T2R2 rIgA2US-FURIMY

Tokyo Tech R

esearch Repository

Od/dodn
Article / Book Information

oo(@o)

Citation(English)

Type(English)

gobbobbbuggoobbobbuodoogoboobbouaa
gAUd0d0boooobboodoggoooAbbbobbooooogn
goon

goon

go:0ooobog,
gobooobo:0ooogod,
gobob:0oersst,
00000 :20070 30 2600,
gobboo:0oog,
goo:

Degree:Doctor of Engineering,

Conferring organization: Tokyo Institute of Technology,
Report number:[J 0 678801,

Conferred date:2007/3/26,

Degree Type:Course doctor,

Examiner:

Doctoral Thesis

Powered by T2R2 (Tokyo Institute Research Repository)



http://t2r2.star.titech.ac.jp/

TR 18 AR EE LR SC

[XF 0 Kbl 2 D7 B B L SOl L A Y
AFraAf 4Ry A DS LA E L
OARZTF U ADEFHERRE I TNV, Fa—]

FO TR PR BB T e
JoMMEZE RS L b=

04D08031 i 1&4)



H &

Abbreviations

1
1-1
1-2
1-3
1-4
1-4-1
1-4-2
1-4-3
1-4-4
1-4-5
1-5
1-5-1
1-5-2
1-5-3
1-5-4
1-5-5
1-6
1-6-1
1-6-2
1-6-3
1-7
1-7-1
1-7-2
1-7-3
1-7-4
1-7-5
1-7-6
1-7-7
1-8

[P |

LI

EREERE D F & ARG AL

Target Oriented Synthesis & Diversity Oriented Synthesis
A HBRE RS

n - T VARG T LR G

- T VARG DT LGERIZKT 2T Vo ARG & O T2 e A BR L S
A B R E AR SLA
VAFNT A F TR A
VAFNT aA TR ADE R

a2 F MU T IR MY — EEEARK
RIVNVEREAT T v &I v 7 AEL
EERIEEERZN

V3 dr—

[EFE_ECOE R

B~ TF REak

BN, Fa—

TINNT 2R T AT AETITINGT ) I 7 A
FIBNTa—T

SN EMBEAER R Y N U — 7 i

i - 4

BIRITEHROFIL L HIRE

=2 N

b A R BT & F U LBESE (HDAC)
HDACBHE 7

AN TAZF A

AE LT AL T AD EBRTENER BUARE
AEI A AL T ADE R

AT 3L OB

Reference

[e eI N " \S I \S)

11
14
15
16
16
20
22
24
26
28
28
30
31
33
33
34
36
37
38
39
40
41
44



sin i [ - T UNRT VLRI T 20 FNT T ARANISZ ANTZ D AF LT a A

TR ADEE RIS 10
2-1  IIL®IZ 47
2-2 ARKETE 47
2-3 BRALREIBRA A Rk 48
2-4  BRALRUS 50
2-5  EReAAH 53
2-6  HHEEHELH(L— R2) 56
227 BB 60
2.8 FL® 63
Reference 64
Experimental section 65
3 [AENLNARZTFUADRRKE T I DN, Fr T —] 104
W1 AL aRZF U ADEAR 105
3-1-1 [ZLwic 106
3-1-2 Ak 106
3-1-3 B - B ReFImoaik 110
3-1-4 AXFUFHEKROAK 117
3-1-5 BRALATEAR DA R 117
3-1-6 A LA RHF U ADEERK 118
3-1-7 £&0 121
Reference 121
Experimental section 122
Fofi TAE VIR FUAEANE T I BN SAS Fa U] 144
3-2-1 {ZL®IC 145
3-2-2 ORkENE 145
3-2-3 XTFRETDERK 147
3-2-4 AE NI RZ T UAFHFERDO AR 149
3-2-5 I NTa—TOEK 149
3-2-6 {EMERRBR L HDACE AR DO# Y EiF 151
32-7 £&0 157
Reference 158

Experimental section 159



Hazm TEFEASRIEEZ WAL ZAZ T ADEARE L O E KA 190

4-1 XL ®HIT 191
4-2  BRERE 191
4-3 ANKT I R o —E WA 194
4-4 B RZVU U —EHWIZERK 197
4-5 2-zwvv hYFLY B —IZ LD ARG 197
4-6  AE N ARETF U ADEFHEE K 198
4-7  EEERE G 203
4-8  FHERERL 204
4-9 ER:) 207
Reference 208
Experimental section 209
IR 221

A



Abbreviations

Ac acetyl

AIBN  2,2’-azobis(isobutyronitrile)

Ala alanine

Am amyl(pentyl)

aq. Aqueous

Asp aspartic acid

BINAP 2,2’-bis(diphenylphosphino)-1,

1’-binaphtyl

Bn benzyl

Boc  t-butoxycarbonyl

BOP benzotriazole-1-yl-oxy-
tri(dimethylamino)phosphonium
hexafluorophosphate

Bu butyl

°C degree of Celsius

CAN ceric ammonium nitrate

CDI 1,1’-carbonyl-1H-imidazole

COSY 2D correlated spectroscopy

Cp cyclopentadienyl

Cy cyclohexyl

Cys cysteine

DABCO 1,4-diazabicyclo[2.2.2]octane

dba dibenzylidenacetone

DBU 1,8-diazabicyclo[5.4.0]Jundec-7-ene

DCC N,N’-dicyclohexylcarbodiimide

DDQ 2,3-dichloro5,6-dicyano-1,4-
benzoquinone

DHP 2H-dihydropyrane

DIAD diisopropyl azodicarboxylate

DIBAL diisobutylaluminum hydride

DIC N,N’-diisopropylcarbodiimide

DMAP dimethylaminopyridine

DMF N N-dimethylformamide

DMSO dimethyl sulfoxide

DNA deoxyribonucleic acid

EDCI 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide

ee enantiomeric excess

eq. equivalent

Et ethyl

FDA Food and Drug Administration

Fmoc 9-fluorenylmethoxycarbonyl

g gram(s)

Gly glycine

GPC gel permeation chromatography

h hour(s)

HAT histone acetyl transferase

HATU O-(7-azabenzotriazol-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate

HBTU 2-(1H-benzotriazol-1-yl)-1,1,3,3-

tetramethyluronium hexafluorophosphate

HDAC histone deacetylase

HFIP 1,1,1,3,3,3-hexafluoroisopropanol

HMBC heteronuclear multiple-bond

correlation

HMDS hexamethyldisilazane

HMQC heteronuclear multiple-quantum

coherence

HOAt 1-hydroxy-7-azabenzotriazloe

HOBt 1-hydroxybenzotriazole

HOSu N-hydroxysuccinimide

HPLC high-performance liquid

chromatography

HRMS high resolution mass spectrometry

Hz hertz

Im imidazole

IR infrared

KHMDS potassium hexamethyldisilazide

L liter(s)

LDA lithium diisopropylamide



Lys lysine

M molar

MCPBA m-chloroperbenzoic acid

Me methyl

min minute(s)

MNBA  2-methyl-6-nitrobenzoic anhydride

mol mole(s)

MPM  4-methoxybenzyl

mRNA messenger ribonucleic acid

MS mass spectrometry

MTPA

o-methoxy-o-trifluoromethyl-phenylacetic acid

n  normal

N normal

NBS N-bromosuccinimide

NMP  N-methylpyrroridone

NMR nuclear magnetic resonance

NMO  4-methylmorpholine N-oxide

NOE nuclear overhauser effect

Nu nucleophile

PEG polyethyleneglycol

Pfp pentafluorophenyl

Ph phenyl

Pht phthaloyl

ppm parts per million

PPTS pyridinium p-toluenesulufonate

Pr propyl

py pyridine

PyBOP benzotriazole-1-yl-oxy-
tripyrrolidinophosphonium
hexafluorophosphate

PyBrop bromotripyrrolidinophosphonium
hexafluorophosphate

quant quantitative

RNA ribonucleic acid

rt room temperature]

SPPS solid phase peptide synthesis
¢t tertiary
TBHP fert-butyl hydoperoxide
TBS tert-butyldimethylsilyl
TFA trifluoroacetic acid
TfOH trifluoromethanesulfonic acid
THF tetrahydrofuran
TLC thin layer chromatography
TMEDA
N ,N,N’,N’-tetramethylethylendiamine
TMS trimethylsilyl
tol tolyl
TPAP tetrapropylammonium perruthenate
Trt  trityl
Ts tosyl

Tyr tyrosine
UV  ultra violet
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1-1 (TUHIT

b N AT7aYe s RBET L, RA NS AR E LI TA LWBIE, Z04Y
FAIZBT DT HEA L7 MHEY, &0 DT AREHIEFO I BNTHE LR
EHlbLoobb, NANT ) AHGEO—> L LTHIRNOEX R0 (FaT 4 —
L) OBEEMRIAZ HNE T 570747 ARS D, ZIUTEBERE ROV OBRIC
KO R L CE MRS CTh D, 1R, AT FEICLVITbhT&EZ D
DIYBFOMFFRIL, THETIXY VX7 BTk T 2R R MRSV W REFERNPD L LT
B Ry EOMREMRIAZ BT 7 I A" da P —REAICERD Anbid X Hicieo
T&l, OO IO T )T RO EIT ) X AEABRILFOEERIIE T £
REL o TETWD, BRMARES TV H Y ROBRICIIEREAMELESZ L AR LE
DHFEPBEER S DE R TN EWINA Z—T"y MeFE, Ml LEARFR KT
HD, TONAAN—Ty M AEE L TCaryEF NITAZPIA NI —=RHY, LfE
HOFERE DR L L AT D 70T T LA RIS S M L 72 D,

— 5 TR AR BRIE A2 RO RIIT TN BN AR Y o R THY | BEH, MW
ICEHELE LTlEbND Z & b7, L Lans, REWITL L OBAERRND
IR LS SN W2 DREM R TE MR OfRIAC, BAIC L » T Z oG 2 IR ET 5
2O AEARIC R DD LI L 70D, ZDIZDITITR RN R GRS N EETH Y |
FCHB B2 BT 26 BMDGE . il F IR OB N EE L 125,

L B _72 X9 ICBIEO A RICB W TE — 2> OEM LA &2 R X <AEDRERAL D
BRITHBAAD Z & ZFEEOICEY & 03 L AED ZARER A OGRS FERICEE T
bb, ThOLBEEOHEEARILFT T S OEME A A8 L= &85k & FEEA Kb
R AN AR A RIS CTEWS TS, b LUFHAEDEL ZLICE-2TL Y B
RIRELEATO BERHD LEZDBND, T I TEHEIIHBEEERIECLDZ VATV
ruA AR A DEAROBRR LU ER G fER LA RERIgIC L oA e /Lrax
ZF o ADEGHK., EHEREFHLEHFEREREDICACLVaRZTF AR TR
LT HZ L TIENY N EOMEMAZ BN E LTy I I U —iaiT-o 7
DTLLFIZIER S,

1-2 AERKERE 7 & B RO AL

AERHERE D 7 L 13 < D55A . DNA, RNA, # U3V E Lol ERE s L AEAEH
THZLICEoTENDL OMREICELE b6 T2 N TE AW TH Y . AHEEER
KO ERRIERMETEZOLONZ OHEEICE NS (Figure 1-1),
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FRIC R T AEMFEDOZARNEIZ & bR WEICEZEEE b EM DR HRE SN TN D, &1
DT EHEOZHEMEITEEANTDO LSS D TIE e ZNETEB L O Rho T2 L5 I Erar
IREREE AT D RIS EEE, AEIERE SN CE T2, ORISR OAEREE B IRA < |
ZOLOHENEREME L TUSHINDL LGNS, ERERITEEORMEN I E L T
LTWa THORBIDIER ETHEEDFEHOICT L2 LI2XD ., & O RERIRIC
L DR IED > — X272 D70 EABERE S T L L TOEREE TR EWVEVR D, L
L. REMIZ L OGEHMELNELN T, FoRIEERBRCSE IS K - TR RRE
ILEORETTSNERBEAN D D, SOICHBEFTSEEZREANSHF LY L5253
K7W, 571, T A RN D OB BT AERER~OEIC L & B\ EMEIROR S
WZH DR R, EOTDHEBEBRICLDMENEE L - TL b, 201, A5
RRAC L B HERG & KR O I F B M S D - O BAEICBW T HLE DO THREEL EDE 5
ZERVIRIRTH D, ZORZFTBT 572018 b Bz 2 HiERI RS ORI L Y
FNRIREREATV, TOMAEZEAENR TN ZENEETHDL EEZ D,

1-3  Target Oriented Synthesis & Diversity Oriented Synthesis

R 2T L0 L LIZAEREEM DB EE Z DR, 1ERP BT TWL T e —F
FERE BT O Lo TnE, BRI AFES MM~ LB ek E % %
DLV FETH D, RIGE LTEL SR ENTZ L O BHBUUE & TR OS2 #
HEDE, RO LG E RET, B ER AT 2ILEMO5E. Fe2 6
ZRIFET D 2 L THIZRUIY O LR GMRERADL 2 EbEV, — T IFE TR
Pz b LICHEERE SN, ZINBAFEO Y — R /o5, £IEEFEERNS 7
INTa—TELR L, MEMAZIT) L Vo KM E AR T 572 TR EbIcE
T DAEYFRIRICHF IR IATON D L OIZR > T&E e, RRWMZE S LIZL-iFE
KB L Lo L Lt & ThENOFERITH LR LMV — FTERET> T
=D TIIIFFITNENELS, WRRRH 202D, ZOTOREMEIT O BN O FHFERS
B BREFICANTHE IR ERN— F 2 BRT L ENEETH D, ZORBRERT S X
JSITEREHNR LS, BINETH 2EETE 2 OETRIFNEZR D20, FRIZRABL



B2 EFEA AU & VBB OFEREZ AT 2D THIVUXEEIZ L o> TRIMMEIZIES &)
B IVTEA AR DINRLME I R EREEL 525 THA Y, LAl Lo UTa Ak
MBEENRNEVSTZEHRID 9D, ZORIITKEMRLE 1 SDOERITK > T
%%ﬁﬁ%%ﬁ%?@ﬂ\@@@%ﬁ%ﬁﬁ%ﬁ%;ﬂﬂfﬁﬁﬁé®ﬂ;ioféﬁﬁ
WD FEEITH WD RERIEETEVDRHTL 2, £O72D, EETEIERRED 1 SO
AL 3T 5 A RIS % Target Oriented Synthesis, #7558 A5 Ak 2 TLEFIZ AAL T2 B R EERS
% Diversity Oriented Synthesis"” & #:34%  (Figure 1-2) ,

Target Oriented Synthesis Diversity Oriented Synthesis

linear

.—> —_— C —» target
targetl

convergent
’ / ‘ S target2
> .
7 VN ,,*‘l'

target
‘\‘.//' "'
e
Figure 1-2

1-4 AR BREHEAES
1-4-1 7 - T U AT DT DEERO G

BUE, /3T V0 NERE L T 2 HBEARRBIRDNHE  HE ShFI SN TW5, RT3V
U L il & 3 2 RO B K SR AL, Wacker SUGSZARE S DB, BTG BIAE D |
I F IFERRFE - IRBREATERSIS DT S, AEE LA B W TEVEEED H %
BUi & LT % e BRRICHW B LTV D, ZOMREZRR E L CHIES K - Heck KU,
BALBMALSOS DIENIC, BERBEZL<FIHSNTND L bWV 2 S EIERAHEEKX
IENED RN T ARXAZMEERIH LI v Ay 7 I KG, FLTHH 1o -7
WoRT VT BEERICR T 5 S S ERRER & ORIENEIT b5,

- T VARG VT LEERITT U AL 26 T 5 BE DS 0 fli D/ 3T 20 ATxt L
FRALBIAINT 5 Z &Ik > TAEL S, 7 U AR FIZIFLA N L > TAE L o
DHTEBEFRA LIZo - TINLE, TATZ D ETREMTHIEICE>TELD
EELMDLYZENORLE LD - T U NLVD2FEND D, /X7 VU L EOERITE
br - T UL D (Figure 1-3),



C, C1 C,
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C2 Pl ~—— CzePd -«—» C, _pd

\ / \ &
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Figure 1-3

7o, m - TIANRT DT DEEENERT 2T U LB 2 5 B IE N T
VYLK LT SN2 BRI IMAE R Z 9, 9. 7TV EEMO “ER-FENRRT VY
DKL TEAL L, BEWNVT/RT VT ANT VIVIRFEZ RIZRET 5, ZOB. 7YV IVRE
DR E - Tr - T VARG O AHERNRAERT D, FO7=0NFERT Vil
BMEIET L LIS, BT D1 - T UART D0 BESRLIEEIE L 8D, L L,
T - T IUNRT VT LERIIT MR LT WA T 2 & RS E S E 20T
NIEPE L RFETEITH 2 LML (Figure 1-4) 2,

LPd— X r B /l\rB
N
A" B A

=)
L/ \X

Pd Pd
H—H H - H—<H H - H—<H H . H—s|-H
l Me l Me Me Me
Pd Pd

Figure 1-4

7w - T VNN T DO RO KGR, Trost 51T X o THFEREH & OISR S vz
Z IR OB TONTE T, n - T U AT D0 AERICKHT 2 KRG T
IXIE OB & REZANCHZ K OMAGDLERH YD | ZN D DEWZL > THFTE S
HRAGR LD, o, REOBEHIEONESCMEBLORA 2 Hitd 2 2 LKV LER
L ONERBIRI 22 SUS b aTREE 72 % (Figure 1-5) Y,



Nu

L R1’§)\R2

L\
X Pd

PdL, Nu
R1/\)\R2 e /@\ —_— .
R? R2
Nu
- R1J\¢\R2

X = OAc, OCO,R, OP(0)(OR),, etc.

7

Nu = soft carbanion, HNR,, RMgX, etc.

Figure 1-5

Trost &% Amphidinolide A D EEFUICBNTE LT 1 7T v v 7 ODARIZT U AMNLDT
VX IACEIRZ N T WD, ZOFE, ARFBENFZHWD Z LI X o TOLFHIEE R 2
WD Z LR XTANENT 4 7T 0y 7 BRER LURF AR ATT> T % (Figurel-6) ¥,

(0] & Z 0
6 mol % N\ HN
H
PPh;  ph,P

N<
Ney 1.5 mol % Pd,(dba); NN co,Me
N' | COMe  oco,Et Cs,CO; N I
N X
Ph, /,S\\ + yp/ ' N ,’S\\
o'o CH,Cl, Ph 0O
84%
90% ee
Figure 1-6

T, DFNRIGETDHZ LTI VAR LTI - TIUART VT AERN T & LA i
RN RSB AT ) Z N ARETH O . SRR SUGEIT ) Z e N TE D, Y
REOFMIL, V2T ZARXY REATHEREANG 1 - TV ART U0 LKA AL
L. D FNT VSIS EFT 9 2 S X 0 SRR R BRI 2 B LT\ % (Figure
1-7) 7,



0]
o JJ\/TS 5 mol% Pd(PPhs), o7 \p\Ts
o) > ~ Am
o—3> " THF -
m reflux OH
12h
83% T
-, o -

Figure 1-7

T IUNRTG D LSEROEERIGO—2E LTCT AT ARBAR SRS 5, Z DN
JEE 1971 HEZ Hughes HIZ L > T/ VRV O FRIKIGE L THRE S vz
(Figure 1-8) @, / VAR F P ANIBEHDDD S T2 ISHEDE N = Th 5 7245y
THRISHHEIT LIRS, BHOT Vo o TIERARINTE Z 5720, & 612 Z ORUSIEE
BGTHLI2D, 2D%R LIELL OMANY 7o ERIZR O e h o7z,

CF,

€< h— ok

CF3

Figure 1-18

L2xL. 1987 4512 Oppolzer HIZ L > T - 7 U NANRT U AEEKIZK L TH RO T IV
FUBHARISERZTZ LR VB bk E 520 ZERHEShEZ Y, &hicz
DI TBERN RN IFFE ICHHE T, brxzy, YZ7mr A% DMF PCIERINTE -T2
HEFTHT, THF FCIXERM OIS T 20%, A%/ —/VHTliX 65%, BEfET CIX 77% T
bolz, %< ODLGAFBEENVLETH Y | OB CRIGHEITT 22 L IIRTH D
(Figure 1-9, Table 1-1) ¥,

£ 7%Pd(dba), E
20 % PPhy E E
=z _—
Pdd|
AcO
Figure 1-9



Table 1-1

Entry E Solvent T [°C] t [h] Yield [%]
1 Ts THF 70 2 82
2 COOMe THF 80 40 20
3 COOMe MeOH 80 8 65
4 COOMe AcOH 80 1.5 77

YBIFIEED IR S IO FTEER T VUL EMITK L FRT VT CHREBARISEIT D 2 &
2LV ERMICARFIRERNHEIT L, Stork 5O T 0 AR 75 0D U AlRFRE~EELS Z
ST LTz, ZhUTn - T U NN T D0 BRI T 200 FINT Vo AARAE DT
CULMUNHRRI DI L TRFBENARETHDL 2 EER LTS (Figure 1-10, Table 1-2)

9)

(«b/ o o}
o) OAc o) OAc &\/
- Am
N Am NS Am

BnO BnO 1) 20% Pd(PPhy), 12R)
(E)-14(S) (E)-14(R) AcOH/PhH =2/1
80°C,3.5h

2) PPTS, acetone

\ \
0. .0 o. .0 (@)
; g o
OAc OAc Y/ Am
g/ Am C\/ Am II//\;/
> Y OBn

BnO BnO 12(5)
(2)-14(R) (2)-14(5)
Figure 1-10
Table 1-2

Substance Yield [%] Major Product Chirality Transfer [%]
(E)-14(S) 65 12(R) 95
(E)-14(R) 50 12(S) 95
(2)-14(R) 64 12(R) 81
(2)-14(S) 56 12(S) 84

