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Abbreviations

Ac
Alloc
Ar
Bn
Boc

NaH
NMR

Pent
Ph

Py
Pr
quant.

TBAF

: acetyl

: allyloxycarbonyl

s aryl

: benzyl

: tert-butoxycarbonyl

- butyl

: cyclo

: caluculated

: diisobutylaluminium hydride
: N,N-dimethylformamide

: dimethyl sulfoxide

: 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride)
: ethyl

: fast atom bombardment

: heptyl

- hexyl

: 1-hydroxybenzotriazole

1 is0

: infrared

: methyl

: melting point

: molecular sieves

: methanesulfonyl

: normal

: sodium hydride

: nuclear magnetic resonance
: para

: pentyl

: phenyl

: pyridine

: propyl

: quantitative yield

: tertiary

: tetrabutylammonium fluoride



Tf

TFA
THF
THP
TBS
T™S

: trifluoromethanesulfonyl
: trifluoroacetic acid

: tetrahydrofuran

: tetrahydropyranyl

: t-butyldimethylsilyl

: trimethylsilyl
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1-l. FEIAVETEIA VRFE

AERITRIEN B Z o T2k, RIEDE - T2 HPTITIT Y 2 Bk, BLER, 4FERER &\ o 7o B ek
WILRIZ R > TBE), 8 (B - lEE) L, £F > TEHMERNRIEDIRR & 72> 7 H
B AV AT EORYONESEAI, % H A2 TR & OPEREZITV RIEE #1605 1%
B ZAH S, TN GIEARBIEEIETH Y . ZORIERISIT LY . BIIS RN S D& 72
BRI L TV D,

TFEHA VLI, FED AMERDS RIE AN E T 5 B 0(FE 72 13l E) (ERICE S 9 54

FEMEAR Sy 2 R ERECH D, 1987 A2IZNCI (National Cancer Institute) D AT, A& 5 IZ
LU LPSHITH E P ARAE M B ERIE R BIE D AF RO Bk L TS 5K F & L TIL-8
(Interluekin-8) MMEE SN TLLK L ZFEDA NTT LA —MG, B O RiES L
DEVEHDY NTREN, HHEED TELS FENA TR BT I Wh 572
HIHEMERTF R THY . FNFNNRY AN T 4 NiEBETBT % 4 SOCysiE & A4+
%o ZDOCYSFEFEDEFIDIE NI LY  CrEHA L  CCTrENA L, CXCTEHA >, CXsC
TEIALOMOOY T 7 7 I Y —ZaE ST\ 5 (Figure 1.1), ZiUE T2 50 fELL
DITENA 3 FRFERAS N, fx OFEEIDHE SN TS,

Figure 1.1 4 &1 A O#xE L 4y 12

C— C— C—
\ \ \
—CC — CXC — CXXXC

C chemokine CC chemokine CXC chemokine CXaC chemokine

C—
/

—C —

INOEDTENA NXGH X7 BRI O T [RIEEER S 25K (GPCR : G-protein-coupled
receptor) THHTENA UZEEREN L TEOIERZREST D, 2 E T2 19 fFEHD 7
A VEFRERFRESNTND, TEIA L ETENA VSRR EERITEHETHY |
L DT ENA VRBEIERDO T ETNA L EEE L KT EIA L OELITERO T E
A VEZREERETHZERHONTND, RLLIZINETICHRESN TWD T ENA
Vb ORI, £ 1999 FISED bz Bm A kA R L

CCR5 1% 352 fHDT X VBN DH725 CC 7ENA VZRERERDOVEDTH Y, RANTES
(regulated upon activation normal T-cell expressed and secreted, CCL-3). MIP1-a (macrophage
inflammatory protein 1-a, CCL-4), MIP1-B (macrophage inflammatory protein 1-a, CCL-5) & Vx>
TeRIEME T B A DR E LT, 1996 FIZFRIE Sz, o014 2K L Rk
2, Flix OREST LIV —KISIZES LT\ 5,



£ 11 rEHIALErEIA vERIKY

HiEFE ERJAE <A TR EEE
CACT EDA IE=E

CHCL GROGMGSA GROMKC? CHCR2=CHCR1
CHIZL2 GRORBMGSAR GROMKC? CHCRZ
CHIZL3 GROIMGS Ay GROKC? CHCRZ
CHCLY FF4 FF4 Lnknown
CHCLS EMNA-TS LI CHCRZ
CHICLE GCP-2 Chka-3 CHCR1,CHCRZ
CHCLY MAP-2 Linknown CHCRZ
CHCLE IL-3 Lnknowin CHXCR1,CKCRZ
CHCLI Mig Mg CHCR3A
CHCL10 P-10 F-10 CHCRA
CHCLT FTAC Linkawn CHCRA
CHCL12 SDF-1a/p SDF-1 CHCRY
CHCL13 ELCEBCA-1 ELC/BCA-1 CHCRS
CACL14 ERAK/bolekine ERAK Linknown
CHCL1S Linknown Lungkine®MECHE Linknown
CCrEnI/ESE773—

ZCLA1 l-309 TCA-3/FS00 CCR8

ZCL2 MCP-1MMCAF JE? CCR2

CCL3 MIP-10/LD T80 MIP-1a CCR1,CCRS
CCL4 MIP-1B MIP-1B CCRS

ZCLS RANTES RANTES CCR1CCR3CCRS
ZCLE Lnkaoiwin C10MRP-1 Lnkaoiwin

CCLT MCP-3 MARC? CCR1,CCR2 CCR3
CCLS MCP-2 MCP-27 CCR3
ZCLYM0 Linkaoiwin MRP-2ICCF18MIP-1y Linkaoiwin

ZCL11 Eotaxin Eotaxin CCR3

CCL12 Lnkaoiwin MCP-5 CCRZ

CCL13 MCP-4 MCP-4 CCR2 CCR3
ZCL14 HZC-1 Linkawn CCR1

ZCL1S HCC-2MIP-18/Lkn-1 Linkawn CCR1.CCR3
ZCL16 HCC-4LEC Linkawn CCRI

CCL17T TARC TARC CCR4

CCL18 FARC/DC-CKAMIPAIAMAT-1 Unkown Lnkaotwin

ZCL19 ELCMIP-3R/exodus-3/CKE11 ELC/MIP-3R/exodus-3/CKB11 CCRT

ZCL20 LARCMIP-3a/exodus-1 LARCMIP-2o/exodus-1 CCRB

CCLM SLCECkinefexodus-2 SLCHECkinefexodus-2tca<d  CCRT

CCL22 MOCISTCP-1 MDClabcd-1 CCR4

CCL23 MPIF-1 Lnkawn CCR1

ZCL24 MPIF-2/Eotaxin-2 Linkawn CCR3

CCL25 TECK TECK CCR-3

CCL2E Eaotaxin-3 Lnkicnam CCR3

CCL27 ILC/CTACK ALFPALCICTACK/ Eskine CCR-10
CTEDA B

HALCT Lymphotactin/MC-1ofATAC  Lymphotactin HZR1

HLC2 SCM-1B Linknown HCRI

CHaCr B4 5556

CraCL Fractalkine Meurotactin CH3ICR1




1-2. AIDS (Acquired Immune Deficiency Syndrome;# Kiksa R EIEBERE) L F DR
AIDS % 1981 2T A VI TRAINIZGERADIETHY, & MUERET 2 LA
(Human Immunodeficiency Virus : HIV) DG 5 S il O - E AR RK & &
NTW5, BUEOBREEITEMHR TS FHACET S, HIVIZHIV-L & HIV-2 £0v9H 2 Ff
JHOU A VAN TSN, HRPIZEIELRE L 72> TV D DIE HIV-L OREGLIC L
HHOMFEEALETHY, HIV-2 [ZEIZHET 7 U &2 IAE > TV D, HIV-1 1%
bEbl, FUNUITREARETE T U /LA (Simian Immunodeficiency Virus :
SIV) T, ZABNAMICEYLTAELEEEZEZ LN TWD, . HIV-2 3T 7Y WA
BTB2A—FT 4=~ XA L) AT HIFARORICHREREEZEZT U 4 VAP
JREZEZBNTED  HIV-L T, Y E55< . EITHEBNEShbhTnd,
HIV-L TV br Y 4 VA THY . T OREYG: - HIEEIIL TO XL 9 ICEZA LN TND
(Figure 1.2),
O A NVRAEO=Ra 2RI EWN) BDEETHLE FOCDAEHEILLTNDT
M HE - a2,
@ =z H#—& L TCCR5 - CXCR4 Z/E#nh & LTHEEICRAT S,
@ T4 NADFFOWEREREFRIZL Y DNA ZEE L, Bk, &olc7us7—F8ick-» T
G0 ST S,

Figure 1.2 HIV-1 Ol A 2

S oxcre T
mpns ¥ - L CCRS

S
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1987 4. NIH (National Institutes of Health)y®iifiE HIC KL VB SNy K7V v
(zidovudine, B4 : AZT) DEAIOHT HIV L LT FDA [ZAR S , ZOHKFILV hay
4wxf%éHwﬂ@£f%étb@ﬂww_kﬂb\%ﬁ@k&wmA%ém-L%3¢
LDEREOUEMEALZAETLI2HRATHDL, TO®%, BUEE TV TAF v v FUv
(dideoxycytidine : ddC), ¥ 4% 1 / I > (dideoxyinosine : ddl), &7 &’ > (Nevirapine :
NVP) & o 72 % < OWHRFEEZLEAS T HIV 38 & LT Efi &5 (Figure 1.3),



1-2. AIDS (Acquired Immune Deficiency Syndrome;#% R R 2EMREE) & £ DIAES
AIDS % 1981 T AU W THAINTZHEARIETHY . B MuEREY £ LA
(Human Immunodeficiency Virus : HIV) D&Y LE D o MiE O « S R 2NN & &
NTCW5, BUEOREF IR TS THAICET S, HIVIZHIV-L & HIV-2 &) 2
FHAD D 4 VAR DI TWD S, HRAIZEIE LRTEL 2> TV S O1E HIV-L OEGLIZ X
HHOPMFEALETHY, HIV2IZEICHET 7 U B2 HPOIEGENIAE > T D, HIV-L &
blbe, TN U REAREEE TV /LA (Simian Immunodeficiency Virus :
SIV) T, T ARICERE L TELZEBEZ LN TWD, —J, HIV-2 (BT 7 U 24k
BT A —TFT 4= AWV T THFALRORICREREERZ T 7 4 L ANE
TREEZXLNTEY, HIV-1 T, Y )IT5< . EBITHENESbhTnd,
HIV-1 3L b A V2 THY | Z OG- HIEEEIILTO L5 I2E2 6 TWVD
(Figure 1.2),
O U4 NANEDOT Xy T H R (EN) BDEETHDLE FOCDEERBLTNDT
M - AT 2,
@ @=Lk 7FH#—L L TCCR5 - CXCR4 % & 7220 &L LTHEEITRATS,
@ U4 NVADFFOWEGEEFRIZL Y DNA Z#HR L, Bk, =627 v 77 —BIlck-T
g ST 5,

Figure 1.2 HIV-1 Ol AR %

O\ cxere ™ .\\ \
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1987 4. NIH (National Institutes of Healthy iR S IC X VB INZY FT Vv
(zidovudine, %114 : AZT) BEAIOHL HIV 3L LT FDA IZ&B Iz, ZoEiFL hry
AIVATHDHHIVRIEETHD & FORRANIZEA L, HIED 7= DNA & G HL - 55
LBEOYEEMBZLZAETL2EA THL, TO%, BUEE T YT AF v F Vv
(dideoxycytidine : ddC), ~7 4% 1 / I (dideoxyinosine : ddl)., &7 & > (Nevirapine :
NVP) &\ 572 % < DR GRS EAI 2Pt HIV 3£ & LT Eifi&iuTuv % (Figure 1.3),



Figure 1.3 BEAF 0D ifidis G- 5 FH )

CH, e
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Zidovudine:AZT Dideoxycytidine :ddC  Dideoxyinosine : ddl  Nevirapine : NVP

F o, 1995 FTITR-R 0T A D =X LADHHIVIETH 57 07 7 —EHFEFD AR S L
72o V¥ F BV (saquinavir : SQV). U k- E/L (ritonavir : RTV) (2 ESnbH 7 e 77—
PIEANL HIV SMIEO 72D IR 2 DR (T 07 7 —8, WiERRE, 777
—B)OME X T EERIBA Y LRI B AR L, BT A NANEEL Ty v
> 7 Ot & BRE T 5 (Figure 1.4),

Figure 1.4 BEfED 7 17 7 — P HEH

I\ Hof N j\ H jji
—Z N N
N H N ] S/Y\'il H H O/\(\N
o OH IN ¢} H /4
o]
H
NH,

O
Saquinavir : SQV Ritonavir : RTV

Figure 1.5 (2 HIV ® T A 75 A 7 )V EBEFOHT HIV EOVER S & XR Uiz, BIECid
WREHRAER, e 77 —BHEAZ 3 #, b L<IX 4 AlZlAaa b TR 5254
OFHEEE  (Highly Active Anti-Retroviral Therapy : HAART #i%) RN EL2-TEY ., Zhic
F 0 SEHEETIE AIDS IZ XD EENPFFITIR T L, BETEHEIE LISEI N, 2
HIV-1 & HIV-2 D&Y - BFEOEITIZIER U &5 2 5N TWD 08, HIV-1 ORGSR
A 721 T o HBUKIPER 7~ B2 HIV-2 TIEERD b, HA e R il Gz 35 B E
WX LCHARMMEZ > TS 2 ERMLNTWD, 2D & HIV-2 (Z%F9 5 HAART
PEIZIB T, FRRZIR R R G R P A 2 b 7o SR O AT 2 IV D 2 L A S
nTns,

L LR35, HAART RIENIhEZ R L TWA—FH T, ZOWREIEITZE L SADEER % .
FNENRRDRE SRS, ENTICRAT2XLERNH Y, BIEAELZ TN 5T
BAZid, Mk D 4 v AREO aTREMENREEAJICI E LT L E S, FREENEMICIED
LT, EE, EIEMREE L Vo RIERBEEZME L TR Y | Mo E Ciz< v, BIE
RO, Fitelg A B =X LDOFLHIV ERRD ST 5D,



Figure 1.5 HIV ®F A 7494 7 )L L HLHIV 3K
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1-3. HIV&CCR5!

CCR5 N[AIE & 7=D LA U 1996 45, H A DK 1%IZCCR5 x> 32 fEl DA% KR
(A32) L. CCR5 WIEFICHEILL TOAWEENFEL TWD I EBHLNI AT %, &
DIZ A D OMEERIZHIV-1 BYHCHRT L, 72 & 2 L7z & L THAIDSZFIE LIZ< W2
EMHE ST, ZOH%OIFEORE R HIVIZE b O &G S ERIC, &AL LTCD4
DIz, CCR5 BLUCXCRE L\ ol rEh A U RKEaL v 24— LTRIHLTE
V. ZHHDTENA VZFARNHIVORIEIC NI Th 5 2 LR LN R 5T,

HIV-1 134 FHREDENZ LV . CD4 B ORI T V ok ~orn 77— T
HIHFRE 7R U A VA (w7 m 7 7 —VFRIE), CD4 BEtE O RKiEI T U o/ ke T flfakk <
HIIET 2 O A L A(T flakkfgmMe), KOSKRIEM T U > 38k, ~ 27 v 77— Tlakko
FARCTHGH AT BE 72 7 A LV A(E AR PR 0 3 DD B 7 TV —IZ3FE S v A (Figure 1.6),
DL, wru7y—UREEO U 4 VATEERADEICa L X — L LT CCR5
ZRIA L. T MFRERFREMED ™ ¢ /L A1 CXCR4 %, WififafgfEod ™ ¢ L A% CCR5 &
CXCR4 OWMiF#FIRATHZ &N TED, v /7y —URAaMEY ¢ VAT AR ZE L
THEESHTERY, T2 CCRE AMEMKD S EIRA~DIRHE & V> T R R e BB 2%
HERELTWD, — 5T, THIBEE - WA RIME D A L 213 AIDS F89E 72 EIRREDHEAL



L7-BENSDLNEESNTND Z 2005 AIDS JHEEDHEFTICE » TRRLE (RN T~ 7 o
77 —UHAMKRL VAT TEY . 2D OMEIZIEELT S CXCR4 2% AIDS JRREETT O
I L TCWAZ &z 5,

Figure 1.6  HIV-1 Offifafm: & = L& 7 2 —ff ik

7'7I:I77_—” EE#JJIELT'JJJ VER T?‘H]ﬁﬂfﬁk

? .
o '.«'.‘n- e
‘g:g* O'\E.:?/'o .\QP‘IO
R571JLR R5X4J 1)L A X471 )LR

(voRor—UieaEs) (MMkeEmE) (TR ERME)

ZOXIREHEMND, U4 VAN EED CCR5, CXCR4 oz a L7 ¥ —TfEAT
% D% HET DI85 T OREAZ 5% CEAUX, HIV O A B Hifz7eht HIV 38870
VDT ENEZLND, KT CCR5 ICBA LTIk, ik L= & 9 (2, #&fs 1 KB4 (132-CCR5)
DRI EORER < EF LTS Z & & 51T CCR5-KO v?zﬁ>ﬁnﬂﬂﬁf;< HEAE ., K
FET2280ho, BEREANZRD D ENRBINTWNWDS, X512, CCRS HEANXME
FOMBNAERT 2R LD, U4 VA HEORERIIER T 5 BEAF O Wiz G BH
EHR, a7 T —ERHER & U, TR RBEBL LIS WRREMEDR IR &S D,
UboZ s, EEHEGIZZ D CCRE IZEH L, &R TR AL G- ATEE7L CCR5 FHEHI
DOFFIZETF LT,

1-4. BEXR
1. Yoshimura, T.; Matsushima, K.; Tanaka, S;  Proc. Natl. Acad. <ci. 1987, 84, 9233.
2. (a) VEHIE—, TERIRSEE] |, 2000, 33, 181. (b) fAEMTE, THIKL %) | 1998, 17, (7),
1022. (c) Murphy P. M.; Baggiolini M.; Charo I. F.; Hebert C. A.; Horuk R.; Matsushima
K.; Miller L. H.; Oppenheim J. J.; Power A.A., Pharmacological Reviews, 2002, 52, 145.
(d) FREINEE, THEI T2 | 2000, 19, (5), 708. () Feng, Y.; Broder, C. C.; Kennedy, P. E.;
Berger, E. A. Science 1996, 272, 872. (f) MIERFEM T, sUERE, [T ) | 1998, 17,
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(a) Kuritzkes, D. R. Curr Opin HIV AIDS 2009, 4, 82. (b) Mitsuya, H.; Erickson, J. In Textbook
of AIDS Medicine, Second Edition, Williams & Wilkins, 2001 751-780. (c) Hoffmann, C.;
Mulcahy, F. Overview of Antiretroviral Agents. In HIV Medicine 2006; Hoffmann, C.,
Rockstroh, J. K., Kamps, B. S., Eds.; Flying Publisher (FlyingPublisher.com): Paris, 2006; pp
94. (d) Mehellou, Y.; Clercq, E. D. J. Med. Chem. 2010, 53, 521. () JE4AE57M@4, [Hi HIV
BRI A BT A >],2010. (f) EEFECRF, M, T32BRIES:), 1996, 14, 653. (9)
HEFERE,  TERARSeE ), 1999, 31, 304.

(@) Deng, H. K.; Liu, R.; Ellmeier, W.; Choe, S.; Unutmaz, D.; Burkhart, M.; Marzio, P. D.;
Marmon, S.; Sutton, R. E.; Hill, C. M.; Davis, C. B.; Peiper, S. C.; Schall, T. J.; Littman, D. R.;
Landau, N. R. Nature, 1996, 381, 661. (b) Dragic, T.; Litwin, V.; Allaway, G. P.; Martin, S. R.;
Huang, Y.; Nagashima, K. A.; Cayanan, C.; Maddon, P. J.; Koup, R. A.; Moore, J. P.; Paxton, W.
A. Nature, 1996, 381, 667. (c) Feng, Y.; Broder, C. C.; Kennedy, P. E.; Berger, E. A. Sience,
1996, 272, 872. (c) Alkhatib, G.; Combadiere, C.; Broder, C. C. ; Feng, Y. ; Kennedy, P. E.;
Murphy, P. M.; Berger, E. A. Science, 1996, 272, 1955. (d) Berger E. A, Murphy P. M., Farber J.
M., Annu. Rev. Immunol. 1999, 17, 657. (e) Caldwell, D. J. and Evans J. D. Expert Opinion
Pharmacother. 2008, 9, 3231.

Huang, Y.; Paxton, W. A.; Wolinsky, S. M.; Neumann, A. U.; Zhang, L.; He, T.; Kang, S.;
Ceradini, D.; Jin, Z.; Yazdanbakhsh, K.; Kunstman, K.; Erickson, D.; Dragon, E.; Landau, N.
R.; Phair, J.; Ho, D. D.; Koup, R. A. Nat. Med. 1996, 2, 1240.
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2-1. Frim

CCR5 LEAIOBIFIZHENE G, T SI3fE~ ORERBE~OEDL Y NG SHER 2 HED
TWETEAA NTHT DHENET A 75V =D EIT o7 L MEE s E A VBREH &
L CFigure 21 ® X 5 b AR HE S TEY 2, FFhbo@Ech o2 ¥
VERIZAEH LT,

Figure2.1 7 &0 A UBAEAIE L Tt LTV amkid

i
N.
N

(ﬁ ““C}H%m ”O% o%yﬂ\gd ] N O%:H
LS g0 0T

P

CCR1 (Rhone-Poulenc Rorer) CCR1 (Takeda) CCR1 (Takeda) CCR2 (Roche Bioscienes)

EOITMAMENRE L, DOBENZEREE R 2 LN ARE R A e Yy hERT U
BH(Figure2.2)® R1, R2, RIMMALEZLM L7-fbEMD 2 B F MU TIVEREITV., K
3000 L&D T A4 7F ) —Z B LT,

Figure22 727 A v ENTTENA AT A 7TV —L U — NMeay
o §

w o (L
L 700 PR
R1—N R3 N
N
/\:>$_N\ N N
(e} R4 N N
H
o H o]
la 2
Caassay IG,; : 94 nM Caassay IG,, : 28 nM

ZDrEHIA ERANT A 7 U —0 CCRS IZHTHA7 VU—=27Lk0, U—FLE
W& 5 obEWla, 2R RS, ZoEWE IR E LT, CCRE FEFEADOAIRIC
EF LT,

— RN EIR S ORIRUC BN T, #HISE T 2HRBOY T AT v M & AWi-#iY
DIRRETT NV EAER L, HRETT VEICEL LI-BIC@m WA EZ2 R~ ke %z BHe 5
ZENE—DORELEND, LLARBL, FxDBEEITHHIVIETH Y | AIDS ZFJE L
T2 F o WEOEMET WAL LRV, RaR Loy 1 )L ZADREGEIC K % AIDS O
FIENHSNTWAEM L HER, 20 EIFREET L E L THHT S Z Lidis
HORIEN S ARARETIH > 72, T D728, HTHIV EDBRZEIZ Y 72 - TIX, invitro TOHLHIV

10



TEME LA B2 TR G LI EOMPRENOARMEZ RS2 Z LA E SN T
W5, Z£ZT, RV in vitro 5T HIV IEEE RS 22 @Ik NG L 72FFZZ O ICe fE
Z B D MR E 2 RFEMER T 5 2 &) Z2EEICbamoRIRE Bfs 2L & LT,
b4 D CCR5 BHETE M IXCCRS5 % jiii ¥ Bl X 1 7= Chinese Hamster Ovary (CHO) a2 H
W NREEY Y RO—2ThHh 2 MIP-1a TR S 2 MINCa™ - EF- &2 bamn L
9% TR L 72(CaT v & A ), ALEWRIARIZEI D BEREE TITV, 50%H] 9~ 5
ZICsfE L LCRE L7z, Ca™ iR IT ik TITo T, £1RE L R BEAMITONTIE
FERT T 4 VAR T O TZHHIVIEYEOWE 21T > T2 HFTHIVIEPEDORIEIXCCRE Z 3Bl S
7-HelLa CD4/LTR-B-Gal#fild (MAGHHii@ : Multiple nuclear Activation of Galactosidase Indicator
cel) 2 (LAEMBE DT 4 WV ADIAFT | 48 KfE]l A % 2 X— b L7, HIVIERLZ %L 4 &t
BT HMAGIT v A BT

2-2. REHOBHREBERA LY — NMEAHOBEEEH

GPCRIEMIMET A 77 U= b A L7V — RMEGH 1a, 2 1ZZ4LZ 40 I1Cs 94 nM, 28 nM
® CCR5 [HETEMEZH LTz (Figure2.2), LU HHTHIV IEME &V 5 5 Tld MAGI
T A% 2T ICoMEA 60 M, 31nM EFTOBFENMLELEZ bz, &LICEICk
H 5 Lo RO IRNENRER IEF IS | AW PRRI S TERE A 1% RE TH Y | RERL
ENRMHATH- T,

—fRIIZ, EER O LS LB OERNEIREOEWER & L X, HEE S (1
K) ~E RIS 2 BEOWLE O FRIEIMENZ & F LB PRI TR T 5 1
BRI L DB ONRBEEENHE N LR ERERFEREZZ LN TN D, BEEBMED in
vitro C Caco-2 fifid 2 F W 7o EaBRIc L 0 RS 2 Z & TE %, EFToENIC
OWTIHFEE RT3 — R L, BmO0HEL CTHOLNDIFHREEESE 2 STl sy, fFIon
V=P TEWEA X 2 — bk LTz & ED(LEM ORISR I T 2 ZEETHRED
D EN—HTH D, Figure22 2R L2 U — RIEEPIZOWTIE, FRCHF I RED
HY., TNPRAOBNECENFRKO—>THDZ ENRHLNIR-T, 22T, ok
LI UTNEETHAEEW lallBL T, 7 e Y —A2f T o FaX— K L7ED
R ORIE &k ATz, BEO invitroilBR Tl 02 -1.0 mg/mL F2ED I 7 v VY —LAEA %
HAOWTRBOESWERIET 228, 41O HMIREYORE CTH 72720, @EF L%
W50mgimL 7 r Y —LEAEHW (LEWE 15 A o F o — 95 2 & Tl
A & Ak S8 72, ZoREM % LC-MS & VTR L 72 E R % Figure 23 127" L
2o U— NMbAEW lald Figure 2.3 12777 @), b), ¢)® 3 2DOEMNEn LN i, K
AL SNTALEM N E L TAKL TWA Z ERH LN o7, £ THLNTEE
R % A L. BERR L C CCRS FLETRED ICx fEEZ b 72 & 2 A, (b). (C)DEML
DAL S NTALATBULEY 1a & F% & TS5 FRFISESHER S iz,
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Figure 2.3 Metabolites of the compound 1a. Three main metabolites were identified on LC-MS after

incubation with human liver microsome (5.0 mg protein/ml) for 1.5 hr.

mAU
Q
o ) dmoti (a)
OH (c)
tD&”H
N
H
OH (b) Unchanged
form (1a)
1000 -
(b) (¢)
(a)
n-_JL . JL\
o w0  w » ©  mn

FEERICRH & LTSN ALEME G L, 3Hl L7of R % Table 21 IZ- L7, (a)
DEPLIZKIEIEZ BN LTALEY 3 ITTIEEN R E JES LTz, E720)DOEA KB S
7Ab G 4 138U G 1la L RIFEOIEREZ R LTz, (©) DA OKEELIRIX 2 DO ARF L%
Ffo7o 0 4 DONLKRBMRZARE Y 00T Gl 21T o 72, BUL A CTH 5 1lallds Tl Table

2 IZRT LI 3 MO LFEDE N L DIEE~DOEBI T LA LR LT, Ca T v
TANZBWT RIK 1b @ ICs fEIE 130 nM, S{K 1c @ ICsfEIX 84 nM TH 72723, I'fiDt

R AR WO TR RAME R TIEMEIZ R X 222203 H A, (3R, URYIARD 5a 73 I1Cs fil 33 nM

&L DOMDEMERD 45 5025 12 fFRVIEVEZ RT 2 E R LN o7,
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Table2.1 Activity of the expected metabolites 3, 4, 5a-d

Ca Assay
Compound Structure IC,, (NM)
CH,
Cro_ o
3 oH N\ ca. 10,000
{ X
N
H
o]
O
4 79
5a 33
(BR,1'R) form
5b 210
(3R,1'S) form N
CH N
o
5c § 400
(3S,1'R) form
5d 150

(3S,1'S) form
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Table 2.2 Activity profiles of stereocisomers la-c

Ca Assay

Compound Structure IC,, ("M)

O

la o)
racemic form Q N 94
N 3
N
o H
as
HCI

1b O
R form Q N 130
N
N
o H
(o
Cl

1c Q H o) -
S form
N%
N
H

N
(0]

L VERWENEZR o723 7 BT L UERD Y — REEW 2 122\ T, RO LR
LT LB 6 AR LTIZE ZA, ZOAEMITIH N T HIFKELE 2 LIZIEFRED
FRVNCCRS PHETEMEZ R LTz (Table2.3), S HIZMAGIT vt A R CTHHIVIEMEDORIE 21T
ol TA ZOKEBLIEK 61X — RMbA 2 OF) 50 500 EBROWFIHIVIEME 2R3 2 &3
B & 2T e o 72, 20 & 9 72CCR5 FLAETEME & HLHIVIETE O FEFHBR LB = b s FR8 H 0 4,
Ca7 vA DIEETHLOARENE L E 2 BN DA, CaT v A TIXCCRS OWNKMEY #v K
MIP-1a% FHVN TV 2 DIZxE L, HIHIVIENE TIXFEESICCCRS 8 AIMED & ¢ )V A % T E
LTEY, Wz DCCRS ~DFEARN R D 2 LICERT B2 T 5,

UALKEEIE D CCR5 PRLENEME, 38 L OWT HIV IHMED ] B2 2 HE1ICER T 5 b
OMNFAMEIZITTE TRV, B Fax v A ERZRIR CCRS L O OMAIERL
TV, b LT R R 2020 NH I E S TNABRREAETHZLIcL, v 7 a
X INHERA Y T a CNVENSZEEROBKMER 7 > MZADRT < ol bV d DD H]
REMERBLRTE D,
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Table 2.3 Antagonistic activity and anti-HIV activity in compounds 2 and 6

Ca Assay Anti-HIV MAGI Assay (nM
Compound Structure ICqo (NM) 1Cso 1Coo

HCI § 0
2 Qﬁ; 28 31 337
N

53 0.6 6.0

WIZHL HIVIEHEO R E BB LTALEW 6 IZOWTHFR 7 v Y — A OREEREZHE L
e, WL ko 2fREBIE TR o T, Iy MREICK DA WRINMEDOFHRIZ B W
THRAWNMEO G FIZELBDO LN noTz, L LN L 0 TNICKEEREZEAT S
Z & THFRIROKEMER R E L, DM E(2: <02 pg/mL, 6:2.7 pg/mL)<°, FEM
HIEEE (CYP3A4) IZxtT BBHEIETEDIL T (2:1C5 =93 uM, 6:>30 uM) &\ o 7= EHK
5 L &(drug likeness) eI 272175 Z E N TE T2,

2-3. AEk

LAY lac, 2, 3ITOVTIETA 7TV —BROTFIEICESE | Ugisis *% v 7= @48
BHIECE>TElR L Y BEFHARICHWEA Yo7 = FEE 713007 2 7 A F Uk
5 Z WA= F /L CHEE L, N-BA I AL L2, P U TF AT I EE R, ML RE,
M) T 2=V T4 A7 4 o EHANTHKESE S Z & THiE L 72(Scheme 2.1),

Scheme 2.1 Preparation for methylene-isonitrile resin 7
a) ethyl formate, DMF, reflux; b) CCl,, PPhs, EtsN, CH,Cl,, reflux

IbE&Y) lac, 2. 3DEHERKIZ LD EREL Scheme2.2 (- L7z, I-N-T U VA0
LR = L-4-B°XY R 8a, X357 /v% /LT I9, N-BocT7 X /10, A7 =K
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BNE 7 2 THF/ A % / —/LHi| 65°C T—MilREESE T 11 & L, Pd i~ 7 = v 7 H A Bifk
HEH, 4T ) XU RAT T e REDETT A FIZE 5T RL #fi 2B A LT,
SHIC MY A aliR/Y 7 nn A2 TRELL C Boe FE & FRE L, FHRFAE T, hr—
YHOOCTHIET 22 LT, BbE & HICHIIE O OBBENEY . HEYW larc, 2. 3 %15
oo YU MEENTZT 2 9 WS T, Ugi SO K& TN ON E L o 25 #at% | it Boc
b & RIRFIC TBS A AEL . BR{L L CT b= — K 3 2157,

NH -

CH,
CH, CH, R
R /
i 1=
R
H,Cx )\ N a) J\f
"o ’\[:\[\ + + HO%N/BOC + <N Pol__~ .| O N
* C %N
© o

2 N—Boc
H H
o
o/ N—Pol
8a 9 10 7 11
aR=H a (RS) R' =c-Hexylmethyl
bR=0TBS b (RS)R' =i-Bu
¢ (R)R'=i-Bu
d (S)R' =i-Bu
CH, CH;
O » Oro
b), c) Q o . d), e) Q HCI o
_— e
N)kf N
N
_ H
o/ N—Pol g
12 la-c, 2, 3,

13R = H, R'= CHCO,Bn

Scheme 2.2 Solid phase synthesis of spirodiketopiperazines

a) THF/MeOH (1/1), 65 °C; b) Pd(PPhs),, BusSnH, AcOH/CH,Cl,, rt; c) 4-phenoxy-benzaldehyde,
NaBH(OAC)s, AcCOH/DMF; d) TFA/CH,CI, (1/1); €) AcOH/toluene, 90 °C and then 4N HCI/AcOEt

A& 4 2B L TE, BEHAREZHNTER LR DL AT VR 13 12X F L
Grignard 3R 2N &% Z & TARL L 72 (Scheme 2.3),

O e
. P a) HCl y o
- 0
N o
R e H
3

(¢} OH

1

Scheme 2.3 Synthetic procedure of compound 4
a) MeMgBr, THF, then 4N HCI/AcOEt, 15%
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&%) 5a-d, 6 (2P L Tid Scheme 2.2 DFEMHEIEEZ MW TehE ., BKSUS &S
52 &b, Scheme 23 IR THRIBGHIETERK LTz, N2 UL 4-° X R 8b, n-7
FAT I %, xHiT D N-Boc-a-& Rr ¥ 7 I Vg 14, 2-(4-FENLKR Y = V) TF A Yy
T =R15% A X ) —/LHi 55°CT—HpNENd 2 Z & T Ugi SUS 24TV, IR 12 C Boc 2%
BifRatE, X DICHERR V= TINS5 2 & CERALBIEAEIT L, N U rAara Y
r NERT UV 16 BT, BEMUKBRINC L U AR OB TN 1T ~EFFE L, 47 =
J X RURT T REBTT VX ALELT D Z & T{LEY ba-d, 6 &157-,

C=N
HO OH

Ph” N %{ I @ - (c) o)
* * BocN o + N/ﬁ > ph N OH
o s A
N R

H

o
16

NH,
8b 9a 14 15
a(R,R)R=i-Bu
b (R,S) R =i-Bu
¢ (SR)R =i-Bu
d (S,S)R =i-Bu

e (R,R) R = cyclohexyl

Hel
@ o @) HCl o
N OH ——— " o
N R
N N R
o 3 H
17 5a-d, 6

Scheme 2.3 Solution phase synthesis of spirodiketopiperazines

(a) MeOH, 55°C; (b) conc. HCI, 55°C; (c) AcOH/toluene, 80°C; (d) H,, Pd(OH),/C, EtOH, 55°C
then 4N HCI/AcOEt (60-70% in 4 steps); (€) 4-phenoxy-benzaldehyde, NaBH(OAC)s, AcOH, DMF
(80%)

N-Boc-o-t a7 X /i Mda-diTif3EA — T — X0l TWoH2 b D& EH L, 1de
B L TldScheme 2410753k LT2ERIC . o % — S L ZARF DR F AR E MW TAR L2 8,
VAT ULT T e REvwn e ) vrd, XY U UAFEE FDoebnerfii & S 15
ZET 3 ranF o227 uXUlE 18 137, A TFINVT AT L L% DIBALIE
TNZED v =TV AARFZARX ACDFR E R DT I AT a—L 20857z, 7T INAT
a—n 20y r7an 22 o ()EARY =T, Ti(0i-Pr),, t-7F /e Re~UL4%
VREERESELZETEARF VIR 2L 2B, TAa—LEZT LT R, ELICHLRY
BE~EBRE LT2t2, NNXUUALT I U E RS E/TmARFT v RERIRICHERE L, 22 215
Too N-RUDNT )R 22 ZAEMUKFIRINBORCITAT U BOSDTERS - feid s . RNITKEE
b7 b U 7 LKIERR. BocO% %, N-Boc-a-t Ko7 X /g 14e% 15%7-,
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= 20
b) L 18R'=H

19R' = Me

NHBn NHBoc
O. E—— Em——

OH CO,H : COH
OH OH

21 22 l4e

Scheme 2.4 Synthetic method of optically-active p-hydroxy-N-Boc-a-amino acid

a) piperidine, pyridine; b) conc H,SO,, MeOH; ¢) DIBAL, THF; d) (-)-diethyl-p-tartrate, Ti(Oi-Pr),,
t-butyl hydroxy hydroperoxide, MS4A, CH,Cly; €) SOs.pyridine, EtsN, DMSO; f) 2-methyl-2-butene,
NaClO,, NaH,PO,, MeCN, H,0; g) BnNH,, 5.0 M NaOH, H,0; h) H,, Pd(OH)./C, MeOH, then
Boc,0, 1.0 M NaOH

2-4. /R

FH D IIREICH R A R Y ) O N ERT DU ERERT D U — NMEAW
la, 2 %A L LT, HUHIV &M, BAWINYEDM 4 B L 7oE 2w 4 B L7z,
FT. BROBIEOEWFERBZFRECH D B2, 7y —AficBi 2R OFRE
WZHEHB Lz, U— MEEW 1laldFI2 3 >0 2 5 2. Zi1vb O CCRS fi G FHEIENE
EREAE LRSS, BUEA Y 1la & R OIEM 2 R R R OFERH] D NS/ o 70, 1HMER
HHIZONTENENEMEZITV, S HITEEWED -t Fr -7 X BiEiE OSSR LTI
DWTIEMEZEA L2 L 2 A, BR I'R) DOHMEXIELE MG DOFBUCIEFICEE 22 L Rbo D |
2P~ ULNEERT G 2 I 20t FaX v ERoBEAZISHLZEZ A,
CCR5 FHETEMEILFE 2235 HU HIV IGEMETREERIC A B L72AbE8 6 2 iR o7, 3%
TR B ORI D EITRRD ST o o 08 A LITEEI G O B 2 A5 2 &
T, Pt HIV EYER Bk 0 L e 2 G AR ERIEE BT 2 LR TE, S HITIIKEBEDE A
KB ORREMEIME T U, AR EREHEREEEH S W o EHENL D L S OUGEIZD
RIFHZENTET,

2-5. EBROHR

General directions

Analytical samples were homogeneous as confirmed by thin layer chromatography (TLC), and
afforded spectroscopic results consistent with the assigned structures. Proton nuclear magnetic
resonance spectra (‘H NMR) were recorded on a Varian Gemini-200 or a MERCURY-300
spectrometer with tetramethylsilane as an internal standard. The chemical shift values ¢ are reported
in ppm and coupling constants (J) in Hertz (Hz). Fast atom bombardment (FAB) and electron
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ionization (EI) mass spectra were obtained with a JEOL JMS-700 spectrometer. Matrix-assisted laser
desorption ionization-time of flight (MALDI-TOF) mass spectra were obtained on Perseptive
\oyager Elete. Atmospheric pressure chemical ionization (APCI) mass spectra were determined by
Hitachi M-1200H spectrometer. IR spectra were measured on a JASCO FTIR-430 spectrometer.
Elemental analyses were performed with a Perkin-Elmer PE2400 series 11 CHNS/O Analyzer and
were only indicated as the elements within + 0.4% of the theoretical values unless otherwise noted.
Column chromatography was carried out on silica gel [Merck silica gel 60 (0.063 ~ 0.200 mm), Fuji
Silysia BW235 or Fuji Silysia FL60D]. TLC was performed on silica gel (Merck TLC, silica gel 60
Fas4).

