FULSRRFIZEEE, 54, 33 — 47 (2007)
Journal of Tohoku Pharmaceutical University, 54, 33 — 47 (2007)

EXNCERT7EFILEBREEPEAEILOAXZ2F 2 ADERIFR
W e, RHE gh—, UV —5A, BUER A, g Ex

Synthetic Studies on Spiruchostatin A, a Potent Histone Deacetylase Inhibitor

Toshiya Takizawa, Koichi Narita, Kazuhiro Waranag, Hideki ABg, and Tadashi Karon™

(Received November 21, 2007)

Spiruchostatin A (1), isolated from a culture broth of Pseudomonas sp., has been shown
to be a potent histone deacetylase (HDAC) inhibitor. HDAC inhibitors can suppress the
growth of human tumor xenografts, this natural product, therefore, is expected to be a
promising candidate for novel molecular-targeted anticancer agents. We envisioned that 1
would be synthesized through twofold macrolactam/macrolactone cyclization of the fully
elaborated acyclic disulfide 2. The key segments 3 and 4, required for the preparation of the
advanced key intermediate 2, were initially synthesized, and the two segments were
subsequently subjected to the critical cross S-S coupling reaction to produce the desired key
intermediate 11 (synthetically equivalent to 2). Upon deprotection of the N-Boc and the
methyl ester groups in 11, the crucial cyclization formation was achieved using PyBOP to
provide the desired macrolactam 16, a potential key precursor for 1. Further investigations

concerning the transformation of 16 to the target molecule 1 were also described.

Key words — spiruchostatin A, histone deacetylase inhibitor, disulfide bond formation,

macrolactam/macrolactone cyclization.
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Fig. 1 Chemical structure of spiruchostain A (1).
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Chart 1. Synthetic plan for spiruchostatin A (1). Boc = tert-butoxycarbonyl, Acm = acetamidomethyl, TBS =
tert-butyldimethylsilyl, Tr (trityl) = triphenylmethyl, PMB = 4-methoxybenzyl.

1. RELIAZXEF2 A (1) OEBEHE
AENVIRAYF VA (1) OELERETDIC
Hzh, HIRVAVT 14 FibEW2D % v F A
B—REKT 7 v /57 % MBRALKIE % B
T EHMEIEEAE - & L7 (Chart 1).
Thbb, 2% HVWTIZ ¥ 2 BILBL T Y
NUOBMERIEERATY S EICX Y, —ZIC 15 BB
WIRF 7 b /905 AEEEREET HRE T
HoH. HIRVAIVT 4 e 23T 2V T 1
FAEEEMTYIRL, £ 72X 3BL RS
AYPADH Y T) Y ITRIBICL D AR TE S
EEZ 7.

2. €A F3DAK
FTHOII, 2T A N3 DOEKEIT- 7
(Chart 2). p-2¥1 ¥ &% HFER L LTHW, M
TRTTVTE FEANFEL, KTT IV F—
WELG 7)) VI ROG S 247w C2 2= v b
(FEfk = AT V2= M) ZEAL, S5(24L
2T EE A TBS A CRET L2 2 210k D,
VUEZRE 51% DOIUET O-TBS k6 #1572, XkIZ,
TMSOT{/2,6-)VF ¥ ¥ 44k F 919 T Boc 2D i
REXITV—FT I v & L2k, N-(8-Y AF )L

TI/TUEN)N-ZFVANVKY A I NEfR
& (EDC-HCD) #%##EAHIE LTHWTD-v A7
A YFERET I FEAEREIT o7 25,
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BETENTE.
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M7 DANFK=ZNED afiz ) FAHILLzE S
B, RE-RFEETERE + VT 1 VIR —28
IZHEITL, AL 7429 (B/Z =51) % 66% D
NWETIFAZ N TE. BONT: B/ Z- Bk
DR ETD o 72720, BREWOFT F XD
s zATo7z. $hbb, KELIAVTT N
7WVI=%v2s (DIBAL) #HHWTAHL 719
(E/Z =5:1) DT+ — VOB W kY
p-APFIXRYII (PMB) T—FIRICEX,
COBEBTEZ-ZEWEE VX VAT L0
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Chart 2. Synthesis of segment 3. LDA = lithium diisopropylamide, TMSOTf = trimethylsilyl trifluoromethanesulfonate,
EDC-HCI = 1- (3-dimethylaminopropyl) -3-ethylcarbodiimide hydrochloride. HOBt = N-hydroxybenzotriazole.

OMe OMe
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Chart 3. Synthesis of segment 4. DIBAL = diisobutylaluminium hydride, PyBOP = (benzotriazol-1-yloxy)

tripyrrolidinophosphonium hexafluorophosphate.
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16) & JERATVY, R A0 IVAR VB0 IS8 H
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Chart 4. Synthesis of acyclic disulfide compounds 11,12 and 13
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Chart 5. Synthesis of macrolactam 16
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6. YOS5 L16 1518 NDEIR
(B9 245t
PEDIHITYANT 4 FiEE B+4— 11,
Chart 4) &7 027 % LROMBE (15— 16,
Chart 5) I L7-DT, K21 DESHDE
MEBE b~ 0T5 7 N VBILEZKRETT R,
FEEE b afE18 OERIZDOWTHRE 21T
-7z (Chart 6). ¥, 270527 % 516 24
LT238-y27u0u56-Y27 /-1,4-RUF )
> (DDQ) % 2 YEMEH & T O-PMB £
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FORE &%%k:%18«®£%%ﬁ&t.
Thbb, {LEW17 123 L TKRELY F 7 4
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572708, 0C T E o7 L B PETEFICR
FHEZ# b o 72 (entries 1 and 2, Table 1).
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Chart 6. Attempts on transformation of 16 to 18 via 17. DDQ = 2,3-dichloro-5,6-dicyano-1,4-benzoquinone.
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Polz. TITMEGERZIT-72£ 25, TLC
L D17 DEHEREIHRETELb DD, RBiEL
REWMEGZ50RT, LM 18 2155
ZEiETE %o/ (entries 3 and 4). W5
WA KBS MU 7o, KERIED ) A&
(228 2 TR A UK 538 D SRRt %2 AT o 7298,
WENOBEIZ S5 N5 L5 O A
TA YV THENZ AT IVEEIIKRSESN7-H
B 18 #8556 Z LI TE L d» o 72 (entries 5
and 6). INOHOEBMERNS, VANT 4 F
WaRLx7us 7y AREAET HILEWT IC
BWTT VA ) MAKGHEEEZ RS A VRS
RANOFRIEDLOTHETH S Z EHHEFL

7. INHLOERE LT, KB ThHb1 VT
O EVEPVEICAR 22 R A~ a a2
L THB Y MRS BRIET LIS WOk, &b
X, JANT 4 FEEEDSINESN T Tl ko
LR s hRed <, 2O, EHERRE
Ma G52 7-0TE B nneEZTWA.

