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#—f . Homophymine 8 & &4 SN AMIGERE 7 2 /BlZon T

Homophymine 8 (A'E, AI-E1) (3% 20084 (A)V  K{A20094% (B-E.A1-E1)?2
Iz Zampella HIZk»T=a—H b =T ED Homophymia FLOHFE X0 HHE « ik
EENTZRIRT 7 _7TF N ThdH, £, TOHEEGETH S Callipeltin H=
Neamphamide 38 & I8 MR 2R -FLTHIVIEEAF LTV A Z EBHERETE Y,
#1 % X Homophymine A 13 HIV BEAINE 2% LT IC50=75 nM, t MNEEEMNAMIETH S
KB Atz xt L ICso = 7.3 nM & W S {477,

Homophymine A (X 8207 I /DL BRI H BRI 207 I 7 BE 120050
Mo bMEIC L TR ENDELAEMT, 5 2OMERET I /B
(2R 3R 49 4-amino-2,3-dihydroxy-1,7-heptandioic acid (ADHA), QR 3E4E)-2-amino-
3-hydroxy-4,5-dimethylhexanoic acid (AHDMHA) , (25354/)-3,4-dimethylglutamine
{(DiMeGIn), O-methylthreonine {(*MeThy), 1 3 /B TdH 5 NMeGln, Hpr, B L UNE
iz (2R, 3K, 4R, 6 B)-3-hydroxy-2,4,6-trimethyloctanoic acid (HTMOQA) % &#r, FRET
3 /W - BB SR (L 55E Homophymine A KA EW O 2 ¥kt NMR 42 ) - THEE
ENTHA

F7o, TD> Homophymine #H & MO S L OMERA LN OO, Z
IEFMEORGES & - Tvd, BLTFIZ Homophymine 8K OV F OREHEI O KRS % ~+
(Fig. 1-1).
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= \/L@{ E E1 Fig 1-1. A Structure of Homophymine
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L2 Homophymine JADMIZ, BIEM SN TV AHIIEE - L7 A NV AEM L H 4 5
PEERINT 7T F PO R 2 T=Fig 1-2)9, TR b IERIC I S B sAa L TRY .,
A e REME A2 LT D,

R T ~ & i, 2 TOR_TF FiZ DiMeGln &, B -(m)ethoxy- ¢ -amino acid (ex.
OMeThr, B-OMeTyr) 238 EN 5 A, MBI DIENBE A2 A3 5 H Th 5, KETHE
LLE~D23, INL0EEEEIEEFRORBICEERBREAZRI-L T HEELL
nTha,

SEEEFIL, T b RARYW O SR iE R NVEBIEEICHRE b BEEERRKT 7
T F MEAO— R B EDORRICHT S 2 L AT & B A Homophymine A @
EAREMFEICI VT Z & & Uiz,
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% M : Homophymine 3835 J Q&L R O SR E R F I 200 T
ANER Cor L HEE - 31 HIV 775 Ry bl X 3 B ERSF T oE 2 R/
EHERT X 2D, $5IZ Papuamide A I DWW TiEEE L < BREIEMEATIZE A LT 3B 1),

—ft HIV i&tE:

Human Immunodeficiency Virus (HIV) %, CD4 (514D > 2SEBROB S BRIk b
R REfEEN (AIDS) #3[ & - FRFEETH Y, HFE, FHoRES EEE DO
BTG PRI LEFMICE DD TERRMEIC > T 5,

HIVIERNA %4/ A& LTHSL b w420 LHTHY, RNA 75 DNA ~ilis
AR5 9 5 RNA (KTFE DNA A ) A7 —F¥ (HiREEE) LE%5 L7z YA /12 DNA
% 78 EAE DNA IZAALe A 57 77 —E %8 LTV A%, Ad{bFric b BURE O ETE
TH 5 (Fig. 1-3), FPEALRBANSRAE., SO X 54 HIV ICERRETF2EN LT
HIEROBBRFRETHY, ERIIWL H>hDEERSEERECHEA SN TS (Fig. 1-3),
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—75 ., Homophymine A % X Ui & BHBEER HIV BIRT 72~ 7 F FRIZ HIV &
PO ER L, ShEGTFD 2 eWaho T b, REAHIER L id>E 0 HIV
05 T Mg CD4 SAMEICT Y (& MIEPICEB AT 2B o Z L 225, HIV @ R4+
X4 IR RICAREEREZETA &M b, =7 0 s R Y0 LD ICEEMmRm O
CD4 # 237 #WET 5 L 5 2T <, B HIV = o —7RIZEA L~
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1996 #F¢ Callipeltin @HEEN G W E T, ZOEOT 727 F FOMAEMNIL B
-OMeTyr M HIRETAREFRAEICERTHILOEBZONTE L, TOEAEL LT,
1996 #{Z Callipeltin A BHEEEXNTLE, ZOF A TONTF FIZEE@mL T op
-OMeTyr ME T ThH A (Scheme 1-2),

ENH

}fﬁf 1> \{ﬁ% —— cytotoxicity !

u (DNA, protein etc..) Scheme 1-2

LAnL222 s, Bz > C Homophymine 04X Usb & Lz, B-OMeTyr %F72
WIS B vk TR ATIEREEEZ F T ABRIEIEEWPIREPLRHESh, £FLb
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BT bkt~ X 542, Homophymine #H (A-E, AT'ED (ZEIRHMSCE L THboOM
EEEE- TR Y, R S ONES#ELA LT 50, ADHA & ACDH.A@&‘"% LPEEN
TWNENENI LI L -TEHENTWA, EBHFESEFY—FT v PELTWVD
Homophymine A 723 TR <, FTOENOABREDOEH LHEMIZ AN, DiMeGin—ADHA
MCTTIAL M Hy T Y T BT IR~ PEBIR LT, ThICX 2T BIRT 7 74
VR WS AME T T 7 A M EES T A7 T Homophymine & £ EIL2< Y
45135 2 LM TE S (Scheme 1-3).

HN__ O

0 OHO

x N
O _NH OH A H \\/-\NHZ
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Scheme 1-3 NS0

X=0R: A side chain fragment
=NH,: A1 side chain fragment cyclic part
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KKK T T 0 A NORMBERTHLE DA 7 & 7F Ro= 7 o R{ERIGE, PR
ERATIT koo TIRIC K E CMBEZ T A OARMUZHEBEIORRT 5 Z LANETH L,
v Ty 8Lk, BT F FESRT A BICERET < AEIUTOZATH
Do
@ . FEPOOEG Gly Rx A VEoREEED/N S Pro | e 7T I/ K
DR A — RO TR S T 2 B L TRERIE AT D
@ Wﬁ%‘f}i: D73 /e L7 3 /e o ToMaE L. Lo KOG D, D- MOfie &
LEWLWIERMENTEY, X V{kOfEEREIS NS,
3 2 f&)’ I RO CON BSIE—hC fans WIETHY . <7 F F@izEL LT @’Rﬁ}fi
A LTV BEAMRE Y, —J7, 37 I F Pro® MMe 7 X /BOHERE) |
SRR BERNC L 0 7 L FEES cs BEEFBRY B RHT2H T T ﬁ%ﬁﬁi?ﬁi“)ﬂ:%
<Mt A = & L2 B(turn inducer), 2E V., BIRRISE 27 I O HER L
T AT L AN IR L T A TR & < A2 S o sd, FUSH BT = &
A3HAFH T & 5 (Schemel-4).

H R X R

R .t o R N RJON R LN
YR——""y* TR T X

I ! ] T

trans cis trans cis
Scheme 1-4

—7 ¢, Homophymine A & itV iEsH

+TAIEFIETH D Callipeltin o 5 5, B f\ \r\f \H
WHDHLEY 2% Callipeltin B {2201 T o JLNHE
ZhETIZ Lipton® & Konno? HIZ&~T /0
FTORRAER SN TV E, FOMRMse Soonea
FTH% & Lipton b D-AlloThr A MeAla y
BTh= 2 0w AT RS E A TE Y Kounno et al
Konno &1L NMMeAla-B-OMeTyr B CTHO<= 7

77 ¥ MMECHEH LTS, Callipeitin B Fig. 1-5




SEPHE, D EEIRADWM, DED A L B TOw s nB{EEE L (Fig 1-6).

cyclization site B

~ cyclization site A

cyclic part Fig. 1-6

R cyclization site A {X D-Orn & LrLeu FIO#E& T 5 5(D), turn inducer T
7% Hpr OxARETHHRE@NGPHERBAIGAL ThD L&,

cychzatmn site B 13 C Rigflo7 2 /EETHSD AHDMHA D o-7 2 7 ¥4 Alloe T
BRI THB @ &, A LEHFIFIESABR EIZ turn inducer THH NMe-Gln MTF
LTS ,.,\(@))in BABEALIZE LTV A L D& R,

L LZds s, AHDMHA 35O ARF I AEE LY OMEMED K E < R E RN
HEF LTI AT ENR-7 %, cyclization site A AFE—Ef & L TE/EEITH 2 &
ELT, £EHBELUTOLHIZ/AS (Scheme 1-5),

H,N.__O
{OR o OR
O OH oz
N RHN RHN N,'\r//o
R HNI‘\/\NHR H A
! l NHR

O "NH — Boc-DiMeGIn-OH
oo c*

H
. R
ROTTO ‘OMe RO 0 ’OMe
HN"0

cyclic part / HN" 0
cyclic octadepsipeptide

0
RO octa depsipeptide Scheme 1-5



— MW7 Z 7 A2 FOARET

i) —FOMEE 7 Z 7 A2 bt ADHA, D-Orn, HTMOA @ 3 D@50 b 423 53,
IHEERENOT I EE - BB S EIERES L TWS ZE TERTEDL LE RN
% (Scheme 1-6), |

O OrR O
Q §R @ W : 0 OR O
ROWOR RO ~“OR )J\/Y!\/U\
Oy NH OR O NH OR RO N4 OR OR
R
RHM
poam—y Sro—— ADHA
OH 0, _0OH
NHR o NHR
_ RHN
‘OR
D-Orn NHR
side chain fragment HTMOA Scheme 1-6

L7L, ADHA ©O7F 3/ BIIMBOB ARV RENL B L D & 5 BRABIT ANE
ICTFETE L. ARSI AEOIEMLOBER Om L OFAICELHT 3/ ROBRio ks
A TREUST 52 EDRIFISH TSNS, £l ZhbZEMEY HHFESLE
7 D AHEME A % 5 (Scheme 1-7),

O OR O o OR O
: B -Boc -
BnO OAllyl — BnO CAlly!
~NH OR NH;, OR
Boc

C _ 0 OR ©
: activation R
BnO/U\A‘/\[/U\OH —— Bnow.f\ct
OYNH OR OY N@
Ri

Scheme 1-7
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R VT = Al X D AREARE(CEISE B AHDMBA @45

W T =0 A EHWERFEAEESICONLT

T RS 3 1 A8 % 9 B K B(LBUSIL 1989 EIZIFE 8. CGenet? S Lo THIET

wEEh T 5, (Scheme 2-1)
Ru-{R)-BINAP

O O
H, (100 atm) oh o
T\!HAICIOMe DCM ) OMe
1 quant. N;‘AC

syn.anti = 89:1
98% ee for (25, 3R)

- (R)-BINAP (3) -

Scheme 2-1. syn selective asymmetric hydrogenation via dynamic kinetic resolution (DKR)

Ma-TYNT /-3 hzATN1 RV, BIE
A FE(LGH (100 atm) THETEHEZ Ru-BINAP fit
R A Z LT, BIREERR B & S AR A
KBS D PRI Lz, ARG syn S8R {%
oW TIE, BESIZ Ru B AFAOH R =)L
BESR LA b OERFER-FRICEIAL L7 6 BERERR

10

transition state

BERTREPEITTAEOTHD, TROLZATVEOBEIRFE, 7 I ML oK
EHESIL L AETC., 7 BTN Felkin-Anh & F A E-S < ARERMIC L Y . Figure 2-1 (C
FTEIICRIGRETL, synBREETRTELEBEEL 0D,



— 7. BT E TIXBINSEE R 45 E & o P R F KB B SUGRZ &0 EHENIZ antd B B -
ERe%7 I/ @aBaFEREsRELTHD 10, bl o« 73/--7 AT
OF ARG L ORBREEITIZLICLY anti BB FuX 7 3 Y
k5 #BFHLOTHD, ARIGORIRMEIZOWTIR, T/ ROEHFEF L7 o OBEE
- CAENENL LT 5 BIRERIRNE T ant BINIZR R E K BLRIS AT 4 B 70T
& EEL TS, (Scheme 2-2)

1. Ru-(R)-BINAP X P~
o 0 H, (100 atm) OH O HC! HoN- ,:;F'EU\FD
DCM A o |
OBn sl ‘ OCBn BHOQC ‘ /H
NH,CI 2. BzCl, EtsN, THF | NHBz H
4 84% (in 2 steps) 5
symanti = 1:>99 transition state
Scheme 2-2 96% ee for (25, 35)

F, EAAEERELDa-TI/-B-7 = ATFNE 9 . B4 Y=rU/N 6 &
BR R T ORI TEONAF XY — 8 &, HWEA Yot gT NG
AT A2 & THEL I LM TE D Y (Scheme 2-3),

Et0,C” “NC
6 DBU O"’\\N 12 N HCI Q9
o - = >
)Ok j\ THF, 0°C-rt R EtOH, rt R OFt
NH.C!
R No R ;:ozr—:t s
7

Scheme 2-3. Synthesis of a & -amino- j -ketoester via oxazole

LU b, & %4 — A& BelASET 5L ko

S\
FIGIc L 0 —8 7Y o EIRBO AR B AR LT LUEY, - N
RS RFRRLOBROMIERE L LTER LREE 550 5 10; oR
D EDYFEBEORL DL o THR SN TEY . Raakti Fig. 2-2

BRiEZBELT D,

Fo, SEOEEDEE. AXH Y — 10 O DAL Y T2 B IR F ABE
£ 5729 (Fig. 2-2), 5B COMKSROBIC T £ LT D REERH D,

— T, UM EETHa-7T 2 /-8 b= AT NVEOYEDHREREL LT, 7V
7R N-C 7MgEBdPla Lo iRz EE L T 5 (Scheme 2-419, L@ anti
BRI F B RELSIE & Z DT VU NRPR IS & #2438 T AHDMHA O&/LEITI Z
& A FHE L7z,
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0O 0 o
)j\ Or KHMDS, HMPU )m OR N-C acyl migration Q
R' N S N o R OR
! |
Boc O Boc O NHBoc
11 12 13
Scheme 2-4, Synthesis of a & -amino- 8 -ketoester via N-C acy! migration
EEDBHELTFOL 51245 (Scheme2-5),
OH O 0O 0 N-O acyl o
migration
OMe =——> - OMe —— N /\f(OMe
*  NHpHCI : Boc O
AHDMHA Ru-catalyzed 14 15
anti-selective hydrogenation
Cl - NJ{O
17 Evans alkylation / Me . Scheme 2-5
16
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B B

% 2 i AHDMHA O &5

AHDMHA @ 4 {2872 5 A F )L E o i R4k Evans B O R BB 104 =7 1
FMALIZ L > TESMICEATEZ & & L=, Val ﬂX@#th)J}L (R = FPr) 2BV i=E
bIE, EDMRREE DR - D IS DS IEF IR iﬁi?ﬂﬂbf~m7@&ﬁ@
S TCHPTIEE LRSS HEIT Ly » 7=, —F . Phe H]X@fﬂ?ﬂb}l (R=Bn) £\ 5
BC.FL; IARCHET L AT 16 %S0 - BRI E S - n T&, Bl X V)?t%

RIS B A B = L ST & 7 (Scheme 2-6),

)?\ n-Bulli /[\/[?\ ji
HN” Yo _isovaleryl chioride /L/lL )k LDA, Mel AN
>—~‘—” THF, -78°C, 2 h } ,r’ THF, -78°C-0°C, 5 h H : /

R

R R
18
19: R=Bn: 99% 16: R=Bn: 80% (dr=92:8)%
19" R=i-Pr: 75% dr=>99:1 (after recrystallization)
U = T — B )
Scheme 2.6 16" R={-Pr: 45% (dr=80:20)2

dr=98:2 (after column chromatography)
a) dr was determined by "H-NMR.

BT, T BT AFIALE 16 RO IWCHEWERES ) 207 2 20 ~FE
L&) LA, HEOMKBEENRRKENED)H, SVt ) dve—nEohsn
T HBMIE LN A2d -7 (Table 21, entry 1-4),

Elz. YT UALHERT VK, DMAP 72 & Ok & -9 5 % (Table 2-1, entry5-9)
Bk L THAEN, ISR ESEIT LA -1,

Table 2-1

1,8 o
' conditions /L/IL OM
: )N\/o . WY

Bn - C
16 20

entry conditions resuits

1 H-Gly-OMe HCI (3 eq.), MezAl (3 eq.), DCM (0.1 M), 0°C-rt not obtained
2 H-Gly-OMe HCI (3 eq.), Me3Al (10 eq.), DCM (0.1 M), 0°C-rt not obtained
3 H-Gly-OMe HCI (1.5 eq.), MegAl (1.5 eq.), Toluene (0.1 M), 50°C not obtained
4 H-Gly-OMe HCI (1.5 eq.), Me,AICL (1.5 eq.), Toluene (0.1 M), 50°C not obtained
5 H-Gly-OMe HCI (1.5 eq.), LICN (20 mol%), THF (0.1 M), 50°C no reaction
6 H-Gly-OMe HC! (1.5 eq.), KCN (20 mol%), THF (0.1 M), 50°C no reaction
7 H-Gly-OMe HCI (1.5 eq.), KCN (20 mol%), DMF (0.1 M), 50°C-80°C  no reaction
8 H-Gly-OMe HCI (1.5 eq.), NaN; (20 mol%), DMF/EtCH (0.1 M), rt no reaction
9 H-Gly-OMe HCI (1.5 eq.), DMAP (20 moi%), DMF (0.1 M), 50°C-80°C no reaction
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g —nb ﬁ'% L

Evans 4 I F 16 #—BEMKSEL, AARCERE LBy U7 I Pl o &
%%itﬁ~%ﬂﬁ@z%y7&m@zfL§w7%w%m%ﬁ%®ﬁUyﬁ%%&of
LEIEFA, TIUMBERREIC & DETIMEEENKIT— AR, IR CEHSL0E

W“ﬁM@ﬂﬁm%@ﬂﬁ&E%ﬁwrgﬁgC@Am%w5*gkbﬁa

Evans 4 X K 16 #MAGIRLTEHELNAT= AR 21 % CDI #HinTA 34/
FE L, Kreysran HBIZL o THESN TV AHHE 19Z# > Ta iz -NHBoc £ H/1 %
VI RS 24 I DAEBEN R a-T R - B AT 28 OFRERSS, K
EIRALKEEE O H DMAP ° PPY 7/ Kol 2 AV -8 b RIRIIE & A KilgfT
L#zi—>7= (Table2-2, entry1-3), SLEEIMEE /D &4 2 (LIRER D A F )~ LB U v

L 25 FRWEEAIDLEMB CIIBIN IR & A EH1T-39(Table 2-2, entry 4). R HERGIC
DMAP #4240 TEBMY 22 #1855 Z LR T & 7= (Table 2-2, entry 5),

Tabie 2.2, Synthesis of §-keto ester.
O 0 . O
P W LIOOH PPN
; " OH

: LO THEH,O (1:1), 1t, 3 h
Bn 82%

21
16 1) CDI (1.2 &q.) . 0o o
THF, i, 1 h ]
; OMe
2} malonate {2 eq.), MgCl, (2 eq.) H é
EtsN (4 eq.), cat. (10 mol%) R=H (22)
THF (0.1 M, 0°C-rt, 48 h =
©1W R=NHBoc (23)
o O
entry malonate R cat. resultfdl HO OMe
1 24 -NHBoc non no reaction NHBoc
2 24 -NHBoc DMAP  no reaction 24
3 24 -NHBoc PPY no reaction O 0O
4 25 -H non ~10%
5 25 -H DMAP 95% KO OMe
[a] isolated yield. 25

THLTHELNEA S M AT 22 126 L, EERFOEAEITVEMORTEITE
14 #% 5}/5 &M T &7 (Scheme 2-7).

O 0 0 0O Pd/C, HCI o 0
w NaNO, b Ha ('1 atm)
> - ‘ OMe ——— ? OMe

OMe  AcOHH,0, 0°C, 12 h : MeOH, it, 8 h 2 NH, HC!

T2 80% OH quant. 14
Scheme 2-7
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it

HIM -

VTR OLONEE 14 ZAFARKFLEISITHN L (Table 2-3). Ru ¥ — A
[RuCle(benzene)ls %, B FI2 (R)-BINAP FWERGZ1TH &, 955 dr O EERRMEIC
TEIFEEMNICENOETHR 27 #1552 LW TE7 (entry 1) Al & 4395 &Y
R ORIVMEHICE T 28R L 2o 7 (entry 2), L9 %ZE% [RuCl:(peymene)lz % Ru
V= AW TEE A BUSSETET . REEIT 5 0&sicikh ok (entry 3), BZ
5 <. Rucymene $5{44° benzene KL REETH D=8, EF < BINAP $EERH TRl
TE TR IO TIEERN N EEZ TS,

E/, MW7 VAP EBEY (Bu B YEETLIRTRVERAE XD,
[r-MeQO-BIPHEP D F% AV o R EH ARGk o b L THER, THoLRINTIEE
A EHEIT LA o 72 {entry 4),

Table 2-3. Asymmetric Hydrogenation of « -amino- 3 -ketoester (8).

0O o OH O
1) hydrogenation conditions w
- : OMe

: oM 7Y
A S e 2) Boc,0 (1.5 eq.), DIEA (1.2 eq.) i RHBoc
1 DCM (0.1 M), rt, 8 h 27
entry  hydrogenation conditions result@
[RuCly(benzene)l, (5 mol%), (R)-BINAP (10 mol%) 1) quant.
' H(100atm) DCM (03M),50°C,72h  2)76%in2stepslarossd
5 [RuCly(benzene)l, (3 mol%), (R)-BINAP (6 mol%) 1) ~70% conversion
________ Hp (100 atm), DCM (03 M), 50°C, 72h ___________ _ 251%in2stepst dr=90:10
3 [RuCly(cymene)]; (5 mol%), (R)-BINAP {10 mol%) 1) ~10% conversion
H, {100 atm), DGM (0.3 M), 50°C, 72 h 2) -

[IiClcod)],, (0.5 mol%), (R)-MeO-BIPHEP (1.3 mal%)
4 NaBArg (1 mol%), AcONa (1 eq.) 2
H, (4.5 atm), ACOH (0.2 M), it, 96 h )-

1) almost s.m.

[a] Conversion yield was determined by "H-NMR analysis of the crude reaction mixture.
{b] Isolated yieid.
[c] Diastereomeric ratio was determined by 'H-NMR analysis after Boc protection.
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B o8 TR EEE O HE T DCM/ACOEL 7B ERE S5 2 & THFMIDIT T
PRLOEEBA LI LTS, 512 Boc R L7- AHDMHA #7& h7 4 K 28 &
L. C23 o7 a NoBEohy 7 w7 EHSS NOE HBIA STz L - THELE 2

DOAF A

anti OWFREEZ A TS 2 & 2R Lz (Fig 2-1).

Fe, ZOTEFFA K &6 NHCL TIKRSAF L, KD 6 HjEs /2 AHDMHAD &
% NMR 5 —# %45 Z & T AHDMHA »#tmic &) viviz (2R3E4R) OIR{bs

AL TOWAZ LA AMLEAIIHERE T N TE -,

Scheme2-8
OH © 2,2-DMP O’Q/ 6 N HCl ag. OH ©O
/J\V/L\/ﬂ\OMe BF4-OFt, N-Bog rfx., 12 h /J\V/L\/J\OH
ER- : : Dowex 5Wx4 oz
©  NHBoc  DPCM.rt1h : CcoMe = NH
27 72% 28 94% AHDMHA
(
Fig. 2-1 "
“Me MpO,C
Hb’l N‘BOC — Ja.b = 5.6 HZ
: " <= : NOE
2 coMe
28
Me
OH O O,k\Me
Hp, ) =
Y OEt - %N*Boc Jap = 5.6 Hz
- __’ 'I,H
NH2 COZEt
29 30
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B

R TOMOMNERET I BOAK
HE—1 . NFMeGln DAF r}z
NMe 72 /@42 B58EEL L TIE Boc K CRUESNEZT I/ BIZHT5
NaH/Mel # Mo BEMESM 198 %4020 27 VERE M LIZRIC TFA/ELSIH, &
L <I3KREFEET PA/C % Fiv TN MMe (BT 5 ER 00BN TV A
NMeGln B K LEEELEMTH Y | Sleebs HIZ X - TEDERENPHEZ XN TIN5, L
ML S, Gln @ N AF AL, BiETH S NaH/Mel % F 2 &8 Cra& ol L
b MEDMEREOT I ROBEFXY YD Y VBIEMBEITLRNZ L, U7 IR
iz Cbz %2 F L7 BE 31 OAAFU Y U/ VERIBMRIEETTT 50 TFA-EtsSiH %
BT B e BRI OBSICIRR#E SN T L E S ZE AL NI - T 5 (Scheme
2-9),
Scheme 2-9. Sleebs, B. E. ef al.

¥ o (HCHO)n, CSA 1 P
CszNWOH PhH, ref. - CbZHN)-K/\]’/(O
31 NHCbz 68% 32 CbZ/N\/
Et,SiH o 9
50% TEA/CHCl, HZNWOH
B2% 33 Cbz’N‘Me

LU U7 T AR

VL HEE TR T 2 O o /-\
DT NVE LR ARSI w ActlvatIOH w
OH Act

R L OV LIRF B L,\ =HN

MY RAE LD LA NHPG NHPG
NTv5 (Scheme 2-10), D 7=, l
AEETHIERG IS N Y Tt . a HNJ O_ 0O
VORI A A LT NMeGln N* OH H
. . s NHPG NHPG
AR LI-U & 2 /-, SciFinder
Scheme 2-10

ETC—Plbafdizhot-Tow,
Liguori BIZ ko THE SN THAB YTV AF /285 Ns 73 FOAFAILRIEG V&2 H
WTEBLTFD XL 5B EIT- 7= (Scheme 2-11),
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gou mo

o) 0 0 0
| 1) HCI/Dox, 1t TMSCHN,
N OBn > -
? diBos  2NsCL EtsN HN OB poMMeOH, rt
34 ' DCM, 0°C-rt 35 NHNs quant.
95%
O O @] O
J\/\(U\ THOH, TsOH J\AHJ\
f=rm - TriHN OBn
HaN N OBn benzene, rfx., 4 h N
36 Me” “Ns 94% 37 Me” “Ns
PhSH, Cs,C04 O O '
MeCN, rt Pd/C, H,
- » TrtHN OH
;then Boc,O - MeOH, nt 38 N
Scheme 2-11 90% quant. Me” “Boc

TR Boc-GIn-OBn 34 DRI % Boe 22 Ns 2T 2=, TMS-PT7 /A %
2L AFNALEIT S EERMICEIGHIETL, BEOALTHSRMED B 36 %15
HBIERTE, Zhizl, 7I FEED MU FAALET, TI /K LD Ns EoOlit
il & Boe {b% onepot TITH Z & THEMOREEREAEZHF L MMeGln FHEL 38 #4
¥ L7z,
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ST MR NMe 7 2 BER~TF FOERK
E AT, Crick Hid 2007 417 DNs B THRIMESN 187 2 & F A B i
BIGL, ZRPTFA=ATAELELSD ZETEET I Fel6. ERCARNLTTF M4
kR EeE LT A 22 (Scheme 2-12),

Scheme 2-12. Crich ef al. (2007)

He 0 o,
R™ S
NO, Rﬂ( RJLS/[;:Ti -ArSH o
H — — no, ——=
N -S0, R N
R 86 NH NO, H
2 NO,

Wl
L}.

Rl

R'NH,

ZOFERRE D Ns 7 I RO AF AL E#HASIENEIER 2B MMe <7F K
AN TE D EELERAYTT -7 (Scheme 2-13),

—

i 7){ R e
NHR; ————
\J\NHR? TMSCHN, RSHN)\( \H‘LNHRQ

NHDNS DNS Rm

Scheme 2-13 NHR3 N-Me peptrde

EFIEE L LT, DNs-AMMePhe-OMe 40 & Bz-Leu-SH & &S %1742 TH
HEkE Lk,

DNs-Phe-OMe 39 @ # FiAkix, E32o Ns £ZO§HA LR, RIE &R ERT
L 40 285 Z 07, ThEMmXEogMt (CsHCOs/DMF) 12T BzLeuSH &
RS ETHEEZA, BEHZHEEEINIGOOEHOITF R 41 d2<{Gon/an
=7 (entry 1),

IHERPCELDTF A AT 42 ORGSR 2 BT L ERET R ER+9Th
Bl EBER FATATNEEELTSRMTHETRNL TH- b OOFERIEIFMLETH
o7 (entry 2, FZ T, HLTEFATRATFN 42 4 FILHZF T Y EMR AT I35
TERVDEE L NTF FOREOBICHW O EMEINAEMA CREEITHR > TH
7= (entry 3-6), T2 & . Mi— HOObt ZHEMUZBICEGN R H—XCH#T L, BRI
RTF R Al B/DHENTER,

L LN E, BohiEA7F FiI Leu BENERIC= A UL TEY, EF7A

A"#iTﬁT%é Ehgotz, —7F, BocleuSH # AWiiESicid X U1kix

61T Lndnotointh, BEOHEAE G IBMERLHES 2 LB TE S (entry 7).
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o I
Table 2-5
0
TMSCHN,
Ph OMe -
NHDNs PhiMe/MeOH (1:7)
n, 16 h
39
o o Ph
R-Leu-SH (1.1 eq) RHN OMe
Ph Ohle — > Pﬂ
N additive (1.2 eq.) Me O
Me~ “DNs CsHCO; (1.5eq.)
40 DMF (0.1 M), 24 h 41
entry additive R result?®
1 - Bz not obtained (SM was consumed.)
2 AgBF4 Bz not obtained (SM was consumed.)
3 HOAL Bz not obtained {SM was consumed.)
4 Oxymapure Bz not obtained (SM was consumed.)
5 PfpOH Bz not obtained (SM was consumed.)
6 HOObt Bz 75% (dr=1:1)
7 HOObt Boc 80% (no epimerization)
8 HOObt Boc 90% {no epimerization)
a) Isolated yield.
b} Boc-D-Leu-SH was used.
F
0 NGz\ ¢ OH N OH 9
] o NN y-CH
Y\IAS - ‘ . S~ \H/LKCN [ P N E\'Jz
' NHR  NO, & o N N”
42 PfpOH Oxyma pure HOAt HOObt

BRILD & Z A Z L LOERITIT A2 - TR s,

JIboIifilze LI LU THRI 24T Tl é B 2TV 5,

20
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BEH OFIZE

I BRIREY OB
0 tetrapeptide DAk
RN REF KRR X > TH K L7 AHDMHA @ 8 KEEEERSY & Hpr & Q& %1727,
Hpr {36 BREBETH S Pro ERARD, ZEUBELOTWWT I /BE LT@SHATH
%5 (Fig. 2-2) 23,

o _on N 0
EAtanil - A e

42 U'Efc?’:lj{ ent-42

(:sx\/%% %OH N ,,I[//o
X

R0 =G PN

U H i) ent-43

O

Fig. 2-2

X5, BEREICHEELAETS Hpr 13, 7V OPHROEBTHIARZF I VERT X
T VR R & B 2 HRUSHEAME Y 20, SEIEZE SN A TIEFZIRAE - TALiE T O

BTHDH-H, ML LTDMAP M ULKISEITO 2 & Lz, 9, Hpr =AY
‘(LU)’(:IME‘M_M 578, FEFEME DK Hpr AW Tl B EOEL B2 & LT,
T 5 E RV D L1Z, T0%ee FREED Hpr # AW 720 b b 6T EHMNY 46 L2 0=
< — epf45 AIUFIE L1 OVT AT LA TEHEO N, ZHidAR¥ED L-Hpr £V & D-Hpr
DOFEFBEIEEORE N2 L 2EWT 5 (Fig. 2-8-upper).