M ethylene-isonitrileresin (7)

The aminomethyl resin (0.52 mmol/g, 10.0 g, 5.2 mmol) was washed with DMF (40 mL x 2), and
suspended in a mixture of DMF (40 mL) and ethyl formate (60 mL). The suspension was stirred
under reflux for 6 h. After cooling to room temperature, the resin was filtrated and washed with
DMF (50 mL x 2), CH,Cl, (50 mL x 4), MeOH (50 mL x 4) and CH,Cl, (50 mL x 4). The resin was
dried under reduced pressure to give the N-formylated aminomethyl resin (10.0 g, 0.44 mmol/g
calculated by nitrogen content of elementary analysis) as a white resin. IR (KBr) 1682 (CONH)
cm-1. The N-formylated aminomethyl resin (0.52 mmol/g, 10.0 g, 5.2 mmol) was washed with
CH,CI, (100 mL x 2) and then suspended in CH,Cl, (100 mL). To it were successively added
triethylamine (3.62 mL, 26.0 mmol), CCl, (2.51 mL, 26.0 mmol), and triphenylphosphine (6.82 g,
26.0mmol). The suspension was stirred under reflux for 1 h. After cooling to room temperature, the
mixture was filtrated. The resin was successively washed with CH,Cl, (100 mL x 4), MeOH (100
mL x2) and CH,Cl, (100 mL x 4). Drying under reduced pressure gave the methylene-isonitrile resin
7 (9.73g, 0.45 mmol/g) as a pale yellow resin. IR (KBr) 2146 cm-1.

A typical procedure for the Ugi four-component condensation using Rink-isonitrile resin. (1a-c,
2-4)

1-Butyl-3-(cyclohexylmethyl)-9-(4-phenoxybenzyl)-1,4,9-tr iazaspir o[ 5.5] undecane-2,5-dione
Hydrochloride (2)

The Rink-isonitrile resin 7 (0.45 mmol/g, 500 mg, 0.23 mmol) was washed with THF/MeOH (1/1, 4
mL x 2). To a suspension of the resin in THF/MeOH (1/1, 4 mL) were added
N-allyloxycarbonyl-4-piperidone 8 (206 mg, 1.13 mmol), n-butylamine 9a (82 mg, 1.13 mmol) and
N-Boc-dl-cyclohexylalanine 10a (305 mg, 1.13 mmol). The mixture was shaken for 16 h at 65 °C.
After cooling to room temperature, the resin was collected by filtration and successively washed
with THF/MeOH (1/1, 4 mL x 3) and then CH,CI, (4 mL x 3). To a suspension of the resin in
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CHCIl, (4 mL) were successively added acetic acid (135 mg, 225 mmol),
tetrakis(triphenylphosphine)palladium(0) (52.0 mg, 0.045 mmol) and tributyl tin hydride (327 mg,
1.13 mmol). The mixture was shaken for 4 h at room temperature. The resin was collected by
filtration and successively washed with CH,Cl, (4 mL x 4) and DMF (4 mL x 4). To a suspension of
the resin in 1% acetic acid in DMF (4 mL) were successively added 4-phenoxybenzaldehyde (223
mg, 1.13 mmol) and then sodium triacetoxyborohydride (238 mg, 1.13 mmol). The mixture was
shaken for 6 h at room temperature. The resin was collected by filtration and successively washed
with MeOH (4 mL x 2), DMF (4 mL x 4) and then CH,CI, (4 mL x 4). The resin was suspended in
25%TFA in CH,CI, (4 mL) at 0 °C. The mixture was allowed to warm up to room temperature and
then stirred for 30 min. The resin was collected by filtration and rinsed with CH,Cl, (4 mL x 3),
toluene (4 mL x 3) and 1.25 M acetic acid in toluene (4 mL). The resin was suspended in 1.25 M
acetic acid in toluene (4 mL). The suspension was shaken for 24 h at 90 °C. After cooling to room
temperature, the resin was collected by filtration and washed with CHCIz/MeOH (1/1, 4 mL). The
combined filtrate and washings were evaporated. The resulting residue was purified by column
chromatography on silica gel with a gradient of AcCOEt/MeOH (from 1/0 to 10 /1). The resulting
residue after evaporation was treated with 4N HCI in AcOEt and then washed with Et,O to afford the
title compound 2 (23 mg, 70% vyield) as a white powder. TLC Rf 0.73 (CHCls/MeOH, 10/1); *H
NMR (200 MHz, CD;0D) §7.74-7.56 (m, 1H), 7.53 (d, J = 8.8 Hz, 2H), 7.40 (m, 2H), 7.18 (m, 1H),
7.10-7.00 (m, 3H), 4.33 (s, 2H), 4.04 (dd, J = 7.4, 4.8 Hz, 1H), 3.80 (m, 2H), 3.60-3.35 (m, 4H),
2.43 (m, 2H), 2.17 (m, 2H), 1.90-1.60 (m, 7H), 1.60-1.45 (m, 2H), 1.45-1.30 (m, 2H), 1.30-1.15 (m,
4H), 1.10-0.80 (m, 5H); IR (KBr) 3434, 3210, 3064, 2926, 2851, 2664, 2558, 1672, 1590, 1509,
1489, 1418, 1373, 1241, 1173, 1118, 1072, 1048 cm™*; MS (FAB, Pos) m/z518 (M + H)*; Elemental
Analysis Calcd for CzH43N303.HCLO.5H,0 : C, 68.25; H, 8.05; N, 7.46. Found : C, 68.23; H,
7.88; N, 6.77.

1-Butyl-3-isobutyl-9-(4-phenoxybenzyl )-1,4,9-triazaspir o[ 5.5]undecane-2,5-dione
Hydrochloride (1a)

The title compound was synthesized in 48% yield according to the same procedures as described for
the preparation of 2 using N-Boc-dl-leucine 10b for 10a. TLC Rf 0.63 (CHCls/MeOH, 10/1); 'H
NMR (200 MHz, CD;0D) §7.54 (d, J = 8.8 Hz, 2H), 7.40 (m, 2H), 7.18 (m, 1H), 7.11-7.00 (m, 4H),
4.33 (s, 2H), 4.01 (dd, J = 7.6, 4.8 Hz, 1H), 3.80 (m, 2H), 3.60-3.35 (m, 4H), 2.43 (m, 2H), 2.18 (m,
2H), 1.80 (m, 1H), 1.70 (m, 1H), 1.54 (m, 2H), 1.37 (m, 3H), 1.00-0.90 (m, 9H); IR (KBr) 3440,
3221, 3066, 2957, 2871, 2559, 1673, 1590, 1509, 1489, 1419, 1371, 1329, 1242, 1172 cm™; MS
(FAB. Pos., Glycerin + m-NBA) m/z 478 (M + H)", 183 (base peak); Elemental Analysis Calcd for
Ca9H39N303.HCI.H,0 : C, 65.46; H, 7.96; N, 7.90. Found: C, 65.67; H, 7.89; N, 7.83.
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(3S)-1-Butyl-3-isobutyl-9-(4-phenoxybenzyl)-1,4,9-triazaspir o[ 5.5]undecane-2,5-dione
Hydraochloride (1b)

The title compound was synthesized in 13% yield according to the same procedures as described for
the preparation of 2 using N-Boc-I-leucine 10d for 10a. [a]p? — 2.11 ° (C 0.95, MeOH);TLC Rf
0.29 (CHCIs/MeOH, 10/1); '"H NMR (300 MHz, CD;0D) & 7.54 (d, J = 8.7 Hz, 2H), 7.42-7.36 (m,
2H), 7.18 (m, 1H), 7.05 (d, J = 8.7 Hz, 2H), 7.05-7.02 (m, 2H), 4.33 (s, 2H), 3.98 (dd, J = 8.1, 4.5
Hz, 1H), 3.86-3.72 (m, 2H), 3.53-3.37 (m, 4H), 2.47-2.36 (m, 2H), 2.24-2.12 (m, 2H), 1.80-1.30 (m,
7H), 0.95 (t, J= 7.2 Hz, 3H), 0.95 (d, J = 6.3 Hz, 3H), 0.93 (d, J = 6.3 Hz, 3H); IR (KBr) 3445, 2956,
2565, 1676, 1590, 1509, 1489, 1418, 1329, 1242, 1172, 1073, 1049 cm™’; MS (APCI, Pos) m/z 478
(M + H)*; HRMS Calcd 478.307, Obsd 478.3069.

(3R)-1-Butyl-3-isobutyl-9-(4-phenoxybenzyl)-1,4,9-triazaspir o[ 5.5]undecane-2,5-dione
Hydrochloride (1c)

The title compound was synthesized in 14% yield according to the same procedures as described for
the preparation of 2 using N-Boc-d-leucine 10c for 10a. [a]p? + 2.25° (C 1.15, MeOH); TLC Rf
0.29 (CHCIs/MeOH, 10/1); '"H NMR (300 MHz, CD;0D) & 7.54 (d, J = 8.7 Hz, 2H), 7.42-7.36 (m,
2H), 7.18 (m, 1H), 7.05 (d, J = 8.7 Hz, 2H), 7.05 - 7.02 (m, 2H), 4.32 (s, 2H), 4.01 (dd, J = 7.8, 4.8
Hz, 1H), 3.85-3.72 (m, 2H), 3.50-3.39 (m, 4H), 2.52-2.38 (m, 2H), 2.24-2.11 (m, 2H), 1.84-1.20 (m,
7H), 0.95 (t, J = 7.2 Hz, 3H), 0.95 (d, J = 6.3 Hz, 3H), 0.93 (d, J = 6.3 Hz, 3H); IR (KBr) 3444, 2957,
2565, 1676, 1590, 1509, 1489, 1418, 1242, 1172 cm™; MS (APCI, Pos) m/z 478 (M + H)*; HRMS
Calcd 478.307, Obsd 478.3069.

1-(3-Hydroxybutyl)-3-isobutyl-9-(4-phenoxybenzyl)-1,4,9-triazaspir o[ 5.5] undecane-2,5-dione
Hydraochloride (3)

The title compound was synthesized in 31% yield according to the same procedures as described for
the preparation of 2 using 3-t-butyldimethylsilylhydroxybutylamine 9b for 9a. TLC Rf 0.49
(CHCI3/MeOH, 10/1); *H NMR (300 MHz, CD30D) §7.54 (d, J = 8.5 Hz, 2H), 7.39 (t, J = 7.5 Hz,
2H), 7.18 (t, J = 7.5 Hz, 1H), 7.04 (m, 4H), 4.33 (s, 2H), 4.02 (m, 1H), 3.80 (m, 3H), 3.51 (m, 4H),
2.46 (m, 2H), 2.19 (m, 2H), 1.85-1.57 (m, 5H), 1.17 (d, J = 6.0 Hz, 3H), 0.94 (d, J = 9.0 Hz, 6H); IR
(KBr) 3405, 2960, 1675, 1590, 1510, 1489, 1421, 1242, 1172, 1048 cm™; MS (APCI, Pos) m/z 494
(M + H)"; HRMS Calcd 494.3019, Obsd 494.3025.

Benzyl [1-butyl-2,5-diox0-9-(4-phenoxybenzyl)-1,4,9-tr iazaspir o[ 5.5]undec-3-yl]acetate
Hydrochloride (34)
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The title compound was synthesized in 36% yield according to the same procedures as described
for the preparation of 2 using N-Boc-dl-aspartic acid B-benzyl ester 10e for 10a. TLC Rf 0.74
(CHCI3/MeOH, 9/1); 'H NMR (300 MHz, CDs0D) & 7.52 (d, J = 7.0 Hz, 2H), 7.40 (t, J = 7.5 Hz,
2H), 7.33 (m, 5H), 7.18 (t, J = 7.5 Hz, 1H), 7.05 (m, 4H), 5.12 (s, 2H), 4.33 (s, 2H), 4.31 (m, 1H),
3.88 (m, 1H), 3.66 (m, 1H), 3.50-3.35 (m, 4H), 3.08 (dd, J = 17.7, 4.8 Hz, 1H), 2.86 (dd, J = 17.7,
3.0 Hz, 1H), 2.34 (m, 2H), 2.25 (m, 2H), 1.50 (m, 2H), 1.36 (m, 2H), 0.94 (t, J = 7.5 Hz, 3H); IR
(KBr) 3735, 3412, 1736, 1675, 1489, 1423, 1242, 1175 cm*; MS (APCI, Pos) m/z 570 (M + H)";
HRMS Calcd 570.2968, Obsd 570.297.

(2-Hydr oxy-2-methylpr opyl)-9-(4-phenoxybenzyl)-1,4,9-tr iazaspir o[ 5.5] undecane-2,5-dione
hydrochloride (4)

To a stirred solution of 13 (133 mg, 0.233 mmol) in dry tetrahydrofuran (10 mL) was added
methylmagnesiumbromide (1.0 M/tetrahydrofuran, 0.77 mL, 0.77 mmol) at -20 °C in Argon
atomasphere. After being stirred at 0 °C for 1 hour, the reaction mixture was added
methylmagnesium bromide (1.0 M/tetrahydrofuran, 1.0 mL, 1.0 mmol). After being stirred for 16
hours at romm temperature, the reaction mixture was added water and extracted with ethyl acetate.
The organic layer was washed with brine, dried over anhydrous sodium sulfate and evaporated. The
resulting residue was purified by column chromatography on silica gel and treated with 4N hydrogen
chloride/ethyl acetate (2 mL) to give the title compound 4 (18.9 mg, 15%). TLC Rf 0.29
(CHCI3/MeOH, 10/1); *H NMR (300 MHz, CDs0D) & 7.54 (d, J = 8.7 Hz, 2H), 7.42-7.36 (m, 2H),
7.18 (m, 1H), 7.05 (d, J = 8.7 Hz, 2H), 7.05 - 7.02 (m, 2H), 4.32 (s, 2H), 4.01 (dd, J = 7.8, 4.8 Hz,
1H), 3.85-3.72 (m, 2H), 3.50-3.39 (M, 4H), 2.52-2.38 (m, 2H), 2.24-2.11 (m, 2H), 1.84-1.20 (m, 7H),
0.95 (t, J = 7.2 Hz, 3H), 0.95 (d, J = 6.3 Hz, 3H), 0.93 (d, J = 6.3 Hz, 3H); IR (KBr) 3444, 2957,
2565, 1676, 1590, 1509, 1489, 1418, 1242, 1172 cm™; MS (APCI, Pos.) m'z478 (M + H)*; HRMS
Calcd 478.3070, Obshd 478.3069.

A typical procedure for the solution phase Ugi four-component condensation

(3R)-1-Butyl-3-[(R)-cyclohexyl (hydr oxy)methyl]-9-(4-phenoxybenzyl)-1,4,9-triazaspir o[ 5.5]und
ecane-2,5-dione hydrochloride (6)

To a stirred solution of 1-benzyl-4-piperidone 8b (75 g, 261 mmol), n-butylamine 9a (258 ml, 261
mmol) and (2R,3R)-2-(t-butoxycarbonylamino)-3-cyclohexyl-3-hydroxypropanoic acid 14e (49.4 g,
261 mmol) in methanol (1.0 L) was added 2-morpholinoethyl isocyanide 15 (36 mL, 261 mmol).
After being stirred at 55 °C overnight, the reaction mixture was treated with concentrated
hydrochloric acid (261 L) with cooling. After being stirred at 55 °C for another 2 h, the reaction
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mixture was evaporated, treated with water, sodium bicarbonate and extracted with ethyl acetate.
The combined organic layers were washed with brine, dried over anhydrous sodium sulfate and
evaporated to give deprotected Ugi product as a yellow oil, a solution of which dissolved in acetic
acid/toluene (1.25 M/ 1.1 L) was stirred at 80 °C for 1 h. The reaction mixture was cooled to room
temperature, diluted with ethyl acetate and washed twice with a small amount of water. The organic
layer was washed with aqueous sodium hydrogen carbonate, brine, dried over sodium sulfate and
evaporated to afford N-benzylpiperidinodiketopiperazine 16 as an oil (103 g). Debenzylation of the
resulting oily product was carried out by the catalytic hydrogenation at an atmospheric pressure in
ethanol (1.0 L) in the presence of 20% Pd(OH),/C (20 g) for 3 h at 50 °C. Catalyst was removed by
filtration through a pad of Celite. The filtrate was treated with 4N hydrogen chloride/ethyl acetate
(130 mL) and evaporated. The resulting powder was washed with t-butyl methyl ether to afford the
title compound as a white powder 17 (83 g, 82% vyield in four steps). To a stirred solution of the
resulting residue (100 mg, 0.258 mmol), 4-phenoxybenzaldehyde (61 mg, 0.309 mmol) in 1% acetic
acid/N,N-dimethylformamide (2 mL) was added sodium triacetoxyborohydride (71 mg, 0.335 mmol).
After being stirred overnight, the reaction mixture was evaporated. The resulting residue was
purified by column chromatography on silica gel and treated with 4N hydrogen chloride/ethyl
acetate (2 mL) to give the title compound 6 in 46% vyield. [o]p™ + 2.51 ° (c 0.97, MeOH) TLC R
0.46 (ACOEt/MeOH, 10/1); *H NMR (300 MHz, CDs0D) 6 7.50 (d, J = 8.7 Hz, 2H), 7.42-7.37 (m,
2H), 7.18 (m, 1H), 7.07-7.01 (m, 4H), 4.31 (s, 2H), 4.15 (d, J = 2.1 Hz, 1H), 3.97 (m, 1H), 3.71 (m,
1H), 3.60-3.05 (m, 5H), 2.55-1.90 (m, 6H), 1.90-1.60 (m, 5H), 1.60-1.10 (m, 6H), 1.10-0.90 (m,
2H), 0.95 (t, J=7.2 Hz, 3H); IR (KBr) 3365, 3190, 2924, 2852, 2362, 1660, 1590, 1509, 1489, 1469,
1423, 1243, 1172, 1115 cm™; MS (APCI, Pos 20v) mVz 534 (M+H)*, 422; HRMS Calcd 534.3332,
Obsd 534.3332.

Compounds 4 and 5a-d were synthesized according to the same procedures as described above for
the  preparation of 6 using the corresponding  N-Boc-amino  acid  for
(2R,3R)-2-(t-butoxycarbonylamino)-3-cyclohexyl-3-hydroxypropanoic acid.

1-Butyl-3-(2-hydr oxy-2-methylpr opyl)-9-(4-phenoxybenzyl)-1,4,9-triazaspir o[ 5.5]undecane-2,5

-dione hydrochloride (4)

TLC Rf 0.52 (CHCIl/MeOH, 10/1); *H NMR (300 MHz, CD;0D) 6 7.50 (d, J = 8.7 Hz, 2H), 7.39
(dd, J = 8.7, 7.5 Hz, 2H), 7.18 (t, J = 7.5 Hz, 1H), 7.09-7.00 (m, 4H), 4.32 (brs, 2H), 4.29 (dd, J =
9.9, 3.0 Hz, 1H), 4.04-3.88 (m, 2H), 3.59-3.40 (m, 4H), 2.46-2.21 (m, 4H), 2.18 (dd, J = 14.4, 3.0 Hz,
1H), 1.75 (dd, J = 14.4, 9.9 Hz, 1H), 1.61-1.43 (m, 2H), 1.42-1.29 (m, 2H), 1.28 (s, 6H), 0.95 (t, J =
7.5 Hz, 3H).;IR (KBr) 3432, 2962, 1671, 1590, 1509, 1489, 1420, 1242, 1173, 930, 872, 693
cm™:MS (APCI, Pos.) mVz494 (M + H)"; HRMS Calcd 494.3019, Obsbd 494.3019.
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(3R)-1-Butyl-3-[(1R)-1-hydr oxy-2-methylpr opyl]-9-(4-phenoxybenzyl)-1,4,9-triazaspir o[ 5.5]un
decane-2,5-dione hydrochloride (5a)

[a]o® + 11.1° (c 1.05, MeOH); TLC R; 0.51 (CHCIs/MeOH, 10/1); *H NMR (300 MHz, CD;0OD) ¢
7.52 (d, J = 8.7 Hz, 2H), 7.43-7.35 (m, 2H), 7.21-7.14 (m, 1H), 7.09-7.00 (m, 4H), 4.33 (s, 2H), 4.14
(d, J = 2.1 Hz, 1H), 4.06-3.92 (m, 1H), 3.81-3.66 (m, 1H), 3.58-3.40 (m, 3H), 3.30-3.10 (m, 1H),
3.19 (dd, J = 9.6, 2.1 Hz, 1H), 2.53-2.37 (m, 2H), 2.37-2.20 (m, 1H), 2.18-2.08 (m, 1H), 2.08-1.94
(m, 1H), 1.78-1.60 (m, 1H), 1.50-1.26 (m, 3H), 0.99 (d, J = 6.6 Hz, 3H), 0.97 (d, J = 6.6 Hz, 3H),
0.95 (t, J = 7.2 Hz, 3H); *C NMR (300 MHz, CD;0D) § 14.3, 19.8, 20.5, 20.8, 21.5, 31.2, 31.9,
32.5, 43.9, 50.2, 50.7, 58.2, 59.0, 60.9, 81.7, 119.4, 120.6, 124.4, 125.2, 131.0, 134.2, 157.4, 160.5,
166.3, 172.1.; IR (KBr) 3366, 3180, 2959, 2926, 2869, 2510, 1672, 1639, 1590, 1509, 1490, 1458,
1425, 1242 cm™; MS (APCI, Pos 20v) miz 494 (M + H)*, 476, 422, 392; HRMS Calcd 494.3019,
Obshd 494.3019.

(3R)-1-Butyl-3-[(1S)-1-hydr oxy-2-methylpr opyl]-9-(4-phenoxybenzyl)-1,4,9-triazaspir o[5.5]und
ecane-2,5-dione hydrochloride (5b)

[a]o® -15.7 © (c 1.06, MeOH); TLC R; 0.46 (AcOEt/MeOH, 10/1); 'H NMR (300 MHz, CDs0OD) ¢
0.92 (d, J = 6.6 Hz, 3H), 0.95 (t, J = 7.2 Hz, 3H), 1.01 (d, J = 6.6 Hz, 3H), 1.31-1.44 (m, 3H),
1.68-1.80 (m, 2H), 2.13 (m, 1H), 2.38-2.58 (m, 3H), 3.25 (m, 1H), 3.43-3.70 (m, 5H), 4.04 (m, 1H),
4.08 (m, 1H), 4.32 (s, 2H), 7.01-7.06 (m, 4H), 7.17 (t, J = 7.5 Hz, 1H), 7.36-7.41 (m, 2H), 7.52 (d, J
= 8.7 Hz, 2H); *C NMR (300 MHz, CD;0D) ¢ 14.3, 19.5, 20.1, 20.8, 21.4, 31.2, 31.6, 32.6, 44.1,
50.2, 50.9, 58.4, 58.9, 61.0, 79.6, 119.4, 120.6, 124.4, 125.2, 131.0, 134.2, 157.4, 160.5, 168.9,
171.8; IR (KBr) 3365, 2924, 2852, 1657, 1590, 1509, 1489, 1424, 1242 cm™; MS (FAB, Pos) m/z
494 (M+H)*; HRMS Calcd 494.3019, Obshd 494.3017.

(3S)-1-Butyl-3-[ (1R)-1-hydroxy-2-methylpr opyl]-9-(4-phenoxybenzyl)-1,4,9-tr iazaspir o[5.5] und
ecane-2,5-dione hydrochloride (5c)

[a]o® +16.5 (c 1.07, MeOH); TLC R: 0.46 (AcOEt/MeOH, 10/1); ‘H NMR (300 MHz, CD;0D)
50.92 (d, J = 6.6 Hz, 3H), 0.95 (t, J = 7.2 Hz, 3H), 1.01 (d, J = 6.6 Hz, 3H), 1.31-1.44 (m, 3H),
1.68-1.80 (m, 2H), 2.13 (m, 1H), 2.31-2.58 (m, 3H), 3.25 (m, 1H), 3.43-3.72 (m, 5H), 4.04 (m, 1H),
4.08 (m, 1H), 4.32 (s, 2H), 7.02-7.08 (m, 4H), 7.18 (t, J = 7.5 Hz, 1H), 7.37-7.42 (m, 2H), 7.52 (d, J
= 8.7 Hz, 2H); *C NMR (300 MHz, CD;0D) §14.3, 19.5, 20.1,20.8, 21.4, 31.2, 31.7, 32.6, 44.1,
50.2, 50.9, 58.4, 58.9, 61.0, 79.6, 119.4, 120.6, 124.4, 125.2, 131.0, 134.2, 157.4, 160.5, 168.9,
171.8; IR (KBr) 3368, 2958, 2925, 2872, 1671, 1590, 1509, 1489, 1424, 1242 cm™; MS (FAB,Pos.)
m/z494 (M + H)"; HRMS Calcd 494.3019, Obshd 494.3023.
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(3S)-1-Butyl-3-[(1S)-1-hydr oxy-2-methyl pr opyl]-9-(4-phenoxybenzyl)-1,4,9-triazaspir o[ 5.5]und
ecane-2,5-dione hydrochloride (5d)

[a]o® -12.4 (c 0.99, MeOH); TLC R; 0.51 (CHCIy/MeOH, 10/1); *H NMR (300 MHz, CD;0D) ¢
7.52 (d, J= 8.7 Hz, 2H), 7.43-7.36 (m, 2H), 7.21-7.14 (m, 1H), 7.10-7.00 (m, 4H), 4.33 (s, 2H), 4.14
(d, J = 2.1 Hz, 1H), 4.06-3.92 (m, 1H), 3.81-3.66 (m, 1H), 3.58-3.40 (m, 3H), 3.30-3.10 (m, 1H),
3.19 (dd, J = 9.6, 2.1 Hz, 1H), 2.53-2.37 (m, 2H), 2.37-2.18 (m, 1H), 2.18-2.08 (m, 1H), 2.06-1.95
(m, 1H), 1.78-1.60 (m, 1H), 1.50-1.26 (m, 3H), 0.99 (d, J = 6.6 Hz, 3H), 0.97 (d, J = 6.6 Hz, 3H),
0.95 (t, J = 7.2 Hz, 3H); *C NMR (300 MHz, CD;0OD) § 14.3, 19.8, 20.5, 20.8, 21.5, 31.3, 31.9,
32.5, 43.9, 50.3, 50.7, 58.2, 59.0, 61.0, 81.7, 119.4, 120.6, 124.4, 125.2, 131.0, 134.2, 157.4, 160.5,
166.3, 172.1; IR (KBr) 3367, 3193, 2957, 2925, 2853, 2490, 1675, 1639, 1590, 1509, 1489, 1469,
1424, 1242 cmY; MS (APCI, Pos 20 v) m/'z 494 (M + H)*, 476, 422, 392; HRMS Calcd 494.3019,
Obshd 494.3021.

1. 3-Cyclohexyl-2-propenoic acid (18)

To a stirred solution of cyclohexanecarboxyaldehyde (400 mL, 3.30 mmol) in pyridine (750 mL)
were added malonic acid (290 g, 2.78 mol) and piperidine (7.5 mL, 75 mmol) at room temperature.
After being stirred at ambient temperature for 1 h, the reaction mixture was heated at 80 °C for 5 h,
cooled to room temperature, poured into ice-cooled 3.0 M aqueous hydrochloric acid (1.2 L) and
extracted with ethyl acetate. The organic layer was extracted with 2.0 M sodium hydroxide. The
aqueous layer was washed with ethyl acetate, acidified with concentrated hydrochloric acid and
extracted with ethyl acetate. The organic layer was washed with brine, dried over magnesium sulfate
and evaporated to yield the title compound 18 (442 g, 100%) as a pale yellow solid. TLC R;0.78
(CHCI3/MeOH/ACOH, 20/2/1); *H NMR (300 MHz, CDCl5) ¢ 7.03 (dd, J = 15.6, 6.6 Hz, 1H), 5.77
(dd, J = 15.6, 1.6 Hz, 1H), 2.30-2.04 (m, 1H), 1.87-1.59 (m, 5H), 1.46-1.02 (m, 5H).

M ethyl 3-cyclohexyl-2-propenoate (19)

To a stirred solution of cyclohexyl-2-propenoic acid 18 (442 g, 3.30 mol) in MeOH (1.5 L) was
slowly added concentrated sulfuric acid (15 ml) at room temperature. After being stirred under reflux
condition for 14 h, the solvent was removed by evaporation. The resulting residue was slowly added
to ice water (500 mL) and neutralized with sodium hydrogen carbonate (50 g). The aqueous mixture
was extracted with ethyl acetate. The organic layer was washed with brine, dried over magnesium
sulfate and concentrated in vacuo to yield the title compound 19 (449 g, 96%). TLC R 0.83
(CHCI3/MeOH, 10/1); *H NMR (300 MHz, CDCl3) 6 6.92 (dd, J = 15.6, 6.6 Hz, 1H), 5.77 (dd, J =
15.6, 1.5 Hz, 1H), 3.72 (s, 3H), 2.15 (m, 1H), 1.80-1.61 (m, 4H), 1.19-1.03 (m, 6H).

3-Cyclohexyl-2-propen-1-ol (20)
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To a stirred solution of methyl 3-cyclohexyl-2-propenoate 19 (80.0 g, 476 mmol) in dry
tetrahydrofuran (1.0 L) was slowly added diisobutyl aluminum hydride/toluene (1.0 M, 1.0 L, 1.0
mol) at -70 °C~-60 °C over 2 h under argon atmosphere. The reaction mixture was warmed up to
-10°C ~ 0 °C, quenched with water (5 mL) and then aqueous saturated sodium sulfate (~ 400 mL).
The resulting precipitates were removed by filtration. The filtrate was evaporated, and the resulting
residue was purified by distillation (bp 125-128 °C/26 mmHg) to give the title compound 20 (53 g,
88%) as a colorless oil. TLC Rf 0.67 (hexane/AcOEt, 2/1); 'H NMR (300 MHz, CDCly) ¢
5.70-5.53 (m, 2H), 4.08 (d, J = 4.8 Hz, 2H), 1.96 (m, 1H), 1.80-1.58 (m, 4H), 1.37-1.00 (m, 6H).

[(2R,3R)-3-Cyclohexyloxir an-2-yllmethanol (21)

To a stirred suspension of dried MS4A (75 g) in dichloromethane (1.3 L) was added titanium(1V)
isopropoxide (42 ml, 142 mmol) at room temperature under argon atmosphere and a solution of
diethyl D-tartrate (35.3 g, 171 mmol) in dichloromethane at -30 °C~-20 °C, and stirring was
continued for 30 min. To the mixture were added a solution of 20 (100 g, 714 mmol) in
dichloromethane (100 mL) at -30 °C~-20 °C and a solution of t-butyl hydroxy peroxide in octane
(178 mL, 1.07 mol) at -30 °C~-20 °C and the mixture was stirred for 3 h. After the excess peroxide
was quenched with the addition of dimethyl sulfide (157 mL, 2.1 mol) at -30 °C~-20 °C and stirring
was continued for 1.5 h the reaction mixture was further treated with 2.0 L of water and (£)-tartaric
acid (300 g, 2.0mol) and stirring was continued overnight. The reaction mixture was extracted with
ethyl acetate. The organic layer was evaporated. The resulting residue was dissolved in t-butyl
methyl ether (1.0 L) and the excess diethyl D-tartrate was hydrolyzed by stirring with 1.0 M sodium
hydroxide water solution for 1 h. The reaction mixture was diluted with water (800 mL) and
extracted with t-butyl methyl ether. The organic layer was washed with brine, dried over anhydrous
magnesium sulfate and evaporated. The resulting residue was purified by silica gel column
chromatography (hexane/AcOEt, 10/1-1/1) to yield the title compound 21 (100 g, 90%). [a]p™ +
32.7 ° (c 1.67, CHCIy); TLC R; 0.43 (hexane/AcOEt, 2/1); *H NMR (300 MHz, CDCls) ¢ 3.91 (m,
1H), 3.62 (m, 1H), 2.98 (m, 1H), 2.76 (dd, J = 6.9, 2.4 Hz, 1H), 1.90-1.50 (m, 6H), 1.36-1.01 (m,
5H).