7. SHIRT XTIV 22 DEEK

INFT, VANVT 4 FESER, ~2u3
25 LABRIL, BXU'<w2snus s b BLOIET
1DOBHEEBELL) ERATELD, 4V
0 EOV LA T OV ER DO INK G317 O B B C R RE AN
CTLEw, B L) Iceflifs s B
HIEMNTE Lol 22T, FTHHDIIE

Table 1. Alkali hydrolysis of 17 producing 18

entry base solvent temp. time 7resu1t
1 LiOH aq. MeOH 0C 12h no reaction
2 LiOH THF/H=0 0C 12h no reaction
3 LiOH aq. MeOH rt — reflux 16 h decomposition
4 LiOH THF/H20 rt — reflux 8h decomposition
5 NaOH aq. MeOH reflux 24 h decomposition
6 KOH aq. MeOH reflux 24 h decomposition
Me _ Me Me _ Me
BocHN z NaOH aq., EtOH, rt BocHN -
o :]/u\ﬁ/A\?/\\COrFPr :I/H\H’”\?/A\COZH
TS OTBS 84% OTBS
19 20
H H
TrS o N TCOgMe DDQ, CH,Cl, / H0, 1t TrS \/\N\[r N TCOZMe
PMBO O Me 89% C:)H O Me
4 21
OTBS
MNBA, DMAP Me™ =
CH20|2, rt O NH
20 + 21 j;:ﬁ )
59% BocHN STr ©

H
MeO,C.__N

Me O
22

Chart 7. Synthesis of segment 22. MNBA = 2-methyl-6-nitrobenzoic anhydride, DMAP = 4-(dimethylamino) pyridine.
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EFTHLZENRNETHLEEZONAYITT
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Txrug 78568 (7TIFEE) 2L,
WBRICY AT 4 FiEEGETERT 5 HiECTHES

479 Z &2l 72 (Chart 7).

Hols, 7 A P19 A4 Y PO E LT A
TIVOIMKGEE T, YANVT 4 FiEE L
Yo UT Y AREET A AT TIEHKIT D
AT L e o/z2 &5 (cf. Chart 6), T2 T
IR AP ET L 2 WO TR WAL fEES
N7z, 7 A M19IIx LTS/ — Vi,
KEEALF MU T AKBREER S LTS,
B LIPS L ODBIN G LT TEL )
VAR VEE20 A584% ODNETH LN, —H,
DDQ 2L A7 A 4D PMB ADONiRES:
TV, TULTIVa—)v21 & L7z, RIZ, I
Y7 AN20BLUN21 HHEK2- XA FIV-6-Z b

B (MNBA) 2 WAL ETH Y S

Vo7&, B A5 )L 22 #1572, 18 KK
TnDINERIE 59% & HREETH Y, A LS

DR To72500, ThULOUEITAL

Niahoiz.

OTBS

TMSOTH, 2,6-lutidine
CH,Cl,, then MeOH

8. #HIRTIXFIL22 »5
A@E%L%T%ﬁﬂ
KT, BoN7z22 % FWTT I FEGOR
B % A7z (Chart 8). $HIKT A7)V 22 @ Boc
HAEPEES D720, TMSOTH2,6-VF Y v % H
WA BREREM I L 2 A, IR (40%)
TEDH o —MT IV 23 FET L LM

I/ AIVERER 24

T&EZ, HWT, 7057 % AL nE
B BT I ) HNVEVER 24 ~NEHT 5720

AF VI AT IVOMKEZIT->72. L L%
255, FEHOBEIROSNE DD TLC ETHE
ﬂ@‘%#%ﬂéh VR VR B — A )

ELTHRLZLFETE ol e LM
%*ﬁ?}bf:fﬁ, BoNsbDIIEELRREEYD
HhTHY, TIJANECE24 2185 TIC
BES o7z,

TOEBNV— ME, ZATFUEE,HEICTE
BLTW L) FERTH 20, 2004

TAYF20B X021 O A5 V4l (20 + 21
— 22, Chart 7) & Z DD Boc #0 iff#
(22 — 23, Chart 8) DOILENH L LAV L &,
AT IWVIATIV23 6T I/ HIVE VK 24 ~
D%HL (23— 24, Chart 8) N TXLh o7

MeOQC
22
Me OTBS
LiOH agq.

MeOH L
H,N STr

HOQC\/
24

40%

spiruchostatin A (1)

Chart 8. Attempts on transformation of 22 to 24 via 23
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L, BELAHEL— FTHDLEFTVL LD
Sz, TZETORFIZIY, XU 20
E21 AESIRICERE L2 bAE 28 (cf. 17) 12
T LTT VA YIRS HEEZIT->TH, Lk
RO NVR VA BLZEPRETH L L
VHRERDPELND, ¥B, EZ7A Y 17
BLU28 0z A5 ViER%E 7S ) LT TN
KGRI A EIIRETCHLEEZONL, &
BN CBOGRELOMELED, FBEA
Bov— b aRE L, FESHIE IR 2 &0
THRETE L A7 VE (FiziE, 7L
AFNV) WCEBELT, AELVIAFF A (1)
DEEHEBIRTFETH .

9. ¥&
PERRTERZEIIC, ¥F7 A F3BLY
LI X M ARENENERL, WAV
DF F — VIREEDERAA IR E & & 1Tt <
JURATy ) RIS LY, BHOEIRY
ANT A4 MEeEW 11 24 L. HBEwT, 1k
H 11 O Boc ZORifRE, 2 F LT AT LD
kG, BLOP~r a5 sy AILEIERST
DL, I5BRI VY LA16 252k
WIS L7z, &5, 927 % /416 O PMB #0
AR ATV, TULT IV I—= 17 NEFHiE
L7z, L2L%26, 17TV 7oV AT
WERD T VI ) KSR X B 218 ~D
FZEbOTHETHL Z L2 HHL, v
077 b BREERE T A LI TE LD 7.
—F, B AR20BLX RS2V 21 005
B LHERT AT V2212 LT, w7103
75 LBEILEIT) R 28 DAF VT AT VE
BT IVH)ELT, RSSO % 4 3 L
BB ETATI OO NVKUEE24 #1852
EdTE& oz, UEDOREREMPS, $HIRY A
W74 FLEMORIRIRG 7 N> /52 % L8R
{bRbEEMEL$2 280328 F A (1) ©
BELV— NIWETAIEE L, SRIEH R
EHETEICED 1 e HIcH#EgT 5 FET
H5.

