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APP 7 IuA REiMAEAE amyloid precursor protein
aq. KR aqueous solution

BF FIT b o JEE S basal forebrain

Boc tert-7 R X B IVIR =V FE tert-butoxycarbonyl group
BP IR R breakdown product

Cbz RNV FF IR =S benzyloxycarbonyl group
CDK5 %A 7 VU AKX F—E S cyclin-dependent kinase 5
Cys VATA cysteine

DBU Y7¥rvyrsuayrskyr 1,8-diazabicyclo[5.4.0Jundec-7-ene
DMF U AFNAFRNLLT IR N,N-dimethylformamide

DMI 13-V AFN2-4 XYY 1,3-dimethyl- 2-imidazolidinone

DMSO T AFILANLFEFT R dimethyl sulfoxide

DSC TR BEE differential scanning calorimeter
EDTA ==F L U7 2 v UEERE ethylenediaminetetraacetic acid
eq. M equivalent

Gln TNE I glutamine

Gly TV glycine

HMPA ~FHAFLUUENUT7 IR hexamethylphosphoric triamide

HPLC @®EKEI v~ 774 high performance liquid chromatography
hr IR hour

1Csg 50%PH. R half maximal inhibitory concentration

ip e - intraperitoneal injection

KA A =W kainic acid
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CrunrTe hoTEZ—AASIZERT N VAEEHSEE, e hUE L TR
BN TRIGEEIET S Z LIk 1 TRTARTHZEbTES Y, £, 7% ML
FOGZFARICHER D IRT Z ik v, £ TIOVFILEBRIK 16 1X2 7 L LV iE R 22 ~FFiE
Ihd,

T X — ORI T b oo Amberlyst 1552 AV, 7o) o7 2 —)1 23

WHHMET AL 7 nTFnl) L 24 ~EL T LNTE S,
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X
P X
X

O. O 1)Naliquid NHs-Et,0 O
RS 2) n-Bul Bu &((CHz)eCHs

15 Y. 77% 16

1) Na, liquid NH5-Et,0
2) NH4CI
y. 85%

cS O e ><

o —m

A 70° A

14 13 18
ZnCl, \O Pﬁ

d(PPh3),

S
o o Phl
(PPh3),
\ 0._0
y. 73% /\
" ®
21

BuBr
y. 91%

o
[}
o

o
o

?ﬁ n-BulLi ?ﬁ
O0._0O HmPA Bul o.__0O
—_—
A e A
Bu —70°C Bu Bu
16 22

o. _O Amberlyst 15 H
—_————
acetone R R'

23 24

B 213> 7 nrua) FHEROE L

T L EREZ AR T 2720121E, v 7 e 7a) VRA~OERILE LT
F K=y NEBATLHEEFHTICERZTINER D72 v raT ) ViEhiE T
2RO CRMNZEAT HITIE, a7 2/ TATE RaDvrnara) o7 d—é
JBFREED 12 M NIUZR W E B X e, —RIC a-7 2/ T AT e ROBAR=/L afiLid
il 72 h i ALINLT VO T, RO LS IZ—BAERSEY FU LRE L HEEOR &

U0 DA L R A S TS 2 AT,



Thbb, vrurus) 74— 1% % TMEDA f74£ F TV F A4 kL, kL
U v LAD THE BEIEZTINL Tkt Y v At SR Lz 7, Bonizt ) ook
o T X/ TNT e RNRHER28 LGRS ETL 2A TAa—29DTT AT LA
BWEBDZENTER T, INLOSEREMERKIT 'THNMRIZE Y 85: 15725 70:30 TH
52 ENBIR Sz (VAL ORI STARELE DR EE p30 TikR%),

I, BFEMICIIRE 21T o7, £, Whiled 2 WIEAHERE 2 /EH S SR 2 me ke
ECT X — NV EBRE LTz, KRIT 1 HEO b IVEE—/KFIY & T2 s Rl O Sl 4 BOG S
N-Boc J:Z ifRa# L, b LEeHE % 72 (31T 30a,30b & L7z, R”ZS7T U —LEEDBA 1
LEOKFE T TIMBER- VA ARG AN SE L &7 82— B L Boc Ok
FEDNRIRFIZHETT L 72,

A VUHER3 L, TIVIODOVT AT VHIREMED D v 7Y U T ROGITLL T O
WBOATV, B 32a,32b 25k L7, T72bb, nA Y UEEER3 2 R 2 F AT 3
VE T 7 ma XA Y T FUTIEM L, AR LTCIRGREAMEZT I 30 DT AT
VARG E RS S AR 32a,32b & L7z, ZOEETHS O0obE&mid ) 7

NI L v~ NI TT 4= KO SRBEMERE BT D5 Z N TE T,
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R1
- S
1) n-BuLi, TMEDA, THF oc R O
o__O - 28 O 1
A 2) CeCls, THF BocNH R?
OH
1

@)

R2
29a + 29b (70:30 ~ 85: 15)

1) 0.05 M H,SO,, ACOEt—H,0 or 0.1 M HCI, AcOEt— H20 Hxe HzN/K(A

2) p-TsOH+H,0, CH,Cl, or 3 M HCI, dioxane
)P 20, CHCl, ma+wb

o
OV N\)J\OH i-BUOCOCI 303 * 3°b OV N 1 2
H
Y EtsN, CH2CI2 \f OH

31 32a + 32b

B 2.14 5551 L2 [HEED — iR ER0L— b

4, vruru) UBEROBEBILRR

RFLYNC A SNRP O BEEHIAIIE L OBAD VT AT LARSHIL, m-B L34
U BREIEMEDICs N E N EH0.50 pM, 0.81 uMEFRWNE D TH 7= (F22) 28, HIVEF3
H KT 580 A1 R =H, 14) IZBWICARLETHY . KEARBPKNEETH -
770 T2 T BRPEUENLZE TH D m-I V31 U REENZ R LA A YRR T 5720

FO2TRTIY 7 v T u ) CBROBHER O R A BRE LT,
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SUVEE.
O\H/N\a)J\H 1 "
o] Y OH

2.2 (LAY 32D m-h LS A UPEE 32

& R' R? ICso (UM) (1'S) : (1'R)*
33a, 33b CH(CH,), H 0.50 7:3
34a, 34b CH,CH,CH,CH; H 0.81 8:2
35a, 35b CH,CH,CH,CH; CH; 40.0 6:4
36a, 36b CH,CH,CH,CH; CH,CH(CHy), >200 6:4
37a CH,CH,CH,CHj; (Z)-1-Hexenyl 56.0 1'8)°
38a CH(CHy), Phenyl 1.62 (1'S)°
38b CH(CHj3), Phenyl 3.25 (1I'R)°
39a, 39b CH,CH,CH,CH; Phenyl 2.70 7:3
40a CH(CHy), 4-F-Phenyl 1.51 (1'S)°
40b CH(CH,), 4-F-Phenyl 7.00 ('R
41a, 41b CH,CH,CH,CH; 2-Me-Phenyl 29.0 7:3
42a, 42b CH,CH,CH,CHj; 5-Trimethylsilyl-2-thienyl 11.0 7:3

NMRIZ & 0 IRIE, XM S MERENTIC L 0 IRET, A INSUG O SLASRME & 0 HE 7

RICT L LB A RO (A35a, 35bDIRAYE L (1364, 36bOIRAMITENER
ST 2 AR RN E Th > 7278, ZOm-A V3o L PETEE I E K33, 33bD
B LUV34a, 3dbDIREY) & B LIRD THH WD Th o7, LrL, 7 rra~)
VER &R L TV DH K = L iEHR3Ta, STObDIR AL, SARBIIZ LV /& 7236a, 36b
DIEEW &0 HETEMER TR > T2, £To, HEKE#RKRDO38a ~ 42a, 42biT, LIERIC
bbb G Yaa, MbDIRG Y A k& RAFREIEIEZ R LT,
EREOMEFEOBBRIRNIC L DI OV TIE, BTAERE L ORI R OB
MBRD KD ITERZIToT2, FE DT, BREEEFEEORIUCW Ty 7 nrry
BO7a M AICEVAELDE Fadv v ruraX=y A F 4 an EE R fkE & R
T EVWIEARE L TV, B ReXxo v raraX=y b T4 ORERIZR L,
TVRVERUELC X D E GO FHESRN T E

TREHILC L ondE IR LY
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HETHLZENRESNTHHZ L, BEOUn-Faeryrara) viny 7=
Ly aTasl ) TR )RR LB EE TS L TV LERIKD S R
WA EEEZ R L THRWEZZ OND, LLRNRL, TAFVEBEEOHEEM I
FEBREBRLEL V<, v/ e T a) VBROBEREOE TR TR EEE TR
WeEz bk,

WIZy 7 a T aR=g WA F A DG XD LET DN TER LT, {LE38ak &
U38bD T 7 L) VERENVBUVERO I T ¢ A— g iE, 38 B XS
2 TR Ry P/ A= A=AV AiF S N Q0N b /R =)= A R /A= =20
VROBE LRBRICIFHTEE TH D T ENDDD | BROEIBZE(LOMERDH D EEZ BN
Do —J7. ALEWM A, MbDIREWNTIIT DIEVEFREE DWEGIIT, R B BEROA /L MLIZ A
FNEEET LN B UBET 7 ral) VEPNEEMER RS 2 LR TE LD
LEADWD LIz Z Lick b efiggasnsg, bkokric, 7V —nHKickdvrurnm
Ny AN FF L OHEREADFIEEICRESFLELTNDLIbDEEZ LD,

DBEORBFNIRWT, 7 a7 VEOBEHIERN T, (LAY O m O BLERME & Ak

RO ENEEZE L 7 = = VAR LT,

5. UNLOMERNARRLE & <7 F F=v b Ok

o7 2 ) TTE RNEERA~DI 24N L 0 AU =0T 2T L ARAY32a, 32bD1
REDSTARBPEARDSEEITH U CINEETH - 72208, R'BA VY 7 u e AEoBE&ICIiE. 2D
TGNHT LT a~x T TT7 4= TCHEBNES IS 2 2 L TE T, ~A T —7p 8k
{4380 1"AL Ol ek 37 (AP 1 B i XA AT I Z W (IR TH B LIRE ST D™, &

ATRTIY . MFTLTTRTOFr =228 T, I'S)-KIE (I'R-AEL V. 2~ i5FHES
PEDSFRDN o T2,

F7o. B YW38ak L UBBbDOMD L AT A T T T —EBOAEEEZR23ICE L DT,

(1'S)-1538alx/ /A >, BT T B, BT T LT LIWEEE 2R Lz, —7.
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(1'R)-{K38bIEH T 7L VBB LOW T 7 U La i BE LA, 731 o L CoRLE
BT o T, ZORERND 73031 OB AL O KERIE D SR LR I H 12 B
THDHZENNND, Tt 7 AOBEROREEEZRET 5 &, 38aizt ) 7T
T—E (hnrerMeh 77y G, TARGX U@ T T —8 (BT 7 DY)
Z100 MO EFRE THHE LW ERHAL NI -T2, - T, 20— #HOILEY

B2 AT A o T T —EORERTHA LHEEIND,

2.3 {t&38ak L UB8bD v AT A v uTF 7T — O EE

ek 38a Ké;ob(uM) 38b /38a
m-J VoA 2 1.62 3.25 2.01
VAV 0.054 22 407
BT B 0.71 0.044 0.06
VA A b 0.00086 0.0013 1.52

1Ty MME VRS PSP L RS, o L v RS, 4T o R Y RS

LEWB2D TIN5 L ~OFEETA MIFHTH 7208, RIBEEEDOSNITHEE L, 7
AV ABEMNSALITHE ST D LHE L TWD, ZOMGAMRGET 272012, R24T7T 8
D ALAWA3ITEB T HR O BEHIES R 2 BE LT,

BB, vraTaR ) CEENINANSA RS D WIIAR AR EE LTV D IS

DVWTIE, FIEF2HICEE LT,
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2.4 {tE43a0 L ETENE 43a

fean R ST P P
44a CH, 48.0 229
a5a CH(CHy), 8.20 9.45
a6a CH,CH(CH), 210 29.0
47a CH,Ph 16.2 > 100

BEt L4 OBHBED YL 4 VT FAHE (04 2Y) Bm-b A A oxt L Cch il
WIHEEME R Lic, DA, E, PALO O A VBB L TWAHZ ERMHNTEY
leupeptinZs #7 /L2 A U BHEFIAPATIC B A ¥ LV BB T HILEMNRREIF SN TNDE T, —H,
BT T UBICHT BRLEEML. mo b o v LR B A S TV,

VL EDFERNG | AL EW323 L U3aD iR ~ DG A M, H215IRT@EY | S,
I3 7 BAF I AFUEB IO DL R 25, SI2A Y 7Frendd R 23,
SicA YT F L R xS EHREND, 2-7 2=y s al) TR00(1-
EREFUAFUN)I-T = nTal) ROy s T a ) EERIT
200 uMD EVREE CHHEIEEZ R I RN &0 D, XTI F Ra=y FOBEEEITHS

NTHD,

BRIRETFOY

B2. 15 PREIEOE AR OHEE
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F7o. VNEOKIEHAIZ DWW TR, BERAFEEICEE L T\ D 2 b2 DN ER L UYL
RN DEERBURIZ BT 2BBIRRET 1 7122 > TWH DT RW e E R, £ T,
BN VLD KR IEDERRIZ DWW TRES L7 (L EMB201-7 & b & ARIZIZ L FTEMED TR
DoRnole, £lo, -7 MEOGRE S E S ERFIETHAATZN, B FaFx i L
O3 Y B DU BUSIZ BTN KRR F D37 2 T2 DI BRSBTS 2 £ & 2
DL, EILRroTe, ZDTs, 2-3 A FL{K48a, 48b DRt L UVKEE I 2 Wk L
72 1= MMA49Z% [X2. 16106 WAk L 7=, 48a, 48bDIRAY DRLETRIEIXK 2172 R~T3E Y |
2N DEHIEN R DT DIAFIEVEIXT < . 49D A FIEVEIZ48a, 48bDIEAEW L D S 51T
LTz, 5o T REDKEEFE I Im-T L3 o DL EEMEIC EE B 2 R LT b &

A L7,
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OH .
H N></OH Boc,0O BocHl\></ PY-S0s BocHl\><CHO
2 E—— E——

51 52
50 EtsN Et;N
THE Quant. Dl\3/ISO y. 45%

Pﬁ 1) n-BuLi, TMEDA, THF, 70 °C c?i 4M AcOEt, Et,O
0__0 X
A 2) CeCls, THF BocNH . 1%
3) 52 :
y. 64% OH
21 53
—_—  —— )

(@]
/N
HCle H,N
OH O\/
54
(@]
Y EtsN, CH.Cl, vy, 64%
31

O
O
H A (COClI),, DMSO, CH,Cl,
O\/O\H/ N \)J\ Et;N
Y
o \‘/ OH y. 52%

o]
H 54
(0] N i-B |
\ﬂ/ \_)J\ OH i-BuOCOC Et,N

48a + 48b
o)
O\/ N i A
O\H/N\:)J\N
o] '\‘/H o)
49

®2.16 {L&5%48a, 48bDiEA Wt L UMID G AL

48a, 48b: X = H, Y = OH; ICs, = 42.0 pM
49: X, Y = (=0); ICs, > 100 uM

B2.17 {h5%48a, 48bDIEEW I L TUA9Dm-T1 v/ A o FETEM:
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PLED#ERNS, OXFF Ra=y MZOWTIE, BEEEEOBS L VRICA VT F
JVHE A BEFROHEENER X OIS L 0 248 U A UL NERBMER D43 BEO#LS X v R
WA Y 7T aENVEEEBRIRL, oA - votE&EicigkEb Lz, £72. I'V.ORERT

Db SEARELE (2 DU T (S)- R & 3R L 7=,

6. 7 X/ EHILOLEM
Wiz, a7 at) UiEEk55a DT X K EOBEBIE ROV T, X 2,14 IZHEV A
HTHR LY 7 BTyl A hX U AVR VB L ORIV A X H R = VD
fitl, X218 DFETARLET I, 2R VB L OO 7 V2% LR =)L 1

DALEMIZONWTHE Lz (F25) Y,

-BuOCOC!  30a + 30b (R' = isopropyl, R? = Ph)

EtsN
Boc-leusH,0 3—» —Et'iN—>
56 CH2C|2

(0]
BocNH\)J\N
\‘/H OH

57a
4 MHCI
57a
EtOH
RCI, EtzN
CH,Cl,

B 2.18 {L&% 55a DG AL
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£2.5 73 EHILR O

=X R* B R (%) ICsy (UM)
T
59a Q{ 81 6.8
(@]
/N
60a X | 84 1.3
(0]
/1
61a o) 84 0.88
(e}
62a % 80 1.50
O
63a @0 77 0.63
T

A VIR =)V EE

9
2a = 64 035
(6]

(0]
64a I 41 0.85
6
Loy g
65a Q L. 84 0.46
6
N \ 1]
66a /s 91 0.24
— (0]
6]

67a @ﬂ}sl’\. 66 0.44

TN axTH R =V

Qar

68a" I 57 1.7
-HCI
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“68a DA TRLOMEY G LTZ

N/ OH disuccinimidyl carbonate, EtzN
4 M HCI-AcOEt
58a > » 68a

CH,Cl,

ZORER, £ 25T HEV LAY 2a B L O 66a IZHEILTZ in vitro TEVEN RO BTz, 1k
£ 66a i 2alZtb L logP 7323 76 1.9 ITAKJH L TH Y | KEMELHIE LT=E 2 A, 1k
A 2a (0011 mg/ml) @ 17f% (0.19 mg/ml) KIEFRENRE EL TV (26), Ak