A ] I MO S P o T LI R A I ;x;,i'L l\.J#_JWL DO O
)
] ]
‘JL"\J o N !Jl 3
’ oo TR Tt ) ol
e JJJ}« ,MJ . s

B i A

T *
! N Xow oy 2 - - "fv SOnoa iy Ta ot R e MU LT TN, ™I ol L0 e e B 0 T BT e e e T e
PR S T ST TN SO JU SN S S ._«, AU SOTST S SO SUTINSON SAME ST WY JOL WU RSSO UL SIL I QO SO0 0 000 YO T O ST
2 a3 il L TET L e I S T arT— T - L i B
et [
oA S 4

i T ’){”Fj}!‘!{‘“m‘“} U?‘ —— I E
e S B T v T VA )

Fig. 2-3. 70%ee @ L-Hpr ’Zr:fﬁlr*t &(k) & 100%ee Db DOE RGBS (F) D "H-NMR
F 3 — |~ (400 MHz, CDaCN, 55°C)
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W EIE

RN ARRN AL Gl Tl o725, FWIZH 100%ee & L-Hpr &V, BIRTHE 21T-72
LT AT e —OAERITHER &7 h o 7= (Scheme 2-14, Fig. 2-8-under),

O
Boo-L-Hpr-OH AllocHN AflockHN

EDC. DMAP oM

DCM, 78°C—20°C, 24 C/g (l
BoC hias

Hpr(?O%ee} 45.epi-45 = 53:47
Scheme 2-14 Hpr(>29%ee) 45.epi-48 = >99:1

BT, B 5T BooHpr-(Allod AHDMHA-OMe 45 ¢ A F L A 7 )V O INAK 45 fig %
{7 7= (Table 2-6).

LiOH % LiOOH, TMSOK 72 X\ < 2O R AR L CTHIZ b DO, = AT AOHIKS
fir L B -acyloxy BOHEERBE L CLE WV BYIL 30~40%DIRBFTHLNLEDHTH -
7= (entry 1-3), —Ji. ZO{EWE Lil % HW IR A Fik N LIz b 2 A,
B il éiﬁﬁs A7 OFVEEH OBEMAS LN TE, FREQINETRH D LODORIY 46
#1352 ENTES (entry 4,

& B {Z. Nicolaou 51T &2 TH%E S MeaSnOH2O% o T A F VMK G RO il
WA L& 24, BEERG2 i 3EERICif ¢ &, s 3 SRRV ZETMREOVL
IR CTHGY 46 &BIRMTHEL T LA TET (entry 5-6),

Table 2-6
o} o)
AllocHN AllocHN 0
OMe OH  AllocHN, L,
0N conditions o7y Lo
o} 0
45 Boc 4 47
entry conditions result

1 LIOH, THF/H,0, 0°C, 3 h 46: ~50%, 47 ~40%
2 LIOOH, THF/H,0, 6°C, 3 h 46: ~50%, 47: ~40%
3 Lif, AcOEt, rfx., 12 h 46: ~60%, 47: ~20%, 45 ~20%
4 TMSOK, THF, 0°C, 30 min 47: quant.
5 MezSnOH (1.2 eq.), DCE, 60°C-80°C, 8+ 6 h 46: 50%, 45: 50%
6 Me3SnOH (3 eq.), DCE, 80°C, 15 h 46: 90%, 45: 10%
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# T Hpr-AHDMHA A4y & & 7% D-Orn-D-Ser U_7F FOEK & FNENLD &
TA Y MR EITo T,

1) Boc,O, NaHCO,

O THF/HO (1:1), 1,12 h O
. N N-dimethylpropanediamne
Ho/\:/u\ori > - Bno”\/lLOH
NH NaH, BnBr N
2 DMF, 0°C-rt, 5 h » ;&HBOC
49 ; recryst. from AcOEL as CyNH, salt

62% in 2 steps

1) Boc,O, NaHCO,

NHCbz THFHO (1:1), 1, 12 h NHCbz
; N.N-dimethylpropanediamne g ocHN
Hz‘N v b
;\ 2) TeeOH J\
0% ~OH EDC, DMAP 0" "OTee
51 DCM,0°C. 4h 53
; recryst. from AcOEYHex
87% in 2 steps
_OBn ‘
1) 4 N HCI/Dox, rt, 1 h - BocHN/:\fO NHCbz
2) Boc-D-Ser(Bn)-OH 50 HN .
EDC, HOBt, DIEA ;\
DCM, 0°C.6h 53 0" "OTce
, recryst. from AcOEVHex
Scheme 2-18 82% ; without column chromatography from

H-Orn{H)-OH- HC! and H-Ser(H)-OH

FVRIZHEV BoeD-Ser(Bn)-OH 50 K (* BoceD-Orn(Cbz)-OTce 52 MDA REATT - 7-,
Boc-D-Drn(Cbz)-OTee 52 FHETHILEWM TH 7203, TeeOH & EDC/DMAP % v 54
o CHEZR < 1BD Z £ W TE T (Scheme 2-16),

T, BTELIBEARDD Boe bE0HAIEIZ N MNdimethyl-1,3-propanediamine
(NNDMPD) ZRW5 Z & T, EEH#H H-Orn(H)-OH-HCL & H-Ser(H)-OH 5, # T
AT 2 LIS HTRELBREBOHLTHEMEDO Y XTF FEBLI LN TER,

BN THLIZEZ A Y FRITOHERIS X1T > 724, AHDMHA MO EEERKE
Wiz, EDCHOBt %2 DEPBT 722 & Q4 TrdlR R pREIIR £ o, €T, HE
BELEEEOEVIEESHI O 1 >Thd HATUHOAt ORI Th vy 7Y Fafiolo b =
A 8L%DILBTEIMDT hF_TF K 54 21552 LR TE& - (Scheme 2-16),

_OBn
OBn o -
4 1) 4 N HCl/Dox, rt, 1 h AllocHN 2.0 NHChbs
BooHN O HCo: LALIE. )
HN \/f 2) Boc-Hpr-AHDMHA-OH 46 07N l
l HATU, HOAL DIEA 5 D
07 0Tce DCM, 0°C-rt, 15 h L
{1.5 eq.} S3% cc 54
53 ’ Scheme 2-16
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BT TR AT RIS X ABRILATERA A 7 4 T T FOAR

BT ST FRIZHLE 2B T I/ BETHD Boc*D-Asp(Bn)-OH OB A & TT
~7= (Table 2-7), MFEEDRKELR 2T I/ ﬁl._]_. COffi ThAT=, BINIIEEOR
WHATU % AV THER 21T 27288, THRIC T hUZAFduTEeFafbIhizbasn
FARYE LTESNT (entry 1),

EDC % DEPBT D H VBV A 2 K, RAKRA— FROBFRIEEH 2 555123
T & RRIEISEFE Y Hisbad, HATU R HBTU 72 KicfFEadh s v =y LFRR
C OB OHEEFIE AV AEASIZIIESENLETHDH, Boec DB H V- TFA %
TS ETNIEZO L 3 ZRRIESFME TE 20, BIGDAS—ABRKREL LT D
EENBLEELLIR-TL B

SEVD rt)é—,\@@f\"j’? RIE7 2 K2R L TL oM 23K A - 72 (Si0s,
CHClyMeOH = 9:1, Rr= ca. 0.2) =8, RIFEE LT F 5 ~7F Koo DCM iFiE & — B
FAE WK TR L, TFA ZBROBIC EERISICH L & ZARBDR U 7 F FIRvE
wFgETH s (entry 2),

Frz, Blike LT, HRARRTHTIZ, TOEET 27 & L7z BoeD-Asp(Bn)-OObt
EHOAZE THMER L R FRTF REBL LN TEDIENDhoTIND

Table 2-7 o ‘/OBn
o ~08n AllocHN Nj\fo NHCbz
AllocHN, N/‘\fo NHCb2
H ol 1) 20%TFA/DCM (02 M), 1t 1 h J\
) m l — O/& OCHLCCly
C\/J%O 07~ OCH,CCls 2) conditions N. O
N-Boc 54 NHBoc 55
conditions result BnQ™ 70
concentration o -/OBn
; Boc-D-Asp(Bn)}-OH (1.5 eq.) . AllocHN 0 NHCb
1 DIEA (3 eq.) 55: 26% N/\f z

HATU (1.5 eq.), HOAt (1.5 eq.) 56: 52%

@]
DCM (0.2 M), 0°C-rt, 12 h ;L
"""" e 0 OCRCCls
\f

; Boe-D-Asp(Bn)-OH (1.5 eq.) 56

2  DIEA(15eq.) 55: 85% CFs
HATU (1.5 eq.), HOAt (1.5 eq.)

DCM (0.2 M), 0°C-rt, 12 h Y

concentration
: Boc-D-Asp(Bn)-00bt (1.5 eq.) HO.,
DIEA (2 eq.) . 270, !
3 DCM(azM) . 6h 55:87% Nen

; N N-dimethylpropanediamine (0.7 eq.)
10 min
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CE R

ETAT, RTFFHARLL Lo T DL LIZLIETOREMEE L 250, kicy B

WZIRME T AT VRN 2 A R OMIFN D 72 < TH e DB A IHE TH B IBE S
7

o

[ 3v]

v«‘

B

i
(S 1 [i
¢

EEARMOELERE L, F0HBOSLTF FEMBET HOObt B> A5 Lo
L B, BBHAEEZATAD S B, HOObt T AT AR afiae L

(‘V%%%

1
<
OE g EN: & 78 2 amiblpe
@HOObt B & 7 B E K COSMREME CHBIRT S
@HOObt 7 =% 3@ i B L, KGO H%ﬁxwﬁmﬁ< LR TLC £T
%w\UV@ﬂ&ﬁK@%iU&w%@%QEﬁ,@M&Hﬁoﬂ*#L)%m%tﬁ\
KRB AN BHR L2970 i
NET D,
Fhaoima, ®AAEIZ NMNdimethyl-1,3-propanediamine (N, N-DMPD) EHWAIZ &
TR OIEE T 2T A ERENMEDT I 0 L e TS Uiy ik
DFH) THENTED E%EZ - (Scheme 2-17),

Scheme 2-17
1) H* Boc-AA"-AA-AA-OR
Boc-AAAA-OR - Boc-AA"-O0bt R
2) SOG—AA"-OON HOObt HZN/\\/\N,MQ
ase h
Me
N.N-DMPD

Boc-AA \NMN,ME

H ; acidic washing
Me ;
base :
HOODbt basic washmg Y

—_——— b Boc-AA"-AA-AA-OR
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PLEDFHEERACTTF FEOME LT « VMe 7 % /BB B -3 L7z O-MeThr

TI &
72 ¥ OEEWETOME T b B8R < BUT D LT = AL SUSATER R & 72 % Gk o
Fo HATFR B9 ERNETEDLZ LA TEI.
o ~OBn o O8N
AllocHN N;\(o NHCbz AllocHN N;\fo NHCbz
e ;\ 1) 20%TFA/DCM (0.2 M), t, 1 h

O/‘K OCH;CCl;  2) Boc-Thr(Me)-OO0bt (2 eq.) O* OTce
DIEA (3 eq.) f
DCM (0.2 M), it, 6 h )H,NHBOC

/L NHBOC . N,N-dimethylpropanediamine (1.2 eq.)
BnO” S0 rt, 10 min BnO < 'OMe
55 94% 57
AllocHN NHCbz

1) 20%TFA/DCM (02 M), rit, 1 h

o
2) Boc-GIn{Tri)-O0bt (2 eq.) e
DIEA (3 eq)) Boc
DCM (0.2 M), rt, 6 h
; N.N-dimethylpropanediamine (1.2 eq.)
rt, 10 min BnO
96% THtHN" 0
o -/OBn
AllocHN N/'YO NHCbz
1) Et;SiH (5 eq.)

20%TFA/DCM (0.2 M), 1t, 1 h ka ;»OTce

2) Boc-Leu-O0bt {1.5eq.) Boc
DIEA (3 eq.) >\ <¢

DCM({02M), 1, 6h
. N, N-dimethylpropanediamine (1.2 eq.) /L ‘"H
t, 10 min BnO OMe

Scheme 2-18
© 72% NS0

if:\ EAVZ%7 2 /B0 HOObt = A F/LiL, 7%/ Eif“ EDC., HOObt &1 A K
W LREEESHER LSBT0 THY2MEOLDOE/D 2 LB TEZ (Table 2-8),
Table 2-8. Synthesis of HOObt ester
EDC-HCI(1.5eq.}

o HOObt (1.5 eq.) N
R DCM (0.2 M), 0°C, 1 h o N
OH - . R N
: acidic and basic washing 0
NHBoc NHBoc O
amino acid result
Boc-D-Asp{Bn)-OH quant.
Boc-L-OMeThr-OH quagnt.
Boe-L-N-Me-Gin(Tr)-OH quant.
Boc-L-Leu-OH guant.
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i w20 S o F AL P AF AT E T D8 Nt
‘oA 7 #27F Ko C R, N FREEZRPBURL L®, W< 2 08aH]
ERWT=2o 37 7 7 SAMEDME 21T 72 (Table 2-9).

Table 2-9. Macrolactamization

O -
AllocHN ~..O
1) Zn, NaH,PO, :[f‘ﬁ’ng [ NHCbz
THF/H,O, it oy »
2) 20% TFA/DCM, it O/% /\ 07 NH
3) reagent (3 eq.) N\EO 0 w0
DMF (5 mM), 0°C-t . N N
,,L ﬁ/uﬁ’ 3 Me
BnOSC <7 "OMe
F _
0 AT 0 N:‘QQ
= P N
entry  reagents result® e . Et%(j 0 T
1 HATU/HOAL B7% F FDPP DEPBT
2 DEPBT 62% Lol . o
3  FDPP ~B4%") oY - /g\YN\/'
4 COMUjoxyma  ~50%D N’"’"N’o ®° Nl,o E)Fﬁ
a) Isolated yield in 3 steps. TN ETO\[H\CN
) Low reproducibility, N/ HATU 8 comu

A DMF, 5 mM O@E#AREM T, HA# & LT HATU, DEPBT, FDPP, COMU
EROCTEIGE 21T o7z, WERETRIVE FDPP 2 U 28 (entry 3) 23b 2 & b RIFTH
ST, BERMEMECBEELE LIS, R EFHRMEL CFRE WL HATU 2 AV
i (entry 1) ZRGEEBIRL, B PAFAINS I OB ARG~ & & L,
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BIH BIE

- o AHDMHA @ -NHAlloc ¥/ a2 @lec A7 L EELFLTHY, 20 LD
RFBTT I ) AR T2 72/ 0T PV EOBNAEZD W EOH B =
ER— ST D 28,

o 08N OH.0Bp~_ NHCbz
AllocHNL A ~0 wehz (e
o7 AN HN"YﬁE{O
o ot 30 kel
o . NOg Mey Ay
Lo H
8 Ly
NJT N A H o NH
BnQ/LO " ome e owe
‘ 0
A,
o o deprotection O-N acyl migration 8
o :,OBn
HN I A0 wree:
O/&o)\ 0" "NH
N 0 O IS O
NI
Scheme 2-19 BnoTo e
gy HNTO
¥7 . #EAT 5 DiMeGln X HATU 72 & D8 H TG HLRIEIZ Ko TAB AL, =

m ~
FUMCR D D ERUTFEREDEIC L > THAS T EATH Y, DEPBT 4 ¥ Ol FIeifE
FaRWAD 2 ECIORIEIGEIRITS Z LIZHZI L TS 29,
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#
K
%E,;
i
1]
it

IbBOZ EEERHEICEE . OO E{T > (Table 2-10),

Table 2-10
H,N__O
: A08Bn
NHCbz N0 NHObz
1 HN ‘\\)

conditions

1

olNH

L )ﬁo& L ”Io&

HaN" "0 cyclic part {64) H,N"~O

entry conditions result®

Pd(PPha)s, NMA, DCM, 0°C, 30 min
1 : Boc-DiMeGIn-O0bt 30~47%D)
0°rt, 6 h
Pd{PPhs)s, NMA, Boc-DiMeGIn-OPfp N
2 DCM, 0°C. 6 h not obtained
Pd(PPh3)s, NMA, DCM, 0°C, 30 min
3 ; short column 67%
: Boc-DiMeGIn-OH, DEPBT, DIEA
THF, 0°C-rt, 6 h

a) Isolation yield in 3 steps.
b) Low reproducibility.

entry 1 Tlf, LERORMKIEZEE LT Alloc #% Pd(PPhs)s & MNmethylaniline
(NMA) Fth&RVTBER#E L, TLC J:‘“C“J?ﬂ*ﬂr@i’i%ﬁi%ﬂ’ﬁﬁ\bfb%il‘ig iz DiMeGln @
HOObt iGFE= AT W EMA T, ZORMIZTHRNY 64 #15H & FTEL OO, JUR
MRV, BEREOEWER 2o, ZOREL LT, HOObt BEM b Fo 3 L5
‘”"5?7(5'1' LTWATED, T OBTRPICEELTWS Pd S EREFERL TN

T EREAE IR, FIT, BMIEORKRWSRZ T F a7 = ) —v (PipOH) O= AT
w%mwfﬁﬁ_ﬁm%ﬁotm‘:nme?waﬁmﬁm%ﬁ%iD%<&wtwﬁ\
Hi% 64 #1852 L3 TE 2D -7 (entry 2),

MENEIETR2TWA Y B, MYES L TWelE & LR RIS R 2T &
WP TEE, BELL, BIREL Lo T 57, BEMLE Q7T I/ EPTX
SFAHARoARICEIELSb WD TH A S, ERRABKEVD L2, Alloc ZE4 TRHE L
FoERED T 3 v 62 EREOKEE (1 M KHSOs THRIERBEEITR > THAMICIEL A
YRAT LA odz, BRI L3S bR, 7 ENRRKEDORMIZEAZ
N5 L IpigEE L > TWATREEMEN B 5,

=, Alloc DIRHEY%, —Ea—phTbsaw 77 4—i2TCT Pd & NMA
#Er3 Liz#lc DEPBT #HVTIHARG£21TH & TREOIRECHER BHY 64
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LN

M7 Z 7 A DA
: HTMOA DA
. ZHE O &SR
Homophymine i34V 7o © 4 SiH
D B-k FeXxfEliEETcdh s HTMOA (A,
A1), HTMHA (B, B1), HTMNA {(C, C1),
HTEMNA (D, D1), HTMDA (E, E1) #& A
TW5 (Fig. 81, 5, A DF—4 v I
& LT3 HTMOA (A, A1) 1HHE o lEIHmE
THY, 4 ODFRFREHFLTD, —F B,
Bliz&
ThHH., L OEHHABEESN TN D 30,
TENEE D 2, 8 MLDOMFILFET AT & R
(Z3%4 % Brown &7 o I8 73l 3DIZ &
S THEEET B & v 5 Bk HTMHA DO &R
ICL > THEL LTV 5 (Scheme 3-1) 7,
INLOEEMDEREEZ HBRICIL, W
LT A NMUBEOLEER LI-TATE FE
AT DMENI ABREELRD,

OH )\/k/erOH

OH O
HTMHA

8H O

HTEMNA

OH O
HTWDA

HTMOA
OH

6H O
HTMNA

Fig. 31

F41 5 HTMHA (% Callipeltin J8<° Neamphamide HIZ L& ENTWAREMILA Y

H Scheme 3-1

R\/H(OH

OH O

"
O

l crotyiboration

R\A/
5H

1) 0804, NalOy

s e e

2} NaClO,

F7=. HTMOA Z® b DD ALY Zampella B2 & - T 2009 FifiE I T 5 82,
i 51 Myers ORAHBIEL 39% AWV CBFERIC RFZHE W R T 5 55T HIMOA 268K
LTEY ., *OHE SERREE % AL 82 L7z (Schemes-2),

Scheme 3-2: Zampella's synthesis of HTMOA (2009)

Me O a Me O b
= | o t l/\r\
Ao~ A
OH Me OH Me (R)-67
65 66
O‘
O Me 0 d Me o) o
N Y T
OH Me OH Me
68 69 70
OH O OH
: i (A
9 . /Y\r\r\ . Ho/“\‘/\m/\
71 HTMOA

Reagents and conditions: (a) LDA, LiCl, THF, -78°C-rt, iodoethane, 13 h, 88%; (b) LAB, 11, 2 h, 85%; (c) 1»,
imidazole, PPhg, DCM, 1t, 85%; (d) LDA, LiCl, THF, -78°C-t, (R)-67, 13 h, 95%; (e) LAB, 1t, 2 h, 88%; (f) TPAP,
NMO, MS4A, DCM, 1 h, 98%; (g) Brown crotylboration; (h) TBSCI, imidazole, DMF, 24 h, 92%(in 2 steps); (i)
0s04, NMO, 1 h, NalOy, 1.5 h, NaCIO,, H;NSO3H, 2 h, dioxane-Hy0, 76%
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BZE HoH

Ll s, 20 Myers DFHBIZZ 7 = KU UFHEEEZA4IIEL LTHWARZS, |
AIZBWTIERR O DERTL 2 LMLV,

FITHE, EHELOHELRERIEL LT MRICE DA RO 24P AF N i
A= 12 OIS E AL & & L, EROAMIZLLTILRTIEY TH A,

AV U= 72 & ICHRO I IZ1Ey THF fF Amano lipase AK & vinyl acetate
TUHTHZLICL) BORFEMEICTHNOE /=270 T3 287, I —H DK
Bed% TBDPS SEC{RME L7-tk, B~ AT VE2MAKSR L MeeCuli (2L - T —[RIEH
T H I THMONLMEFEELH T HBMPEEOT L a—A T6 %1G7 3, TOH%iT,
Zampella & ®HFHEIZHE Brown O ¥ o F Ak b A L7 ¢ EOE LIl BRI 2R T
HTMOA ®&RLETT- 7= (Scheme 3-3),

Amano Lipase AK (1 g/mol) TBDPSCI (1.1 eq.)
vinyl acetate (1.1+ 0.2 eq.) EtzN (1.5 eq.), DMAP (0.2 2q.)
THF (0.3 M), rt, 24+ 56 h DCM (0.65 M), 0°C-rt, 3 h
OH CH OAc OH o i o
72 73 B2% in 2 steps (98%ee)
1) TsCl
EtaN, DMAP
KoCO3 (3eg) DCM, t, 4 h N
MeOH/H,0 (1:1, 0.1 M) 2y Me.CuLi -
OAc OTBDPS ) Me,Culi
rfx., 12 h OH OTBDPS Et,0, -78°C-0°C, 2 h
74 88% 75
TBAF M e \J\/l\/l\ﬂ/OH
THF, it,22h :
yi OH ref. 32 0 O
93% in 3 steps 76 77 TBS Scheme 3-3
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FBE . ADHA AR E 79 7 A 0 NEE ofE
F—H . T E TONE &S RRET

ADHA X o, -V PrFL—y 0 OH © 0 OH O
—7 3/ Bk RN AR AL HOWOH HQNWOH
12 % 2 RO 7 R B H o B SR Nz O N, O
TI/EBODhR0oho TS ADHA (HomopAi'ﬁﬂ-il:e A1-E1)
(Fig. 2), S bD7 I /EEIEORM )NJ\H OH © 99
LT A0 y MEBASERDT S/ w0 o
BEINGH & S OE > L O, " NHz OF NHz OH
HETIERSD 2T DBOTIE,  (callipeltin iﬁ?xphamme A) (’Theo:an;txg?nide B)
AGDHA (Arg), Amtha (Val) 7 X735 OH O OH OH O
¥ b5, Pipecoliodepsin C (28 gk 1O ~ “OH CH
57 3 B SMESAE ST O NH; OH NHz OF
BB, EDIBOT S B RO Sk (AL77-B) (Pipecolidepsin €1

Np s e in | o P - Fig. 3-2
R LT D O MR S, 9

VT, TNHLOLEMOEREZ ZHBIZITHRBH & U THIST 2 REBH T 2 /8%
AnwaZ 222508 THS, ADHA (Glw, ACDHA (Glw) A &KX 45 E
Homophymine FE®BHEZ L9 ¥1H TEOFEENPTER o B BIREE Lo,
SRR, #rZ Callipeltin JHICE =M 5 AGDHA (Arg). B LU % OERPMETH S
(2R,3R,4.9-4,7-diamino-2,3-dihydroxyheptanoic acid (DADHA) OARICEL T E
TIZW S DONRENLZINTHDHEDT, £ETEBLLERIT Limby,
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B BIE

Rao 51 2001 4230, KX 2003 32 FNFND-Fa—A, D-UiRR—R &7 L L
7= DADHA D& AZBE L TWAD, 2003 FOWMEOFN AT » 7FE - IR E 41T T
Almwh, T bLEENTH

Scheme 3-4. Rao's synthesis of DADHA (2003)

O
) ‘ O _,.OM
s 4~ S N

0.0

o. .0 S b
78 X 79 7< 80 x
O, .OMe QB
N 0. .OM n
3/\/\€_7‘W de N3 ® f’g /\/\/k/\
e > BocHN OBoc

—

SNPS S 7 oH den
81 X 82 BnO OBn 83
OBn B OBn
h b Bn.
— . BocHN Y OBoc ——™ Wlxl v "OH
N OBn Boc _NH OBn
84 Boc a5
QOBn O
k Bn.
— I}I Y OhMe 6.9% (16 steps)
Boc _NH OBn
Boc
86

Reagents and conditions: (a} (i) (COCl),, DMSO, EtzN, -78°C-rt, 1 h; (i) PhaP=CHCO,Et, DCM, rt, 1 h, 79%; {b)
LAH, THF, 0°C-rt, 6 h, 87%; (c) (i) TsCl, EtsN, DCM, 0°C-rt, 8 h; (ii) NaN3, DMF, 80°C, 8 h, 74%:; (d) conc. HCI
(cat.), MeOH, 80°C, 4 h, 86%; {e) BnBr, NaH, DMF, 0°C-rt, 2 h, 92%; (f} 60% AcOH-H,O, HCI (cat.), 60°C, 2 h,
76%,; {g) LAH, THF, 0°C; then 15% NaOH-H,0, Boc,O, 93%; (h) (i) MsCl, EtsN, DCM, 0°C-t, (i) NaN3, DMF, 90°C
, 93%,; (1) NaH, BnBr, DMF, 0°C-1t, 8 h, 79%; (j) (i PPhs, H,O, PhH, 11 h; (i) EtsN, Boc,0, 12 h, 81%; (k) (i) Jones
oxidation; (i} CHaN5, Et,0, 41%

D70 b—AWBREETEATES—/ 81 ¥R L, AT v 745K T 82 ~FH
T 5, ko7& — A EETL, LT AI—NE TP RCERTHZLTCY
PLOMIEERF R, TV FORTE CLALOBEER TEMSH~EFELTWD,

ZOARTIRERMONIERE 2 THEDE THHHEICHE> T B HEEMERFE O —T,
FTOHBHEE BNOFRICEETHAFE TICHBHNREWIREAMEL TS, £/, TV

FEBEEHWS D, ZEEOENS L RESRIZEHFVHBL THRNEERLD.

FO—HT, HEWHE 78 @ 5 MICH - HHMERE L B L TENE, ROUNIREHRL
7o AGDHA DA 7 2 /) B~ bAKEBRTEANAEOBVWHIERTHDILELLND

34



F72. Kim 56 2008 392 Z4 17 40 92 12595 0sO4 iV Fakd
MAba PR L7c DADHA O FESRBIRAMREEBRE L TWD

Scheme 35. Kim's synthesis of DADHA (2006)

0 o ) o
a
ChzHN OH  ——— CszN’A“V/A\T/u\SEf — Cbz‘y SEt
5 NHBoc 88 NHBog Boc 39 NHBoc
o d
c Chz .. =—_ _OMe e
Boc NHBoc Boc NHBoc O
90 81
CH ©O
. oM OH ©
HN Sy e HN ~"“oMe 9
CbzPh N O 5 — e
bz ¥ CbzPh\T;N OH Cbz NH OH
‘ Bog”
Ph 92 Ph 93 94
symanti=>13:1 33% (9 steps)

Reagents and conditions: (a) (i) isobutyl chioroformate, TEA, DME, 0°C; (i) EISH, TEA, 0°C, quant.; (b) Boc,O,
TEA, MeCN, rt, 68%; {c) 10% Pd-C, E{SIH, MgS0, acetons, i {d) KHMDS, 18-crown-8,
{CF3CH,0)P(O)CHCOMe, THF, -78°C, 82%: () (i} AcCl, MeQH, 0°Ct, (i) benzophenone imine, DCM, t,
92%; (f} cat. O8Oy, NMO, THF-H,0, 1t, 90%; (g) (i} TFA, aq. THF, it (i} Boc,O, NaHCO,, THF-H,0, 65%

2O Kim B O#HELARTNIZ, Lipton 5D 7 —7FI1Z X - T 0804 & AWV [EHEO F R T
@ AGDHA SHAME EN TV A 3995 00, fillit 2 Fv o b Fua % ko iz i
RSN U2 0WERE TH DSV SEEA R LTy,

Scheme 3-8. Lipton's synthesis of DADHA.

| CbZ~N/\\/f\j/ﬂ=T\WxOMe 0504, NMO /\\/f\jxl\v/ﬂ\
i ! -

Boc NHCbz O THF-H,0O oc NH OH

syn:anti=1:1

R

; R :
. Ph :

H/:@!’ A vs. MeO H. = H"’;:jgﬁ i
; MeO,C” ¢ N7 Ph I N R MeOC™ H NHCbz |

“Cbz
I -

syn product anti product syn product

[ |
xI

1
I

mmaﬁ\%®ﬁﬁﬁﬁééntv7 2E®%ifm /&ﬁ»ﬁwwW§g@ > F-
FAKERETHEEMMLEY, TI/EA2N Y72 A2 e LTZERBHET S
ZET, 18 1 OFCEERIRETEAO 3,4-5yn VAN EB/ TS,

Kim OEET T >OKBEL B UABRRICEE TE 3 A TERLTH LD, £DEE
fWE%Tlf%@%%ﬁ%ﬁﬁﬁxﬁfﬂﬁwﬁ@wmmﬁjﬁ&&ofw
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B OB
— A EE
#F13. Kim, Lipton b ZFHE, 0s0 ZMW -2k K a‘rwwiﬁ-‘-r £ T ADHA %4
FEF Sb— R ERIR U7z, FRIZili~7o k91, 0sOsBIbin kB Ve R bfkizgsn T

ROV GRIRIE T #ER T D1 ﬁ,fnfﬁém//7:fx4 g ST A RRE L
TEBLWBERHD, R~/ Tz /oA I rEROZRE L 2 AREROBH TR
o AEEANRIZT A8, P FeX bR E LT, SAF S UBASFRTT S
JRERBELERTHE EaZAy I Pyr) Bk 99 #1052+ L
(Scheme 3-7),

OsQy catalyzed dihydroxylation

O OR O OR O
B0~ N 0Aly <~ OAllyl
Boc- VM OR = N OR
oc o Boc
97 98 % OR
Z-selective 's)
HWE reaction

Boc
0 Fukuyama's 0
thioester reduction Q 5/// 251 ]
OH H
NH N
101 100
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b
Ll
i
[ |
1t

S ADHA OA&R

Z4, Pyr 101 OANRXINEETATE RIZBITTHLENRH AN, SEIITHOE
DEZRBUGET 0F BB 2Lk LT, Pyr % EtSH/EDC/DMAP 04 TF A4 —/-x
ATFNMEL, T 7 AERF Boe L1452 LT 102 2B/, 5517 BocPyrSEt %18
IR L, |ONIZT AT e PR 5 2 & EHE< HWE BOSITR L,

ZZBRE) HWE UGS St & 2 DO LEN MO TV AR, REOE - FHO

X, RRIFEOBENS, BiECEEERNA D L L, — %1912 Ando-HWE i
TRV OBE S/ Teiton BREFER L L THAWAZENTER, LALAEREL, 4H

OEHT TritonB £l 3¢ 77 4 AOBRENE I - TLEVEMWIREB N2 o1,
WS ODFEERFILERERE., 73/ 747 FRYOEERCIHEHICREVWE SN D
Nal/DBU9 % RV T2 BRIC BIZ I 20 @ 80 BRI T, B 99 % ZEPE T9%INE TR
BHIEBTE,

HTLTaw NTTT =T, AV T 4 99 & OsOn ZW-VE FaFky
MESORITRE &, 1681 LW @ISR T U A — v & 5 2 7, BV TKE O Bn
T—FAACERARATC . WTROEKUTH RN EBAZ LxTE oz, Lol
AOEZIR TBS HEROWTERERICED S Z L & Uiz, ®ikIZ, 77 % L% LiOOH #*
FAV D E MR TIOR3 it 5 2 & T ADHA #E/& 106 %737- (Scheme 3-8).