x B 0 %

FetE Ik, JASCO DIP-370 % Hv» Tl L 7-.
IR &, JASCO FT/IR-4100 {2 & Y ifll%E L 7. H-
B LU BC-NMR 13, JMN-EX 270 (*H: 270 MHz,
13C: 67.8 MHz), %7213 JEOL AL-400 (*H: 400
MHz, ©¥C: 100 MHz) %ZffH L, EXK#E7 oo
RV L O CHCls (61 7.26 ppm; 8¢ 77.05 ppm)
FEREERE L LTI L7z, L%y 7 Mid o fE
(ppm) T/RL, #EEHK () dHz TELZ.
KT FNDOFEISNY — 0%, KIZE I TS,
singlet = s, doublet =d, triplet =t, quartet = q,
multiplet = m, broad = br. B&E A7 MV
(MS) (%, JEOL JMS-DX 303/JMA-DA 5000
SYSTEM high resolution mass spectrometer (T &
D lE L7z,

(R)-tert-Butyl 3-Methyl-1-oxobutan-2-
ylcarbamate (5): p-/¥") » (5.0 g, 43 mmol)
Z A% /=) (MeOH) (100 mL) BB
OCIZHHIL, HEALKES A % BAIREEIC 2 2 %
TH U7z, COREHERE 2.5 K] 80°C CThnzk
B L7z, RIG#TH, SERITHHL, BE
LTAxy 7 —nedifbkExBREL,
AFNVIATNVERZ, 7 hIelFars v
(THF) (100 mL) I ERRTH LN/ DN ¥ R
FNVIATNVEERL, 0CIZEHR, Tray
FHRT, PUZFAT IV (BeN) (17.7 mL,
128.0 mmol), Y-tert-7FIH —FKF—
[(Boc)20] (9.5 g, 44 mmol) @ THF ¥ (100
mL) M ZERTHRMERLE. YFLo
=7 NVTHERRL 7%, ARBAKET M) 74
AIEE B & ORI &K TR t4, MK ARER F
M) ATHEBRL:., BRETHEEYEERL, &
BWE )V Tr N AT L7270 NI T T 4 —
(N V/EERE TV = 5 . 1) THHL, N-
tert-7 N XA NVKZ NV -pINY) U XTIV T AF
V(9.7 g, 98%) *EEERWE L L THL x
%7 —J) (EtOH) & THF ORESHE MR
(EtOH/THF = 4 : 1) (300 mL) (Z¥4LY F 7 A
(3.7 g, 88 mmol) BIUKFELETYEF Y v
L (3.3 g, 88 mmol) ZEML, N-tert-7 hF

D-/N1)
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HIVARZW-p-NJ Y AFIVIZAT IV (9.7 g,
41.9 mmol) %Nz, iR T6MRMEHELL. K
JETER 5% NEBR/AKEW & N R 727, B0 R IR
KET DU 7 LKBWE B L ORI ALK TG
L, BKREEEF MY Y ATERLL. BETHE
AEMEL, BEWELUI S NVAT LI O
NPT T4 = (NFH Y EEBIFLV =20 1)
THEL, N-tert-7 M ¥ ¥ AIVKRZ)Vp-NY J
—V (7.9 g, 93%) *EEMWMRDEL L THZ.
Yyoruaua Ay (40 mL) LA ET UL
(4.0 mL, 46.9 mmol) %%, 7N ITVEFL
T=78C ICHHE, VAFNVANEFTHE
(DMSO) (6.9 mL, 96.8 mmol) % 57 THT
L 30 R4 L7z, RIS N-tert-7 ¥ ¥ A1 v
RZ)Vp31) =)V (65 g 31.2 mmol) &
Jruu Xy i (40 mL) % 5452 T
WTEL, S5 TEMEELE, 0C 7R
L, Y4V 7a¥iLvF L7 3y (DIEA)
(30.8 mL, 181.1 mmol) %Nz, & 51220 5
B L 7o, DB RBAKEF MY 7 L4
KFHE A, Yoo xy B L,
faRN K TR, ARE 2 BKmER;T MY
TLACERE L, BRIETHEELZREL, BEY
EIVHTIN ORI T T 4 — (NFH LS
Befk— )L =3 :1) CTHHEL, 5 (6.1g, 95%)
Y EBUWRWE & L TR,

5 [alp® = —882° (¢ = 1.27, CHCI3). IR neat
(em™!) : 3347, 2971, 2934, 1713, 1507, 1367
1250, 1169, 1015, 864, 774. H-NMR (400 MHz,
CDCls) :6 091 (3H,d,J=6.9Hz),1.00 (3H,d,

J=69Hz), 1.42 (9H,s), 2.25 (1H, brs), 4.27-"

429 (1H, m), 5.22-5.24 (1H, m), 9.61 (1H, s).
BC-NMR (100 MHz, CDCls) : 6 17.5, 18.9, 28.2,
28.9 (3C), 64.6, 79.8, 154.6, 199.9. CI-MS
(m/z) : 202 [(M+H)*]. HR-EI-MS (m/2) :
C10H19aNOs (M™*) caled for 201.1365, found
201.1387.

(3S4R)Isopropyl 4-tertButoxycarbonylamino)-3-
(tert-butyldimethylsilyloxy)-5-methylhexanoate
(6)

THF (50 mL) 294 v 77y Iy (122

mL, 87 mmol) MMz, 7VITyEHEKT —
T8CIZEHE, n-7F V) F 74 (1.56 M in
hexane, 53.6 mL, 84 mmol) % & T L 30 Z;H#
L7z, kI, BEBRA Y 72 ¥ (102 mL, 87
mmol) % FL 30 oM L-%, 7VvTe
FK5 (3.5 g, 17 mmol) % & THFE (50 mL)
T TR, 351240 pHEREL 2. USER
WEFIEAL T = WK A N, Bl
FOUTHLR, BFikkEx ek oL,
WARIEEE S P 7 A TR L7z, R TR
MEL, BBWEIANMAS VIS L IO NS
T4 = (NFY VBTV =4 1) TH
WL, syn-& (3.5 g, 55%) & anti-1& (1.5 g,
27T%) THBEESE LTEL. BWY T, syn-f
(85 g, 12 mmol) ®7+t ¥ (100 mL) &K%
0CIZHHEIL Jones X#E (6.8 mL, 18 mmol) %
WL, FEEICTIREE”ELE. 2nwTl
DR EWICHEEBAKEST MY Y AE N,
KPIBD Jones kFEX 7 L. F L72fk, VLT
V=TV C3EE L, SRKEEKES MY
7 LWOKEEWR, SRR TG L, EoKinEE~
A NCEEE L, BETEEZE:L,
BREME VATV TLAIARINT T T 4 —
(NFHF /W =4:1) THEEL, WE
$5 -7 FTAT N (2.3 g, 66%) FEMEMEIR
WEL LT/ BoNp- TP ATV
(2.3 g, 7.6 mmol) ® THF & (80 mL) #
—78CITWHIL, KFEETEL) 7L (615
mg, 11 mmol) DKEW (B mL) ZW-o<{ D &
WE L7z, FRT 1 EEE D S8 708k, fuflii
b7 =Y oKER (5 mL) 2Nz 7. HEBE
IFOVC 3 Ed L, BB ik Tu
G, MEREGERT DU Y ATEELZ., WET
WHEEEL, YUAFVI T AU NS
Ta4— (NFV Y EEBIFV =4 1) THHE
L, anti-#k (1.9 g, 82%) % HEEJRAESE L
TH7. Anti-fF (1.9 g, 6.3 mmol) &4 I %
— ) (2.6 g, 37.8 mmol) IV AFINEKILLT I
F (DMF) (50 mL) &L, 7V IV FEA
T, Hfbtert-7F NI AF VYN (2.8 g, 19
mmol) ZHTL, T|RICT 24 FrEHEHEL 7-.
FISElE Y T F VT —F VTR L 2%,
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ETHEEZERL, BEWE ) A7 VH T L
ru<T NI TT 40— (ANFF VBRIV =
5:1) THREL, 6 (24 g, 90%) % EEMHIRY
BELTHE:.