(2R,3R)-2-Benzylamino-3-cyclohexyl-3-hydr oxypropanoic acid (22)

To a stirred solution of [(2R,3R)-3-cyclohexyloxiran-2-ylJmethanol 21 (184 g, 1.18 mol) in dimethyl
sulfoxide (828 ml) were added triethylamine (644 mL, 4.62 mol) and sulfur trioxide-pyridine
complex (368 g, 2.32 mol) at 0 °C. After being stirred at room temperature for 1 h, the reaction
mixture was quenched with ice water (3.4 L) and extracted with t-butyl methyl ether. The organic
layer was washed with ice-cooled 0.5 M aqueous hydrochloric acid and brine, dried over anhydrous
magnesium sulfate and evaporated. To the resulting aldehyde in acetonitrile (3.6 L) were added
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water (1.8 L), 2-methyl-2-butene (550 ml, 5.2 mol) and mono sodium hydrogen phosphate (184 g,
1.53 mol) at room temperature. To the reaction mixture was slowly added sodium hypochlorite (80%,
440 g, 3.9 mol) keeping the temperature at 20 °C~25 °C. After being stirred at room temperature for
30 min, the reaction mixture was diluted with t-butyl methyl ether and treated with 1.0 M sodium
hydroxide (1.7 L) at room temperature. The precipitates were removed by filtration. The organic
layer of the filtrate was extracted with 1.0 M sodium hydroxide. The aqueous layer was acidified
with 6.0 M hydrochloric acid (pH 3.0), extracted with t-butyl methyl ether, washed with brine, dried
over anhydrous magnesium sulfate and evaporated to yield
[(2R,3R)-3-cyclohexyloxiran-2-yl]carboxylic acid. To a stirred solution of
[(2R,3R)-3-cyclohexyloxiran-2-yl]carboxylic acid in water (198 mL) were slowly added
benzylamine (269 mL, 2.47 mol) followed by 5.0 M sodium hydroxide (148 mL, 740 mmol) at 0 °C.
After being stirred under reflux for 2.5 h, the reaction mixture was treated with 5.0 M sodium
hydroxide (16 mL, 82 mmol) at room temperature. The aqueous layer was washed with t-butyl
methyl ether, and acidified with 2.0 M hydrochloric acid (pH 4-5). The precipitates were collected
by filtration and washed with ice water, ice-cooled acetone, t-butyl methyl ether and dried to yield
22 (227 g, 35% in 3 steps) as a white powder. TLC R 0.71 (n-BuOH/AcOH/H,0, 4/2/1); *H NMR
(300 MHz, DMSO-dg) 6 7.48-7.22 (m, 5H), 3.87 (d, J = 13.2 Hz, 1H), 3.69 (d, J = 13.2 Hz, 1H),
3.05 (d, J = 6.0 Hz, 1H), 1.72-1.50 (m, 6H), 1.24-0.80 (m, 5H); MS (FAB, Pos) 278 (M+H)"

(2R,3R)-2-(t-Butoxycar bonylamino)-3-cyclohexyl-3-hydr oxypropanoic acid (14€)

To a suspension of Pd(OH),/C (30 g, 20% wt, wet) in methanol (3.0 L) were added
(2R,3R)-2-benzylamino-3-cyclohexyl-3-hydroxypropanoic acid 22 (150 g, 542 mmol) and 1.0 M
sodium hydroxide (540 mL) at 0 °C. After being stirred under hydrogen atmosphere for 8 h, the
reaction mixture was treated with 1.0 M sodium hydroxide (80 mL) and then di-t-butyl dicarbonate
(160 mL, 504 mmol) under argon atmosphere. After being stirred overnight, palladium was removed
by filtration through a pad of Celite and washed with methanol and water. Methanol in the filtrate
was removed by evaporation and the resulting aqueous solution was washed with t-butyl methyl
ether. The aqueous layer was acidified with 5% potassium bisulfate (3.0 L) to pH 3.0, extracted with
ethyl acetate, dried over anhydrous magnesium sulfate and evaporated to yield 14e (151.2 g, 97%).
[a]p® = -16.1 © (c 0.98, MeOH); TLC R 0.54 (n-BuOH/ACOH/H,0 = 4/2/1); *H NMR (300 MHz,
CD;0D) 6 4.28 (d, J = 6.0 Hz, 1H), 3.47 (t, J = 6.0 Hz, 1H), 1.95-0.95 (m, 11H), 1.44 (s, 9H).
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31. Fim

U— RMbA 1la, 2 1358V CCR5 PHETEMEZ A LTV 2y, Ht HIV iGN, W ONCEMIC
BROHE LR ORNEIE L W O SCHlENR b - 72, ZhucktL, UV — NMeawoF 7
7Y — A OB 21T, ISR OB HESE L LT U~KEBREZEAL
CCRS5 PHEFEM:, HL HIV iEMED A L L7fbA Ba, 6 Z i L2 L &5 2 ETRLT,
L LD, ZOKEBEOE A THFRH O e b, £ 0RO BB I E RN 53,
HRHDUENDVLETHD Z DN mrolz, UV — MEAEWORE O WIMEDEWRE D — 273
g COMRBINCT SIEH D Z LIFE 2 BT, HigRCTOR#MEZ T T57
DIZIE, REHRIC L > TR S LD & THIC X DEALISAT & 2O i a2 8 A LR
E7uy 35280 b LIS FREROEKBCMIEE B OB A LV 5+ 2R ORREM:
T, BRI S U WIE~ L EWT 5 L W o e EEA MR EN Th 5 L&
ZHNTWD, BaIZZ oM, b L <L OB & f1 A 1 TR O R IPED B
fbeaR+TZ ez L, UV—MEE®WD I-NAL, 3L, O-NLLOMEHIZHOWTERE
ARS8 2 1TV CCRS PR I L B A I C DWW CIRGET A 2 & & LTz,

728, 3-PLOSNARELEIZ OV TR 2 B> Table 22 TRL- X 91 SIE, RIETRE 7
IR E D, TEIR, b L IERBMTATERAS 2 S IKE W THERD
BRREIT ST,

{bA#) DCCRS PRETEMEITH —F T/ L72 & 9 IZCCR5 % J#ii| 3 Bl & 7= Chinese Hamster
Ovary (CHO) #ilaz Fivy NI Y Ho RDO—>Th 5 MIP-1a THEAL X415 Ml Ca i B
EREALE ENE T 5 0 TRl L7=(CaT v ' A1), LA RIS O E 1T
VN, S0%MHIT AIRE A ICs & L TR L7z, Ca N E IRtk TITo 7, Eiofike
72 LB DN TUEEBRIZ Y 4 VA Z O HIHIVIEE ORI 21T > 72, KAETITE MK
MY > 3Bk (PBMYZ W, (LB RO 4 VAAFETF 7 BfA ¥ 2_X—h L7172tk ¥
A IVADIEE X X7 G T Hp24 HiikE % . ELISA (Enzyme Linked Immunosorbent Assay)
BECHIET D2 LT, UANVADHIEREZHETET 57 veA RV, HE22ETRLE
MAGIT v AR EHEEL, KLVEFEEORVREEZ TS,

EHIZARETIH LAY O CORBHEL RS 5720, Mgz AT R— ML, #
DL THONDREIREE L GRSy, X7 v Y — AP TILEM AR A %
a_X— N LEH ISR, & L<IX15 A v F 2 X— MEOBRFERZEFE L LT
B OISR KT DR EMEHEE LT,

32. BRARNEDOHEZ BN L LIBELHLER

FP. LN n- T FOLEDO LW EIT, Z OO EZ W)Y CCRS FLETEME, U
EMIZED L ) B E G2 DD OWTHERE LTz, 7 FALEE nT oV i i-7F
N 2-T T =V 2-TF = R UV LR LA B 24-28 & & L, CCR5
PRETVEMEIZOWCEHMI L 72 (Teble 3.1), n7'm EALVE AR o7 (LG 24, -7 F AR L Fr
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ST AbEW 25 TiX Y — NMba# 1la Lt L, CCR5 BEIGEDORMFI G0 bivfz, —H T
I-NMIgHICA L7 v, TRF LU ZEALTLAEY 26, 27 Tit 1la & IXIERZGEDOTEHENTR
D BT, 1NV UVEFER 28 TIHIEENEE Lz, FE 2w ORLEZE Y Z, 1BE
W la OREMDO—oLEZBND 3-t FaXi-nT FAFER 3 ICBW TGN K E
SARF L7z, ULEOHSEEHOFER LY, I-NEMICIEn-TFILE, 2-7 T =ik, 2-7F
=R E VS R ESROBEEO BWEBREN T END Z ERH LMo T, I BTk
G 25-27, 3IOWT, X7 v Y —LFORENEZFE L& 2 A, ok EMmicE
WTHRBREMEDOSEITRD Do Tz, FREEO BV 1-N S HEEAL. O —> T
HHEEZEZLND DD, ZOWMMIET OREIEEEIT L0 RIS T 27z 8GE T
HZETREETHD EEZT,

Table 3.1 Effect of the 1-N-substituent on activity profiles

{ o

HCl R o
N (3RS)
O
N
H
o

Compound R Ca Assay Tue (i)
P IC5, (NM) rat liver microsomes
24 S 500 NTO
25 W/\ 330 15
26 RN 69 14
27 /\ ) 54 15
\ *
28 \ 300 NT
%
la SN, 94 12

3 )\/\ ca. 10000 12

 The data show Ty, after incubating with the 0.2 mg/ml rat liver microsomes.
Y NT : Not tested.

WIT B AL DBHIEDIEMEIT 52 DB SV TH~T- (Table3.2), U — N{ba & R4,
b L <UIMREPED L0 @y 3R AR FFHEIR 29, 3-n-7'm ELEFEIK 30, 3-2 7 B
VIV AFOVRHEER BLICB VTR, 1la K2 LIRIERSEOFEES R SN, — T, R
WO TZIBNAR Lz, 3-A XU AF IV, WL RFT AFLE 3R D4 F
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THNR =) A FIOVFLATE L T E W) 32-34 1280 T i CCR5 BHETHIE D K & 72K T 238
Do, FTAEEM2 D C3HFETR S/ ThD 3-v 7 a~F 7 a e LiFEk 35 25K
L. fMliL7=& 2 A, JEEOE TSN o7, EEETIZY — MEaW & R% oiE
HE Lo ALEMRBELNTEX I b, I/ Y —Af TOREMIT OV TSI
EATo T2 R EMEDOR E LI bW E R 2 L3 T&Rnotz, LEORER LY,
CCRS PHLETEMEZ 152 72 OIZIE, 3MLITITARE DR WEBEN G ENDL Z & S HITIEE
DESITIERAR DD Z EPRBEINTE T,

Table 3.2 Effect of the 3-substituent on activity profiles

Qo
2kt

C3 Configuration Ca Assay T, (min)

Compound
(R and/orS) ICs5 ("M)  rat liver microsomest

29 (3RS) 79 12

31 (3RS) 52 20

R
30 TN (3RS) 50 22

32 0N (3RS) 320

16

33 *ng, - COH (3RS) >3,000 NT?
o}

34 o /\© (3RS) 590 NT®

35 w/\/@ (3RS) >3,000 23

2 WO (3RS) 28 24

la , w)\ (3RS) 94 12

 The data show Ty, after incubating with the 0.2 mg/ml rat liver microsomes.
Y NT : Not tested.

ZZTELIZ NN DEELZTT 9 Z & & L= (Table3.3), UV — RMLEMDF> 4-7
= /X TRUTNVIRICONT, TEHEICKTT D MERE R RBET D70, XU UL A b
XN UNFEANEERUTALEW 36, 3T AR LT E 2 A, ML bIEHENEE L, &
7o 4T = ) F NV NEONR DNAALDIRF IR LT 4-7 = ) F T = R FVFHER
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38 TIITEMENKECIE T LD, EHIC INOEFEFRFOHEEMZIKTSELT7=) ikl
& 39 (pKa T : 4.12), N2 DA% 3 LR =L EE 40 (pKa THRIE : 4.12) (280
THEMEORERIETRBO LN, LLEOZ b Y D UVBROERF O,
N 9-N-7 U — )L A F )L L ) A CCRS FLEVEMEICHMEATH D Z LN yno TE T,
— 5Ty O-N-[6-(7 = =/V)-n-~F LIL]FHEIR 41 128\ T 9-N-_ U UJLFEE R 36 & L
L. iEHEDEENRO b2 Enb ZFRIKREHEENT L6 5 —DDOEALIFET D
e TEINT,

Table 3.3 Effect of the 9-N-substituent on activity profiles

r 3S)

jﬂl P
HCI
9 /8 7 N7
R1—N 6 3 R2
5
0 H4 (3R and/o
¢}
C3

Compound R1 R2 Ca Assay T,/ (Min) Calculated

Configuration  IC,, (nM) RLMe pKaP

36

37 /@A (3RS) 120 8.3 7.53
\O
0 e
N ©/ \©\/\ b (35) >3,000 NT® 7.51
O *
et
o *

O
- oo
ke
““%

(3RS) 900 NTS 7.54

(3RS) >3,000 NT® 4.12

(3RS) 3,000 NT® 2.52

(3RS) 28 24 7.15

la (3RS) 94 12 7.18

L,
L,

 The data show Ty, after incubating with the 0.2 mg/ml rat liver microsomes.

® Calculated by ADMET predictor (ver. 4.0).
°NT : Not tested.
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E HIZHREEMEDAIK F A A0, 9-N (LD EHLIE 2 ~T m B~ & B9 2 ATREMEIZ DU CHRRE
L7-(Table 34), N D 4T = ) X XUV NEE (T = /) FU)EY V54 L AF LI
NEBBUTALEY 42, 4-(B ) D234 )T = =V ATV BB UL AW 43 Tl
FEFEOWEMZ R Lz, L Les IREMEDFEIE Td 5 ClogP 7Y 7.66 725 6.16 &1
TLZZE b bT, 7 u—2POREROUEITELBDO LN, £ZT
ELITHRIRMEA K F & E 5L, flix O~T 1 5 BR~OEREIT->72, 9-N-(35-V A F )L
-7 2 SV BT Y A A L 2 FOVRER 44 13 ) — RMEE 2 LIRIEREOTE AR L
e, TI=AMHMERAELALTRY, thoflbEW L3R oo /IR E O EER %
LTWDZEWRIBENTE, ON(2-7 ==L A I F YV —)L-d-A )L A F)V)iFEER 45,
O-N-(2- 7 = = JL-5- XA F )L F FH V) —)L-d-A )L A FIV)FHEHIK 46, 9-N-(2-7 = =/L-4-F 7
UV AF)HFEERATIZEI L TUTY — MEA 2 Lk U, {EVEDEINGRD b,

Table 3.4 Effect of the 9-N-substituent with heteroaryl moieties on activity profiles

N (3R and/or 3S)
R—No9 X 3
N
H

(e}
Compound R C3 Ca Assay 9 remaining ClogPb
Configuration 1Cg, (NM) RLM? 9
© X
42 \ (3RS) 21 10 6.16
N_ =~ *
a
43 Nx (3S) 71 29 6.16

N
N=
44 @’ N7L* (3RS) 35 23 6.05

45 ®/< B\/ (3RS) 160 NTe 5.49

46 | . (3S) 450 NT® 5.55

47 ®/< B\/ (3RS) 570 NT® 6.00
N
[e)
2 ©/ \©\/ (3RS) 28 33 7.66

 The data show the remaining % 15 min after incubating with the 0.5mg/ml rat liver microsomes.
® Calculated by ADMET predictor (ver. 4.0).
°NT : Not tested.

ZT

Z/

/(/)Z/O
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Table 351213 Y — MMEAW 2 D ON-(4-7 = ) X2 -_UPWED DD 7 = =)L HEE >
72V =X OETEHAE Z R LTc bE 2 D= —TF VBRI T & it iR~ & 25 H
L7227 4 RBER 48 1Z3EMEIMET L7223, BMEIRTH 5 ALk U FER 49 Tidb§
IR N BIEEORIENRRD biviz, &I/ b UFER 50, 7 X FFFER 51 0 CCRS5 [
EHIZY) — NG 2 gL, B TFORTICE EE o7, MhOLEMITBNTHF
7ay—AHOREMEICE LT, RERUEEFRD LN, ZOLHITY v h—
PEDOEBTITIEENRLS . EOIICIEFI 7 ey —AafoLEhon E L bamE R4
ZElxTE R,

Table 3.5 Effect of chemical modification of the linker X on activity profiles

O
(0]
N (3R and/or 3S)

HCI N
0
C3 Ca Assay % remaining
Compound X Configuration  1C., (M) RLM?
48 5N (3s) 170 38
0L 0
49 5, (3S) 86 19
o]
50 Py (35) 81 23
* O *
51 *\N/H\* (39) 57 29
H
o]
2 N (3RS) 28 33

 The data show the remaining % 15 min after incubating with the 0.5 mg/ml rat liver microsomes.

ZHE TlZTable 3.3-35 T/ L7z 9-NALOEHFL OREETEMEARRI LV . CCR5 PAETE M, AT
27— APOREREE NI ST, -N-4-7 = ) X -_UPWVELL Eo b D& R Z
CIXREETH D EE X RIZON@G-7 = ) F-_U WV E EoBEHRIED Kb 21T o 72,
FRZ T ORIINET 5 7 = = VIO R TALIIAEHEER SRR S0 WAL & LCm
BRTNHZENG L Riffz7 0 v 745 HNTIONRT L~ T2 OBEHRILEEZEA LA
A4 52-59 ARk L, 1EMEZFHE L 7= (Table 3.6).
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Table 3.6 Effect of the p-substituent of the biphenyl ether residue on activity profiles

D
(e}
N (3RS and/or S)
O
| 4

HC H
(¢}

C3 CaAssay 9% remaining

Compound X Configuration 1Cg, (NM) RLM? ClogP®
52 F- (39) 92 53 7.80
53 Me- (39) 79 48 8.16
54 MeO- 39) 130 34 7.58
55 HO- (3S) 42 22 6.99
56 MeHNC(O)- 3S) 33 4 6.38
57 MeSO,HN- @3S) 40 15 6.47
58 H,NO,S- @39) 28 24 5.82
59 HO,C- 3S) 13 22 5.13
2 H-- (3RS) 28 33 7.66

 The data show the remaining % 15 min after incubating with the 0.5 mg/ml rat liver microsomes.
® Calculated by ADMET predictor (ver. 4.0).

BRI THD 7 v HFEEAN LT 52, FLEFHEGERTHL AT VI, A M UEE
WA L7253, 54 T b DT CTldkd 523 CCRE PLEIEM DI NRD bz, — T
bR a9 2% 55030 — Med® 2 SIRIEREOEEZ R L, 2 O ~OMmIEE
BRIEDOEANTRIND ZENRBINTE T, 22T, LVREHEOMKV, M E e
THD N-AFNLNT ) INVR=VIE AR ZVR=)VT R 3, T2 ) AR =V 5,
VR X VHEEN LA 56, 57, 58, 59 # &k L. sMiL7=& 2 AWNT I HIFIEF
S0 CCRS [HEEMEZ R Lz, 9-N-(4-7 =/ F -0 D)V D R D 23 F [~ B HE
BN LT 20D DALEIER TR O Z ELN IR S 7223, Table 3.6 IR L72 X D
2. TNHOHEERTIINFI 7 v Y — 2 hORZEEOW LITFEO bNkihroTe, Ll
IRIND | RIS E DM O E L EROMEE OUEO P REE N & H L F 2. IRIT 55, 56, 59
ZEMWICHR G LT RFO M EIRE A MREET 2 2 & & LT,

AR L7 X512, U — FMbea# la, 2 OF AL 1.9%, 1.3% & FEFIR<, &&
HFIEE (Cha). LA R (Ty). AUC (area under the blood concentration-time curve) & Y-
TCENE N T A= — [TV T N HIFFITENLE D ThH o7, ZOMPEHEOEIITZ VT T
YA (CL) ROGAAARFE (Vss) BDREINZ ENFIR & B 2 b, i THE A FEST 550 HIV
HIZL S TIHFITAHTH D EEZ BN, Table 3.7 12V — FMEEW la, 2 K UHEHY
BKMEOENE R X U N-AF T I b VR =V ViR B a8 A LTz 55,

36



56, 59 %7 v MIfEO (po) K UEHIR (iv) #5 Li-REomhBjie {7 A —% —% /R LT,
b Re % B8 AL LAY 55 TR EEOUGEEIZ R <RBO LN TD, N-AT
T 2 IR =N IEDIEEY) 56 TIE Craxe AUC DEEHNFED BT, & 6 I(ZHBZE
W BT, BVR U EEEA LIALEY 59 TiE Chaxe AUC & WV o 72 IR ENAE/ T A — X
—INTREERIICUE L, B.A. 34.1% D BAFR R ORI Z 7R Lz, Z O ORIME D BB iv
5% D CL, Vs DENFG L TNDLZ ENEXLND, S5 Table38IT/RL7zL D
2. LA 59 1T FRIC AN R F VA > TW DI b b b1, EHEBMEN BRI Th
52 EHROWIMEDUE LERKO—>Th b LHELE I NI,

Table 3.7 Pharmacokinetic data for 1a, 2, 55, 56 and 59 in rat (N = 3)

O
N
N X 3
N R2
H
o}

30 mg/kg, po 3 mg/kg, iv

Compound R1 R2 configuration C__ 2 T, AUC* BA AUC T, CL Vss
ng/mL min ngh/mL o  ng h/mLmjn ML/min/mLmL/kg

la H i-Pr 3RS 100 757 290 1.3 372 13 137 2349

2 H c-Hex 3RS 16.7 103 744 1.9 400 199 113 2542

55 OH c-Hex 3S 100 205 195 NDP ND® NDP  NDP NDP
56  C(O)NHMec-Hex 3S 1900 72.7 5453 NDP ND® NDP  NDb NDb
59 CO,H c-Hex 3S 7200 48.4 10532 341 3091 11.1 16 145

# Ciax and AUC are normalized to a dose of 30 mg/kg.
®ND: Not determined.

Table 3.8 In vitro pharmacokinetic data for 1a, 2, 55, 56 and 59

Caco 2 papp =
Compound __(aotemis) So(tj,al)my cLogP®
AtoB BtoA
la 1.51 2.23 14 6.46
2 0.15 0.27 <5 7.66
55 0.33 0.14 <5 6.99
56 3.51 3.91 6 6.38
59 11.0 16.8 29 5.13

& Calculated by ADMET predictor (ver. 4.0).

Z ZTCWRICRR ORI DO S E=D G880 Hivi2ALE¥ 56, 59 OHL HIV IEEDOHIE 21T > 7=,
fEEA Table3.91T R L=, {bEW 56, 5913V — Nba la L L, L0 WL HIV TG
PR LTz, BRI OWRINPEDS KX < B8 L7-ALEW) 59 12O W TR AIMPERE TOHL HIV
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TEMEICOWTHRFELTZ & 2 A, BmUEEEZ R L, EFICHEHZILEW TH 5 Z L iRg
iz,

Table 3.9. Anti-HIV activity of representative compounds

Mean IG,, + SD (nM)

Anti-HIV-1 activity in p24 assay

Compound HIV-1,,  (RS) CCRS5 Ca Assay
la 160 + 40 94
56 10 28
59 39+ 34.4 13
Zidovudine? 7+4
Nelfinavir® 12+8

& Zidovudine is a reverse transcriptase inhibitor.
® Nerfinavir is a HIV-1 protease inhibitor.

3-3. BHk

52 R LI AR L [FRRIC, (LAY 24-37, 42, 44, 45, 47134 VT = FiliE 7 %
A= EABUGIS S 12 L W AR L7- (Scheme3.1), H/LAR 4 HT bW 331
NAX T HNR=NVEETRES T X/  10ex W T—# O G %17 > TLEW 34 %
B L, HEHEEMESM TOhRET A 2 LI E DA Lz, TiREN ThnT > ofit 2-
TF =)L T3 — L 60 ) BHGabriel 7 2 A RkEE A W CHREL L 72 (Scheme 3.2),
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(o}

0 ns R?, )\\<R3
N
HLx )k R2 HO S a)
X S Boc, -~ N"pol _
o ’\{lJ' NH, *\H/ to o —_— RlNC>§\ N Boe
o (0]

0 H*Pol
8 9 10 7
aR1=allocaR2=n-Bu a (RS) R3 =c-Hexylmethyl
b R2 = (3-OTBS)n-Bub (RS) R3 =i-Bu
c R2 =n-Pr ¢ (R) R3=i-Bu
d R2 =i-Bu d (S) R3=i-Bu

e R2 = 2-Butenyl e (RS) R3 = Benzyloxycarbonylmethyl
f R2 = 2-Butynyl f (RS) R3 =t-Butylmethyl
g R2=Bn g (RS) R3=n-Pr
h (RS) R3 =c-Pentylmethyl
i (RS) R3 = Methoxymethyl
i (RS) R3 = Benzyloxycarbonylmethyl
k (RS) R3 = 2c-Hexylethyl

o R2 o
R2\ ‘ R3 Ar \N
b). c) Ar N dye) '\
- N “Qg\ R N 3)wR3
N
H
/SN— o)
o H Pol

24-32,34-37,42, 44, 45 and 47

f) o

34 33

Scheme 3.1 Solid phase synthesis of spirodiketopiperazines 24-37, 42, 44, 45 and 47

a) THF/MeOH (1/1), 65 °C; b) Pd(PPhs)s, BusSnH, AcOH/CH,CI,, rt; c) Ar-CHO, NaBH(OAC)s,
AcOH/DMF; d) TFA/CH,CI; (1/1); ) AcOH/toluene, 90 °C and then 4N HCI/AcOEt; f) 2N NaOH,
MeOH and then 4N HCI/AcOEt.

(o]
/\OH a), b) /\N f c) /\NHZ HCI
7
(e}
60 61 of

Scheme 3.2 Synthesis of 2-Butynylamine Hydrochloride 9f

a) MsCl, EtsN, CH,Cl,; b) Potassium phthalimide, DMF, 70 °C; ¢) NH,NH,.H,0, EtOH, then conc
HCI, reflux
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L&Y 40, 41 IFHEWE L LT IN-T VLA XTI NR= -4 Roofib vz
IN-NRNUDNNFF U HNVR= -4 R 8h, 1-N-(6-7 = =L ~F I L)-4- B XY R
8c T NENAVT Ugi BUGEITV, 1N O, EIeh T X bz 352 L7 <,
fii. Boc b, BRiL X% Z & TARK L7-(Scheme 3.3),

R3 o)
R HO Boc N a) % "8
" " SN 4 7///N Pol _ %7 N
H C _
o R1NC>§\ N—Boc
HfPoI

NH, ©
8 9a 10 7 ©
b R1=Cbz a (RS) R3 =c-Hexylmethyl
¢ R1 = 6-Phenylhexyl b (RS) R3 =i-Bu

(@]
b), ¢) NJ§W
—_—
R1—N * R3
X
H
(@]

40 and 41

Scheme 3.3 Synthesis of 40 and 41
a) THF/MeOH (1/1), 65 °C; b) TFA/CH,CI, (1/1); c) AcOH/toluene, 90 °C and then 4N HCI/AcOEt

L& 43, 46, 48-59 |25\ I, &2 B CT/R LIALEY 2 & RERIC. A O Ugi )i %
WTCHE R L 72 (Scheme 3.4),
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ph” N HO
+ NH2 +
o) Boc—N

o C=N
H

(e}
8d 9a 10Kk (S) 62 63a (3S)
10a (RS) 63b (3RS)

d) N e) Ar N
O O
(e}

(0]

64a (3S) 43, 46 and 48-59
64b (3RS)

Scheme 3.4 Solution phase synthesis of spirodiketopiperazines 43, 46 and 48-59

(a) MeOH, 55 °C; (b) conc HCI, 55 °C; (c) AcOH/toluene, 80 °C; (d) H,, Pd(OH),/C, EtOH, 50 °C,
then 4 N HCI/AcOEt (50-90% in 4 steps); (¢) Ar-CHO, NaBH(OAc)s, AcOH, DMF and then 4N
HCI/AcOEt (50-90%)

RSN TWRNWRU X T LT b RFEER DA REE Scheme 35 (/R L7z, 4-X2 ' A
AR AT T e R 66 1IRIGT D ViR o 65 ARG IR KL 2 IV TIRIE TRtk .
T b~ AN Ko TT AT RNEBETH 2 ETHAM LT, 4-4-E FrX)-T7 =/
FTATE R68ITA MF IR 67 % “BALR URIZL > THA T L L THEK LT, 4-(4-
HNVKRFIN-Tx ) XU XT VTR K703 4- RuX U ZEHFRATF VT AT V69 %
REEH Y 7 DFLE T, 150CT4- 7 LA a X AT VT REMEE SET-%. KSR LT
Ak LTz, EHIZZ LAY 70 %2 EDC, HOBt g & Al L TAF AT 2 v RIS EHE,
b-(B-AFNT ) HNVR=N)-T = ) FI_RORXTVTE K7L /R LT, 4-(B-AF LA
NR=ZNT )T =2 )X _XAT AT R741F= bR 72 ZHMKRIRINC L - TE
Joth. AVIMEL LA 73 ~ L8 & | DIBALIECIC L D 7/ a—~ S5 8k~
VHAZESTT AT RNEFHBLT 52 ETARK L, 4-4-T 2/ ANVE=)L)-T =/
FIARUAT TR R 76 1IREA Y 7 LFET, 150°CT 4-7 X ) AVKR= VT = ) —)v
BEA4TNAaRXTT e REfiASE5 2 ETERLT,
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T e ) O
@Q @Q

MeO,C HO,C CHO
\©\ d), E) \©\ /©/ f) -
L ——> HN
OH 0] ‘ /©/
(9]
69 70 71

ON COZMe MsHN /©/co ,Me ) MsHN O/
\[ j [ j \[ j e \[ j
o}
72
H,NO,S d) H,NO,S CHO
—_——
OH o

Scheme 3.5 Synthesis of aryl aldehydes 66, 68, 70, 71, 74 and 76

(a) |-BUOCOC|, EtsN, THF then NaBH,, H,0; (b) MnO,, DME; (C) BBr3, CHQC'Q; (d)
4-Fluorobenzaldehyde, K,CO3, DMA, 150 °C; (e) NaOH, MeOH, (f) EDC, HOBt, MeNH,, DMF,
(9) Ha, 5% Pd/C, AcOEt; (h) MsClI, pyridine, THF; (h) MsCl, pyridine, THF; (i) DIBAL, THF

e 3BITALT =) XL TR FAT VA= LE LT, REHELERY 25
VUBHIRERIS S, Zha e XY O hEXNTUUOT7 I 6a S SETHIR
MHEIY K3 Z & ARk L 72 (Scheme 3.6),

AW 39T 4- TN A ZRBEFBRTF N AT LEERY Y ) D FERT DT I v
64b Z fXlE T U U LTS S THE R L 72(Scheme 3.7),

O
QT = zo{h :
N X Do
HCI H
77 38 o
Scheme 3.6  Synthesis of 38

(a) polystyrene-supported tosyl chloride, pyridine, CH,Cly; (b) 64a, i-Pr,NEt, MeCN and then 4N
HCI/ACcOEt (48% in 2 steps)
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a) 0
64 —— e} N (3RS)
Sage's
/>O N
H.C HCl g "
39

Scheme 3.7 Synthesis of 39
(a) Ethyl 4-fluorobenzoate, K,CO3, DMSO and then 4N HCI/AcOEt (27%)

3-4. /NE

U — MG oRn Rt E sET 5720, U — Med®la, 20 147, 347, 9 (ifilgH
BRI L, R#TT ey 7 2Bk Lo EEAE . EIREIER T2 B L ot E e
DA77 EFl a2 OREEERZAT > T2 4EF, 9-N-(4-7 = / F -0 DV HDRIFD /T [T~
D N-AFNT I ANARZNVIEEEA LTALEY 56, WVRFVEEEZEANLT{LEY 59
ZRHLTE 7, ZROAEAWITRNG HIV iEE2 R L, ook o#s LzBICE
M REHE 2R L, EFICAERILEMEEZEZTVD, ZNHLDEMIE TS N-
AFNT I ANKR=EE IV RF VEOERENTAEICIZTTETW WS 0D, #HKME
DI L B2 FERIMEE O UED Craxe AUC DOJF] L W o oM HPEIE 1 7 7 A LD
UGBIC DR N EHEER LTV 5,

3-5. FEBROHL

Analytical samples were homogeneous as confirmed by thin layer chromatography (TLC), and
afforded spectroscopic results consistent with the assigned structures. Proton nuclear magnetic
resonance spectra ("H NMR) were recorded on a Varian Gemini-200 or a MERCURY-300
spectrometer with tetramethylsilane as an internal standard. The chemical shift values & are
reported in ppm and coupling constants (J) in Hertz (Hz). Fast atom bombardment (FAB) and
electron ionization (EI) mass spectra were obtained with a JEOL JMS-700 spectrometer.
Matrix-assisted laser desorption ionization-time of flight (MALDI-TOF) mass spectra were obtained
on Perseptive Voyager Elete. Atmospheric pressure chemical ionization (APCI) mass spectra were
determined by Hitachi M-1200H spectrometer. IR spectra were measured on a JASCO FTIR-430
spectrometer. Elemental analyses were performed with a Perkin-EImerPE2400 series II CHNS/O
Analyzer and were only indicated as the elements within + 0.4% of the theoretical values unless
otherwise noted. Column chromatography was carried out on silica gel [Merck silica gel 60 (0.063
~ 0.200 mm), Fuji Silysia BW235 or Fuji Silysia FL60D]. TLC was performed on silica gel
(Merck TLC, silica gel 60 Fs4).

3-1sobutyl-9-(4-phenoxybenzyl)-1-propyl-1,4,9-triazaspir o[ 5.5]undecane-2,5-dione
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Hydrochloride (24)

The title compound was synthesized in 87% yield according to the same procedures as described for
the preparation of 2 using n-propylamine 9c for 9a and N-Boc-dl-leucine 10b for 10a. TLC Rf 0.61
(CHCI3/MeOH, 10/1); *H NMR (200 MHz, CD50D) & 7.55 (m, 2H), 7.40 (m, 2H), 7.18 (m, 1H),
7.05 (m, 4H), 4.33 (s, 2H), 4.01 (dd, J = 7.6, 4.8 Hz, 1H), 3.79 (m, 2H), 3.60-3.30 (m, 4H), 2.46 (m,
2H), 2.17 (m, 2H), 1.95-1.40 (m, 5H), 0.94 (m, 9H); IR (KBr) 3439, 3220, 3066, 2959, 2872, 2663,
2561, 1672, 1590, 1509, 1489, 1418, 1370, 1330, 1241, 1200, 1172, 1072 cm™; MS (APCI, Pos) m/z
464 (M + H)"; Elemental Analysis Calcd for C,gHayN3O3.HCLH,0 : C, 64.59; H, 7.74; N, 8.07.
Found : C, 64.38; H,7.67; N, 8.07.

1,3-Diisobutyl-9-(4-phenoxybenzyl)-1,4,9-triazaspir o[ 5.5]undecane-2,5-dione  Hydrochloride
(25)

The title compound was synthesized in 62% yield according to the same procedures as described for
the preparation of 3 using i-butylamine 9d for 9a and N-Boc-dl-leucine 10b for 10a. TLC Rf 0.50
(CHCI3/MeOH, 10/1); *H NMR (300 MHz, CDs0D) &7.50 (d, J = 8.7 Hz, 2H), 7.39 (dd, J = 8.7,
7.5 Hz, 2H), 7.17 (t, J = 7.5 Hz, 1H), 7.13-7.04 (m, 4H), 4.28 (s, 2H), 4.04 (dd, J = 8.1, 4.2 Hz, 1H),
3.81-3.54 (m, 2H), 3.52-3.21 (m, 4H), 2.46-2.11 (m, 4H), 2.00-1.57 (m, 4H), 0.94 (d, J = 6.3 Hz,
6H), 0.90 (d, J = 6.3 Hz, 3H), 0.90 (d, J = 6.3 Hz, 3H); IR (KBr) 2958, 2516, 1676, 1590, 1510,
1489, 1410, 1242, 1199, 1172, 1097, 1071 cm™; MS (APCI, Pos) m/z 478 (M + H)*; Elemental
Analysis Calcd for C,gH39N303.HCI : C, 67.75; H, 7.84; N, 8.17. Found : C, 67.35; H, 7.91; N, 8.06.

1-[(2E)-2-Butenyl]-3-isobutyl-9-(4-phenoxybenzyl)-1,4,9-triazaspir o[ 5.5] undecane-2,5-dione
Hydrochloride (26)

The title compound was synthesized in 29% yield according to the same procedures as described for
the preparation of 2 using 2-butenylamine 9e for 9a and N-Boc-dl-leucine 10b for 10a. TLC Rf
0.32 (CHCIs/MeOH, 20/1); '"H NMR (300 MHz, CD;0D) & 7.52 (d, J = 8.7 Hz, 2H), 7.44-7.35 (m,
2H), 7.22-7.14 (m, 1H), 7.06 (d, J = 8.7 Hz, 2H), 7.10-7.00 (m, 2H), 5.75-5.60 (m, 1H), 5.52-5.38
(m, 1H), 4.33 (s, 2H), 4.15-3.93 (m, 2H), 4.03 (dd, J = 7.8, 4.5 Hz, 1H), 3.88-3.66 (m, 2H),
3.55-3.42 (m, 2H), 2.52-2.35 (m, 2H), 2.28-2.08 (m, 2H), 1.90-1.57 (m, 3H), 1.65 (dd, J = 6.3, 1.5
Hz, 3H), 0.95 (d, J = 6.6 Hz, 3H), 0.94 (d, J = 6.6 Hz, 3H); IR (KBr) 2955, 2512, 1673, 1590, 1509,
1490, 1417, 1241 cm™; MS (APCI, Pos) m/z 476 (M + H)"; Elemental Analysis Calcd for
CyH37N303.HCI : C, 68.02; H, 7.48; N, 8.21.Found : C, 66.1; H, 7.51; N, 8.00.

1-(2-Butynyl)-3-isobutyl-9-(4-phenoxybenzyl)-1,4,9-triazaspir o[ 5.5]undecane-2,5-dione
hydrochloride (27)

The title compound was synthesized in 23% yield according to the same procedures as described for
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the preparation of 2 using 2-butynylamine hydrochloride 9f for 9a and N-Boc-dl-leucine 10b for 10a.
An equivalent of triethylamine was added to the Ugi reaction mixture for desalting. TLC Rf 0.70
(CHCI3/MeOH, 10/1); *H NMR (300 MHz, CDs0D) §7.51 (d, J = 8.7 Hz, 2H), 7.39 (dd, J = 8.7,
7.2 Hz, 2H), 7.18 (t, J = 7.2 Hz, 1H), 7.09-7.00 (m, 4H), 4.33 (brs, 2H), 4.28-4.10 (m, 2H), 4.05 (dd,
J=17.8, 45 Hz, 1H), 3.86-3.70 (m, 2H), 3.56-3.43 (m, 2H), 2.59-2.40 (m, 2H), 2.34-2.15 (m, 2H),
1.89-1.57 (m, 6H), 0.94 (d, J = 6.6 Hz, 3H), 0.93 (d, J = 6.6 Hz, 3H); IR (KBr) 3432, 2956, 1675,
1590, 1509, 1489, 1413, 1242, 1173 cm™; MS (APCI, Pos) m/z 474 (M + H)"; HRMS Calcd
474.2757, Obsd 474.2753.

1-Benzyl-3-isobutyl-9-(4-phenoxybenzyl)-1,4,9-triazaspir o[ 5.5]undecane-2,5-dione
Hydrochloride (28)

The title compound was synthesized in 50% yield according to the same procedures as described for
the preparation of 2 using benzylamine 9g for 9a and N-Boc-dl-leucine 10b for 10a. TLC Rf 0.66
(CHCI3/MeOH, 10/1); *H NMR (200 MHz, CD;0D) §7.50 (d, J = 8.4 Hz, 2H), 7.45-7.12 (m, 8H),
7.10 - 6.98 (m, 4H), 4.82 (m, 2H), 4.29 (s, 2H), 4.18 (dd, J = 8.0, 4.6 Hz, 1H), 3.73 (m, 2H), 3.42 (m,
2H), 2.65 - 2.30 (m, 2H), 2.20-2.05 (m, 2H), 2.00 - 1.60 (m, 3H), 0.98 (d, J = 6.2 Hz, 6H); IR (KBr)
3405, 3194, 3063, 2954, 2871, 2661, 2508, 2462, 1681, 1614, 1589, 1511, 1488, 1470, 1455, 1412,
1361, 1331, 1307, 1240, 1200, 1176, 1155, 1130, 1069 cm™; MS (MALDI, Pos) m/z512 (M + H);
Elemental Analysis Calcd for C3; Hizs N3 Os. CI H : C, 70.12; H, 6.99; N, 7.67. Found : C, 69.64; H,
7.03; N, 7.63.