0 EtSH Boc. 4  PAICEnSH  PhO
HN EDC, DMAP Boc,O, DMAP N MgS0, DBU, Nal
HC DCM, 0°C-rt  MeCN, 0°C-rt ~ EiS acetone, rt THF, 0°C
O 101 quant. 89% O 102 79% (in 2 steps)
E/Z=20:80
C
Boc\N Allyl-Br, KHCO4
cat. 0sQ4, NMOC Pd/C, H,
L ——— e et Y.
l THFABUOH/H,O, rt MeOH, rt DMF, rt
OBn 83% (dr=16:1) quant 99%
O 99 103
O
Boc.,
HO. - TBSOTY, 2,6-Iut} LIOOH
0, DC
OAllyl DCM, 0C THF/H,0, 50
HO™ - 79% 48%
O 104
Scheme 3-8
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&

||

HEDEOE

LWL NS, BonifbaOirE{LEORED=D, WBEFEOS 7 4 4 110 ~FiHE
L 34 fro7a NroMoOby ) o SEREME L Z A E 3 A S R{EZE & 1o
A —BELENT WA DAL - (Scheme 3-9),

NHBac NHBoc
oH 1) BnBr, KHCO, HO. » OBn
DMF, rt, 12 h
2) TBAF, AcOH o ~C ©
o
106 THF, 60°C, 4 h OAllyl 107
72%
JTEAIDCM NHFmoc NHFmac
1) 20%TFA/ OBn
)n,fh HO OBN 55 pDMP, PPTS
2) Fmoc-OSu, DIEA HO* c O PhH, rfx., 4 h .
DCM, 0°C, 1 h 84% OAll
yl 109
48% OAllyl 108
0
j/OBn
1) 40%Et,NH/MeCN 3

rt, 30 min ><O L NH { Js3=5.6Hz
2) MeOH, rfx., 1h o, Jay=0Hz
110 O undesired diastereomer
Scheme 3-9

38




I DFER

el e ] -
BEERIC,

L b D& E~THhD L Lipton 60);‘?‘&@ 3
BRMEDBBE LN THS S Z LN TFHAT

Mb‘mf}71//% JTA&%%TV
27 U AL O K IED M A v T

fiid, 2%

7. Pyr ﬁ?“z{:;{f‘\ =N

TEY
fLDOEEE
O EHEMTE S

Lipton's substrate

NHCbz

HEXE A FI %

anti product )

FIGANEST L. 3, 4-syn DAY & 5.2 TV 5

DWW TIELLTO L SIZEE LTS,
N R %k (DFT, B3LYP/6-31G%) 1ok v T

ST O5 +®4%%&&§

I.OFAO TEBUKREREGD 7 U v 7

5 (Fig. 3-3),

Kim 6@ EH L EH oS LI Py1 Bt

# O Houk EF M IREELE -
Z DOIREEN G LRI ZE N TN Z
LR e 52T &ﬁwT%%I@nb®£ﬂ
3.4-anti LA HIE

anti product

!
:% Boc

syn product

H, @ R
Me0,C7H™ a

Wi E~+0 B8 kJImoI i

anti product

T

H,. @ S
MeO,C" H NHCbz

0

syn product

anti product

*Eim
I

syn product
AE=+8.65 KJ/miol

0 —— R, éfﬂ
f\:%fi}kf T Me0,C ; N

MEOZC

»'EI' b)/b

A F oL 3 2 FE A Eﬁﬁﬁfﬁl&ﬁ L. 3,4 ants
Y I OBECEE A S R A
BTHA I IERICREREME 2 o34 L7 OfEmsE -
:@%@mb?w&mﬂ@wb LW, ZRAF—FEO/NE R
A TOREE) D

ThIER <

TEEE (v
S 3)

anti product

:ﬁ: bez

He—
0‘64, N H

%:R

syn product
AE=+0.70 kJ/imol

MeO

anti product

g

Boc

1

syh product
AE=+9.42 kJimol

Kim's substrate
Ph
Ph/gN
l

R
O

OMe

anti product

H% R

Megacfﬁz@ Ph
N

s

% Ph

syn product

39

anti product

T w

H.,
Meozc’:‘@} N

H

I

syn product
dEw*-O 17 kJ{le

R__ p—~FPh |

Fig. 3-3. Calculated by DFT (BILYP/E-31G*).



FZE B

L

g

B8 . 2,3 epirADHA 2B BR L 77 7AW v 77D v T ORE
B T T 7 A > FORAAIT

ELOMERIbSEEGT A ADHA FE7EEKRTE T, &6/ 2,3-eprADHA
106 2 EFMIAGCWTHZ A FORKE, 7T A MEEDOETFERTHDL D
kL,

75 7 A bPOARTHEINEDIZADHA O 7 2 2 20> Boe 4 ARE L7251z
1L LB THOZ ATV EDBTHFRRIGLTLE S ZEThbd, TODH, 43X
TRED A NR ¥ VB o AT N &4 T JUNMEDIR BRI ERE THA RIS 2 &
& L7~ (Scheme 3-10),

TFA # AT 113 @ Boc 224 L 7=, Boc-D-Orn(Chz)-00bt & DIEA #1044

BEITIE, BHOUVRTF FERINEBTES Z LR TEn, LHIZIERIED b LR
WIEE LT o, B < BUSAMETT 5 MANEIET A T A% B B RO K& R Ao —
DTHDH,
Scheme 3-10
BocHN,, ‘
NHBoe 1) 20% TFA/DCM /Q\/\ NHCbz
i, 40min
TBSO CO,H R N0
OAlly! 2) Boc-D-Orn{Chz)-00bt ~ TBSO OH
TBSO DIEA
O THF, it 1h TRSO o 0
106 84% OAllyl 113
2,3-epi-ADHA

BNTELN DT ROKMERL DL AT/ 114 & LCRHEL-#., HTMOA &
DIFEEHIT> 7, EDC/HOBt 2 HATU & W o =& Tz L A LB 115 &L T
HTMOA %#ERT AR L7720, EDC iZ DMAP 2N LER&{To7 & 25,
HTMOA ®EA SN/ HiYH 115 #@mINE TR D Z LB TE 7 (Scheme 3-11),

TBS.
- O,
O™ T T O gnpr (2.eq), KHCO; (4 60) &m*gjﬁgkmw 1) 206 TPADCM. 1t
" Y 1BS > :
DMF (0.05 M), t, 8 h TBS  2) HTMOA(TES)-OH
114 DCM, 0°C-rt
113 NHCbz AHChz 77%
o TBS*Q o o TBS_Q o
BnDWOAHyI morpholine (3 eq.) BnDWDH
Oy NH O.ppe Pd(PPhs), (20 mol%) Oy NH O.ppe
HN DCM (0.1 M), 0°C, 5 min HNTY
0 67% o}
-,? NHCbz 7  NHCbz
TBS 183
115 116
SCheme 3_11 2,3-995-5&]3 chain-OH
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B BZE

TSN 7 5 7 A o CRIGT ) 25 V% PA(PPhg) ymorpholine S 412 TR

m . RARIRE 116 & Lim, ZoO, FISEEHEY 30 ARBELRES T2 L. FEIX
T TBS #ORENEN SN, %2 TIORBEERARE I 27201, IS5
FRFICEER TR AT A D 2 L L,

=3 LTE LT 2,3-eprside chainsOH 116 {22V T, Boe-DiMeGln-cyclic part 61
DT T T A MrE e,
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B E-HE

T 2,8 eprADHA 2= F A oY v IS oOME

flixe EF2BFT L CARM, BIEETIZENY 117 2B 512E T, BF <,
TZTAr MEG LV, MMEMCARARIGTHS B, RETHHIR TS 8, v fir o4 L
e EBEEOIERICKRE 2T L BEAR L TOHAE THH=ORIEVNIEFIZELS, Fo
iz DiMeGln 435 7 # 4 118 2L TLEHI> O THA D L £ 27~ (Scheme 3-12),

1) TMSOTS
HN__O DCM, o°C HaN. O
2) 2,3-epi-side chain-OH 116 TBS. o o .,
HATU/HOAt or DEPBT R Y_\/LL o
0] o N
BocHN H . .
NH-cyclic peptide R-NH O-pgg  NH-cyclic peptide
&1 117
cyclic part not obtained
™9 o oijﬂ\wﬁ
- N “cyclic peptide
R X “cyclic peptide - H o
R"NH O\TBS 118
slow main product
side chain b
Scheme 3-12

Z LT, MEREEAIERET S BT DiMeGln M ORI~ F RES 480 119 &l
7T A FOWEEEMRBTLTARS &, HBRTU/DMAP # B =i R 22 2565 B iy
120 %485 Z & 23T 7-(Scheme 3-13),

HzN. O

o TS o Scheme 3-13

1) TMSOTE BnO Ay OAly!
OLNH O._H o

DCM, 0°C X
‘ TBS
BoeHN™ PPl 2) side chain-OH HN
O

HoN .0

0 HBTU, DIEA, DMAP
115 DCM/DMF (1:1), 6°C NHCbz
Boc-DiMeGIn-OAllyl 40% “OTBS

120
PyBrop, DPPA etc.. conditions failed.

HaN_O
] o T8Sq 0 W o O8N
1) NMA (5 eq.) B0~ AN N NSO NHGh:
Pd{PPhs)s (20 mol%) Oy NH O 0 A N
DGM (0.1 M), 0°C, 30 min W | l
2) side chain-DilMleGIn-OH (0.5 eq.) \\ HiN N 8 AH o
DEPBT (0.75 eq.), DIEA (0.75 eq.) 0] 0 I\f
DCM (0.1 M), 0°C, 3 h worgs NHCbz - ﬁ o N e
BnO O “OMe
HN"SO
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B B

F T, Bbhiz DiMeGln 258 T 5 7 A b 120 LRE_TFF 61 L7
FUAY MEREWNTHIZA, ZhbHIMEZRDITEEL R 2T,

PEOFRENS, SRR EBEER,. 77 7 Ay MESERETAIERG L 2E /%Y
dieh, BAREOIC 1 BET7 I EBEHA L T EROAL AL — MIFEEZEE T
HIZEE LT,

F72. ADHA Lo L TR, WANEEZ P LTHAEMCIT S0, &AFIC
FEFEOIRBEONI R DT Uo7 —EFRIRL, ELWZERESED ADBA
128 OEREEIT > TS Z & & L1z (Scheme 3-14),

Scheme 3-14

Homophymine A

[ NHFmoo
O, CBn
Phe < ) 0 5

0
) ,,ORO RHNI
’ <—NHR and

cyclic part
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BEZE HE

FIMEE ;. IE LWk - i E 35 ADHA OE Rk
if’-"m Kim & OFERIC L D68

FOER NG I BN OHBTAFETHE, BMOIEEEE/TH O Fexn
WEZBALZERNTERN-ED, Kim SOFELAZEIES AT ADHA 248554542
& & L7z (Scheme 3-15),

Scheme 3-15 /th
NHFmoc 0s0, catalyzed Ph™ =N
<O;,, OBn dihydroxylation OBn
Phr 4
o o O | c QO
OH OMe
123 124

Boe-Glu(Bn}-OH 125 M50 ZA4 L7 4 126 OARRIZ VT, £ & FEE. BT
AL AT VBT HEEHWE S TERTAZ & & L, BN Rz 251 126 @
T I v EORHERE Boc W HRyS T2 S A I EBEBL, OsOa V- Ry
AT B &L dr=101 BEOBWBIRIETEBDOSIfMELEE R/ T2 VA4 — 127 %
i, BohfVAd—n 1271 Oy 7=/ 04 3 /“ﬂ% Fmoc & 128 & L, =¥/
VTR T 130 & Lz, SO7=OEEBERIRIZRKDO T 7 7 5 129 ~LFHE L
BHDsiibfb2EaF L TWA I & &TER L (Scheme 3-16),

Scheme 3-16 ]
1) Pd/C, Et,SiH NHBoc
NHBoc EDC, EtSH MgS0, OB
HO OBn DMAP acetore, i, 1.5h n
) 0 DCM, 0°C,3h  2) (PhO),P(C)CHCO,Me ©c ©O
125 97% DBU, Nal 126
° THF, -78°C-0°C, 2 h OMe
Ph 80% in 2 steps (F:Z = 7:93) j’f
o Py PhSN
1) 20% TFA/DCM Ph™ SN
i, 1h OBn OsQy4, NMO _ HO., OBn
2) benzophenone imine B | o 4 THF/HC (1:1), 1t, 48 h Ho™ o O
DCM, tt, 24 h 89% (dr=10:1)
42% in 2 steps OMe 124 OMe 127
desired diasterecisomer
IHF
1) THF/TFAH,0 (10:2:1) NHFmoc OBn
rt, 1 h H‘O‘/,' OBI'I ‘OH.‘ O
- o I T QNH
2) FmocOSu, NaHCO, ~ ; o, _
THF/H,0 (1:1), 1t, 4 h HO™ { Jp3=56Hz
0% OMe 128 129 Jsq=42Hz
° /%H(OMe)z
P CSA, MS4A
NHFmoc PhH, 500'03 3h NHFmoc
o 63% O OBn
P B
<o~“ Ph <o“" o o
LiOH, LIOOH
OMe 130 Lil, Me3SnCH...etc OH 123
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A BNE

VBRI EFEEZEAT D Z SIS L b0, SEROEREIZHAWDEEIZE L
TE~FHFEL LD & ATF AT AT AORIRNKGEER LT BEEDEM LT LE
W BR9 128 2EALSZEETE R o7, F 2T, KO RMARSA T IR e i
PRESAIRE AR 2,2,2-trichloroethyl (Tee) = AT V2 FH LEIEE 135 ZREFEICESEL
£ LB M, Tee AT NVOREFMOBEIRRAE L7220, REEOHITEZ SO
BRI N FEF L < R TIX 25 7= (Scheme 3-17),

1) Pd/C, Et3SiH NHBcc
NHBoc MgSQO4 OBn 1) 20% TFA/DCM
EtS OBn acefone, rt, 1.5 h l it 1h
L oot O -
0 0 2) Tce-Ando's reagent © 2) benzophenone iming
131 DBU, Nal OTce {32 DCM, rt, 24 h

THF, -78°C-0°C, 2 h

38% in 2 steps
80% in 2 steps (E:Z=8:92)

Ph
Ph N 1) THF/TFA/H,0 (10:2:1)
THF/H,0 (1:1), it, 48 h Lo & 2) Fmoc-Cl, DIEA
50% (dr=9:1) HO" DCM, t, 3 h
OTce 133 24%
NHFmoc BHGHOM NHFmoc
HO.,,. OBn g(s?q &)z o OBn
= Phe
Hov NP O PhH, 50°C, 2 h <o~" 6 O
Scheme 3-17 OTce 134 75% OTee 135
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a0

B EN BT LV e— b TO ADHA SRURE

F T, Jife— e LT Scheme 3-18 L 57 b DR EZ -, BOFHETHAA
7=, Z@ ADHA IZ(Z3Li#E D 4-amino-2,3-dihydroxy #E4F4 57 I JBEIKE A
hoTWD, FROBETINGT I /BIREZED 5D 2 LAHBERE, JERIS—iRE
DEVERN— MRS B L, BRPREIEE LT, 186 O L5 2{LEhERE LI

Scheme 3-18
O OH O OH O
NHFmoc FN -~ “OH HO " “OH
O, OBn NH; OH NH, OH
Ph""<o\\. o o ACDHA AMTHA
{Homophymine A1) (Theopapuamide A)
OH
123 )I\ﬂ-i CH O CH O
! HNT N e " OH
i NH, OH NH, OH
AGDHA
{Callipeltin A, Namphamide A) {Theopapuamide B)
)
OR O oH O OH OH ©
' HO OH
HO™ ™ ™ “OR & : OH
NHROR O NHz OH NH, OH
common intermediate | (Al-77-B) {Pipecolidepsin C)

RA 186 13, CEBERID o, B-FEIFDT 2 / T 7 B2 138 RE@EIREYII I E Fo s
MELTeth, T2 FUoEMKRSHBLUTARTE D BT,

D%, SEIEMNE 5 ADHA 123 OBE. ZRFBHERTNITR VO, H@PREO
KA B L. Wittig BRUSCH T2 & CEFNTE S LE X7 (Scheme 3-19),

Scheme 3-19

NHFmoc Oxidation NHFmoc NHFmoc
O, OBn ; wittig reaction O, OH 0.
Phu--< Ph""< m Ph".,<
O\" O 0 O\" O O\" O
OH 423 | 136 OAilyl : 137 O

dihydroxylation \U

Boc J( Z-selective NHBoc
NH; N HWE reaction
HO\H\/OH = W‘/L/O ¢ ‘ I
o) o 8
140 139 138
L-Ser Garner's aldehyde
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B BHE

LB E TORBOAKIZLLTFO L 1217 o % (Scheme 3-20),
1) AcCl{1.2 eq.)
. r%neog((c:hz M)), i, 12 h 1) LAH (4.5 eq.
DO { eq' b .
NH, Et3|c\12(1 5eq) Boc, J( Totjg (0.25 M) Boc\NJ(
HO?(‘\/OH THF (03 M), t, 12h N .2h

o) - 0
& 3)2,2-DMP (8.8 eq.) MEO\%/ 2) TEMPO (5 mol%) H\U/k/

BF5-OEt (6 mol%) o) NaClO (1.2 eq.)
140 acetone (0.28 M) 141 NaBr (0.5 eq), NaHCO;3 (1 eq.) 139
L-Ser t 2.5 n H,O/DCM (1:1, 0.2 M)
0°C,1h
B°°\NJ( NHBoc
Me-Ando's reagent (1.1 eq.) e}
Nal (1.1 eq.), DBU (1.05 eq.) 2.5%TFA/DCM (0.15 M) [
THF (0.2\0), -78°C-0°C, 2 h 0 35°C, 12 h | o
90% (£:Z = 8:1) OMe 142 70% o 138
1) 20% TFA/DCM (0.1 M) NHFmoc 00, (10 mol%) NHFmoc
nt,1h N NMO (2 eq,) HO.,,
2) Fmee-0Su (1.2 eq.) l O H,OTHF(1:1, 0.1 M} - 's)
DIEA (3 eq.) it,3h HO
DCM (0.1 M), 0°C-t, 4 h C 143 O 144

96% (dr=75:25)
96% Scheme 3-20

L-Ser BB &N Garner 7T & K 139 Min, kO JFEE 4025 - T Boe7 2 /
57 ki 138 A4 LT, Z® Boc #£% Fmoc & WT M Z2 7%, OsO4NMO &ftiz
TYVE FaxiabdiT5 &, B 144 A 311 BEOT T AT L& TE i,
DT R A LRKIG IR EISEE R RV, £%, RIGREDEE, 73/
H EORFEEZRETT 5 2 L CTRRIEOM RN L E LTS,

Table 3-1
NHFmac ‘
0o ® 1) LIOOH (1.2 eq) NHFmoc
conditions Ph_< THFMH,O (1:1, 0.1 M), 0°C, 1 h 0. CH
Ho SO - 2) Allyl-Br (3 eq.), KHCOs (5 eq.) Ph'"‘<o,.~ OAllyl
144 DMF (0.1 M), rt, 3 h
54% {single dastereimer) 13 0
entry conditions resul Ph 0
1 PhCH{OMe), (3 eq.), CSA (10 moi%), DCM (0.1 M), t, 6 h 145 Y
2 PhCH{OMe}, (3 eq.), CSA (10 mol%), MS4A, DCM (0.1 M), rt, 6 h 145 Or.. N mOoe
3 PhCH(OMe), (3 eq.), PPTS (20 mol%), MS4A, PhH (0.1 M), rfx., 12h  multi spots oM
4 PhCHO (5 eq.), CSA (10 mol%), MS4A, DCM (0.1 M), rtto rfx., 6+12h  almost SM  po €
5 PhCHO (10 eg.}, ZnCl; (2 eq.), DCM (0.2 M), rt, 3 h 137 1 46% O 145

BENTELNE A —NVOR DY F o7l Z— R il kT o1, R XTFAFTE FY
AFNANTEE—NERND LI REHIZE RPTRETDAZ / —NMZL2TT 7 bV
DBRBE LAY 145 OH BB LN, T T, A&/ —/A%REI4 LA PhCHO @
LT ZnCle AVl ZA, REERBLBENY 137 2HBA5Z LA TEL, HFHNIL

7 N 187 EIRSREL, AARCBEET IV AT 186 & LTHRETDH I LTI
@$ﬁmz%m¢é:amf%to
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HI# B

H LB 1836 O 1 MKBELTF A~—F Bl TT7ATe FE LR, =
A UAED ) A7 BT H7-%, onepot T Wittig AL R &H 147 ~EFE L= 99,
SDA VT 4 ERAY R, Stryker RBEAAVWTIOBMCREETLIIELEALLD, &
OB BT DD R DN R EOBAR & RGBT E 1T 2 FBRPER R &
A, IDEFEREEDA L E LK,

Allyl = A5 E4rE PA(PPha)s & 7 U VA K~ Py — {2 Nmethylaniline (NMA)

ZHWAHZ & T Fmoc OPLEEES) Z LM, BHI9D AR R 148 ~EHMTE -,

S%. BohBEORE S b~DEADOHT, ROMEPRAEN SO ACDHA =
AGDHA ~DFEME /T2 > Tt & B XA TV 5

NHFmoc NHFmoc NHFmoc
O, OH  DMP, NaHCO, /\40 PhaP=CHCO,Bn O, & 0Bn
Ph““< 1 e ‘ e - P :;n<
U g OAlyl  DCM.0°C, 1 h \romm DCM, 0°C-rt, 2h oSO O
B1% (2 steps
O 438 G (2 steps) CAllyl
147
NHFmoc
Pd(PPhs)4 (20 mol%) OBn
N-methylaniline (3eq.) Phn-(ow‘ o
DCM (0.1 M), 0°C, 30 min o0 O
97% OoH 148 Scheme 3-21

5,6-dehydro-ADHA
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HERE
S E%EE 1L, Homophymine SICEH SN AMEERE 7 I/ BRUWSIFEE 2 ARICH L
= THE R L7- (Scheme 4-1),
Scheme 4-1 Ru catalyzed o
o asymmetric hydrogenation /‘\M
Cl 9 steps, 35% vield I NHAloc
isovaleryl chioride AHDMHA
Enzqutic ‘
(l\/l\' desymmetrization known procedure MOH
B ——— - :
OH OH 6 steps, 47% yield 0 o}
s 0 Bs® ©
72 77
Boc NHFmoc  ne not oxidations HFmoc
N 0. OH  wittig reaction O, N -OBN
H ° = Phe{ h__OAllyl > F)h““<o\*' o 0
8 steps, 11% 0 3 steps, 59%
O O OH
Garner's aldehyde 136 148

7=, BIoES 72 HOObt ester/ N N-DMPD O F1:42 vy, BRI DR TF R A1
{BlzEs Z &iz@eth L= (Scheme 4-2).

H,N._O
Scheme 4-2 [ . /OBn
BocHN™ ’\fo NHCbz
r\NHCbz HQObt ester/ OO H N \)
BocHN_ N,N-DMPD method ;1\
l\ - . Cﬁo o NH
O™ “OTce 18 steps, 17% yield
52 /5'
BnO o ’OMe
H,N
cycllc part

GHE. TREOERPLBLREMRL D BKBH ~ONEBEAZITV,
Homophymine O 25 A BIE L TITE /20,
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Ac : acetyl

AcOEt : ethyl acetate

ADHA : (2R 3R 45)-4-amino-2,3-dihydroxy-1,7-heptadioic acid
AHDMHA : (2R.3R,45)-2-amino-3 hydroxy-4,5-dimethylhexanoic acid
Alloc © allyloxycarbonyl

aq. ' agqueous solution

Artaryl

Asp : asparagic acid

BINAP : 2,2-bis(diphenylphosphino)-1,1-binaphthyl

Bn ! benzyl

Boc : tert-butoxycarbonyl

Bu : butyl

Bz : benzoyl

ca. - approximately

cat. ' catalyst

Cbz, Z : benzyloxycarbonyl

cod ° cyclooctadiene

CSA: {9-(+)-camphor-10-sulfonic acid

Cy (c-Hex) : cyclohexyl

DBU : 1,8-diazabicyclo[5,4,0lundec-7-ene

DCE : 1,2-dichloroethane

DCM : dichloromethane

de : diastereomeric excess

DEPBT : 3-(diethoxyphosphoryloxy)-1,2,3-benzotriazine-4(3H)-one
DIEA : diisopropyl ethylamine

DiMeGln : (25,38 4F)-3,4-dimethylglutamine

DMAP : 4-(N, N-dimethylamino)pyridine

DMF : dimethylformamide

DMP : Dess-Martin periodinane

2,2-DMP : 2,2-dimethoxypropane

DMSO : dimethyl sulfoxide

dr : diastereomeric ratio

8: chemical shift in parts per million downfield from tetramethylsilane
EDC : 1-(3-dimethylaminopropyD)-3-ethylcarbodiimide hydrochloride
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ee . enantiomeric excess

eq  equivalent

Et : ethyl

FAB : fast atom bombardment (in mass spectrometry)
Fmoc ! 9-fluorenylmethyloxycarbonyl

h : hour(s)

HMPA : hxamethylphosphoramide

HATU : (*(7-azabenzotriazol-1-y])- N, N, N, N*tetramethylurcnium hexafluorcphosphate
HBTU : Orbenzotriazol-1-yl- N, N, N, N*tetramethyluronium hexafluorophosphate
HOALt : 1-hydroxy-T-azabenzotriazole

HOBt : 1-hydroxybenzotriazole

HOObt : 3-hydroxy-1,2,3-benzotriazin-4(3 A)-one
HPL.C : high performance liquid chromatography
Hpr : homoproline

HRMS : high resolution mass spectrometry

HTMOA : (2R, 3R, 4R, 60)-3-hydroxy-2,4,6-trimethyloctanoic acid
Hz : hertz

1" I iso

ICso : half inhibiting eoncentration

Ipc  isopinocampheyl

IR : infrared

J: coupling constant (in NMR)

LDA :lithium diisopropylamide

lut. ! lutidine

M : mol/L

Me : methyl

n- : normal

NMO : Nmethylmorpholine- V-oxide

NMR : nuclear magnetic resonance

N, NDMPD : N,N-dimethyl-1,3-propanediamine
Pd/C : palladium on carbon

Ph : phenyl

PPTS : pyridinium p-toluenesulfonate

Pr : propyl

quant : quantitative

red. . reduction
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&R

rxn. - reaction

rt - room temperature

Ser © serine

SM : starting material

TBAF : tetrabutylammmonium fluoride
TBDPS : tert-butyldiphenylsilyl
TBS : tert-butyldimethylsilyl
Tee : 2,2,2-trichloroethyl

TEA : triethylamine

temp. - temperature

Tf : trifluoromethanesulfonyl
TFA : trifluoroacetic acid
Thrthreonine

t-, tert- : tertiary

THF : tetrahydrofuran

TLC : thin layer chromatography
TMS : trimethylsilyl

Trt : trityl

Ts : tosyl
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FERDER
General

Melting points were measured with a SIBATA NEL-270 melting point apparatus.
Infrared spectra were recorded on a JASCO FT/IR-230 Fouriertransform infrared
spectrophotometer. Optical rotations were measured on a JASCO P-1020 polarimeter
and JASCO DIP-370 polarimeter with a scdium lump. NMR spectra were recorded cn a
JEOL JNM-GSX 400A (400 MHz) spectrometer and JNM ECP400 spectrometer (400
MHz). Chemical shifts are internally referenced (7.26 ppm for CDCls, 8.31 ppm for
CD30D, 1.94 ppm for CD3CN, 7.16 ppm for CsDs for 'H NMR, and 77.2 ppm for CDCls,
49.0 ppm for CD3sOD, 118.3 ppm for CDsCN, 128.1 ppm for CsDs for 13C NMR). Mass
spectra were measured on JMX-AX-500 spectrometer and JEOL Accu TOF LC-plus
spectrometer. Analytical thin layer chromatography was performed on Merk Art. 5715,
Kieselgel 60F254/0.25 mm thickness plates. Visualization was accomplished with UV
light, phosphomolybdic acid, cerium-phosphomolybdic acid, ninhydrin and anisaldehyde
solution followed by heating. Column chromatography was performed with silica gel 60
N (spherical neutral 63-210 mesh). Dehydrated dichloromethane, tetrahydrofuran,
acetonitrile, acetone and toluene were purchased from Wako Pure Chemical Industries.

Other solvents and reagents were used as received otherwise noted.
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(B)-4-benzyl-3-(3-methylbutanoyloxazolidin-2-one (19).

n-BuLi {1.05 eq.) M
HNN(O isovalery! chloride (1.1 eq /[(

«Q/o 1g THF (02}, -78°C, 2h
95% 19 Bn

8

To a stirred solution of (/)-Evans oxazolidinone 18 (3.54 g, 20 mmol) in THF (100 mL)
was added »BuLi (1.6 M in mHex, 13.1 mL, 21 mmol) at -78C and the reaction
mixture was stirred for 30 min. Then the reaction mixture was treated with isovaleryl
chloride (2.7 mL, 22 mmol) at -78°C and stirred for 2 h. The reaction mixture was
guenched by addition of sat. NH4Cl aq. (100 mL) and the separated agueous layer was
extracted with AcOEt (200 mL). The combined organic layers were washed with sat.
NaHCOs ag. (160 mL), water (100 mL), brine (100 mL), dried over NasSQ4 and
concentrated i vacuo to give crude product. The crude product was purified by silica gel
column chromatography (Hex:EtOAc = 4:1) to give 19 (5.1 g, 19.5 mmol, 98%) as a
colorless solid.

[alp20 -45.2 (¢ = 0.76, CHCl3); m.p. 41-42°C; IR (neat): v 2958, 2926, 1780, 1698, 1389,
1306, 1210 cm'; 'H NMR, (400 MHz, CDCls}: §1.01 (3H, d, /= 6.8 Hz), 1.02 (3H, d, J=
6.8 Hz), 2.22 (1H, sept., J=6.8 Hz), 2.75 (1H, m}, 2.77 (1H, dd, /= 9.6, 6.8 H2), 2.89 (1H,
dd, J=6.8, 16.0 Hz), 3.31 (1H, dd, J= 3.2, 13.2 Hz), 4.14-4.21 (2H, m), 4.65-4.71 (1H, m),
7.21-7.35 (5H, m),; 13C NMR (100 MHz, CDCls): §23.4, 22.5, 25.0, 37.9, 43.9, 55.1, 66.0,
127.3, 128.9, 129.4, 135.8, 153.4, 172.6; HRMS (ESI-TOF) m/z caled. for Ci5Hz0NOs:
262.1443 [((M+H)+], found: 262.1440.

o o (B)-4-isopropyl-3-(3-methylbutanoyl)exazolidin-2-one (19).
/L/U\N pale yvellow oil {75%). 'H NMR (CDCls 6 0.88 (3H, d, /~6.8 Hz),
)\/0 0.92 (3H, d, /6.8 Hz), 0.98 (3H, d, /6.8 Hz), 1.00 (3H, d, /6.8

Hz), 2.20 (1H, septet, /=6.8 Hz), 2.38 (1H, m, 3.2, 6.8 Hz), 2.71
(1H, dd, /6.8, 15.6 Hz), 2.94 (1H, dd, J=6.4, 15.6 Hz), 4.20 (1H,
dd, =3.2, 9.2 Hz), 4.27 (1H, t, ~9.2 Hz), 4.45 (1H, dt, 4.0, 8.4 Hz); 13C NMR (CDCl)
5 14.6, 18.0, 22.3, 22.5, 25.2, 28.4, 43.9, 58.3, 63.2, 154.0, 172.7

-Pr
19

(B)-4-benzyl-3-((A)-2,3-dimethylbutanoyl)oxazolidin-2-one (16).