\ZAbA%) 2a (BDA-410)% Bl Emifb A & L CGRIR LT,

£ 2.6 LA 2a (BDA-410), 66a D /KIEMRE X X O logP

{b&% 2a {bA %) 66a
TG 0.011 mg/ ml 0.19 mg/ ml
logP (HPLC %) 23 1.9

F72. BDA410 2O\ TH Bigifh X BEIEART 21TV, b 22« N o OffEf L IREL

& & DO B 1V OX AR E R 1'S) Th 5 2 & LR LTz,

7. £i0

HMEN Ca® B E D EFIC X 0 IR L L, MRRZEMREZIZ U O &£ 75 %< OFFHEBSIC
BGLTWDEBRLNDWNANA L AERS =0 M, FERORRENE 21T -
7oo HEIZ, EE O IE Nixon LDRREBT 57 VY A~ —BERHED T V734 ARG H
V. ZOTR; - IBFREDOBRFE L AR LT,

BEFED TN CFEFRTOT IS Bl ALFRIRLEN, RN TOREMEFIZHE
WAV ZNE CTEALIZESTWRY, 22 TInFTIhnalfiLnart” Mok
LIERORIFEZ BEE Lc, BARICIEZ, 7 uermx) VEBA T b UoiREB LUK

BIAIDSTZODILERIME 26T 5 Z LI H L, RIS Z OFE 0 IR R BETAL D SH
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CMVHEMERT 2 2 L0 K0 WA ARHERR L e D T LA WITE Lo, Eo, EBERIEMET
DOFRME & RFEE OMAMERIZIEZ, BERONTTF FFERTH 2 EILOMEET R A TG
HATrz L& L,

it LIZBHEEOEGRIZOWTIE, 7 uraxX) 72— LOeRiR#EE o7 X/
TNATE R NRERIC 12N SE 28O0 L, TR, Sistsf 35027
A FuTF T —BHERE A LZ, v ru7a) Ui ok LT, EHER
S MEAMOREIEDBRNG 7 = = )ViEHILE | BERO SINLE OREET 57 I ke L
CPRLFIENE & SR RIER BB N O N V& SALERAETHT I /e LTr Ay
VAR Uz, URLOKEEZEIZ(R) RITHA(S) RIZ L0 RO HEEMED GO bz,

S5, T EEDOEBRILIZONWT, TV, ANKR= Vi Tvaki i =
NIRRT L, ANVKR=NVEEGT HI6EW 2a 2 BG4I LAY BDA-410 & LTIk L

776
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BNE JRTAr7nT7—EHERRREM(LEY BDA-410 DIERBEF & ABE M
1. ¥
ARETIL, BIE TREE - Bk L7 BT AL &% BDA-410 DOREHEEE ORI L UNERIR
PEIZ DWW TRRFT L7,
¥, BRFEMBEAILE Y BDA-410 13, FEERIFZERTIS X OSMBOWIFEREB CT7 Ly A~ —
RERAIEDM, ~Z V7 YA hr 7 4 —%Ofx OBWET VTRl S i, BRAFR3E

HIERARHE SN TR ¥ KEE4HEICHHEE LTER L,

2. BDA-410 ® m-1 /L34 2%F 9 5 BLERERE L OSR MO Mgt
BDA—410Dm-H /L3 A AR B E A = XL 5 720 AL E38a% £ 7 1L

G & L THOM- B V81 %S % Lineweaver-Burk 7 7 v b & H{EICTERR L2, 728,
m-71 VS A v DRFEEEIL, GAE (Suc-Leu-Leu-Val-Tyr-MCA, MCA =
4-methylcoumaryl-7-amide) % A\, SCHRFDHEL O T ENCHREONIE Lz, m-B L 3o ATk
HALEW38ad L EIIHEHILETH VD . KfEIF0.50 £0.126 yM T o 72, F72. 731 T
X L CHRBRICHPIRE CH Y | KAEIZ0.055+0.229 yMTH - 72,

vrmras) CBRORIEEBET D &, BERE NI E L TV DRSS
2B, ZOREHLNNIT H72OBDA-410DET MLEY & LC38ak L UN39% AWV LA T
DEREATS 127, mI NS AT DIEA D = R BB T D120, m-Tr3f
B RAE (Suc-Leu-Leu-Val-Tyr-MCA) 3 L OPHEZITHEAL Lo 7 K& Z @i EE TS5 ~ 20
SRA F 2= R U, WAV T A% L — X — T HEDTA% N 2 BESE O UG & f&0E L
Too WRITBOGNERIR 2 AR MR CAIR L, AL Lo 0 A L GRUUEVE 2R BN 2 FEERERE &
ML LR TE T D RERIEE 2 JE Uiz, RATMER & L CTBN TV BE-647 281
2= g U ELE U TR D BERTE RS D LoDzt L, (ba 39D YT A7

VAIREWE, BT DRGSR LB L Lie o Te, BLED Z LD EW
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39D T AT VAIRAWIIm-TI N R A L ORWIHHEEKRTH Y . Flo. FREROFEBR LS

W38ab Wi EK TH -7,

O T IZBHR B LG4 BDA-410 OREFRIERME A2 #FT L 72, BDA-410 (X, T /1 3o %%
WRANZPHE (B3 > Ki=130nM, m-H /L2831 > ; K; =630nM) L, T 7L B
(ICso =16 uM) 1T L GEIRBAEIEM 2 A L1z, £72, VAT A 7T aT7 7 —ELSO
% (B o7 aT77—F: hrrEL;ICs> 100 uM « 7722 G; ICso > 100pM, 7 A
NRIXUERTaT T —X : BT 72 D;1Cs=91.2 uM) OFLERMEIMRD TH WL O TH

-7 (F3.1),

3% 3.1 BDA-410 OFEFEH EEME

bar| =3 P [ER==SE S
VATArTaT T —8 p-A L8 A 7 & PRIMER K;=130 naM
m-7 )L NA 7 2 g K; =630 nM
HF 7B 7 ik ICso =16 uM
vV rFurr— (NI e v i ICso > 100 uM
ATT G [SNTETIIRE ICso > 100uM
TANRGXUERTaT 7 —1 BT 7D v NMF IC5o=91.2 uM

3. (i) BDA-410 O in vivo HEHLFFAT

BDA-410 [IHFER T, A = MIMENEGIC K DWE 7 + BV o fmsil e s X
OPREHIRRFEINHI R AL A £ 7 S8 1 B SZBERRESUS DY in vivo 2 CRFAf &
ni %,

T NA = —IRERHYEE 7 /WS T D RIC OV T, APP/PSI X7V T ATV =
=y 7= RAEAVIHERE RS, @GS TnD Y,

BDA-410 |%, —fixatEakiR, fearraliR, v T HEsR I c v T etk Eo MBI

TR Ry AWAS Nl
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4. FL®

PIFEEA LS BDA-410 (I L A 2 BIRWICHE L, AT A 7 a7 7 —8ThH
LHT T BICK LIREEEZA L, B T nT77r—8, 7TARTF BT n
TT—RBEVATA T T T =B LS OBER OILEEMEIIMD TH NS D TH -7z,

DEIZ, AN KT DEERIAERR A RF Lo L 25, o il E
HLHZEBHLNIe T, Flo, MIENTOEFE A =X AZDONTIE, BASA D
JE~ DT 2 PHET 5 /EH B L OVEMR T V8o o G E A 2 34 2 15 2 0f8
FFoOZ LWL T,

F 72, BDA410 IR AHE TN D I VoA VHEIEEZ R L, TV o ~ —HIEH

JEET N THZ THo -2 L2z, et EOREL RniZESn/ihoTz,
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WIVE  BEREMLAY BDA410 DERARIEDHRR
1. ¥

EH L. I BEML S BDA-410 2a O &R BRI K OB & T 2729, *
07T MR — )L COEMIEDRIITETF LT,
RBREKFOERIEZK 4117 T, T vR VBT FALT0 %27 = =V vl
R71 LA L, TRAE 72 20K L C7 =47 & o 73 (REWHIFEEIIZEE . $5E
FTH 3604 5. M) L L, AEERETo, 2ok, B{EALT7 Yzl ~»
Uik b L, SN anr v T4 E T v 4 — AL LT B X —)L 75 15 H L
oo SHIETEE—=ATSD3(A2T7rLELT0 LY 3 TRICTY el horT®2—L
76 & L7 IRICTOIZIEIEAT =T HF M) AT I REEHIETT7 == Vi 7 o
Tu) 7w —n21 L Lic, BEPREE21 2 n-7 TV F U LD UF UL
ML TEY v AL AR S, o7 I/ T AT e RTT NS, B E 1T A
ryma~ 777 4 — TR LT 78a, 78b DIRGY A 157-, 78a, 78b 4 il L LK 79a,
79b DIRGM & L2, Boc-mA v —/KFH) 56 Lt LT L7 v~ b 7T 7 4 —Th
T HZ LTk 57a & L7z, 57a & lifRiE LIEIEM 58a & L=, XU B ALR=L
7m Y R80FZERSEDZ LTk B Th 2 BAFIEHI{L-A% BDA-410 2a %157,
KEGHIZH T TE, LG 73 ORIEE, (LEW 76 25 21 ~DUG TOWRIKT >
F=TRBEEOMM, BRI EREEPHEIE 21 O £ OFINRIGIZEIT % 78a, 78b
DT AT VAERMEALGY 21,78a,5Ta DI T A7 a~ N 7T 7 4 —TCTOER EDOif
iR oTeled, T b2 UE « BT 2 EMANRERIENLETH T,

FBRE L~V TORERMREIEL LR, BRSO 720 7w & A Et
T S BICBUEDREH M T DL, BB O 6 X ORI IRNNIER & Forifk L TERMP

RARRIERENL L, 10 TR TH T kg DR A2 42 Z LIZRZI L T\ 5,
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o o o
CO,Et Mg & H,S04 o SO,Cl,
< > EtO — —_—
AcOH CH,Cl,

CO,Et Et,O

? THE 07 “OEt H,0 cl
70 72 y. 89% 73 74

neopentylglycol ?ﬁ ?ﬁ

p-TSOH-H,0 0,0 PyHBry O 0 __ NaNp
_—

toluene CHCl3 lig. NH3—Et20
y. 66% from 73 y. 61%
75
0.0 n-BuLi o
/\ TMEDA  CeCly  Boc-valinal 77 O o} 4M HCI A
THF THF y. 72% BocNH A ACOEt
-70°C (75 : 25) oc y. 94% HCI &
21 78a + 78b 79a + 79b
iBuococl  79a+79b column o
BoceusH-0 EtsN Et;N chromatography BocHN\)k
oc-leus - - - : :
56 2 CH,Cl, diastereomer : H OH
separation \r
y. 63%

o) sozu
HCl+ H,N
4 MHCI : ka : O Et3N
EtOH S OH
CH,Cl,
y. 99% y. 64%
58a

B 4.1 BRERAKRF OB TTiE

2. MRIKT =T WA RBEEY D A RUE D BT

INET, Za=v@HRS 7 a7 =L 21 1%, WIKT =T ARBEHC A
W, g, o-Pna s b TR —US F R AT R REEASEERLTWEY, 2ok
T, WIAT B =T OB RO AR B BN BETH Y | F IR ORI D
WIKT =T ZBEEFCHMT2M0ERSH 72, TZ T, EELIE 7 == VEHRY 7 0

Ta) o7 s — 21 OfERAERIEEBE LT,
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HREWEE LT, M421RTHY 7= T by 73 L0 3BEETERIGICH IS
Dalr N TR A=V T6 BIEAR, 7= TR by T3E, HEATF LR
DEALANT VI KD XD T mfb S, Febhic a-7 a iy b T4, 87
MV ZVR U BEDOIFAE T RV R IEETE Uil E O Pl KERIEIC L 0 kS92 7
XN TSICEBR LT, TO%T LT B X —)L T5 27 aa iV AHRTE Y U= A
Tu I R T e I REMZNEGER L, 7 17 MU L7AbEY) 76 % 3 Bep il 66% DI
T3, AT D RALKIE CRUSRBIBIESAFIZ 20 T8 4 — VO RRNEZ D70, 7

7 2LV ADONIEGERZ X 0 BRI BAbKEE 2 RIMTBRE LT,

neopentylglycol % %

_SOCl, _pTsOH O. O PyHBr; o. O
CHZC|2 toluene CHCl3

reflux cl reflux

()
73 75 y. 66% from 73

B 4.2 HEDE 76 DERK

TUE=THF U T LT I REAWD LSO T & X —/L 76 DEALSME AT 5
7o, flix O A EH S ¢ 72, THF 1, DBU, 7 MU DU LAT I R, KFE(LT U T4,
FTRITLANETR, T RITAL YT uRFY REEHIEED, BoSiTe &
1TL72inotz, 2, BT 5L OICHY 21 2387 CTHMET D72, UNRE IXEIR
LUFT1T o7z, £7z. THF # TMEDA {#1E FIZ n-7 FV U F 7 A & %\ NE DMF F1k#E (b
TRV UL ESEILE A, BMRIEEMEGEZXDDHRTH oI,

—Ji, THF H1 2 48D +BuOK Z{EA ¥ 7= L 2 A, BBREWHERZ S, T77bb, 5
LIRAWICHO Y 7 aTax) 72— 21 LJFE 76 Oft, 7% 7 — /AN
K 8IREEN TV, ZOMISHEEIZIRO X HIZHITE 5, AT, R PAANLOBLT
2R AEEZ Y | S F N SN2 BUGIZ KD BRI 82 2ERL L, 51 it & AL KR Z

V. B 21 o5, 612 T RRVRPMIIL T8I AR LIZEERD
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b (K43), BRILE82 R CTHANLEM 21 WELND LB X TRl E LT, HifEL 72
T[4 82 (2 THF H' 1 H & D -BuOK Z1EH EH 5 & 79%DHBHNR T 7 v a7
=21 03F6 N, £z, 81753 21 1Zx L -BuOK 2L CTAERR L7z Z &%, v 7
n7a~ 74X — 2112 THF H 1 Y& O +-BuOK ZEH S 5 & BAFAR IR TR
81 2157 Z LB bR ENT, ks, (I 81 ONZIRIZ OV TIL, 2,3 {70 "HNMR Off

BEBNAIHz THDHZEMD M T AKTH D L HEE LT,

o
o
O
@)
O
@)
@)

(0]

cl (A) B c
o, K e K e
Br O (@)

76 82 21 81

4.3 7H—1T76 DRIG

ERRoOETIE, B (A, BiEE (B). 0 (C) ©=FERED 72 2 RIGANERET L
TEY, RISRHECE->TINbZ ) E<HIEITE 20 TIERWVNE B R, Bl LUK
MY OWE AT -T2 Z A, £ 41ITRTIEY . BBREOEE RS Sz,

WL L T2 4 ED -BuOK %, L LT THF 2% L BSOS (B) AE-<, B
W21, PR 81 3 LOVEEL 76 DI 1:1: 1 DIRAMNE LN (entry 1), BRIOHELEL (2.6
L&) VD LAINE 81 DAHEF BT (entry 2), ICHEBEZMET L7 & 25, -BuOH
HFCIEE o 72 < BOSFHETE T (entry 3) . NMP & 5\ & DMI 2R W56, 8%
O <ERILEOE (A) BNV, FEITERIGA 82 3 K UH M 21 731G 54172 (entries 4, 5) .

feuW T IRIIAI OB OV T b IRt 24T > 72, THF HAVEIC6 LT 1 40 DMI % /]
WG, BHEID 21 OULERDS 88% & it /¥ D Ak KA #57- (entry 6), L7>L ., DMF, TMEDA

ZHAWEGA, 76 D5 FE 81 DM Ao b7 ERIFRFERIIE L 720> 7= (entries
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7,8), E£7-. &L U CTTHF & DMI O 1: 1 IBEWKEZH W56 82 & 81 N &AL

L72bDDRWEREST (entry9),

&A1 USROS

t-BuOK

AERLR %

entry VAL e wny (% &) Bt 414 76 82 21 31
1 THF 2.0 none rt, 3 hr 32 0 36 32
2 THF 2.6 none rt, 5 hr 0 0 0 100
3 -BuOH 2.0 none rt, 15 hr 100 0 0 0
4 NMP¢ 2.0 none rt, 3 hr 0 22 66 12
5 DMI 2.0 none rt, 3 hr 0 23 72 5
6 THF 2.0 DMI (1.0 eq.) rt, 1 hr 8 0 88 4
7 THF 2.0 DMF (3.0 eq.) rt, 1 hr 15 0o 72 13
8 THF 2.0 TMEDA (3.0 eq.) rt, 3 hr 21 0 40 39
9 THF-DMI 2.0 none rt, 5 hr 0 11 86 3

A TORIEE 030 mmol A&7 — L THER HNMR LV EE L RISEAMRT <lcR e

I BN R 2R LTz, T4 K 76 Z THF BLO'DMI @ 1 : 1 {REAEM T 2 4 &

? t-BuOK Z{EHI S, oA Z I 7 57 b~ 7T 7 4 —CTHET L B

L rirsuasaX) T E = 21 B 10%DNETH LN (K44), ZONERIT, #K

K7 oe2=7HF M) LT I REER SN TE O HEEI R 61% L F%ETH D,

T2 R & n-~T X DHEREET D &M AW E 40%DINRTES Z LN T

=7,

9

o OCI

Br

76

B 4.4 KK T =7 Off Ik

o0.__0O

tBuOK / THF-DMI y. 70%
NaNH,, lig. NH; -Et,0 . 61%

-
L

A

21
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3. BMICRE R EE RO KRG

RITE G G RIEIC £ 0 EE PR 21 2fEICAKRTE DL ) IChooh, ZO%E
EMEZ DSC Tt L& 2 A, 87 CTHEBAM L, AL —7HEN 126 CTTHY . FE
BEG 514) /g Thololod, RA—/VTOHABE, R, G2 TR TOIY # N IZi3R5
REEAETLZEPRALNERoT, o, Tz VEBEOBRN JuTa ) T
T4 —/L 141350 ‘CLA TN CHEALZBM L, HE L — 7R 136 C, FHEEHEILT752)/g T