1-4-2 7 - 7T UNART VT RIS T 5 T IV AR ARG & O T2 BRSO
BFNTr - TUNANRT O LRI T 5T N7 ARG EIT> 1286, —BER
DEALISIZE > THE LD o - RXT VT L%, SOITHTRNIIHET DT VT o RT V X
v, BRMBIRFIC L o TR S5 2 LI X 0ER R BRL RSN ATRE & 72 5,
MHFFEEOWIRII D TR DO T 0V ir v B 5 WEITKH L 3T 20 Al v 7=



WAL S E T T2 2 A, BHDDD TWAT=O18F DO CIEE R FEF 12 L
WhT U RITHEBR LT BV 7 1 [3.3.014 7 X B A NLIREIRICHEE TE 5 2 L & i
L7- (Figure 1-11) '7,

Pd(PPh;), 0;, CH,Cl,
AcOH, 70 °C Me,S, PPh, H!
67% 58%
trans -fused
Figure 1-11

Fio. @R 7 ALICEBRIEZ AN L2 RE A WD Z LT 4 fRREDOREA DD
TN B LB DT T 5 2 E B AL TS, ZORRIZH RT A - BV 7 1[33.0147
B FREAT AN ELN TS (Figure 1-12) ',

\

B Pd(PPhs),
AcOH, 70 °C HY T Hw
cun,
X"OAc o, % w?
22:1
Figure 1-12

LR B R T TRIGEAT S T2 81id, —BMH OBRIEISICE > TAL D o -
NGO DKL —BLIREFEDFFA LT TR T IO b lol-1h, REHIERSH LL
T TRNICFET 27 A7 UBEAT 5 Z LI X - CHFERIGD FIEETH S (Figure 1-13)

12)

o



MeO, MeO=§ _co,me

CO,Me ’
Pd(dba),, PPh, MeO,
o~
\ AcOH, MeOH, latm CO
Ac O
l Tco, MeOH
[ MeO, ]
MeO§ _co,me COMe MeO% _co,Me
co Pq
- [ | -
|
IPd P
Figure 1-13
ST UNRTG T LGERIZH L TT LUBNEA LTSS - T U ARTY

?A%%ﬂibéo;®ﬁt_ibk 7)»A7/¢A%% XL TH EBIZT VT
VARG LR BRAIEN R Z 2, ZNbEMAEhE 5 2 L1280 L%
PIRITELRA G0~ b T RUBR LR &2 AT 5 2 & T K 6 [EID R - r“#A%%%L4
BYEDIL AWM ST 5 2 LIS L= (Figure 1-14) ',

A=Y
(5 atm of CO) g oA
c
(CO)

\ OAc
Imertlon
7
P
(40%) H /
CO
/9 J
i
- P-elim. ]
/
18% 12%
Figure 1-14

LLEnXHiz, - T UNRT DT KAEERIZKET 2 TN T VA ARG S R R
B L D é{%ﬂfcﬁﬁﬁf‘%éo

10



1-4-3 A vk Y

A BBREREAT LA 2 DORVPERL LB THET S Z 2 h, B EOE#]
HidtEx G Em < oo, FRRQABHEEERF S EE 261D (Figure 1-15), 72, &
OREE XA AL RN S BLREV, FTH 2 DOEM 4 RFBETHER LTZIRFEOBZNS 72
DA A BRERONARRINRELE, &0 b o F AR ERILL < OFHEE K
{bFE OB Z 5\ T & T2,

-l\‘\\\\
(@O)n -~
2ODBRFEIZIFIEFERZ LTV

EHILIZEM EDOH 5D HICALETE %
Figure 1-15

ACRBREHETLHIEL LTV = I VICEREZ R ORI EEMIT LT, &k
EOMAIREZ IS SESH ZETH I | DOBREMES 5 H1ENH S (Figure 1-16) 7,

EtO,C EtO,C
GO,Et

CO,Et

EtO,C EtO,C

—

Figure 1-16

Flo. AV BAST I UERERT 2IEEMOERIZBWNT, 6 BER{ILAEW ) D Nazarov
BALROS MWD 2 TAC O BREREE LB b5 5 (Figure 1-17) 19,

HCO,H
= 85% H;PO, =
- ® >
o “ toluene HO “

reflux
61% o

Figure 1-17

iz & Figure 1-18 |03 T & 9 10k 2 RBHEERA R EZE 2 b5 Y,

11



QCJ%QQ/(X )

Figure 1-18

W OERES BSOUR 2 AV A © B AR GLE CIINARIBIR R B b &2 1T 5 2 LI
HTHDHIENZ, TOROIEE L L TUIRFREDR & S ORI M2 L&) T
T, U7 AT UAY—IREWR 8% < ORIVERW Z 5L rTREMED RV,

— 5T, EBREREMELAZ AW A BB RIS, BREE ORECRN T 2R 5
Z LI E D SRR R BRACEOL 21T 9 2 E N TE D A[EEEN W, o, REENL 1%
A0S Z ETRAAEBERIBELIREL 2D D D,

K - Heck SUSZ AIWZBITIE, REFBNLF 2 WD Z LI o TRF R B r BRgEL
N ShTWS  (Figure 1-19) 17,

O 5% Pd,(dba)s, o)
10% (R)-(+)-BINAP X-NMe
0 NMe Ag3PO4 -
C @( | e
O ACNMGZ <’
80 °C o .
26 h T1% e.e.
81%
Figure 1-19

U EOBFNIHEEREDILEMND 2 DHOEEME T 5 Z LITK > TA Y 0 BEK A HEE
T5HDTHLN, FHRIEEWD HEFFISNZ K> T—BI AU BREREHEST 2 HE
HEME SN TWD, EFHARECSUS TIEERIL GO — EICHMER T 2Rk a
NEEPTE | S HITVEERERIRZRBRALRIS D FTRE Th AU, — 7 BT ONIRbFa T L
T, BEONBMEF 2 TE 50 EHFRFITAEMTRNDREMFE LR 5 D,

¢ Heek SUS 2RI LU TERILE 7 5 A B 1 BB # 2 58 L 7245175 Overman 512 K -
THEShTW5S (Figure 1-20) ',
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1% Pd(OAc),,
4% PPhs,

MeCN
85%

Figure 1-20

F72. Trost HIZX VE SNz oA ALEMOEFERLS TIX, /N7 V0 Al
HWTZBRILEMALRS, Ul 0 - /3T 27 A0 6 O Heck KL EFIHT 252 &£ T2
BRMEDN DR 7 BRMED 2 E n B AW DRSS LTS (Figure 1-21) ',

2.5% Pdy(dba);CHCl,

R R
R R _ 10% SbPhy R & R &
2.5% AcOH
~ . TBSO \ + TBSO \
TBSO ~ benzene
r.t
OMe OMe

OMe 86-88%
_ R=H;14:
R =Hor Me R=Me; 10:1
2.5% Pd,(dba);CHCls
PhO,S 10% SbPh, MeO
2.5% AcOH
PhO,S
2 = - PhO,S
o~ _
~ 4 benzene PhO,S
OMe 50-65 °C

77%
Figure 1-21

UHFIEE O @l I ZELR DAL AW D 1 - T VIR D7 ARSI 5 R 2245 TN
T I ARSI Z D | 4R OREE AN DDAV m B ZEET 5 2 LITREIIL
oo TOBREHIL E L LT AT NEEZHT AWV T AT VA —REW TH -T2
N, T2=VANVKR=NVEERTHEAWTHE DO T AT L A~—L LTELNTND
(Figure 1-22, Table 1-3) **,

E E
E E
& Pd \k insertion \\\\l
AcOH N
Pd"
—
OAc
E E E
insertion E N B-elimination E & E Q
S N\ S
e Pd —_— +
Figure 1-22
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Table 1-3

E Pd T [°C] t [h] Yield [%)] d.r.
COOMe 15 mol% Pd(PPhs)s 85 17 78 29:1
15 mol%
COOMe Pd,(dba);-CHCl; 85 23 68 3.2:1
P(o-tol)s
PhSO, 5 mol% Pd(PPhs),4 90 4 83 single isomer

BRALDONARRIVEIZ DWW T T V7 v D BB IRIZX L NOE JIE 247> THRE L TV D
(Figure 1-23),

Figure 1-23

ZOEIITHMERETII - 7TV ART VT LEERITH T 20 FNT VT AARARSIZ
L0 8ERALA D O DG B LS CA OB ER A BE XA L VWY MR EHE TV,
AEOGEFIH LRI O EEREITH Z & T, TOAAEEZHLNIT L LENTE D L
Exbhvd,

1-4-4 PRAFALTOAFTERY A
raA ARy AL Gerwick HIZ & - THEME LV BB, #ERE SN EEEEE T 5
e <hs (Figure 1-24) 2, ZOEWHAF T, h= o P4 — W EEEZH L TWDH1280
il 72 ISt LI ISR ZETH Y, = PF— N a P AF AL L= AF LT oA
AR AL LTHEESN TS, £, AMeAwI7 eIk LTHELRT,

R =H: Gloiosiphone A
R =Me: Dimethyl Gloiosiphone A

Figure 1-24
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ZOILAEMOREE OSSR E L TR EAESIK DIZAEYr[4.4] ) FUEEER L TWD
RThHD, ZO4RRBENSRDACBEFRZ VNI L TEET 200, Zofkao
BARREEZEZDBEORTHD, 12, 2L OMEBEERELZA L TN DO A DEMEICAR
HETHDEBEZ DIV, BROBIICBIT DRSORIRG HENZ /2> TL D, FIUTHTHE
LTEL OEREREE 4MRELZHALTVDEZ L LTRIKICBOTHZOREZIRET S
ZEEBGTERWEEBZ DIV, BROBHEREICI W THEEREEREDLE L 70D,

1-4-5 DAFNTaA LRy A DRG]

VAFNT A F TR ADEGHRITERIEE TIZ3IFHEIN TS, HIDORAERKIT
Paquette 5|2 &> TG SNZbDTH S 2,

Paquette © DREAIZIBNTOHSIGILE TR FOSDOBRILREE RS Th D, A7 T
UV AT MK LT X — VN 2T 5 5 BERILEMOT =4 VS W74,
WA AL O T B —VEMLC A FA U ZREIEDH T LT, BIEREITWI AT LT
0A ARy ADERFRTHDL ALY O[44] ) T UEREREL T D, SoNTLAEY
X CGRFEEZ R LTS, NMRICEDFAEDHRG L 72>Tnd, D% BEIHOR
DIREREDORE, BIXOARTOERELAZITI 2L TYRATFAT O, F TR ADE
ARk EER L W5 (Figure 1-25),

(0]

OMe

Q\CH OM —>t_BULi MeO e —>BF3'OEt2 MeO (om
e e e

(OMe)z MeO, o) OH CH,Cl, < H(QBF

o )i MeO ° e MeO ’

MeO (6]

0 O 1) LiAIH(Oz-Bu)
1) NaBH, oM 3
OMe 5 Ac,0, Et;N, DMAP € 2)NaH, Mel
_— > >
3) 0sO
3) Sml OMe 4
DL , 4) SO,+py, Et;N, DMSO
MeO 4 steps 37% o 4 steps 38%
dimethyl gloiosiphone A
Figure 1-25

2FEBOEAKITP ST E > TR SN P, M HIT T X AT D KEE WD
FH BSOS E L, AV RBERERAMEE LT, BEROMEIT /) 2R ¥ 1k
T5Z & TIEBGOMBERLEORILIEZZ A X, Z D%, Paquette © DA FH AR~ L&
SR BEMEIT ook, AW ZEMR L TW5 (Figure 1-26)
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1) TMSCI, Nal, NEt;

o) o)
Q 2) HeCl,, HMDS 12 steps OMe TBHP, Triton B OMe
X 3)6M HCL Nal MeOH, THE

3 steps 73%
steps 73% Med

Q OMe
1) HCI/MeOH OMe 1) BF3 OEt, 1) OsO4
2) NaH, Mel 2) CH,N, 2) SO5+py, Et;N, DMSO
3 steps 27% 2 steps 68% 2 steps 42%

Paquette's synthetic intermediate

dimethyl gloiosiphone A

Figure 1-26

3FEHORERIL Sha HIZL 2B DT, PERG EFE UEEINS 7 2V NVEBRIERIGIZ L D A
oA AEE L TS, TO%, TEREREZIT> T 2 & TREMEEM L T
W2 (Figure 1-27) 29,

o 1) HMDS, TMSI o) 1) HMDS, TMSI O
2) Nal, MCPBA 2) Nal, MCPBA OMe
N - Y
N 3) (BuySn), 3) DMSO |
4) Bu;SnH 4)1,
4 steps 71% >) Mel, NaH

5 steps 67%

O 1) Se0,

NaOMe OMe ) 0s0,, NMO
—_— '
MeOH 3) K}CO}, MCQSO4
92% OMe 39%
dimethyl gloiosiphone A
Figure 1-27

WFNOBS A REREHROME, LORDOERERELRIIHK 7 V—TMEDTRER
5N,

1-5 areFr I TSI AT —EFEMEERK
1-5-1 RIUARKEAT Y v & v 7 24K
Diversity Oriented Synthesis %% % HEH o & b EERMEN 2 EF NI T A7 IR |
J—Th%s, a0 EF NI TATIAN) —LITHAADEEZRAL T, £ OLEWEE
(FAT7 7V =) Z2RELBETDIZOOPETH D, £/o, TOTDITHE I, 5
EmECTEHEENDLGZ b D, MARDLEEZHHLTLEM T A4 77 ) —Z2 AT UL,
PSS 2 B D Z LB AW E P A TV 2 8225, BIZIX 2 20757
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AV NE& 10 T 2% A2 5 LM 100 HOLAEWEE R AR RTRE TH S (Figure 1-28)

Ay x By = xxy{§

x=10, y=10 100 @

Al Bl AlBl ........................... AlBlO
A, By | | oo

A, By | | oo

A, By | | e

As Bs AB oo, AsByg
Ag By | | oo s

A, By | | e

Ag By | | oo s

Ao B, ALOB e, A0B1o
Ao Bio

Figure 1-28

INHEEROFETLI D 1 DBRT2DIIZKRARH D ERMA2ESTS, 2 Y
TN IA R —=TIXZ DL RELDILEW Z RIRFIZE Y ) 5 84 72 5 ER B Sz,
RIS ARTDHELE LTIRTUVAEGRE AT Y v &I v 7 AEREE SN, £
LT, AZEXET L0, HBIGHREBESCR Y ~— EIbamaikEae S8, @o Tk
X0 ZREEOEW A AT D ERE EIERBT ST,

I TORT LG EIIARERIIIERDO A EF U TH L0, 2 TORIGCEAITRT
5 IEDOBEAEA MO TBIC LV BEICIT) 2 N TE DL oz, ISEST O B
&L TTRIEOE AT FIEETIT O 2, HHEORISHEHDOME, BH, Bkl lnol
BAEZFRFICAT 2 2 R BAREBE N ORIEONEE TCa v Ba—4—T v s I A2 L5
BBV HIAE 1T 5 R BB O GREEE TR, RSN TV D, HIFEEORSIEEED
INEE TITZ 5 HEI T LILAREER L-COS Z W CHEMA LAY Th H LA A X =
ER—7I4 75V —DEERERE LTS (Figure 1-29) %,

17



o)

HO _OH
HO % o= o 0 CRe So~~UNH,
oH =N o OR
o7 AGHN HO 5 Bor
W\/
WOH A g

One-pot Glycosylation

@

Figure 1-29

WA/ T LVA R CIIEE O FE % [ — 5o TR S8/ 5 O TGS O i b Hs 2

THDHN, RHEKTH DD THE DGO OBITIZHEBAAL—TH D, LirL,

AFETIERT 2GS C TRUSARELE A TS O TREBER A4 77 ) —

DIEFIZIT R E TH D,
A7V v b& I v 7 ZBEFEEORSE. Fo. RISEHBRVIRTZLICE>TIAT7 T

—BREAT O HIETH D, EEERISSELRIEOEKIZTHFE T L. FERN IS &1T
Do TOH%., EEZIRA LRICRIS SE LRIEOBITHELFIHE., ST iRT 2

ETIAT TV —EREITI, ZDIFETIHLEY ORI T LB SR T 5 53,
WD BOSE#IIS S DREOETZ T oL L <. T LG RUT A2 AT KB
ENTED, BIZIE3 DOT7 T 7 AL M a4 3 FETHH
X3 DORISEEDB BT I

P —

Wi o477 ) —8RE1To 2
BEIhX, &1 BEVLEMNERTE D, ZOBRIC

(Figure 1-30) ,
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O aa@la] (aas(cl]
s O
(] (W@l (W)s
Dy T (e
/\
000 g Ol Qe oo
9O "~ 9o gegege —— Ovu O=u G
@@G)) Q;,,@ © (Eola (wa@ia (Wae
3fESH
/
Split Mix Split ) o) o)
Sers , Ei|
3R @@ 13307 3K @ @mc B® o
XIX3= e @ (X
Figure 1-30

LvL, FEORE., BNEITI OB TINEST ) & KEERBDITZ L DILEY
DIREME R DO NEERRETH D, 207, A7V v b&I v 7 ZIEITH > IE B[
AR THWON D, ZOBESZNENOEMBKIMARES LTV LR FITE 2RIt
LB ERIEST DI ENREEC/2D, £ CRINDEEBE TR E D TEEAT5H
L 72 2 7o CRAIT 2N 72 % 7 % BEARRICE AT 5 2 & TRIGDBIENR 53 h>
% &9 TR ThbIL T\ 5,

B G RII b S & REMEDOR ) v —~ A S5 2 & TLAEW OB 2 {E1C
L. BROFEEITI LV DO TH D, EH., BRELXZEMHEETH LR ~—Idf
FEAICE VRS S, BERRISEIT 2%, EREE ST ML B bEY a5 &
WO FENE DD, EENEMAAEE SN BEEERE LTROES 22N TEHD
OS5 3E, VA I 5B ZATH 2 TRAICMYV R 22N TE D, LEN- T,
SHHOAEWE AT DRSO B OAES TH 5 7= DE A RIET KA R T 1 7
TV —DOERICHWD Z L TE S (Figure 1-31),

Lo ununun LR
0% o 0 w0
o oo X o 0 % i
0 00
@) QO WO
/ o ? o 9 QO Q
e T \ 0 5E L
\
BEH [ AR A
Figure 1-31
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1-5-2  [EFRHAA D)

FEHARICHOONDEMEHEAELE LT o e b KRB DIIHRY AF L UBIETH S,
BIEDIIRRC, RGN R 5 b ORHIKEN TWD 72D HIJIZL U TEW ST bl b,
ZOHFTHo b NIV Y EMEHEN DMV TIROFR T AF L BE— X T
bHo, LYV ERAWTRISET ) AR L 2P EECTH D, WSR2k L
TWAHRY ZAF L OMBEREEONEE TIRIZET 5 Z LICE 0 RISHE~HAIEDNTST 5 &
72D, MWVIFEREZ A LTV AEENIE(AF L DMF, THF 228 CTho, —77,
A B ) =R E NS T @R D VEBLIBAE NI~ AV IAT Z E N TET IS & UG
e L THWESA, KISHEMETRINETH L Z EB32W, 20 L5 RGEITEEE
EOBIEZ WD Z & CUEET L2 LN TE D, EAMUEE OB X [E 728 B A% S 2 7%
THBY, BHRICL2EEL2HFEVZTHZ LR EEITH) ZENTE S (Figure 1-32),

% %,
giCiele
< f Y

Slels

LYy OGRS KO SR OIS
Figure 1-32

~Q

LU UATIERICRKBIE R T A4 7 7 ) —BHICHWH LD Z EBZ VR, ML VELFTh
DO PR LIXUITHEMETH Y . K1 2 XBIT 2 72OIFHI O TRBMETH 5,
ZORBESERIT D DICEREINTZONRE LT X v EEEN D EFERTH D,
BT Ry 7 EOR)~—OREZOAIGEEZA L TEY . WIRIZIZET Z & TG
ATV, EORIIESITENT HZ ENAETH D, EITFEITI6 ROTL— FEHWe
NIV IERK, T HAFAT Y v & v 7 ABEIZESHVWBHLD  (Figure 1-33),

- P-Series Crowns
I-Series Crowns

O-Series Crowns

SynPhase™ Crown

Lantern Crown

Figure 1-33
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EHEEZHNTTA 77 ) =Gk EIT O OIS 2 2 XKBT 508Nl H D, /X7 L
NERTHIUE—DDOIEEEZ 1 DOMLEWEFES SE-EMMEEREZEANT S Z L TF
G TE D, LYV ERAWAEEITY ) v ORIONIGESET (Reservoir) TOH SH 7=
%, BEO TV T2y 7 2K 2 THRIKERET D2 Vo FEICED LYV
FEBEROH S Z L BRMTZ D, ErEHWEEAIE 96 XD T L— NMIUSEIR %
AU, 96 KOOI (T2 2 IRIZIE L, KISE1TH 2 & CREICED #5
Z LN TE S (Figure 1-34),