6: [a]p® = —1.8" (¢ =1.10, CHCls). IR neat
(cm™1) : 3389, 2961, 2361, 2340, 1559, 1507,
1474, 1175, 1084, 774. 'H-NMR (270 MHz,
CDCls) :6 0.05 (3H,s),0.09 (3H,s), 0.78 (9H,
s), 0.77-0.81 (6H, m), 1.14 (6H, d, J = 6.3 Hz),
1.33 (9H, s), 1.92-1.98 (1H, m), 2.31 (1H, dd,
J=6.3,15.9Hz),2.41 (1H,dd,J=5.6,15.8 Hz),
3.40 (1H, td, J = 6.1, 7.3 Hz), 4.09 (1H, q, J =
6.4 Hz), 4.48 (1H, d, J = 10.1 Hz), 4.95-5.04
(1H, m). C-NMR (67.8 MHz, CDCls) :6 14.2,
17.9, 18.0, 18.1, 20.6, 21.8, 21.8, 25.6 (3C), 28.0,
28.3 (3C), 40.2, 59.3, 67.9, 69.9, 78.9, 155.9,
171.3. CI-MS (m/z) : 418 [(M+H)*]. HR-EI-
MS (m/z) : C21HssNOsSi (M*) caled for
4172911, found 417.2943.

(3S,4R)-Ethyl 4-[(S)-3-Acetamidomethylthio-2-
(tert-butoxycarbonylamino)-propanamidol-3-
(tert-butyldimethylsilyloxy)-5-methylhexanoate
(3) : L5 6 (70 mg, 0.17 mmol) NV 7 B 1
A% (3mL) BHIZ, TVIVRRT 2,6-V
F3 2 (024mL, 2.0 mmol), FY 7)AF B R ¥
CANVEKVEEMNY XAF V)L (TMSOTE) (0.3
mL, 1.7 mmol) Z{H FL, ZHET1EEHEHRL
72, A% =) (05mL) AW FL, 56121
RPRETEEE L 7ofk, WIETHELE R L. 55
NEEYE Y 7uuxy » (5ml) ICEBL,
N-tert-7 b XV HIVARZ)N-S-TEF I RATFJL-
D-Y AT A Y (49 mg, 0.17 mmol), 1-¥ Fo ¥
IRV MY T V=)V (HOBt) (45 mg, 0.33
mmol), 1-(8-YXF V-7 I ) 7B )N)-3-2F
WAV ERT A I NIEERIE (EDC-HCI) (32 mg,
0.17 mmol) BLO M) ZF L7 I (46 4L,
0.33 mmol) ZNEXMZ T, 7N T FEKT,
FIRTIRMEE L. RILBER T FRE 7L
TR U721, 3% EEKE M, M REEKE
F MUY LK, SEFIEIEKTHRE L, EK
MERT M 7 ACTEEE L2, BETHESEE

L, %) BFXr VA TAIOAR NI T T
4= (NFH Y BEBRIFIV =1:1) THEL,
3 (50mg, 50%) % HEAHIRWE & L TH/-.

3 [alp®=—250° (¢ =1.00, CHCls). IR neat
(em~1) : 3295, 2961, 2932, 2859, 2363, 1743,
1659, 1543, 1370, 1256, 1175, 1094, 835, 755. 'H-
NMR (270 MHz, CDCls) : ¢ 0.03 (3H, s), 0.07
(3H, s), 0.83 (9H, s), 0.91 (6H, dd, J = 2.1, 6.8
Hz),123 (6H,d,/J =6.3Hz), 1.44 (9H,s), 1.79-
1.92 (2H, m), 2.03 (3H, s), 2.42-2.53 (3H, m),
2.82 (1H,dd,J=6.9,14.5 Hz), 2.88 (1H, dd, J =
5.8,14.5Hz),3.83 (1H,dt,J=6.1,10.2 Hz), 4.22
(1H, q,J = 6.1 Hz), 4.42 (1H, q,J = 6.8 Hz), 4.64
(1H, dd, J = 7.4, 14.0 Hz), 4.94-5.03 (1H, m),
561 (1H,d,J =177 Hz), 6.71 (1H, d, J = 10.2
Hz), 6.96 (1H, br s). 3C-NMR (67.8 MHz,
CDCls) :6 17.8,17.9,19.4,20.2,21.8,23.2 (3C),
28.3 (3C), 28.7,33.9,39.4,40.7, 40.9 (2C), 53.3,
58.9, 68.1, 69.3, 80.2, 87.2, 170.1, 170.8, 171.4,
176.8. FAB-MS (m/z) : 592 [(M+H) *]. HR-
FAB-MS (m/2) : CarHssN3O7SSi (M*) caled for
591.3373, found 591.3358.

(25,4S)-2- (4-Methoxyphenyl) -4-[4- (tritylthio)
but-1-enyl]-1,3-dioxane (9) : L5416 (4.3 g,
8.1 mmol) & b&# 7 (2.7 g, 12.0 mmol) %N
AR EBRLY T VTV BEHRL, BiAk DMF
(200 mL) IC@EMEE. 2212, —60C 12T
VFo LA EARMIAFILTIF (1.0 M solution
in THF, 8.9 mL, 8.9 mmol) % F L 2 BrRE#E
L7z, 201, 2HEM»TCEIRT ThallH
L7z, ROS#T#, POSREEW fafisitr
VEZULKREBEEMZ, VIFILI—FIVT
ol L7z, AR 2 s EiE Ak ok L, Kk
WERT MU Y A TR, BIETEHEREEERL
VAR =328 (WAL 3L R R I T N/ = g
NPT T4— (NFF Y BRIV =6 1)
THHEL, 9 (2.7, 66%) THEOERYE L L
T&7-.