HO. 21 L VEETEMEDE TIZ AL > T,

& 4.2 DSC 12 X D EEVED L

fAl FEEABH AT L HEC— 7 IR PN

X

OKO

14

2

o.__0O

54 °C 87 °C 126 °C 514J/¢g

21

9

(ONge}

>J\o/;§;\[::j 75-76 °C 106 °C 138 °C 641 /g

81

ERUT <50°C 136 °C 7521 /g

R <100/ g 72 BEEBIZR BRI AR

— ). FROBRFHEECHEESN-Y 7 a7aX) T2 —LO -7 % ) — VA
81 [T EBIARIREE 2 106 °C, B — 7R 138 °C, RE\m 64]/g L 14, 21 LT 5 &
BN RZETHDLZEDRHLMII 5T, SHIT81IETNT A FT6 1225 S ED t-BuOK

% THF HEJRICTRIG S D Z LIk ) B RIRTERESND, LLED 2 S5 81 %
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21 OFBMAE LTHWD Z &2t L, 72k, tert-7 N U ERITEWBBEL Tl
OO, 1 ICHIERAERSEAZLickvirsuaraX) o7 d—L 21 BN EKT5H5D

TRV EE X T,

02<3(© +BUOK 0.0
Br Cl THE t—Buo/K\©
0,
76 Y. 92% 81

B4.5¢+7 % 7 —AHIME 81 DA

78 ) —=NAIME 811 n-T7 F U F LR EORERE | YEFEHSEL LU
MO T 7 R AIZE ZHENT tert-7 X VEOBFERE =D v rm Ty o7 —
v 20 BT D, 7272 L, FOSIKTICEIAERD E LTY FU L tert-7 b X RBMFET S
2, M A46ITRTEY AR LT BX =L 21 I L THRIA 83 ~ LR D, ZORE
TS TH Y KERIM UG EEIESE D & LAY 81 & 21 DIREMHE LT,

RPIZE DI I Y EOWMERZRNTHE 7 2= V@BR Y 7 a7 aX ) T2 — 10
UF 0 LGRFE 84 NV Ul ARNCY 7 M5B 65, £2T, 7% =/
K 811260 CT2YHED n-7F NI F U AEMKSESEI-th, KEFMUKEZFIET S
ELTPRBY Y aTas) o7 s = 20 B3SO, BT b oAb L BBERER D3
T2 BRI TERET DI AZE L, MEORR, V==Vl 7 nTax) o T7v s
— DY F 7 LRI 84 N FERITA L BITIF-60 CT2RHEIREE T Z L AL R-

720 7233, 84 |L THF H-50 CTHiET 2D T, BV TREZETH 5.
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e 9 e

o._ 0O o0 o0 (ONgge]

1 eq. n-BulLi
>L TMEDA j\ JAN n-Buli JAN
_— B
: W WY e T T
81 83 21 84
+
t-BuOLi

Bl4.6 7= LB rusal) 72— L0l F 7 ARIE 84 DR

ATITRTIEY . -7 & 7 —AHIE 8112-60 ‘CT2 Y ED n-7 FNY F U L% KIS
SETHRLNLEY 21 DHEENERIT 8% TH 7, ZORISIF, HHEL LT =F L

7 IR DBU ZHWTHEIT LA o7,

% 2 eq. n-BuLi %

>l\ 0.0 TMEDA 00
-
o THF
y. 78%

81 21

B4.7 > ruaraX) 074 —L 21 DERL

YU EDORRIZ 7% 7 — AR 81726 21 Z BIFRIERTEKT 52 LB TE, 61
BOSFF TG T 2 U F 7 Ll 84 MR L TV D LR D RMG STz, Zhil
F VX213 TRLUIERNDEMIE, TRDLEMWNIARLER 21 05 ) F 7 LA fEH L
TEY U LARELZAERIE, o7 I /7 AT RERIGSELRDVIZ, 7% 7 — A0
K 81 MDAERSELZY FULRELZ Y U LARIE~RELZHRL, o-7 I/ TATE FEK

JINEEBZENTELOTIHRWNEEZT- (X48),
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X

S

; (e} o.__0O
1 eq. n-BuLi, TMEDA 1) CeCl3
JAN - JAN - JAN
Li 2) Boc-valinal 77 BocNH
OH

21 84 78a + 78b

o
o
o

’9 ©9 9

o.__0O o.__0O o.__0O
2 eq. n-BuLi, TMEDA CeCI3
>L e JAN s
0 2) Boc-valinal 77 BocNH
OH

81 78a + 78b

4.8 HPKTE DT AT LU AHRAW DL

FZTETHE ) —NAIE 81 7 2= V@B 7 uTa ) T2 — LD F A
I 84 ARk S T7=1%, Bkt Y v A 7K Z R L CRlERE U 72 oK (bt Y o A
O THF 8 ™ 2—60°CIC T A 72, %ilT T, one-pot T(S)-Boc-N U F—sv (T7) &Mz T-
%, RONR%Z 3.5 R SIR CFE Lo, BQE%R, W7 L67n~v 777 0 —KT 25 L H
HIE R 79% CTHET[HIA 78a, 78b DIREM 155 Z LN TE o, iU, BT REERY

sa7aX) 7= 21 ZHEHEE L THWEEES (12%) XV IR TH - 72,

4, AIISICBT D VT AT LA RIRMEO it
wiZrmur7ux) o 7es =) F o Lilk3E 84 @ Boc-/NY F—/b (TT) ~DOFINIEES
ZBT LT AT UABRMER L2 AL, 7/ 7 AT E RO BOBUMLIZ L 5% L
—vgray ha— L IoWTHRH L, K49 IR THEY 7 R d a (LI EAPEDE e
WX L— NGB VPINET D72, BN T X/ EBI O VA=V EREE X L
— b U72BEERMESE L 720 | SREERINA Y 7 a BV L ONLRKIE 2 8E T 5 7 0 BT

X (FL—3 3 FFI), Felkin-Anh &5 /L & I ARRBIRMEDS SIS D EEZ BN A,
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B4.9 JOSEBREICBT SR L—raray he— L X560

-7 2 TAT B RAORESINCE T 5 V7 AT VARIREO KRG CIE, ZNE TR
DBEBENTND ™,

o-7 X/ T Tk ROREI L LT Boc 4 WA  SLIRL TR 22 22 EMEDME < 38 IR
PEIX 6:4~8 2 FREE L WU T AT LARIRMEITE D 22020 7 HIFEWE & LT N,N-V
NPT 2 TATE RERAWERAN RS TNE S, ZoRs, b1 AR
DEPUC LY B E T DML FED 2 hr— LR AfE L 7o o T g 1% iz Cbz # %
RELITHN GG, VA AL LCIUE(RT 2 2 OV EWEIRE (9:1) 2TV 5
b5 K410 12B W THR#ERIC Boc A2 AV ZHAICB N TH, K411 IRTRE
T)L—F85EMNDZEICEY 16: 1 ORFMEEZE-BELH S % Zof, o7 2
TT e NI BV A AR B SE TR 2 & R#EEDOLEHRIZL Y NH O
MMEEEZ D, BOMKNEEICL YT L—varar he—LoEEEEb 52 L3 K

X TUN B 1014103

R? Lowis acid R? R?
ewIS acl 3 3
P H 3y —e 2 GC P R P R
N)\H/ + R3M N)\_/ + NJ\‘/
R' O R' OH R' OH
86 87a 87b

P = Protective group; M = Metal
B4.10 73 ) 7T b R~DOFHINE G
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EtO

O —=TiCl,(OiPr),.,

B4.11 "t/ 77— 1 85

£ IC, RAZITRTIMY JFEVA AMEME LTz, ETREEEZMRFILIZL 2 A THE O
T2, A= THRRICET L (entry2), B U U AREEZHWGEYT AT LA
PFHER Y F 7L LY 10%RE R E LIRS BAFCTdh o 7 (entry 3) , —J7  SUNRE 2340 C
PLE T REIAD 2 L B3 G 6 iv7eno 7 (entry4), EOMOERAIKE LA LT &
ZA, w7 Ry ARETITRIMER Y F U LA L RIRRE (entry 5) . #EEAFREK ClrI UG
REZ P CTHORMISTHIWIISE OGNS (entry 6) . ARXFAIETIT R Y 7 LFFE & FIREE
DBERMETH T2 (entry7), FH A EZH WL Z A, Y U AFRIE L IZIXFIEOER

eI KOG L7z (entry 9),
F 4.3 (NSO YT AF UARRIEORE (20 1)

= oyt < =

o W w7 o, O
O solvent T BooNH™ Y O BocNH O
OH OH
21 78a 78b
1 THF — =70 °C, 3 hr 46 66 :34
2 toluene — =70 °C, 3 hr 51 71:29
3 THF CeCls =70 °C, 3 hr 76 76 :24
4 THF CeCly —40°C, 1 hr 0 —
5 THF MgBr, =70 °C, 3 hr 24 61:39
6 THF ZnBr, =70 ~0°C, 3 hr 0 —
7 toluene SnCl, —40 °C, 3 hr 35 75:25
8 toluene CITi(Oi-Pr), =70 °C, 3 hr 37 73:27
9 toluene CL,Ti(Oi-Pr), =70 °C, 3 hr 61 74 :26
10 toluene TiCl, =40 °C, 3 hr 49 70:30

*THNMR %7213 HPLC (2 L 0 IE
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B, F44ITRTEY TOT LT RTT ONVEEZEBORMIC IV EETHZ
AT, entry 5 IRTH Y A RXERN SEHE, V7 AT LARRMEOM ERFERD 5

7~ H DODOIEMES HBE LW RITE N o7,

F4.4 HNEDOTT AT UABIRMEOKRST (20 2)

LM%
BocNH solvent

e} —-70°C
> "
0.__0O n-BuLi 0._0O 0.__0O
A TMEDA CeCl _ A + A
solvent solvent BocNH Y BocNH
-70°C OH OH
21 78a 78b
; HREENR % VT AT LA~—® "
IR - g2 >
entry TR MX, B from 77 78a : 78b fi=%
1 THF — =70 °C, 3 hr 76 76 :24
2 THF ZnCl, =70 °C, 3 hr 67 75:25
3 THF MgBr, =70 °C, 3 hr 45 64 :36
4 toluene TiCl, —40°C, 3 hr 10 63 :37 CeCl; SN L
5 toluene SnCly =70 °C, 3 hr 8 81:19
6 THF n-BuZnCl =70 °C, 3 hr 26 67 :33

*'HNMR 7213 HPLC (2 X W i 7E

5. NHZEDRHFTORA XA

b5 78a,78b IR EID 2-7 X J-1-T IV ) —)VEHKIL, 72 ) 7T RFFEKIC
SRR 84 A S S TELN D, 41217 THY . Boec-NY F—L (T7) OIR#EIN
72 NH 2\ ZHES LTz KEIR 723K EEH 84 E UG LT LE I 728, REHD 2 Y&ELL By

Thot=,
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Pﬁ 4 eq. n-BuLi

00 TMEDA CeCl;  Boc-valinal 77 o.__0O o_ _0
2 >|\ — e ————————— A + A
o) THF THF BocNH
-60 °C 0oC
OH
21

81 78a + 78b

o)
1) ag. 0.5 M HCI / AcOEt /2\
> HoN
2) 4 M HCI / AcOEt HCl  OH
79a + 79b
y. 30% from 81
(77 : 23)

4.12 EEPHEIA 81 DL &

THUE 6 TRENT THM LA 81 & 2 YEHWD Z LI 572D iiE BRica X b
DBLENBIEFIAFITH D, £ 2T, NHEAZGHGERIKEICI D RPTEET I REL
THRi#E L. LB 81 DY EAINNT 5 Z L 2 Mat L7z (F45), 747 77 O NH A&
Z RF-HENE S OOV NS < T AT | FEICK L TRIEERETH S 7 VX LVllighic LY T
OIREST D L. 1.2 BEDOREH TRIFRRE R A7 (entries 3,4), 7ed, REZEAZEL LT
KREMEOITNE Y ULAT =F L 2SS ED L 1 YETREIEZIT) 2N TE D0,
UF LT =FDEITEY REMEDOBRNERT =4 TlE=F /L lligh & OBEHLHE Z

HIONEREEL X)o7 (entry 6),
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FKA4O5NH EDOLJET X RToOR#

MX,/ RpM
Boc-valinal 77
THF
o)
o?ﬁ:; n-Buli \ o?ﬁ) 1) ag. 0.5 M HCI / ACOEt /A
s TMEDA _ CeCly o X HoN
THF THF BocNH 2) 4 M HCI / AcOEt HCI OH
Yy 20
21 (1.2eq.) 78a + 78b 79a + 79b
entry MX,/R,M ELPp R ITAT VATt e
from 77 (%) from 21 (%) 79a : 79b
1 — 76 38 76 :24 21 % 2eqffH
2 ZnCl, + n-BuLi 42 35 79 :21
3 ZnCl, + 2n-BuLi 58 48 79 :21
4 Et,Zn 65 54 78 :22
5 t-BuMgCl 50 42 77:23
6 Et,Zn 38 32 67:33 CeCl; ¥s N L

' NMR, HPLC T & Y &

FTZTH 413D | BEREEFRIA 81 ZHW, 7T e RTT O NH A =T
JVHISHIZ KD POHEET I RE LTHRET L Z LICL D, Sfli7e KRR DV &2 P83
HIENTE T, ZO—Hi) 7 RH#IC X0 REGRIKIZ R D IRIT 2 50T < 1h) B L7223,

BEDN S BITIEMEC R D720, EBRDOREGOBRIZITHMA Lo T,

Pﬂ 2 eq. n-BulLi

TMEDA CeCI3 o
THE toluene Pﬁ 1) aq. 0.5 M HCI / AcOEt
—60 °C o__0 2) 4 M HCI / AcOEt JAN
o A > H,N
OH

BocNH HCI
Et,Zn / n-hexane OH
BocNH 78a + 78b 79a + 79b

THF y. 59% from 81
(71:29)

Bl 4.13 2 h ToOYF LT L D NH HEOIR#
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6. btV U LOFEAE

ruzuax )T =4 84 D Boc-NY )L (TT) ~DFTNBUSICTBNT, T AT
L ARPPED (6634 5t 76:24) (KEHAHSH) BLXOT AT FoT & Ibal;
S, vrmaruaX) 72 —nN21 % n-7F VI FULTY FAL LR, Bkl
U LD THE BEBIRZRMLE ) U AICERZHI L TR ™, LoLiaent s, Skt
U ULAEZHAWD & RS - BB OZNEND TR TERIENEMECThH o7, 77205,
TR D 7 AKFn#phs b KL U 7 AOFEITIEZEAR > 7 C 1 mmHg IZHJE T, 140 CiZ
T 6 REHINBEHE LT > TWe iy, SEZZE CORBEENEMTH D Z LTz, e
(ZHEKIZIR > TWDINE D DOFERBNEETH > 7=, £/, AT Y U L0 THF &
K 2—60~70 CIZWAEILE T2 0ERH Y | S HITHRLIEBRE Tl RUOSKE THRRIIC
BB L W EEWEBRET D MNER D -T2, T 2T, k(LT ) v A0HR LR
K OWEPEZOW TR Z T o 72,

FT. TR OBAIZOWTEEMICHREFT LI L 2 A, 414 1R 3K E 1
IKFN D LR 2 EVAFAE Ly BiKIE B CHEA T35 Z E S BT 5 72,
CeCly7}bC)—:Egiggﬂg—*CkCHgSIQC)44%%%%?‘* CeClyH,0 ~ CeCl,

B 4.14 kit U v L OFHHR

F 4.6 \ZRTIEY 3K EFOSICHW & 2 A, fifAKIZ L U RERIPR 2T e FAqb
SN EBMBIRONR DS ToDITR L, 1 K OIREETITATIMD DT AT L AR
RTHRDHOD, RO TR R THRASUS B OB &2V LT,
At U UL 1 KK 1 0703 U U LISHRENZEAE S LTV D70, REEHFID 7
B R AINDZERLT AT E RERISLIED, FOGEBIRIEICB VTR Y U ATV
R VRN BN CTE T, FL— a3 ay ha— XD HE N5 @358 1

PEPMEL R0l B BID,
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F4.6 bt ) v LKMDOBES

Pﬁ 2 eq. n-BuLi Pﬁ

o)
0. 0 TMEDA _CeClg'nH;0  Boc-valinal 77 oo 1) aq. 0.5 M HCI/ AcOEt A
> _—
ﬁ\ THF THF BocNH 2) 4 M HCI / AcOEt HoN
o 60 HCl  OH
60 °C &H

81 78a + 78b 79a + 79b
entry CeCls-nH,0 HEERE (%) Y7 AT LAY
79a :79b
1 CeCl; 71 78 :22
2 CeCl;+3H,0 0 —
3 CeCl;+H,0 60 67 :33

a1 NMR, HPLC IZ kv peiE

—J7. Boc-/NU =L (T7) [FEBEED DRI LD 78 MR Z i< &,
VF v LREE ) v ARETIET =4 OLEMEITE LT (=50 CTHMHE) Z &3
O RoTeled, VT AT VAERIESE T L TOEBEOMIE S 2EE L, K&