Reservoir 96 N7 L— K
Figure 1-34

—Ji. ATV T R v 7 RAEERTIOGE. LY TIEAAOBEEZ XTS5 2 &
IXIEF ICINEECTH D7 DO TRAMNETH D, —DDFEE LTV Y% Kan LS
NORBZEALRBT D HERD D Kan I A v =2 EOTTAF v IV RERTT 4 —\v
JDENIEEITKan Z AN THZENTELN LY I Kan N H TS 5 Z L0720,
120 Kan |2 1 2ObEWEMIEEZEDLZETLY V28l LTHRYVES L0 H LT
b2, ZOFEKan NIZT7 VAW (RF) THtAHEENFARART v 72 HALTRE, a ¢
2= A —ICEONELZRRSETRBLLIET, XDV YV E2XKTHZLENAHETHD
(Figure 1-35),

Kan Radiofrequency tag
Aff Kan & RF # 7
Figure 1-35

Fr, TUAVEEI L TRVEEICAT Y Y FT U R v RAETEREITHI 2L

NTEDL, TURATFBEREY VTIROTFTAF 78S —2 T 20T 52 8N
WHEARR DT, L U7, AOEREDLENLTNENDOT o Z v EIZHEE L TWAILE
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WaEXpl3 52 LN T 5 (Figure 1-36),

Figure 1-36

BT DT74 77 V=0, FIEC X VEOREMEALZRIRT 2 Z L 035R LT
A7 7V —BKEIT) ETEHETH D,

1-5-3 U ="

Vo di— IXEMER L EE SR EH D TH D, UV o — ORI E 23 EFE A K
FITH99ZATROBEETHDLENVZ D, Vol —ITRD DD ST HE % FEHEEA~ L
AP S5 RISIAESITHEIT L. B TOERKIEDBRIXZEITHFIE L, BB TIER
IO HELEWI DO TH D, WHAKTE ZILREBEFEICIRET D IREE L 72T
ZENTED, TOD, U —OfE, MafENEHAKREZIRLIATI H>ZATHE
HCTHD,

Uy —IZEMNS080 LT, BTN E O SETE 5, YI0HLY
THET A7 bIERB LFKko 3FHEIZS T B,
® [HH~F’H DA% CERENZ(IL LN D
o UIHLE, BEMH~OHEE~AHWZERERENR 2R RDHD
o UVHLOBIIHTREREZEATELILD

| ZFEHOXA T IXl@H OREL LRI LB ZHNS, 2FBIXEMENOE0 H L&IXEME
FUER~DFEANMNEIMEAIES RN P L—A LR v h—& Kidhb, 3BFAD XA
T H USRS K 0 T lC R 2 Rl 5 2 N TE D, FL—AL R Y U —T7p
EIXUI0 M LOBEORIGEHEZEZ D Z L TRRLIEREZEAT LI ENTELHLDOE
bbb, UHIEEOH EIZANKUBEATAD N L—A LAY U h—%FHW, D 6 (i
FRa B BEAL 26, EHENOEDHTZE T3 BEIA 7T ) —DalEHE L
<% (Figure 1-37) %,
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o:ls‘
0 HN—(Gly);~NH
(S O b
- X
a OH b+a+e Z

L

&&
HO

3x4=12

T~
OCZD - dHO_\/&
ta\ BY m%;ﬁ;
atcte
/ 7 lb+d+e

Z! A
_~\-Q Z =Ny, T, AcO, H-
=R o=—% o = | 3
O———A V=
6x4=24

Lo

Ho=—2_ o=
2x4=8

Figure 1-37

EFHIEE CTHtET 2 72 B
DHLEIT S b, BEMESHETEID ML AT
—% 9 (Figure 1-38),

%< O OILIEE OFHEL L RIS E 2 TS T
IHLDREFETE D, RENRY T

Strong acid cleavage

Weak acid cleavage

Cg L0

Merrifield

Base cleavage

Be

Cl

®

DHP

~

NG @AOO

2-chlorotrityl OMe
I OMe
0,0
@)
L Rink Amide )
Figure 1-38

DUMEDORI DY o J1—& LT Safty-catch UV > I — & XiENdb00nH5, ZOHXA
TOVH—IFBBIC BRI LNV ZETH DT, I ETE L OFEOKIGELT O
TENTE D, o, FFEDOFUETIHEMHEAEIT ) Z &L THEEIAS IOV H LEITZ 5,
RFEHIZLRLDIZANVKR T IRV =L e RIP ) oh—nbdbh, Eb68 7k
TEH~OHEFEZITY, ANVKRCT 2 R b — 3z ze <, HEERtTH
STHMBMEEORWER Lo 1w BRI EHERPNT =F 725D T, T IIVE~DK
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BWEN T oD, & RZVY U —TIT@EEOT I MG L RREOR, HEICK)
THOREMWN D D, EHALIZANKR T I RY U AD—TIEIN- 7AXMb, B KTV Y &
=TI E v iTbnhd, EH50) b — bR ITEE Lo AT L LB D
BWISEEZR L TWD DT, RFZANCEOVESICE O LNITX D, ZOEE, RKEEH O
AL Z D Z LT, BROKKEBIZBONTHEHEME L5 2 LN TE S (Figure
1-39),

Sulfonamide linker

or RCOX Ri alkylation % Nu Q
m FQ At A,

Hydrazine linker
,N
\©\y( RCOX R/& H oxidation Ri N R/&
_N 2N u

N e N e

QN Q “
Figure 1-39

£z, SFRISRETNLZA L T LEEam THUE, S FRBRIERISIC L 280 1L

HAHECH S ¥, Ganesan HIZ ALK LT I RU v —F2HOWTERILIIV B LICE D T
4 FADEGHE®RE LT\ (Figure 1-40) ),

= H H ‘
~ Ny, N NG
/\Hl\/\‘r H /}r L 1) deprotection N/Y
o~ % (@) (o) 2) activation
HN
O \
t-BuO/' 0,8 3) cyclative cleavage HOy,
N 4) deprotection "y
t-BuO M () N
Z HO

O
>§\ \NHFmoc \O Kahalalide A

Figure 1-40

1-5-4  [EFE EToOARGR 22
[EF_E TOAALFEARKIE Merrifield (2 X 2 M7 F RAK V& EOI0IC, HETIE
BaxbAMTA 77 ) —REARICE VRSN TS, FTHEATF N, B »
STA Y Tv—F HEAREEIC LV LAOBS N EHAB TARTE S L) ITkmoTz,
FEFH b CRUR & AT 9 B S —ARBIICRIRE & 72 2 DIZROSHEDIR T Th 5, BEHIEH T
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FEEIFEMEEE W) ERR G FO—HEHRT LN TE L, o ERO B EN
KT L, OIS RPEHEEONTICS 2856, RIEOBEENY T b 5 72O UG
MENRD, ThEYET HOICEFOGRHEZRES T2 0 ORI THLH, i
I AREZ D2 L THREOEBREEABIL ST, RUMKGE 2 RV IET 2 E L Tisb
BOM EE2ITIND,

BEARAK CIERISEDE=4 1 v 7L E 725, BEFE R CIXIRM TO TLC O X 5 1
EICSOEDEATZMAD Z ENTERY, —RNIZT—EMEEME»E L, 5T 5
WS FEERELND, L, HEOERENMAIET 2LEICIIEME ETE=4Y 7
THZENTED, FlzIE, Fmoc 227 LTV HILAWThHIIE, BifR#EIZL->TELD
TR TRy - B D UIERDO RN E D DR ORE AR M L, EHE Lo ERE
AT RD Fmoc 7 A R 3 5, Kaiser 7 A hTlk=>t RU &7 2 LD REGNG
ZFM L, EFEEE RICE DT I ERFET D205 2 LN TE D, Ml s EMEE
KRZTLIRSNMRHEEZTTH) 2L HTX5 (Figure 1-41),

Fmoc test Kaiser test
0O
OH
2 HoN
OH
(@]
O 0]
C=<10
OH (0]
BEAICRA

W R E

Figure 1-41

£, BAHEGHITE S B LB ORE —RORIETH D720, R RO %
AWTZRISIFEA TE 2 OO E R TIE—RRAE %2 DT D0 Al %
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RNWTZT IV o DIRFRIMROAN DVE O RiEIE, FEALE R LTS LT iEz s
RN D EAE R TIFIEFIZE L WIS & 72 D,

LIZEMAERZIT) 5 X CIROERE LRTERL2WZ SR U v —I2k
U CRIBZHIFIR DD D E VWS TH D, BETUIVHLEZITH VI —CThHIZEHTO
BSOS FEE D LI EO L O TRIFIUE R B2V, b & G 0iH CHRE
DNEMEPLBEEL TLE 9, WHOAR THIITRT CRERZTEZD Z L b alfE
HOHN, BHERDOY =@ TR BE A5 2 LIXTERY, TOLEDEMEFET
DEEBEIN D RISGMCEE, Vo D—NZETHHN, THbELEMAKRICEHATE 5K
ISTHDNETIBEL TBLERD D,

1-5-5 [EfH~<7F FAk >

ARTF AL Merrifield (2 8 2 EFEGIER RS SALTLCR, REERICESR L T,
RTF REREITD 9 ATEERI LT I EORERLLEARIORIRTHD, T/
HEORERL L LTI N A~ — FROREEPHWON, FHIZILH S5 DIE Boc K&
Fmoc 2 Td % (Figure 1-42),

. Ok o (g
>k}§f j/ A? ‘. g%fk\b;j:>

Boc#
Fmoc£:

Figure 1-42

Boc FEIXEAMES: TR GE S 4L, Fmoc ZEITHEMSEHTHAGES NS Z b, 2Thvb
AR R RGE R TH 5, BHARICEN TS 2 b OREEIT I < HWH i, Boc (Ri#T
X WA IV THES Z2A4T 9 G RE% Boc i, Fmoc TREERE FIV 535G % Fmoc 15 L K55
Boc 1£ TIIMAMESRE T, Boc ZEOBLRFEZITVN, IRD Boc 7 X /W E DRFEZEIT O &\ D #i
B2V IRT Z L TRTF ROMELTT I, EMENSOE HLIIMWS Y » =I5
T, Boc DRGSR LD imOEEMSM S L I3RS TITHhN 5, Fmoce £ TiX
WHE, XU DE IR 28T I EZHWT Fmoc 2O MLARGEZITVY, Fmoc 7 X /g &
DM Z#EV RS Z L TRTF FHEMESIE S, U o — 3R CERMANGEID
D50 x AW, MIBEHORELL T X CTHAE L 2D S EREOTF FEHL2 &b,
FIERTE CIIBE MR S N7 F R&5D 2 L b T& 5, HIETIEL, Fmoc IENEMRTF
RERDERE & 72> T2 (Figure 1-43)
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Boc strategy

BocHN—AApO

1) acid

2) Boc-AA,-OH

BocHN—AAz-AA—O

strong acid or base

HoN-AA,—-AA,-AA,-OH

Fmoc strategy

mocHN—AApO

1) base
2) Fmoc-AA,-OH

FmocHN’AAz'AA‘O

strong or weak acid

H,N-AA ----AA,-AA,-OH

Figure 1-43
T2 BEMETABICHWIHMAER E LTI NLARIA I R, AAKR=TLE, o
= LEN T H D, T IRERZ MG DT THWD Z %N, RENR

M e, (R % ~d (Figure 1-44),
carbodiimide coupling additive
N
N
N==N N
— = N/ HOBtbH
1
pCe DIC Fpe \
N
| | °N
phosphonium salt N N
N OH
( HOAt
/ PF - -
—_ = 6 N=N PF
PFg et N'N“N N‘+—N' 6 Ny _Br R F
N-P~ C NF ‘ N-P~
/ PLAN (Nj iN] F OH
BOP F F
PyBOP PyB
Y yBO yBrop PRHOH
——
uronium salt
(" )
N N
- - N
PF, N PFe NG
@EN‘ B N.N
.N A
N NN
o O
HBTU
HATU )
Figure 1-44
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WE Do - 72 /B THIUEDIC & HOBt<° PyBOP,HBTU 72 £ T /5fE A it 5,
L. 7B Y RN- AFAT I BOE DR 28T I Ak 26 TIEBUS B +431
HEATLRWGERH 5, D &9 72856 Mie#l & LT HATU X° PyBrop, R4 & L T HOAt
e E X0 RFEENA LD,

WA LOS CIIRISIS N E L 725 2 L83 H 5D, 7/ BRITHEEGH, (A & 5Otk LT
b= AT A~ INDE, ZOBE, MERICOEITHRENET T 7 oo e
CUBNERT LIRS, £, VAT A R AF U UITEOMBEE RERE ORI
LVHEFEICT LTV ERMONTWDS, ZHSEIFIGED <72 DI I3RS
RIEDOMAGOENIEFICEE L 705 (Figure 1-45),

HEFT AN H O
RN
H (oY Ra H M YO X
e e N Y AN
L oH
¢ N
I ;

o
O R
Foy A o it
[e) HN \n)\ H
NS R2 '
\I(q 5 R \n, N fL X
diketopiperazine o R

azalactone
racemization

Figure 1-45

1-6 7 I ANNAL Fu -2
1-6-1 TIWNT 2 RT 4T AETIANGT ) I TR
FIINNAAFaT— LIRS T bEWEER L UCERKISESIE, T sZ & T
EMBEEZHLNIL LD LW O IIESE, METH D, HLFRAEMIRR 2RI
LT DI EEHBNE LTWDHDITK L, 7 I WAL Fro—TIElsfbs % MR
ELTEWRRITIRET D, ITHETITEE 2 RAEWZFEOF RIS, L VA Fa U—OFEN
HAnbond Lok TETRY, BEEE L THWAES THEEMDOFEE L2 TETW
Do WMFRFIEITREOAEEE R ZEE L U THWTENZ X7 BEEZ L0 T 5,
REEDZ X EITKT DERZRR L. £ OREEZMAND 72 EREkO R, Al
HFRDIERETHDH EWVWZ D, LrL, aryEF NI TATFIARN) —IZkDT7475Y
— AR ONRARO, BEx AT, AN ORRBIC I VB2 2E 8 & LTSNS
Lol ot,
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T ANNA F T — DT b AR 72 EEIT Schreiber 128> TIRESNTZ7 I H
N2 XT 4 7 ARDD P, ZHMEEE RO TEBZOMEEIT) VI bDTH D,
BERRCBTDIERZ AW ERANTEIEEZT, T70bbh, bOFTEOX 7R
EFTHLIWLEY, ZOF RV B a— RT 58 TE2E2 (V27T U L
REAEVHT LW FETHDL, ZHETI AN v I T U NebMEEIND, 7L
7T U NMIXRETHMIE. AW A BEREEZ T HER IR WO A IR RN
b5,

WROBIETTRER N v 7 77 FClEBE s A2 O 2 AV Cild e 4 &
IRHBIGT 2@ S8D, LoL, b LEOBEBINEYMORE, REICEE2&E
EHOTWDLHE, ERREENG TN, ETOANCAETHEATLE) EWnofcl
EHRIV DD, FIWN v I T R ThII o RE LM, Akt L, {LEW
BRGTLIETEORBERL LN TED, £, REOBTER CLEmE LT
HZETRRBERDEBTHBS KL HW CTE D, SOICRRIHR, AMHETHIE—
OALENZE FANCEDRELE T HZ LN TED, ZOXHITTrI AN v 77U MNE
RO A IV 7 T I, W% PG R E OB 1 O & 2 fif T & 2IEH 1T
NieFETH D,

BEETIIEREROFNE G T E2HETD 74V — RV 23T 0 7 AL, ANANICE
LI ERZEZ L, ZORBEFRDIVN—AV X T AV ABDDL, TIWNNT =%
T4 ATBWVTH I 2 B OT T —F R’ 5, TRbb, b ARG E
MOIERNZ X7 BEFREL, TNEa— RT BB TEZHONIT L7+ T — K7 I
N2 RT 47 AL WEREERAOZ VR ERAEL, TORBEFTRDLY NN—RAF I
N2 RT 4T AR D,

Schreiber HiE b A kBT & FALEE#E (HDAC) PLEEMZETDH R I RFL A D
HEREBIRICHEA L., TOMIBEH T 7 40 =7 40— 87 ALY HDAC O HLEE, &
B DORIEICHEI LTz, ZHIET7 AT —RTIIINT =T 4 7 AO—HIToH % (Figure
1-46) Y,

0

/) 2,
o) \1\: HN Q e [ .

QRS S —> BETORE
NH HN"~O HDAC
0

0
HNJb
Figure 1-46

1 1-7-3 IZB W TR
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—HDYN=2ZF I AN 23T 47 ZADHE LTEHEHLIZL D HDAC6 DHEREAMEH A
ZIF b, HDAC 1T 10 FEEALL EAYEI 50TV 5208 HDAC6 OFF B 72 BREAIAFIE L7
W2, 514 TO HDAC #fHET 2 Y a x5 A & HDAC6 ZfHETE WK T
¥ A BERESEE, TOfREEET 5 Z 8T HDAC6 DHEEN o - Fa—T7 Y v
ThHdHZ k’i"%@?—?i&)k (Figure 1-47) **,

a

NHN

— Trichostatin A Trapoxin B
NH HN

O @ < A

tubulin
Trapoxine B
TS o & @ -
tubulin
(0] (0]
X N N,OH
~ H

N

I Trichostatin A

Figure 1-47

COXITTIINT 23T 4 7 AFFFERICBABRFETHLN, BRAbHDL, 7IH
N2 RT 47 AL R EORERIING > THED CTRNLT 5, FFIC U N—2 7 I L
V= RT 4 7 ATIIRRABRAEAOR R, BRI THDS, LnL, BUEDE ZAE
KB BNTND X 87T 500 HEEE &, B MTBW T 10 HEEEFAET DL E b
NTNDEEX L RIEDTL T TLOR, FINDNT 2R T 47 ATV EE 2
THHEDREERBIZEA ERNEWN) ORBURTH 5,

ZOBENIEENZ LOBURZFTBT A7, I vy 7 27 280 5 R
SN, THUTREMIZIE, R COBEBETEY (¥ _78) IZx3+5185 1) > K (R
FHHD) OBENARETH D L VI BEXICESE, M., RFRNbAE AL, £
BRREMATHOOERLETHENI DO THDL, ZHZiFarvF NI T A7 I A b
V=llk2747 70 —GmEZDOHMZEETITIONAAN—T"y b A7 V== T
VEIRT R TH %,

1-62 I ANTu—7

TFIANAAF e —ICBWTAEMBRREZRLEBELE LTHWONILEWIZT I v
Tua—T7 Lt XiENns, REWINZFOEFEHENLZ EITENLTHY . £ DHEKRKAY
ZHEIWCLEFERPHVOND, FI VT a—T  THEMICEN 2 o)y g LA AER
THZENEMOEE LB, ¥ NIEEOMBAER 297 I L - THREMICS
MBEICTHRPUL T v —T R E DX R e, BT, Wb
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FFHOT =772 LB LT O OFEENH 5,

AL B — T H R B EMAERTE 2ILAEMIC S BICH BT R EE X T T
ELTRATHI LT, MHAEHEREIZ, VTAEA LATHNTHZENTES, $90
FTHOT e =T3S T % N B EFBERT 26EMIC S BT ORE A 224
HERET X 7152 ESET 74 =T 4 BN TEL 2Lz THD, £<
AN bDIXEATF T EVDHEENTH L, I ANVTu—T7 L3 5{bEW
WCH T FThHHELTTF o 2fiiaT5, 207X IhVra—7 %285 8 L AR
A&, TP Z2EB LI T AT, 7IWNTa—T LfENE R EOBE
KReAF o, TECUCOMAEERICEY DT JMIBEEEINS, I ANV a—7 - 51
SN EEAR RN SED Z L CHfE, BT 2R TED, Wbk r—T £
D EFHZT o= 0nFhnb & 75 FER L NI E L OMBERICEEZ KT S ROALE
(AR CREA S B D Z LN EETH S (Figure 1-48) ,

"R —J #$Y EFRITO—2

Figure 1-48

1-6-3 & LS BHEAER R v U — 27 fifr >

BAE, B\IGFNT ) DUV THEBEICY 2 R T v 7S8R TWAHR, TOMEERETH
B8 R EOEENZ DN TIWE B LM TE I E R, AKRNT
BN BITHMTHN TS Z ERIFEAER Y, UV ERIENEET D, (LFE
AT oL Vot —HOHAFEHOER TRIAL LT 1 DOMRELRIZT VAT L%
HELTWD, ZOLOREDZ R BOEREEZMEIIL LS LT 58I, 2D Z -
I BEEEUHAEEROR Yy NI —7 2T L, ZORTOERFNZHLNITLHZENE -
ELMETHDL VRS,

I, DRETIEER LI L2 R EEEEOEESH AT L EERRE N cDNA 7
RVl MIEoTHELNTE 3 HLLEDERRE F DNA ZIEH Lo, KEEY 37 E
Xy NT—JR 7T m Y =7 RREITSNTZ, DDV AT Al

® XU TaFEALI cDNA ZMIIZEAL, ¥ oI BRI

® NIUNTEMELLEY VNI EEELY R VEEAEERE Y T T DR E RS

L7z —XZ &L KT 5
o UOKE X T BRI VB AL, LC-MS/MS (2K 7 X/ BERCS % Fi
HHLD
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@ T H—R_X—XLWHEL, ¥ NRITEDREEIT

EWVIOIBDTHD, # T EHITHEFERT2LORENHEEG L, HEEZEKRL TV
INEHXTHFERNTHEN FIFA2EWo T ETHAN, BRIET X NS ”%’E/\{Zli
TN DR F X7 IR E, A METH D, WK ) A X0 L LERFEH
TER OBz 2720 5 13RO Y 7L THRRLAZLT 5 mkE 2 o 7 L iiflik
BRI LT, £7o. —MRICH VRV EIIARZET, BHICEME, WET D L THIAH

HEIC7e D, £ Z CHEOIIMMED > 7V E2E AT HRNCEESITEHIEAT 5720, MM
HIZH/ 7e—igkikr/u~ 777 4 —%B% Lz, 7y FRY a—LBrD<A 71 A
7v—ﬁ?A%%%b\%Vfwﬁﬁ%giﬁﬁﬂmﬁﬁﬁﬂf%éi5K¢é:kf%
72T &2 RIS LT, RO NTEEOIE OB RIIA ——a s Ea—F =2 LV
RFCT — & —_—2 . OREMTDIL, HAERICEENTWDL X U ENRFEEIND,
FRNTIZZER P 2T 5 W EOR°, AN SHIHESN DX I BIZL D ) A A&/ T
HETZ V=2 b—LANTIThND (Figure 1-49)

% Extract & PulkDown Direct Analysis Database search
with anti-tag Beads & identification
2 HEH
__ Tagped rarget
\|§3 @% ﬁ@!a-ﬁﬁﬁ EE&V
Transfected with Digest MS |1y
tagged "bait’ aﬂﬂ-mg Beads

peymy- 1&97111' P SR .
-EEEAEESET
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ESI column
Nano Flow Pump
= —1 L DEHFI .....I MS
25-500 nL/min AL

" tipid. 0.5 pm/{.