9: [alp® =—64° (c=0.99, MeOH). IR neat
(em™1) : 2955, 2849, 2025, 1954, 1615, 1372,
1302, 747, 702. 'H-NMR (400 MHz, CDCls) : ¢
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151 (1H,t,J =12.1 Hz), 1.86 (1H, dd,J = 5.3,
12.1 Hz), 2.09 (2H,t,J = 6.8 Hz), 2.19 (2H, d, J
= 6.8 Hz), 3.78 (3H, s), 3.93 (1H, dt, J = 2.4,
12.1 Hz), 4.21-4.26 (2H, m), 5.45-5.50 (1H, m),
5.61 (1H,t, J = 6.8 Hz), 6.85 (1H, dd, J = 1.9,
4.8 Hz), 7.17-7.44 (20H, m). *C-NMR (100
MHz, CDCls) : 6 31.3, 31.4, 55.3, 66.5, 66.9,
101.2, 113.5, 113.6, 126.5, 126.6, 127.4, 127.8,
128.0 (7C), 129.6 (6C), 130.3, 131.1, 131.2
(8C), 144.9 (30), 159.9. FAB-MS (m/z) : 523
[(M+H)*] ; HR-FAB-MS (m/z) : Cs4Hs503S
[ (M+H)*] caled for 523.2307, found 523.2162.

(S,E)-3-(4-Methoxybenzyloxy)-7- (tritylsulfanyl)
hept-4-enoic acid (10) : fL&W 9 (1.5 ¢, 2.9
mmol) %MK MLV (40 mL) IZEMEL,
0CIZHHIL 72, FREICTKRELA VTFAT
V3= . (DIBAL) (1.0 M in toluene, 6.7 mL,
6.7 mmol) i FL7:f%, ERFCTHERL, 5
e TEEE L7z, RUGHE T 10% KER{EF R U
LKBERED LY EFHTL, YTFNIT—F
VT 3l L, AL S K Tk,
HKBEFET P 7 A TEBE L., BIETHEREY
MEL, BEWE VISV IOT NI T T 4
— (NFH Y EEERISV =2 1) THEL,
WHIET B p-A PFIRYILI—F) (912
mg, 60%) EFHEEIMKWE L LTHRL. BoN
Top-AFFIARUVINVI—F) (660 mg, 1.3
mmol) ®Y7uua X%y (60 mL) B
Dess-Martin 3 (661 mg, 1.6 mmol) =z 7z.
FETIHMRE S5, RICEEIC T
THEER T b Uy ARBEE IR, YIT VI —
7T 3 A L, AR Rl BRAKES &
) LKTEW, SAIAIEK TR L, EOKETER
TRV LTEE L, BETEHELZEL,
WEW RV SV 5T 40— (ANF
YU BRIV =2 0 1) THEL, T
LTIV R (B75mg, 86%) % HEAHIRYE &
LT Bo5hz7Vv7Fe F (575 mg, 1.1
mmol) 2 XFIWVANKFY N/ ROBEEE
(DMSO/H:0 =4 :1) (50 mL) &ML, V) VR
“KkEF MUY L (876 mg, 5.6 mmol) EHIZ

7z, OCICHH LEIEREES MY v 4 (635 mg,
5.6 mmol) ZMz, ZiRE THIREL 1 HMHEHE
L7z, BOB#T %, faflF A hiEk+ F U w7 LK
WA A, FERTF L T5 O Lz, B
[ % S B IR THE R, MOKBRERFT R U Y A
TR, WETHEELEEL, KEWE v
VAT NI s T T 4 — (NFH Y BERE
IFNV =3:1) THEHEL, 10 (443 mg, 75%)
IR E & L TR

10: [a]p?® = —17.8° (¢ = 1.25, CHCls). IR
neat (cm™!) : 2835, 1738, 1713, 1668, 1644,
1594, 743, 700, 676. 'H-NMR (400 MHz, CDCls)
8 2.12-2.19 (2H, m), 2.21-2.25 (2H, m), 2.48
(1H, dd, J = 4.8, 155 Hz), 2.61 (1H, dd, J = 8.2,
15.5 Hz), 3.78 (3H, s), 4.12 (1H, dt, J = 4.8, 8.2
Hz), 429 (1H, d,J = 11.2 Hz), 452 (1H,d, J =
11.2 Hz), 5.31 (1H, dd, J = 8.2, 15.0 Hz), 5.56-
5.63 (1H,m), 6.82 (2H,d, J = 8.8 Hz), 7.13-7.45
(19H, m). BC-NMR (100 MHz, CDCls) : 6 31.2,
31.4, 40.9, 55.2, 66.6, 69.8, 75.5, 77.2, 113.8
(2C), 126.6 (3C), 127.8, 127.9 (8C), 129.4,
129.5 (3C), 129.8, 129.9, 133.3, 144.9 (3C),
159.2, 175.9. HR-MS (m/z) : C3iHs048 (M™)
calcd for 539.2256, found 539.2273.

(R)-Methyl 2-[(S,E)-3-(4-Methoxybenzyloxy)-
7-(tritylthio) hept-4-enamido]-propanoate
(4) : 1t&% 10 (507 mg, 0.90 mmol) % LK 7T
P MUV (20mL) ISEMHL, 07T A
FIVT AT IV (261 mg, 1.9 mmol), (W V' b
7= l-AaFy) MJE¥R) Yk Ak
A AFHFTNFOAAT 2~} (PyBOP)
(981 mg, 1.9 mmol), DIEA (1.12 mL, 6.6 mmol)
DIBIZMAT, TIVIVERART, EiR T3
M L7z, B E Bl VAR L 72
2, 3% MEERKEW, BRI RBRKFEF MY T A
A, fARIASEAKCERE L, MOKEERRS b Y
T ATEREL, RETHEHEAEEL, REY
RYNVATNATLIZAIDNTTT 14— (NF
YU BEBT TV = 1:1) THREL, 4 (528
mg, 90%) A EETENT 7 AWE L LTH.
4: [a]p® =—79° (c =1.00, CHCls). IR neat
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(cm~1) : 3318, 2931, 2868, 1730, 1632, 1614,
744, 700. 'H-NMR (400 MHz, CDCls) : & 1.30
(3H,d,J ="7.3Hz),2.09-2.17 (2H, m), 2.22 (2H,
t,J = 6.7 Hz), 2.35 (1H, dd, J = 3.8, 15.3 Hz),
2.48 (1H, dd, J = 8.6, 15.3 Hz), 3.72 (3H, s),
3.79 (3H,s), 4.08 (1H, dt, J = 3.3, 8.2 Hz), 4.30
(1H, d, J = 10.6 Hz), 4.49-4.59 (2H, m), 5.30
(1H,q,J ="7.7Hz),5.54-5.61 (1H, m), 6.82 (2H,
d, J=86Hz), 689 (1H, d, J = 7.7 Hz). 7.19-
742 (17H, m). BC-NMR (100 MHz, CDCls) :¢
18.2, 31.2, 31.4, 42.7 (2C), 47.8, 52.2, 55.2, 66.5,
69.9, 76.5, 113.8 (2C), 126.6 (3C), 127.8 (8C),
129.5, 129.6 (3C), 129.7, 129.9, 130.3, 132.8,
144.8 (3C), 159.2, 170.2, 173.3. FAB-MS
(m/z) : 624 [(M+H*)]. HR-FAB-MS (m/2) :
CssH42NSOs [ (M+H) *] caled for 624.2783, found
624.2776.