(39)-1-Butyl-3-neopentyl-9-(4-phenoxybenzyl)-1,4,9-tr iazaspir o[ 5.5] undecane-2,5-dione

Hydrochloride (29)

The title compound was synthesized in 51% yield according to the same procedures as described for
the preparation of 2 using N-Boc-dI-t-butylalanine 10e for 10a. TLC Rf 0.52 (CHCI3/MeOH, 20/1);
'H NMR (300 MHz, CD;0D) §7.52 (d, J = 9.0 Hz, 2H), 7.40 (t, J = 7.5 Hz, 2H), 7.18 (t, J = 7.5 Hz,
1H), 7.04 (m, 4H), 4.33 (s, 2H), 4.01 (dd, J = 7.2, 3.3 Hz, 1H), 3.82 (m, 1H), 3.71 (m, 1H), 3.50 (m,
2H), 3.43 (m, 2H), 2.38 (m, 2H), 2.24 (m, 2H), 2.00 (dd, J = 14.0, 3.3 Hz, 1H), 1.55 (dd, J = 14.0,
7.2 Hz, 1H), 1.50 (m, 2H), 1.36 (m, 2H), 0.99 (s, 9H), 0.95 (t, J = 7.0 Hz, 3H); IR (KBr) 2957, 25086,
1678, 1590, 1510, 1489, 1419, 1370, 1285, 1243, 1174, 1115 cm™; MS (APCI, Pos) m/z492 (M +
H)"; HRMS Calcd 492.3226, Obsd 492.3226.

1-Butyl-9-(4-phenoxybenzyl)-3-propyl-1,4,9-triazaspir o[ 5.5] undecane-2,5-dione Hydrochloride
(30)

The title compound was synthesized in 52% yield according to the same procedures as described for
the preparation of 2 using N-Boc-dl-norvaline 10f for 10a. TLC Rf 0.36 (CHCIy/MeOH, 10/1); *H
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NMR (300 MHz, CD30OD) §7.51 (d, J = 8.7 Hz, 2H), 7.39 (dd, J = 8.7, 7.5 Hz, 2H), 7.18 (t, J= 7.5
Hz, 1H), 7.10-7.00 (m, 4H), 4.33 (s, 2H), 4.04 (dd, J = 5.7, 45 Hz, 1H), 3.93-3.66 (m, 2H),
3.55-3.31 (m, 4H), 2.47-2.09 (m, 4H), 1.92-1.68 (m, 2H), 1.61-1.21 (m, 6H), 1.01-0.90 (m, 6H); IR
(KBr) 3436, 2958, 2872, 2550, 1673, 1590, 1509, 1489, 1419, 1243, 1172, 1071, 954, 873, 787, 693
cm™; MS (APCI, Pos) m/z464 (M + H)*; HRMS Calcd 464.2913, Obsd 464.2915.

1-Butyl-3-(cyclopentylmethyl)-9-(4-phenoxybenzyl)-1,4,9-triazaspir o[ 5.5]undecane-2,5-dione
Hydrochloride (31)

The title compound was synthesized in 53% yield according to the same procedures as described for
the preparation of 2 using N-Boc-cyclopnetyl-dl-alanine 10g for 10a. TLC Rf 0.66 (CHCIl3/MeOH,
10/1); 'H NMR (300 MHz, CD30D) §7.52 (d, J = 8.5 Hz, 2H), 7.40 (t, J = 7.5 Hz, 2H), 7.18 (t, J =
7.5 Hz, 1H), 7.05 (m, 4H), 4.34 (s, 2H), 4.00 (t, J = 6.0 Hz, 1H), 3.82 (m, 2H), 3.49 (m, 2H), 3.39 (m,
2H), 2.37 (m, 2H), 2.17 (m, 2H), 1.96 (m, 1H), 1.81 (m, 4H), 1.58 (m, 6H), 1.38 (m, 2H), 1.17 (m,
2H), 0.95 (t, J = 7.0 Hz, 3H); IR (KBr) 3433, 3199, 2953, 2870, 2499, 1681, 1589, 1510, 1488, 1419,
1373, 1336, 1240, 1199, 1174, 1114, 1070, 1049 cm™; MS (APCI, Pos) m/z 504 (M + H)*; HRMS
Calcd 504.3226, Obsd 504.3231.

1-Butyl-3-(methoxymethyl)-9-(4-phenoxybenzyl)-1,4,9-triazaspir o[ 5.5]undecane-2,5-dione
Hydrochloride (32)

The title compound was synthesized in 59% vyield according to the same procedures as described for
the preparation of 2 using N-Boc-O-methyl-di-serine 10h for 10a. TLC Rf 0.48 (CHCIls/MeOH,
10/1); 'H NMR (300 MHz, CDs0D) §7.51 (d, J = 8.7 Hz, 2H), 7.39 (dd, J = 8.7, 7.2 Hz, 2H), 7.17
(t, J = 7.2 Hz, 1H), 7.09-6.99 (m, 4H), 4.30 (s, 2H), 4.07 (t, J = 3.0 Hz, 1H), 3.91 (m, 1H), 3.77 (dd,
J=9.0, 3.0 Hz, 1H), 3.67 (m, 1H), 3.58-3.39 (m, 4H), 3.31 (s, 3H), 3.26 (m, 1H), 2.48-2.13 (m, 4H),
1.65 (m, 1H), 1.53-1.28 (m, 3H), 0.95 (t, J = 7.5 Hz, 3H); IR (KBr) 3424, 2931, 2551, 1662, 1590,
1509, 1489, 1423, 1371, 1242, 1198, 1116, 1075 cm™; MS (APCI, Pos) m/z466 (M + H)*; Elemental
Analysis Calcd for C,7 His N3 O4. CI H : C, 64.59; H, 7.23; N, 8.37. Found : C, 63.45; H, 7.12; N,
8.21.

Benzyl [1-butyl-2,5-dioxo-9-(4-phenoxybenzyl)-1,4,9-triazaspir o[ 5.5]undec-3-yl] acetate
Hydrochloride (34)

The title compound was synthesized in 36% yield according to the same procedures as described for
the preparation of 2 using N-Boc-dl-aspartic acid B-benzyl ester 10i for 10a. TLC Rf 0.74
(CHCI3/MeOH, 9/1); 'H NMR (300 MHz, CD;0D) §7.52 (d, J = 7.0 Hz, 2H), 7.40 (t, J = 7.5 Hz,
2H), 7.33 (m, 5H), 7.18 (t, J = 7.5 Hz, 1H), 7.05 (m, 4H), 5.12 (s, 2H), 4.33 (s, 2H), 4.31 (m, 1H),
3.88 (m, 1H), 3.66 (m, 1H), 3.50-3.35 (m, 4H), 3.08 (dd, J = 17.7, 4.8 Hz, 1H), 2.86 (dd, J = 17.7,
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3.0 Hz, 1H), 2.34 (m, 2H), 2.25 (m, 2H), 1.50 (m, 2H), 1.36 (m, 2H), 0.94 (t, J = 7.5 Hz, 3H); IR
(KBr) 3735, 3412, 1736, 1675, 1489, 1423, 1242, 1175 cm'™; MS (APCI, Pos) m/iz 570 (M + H)";
HRMS Calcd 570.2968, Obsd 570.297.

1-Butyl-3-(3-cyclohexylpropyl)-9-(4-phenoxybenzyl)-1,4,9-triazaspir o[ 5.5]undecane-2,5-dione
Hydraochloride (35)

The title compound was synthesized in 39% yield according to the same procedures as described for
the preparation of 2 using N-Boc-dl-cyclohexylethylalanine 10j for 10a. TLC Rf 0.76
(CHCI3/MeOH, 10/1);'H NMR (300 MHz, CD50D) & 7.53-7.49 (m, 2H), 7.42-7.36 (m, 2H), 7.18
(m, 1H), 7.10-7.02 (m, 4H), 4.32 (s, 2H), 4.04 (t, J = 4.8 Hz, 1H), 3.87 (m, 1H), 3.71 (m, 1H),
3.56-3.40 (m, 3H), 3.35 (m, 1H), 2.48-2.12 (m, 4H), 1.86-1.10 (m, 19H), 0.95 (t, J = 7.5 Hz, 3H),
0.95 (m, 2H); IR (KBr) 2923, 2564, 1679, 1591, 1510, 1490, 1245, 1172 cm™; MS (APCI, Pos) m/z
546 (M + H)"; HRMS Calcd 546.3696, Obsd 546.3703.

9-Benzyl-1-butyl-3-isobutyl-1,4,9-triazaspir o[ 5.5]undecane-2,5-dione Hydrochlor ide (36)

The title compound was synthesized in 59% yield according to the same procedures as described for
the preparation of 2 using using N-Boc-dl-leucine 10b for 10a and benzaldehyde for
4-phenoxybenzaldehyde. TLC Rf 0.54 (CHCly/MeOH, 10/1); *H NMR (300 MHz, CD;0D) &
7.64-7.44 (m, 5H), 4.36 (s, 2H), 4.01 (dd, J = 7.8, 4.8 Hz, 1H), 3.77 (m, 2H), 3.55-3.35 (m, 4H),
2.60 -2.30 (m, 2H), 2.17 (m, 2H), 1.95-1.75 (m, 1H), 1.75-1.60 (m, 2H), 1.60-1.45 (m, 2H),
1.45-1.20 (m, 2H), 1.10-0.80 (m, 9H); IR (KBr) 3435, 3230, 2957, 2871, 2505, 2454, 1680, 1647,
1459, 1413, 1370, 1326, 1147 cm™; MS (MALDI, Pos) m/z 386 (M + H)", 91; Elemental Analysis
Calcd for C,3H3sN30,.HCI : C, 65.46; H, 8.6; N, 9.96. Found : C, 65.09; H, 8.63; N, 9.88.

1-Butyl-3-(cyclohexylmethyl)-9-(4-methoxybenzyl)-1,4,9-triazaspir o[ 5.5]undecane-2,5-dione
Hydrochloride (37)

The title compound was synthesized in 59% yield according to the same procedures as described for
the preparation of 2 using 4-methoxybenzaldehyde for 4-phenoxybenzaldehyde. TLC Rf 0.63
(CHCI3/MeOH, 10/1); *H NMR (200 MHz, CD;0D) §7.47 (d, J = 8.8 Hz, 2H), 7.03 (d, J = 8.8 Hz,
2H), 4.29 (s, 2H), 4.04 (dd, J = 7.6, 4.8 Hz, 1H), 3.83 (s, 3H), 3.74 (m, 2H), 3.55-3.35 (m, 4H), 2.41
(m, 2H), 2.15 (m, 2H), 1.85-1.55 (m, 7H), 1.55-1.42 (m, 3H), 1.42-1.30 (m, 3H), 1.30-1.10 (m, 2H),
1.08-0.80 (m, 5H); IR (KBr) 3436, 3221, 2926, 2851, 2666, 2560, 2362, 1672, 1613, 1585, 1517,
1448, 1419, 1373, 1305, 1255, 1182, 1031 cm™; MS (FAB, Pos) m/z 456 (M + H)", 121; Elemental
Analysis Calcd for C,7H4N303.HCI.1.5H,0 : C, 62.47; H, 8.74; N, 8.09. Found : C, 62.59; H, 8.35;
N, 7.90.
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1-Butyl-3-(cyclohexylmethyl)-9-[ (6-phenoxypyr idin-3-yl)methyl]-1,4,9-triazaspir o[ 5.5]undecan

e-2,5-dione Dihydrochloride (42)

The title compound was synthesized in 15% yield according to the same procedures as described for
2 using 6-phenoxynicotinaldehyde for 4-phenoxybenzaldehyde. TLC Rf 0.67 (CHCIls/MeOH,
10/1); *H NMR (300 MHz, CD30D) §8.31 (s, 1H), 8.07 (d, J = 8.3 Hz, 1H), 7.44 (t, J = 7.5 Hz, 2H),
7.26 (t, J= 7.5 Hz, 1H), 7.14 (d, J = 7.5 Hz, 2H), 7.06 (d, J = 8.3 Hz, 1H), 4.39 (s, 2H), 4.04 (dd, J =
7.8, 4.6 Hz, 1H), 3.90-3. 76 (m, 2H), 3.52-3.38 (m, 4H), 2.58-2.36 (m, 2H), 2.25-2.11 (m, 2H),
1.80-1.42 (m, 10H), 1.42-1.17 (m, 5H), 1.05-0.85 (m, 2H), 0.95 (t, J = 7.2 Hz, 3H); IR (KBr) 3449,
2926, 2564, 1671, 1479, 1260, 1200 cm™; MS (APCI, Pos) m'z 519 (M + H)*; HRMS Calcd
519.3335, Obsd 519.3337.

1-Butyl-3-(cyclohexylmethyl)-9-[(3,5-dimethyl - 1-phenyl-1H-pyr azol-4-yl)methyl]-1,4,9-tr iazasp
iro[5.5]undecane-2,5-dione Dihydrochloride (44)

The title compound was synthesized in 33% yield according to the same procedures as described for
the  preparation of 2 using  3,5-dimethyl-1-phenylpyrazole-4-carboxaldehyde  for
4-phenoxybenzaldehyde. TLC Rf 0.35 (CHCls/MeOH, 20/1); *H NMR (300 MHz, CD;0D) &
7.63-7.48 (m, 5H), 4.33 (s, 2H), 4.05 (dd, J = 7.8, 4.5 Hz, 1H), 3.95-3.74 (m, 2H), 3.67-3.56 (m, 2H),
3.48 (m, 2H), 2.72-2.58 (m, 2H), 2.45 (s, 3H), 2.41 (s, 3H), 2.30-2.07 (m, 2H), 1.84-1.10 (m, 15 H),
1.02-0.92 (m, 2H), 0.96 (t, J = 7.2 Hz, 3H); IR (KBr) 3426, 2926, 1670, 1421 cm™*; MS (APCI, Pos)
m/z520 (M + H)*; HRMS Calcd 520.3652, Obsd 520.3651.

1-Butyl-3-(cyclohexylmethyl)-9-[(2-phenyl-1H-imidazol-4-yl)methyl]-1,4,9-triazaspir o[ 5.5]unde
cane-2,5-dione Dihydrochloride (45)

The title compound was synthesized in 77% yield according to the same procedures as described for
the preparation of 2 using 2-phenyl-1H-imidazole-4-carboxaldehyde for 4-phenoxybenzaldehyde.
TLC Rf0.25 (CHCIy/MeOH, 10/1); *H NMR (200 MHz, CD;0D) §8.04-7.92 (m, 3H), 7.74-7.62 (m,
3H), 4.58 (s, 2H), 4.05 (dd, J = 7.4, 4.8 Hz, 1H), 3.88 (m, 2H), 3.65 (m, 2H), 3.50 (m, 2H), 2.68 (m,
2H), 2.19 (m, 2H), 1.90-1.60 (m, 6H), 1.60-1.45 (m, 3H), 1.45-1.30 (m, 3H), 1.30-1.10 (m, 3H),
1.10-0.80 (m, 5H); IR (KBr) 3410, 2927, 2854, 2699, 2574, 1781, 1671, 1644, 1554, 1448, 1421,
1373, 1349, 1308, 1257, 1178, 1096, 1052, 1001 cm*; MS (FAB, Pos) miz 492 (M + H)*, 336;
Elemental Analysis Calcd for CygH41NsO,.2HCI : C, 61.69; H, 7.68; N, 12.4.Found : C, 55.71; H,
7.32; N, 10.71.

1-Butyl-3-(cyclohexylmethyl)-9-[(2-phenyl-1,3-thiazol-4-yl)methyl]-1,4,9-triazaspir o[ 5.5 undec
ane-2,5-dione Hydrochloride (47)
The title compound was synthesized in 51% vyield according to the same procedures as described for
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the preparation of 2 using 2-phenyl-1,3-thiazole-4-carboxaldehyde for 4-(3-pyridyl)benzaldehyde.
TLC Rf 0.62 (CHCIy/MeOH, 10/1); *H NMR (300 MHz, CDs0D) §8.03-8.00 (m, 2H), 7.87 (s, 1H),
7.52-7.49 (m, 3H), 4.54 (s, 2H), 4.04 (dd, J = 7.6, 4.8 Hz, 1H), 4.04-3.87 (m, 2H), 3.70-3.58 (m, 2H),
3.51-3.39 (m, 2H), 2.58-2.38 (m, 2H), 2.26-2.13 (m, 2H), 1.7 8-1.43 (m, 9H), 1.40-1.15 (m, 6H),
1.10-0.90 (m, 5H); IR (KBr) 3426, 3298, 3190, 3128, 3086, 2991, 2955, 2927, 2854, 2653, 2512,
2452, 1678, 1645, 1481, 1462, 1450, 1415, 1371, 1351, 1336, 1314, 1146, 1003 cm™; MS (APCI,
Pos) m/z509 (M + H)*; HRMS Calcd 509.295, Obsd 509.295.

[1-Butyl-2,5-dioxo-9-(4-phenoxybenzyl)-1,4,9-triazaspir o[ 5.5]undec-3-yl]acetic acid
Hydrochloride (33)

To a stirred solution of the compound 34 (173 mg, 0.303 mmol) in MeOH (5 ml) was added 2M
NaOH (2 ml). After being stirred for 3 h at room temperature, the reaction mixture was acidified
with 2M HCI and then extracted with AcCOEt. The organic layer was washed with water, brine,
dried over Na,SO,4 and concentrated in vacuo. The resulting residue was triturated with Et,O to yield
the title compound (127 mg, 56%) as a white powder. TLC Rf 0.51 (CHCIlz/MeOH/AcOH, 20/4/1);
'H NMR (300 MHz, CDs0D) §7.55-7.53 (m, 2H), 7.42-7.36 (m, 2H), 7.20-7.15 (m, 1H), 7.07-7.02
(m, 4H), 4.33 (s, 2H), 4.27 (t, J = 4.5 Hz, 1H), 3.96-3.90 (m, 1H), 3.72-3.66 (m, 1H), 3.54-3.38 (m,
4H), 2.97 (dd, J = 18.0, 4.8 Hz, 1H), 2.79 (dd, J = 18.0, 4.8 Hz, 1H), 2.50-2.36 (m, 3H), 2.27-2.16
(m, 1H), 1.62-1.48 (m, 2H), 1.41-1.30 (m, 2H), 0.94 (t, J = 7.2 Hz, 3H); IR (KBr) 3485, 3214, 2960,
2717, 2579, 1664, 1589, 1419, 1241, 1076, 1051, 1005 cm™; MS (APCI, Neg) m/z 478 (M-H)’;
HRMS Calcd 480.2498, Obsd 480.2499.

Benzyl  1-butyl-3-(cyclohexylmethyl)-2,5-dioxo-1,4,9-triazaspir o[ 5.5]undecane-9-car boxylate
(40)

To a suspension of the rink-isonitrile resin 7 (0.75 mmol/g, 10.0 g, 7.5 mmol) resin in THF/MeOH
(1/1, 200 mL) were added N-benzyloxycarbonyl-4-piperidone 8c (5.24 g, 22.5 mmol), n-butylamine
9a (2.22 ml, 22.5 mmol) and N-Boc-dl-cyclohexylalanine 10a (6.50 g, 22.5 mmol). The mixture
was shaken for 16 h at 65 °C. After cooling to room temperature, the resin was collected by
filtration and successively washed with THF (80 ml x 3), MeOH (80 mL x 3) and then CH,Cl, (80
mL x 3). The resin was added 50% trifluoroacetic in CH,Cl, (100 ml) and the mixture was shaken
for 30 min at room temperature. The resin was collected by filtration and successively washed with
CH,CI, (70 mL x 4) and toluene (100 mL). The resin was suspended in 1.25 M acetic acid in
toluene (100 mL). The suspension was shaken for 18 h at 90 °C. After cooling to room
temperature, the resin was collected by filtration and washed with CHCls/MeOH (1/1, 100 mL x 3).
The combined filtrate and washings were evaporated. The resulting residue was purified by
column chromatography on silica gel with a gradient of CHCIs/MeOH (40 /1) to afford the title
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compound (209 mg, 5.9% vield) as a white powder. TLC Rf 0.46 (CHCIy/MeOH, 20/1); *H NMR
(300 MHz, CDCls) 67.40-7.29 (m, 5H), 5.98 (brs, 1H), 5.15 (s, 2H), 4.14 (brs, 2H), 4.00 (m, 1H),
3.65 (brs, 1H), 3.43 (brs, 1H), 3.26 (m, 2H), 2.03-1.81 (m, 4H), 1.80-1.60 (m, 5H), 1.60-1.10 (m,
10H), 1.10-0.85 (m, 5H); IR (KBr) 3449, 2925, 2852, 1675, 1418, 1352, 1281, 1239, 1179, 1153,
1105, 1018 cm™; MS (APCI, Pos) m/iz470 (M + H)*.

1-Butyl-3-isobutyl-9-(6-phenyl hexyl)-1,4,9-triazaspir o[ 5.5]undecane-2,5-dione  Hydrochloride
(41)

The Rink-isonitrile resin (0.45 mmol/g, 500 mg, 0.225 mmol) was washed with THF/MeOH (1/1) (4
mL x 2). To a suspension of the resin in THF/MeOH (1/1) (4 mL) were successively added
1-(6-phenylhexyl)-4-piperidone 8d (292 mg, 1.125 mmol), n-butylamine 9a (82 mg, 1.125 mmol),
and N-Boc-dl-leucine 10b (260 mg, 1.125 mmol). The mixture was shaken for 16 h at 65 °C.
After cooling to room temperature, the mixture was filtered. The collected resin was washed with
THF/MeOH (1/1) (4 mL x 3), and CH,CI, (4 mL x 3). The resin was then added 25 % TFA in
CH,CI; (4 mL) at 0 °C. The mixture was allowed up to room temperature, and then stirred for 30
min.  After filtration, the resin was washed with CH,Cl, (4 mL x 3), toluene (4 mL x 3), and 1.25 M
acetic acid in toluene (4 mL). The suspension of the resin in 1.25 M acetic acid in toluene was
agitated for 24 h at 90 °C.  After cooling to room temperature, the mixture was filtered. The resin
was washed with CHCIs/MeOH (1/1) (4 mL x 2). The filtrate and washings were concentrated
under reduced pressure. The residue was purified by column chromatography over silica gel with a
gradient of AcCOEt/MeOH from 1/0 to 10/1 to give the title compound (35% Yyields) as a white
powder. TLC Rf 0.62 (CHCly/MeOH, 10/1); *H NMR (200 MHz, CD3;0D) §7.30-7.06 (m, 5H), 4.02
(dd, J = 7.8, 4.8 Hz, 1H), 3.70 (m, 2H), 3.56 (m, 2H), 3.43 (m, 2H), 3.11 (m, 2H), 2.63 (t, J = 7.8 Hz,
2H), 2.46 (m, 2H), 2.18 (m, 2H), 1.95-1.50 (m, 9H), 1.50-1.25 (m, 6H), 0.97 (m, 9H); IR (KBr) 3447,
3199, 2934, 2869, 2663, 2502, 2440, 1673, 1455, 1418, 1372, 1329, 1152, 1086, 1003 cm™; MS
(MALDI, Pos) m/'z 456 (M + H)"; Elemental Analysis Calcd for CgHsN30,.HCI.0.4H,0 : C, 67.35;
H, 9.45; N, 8.41. Found: C, 67.67; H, 9.39; N, 8.42.

A typical procedure for the solution phase Ugi four-component condensation

(39)-9-Benzyl-1-butyl-3-cyclohexylmethyl-1,4,9-triazaspir o[ 5.5] undecane-2,5-dione
Hydrochloride (64a)

To a stirred solution of 1-benzyl-4-piperidone 8b (49 g, 260 mmol), n-butylamine 9a (19 g, 260
mmol) and N-Boc-I-cyclohexylalanine 10k (80 g, 260 mmol) in MeOH (1.3 L) was added
2-(4-morpholinyl)-ethylisonitrile 15 (36 g, 260 mmol). After being stirred at 55 °C overnight, the
reaction mixture was treated with conc HCI (260 L) with cooling. The reaction mixture was stirred
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at 55 °C for another 2 h, evaporated, treated with Na,CO;z; and extracted with AcOEt. The
combined organic layers were washed with brine, dried (Na,SO,) and evaporated to give deprotected
Ugi product as a yellow oil, which was dissolved in AcOH/toluene (1.25 M, 1.3 L) and stirred at 80
°C for 1 h. The reaction mixture was cooled to room temperature, diluted with AcOEt and washed
twice with a small amount of water. The organic layer was washed with aqueous NaHCOj3, brine,
dried (Na,SO,) and evaporated to afford N-benzylpiperidinodiketopiperazine 63a as an oil (91.3 g).
This compound was used to next step without further purification. Debenzylation was carried out by
the catalytic hydrogenation of hydrogen under an atmospheric pressure of the resulting oily product
63a (91.3 g, 210 mmol) in EtOH (1.2 L) in the presence of 20% Pd(OH),/C (15 g) for 3 h at 50 °C.
The catalyst was removed by filtration through a pad of Celite. The filtrate was treated with 4N
HCI in AcOEt (130 mL) and evaporated. The resulting powder was washed with t-butyl methyl
ether to afford 64a as a white powder (70 g, 89% yield in four steps). [a]p™ — 37.5 ° (C 1.04,
MeOH); TLC Rf 0.08 (CHCIy/MeOH/AcOH, 9/1/0.1); *H NMR (CDsOD) §4.05 (dd, J = 7.8, 4.8 Hz,
1H), 3.84-3.68 (m, 2H), 3.46-3.34 (m, 4H), 2.40-2.04 (m, 4H), 1.83-1.46 (m, 10H), 1.39 (sextet, J =
7.5 Hz, 2H), 1.33-1.15 (m, 3H), 1.05-0.86 (m, 2H), 0.97 (t, J = 7.2 Hz, 3H).

(3RS)-9-Benzyl-1-butyl-3-cyclohexylmethyl-1,4,9-triazaspir o[ 5.5]undecane-2,5-dione
Hydrochloride (64b)

Compound 64b was prepared from N-Boc-dl- cyclohexylalanine 10a according to the same
procedure as described for the preparation of 64a.

TLC Rf 0.50 (CH,Cl,/MeOH/NHzag., 9/1/0.1); *H NMR (CD;0D) 54.05 (dd, J = 7.5, 4.8 Hz, 1H),
3.81-3.70 (m, 2H), 3.42-3.36 (m, 4H), 2.40-2.07 (m, 4H), 1.80-1.17 (m, 15H), 1.03-0.92 (m, 2H),
0.97 (t, J = 7.2 Hz, 3H).

General procedure for the preparation of
1-Butyl-3-(cyclohexylmethyl)-1,4,9-triazaspir o[ 5.5]undecane-2,5-dione 9-N-aryl analogs

(39)-1-Butyl-3-(cyclohexylmethyl)-9-[ (6-phenyl pyr idin-3-yl)methyl]-1,4,9-triazaspir o[ 5.5]unde

cane-2,5-dione Dihydrochloride (43)

To a stirred solution of 64a (100 mg, 0.27 mol), 4-(3-pyridyl)benzaldehyde (59 mg, 0.32 mmol)
and 1 drop of acetic acid in DMF (2 mL) was added sodium triacetoxyborohydride (114 mg, 0.54
mmol). After being stirred overnight, the reaction mixture was evaporated. The resulting residue
was purified by column chromatography on silica gel (AcOEt/MeOH from 1/0 to 10 /1) and treated
with 4N HCI in AcOEt (2 mL) to give the title compound in 50% yield. TLC Rf 0.50
(CHCI3/MeOH, 10/1); *H NMR (300 MHz, CD;0D) &6 9.14 (m, 1H), 8.75 (m, 1H), 8.36 (m, 1H),
8.02-7.99 (m, 2H), 7.68-7.62 (m, 3H), 4.63 (s, 2H), 4.05 (dd, J = 7.5, 4.5 Hz, 1H), 4.02-3.94 (m, 2H),
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3.64-3.42 (m, 4H), 2.72-2.56 (m, 2H), 2.25-2.06 (m, 2H), 1.80-1.10 (m, 15H), 1.00-0.86 (m, 5H); IR
(KBr) 3408, 3017, 2925, 2852, 2648, 2494, 2426, 1681, 1666, 1636, 1605, 1452, 1427, 1387, 1374,
1347, 1331, 1314, 1276 cm™; MS (APCI, Pos) m/z 503 (M + H)*; HRMS Calcd 503.3386, Obsd
503.3394.

(39)-1-Butyl-3-(cyclohexylmethyl)-9-[ (5-methyl -2-phenyl-1,3-oxazol -4-yl)methyl]-1,4,9-tr iazasp
iro[5.5]undecane-2,5-dione Hydrochlor ide (46)

The title compound was synthesized in 76% yield according to the same procesures as described for
the  preparation of 43 using  5-methyl-2-phenyl-1,3-oxazole-4-carboxaldehyde  for
4-(3-pyridyl)benzaldehyde. TLC Rf 0.48 (CHCly/MeOH, 10/1); 'H NMR (300 MHz, CD;0D) &
8.04-8.00 (m, 2H), 7.51-7.49 (m, 3H), 4.34 (s, 2H), 4.04 (dd, J = 7.8, 4.8 Hz, 1H), 3.98-3.82 (m, 2H),
3.70-3.60 (m, 2H), 3.44-3.38 (m, 2H), 2.52 (s, 3H), 2.50-2.36 (m, 2H), 2.28-2.12 (m, 2H), 1.80-1.12
(m, 15H), 1.00-0.86 (m, 5H); IR (KBr) 3407, 3182, 3131, 3084, 2956, 2926, 2855, 2658, 2554, 2443,
1681, 1664, 1652, 1559, 1485, 1471, 1450, 1413, 1372, 1337, 1313, 1287, 1146, 1096, 1082, 1068,
1050 cm™; MS (APCI, Pos) m/z 507 (M + H)"; Elemental Analysis Calcd for C3HN403.HCI : C,
66.34; H, 7.98; N, 10.32. Found : C, 66.06; H, 8.17; N, 10.05.

(39)-1-Butyl-3-(cyclohexylmethyl)-9-[4-(phenyl sul fanyl )benzyl]-1,4,9-tr iazaspir o[ 5.5 undecane-
2,5-dione Hydrochloride (48)

The title compound was synthesized in 49% vyield according to the same procedures as described for
the preparation of 43 using 4-phenylsulfanyl-benzaldehyde for 4-(3-pyridyl)benzaldehyde. TLC Rf
0.74 (CHCIs/MeOH, 10/1); *H NMR (300 MHz, CD;0D) & 7.50-7.37 (m, 7H), 7.29 (d, J = 8.4 Hz,
2H), 4.31 (s, 2H), 4.03 (dd, J = 7.5, 7.8 Hz, 1H), 3.84-3.70 (m, 2H), 3.50-3.32 (m, 4H), 2.56-2.38 (m,
2H), 2.24-2.05 (m, 2H), 1.81-1.06 (m, 15H), 1.02-0.84 (m, 5H); IR (KBr) 3425, 3207, 3073, 2957,
2924, 2872, 2850, 2656, 2549, 2436, 1679, 1647, 1601, 1582, 1494, 1472, 1445, 1419, 1373, 1340,
1333, 1312, 1288, 1270, 1146, 1116, 1096, 1081, 1049 cm™; MS (APCI, Pos) m/z 534 (M + H)";
HRMS Calcd 534.3154, Obsd 534.3159.

(39)-1-Butyl-3-(cyclohexylmethyl)-9-[4-(phenyl sulfonyl )benzyl]-1,4,9-tr iazaspir o[ 5.5]undecane-
2,5-dione Hydrochloride (49)

The title compound was synthesized in 57% yield according to the same proceduers as described for
the preparation of 43 using 4-(benzensulphonyl)benzaldehyde for 4-(3-pyridyl)benzaldehyde. TLC
Rf 0.77 (AcOEt/MeOH, 9/1); '"H NMR (300 MHz, CD;0D) §8.08 (d, J = 8.4 Hz, 2H), 8.02-7.96 (m,
2H), 7.80 (d, J = 8.4 Hz, 2H), 7.70-7.55 (m, 3H), 4.43 (s, 2H), 4.02 (dd, J = 7.8, 4.8 Hz, 1H),
3.89-3.73 (m, 2H), 3.49-3.34 (m, 4H), 2.48-2.33 (m, 2H), 2.23-2.04 (m, 2H), 1.82-1.14 (m, 15H),
1.03-0.85 (m, 5H); IR (KBr) 3362, 3202, 3065, 2925, 2851, 2516, 2420, 1672, 1476, 1469, 1447,
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1416, 1372, 1346, 1309, 1156, 1106, 1071 cm™; MS (APCI, Pos) m/z 566 (M + H)"; HRMS Calcd
566.3053, Obsd 566.3055.

(39)-9-(4-Benzoylbenzyl)-1-butyl-3-(cyclohexylmethyl)-1,4,9-triazaspir o[ 5.5] undecane-2,5-dion

e Hydraochloride (50)

The title compound was synthesized in 43% vyield according to the same procedures as described for
the preparation of 43 using 4-benzoylbenzaldehyde 66 for 4-(3-pyridyl)benzaldehyde. TLC Rf 0.68
(CHCI3/MeOH, 10/1); *H NMR (300 MHz, CD;0D) 57.87 (d, J = 8.4 Hz, 2H), 7.82-7.74 (m, 4H),
7.67 (t, J = 8.4 Hz, 1H), 7.57-7.51 (m, 2H), 4.48 (s, 2H), 4.04 (dd, J = 7.8, 4.8 Hz, 1H), 3.84-3.78 (m,
2H), 3.58-3.38 (m, 4H), 2.58-2.40 (m, 2H), 2.30-2.10 (m, 2H), 1.82-1.14 (m, 15H), 1.02-0.86 (m,
5H); IR (KBr) 3434, 3370, 3209, 3061, 2925, 2851, 2659, 2517, 2422, 1660, 1612, 1598, 1577, 1469,
1447, 1418, 1372, 1347, 1317, 1278, 1179, 1148, 1115, 1097, 1074 cm™; MS (APCI, Pos) m/z 530
(M + H)"; HRMS Calcd 530.3383, Obsd 530.3375.

4-{[(39)-1-Butyl-3-(cyclohexylmethyl)-2,5-dioxo-1,4,9-triazaspir o[ 5.5]undec-9-ylmethyl}-N-ph
enylbenzamide Hydrochloride (51)

The title compound was synthesized in 38% yield according to the same procedures as described for
the preparation of 43 using 4-(phenylcarbamoyl)benzaldehyde for 4-(3-pyridyl)benzaldehyde. TLC
Rf 0.25 (CHCIls/MeOH, 10/1); 'H NMR (300 MHz, CD50D) §8.07 (d, J = 8.1 Hz, 2H), 7.73-7.67 (m,
2H), 7.71 (d, J = 8.1 Hz, 2H), 7.38 (t, J = 7.5 Hz, 2H), 7.17 (t, J = 7.5 Hz, 1H), 4.45 (s, 2H), 4.05 (dd,
J=17.8, 4.8 Hz, 1H), 3.92-3.72 (m, 2H), 3.58-3.36 (m, 4H), 2.50-2.08 (m, 4H), 1.84-1.08 (m, 15H),
0.96 (t, J = 7.8 Hz, 3H), 0.96 (m, 2H); IR (KBr) 3362, 3250, 3061, 2925, 2851, 2662, 2552, 2424,
1669, 1599, 1575, 1540, 1509, 1498, 1493, 1469, 1442, 1420, 1372, 1321, 1261, 1147, 1113, 1098,
1076 cm™; MS (APCI, Pos) m/'z545 (M + H)*; HRMS Calcd 545.3492, Obsd 545.3499.

(39)-1-Butyl-3-(cyclohexylmethyl)-9-[4-(4-fluor ophenoxy)benzyl]-1,4,9-triazaspir o[ 5.5]undecan
e-2,5-dione Hydrochloride (52)

The title compound was synthesized in 87% yield according to the same manner as described for the
preparation of 43 using 4-(4-fluorophenoxy)benzaldehyde for 4-(3-pyridyl)benzaldehyde. TLC Rf
0.53 (CHCIs/MeOH, 20/1); 'H NMR (300 MHz, CD;0D) & 7.53 (d, J = 8.7 Hz, 2H), 7.18-7.00 (m,
6H), 4.33 (s, 2H), 4.04 (dd, J = 7.5, 4.5 Hz, 1H), 3.87-3.69 (m, 2H), 3.55-3.32 (m, 4H), 2.52-2.32 (m,
2H), 2.28-2.08 (m, 2H), 1.83-1.12 (m, 15H), 1.06-0.83 (m, 2H), 0.95 (t, J = 7.2 Hz, 3H); IR (KBr)
3432, 3194, 3134, 3071, 2923, 2852, 2656, 2553, 2426, 1678, 1655, 1648, 1614, 1498, 1473, 1446,
1420, 1375, 1332, 1314, 1250, 1214, 1192, 1173, 1146 cm*; MS (APCI, Pos) m/z 536 (M + H)";
HRMS Calcd 536.3288, Obsd 536.3287.
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(39)-1-Butyl-3-(cyclohexylmethyl)-9-[4-(4-methylphenoxy)benzyl]-1,4,9-triazaspir o[ 5.5]undeca

ne-2,5-dione Hydrochloride (53)

The title compound was synthesized in 58% yield according to the same procedures as described for
the preparation of 43 using 4-(4-methylphenoxy)benzaldehyde for 4-(3-pyridyl)benzaldehyde.

TLC Rf 0.71 (AcOEt); *H NMR (300 MHz, CDs0D) §7.50 (d, J = 8.7 Hz, 2H), 7.19 (d, J = 8.7 Hz,
2H), 7.02 (d, J = 8.7 Hz, 2H), 6.92 (d, J = 8.7 Hz, 2H), 4.32 (s, 2H), 4.04 (dd, J = 7.5, 4.5 Hz, 1H),
3.87-3.69 (m, 2H), 3.55-3.42 (m, 2H), 3.42-3.34 (m, 2H), 2.49-2.30 (m, 2H), 2.33 (s, 3H), 2.30-2.08
(m, 2H), 1.82-1.10 (m, 15H), 1.05-0.85 (m, 2H), 0.95 (t, J= 7.2 Hz, 3H); IR (KBr) 3368, 3206, 3066,
3033, 2925, 2851, 2661, 2514, 2427, 1670, 1657, 1604, 1502, 1478, 1467, 1449, 1420, 1366, 1347,
1331, 1315, 1243, 1210, 1172, 1113, 1101 cm™; MS (APCI, Pos) m/iz 532 (M + H)"; HRMS Calcd
532.3539, Obsd 532.3541.