Figure 1-49

WHIXZDV AT LEZHWT, TTICHZESINRLS LIEEEZ LN TN =X R 7B
YOI EEAERRT A LIRS LE D) KRV ATF AT IS Fad—
D FE % H C & dUT AN OVE R O MR CEIER OfffIc 72 b LB 2 6D,

1-7  EEEHE

1-7-1 BEHOREEL LT

BIGTEHRITZ DNA 705 mRNA, # X7 LW ) Rl TR 5, KIBHE 7 &4
X2 DB IZEEFNDZ N TEPMESGND D BERLL EO @& R E A TIE DNA &
HEIESILD RNA DY, A7 T2 7 L) WSO A 2 O TR 2% T L7 mRNA
NEBWIND, o, —HOUA NV AITEEEBRAE RNA & UTRAEL, 15 EMfIC s
%, DNA ~EZHT 5, LL, 2O DNA, RNA, ¥ X7 E L) BIEFRMRES L
DRI EAEMICHE L, RNA DMESNRWIRY Z X7 ERGRSND Z LiTn
(Figure 1-50) ,

L E BER
Z| | DNA RNA o AL INHE

- 3

v

WELE

Figure 1-50

EMIL L DBIGFE2FF>TVDN, 2 TOBMLGTFHODDOEFIL TWD DI TIEARu,
AW LN MR RS R AR T A 12O IR G A SE R L XTI L, BEDOZRWN
& XITITIRERT 2 &0 O HIEEIE DS LR AT R T D, Z ORI Z1T 2 i bARARM 72 515
I DNA 75 RNA ~OIEDBEFEEFHIET 52 L Th D, BIGTHFAELTHTHZ O
Y mRNA ~ & 88 S NRITAUXBE T3 T 25 2 L1370,
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VEDIRWBIRFARI L TWIUE, EVMO T AT JMIRFE 2 X723, & FThEz
AVTRRORETH D, & ATEBFHCAEEEERITBE A EFICHI L2 Lo TEE
ZHZENRBD, WICEZR, BETFEZEFICHECENEINLORREIRETE L L
HWR D, ZOROEGFRIAODBRAZFDRELHIMET L2 LR TEUL, EmBlE 0
AR 2 BR T 5 DI 72 BT, fhx RIEBORRIREILE L 720 5 5,

1-7-2 & & by 93

AR ERTOEBAENICIF/EL, DNA ZBNICINT 5 7o DIC B R Y X7 ]
Thd, T8 1 TRREO IR/ NS 72 2 V378 H2A, H2B, H3. H4 O 4 FikE L 7 0ffs
BEOREEOHI 0605, 7/ MESITAEVRRIC L 2@V /hE < HEET I
BTHDI Yy, EAXAFVUEELEHERE LTEEMEZAL TS (Table 1-4), €D
T2 BEMZHT OV DNA LS SHAMENT 2 2 &N TE 2,

Table 1-4
[=PZ S NV TR R FaReRl S JRAVE TX =M R AR
H1 224 22500 66 (29.5%) 3 (1.3%) +58
H2A 129 13960 14 (10.9) 12 (9.3) +15
H2B 125 13774 20 (16.0) 8(6.4) +19
H3 135 15273 13 (9.6) 18 (13.3) +20
H4 102 11236 11 (10.8) 14 (13.7) +16

b A b IXH2A, H2B, H3, H4 K4 08 2 HT DR 8 ED X LRI ENLRHaT e A b
VERENAF T EY—EET H, 2D T B AN IT 200 KO DNA 23X H>< =
ETXI VF Y=L & LENDERIROEEZ TR T D, X7 LAY — LM %572 < DNA IZ
LB AR HI DAL, ZOMBENEER EICHERD 2t Tra~vF L Lidhd DNA
LA N COEAEBPR S TS (Figure 1-51),

bR NS H—

J//\7/

X7 LAY — L

Figure 1-51



EA R OFENIDNA LFEE LR 7 LAY — AEBET 57200 Tk, 552 OEER
BENIEE 2 HIET 2 2 L CRETORIAEREL TVDLEVIRTHD, 20X 7l
I e A P OREDT I BUEHMEFHER 2% 5 2 & TITP D, 8D =T E A b
VA& DN KRB D 25 7 2 BEHIE, BRIRD 27 B R b U O B TR
DeRAMrTANLERIEND, ZTOER N TANEDT I BRRIBEMEFER 2% 1) 5
Z LT, DNA & O EMERICZ L% RIET (Figure 1-52).,

b2 b:/—?mv/?y
~

N

Figure 1-52

LB OFE & LTI ISR T 2 7B F b A F ik, Y oA LA =
VRIBHIZRET B U VBRI ER B D, T O THRICT & FITE S T O R BLHIENIZ K
XL b o TS, TEFLITE X R T BT EEESE (HAT) (280 U > A8 T
IR LT TS, T ERT v FEND Z L TIEBEMNEDIL, B X R
T AL DNA EOFEAENRIIE D, T2 EIEORICE K BRI ER T LW ol g vy
B DNA IZK LAEG TE D LR VIBENRHES D, TR T ALORRE L T2 F L
ORBITMIBIZ L > TR DD, L OLEZ ORI RETH D, EA BT
T FALEESR (HDAC) 12X 0 72 F VN EY Broviv, U o AN IEE AT 2 LY R4 &
A RUTAMIFHODNA AT D2 & CIREBICHNE R X R EORE 216, B
TRBLZHHEIT D (Figure 1-53)

Histone Acetyl Transferase %
(HAT)

- %J/r

Histone eacetylase

BIEFHIROFF (HDAC) BIZFHIFON

Figure 1-53
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1-7-3 & A b7 B F LS (HDAC) %4
E A MATH LT B F AL EIT O BER T e A b T v F U LEEE (HAT) & Xidh, 55
K7 & LFIE < 2y, BRERTFBERNE 2 TR F A bEEE L L TH R L, ix
FEEEET 5 EMER2, —h, 7367’“/1/%%:[&%£?‘6E%$6it1 N Wit i (=~
(HDAC) & LiEi, kDR O~ TH 5, 25 biX HAT &L ICEIRT 2 i 5,
HDAC [IBUE F TIZ 10 FFEUL ERFE I TEY , R 3 207 T AT ID

(Figure 1-54) ,

Class 1 Class 11

r

Class II1
( )
SIRT2 SIRT4
SIRT1
SIRT3 SIRTS SIRT7
\_ J
Figure 1-54

7 7 AT IZEENS DX HDACL, 2, 3, 8 ThHDH, HDACI & 2 Itz 2 D& X
BEMAELIE 4 DOZ U RIENORDLEEEREZTEHR L, RS BICKRERZ N
@?'E/\ﬁi@ 1 & 725 2 & T, F5ED DNA BA 2585k L, W78 F b %4T5 (Figure
1-55), HDAC3 TIIA T T A L2 T RE =2 DEFEWIZE VWL ORI DFEN S D 2 &)
HMHNTWS, 77 ATD HDACIZEICENITFEL TS
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p46 | p48

HDAC1 HDAC2
SAP18

core HDAC complex \
SAP30.
. MBD3
Sin3 Mi2

SMRT
NURD/Mi2/NRD complex

Sin3/HDAC complex

Figure 1-55

7 F AN & LTHEINDDIXHDACE 26 7 Thbd, 77 ALY 7 A1 HDAC IZ
R, BEZE2HEOKRETEINRNHD, 7T A1 O HDAC 138 EMRE 21TE KT 5 2 L3
HINTWVDEN, FELWEI I - T2 ERZ W, TOH THDACS iTa - Fa—7
U DOBRTEFALEER E LTI 2 EREESICL > THLMIz SR P,

27 Z A MLIEMLD 7 Z A0 HDAC 23 B HHI72BERIEE A BT 2 D & 8720 | NADHIKAT
L 7 HDAC {&ME 2~ 7,

Z DX 91T HDAC [IHRBDO R 5% < DTN H DM, 4% OFE LWERBEEIZE L T
137> TN ERZ,

1-7-4 HDAC BHZ=H#] 4D

HDAC [3#55 2 M9 2 & 235 572, HDAC %#PHET D Z &1 K VG NTEE0R
REONFHE T 5 2 L1272 5, T, HDAC FHEANINAMILEZ T AR b — ZA~E L Z L3k
mEN, I RPBNAAIE LTHER S TWD, R#FEM7Z HDAC FHEHAIZ 3 (Figure

SAHA
Trichostatin A

0
E’H G4
OxSN HNI\/\/\H/Q N HN ‘ﬁ
I r\/\/\n/\ “I
NH HN™ 0 NH HN” 0 OMe
NH 2
) o) O

(0]

Trapoxin B Apicidin FK228

Figure 1-56
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M) axxF o ATk Fu X4 AfEE2 A7 % HDAC AT, HDAC 2k 2 3 RUHEIX
EEAEROREWERTEEEZE T 5720, IGHERBROBOEEYE L L Tlibhd Z &
N\, SAHA 1R VY aAXF > A &b EICELNIALAY CHAM S 2208 LA 278
HDAC [LEHRITH Y . FARSFAER OIS AFE LTT A U FDA TR ST 2,

Z DAt HDAC FHERIDOZ IFBRRAATF FiEEEZ A LT 5D, WIhd 4 5KE0D S
FILDOBIRTF K, T 7RI F R TH Y EHOT VX8 & 2 et e be
EHT DM G TWNTYALT ¢ RIEEIZ L 2E#E LA FF> T\ 5,

HDAC 13t A b T ANV EDREN T 2 F LI N v omb T2 F T <
K fRIESE T 5, HDAC OFEMEFOMTITHESAFE L, Z O T B F VBN
L. kit S5, HDAC BRERNZZ 07 v F b EnizU v DI AT 4 v 7 &£ LT,
HDAC DIEMERT v MZAVIAF, #High AT 52 & CHFEEART, YALT 4 R
Wi & AT % HDAC MEANIENTY 2L 7 ¢ FREEINE IS, WO F A — 0341
be ZOIBHLEHOT NXINVEEETDHF A —/L) HDAC Offigh L iEG3 25 Z & THDAC
ZFHET S (Figure 1-57),

Trapoxin B

Trichostatin A

Figure 1-57

FU 22 ZF 2 A, SAHA 134 % @ HDAC (2% B BIRENMENZ EX3 5TV 5,
— 7. BRIRRTF K& 95 HDAC PLERNILH HFLEDEIRMEEZH L T\ b=, BITE,
k& 729 7 N— I L0 BRI T T R &H T 58RI 7 HDAC BRERIO BRI 11T
j/bwcl/\éo

1-7-5 AENITAXTF A
AN ARE T ATHFE M 512KV Pseudomonas sp. & 0 BB - #5E R E S =B8R
FTURTF R ThDH Y, HDAC MREEMEE A LMLE SFRET S T ORH 2 HHET 5
(Figure 1-58) .
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[0 oS~ -5
NH.

D-Cys 9 L
\
H N—#L N
D-Ala H OH
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B-hydroxy acid
Figure 1-58

HDAC FHETEME I ICs EAY 2.0 nM & BEA7 HDAC [HEA|Tdh 5 FK228 (3.1 nM), kU =
AL F 2 A(52n0M), SAHA (108.8 nM) L W 58/ Th o7z, F£7=, BEAFOHLI AKID D78
K pofedAMIIZH L THAEMTHY . EFMRICITREL 5 2 o0, AMeAWITHR
KRFEHLZANRE L OEFFRECTRESINALED THY . BIET AT 7 ARIKIZ LY
FIL LCOREIED BTN D,

i EORE LTI 2 BIEDT T XTF RTHY, VALY 4 REERICEDERE 3
DOT I RFEGE 1 DD AT IFEEN DR DBNOER SN TN D, fRERIT D - N
VHERDOALZFUFHER, D-VATA Y, D-TT7=V, B-ERaXUBTHDL, v -
7:/@f%éx&%yﬁﬁm%ﬁbfwé*kﬁ@@%%foFﬂ%ﬁémmcmi
FEDREREBENTHY | GREITIBRICO@E DT I E & ITR R 55 D BOSHEA [
BERD,

1-7-6  AE L3 AX T A OEBEIERTIE

AN TAXF 2 A OEBHEHEREEEHEICE L X, YAV 4 RGN ETSh T4
U%5B -t FaXxiBoTFA—LERNEETHDLZ ENDro TnD, MNTY ALT
o4 NEAEMEIT S, WEREOT A —VENEL D, ZOF A —/LED) HDAC OFEHEFLT
b LM~ LB D 2 L THRIEEZILET 5, T72bb, ACLVaRZF o AlTTm
F?yﬁ?%@%@WT%%%%T%@T%@@M%%K@%k%i%h@(ﬁ@me%

@) &
HN N ;
H

cellular reducing agent m O SH
NH

-

1D OS-S OH
NH_& o

K

@)
@)

™~

Pro-drug SH

Active form

Figure 1-59
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Z OIS A, EE S X AR E Y FK228 I 25O b S D, FK228
HBAENLaRAZTF U A LREE ALY 4 RiEREAT 5 2 BIEDT 7V ~7F K HDAC
FLERTH S, HOITFOBITCERITTINRN S BIEEEZA L TWEN, F4—LE A F )L

692 2 L TIRMERFERICKDND Z L 2HE LTS (Figure 1-60) *Y,
MeS\ 0

S :
L - 4 4
o

I
»
/

T

HN N N

e} . o .
>||. 0S-% H reduction >|“ o) i\jﬁ methylation >||. H/Nﬁ

TIZ

P4

o O

)
)

HS S MeS \S
FK228 redFK228 dimethyl FK228
unstable no activity
active form
Figure 1-60

WD T A —NIEH LIAbE W 2 I ER T L G L TCLEI Z B ohnd
DT, BIGKRDTEMEMET LIz LIS ND, ZOZLENBLHAENLIARZTF L AR T 1
KT o 7L LTEE, DAFIBANTY ALY ¢ REEEMNETINDZ & TEEEZRRET S
EBZZBI, T RTy 7 UTFET 5 2 EREmWIETE, @REEEZRTERTH S &
Exbhb,

1-7-7 AE TR T A DB
AN AARXTF v A DA Ganesan H I KXo THE SN TWD, HHIFAX T Ui
%%%(ﬁk & UBKMEEZATV, ~7 a7 7 hAbtk, YAV T 4 KRG EIRT 5 2
AREZERLCND, £2, B - RaX oot rFA~—%28ALT, epi
—xtw:x&%/A@ém%ﬁwﬁﬂkﬁﬁ&agﬁm:&%ﬁ%bfmé@@mLm)

45)

o

0 — o
HN— N—y %L \\\
P HN N—
" A H OTIPS Yamaguchi's method‘ STrH oTIPS deprotection S
’, T —_
STt el O TS e os
NH_Y STriy=q S . S
0 HO ho!
OH (0]
o
~
HN ” \
ﬁo s-S OH

T — [ IEE 2

Figure 1-61

40



L L, ZHPSOFFEEREGHKITHE SN TE 5T, FK228 & W o 72 i bamicBI L
THHFEEEHITRE SN TORWD, HEEEABICE L TUXZLAERMTH D &
WR Do

1-8  AFm O

A% (37 20 Al FIO TSGR BRLBOSIC K D VA F AT a A ARy A O
AR L OEMARIEEZ VA LIATT U A OEESREFI DN, Fa Y
—] LEL, UTaSENLHKIND,

B % [FFim) ClE, AERERE Sy 1 DA BT 3V T Target Oriented Synthesis (233 1F 5 H#
WESOSE LTEE R - 7T VAT D0 MMl Z W72 BOSIZ- DU Tl | Diversity
Oriented Synthesis |28 DA THHa B F MU T AT I A N — L ZDISHSE
THLTINNNAAF BT —ZONTIRA, KO A EEREP LN L TWD,

2 % Tn - T UNARTOT BRI 20T NT V7 ARARIEE FNT2 Y A F L
ruA ARy A OERGHMTE] TIX HBFEETHBE SN T DU AP X 5
A OBREBEZEZ WU AT Vs a A 4R A D Target Oriented Synthesis (220
TR~ TW5 (Figure 1-62),

PhO,S
OR
PhO,S Pd cat. Ph0,s JOPN_or Ph0,S JO2P" ___OR
X —88 > — N
S e
AcOH d
" Pd
OAc
$SO,Ph
PhO,S S~
—_—
—_— —
V,

Dimethyl Gloiosiphone A

Figure 1-62
FHIE ANV RAEZTF U ADEERETFrIONAAMFdnr—] TiE, F1E TR

ARAXTF U ADEAR] ICBWTCHERERERR LA LaRAZ T A DR 24
BRUNZ DN TIRRTWS  (Figure 1-63) ,
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Figure 1-63

FO2EI AN IAAF U AZRHWEZrIONAARAL A0 —] [TBWT, A /LT AH
FU AR T TEES LI AN Ta—T O FE - HDAC B 5 K070
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Figure 1-65
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2-1 1ILHIT

F1EICBOWTHRARICB T2 8EOHEL bR - T UL
INT VT LR ﬁfé\%WTw&/ﬁxﬁf%ﬂmfé
TETERAR B EABETELZ xR, ZOFTH A
v r ERALONIIEF IR A Cn B ERETH D, K
FInEaFRTHZETESTLSHLWT Ir—F TUAT L
IRAFVES ADREREAT) ZENTED EBRT Dimethyl Gloiosiphone A
(Figure 2-1), 1

Figure 2- 1

2-2  AREKEHE
F1ETR LAY BRURITEREEZA L VARV DOTEOEELGMEITY Z L ik
WEECH D LE R T, £ TAERBLEICE D EREZHIZIB W TERNY L DR
EREZAGT A OERAFE Lz, WEOERMI LY A BN OEELITA RO &
THHEETHDZ LD, BREMNIO, b= DA — WG ORERENEE CH D, 7 b=
VA= FaXx U b Dx ) — R THLN 2 2D D EL BN — Ak
T, Flox ) — LT HREICE S T OO REENE X D, LarL, AF
NUE T TFUOBETIIMBBEBEREDEADIAFZEZ TH 1 DORMEKLIMGONLRNT &
VAFNTaAF TR AL BERBMOBERIIGEONTWRNT &b EHRIEOBEN 7
MELROTMENR D ZERBETHDL EBEZAOND, Thbbr b P — Ui
2507 hrrE 15Dk FuF izl G0t TRBITITEADIER, IOJ7 2%
. T -2 )= VEERMEIC L OPNRS L 2 ENTELE TSNS (Figure 2-2),
(o]

—>\Q‘\ O\\ /ééf"

(o] OH
OH [— o
OH 2.5% H,SO4
o CO, \& methylreductic acid o OH OH
 —— \
Cl OH (o]
OH 5 ? o

Figure 2- 2
Z I CMRFERADGAMIE L LT 2MEER L7z, 2Lz 200 &35 L TIALIS
MEFREREZEAL, 3MOTX Y ATF L U 2RRIICBRAT 2 2 & T 3 M OfEE EhE
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ZEANL, b - )= )VAERMIZEY BRIV A TE D LB T, 20IIBAERE
ErfT A n R bR3 13- TJwA7/?A@% (XS D AR N T IV A
BOGIZ E 0 AR L. BRALRTBEA 4 133 - Trost K& % 2 [BITV, 32D 7 77 A haehy
PSR e ) ff%%ﬁ“é ZEeEHWE L, B1IETRLELIIC2ANERE
LENTOARNETIRIZBWT, 7 ==L AR = VA WSS, SRR 2 B
{EMRAEECTH o 72720, BEA(T == VANV = WA X Y () WD L& LT, 240LD
MRREREHILT 77 A FERDEENOHEAL TBLERH H720, RaEfks LTIT
1 7 7 RIS DEEO RN S BRALG DB OFERE B & W 5 FFIT B 5
NHHLDOTRS TERLR, LvL, LRI EDEETHIIR#ETE 2 bDONEEL
W, INHEEBEL, BEICOBICLHIBEOLEREZ /R L, WRREETAL T 40,
R e RaX N BT EE 52 5 2 L S BRED ATRETdH H MPM A A4 38R L
7= (Figure 2- 3),

HQ SO,Ph

(o) PhO,S 1 2 omMPM
SN S
— 3
=6 0 4

Dimethyl Gloiosiphone A
1

SO,Ph
Pd-Catalyzed PhO,S 2 OMPM T Trost Reaction
Domino Cyclization

, S A\ BV E:::::bl%\ NR“(T;