(E)-Methyl 9-(tert-Butoxycarbonylamino)-5-
(2-isopropoxy-2-oxoethyl) -6-isopropyl-17- (4-
methoxybenzyloxy)-2,2,3,3,21-pentamethyl-
8,19-dioxo-4-oxa-11,12-dithia-7,20-diaza-3-
siladocos-15-en-22-oate (11) : L& 3 (30
mg, 52 ymol) B L TLEW 4 (32 mg, 52 zmol)
A% /=) (1mL) IZHEML, 3vE (80
mg, 0.31 mmol) P72, IR T 10 5HE#H
L7, RIBEWIZ 0.01IN OF FHERF b1 7 4
AW (2 mL) 2z, Y2788 X5 2 THB
L7-tk, SRR CHEL, BARERT ~ )
T LTHEBE L, WETHEZERL, REY
EIUNFNVAGAIAR NG T 4 — (ANF
Yo BRIV =10 1) THEEL, 11 (7.0
mg, 60%) *HEBTELT 7 AYWEE LT, 12
(2.3 mg, 23%) ZRBLEKWE L LT, T/,
13 (1.4 mg, 13%) % E@ERWE L L TH7.

11: [a]p® = —3.9° (¢ =1.00, CHCls). IR neat
(cm™!) : 3308, 2957, 2857, 1692, 1615, 1514,
1368, 1252, 1173, 974, 835, 756. 'H-NMR (270
MHz, CDCls) : & 0.04 (3H, s), 0.09 (3H, s),
0.85-0.94 (6H, m), 0.86 (9H, s), 1.20-1.29 (6H,
m), 1.45 (9H, s), 2.00-2.04 (1H, m), 2.44-2.53
(4H, m), 2.77 (2H, t, J = 6.8 Hz), 3.08 (2H, t,

J = 6.8 Hz), 3.59-3.68 (1H, m), 3.73 (3H, s),
3.80 (3H, s), 3.84-3.92 (1H, m), 4.09-4.23 (5H,
m), 433 (2H, d, J = 10.9 Hz), 451 (2H, d, J =
11.0 Hz), 5.18 (1H, d, J =84 Hz), 5.49 (1H, dd,
J=177,153Hz),572 (1H, dt, J = 6.6, 15.3 Hz),
6.42 (1H, d, J = 10.5 Hz), 6.85 (2H, d, J = 8.6
Hz), 6.87-6.93 (1H, m),7.29 (2H,d,J = 8.6 Hz).
13C-NMR (100 MHz, CDCls) & —4.8, —4.6, 0.03,
1.00, 14.2, 18.0, 18.3, 19.1, 20.5, 25.7 (3C), 28.3
(3C), 31.5,37.7,40.0,42.8 (2C), 47.9, 52.3, 55.3,
58.2, 60.7, 69.7 (20), 113.8 (2C), 129.7 (4C),
130.0 (2C), 131.1, 131.9, 159.3, 170.2 (3C),
171.8, 173.4. FAB-MS (m/z) : 900 [(M+H")].
HR-FAB-MS (m/z) :CasHrsNsOuS:Si [(M+H) *]
caled for 900.4456, found 900.4466.

(2R)-Methyl 2-(3S,E)-7-[(E)-7-(1-Methoxy-1-
oxopropan-2-ylamino)-5- (4-methoxybenzyloxy)-
7-(oxohept-3-enyl)disulfanyl]-3-(4-
methoxybenzyloxy) hept-4-enamido) propanoate
(12) : 'H-NMR (270 MHz, CDCls) :¢é 1.32 (3H,
d,J=73Hz), 242257 (4H, m), 2.73 (2H,t,J
=81Hz),3.73 (3H,s),3.80 (3H,s), 4.16 (1H,
dt, J = 3.8, 7.3 Hz), 4.34 (1H, d, J = 10.9 Hz),
4.54-4.62 (2H, m), 556 (1H, dd, J = 7.6, 156.5
Hz),5.63 (1H,td,J = 6.8, 15.3 Hz), 6.85 (2H, d,
J =86Hz), 691 (1H,d, J = 7.4 Hz), 7.22-7.34
(2H, m).

(55,6R,9S)-Isopropyl 9,14-Bis (tert-
butoxycarbonylamino)-18-(tert-
butyldimethylsilyloxy)-5-(2-isopropoxy-2-
oxoethyl)-6,17-diisopropyl-2,2,3,3-tetramethyl-
8,15-dioxo-4-o0xa-11,12-dithia-7,16-diaza-3-
silaicosan-20-oate (13) : 'H-NMR (270 MHz,
CDCls) :6 0.04 (3H,s), 0.08 (3H,s), 0.85 (94,
s), 0.93 (6H, dd, J = 2.6, 6.8 Hz), 1.26 (3H, t,
J =71Hz), 1.46 (9H, s), 1.96-2.04 (1H, m),
2.49 (2H, d, J = 5.3 Hz), 3.03-3.10 (2H, m),
3.80-3.92 (1H, m), 4.08-4.17 (2H, m), 4.22-4.30
(1H, m), 4.39-4.44 (1H, m), 5.02-5.09 (1H, m),
5.53 (1H,brs),6.88 (1H,brs).



