H)*.

4-[{4-Chloro-2-[2,3-dihydro-1,4-benzodioxin-5-yl(hydroxy)methyllphenyl}(2,2-
dimethylpropyl)amino]-4-oxobutanoic acid (36k).
L)
c OHOO OH

w7
Compound 36k was prepared from 35k in a similar manner described for 7 in 88%
yield as a colorless amorphous.
'H-NMR (CDCls) 6 (0.87) 0.91 (9H, s), (1.05-1.14) (1.87-1.96) 2.12-2.52 (2.76-2.83)
(4H, m), 2.86 (2.94) (1H, d, J = 13.7 Hz), 4.10-4.33 (4H, m), (4.36) 4.47 (1H, d, J =
13.7 Hz), (6.00) 6.24 (1H, s), (6.61-6.64) 6.72-6.79 (1H, m), 6.82-6.90 (6.97-7.01) (1H,
m), 7.15-7.33 (3H, m), 7.89 (1H, d, J = 2.4 Hz).
IR (ATR) ecm™ 2950, 2875, 1710, 1637, 1602, 1473, 1396, 1280, 1257, 1193, 1168,
1087, 1051, 956, 921, 889, 817.
MS (FAB) m/z 462 (M + H)*.

Anal. Caled. for C2sH27CINO5-0.3CHCls: C, 58.93; H, 5.69; N, 2.79. Found: C, 59.38;
H, 5.87; N, 2.83.

Ethyl  1-{4-[{4-chloro-2-[2,3-dihydro-1,4-benzodioxin-5-yl(hydroxy)methyllphenyl}
(2,2-dimethylpropyl)amino]-4-oxobutanoyl}piperidine-4-carboxylate (37k).
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Compound 37k was prepared from 36k in a similar manner described for 8 in 57%
yield as a colorless amorphous.

IH-NMR (CDCls) § (0.90) 0.93 (9H, s), 1.23 (1.25) (3H, t, J = 7.1 Hz), (1.59-1.80)
1.80-1.97 (3H, m), 2.07-2.32 (1H, m), 2.35-2.52 (3H, m), 2.68-3.30 (3H, m), 3.66-3.87
(1H, m), 4.02-4.52 (8H, m), 6.05-6.10 (1H, m), 6.18-6.21 (6.30-3.33)(1H, m),
(6.61-6.66) 6.70-6.76 (1H, m), (6.82-6.84) 6.88-6.97 (1H, m), 7.12-7.42 (3H, m),
7.79-7.82 (7.97-8.00) (1H, m).

IR (ATR) cm™ 3340, 2950, 2873, 1727, 1625, 1473, 1392, 1363, 1313, 1280, 1259,
1170, 1089, 1039, 958, 921, 887, 817.

MS (FAB) m/z 601 (M + H)".

Anal. Calcd. for Cs2Hs1CIN:207: C, 63.94; H, 6.87; N, 4.66. Found: C, 63.61; H, 6.86; N,
4.93.

Ethyl  1-{4-[{4-chloro-2-[2,3-dihydro-1,4-benzodioxin-5-yl(hydroxy)methyllphenyl}
(2,2-dimethylpropyl)amino]-4-oxobutanoyl}piperidine-3-carboxylate (38k).

SRRV
o
et

Compound 38k was prepared from 36k in a similar manner described for 8 in 84%
yield as a colorless amorphous.

IH-NMR (CDCls) § (0.90) 0.93 (9H, s), 1.12-1.28 (3H, m), (1.82-1.45) 1.55-1.90 (3H,
m), 1.92-2.52 (4H, m), 2.54-3.30 (3H, m), (3.42-3.52) 3.60-3.89 (1H, m), 4.10-4.37 (7TH,
m), 4.40-4.59 (4.68-4.4.74) (1H, m), 6.03-6.10 (1H, m), 6.16-6.34 (1H, m), 6.61-6.77
(1H, m), 6.78-6.977 (1H, m), 7.09-7.46 (7.78-7.82) (4H, m).

IR (ATR) ecm™ 3322, 2948, 2867, 1727, 1625, 1473, 1392, 1363, 1311, 1280, 1257,
1174, 1114, 1087, 1051, 956, 921, 887, 817.
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MS (FAB) m/z 601 (M + H)*.
Anal. Calced. for Cs2H41CIN:207: C, 63.94; H, 6.87; N, 4.66. Found: C, 63.60; H, 6.91; N,
4.76.

1-{4-[{4-Chloro-2-[2,3-dihydro-1,4-benzodioxin-5-yl(hydroxy)methyllphenyl}(2,2-
dimethylpropyl)amino]-4-oxobutanoyl}piperidine-4-carboxylic acid (39k).

)
Cl OO\ /o
OH
N A
%J o

Compound 39k was prepared from 37k in a similar manner described for 9 in 87%
yield as a colorless amorphous.

'H-NMR (CDCls) 6 0.90 (0.93) (9H, s), 1.39-2.00 (4H, m), 2.06-2.59 (4H, m), 2.65-3.41
(4H, m), 3.62-3.89 (1H, m), 3.96-4.52 (6H, m), 6.10 (6.22) (1H, s), 6.53-6.78 (1H, m),
6.79-6.99 (1H, m), 7.00-7.43 (3H, m), 7.76-7.83 (1H, m).

IR (ATR) cm’ 2950, 2933, 2869, 1725, 1621, 1473, 1396, 1365, 1311, 1280, 1259,
1170, 1087, 1031, 956, 921, 889, 815.

MS (FAB) m/z 573 (M + H)*.

Anal. Calcd. for C30H37CIN207-0.4CHCls: C, 59.13; H, 6.03; N, 4.48. Found: C, 59.48;
H, 6.27; N, 4.50.

1-{4-[{4-Chloro-2-[2,3-dihydro-1,4-benzodioxin-5-yl(hydroxy)methyllphenyl}(2,2-
dimethylpropyl)amino]-4-oxobutanoyl}piperidine-3-carboxylic acid (40k).

(e}
GO
OH
[¢]] OO\
e oa
N—
%J 0

Compound 40k was prepared from 38k in a similar manner described for 9 in

quantitative yield as a colorless amorphous.
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IH-NMR (CDCls) § 0.90 (0.98) (9H, s), 1.18-1.92 (4H, m), 1.95-2.69 (4H, m), 2.71-3.34
(3H, m), 3.36-3.89 (2H, m), 3.90-4.62 (6H, m), 6.07 (6.20) (1H, s), 6.60-6.98 (2H, m),
6.99-7.43 (3H, m), 7.72-7.83 (1H, m).

IR (ATR) cm™ 2948, 2867, 1725, 1619, 1473, 1396, 1363, 1280, 1255, 1170, 1116,
1087, 1051, 1008, 956, 921, 889, 815.

MS (FAB) m/z 573 (M + H)".

Anal. Calcd. for C30H37CIN207-0.6CHCls: C, 57.48; H, 5.81; N, 4.30. Found: C, 57.80;
H, 6.10; N, 4.35.

1-(2-Amino-5-chlorophenyl)-1-(2-chlorophenyl)ethanol (42)

i} OHC|
NH,

A solution of 2-amino-5-chloro-2’-chlorobenzophenone (3.00 g, 11.3 mmol) in THF
(30 ml) was added methylmagnesium bromide (0.93 mol/l in THF, 13.3 ml, 12 mmol)
at -78°C. The resulting mixture was gradually warmed to -40 °C, and recooled to
-78°C, then methylmagnesium bromide (0.93 mol/l in THF, 26.6 ml, 24.8 mmol) was
added again. The solution was allowed to reach room temperature and stirred for 19
h, then saturated ammonium chloride solution was added. The organic material
was extracted with AcOEt. The extract was washed with brine, dried over Na2SOy,
and then concentrated in vacuo. Then, the residue was purified by a silica gel
column chromatography (AcOEt : n-hexane =1 : 10) to give compound 42 (0.82 g, 2.9
mmol, 26%) as a colorless syrup.
'H-NMR (CDCls) 6 2.00 (3H, s), 4.05 (2H, br s), 6.55 (1H, d, J = 8.3 Hz), 7.03-7.08
(2H, m), 7.23-7.37 (3H, m), 7.73 (1H, dd, J= 7.8, 1.3 Hz).
IR (ATR) cm™! 3377, 1724, 1614, 1487, 1410, 1263, 1036, 868, 816, 758.
MS (FAB) m/z 283 [M + H)*, 35CI35Cl], 285 [(M + H)*, Cls5Cls7l, 287 [(M + H),
37CI37Cl].

1-[5-Chloro-2-(2,2-dimethylpropylamino)phenyl]-1-(2-chlorophenyl)ethanol (43)
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To a solution of compound 42 (760 mg, 2.69 mmol) in acetic acid (30 ml),
pivalaldehyde (321 pl, 2.96 mmol) was added , then stirred for 5 min at room
temperature. To the resulting mixture, sodium borohydride (132 mg, 3.50 mmol)
was added at 0°C, and allowed to reach room temperature and then stirred for 24 h.
The solution was removed in vacuo, and the residue was dissolved in AcOEt and
H:0. Then, the organic material was extracted with AcOEt. The extract was washed
with brine, dried over Na2SO4, and then concentrated in vacuo. Then, the residue
was purified by silica gel column chromatography (AcOEt : n-hexane =1 : 10) to give
compound 43 (0.29 g, 0.82 mmol, 31%) as pale yellow syrup.

ITH-NMR (CDCIs) § 0.84 (9H, s), 1.97 (83H, s), 3.37 (1H, d, J= 14.6 Hz), 3.42 (1H, d, J
= 14.6 Hz), 6.57 (1H, s), 6.97 (1H, d, J = 8.8 Hz), 7.09 (1H, dd, J = 8.8, 2.5 Hz),
7.11-7.34 (3H, m), 7.36-7.45 (2H, m).

IR (ATR) cm™! 3390, 2962, 1597, 1491, 1431, 1367, 1284, 1203, 1039, 879, 804, 760.
MS (ESD m/z 353 [(M + H)*, 35CI135C1], 355 [(M + H)*, 37C137Cl].

Methyl 4-[{4-chloro-2-[1-(2-chlorophenyl)-1-hydroxyethyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoate (44)

l Cl
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“ O oH »-O
%Jhﬁf

(o]

To an ice-cooled solution of compound 43 (0.21 g, 0.59 mmol) in CH:2Cl: (6 ml), ethyl
4-chloro-4-oxobutanoate (0.15 g, 1.77 mmol) and NaHCOs (0.15 g, 1.77 mmol) were
added. After being stirred for 14 h at room temperature, To the recooled reaction
mixture, ethyl 4-chloro-4-oxobutanoate (0.11 g, 0.71 mmol) and NaHCOs (0.15 g,
1.77 mmol) were added. After being stirred for 14 h at room temperature, the
reaction was quenched with water. The organic material was extracted with CHzClo.

The extract was washed with brine, dried over Na2SO4, and then concentrated in
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vacuo. The residue was purified by silica gel chromatography (AcOEt : n-hexane =
1:10) to give compound 44 (0.21 g, 0.45 mmol, 76%) as a colorless amorphous.
'H-NMR (CDCls) § 0.70 (0.88) (9H, s), 2.00-2.39 (2H, m), 2.41-2.71 (2H, m), (2.95)
3.56 (1H, d, J= 14.2 Hz), 4.06-4.18 (1H, m), 7.10-7.44 (5H, m), 7.61-8.02 (2H, m).

IR (ATR) cm'! 3396, 2951, 1736, 1635, 1475, 1435, 1365, 1167, 1034, 756.

MS (ESD m/z 466 [(M + H)*, 35C135Cl], 468 [(M + H)*, 35CI37Cl], 470 [M + H)*,
37C137C1).

Anal. Caled. for C24H29C12N104-0.4 H20: C, 60.87; H, 6.34; N, 2.96. Found: C, 60.99;
H, 6.24; N, 2.81.

4-[{4-Chloro-2-[1-(2-chlorophenyl)-1-hydroxyethyllphenyl}(2,2-dimethylpropyl)
amino]-4-oxobutanoic acid (45)

I Cl
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Compound 44 (0.20 g, 0.42 mmol) was suspended in a mixture of MeOH (4 ml) and
water (2 ml), and K2COs; (0.18 g, 1.26 mmol) was added at room temperature,
followed by stirring for 14 h at the same temperature. The solvent was removed
under reduced pressure and was added to 1N hydrochloric acid (3.2 ml to pH 4) and
CH2Cls. The organics were extracted with CH2Cl: (3 times). The extract was washed
with brine, dried over Na2SO4, and then concentrated in vacuo. Then, the residue
was washed with diethyl ether and n-hexane to give compound 45 (0.15 g, 0.33
mmol, 78%) as a colorless powder.

'H-NMR (DMSO-ds) 6 0.68 (0.74) (9H, s), 1.85 (3H, s), 1.89-2.68 (4H, m), 3.20-3.78
(2H, m), 6.07 (6.19) (1H, s), 7.16-7.50 (6H, m), 7.75-7.90 (1H, m).

IR (ATR) cm! 3396, 2952, 1712, 1631, 1477, 1431, 1255, 1182, 1036, 827, 750.

MS (ESD m/z 452 [(M + H)*, 35CI135C1], 454 [(M + H)*, 35C137Cl].

Anal. Calcd. for C2sH27C1e:NO4-0.1 H20: C, 60.82; H, 6.04; N, 3.08. Found: C, 60.84;
H, 6.06; N, 3.02.
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Ethyl  1-{4-[{4-chloro-2-[1-(2-chlorophenyl)-1-hydroxyethyllphenyl}(2,2-dimethyl-
propyl)amino]-4-oxobutanoyl}piperidine-4-carboxylate (low polarity isomer 46 and

high polarity isomer 47)

To a solution of Compound 45 (94 mg, 0.21 mmol) and ethyl isonipecotate (42 pl,
0.27 mmol) in CH2Cls, WSCI-HCI (60 mg, 0.31 mmol) and HOBt (14 mg, 0.11 mmol)
were added, and then the mixture was stirred at room temperature for 17 h. The
reaction mixture was diluted with water and the organics were extracted with
CH:2Clsz. The extract was washed with brine, dried over Na2SQO4, then concentrated in
vacuo, and the residue was purified with thin layer silica gel chromatography (1mm
x 20 cm x 20 cm x 2, 5% MeOH — CH2Cl2) to give less polarity compound 46 (21.5 mg,
17%) and more polarity compound 47 (73 mg, 59%) as a colorless powder.

Low polarity isomer 46: 'H-NMR (CDCls) § 0.78-1.00(1H, m), 0.97 (9H, s), 1.21-1.30
(3H, m), 1.48-2.00 (4H, m), 2.03 (3H, s), 2.03-2.23 (2H, m), 2.28-2.55 (2H, m),
2.73-3.19 (3H, m), 3.08 (1H, d, J = 13.6 Hz), 3.79-3.91 (1H, m), 4.37-4.45 (1H, m),
4.10-4.18 (2H, m), 429 (1H, d, J= 13.6 Hz), 5.93 and 6.15 (1H, s), 7.01-7.07 (1H, m),
7.18-7.33 (4H, m), 7.36-7.42 (1H, m), 8.14-8.20 (1H, m).

IR (ATR) cm™! 3315, 2927, 1730, 1651, 1620, 1473, 1281, 1171, 1034, 835, 756.

MS (ESD) m/z 591 [(M + H)*, 35CI135C1], 593 [(M + H)*, 35C137Cl].

HRMS (FAB) m/z 591.2407 (Calcd. for C31H41ClaN2O5 591.2393).

Anal. Caled. for C31H40Cl2N20s: C, 62.94; H, 6.82; N, 4.74. Found: C, 63.17; H, 6.88;
N, 4.51.

High polarity isomer 47: 'H-NMR (CDCls) § 0.66 (9H, s), 0.86-0.98 (1H, m),
1.20-1.28 (3H, m), 1.38-1.78 (1H, m), 1.83-1.98 (2H, m), 2.06 (3H, s), 2.09-2.56 (4H,
m), 2.76-2.94 (2H, m), 3.06-3.17 (1H, m), 3.36-3.49 (1H, m), 3.87 (1H, J = 14.2 Ha),
4.09-4.18 (2H, m), 4.28-4.48 (1H, m), 4.56-4.72 (1H, m), 7.10-7.51 (6H, m), 7.74 (1H,
dd, J=11.5, 2.4 Hz), 7.88 (1H, d, J = 7.6 H2).

IR (ATR) cm™! 3300, 2947, 1734, 1660, 1624, 1475, 1277, 1182, 1038, 841, 764.
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MS (ESD m/z 591 [(M + H)*, 35C1%Cll, 593 [(M + H)*, 33CI"Cl].
Anal. Calcd. for C31Hu0C12N:205: C, 62.94; H, 6.82; Cl, 11.99; N, 4.74. Found: C, 63.05;
H, 6.91; Cl, 11.74; N, 4.68.

N-(4-Chloro-2-methoxyphenyl)-2,2-dimethylpropanamide (49a)

Cl
0]
_0

Triethylamine (6.70 ml, 48.2 mmol), pivaloyl chloride (2.92 g, 24.1 mmol) and
4-dimethylaminopyridine (0.267 g, 2.19 mmol) were added to an ice-cooled solution
of 4-chloro-2-methoxyaniline hydrochloride (48a, 4.25 g, 21.9 mmol) in CH2Cl2 (100
ml). After being stirred for 16 h at room temperature, the solvent was concentrated,
and the residue was dissolved in AcOEt and water. The organic material was
extracted with AcOEt. The extract was washed with brine, dried over Na2SO4, and
then concentrated in vacuo. The residue was purified by silica gel column
chromatography (AcOEt : n-hexane =2:8 —1: 3) to give compound 49a (5.22 g, 21.6
mmol, 98%) as a colorless powder.

ITH-NMR (CDCIs) § 1.31 (9H, s), 3.89 (3H, s), 6.85 (1H, d, J = 2.2 Hz), 6.93 (1H, dd, J
= 8.8, 2.2 Hz), 8.01 (1H, br), 8.34 (1H, d, J= 8.8 Hz).

IR (ATR) cm'! 3442, 2954, 1668, 1521, 1403, 1251, 1037, 862, 796, 613, 584.

MS (ESD m/z 242 (M + H)*.

Anal Calced. for C12H16CINOs: C, 59.63; H, 6.67; N, 5.79; found: C, 59.35; H, 6.52; N,
5.81.

N-{4-Chloro-2-[hydroxy(2-methoxyphenyl)methyl]-6-methoxyphenyl}-2,2-dimethyl-
propanamide (52a)
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Compound 49a (2.22 g, 9.21 mmol) was dissolved in THF (100 ml). To the solution,
secbutyl lithium (0.99 mol/l in chexane and n-hexane, 21.0 ml, 21.0 mmol) was
added at -78°C, and stirred at 0°C for 15 min then at rt for 15 min. The mixture was
cooled to -78°C again, and 2-methoxybenzaldehyde (1.22 ml, 10.1 mmol) was added.
The reaction mixture was stirred at -50°C for 1.5 h, and poured saturated with
NH4Claq and AcOEt. The organic material was extracted with AcOEt. Combined
organic layer was washed with brine and dried over Na:2SOs. The solvent was
removed under reduced pressure, and the residue was purified by column
chromatography (AcOEt : n-hexane =1:3 — 1 : 1) to give compound 52a (3.08 g,
88%) as colorless powder.