OAc
4 OAc

Figure 2- 3

2-3  BRAGATERR G R

T ALEM S DA IO DT L Lz, {bEWMS I3 IRFEL ARFOZ=y N &
Ty TV TFTHZETHEERT DI L& LTz, Morita-Baylis-Hillman i & W CTT 7 U b
e/ 8D affllk RrX U AFNELEAL, 7rElkZlT) 2 TTIATRYA
R10 ZAmM L2 Y, Zha A~ L, 3 RFE2=y bOT 7L AT
v 7Y LY, I UREZMEOEEA E L THWEZSE, Wtz By 7 ) o Z RO 4
DIEONTEZN, Y7 aExd TMSCl ZIEHALAl & 35 2 & THBER NI 2 31
THZEMTE T, AEERREELZT 7 0L A 0212 - fHnEwizs 2 A, AU TKERHE
MNITZATNILEDMTT 7 NAbZER Z LA 11 B L7-, itV TF7 7 ho 11 2K
FoA Y TFATAI =T LEANTETL L, U4 12 ZICE 74% T3z, Bz —

48



B CIb®, B RueXx o7 AT FeT 2 HELRBTZNPEUED T 7 ~—/L O OGN
WO RIS ET D 2 ENRECTH -T2, T2 O%ROEHERDOEALHEY
IEL WD oTe, UA—N12 DAEIEE LT Trost 5O FIEIZR WA X U LT L
a—)L (B)NLR LT =d v aT 7l A 12 - (IS5 HiEbmE LY,
L, KEOTFLYF I LEZNELE LA —LT v 7R L0 1 EREA ORIG &
LTIl LTl b7, KREDOH LA TN L7 % DKM b AKEMED @R & i35
ZELNEETH -7 (Figure 2-4),
Q HCHO, DABCO 2 PBr, Q Zn, &¢ #(z
ﬁOEt e HO/\n)LOEt m’ Br/\n)LOEt e I o

66%

0,
3 27% 9 71% 1 0
DIBAL o n-BuLi, TMEDA, {2 kn/
é
CH,Cl, N Etzoo
74% 29%
12 13
Figure 2- 4

DAV 12 D 1 FRIKIEIED BB FARNC T B F b L, 2 $oKEREE 2 MPM A 2 57— |k
ERWD Z 2 X EBESAICIB W T MPM L TRE L (LAY S % 2 BeBEINER 55% T3 72,
F£72.14 O MPM 2 KX DRI ONWT 4 - A FF X vnrml) Refon TS
TRISZEAT ST & 2 A, TRTFIVEN | foKEEEEND 2 MoK EA~BE) L, 1 ok

MPM b ENTALEW 15 DH B 7= (Figure 2-5),
OAc

OH 1) AcCl, DMAP, NEt;
OH - OMPM
MeO'@\ OJL

ccl
" 2) 3, TfOH

2 steps 55%

OAc OMPM
_————
N DMF ~

14 15
Figure 2-5
RiZ7ae7®7— N1 OERETST2, cis-2- 77> - 14- V4= 16)%E /)T
TF L, FoToKiEE 7 ol TH 2 TTRET T — 87 % 2 BN 36% T
ahk L7z (Figure 2- 6),
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CBY4, PPh3

E —
Ac,0, NEt;, DMAP

— — THF —
HO_/_\_OH THF - HO—/_\—OAC 86% Br—/_\—OAc
16 42% 17 PBr; 7
—»

CH,Cl,
84%

Figure 2-6

& s, 7ux7t7— k7T BEMRTEZO T - Trost IGNMZ L0 v 7V > 7 &4T
Sy T 1 BEAICEA(T 2= VA VKR= WA X Q)N HAEL ST =40 L4k
EM 5 OTIUNAT BT — FEMINBAE U o - T U AT D0 MR E OIS EIT- T2,
OB, RT U AL UTHRE NG T L& AWEIE D 2N, Pdy(dba); FEARE VN &
LD BEINEREBI%)TH D Z Lnbmr o, HNTRBROFHTTnET T —F 7LD
Ty 7V T EITO, BALETRIE 4 & 95% L IR CARIT 5 Z LN T, 20 2 B
DT NFMUTE L L BRI LT U0 MMl A V5 KRG Th D707 Ry MK
MARE TRV E B 2 Tz, ERRIZ, EA(T ==V ALKR= ) A Z 2 (6)D 2 DDOTEMEK
Fagl EHLS DI EOKF T MY T LAZ v, 2 BEEROT VX ARIZEB W THRT
ICHFIET DR TOT =4 L ERST DD hBEOTuEeT® T —F 7 2252 LI
£V, DRy b TEBRAGETEREL 4 2R 74% T 5 Z L BN Tx 72 (Figure 2- 7).

Stepwise

PhO,S<_ SO,Ph - SO,Ph
G B~ \—0ac PhO,S OMPM
OAc 6 7
OMPM NaH, Pd(OAc),, PPhy PhO,S OMPM NaH, Pd(OAc),, PPhs ™
X THF th THF I
839 959
5 * 18 * OAc
4
One-pot
6(2.0eq.)
NaH (4.4 eq.) 7(3.3eq.)
Pd(OAc), (0.10 eq.) Pd(OAc), (0.10 eq.)
PPh; (0.40 eq.) PPh; (0.40 eq.)
5(1.0eq.) = > 4 (74%)
THF THF
Figure 2-7

2-4  BALRUG

BRALATEEIR 4 ST E 72D T, FEWTERILBUS DORGET 21T o T2 BRALROS TR T &
U AR BN B BRI OWTRE A T o7z, n- T U AT VT AEEHRICKT S
T ABANIS T F A AEOSEENEHECTH H L ZE X LN TEY | IHMEREICIXE
LA 1 D72 LB TE AN EBZ BTV D, 2 JERUNL T CIXUG3E L <L, IX
TPREL 725 EHRESNTNDTZD, HEOKRAT ¢ VRN FIZOWTHRHTLZ LI L
7= (Figure 2- 8) ¥,
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SO,Ph

PhO,S OMPM
Pd PhO,5. S22 ompm SO,Ph |
I A Ligand 2 i\( PhO,S & 2,0MPM
Solvent II3 q* A f
OAc Temperature ~
4 3
Figure 2- 8

Tl 2 Bt LToAl SR, /N7 U0 Al & UCHEE /R T 20 A& FWTZ5G8 03 b IR &
WZ EDBbrolc, ZHUE, TRIFA NI T2=VIRAT 4 R T VT LB L X
F 0 RIS T 2o 7220 2 lio/RT7 VT A& FZHP TEIL LT OHcT 51F 52
IV @EEETHLITDEBEZOND, BMFIZEHLTUI N 7= RA T 0 R
T aNFIIVRAT 4 PN N Y ZU AR AT 0> FU(o - RUWEARAT 4 2D
THRETLIER, N 7 2= VR A7 0 VUSNTIEH E D TOWRERPISE LT, BRI L
THERIEBELAN CIT H &3 5 SONEEIT Lie o T, E72, B &8l L7 RIS
BOWTHEBRLERIIE LT, JOSEE 7T0CU ETIIRERIZH 0 2R 7202 En3bh oz,
Entry 9 (2B L CIEBR AR 28 TICEERNEEG. V7570~ N7 7 4 —IC KD RRET
STz, MO b DITHBLICTHRBNEEIT -T2 b DT, BHTIENKL 72572 (Table 2-1),

Table 2-1
Entry  Pd (10 mol%) (4Bfiﬁg® Solvent ]bn%ﬁgT““e Yield [%]
1 Pd(PPh3)4 - AcOH 60 44 (60 : 40)
2 AcOH 70 51
3 AcOH 80 55
4 ACOI;IT(I_(IJ; °q.) 70 decomposed
5 THF 70 no reaction
6 CH;CN 70 decomposed
7 Pd(OAc), PPh; AcOH 70 58
8 PPh; AcOH 80 57
9 PPh; AcOH 90 66 (60 : 40)
10 P(2-furyl); AcOH 90 38
11 P(o-tol)s AcOH 90 40
12 Pd,(dba);-CHCl; PPh; AcOH 70 42
13 PCy; AcOH 70 no reaction

O NIZTT AT LA~—lt

BILIRIZT T AT LA~—EAME L TR L, Entry 1,9 (22T HPLC (2 & D 47§
ZiTo7L 2 A, RIF ¥ — FOWEMBENLZOHEITIFIE6: 4 ThHho7z, LrL, 320D
RFRFED EUTEKRT D OMNFTIRECTE R -T2, T T2MET o ~EEHBL, R
FRE1ORETHZ L L Lz, DDQIZX Y MPM D BifRi#EE1T > 72 BRITITAE U2 KER
N7 F U E TR L SN EFIORIE L HWTHERIIEMRMT 52 LT TE D)o
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7oo & 2 CRESEED TPAP 2 HV NMO Z B LAl L T2 2 & T b 19 ~E B LTz,
BoNEZTr P 9IFE—DOYT AT LAY —THY ., D D2 ODORFRFITH— DK
fEZEHLTCNDZENTholz,

AR EROMAM L FEEZRET D T-OICNOEEEI T ZAABROE =171 K
YEBBROT UNMMIOT B bk ORI NOE NI S iz, ZOfRIX 2 \ICEEERE
DIENET ARDOGE LR TH VD | 2 M OMERERRIEIERLOSARBHR I IZIZ & A L
BrhzlhnwbZz o5 (Figure2-9),

SO,Ph PhO,S
PhO,S_ 702 OMPM
2 S 1) DDQ PhO,S Ny
N > 2 SN
2) TPAP, NMO H)
— H/ 6.9%

2 steps 36%

(]

19

Figure 2- 9

Z DAEEIZ W THEE & 52 ET D 7212 COSY, HMQC, HMBC @ NMR HIE %17
W, BToTa b, B—RUDIRE, IREBHEROORNVERLZ LI A aiRE
EALTWD Z & afEd L7z (Figure 2- 10),

PhO,S

I
—C—(—C—

\J Correlation of HMBC

L& 19 1281 5 HMBC OFHE
Figure 2- 10

PlbZE L EBLATIRAE 4 537 O Al A2 OB ERISIC LY . AV RER
BAR 3 N 66% T Dz, A RBEEONLAMEEET 1 B B OB LS TR TRE
ENDHED, w1 - TINARTVOTLEERDOY v, TUoFBIMEAT LT A DLIF
FERICHI S TWD, 7272 L, 2L OBREERENGIXIZE A EARFFENBE T
W, TRDbOLEARICOBEOHEIEBIRMEITH E D @ 2N &b 7 (Figure 2- 11),
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1 3
PhO,S SO.Ph
OMPM 2
PHOLS” \ PhO,S § OMPM
Pd* A Z
7 =
20
Figure 2- 11

2-5 EREHZHL

WIZBRALIR 3 1% LB RERA B OMRFT 21T o 72, 1 fi~D b R X VOB AT 2 (%
FhrE Lzt afiz@bd7 22 TITH 2L E LT, T2V ANKR=VERIA X
— VR~ 72T ML VBRET B HFIENRE S TR Y, MO L S TE
RIS HOEBOFTTIEI Lo L bBEETH DL EEXOND, £ TIOEME —FBHIDIZ
TH2EIC LTz, 35 AX 7 —NH SOCTEBE~I/ XV U LAEKLS®EDLZ EICLY, 7
TV AVR =V EEE 2 DL B IRET D Z LITRII LTZ, HiW T 2 M ORRE B RERL D iR
. BRLEITo T, ZOHA L DDQ X D MPM DO BLR#EDES, KEEHE IR S
ToH3. AED & FERIC LTl TPAP FRMLIZ L D 77 R 21 ~E M LT,

Bonisr b2k LCafii~b R F VOB AIZOWT, (2) - trans -2 - (7
TS VANKRZN) -3 - T2 AR YT DU U0 (Davis i®E) & W E AT o7 0,
Rt ORER, 7 b 21 DO LTz ) T — FEaAX T DU DU OIE~E F LT
EVIHIMTHTICEY a - B Raf o7 b 22 AR 78% T Z LN TE 7, (LEWITH
—DTVT AT VAw—E LTHELATEN, IS FOREFIT> TRy, X537
VIV VR ) T— bR LG ARG R B A BUARDITGE R0
oo Flo, b 212U ) — o —7)L 23 & Lz, WERIZ L =R bx T
52 L Ta -t RaFsr o~ FIECOWTHRF LR D BHERIRAME 52 2
DG BUAERDIISG b o7 (Figure 2- 12),
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1) Mg, MeOH N—=, 0
2) DDQ KHMDS, Ph0,s®  /Ph N
3 L
3) TPAP, NMO THF
3 steps 55% 78% Y/
(inverse addition) 22
21
/DA, TMSCI
= OTMS 0 TMSQ o
> MCPBA \\ - N OTMS N
hexane or \\
NaHCO; aq. / CH,Cl

V/ 3 aq ) y/ /

23 24

Figure 2- 12

HNTa-E R h 20200 FEEAEZBEIICEESEL 2 LIk, 7
P VAL 28 ~OEMERFI LTz, £, o - B Frd o7 b2 1Tk LA T
Lo =T CTAY VAR ESEI L ZA AEMIEA T TLC ETHRAICHE E > T,
T VA RS II I VAR T VI L REOBRIEE A o TR | NEEREERD
THABZRHET 2 2 << PT VA Z 0 bLUZ R I AFATYANDT Y A2 % ]
WTHERRMI D A F A ZAT 2Tz, £ DOFREFR, B—D LR 2 & 7278 51372 (Figure 2- 13),

)
O~
HQ o A om

O . 0 \ e

\\\ 1) 03, Mezs, CH2C12, -78°C Q0 0N '

- R
2) CH,N, or TMSCHN, :S };kb OMe
Y, O 0)
@)
53 — 25
26
Figure 2- 13

BONTARMICH LT HNMR JIEZITo72 8 Z AN EIEZEEbEmE LT
WBHLOD, fLFT T R FHAL TR 57, "CNMR JIEICB O TS RERIT H LT
WD HDODRITIVFET T FRMEOGHEHIEL L THATHRR> T, £2 T2
DALEWIZHOUT HMQC, HMBC JIE 24TV, G2 IE M 2 3 7o, 15 oo b & H
METH o772, HMBC IZBWTCEBSGMO 7 1 N IR RFEEZ LD Z L1XTE R
Moo, B TE7m b A=A IMEEZRET DI+ b D ThoTe, %
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DR, FFONTALEWITELLEW 25 Tid7e <HEFN

b5 26 T -7z (Figure 2- 14, Table 2-2),

O~ 12

10~
o 26

LA 26 DGR X OYHMBC DOAHES

IBfbsni=Z 7 M oWEER TS

Figure 2- 14
Table 2-2
Position Oy [ppm] OS¢ [ppm]
1 4.61(s, 1H) 83.2
2 174.8
3 298 (d, 1H,J=16.9 Hz),2.77 (d, 1H,J=16.9 Hz) 36.1
4 53.0
5 2.77 (m, 1H) 47.1
6or7 1.90-2.09 (m, 2H), 1.85-1.89 (m, 2H) 28.9,22.2
8 1.90-2.40 (m, 1H), 1.78-1.87 (m, 1H) 39.6
9 173.6
10 3.74 (s, 3H) 51.9
11 168.8
12 3.82 (s, 3H) 52.6

ZDX ARG LTI OV T, LLFD X D
AL L > THE U TA Y = RHERPE L Z X Téﬁﬁ (2. P
EORBAIN VRN LB BET Y, 2oL SK
VEEREL, S HIIHOBEIZ LY A B

IZHERIL TV 5, £7, AV
(SRHITAFIE L Tk e
REREE DR EBZ LY VR
LimthwTEFif%@ﬁKMM%

ZFDHZETRIINVRUBBNELD, TD%T I BN, EOD2ODOHNVKF

WIEINT T A X T
LEZ 5 (Figure 2-15),
fEREZ>TEY,

:OH,
HOC

N
\kéo
OH
O
Y,

Figure 2- 15

Lo TAFNZAT SN2 LK, T7 Fr26 B3 fFb07z
B IR0 B S IR ] 2 i 2 S L 72 23 O D W BE B > &t Jell
B AR A THELEEMIIE Lo T,




WIZ, e Rax IV BEIZ T B FUEEAEA LT 27 I2OWTAY UL EIT S 1205,
BHERIBEW A G AT, WMBBEAAI UL/ 3 vRBT M) UL [N/ TITEI U
FET N DARECTVT N EBMLBASETCLE) 2 BB 60 THLET D
WINL TV o 7oy, ZOHEIZ G EMRIEEM A 5 2. LU bE WIS 720> 72 (Figure
2-16), MLORBIELHEEIZB X HENRNTZOARL— N EB& LTz,
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Figure 2- 16
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2_OMPM OMPM OMPM
AD-mix OL OH

l,/

t- BuOH/HZO

82:18
29 OH 31

Figure 2- 17
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(Figure 2- 18),
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Figure 2- 18
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RV 36IIK L TUT S AX U EERHESETZE A, KBRFIOYT VA X U EER S
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L&Y 40 1345 B 7ei > 72 (Figure 2- 20),
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Figure 2- 19
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Figure 2- 20
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IRinolz, D% BATE NS ZAT > T2 S SOSIC ML L b g > 7= (Figure 2- 22)
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Figure 2- 22
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{LE%) 45 IZB1F 5 HMBC OFHE
Figure 2- 24
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7= (Figure 2- 26),
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B4R L7z (Figure 2- 27),
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Figure 2- 27

ARBEHNET DX AT L ~EERT H T LN TEIoO T RIEICHENL LT H1E
ZHWT BEREOHEELEIT - 72, Aifi & RO LY V7 853 ~EEnz, 7 b
VE3IFAVIRTHY, =) — UK 54 13T KL AR BT Z DEERETARFIRFEDNLIME
Flixkbihsd, =/ —nVEAFNVZ—T U L%, Davis ®EZEAESE5 LT e
FIVEOBAN, BYb, ATFLz—TFT I LD B BRI OMEEAZITU, Sha DG AHH
RET ~LELS Z LTI L, PATF LT aAf Ry ADEREEREERT DI ENT

61



i, BHANRY MTF—H & L7z E 25 'THNMR T2 TOE—2 2B LT 0.6 ppm

FREE . PCNMR TIZ 0.1 ppm BREDE VR D 573, ZHUTERE L — 27 OREDE
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DEEZBN, XEMEE TV —EE2 R L TWHEEx25 " (Figure 2- 28, Table 2-3),
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Figure 2- 28
Table 2-3
Sn [ppm] FEHE SCiikgE Y
d 493 (t, J=2.4 Hz, 1H) 4.86 (t, J= 2.4 Hz, 1H)
d 4.75(t, J= 2.4 Hz, 1H) 4.69 (t, J= 2.4 Hz, 1H)
b 4.06 (s, 3H) 4.00 (s, 3H)
a 3.83 (s, 3H) 3.76 (s, 3H)
c 2.57 and 2.48 2.52 and 2.42
(AB quartet, J = 16.9 Hz, 2H) (AB quartet, J = 17.6 Hz, 2H)
e 2.52-2.45 (m, 2H, e) 2.44-2.40 (m, 2H, e)
2.19-2.16 (m, 1H, f) 2.12-2.09 (m, 1H, f)
f 1.99-1.84 (m, 1H, f) 1.91-1.89 (m, 1H, f)
g 1.69-1.66 (m, 2H, g) 1.62-1.59 (m, 2H, g)
8¢ [ppm] 202.3, 170.0, 156.8, 134.3, 105.2, 202.2, 169.9, 156.7, 134.2, 105.1,
59.3, 58.1, 54.5, 40.9, 38.2, 33.8, 24.1 | 59.1, 57.9, 54.4, 40.8, 38.1, 33.7, 24.0
IR 2954, 1705, 1633, 1463, 1342, 1132 1703, 1630, 1460, 1431
MS HRMS(ESI-TOF) calcd for .
+ MS(E') calcd for [C12H1603] 208.11
[C12H1603+Na]” 231.0992
found 208
found 231.0991
PRSI HIE3 TRTYATFAT L F VR ANEFETE L2 ERFE ST

Do T TEDOFIEIC KLY Wi WA R T, & L U LI REE DI CHETT L7223,

i < R LA A 2 7 A KDV F— TR R > B, BN RNEECTH - 7=,
BED A F AT HE STV AR TIEE o 72 < KIS ELT
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TISAREERESEE L ZAI/T LV a—LFETAF UL ENTALEMNE LT, =
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MO DOEHIIHRE LT D (Figure 2-29)
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Figure 2- 29
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Y ETaETOT v by IR TIRRE DT IRBEDORN Y 2R 5T LI K 0HE
EREEIT) Z LN TET,
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Experimental Section
General Techniques

NMR spectra were recorded on a JEOL Model EX-270 (270 MHz for 'H, 67.8 MHz for '°C), or a
JEOL Model EP-400 (400 MHz for 'H, 100 MHz for °C) instrument in the indicated solvent. Chemical
shifts are reported in units parts per million (ppm) relative to tetramethylsilane (0 ppm for 'H) or solvent
resonance (chloroform: 7.26 ppm for 'H, chloroform-d: 77.0 ppm for "*C, methanol: 3.30 ppm for 'H,
methanol-d,: 49.3 ppm for °C, HDO: 4.70 ppm at 30 °C for 'H, the chemical shift (ppm) of HDO
depends on the temperature (°C), Figure 1) when internal standard is not indicated. Multiplicities are
reported by using the following abbreviations:

s; singlet, d; doublet, t; triplet, q; quartet, m; multiplet, br; broad, J ; coupling constants in Hertz
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y =-0.0094x + 4.9786

HDO Chemical Shift

T(°C)

Figure 1

IR spectra were recorded on a Perkin-Elmer Spectrum One FT-IR spectrophotometer. Only the

strongest and/or structurally important absorption are reported as the IR data given in cm™.