LANVERT 2 FVALEBEEAER LAV IR T F 2 A DERIIZE 45

(55,6R,95,17S,21R,E)-Methyl 9-Amino-5-(2-
isopropoxy-2-oxoethyl)-6-isopropyl-17- (4-
methoxybenzyloxy)-2,2,3,3,21-pentamethyl-
8,19-dioxo-4-0xa-11,12-dithia-7,20-diaza-3-
siladocos-15-en-22-0ate (14) : L& 11 (40
mg, 40 umol) Y7 U A%~ (25 mL) &
WZEMR L, 2L (ZnBrz) (30 mg, 0.13
mmol) ZHx, BRTI2EMERELL. Kb
WTH, BIETHEEZEREL, BREWE LU D
TFNHTGE7OAT NI T T4 — (NFH 2 EE
B =1:2) THEL, 14 (27 mg, 73%)
rEAMRYE & LB,

14: 'TH-NMR (270 MHz, CDCls) : 8 0.05 (3H, s),
0.07 (3H, s), 0.85-0.90 (15H, m), 0.92 (3H, d,
J=6.6Hz), 134 (3H, d,J = 7.3 Hz), 1.98-2.08
(1H, m), 2.44-2.58 (4H, m), 2.78-2.82 (1H, m),
2.89 (2H,t,J=6.8Hz),3.20 (1H,d,J=6.6Hz),
3.73 (3H,s), 3.81 (3H,s),3.90 (1H, dt,J = 3.4,
8.3 Hz),4.08-4.24 (3H,m), 4.35 (1H,d,J = 10.9
Hz), 452-4.59 (2H, m), 4.98-5.03 (1H, m), 5.12
(1H, dd, J = 7.1, 155 Hz), 5.60 (1H, dt, J = 6.7,
15.5 Hz), 6.85 (2H, d, J = 8.7 Hz), 7.29 (2H, d,
J=T4Hz). FAB-MS (m/z) :800 [(M+H)*].

(5S,6R,95,175,21 R, E)-9-Amino-5- (2-isopropoxy-2-
oxoethyl)-6-isopropyl-17-(4-methoxybenzyloxy) -
2,2,3,3,21-pentamethyl-8,19-dioxo-4-oxa-11,12-
dithia-7,20-diaza-3-siladocos-15-en-22-oic acid
(15) : k& 14 (30 mg, 0.04 mmol) % X ¥
J = (12mL) [Z@E#L, 1MAKRILY 77 4
KW (0.18 mL, 0.18 mmol) % T L, ZiRlZ
T o BB L7z, RS# T, JUNREWIC
10% R % N2 CHERR = 7 )V ChiH L 72,
BRI % B REROKTE T M) T LUK, AaANE
FKTURE L, HOKBRERT b 7 & TRk, 3
FETEETEE L BonERme v A7
VHGLIURNTTT4— (XF =)/ 71
o)A =1:10) THEL, 15 (21 mg, 71%)
REEMTELVT 7 AWEE L TR

15: 'H-NMR (270 MHz, CDCls) : 6 0.08 (3H, s),
0.12 (3H,s), 0.85-0.90 (15H, m), 0.90-0.97 (3H,
m), 1.22-1.28 (6H, m), 1.34 (3H,d, J = 7.2 Hz),

1.98-2.08 (1H, m), 2.32-2.66 (4H, m), 2.74-2.80
(1H,m), 2.89 (2H,t,J = 6.8 Hz), 3.24-3.33 (1H,
m), 3.81 (3H, s), 3.86-3.93 (1H, m), 4.08-4.24
(1H, m), 4.52-4.59 (2H, m), 4.97-5.01 (1H, m),
5.35-5.41 (1H, m), 5.71 (1H, dt, J = 6.7, 15.5
Hz), 6.85 (2H, d, J = 8.7 Hz), 7.29 (2H, d, J =
74Hz). FAB-MS (m/z) :786 [(M+H)™*].

(3S4R)-Isopropyl 3-(tertButyldimethylsilyloxy)-
4-[(4S,7R,11S,E)-11- (4-methoxybenzyloxy)-7-
methyl-6,9-dioxo-1,2-dithia-5,8-diazacyclopentadec-
12-enecarboxamido]-5-methylhexanoate (16) :
PyBOP (5.8 mg, 11 mmol) & DIEA (3.8 L, 22
mmol) ZMA 7 nHar TV Vv EHRL, 7
M= MUNTHF (1:1) BEER (0.5mL)
ICEREEz. W TEIRICTEAEW 15 (5.9
mg, 7.5xmol) O7 & M=)/ THF (1:1)
RAEEE 25mL) % 10 B2 CTE T L7214,
SHICENRICT 2 MM L 72, RUSKT £,
BHETEEZZELGONZEREYDZ L) AT
VWAS LR NTTT 4 — (NFH YR
IFIV=1:2) THEL, 16 (25mg, 43%) %
a7 N7 7 AME L LTHET.

16: 'H-NMR (270 MHz, CDCls) : 6 0.05 (3H, s),
0.09 (3H, s), 0.86-0.90 (15H, m), 1.23 (3H, d,
J =6.3Hz), 137 (3H, d, J = 6.9 Hz), 1.96-2.08
(3H, m), 2.40-2.79 (3H, m),2.96 (1H,d,J=9.1
Hz),3.22 (2H,d, J = 6.6 Hz), 3.77 (3H, s), 3.80-
3.89 (1H, m), 4.18 (1H, q,J = 6.6 Hz), 4.21-4.30
(2H, m), 4.62 (1H,t,J = 6.9 Hz), 5.01-5.03 (1H,
m), 5.55 (1H,dd,J = 6.7, 15.1 Hz), 5.60 (1H, dt,
J =71, 15.1 Hz), 6.31-6.36 (1H, m), 6.60 (2H,
d,J=8.7Hz),7.12 (2H,d,J ="7.4Hz). FAB-MS
(m/z) 768 [(M+H)*].

(3SAR)-Isopropyl 3-(tertButyldimethylsilyloxy)-
4-[(4S,7R,11S,E)-11-hydroxy-7-methyl-6,9-
dioxo-1,2-dithia-5,8-diazacyclopentadec-12-
enecarboxamido]-5-methylhexanoate (17) : {t
A% 16 (25mg,3.3umol) ¥ 7unuxy )/
A (9:1) (2mL) REBEICERL, 1,4-
dichloro-5,6-dicyano-1,4-benzoquinone (DDQ)
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(1.5 mg, 6.5 xmol) ZMZ, FiMIZT 1 FHIE
LA, e TH, £t914 2B LAERE %
SRS MU Y Ak, fafiEEkT
T LEKEEE S M) Y A TERER, BIETE
WEEE L, BONLERWE S YIS VA
Fhrux b7 T 74— (NFH BRI
Vo=1:4) THHEL, 17 (1.5 mg, 70%) %t
HIRWE & L5,

17: 'TH-NMR (270 MHz, CDCls) : ¢ 0.05 (3H, s),
0.09 (3H, s), 0.86-0.90 (15H, m), 1.23 (3H, d,
J=63Hz),1.37 (3H,d,J=69Hz),1.96-2.08 (3H,
m), 2.40-2.49 (3H, m), 2.96 (1H, d, J = 9.1 Hz),
3.22 (2H, d, J = 6.6 Hz), 3.80-3.89 (1H, m), 4.18
(1H, q,J = 6.6 Hz), 4.22-4.27 (2H, m), 4.62 (1H, t,
J =69 Hz), 501-5.06 (1H, m), 555 (1H, dd, J =
6.7,15.1 Hz), 5.60 (1H, dt,J = 7.1, 15.1 Hz), 6.34-
6.38 (1H, m), 6.60 (2H, d, J = 8.7 Hz), 7.12 (2H,
d,J=74Hz). FABMS (m/) :648 [(M+H)"].