IH-NMR (CDCls) § 1.30 (9H, s), 3.68 (3H, s), 3.82 (3H, s), 4.37 (1H, d, J = 3.2 H2),
5.97 (1H, s, J= 2.7 Hz), 6.79-6.83 (3H, m), 7.02 (1H, t, J= 7.6 Hz), 7.24-7.29 (1H, m),
7.56-7.58 (1H, m).

IR (ATR) cm™! 3266, 1639, 1461, 1240, 1008, 761, 640.

MS (ESI) m/z 360 (M - OH)".

Anal. Caled. for C20H24CINO4: C, 63.57; H, 6.40; N, 3.71; Cl, 9.38. Found: C, 63.20; H,
6.35; N, 3.64; Cl, 9.39.

{5-Chloro-2-[(2,2-dimethylpropyl)amino]-3-methoxyphenyl}(2-methoxyphenyl)
methanol (53a)

A solution of compound 52a (15.5 g, 40.9 mmol) was dissolved in THF (100 ml).
Sodium bis(2-methoxyethoxy)aluminum hydride (60% in toluene, 62 ml) was added
to the solution at 0°C. The mixture was stirred for 4h at 50°C. The reaction mixture
was added to saturated (+)-tartaric acid sodium potassium solution and stirred for 5
min. The mixture was added to AcOEt and separated with a funnel. The organic
layer was washed with brine and dried over Na2SOs. The solvent was removed

under reduced pressure, and the residue was purified by column chromatography
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(AcOEt : n-hexane = 1 : 20) to give the title compound 53a (13.3 g, 36.5 mmol, 89%)
as as colorless powder.

IH-NMR (CDCls) § 0.97 (9H, s), 2.69 (1H, d, J= 11.2 Hz), 2.76 (1H, d, J = 11.2 Hz),
3.83 (3H, s), 3.84 (3H, s), 4.35 (1H, br), 6.31 (1H, s), 6.59 (1H, d, J= 2.0 Hz), 6.76 (1H,
d, J=2.2 Hz), 6.91-6.99 (2H, m), 7.28-7.31 (2H, m).

IR (ATR) cm™! 3353, 2942, 1602, 1587, 1459, 1236, 1024, 829, 757, 607.

MS (ESI) m/z 364 (M + H)*.

Anal. Caled. for C20H26CINOs: C, 66.01; H, 7.20; N, 3.85. Found: C, 65.72; H, 7.13; N,
3.95.

(R) and (S)-{5-Chloro-2-[(2,2-dimethylpropyl)amino]-3-methoxyphenyl}(2-methoxy-
phenyl)methanol ((R)-54a and (S)-54a)

Compound 53a (3.00 g, 8.24 mmol) was optically resolved by HPLC with an
oprically active column (CHIRALCEL-OD, ®20 x 250 mm) into isomer A ((R)-54a,
1.5 g) and isomer B ((9)-54a, 1.5 g).

Resolution conditions: Flow rate, 20 ml/min; Developing solvent, 25% 2-propanol —

n-hexane; Retention time: isomer A, 4 min; isomer B, 8 min. The peaks similar to

the racemate were obtained by 'H-NMR (CDCls).

Methyl 4-[{4-chloro-2-[(9)-hydroxy(2-methoxyphenyl)methyll-6-methoxyphenyl}
(2,2- dimethylpropyl)aminol-4-oxobutanoate ((S)-55a)

g
Cl OO
sate
N—

0 [0}

7

/

Methyl 4-chloro-4-oxobutanoate (0.203 ml, 1.65 mmol) and NaHCO; (345 mg, 4.11
mmol) were added to an ice-cooled solution of (S)-54a (500 mg, 1.37 mmol) in CH2Cl»
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(20 ml). After being stirred for 1 h at room temperature, the reaction was quenched
with water. The organic material was extracted with CH:Clz. The extract was
washed with brine, dried over Na2SO4, and then concentrated in vacuo. The residue
was purified by silica gel column chromatography (AcOEt : n-hexane=1:2-2:1)
to give compound (S)-55a (611 mg, 1.28 mmol, 93%) as a colorless oil.

TH-NMR (CDCIs) § 0.89 (9H, s), 2.22-2.34 (2H, m), 2.52-2.65 (1H, m), 2.90-3.00 (1H,
m), 3.09 (1H, d, J= 13.6 Hz), 3.67 (3H, s), 3.73 (3H, s), 3.86 (3H, s), 4.45 (1H, d, J=
13.6 Hz), 4.79 (1H, d, J= 5.4 Hz), 6.11 (1H, d, J = 5.1 Hz), 6.70 (1H, d, J = 2.1 Hz),
6.82 (1H, d, J= 2.1 Hz), 6.87 (1H, d, J= 7.8 Hz), 7.05-7.09 (1H, m), 7.29-7.34 (1H, m),
7.70 (1H, d, J= 7.6 Hz).

MS (ESI) m/z 460 (M - OH)".

4-[{4-Chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyll-6-methoxyphenyl}(2,2-
dimethylpropyl)amino]-4-oxobutanoic acid ((S)-56a)

-
%0
cl ] ﬁOH
N—=

0 (e}

-

Compound (S)-55a (500 mg, 1.05 mmol) was suspended in a mixture of MeOH (10
ml) and water (5 ml), and K2COs (0.361 g, 2.62 mmol) was added at room
temperature, followed by stirring for 2.5 h at 60°C. The solvent was removed under
reduced pressure, and was added 1N citric acid solution and AcOEt. The organics
were extracted with AcOEt (3 times). The extract was washed with brine, dried over
Na2S04, and then concentrated in vacuo. The residue was washed with diethyl
ether and n-hexane to give compound (S)-56a (486 mg, 1.05 mmol, quant.) as a
colorless amorphous.

'H-NMR (CDCls) § 0.84 (0.88) (9H, s), 2.28-2.86 (4H, m), 2.89 (1H, d, J = 13.6 Ha),
3.75 (3.82) (3H, s), 3.87 (3.83) (3H, s), 4.39 (1H, d, J = 13.6 Hz), 6.06 (6.31) (1H, s),
6.77 (1H, d, J= 2.2 Hz), 6.85-6.89 (2H, m), 7.02 (1H, t, J= 7.4 Hz), 7.30-7.34 (1H, m),
7.45-7.47 (1H, m).

IR (ATR) cm! 3409, 2952, 1712, 1637, 1394, 1240, 1025, 754.
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MS (ESI) m/z 446 (M - OH)*.
Anal. Caled. for C2sH300NO6Cl1-1.0H20: C, 59.81; H, 6.69; N, 2.91. Found: C, 59.78; H,
6.58; N, 2.66.

Ethyl  1-{4-[{4-chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyl]-6-methoxyphenyl}
(2,2-dimethylpropyl)amino]-4-oxobutanoyl}piperidine-4-carboxylate ((S)-57a)

W
Cl OO\ /O
g jHJND*O
N—\ ‘\
el e

To a solution of compound (S)-56a (100 mg, 0.216 mmol) and isonipecotic acid ethyl
ester (42.0 mg, 0.270 mmol) in CH2Clz (5 m1), WSCI-HC1 (52.0 mg, 0.270 mmol) and
HOBt (41.0 mg, 0.270 mmol) were added, and then the mixture was stirred at room
temperature for 2.5 h. The reaction mixture was diluted with water and the
organics were extracted with CHzCls. The extract was washed with brine, dried over
Na2S0y4, then concentrated in vacuo, The residue was purified with silica gel column
chromatography (AcOEt : n-hexane=1:2—1:1) to give compound (8)-57a (72.2 mg,
0.120 mmol, 56 %) as a colorless amorphous.

IH-NMR (CDCls) 6§ 0.93 (9H, s), 1.24 (8H, t, J= 7.1 Hz), 1.53-1.92 (4H, m), 2.05-2.20
(2H, m), 2.46-2.85 (3H, m), 3.07-3.14 (2H, m), 3.30 (1H, d, J= 13.4 Hz), 3.70 (3H, s),
3.85 (3H, s), 3.81-3.85 (1H, m), 4.12 (2H, q, J = 7.1 Hz), 4.38-4.41 (1H, m), 4.50 (1H,
d, J=13.4 Hz), 6.14-6.16 (1H, m), 6.35-6.42 (1H, m), 6.63 (1H, d, J = 2.1 Hz), 6.78
(1H, d, J = 2.1 Hz), 6.85 (1H, d, J = 8.5 Hz), 7.08-7.11 (1H, m), 7.28-7.33 (1H, m),
7.87-7.90 (1H, m).

IR (ATR) cm! 3369, 2950, 1727, 1660, 1623, 1241, 1174, 1031, 754, 576.

MS (ESI) m/z 603 (M + H)*.

Anal. Caled. for Cs2H4sN207Cl: C, 63.72; H, 7.19; N, 4.64. Found: C, 63.42; H, 7.26; N,
4.64.
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(aR)-1-{4-[{4-Chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyl]-6-methoxyphenyl}
(2,2-dimethylpropyl)amino]-4-oxobutanoyl}piperidine-4-carboxylic acid
((9-(aR)-60a).

L,
O ‘OZ}NWZH
R
Compound (8)-60a was prepared from (S)-57a in a similar manner described for
(9)-56a. Then, the obtained amorphous was washed with diethyl ether and
n-hexane to give compound (S)-(aR)-60a in 68% yield as a colorless powder.
ITH-NMR (CDs0D) 6 0.87 (9H, m), 1.28-1.97 (6H, m), 2.31-3.26 (5H, m), 3.03 (1H, d, J
=13.6 Hz), 3.74 (3H, s), 3.89 (3H, s), 3.89-3.93 (1H, m), 4.26-4.27 (1H, m), 4.34 (1H,
d, J = 13.6 Hz), 6.02 (1H, s), 6.62 (1H, d, J = 2.2 Hz), 6.98 (1H, d, J = 8.3 Ha),
7.03-7.07 (2H, m), 7.32-7.36 (1H, m), 7.56-7.59 (1H, m).
IR (ATR) cm™ 3407, 2950, 1718, 1614, 1282, 1025, 750, 578.
MS (ESD m/z 575 (M + H)*.
Anal. Calced. for C30H39N207C1-0.33H=0: C, 62.01; H, 6.88; N, 4.82. Found: C, 62.09;
H, 6.88; N, 4.77.

Ethyl (89)-1-{4-[{4-chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyl]-6-methoxy-
phenyl}(2,2-dimethylpropyl)aminol-4-oxobutanoyl}piperidine-3-carboxylate

((9)-582)
O 06 \/:Ogoh
Sa
0 k 0

Compound (8)-58a was prepared from (S)-56a in a similar manner described for
(8)-57a in 74% yield as colorless amorphous.

'H-NMR (CDCls) 6 0.93 (9H, s), 1.20-1.28 (3H, m), 1.61-1.69 (4H, m), 2.11-3.32 (10H,
m), 3.70 (3H, s), 3.84 (3H, s), 4.08-4.16 (2H, m), 4.48-4.56 (1H, m), 6.15 (1H, t, J =
5.2 Hz), 6.35 (1H, d, J=5.1 Hz), 6.63 (1H, t, J= 2.5 Hz), 6.78 (1H, t, J= 2.5 Hz), 6.85
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(1H, d, J=8.1 Hz), 7.09 (1H, t, J= 7.6 Hz), 7.28-7.33 (1H, m), 7.88 (1H, t, J= 5.6 Hz).
13C-NMR (CDCls) § 14.26, 24.32, 24.72, 27.40 (27.44), 28.00 (27.57), 28.08, 34.43,
41.04 (42.36), 44.04, 45.88, 47.24, 54.90, 55.49, 60.66 (60.95), 64.85 (64.90), 110.14,
111.03 (110.99), 120.73, 120.93, 127.89, 128.32, 129.54 (129.48), 130.28 (130.25),
134.65, 145.30 (145.23), 155.77, 156.32, 171.13 (170.98), 172.86, 173.50 (173.39).

IR (ATR) em™ 3330, 2942, 1727, 1660, 1625, 1461, 1241, 1178, 1029, 754, 576.

MS (ESID) m/z603 (M + H)*.

Anal. Calcd. for Cs2HisN207C1-0.33H:20: C, 63.10; H, 7.22; N, 4.60. Found: C, 63.27;
H, 7.25; N, 4.46.

(aR)-(39)-1-{4-[{4-Chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyl]-6-methoxy-
phenyl}(2,2-dimethylpropyl)aminol-4-oxobutanoyl}piperidine-3-carboxylic acid

((9)-(aR)-61a)
(Lo Df
Shva
o)e o

Compound (9)-(aR)-61a was prepared from (S)-58a in a similar manner described
for (S)-(aR)-60a in 97% yield as colorless powder.

IH-NMR (DMSO-ds) & 0.81 (9H, s), 1.26-1.42 (1H, m), 1.48-1.69 (2H, m), 1.88-1.98
(1H, m), 2.11-2.48 (4H, m), 2.51-2.70 (1H, m), 2.81-3.00 (1H, s), 2.93 (1H, d, J=13.3
Hz), 3.23-3.31 (2H, m), 3.67 (3H, s), 3.70-3.83 (1H, m), 3.85 (3H, s), 4.28 (1H, d, J =
13.3 Hz), 5.83-5.84 (1H, m), 5.92 (1H, m), 6.44 (1H, ), 6.99 (1H, d, J = 8.3 Hz), 7.05
(1H, t, J="7.3 Hz), 7.11 (1H, d, J= 2.2 Hz), 7.29-7.34 (1H, m), 7.57 (1H, d, J= 7.3 Hz),
12.38 (1H, s).

IR (ATR) cm'! 2948, 1727, 1621, 1587, 1461, 1407, 1241, 1178, 1029, 754, 576, 489.
MS (ESD) m/z 575 (M + H)*.

Anal. Caled. for C30H39N207Cl: C, 62.65; H, 6.84; N, 4.87. Found: C, 62.37; H, 7.06; N,
4.62.
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Ethyl (8R)-1-{4-[{4-chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyl]-6-methoxy-
phenyl}(2,2-dimethylpropyl)amino]-4-oxobutanoyl}piperidine-3-carboxylate

((9)-592)
O ot i‘koh
: g p@
_o k °

Compound (S)-59a was prepared from (S)-56a in a similar manner described for
(8)-57a in 76% yield as colorless amorphous.

TH-NMR (CDCIs) § 0.93 (9H, s), 1.21-1.27 (3H, m), 1.76-2.33 (8H, m), 2.54-2.67 (1H,
m), 3.01-3.19 (2H, m), 3.22-3.32 (1H, m), 3.46-3.51 (1H, m), 3.70 (3H, s), 3.70-3.82
(1H, m), 3.85 (3H, s), 4.07-4.15 (2H, m), 4.48-4.53 (1H, m), 6.15 (1H, d, J = 5.4 Ha),
6.43 (6.39, 1H, d, J = 5.2 Hz), 6.62-6.64 (1H, m), 6.78-6.79 (1H, m), 6.85 (1H, d, J =
8.5 Hz), 7.07-7.12 (1H, m), 7.28-7.32 (1H, m), 7.89 (1H, d, J= 7.6 Hz).

IR (ATR) cm! 3353, 2924, 1727, 1658, 1625, 1461, 1241, 1176, 1029, 755, 576, 489.
MS (ESD m/z 603 (M + H)*.

Anal. Caled. for C32H43N207Cl: C, 63.72; H, 7.19; N, 4.64. Found: C, 63.58; H, 7.35; N,
4.39.

(aR)-(3R)-1-{4-[{4-Chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyl]-6-methoxy-
phenyl}(2,2-dimethylpropyl)aminol-4-oxobutanoyl}piperidine-3-carboxylic acid
((9)-(aR)-62a)

Compound (9)-(aR)-62a was prepared from (8)-59a in a similar manner described
for (S)-(aR)-60a in 92% yield as colorless powder.

'H-NMR (CDsOD) § 0.87 (9H, s), 1.28 (1H, m), 1.49-1.52 (1H, m), 1.63 (1H, m),
1.77-1.80 (1H, m), 1.98 (2H, m), 2.33-2.59 (3H, m), 2.71-2.83 (2H, m), 2.99-3.05 (1H,
m), 3.47 (1H, m), 3.74 (3H, s), 3.89 (3H, s), 3.77-3.85 (1H, m), 4.34 (1H, d, J = 13.7
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Hz), 6.02 (1H, s), 6.63 (1H, d, J = 6.3, 2.2 Hz), 6.98-7.06 (3H, m), 7.31-7.36 (1H, m),
7.55-7.58 (1H, m).

IR (ATR) cm'® 2944, 1727, 1621, 1461, 1409, 1286, 1241, 1178, 1029, 754, 576, 489.
MS (ESD) m/z 575 (M + H)*.

Anal. Calcd. for Cs0HssN207C1-0.33H:20: C, 62.01; H, 6.88; N, 4.82. Found: C, 62.20;
H, 7.05; N, 4.59.

Methyl 4-[{4-chloro-2-[(R)-hydroxy(2-methoxyphenyl)methyll-6-methoxyphenyl}
(2,2-dimethylpropyl)amino]-4-oxobutanoate ((R)-55a)

Compound (R)-55a was prepared in a similar manner described for (S)-55a in 98%
yield as colorless oil.

TH-NMR (CDClIs) § 0.890 (9H, s), 2.23-2.34 (2H, m), 2.52-3.00 (2H, m), 3.09 (1H, d, J
=13.7 Hz), 3.67 (3H, s), 3.73 (3H, s), 3.86 (3H, s), 4.45 (1H, d, J= 13.7 Hz), 4.78 (1H,
d, J=5.4 Hz), 6.11 (1H, d, J= 4.9 Hz), 6.71 (1H, d, J= 2.2 Hz), 6.82 (1H, d, J = 2.2
Hz), 6.87 (1H, d, J = 8.1 Hz), 7.06-7.09 (1H, m), 7.30-7.34 (1H, m), 7.71 (1H, d, J =
7.6 Hz).

IR (ATR) cm' 3419, 2944, 1731, 1644, 1324, 1282, 1031, 757, 499.

MS (ESID) m/z 460 (M - OH)*.

4-[{4-Chloro-2-[(R)-hydroxy(2-methoxyphenyl)methyl]-6-methoxyphenyl}(2,2-
dimethylpropyl)aminol-4-oxobutanoic acid ((R)-56a)

Compound (R)-56a was prepared in a similar manner described for (S)-56a in

quantitative yield as colorless amorphous.
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'H-NMR (DMSO-de) § 0.80 (9H, s), 2.16-2.42 (4H, m), 2.83 (1H, d, J = 13.4 Hz), 3.68
(3H, s), 3.86 (3H, s), 4.26 (1H, d, J=13.4 Hz), 5.82 (1H, s), 6.49 (1H, d, J = 2.4 H2),
6.99-7.06 (3H, m), 7.13 (1H, d, J = 2.4 Hz), 7.30-7.35 (1H, m), 7.50 (1H, dd, J = 7.4,
1.6 Hz).