O O LDA (1.2 eq.)
/\/ILN J(o Mel (1.2 eq.) )\/LL J{\
/L\/ THF (0.2 M), -78°C-0°C, 3 h :

Bn 80%, >99%dr Bn
19 after recrystilization

16
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To a stirred solution of LDA (23.4 mmol) in THF (100 mL) at -78°C was added 19 (5.1 g,
19.5 mmol). The solution was stirred at ~78°C for 30 min and Mel (1.46 mL, 23.4 mmol)
was added. The reaction mixture was warmed to 0°C and stirred for 3 h, quenched by
addition of sat. NH4Cl aq. (100 mL) and the separated aqueous layer was extracted with
AcOEt (200 mL). The combined organic layers were washed with sat. NaHCQs agq. (100
mL), water (100 mL), brine (100 mL), dried over Na2SQu, and concentrated in vacuo to
give crude product. The crude product was purified by silica gel column chromatography
(Hex'EtOAc = 4:1) followed by recrystallization from mHex to give 16 (4.65 g, 16.9
mmol, 80%) as colorless needles.

laln20 -86.4 (¢ = 1.00, CHCls); m.p. 52-53%C; IR (neat): v 2965, 2918, 1776, 1696, 1455,
1384, 1348, 1209 cm'}; 'H NMR (400 MHz, CDCla): §0.94 (3H, d, J= 6.8 Hz), 0.95 (3H., d,
J=6.8 Hz), 1.17 (3H, d, /= 6.8 Hz), 1.99 (1H, octet, /= 6.8 Hz), 2.77 (1H, dd, /= 9.6,
13.2 Hz), 3.29 (1H, dd, J= 3.2, 13.2 Hz), 3.60 (1H, quint., /= 6.8 Hz), 4.14-4.70 (2H, m),
4.67 (1H, m), 7.21-7.35 (6H, m),; 12C NMR (100 MHz, CDCls): § 18.8, 18.6, 21.2, 30.6,
37.9, 43.5, 55.5, 65.9, 127.3, 128.9, 129.4, 135.4, 153.1, 177.1; HRMS (ESI-TOF) m/z
caled. for Ci16H22NQOa: 276.1600 [(M+H)*], found: 276.1588.

(B)-3-((B)-2,3-dimethylbutanoyl)-4-isopropyloxazolidin-2-one {16°).

u O pale yellow oil (45%, 98%dyx). 'H NMR {CDCly) § 0.88 (3H, d, /6.8

7 N" o Haz), 0.91 (8H, d, /6.8 Hz), 0.92 (3H, d, J~6.8 Hz), 0.93 (3H, d,

:i_p )\/ 6.8 Hz), 1.15 (3H, d, 6.8 Hz), 1.96 (1H, d-septet, /=6.8, 7.6 Hz),

18 581 (1H, d-septet, #=3.2, 6.8 Hz), 3.61 (1H, dq, J=6.8, 7.6 Hz), 4.20

(1H, dd, J=8.0, 9.2 Hz), 4.45 (1H, m, J/=7.6 Hz); 13C NMR (CDCls) § 14.5, 14.6, 17.9, 18.7,

21.2, 28.3, 30.3, 43.5, 58.5, 63.0, 153.7, 177.0; LRMS (FAB) calcd for C12H22NO3:
228.1600 (M*+1). Found: 228.

[~2]

(R)-2,3-Dimethyl-butyric acid (21).

Uj\ LIOOH (1.5eq.) /L/ﬁ'\
a " “OH

0
N/Q -
)\/0 THF/H,O (1:1, 0.2 M}, t, 3 h :
Br 82% Y

16

To a stirred solution of 16 (2.47 g, 10.9 mmol) in THF/H:0 (1:1, 50 mL) was added
LiOH-H:0 (684 mg, 16.3 mmol) followed by 30% H20;: aq. (2.2 mL, ca. 20 mmol) at rt.
and the mixture was stirred at rt. for 6 h. The reaction mixture was acidified by
addition of 1 M KHSOs aq. (25 mL) and extracted with AcOEt (150 mLX2). The

combined organic layers were washed with brine, dried over Na2SO4, and concentrated
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in vacuo to give crude product. The crude product was purified by silica gel eolumn
chromatography (Hex/EtOAc = 4:1) to give 21 (1.02 g, 8.8 mmol, 82%) as a colorless
oil.

[alp20 -22.8 (¢= 0.74, CHCls); 'H NMR (400 MHz, CDCl3): § 0.93 (8H, d, /= 6.8 Hz), 0.97
(3H, d, /= 6.8 Hz), 1.13 (3H, d, = 6.8 Hz ), 1.95 (1H, octet, J = 6.8 Hz), 2.27 (1H,
quintet, /= 6.8 Hz); 3C NMR (100 MHz, CDCla): § 13.3, 18.9, 20.6, 30.7, 46.0, 182.9.
Spectroscopic data for 5 were consistent with those of the literature (Eur. /. Org. Chem.
2012, 3261-3269).

(R)-4,5-Dimethyl-3-oxo-hexanoic acid methyl ester (22).

1)CDI(1.2eq.)

o) 0 0
M THF (0.5M), 1t, 1 h W
OH > ’ OMe

2) potassium methylmalonate (2 eq.) E 9
T MgCl, (2 eq.), EtsN (4 q.), DMAP (10 mol%) 2
THF (0.1 M), 0°C-tt, 48 h

95%

To a stirred sclution of carboxylic acid 21 (423 mg, 3.64 mmol) in THF (7.4 mL) at vt was
added CDI (885 mg, 4,34 mmol) and the reaction mixture was stirred for 1 h. The
reaction mixture was quenched by addition of water (10 mL) and extracted with AcOEt
(25 mLx2). The combined organic layers were washed with brine, dried over NasSO.,
and concentrated in vacuo to give crude imidazolide as a colorless oil. To a stirred
suspension of potassium methyl malonate (1.1 g, 7.0 mmol), powdered MgClz (666 mg,
7.0 mmol) and EtsN (2 mL, 14 mmol) in THF (35 mL) at rt was added crude imidazolide
(499 mg, 3.0 mmol) and DMAP (37 mg, 0.3 mmol) and the reaction mixture was stirred
for 48 h. Then the reaction mixture was quenched by addition of sat. NH4Cl aq. (25 mL)
and extracted with AcOEt (50 mL < 2). The combined organic layers were washed with
sat. NaHCQs, brine, dried over NazS04, and concentrated in vacuo to give crude product.
The erude product was purified by silica gel column chromatography (mHex/EtOAc =
4:1) to give 22 (583 mg, 3.38 mmol, 93%) as a colorless oil (keto : enol = ca.78:22).

[alp® -23.9 {c= 0.8, CHCls); IR (neat): v 2961, 2875, 2138, 1716, 1655, 1309, 1210 cm';
'H NMR (keto form, 400 MHz, CDCla): §0.87 (3H, d, J= 6.8 Hz), 0.94 (3H, d, /= 6.8 Hz),
1.05 (3H, 4, J= 6.8 Hz), 1.98 (1H, octet, /= 6.8 Hz), 2.44 (1H, quint., J = 6.8 Hz), 3.49
(2H, s), 3.74 (3H, s); 123C NMR (keto form, 100 MHz, CDCls): §12.3, 18.5, 21.2, 29.9, 48.1,
52.2, 53.0, 167.7, 206.5; HRMS (ESI-TOF) m/z caled. for CoHicNaOs: 195.0997
[(M+Na)+*], found: 195.0994.
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(A)-2-Hydroxyimino-4,5-dimethyl-3-oxo-hexanoic acid methyl ester (26).

QO ©
Q 9 NaNO, (3 eq.)
oM > ©) OMe
: € AcOH/M,0 (1:1, 0.2 M), 0°C-1t, 2 h : N

~ ToH
22 80% 26
To a stirred solution of #ketoester 6 (270 mg, 1.57 mmol) in AcOH (4 mL) at 0°C was
added NaNO:z (325 mg, 4.7 mmol, in 4 mL water) and stirred at rt for 2 h. Then the

reaction mixture was added sat. NaHCQs aq. and extracted with AcOEt (100 mL. X 2).

The organic layer was washed with sat. NaHCOs, brine, dried over Na2S04, and
concentrated in vacuo to give crude product. The crude product was purified by silica gel
column chromatography (rHex/EtOAc = 4:1) to give 7 (249 mg, 1.26 mmol, 80%) as a
colorless oil.

lalp® -16.1 (¢ 3.85, CHCly); IR (neat): v 3342, 2963, 2875, 1731, 1677, 1435, 1292, 1212
cm'l; tH NMR (400 MHz, CDCls): §0.89 (8H, d, /= 6.8 Hz), 0.92 (3H, d, J= 6.8 Hz), 1.07
(8H, d, J= 6.8 Hz), 2.02 (1H, octet, J= 6.8 Hz), 3.21 (1H, quint., /= 6.8 Hz), 3.91 (3H, g),
9.13-9.32 (1H, brs); 13C NMR (100 MHz, CDCl3): §12.8, 18.9, 21.2, 30.6, 46.8, 52.8, 150.6,
162.1, 200.0; HRMS (ESI-TOF) m/z caled. for CoH1sNNaQ4: 224.0899 [(M+Na)*], found:
224.0892.

(4B -methyl 2-amino-4,5-dimethyl-3-oxohexanoate hydrochloride (14).

Pd/C (1 mal%j, HCI (3 eq.)
o9 H, (1 atm) R @ 0
T OMe MeOH (0.2 M), rt, 6 h : OMe
- N\OH 2 quant. - NHﬁCE

14

A suspension of oxime 26 (210 mg, 1.04 mmol), 2 M HCI/MeOH (1.6 mL, 3.2 mmol} and
2.8 wt% Pd/C (40 mg, 0.01 mmol) in MeOH (5 mL) was stirred under hydrogen
atmosphere (1 atm) at rt for 6 h. The reaction mixture was filtered through a Celite pad
and the filtrate was concentrated in vacuc to give 14 (232 mg, quant.) as a colorless
solid.

[alp®0 17.1 (= 1.20, MeOH); m.p. 123-125°C; IR (neat): v 2962, 2875, 2624, 1752, 1726,
1585, 1508, 1439, 1369, 1277, 1139 em'1; 'H NMR (1:1 diastereomers, 400 MHz, CDCls):
§0.80 (3H, 4, J=6.8 Hz), 0.87 (3H, d, J=6.8 Hz), 0.90 (3H, d, /= 6.8 Hz), 1.01 (6H, 4, J
= 6.4 Hz), 1.20 (3H, d. J= 7.2 Hz), 1.93-2.02 (1H, m), 2.15-2.23 (1H, m), 2.85-2.92 (1H,
m), 2.98-3.05 (1H, m), 3.88 (3H, ), 3.91 (3H, s}, 5.30 (1H, s), 5.38 (1H, s); 13C NMR (1:1
diastereomers 100 MHz, CDClz): §11.1, 14.4, 17.9, 18.9, 21.1, 21.3, 29.3, 30.3, 49.5, 50.6,
54.1, 54.4, 61.2, 61.4, 163.3, 163.5, 201.4; HRMS (ESI-TOF) m/z caled. for CoHisNO3:
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188.1287 [((M+H)*], found: 188.1315.

(2R 3R,4R)-methyl 2-amino-3-hydroxy-4,5-dimethylhexanoate hydrochloride (14).

O O [RuCls(benzene)], (5 mol%) OH O A
| (R)-BINAP (10 mol%), H, (160 atm) /\\/k/u\
' ome CM (0.3 M), 50°C, 48 h B - T OMe
: \ D 3 L ER
z NH.C ’ ' = NH;CI
G quant. (95%dr) 3
14 14'
Ru-(A-BINAP complex was prepared from [RuCle(CsHe)lz (48 mg, 0.096 mmol) and

(R)-BINAP (121 mg, 0.195 mmol) according to the literature procedure®. The resulting

red-brown catalyst was dried in vacuo at 50°C for 2 h. A degassed solution of
a-amino-fketo ester hydrochloride 14 (449 mg, 1.9 mmol) in DCM (6 mL) was added to
the catalyst under an argon atmdsphere. The mixture was hydrogenated at 50°C under
hydrogen pressure (100 atm) for 48 h. The solvent was removed in vacuo to give crude
product (quant., 95%dr). The crude product was purified by reerystallization from
DCM/AcOEt to give pure hydrogenated product as colorless crystals (347 mg, 1.54 mmol,
81%, >99%dr).

[alp®0 -14.4 (¢= 1.0, MeOH); m.p. 178-179°C; IR (neat): v 3342, 2959, 1747, 1508, 1234,
1033 cml; *H NMR (400 MHz, CD3s0D): §0.83 (3H, d, /= 6.8 Hz), 0.88 (8H, d, J=6.8
Hz), 0.99 (BH, d, /= 6.8 Hz), 1.75-1.86 (1H, m), 2.16-2.28 (1H, m), 3.67-3.76 (1H, m),
3.88 (3H, s), 4.12-4.26 (1H, m); 13C NMR (100 MHz, CDCla): §10.5, 15.7, 22.6, 28.1, 42.6,
54.3, 58.1, 75.3, 171.8; HRMS (ESI-TOF) m/z caled. for CoHzo0NOs: 190.1443 [(M+H)+],
found: 190.1465.

a) J. Org. Chem. 1986, 51, 5489-5490.

(2R 3R, 4H)-methyl 2-(((tert-butoxy)ecarbonyl)amino)-3-hydroxy-4,5-dimethylhexanoate
@27.

OH O
S K, eousmomasa | 3
: OMe B OMe

- DCM (0.1 M), 0°C-rt, 12 h Y
= NHgCI 94% = NHBoc
14’ 27

To a stirred solution of the 14’ (300 mg, 1.33 mmol) in DCM (13 mL) at rt was added
DIEA (0.35 mL, 2.0 mmeol) and BoczO (440 mg, 2.0 mmol) and the reaction mixture was
stirred for 12 h. Then the mixture was quenched by addition of 1 M KHSOy aq. (20 mL)
and extracted by DCM (20 mL). The organic layer was washed with sat. NaHCOs aq. (20
mL), brine (20 mL), dried over NasSO, filtered, and concentrated in vacuo to give crude

product. The crude product was purified by silica gel column chromatography
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(arHex/EtOAc = 4'1) to give 27 (361 mg, 1.25 mmol, 94%) as a colorless solid.
[a]p20-14.5 (¢1.00, CHClg); m.p. 70-71°C; IR (neat): v 3403, 2959, 17186, 1506, 1366, 1163
cm-!; 'H NMR (400 MHz, CDCla): §0.77 (3H, d, /= 6.8 Hz), 0.80 (8H, d, /= 6.8 Hz), 0.92
(8H, d, J=6.8 Hz), 1.45 (9H, s), 1.44-1.55 (1H, m), 2.11-2.23 (1H, m), 2.50-2.60 (1H, m),
3.61 (1H, brd, J=_8.8 Hz), 3.78 (3H. s), 4.48-4.50 (1H, m), 5.63 (1H, br d, J= 6.4Hz); 13C
NMR (100 MHz, CDCls): §9.4, 15.0, 21.2, 26.4, 28.3, 41.2, 52.3, 56.2, 75.9, 80.2, 155.6,
171.7; HRMS ESI-TOF) mfz caled. for C1aH27NNaOs: 312.1787 [(M+Na)*], found:
312.1772

(4R 5R)-3-tert-butyl-4-methyl-2,2-dimethyl-5-{#)-3-methylbutan-2-yDoxazolidine-3,4-d
icarboxylate (28)..

OH O 2,2-DMP (5 eq.) OJ(
BF4 ELO 1%
/L:/’\;)LOH — ; 021 (\(,15 ':01 ‘: - MN“BOC
= NHBoc ©1M), z CO.Me
27

To a stirred solution of BocrAHDMHA 27 (22 mg, 0.076 mmol) and
2,2-dimethoxypropane (47 gL, 0.38 mmol) in DCM (0.8 mL) at rt was added BFs: OEt2
(0.5 pL, 0.0038 mmol) and the reaction mixture was stirred for 30 min. Then the
reaction mixture was diluted with AcOEt (5 mL) and washed with brine (5 mL), dried
over Naz804, and concentrated in vacuo to give crude product. The crude product was
purified by silica gel column chromatography (n-Hex/EtOAc = 4:1) to give 28 (18 mg,
0.055 mmol, 72%) as a colorless solid.

[alp20 -2.9 (¢ 0.37, CHCls); m.p. 51-52°C; IR (neat): v 2957, 1750, 1714, 1377, 1176 cm1;
H NMR (ca. 64 rotamers, 400 MHz, CeDe): §0.74 (3H, d, /= 6.8 Hz), 0.77 (8H, d, J =
6.8 Hz), 0.78(1.2H, d, J=6.8 Hz), 0.79(1.8H, d, /= 6.8 Hz), 1.40 (3.6H, s}, 1.42 (4.4H, s),
1.43 (1.2H, s), 1.53-1.58 (1H, m), 1.56 {1.8H, s), 1.89 (1.2H, s), 2.04 (1.8H, s), 2.25-2.32
(1H, m), 3.30 (1.2H, §), 3.32 (1.8H, &), 3.64 (0.4H, dd, /= 5.6, 6.8 Hz), 3.67 (0.6H, dd, J=
5.6, 6.8 Hz), 4.29 (0.6H, d, /= 5.6 Hz), 4.50 (0.4H, d, J = 5.6 Hz); 13C. NMR (ca. 8:4
rotamers, 100 MHz, CsDe): §10.8, 10.1, 15.7, 15.8, 21.0, 21.1, 24.9, 25.8, 26.3, 27.3, 27.9,
28.0, 28.9, 29.0, 39.1, 39.3, 51.8, 51.9, 63.6, 63.8, 79.4, 79.6, 80.3, 80.7, 94.3, 95.1, 151.9,
152.8, 171.3, 171.42; HRMS (ESI“TOF) m/z caled. for Ci17H31NNaOs: 852.2100 [(M-+Na)+],
found: 352.2060.
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(2R 3 R,4 B)-2-amino-3-hydroxy-4,5-dimethylhexanoic acid (AHDMHA).

0’% 1)6 N'HCl aq. (0.2 M) OH O
N rfx., 12 h . /k/k/”\
Boc - OH

: 2) Dowex SWx4 =
2 CO,Me - 2 N pyridine aq. = NH;
28 94% AHDMHA

A solution of acetonide 28 (22 mg, 0.067 mmol) in 6 NHC] aq. {1 mL) was heated under
reflux for 12 h. The resulting solution was concentrated in vacuo to give crude product.
The residue was purified by Dowex 50W-Xdion-exchange resin (H* form) using 2 M
pyridine ag. as an eluent to give desalted (2R,3R,4R)-AHDMHA (11 mg, 0.063 mmecl,
94%) as a colorless powder.

[alp2e -22.9 (HCI salt, ¢= 0.55, MeOH); m.p. 195-197°C; IR (HCl salt, neat): v 3411, 2962,
2875, 2632, 1752, 1726, 1594, 1508, 1439, 1369, 1277, 1139 ecm'}; 'H NMR (400 MHz,
CDsOD): §0.80 (3H, d, J= 7.2 Hz), 0.85 (3H, d, J= 7.2 Hz), 0.95 (3H, d, J= 7.2 Hz ),
1.81-1.89 (1H, m), 2.19-2.26 (1H, m), 3.65 (1H, dd, J=2.4, 10.4 Hz), 3.72 (1H, dd, J= 2.4
Hz); 13C NMR (100 MHz, CDs0D): §9.5, 14.9, 21.4, 27.2, 41.2, 59.0, 74.0, 171.6; HRMS
(ESI-TOF) m/z caled. for CsHisNOs: 176.1287 [(M+H)*], found: 176.1331.

Natural AHDMHA V)

IH NMR (500 MHz, CDsCD): §0.80 (3H, d, /= 7.0 Hz), 0.85 {(3H, 4, J= 6.9 Hz), 0.94 (3H,
d, J="7.0 Hz), 1.84 (1H, m), 2.22 (1H, m), 3.65 (1H, dd, J = 2.6, 10.0 Hz), 3.70 (1H, dd, J
= 2.6 Hz); 13C NMR (125 MHz, CDsOD): §9.5, 14.9, 21.4, 27.2, 41.2, 59.0, 74.0, 171.5

(2R, 3 R,4E)-methyl 2-(((allyloxy)carbonyl)amino)-3-hydroxy-4,5-dimethylhexanoate (44).

OH O
W Alloc-Cl (1.5 eq.), DIEA (3 eq.) w
. OMe ~ _ OMe

O DCM (0.1 M}, 0°C-rt, 12 h FE
- NH30| 91% = NHAlloc
14' 44
To a stirred solution of the 14’ (30 mg, 0.183 mmol) in DCM (1.4 mL) at 0°C was added
DIEA (0.064 mL, 0.4 mmol) and Alloc-Cl (0.035 mL, 0.2 mmol) and the reaction mixture
was stirred for 12 h with gradually warming to rt. Then the reaction mixture was

quenched by addition of 1 M KHSOq aq. (5 mL) and extracted by DCM (10 mL). The
organic layer was washed with sat. NaHCOs aq. (5 mL), brine (5 mL), dried over Na=2SO0y,

filtered, and concentrated in vacuo to give crude product. The crude product was
purified by silica gel column chromatography (Hex/EtOAc = 4:1) to give 13 (33 mg,

0.12 mmol, 91%) as a colorless oil.
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[a]p20-9.5 (¢=0.27, CHCl3); IR (neat): v 2958, 1716, 1508, 1211, 1061 cm'%; 1H NMR (400
MHz, CDCls): §0.78 (8H, d, J= 6.8 Hz), 0.81 (3H, d, /= 6.8 Hz), 0.92 (3H, d, J= 7.2 H2),
1.45-1.53 (1H, m), 2.12-2.20 (1H, m), 2.35-2.40 (1H, br m), 3.62 (1H, br m), 3.78 (3H, s),
4.53-4.55 (1H, m), 4.57 (2H, br d, J= 5.2 Hz), 5.23 (1H, br d, J=10.4 Hz), 5.32 (1H, br d,
J=17.6 Hz), 5.82 (1H, br d, /= 6.4 Hz), 5.87-5.97 (1H, m); 13C NMR (100 MHz, CDCls):
59.4, 15.0, 21.2, 26.5, 41.1, 52.4, 56.5, 60.4, 66.0, 75.9, 117.9, 132.4, 156.0, 171.3; HRMS
(ESI-TOF) m/z caled. for CiaHesNNaOs: 296.1474 [(M+Na)+*], found: 296.1442.

Ns-L-Gln(H)-OBn (35).
1) 2 N HCY/Dox (0.2 M)

Q 0 h ‘ 0 o
H,N OBn  2)NsC!(1.1€q.) HoN OBn
NHBoc EtzN (3 eq.) 35 NHNs
DCM (0.2 M), 0°C-rt, 2 h
96%

To a stirred solution of Boe-GIn{H)-OBn 34 (6.73 g, 20 mmol) in dioxane (20 mL) was

added 4 N HCI in dioxane (20 mL) at rt and the reaction mixture was stirred for 1 h.
Then the reaction mixture was concentrated in vacuo. The residue was dissolved in
DCM (100 mL) and added EtsN (8.4 mL, 60 mmol), o-NsCl (4.9 g, 22 mmol) at 0°C and
stirred 12 h with gradually warming to rt. Then the reaction mixture was diluted with
DCM (100 mL), washed with 1 M KHSO4 aq. (50 mL), sat. NaHCOs aq. (50 mL), brine
(50 mL), dried over Na2SO4, and concentrated in vacuo to give crude product. The crude
product was purified by silica gel cclumn chromatography (z-Hex/EtOAc = 1'1 to 0:1) to
give 35 (8.1 g, 19.2 mmol, 96%) as a pale yellow amorphous solid.
[a)p20 -156.6 (¢ 1.05, CHCIs); IR (neat) 3467, 3377, 3325, 3204, 3091, 2944, 1738, 1668,
1540, 1420, 1353, 1167, 1122 em'l; 'H NMR (400 MHz, CDCls) § 1.97-2.06 (1H, m),
2.25-2.33 (1H, m), 2.36-2.49 (2H, m), 4.27 (1H, dt, J=10.0, 4.4 Hz), 4.87 (1H, d, J=12.0
Hz), 494 (1H, d, J= 12.0 Hz), 5.81 (1H, br s), 5.86 (1H, br s), 6.70 (1H, d, 7= 8.8 Ha),
7.14-7.17 (2H, m), 7.28-7.31 (8H, m), 7.56-7.64 (2H, m), 7.76 (1H, dd, = 8.0, 1.6 Hz),
7.97 (1H, dd, J= 7.6, 1.6 Hz); 13C NMR (100 MHz, CDCls) § 28.1, 30.9, 56.2, 67.4, 125.4,
128.3, 128.5(2), 128.5(3), 130.3, 133.5, 133.7, 134.7, 147.4, 170.6, 174.2; LRMS
(ESI-TOF) caled for C1sH20N307S: 422.1022 [(M+H)+]. Found: 422.
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Ns-NFMe-L-GIn(H)-OBn (36).

O 0O 0 0
TMSCHN, (1.2 &q.)
HQNWOB” : > H,N JK/\)kan
DCM/MeOH (5:1, 0.25 M), rt, 12 h N
35 NHNs 99% 36 Me  Ns

To a stirred solution of 35 (7.6 g, 19.0 mmol) in DCM/MeOH (5:1, 95 mL) was added 2

M TMS-diazomethane in Et20 (10 mL, 20 mmol) at rt and the reaction mixture was
stirred for 12 h. Then the reaction mixture was concentrated to give 36 (8.2 g, 18.8 mmaol,
99%) as a pale blue amorphous solid. The crude product was used for next reacticn
without further purification.
IR (neat) 3462, 3368, 3195, 2944, 17385, 1670, 1542, 1372, 1347, 1240, 1164, 953 cm'}; 1H
NMR (400 MHz, CDCls) 8 2.04-2.12 (1H, m), 2.33-2.43 (3H, m), 2.94 (3H, ), 4.73 (1H, dd,
J=11.2, 4.0 Hz), 4.93 (1H, 4, J=12.0 Hz), 5.01 (1H, d, J= 12.0 Hz), 5.83 (1H, br s), 5.97
(1H, br s), 7.15-7.18 (2H, m), 7.28-7.31 (3H, m), 7.46 (1H, dd, J= 7.2, 2.0 Hz), 7.51-7.59
(2H, m), 7.95 (1H, dd, /= 7.2, 1.6 Hz); 13C NMR (100 MHz, CDCls) § 24.0, 30.5, 31.4,
59.2, 67.2, 123.9, 128.3, 128.4, 130.7, 131.4, 131.9, 133.5, 134.7, 147.6, 169.7, 173.9,
LRMS (ESI-TOF) calcd for Ci9H2:N30+8: 436.1178 [(M+H)*]. Found: 436.

Ns-NMe-L-GIn(Trt}-OBn (37).

O O TrtOH (1.2 eq.) o 0
TsOH (20 mol%)
H,N OBn >  TrtHN OBn
benzene (0.3 M), rfx., 7 h
/N..,, /N\
36 Me” 'Ns 94%, 37 Me” "Ns

To a stirred solution of 36 (2.16 g, 4.95 mmol) and trityl alcohol (1.56 g, 6.0 mmol) in
benzene (25 mlL) at rt was added TsOH monohydrate (190 meg, 1.0 mmol) and the
reaction mixture was stirred for 7 h under reflux. Then the reaction mixture was diluted
with AcOEt (50 mL), washed with sat. NaHCOs aq. (20 mL), 1 M KHSO4 ag. (20 mL),
brine (20 mL), dried over NasSO4, and concentrated in vacuo to give crude product. The
crude product was purified by silica gel column chromatography (m-Hex/EtOAc = 211 to
1:1) to give 87 (3.15 g, 4.65 mmol, 94%) as a pale yellow amorphous solid.
lalp?0 +22.3 (¢ 0.80, CHCls); IR (neat) 3386, 3307, 3057, 3027, 2944, 1738, 1683, 1593,
1543, 1491, 1447, 1849, 1219, 1162, 954, 751 cm'l; 'H NMR (400 MHz, CDCls) §
1.97-2.07 (1H, m), 2.33-2.53 (3H, m), 2.93 (8H, s), 4.71 (1H, dd, J = 11.6, 4.0 Hz), 4.91
(1H, d, J=12.0 Hz), 4.96 (1H, 4, J=12.0 Hz), 6.72 (1H, s), 7.12-7.30 (20H, m), 7.43-7.56
(3H, m), 7.89 (1H, dd, J = 8.0, 1.6 Hz); 15C NMR (100 MHz, CDCls) § 24.0, 30.6, 33.0,
59.3, 67.3, 70.6, 124.0, 127.0, 127.9, 128.4(2), 128.4(7), 128.5(1), 128.7, 130.9, 131.4,
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132.2, 133.4, 144.6, 147.8, 169.6, 170.2; LRMS (ESI-TOF) caled for CasHasNsO7S8:
678.2274 [M+H)*]. Found: 678.

Boc- A*Me-L-GIn(Trt)-OBn (37).

PhSH (1.2 eq.)

O O Cs,COj3 (1.5 eq.) 0O O
MeCN (0.2 M), rt, 3h ‘
TrtHN OBn > TrtHN OBn
N ; Boc,O (1.5 eq.) N
37 Me” "Ns MeCN (0.2 M), 1,5 h 37" Me” "Boc
90%

To a stirred suspension of 37 (7.5 g, 11.1 mmol) and Cs2COs (4.7 g, 14.4 mmol) in MeCN

(55 mL) at rt was added PhSH (1.4 mL, 13.3 mmol) and the reaction mixture was stirred
for 3 h. Then the reaction mixture was added Boc2O (3.6 g, 16.6 mmol) and stirred for
further 5 h. Then the reaction mixture was diluted with AcOEt (200 mL), washed with
sat. NaHCOs aq. (50 mL), 1 M KHSOQ; ag. (50 mL), brine (50 mL), dried over NazSO4
and concentrated in vacuo to give crude product. The crude product was purified by
silica gel column chromatography (irHex/EtOAc = 4:1) to give 37 (6.1 g, 10.0 mmol,
90%) as a pale yellow amorphous solid.
[alp%0 -11.6 (¢ 1.03, CHCls); IR (neat) 3308, 3056, 3013, 2979, 1739, 1686, 1491, 1447,
1891, 1161, 750 ecm'l; '"H NMR (rotamers, 400 MHz, CDCla) § 1.34 (3.9H, ), 1.44 (5.1H,
s), 2.03-2.10 (1H, m), 2.23-2.35 (3H, m), 2.73 (1.7H, s), 2.80 (1.3H, s), 4.27-4.35 (0.43H,
m), 4.71 (0.57H, dd, /= 10.4, 3.6 Hz), 5.13 (2H, 2s), 6.58 (0.48H, br s}, 6.86 (0.53H, br s),
7.19-7.35 (20H, m); 18C NMR (rotamers, 100 MHz, CDCls) 8 24.6, 25.1, 28.2, 31.3, 32.8,
33.4, 33.9, 57.9, 59.4, 66.7, 70.5, 80.3, 80.4, 126.9, 127.0, 127.8, 128.1, 128.2, 128.4(9),
128.5(5), 128.6(1), 128.6, 135.5, 144.6, 147.8, 155.4, 156.5, 170.6, 170.8, 171.0, 171.2;
LRMS (ESI-TOF) calcd for Ca37H41Nz05: 593.3015 [(M+H)*]. Found: 593.

Boc- MMe-GIn(Trt)-OH (38).

0 o) 5 wi% PdIC (1 mol%) 0 o
H2 (1 atm)
TriHN OBn = TrtHN OH
1 MeOH (0.1 M), rt, 24 h A
377 Me” "Boc quant. 38 Me” "Boc

A stirred suspension of benzyl ester 40 (6.1 g, 10.0 mmol) and 5 wt% Pd/C (380 mg, 0.1
mmol) in MeOH (100 mL) at rt was stirred for 24 h under hydrogen atmosphere (1 atm).
Then the reaction mixture was filtered through a Celite pad and the filtrate was

concentrated iz vacuo to give carboxylic acid 45 (5.11 g, quant.) as a colorless solid.
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[alp20 -9.9 (¢ 1.00, CHCls); m.p. 88-89°C; IR (neat) 3299, 3057, 3013, 2979, 1671, 1490,
1447, 1367, 1159, 752 cm'!; 'H NMR (400 MHz, CDCls, 55°C) 6 1.43 (9H, s), 1.96-2.09
(1H, m), 2.22-2.30 (1H, m), 2.30-2.36 (2H, m), 4.48-4.52 (1H, m), 6.82 (1H, br ),
7.19-7.28 (15H, m); '3C NMR (100 MHz, CDCls, 55°C) § 24.9, 28.3, 28.4, 33.9, 70.8, 80.9,
127.1, 127.9, 128.7, 128.8, 144.7, 156.9, 171.0, 174.4; LRMS (ESI-TOF) caled for
CasHasN3078: 678.2274 [(M+H)*], found: 678.