T Y U L Z DRV ITIEICERE LTz,

7. SCIRBEMEEROEE, R

RIEE S HTRARZEBY . AINOS TRORRMET 7:3~8:2 TH Y, IEKMICED
EFTCOLRTARERYT AT VA~ —D5BEEAT O MENH > Te, /INAT— /L OERTIE
BT hra~w NTTT7 44— TTREREZSEEL T Y., BDA410 % 600 g flid L 7= FRI2iX
57a 15 L UN57b DIRAEW 1.1 kg & 0BEEER S 2720, IBREW100g 2>V 17V 5kg 2T
¥ — Y L TRHESZ 100L W= 7 A7~ b 1L EREVIRLUER L, Z20%, &
DIZAT—NVT v T T HMBERECTTe, WT L0~ 87T 7 40— K DR ORI
it LTz,

KATITRTIEY . 78a, 78b DIRGMIIH T ALETHEELIZS VY, 88a,88b DIRAGH
IZBELIC< VY, 79a, T9b DIEEW) L EtE TR TH 5. 58a, 58b DIREWIT mind:
THh D, 2a,2b DEGYITIEEICEHIATH D Z L b ZNENEMERSEHCHE S 702

15, 57a57b DIRGW DB Tl - KT o2 L & LT,
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&A1 SR 21T S LB ORRET

a=x?] MM E 12T AT Lt~ — OBk R REM:
(@) O
A A [ e A N - N
BocNH BFARLZETHEELIZL Y
OH
78a+ 78b
o)
/2\
BochiN LT < U
OH
88a + 88b
0
JA
HaN O AL, W
HCl  OH
79a+79b
0
i A
BocHN\:)J\N
:\‘/H OH AIREMES
57a+57b
o)
o)
/A
H,N
HC \)J\ﬁ o
_W/ OH e A
58a + 58b
(@]
A X A
S 7 N : o
oo \TH OH PRI s
2a+2b

ARG T AT LA~ —5Tb OEMEN R L 2 BMER 57a L VKW Z LIZiER L,

W7 AT VA — O TREBEN 2 RE Z MR CIE LTz, € ORER, 24 57b
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e LTERET DI A T LU DR E L TR BRI TH -T2 2y, it o Mt

EE LHR T VAN L, K415IRTHEY T L 7u~ NTT 7 o —%& kLT,

BocHN \)J\ O

— #E&(FEW) 57b (2:98)
RIGEEY S y. 28% o
57a+57b | o
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1. Experimental section for Chapter II
General
All '"H NMR spectra taken at 250 MHz were measured on a Bruker AC-250 instrument, and are
reported in parts per million (ppm) from internal tetramethylsilane. All BC NMR spectra taken at 75
MHz were measured on a Bruker ARX-300 instrument and are reported in parts per million. IR
spectra were recorded on a JASCO FT / IR-5300 instrument; absorptions are reported in cm .
Fluorescence for enzyme inhibition assays was recorded on a Hitachi Fluorescence
Spectrophotometer F-3000. Most of reagents were purchased from Tokyo Chemical Industry, and
used without further purification. Thermal stability of compounds was evaluated by a Seiko DSC-20
instrument. For each compound, a 1 mg of sample was placed in a sealed Ag pressure-resistant cell

under nitrogen. The sample was then heated from room temperature to 450 °C at a rate of 10 °C /

min. Single-crystal X-ray was measured by ENRAF-Nonius CADA4.

General procedure for 32a and 32b in figure 2.14 (R' = isopropyl; R* = Ph)
2-((2S5)-2-tert-Butoxycarbonylamino-1-hydroxy-3-methylbutyl)-3-phenylcyclopropenone 2,2-
dimethyl-1,3-propanediyl acetal (78a and 78b) (in figure 4.1)

2-Phenylcyclopropenone 2,2-dimethyl-1,3-propanediyl acetal (21)*”* (3.51 g, 16.3 mmol) was
dissolved in THF (30 mL), and TMEDA (3.8 g, 33 mmol) was added. Then the resulting solution
was cooled to =70 °C, and »n-BuLi (1.55 M solution in n-hexane, 10.5 mL, 16.3 mmol) was added.
After stirring for 20 minutes at that temperature, a cooled suspension of anhydrous CeCl;, which was
prepared from CeCl3*7H,O (8.0 g, 22 mmol) by drying in vacuo at 140 °C for 2 hours, in THF (30
mL) was added, and the resulting suspension was stirred for 20 minutes. Next
(S)-N-tert-butoxycarbonylvalinal (77) (1.82 g, 9.05 mmol) in THF (20 mL) was added, and the
resulting suspension was stirred at =70 °C for 2 hours. The reaction mixture was quenched by the
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addition of water (1 mL) in THF (5 mL) at =70 °C, and the temperature of it was raised to 20 °C.
Then the resulting suspension was filtered by a pad of Celite and washed three times with ethyl
acetate. After the filtrate was dried over Na,SOy, the solvent was evaporated to afford a crude
mixture, which was purified by column chromatography on silica gel (n-hexane : ethyl acetate = 4 :
1) to give a mixture of 78a and 78b in 75 : 25 ratio (2.71 g, 6.50 mmol, 72%). IR (KBr, a mixture of
78a and 78b) 3430, 2960, 1855, 1800, 1710, 1690 cm '; "H NMR (CD;0D, a mixture of 78a and
78b) & 0.95-1.60 (m, 12H), 1.38 (s, 3H), 1.42 (s, 6H), 1.95-2,15 (m, 1H), 3.60-3.75 (m, 1H),
3.75-3.95 (m, 4H), 5.00-5.10 (m, 1H), 6.03 (d, J = 10 Hz, 0.33H), 6.23 (d, J = 10 Hz, 0.67H),
7.40-7.65 (m, 3H), 7.70-7.90 (m, 2H). Anal. Calcd for C,4H35NOs, a mixture of 78a and 78b: C,

68.59; H, 8.89; N, 3.28. Found: C, 68.20; H, 8.77; N, 3.24.

2-((285)-2-Amino-1-hydroxy-3-methylbutyl)-3-phenylcyclopropenone hydrochloride (79a and
79b)

To a solution of the mixture of the above acetal 78a and 78b in 75 : 25 ratio (3.12 g, 7.48 mmol) in
1,4-dioxane (8 mL) and water (0.2 mL), 4 M HCI in 1,4-dioxane (24 mL) was added at room
temperature. After stirring for 20 minutes, the formed precipitates were filtered and washed with
1,4-dioxane to afford a mixture of 79a and 79b in 75 : 25 ratio (1.87 g, 6.99 mmol, 94%) as a highly
hygroscopic solid. IR (KBr, a mixture of 79a and 79b) 3200, 1855, 1618 cm '; "H NMR (CD;0D, a
mixture of 79a and 79b) 6 1.20 (d, J = 7.0 Hz, 2.25H), 1.22 (d, J = 7.0 Hz, 2.25H), 1.23 (d, J = 6.0
Hz, 0.75H), 1.25 (d, J = 6.0 Hz, 0.75H), 2.10 (m, 0.25H), 2.30 (m, 0.75H), 3.38 (dd, J = 6.0 Hz, 6.0
Hz, 0.25H), 3.45 (dd, J = 6.0 Hz, 6.0 Hz, 0.75H), 5.21 (d, J = 6.0 Hz, 0.75H), 5.45 (d, J = 6.0 Hz,
0.25H), 7.60-7.80(m, 3H), 8.10-8.20 (m, 2H). Anal. Caled for C4H;7;NO,*1.1HCI*0.6H,0, a
mixture of 79a and 79b: C, 59.97; H, 6.92; N, 5.00; Cl, 13.28. Found: C, 60.00; H, 6.66; N, 5.20; Cl,

13.35.

59



2-((15,28)-2-((S)-2-Cyclohexylmethoxycarbonylamino-4-methylvalerylamino)-1-hydroxy-3-
methylbutyl)-3-phenylcyclopropenone (38a) and 2-((1R,25)-2-((S)-2-cyclohexylmethoxy
carbonylamino-4-methylvalerylamino)-1-hydroxy-3-methylbutyl)-3-phenylcyclopropenone
(38b)

To a solution of (S)-N-cyclohexylmethoxycarbonylleucine 31 (2.46 g, 8.79 mmol) in CH,Cl, (40
mL), were added triethylamine (0.92 g, 9.1 mmol) and isobutyl chloroformate (1.15 g, 8.73 mmol) at
—5 °C, and the resulting solution was stirred at that temperature for 15 minutes. Then a mixture of
79a and 79b in 75 : 25 ratio (1.87 g, 6.99 mmol) and triethylamine (0.97 g, 9.6 mmol) were added
and the resulting solution was stirred for an hour. After adding 0.5 M HCI solution (10 mL), the
aqueous layer was extracted with CH,Cl,. The combined extracts were washed successively with
water, saturated NaHCO; solution, and saturated NaCl solution, and dried over MgSQO,4. Removal of
the solvent gave a crude solid, which was purified by column chromatography on silica gel
(n-hexane : ethyl acetate = 1 : 1) to give 38a (1.86 g, 3.84 mmol, 55%) and 38b (0.61 g, 1.3 mmol,
18%).

38a: mp 85-89 °C; IR (KBr) 3330, 1858, 1695, 1658, 1625 cm '; 'H NMR (CDCl;) & 0.77 (d,
J =5.0 Hz, 6H), 0.80—1.05 (m, 2H), 1.01 (d, J = 6.6 Hz, 3H), 1.10 (d, J = 6.6 Hz, 3H), 1.10-1.80 (mm,
12H), 2.40 (m, 1H), 3.50-3.88 (m, 3H), 4.09 (m, 1H), 5.11 (d, J = 4.4 Hz, 1H), 5.31 (m,1H),
7.36-7.62 (m, 4H), 7.98 (dd, J = 7.5 Hz, 1.7 Hz, 2H). Anal. Calcd for CogH4oN,05*H,0: C, 66.91; H,
8.42; N, 5.57. Found: C, 66.96; H, 8.14; N, 5.46.

38b: mp 148-149 °C; IR (KBr) 3350, 3260, 1860, 1825, 1715, 1653, 1625 cm™'; 'H NMR (CDCl;)
0 0.80-1.00 (m, 8H), 1.08 (d, J = 6.6 Hz, 3H), 1.15 (d, J = 6.7 Hz, 3H), 1.10-1.80 (m, 12H), 2.16
(m, 1H), 3.68 (m, 1H), 3.75 (m, 1H), 4.02-4.22 (m, 2H), 5.14 (d, J = 2.8 Hz, 1H), 5.19 (d, J = 6.5
Hz, 1H), 6.92 (d, J = 6.0 Hz, 1H), 7.42-7.65 (m, 3H), 7.99 (dd, J = 6.7 Hz, 1.5 Hz, 2H). Anal. Calcd

for C,3H4N,05°0.2H,0: C, 68.88; H, 8.34; N, 5.74. Found: C, 68.85; H, 8.55; N, 5.67.
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2-((28)-2-((S)-2-Cyclohexylmethoxycarbonylamino-4-methylvalerylamino)-1-hydroxy-3-
methylbutyl)cyclopropenone (33a and 33b) (a mixture in 7 : 3 ratio)

IR (KBr, a mixture of 33a and 33b) 3310, 1825, 1690, 1650 cm 'y "H NMR (CDCls, a mixture of
33a and 33b) 6 0.80-1.80 (m, 26H), 1.90-2.35 (m, 2H), 3.60—4.25 (m, 4H), 4.87-5.05 (m, 1H),
5.05-5.45 (m, 1H), 6.85-7.03 (m, 0.3H), 7.35-7.52 (m, 0.7H), 8.54 (s, 0.7H), 8.62 (s, 0.3H). Anal.
Calcd for C,H36N,0520.7H,0, a mixture of 33a and 33b: C, 62.74; H, 8.95; N, 6.65. Found: C,

62.72; H, 8.81; N, 6.50.

2-((25)-2-((:5)-2-Cyclohexylmethoxycarbonylamino-4-methylvalerylamino)-1-hydroxyhexyl)
cyclopropenone (34a and 34b) (a mixture in 8 : 2 ratio)

IR (KBr, a mixture of 34a and 34b) 3340, 1830, 1690, 1650 cm'; "H NMR (CDCls, a mixture of
34a and 34b) 6 0.80-1.05 (m, 11H), 1.10-1.88 (m, 18H), 2.24 (s, 1H), 3.73-3.95 (m, 2H),
4.05-4.30 (m, 2H), 4.80—4.93 (m, 1H), 5.20-5.35 (m, 0.2H), 5.35-5.55 (m, 0.8H), 5.55-5.75 (m,
0.8H), 6.95-7.05 (m, 0.2H), 8.57 (s, 0.8H), 8.68 (s, 0.2H). Anal. Calcd for C,3H3sN,0Os, a mixture of

34a and 34b: C, 65.38; H, 9.06; N, 6.63. Found: C, 65.37; H, 9.28; N, 6.51.

2-((25)-2-((S)-2-Cyclohexylmethoxycarbonylamino-4-methylvalerylamino)-1-hydroxyhexyl)-3-
methylcyclopropenone (35a and 35b) (a mixture in 6 : 4 ratio)

IR (KBr, a mixture of 35a and 35b) 3320, 1845, 1690, 1653, 1630 cm '; '"H NMR (CDCl;, a
mixture of 35a and 35b) 6 0.85-1.10 (m, 11H), 1.10-1.95 (m, 18H), 2.33 (s, 3H), 2.49 (s, 1H),
3.75-3.97 (m, 2H), 3.97-4.28 (m, 2H), 4.73-4.90 (m, 1H), 5.20-5.85 (m, 1.6H), 7.10-7.50 (m,
0.4H). Anal. Calcd for C,4H4oN,05°0.3H,0, a mixture of 35a and 35b: C, 65.22; H, 9.26; N, 6.34.

Found: C, 65.14; H, 9.26; N, 6.07.
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2-((25)-2-((S)-2-Cyclohexylmethoxycarbonylamino-4-methylvalerylamino)-1-hydroxyhexyl)-3-
isopentylcyclopropenone (36a and 36b) (a mixture in 6 : 4 ratio)

IR (KBr, a mixture of 36a and 36b) 3310, 1838, 1720, 1698, 1652, 1620 cm '; "H NMR (CDCls, a
mixture of 36a and 36b) & 0.85-1.10 (m, 21H), 1.10-1.95 (m, 21H), 2.45-2.55 (m, 1H), 2.55-2.70
(m, 2H), 3.73-3.93 (m, 2H), 3.93-4.25 (m, 2H), 4.73-4.85 (m, 1H), 5.25-5.85 (m, 1.6H), 7.30-7.45
(m, 0.4H). Anal. Caled for C,3Hy4sN,05°0.5H,0, a mixture of 36a and 36b: C, 67.03; H, 9.84; N,

5.58. Found: C, 67.26; H, 9.81; N, 5.28.

2-((15,25)-2-((S)-2-Cyclohexylmethoxycarbonylamino-4-methylvalerylamino)-1-hydroxyhexyl)
-3-((Z)-1-hexenyl) cyclopropenone (37a)

mp 138-140 °C; IR (KBr) 3290, 1838, 1711, 1655, 1630 cm™'; "H NMR (CDCl;) & 0.83—1.08 (m,
14H), 1.10-2.05 (m, 22H), 2.56 (m, 2H), 3.85 (s, 2H), 4.02 (m, 1H), 4.15 (m, 1H), 4.82 (m, 1H),
5.22-5.48 (m, 2H), 6.26 (d, J = 10 Hz, 1H), 6.48 (m, 1H), 7.08 (m, 1H). Anal. Calcd for

Cy9H4,N,05°0.2H,0: C, 69.35; H, 8.51; N, 5.58. Found: C, 69.33; H, 8.56; N, 5.49.

2-((25)-2-((S)-2-Cyclohexylmethoxycarbonylamino-4-methylvalerylamino)-1-hydroxyhexyl)-3-
phenylcyclopropenone (39a and 39b) (a mixture in 7 : 3 ratio)

IR (KBr, a mixture of 39a and 39b) 3310, 1855, 1690, 1655, 1625 cm ', '"H NMR (CDCl3, a
mixture of 39a and 39b) 6 0.65-0.75 (m, 1.2H), 0.75-1.05 (m, 7.8H), 1.10-2.00 (m, 20H), 2.07 (s,
1H), 3.65-3.90 (m, 2H), 4.00-4.20 (m, 1.7H), 4.20-4.35 (m, 0.3H), 4.95-5.05 (m, 1H), 5.10-5.30
(m, 0.3H), 5.45-5.60 (m, 0.7H), 5.70-5.85 (m, 1H), 7.00-7.25 (m, 0.7H), 7.45-7.56 (m, 3.3H),
7.95-8.05 (m, 2H). Anal. Calcd for C,9H4,N,05°0.2H,0, a mixture of 39a and 39b: C, 69.35; H,

8.51; N, 5.58. Found: C, 69.45; H, 8.45; N, 5.38.
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2-((15,28)-2-((S)-2-Cyclohexylmethoxycarbonylamino-4-methylvalerylamino)-1-hydroxy-3-
methylbutyl)-3-(4-fluorophenyl)cyclopropenone (40a)

mp 86-90 °C; IR (KBr) 3320, 1858, 1693, 1656, 1625, 1602 cm '; '"H NMR (CDCl;) & 0.79 (d, J =
5.9 Hz, 6H), 1.01 (d, J = 6.6 Hz, 3H), 1.09 (d, J = 6.6 Hz, 3H), 0.70-1.45 (m, 7H), 1.45-1.83 (m,
7H), 2.39 (m, 1H), 3.50-3.85 (m, 3H), 4.08 (m, 1H), 5.10 (dd, J = 8.6 Hz, 4.7 Hz, 1H), 5.25 (m, 1H),
6.23 (m, 1H), 7.19 (dd, J = 8.5 Hz, 8.5 Hz, 2H), 7.47 (m, 1H), 8.01 (dd, J = 8.5 Hz, 5.5 Hz, 2H).
Anal. Calcd for CysH39FN, O5°0.4H,0: C, 65.96; H, 7.87; N, 5.49. Found: C, 65.88; H, 7.99; N,

5.67.