Optical rotations were measured with JASCO P-1020 Polarimeter.

All reactions were monitored by thin-layer chromatography carried out on 0.2 mm E. Merck silica
gel plates (60F-254) with UV light, visualized by p-anisaldehyde solution or 10% ethanolic
phosphomolybdic acid.

Merck silica gel was used for column chromatography.

High performance liquid chromatography (HPLC) for qualitative and quantitative analyses were
performed on a Nihon Seimitu Kagaku apparatus using a Senshu Pak Silica-3301-N column with a Japan
Analytical Industry Model R1-3H refractive detector, or a Waters® 2695 Separation Module using a
Senshu Pak Silica-3301-N column with Waters” 2996 Photodiode Array, Waters” 2414 Refractive Index

Detector.
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ESI-TOF Mass spectra were measured with AppliedBioSystems Mariner TK-3500
Biospectrometry Workstation mass spectrometers and Waters LCT Premier™ XE. HRMS(ESI-TOF) were
calibrated with angiotensin I (SIGMA), bradykinin (SIGMA), and neurotensin (SIGMA) as an internal

standard.

Gel permeation chromatography (GPC) for qualitative and quantitative analyses were performed
on Japan Analytical Industry Model LC 905 (recycling preparative HPLC), on a Japan Analytical Industry
Model RI-5 refractive index detector and on a Japan Analytical Industry Model 310 ultra violet detector

with polystylene gel column (JAIGEL-1H, 20 mm x 600 mm), using chloroform as solvent (3.5 mL/min).

Dry THF, dry hexane, dry diethyl ether, dry toluene were distilled from sodium wire contained
with a catalytic amount of benzophenone. Dry dichloromethane was distilled form P,Os. Dry pyridine,
dry DMF, and dry acetonitrile were distilled form CaH,. Dry methanol and ethanol were distilled from

magnesium contained with a catalytic amount of iodine.
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Ethyl 2-(hydroxymethyl)-2-propenoate (9). To a solution of formalin (82 mL, 1.1 mol) and ethyl
acrylate (8) (109 mL, 1.0 mol) in THF (100 mL) was added DABCO (11.3 g, 0.10 mol) and stirred at
room temperature for 36 h. The reaction mixture was diluted with diethyl ether and brine. The aqueous
layer was extracted with diethyl ether. The combined organic layers were washed with brine, dried over
MgSO,4, and concentrated in vacuo. The residue was distilled at 94 °C/4 mmHg to give ethyl
2-(hydroxymethyl)-2-propenoate (9) (34.5 g, 0.27 mol, 27%). "H NMR (270 MHz, CDCl;) § 6.26 (s, 1H,
b), 5.83 (s, 1H, b), 4.33 (brs, 2H, a), 4.25 (q, 2H, J = 7.2 Hz, ¢), 1.32 (t, 3H, J = 7.2 Hz, d); °C NMR
(67.8 MHz, CDCls) 6 166.4, 139.5, 125.6, 62.7, 60.9, 14.2; IR (neat) 3428, 2985, 1715, 1640, 1307, 1270,
1178, 1157, 1058 (cm™).

Ethyl 2-(bromomethyl)-2-propenoate (10). To a solution of ethyl 2-(hydroxymethyl)
-2-propenoate (9) (35.8 g, 275 mmol) in dichloromethane (200 mL) was added PBr; (13.1 mL, 138
mmol) at 0 °C. The reaction mixture was quenched with brine. The aqueous layer was extracted with
diethyl ether. The combined organic layers were washed with saturated aqueous NaHCO; solution and
brine, dried over MgSQ,, and concentrated in vacuo. The residue was distilled at 89 °C/20 mmHg to give
ethyl 2-(bromomethyl)-2-propenoate (10) (37.5 g, 194 mmol, 71%). '"H NMR (270 MHz, CDCL;) & 6.33
(d, 1H, J=0.6 Hz, b), 5.95 (d, 1H, J = 0.6 Hz, b), 4.28 (q, 2H, J = 6.9 Hz, ¢), 4.19 (d, 2H, J = 0.6 Hz, a),
1.33 (, 3H, J = 6.9 Hz, d); °C NMR (67.8 MHz, CDCl) & 164.8, 137.5, 128.9, 61.3, 29.3, 14.1; IR (neat)
2983, 1724, 1330, 1187 (cm™).

a C

Br O/\d

2-Methylene-4-vinyl-4-butyrolactone (11). To a suspension of zinc (activated with small
amounts of dibromoethane, chlorotrimethylsilane) (7.85 g, 120 mmol) in THF (100 mL) was added
2-(bromomethyl)-2-propenoate (10) (11.6 g, 60 mmol) at 20 °C. After being stirred at room temperature
for 1 h, acrolein (6.0 mL, 90 mmol) was added at 0 °C dropwise. The reaction mixture was poured into 1
M HCI at 0 °C. The aqueous layer was extracted with diethyl ether. The combined organic layers were
washed with saturated aqueous NaHCO; solution and brine, dried over MgSQ,, and concentrated in
vacuo. The residue was purified by chromatography on silica gel (17% ethyl acetate in hexane) to give

2-methylene-4-vinyl-4-butyrolactone (11) (4.94 g, 39.8 mmol, 66%). '"H NMR (270 MHz, CDCls) & 6.25

67



(t, 1H, J= 2.6 Hz, a), 5.83-5.95 (m, 1H, d), 5.66 (t, 1H, J = 2.6 Hz, a), 5.25-5.41 (m, 2H, ¢), 4.97 (dd, 1H,
J =623, 7.6 Hz, c), 3.11-3.22 (m, 1H, b), 2.66-2.77 (m, 1H, b); *C NMR (67.8 MHz, CDCl;) & 170.0,
135.8, 133.9, 122.3, 117.7, 77.2, 33.7; IR (neat) 1766, 1276, 1119 (cm™).

2-Methylene-5-hexene-1,4-diol (12).

Route A

To a solution of 2-methylene-4-vinyl-4-butyrolactone (11) (13.0 g, 104 mmol) in dichloromethane
(200 mL) was added DIBAL (1.0 M in toluene, 230 mL, 230 mmol) at —78 °C and allowed to warm to
room temperature. The reaction mixture was quenched with 10% aqueous potassium sodium tartrate
solution and concentrated in vacuo. The mixture was extracted with ethyl acetate. The combined organic
layers were dried over MgSQ,, and concentrated in vacuo. The residue was purified by chromatography
on silica gel (30% ethyl acetate in hexane) to give 2-methylene-5-hexene-1,4-diol (12) (9.91 g, 77.3 mmol,
74%).

Route B

To a solution of TMEDA (27 mL, 0.226 mol) and n-butyllithium (2.44 M in hexane, 102 mL,
0.249 mol) in dry diethyl ether (300 mL) was added methallyl alcohol (13) (9.6 mL, 0.113 mol) at 0 °C.
The reaction mixture was allowed to warm slowly to room temperature and stirred overnight. The
solution was cooled to —78 °C and acrolein (15.1 mL, 0.226 mol) was added dropwise. The reaction
mixture was allowed to warm to 0 °C and quenched with 3 M HCI. The aqueous layer was extracted with
ethyl acetate. The combined organic layers were dried over MgSO,, and concentrated in vacuo. The
residue was purified by chromatography on silica gel (30% ethyl acetate in hexane) or distilled at
114 °C/5.3 mmHg to give 2-methylene-5-hexene-1,4-diol (12) (4.26 g, 33.2 mmol, 29%)).

'H NMR (270 MHz, CDCl;) & 5.83-5.96 (m, 1H, ), 4.98-5.30 (m, 4H, b, f), 4.26 (m, 1H, d), 4.09
(s, 2H, a), 2.23-2.32 (m, 1H, c), 2.27-2.45 (m, 1H, c); "C NMR (67.8 MHz, CDCl;) & 145.2, 140.3, 114.8,
114.7, 71.9, 66.2, 41.8; IR (neat) 3325, 2985, 2915, 1651, 1427, 1029, 922 (cm™); HRMS(ESI-TOF)
caled for [C7H;,0,+Na]" 151.0735, found 151.0730.
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4-Hydroxy-2-methylene-5-hexenyl acetate (14). To a solution of 2-methylene-5-hexene-1,4-diol
(12) (6.98 g, 54.5 mmol) , DMAP (665 mg, 5.44 mmol), and triethylamine (15.1 mL, 108.8 mmol) in
dichloromethane (150 mL) was added acetyl chloride (3.87 mL, 54.4 mmol) dropwise at —78 °C. After
being stirred at the same temperature, the reaction mixture was quenched with 1 M HCI at 0 °C. The
aqueous layer was extracted with ethyl acetate. The combined organic layers were washed with saturated
aqueous NaHCO; solution and brine, dried over MgSQO,, and concentrated in vacuo. The residue was
purified by chromatography on silica gel (20% ethyl acetate in hexane) to give
4-hydroxy-2-methylene-5-hexenyl acetate (14) (6.66 g, 39.1 mmol, 72%). '"H NMR (270 MHz, CDCL;) &
5.82-5.95 (m, 1H, f), 5.06-5.31 (m, 4H, c, g), 4.57 (s, 2H, b), 4.28 (m, 1H, e), 2.23-2.44 (m, 2H, d); °C
NMR (67.8 MHz, CDCl;) 6 170.6, 140.2, 140.1, 115.4, 114.7, 70.8, 66.6, 41.2, 20.7; IR (neat) 3445, 3085,
2984, 2940, 1733, 1652, 1435, 1375, 1237, 1031, 921 (cm™); HRMS(ESI-TOF) calcd for [CoH,,05+Na]”
193.0841, found 193.0835.

4-(4-Methoxybenzyloxy)-2-methylene-5-hexenyl acetate (5). To a solution of 4-hydroxy-2-
methylene-5-hexenyl acetate (14) (6.66 g, 39.1 mmol) and 4-methoxybenzyl 2,2,2-trichloroacetimidate
(22.0 g, 78.2 mmol) in THF (120 mL) was added trifluoromethanesulfonic acid (10 puL, 0.117 mmol) at
0 °C. After being stirred at room temperature, the reaction mixture was quenched with 1 M HCI and
stirred at room temperature. The aqueous layer was extracted with diethyl ether. The combined organic
layers were washed with saturated aqueous NaHCO; solution and brine, dried over MgSO,, and
concentrated in vacuo. Addition of diethyl ether/hexane gave precipitation of trichloroacetamide. The
mixture was filtered and the filtrate was concentrated in vacuo. The residue was purified by
chromatography on silica gel (5% ethyl acetate in hexane) to give 4-(4-methoxybenzyloxy)-2-methylene
-5-hexenyl acetate (5) (8.78 g, 30.2 mmol, 77%). '"H NMR (400 MHz, CDCl3) & 7.22-7.29 (m, 2H, 1),
6.85-6.90 (m, 2H, j), 5.69-5.78 (m, 1H, f), 5.21-5.26 (m, 2H, g), 5.10 (s, 1H, c), 4.99 (s, 1H, c), 4.46-4.55
(m, 3H, b, h), 4.29 (d, 1H, J = 11.6, h), 3.89 (m, 1H, e), 3.80 (s, 3H, k), 2.39-2.45 (m, 1H, d), 2.25-2.30
(m, 1H, d), 2.07 (s, 3H,a); °C NMR (100 MHz, CDCl5) § 170.8, 159.2, 140.5, 138.4, 130.6, 129.4, 117.6,
114.9, 113.8, 79.0, 69.9, 67.1, 55.4, 39.8, 21.0; IR (neat) 1743, 1614, 1515, 1248, 1036, 822 (cm™);
HRMS(ESI-TOF) calcd for [C;,H,,04+Na]" 313.1416, found 313.1410.
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4-Hydroxy-2-butenyl acetate (17). To a solution of cis-2-butene-1,4-diol (16) (20.0 mL, 245
mmol), triethylamine (68.0 mL, 490 mmol), and DMAP (3.00 g, 24.5 mmol) in THF (250 mL) was added
acetic anhydride (23.0 mL, 245 mmol) at 0 °C. After being stirred at room temperature, the reaction
mixture was quenched with 1 M HCI at 0 °C. The aqueous layer was extracted with ethyl acetate. The
combined organic layers were washed with saturated aqueous NaHCO; solution and brine, dried over
MgSO,, and concentrated in vacuo. The residue was purified by chromatography on silica gel (30% ethyl
acetate in hexane) to give 4-hydroxy-2-butenyl acetate (17) (13.3 g, 102 mmol, 42%). '"H NMR (270
MHz, CDCl) 6 5.81-5.90 (m, 1H, d), 5.58-5.67 (m, 1H, c), 4.67 (d, 2H, J = 7.3 Hz, b), 4.25 (brs, 2H, e),
2.07 (s, 3H, a); °C NMR (67.8 MHz, CDCly) & 171.1, 133.3, 125.4, 60.1, 58.3, 20.9; IR (neat) 3418,
1739, 1375, 1237, 1031 (cm™).

4-Bromo-2-butenyl acetate (7).

Route A

To a solution of 4-hydroxy-2-butenyl acetate (17) (4.82 g, 37.0 mmol) and triphenylphosphine
(11.5 g, 44.0 mmol) in THF (150 mL) was added carbon tetrabromide (14.6 g, 44.0 mmol) at 0 °C. After
being stirred at the same temperature for 10 min, the reaction mixture was concentrated in vacuo. The
residue was purified by chromatography on silica gel (10% ethyl acetate in hexane) to give

4-bromo-2-butenyl acetate (7) (6.17 g, 32.0 mmol, 86%).

Route B

To a solution of 4-hydroxy-2-butenyl acetate (17) (21.8 g, 168mmol) in dichloromethane (150
mL) was added PBr; (8.0 mL, 83.8 mmol) at 0 °C. The reaction mixture was quenched with water. The
aqueous layer was extracted with hexane. The combined organic layers were washed with saturated
aqueous NaHCO; solution and brine, dried over MgSQO,, and concentrated in vacuo. The residue was
distilled at 78 °C/6.0 mmHg to give ethyl 2-(bromomethyl)-2-propenoate (7) (27.3 g, 141 mmol, 84%).

'H NMR (270 MHz, CDCl5) & 5.89-5.99 (m, 1H, d), 5.65-5.74 (m, 1H, c), 4.69 (dd, 2H, J = 6.6,
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1.3 Hz, b), 4.02 (d, 2H, J= 8.2 Hz, ¢), 2.08 (s, 3H, a); °C NMR (67.8 MHz, CDCL;) & 170.6, 129.7, 128.1,
59.1, 25.6,20.8; IR (neat) 1744, 1231, 1028, 969 (cm™).

5-(4-Methoxybenzyloxy)-3-methylene-1,1-di(phenylsulfonyl)-6-heptene (18). To a suspension
of sodium hydride (25 mg, 0.57 mmol, 55% washed with dry hexane) in THF (1 mL) was added
bis(phenylsulfonyl)methane (6) (142 mg, 0.54 mmol) in THF (2 mL) at 0 °C. When gas evolution was
complete, a solution of 4-(4-methoxybenzyloxy)-2-methylene-5-hexenyl acetate (5) (79.1 mg, 0.27
mmol) , palladium acetate (6.1 mg, 0.027 mmol), and triphenylphosphine (71 mg, 0.27 mmol) in THF (4
mL) was added at room temperature and stirred at reflux for 3 h. The reaction mixture was poured into 1
M HCI at 0 °C. The aqueous layer was extracted with ethyl acetate. The combined organic layers were
washed with saturated aqueous NaHCO; solution and brine, dried over MgSQ,, and concentrated in
vacuo. The residue was purified by chromatography on silica gel (20% ethyl acetate in hexane) to give
5-(4-methoxybenzyloxy)-3-methylene-1,1-di(phenylsulfonyl)-6-heptene (18) (119 mg, 0.225 mmol, 83%).
'H NMR (400 MHz, CDCl;) § 7.85-7.89 (m, 4H, p), 7.64-7.68 (m, 2H, r), 7.48-7.53 (m, 4H, q), 7.23-7.26
(m, 2H, k), 6.87-6.89 (m, 2H, 1), 5.62-5.71 (m, 1H, b), 5.17-5.24 (dd, 2H, J = 17.4, 8.7 Hz, a), 4.82-4.89
(m, 3H, f, h), 4.50 (d, 1H, J=11.6 Hz, 1), 4.27 (d, 1H, J = 11.6 Hz, i), 3.80-3.84 (m, 4H, c, n), 2.87-2.99
(m, 2H, g), 2.17-2.30 (m, 2H, d); "C NMR (100 MHz, CDCl;) § 159.2 (m), 140.2 (), 138.13 (b), 138.07
(0), 138.01 (0°), 134.6 (1), 130.5 (j), 129.8 (k), 129.6 (p), 129.1 (q), 117.8 (a), 116.8 (£), 113.9 (1), 81.8 (h),
79.2 (c), 69.9 (1), 55.4 (n), 41.2 (d), 32.2 (g); IR (neat) 3070, 2913, 1646, 1613, 1585, 1514, 1448, 1331,
1248, 1156, 1080, 1034, 999, 930, 823, 784, 738, 687, 609, 563 (cm™); HRMS(ESI-TOF) calcd for
[CasH3006S,+Na]* 549.1381, found 549.1376.

0,Ph 2

(E)-9-(4-Methoxybenzyloxy)-7-methylene-5,5-di(phenylsulfonyl)-2,10-undecadienyl acetate
(4).
Stepwise Procedure

To a suspension of sodium hydride (661 mg, 15.2 mmol, 55%, washed with dry hexane) in THF
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(10 mL) was added 5-(4-methoxybenzyloxy)-3-methylene-1,1-di(phenylsulfonyl)-6-heptene (18) (5.31 g,
10.1 mmol) in THF (10 mL) at room temperature. When gas evolution was complete, a solution of
(Z)-4-bromo-2-butenyl acetate (7) (3.90 g, 20.2 mmol), palladium acetate (227 mg, 1.01 mmol), and
triphenylphosphine (1.06 g, 4.04 mmol) in THF (20 mL) was added at room temperature and stirred at
reflux for 1 h. The reaction mixture was poured into 1 M HCI at 0 °C. The aqueous layer was extracted
with ethyl acetate. The combined organic layers were washed with saturated aqueous NaHCOj; solution
and brine, dried over MgSO,, and concentrated in vacuo. The residue was purified by chromatography on
silica gel (25% ethyl acetate in hexane) to give (£)-9-(4-methoxybenzyloxy)-7-methylene-5,5-
di(phenylsulfonyl)-2,10-undecadienyl acetate (4) (6.13 g, 9.60 mmol, 95%).

One-pot procedure

To a suspension of sodium hydride (1.26 g, 28.9 mmol, 55%, washed with dry hexane) in THF (10
mL) was added bis(phenylsulfonyl)methane (6) (3.89 g, 13.1 mmol) in THF (10 mL) at 0 °C. When gas
evolution was complete, a solution of 4-(4-methoxybenzyloxy)-2- methylene-5-hexenyl acetate (5) (1.91
g, 6.57 mmol) , palladium acetate (148 mg, 0.657 mmol), and triphenylphosphine (689 mg, 2.63 mmol) in
THF (20 mL) was added at room temperature and stirred at reflux for 3 h. A solution of
(Z)-4-bromo-2-butenyl acetate (7) (4.19 g, 28.9 mmol), palladium acetate (148 mg, 0.657 mmol), and
triphenylphosphine (689 mg, 2.63 mmol) in THF (20 mL) was added at room temperature and stirred at
reflux for 1 h. The reaction mixture was poured into 1 M HCI at 0 °C. The aqueous layer was extracted
with ethyl acetate. The combined organic layers were washed with saturated aqueous NaHCOj; solution
and brine, dried over MgSO,, and concentrated in vacuo. The residue was purified by chromatography on
silica gel (25% ethyl acetate in hexane) to give (£)-9-(4-methoxybenzyloxy)-7-methylene-5,5-
di(phenylsulfonyl)-2,10-undecadienyl acetate (4) (3.11 g, 4.86 mmol, 74%).