DNs- NMe-L-Phe-OMe (40).

o) O
h OMe TMSCHN, (1.2 eq.) _ Ph OMe
NHDNs PhMe/MerE:i 6(7;:1, 0.2 M) Me/N‘ DNs
39 99% 40

To a stirred solution of DNs-Phe-OMe 39 (1.42 g, 3.74 mmol) in toluene/MeOH (7:1,
18.7 mL) at ot was added 2 M solution of TMS-diazomethane in Etz0 (2 mL, 4.0 mmol)
and the reaction mixture was stirred for 16 h. Then the reaction mixture was
concentrated iz vacuo to give 40 (1.56 g, 3.72 mmol, 99%) as a pale green amorphous
solid. The erude product was used for next reaction without further purification.

TH NMR (400 MHz, CDCls) 6 2.95 (1H, dd, J= 14.4, 10.8 Hz), 3.06 (3H, s), 3.37 (1H, dd,
J=14.4, 4.8 Hz), 3.70 (3H, s), 4.90 (1H, dd, J=10.8, 4.8 Hz), 7.12-7.20 (5H, m), 7.81 (1H,
dd, J= 8.4, 4.0 Hz), 8.23-8.27 (1H. m), 8.30-8.31 (1H. m).

Boe-L-Leu- ¥Me-L-Phe-OMe (41).

0 o Ph
Ph/\HJ\OMG Boc-Leu-SH(1.169) _ g N oMe
N HOODbt (1.5 eq.} h
Me” "DNs CsHCO; (3 eq.) Me O
40 DMF (0.1 M), rt, 24 h 41
80%

To a stirred suspension of DNs- ¥Me-Phe-OMe 40 (56 mg, 0.13 mmol), HOObt (30 mg,
0.18 mmol) and CsHCOs (70 mg, 0.39 mmol) in DMF (1.2 mL) at rt was added
Boc-Leu-SH (30 mg, 0.121 mmol) and the reaction mixture was stirred for 24 h. Then
the reaction mixture was diluted with AcOEt (10 mL), washed with sat. NaHCOs aq. (5
mL), 1 M KHSO: aq. (5 mL), brine (5 mL), dried over Na2SO4 and concentrated in vacuo
to give crude product. The crude product was purified by silica gel column
chromatography (rHex/EtOAc = 2:1) to give 41 (39 mg, 0.097 mmol, 80%) as a pale
yvellow amorphous solid. -
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IH NMR (major rotamer, 400 MHz, CDCls) § 0.91 (3H, d, /= 6.8 Hz), 0.95 (3H, d, J= 6.4
Hz), 1.28-1.35 (1H, m), 1.41 (9H, s), 1.52-1.76 (2H, m), 2.91 (3H, s), 3.04 (1H, dd, J=14.4,
10.4 Hz), 3.37 (1H, dd, J= 14.4, 5.6 Hz), 3.72 (3H, s), 4.53 (1H, dt, J= 9.2, 4.0 Hz), 5.01
(1H,brd, J=9.2 Hz), 5.19 (1H, dd, J= 10.4, 5.6 Hz), 7.16-7.32 (5H, m).

Boc-D-Leu- Me-L-Phe-OMe (epr41).

o Ph pale yellow amorphous solid (90%). 'H NMR {major

BOCHN\)J\N/(WOME rotamer, 400 MHz, CDCls) 6 0.73 (3H, d, /= 6.4 Hz), 0.83

: Ve O (8H, d, J = 6.4 Hz), 1.28-1.35 (iH, m), 1.42 (9H, s),

\( 1.54-1.77 (2H, m), 2.88 (3H, ), 3.02 (1H, dd, J=14.4, 12.0

epi-41 Hz), 3.40 (1H, dd, J= 14.4, 4.8 Hz), 3.75 (3H, s), 4.48 (1H,

dt, J=9.2,4.0 Hz), 5.14 (1H, br d, /= 9.2 Hz), 5.34 (1H, dd, J= 12.0, 4.8 Hz), 7.16-7.28

(5H, m).

Boc-L-Hpr-(Alloc) AHDMHA-OMe (45).
H O
Boc-Hpr-OH (2 eq.) A[Ioc’N OMe

)\/OC)OL EDC (2 eq.), DMAP (5 mol%) 07N
OMe

: z DCM (0.2 M), -78°C to -20°C, 18 h 0
= NHAlioc 85% 1]
Boc 45

44
To a stirred solution of Alloc-AHDMHA(H)-OMe 44 (1.83 g, 6.7 mmol), Boc-Hpr-OH (2.3
g, 10.0 mmol) and DMAP (41 mg, 0.34 mmol) in DCM (34 mL) at -78°C was added EDC-
HCI (2.6 g, 13.4 mmol) and the reaction mixture was stirred for 18 h with gradually

warming to -20°C. Then the reaction mixture was quenched by addition of 1 M KHSO4
aq. (20 mL) and extracted with AcOEt (50 mL). The separated organic layer was washed
with sat. NaHCOs aq. (20 mL), brine (20 mL), dried over Na2SO4, and concentrated in
vacuo to give crude product. The crude product was purified by silica gel column
chromatography (z-Hex/EtOAc = 4:1 to 2:1) to give 45 (2.75 g, 85%) as a colorless oil.

[alp20 -32.2 (¢=0.65, CHCla); IR (neat): v 2959, 2867, 1730, 1697, 1508, 1393, 1365, 1249,
1203, 1158, 1043, 1000 cm'; 'H NMR (400 MHz, CD3sCN, 55C): §0.63 (3H, d, J= 7.2
Hz), 0.76 (3H, d, /= 7.2 Hz), 0.80 (3H, d, = 6.4 Hz), 1.08-1.18 (1H, m), 1.20-1.33 (1H,
m), 1.45-1.61 (3H, m), 1.66-1.74 (1H, m), 1.75-1.84 (2H, m), 1.97-2.03 (1H, m), 2.58-2.71
(0.5H, m), 2.83-2.95 (0.5H, m), 3.62 (3H, ), 3.66-3.76 (0.5H, m), 3.77-3.88 (0.5H, m), 4.42
(2H, d, J=5.6 Hz), 4.51 (1H, dd, J= 8.0, 2.8 Hz), 4.54-4.70 (1H, m), 5.03 (1H, br d, J=
6.8 Hz), 5.08 (1H, dd, J=10.8, 1.2 Hz), 5.18 (1H, dd, J=17.6, 1.2 Hz}, 5.76-5.86 (1H, m),
5.69-5.82 (0.5H, m), 5.83-6.01 (0.5H, m); 13C NMR (100 MHz, CDsCN, 55°C): §10.1, 16.0,
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21.8, 21.9, 25.7, 27.6, 27.7, 28.8, 28.9, 40.0, 40.1, 42.0, 43.4, 53.2, 53.3, 55.6, 56.2, 57.1,
66.6, 78.2, 78.4, 80.8, 117.9, 118.0, 134.2, 134.4, 156.1, 156.9, 170.8, 173.2; HRMS
(ESI-TOF) m/z caled. for CoaHa1N2Os: 485.2863 [(M+H)*], found: 485.2889.

Boc-L-Hpr-(Alloc) AHDMHA-OH (46).
Q 0

AllocHN OMe AllocHN OH

. MesSnCH (3 eq,)
O Tt O L

‘ DCE (0.2 M), 80°C, 15 h
¢! o
N 90%
‘Boc 45 N‘BOC 46

To a stirred solution of Boc-L-Hpr-AHDMHA-OMe 45 (2.61 g, 5.4 mmol) in DCE (27 mL)
at rt was added MesSnOH (2.93 g, 16.2 mmol) and the reaction mixture was stirred at

80°C for 15 h. Then the reaction mixture was concentrated in vacuo and purified by
gilica gel column chromatography (mHex/EtOAc = 4:1 to 1:1) to give 46 (2.29 g, 4.9
mmol, 90%) as a colorless amorphous solid.

[alp20 -53.3 (¢=0.95, CHCla); IR (neat): v 2962, 1732, 1698, 1508, 1412, 1367, 1249, 1200,
1159, 1045, 1001 cm't; tH NMR (rotamers, 400 MHz, CD3sCN): §0.71 (1.5H, d, /= 6.8
Hz), 0.73 (1.5H, 4, J= 6.8 Hz), 0.86 (3H, d, J = 7.2 Hz), 0.88 (1.5H, d, J= 6.4 Hz), 0.91
(1.5H, d, /= 6.8 Hz), 1.23-1.35 (2H, m), 1.40 (4.5H, s), 1.43 (4.5H, &), 1.56-1.69 (3H, m),
1.75-1.82 (1H, m), 1.91-1.98 (1H, m), 2.00-2.14 (1H, m), 2.73-2.79 (0.5H, m), 2.99-3.04
(0.5H, m), 3.75-3.78 (0.5H, m), 8.92-3.95 (0.5H, m), 4.52 (2H, d, J= 4.8 Hz), 4.57 (1H, dd,
J=8.4,2.4Hz), 4.64-4.66 (0.5H, m), 4.75-4.77 (0.5H, m), 5.14 (1H, m), 5.18 (1H, br 4, J=
10.0 Hz), 5.29 (1H, br dd, /= 16.8, 1.2 Hz), 5.86-5.96 (overlapped, 1.5H, m), 5.69-5.82
(0.5H, m), 6.11-6.13 (0.5H, m); 13C NMR (100 MHz, CDsCN): §9.5(9), 9.6(1), 15.3(4),
15.3(5), 21.4, 21.5, 21.8, 25.4, 27.2, 27.3, 27.6, 28.4, 28.5, 39.5, 39.6, 41.6, 43.3, 55.2, 55.3,
55.8, 56.3, 56.4, 66.2, 66.3, 77.8, 80.6, 80.8, 117.6(5), 117.7(0), 184.0, 134.1, 155.8, 1586.6,
156.7, 156.9, 170.7, 170.8, 172.9, 173.0; HRMS (ESI-TOF) m/z caled. for C23H39N208:
471.2706 [(M+H)*], found: 471.2674.

Boc-D-Orn(Cbz)-OTee (52).

NHCbz TceOH (2 eq.) NHCbz
BocHN . EDC (15 eq.), DMAP (10 mol%)  gocHN ]
;\ DCM (0.2 M), 0°C,4h l
O~ o4 BT ' ’ 9] T
90% OTce 52

To a stirred solution of Boc-D-Orn(Chz)-OH 51’ (11.8 g, 32.2 mmol), TeeOH (6.2 mL, 64.4
mmol), DMAP (394 mg, 3.22 mmol) in DCM (160 mL) at 0°C was added EDC-HC1(9.2 g,
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48.3 mmol) and the reaction mixture was stirred for 4 h. Then the reaction was
quenched by addition of 1 M KHSO4 aq. (50 mL). The separated organic layer was
washed with sat. NaHCO; aq. (50 mL), brine (50 mL), dried over Naz80.4, and
concentrated inm vacuo to give crude preduct. The crude product was purified by
recrystallization from EtOAc/irHex to give 52 (14.4 g, 29.0 mmol, 90%) as colorless
needles.

lalp20 +7.9 (¢ = 0.85, CHCls); m.p. 77-78°C; IR (neat): v 3334, 2979, 2926, 1759, 1698,
1522, 1258, 1155 cm'l; 'H NMR (400 MHz, CDCly): § 1.45 (9H,s), 1.58-1.68 (2H, m),
1.69-1.78 (1H,m), 1.90-1.99 (1H, m), 3.20-3.27 (2H, m), 4.41-4.47 (1H, m), 4.64 (1H, 4, J
=11.2 Hz), 4.81-4.86 (1H, m), 4.92 (1H, d, J= 11.2 Hz), 5.05 (1H, br d, J= 8.8 Hz), 5.09
(2H, 8), 7.29-7.38 (5H, m); 13C NMR (100 MHz, CDCls): & 26.0, 28.3, 29.7, 40.4, 53.1,
66.7, 74.3, 80.3, 94.5, 128.1, 128.5, 136.4, 155.3, 156.3, 171.1; HRMS (ESI-TOF) m/z
caled. for CaoHe2sClaN2Og: 497.1013 [(M+H)*). Found: 497.1055.

Boc-D-Ser(Bn)-D-Orn(Cbz)-0OTce (53).

0OBn
NHCbz 1) 20%TFA/DCM (0.2 M), rt, 1 h -

- ~C NHCbz
BocHN_ .« 2) Boc-D-Ser(OBn)-OH (1.5 eq.) B"CHN/;N?
;\ EDC (1.5 eq.), HOBt (1.5 eq.)
C” OTee DIEA (3 eq.) o;\ o
52 DCM (0.2 M), 1t, 15 h 53 ce
92%

To a stirred sclution of Boe-D-Orn{(Cbz)-OTce 52 (15.7 g, 31.5 mmol) in DCM (130 mL) at
rt was added TFA (30 mL) and the reaction mixture was was stirred for 1 h. Then the
reaction mixture was concentrated 7n vacuo and the residue was dissolved in DCM (160
mL). The solution was and added BocD-Ser(Bn)-OH (10.5 g, 35.4 mmol), HOBt-H»0
(7.4 g, 48.3 mmol), DIEA (16.8 mL, 96.6 mmol) and EDC-HCI (9.2 g, 48.3 mmol) at 0°C.
The reaction mixture was stirred at for 15 h with gradually warming to rt. Then the
reaction was quenched by addition of 1 M KHSCO4 aq. (50 mL). The separated organic
layer was washed with sat. NaHCOs, brine, dried over Na2SO4, and concentrated in
vacuo to give crude product. The crude product was purified by recrystallization from
mHex/EtOAc to give 53 (20 g, 29.6 mmol, 92%) as white powders.

[alp?0 -6.4 (¢ = 1.05, CHCl3); m.p. 110-111°C; IR (neat): v 3321, 2979, 2931, 2867, 1760,
1698, 1521, 1251, 1165, 1139 cm'; 'TH NMR (400 MHz, CDCla): §1.46 (9H, s), 1.46-1.54
(2H, m)), 1.68-1.76 (1H, m), 1.78-1.99 (1H, m), 3.10-3.15 (2H, m), 3.60 (1H, dd, J= 9.0,
6.4 Hz), 3.97 (1H, dd, /= 9.0, 3.6 Hz), 4.32-4.35 (1H, m), 4.54 (2H, s}, 4.63 (1H, 4, J =
11.6 Hz), 4.71-4.76 {overlapped 2H, m), 4.90 (1H, d, J= 11.6 Hz), 5.08 (2H, s), 5.41-5.46
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(1H, m), 7.16-7.21 (1H, m), 7.30-7.38 (10H, m),; 13C NMR (160 MHz, CDCls) § 25.8, 28.3,
29.2, 40.2, 51.9, 57.9, 66.7, 67.0, 73.5, 74.3, 77.2, 94.4, 127.9, 128.0, 128.1, 128.5, 136.5,
137.3, 1555, 170.3, 170.4; HRMS (ESI-TOF) m/z caled. for CsoHsgClaNsOs:
497.1013[(M+H)*], found: 497.1055.

Boc-L-Hpr-(Alloc) AHDMHA-D-Ser(Bn)-D-Orn(Cbz)-OTce (54).

o _-0Bn

_0Bn H z o

z . NHCbz
socH np®  NHesz 1) 4NHCIDOx (02 M)t 1h  Alloc ﬁ/;f \

HN \) 2) 46 (1 eq.), HATU (1.5 eq.) oy ;1\

53 ;\ HOAt (1.5 eq.), DIEA (3 eq.) C(go 07 "OTce
0% 0Tee DCM (0.2 M), 0°C-rt, 15 h N.

(1.5 80) ( 9)3 " Boc 54

To a stirred solution of Boce-D-Ser(Bn)-D-Orn(Chz)-OTee 53 (861 mg, 1.28 mmol) in Dox
(1 mL) at vt was added in 4 NHCVDox (8 mL) and the reaction mixture was stirred for 1
h. Then the reaction mixture was concentrated in vacuo and the residue was dissolved
in DCM (4.3 mL), added Boc-L-Hpr-AHDMHA-OH 46 (400 mg, 0.85 mmol), HOAt (174
mg, 1.28 mmol), DIEA (0.44 mL, 2.55 mmol) and HATU (487 mg, 1.28 mmol) at 0°C. The
reaction mixture was stirred at for 15 h with gradually warming to rt. Then the reaction
mixture was quenched by addition of 1 M KHSO4 aq. (10 mL). The separated organic
layer was washed with sat. NaHCO3 aq. (10 mL), brine (10 mL), dried over NazSOu, and
concentrated in vacuoto give crude product. The crude product was purified by silica gel
column chromatography (s Hex/EtOA = 2:1 to 1:1) to give 54 (810 mg, 0.79 mmol, 93%)
as a colorless amorphous solid.

lalp20 +21.7 (¢ = 1.07, CHCls); IR (neat): v 3320, 2957, 2871, 1695, 1645, 1519, 1365,
1233, 1156, 1044 cm™; *H NMR (400 MHz, CDClg, 55°C): §0.70 (3H, d, J= 6.8 Hz), 0.91
(8H, d, J=6.8 Hz), 0.93 (3H, d, J=9.2 Hz), 1.24-1.29 (2H, m),1.39-1.44 (3H, m), 1.43 (9H,
s), 1.51-1.59 {2H, m), 1.60-1.64 (2H, m), 1.75-1.81 (3H, m), 1.92-2.01 (1H, m), 2.02-2.17
(2H, m), 3.14-3.18 (2H, m), 8.25-3.30 (1H, m), 3.60-3.62 (1H, m), 3.79-3.82 (1H, m),
3.89-3.93 (1H, m), 4.40-4.45 (1H, m), 4.48-4.55 (overlapped, 5H, m), 4.60-4.62 (1H, m),
4.64 (1H, d, J= 11.6 Hz), 4.70-4.75 (1H, m), 4.85 (1H, 4, J= 11.6 Hz), 5.00 QH, br d, J=
10.4 Hz), 5.02 (2H, s}, 5.13 (LH, br d, /= 10.4 Hz), 5.22 (1H, br d, J= 17.6 Hz), 5.72-5.85
(1H, m), 6.15-6.19 (1H, m), 7.25-7.32 (overlapped, 11H, m), 7.39 (1H, br d, J = 5.6 Hz);
13C NMR (100 MHz, CDsCN): &9.8, 14.7, 19.7, 21.0, 24.1, 25.6, 26.0, 26.5, 26.6, 28.3,
28.4, 28.8, 38.1, 40.4, 42.5, 51.8(5), 51.9(2), 53.0, 53.1, 58.4, 66.0, 66.5, 66.7, 68.8, 69.0,
69.1, 73.1, 74.2, 74.3, 74.4, 74.5, 80.7, 94.6, 117.8, 127.5, 127.7, 127.8, 128.0, 128.2, 128.3,
128.4, 128.5, 132.3, 132.4, 136.8, 137.8, 156.3, 156.4, 157.1, 169.4, 169.7, 170.0, 174.4;
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LRMS (ESI-TOF) m/z caled. for CisHs7C13NsO13: 1026.3801 [(M+H)*]. Found: 1026.

Boc-D-Asp{(OBn)-L-Hpr-(Alloc) AHDMHA-D-Ser(Bn)-D-Orn{Cbz)-OTce (55).

OBn
4o /OBn n Q7 o
- NHCbZ
ks o Alloc N/\(
Alloc ”‘f“ NRCbz 4y 0% TFADCM (0.2 M), 1, th Houn

l 2) Boc-D-Asp(Bn)-00bt (1.5 &q.) ;\OTce
o*o 0% ~0Tee DIEA (3 eq.)
N,

DCM (02w, it 12 h 55
87% /L NHBoc
BnC”™ "0

To a stirred solution of tetrapeptide 54 (200 mg, 0.195 mmol) in DCM (1.6 mL) was
added TFA (0.4 mL) at rt and stirred for 1 h. Then the reaction mixture was
concentrated in vacuo. The mixture of the residue and Boc-D-Asp(OBn)-O0bt (130 mg,
0.29 mmol) in DCM (2 mL) was added DIEA (0.1 mL, 0.6 mmol) at rt and stirred for 6 h.
Then excess HOObt ester in the reaction mixture was decomposed by addition of
N,NDMPD (30 uL, 0.12 mmol) and stirred for 10 min. The resulting mixture was
diluted with AcOEt (30 mL}, washed with 1 M KHSO4 aq. (10 mL), sat. NaHCOs3 aq. (10
mL), brine (10 mL), dried over Na:S0Ou4, and concentrated in vacuo to give crude product.
The crude product was purified by silica gel column chromatography (n-Hex/EtOAc =
2:1 to 3:2) to give 55 (209 mg, 87%,.

[alp2 +30.0 (¢ = 1.25, CHCls); IR (neat): v 3322, 2960, 2875, 1716, 1520, 1454, 1366,
1241, 1162, 1016 cm't; 'H NMR (rotamers, 400 MHz, CDsCN, 55°C): §0.77 (3H, d, /=6.8
Hz), 0.90 (3H, d, J= 7.2 Hz), 0.93 (3H, 4, /= 7.2 Hz), 1.32-1.52 (2H, m) , 1.54 (9H, s),
1.51-1.61 (3H, m), 1.65-1.72 (1H, m), 1.72-1.84 (2H, m), 1.91-2.02 {(3H, m), 2.63 (1H, dd,
J=15.6, 6.0 Hz), 2.76-2.82 (0.35 H, m), 2.86 (1H, dd, /= 15.6, 7.2 Hz), 3.10-3.15 (2H, m),
3.32-3.38 (0.65H, m), 3.75 (1H, dd, J= 10.0, 4.8 Hz), 3.81-3.83 (0.65H, m), 3.82 (1H, dd, J
=10.0, 6.0 Hz), 4.37-4.40 (0.35H, m), 4.49-4.64 (overlapped, 7H, m), 4.75 (1H, d, J=11.6
Hz), 4.88 (1H, d, J = 11.6 Hz), 4.91-4.93 (1H, m), 4.98-5.02 (1H, m), 5.07 {2H, s),
5.12-5.17 (overlapped, 3H, m), 5.20 (1H, br d, /= 10.4 Hz), 5.32 (1H, br 4, /= 16.8 Hz),
5.58-5.70 (1H, m), 5.87-5.99 (1H, m), 6.14-6.26 (1H, m), 7.25-7.38 (overlapped, 17H, m);
13C NMR (rotamers, 100 MHz, CDsCN, 55°C): §10.0, 10.1, 15.8, 20.9, 21.6, 25.1, 25.4,
26.5, 26.6, 27.5, 27.7, 28.5, 29.0, 37.5, 38.3, 39.4, 40.8, 44.0, 48.4, 52.9, 53.0, 53.7, 53.9,
54.3, 56.8, 58.0, 66.4(8), 66.5(4), 66.7, 67.2, 70.3, 73.5, 74.7, 77.5, 80.3, 95.7, 117.8,
128.4(7), 128.5(0), 128.5(6), 128.5(9), 128.7, 128.9, 129.0, 129.2, 129.3, 129.4, 133.9,
137.0(0), 137.0(3), 138.3, 139.0(0), 139.0(3), 155.6, 157.0, 157.3, 169.3, 169.6, 170.4,
170.5, 171.1, 171.7, 172.0, 172.2, 172.6; LRMS (ESI-TOF) m/z caled. for CseH7sClsNsO16:
1231.4540 [(M+H)*]. Found: 1231.
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NHCbz AHOCHNs)LNf\YO NHCbz
1) 20%TFA/DCM (G.2 M), rt, 1 h o HN;\ '
0" 0OTee 2y Boc-Thr(Me)-00bt {2 eq.) O*o 07" OCH,CCly
DIEA (3 eq.) N._O o
DCM (0.2 M), rt, 6 h f NHBoG
; N,N-dimethylpropanediamine (1.2 eq.) /L m 57
rt, 10 min BrO N0 “OMe

94%

To a stirred solution of pentapeptide 55 (174 mg, 0.14 mmol} in DCM (1.1 mL) was
added TFA (0.3 ml) at rt. and stirred for 1 h. Then the reaction mixture was
concentrated in vacuc. The mixture of the residue and Boc-L-OMeThr-OObt (106 mg,
0.28 mmol) in DCM (1.5 mL) was added DIEA (0.073 mL, 0.42 mmol) at rt. and stirred
for 3 h. Then excess HOObt ester in the reaction mixture was decomposed by addition of
N,NDMPD (21 pL, 0.17 mmol) and stirred for 10 min at rt. The resulting mixture was
diluted with AcOEt (30 mL), washed with 1 M KHSO; aq. (10 mL), sat. NaHCOs aq. (10
mL), brine (10 mL), dried over Na2S04, and concentrated in vacuo to give crude product.
The crude product was purified by silica gel column chromatography (n-Hex/EtQAc =
1:1) to give 57 (178 mg, 94%).

[alp20 +38.0 (c = 0.44, CHCl3); IR (neat): v 3330, 2960, 2875, 1718, 1654, 1522, 1455,
1366, 1247, 1163, 1022 cm'l; 'H NMR (rotamers, 400 MHz, CDsCN, 55°C): §0.77 (3H, 4,
J=6.8 Hz), 0.90 8H, d, /= 6.8 Hz), 0.93 (3H, d, /= 6.8 Hz), 1.11 (3H, d, J= 6.4 Hz),
1.29-1.48 (2H, m) , 1.44 (9H, s), 1.55-1.66 (over lapped, 5H, m), 1.74-1.82 (2H, m),
1.91-2.07 (8H, m), 2.63 (1H, dd, J = 16.0, 5.6 Hz), 2.78-2.85 (1H, m), 2.90 (1H, dd, J=
16.0, 7.2 Hz), 3.11-3.16 (2H, m), 8.22-3.25 (0.75H, m), 3.27 (0.75H, s), 3.30 (2.25H, s),
3.73-84 (overlapped, 3.75H, m), 4.06 (0.25H, dd, /="7.6, 2.8 Hz), 4.15 (0.75H, dd, /= 8.0,
2.8 Hz), 4.833-4.37 (0.25H, m), 4.50-4.58 (overlapped, 6H, m), 4.65-4.71 (1H, m), 4.75 (1H,
d, J=12.0 Hz), 4.88 (1H, d, J= 12.0 Hz), 5.04-5.19 (overlapped, 5H, m), 5.07 (2H, s),
5.21-5.28 (1H, m), 5.32 (1H, br 4, J = 17.2 Hz), 5.50-5.59 (1H, m), 5.61-5.68 (1H, m),
5.85-5.99 (1H, m), 6.14-6.26 (0.75H, m), 6.25-6.29 (0.25H, H), 7.25-7.39 (overlapped,
17H, m), 7.52 (1H, br d, /= 8.8 Hz); 13C NMR (rotamers, 100 MHz, CDsCN, 55°C): §10.3,
10.5, 15.8, 16.1, 16.2, 16.3, 21.3, 21.9, 25.6, 26.8, 27.0, 27.9, 28.1, 28.8, 29.6, 37.7, 38.1,
40.0, 41.1, 41.3, 44.5, 47.4, 47.6, 53.4, 54.1, 54.3, 54.6, 57.0, 57.4, 57.5, 58.1, 58.3, 59.6,
66.9, 67.1, 66.4, 70.8, 74.0, 75.2, 77.3, 77.5, 78.1, 78.7, 96.1, 118.2, 128.7(7), 128.8(2),
128.5(6), 128.8(6), 128.9(9), 129.3, 129.5, 129.6, 129.7, 134.3, 137.4, 138.7, 139.4, 156.8,
157.6, 157.3, 169.6, 169.8, 170.7, 170.9, 171.0, 171.3, 171.4, 172.3, 172.5, 172.7; LRMS
(ESI-TOF) m/z caled. for CeaHarClaN7O1s: 1346.5173 [(M+H)+]. Found: 1347.
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Boe-L- ¥ Me-L-GIn(Trt)-L-OMeThr-D-Asp(OBn)-L-Hpr-(Alloc) AHDMHA-D-Ser(Bn)-D-
Orn(Cbz)-OTee (58).

o ,OBn -,OBn
AllecHN N”\fo NHCbz N”'\fo NHCbz

oA HN;\ 1) 20%TFA/DCM (0.2 M), 1t, 1 h R l
O/L\\o 07 CTee 2) Boc-GIn(Tri)-00b0t (2 eq.) ; OTce
N\fO e gf@ Eg.gqr\h)), i, 6 h \“Nf Boc
~““*NJj»NHB°C  N,N-dimethylpropanediamine (1.2 eq) )j»
BnO/LO T ome . 10 min 05% B0 o "D;ﬂ:&
57 TrHHN"S0

To a stirred solution of hexapeptide 57 {130 mg, 0.097 mmol) in DCM (0.8 mL) was
added TFA (0.2 mL) at rt. and stirred for 1 h. Then the reaction mixture was
concentrated in vacuo. The mixture of the residue and Boc- A*Me-L-GIn(Txt)-OO0bt (130
mg, 0.20 mmol) in DCM (1 mL)} was added DIEA (60 puL, 0.30 mmol) at rt. and stirred for
3 h. Then excess HOODbt ester in the reaction mixture was decomposed by addition of
N NDMPD (15 uL, 0.12 mmol) and stirred for 10 min at rt, The resulting mixture was
diluted with AcOEt (30 mL), washed with 1 M KHSO4 aq. (10 mL), sat. NaHCO3 aq. (10
mL), brine (10 mL), dried over Na2SOu, and concentrated in vacuo to give crude product.
The crude product was purified by silica gel column chromatography (n-Hex/EtOAc =
1:1) to give 58 (162 mg, 0.093 mmol, 96%).

[alp20 +15.3 (¢0.785, CHCls); IR (neat): v 3320, 3057, 3021, 2933, 2875, 1724, 1662, 1509,
1448, 1367, 1250, 1162, 1031 ecm'!; TH NMR (rotamers ca. 7:3, 400 MHz, CDsCN, 55C): §
0.77 (8H, d, J=17.2 Hz), 0.88 (8H, d, J= 7.2 Hz), 0.92 (3H, d, J=6.4 Hz), 1.05 (3H, d, J=
6.0 Hz), 1.30-1.48 (2H, m) , 1.44 (3.9H, s), 1.49 (5.1H, s), 1.52-1.68 (over lapped, 5H, m),
1.73-1.88 (2H, m), 1.87-2.03 (3H, m), 2.03-2.16 (3H, m), 2.26-2.34 (1.4H, m), 2.37-2.44
(0.6H, m), 2.62 (1H, dd, J= 16.0, 5.2 Hz), 2.77 (3H, &), 2.88 (1H, dd, J = 16.0, 6.8 Hz),
3.09-3.14 (2H, m), 3.22-3.25 (0.7H, m), 3.27 (3H, br s), 3.67-3.90 (overlapped, 3.6H, m),
4.23-4.34 (0.7H, m) 4.42 (0.7H, dd, &= 7.2, 2.8 Hz), 4.45-4.62 (6.6H, m), 4.60-4.68 (1.3H,
m), 4.74 (1H, d, J = 12.0 Hz), 4.87 (1H, d, J = 12.0 Hz), 5.06 (2H, s}, 5.085.32
(overlapped, 7H, m), 5.65 (1H, br s), 5.85-5.97 (1H, m), 6.18-6.28 (1H, m), 6.75-6.81 (1H,
m), 6.93 (0.3H, br d, /=28.0 Hz), 7.05 (0.7H, br d, J= 7.2 Hz), 7.25-7.39 (overlapped, 32H,
m), 7.42-7.54 (1H, m); 13C NMR (rotamers ca. 7:3, 100 MHz, CDsCN, 55°C): §10.5, 15.9,
16.1, 16.3, 21.3, 21.9, 24.9, 25.5, 26.9, 27.9, 28.8, 28.9, 29.5, 30.9, 31.1, 34.1, 38.0, 40.0,
41.2, 44.4, 47.6, 53 .4, 54.1, 54.2, 54.4, 57.4, 57.7, 58.2, 66.8, 67.0, 67.2, 67.3, 70.6, 70.7,
70.9, 71.2, 74.0, 74.9, 75.1, 75.2, 76.8, 77.0, 77.9, 78.1, 80.5, 80.8, 81.3, 96.0, 118.2,
127.7(0), 127.7(5), 127.8(2), 127.8(8), 128.7(0), 128.7(5), 128.8(3), 128.8(8), 129.1,
129.3(2), 129.3(7), 129.4(6), 129.5(3), 129.6(2), 129.7, 129.8, 130.0, 134.1, 134.2, 137.4,
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1386, 139.4, 146.0(8), 146.1(8), 146.2(3), 156.9, 157.2(5), 157.3(2), 157.6, 169.5, 169.8,
170.1, 170.7, 170.8, 171.8, 171.4, 172.1, 172.8, 172.5, 173.3; LRMS (ESI-TOF) m/z calcd.
for CaaH111C13NgO20: 1730.7011 [(M+H)+), found: 1731.

