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35 ELERT MR EICHD TEMMNEE LT ENTWD, BOOEYTHIMEDIIED
BB LD REEMART, SEERREM~Lo - EERL, SOEADRE HIRE(EY
EFE, B LTHEHRA AL TEAaOER] ThAMEMOEET ZHERZLAEHETSHIF]
BATAZ L THRETERL, #ERETRLBERELEET T,

LAsLAS S IS BT A 72 E OBEAEORA IR LR L 2o T3, BRER
PRETIIESETFAEDIC L AFEEN vy T EoTRY, £ OREEEEENRERE, REsh
T3, R, FAbOREIFTIETII < EBRENERRB AMBOMERES2 L AMEL
oTHEY., 2BLFELREESHARRRDONTND,

., HBREN LS NI 7 anF Y F 7 UTF FTHDH A83586C, L-156,602 <°
polyoxypeptin IZZNFNENRT VUE2 YD DNA O3 R TiRa—FanTWRn7 3/
B CITRETIVEBEEED) 2377 FESILEDL, 4% TICEDORVREEKR WIEER -
TWAFigure 1), E7INHOKAWIZS T AREEICTAHEEM. b~ THREAML
SR IEIER, TR M ABRIEAR EOEWEEELTRT, A83586C % Hale,
L-156,602 IX Merck D2/ —IZ & o TRERD SN LEMTH Y V2, polyoxypeptine &
Wiz CARP ThHD, A83586C DAFICHE L TIIARIE 3 EBTHRMT 5.

L-156,602

Figure 1



woE GE3ICELT
B2E GE3ICLT

GE3(DiZ1 9 9 7THRIIKNEHE BAEBO /N —TILLVKBREED S trepto
myses spDOEBRNPOEEBEREINEZRBRAFVTFAOIFRITHE, &
Figure 2 LEBIIL T U BEEFETBHT Y
NEE BT OB, D-AF

Ite,,,

(3R)-piperazic acid

5 ey N-e RaFxiL-7
N-OH Ala (|)H /NHHN o) acy! side chain S=v, pEREFLafl
N
LN N B-OH Leu v, DALA=VRETRE
o Nmo o O GE3(1) TI/BRTHY, FEFICHERE
N-Me D-Leu>\)\fo WHEERAELTWS.  A{kd
HN K
- T W OMERE, 1D-NMR i &
HN/ W 0
[\J HHWICEVTIRBLT 2
(39)-piperazic acid TIVDHLR=IVIRFEOK, a

| AFURRERE. BEMAS

BIIEDT I/ BANTIERA LA =VBIVT SV DEFRRALTEY, £/, 70
FERIT 102 TH-7. MO7 I /VEBICEL TIIEB STV ARY.  EiZ 2D-NMR ©
COSY, HOHAHA, HSQC,HMBC IZ LV 7 I/ BES], Y XSOUEBO M TT I K
RENTNBILRREINTWVWS.  FiZB-Leu i GC-MS IZ XV erythro & threo ®
REPENTWS. GE31ZFeClall kb u REo 7 IVRERBBBETHY, 73
JEBOWTERRETH>72Z28b, NMOH-Ala REHALTWAZ L CEMETE S, L2
LB, ENTUVBOEN I AEEER L BRI EEOREE TE-TVAN.
7o, IS A83586C 2B EICREL TS, 3

FEEMOIMEEEIL S Z LBMEE TH D Staphylococcus aureus <° Enterococcus-
hirae IZxt LT 10.4 pg/ml BEOHEH ¥ 7. LD LEBNEDOMD ST LB,
PRMEREICRT LTI 100 pg/ml BLE EIF L A CERIZR D S22\, In vitro TiX Table 1
WRTEDIERAMBIC LTS T/ F—F —CHEENH 2T DT,

Table 1 Cytotoxicities of GE3 against human and murine cells Zhii, GE 3 FHEAHOG

ICs0 (uM) 1896 SHADEBRFTH

Compound Hela S3  A431 Saos-2L BALB3T3 % E2F » & RMIZHEST S -

GE3 0.006 0.016 0.0036 0.007 LILELBLDTHBEEZ LN
3. 9%

SETEHRESINAN TV 2MBEAHNEKEENEEBEEROEREEIT, HEATEREE,
RNAFEKBREERC I RA VAT —EOHEREMIZLA LY TH -7, (Figure 2)

&, MEEMEFHFRCBVCHEASBEERFOREE ZDA D = XAHNHE LA
Do0HD. BIIKBAMIBIZEB VT, cyclin*tkFiExF+—FHMEEF (CDKI) ThH 5



#®2¥E GE3ICEELT
pl6RYDEGCFEESCKENREIN, GLEM»L SH~OEBICEETI LB

BNFETHD cyclin EEEFF—+F (CDK) R cyclin MORERENEEIN, D

Figure 3 ZEICK VBB EN
Cellcycle | o THIROREHMET D LS
ZenTW3. GlLE»L

6, period DGO period SHoEFIZEL T
CDK & #7348 A M 5&

G4 period EFEM R LEDT 7 3

~g—actvate J—THBZp 107, pl
<-oinhibt 3 0% ) UEETAZ LT

. .-»E2F E2F-Rb compl D3 b =
@,_ <—7-‘p107 complex E2F iR, EE{FME %R

Rb-P p130 4. (Figure 3)®
i ChKi +7#bbH, GE3 3 E2F
Rb.......... Retinoblastoma Protein p16
Rb-P......Rb-Phosphorylate CDKs D;? EERERFTHHIC, Gl
CDKs....Cyclindependent Protein Kinases P e e
CDKI.....Cyclindependent Protein Kinases Inhibitor p27 b SE~DOBITHRET

b, TORRDAMEOD
BRI A RT I L0 D, FRREABEEETIANARI~ORESHFTEILER
bnbd, LnLeRb GES RE_IVVEOMEIIERER D CICAMLFEENR

BETHD. LEdoT, EFXRIORRLEMEE EARERENRRE EDBIL, £
DR 2 S NTAER LA ROREE TR, ERFECEF L,

H
Figure 4 /lT
Me Oo le)
HO

COCH,OH

o}
Me q
Me
OH NH, etoposide vincristin
doxorubicin SHNLG 2H~OBITTHHEEE SHEEATRILE
DNAMRFFHSRNATR ) 2 5 —E R FROCRARIER 2T
@
1S ;
N 0] Ph
\n/ \O/U\N
o H
e}
irinotecan B Taxol
DNA R A ¥ A 5 —ERE E O

FaZ VYV OESERRELBINEORENT D



£3E FEULEMDERE]
#£3E FHULEHDERF—A83586C DEEHRLD

WEITHERE D D BB SR E S GE3ELBRRT 7~ 7F N2 A83586C & L-156,602
BbB, “HbOLAMEBRLTET I/ BiZL 156,602 D7 Y o BT ~TRET
IBTHEREINTEY., BIZ22o00kEdME IR P VBOBM T F A~ —D M T
IVBELTEENTNWS, EIIEIUVREESLT UAME S EHALFERICIER ITEREY,
(Figure 5) ZHh50{L&#iZ A83586C 3 1997 iz Hale b D /A —Flz kv, L-156,602
1% Merck @' V—7128 Y 1990 FEIZHARINTWD, 2 Fiz, A83586C OF LT
GE3 DENEIZIER UHEEE LT\ 57w, EHiX Hale 5i2 L2 A83586C DE&ARME
BT D,

Figure 5
g Et,
(3R)-Pip
H
N HN HO\/
N- OH L Ala 7
O

H BOHDLeu
O

41:; AB3586C (J§
o N~ zLThr
HN 1‘/ N

tin . (o} OH
DMeAla K OH " UH

4

(33) pip

%18 A83586C DARK—T VI AISEDERK

Hale B3 7 VAR EBRT 77 F PR TERLTEY, TUARIEDERIT

o

AB3586C EL,’.
(3R)-Pip

NH HN o) NH NHZ
(28)-N-OH- LAIa 9 " N "
\ 2 (—) (23 38)-B-OH-Leu

2R 3R)-D-Thr /]\(
(2R)-D- MeAla a

O

(3S)-P|p

: l{
OPMB  OSiPh,'Bu Et, CHO 0 QFMB OSiPhyBu
N T = LG Ro’J:>q%55§7\QTPA\T¢¢\§LJ\32¢\\
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Figure 6



EIE BLULEHDERHE
C27-C30 D7 Z /A hE C31-C41 75 7 A bERIICARL, BREBEIHEAL, Bika¥
T UNAIHRIER R E LTWB,  BEROT U T A V% Figure 6 IZ7R L7z,
BN T UV DA E LT Scheme 1 1IZRLT=, C28 fLOAREFF.(0% Sharpless DR
BV FaxiAfbicl v, 7% 20600 99%, 91% ee THE L T3,
ZD% 6 TRBPLEMNETSZT AT F422TRINE 173 %TC28C30 7774 4
2B T3, (Scheme 2)

o Et
# a " 4 b-g 3g
—_— HO —_— MeO”™ 0O
39 HO
2 3 4

17.3 % (7 steps)

Reagent and conditions: (a) Ap-mix-B, tBuOH-HZO, 0 °C, 70-99%, 91 %ee (b) PPTS, DMF,

p-MeOCgH4CH(OMe),, 98%, ‘BupAlH, CH,Cly, -78 °C for 2 h, warm to 1t for 5 min, 46%,

(c) PDC, DMF, rt, 4 days (d) CHaNy, EtyO-CHCl3, 64% (2 steps) (e) "BugNF, THF, 48 h,

rt, 74 %, (g) DMSO, (COCl), CHyCly, -78 °C; EtzN, warmto 0 °C, 82%

Scheme 2
C36-C41 75 7' A > 1% C37,C38 DAEF.L%, Evans T/ F—/VRIGIC & 0 SLARIREY
IZHBEE1%, sodium methoxide iZ L A REFMBEDOPHRE, BX, 7==AFFz—F L,
FNEBLTHZETANLEY 8 ~ 6 L] 495%DNEBTIDT T ITAVIEHFETND
(Scheme 3),

0 o O O OH ot
)k JH a )k /“\hA b-¢ oH d-f 36 OSIPhZ Bu
0 NN _8 07 N AN 22, L
- - O s PR
PR % PR
5 6 7 8

Reagent and conditions: (a) "Bu;BOTF, EtzN, CH,Cly, -5 to -10 °C; tiglic aldehyde, -78 °C to rt, 85% (b) MeONa,
MeOH, CH,Cly, -15 °C, 10 min, 85% (c) DIBAL-H, CH,Cly, -78 to -15 °C, 88% (d) (PhS),, BusP, DMF, rt, 82%
(e) BuPh,SiCI, DMF, imidazole, 85 °C, 96% (f) Oxone, THF, MeOH, Hz0, tt, 99%

Scheme 3
Wiz, C31-:C36 ETDTZ 7 A2 N% Scheme 4 \Z7RYT, TAF=ATNLa—N9 ZHEY

L L. #R#%, RedAlI THRI U XBRTLIOT VAT A2—/L%E Sharpless DRFTRF &
iz E Y CHM~DREFRLEEALTND, FIZCIBANAFAEEANTLEY ATFLT

OH O r C:)PMB
OH % ab OH c-d 'BuPh;SI0._~ ~_OH eh ButhSiO\/ﬁ’V\CHO
e Z a4 B 35 31 35
9 10 11 12

(a) {BuPhZSiCI, imidazole, DMF, rt, 78% (b) "BuLi, THF, -30 °C, (HCHO),, warn to rt, 73%

(c) RedAl, Et,0, 0 °C, 73% (d) tBuOZH' Ti(OiPr)4, CH,Cly, 4 AMS, -20 °C, (-)-DET, 84%, 93% ee
(e) Me3Al, hexane, 0 °C, 75% (f) p-MeOCgH4CH(OMe);, DMF, TsOH, 55 °C, 84%

(g) DIBAL- H, CH,Cls, -78 °C to 1t (h) Me,SO, (COCI);, CH,Cly, -78 °C; EtsN, warm to rt, 83%

Scheme 4



®3IE FEHULEHDOEKDH

W=y s ERAVELERBROTRF VRARRKISICEVIToTNS,  ThICEVELEYS
—NERUDVYTRE L%, BITAICEAR L. DMSO B#{bx 1TV, C31-C356 75 /A
k12 28R LTVWS, (Scheme 4)

12BEN8DTZ AN TV TR, P2V TH Y U IRISISTITWY, AU
KEBELZBEEE, 72 VALKV EEFBRITOICHBE. AFAL7 ) =+ REE2FWT C35 LI
AFNEEBAEZITOD.E U KBEORARIGIZLY C35,C36 (LD ZBEHA L7 4 #HEEE L
TWBER, ZOHEEXRAOMBRIRIE261 LHED KWVFEREITVERY,
ZFLT15aD Y WEEZPERE FAZ—T L BELALE L 16 /BT 3 (Scheme 5),

SOPh
OPMB BMPO OSiPh,/Bu
¢ . T £ . -
Bu ths.o\/\asr\CHo a !BuPh,Sio _~_ bd
35 OH

12 13

OPMB  OSiPh,'Bu
Ph,SiO 235

¢ = =
OPMB  OSiPh,'Bu
Ph,SiO - P c . 15a_(desired)
OH OPMB  OSiPh,'Bu
14 Ph,SiO - _
15b
15a : 15b=2.6: 1
o OPMB  OSiPh,/Bu
—— PhSO, BAI y
41
16

Reagent and conditions: (a) "BuLi, THF, -78 °C, add 8, stir 10 min at -78 °C, then warm to rt, 64%
(b) TFAA, MeoSO, CH,Cly, -78 °C; Et3N, warm to rt, 92% (c) Bu3SnH, AIBN, PhMe, A, 82 %

(d) MeMgBr, THF, -78 °C to rt, 63% (e) POCI;, Py, 56 °C, 14 h, 83% (f) HF-Py, THF, 86%

(g) BusP, (PhS);, DMF, 98% (h) Oxone, THF, MeOH, H,0O, 76%

Scheme 5

C28-C30 755 A h& C31-C41 D7 Z 7 AV FOMRIE, BUOY=2UTHy 7V IR
JRRZE VTV 17 2INEREEESETVD, FIHIBTUEIVREZBEL, 7Y AAIR
FIEER~GFE L TW3E, 7=, BRT U RTIF FA~DHEEDT=DIHINLVEVEEEY N Fo
F NV A V(Figure 6) & DIEHET AT NAA~DEHE L TS (Scheme 6),

UEFNFRF=ATAI—L9052 1 TRINEL26% TT VAHIEFEEDOEREKIIL T
[



FIE ERLULEYMOERE

BMPQ OSiPh,'Bu OSiPh,'Bu

2 =

PhSO,

(a) "BuLl, THF, -78 °C, 40 min then add anion to 14 in THF solution at-78 °C, 82% (b) Me,SO,
TFAA, CH,Cl,, -78 °C; Et3N, 0 °C, 93% (c) Al-Hg, 10 % aq THF, 96% (d) DDQ, CH,Cl;-H,0, 0 °C, 3 h
(e) PPTS, MeOH, 60 °C, 1 h, 77% (2 steps) (f) LiSEt, HMPA, rt, 4.5 h then in same pot add BOP reagent,

70%
Scheme 6

Figure 6 BOP reagent
benzotriazo-1-yloxy-tri(dimethylamino)phosphonium hexafluorophosphate

CLy
N PFg
N 6

A

O~p(NMe,);




H3E FLUEAM DA R
28T A83586C DARM—BIRT I _RTF DA E 7 U LAIEOKES

Hale IZ £ % A83586C MBIKT 77 F FOAREMIZ, Figure TIZR L= & S o=
FRZZTRANEEY, ZOTT AL MEALOMEITL VAR LTINE,

Figure 7 OH N7 . N (R)-Pip
g N‘QH 1, O : +
(R)-Pip 'L o (25)-N-OH-L-Ala
0

0”7 0PG
OH ’NH N.Me pe—" .
(2S)-N-OH-L-Ala 3 N , NHy
N W 0 o G Me
[ 9 & iesssporten  N_oNops o (2R)-D-MeAla
. ..Me o) HN 0 — +
(@] ; N o p— N \\\”\ .
/K(O o (28, 3S)-D-Thr GP_U»- OPG  (S)-Pip
% +
(2R)-D-MeAla L. Ny ©H
N o 1
GPO
\H\)\ (2S, 35)-B-OH-Leu
(S)-Pip o 3 .
o)
/ (2, 3S)-D-Thr
OH
HY
PG

BNZ(9-piperazic acid & D-MeAla DA ZEEEZ 0 54 MBI VEELTVS, b
TUVED NLUA~DT VEE AT NL LA Chz D L

Figure8 AR IRV EEESRBEER L O3 MIC I AR
H'\’j:j Ph Bﬁ%b)B(Figure- 8)\ E'&@%b\@y g -‘?/r }‘*“:J: D &79%

\\@f ’= l/\ .
(;;%AWh RERET> TS

L LRARL, 73/ BOBI 054 FIREETHY 5
EIBELRT, ZORFLELTERORELS
Fmoc Z(Figure DT3B Z E B —REIRFETH D, 7248, Figure 9
Fmoc EIZZ 0 L5 R EFAHHEE, HEICH< £/ EE ﬂ'
LB ARRAL LTET b S, el
- . . R ” - . Fmoc- >—O

T NOH-Ala 2EAFHL TV AR, CREOREBEMN Q’
V7=V RAFNLEDEE, Figure 10 D X 5 RSFANTE

FRBEBELEHO N Y RTF FRBLERRCEBEL TGS, 25T, UTxm AT
EF Vo ABRE L, CRBOREBEYE AR L5 Rigws

Figure 10
ERTRNWT I FEOREEA~LEHRL TS, FO%, <7F Me. 7
F8{% Scheme 7TIZR LIk S MRS E, BMBEHO~Y I BTy ,;;:>
Z LFERRRIGZAT D e D DBifR#EE 1 TR TIT Y 2012, BUO%ED mﬂ\&bwmm
REEA~DEEEToTND, 7 A AIBEOE A IR 248 L
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FI3E FELMLEHDERSE
B, —HITRXTORBELBHRE L2BICITV, ILE31%(2 steps) T37T 2B T3, 7
SAAIBED Y E Fa S U RIZEKRES o a RV LFTRAMEITV . AB3586C DB % E
LT3, E&{ELEWIEH NMR, 13C NMR, FAB-Mass TRAY & OB X D FERL
TuW3%, (Scheme 8)

Fmoc\N,Me HN,Me
F oc\ M
m COOCHPh, 0 b-d ©
/J\(O + Kj Z\'\LNJ'\\\COOCHPI’IZ Z\[N)J\\CONHNHBOC
20 23

wf“z o

e Fmoc o}
e fei
— 0 Me — 0 -Me

N’ N’
o) 0
Z\{NJ,\\CONHNHBoc Z\NK,r\lj_\\\coom-n:h2
24 25
T
TI'OC I'OC Troc,NH
AllocO . CI
\n)\)\—— Alloco\ﬂ/'\)\ c men .
H 0 o o 0
0, O &n  COOH A A
P BocHN” ™
OBn BocHN  ©OBn  BocHN  OBn
28 29 30
p oP p as QNE';((;NZ
+ — - .
- H ‘a,, \
HOOC” “N ngcOO' Hooc” SNV 4( O Fmoc
H Cls |
31 39 Fmoc 07 0Bu 33

(a) (b) TFA-CH,Cly (10:1), PhOH, 25 °C (c) BocNHNH, DCC, HOBt, THF, 0 to 25 C, 93% (2 steps)

(d) Et,NH-CH4CN (1:1) (€) CH,Cly, EtsN, -10 °C (5 min) then BOP-CI, warm to 0 °C, 4h, 75% (2 steps)

(f) TEA-CH,Cl, (1:1), 0 °C (g) NBS, THF-H20 (1:1), 0 to 25 °C (h) PhoCNy, Me,CO, 25 °C, 12 h, 8% (3 steps) (i)
Et,NH-MeCN (1:1), 25 °C, 40 min () Troc-Cl, NaOH, THF, H,0, 25 °C, 90% (k) NaHCOg3, allyl bromide,

DMF, 25 °C, 92% (I) 28, DCC, DMAP, CH,Cl,, 0 to 25 °C, 83-88% (m) morpholine , (PhsP)4Pd, THF,

0 to 25 °C, 59% (n) (COCI),, PhH, 25 °C, 2.5 h (0) ZCl, 1 M NaOH, PhCHjz, 0 °C, 78% (p) TMSCI, ’PerEt, CH4Cl,,
A,; Fmoc-Cl, 0 °C then rt, for 18 h, 85% (q) (COCY),, benzene, 60 °C, 1.5h(r) BnO-AIa-OtBu, 12% NaHCO3, CH,Cly,
0 °C, 2 steps 96%

Scheme 7
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' Nz Troc
oBn |\ OBn >N HN
N—f NZ Troe gy . N \‘/!\)\
7 .
' o H cl © z
: t Me o O u-w
07\ Me + 0 D — oW 033—/
0 0 O BocHN  OBn
Z.\ N nCOOCHPh,  BocHN  OBn Z.\ N ~COOCHPh,
PE 30 34
NZ Z NH .
©Bn A N HN OH X N NHs
1, N \H\/J\ t, N W z
0 Z X-y ' 0] < —
(0] —— M o :
N-Me o

0o Hs*N “OBn

0
0 -Me 0
N =S_/ 0 5
e A9
N

F3CCO0™
Z\N—N ‘\\COOH HN’
s (s

(t) AgGCN (1.3 eq), PhH, 60 °C, 2 min, 73-86% (u) Zn (70 eq), AcOH-H20 (10:1), 25 °C, 3 h

(v) ZCl (3 eq), 10 % NaHCO3, CH,Cly, 25 °C, 2 h, 78% (2 steps) (w) TFA-CH,Cl, (2:1), PhOH, (2.2 eq),

0°C, 1 h, 100% (x) HATU (10 eq), CH,Cly, 0 °C, then slow additon of and NEM (13.5 eq) in CH,Cl; over 3 h,
then 0 °C, 2 h, then 25 °C, 30 h, 25% (y) 10% Pd-C, MeOH, Hy, 25 °C, 24 h () 19 (1 eq), CH,Cly, -78 °C,
Et3N (9.3 eq), warm to 25 °C, stir 10 min, 31% 2 step (a") CDCls(wet), 72 h, 0 °C, 100%

Scheme 8 ‘
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®m4E GE3DERK

HwA4E GE3DERK
w1 T UNMMIEDAR
4-1-1. T NI OB ARG

¥ GE3 DT VAAIENLAREIRILDDZZ LI L, TUYNMUEIZ S »OFRFFLE
BHOESUBERATHD, FLTIOS2OFREFFLEVHCHEETDIZ &0, 7RI
ODERNEERETHD, FTITROLD 2AHREMEE T, (Scheme 9)

3R)-Piz 4,
NH
H / e
N-OH-L-Ala | N HN
/ N
\‘)\;—<|3—OH-Leu
0 0 = :
o O acyl side chain
0 NMe
ji/ GE3
° U
D-MeLeu HN I D-Thr 0 QTBS  OTBS
HN/N \\“'go OH 777-% 6
9 i
OTMS
39
(35)-Piz U

0O oTBS oTBS

s el i

tiglic acid u 40

/ﬂ\ A oTBS )
% = Al e

tiglic aldehyde 42

Figure 9
ERAEED 38T VB ZF— LS TN T I LRTRTH Y HIRO(LEH 39 &
EEELEZOND, SHIT,39EFFTART FZRATACIC4T7T T AL 41 L C5-C14
IS5 72X 40 EOBAERSICE0ICBEONBEELT, FRCI1-CATITAL D4R
RERELTF VY VEHEE S Sharpless DRFEVE RuX b3 I LX), #HETHE
LHWE L7, £7-C5-C14 7357 A2 h®d C6,C7T BLUVCI10.CN1M LOARFRLIELNLN
FUF RO BIRE AR TV R— RIS X 0 SLFBRIRIICE R TE D LETE LT,
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EAE T UNAAEARK
F2E T IUNRIEDERAIEE
4-2-1 C5-C17T 757 AV FNEER

ETEEIL GE3 OT VARHDOERET ok, MBUIIKITIR LA LS REMEBRBOES&
C10,C11 LD ¥ > DI FELES Evans {EIC R VEET D LT, TRbb7ab’d =14
I N 44 & BuwBOTE AT Z L TRIRIZV VERBO T )L R—/ATIERE LN D L EX -,
7

72, Evans OREMBETHEAFHY U O/ 0 46 IITMICHENERELE,  ThbL, 7=
SNT T =V e BT NaBHs TR L7 I/ 73—/ 45 & L, ThICRBEC = F L &1k
FREED LINELAXY Y V) v 46 B5/ONT, 9 TOFFYY YY) 46 & Buli T
FA LR, ToCF =L EEZEALBRNLET ST M I FE44 27572, (Scheme 10)

0O O o
0
a__ P oH__ b O)I\NH ¢ O)]\N
Ph” < “OH HoN H ) > ]
HN' H % %
B
(R)-phenylalanine 45 46 4"

(a) NaBH,, H,SO,, THF, 1t, 42.5 h, 85 % (b) (Et0),CO, K,CO3, 130 °C
(c) "BuLi, EtCOCI, THF, -78 °C, 1 h; thenrt, 1 h, 96 %
Scheme 10
DS b I FEMULICL VBRI BuBOTHO L EtsN %#-78 CTIEREED &, —HkEY

W2/ 53— POBARMEIIZERDZEBMONTND, X SIZRIGHIT tiglic aldehyde #N%
% & Schemel2 (27~ L7z & 92 dipolar alignment & & ) BRI & 3 BSEEEFT 57 /L F—/LA4h0
TEH, 9

O o O O OH O o oTBS
L Ao a KN Ao PPN c § ™S
0" N —=0" N 1N 0~ N AN —
/ / 14 \_/ EtS ~
42” ’Bn 47 /Bn 48 49

O OTBS

d
—-——-—-—-HQ 11/

14
50
(a) "BuyBOTH, EtzN, CH,Cly, 0 °C, 45 min, then tiglic aldehyde, -78 °C to rt, 7.5 h, 48% (single isomer)

(b) TBSCI, imidazole, DMF, 80 °C, 17 h, 92 % (c) EtSH, "BuLi, THF, 0°C, 12 h, 95 %
(d) Et3SiH, Pd-C, acetone, rt, 23 h

Scheme 11

BB LNTT NV RN 47 DKEEES TBS £ CHR#E L, 2 TRNE 4 % ENETH
BZMERIET D 48 BELNT, (BUINETHKDL-EEE LT, T/A5F e RBREFIZRY 2 U4k
LRt & &, Lewis BEOFARIA S L Vo TV ARWZ ERETFBND, F/2. TiClk % Lewis
BEL LTRWA L, [ABRO Evans syn [AIMEZIRE 92 %, DT AT LA&ERE13: 1 TEHEHZ L
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F4E TIUNAHERK
MTET, FOTREFEI=FALFF L — 2RV ERBILOOFETHE#EL, 5l&kET
F—N T A5/ 49 & Pd-C, EtsSiH TETABFLE4T> TT T & K50 & L= D(Scheme 11).
C7-C8 D= DIT, ZDTNT e Re2- T o FLnLHEE LY A U F I(Scheme
132 T Wittig RISZ21TV, EED 3BHA L7 4 Th Do f-FEFIT A7 /L 51 % IASRRAYIC
B, X5IZ C6,CT DIEEFRET Vv F—NLTHET 5412, 51 % DIBAL-H T7Lva—L

"Bu,BOTf ,B"Bu;,
i O  RCHO o\
Et;N |
(o) N)k/ 3 O/kN)\/ .
./ CH,Cly /
Bn -78°Cto Bn
R= £ = Z enolate dipolar alignment Evans syn adduct

Scheme 12 . O -
52 ~BFEL, ZOT UAT N a—)LETEET /\o/u\( /\oj\f 3

Bebe A TBET A LICE Y, BRIL |
+ETALFE F43FUR Y < B7=, (Scheme (a) PhsP, benzene, rt to 80 °C, then NaOH, 60 %

14) Scheme 13
0 oTBS (0] oTBS OTBS
a 10 b
H Z —————/\0/17]\(/\‘/'\(\14———— HO™ N &
50 51 52
O OTBS
10
c
— ~H7Y 7 T4
43

(a) |, benzene, reflux, 12 h, 86 % (from 49) (b) DIBAL-H, CH,Cl,, -78 °C, 6 h, 98 %
(c) MnO,, CH,Cly, t, 5 h, 96 %
Scheme 14 7

LT K48 L (9-HE= 2T L5 555 L7-(Scheme 15)% T /17274 b1 42 % (chex):BCl 2L 34
Li=Erymx ) 5— k&= Peterson D7 /L F—/VRRIC & 0 (0K 57 ZIXE 99 %, THRY
DI EEE OB (LA & LTEE. 121010—8I0, (hex):BClZAWVD LT/ T7—hD%
(TEMIT Bk L 720 Schemel6 2R L7 X 512, BRERFOFLHEFRNRLOREZEET DL D
ZF BT BRI & T AMEEED anti OFIMENERT D, W

THIZE D T UMD C5-Cl4 DREHEEEET B LN TE T, (Scheme 17)
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FBA4E T7TIAABEERK

0 0 o)
HO\/U\OEt a Ho\i)kN,OMe b EEO\S/U\N,OMe c

Me Me
ethyl (S)-(-)-lactate 53 54
o o 0
EEO\)H HO\/[H BzO\)H
" 55 " 56 " 57

(a) MeNOMe- HCI, MeAl, CH,Cl,, 0 °C to rt, 27 h, 78 % (b) ethyl vinyl ether, PPTS,
CH,Cly, 0 °Cto t, 17 h, 99 % (c) EtMgBr, THF, 0 °C to rt, 12 h, 89 % (d) 1 N HCI, THF,
0°Ctort, 17 h, 96 % (e) Bz,0, 'PrNEt, DMAP, CH,Cl,, 63 %

Scheme 15
9 Bo OH OTBS
C
Bzo\)H (*hex);BCI| O\)ﬁ _ /
E enolate
Scheme 16 lonepair repulsion

RITT v R—=AEMEOKEER % TBS £ THR# L%, REMBES LIAIH: BT, Bon-
Z— Ak 59 & NalOs ZF o/ Y a— LBARIZ X ) REMBIEDOBREE L., 7L5tb K 40 218
7o T ITETICHHIOEMEEE TR L, C5-Cl4 75 7 A v NOAREEREHT-,

O OTBS OTBS

o) OTBS O OH OTBS B20 :
10 2. B2 z 10 b BN 7 7
H 7 7 = 5 7Ny~ = z
14 H 14 -
43 57 58
OH OTBS  OTBS O OTBS OTBS
c HO T d T
— "5 = = H™s = = ”
; 59 40

(a) 42, (°hex),BCl, Me,NEt, -78 to -20°C, 15 h , Et,0, 99 % (b) TBSOTHY, 2,6-lutidine,
CHCly, -78 °C tort, 12 h, 93 % (c) LiAIH,, Et,0, -78 °C to rt, 12 h, 87 % (d) NalO,,
phosphate buffer (pH 6.8)-MeOH (1:5), rt, 12 h, 78 %

Scheme 17
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BAE TUNVAEER
422 C1-C475 A "ERR

WIZ, ZOTATE R 40 LTEEEEDFEDXFFLY b ThD C1-C4 757 AV bOAK%
Schemel8 IZ7RY™.  F7 U VEERU P XTL 60 % Sharpless DRF DL Kk ik BiC
VA —NE61 % 89 %, 93 %ee THRIZ. IOVA—/ED 2 kB % Parikh-Doering
Bk, 3MRAKEREEZ TMSETHRELCLIC4T7T A M4l & LT,

0 O OH o 0 0O O
a N b c
BnOJ\K\ ' Bno/u>{\ ' BnOM " Bno)%
OH ‘OH '0TMS
60 61 62 4

(a) AD-mix-B, CH3SO,NH,, 'BuOH, H,0, 0 °C, 72 h, 89 %, 93 %ee (b) SO3-Py, DMSO, 96 %
(c) TMSOTY, 2,6-lutidine, CH,Cl,, 94 %
Scheme 18

4-2-3 Cl-C47Z7 7R L CaeCLT 75T AV MOFEE

Cl1-C4 757 A & C5ClT 777 A b &DFER % Scheme 20 IZRT & 5 e FIETHRET
Bzl el MethodAiZCl-C4e7FZ 7 A Ry Iz ) F— e aF b7 FLER
IS TT AIBHATERA L T 251,  £7- Method B 1% Wittig RISIZE W A v 7V v 7455
ETHY ., Method CIZ7 WV F—ARIGIZE B HDTH B,

O OTMS o o
- - R
Method A BnO” 7/ ORX BnO” 7/
OTMS OTMS
o 0 Wittig reaction o 0
Method B Br0” X+ RCHO = BnO” »7 R
OTMS OTMS
o 9 . Aldol reaction o 9 O
Method C BnO% RCHO > BnOWR
OTMS oTMS

Scheme 20

F9 Method A DV Az ) S— hEnaFALT Ax L E AgOTE B LU Yb(OTD: ZFES T
FOLEREPITV, REEFRE L. LELARNRG, ZORETRENETAIA T VI E2ES
T EMTERN-T-, (Scheme 21)

AgOTf
or 0O O
O OTMS Yb(OTRs
BnO)% i - BnO” o7
“OTMS OTMS
63 64

Scheme 21

WIZ C1-C4 75 7 A b &FHE L Wittig BREZ ML T aldehyde & D& E/RETLTZ,
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wAE T NAREERK

LsLhs, BB ETAREAE 66 1IVES LN T Tho7z, (Scheme 22)
1) BugP, DMF, 1t

o 0 5, _ 2/LDA (CHy),CCHO,0C tot o 0
BnO% r > Bno)y‘\/\r
GSOTMS OTMS

66
Scheme 22 trace

Bl&gix  LDA T/ —/{L&E¥ aldol RIGERETL=E A, ZOFETHLERE TS aldol 7+
MERE SN2 D 5T, (Scheme 23) BEVF U LT/, T— MILBT )NV F—LRISIEV FaT

o o L(I(D:ﬁ, -)n-c';-i6781 é: o6 o OH N R—=IVEISDEITLTLE D,

Bno)% 32 : N BnO” > (Scheme 24)ZD7-¥ ) F 7 Lz
g DTS oS | 5—hek BT K- RIS

Scheme 23 ?'T 5 E#b:li\ ﬁﬁﬁ%iﬁ@f‘ﬁ v

FEEDID, TR TLERY
WENOEATEMT A2 LicXk Y, LIeT A R—ARGEHLETESZ ZEBMONATVWS, £I
THIZ ZnCle ZEEM U CRIGZIT 5 Z &2 LT, (Scheme 25)

_Li L
o o 0 o o 9)
L vy Lol
Bno ‘. Bno ‘,,
0TMS 0TMS
Scheme 24

FHLEDA, BRIETAMMENG 9% EWVISETTRD IVIRETESL Z LITHEII L,
ZhiE, BT ) S— BT AT KEFEA LB, Scheme 26 IR L7 X HIc&E LB T L=
F ROESH LT b OBBRFOFLEFEFHEOMTHR L — 3 9252 LT aldol fEE
LZENRL, VO T A R—LRIGEBELTWSDEEZXDND,

o O O LDA, ZnCly, THF, -78 °C, 1 h O O OH
Bno% ¥ H)H/ - BnOWR
OTMS 0TMS
41 67
‘Scheme 25 69 %
24
2+ Zn onf* ,zn\2+
oﬁQD o) O 0 © o ¢
Bn g OTMS OTMS
OTMS
Scheme 26

ZIT, LOREEESTEROREELHFE-T, ClLCATFT I/ A N CHCLT 777 A M ekE
4B Lz L=, Scheme 27 TR LE D ICBHIL T AREEE 68 2ULE 83 % & BIF2UNE
TC1-Cl7T ETOERELERTHZ LICHKII LT
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BaE TIUMUEER

(0]
0o O ) (_BTBS . OTBS ZnCly, LDA O O OH OTBS OTBS
' . ~ 7 4 = 11
B0 omms I " CH,Clp B0 orms 1 ° T g
41 40 -78t0-50°C,1h
83 % &8
Scheme 27

BT A U7 C5 (LDKEEEEE MsCL EtsN THBAK Lo,B-Feafnsr A= 27 NVEEL 5 & L7ads,
IR 44 %, ERIEE 84 % LIRNETULMEAIE T 30K 69 B3F biehor, HEI v
KIS 74— T, RIGIEHD—EDE ZATEIEL MsCl % EtsN #iEML THRSIEEN
PALEMETe Z e ot BT, BiKSHEEZERE LT Burgess ¥ 10 (Figure 11) AWV TK
STl AR P reflux T 2RI CRIEIE, NRTS%E TEHETHLENTET,
FNTE Lo, B-REFY b= AT VEERAIC 1,4 BT

Burgess reagent ¢ Stryker D&MEEAVTIT o7k =5, PhsP L DEAHTH
io\\ 0 3 AR ET S 39 B, 1D
MeO M&ma)
A A #\ T TBAF, AcOH M4fT TMS £&HFRH#EL 2 TR 54 %
Figure 11 TTFNAa—ET70 #8B7=. ZOF7NVa—)EDOTBS E% HF T

PRI EmE T VBEER T A 49 % TEBET
ATUNMIBETI 2BAZLNTEL. E-216 T8, BERBINE 3T % Thol, (Scheme 28)

O O OH QTBS OTBS a 0O O QTBS OTBS b
BnO” 7 Z ~ BnO™ 7 7 < ~
oTMS OTMS
68
0O O QTBS OTBS c O O oTBS OTBS p
BnO” >~ & 7 BnO” 7 ~ ~
0TMS OH
39 70

(a) Burgess reagent, benzene, reflux, 2 h, 75 %
(b) Stryker reagent, degassed benzene, HyO, rt, 12 h
(c) TBAF, AcOH, THF, rt, 24 h, 54 % (d) HF, CH3CN, 49 %

Scheme 28
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BHE ERIVUBOEHKIE

E5E T IUVBOERME
B1E ©R7PUBREER(LEMEOEREE

BIRE NSV VBTH D ERT U U BE(Figure

12) i 1970 ZE M IZ Hassal i X - T,
monamycin 3 (Figure 12)DEEFEIZLY ., 1NH
TOWRT I /BELTEENTVAZEAE [ 5 \H
BENLW, Lk UIFRETERBIEIE 2
BERTNBTH h—s A HETBRY A% O HNT NN
SRFF O Y e DERRERE R e 2 LVJ |
EMOMRERT I/ BELTEENLTNDZ A
BAoneRoTWVW5, (Figure 13), %R monamycin A
LT OCEBEE(LEWMEIIES  Figure 12

SN BIREMERTRT I E BB SND
: Lmb, ChEEER~SETS
acyl side & (IFBEAR T L TIIARY, BIE,
chain - B EYBEESATVAEMLE

N-OH (S)-Ala  QH N
u,, N N(z 5,35)3-OH Leu 1BRETH B Cilazapril (X
H —A®, T X FT Y RS

0] 0]
EH) (Figure 14)DEHEPIZIIE R
N

N
HN” o] — .
S UOVEBBREENTWE Z &R,
(R)-Pip-OH HON
N o
R .