(39)-1-Butyl-3-(cyclohexylmethyl)-9-[4-(4-methoxyphenoxy) benzyl]-1,4,9-tr iazaspir o[ 5.5] undec
ane-2,5-dione Hydrochloride (54)

The title compound was synthesized in 70% yield according to the same procedures as described for
the preparation of 43 using 4-(4-methoxyphenoxy)benzaldehyde 67 for 4-(3-pyridyl)benzaldehyde.
TLC Rf 0.67 (AcOEt); '"H NMR (300 MHz, CD30D) §7.49 (d, J = 8.4 Hz, 2H), 7.02-6.92 (m, 6H),
431 (s, 2H), 4.03 (dd, J = 7.5, 4.5 Hz, 1H), 3.86-3.69 (m, 2H), 3.79 (s, 3H), 3.54-3.30 (m, 4H),
2.50-2.30 (m, 2H), 2.28-2.06 (m, 2H), 1.83-1.10 (m, 15H), 1.05-0.83 (m, 2H), 0.95 (t, J = 7.2 Hz,
3H); IR (KBr) 3417, 3204, 3069, 2925, 2851, 2656, 2496, 2426, 1681, 1615, 1500, 1475, 1464, 1447,
1420, 1374, 1345, 1315, 1300, 1230, 1199, 1173, 1113, 1098, 1035 cm™; MS (APCI, Pos) m/z 548
(M + H)"; HRMS Calcd 548.3488, Obsd 548.3481.

(39)-1-Butyl-3-(cyclohexylmethyl)-9-[4-(4-hydr oxyphenoxy)benzyl]-1,4,9-triazaspir o[ 5.5]undec
ane-2,5-dione Hydrochloride (55)

The title compound was synthesized in 45% yield according to the same procedures as described for
the preparation of 43 using 4-(4-hydroxyphenoxy)benzaldehyde 68 for 4-(3-pyridyl)benzaldehyde.
TLC Rf 0.54 (CHCIly/MeOH, 10/1); 'H NMR (300 MHz, CDs0D) §7.47 (d, J = 8.4 Hz, 2H), 6.97 (d,
J=8.4 Hz, 2H), 6.88 (d, J= 9.0 Hz, 2H), 6.80 (d, J = 9.0 Hz, 2H), 4.30 (s, 2H), 4.03 (dd, J=7.5, 4.5
Hz, 1H), 3.83-3.72 (m, 2H), 3.49-3.34 (m, 4H), 2.38 (m, 2H), 2.23-2.10 (m, 2H), 1.78-1.16 (m, 15H),
1.02-0.92 (m, 2H), 0.95 (t, J = 7.2 Hz, 3H); IR (KBr) 3363, 3199, 2924, 2851, 2670, 2566, 1674,
1638, 1503, 1468, 1448, 1420, 1373, 1346, 1315, 1227, 1196, 1172 cm™*; MS (APCI, Pos) miz 534
(M + H)"; HRMS Calcd 534.3332, Obsd 534.3333.

4-(4-{[(39)-1-Butyl-3-(cyclohexylmethyl)-2,5-dioxo-1,4,9-triazaspir o[ 5.5]undec-9-yl | methyl }phe
noxy)-N-methylbenzamide Hydrochloride (56)
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The title compound was synthesized in 68% yield according to the same procedures as described for
the preparation of 43 using 4-(4-N-methylaminocarbonylphenoxy)benzaldehyde 71 for
4-(3-pyridyl)benzaldehyde. TLC Rf 0.25 (AcOE/MeOH, 10/1); *H NMR (300 MHz, CD;0D) &
7.85 (d, J= 8.7 Hz, 2H), 7.62 (d, J = 8.7 Hz, 2H), 7.15 (d, J = 8.7 Hz, 2H), 7.08 (d, J = 8.7 Hz, 2H),
4.37 (s, 2H), 4.05 (dd, J = 7.5, 4.5 Hz, 1H), 3.90-3.68 (m, 2H), 3.58-3.36 (m, 4H), 2.92 (s, 3H),
2.58-2.36 (m, 2H), 2.28-2.06 (m, 2H), 1.84-1.10 (m, 15H), 1.06-0.84 (m, 2H), 0.96 (t, J = 7.2 Hz,
3H); IR (KBr) 3263, 2927, 2547, 1674, 1600, 1499, 1417, 1314, 1245, 1175, 1112, 1049, 1006 cm™;
MS (APCI, Pos) m/z 575 (M + H)"; Elemental Analysis Calcd for CssHisN4O4.HCI : C, 66.81; H,
7.75; N, 9.17.Found : C, 64.8; H, 7.98; N, 8.92.

N-[4-(4-{[(39)-1-Butyl-3-(cyclohexylmethyl)-2,5-dioxo-1,4,9-triazaspir o[ 5.5]undec-9-ylmethyl}

phenoxy) phenylJmethanesulfonamide Hydrochlor ide (57)

The title compound was synthesized in 47% vyield according to the same procedures as described for
the preparation of 43 using 4-(4-methansulfonylaminophenoxy)benzaldehyde 74 for
4-(3-pyridyl)benzaldehyde. TLC Rf 0.42 (CHCly/MeOH, 10/1); '"H NMR (300 MHz, CD;0D) &
7.53 (d, J=9.0 Hz, 2H), 7.29 (d, J = 9.0 Hz, 2H), 7.08-7.00 (m, 4H), 4.33 (s, 2H), 4.03 (dd, J = 7.5,
4.8 Hz, 1H), 3.85-3.72 (m, 2H), 3.54-3.36 (m, 4H), 2.95 (s, 3H), 2.48-2.34 (m, 2H), 2.25-2.08 (m,
2H), 1.80-1.14 (m, 15H), 0.98-0.88 (m, 5H); IR (KBr) 3361, 3237, 3108, 3057, 2925, 2851, 2663,
2580, 1677, 1632, 1502, 1477, 1449, 1420, 1402, 1389, 1330, 1302, 1276, 1254, 1248, 1218, 1171,
1150, 1109 cm™; MS (APCI, Pos) m/iz611 (M + H)*; HRMS Calcd. 611.3267, Obsd 611.3267.

4-(4-{[(39)-1-Butyl-3-(cyclohexylmethyl)-2,5-dioxo-1,4,9-triazaspir o[ 5.5]undec-9-yl |methyl }phe
noxy)benzenesulfonamide Hydrochloride (58)

The title compound was synthesized in 40% yield according to the same procedures as described for
the  preparation of 43 using  4-(4-aminosulfonylphenoxy)benzaldehyde 76  for
4-(3-pyridyl)benzaldehyde. TLC Rf 0.33 (CHCI3/MeOH, 10/1); "H NMR (300 MHz, dg-DMSO) &
(300 MHz,) 11.03 (brs, 1H), 8.42 (brs, 1H), 7.82 (d, J = 8.7 Hz, 2H), 7.71 (d, J = 8.7 Hz, 2H), 7.33
(brs, 2H), 7.16 (d, J = 8.7 Hz, 4H), 4.38-4.23 (m, 2H), 3.91 (m, 1H), 3.61-3.23 (m, 6H), 2.58-2.30
(m, 2H), 2.18-1.91 (m, 2H), 1.76-1.00 (m, 15H), 0.98-0.71 (m, 5H); MS (APCI, Pos) m/z (APClI,
Pos) 597 (M + H)".

4-(4-{[(39)-1-Butyl-3-(cyclohexylmethyl)-2,5-dioxo-1,4,9-triazaspir o[ 5.5]undec-9-yl |methyl }phe
noxy)benzoic acid Hydrochloride (59)

The title compound was synthesized in 60% yield according to the same procedures as described for
the preparation of 43 using 4-(4-formylphenoxy)benzoic acid 70 for 4-(3-pyridyl)benzaldehyde.
[a]p® - 27.7 © (C 1.03, MeOH); TLC Rf 0.37 (CHCIy/MeOH, 10/1); *H NMR (300 MHz, CDs0D) &
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8.03 (d, J= 8.7 Hz, 2H), 7.63 (d, J = 8.7 Hz, 2H), 7.16 (d, J = 8.7 Hz, 2H), 7.07 (d, J = 8.7 Hz, 2H),
4.37 (s, 2H), 4.04 (dd, J = 7.5, 4.5 Hz, 1H), 3.90-3.70 (m, 2H), 3.56-3.35 (m, 4H), 2.59-2.38 (m, 2H),
2.27-2.05 (m, 2H), 1.83-1.08 (m, 15H), 1.05-0.83 (m, 2H), 0.95 (t, J = 7.2 Hz, 3H); IR (KBr) 2925,
1673, 1598, 1502, 1417, 1243, 1160 cm™; MS (APCI, Pos) m/z 562 (M + H)"; Elemental Analysis
Calcd for C33H43N30s.HCI : C, 66.26; H, 7.41; N, 7.02. Found : C, 64.8; H, 7.64; N, 6.98.

(39)-1-Butyl-3-(cyclohexylmethyl)-9-[2-(4-phenoxyphenyl)ethyl]-1,4,9-triazaspir o[ 5.5]undecan
e-2,5-dione Hydrochloride (38)

A solution of 4-phenoxyphenethyl alcohol 77 (214 mg, 1 mmol) in pyridine/CH,Cl; (1/1, 4 mL) was
added to chlorosulfonated polystyrene resin (305 mg, 0.5 mmol). The mixture was shaken for 5 h
at room temperature. The resin was collected by filtration and successively washed with CH,ClI, (4
mL), DMF (4 mL), DMF/H,0 (3 /1, 4 mL), THF (4 mL), CH,Cl, (4 mL) and CHsCN (4 mL). Toa
suspension of the resin in MeCN (5 mL) were added N,N-diisopropylamine (271 mg, 2.1 mmol) and
then compound 64a (112 mg, 0.3 mmol). The mixture was shaken for 18 h at 70 °C. After
cooling to room temperature, the resin was collected by filtration and washed with MeCN. The
combined filtrate and washings were evaporated. The resulting residue was purified by column
chromatography on silica gel AcOEt/MeOH (from 1/0 to 10 /1). The resulting residue after
evaporation was treated with 4N HCI in AcOEt (2 mL) and then washed with Et,O to afford 38 (81
mg, 48% yield) as a powder. TLC Rf 0.54 (AcOEt/MeOH, 10/1); *H NMR (300 MHz, CD3;0D) &
7.37-7.29 (m, 4H), 7.11(t, J = 7.2 Hz, 1H), 6.97-6.95 (m, 4H), 4.06 (dd, J = 7.5, 4.5 Hz, 1H),
3.88-3.77 (m, 2H), 3.65 (m, 2H), 3.46-3.36 (m, 4H), 3.13-3.07 (m, 2H), 2.48 (m, 2H), 2.28-2.14 (m,
2H), 1.80-1.21(m, 15H), 0.98 (t, J = 7.0 Hz, 3H), 0.99-0.91 (m, 2H); IR (KBr) 3364, 3195, 3065,
2924, 2851, 2661, 2525, 2421, 1671, 1589, 1508, 1489, 1470, 1449, 1418, 1373, 1347, 1333, 1317,
1238, 1200, 1169, 1148, 1073 cm'’; MS (APCI, Pos) m/z 532 (M + H)*; HRMS Calcd 532.3539,
Obsd 532.3536.

Ethyl 4-[1-butyl-3-(cyclohexylmethyl)-2,5-dioxo-1,4,9-triazaspir o[ 5.5 undec-9-yl]|benzoate
Hydrochloride (39)

To a solution of compound 64b (186 mg, 0.501 mmol) in MeCN (2.5 mL) were added ethyl
4-fluorobenzoate (164 mg, 0.975 mmol) and then K,CO3 (141 mg, 1.02 mmol).  After being stirred
for 12 h at 100 °C, the reaction mixture was diluted with DMSO (0.5 mL). Stirring was continued
for another 12 h at 140 °C. The reaction mixture was cooled to room temperature, diluted with H,O
and extracted with t-butyl methyl ether. The combined organic layers were washed with brine,
dried (MgSO,) and evaporated. The resulting residue was purified by column chromatography on
silica gel (hexane/AcOEt, from 4/1 to 3/1). The resulting residue after evaporation was treated with
4N HCI in AcOEt (2 mL) and washed with t-butyl methyl ether to afford the title compound 39 (67
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mg, 26% yield). TLC Rf 0.27 (hexane/AcOEt, 2/1); *H NMR (300 MHz, CD;0D) §8.13 (d, J =
8.7 Hz, 2H), 7.59 (d, J = 8.7 Hz, 2H), 4.37 (q, J = 7.2 Hz, 2H), 4.31-4.15 (m, 2H), 4.07 (dd, J = 7.5,
4.5 Hz, 1H), 3.85-3.75 (m, 2H), 3.47-3.38 (m, 2H), 2.67-2.50 (m, 2H), 2.30-2.12 (m, 2H), 1.85-1.46
(m, 10H), 1.44-1.19 (m, 5H), 1.38 (t, J = 7.2 Hz, 3H), 1.05-0.88 (m, 2H), 0.95 (t, J = 7.2 Hz, 3H); IR
(KBr) 3214, 3085, 2959, 2927, 2851, 2630, 2463, 2401, 1726, 1675, 1658, 1608, 1469, 1459, 1448,
1417, 1407, 1374, 1315, 1307, 1277, 1188, 1177, 1146, 1109, 1020, 1006 cm™; MS (APCI, Pos) m/z
484 (M + H)": HRMS Calcd 484.3175, Obsd 484.317.

2-Butynylphthalimide (61)

To a solution of 2-butynylalchol 60 ( 5,0 g, 71.3 mmol) in triethylamine (14.9 mL 107 mmol) and
CH,CI, (210 mL) was slowly added methanesulfonylchloride (6.1 mL, 78.5 mmol) at 0 °C under
Argon atmosphere.  After being stirred for 1 h, the reaction mixture was quenched with water and
extracted with AcCOEt. The organic layer was washed with 1IN HCI, saturated NaHCOj3; aq and
brine, dried over Na,SO4, and concentrated. To a stirred solution of the resulting residue in DMF
(80 mL) was added potassium phthalimide (11.4 g, 61.5 mmol). After being stirred for 1.5 h at
70 °C, the reaction mixture was poured to water (400 mL) and extracted with AcOEt. Precipitated
solid was filtered and washed with diethylether. The filtrate was extracted with AcOEt, and the
organic layer was washed with 1IN NaOH and brine, dried over Na,SO, and concentrated. The
resulting solid was triturated with diethylether. The total resulting solid was dried in vacuo to yield
61 (10.4 g, 73 % in 2 steps). TLC Rf 0.56 (hexane/AcOEt, 2/1); 'H NMR (200 MHz, de-DMSO) &
7.90-7.77 (m, 4H), 4.30 (q, J = 2.4 Hz, 2H), 1.74 (t, J = 2.4 Hz, 3H).

2-Butynylamine Hydrochloride (9f)

To a stirred suspension of 61 (10.3 g, 51.7 mmol) in EtOH (600 mL) was added hydrazine hydrate
(7.6 mL, 155 mmol). After being stirred for 1.5 h at 100 °C, the mixture was cooled to room
temperature, added concentrated HCI (25 mL) and evaporated. The resulting residue was basified
with 5N NaOH and extracted with CH,Cl, repeatedly. The organic layer was washed with small
amounts of brine and dried over Na,SO,4 After the addition of 4N HCI/AcOEt (20 mL), the
solution was evaporated. The resulting solid was washed with diethylether to yield 9f (5.25 g,
96%). TLC Rf 0.23 (CHCl/MeOH/ACOH, 20/4/1); 'H NMR (200 MHz, d-DMSO) & 8.70-8.15
(br, 3H), 3.62 (br, 2H), 1.83 (t, J = 2.4 Hz, 3H).

4-Benzoylbenzal dehyde (66)

To a stirred solution of 4-benzoylbenzencarboxylic acid 65 (590 mg, 2.61 mmol) in triethylamine
(0.44 mL, 3.13 mmol) and THF (7 mL) was added i-butylchloroformate (0.40 mL, 3.13 mmol) at
-78 °C. After being stirred at room temperature for 30 min, triethylamine hydrochloride salt was
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removed by filteration. The filtrate was added a suspension of sodium borohydride (296 mg, 7.83
mmol) in water at 0 °C. After stirred for overnight at room temperature, the mixture was
concentrated. The resulting residue was diluted with water and extracted with AcOEt. The
organic layer was washed with brine, dried over Na,SO, and evaporated. The resulting residue was
dissolved in DME (20 mL) and then MnO, (682 mg, 7.84 mmol) was added. After being stirred at
100 °C for overnight, additional MnO, (2.02 g, 23.2 mmol) was added to the solution. The
suspension was stirred at 110 °C for 4 hours, and then cooled to room temperature. MnO, was
removed by filtration through a celite pad, and filtrate was evaporated. The resulting residue was
purified on silica gel to yield 66 (277 mg, 51%). TLC Rf 0.35 (hexane/ AcOH, 4/1); *H NMR (300
MHz, CD;0D) §10.14 (s, 1H), 7.94-7.92 (m, 2H), 7.83-7.80 (m, 2H), 7.67-7.61 (m, 1H), 7.54-7.49
(m, 2H).

4-(4-Hydr oxyphenoxy)benzaldehyde (68)

To a stirred solution of 67 (3.69 g, 16.1 mmol) in CH,CI, (80 mL) was slowly added 1.0 M boron
tribromide/CH,CI, solution (1.0M, 35 mL, 0.35 mmol) at 0 °C. After being stirred for 2 hours,
water was added and extracted with diethylether. The organic layer was washed with water and brine,
dried over Na,SO, and evaporated. The resulting residue was purified by silica gel column
chromatography to yield the title compound 68 (3.06 g, 86%). TLC Rf 0.28 (hexane/AcOEt, 2/1);
'H NMR (300 MHz, CDCl3) §9.90 (s, 1H), 7.83 (d, J = 9.0 Hz, 2H), 7.01 (d, J = 9.0 Hz, 2H), 6.98
(d, J=9.0 Hz, 2H), 6.89 (d, J= 9.0 Hz, 2H), 5.47 (brs, 1H). MS (APCI, Pos) 257 (M+H)".

4-(4-For mylphenoxy)benzoic acid (70)

A stirred mixture of methyl-4-hydroxybenzoate 69 (25.2 g, 16.5 mmol), 4-fluorobenzaldehyde (18.6
g, 14.9 mmol) and K,COs3in DMF (150 mL) was refluxed for 2 hours. ~After being cooled to room
temperature, water was added and extracted wiht AcCOEt. The organic layer was washed with water
and brine, dried over MgSO, and evaporated. The resulting solid was triturated with n-hexane and
dried to yield the methylester (27.8 g, 72%). To a stirred solution of methylester in methanol (400
mL) was added 2N NaOH (108 mL, 54 mmol). After being stirred for 2 hours at 50 °C, the mixture
was cooled to room temperature, and 2N HCI (110 mL) and water (200mL) were added. The
precipitating solid was filtered and dried to yield 70 (23.4 g, 89%). TLC Rf 0.20 (hexane/AcOEt,
1/1); *H NMR (300 MHz, CDCl3) §9.98 (s, 1H), 8.16 (d, J = 8.7 Hz, 2H), 7.92 (d, J = 8.7 Hz, 2H),
7.17 (d, J = 8.7 Hz, 2H), 7.13 (d, J = 8.7 Hz, 2H).

4-(4-N-M ethylaminocar bonylphenoxy)benzal dehyde (71)
To a stirred solution of compound 70 (9.8 g, 40.5 mmol) in DMF (135 mL) were added HOBt (6.56

g, 48.6mmol), EDC hydrochloride (9.32 g, 48.6 mmol) and methylamine THF solution (2.0 M, 41
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mL, 81mmol). After being stirred for 1 and half hour, the mixture was poured into water (500 mL),
acidified by 2N HCI (10 mL) and extracted with AcOEt. The organic layer was washed with
saturated NaHCO3 aqg. and brine, dried over Na,SO,4, and evaporated. The resulting solid was
triturated with t-butylmethylether to yield 71 (9.23 g, 89%). TLC Rf 0.55 (CHCI3/MeOH = 10/1);
'H NMR (300 MHz, CDCls) §9.95 (s, 1H), 7.89 (d, J = 8.7 Hz, 2H), 7.81 (d, J = 9.0 Hz, 2H),
7.13-7.10 (m, 4H), 3.03 (d, J = 4.8 Hz, 3H); MS (APCI, Pos) 256 (M+H)*.

4-(4-M ethanesulfonylaminophenoxy)benzaldehyde (74)

M ethyl-4-(4-methanesulfonylaminophenoxy)benzoat e (73)

A suspension of 72 (25.5 g, 93.5 mmol) and 5% Pd-C (1.3 g) in AcOEt (300 mL) was stirred for
overnight under hydrogen atmosphere. The reaction mixture was filtered through a pad of Celite
and the filtrate was concentrated in vacuo. To a solution of the resulting residue in THF (300 mL)
and pyridine (22.4 mL, 277 mmol) was added methanesulfonylchloride (10.7 mL, 139 mmol) at 0 °C.
After being stirred for overnight at room temperature, water was added to the mixture and extracted
with AcOEt. The organic layer was washed with brine, dried over Na,SO,and evaporated. The
resulting solid was triturated with t-buthylmethylether to yield 73 (29.0 g, 98%). TLC Rf 0.5
(hexane/AcOEt, 1/1); 'H NMR (300 MHz, CDs0D) §8.01 (d, J = 8.7 Hz, 2H), 7.26 (d, J = 9.0 Hz,
2H), 7.26 (s, 1H), 7.05 (d, J=9.0 Hz, 2H), 6.98 (d, J = 8.7 Hz, 2H), 3.91 (s, 3H), 3.04 (s, 3H).

4-(4-M ethanesulfonylaminophenoxy)benzaldehyde (74)

To a stirred solution of 73 (29 g, 90.3 mmol) in THF (300 mL) was added diisobuthylalminium
hydride/n-hexane solution (1.0 M, 270 mL, 270 mmol) at 0 °C. After being stirred for 2 hours,
additional diisobutylalminium hydride (1.0 M, 90 mL, 90 mmol) was added to the reaction mixture
and stirred for 20 minitues at 0 °C.  The reaction mixture was quenched with saturated Na,SO, and
the precipitated solid was removed by filteration. The filtrate was evaporated and the resulting
residue was dissolved in CH,Cl, (150 mL) and DME (150 mL). MnO, (40 g, 482 mmol) was
added to the mixture and the mixture was stirred for overnight at room temperature. The reaction
mixture was filtered through a pad of Celite and the filtrate was concentrated in vacuo to yield 74
(26.0 g, 99%). TLC Rf 0.46 (hexane/AcOEt); 'H NMR (300 MHz, CDCls) §9.92 (s, 1H), 7.85 (d,
J=8.7Hz, 2H), 7.28 (d, J = 8.7 Hz, 2H), 7.25 (s, 1H), 7.10-7.05 (m, 4H), 3.05 (s, 3H).

4-(4-Aminosul fonyl phenoxy)benzal dehyde (76)

A stirred suspension of 75 (4.33 g, 25 mmol), 4-fluorobenzaldehyde (2.68 mL, 25 mmol) and K,CO3
(6.9 g, 50 mmol) in DMA (20 mL) was refluxed for 2 hours. After being cooled to room
temperature, the mixture was diluted with water and extracted with ACOEt. The organic layer was

washed with water and brine, dried over Na,SO, and evaporated. The resulting solid was
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recrystallized from AcOEt/hexane to yield the title compound 76 (1.22 g, 18%). TLC Rf
(CHCI3/MeOH, 10/1); *H NMR (300 MHz, CD;0D) §9.93 (s, 1H), 7.96 (d, J = 8.7 Hz, 2H), 7.95 (d,
J=8.7Hz, 2H), 7.21 (d, J = 8.7 Hz, 2H), 7.19 (d, J = 8.7 Hz, 2H); MS (APCI, Neg) 276 (M-H)".

Biology

Stability study of liver microsomes

-Reaction and sampling

5 pL of the test substance (10 mmoL/L in DMSO) was diluted with 195 pL of 50% acetonitrile in
water to make a 250 umoL/L solution of the test substance.

Phosphate buffer (0.1 moL/L, 245 puL) containing 0.2 mg/ml or 0.5 mg/mL rat liver microsomes and
NADPH-Co-factor’ was added to a reaction container, pre-warmed to 37°C in a water bath, and
incubated for 5 min. The reaction was initiated by the addition of 5 uL of the test substance
solution (in 0.975% acetonitrile with 0.05% DMSO, final concentration of 5 umol/L). A 20- uL
aliquot was taken from the mixture immediately after the start of the reaction, and transferred to 180
uL of acetonitrile containing the internal standard (warfarin) to terminate the reaction. A 20-uL
aliquot of the mixture was stirred with 180 uL of 50% acetonitrile on a plate with a filter for
deproteinization, and filtered by suction.  The filtrate was used as the standard sample.

After a 15-min incubation of the above mixture, a 20-uL aliquot was transferred to 180 uL of
acetonitrile containing the internal standard (warfarin) to terminate the reaction. A 20-uL aliquot of
the mixture was stirred with 180 pL of 50% acetonitrile on a plate with a filter for deproteinization,
and filter by suction.  The filtrate was used as the reaction sample.

* NADPH-Co-factor: Dilute solutions A and B in the NADPH-regenerating system (BD-Bioscience)
20-and 100-fold, respectively, with 0.1 mol/L phosphate buffer (NADP* 2.6 mmol/L).
-Determination of test substance concentrations and data processing

1 uL aliquot was injected into an LC-MS/MS system. The percent residue (%) is calculated by
dividing the peak area ratio (i.e., test substance/I.S.) for the reaction sample by the peak area ratio for

the standard sample and multiplying by 100.

Primary screening of solubility

The test substance (10 mmoL/L DMSO) was diluted with acetonitrile. Acetonitrile containing the
internal standard (warfarin) was added to prepare samples for calibration curves at 0.1, 0.4 and 2
pmoL/L.

5 ul of the test substance (10 mmoL/L DMSQ) was added to 495 uL of JP Solution 2. The solution
was stirred at room temperature for 5 h, and transferred onto a filter plate, and filtered by
centrifugation at 3000 rpm, 24°C for 15 min. 20 uL of the filtrate was added with acetonitrile, and
acetonitrile containing the internal standard was added to prepare a sample solution.
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1 uL of the sample solution was injected into an LC-MS/MS system for quantification (range: 0.1 to
2 umoL/L). The solubility was determined as 50 times the observed value. The solubility was

reported as <5 pmoL/L or 100 pmoL/L if the observed value is outside the range.

Caco-2 membr ane per meability assay
Caco-2 cells were grown on a 12-well Costar Transwell plate (with a collagen-coated fine porous
polycarbonate membrane) until a confluent monolayer is formed. Buffer for permeability assay
was prepared using 10 mM HEPES and Hank’s balanced salt solution containing 15 mM glucose
with the pH being adjusted at 7.3 to 7.5. A test substance solution was prepared at 10 mM the
assay buffer. The test substance solution was added to the apical side of Caco-2 cell monolayer at a
final concentration of 10 uM, and then the plate was incubated in a humidified incubator (5% CO,,
37 °C). Two hours later, 200- and 50 pL aliquots were taken from the receiver chambers. The
measurements should be performed in duplicate. Test substance concentrations in the samples were
determined by LC/MS/MS.
The apparent permeability coefficient (Papp) is calculated according to the following equation:
Papp = (dCr/dt) x Vr/(A x CO)

dCr/dt: slope of compound accumulation in the receiver compartment over time (uM/s)

Vr: volume of the receiver compartment (cm®)

A: area of the cell monolayer (1.13 cm?for 12-well Transwell plate)

CO: initial normality of the buffer (uM)

Phar macokinetic (PK) studies

Single dose pharmacokinetics was studied in rats. Formulation for intravenous injection was
prepared using SWI (sterile water for injection) containing 30% HP-B-CD (w/v). Formulation for
oral dosing was prepared using SWI containing 1% sucrose fatty acid ester (w/v). Test compounds
(3 mg/kg) were dosed intravenously to the fasted male rats (n=3). Test compounds (30 mg/kg)
were dosed orally to the fasted male rats (n=3). After dosing, blood samples (250 ul) were
collected from the jugular vein using a heparinized syringe at the selected time points (iv: pre-dosing,
2, 5, 15 and 30 min; po: 1, 2, 4, 6 and 8 h, respectively). The blood samples were ice-chilled and
then centrifuged at 12,000 rpm for 2 min at room temperature to obtain plasma, which was preserved
at-70 °C in a freezer. The AUC, Crux Tmax T12, Vssand CL were obtained by measuring the time
course of the plasma concentration of the test compounds. Bioavailability(BA) was calculated
according to the following equation:

BA (%) = (AUCpo/Dpo)/AUCIV/Div) x 100

3-6. BERR
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Figure 4.1 Lead compounds of CCR5 antagonists
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ICEHR T 4 VARHIFET 7 A > FaX— K Liztk, VANV ADHEEY VR ETH
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PRI RELSENL L)oo bDD, & RMFI 27 1 Y — A(human liver microsome : HLM) 1 @
REMITEL L T, ME—TVRF T EZEALILEY 85a 17 v b, b Ml
WTHRBLEVEDSEENRD biz, ZOkEd) 85ald Tabledl (IR LIALAEMID S H
TR e BIRVMEAEH TH Y . ZOFMLORB T 7 v 77217 Tl IR F VEEA
2K > THFREOIREMEDIR T RGHEGEIZ SRR > T D TIE RN EB X bILD,
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Table 4.1 Effect of the p-substituent X on the activity profiles

(3R, 1R)

HCI

Caassay Fusionassay % Remaining®

Compound X ClogP®
ICs0 (NM) ICs0 (NM) HLM / RLM

6 H 53 7.8 6/18 6.45
78 OMe 91 7.1 NT/NT® 6.37
79 OH 68 2.8 3.5/23 5.78
80 CONH; 39 NT® 1.5/19 4.96
81 CONHMe 38 7.4 NT/NT® 5.17
82 SO2NH; 48 3.5 NT/NT® 4.61
83 SO;Me 34 NT® NT/NT® 4.81
84 NHSO;Me 26 14 1.8/91 5.26
85a COzH 34 5.6 36/39 3.92

% The data show the remaining % 15 min after incubating with the 0.5 mg/mL liver microsomes.
® Calculated by CLOGP 5.1 (Daylight Chemical Information Systems Inc.)
°NT : Not tested

WIZ Z DALE Y 85a I DWW T H 7 2B ED 72D LDV 7 B~ VRO EAT
S7-(Tabled.2), 7 u~FL Nz Ay Fu Lk v rnryue ik v 7o 7F 3k,
raRUFNEL ra~TFAR TR RrET A AV VR4 RrFY
BTV R T U RA4-E RRF U T BT IOV LB (LAY 86-91,
92a-b & hk L, CCRS5 FLEEME, Fusion iEMEZFME L7, A V7' 0 ELEHEIK 861X Ca T
A TIEFEEOEMEZ R Lz b OO, Fusion FLETEVEIZRG L7z, 7 v 7w ELFEER
87 1% Ca7 vEAIZEBWT 24 FEMHEIMET L, Fusion 7 v £ A 2RO IR E < TEPED K
5 L7, 7 a7 FILEER 881X LV gk CCRS FHENEME A7~ L7-A3, Fusion BHETGM: 1
RKEIKF L, /L&Y 85a LIFFRED ClogP B BT 5 7 v XU FILEFER 89, v 7
B AT FOVFHEMAE 90 ITEMEIZ OV T HIRIERBEDIER L MR L Cve, —HFTT F ok
Ru BT Ao VEFER OL IFAREME DR TS, IEE LI FEmICH - 72, 4-B FaF
U aAF VIVHFERIZOWTIL R T AR 920 3 Ak 92a L v iE< | LA 85a, &
IZIEFI%E D CCR5 FEIEM: A~ 2 LITBIRZE W EE R Td - 7273 Fusion BLETEMEIZ W4
DALEPZFR T HIET LT,

1tAY) 86-90, R2a-b (ZHOWT HFI 7 v Y — AP ORBILEMECHOWTEHME L& 2 5,
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R LEMET L D 7, BRREDIER, §72 b BIRRIEDOERITHE > TRLEITZ
DAEMDFRD b T, ARNREME DAY 92a-b TIIRFLEMHNRKE L LHFEL TWZH DD,
CCRS5 [HAEEME, Fusion PLETEMEIIARTT L, fEER TIX Z OEAL~OMBIEE RELL DT AL
BINT, HWEBAIRETEOmWEBREDN I EN D Z RSN TET,

Table 4.2 Further chemical modification of the cyclohexyl residue of 85a (3R, 1'R)

o)
NLé_\OH
2
3 S
5 Y (3R 1R)
Na R
H

o

N
HCI

Caassay Fusion assay % Remaining*

b
compound R ic, (M) ICu (M) Him/Riv ©°%P
86 )* 48 229 98 /100 273
87 \D 81 €a.10000 89 /100 2.25
88 b 25 66 95 /100 2.80
89 b 33 13 93/100 3.36
90 D 32 5.2 34159 4.48
91 5 > 120 302 NT® 152
(@]
92a(cis) 140 537 100 /100 1.84
92b (trans) 23 129 100/ 92 1.84
OH
85a O 34 5.6 36/39 3.92

% The data show the remaining % 15 min after incubating with the 0.5 mg/mL liver microsomes.
® Calculated by CLOGP 5.1 (Daylight Chemical Information Systems Inc.)
°NT : Not tested.

EHIZH ) —ODEEMMEETH D IN-N-T FLEOBEWRAIT T~ = OIS OZEHLIE
O-N-7 = J F I R IVERID /R TN IIVAR X A2 HT 5/6A4W 85a, M N- A F )L
T ANKR=NEEEGET 26 8L Z W T To72s N-XF T X J ViR =V FR 3%
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. DEREOBMER LR | DVR U BHER L IZIERSOEEZETH & 75%/\}52
FARMTH oI, Hik% Table 431”7, HIETRLELIIZ, IN-T/F M

ESUR O EHILN T VX VL VI E LWZ ERRIB I T2 Enb | IN- A F L
K 93-94, 1-N-TF/LFHE(K 05-96, 1-N-n-7' 1 /LK 97-98 %Hamﬁ%T 7“‘ 5 HBY
TEHM LTz, WTFROEAEHTEB T, Ca T viA Tk n-7 FILFEER & IRIEFZEDORE
P& 7R L2/, Fusion 7 v EAIZEBWTIE, n-7' 1 EJL(C3), =F/(C2), )‘?/lx(Cl)km
FEHOBMEIZE > THEEMNMET Lz, £2Z2 TRICZOT AF I E n-~FL(C5), n-
AFTIU(CB), -~TFIU(CT), EE L AEE 99, 100, 101 Ak L& A, N
FIVFH R 99 TIX R DOIEMENHERF SN2 b DD n-~F L LFHEIK 100, n~7 T )Lkl
{A 101 Ti% CCR5 FHLEEHME, Fusion FLETEMEALIAR T RO bz, 2D EMnb, 20O
ALIZIE CA B LLILCO DRI DEMENIGFEND Z ENRBINTE T, FoKBEZE
ALTAEEM 10213 Ca 7 v A 2B W T 4.7 fEOTEMEIR F 23380 S, Fusion PLEEM: &
WES L7, HEMEOFERLE LT B ELEIC 227 I ) 2 FAEEEA LAY 104,
KOR2-NNT AF VT X ) =T )VHEE N L 2(bE9) 1051230 Tk CCR5 FHETEME, Fusion
PRI KE K F Lz, A PRy FAFEKR 1031 CaT vEAIZBW I n-7F
JUEEAR 81 LITIZRIZEDIEMEZ R L1225, Fusion 7 v A (ZBWCIIIEMEN G Lz, =
NS OILEY 102-105 OFER L 0 | Z O ~OMME RERSE AN ITIFEOIK FIc 272085 2
EWRBESNTE, TZTTIAFAVEORHE Ty 7 $2HMT222- M) 7vdrx
FIUFFEEIK 106, M182,2333 2% 7)L4n 7 m LK 107 28 LT-, {t& 106
=T VEEER 95 L b L, Ca 7 v A Tl 23 %, Fusion 7 v A TiE 3.8 5 DIEMEL
RO BT, FLEY 107 IZBWTHEEBEHO n-7' 2 ©LFHEK 08 LT 5 &
CCR5 PHFTEMED R E IR T 2R b7z,

LLED X 512, I-NALOMEEA~ORRME T RGN TEE DR FIC SRR 5 2 Lnb, 20
ERALIZIE, IEMEOmEND C4 H LIL CEO DESOBMEHBROT LI LENRSIDLL, &6
(I BN RESE ORI Z D 211X K W IRIRIEDIR, CA D n-TF AR - 53 L
w%@%f%ék%ito
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Table 4.3 Effect of the 1-N-substituent on the activity profiles
R

Sas
\Nl
A:X=COH N
5
B:X=CONHMe pci

o

Ca Assay Fusion assay

Compound X R IC,, (M) IC,, (NM) ClogP?
93 A 50 ¢a.10000 2.34
94 B * 59 1862 3.45
95 A 23 295 2.86
% B * > 20 178 4.11
97 A 30 112 3.39
8 B 28 21 4.64
85a A _~_~_ 34 5.6 3.92
81 B 38 7.4 5.17
99 B« 68 3.9 5.70
100 B« N 110 35 6.23
101 B « > 190 316 6.76
OH

102 B /\)\ 180 ¢a.10000 3.55
(@]

103 B« N 33 98 3.86
NH

104 B 2 750 NT? 3.18

105 B | 640 NT® 4.05

106 B 46 1148 4.24

NN
F
g
Fr
F
107 B *%F 270 NTD 5.26
FOF

& Calculated by CLOGP 5.1 (Daylight Chemical Information Systems Inc.)
® NT : Not tested.