Boc-L-Leu-L- A*Me-L-GIn(H)-L-OMeThr-D-Asp(OBn)-L-Hpr-{Alloc) AHDMHA-D-Ser(Bn
)-D-Orn(Cbz)-OTee (59).

{OBn
e
e NHCbz AlochN, Ay A NHCbZ
HHN_ .~/  1)EtSiH (5eq) H
;]\ 20%TFA/DCM (0.2 M), t, 1 h i l
0770Tee 5y Boc-Leu-00bt (1.5 eq.) oree
H Boc  DIEA(3eq) >\ <f
N~ Npye  DCM(02M)rt 6h
. 0O ; N,N-dimethylpropanediamine (1.2 eq.) /L )5‘
OMe rt, 10 min BnO ’OMe
THHN"SO 72%

HaN™ 70

To a stirred solution of heptapeptide 58 (161 mg, 0.093 mmol) and EtsSiH (74 uL, 0.47
mmol) in DCM (0.8 mL) was added TFA (0.2 mL) at rt. and stirred for 2 h. Then the
reaction mixture was concentrated In wvacuo. The mixture of the residue and
Boc-L-Leu-OObt (70 mg, 0.19 mmol) in DCM (1 mL) was added DIEA (50 pL, 0.28
mmol) at rt. and stirred for 3 h. Then excess HOObt ester in the reaction mixture was
decomposed by addition of N,A*DMPD (14 pL, 0.11 mmol) and stirred for 10 min at rt.
The resulting mixture was diluted with AcOEt (30 mL), washed with 1 M KHSO4 aq.
(10 mL), sat. NaHCOs aq. (10 mL), brine (10 mL), dried over NazS04, and concentrated
in vacuo to give crude product. The crude product was purified by silica gel column
chromatography (n-Hex/EtOAc = 1:1) to give 59 (107 mg, 72%).

[alp20 -13.3 (¢ 0.20, CHCls); IR (neat): v 3321, 2957, 2926, 2867, 1711, 1671, 1522, 1454,
1366, 1250, 1163, 1101, 1014 em1; 1H NMR (n0 rotamer, 400 MHz, CDCls): §0.72 (34, 4,
J = 6.4 Hz), 0.76 (3H, d, /= 6.0 Hz), 0.79 (3H, d, /= 6.4 Hz), 0.85 (3H, d, /= 6.8 Hz),
0.92 (3H, 4, J= 6.8 Hz), 1.02 (3H, d, /= 6.4 Hz), 1.15-1.25 (1H, m), 1.24-1.35 (4H, m),
1.40-1.51 (3H, m), 1.42 (9H, s), 1.52-1.68 (over lapped, 3H, m), 1.68-1.80 (4H, m),
1.80-1.93 (4H, m), 2.22-2.35 (4H, m), 2.78 (2H, d, J = 2.0 Hz), 2.89-2.95 (1H, m),
3.00-3.14 (3H, m), 3.14 (3H, s), 3.16 (3H, s), 3.40-3.43 (1H, m), 3.97-4.04 (1H, m),
4.05-4.09 (1H, m), 4.13-4.20 (1H, m), 4.21-4.26 (1H,m), 4.38-4.51 (overlapped, 3H, m),
4.45 (2H, ¢, 4.59 (1H, d, J = 12.0 Hz), 4.60-4.68 (overlapped, 4H, m), 4.79 (1H, d, J=
12.0 Hz), 5.06 (2H, s), 5.09 (2H, ), 5.15-5.17 (overlapped, 4H, m), 5.23-5.37 (overlapped,
4H, m), 5.47-5.49 (2H, m), 5.80-5.89 (1H, m), 5.97 (1H, br ¢), 6.28 (1H, br ), 6.44 (1H, br
s), 6.46 (1H, br s), 6.62 (1H, br d, J = 8.4 Hz), 7.25-7.39 (overlapped, 16H, m), 8.25 (1H,

72




R D

br s), 8.60 (1H, br s); 13C NMR (n10 rotamer, 100 MHz, CDCls): §8.4, 15.0, 15.4, 21.4, 22.8,
23.7, 24.4, 25.2, 25.5, 25.8, 26.9, 28.3, 30.7, 34.7, 37.9, 40.2, 41.7, 44.1, 46.3, 47.9, 51.5,
53.5, 54.5, 54.9, 55.5, 56.3, 57.4, 66.1, 66.3, 66.8, 68.7, 73.8, 74.0, 76.8, 77.2, 79.9, 94.7,
117.8, 127.9, 128.0(1), 128.0(9), 128.1(3), 128.5, 128.4, 128.5, 129.1, 132.6, 135.3, 136.8,
137.0, 155.4, 156.5, 157.1, 168.3, 168.6, 169.0, 169.9, 170.1, 170.7, 172.9, 174.2, 174.7;
LRMS (ESI-TOF) m/z caled. for C76HiosClsN100z1: 1601.6756 [(M+H)+], found: 1602.

Cyclo-(L-Leu-L- ¥Me-L-Gln(H)-L-OMeThr-D-Asp(OBn)-L-Hpr-(Alloc) AHDMHA-D-Sex(
Bn)-D-Orn(Chz)) (60).

o _0Bn

e
N [
H/,:f f NRGbZ 4 70 (30 eq.), NaH,PO,
; ' OTce THF/H,0, 1t, 3 h
07 NHBoc  2)20% TFA/DCM (0.1 M), rt, 1 h
3) HATU {3 eq.), HOA (3 eq.)

O
O g iy
N N e DIEA (5 eq.)
0 DMF (5 mM), 0°C-rt, 48 h
‘Oie

N\E o
Sty
BnO’LO : '
59

67%

H,N"SO

To a stirred solution of Boc-octapeptide-OTee 59 (316 mg, 0.20 mmol) in THF (4 mL)
and 1 M NaH2PO4 aq. (4 mL) at vt was added Zn powder (387 mg, 5.9 mmol) and the
reaction mixture was stirred for 3 h. Then the suspension was filtered through a cotton
pad and extracted with DCM (20 mL X 2), dried over Na2S04, and concentrated in vacuo
to give crude free carboxylic acid (280 mg, 0.19 mmol, 97%). To a stirred solution of
crude Boc-octapeptide-OH in DCM (4 mL) was added TFA (1 mL) at rt. and stirred for 1
h. Then the reaction mixture was concentrated in vacuo. The residue was dissolved in
DMTF (38 mL) and added DIEA (1 mL, 0.57 mmol), HOAt (78 mg, 0.57 mmol) and HATU
(108 mg, 0.29 mmol) at 0°C. The reaction mixture was stirred at for 48 h with gradually
warming to rt. Then the reaction mixture was diluted with AcOEt (100 mL), washed
with 1 M KHSO4 aq. (30 mL), sat. NaHCOs aq. (30 mL), brine {30 mL), dried over
Na2504, and concentrated in vacuo to give crude product. The crude product was
purified by silica gel column chromatography (CHCls/MeOH = 19:1) to give 60 (170 mg,
0.126 mmol, 67%) as a colorless amorphous solid.

[ap20 +0.70 (¢ 0.41, CHCl3); IR (neat): v 3402, 3314, 2958, 2926, 2875, 1652, 1520, 1455,
1247, 1161, 1100, 1014 cm'%; 'H NMR (400 MHz, CDCls): §0.76 (8H, d, /= 6.0 Hz), 0.77
(3H, d, /= 6.0 Hz), 0.91 (3H, d, /= 6.8 Hz), 0.93 (3H, d, /= 6.4 Hz), 0.94 (3H, d, J=5.6
Hz), 1.07 (3H, 4, J= 6.4 Hz), 1.18-1.37 (4H, m), 1.38-1.48 (4H, m), 1.53-1.62 (over lapped,
5H, m), 1.70-1.83 (5H, m), 1.93-1.99 (4H, m), 2.18-2.24 (3H, m), 2.23-2.33 (1H, m), 2.68
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(1H, dd, J= 18.4, 2.0 Hz), 2.89-3.00 (3H, m), 2.95 (3H, ¢), 3.05-3.14 (5H, m), 3.17-3.25
(1H, m), 3.20 (3H, s), 3.55-3.61 (1H, m), 3.66 (1H, dd, J= 9.6, 6.6 Hz), 83.83 (1H, dd, J=
9.6, 4.0 Hz), 4.18-4.22 (1H, m), 4.45-4.48 (overlapped, 3H,m), 4.50-4.57 (overlapped, 4H,
m), 4.61-4.67 (1H, m), 4.64 (dd, J= 12.8, 5.6 Hz), 4.68-4.76 (1H, m), 4.89-4.95 (1H, m),
4.95-5.12 (2H, m), 5.05 (1H, d, J=12.0 Hz}, 5.11-5.17 (1H, m), 5.15 (1H, d, J= 12.0 Hz),
5.22 (1H, br d, J= 10.8 Hz), 5.26-5.36 (overlapped, 5H, m), 5.32 (1H, br d, /= 17.6 Hz),
5.51 (1H, dd, J= 8.4, 2.4 Hz), 5.68 (1H, br d, J= 7.2 Hz), 5.87-5.97 (1H, m), 6.18 (1H, br
8), 6.35 (1H, br s), 6.58 (1H, br d, J= 9.2 Hz), 7.25-7.33 (overlapped, 16H, m), 7.46 (1H,
brd, J=9.2 Hz), 7.54 (1H, br d, J= 7.6 H2),7.70 (1H, br d, /= 8.4 Hz); 13C NMR (100
MHz, CDClo): §8.7, 15.2, 15.6, 21.5, 21.6, 22.4, 23.2, 24.6, 25.4, 26.1, 26.2, 26.9, 29.6,
30.4, 30.5, 35.4, 37.7, 40.4, 43.5, 45.9, 48.4, 52.0, 53.1, 55.5, 56.2, 57.5, 66.3, 66.4, 66.5,
68.6, 73.2, 74.5, 76.6, 77.2, 118.2, 127.7, 127.9(3), 127.9(8), 128.0(5), 128.0(8), 128.3(8),
128.4(0), 128.5, 132.3, 135.5, 136.5, 137.0, 156.4, 156.9, 168.8, 169.6, 169.7, 169.9, 170.3,
170.7, 171.6, 172.1, 173.7, 174.5; LRMS (ESI-TOF) m/z caled. for CesHs7NioOis:
1353.6982 [(M+H)*], found: 1354.

Boc-DiMeGln-cyclic depsipeptide (64).

,OBn

AllocHN
N ;}I’ NHCbz 4y p4pPh,), (10 mol%)
" N-methylanilne (5 eq.)

DCM (0.05 M), 0°C, 30 min _
2) Boc-DiMeGIn-CH (3 eq.)
DEPBT (3 eq.), DIEA (3 6q.) .
,L )j‘ THF (0.05 M). 1, 6 h _ f
| M
BnO oM &7% WO'H °
H,N
2 64 HzN"T0
cyclic part

To a stirred solution of Alloc-cyclic depsipeptide 60 (85 mg, 0.0628 mmol) and
MNmethylaniline (30 pL, 0.30 mmol) in DCM (0.7 mL) at 0°C was added Pd(PPhs)4 (15
mg, 0.013 mmol) and stirred for 30 min. Then the reaction mixture was concentrated in
vacuo and purified by short silica gel column chromatography (CHCls/MeOH = 19:1) to
remove Pd(PPhs)s and Mmethylaniline. The mixture of the H-cyclic depsipeptide and
Boc-DiMeGln-OH (52 mg, 0.188 mmol), DIEA (40 pL, 0.23 mmol) in THF (0.7 mL} was
added DEPBT (85 mg, 0.217 mmol) at rt. and stirred for 6 h. Then excess HOODbt ester
in the reaction mixture was decomposed by addition of N,V DMPD (18 uL, 0.15 mmol)
and stirred for 10 min at same temperature. The resulting mixture was diluted with
AcOEt (30 mL), washed with 1 M KHSO4 aq. (10 mL), sat. NaHCO3 aq. (10 mL), brine
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(10 mL), dried over Na2804, and concentrated in vacuo to give crude product. The crude
product was purified by silica gel column chromatography (CHCls/MeOH = 19:1) and
QDS silica gel column chromatography (H:O/MeOH = 1:1 to 0:1) to give 64 (64 mg, 0.042
mmol, 67%).

[alp?© -4.8 (¢ 0.96, CHCls); IR (neat): v 3411, 3328, 3031, 2957, 2933, 2867, 1726, 1655,
1517, 1455, 1248, 1161, 1102, 1014 ecm'Y; 'H NMR (400 MHz, CDCly): §0.73 (3H, 4, J =
6.4 Hz), 0.78 (3H, d, J = 6.4 Hz), 0.87 (3H, d, /= 6.8 Hz), 0.95 (3H, d, J= 6.4 Hz), 0.97
(8H,d, J=6.4Hz), 1.07 (3H, d, J=7.2H2), 1.09 (3H, d, /= 6.0 Hz), 1.13 (3H, d, /= 7.2
Hz), 1.24-1.42 (4H, m), 1.43 (9H, ¢), 1.48-1.64 (3H, m), 1.65-1.80 (2H, m), 1.78-1.96 (4H,
m), 2.11-2.24 (4H, m), 2.34-2.49 (3H, m), 2.53-2.59 (1H, m), 2.67 (1H, br 4, J= 17.6 Hz),
2.86-2.97 (1H, m), 2.93 (8H, s), 3.02-3.13 (3H, m), 3.23 (3H, ), 3.58-3.67 (2H, m), 3.86
(1H, dd, J = 9.2, 4.8 Hz), 4.17-4.20 2H, m), 4.46 (1H, d, J = 9.6 Hz), 4.46-4.69
(overlapped, 3H,m), 4.54 (2H, s), 4.83-4.89 (1H, m), 5.05 (1H, d, /= 12.0 Hz), 5.06 (2H, s),
5.15 (1H, d, J = 12.0 Hw), 5.18-5.22 (1H, m), 5.21-5.30 (2H, m), 5.38-5.37 (1H, m),
5.45-5.52 (1H, m), 5.92 (1H, br s), 6.07 (1H, m), 6.18 (1H, br s), 6.47 (1H, br ), 6.56 (1H,
br d, 7= 9.6 Hz), 6.96 (1H, m), 7.25-7.33 (overlapped, 18H, m), 7.46 (1H, m), 7.69 (1H,
m), 7.83 (1H, br d, /= 7.6 Hz); 13C NMR (100 MHz, CDCls): §8.5, 12.8, 15.0, 15.9, 16.1,
21.3, 21.4, 21.6, 22.8, 23.3, 24.7, 25.4, 26.2, 26.8, 28.2, 29.7, 30.5, 31.0, 35.7, 37.8, 39.1,
39.3, 40.1, 40.5, 43.5, 45.8, 48.9, 52.0, 52.9, 54.3, 55.6, 56.5, 57.5, 58.8, 66.5, 68.9, 73.5,
74.6, 77.2, 80.7, 127.8, 128.0, 128.1, 128.2, 128.4(9), 128.5(2), 128.6, 131.9(4), 131.9(7),
132.0(4), 132.1, 135.6, 136.8, 137.1, 156.4, 156.9, 168.9, 169.6, 169.8, 170.0, 170.3, 170.4,
171.5, 172.4, 172.9, 174.1, 174.8, 177.5; LRMS (ESI-TOF) m/z caled. for CrrH1sN 12020
1525.8194 [(M+H)], found: 1526,

(254 R)-5-hydroxy-2,4-dimethylpentyl acetate (73).

Amano Lipase AK (1 g/mol)
vinyl acetate (1.2 eq.)
72 73

To a stirring solution of mesodiol 72 (2.5 g, 18.9 mmol) and vinyl acetate (1.74 mL,
18.9 mol) in THF (63 mL) at rt was added Amano Lipase AK (20 mg). After 36 h,
additional vinyl acetate (0.35 mL, 3.8 mmol) was added and stirred continued for a total
80 h. Then the reaction mixture was filtered through a Celite pad, and the filtrate was
concentrated in vacuo. The residue was dissolved in AcOEt (100 mL), washed with brine
(30 mL. X 2), dried over NazSOu4, and concentrated in vacuo to give a mixture of mono-

and diacetate (3.8 g, ca. 85'15) as a pale yellow cil. This crude product was used next
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step without further purification.

(254 B)-5-({ tert-butyldiphenylsilyloxy)-2,4-dimethylpentyl acetate (74).

| TBDPSCI (1.1 eq.)
EtsN (1.5 eq.), DMAP (10 moi%_}
CAc OH DCM (1 M), 0°C-t, 4 h DAc OTBDPS
73 82% in 2 steps (98%ee) 74

To a stirred solution of above crude acetate 73 (3.8 g) and EtsN (4.4 mL, 31.2 mmol)
and DMAP (251 mg, 1.9 mmoD in DCM (19 mL) at 0°C was added TBDPSCI (5.4 mL,
20.8 mmol) and the reaction mixture was stirred for 4 h with gradually warming to rt.
Then the reaction mixture was diluted with DCM (100 mL), washed with sat. NaHCOs3
aq. (30 mL), 1 M KHSO: aq. (30 mL), brine (30 mlL), dried over Na:SOs, and
concentrated 717 vacuo to give crude product. The crude product was purified by silica
gel coluinn chromatography (- Hex/EtOAc = 19:1) to give 74 (6.43 g, 15.5 mmol, 82%) as
a colorless oil.

[alp2e +7.67 (¢ 0.58, CHCla) {lit. [a]p20 +7.23 (¢ 2.24, CHCls, 92%ee): maximal rotation =
+7.86 (100%ee)}; TH NMR, (400 MHz, CDCl3) § 0.89 (3H, d, /= 6.8 Hz,), 0.91-0.98 (1H,
m), 0.94 (3H, d, /= 6.8 Hz), 1.05 (9H, s), 1.48-1.55 (1H, m), 1.70-1.87 (2H, m), 2.02 (3H,
s), 3.43 (1H, dd, J=10.0, 6.4 Hz), 3.48 (1H, dd, J= 10.0, 5.6 Hz), 3.80 (1H, dd, /= 10.8,
6.8 Hz), 3.92 (1H, dd, /= 10.8, 5.6 Hz ), 7.36-7.44 (m, 6 H), 7.65-7.69 (4H, m).

The spectroscopic data for 74 were consisting with those of the literature. (Org. Lett.
2000, 2, 1481-1483)

(2.5,48)-5-((tert-butyldiphenylsilyl}oxy)-2,4-dimethylpentan-1-ol (75).

KoCO3 (3 eq.)

MeOH/H,O (1:1, 0.1 M), rfx., 14h | ‘
OAc OoTBDPS Me 20 ( ), rx h OH OTBDPS
74 88% 75

To a stirred solution of acetate 74 (5.2 g, 12.6 mmol) in MeOH/H=0 (1:1, 120 mL) at rt
was added K2CO3 (5.2 g, 38 mmol) and the reaction mixture was stirred under reflux for
14 h. Then the reaction mixture was cooled to rt and extracted with DCM (200 mL x 2).
The combined organic layers were washed with brine (100 mL), dried over Naz2SQ4, and
concentrated 17 vacuo to give crude product. The crude product was purified by silica
gel column chromatography (rHex/EtOAc = 9:1 to 4:1) to give alechol 75 (4.09 g, 11.1
mmol, 88%) as a colorless ail.

'H NMR (CDCly) 6 0.88 (3H, d, /= 6.8 Hz), 0.88-0.93 (1H, m), 0.95 (3H, d, /= 6.8 Ha),
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1.06 (9H, ), 1.42-1.49 (1H, m), 1.57-1.68 (1H, m), 1.68-1.78 (1H, m), 3.33 (1H, dd, J=
104, 6.8 Hz), 3.42 (1H, ddd, J=10.0, 6.4, 0.8 Hz), 3.46 (1H, dd, J= 10.4, 3.2 Hz), 3.52
(1H, ddd, J=10.4, 5.2, 1.2 Hz), 7.36-7.44 (m, 6 H), 7.65-7.68 (m, 4 H).

The spectroscopic data for 756 were consisting with those of the literature. (Synthesis
2012, 44 788-792.)

tert-butyl({((2 R, 4 B)-2,4-dimethylhexyDoxy)diphenylsilane (75).
1) TsCl (1.05 eq.), Et;N (3 eq)

DMAP (20 moi%)
M DCM . 0°C-1t, 4 h . M
OH Otepps 2 Megbuli2eq) OTBDPS

Et,0 (0.25 M), -78°C-0°C, 2 h

75 88% 75

To a stirred solution of alcohol 75 (3.72 g, 10.0 mmoD, EtsN (4.2 mL, 30.0 mmol) and
DMAP (244 mg, 2.0 mmol) in DCM (60 mL) at 0°C was added TsCl (2.0 g, 10.5 mmol)
and the reaction mixture was stirred for 4 h with gradually warming to rt. Then the
reaction mixture was diluted with DCM (100 mL), washed with sat. NaHCOs aq. (30
m1), 1 M KHSO4 aq. (30 mL), brine (30 mL), dried over NazSOas, and concentrated in
vacuo to give crude product (5.20 g, quant.). To a stirred solution of MesCuli, prepared
from Cul {3.81 g, 20 mmol) and MeLi (25 mlL, 40 mmol, 1.5 M in Et20) in Et20 (40 mL)
at —78°C was added above crude tosylate 7 (5.2 g, 10 mmol) in Et20 (6 mL) and the
reaction mixture was stirred foe 2 h gradually warmed to 0°C. Then the reaction
mixture was quenched by addition of sat. NH4CI aq. (50 mL) and extracted with Et2O (2
x 100 mL). The combined organic layers were washed with brine and dried over NazSQ4
and concentrated in vacuo to give crude product. The crude product was purified by
silica gel column chromatography (zrHex/EtOAc = 9:1) to give alcohol 75’ (3.26 g, 8.8
mmol, 88%) as a colorless oil.

'H NMR (400 MHz, CDCls} 6 0.81 (3H, t, /= 6.4 Hz), 0.83 (3H, d, J= 7.6 Hz), 0.83-0.91
(2H, m), 0.93 (3H, d, J= 6.4 Hz), 1.05 (3H, s), 1.27-1.40 (8H, m), 1.69-1.77 (1H, m), 3.40
(1H, dd, J= 10.0, 6.8 Hz), 3.40 (1H, dd, J= 10.0, 5.2 Hz), 7.35-7.44 (6H, m), 7.66-7.68
(4H, m).

The spectroscopic data for 75" were consisting with those of the literature. (Synthesis
2012, 44 788-792)
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(2R, 48)-2,4-dimethylhexan-1-o0l (76).

M TBAF (1.2 eq.) M

99% 76

78
To a stirred solution of silyl ether 75’ (3.04 g, 8.25 mmol) in THF (6.5 mL) at rt was
added 1.0 M TBAF in THF (10 mL, 10 mmol) and the reaction mixture was stirred for
22 h. Then the reaction mixture was concentrated in vacuo and purified by silica gel
column chromatography (zHex/EtOAc = 9:1 to 4:1) to give alcohol 76 (1.05 g, 8.25 mmol,
99%) as a colorless oil.
I'H NMR (400 MHz, CDCls) § 0.86 (8H, t, J=7.2 Hz), 0.87 (8H, d, /= 6.4 Hz), 0.88-90.97
(1H. m), 0.92 (3H, d, /= 6.8 Hz), 1.26-1.48 (3H, m), 1.66-1.78 (1H, m}, 3.38 (1H, dd, J=
6.8, 10.4 Hz), 3.53 (1H, dd, /= 5.2, 10.4 Hz).
The spectroscopic data for 76 were consist with those of the literature. (7etrahedron
2009, 65, 3659-3663.)

(2R, 3R AR6H)-3-hydroxy-2,4,6-trimethyloctanocic acid (HTMOA).

L AL
OH ref, 32 6H 0
76

HTMOA

Tz =i b HTMOA ~ORFE I IR O HEIC TIT v, 20 NMR A7 MAVARR
O BHBONELDE—FT D LEMER L,

Synthetic HTMOA.

TH NMR (400 MHz, CDCls) & 0.86 (3H, t, J= 7.6 H2), 0.89 (8H, d, J= 6.4 Hz), 0.96 (3H, d,
J= 6.8 Hz), 1.00-1.07 (3H, m), 1.24 (3H, d, /= 7.2 Hz), 1.37-1.48 (3H, m), 1.70-1.78 (1H,
m), 2.72 (1H, quintet, J= 7.2 Hz), 3.48 (1H, t, J= 6.0 Hz); 13C NMR (100 MHz, CDCls) &
11.0, 14.8, 17.0, 20.4, 27.8, 31.8, 33.3, 37.7, 42.2, 78.3, 181.4.

Natural HTMOA.

TH NMR (500 MHz, CDCls) 6 0.87 (3H, t, J= 7.3 Hz), 0.91 (3H, d, J= 6.2 Hz, CH2CHMe),
0.97 (8H, d, /= 6.8 Hz), 1.03 (1H, m), 1.06 (2H, m), 1.29 (8H, d, J=7.1 Hz), 1.40 (1H, m)
1.46 (1H, m), 1.72 (1H, m), 2.74 (1H, quintet, J= 7.1 Hz), 8.48 (1H, t, J = 5.8 Hz); 13C
NMR (125 MHz, CDCl3) § 11.0, 14.8, 16.9, 20.4, 27.7, 31.5, 33.4, 37.7, 42.1, 78.3, 180.5.
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(8- Fethyl-5-oxopyrrolidine-2-carbothicate (101°).

o) 0
EtSH (2 eq.) ‘
HN EDC (1.5 eq.), DMAP (20 mol%) HN
HO DCM (1 M), 0°C-rt, 12 h =8
O 101 99% o 101

To a stirred solution of pyroglutamic acid 101 (12.9 g, 0.1 mol), EtSH (15 mL, 0.2 mol)

and DMAP (2.4 g, 20 mmol) in DCM (100 mL) at 0°C was added EDC-HCI (28.7 g, 0.15
mol) and the reaction mixture was stirred with gradually warming to rt for 12 h. Then
the reaction mixture was diluted with AcOEt (300 mL), washed with 1 M KHSO4 aq.
(100 mL), sat. NaHCOs aq. (100 mL), brine (100 mL), dried over NazSQ4, and
concentrated in vacuo to give crude 101° as a pale yellow solid (17.3 g, ca. 99%). This
crude product was used next step without further purification.
'H NMR (400 MHz, CDClg) §1.27 (3H, t, J= 7.6 Hz), 2.18-2.23 (1H, m), 2.32-2.37 (1H,
m), 2.42-2.54 (2H, m), 4.31 (QH, g, J = 7.6 Hz), 7.40 (1H, br s),; 3C NMR (100 MHz,
CDCls) & 14.3, 23.1, 25.8, 28.8, 62.6, 179.1, 201.5; LRMS (FAB) caled for C7H1sNOzS:
174.0589 (M++1). Found: 174.

(9- tert-butyl-2-((ethylthio)carbonyl)-5-oxopyrrolidine- 1-carboxylate (102).

P 0
HN Boc,O (2 eq.), DMAP (20 mol%) Boc\N
EtS MeCN (1 M), i, 1h EtS
o 101 89% J 102

To a stirred solution of thicester 101 (17.3 g, 0.1 mol) and DMAP (2.4 g, 20 mmol) in

MeCN (100 mL) at rt was added BoczO (28.7 g, 0.15 mol) and the reaction mixture was
stirred for 1 h. Then the reaction mixture was diluted with AcOEt (300 mL), washed
with 1 M KHSOq ag. (100 mL), sat. NaHCOs aq. (100 mL), brine (100 mL), dried over
Na2S04, and concentrated in vacuo to give crude product. The crude product was
purified by silica gel column chromatography (sm-Hex/EtOAc=2:1) to give 102 (24.3 g, 89
mmol, 89%) as a pale yellow solid.
'H NMR (400 MHz, CDCls) §1.29 (3H, t, J= 7.2 Hz), 1.50 (9H, ), 2.04 (1H, m, J= 2.8,
9.6 Hz), 2.28-2.38 (1H, m), 2.49 (1H, ddd, /= 2.8, 9.2, 17.6 Hz), 2.67 (1H, dt, J= 9.6, 17.6
Hz), 2.96 (2H, m), 4.72 (1H, dd, J= 2.4, 9.6 Hz); 13C NMR (100 MHz, CDCly) § 14.6, 22.3,
23.2, 27.8, 30.8, 65.3, 83.8, 148.9, 173 .4, 199.2,
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(S 2)-tert-butyl-2-(3-(benzyloxy)-3-oxoprop-1-en-1-y1)-5-oxopyrrolidine- 1-carboxylate
(99).

o)
0 1) Et;SiH (3 eq.), 5 W% dry-Pd\C (5 mol%) Boc.
Boc., Mg,SO, (2 eq.), acetone (0.5 M), i, 1h
EtS 2) (PhO),P(Q)CHCO,Bn (1.1 eq.) i
é} DBU (1.05 eq.), Nal (1.1 eq.) OBn
102 THF (0.1 M), -78°C-0°C, 1.5 h o 99

79% (E.Z = 20:80)
pure Z isomer. 64%

To a stirred suspension of 102 (739 mg, 2.7 mmol), MgSO4 (650 mg, 5.4 mmol) and 5
wt% Pd/C (287 mg, 0.135 mmol) in acetone (5.4 mL) at rt was added EtsSiH (1.3 mL, 8.1
mol) and the reaction mixture was stirred for 1 h under Ar atmosphere. Then the
reaction was filtered through a Celite pad and concentrated in vacuo to give crude
aldehyde. This crude product was used next step without further purification. To a
stirred suspension of benzyl 2-(diphenoxyphosphoryl) acetate (1.15 g, 3 mmol) and Nal
(450 mg, 3 mmol) in THF at -78°C was added DBU (0.43 mL, 2.9 mmol) and the reaction
mixture was stirred 30 min at -78°C. Then the reaction mixture was added the crude
aldehyde and the resulting mixture was stirred 1 h at -78°C with gradually warmed to
0°C. The reaction mixture was quenched by addition of sat. NH4Cl aq. and extracted
with AcOEt. Organic layer was washed with sat. NaHCOs aq. water, brine, dried over
NazS04, and concentrated in vacuo to give crude product as a pale yellow solid. The
crude product was purified by silica gel column chromatography (rHex/EtOAc=4:1) to
give 99 (597 mg, 1.73 mmol, 64%) as a colorless oil.
1H NMR (400 MHz, CDCls) § 1.44 (9H, s), 1.71-1.80 (1H, m), 2.41-2.47 (1H, m), 2.51-2.57
(2H, m), 5.18 (2H, 8), 5.72 (1H, ddt, 1.6, 4.8, 8.4 Hz), 5.90 (1H, dd, /1.2, 11.6 Hz),
6.27 (1H, dd, &=8.4, 11.6 Hz), 7.84-7.39 (5H, m); 13C NMR (100 MHz, CDCls) 5 24.1, 27.8,
31.2, 56.1, 66.2, 83.2, 119.3, 135.5, 149.5, 150.5, 165.2, 174.1.

(8- tert-butyl-2-((1 R,2 R)-3-(benzyloxy)- 1,2-dihydroxy-3-oxopropyl)-5-oxopyrrolidine-1-ca
rboxylate (98).