'H NMR (400 MHz, CDCl3) & 7.96-8.00 (m, 4H, p), 7.65-7.69 (m, 2H, 1), 7.49-7.54 (m, 4H, q),
7.20-7.22 (m, 2H, m), 6.86-6.88 (m, 2H, n), 5.86-5.94 (m, 1H, d), 5.65-5.73 (m, 2H, c, j), 5.17-5.21 (dd, J
=17.5, 10.2 Hz, k), 5.10 (s, 1H, g), 5.08 (s, 1H, g), 4.44-4.49 (m, 3H, b, 1), 4.21 (d, 1H, J=11.1 Hz, 1),
3.80-3.88 (m, 4H, i, 0), 3.12 (d, 2H, J = 6.3 Hz, e), 3.01 (s, 2H, f), 2.32-2.41 (m, 2H, h), 2.06 (s, 3H, a);
C NMR (100 MHz, CDCl;) & 170.8, 159.2, 138.4, 137.4, 137.3, 134.6, 131.8, 130.7, 129.4, 129.3, 128.6,
127.6, 120.7, 117.4, 113.8, 91.7, 79.6, 69.9, 64.5, 55.4, 43.9, 36.0, 33.4, 21.0; IR (neat) 1739, 1514, 1448,
1311, 1247, 1144, 1077, 725, 689, 572 (cm™); HRMS(ESI-TOF) calcd for [Cs4H3505S,+Na]” 661.1906,
found 661.1900.
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7-(4-Methoxybenzyloxy)-8-methylene-3,3-di(phenylsulfonyl)-1-vinylspiro[4.4]nonane (3). To
a solution of (£)-9-(4-methoxybenzyloxy)-7-methylene-5,5-di(phenylsulfonyl)-2,10-undecadienyl acetate
(4) (2.50 g, 3.92 mmol) in acetic acid (15 mL) was added palladium acetate (88 mg, 0.392 mmol) and
triphenylphosphine (411 mg, 1.57 mmol) at room temperature. After being stirred at 90 °C for 2 h, the
reaction mixture was concentrated in vacuo. The residue was purified by chromatography on silica gel
(7% ethyl acetate in toluene) to give 7-(4-methoxybenzyloxy)-8-methylene-3,3-di(phenylsulfonyl)-1-
vinylspiro[4.4]nonane (3) (1.50 mg, 2.60 mmol, 66%, dr = 60 : 40). The diastereomers were separated by
HPLC (20% ethyl acetate in hexane, 3.00 mL/min, RT = 19.5 min (minor isomer), 20.7 min (major
isomer)). major isomer: '"H NMR (400 MHz, CDCl;) § 8.02-8.06 (m, 4H, n), 7.69-7.72 (m, 2H, p),
7.56-7.59 (m, 4H, o), 7.19-7.22 (m, 2H, k), 6.84-6.87 (m, 2H, 1), 5.57-5.66 (m, 1H, g), 4.98-5.09 (m, 4H,
h, 1), 4.47 (d, 1H, J=11.1 Hz, j), 4.36 (d, 1H, J=11.6 Hz, j), 4.09-4.13 (m, 1H, b), 3.81 (s, 3H, m), 2.77
(d, 1H, J=16.4 Hz, d), 2.70 (d, 1H, J = 16.4 Hz, d), 2.46-2.63 (m, 5H, ¢, f, c), 2.26 (d, 1H, J=16.9 Hz,
¢”), 1.90-1.95 (m, 1H, a), 1.78-1.82 (m, 1H, a); “C NMR (100 MHz, CDCl;) § 159.0, 150.7, 137.0, 136.2,
135.3, 134.5, 134.4, 131.4, 131.3, 130.7, 129.1, 128.7, 128.6, 118.2, 113.8, 110.7, 93.0, 79.7, 69.9, 55.3,
51.9, 51.8, 453, 44.2, 385, 37.1; IR (neat) 1613, 1514, 1448, 1328, 1310, 1144, 1078 (cm™);
HRMS(ESI-TOF) calcd for [C3,H3406S,+Na]" 601.1694, found 601.1689.

PhO,S

3-Methylene-7,7-di(phenylsulfonyl)-9-vinylspiro[4.4]nona-2-one (19). To a solution of
7-(4-methoxybenzyloxy)-8-methylene-3,3-di(phenylsulfonyl)-1-vinylspiro[4.4]nonane (3) (685 mg, 1.18
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mmol) in dichloromethane (3.8 mL) and water (0.2 mL) was added DDQ (537 mg, 2.37 mmol) at 0 °C.
After being stirred at room temperature, the reaction mixture was diluted with diethyl ether and quenched
with saturated aqueous NaHSO; solution and saturated aqueous NaHCO; solution. The aqueous layer was
extracted with diethyl ether. The combined organic layers were washed with saturated aqueous NaHCO;
solution and brine, dried over MgSQO,, and concentrated in vacuo. The crude 2-hydroxy-3-methylene
-7,7-di(phenylsulfonyl)-6-vinylspiro[4.4Jnonane (399 mg, 0.869 mmol) was used in the next reaction
without further purification.

To a solution of 2-hydroxy-3-methylene-7,7-di(phenylsulfonyl)-6-vinylspiro[4.4]nonane (399 mg,
0.869 mmol) and NMO (204 mg, 1.74 mmol) in dichloromethane (5 mL) was added TPAP (15 mg,
0.0435 mmol). After being stirred room temperature, the reaction mixture was directly subjected to silica
gel chromatography (25% ethyl acetate in hexane) to give 3-methylene-7,7-di(phenylsulfonyl)-9-
vinylspiro[4.4]nona-2-one (19) (196 mg, 0.429 mmol, 2 steps 36%). 'H NMR (400 MHz, CDCl;) &
8.02-8.09 (m, 4H, n), 7.73-7.76 (m, 2H, p), 7.60-7.65 (m, 4H, o), 5.99 (s, 1H, ¢), 5.53-5.62 (m, 1H, k),
5.34 (s, 1H, ¢), 5.02-5.12 (m, 2H, 1), 2.53-2.82 (m, 7H, d, g, i, j), 2.39 (s, 2H, ¢); °C NMR (100 MHz,
CDCl;) 6 203.9 (a), 144.3 (b), 136.7 (m), 135.9 (m’), 135.0 (p), 134.9 (p’), 134.2 (k), 131.6 (n), 131.4 (),
129.0 (0), 128.9 (0’), 119.8 (1), 118.2 (c), 92.4 (h), 52.0 (j), 49.8 (e), 48.1 (£), 43.0 (g), 37.3 (d), 37.0 (i);
IR (solid) 1727, 1638, 1447, 1309, 1143, 1075, 920, 731, 689, 552, 511, 483, 466 (cm™).

PhO,S

2-(4-Methoxybenzyloxy)-3-methylene-6-vinylspiro[4.4]nonane (29). Into dry methanol (100
mL) was placed activated magnesium turnings (washed with 0.1 M HCI, water, methanol, and diethyl
ether and heated at 100°C) (1.25 g, 51.6 mmol) and stirred at 50 °C. When gas evolution was started, a
solution of 7-(4-methoxybenzyloxy)-8-methylene-3,3-di(phenylsulfonyl)-1-vinylspiro[4.4]nonane (3)
(1.20 g, 2.06 mmol) in THF (5 mL) was added at the same temperature and stirred for 3 h. The reaction
mixture was quenched with 3M HCI at 0 °C. The aqueous layer was extracted with diethyl ether. The
combined organic layers were washed with saturated aqueous NaHCO; solution and brine, dried over
MgSOy,, and concentrated in vacuo. The residue was purified by chromatography on silica gel (5% ethyl
acetate in hexane) to give 2-(4-methoxybenzyloxy)-3-methylene-6-vinylspiro[4.4]nonane (29) (489 mg,
1.63 mmol, 79%). 'H NMR (400 MHz, CDCl;) § 7.25-7.28 (m, 2H, m), 6.86-6.88 (m, 2H, 1), 5.72-5.78
(m, 1H, i), 4.95-5.12 (m, 4H, c, j), 4.44-4.48 (m, 2H, k), 4.16-4.24 (m, 1H, b), 3.79 (s, 3H, n), 1.25-2.36
(m, 11H, a, d, ¢, f, g, h); >C NMR (100 MHz, CDCL;) & 159.1, 151.3, 139.7, 139.2, 131.1, 129.3, 115.7,
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115.5, 113.8, 109.5, 109.2, 80.5, 79.7, 70.4, 70.2, 55.4, 53.3, 51.8, 51.3, 50.0, 43.3, 43.1, 40.8, 38.9, 38.2,
37.5,30.1,29.8, 21.8, 21.7; IR (neat) 3074, 2952, 1615, 1515 (cm™).

3-Methylene-6-vinylspiro[4.4]lnona-2-one (21). To a solution of 2-(4-methoxybenzyloxy)
-3-methylene-6-vinylspiro[4.4]nonane (29) (1.04g, 3.49 mmol) in dichloromethane (19 mL) and water (1
mL) was added DDQ (1.19 g, 5.24 mmol) at 0 °C. After being stirred at room temperature, the reaction
mixture was diluted with diethyl ether and quenched with saturated aqueous NaHSO; solution and
saturated aqueous NaHCOj; solution. The aqueous layer was extracted with diethyl ether. The combined
organic layers were washed with saturated aqueous NaHCOs; solution and brine, dried over MgSO,, and
concentrated in vacuo. The crude 2-hydroxy-3-methylene-6-vinylspiro[4.4]nonane (1.05 g, 5.88 mmol)
was used in the next reaction without further purification.

To a solution of 2-hydroxy-3-methylene-6-vinylspiro[4.4]nonane (1.05 g, 5.88 mmol) and NMO
(1.38 g, 11.8 mmol) in dichloromethane (20 mL) was added TPAP (207 mg, 0.588 mmol). After being
stirred room temperature, the reaction mixture was directly subjected to silica gel chromatography (5%
ethyl acetate in hexane) to give 3-methylene-6- vinylspiro[4.4]nona-2-one (21) (434 mg, 2.46 mmol, 2
steps 70%). "H NMR (400 MHz, CDCl5) & 5.97 (s, 1H, i), 5.66-5.75 (m, 1H, g), 5.26 (s, 1H, i), 5.03-5.07
(m, 2H, h), 2.60 (d, 1H, J = 16.4 Hz, b), 2.21-2.44 (m, 4H, a, b, ¢), 1.48-1.95 (m, 6H, d, e, f); °C NMR
(67.8 MHz, CDCl;) & 205.9, 145.0, 138.3, 117.0, 116.6, 52.1, 49.7, 47.7, 38.3, 36.5, 29.8, 21.4; IR (neat)
2956, 1730, 1643, 1404, 1260, 914 (cm™).

1-Hydroxy-3-methylene-6-vinylspiro[4.4]nona-2-one (22). To a solution of KHMDS (0.5 M in
toluene, 634 pL, 0.317 mmol) in THF (1 mL) was added a solution of 3-methylene-6-
vinylspiro[4.4]nona-2-one (21) (27.9 mg, 0.158 mmol) in THF (1 mL) at —78 °C and stirred for 1 h. To a
solution of (£)-trans -2-(phenylsulfonyl)-3-phenyloxaziridine (124 mg, 0.474 mmol) in THF (1 mL) was
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added the above enolate solution via cannula at —78 °C. After being stirred at the same temperature for 1h,
the reaction mixture was quenched with 1 M HCI at 0 °C. The aqueous layer was extracted with ethyl
acetate. The combined organic layers were washed with saturated aqueous NaHCO; solution and brine,
dried over MgSO,, and concentrated in vacuo. The residue was purified by chromatography on silica gel
(15% ethyl acetate in hexane) to give 1-hydroxy-3-methylene-6-vinylspiro[4.4]nona-2-one (22) (23.7 mg,
0.123 mmol, 78%). "H NMR (400 MHz, CDCl;) & 6.13 (s, 1H, 1), 5.70-5.79 (m, 1H, j), 5.37 (s, 1H, 1),
5.11-5.15 (dd, 2H, J = 15.5, 11.1 Hz, k), 4.09 (s, 1H, a), 2.59-2.66 (m, 1H, f), 2.26-2.43 (m, 2H, d),
1.91-1.96 (m, 1H, g), 1.53-1.79 (m, 4H, g, h, i), 1.11-1.16 (m, 1H, i); C NMR (100 MHz, CDCl;) &
205.2 (b), 140.6 (c), 138.1 (j), 120.1 (1), 117.5 (k), 79.0 (a), 52.2 (e), 48.4 (), 32.4 (d), 30.4 (g), 28.7 (i),
22.0 (h).

11-(4-Methoxybenzyloxy)-6-vinyl-1-oxadispiro[2.1.4.2]Jundecane (32). To a solution of
2-(4-methoxybenzyloxy)-3-methylene-6-vinylspiro[4.4Jnonane (29) (151.8 mg, 0.509 mmol) in
dichloromethane (1.5 mL) and saturated aqueous NaHCO; solution (3 mL) was added a solution of
m-chloroperbenzoic acid (105 mg, 0.610 mmol) in dichloromethane (1.5 mL) dropwise at 0 °C and stirred
for 2 h. The reaction mixture was diluted with diethyl ether. The aqueous layer was extracted with diethyl
ether. The combined organic layers were washed with saturated aqueous NaHCO; solution and brine,
dried over MgSO4, and concentrated in vacuo. The crude 11-(4-methoxybenzyloxy)-6-vinyl-1-
oxadispiro[2.1.4.2]Jundecane (32) (147 mg, 0.468mmol) was used in the next reaction without further

purification.
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3-(4-Methoxybenzyloxy)-6-vinylspiro[4.4]nona-2-one (33). To a solution of
11-(4-methoxybenzyloxy)-6-vinyl-1-oxadispiro[2.1.4.2Jundecane (32) (147 mg, 0.468mmol) in THF (1
mL) and water (3 mL) was added periodic acid dihydrate (11 mg, 0.0468 mmol) and sodium periodate

(100 mg, 0.468 mmol) at room temperature. After being stirred at the same temperature for 3 h, the
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reaction mixture was quenched with saturated aqueous NaHCO; solution. The aqueous layer was
extracted with ethyl acetate. The combined organic layers were washed with brine, dried over MgSO,,
and concentrated in vacuo. The crude 3-(4-methoxybenzyloxy)-6-vinylspiro[4.4]nona-2-one (33)

(159.1mg, 0.530 mmol) was used in the next reaction without further purification.

O~
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3-Hydroxy-6-vinylspiro[4.4]nona-2-one (34). To a solution of 3-(4-methoxybenzyloxy)
-6-vinylspiro[4.4]nona-2-one (33) (159.1mg, 0.530 mmol) in dichloromethane (2.85 mL) and water (0.15
mL) was added DDQ (180 mg, 0.794 mmol) at 0 °C. After being stirred at room temperature, the reaction
mixture was diluted with diethyl ether and quenched with saturated aqueous NaHSO; solution and
saturated aqueous NaHCOj; solution. The aqueous layer was extracted with diethyl ether. The combined
organic layers were washed with saturated aqueous NaHCOs; solution and brine, dried over MgSO,, and
concentrated in vacuo. The residue was purified by chromatography on silica gel (20% ethyl acetate in
hexane) to give 3-hydroxy-6-vinylspiro[4.4]nona-2-one (34) (32.7 mg, 0.181 mmol, 3 steps 36%,
diastereomer mixture). 'H NMR (400 MHz CDCl;) & 5.61-5.72 (m, 1H, h), 5.02-5.13 (m, 2H, i),
4.19-4.29 (m, 1H, b), 1.44-2.48 (m, 11H, a, c, d, e, f, g); IR (neat) 3428, 3077, 2955, 1748, 1638, 1454,
1401, 1258, 1094, 914 (cm™).

2-Hydroxy-6-vinylspiro[4.4]non-1-en-3-one  (36). To a solution of 3-hydroxy-6-
vinylspiro[4.4]nona-2-one (34) (22.8 mg, 0.126 mmol) and triethylamine (87 pL, 0.630) in DMSO (1
mL) was added sulfur trioxide pyridine complex (60 mg, 0.379 mmol) in one portion at room temperature.
After being stirred at the same temperature for 10 min, the reaction mixture was quenched with 1 M HCI
at 0 °C. The aqueous layer was extracted with ethyl acetate. The combined organic layers were washed
with brine, dried over MgSQO,, and concentrated in vacuo. The residue was purified by chromatography
on silica gel (15% ethyl acetate in hexane) to give 2-hydroxy-6-vinylspiro[4.4]non-1-2-one (36) (21.6 mg,
0.121 mmol, 96%, diastercomer mixture). 'H NMR (400 MHz, CDCL;) & 6.44 and 6.31 (s, 1H, a),
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5.54-5.67 (m, 1H, g), 4.98-5.08 (m, 2H, h), 2.33-2.51 (m, 2H, b, c), 1.55-2.02 (m, 7H, b, d, e, f); IR
(neat) 3347, 2957, 2874, 1699, 1651, 1626, 1394, 1199, 1112, 915 (cm’™).

a
\\\
N\

2-Methoxy-6-vinylspiro[4.4]non-1-en-2-one (37). 2-Hydroxy-6-vinylspiro[4.4]non-1-en-2-one
(36) (39.8 mg, 0.233 mmol) was diluted with diethyl ether and added a small amount of silica gel. The
mixture was treated with excess diazomethane in diethyl ether. The solution was concentrated in vacuo.
The residue was purified by chromatography on silica gel (15% ethyl acetate in hexane) to give
2-methoxy-6-vinylspiro[4.4]non-1-en-2-one (37) (44.2 mg, 0.233 mmol, quant., diastereomer mixture).
'H NMR (270 MHz, CDCl3) & 6.23 and 6.12 (s, 1H, a), 5.50-5.69 (m, 1H, g), 4.98-5.09 (m, 2H, h), 3.73
and 3.71 (s, 3H, i), 2.31-2.49 (m, 2H, b, ¢), 1.58-2.02 (m, 7H, b’, d, e, f); IR (neat) 2956, 2873, 1719,
1625, 1125 (cm™).

4-Hydroxy-2-methoxy-6-vinylspiro[4.4]non-1-en-2-one (46). To a solution of KHMDS (0.5 M
in toluene, 669 puL, 0.334 mmol) in THF (0.5 mL) was added a solution of 2-methoxy-6-
vinylspiro[4.4]non-1-en-2-one (37) (44.2 mg, 0.223 mmol) in THF (0.5 mL) at —78 °C and stirred 1 h. To
the reaction mixture was added a solution of (+)-trans-2-(phenylsulfonyl)-3-phenyloxaziridine (175 mg,
0.669 mmol) in THF (0.5 mL) at —78 °C and allowed to warm to room temperature slowly. The reaction
mixture was quenched with 1 M HCI at 0 °C. The aqueous layer was extracted with ethyl acetate. The
combined organic layers were washed with brine, dried over MgSOy, and concentrated in vacuo. The
residue was purified by chromatography on silica gel (20% ethyl acetate in hexane) to give
4-hydroxy-2-methoxy-6-vinylspiro[4.4]non-1-en-2-one (46) (32.4 mg, 0.156 mmol, 70%, diastereomer
mixture). major isomer: 'H NMR (270 MHz, CDCl;) 8 6.14 (s, 1H, a), 5.74-5.87 (m, 1H, g), 5.07-5.14 (m,
2H, h), 4.00 (s, 1H, b), 3.73 (s, 3H, i), 2.46-2.56 (m, 1H, c), 1.57-2.01 (m, 6H, d, e, f); °C NMR (67.8
MHz, CDClL) 6 202.3, 154.1, 136.9, 132.1, 117.1, 74.5, 56.8, 54.5, 52.4, 34.4, 30.0, 22.1; IR (neat) 3445,
2958, 1716, 1621, 1454, 1355, 1069 (cm™).
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2-Hydroxy-3-methoxy-6-vinylspiro[4.4]non-2-en-1-one (44). To a  solution of
4-hydroxy-2-methoxy-6-vinylspiro[4.4]non-1-en-2-one (46) (32.4 mg, 0.156 mmol) in THF (0.5 mL) and
methanol (0.5 mL) was added sodium methoxide (8.4 mg, 0.156 mmol). After being stirred for 1 h at
room temperature, the reaction mixture was quenched with 1 M HCI at 0 °C. The aqueous layer was
extracted with ethyl acetate. The combined organic layers were washed with brine, dried over MgSO,,
and concentrated in vacuo. The crude 2-hydroxy-3-methoxy-6-vinylspiro[4.4]non-2-en-1-one (44) was

used in the next reaction without further purification.

2,3-Dimethoxy-6-vinylspiro[4.4]non-2-en-1-one  (45). The crude 2-hydroxy-3-methoxy
-6-vinylspiro[4.4]non-2-en-1-one (44) was diluted with diethyl ether and treated with excess
diazomethane in diethyl ether. The solution was concentrated in vacuo. The residue was purified by
chromatography on silica gel (15% ethyl acetate in hexane) to give 2,3-dimethoxy-6-
vinylspiro[4.4]non-2-en-1-one (45) (major isomer 9.6 mg, minor isomer 5.7 mg, total 0.0688 mmol, 2
steps 44%). major isomer: 'H NMR (400 MHz, CDCl;) & 5.64-5.73 (m, 1H, j), 4.94-5.06 (m, 2H, k), 4.02
(s, 3H, 1), 3.77 (s, 3H, m), 2.34-2.48 (m, 3H, d, f), 1.64-2.06 (m, 6H, g, h, i); *C NMR (100 MHz, CDCl,)
5203.9 (a), 169.3 (c), 137.9 (j), 134.5 (b), 115.9 (k), 59.6 (m), 58.1 (1), 55.8 (f), 54.1 (e), 36.9 (d), 36.5 (i),
31.5 (), 23.4 (h); IR (neat) 2957, 1738, 1633, 1462, 1342, 1259, 1102, 801 (cm™).