ZHETIC Table 41-43 TRL7Z 9N-(4-7 =/ F-_U D 1" 7 a8k,
I-N-N-T7FNFEDOEHR I | {5, BLOTZ v b b bOFI7 v Y —AHZEBT 2 RE7%
EMEDNRT o 2D TWALEY 85a 1l HOWT, 30L, UM DOSAR[LED $ 7 % 85b-d %
Ak U IEYEDFEAf &2 4T > 72 (Table 4.4), Ca 7 v & A 128 Ci%, 85a (3R, 1’R), 85b (3R, 1’S),
85d (3S 1’9 I LIFIFAZEDHEEM 2~ L, 85¢ (3S I'R) 721743 10 511 < BV Z R~ L
T2 T2 5, LI R ONAKELE % £7> 85a, 85¢ (2B L CIX(3R)? 85a 73(39 P 85¢ L V)
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FRVNEPEZ R L, U722 S ONLARELE 2 Fi (L EIZR L CTiZ(BR)™ 85b, (39D 85d & %
\ZIREEOEME A 7R LTz, —5C Fusion 7 v & A IZ8BWTIL, 85a (3R, I'R)A3Z D> 7 (AR 5
PEAR LD 100 50T < BRVEME 2R3 Z E R LN o7z, 2D XL 57 CaT A (CCR5
FHEETEM) & Fusion 7 v & A (RELABLETEME) & I > D7 v B A R DOEWTHMHA
T&E5EEZ TS, CaT vEAIFAEKNY H R(MIP-1a) & CCR5 Fifi| 58l X H7= CHO
(Chinese Hamster Ovary) iRz VT3 LTV D DIZxF L. Fusion 7 > A 1Z HIV OfE
BRI ERB LT 7 =7 X —Hlildl CD4 kTN CCR5 #RBL L 7= —7 v Mgz Huw
THEEEZRE L TV D, ZRHOLEYOIEEE L0 EMICEME D 272011, EEE
2T 4 VA EAWEERILELZ ARG 57 v 'A%, HLHIV IEEORIERLIE L E 2 B
Do

Table 4.4 Activity profiles of all the stereoisomers 85a-d

HO,C @ 0

. . Ca Assay Fusion assay
Compound Configuration IC,, ("M) IC,, (NM)

85a (3R, 1R) 34 5.6
85b (3R, 1'S) 44 182
85¢ (3S, 1R) 470 380
85d (3S, 1'S) 51 447

4-3. BRI

4-3 TR Lo b AR ORISR, TEEARFF S, S I PHIC Tt > Mgz v
7o VR O REAfR S B3 LR B AR Cdh ~ 7= 85a, 81, 84, 86, 97 IO\ T, 7 v hiZ
R OE ROFIRNE S L2580/ T 2 —2 —ORIE&1T -7z, D= Dbs
¥ la, 2, 59 OFEFIZHOWNTHADOET Table4 512k L7z, Tabled5 (2R Liz{bEMmDH
Tl ON-(4-7 =/ F2-_ PV IEDOKEGD R TR T VR 2 H A £ 85a 3% N % 5-
# ™ AUC (Area Under the Curve) 7’ 3422 ng himL, fix RAL B Coax 2 2360 ng/mL & i %
EVMEZ/RL TV, U— NMEa la, 2 LR L, b5 85a 0 AUC OFREER) 72 ek 1%
RN G%Z D7 VT 7 A(CL), ARV DIER FRRESEELTNDLLEEZDI
%o N-AFNT I FIEO(LEY 8LIZOWTH Y — FMMea# la, 2 L LT, AUC, Cmx
DBEEDRFTED HAL TV, AR T I MEOLEHY 84 128\ TR ERE T A — X
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—DWFEITRD LN T, ON-(4-7 =/ F-_ DD RGOS T AN I VR F v
HEEEALEW T VAN A Y 7 a eV A% 86 13 ClogP {73 2.73 & 85a ¢ 3.92 X
DARWNZ E D I EIEOSE NS IR S 47223, AUC 13X 150 ng h/mL, Cpax 13 137 ng/mL
£ 85a /e VIRVMEZ R L TV e, E/2I-NALAN-7 a2 ELVEEDILEW T IZHB N T,
ZD 1-N ALIRHLO D E B 2 Hiv, D L THAREMEDIR T A L Eh i O s 2 2
HHZDZ LML, n-TFEO(EY 8L Lk L, K VARV AUC, Crx &7 T
ZENRBH LN o, PLEOREFR I Y . VALY 7 g ~F v 1-N AL n-T7 TV E
9-N-(4-7 = / F - VWV EEDOKEGD /XTI ARF VA Ffo 85a N N-AF /LT
I REEFOMLAEY 8L R OTEEOHIFF TE 5 CCREHEAITH D Z L VRBINTE T,

Table 4.5. Pharmacokinetic evaluations of 1a, 2, 59, 85a, 81, 84, 86 and 97 in rats

R¥ecs,

R4
(0]
10 mg/kg, po 3 mg/kg, iv

Compound R1 R2 R3 R4 Crax T AUC BA AUC T CL Vs
ng/mL min ng h/mL % ng h/mL min mL/min/kg  mL/kg

la H CH; H(3RS) i-Pr 33.3° 757 96.7° 1.3 372 13 137 2349
2 H CH; H(3RS) c-Hex 5.6° 103 24.8° 1.9 400 19.9 113 2542
59 CO,H CH; H(3S) c-Hex 2400 48.4 10532 34 3091 111 16 145
85a CO,H CH; OH (3R, 1'R) c-Hex 2360 120 3422 23 4402 216 11.3 132
81 CONHMe CH; OH (3R, 1R) c-Hex 333% 732 1296° 10 3782 27.6 12.8 492
84 NHSO,Me CH; OH (3R,1'R) c-Hex 50° 205 242° 5 1545 137 25 3826
86 CO,H CH; OH (3R, 1R) i-Pr 137 270 150 5.9 2307 13.2 21.2 317
97 CO,H H OH (3R, 1'R) c-Hex 133* 120 513? 11.2 1373 432 35.9 1725

# PK values after oral dosing are normalized to 10 mg/kg.

4-4. HFLHIV &

VLI AKERFE 2 FF OB AR CTlE 9-N-(4-7 = / F - D) D RIGD /R T (L8 B LR
F UMD 85a, E7-UAINA Y T 9-N-(4-T = ) F R D) FED R DT L
IZHIVRF VAL AY 86 12OV T CCR5 FRAMED v ¢ )L ARk Z W CTHIE L=t
HIV{EYEZ Table 4.6 127% L7z, iR D 7280 UL KEEEE 2 Ff7- 70\ U — RES#) 1a, 9-N-(4-
T ) XN VWO RGO ST NV R T VIR (LAY 59, K OBEXN D CCR5
FLEEAICH 5 TAK-779, SCH-351125, & & |ZREfF O wilin 5% EA] Zidovudine, HIV-1
D7 T 7 —EHEHRTH 5 Nerfinavir IZOWTHEUT v A R TRkl L7-fE R4 Table
46 12~ LT, bW 85a I3fbA 1la, 59, 86 &Lhik L., 7 4 /L AD p24 FURDPEA %3
U< b &, FEFICHRANPT HIV IEEEZ /R LTe, ORI, ULOKBRELOY 7 1
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AFDOVHEDRHHIV A EMEICR S FE LT D Z EBMA R TE e, S ISR RINIE S BAF
Toh ol AbEW 85a lZLHIMIEY 4 /v A& I TZHT HIV IEVE & IR <L HRAIMPERK
HBLO 7= DB F O WA TR ILEA, 7 n 7 7 —EFANE TH L5826 TH
LEEZLBND,

Table4.6 Anti-HIV activity of 1a, 59, 85a and 86

Anti-HIV-1 activity®

Compoun
d R1 R2 R3 HIV-1Ba-L (R5) HIV-1MM (R5MDR)”
(configuration) IC5p £ SD(PM) ICq, (NM) £ SD ICso (NM) £ SD
la H H (3-RS) i-Pr 160 + 40 ND°® ND°
59  CO2H H (3-S) c-Hex  39+38 171 + 146 ND°
85a CO2H OH (3R, 1R) c-Hex 0.4%0.3 12 + 10 0.6 +0.2
86  CO2H OH (3R, 1R) i-Pr 59 + 39 591 + 211 ND®
TAK-779° 28 + 32 256 +169 14 + 8.0
SCH-351125° 4.0+2.0 79 + 52 3.0+05
Zidovudin€' 7.0+4.0 48 + 21 250 + 98
Nelfinavir® 12+8.0 105 + 48 >1000

#1Cx values are based on the inhibition of HIV p24 antigen expression in PBMC.

® RSMDR means R5 tropic multi drug resistant strains.

°ND : Not determined.

YTAK-779 is a CCR2 and CCR5 dual antagonist reported from TAKEDA Pharmaceutical Co., Ltd.
®SCH-351125 is a CCRS5 antagonist reported from Schering-Plough Co.

f Zidovudine is a reverse transcriptase inhibitor.

9Nerfinavir is a HIV-1 protease inhibitor.

45, FELEW8aDTr T 7 AL

FEFITIRANGT HIV IEME, & HIZ RAF R AWINMEZ R 3ba4 85a oW T, B
R 7 A NOWREIT > 7=(Tabled.7), T OFER, ZOAWIE Ca T v A 21 T2l
hMIP-1a. @ CCR5 ~DfE G A LETHZ &, £ EH A L Th D hMIP-1a DOHRENEEAFE
MEbHETLEMEZFF> TV, AIDSTERIE L L TOMERICINA, SFEGEIHEIF & L
TORRBELHFCE DL ENRBINTEZ, £o, ZOAEW85alL HIV-1 D E 5 —
DDA LT H—ThH2 CXCRAIZH L CIFEEA LW Z &2v5, CCR5 241 L CTHL
HIV-1iEVEZ R L T D Z L IXHETH D,
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Table 4.7 Activity profiles of 85a

hCCR5 / hMIP-1a hCXCR4 / hSDF-1
Compound ICso (NM) ICs0 (NM)
Ca assay binding Chemotaxis Ca assay
85a 34 5.8 5.8 >30,000

&5 ILAY 85a AR T B OTEMEREZEIZ OV TR L7 R % Table4.8 127 L=,
t @ CCR5 #ELMIaZ 7= Ca 7 v A TRV AEIEEZ R L CDTEBN  NA AL —,
EAEY R, Tv b, UYXREFD CCRS # Jifil| 3 HL S W7 Ml TId AW 30 uM
SV EREICEBW T CCRS BLEIRMEII/R &9, (LA% 85a O CCR5 FHETRMEA B i
REOTHDHZ ERH LN T,

Table 4.8 Species difference of 85a
CCR5 / hRANTES Ca aasay ICsq (NM)

Compound - - -
human hamster Guinea pig rat rabbit

85a 46 >30,000 >30,000 >30,000 >30,000

B2, LAY 85a D KEMW TORAWIIEIZ OV TR LTz, 7> b, A4 X, $LICE
T AR O R OFEIRNE 5% O /T A —4% —% Figure 4.2 (2R L7z, £ AWM O+
L 72 B AEMSHRIHZR (BA) 137 v hTIE25% TH o728, A X, L TiEEnth
12%., 46%Th o7z, Z0 BAITRE L TEWETIZARWAS, —AKAIZHT HIV Q3 3 4 7R
T2 OIS &2 P 514 . HUHIVIEVED ICe fE A L[5 5 1 i AL 2 RRFEIMERT 42 2 & s
HHEEINTWD, LAY 85a i3 IEHICIRWL HIVIEE 2 Fi> TR Y, SRIERBRLE-T v
M A X, YAOETOEPRIZEBNTE, HLHIVIEMD ICy EZ LA 5 i 1R 2 K RF
FIHERF L T2 2 & n | BRIRICBW T HIREIR A B TE D Z LRI ENHLEY
Th D,
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Figure 4.2 Plasma concentration and pharmacokinetics data of 85a after po administration

1000 E —e— rat 10 mg/kg po
---#---dog 3 mg/kg po
— -a— - monkey 10 mg/kg po
100
~
1=
E: 0L T rat dog Monkey
S e . po dose (mg/kg) 10 3 10
8 C max (ng/mL) 2360 135 136
E 1L Ty (Min) 120 270 1464
= AUC (ng.n/mL) 3422 189 777
F iv dose (mg/kg) 1 1 1
0 Vss (mL/kg) 295 1586 45045
0 1 2 3 4 5 6 CL (ml/min/mL) 10 33 15
Time (h) BA (%) 23 12 4.6
4-6. BRK

{b&W) 7884, 85a-d. 86-91. 92a-b. 93, 95 KR 97-98 IZ DWW Tk 1-N-> UL Y
Ry 8d, ¥Hed 5 1%7I9, B Rexs 7 1AL, 253, H3=LFEFEC
Ugisis 3% -V C AR L7= (Scheme4.1),

0 R2, o]
N
Ph” N R2 HO OH a), b), c) oH
+ \NH + 2 3 ———F > R—N 3
2 ’
o Boc—N R3 N R3
H o
8d 9 14 d)|:>108a R =Bn
R1=Bn aR2=n-Bu e (2R,3R) R3 =c-Hex 108b R=H

¢ R2 =n-Pr f (2R,3S) R3 =c-Hex
h R2 = Me g (2S,3R) R3 =c-Hex
i R2=Et h (2S,3S) R3 =c-Hex
a (2R,3R) R3 =i-Pr
i (2R,3R) R3=c-Pr
j (2R,3R) R3 =c-Bu
k (2R,3R) R3 =c-Pent
| (2R,3R) R3 =c-Hept
m (2R,3R) R3 = THP-4-yl
n (2R,3R) R3 =cis-4-OH-c-Hex
0 (2R,3R) R3 =trans-4-OH-c-Hex

R2\ (0]
=0
HCI H R3
(o]
78-84, 85a-d, 86-91, 92a-b, 93, 95 and 97-98
Scheme 4.1 Synthesis of spirodiketopiperazines 78-84, 85a-d, 86-91, 92a-b, 93, 95 and 97-98
(a) 2-morpholinoethyl isocyanide, MeOH, 55 °C; (b) conc HCI, 55 °C; (c) AcOH/toluene, 80 °C; (d)

H,, Pd(OH),/C, EtOH, 50 °C, then 4 N HCI/AcOEt; () Ar-CHO, NaBH(OACc)z, AcOH, DMF and
then 4N HCI/AcOEt
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—J. INT 2 EORGEAL RSO AT AR LT {L &) 78-84, 85a-d, 86-91. 92a-b.
93, 95, 97-98 [T OV TIFEHH TL W Z L OFEKREZ ST 5720, Ugi FUSICHNWS B
ANY RD INFLZH SN LD 4@ AFAT 2 ) HVR=)-T = ) F IRV E
A LT ALEY8e # W TEM L7 (Scheme 4.2), b5 8eld4-£ ReX i vl U b 4-(4-
AFNT I ) ANVE=N)-T =2 ) F I ROATATE R 71 BRal 7 S bz L > Tl
v PV T LTt SOs-E ) U raE Wb 5 Z & TS L 7~ (Scheme 4.3),

R2
8e +  np, T

9 14e 94, 96, 99-103 and 105-107
bRr2= (3-OTBS)n-Bu 110 R2 = 2-N-Alloc-aminoethyl
hR2 = Me N, 104
' R2 =Et
IJ( R2 =n-Pent
| R2 =n-Hex
mR2 =n-Hep

n R2 = (3-OTBS)n-Bu

o R2 = 2-OMe-Et

p R2 = 2-N-Alloc-aminoethy
g R2 =N,N-diMe-aminoethy

Scheme 4.2 Synthesis of spirodiketopiperazines 94, 96 and 99-107
a) 2-morpholinoethyl isocyanide, MeOH, 55 °C; b) conc HCI, 55 °C; ¢) AcOH/toluene, 80 °C; d)
Pd(PPhs3),4, n-BusSnH, AcOH, CH,Cl, then 4 N HCI/AcOEt

(0] (0] OH
OH
Nene W T sasVsel
e 7t e 109
(0] (0]
ch/NH 8e

Scheme 4.3 Synthesis of 4-[4-[(4-Oxo-1-piperidinyl)methyl]phenoxy]benzamide 8e
a) NaBH(OAC)s, AcOH, DMF; b) SOs.pyr, EtsN, DMSO

UgiISIZHWZ(2R3R)-t Rr X7 X /[ 1de, 14k, 14mOD AT 2 TR L
Sharpless?dD <7 = 7R ¥ SALR G & W2 HIETE R L7=(Scheme 4.4)%, (S9-E kX7 2
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J R 14hZH>WCIE 7 U v 7 b z— b 113el2 %t L. (+)-diethyl-L-tartrate & N 72 AR TR %
URISEAT 9 2 & T, LB 14el RERD FiETHRK LT,

Scheme 4.5 I21%(2S3R)-t Ko7 2 /g 149D A RIELZ R LT %, =R X 7 a—L
114eZTHFH, KFE(LT b U T A RV VT = RIEE FIEURER S5 2 & T, 4
XU T 11698 L, JonesBR iz k- THIVAR U 117gF TRk L=k, = AT 1k
LT 1189k Lz, ZOZAT /AR 118gICxf L, =& / — /L BOKGIECRIBLD ) o A
ZEMSE, MBRER ST 2 2 & Tcmefh, KOIMKGMRET L, {bEY 1199% 157,
S HITbEY 11997 KEEE 1 U U ZOKEHETIEGEIR L, 59> U 27 VRERWE
. BMUKFIRMEZAT o7z, NPV NHEONBEZTLCIC THEREE. Boc,OZ A, (2S3R)AE
DN-Bock Ku o7 I /R 149% 1572, 2R3YIERD 142>\ T 14hD &k H R TH 5
114h% AT 14g& RRIC B R LT,

COH

2 a c d) o e).f)g)
Rcho + < LN R cop N L R Dy _OH ——
CO_H 3
: by LR =H
112 R' = Me 113 114
e R =c-Hex e R =c-Hex e (2S,3R) R =c-Hex
k R =c-Pent k R =c-Pent k (2S,3R) R =c-Pent
m R = THP-4-yl m R = THP-4-yl m (2S,3R) R = THP-4-yl
NHBnN NHBoc
h R
>72coH —= Y “con
OH OH
115 1l4e, 14k and 14m

e (2R,3R) R =c-Hex
k (2R,3R) R =c-Pent
m (2R,3R) R = THP-4-yl

Scheme 4.4 Synthetic method of optically active B-hydroxy-N-Boc-a-amino acids 14e, 14k, and

14m

a) piperidine, pyridine; b) conc H,SO,, MeOH; ¢) DIBAL, THF; d) (-)-diethyl-p-tartrate, Ti(Oi-Pr),,
t-butyl hydroxy peroxide, MS4A, CHyCl,; e) SOs.pyridine, EtsN, DMSO; f) 2-methyl-2-butene,
NaClO,, NaH,PO,, MeCN, H,0; g) BnNH,, 5.0 M NaOH, H,0; h) H,, Pd(OH),/C, MeOH, then
Boc,0, 1.0 M NaOH
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Scheme 4.5 Synthetic method of optically active B-hydroxy-N-Boc-a-amino acid 14g
a) benzyl isocyanate, NaH, THF; b) Jones reagent, acetone; ¢) TMS-diazomethane, diethyl ether; d)
KOH, EtOH; e) 2.0 M KOH; f) H,, Pd(OH),/C then Boc,0O
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Scheme 4.6 Synthesis of optically active B-hydroxy-N-Boc-a-amino acids 14i, 14j, 14|, 14n and 140

using hydroxypinanone as the chiral auxiliary
a) CITi(OEt)s, EtsN, CH,Cl; b) 1.2 M HCI, THF; c¢) 1.0 M LiOH, EtOH then Boc,0O
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General Methods

Analytical samples were homogeneous as confirmed by thin layer chromatography (TLC), and
afforded spectroscopic results consistent with the assigned structures. Proton nuclear magnetic
resonance spectra (*H NMR) were recorded on a Varian Gemini-200 or a MERCURY-300
spectrometer with tetramethylsilane as an internal standard. The chemical shift values ¢ are reported
in ppm and coupling constants (J) in Hertz (Hz). Fast atom bombardment (FAB) and electron
ionization (EI) mass spectra were obtained with a JEOL JMS-700 spectrometer. Matrix-assisted
laser desorption ionization-time of flight (MALDI-TOF) mass spectra were obtained on Perseptive
Voyager Elete. Atmospheric pressure chemical ionization (APCI) mass spectra were determined by
Hitachi M-1200H spectrometer. IR spectra were measured on a JASCO FTIR-430 spectrometer.
Elemental analyses were performed with a Perkin-ElmerPE2400 series Il CHNS/O Analyzer and
were only indicated as the elements within + 0.4% of the theoretical values unless otherwise noted.
Column chromatography was carried out on silica gel [Merck silica gel 60 (0.063 ~ 0.200 mm), Fuji
Silysia BW235 or Fuji Silysia FL60D]. TLC was performed on silica gel (Merck TLC, silica gel 60
Fas4).

Typical procedures for the solution phase Ugi four-component condensation and reductive
alkylation of 9-N-substituent.

(3R)-1-Butyl-3-[(R)-cyclohexyl (hydr oxy)methyl]-9-(4-phenoxybenzyl)-1,4,9-triazaspir o[ 5.5]und
ecane-2,5-dione hydrochloride (6)

To a stirred solution of 1-benzyl-4-piperidone (75 g, 261 mmol), n-butylamine (258 ml, 261 mmol)
and (2R,3R)-2-(t-butoxycarbonylamino)-3-cyclohexyl-3-hydroxypropanoic acid (49.4 g, 261 mmol)
in methanol (1.0 L) was added 2-morpholinoethyl isocyanide (36 mL, 261 mmol). After being
stirred at 55 °C overnight, the reaction mixture was treated with concentrated hydrochloric acid (261
L) with cooling. After being stirred at 55 °C for another 2 h, the reaction mixture was evaporated,
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treated with water and sodium bicarbonate, and extracted with ethyl acetate. The combined organic
layers were washed with brine, dried over anhydrous sodium sulfate and evaporated to give
deprotected Ugi product as a yellow oil, a solution of which dissolved in acetic acid/toluene (1.25 M/
1.1 L) was stirred at 80 °C for 1 h. The reaction mixture was cooled to room temperature, diluted
with ethyl acetate and washed twice with a small amount of water. The organic layer was washed
with aqueous sodium hydrogen carbonate, brine, dried over sodium sulfate and evaporated to afford
N-benzylpiperidinodiketopiperazine as an oil (103 g). Debenzylation of the resulting oily product
was carried out by the catalytic hydrogenation at an atmospheric pressure in ethanol (1.0 L) in the
presence of 20% Pd(OH),/C (20 g) for 3 h at 50 °C. The catalyst was removed by filtration through a
pad of Celite. The filtrate was treated with 4N hydrogen chloride/ethyl acetate (130 mL) and
evaporated. The resulting powder was washed with t-butyl methyl ether to afford the title compound
as a white powder (83 g, 82% vyield in four steps). To a stirred solution of the resulting residue (100
mg, 0.258 mmol), 4-phenoxybenzaldehyde (61 mg, 0.309 mmol) in 1% acetic
acid/N,N-dimethylformamide (2 mL) was added sodium triacetoxyborohydride (71 mg, 0.335 mmol).
After being stirred overnight, the reaction mixture was evaporated. The resulting residue was
purified by column chromatography on silica gel and treated with 4N hydrogen chloride/ethyl
acetate (2 mL) to give the title compound in 46% yield. [o]p® + 2.51 © (c 0.97, MeOH) TLC R
0.46 (AcCOEt/MeOH, 10/1); *H NMR (300 MHz, CDs0OD) 6 7.50 (d, J = 8.7 Hz, 2H), 7.42-7.37 (m,
2H), 7.18 (m, 1H), 7.07-7.01 (m, 4H), 4.31 (s, 2H), 4.15 (d, J = 2.1 Hz, 1H), 3.97 (m, 1H), 3.71 (m,
1H), 3.60-3.05 (m, 5H), 2.55-1.90 (m, 6H), 1.90-1.60 (m, 5H), 1.60-1.10 (m, 6H), 1.10-0.90 (m,
2H), 0.95 (t, J=7.2 Hz, 3H); IR (KBr) 3365, 3190, 2924, 2852, 2362, 1660, 1590, 1509, 1489, 1469,
1423, 1243, 1172, 1115 cm™; MS (APCI, Pos 20v) mVz 534 (M+H)*, 422; HRMS Calcd 534.3332,
Obsd 534.3332.

Compounds 78-84, 85a-d, 86-91, 92a, 92b, 93, 95 and 97-98 were synthesized according to the
same procedures as described above for the preparation of 6 using the corresponding N-alkylamine
for n-butyl amine, N-Boc-amino acid for
(2R,3R)-2-(t-butoxycarbonylamino)-3-cyclohexyl-3-hydroxypropanoic acid and benzaldehyde for 4-
phenoxybenzaldehyde.

(3R)-1-Butyl-3-[(R)-cyclohexyl (hydr oxy)methyl]-9-[4-(4-methoxyphenoxy)benzyl]-1,4,9-triazas

piro[5.5]undecane-2,5-dione hydrochloride (78)

TLC R 0.50 (CHCIls/MeOH, 10/1); *H NMR (300 MHz, CD;0D) ¢ 7.49 (d, J = 8.7 Hz, 2H), 6.98 (d,

J = 8.7 Hz, 2H), 7.02-6.92 (m, 4H), 4.30 (s, 2H), 4.15 (d, J = 2.1 Hz, 1H), 3.97 (m, 1H), 3.79 (s, 3H),
3.72 (m, 1H), 3.58-3.38 (m, 3H), 3.30-3.13 (m, 2H), 2.55-2.40 (m, 2H), 2.32 (m, 1H), 2.16-1.86 (m,
3H), 1.81-1.60 (m, 5H), 1.50-1.10 (m, 6H), 1.03-0.80 (m, 2H), 0.95 (t, J = 7.2 Hz, 3H); MS (APCI,
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Pos 20v) m/z 564 (M+H)"; HRMS Calcd 564.3437, Obsd 564.3441.

(3R)-1-Butyl-3-[(R)-cyclohexyl (hydr oxy)methyl]-9-[4-(4-hydr oxyphenoxy)benzyl]-1,4,9-triazas
piro[5.5]undecane-2,5-dione hydrochloride (79)

TLC R 0.35 (CHCIls/MeOH, 10/1); *H NMR (300 MHz, CD;0D) ¢ 7.47 (d, J = 9.0 Hz, 2H), 6.98 (d,
J=19.0 Hz, 2H), 6.89 (d, J = 8.7 Hz, 2H), 6.81 (d, J = 9.0 Hz, 2H), 4.30 (s, 2H), 4.16 (d, J = 1.8 Hz,
1H), 3.96 (m, 1H), 3.72 (m, 1H), 3.58-3.36 (m, 3H), 3.30-3.06 (m, 2H), 2.52-1.86 (m, 6H),
1.82-1.58 (m, 5H), 1.50-1.10 (m, 6H), 1.04-0.90 (m, 2H), 0.96 (t, J = 7.2 Hz, 3H); MS (APCI, Pos
20v) m/z550 (M+H)"; HRMS Calcd 550.3281, Obsd 550.3277.

4-[4-({(3R)-1-Butyl-3-[(R)-cyclohexyl (hydr oxy)methyl] -2,5-dioxo-1,4,9-tr iazaspir o[ 5.5] undec-9-
yl}methyl)phenoxy]benzamide hydrochloride (80)

TLC R 0.25 (CHCIls/MeOH, 10/1); *H NMR (300 MHz, CD;0D) ¢ 7.90 (d, J = 8.7 Hz, 2H), 7.57 (d,
J=8.7 Hz, 2H), 7.16 (d, J = 8.7 Hz, 2H), 7.07 (d, J = 8.7 Hz, 2H), 4.36 (s, 2H), 4.15 (d, J = 2.1 Hz,
1H), 4.02 (m, 1H), 3.76 (m, 1H), 3.56-3.42 (m, 3H), 3.33-2.99 (m, 2H), 2.54-1.88 (m, 6H),
1.81-1.60 (m, 5H), 1.48-1.12 (m, 6H), 1.04-0.81 (m, 5H); MS (APCI, Pos 20v) mVz 577 (M+H)",
465; HRMS Calcd 577.3390, Obsd 577.3391.

4-[4-({(3R)-1-Butyl-3-[(R)-cyclohexyl (hydr oxy)methyl]-2,5-dioxo-1,4,9-triazaspir o[ 5.5]undec-9-
yl}methyl)phenoxy]-N-methylbenzamide hydrochloride (81)

TLC R; 0.45 (AcOEt/MeOH, 5/1); "H NMR (300 MHz, CD;0D) 6 7.84 (d, J = 8.7 Hz, 2H), 7.59 (d,
J=8.7 Hz, 2H), 7.15 (d, J = 8.7 Hz, 2H), 7.07 (d, J = 8.7 Hz, 2H), 4.36 (s, 2H), 4.15 (d, J = 2.0 Hz,
1H), 4.00 (m, 1H), 3.76 (m, 1H), 3.56-3.45 (m, 3H), 3.30-3.16 (m, 2H), 2.91 (s, 3H), 2.51-2.28 (m,
3H), 2.16-1.92 (m, 3H), 1.76-1.69 (m, 5H), 1.39-1.15 (m, 6H), 1.00-0.86 (m, 5H); MS (APCI, Pos
20v) m/z591 (M+H)"; HRMS Calcd 591.3546, Obsd 591.3536.

4-[4-({(3R)-1-Butyl-3-[(R)-cyclohexyl (hydr oxy)methyl] -2,5-dioxo-1,4,9-tr iazaspir o[ 5.5] undec-9-
yl}methyl)phenoxy] benzenesulfonamide hydrochloride (82)

TLC R 0.28 (CHCIs/MeOH, 10/1); *H NMR (300 MHz, CD;0D) ¢ 7.89 (d, J = 8.7 Hz, 2H), 7.61 (d,
J=8.7 Hz, 2H), 7.17 (d, J = 8.7 Hz, 2H), 7.13 (d, J = 8.7 Hz, 2H), 4.36 (s, 2H), 4.15 (d, J = 2.1 Hz,
1H), 4.01 (m, 1H), 3.75 (m, 1H), 3.58-3.42 (m, 3H), 3.32-3.14 (m, 2H), 2.55-2.40 (m, 2H), 2.32 (m,
1H), 2.13 (m, 1H), 2.07-1.89 (m, 2H), 1.82-1.60 (m, 5H), 1.50-1.12 (m, 6H), 1.06-0.80 (m, 5H);
MS (APCI, Pos 20v) mVz 613 (M+H)"; HRMS Calcd 613.3060, Obsd 613.3065.

(3R)-1-Butyl-3-[(R)-cyclohexyl (hydr oxy)methyl]-9-{4-[4-(methyl sulfonyl ) phenoxy] benzyl }-1,4,9
-triazaspir o[ 5.5]undecane-2,5-dione hydrochloride (83)
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TLC R 0.46 (CHCIy/MeOH, 10/1); *H NMR (300 MHz, CDs0D) 6 7.95 (d, J = 9.0 Hz, 2H), 7.65 (d,
J = 8.4 Hz, 2H), 7.25-7.16 (m, 4H), 4.38 (s, 2H), 4.15 (d, J = 2.4 Hz, 1H), 4.02 (m, 1H), 3.76 (m,
1H), 3.60-3.44 (m, 3H), 3.30-3.10 (m, 2H), 3.11 (s, 3H), 2.54-2.26 (m, 3H), 2.18-1.88 (m, 3H),
1.82-1.62 (m, 5H), 1.50-1.10 (m, 6H), 1.02-0.82 (m, 5H); MS (APCI, Pos 20v) m/z 612 (M+H)";
HRMS Calcd 612.3107, Obsd 612.3104.

N-{4-[4-({(3R)-1-Butyl-3-[ (R)-cyclohexyl (hydroxy)methyl]-2,5-dioxo-1,4,9-triazaspir o[ 5.5]unde
c-9-yI}methyl)phenoxy] phenyl} methanesulfonamide hydrochlor ide (84)

TLC R;0.41 (CHCIy/MeOH, 9/1); "H NMR (300 MHz, CD30D) ¢ 7.53 (d, J = 8.7 Hz, 2H), 7.29 (d,
J = 8.7 Hz, 2H), 7.06 (d, J = 8.7 Hz, 2H), 7.03 (d, J = 8.7 Hz, 2H), 4.33 (s, 2H), 4.15 (d, J = 1.8 Hz,
1H), 3.98 (m, 1H), 3.73 (m, 1H), 3.58-3.40 (m, 3H), 3.32-3.03 (m, 2H), 2.95 (s, 3H), 2.52-2.24 (m,
3H), 2.17-1.88 (m, 3H), 1.80-1.62 (m, 5H), 1.48-1.08 (m, 6H), 1.03-0.82 (m, 2H), 0.95 (t, J= 7.2
Hz, 3H); MS (APCI, Pos 20v) mVz 627 (M+H)"; HRMS Calcd 627.3216, Obsd 627.3212.

4-[4-({(3R)-1-Butyl-3-[(R)-cyclohexyl (hydr oxy)methyl] -2,5-dioxo-1,4,9-tr iazaspir o[ 5.5] undec-9-
yl}methyl)phenoxy]benzoic acid hydrochloride (85a)

[a]p® +2.3 © (c 1.03, MeOH); TLC R: 0.58 (AcOEt/AcOH/H,0, 10/2/1); *H NMR (300 MHz,
CD3;0D) ¢ 8.05 (d, J=9.0 Hz, 2H), 7.61 (d, J = 9.0 Hz, 2H), 7.19 (d, J = 9.0 Hz, 2H), 7.08 (d, J =
9.0 Hz, 2H), 4.38 (s, 2H), 4.17 (d, J = 2.1 Hz, 1H), 4.02 (m, 1H), 3.78 (m, 1H), 3.60-3.40 (m, 3H),
3.30-3.10 (m, 2H), 2.56-1.86 (m, 6H), 1.82-1.60 (m, 5H), 1.52-1.16 (m, 6H), 1.06-0.82 (m, 2H),
0.97 (t, J = 7.2 Hz, 3H); IR (KBr) 3365, 3226, 2926, 2850, 2507, 1710, 1682, 1635, 1599, 1503,
1467, 1427, 1378, 1312, 1237, 1163, 1113, 1098 cm™; MS (FAB, Pos, glycerin + m-NBA) 578
(M+H)", 227; Elemental Analysis Calcd for Cs3 Has N3Og .HCI: C, 64.54; H, 7.22; N, 6.84. Found :
C, 64.23; H, 7.26; N, 6.90.

4-[4-({(3R)-1-Butyl-3-[(S)-cyclohexyl (hydr oxy)methyl]-2,5-dioxo-1,4,9-triazaspir o[ 5.5]undec-9-
yl}methyl)phenoxy]benzoic acid hydrochloride (85b)

[a]p® +27.7 ° (c 0.46, MeOH); TLC R; 0.38 (CHCls/MeOH, 10/1); *H NMR (300 MHz, CD;0OD) &
8.04 (d, J= 8.7 Hz, 2H), 7.60 (d, J = 8.7 Hz, 2H), 7.18 (d, J = 8.7 Hz, 2H), 7.07 (d, J = 8.7 Hz, 2H),
4.37 (s, 2H), 4.11-4.04 (m, 2H), 3.74-3.45 (m, 5H), 3.22 (m, 1H), 2.54-1.98 (m, 5H), 1.76-1.66 (m,
5H), 1.47-1.18 (m, 7H), 1.01-0.91 (m, 2H), 0.95 (t, J = 7.2 Hz, 3H); IR (KBr) 3404, 2927, 1671,
1599, 1503, 1423, 1244, 1162 cm'™’; MS (APCI, Pos 20v) m/z 578 (M+H)"; HRMS Calcd 578.3230,
Obsd 578.3232.

4-[4-({(39)-1-Butyl-3-[(R)-cyclohexyl (hydr oxy)methyl]-2,5-dioxo-1,4,9-triazaspir o[ 5.5]undec-9-
yl}methyl)phenoxy]benzoic acid hydrochloride (85c)
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[a]p®® -23.9 ° (c 0.44, MeOH); TLC R; 0.38 (CHCIs/MeOH, 10/1); *H NMR (300 MHz, CDs0OD) ¢
8.04 (d, J = 8.7 Hz, 2H), 7.60 (d, J = 8.7 Hz, 2H), 7.18 (d, J = 8.7 Hz, 2H), 7.07 (d, J = 8.7 Hz, 2H),
4.37 (s, 2H), 4.11-4.04 (m, 2H), 3.74-3.45 (m, 5H), 3.22 (m, 1H), 2.54-1.98 (m, 5H), 1.76-1.66 (m,
5H), 1.47-1.18 (m, 7H), 1.01-0.91 (m, 2H), 0.95 (t, J = 7.2 Hz, 3H); IR (KBr) 34.1.4, 2927, 1672,
1599, 1503, 1423, 1244, 1162 cm™; MS (APCI, Pos 20v) m/'z 578 (M+H)"; HRMS Calcd 578.323,
Obsd 578.3239.