? Boc P
BOC.\N \N

0s0, (10 mol%), NMO (22eq)  no,

| OB THF/H,0 (1:1, 0.1 M), rt, 24 h o 08N
a =16
I o 83% (dr = 16:1) T o
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To a stirred solution of clefin 99 (468 mg, 1.35 mmol) and NMO monohydrate (400 mg,

3 mmol) in THF/H20 (1:1, 13 mL) at rt was added 0.2 M solution of Os04 in +BuOH
(0.68 mL, 0.135 mmol) and the reaction mixture was stirred for 24 h. Then the reaction
was quenched by addition of sat. Na2S03 aq. and the resulting solution was stirred for
30 min. The aqueous layer was extracted with DCM (30 mL X 3). The combined organic
layers were dried over NasSO4, and concentrated in vacuo to give crude product. The
crude product was purified by silica gel column chromatography (CHCla/MeOH=9:1) to
give diol 98 (427 mg, 1.12 mmol, 83%) as a colorless solid.
'H NMR (400 MHz, CDCls) § 1.51 (9H, s), 1.90-2.05 (1H, dd, =9.6, 13..2 Hz), 2.33 (1H,
ddd, J=1.6, 10.0, 17.6 Hz), 2.78 (1H, dt, ~10.0, 18.0 Hz), 3.19 (1H, d, &4.0 Hz), 3.27
(1H, 4, 6.0 Hz), 4.16-4.12 (2H, overlap), 4.46 (1H, J~8.8 Hz), 5.21 (1H, d, J~12 Hz),
5.29 (1H, d, /=12 Hz), 7.33-7.39 (5H, m); 13C NMR (100 MHz, CDCls) 8 27.7, 50.1, 59.1,
67.3,72.2,72.9, 83.2, 126.7, 127.2, 128.2, 128.4, 128.6, 134.8, 150.0, 172.9, 176.0; LRMS
(FAB) caled for CisHzsNNaO7: 402.1529 (M*+Na). Found: 402.

2-(2-Carboxy-1,2-dihydroxy-ethyl)-5-oxo-pyrrolidine-1-carboxylic acid tertbutyl ester
(103)

2 0
Boc.
N BOC\N
HO,,. Pd/C (1 mol%), Hs (1 atm) HO,
- MeOH (0.1 M), rt, 3h
O 98 quant. 4 103

A suspension of benzyl ester 98 (185 mg, 0.49 mmol) and Pd/C (19 mg, 0.0049 mmol) in
MeOH (5 mL) at rt was stirred for 3 h under hydrogen atmosphere (1 atm). Then the
reaction mixture was filtered through a Celite pad and the filtrate was concentrated in
vacuo to give carboxylic acid 103 (141 mg, quant.) as a colorless solid. The crude product
was used for next reaction without further purification.

'H NMR (400 MHz, CDs0D) § 1.53 (9H, s), 1.97-2.07 (1H, m), 2.24-2.36 (2H, m), 2.71
(1H, dt, /= 18.0, 10.0 Hz), 3.19 (1H, d, J= 4.0 Hz), 4.09 (1H, d, J= 7.6 Hz), 4.18 (1H, br
d, = 7.6 Hz), 4.45 (1H, d, /8.8 Hz).
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2-(2-Allyloxycarbonyl- 1,2-dihydroxy-ethyl)-5-oxo-pyrrolidine- 1-carboxylic acid
tert-butyl ester (104)

O 0
BOC\N Boc,,
Allyl-Br (2 eq.), KHCO; (4eq.) N
HO.. » HO.,,
DMF (0.1 M), rt, 21 h '
How Ny O 99% o ORI
o 103 o 104

To a stirred solution of mixture of carboxylic acid 108 (133 mg, 0.46 mmol} and KHCOs

(184 mg, 1.84 mmol) in DMF (5 mL) at rt was added allyl bromide (80 L, 0.92 mmol).
and the reaction mixture was stirred for 21 h. Then the reaction was quenched by
addition of water and extracted with AcOEt/zHex (1:1, 30 mL). Organic layer was
washed with brine, dried over Na2S04, and concentrated in vacuo to give crude product
as a pale yellow oil. The crude product was purified by silica gel column
chromatography (CHCls’MeOH = 9:1) to give 104 (163 mg, 0.46 mmol, 99%) as a
colorless solid, ”
IH NMR (400 MHz, CDCls) § 1.53 (9H, s), 1.99-2.07 (1H, m), 2.18-2.18 (1H, m), 2.36 (1H,
ddd, J=18.0, 10.4, 2.0 Hz), 2.76 (1H, dt, J= 18.0, 10.0 Hz), 3.30 (2H, m), 4.16-4.22 (2H,
m), 4.49 (1H,, br d 7= 9.2 Hz), 4.66-4.77 (2H, m), 5.31 (1H, br d, = 10.8 Hz), 5.38 (1H,
br d, J=17.2 Hz), 5.90-5.99 (1H, m).

2-[2-Allyloxycarbonyl-1,2-bis-(tert-butyl-dimethyl-silanyloxy)-ethyll-5-oxo-pyrrolidine- 1
-carboxylic acid tert-butyl ester (105)

B 7 2
oc. Boc.
N N
HO.,, TBSOTf (3 eq.), 2,6-ut. (6 eq.) TBSO,,
DCM (0.1 My, rt, 1 h
~\__OAllyl ’ ‘
HO 79% TBSO OAllyl
O 104 0 105

To a stirred solution of 104 (115 mg, 0.35 mmol) and 2,6-utidine (0.256 mL, 2.1 mmol) in
DCM (8.5 mL) at rt was added TBSOTY (0.24 mL, 1.1 mmol) and the reaction mixture
was stirred for 1 h. Then the reaction was quenched by addition of sat. NaHCOs ag. (10
mL) and extracted with AcOEt (50 mL). The separated organic layer was washed with
water (10 mL), brine (10 mL), dried over Na2804, and concentrated in vacue to give
crude product as a pale yellow oil. The crude product was purified by silica gel column
chromatography (n-Hex/EtOAc=9:1 to 4:1) to give 105 (140 mg, 0.25 mmol, 72%) as a
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colorless oil.

'H NMR (CDCl3) § -0.09 (3H, s), -0.05 (3H, s), -0.04 (3H, ), -0.02 (3H, 9), 0.78 (9H, s),
0.82 (9H, &), 1.44 (9H, s), 1.81-1.87 (1H, m), 2.25-2.33 (2H, m), 2.53 (1H, dt, ~9.2, 18.0
Hz), 4.12 (1H, d, J=4.8 Hz), 4.31 (1H, m, /9.2 Hz), 4.35 (1H, dd, /1.2, 4.8 Hz), 4.54
(2H, dtq, 1.6, 6.0, 9.6 Hz), 5.19 (1H, dq, /~1.2, 10.4 Hz), 5.28 (1H, dq, /1.6, 17.2 Hz),
5.86 (1H, ddt, 2.0, 10.4, 16.4 Hz); 3C NMR (CDCly) § -5.3, -5.1, -5.0, -4.7, 17.8, 17.8,
18.1, 25.6, 25.9, 28.0, 32.6, 59.1, 65.9, 73.9, 76.7, 82.8, 119.1, 131.5, 149.9, 171.2, 175.2;
LRMS (FAB) caled for C27H5INNaQ7Si2: 580.3102 (M++Na). Found: 580.

4 -terf-Butoxycarbonylamino-2, 3-bis-(fert-butyl-dimethyl-silanyloxy)-heptanedioic acid
1-allyl ester (106)

0

Boc\N NHBoc
i TBSC,, CH
T8S0,, LICGOH (1.1 eq.) - v,

: THE/M,O (1:1, 0.1 M), 50°C, 6 h w0 O
TBSO\"\H/OA”V' ! 48% | TBS0
6 OAlyl 106
O 105

To a stirred solution of 105 (1.59 g, 2.85 mmol) in THF/H:0 (1:1, 26 mL) at rt was

added LiOOH aq. (3.14 mmol) and the reaction mixture was stirred at 50C for 6 h.
Then the reaction mixture was quenched by addition of 1 M KHS04 ag. and extracted
with AcOEt (150 mL X 2). Organic layer was washed with brine, dried over Na2804,
and conecentrated Iin vacuo to give crude product as an oil. The crude product was
purified by silica gel column chromatography (mrHex/EtOAc=4:1 to 2:1 to 1:1)} to give
106 (787 mg, 1.37 mmol, 48%) as a colorless solid.
'H NMR (CDCla) 8 0.09 (8H, s), 0.10 (6H, s}, 0.89 (9H, s), 0.94 (9H, s), 1.41 (9H, o),
1.57-1.68 (1H, m), 1.79-1.86 (1H, m), 2.38-2.46 (2H, m), 3.81-3.85 (1H, m), 4.08-4.10 (1H,
s), 4.31 (1H, d, /2.8 Hz), 4.62 (2H, d, =6 Hz), 5.30 {1H, m, -~10.4 Hz), 5.36 (1H, m,
J=17.2 Hz), 5.94 (1H, m), 7.82-7.86 (1H, br s)

(2.9.3R,49-1-allyl-7-benzyl-4-((fert-butoxycarbonyl)amino)-2,3-bis({ fert-butyldimethylsi
lyDoxy)heptanedioate (106).

NHBoc
TBSOW . OH " BnBr (1.2 eq), KHCO; (3 eq))
meso"~°  © DMF (0.2 M), rt, 12 h
OAllyl 108 99% OAllyl 106
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To a stirred suspension of carboxylic acid 106 (819 mg, 1.42 mmol) and KHCO3 (426 mg,
4.26 mmol) in DMF (7 mL) at rt was added ally]l bromide (0.2 mL, 1.7 mmol) and stirred
for 12 h. Then the reaction mixture was diluted with AcOEt/nHex (1:1, 30 mL), washed
with water (20 mL), brine (20 mL), dried over NasSQys, and concentrated i vacuo to give
crude product as pale yellow oil. The crude product was purified by silica gel column
chromatography (n-Hex/EtOAc = 4:1) to give 106° (968mg, 1.40 mmol, 99%) as a
colorless oil.

IH NMR (CDCla) 6 0.74 (9H, s), 0.09 (8H, s), 0.88 (9H, ), 0.92 (9H, s), 1.40 (9H, s),
1.61-1.71 (1H, m), 1.85-1.94 (1H, m), 2.35-2.50 (2H, m), 3.78-3.86 (1H, m), 4.06-4.08 (1H,
m), 4.29 (1H, d, J= 2.8 Hz), 4.55-4.64 (2H, m), 4.98 (1H, br d, J= 9.2 Hz), 5.11 (2H, s),
5.25 (1H, br d, J=10.4 Hz), 5.36 (1H, br d, &~17.6 Hz), 5.87-5.97 (1H, m), 7.29-7.37 (5H,

m).

(2.88849-1-allyl 7-benzyl 4-((tert-butoxycarbonyl)amino)-2,3-dihydroxyheptanedioate
(107).

NHBoc NHBoc
TBSO . OB 1BAF (3eq), AcOH (Beq)  HO~. OBn
mBso™ e © THF (0.2 M), 60°C, 4 h How P O
OAliyl 106 72% OAlvt 107

To a stirred solution of silyl ether 106’ (575 mg, 0.863 mmol) and AcOH (0.16 mL 2.8
mmol) in THF (4.3 mL) at vt was added 1 M TBAF solution (in THF, 0.26 mL, 0.26
mmol) and the reaction mixture was stirred at 60°C for 4 h. Then the reaction mixture
was diluted with AcOEt (30 mL), washed with sat. NaHCOs aq. (20 mL), brine (20 mL),
dried over Naz2S04, and concentrated in vacuo to give crude product as pale yellow oil.
The crude product was purified by silica gel column chromatography (irHex/EtOAc =
1:1) to give 107 (272 mg, 0.62 mmol, 72%) as a colorless oil.

'H NMR (CDCls) 8 1.43 (9H, s}, 1.70-1.80 (1H, m), 2.14-2.22 (1H, m), 2.41-2.53 (2H, m),
2.88 (1H, br d, J= 6.8 Hz), 3.68 (1H, br d, /= 6.0 Hz), 3.76-3.86 (2H, overlapped, m), ,
4.27 (1H, dd, J= 7.2, 4.4 Hz), 4.60 (1H, br d, J= 8.4 Hz), 4.63 (1H, dd, J = 12.8, 7.0 Ha),
471(1H,dd, J = 12.8, 7.0 Hz), 4.98 (1H, br d, J=9.2 Hz), 5.12(2H, ¢), 528 (1H, br d, J=
10.4 Hz), 5.37 (1H, br d, /~17.2 Hz), 5.90-6.00 (1H, m), 7.30-7.39 (5H, m).
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(25,35,4,9-1-allyl T-benzyl 4“((tef*t"butoiycarbonyl)amino)'2,3-dihydroxyheptanedioate
(108).

NHBoc 1) 20%TFA/DCM (0.1 M) NHFmoc
HO ) OBn rt1h _ HO OBn
1 O O 2) Fmoc-O8u (1.5 eq.), DIEA (3 eq.) o O
HO DCM (0.1 M), 0°C, 1 h HO™™
OAllyl 107 48% OAllyl 108

To a stirred solution of 107 (17 mg, 0.0888mmol} in DCM (0.4 mL) at rt was added TFA

(0.1 mL) and stirred for 1 h. Then the reaction mixture was concentrated in vacuo. The
residue was dissolved in DCM (0.5 mL), added Fmoe-OSu (15.1 mg, 0.045 mmol) and
DIEA (20 L, 0.11 mmoal) at 0°C and the reaction mixture was for 1 h. Then the reaction
mixture was diluted with AcOEt (10 mL), washed with 1 M KHSO4 aq. (5 mL), sat.
NaHCO3z aq. (6 mL), brine (56 mL), dried over Na2SO4, and concentrated in vacuo to give
crude product. The crude product was purified by silica gel column chromatography
{mrHex/EtOAc = 1:1) to give 108 (10.5 mg, 48%) as colorless amorphous solid.
TH NMR (CDCls) 6 1.72-1.81 (1H, m), 2.12-2.19 (1H, m), 2.32-2.49 (2H, m), 3.84-3.87 (2H,
m), 4.17 (1H, t, J = 6.4 Ha), 4.25 (1H, 4, J = 4.0 Hz), 4.47-4.61 (4H, overlapped, m),
4.63-4.74 (1H, m), 4.92 (1H, br d, J= 8.4 H2), 5.08 (2H, s), 5.23 (1H, br d, J= 10.4 Hz),
5.28 (1H, br 4, &17.2 Hz), 5.77-5.92 (1H, m), 7.27-7.43 (8H, m), 7.55-7.59 (2H, m),
7.73-7.78 (2H, m).

(4.85.9-allyl-5-((8- 1-(((9H-fluoren-9-yDmethoxy)carbonyl) amino)-4-(benzyloxy)-4-oxob
utyl)-2,2-dimethyl-1,3-dioxolane-4-carboxylate (109).

NHFmoc NHFmoc
HOL OBn 2 2.pMP (5 eq.), PPTS (20 mol%) o OBn
HoTQ O PhH(o.ogzr:A), ifx., 3 h T
oaly 108 4% Oatyl 10

To a stirred solution of diol 108 (10 mg, 0.0179 mmol) and 2,2-dimethoxypropane (11 pL,
0.090 mmol) in benzene (1 m1) at rt was added PPTS (0.9 mg, 0.0036 mmol) and the
reaction mixture was stirred for 3 h under reflux. Then the reaction mixture was diluted
with AcOEt (5 mL), washed with sat. NaHCOs aq. (8 mL), brine (3 mL), dried over
NazS0a1 and concentrated in vacuo to give crude product. The crude product was
purified by silica gel column chromatography {(rHex/EtOAc = 2:1 to 1:1) to give
acetonide 109 {9 mg, 0.015 mmol, 84%) as a colorless oil.

IH NMR (CDCls) & 1.25 (3H, ), 1.36 (3H, ), 1.80-2.05 (2H, m), 2.35-2.39 (2H, m),
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3.74-3.83 (1H, m), 4.17 (1H, t, J= 6.4 Hz), 4.36-4.45 (3H, overlapped, m), 4.58 (1H, dd, J
=12.4,2.0Hz),4.67 (1H,d, J=6.0 Hz), 4.68 (1H, dd, J=12.4, 44 Hz), 4.90 (1H, br d, J=
8.4 Hz), 5.08 (2H, s), 5.21 (1H, br d, /= 10.8 Hz), 5.32 (1H, br d, /&~17.2 Hz), 5.85-5.98
(1H, m), 7.27-7.40 (9H, m), 7.56-7.58 (2H, m), 7.74-7.76 (2H, m).

3-((3a.545,6a.9-2,2-dimethyl-6-oxotetrahydro-3a.A[1,3]dioxolo[4, 5-clpyrrol-4-yDpropan
oate benzyl ester (110).

NHFmoc j’OB“
) 1) 40%Et,NH/MeCN (0.025 M)
><0 OBn . 30 min
om0 © 2) MeOH (0.025 M), rfx, 1h X ENH
oAllyl 109 63%

To a stirred solution of 109 (9 mg, 0.0150 mmol) in MeCN (0. 6 mL) at rt was added
EtzNH (0.4 mL) and the reaction mixture was stirred for 30 min. Then the reaction
mixture was concentrated in vacuo. The residue was dissolved in MeOH (1 mL) and
heated to reflux for 1 h. The reaction mixture was concentrated in vacuo to give crude
product. The crude product was purified by silica gel column chromatography
(rHex/EtOAc = 41 to 0:1) to give 110 (4 mg, 0.0094 mmol, 63%) as a colorless solid.

'H NMR (CDCls) 6 1.37 (3H, s), 1.47 (3H, &), 1.75-1.84 (1H, m), 1.90-1.99 (1H, m), 2.45
(2H, brt, J= 7.2 Hz), 3.68 (1H, brt, /= 8.4 Hz), 4.42 (1H, d, J= 5.6 Hz), 4.60 (1H, d, /=
5.6 Hz), 5.13 (2H, ¢), 6.14 (1H, br 5), 7.33-7.40 (5H, m).

3-((3a.R.4S6aR)-2,2-dimethyl-6-oxotetrahydro-3a H-[1, 3ldioxol
jOBn ol4,5-clpyrrol-4-yDpropanoate benzyl ester (129).
- N colorless solid (60%). 1H NMR (CDCls) § 1.38 (3H, s), 1.46 (3H,
>< 'QNH ), 1.94-2.05 (1H, m), 2.03-2.13 (1H, m), 2.44-2.62 (2H, m),
* 129 367-3.71 (1H, m), 4.61 (1H, br d, J= 5.6 Hz), 4.67 (1H, dd, J=
5.6, 4.2 Hz), 5.14 (2H, ), 5.99 (1H, br &), 7.32-7.40 (5H, m).
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(48,5 R,6 B)-7-(allyloxy)-4-(( B)-5-({((benzyloxy)carbonyllamino)-2-({ tert butoxycarbonyl)a
mino)pentanamido)-5,6-bis((fert-butyldimethylsilyDoxy)-7-oxoheptanoic acid (113).

o TBS~O o

o 859 o 1. 20% TFA/DCM (0.05 M), t, 1 h HO "~ oay

- - Q. NH O.
B‘”‘OWOA"V' 2. Boc-(D)-Om(Chz)-00bt (1.2 8q.) Y TBS
Boc” "TBS DIEA (3 eq.) BocHN 113
108 THF (0.1 M), it, 1 h
84% NHCbz

To a stirred solution of 108 {40 mg, 0.070 mmol) in DCM (0.56 mL) at rt was added TFA

(0.14 mL) and the reaction mixture was stirred for 1 h. Then the reaction mixture was
concentrated /n vacuo. The residue was dissolved in THF (0.6 mL), added DIEA (37 u
L, 0.21 mmol) and Boe-D-Orn{Cbz)}-0O0bt (38 mg, 0.75 mmol) and stirred for 1 h at 1t.
Then the reaction mixture was quenched by addition of 1 M KHSO4 aq. (10 mL) and
extracted with AcOEt (15 mL X 2). The combined organic layers were washed with brine
(10 mL), dried over Na2SOu, and concentrated in vacuo to give crude product. The crude
product was purified by silica gel column chromatography (CHCls/MeOH=9:1) to to give
113 (48 mg, 0.058 mmol, 84%).
'H NMR (CDCls) § 0.06 (6H, s), 0.07 (6H, s), 0.87 (9H, &), 0.92 (9H, s), 1.43 (9H, s),
1.50-1.61 (8H, m), 1.79-1.88 (1H, m), 2.31-2.47 (2H, m), 3.14-3.28 (2H, m), 3.97-4.05 (1H,
m), 4.20-4.23 (1H, m), 4.63 (2H, d, J=6 Hz), 5.09 (2H, &), 5.16-5.21 (1H, m), 5.26 (1H, m,
J=10.8 Hz), 5.37 (1H, m, J~0.8, 16.8 Hz), 5.93 (1H, ddt, /6.0, 10.8, 16.8 Hz), 6.40-6.49
(1H, m), 6.53-6.55 (1H, m), 6,71-6.75 (1H, m), 7.31-7.36 (5H, m).

(2R 3R.4.9-1-allyl-T-benzyl-4-((B)-5-(((benzyloxy)carbonyl) amine)-2-({tert-butoxycarbon
ylamino}pentanamido)-2,3-bis({fert-butyldimethylsilyDoxy)heptanedioate (114).

o TBS.Q o o TBS\Q o
HOWOMM BnO CAllyl
BnBr (1.5 eq.), KHCO4 (3 eq.
Oy -NH O.ppe (1.5 eq.) s(3eq) 05 NH O.ppe
B0cHN DMF (0.05 M), rt, 12 h BocHN”
113 74% 114
NHCbz NHCbz

To a stirred solution of 118 (48 mg, 0.0568 mmol) and KHCOs (17.4 mg, 0.175 mmol) in
DMF (1.2 mL) at rt was added benzyl bromide (J1 n L, 0.088 mmol) and the reaction
mixture was stirred for 12 h. Then the reaction mixture was quenched by addition of
water and extracted with AcOEt (15 mL X 2). The combined organic layers were washed
with brine, dried over NazS04, and concentrated iz vacuo to give crude product as a pale

yvellow oil. The crude product was purified by silica gel column chromatography
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(n-Hex/EtQAc=4:1 to 1:1) to give 114 (39 mg, 0.043 mmol, 74%).

'H NMR (CDCls) 6 0.07 (12H, s (overlap)), 0.86 (9H, s), 0.91 (9H, &), 1.42 (9H, s),
1.51-1.59 (3H, m), 1.67-1.82 (2H, m), 1.95-2.04 (1H, m), 2.37-2.40 (2H, m), 3.11-3.19 (1H,
m), 3.28-3.35 (1H, m) 4.01-4.06 (1H, m), 4.13-4.23 (2H, m), 4.23 (1H, d, ~3.2 Hz),
5.01-5.15 (4H, m), 5.23 (1H, m, J/10.4 Hz), 5.86 (1H, m, =17.2 Hz), 5.93 (1H, ddt, ~6.0,
10.4, 17.2 Hz), 6.51-6.65 (3H, m), 7.32-7.35 (5H, m), 7.35-7.38 (5H, m).

2,3-eprside chain-OAllyl (115).

o B84y o

TBS. ;
% o 0 1) 20% TFA/DCM (0.1 M) BHOWOAHW
BrO oAy Tt 1h Oy NH O.gpg

Oy NH O.ppg 2) HTMOA(TBS)-OH (1.2 eq.) HN
EDC (2 eq.), DIEA (5 eq.}
BocHN DMAP (20 mol%) y ° NHCbz
114 DCM (0.1 M), 0°C-rt, 24 h ¢
NHCbz - TBS 115

To a stirred solution of 114 (139 mg, 0.152 mmol) in DCM (1.3 mL) at rt was added TFA

(0.3 mL) and the reaction mixture was stirred for 1 h. Then the reaction mixture was
concentrated in vacuo. The residue was dissolved in DCM (1.6 mL), added
HTMOA(TBS)-OH (60 mg, 0.19 mmoD), DIEA (0.14 mL, 0.80 mmol), DMAP (4 mg, 0.032
mmol) and EDC (61 mg, 0.32 mmol) at 0°C and the reaction mixture was stirred for 24
h with gradually warming to rt. Then the reaction mixture was diluted with AcOEt (30
mL), washed with 1 M KHSO4 aq. (10 mL), sat. NaHCOs aq. (10 mL), brine (10 mL),
dried over Na25QO4, and concentrated in vacuo to give crude product. The crude product
was purified by silica gel column chromatography (irHex/EtOAc = 1:1) to to give 115
(131 mg, 0.118 mmol, 77%) as a colorless oil.
TH NMR (400 MHz, CDCls) § 0.06 (9H, overlapped, 3s), 0.07 (3H, s), 0.09 (3H, s), 0.10
(3H, s}, 0.84 (3H, t, J= 6.8 Hz), 0.85 (9H, ), 0.86 (3H, d, /= 7.2 Hz), 0.90 (9H, &), 0.91
(8H, d, J="17.6 Hz), 0.93 (9H, ), 0.97-1.06 (2H, m), 1.19 (8H, d, /= 7.2 Hz}, 1.25-1.40 (4H,
m), 1.48-1.62 (4H, m), 1.69-1.86 (4H, m), 1.96-2.04 (1H, m), 2.32-2.44 (2H, m), 2.47-2.52
(1H, m), 3.09-3.22 (2H, m), 3.25-3.31 (1H, m), 3.60-3.62 (1H, m), 4.02-4.04 (1H, m),
4.09-4.14 (1H, m), 4.29 (1H, d, /= 3.2 Hz), 4.32-4.39 (1H, m), 4.56-4.65 (1H, m), 4.59 (1H,
d, J=6.0 Hz), 4.96-5.01 (1H, m), 5.08 2H, s), 5.09 (1H, d, J =9.6 Hz), 5.14 (1H, d, J = 9.6
Hz), 5.23 (1H, brd, /= 10.4 Hz), 5.34 (1H, br d, /= 17.2 Hz), 5.86-5.96 (1H, m), 6.57 (1H,
brd, J=8.8 Hz), 7.04 (1H, d, J= 7.6 Hz), 7.31-7.35 (10H, m).
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side chain-DiMeGln-OAllyl (120).

o TBS\Q 0 o Ty o
BHQWO‘MM morpholine (3 eq.} BHO/J\/\‘/'\‘)LOH
Ox-NH 0150 PA(PPhg), (20 mol%) O NH O
HN DCM (0.1 M), 0°C, & min HNX
0 67% o
0 NHCbz g NHCbz
i
TB8 TBS 116
18 2,3-epi-A fragment-OH HaN .0
o B%9 N
HaN O (0.5eq.) BnO N OAlly
TMSOTF (2.5 eq.) ! Oy NH Owppe O
SocHN O OCM (0.2 M), 0°C, 30 min ~ HBTU (0.75 eq.), DIEA (3.5 eq.) HN
o DMAP (10 mol%) o NHCbz
DCMiwet-DMF (1:1), 0°C1t, 12 h
119 “OTBS
40% 120

To a stirred solution of allyl ester 115 (131 mg, 0.118 mmol} and morpholine (31 pL,
0.35 mrmaol) in DCM (1.2 mL) at 0°C was added Pd(PPhs)« (27 mg, 0.024 mmol) and the
reaction mixture was stirred for 5 min. Then the reaction mixture was diluted with
DCM (10 mL), washed with 1 M KHSO4 (5 mL), brine (6 mL), dried over NazSQ4, and
concentrated in vacuoto give crude carboxylic acid 116. The crude product was purified
by short silica gel column chromatography (srHex/BEtOAc = 4:1 to 1:1) to give 116 (85 mg,
0.079 mmol, 67%) as a pale yellow oil. This product was used next step without further
purification. To a stirring solution of 119 (11.6 mg, 0.037 mmocl) in DCM (0.2 mL) at 0°C.
was added 0.5 M solution of TMSOTf in DCM (0.16 mL, 0.08 mmol) and the reaction
mixture was stirred at same temperature for 30 min. Then the reaction mixture was
diluted with 1% H2O/DMF (0.2 mL), added 2,3-eprside chain-OH 116 (19.8 mg, 0.0185
mmol), DIEA (16 uL, 0.093 mmol), HBTU (11 mg, 0.028 mmol) and DMAP (2.3 mg,
0.0185 mmol) at 0°C and stirred for 12 h with gradually warming to rt. Then the
reaction mixture was diluted with AcOEt (10 mL), washed with 1 M KHSO4 ag. (5 mL),
sat. NaHCOs aq. (5 mL), brine (56 mL), dried over NasSQ4, and concentrated in vacuo to
give crude product. The crude product was purified by silica gel column chromatography
(mrHex/EtOAc = 21 to 1:1) to give 120 (9.4 mg, 0.0074 mmol, 40%) as a colorless glass.
IH NMR (400 MHz, CDCls) 6 0.05 (3H, s), 0.10 (9H, overlapped, 3s), 0.12 (3H, &), 0.13
(8H, &), 0.84 (3H, t, J= 7.2 Hz), 0.85 (3H, d, J=5.6 H2), 0.85 (9H, s), 0.86 (3H, d, J=6.0
Hz), 0.93 (9H, =), 0.93 (3H, d, /= 6.4 Hz), 0.96 (9H, ¢), 0.97-1.06 (2H, m), 1.17 (8H, d, /=
7.2 Hz), 1.25-1.28 (6H, overlapped, m), 1.31-1.38 (3H, m), 1.55-1.66 (4H, m), 1.71-1.78
(3H, m), 1.93-2.02 (1H, m), 2.41-2.52 (3H, m), 3.12-3.26 (14, m) 3.58-3.60 (1H, m),
3.99-4.00 (1H, m), 4.03-4.10 (1H, m), 4.31 (2H, overlapped, m), 4.58-4.70 (1H, m), 4.63
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(1H, dd, J=8.8, 6.0 Hz), 4.77 (1H, dd, J= 8.8, 6.8 Hz), 5.04 (1H, d, J = 14.0 Hz), 5.06 (1H,
d, J=9.6 Hz), 5.09 (2H, &), 5.14-5.16 (1H, m), 5.27 (1H, br d, /= 10.8 Hz), 5.35 (1H, br d,
J=17.2 Hz), 5.56 (1H, br s), 5.86-5.96 (1H, m), 6.96 (1H, br s}, 7.08 (1H, d, J= 7.6 Hz),
7.28-7.34 (10H, m), 7.44 (1H, d, J=8.8 Hz), 7.75 (1H, br s).

Boc-L-Glu(Bn)-SEt (131).

NHBoc EDC (1.5 eq.), EtSH (1.5 eq.) NHBoc
HO OBn DMAP (10 mol%) _ EtS OBn
1 I DCM (0.2 Nl)' 0°C, 3 h 4 3
125 97% 131

To a stirred solution of Boc-Glu(Bn)-OH 125 (343 mg, 1.02 mmol), EtSH (0.12 mL, 1.53
mmol) and DMAP (12.5 mg, 0.10 mmol) in DCM (5 mL) at 0°Cwas added EDC-HCI (290
mg, 1.53 mmol) and the reaction mixture was stirred for 3 h. Then the reaction was
quenched by addition of 1 M KHSO4 aq. and extracted with AcOEt. The organic layer
was washed with sat. NaHCOs aq. water, brine, dried over Naz2S04, and concentrated in
vacuo to give crude 131 as a colorless solid (376 mg, 97%). This erude product was used
next step without further purification.
falp?0 -16.1 (¢ 1.03, CHCla); IR (neat) 3364, 2977, 2931, 1715, 1685, 1508, 1366, 1249,
1163 cm'l; 'H NMR (400 MHz, CDCls) § 1.24 (3H, t, J= 7.6 Hz), 1.44 (9H, s), 1.88-1.98
(1H, m), 2.19-2.28 (1H, m), 2.41-2.55 (2H, m), 2.86 (2H, q, /= 7.6 Hz), 4.38 (1H, m), 5.13
(2H, s), 5.16 (1H, br d, J= 8.4Hz), 7.32-7.38 (5H, m),; 13C NMR (100 MHz, CDCls) § 14.4,
23.3, 27.7, 28.3, 30.3, 59.9, 66.5, 80.3, 128.2, 128.3, 128.5, 135.7, 155.2, 172.6, 200.8;
LRMS (ESI-TOF) caled for C1sHesNO5S: 382.1688 [(M+H)*]. Found: 382.

(S 2-7-benzyl-1-methyl-4-((tert-butoxycarbonyl)amino)hept-2-enedioate (126).

1) Pd/C (5 mol%), Et;SiH (3 eq.)