2-((1R,28)-2-((S)-2-Cyclohexylmethoxycarbonylamino-4-methylvalerylamino)-1-hydroxy-3-
methylbutyl)-3-(4-fluorophenyl)cyclopropenone (40b)

mp 166-168 °C; IR (KBr) 3340, 3260, 1861, 1714, 1655, 1625 cm '; "H NMR (CDCl3) § 0.63-1.03
(m, 8H), 1.07 (d, J = 6.6 Hz, 3H), 1.14 (d, J = 6.6 Hz, 3H), 1.03—1.80 (m, 12H), 2.14 (m, 1H),
3.55-3.85 (m, 2H), 3.95-4.15 (m, 2H), 5.00-5.23 (m, 2H), 5.29 (d,J = 5.7 Hz, 1H), 6.90 (d, J = 7.0
Hz, 1H), 7.18 (dd, J = 8.5 Hz, 8.5 Hz, 2H), 8.04 (dd, J = 8.5 Hz, 5.8 Hz, 2H). Anal. Calcd for

C,sH30FN,05°H,0: C, 64.60; H, 7.94; N, 5.38. Found: C, 64.38; H, 7.63; N, 5.35.

2-((25)-2-((S)-2-Cyclohexylmethoxycarbonylamino-4-methylvalerylamino)-1-hydroxyhexyl)-3-

(1-methylphenyl)cyclopropenone (41a and 41b) (a mixture in 7 : 3 ratio)

IR (KBr, a mixture of 41a and 41b) 3320, 1845, 1692, 1655, 1615 cm ', '"H NMR (CDCl3, a
mixture of 41a and 41b) & 0.60-1.05 (m, 11H), 1.05-2.00 (m, 18H), 2.66 (s, 2.1H), 2.68 (s, 0.9H),
3.65-3.95(m, 2H), 3.95-4.35 (m, 2H), 4.95-5.12 (m, 1H), 5.24 (m, 0.3H), 5.55 (m, 0.7H), 7.05-7.35
(m, 6H), 7.35-7.50 (m, 3H), 8.05-8.20 (m, 2H). Anal. Calcd for C;oH44N, Os°0.2H,0, a mixture of

41a and 41b: C, 69.79; H, 8.67; N, 5.43. Found: C, 69.96; H, 9.09; N, 5.20.
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2-((25)-2-((S)-2-Cyclohexylmethoxycarbonylamino-4-methylvalerylamino)-1-hydroxyhexyl)-3-
(5-trimethylsilyl-2-thienyl)cyclopropenone (42a and 42b) (a mixture in 7 : 3 ratio)

IR (KBr, a mixture of 42a and 42b) 3320, 1853, 1655, 1615 cm 'y "H NMR (CDCl;, a mixture of
42a and 42b) 5 0.35 (s, 9H), 0.70-1.05 (m, 11H), 1.10-2.00 (m, 18H), 3.73-3.90 (m, 2H),
3.99-4.15 (m, 2H), 4.92 (d, J = 4.8 Hz, 1H), 4.95-5.10 (m, 0.3H), 5.10-5.30 (m, 0.7H), 6.50-6.65
(m, 0.3H), 6.80-6.95 (m, 0.7H), 7.29 (d, J = 3.6 Hz, 1H), 7.82 (d, J = 3.6 Hz, 0.7H), 7.84 (d, J = 3.6
Hz, 0.3H). Anal. Calcd for C3oHs N,O5SSi+0.3H,0, a mixture of 42a and 42b: C, 61.88; H, 8.41; N,

4.81. Found: C, 61.62; H, 8.43; N, 4.72.

2-((1S,28)-2-((S)-2-Benzyloxycarbonylaminopropionylamino)-1-hydroxy-3-methylbutyl)-3-
phenylcyclopropenone (44a)

mp 156-158 °C; IR (KBr) 3290, 1850, 1690, 1643, 1618 cm™'; 'H NMR (CDCl;) & 0.98 (d, J = 5.9
Hz, 3H), 1.07 (d, J = 6.6 Hz, 3H), 1.19 (d, J = 7.0 Hz, 3H), 2.36 (m, 1H), 3.61 (m, 1H), 4.18 (m,
1H), 4.90-5.15 (m, 3H), 5.47 (m, 1H), 7.31 (s, SH), 7.25-7.65 (m, 5H), 7.95 (d, J = 7.4 Hz, 2H).

Anal. Calcd for C,5H,5N,05¢0.5H,0: C, 67.40; H, 6.56; N, 6.29. Found: C, 67.49; H, 6.48; N, 6.24.

2-((18,25)-2-((S )-2-Benzyloxycarbonylamino-3-methylbutyrylamino)-1-hydroxy-3-
methylbutyl)-3-phenylcyclopropenone (45a)

mp 157-158 °C; IR (KBr) 3310, 1850, 1697, 1643, 1618 cm™'; 'H NMR (CDCl;) § 0.74 (d, J = 6.8
Hz, 3H), 0.85 (d, J = 6.7 Hz, 3H), 0.98 (d, J = 6.5 Hz, 3H), 1.08 (d, J = 6.6 Hz, 3H), 2.04 (m, 1H),
2.36 (m, 1H), 3.69 (m, 1H), 4.01 (m, 1H), 4.90-5.10 (m, 3H), 547 (d, J = 8.2 Hz, 1H), 6.15(d, J =
8.2 Hz, 1H), 730 (s, 5SH), 7.40-7.60 (m, 4H), 7.93-8.00 (m, 2H). Anal. Calcd for

C,7H3,N,05°0.2H,0: C, 69.27; H, 6.98; N, 5.98. Found: C, 69.39; H, 7.09; N, 5.96.
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2-((15,25)-2-((S' )-2-Benzyloxycarbonylamino-4-methylvalerylamino)-1-hydroxy-3-
methylbutyl)-3-phenylcyclopropenone (46a)

mp 84-94 °C; IR (KBr) 3320, 1855, 1700, 1655, 1625 cm™'; '"H NMR (CDCl5) & 0.60—0.85 (m, 6H),
0.97 (d,J = 6.0 Hz, 3H), 1.07 (d, J = 6.0 Hz, 3H), 1.20-1.60 (m, 3H), 1.85-2.25 (m, 1H), 2.25-2.45
(m, 1H), 3.55-3.70 (m, 1H), 4.00-4.10 (m, 1H), 4.85-5.15 (m, 3H), 5.53 (d, J = 8.0 Hz, 1H), 7.29 (s,
5H), 7.40-7.60 (m, 4H), 7.93-8.05 (m, 2H). Anal. Calcd for C,3H34N, O5¢0.3H,0: C, 69.49; H, 7.21;

N, 5.79. Found: C, 69.41; H, 7.30; N, 5.66.

2-((15,25)-2-((S)-2-Benzyloxycarbonylamino-3-phenylpropionylamino)-1-hydroxy-3-
methylbutyl)-3-phenylcyclopropenone (47a)

mp 175-177 °C; IR (KBr) 3300, 1850, 1697, 1648, 1620 cm '; "H NMR (CDCl3) & 0.85 (d, J = 6.7
Hz, 3H), 0.95 (d, J = 6.6 Hz, 3H), 2.28 (m, 1H), 2.80 (dd, J = 14 Hz, 7.9 Hz, 1H), 2.99 (dd, J = 14
Hz, 7.9 Hz, 1H), 3.60 (m, 1H), 4.42 (m, 1H), 4.85-5.05 (m, 3H), 5.42 (d, J = 6.2 Hz, 1H), 5.99 (d, J
= 8.0 Hz, 1H), 7.05-7.35 (m, 10H), 7.35-7.60 (m, 4H), 7.92-8.03 (m, 2H). Anal. Calcd for

C;;H3N>O5: C, 72.64; H, 6.29; N, 5.46. Found: C, 72.78; H, 6.37; N, 5.46.

2-(2-((S)-2-Cyclohexylmethoxycarbonylamino-4-methylvalerylamino)-1-hydroxy-2-
methylpropyl)-3-phenylcyclopropenone (48a and 48b) was synthesized as follows;
2-tert-Butoxycarbonylamino-2-methyl-1-propanol (51)

To a solution of 2-amino-2-methyl-1-propanol (50) (4.45 g. 50 mmol) and di-tert-butyl dicarbonate
(10.9 g, 50 mmol) in THF (100 mL), triethylamine (505 mg, 5.0 mmol) was added. The resulting
solution was stirred at room temperature overnight, and diluted hydrochloric acid (100 mL) was
added. After extraction with ethyl acetate, the combined extracts were washed with saturated NaCl
solution, and dried over MgSO,. Removal of the solvent gave a crude product (9.67 g, 51.2 mmol,
102%), which was used without purification. "H NMR (CDCly) & 1.27 (s, 6H), 1.43 (s, 9H), 3.58
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(s, 2H), 4.67 (s, 1H).

2-tert-Butoxycarbonylamino-2-methyl-1-propanal (52)

The crude 2-tert-butoxycarbonylamino-2-methyl-1-propanol (51) (2.84 g, 15 mmol) was dissolved
in DMSO (50 mL), and triethylamine (7.59 g, 75 mmol) was added. Then, pyridine-sulfur trioxide
complex (11.9 g, 75 mmol) in DMSO (50 mL) was added for 5 minutes. After stirring for 30
minutes at room temperature, water (800 mL) was added, and the aqueous layer was extracted with
ethyl acetate. Combined extracts were washed successively with 10% citric acid solution, saturated
NaCl solution, saturated NaHCOj; solution, and saturated NaCl solution, and dried over MgSQO,.
Removal of the drying agent and concentration afforded a crude product, which was purified by
flush column chromatography on silica gel (n-hexane : ethyl acetate =4 : 1) to afford a solid (1.57 g).
n-Hexane (10 mL) was added to the solid, and the resulting precipitates were filtered and the filtrate
was washed with n-hexane to afford the titled compound (1.25 g, 6.68 mmol, 45%). '"H NMR

(CDCls) & 1.33 (s, 6H), 1.44 (s, 9H), 5.00 (s, 1H), 9.43 (s, 1H).

2-(2-tert-Butoxycarbonylamino-1-hydroxy-2-methylpropyl)-3-phenylcyclopropenone
2,2-dimethyl-1,3-propanediyl acetal (53)

2-Phenylcyclopropenone 2,2-dimethyl-1,3-propanediyl acetal (21) (2.27 g, 10.5 mmol) was
dissolved in THF (40 mL), and TMEDA (3.08 g, 26.5 mmol) was added. Then the resulting solution
was cooled to =78 °C, and n-BuLi (1.58 M solution in n-hexane, 8.4 mL, 13.3 mmol) was added.
After stirring for 15 minutes at that temperature, 2-tert-butoxycarbonylamino-2-methyl-1-propanal
(52) (1.24 g, 6.64 mmol) in THF (10 mL) was added, and the resulting solution was stirred at
=70 °C for 15 minutes. The reaction mixture was quenched by the addition of water (1mL) in THF
(5 mL) at =70 °C, and the temperature of it was raised to 20 °C. Then Na,SO, (10 g) was added, and
the resulting suspension was filtered and washed with ethyl acetate. The filtrate was evaporated to
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afford a crude mixture, which was purified by column chromatography on silica gel (n-hexane :
ethyl acetate =9 : 1 to 5 : 1) to give the titled compound (1.70 g, 4.22 mmol, 64%). IR (KBr) 3300,
1800, 1675, 1562 cm'; '"H NMR (CDCls) & 0.94 (s, 3H), 1.25 (s, 3H), 1.27 (s, 9H), 1.41 (s, 3H),
1.53 (s, 3H), 3.76 (m, 2H), 3.86 (m, 2H), 4.78 (d, J = 8.6 Hz, 1H), 5.60 (s, 1H), 7.30-7.45 (m, 3H),

7.70-7.95 (m, H).

2-(2-Amino-1-hydroxy-2-methylpropyl)-3-phenylcyclopropenone hydrochloride (54)

To a solution of 2-(2-tert-butoxycarbonylamino-1-hydroxy-2-methylpropyl)-
3-phenylcyclopropenone 2,2-dimethyl-1,3-propanediyl acetal (53) (1.69 g, 4.19 mmol) in diethyl
ether (5 mL), 4 M HCI solution in ethyl acetate (15 mL) was added at room temperature. After
stirring for 15 minutes, diethyl ether (20 mL) was added, and formed precipitates were filtered and
washed with diethyl ether. Then, the obtained solids were suspended in ethyl acetate (10 mL), and
the precipitate was filtered and washed with ethyl acetate to afford the titled compound (860 mg,
3.38 mmol, 81%). IR (KBr) 3250, 2950, 1858, 1615 cm '; '"H NMR (CD;OD) & 1.42 (s, 3H), 1.57

(s, 3H), 4.98 (s, 1H), 7.60-7.75 (m, 3H), 8.05-8.15 (m, 2H).

2-(2-((S)-2-Cyclohexylmethoxycarbonylamino-4-methylvalerylamino)-1-hydroxy-2-
methylpropyl)-3-phenylcyclopropenone (48a, 48b)

To a solution of (S)-N-cyclohexylmethoxycarbonylleucine (31) (385 mg, 1.42 mmol) in CH,Cl, (6
mL), were added triethylamine (143 mg, 1.42 mmol) and isobutyl chloroformate (194 mg, 1.42
mmol) at =5 °C, and the resulting solution was stirred at that temperature for 10 minutes. Then
2-(2-amino-1-hydroxy-2-methylpropyl)-3-phenylcyclopropenone hydrochloride (54) (300 mg, 1.18
mmol) and triethylamine (120 mg, 1.18 mmol) were added, and the solution was stirred for one hour.
After adding 0.1 M HCI solution (5 ml), the aqueous layer was extracted with CH,Cl,. The
combined extracts were washed successively with saturated NaCl solution, saturated NaHCO;
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solution, and saturated NaCl solution, and dried over MgSO,4. Removal of the solvent gave a crude
solid, which was purified by column chromatography on silica gel (n-hexane : ethyl acetate =2 : 3 to
1 :5) to give a mixture of 48a and 48b (351 mg, 0.75 mmol, 64%). IR (KBr) 3300, 1857, 1695,
1648, 1623 cm™'; "H NMR (CDCl3) & 0.65-1.05 (m, 8H), 1.05-1.90 (m, 18H), 3.68-3.95 (m, 2H),
4.00 (m, 1H), 4.70-4.88 (m, 1H), 4.99 (m, 1H), 6.50-6.93 (m, 2H), 7.40-7.60 (m, 2H), 7.40-7.60 (m,
3H), 8.01 (dd, J = 5.8 Hz, 1.8 Hz, 2H). Anal. Calcd for C,;H33N,050.3H,0: C, 68.13; H, 8.17; N,

5.89.Found: C, 68.08; H, 8.17; N, 5.80.

2-(2-((:S)-2-Cyclohexylmethoxycarbonylamino-4-methylvalerylamino)-2-methylpropionyl)-3-
phenylcyclopropenone (49)

To a solution of oxalyl chloride (25puL, 0.29 mmol) in CH,Cl, (2 mL), dimethyl sulfoxide (41puL,
0.58 mmol) was added at —70 °C. After stirring for 15 minutes, a mixture of the alcohol 48a and
48b (110 mg, 0.234 mmol) was added. Then, tricthylamine (0.26 mL, 1.9 mmol) was added 15
minutes later. The resulting solution was raised to room temperature during 1.5 hours, and diluted
hydrochloric acid (2 mL) was added. After extraction with CH,Cl,, the combined extracts were
washed with saturated NaCl solution and dried over MgSO,4. Removal of the solvent gave a crude
product, which was purified by column chromatography on silica gel (n-hexane : ethyl acetate = 4 :
1) to afford the titled compound (56 mg, 0.12 mmol, 52%). mp 4249 °C; IR (KBr) 3350, 1768,
1720, 1680 cm™'; '"HNMR (CDCl;) & 0.85-1.35 (m, 14H), 1.50 (s, 3H), 1.50-1.87 (m, 9H), 3.91 (m,
2H), 4.52 (m, 1H), 4.58-4.63 (m, 1H), 5.09 (m, 1H), 7.30-7.55 (m, 3H), 7.93-8.06 (m, 2H). Anal.

Calcd for Cy7H36N,05 #0.3H,0: C, 68.42; H, 7.78; N, 5.91. Found: C, 68.53; H, 7.99; N, 5.88.