(3S,4R)-4-[ (S)-2-(tert-Butoxycarbonylamino) -
3-(tritylthio)propanamidol-3-(tert-
butyldimethylsilyloxy)-5-methylhexanoic acid
(20) : &% 19 (113 mg, 0.15 mmol) DT ¥
J =)V (15mL) ¥z, 1 MKERILF B oA
(2.9 mL) kiEEMA, 18 BRRHIEL 2. K
BT, 1 MBEBRKBERTHML, FELT
VTHIE L7z, BB 2 fafi ik oL,
WKBEER T DY 7 A TEBER, BIETERE Y
KLz, BONTEEME VATV T LT
O NS5 74— (AF =N/ 700KV =
1:40) THEL, 20 (90 mg, 84%) % m 7 E
V77 AR L LT

20: 'H-NMR (400 MHz, CDCls) : 6 0.05 (3H, s),
0.07 (3H, s), 0.80-0.91 (15H, m), 1.48 (9H, s),
2.08-2.19 (1H, m), 2.41-2.56 (3H, m), 2.96 (1H,
dd, J = 7.3, 13.2 Hz), 3.80-3.86 (2H, m), 4.41-
4.42 (2H, m), 4.77 (1H, d, J = 8.3 Hz), 6.02
(1H,d,J=10.2 Hz), 7.19-7.43 (15H, m).

(R)-Methyl 2-[(S,E)-3-hydroxy-7-(tritylthio)
hept-4-enamido]propanoate (21) : L&MW 4
(59 mg, 0.10 mmol) Y27 HBE X% —7K (9:

1) (20 mL) {REBEICEMR L, DDQ (43 mg,
0.19 mmol) ZhIz, TR T2 BFHHEEEL 7.
RIE#TH, €94 bHBELESNEKE %
FIRREE AR E - MU Y AOKE, fNEEKT
Teig LIEKARER - MU v & TR, RWETHE
BEEE L BohLBEWE LISV
Fhruv b7 74— (NFH VBB
V=3:2) THHL, 21 (43mg, 89%) % MEf
HEARE & LTS 7.

21: 'H-NMR (400 MHz, CDCls) :¢ 1.39 (3H, d,
J=T3Hz),2.04-2.10 (2H,m), 2.18-2.25 (2H, m),
2.30-2.38 (3H, m), 3.75 (3H,s),4.43 (1H,dt,J =
3.3,82Hz), 456 (1H, q, J = 7.7 Hz), 5.40 (1H,
dd, J = 7.9, 1563 Hz), 555 (1H, dt, J = 6.3, 155
Hz),6.37 (1H,d,J=86Hz),7.19-7.42 (15H,m).

(3S4R)-[(S,E)-1-((R)-1-Methoxy-1-oxopropan-
2-ylamino)-1-0xo0-7- (tritylthio) hept-4-en-3-y1]
4-[(S)-2-(tert-Butoxycarbonylamino)-3-
(tritylthio)propanamidol]-3-(tert-
butyldimethylsilyloxy)-5-methylhexanoate
(22) :{bAM 20 (122 mg, 0.17 mmol), Mk 2-
AF)v-6-= b L HEEE (MNBA) (68 mg, 0.2
mmol) BXWN 4-Y7upy73I /YT
(DMAP) (24 mg, 0.2 mmol) ZHZ 7 EE
ETIVIVERL, Yruuaxgy (Tml) 12
BRS . eT, kw2l (71 mg, 0.14
mmol) MY 7 HT A% Y (3mL) BHZHET
L, ZiRIZT22 BEBEHE L. SETE,
10% 3&EERAKIE T % 0 2 BEER = )V T L 72,
FHERE % S IR K Coele L, EKBLER S~ )
T L THIRR, WETHEEZEREL. Boh
TEREBWE ) ATNH G LA T T T 4 —
(NFH Y BEBETFV =20 1) THERL, 22
(90 mg, 59%) & FEAIHIRYE & L T57.

22: 'H-NMR (400 MHz, CDCls) :& 0.04 (3H, s),
0.06 (3H,s), 0.78-0.87 (15H, m), 1.36 (3H, d, J
=7.3Hz),1.48 (9H,s), 2.08-2.19 (38H, m), 2.20-
2.24 (2H,m), 2.23-2.27 (3H, m), 2.41-2.56 (3H,
m),2.96 (1H,dd,J="7.3,13.2Hz),3.71 (3H,s),
3.80-3.86 (2H, m), 4.41-4.49 (3H, m), 5.37-5.42
(1H, m), 5.55 (1H, dt, J = 6.3, 15.5 Hz), 6.02
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(14, d, J = 10.2 Hz), 6.37 (1H, d, J = 8.6 Hz),
7.15-7.40 (30H, m).

(3S4R)-[(S,E)-1-((R)-1-Methoxy-1-oxopropan-
2-ylamino)-1-oxo-7- (tritylthio) hept-4-en-3-y1]-4-
[(S)-2-Amino-3- (tritylthio) propanamido]-3-
(tert-butyldimethylsilyloxy)-5-methylhexanoate
(23) :fb&M 22 (27 mg, 23 umol) ®¥ 7 11
A% v (5ml) RS, TVIYRIRT, 2,6-
LFT v (29 mL, 0.23 mmol), TMSOTE (27
mL, 0.18 mmol) %Z{E ML, ZiRT1KHEEREL
fzo A% /=) (ImL) ZHTL, SHIC1H
IR L2, MIETHEEEZEEL, fBon:
WEWE ISV AT AU NT T T A —
(~NF4 > /BB F )V = 3 :2) CTHIELL, 23
(11 mg, 42%) % HEMERWE & L TR,

23: 'H-NMR (400 MHz, CDCls) : 6 0.04 (3H, s),
0.06 (3H, s), 0.79-0.88 (15H, m), 1.32 (3H, d,
J = 7.3 Hz), 2.05-2.18 (2H, m), 2.15-2.24 (3H,
m), 2.25-2.34 (3H, m), 2.43-2.57 (3H, m), 2.60-
2.66 (1H, m), 3.72 (3H, s), 3.80-3.87 (2H, m),
4.48-454 (3H, m), 5.40-5.44 (1H,m), 5.58 (1H,
dt, J = 6.3, 155 Hz), 6.33 (1H, d, J = 10.2 Hz),
6.45 (1H,d,J =8.6 Hz),7.19-7.43 (30H, m).
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