IR (ATR) ecm' 3380, 2946, 1737, 1643, 1286, 1247, 1174, 1025, 863, 757, 574.

MS (ESI) m/z 446 (M - OH)*.

Ethyl  1-{4-[{4-chloro-2-[(R)-hydroxy(2-methoxyphenyl)methyl]-6-methoxyphenyl}
(2,2-dimethylpropyl)amino]-4-oxobutanoyl}piperidine-4-carboxylate ((E)-57a)

Compound (R)-57a was prepared from (R)-56a in a similar manner described for
(S)-57a in 56% yield as colorless amorphous.

ITH-NMR (CDCIs) § 0.927 (9H, s), 1.24 (3 H, t, J = 7.3 Hz), 1.48-1.96 (4H, m),
2.04-2.21 (2H, m), 2.46-2.51 (1H, m), 2.54-2.62 (1H, m), 2.73-2.88 (1H, m), 3.06-3.17
(2H, m), 3.30 (1H, d, J= 13.5 Hz), 3.70 (3H, s), 3.85 (3H, s), 3.81-3.85 (1H, m), 4.12
(2H, q, J = 7.3 Hz), 4.24-4.40 (1H, m), 4.51 (1H, d, J = 13.5 Hz), 6.14-6.16 (1H, m),
6.34-6.42 (1H, m), 6.63 (1H, d, J= 2.3 Hz), 6.78-6.79 (1H, m), 6.85 (1H, d, J= 8.3 Hz),
7.08-7.11 (1H, m), 7.29-7.32 (1H, m), 7.87-7.90 (1H, m).

IR (ATR) cm'® 3343, 2950, 1727, 1660, 1623, 1241, 1176, 1031, 755, 576.

MS (ESI) m/z603 (M + H)*.

Anal. Calcd. for Cs2HisN207C1-0.33H:20: C, 63.10; H, 7.22; N, 4.60. Found: C, 63.23;
H, 7.01; N, 4.74.

(aS)-1-{4-[{4-Chloro-2-[(R)-hydroxy(2-methoxyphenyl)methyl]-6-methoxyphenyl}

(2,2-dimethylpropyl)aminol-4-oxobutanoyl}piperidine-4-carboxylic acid
(R)-(a9-60a)
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Compound (R)-(aS)-60a was prepared from (R)-57a in a similar manner described
for (S)-(aR)-60a in 99% yield as colorless amorphous.

"H-NMR (CDCls) 6 0.926 (9H, s), 1.48-1.99 (4H, m), 2.12-2.22 (2H, m), 2.49-2.61 (2H,
m), 2.74-2.81 (1H, m), 3.04-3.22 (2H, m), 3.31 (1H, t, J= 14.2 Hz), 3.70 (3H, s), 3.85
(3H, s), 3.80-3.85 (1H, m), 4.32-4.41 (1H, m), 4.51 (1H, d, J= 14.2 Hz), 6.16 (1H, d, J
= 3.2 Hz), 6.61-6.62 (1H, m), 6.78 (1H, d, J= 2.3 Hz), 6.84-6.86 (1H, m), 7.08-7.11 (1
H, m), 7.29-7.32 (1H, m), 7.84-7.88 (1H, m).

IR (ATR) cm! 3340, 2950, 1727, 1623, 1461, 1176, 1027, 754, 491.

MS (ESD m/z 575 (M + H)*.

Anal. Caled. for C30H39N207Cl: C, 62.65; H, 6.84; N, 4.87. Found: C, 62.37; H, 7.13; N,
4.57.

Ethyl (89)-1-{4-[{4-chloro-2-[(R)-hydroxy(2-methoxyphenyl)methyl]-6-methoxy-
phenyl}(2,2-dimethylpropyl)amino]-4-oxobutanoyl}piperidine-3-carboxylate

((R)-58a)
O O/O \/:Og\’O/i
cl on =N
O NH
o)) o

Compound (R)-58a was prepared from (R)-56a in a similar manner described for
(8)-57a in 19% yield as colorless amorphous.

TH-NMR (CDCls) § (0.89) 0.90 (9H, s), 1.17-1.24 (3H, m), 1.42-1.53 (1H, m), 1.68-1.80
(1H, m), 1.85-2.44 (7H, m), 2.91-3.15 (2H, m), 3.41-3.48 (2H, m), (3.67) 3.67 (3H, s),
3.81 (3H, s), 4.03-4.14 (2H, m), 4.41-4.51 (1H, m), 4.68-4.77 (1H, m), 6.09-6.13 (1H,
m), 6.35-6.43 (1H, m), 6.59 (6.60) (1H, d, J = 2.3 Hz), 6.73-6.77 (1H, m), 6.79-6.85
(1H, m), 7.02-7.10 (1H, m), 7.25-7.32 (1H, m), 7.89-7.82 (1H, m).

IR (ATR) ecm' 3349, 2942, 1727, 1658, 1623, 1461, 1241, 1176, 1029, 755, 576.
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MS (ESI) m/z 603 (M + H)*.
Anal. Caled. for Cs2H43N207C1-0.33H20: C, 63.10; H, 7.22; N, 4.60. Found: C, 63.11;
H, 7.04; N, 4.73.

(a9)-(39)-1-{4-[{4-Chloro-2-[(R)-hydroxy(2-methoxyphenyl)methyl]-6-methoxy-
phenyl}(2,2-dimethylpropyl)amino]-4-oxobutanoyl}piperidine-3-carboxylic acid
(R-(a9-61a)

Compound (R)-(aS)-61a was prepared from (R)-58a in a similar manner described
for (S)-(aR)-60a in 93% yield as colorless amorphous.

TH-NMR (CDCls) § (0.87) 0.90 (9H, s), 1.18-1.41 (1H, m), 1.43-1.83 (2H, m), 1.95-2.27
(4H, m), (2.29-2.44) 2.48-2.71 (2.77-2.97) (2H, m), 3.00-3.16 (2H, m), (3.18) 3.27 (1H,
d, J = 13.7 Hz), 3.37-3.47 (3.85-3.93),(1H, m), (3.67) 3.69 (3H, s), 3.82 (3H, s),
4.39-4.51 (4.54-4.61) (1H, m), 6.10 (1H, s), (6.59) 6.61 (1H, d, J = 2.0 Hz), 6.73-6.77
(1H, m), 6.79-6.85 (1H, m), 7.03-7.09 (1H, m), 7.25-7.30 (1H, m), 7.87-7.77 (1H, m).
IR (ATR) em™ 3347, 2950, 1727, 1621, 1461, 1241, 1178, 1029, 754, 576, 491.

MS (ESD) m/z 575 (M + H)*.

Anal. Calcd. for Cs0HssN207C1-0.33H:20: C, 62.01; H, 6.88; N, 4.82. Found: C, 62.06;
H, 7.07; N, 4.55.

Ethyl (8R)-1-{4-[{4-chloro-2-[(R)-hydroxy(2-methoxyphenyl)methyl]-6-methoxy-
phenyl}(2,2-dimethylpropyl)aminol-4-oxobutanoyl}piperidine-3-carboxylate
((R)-59a)
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Compound (R)-59a was prepared from (R)-56a in a similar manner described for
(S)-57a in 31% yield as colorless amorphous.

TH-NMR (CDCls) § 0.931 (0.925) (9H, s), 1.25 (1.22) (3H, t, J= 7.3 Hz), 1.62-2.20 (5H,
m), 2.29-2.85 (4.42-4.75) (2H, m), 2.99-3.22 and 38.46-3.50 and 3.74-3.81 and
3.89-4.04 (2H, m), 3.30 (3.28) (1H, d, J = 13.5 Hz), 3.70 (3H, s), 3.85 (3H, s), 4.14
(4.09) (2H, q, J = 7.3 Hz), 4.51 (4.50) (1H, d, J = 13.5 Hz), 6.14-6.17 (1H, m),
6.34-6.42 (1H, m), 6.62-6.64 (1H, m), 6.78-6.79 (1H, m), 6.85 (1H, d, J = 8.2 Haz),
7.08-7.11 (1H, m), 7.30 (1H, d, J= 7.8 Hz), 7.87-7.89 (1H, m).

IR (ATR) cm' 3382, 2950, 1720, 1639, 1284, 1180, 1031, 856, 754, 572, 422.

MS (ESI) m/z603 (M + H)*.

Anal. Calcd. for Cs2H4sN20O7Cl: C, 63.72; H, 7.19; N, 4.64. Found: C, 63.60; H, 6.99; N,
4.68.

(a9)-(3R)-1-{4-[{4-Chloro-2-[(R)-hydroxy(2-methoxyphenyl)methyl]-6-methoxy-
phenyl}(2,2-dimethylpropyl)amino]-4-oxobutanoyl}piperidine-3-carboxylic acid
(R)-(a9-62a)

Compound (R)-(aS)-62a was prepared from (R)-59a in a similar manner described
for (S)-(aR)-60a in 89% yield as colorless amorphous.

IH-NMR (CDCls) & (0.88) 0.89 (9H, s), 1.18-1.42 (1H, m), 1.57-1.85 (2.07-2.22) (3H,
m), 2.34-2.47 (1H, m), 2.48-2.69 (2H, m), 2.78-2.98 (1H, m), 3.00-3.30 (4H, m),
3.44-3.563 (1H, m), 3.67 (3.68) (3H, s), 3.71-3.90 (1H, m), (3.80) 3.81 (3H, s), 4.39-4.51
(2H, m), 6.11 (1H, d, J= 7.0 Hz), (6.59) 6.61 (1H, d, J = 2.3 Hz), 6.74-6.77 (1H, m),
6.79-6.85 (1H, m), 7.05 (1H, t, J = 7.8 Hz), 7.24-7.30 (1H, m), 7.86-7.77 (1H, m).

IR (ATR) cm'! 3355, 2950, 1727, 1623, 1241, 1178, 1029, 754, 576, 489.

MS (ESD m/z 575 (M + H)*.

Anal. Caled. for C30H39N207C1-0.33H20: C, 62.01; H, 6.88; N, 4.82. Found: C, 62.15;
H, 7.03; N, 4.57.
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N-[4-Chloro-2-(trifluoromethyl)phenyl]-2,2-dimethylpropanamide (49b)

cl o
CFy M

Compound 49b was prepared in a similar manner described for 49a in 37% yield as
colorless crystal.

'H-NMR (CDCls) 6 1.32 (9H, s), 7.51 (1H, dd, J=8.9, 2.3 Hz), 7.58 (1H, d, J= 2.3 Hz),
7.75 (1H, br), 8.24 (1H, d, J= 8.8 Hz).

IR (ATR) cm! 3288, 2974, 1645, 1496, 1304, 1138, 1053, 816, 607.

MS (ESD m/z 280 (M + H)*.

N-{4-Chloro-2-[hydroxy(2-methoxyphenyl)methyll-6-(trifluoromethyl) phenyl}-2,2-
dimethylpropanamide (52b)

g O/

cl
O OH
NH
CF30//\\§

Compound 52b was prepared in a similar manner described for 52a in 25% yield as
colorless crystal.

TH-NMR (CDCls) § 1.32 (9H, s), 3.67 (3H, s), 4.05 (1H, d, J= 3.2 Hz), 5.98 (1H, d, J=
2.9 Hz), 6.82 (1H, d, J = 8.1 Hz), 7.03-7.08 (1H, m), 7.27-7.33 (1H, m), 7.44 (1H, d, J
=2.2 Hz), 7.57-7.62 (1H, m), 7.56 (1H, d, J= 2.4 Hz).

IR (ATR) cm'! 3284, 2952, 1655, 1510, 1468, 1311, 1242, 1161, 1128, 881, 760.

MS (ESI) m/z 398 (M + H)*.

{5-Chloro-2-[(2,2-dimethylpropyl)amino]-3-methylphenyl}(2-methoxyphenyl)
methanol (53b)
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c O OH
NCK

Compound 53b was prepared in a similar manner described for 53a in 66% yield as
colorless crystal.

ITH-NMR (CDCIs) § 0.98 (9H, s), 2.29 (8H, s), 2.61 (1H, d, J=11.2 Hz), 2.65 (1H, d, J
= 11.2 Hz), 3.84 (3H, s), 6.20 (1H, s), 6.86-7.02 (3H, m), 7.07 (1H, d, J = 2.4 Ha),
7.18-7.36 (2H, m).

MS (ESD m/z 348 (M + H)*.

(9)-{5-Chloro-2-[(2,2-dimethylpropyl)amino]-3-methylphenyl}(2-methoxyphenyl)
methanol (54b)

Compound (S)-54b was separated in a similar manner described for (S)-54a by using

HPLC with a CHIRALCEL OD as colorless crystal.

Methyl 4-[{4-chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyll-6-methylphenyl}
(2,2-dimethylpropyl)amino]-4-oxobutanoate ((S)-55b)

.
cl NN
sote

N—
X e

Compound (S)-55b was prepared in a similar manner described for (S)-55a in 88%

yield as colorless amorphous.
ITH-NMR (CDCls) 6 0.87 (0.95) (9H, s), 1.92-2.02 and 2.11-2.21 (1H, m), 2.24-2.37 (1H,
m), 2.40-2.50 (1H, m), 2.45 (3H, s), 2.51-2.62 (2.71-2.74) (1H, m), 2.75-2.89 (1H, m),
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3.06 (3.36) (1H, d, J=13.7 Hz), (3.56) 3.68 (3H, s), 3.77 (3.86) (3H, s), (3.91) 4.12 (1H,
q, J=7.2Hz), 4.31 (1H, d, J=13.7 Hz), 4.42 (1H, d, J= 4.9 Hz), 6.06 (6.39) (1H, d, J
= 5.4 Hz), 6.83-6.94 (1H, m), 6.99-7.09 (2H, m), 7.20 (1H, d, J = 2.4 Hz), 7.28-7.35
(1H, m), 7.51-7.56 (7.74-7.71) (1H, m).

IR (ATR) cm 3410, 2952, 1736, 1647, 1437, 1238, 1167, 1030, 754.

MS (FAB) m/z 462 (M + H)*. MS (ESD m/z 460 (M - H)-.

4-[{4-Chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyll-6-methylphenyl}(2,2-
dimethylpropyl)amino]-4-oxobutanoic acid ((S)-56b)

g
OO

cl l j;_\fOH
N—
K

Compound (S)-56b was prepared in a similar manner described for (S)-56a in 92%
yield as colorless amorphous.

TH-NMR (CDCls) § 0.84 (9H, s), 2.15-2.35 (2H, m), 2.43 (3H, s), 2.47-2.64 (2H, m),
2.72-2.84 (1H, m), 2.92 (1H, d, J = 13.4 Hz), 3.79 (8H, s), 4.26 (1H, d, J = 13.7 H2),
6.03 (1H, s), 6.91 (1H, d, J= 7.8 Hz), 6.97-7.04 (1H, m), 7.11 (1H, d, J= 2.4 Hz), 7.23
(1H, d, J= 2.4 Hz), 7.30-7.26 (1H, m), 7.34 (2H, d, J= 7.8 Hz).

MS (ESD m/z 430 (M - OH)*. MS (ESD m/z 446 (M - H)".

Ethyl (85)-1-{4-[{4-chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyl]l-6-methylphenyl}
(2,2-dimethylpropyl)amino]-4-oxobutanoyl}piperidine-3-carboxylate ((S)-58b)

A, 3
N\
gt 0]
Cl O\
X
N—\
K e

Compound (S)-58b was prepared from (S)-56b in a similar manner described for
(8)-57a in 72% yield as colorless amorphous.

'H-NMR (CDCls) § 0.93 and 0.94 (9H, s), 1.20-1.31 (5H, m), 1.59-1.84 (2H, m),
2.00-2.13 (2H, m), 2.16-2.38 (2H, m), 2.43 (3H, d, J = 2.4 Hz), 2.44-2.74 (2H, m),
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2.83-3.16 (2H, m), 3.18-3.36 (2H, m), 3.71 (3H, s), 4.06-4.20 (2H, m), 4.35-4.55 (2H,
m), 6.07-6.13 (1H, m), 6.86 (1H, d, J= 7.8 Hz), 6.92-6.97 (1H, m), 7.07 (1H, t, J= 7.4
Hz), 7.17-7.12 (1H, m), 7.34-7.28 (1H, m), 7.80 (1H, t, J= 7.4 Hz).

IR (ATR) ecm' 3325, 2952, 1728, 1658, 1624, 1458, 1240, 1178, 1032, 754.

MS (ESD) m/z 587 (M + H)*.

Anal. Calcd. for Cs2H4sCIN=2Os: C, 65.46; H, 7.38; N, 4.77. Found: C, 65.53; H, 7.69; N,
4.50.

(aR)-(39)-1-{4-[{4-Chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyl]-6-methylphenyl}
(2,2-dimethylpropyl)amino]-4-oxobutanoyl}piperidine-3-carboxylic acid

((9)-(aR)-61b)
(Lo §
Sev=a
)<: o)

Compound (9)-(aR)-61b was prepared from (S)-58b in a similar manner described
for (S)-(aR)-60a in 78% yield as colorless amorphous.

ITH-NMR (CDCIs) § 0.91 and 0.92 (9H, s), 1.21-1.33 (2H, m), 1.59-1.87 (2H, m),
1.95-2.32 (3H, m), 2.42 and 2.43 (38H, s), 2.45-2.67 (2H, m), 2.91-3.16 (2H, m),
3.20-3.29 (1H, m), 3.39-3.54 (1H, m), 3.71 snd 3.72 (3H, s), 3.73-4.06 (1H, m),
4.35-4.52 (1H, m), 6.08 (1H, d, J= 5.1 Hz), 6.82-6.90 (1H, m), 6.95-7.01 (1H, m), 7.06
(1H, t, J= 7.4 Hz), 7.138-7.17 (1H, m), 7.27-7.35 (1H, m), 7.78-7.70 (1H, m).

IR (ATR) cm™! 2952, 1728, 1622, 1460, 1240, 1180, 1032, 754.

MS (ESD m/z 559 (M + H)*.

Anal. Caled. for C30H39CIN20¢: C, 64.45; H, 7.03; N, 5.01. Found: C, 64.32; H, 7.33; N,
4.71.

N-(2,4-Dichlorophenyl)-2,2-dimethylpropanamide (49c)
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Compound 49¢ was prepared in a similar manner described for 49a in 78% yield as
colorless oil.

TH-NMR (CDCIs) § 1.34 (9 H, s), 7.23-7.26 (1 H, m), 7.38 (1 H, d, J = 2.4 Hz), 7.95 (1
H, br), 8.38 (1 H, d, J=9.0 Hz).

MS (ESD m/z 246 (M + H)*.