Q\ (2S,3R)-3-OH-3-Me Pro O COOH

H

O“"
T

On

R=0OH Polyoxpeptin A EtO"i 7NN
R=H Polyoxpeptin B o) 1

N
apoptosis inducer
Figure 13 cilazapril (inhibace; Eisai)
JEEE Chu Bz Xk 0 BGRE L » BB X 7= Sch382583 angiotensin-converting enzyme inhibitor
IR TF FF RS 5P AEEE R L gureld
Lok, FHAEE~ORBESHMF SN TS, (Figure 15)
COOH

II\IH
; N
Pr
/\H)\N&O O
o H

Sch382583
Figure 15
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BHE YT IVBOARHE
B2H REETOERT VVBARORE

REETICE 2 DFEZRVERT U UVBOARESER I TV 3,

LFIZZE D>
DERIEER LT,

Hassal (Z & B JZEAE(E 20

Hassal BiZ7 &k P VBRI L DBETRONB VD ) 74 L ERVEDT
Bk & @ Diels-Alder SURIZ &L W EABHEEMEL TV 3B, T OREAMETT. MAKSHEELIC Cbz
THRELZBDIIHLT, FTA4T73 /1&517:}\)/'(% /7}@ LT3

s
PR

o/\OH

Scheme29

Stoodley bz £ 5 ARE T ¥ Diels-Alder KIGIZ & 2 A akiE 22

Stoodley HiEZ /v 2 —AFHEEEFREMBEL LTHB LERE T Diels-Alder RIS T
FYUVEBHFEEORREIToTWVA,  IZHIARF DielsAlder RIGEFIA L ERT PUEBE
RBEEREER L E=E—DBITH D, 22 L LR ARERERF I LY ORBERS
TBHER 2 L ORERE L 72 D Diels-Alder RISIZBWTE LS EWKIGHBLERZ E0MES
ELTET N,

COOMe QOOMe
Boc._ _~
l b _ \ C ¢ ’l\' * l d
N_ =
[ Boc” Y
OAc OAc R* OR* OR*
80 81 82
COOMe OAc
T COOMe
Boc g
N ® N OAC
Boc/N 'j
(:‘) R* Ny OAc
83 84 glucose derivative

Reagents and conditions: (a) OHCCH=CH-ONa, DMSO, 20 °C, 4 h , 56% (b) MeOOCCH=PBus3,
54%(Z isomer) (c) Boc-N=N-Boc, AcOEt, 70 °C, 3 days, 82% (d) Pd-C, Hy, AcOEt, 87% (e) TfOH, 57%
Scheme 30
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BEE NI OUBOEHME

Hale bIZ L ARFE FT P UAbRIGIZ X A ERE 2

Hale 5i% Evans OAXH VY ) A CFE L5 - T o HFEBRPEA L LDOIZRL,
LDAICL Y=/ —1{L X DBAD 2 RREICEA L. 1 TR TRILEZRTT2 E LT3,
BONTRICEITAKERIL ) FU LIS XV RERBEEZRER. N 7L oEB THEET S
ZEIERD, BN OUVEE N TAFeERBETETWS,  BIE. BT OUEET Hale
LOERERESHANLN TS, LHLAKEREESRERS 1 TRE I EERBELITLY
STHEHRLRY, FHRINENI 7T~48%EEVIENBBEALE VRS,

1) "Bul.i e
2 o N-Boc
S GO S SO~ A &
0" NH Cl Br 0o N)K/\/\Br 3) DMPU 0 N%
\—-—(B dist. THF — dist. CH,Cly \—{BOC‘N N
n -78°Ctort. Bn 78 °Cto rt Bn !
80-91 % 85 : Boc
55-63 % 86
0
_ LOHHO
)K/j HO™ X" Y .cryco0H
TTHEH0=21  Boc—N- CHzClz HN.
5t00°C 87 B H
89 % oc 94 % 88
3
0" “NH
Scheme 31 Bn

BEZTIENT VVBRORENRERERBEIINTEL T, U5 PUBOMEN 5%
HZFRERIEORRET, EEROEROLZ 2L TERLFNLBANLOLEETHILER
b,
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BHE RS IUEOARRIFIR
% 3 i & Diels-Alder KIGIZ L A EAL

ETEANTOUBEOERE 1 TR THETRER 7 Diels-Alder RISESBRE LTHL, &
BARETT 22 & L7, DielsrAlder RISIZ LB ERER, RISICEVELAA L7 4%
BYBMY ELTEDMOENRT PUBBFHEEER AR THS, REEARFLTIEDIZ
Diels-Alder RISIZERTH V= VICAFRSG R L- AV b=V kW Evans A X%/ YY) v
EAREWBEL LTEATEILICLE,

R1 4
\I]\l S R
RN s
" ~ Risn 07 R
I~ :
A |
N, S fammetioAz (.
R N Diels - Alder 2
2 * 7 *
07 TR, Reaction 0% “R;
\\ Hr}l
HN_*
Scheme 32
0~ “OH

)T ANELT 4T 2=N124 NIV T/ V35U F L T8 FAVWAZ LIZLTE, 4

T2=N124- R T VY 85U NI RT DU E D FNN AN RA— N EER &

¥, 89 OF /) =FNANFRNA—MMEER 83 %’/ 20 ZhiXT7==4A YV TR—MlER

XRHBILIZED. 0 EFEENICEL, TzmAAYITE—FOEDLYIZAFARUARY

CNA YT UBER WA LT, A IR RIZBBRELETIVI YV —NVERRTHI LN
H

EtO._OEt PhNCO, 1.0 eq 0
HoNNHyHO + hd HgN'N TOEt O\ 1 n o
© 0 PhH NN
89 10 °C to reflux H H ¢
hydrazine  diethy carbonate 83 % 4 h, quant 90

0
4M KOH (2.0 eq) @"‘}\NH
- |

rt. to reflux, 4 h 91 O

4-phenylurazole
73 % (2 steps) 60 g

Scheme 33
TEB, BFEWTELNZ90%4 M NaOH, BROLKETR{LIEZ L, BHLETH 47
=124 MU TV =85V 78 % 3 T, 61% THZ. Y=/ T74NOREETH
AR FQ24- UL 92 bEvr L EEET /oL AV E YYD URTERIEDHIETHER
EREEBELTKEICELNS. i, 7V —F—RTRETNIER, BARTFTHZ LA
TH5. 2



EBHE T UUBOARE

COOH + A CHO © pyridine =
COOH A N
79 % COOH
malonic acid acrolein 92
Scheme 34

FUDICHFIAI2 e LT LA h—= 2T V@EL L TERT &Iz L.
FSNAMEEBEOEAL LTEIFEELNESUEE 92 & A F—A43 DCC, DMAP T=x &
FAMET B ENTE B,

: DCC (1.1 eq)
™ . DMAP (0.3 eq)
# Ho\“ CHZCIZ, 0 tort O\‘
21 h
COOH 76 %
93
Scheme 35

F,. IOV AFTUINRIGICEDERZICRY A VT3, 1.0M CH:Cl ifHKIZ
L. FPHNVABIR Yy — & LTBTH (2,6-di-tert-buthyl-p-cresol) % 0.5 %#HML., 7
Y—HF—TRELE. BOICEx QBT TD aza Diels-Alder KIGEDRE&1T -7,

Table 2 Studies on solvent effects

Nz
J
w Q
0 . o 0”0 ), 5

>\NH tBUOC| >\N 94 Ph—er{l * I
Ph—N =~ ———>= Ph—N 1 -
)/NH solvent )fN -78 °Ctort o] -
o solvent o ©
91 one pot reaction 95
run solvent yield ratio
1 THF 95 % 1:1
2 Et20 100 % 1:1
3 CH2Cl 100 % 1:1
4 n-hexane 100% 1:1
5 PhCH3 100 % 1:1
6 H20 0 %(recovery of SM) -
7 AcOEt 100 % 1:1

KU DB TIEENE T DielsAlder fIIMEZEB L. LHLRRD, WTht ORER
IZBWTHPT AT UIBEIREEBD 2 &N TERMo7=(Table 2),



BHE YRIIUBBOERIFE
BN TS CH2Cl (2B E L Lewis B % WM LS % R8T L 7=(Table 3),

Table 3 additive effects

O“ O»\
N N Ph-N H
)*NH 'BuOCI )\N addltlve )/N o
PRl oo | NN CHaCl 0 .
22 r 78°C tort, 18h 0”0
. ° 95
91 one pot reaction
run additive yield ratio
1 AlCl3 quant. 1:1
2 TiCly quant. 11
3 Yb(OThH3 quant. '
4 FeClg quant. 1:1

L LZanss, LeAy h— L2 REMBEEL LT, LA RBELTIEEERTVI=V A, @
Ml F Ry AvFAETLARN) TS — R, HEEKERAVTT2S, WTLOBED
Diels-Alder fHiN{k% EEMICE =08, MERRERE LB ehoT, 2FDA
v =D kS R EEOREFEEILE TR o7,
o, BEEZRMESTE LEGERNETHILICL, Evans bICKL VAR ENT 2EOX
SAFFHS YT ) ERBRLE, FIIAVIUAOFHEETNUF24 VB EE S 0S
Aray Kg Y FLT I UEELTRABEADIZL, &5IC Buli TY FAELIZAX
FVYD )L LEASEAILILLY, NKRT8 %THELNAD. IOTVZUBHEILERASL
Sz RY AV LPLTVDT, TUANVAAIR TP —E LT0.5%BHT EEATCL
M CH:Cl: & LT-20 ‘CTHRIFLIZ.

Ci
o 1.0eq
/\/YOH EtsN 1.0 eq /\/\(O\’X
0 dist. THF O O
% A15°C, 2 h 97
penta-2,4-dienoic acid
0
(o] O 0
"BuLi (1.6 M
O)kNH ( ) O)kNLi OJ\NJ\/\/
{ dist. THF —{ dist. THF -y
Bn -16°C, 1h Bn -15to 0 °C, 40 min Bn
98 99
oxazolidinone 78 %

Scheme 36
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BHE XTI OUBOESEFE

BE, 2oV 2FH LARE aza-Diels-Alder K DRRE 21T - 7=,

Table 4 N
7~ Bn
0™ "N7.
ﬁ 3
TS N 99 1eq PN .
I e e o
Ph=N__t Torcl,  |P"N N TCR,Cly, additive 3 n
4 o -78°Ctort.,21h 0™ "N
1eq onepot reaction %o
N 100 O
run additive yield ratio
1 - 61 % 53:47
2 TiClg (1.0 eq) 46 % 89: 11
3 MgBrz (1.0eq) no reaction -
4 Ti(O'Pr)4 (1.0 eq) unknown producte -

run 1 TiEI/NA RBEOTME L TIX, IXFL 61 % T Diels-Alder FHIIEIE S8, EIRME
HEEA LB LNRD o7z, KIZNA AEEE LT TiCls, MgBrz, TIOPr) WM L= & = 5,
TICLZEMLIE EDRINE4L 5%, VT A7 LA BN 89:11 TRMEES = LIl L
oo BB, TOBFHEXHNMRIZLVFRELREZ, VT TiICLDYERS 21T,

Table 5 . N
7 Bn
K
o 'BuOCI 0 O)‘O Ph—N)\'T‘ |
Ny 0eq Mn| 10eq oo NS &
Ph—N o ————= [Ph—N I > d n
)//NH CH,Cl, )/N CHaCly, TiClg oy
S ol -78°Ctort., 17 h
1.0 eq o] ©
91 100
run additive yield ratio
1 TiCl, (0.5 eq) 83 % 84:16
2 TiCl4 (1.0 eq) 45 % 83:17
3 TiClg (2.0 eq) quant. 84:16
4 TiCly (3.0 eq) 95 % 97:3 |
5 TiClg (4.0 eq) 57 % 96:4

Table5 &9 TiClaZz 3SEMEA L7z L &, INFE, BRMEICHES N, £, YBEEZ TN
EHFTHLRBREZHE S NP2 T, WEORTEEZ L,
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EEE EUNRIVUUEBEOARIRE

TORRENLEETAL IORIIBNTCIZ ) TAAD 2D IR LRI 2ZEO TiCly
MEALL LUMO DERAF—LALEFIFS. ZLT, b5 18D TiICL Y= DA LR
SAEIC2BTEXL—varl, FOVZUOavyhrAi—v s VERETAIEICLY . RE
BBNEDON LV VNVER YT O—FOEEERT DL, BOLERRESE LN EEX

T3 (Scheme 37),
Chiral Diene

A'3 strain DienophileTiCl
si AN o 4
AN )\\
Ph—, (7 H Sy @N N
; — Ph \7/N
(\N =0 y .
A 07 N

O™\ _Ti K -
5---TiClg CI4Ti~~o/)\ 5 TiCl,
major conformer
0 0]
AN
%N (3.0 eq) N Ph >//N * h
Ph—N 1+ T (S) + 0 (R,
N [0) N CHzclz (0] * -/\\
o 0“ N (6] N
)——O -781023 °C }—O
o) 95%, 97 : 3 }—O 3
0]
Scheme 37 o7 3

5 5 7= Diels-Alder fTiN{A% Pd-C., /KT TEMET L, LiOH - H:O TREMBIE L 1T
ELE#, VIV —NVEHSORREERET LT,
Biff# - U T Scheme 362 RL7=t RSP 2ZAWVWETHER, EERBIUOHKEICLS

hK Gy iR 2 R A7
HoNNH2-H0, refluxor

o HClagq, reflux
>\\ (o] or
phN N LiOH Hz0 pay HySO4aq, reflux HN
)/N ——————Ph—N ™
Bn THF-H,O )/N
© 0" "N h,C o) COOH
0” ~OH
101 o © 102 103
Scheme 38

L L2dh, FHEBORGTIESMEL, FER, t FZOUVO&GTIIREBEIRICED -
7. FIT, ANB=NLOofLOE X V(LEBETB72DIZ, X7 VHBEZBTAICHE
FLT7Na—LEE LT, KOH, "BuOH FTCERTEIIEICLVT I/ TAa—LE 7T %
TELNE, BonET I/ TAa—%E Cbz ETHREL, FohiTra—AEk 91 %
TEMPO (2 L Vb3 352 L T, ¥ Chz BRIV UEEE T TEKRINE 30% TH7-, 20
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EHE ERIVUBEOERMFR

o
N
— \ Cbz\
Ph %KN
Ph~N
0 -—-—————> —-—-—-—-»-
07N
OH
101 4 © 104 OH 105 106
g Cbzoy Reagent and conditions: (a) LiBH,, THF, H,0, 0 C, 6 h, 95% (b) KOH,
— ' "BUOH, reflux, 20 h, 77% (c) Cbz-Cl, NaHCO3, Et,0, Hy0, 64%
Cbz” (d)TEMPO, NaClO-NaClO,, CH3CN, phospate buffer (pH 6.8), 91%
0% “OH
107
Scheme 39

L Lnb, TSV —AREOEHERPIREEFET S I L L IOEKERT LTHENE
RE EITV 20,

TS —AEMSOREFECELT, 7oL EOHBEHROFLSICLIV YT —ANBE
FELTWAD, BRESE L EEL 720 TEROHEEZLND,
FILTAMEAFAEILEAEHIZONTH, BEELREFTTE2ZEICLE. ATFVEE
HTBR)T7Y YY)k Scheme 33 2B THI &I VFELND,

EFFARBE LTAFALEEZET DI EIED 108K L. B RF Y RUBIZ L 20K
BERLEMN, UF Y —LERETETEBERICED>TWVWD,

HoNNH,-H0, refluxor

HClagq, refiux
0 or
H,SO4aq, reflux
PN 2004aq N Hr\lj
Me—N ’N N HN
(0] COOH
0O~ "OH
108 109
Scheme 40

X 5|7, E#1 Scheme 41 IR L7 X S REBBRY TV — MRIZTIEES ITIASREIZL Y
PR TZRLEZ DN ENnD, NUINVEETAHLAEMTHRART

0 @]
)\N Pd-C, H» >\N hydration HN
Bn-N |77t =HN ] e = HN
N N
o) COOH 0O COOH COOH
110 112 113

Scheme 41
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EHE ©ENTIUBOSRIE
BONTERCONVEEZETATE IR0 LRV PALEDOKRESFE L7, (Table ),

Table 6 Deprotection of piperazic acid derivatives
o]

. )’
N
Bn—N g N
rND )/['\1
O CooH 0
110 1120°CH

run catalyst conditions result
1 Pd-C MeOH, H, (1 atm), 24 h 0%2
2 Pd-C  MeOH, AcOH, Hp (1 atm), 24h 0%
3 Pd(OH), MeOH, Hj (1 atm), 24 0%

a) SM was recovered
L Lzdhb, e DBETRGETHRS DAL RBAT20, BRET IR P4 112 135
BRI T,

5 4 8 RERTIC L DEHATE

Hi-i2EBA— b & LTI EID Diels-Alder KIGTIMENLHFETEEZTHA >4 I &
H L IE=FIVORFBITEET, AT rFd=—0rS PV BEARTHI LE2HE
L=, FOEE% Scheme 42 IZ/R L7,

$oc goc
.N . . .N
N asymmetric reduction HN
o) | | mmmmmmmmmemmmeee- > .0 *
R” R
o] o]
imine
Boc .BOC
\ Boc., .N
Boc. -N asymmetric reduction N
R’ON ----------------- > R/o
o) 0]
enamine
Scheme 42

EE RS IEIIBT 7 b= F-24- V= B4 DCCIZLVHES L.DBAD & 114
MR TINRT A2 & TF % I{ED Diels-Alder & 115 3B on s, LB, oF
T h—AMHEE L2 AV TRERIZ Diels-Alder KIEE1T-oThH, TOMMEIXIFE
AEBLNR)PoT-, BONMNE 115 % Pd-C THEAETL., S DIC3 TROEHEER
T118 DA I ZRBLI,



ETHEE ERTIOUBOARBE

Boc.

L
n*@ o ™ oo

(a) penta-2,4-dienoic acid, DCC, DMAP, CH2Cl, 0 °C to rt (b) DBAD, toluene, reflux, 24 h, 81 % (c) Pd-C,
MeOH / AcOEt (2:1), rt, 24 h, quant. (d) MSOTTf (1.0 M solution) (1.0 eq) -78 °C to rt, 12 h (e) Boc,O,

EtsN, 1,4-dioxane, rt, 1 h (f) NBS, DBU, CH,Cl5, 1, 0.5 h
Scheme 43

Ef-xF 2 OFET Diels-Alder fH0(K 115 2%t LT DBU 2#{EE &%, L7 4 v % R
ER®BZ L VAR TE S, (Scheme 44)

I?oc
Boc\N,N s Boc.
07‘/‘\) “/ N
(@) DBU (1.21 eq), THF, i, 2 h, 96 %
Scheme 44
T, A3 N8V Y LARBIUNT =y AMEEEER L. REKFELERSTD runl &
FO2 TIEEEBEIT L2 o7, 27 rund TIXEMY TH 5BITHIC X HMEOREE(LE

B <=1z, BoeO ZEM LD, ZHLHLRIGHEITLRNhoT,

Table 7 Asymmetric reduction of imine
IT%oc .
R.,,-N

N
"ll H, 100 atm N
o) - o__Ar
cataryst O
! I

120 R=H or Boc

118

run catalyst additive conditions results
1 [Rh(COD)(R)-BINAP]'BF 4" 2 mol% - rt, 24 h no reaction
2 RuCl[(R)-BINAP](dmf), 6 mol% - 50 °C, 30 h no reaction
3 RuClp[(R)-BINAP](dmf), 5 mol% Bocy0 1.12 eq 50 °C, 24 h no reaction

KIZTTF I AR 119 TOREKRFBILRIGEERAT=, (Scheme 45)

.30_
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g 30" RuCl[(R)-BINAP](dmf), 6 mol% Boc
‘N’ Ho 100 atm RN
O\W/k\,] CH,Cly O\W/i\/]
S 50 °C, 48 h A
119 121
6 %, 63.3 %ee
Scheme 45 Enantio excess was detamined by HPLC

FTT7FNTAT IV 119 T EEME RuCl[(R)-BINAPI(Am) 2% A L TRERTE T~ 7=,
LA LB LEITETNES %, 63.3% ee &INE, RENELZRBER THo7-, (scheme
45) FEERMAENICEBVT 7 FALZRATAEERALTOSRD, UE, RERESETL
OTRROPEEZX, RICZATUERS % L) IEIZPENAFLEZ LRHOLKET T
Fis%E1TH> Z &Iz L=, (Scheme 46)

ll-?ooc E|30c:
RN RuCl,[(R)-BINAP}(dmf), 5.6 mol% Roy-N
PN CH,Cly ’O\Wj:“j
Me Wr)\“] 50 °C, 72 h Me
0] O
122 123
Scheme 46 1%

LnLRRoZ0BRETHERET 10%RRBECIREBETLIELONR N7, —HA I
VRO F I UDKRFBERIGICE A ERT D UBOERRERA LT,
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BHEE ERNIUUVBOERMRE
BESE ATE PO UERIGERIB LY U UVBEDOERK

BT, ListiZX ¥

O Cbz. (S)-proline (10 mol%) %”Cb TI/BTHLT
H’Lj\ + N CH4CN, 0°C . Ho/]i NSy g L
N‘Cbz then EtOH, NaBH, H =7 AT e Riogt

1.5 eq 1.0 eq 99%, 96%ee THEREE KT
Scheme 47 ANEREBRHE &
nTwWs, 2

(Scheme 47) FZTIOT I /LR ERT P UVBARICSRATERVWIRIFTTD LT
L=, BOmEEL LT, BETERERESICETATATE FEAVW 2 Y X 2AW
EAREE RIDUVERRET. BRIROEREEBRER TERI P UBA~EFETLII LI
L7= (Scheme 48),

R .NH R /(U) R
N7 ~m, N R L, N. _R
H = . - PGO N ... - ! N~
T]/\/\/ ----- A HO\/\/\/L “““““ b Q ----- "o U
O

L—leaving group
Scheme 48. Synthetic Plane of piperazic acid by asymmetric hydrazination.

FFTFALFE FOfIE 7T O EEEZETALDON 1,5 F P NbRRICHMOTEZD D
L35 . Scheme 49 IZR L=/ — R Toffiic 7o ®EE2FTH7 LT FEFR LT,

HO._~_~_OH —32 Ho\//\v/\\/sr-2_..Hj(”\v/\\/sr
1,5-pentadiol 124 © 125

Reagents and conditions: (a) HBr, PhH, reflux, 24 h, 51% (b) (COClI),, DMSO, Et3N,

CH,Cl,, -50 °C, 10 h, 87%

Scheme 49. Preparation of 5-bromopentanal.
L LRI OT7 AT REEFSICOMAREVSE, AERMSLELRD, KI/LNL
LS E RERAV., fFE FIDUERIGDE&ERE 21T, (Table 8) ET7147
bR 1 SBIEHLIRVIATYCHILRFVL—F 1 & METHLI 7o) % 10
mol% Vs, FER=RUAHFOCHOREREETTHRRIELE ZA, FREOIETHMEZ
Btr,  FEFOMMEORFNEITZE 7% THY ., INFE, HXFWEOTE & HWE DR
Hote (entryl). ARSICBEWTE RIVULRIEET A F—LOBCHEEVRHESFTHZ
A, WEETFTO—ETIREVHEELLND, TITAWSRTATERZ1. 5HERV
BERSERNLELEZA, WEOKFIZHD L (entry2), S LICKMIEEZ 0TCITHRK
ST b TINE, SR BHICHEROIT /R TELNT, (entry3) FELRGAT—NET
S AT — LTI Th B AFUNELIZER D 2 R AMEZ/RDI IR TE S,

(entry4)

.32.
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Table 8 Asynmetric hydrazination.
‘ (S)-proline (10 mol%)

R? R2
H B R1/N=N R1\N-NH
r =
\ﬂ/\/\/ CHCN . HOL A LA~ Br
(0]
then
125 NaBH,, EtOH 126
0 °C, 40 min
entry aldehyde (equiv) R' R? conditions  yield (%) % ee*?
1 1 Cbz Cbz 0-23°C,8h 43 87
2 1.5 Cbz Cbz 0-23°C,8h 83 85
(3 1.5 Cbz Cbz 0°C,15h 92 >99 )
4 1.5 Cbz Cbz (55.6 mmol scale) 0 °C, 15 h 91 >89
5 1.5 Boc Boc 0°C,28h 53 80
6 1.5 Cbz Boc 0°C,10h 93 =¥

*1 diastereoselectivity 3 : 1
*2 The enantio excess was determined by chiral HPLC
(OD-H hexane : 2-propanol =85 : 15 contained 0.5% TFA. 0.6 mi/min.)
*3Enantio pure compound can obtain by recrystallization from ethyl acetate / hexena.

BONIMMEZ CRT OB~ EFET L, FMEOKBEES TBSETHREL, z0#%
BENETDZETERTOVUVRERRS

Cbz
¥,  —REICBRERT LY ERATI N Cbz Chz
HO N NaH 4, _N__.Cbz
RIZEDRBWZ Enb, fNEoKEEE% H \ HO U
HFEETTICRERICOEHIRTZETX DMF
Br 0 C, 40 min
DETRTERT DU LFERRETIT 126 127

HDLD, ERRITIT ) ERIGPEHIELTL  seheme 50
% 9. (Scheme 50)

(sz (|3bz sz
H Br Cbz. _NH b c /
\H/\/\/ a f;l CbZ\N,NH TBSO” N\N,CbZ
0 HO_A_~_Br  TBSO.___A _~_Br
125 126 128 129
Cbz O Cbz O
d .. N. Cbz e LR ,
HO/ ILN)N zZ__Z . HO) ’/..@’Cbz f Ho) 'ENJ\IHFBCCOOH
130 131 132

Reagents and conditions: (a)Cbz-N=N-Cbz, (S)-proline (10 mol%), CH3CN, 0 °C, 15 h then EtOH,
NaBHy, 0 °C, 40 min, 91%, >99% ee (b) TBS-CI, imidazole, DMF, rt, 3.5 h, 100% (c) NaH, DMF, 0 °C,
40 min, 97% (d) TBAF, 100% (e) TEMPO, NaClO, NaClO,, phosphate buffer (pH=6.8), CH;CN, 4 h,
90% (f) TFA, 5% Pd-C, CH,Cly, rt, 12 h, 100%

Scheme 51. Preparation of (R)-piperazic acid.

ELIZBELNTRILAED TBS £% TBAF THifR#E L. KBE% TEMPO—NaClO—NaClO:
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EBHE ENTUUBOEHRHE

WWCLIIRTALVR VB~ LHFE L, H/BONTINLVEED Cbz % TFA FETHIL A F
Lo PAd—C TEMBETLTTAZET RONKEEZFTIERIOUEE N 704 0l
BEE LTHEDIZENTERL, —MEIUIZPA-CE2BWHEMEBETIZE D Chz EORBREIZR
WTHEREINDBEIT AF /10X 5%7o bMBEEERAVDEN, KRICBWTAZ
—VEREL LTERTD L. LEDO—ERBLENFEFRILBBR SN, o, BIK
ISEMETAEDICEATF LAV, BonEeXSIUUEENY T4 oBEERE O I
LEPEXENLO RETHD I L0 b, REMIEDRBEBETHIAREFL NI UL LRSI
iX List % Hajos-Wiechert RSO EFERRERBS R LTV 2E Y OBEBRELZ R TRSAE
FLTWBZERERBERNOLEMITEZ ENTE S,

0] (R)
/U\/\/\ wo Chz
H Br

BhnoOCN yo) (S
+ _ N» _H HO N\N/CbZ
Cbz \‘N\H H
N=N R ~COOBn
Cbz”
R= -CH,CH,Br Br
TS
Scheme 53 _

FlexF rFAv—THDSEZEDTE, REDCT e ) 2l LTHAWDZ LT, Bk

O&GETIFIZFRFOBRETERS VBN LA uBBBELE D 2 ERFRETH S,
Cbz Cbz

\W/“\v/“\v/ Cbz\ _NH b Cbz\ _NH
\A/\/ TBSO\/'\/\/

125
—Z. TBso/‘\E;/) z_d . Ho/‘\I;//
O Cbz
f
Ho/u\[jijerz HO/K\[jiTH+gCCOOH
137 138

Reagents and conditions: (a)Cbz-N=N-Cbz, (R)-proline (10 mol%), CH3:CN, 0 °C, 15 h
then EtOH, NaBH,4, 0 °C, 40 min, 100%, >99% ee (b) TBS-CI, imidazole, DMF, rt, 3.5 h,
82% (c) NaH, DMF, 0 °C, 40 min, 90% (d) TBAF, 97% (e) TEMPO, NaClO, NaClO,,
phosphate buffer (pH=6.8), CH3CN, 4 h, 91% (f) TFA, 5% Pd-C, CH,Cl,, rt, 12 h, 99%
Scheme 54. Preparation of (S)-piperazic acid.

AFETREERERTH D 1,5 F U PF— bR TEIZTATE FERW., BRI
BTt FF=—PBAFAETHLT7I/BEOTa ) U E#EE LaAREFe NI P U ERIE%
JSRT2ZET, ENFOUVBOBENPORNLREMIEEZRET LI LN TERL, Fke
IR THREREFRGCEELBREILERC, ELMELFFIIE, HFMEICELT
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HENRT VUEED TFARE TOEBRBICRFMENMET T B L 522 Lidin,
AFEIZLY HPBEE LTWEBHENSHERARZERT P UVBOFRAAMIEOCRBEEEL
7o
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¥ 6FE B-OH Leu DERL

B-hydroxy leucine (EL FB-OH Leu) iZEREMEFELEPLKARYE LD building  block (272572 %
2, TOERERRELE TICEOMREINTWAE. ZO—HOH% FIZR L. (Scheme54,
55, 56) 31)32)33)34)35)36)37)
Sharpless’ Asymmetric Epoxdation
OH O
(-)-DMT o)
OH oH_1. PACONCO
—1BaP 2. NaH, Imidazole W N>=O OH
‘Pr)4 \ 63% NH;
65% OBz H
54% (93% ee) (25, 3R)syn  31)
22% (6 steps)

e -
/\/\( _TBHP HO/\'>\’/ ____->HO/U\‘>\( L AL HO)j\)\r
Ti(O'Pr)4 BnHN

82% (>95% ee)

OH

— HOJ\{H/ (2S, 3S) anti 32)
NHz 38% (4 steps)

- . v - - o n = = = = e e e e e e e e e S R e e em e e e e em e e e e e M e e e e e e e e e mm e h e G e e me e e e e e e

Yy 2steps )\/\/ _PhC(Me)20.H NaH
T O’Pr on BnNCO
o quant i(OP)4 0 n
(+)-DIPT

82% (>95% ee)
OH Oy _OH

+ _Rp ——— - -
° N-BN 0% " 3 Hp PA(OH), CO,H

-B
O-& ° —& 98% OH

OH Bn o
NaH 75% )
| } b CH2N2 60% (8 steps)
(28, 38) anti
NH OMe /‘\i
)\)\COZ' e ’B” “EtoH -Bn
OH 96%
50% (10 steps)  33)
(2R, 3S) syn
Scheme 54
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Enantioselective Aldole Reaction

{{
° Bu _PIC___
Ph\r/ OTMS CH20|2
Hexane,
Ph 78 °C
HO HO
0.5 Mcitricacid aq _ \HYCOZ‘Bu + WCO{BU
THF, rt, 15 h NH, NH
(6:1) 61% (95%ee) 9% (83%ee) a4
(28, 3R) syn (28, 3S) anti
o)

(o]
bromo borane, EtzN
%H ’ Br\)J\o'Bu

OH ©
: ch03 2
PhCH, Y” OBy ————> o'ay
90% (92%ee) Br
OH ©

OH (25, 3S) anti 3%

FsC Ph,/. Ph CF,
NHz 51% (4 steps) DOZS“N\B/N”SOZQ
1
Scheme 55 aC Br CF,
bromo borane
Diastereoselective Aldole Reaction
P Pr 1.LDA, TiCl,(OPr), ipr .
o IR o Wi o o WS
R e ~ -
8 N 2. 1N Hel N ;
O 61% (9: 1) HO O HO O
(55%) 18% (7 steps) 26
(2R, 3R) anti
Q Q 0 HO
Ph,, _NH
" 2. Meo/“\‘ MeO/[H ; LDA MeO/“\:_/!\(
o Ph,, _NH Ph.. N pn 'PrICHO  Ph,
[ [ >~ull< 90% [ >“’ <
OH 0 Ph
NHz anti : syn=>30: 1
COMe (28, 3S) anti 37
OH 75% (5steps)
Scheme 56



BEE Bk FuFxilodfrOiK
LA LARRE, INbDOAREBIIETR, KAy — L TRRICIIEERBORMERFIETH
%. 4H, GE3ARICH- FOMET I /B THDB-OHLeu &, BFEROICLVHEEINT
Ru fit 2 L7-BhAEE R OE & 45 FH SN2 RIGERBEM L THHFETERTHI LI
L=, 2B, KERYHEZEOMAICL VFEREINLLOTHY), A—0EE»L 4 2
DEMEEZTRTERT DI ENFARETH S (Scheme 57). 39

OH O Hy (100 atm) 0 © Hz (100 atm) OH O
oM __RUCHI(S)-BINAPY G NOMG RUCH[(R)-BINAP](dmf), j/k‘/LOMe
NHCOPh CH,Clp, 50°C, 48 h NHCOPh CH,Clp, 50°C, 48 h NHCOPh

100 %, 99 %ee 95 %, 98 %ee
6 N HCI 1) SOCly, THF, 0 to 60 °C, 86 % ) SOCIp, THF, 0to 60 °C, 68 % re%&i H,% h
reflux, 50 h 2) 6 N HCI, reflux, 24 h, 85 % 2) 6 N HCI, reflux, 24 h, 87 % 34’cy
85 % ’
OH O OH O OH O
Y\KKOH W‘\OH \H\;/LOH N
NH, NH, NH,
67 % (5 steps) 58 % (6 steps) 45 % (6 steps) 63 % (5 steps)
Scheme 57

T, XFESERBEKYE RS Z LT, HHHB-hydroxy amino acid 2T D T & B EAE
5D, SHABEICEATFETHSB. (Scheme 58)29

o 0 H O

.||O

a-c d
(RCO)R0O + NCCOOMe RMOM‘E ™R OMe
R=Chex NHCOPh NHCOPh
- OYN T R OH
NH>

(a) DBU, DMF, 1t, 11 h, 75 % (b) TsOH-H0, MeOH, reflux, 18 h (c) PhCOCI, EtsN, THF,
rt. 12 h, 86 % (2 steps) (d) Hp (100 atm), RuCI,[(S)-BINAP](dmf), (0.5 mol%), CH2Clp, 50 °C,
48 h, 89 %, 98 %ee () SOCly, THF, 010 60 °C, 6 h, 53 % (f) 6 N HCI, reflux, 9.5 h

Scheme 58

T, FYSUAFATIRATAEFRLLT I FE MLV RTERTHIET, WRRS M
FUINTY SV RAFLIRAT AL 140 BB ENTES. B 16 ITHEEEFET ATV
WY VR ERSRAIET, A V= MUE 141 & 64 % THEDN, Fl&#iE DBUFET
Bonf-A4 V= Uk 141 LA VEBEKMERISESED &, FFH V=L 142 FE
80 %TERLNE. IZOFFH/—L 142 %A Z /=L R ULVBTERESED LHARTD
LRy baT I/ BAFATATFANINELND.  ZhITEREFICAVAMEL 2T
FRUNE 99 % TV A /K 144 2Bz, ZORVYAVE 144 ZFELICE > TRESH
- REBTAE TS 5 BINAP-Ru fEE% 8 L - BIMEEROOFIORGIC IV AFETLL
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BO6E BtlRaxiilodf Ol
B-t Fu & il-a-7 I/ BEEFE(S 145 % 95 %, 98 Y%ee THBH Z LTI L=,
LxLRndh, BonBITEOKBEDIEIL SEETENE L TR HLDIEIZORND R
EEOLDTHD. TITKBEDNIEERETILDICEMLT =1L TLETSZ LT,
SFHRSNRRIEBRBZ D AXHY Y 146 BBLND. ZHENASETAZ L THHET
BIEDBR-OH-Leu(14NZ /A ENTER., LHLABL, KFEIZBWVTT »F0HEst
Fif % #2 OH-Leu DARICIT. B EETRICARETA-DICSHIZ2 TRELTLE S,

O A

a COOMe 0" ™N
HCI-H,N” > COOMe—™> Ao~ L _c. —
H” >N"COOMe
H . NC COo,Me
139 140 141 142

0 Nkb~TsOH

OH
d __2?~< \\rJ\?/COZMe ¢ \7/{\%,C02Me g
COZMG HNYPI’I ——

143 144 O 145 O
h oH
o) CO,Me ——» ~ COzH
=N
ol NH,
146

147
(28, 3S)-3-Hydroxyleucine

(a) formamide, NaHCOg3, PhCHg3, reflux, 4 h (b) POCls, Et3N, CH,Cly, -20 °C 50 min then -5 °C
2 h, 64 % (c) isobuthylic anhydrate, BUD, DMF, rt, 18 h, 80 % (d) TsOH, MeOH, reflux, 14 h
(e) PhCOCI, Et3N, THF, rt, 14 h, 99 % (2 steps) (f) Hz (100 atm), (R)-BINAP-Ru(ll) (1.0 mol%),
CH,Cly, 50 °C, 48 h, 95 %, 98 %ee (g) SOCly, THF, 0 to 60 °C, 2.5 h, 68 % (h) 6N HCI, reflux,
24 h, 87 %

Scheme 59
F - CAREE LA, #%EESIL Scheme 60 (R LEFEBC L VAR Lf:ﬁ'*f b7 )

TRAFLOEBEYEE L Liz: 25, Ru-BINAP i % B\ - BIB S B ERAT /BT K D A
BB TRISEIT-o7o &2 A, BINE - mERANIC 7/5“031‘9?1‘4{71&{&%%%’3&75{2&7% #/boh

f:o 39)
B Boc . 0]
HZN/\ﬂ/OH a TSOH'HZN/\”/O n p oc N/\ﬂ/ Bn ¢
© © H1490

glicine 148
o O 0O O
OBn d e
\rlkN/\ﬂ/ n NOB” NOBH
Boc O HN\BOC NH,-HCI
150 151 152

Reagent and contitions: TsOH-H,0, BnOH, PhH, reflux, 29 h (b) Boc,O, NaHCO,,
H,O-dioxane, t, 3 h, 92% (2 steps) (¢) KHMDS, THF, -78 °C, 1 h then isobutyryl chioride,
-78 °C, 2 h (d) LHMDS, DMPU, THF, -78 °C, 2 h (e) 4 N HCl-dioxane, rt, 44 h, 97%
Scheme 60

.39_



E6E Bt Ruxiiogf Ok
TORBHEEVAZ L T1RETEMOMKIINMNEZROB-OH Leu 28 T5I EMNT
7%, FIT. ZOEK - #ESOFELZAVBOH Leu DEMETHZ LiIZLiz, |WET
I3 fil D Ru-BINAP i 4mol% AV T s, BIED & Z & 1mol% TIT- THULE « BIRMED
BTHARELNANWS EAHRTETRY, HBECLAT7T Vv FRRAOREBRRISEBWE
12 & 0 (39)-0H (28)-Leu DA %EIT 7=, (Scheme 61)

0O o OH O OH O
\\T/M\T/H\OB” a \\T/A\T/ﬂ\osn __EL_.‘\T/A\T/H\OBn
*NH; CI” HN NH,

152 153 154

Reagent and conditions: (a) H, (100 atm), [RuCly(S)-binap](dmf), (1 mol%), CH,Cl,,
50 °C, 48 h then BzCl, Et3N, THF, rt, 1 h, 87%, >99% de, 100% ee (b) 6 N HCI,
reflux then Dowex50, 2.5% NHaaq

Scheme 61
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BTE TOMORET I/ BOSH

ETH TOMORET I/ BOSH
Mhydroxy-L-alanine D& FL

MNhydroxy amino acid DEFRIZEBNT, TI/BOL S22 1ETIVIE, 2B7I 008>
REEBERISICEVEET I ENTES, Figure. 19 IR L SR FETHEEILTY

%, 40
Figure 19 Syntheses of N-OH-a-amino acids

Hydroxylamination of a-bromocarboxylic acids Reduction of Imines .
0 o LiBH3CN o
R4 RoONH3 R R or
) G E—. 1ﬁ)\x 1%0}_‘ NaBH3CN R‘lﬁ/lkOH
Br NHOR, N‘OH HN“OH
Ro=H, alkyl
Reduction of Imines Reduction of Nitro compounds
0o pyrlgmr-BHs Al /Hg
R 0 or o)
1\((x Et3N~BH3 _ R1\‘)LX R1%X Zn/ AcOH R1\(“\X
N\ NO?_
ORjy R, HN‘OH
X=0R, NHR3, OCgH4NO>
Ro=H, Bn
Strecker Synthesis
HCN
or
R1\(H TMSCN R4 YCN H COOH
N‘OH HN‘OH HN‘OH

A [E, BEITHFEEMAED Mhydroxy-L-alanine (ML T NOH Ala) # 4 E X LTE Y, Grundke
W7 I VBORELERF LI-E EHEIZ Mhydroxyl amino acid #8E L TW=DT, ZH
LOFETERTHIZ L E L. 4

Y, L77=r0A8 ) —/VBIRICER THEIEKEN A ZZIRT 3.5 RE®REAL, BiZ
BT 69 BERR#RT A Z L2 X W AF AT XT LK 155 & E &R ’?%71 FiZ 155 FRELT }\

COOMe
HaN™ °H HCI- H2N H e
L-Alanine
Me._ _COOMe
N’%{ f i
;0 _d Me)@A\OMe = . Me Z~ “OMe
HN™ "H Boc—N" "H
MeO OTBS
157 158 159

N-OH-L-Ala-OMe
(a) HCI (gas), MeOH, rt, 69 h, 94 % (b) p-anisaldehyde, NapCO3, MeOH, rt, 17 h, 91 %
(c) mCPBA, CHyCl,, 15 h, -20 °C to rt (d) HoNOH HCI, MeOH, rt, 11 h (e) Boc,0, Et3N, 1,4-dioxane, t,
10 h, 49 % (f) TBSCI, imidazole, DMF, rt, 12 h, 90 %

Scheme 62
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U LABEETFT p7=ATLTFE FEERASEA I 166 ~ &L EH%, CH:CL ¥ T mBEEE
BRI o L TARH DY DU 157 ~EFE L. 157 BYVT AT VAREMITRD D
TLC,'H NMR 38 ThY, ZOIRLERETEDLZ LIZLE.
TOFFHFSYIL 15T e Fuxi AT I UEBE TRBRIST A LICL Y BRETD
NOH-L-Ala(Q1D)%E7-. —0MHAERYEZ I HNMR THRLLEZ A, THWEE A TVRM)N
ofle), TOEEANHT LITLE. mﬁNth#vw7°/@i~%t%%Kﬁﬁv
%Y, Scheme 63T RLIZE I ROMRICERITI ENMbNTVD.

TOELN 158 FH v TV I AT, BocO T7 I/ EHFVT TMSCl TAREEES
R L 1590)NBocOTBSLA1a OMe 255 Z &N TETZ.