General procedure for the preparation of acyl compounds (59a, 60a, 61a, 62a, 63a,) and
sulfonyl compounds (2a, 64a, 65a, 66a, 67a, 68a); those compounds were synthesized by

condensation of 2-((1S, 28) -2-((S) -2-Amino -4-methylvalerylamino) -1-hydroxy
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-3-methylbutyl) -3-phenylcyclopropenone hydrochloride (58a) and corresponding acid

derivatives as follows;

2-((18,25)-2-((S)-2-tert-Buthoxycarbonylamino-4-methylvalerylamino)-1-hydroxy-3-methylbut
yl)-3-phenyl-cyclopropenone (57a) and 2-((1R,25)-2-((S)-2-tert-Buthoxycarbonylamino
-4-methylvalerylamino)-1-hydroxy-3-methylbutyl)-3-phenyl-cyclopropenone (57b)

To a solution of Boc-leucine hydrate (56) (6.14 g, 24.7 mmol) in CH,Cl, (100 mL), were added
triethylamine (3.4 mL, 24.7 mmol) and isobutyl chloroformate (3.09 g, 22.6 mmol) at —5 °C, and
the resulting mixture was stirred at that temperature for 15 minutes. Then a mixture of the amine
30a and 30b (R' = isopropyl, R* = Ph) in 77:23 ratio (5.50 g, 20.6 mmol) and triethylamine (2.9 mL,
20.6 mmol) were added and the reaction mixture was stirred at 0 °C for one hour. After adding 0.1 M
HCI solution (50 mL), the aqueous layer was extracted with CH,Cl, (100 mL). The combined
extracts were washed successively with water (50 mL), saturated NaHCOj; solution (50 mL) and
saturated NaCl solution (50 mL), and dried over MgSO,. Then the drying agent was filtered and
washed with CH,Cl, (20 mL). Concentration of the solution gave a crude mixture, which was
purified by column chromatography on silica gel (n-hexane : ethyl acetate =1 : 1 to 1 : 4) to afford
57a (5.74 g, 12.9 mmol, 63%) and 57b (1.77 g, 3.98 mmol, 19%).

57a: mp 158-161 °C; IR (KBr) 3330, 2961, 1858, 1685, 1655, 1625 cm™'; "H NMR (CDCl;) & 0.75
(d,J=6.4Hz 6 H), 1.02 (d, J=6.7 Hz, 3 H), 1.09 (d, /= 6.6 Hz, 3 H), 1.17-1.60 (m, 3 H), 1.39 (s,
9 H), 2.39 (m, 1 H), 3.65 (m, 1 H), 4.04 (m, 1 H), 5.02-5.18 (m, 2 H), 6.25 (m, 1 H), 7.33 (m, 1 H),
7.45-7.60 (m, 3 H), 7.95-8.05 (m, 2 H).

57b: mp 182-161 °C; IR (KBr) 3380, 3260, 1860, 1825, 1708, 1655, 1625 cm™'; 'H NMR (CDCl;)
0 0.68 (d, J=5.6 Hz, 6 H), 1.08 (d, /= 6.6 Hz, 3 H), 1.11 (d, /= 6.7 Hz, 3 H), 1.25-1.55 (m, 3 H),
1.38 (s, 9 H), 2.13 (m, 1 H), 3.98-4.13 (m, 2 H), 5.04 (d, /= 6.9 Hz, 1 H), 5.13 (dd, /= 6.4 Hz, 3.0
Hz, 1 H), 535 (d, J=6.4 Hz, 1 H), 8.95 (d, J= 7.0 Hz, 1 H), 7.45-7.65 (m, 3 H), 7.98-8.07 (m, 2

H).
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2-((1S, 2S) -2-((S) -2-Amino -4-methylvalerylamino) -1-hydroxy-3-methylbutyl)-3-
phenylcyclopropenone hydrochloride (58a)

Compound 57a (5.74 g, 12.9 mmol) was dissolved in ethanol (30 mL) and the solution was cooled
to 0 °C. Then, concentrated HCI (15 mL) was added and the resulting mixture was stirred at room
temperature for 40 minutes. The reaction mixture was concentrated in vacuo. After dried in vacuo at
room temperature, diethyl ether (50 mL) was added and the resulting suspension was stirred for an
hour. The precipitates were filtered and washed with diethyl ether (10 mL), and then dried in vacuo
at room temperature for 8 hours to afford the titled compound (4.84 g, 12.7 mmol, 99%). mp
147-153°C(decomp); IR (KBr) 3260, 1858, 1675, 1616 cm '; "H NMR (CD;0D) & 0.47 (d, J= 6.5
Hz,3 H),0.71 (d,J= 6.5 Hz, 3 H), 1.02 (d, /= 6.7 Hz, 3 H), 1.12 (d, /= 6.7 Hz, 3 H), 1.20 (m, 2 H),
1.42 (m, 1 H), 2.10 (m, 1 H), 3.81 (dd, /= 8.9 Hz, 6.1 Hz, 1 H), 4.11 (dd, /=9.7,2.2 Hz, 1 H), 5.23

(d,J=22Hz, 1 H), 7.55-7.70 (m, 3 H), 8.03-8.13 (m, 2 H).

2-((1S, 25)-1-Hydroxy-3-methyl-2-((S)-4-methyl -2-phenylsulfonylaminovalerylamino)butyl)
-3-phenylcyclopropenone (2a)

To a solution of 58a (1.13 g, 2.97 mmol) and benzenesulfonyl chloride (0.38 mL, 2.97 mmol) in
CH,CI, (30 mL), triethylamine (0.83 mL, 5.94 mmol) was added at 0 °C, and the resulting mixture
was stirred at room temperature for 2 hours. After adding 0.1 M HCI solution (15 mL), the aqueous
layer was extracted with CH,Cl, twice (total 30 mL). Combined extracts were successively washed
with water (15 mL), saturated NaHCOj; solution (15 mL), and saturated NaCl solution (15 mL), and
dried over MgSO,. The drying agent was removed and washed with CH,Cl, (10 mL), and then the
filtrate was evaporated to give a crude mixture. Purification by column chromatography on silica gel
(n-hexane : ethyl acetate = 1 : 2) gave solids (1.13 g), which was suspended in CH,Cl, (4 mL).
Precipitates were filtered and washed with CH,Cl, (0.5 mL) to afford the titled compound (921 mg,

1.90 mmol, 64%). mp 207 °C (decomp); IR (KBr) 3450, 3300, 1858, 1665, 1625 cm'; "H NMR
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(CD,0D) & 0.38 (d, J = 6.6 Hz, 3H), 0.40 (d, J = 6.5 Hz, 3H), 0.78 (d, J = 6.7 Hz, 3H), 1.02 (d, J =
6.6 Hz, 3H), 0.75-0.95 (m, 2H), 1.34 (m, 1H), 1.97 (m, 1H), 3.71 (dd, J = 10 Hz, 4.4 Hz, 1H), 3.92
(dd, J = 9.4 Hz, 2.5 Hz, 1H), 5.14 (d, J = 2.5 Hz, 1H), 7.42-7.70 (m, 6H), 7.81 (dd, J = 8.4 Hz, 1.6
Hz, 2H), 8.03 (dd, J = 7.6 Hz, 1.2 Hz, 2H). Anal. Caled for CsHs,N,05S: C, 64.44; H, 6.66; N,

5.78; S, 6.62. Found: C, 64.33; H, 6.64; N, 6.08; S, 6.68.

Water solubility of compound 2a

Compound 2a (25 mg) was suspended in distilled water (5 mL) and the resulting suspension was
stirred at 27 °C. After 6 hours, the suspension was left for 30 minutes and filtrated with 0.45pum
membrane filter. The area of the sample (10 pL) was measured by HPLC (column: Inertsil ODS-2,
eluent: methanol : water =3 : 2, flow rate: 1 mL / min, UV detection: 254 nm, temperature: 27 °C).

Water solubility of compound 2a was calculated by using the calibration curve.

LogP (HPLC method) '** of compound 2a

Thiourea (1 mg), phenol (10 mg), nitro-benzene (1 pL), benzene (50 pL) and toluene (50 pL) were
dissolved in methanol (50 mL). Then compound 2a (1.2 mg) was added to the standard solution (20
mL). LogP value was calculated by using the retention time of HPLC (column: Inertsil ODS-2,
eluent: methanol : water = 3 : 2, flow rate: 1 mL / min, UV detection: 254 nm, temperature: 25 °C)

by comparison with internal standards.

2-((1S, 25)- 2-((S)-2-Benzoylamino-4-methylvalerylamino)-1-hydroxy-3-methylbutl) -3-
phenylcyclopropenone (59a)

mp 150-154°C; IR (KBr) 3297, 1856, 1632 cm™'; "H NMR (CDCls) §0.63-0.80 (m, 6H), 0.91 (d, J
= 6.5 Hz, 3H), 0.93 (d, J = 6.5 Hz, 3H), 1.35-1.65 (m, 3H), 2.22 (m, 1H), 3.42 (m, 1H), 4.48 (m,
1H), 4.78 (m, 1H), 6.23 (d, J = 7.8 Hz, 1H), 7.28-7.55 (m, 6H), 7.60-7.68 (m, 3H), 7.81 (d, J = 8.2
Hz, 1H), 7.85-7.95 (m, 2H).

2-((1S, 25)-1-Hydroxy-3-methyl-2-((S)-4-methyl-2-nicotinoylaminovalerylamino) butyl)-3-
phenylcyclopropenone (60a)

mp 108-115 °C; IR (KBr) 3299, 1856, 1642 cm '; '"H NMR (CDCl3) 50.63-0.80 (m, 6H), 0.92 (d, J
= 6.7 Hz, 3H), 0.96 (d, J = 6.8 Hz, 3H), 1.34-1.72 (m, 3H), 2.23 (m, 1H), 3.58 (m, 1H), 4.59 (m,
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1H), 5.30 (m, 1H), 6.58 (m, 1H), 7.25 (m, 1H), 7.35-7.55 (m, 3H), 7.92 (dd, J = 6.7 Hz, 1.4 Hz, 2H),
8.02-8.18 (m, 2H), 8.32 (m, 1H), 8.59 (dd, J = 4.8 Hz, 1.5 Hz, 1H),9.11 (d, J = 1.5 Hz, 1H).

2-((1S, 25)-2-(2-Furoylamino-4-methylvalerylamino)-1-hydroxy-3-methylbutyl)-3-
phenylcyclopropenone (61a)

mp 101-105°C; IR (KBr) 3330, 1857, 1640 cm™'; "H NMR (CDCl3) & 0.80 (d, J = 5.8 Hz, 6H), 1.01
(d, J =17.1 Hz, 3H), 1.08 (d, J = 7.0 Hz, 3H), 1.40-1.65 (m, 3H), 2.37 (m, 1H), 3.67 (m, 1H), 4.58
(m, 1H), 5.14 (d, J = 4.4 Hz, 1H), 6.43 (dd, J = 3.7 Hz, 1.8 Hz, 2H), 6.79 (d, J = 8.7 Hz, 1H), 7.01
(d,J =3.7 Hz, 1H), 7.35 (d, J = 1.8 Hz, 2H), 7.40-7.55 (m, 3H), 7.78 (d, J = 8.2 Hz, 1H), 7.91 (dd,
J=28.1Hz, 1.5 Hz, 2H).

2-((1S, 25)-1-Hydroxy-3-methyl-2-((:5)-4-methyl-(3-phenylpropionylamino)valerylamino)
butyl)-3-phenylcyclopropenone (62a)

mp 148 °C; IR (KBr) 3387, 1854, 1640 cm™'; '"H NMR (CDCls) § 0.67 (d, J = 3.9 Hz, 6H), 0.95 (d,
J=6.8Hz, 3H), 1.06 (d, J = 6.8 Hz, 3H), 1.18-1.40 (m, 3H), 2.27 (m, 1H), 2.43 (t, J = 7.9 Hz, 2H),
3.70-3.90 (m, 2H), 3.74 (m, 1H), 4.39 (m, 1H), 5.09 (m, 1H), 6.19 (d, J = 8.3 Hz, 1H), 6.59 (d, J =
8.2 Hz, 1H), 7.07-7.30 (m, 5H), 7.40-7.60 (m, 4H), 7.96 (dd, J = 6.6 Hz, 1.7 Hz, 2H).

2-((1S, 25)-1-Hydroxy-3-methl-2-((S)-4-methyl-2-phenoxyacetylaminovalerylamino)butyl)
-3-phenylcyclopropenone (63a)

mp 138-139°C; IR (KBr) 3290, 1856, 1648, 1620 cm '; "H NMR (CDCl;) & 0.78 (d, J = 5.8 Hz,
6H), 1.02 (d,J = 6.7 Hz, 3H), 1.09 (d, J = 6.6 Hz, 3H), 1.30-1.60 (m, 3H), 2.38 (m, 1H), 3.64 (m,
1H), 4.26 (d, J = 15 Hz, 1H), 4.37 (d, J = 15 Hz, 1H), 4.49 (m, 1H), 5.14 (m, 1H), 6.12 (m, 1H),
6.84 (d, J = 8.8 Hz, 2H), 6.90 (d, J = 8.8 Hz, 2H), 7.01 (t, J = 7.4 Hz, 2H), 7.25-7.38 (m, 2H),
7.38-7.53 (m, 3H), 7.66 (d, J = 7.6 Hz, 1H), 7.85—7.98 (m, 2H).

2-((18, 25)-2-((S)-2-(2-Chlorophenylsulfonylaminovalerylamino)-4-methylbutyl) -3-
phenylcyclopropenone (64a)

mp 106-109 °C (decomp); IR (KBr) 3327, 1856, 1624 cm '; "H NMR (CDCl;) 8 0.38 (d, J = 6.6 Hz,
3H), 0.53 (d, J = 6.5 Hz, 3H), 1.10 (d, J = 6.3 Hz, 3H), 1.12 (d, J = 6.3 Hz, 3H), 1.27 (m, 2H), 1.41
(m, 1H), 2.38 (m, 1H), 3.50 (m, 1H), 3.93 (m, 1H), 5.21 (d, J = 4.3 Hz, 1H), 7.01 (d, J = 6.2 Hz,
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1H), 7.31-7.42 (m, 2H), 7.42-7.60 (m, 5H), 8.01 (dd, J = 6.8 Hz, 1.4 Hz, 2H), 8.03 (d, J = 7.3 Hz,
1H).

2-((1S, 2S5)-1-Hydroxy-3-methyl-2-((S)-4-methyl-2-phenylsulfonylaminovalerylamino)butyl)
-3-phenylcyclopropenone (65a)

mp 214 °C (decomp); IR (KBr) 3551, 3474, 3264, 1856, 1669, 1634 cm™'; '"H NMR (DMSO-d¢) &
0.23-0.45 (m, 9H), 0.75 (d, J = 6.2 Hz, 3H), 0.65-0.85 (m, 1H), 0.85-1.05 (m, 1H), 1.34 (m, 1H),
1.67 (m, 1H), 3.64 (m, 1H), 3.81 (m, 1H), 4.99 (m, 1H), 6.24 (m, 1H), 7.46—8.10 (m, 13H), 8.33 (m,
1H).

2-((1S, 25)-1-Hydroxy-3-methyl-2((S)-4-methyl-2-phenylsulfonylaminovalerylamino)butyl)
-3-phenylcyclopropenone (66a)

mp 110-112 °C; IR (KBr) 3285, 1856, 1672, 1624 cm '; "H NMR (CDCls) § 0.13 (d, J = 6.4 Hz,
3H), 0.42 (d, J = 6.4 Hz, 3H), 0.87 (m, 1H), 1.11 (d, J = 6.4 Hz, 3H), 1.13 (d, J = 6.5 Hz, 3H), 1.24
(m, 2H), 2.24 (m, 1H), 3.53 (m, 1H), 4.15 (m, 1H), 5.29 (d, J = 2.8 Hz, 1H), 5.76 (s, 1H), 7.38-7.55
(m, 4H), 7.68 (s, 1H), 8.01 (dd, J = 7.6 Hz, 1.4 Hz, 2H), 8.17 (ddd, J = 8.1 Hz, 1.7 Hz and 1.7 Hz,
1H), 8.48 (d,J = 7.0 Hz, 1H), 8.74 (dd, J = 4.8 Hz, 1.5 Hz, 1H), 9.10 (d, J = 2.0 Hz, 1H).

2-((1S, 25)-2((S)-2-Benzylsulfonylamino-4-methylvalerylamino)-1-hydroxy -3-methylbutyl) -3-
phenylcyclopropenone (67a)

mp 197 °C (decomp); IR (KBr) 3314, 1856, 1678, 1624 cm '; '"H NMR (DMSO-d) § 0.39 (d, J =
6.6 Hz, 3H), 0.57 (d, J = 6.5 Hz, 3H), 0.78-1.0 (m, 2H), 0.95 (d, J = 6.7 Hz, 3H), 1.04 (d, J = 6.6
Hz, 3H), 1.42 (m, 1H), 1.99 (m, 1H), 3.83-4.07 (m, 2H), 4.05 (d, / = 14 Hz, 1H) ,4.14 (d, J = 14
Hz, 1H), 5.14 (m, 1H), 6.38 (m, 1H), 7.33 (s, 5SH), 7.20-7.45 (m, 1H), 7.53-7.73 (m, 3H), 7.94 (dd, J
=17.1 Hz, 1.5 Hz, 2H), 8.14 (d, J = 9.4 Hz, 1H).

2-((1S, 25)-1-Hydroxy-3-methyl-2((.S)-4-methyl-2-pyridylmethoxycarbonylamino)
valerylamino) butyl)-3-phenylcyclopropenone hydrochloride (68a)

2-Pyridylmethanol (573 mg, 5.26 mmol) and disuccinimidyl carbonate (1.35 g, 5.26 mmol) were
dissolved in CH,Cl, (100 mL), and the resulting solution was stirred at room temperature overnight.