N-{2,4-Dichloro-6-[hydroxy(2-methoxyphenyl)methyllphenyl}-2,2-dimethyl-
propanamide (52c)

Compound 52¢ was prepared in a similar manner described for 52a in 47% yield as
colorless amorphous.

TH-NMR (CDCls) § 1.28 (9H, s), 3.75 (8H, s), 5.97 (1H, d, J= 3.7 Hz), 6.86 (1H, d, J=
8.1 Hz), 6.98-7.02 (1H, m), 7.13 (1H, d, J= 2.4 Hz), 7.27-7.32 (1H, m), 7.37 (1H, d, J
= 2.2 Hz), 7.38-7.41 (1H, m), 7.51 (1H, br s).

IR (ATR) cm'! 3289, 2962, 1668, 1484, 1465, 1230, 1016, 869, 755, 489.

MS (ESI) m/z 365 (M - OH)".

Anal Calcd. for Ci19H2:1Cl12:NOs-0.3Et20: C, 59.98; H, 5.98; N, 3.46. Found: C, 60.37;
H, 5.72; N, 3.77.

{3,5-Dichloro-2-[(2,2-dimethylpropyl)aminolphenyl}(2-methoxyphenyl)methanol
(53c)

Cl

cl
O OH
htﬁ

Compound 53¢ was prepared in a similar manner described for 53a in 64% yield as

pale yellow oil.
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IH-NMR (CDCIs) 6 0.98 (9H, s), 2.76 (2H, s), 3.84 (3H, s), 4.32 (1H, br), 6.29 (1H, s),
6.29-7.00 (3H, m), 7.23-7.34 (3H, m).

IR (ATR) ecm 3380, 2952, 1459, 1240, 1027, 858, 752, 568.

MS (ESI) m/z 350 (M - OH)*.

Methyl 4-[{2,4-dichloro-6-[hydroxy(2-methoxyphenyl)methyllphenyl}(2,2-dimethyl-

propyl)amino]-4-oxobutanoate (55c)
g
cl O AO(H_>L0
N—

Cl 0

/

Compound 55¢ was prepared in a similar manner described for 55a in 49% yield as
colorless amorphous.

TH-NMR (CDCls) 6 0.96 (9H, s), 2.32-2.61 (3H, m), 2.96-3.04 (1H, m), 3.19 (1H, d, J=
13.7 Hz), 3.68 (3H, s), 3.74 (3H, s), 4.43 (1H, d, J=13.7 Hz), 4.99 (1H, d, J= 5.6 Hz),
6.10 (1H, d, J= 5.4 Hz), 6.89 (1H, d, J= 8.3 Hz), 7.05-7.10 (2H, m), 7.32-7.36 (1H, m),
7.40 (1H, d, J= 2.4 Hz), 7.70 (1H, dd, J= 8.0, 1.3 Hz).

MS (ESD m/z 464 (M - OH)".

Anal. Calcd. for C24H29CleNOs: C, 59.76; H, 6.06; N, 2.90. Found: C, 60.07; H, 6.08;
N, 2.77.

4-[{2,4-Dichloro-6-[hydroxy(2-methoxyphenyl)methyllphenyl}(2,2-dimethylpropyl)

amino]-4-oxobutanoic acid (56c)
(Lo
cl O ﬁOH
N—

Cl 0

Compound 56¢ was prepared in a similar manner described for 56a in 96% yield as
colorless amorphous.

ITH-NMR (CDCIs) § 0.915 (9H, s), 2.43-2.55 (3H, m), 2.95-2.99 (1H, m), 2.99 (1H, d, J
= 13.6 Hz), 3.76 (3H, s), 4.37 (1H, d, J = 13.6 Hz), 6.06 (1H, s), 6.90 (1H, d, J = 8.5
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Hz), 7.02-7.06 (1H, m), 7.11 (1H, d, J = 2.2 Hz), 7.33-7.37 (1H, m), 7.43 (1H, d, J =
2.4 Hz), 7.49 (1H, d, J= 7.3 H2).

MS (ESID) m/z 450 (M - OH)*.

Anal. Caled. for CosH27CloNOs: C, 58.98; H, 5.81; N, 2.99. Found: C, 59.02; H, 5.90;
N, 3.20.

Ethyl (39-1-{4-[{2,4-dichloro-6-[(S)-hydroxy(2-methoxyphenyl)methyllphenyl}(2,2-
dimethylpropyl)aminol-4-oxobutanoyl}piperidine-3-carboxylate ((S)-58c)

) 3o
\
o~ 0]
Cl O\
seva
N—\
o

Compound 58¢ was prepared in a similar manner described for (S)-57a in 88% yield
as colorless amorphous. Then, the enantiomers were separated by HPLC with an
oprically active column (CHIRALCEL-OD, ®20 x 250 mm) into isomer A ((R)-58¢)
and isomer B ((9)-58¢).

Resolution conditions: Flow rate, 7 ml/min; Developing solvent, 10% 2-propanol —
n-hexane; Retention time: isomer A, 21 min; isomer B, 26 min.

(9-58c: 'H-NMR (CDCl) § 1.00 (9H, s), 1.19-1.29 (3H, m), 1.63-1.79 (3H, m),
2.07-2.66 (5H, m), 2.86-3.39 (4H, m), 3.71 (3H, s), 3.71-3.79 (1H, m), 4.01-4.19 (2H,
m), 4.38-4.50 (2H, m), 6.12-6.14 (1H, m), 6.57-6.59 (1H, m), 6.87 (1H, d, J= 8.1 Hz),
6.97 (1H, t, J = 2.7 Hz), 7.08-7.20 (1H, m), 7.30-7.36 (2H, m), 7.86-7.88 (1H, m).

IR (ATR) cm! 3345, 2952, 1727, 1670, 1556, 1448, 1238, 1180, 1029, 754, 578.

MS (ESD m/z 607 (M + H)*.

(R)-58c: the peak similar to the enantiomer was obtained.

(aR)-(39)-1-{4-[{2,4-Dichloro-6-[(S)-hydroxy(2-methoxyphenyl)methyllphenyl}(2,2-
dimethylpropyl)aminol-4-oxobutanoyl}piperidine-3-carboxylic acid ((S)-61c)

132



O\
o0~ OH
Cl R
Sl
N—=Q
o

Compound (9)-(aR)-61c was prepared from (S)-58c in a similar manner described for
(9)-(aR)-60a in 48% yield as colorless powder (minor atropisomer (S)-(aS)-61c was
separated in 12% yield.)

(9)-(aR)-61c: 'H-NMR (CDCl») § 0.97 (0.91) (H, s), 1.12-2.55 (9H, m), 3.00-3.51 (4H,
m), 3.70 (3.68) (3H, s), 3.72-3.87 (1H, m), 4.43 (4.34) (1H, d, J = 13.7 Hz), 5.59 (1H,
br), 6.10 (1H, s), 6.84-6.87 (1H, m), 6.93-7.11 (2H, m), 7.22-7.39 (2H, m), 7.85 (7.64)
(1H, d, J= 7.45 Ha).

IR (ATR) cm! 3316, 2950, 1619, 1448, 1390, 1238, 1184, 1031, 754, 514.

MS (ESD m/z579 (M + H)*.

Anal. Caled. for C20H3sN206Cl2-1.5H20: C, 57.43; H, 6.48; N, 4.62. Found: C, 57.29;
H, 6.21; N, 4.46.

(9)-(a9-61c: 'H-NMR (CDCl) § 0.93 (0.92) (9H, s), 1.26-1.35 (1H, m), 1.58-2.04 (4H,
m), 2.17-2.57 (3H, m), 2.70-3.48 (5H, m), 3.65 (3.72) (3H, s), 3.55-3.84 (1H, m),
4.21-4.44 (1H, m), 6.06-6.26 (1H, m), 6.79-6.92 (2H, m), 7.16-7.70 (4H, m).

MS (ESI) m/z579 (M + H)*.

Anal. Caled. for C20H3sN206Cl21.5H20: C, 57.43; H, 6.48; N, 4.62. Found: C, 57.04;
H, 6.40; N, 4.22.

N-(4-Chloro-2-hydroxyphenyl)-2,2-dimethylpropanamide (49;j)

cl
0
on H

2-Amino-4-chlorophenol (25.32 g, 176.4 mmol) was dissolved in CH2Clz (1500 ml).
To the solution at 0 °C, and NaHCOs3 (44.45 g, 529.1 mmol) and pivaloyl chloride
(23.89 ml, 194.0 mmol) were added. The mixture was gradually wormed to room
temperature for 1.5 h. 1IN HClaq (360 ml) was added, the layers were separated,

and the aqueous layer was extracted with CH2Clz. The combined organic layer was
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washed with brine, and dried over Na2SO4. The solvent was removed in a reduced
presser, and the residue was recrystallized with diethyl ether and n-hexane to give
compound 49j (29.30 g, 128.7 mmol, 73%) as pale purple crystal.

'H-NMR (CDCls) 6 1.35 (9H, s), 6.83 (1H, dd, J= 8.5, 2.4 Hz), 6.90 (1H, d, J= 8.5 Hz),
7.02 (1H, d, J= 2.4 Hz), 7.53 (1H, br), 9.07 (1H, s).

IR (ATR) cm! 3425, 2958, 1641, 1583, 1537, 1514, 1410, 1371, 1265, 1205, 935, 841.
MS (ESD m/z 228 [(M + H)*, 3Cl], 230 [(M + H) +, 37CI].

N-(4-Chloro-2-ethoxyphenyl)-2,2-dimethylpropanamide (49d)

C|\©\ o

~© ”)*
Compound 49j (303 mg, 1.33 mmol) was dissolved in DMF (10 ml). K2COs (139 mg,
1.00 mmol) and iodoethane (160 ul, 2.00 mmol) were added to the solution, and the
mixture was stirred at room temperature for 19h. The reaction mixture was
concentrated in vacuo, and the residue was dissolved in AcOEt (20 ml), 1N HClaq (2
ml) and H20 (15 ml). The layers were separated, and the organic layer was washed
with brine and dried over Na2SQO4. The solvent was removed under reduced pressure,
and the residue was purified by column chromatography (AcOEt : n-hexane =1 : 8)
to give compound 49d (325 mg, 1.27 mmol, 95%) as pale yellow oil.
IH-NMR (CDCls) § 1.31 (9H, s), 1.47 (3H, t, J= 7.1 Hz), 4.08 (2H, q, J= 7.1 Hz), 6.84
(1H, d, J=2.2 Hz), 6.92 (1H, dd, J= 8.5, 2.2 Hz), 8.10 (1H, br s), 8.33 (1H, d, J= 8.5
Hz).

IR (ATR) cm! 3440, 2974, 1674, 1601, 1514, 1389, 1255, 1124, 1038, 943, 820, 586.
MS (ESD m/z 256 [(M + H)+, 35Cl], 258 [(M + H)+, 37Cl].

N-{4-Chloro-2-ethoxy-6-[hydroxy(2-methoxyphenyl)methyllphenyl}-2,2-dimethyl-
propanamide (52d)

Cl
O or
NH

\/0 0/
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Compound 52d was prepared in a similar manner described for 52a in 66% yield as
colorless crystal.

TH-NMR (CDCls) § 1.31 (9H, s), 1.41 (3H, t, J= 7.1 Hz), 4.01 (2H, q, J = 7.1), 4.44
(1H, d, J=3.5 Hz), 5.98 (1H, d, J= 3.5 Hz), 6.77 (1H, d, J= 2.2 Hz), 6.79 (1H, d, J=
2.2 Hz), 6.80 (1H, dd, J= 8.4, 1.0 Hz), 7.01 (1H, td, J= 7.5, 1.0 Hz), 7.21-7.29 (1H, m),
7.57 (1H, dd, J = 7.5, 1.0 Hz).

IR (ATR) cm™! 3429, 3248, 2974, 1660, 1585, 1493, 1389, 1292, 1228, 1043, 758.

MS (ESD m/z 374 [(M + H)*, 35Cl], 376 [(M + H)*, 37Cl].

MS (ESD m/z 390 [(M - H)-, 3Cll, 392 [(M - H), #ClI.

Anal. Calcd. for C21H26CINO4-0.5H20: C, 62.92; H, 6.79; N, 3.49. Found: C, 63.15; H,
6.69; N, 3.58.

{5-Chloro-2-[(2,2-dimethylpropyl)aminol-3-ethoxyphenyl}(2-methoxyphenyl)
methanol (53d)

“ O OH
~0 h§<

Compound 53d was prepared in a similar manner described for 53a in 84% yield as
colorless crystal.

'H-NMR (CDCly) 6 0.98 (9H, s), 1.44 (3H, t, J = 7.0 Hz), 2.67 (1H, d, J = 11.2 H2),
2.78 (1H, d, J=11.2 Hz), 3.84 (3H, s), 4.02 (2H, q, J= 7.0 Hz), 6.36 (1H, s), 6.55 (1H,
d, J=2.2 Hz), 6.74 (1H, d, J= 2.2 Hz), 6.92 (1H, d, J= 7.5 Hz), 6.98 (1H, td, J = 7.3,
1.0 Hz), 7.30 (1H, td, J= 7.8, 1.7 Hz), 7.32 (1H, dd, J= 7.3, 1.7 Hz).

IR (ATR) cm'! 3246, 2945, 1591, 1462, 1390, 1292, 1236, 1188, 1039, 903, 822, 752.
MS (ESD) m/z 378 [M + H)*, 35C1], 380 [(M + H)*, 37C1].

Anal. Caled. for C21H2sCINOs: C, 66.74; H, 7.47; N, 3.71. Found: C, 67.07; H, 7.54; N,
3.59.

(9)-{5-Chloro-2-[(2,2-dimethylpropyl)amino]-3-ethoxyphenyl}(2-methoxyphenyl)
methanol (54d)
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Compound (S)-54d was separated in a similar manner described for (S)-54a using by

HPLC with a CHIRALCEL OD as colorless crystal.

Methyl 4-[{4-chloro-2-ethoxy-6-[(S)-hydroxy(2-methoxyphenyl)methyllphenyl}(2,2-
dimethylpropyl)amino]-4-oxobutanoate ((S)-55d)

oW
cl OO\/
N—

~_© 0

Compound (9)-55d was prepared in a similar manner described for (S)-55a in
quantitative yield as colorless oil.

ITH-NMR (CDCIs) § (0.89) 0.91 (9H, s), 1.48 (38H, t, J = 7.0 Hz), (1.16-1.29 and
1.72-1.83 and 2.12-2.25) 2.24-2.36 and 2.53-2.64 and 2.87-3.02 (4H, m), (2.90) 3.09
(1H, d, J = 13.5 Hz), (3.56) 3.67 (3H, s), 3.73 (3.82) (3H, s), 3.94-4.14 (2H, m), (4.39)
4.44 (1H, d, J = 13.5 Hz), 4.78 (1H, d, J= 5.4 Hz), 6.10 (6.26) (1H, d, J= 5.4 Hz), 6.70
(1H, d, J = 2.2 Hz), 6.81 (1H, d, J = 2.2 Hz), 6.82-7.18 (2H, m), 7.19-7.29 (1H, m),
(7.45-7.54) 7.70 (1H, d, J = 7.6 Hz).

IR (ATR) em™! 3411, 2951, 1736, 1645, 1579, 1466, 1392, 1286, 1238, 1161, 1030, 754.
MS (ESD m/z 474 [(M - OH)*, %Cll, 476 [(M - OH)*, 37Cl], 492 [(M + H)*, 3Cl], 494
[((M + H)*, 3°Cl], 514 [(M + Na)*, 35Cl], 516 [(M + Na)*, 37Cl].

4-[{4-Chloro-2-ethoxy-6-[(S)-hydroxy(2-methoxyphenyl)methyllphenyl}(2,2-
dimethylpropyl)amino]-4-oxobutanoic acid ((S)-56d)



Compound (S)-56d was prepared in a similar manner described for (S)-56a in 99%
yield as colorless amorphous.

ITH-NMR (CDCls) § 0.88 (0.90) (9H, s), (1.41) 1.47 (3H, t, J = 7.0), (1.10-1.17 and
1.92-2.11) 2.30-2.65 and 2.77-2.96 (4H, m), 2.89 (1H, d, J = 13.7 Hz), 3.76 (3.83) (3H,
s), 3.98-4.17 (2H, m), 4.38 (1H, d, J = 13.7 Hz), 5.30 (1H, s), 6.05 (6.31) (1H, s), 6.76
(1H, d, J = 2.2 Hz), 6.84 (1H, d, J = 2.2 Hz), 7.70-7.87 (1H, m), 6.99-7.08 (1H, m),
7.20-7.38 (1H, m), 7.43-7.50 (7.55-7.60) (1H, m).

IR (ATR) ecm' 3415, 2952, 1712, 1639, 1466, 1392, 1289, 1240, 1174, 1028, 754.

MS (ESD m/z 460 [(M - OH)*, 35Cl], 462 [(M - OH)*, 3’Cl], 478 [(M + H)*, 35Cl], 480
[(M + H)+, 37Cl].

MS (ESD) m/z: 476 [(M - H)-, 3Cl], 478 [(M -H)-, 37Cl].

(aR) and (a9-Ethyl 1-{4-[{4-chloro-2-ethoxy-6-[(S)-hydroxy(2-methoxyphenyl)
methyllphenyl}(2,2-dimethylpropyl)amino]-4-oxobutanoyl}piperidine-4-carboxylate
(9-(aR)-57d, (9)-(a9)-57d)

Compound (8)-(aR)-57d and (8)-(aS)-57d were prepared from (S)-56d in a similar
manner described for (S)-57a. Purification using preparative TLC (Imm x 20 cm x
20 cm, MeOH : CHzCl: = 1 : 15) gave (9-(aR)-57d (87%) and (9)-(a8)-57d (7%) as
colorless amorphous.

(9-(aR)-57d: 'H-NMR (CDCls) § 0.95 (9H, s), 1.21-1.33 (6H, m), 1.46 (3H, t, J= 7.1
Hz), 1.57-1.73 (1H, m), 1.75-1.98 (2H, m), 2.08-2.26 (2H, m), 2.42-2.66 (2H, m),
2.71-2.92 (1H, m), 3.04-3.19 (2H, m), 3.30 (1H, dd, J = 13.7, 2.9 Hz), 3.70 (3H, s),
3.78-3.90 (1H, m), 3.96-4.17 (4H, m), 4.50 (1H, dd, J = 13.4, 6.3 Hz), 6.10-6.16 (1H,
m), 6.62 (1H, d, J = 2.0 Hz), 6.77 (1H, d, J = 2.2 Hz), 6.85 (1H, d, J = 7.8 Hz), 7.09
(1H, t, J= 7.4 Hz), 7.27-7.33 (1H, m), 7.91-7.85 (1H, m).

IR (ATR) cm! 3348, 2952, 1728, 1660, 1624, 1466, 1392, 1242, 1174, 1034, 754.

MS (ESD m/z 617 [(M + H)*, 35Cl], 619[(M + H)*, 37Cl].
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Anal. Calcd. for CssHisCIN207-0.25H20: C, 63.76; H, 7.38; N, 4.51. Found: C, 63.74;
H, 7.44; N, 4.24.