OMe O R

HNAﬁ(

o, MeO)LYNHZ.+ l'\Il/’\m/owle
R 0 O

Meo)j\( N\_/
R
Scheme 63

EOREE L. KBEEOCREELZB CHEZEINLZVNHEDO, TITRERVILVED LD
EThoT-7o®. scheme 64 TR LEBDOARKFETSH N-OH Ala #EmM LT, @ £7(A)-
UBAFNT AT LOKEEE F) 7L —METDZETERELL, O PLE FaFigb
FIVEERER160 & LT, BEWTAFALATRTAEMKGEER, tert 7 F VT AT )L~
LW LT, tert 7 FILT AT 162 % Alloc ETHR#E L, TFA T tert 7 FNEE BIRE
+A5I LT, BHOGREEEZE TS NFOHAla 164 %R L7, (Scheme 63)

0
COOMe COOH /Li
COOMe
\;/ a \r b \r c \‘)LO

OH Bno/NH Bno 1 sro-NH
methyl (R)-lactate 161 n 162
PR
\j/l‘ \T)kOH
N_ N
BnO Alloc BnO Alloc
163 164

Reagents and conditions: (a) Tf,0, 2,6-lutidine, BnONH,, THF, 0 °Ctort, 2.5 h (b) LiOH,

THF-H,0, 0 °C, 2 h, 80% (c) iPr-NHC(OtBu)=N-iPr, CH,Cl,, 0 °C to rt, 48 h, quant. (d) sat. NaHCO3
Alloc-Cl, CH,Cl,, 0 °C to rt, 24 h, 99% (e) TFA, CH,Cl,, 0 °C tort, 19 h, 98%

Scheme 64
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Nmethyl-D-leucine @& EL

NAFNL-D-aAf L obEEMOFEEFBALC, 8RTHILELE.  &IERR Scheme 65
WRLEEBOTHD, RENOBHIZNAFNLEEBEZLNTES,  AF{LIZEBIC

BiEE THE 25 Z IR VBIERY D A FALZ R T VOERERFIETE 5. ©
o)

0 o]
WLOH a MOH b W%LOH
H NH, — ™ H™ “NH —_— N-Me
D-leucine Boc Boc
165 166

(a) BocyO, Et3N, 1,4-dioxane, 0 °C to rt, 24 h, 94 % (b) Mel, NaH, THF, 0°Ctort, 8 h, 80 %
Scheme 65
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BE BIRTFIIRTIF ROARK

ERE BT IIUTF NOERL
B BEFILNTF FOARERS

WIZBRF I _RIF FOBRRITEF L, BIRT 7 ~7F Nk FOH Ala-N-MeLeu-(9-Pip

(LUF left fragment & FE5) & (RA)-Thr (39 -OH (29-Leu-(B) Pip (LLTF right fragment &
) FRIZICEREEL, BESEDIZETEREIERZ LI LT, Left fragment OEIT LT
DU R BRRERITHESTA T L2 LT,  —J right fragment 13(A)-Thr(89-0H 29-Leu »7 Z
J A Ma(R)-Pip ~EA LEET 22 LIZ L7, (Scheme 66)

PGO N HNFC PGO N Hn-TC
" N N “,, N RO N
J: : ;E‘ms
0O 0 2 0] 0]
NM 0 o)
0 e 0 — 07 "NMe . 0
NH H NH :
z OR :
OPG : OPG
GP—'N,N “\\\g _ /N ‘\“‘L\\ PG
right fragment
left fragment \x PG
GP. N4 HN
NMe HO
PGO
0 [ N-PG I
OR + " N‘PG RO NH + o o}
L L
—N wh \ O
GP T\/] o 07 “OH | NH"
PG OPG

GP<

H OR NMe
SNt ”ﬁ&ﬁa * :>\\4’L\743
‘\/\' OH Scheme 66 Retrosyntesis of cyclicdepsipeptide

% 2 Fh. Left fragment DAL

Left fragment (257 0 (- BT VBRI AF LA VU DREBERVOHEEAIERET L, £

7" Boc-(9)-Pip-Ome & Cbz-Meleu-OH & D& % KANEHEDTR WESH 2 BURET L 7=, (Table

9) LALARLEMOVSNTF RIIBLATEREINV &L, T I TRIGHEIT L2

STEBLE LT, BT IUEBO NLOFR#EETH 2 Boc ENVLEHICEETNEEZLND I L

b, WIZE VSIS 72 Alloc B3 BT D UBOREE L LEIZE LEROFHTRIGE

Folm, LOLEALIOEALERINITETET, RIZELRAE REERZ L TWD,
(Table 10)
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Table 9 ~NT
H =
Boc.., N «COOMe WCOOH reagent o
N. solvent Boc,  .N_ .COOMe
~ o
Q Cbz conditions U
167 168 169
reagent solvent conditions result
DCC, HOBt, NMM  CH,Cl, 0°Ctort, 12h no reaction
Brop, Ef3N CH,Cl, rt, 12 h no reaction
Brop, Et3N DMF nto60°C,12h  no reaction
DEPBT, Pr;NEt  THF 0°Ctort,11h  noreaction
BMTB, 'Pr,NEt CH,Cl, 0°Ctort,11h . noreaction
Table 10 bz~
H 0 b
Alloc N «COOBN, WCOOH reagent
K) /N\ z So]vent BOC\N,N '\\\COOBn
conditions Q
1 68
0 ! 171
reagent solvent conditions result
DCC, HOBt, NMM  CH,Cl, 0°Ctort,12h no reaction
Brop, EtsN CH,Cly rt, 12 h no reaction
Brop, Et;N DMF rtto 60 °C, 12h  no reaction
DEPBT, ProNEt ~ THF 0°Ctort,11h  noreaction
BMTB, 'ProNEt CH,Cly 0°Ctort,11h  no reaction

Table9, 10 M HLHERTEMDBVESRIZER L TH YT VU B~DT I/ BBE N IR
L¥|otz, FI T, EIZ Table 11 TIERTEMEDNFR BN T A FERAVRIGHETT D2
H
AIIOC\N,N ~COOBnN \N'PG
Table 11 o =
COOH coocl
Y\f (COCh, \(\/ 170 Alloc.., N.__«COOBn
N. CH,CI N
7 242 oINS
PG {15 PG Q
168 171
enty PG  solvent base aditive conditions conditions
1 Cbz CHyCl, 5%NaHCO3; -—  0°Ctort,11h no reaction*1
2 Cbz CHCly — AgCN 0°Ctort,11h no reaction*1
3 Cbz tolene — AgCN rn,10h no reaction*1
4 Alloc tolene — AgCN r,11h no reaction*1
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Oyt L7, £7 Cbz-MeLeu-OH 7> HFRE L7-BAE (k4 & Alloc-Pip-OMe % Uk &
7o
entry 113 Schotten-Baumann % 49 & FERD G T TRIG S B3 RGITET Ligd o7z, &
PRI & LT AgCN EVRAN L7205 2 08 o
é%am@v&f%ﬁm%en&motoRj)Qm K(%o¢ R A
(entry2-3)  entry1l-3 IZBWTIRTF K HN\‘&O - HN\(O B HN\\<O
FRONAPSIR, AFABLVVERTF ;.0 w{ﬁ e
N TRELREM®E KW NCA Scheme 67
(N-carboxyanhydride) M4 LTLE J,
Z = TCentry 4 TiX Chz Zi# % Alloc ETITo7= R Z OHFEDH NCABER L TLELT,
(Scheme 67)
- CRLEBANTA FTHBBRT vt ERB L EEEREFH2

F BFg
Lz Lin, BT v {tBIIEE T, (LEMIC Ko TIZEBERTEET \nA\f
LB b, B E RV E ED L 510 NCA RE LR T T
RN H D, BT o {eITEOLDORBIES MO TV D TEFH

4 7 = TiX Carpino 575B8% L7z TFFH (Figure 1) & 3 = Figure 17
Liz L=, “9 TFFH ZREEMEOEETERVFVBES TH

Do
Table 12 \N/
TFFH O~
COOH H
EtsN
Y\,é\]/ + A"OC\N/N M\COOBI’\ v 3 — . BOC\N/N “\\COOME
< pG Kj conditions K)
entry PG solvent additive  conditions result
1 Boc CH,CI, - Q°Ctort,12h no reaction*1
2 Boc DMF rt, 12 h no reaction™1
3 Cbz CH)Cl,  —--— 0°Ctort,12h  no reaction*1
4 Chbz DMF e rtto 60 °C, 12h no reaction*1
5 Cbz CH,Cl, TMSCN rt,6h no reaction*1
6 Cbhz DFM TMSCN 60°C,6h no reaction*1
0
*4 N
0
N~
(0]

Lo LB BEET o LM - B AR T S BN URTF RIBon T, BE(HTE

BN TENCANRELTLEST, H ll:iiB(i)-i4 H

RS O UEBEDEE N1 ALIZIIRE BOC\{N)»\COOMQ T2HF X Boc\{Nj,o\\oH

B SALICHARITIALEL 200 0°Ctort 17h

EFRBIEICEEFN WA D, i 167 75% 173
Scheme 68
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EER2BEOMIZ N2 UOBEFEER+S TRV EELZ LD, FITN2UOETEE
# B B7-®IZ Scheme 68 IZR LI E T RF L 167 2 BT LTI/ FAa—1 178 & L
Teo  —REVCEFEEOENLEREFIIBERTF LV REENB N L R3MbATWNW5,
FZTTNa—L 1T I L THEERETAZ iz L=,

Table 13 ~.,,.-Cbz

Boc . “Ng \r\/COOR reagent Boc TJ\
Nap” .‘\\\\
Q solvet U OH
0°Ctort,12h

174
entry R reagent solvent result
; H DIPC, 'ProNEt  DMF no reaction
3 H DEPC, Pr,NEt DMF no reaction
4 H DPPF, iProNEt  DMF no reaction
5 p-NO,-Ph- - DMF no reaction
5 H Bop-Cl CH,Cl,  trace*'
7 H Brop CH,Cly 67%*1

" Boc\ J.HA(

Cbz” AN
175

L2>L72223 5 entryl-5 TIIRNIE<ET L2d o, L LAY L entry6-7 TIE=X T
AR 175 BN, FTITELNIZZRTIVE 175 285 Z & T VVERMRIR E
TLARVWARL, M= P3RMRRS SN, RIGNTEMR2REY 5 X BT &
NVENALEMIT/ N2 >7, (Scheme 69)

CbZ\_N/
H 0 O A
BOC\N’N ‘\\\\\O)H/\( Boc..
N PhCH, ¥
Cbz” ™

,N K\
NN TNOH
reflux
3h

175 176
Scheme 69 decomposition

F7-AkEEESY TBS ETRELET I/ TNAa—L 17T ZAVTOHHEEETRET LM, 0k
BIoRBWTHLIORTF FiEonznol,
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Table 14 , i

N
’ .

@)
Boc. N COOH  reagent M
\U_\\\ \OTBS + \(\T-:N/ BOC\ N

- .\\\\
- ~Cbz conditions U OTBS

177 . 168 178
entry reagent conditions solvent result
1 DIPC, iProNEt rt, 14 h DMF no reaction
2 DEPC, iProNEt  rt, 14 h DMF no reaction
3 Brop, ProNEt Otort, 14h  CHxCl>  no reaction
4 FHHT, Pr,NEt  Otort, 10h  CH2Clz  no reaction

WIZERTG SUBICEAT R AF AT A L OIMFRRERS 2 EE570HIT, Scheme
TR LEE I AFAOAL D DAFNEEZERT O UBEARICEATDOIEE LT,

Cl)Bn (IDBn

HN P2 Alloc™ Alog”"
H W\ j’Me??
O HN" Y0 —"N"0
Bocs \-N\"g1BS -- > . :

N : e :
0o o)
KJ BOC\ '\@"‘\\\OTBS Y\_< Y\__<

Boc., .N_ .o~ Boc., .N

U OTBS U"“\\OTBS

N
'

[Me] n-Cb2
o
Boc., .N

N
Scheme 70 U OTBS

Lo LR b AREL B ST Db LT, BRI OVENLEELLT I/ T
— U 177 128 LT Chz-LewOH HEAT B Z LB TERDP2T,
Table 15 _Cbz
H

Boc. _N. COOH  reagent
\U ~oTBS + ﬁ/ —— Boc_ N

@]
J;'I
2z

= - ‘\\\\
Ngpz  conditions T\V;j OTBS
177 179 180
entry reagent conditions solvent  result
1 DIPC, iProNEt rt, 14 h DMF no reaction
2 DEPC, iProNEt 1t 14 h DMF no reaction
3 Brop, iProNEt 0°Ctort, 14h CH,Cl, no reaction
4 FHHT, Pro,NEt  0°Ctort,10h  CH,Cly  no reaction
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BEE BKRFTTIVATF RDOER

5 3 EITIBV T Hale 7% A83586C NIRRT 7' RFF FELSDAKTIL., BT DVEE~AD
AFNT =V ENTTOBEME RO TW,  DFE) ERGDUEBADOT I ) EEE AT

B E RN BDONNRR MNEEEZ BNE, T BOBE o O
L4 % BT 2358 138% Fmoc £ (Figure 18) BEAVHH 5, >\—o
FRESO T LT URIREREOBS, NCA BE L D FEeMms Moo .
5, (Scheme 71) L2>L7A2M 5 Fmoc EIIFEEICEMTHY . O

FEREECBOTHEEICHBEL TLE S =odikviz e Figure 18
WO REBH B,

0 o]
R2 R2 ~ R2 ? R2
OH 4\01 ot o
HN_ O HN_ O HN-/D) HN\<
\f\ 1 \f 1 \<O~R1 O
R R NCA
R1=tert-Bu, Bn, Allyl etc N-carboxyanhydride
Scheme 71

Z 2 THBEICHBEE T NCA BNEURVWREEL LTAVECROFREELFR DI &L
7o EBRZIIBIGIZERE SN Ns EEAVWVE, ® BEAVKCT I RIEERZOB
FREOEEPRREL 220, Ns BIX 1 BT I0F A7 =/ — VD& sREFEIC L 0 e
IR RENTE B, (Scheme 72)

Scheme 72 182 183 184

7 CAREE% Scheme 73 IR/ L=, ZOERKEHENC L1238 > TEFEILD OEIC
H-S% Ns-MeLeu-OH OFR 1T o7~, (Scheme 73) 49

N
\T/«\/COOH \T/«\/COOH O%(;\/l\
WL . N T TGP .N_ R
185 NS 186" TL\;]
Ns.
. QH 187
o,
R=COOMe
GPL N R CH,OTBS
Scheme 73 189
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\’/\/COOH a COOH Y\KCOOMe .
HN N

NH, Ns - “Ns
190 191 192
COOH I 0
\(\/ reagent and conditions: (a) Ns-Cl, 1 M NaOH, 40 °C, 24 h, 70%
/ﬁ (b) Mel, KHCO3, DMF, rt, 4 h, 88% (c) LiOH, THF-H,0 (5 : 1), quant.

Ns
193

Scheme 74

=9 Ns-LewOH X VRS U-BE(LY 194 L RS UUVEENLFE LT I /) T ra—v
177 L RIS &80, BERBEWE S BHOITF RiIBbh2d o7z, (Scheme 75)

H
Bocs\-N>otss No N
177 OYVL
\(\/COOH (COCl), \’/\/COCI AGCN N !
z = oC.,, - o
HN .. CHyCl, HN tolene \ N" N TNOTBS
Ns i, 3h s t, 14 h
191 194 195
Scheme 75 conplex mixture
BNTEA DT R EICAFAELTEAES O Ns-MeLeu-OH H H B L 7= ER¥E (L) 196
H
Boc., N

N~ SoTBS NS\~
_COOH  (cocl), Y\/COC' “AgCN
ﬁ/\'/ CH,Cl, N Boc\-N">orss

N. N tolene N
1/93 Ns 3 h 196"‘5 it 14 h
197
Scheme 76 96%

FHEVELAGTREEELE A BVRETEMNO DT F R 197 357, (scheme
76) L L72335 Boc-Pip-OMe 177 A\ T Scheme75 & RGEHFTRIGEIToTh, I

FF R 199 1IZB Lo, (Scheme 76)

H
Boc.  .N_ . COOMe Ns., .~

P ;

177 OY\)\
COOH  (cocl), -COCI AGCN

WA'/ —— H A~ Boc., .N_«COOMe

N. CH,Cl, N tolene N
~"Ns i, 3 h Ns it 10 h
193 198
199
Scheme 77 no reaction

BoNEU~NTF R 19712 FOHAla 2 EABRBICF AT = /) —/v (REEN U 7 LDOFRMETH
{2 7=, (Scheme 78)
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NS\N/ HN/
o - PhSH Os A
K,COs
N g BO ~ ,N W
BoC NN NoTBS T CHCNHO oo NTN"NoTBS
40°C,8h
79%
197 200
Scheme 78

Bl&fi&k v Fax i T 5o DEAXRETAZ L E L,

AFNABALADT I ) EREA

b 2 ROMLAEERNT L BE0E, T BEAIRES L FEBENDS, FITEETZRT
ND1DOTHBIFA—NTRAFT LT E?F?CH 1155 eq o
N Fc - - .. COOH eq
@ﬁﬁu’éﬁﬁﬁ'ﬁ”ébkctbfw \‘/ EtsN 1.5 eq \HJ\S/\\/\\/
Alloc*Ala(OBn)-OH 164 L\.?‘T LT BnO/N\A]]OC CH2C|2 . /N\
LK DIPC 2BV A & T, BYY 164 Otort, 15h  BnO” “Alloc
66% 201
DFF—VT AT TR TE 3,
Scheme 79
(Scheme 79) BEARIZ=F o FH—
N, FAT7 = /) NVTHTFA— NV AT NVORBERST-DMENETH-T-, BN &oF

A=z ZT ) 201 &V,
EPTEFARGE LT NAFLaL v

AFNTAL L ~DEANEFRET LI,

AF LT RT N 202 & FBVTITo7, (Table 17)

Table 17
\‘)'LS/\/\/ Y\/COOMe reagent \‘)J\ \\(k
N" "COOM
N DMSO ©
BnO” Alloc n,8h BnO’ \Alloc
201 202 203
reagent result

AgNO; 4 eq, HOBt 4.8 eq,

AgNO; 4 eq, HOBt 14 eq, 'ProNEt 1.5 eq

AgNO3 3 eq, 'PrNEt 2 eq
AgOAc 3 eq, 'PryNet 2 eq
Ag,CO; 3 eq, 'PryNet 2 eq

'ProNEt 1.5 eq not obtain**
not obtain*’
not obtain*'
complex mixture

not obtain*

*1
OH

BnO~ N “Alioc
164

LaL7ens s, BRORESE 203 136 F 4 —/b X7 /L03HEE L7- Alloc-Ala(OBn)-OH
164 BELNT-OHZTH Y, EHEZAT L THEF AL AT LERO-EERINIIES LT,
W RSB DR HWESHI T D Brop. Bop-Cl. DEPBT, BMTB % BV RET 21T 5 Z &1z L=,
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Table 18 | i ('DBn
- SN N-alioc
NH -
o - 0] reagent @)
'PrNEt 1.5 €
Boc—. N o~ * OH - Boc N>
NNy SoTBS N CHCly oTee
BnO™ “Alloc  pe°Ctort, 16 h
200 164 204
reagent result
Brop 1.6 eq 34%
Bop-Cl 1.6 eq 51%
DEPBT 3.1 eq 59%
BMTB 2.0 eq 68%

Table 18 =R L7= &L D, BMTB ZAWVWT-FIZ 6 8 % L O BICHERH D HDOD
Alloc-Ala(OBn)-OH164 #EA L k J _7F K 204 %757, (Table 18)

w3t Ugi RInE BT 2 BREA DR 49

L5 OESDTFa—F L LT Ugi FSEFIAL 1 IRT I RTF FRELNROPRNTD D
ricLz, UgRiEA Y=t AALRCEE TATE FRUT7TIVHLIRBA IO 32
H L4 ODFES® 1 TRTHS L., NIRTF MRBons, Lo TERIECHESTD
I HITAMICREIZBEIE TARTF RTF 7 AL MR THILBRTHETHD, FEAW
BA V= NUMEET VT — BB B 2 L TUT AT VARIRK R RIS TSI LRI TE 5,
Ugi BS %> 72 GE3 OBRA~T T FESOEREE % Scheme 80 (LR L7,

NopG PG
PG Y
N, HO™ O /L)\(o o O OR
o, T i Nl
W
O -OR GP\U“
H
OPG
AN
. OPG

Scheme 80 Synthetic Strategy using Ugi reaction

FPEELERBAIVIELGTTRETF L ME S Bock KT U0 % NaH TRE L Y Boe 27
v 905 L L2TRTE/ Chz NSV 20T ~EEHR LT, BobNniE/ Cbz 207 1Ix L
T RYTZFALT I UEET. NBS #EB S BHOERRA 221k 208 GWa TR L7, (Scheme
81)
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HTFA
Br/\/\/Br 2. b UH TFA ---»UH [)

Reagents and conditions: (a) Boc-NHNH-Boc, NaH, DMF, 0 °C to 1, 9 h, 90% (b) TFA, CH2C|2, 0°C
tort, 5 h, quant. (c) Z-Cl, EtzN, CHyClp, 0 °C to i, 8 h (d) NBS, Et3N, CH20I2, ‘Ctort, 6 h, 83%

Scheme 81
Ugl BUSORICREERETT 272010, FPEFARGE LT Y S UohbliEIcSEm L1 V=
UL 209 2V Ugl RIGERRE LT,

Table 19
|
rl\clbz ~ \(\_/COOH Cbz Nons
Nt /N COOMe + :N —_— N.
U o <N Ns i, 24 h N™ 0
208 209 193 °
HN.__COOMe
additive result 210
-------------- no reaction
Yb(OTf)3 25mol%  trace’!
Cu(OTH); 25mol%  trace™
ZnCly 25mol%  trace ' " (sz
LaClyH,0  25mol%  trace ' N NH
TiClg 25 mol% traoe: E)\COOMe
TsOH-H0 1eq 56% 241

LNALZZRE B YARTF R 210 i7B oI, FHLAY Chz- BRI PUBEAF L XAT /L 211
NE LN, (Table 19) % Z CIEEAGICBEE L2V THA ) THF IEFE L Ud BSE1TH =
Lz Lz, (Table 20)

Table 20
1
Cbz
! _COOH bz Nons
No* COOMe + H -\
U g Nons THF N0
208 1,24 h o
209 193 COOMe
additive result 210
e e no reaction
Yb(OTf)3 25mol%  trace’’
Cu(OTf);  25mol%  trace" ! Ebz
ZnCl, 25mol%  trace ' “NH
LaClgH,0  25mol%  trace ' 0
. *1
TiClg 25 mol% trace.1 HN ~_COOMe
TsOHH,0  1eq 25% 212




ERE BT IIRTF ROERK

LWL RAY ) —NEEEE UTRHWERIIEONTE R Chz- NIV UBAFLIRT IV
211 1B ONT IR -72Hb 0D, BB ET B NYRTF N 21013/ LNTICTOTF R 212 345
BRT&7, BohfREN»D scheme 82 1R L= & 512 Ugl RUGDE 1 BEFETH DA I 2 208
AOIERIEEIT LTV EEZBND, LD LR LHREENL DT SRR Z 6
BRWEDIZ FFED F U RTF KRBV EEZONS, REELTELXZONDZ EiE, (1)
RS OUBEO 2 (LB T A EREFIITFRENDOT VNVEBRISE T A TET O CETEE Y
H7=720Y, (2) FRED IV RA—Y g VIIRISE TH D ERT VB 2L & T OREBEEZ T
BAFABA L UDINERF VNVEORERTF SITBNITE, CLERZRRE) 2 EOBENE X
bivd,

| H,0O
Cbz N‘Ns sz Cbz
|‘\J NHO '/
N ——ree
[;/yf Ho™ "o s N__COoOMe
\\\_g N"~COOMe |
COOMe
212
Scheme 82

FAE YT UUVBHBEEERVET I BEA

FE2HROIE LY BTV UBEO 2 LORFETE OO TR M—BRI T4 FOX HIZIE
BB L ENERIGEOLEICBEITT 52 Ldibhole, IZODILRERNTIOUVEBEY Py
FREBIBETHY . TORIIRIERTH D N2 {LORE Y ORI REERRESRDLEZ LN

5, IZOTZEIFFHEBIZLD Boc ¥
RS DUBERAFIVE AT ADEED LT \\\H
F A= ERDBT LS VBT Rooc N, pe  ROOCIUNZ PG
K, #® %D RICEETS N2 O \[Vf b
B ISR E S Boc E L E—F
RERNTVB%, 73/ BOBAPE  Figure 19 L
%ﬁo#&%k%hé Bl s B
PG? o AA TXBL, BIBETHOIENT U UE
eee R'O N -PG' LV BBEESKEVGEROE KTV B
S H FRAVAZET, 7IBEANLE
JW:L T4l T CRIGHEITT 5 L B X b
) R® 2. (Figure 19 ZO&MHEZ
R=&.O Scheme 83 (2R L7=, HEILT AR
Ea%] DE R BRI RIE TR T e

Er2FTAH{LEMEL, T/ BEAK
Scheme 83
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BEOE BT TS I_TF FDER

BT AL THEORTF FRERTEDLEXBND, T/, E RTIU /BT 0 U Al
EFRWEARFE FIPALRIRNC I VRBT L LT3,
I UDICRIBIC T v AENEETIRE LAV TR L EREERAR ST,  KiicT o
FENHIEHIERT OV UBERICAWEFETHRETES, TV Boct KTV /213 M
Boc o 5 TFA 1T X B

H
Ny Boo WNo .2 BocKBUSETV

HO” YN 1) TFA, CHoClp, 0°Ctort, 1.5h HO N
H 2) Z-Cl,NaHCO3aq, 0°C, 3h \\ - H TFA 5B L5 &
)\ L7228 Boc E Bk
____________________________________________________ 214 Br  ZHEWERNTUE
O | ETHBBELTLE
° 7FA  HO V. BEIOE ) Cbz
" + Nt P~ OFELTE
Mo 7=, (Scheme
Scheme 84 2B 84)
ZOMBEEERET S
7= DI Y Cbz % BocO FEEIZ/NT VUL I—RUACTEMBT LM, "o rEaFER
TIEBRICE DV oAV ETHLBITEINTLE o7/, BHRESHWLE2>TLESTZ, L
P o THABBETRET THA D ABREETH D . BEBICRILFIEERT VT & FEEZT & —V
R U= EECITS = Lo L, EDARIES Scheme 85 1T/ LT, FAZATATE FX VAR
L= ABZATLTFE K F)7EEF—MEATICHLTWR)- T ) o2 LTREE FFY
NRE BT 8 25, 95%, 95% ee THIINME 218 87k, Eio, BT DUERERERII
7 By T NaBH ICE D A=~ EBT Lm0, SEIIEEHEZ Y RNy TR BRLE
R Y U ATEEL, E RSV BE218 ~EFEMHM LT, BoONLe NIV /BE1861L1Y
m LT T tert 7 FNLT AT ML L, BoceO HE THANETTAZLICLVE/ Bock N7/ B
188 ~ LW LIz,

o
[ S5 s S <IN O o X
H H 0 o) H O

0] (IJbz >L 0 Clzbz o H
HO N\N/Cbz d 0 N‘N’Cbz e ﬁ\ )k%N\\ .Boc
. — 0 N
o © O\/JO 0

218 219 220
Reagents and conditions: (a) ethylenglycol, Amberlite IR120, 90 °C, 3 h (b) gultalaldehyde,
Amberlite IR120, 90 °C,3 h (c) (R)-proline (10 mol%), Cbz-N=N-Cbz, CH3CN, 0°C, 12 h
then 2-methyl-2-butene, NaH,PO,4, NaClO,, rt, 3 h, 95%, 95% ee (d) ’Pr—N(O’Bu)=N-’Pr,
CH,Cly, 0 °C to 1t, 24 h () Hp, Pd-C, Boc,O, CH,Cl-MeOH, t, 22 h, 87%

Scheme 85 Preparation of mono Boc-hydrazic acid tert-Buthyl ester. reagent and conditions.
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BSE BRTTUNTT OB

Bon/cE/ Bockt RV /BE220 IR LAF L uA T DEAEZRE LI,

BRONCHEEHIE LT DCC 2RV, BBETARVRTF RIJZEALBLNR -, —F
BMTB % FAVVoREIZ 5 1 % TUORTF RdE bz, (Table 21) FIZWROHEE T AFL
uAv ok 15 HRIERPLEGET-omEZA IZEERNICEAMNELN TE -, E7=
ERTFOIBEATFACAL L OM LT L HEREIETH, WRIIRBE L2 o7,

Table 21 Cbz. -
N
>L O N 0 OY\/i\
N_,  .Boc ﬂ\
o E Cbz. .~ reagent o N.-Boc
S - H
solvent
o 0 HOOC 0°Ctort,24h
N Cbz-MelLeu-OH o ©
A
220 193 221
reanget solvent result
DCC, Et3N CH,Cl, trace
DCC, HOBt, Et3N CH,Cl, trace
DIPC, EtzN CH,Cl, no reaction*’
DEPBT, 'PryNEt(2.2 eq)  THF trace
Brop, Et;N CH,Cl, no reaction*'

BMTB, Pr,NEt CH,Cl, 51% |

*1 SM recovered

EbiT, BFIRLVSIEHREENRDROVAF LT RAT A THEERAB S L, J|EE
ELTHE, RITENIEAREFL ROV URERICEONI IR B EEEEETI—FAZ T
AFMET D ETRAFILTRATNAR 222 BELND, I BIT tert TFILTRT LKL FREC
Boc2O FF7E T, BEfBTTT D2 LT F/ Bock RITP/BEAF LT AT N 2238 2155 7 LR TE
Do

o sz 0 sz O y
HO N\N,Cbz MeO N\N,Cbz MeO N\N,Boc

H a H b H

o 0 o 0 O 0

_/ -/ \__/

218 222 223

Reagent and conditions; (a) Mel, KHCO3, DMF, 0 °C to rt (b) Boc,O, 5% Pd-C, Hy, CH,Cly, 1t
Scheme 86 Preparation of mono-Boc hydrazic acid methyl ester

B LT/ Boc & 223 2EIZE tert TFNT AT 220 THUWV=SETHEE LRI L,
(Table 22) UM LARALIMEEICL D /NEVWRFAZRAFUAEE LTY, WRITH LASET
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THRERLZ2>TLES T,
Table 22 CbZ\N/
H O b °9
-~ z\
POON T OMe N t Boc., N
reagen SN
H ¥ 0 g R N'isy [ OMe
solvent
oo OH 0°Ctort, 16h
v Cbz-MeLeu-OH o~ o
I
224
O y reanget solvent result
MeO N. .Boc
H DCC(1.1 eq), EtsN CH,Cl, trace
DCC(1.1 eq), HOBt, EtzN ~ CH,Cl, trace
g 0 DIPC(1.1 eq), EtzN CH,Cl, no reaction
] DEPBT, 'ProNEt(2.2 eq) THF trace
223 Brop(1.1 eq), Et;N CH,Cl, no reaction
BMTB(1.1 eq), 'Pr,NEt CH,Cl, 33%

*1 SM recovered

ES5HE BRATF RO right fragment DEFL

eV T right fragment % 5EIF LICEREBSICESWTEREZEDT-, BETI/ETHS
B-OH w A > DERUIIBIFREDEEE - LR DFEICESEHR L7, 39 FELAB-0OH =
A% Coz BHTT I )&%, tert 7FNETHLRFVNESFHE L%, Alloc-Thr # EDC
PRAVESSELL A, FEMICZ AT VR 22T M B 6N, Bbhi-T AT A4 227 % TFA
Ttert 7F NV AT NVERHE#HE LR-OH LeuThr 757 A b 228 FR L7-, (Scheme 87)

OH oH OH O
Y\rCOOH a WCOOH b : O/I< c
NH; HN. HN.
154 225 ©PZ 226 Cbz
y OTBS W OH
AIIoc/N;'('\ Alloc/Nr\
0™ o J<——i’—> 0™ ©
22;’N\Cbz 22;'N\Cbz

Reagents and conditions: (a) Cbz-Cl, NaHCO3, H,0, 0 C to rt, 89%

(b) ’Pr-NHC(OtBu)=N’Pr, CH,Cly, rt 83% (c) Alloc-Thr(OTBS)-OH, EDC,
DMAP, 0to 10 C, 5 h, quant. (d) TFA, CH,Cl,, 0 C to rt, 20 h, quant.
Scheme 87
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& b7 228 % Boc-Pip-OMe % U* Boc-Pip-CH2:OTBS ~E AT 37 I2, FISIEMEARY WS H
& LT Brop. DEPBT X BMTB, (COCD: R TFFH %A\ \/-Bith(kn. BET v s 8 U
BEHRE L. LOALRBLAFLOL VO BARL AR BROEANT DUVBEUOENT D
BAFEEA~DE NI TE ootz

ES5E v NS5 B~DE AR

right fragment DRIV THRIEEDOERT O UBEA~T T A F 228 B EATBIZE LA
Mofe,  FITAFAuAL O BARLRER, (B-v7 VUL SMLERREEHOL K5
U229 ~DEAERBRE LIS, REDIFEEEFOL NT YD) BEFEAROTRIEIT S k& F
BOZGTHEIZENTESD, (Scheme 88)

O Cbz O Cbhz o
' >L N...Cbz >L H
Ho M NCP b 0 N N.-Boc
H H H
o’ O o © 0
) ] O\/J

218b 21%b 220b
Reagents and conditions: (a) (S)-proline (10 mol%), Cbz-N=N-Cbz, CH3CN,0°C,12h
then 2-methyl-2-butene, NaH,PO,, NaClO,, rt, 3 h, 94%, 94% ee (b) 'Pr-N(O'Bu)=N-Pr,
CHClp, 0 °C to rt, 24 h, 84% (c) H,, Pd-C, Boc,0, CH,Cl,-MeOH, rt, 22 h, 92%

Scheme 88 Preparation of mono Boc-(R)-hydrazic acid tert-Buthy| ester.

right fragment DHFE S A Fl oA L BARE L BRI RISEEOR SR Z AW = Lo L,
TORER, #WEHL LT BMTB #fEFICAVEEIC3 1 % LIEVIETIZH B2, BHET
Table 23

Cbz B-OH-Leu

Boc NH O Boc Cbz
| ~ e
HN HO g\ NH HN
NH B N
o . o (:) reagent -
o] solvent ¢ 0 o
o 0\‘< i/ 0°Ctort Bud™ "0 4
</ Alloc..
0] ﬁ H oot Alloc N
OH H :
OH
229 228 230
reanget solvent result
DCC(1.1 eq). EtsN CH.Cl, no reaction
DEPBT, ‘Pr,NEt(2.2 eq) THF trace
Brop(1.1 eq), EtzN CH,Cl, frace
BMTB(1.1 eq), 'ProNEt CH.Cl, 31%
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5MNUANTF NFHEE 230 2BHZ LN TE, (Table 23)
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FBOE fEEE

F9E R

RRTFTVRTFRTHE
GE3 Z#iRaE &R F %2 H
EYHILICX0, MM N

BIERZRL, Bl-RERS% N—Or—/i Ala ?NH N N acyl side chain
FOMEBEORRIC >N D /JA/ S : B-OH Leu
0 NMe

EEZOND, WERET L o 0O GE3(1)
g & EESFERHC AV EARY N-Me D—Leu>\)\fo

(3R)-piperazic acid z
OH
0

; HY™ 2 DThr
T P UERB-0OH Leu 2 80 L RN
RET I VBTHREN, Eic LV]
TN DERT I/ BRITERES (3S)-piperazic acid

HEDOT I FREEEFR LTV, GE3 D&ARMAEIILRT JUBOMEN SR ARE

DL, BEFEMT I FESERE OEBOEIZGHILENRERAV T TIEAL ., E

REFMRBANLHEETHILEEZOND, IZOLIAREEIZLY GE3 OARHFES

EO, TIUNAEHICELTIE 5 2OREFPLOIEBIREBENEETH L, EF

X 2 BT RUT FEREGRT A F—ARISER WD Z & T, 6,7 (2R 10,11 fZD L
O OTBS

O o )CL O OH
O/lkN 10Evans asymmetric aldol reaction o~ N e Y S ——=_ H7g TN
\ ./ 14 T 14

Bn Bn

0] OTBS (0] OH OTBS
Paterson asymmetric aldol reacti BzO - 10

— H/E\KW\ aters Yy 1 Ol reaction W4

— 14 S

O OTBS OTBS

. Hs 4 4

C5-C14 fragment

o) O OH 0O ©

~ Shapless asymmetric dihydroxylation z
Bno’“W/\ BnO”™ >7, ~"—==Bn0" 7
OH OTMS

C1-C4 fragment

O 0 O O0TBS OTBS  LDA O O OH OoTBS OTBS
= anlz R
BnO~ 7 +H = 7N —— Bn0” >~ “ =
OTMS “0TMS
0O © OTBS OTBS

= BnO” < = 7N

/OH —
Scheme 88

-60 -



FOE REE

RBIRAITHE LIz, E7 210 4 BAFRFEWEIZIX Sharpless DRF Db FuF ik
RIEZRNHZETHETHIILATER, ERBcOEHKLE C1-C4 7572 R E
C5-Cl14 77 7 A FDLDAILE BTNV F—VBAERSICBNTIZ, L ha 7 F— KN
BRI SNERDDREONRD27e), HILESRERMT A2 EICE VLV a7 A N— LRGSR
BAE, INROHEZITo, BlEMEBONMMEERTIROEHEDR, PR#ETS L
TT UMD B EZER LT3, (Scheme 88)

RETI/BTHDHENT PVBOMENOPHERARERFTIEL. EFTOBKE 1 TRTH
$TREZ: Diels'Alder RUSE AWV, VU UICETREMBIELZEAT LI L TREDTRHFL
ERAT, I LT ZARKHEBIEL LTCEvans OAFY VYD) VR EA LYz Uiz
t LT Lewis B8 & L TIHME(LT & % 3 WMEFIMT S &, XK 95% - MASERIRME 97 : 3 T5E

AN o)
N
B »\ TiCls (3 Cbz .
"+ Ph—N E—-—--—' +(3eq) Ph—N | I N
CH,CI n —
0 >N ) HaCly S cbz
)\o 0 -78°Ctont, 0P N
o) 17 h COOH
1.0 eq 95% O O
97:3
Scheme 89

bNAZEEFRHLE, BONIAMEEIETIROEREIZLY di-ChbzPip ~& FETE 52,
FEOEFICEER S VINEETH I+ TR, FEREBEL L TREL FT PV
EREEEALIEERT OUBOER%EITo7=, (Scheme 89)

TI/BTHE7 ) EMECRAOCRRCRBERRL2 T e EEZEA LT VT E FIIKt
LRFE RZ D AMERIGEITVD, B NV BEINE 2%, >99%ee TEA LT, Fi=A7
— A ERELS LTHINE, BFERFHIET LR, BoONAMEZRILIC5 TROLH
ERTHRINE 0% TERT U Bi% TFAE L L THER, (Scheme 90)

Cbz
N=N Cbz
/ @)
Cbz Cbz. NH I, N
H g, (S)-proline (10 mol%) = —>, HO” " “NH:F3CCOOH
HO A ~Br —
o)

Scheme 90

BT 7o _TF FOARICE->TE (O EXFVUVB~DAFIa A, DAL
Ns-MeLeu DBEEZ 254 K& AgCN FETRISSEDZ & T, MBI VNTF FEET,

(Scheme 91)
O OBn
Ns\ ~ '

Ns~ N&N\Alloc
B ~CH,0TBS Me _ACN >—/k( OY\_'<
0C
N 2 >\/J\.(O toluene

Boc NN CHZOTBS Boc.

NN NoTBS
96%
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EOE fFE

EENICFEL MOH Ala DE AT BMTB #fF&Hl L LTHV., BREAMET I NS ER
L7z Eo77o—FL LTHEBROE RSO BERVESRNY LI-EZ5, &%
THEEEITITEATE o7 AF LA RUB-OH LeuThr 75 7 A A #EAT B =
EMWTE, 22D MY RTFFRIHEETETIT A FOFEEIT>72. (Scheme 92)

H O (\
OH OH O Alloc” N ©
“_COOH \j/*\f)ko —_ MTB
\(\r _— —. 0

Boc.

H 0
'[\IH |_|N/Cbz
N
B B
0”7 ¢ 0 ; 0 6
T BuO O
NH, HN<cp2 NOH 0
HN AIIoc\N ‘

Scheme 92 “Cbz H H
OBn

ULEEIZIS DORFFLEFTHT VAVRAIEOEREER L, BRT I/ BETHEILERTY
VEEDTRENOMBI LR ERFTEFHEL L, I LIZBRT 7 U_TF FERICEW T,
BEBRER THIERNS P UVBE~DT I/ BEBAEZKZ, 2 2O RNIRTFIF RIS A b
BER L,

St 220 NURTF FT7F 7 A FOFFEERDT VL RIBEOEA 2TV, GE3 28R %EE
KT DFETHD,
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AEINTBNT, TEEDOKEEERLE.

Ac
AIBN
Ala
Alloc
BINAP
BMTB
Bn

Boc
Bop-Cl
Brop
"Bu

Bz
Cbz
COD
mCPBA
DBU
DCC
DEAD
DEPBT
DEPC
DIBAL-H
DMAP
DMF
DMPU
DMSO
EE

ee

Et
EVE
FAB
LAH
Leu
LDA
LUMO

NBS
NMM

Ph

acetyl

2,2’-azobisisobutyronitrile

alanine

allyloxycarbonyl
2,2’-bis(diphenylphosphino)-1,1°-binaphtyl
2-bromo-N-methylthiazolium bromide
benzyl

tert-butoxycarbonyl
bis(2-0x0-3-oxazolidinyl)phosphinic chloride
bromotri(dimethylamino)phosphonium hexafluorophospate
n-butyl

benzoyl

benzyloxycarbonyl

cyclooctadiene

m-chloroperbenzoic acid
1,8-diazabicyclo[5.4.0Jundec-7-ene
dicyclohexylcarbodiimide

diethyl azodicarboxylate
3-(diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3 H)-on
diethylphosphoryl cyanide
diisobuthylalminum hydride
dimethylaminopyridine

N, N-dimethyformamide

dimethyl propyrene urea

dimethysulfoxide

ethoxyethyl

enantio excess

ethyl

ethyl vinyl ether

fast-atom bombardment

lithium alminum hydride

leucine

lithium dimethylamide

Lowest Unoccupied Molecular Orbital

methyl

N-bromosuccimide

N-methylmorphorine
2-nitrobenzensulphonyl

phenyl
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piperazic acid

p-methoxybenzyl

pyridinium p-toluenesulfonate
isopropyl

pyridine

tetrabuthylammonium fluoride
tert-buthyldimethysilyl
2,2,6,6-tetramethyl-1-pipereridinyloxy
tetraethylsilyl

trifluoroacetic acid

trifluoroacetic acid anhydride
fluoro-N,N,N,N' etramethylformamimidinium hexafluorophosphate
tetrahydrofuran

threonine

trimethylsilyl
2,2,2-trichloroethanoxycarbonyl
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General

elting points were measured with a SIBATA NEL-270 melting point apparatus. Infrared spectra
were recorded on a JASCO FT/IR-230 Fourier Transform infrared spectrophotometer. Optical
rotations were measured on a JASCO DIP-14-polarimeter with a sodium lump and were recorded
as follows: [a]DT (cg/100 mL, solvent). The CD spectrum was recorded on a JASCO J-720WI
spectrometer.

'H NMR spectra were recorded on o JEOL JNM-GSX 400A spectrometer (400 MHz), JNM
GSX500A and JNM ECP400 spectrometers. Chemical shifts are recorded in ppm from
tetramethylsilane or chloroform as the internal standard. Data are recorded as follows: chemical
shift, integration, multiplicity (s=singlet, d=dublet, t=triplet, q=quartet, br=broad, m=multiplet),
coupling constant (Hz), and assignment. HPLC was carried out with JASCO UV-970 (Detector)
and PU-980 (Pump) high pressure liquid chromatography.

Analytical thin layer chromatography was performed on Merck Art. 5715, Kieselgel 60F254/0.25
mm thickness plates. Visualization was accomplished with UV light, phosphomolybdic acid,
cerium- phosphomolybdic acid, ninhydrin, anisaldehyde solution followed by heating. Mass
spectra were obtained on a JEOL HX-110A (LRFAB, LREI) spectrometer. Column
chromatography was performed with silica gel BW-820MH (Fuji Davison Co.).

Solvents for extraction and chromatography were reagent grade and distilled from the indicated
drying agent: tetrahydrofuran (THF), benzene: sodium/benzophenone ketyl,; diethyl ether (Et,0):
lithium aluminum hydride (LiAlHy); acetonitrile, dichloromethane (CH.Cl,), diisopropylamine,
dimethylformamide (DMF), n-hexane, toluene, dichloroethane (C,H,Cly): calcium hydride;
methanol (MeOH): iodine/magnesium. Dimethylsulfoxide (DMSO) was dried over 4A molecular

sieves. All other commercially available reagents were used as received.
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(2R)-Phenylalaninol (45)

P~y COOH . Ph" 22 OH
H NH, H "NH,
(R)-phenylalanine 45
<reagent>
(R)-phenylalanine (Mw=165.19) 50.96 g (0.309 mol)
NaBH, (Mw=37.83) 30.30 g (0.801 mol)
H,SO, (Mw=98.08 d=1.84) 24.0 mL (0.450 mol)

To a mixture of (R)-phenylalanine (50.96 g, 0.309 mol) and NaBH, (30.30 g, 0.801 mol) in
THF (300.0 mL) at 0 °C was added dropwise H,SO, (24.0 mL, 0.45 mol) in Et,O (45.0 mL)
over 1 h. After 42.5 h at room temperature, MeOH (150.0 mL) was added and the mixture
was concentrated in vacuo. The residue was treated with 4M NaOH and heated to reflux for
22 h. The mixture was extracted with CHCl; (3 x 300 mL and 100 mL). The organic layer
was washed with sat. NH,CI (200 mL) and brine (200 mL), dried over Na,SO,, filtered and
concentrated /n vacuo to give phenylalaninol 45 (39.68 g, 0.26 mmol, 85 %) as colorless
solids: IR (neat) 3126, 2876, 1578, 1494 cm™'; 'H NMR (400 MHz, CDCI;) § 2.50-2.56 (dd,
1H, J= 8.4, 13.6 Hz), 2.77-2.82 (dd, 1H, J= 5.2, 13.2 Hz), 3.09-3.15 (m, 1H, J= 1.6, 3.2, 5.6
Hz), 3.36-3.40 (dd, 1H, J=7.2, 10.8 Hz), 3.62-3.65 (dd, 1H, J = 4.0, 10.4 Hz), 7.18-7.33 (m,
SH).