Then, 2-((1S8, 25)-2-((S)-2-Amino-4-methylvalerylamino)-1-hydroxy-
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3-methylbutyl) -3-phenylcyclopropenone hydrochloride (58a) (2.0 g, 5.26 mmol) and
triethylamine (531 mg, 5.26 mmol) were added. After the solution was stirred at room temperature
for 1.5 hours, further triethylamine (531 mg, 5.26 mmol) was added, and it was stirred for 2.5 hours.
After adding water (50 mL), the aqueous layer was extracted with CH,Cl,. The combined extracts
were washed successively with water, saturated NaHCOj; solution, and saturated NaCl solution, and
dried over MgSO,. Removal of the solvent gave a crude solid, which was purified by column
chromatography on silica gel (from ethyl acetate to ethyl acetate:methanol = 25 : 1) to give a solid,
which was dissolved in ethyl acetate (10 mL). Then, 4 M HCI solution in ethyl acetate (2 mL, 8
mmol) and ethyl acetate (30 mL) were added, and formed precipitates were filtered and washed
successively with ethyl acetate and diethyl ether. The precipitates were suspended in ethyl acetate
(15 mL), and precipitates were filtered and washed with ethyl acetate to give the titled compound
(1.54 g, 2.99 mmol, 57%).

mp 158-160 °C (dec.); IR (KBr) 3300, 1858, 1715, 1660, 1630 cm™; NMR (CD;0D) & 0.71 (d, J =
7.4 Hz, 6H), 1.03 (d, J = 6.3 Hz, 3H), 1.11 (d, J = 6.4 Hz, 3H), 1.38-1.65 (m, 3H), 2.42 (m, 1H),
4.09 (m, 1H), 4.20 (m, 1H), 4.95-5.28 (m, 3H), 5.43 (m, 1H), 5.78 (d, J = 7.7 Hz, 1H), 7.15-7.38 (m,
3H), 7.38-7.62 (m, 3H), 7.62-7.78 (m, 1H), 7.97 (d, J = 7.0 Hz, 2H), 8.54 (s, 1H).

2. Experimental section for Chapter III

General

Suc-Leu-Leu-Val-Tyr-MCA was purchased from Peptide Institute. m-Calpain was purified from rat
brain, and cathepsin L was purified from rat kidney according to the reported method'® '°.
Z-Phe-Arg-MCA, Suc-Ala-Ala-Pro-Phe-p-nitroanilide, H-p-Phe-Pip-Arg-p-nitroanilide, papain,

cathepsin B, cathepsin D, cathepsin G, and thrombin were purchased from Sigma.

m-Calpain inhibitory activity

To a imidazole-HCl buffer (pH 7.3) (910 pL) containing 5 mM | -cysteine and 2.5 mM
2-mercaptoethanol, were added Suc-Leu-Leu-Val-Tyr-MCA (5 mM in DMSO, 40 uL), DMSO
solution of an inhibitor (10 pL), and m-calpain (30 pL). Then immediately after the addition of 500

mM CaCl, (10 pL), the resulting solution was incubated for 10 minutes at 30 °C, during that time
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increase of fluorescence (excitation at 380 nm; emission at 460 nm) was recorded. The inhibitory
activity was calculated by the comparison of average hydrosis rate with control run which was
performed in the absence of the inhibitor. Lineweaver—Burk plots were calculated from the
following assays; the inhibitor concentrations were 0, 0.5, and 1.0 mM, and substrate concentrations

were 0, 0.05, 0.067, 0.1, and 0.2 mM.

Papain inhibitory activity

To a 400mM sodium potassium phosphate buffer (pH 6.8) (120 puL) containing 8 mM dithiothreitol
and 4 mM EDTA, were added DMSO solution of an inhibitor (5 pL) and papain in 0.1% Brij 35
solution (250 pL). The resulting solution was incubated for 5 min at 40 °C, and 20 mM
Z-Phe-Arg-MCA in 0.23% DMSO solution (125 pL) was added. After incubating for 10 min at
40 °C, 100 mM sodium chloroacetate in 100 mM sodium acetate buffer (pH 4.3) (500 pL) was
added to it, and the fluorescence (excitation at 380 nm; emission at 460 nm) was recorded. The
inhibitory activity was calculated by the comparison of the control run which was performed in the

absence of the inhibitor.

Cathepsin B inhibitory activity
It was assayed under a similar manner to the papain inhibitory activity, except that the pH of the

buffer was 6.0.

Cathepsin L inhibitory activity
It was assayed under a similar manner to the papain inhibitory activity, except that the pH of the

buffer was 5.5 and the incubation temperature was 30 °C.

Cathepsin G inhibitory activity
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To a 0.1M HEPES buffer (pH 7.5) (425 pL) containing 0.5 M NaCl and 0.1% Brij 35, were added
DMSO solution of an inhibitor (5 pL) and cathepsin G solution (30 pL). The resulting solution was
incubated for 5 minutes at 37 °C, and 125 mM Suc-Ala-Ala-Pro-Phe-p-nitroanilide in DMSO (40
pL) was added. After incubating for 15 minutes at 37 °C, 100 mM sodium acetate buffer (pH 4.3)
(500 pL) was added to it, and the absorbance at 410 nm was recorded. The inhibitory activity was

calculated by the comparison of the control run which was performed in the absence of the inhibitor.

Thrombin inhibitory activity
It was assayed under a similar manner to the cathepsin G inhibitory activity, except that the buffer

was 0.1 M Tris—HCI buffer (pH 8.0) and the substrate was H-p-Phe-Pip-Arg-p-nitroanilide.

Cathepsin D inhibitory activity

Hemoglobin substrate powder (16 g) was dissolved in water (100 mL), and adjusted to pH 7.5 with a
4 M NaOH solution. The pH was maintained at 7.5 with NaOH while succinic anhydride (5 g) was
added to the solution. After the reaction had ceased, the hemoglobin was acidified to pH 2.5 and
dialyzed at room temperature against 0.1 M acetic acid (100 volumes). Final adjustment to a 4%
solution was made with 0.1 M sodium acetate buffer (pH 4.0). Four percent substrate buffer (100
pL) and an inhibitor were placed into a test tube and it was incubated for 5 mininutes at 37 °C.
Cathepsin D in sodium acetate buffer (pH 4.0) (100 uL) was added, and the resulting solution was
incubated for 10 minutes at 37 °C. Then 10 pL. was withdrawn and placed into 0.1 M phosphate
buffer (pH 6.8) (2 mL). Then the tube received 0.1 mg / mL fluorescamine in acetone (1 mL)
followed by rapid mixing. The emission at 475 nm was measured and the inhibitory activity was

calculated by the comparison of the control run which was performed in the absence of the inhibitor.

Investigation of reversible or irreversible inhibition
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To an imidazole-HCIl buffer (pH 7.3) (54 pL) containing 5 mM [-cysteine and 2.5 mM
2-mercaptoethanol, were added Suc-Leu-Leu-Val-Tyr-MCA (5mM in DMSO, 4 pL), DMSO
solution of an inhibitor (1 pL), and m-calpain (40 pL). Then 500 mM CaCl, (1 pL) was added, and
the resulting solution was incubated for a while (0, 5, 10, 15, 20 min) at 30 °C. After stopping the
reaction by the addition of 100 mM EDTA (5 pL), 50uL was separated and were added
Suc-Leu-Leu-Val-Tyr-MCA (5 mM in DMSO, 40 pL) and imidazole—HCI buffer (pH 7.3) (900 pL).
Immediately after the addition of 500 mM CaCl, (10 pL), the resulting solution was incubated for 10
minutes at 30 °C, during that time increase of fluorescence (excitation at 380 nm; emission at 460

nm) was recorded and the average hydrolysis rate was plotted.

3. Experimental section for Chapter IV

Phenylacetone (73) (Research Approval No.: Kanagawa 3604)

Magnesium (21.38 g, 0.88 mol) was added to a mixture of diethyl ether (20 mL) and carbon
tetrachloride (2 mL), and the temperature of the resulting suspension was raised to start the reaction.
After adding further diethyl ether (300 mL), diethyl malonate 70 (140.8 g, 0.88 mol) in ethanol (80
mL) and diethyl ether (100 mL) was added for 30 minutes, and the mixture was refluxed for 3 hours.
Then, phenylacetyl chloride 71 (123.6 g, 0.80 mol) in diethyl ether (90 mL) was added for 40
minutes, and the resulting solution was stirred for 2 hours. The solution was cooled to 10 °C, and 2
M H,SO, solution (500 mL) and water (200 mL) were added slowly. The aqueous layer was
extracted with diethyl ether, and combined extracts were washed with saturated NaCl solution. After
drying over MgSOy,, the solvent was evaporated to give the intermediate 72 (236.82 g), which was
dissolved in ethyl acetate (240 mL), water (160 mL), and concentrated H,SO,4 (30 mL). The resulting
solution was refluxed for 8 hours, and it was cooled to room temperature. Then, 20% NaOH solution
(1000 mL) was added slowly, and the aqueous layer was extracted with ethyl acetate. Combined

extracts were washed with saturated NaCl solution and dried over MgSO,. Evaporation of the
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solvent gave a crude oil, which was purified by distillation (100.5-102 °C / 13 mmHg) to afford the
titled compound (94.98 g, 0.71 mol, 89%). "H NMR (CDCl3) & 2.15 (s, 3H), 3.69 (s, 2H), 7.15-7.40

(m, 5H).

2-Bromomethyl-2-(chlorophenylmethyl)-5,5-dimethyl-1,3-dioxane (76)

Phenylacetone 73 (90.56 g, 0.676 mol) was dissolved in dichloromethane (500 mL), and sulfuryl
chloride (66.0 mL, 0.816 mol) was added slowly at 0 °C. After stirring at room temperature for 7
hours, water (400 mL) was added, and the separated aqueous layer was extracted twice with
dichloromethane. Then the combined extracts were washed with saturated NaCl solution and dried
over anhydrous MgSO,4. Removal of the drying agent and concentration afforded crude
a-chloroketone 74 (119.6 g), which was used without purification. '"H NMR (CDCl3) & 2.23 (s, 3H),
5.35 (s, 1H), 7.35-7.47 (m, SH).

To a solution of the crude a-chloroketone 74 (119.6 g) in toluene (700 mL), were added neopentyl
glycol (105.4 g, 1.01 mol) and p-toluenensulfonic acid monohydrate (2.57 g, 13.5 mmol). Then the
mixture was refluxed for 7 hours in a Dean-Stark apparatus with continuous removal of separated
water. After cooling to room temperature, n-hexane (1000 mL) was added, and the resulting solid
was removed by filtration and washed with n-hexane. The filtrate was washed with diluted NaHCO;
solution, water, and saturated NaCl solution successively and dried over anhydrous Na,SOj.
Removal of the drying agent and concentration afforded crude acetal 75 (174.3 g, containing a small
amount of toluene), which was used without purification. '"H NMR (CDCl5) & 0.80 (s, 3 H), 0.9 (s,
3 H), 141 (s,3 H), 3.48 (dd, J = 11.4 Hz, 1.7 Hz, 1 H), 3.50 (dd, J = 11.7 Hz, 1.7 Hz, 1 H), 3.62 (d,
J=114Hz, 1H),3.63(d,J=11.7Hz, 1 H), 4.97 (s, 1 H), 7.20-7.35 (m, 3 H), 7.45-7.55 (m, 2 H).
This crude acetal 75 (174.3 g, containing a small amount of toluene) was dissolved in chloroform
(1400 mL), and pyridinium hydrobromide perbromide (230.0 g, 0.72 mmol) was added. After
refluxing for 30 minutes, it was cooled to room temperature, and then water (1000 mL) was added.
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The aqueous layer was extracted with chloroform, and the combined extracts were washed with
water, saturated NaHCO; solution, and saturated NaCl solution successively and dried over
anhydrous Na,SO,4. Removal of the drying agent and concentration afforded a crude product, which
was recrystallized from r-hexane to give the desired compound 76 (148.2 g, 0.444 mol, 66%). mp
81-82 °C; IR (KBr) 2959, 2868, 1472, 1453, 1426, 1395, 1208, 1129, 1265, 1020, 988, 766, 704
ecm '; 'THNMR (CDCl3) § 0.77 (s, 3 H), 0.81 (s, 3H), 3.38-3.65 (m, 5H), 3.94 (d, J = 11.7 Hz, 1H),
5.29 (s, 1H), 7.25-7.40 (m, 3 H), 7.45-7.60 (m, 2 H); *C NMR (CDCl3) 21.66, 21.69, 27.21, 29.07,
62.94,70.44,70.61, 97.25, 127.20, 127.93, 129.24, 135.94. Anal. Calcd for C,4H;3BrClO,: C, 50.40;

H, 5.44; Br, 23.59; Cl, 10.63. Found: C, 50.30; H, 5.37; Br, 23.71; Cl, 10.34.

2-Phenylcyclopropenone 2,2-dimethyl-1,3-propanediyl acetal (21): synthesized from
bromo-chloro-compound 76 by using -BuOK (figure 4.4)

To a solution of #BuOK (672 mg, 6.0 mmol) in DMI (5 mL), was added
2-bromomethyl-2-(chlorophenylmethyl)-5,5-dimethyl-1,3-dioxane (76) (1.0 g, 3.0 mmol) in THF (5
mL) at 0 °C. After stirring for 4 hours at 0 °C, water (20 mL) was added, and then the aqueous
solution was extracted with n-hexane three times. The combined extracts were washed with saturated
NaCl solution and dried over anhydrous Na,SO,4. Removal of the drying agent and concentration
gave a crude product, which was purified by flush column chromatography on silica gel (n-hexane :
ethyl acetate = 19 : 1) to afford the titled compound (453 mg, 2.1 mmol, 70%). mp 54 °C; IR (KBr)
3100, 2250, 1960, 1900, 1810, 1720, 1470, 1260 cm™'; "H NMR (CDCl5) § 1.08 (s, 3 H), 1.15 (s, 3
H), 3.75 (s, 4 H), 7.35-7.47 (m, 3 H), 7.60-7.67 (m, 2 H), 7.69 (s, 1 H); °C NMR (CDCly) 21.78,
22.00, 29.95, 77.26, 82.69, 114.12, 12545, 128.29, 129.13, 129.52, 135.18. Anal. Caled for

Ci4sH,60,: C, 77.75; H, 7.46. Found: C, 77.64; H, 7.54.
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2-Chloro-2-phenylcyclopropanone 2,2-dimethyl-1,3-propanediyl acetal (82); Compound 82 was
isolated by column chromatography on silica gel as a by-product in the study for table 4.1.

mp 87 °C; IR (KBr) 2961, 2872, 1473, 1445, 1422, 1364, 1343, 1310, 1258, 1242, 1171, 1088, 1071,
1042, 1020, 984, 953, 916, 735, 700, 658, 648, 617 cm '; '"H NMR (CDCl3) § 0.85 (s, 3 H), 1.15 (s,
3 H), 1.68 (d,J =8.2Hz, 1 H),2.07 (d, J =8.2 Hz, 1 H), 3.19 (s, 2 H), 3.68 (d, / = 11 Hz, 1 H),
3.84 (d, J = 11 Hz, 1 H), 7.25-7.40 (m, 3 H), 7.45-7.60 (m, 2 H). Anal. Calcd for C,4H,,C10,: C,

66.53; H, 6.78; Cl, 14.03. Found: C, 66.17; H, 6.69; Cl, 13.90.

2-tert-Butoxy-3-phenylcyclopropanone 2,2-dimethyl-1,3-propanediyl acetal (81): synthesized
from bromo-chloro-compound 76 (figure 4.5)

To a solution of 2-bromomethyl-2-(chlorophenylmethyl)-5,5-dimethyl-1,3-dioxane (76) (185 g, 0.56
mmol) in THF (750 mL), +-BuOK (155 g, 1.4 mmol) was added slowly at 0 °C. The resulting
solution was then stirred overnight at room temperature, and THF (about 350 mL) was removed in
vacuo. After addition of water to the residue, the water layer was extracted with n-heptane three
times. Combined extracts were washed with saturated NaCl solution and dried over anhydrous
Na,S0,. After filtration of the drying agent, the filtrate was evaporated to give crude solids (164.1 g),
which was dissolved in 2-propanol (300 mL) by heating. After the solution was cooled to 0 °C,
water (350 mL) was added slowly. The precipitates formed were filtered and washed with
2-propanol-water mixture (1 : 1) to afford the desired compound (147.8 g, 0.51 mmol, 92%). mp
75-76 °C; IR (KBr) 2984, 2961, 2868, 1603, 1495, 1474, 1458, 1393, 1366, 1192, 1165, 1123, 1082,
1065, 1049, 897, 883, 696, 630 cm™'; '"H NMR (CDCls) § 0.72 (s, 3 H), 1.20 (s, 3 H), 1.27 (s, 9 H),
2.25(d,J=49Hz 1H),3.04 (d,J=10.8 Hz, 1 H), 3.32 (dd, J = 10.8 Hz, 2.1 Hz, 1 H), 3.62 (d, J
=10.7 Hz, 1 H), 3.66 (d, J =4.9 Hz, 1 H), 3.72 (dd, J = 10.7 Hz, 2.1 Hz, 1 H), 7.10-7.25 (m, 3 H),

7.25-7.35 (m, 2 H); >C NMR (CDCl;) & 21.44, 22.25, 27.49, 30.57, 37.91, 61.44, 74.82, 75.15,
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90.72, 125.12, 126.22, 127.76, 136.44. Anal. Calcd for C;sH,cClO;: C, 74.45; H, 9.02. Found: C,

74.54; H, 9.09.