4-[4-({(39)-1-Butyl-3-[(S)-cyclohexyl (hydr oxy)methyl]-2,5-dioxo-1,4,9-tr iazaspir o[ 5.5 undec-9-
yl}methyl)phenoxy]benzoic acid hydrochloride (85d)

[a]p?* -2.78 ° (c 0.67, MeOH); TLC R; 0.56 (CH,Cl,/MeOH, 5/1); *H NMR (300 MHz, DMSO-dg) &
10.4 (s, 1H), 8.05 (m, 1H), 7.97 (d, J = 8.7 Hz, 2H), 7.69 (d, J = 8.7 Hz, 2H), 7.19 (d, J = 8.7 Hz,
2H), 7.09 (d, J = 8.7 Hz, 2H), 5.28 (d, J = 6.9 Hz, 1H) 4.35 (s, 2H), 3.97 (m, 1H), 3.88-3.12 (m, 7H),
2.64-2.20 (m, 3H), 2.06-1.42 (m, 8H), 1.40-1.00 (m, 6H), 0.89 (t, J = 6.9 Hz, 3H), 0.80 (M, 2H);
MS (MALDI, Pos) m/z578 (M+H)*; HRMS Calcd 578.3230, Obsd 578.3228.

4-[4-({(3R)-1-Butyl-3-[ (1R)-1-hydr oxy-2-methylpropyl]-2,5-dioxo-1,4,9-triazaspir o[ 5.5]undec-9
-yl}methyl)phenoxy]benzoic acid hydrochloride (86)

[a]p?® +10.08 © (c 1.07, MeOH) TLC R 0.32 (AcOE/MeOH, 2/1); *H NMR (300 MHz, CDs0D) ¢
8.04 (d, J= 8.7 Hz, 2H), 7.59 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 8.7 Hz, 2H),
4.37 (s, 2H), 4.15 (d, J = 2.4 Hz, 1H), 4.02 (m, 1H), 3.76 (m, 1H), 3.60-3.44 (m, 3H), 3.24-3.08 (m,
2H), 2.56-1.92 (m, 5H), 1.70 (m, 1H), 1.50-1.26 (m, 3H), 1.08-0.90 (m, 9H); IR (KBr) 2962, 1675,
1599, 1504, 1422, 1245, 1162 cm™; MS (APCI, Pos 20v) m/z 538 (M+H)"; HRMS Calcd 538.2917,
Obsd 538.2925.

4-[4-({(3R)-1-Butyl-3-[(R)-cyclopr opyl(hydr oxy)met hyl]-2,5-dioxo-1,4,9-tr iazaspir o[ 5.5]undec-
9-yl}methyl)phenoxy]benzoic acid hydrochloride (87)

TLC R 0.29 (AcOEt/MeOH, 2/1); "H NMR (300 MHz, CDs0OD) 6 8.03 (d, J = 9.0 Hz, 2H), 7.64 (d,
J=9.0 Hz, 2H), 7.17 (d, J = 9.0 Hz, 2H), 7.07 (d, J = 9.0 Hz, 2H), 4.37 (s, 2H), 4.11 (d, J = 2.5 Hz,
1H), 3.92 (m, 1H), 3.80 (m, 1H), 3.54-3.34 (m, 4H), 3.14 (dd, J = 9.0, 2.5 Hz, 1H), 2.61-2.43 (m,
2H), 2.35 (m, 1H), 2.15 (m, 1H), 1.70-1.49 (m, 2H), 1.49-1.33 (m, 2H), 1.09 (m, 1H), 0.96 (t, J =
7.5 Hz, 3H), 0.60-0.43 (m, 2H), 0.33 (m, 1H), 0.24 (m, 1H); IR (KBr) 3219, 2958, 2873, 2582, 1710,
1672, 1598, 1502, 1422, 1385, 1243, 1161, 1113, 1098, 1049 cm™; MS (APCI, Neg 20v) m/z 534
(M-H); HRMS Calcd 536.2761, Obsd 536.2757.

4-[4-({(3R)-1-Butyl-3-[(R)-cyclobutyl (hydr oxy)methyl]-2,5-dioxo-1,4,9-triazaspir o[ 5.5]undec-9-
yl}methyl)phenoxy]benzoic acid hydrochloride (88)
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TLC R 0.68 (BUOH/ACOH/H,0, 4/2/1); *H NMR (300 MHz, CD;0D) 6 8.02 (d, J = 8.5 Hz, 2H),
7.61 (d, J = 8.5 Hz, 2H), 7.14 (d, J = 8.5 Hz, 2H), 7.05 (d, J = 8.5 Hz, 2H), 4.32 (s, 2H), 3.90 (m,
1H), 3.90 (d, J = 2.0 Hz, 1H), 3.73 (m, 1H), 3.68 (dd, J = 9.0, 2.0 Hz, 1H), 3.53-3.40 (m, 3H), 3.26
(m, 1H), 2.67 (m, 1H), 2.51 (m, 1H), 2.43-2.37 (m, 2H), 2.15-1.29 (m, 11H), 0.94 (t, J = 7.0 Hz,
3H); MS (APCI, Neg 20v) m/z548 (M-H)"; HRMS Calcd 550.2917, Obsd 550.2924.

4-[4-({(3R)-1-Butyl-3-[(R)-cyclopentyl (hydr oxy)methyl]-2,5-dioxo-1,4,9-tr iazaspir o[ 5.5] undec-9
-yl}methyl)phenoxy]benzoic acid hydrochloride (89)

TLC R; 0.45 (CHCIy/MeOH, 5/1); "H NMR (300 MHz, CD30D) ¢ 8.05 (d, J = 8.7 Hz, 2H), 7.61 (d,
J=8.7 Hz, 2H), 7.19 (d, J = 8.7 Hz, 2H), 7.08 (d, J = 8.7 Hz, 2H), 4.38 (s, 2H), 4.02 (m, 1H), 4.01
(d, J=1.8 Hz, 1H), 3.78 (m, 1H), 3.62-3.08 (m, 5H), 2.60-2.06 (m, 5H), 2.00-1.08 (m, 12H), 0.96
(t, J = 6.9 Hz, 3H); IR (KBr) 3424, 2957, 2871, 2586, 1665, 1599, 1503, 1421, 1371, 1311, 1244,
1162, 1098, 1049 cm™; MS (FAB, Pos, glycerin + m-NBA) m/z 564 (M+H)"; HRMS Calcd
564.3074, Obsd 564.3074.

4-[4-({(3R)-1-Butyl-3-[(R)-cycloheptyl (hydr oxy)methyl]-2,5-dioxo-1,4,9-triazaspir o[ 5.5 undec-9
-yl}methyl)phenoxy]benzoic acid hydrochloride (90)

TLC R; 0.28 (CH,Cl,/MeOH, 10/1); *H NMR (300 MHz, CDs0OD) ¢ 8.03 (d, J = 9.0 Hz, 2H), 7.59
(d, J= 8.7 Hz, 2H), 7.18 (d, J = 8.7 Hz, 2H), 7.07 (d, J = 9.0 Hz, 2H), 4.37 (s, 2H), 4.15 (d, J = 2.4
Hz, 1H), 4.02 (m, 1H), 3.76 (m, 1H), 3.58-3.44 (m, 3H), 3.30-3.07 (m, 2H), 2.51-1.17 (m, 21H),
0.96 (t, J = 7.0 Hz, 3H); IR (KBr) 2930, 1672, 1599, 1502, 1420, 1244, 1161, 1115 cm'*; MS (APCI,
Neg 20v) mVz590 (M-H)’; HRMS Calcd 592.3387, Obsd 592.3383.

4-[4-({(3R)-1-Butyl-3-[(R)-hydr oxy(tetr ahydr o-2H-pyr an-4-yl)methyl]-2,5-dioxo-1,4,9-tr iazaspi
ro[5.5]undec-9-yl} methyl)phenoxy] benzoic acid hydrochloride (91)

TLC R 0.30 (CHCIs/MeOH, 4/1); "H NMR (300 MHz, CD30OD) 6 8.04 (d, J = 9.0 Hz, 2H), 7.60 (d,
J=8.5Hz, 2H), 7.18 (d, J = 8.5 Hz, 2H), 7.07 (d, J = 9.0 Hz, 2H), 4.37 (s, 2H), 4.12 (d, J = 2.0 Hz,
1H), 4.08-3.93 (m, 3H), 3.75 (m, 1H), 3.57-3.34 (m, 5H), 3.30-3.15 (m, 2H), 2.52-1.69 (m, 8H),
1.50-1.18 (m, 5H), 0.96 (t, J = 7.2 Hz, 3H); MS (APCI, Pos 20v) m/z580 (M+H)"; HRMS Calcd
580.3023, Obsd 580.3016.

4-[4-({(3R)-1-Butyl-3-[(R)-hydr oxy(4-hydroxycyclohexyl)methyl]-2,5-dioxo-1,4,9-triazaspir o[ 5.
5]undec-9-yl}methyl)phenoxy] benzoic acid hydrochloride (92a)

TLC R 0.17 (AcOEt/MeOH, 2/1); "H NMR (300 MHz, CDs0OD) 6 8.02 (d, J = 8.7 Hz, 2H), 7.59 (d,
J=8.4Hz, 2H), 7.15 (d, J = 8.4 Hz, 2H), 7.05 (d, J = 8.7 Hz, 2H), 4.32 (s, 2H), 4.17 (d, J = 1.8 Hz,
1H), 4.00-3.91 (m, 2H), 3.70 (m, 1H), 3.52-3.37 (m, 3H), 3.30-3.17 (m, 2H), 2.50-2.33 (m, 3H),
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2.10 (m, 1H), 1.80-1.18 (m, 12H), 0.94 (t, J = 7.0 Hz, 3H); IR (KBr) 2934, 1672, 1598, 1502, 1422,
1243, 1161, 1112 cm™; MS (APCI, Pos 20v) mz594 (M+H)*; HRMS Calcd 594.3179, Obsd
594.3176.

4-[4-({(3R)-1-Butyl-3-[ (R)-hydr oxy(4-hydroxycyclohexyl)methyl]-2,5-dioxo-1,4,9-triazaspir o[ 5.
5]undec-9-yl}methyl)phenoxy]benzoic acid hydrochloride (92b)

TLC R 0.27 (CHCl,/MeOH, 3/1); *H NMR (300 MHz, CDs0D) ¢ 8.03 (d, J = 8.9 Hz, 2H), 7.62 (d,
J = 8.4 Hz, 2H), 7.15 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 8.9 Hz, 2H), 4.36 (s, 2H), 4.14 (d, J = 2.1 Hz,
1H), 3.97 (m, 1H), 3.71 (m, 1H), 3.57-3.41 (m, 4H), 3.30-3.24 (m, 2H), 2.58-2.43 (m, 3H),
2.12-1.68 (m, 6H), 1.40-0.93 (m, 8H), 0.95 (t, J = 7.0 Hz, 3H); IR (KBr) 2934, 1676, 1599, 1502,
1423, 1243, 1161, 1098, 1048 cm™; MS (APCI, Neg 20v) m/z 592 (M-H)"; HRMS Calcd 594.3179,
Obsd 594.3185.

4-[4-({(3R)-3-[Cyclohexyl (hydr oxy)methyl]-1-methyl-2,5-dioxo-1,4,9-tr iazaspir o[ 5.5]undec-9-yI
}methyl)phenoxy]benzoic acid hydrochloride (93)

TLC R 0.55 (CHCl,/MeOH, 4/1); *H NMR (300 MHz, CDs0D) ¢ 8.03 (d, J = 8.7 Hz, 2H), 7.60 (d,
J=8.7 Hz, 2H), 7.18 (d, J = 8.7 Hz, 2H), 7.07 (d, J = 9.0 Hz, 2H), 4.38 (s, 2H), 4.17 (d, J = 1.8 Hz,
1H), 3.99 (m, 1H), 3.79 (m, 1H), 3.50-3.46 (m, 2H), 3.26 (dd, J = 9.6, 1.8 Hz, 1H), 2.95 (s, 3H),
2.60-2.36 (m, 3H), 2.12-1.94 (m, 3H), 1.80-1.64 (m, 4H), 1.38-1.18 (m, 3H), 1.00-0.88 (m, 2H);
IR (KBr) 3385, 2926, 2852, 1684, 1598, 1503, 1427, 1244, 1161 cm™; MS (APCI, Pos 20v) m/z 536
(M+H)"; HRMS Calcd 536.2761, Obsd 536.2762.

4-[4-({(3R)-3-[ Cyclohexyl(hydr oxy)methyl]-1-ethyl-2,5-dioxo-1,4,9-triazaspir o[ 5.5]undec-9-yl}
methyl)phenoxy]benzoic acid hydrochloride (95)

TLC R 0.66 (CHCl,/MeOH, 4/1); *H NMR (300 MHz, CDs0D) 6 8.03 (d, J = 9.0 Hz, 2H), 7.61 (d,
J=9.0 Hz, 2H), 7.17 (d, J = 9.0 Hz, 2H), 7.07 (d, J = 9.0 Hz, 2H), 4.37 (s, 2H), 4.15 (d, J = 2.0 Hz,
1H), 4.00 (m, 1H), 3.76 (m, 1H), 3.63 (m, 1H), 3.49-3.45 (m, 2H), 3.33-3.26 (m, 2H), 2.50-2.38 (m,
3H), 2.17-1.93 (m, 3H), 1.80-1.65 (m, 4H), 1.34-1.17 (m, 6H), 1.00-0.87 (m, 2H); IR (KBr) 3049,
2924, 1703, 1677, 1649, 1599, 1502, 1422, 1248, 1167, 1113 cm™; MS (APCI, Pos 20v) m/z 550
(M+H)"; HRMS Calcd 550.2917, Obsd 550.2922.

4-[4-({(3R)-3-[(R)-Cyclohexyl (hydroxy)methyl]-2,5-dioxo-1-propyl-1,4,9-triazaspir o[ 5.5]undec-
9-yl}methyl)phenoxy]benzoic acid hydrochloride (97)

TLC R 0.21 (CHCIl/MeOH/ACOH, 20/2/1); 'H NMR (300 MHz, CDs;0OD) 6 8.04 (d, J = 9.0 Hz,
2H), 7.62 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 9.0 Hz, 2H), 4.37 (s, 2H), 4.15 (d,
J=2.1Hz, 1H), 4.01 (m, 1H), 3.75 (m, 1H), 3.55-3.38 (m, 3H), 3.30-3.09 (m, 2H), 2.55-2.26 (m,
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3H), 2.18-1.88 (m, 3H), 1.83-1.60 (m, 5H), 1.57-1.10 (m, 4H), 1.04-0.80 (m, 2H), 0.93 (t, J= 7.5
Hz, 3H); MS (APCI, Pos 20v) m/z 564 (M+H)"; HRMS Calcd 564.3074, Obsd 564.3073.

4-[4-({(3R)-3-[(R)-Cyclohexyl (hydroxy)methyl]-2,5-dioxo-1-pr opyl-1,4,9-triazaspir o[ 5.5]undec-
9-yl}methyl)phenoxy]-N-methylbenzamide hydrochloride (98)

TLC R 0.38 (CHCIs/MeOH, 10/1); *H NMR (300 MHz, CD;0D) ¢ 7.84 (d, J = 9.0 Hz, 2H), 7.60 (d,
J=9.0 Hz, 2H), 7.15 (d, J = 9.0 Hz, 2H), 7.07 (d, J = 9.0 Hz, 2H), 4.36 (s, 2H), 4.15 (d, J = 2.1 Hz,
1H), 3.99 (m, 1H), 3.75 (m, 1H), 3.54-3.39 (m, 3H), 3.30-3.10 (m, 2H), 2.91 (s, 3H), 2.56-2.27 (m,
3H), 2.18-1.88 (m, 3H), 1.83-1.60 (m, 5H), 1.46 (m, 1H), 1.37-1.11 (m, 3H), 1.04-0.80 (m, 2H),
0.93 (t, J = 7.5 Hz, 3H); MS (APCI, Pos 20v) mVz 577 (M+H)"; HRMS Calcd 577.339, Obsd
577.3392.

4-[4-[(4-Hydr oxy-1-piper idinyl)methyl] phenoxy] benzamide (109)

To a stirred suspension of 4-(4-N-methylaminocarbonylphenoxy)benzaldehyde (9.23 g, 36.2 mmol)
in 1% acetic acid/N,N-dimethylformamide (30 ml) was added sodium triacetoxyborohydride (11.5 g,
54.3 mmol). After being stirred overnight, the reaction mixture was poured into water and treated
with 5.0 M sodium hydroxide (pH 9-10). The aqueous layer was extracted with chloroform and the
organic layer was washed with brine, dried over anhydrous sodium sulfate and evaporated to yield
the title compound (9.93 g, 81%) as a white powder. TLC R; 0.10 (CHCIy/MeOH, 10/1); *H NMR
(300 MHz, CDCl3) 6 7.73 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.4 Hz, 2H), 7.10-6.90 (m, 4H), 6.11 (m,
1H), 3.72 (m, 1H), 3.49 (s, 2H), 3.00 (d, J = 5.1 Hz, 2H), 2.82-2.65 (m, 2H), 2.22-2.06 (m, 2H),
1.96-1.80 (m, 2H), 1.78-1.50 (m, 2H); MS (APCI, Pos) 341 (M+H)".

4-[4-[(4-Oxo-1-piperidinyl)methyl]phenoxy]benzamide (8€)

To a stirred solution of 109 (12.2 g, 35.8 mmol) in dichloromethane (100 ml), triethylamine (27 ml)
and dimethylsulfoxide (36 mL) was added sulfur trioxide-pyridine complex (11.4 g, 71.6 mmol).
After being stirred at room temperature overnight, the reaction mixture was quenched with ice water
(500 mL), treated with 5.0 M sodium hydroxide solution (30 mL) and extracted with ethyl acetate.
The organic layer was washed with brine, dried over anhydrous sodium sulfate and evaporated. The
resulting residue was triturated with t-butyl methyl ether and dried to yield the title compound (11.0
g, 91%) as a pale yellow solid. TLC R; 0.45 (CHCls/MeOH, 10/1); *H NMR (300 MHz, CDCls) &
7.74 (d, J = 8.7 Hz, 2H), 7.31 (d, J = 8.4 Hz, 2H), 7.04-6.98 (m, 4H), 6.06 (m, 1H), 3.62 (m, 1H),
3.62 (s, 2H), 3.01 (d, J = 4.8 Hz, 3H), 2.77 (t, J = 6.3 Hz, 4H), 2.47 (t, J = 6.3 Hz, 4H); MS (APCI,
Pos) 339 (M+H)".

4-[4-({(3R)-3-[(R)-Cyclohexyl(hydroxy)methyl]-1-ethyl-2,5-dioxo-1,4,9-tr iazaspir o[ 5.5] undec-9-
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yl}methyl)phenoxy] -N-methylbenzamide hydrochloride (96)

To a stirred solution of 4-[4-[(4-oxo-1-piperidinyl)methyl]phenoxy]benzamide (100 mg, 0.30 mmol),
2.0 M ethylamine/methanol (0.18 mL, 0.36 mmol) and
(2R 3R)-2-(t-butoxycarbonylamino)-3-cyclohexyl-3-hydroxypropanoic acid (103 mg, 0.36 mmol) in
methanol (2 mL) was added 2-morpholinoethyl isocyanide (50 pL, 0.36 mmol). After being stirred
at 55 °C overnight, the reaction mixture was treated with concentrated hydrochloric acid (0.5 mL)
under cooling. The reaction mixture was stirred at 55 °C for another 2 h, evaporated, treated with
aqueous sodium hydrogen carbonate and extracted with ethyl acetate. The combined organic layers
were washed with brine, dried over anhydrous sodium sulfate and evaporated to give deprotected
Ugi product as a yellow oil, a solution of which in acetic acid/toluene (1.25 M/ 2 mL) was stirred at
80 °C for 1 h. The reaction mixture was cooled to room temperature, diluted with ethyl acetate and
washed twice with a small amount of water. The organic layer was washed with aqueous sodium
hydrogen carbonate, brine, dried over anhydrous sodium sulfate and evaporated. The residue was
purified by silica gel column chromatography, treated with 4.0 N hydrogen chloride/ethyl acetate
and evaporated to afford the title compound (130 mg, 40%) as a pale yellow powder. TLC R 0.37
(CHCI3/MeOH, 10/1); *H NMR (300 MHz, CD;0D) ¢ 7.84 (d, J = 8.8 Hz, 2H), 7.61 (d, J = 8.5 Hz,
2H), 7.14 (d, J = 8.5 Hz, 2H), 7.07 (d, J = 8.8 Hz, 2H), 4.36 (s, 2H), 4.15 (d, J = 2.0 Hz, 1H), 3.99
(m, 1H), 3.78-3.59 (m, 2H), 3.48-3.44 (m, 2H), 3.36 (m, 1H), 3.28 (m, 1H), 2.91 (s, 3H), 2.54-2.36
(m, 3H), 2.15-1.93 (m, 3H), 1.80-1.65 (m, 4H), 1.34-1.15 (m, 6H), 1.00-0.86 (m, 2H); IR (KBr)
3395, 2926, 2851, 1638, 1498, 1421, 1308, 1245, 1174, 1046 cm™; MS (APCI, Pos 20v) m/z 563
(M+H)"; HRMS Calcd 563.3233, Obsd 563.3231.

Compounds 94 and 99-107 were synthesized according to the same procedures as described above
for the preparation of 24 using the corresponding amines for ethylamine.
4-[4-({(3R)-3-[(R)-Cyclohexyl (hydr oxy)methyl]-1-methyl-2,5-dioxo-1,4,9-tr iazaspir o[ 5.5]undec-
9-yI}methyl)phenoxy]-N-methylbenzamide hydrochloride (94)

TLC R 0.32 (CHCIls/MeOH, 10/1); *H NMR (300 MHz, CD;0D) ¢ 7.84 (d, J = 8.7 Hz, 2H), 7.59 (d,
J =8.7 Hz, 2H), 7.15 (d, J = 8.7 Hz, 2H), 7.07 (d, J = 8.7 Hz, 2H), 4.37 (s, 2H), 4.17 (d, J = 2.0 Hz,
1H), 3.98 (m, 1H), 3.78 (m, 1H), 3.49-3.46 (m, 2H), 3.25 (dd, J = 9.6, 2.0 Hz, 1H), 2.95 (s, 3H),
2.91 (s, 3H), 2.57-2.35 (m, 3H), 2.12-1.95 (m, 3H), 1.80-1.65 (m, 4H), 1.34-1.15 (m, 3H),
1.00-0.87 (m, 2H); IR (KBr) 3323, 2925, 1642, 1500, 1248, 1175 cm™; MS (APCI, Pos 20v) m/z
549 (M+H)*; HRMS Calcd 549.3077, Obsd 549.3075.

4-[4-({(3R)-3-[(R)-Cyclohexyl(hydroxy)methyl]-2,5-dioxo-1-pentyl -1,4,9-triazaspir o[ 5.5] undec-
9-yl}methyl)phenoxy]-N-methylbenzamide hydrochloride (99)
TLC R; 0.52 (CH,Cly/MeOH, 10/1); *H NMR (300 MHz, CDs0OD) ¢ 7.84 (d, J = 8.7 Hz, 2H), 7.60
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(d, 3= 8.7 Hz, 2H), 7.15 (d, J = 8.7 Hz, 2H), 7.07 (d, J = 8.7 Hz, 2H), 4.36 (s, 2H), 4.15 (d, J = 2.4
Hz, 1H), 4.00 (m, 1H), 3.75 (m, 1H), 3.59-3.41 (m, 3H), 3.30-3.12 (m, 2H), 2.91 (s, 3H), 2.56-2.24
(m, 3H), 2.18-1.88 (m, 3H), 1.84-1.60 (m, 5H), 1.54-1.06 (m, 8H), 1.04-0.80 (m, 2H), 0.92 (t, J =
6.6 Hz, 3H); IR (KBr) 3393, 2929, 1643, 1498, 1245 cm™; MS (APCI, Pos 20v) m/z 605 (M+H)";
HRMS Calcd 605.3703, Obsd 605.3705.

4-[4-({(3R)-3-[(R)-Cyclohexyl (hydr oxy)methyl]-1-hexyl -2,5-dioxo-1,4,9-tr iazaspir o[ 5.5]undec-9
-yl}methyl)phenoxy]-N-methylbenzamide hydrochloride (100)

TLC R; 0.53 (CH,Cly/MeOH, 10/1); *H NMR (300 MHz, CDs0OD) ¢ 7.84 (d, J = 8.7 Hz, 2H), 7.59
(d, J= 8.7 Hz, 2H), 7.14 (d, J = 8.7 Hz, 2H), 7.07 (d, J = 8.7 Hz, 2H), 4.36 (s, 2H), 4.15 (d, J= 1.8
Hz, 1H), 3.99 (m, 1H), 3.75 (m, 1H), 3.59-3.42 (m, 3H), 3.33-3.10 (m, 2H), 2.91 (s, 3H), 2.55-2.24
(m, 3H), 2.18-1.87 (m, 3H), 1.83-1.62 (m, 5H), 1.50-1.10 (m, 10H), 1.05-0.80 (m, 5H); IR (KBr)
3368, 2928, 1644, 1498, 1420, 1245 cm™; MS (APCI, Pos 20 v) m/z 619 (M+H)*; HRMS Calcd
619.3859, Obsd 619.3868.

4-[4-({(3R)-3-[(R)-Cyclohexyl (hydr oxy)methyl]-1-heptyl-2,5-dioxo-1,4,9-tr iazaspir o[ 5.5 undec-
9-yl}methyl)phenoxy]-N-methylbenzamide hydrochloride (101)

TLC R; 0.53 (CH,Cly/MeOH, 10/1); *H NMR (300 MHz, CDs0OD) ¢ 7.85 (d, J = 8.7 Hz, 2H), 7.61
(d, J= 8.7 Hz, 2H), 7.14 (d, J = 8.7 Hz, 2H), 7.07 (d, J = 8.7 Hz, 2H), 4.36 (s, 2H), 4.16 (d, J = 2.1
Hz, 1H), 3.99 (m, 1H), 3.75 (m, 1H), 3.59-3.42 (m, 3H), 3.33-3.05 (m, 2H), 2.91 (s, 3H), 2.60-2.26
(m, 3H), 2.18-1.88 (m, 3H), 1.82-1.60 (m, 5H), 1.52-1.08 (m, 12H), 1.05-0.80 (m, 5H); IR (KBr)
3380, 2927, 1643, 1498, 1420, 1245 cm™; MS (APCI, Pos 20v) m/z 633 (M+H)"; HRMS Calcd
633.4016, Obsd 633.4021.

4-(4{[(3R)-3-[(R)-Cyclohexyl (hydr oxy)methyl]-1-(3-hydr oxybutyl)-2,5-dioxo-1,4,9-triazaspir of
5.5]undec-9-yl]methyl }phenoxy)-N-methylbenzamide hydrochlor ide (102)

TLC R 0.24 (CHCIs/MeOH, 10/1); *H NMR (300 MHz, CD;0D) ¢ 7.85 (d, J = 8.7 Hz, 2H), 7.59 (d,
J=8.7 Hz, 2H), 7.15 (d, J = 8.7 Hz, 2H), 7.08 (d, J = 8.7 Hz, 2H), 4.36 (s, 2H), 4.16 (dd, J = 3.6, 2.0
Hz, 1H), 4.02 (m, 1H), 3.88-3.74 (m, 2H), 3.60 (m, 1H), 3.50-3.43 (m, 2H), 3.38 (m, 1H), 3.27 (dd,
J = 9.6, 2.0 Hz, 1H), 2.91 (s, 3H), 2.59-2.33 (m, 3H), 2.15-1.93 (m, 4H), 1.80-1.65 (m, 5H),
1.35-1.15 (m, 6H), 1.01-0.87 (m, 2H); IR (KBr) 3387, 2922, 2852, 1642, 1499, 1482. 1427, 1306,
1245, 1176 cm™; MS (APCI, Pos 20v) mz 607 (M+H)"; HRMS Calcd 607.3496, Obsd 607.3494.

4-(4-{[(3R)-3-[ (R)-Cyclohexyl (hydr oxy)methyl]-1-(2-methoxyethyl)-2,5-dioxo-1,4,9-triazaspir of
5.5]undec-9-yl]methyl } phenoxy)-N-methyl benzamide hydrochlor ide (103)
TLC R; 0.35 (CHCIls/MeOH, 10/1); *H NMR (300 MHz, CD;0D) § 7.84 (d, J = 8.7 Hz, 2H), 7.57 (d,
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J=8.7Hz, 2H), 7.15 (d, J = 8.7 Hz, 2H), 7.07 (d, J = 8.7 Hz, 2H), 4.36 (s, 2H), 4.18 (d, J = 2.1 Hz,
1H), 3.98 (m, 1H), 3.86-3.18 (m, 8H), 3.31 (s, 3H), 2.91 (s, 3H), 2.60-1.58 (M, 10H), 1.42-0.80 (m,
5H): IR (KBr) 3324, 2927, 2852, 2564, 1652, 1499, 1418, 1306, 1245, 1176, 1113, 1048 cm™; MS
(APCI, Pos 20v) m/z593 (M+H)*; HRMS Calcd 593.3339, Obsd 593.3346.

Allyl

2-[(3R)-3-[(R)-Cyclohexyl (hydr oxy)methyl]-9-(4-{4-[(methylamino)car bonyl] phenoxy}benzyl)-

2,5-dioxo-1,4,9-triazaspir o[ 5.5]undec-1-yl]ethylcar bamate hydrochloride (110)

TLC R; 0.44 (CH,Cl,/MeOH, 10/1); *H NMR (300 MHz, CD;0D) ¢ 7.85 (d, J = 8.7 Hz, 2H), 7.62
(d, J = 8.4 Hz, 2H), 7.14 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 8.7 Hz, 2H), 5.91 (m, 1H), 5.28 (m, 1H),
5.15 (m, 1H), 4.52 (d, J = 5.1 Hz, 2H), 4.36 (s, 2H), 4.17 (d, J = 1.8 Hz, 1H), 3.99 (m, 1H),
3.82-3.53 (m, 2H), 3.52-3.17 (m, 6H), 2.91 (s, 3H), 2.70-2.25 (m, 3H), 2.18-1.87 (m, 3H), 1.85-1.60
(m, 4H), 1.41-1.10 (m, 3H), 1.04-0.80 (m, 2H); IR (KBr) 3433, 1698, 1637, 1255 cm™; MS (APCI,
Pos 20v) m/z 662 (M+H)*, 256.

4-[4-({(3R)-3-[(R)-Cyclohexyl (hydr oxy)methyl]-1-[ 2-(dimethylamino)ethyl]-2,5-dioxo-1,4,9-tria
zaspir o[ 5.5]undec-9-yl}methyl)phenoxy] -N-methylbenzamide dihydrochloride (105)

TLC R; 0.08 (CHCIs/MeOH, 5/1); *H NMR (300 MHz, CDs0D) ¢ 7.84 (d, J = 9.0 Hz, 2H), 7.67 (d,
J = 8.5 Hz, 2H), 7.12 (d, J = 8.5 Hz, 2H), 7.07 (d, J = 9.0 Hz, 2H), 4.36 (s, 2H), 4.23 (d, J = 1.5 Hz,
1H), 4.01-3.90 (m, 3H), 3.72 (m, 1H), 3.50-3.44 (m, 2H), 3.33-3.24 (m, 3H), 3.00 (s, 3H), 2.96 (s,
3H), 2.91 (s, 3H), 2.59-2.43 (m, 3H), 2.17-1.94 (m, 3H), 1.80-1.65 (m, 4H), 1.35-1.15 (m, 3H),
1.03-0.82 (m, 2H); IR (KBr) 3413, 2927, 2852, 2701, 1669, 1498, 1420, 1327, 1244, 1174, 1120,
1044 cm™; MS (APCI, Pos 20v) m/z 606 (M+H)*; HRMS Calcd 606.3655, Obsd 606.3654.

4-(4-{[(3R)-3-[(R)-Cyclohexyl(hydroxy)methyl]-2,5-dioxo-1-(2,2,2-tr ifluor oethyl)-1,4,9-tr iazaspi
ro[5.5]undec-9-yl]methyl } phenoxy)-N-methylbenzamide hydrochloride (106)

TLC R; 0.51 (CH,Cly/MeOH, 10/1); *H NMR (300 MHz, CDs0OD) ¢ 7.84 (d, J = 8.7 Hz, 2H), 7.59
(d, J = 8.7 Hz, 2H), 7.15 (d, J = 8.7 Hz, 2H), 7.07 (d, J = 8.7 Hz, 2H), 4.43 (m, 1H), 4.36 (s, 2H),
4.30 (d, J = 2.1 Hz, 1H), 4.18-3.92 (m, 2H), 3.74 (m, 1H), 3.56-3.42 (m, 2H), 3.35 (dd, J=9.6, 2.1
Hz, 1H), 2.91 (s, 3H), 2.58 (m, 1H), 2.43-2.11 (m, 3H), 2.02 (m, 1H), 1.89 (m, 1H), 1.84-1.60 (m,
4H), 1.40-1.06 (m, 3H), 1.05-0.80 (m, 2H); IR (KBr) 3383, 2930, 1678, 1498, 1246, 1155, cm™;
MS (APCI, Pos 20v) m/z617 (M+H)*, 505, 256; HRMS Calcd 617.2951, Obsd 617.2957.

4-(4-{[(3R)-3-[(R)-Cyclohexyl(hydroxy)methyl]-2,5-dioxo-1-(2,2,3,3,3-pentafluor opr opyl)-1,4,9-
triazaspir o[ 5.5]undec-9-ylJmethyl }phenoxy)-N-methylbenzamide hydrochloride (107)
TLC R; 0.69 (CH,Cly/MeOH, 10/1); *H NMR (300 MHz, CDs0OD) ¢ 7.84 (d, J = 8.7 Hz, 2H), 7.58
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(d, J = 8.7 Hz, 2H), 7.15 (d, J = 8.7 Hz, 2H), 7.07 (d, J = 8.7 Hz, 2H), 4.49 (m, 1H), 4.36 (s, 2H),
4.31 (d, J = 1.8 Hz, 1H), 4.10-4.00 (m, 2H), 3.72 (m, 1H), 3.52-3.48 (m, 2H), 3.35 (m, 1H), 2.91 (s,
3H), 2.63 (m, 1H), 2.44-2.20 (m, 3H), 2.03-1.60 (M, 6H), 1.34—1.14 (m, 3H), 1.01-0.85 (m, 2H); IR
(KBr) 3371, 2933, 1680, 1600, 1498, 1407, 1246, 1206, 1102, 1032 cm™; MS (APCI, Pos 20v) m/z
667 (M+H)": HRMS Calcd 667.2919, Obsd 667.2916.

4-[4-({(3R)-1-(2-Aminoethyl)-3-[ (R)-cyclohexyl (hydr oxy)methyl]-2,5-dioxo-1,4,9-triazaspir o[ 5.5
Jundec-9-yl}methyl)phenoxy] -N-methylbenzamide dihydrochloride (104)

To a stirred suspension of 110 (534 mg, 0.81 mmol) in dichloromethane (8.0 mL) was added acetic
acid (0.11 mL, 1.94 mmol), tri-n-butyltin hydride (0.26 mL, 0.97 mmol) and
tetrakis(triphenylphosphine)palladium(0) (47 mg, 0.04 mmol). After being stirred for 3 h at ambient
temperature, the reaction mixture was quenched with saturated sodium hydrogen carbonate,
extracted with chloroform/methanol, dried over anhydrous sodium sulfate and evaporated to yield
the title compound (178 mg, 38 %). TLC R: 0.33 (n-BuOH/ACOH/H,0, 4/2/1); *H NMR (300
MHz, CD;0D) ¢ 7.84 (d, J = 9.0 Hz, 2H), 7.66 (d, J = 8.7 Hz, 2H), 7.12 (d, J = 8.7 Hz, 2H), 7.07 (d,
J=9.0 Hz, 2H), 4.35 (s, 2H), 4.23 (d, J = 2.1 Hz, 1H), 4.04-3.65 (m, 4H), 3.51-3.40 (m, 2H), 3.26
(dd, J = 9.9, 2.1 Hz, 1H), 3.15-3.06 (m, 2H), 2.91 (s, 3H), 2.65-2.44 (m, 3H), 2.16 (m, 1H),
2.08-1.91 (m, 2H), 1.83-1.62 (m, 4H), 1.40-1.12 (m, 3H), 1.05-0.80 (m, 2H); IR (KBr) 3416, 2929,
1670, 1497, 1246, cm™; MS (APCI, Pos 20v) m/z578 (M+H)*, 466, 256.

Typical procedures for optically active p-hydroxy-N-Boc-a-amino acid using Sharpless
asymmetric epoxidation

3-Cyclohexyl-2-propenoic acid (111e)

To a stirred solution of cyclohexanecarboxyaldehyde (400 mL, 3.30 mmol) in pyridine (750 mL)
were added malonic acid (290 g, 2.78 mol) and piperidine (7.5 mL, 75 mmol) at room temperature.
After being stirred at ambient temperature for 1 h, the reaction mixture was heated at 80 °C for 5 h,
cooled to room temperature, poured into ice-cooled 3.0 M aqueous hydrochloric acid (1.2 L) and
extracted with ethyl acetate. The organic layer was extracted with 2.0 M sodium hydroxide. The
aqueous layer was washed with ethyl acetate, acidified with concentrated hydrochloric acid and
extracted with ethyl acetate. The organic layer was washed with brine, dried over magnesium sulfate
and evaporated to yield the title compound (442 g, 100%) as a pale yellow solid. TLC Rf 0.78
(CHCI3/MeOH/ACOH, 20/2/1); *H NMR (300 MHz, CDCl5) ¢ 7.03 (dd, J = 15.6, 6.6 Hz, 1H), 5.77
(dd, J = 15.6, 1.6 Hz, 1H), 2.30-2.04 (m, 1H), 1.87-1.59 (m, 5H), 1.46-1.02 (m, 5H).