(4R)-Benzyl-oxazolidin-2-one (46)

o)
Ph"y O O)kNH
H “NH,

—
Bn
45 ‘ 46
<reagent>
(2R)-phenylalaninole 45 (Mw=151.21) 10.20 g (67.48 mmol)
diethycarbonate (Mw=118.13 d=0.975) 11.6 mL (74.28 mmol)
K,CO; (Mw=138.21) 991.4 mg (7.17 mmol)

A mixture of (2R)-phenylalanine 45 (10.20 g, 67.48 mmol), diethylcarbonate (11.6 mL, 74.28
mmol) and K,CO; (991.4 mg, 7.17 mmol) was heated at 130 °C for 2 h. After the mixture
was cooled to room temperature, brine (50 mL) was added and the mixture was extracted with
CHCl; (2 x 40 mL). The organic layer was washed with brine (40 ml), dried over Na,SO,,

filtered and concentrated in vacuo to give oxazolidinone 46 (11.64 g, 65.93 mmol, 97 %) as
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colorless solids: IR (neat) 3412, 1742, 1647, 1409, 1245 cm™'; '"H NMR (400 MHz, CDCl;)
5 2.86-2.88 (dd, 2H, J = 1.6, 3.2, 7.6 Hz), 4.05-4.12 (m, 1H, J=1.2, 6.8 Hz), 4.13-4.17 (dd,
1H, J = 5.6, 8.8 Hz), 4.44-4.49 (t, 1H, J=8.4 Hz), 7.16-7.36 (m, SH).

(4R)-Benzyl-3-propionyl-oxazolidin-2-one (44)

0 O 0
OANH —_— OAN)H
—
Bn Bn
46 44
<reagent>
oxazolidinone 46(Mw=177.21) 9.07 g (51.18 mmol)
propionylchloride (Mw=92.52 d=1.064) 5.2 mL (59.80 mmol)
"BuLi (1.6 M) 32.0 mL (51.20 mmol)

To a solution of oxazolidinone (9.07 g, 51.18 mmol) in THF under at —78 °C was added
dropwisw "BuLi (1.6 M, 32.0 mL) under argon atmosphere. After being stirred for 1 h at
-78 °C, propionylchloride (5.2 mL, 59.80 mmol) was added dropwise. This mixture was
stirred for 1 h at —=78 “C and 1 h at room temperature. The reaction mixture was quenched
by saturated NH4Cl,q (150.0 mL) and extracted with AcOEt (3 x 100 mL). The organic layer
was washed with brine (2 x 100 mL), dried over Na,SO,, filtrated and concentrated in vacuo.
The residue was purified by recrystallization from AcOEt / "hexane to give 44 (11.64 g, 49.90
mmol, 96 %) as colorless solids: '"H NMR (400 MHz, CDCl;) § 1.21 (t, 3 H, J = 7.2 Hz),
2.75-2.80 (dd, 1H, J = 9.6, 13.2 Hz), 2.94-2.96 (dd, 2H, J = 7.2), 3.29-3.33 (dd, 1H, J = 3.2,
13.6 Hz).

(4R)-Benzyl-3-[(35)-hydroxy-(2R,4)-dimethyl-hex-4-enoyl]-oxazolidin-2-one (47)

j\ 0 i O OH
o) N’H____. 0" °N 7
\_J /

Bn Bn

44 47

Method A : Use of "Bu,BOTTf as a Lewis acid.

<reagent>

N-propionyl —2-oxazolidone 44 (Mw = 233.26) 2.85 g (12.2 mmol)
"Bu,BOTf (Mw = 274.1, d = 1.09) 3.2 mL (12.7mmol)
Et;N Mw = 101.19, d = 0.726) 2.6 mL (18.7 mmol)
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To a stirred solution of N-propionyl ~2-oxazolidone (2.85 g, 12.2 mmol) in CH,Cl, (25 mL) at
0 °C was added dropwise freshly distilled "Bu,BOTf (3.2 mL, 12.7mmol) under an argon
atmosphere. After 15 min, Et;N (2.6 mL, 18.7 mmol) was added dropwise to the mixture at
0 °C, and the resulting mixture was stirred for 30 mim at 0 °C. Tiglic aldehyde (1.3 mL,
13.5 mmol) was added dropwise to the reaction mixture at —78 °C, which was gradually
warmed to 0 °C over 7.5 h. The reaction was quenched with aqueous phosphate buffer (20
mL, pH 6.8) and 30 % aqueous H,O, (5 mL) at 0 °C. The aqueous layer was extracted with
AcOEt (1 x 80 mL, 1 x S0 mL). The combined organic extracts were washed with saturated
aqueous NaCl (2 x 20 mL), dried over Na,SO,, filtered and concentrated in vacuo.
Purification by silica gel chromatography (n-hexane : ethyl acetate =5 : 1to 3 : 1) to give the
aldol adduct 47 (1.86 g, 5.85 mmol, 48%) as a colorless oil.

Method B : Use of TiCl, as a Lewis acid..

<reagent>

N-propionyl —2-oxazolidone 44 (Mw = 233.26) 2.13 g (9.15 mmol)
Tiglic aldehyde(Mw = 84.21 d = 0.871) 1.8 mL (18.6 mmol)
TiCly (Mw = 189.69 d = 1.73) 1.2 mL (10.9 mmol)
‘ProNEt (Mw = 129.25 d = 0.742) 2.1 mL (12.1 mmol)

To a solution of N-propionyl —2-oxazolidone (2.13 g, 9.15 mmol) in CH,Cl, (46 mL) at
—78 °C was added TiCl, (1.2 mL, 10.9 mmol). After stirred for 5 min, '‘Pr;NEt (2.10 mL,
12.1 mmol) was added at —78 °C. After stirred for 1.5 h at —78 °C, tiglic aldehyde (1.80 mL,
18.6 mmol) was added dropwise over 5 min and the resulting mixture was stirred for 90 min
at =78 °C. The reaction was quenched with saturated aqueous NH,Cl (50 mL) at -78 °C.
The aqueous layer was extracted with CHCIl; (2 x 100 mL, 1 x 50 mL). The combined
organic extracts were washed with saturated aqueous NaCl (2 x 100 mL), dried over Na,SOq,
filtrated, concentrated in vacuo. The residue was purified by silica gel chromatography
(n-hexane : ethyl acetate = 5 : 1) to give the aldol adduct (2.69 g, 8.48 mmol, 93%) as a
colorless oil: '"H NMR (400 MHz, CDCls): § 1.18 (d, 3H, J = 6.8 Hz), 1.61 (s, 3H), 1.63-1.65
(d, 3H, J = 6.8 Hz), 2.68 (d, 1H, J = 3.2 Hz), 2.76-2.82 (dd, 1H, J=9.6, 13.6 Hz), 3.25-3.29
(dd, 1H, J = 3.2, 13.2 Hz), 3.97-4.00 (m, 1H), 4.20 (d, 2H, J = 3.2 Hz), 4.36 (s, 1H),
4.66-4.70 (m, 1H), 5.60-5.65 (m, 1H), 7.20-7.36 (m, SH); *C NMR (100 MHz, CDCl;) § 10.6,
13.0, 25.8,37.8,40.6,55.2, 66.2, 75.4, 120.5, 127.4, 129.0, 129.4, 134.3, 135.1, 177.1, 185.5;
IR (neat) 3507, 2978, 2919, 1779, 1697, 1381, 1210 cm’™.
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(4R)-Benzy]—3-[(3S)-(iert-butyl—dimethyl-silanyloxy)-(2R),4-dimethyl-hex-4-enoyl]—oxazolid
in-2-one (48)

i O OH )CL O OTBS
0" N 7 _——s  0°°N ~
A0S ,
“Bn “Bn
47 48
<reagent>
alcohol 47 (Mw=317.36) 9.72 g (30.64 mmol)
TBSCI (Mw=150.72) 9.99 g (66.28 mmol)
Imidazole (Mw=68.08) 6.35 g (93.28 mmol)

To a mixture of alcohol 47 (9.72 g, 30.64 mmol) and imidazole (6.35 g, 93.28 mmol) in
DMF(150.0 mL) was added TBSCI (9.99 g, 66.28 mmol). After being stirred at 80 “C for
13.5 h, the result mixture was diluted with AcOEt / "hexane (1:3, 200 mL), washed with
brine (2 x 100 mL), dried over Na,SOy, filtered and evaporated. The residue was purified by
silica gel chromatography (154 g, "hexane:AcOEt=10:1) to give 48 (12.14 g, 28.13 mmol,
92 %) as colorless solids.: mp 86.0-87.5 °C; [a]p*"%=-59.51 (¢ 0.89, CHCIl;); IR(neat) 2956,
2929, 2857, 1782, 1699, 1455, 1377, 1209 'cm; 'H NMR (CDCls, 400 MHz): 8 —0.04 (s,
3H), 0.02 (s, 3H), 0.89 (s, 9H), 1.22 (d, 3H, J = 6.59 Hz), 1.54 (s, 3H), 1.57 (s, 3H), 2.72-2.78
(dd, 1H, J = 9.76, 13.17 Hz), 3.25-3.29 (dd, 1H, J = 3.17, 13.42 Hz), 4.03-4.11 (m, 1H),
4.16-4.13 (dd, 1H, J= 2.20, 9.02 Hz), 4.23-4.25 (d, 1H, J = 7.32 Hz), 4.50-4.55 (m, 1H), 5.42
(t, J= 6.59 Hz), 7.20-7.35 (m, SH); °C NMR (CDCl;, 100 MHz): 8 -5.30, -4.76, 11.41, 12.96,
13.26, 18.17, 25.79, 37.77, 42.59, 55.72, 65.94, 79.07, 121.43, 127.31, 128.91, 129.45,
135.41, 136.29, 153.02, 175.20.

(35)-(tert-Butyl-dimethyl-silanyloxy)-(2R,4)-dimethyl-hex-4-enethioic acid S-ethyl ester (49)

9 o oT8s O OTBS i
O N = —_— + O 'NH
EtS - -/
“Bn “Bn
48 49
<reagent>
48 (Mw=431.65) 12.77 g (35.20 mmol)
EtSH (Mw=62.13 d=0.839) 3.4 mL (45.91 mmol)
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"BuLi (1.6 M hexane solution) 22.0 mL (35.29 mmol)

To a solution EtSH (3.4 mL, 45.91 mmol) in THF (60.0 mL) at 0 °C was added dropwise
"BuLi (1.6 M hexane, 22.0 ml, 35.20 mmol) over 20 min under argon atmosphere. After
being stirred for 15 min at 0 °C, solution of 48 (12.77 g, 29.58 mmol) in THF (20.0 mL) was
added over 40 min at 0 °C. The mixture was slowly warmed to room temperature for 12 h.
The reaction mixture was diluted with AcOEt (100 mL), washed with saturated NH,Cl (100
mL) and brine (100 mL), dried over Na,SO,, filtered and concentrated in vacuo. The residue
was triturated with "hexane (50 mL) and filtered. The filtrate was concentrated in vacuo to
give thiolester 49 (8.92 g, 28.16 mmol, 95 %) as a colorless oil: IR(neat) 2958, 2931, 2884,
2857, 1687, 1459, 1255, 1091, 1070 cm™’; '"H NMR (CDCls, 400 MHz): 8 —0.04 (s, 3H), 0.03
(s, 3H), 0.87 (s, 9H), 1.19 (t, 3H, J=7.13 Hz), 1.18 (d, 3H, J = 6.83 Hz), 1.53-1.55 (dd, 3H, J
=0.97, 6.58 Hz), 1.59 (t, 3H, J = 1.22 Hz), 2.70-2.89 (m, 2H and 1H), 4.12 (d, 1 H, J = 8.40
Hz), 5.34-5.37 (t, 1H, J= 6.58 Hz).

Wittig reagent (I)

Br PPhs
/)\W,OEt - OEt
O o}
i
<reagent>
Ph;P (Mw=262.29) 55.94 g,(213.3 mmol)
Ethyl-2-bromopropionate (Mw=181.03 d=1.394) 42.0 mL(323.4 mmol)

To a mixture of PhsP (55.9 g, 213.3 mmol) in benzene (280.0 mL) was added
ethyl-2-bromopropionatye (42.0 mL, 323.4 mmol) at room temperature. After 22 h at 80 C,
the precipitate was collected by filtration. The solid was dissolved in H,O (1000 mL) and
treated with NaOH (solid, 15.4 g). After being stirred for 3 h at room temperature, this
solution was diluted with CH,Cl, : toluene=3:1 (300 mL). The organic layer was separated,
washed with brine (2 x 100 mL), dried over Na,SQ,, filtered and concentrated in vavuo to

give Wittig reagent I (39.7 g, 0.11 mmol, 51 %) as a brown solid.

(58)-(tert-Butyl-dimethyl-silanyloxy)-(2,4S,6)-trimethyl-octa-2,6-dienoic acid ethyl ester
(31)
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O OTBS 0  OTBS o OTBS
EtS I Ty g I 7
49 50 51
<reagent>
thiolester 49 (Mw=316.58) 22.56 g (71.27 mmol)
Pd-C(5 %) 1.54 ¢
Wittig reagent I (Mw=362.40) 22.41 g (61.84 mmol)

To a mixture of thiolester 49 (22.56 g, 71.27 mmol) and Pd-C (1.54 g) in acetone (140.0 mL)
to room temperature was added Et;SiH (46.0 ml, 288.0 mmoL). After being stirred for 23 h
at room temperature, the reaction mixture was filtered through by Celite® pad and the filtrate
was concentrated in vacuo. The residue was purified by short shilica gel chromatography
("hexane: AcOEt=40:1) to give aldehyde 50 (28.51 g, crude) as a colorless oil. The crude
aldehyde 50 was dissolved in benzene (250.0 ml), the solution was treated with Wittig reagent
I (22.41 g, 61.84 mmol). After being refluxed for 12 h, the reaction mixture was
concentrated in vacuo. The residue was diluted with "hexane (200.0 ml), the suspension was
filtrated by Celite®, the filtrated was concentrated in vacuo. The residue was purified by
silica gel chromatography ( "hexane:AcOEt=40:1) to give ester 51 (20.82 g, 61.14 mmol,
86 % 2steps) as a colorless oil. '

Aldehyde 49 ; IR (neat) 2956, 2931, 2877, 2858, 1728, 1462, 1254 em™; 'H NMR (400 MHz,
CDCl5): 8 —0.04 (3H, s), 0.01 (3H, s), 0.86 (9H, s), 0.73 (3H, d, J=8.0 Hz), 1.59 (3H, d, J =
8.0 Hz), 1.54 (3H, s), 2.02-2.51 (3H, q, /= 6.0 Hz), 4.23 (1H, d, J= 8.0 Hz), 5.44 (1H, q, J =
8.0 Hz), 9.63 (1H, s); °C NMR (100 MHz, CDCl;): d 5.3, 4.6, 5.4, 7.3, 9.3, 12.0, 12.9, 18.6,
20.0, 25.8, 51.1, 78.6, 121.8, 135.6, 204.6.

Ester 50 ; IR (neat) 2956, 2929, 2858, 1712, 1471, 1461, 1250, 1233 cm™'; '"H NMR (400
MHz, CDCl;): § —0.04 (3H, s), 0.02 (3H, a), 0.88 (9H, s), 1.03 (3H, d, J=18.7 Hz), 1.48 (3H, t,
J=17.3 Hz), 1.49 (3H, t,J = 1.1 Hz), 1.54 (3H, d, J=6.6 Hz), 1.81 (3H, s), 2.59-2.65 (1H, m, J
=3.7, 7.0 Hz), 3.77 (1H, d, J = 8.0 Hz), 4.12-4.21 (2H, m, J = 3.7, 9.7, 10.6 Hz), 5.33- 5.38
(1H, q,J=5.9, 7.3 Hz), 6.50 (1H, dq, J = 1.5, 10.3 Hz); 3C NMR (100 MHz, CDCls): § -5.2,
-4.7, 11.5, 12.3, 12.8, 14.3, 15.8, 18.2, 25.9, 38.2, 60.3, 81.8, 121.1, 126.2, 136.7, 145.0,
168.4.

(58)-(tert-Butyl-dimethyl-silanyloxy)-(2,4S,6)-trimethyl-octa-2,6-dien-1-o0l (52)
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O OTBS OTBS
Et0” 7 > HO N A~
51 52
<reagent>
ester 51 (Mw=340.57) 1.28 g (3.75 mmol)
DIBAL-H (1.5 M tolene solution) 9.3 mL (13.95 mmol)

To a solution of ester 51 (1.28 g, 3.75 mmol) in CH,Cl; (19.0 mL) at —78 °C was added
dropwise DIBAL-H (1.5 M toluene solution, 9.3 mL, 13,95 mmol) over 20 min under argon
atmosphere. After being stirred for 2 h, the reduction was quenched with acetone (1 mL)
and 1 N HCI (50 mL). The mixture was extracted with AcOEt (2x100 ml), washed with
brine (2x30 mL), dried over Na,SO,, filtered and concentrated in vacuo. The residue was
purified by silica gel chromatography ( "hexane:AcOEt=10:1) to give allylalcohol 52 (1.10 g,
3.67 mmol, 98 %) as a colorless oil.: IR (neat) 3332, 2959, 2929, 142929, 1462, 1234 cm™’;
'H NMR (400 MHz, CDCl3): § —0.02 (3H, s), 0.06 (3H,s), 0.94 (9H, s), 1.00 (3H, d, J =6.6
Hz), 1.54 (3H, s), 1,60 (3H, d, J =6.6 Hz), 1.70 (3H, s), 2.54-2.59 (1H, m, J =2.9, 6.8 Hz),
3.72 (1H, d, J = 8.0 Hz), 3.99 (2H, s), 5.17 (1H, d, J=10.0 Hz), 5.32-5.37 (1H, q, J = 6.4
Hz); *C NMR (100 MHz, CDCls): & 5.4, -4.6, 11.4, 12.8, 13.7, 17.1, 18.3, 25.9, 37.0, 69.2,
82.8, 120.6, 129.9, 133.5, 137.3. '

(55)-(tert-Butyl-dimethyl-silanyloxy)-(2,4S,6)-trimethyl-octa-2,6-dienal (43)

OTBS o] oTBS
HO N = ~ HN 7
52 43
<reagent>
allylalcohol 52 (Mw=298.54) 115.1 mg (0.39 mmol)
MnO, (Chemical trated) 885.3 mg

To a solution of allylalcohol 52 (115.1 mg, 0.39 mmol) in CH,Cl, (1.0 mL) at room
temperature was added MnO, (885.3 mg). After being stirred for 5 h at room temperature,
the mixture was filtered through Celite® pad. The filtrate was concentrated in vacuo to give
aldehyde 43 (109.9 mg, 0.37 mmol, 96 %) as a colorless oil: '"H NMR (400 MHz, CDCl5): &
0.03 (3H, s), 0.03 (3H, s), 0.90 (9H, s), 1.49 3H, t, J= 1.1 Hz), 1.07 (3H, d, J= 6.6 Hz), 1.58
(3H, dd, J= 1.1, 4.8 Hz), 1.75 (3H, d, /= 1.5 Hz), 2.80-2.88 (1H, m, J = 1.1, 6.6 Hz), 3.82
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(1H, d, J = 7.7 Hz), 5.33-5.39 (1H, q, J = 1.7, 6.2 Hz), 6.23 (1H, dq, J = 1.5, 10.3 Hz), 9.33
(1H, s); '°C NMR (100 MHz, CDCl): § -5.2, -4.7, 9.2, 11.2, 12.8, 16.1, 18.2, 25.8, 38.5, 81.9,
121.6, 136.7, 137.9, 157.2, 195.5.

(25)-Benzyloxy-(9.S5)-(tert-butyl-dimethyl-silanyloxy)-(5S5)-hydroxy-(4R,6,8S,10)-tetramethy|
-dodeca-6,10-dien-3-one (57)

0] oTBS o) O OH oTBS
43 300 57
<reagent>
aldehyde 43 (Mw=296.5) 2.67 g (mmol)
ketone 42 (Mw=206.2) 2.06 g (mmol)
(“hex),BCl (Mw=212.57) 2.5 mL (11.8 mmol)

Me,NEt (Mw=87.17 d=0.720) 1.7 mL(14.0 mmol)

To a solution of (‘hex),BCl (2.5 mL, 11.8 mmol) in Et,0 (6.0 mL) at =78 °C under argon
atmosphere was added Me,;NEt (1.7 mL, 14.0 mmol). After 5 min, a solution of ketone 42
(2.06 g, 0.291mmol) in Et,O (3 x 50 mL) was added dropwise and stirred at —78 °C for30
min and at 0 °C for2.5h. A solution of aldehyde 43 (2.67 g, mmol) in Et;O (3 x 5.0 ml)
was added to the mixture at =78 °C and solely warmed to —~20 °C over 15 h. The reaction
was quenched with phosphate buffer (pH 6.8, 30 mL) and H,O, (10 mL) at 0 °C. After stirred
for 0.5 h at 0 °C, the mixture was extracted with AcOEt (100 mL and 50 mL), washed with 2
M Na,S,0; aq (20 mL) and brine (20 mL), dried over Na,SOs, filtered and concentrated in
vacuo. The residue was purified by chromatography on silica gel ("hexane:AcOEt=8:1) to
give aldol adduct 57 (4.47 g, 8.89 mmol, 99 %) as a colorless oil: IR (neat) 3629, 2956, 2929,
2856, 1720, 1452, 1267 cm™'; "H NMR (400 MHz, CDCl;): 8 —0.05 (3H, s), 0.02 (3H, s), 0.88
(9H, s), 0.94 (3H, d, J = 6.6 Hz), 1.00 (3H, d, /= 7.1 Hz), 1.48 3H, 5), 1.52 (3H,d, /= 6.8
Hz), 1.57 (3H, d, J = 7.1 Hz), 1.59 (3H, s), 2.49-3.54 (1H, m, J=2.9, 9.8 Hz), 2.98-3.05 (1H,
m, J=2.2,7.1 Hz), 3.67 (1H, d, J=8.1 Hz), 4.11 (1H, d, J= 9.5 H), 5.15 (1H, d, /= 9.8 Hz),
5.28-5.31 (1H, t, J = 6.1 Hz), 5.42-5.47 (1H, t, J = 7.1 Hz), 7.43-8.09 (5H, m)

2-Benzyloxy-5,9-bis-(zert-butyl-dimethyl-silanyloxy)-4,6.8,1 0-tetramethyl-dodeca-6,10-dien-
3-one (58)



EROE FA4E T UNRIEHEK

o OH OTBS 0 C:)TBS oTBS
BnO._ N - = BnO_ ~F 7
57 58
<reagent>
alcohol 57(Mw=502.77) 3.61 g(7.17 mmol)
TBSOTf (Mw=264.34 d=1.15) 2.20 mL (9.57 mmol)
2,6-lutidine (Mw=107.16 d=0.920) 1.30 mL (11.16 mml)

To a solution of alcohol 57(3.61 g, 7.17 mmol) and 2,6-lutidine (1.30 ml, 11.16 mmol) in
CH,Cl; (35.0 ml) at —80 °C was added TBSOTS (2.20 mL, 9.57 mmol) and the mixture was
slowly warmed to room temperature over 12 h. The mixture was diluted with CH,Cl, (100
mL), washed with brine (2 x 50 mL), dried over Na,SO,, filtrated and concentrated in vacuo.
The residue was purified by silica gel chromatography ( "hexane:AcOEt=20:1) to give 58
(4.09 g, 6.62 mmol, 93 %) as colorless solids: mp 81.0-82.0°C (hexane / ethyl acetate);
[a]p?"%=+13.29 (c 0.82, CHCI;); IR (neat) 3629, 2956, 2929, 2856, 1720, 1452, 1267 cm’'; '"H
NMR (400 MHz, CDCl;): 8 -0.11 (3H, s), -0.07 (3H, s), -0.04 (3H, s), 0.03 (3H, s), 0.80 (9H,
s), 0.87 (9H, s), 0.87-0.90 (3H, d, /=7.1 Hz), 0.94-0.96 (3H, d, J=6.6 Hz), 1.47 (3H, s), 1.52
(3], dd, J=0.98, 6.6 Hz), 1.53 (3H, d, J=7.1 Hz), 1.55 (3H, d, J=1.2 Hz), 2.47-2.55 (3H, d,
J=1.2 Hz), 2.47-2.57 (1H, m, J=2.4, 6.6 Hz), 2.95-3.05 (1H, m, J=3.2, 7.1 Hz), 4.15 (1H, dd,
J=2.9, 9.2 Hz), 5.07 (1H, d, J=10.8 Hz), 5.30-5.34 (1H, q, J/=6.8 Hz), 5.40-5.46 (1H, q, J=7.2
Hz), 7.43-8.09 (5H, m); °C NMR (100 MHz, CDCl;): d -5.47, -5.07, -4.90, -4.60, 10.48,
13.06, 14.59, 15.21, 17.99, 18.04, 25.80, 25.88, 36.96, 46.61, 75.36, 81.08, 83.89, 121.59,
128.38, 129.80, 132. 11, 133.14, 133.34, 137.66, 165.71, 209.42.

(58,9R)-Bis-(tert-butyl-dimethyl-silanyloxy)-(4S,6,8S,10)-tetramethyl-dodeca-6,10-diene-2,3
-diol (59)

0] _C__)TBS OoTBS ) OH OTBS oTBS
BnO._ NG ~ HO N 7
58 59
<reagent>
ketone 58 (Mw=731.29) 513.2 mg (0.83 mmol)
LiAlH, (1.0 M Et;0 suspension) 0.74 mL (0.74 mmol)
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Et,0 ‘ 5.0 ml

To a stirred solution of ketone 58 (513.2 mg, 0.83 mmol) in Et,O (5.0 mL) at 78 °C was
added LiAlH; (1.0 M in Et,0, 0.74 ml, 0.74 mmol). After being stirred for 12 h at =78 °C
to room temperature, the mixture was quenched with saturated NH,Claq (20 mL), extracted
with CHCl; (2x40 ml), washed with brine (10 mL), dried over Na;SO,, filtered and
concentrated in vacuo. The residue was purified by shilica gel chromatography
("hexane:AcOEt=5:1) to give diol 59 (373.1 mg, 0.72 mmol, 87 %) as a colorless oil.: IR
(neat) 3462, 2956, 2929, 2857, 1472, 1388, 1250 cm™; 'H MNR (400 MHz, CDCl;): § —0.04
(3H,s), -0.03 (3H,s), 0.03 (3H,s), 0.06 (3H, s), 0.63 (3H, d, J = 6.8 Hz), 0.88 (9H, s), 0.89 (9H,
s), 0.96 (3H, d, J= 6.6 Hz), 1.15 (3H, d, /=6.3 Hz), 1.49 (3H, s), 1.53 (3H, d, J=6.6 Hz), 1.57
(3H, s), 2.52-2.58 (2H, m, J= 2.4, 6.3 Hz), 3.63-3.65 (1H, dd, /= 2.9, 8.3 Hz), 3.67 (1H, d, J
=9.0 Hz), 3.76 (1H, s), 3.82 (1H, d, J = 8.5 Hz), 5.06 (1H, d, J= 9.3 Hz), 5.32-5.37 (1H, m, J
= 6.8 Hz); *C NMR (100 MHz, CDCl;): § -5.63, -5.08, -460, -4.38, 10.75, 11.32, 12.96,
13.09, 16.00, 25.83, 25.86, 36.98, 39.16, 68. 57, 77.71, 83.80, 85.93, 121.69, 131.84, 134.29,
137.73.

(3R,7S)-Bis-(tert-butyl-dimethyl-silanyloxy)-(2R,4,6,8R)-tetramethyl-deca-4,8-dienal (40)

OH OTBS  OTBS o oTBS OTBS
HOW - NN ~
59 40
<reagent>
diol 59 (Mw=514.94) 858.2 mg (1.67 mmol)
NalO; (Mw=213.89) 1.02 g (4.75 mmol)

Phosphate buffer (pH=6.8): MeOH (=1:5) 9.0 mL

To a solution of diol 59 (858.2 mg, 1.67 mmol) in phosphate buffer:MeOH(=1:5, 9.0 mL) at
room temperature was added NalO4 (1.02 g, 4.75 mmol). After being stirred for 12 h at
room temperature, the mixture was concentrated in vacuo. The residue was diluted with
AcOEt (100 mL), washed with brine (2 x 10 mL), dried over Na,SQ,, filtrated and
concentrated in vacuo. The residue was purified by silica gel chromatography
( "hexane:AcOEt=10:1) to give aldehyde 40 (614.4 mg, 1.31 mmol, 78 %) as a colorless oil:
[o]p¥=+4.69 (c 0.97, CHCl3); IR (neat): 2956, 2929, 2858, 1728, 1462, 1252 cm’; '"H MNR
(400 MHz, CDCl5): & —0.07 (3H, s), -0.04 (3H,s), -0.02 (3H, ), 0.03 (3H, s), 0.84 (9H, s),
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0.88 (9H, s), 0.96 (3H, d, J = 6.8 Hz), 1.52-1.54 (td, 3H, J = 1.2, 3.2 Hz), 1.53 (3H,s), 1.57
(3H, d, J = 1.2 Hz), 2.48-2.58 (1H, m, J = 2.7, 9.5 Hz), 3.65 (1H, d, J = 8.8 Hz), 3.99 (1H, d,
J = 8.3 Hz), 5.10 (1H, d, J = 9.8 Hz), 5.29-5.34 (1H, m, J = 1.0, 6.6 Hz), 9.69 (1H, s); "°C
NMR (100 MHz, CDCl;): 8 -5.6, -5.1, -4.6, 10.7, 11.1, 13.0, 18.0, 18.3, 25.7, 25.9, 37.0, 50.4,
80.2, 83.9, 121.6, 131.5, 1333.2, 137.7.

(7S,11R)-Bis-(tert-butyl-dimethyl-silanyloxy)-5-hydroxy-(2S5,6S,8,105,12R)-pentamethyl-3-o0
xo-2-trimethylsilanyloxy-tetradeca-8,12-dienoic acid benzyl ester (68)

o QTBS oTBS O O 6 O OH OTBS oTBS
N AN Bno” pr N T Bno” 7 ~F ~
OTMS OTMS
40 41 68
<reagent>
aldehyde 40 (Mw=486.86) 200.0 mg (0.41 mmol)
ketoester 41 (Mw=294.42) 251.0 mg (0.85 mmol)
ZnCl, (Mw=136.30) 180.5 mg (1.32 mmol)
Pr,NH (Mw=101.12 d=0.77) 140.0 pL (1.07 mmol)
"BuLi (1.6 M "hexane solution) 650.0 pL (1.04 mmol)

To a solution of ‘Pr,NH (140.0 mL, 1.07 mmol) in THF (2.0 ml) at 0 °C was added "BuLi
(650.0 mL, 1.04 mmol) and stirred for 1 hat 0 ‘C. The prepared LDA solution was cooled
to =78 °C and a solution of ketone 41 (251.0 mg, 085 mmol) in THF was added. After
being stirred for 10min, a suspension of ZnCl, (180.5 mg,1.32 mmol) in THF was added and
stirred for 5 min at =78 °C. Then aldehyde 40 (200.0 mg, 0.41 mmol) was added and the
mixture was gradually warmed to —50 “C for 6 h. The reaction was quenched with
saturated NH4Cl (5 mL), extracted with AcOEt (2x30 mL), washed with brine (2x10 ml),
dried over Na,SO,, filtered and concentrated in vacuo. The residue was purified by
chromatography on silica gel (20 g, "hexane:AcOEt=20:1) to give aldol adduct 68 (247.4 mg,
0.33 mmol, 81 %) as a colorless oil: IR (neat): 3503, 2956, 2857, 1732, 1252, 1185 cm™; 'H
NMR (400 MHz, CDCls): 6 —0.054 (3H, s), -0.043 (3H, s), 0.031 (3H, s), 0.13 (3H, s), 0.14
(9H, s), 0.68 (1H, d, J=7.1 Hz), 0.70 (18H, s), 0.95 (1H, d, /=6.8 Hz), 1.49 (3H, s), 1.51 (3H,
d, J=1.2 Hz), 1.53, 1.54, 1.55, 1.55, 1.56, 2.19, 2.55-2.58, 2.63, 2.68, 2.79-2.86, 3.01, 3.87,
4.30-4.33, 5.08, 5.15, 5.28-5.33, 7.30-7.36.
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(78,1 1R)«Bis-(tert-butyl—dimethyl-silanyloxy)-(ZS,6S,8, 10S,12)-pentamethyl-3-0x0-2-trimeth
ylsilanyl-oxy-tetradeca-4,8,12-trienoic acid benzyl ester (69)

6 O OH OTBS OTBS o O OTBS OTBS
BnO” 7 N 7~ T BnO” 7 ~F 7~
OTMS 0TMS ‘
68 69
Method A
<reagent> :
alcohol 68 (Mw=745.28) 623.4 mg (0.817 mmol)
MsCI(Mw=114.6 d=1.48) 260.0 mL (3.36 mmol)
Ets;N(Mw=101.19 d=0.726 ) 1.4 mL (10.1 mmol)

To a stirred solution of MsCl (260.0 mL, 3.36 mmol) and Et;N (1.4 mL, 10.1 mmol) in
CH,Cl, (2.0 mL) at 0 added alcohol 68 (623.4 mg, 0.817 mmol) under argon atmosphere and
the mixture was slowly warmed to room temperature over 2h. The reaction was quenched
with brine (10 ml), extracted with AcOEt (30 mlx2), washed with brine (10 ml), dried over
Na,SO,, filtrated and concentrated in vacuo. The residue was purified by chromatograpy on
silica gel ("hexane:AcOEt=20:1) to give 69 (270.0 mg, 0.362 mmol, 44 %) and the recoverd
starting material (295.2 mg, 0.387 mmol, 47 %).

Method B

<reagent>

alcohol 68 (Mw=745.28) 45.8 mg (0.061 mmol)
Burgess reagent (Mw=238.31) 146.0 mg (0.61 mmol)
Benzene 5.0 mL

To a solution of alcohol 68 (45.8 mg, 0.061 mmol) in benzene (5.0 ml) at room temperature
was added Burgess reagent (146.0 mg, 0.61 mol). After refluxed for 2 h, the mixture was
concentrated in vacuo. The residue was purified by chromatography on silica gel (15 g,
CH,Cl,:"heexane=1.5:1) to give 69 (33.4 mg, 0.0459 mmol, 75 %) as a colorless oil.
[a]p2"%=-1.30 (¢ 1.03 CHCL); IR (neat): 2956, 2928, 2857, 1749, 1707, 1626, 1462, 1368,
1251; '"H NMR (400 MHz, CDCl;): 3 -0.13 (3H, s), -0.09 (3H, s), -0.04 (3H, s), 0.03 (3H, s),
0.13 (9H, s), 0.80 (9H, s), 0.88 (9H, ), 0.95 (3H, d, /= 6.6 Hz), 1.47 (3H, 5), 1.52 3H, s, J =
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8.8 Hz), 1.53 (3H, s), 1.59 (3H, s), 2.37-2.42 (1H, m, J = 6.8 Hz), 2.50-2.56 (1H, m, J = 2.3,
6.8 Hz), 3.61 (1H, d, J= 8.4 Hz), 3.64 (1H, d, J = 9.0 Hz), 4.98 (1H, d, J = 9.3 Hz), 5.10 (1H,
d,J=12.3 Hz), 5.19 (1H, d, J= 12.5 Hz), 5.29-5.34 (1H, t, J = 6.4 Hz), 6.50 (1H, d, J = 15.8
Hz), 7.04-7.10 (1H, dd, J = 7.7, 15.6 Hz), 7.29-7.35 (5H, m); *C NMR (100 MHz, CDCl,):
8 -5.42, -5.08, -4.80, -4.60, 1.81, 10.58, 13.06, 15.81, 17.99, 18.04, 18.23, 23.19, 25.75,
25.86, 36.89, 42.03, 67.15, 82.75, 83.04, 83.90, 121.50, 122.44, 128.12, 128.22, 128.44.
130.92, 134.43, 135.34, 137.66, 154.02, 171.25, 195.07;

(78,11 R)-Bis-(tert-butyl-dimethyl-silanyloxy)-(2R)-hydroxy-(2,6S,8,10S,12)-pentamethyl-3-
oxo-tetradeca-8,12-dienoic acid benzyl ester (70)

o 9 (?)TBS QTBS O O OTBS oTBS
O Soms I T T T BnO™ SO
< 'OTMS
69 39
o O oTBS oTBS
"~ BnO Son ~F Z
70
<reagent>
69 (Mw=745.26) 28.5 mg (0.03824 mmol)
Stryker reagent (Mw=1955.51) 164.0 mg (0.08387 mmol
H,O (Mw=18.02 d=1.00) 5.0 uL (0.2775 mmol
TBAF (1.0 M in THF) 0.15 mL (0.150 mmol)
AcOH (1.0 M in THF) 0.15 mL (0.15 mmol)

To a solution of 69 (28.5 mg, 0.03824 mmol) in degassed benzene (2.0 mL) at room
temperature was added Stryker reagent (184.0 mg, 0.08387 mmol) and mixture was stirred for
12 h at room temperature under H, atmosphere, the mixture was filtered by Celite® pad,
the filtrate was concentrated in vacuo. The residue was purified by silica gel chromatgraphy
( "hexane:Et,0=10:1) to give crude 39 as a mixture of Ph;P..

The above mixture 39 was dissolved in THF (1.0 mL) and AcOH (1.0 M in THF, 0.15 ml,
0.150 mmol) and TBAF (1.0 M in THF, 0.15 ml, 0.150 mmol) was added at room temperature.
After being stirred for 24 h at room temperature, this mixture was diluted with Et,O (50 ml),
washed with brien (20 mlx2), dried over MgSO,, filtered and concentrated in vacuo. The

residue was purified by silica gel chromatography ( "hexane:Et,0=10:1) to give alcohol 70
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(14.0 mg, 0.02074 mmol, 2 steps 54 %) as a clolrless oil: [a]p**=+3.4 (¢ 1.66, CHCl;); IR
(neat, cm™") 3474, 2956, 2857, 1722, 1462, 1254, 1054; 'H NMR (400 MHz, CDCl;) § ; .

(2R)-Hydroxy-2-[(2S5)-hydroxy-6-((4R)-hydroxy-(1,3S,5)-trimethyl-hepta-1,5-dienyl)-(55)-
methyl-tetrahydro-pyran-2-yl]-propionic acid benzyl ester (71)

0 0 OTBS  OTBS
BrO” Son Y Y
70
<reagent>
70 (Mw=675.1) 33.1 mg (0.0490 mmol)
hydrofluoric acid (46-48 % in H,0) 100 pL

To a solution of 70 (33.1 mg, 0.0490 mmol) in CH;CN (1.9 mL) at 0 ‘C was added
hydrofluoric acid (100.0 pL, 46-48% in H,0). After being stirred for 1.5 h at 0 °C, the
mixture was dilutered with Et;O (50 mL), washed with brine (10 ml), saturated NaHCO; (10
ml) and brine (10 ml), dried over Na,SOy, filtrated and concentrated in vacuo. The residue
was purified by silica gel chromatography ( "hexane:AcOEt=3:1) to give 71 (10.7 mg, 0.0239
mmol, 49 %) as a colorless oil: [a]p? +20.5 (¢ 0.19, CHCL); IR (neat) 3474, 2956, 2857,
1722, 1462, 1254 cm™'; "H NMR (500 MHz, CsD¢) 8 0.70 (d, J = 6.7 Hz, 3H, C6-CHj;), 1.01
(d, J= 6.8 Hz, 3H, C10-CH;), 1.30 - 1.45 (m, 1H, C6-H), 1.50-1.60 (m, 13H, C2-CH;, C5-H,
C8-CH;, C12-CH;, C14-H), 1.65 - 1.80 (m, 2H, C5-H, C4-H), 2.04 (dd, J = 12.8, 10.3 Hz,
C4-H), 2.64 (m, 1H, C10-H), 3.25 (brs, 1H, OH), 3.71(d, /= 6.7 Hz, 1H, C11-H), 4.01 (d, J =
10.4 Hz, 1H, C7-H), 4.45 (s, 1H, OH), 5.01 (d, J=12.2 Hz, 1H, ArCH,), 5.09 (d, J=12.2 Hz,
1H, ArCH,), 5.30 (d, J = 9.4 Hz, 1H, C9-H), 5.37 (m, 1H, C13-H), 7.10 - 7.20 (m, 5H, Ar-H);
13C NMR (125 MHz, C¢Dg) 8 11.8, 12.1, 13.0, 16.5, 17.8, 20.0, 27.4, 27.7, 32.3, 36.3, 67.5,
79.4, 81.2, 83.4,99.7, 120.5, 128.4, 128.6, 128.8, 132.2, 133.1, 135.7, 137.8, 176.0
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(28)-Hydroxy-N-methoxy-N-methyl-propionamide (53)

M. COOEt _ Me ))\ OMe
HO” “H
HO H Me

ethyl (S)-lactate

<reagent>

ethyl (S)-lactate (Mw=118.13 d=1.042) 15.0 mL(0.132 mol)
CH;NH(OMe) - HCl (Mw=97.54) 26.28 g (0.270 mol)
Me;Al (0.98 M in "hexane) 284.0 mL (0.278 mol)

To a solution of MeNH(OMe) - HCI (26.28 g, 0.270 mol) in CH,Cl, (200.0 mL) at 0 °C
atmosphere was added dropwise Mes;Al (284.0 mL, 0.278 mol) over 40 min under argon atmospher.
After 30 min at 0 °C, ethyl (S)-lactate (15.0 mL, 0.132 mol) was added at 0 °C and the mixture
was stirred for 27 hat 0 °C to room temperature. The resulting mixture was quenched with 1 N
HC1 (300 mL) at 0 ‘C and extracted with CHCl; (200 mL). The organic layer was washed brine
(200 mL), saturated NaHCOs; (200 mL),brine (200 mL), dried over Na,SQ,, filtered and
concentrated in vacuo. The residue was purified by silica gel chromatography
("hexane:AcOEt=2:1) to give amide 53 (13.72 g, 0.103 mol, 78 %) as a colorless oil:
[a]p™?=-47.18 (c 1.37, CHCl;); IR (neat) 3436, 2983, 2940, 1650, 1452, 1371, 1180, 1139, 1085,
1037, 989 cm™'; 'H NMR (400 MHz, CDCl5): & 1.36 (d, 3H, J = 6.58 Hz), 3.25 (s, 3H), 3.34 (d, 1H,
J = 7.8 Hz), 3.72 (s, 3H), 4.45-4.52 (m, 1H, J = 6.59, 7.07 Hz); *C NMR (100 MHz, CDCls): &
20.97,32.48, 61.28, 64.95.