2-Phenylcyclopropenone 2,2-dimethyl-1,3-propanediyl acetal (21): synthesized from tert-butanol

adduct 81 (figure 4.7)
To a solution of 2-fert-butoxy-3-phenylcyclopropanone 2,2-dimethyl-1,3-propanediyl acetal (81)
(1.00 g, 3.4 mmol) in THF (10 mL), TMEDA (1.03 mL, 6.9mmol) was added at —60 °C. n-BuLi
(1.61 M solution in n-hexane, 4.29 mL, 6.9 mmol) was then added at —60 °C for 5 minutes, and the
resulting solution was stirred at that temperature for 2 hours. After 4 : 1 mixture of THF—water (3
mL) was added at —60 °C, the reaction mixture was warmed to room temperature, and anhydrous
Na,SO, was added. Subsequently, solids in this solution were filtered by a pad of Celite, and the
filtrate was evaporated to give the crude mixture (894 mg). Purification by column chromatography
on silica gel (n-hexane : ethyl acetate = 20 : 1) afforded the desired compound (579 mg, 2.7 mmol,

78%). Spectroscopic properties were identical with ones shown in page 79.

2-((25)-2-tert-Butoxycarbonylamino-1-hydroxy-3-methylbutyl)-3-phenylcyclopropenone
2,2-dimethyl-1,3-propanediyl acetal (78a and 78b): synthesized from tert-butanol adduct 81
(figure 4.8)

2-tert-Butoxy-3-phenylcyclopropanone  2,2-dimethyl-1,3-propanediyl acetal (81) (996 mg, 3.4
mmol) was dissolved in THF (10 mL), and TMEDA (0.97 mL, 6.5 mmol) was added. The resulting
solution was then cooled to —60 °C, and n-BuLi (1.63 M solution in n-hexane, 3.98 mL, 6.5 mmol)
was added for 5 minutes. After stirring for 1.5 hours at that temperature, a cooled suspension of
anhydrous CeCls, which was prepared from CeCl; *7H,0 (1.92 g, 5.2 mmol) by drying in vacuo at
140 °C for 3.5 hours, in THF (20 mL) was slowly added, and the resulting suspension was stirred for
50 minutes at —60°C. Subsequently, (S)-N-tert-butoxycarbonylvalinal (77) (293 mg, 1.5 mmol) in
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THF (5 mL) was added for 10 minutes, and the resulting mixture was stirred at —60 °C for 3.5 hours.
The reaction mixture was then quenched by addition of 4 : 1 mixture of THF—water (3 mL) at
—60 °C, and it was warmed to room temperature. Then anhydrous Na,SO4 was added to the resulting
suspension; solids were filtered by a pad of Celite and were washed three times with ethyl acetate.
Evaporation of the filtrate afforded the crude mixture (1.44 g), which was purified by column
chromatography on silica gel (n-hexane : ethyl acetate =4 : 1) to give a mixture of 78a and 78b in
75 : 25 ratio (484 mg, 1.2 mmol, 79% yield base on aldehyde 77). IR (KBr, a mixture of 78a and
78b) 3430, 2960, 1855, 1800, 1710, 1690 cm '; 'TH NMR (CD;0D, a mixture of 78a and 78b) o
0.95-1.60 (m, 12H), 1.38 (s, 3H), 1.42 (s, 6H), 1.95-2,15 (m, 1H), 3.60-3.75 (m, 1H), 3.75-3.95 (m,
4H), 5.00-5.10 (m, 1H), 6.03 (d, /= 10 Hz, 0.33H), 6.23 (d, /= 10 Hz, 0.67H), 7.40-7.65 (m, 3H),
7.70-7.90 (m, 2H). Anal. Calcd for C,4H3sNOs, a mixture of 78a and 78b: C, 68.59; H, 8.89; N,

3.28. Found: C, 68.20; H, 8.77; N, 3.24.

2-((285)-2-Amino-1-hydroxy-3-methylbutyl)-3-phenylcyclopropenone hydrochloride (79a and
79b): synthesized via zinc amid of aldehyde 77 (figure 4.13)

2-tert-Butoxy-3-phenylcyclopropanone 2,2-dimethyl-1,3-propanediyl acetal (81) (4.96g, 17.1 mmol)
was dissolved in THF (50 mL), and TMEDA (5.1 mL, ) was added. Then the resulting solution was
cooled to =70 °C, and n-BuLi (1.61 M solution in n-hexane, 21.1 mL, 34.1 mmol) was added. After
stirring 1.5 hours at that temperature, a cooled suspension of anhydrous CeCl;, which was prepared
from CeCl3+7H,0 (12.7g, 34.1 mmol) by drying in vacuo at 140 °C for 6 hours, in toluene (100 mL)
was added and the resulting suspension was stirred at =70 °C for 45 minutes. Subsequently,
(S)-N-tert-butoxycarbonylvalinal (77) (2.86g, 14.2 mmol) in THF (28 mL), which was treated with
diethylzinc (1.0 M solution in n-hexane, 14.3 mL, 14.3 mmol) at =70 °C, was added for 10 minutes,
and the resulting mixture was stirred at —70 °C for 3.5 hours. The reaction mixture was quenched by
the addition of water (2 mL) in THF (10 mL) at =70 °C, and the temperature of it was raised to room
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temperature. Then the resulting suspension was filtered by a pad of Celite and washed three times
with ethyl acetate. After the filtrate was dried over anhydrous Na,SO,, the solvent was evaporated to
afford the crude mixture. Then, the solution of the above crude mixture in ethyl acetate (135 mL)
was washed with 0.5 M HCI solution twice and saturated NaCl solution. After removal of the solvent,
the oily residue was dissolved in 4 M HCI solution in ethyl acetate (30 mL), and the resulting
mixture was stirred for 30 minutes at room temperature. The formed precipitates were filtered and
washed with ethyl acetate to afford a mixture of 79a and 79b in 71 : 29 ratio (2.69 g, 10.1 mmol,

59% based on 81). Spectroscopic properties were identical with ones shown in page 59.

Procedure of figure 4.18

5,5-Dimethyl-2-methyl-2-(phenylmethyl)-1,3-dioxane (90)

2,2-Dimethyl-1,3-dioxane-4,6-dione (89) (30.7g, 213 mmol) was dissolved in DMF (80 mL), and it
was cooled to —10 °C. Pyridine (35.4 g, 448 mmol) and phenylacetyl chloride (71) (34.6g, 224
mmol) in DMF (30 mL) were added to the solution below —4 °C for 90 minutes. After stirring at —
5 °C for 2 hours and then at 0 °C for 3.5 hours, 1 M HCI (240 mL) and water (60 mL) were added to
the solution. Then, the reaction mixture was stirred for an hour at room temperature. The precipitates
were filtered and washed with water, and dried in vacuo at 40 °C for 30 hours to afford the titled
compound (50.5 g, 193 mmol, 91%). '"H NMR (CDCl3) & 1.72 (s, 6H), 4.43 (s, 2H), 7.20-7.42 (m,

SH).

2-Methyl-2-(phenylmethyl)-5,5-dimethyl-1,3-dioxane (91)

To a solution of the compound 90 (12.2g, 46.5 mmol) in toluene (90 mL), +-BuOH (6.87 g, 92.9
mmol) was added, and the resulting solution was stirred at 65 °C for 2 hours to distill acetone (a
by-product) (13 mL). Then, p-toluenensulfonic acid monohydrate (441 mg, 2.32 mmol) was added
to the solution and it was refluxed for 5 hours. Next, neopentyl glycol (5.31 g, 51.1 mmol) was
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added and the reaction mixture was refluxed for 6 hours. Formed fert-butyl alcohol and water were
removed with toluene and 50 mL of toluene was added twice during this refluxing time. After the
solution was cooled to room temperature, 1% K,COj; solution (50 mL) was added. Then, separated
aqueous layer was extracted with toluene (40 mL) twice. The combined extracts were washed
successively with water (40 mL) and saturated NaCl solution (40 mL), and dried over Na,SO,. The
drying agent was removed and washed with toluene (20 mL), and then the filtrate was concentrated
to afford the crude 91 (11.0 g), which was used without purification. 'H NMR (CDCl;) & 0.91 (s,

3H), 0.95 (s, 3H), 1.28 (s, 3H), 3.01 (s, 2H), 3.56 (s, 4H), 7.10-7.40 (m, SH).

2-Bromomethyl-2-(bromophenylmethyl)-5,5-dimethyl-1,3-dioxane (92)

Pyridinium hydrobromide perbromide (29.8 g, 93.0 mmol) was dissolved in 1,2-dichloroethane (90
mL), and the resulting solution was heated to 75 °C. Then, the above crude 91 (11.0 g) in
1,2-dichloroethane (15 mL) was added for 15 minutes, and it was refluxed for 15 minutes. After
cooled to room temperature, the reaction mixture was filtrated and washed with 1,2-dichloroethane
(15 mL). To the filtrate, water (80 mL) was added and the separated aqueous layer was extracted
with 1,2-dichloroethane (40 mL). Combined extracts were washed successively with water (50 mL),
saturated NaHCO; solution (30 mL), and saturated NaCl solution (20 mL), and dried over Na,SOy,
The drying agent was filtered and was washed with 1,2-dichloroethane, and the filtrate was
concentrated. After ethanol (50 mL) was added to the residue, the solvent was removed. Then,
ethanol (63 mL) and water (7 mL) were added to the residue and the mixture was heated to solve the
residue. After cooling slowly to 25 °C, the mixture was stirred at 0 °C for 2.5 hours. The precipitates
formed were filtered and washed with cooled ethanol-water mixture (9 : 1). The resulting crystals
were dried in vacuo at 40 °C for 8 hours to afford the titled compound (11.2g, 29.6 mmol, 64%). mp
75-76 °C. '"H NMR (CDCls) 5 0.79 (s, 3H), 1.03 (s, 3H), 3.38 (d, /= 11 Hz, 1H), 3.45-3.65 (m, 4H),
4.01 (d,J =11 Hz, 1H), 5.35 (s, 1H), 7.27-7.35 (m, 3H), 7.53-7.60 (m, 2H).
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2-tert-Butoxy-3-phenylcyclopropanone 2,2-dimethyl-1,3-propanediyl acetal (81)

To a solution of +-BuOK (1.2 kg, 11 mol) in THF (3 L), 2-bromomethyl-2-(bromophenylmethyl)-
5,5-dimethyl-1,3-dioxane (92) (1.6 kg, 4.2 mol) in THF (4 L) was added slowly at 5 °C. After
stirring at room temperature for 5 hours, the solvent (3.5 L) was removed in vacuo. Then n-heptane
(6 L) and water (6 L) were added and the separated aqueous layer was extracted with n-heptane (4 L)
twice. Combined extracts were washed with saturated NaCl solution (5 L) and dried over anhydrous
Na,SO, (1 kg). The drying agent was removed and washed with n-heptane (1 L), and then the filtrate
was concentrated. Isopropanol (3 L) was added to the residue and the resulting solution was
concentrated. Next, the residue was dissolved in 2-propanol (4 L) and water (2 L) at 60 °C. The
mixture was cooled slowly to 20 °C, and stirred at 0 °C for 5 hours. The precipitates formed were
filtered and washed with cooled 2-propanol-water mixture (2 : 1, 1 L). The crystals were dried in
vacuo at 40 °C for 20 hours to afford the titled compound (1.0 kg, 3.4 mol, 80%). Spectroscopic

properties were identical with ones shown in page 80.

2-((25)-2-Amino-1-hydroxy-3-methylbutyl)-3-phenylcyclopropenone hydrochloride (79a and
79b)

2-tert-Butoxy-3-phenylcyclopropanone 2,2-dimethyl-1,3-propanediyl acetal (81) (9.1g, 31.4 mmol)
was dissolved in THF (90 mL), and TMEDA (9.4 mL, 62.8 mmol) was added. Then the resulting
solution was cooled to —60 °C, and n-BuLi (1.61 M solution in n-hexane, 38.9 mL, 62.6 mmol) was
added. After stirring 2.5 hours at that temperature, (S)-N-tert-butoxycarbonylvalinal (77) (3.0 g, 14.9
mmol) in THF (30 mL) was added for 10 minutes, and the resulting mixture was stirred at —65 °C
for 3 hours. The reaction mixture was quenched by the addition of water (4.2 mL) in THF (17.6 mL)
at —65 °C, and the temperature of it was raised to 10 °C. After the resulting solution was dried over
anhydrous Na,SO, (4.0 g), the resulting suspension was filtered by a pad of Celite and washed with
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ethyl acetate (20 mL). The solvent was evaporated to afford the crude mixture. Next, the above
crude mixture was dissolved in ethyl acetate (140 mL), and the solution was washed subsequently
with 0.5 M HCI solution (100 mL) twice and then saturated NaCl solution (100 mL). After the
organic layer was dried over anhydrous Na,SO, (8.0 g), removal of the solvent gave an oily residue,
and was dissolved in 4 M HCI solution in ethyl acetate (32 mL). The resulting mixture was stirred
for 2 hours at room temperature and then 2 hours at 5 °C. The formed precipitates were filtered and
washed with ethyl acetate (50 mL) to afford a mixture of 79a and 79b in 67 : 33 ratio (3.3 g, 12.3
mmol, 83% from 77, 39% from 81). Spectroscopic properties were identical with ones shown in

page 59.

2-((15,25)-2-((S)-2-tert-Buthoxycarbonylamino-4-methylvalerylamino)-1-hydroxy-3-methylbut
yl)-3-phenyl-cyclopropenone (57a)

To a solution of Boc-leucine hydrate (111) (27.5 g, 110 mmol) in CH,Cl, (540 mL), were added
triethylamine (15.4 mL, 111 mmol) and isobutyl chloroformate (13.0 g, 98.7 mmol) at —5 °C, and
the resulting mixture was stirred at that temperature for an hour. Then a mixture of the amine 79a
and 79b in 67 : 33 ratio (24.6 g, 92.0 mmol) and triethylamine (16.6 mL, 119 mmol) were added,
and the reaction mixture was stirred at 0 °C for 3 hours. After adding 0.1 M HCI solution (400 mL),
the aqueous layer was extracted with CH,Cl, (400 mL). The combined extracts were washed
successively with water (400 mL), mixture of saturated NaHCO; solution and saturated NaCl
solution (1 : 4, 400 mL), and dried over MgSO, (60 g). Then the drying agent was removed and
washed with CH,Cl, (50 mL). After removal of the solvent, ethyl acetate (500 mL) was added and
the solvent was evaporated. This process was repeated one more time. After adding ethyl acetate
(400 mL) to the resideue, the mixture was stirred for 4.5 hours at room temperature and then for 1.5
hours at 5 °C. The precipitates were filtered and washed with cooled ethyl acetate (60 mL).
Compound 57b was obtained as crystals (11.3 g, 25.4 mmol, 28%, S : R =2 : 98). After filtrate was
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concentrated, i-Pr,O (400 mL) was added and the solvent was evaporated again. Then ~-BuOMe (86
mL) was added to the residue and the solution was stirred for an hour at room temperature. To the
mixture, i-Pr,0 (259 mL) was added and the resulting solution was stirred for 2 hours at room
temperature, and then for 2 hours at 5 °C. The precipitates were filtered and washed with cooled
mixture of i-Pr,0—-BuOMe (3 : 1, 60 mL). The crystals were dried in vacuo to afford the titled
compound (20.9g, 47.0 mmol, 51%, S : R = 97 : 3). Spectroscopic properties were identical with

ones shown in page 69.

2-((1S8, 25)-2-((S)-2-Amino-4-methylvalerylamino)-1-hydroxy-3-methylbutyl)-3-
phenylcyclopropenone hydrochloride (58a)

Compound 57a (39.7 g, 89.3 mmol) was dissolved in ethanol (200 mL) and the solution was cooled
to 0 °C. Then, concentrated HCI (100 mL) was added, and the resulting mixture was stirred at room
temperature for an hour. The reaction mixture was concentrated in vacuo. After dried in vacuo at
room temperature, Et,O (350 mL) was added and the resulting suspension was stirred for an hour.
The precipitates were filtered and washed with Et,O (20 mL), and then dried in vacuo at room
temperature for 8 hours to afford the titled compound (34.0 g, 89.4 mmol, quant.). Spectroscopic

properties were identical with ones shown in page 70.

2-((1S, 25)-1-Hydroxy-3-methyl-2-((S)-4-methyl-2-phenylsulfonylaminovalerylamino) butyl)
-3-phenylcyclopropenone (2a)

To a solution of 58a (20.0 g, 52.6 mmol) and benzenesulfonyl chloride (9.8 g, 56 mmol) in CH,Cl,
(400 mL), triethylamine (10.6 g, 76.2 mmol) was added at 0 °C, and the resulting mixture was
stirred at room temperature for 2 hours. After adding 0.1 M HCI solution (300 mL), the aqueous
layer was extracted with CH,Cl, (600 mL). The combined extracts were successively washed with
water (300 mL), saturated NaHCO; solution (150 mL), and saturated NaCl solution (150 mL), and
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dried over MgSQ,. The drying agent was removed and washed with CH,Cl, (30 mL), and then the
filtrate was evaporated to give crude solids, which was dissolved in CH,Cl, (250 mL). After
resulting solution was cooled to 0 °C, the mixture was stirred for an hour at that temperature. The
precipitates were filtered and dried in vacuo at 30 °C for 10 hours to afford the titled compound
(22.3 g). The filtrate was evaporated and dissolved in CH,Cl, (30 mL). After stirring for an hour at
0 °C, the precipitates were filtrated and washed with CH,Cl, (5§ mL). The crystals were dried in
vacuo to afford the titled compound (1.6 g). Totally, 23.9¢g (49.3 mmol, 94%) of the titled compound

was obtained. Spectroscopic properties were identical with ones shown in page 70.
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