(9)-(a9-57d: 'H-NMR (CDCls) § 0.89 (9H, s), 1.22-1.30 (3H, m), 1.38-1.46 (3H, m),
1.49-1.77 (2H, m), 1.81-1.90 (2H, m), 2.12-2.25 (1H, m), 2.29-2.52 (2H, m), 2.61-2.85
(2H, m), 2.86-3.00 (2H, m), 3.62-3.74 (1H, m), 3.84 (3H, s), 3.96-4.19 (4H, m),
4.22-4.32 (1H, m), 4.39 (1H, d, J= 13.4 Hz), 6.21 (1H, s), 6.82-6.88 (3H, m), 6.98-7.05
(1H, m), 7.15-7.25 (1H, m), 7.41 (1H, dd, J=10.3, 2.0 Hz).

IR (ATR) cm 3381, 2951, 1635, 1466, 1392, 1242, 1180, 1036, 754.

Anal. Caled. for C3sH4sCIN207: C, 64.22; H, 7.35; N, 4.54. Found: C, 64.16; H, 7.47; N,
4.38.

(aR)-1-{4-[{4-Chloro-2-ethoxy-6-[(S)-hydroxy(2-methoxyphenyl)methyllphenyl}(2,2-
dimethylpropyl)aminol-4-oxobutanoyl}piperidine-4-carboxylic acid ((S)-(aR)-60d)

g%
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Compound (8)-(aR)-60d was prepared from (S)-(aR)-57d in a similar manner
described for (S)-(aR)-60a in 80% yield as colorless amorphous.

IH-NMR (CDCls) § 0.95 (9H, s), 1.47 (3H, t, J= 7.0 Hz), 1.51-1.73 (4H, m), 1.80-2.03
(2H, m), 2.09-2.27 (2H, m), 2.49-2.67 (2H, m), 2.74-2.88 (1H, m), 3.03-3.22 (2H, m),
3.32 (1H, dd, J=13.5, 7.0 Hz), 3.71 (3H, d, J = 2.2 Hz), 3.80-3.91 (1H, m), 3.96-4.15
(2H, m), 4.51 (1H, dd, J = 13.5, 9.2 Hz), 6.14 (1H, s), 6.61 (1H, d, J = 2.2 H2),
6.76-6.79 (1H, m), 6.82-6.88 (1H, m), 7.05-7.13 (1H, m), 7.28-7.33 (1H, m), 7.90-7.84
(1H, m).

IR (ATR) cm® 2952, 1736, 1658, 1620, 1466, 1392, 1288, 1242, 1028, 754.

MS (ESD m/z 571 [(M - OH)*, 35Cl], 589[(M + H)*, 35Cl].

Anal. Calcd. for Cs:H41CIN207-0.25H20: C, 62.72; H, 7.05; N, 4.72. Found: C, 62.61;
H, 7.08; N, 4.55.
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(a9)-1-{4-[{4-Chloro-2-ethoxy-6-[(S)-hydroxy(2-methoxyphenyl)methyllphenyl}(2,2-
dimethylpropyl)aminol-4-oxobutanoyl}piperidine-4-carboxylic acid ((S)-(aS)-60d)

Compound (9)-(aS)-60d was prepared from (9)-(aS)-57d in a similar manner
described for (S)-(aR)-60a in 36% yield as colorless amorphous.

'H-NMR (CDCls) § 0.92 (9H, s), 0.96 (3H, s), 1.27-1.31 (1H, m), 1.40-1.50 (4H, m),
1.72-1.94 (2H, m), 2.15-2.28 (2H, m), 2.30-2.46 (2H, m), 2.48-2.68 (4H, m), 2.72-2.87
(1H, m), 2.89-3.03 (1H, m), 3.78 (3H, s), 3.84-3.89 (2H, m), 6.20-6.29 (1H, m),
6.32-6.41 (1H, m), 6.83-6.92 (1H, m), 7.03-7.10 (1H, m), 7.25-7.28 (1H, m), 7.32-7.36
(1H, m), 7.42-7.52 (1H, m), 7.75-7.67 (1H, m).

IR (ATR) cm™ 2951, 1726, 1624, 1466, 1392, 1286, 1242, 1182, 1030, 754.

MS (ESD m/z 589 [(M + H)*, 3Cl], 591[(M + H)*, 37Cl].

Anal. Calcd. for Cs:H41CIN207-0.25H20: C, 62.72; H, 7.05; N, 4.72. Found: C, 62.79;
H, 7.15; N, 4.48.

(aR) and (aS)-Ethyl (39)-1-{4-[{4-chloro-2-ethoxy-6-[(S)-hydroxy(2-methoxyphenyl)
methyllphenyl}(2,2-dimethylpropyl)aminol-4-oxobutanoyl}piperidine-3-carboxylate
((9)-(aR)-58d, (9)-(a9)-58d)

[0} Vo o Vo
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Compound (S)-(aR)-58d (74%) and (S)-(aS)-58d (7%) were prepared from (S)-56d in a
similar manner described for (S)-(aR)-57d as colorless amorphous.

(9)-(aR)-58d: 'H-NMR (CDCls) § 0.94 and 0.95 (9H, s), 1.22 and 1.26 (3H, t, J = 7.1
Hz), 1.28-1.82 (2H, m), 1.46 (3H, t, J = 7.0 Hz), 2.00-2.36 (3.5H, m), 2.42-2.44 (2H,
m), 2.77-2.87 (0.5H, m), 2.96-3.22 (2H, m), 3.26-3.33 (2H, m), 3.70 (3H, s), 3.72-3.84
(1H, m), 3.96-4.19 (5H, m), 4.42-4.58 (2H, m), 6.11-6.17 (1H, m), 6.36 (1H, d, J = 4.9
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Hz), 6.60-6.63 (1H, m), 6.76-6.78 (1H, m), 6.83-6.87 (1H, m), 7.07-7.12 (1H, m),
7.28-7.33 (1H, m), 7.86-7.91 (1H, m).

IR (ATR) cm'! 3330, 2945, 1660, 1626, 1466, 1392, 1288, 1242, 1178, 1113, 1030, 754.
MS (ESD m/z 617 [(M + H)*, 3Cl], 619[(M + H)*, 37Cl].

Anal. Caled. for C3sH4sCIN207: C, 64.22; H, 7.35; N, 4.54. Found: C, 64.28; H, 7.49; N,
4.35.

(9)-(a9-19d: 'H-NMR (CDCls) § 0.89 (9H, s), 1.18-1.28 (3H, m), 1.28-1.51 (3H, m),
1.43 (3H, t, J = 7.1 Hz), 1.60-1.82 (3H, m), 1.97-2.09 (1H, m), 2.13-2.26 (1H, m),
2.27-2.48 (2H, m), 2.64-2.94 (3H, m), 3.15 (1H, dd, J= 13.7, 10.0 Hz), 3.54-3.79 (1H,
m), 3.83 (3H, s), 3.84 (3H, s), 3.96-4.20 (4H, m), 4.39 (1H, dd, J = 13.4, 4.2 Hz),
4.47-4.57 (1H, m), 6.19-6.25 (1H, m), 6.79-6.90 (3H, m), 6.98-7.07 (1H, m), 7.15-7.25
(1H, m), 7.43-7.37 (1H, m).

IR (ATR) em™ 3317, 2935, 1728, 1660, 1626, 1475, 1529, 1219, 1176, 1032, 1003, 760.
MS (ESD m/z 617 [(M + H)*, 3Cl], 619[(M + H)+, 37Cl].

Anal. Caled. for CssH4sCIN207: C, 64.22; H, 7.35; N, 4.54. Found: C, 64.11; H, 7.42; N,
4.44.

(aR)-(35)-1-{4-[{4-Chloro-2-ethoxy-6-[(S)-hydroxy(2-methoxyphenyl)methyllphenyl}
(2,2-dimethylpropyl)amino]-4-oxobutanoyl}piperidine-3-carboxylic acid

((9-(aR)-61d)
(Lo Df
cl on >N
L
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Compound (S)-(aR)-61d was prepared from (S)-(aR)-58d in a similar manner
described for (S)-(aR)-60a in 87% yield as colorless amorphous.

TH-NMR (CDCl3) § 0.93 (9H, s), 1.22-1.31 (1H, m), 1.43-1.49 (3H, m), 1.59-1.84 (2H,
m), 1.94-2.66 (7H, m), 2.86-3.52 (3H, m), 3.70 (3H, s), 3.71-3.90 (1H, m), 3.94-4.14
(3H, m), 4.43-4.53 (2H, m), 6.13 (1H, d, J = 6.1 Hz), 6.64 (1H, d, J = 2.2 H2),
6.75-6.79 (1H, m), 6.81-6.88 (1H, m), 7.05-7.12 (1H, m), 7.27-7.34 (1H, m), 7.87-7.81
(1H, m).
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IR (ATR) cm! 2951, 1728, 1622, 1466, 1392, 1286, 1241, 1180, 1030, 754.

MS (ESD m/z 589 [(M + H)+, 35Cl], 591[(M + H)+, 37Cl].

Anal. Caled. for C3:Ha1CIN207: C, 63.20; H, 7.01; N, 4.76. Found: C, 62.91; H, 7.20; N,
4.58.

(a9)-(39)-1-{4-[{4-Chloro-2-ethoxy-6-[(S)-hydroxy(2-methoxyphenyl)methyl]phenyl}
(2,2-dimethylpropyl)amino]-4-oxobutanoyl}piperidine-3-carboxylic acid
((9-(a9-614).

Compound (9)-(aS)-61d was prepared from (S9)-(a9-58d in a similar manner
described for (S)-(aR)-60a in 93% yield as colorless amorphous.

TH-NMR (CDCIs) § 0.89 (9H, s), 1.35-1.46 (4H, m), 1.59-1.89 (3H, m), 1.98-2.12 (1H,
m), 2.14-2.27 (1H, m), 2.29-2.49 (2H, m), 2.71-3.02 (3H, m), 3.09-3.28 (1H, m),
3.44-3.63 (1H, m), 3.83 (3H, s), 3.96-4.13 (2H, m), 4.30-4.44 (1H, m), 6.21 (1H, s),
6.81-6.90 (3H, m), 6.98-7.08 (1H, m), 7.24-7.16 (1H, m), 7.41 (1H, d, J= 2.0 Hz).

IR (ATR) cm! 2954, 1724, 1618, 1464, 1392, 1286, 1242, 1111, 1039, 754.

MS (ESD m/z 589 [((M + H)*, 35Cl], 591[(M + H)*, 37Cl].

Anal. Caled. for C3:H41CIN207: C, 63.20; H, 7.01; N, 4.76. Found: C, 63.09; H, 7.16; N,
4.63.

N-[4-Chloro-2-(propan-2-yloxy)phenyll-2,2-dimethylpropanamide (49e)
Cl
0
eah

To a stirred solution of 49j (4.01 g, 17.6 mmol) in tetrahydrofuran (200 mL) at 0 °C,
2-propanol (2.02 ml, 26.4 mmol) and triphenylphosphine (6.92 g, 26.4 mmol) was
added, followed by a drop in diethyl azodicarboxylate (40% in toluene, 11.5 g, 26.4

mmol). After 2 h, a saturated aqueous solution of ammonium chloride was added
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and the mixture was extracted with AcOEt. The extract was washed with brine,
dried over Na2SO4, and then concentrated in vacuo. The residue was purified by
silica gel column chromatography (AcOEt : n-hexane = 1: 10) to give compound 49e
(4.40 g, 16.3 mmol, 93%) as a pale yellow oil.

'H-NMR (CDCls) 6§ 1.31 (9H, s), 1.39 (6H, d, J = 6.1 Hz), 4.52-4.59 (1H, m), 6.86 (1H,
d, J=2.2 Hz), 6.92 (1H, dd, J= 8.8, 2.2 Hz), 8.13 (1H, s), 8.36 (1H, dd, J = 13.4, 8.8
Hz).

IR (ATR) cm’! 3428, 2976, 1684, 1595, 1508, 1479, 1408, 1246, 1119, 962, 819, 586.
MS (ESD m/z 270 [(M + H)*, 35Cl], 272 [(M + H)*, 37Cl].

N-{4-Chloro-2-[hydroxy(2-methoxyphenyl)methyl]-6-(propan-2-yloxy)phenyl}-2,2-
dimethylpropanamide (52¢)

g
Cl
O OH
NH

TP
Compound 52e was prepared in a similar manner described for 52a in 40% yield as
colorless crystal.
ITH-NMR (CDCls) § 1.31 (9H, s), 1.34 (6H, dd, J = 23.4, 11.7 Hz), 4.49-4.52 (2H, m),
5.97 (1H, d, J = 3.4 Hz), 6.78 (1H, s), 6.81 (1H, d, J = 7.3 Hz), 7.01-7.04 (1H, m),
7.23-7.26 (3H, m), 7.60-7.62 (1H, m).
IR (ATR) cm™ 3523, 2972, 1670, 1585, 1491, 1319, 1111, 1047, 1014, 831, 754.
MS (ESI) m/z 404 (M - H).

{5-Chloro-2-[(2,2-dimethylpropyl)amino]-3-(propan-2-yloxy)phenyl}(2-methoxy-
phenyl)methanol (53¢)
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Compound 53e was prepared in a similar manner described for 5§3a in 37% yield as
colorless oil.

TH-NMR (CDCls) § 0.99 (9H, s), 1.35 (6H, dd, J = 5.5, 2.7 Hz), 2.63 (1H, d, J = 11.0
Hz), 2.76 (1H, d, J=11.0 Hz), 3.83 (3H, s), 4.48-4.57 (1H, m), 6.33 (1H, s), 6.48 (1H,
d, J=2.2 Hz), 6.75 (1H, d, J= 2.2 Hz), 6.92 (1H, d, J= 8.3 Hz), 6.98 (1H, t, J = 7.4
Hz), 7.29 (1H, td, J=15.3, 7.6 Hz), 7.35 (1H, dd, J= 7.4, 1.6 Hz).

IR (ATR) cm' 2952, 1587, 1464, 1240, 1113, 1028, 752.

MS (ESD m/z 392 M + H)*.

(S)-{5-Chloro-2-[(2,2-dimethylpropyl)amino]-3-(propan-2-yloxy)phenyl}(2-methoxy-
phenyl)methanol (54¢)

Compound (S)-54e was separated in a similar manner described for (S)-54a using

HPLC with a CHIRALCEL OD as colorless crystal.

Methyl  4-[{4-chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyl]-6-(propan-2-yloxy)
phenyl}(2,2-dimethylpropyl)aminol-4-oxobutanoate ((S)-55e)

Compound (S)-55e was prepared in a similar manner described for (S)-55a in 99%
yield as colorless amorphous.

TH-NMR (CDCls) 6 (0.90) 0.91 (9H, s), 1.37-1.44 (6H, m), 2.16-2.38 (2H, m), 2.51-2.66
(1H, m), 2.88-3.00 (1H, m), 3.05 (1H, d, J = 13.7 Hz), (3.56) 3.67 (3H, s), 3.74 (3H, s),
3.83 (1H, s), 4.42 (1H, d, J = 13.2 Hz), 4.55-4.66 (1H, m), 4.70 (1H, d, J = 5.1 H2),
6.09 (6.24-6.28) (1H, d , J = 5.4 Hz (and m)), 6.69 (1H, d, J = 2.2 Hz), 6.79 and 6.82
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(1H, d, J= 2.5 Hz), 6.84-6.93 (1H, m), 7.03-7.09 (1H, m), 7.20-7.25 (1H, m), 7.29-7.35
(1H, m), 7.41-7.44 (1H, m), 7.65-7.70 (1H, m).

IR (ATR) cm™ 3410, 2951, 1736, 1645, 1466, 1284, 1238, 1163, 1113, 1020, 754.

MS (ESI) m/z 488 (M - OH)*, 506 (M + H)*.

4-[{4-Chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyl]-6-(propan-2-yloxy)phenyl}
(2,2-dimethylpropyl)amino]-4-oxobutanoic acid ((S)-56e)

L,
0O

c O I)OH
- k %

Compound (S)-56e was prepared in a similar manner described for (S)-56a in 93%

yield as colorless amorphous.

TH-NMR (CDCls) & (0.87) 0.92 (9H, s), 1.27-1.66 (2H, m), 1.36-1.43 (6H, m), 2.31-2.62

(3H, m), 2.72-2.83 (1H, m), 2.86 (1H, d, J= 13.5 Hz), 3.78 (3.84) (3H, s), 4.36 (1H, d,

J=13.5 Hz), 4.54-4.67 (1H, m), 6.04 (1H, s), 6.75 (1H, d, J= 2.2 Hz), 6.83 (1H, d, J =

2.7 Hz), 6.90 (1H, d, J = 7.2 Hz), 6.99-7.05 (1H, m), 7.29-7.36 (1H, m), 7.39-7.45

(7.55-7.50) (1H, m).

IR (ATR) cm'! 2949, 1712, 1637, 1581, 1464, 1389, 1284, 1240, 1174, 1113, 1022, 754.

MS (ESD) m/z 492 (M + H)*. MS (ESD) m/z 490 (M - H) ".

(aR)-Ethyl (39-1-{4-[{4-chloro-2-[(9)-hydroxy(2-methoxyphenyl)methyl]-6-(propan-
2-yloxy)phenyl}(2,2-dimethylpropyl)amino]-4-oxobutanoyl} piperidine-3-carboxylate

((9)-(aR)-58¢)
QL
oK

Compound (9)-(aR)-58¢ was prepared from (S)-56e in a similar manner described

for (S)-(aR)-57d in 68% yield as colorless amorphous.
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ITH-NMR (CDCIs) § 0.95 and 0.96 (9H, s), 1.19-1.33 (2H, m), 1.26 (8H, t, J= 7.3 H2),
1.36-1.42 (6H, m), 1.57-1.81 (2H, m), 2.01-2.36 (4H, m), 2.42-2.67 (2H, m), 2.83
(0.5H, dd, J=13.1, 10.6 Hz), 2.96-3.22 (2H, m), 3.29 (1H, dd, J = 13.4, 7.3 Hz), 3.71
(3H, s), 3.73-3.82 (0.5H, m), 4.01-4.19 (2H, m), 4.42-4.64 (3H, m), 6.13 (1H, t, J=5.1
Hz), 6.34 (1H, d, J= 5.1 Hz), 6.59 (1H, t, J= 2.3 Hz), 6.72-6.76 (1H, m), 6.85 (1H, d, J
= 7.8 Hz), 7.09 (1H, t, J = 7.6 Hz), 7.27-7.33 (1H, m), 7.91-7.83 (1H, m).

IR (ATR) cm'! 3350, 2941, 1728, 1660, 1626, 1464, 1286, 1242, 1178, 1115, 1018, 754.
MS (ESD m/z 613 (M - OH)*, 631 (M + H)*.

Anal. Caled. for C34H47CIN207: C, 64.70; H, 7.51; N, 4.44. Found: C, 64.78; H, 7.69; N,
4.22.