(25)-(2-Ethoxy-ethoxy)-N-methoxy-N-methyl-propionamide (54)

0
Me>_/lkN,OMe -~ Me>)1\ -OMe
HO" "H e EEO

53 54
<reagent>
amide 53 (Mw=133.15) 13.68 g (102.71 mmol)
EVE (Mw=72.11 d=0.7539 15.0 mL (156.64 mmol)
PPTS (Mw=251.31) 1.311 g (5.22 mmol)

To a stirred solution of amide 53 (13.68 g, 102.71 mmol) and EVE (15.0 mL, 156.64 mmol) in
CH,Cl, (70.0 mL) at 0 °C was added PPTS (1.31 g, 5.22 mmol) under argon atmosphere and the
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mixture was warmed to room temperature for 17 h. The mixture was diluted with CH,Cl, (50
mL), washed with brine (50 mL), dried over Na,SOy, filtered and concentrated in vacuo. The
residue was purified by short silica gel chromatography ("hexane:AcOEt=3:1) to give 54 (20.77 g,
101.20 mmol) as a colorless oil: [«]p**=-73.37 (¢ 1.32, CHCl;); IR (neat) 3455, 2981, 2937, 1664,
1448, 1394, 1180, 1089, 1054, 991 cm™; 'H NMR (400 MHz, CDCl): & 1.13-1.20 (m, 3H),
1.29-1.38 (m, 6H), 3.02 (s, 3H), 3.50-3.70 (m, 2H), 4.82 (s, 3H), 4.71-4.75 (m, 1H); *C NMR (100
MHz, CDCl;3): 8 15.07, 15.26, 18.42, 19.63, 19.85, 32.29, 59.73, 60.32, 61.93, 98.43, 98.95.

(25)~(2-Ethoxy-ethoxy)-pentan-3-one (55)

0 o
Me .OMe
54 55
<reagent>
amide 54 (Mw=205.26) 6.67 g (32.48 mmol)
EtBr (Mw=108.97 d=1.460) 4.6 mL (61.63 mmol)
Mg (Mw=24.31) 1.94 g (79.74 mmol)

To a suspension of Mg (1.94 g, 79.74 mmol) in THF (30.0 ml) at 0 °C was added dropwise EtBr
(4.6 mL, 61.63 mmol) over 30 min under argon atmosphere and the mixture was stirred at room
temperature for 2.5 h.

To a solution of 57 (6.67 g, 32.48 mmol) in THF at 0 ‘C was added dropwised to the prepared
Grignarg reagent over 1 h at 0 °C under argon atmosphere. The mixture was warmed to room
temperature for 12 h. The reaction was quenched by saturated NH,Cl (30 mL). The mixture was
extracted with AcOEt (100 ml and 50 mL), washed with brine (50 mL), dried over Na,SOy, filtrated
and concentrated in vacuo. The residue was purified by short chromatography on silica gel (30 g,
"hexane:AcOEt=3:1) to give 55 (5.02 g, 28.82 mmol, 95 %) as a colorless oil: '"H NMR (400 MHz,
CDCl;) &: 1.03-1.08 (m, 3H), 1.13-1.20 (m, 3H), 2.51-2.59 (m, 2H), 3.46-3.60 (m, 2H), 4.01-4.20
(dt, 1H, J= 6.83 Hz), 4.67-4.70 (m, 1H).

(28)-Hydroxy-pentan-3-one  (56)

o o
EEO\/JL7 - HO\/ﬂW
55 56
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<reagent>
55 (Mw=174.24) 4.76 g (27.32 mmol)
1 N HCl 5.0 mL(5.0 mmol)

To a stirred solution of §5 (4.76 g, 27.32 mmol) in THF at 0 °C was added 1 N HCI (5.0 mL) and
the mixture was warmed to 10 °C for 10 h. The mixture was extracted with CHCI; (3 x 50 mL),
washed with brine (20 mL), dried over Na,SO,, filtered and concentrated in vacuo to give alcohol
56 (2.67 g, 26.09 mmol, 95 %) as a colorless oil: IR (neat) 3450, 2979, 2938, 2883, 1714, 1459,
1378, 1107 cm™’; 'H NMR (400 MHz, CDCl3) &: 1.14 (t, 3H, J = 7.32 Hz), 1.38 (d, 3H, J = 7.08
Hz), 2.49-2.60 (m, 2H), 3.56 (d, 1H, J= 4.8 Hz ), 4.25 (t, 1H, J = 4.39, 7.08); *C NMR (100 MHz,
CDCl3) 6: 7.52, 19.87, 30.68, 72.36, 213.01.

3-0x0-(2S)-pentyl benzoate (57)

O o)
HO\)H BzO\)H
56 57

<reagent>

alcohol 57 Mw=102.41) 2.49 g (24.35 mmol)

Bz,0 (Mw=226.23) 5.57 g (24.61 mmol)

"Pr,NEt (Mw=129.25 d=0.7429 5.0 mL(28.70 mmol)

DMAP (Mw=122.17) 305.0 mg (2.50 mmol)

To a stirred solution of alcohol 56 (2.49 g, 24.35 mmol), DMAP (305.0 mg, 2.50 mmol) and Bz,0
(5.57 g, 24.61 mmol) in CH,Cl, at 0 °C was added 'Pr,NEt dropwise (5.0 mL, 28.7 mmol). After
mixture was stirred for 1.5 h at room temperature, the reaction was quenched with crush ice and the
resulting mixture was stirred for 3 h. This mixture was washed with diluted NaCl aq (10 mL),
dried over Na,SO,, filtered and concentrated in vacuo. The residue was purified by silica gel
chromatography ("hexane:AcOEt=10:1) to give 57 (3.17 g, 15.37 mmol, 63 %) as a colorless oil:
[a]p=+21.1; "H NMR (400 MHz, CDCl;) &: 1.08 (t, 3H, J=7.32 Hz), (d, 3H, 7.08 Hz), 2.48-2.71
(m, 2H), 5.36 (t, 1H, J=7.08 Hz), 7.43-8.10 (m, SH).
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2,3-Dihydroxy-2-methyl-butyric acid benzyl ester (61)

<reagent>

benzyl ester (60) (Mw=190.2)
AD-mix 3 (Aldrich lot. KU00429HU)
CH;SONH, (Mw=95.12)

EROH F4E TUNLAHEER

4.06 g (21.36 mmol)
19.66 g
2.47 g(25.94 mmol)

To a suspension of AD-mix-3 (19.66 g) and CH3SO,NH, (2.47 g, 25.94 mmol) in H,0 (20.0 mL)
and ‘BuOH (20.0 mL) at 0 °C was added dropwise a solution of benzyl ester (60) (4.06 g, 21.36
mmol) in ‘BuOH (20.0 mL). After 9 h at 0 C, AD-mix-f (1.74 g) was added and the mixture
stirred for 72 h at 0 °C. The mixture was added Na,SO, (57.80 g), extracted with Et,0 (2x150
mL) and washed with brine (2x50 ml). The organic layer was dried with Na,SO,, filtered and
concentrated in vacuo. The residue was purified with silica gel chromatography
("hexane:AcOEt=5:1) to give diole (61) (4.28 g, 19.10 mmol, 89 %) as a colorless oil.

2-Hydroxy-2-methyl-3-oxo-butyric acid benzyl ester (62)

O OH o 0
Bno)%: B BnO%
61 62

<reagent>
diole (61) (Mw=224.26) 4.27 g (19.04 mmol)
SO; * Pyridine (Mw=159.2) 920¢g
Triethylamine (Mw=101.09 d=0.726) 8.5 mL ( mmol)
DMSO 60.0 mL

To a solution of diole (61) (4.27 g, 19.04 mmol) in DMSO (40.0 mL) at 0 °C was added SO; -
pyridine (9.20 g, ) in DMSO (20.0 ml) under argon atmosphere and the mixture was warmed to
room temperature for 7 h. The resulting mixture was added to saturated NH4Cl (50 ml). The
mixture was extracted with Et;0 (2x50 mL), washed with brine (2x50 ml), dried with Na,SO,,

filtrated and concentrated in vacuo. The residue was purified by chromatography on silica gel (10
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g, "hexane: AcOEt=5:1) to give B-keto ester (62)‘(1 .01g, 4.55 mmol) and recovered diol (61) (2.12
g, 9.45 mmol): 'H NMR (400 MHz, CDCl3) & 1.58 (s, 3H), 2.18 (s, 3H), 4.35 (s, 1H), 5.19 (s, 2H),
7.29-7.36 (m, 5H); “C NMR (100 MHz, CDCl3) & 21.52, 23.94, 67.74, 80.91, 128.01, 128.27,
128.42, 128.47, 134.68, 170.90, 204.58; IR (neat) 3478, 3091, 3066, 3034, 2990, 2941, 1729, 1714,
1498, 1455, 1417, 1360, 1265, 1211, 1154, 1115, 955 cm’!

2-Methyl-3-ox0-2-trimethylsilanyloxy-butyric acid benzyl ester (41)

0o O o o
307 oo
OH " omms

62 41
<reagent>
B-keto ester (62) (Mw=222.24) 1.31 g (5.87 mmol)
TMSOTf (Mw=186.21 d=1.078) 1.2 mL (6.95 mmol)
2,6-lutidine (Mw=107.16 d=0.92) 1.4 mL (12.02 mmol)

To a stirred solution of B-keto ester 62 (1.31 g, 5.87 mmol) and 2,6-lutidine (1.4 mL, 12.02 mmol)
in CHyCl, (29.0 mL) at —78 °C was added TMSOTf (1.2 mL, 6.95 mmol) under argon atmosphere
and the mixture was warmed to room temperature for 15h. The mixture was diluted with CH,Cl,
(40.0 mL), washed with brine (2 x 20 mL), dried with Na,SO,, filtrated and concentrated iz vacuo.
The residue was purified by silica gel chromatography ("hexane:AcOEt=10:1) to give 41 (1.59 g,
5.39 mmol, 92 %) as a colorless oil: [a]p***=-9.48 (c 1.225, CHCl,): 'H NMR (400 MHz, CDCl,) &
0.146 (s, 9H), 1.56 (s, 3H), 2.19 (s, 3H), 5.17 (s, 2H), 7.26-7.35 (m, 5H); *C NMR (100 MHz,
CDCls) 5 1.66, 22.72, 24.54, 67.29, 83.50, 128.17, 128.40, 128.54, 135.09, 170.89, 206.00; IR
(neat) 2958, 2899, 1750, 1731, 1455, 1418, 1370, 1352, 1253, 1184, 1125, 1103, 1027, 845 cm’".
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N-phenylaminocarboxy-N -ethyloxycarbonylhydrazine (90)

N__OEt ©\ 7 H
HoN” T N/LN,N\“/OEt
0 H H o

89 90
<reagent>
89 (Mw=104.11) 20.8 g (0.20 mol)
phenyl isocyanate (Mw=119.12 d=1.096) 23.6 2(0.20 mol)
benzene 220 mL .

To a solution of 89 (20.82 g, 0.200 mol) in benzene (220 mL) at 6 ‘C was added dropwise phenyl
isocyanate (23.56 g, 0.198 mol) over 30 min. After being stirred for 2 h at room temperature and
refluxed for 2 h, the mixture was filtered through glass filter. The solid was washed with benzene to
give pure 90 (47.01 g, quant) as colorless solids: mp 250-253 °C; IR(KBr) 3359, 3221, 3039, 1715, 1617,
1600, 1559, 1233 cm™; '"H NMR (400 MHz, CDCl;+CD;0D): & 1.28 (t, 3H, J = 7.2 Hz), 3.99 (s, 2H),
4.19 (g, 2H, J = 11.2 Hz), 7.19-7.41 (m, 5H); *C NMR (100 MHz, CDCl;+CD;0D): & 14.01, 61.95,
119.25, 123.03, 128.61, 138.00, 177.74.

4-Phenyl-1,2,4-triazolidine-3,5-dione (91)

|
H H 0 )/NH
0
90 91
<reagent>
90 (Mw=223.23) 40.0 g (179.2 mmol)
KOH (Mw=56.1) 24.0 g (363.7 mmol)

To a solution of 90 (40.00 g, 179.19 mmol) in H,O (90.0 mL) at room temperature was added KOH
(24.00 g, 363.67 mmol). After being stirred for 1.5 h at reflux, the mixture was acid iced with 1 N HCI
and cooled at 0 °C. The mixture was filtered on. The crude solid was purified by recrystallization
from EtOH to give 91 (26.74 g, 150.94 mmol, 84 %) as colorless solids:

mp >200 °C; IR(KBr) 3195, 3160, 1684, 1506, 1452 cm™; "H NMR (400 MHz, CDCl;+CD;0D): § 3.83
(br, 2H), 7.36-7.52 (m, 5H); °C NMR (100 MHz, CDCL;+CDs0OD): 8 125.69, 128.95, 130.86, 154.01.
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5-(4-Benzyl-2-ox0-oxazolidine-3-carbonyl)-2-phenyl-5,8-dihydro-[ 1,2,4]triazolo[ 1,2-a]pyridazine-1,3-di

one (100)
o)
O
QN NH . N Bn
yNH 0
S e
91 100 o ©
<reagent>

91 (Mw=177.16)

99 (1.0 M in CH,CL,)
‘BuOCI (Mw=1.08.6 d=0.91)
TiCL (1.0 M in CH,Cl,)

33.2 mg (0.19 mmol)
180.0 pL (0.18 mmol)
50.0 mL (0.42 mmol)
0.66 mL (0.55 mmol)

To a solution of 91 (33.2 mg, 0.19 mmol) in CH,Cl, (0.2 mL) was added ‘BuOCI (0.66 mL, 0.55 mmol)
After being stirred for 40 min, the solution was cooled to -78 °C and 99
(180.0 pL, 0.18 mmol) and TiCls (0.66 mL, 0.55 mmol, 1.0 M in CH,Cl,) was added dropwise. This
mixture was stirred for 12 h slowly warming to room temperature. The mixture was diluted with
AcOEt (40 mL), washed with saturated NH,C] (5.0 mL) and brine (2 x 10mL), dried over Na,SO,,

filtered and concentrated in vacuo.

under argon atmosphere.

The residue was purified by recrystallization from AcOEt / "hexane
to give 100 (59.8 mg, 0.138 mmol, 95 %) as a colorless solid: mp 213-215 °C; [at]p*'*=-270.89 (c 0.665,
CHCL); IR (neat) 1772, 1720, 1705, 1502, 1428, 1396, 1365, 1294, 1218 cm™; 'TH NMR (400 MHz,
CDCl;) & 2.90-3.26 (ddd, 1H, J = 3.18, 8.78, 13.66 Hz), 4.03-4.09 (dq, 1H, J = 2.44, 17.32 Hz),
4.28-4.30 (dd, 2H, J=1.22, 8.78 Hz), 4.43-4.45 (dq, 1H, J=1.95, 17.07 Hz), 4.62-4.66 (m, 1H, J=1.95,
3.42, 8.78 Hz), 6.15 (d, 1H, J = 2.44 Hz), 6.12-6.26 (m, 2H), 7.20-7.59 (m, 10H); *C NMR (100 MHz,
CDCl3) & 37.28, 42.75, 55.75, 56.91, 67.09, 118.65, 124.36, 125.70, 127.52, 128.21, 129.06, 129.17,
129.55, 131.32, 134.40.

4-methyl-1,2,4-triazolidine-3,5-dione (108)

H O H O W ?
NN OFt ——— CI/U\N,NTOE’( B H3C\N/lkN,N\n/OEt Me—N M
0 H o H H o 4
89 108
<reagent>
89 (Mw=104.11) 5.3 g(51.2 mmol)
triphosgene (Mw=296.75) 5.0 g (16.7 mmol)
40 % methylamine in water 40.0 mL
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4N NaOH , 5.0mL

To a solution of triphosgene (5.0 g, 16.7 mmol) in THF (75.0 mL) at 0 °C was added dropwise a
solution of 89 (5.3 g, 51.2 mmol) in THF (15.0 mL) for 30 min. After being stirred for 1.5 hat 0 °C,
this mixture was added dropwise 40 % methylamine (40.0 mL) for 10 min at 0 °C, and stirred for 1.5 h
at 0 °C. This mixture was concentrated in vacuo. The residue was dissolved in 4 M NaOH, and this
solution was refluxed for 2 h. This mixture was concentrated in vacuo, this solution was neutralized
with 6 N HCI and concentrated in vacuo. The residue was dissolved in hot MeOH, this solution was
filttrated by Celite®. This filtrate was concentrated in vacuo, the crude solid was purified by
recrystallization from MeOH to give 108 (3.28 g, 28.51 mmol, 3 steps 56 % )as colorless solids: mp
160.0-165.0 °C; IR (neat) 3083, 1699, 1499 cm™; 'H NMR (400 MHz, CD;OH) & 3.00 (s, 2H); C
NMR (100 MHz, CD;0D) § 25.11, 157.55 Hz.

(25)-8-methyl-2-[(4’S)-benzyl-oxazolidine-2’-one-3’-carboxy]-1,6,8-triazabicyclo[4.3.0]non-3-ene-7,9-d
iene (310)

o
0 Me—N E |
Me—N N1 —— pe—N N - 4 7"
N N 0 N/S
J G
o
108 310
<reagent>
4-methyl-1,2,3-triazolidine-3,5-dione 108 (Mw=113.07) 29.5 mg (0.26 mmol)
‘BuClO (Mw=108.16 d=0.91) 35.0 pL (0.29 mmol)
99 (1.0 M CH,C]; solution) 270.0 pL (0.27 mmol)
TiCl, (1.0 M CH,Cl; solution) 0.78 mL (0.78 mmol)

To a solution of 108 (29.5 mg, 0.26 mmol) at room temperature was added ‘BuOCI (35.0 uL, 0.294
mmol) under argon atmosphere. After being stirred for 1 h at room temperature, the mixture was
cooled to —78 °C and diene 99 (270.0 pL, 0.270 mmol) and TiCl, (0.78 mL, 0.780 mmol) was added
to this mixture at —78 °C. After being stirred for 17 h at =78 °C to room temperature, the reaction
mixture was quenched with HO (2.0 mL), extracted with AcOEt (2 x 10 mL), dried over Na;SO,,
filtered and concentrated in vacuo. The residue was purified by silica gel chromatography
("hexane:AcOEt=1:3) to give 310 (62.3 mg, 0.168 mmol, 65 %, diastereoselectivity 92:8) as colorless
solids: IR (neat) 1776, 1700, 1473, 1395 cm™; "H NMR (400 MHz, CD;0D) 5 2.96-3.00 (dd, 1H, J=2.8,
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13.6 Hz), 3.08-3.12 (dd, 1H, J= 6.8 Hz), 3.13 (s, 3H), 3.95-4.00 (dd, 1H, J=2.4, 16.4 Hz), 4.32-4.35 (dd,
1H, J= 2.4, 9.3 Hz), 4.65-4.69 (m, 1H), 6.07 (m, 1H), 6.16 (m, 2H); °C NMR (400 MHz, CD;0D) &
25.40, 37.42, 43.59, 56.80, 57.79, 68.47, 119.24, 125.40, 128.34, 129.86, 129.94, 131.04, 131.11, 136.06,
154.85, 154.98, 168.49.

(25)-8-methyl-2-[(4’S)-benzyl-oxazolidine-2’-one-3’-carboxy]-1 ,6,8-triazabicyclo[4.3.0]non-7,9-
diene(311)

o) )
Me—N 'r': | Me—N E
Bn - Bn
o) o]
0" °N 0 N)B
W =
310 311
<reagent>
310 Mw=370.36) 108.2 mg (0.292 mmol)
Pd-C (5 %) 23.0 mg
MeOH 10 mL

A mixture of 310 (108.2 mg, 0.292 mmol) and 5% Pd-C (23.0 mg) in MeOH (10 mL) was stirred at
room temperature for 21 h under hydrogen atmosphere. The mixture was filtered through Celite® pad.
After the filtrate was concentrated in vacuo. The solid was purified by recrystallization from MeOH to
give 311 ( 992 mg, 0.267 mmol, 91 %) as colorless solids: [a]p™“=+44.59 ( ¢ 1.00, CHCls); mp
101.5-102.0 °C; IR (neat) 1770, 1700, 1480 cm™; 'H NMR (400 MHz, CDCl;) 8 1.68-1.74 (m, 1H),
1.84-1.89 (m, 1H), 2.11-2.19 (m, 1H), 2.25 -2.29(m, 1H), 2,87-2.93 (dd, 1H, J=9.0, 18.5 Hz), 3.13 (3,
3H), 3.16 -3.23 (dd, 1H, J = 3.2, 23.7 Hz), 3.19-3.29 (td, 2H, J = 3.1, 13.4 Hz), 4.10-4.30 (m, 2H),
4.60-4.66 (m, 1H), 5.71-5.74 (dd, 1H, J=2.9, 6.3 Hz), 7.21-7.36 (m, SH); FAB LRMS m/z373 (M+H)

N-benzylaminocarboxy-N -ethyloxycarbonylhydrazine (312)

0] O H O H H
oy NHz /\O)kN.NTm R /\O/H\N.NTNBn
H H o H o
89 312
<reagent>
89 (Mw=104.11) 1.00 g (9.6 mmol)
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triphosgene (Mw=296.75) 0.95 g (3.2 mmol)
BnNH, (Mw=107.16 d=0.981) 3.7 mL (33.9 mmol)

To a solution of triphosgene (0.95 g, 3.20 mmol) in THF (30 mL) at 0 °C was added dropwise solution
of 89 (1.00 g, 9.62 mmol) in THF (10 mL) over 10 min under argon atmosphere. After 10 min, BnNH,
(3.7 ml, 33.87 mmol) was added to the mixture at 0 °C and the mixture was stirred for 14 h slowly
warmed. The reaction mixture was filtered through Cerite® pad. The filtrate was concentrated in
vacuo. The residue was purified by recrystallization from EtOH / "hexane to give 312 (2,02 g, 8.55
mmol, 89 %) as colorless solids: mp 136-138 °C; IR (neat) 3404, 1627, 1530, 1237cm"; TH NMR (400
MHz, CDCl5):5 1.24-1.28 (t, 3H, J=7.32 Hz), 4.16-4.22 (q, 2H, /=7.31 Hz), 4.42-4.43 (d, 2H, J=5.85 Hz),
7.26-7.32 (m, 5H); °C NMR (100 MHz,CDCl; ): § 14.37, 43.67, 62.62, 127.44, 128.65, 138.68, 138.62,
158.17.

4-benzyl-1,2,4-triazolidine-3,5-dione (313)

O H H 3K
NH
/\O/LN‘NTI\LBH Bn—N II\IH
H 0o r
(0]
312 313
<reagent>
312 Mw=237.26) 1.95 g (8.20 mmol)
2M NaOH 8.0 mL

A solution of 312 (1.95 g, 8.20 mmol) in 2 M NaOH stirred for 3 h at reflux. The reaction mixture was
neutralized with conc. HCl at 0 °C. The precipitate was collected by filtration. The crude solids was
washed with cooled water to give 313 (1.40 g, 7.33 mmol, 89 %) as colorless solids: mp 219.5-200.0 C;
IR (KBr) 3258, 1693, 1467 cm™; '"H NMR (400 MHz, CDCL): § 4.67 (s, 2H), 7.24-7.33 (m, SH); "°C
NMR (100 MHz, CDCl3): 8 44.79, 127.40, 127.52, 128.22, 128.63, 128.74.

2-Benzyl-1,3-diox0-2,3,5,8-tetrahydro-15-[ 1,2 ,4]triazolo[ 1,2-a]pyridazine-5-carboxylic acid (314)

0 0 0
Bn—NkNH ——— | Bn—N Bn—N |

)//NH N N

o} o O  cooH

313 314

-89 -



EROH ESE EXRIVVBROSHMFR

<reagent> .

313 (Mw=191.19) 500.5 mg (2.62 mmol)
‘BuOCI(Mw=108.16 d=0.91) 320.0 uL(2.69 mmol)

penta-2,4-dienoic acid (Mw=98.10) 257.1 mg (2.62 mmol)

To a solution of 313 (500.0 mg, 2.62 mmol) in CH,Cl, at room temperature was added ‘BuOCl (320.0 ml,
2.69 mmol) under argon atmosphere. After being stirred for 5 min, penta-2,4-dienoic acid (267.1 mf,
2.62 mmol) was added to the mixture at room temperature and stirred for 7 h at room temperature. The
mixture was concentrated in vacwo. The residue was purified by recrystallization from AcOEt /
nhexane to give 314 (100.3 mg, 0.367 mmol, 14 %) as colorless solids. 'H NMR (400 MHz, CDCl;): &
1.46-1.57 (m, 1H), 1.75-1.91 (m, 2H), 2.32 (d, 1H, J= 14 Hz), 2.98-3.05 (td, 1H, J=2.8, 12 Hz), 3.90 (d,
1H), 4.53-4.73 (m, 2H), 7.14-7.27 (m, SH).

2-Benzyl-1,3-dioxo-hexahydro-[1,2,4]triazolo[ 1,2-a]pyridazine-5-carboxylic acid (110)

0 0]
N N
Bn—N_ | ——— s Bn—N "
O  CooH O  CooH
314 110
<reagent>
314 (Mw=273.24) 100.3 mg ( 0.367 mmol)
Pd-C 20.0 mg

A mixture of 314 (100.3 mg, 0.367 mmol) and Pd-C (20,0 mg) in MeOH (10.0 ml) was stirred for 24 h at
room temperature under H, atmosphere. The mixture was filtered by Celite® pad, and the filtrated was

concentrated in vacuo to give crude 110 (100.0 mg).

B-Nathyl Penta-2,4-dienolate (114)

92 114

<reagent>
2-naphtol (Mw= 144.17) 5.26 g (36.55 mmol)
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penta-2,4-dienoic acid 92 (Mw=98.01) 3.59 g (36.49 mmol)
DCC(Mw=206.33) 8.34 g (40.42 mmol)
DMAP (Mw=107.15) 791.1 mg (7.38 mmol)

To a mixture of 2-naphthol (3.59 g, 36.55 mmol), DCC (8.34 g, 40.42 mmol) and DMAP (791.1 mg,
7.38 mmol) at 0 °C in CH,Cl, (100.0 ml) was added 2,4-pendienoic acid 92 (5.26 g, 36.49 mmol).
The mixture was allowed to warm slowly to room temperature and filtered by Celite® pat. The filtrate
was concentrated in vacuo. The residue was purified by silica gel 30 g ("hexane: AcOEt=20:1) to
afforded 114 (8.12 g, 36.20 mmol, 99 %) as colorless slids. The diene was stored at —10 °C as 1.0 M
CH,Cl, solution containgn BHT (1%): IR (neat) 3084, 2929, 2116, 1728, 1643, 1597, 1314, 1267, 1242,
1010 cm™; "H NMR (400 MHz, CD;OD) & 5.49-5.66 (dd, 2H), 6.10-6.14 (d, 1H), 6.49-6.59 (m, 1H),
7.15-7.17 (dd, 1H), 7.35-7.79 (m, 7H); 13C NMR (100 MHz, CD30D) d 119.5, 1222, 1223, 126.8,
127.4, 127.7, 128.6, 128.8, 130.3, 132.9, 135.2, 136.1, 148.2, 149.8, 166.9; LRMS (FAB) m/z 225
(M'+1).

3,6-Dihydro-pyridazine-1,2,3-tricarboxylic acid 1,2-di-tert-butyl ester 3-naphthalen-2-yl ester (115)

lBoc

Boc N

O~ “N”
o]
114 115

<reagent>
114 (Mw=24425) 8.60 g (38.35 mmol)
DBAD (Mw=230.26) 9.00 g (39.09 mmol)

To a solution of 114 (8.60 g, 38.35 mmol) in toluene (100.0 mL) at room temperature was added DBAD
(9.00 g, 39.09 mmol). After being refluxed for 24 h, the reaction mixture was concentrated in vacuo.
The residue was purified by recrystallization from AcOEt /"hexane to give 115 (14.10 g, 31.02 mmol,
81 %) as amorphous powder: mp 134.0-134.5 °C; IR (neat) 2978, 1701, 1600, 1156 cm™; 'H NMR(400
MHz, CDCls): 8 1.42 (9H, s), 1.52 (9H, s), 3.76 (1H, d, br), 4.45 (1H, d, br), 5.57 (1H, s), 6.06 (2H, d, br),
7.27-7.83 (7H, m); >*C NMR (100 MHz, CDCl;): 5 28.25, 28.30, 81.02, 118.46, 120.96, 125.72, 126.72,
126.55, 127.702, 127.704, 129.32, 131.65, 133.85,1 148.50; LRMS (FAB) m/z 455 (M +1).
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Tetrahydro-pyridazine-1,2,3-tricarboxylic acid 1,2-di-tert-butyl ester 3-naphthalen-2-yl ester (116)

Boc
Boc\

eog N nam

Boc

<reagent>
Diels-Alder adduct 115 (Mw=456.53) 8.00 g (17.60 mmol)
Pd-C (5 %) 881.3 mg

A mixture of Diels-Alder adduct 115 (8.00 g, 17.60 mmol) and Pd-C (881.3 mg) in MeOH (100.0 mL)
and AcOEt (50.0 mL) was stirred for 24 h at room temperature under H, atmosphere. The reaction
mixture was filtered through Celite® pad and the filtrate was concentrated in vacuo to give 116 (8.04 g,
17.62 mmol, quant.) as colorless amorphous powder: IR (neat) 2977, 2926, 1756, 1703, 1393, 1367,
1159; '"H NMR(400 MHz, CDCL;): & 1.35-1.52 (br, 18H), 1.70-2.30 (m(br), 3H), 3.02-3.288 (br, 1H),
4.04-4.22 (br, 1H), 7.22-7.84 (m, 5H); *C NMR (400 MHz, CDCl;): & 20.34, 28.21, 80.61, 118.38,
120.97, 125.72, 126.59, 127.60, 127.76, 129.34, 131.46, 133.67, 148.28.

Hexahydro-pyridazine-3-carboxylic acid naphthalen-2-yl ester (117)

BOC TfOH H $N°°
Boc\ HN”
ON
o “ :
117

<reagent>
116 (Mw=456.53) 2.75 g (6.01 mmol)
TBSOT{(Mw=222.26 d=1.228) 1.1 mL (6.08 mmol)

To a stirred of 116 (2.75 g, 6.01 mmol) in CH,Cl, (30.0 mL) at—78 “C was added TBSOTf (1.1 ml, 6.08
mmol) under argon atmosphere. After slowly warning to room temperature for 12 h, the mixture was

concentrated in vacuo to give crude solid (1.96 g, 4.83 mmol) as a colorless solid. This material was

used for next reaction without further purification.
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<reagent> :

Piperazic acid naphthol ester TfOH solid (Mw=406.38) 1.50 g (3.70 mmol)
Boc,0O (Mw=218.25) 809.7 mg (3.71 mmol)
Et;N (Mw=101.19 d=0.726) 520.0 mL (3.73 mmol)

To a stirred solution of piperazic acid naphthol ester TfOH solid (1.50 g, 3.70 mmol) and Boc,O (809.7
mg, 3.71 mmol) in 1,4-dioxane (30.0 ml) at room temperature was added Et;N (520.0 pl, 3.73 mmol).
After being stirred for 1 h at room temperature, the mixture was diluted with AcOEt (50.0 ml) and
washed with 10 % citric acid (2x10 ml) and brine (2x10 ml), dried over Na,SO,, filtrated and
concentrated in vacuo. The residue was purified by silica gel (120 g, "hexane:AcOEt=4:1) to give 117
(1.16 g, 3.24 mmol, 88 %) as a colorless solid: mp 103.5-104.5 °C; IR (neat) 3300, 2974, 2950, 1758,
1685, 1391, 1365, 1156 cm™; "H NMR (CDCls, 400 MHz) § 1.54 (9H, s), 1.58-1.69 (1H, m), 1.08-1.88
(1H, dg, J= 4.0, 14.6 Hz), 1.92-2.02 (1H, m, J=2.8, 3.6, 14.4 Hz), 2.21-2.28 (1H, dq, J = 3.6, 14.2 Hz),
3.24-331(1H, qd, J=3.6, 10.4 Hz), 3.82-3.85 (1H, dd, /= 3.2, 10.6 Hz), 3.85-3.91 (dt, /=44, 14.2 Hz),
7.22-7.86 (7TH, m); *C NMR (CDCls, 100 MHz) & 23.22, 27.02,. 28.35, 44.70, 58.14, 81.03, 118.46,
120.77, 125.80, 126.59, 127.64, 127.74, 129.46, 131.51, 133.64, 147.86, 154.63, 169.77; Anal calcd for
CaoH2N,O4: C, 67.00; H, 6.79; N, 7.86; O, 17.96. Found: C, 67.55; H, 6.79; N, 7.83; O, 17.83.

5,6-Dihydro-4H-pyridazine-1,3-dicarboxylic acid 1-tert-butyl ester 3-naphthalen-2-yl ester (118)

Boc ?oc
NN NN
ON ON
: !
117 118
<reagent>
117 (mw=356.42) 1.14 g (3.19 mmol)
NBS (Mw=177.99) 570.9 mg (3.21 mmol)
Et;N Mw=101.19, d=0.726) 0.98 mL (7.03 mmol)

To a stirred of 117 (1.14 g, 3.19 mmol) and NBS (570.9 mg, 3.21 mmol) in CH,Cl, (20.0 mL) at 0 °C
was added dropwise Et;N (0.98 mL, 7.03 mmol) under argon atmosphere. ~ After being stirred at 0 C
for 1 h and at room temperature for 0.5 h, the mixture was diluted with AcOEt (100 mL), washed with
brine (2 x 20 mL), dried over with Na,SO,, filtrated and concentrated in vacuo. The crude solid was
purified by recrystallization from AcOEt / hexane to afforded imine 118 (1.01 g, 2.84 mmol, 89 %) as
colorless solids: mp 178.0-180.0 °C; IR (neat) 2979, 1710, 1598, 1409, 1335, 1240, 1142 cm™; '"H NMR
(CDCI;, 400 MHz) 6 1.58 (9H, s), 1.98 (2H ,, J=5.85 Hz), 2.62 (2H,t,J= 6.4 Hz), 3.78 (2H, t, J=5.67
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Hz), 7.30-7.87 (7H, m); *C NMR (CDCls, 100 MHz) & 16.95, 21.74, 28.11, 41.69, 82.87, 100.55, 118.67,
12121, 125.67, 126.47, 127.70, 127.74, 129.27, 131.46, 133.72, 148.62, 158.14;

5,6-Dihydro-pyridazine-1,2,3-tricarboxylic acid 1,2-di-tert-butyl ester 3-naphthalen-2-yl ester (119)

Boc Boc
Boc\N,N DBU Boc\N,N
Om/kv) THF Om/gwj
; i

115 119

<reagent>

D.A. adducte 115 (Mw=454.52) 503.7 mg (1.108 mmol)

DBU (Mw=152.24, d=1.018) 166.0 pL (1.108 mmol)

To a stirred solution Diels-Alder adducte 115 (503.7 mg, 1.108 mmol) in THF (10.0 mL) at room
temperature was added DBU (166.0 mL, 1.108 mmol) under argon atmosphere. After being stirred at
room temperature for 1 h, the reaction mixture was concentrated in vacuo. The residue was purified by
chromatography on silica gel (20 g, nhexane:AcOEt=3:1) to give enamine 119 (485.3 mg, 1.068 mmol,
96 %) as colorless solids: mp 145.0-147.0 °C; IR (neat) 2979, 1750, 1710, 1367, 1285, 1158 em™; 'H
NMR (400 MHz, CDCls) & 1.49 and 1.50 (s and s, 18H), 2.23-2.31 (dt, 1H, J= 4.8, 19.6 Hz), 2.54-2.62
(m, 1H), 3.16-3.24 (m, 1H), 4.39-4.44 (m, 1H), 6.41 (t, 1H, J = 3.66 Hz); 3C NMR (100 MHz, CDCl;)
5;28.05,28.15, 81.49, 118.26, 120.85, 125.64, 126.48, 127.71, 129.35, 131.42, 133.73, 148.57, 161.61.
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5—Hydroxymethyl-2-phenyi—tetrahydro—[ 1,2,4]triazolo[1,2-a]pyridazine-1,3-dione (104)

0
o)
B

Ph - Sy
Ph—N |
B e
o f Y
0O )N:g 0O
OH
S O
101 104
<reagent>
101 (Mw=434.44) 1.0114 g (2.33 mmol)
LiBH; (Mw=21.78) 77.0 mg (3.543 mmol)
H,O (Mw=18.02, d=1.000) 400 pL (22.20 mmol)

To a stirred solution of 101 in THF (10 mL) at 0 ‘C was added LiBH,4(77.0 mg, 3.54 mmol) and
H,O (400 pl). After being stirred for 5 h at 0 to 4 °C, the solution was quenched with 10% citric
acid aq, extracted with ethyl acetate (2 x 20 mL + 10 mL), washed with brine (2 x 9 mL), dried over
Na,SO,, filtrated, concentrated in vacuo. The residue was purified by silica gel (hexane : ethyl
acetate = 3 : 1) to give 104 (471.1 mg, 1.803 mmol, 77%) as a colorless oil: [a]D= (¢, CDCl;): IR
(neat) cm™: '"H NMR (400 MHz, CDCl;) 8 1.62-1.68(m, 1H), 1.77-1.96 (m, 2H), 1.96-2.00 (m, 1H),
3.28-3.36 (m, 1H), 3.77-3.84 (m, 2H), 3.89-3.93 (m, 1H), 3.97-4.02 (m, 1H), 4.24 (br, 1H): BC NMR
(100 MHz, CDCl3) d .

3-Hydroxymethyl-tetrahydro-pyridazine-1,2-dicarboxylic acid dibenzyl ester(106)

0
»\N H]\,l CbZ\N
Ph—N | . | AN I
S E—
o]
OH OH OH
104 106

<reagent>

104 (Mw=261.28) 200.5 mg (0.77 mmol)
KOH (Mw=56.11, 85%) 251.1 mg (3.80 mmol)
"BuOH 5mL
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Cbz-Cl (Mw=170.60, d=1.195) 160 pL (1.12 mmol)
NaHCO; (Mw=84.01) 90.3 mg (1.075 mmol)

To a stirred solution of alcohol and KOH (powder, 251.1 mg, 3.80 mmol) in "BuOH (5 mL) was
refluxed under argon atmosphere. After being stirred for 9 h, the reaction mixture was added water
(20 mL) and washed with CHCI; (3x 5 mL). The water phase was acidified with 6 N HCI and
purified by Dowex 50W-X4 ion-exchange resin (H" form) using 2.5% ammonia as an eluent to give
amino alcohol (56.0 mg, 0.483 mmol) as a brown oil.

The giving amino alcohol was dissolved with H;O (5 mL) at 0 °C. The solution was added Cbz-Cl
(160.0 pL, 1.12 mmol) and NaHCOsaq at 0 °C. After 16 h at 0 °C to room temperature, the
mixture was diluted with ethyl acetate (30 ml), washed with brine (2 x 8 ml), dried over Na,SO,,
filtrated, concentrated in vacuo. The residue was purified by silica gel (hexane : ethyl acetate =2 :
1) to 106 as a colorless oil: 'H NMR (400 MHz, ds-DMSO, 373 K) 5 1.42-1.47 (m, 1H), 1.65-1.78
(br, 3H), 3.02 (br, 1H), 3.41-3.45 8 (m, 1H), 3.53-3.59 (m, 1H), 3.96-4.00 (m, 1H), 4.22 (br, 1H),
5.14 (br, 4H), 7.32 (br, 10H); IR (neat) 3471, 2948, 2975, 1708, 1453, 1413, 1359, 1321, 1262, 1217,
1145, 1071, 1029, 753 em™; [a]p™?=+12.6 (¢ 1.03 CHCl;); HRMS (FAB, NBA) caled for
C,1Ha505N; : 385.1763 (M+H"). Found : 385.1737.

(5)-1,2-dibenzyloxycarbonylpiperazic acid (107)

(lJbz (0] CI:bz

o ,\[r\j‘,Cbz I *@,Cbz
106 107
<reagent>
106 (Mw=384.43) 1.53 g (3.99 mmol)
TEMPO (Mw=156.25) 97.7 mg(0.63 mmol)
1.6 N NaClO 500 uL
NaClO, (Mw=94.44) 725.6 mg (8.02 mmol)

To a stirred solution of 106 1.53 g (3.99 mmol), TEMPO 97.7 mg (0.63 mmol) and NaClO, 725.6 mg
(8.02 mmol) in CH;CN (20 ml) and phosphate buffer (pH=6.8) (20 mL) at room temperature was
added 1.6 N NaClO (500 pL). After being stirred for 4 h at room temperature, this mixture was
added 1 M NaOH (10 mL) and poured to 1M Na,SOs;aq (30 mL). This mixture was acidified with 1
M KHSO,aq, extracted with ethyl acetate (3 x 40 ml), washed with brine (3 x 10 ml), dried over

Na,SO,, filtrated, concentrated in vacuo. The residue was purified by silica gel (hexane / ethyl
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acetate = 1 : 1) to give 107 (1.43 g, 3.59 mmol, 90%) as a colorless oil; 'H NMR (400 MHz, CDClI;,
328 K) & 1.59 (br, 1H), 1.71-2.02 (br, 3H), 2.20 (br, 1H), 2.98-3.16 (br, 1H), 3.99-4.14 (br, 1H), 4.99
(br, 1H), 5.11-5.28 (br, 4H), 7.33 (br, 10H); IR (neat) 3160, 3033, 2954, 1711, 1421, 1358, 1305,

1253, 1191, 1129, 1088, 1051, 752, 697 cm™; [a]p™*=-19.6 (¢ 1.035 CHCl;); HRMS (FAB, NBA)
calcd for Cp1H3N2Og : 399.1556 (M+H™). Fonud : 399.1531.