M ethyl 3-cyclohexyl-2-propenoate (112€)
To a stirred solution of cyclohexyl-2-propenoic acid 111e (442 g, 3.30 mol) in MeOH (1.5 L) was
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slowly added concentrated sulfuric acid (15 ml) at room temperature. After being stirred under
reflux condition for 14 h, the solvent was removed by evaporation. The resulting residue was
slowly added to ice water (500 mL) and neutralized with sodium hydrogen carbonate (50 g). The
aqueous mixture was extracted with ethyl acetate. The organic layer was washed with brine, dried
over magnesium sulfate and concentrated in vacuo to yield the title compound (449 g, 96%). TLC
R: 0.83 (CHCIl/MeOH, 10/1); *H NMR (300 MHz, CDCls) 6 6.92 (dd, J = 15.6, 6.6 Hz, 1H), 5.77
(dd, J = 15.6, 1.5 Hz, 1H), 3.72 (s, 3H), 2.15 (m, 1H), 1.80-1.61 (m, 4H), 1.19-1.03 (m, 6H).

3-Cyclohexyl-2-propen-1-ol (113€)

To a stirred solution of methyl-3-cyclohexyl-2-propenoate 112e (80.0 g, 476 mmol) in dry
tetrahydrofuran (1.0 L) was slowly added diisobutyl aluminum hydride/toluene (1.0 M, 1.0 L, 1.0
mol) at -70 °C~-60 °C over 2 h under argon atmosphere. The reaction mixture was warmed up to
-10°C ~ 0 °C, quenched with water (5 mL) and then aqueous saturated sodium sulfate (~ 400 mL).
The resulting precipitates were removed by filtration. The filtrate was evaporated, and the resulting
residue was purified by distillation (bp 125-128 °C/26 mmHg) to give the title compound (53 g,
88%) as a colorless oil. TLC R 0.67 (hexane/AcOEt, 2/1); H NMR (300 MHz, CDCls3) 6 5.70-5.53
(m, 2H), 4.08 (d, J = 4.8 Hz, 2H), 1.96 (m, 1H), 1.80-1.58 (m, 4H), 1.37-1.00 (m, 6H).

[(2R,3R)-3-Cyclohexyloxir an-2-yllmethanol (114€)

To a stirred suspension of dried MS4A (75 g) in dichloromethane (1.3 L) was added titanium(1V)
isopropoxide (42 ml, 142 mmol) at room temperature under argon atmosphere, a solution of diethyl
D-tartrate (35.3 g, 171 mmol) in dichloromethane at -30 °C~-20 °C and stirring was continued for
30 min. To the mixture were added a solution of 113e (100 g, 714 mmol) in dichloromethane (100
mL) at -30 °C~-20 °C and a solution of t-butyl hydroxy peroxide in octane (178 mL, 1.07 mol) at
-30 °C~-20 °C and the mixture was stirred for 3 h. After the excess peroxide was quenched with the
addition of dimethyl sulfide (157 mL, 2.1 mol) at -30 °C~-20 °C and stirring was continued for 1.5
h, the reaction mixture was further treated with 2.0 L of water and (z)-tartaric acid (300 g, 2.0mol)
and stirring was continued overnight. The reaction mixture was extracted with ethyl acetate. The
organic layer was evaporated. The resulting residue was dissolved in t-butyl methyl ether (1.0 L) and
the excess diethyl D-tartrate was hydrolyzed by stirring with 1.0 M sodium hydroxide water solution
for 1 h. The reaction mixture was diluted with water (800 mL) and extracted with t-butyl methyl
ether. The organic layer was washed with brine, dried over anhydrous magnesium sulfate and
evaporated. The resulting residue was purified by silica gel column chromatography (hexane/AcOEt,
10/1-1/1) to yield the title compound (100 g, 90%). [o]p® + 32.7 ° (¢ 1.67, CHCI3); TLC R; 0.43
(hexane/AcOEt, 2/1); H NMR (300 MHz, CDCl3) 6 3.91 (m, 1H), 3.62 (m, 1H), 2.98 (m, 1H), 2.76
(dd, J = 6.9, 2.4 Hz, 1H), 1.90-1.50 (m, 6H), 1.36-1.01 (m, 5H).
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(2R,3R)-2-Benzylamino-3-cyclohexyl-3-hydr oxypr opanoic acid (115€)

To a stirred solution of [(2R,3R)-3-cyclohexyloxiran-2-ylJmethanol 114e (184 g, 1.18 mol) in
dimethyl sulfoxide (828 ml) were added triethylamine (644 mL, 4.62 mol) and sulfur
trioxide-pyridine complex (368 g, 2.32 mol) at 0 °C. After being stirred at room temperature for 1 h,
the reaction mixture was quenched with ice water (3.4 L) and extracted with t-butyl methyl ether.
The organic layer was washed with ice-cooled 0.5 M aqueous hydrochloric acid and brine, dried
over anhydrous magnesium sulfate and evaporated. To the resulting aldehyde in acetonitrile (3.6 L)
were added water (1.8 L), 2-methyl-2-butene (550 ml, 5.2 mol) and mono sodium hydrogen
phosphate (184 g, 1.53 mol) at room temperature. To the reaction mixture was slowly added sodium
hypochlorite (80%, 440 g, 3.9 mol) keeping the temperature at 20 °C~25 °C. After being stirred at
room temperature for 30 min, the reaction mixture was diluted with t-butyl methyl ether and treated
with 1.0 M sodium hydroxide (1.7 L) at room temperature. The precipitates were removed by
filtration. The organic layer of the filtrate was extracted with 1.0 M sodium hydroxide. The aqueous
layer was acidified with 6.0 M hydrochloric acid (pH 3.0), extracted with t-butyl methyl ether,
washed with brine, dried over anhydrous magnesium sulfate and evaporated to vyield
[(2R,3R)-3-cyclohexyloxiran-2-yl]carboxylic acid. To a stirred solution of
[(2R,3R)-3-cyclohexyloxiran-2-yl]carboxylic acid in water (198 mL) were slowly added
benzylamine (269 mL, 2.47 mol) followed by 5.0 M sodium hydroxide (148 mL, 740 mmol) at 0 °C.
After being stirred under reflux for 2.5 h, the reaction mixture was treated with 5.0 M sodium
hydroxide (16 mL, 82 mmol) at room temperature. The aqueous layer was washed with t-butyl
methyl ether, and acidified with 2.0 M hydrochloric acid (pH 4-5). The precipitates were collected
by filtration and washed with ice water, ice-cooled acetone, t-butyl methyl ether and dried to yield
46a (227 g, 35% in 3 steps) as a white powder. TLC R; 0.71 (n-BUOH/AcOH/H,0, 4/2/1); *H
NMR (300 MHz, DMSO-dg) d 7.48-7.22 (m, 5H), 3.87 (d, J = 13.2 Hz, 1H), 3.69 (d, J = 13.2 Hz,
1H), 3.05 (d, J = 6.0 Hz, 1H), 1.72-1.50 (m, 6H), 1.24-0.80 (m, 5H); MS (FAB, Pos) 278 (M+H)*

(2R,3R)-2-(t-Butoxycar bonylamino)-3-cyclohexyl-3-hydr oxypropanoic acid (14€)

To a suspension of Pd(OH),/C (30 g, 20% wt, wet) in methanol (3.0 L) were added
(2R,3R)-2-benzylamino-3-cyclohexyl-3-hydroxypropanoic acid 115e (150 g, 542 mmol) and 1.0 M
sodium hydroxide (540 mL) at 0 °C. After being stirred under hydrogen atmosphere for 8 h, the
reaction mixture was treated with 1.0 M sodium hydroxide (80 mL) and then di-t-butyl dicarbonate
(160 mL, 504 mmol) under argon atmosphere. After being stirred overnight, palladium was removed
by filtration through a pad of Celite and washed with methanol and water. Methanol in the filtrate
was removed by evaporation and the resulting aqueous solution was washed with t-butyl methyl
ether. The aqueous layer was acidified with 5% potassium bisulfate (3.0 L) to pH 3.0, extracted with

91



ethyl acetate, dried over anhydrous magnesium sulfate and evaporated to yield 14e (151.2 g, 97%).
[a]p® = -16.1 © (c 0.98, MeOH); TLC R 0.54 (n-BuOH/ACOH/H,0 = 4/2/1); *H NMR (300 MHz,
CDs0D) § 4.28 (d, J = 6.0 Hz, 1H), 3.47 (t, J = 6.0 Hz, 1H), 1.95-0.95 (m, 11H), 1.44 (s, 9H).

Compounds 14e, 14k, and 14m were prepared according the same procedures as described for the
preparation of 14e.

(2S5,39)-2-(t-Butoxycar bonylamino)-3-cyclohexyl-3-hydr oxypr opanoic acid (14h)

TLC R 0.85 (CHCIls/MeOH/ACOH, 20/2/1); *H NMR (300 MHz, DMSO-dg) J 6.78 (d, J = 8.7 Hz,
1H), 3.02-3.97 (m, 1H), 3.39-3.32 (m, 1H), 1.80-1.40 (m, 6H), 1.36 (s, 9H), 1.30-0.90 (m, 5H).

(2R,3R)-2-(t-Butoxycar bonylamino)-3-cyclopentyl-3-hydr oxypr opanoic acid (14k)

[a]p?*° = -24.2 © (CH30H); 'H NMR (300 MHz, CD30D) ¢ 4.20 (d, J = 3.9 Hz, 1H), 3.54 (dd, J =
8.4, 3.9 Hz, 1H), 2.16 (m, 1H), 1.90-1.76 (m, 2H), 1.71-1.51 (m, 4H), 1.44 (s, 9H), 1.40-1.26 (m,
2H).

(2R,3R)-2-(t-Butoxycar bonylamino)-3-(4-tetr ahydr opyr anyl)-3-hydr oxypr opanoic (14m)
[a]p®® = -18.1 ° (MeOH); *H NMR (300 MHz, CD;0D) ¢ 4.26 (d, J = 5.1Hz, 1H), 4.00-3.91 (m, 2H),
3.50 (dd, J = 7.2, 5.1 Hz, 1H), 3.45-3.32 (m, 2H), 1.94 -1.63 (m, 3H), 1.54-1.28 (m, 11H).

General methods for the preparation of optically active syn-p-hydroxy-N-Boc-a-amino acid.
(4S,55)-3-Benzyl -5-cyclohexyl-4-(hydr oxymethyl)oxazolidine-2-one (116g)

To a stirred suspension of sodium hydride (4.56 g, 114 mmol) in tetrahydrofuran (250 mL) was
added dropwise a solution of epoxy alcohol 114e (8.1 g, 51.8 mmol) in tetrahydrofuran (17 mL) for
15 min at 0 °C. After being stirred for 10 min, the reaction mixture was treated with benzyl
isocyanate (9.6 mL, 77.8 mmol) for 20 min. After being stirred for 20 min at 0 °C, the reaction
mixture was refluxed for 1.5 h, cooled with ice bath, quenched with saturated ammonium chloride
and extracted with ethyl acetate. The organic layer was washed with brine, dried over anhydrous
sodium sulfate, and evaporated. The resulting residue was purified by silica gel column
chromatography to yield the title compound (4.42 g, 28%) as a white powder. TLC Rf 0.33
(hexane/AcOEt = 1/1); 'H NMR (300 MHz, DMSO-dg) 6 7.42-7.27 (m, 5H), 4.86 (d, J = 15.0 Hz,
1H), 4.26 (d, J = 15.0 Hz, 1H), 4.08 (dd, J = 10.2, 6.9 Hz, 1H), 3.88-3.68 (m, 2H), 3.50 (dt, J = 6.9,
3.3 Hz, 1H), 2.10 (m, 1H), 1.90-1.49 (m, 5H), 1.38-0.85 (m, 5H).

(4S,59)-3-Benzyl -5-cyclohexyl-2-oxo-oxazolidine-4-car boxylic acid (117g)
To a stirred suspension of (4R,5R)-3-benzyl-5-cyclohexyl-4-(hydroxymethyl)oxazolidin-2-one (4.22
g, 14.6 mmol) in acetone (200 mL) was added dropwise Jones reagent (2.5 M, 12 mL, 29.2 mmol) at
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0 °C. After being stirred for 3 h at ambient temperature, the reaction mixture was quenched with
i-propanol. The resulting precipitates were removed by filtration and washed with chloroform, and
the filtrate was evaporated. The resulting residue was diluted with chloroform, washed with brine
and extracted with chloroform. The organic layer was washed with small amount of brine, dried over
anhydrous sodium sulfate, and evaporated to yield the title compound quantitatively. TLC R; 0.48
(CHCI3/MeOH = 10/1); 'H NMR (300 MHz, CDs0D) § 7.40-7.24 (m, 5H), 4.80 (d, J = 15.0 Hz,
1H), 4.31 (dd, J = 9.0, 7.5 Hz, 1H), 4.09 (d, J = 7.5 Hz, 1H), 3.95 (d, J = 15.0 Hz, 1H), 1.98 (m, 1H),
1.86-1.52 (m, 5H), 1.36-0.90 (m, 5H).

M ethyl (4S,5S)-3-benzyl-5-cyclohexyl-2-oxo-oxazolidine-4-car boxylate (118g)

To a stirred suspension of 117g (4.70 g, 14.6 mmol) in diethyl ether (250 mL) was added 2.0 M
trimethylsilyl diazomethane in n-hexane (11 mL, 22 mmol). After being stirred for 2 h, the reaction
mixture was treated with 2.0 M trimethylsilyl diazomethane in n-hexane (4 mL, 8 mmol), stirred
overnight, quenched with acetic acid and evaporated. The resulting residue was purified by silica gel
column chromatography to yield the title compound (2.87 g, 62%). TLC R; 0.41 (hexane/AcOEt =
3/1); *H NMR (300 MHz, CDCls) 6 7.39-7.21 (m, 5H), 4.86 (d, J = 15.0 Hz, 1H), 4.18 (dd, J = 9.6,
7.5 Hz, 1H), 4.06 (d, J = 7.5 Hz, 1H), 3.93 (d, J = 15.0 Hz, 1H), 3.73 (s, 3H), 2.02 (m, 1H),
1.82-1.54 (m, 4H), 1.46 (m, 1H), 1.31-0.85 (m, 5H).

(4R,5S)-3-Benzyl -5-cyclohexyl-2-oxo-oxazolidine-4-car boxylic acid (119g)

To a stirred suspension of 1189 (2.87 g, 9.04 mmol) in dry ethanol (30 mL) was added potassium
hydroxide (2.54 g, 45.2 mmol). The reaction mixture was refluxed for 45 min. After cooling to the
room temperature, the reaction mixture was evaporated and the resulting residue was acidified with
1.0 M hydrochloric acid and extracted with ethyl acetate. The organic layer was washed with brine,
dried over anhydrous sodium sulfate and evaporated to yield the title compound (2.70 g, 98%).
TLC R 0.60 (CHCIls/MeOH/AcOH = 20/2;1); *H NMR (300 MHz, CD50D) § 7.40-7.23 (m, 5H),
4.83 (d, J = 15.0 Hz, 1H), 4.30 (dd, J = 5.4, 4.8 Hz, 1H), 4.15 (d, J = 15.0 Hz, 1H), 3.82 (d, J = 4.8
Hz, 1H), 1.76-1.43 (m, 6H), 1.30-0.85 (m, 5H).

(2R,39)-2-(t-Butoxycar bonylamino)-3-cyclohexyl-3-hydr oxy-propanoic acid (14g)

A mixture of compound 1199 (2.70 g, 8.90 mmol) and 2.0 M aqueous potassium hydroxide (89 mL,
178 mmol) was refluxed under stirring for 7 h. The reaction mixture was neutralized by 6.0 M
hydrochloric acid at 0 °C and stirred for 30 min. The resulting precipitates were collected by
filtration and washed with cold water, cold acetone and then diethyl ether. To a stirred suspension of
the resulting solid in methanol (89 mL) were added 1.0 M sodium hydroxide (8.9 mL) and 20%
Pd(OH),/C (400 mg). After being stirred for 2.5 h under hydrogen atmosphere, the reaction mixture
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was treated with di-t-butyl dicarbonate (3.1 mL, 13.4 mmol) at argon atmosphere. After being stirred
overnight, catalyst was removed by filtration through a pad of Celite and washed with methanol and
water. The organic solvent was removed by evaporation and the resulting residue was washed with
hexane/ethyl acetate (4/1). The aqueous layer was acidified with 5% potassium bisulfate (pH 3.0)
and extracted with ethyl acetate, dried over anhydrous magnesium sulfate and evaporated to yield
the title compound (2.15 g, 84%). TLC R; 0.52 (CHCly/MeOH/ACOH = 20/2/1); 'H NMR (300
MHz, CD;0D) ¢ 4.32 (d, J = 2.4 Hz, 1H), 3.71 (dd, J = 9.3, 2.4 Hz, 1H), 2.03 (m, 1H), 1.84-1.60 (m,
4H), 1.54-1.15 (m, 4H), 1.45 (s, 9H), 1.08-0.88 (m, 2H).

Typical procedures for trans-#-hydroxy-N-Boc-amino acid using hydroxypinanone as a chiral
auxiliary

Iminoester of hydroxypinanone (121i)

To a stirred solution of the iminoglycinate which was prepared by the dehydrative condensation of
ethyl glycinate and hydroxyl pinanone, in dichloromethane (6 mL) were added stepwise a solution of
titanium chloride triethoxide in dichloromethane (20 ™M, 20 mL, 4.0 mmol),
cyclopropanecarboxyaldehyde (300 mg, 4.28 mmol) and triethylamine (1.1 mL, 7.89 mmol) at 0 °C.
After being stirred for 5 h at 0 °C, the reaction mixture was poured into cold brine. The aqueous
layer was extracted with dichloromethane. The combined organic layers were dried over magnesium
sulfate and evaporated. The resulting residue was purified by silica gel column chromatography to
yield the title compound (1.3 g, quant) as a white solid. TLC R 0.40 (CHCIy/MeOH, 9/1); *H
NMR (300 MHz, DMSO-dg) d 4.63 (d, J = 8.0 Hz, 1H), 4.47 (s, 1H), 4.10 (d, J = 6.5 Hz, 1H), 4.05
(9, J = 7.0 Hz, 1H), 4.04 (q, J = 7.0 Hz, 1H), 3.49 (g, J = 6.5 Hz, 1H), 2.53 (dd, J = 18.0, 2.5 Hz,
1H), 2.40 (dt, J = 18.0, 1.5 Hz, 1H), 2.18 (m, 1H), 1.93 (m, 1H), 1.89 (g, J= 6.0 Hz, 1H), 1.52 (d, J =
10.5 Hz, 1H), 1.35 (s, 3H), 1.24 (s, 3H), 1.14 (t, J = 7.0 Hz, 3H), 1.08 (m, 1H), 0.76 (s, 3H),
0.31-0.25 (m, 4H).

(2R,3R)-2-Amino-3-cyclohexyl-3-hydr oxypropanoic acid (122i)

To a stirred solution of iminoester 121i (616 mg, 1.90 mmol) in tetrahydrofuran (6.5 mL) was added
1.2 M aqueous hydrochloric acid (13 mL, 15.6 mmol). After being stirred overnight, the reaction
mixture was evaporated and the resulting residue was purified by silica gel column chromatography
to yield the title compound 122i (373 mg, 94%) as a colorless viscous oil. TLC Ry 0.52
(CHCI3/MeOH, 5/1); *H NMR (300 MHz, DMSO-dg) & 7.87 (brs, 3H), 5.62 (brs, 1H), 4.18 (g, J =
7.0 Hz, 2H), 3.95 (d, J = 3.5 Hz, 1H), 3.19(m, 1H), 1.22 (t, J = 7.0 Hz, 3H), 1.04 (m, 1H), 0.45-0.38

94



(m, 2H), 0.28 (m, 1H), 0.18 (m, 1H).

(2R,3R)-2-(t-Butoxycar bonylamino)-3-cyclopr opyl-3-hydr oxypr opanoic acid (14i)

To a stirred solution of 122i (449 mg, 2.25 mmol) in ethanol (20 mL) was added 1.0 M lithium
hydroxide (5.5 mL, 5.5 mmol). After being stirred for 2 h, the reaction mixture was treated with
di-t-butyl dicarbonate (0.8 mL, 3.48 mmol) and stirring was continued for 2 h. The reaction mixture
was quenched with water. The aqueous layer was washed with t-butylmethylether, acidified with 5%
potassium hydrogen sulfate to pH 3.0-4.0 and extracted with ethyl acetate. The organic layer was
washed with brine, dried over magnesium sulfate and evaporated to yield the title compound 38f
(553 mg) quantitatively. TLC R 0.73 (CHCly/MeOH/AcOH, 10/2/1); 'H NMR (300 MHz,
DMSO-ds) & 12.36 (brs, 1H), 6.72 (d, J = 9.0 Hz, 1H), 4.91 (brs, 1H), 4.00 (dd, J = 9.0, 5.0 Hz, 1H),
3.07 (m, 1H), 1.37 (s, 9H), 1.01 (m, 1H), 0.35-0.30 (m, 2H), 0.23-0.18 (m, 2H).

Compounds 14j, 141, 14n and 140 were prepared according to the same procedures as described
above for the preparation of 14i.

(2R,3R)-2-(t-Butoxycar bonylamino)-3-cyclobutyl-3-hydr oxy-propanoic acid (14j)

TLC R 0.53 (CHCIls/MeOH/ACOH, 10/1/1); *H NMR (300 MHz, DMSO-ds) & 12.33 (br, 1H), 6.68
(d, 3= 9.0 Hz, 1H), 3.80 (dd, J = 9.0, 5.5 Hz, 1H), 3.56 (dd, J = 8.0, 5.5 Hz, 1H), 1.89-1.62 (m, 7H),
1.36 (s, 9H);

(2R,3R)-2-(t-Butoxycar bonylamino)- 3-cycloheptyl-3-hydr oxy-propanoic acid (141)
TLC R 0.85 (n-BUOH/ACOH/H,0, 4/2/1); *"H NMR (300 MHz, CDCl3) ¢ 5.49 (m, 1H), 4.42 (m,
1H), 3.56 (m, 1H), 1.88-1.22 (m, 21H).

(2R,3R)-2-(t-Butoxycar bonylamino)-3-syn-hydr oxy-3-(4-hydr oxycyclohexyl) propanoic acid
(14n)

TLC R; 0.62 (n-BUOH/ACOH/H,0, 4/2/1); *H NMR (300 MHz, CDs0D) 6 4.32 (d, J = 4.5 Hz, 1H),
3.91 (m, 1H), 3.55 (m, 1H), 1.97-1.43 (m, 9H), 1.44 (s, 9H).

(2R,3R)-2-(t-Butoxycar bonylamino)-3-anti-hydr oxy-3-(4-hydr oxycyclohexyl)pr opanoic acid
(140)

TLC R; 0.64 (n-BuOH/ACOH/H,0, 4/2/1); *H NMR (300 MHz, CD30OD) & 4.25 (d, J = 5.4 Hz, 1H),
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3.50-3.42 (m, 2H), 1.98-1.92 (m, 4H), 1.84-1.77 (m, 1H), 1.60-1.50 (m, 2H), 1.44 (s, 9H), 1.28-1.12
(m, 2H).
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51 £&¥

AIDS (2 RMAREARIE) 2ol & 29 b MaE R4 Y A /LA (Human Immunodeficiency
Virus @ HIV) (2 A& (1 EIZRA) 728, =kt 2 —L LTk o CCR5 A4
Do EHEDIXZ O CCRS ZHET DILAMDBE LA D =X LDH HIVIEE R 55 L3
%, &5y 1 CCRS FEA|IOAIRMFIEICE T L1z, K57 CCRS FEAIAIRIZ Y-, =
B R TAEROFIEERNTCT YA SN rE A4 5T A4 77 U —lZxt L,
CCRS PLEIFMED A 7 ) —=0 7 % To 1=, ZOFEE, > CCRS EIEMEL 59V b b
PLHIVIE®REZ T 5V — Mg la, 22/ L7z, 22T, 20U — NMeaWwzE HFEA
E LT, BT HIV IEVER O ORI % i L 7o b & ORI~ D ELD A4 % Bl L 72
(Figure5.1),

Figure 5.1 Summary

CH, CH,
O Sas
HCl HCl
(0] (0]
N OH N
N N
N
o WAk
56 R = CONHMe
6R= {> 59 R = COH

85a (3R, 1'R)

E P ARILED B RED A CORB ST SIb oL E L, U — FLAY 1a
DRFR 7 7 Y —BHICET SRIIORELAT 7 U — FEAP 2 2FI 7 7 Y — LA
vF A b UTREBER D S, AN A#% LCMS 128 0 4087 LIskER, U — Med

98



Y 1lalxFEIZ 3 SOz 525 Z L hbho T, THRREW 2 Eiva Rk L, CCR5
FHEVEPEDFHM A T o 72 & 2 A, UALAVKEEE S TALEMIZIB W T, 3L AL D SNIAR B
DIEFIZEE T, BR I'R) DOiExIElE % b - 7o/bB 4 5a B3 IEF ITEPEDTRVMEE Y & LT R
SNTc, SHIZ 20y 7 unk oG 566 2 126 LT bIRRIOKERAZEA LT
fbema G LizE 24, CCRS FFTEMEIZR 235, HU HIV IEMEAREENIC A B LIS
W6 % ATICE 572, UAKEERLD CCRS PR, 8 X OWL HIV IEEO M Eizx4 5%
ERNZERT 25 ODEHMEICIETE CH RS, B ReX v EAFRZAETHD
CCR5 LM LD EMEA LTS, & LT Ruf o 210 NH &L 5 7 NKERE
BTDHZEICEY, v AT USRS Y T a EVERZRIROBKER 7 » MTAY
LT RoT2 V) TODFHREMAZELE L T\ D, T ORIEEHAE L TR0 RIS
TR BRI o Toin, BRALBTEMEGE I OGS 2 AE M2 2 & T, 5L HIV IHEm Eosk
A&7 DFRAREREZ LT 2 &N TE L, & OITITKEREEDOE A X VL&Y ORREEMENME
T L. W, ERHEREREER S Vo ERG S L SOWEICORITHZENTE R,

IR ORI 2 ST 5720, U— MMea® la, 20 147, 347, 9 NOIgHEH AL
U, K7 ey 7 2E#R LG, FREEK T2 B Lo R0 E A
ETl A OREEEHAEAT 5 T2, VALK O 3L OMEIEZAH CIE, Ml E R OB AT X 0 IEMER
REETFTT2HBRANCHY . V— FMEEHOFEFD I-N-n-T FLEL -2 7 g ~F L A TF )L
HEIcfbp@EEE BT 2 L1k T&xhotz, — Ty O-N-@-7 =/ F - WD
REGD /ST ALA~DOEHILHATIE, Hx OBEBIENTFASND Z N bnro TE Iz, KR
ZOEAAT N-AF AT I ) IINVHR=VEEZBANLTALE 56, TV ARF A EANL 724k
B 59 IR OHTHIV IENEZ 7R L DB D B 5 U 72 BRI B 7 i PR EEHERS 2k L
HEHIHALEMEEMEEZ DIND, BUKMEETHD N-AFAT 2 ) AR = 5 VR
FURBEANTDLHZ LT, DFEEROBAKERBEINL, 2 X 2B LM E ok
78 Craxe AUC D[] & W o I HEIHE T 10 7 7 A L DUWEITORN > T- EHEE L TV 5,

BBIZZNETOMAERA L, RORIE, EHEONRT 20 L nibEWsE R4
72, UNLICKERIEZE A LIALEYW 6 ~D 1-N{Z, 17, 9-N-(4-7 = / F - V)
DRI D73 T WO BEHEE O Feiifl 24T > 7o, BHEEOROEIZ S 720 | f A RIS E O
T OIIINEEME DR T RA N T B &5 2 1-NAL UL A~DOWMEE RERL DB A 2 3k A 7228,
L&Y 5 OBA LRI BIFENMET L. 230D OENL~OMNEE EEE 0B XA
THDHI Engmolz, —FH T, N-(4-7 = /) F -2 VWD KRGO ST AL TR
REENTARTH Y, flx OBEBIELEREZIT IR, IR FVEZEAN LAY 85a
ZRMTICE -7,

ZOfbEY 85a IFFEF ITHRWEL HIVIEMEZFF > TBYD . Ty b, 4 X, FCRAERE
L7eBR O MR EEDS . HUHIV IEMED 1Cq A K] E[E1 Y | BRIRIZE W T H IR 2%
T2 eI ENAIbEMTHD, £z, ZAIMED L AE W60 HIV 15T
DOFHIIZ BT S IEF I TROEFEIHIER 2R~ L TR Y . AN ERE HBL O 72 HBEF O
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IREEAER, 7 rT7 7 —EBHEANES THLIGAICLANTHHZ LR THRIND,
EBIZERNY B R TH D hMIP-lo D T~k % /= CCR5 & OfABLEFEBR LV |
Z LA CCRE IR T D Z LIC Ko TR ZHIE L TWH Z & F£72 hMIP-1o O
faifE A EH 2 BT D RERN/E LN LD, HIV BYEREIKE LTRET T, %
FEGGEINHIF & L CORREM DI TX 5 Z LAVRIB SN T & 72, L4 Tl GPCR,
Fr—8, A ATy RNEOE =Ty MERAICKHT 2IEFPEILRIFTH Y . BT
% FEMERER TIE 100 mg/kg AR G- OSEICHB N TS, FRCEEBRENREZ RS 2 o7, B
Fo®REZRE 2. Z0LAW 8a ZHELEHE L TRIRL-(BHBEE S
ONO-4128/Apraviroc),

ONO-4128 (85a) (% A Bk OO Phase2 ik TAIDSEA ~DF LI L 0 AE LA 4287
ZENHFEICAR Y . BE TORRICIERICHEN SN T0 T L LA LA D, Phase 2
#% 11385 M O'Phase 3 3ABRIZIBVN T, ONO-4128 (85a)#% 5-12 L 2 BN 7E T & AWV K
BT REME R LI BN AR AL, BUEIZBRE T IEICE > TWD, 2 ORRAEMER
FHESIEREROBERBR TIITHETERVWLOTH Y, FARRKOBREIT7208, K2
JRIK 2 FFE T & TWRW, fRAWRINPER 47 Tlhenizh—H Y72 ) o585 600-800mg
EFEEITE L, REHLE TH D IFIRICEER Do T O TIE Ry End T ERFIFD—
DL LTTPHTELZ 0D, BAWINMED R4F72CCRS PLEAIDRIHRAFIE 2 fikie L T1T-
Tn5,

5-2. BELFERELE

ZAVE TITHE STV 5 CCRS [HEAI ORE D—Ei & Figure 5.2 12~ Lz, Efi&itT
WA AEA I Pfizertt o> Maraviroc (108)° D A T % A3, £ DA IZE I #E 5 7)» & TAK-779 (109)°,
TAK-220 (110)*. TAK-652 (111)°. Shering-Ploughtt: (EiMercktt)s» & SCH-351125 (112)°,
Vicriviroc (113) 72 E 8BS A T — I s > T %, F7-Merckth:(114)307 2 + 5 ¥ x4 4
(115)°%5: 7> & % D CCRS PLEFIA SR E ST\ 5,
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Figure5.2 BE%&10 CCRS5 FREH|

F%fkﬁvf M 0u

108 Maraviroc 109 TAK-779 o
. [
Pr
/
110 TAK-220 111 TAK- 652 ~ />
o N
/O\

Brmb %ﬁ

X N\ _
112 SCH-351125,
(:f\/§%c>
N\N

) o}
)K/N
A F F

114 Merck ~ > 115 AZD-5672

113 Vicriviroc %/

CCR5 (X 7 B @M DG H /7 WEBZRKTHY . 7 DOREEEE (TM ;
Transmembrane) & flifiushaEdk (ECL : Extracellular loop) 7>5 725, Figure5.2 (27~ L7z BEAN
LB B EMED(LAEM TH Y | FEER I KT TR LI A FE 1 &£ CCR5
DTMT \ZAFAET 5 283 FH D/ V2 I U (G LHAEMEMT 5 2 & CTHUEFRME2 %5
LTWAETPHRENTNS Y, Zhics L. ONO-4128 [Z—> D4y FPICHIENMED 37 3
v EBNR R E AT D MENESY T Y . CCRS & DA A AER DM (2 FEH I BLIE)S
Fr-nb,

LFEFFEE CTh > TR b D 7 NV—71%, BRHTOFER, kT v a R7 Y o Offdh
WEaT o FL— e LEERER Y —T L2 W a s B a—F—FF ) 7 Z24T0,
ONO-4128 (85a)/CCR5 & DA A/EM Z#Figure5.3 (TR L2 L D ICHEECTE 5 EHE L T
% 1, 72 H0ONO-4128 (ZCCR5 DIEEE N A A DFRE D —EIAFET D BUKIER 7 >
k& At L — (ECL-2) O —EBICHEA LTHY . TM4 DGy, ECL-2 D Ser'™, TM5
DOLys™, Th® 28 9-N-(4-7 = / F 2 -_RU D)DK D VR g LK EREGETGR .
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7=TML OTyr¥ . TM3 D Tyr'%®, TM7 DGIU™®, Met287 73 VLD KL & K FE RSB & TR T %
ETFHILTWD,

Figure5.3 WEOMNOLME SN TV S CCR5 & ONO-4128 (85a) & DFHAMER DT

A K191 B
G163 ' E283
C178 440 Vi
T195
{
|
O‘)/ r
- "V M287
t Y108

—J5. Merckth:s LA STV A{EAY 114 B X O Ok IR % FV 72 CCR5 4 7 5k
F— g 2L BRSO A B L NS L CUVWAGPCR Y 4 v REREk(H Blc -3 < CCR5
DSAFREEE T L2 VT, MM H IZONO-4128 (858) & DEAEE T /L ZVER L 7= f B %
Figure 5.4 2759, GPCRIZU v RER#H LIS T 2 2 L T, SIEHEENELT 5 Z &R
HHNTEY, SEEEDOH LN/ > TWHIRIF/2GPCRTH 5 1 RV L v DL
Mo, VA RERWT 52 & TET HIEMHEER OGPCRIEE 2 Tl L 72 & D A3GPCR Y
T RRER T D, ZORETIIGNS XY DU BOREHFFLMAEMEALTEHY .,
ETT NERTDUERD 2 ND TR =V DIEFRIEAT VN OKEER & 53 NKFERES
THEEBIT, TP L AER-AETK L, SHICVF7 FERT I UVBOL 9 DD H LR
ZVOREER T IITYr® L OAERFBE L TWD Z ERTHIENTZ, RS DA TCCRS &
EHE KBRS Z TR L TV 7-0ONO-4128 (85a) 47 1-N D 9-NALANED 7 /LR VERIE, HilZ
SRV EAERIERF 729, MR E WA Ty FOHFITHE > TWH Z ENTRISN T, il
JBE D OHEA) EME AT - 2B EIRET VOSSR (B) & Figure 5.5 |2kl L TR L7,
(BYDZEH & O THIFEFIZ(A) & ik L, CCR5 @ X VIRV EITALENLE L TWD I &
DM 2%
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Figure54 GPCR U Wy FERERRIIZE SV TFHI L 7= CCR5 & ONO-4128 (85a) & DFH
GL‘.I;QS

HIER#K

Figure55 CCR5 & ONO-4128 (85a) DfEAHE=

(A) : RSP DA STV D THIKE R
(B) : GPCR U 77 & REEFHARGRAZ He D 7o TR R

W5 2~4 B CR LT MEETEMERIBI Tl 9o B Y D U BR D 2 FE R 7% CCRS #s A PRLETE
PEIZIIMETH D Z &, Fiz UNOKBENEER FICFS LA L, 5121 9-N
ALRIGITIT SR E T, PR E REBREL LA IND T ERbhroTWnD, Thb
DOREETEVARBIIC B 2 15 HIT%EHE S D Figure 5.5 (B)D FlliE R 2 X4+ 5H D TH 5,
EEIZIHTNOFEAERX L FHITH Y, EHLORELWA, FRI3B O ARERNFET
B DM OWTIE, CCRS ZARE L ONO-4128 (85a) & D ALfs AL D X BRHEEMEHT S R &
RCHEBr& 2 0ERH D EEZTND, L LARRLAFE TRV &2 CCR5 BHEH
ONO-4128 (85a)i%., Z 4L E THIHI TV 5 CCR5 PLEHI & 1T E 72 - - B RE N TR R I E
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IR EIZ R LTV, fid CCRS FHEH &1L 28l BEA/EM %4 LT CCR5 %
FHEL TS Z ENTRTE S, 2O LITFEAIMMEDOREL L3 0t HIV 38 LTIk
WICHENE 27077 AL TH Y, Hii=72 CCRE BLEANC L HH1 HIV EBR OS2 5
ZENHIRFTE D,
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BiE

Kim LT 2B 2 52 TS0 EERICY720 GERTHE & TEEL2 0
D E LA TRRFERTGE AmEeatsest Aatgeeb 55 A A eeptse=s )l
R BIRIHEA T OEELR L ET,

AMFFEIT/ N HE S T ERR A KR IEAT IC B W TITOINLZ b D TH D £3°, AMFIE
DR EH 2 T IEEWE Lz, NI TEERRSHE REEGHRALE AN K

CHIRF) . WFFEARER R ERROT B CYRE) IZEREEHW T LET,

AWFFEOHEREIC 720 | BERITRE, ZHEE2WEEE L FHIEN it &k
R EE T R EEICEHN T LRSS

Befrmm SAERIC Y720 RIS O THRE, ZHhEL2WEEEE L AR it
IZEHN T2 L ET,

KR ZHED DHITHT20 |, FEROEGHK, ARHRIEDORREEZIT>TFIWE L7 L=
o A—BRK, J1 AR IR, Sl K, ROKER K, P K. AHEBES K,
N NI SR A % LAY Al D= i

BRI Z LT\ e 72 & F LRI o, ZHAH K, I K RBBOY K,
RIS RITEGH W2 LE T,

HRERHIZ L CWeZE L LA HIRR K, @R RIESHN L ET,

T HIV JEVEOFHITZ L TV o2& £ LTZREAR R P RTFRE AmBEarses MRS 2
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