(aR)-(39)-1-{4-[{4-Chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyl]-6-(propan-2-
yloxy)phenyl}(2,2-dimethylpropyl)aminol-4-oxobutanoyl}piperidine-3-carboxylic

acid ((9)-(aR)-61e)
(Lo Df
SOa
oK

Compound (S)-(aR)-6le was prepared from (S9)-(aR)-58¢ in a similar manner
described for (S)-(aR)-60d in 99% yield as colorless amorphous.

IH-NMR (CDCls) § 0.94 and 0.95 (9H, s), 1.36-1.43 (6H, m), 1.58-1.82 (2H, m),
1.96-2.43 (3H, m), 2.51-2.67 (2H, m), 2.73-2.88 (1H, m), 2.94-3.37 (3H, m), 3.70 and
3.71 (3H, s), 3.74-3.86 (1H, m), 3.93 (0.5H, dd, J = 13.4, 3.2 Hz), 4.11-4.23 (0.5H, m),
4.42-4.51 (1H, m), 4.53-4.64 (2H, m), 6.12 (1H, d, J= 7.8 Hz), 6.60 (1H, d, J= 2.5 Hz),
6.73-6.76 (1H, m), 6.84 (1H, t, J = 7.8 Hz), 7.03-7.11 (1H, m), 7.25-7.33 (1H, m),
7.87-7.79 (1H, m).

IR (ATR) cm' 2947, 1728, 1624, 1464, 1410, 1284, 1242, 1180, 1115, 1009, 754.

MS (ESI) m/z 585 (M - OH)*, 603 (M + H)*.

Anal. Caled. for C32H43CIN207: C, 63.72; H, 7.19; N, 4.64. Found: C, 63.79; H, 7.51; N,
4.43.
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N-{2-[3-(Benzyloxy)propoxyl-4-chlorophenyl}-2,2-dimethylpropanamide (49k)

L

Compound 49k was prepared from 49j in a similar manner described for 49e in 89%
yield as pale yellow oil.

TH-NMR (CDCl») & 1.25 (9H, s), 2.10-2.17 (2H, m), 3.62-3.67 (2H, m), 4.13-4.18 (2H,
m), 4.53 (2H, s), 6.86 (1H, d, J= 2.2 Hz), 6.93 (1H, dd, J= 8.8, 2.2 Hz), 7.27-7.34 (5H,
m), 7.99 (1H, br), 8.33 (1H, d, J= 8.8 Hz).

IR (ATR) cm! 3444, 2958, 2868, 1684, 1567, 1512, 1412, 1248, 1117, 922, 812, 735.
MS (ESD m/z 376 (M + H)*.

N-[4-Chloro-2-(3-hydroxypropoxy)phenyl]-2,2-dimethylpropanamide (49f)

ene

HO__~_ O
A solution of 49k (4.76 g, 12.7 mmol) and 10% palladium on carbon (50% water, 650
mg) in AcOEt (120 ml) was hydrogenated for 7 h. The reaction mixture was filtrated
and concentrated in vacuo to give 49f (3.16 g, 11.1 mmol, 87%) as colorless crystal.
TH-NMR (CDCls) § 1.31 (9H, s), 2.07-2.14 (2H, m), 3.88 (2H, q, J= 5.6 Hz), 4.16-4.20
(2H, m), 6.88 (1H, d, J= 2.2 Hz), 6.94 (1H, dd, J = 8.6, 2.2 Hz), 8.05 (1H, br s), 8.32
(1H, d, J= 8.6 Hz).

IR (ATR) cm™* 3431, 3342, 2964, 1658, 1601, 1514, 1392, 1255, 1061, 1020, 839, 588.
MS (ESD m/z 286 (M + H)*.

N-{4-Chloro-2-[hydroxy(2-methoxyphenyl)methyl]l-6-(3-hydroxypropoxy)phenyl}-
2,2-dimethylpropanamide (52f)
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Compound 52f was prepared from 49f in a similar manner described for 52a, using
3.5eq sec-butyl lithium, in 43% yield as colorless needle crystal.

TH-NMR (CDCls) § 1.18 (9H, s), 1.97-2.04 (2H, m), 2.63 (1H, t, J = 6.2 Hz), 3.78-3.83
(2H, m), 3.82 (3H, s), 4.07-4.09 (1H, m), 4.16 (2H, t, J = 5.9 Hz), 5.96-5.99 (1H, m),
6.81 (1H, d, J=2.2 Hz), 6.87-7.01 (3H, m), 7.18-7.24 (1H, m), 7.27-7.33 (1H, m), 7.77
(1H, br s).

IR (ATR) cm™! 3367, 2960, 1653, 1587, 1489, 1234, 1034, 833, 756.

MS (ESD m/z 404 [(M - OH)*, 3Cll, 406 [(M - OH)*, *'Cl].

3-{5-Chloro-2-[(2,2-dimethylpropyl)amino]-3-[hydroxy(2-methoxyphenyl)methyl]
phenoxy}propan-1-ol (53f)

cl
O NHOH
HO__~_0 H<
Compound 53f was prepared in a similar manner described for 53a in quantitative
yield as colorless oil.

'H-NMR (CDCls) § 0.97 (9H, s), 2.04-2.11 (2H, m), 2.69 (1H, d, J=11.3 Hz), 2.77 (1H,
d, J=11.0 Hz), 3.82-3.90 (2H, m), 3.84 (3H, s), 4.07-4.17 (2H, m), 6.29 (1H, s), 6.59
(1H, d, J=2.2 Hz), 6.80 (1H, d, J= 2.5 Hz), 6.90-7.01 (2H, m), 7.27-7.39 (2H, m).

IR (ATR) cm'! 3338, 2951, 1587, 1462, 1240, 1028, 889, 831, 752.

MS (ESD m/z 408 (M + H)*.

3-{5-Chloro-2-[(2,2-dimethylpropyl)amino]-3-[(S)-hydroxy(2-methoxyphenyl)methyl]
phenoxy}propan-1-ol ((S)-54f)

HO _~_0©

cl
O or
’\q<

Compound (9)-54f was separated in a similar manner described for (S)-54a using by

HPLC with a CHIRALCEL OD as colorless needle crystal.

147



Methyl 4-[{4-chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyl]-6-(3-hydroxypropoxy)
phenyl}(2,2-dimethylpropyl)amino]-4-oxobutanoate ((S)-55f)

g%
Cl OO\
se s
N—¢

HO _~_0© °

/

Compound (9)-55f was prepared in a similar manner described for (S)-55a in
quantitative yield as colorless amorphous.

TH-NMR (CDCls) & 0.87 (0.89) (9H, s), 1.83 (1H, t, J = 4.8 Hz), 2.01-2.23 (2H, m),
2.24-2.45 (2H, m), 2.48-2.65 (2H, m), 2.75-2.86 (1H, m), 2.99 (1H, d, J = 13.7 H2),
(3.60) 3.68 (3H, s), 3.76 (3.82) (3H, s), 3.80-3.93 (2H, m), 4.04-4.14 (1H, m), 4.15-4.24
(1H, m), 4.34-4.42 (2H, m), 6.08 (6.29) (1H, d, J= 4.9 Hz), 6.78 (1H, d, J = 2.2 Hz),
6.84-6.94 (2H, m), 6.99-7.11 (1H, m), 7.29-7.35 (1H, m), (7.47-7.51) 7.60-7.55 (1H, m).
IR (ATR) cm™! 3423, 2952, 1736, 1643, 1579, 1464, 1286, 1238, 1165, 1026, 754.

MS (ESI) m/z 504 (M - OH)*, 522 (M + H)*.

4-[{4-Chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyl]-6-(3-hydroxypropoxy)phenyl}
(2,2-dimethylpropyl)amino]-4-oxobutanoic acid ((S)-56f)

2,
Cl OO\
Saoa
N

A\N
Ho\/\/o o

Compound (9)-56f was prepared in a similar manner described for (S)-55a in 99%
yield as colorless amorphous.

TH-NMR (CDCls) § 0.84 (0.89) (9H, s), 1.98-2.23 (2H, m), 2.38-2.70 (4H, m), 2.85
(2.96) (1H, d, J = 13.7 Hz), 3.74-3.90 (3H, m), 3.78 (3.83) (3H, s), 4.04-4.24 (2H, m),
4.32 (1H, d, J=13.7 Hz), 4.36 (1H, d, J= 13.2 Hz), 6.03 (6.31) (1H, s), 6.84 (1H, dd, J
= 13.4, 3.6 Hz), 6.87-6.94 (2H, m), 6.99-7.05 (7.05-7.09) (1H, m), 7.29-7.37 (1H, m),
7.39 (7.55) (1H, dd, J = 7.6, 1.5 Hz).

IR (ATR) cm™ 3381, 2951, 1712, 1637, 1464, 1392, 1286, 1240, 1174, 1026, 754.
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MS (ESI) m/z 490 (M - OH)+, 508 (M + H)+ MS (ESID) m/z 506 (M - H)*.

Ethyl  (89)-1-{4-[{4-chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyl]-6-(3-hydroxy-
propoxy)phenyl}(2,2-dimethylpropyl)amino]-4-oxobutanoyl}piperidine-3-carboxylate

((9)-58)
06 \/:Og\*oﬁ
)% o

HO _~_0

Compound (9)-58f was prepared from (S)-56f in a similar manner described for
(S)-57a in 88% yield as colorless amorphous.

IH-NMR (CDCls) § 0.91 and 0.93 (9H, s), 1.19-1.33 (5H, m), 1.57-1.82 (2H, m),
1.87-1.94 (1H, m), 1.97-2.15 (3H, m), 2.17-2.41 (2H, m), 2.42-2.61 (1H, m), 2.63-2.88
(1H, m), 2.90-3.09 (1H, m), 3.14-3.28 (1H, m), 3.72 and 3.73 (3H, s), 3.74-3.88 (3H,
m), 3.96-4.23 (4H, m), 4.30-4.59 (2H, m), 5.80 (0.5H, d, J= 5.1 Hz), 5.96 (0.5H, d, J =
5.1 Hz), 6.12 (1H, t, J = 5.5 Hz), 6.68 (1H, dd, J = 12.4, 2.3 Hz), 6.82-6.90 (2H, m),
7.02-7.11 (1H, m), 7.28-7.35 (1H, m), 7.83-7.72 (1H, m).

IR (ATR) cm' 3365, 2951, 1728, 1624, 1464, 1286, 1242, 1180, 1026, 754.

MS (ESI) m/z 629 (M - OH)*, 647 (M + H)*.

Anal. Calcd. for CssH47CIN20s:0.25H20: C, 63.15; H, 7.49; N, 4.21. Found: C, 63.23;
H, 7.74; N, 4.15.

(aR)-(39)-1-{4-[{4-Chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyl]-6-(3-hydroxy-
propoxy)phenyl}(2,2-dimethylpropyl)amino]-4-oxobutanoyl}piperidine-3-carboxylic

acid ((9-611)
SOa
)< 0

HO _~_0© g
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Compound (9)-61f was prepared from (S)-58f in a similar manner described for
(9)-60a in 86% yield containing small amount of minor atropisomer as colorless
amorphous.

'H-NMR (CDCls) 6§ 0.89 and 0.91 (9H, s), 1.22-1.47 (2H, m), 1.55-1.85 (2H, m),
1.92-2.15 (3H, m), 2.22-2.61 (4H, m), 2.90-3.19 (3H, m), 3.43-3.54 (1H, m), 3.72 and
3.74 (3H, ), 3.77-3.95 (4H, m), 4.01-4.12 (1H, m), 4.14-4.25 (1H, m), 4.36-4.48 (1H,
m), 6.10 (1H, d, J=9.8 Hz), 6.71 (1H, d, J= 2.2 Hz), 6.82-6.90 (2H, m), 7.02-7.11 (1H,
m), 7.27-7.35 (1H, m), 7.74-7.64 (1H, m).

IR (ATR) cm'! 3377, 2945, 1720, 1631, 1464, 1284, 1246, 1182, 1030, 752.

MS (ESD m/z601 (M - OH)*, 619 M + H)* MS (ESD m/z617 (M - H)".

Anal. Caled. for C32H43CIN20s-0.75H20: C, 60.75; H, 7.09; N, 4.43. Found: C, 60.44;
H, 6.72; N, 4.41.

3-Hydroxy-3-methylbutyl methanesulfonate

Howos 'Sg
3-Methyl-1,3-butandiol (3.83 g, 36.8 mmol) was dissolved in CH:Cl: (150 ml).
Triethylamine (6.66 ml, 47.8 mmol) and methanesulfonyl chloride (3.13 ml, 40.5
mmol) were added to the ice-cooled solution, and stirred for 7.5h at room
temperature. Water (100 ml) was added, and the organic layer was separated. The
aqueous layer was extracted with CH2Cl:. Then, combined organic layer was
washed with brine, and dried over Na2SO4. The solvent was removed in a reduced
presser to give title compound (4.79 g, 26.3 mmol, 72%) as colorless oil.
IH-NMR (CDCls) 6 1.30 (6H, s), 1.96 (2H, t, J= 6.8 Hz), 3.02 (3H, s), 4.42 2H, t, J =
6.8 Hz).

N-[4-Chloro-2-(3-hydroxy-3-methylbutoxy)phenyll-2,2-dimethylpropanamide (49g)
Cl o
: ‘N)H<
HO o H
K

Compound 49j (4.60 g, 20.2 mmol) was dissolved in DMF (50 ml). To the solution,
3-hydroxy-3-methylbutyl methanesulfonate (4.79 g, 26.3 mmol) and sodium
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carbonate (8.38 g, 60.7 mmol) were added, and stirred at 60 °C for 6h. The solvent
was removed in vacuo, and the residue was diluted in AcOEt (100 ml) and water (80
ml). The layers were separated, and the aqueous layer was extracted with AcOEt.
Combined organic layer was washed with brine, and dried over Na2SO4. The solvent
was removed in a reduced presser, and the residue was purified by silica gel column
chromatography (AcOEt : n-hexane=1:4—1:3) to give compound 49g (5.73 g, 18.3
mmol, 90%) as colorless oil.

'H-NMR (CDCls) § 1.30 (9H, s), 1.35 (6H, s), 2.03 (2H, t, J = 6.6 Hz), 4.21 @H, t, J =
6.6 Hz), 6.89 (1H, d, J= 2.2 Hz), 6.94 (1H, dd, J= 8.7, 2.2 Hz), 8.04 (1H, s), 8.34 (1H,
d, J= 8.7 Hz).

N-{4-Chloro-2-[hydroxy(2-methoxyphenyl)methyll-6-(3-hydroxy-3-methylbutoxy)
phenyl}-2,2-dimethylpropanamide (52g)

g O/
c O OH
NH
HO 0 /)W<
0o

Compound 52g was prepared from 49g in a similar manner described for 52f in 80%
yield as colorless amorphous.

'H-NMR (CDCls) § 1.23 (9H, s), 1.30 (3H, s), 1.31 (3H, s), 1.98 (2H, td, J = 6.3, 1.9
Hz), 2.32 (1H, s), 3.76 (3H, s), 4.15-4.22 (3H, m), 5.97 (1H, d, J= 3.4 Hz), 6.81 (1H, d,
J=2.2Hz), 6.86 (1H, d, J= 8.3 Hz), 6.88 (1H, d, J=2.2 Hz), 6.98 (1H, td, J= 7.5, 1.1
Hz), 7.25-7.30 (1H, m), 7.36 (1H, dd, J= 7.5, 1.1 Hz), 7.55 (1H, s).

4-{5-Chloro-2-[(2,2-dimethylpropyl)amino]-3-[hydroxy(2-methoxyphenyl)methyl]
phenoxy}-2-methylbutan-2-ol (53g)

‘ O/

O OH
NH
HO7<\/O H<

Cl
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Compound 53g was prepared in a similar manner described for 53a in 92% yield as
colorless amorphous.

TH-NMR (CDCls) § 0.97 (9H, s), 1.33 (6H, s), 2.02 (2H, t, J= 6.6 Hz), 2.69 (1H, d, J =
11.3 Hz), 2.76 (1H, d, J= 11.3 Hz), 3.84 (3H, s), 4.11-4.20 (2H, m), 4.96 (1H, br), 6.30
(1H, s), 6.58 (1H, d, J=2.2 Hz), 6.81 (1H, d, J= 2.2 Hz), 6.92 (1H, dd, J= 8.6, 1.0 Hz),
6.98 (1H, td, J= 7.6, 1.0 Hz), 7.28-7.33 (2H, m).

IR (ATR) cm™! 3329, 3234, 2956, 1587, 1460, 1240, 1186, 1147, 1016, 833, 756.

MS (ESD m/z 436 (M + H)*.

4-{5-Chloro-2-[(2,2-dimethylpropyl)amino]-3-[(S)-hydroxy(2-methoxyphenyl)methyl]
phenoxy}-2-methylbutan-2-ol ((S)-54g)

Compound (S)-54g was separated in a similar manner described for (S)-54a by using

HPLC with a CHIRALCEL OD as colorless crystal.

Methyl 4-[{4-chloro-2-[(9)-hydroxy(2-methoxyphenyl)methyll-6-(3-hydroxy-3-
methylbutoxy)phenyl}(2,2-dimethylpropyl)aminol-4-oxobutanoate ((S)-55g)

Compound (S)-55g was prepared in a similar manner described for (S)-55a in 98%
yield as colorless amorphous.

TH-NMR (CDCls) § (0.89) 0.89 (9H, s), (1.27) 1.32 (3H, s), (1.31) 1.34 (3H, s),
1.99-2.14 (2H, m), 2.18-2.39 (2H, m), 2.50-2.68 (1H, m), 2.84-2.97 (1H, m), 3.06 (1H,
d, J=13.7 Hz), (3.58) 3.67 (3H, s), 3.74 (3.82) (3H, s), 4.08-4.27 (2H, m), (4.32) 4.41
(1H, d, J=13.5 Hz), 4.68 (1H, d, J= 5.1 Hz), 6.09 (6.26) (1H, d, J= 5.1 Hz), 6.73 (1H,
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d, J = 2.2 Hz), 6.83-6.98 (3H, m), 7.03-7.10 (1H, m), 7.32 (1H, td, J = 7.8, 1.6 Hz),
7.69-7.64 (1H, m).

IR (ATR) ecm' 3423, 2952, 1720, 1643, 1466, 1286, 1238, 1169, 1026, 754.

MS (ESI) m/z 550 (M + H)*.