(R)-5-bromo-2-N,N’-dibenzyloxycarbonyhydrazino-1-pentanol (126)

(llbz
0o /CbZ HO .‘\\N N Chz
+ NN — ——— H
H’u\/\/\Br cbZ
125 126 o
<reagent>
125 (Mw=163.98) 13.8 g (83.3 mmol)
dibenzoylazodicarboxylate (Mw=198.29) 16.1 g (55.6 mmol)
(S)-proline (Mw=115.13) 637.9 mg (5.5 mmol)
NaBH; (Mw=37.83) 1.70 g (45.0 mml)

To a stirred solution of 5-bromopentanal (13.8 g, 83.3 mmol) and dibenzoylazodicarboxylate (16.1 g,
55.6 mmol) in CH;CN (400 mL) at 0 °C was added (S)-proline (637.9 mg, 5.54 mmol, 10.0
mmol%). After being stirred for 15 hat 0 °C, the solution was added EtOH (160 mL) and NaBH,
(1.70 g, 44.97 mmol) and stirred for 40 min at 0 °C. The mixture was added slow 10% citric acid,,
and the mixture was concentrated in vacuo. This residue was diluted with ethyl acetate 500 ml,
washed with brine (3 x 100 ml), dried over Na,SO,, filtrated, concentrated in vacuo to give colorless
solids (>99% ee*). This residue was purified by recrystallization from hexane / ethyl acetate to give
pure solids (23.47 g, 50.43 mmol, 91%): 'H NMR (400 MHz, d;-DMSO, 373 K) & 1.41-1.45 (m, 1H),
1.54 (br, 1H), 1.82 (br, 1H), 1.97 (br, 1H), 3.29-3.34 (m, 2H), 3.41-3.46 (m, 2H), 4.09 (br, 1H), 5.10
(br, 4H), 7.32 (br, 10H); IR 3244, 3037, 1720, 1682, 1543, 1431 cm; [a]p***=-10.7 (c 1.04, CHCL);
m.p. 94.0-95.5 °C (ethyl acetate / hexnane) ; Anal. Calced for C5;HasBrN,Os : C, 54.20% ; H, 5.42%;
N, 6.02%. Found : C, 54.27% ; H, 5.45 ; N, 5.95% ; HRMS (FAB, NBA) calcd for C51HysBrN,Os :
465.1025 (M+H"). Found : 465.0979.

*Enantio excess was decided by HPLC. CHIRALCEL OD-H (hexane : PrOH = 90 : 10 contained
0.1% TFA. 0.6 ml/min), retention time for (2R) : 39.9 min, for (2S) : 34.8 min.
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(S)-5-bromo-2-N,N’-dibenzyloxycarbonyhydrazino-1-pentanol (133)

(Ilbz
0 Cbz HO N n-CP2
J]\/\/\ ! NN - H
H Br Cbz/
Br
133

125

Preparated according to the procedure described above for 126. Yield quant; mp 95.0-96.0 °C
hexane / ethyl acetate) ; 'H NMR (400 MHz, d-DMSO, 373 K) & 1.40-1.49 (m, 1H), 1.56 (br, 1H),
1.78-1.87 (m, 1H), 1.98 (br, 1H), 3.31-3.51 (br, 4H), 4.11 (br, 1H), 4.72 (br, 1H), 5.11 (br, 4H), 7.33
(br, 10H); IR (neat) 3265, 3032, 2952, 1712, 1408, 1332, 1266, 1216, 1057, 743 cm™; [a]p?'=+12.4

(¢ 1.025, CHCL); mp.= 95.0-96.0 “C (ethyl acetate / hexane); HRMS (FAB, NBA) calcd for
Cy1Ha6BrN,Os: 465.1025 (M+H"). Found : 465.1015.

(R)-5-bromo-2-(N,N-dibenzyloxycarbonylhydrazino)-5-bromo-1-(tert-bytyldimethylsiloxy)pentane
(128)

z
N~ B0 N
H —_— H
Br Br
126 128
<reagent>
126 (Mw=465.34) 120.7 mg (0.259 mmol)
TBS-Cl (Mw=150.72) 45.2 mg (mmol)
imidazole (Mw=68.08) 91.1 mg (mmol)

To a stirred solution of 126 (120.7 mg, 0.2594 mmol), imidazole (91.1 mg, mmol) and TBS-CI (45.2
mg, mmol) in DMF (3 mL) at room temperature was stirred for 3.5 h.  The solution was diluted with
hexane : ethyl acetate (5:1, 80 mL), washed with brine (2 x 10 mL), dried over Na,SO,, filtrated,

concentrated in vacuo. The residue was purified by silica gel (hexane : ethyl acetate=10:1) to give
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128 (150.1 mg, 0.2590 mmol, quant.) as a colorless solid: 'H NMR (400 MHz, de-DMSO, 373 K) &
0.00 (s, 6H), 0.84 (s, 9H), 1.47-1.52 (m, 1H), 1.71 (br, 2H), 1.89 (br, 1H), 3.41-3.53 (m, 3H),
3.66-3.70 (dd, 1H, J=5.6, 6.0. 10.0 Hz), 4.03 (br, 1H), 5.07-5.08 (s+s, 4H), 7.26-7.34 (m, 10H); IR
(neat) 3291, 3033, 2953, 2927, 2856, 1758, 1716, 1455, 1408, 1256, 1217, 1109, 836, 776 em’;
[oc]D22=+12.3 (c 0.95, MeOH); m.p.= .87.0 “C (ethyl acetate / hexane) ; HRMS (FAB, NBA) calcd
for C27H4oBrN,05Si : 579.1890 (M+H™). Found : 579.1873.

(S)-5-bromo-2-(N,N -dibenzyloxycarbonylhydrazino)-5-bromo- 1-(tert-bytyldimethylsiloxy)pentane
(134) '

(‘:bz ?bz Cb
N_, ,.Cbz
HO N\N,Cbz .~ TBSO E
H
Br Br

Preparated according to the procedure described above for 128. Yield 82%; '"H NMR (400 MHz,
de-DMSO, 373 K) & 0.02 (s, 6H), 0.86 (s, 9H), 1.50-1.57 (m, 1H), 1.73-2.49 (br, 3H), 3.41-3.55 (br,
3H), 3.69-3.73 (dd, 1H, J=5.6, 10.0 Hz), 4.07 (br, 1H), 5.09 (br, 4H), 7.30-7.35 (m, 10H); IR (neat)
3288, 2953, 2927, 2883, 2856, 1720, 1497, 1454, 1255, 1218, 1110, 837, 777 cm-1; [)p™?=-12.2 (¢
1.125, MeOH); mp.= 86.0 “C (ethyl acetate / hexane); HRMS (FAB, NBA) calcd for
Ca7HyoBrN,O5Si : 579.1890 (M+H"). Found : 579.1873.

(R)-1,2-dibenzyloxycarbonyl-3-(tert-butyldimethylsiloxymethyl)tetrahydropyridazine (129)

(i‘,bz

Cbz
\N Cbz T
8S0” YV N ,
H —— TBSO// "-['\j\l’(:bz
Br
128 129
<reagent>
128 (Mw=579.60) 12.0 g (20.7 mmol)
NaH (Mw=24.00 in oil 60%) 1.8 g (37.0 mmol)
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To a stirred solution of 128 (12.01 g, 20.74 mmol) in DMF 100 ml at 0 °C was added NaH (1.78 g,
37.00 mmol) in DMF (30 mL). After being stirred for 40 min at 0 °C, the mixture was quenched
with 10% citric acid, extracted with hexane : ethyl acetate (5 : 1) (2 x 300 mL), washed with brine
(4 x 100 mL), dried over Na,SO,, filtrated, concentrated in vacuo. The residue was purified by
silica gel (hexane : ethyl acetate = 10: 1) to give cyclic compound (10.01 g, 20.06 mmol, 97%) as a
colorless oil: '"H NMR (400 MHz, d;-DMSO, 373 K) & -0.02 (s, 6H), 0.83 (s, 9H), 1.44-1.48 (m, 1H),
1.62-1.77 (m, 3H), 3.04 (br, 1H), 3.52-3.56 (dd, 1H, 8.4, 8.8, 10.0 Hz), 3.67-3.71 (m, 1H), 3.93 -3.98
(m, 1H), 4.18-4.21 (m, 1H), 5.04-5.15 (m, 4H), 7.30 (br, 10H); IR (neat) 2952, 2928, 2883, 2856,
1709, 1456, 1413, 1299, 1256, 1085, 837 cm™; [a]p™>"= +17.5 (¢ 1.10, CHCl5); HRMS (FAB, NBA)
caled for Cy7H3oN,0sSi : 499.2628 (M+H"). Found : 499.2617.

(8)-1,2-dibenzyloxycarbonyl-3-(tert-butyldimethylsiloxymethyl)tetrahydropyridazine (135)

(I)bz
_Cb Cbz
TBSO N\-CP? 5 cbe
H > Teso/\[j’
Br
134 135

Preparated according to the procedure described above for 129. Yield 90%; 'H NMR (400 MHz,
ds-DMSO0, 373 K) 8 -0.01 (s, 6H), 0.84 )s, 9H), 1.45-1.49 (m, 1H), 1.63-1.77 (m, 3H), 3.06 (br, 1H),
3.53-3.58 (dd, 1H, J=8.4, 10.0 Hz), 3.68-3.72 (m, 1H), 3.95-3.99 (m, 1H), 1.20 (br, 1H), 5.05-5.17
(m, 4H), 7.31 (br, 10H); [a]p™%=-16.7 (¢ 1.155 CHClL); IR (neat) 2953, 2928, 2883, 2856, 1709,
1455, 1414, 1360, 1299, 1255, 1196, 1085, 837, 777, 752, 696 cm™; [o]p***=-16.7 (¢ 1.155 CHCl,);
HRMS (FAB, NBA) calcd for C,5sH3oN,05Si : 499.2628 (M+H"). Found : 499.2658.

(R)-1,2-dibenzyloxycarbonyl-3-hydroxymethltetrahydropyridazine (130)

C|3bz (.;:bz
. N n, N
TBSO//’ «.O—Cbz————» HO// '.O/Cbz
129 130
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<reagent>
129 (Mw=498.69) 1.65 g (3.30 mmol)
0.5 M TBAF in THF 8.0 mL (4.00 mmol)

To a stirred solution of 129 1.65 g (3.30 mmol) in THF (20.0 mL) at 0 “C was added 0.5 M TBAF
(8.0 mL, 4.00 mmol). After being stirred for 40 min at 0 °C, the solution was quenched with brine
20 ml, extracted with ethyl acetate (3 x 40 ml), washed with brine (2 x 30 ml), dried over Na,SO,,
filtrated, concentrated in vacuo. The residue was purified by silica gel (hexane : ethyl acetate=2 : 1
to 1 : 1) to give 130 (1.28 g, 3.35 mmol, quant.) as a colorless oil. 'H NMR (400 MHz, ds-DMSO,
373 K) § 1.42-1.45 (m, 1H), 1.67-1.73 (br, 2+1H), 3.01 (br, 1H), 3.37-3.43 (m, 1H), 3.51-3.56 (m,
1H), 3.95 (br, 1H), 4.20 (br, 1H), 5.12 (br, 4H), 7.30 (br, 10H) ; IR (neat) 3481, 2948, 2874, 1708,
1455, 1414, 1261, 1070, 753 cm-1; [a]p™®=-11.0 (¢ 1.48, CHCl;); HRMS (FAB, NBA) calcd for
Cy1HasN;O5 : 385.1763. Found : 385.1748.

($)-1,2-dibenzyloxycarbonyl-3-hydroxymethltetrahydropyridazine (136)

(};bz (|)bz
135 136

Preparated according to the procedure described above for 130. Yield 97%; 'H NMR (400 MHz,
ds-DMSO, 373 K) & 1.42-1.47 (m, 1H), 1.65-1.78 (br, 3H), 3.02 (br, 1H), 3.41-3.45 8 (m, 1H),
3.53-3.59 (m, 1H), 3.96-4.00 (m, 1H), 4.22 (br, 1H), 5.14 (br, 4H), 7.32 (br, 10H); IR (neat) 3471,
2948, 2975, 1708, 1453, 1413, 1359, 1321, 1262, 1217, 1145, 1071, 1029, 753 cm™; [ap™>*=+12.6
(¢ 1.03 CHCl3); HRMS (FAB, NBA) calcd for C;;Hy5s05N,; : 385.1763 (M+H"). Found : 385.1737.

(R)-1,2-dibenzyloxycarbonylpiperazic acid (131)

CIsz (0] (l?,bz
130 131

<reagent>
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130 (Mw=384.43) 1.53 g (3.99 mmol)
TEMPO (Mw=156.25) 97.7 mg(0.63 mmol)
1.6 NNaClO 500 uL

NaClO, (Mw=94 .44) 725.6 mg (8.02 mmol)

To a stirred solution of 130 (1.53 g, 3.99 mmol), TEMPO 97.7 mg (0.63 mmol) and NaClO, 725.6
mg (8.02 mmol) in CH;CN (20 mL) and phosphate buffer (pH=6.8) (20 mL) at room temperature
was added 1.6 N NaClO (500 puL). After being stirred for 4 h at room temperature, this mixture was
added 1 M NaOH (10 mL) and poured to 1M Na,SOsaq (30 mL).  This mixture was acidified with 1
M KHSOqaq, extracted with ethyl acetate (3 x 40 ml), washed with brine (3 x 10 ml), dried over
Na,S0,, filtrated, concentrated in vacuo. The residue was purified by silica gel (hexane / ethyl
acetate = 1 : 1) to give 131 (1.43 g, 3.59 mmol, 90%) as a colorless oil: 'H NMR (400 MHz, CDCl;,
328 K) 6 1.59 (br, 1H), 1.59-1.90 (br, 2H), 2.17 (br, 1H), 2.98-3.16 (br, 1H), 4.02-4.16 (br, 1H), 5.00
(br, 1H), 5.21 (br, 4H), 7.32 (br, 10H); IR (neat) 3178, 3033, 2955, 1716, 1456, 1418, 1360, 1254,
1192, 1130, 1088, 1052, 959, 913, 752, 698 cm-1; [a]p™*=+20.0 (¢ 0.975 CHCl;); HRMS (FAB,
NBA) calcd for Cy;H3N,05 : 399.1556 (M+H™). Found : 399.1523.

(8)-1,2-dibenzyloxycarbonylpiperazic acid (137)

C‘Dbz 0] (i‘,bz
HO /\[hj\l,Cbz > 1O N \N,Cbz
136 137

Preparated according to the procedure described above for 131. Yield 91%; 'H NMR (400 MHz,
CDCl;, 328 K) 6 1.59 (br, 1H), 1.71-2.02 (br, 3H), 2.20 (br, 1H), 2.98-3.16 (br, 1H), 3.99-4.14 (br,
1H), 4.99 (br, 1H), 5.11-5.28 (br, 4H), 7.33 (br, 10H); IR (neat) 3160, 3033, 2954, 1711, 1421, 1358,
1305, 1253, 1191, 1129, 1088, 1051, 752, 697 cm-1; [o]p™*=-19.6 (¢ 1.035 CHCl;); HRMS (FAB,
NBA) calcd for C21H23N206 : 399.1556 (M+H"). Fonud : 399.1531.

(R)-piperazic acid trifluoroacetic acid salt (132)

?bz H
HOOC//,_@’CbZ — HOOC/"‘[NJ\IH'CF:;COOH
131 132
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131 (Mw=398.41) 3.70 g (9.29 mmol)
Pd-C (5%) 346.5 mg
TFA (Mw=114.02 d=1.48) 7.0 mL (90.86 mmol)

To a stirred suspension of 131 (3.70 g, 9.29 mmol), TFA (7.0 mL, 90.86 mmol) and Pd-C (346.5 mg)
was stirred for 12 h at room temperature under H, atmosphere. The mixture was added MeOH (50
mL), filtrated by Celite® and concentrated in vacuo. The residue was purified by recrystallization
from ethyl acetate / EtOH to give 132 (2.29 g, 9.37 mmol, quant.) as colorless solids: '"H NMR (400
MHz, D,0) & 1.78-1.97 (m, 3H), 2.15-2.20 (m, 1H), 3.17-3.23 (m, 1H), 3.29-3.34 (m, 1H), 3.91-3.94
(m, 1H); >C NMR (100 MHz, ds-DMSO) & 20.24, 24.92, 43.99, 55.88, 117.12 (q, 297.8 Hz), 158.49
(q, 31.3 Hz), 171.52; IR (KBr) 3292, 3080, 2967, 2922, 2835, 2760, 1720, 1664, 1589, 1518, 1421,
1232, 1198, 1130, 1104, 1083, 916, 842, 801, 725 cm™; [a]p>’=-10.5 (c 0.96 MeOH);
m.p.=149-151 °C (ethyl acetate / EtOH) (ref. 147-149 °C); Anal. caled for C;H; F3N,0y : C, 34.43;
H, 4.54; N, 11.47. Found : C, 34.38; H, 4.57; N, 11.42.

(S)-piperazic acid trifluoroacetic acid salt (138)

(I3bz H
HOOCU,Cbz > HOGC\(NJ\JH'CﬁCOOH
137 138

Preparated according to the procedure described above for 132. Yield 99%; '"H NMR (400 MHz,
D,0) & 1.85-1.95 (m, 3H), 2.13-2.18 (m, 1H), 3.14-3.21 (m, 1H), 3.27 (m, 1H), 3.89 (m, 1H); °C
NMR (100 MHz, d;-DMSO) & 20.22, 24.91, 43.99, 55.86, 117.12q(q, 297.8 Hz), 158.47 (q, 31.3 Hz),
171.52; IR (KBr) 3292, 3080, 2967, 2922, 2836, 2760, 1720, 1664, 1589, 1509, 1421, 1232, 1198,
1183, 1130, 1082, 916, 842, 801, 725 cm™; [a]p*=+11.1 (¢ 0.98 MeOH), m.p.= 149-151 °C (ethyl
acetate / EtOH); Anal. caled for C;H; FsN>Oy @ C, 34.43; H, 4.54; N, 11.47. Found : C, 34.32; H,
4.46; N, 11.38.

(R)-5-bromo-2-N,N’-di-tert-butylcarbonyhydrazino-1-pentanol

|Boc
o Boc HO ,\\N\N,Boc
Ty o — H
H Br Boc’

-103 -
125 Br



RBROW FSE EXNIVUVBROBKIIE

<reagent>

125 (Mw=163.98) 840 mg (5.09 mmol)
di-tert-butyl azodicarboxylate (Mw= 230.26) 781 mg (3.39 mmol)
(S)-proline (Mw=115.13) 39.0 mg (0.339 mmol)
NaBH; (Mw=37.83) 135 mg (3.55 mmol)

A solution of 125 (840 mg, 5.09 mmol), di-tert-butyl azodicarboxylate (781 mg, 3.39 mmol), and
(S)-proline (39.0 mg, 0.339 mmol) in CHiCN (35 mL) was stirred for 28 h. EtOH (35 mL) and
NaBH, (135 mg, 3.55 mmol) were added at 0 °C and the mixture was stirred at same temperature.
After 2 h, the reaction mixture was quenched by the addition of saturated aqueous NH,Cl. The
resulting mixture was extracted with ethyl acetate, washed with brine, dried over Na,SO,, filtrated,
and concentrated in vacuo. The residue was purified by silica gel column chromatography (hexane :
ethyl acetate = 2 : 1) to give di-Boc-pentanol (715 mg, 53%, 80% ee) as colorless solid:
mp=106-108 °C; [a]p**=-8.1 (¢ 1.00, CHCl;); IR (KBr) 3320, 3161, 2979, 1685, 1542, 1458, 1397,
1366 cm™; '"H NMR (400 MHz, CDCl3) d 1.30-1.90 (m, 4H), 1.40-1.60 (m, 18H), 3.35-3.57 (m, 3H),
4.25 (m, 1H), 6.17 (m, 1H); 13C NMR (100 MHz, CDCI39 d 26.7, 28.1, 28.2, 29.4, 62.4, 81.4,
155.7; HRMS (FAB, NBA) calcd for C;sH3BrN,Os; 397.1338 (M+H"). Found: 397.1313.

5-bromopentanol (124)

HO/\/\/\OH J—— HO/\/\/\BF

1,5-pentandiol 124
<reagent>
1,5-pentanediol (Mw=104.15, d=0.994) 50 mL (477 mmol)
48% HBr aq 60.0 mL (540 mmol)

A mixture of 1,5-pentanediol (50 mL, 477 mmol) and HBr (60.0 mL, 540 mmol) in tolene (1.6 L)
was stirred for 24 h at reflux. The mixture was cooled to room temperature, diluted with Et,0 (600
mL), washed with brine (2 x 100 mL), dried over Na,SOy, filtrated, concentrated in vacuo. The
residue was purified by distillation at 4 mmHg at 90-95 °C to give 124 (40.5 g, 242.24 mmol, 51%)
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as a colorless oil.

S-bromopentanal (125)

O
HO """ ————— | /U\/\/\Br

124 125
<reagent>
124 (Mw=167.04) 20.24 g (121.2 mmol)
(COCI), (Mw=126.93 d=1.455) 12.0 mL (137.6 mmol)
DMSO (Mw=78.13 d=1.101) 25.0 mL (352.3 mmol)
Et;N Mw=101.19 d=0.726) 50.0 mL (358.7 mmol)

To a stirred solution of (COCl), (12.0 mL, 137. 6 mmol) in CH,Cl, (40 ML) under argon at -50 °C
was added dropwise DMSO (25.0 mL, 352.3 mml) in CH,Cl, (40 mL )over 5 min, and stirred for 5
min at -50 °C. Then a solution of 124 (20.0 g, 121.2 mmol) in CH,Cl, was added dropwise to the
above solution at —50 °C. after being stirred for 15 min, the mixture was treated with Et;N (50.0
mL, 358.7 mmol) at 50 °C, stirred for 10 h at —=50 °C and 1 h at room temperature. The reaction
mixture was quenched with brine 200 ml, extracted with Et,O (2 x 300 mL), washed with brine (3 x
100 mL), dried over MgSO,, filtrated and concentrated in vacuo. The residue was purified by
distillation at 75 °C at 5 mmHg to give 125 (17.37 g, 105.27 mmol, 87%) as a colorless oil.
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N-formylglicine methy ester (140) ‘

o)
N
H
139 140

<reagent>

139 (Mw=122.25) 100.00 g (0.818 mol)
formamide (Mw=45.09 d=1.134) 36.0 mL (0.905 mol)
NaHCO; (Mw=284.01) 1.00 g (11.90 mmol)
toluene 240.0 mL

To a suspension of glicine methyl ester 139 (100.0 g, 0.818 mol) and NaHCO; (1.00 g, 11.90
mmol) in toluene (240.0 mL) was added formanide (36.0 mL, 0.905 mol) at room temperature.
After being refluxed for 4 h, the mixture was filtrated by Celite®. The filtrate was
concentrated in vacuo. The residue was purified by distilled at 110-112 °C to give
formamide 140 (75.89 g, 0.648 mol, 80 %) as a colorless oil.: '"H NMR (400 MHz, CDCl): &
3.78 (s, 3H), 4.10 (d, 2H, J= 5.2 Hz), 6.54 (s, 1H), 8.26 (s, 1H).

Methyl 2-isonitril acetate (141)

0]
Me0OC N H MeOOC™ "Ny,
H
140 141
<reagent>
formamide 140 (Mw=117.11) 20.0 g (170.8 mmol)
POCl; (Mw=153.33 d=1.645) 19.5 mL (209.2 mmol)
Et;N (Mw=101.09 d=0.726) 95.5 mL (685.2 mmol)
K>,CO; (Mw=138.25) 27.77 g (200.9 mmol)
Hzo 100 mL

To a solution of formamide 140 (20.01 g, 170.82 mmol) and Et;N (95.5 mL, 685.18 mml) in
CH,Cl, (100 mL) was added dropwised POCI; (19.5 ml) for 50 min at =20 ‘C. After being
stirred for 2 h at -5 °C, the mixture was poured to K,CO; (27.77 g, 200.88 mmol) in H,0O
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(100.0 mL). The suspension was stirred for 2 h at room temperature, and extracted with
CH,Cl; (3 x 300 mL), washed with brine (2 x 100 mL), dried over Na,SO,, filtrated,
concentrated in vacuo. The residue was purified by distilled at 85 °C at 15 mmHg to give
isonitril 141 (10.75 g, 108.49 mmol, 64 %) as a colorless oil. The material was used for the
next step without further purification.

4-Methoxycarbonyl-5-(methylethyl)-1,3-oxazole (142)

o O

o"N
\’)\\OJW/ + MEOOC/\NC ———— _{ﬁ"k
141 142

<reagent>

141 (Mw=99.07) 10.75 g (108.49 mmol)

isobutylric anhydride (Mw=155.33, d=1.645) 11.0 mL (118.01 mmol)
DBU (Mw=152.24, d=1.018) 16.5 mL (110.33 mmol)
DMF 30.0 mL

To a solution of 141 (10.75 g, 108.49 mmol) and isobutylric anhydride (11.0 mL, 118.01
mmol) in DMF at 0 °C was added dropwise DBU (16.5 mL, 110.33 mmol) over 20 min.
After being stirred for 15 hat 0 “C to room temperature , the mixture was diluted with AcOEt
/"hexane (5:1,200 mL). The mixture was washed with brine, 5 % H,SO,, saturated NaHCO;
and brine. The organic layers was dried over Na,SO,, filtered and concentrated in vacuo.
The residue was purified with recrystallization from "hexane to give 142 (8.01 g, 47.32 mmol,
44 %) as colorless solids: 'H NMR (400 MHz, CDCl;): & 1.30 (d, 6H, J=17.2 Hz), 3.78-3.38
(m, 1H, J=7.2 Hz), 3.92 (s, 3H), 7.76 (s, 1H).

ethyl 2-benzoylamino-4-methyl-3-oxopentanoate (144)

/SN 0 0

0 \T/k?/COOMe \7/k§/COOMe
Y -
—qul\ NHp-HOTs NHBz
142 143 144
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<reagent>

142 (Mw=125.17) 958 mg (5.66 mmol)
TsOH -« H,0 (Mw=190.22) 2.14 g (11.26 mmol)
BzCl (Mw=140.57, d=1.211) 0.7 mL (6.03 mmol)
Et:N (Mw=101.19, d=0.726) 2.4 mL (17.2 mmol)

A mixture of the 142 (958 mg, 5.66 mmol) and TsOH*H:z0 (2.14 g, 11.26 mmol) in MeOH (15
mL) was heated under reflux overnight. The mixture was cooled to rt and concentrated in
vacuo. The residue was triturated with ether and filtered to afford methyl
2-amino-4-methyl-3-oxopentanoate toluenesulfonic acid salt 143 (2.46 g, quant.) as colorless
solids. The crude material was used for the next step without further purification. A
suspension of 143 (2.46 g) in THF (15 mL) was cooled to 0-C. ~ Benzoyl chloride (0.7 mL,
6.03 mmol) and Et;N (2.4 mL, 17.2 mmol) was slowly added. After stirring overnight, the
reaction mixture was quenched with water (1 mL) and diluted with ethyl acetate-n-hexane
(5:1). The mixture was washed with aqueous hydrochloric acid (IN), water, saturated
aqueous sodium bicarbonate, and saturated brine, dried over sodium sulfate, filtered, and
concentrated in vacuo. The residue was purified by column chromatography (30 g, ethyl
acetate-n-hexane = 1:2.5 to 1:1) to give N-benzoyl derivative 144 as a colorless oil (1.43 g,
99%); IR (neat): 3409, 1754, 1660, 1516, 1484 cm™'; '"H NMR (400 MHz, CDCl;): § 1.15 (3H,
d, J=6.8 Hz), 1.26 (3H, d, /= 7.1 Hz), 3.14 (1H, heptet, J= 6.8 Hz), 3.84 (3H, s), 5.62 (1H, d,
J= 6.8 Hz), 7.31 (1H, d, J = 5.4 Hz), 7.44-7.50 (2H, m), 7.52-7.56 (1H, m), 7.84-7.87 (2H,
m); °C NMR (100 MHz,CDCl;): & 17.6, 18.8, 37.7, 53.2, 61.0, 127.2, 128.6, 132.0, 133.0,
166.7, 166.9, 205.0. HRMS calcd for C;4H;sNO,: 264.1236 (M'+1). Found: 264.1237.

Methyl (2R,3S)-2-benzoylamino-3-hydroxy-4-methylpentanoate (145)

o) OH
\T/l?/COOMe \T/LW/COOMe
NHBz NHBz

144 145
<reagent>
144 (Mw=263.29) 7.60 g (28.9 mmol)
[RuCL(CsHe)]> (Mw=500.22) 72.0 mg (0.144 mmol)
(R)-BINAP (Mw=622.69) 189 mg (0.302 mmol)
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RuChL[(R)-binap](dmf)n was prepared from [RuCly(Ce¢He)]; (72 mg, 0.144 mmol) and
(R)-binap (189 mg, 0.302 mmol) according to the literature. The resulting red-brown catalyst
was dried in vacuo at 60°C for 1 h. A degassed solution of N-benzoyl a-keto-B-amino ester
144 (7.60 g, 28.9 mmol) in CH,Cl, (6.0 mL) was added to the catalyst under an argon
atmosphere. The mixture was hydrogenated at 50°C under hydrogen pressure (100 atm) for
64 h. The solvent was removed in vacuo and the residue was purified by column
chromatography (350 g, ethyl acetate-n-hexane = 1.3 to 1:2) to give methyl
(2R,35)-2-benzoylamino-3-hydroxy-4-methylpentanoate 145 as a yellow-green oil (7.66 g,
95 %, 98 %ee). An analytically pure sample was obtained by further purification using
column chromatography. HPLC analysis using a CHIRALCEL OD-H and hexane-'PrOH
(85:15, 0.5 mL/min) as an eluent indicated to be 99% e.e. (retention times: (2R,35): 10.1 min;
(28,3R): 16.6 min); [a]p>*=+27.2 (¢ 0.92,CHCL); IR (neat): 3417, 2598, 1747, 1645 cm™; 'H
NMR (400 MHz, CDCl;): 8 1.01 (3H, d, J=6.8 Hz),1.05 (3H, d, J=6.6 Hz), 1.79 (1H, m), 2.22
(1H, d,J=4.4 Hz), 3.79 (3H, s), 3.85 (1H, ddd, J=1.7, 4.4, 9.0Hz), 5.05 (1H, dd, /=1.7, 9.0 Hz),
6.86 (1H, d, J=9.0Hz), 7.43-7.47 (2H, m), 7.51-7.55 (1H, m), 7.83-7.86(2H, m); *C NMR
(100 MHz, CDCl;): & 18.9, 31.1,52.5, 54.7, 74.4, 127.2, 128.5, 131.8, 133.7, 167.8,
172.2.HRMS (FAB) calcd for C;4H;0NOg: 266.1392 (M™+1). Found: 266.1404.

(4R,5R)-4-Methoxycarbonyl-5-(1-methylethyl)-2-phenyl-1,3-oxazoline (146)

COOMe
OH
COOMe —> N
\fkf 0«
NHBz bh
145 146
<reagent>
145 (Mw=265.31) 300 mg (1.13 mmol)
SOCI, (Mw=118.97 d=1.631) 88 uL (1.21 mmol)

A solution of the ester 145 (300 mg, 1.13 mmol) in THF (11.3 mL) was cooled to 0°C.
Thionyl chloride (88 pL, 1.21 mmol) was added to the solution at 0°C.  The reaction mixture
was allowed to warm gradually to 25°C. After stirring for 12 h, the mixture was heated to 60°C
for 2.5 h with stirring. The reaction mixture was cooled to 0°C and quenched by addition of
saturated aqueous sodium hydrogen carbonate (14 mL).  The aqueous layer was extracted
with ethyl acetate (3x20mL). The combined organic extracts were washed with water (20 mL)

and saturated brine (20 mL), dried over sodium sulfate, and concentrated in vacuo. The

- 109 -



EROH F6E Bt hRuxiiodrod
residue was purified by column chromatography (25 g, ethyl acetate-n-hexane = 1:3) to give
the oxazoline 146 as a colorless oil (241 mg, 68 %); [a]p**=+94.9 (¢ 1.25, CHCL); IR (neat):
2964, 1746, 1644, 698 cm™; "H NMR (400 MHz, CDCly): & 1.02 (3H, d, /=6.6 Hz), 1.06 (3H,
d, J=6.3 Hz), 2.09 (1H, m), 3.77 (3H, s), 4.54 (1H, dd, /=7.8, 9.8 Hz), 4.95 (1H, d, /=9.8 Hz),
7.40-7.43 (2H, m), 7.48-7.52 (1H, m), 7.98-8.00 (2H, m); >°C NMR (100 MHz, CDCl,): & 18.8,
19.6, 29.3, 52.1, 70.6, 87.6, 127.2, 128.3, 128.5, 131.8, 166.6, 170.5. HRMS (FAB) calcd for
C14HgNO;: 248.1287 (M™+1). Found: 248.1272.

(28,35)-3-Hydroxyleucine (147)

o/,
Ph NHz
122 123
<reagent>
146 (Mw=247.29) 167 mg (0.629 mmol)
6 N HCI 11.5 mL

A mixture of the oxazoline 146 (167 mg, 0.629 mmol) in 6N hydrochloric acid (11.5 mL) was
heated to reflux for 24 h. The resulting solution was cooled to 25°C and washed with ether
(20 mL). The aqueous layer was concentrated in vacuo. The residue was purified by
Dowex 50W-X4 ion-exchange resin (H' form) using 2N pyridine as an eluent to give
(2R,3R)-3-hydroxyleucine 147 as colorless powder (79 mg, 87 %); mp 225-228°C (MeOH);
- [a]p®=+20.9 (c 1.03, H,0); IR (KBr): 3452, 3086, 1628, 1560 cm™; '"H NMR (400 MHz,
D,0): 6 0.83 (3H, d, J= 6.6 Hz), 0.84 (3H, d, /= 6.6 Hz), 1.80 (1H, m), 3.40 (1H, dd, J= 3.2,
9.1 Hz), 3.78 (1H, d, J = 3.1 Hz); *C NMR (100 MHz, D,0): & 18.5, 18.6, 30.2, 57.1, 76.1,
171.8. HRMS (FAB, glycerol matrix) calcd for C¢H;4NOs: 148.0974 (M*+1). Found: 148.0983.
Anal. caled for C¢H;3NOs: C, 48.97; H, 8.90; N, 9.52. Found: C, 48.01; H, 9.00; N, 9.26%.
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N-tert-butoxycarbonyl-N-butyrylglycine benzyl ester (150)

Boc . OBn 0
HT . W)LN/}(OBn
Boc O
149 150

<reagent>
149 (Mw=265.31) 26.5 2 (99.9 mmol)
LHMDS (0.97 M in THF) _
isobutylryl chloride IMw=106.55, d=1.017) 11.5 mL (110 mmol)

To a solution of 149 (26.5 g, 99.9 mmol) in THF (100 mL) at —78 °C was added dropwise
LiHMDS (0.97 M in THF) under argon atmosphere. After being stirred for 1 h, isobutylryl
chloride (11.5 mL, 110 mmol) was added dropwise at —78 “C and the mixture was stirred for 2 h.
The reaction mixture was quenched with saturated aqueous NH,Cl (200 mL) and extracted with
ethyl acetate (3 x 200 mL), washed with saturated aqueous NaHCO; (300 mL) and brine (300 mL).
The organic layer was dried over Na,SO,, filtrated, concentrated in vacuo. The residue was
purified by silica gel column chromatography ("hexane : ethyl acetate = 4 : 1) to give 150 (31.5 g,
94.2 mmol, 94%) as a colorless oil: '"H NMR (400 MHz, CDCl;) & 1.17 (6H, d, J = 6.8 Hz), 1.44
(9H, s,), 3.72-3.76 (1H, m), 4.48 (2H, s), 5.16 (2H, s), 7.32-7.36 (5H, m); *C NMR (100 MHz,
- CDCl3) 8 19.6, 27.8, 34.6, 45.6, 66.9, 83.7, 128.4, 128.5, 135.4, 152.1, 168.9, 180.2; IR (neat) 2978,
1747, 1698, 1457, 1370, 1216, 1148, 1028 cm™; HRMS (FAB); caled for C sHxNOs (M+H)
336.1811, found: 336.1811

2-tert-butoxycarbonylamino-4-methyl-3-oxo-pentanoic acid benzyl ester (151)

0 @] 0]
OBn
OBn
Boc O “Boc

150 151
<reagent>
150 (Mw=335.39) 31.5 g (93.9 mmol)
DMPU (Mw=128.18, d=1.060) 22.6 mL (188 mmol))

LHMDS (0.97 M in THF) 297 mL (235 mmol)
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To a splution of 150 (31.5 g, 93.9 mmol) and DMPU (22.6 mL, 188 mmol) in THF (300 mL) at
~78 °C was added dropwise LHMDS (0.79 M in THEF, 297 mL, 235 mmol) under argon
atmosphere. After being stirred for 3 h, the reaction mixture was quenched with saturated
aqueous NH4Cl (300 mL), extracted with ethyl acetate (3 x 250 mL), washed with brine (300 ml),
dried over Na,SOy, filtrated, concentrated in vacuo. The residue was purified by silica gel column
chromatography ("hexane : ethyl acetate = 8 : 1) to give 151 (26.7 g, 79.8 mmol, 85%) as a
colorless oil: '"H NMR (400 MHz, CDCl3) 8 0.99 (3H, d, J=6.8 Hz), 1.14 (3H, d, J= 7.1 Hz), 1.44
(9H, s), 2.94-2.99 (m, 1H), 5.15-5.29 (3H, m), 5.73 (1H, d, J = 7.0 Hz), 7.31-7.38 (5H, m); °C
NMR (100 MHz, CDCl;) d 17.4, 18.7, 28.2, 38.4, 62.1, 68.0, 80.5, 128.4, 128.6, 134.7, 154.8; IR
(neat) 3431, 2977, 1759, 1715, 1496, 1367, 1251, 1162 cm™; HRMS (FAB); caled for CigHyNOs
(M+H) 336.181, found: 336.1816.

2-amino-4-methyl-3-oxo-pentanoic acid benzy! ester hydrochloricde salt

2-Amino-4-methyl-3-oxo-pentanoic acid benzyl ester hydrochloride salt (152)

O O O O
Sy e N o
HN.5oc NH,-HCI
151 152
<reagent>
151 Mw=335.39) 12.4 g (37.0 mmol)
4 N HCI (in 1,4-dioxane) 60 mL

A mixture 151 (12.4 g, 37.0 mmol) and 4 N HCl-dioxane (60 mL) was stirred for 24 h at room
| temperature. After the reaction mixture was concentrated in vacuo, the residue was azeotroped
with tolene. The crude solids was triturated with Et,0 to give 152 (9.85 g, 36.3 mmol, 98%) as
pale yellow solids: '"H NMR (400 MHz, CDCl;) & 0.96 (3H, d, J=11.6 Hz), 1.22 (3H, d, J= 6.7
Hz), 3.03-3.09 (m, 1H), 5.24 (1H, J = 11.6 Hz), 5.33 (1H, d, J=12.0 Hz), 5.47 (1H, s), 7.32-7.38
(5H, m); >C NMR (100 MHz, CDCl;) & 17.1 18.9, 38.9, 60.4, 67.0, 69.2, 128.6, 128.7, 128.8,
134.1, 163.3, 202.1; IR (KBr) 3403, 2972, 2936, 2654, 1762, 1736, 1523, 1267 cm™; HRMS
(FAB); calcd for Cy3H;sNO; (M+H) 236.1287, found: 236.1272.
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(25, 35)-N-benzoyl-3-hydroxyleucine benzyl ester (153)

O O OH © OH O
OBn WLOBH WJ\OBn
NH,-HCI NH,HC! HN\BZ
152 153

<reagent>

152 (Mw=271.74) 4.35 g (16.0 mmol)

[RuCly(CeHs)}a (Mw=500.18) 40.0 mg (80 pmol)

(S)-BINAP (Mw=622.20) 99.2 mg (160 pmol)

benzoyl chloride (Mw=140.57, d=1.211) 2.0 mL (16.9 mmol)

To a mixture of [RuCly(CsHg)]> (40.0 mg, 80 umol) and (S)-BINAP (99.2 mg, 160 pmol) in
Schrenk tube was added DMF (3.6 mL) under argon atmosphere. After degassed by four
freeze-thaw cycle, the mixture was stirred for 10 min at 100 °C. The resulting mixture was
concentrated and dried in vacuo at 50 °C for 8 h. A solution of 152 (4.35 g, 16.0 mmol) in
CH,Cl, (12 mL) was degassed by four freeze-thaw cycles and added to the prepared catalyst under
argon atmosphere via canula. The resulting mixture was stirred at 50 “C under hydrogen pressure
(100 atm) for 48 h. The reaction mixture was concentrated in vacuo to give crude compound.

To a stirred mixture of crude compound in THF (48 mL) at 0 °C was added dropwise Et;N (7.1
mL, 51.2 mmol) and benzoyl chloride (2.0 mL, 16.9 mmol) and the mixture was gradually warmed
to room temperature.  After 2 h, the reaction mixture was quenched with brine (30 mL), extracted
with ethyl acetate (3 x 40 mL), washed with brine (60 mL), dried over Na;SO,, filtrated,
concentrated in vacuo. The residue was purified by silica gel column chromatography ("hexane :
ethyl acetate =2 : 1) to give 153 (4.15 g, 12.2 mmol, 76%, >99% ee.) as colorless solids: 'HNMR
(400 MHz, CDCl3) § 0.95 (3H, J = 6.6 Hz), 1.13 (3H, d, /= 6.6 Hz), 1.71 (1H, m), 2.92 (1H, d, /=
8.4 Hz), 3.63 (1H, dt, J= 8.4, 3.1 Hz), 4.99 (1H, dd, J=7.3,3.3 Hz), 5.23 (1H, D, /= 8.4 Hz), 5.29
(1H, d, J=12.0 Hz), 7.14 (1H, d, J= 7.3 Hz), 7.34-7.39 (SH, m), 7.43-7.47 (2H, m), 7.52-7.56 (1H
m), 7.81-7.83 (2H, m); >C NMR (100 MHz, CDCl;) § 18.9, 19.0 31.5, 56.2, 67.6, 78.9, 127.2,
128.4, 128.6, 128.7, 132.0, 133.4, 134.9, 167.5, 167.5, 170.8; IR (KBr) 3414, 2961, 2935, 2858,
1749, 1647, 1519, 1192, 1064 cm™; HRMS (FAB); caled for CyoHy3N, (M+H) 342.1705, found:
342.1682; [a]p**+33.9 (¢ 1.00, CHCL3); Anal. Caled for CyoHysNa: C, 70.36; H, 6.79; N, 4.10.
Found: C, 70.26; H, 6.82; N, 4.06; mp.=95.5-96.0 °C
HPLC analysis using CHIRALCEL OH-H and hexane / PrOH (90 : 10, 0.5 ml / min), Retention
time for (2R, 3R) : 21.6 min, for (28, 35) : 30.3 min.