NHBoc
NHBoc MgSO,4 (2 eq.) OBn
EtS OBn acetone (0.5M), rt, 1.5h N |
2) (PhO),P(O)CH,CO,Me (1.1 eq.) o O
O 0 DBU (1.05 eq.), Nal (1.05 eq.)
131 THF (0.3 M), -78°C-0°C, 2 h OMe 126

80% in 2 steps (E.Z = 7:93)
pure Z aisomer: 74%
To a stirred suspension of 131 (343 mg, 0.9 mmol), MgS04 (361 mg, 3.0 mmol) and 5
wt% wet-Pd/C (187 mg, 0.05 mmol) in acetone (2 mL) at rt was added Et3SiH (0.52 mL,
2.7 mmol) and the reaction mixture was stirred for 1 h under Ar atmosphere. Then the

reaction was filtered through a Celite pad and concentrated to give crude aldehyde. To a
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stirred solution of (Ph0)2P(0)CHCO:Me (383 mg, 1.1 mmol) and Nal (165 mg, 1.1
mmol) in THF (3 mL) at 0°C was added DBU (0.16 mI,, 1.05 mmol). After 30 min the
reaction mixture was cooled to -78°C and the crude aldehyde was added. The resulting
mixture was stirred 2 h with gradually warming to 0°C. Then the reaction mixture was
quenched by addition of sat. NH4Cl ag. (3 mL), and extracted with AcOEt (10 mL x 2).
The combined organic layers were washed with sat. NaHCOs aq. (10 mL) water (10 mL),
brine (10 mL), dried over NazSQ4, and concentrated in vacuo to give crude product. The
crude product was purified by silica gel column chromatography (Hex/EtOAc=9'1 to
3:1) to give 126 (597 mg, 1.73 mmol, 64%) as white solid.

H NMR (400 Hz, CDCls) § 1.41 (94, s), 1.87-2.02 (2H, m), 2.42-2.56 (2H, m), 3.71 (3H, s),
4.90-4.99 (1H, m), 5.08-5.17 (1H, m), 5.12 (2H, &), 5.81 (1H, dd, 7 = 11.2, 1.2 Hz),
6.04-6.14 (1H, br m), 7.30-7.38 (5H, m); 3C NMR (100 Hz, CDCla) § 28.3, 29.2, 30.8, 48.9,
51.4,66.4, 120.1, 128.3, 128.6, 135.8, 149.5, 155.2, 166.0.

(8 2-T-benzyl-1-(2,2,2-trichloroethyD-4-({ fert-butoxycarbonyl)amin

NHBoc
OBn 0)hept-2-enedioate (132).
| o o colorless oil (80%); [a)p2¢ -39.9 (¢ 1.02, CHCly); IR (neat) 3359, 2976,
1734, 1508, 1456, 1365, 1265, 11568 cm'l; 'H NMR (400 Hz, CDCls) 6
QTce 132

1.41 (9H, 8), 1.91-2.01 (2H, m), 2.43-2.56 (2H, m), 4.72 (1H, 4, J=
12.0 Hz), 4.80 (1H, d, J= 12.0 Hz), 5.04 (1H, br d, J= 7.6 Hz), 5.11-5.19 (1H, m), 5.11
(2H, ), 5.92 (1H, d, J= 11.2 Hz), 6.22-6.26 (1H, br m), 7.29-7.38 (5H, m); 13C NMR (100
Hz, CDCls) § 28.2, 28.9, 30.6, 49.0, 66.4, 73.9, 79.5, 94.7, 118.5, 128.2, 128.5, 135.7, 152.3,
155.1, 163.5, 173.0.

(8 2)-T-benzyl 1-methyl 4-((diphenylmethylene)aminc)hept-2-enedioate (124).

X
NHBoc 1) 20% TFA/DCM (0.2 M) Ph SN
OBn rt, 1h N OBn
| 0 O 2) benzophenone imine (1.5 eq.) | o) D
DCM (0.2 M), rt, 24 h
OMe 126 42% in 2 steps OMe 424

To a stirred solution of 126 (1.05 g, 2.78 mmol) in DCM (11.2 mL) at rt was added TFA
(2.8 mL) and the reaction mixture was stirred for 1 h. Then the reaction mixture was
concentrated in vacuo. The residue was dissolved in DCM (14 ml) and added
benzophenone imine (0.7 mL, 4.17 mmol) at rt and stirred for 14 h. Then the reaction
mixture was diluted with AcOEt (50 mL), washed with sat. NaHCOz aq., brine, dried
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over NazS5O4, and concentrated in vacuo to give crude 124. The crude product was
purified by silica gel column chromatography (mHex/EtOAt = 9:1 to 4:1) to give 0 (511
mg, 42%) as a colorless oil.

"H NMR (400 Hz, CDCls) § 1.98-2.12 (2H, m), 2.34-2.40 (2H, m), 3.70 (3H, s), 4.99-5.04
(1H, m), 5.05 (2H, ), 5.71 (1H, dd, J = 12.0, 0.8 Hz), 6.32 (1H, dd, /= 12.0, 8.8 Hz),
7.04-7.07 (2H, m), 7.26-7.34 (11H, m), 7.60 (2H, d, J=7.2 Hz).

(8,.2)-7-benzyl-1-(2,2,2-trichloroethyl)-4-((diphenylmethylene)a
)Pi' mino)hept-2-enedicate (132).
X

N colorless oil (38%); [alp20 +60.9 (¢ 0.32, CHCly); IR (neat) 3032,
OBn

Ph

| 2950, 1733, 1619, 1445, 1383, 1283, 1145, 1074 cm'l; §

o O 1.98-2.07 (1H, m), 2.12-2.21 (1H, m), 2.31-2.44 (2H, m), 4.44

OTce 432  (1H,d, J=12.0Hz), 4.65 (1H, d, /= 12.0 Hz), 4.99-5.08 (1H, m),

5.05 (2H, s), 5.82 (1H, d, J=11.6 Hz), 6.32 (1H, dd, /= 11.6, 9.2

Hz), 7.04-7.07 (2H, m), 7.26-7.34 (11H, m), 7.60 2H, d, J= 7.2 Hz).; 13C NMR (100 Hz,

CDCIs) § 30.9, 31.2, 60.4, 66.2, 73.8, 76.5, 94.7, 116.9, 127.5, 128.1, 128.2, 128.4, 128.5,
180.3, 135.9, 136.7, 139.4, 151.9, 163.5, 170.0, 173.0.

(2R,3.R,49-T-benzyl-1-methyl-4-((diphenylmethylene)amino)-2,3-dihydroxyheptanedioa

te (127).
Ph Ph Ph
Ph
PhAN 080, (10 mol%) ph/‘*N %NH
OBn NMO (2.2 eq.) HO., OBn ——o—> - 0B
| THF/MH,0 (1:1, 0.1 M), rt, 48 h o 0
0 O A 0 O
i 89% (dr=10:1) HO' HO I
OMe 124 OMe 127 amina‘leform

To a stirred solution of olefin 124 (510 mg, 1.16 mmol) and NMO monohydrate (344 mg,
2.54 mmol) in THF/H20 (1:1, 12 mL) at rt was added OsQ4 (0.2 M in #BuOH, 0.6 mL,
0.12 mmol) and the reaction mixture was stirred for 48 h. Then the reaction mixture
was quenched by addition of sat. Na2S0s aq. (10 mL)} and extracted with AcOEt (50 mL).
The organic layer was washed with 1 M KHSO4 aq. (20 mL), sat. NaHCOs3 aq. (20 mL),
brine (20 mL), dried over Na2SOu, and concentrated in vacuo to give crude product. The
crude product was purified by silica gel column chromatography (rHex/EtOAc = 1°1) to
give diol 127 (491 mg, 1.03 mmol, 89%) as a colorless amorphous solid.

'H NMR (aminal form, 400 Hz, CDCls) § 1.52-1.60 (1H, m), 1.74-1.77 (1H, m), 2.52-2.66
(2H, m), 2.83 (1H, d, /= 6.0 Hz), 3.41-3.46 (1H, m), 3.58 (3H, s}, 3.85-3.89 (1H, m), 4.32
(1H, dd, /= 6.0, 3.6 Hz), 5.15 (1H, d, J=17.6 Hz), 5.13 (1H, d, /= 17.6 Hz), 5.71 (1H, dd,
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J=12.0, 0.8 Hz), 6.32 (1H, dd, J=12.0, 8.8 Hz), 7.17-7.53 (15H, m); 13C NMR (aminal
form, 100 Hz, CDCls) & 28.5, 32.0, 52.4, 60.0, 66.3, 71.3, 71.7, 77.2, 84.2, 100.5, 125.8,
125.9, 127.5, 127.7, 128.1, 128.2, 128.3, 128.6, 135.9, 144.5, 144.8, 172.5, 173.0.

(2R,3R,4.9-7-benzyl-1-(2,2,2-trichloroethyl)-4-((diphenylmeth

Ph vlene)amino)-2,3-dihydroxyheptanedioate {134).
Ph)‘*w colorless amorphous solid (49%); [alp?® +15.0 (¢ 1.30, CHCly);
HO,,, OBn IR (neat) 3460, 3062, 3032, 2954, 1732, 1450, 1163, 1069 cm'’;
RN 'H NMR (aminal form, 400 Hz, CDCls)} § 1.57-1.60 (1H, m),

OTce 134 1.89-1.97 (1H, m), 2.52-2.69 (2H, m), 2.95-3.01 (1H, by),

3.44-3.50 (1H, m), 3.87 (1H, dd, /= 6.8, 4.8 Hz), 4.28 (1H, d, J

= 4.8 Hz), 4.38(1H, d, J= 12.0 Hz), 4.73 (1H, d, /= 12.0 Hz), 5.09 (1H, d, /= 21.6 Hz),

5.12 (1H, d, /= 21.6 Hz), 7.17-7.53 (15H, m); 13C NMR (aminal from, 100 Hz, CDCls) §

28.4, 32.1, 61.0, 66.4, 72.1, 74.6, 83.7, 94.1, 100.8, 125.6, 125.9, 127.5, 127.6, 128.1(6),
128.2(0), 128.2(2), 128.2(5), 128.5, 135.8, 144.3, 144.4, 171.0, 173.0.

(22 3R,4.9-7-benzyl-1-methyl-4-((((9 F-fluoren-9-y)methoxy)carbonyl)amino)-2,3-dihyd

roxyheptanedioate (127).
Ph
| Ph)‘-\N 1) THFITEA/H,O (10:2:1, 0.15 M) NHFmoc
HO,, OBn m1h . HO, 0Bn
] 2) FmocOSu (1.5 eq.) '
HO\“ C O NaHCO3 (5eq.) HOY © ©
S THF/H,O (1:1, 0.1 M), t, 4 h OMe 12
70%

To a stirred solution of imine 127 (400 mg, 0.84 mmol) in THF/H20 (10:1, 5.5 mL) at rt
was added TFA (1 mL) and stirred for 1 h. Then the reaction mixture was concentrated
in vacuo. The residue was dissolved in THF (8 mL), added Fmoc-OSu (427 mg, 1.27
mmol), NaHCO3; (345 mg, 4.22 mmol) and stirred at 0°C for 3 h with gradually warmed
to rt. Then the reaction mixture was diluted with AcOEt (30 mL), washed with 1 M
KHSO4 aq. (15 mL), sat. NaHCOs aq. (15 mL), brine (15 mL), dried over NazS04, and
concentrated in vacuo to give crude product. The erude product was purified by silica gel
column chromatography (mHex/EtOAc = 11 to 0:1) to give 128 (315 mg, 0.59 mmol,
70%) as a colorless amorphous solid.

'H NMR (400 Hz, CDCls) § 1.83-1.90 (1H, m), 1.92-2.06 (1H, m), 2.40-2.44 (2H, m), 3.62
(1H, br ), 3.71 (1H, br d, J = 7.6 Ha), 3.76 (3H, ), 3.85 (1H, dd, J = 8.4, 4.8 Ha),
3.92-3.98 (1H, m), 4.14 (1H, t, /= 6.4 Hz), 4.33 (1H, br d, /= 4.8 Hz ), 4.38-4.48 (2H, m),
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5.07 (2H, ), 5.33 (1H, d, J=9.6 Hz), 7.24-7.37 (9H, m), 7.54 (2H, d, J= 6.8 Hz), 7.72 (2H,
d, J=17.6 Hz).

(2R 3R,45-7-benzyl-1-(2,2,2-trichloroethyl)-4-(((9 HF-fluoren-9-

NHFmoc . . ]
HO OBn y)methoxy)carbonyl)amino)-2,3-dihydroxyheptanedioate
' (134).
; W O’ O
HO colorless amorphous solid (24%). 'H NMR (400 Hz, CDCls) §

OTce 134 1 85-1.94 (1H, m), 1.97-2.06 (1H, m), 2.42-2.45 (2H, m), 3.21

(1H, brs), 3.79 (1H, br d, J= 8.4 Hz), 3.95-4.01 (1H, m), 4.16 (1H, t, /= 6.4 Hz), 4.35 (1H,
brd, J=5.2 Hz), 4.43 (1H, dd, J=10.4, 6.4 Hz), 4.51 (1H, dd, J=10.4, 6.4 Hz), 4.80 (1H,
d, J=12.0 Hz), 4.89 (1H, dd, /= 12.0 Hz), 5.09 (2H, s), 5.19 (1H, d, J= 9.6 Hz), 7.28-7.39
{(9H, m), 7.56 (2H, dd, J= 7.2, 2.8 Hz), 7.7 (2H, d, J= 7.6 Hz); 13C NMR (100 Hz, CDCl3)
8 26.7, 30.9, 47.2, 51.0, 66.6, 66.8, 71.3, 73.5, 74.3, 77.2, 94.3, 119.9(8), 120.0, 124.8,
124.9, 127.0, 127.1, 127.7, 128.2, 128.3, 128.5, 135.6, 141.2(9), 141.3(4), 143.6, 157.7,
171.3, 173.2.

(2R 4 R,5B)-methyl-5-((8)- 1-(((9 F-fluoren-9-yDmethoxy)carbonylamino)-4-(henzyloxy)-
4-oxobutyl)-2-phenyl- 1,3-dioxolane-4-carboxylate (130).

NHFmoc PhCH(OMe), (3 eq.) NHFmoc
HO,, OBn  CSA (10 mol%), MS4A
o o O PhH (0.1 M), 50°C, 3 h th.<
63%

OMe 128 OMe 130

To a stirred solution of diol 128 (212 mg, 0.40 mmol) and benzaldehyde dimethylacetal
(0.18 mL, 1.2 mmol), activated MS4A (800 mg) in benzene (4 mL) was added CSA (1.2
mL, 11 mmol) at 50°C and stirred for 3 h. Then the reaction mixture was diluted with
AcOEt (20 mL), filtered through a cotton pad, washed with sat. NaHCO3 aq. (10 mLJ),
brine (10 mL), dried over Na2SO4 and concentrated to give crude product. The crude
product was purified by silica gel column chromatography (-Hex/EtOAc=4:1 to 2:1) to
give acetal 0 (157 mg, 0.252 mmol, 63%) as a colorless amorphous solid.

'H NMR (400 Hz, CDCla) § 1.95-2.06 (2H, m), 2.87-2.50 (2H, m), 3.68 (3H, s), 4.16-4.23
(2H, overlapped, m), 4.29 (1H, dd, J=10.4, 7.2 Hz), 4.36 (1H, dd, = 10.4, 7.2 Hz), 4.73
(1H, d, /= 8.4 Hz), 5.01 (1H, br 4, J= 9.6 Hz), 5.09 (2H, s), 5.87 (1H, s), 7.25-7.47 (12H,
m), 7.61 (2H, m), 7.68-7.71 (2H, m), 7.74-7.76 (2H, m).
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NHFmMoc (2R 4R 5R)-2,2 2-trichloroethyl-5-((8)-1-(((9 Fflucren-9-
O, OBn  ylmethoxy)carbonyl)amino)-4-(benzyloxy)-4-oxobutyl)-2-
Ph"”< . 0O O phenyl-1,3-dioxolane-4-carboxylate (135).

colorless amorphous solid '(75%). 'H NMR (400 Hz,
CDCls) § 1.93-2.10 (2H, m), 2.35-2.48 (2H, m), 4.20 (1H, t,
J=17.2Hz), 4.23-4.32 (2H, overlapped, m), 4.38 (1H, dd, J/=10.8, 6.8 Hz), 4.58-4.61 (2H,
overlapped, m), 4.89 (1H, d, J= 8.4 Hz), 4.97-5.00 (2H, overlapped, m), 5.09 (2H, s), 5.90
(1H, s), 7.25-7.48 (12H, m), 7.59-7.62 (2H, m), 7.69-7.71 (2H, m), 7.74-7.77 (2H, m); 13C
NMR (100 Hz, CDCls) § 29.8, 80.9, 47.1, 48.6, 66.4, 67.1, 74.5, 75.3, 80.5, 94.4, 104.5,
119.9, 125.1, 125.2(1), 125.2(2), 127.0(6), 127.1(4), 127.6(8), 127.7(4), 128.2(5), 128.3(3),
128.5, 128.7, 130.2, 135.2, 135.8, 141.2, 141.3, 143.6, 144.0, 155.9, 167.1, 172.6.

OTce 135

(R, 2)- tert-butyl-4-(3-methoxy-3-oxoprop-1-en-1-yD-2,2-dimethyloxazolidine-3-carboxyla
te (142).

Boc
Boc. /k (PhO),P(O)CHCO,Me (1.1 eq.) \NJ(
N Nal (1.1 eq.), DBU (1.05 eq.) 0

H O -
THF (0.2M), -78°C-0°C, 2 h ] 0

O 43q 90% (E:Z = 8:1)
pure Z isomer: 80% OMe 142

To a stirred solution of (PhQ):P(O}YCH2C0zMe (3.0 g, 10 mmol) and Nal (1.5 g, 10
mmol) in THF (50 mL) at 0°C was added DBU (1.4 mL, 9.5 mmol). After 30 min the
reaction mixture was cooled to -78°C and the Garner’s aldehyde 139 (2.2 g, 9.5 mmol)

was added at -78°C. The resulting mixture was stirred 1 h with gradually warming to
0°C. Then the reaction was quenched by addition of sat. NH4Cl aq. (30 mL) and
extracted with AcOEt (50 mLx 2). The combined organic layers were washed with sat.
NaHCOs ag. (30 mL), water (80 mL), brine (30 mL), dried over NazSOs, and
concentrated in vacuc to give crude product. The erude product was purified by silica gel
column chromatography (rrHex/EtOAc = 4:1) to give 142 (2.2 g, 8.1 mmol, 80%) as pale
yellow solid.

The spectroscopic data for enantiomer of 142 were consisting with those of the literature.
(Tetrahedron, 1999, 55, 1163-1172.)
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(R)- tert-butyl (6-oxo-3,6-dihydro-2H-pyran-3-yl)carbamate {138).

BOC\NJ( NHBoc
0
2 5%TFA/DCM (0.15 M) |
L o 3500, 24h 0
! 70%
Se 142 b o 138

To a stirred solution of Zolefin 142 (3.34 g, 11.7 mmol) in DCM (78 mL) at 35°C was
added TFA (2 mL) and the reaction mixture was stirred for 24 h. Then the reaction
mixture was cooled to rt and washed with sat. NaHCOs3 aq., brine, dried over Na2S0.
and concentration in vacuo to give crude product as yellow oil. The crude product was
purified by silica gel column chromatography (mHex/EtOAc = 2:1 to 1:1) to give lactone
138 (1.73 g, 8.1 mmol, 70%) as colorless solid.

The spectroscopic data for enantiomer of 138 were consisting with those of the literature.
(Tetrahedron, 1999, 55, 1163-1172.)

(B)-(9 H-fluoren-9-yDmethyl (6-0x0-3,6-dihydro-2 H-pyran-3-yl)carbamate (143).

NHBoc 1) 20% TFA/DCM (0.1 M) NHFmoc
i, 1h .
‘ 2) Fmoc-0Su (1.2 eq.) f
| 0 DIEA (3 eq.) O
0 e k
3 DCM (0.1 M), 0°C-rt, 4 h 8
138 96% 143

To a stirred solution of Boc-lactone 138 (865 mg, 3.74 mmol) in DCM (16 mL) at rt was
added TFA (4 mL) and the reaction mixture was stirred for 1 h. Then the reaction
mixture was concentrated in vacuo. The residue was dissolved in DCM (20 mL), added
Fmoc-08u (1.51 g, 4.5 mmol) and DIEA (2 mL, 11.2 mmol) at 0°C and stirred for 4 h
with gradually warming to rt. Then the reaction was quenched by addition of 1 M
KHSO4 aq. and the organic layer was washed with sat. NaHCOs aq., brine, dried over
NasS04, and concentrated in vacuo to give crude 143. The crude product was purified by
gilica gel column chromatography (DCM/EtOA = 1:1) to give 0 (1.3 g, 96%).

[alp®0 -85.4 (¢ 0.95, CHCls); m.p. 122-123°C; IR (neat) 3311, 3065, 3019, 2944, 1716, 1524,
12383, 1092, 740 em™; 'H NMR {conformers, 400 MHz, CDCla) § 4.19 (1H, t, J= 6.4 Hz),
4.27-4,37 (1H, m), 4.39-4.57 (3H, overlapped, m), 4.97-5.10 (1H, m), 6.02-6.11 (1H, m),
6.76-6.87 (1H, m) 7.30 (2H, t, J= 7.2 Hz), 7.39 (2H, t, J= 7.2 Hz), 7.55 (2H, d, /= 7.2 Hz),
7.75 (2H, 4, J= 8.0 Hz); 13C NMR (conformers, 100 MHz, CDCls) § 43.4, 47.2(5), 47.3(4),
67.2,70.2, 120.1, 123.0, 123.2, 124.8, 124.9, 127.1, 127.2, 127.8, 127.8(9), 127.9(2), 141.5,
143.6(1), 143.6(4), 143.8, 155.5, 162.2; LRMS (ESI-TOF) caled for CaoH19NO4: 336.1236
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(9 H-fluoren-9-yl)methyl-((3.54 R,5 B)-4,5-dihydroxy-6-oxotetrahydro- 2 H-pyran-3-yDcarb
amate (144).

NHFmoc 050, (10 mol%) NHFmoc
NMO (2eq) HO,,.
6 HoO/THF(1:1, 0.1 M) L0
t,3h HO'
O 143 o 144

96% (dr=75.25)

To a stirred solution of Fmoc-lactone 143 (1.09 g, 3.27 mmol} and NMO monohydrate
(882 mg, 6.53 mmol) in THE/H:0 (1:1, 16 mL) at rt was added OsQ4 (0.2 M in #BuOH,
1.66 mL, 0.33 mmol) and the reaction mixture was stirred for 3 h. Then the reaction
mixture was quenched by addition of sat. NazS0s aq. and extracted with DCM (30 mIL X
3). The combined organic layers were washed with brine, dried over Na:SOi, and
concentrated in vacuo to give crude product (1.15 g, 96%, dr = ca. 75:25). The crude

product was used next step further purification.

(9 H-fluoren-9-yDmethyl-((3ak,7.5,7 aR)-4-0xo-2-phenyltetrahydro-3a4-[1,3ldioxolol4,5-¢
Ipyran-7-yDearbamate (137).

NHFmoc NHFmoc
HO,, A PhCHO (10 eq.), ZnCl; (2 eq.) . P
i ~ Ph—~
RN DCM (0.2 M), 1t, 3 h o~ O
46%
O a4 ° O a7

To a stirred suspension of diol 144 (406 mg, 1.1 mmol) and ZnCl: (300 mg, 2.2 mmol) in
DCM (5.5 mL) at rt was added PhCHO (1.2 mL, 11 mmol) and the reaction mixture was
stirred for 3 h. Then the reaction mixture was filtered through a Celite pad and the
filtrate was washed with water, brine, dried over Na:504 and concentrated in vacuo to
give crude product. The crude product was purified by silica gel column chromatography
(rHex/EtOAc=4:1 to 1:1) to give acetal 137 (216 mg, 0.50 mmol, 46% as 3:1
diastereomeric mixture) as a colorless solid.

[alp20 +15.4 (¢ 0.29, CHCI); IR (neat) 3329, 3039, 2952, 2920, 1759, 1717, 1539, 1242,
1099, 1074, 760, 742 cm’}; 'H NMR (diastereomers, 400 MHz, CDsCN) & 3.77-3.88 (1H,
m), 4.06-4.26 (3H, m), 4.23-4.38 (3H, m), 4.39-4.57 (8H, m), 4.52-4.62 (1H, m), 4.67-4.75
(0.75H, m), 4.86-4.88 (0.25H, m), 5.77 (0.75H, br ), 5.92 (0.25H, br s), 6.05-6.15 (1H, m),
7.21-7.27 (2H, m), 7.31-7.48 (TH, m), 7.57 (2H, 2d, /=7.2 Hz), 7.75 (2H, 2d, J= 8.0 Hz);
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LRMS (ESI-TOF) caled for CarHaaNOg: 458.1604 [(M+H)+*]. Found: 458.

(2.R,4R,5 R)-allyl-5-((9-1-(((9 H-fluoren-9-y)methoxy)carbonyl)amino)-2-hydroxyethyl)-
2-phenyl-1,3-dioxolane-4-carboxylate (136).

WAFMOC 4y LioOH (1.2 eq) NHFmoc
_*<o,.. THF/H,0 (1:1, 0.1 M), 0°C, 1 h O, OH
Ph >
o -0 2) Allyl-Br (3 eq.), KHCO; (5 eq.) Ph <ov' OAllyl
i DMF (C.1 M), rt, 3 h |
137 54% (single diastereomer) 136 O

To a stirred solution of lactone 137 (89 mg, 0.195 mmol) in THF/H:0 (1:1, 2 mL)} at 0°C
was added 0.5 N LiOH agq. (0.42 mL, 0.21 mmol) and 30% Hz202 aq. (40 x L, 0.4 mmol)
and the reaction mixture was stirred for 1 h. Then the reaction mixture was acidified by
addition of 1 M KHSO4 aq. and extracted with DCM. The organic layer was washed with
brine, dried over Naz504, and concentrated in vacuo to give crude product as an oil. The
residue was dissolved in DMF (2 mL), added KHCO3 (60 mg, 0.6 mmol), Allyl-Br (0.3
mmol) and stirred at rt. for 3 h. Then the reaction mixture was diluted with AcOEt and
washed with water, brine, dried over Na:S04 and concentrated In vacuo to give crude
product. The crude product was purified by silica gel column chromatography
(rHex/EtOAc = 1:1) to give allyl ester 136 (53 mg, 0.10 mmol, 53%, single
diastereoisomer) as a colorless solid.

[alp?0 -28.7 (¢ 2.40, CHCla); IR (neat) 3491, 3062, 3027, 3002, 2918, 2837, 1611, 1510,
1452, 1333, 1246, 1154, 1090 cm'1; tH NMR (400 MHz, CDCl3) § 2.58 (1H, br s), 3.67 (1H,
dd, J=10.8, 7.6 Hz), 3.76 (1H, dd, /= 10.8, 5.2 Hz), 4.16-4.23 (1H, m), 4.21 (1H, t, J=
6.8 Hz), 4.29-4.32 (1H, m), 4.32 (1H, d, /= 6.8 Hz), 4.45 (1H, dd, /= 12.8, 5.6 Hz), 4.64
(1H, dd, J=12.8, 6.0 Hz), 4.78 (2H, ), 5.18 (1H, br d, /= 8.8 Hz), 5.20 (1H, dd, /= 10.0,
1.2 Hz), 5.20 (1H, dd, /=17.2, 1.2 Hz), 5.84-5.94 (1H, m), 5,89 (1H, s}, 7.25-7.47 (TH, m),
7.61 (2H, 4, J= 7.2 Hz), 7.71-7.73 (2H, m), 7.76 (2H, d, J/= 7.6 Hz); 18C NMR (100 MHz,
CDCl») & 47.0, 50.7, 63.4, 66.3, 67.2, 75.1, 77.2, 104.5, 119.4, 119.9, 125.2, 127.0, 127.3,
127.7,128.6, 130.1, 131.4, 135.4, 141.2, 143.6, 143.8, 156.1, 168.6.
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(2R, 4R,5F)-allyl-5-((S, E)-1-(((9 H-fluoren-9-yl)methoxy)carbonyl)amino)-4-(benzyloxy)-4
-oxobut-2-en-1-y1)-2-phenyl-1,3-dioxolane-4-carboxylate (147).

NHFmoc
NHFmoc DMP (1.2 eq.), NaHCO; (3 eq.) o8
O, OH DCM (0.05 M), 0°C, 1 h - <o”. 7 n
Ph""<ox,. 0 : PhasP=CHCO,Bn (2 eq.) or a0 O
431  DCM (0.05 M), 0°C-rt, 2 h
OAllyl 61% (2 steps) OAillyl 147

To a stirred solution of alcohol 136 (50 mg, 0.097 mmol) in DCM (2 mL) at 0C was
added Dess-Martin periodinane (50 mg, 0.116 mmol). After 1 h, the reaction mixture
was added Wittig reagent (80 mg, 0.194 mmol), NaHCO3 (25 mg, 0.3 mmol} and stirred
another 2 h with gradually warming to rt. Then the reaction mixture was diluted with
AcOEt (20 mL), washed with sat. NaHCOs aq. (10 mL}, 1 M KHSO, (10 mL), brine (10
mL), dried over Naz804, and concentrated i vacuo to give crude product. The crude
product was purified by silica gel column chromatography (z-Hex/EtOAc = 4:1 to 1:1) to
give olefin 147 (39 mg, 0.060 mmol, 61%) as a colorless solid.

IR (neat) 3359, 2923, 2849, 1719, 1507, 1455, 1291, 1219, 1100 cm''; 'H NMR (400 MHz,
CDCls) 6§ 4.21 (1H, t, J = 7.2 Hz), 4.31-4.40 (2H, overlapped, m), 4.51 (1H, dd, J= 15.5,
6.0 Hz), 4.60-4.65 (2H, overlapped, m), 4.81 (1H, d, J= 8.4 Hz), 4.87-4.89 (1H, m}, 5.16
(2H, ). 5.21 (1H, br d, /= 10.8 Hz), 5.25 (1H, br d, J= 8.0 Hz), 5.28 (1H, br d, J= 16.4
Hz), 5.83-5.93 (1H, m), 5,88 (1H, &), 6.02 (1H, dd, /= 15.6, 1.2 Hz), 6.98 (1H, dd, J=15.6,
5,2 Hz), 7.25-7.47 (12H, m), 7.60 (2H, dd, J= 7.6, 2.8 Hz), 7.67-7.69 (2H, m), 7.75 (2H, d,
J=17.6 Hz); 13C NMR (100 MHz, CDCls) § 47.0, 50.7, 66.3, 67.3, 75.4, 77.2, 79.1, 104.5,
119.7, 120.0, 122.7, 125.1(7), 122.2(1), 127.1, 127.7(D), 127.7(4), 127.7(8), 128.3(4),
128.3(4), 128.6, 128.7, 130.3, 131.2, 135.1, 135.7, 141.2, 141.3, 143.6, 143.8, 144.8, 155.3,
165.5, 168.1; LRMS (ESI-TOF) caled for CaoH3sNOs: 646.2441 [(M+H)*]. Found: 646.

(2R, 4 R,5R)-5-((S.B)-1-((((9 H-fluoren-9-yDmethoxy)carbonyl)amino)-4-(benzyloxy)-4-oxo
but-2-en-1-yD-2-phenyl-1,3-dioxolane-4-carboxylic acid (148).

NHFmoc N-methylaniline (5 eq.) Jirmos
O N -OBn Pd(PPhg), (10 mol%) Or,, OB
Phe-{ - Phe
o0 O DCM (0.05 M), 0°C, 30 min oS0 O
OAllyl 147 97% OH 148

To a stirred solution of allyl ester 147 (14 mg, 0.0214 mmol) and M methylaniline (12
uL, 0.11 mmol) in DCM (0.4 mL) at 0°C was added Pd(PPha)s (2.5 mg, 0.00214 mmol)

and the reaction mixture was stirred for 15 min. Then the reaction mixture was

concentrated in vacuo and purified by silica gel column chromatography (CHCls/MeOH
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=9'1) to give 148 (12.5 mg, 0.0206 mmal, 97%).

'H NMR (400 MHz, CDCls) § 4.07-4.18 (2H, m), 4.29-4.43 (3H, overlapped, m), 4.90-4.97
(1H, m), 5.05 (2H, br &), 5.11-5.19 (1H, m), 5.35-5.43 (1H, m), 5,63 (1H, br s), 5.88 (1H, br
d, J = 14.8 Hz), 6.85 (IH, br d, J/ = 14.8 Hz), 7.05-7.25 (3H, m), 7.12-7.36 (5H, m),
7.43-7.48 (3H, m), 7.52-7.56 (3H, m), 7.64-7.69 (4H, m).
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