4-[{4-Chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyl]-6-(3-hydroxy-3-methyl-
butoxy)phenyl}(2,2-dimethylpropyl)amino]-4-oxobutanoic acid ((S)-56g)

L,
%0
cl I jH_}OH
N

o 0 % "o
Compound (S)-56g was prepared in a similar manner described for (S)-56a in 97%
yield as colorless amorphous.
'H-NMR (CDCls) 8 0.85 (0.89) (9H, s), (1.27) 1.31 (3H, s), (1.28) 1.33 (3H, s),
1.84-2.18 (2H, m), 2.31-2.41 (1H, m), 2.42-2.59 (2H, m), 2.68-2.79 (1H, m), 2.88
(2.96) (1H, d, J=13.7 Hz), 3.76 (3.82) (3H, s), 4.07-4.26 (2H, m), 4.34 (4.36) (1H, d, J
= 13.5 Hz), 6.04 (6.30) (1H, s), (6.63) 6.78 (1H, d, J = 2.2 Hz), 6.85-6.94 (2H, m),
6.99-7.07 (1H, m), 7.32 (1H, td, J= 7.8, 1.6 Hz), 7.44 (7.56-7.52) (1H, dd, J= 7.6, 1.5
Hz).
IR (ATR) cm™! 3390, 1712, 1639, 1466, 1392, 1286, 1240, 1171, 1026, 754.
MS (ESD m/z 536 (M + H)*.

Ethyl (39)-1-{4-[{4-chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyl]-6-(3-hydroxy-3-
methylbutoxy)phenyl}(2,2-dimethylpropyl)aminol-4-oxobutanoyl}piperidine-3-

carboxylate ((S)-58g)
g %o
07y, ©
cl ] j'_\fN
N—\
Howo)% o

Compound (S)-58g was prepared from (S)-56g in a similar manner described for

(9)-57a in 81% yield as colorless amorphous.
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ITH-NMR (CDCls) § (0.88 and 0.89) 0.93 and 0.94 (9H, s), (1.22) 1.26 (3H, t, J = 7.4
Hz), 1.32 (3H, s), 1.33 (3H, s), 1.36-1.50 (1H, m), 1.58-1.80 (2H, m), 2.00-2.11 (3H, m),
2.12-2.27 (2H, m), 2.27-2.37 (1H, m), 2.43-2.52 (1H, m), 2.52-2.64 (1H, m), 2.68-2.87
(1H, m), 2.92-3.32 (3H, m), 3.71 (3H, s), (3.73-3.85) 3.99-4.26 (5H, m), 4.39-4.58 (2H,
m), 6.13 (1H, t, J = 5.4 Hz), 6.23 (1H, dd, J = 16.9, 5.1 Hz), 6.62-6.66 (1H, m),
6.82-6.88 (6.90-6.94) (2H, m), (6.99-7.05) 7.05-7.12 (1H, m), 7.30 (1H, td, J= 7.7, 1.6
Hz), (7.39-7.43) 7.88-7.81 (1H, m).

MS (FAB) m/z 675 (M + H)*.

Anal. Caled. for CssHs1CIN20s:0.5H20:0.25n-hexane: C, 63.81; H, 7.93; N, 3.97.
Found: C, 64.01; H, 7.99; N, 3.70.

(aR)-(39)-1-{4-[{4-Chloro-2-[(S)-hydroxy(2-methoxyphenyl)methyl]-6-(3-hydroxy-3-
methylbutoxy)phenyl}(2,2-dimethylpropyl)aminol-4-oxobutanoyl}piperidine-3-

carboxylic acid ((S)-(aR)-61g)
o 3
06 OH
ROG/EA
N—=(
HO7<\/O)<£ 0

Compound (9)-(aR)-61g was prepared from (S)-58g in a similar manner described
for (8)-60a in 89% yield containing small amount of minor atropisomer as colorless
amorphous.

'H-NMR (CDCl») § 0.91 (9H, s), 1.30 and 1.31 (3H, s), 1.32 and 1.33 (3H, s),
1.55-1.84 (2H, m), 1.92-2.15 (4H, m), 2.16-2.32 (2H, m), 2.40-2.63 (4H, m), 2.89-3.02
(1H, m), 3.03-3.25 (3H, m), 3.61-3.69 (0.5H, m), 3.71 (3H, s), 3.87-3.98 (0.5H, m),
4.05-4.30 (3H, m), 4.44 (1H, d, J=13.5 Hz), 6.10 (1H, d, J= 2.9 Hz), 6.66 (1H, dd, J=
6.1, 2.2 Hz), 6.82-6.90 (2H, m), 7.04-7.11 (1H, m), 7.27-7.33 (1H, m), 7.82-7.72 (1H,
m).

IR (ATR) cm™! 3371, 2954, 1712, 1635, 1464, 1408, 1244, 1182, 1028, 752.

MS (FAB) m/z 647 (M + H)*.

Anal. Caled. for C34H47CIN20s-0.25H20: C, 62.66; H, 7.35; N, 4.30. Found: C, 62.49;
H, 7.37; N, 4.14.
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4-Chloro-2-(2,2-dimethylpropoxy)-1-nitrobenzene (51h)

e

o

Compound 51h was prepared from 50 in a similar manner described for 49e in 83%
yield as brown crystal.

'H-NMR (CDCl») 6 1.08 (9H, s), 3.72 (2H, s), 6.98 (1H, dd, J = 8.6, 2.0 Hz), 7.04 (1H,
d, J=2.0 Hz), 7.84 (1H, d, J= 8.8 Hz).

IR (ATR) cm™ 3113, 2952, 1604, 1568, 1512, 1471, 1398, 1335, 1250, 1003, 908, 748.
MS (FAB) m/z 244 [(M + H)*, 35Cl], 246 [(M + H)*, 37Cl].

4-Chloro-2-(2,2-dimethylpropoxy)aniline (48h)

X\QNHZ

o

A solution of 51h (4.76 g, 12.7 mmol) and Raney nickel catalyst (600 mg) in AcOEt
(120 ml) was hydrogenated for 7 h. The reaction mixture was filtrated and
concentrated in vacuo to give 48h (3.16 g, 11.1 mmol, 87%) as colorless crystal.
ITH-NMR (CDCls) § 1.06 (9H, d, J = 1.2 Hz), 3.61 (2H, d, J = 1.0 Hz), 3.76 (2H, br),
6.62 (1H, dd, J= 8.8, 1.2 Hz), 6.71-6.76 (2H, m).

IR (ATR) cm™ 3431, 3342, 2964, 1658, 1601, 1514, 1392, 1255, 1061, 1020, 839, 588.
MS (ESD m/z 286 (M + H)*.

N-[4-Chloro-2-(2,2-dimethylpropoxy)phenyl]-2,2-dimethylpropanamide (49h)

e

Compound 49h was prepared from 48h in a similar manner described for 49a in 66%
yield as pale yellow needle crystal.

TH-NMR (CDCls) § 1.06 (9H, d, J = 1.2 Hz), 3.61 (2H, d, J = 1.0 Hz), 3.76 (2H, br s),
6.62 (1H, dd, J= 8.8, 1.2 Hz), 6.71-6.76 (2H, m).
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IR (ATR) cm'! 3448, 2956, 1693, 1595, 1516, 1475, 1396, 1207, 1018, 924, 806, 579.
MS (ESD m/z 298 (M + H)*.

N-{4-Chloro-2-(2,2-dimethylpropoxy)-6-[hydroxy(2-methoxyphenyl)methyllphenyl}
-2,2-dimethylpropanamide (52h)

Cl
O OH
NH
Lo e
(e}

Compound 52h was prepared from 49h in a similar manner described for 52a in 47%
yield as colorless amorphous.

TH-NMR (CDCls) § 1.05 (9H, s), 1.30 (9H, s), 3.60 (2H, dd, J= 15.4, 8.6 Hz), 3.71 (3H,
s), 4.41 (1H, d, J= 3.2 Hz), 5.96-5.99 (1H, m), 6.79 (1H, dd, J= 4.2, 2.0 Hz), 6.83 (1H,
d, J=7.6 Hz), 7.02 (1H, td, J= 7.6, 0.7 Hz), 7.23-7.29 (1H, m), 7.32 (1H, s), 7.55 (1H,
dd, J=17.6,1.0 Hz).

IR (ATR) cm™ 3371, 2956, 1647, 1591, 1490, 1421, 1240, 1072, 1014, 895, 758.

MS (ESD) m/z 416 (M - OH)*. MS (ESD m/z 432 (M - H)-.

{5-Chloro-3-(2,2-dimethylpropoxy)-2-[(2,2-dimethylpropyl)aminolphenyl}
(2-methoxyphenyl)methanol (53h)

Compound 53h was prepared in a similar manner described for 53a in 50% yield as
colorless powder.

TH-NMR (CDCls) § 1.00 (9H, s), 1.07 (9H, s), 2.76 (2H, s), 3.55-3.73 (2H, m), 3.83 (3H,
s), 5.35 (1H, bs), 6.35 (1H, s), 6.49 (1H, d, J= 2.2 Hz), 6.75 (1H, d, J= 2.2 Hz), 6.93
(1H, d, J= 8.1 Hz), 6.96-7.04 (1H, m), 7.23-7.36 (2H, m).

IR (ATR) cm! 3361, 2954, 1591, 1464, 1236, 1186, 1045, 889, 752.

MS (ESD m/z 420 (M + H)*.
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(9)-{5-Chloro-3-(2,2-dimethylpropoxy)-2-[(2,2-dimethylpropyl)amino]phenyl}
(2-methoxyphenyl)methanol (54h)

Compound (S)-54h was separated in a similar manner described for (S)-54a using

HPLC with a CHIRALCEL OD as colorless crystal.

Methyl 4-[{4-chloro-2-(2,2-dimethylpropoxy)-6-[(S)-hydroxy(2-methoxyphenyl)
methyllphenyl}(2,2-dimethylpropyl)amino]-4-oxobutanoate ((S)-55h)

g
Cl OO\
Yo
N—

x% o

/

Compound (S)-55h was prepared in a similar manner described for (§)-55a in
quantitative yield as colorless amorphous.

IH-NMR (CDCls) § 0.92 (9H, s), 1.08 (9H, s), 2.21-2.37 (2H, m), 2.55-2.65 (1H, m),
2.87-2.97 (1H, m), 3.10 (1H, d, J= 13.5 Hz), 3.57 (1H, d, J= 8.6 Hz), 3.67 (3H, d, J =
1.0 Hz), 3.75-3.75 (1H, m), 3.75 (3H, d, J = 0.7 Hz), 4.36 (1H, d, J = 13.7 Hz), 4.64
(1H, d, J=5.1 Hz), 5.30 (1H, d, J= 1.2 Hz), 6.09 (1H, d, J= 5.1 Hz), 6.75-6.77 (1H,
m), 6.86-6.94 (2H, m), 7.06 (1H, t, J= 7.5 Hz), 7.32 (1H, t, J= 7.6 Hz), 7.65 (1H, d, J
=17.4 Hz).

IR (ATR) cm'! 3415, 2952, 1736, 1647, 1577, 1464, 1286, 1238, 1171, 1026, 754.

(aR)-4-[{4-Chloro-2-(2,2-dimethylpropoxy)-6-[(S)-hydroxy(2-methoxyphenyl)methyl]
phenyl}(2,2-dimethylpropyl)amino]-4-oxobutanoic acid ((S)-(aR)-56h)
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Compound (S)-(aR)-56h was prepared in a similar manner described for (S)-56a in
87% yield as colorless amorphous.

IH-NMR (CDCls) § 0.88 (9H, s), 1.07 (9H, s), 2.28-2.47 (2H, m), 2.55-2.66 (1H, m),
2.73-2.83 (1H, m), 2.93 (1H, d, J=13.5 Hz), 3.57 (1H, d, J= 8.6 Hz), 3.76 (1H, d, J=
7.8 Hz), 3.77 (3H, s), 4.29 (1H, d, J = 13.5 Hz), 6.05 (1H, s), 6.81 (1H, d, J = 2.2 Hz),
6.87-6.93 (2H, m), 7.05-6.98 (1H, m), 7.35-7.29 (1H, m), 7.40 (1H, dd, J = 7.5, 1.3
Hz).

IR (ATR) cm! 2954, 1712, 1641, 1464, 1402, 1286, 1240, 1186, 1055, 1026, 754.

MS (ESI) m/z502 (M - OH)*, 520 [(M + H)*, 542 [(M + Na)*,

(aR)-Ethyl (89)-1-{4-[{4-chloro-2-(2,2-dimethylpropoxy)-6-[(S)-hydroxy(2-methoxy-
phenyl)methyllphenyl}(2,2-dimethylpropyl)amino]-4-oxobutanoyl}piperidine-3-

carboxylate ((9)-(aR)-58h)
el
Cl OH ANy
O N I%
o)l

Compound (9)-(aR)-58h was prepared from (S)-(aR)-56h in a similar manner
described for (S)-57a in 92% yield as colorless amorphous.

TH-NMR (CDCls) § 0.96 and 0.97 (9H, s), 1.08 (9H, s), 1.22 and 1.26 (3H, t, J= 7.4
Hz), 1.28-1.41 (2H, m), 1.58-1.84 (2H, m), 1.99-2.37 (3H, m), 2.43-2.69 (2H, m),
2.79-3.25 (2H, m), 3.32 (1H, dd, J = 13.4, 4.5 Hz), 3.55 (1H, d, J= 8.8 Hz), 3.70 (3H,
s), 3.75 (2H, d, J = 8.8 Hz), 3.98-4.05 (1H, m), 4.06-4.19 (4H, m), 4.45 (1H, dd, J =
138.5, 3.7 Hz), 4.49-4.58 (OH, m), 6.09-6.16 (6.22-6.30) (1H, m), 6.26 (1H, dd, J= 13.5,
5.4 Hz), 6.66 (1H, d, J= 2.2 Hz), 6.82-6.89 (2H, m), 7.08 (1H, t, J= 7.5 Hz), 7.33-7.27
(1H, m), 7.86 (1H, d, J = 7.4 Hz).

IR (ATR) cm' 3354, 2954, 1728, 1662, 1630, 1464, 1288, 1244, 1180, 1026, 756.
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MS (FAB) m/z 659 (M + H)*, 681 (M + Na)*.

(aR)-(39)-1-{4-[{4-Chloro-2-(2,2-dimethylpropoxy)-6-[(S)-hydroxy(2-methoxyphenyl)
methyllphenyl}(2,2-dimethylpropyl)aminol-4-oxobutanoyl}piperidine-3-carboxylic

acid ((9)-(aR)-61h)
(Lo 5
Sava
o)

Compound (8)-(aR)-61h was prepared from (S)-(aR)-58h in a similar manner
described for (S)-60a in 90% yield as colorless amorphous.

TH-NMR (CDCls) § 0.95 and 0.96 (9H, s), 1.08 (9H, s), 1.22-1.44 (2H, m), 1.59-1.82
(2H, m), 1.96-2.28 (3H, m), 2.36-2.67 (2H, m), 2.84-3.20 (3H, m), 3.27 (1H, dd, J =
13.5, 4.0 Hz), 3.33-3.44 (0.5H, m), 3.56 (1H, dd, J= 8.5, 1.7 Hz), 3.70 and 3.71 (3H, s),
3.75 (1H, d, J = 8.5 Hz), 3.86-3.95 (0.5H, m), 4.06-4.15 (0.5H, m), 4.43 (1H, dd, J =
13.5, 10.1 Hz), 4.47-4.55 (0.5H, m), 6.11 (1H, d, J = 5.1 Hz), 6.67-6.71 (1H, m),
6.82-6.88 (2H, m), 7.03-7.11 (1H, m), 7.34-7.27 (1H, m), 7.80 (1H, d, J= 7.8 Hz).

IR (ATR) cm'® 2954, 1728, 1624, 1464, 1402, 1244, 1026, 754.

MS (FAB) m/z 631 (M + H)*, 653 (M + Na)*.

Anal. Caled. for CssH47CIN207-0.5H20: C, 63.79; H, 7.56; N, 4.38. Found: C, 63.97; H,
7.23; N, 4.29.

3-{[tert-Butyl(dimethyl)silylloxy}-2,2-dimethylpropan-1-ol

HO\></OTBS

2,2-Dimethyl-1,3-propandiol (1.60 g, 15.4 mmol) was dissolved in CH2Clz (150 ml).
To the ice-cooled solution, imidazole (2.55 g, 16.9 mmol) and tert-butyldimethylsilyl
chloride (1.36 g, 20.0 mmol) were added, and stirred at room temperature for 1h.
Water (40 ml) was added, and the layers were separated, and the aqueous layer was
extracted with CH2Clz. The combined organic layer was washed with brine, dried

over Na2S04. The solvent was removed in a reduced presser, and the residue was
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purified by silica gel column chromatography (AcOEt : n-hexane = 1 : 9) to give title
compound (2.57 g, 11.8 mmol, 77%) as colorless oil.

IH-NMR (CDCls) § 0.07 (6H, s), 0.89 (6H, s), 0.90 (9H, s), 2.85 (1H, t, J = 5.9 Hz),
3.46-3.48 (4H, m).

IR (ATR) cm'! 3415, 2954, 2858, 1471, 1252, 1093, 1045, 833, 773.

MS (ESD m/z219 (M + H)*.

tert-Butyl [3-(5-chloro-2-nitrophenoxy)-2,2-dimethylpropoxyldimethylsilane (511)

Cl

mso_ ¥ _ o

Compound 511 was prepared from 50 in a similar manner described for 49e in 97%

NO,

yield as colorless oil.

TH-NMR (CDCls) § 0.02 (6H, s), 0.87 (9H, s), 1.02 (6H, s), 3.48 (2H, s), 3.85 (2H, s),
6.99 (1H, dd, J= 8.8, 2.0 Hz), 7.09 (1H, d, J = 2.0 Hz), 7.86 (1H, d, J= 8.6 Hz).

IR (ATR) cm' 2954 1604, 1522, 1342, 1259, 1093, 1022, 835, 773.

MS (FAB) m/z 374 (M + H)".

2-(3-{[tert-Butyl(dimethyl)silylloxy}-2,2-dimethylpropoxy)-4-chloroaniline (481)
Cl

NH

s
Compound 48l was prepared from 511 in a similar manner described for 48h in 99%
yield as pale yellow oil.

IH-NMR (CDCls) § 0.01 (6H, s), 0.88 (9H, s), 1.00 (6H, s), 3.45 (2H, s), 3.72 (2H, s),
3.75 (2H, br), 6.61 (1H, d, J= 7.8 Hz), 6.74 (1H, dd, J= 7.8, 2.2 Hz), 6.77 (1H, d, J =
2.2 Hz).

IR (ATR) cm'! 2954, 2856, 1614, 1504, 1462, 1223, 1092, 833, 773.

MS (ESD m/z 344 (M + H)".

N-[2-(8-{[tert-Butyl(dimethyl)silylloxy}-2,2-dimethylpropoxy)-4-chlorophenyl]-2,2-
dimethylpropanamide (491)
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Compound 491 was prepared from 48l in a similar manner described for 49a in 94%
yield as pale red oil.

TH-NMR (CDCls) § 0.01 (6H, s), 0.87 (9H, s), 1.02 (6H, s), 1.32 (9H, s), 3.46 (2H, s),
3.78 (2H, s), 6.85 (1H, d, J= 2.2 Hz), 6.92 (1H, dd, J= 8.8, 2.2 Hz), 8.07 (1H, s), 8.35
(1H, d, J= 8.5 Hz).