H
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(28, 385)-3-hydroxyleucine (154)

(_?H O OH O
WLOBH NOH
HN ~Bz NH,
153 154
<reagent>
153 (Mw=341.40) 8.21 g (24.0 mmol)
6 N HCI 85 mL

A stirred mixture of 153 (8.21 g, 24.0 mmol) in 6 N HCI (85 mL) was refluxed for 48 h. After
cooling, the reaction mixture was concentrated in vacuo to give hydrochloricde salt. The
hydrochrolide salt was charged on Dowex 50W x4 resin (H* form) and eluted with 2.5% NH; to
give pre 154 (2.86 g, 19.4 mmol, 92%) as colorless solids: 'HNMR (400 MHz, D;0O)  0.82, (3H, d,
J=6.6 Hz), 0.83 (3H, d, /= 6.6 Hz), 1.7501.84 (1H, m), 3.39 (1H, dd, /=9.2, 3.1 Hz), 3.77 (1H, d,
J=3.1Hz); ®*C NMR (100 MHz, D,0) 6 18.6, 30.2, 57.1, 76.1, 171.8; IR (KBr) 3437, 3080, 2961,

1626 cm™; [alp®=-21.6 (¢ 1.15, H,0); HRMS (FABY; calcd for C¢H4NO; (M+H) 148.0974, found
148.0963.
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Methyl L-alanine hydrochloricde (155)

Me.__COOH

HNNHZ

L-alanine

<reagent>

L-alanine (Mw=89.10)

MeOH

NaCl (Mw=58.44)

conc. H,SO, (Mw=98.08 d=1.01)

EROM F1E MORETIBOEK

Me COOMe
HNNHZ-HCI
155

31.31 g (0.35 mmol)
450.0 mL

167.77 g (2.87 mol)
146.0 mL (1.50 mol)

To a solution of L-alanine (31.31 g, 0.35 mmol) in MeOH was treated with HCI gas(2.87mol) for 3.5 h at
room temperature. After being stirred for 69 h at room temperature, this mixture was concentrated in
vacuo to give methyl ester 155 (46.01 g, 329.59 mmol, 94 %) as colorless solids: IR (nujorl, cm™) 3418,
2923, 1745, 1623, 1624; "H NMR(400 MHz, CDCl3) & 1.72-1.74(d, 3H, J = 7.2 Hz), 3.81(s, 3H), 4.29(q,

1H,J=72Hz,).

N-(4-methoxybenzylidene)-L-alanine methyl ester (156)

Me.__COOMe
Me. [COOMe SN
HY NH,-HCI I
155 156 OMe

<reagent>

Methyl L-alanine hydrochloricde 108 (Mw=139.59) 11.36 g (81.41 mmol)

p-anisaldehyde (Mw=136.15 d=1.1258)
N32CO3 (MW'_"I 0599)

10.0 ml (82.69 mmol)
13.43 g (1.28 mol)

To a suspension of L-alanine methyl ester hydrochloride 155 (11.36 g, 81.41 mmol) and Na,CO; (13.43
g, 1.28 mol) in MeOH 137.0 ml to room temperature was added p-anisaldehyde (10.0 mi, 82.69 mmol).

After being stirred for 17 h at room temperature, the mixture was filtered by Celite® This filtrate was

concentrated in vacuo. The residue was dissolved with Et;O 200 ml and filtrered. The filtrate was
concentrate in vacuo to give imine 156 (16.44 g, 74.29 mmol): IR (neat) 3439, 2954, 1742, 1683, 1742,
1601, 1514 cm™; '"H NMR(400 MHz, CDCL): & 1.51(d, 3H, J = 6.83 Hz), 3.74(s, 3H), 3.84(s, 3H),

4.12(q, 1H, J = 6.30 Hz), 5.34(s,. 1H).
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2-[3-(4-Methoxy-phenyl)-oxaziridin-2-yl]-propionic acid methy] ester (157)

M COOM M COOM
oo Sp<goome
OMe L OMe |
156 157
<reagent>
imine 156 (Mw=221.26) 8.03 g (36.29 mmmol)
mCPBA (Mw=172.57) 6.02 g (34.88 mmol)

To a solution of imine 156 (8.03 g, 36.29 mmol) in CH;Cl, at -20 “Cwas added drowpwise
mCPBA(6.02 g, 34.88 mmol) in CH,Cl, (70 mL) over 10 min. After being stirred for 15 h
gradationally warmed to room temperature. The mixture was filtered by Celite®. This filtrate was
washed with saturated NH,Cl (2x100 ml) and brine (2x100 ml). The organic layer was dried over
Na,SO,, filtrated and concentrated in vacuo to give crude oxaziridine 157 (8.1 g) which was used for

next reaction without further purification.

N-hydroxyl-L-alanine methyl ester (158)

Me\<COOMe
HY N, o Me. COOMe
H NH
OH
OMe
157 158
<reagent>
oxazilidine 157 (Mw=237.26) 31.08 g (130.98 mmol)
hydroxylamine hydrochloricde (Mw=69.49) 9.20 g (132.36 mmol)

To a solution of 157 (31.08 g, 130.98 mmol) in MeOH (220.0 mL) at room temperature was added
hydroxylamine hydrochloricde (9.20 g, 132.36 mmol). After being sttired for 11 h at room temperature,
the mixture was concentrated in vacuo. The residue was dissolved in water (100 mL), washed with
Et;0 (2x50 mL). The aqueous phase was concentrated in vacuo to give 158 (9.00 g, 75.59 mmol,
77 %) as a light brown gum: IR (neat) 3400, 2958, 1745, 1621, 1455, 1239 cm™; 'H NMR (400 MHz,
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CDCL): 5 1.74 (3H, d, J= 6.8 Hz), 3.86 (3H, s), 4.34 (1H, q, J= 7.2 Hz); "*C NMR (100 MHz, CDCls):
§12.13, 53.41, 58.82, 168.01; LRMS(EI) m/z 119(M").

N-tert-Buthyloxycarbonyl-N-hydroxy-L-alanine methyl ester

e
OH OH
158
<reagent>
N-OH-L-Ala-OMe 158 (Mw=119.12) 59.2 mg (0.50 mmol)
Boc,O (Mw=218.25) 119.0 mg (0.55 mmol)
Et;N Mw=101.19 d=0.726) 70.0 uL (0.50 mmol)

To a solution of N-OH-L-Ala-OMe 158 (59.2 mg, 0.50 mmol) and Boc,O (119.0 mg, 0.55 mmol) in
1,4-dioxane (2.0 mL) at 0 °C was added Et;N 70.0 pL (0.50 mmol). After being stirred for 10 h at
room temperature, the reaction mixture was diluted with AcOEt (3.0 mL), washed with 10 % citric acid
2.0 mL. The organic layer was dried over Na,SO,, filtrated and concentrated in vacuo. The residue
was purified by chromatography on silica gel (10 g, "hexane:AcOEt=3:1)to  give
N-Boc-hydroxy-L-alanine methyl ester (53.3 mg, 0.24 mmol, 49 %) as a colorless solid: mp
79.0-81.0 °C; [op%=-53.81 (¢ 0.975, MeOH); IR (neat) 3400, 2970, 1744, 1702, 1458, 1365 cm™; 'H
NMR (400 MHz, CDCls): 8 1.51 (s, 9H), 1.55 (d, 3H, J= 8.0 Hz), 3.76 (s, 3H), 4.74 (q, 1H, /= 7.2 Hz),
6.03 (s, 1H); *C NMR (400 MHz, CDCl;): 8 14.33, 28.16, 52.42, 82.56; LRMS (FAB) m/z 220 (M™1).

N-tert-Buthyloxycarbonyl-N-ters-buthyldimethylsiloxy-L-alanine methyl ester (159)

Me. _COOMe Me.__COOMe
H\\<I]\J~Boc —_— H\\<N—Boc
OH 0TBS
159
<reagent>
N-Boc-hydroxy-L-alamine methylester (Mw=219.24) 969.6 mg (4.42 mmol)

TBSCI (Mw=150.72) 1.013 g (6.72 mmol)
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imidazole (Mw=68.08) | 1.52 g (22.36 mmol)

To a suspension of (969.6 mg, 4.42 mmol) and imidazole (1.52 g, 22.36 mmol) in DMF (10.0 mL) at
room temperature was added TBSCI (1.013 g, 6.72 mmol). After being stirred for 12 h at room
temperature, the mixture was diluted with AcOEt-"hexane (1:2, 100 ml) and washed with brine (30 mix3).
The organic layer was dried over Na,SQ, filtrated and concentrated in vacuo. The residue was purified
by chromatography on silica gel (100 g, "hexane:AcOEt=5:1) to give 159 (1.31 g, 3.96 mmol) as a
colorless oil.; IR(neat) 2953, 2858, 1747, 1715, 1462, 1368, 1251, 1169 ; [a]p*'=-52.41 (¢ 1.005, CHCl;);
'"H NMR (400 MHz, CDCl): § 0.168 and 0.175 (6H, s), 0.93 (9H, s), 1.45 (3H, d, J= 6.0 Hz), 1,48 (9H,
s), 3.73 (3H, s), 442 (1H,q, J = 7.2 Hz); *C NMR (100 MHz, CDCL): § —4.75, -4.69, 14.36, 17.96,
25.91,28.14, 52.03, 61.06, 81.93, 158.28, 171.19; LRMS (FAB) m/z 334 (M"+1).

N-benzyloxy-(S)-alanine methyl ester (160)

COOMe
~-COOMe \l/
OH BnO/NH
160

Preparation according to the literature procedure®.

N-benzyloxy-(S)-alanine (161)

YCOOMe YCOOH

BnO~ NH BnO~ NH
160 161
<reagent>
160 (Mw=209.24) 2.00 g (9.56 mmol)
LiOH*H,O (Mw=41.96) 481 mg (11.5 mmol)

To a stirred solution of 160 (2.00 g, 9.56 mmol) in THF (20 mL) at 0 ‘C was added dropwise a solution
of LIOH-H,O (481 mg, 11.5 mmol) in H,O (10 mL). After 2 h, the reaction mixture was diluted with
H20 (20 mL) and washed with Et;O (3 x 30 mL). The organic layer were washed with brine (50 mL),

dried over Na,SO,, filtered and concentrated in vacuo to give 161 (1.50 g, 7.66 mmol, 80%) as colorless
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solids: "H NMR (400 MHz, CDCly) & 121 (3H, d, J = 7.1 Hz), 3.59 (1H, q, J= 7.1 Hz), 471 (2H, s),
7.24-7.37 (5H,m)

N-benzyloxy-(S)-alanine tert-butyl ester (162)

YCOOH ﬁj\ok

NH
BnO Bn O,NH
161 162
<reagent>
161 (Mw=195.22) 6.80 g (34.8 mmol)
O-tert-bytyl diisopropylisourea (Mw=200.32) 27.9 g (139 mmol)

To a stirred solution of 161 (6.80 g, 34.8 mmol) in CH2CI2 (160 mL) at 0 “C was added O-zert-bytyl
diisopropylisourea (27.9 g, 139 mmol) and the mixture was gradually warmed to room temperature.
After 48 h, the reaction mixture was quenched with brine (10 mL). The resulting mixture was filtered
through Celite® pad and the filtrate was concentrated in vacuo. Thr residue was purified by silica gel
chromatography ("hexane : ethyl acetate = 4 : 1) to give 162 (8.75 g, 34.8 mmol, quant.) as a colorless
oil: 'H NMR (400 MHz, CDCl3) § 1.17 (3H, d,J= 7.1 Hz), 1.48 (9H, s), 3.29 (1H, dt, J= 14.5, 7.0 Hz),
4.72 (2H, s), 5.92 (1H, d, /= 8.8 Hz), 7.26-7.36 (SH, m)

N-allyloxycarbonyl-N-benzyloxy-(S)-alanine tert-butyl ester (163)

Sk Ak

BnO/NH BnO’N‘AIIoc
162 163
<reagent>
162 (Mw=251.32) 8.19 g (32.6 mmol)
saturated aqueous NaHCO; 75 mL
Alloc-Cl (Mw=120.54, d=1.136) 5.19 mL (48.9 mmol)

To a stirred mixture of 162 (8.19 g, 32.6 mmol) in CH,Cl, (75 mL) and saturated aqueous NaHCOs (75
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mL) at 0 °C was added dropwise Alloc-Cl (5.1‘9 mL, 48.9 mmol) and the mixture was gradually
warmed to room temperature.  After 24 h, the mixture was extracted with ethyl acetate (3 x 120 mL).
The organic extracts were washed with brine (200 mL), dried over na2SO4, filtered and concentrated in
vacuo. The residue was purified by silica gel chromatography (henmxa : ethyl acetate = 4 : 1) to give
163 (10.8 g, 32.3 mmol, 99%) as a colorless oil: 'H NMR (400 MHz,CDCls) & 1.41 (3H, d, J= 7.3 Hz),
1.44 (9H,s), 4.60 (2H, q, J = 7.3 Hz), 4.67-4.72 (2H, m), 4.87 (1H, d, /= 10.3 Hz), 5.02 (1H, d, /= 10.0
Hz), 5.25 (1H, ddd, J = 10.5, 2.4, 1.2 Hz), 537 (1H, ddd, J = 17.3, 2.9, 1.5 Hz), 5.90-6.04 (1H, m),
7.28-7.43 (5H, m); *C NMR (100 MHz, CDCl;) & 14.1, 27.9, 59.1, 66.8, 68.4, 78.3, 81.7, 1182, 118.8,
128.3, 129.1, 131.5, 132.1 135.5, 158.0, 169.7; IR (neat) 2979, 2933, 2878, 2735, 1458, 1368, 1278,

1160, 1064 cm™; [a]p™=-19.0 (¢ 1.25, CHCl); LRMS (FAB); caled for CisHpsNOs (M+H) 336, found
336.

N-allyloxycarbonyl-N-benzyloxy-(S)-alanine (164)

S A,

BnO/N‘AIIoc BnO”™ MAlloc
163 164
<reagent>
163 (Mw=335.39) 8.60 g (25.6 mmol)
trifluoroacetic acid (Mw=141.02, d=1.480) 39.2 mL (513 mmol)

To a stirred solution of 163 (8.60 g, 25.6 mmol) in CH2CI2 (130 mL) at 0 °C was added trifluoroacetic
acid (39.2 mL, 513 mmol). After 19 h, the reaction mixture was concentrated in vacuo ti give 164 (7.01
g, 25.1 mmol, 98%) as pare yellow solids: '"H NMR (400 MHz, CDCl;) § 1.49 (3H, d, J= 7.3 Hz), 4.71
(2H, dt, /= 5.7, 1.3 Hz), 4.75 (2H, q, J= 7.3 Hz), 4.84 (1H, d, J= 10.1 Hz), 5.02 (1H, d, /= 10.1 Hz),
5.26 (1H, ddd, /= 10.4, 2.6, 1.3 Hz), 5.37 (1H, ddd, /= 17.2, 2.9, 1.5 Hz), 5.90-6.01 (1H, m), 7.30-7.42
(5H, m); *C NMR (100 MHz, CDCL) d 13.9, 58.1, 67.2, 78.7, 118.2, 128.4, 128.7, 129.5, 1319, 135.0,
157.9, 176.4; IR (neat) 3163, 3033, 2948, 1717, 1455, 1395, 1282, 1066 cm-1; [o]p>=-13.0 (¢ 1.05,
CHCI3); LRMS (FAB); calcd for C14H18NOS5 (M+H) 280, found 280; Anal. Calcd for C;4H;sNOs : C,
60.21, H6.14, N, 5.02, found: C, 60.00, H, 6.12, N, 4.96
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Boc-D-leucine (165)

COOH WCOOH
WNHZ H TN
Boc
D-leucine 165
<reagent>
D-leucine (Mw=131.17) 25.3 g(193.2 mmol)
Boc,0O (Mw=218.25) 66.6 g (305.2 mmol)

2 M NaOH 110 mL (220.0 mmol)

To a solution of D-leucine(25.3 g, 193.2 mmol) in 1,4-dioxane (600 mL) and 2 M
NaOH (110 ml, 220.0 mL) at 0 ‘C was added Boc,O (66.60 g, 305.17 mmol). After
being stirred for 24 h at 0 °C to room temperature, the mixture was concentrated in vacuo.
The residue was dissolved with AcOEt (50 mL) and washed with 10 % citric acid and
brine (20 ml), dried over Na,SO,, filtrated and concentrated in vacuo to give 165 (45.26 g,
181.55 mmol, 94 %) as a white solid: [a]p**=+17.80 (¢ 1.035, MeOH); IR (neat) 3316,
2960, 1716, 1514, 1395, 1368, 1165 cm™; 'H NMR (400 MHz, CDCl;): § 0.97 (d, 6H, J =
6.3 Hz), 1.45 (s, 9H), 1.61-1.68 (m, 1H), 1.71-1.79 (m, 2H), 4.13-4.15 (br, 1H); '*C NMR
(100 MHz, CDCl;): 6 21.77, 22.81, 24.73, 27.41, 28.28, 41.42, 52.01, 80.22, 177.55.

N-methyl-Boc-D-leucine (166)

COOH
W'}‘H
Boc
165

<reagent>

165 (Mw=249.31)

Mel (Mw=141.94 d=2.280)
NaH (Mw=24.00 60 %)

COOH
\rl—}'/"ll\I—Me
Boc
166

10.0 g (40.2 mmol)
20.0 mL (321.3 mmol)
4.19 g (net. 122.2 mmol)
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To a solution of 165 (10.0 g, 40.2 mnmol) and Mel (20.0 mL, 321.26 mmol) in THF
(200.0 mL) =10 °C under argon atmosphere was added dropsie NaH (4.19 g, 60 % oil
diversions) in THF (60 mL) over 15 min. After being stirred for 24 h at =10 °C to room
temperature, this mixture was diluted with AcOEt (500.0 mL), washed with brine (2x100
mL), 10 % NaS;0;aq (50 mL), brine (50 mL), dried over Na,SQ,, filtrated and
concentrated in vacuo. The crude crystal was purified by recrystallization from "hexane
to give 166 (9.71 g, 39.60 mmol, 99 %) as colorless solids: [a]p®’*=+22.71 (¢ 1.105,
MeOH); IR (neat); 3164, 2958, 1751, 1700, 1457, 1391, 1368, 1154 cm™; 'H NMR (400
MHz, CDCls): 8 0.93-0.97 (dd, 6H, J = 7.2 Hz), 1.46 (s, 9H), 1.53-1.88 (m, 4H), 2.80 (s,
3H), 3.75-3.79 (br, 1H), 4,60-4.89 (br, 1H); ’C NMR (100 MHz, CDCI5): § 14.01, 21.07,
23.21, 24.61, 28.31, 29.68, 30.52, 37.25, 56.20, 80.39, 155.61, 177.92.
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Ns-Leucine-OH (191)

Zin

\l/\/COOH Ns-Cl Y\_/COOH
NH, NaOH agq H

“Ns
D-Leu 191
<reagent>
D-Leucin (Mw=132.17) 7.00 g (53.37 mmol)
2-nitrobenzenesulfonyl chloride (Mw=221.62) 17.7 g (79.87 mmol)
IM NaOHag 117 mL

To a solution of D-Leucin 7.00 g (53.37 mmol) in 1M NaOHaq at room temperature was added
2-nitrobenzenesulfonyl chloride 17.7 g (79.87 mmol). After being stirred for 24 h at 40 °C,
The reaction mixture was neutralized with IM KHSO,, extracted with ethyl acetate (3 x 200 mL),
washed with brine (2 x 100 mL), dried over Na,SOy, filtrated, and concentrated in vacuo. The
residue was purified by recrystallization from n-hexane / ethyl acetate to give 191 (11.83 g,
37.38 mmol, 70%) as slight yellow solids: m.p.=134 °C ; [a]p**'=+167.1 (¢ 1.045, CHCl;) ; IR
(neat) 3328, 2098, 2945, 1400, 1540, 13481173 em™; '"H NMR (CDCls, 400 MHz) & 0.83-0.94
(d+d, 6H, J = 6.4 Hz), 1.59-1.63 (dt, 2H, J = 2.4,6.0 Hz), 1.78-1.84 (m, 1H, J = 6.8 Hz),
4.17-4.23 (m, 1H, J = 2.4, 6.4 Hz), 5.90-5.92 (d, 1H, J = 9.2 Hz), 7.71-8.10 (m, 4H); '*C NMR
(CDCl;, 100 MHz) 6 21.14, 11.71, 24.36, 41.62, 54.95, 63.52, 125.65, 130.33, 132.99, 133.84,
134.12, 147.52, 176.62; HRMS (FAB, NBA) calcd for Cj,H;7N,06S: 317.0807(M+H"). Found:
317.0817.

Ns-MeLeu-OMe (192)

Mel
Y\/COOH K2CO3 W/\/COOMe
HN s DMF AN
191 192
<reagent>
191 (Mw=316.33) 1.0 g (3.2 mmol)
Mel (Mw=141.94, d=2.280) 420 pL (6.75 mmol)
K,CO; (Mw=138.21) 931.1 mg (6.74 mmol)

To a stirred suspension of 191 (1.0 g, 3.2 mmol) and K,CO; (931.1 mg, 6.74 mmol) in DMF was
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added Mel 420 pl(6.75 mmol) at room temperature. After being stirred for 4 h at room
temperature, the mixture was diluted with ethyl acetate / n-henxane, washed with brine (2 x 50
mL), dried over Na,SO, and concentrated in vacuo. The residue was purified with silica gel
(20 g, n-hexane:ethyl acetate= 4 : 1) to give 192 (874.8 mg, 2.54 mmol, 79%) as colorless solids:
m.p.=100.5-101.0 °C; [a]p?*=-108.8 (¢ 1.00, CHCI;) ; IR(neat) 2957, 2872, 1745, 1546, 1469,
1438, 1375, 1350,1258 cm™ ; 'H NMR (CDCl;, 400 MHz) & 0.95-0.98 (t, 6H, J = 5.6 Hz),
1.60-1.72 (m, 1+2H), 2.98 (s, 3H), 3.56 (s, 3H), 4.70-4.73 (m, 1H, J = 7.2 Hz), 7.59-8.06 (m,
4H); *C NMR (CDCl;, 100 MHz) & 20.88, 23.10, 24.40, 30.4, 38.00, 52.02, 57.67, 124.05,
130.85, 131.42, 132.36, 133.41, 147.93, 171.55; Anal calcd for C4H;0N,O6S: C, 48.83; H, 5.85;
N, 8.13. Found: C, 48.71; H, 5.95; N, 8.04.

Ns-MeLeu-OH (193)

Y\/COOMG LiOH COOH
X D1

~NNs THF / H0 N

-~ "“Ns
192 193
<reagent>
192 (Mw=344.38) 703.1 mg (2.04 mmol)
2 M LiOHaq 2 mL (4.0 mmol)

To a stirred solution of 192 (703.1 mg, 2.04 mmol) in THF (10 mL) at 0 °C was added 2 M
LiOH (2 mL , 4.0 mmol). After being stirred for 4 h at 0 °C to room temperature, the mixture
was neutralized with 1M KHSO,, extracted with ethyl acetate (2 x 50 mL), dried over Na,SO,
filtrated and concentrated in vacuo. The residue was purified by silica gel (15 g, hexane: ethyl
acetate= 3:1) to give 193 670.0 mg (2.03 mmol, quant) as a colorless oil; [a]p***=-105.5 (¢ 1.120,
CHC13) ; IR (neat) 3404, 2959, 2614, 1722, 1547, 13721158 cm™; 'H NMR (CDCl;, 400 MHz) §
0.95-0.98 (d+d, 6H, J=4.0,6.0 Hz), 1.65-1.71 (m, 1+2H), 2.96 (s, 3H), 4.72-4.76 (t, 1H, J= 9.2
Hz), 7.67-8.03 (m, 4H); *C NMR (CDCls, 100 MHz) & 20.78, 23.11, 30.34, 37.85, 57.70, 124.47,
130.79, 131.57, 132.06, 133.65, 147.76, 177.25; HRMS (FAB, NBA) Calcd for C;3H;9N,O¢S:
331.0964 (M+H"). Found 331.0949(M+H").
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N,-Boc-piperazic acid methyl ester

?oc 1) TFA, CHZClz H
Boc\N,N WCOOMe 2) Bocy0, Et3N,d1ax1ane‘ Boc., N._ «COOMe

] $

<reagent>

di-Boc~(S)-Pip-OMe (Mw= 344.40) 4.07 g (11.8 mmol)
TFA (Mw=114.02, d=1.480) 10 mL (129.8 mmol)
Boc,O (Mw=218.25) 2.58g(11.8 mfno])
Et;N (Mw=101.19, d=0.726) 2.2 mL (15.8 mmol)

To a stirred solution of di-Boc-Pip-OMe (4.07g, 11.8 mmol) in CH,Cl, (50 mL) at 0 °C under
argon atmosphere was added trifluoroacetic acid (10 mL, 129.8 mmol). After being stirred for
1.5 h at room temperature, the mixture was concentrated in vacuo. The residue was dissolved
with dioxane (50 mL) ,and Et;N (2.2 mL, 15.8 mmol) and Boc,O (2.58 g, 11.8 mmol) was added
at0 “C. After being stirred for 4 hat 0 to 15 °C, the mixture was diluted with ethyl acetate (80
mL), washed with brine (2 x 25 mL), dried over Na,SO,, filtrated, concentrated in vacuo. The
residue was purified by silica gel (n-hexane : ethyl acetate=2 : 1) to give N'-Boc-Pip-OMe as a
colorless oil; [o]p?®=—24.5 (¢ 1.09, CHCl;); '"H NMR (CDCl;, 400 MHz) & 1.48 (s, 9H),
1.69-1.76 (m, 2H), 2.02-2.08 (m, 1H), 3.08-3.15 (m, 1H), 3.47-3.51 (m, 1H), 3.74 (s, 3H),
3.82-3.89 (m, 1H); °*C NMR (100 MHz, CDCl5) § 23.39, 27.09, 28.30, 44.60, 51.99, 58.10,
80.88, 154.62, 171.35: IR (neat) 2953, 1742, 1689, 1438, 1391, 1366 cm™.

1-Boc-3-(zert-butyldimethylsiloxymethyl)tetrahydropyrizine (177)

H H
BOC\@J“\\COOMe . Boc \,\‘i\lj_‘\\\\o_rss
177

<reagent>

N'-Boc-Pip-OMe (Mw= 244.29) 1.78 g (7.28 mmol)

LiBH, (Mw=21.78) 237.8 mg (10.9 mmol)

TBSCl (Mw=150.73) 1.43 g (9.49 mmol)

imidazole (Mw=68.08) 3.57 g (52.4 mmol)
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To a stirred solution of N'-Boc-Pip-OMe (1.78 g, 7.28 mmol)in THF (7 mL) at 0 °C was added
LiBH, (237.8 mg, 10.9 mmol) and H,O (200 pl, 11.1 mmol). After being stirred for 14 h at
0 °C to room temperature, this reaction mixture was quenched with 10% citric acid (10 mL).
The mixture was extracted with ethyl acetate (2 x 25 mL), dried with Na,SO,, filtrated in vacuo.
the residue was dissolved with DMF (7 mL), and imidazol (3.57 g, 52.4 mmol) and TBSCI
(143 g, 9.49 mmol) was added at 0 °C. After being stirred for 3 h at 0 °C to room
temperature, the mixture was diluted with n-hexane / ethyl acetate (4:1), washed with brine,
dried with Na,SO,, filtrated, concentrated in vacuo. The residue was purified by silica gel
(n-hexane : ethyl acetate =5 : 1) to give 177 mg (2.19 g, 6.6.2 mmol, 91%) as a colorless oil;
[a]p?'=+63 (c 0.845, CHCl3); 'H NMR (CDCl;, 400 MHz) § 0.05(s, 6H), 0.90 (s,
9H), .120-1.32 (m, 1H, J= 4.0, 4.4, 11.6 Hz), 1.48 (s, 9H), 1.52-1.66 (br, 2H), 2.82-2.88 (br, 1H),
2.91-2.97 (br, 1H), 3.41-3.47 (t, 1H, J = 8.8, 9.6 Hz), 3.55-3.58 (dd, 1H, J = 3.6, 10.0 Hz),
4.03-4.06 (br, 1H), 5.28 (br, 1H); * C NMR (CDCl;, 100 MHz) § -5.50, -5.45, 18.28, 23.77,
25.90, 26.41, 28.42, 44.68, 58.14, 65.66, 80.31, 128.18, 128.99, 154.24 ; IR (neat) 2931, 2857,
1696, 1473, 1366, 1254, 1163 cm’'; HRMS (FAB, NBA) C¢H3,05N,Si: 330.2339(M+H™).
Found 330.2331 (M+H").

Ns-MeLeu-1-Boc-Pip-CH,OTBS (197)

_-COOH (COCl), cocl

- -
= -

NNs CHoCl ANne

193 l
NS\_[_\:I/

H
Boc.,..N AgCN

U.\‘\\\OTB S . Y\/‘\
PhCH
3 Boc\[Nj.\\\\oTBs
177

Z

<reagent>

193 (Mw=330.36) 176.1 mg (0.533 mmol)
177 (Mw=330.54) 163.5 mg (0.495 mmol)
(COCl), (Mw=126.93, d=1.455) 460.0 pl (5.27 mmol)
AgCN (Mw=133.89) 112.7 mg (0.842 mmol)
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To a stirred solution of 193 in CH,Cl, (5 mL) at room temperature was added oxalyl chloride
(460.0 pl, 5.27 mmol) under argon atmosphere. After being stirred for 3 h at room temperature,
the mixture was concentrated in vacuo. The residue was solved in toluene (0.5 mL).

To a stirred suspension of 177 and AgCN (112.7 mg, 0.842 mmol) in toluene at room
temperature under argon atmosphere was added 177 (163.5 mg, 0.495 mmol) toluene solution.
After being stirred for 14 h at room temperature, the mixture was diluted with ethyl acetate,
washed brine, dried over NaSQ,, filtrated, concentrated in vacuo. The residue was purified by
silica gel (10 g, hexane : ethyl acetate=3:1) to give 197 303.7 mg (0.47 mmol, 96%) as a
colorless solid; [o]p**=-35.0 (c 1.18, CHC);IR (neat) 2955, 2920, 2856, 1718, 1675, 1546,
1370, 1253 em™; '"H NMR (CDCls, 400 MHz, 328 K) & 0.05 (s, 6H), 0.88-0.97 (m, 9+6H), 1.31
(small peak), 1.44-1.47, 1.67-1.76 (m, 4H), 1.96-2.02 (br, 1H), 2.95-3.00 (br, 1H), 3.09 (s, 3H),

3.45-3.60 (br, 1H), 4,15 (small peak), 4.47 (br, 1H), 5.02 (br, 1H), 7.21-8.24 (m, 4H).

HN-MeLeu-1-Boc-Pip-CH,OTBS (200)

Ns,,~ -
o g PhSH HN
K2CO3 0] ~
BOC\Nl;NJ.\\\\\OTBS CH3CN / Hzo BOC\IE\IJ"\\\\OTBS
197 200

<reagent>

197 (Mw= 642.88)
PhSH (Mw=110.18, d=1.073)

1.21 g (1.88 mmol)
600.0 pL (5.84 mmol)
1.07 g (7.77 mmol)

To a stirred suspension of 197 1.21 g (1.88 mmol) in CH;CN (15.0 mL) at room temperature was
added H,0 1.0 ml, K,COs 1.07 g (7.77 mmol) and PhSH 600.0 pL (5.84 mmol). After being
stirred for 8 h at 40 °C, the mixture was diluted with ethyl acetate (100 mL), washed with brine
(2 x 20 mL), dried over Na;SOs, concentrated in vacuo. The residue was purified by silica gel
(20 g, hexane: ethyl acetate= 3:1) to give 200 675.9 mg (1.48 mmol, 79%) as a colorless oil: IR
(neat) 3326, 2854, 2932, 2858, 1715, 1671, 1470, 1368, 1287, 1255, 1164, 1149, 1102, 1060,
839, 776 cm™ : "H NMR (CDCls, 400 MHz) 4 0.073 (s, 6H), 0.87-0.91 (m, 6+9H), 1.46-1.55 (m,
17H), 1.65-1.92 (br, 1H), 231 (s, 3H), 2.98 (small peak), 3.32-3.33 (d, 1H, J = 7.2 Hz),
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3.53-3.55 (t, 1H, J = 10 Hz), 3.74-3.78 (q, 1H, J = 4.8 Hz), 4.70 (br, 1H); [o]p2**=-80.6 (¢ 0.975,
CHCL)

Alloc-Ala(OBn)-MeLeu-Boc-Pip-CH,OTBS (204)

COOH
- Y O 0Bn
-_NH /N\O ~ fl\l
O = Alloc Bn _:N Nlloc
O : iPr
Boc N o
NN N OTBS > }
$ Boc\,{"‘)»“\oms
200 204
<reagent>
200 Mw=457.72) 38.6 mg (0.084 mmol)
164 (Mw=279.29) 35.5 mg (0.127 mmol)
BMTB (Mw=272.99) 69.0 mg (0.25 mmol)
Et:N (Mw=101.19, d=0.726) 50 pd (0.29 mmol)

To a stirred solution of 200 (38.6 mg, 0.084 mmol), 164 (35.5 mg, 0.127 mmol) and BMTB
(69.0 mg, 0.25 mmol) in CH,Cl; (1 mL)at 0 °C under argon atmosphere was added Et;N (50 pl,
0.29 mmol). After stirred for h at 0 °C to room temperature, This mixture was diluted with
ethyl acetate (15 mL), washed with brine (5 mL), dried over with Na,SO,, filtrate and
concentrated in vacuo. The residue was purified by silica gel chromatography ("hexane : ethyl
acetate = 4 :1) to give 204 (41.4 mg, 0.058 mmol, 68%)as a colorless oil: IR (neat) 2954, 2724,
2658, 2455, 1393, 1370, 1283, 1256, 1159, 1118, 1066, 840 cm™: '"H NMR (400 MHz, CDCl;) &
—0.05 (s, 3H), 0.06 (s, 3H), 0.82-0.97 (m, 9H+6H), 1.29-1.50 (m, 9H+3H+1H), 1.54-2.08 (br),
3.19 (s, 3H), 3.5-4.8 (br), 4.65-4.72 (m, 3H), 4.87-4.90 (m,2H), 5.02-5.05 (m, 2H), 5.26-5.28 (m,
1H), 7.28—7‘.41(m, 5H): *C NMR (100 MHz, CDCls) & —5.46, -5.38, 14.01, 14.09, 18.13, 25.80,
25.86,25.97, 28.00, 28.19, 30.30, 50.91, 55.68, 58.12, 66.95, 67.01, 67.11, 78.65, 118.37, 118.44,
128.12, 128.29, 128.39, 129.38, 129.45, 129.60, 131.96, 132.05, 132.21, 135.13, 157.89, 169.58,
174.38 (contained rotational isomer): [o]p’'=-3.39 (¢ 0.955, CHCl;).

N-Alloc N-OBn alanine pentathio ester (201)
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-0 PnSH o
\‘)kOH DIPC > \I/LS/\/\/
Alloc” N‘OBn orzclz Alloc” " ~0Bn
164 201

<reagent>
164 (Mw=279.29) 2.07 g, (7.42 mmol)
PnSH (Mw=104.22, d=0.840) 2.7 mL (21.76 mmol)
DIPC (Mw=126.20 ,d=0.806) 1.3 mL (8.30 mmol)

To a stirred solution of 164 (2.07 g, 7.42 mmol) and pentanethiol (2.7 mL, 21.76 mmol) in
CH,Cl, (35 mL) at 0 °C under argon atmosphere was added DIPC 1.3 mL (8.30 mmol). ~After
being stirred for 20 h at 0 °C to room temperature, the mixture was diluted with ethyl acetate
(50 mL), washed with brine (2x10mL), dried over Na,SO,, filtrated, concentrated in vacuo.
The residue was purified by silica gel (n-hexane : ethyl acetate =40 : 1) to give 201 (1.79 g, 4.90
mmol, 66%) as a colorless oil: IR (neat) 2956, 2932, 2872, 1714, 1693, 1455, 1379, 1276, 1134,
1059, 942 cm™: [a)p"® = -8.9 (¢ 1.09, CHCly); 'H NMR (CDCl;, 400 MHz) & 0.87(t, 3H, J= 7.2
Hz), 1.31 (m, 4H), 1.49 (d, 3H, J = 7.2 Hz), 1.57 (m, 2H), 2.89 (t, 2H, /= 7.2 Hz), 4.71-4.78 (m,
1H+2H), 4.92-5.07 (dd, 2H, J = 51.2, 10 Hz), 5.26-5.40 (ddd, 2H, J = 40.0, 10.4, 0.8 Hz),
5.92-6.02 (m, 1H), 7.26-4.41 (m, SH), 3C NMR (CDCls;, 100 MHz)  13.85, 13.97, 22.10, 28.94,
28.96, 30.92, 65.18, 67.10, 78.56, 118.39, 128.36, 128.54, 129.29, 131.94, 135.10, 157.31; IR
(neat) cm’'; HRMS(FAB, NBA) calcd for CioHpsOsNS: 366.1739 (M+H"). Found 366.1707
(M+H").

Boc-Thr-OH

OH

H COOH BocyO gH

Y » _A_/GOOH
NH, =
HN\Boc

<reagent>
D-Thr (Mw=119.12) 10.0 g (83.95 mmol)
Boc,0 (Mw=218.25) 18.1 g (82.93 mmol)
Na,CO; (Mw=119.12) 890 ¢

To a stirred solution of D-Threonine (10.0 g, 83.95 mmol) and NaHCO; (8.90 g) in H,O (50 mL)

at room temperature was added Boc,O (18.1 g, 82.93 mmol) and stirred for 10 h at room

-129 -



EROE H'8E BRT 7T F FOER
temperature. The mixture was acidified with 1M KHSO,aq, extracted with ethyl acetate (2 x
100 mL), dried over Na,SQ,, filtrated and concentrated ir vacuo to give Boc-Thr-OH (17.9 g,
quant.). (without purification): '"H NMR (CDCls, 400 MHz) 8 1.25 (d, 3H, J = 6.4 Hz), 1.45 (s,
9H) 4.28 (d, 1H, J= 7.2 Hz), 4.41 (br, 1H), 5.62 (d, 1H)

Boc-Thr(OBn)-OH

OH OBn
/’\/COOH NaH then BnBr . /\/COOH
= DMF =
HN\Boc HN\Boc
<reagent>
Boc-Thr(OH)-OH (Mw=219.24 ) 322.5 mg (1.47 mmol)
NaH (Mw=24.00, 60%) 129.4 mg (6.24 mmol)
BnBr (Mw=171.04, d=1.438) 200 puL (1.68 mmol)

To a stirred solution of Boc-Thr-OH (322.5 mg, 1.47 mmol) in DMF (7 mL) at -15 °C under
argon atmosphere was added dropwies NaH (129.4 mg, 6.24 mmol) DMF solution over 10 min
and this mixture was stirred for 0.5 h at -15 “C. Then BnBr (200 pL, 1.68 mmol) was added to
the above solution at -15 °C. After being stirred for h at -15 °C to room temperature, the
mixture acidified with 1M citric acid aq, extracted with ethyl acetate (2 x 30 mL), washed with
brine (5 mL), dried over Na,SOs, filtrated and concentrated in vacuo. The residue was purified
by silica gel (hexane : ethyl acetate = 2 : 1) to give Boc-Thr(OBn)OH 360.0 mg (1.164 mml,
79%) as colorless solids.: 'H NMR (CDCls, 400 MHz) & 1.26 (d, J = 6.4 Hz), 1.45 (s, 9H), 4.19
(br, 1H), 4.38 (br, 1H), 4.53 (dd, 2H, J=11.2, 55.2 Hz),7.30 (m, 5H);

Alloc-Thr(OBn)-OH
_Boc Alloc-ClI A
HN . NH, CF3COOH B LACE
—————— -
OOH OOH \‘)\COOH
CHoCl
OBn 2¥2 OBn OBn
<reagent>
Boc-Thr(OBn)-OH (Mw=309.36) 1.01 g (3.28 mmol)
TFA (Mw=114.02 d=1.480) 1.3 mL(16.87 mmol)
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Alloc-Cl (Mw=120.54 d=1.136) 350.0 pL (3.30 mmotl)
Et;N (Mw=114.19 d=0.726) 1.1 mL (7.14 mmol)

To a stirred solution of Boc-Thr-OBn-OH (1.01 g, 3.28 mmol) in CH,Cl, (16 mL) at 0 °C under
argon atmosphere was added TFA (1.3 mL, 16.87 mmol). After being stirred for 3 h at 0 °C,
the mixture was concentrated in vacuo. The residue was dissolved with CH,Cl, (15mL) and
cooledat 0 C. The solution was added Alloc-CI (350.0 pL, 3.30 mmol) and Et;N (7.14 mmol)
at 0 °C. After being stirred for 3 h at 0 °C, the mixture was quenched with brine 5 ml,
extracted with ethyl acetate (2 x 15 mL), washed with brine 10 ml, dried over Na,SQ,, filtrated
and concentrated in vacou. The residue was purified by silica gel (hexane : ethyl acetate = 2 :
1) to give Alloc-Thr(OB)OH (653.2 mg, 2.23 mmol, 68%) as a :colorless oli.: "H NMR (CDCls,
400 MHz) & 1.25 (d, 3H, J = 6.4 Hz), 4.20 (dd, 1H, J = 2.4, 6.0 Hz), 4.42 (m, 2H), 4.58 (m,
2+1H), 5.22 (d, 1H, J = 10.4 Hz), 5.32 (d, 1H, J = 17.6 Hz), 5.91 (m, 1H), 7.28 (m, 5H) ; °C
NMR (CDCls, 100 MHz) 6 16.10, 58.34, 66.07, 71.11, 74.08, 117.87, 127.70, 127.89, 128.40,
132.43, 137.41, 156.61, 175.50; HRMS(FAB, NBA) calcd for C;sH;0OsN: 294.1342 (M+H").
Found 294.1321(M+H").