IR (ATR) cm™! 2956, 1687, 1597, 1512, 1396, 1248, 1093, 833, 773.

MS (ESD m/z 428 (M + H)*.

N-[4-Chloro-2-(3-hydroxy-2,2-dimethylpropoxy)phenyl]-2,2-dimethylpropanamide

(49i)
CIQHJ*

HO\></O
Tetrabutylanmonium fluoride (1.00 mol/l in THF, 6.46 ml, 6.46 mmol) was added to
ice-cooled THF (45 ml) solution of compound 491 (2.30 g, 5.38 mmol), the mixture
was stirred and gradually warmed to room temperature for 2h. The solution was
removed in vacuo, the residue was diluted with water and AcOEt, and the layers
were separated. The aqueous layer was extracted with AcOEt, and the combined
organic layer was washed with brine, dried over Na2SO4. The solvent was removed
in a reduced presser to give compound 49i (1.63 g, 5.1 mmol, 96%) as colorless oil.
TH-NMR (CDCls) § 1.08 (6H, s), 1.32 (9H, s), 3.52-3.58 (2H, m), 3.83 (2H, s), 6.88 (1H,
d, J=2.2 Hz), 6.94 (1H, dd, J= 8.6, 2.2 Hz), 8.04 (1H, s), 8.32 (1H, d, J = 8.8 Hz).
IR (ATR) cm™! 3481, 2960, 1660, 1593, 1523, 1402, 1032, 926, 798, 613.
MS (ESD m/z 314 (M + H)*.

N-{4-Chloro-2-(3-hydroxy-2,2-dimethylpropoxy)-6-[hydroxy(2-methoxyphenyl)
methyl] phenyl}-2,2-dimethylpropanamide (52i)
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Compound 52i was prepared in a similar manner described for 52f in 88% yield as
colorless amorphous.

IH-NMR (CDCls) § 0.97 (8H, s), 0.99 (3H, s), 1.15 (9H, s), 3.03 (1H, t, J = 6.9 Hz),
3.37(1H, dd, J=11.0, 6.6 Hz), 3.46 (1H, dd, J=11.0, 6.6 Hz), 3.74 (1H, d, J= 8.3 Hz),
3.82 (1H, d, J=8.3 Hz), 3.86 (3H, s), 4.05 (1H, d, J= 3.9 Hz), 5.97 (1H, d, J= 3.9 Hz),
6.79 (1H, d, J= 2.0 Hz), 6.90-6.97 (3H, m), 7.09 (1H, d, J= 7.6 Hz), 7.26-7.32 (1H, m),
7.95 (1H, s).

IR (ATR) cm’! 3467, 3309, 2958, 1628, 158, 1518, 1466, 1240, 1011, 1061, 897, 761.
MS (ESD m/z 432 (M - OH)*.

3-{5-Chloro-2-[(2,2-dimethylpropyl)amino]-3-[hydroxy(2-methoxyphenyl)methyl]
phenoxy}-2,2-dimethylpropan-1-ol (53i)

Compound 531 was prepared in a similar manner described for 53a in 77% yield as
colorless amorphous.

TH-NMR (CDCls) § 0.99 (9H, s), 1.06 (3H, s), 1.06 (3H, s), 2.73-2.83 (2H, m),
3.563-3.58 (2H, m), 3.73 (3H, s), 3.84-3.84 (2H, m), 6.31 (1H, s), 6.55 (1H, d, J = 2.2
Hz), 6.81 (1H, d, J = 2.2 Hz), 6.93 (1H, dd, J = 8.6, 1.0 Hz), 6.95-7.01 (1H, m),
7.26-7.38 (2H, m).

IR (ATR) cm™! 3485, 2949, 1585, 1460, 1396, 1248, 1026, 823, 750.

MS (ESD m/z 436 (M + H)*.

3-{5-Chloro-2-[(2,2-dimethylpropyl)amino]-3-[(S)-hydroxy(2-methoxyphenyl)methyl]
phenoxy}-2,2-dimethylpropan-1-ol ((S)-54i)
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Compound (89)-54i was separated in a similar manner described for (S)-54a using by

HPLC with a CHIRALCEL OD as pale yellow crystal.

Methyl 4-[{4-chloro-2-(3-hydroxy-2,2-dimethylpropoxy)-6-[(S)-hydroxy(2-methoxy-
phenyl)methyllphenyl}(2,2-dimethylpropyl)amino]-4-oxobutanoate ((S)-551)

Cl 0\
SO
N

HO%O)% 0

Compound (8)-55i was prepared in a similar manner described for (S)-55a in 99%
yield as colorless amorphous.

TH-NMR (CDCls) & 0.88 and 0.94 (9H, s), (0.98) 1.05 (3H, s), (1.00) 1.06 (3H, s),
(1.58-1.68) 2.20 (1H, t, J = 4.8 Hz), (2.04-2.15) 2.35-2.47 (2H, m), 2.48-2.59 (1H, m),
(2.62-2.65) 2.66-2.77 (1H, m), 3.02 (3.19) (1H, d, J= 13.4 Hz), (3.29) 3.46 (1H, dd, J =
10.4, 4.3 Hz), (3.58-3.71) 3.79-3.86 (2H, m), 3.68 (3H, s), 3.78 (3H, s), (3.90) 4.17 (1H,
d, J= 4.6 Hz), (4.06) 4.26 (1H, d, J = 13.4 Hz), 6.07 (6.37) (1H, d, J = 4.6 Hz), 6.83
(1H, d, J = 2.0 Hz), 6.85-6.94 (2H, m), 6.97 (1H, d, J = 2.2 Hz), 6.98 (1H, d, J= 2.0
Hz), 6.99-7.09 (1H, m), 7.29-7.36 (1H, m), 7.65 (7.50) (1H, d, J= 6.8 Hz).

IR (ATR) ecm' 3425, 2952, 1720, 1645, 1464, 1238, 1169, 1026, 889, 754.

MS (ESI) m/z 550 (M + H)*.

4-[{4-Chloro-2-(3-hydroxy-2,2-dimethylpropoxy)-6-[(S)-hydroxy(2-methoxyphenyl)
methyllphenyl}(2,2-dimethylpropyl)amino]-4-oxobutanoic acid ((S)-56i)



Compound (9)-56i was prepared in a similar manner described for (S)-56a in 97%
yield as colorless amorphous.

TH-NMR (CDCls) § 0.85 (9H, s), (0.94 and 0.98) 1.03 (6H, s), (1.11-1.28 and 1.71-1.81
and 1.97-2.07 and 2.18-2.29) 2.43-2.63 (4H, m), 2.94 (3.17) (1H, d, J = 13.7 H2),
(3.30) 3.41 (1H, d, J = 10.3 Hz), (3.55) 3.64 (1H, d, J = 10.8 Hz), 3.67-3.76 (1H, m),
3.77 (3H, s), 3.79 (3H, s), 3.81-3.87 (2H, m), (4.13) 4.18 (1H, d, J = 13.7 Hz), 6.04
(6.38) (1H, s), (6.65) 6.86 (1H, d, J = 2.7 Hz), 6.88-6.93 (1H, m), 6.96-7.09 (2H, m),
7.36-7.30 (7.59-7.49) (2H, m).

IR (ATR) cm 3415, 2954, 1712, 1464, 1392, 1240, 1174, 1026, 754.

MS (ESI) m/z 518 (M - OH)*.

Ethyl (39)-1-{4-[{4-chloro-2-(3-hydroxy-2,2-dimethylpropoxy)-6-[(S)-hydroxy-
(2-methoxyphenyl)methyllphenyl}(2,2-dimethylpropyl)amino]-4-oxobutanoyl}
piperidine-3-carboxylate ((S)-58i)

G W
\
o~ (0]
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Compound (9)-58i was prepared from (S)-56i in a similar manner described for
(8)-57a in 87% yield as colorless amorphous.

IH-NMR (CDCls) § (0.91) 0.94 (9H, s), (1.03) 1.06 (6H, s), (1.23) 1.26 (3H, t, J= 6.9
Hz), 1.34-1.45 (1H, m), 1.48-1.82 (2H, m), 1.99-2.11 (1H, m), 2.21-2.60 (2H, m),
2.66-2.87 (1H, m), 2.89-3.07 (1H, m), 3.09-3.32 (2H, m), 3.42-3.53 (2H, m), 3.56-3.66
(2H, m), 3.73 (3H, s), 3.74 (3H, s), 3.76-3.89 (3H, m), 3.90-4.04 (1H, m), 4.05-4.20
(2H, m), 4.23-4.49 (4.50-4.60) (2H, m), (5.65) 6.10 (1H, d, J= 4.7 Hz), 6.73 (1H, dd, J
=17.0, 2.3 Hz), 6.87 (2H, d, J = 8.6 Hz), 6.90-6.94 (1H, m), (6.96-7.01) 7.02-7.10 (1H,
m), 7.28-7.34 (1H, m), (7.46-7.53) 7.76-7.64 (1H, m).

IR (ATR) cm'* 3388, 2952, 1728, 1626, 1462, 1242, 1180, 1028, 754.

MS (FAB) m/z 675 (M + H)*.

Anal. Calcd. for CssH51CIN2Os: C, 64.03; H, 7.61; N, 4.15. Found: C, 63.91; H, 7.86; N,
3.89.
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(aR)-(39)-1-{4-[{4-Chloro-2-(3-hydroxy-2,2-dimethylpropoxy)-6-[(S)-hydroxy(2-
methoxyphenyl)methyllphenyl}(2,2-dimethylpropyl)amino]-4-oxobutanoyl}
piperidine-3- carboxylic acid ((S)-61i)
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Compound (9)-61i was prepared from (9)-58i in a similar manner described for
(9)-(aR)-60a in 86% yield containing small amount of minor atropisomer as colorless
amorphous.

'H-NMR (CDCls) § 0.90 (9H, s), 1.05 (6H, s), 1.24-1.48 (1H, m), 1.52-1.84 (3H, m),
1.90-2.11 (1H, m), 2.26-2.40 (1H, m), 2.43-2.62 (3H, m), 2.82-3.01 (1H, m), 3.03-3.24
(2H, m), 3.29-3.52 (2H, m), 3.58-3.73 (2H, m), 3.74 and 3.74 (3H, s), 3.77-3.86 (2H,
m), 3.87-3.94 (1H, m), 4.27-4.47 (1H, m), 6.08 (1H, d, J=13.7 Hz), 6.74 (1H, dd, J=
10.8, 2.2 Hz), 6.83-6.91 (1H, m), 6.92-6.96 (1H, m), 7.10-6.97 (1H, m), 7.35-7.27 (1H,
m), 7.67-7.58 (1H, m).

IR (ATR) cm! 3280, 2945, 1712, 1637, 1464, 1242, 1182, 1051, 1022, 750.

Anal. Caled. for Cs4H47CIN20s-0.5H20: C, 62.23; H, 7.37; N, 4.27. Found: C, 62.00; H,
6.94; N, 4.22.
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[ -y Biological evaluation method

$—IE Animals
Male Syrian hamsters (6 weeks) were purchased from Charles River (Kingston, NY).
They were fed a commercial chow diet (F2; Funabashi Farm, Funabashi, Japan)
and allowed access to water ad libitum. Male and female common marmosets (305—
410 g) were purchased from Clea Japan (Tokyo, Japan), and fed a commercial chow
diet (CMS-1M; Clea Japan) and allowed access to water ad libitum. All animal
experiments were carried out according to the Daiichi Sankyo Animal Care

Guidelines.

%8I8 Biological evaluation procedure of squalene synthase inhibitory activity

SSI ICs0 values were measured using by slightly modified Shechter’s method. And

CSI ICs0 values were measured as described below.

% =18 Biological evaluation procedure of inhibitory effects on cholesterol

synthesis in rat hepatic cells

Preparation of rat primary hepatocytes

Shechter’s method?® was slightly modified. This study consisted of three
experiments, and the effects of inhibitors at each concentration were evaluated in
triplicate. One animal was used to prepare the hepatocytes for each experiment.
Under anesthesia by thiopental sodium (0.1 g/kg, i.p.), a plastic catheter was
introduced through the portal vein. The rat liver was perfused with Ca2*, Mg?* free
Hanks’ balanced salts solution (pH 7.2) containing 2% albumin, 0.5 mM EGTA, 10
mM HEPES, and 41.7 mM NaHCOs at 37°C for 10 min at 19 - 21 mL/min; and then
with Ca?*, Mg?* free Hanks’ balanced salts solution (pH 7.5) containing 0.05%
collagenase, 4 mM CaClz, 10 mM HEPES, and 41.7 mM NaHCOs for another 15
minutes. Liver cells were dispersed in DMEM supplemented with 100 U/mL
penicillin and 100 pg/ml streptomycin by dissection and gentle pipetting. After
filtration through a 70 um nylon mesh filter (Cell Strainer, BD Falcon), hepatocytes
were obtained by repeated centrifugation (3 times) at 600 rpm (centrifuge; 5930,
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swinging bucket rotor: RS-3011M) for 1 minute at 4°C. After the last centrifugation,
the medium was changed to DMEM supplemented with 10% LPDS, 100 U/ml
penicillin, and 100 pg/ml streptomycin. Then, viability was determined by staining
with trypan blue. Hepatocytes with over 80% viability were cultured in 6-well cell

culture plates (106 cells/well).

Measurement of cholesterol biosynthetic activity of rat hepatocytes

The following day, the medium was replaced with media supplemented with 5%
LPDS, 25 mM HEPES, and inhibitors (final concentrations: 0, 1, 3, 10, 30, 100, 300,
1000, and 3000 nM). After incubation for 1 hour at 37°C, 10 pl of [4C]
mevalonolactone (5 pCi/ml) was added into the media, and the incubation was
continued for another 1 hour. The cells were washed with D-PBS (3 times) and
dissolved in 1 ml of 0.1 M NaOH. Ten micro liters of the cell lysates were
transferred to a 96-well plate to determine the protein concentration in duplicate.
Eight hundred microliters of the remains were saponified for 1 hour at 75°C by
adding 2 mL of ethanol and 0.5 mL of 50 (w/v)% KOH. After the addition of 50 or
100 pl of [3H] cholesterol (0.45 nCi/ml) as an internal standard, the nonsaponifiable
lipids were extracted with 4.5 mL of petroleum ether. The water layer was frozen in
dry ice and ethanol, and the upper layer was transferred to another tube. The
extracts in the tubes were dried under N2 gas at 40°C. The residue was dissolved in
50 nl of dichloromethane - methanol (2 : 1) solution including 10 mg/ml cholesterol,
applied onto TLC plastic sheets (Silica gel 60), and developed with a solvent
(toluene - ethyl acetate, 3 : 1). The radio activities incorporated into the cholesterol
fractions in Aquasol-2 were counted with a liquid scintillation counter.

The protein concentration was determined using a BCA Protein Assay Kit.

The radioactivities incorporated into the cholesterol fractions were corrected from
the formula as follows:

Radioactivities incorporated (dpm/ug protein) = Radioactivities of [14C] cholesterol
(dpm) x 50,000 (dpm) / radioactivities of [*H] cholesterol (dpm) / protein content (ug)
Referring to the mean radioactivity of the cells in the three wells treated with 0 nM
of inhibitors, inhibition (%) of cholesterol synthesis at each concentration was
calculated by the following equation:

Inhibition (%) = (1 — arithmetic mean radioactivity incorporated of three wells at
each concentration / arithmetic mean radioactivity incorporated of three wells at 0
nM) x 100
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$EPHIE Rat single-dose in vivo hepatic cholesterol synthesis inhibitory activity

A rat single-dose liver-cholesterol synthesis inhibitory effect was measured as
described below.

To each the compounds was added a necessary amount of a 0.5% methyl cellulose
solution immediately before use. Then, an equivalent molar amount of sodium
hydroxide or sodium hydrogen carbonate was added to dissolve or suspend it in the
resulting solution. 6-week-old Wistar male rats were orally administered each of the
compounds (1 or 3 mg/kg, n = 4-6), while only a 0.5% methyl cellulose solution was
administered to the control group. 1,4 or 7 h later, physiological saline of mevalonic
acid (5 nCi / 5 ml/kg) labeled with a radioisotope 4C was intraperitoneally
administered. The rats were sacrificed 1 hour later. To 1 g of the liver obtained from
the rats was added 5 ml of a 15% KOH ethanol solution and the resulting mixture
was left to stand for 15 hours. After heating at 75°C for 2 hours, the reaction
mixture was extracted with 5 ml of water and 10 ml of petroleum ether. The
petroleum ether layer was collected, evaporated to dryness and then dissolved in 50
ul of a CHCIls : acetone = 2 : 1 solution. The cholesterol band was separated by silica
gel thin layer chromatography (Art.5748, toluene : ethyl acetate = 3 : 1) and cut out.
It was placed into a vial container, followed by the addition of 10 ml of Aquasol-2
(product of Packard BioScience Company). The radioactivity was measured using a
liquid scintillation counter. A ratio of the radioactivity relative to that of a control
group was determined and liver-cholesterol synthesis inhibitory activity (%) was

calculated.

2 HIE Plasma lipid lowering studies in hamsters

Before the experiment, blood samples were collected under nonfasted conditions.
Plasma total cholesterol and triglyceride were measured enzymatically (Cholesterol
E test Wako, Triglyceride E test Wako; Wako Pure Chemical Industries, Osaka,
Japan). Hamsters were divided into five groups matched for body weight, plasma
total cholesterol and triglyceride (n = 8). These five groups were assigned to receive
vehicle (0.5% methylcellulose solution) or compounds 6le, h (30, 100 mg/kg).
Compounds were suspended in 0.5% methylcellulose solution by Teflon
homogenizer, and vehicle and compounds suspension were administered orally at
10 mL/kg twice a day (9AM and 4PM) for 14 days. The following morning after the
seventh and the final administrations, blood samples were collected and plasma

parameters were measured.
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%7518 Plasma lipid lowering studies in common marmosets
Male and female common marmosets (305 - 410 g) were purchased from Clea Japan
(Tokyo, Japan), fed a commercial chow diet (CMS-1M; Clea Japan) and allowed
access to water ad libitum. All animal experiments were carried out according to the
Daiichi Sankyo Animal Care Guidelines. Before the experiment, blood samples were
collected under nonfasted conditions. Plasma total cholesterol and triglyceride were
measured as described above. High-density lipoprotein (HDL) was separated by
precipitation reagents (Wako Pure Chemical Industries), and then the cholesterol
was measured enzymatically. Non HDL-cholesterol was calculated by subtracting
HDL-cholesterol from total cholesterol. Common marmosets were divided into two
groups (control vs prepared compound, 30 mg/kg, n = 8); groups were matched for
body weight, plasma total cholesterol, triglyceride, HDL cholesterol and non-HDL
cholesterol. Drugs were suspended in 0.5% methylcellulose solution and
administered orally at 5 ml/kg once a day (9-10AM) for 7 days. The next morning
after the final administration of drugs, blood samples were collected under

nonfasted conditions and plasma parameters were measured.
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