Cbz-O-[Alloc-Thr(OBn)]-B-OH Leu-O'Bu
H OBn

Alloc “NH

H O k Auoc’N’:¢
. \r\‘)‘\o
\én\coov% HN., \('Ycoofsu
HN

/@]

il

Y
lll@]

~Z
<reagent>
Cbz-B-OH Leu-OtBu (Mw=337.41) 31.6 mg (0.094 mmol)
Alloc-Thr(OBn)-OH (Mw=293.32) 28.3mg ( mmol) + 24.6 mg ( mmol)
EDC (Mw=191.71) 22.4 mg (0.117 mmol) + 22.0 mg (0.115 mmol)
DMAP (Mw=122.17) 14.2 mg(0.116 mmol) + 14.2 mg (0.116 mmol)

To a solution of Cbz-B-OH Leu-O'Bu (31.6 mg, 0.094 mmol), Alloc-Thr(OBn)-OH (28.3 mg,
0.0965 mmol), EDC (22.4 mg, 0.117 mmol), DMAP (14.2 mg, 0.116 mmol) in CH,Cl; at -10 C
was stirred for 5 h. Then Alloc-Thr(OBn)-OH (24.6 mg, 0.0839 mmol), EDC (22.0 mg, 0.115
mmol), DMAP (14.2 mg, 0.116 mmol) was added to above mixture at 0 C. After being stirred
for 13 h at 0 °C to room temperature, the mixture was diluted with ethyl acetate (15 mL),

washed with 1 M citric acid and brine, dried over Na,SO,, filtrated and concentrated in vacuo.
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The residue was purified by silica gel (hexane : ethyl acetate = 5 : 1) to give target (32.5 mg,
0.0532 mmol, 57%) as colorless oil: '"H NMR (ds-DMSO, 400 MHz, 373 K) 5 0.81-0.88 (dd, 6H,
J=6.4,20.8 Hz), 1.20 (d, 3H, J = 6.4 Hz), 1.40 (s, 9H), 2.01-2.06 (m, 1H), 4.02-4.08 (m, 1H),
4.30-4.33 (m, 1H), 4.42-4.56 (m, 2+2H), 5.00 (t, 1H, J = 6.0 Hz), 5.06 (s, 2H), 5.16 (d, 1H, J =
10.4 Hz), 5.79 (d, 1H, J = 17.2 Hz), 5.85-5.92 (m, 1H), 7.23-7.34 (m, 10 H); IR (neat) 3428,
3346, 2975, 2934, 1728, 1507 cm-1; [a]p™"*=+20.32 (¢ 1.025, CHCl;); HRMS (FAB, NBA)
caled for Cs3HasN,Oo: 613.3125 (M+H™). Found 613.3121 (M+H").

Cbz-O-[Alloc-Thr(OBn)]-B-OH Leu-OH

H OBn H OBn
Alloc™ Alloc™ V"
0 - 0
\r’\rcoofsu WCOOH
HN., HN.,
<reagent>
Dipeptide (Mw= 612.71) 152.6 mg ( 0.249 mmol)
TFA (Mw=114.02 d=1.480) 200 mL (2.60 mmol)

To a stirred solution of dipeptide (152.6 mg, 0.249 mmol) in CH,Cl, (2 mL) at 0 °C was added
TFA (200 pL, 2.60 mmol). After stirred for 5 hat 0 °C to room temperature, the solution was
concentrated in vacuo. The residue was purified by silica gel (hexane : ethyl acetate = 2:1
tol:1) to give target 91.0 mg (0.163 mmol, 66%) as amorphous powder: "H NMR (ds-DMSO,
1400 MHz, 373 K) 6 0.81-0.90 (dd, 6H, J = 6.8, 18.8 Hz), 1.18 (d, 3H, J = 6.0 Hz), 2.06 (m, 1H),
4.02 (m, 1H), 4.25-428 (m, 1H), 4.33-4.37 (m, 1H), 4.49-4.45 (m, 4H), 5.00-5.05 (2+1H),
5.14-5.17 (d, 2H, J= 10.8), 5.26-5.30 (1H , J = 17.2 Hz), 5.84-5.94 (m, 1H), 7.15-7.33 (m, 10H);
LRMS (FAB, NBA) calsd for CoHyN2Og 557.2499 (M+H"). Found 557.2498 (M+H.

Di-tert-butyloxycarbonylpiridazine (205)

Boc
Br E ,Boc N.. .Boc
B T T g N U
H
205
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<reangent>

1,4-dibromobutene (Mw=215.93 d=1.808) 10 mL (83.73 mmol)
di-Boc-hydrazine (Mw=232.28) 16.2 g (69.78 mmol)
NaH (Mw=24.00) 7.4 g (185.0 mmol)
DMF 85 mL

To a solution of di-Boc hydrazine in DMF at 0 ‘C was added suspension of NaH in DMF.
After b;eing stirred for 30 min. the mixture was added 1,4-dibromobutan above solution and
stirred for 9 h at 0 °C to room temperature. The solution was quenched with sat. NH,Cl 100
ml, extracted with ethyl acetate (3 x 150 mL), washed with brine (2 x 50 mL), dried over Na,SO,,
filtrated and concentrated in vacuo. The residue was purified by silica gel (hexane : ethyl
acetate = 10 : 1) to give 205 (21.5 g, 75.1 mmol, 90%) as colorless solids: IR (neat) 3004, 2983,
2934, 2867, 1706, 1476, 1448, 1400, 1365, 1344, 1287, 1255, 1178, 1136, 1060 cm™; '"H NMR
(400 MHz, d6-DMSO, 373 K) & 1.47 (s, 9H), 1.55-1.75 (br, 4H), 2.75-3.10 (br, 2H), 3.96-4.21
(br, 2H), *C NMR (400 MHz, d6-DMSO, 373 K) d 22.6, 27.5, 44.3,79.4, 153; HRMS (FAB,
NBA); caled for C14H27N204: 287.1971 (M+H"). Found 287.1968.

Hexahydropyridazine terifluoroacetic acid salt (206)

H 2F3CCOOH

!?oc
@, Boc @H
205

206
<reagent>
205 (Mw=186.37) 5.0 g (17.5 mmol)
TFA (Mw=114.02 d=1.480) 13 mL (168.7 mmol)
CH2C12 25 mL

To a solution of di-Boc piperazine in CH,Cl, at 0 “C under argon atmosphere was added TFA.
After being stirred for 5 hat 0 °C to room temperature, the solution was concentrated in vacuo

to give colorless solid.  (without purifyication)
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Benzyloxucarbonyl Hexahydropyridazine (207)

H 2F;CCOOH Cbz

N\ |
r o
206 207
<reagent>
206 (Mw=314.18) 13.25 g (42.19 mmol)
Z-Cl Mw=170.6 d=1.192) 5.0 mL (34.88 mmol)
Et;N (Mw=101.09 d=0.726) 23.5 mL (168.77 mmol)
CH,Cl, 100 mL

To a solution of 206 and Et;N in CH,Cl, at 0 “C was added dropwise Z-Cl for 15 min. After
being stirred for 8 h at 0 °C to room temperature, the solution was diluted with ethyl acetate 200
ml, washed with brine (2x60 ml), dried over Na,SO,, filtrated, concentrated in vacuo. The
residue was purified by silica gel (hexane : ethyl acetate =3 : 1) to give mono-protected
piperazine 6.6 g (29.8 mmol, 86%) as a colorless oil. 'H NMR (400 MHz, d;-DMSO, 373 K) &
1.51-1.58 (m, 4H), 2.47-2.49 (m, 2H), 3.46-3.48 (m, 2H), 5.08 (s, 2H), 7.26-7.37 (m, SH).

5,6-Dihydro-4H-pyridazine-1-carboxylic acid benzyl ester (208)

Cl:bz sz
N “NH N “N
@ @

207 208
<reagent>
207 (Mw=220.27) 123.3 mg (0.56 mmol)
NBS (Mw=177.98) 108.0 mg ( mmol)
Et;N (Mw=101.09 d=0.726) 169 pL (mmol)

To a solution of 207 and NBS in THF at 0 °C was added Et;N. After being stirred for 6 h at
0 °C to room temperature, the mixture was concentrated in vacuo. The residue was purified
by silica gel (hexane : ethyl acetate =3 : 1 to 1 : 1) to give cyclichydrazone as a yellow oil. :
HNMR (400 MHz, CDCl3) § 1.86-1,92 (m, 2H), 2.23 (dt, 2H, J=3.2, 6.8 Hz), 3.76 (dd, 2H,
J=5.6 Hz), 5.28 (s, 2H), 6.98 (s, 1H), 7.29-7.53 (m, 5H).
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Gultalaldehyd mono acetal (217)

O )

+ ~~-OH
HWH HO

<\O O-’—> 0 O-’>
OWO H)J\/\)\O
216 217

Preparation according to the literature procedure (Patent WO99 / 41249)

(2ZR)~(N, N'-dibenzyloxycarbonylhydrazino)-4-[1,3]dioxolan-2-yl-butyric acid (218)

A

218
<reagent>
glutaldehyde monoacetal (Mw=144.17) 2.00 g (13.87 mmol)
dibenzylazocarboxylate (Mw=298.29) 2.71 g (9.10 mmol)
(S)-proline Mw=115.17) 104.1 mg (0.904 mmol)
NaClO, (Mw=90.44) 4.40 g (48.69 mmol)
2-methyl-2-butene (Mw=70.14 d=0.662) 5.2 mL (49.08 mmol)
NaH,PO, (Mw=119.98) 3.31 g(27.57 mmol)

To a stirred solution of 217 in CH;CN at 0 °C was added (S)-proline. After being stirred for
12 h at 0 °C, the mixture was concentrated in vacuo at 25 °C. The residue was diluted with
‘BuOH / H,0 (5 : 1, 100 mL), the solution was added 2-methyl-2-butene, NaH,PO,4 and NaClO;
at room temperature. After being stirred for 3 h at room temperature, the mixture was
concentrated in vacuo. The residue was diluted with ethyl acetate (50 ml), washed with 10%
citric acid (20 mL) and brine (20 mL). The organic layer was dried over Na,SO,, filtrated,
concentrated in vacuo. The residue was purified by silica gel (hexane: ethyl acetate =2 : 1 to
1: 1) to give pure 3.37 g (8.63 mmol, 95%, 95% ee) as colorless solids: 'H NMR (400 MHz,
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ds-DMSO, 373 K) 8 1.63-1.68(m, 1H), 1.73-1.81 (m, 2H), 1.86-1.91 (m, 1H), 3.71-3.77 (m, 2H),
3.79-3.85 (m, 2H), 4.57 (dd, 1H, J = 6.0 Hz), 4.77 (dd, 1H, J = 4.4 Hz), 5.09 (s, 2H), 5.11 (s,
2H),. 7.31 (10 H); "*C (100 MHz, d6-DMSO, 373 k) 8 22.4, 29.6, 63.7, 65.8, 66.8, 102.9, 103.1,
126.7, 127.0, 127.3, 127.7, 135.7, 135.9, 155.1, 155.9, 170.7; IR (ART) 3260, 2951, 2887, 1715,
1498, 1400, 1291, 1139, 1054, 1027, 944, 912, 747, 697 cm™; [a]’=+17.2 (c 1.015, MeOH),
mp.=105.5 °C; HRMS (FAB, BNA) calcd for Cy;Hy»N,Os : 459.1767 (M+H"). Found :
459.1745.

(285)-(N, N*-dibenzyloxycarbonylhydrazino)-4-[1,3]dioxolan-2-yl-butyric acid (218b)

0] CEbz
N., .Cbz
o) o) Cbz HO N
IR * o™
H 0 Cbz
0
O\)
218-b

Preparated according to the procedure described above for 218.

; 'TH NMR (400 MHz, ds-DMSO, 373 k) & 1.62-1.69, (m, 1H), 1.73-1.83 (m, 2H), 1.84-1.92 (m,
1H), 3.71-3.77 (m, 2H), 3.79-3.85 (m, 2H), 4.57 (dd, 1H, J=6.4 Hz), 4.77 (dd, 1H, J/=4.4 Hz),
5.08 (s, 2H), 5.11 (s, 2H), .7.31 (10 h); *C NMR (100 MHz, d,-DMSO, 373 K) 8 22.4, 29.6,; IR
(ART) 3267, 2955, 2894, 1715, 1498, 1456, 1399, 1294, 1215, 1139, 1096, 1055, 1027, 942, 912,
743, 696 cm™; [a]3=-16.1 (¢ 1.01, MeOH), mp.=107.0 °C; HRMS (FAB, BNA) calcd for
C,3H37N,05 : 459.1767 (M+H"). Founf 459.1745.

(2R)-(N, N'-dibenzyloxycarbonylhydrazino)-4-[1,3]dioxolan-2-yl-butyric acid tert-butyl ester

(219)
(0] (l')bz >L O Cbz
HO \\\N\N,Cbz o i
H .
O
O\)
218 219
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<reagent>
218 (Mw=458.46) 2.02 g (5.16 mmol)
isourea (Mw=200.32) 10.3 g (51.4mmol)

To a stirred solution of 218 (2.02 g, 5.26 mmol) in CH,Cl, (5 mL) under argon atmosphere at
0 ‘Cwas added isourea (10.3 g, 51.4 mmol). After being stirred for 24 h at room temperature,
the mixture was added ethyl acetate (40 mL) and brine (15 mL), stirred for 30 min at room
temperature. The suspension was filtrated by Celite®, washed with brine (3 x 15 mL), dried
over Na,SOy,, filtrated, concentrated in vacuo. The residue was purified by silica gel (hexane :
ethyl acetate = 4 : 1) to give 219 (2.02 g, 5.16 mmol) as colorless solids: IR (ATR) 3291, 2973,
2880, 1715, 1507, 1497, 1477, 1456, 1395, 1368, 1296, 1254, 1214, 1154, 1098, 1055, 1028,
970, 945, 741, 697 cm™; '"H NMR (400 MHz, d-DMSO, 373 K) 8 1.37 (s, 9H), 1.62-1.86 (m,
4H), 3.71-3.77(m, 2H), 3.79-3.85(m, 2H), 4.50 (dd, 1H, J = 6.4 Hz), 4.77 (dd, 1H, J = 4.4 Hz),
5.08 (s, 2H), 5.11(s, 2H), 7.31 (10H); *C NMR (100 MHz, d;-DMSO, 373 K) & 22.45, 27.07,
27.14, 29.45, 63.73, 65.79, 66.78, 80.72, 102.82, 126.75, 127.00, 127.25, 127.68, 135.70, 135.93,
154.98, 155.70, 168.33; [a]p=+13.9 (¢ 1.11, MeOH); 112.0 °C; HRMS (FAB, NBA) calcd for
Cy7H3sN,05 : 515.2393 (M+H"). Found 515.2371.

(28)-(N, N'-dibenzyloxycarbonylhydrazino)-4-[1,3]dioxolan-2-yl-butyric acid terr-butyl ester
(219b)

0] Cl:bz >L (0] (]'Jbz
N. .Cb
HO N\N/Cbz o N Cbz
H H
0 (0]
o} o
218-b 219-b

Preparated according to the procedure described above for 219.

: IR (ATR) 3291, 2980, 2881, 1744, 1697, 1499, 1456, 1412, 1368, 1333, 1300, 1254, 1213,
1143, 1098, 1055, 1026, 971, 943, 909, 847, 751, 696 cm™; 'H NMR (400 MHz, ds-DMSO, 373
K) & 1.37 (s, 9H), 1.62-1.87 (m, 4H), 3.71-3.77 (m, 2H), 3.79-3.85 (m, 2H), 4.50 (dd, IH, J= 6.8
Hz), 4.77 (dd, 1H, J = 4.4 Hz), 5.08 (s, 2H), 5.11 (s, 2H), 7.28-7.32 (m, 5H); '*C NMR (100
MHz, d;-DMSO, 373 K) & 22.49.27.12,29.48, 61.27, 63.76, 65.82, 66.82, 80.76, 102.96, 126.77,
127.02, 127.28, 127.29, 127.70, 127.73, 135.72, 135.95, 155.01, 155.73, 168.37; [a]5=-14.0 (¢
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1.065, MeOH); 114.0 C.

(2R)-(N'-tert-Butoxycarbonylhydrazino)-4-[ 1,3 ]dioxolan-2-yl-butyric acid zerz-butyl ester (220)

ﬁ\ @] ?bZ (@] H
/C >L -
e A Ve o~ ~Nay-Boe

H X H
5 o) 0]
NP o
219 220
219 (Mw=514.57) 1.02 g (1.97 mmol)
5% Pd-C 102.5 mg
Boc,O (Mw=218.25) 433.6 mg (1.99 mmol)

To a stirred suspension of 219 (1.02 g, 1.97 mmol), Boc,O (433.6 mg, 1.99 mmol) and Pd-C
(102.5 mg) in MeOH / CH,Cl, (4 : 1) under hydrogen atmosphere was stirred for 22 h at room
temperature. The mixture was filtrated by Celite®, concentrated in vacuo. The residue was
purified by silica gel (hexane : ethyl acetate =4 : 1 to 3 : 1) to give 220 (661.9 mg, 1.91 mmol,
97%) as colorless solids: IR (ATR) 3322, 2977, 2931, 2855, 1715, 1477, 1456, 1392, 1366, 1278,
1249, 1145, 1031, 944, 874, 847, 753 cm™'; '"H NMR (400 MHz, d6-DMSO, 373 K) & 1.39 (s,
9H), 1.42 (s, 9H), 1.60-1.65 (m, 4H), 3.34 (br, 1H), 3.73-3.77 (m, 2H), 3.84-3.87 (m, 2H), 4.44
(br, 1H), 4.79-4.81 (m, 1H), 7.62 (small peak); [0]5=+8.26 (¢ 1.02, CHCl;); mp.=65.0 C;
HRMS (FAB, NBA) calcd for Ci¢H3/N2Og : 347.2182 (M+H"). Found 347.2163.

(28)~(N'-tert-Butoxycarbonylhydrazino)-4-[1,3]dioxolan-2-yl-butyric acid terz-butyl ester (220b)

j\ @] Cltbz o
N_ _Cbz ﬁ\ H
N
o) o N

N . \m, Boc
0
6 J 9
219 220-b
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Preparated according to the procedure described above for 220.
IR (ATR) 3318, 2976, 2933, 2884, 1714, 1477, 1456, 1392, 1367, 1277, 1249, 1145, 1021, 943,
874, 847, 752 em™'; [a]3=-8.14 (c 1.10, CHCLy); '"H NMR (400 MHz, d6-DMSO, 373 K) & 1.39
(s, 9H), 1.42 (s, 9H), 1.60-1.62 (m, 4H), 3.34 (br, 1H), 3.73-3.76 (m, 2H), 3.84-3.87 (m, 2H),
4.44 (br, 1H), 4.80 (br, 1H), 7.62 (small peak); mp.=65.0 “C; HRMS (FAB, NBA) calcd for
C6H31N2Og : 347.2182 (M+H"). Found 347.2170.

Cbz-(2S, 35)-B-OH Leu-OH (225)

OH OH
\(TYCOOH WCOOH
NH, HN\Cbz
154 225

<reagent>

NH,-B-OH Leu-OH (Mw=147.17) 1.5 g (10.2 mmol)
Cbz-Cl Mw=170.59) 2.0 g (11.8 mmol)
NaHCO; (Mw=84.01) 1.8 g(21.0 mmol)

To a solution of NH,-B-OH Leu (1.50 g, 10.20 mmol) and NaHCO; (1.76 g, 20.95 mml) in H,O
(50 mL) at 0 °C was added Cbz-Cl (2.01 g, 11.78 mmol) in three portions. ~After being stirred
for 24 h at 0 °C to room temperature, the solution was acidified with 1 N KHSOyaq, extracted
with ethyl acetate (3 x 100 mL), washed with brine (2 x 35 mL), dried over Na,SQ,, filtrated and
concentrated in vacuo. The residue was purified by silica gel chromatography (hexane : ethyl
acetate =4 : 1 to 1 : 1) to give pure compound (2.55 g, 9.07 mmol, 89%) as a colorless oil: IR
(ATR) 3323, 2964, 1697, 1518, 1455, 1413, 1214, 1049, 1002 cm™ ; 'H NMR (400 MHz,
CDCl3) 8 1.00 (6H, dd, J= 17.6, 6.8 Hz), 1.48 (9H, s), 1.70-1.79 (1H, m), 3.46 (1H, dd, J = 8.4,
5.2,3.2 Hz), 4.40 (1H, dd, J=7.6,3.2 Hz), 5.11 (2H, s), 5.75 (1H, d, J= 6.8 Hz), 7.29-7.39 (5H,
m); HRMS (FAB, NBA) calcd for C;3Hy»NOs : 338.1967 (M+H"). Found 338.1972.

- 139 -



EROW HIE BT IARTF FOERK
Cbz-(2S, 35)-B-OH Leu-O-Bu (226)

OH OH O
z 0o T J<
\\T/A\T/CC) H \\r/\\r/u\o
HN HN_

“Cbz Cbz
225 226
<reagent>
225 (Mw=281.30) 258.9 mg (0.92 mmol)
isourea (Mw=200.32) 928.9 mg (4.63 mmol)

To a stirred solution of 225 (258.9 mg, 0.92 mmol) in CH,Cl, (5 mL) at 0 “C was added isourea
(928.9 mg, 4.63 mmol). After being stirred for 15 h at room temperature, the suspension was
filtrated by Celite®. The filter was concentrated in vacuo. The residue was diluted with ethyl
acetate : hexane (2 : 1), filtrated by Celite® and concentrated in vacuo again. The residue was
purified by silica gel chromatography (hexane : ethyl acetate = 3 : 1) to give 226 (252.3 mg, 0.75

mmol, 81%) as a colorless oil.

Alloc-Thr(OH)-OH

OH OH
/T\/COQH /‘\;/COOH
NH, HN-Altoc
<reagent>
H,N-D-Thr-OH (Mw=119.12) 2.20 g (18.49 mmol)
Alloc-Cl (Mw=120.54 , d=1.136) 2.3 mL (21.68 mmol)
NaHCO3 (Mw=_84.01) 3.47 g (41.30 mmol)

To a solution of D-Thr-OH (2.20 g, 18.49 mmol) and NaHCO; (3.47 g, 41.30 mmol) in H,O (80
mL) at 0 °C was added Alloc-Cl in three portions. After being stirred for 10 h at 0 C to
room temperature, the mixture was acidified with 1 N KHSO,aq, extracted with ethyl acetate (2
x 100 mL), washed with brine (2 x 50 mL), dried over Na,SO,, filtrated and concentrated in
vacuo to give Alloc-Thr-OH.
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Alloc-Thr(OTBS)-OH

OH OTBS
_~_-COOH __-COOH
HN N
“Alloc HN “Alloc

Alloc-Thr-OH (Mw=203.19) 3.97 g (crude)
TBS-Cl (Mw=150.73) 3.21 g (21.3 mmol)
Imidazole (Mw=68.08) 6.6 g (96.9 mmol)

To a solution of Alloc-Thr-OH (3.97 g, crude) and imidazole (6.6 g, 96.94 mmol) in DMF (50
mL) under argon atmosphere at 0 “C was added TBS-CI (3.21 g, 21.30 mmol) in one portion.
After being stirred for 6 h at room temperature, the solution was quenched with brine (25 mL),
extracted with ethyl; acetate : hexane (3 : 1, 3 x 50 mL), washed with brine (4 x 35 mL), dried
over Na,SOQ,, filtrated and concentrated in vacuo. The residue was purified by silica gel
chromatography (hexane : ethyl acetate =6 : 1) to give pure compound as colorless solids.
47%(2step): 'H NMR (400 MHz, CDCl5) & 0.08 (s, 3H)), 0.10 (s, 3H), 0.88 (s, 9H), 1.22 (d, 3H,
J = 6.4 Hz)4.28 (br, 1H), 4.46-4.48 (m, 1H), 4.59-4.61 (dt, 2H, J = 1.6, 5.6 Hz), 5.21-5.24 (dd,
1H, J= 1.2, 10.4 Hz), 5.31 (d, 1H, J=17.2 Hz), 545 (d, | H, J= 8.4 Hz), 5.88-5.98 (m, 1H):

HRMS (FAB, NBA) calcd for C;4H,;NOsSi : 318.1737 (M+H"). Found 318.1729.

y OTBS

OH O 0TBS Alloc’NI\

- o . /\;/COOH o o

AN~ bz HN-Alloc Wkok
HN\Cbz

226 227

<reagent>

Cbz-B-OH Leu-O'Bu (Mw=337.41)
Alloc-D-Thr(OTBS)-OH (Mw=317.45)
EDC (Mw=191.71)

DMAP (Mw=122.17)

60.5 mg (0.179 mmol)
116.5 mg (0.367 mmol)
70.8 mg (0.369 mmol)
9.7 mg (0.0794 mmol)

To a solution of Cbz-B-OH Leu-O'Bu (60.5 mg, 0.179 mmol) and Alloc-D-Thr(OTBS)-OH
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(116.5 mg, 0.367 mmol) in CH,Cl> (I ml) under argon atmosphere at 0 ‘C was added EDC
(70.8 mg, 0.369 mmol) and DMAP (9.7 mg, 0.0794 mmol). After being stirred for 5 h at 0 to
10 °C, the solution was quenched with brine (3 mL), extracted with ethyl acetate (2 x 10 mL),
washed with brine (2 x 5 mL), dried over Na,SO, filtrated and concentrated in vacuo. The
residue was purified by silica gel chromatography (hexane : ethyl acetate = 5 : 1) to give
dipeptide (113.0 mg, quant.) as a colorless oil: IR (ATR) 3437, 3346, 2955, 2932, 2857, 1718,
1505, 1472, 1369, 1308, 1252, 1213, 1153, 1100, 1064, 995 cm™; "H NMR (400 MHz, CDCl;) &
0.027 (3H, s), 0.062 (3H, s), 0.86 (9H, s), 0.94 (3H, d, J= 6.8 Hz), 1.08 GH, d, J= 6.8 Hz), 1.22
(3H, d, J = 6.0 Hz), 1.48 (9H, 5), 2.11 (1H, m), 4.17 (1H, dd, /= 8.8, 2.4 Hz), 442 (1H, dd, J =
5.6 Hz), 4.53-4.61 (2H., m), 492 (1H, d, /= 9.6 Hz), 5.10 2H, d, /= 4.4 Hz), 5.21 2H, dd, J =
17.2, 7.2 Hz), 5.48 (1H, d, J = 8.8 Hz), 5.83-5.95 (2H, m), 7.29-7.35 (SH, m); HRMS (FAB,
NBA) calcd for C3Hs3NoOSi : 637.3520. Found 637.3498.

Alloc-(28, 3R)-Thr

Cbz-(2S, 38)-(3-OH) Leu-OH (228)
" ' y OTBS

Alloc” NI\ Alloc” I\
o 0 O J< O = Q
o Y o
HNL HN

Cbz “Cbz
227 228

227 (Mw=636.85) 82.8 mg (0.13 mmol)
TFA (Mw=114.02, d=1.480) 100 puL (1.30 mmol)

To a stirred solution of 227 (82.8 mg, 0.13 mmol) in CH,Cl, (0.5 mL) at 0 °C was added TFA
(100 pL, 1.30 mmol) under argon atmosphere. After being stirred for 24 h at 0 °C to room
temperature, the solution was concentrated in vacuo. The residue was purified by silica gel
chromatography (hexane : ethyl acetate = 1 : 1) to give 228 (52.6 mg, 0.113 mmol, 87%) as a
colorless oil. "H NMR (400 MHz, CDCl;) 6 0.87 (d, 3H, J = 6.4 Hz), 1.01 (3H, 3H, J= 6.8 Hz),
1.44 (d, 3H, J = 6.8 Hz), 2.18 (m, 1H), 4.59 (m, 2H), 4.74 (m, 2H), 4.99 (br, 1H), 5.07 (s, 2H),
5.22-5.34 (dd, 2H, J = 10.2 Hz), 5.55 (br, 1H), 5.67 (br, 1H), 5.84-5.93 (m, 1H), 6.02 (br, 1H),

7.32-7.34 (m, SH); HRMS (FAB, NBA) calcd for C;,H3N,Oy : 467.2030 (M+H"). Found
467.2024.
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2—Allyloxycarbonylamino—3-hydroxy—butyric acid 2-benzyloxycarbonylamino-3-
[NV'-tert-butoxycarbonyl-N-(1 -tert-butoxycarbonyl-3-[1 ,3]dioxolan-2-yl-propyl)-hydrazino]-1-

isopropyl-3-oxo-propyl ester (230)

Alioc “NH

0 ,\\\O H

oy H !
>Lo N, Boc AHOC/NJA/O\ 8

Cc bZ\N O

2 Ho
o \m/“\OH >LO Ny, Boc
\/ HN ‘

“Chz H
229 228 230 O
-/

<reagent>

229 (Mw=346.42) 20.1 mg (0.055 mmol)

228 (Mw=466.48) 26.3 mg (0.056 mmol)

BMTB (Mw=272.99) 33.9 mg (0.124 mmol)

'ProNEt (Mw=129.25, d=0.742) 25 puL (0.144 mmol)

To a stirred suspension of 229 (201.mg, 0.055 mmol), 228 (26.3 mg, 0.056 mmol) and BMTB
(33.9 mg, 0.124 mmot) in CH,Cl, (0.5 mL) at 0 °C was added iPerEt (25 pl, 0.144 mmol).
After being stirred for 15 h at 0 °C to room temperature, the mixture was diluted with ethyl
acetate (10 mL), washed with brine (5 mL), dried over Na,SO,, filtered, concentrated in vacuo.
The residue was purified by silica gel chromatography (n-hexane : ethyl acetate = 2 : 1) to give
230 (14.1mg, 0.0177 mmol, 31%): IR (neat) 3320, 2977, 2934, 1789, 1731, 1516, 1456, 1394,
1370, 1300, 1218, 1155 cm™; '"H NMR (400 MHz, CDCl3) & 0.78-44 (m, 10H), 1.47 (18H),
1.6-2.1 (br, 4H), 3.83-3.96 (br, 4H), 4.56 (br), 4.90-5.91 (br, 7H), 7.27-7.38 (m, 5H).
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AML 12 & B Boc-(R)-Pip-OMe DEE I T4 A—a v

N,Boc
NH

COOMe

AM1 CALCULATION RESULTS

* MOPAC: VERSION 94. 10 CALC’ D.
* DERIVED FROM MOPAC 6. 00, QCPE PROGRAM 455

* NODIIS - DO NOT USE GDIIS GEOMETRY OPTIMIZER

* GRAPH - GENERATE FILE FOR GRAPHICS

*  NOMM - DO NOT MAKE MM CORRECTION TO CONH BARRIER
*  XYZ - CARTESIAN COORDINATE SYSTEM TO BE USED

x  T= - A TIME OF 10. 0 DAYS REQUESTED

% DUMP=N - RESTART FILE WRITTEN EVERY 3600.0 SECONDS
* 18CF - DO 1 SCF AND THEN STOP

*  AMI - THE AM1 HAMILTONIAN TO BE USED

* NOINTER - INTERATOMIC DISTANCES NOT TO BE PRINTED

* NOXYZ — CARTESIAN COORDINATES NOT TO BE PRINTED

phokskriokkkRpoksrkessokksksokekkokckiokskkokksskaokokokkeokskkRsskookokk k0 25BY 0 40
1SCF AM1 NOMM NOINTER NOXYZ XYZ NODIIS GRAPH T=10D

SCF energy

CAChe_MOPAC_coordinate_shift: 0. 906643 -0. 990605 -0. 229651
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ATOM  CHEMICAL BOND LENGTH BOND ANGLE TWIST ANGLE

NUMBER  SYMBOL (ANGSTROMS) (DEGREES) (DEGREES)

(I NA:1 NB:NA:I NC:NB:NA:1 NA NB NC

1 NC 1)

2 XX(C ) 3.28630 1

3 XXC ) 6.12977 90. 00000 2 1

4 NC 2) 1.39852 162. 64169 * 65.22949 * 1 2 3

5 cC 3 1. 46752 * 109. 74174 % 176.94282 * 4 1 2

6 c( 4) 1.54644 * 109.87285 * =-54.97341 * 5 4 |

7 c( 5) 1.53661 111.92830 * 55.44974 * 6 5 4

8 c( 6) 1. 45896 * 69.43096 * -169.81034 * 1 2 3

9 c(¢ M 1.53087 * 110.62129 * -178.31134 * 5 4 |
10 0( 8) 1. 34580 * 110.28181 * -68.95638 * 9 5 4
11 o 9 1.20991 125.34151 * 111.41631 * 9 5 4
12 c( 10) 1.41786 * 116.71483 * -179.57716 * 10 9 5
13 0( 11)  2.29731 * 85. 33895 22831 % 1 2 3
14 c(12) 1.42418 * 157.54430 * -1.38425 * 13 12
15 c(13) 1.54133 =* 110.64737 * -73.40239 * 14 13 1
16 C( 14) 1. 54115 »* 110.36493 *  49.97580 * 14 13 1
17 C( 15) 1.54113 =* 106. 16270 * 168.29476 * 14 13 1
18 c( 16) 1.34531 33.45301 * -16.41407 * 13 1 2
19 0( 17) 1.20901 * 122. 36708 * 178.66541 * 18 13 1
20 H( 18) 1.01799 = 112.27107 * 54.02742 * 4 1 2
21 H( 19) 1.11595 108.45337 * 63.54680 * 5 4 1
22 H( 20) 1.11489 * 109. 82367 * -65.68462 * 6 5 4
23 H( 21) 1. 11517 =* 109.80972 * 177.19174 * 6 5 4
24 H( 22) 1.11488 =* 110.55183 * -174.72352 * 7 6 5
25 - H( 23) 1.11485 =* 109.38299 * 67.58027 * 7 6 5
26 H( 24) 1.11380 = 112.99165 * 19.23462 * 8 1 2
27 H( 25) 1.11421 =* 110.24759 * -99.44341 * 8 1 2
28 H( 26) 1.11354 =* 110.74854 * =59.92403 * 12 10 9
29 H( 27) 1.11344 =* 110. 62181 * 61.94452 * 12 10 9
30 H( 28) 1.11197 = 109. 07068 * -179.00735 * 12 10 9
31 H( 29) 1.11338 = 111.54422 % -53.90666 * 15 14 13
32 H( 30) 1.11192 =* 112.78565 * 67.01705 * 15 14 13
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33 H(31) 111301 = 111.06192 * -173.38242 * 15 14 13
34 H( 32) 1.11205 * 112.68707 * -67.87502 * 16 14 13
35 H(33)  1.11341 =* 111.47365 * 52.95095 * 16 14 13
36 H(34)  1.11297 =* 111. 13777 * 172.43743 * 16 14 13
37 H(35)  1.11342 * 111.64485 * -59.48482 = 17 14 13
38 H( 36)  1.11352 = 111.60766 * 60.62839 * 17 14 13
39 H(37)  1.11320 * 111.52126 * -179.46270 * 17 14 13
H: (AM1): M.J.S. DEWAR ET AL, J. AM. CHEM. SOC. 107 3902-3909 (1985)
C: (AM1): M.J.S. DEWAR ET AL, J. AM. CHEM. SOC. 107 3902-3909 (1985)
N: (AM1): M.J.S. DEWAR ET AL, J. AM. CHEM. SOC. 107 3902-3909 (1985)
0: (AM1): M.J.S. DEWAR ET AL, J. AM. CHEM. SOC. 107 3902-3909 (1985)
RHF CALCULATION, NO. OF DOUBLY OCCUPIED LEVELS = 49
1SCF AM1 NOMM NOINTER NOXYZ XYZ NODIIS GRAPH T=10D
SCF energy
CAChe_MOPAC_coordinate_shift: 0. 906643 -0. 990605 -0. 229651

1SCF WAS SPECIFIED, SO BFGS WAS NOT USED

SCF FIELD WAS ACHIEVED

FINAL HEAT OF FORMATION

TOTAL ENERGY
ELECTRONIC ENERGY

AM1

"

CALCULATION

VERSION 94. 10

~133. 18845 KCAL

-3378. 72216 EV
-21507. 75562 EV
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CORE-CORE REPULSION

IONIZATION POTENTIAL

NO. OF FILLED LEVELS
MOLECULAR WEIGHT

SCF CALCULATIONS =
COMPUTATION TIME =

CHEMICAL BOND LENGTH

ATOM
NUMBER ~SYMBOL
¢))
1 NC D
2 NC )
3 cC )
4 c( 2)
5 c( 3
6 c( 4
7 c( 5)
8 0( 6)
9 o 7
10 c( 8
11 o 9
12 C( 10)
13 c( 11
14 c(12)
15 c(13)
16 C( 14)
17 0( 15)
18 H( 16)
19 H( 17)

(ANGSTROMS)

— e e e b el e el DD e e e s b bt e e

NA:I

. 39852
. 46752
. 54644
. 53661
. 45896
. 53087
. 34580
. 20991
. 41786
. 29731
. 42418
. 54133
. 54115
. 54113
. 34531
. 20901
. 01799
. 11595

EE F O B B T S

*

*

= 9. 95254
= 49
= 244. 290
1
. 062 SECONDS
BOND ANGLE TWIST ANGLE
(DEGREES) (DEGREES)
NB:NA:I NC:NB:NA:I
109. 74174 =
109. 87285 * —54,97341
111. 92830 =*  55.44974
119. 69555 * 58, 98693
110. 62129 * -178.31134
110. 28181 * -68.95638
125. 34151 * 111.41631
116. 71483 =* -179.57716
87.24278 * -118.31914
157. 54430 * -165.67775
110. 64737 * -—T73. 40239
110. 36493 =* 49, 97580
106. 16270 * 168.29476
33.45301 * 179.29243
122. 36708 * 178. 66541
112. 27107 * -122. 91540
108. 45337 =*  63. 54680

il

18129. 03346 EV
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20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

. 68741
L 97171
. 48063
. 08953
. 66839
. 32978
. 956254
. 41483
. 96408
. 57541
. 25004

H( 18) 1.11489
H( 19) 1. 11517
H( 20) 1. 11488
H( 21) 1.11485
H( 22) 1.11380
H( 23) 1. 11421
H(24)  1.11354
H( 25) 1.11344
H( 26) 1.11197
H( 27) 1.11338
H( 28)  1.11192
H( 29) 1. 11301
H( 30)  1.11205
H( 31) 1. 11341
H( 32) 1. 11297
H( 33) 1. 11342
H( 34) 1. 11352
H( 35) 1. 11320

EIGENVALUES

-41. 09883 -39. 51232
-27. 97675 -27. 90755
-19. 03763 -18. 62041
-15. 43770 -15. 26706
-13. 32456 -13.17183
-12.09842 -12.02962
. 70155 1.11859
3.53017  3.69812
4.05926  4.27021
4.73326  4.73831
5.26646 5.32913

L I N T A A

* * ¥ *

* ¥

L R

[ 2 B Y .

109. 82367 * -65.68462
109.80972 * 177.19174
110. 55183 * -174.72352
109. 38299 = 67, 58027
112.991656 * -177.11371
110. 24759 *  64. 20826
110. 74854 * -59.92403
110.62181 =*  61. 94452
109. 07068 * —179. 00735
111. 54422 * -53.90666
112.78565 =*  67.01705
111. 06192 =* —173. 38242
112. 68707 * -67.87502
111.47365 =*  52,95095
111. 13777 * 172. 43743
111.64485 =* -59, 48482
111.60766 =*  60.62839
111. 52126 * -179. 46270

. 81616
. 48853
. 08632
. 10284
. 04097
. 68988
. 68253
. 82241
. 32259
. 75036
. 50437

-37. 55836
-25. 87493
-17. 60836
-14. 79763
-12. 93209
-11. 43593
. 01482
. 86494
. 37599
. 91307
. 05133

[ 2 B N A A

[ ¥~ R ]

S O U U1 B

10
10
10
13
13
13
14
14
14
15
15
15

¥ X X X X ¥ X ¥

¥ ¥ X X %X ¥ ¥

* ¥ ¥

CO OO0 00 m— = i W W W

— o s e e e et et et
[N T A I A R O A A A A T A ]

. 62818 -33.54360 -33
. 79768 -22.24121 -21

. 46485 -16.81374 -16
. 55446 -14.20395 -14
. 55938 -12.47836 -12
. 10361 -11.05796 -10
.38368 3.31321 3
.87852  3.91985 3
.48840  4.49483 4
.95468 5.10638 5
.53070 6.75140 7

NET ATOMIC CHARGES AND DIPOLE CONTRIBUTIONS

-14

8 -

N N NNNWw LW N

Pt pd et ek e et ek pemd g
=t et et et e i et e =)

. 45831
. 39236
. 67893
. 13065
. 40630
. 24570
. 34266
. 93967
. 53471
. 13097
. 71084



ATOM NO.  TYPE CHARGE ATOM ELECTRON DENSITY

1 N -. 3003 5. 3003
2 N - 1165 5. 1165

3 C -. 0557 4. 0557
4 C ~ 1912 4.1912
5 C -. 1834 4.1834
6 C -. 0220 4, 0220
7 C L3114 3. 6886
8 0 -, 2335 6.2335
9 0 -. 3348 6. 3348
10 C - 0760 4.0760
11 0 - 2612 6. 2612
12 C . 1371 3. 8629
13 C -. 2430 4. 2430
14 C -. 2442 4. 2442
15 C -. 2057 4. 2057
16 C . 4581 3. 5419
17 0 - 4011 6. 4011
18 H . 1667 . 8333
19 H . 1423 . 8577
20 H . 0969 . 9031
21 H . 1015 . 8985
22 H . 0983 . 9017
23 H . 0943 . 9057
24 H . 1308 . 8692
25 H . 0810 . 9190
26 H . 0813 . 9187
27 H . 0792 . 9208
28 H . 1060 . 8940
29 H . 0823 L9177
30 H . 1031 . 8969
31 H . 0783 . 9217
32 H . 1016 . 8984
33 H . 0827 L9173
34 H . 0794 . 9206
35 H . 0864 . 9136
36 H . 0868 . 9132
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37
DIPOLE
POINT-CHG.
HYBRID
SUM

ATOMIC ORBITAL

. 47509
. 23035
. 22810
. 23589
. 90817
.85169
. 23424
. 22906
. 90886
. 90174
.89691

e e e o T e T S W

1.
. 87534
. 93919
. 89532
. 56934
. 45079
. 02568
. 98159
. 13270
. 90568
. 92174

X
-. 832
- 276
-1.108

05204

L.
. 96025
. 01669
. 81501
. 43469
. 12650
. 02894
. 96236
. 84913
. 86920
. 89842

Y
1. 369
-1. 022
. 347

. 0830

. 133
- 127
. 007

TOTAL
1. 608
1. 066
1. 161

ELECTRON POPULATIONS

03303

. 74015
. 98974
. 99940
. 74234
. 42262
. 83225
. 95412
. 03265
. 51046
. 91897
. 91729

DATA FOR GRAPH WRITTEN TO DISK

TOTAL CPU TIME:

== MOPAC DONE ==

. 08 SECONDS
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. 62882
. 23031
. 22280
. 86406
. 23687
. 21693
. 23437
. 18212
. 83326
. 91870
. 92062

. 9170

. 89698
. 96853
1.
1.
. 81279
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