3-(4-Methoxybenzyloxy)-6-formylspiro[4.4]nona-2-one (47). Ozone was bubbled through a
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solution of 2-(4-methoxybenzyloxy)-3-methylene-6-vinylspiro[4.4]nonane (29) (230 mg, 0.770 mmol) in
dichloromethane (2 mL) and methanol (2 mL) at —78 °C. The solution was purged of excess ozone by
bubbling nitrogen through it, and the ozonide was reduced by addition of dimethyl sulfide (225 pL, 3.08
mmol) at —78 °C. The reaction mixture was allowed to warm to room temperature slowly and diluted with
diethyl ether. The organic layer was washed with 1 M HCl and brine, dried over MgSO,, and concentrated
in vacuo. The residue was purified by chromatography on silica gel (20% ethyl acetate in hexane) to give
3-(4-methoxybenzyloxy)-6-formylspiro[4.4]nona-2-one (47) (177 mg, 0.586 mmol, 76%, diastereomer
mixture). '"H NMR (400 MHz, CDCl5) § 9.73 and 9.67 (s, 1H, h), 7.27-7.31 (m, 2H, j), 6.87-6.90 (m, 2H,
k), 4.79-4.82 (m, 1H, 1), 4.56-4.62 (m, 1H, i), 3.90-3.95 (m, 1H, b), 3.811 and 3.809 (s, 3H, 1), 2.54-2.68
(m, 1H, d), 2.42-2.49 (m, 1H, c), 1.60-2.31 (m, 9H, a, c, ¢, f, g); IR (neat) 2957, 2873, 2838, 2729, 1747,
1714, 1613, 1586, 1515, 1463, 1455, 1399, 1303, 1248, 1174, 1112, 1034, 821, 757 (cm™)

1

3-(4-Methoxybenzyloxy)-6-hydroxymethylspiro[4.4]nona-2-one (49). To a solution of
3-(4-methoxybenzyloxy)-6-formylspiro[4.4]nona-2-one (47) (1.80 g, 5.95 mmol) in THF (25 mL) was
added LiAl(O#-Bu);H (0.5 M in diglyme, 13.1 mL, 6.55 mmol) at —78°C. The reaction mixture was
quenched with 10% aqueous potassium sodium tartrate solution at —78°C. The aqueous layer was
extracted with ethyl acetate. The combined organic layers were washed with brine, dried over MgSO,,
and concentrated in vacuo. The residue was purified by chromatography on silica gel (30% ethyl acetate
in hexane) to give 3-(4-methoxybenzyloxy)-6-hydroxymethylspiro[4.4]nona-2-one (49) (1.67 g, 5.50
mmol, 92%, diastereomer mixture). major isomer 'H NMR (400 MHz, CDCl;) & 7.30-7.27 (m, 2H, j),
6.88 (d, J=8.7 Hz, 2H, k), 4.78 (d, /= 11.1 Hz, 1H, i), 4.61 (d, J = 11.6 Hz, 1H, 1), 3.91 (dd, J=9.2, 8.7
Hz, 1H, b), 3.80 (s, 3H, 1), 3.68 (dd, /= 10.6, 6.8 Hz 1H, h), 3.59 (dd, /= 10.6, 6.3 Hz 1H, h), 2.43 (d, J =
17.8 Hz, 1H, c), 2.18-1.87 (m, 5H, a, ¢, d, f), 1.69-1.57 (m, 4H, e, f, g), 1.37-1.32 (m, 1H, ¢); "C NMR
(67.8 MHz, CDCl;) 6 216.2, 159.4, 129.7, 129.6, 113.8, 78.9, 72.0, 63.7, 55.3, 49.5, 44.1, 43.5, 41.5, 40.5,
27.7, 22.0; IR (neat) 3463, 2951, 1744, 1612, 1586, 1513, 1466, 1399, 1302, 1248, 1174, 1034, 822, 754,
518 (cm™); HRMS (ESI-TOF) calcd for [C1gH,404+Na]" 327.1567, found 327.1564.
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3-(4-Methoxybenzyloxy)-6-(p-tolunensulfonyloxymethyl)spiro[4.4]nona-2-one (50). To a
solution of 3-(4-methoxybenzyloxy)-6-(hydroxymethyl)spiro[4.4]nonan-2-one (49) (175 mg, 0.569
mmol), trimethylamine hydrochloride (5 mg, 0.0569 mmol), and triethylamine (0.16 mL, 1.14 mmol) in
dichloromethane (3 mL) was added p-tolunensulfonyl chloride (163 mg, 0.853 mmol) at 0 °C. After being
stitred at the same temperature for 30 min, the reaction mixture was quenched with 1 M HCI. The
aqueous layer was extracted with ethyl acetate. The combined organic layers were washed with brine,
dried over MgSO,, and concentrated in vacuo. The residue was purified by chromatography on silica gel
(15%  ethyl acetate in hexane) to give 3-(4-methoxybenzyloxy)-6-(p-tolunensulfonyl-
oxymethyl)spiro[4.4]nonan-2-one (50) (247 mg, 0.539 mmol, 95%, diastereomer mixture). major isomer:
'H NMR (400 MHz, CDCl;) & 7.76 (d, J = 7.7 Hz, 2H, m), 7.36-7.26 (m, 4H, j, n), 6.87 (d, J = 8.7 Hz,
2H, k), 4.75 (d, J=11.6 Hz, 1H, 1), 4.58 (d, J = 11.6 Hz, 1H, i), 4.01-3.80 (m, 6H, b, h, 1), 2.44 (s, 3H, o),
2.23-124 (m, 11H, a, ¢, d, ¢, f, g); °C NMR (100 MHz, CDCl;) & 215.0, 159.4, 145.0, 132.7, 130.0,
129.6, 127.9, 113.9, 78.6, 72.0, 70.7, 55.3, 46.1, 44.0, 43.3, 41.3, 39.7, 27.6, 21.8, 21.6; IR (neat) 2957,
1749, 1613, 1598, 1515, 1464, 1361, 1249, 1176, 1097, 955, 817, 667, 555 (cm™). HRMS (ESI-TOF)
caled for [Co5H3006S+Na]" 481.1655, found 481.1656.

3-(4-Methoxybenzyloxy)-6-phenylselenylmethylspiro[4.4]nona-2-one (51). To a solution of
diphenyl diselenide (27 mg, 0.0876 mmol) in THF (1 mL) and methanol (1 mL) was added sodium
borohydride (6.6 mg, 0.175 mmol) at 0 °C. The reaction mixture was allowed to warm to room

temperature and  stimed for 30 min. A solution of  3-(4-methoxybenzyloxy)-6-
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(p-toluenesulfonyloxymethyl)spiro[4.4]nonan-2-one (50) (57.4 mg, 0.125 mmol) in THF (1 mL) was
added and stirred at reflux. The reaction mixture was diluted with ethyl acetate and washed with water,
brine, dried over MgSO,, and concentrated in vacuo. The residue was purified by chromatography on
silica gel (20% ethyl acetate in hexane) to give 3-(4-methoxybenzyloxy)-6-(phenylselenylmethyl)
-spiro[4.4]nonan -2-one (51) (47 mg, 0.106 mmol, 85%, diastercomer mixture).'H NMR (270 MHz,
CDCl;) 6 8.31-8.27 (m, 1H, o), 7.54-7.26 (m, 6H, j, m, n), 6.90-6.85 (m, 2H, k), 4.86-4.57 (m, 2H, 1),
4.02-3.82 (m, 1H, b), 3.80 and 3.79 (s, 3H, 1), 3.13-3.08 (m, 0.5H, h), 2.94-2.88 (m, 0.5H, h), 2.64-2.53
(m, 1H, h), 2.45-1.45 (m, 11H, a, ¢, d, ¢, f, g); IR (neat) 2953, 1752, 1611, 1578, 1512, 1477, 1247, 1033,
819, 736, 692, 670, 551, 463 (cm™).

3-(4-Methoxybenzyloxy)-6-methylenespiro[4.4]nona-2-one (52). To a solution of
3-(4-methoxybenzyloxy)-6-(phenylselenylmethyl)spiro[4.4]nona-2-one (51) (390 mg, 0.879 mmol) in
THF (5 mL) was added hydrogen peroxide (107 pL, 1.06 mmol) at 0 °C. The reaction mixture was
allowed to warm to room temperature and stirred for 1 h. The reaction mixture was concentrated in vacuo.
The residue was purified by chromatography on silica gel (20% ethyl acetate in hexane) to give
3-(4-methoxybenzyloxy)-6-methylenespiro[4.4]nonan-2-one  (52) (190 mg, 0.663 mmol, 75%,
diastereomer mixture). '"H NMR (270 MHz, CDCl3) & 7.32-7.26 (m, 2H, 1), 6.91-6.84 (m, 2H, j),
4.99-4.77 (m, 3H, d, h), 4.66-4.55 (m, 1H, h), 4.08-3.94 (m, 1H, b), 3.80 (s, 3H, k), 2.49-2.18 (m, 4H, c,
e), 2.04-1.56 (m, 6H, a, f, g); IR (neat) 3070, 2956, 1748, 1651, 1613, 1586, 1515, 1465, 1398, 1302,
1248, 1174, 1112, 1036, 881, 821 (cm™).

3-Hydroxy-6-methylenespiro[4.4]nona-2-one. To a solution of 3-(4-methoxybenzyloxy)-
6-methylenespiro[4.4]nonan-2-one (52) (215 mg, 0.751 mmol) in dichloromethane (3.3 mL) and water
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(0.18 mL) was added DDQ (256 mg, 1.13 mmol) at 0 °C. After being stirred at room temperature, the
reaction mixture was diluted with diethyl ether and quenched with saturated aqueous NaHSO; solution
and saturated aqueous NaHCO; solution. The aqueous layer was extracted with diethyl ether. The
combined organic layers were washed with saturated aqueous NaHCO; solution and brine, dried over
MgSO,, and concentrated in vacuo. The residue was purified by chromatography on silica gel (20% ethyl
acetate in hexane) to give 3-hydroxy-6-methylenespiro[4.4]nonan-2-one (100 mg, 0.602 mmol, 80%,
diastereomer mixture). '"H NMR (400 MHz, CDCl;) & 5.00 (m, 1H, d), 4.90 (m, 1H, d), 4.26 (t, J = 10.2
Hz, 1H, b), 2.67-2.24 (m, 4H, c, ¢), 1.89-1.57 (m, 6H, a, f, g); IR (neat) 3416, 3071, 2956, 2870, 1748,
1651, 1450, 1434, 1399, 1098, 882 (cm™).
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2-Hydroxy-6-methylenespiro[4.4]non-1-en-3-one (54). To a solution of
3-hydroxy-6-vinylspiro[4.4]nona-2-one (22.8 mg, 0.126 mmol) and triethylamine (87 pL, 0.630) in
DMSO (1 mL) was added sulfur trioxide pyridine complex (60 mg, 0.379 mmol) in one portion at room
temperature. After being stirred at the same temperature for 10 min, the reaction mixture was quenched
with 1 M HCI at 0 °C. The aqueous layer was extracted with ethyl acetate. The combined organic layers
were washed with brine, dried over MgSO,, and concentrated in vacuo. The residue was purified by
chromatography on silica gel (15% ethyl acetate in hexane) to give 2-hydroxy-6-methylenespiro[4.4]non
-1-en-3-one (54) (21.6 mg, 0.121 mmol, 96%). "H NMR (400 MHz, CDCl;) § 6.30 (s, 1H, b), 5.60 (s, 1H,
OH), 4.89 (t, J= 1.9, 1H, c), 4.76 (t, J= 2.4, 1H, c), 2.58-2.35 (m, 4H, a, d), 1.89-1.69 (m, 4H, e, f); °C
NMR (100 MHz, CDCl;) 6 204.1, 157.4, 151.1, 136.1, 106.1, 49.3, 48.8, 40.7, 32.2, 23.4; IR (neat) 3344,
2955, 2871, 1702, 1655, 1625, 1401, 1256, 1201, 1108, 887 (cm '); HRMS(ESI-TOF) calcd for

[C1oH,20,+Na]" 187.0730, found 187.0725.
f
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2-Methoxy-6-methylenespiro[4.4]non-1-en-3-one (55). To a solution of 2-hydroxy-6-
methylenespiro[4.4]non-1-en-3-one (54) (23 mg, 0.139 mmol) in DMF (0.7 mL) was added potassium
carbonate (23 mg, 0.167 mmol) and methyl iodide (13 pL, 0.209 mmol) at room temperature. After being
stirred for 2 h, reaction mixture was quenched with 1 M HCI at 0 °C. The aqueous layer was extracted

with ethyl acetate. The combined organic layers were washed with brine, dried over MgSQO,, and
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concentrated in vacuo. The residue was purified by chromatography on silica gel (20% ethyl acetate in
hexane) to give 2-methoxy-6-methylenespiro[4.4Jnon-1-en-3-one (55) (24.3 mg, 0.136 mmol, 98%). 'H
NMR (400 MHz, CDCl;) 8 6.13 (s, 1H, b), 4.89 (s, 1H, ¢), 4.76 (s, 1H, c), 3.75 (s, 3H, g), 2.58-2.34 (m,
4H, a, d), 1.85-1.69 (m, 4H, e, f); *C NMR (100 MHz, CDCl;) § 202.2, 157.9, 155.7, 133.3, 105.8, 57.0,
49.7,49.0, 41.1, 32.1, 23.3; IR (neat) 3071, 2955, 1720, 1650, 1625, 1453, 1405, 1347, 1290, 1221, 1121,
986, 885 (cm '); HRMS(ESI-TOF) calcd for [C;H,40,+Na]" 201.0886, found 201.0884.
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1-Hydroxy-3-methoxy-6-methylenespiro[4.4]non-3-en-2-one (56). To a solution of KHMDS
(0.5 M in toluene, 1.56 mL, 0.779 mmol) in THF (0.5 mL) was added a solution of
3-methoxy-6-methylenespiro[4.4]non-3-en-2-one (55) (92.5 mg, 0.519 mmol) in THF (1 mL) at —78 °C
and stired 1 h. To the reaction mixture was added a solution of (+)-frans-2-(phenylsulfonyl)-
3-phenyloxaziridine (272 mg, 1.04 mmol) in THF (1 mL) at =78 °C. The mixture was gradually allowed
to warm to room temperature. The reaction mixture was quenched with 1 M HCI at 0 °C. The aqueous
layer was extracted with ethyl acetate. The combined organic layers were washed with brine, dried over
MgSO,, and concentrated in vacuo. The residue was purified by chromatography on silica gel (20% ethyl
acetate in hexane) to give l-hydroxy-3-methoxy-6-methylenespiro[4.4]non-3-en-2-one (56) (61.2 mg,
0.315 mmol, 61%)."H NMR (400 MHz, CDCl;) § 6.10 (s, 1H, b), 5.07 (1H, c), 4.83 (t, J = 2.4, 1H, c),
4.09 (s, 1H, a), 3.74 (s, 3H, g), 2.89 (brs, 1H, OH), 2.59-2.40 (m, 2H, d), 2.13-2.07 (m, 1H, e), 1.91-1.59
(m, 3H, e, f); "C NMR (100 MHz, CDCl;) § 202.3, 170.0, 156.8, 134.3, 105.2, 59.3, 58.1, 54.5, 40.9,
38.2, 33.8, 24.1; IR (neat) 3430, 2957, 1722, 1620, 1453, 1354, 1081, 1066 (cm '); HRMS(ESI-TOF)
caled for [CyH,405+Na]" 217.0835, found 217.0835.

2,3-Dimethoxy-6-methylenespiro[4.4]non-2-en-1-one (57). To a solution of
4-hydroxy-2-methoxy-6-methylenespiro[4.4]non-1-en-2-one (56) (32.4 mg, 0.156 mmol) in THF (0.5
mL) and methanol (0.5 mL) was added sodium methoxide (8.4 mg, 0.156 mmol). After being stirred for 1
h at room temperature, the reaction mixture was quenched with 1 M HCI at 0 °C. The aqueous layer was

extracted with ethyl acetate. The combined organic layers were washed with brine, dried over MgSO,,
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and concentrated in vacuo. The crude 2-hydroxy-3-methoxy-6-methylenespiro[4.4]non-2-en-1-one was
used in the next reaction without further purification.

The crude 2-hydroxy-3-methoxy-6-methylenespiro[4.4]non-2-en-1-one was diluted with diethyl
ether and treated with excess diazomethane in diethyl ether. The solution was concentrated in vacuo. The
residue was purified by chromatography on silica gel (15% ethyl acetate in hexane) to give
2,3-dimethoxy-6-methylenespiro[4.4]Jnon-2-en-1-one (57) (11.7 mg, 0.0562 mmol, 2 steps 76%). 'H
NMR (400 MHz, CDCl;) § 4.93 (t, /= 2.4 Hz, 1H, d), 4.75 (t, /= 2.4 Hz, 1H, d), 4.06 (s, 3H, b), 3.83 (s,
3H, a), 2.60-2.45 (m, 4H, c, ¢), 2.19-2.16 (m, 1H, f), 1.99-1.84 (m, 1H, f), 1.69-1.66 (m, 2H, g); °C NMR
(100 MHz, CDCl5) § 202.3, 170.0, 156.8, 134.3, 105.2, 59.3, 58.1, 54.5, 40.9, 38.2, 33.8, 24.1; IR (neat)
2954, 1705, 1633, 1463, 1342, 1132 (cm '); HRMS(ESI-TOF) calcd for [Cj,H;s05+Na]" 231.0992,
found 231.0991. [lit* 'H NMR (400 MHz, CDCl;) & 4.86 (t, J = 2.4 Hz, 1H), 4.69 (t, J = 2.4 Hz, 1H),
4.00 (s, 3H), 3.76 (s, 3H), 2.52 and 2.42 (AB quartet, J = 17.6 Hz, 2H), 2.44-2.40 (m, 2H), 2.12-2.09 (m,
1H), 1.91-1.89 (m, 1H), 1.62-1.59 (m, 2H); >C NMR (75 MHz, CDCl;) & 202.2, 169.9, 156.7, 134.2,
105.1, 59.1, 57.9, 54.4, 40.8, 38.1, 33.7, 24.0; IR (neat) 1703, 1630, 1460, 1431 (cm " '); MS(EI) calcd for
[C12H,605]" 208.11, found 208.]

* Sha, C.-K.; Ho, W.-Y. J. Chin. Chem. Soc. 1999, 46, 2709.
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3-1-1 X L®IC

HDAC FHEANTEER A ZRD & LTtk 2 2 5R ISk LTRRN RN 6 5 E HIFF ST
HIEEMTH D, TTIZT AV I FDADLAGE S, £ b7 Fi- 22y THEIFTR AHK) &
LTHEELLIELTWD DO EH 5, B FO HDAC 1% 10 FEEELL B ST D 8N HILTE
H BTV D HDAC BAFANC DWW TR, Bl & BICHRRBREZHE LWL H O
TS TV, & 2 CTEF IR T D HDAC [LEAIA B v a 22 F 2 A(1) (Figure
3-1-1) B LI LEFEERT A7 7Y =80, m0ERNEE AT 2 HDAC FHEH % B4
HZEEHWEL, 7477V —ABRERN LSRN RAELVIARATT o A DELGRE
WA TIT o 72,

D- Cys

D-Ala m.

[3 -hydroxy acid

Val-statine
OH

spiruchostatin A (1)
Figure 3-1-1

3-1-2 GpkHkRE

AENARBZF o A DEGREBEZRDLE, v -7/ - B -t RFaxi@ (LIF, A%
FUHER) A EOBRMETEATINNEEL 0D, AXFUF LKLy - TI B TH
DO, T ENFEHEOIRETIIINVAF LA AT L E L THREL TBW=
By R T 7 A MEERZT EWOMEDNH S (Figure 3-1-2),

~\

H2N
OH ———— yii)v
Figure 3-1-2
ZOZ LIFERBMEEMICE T 28R EOHBER THLRIUIEZ £ 22T D000

%kg@%@%&ifoxtw:x&%/Aiﬁ%77ym7%bf%ékw%
m%kLTT:%m%émm\iX?wm%%mé:kﬁ%i%ﬂéoTimeIX%
JACIZHEARBWRIS TH D728, 727 oAb LD T 7 2 MEIC KL D2 FDRREZHE LT
WwWeEBxoND, —HT, 77 b AR T 7 Z MK 0 b RISITEV S O OBRLATERA N
ERRX AR AETHDLID, 727 % MEORIBMETH 2 @m0 7T I VR g
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AR, O MORES THL LV FEAR DD, £lo, AELIRAZTF U ATV A
N7 4 REERICEDE 9 1 DOBREAELTWS, ZOBREZAMDOEDEETHEET I
FBETHD, TROBEHOBRILEIT T2 TY ANV T 4 REEREET 500 0L— 1 A),
AT ANVT 4 FREEIC L DBRAME L%, FHAR(LSEL00 Ob— K B) 2V
MEZDBND, WTNOHEGHERN | DOMEINDLI L THIREa L T4 A — 3 VB
Hilcns72o, 2 0HOBRILRIGICKRERFEELZ 525 B2 65 (Figure 3-1-3),

(0]
Route A \\\

— N
", macrolactonization SR OR
"(& > (O Rs
NH g
/,\;o °

disulfide bond formation

Route B disulfide bond formation

\_
N

o) S\ macrolactonization

I

//Il

Z

H

spiruchostatin A (1)

Figure 3-1-3

SR HELDOFIR L EECTH D, AEILITAXF L A AT ABICIE L RXR L
3. 7R v Rax vl FA-AVEOE#ELIIENEANRNITT LT B
L3 bA Y AFIVTRITIUIR LRV UL EORBESEZEE L TAELIRAZ T A
DA M Z2 LR LT,

T REFUHBEKRTHLN y —?&&AM%%C%%&LT%@T%&&%%%M
LON, T FKEFEESM TR ATREZR Boc M CLRE L, HEEE 7 & OO TR
L. ROMEE UG kWTﬁﬁﬁ¢T¢ﬁ¢ékw9%@fhéo;@ﬁ%_i@%i
fcﬁb\v -7 AMMEEMRIT A ENTE D EEZLNS (Figure 3-1-4)
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S e+ N R'COX' /ﬁ X\
BocH acid "X"H3N base RN
H
0 O o

Figure 3-1-4

AR FHERDOT X/ Fh% Boe HTIHRET D Z LI X0 BUALE, £ DO ORESLD
BIRG 2 VHIFIR 0D 2 &2 D, W, FA—NEORELE L TRIZVALVT ¢
FEGEZMRET 2G0T M) FAER LWL S, MY FARETE vRABIC LY
BOGRE, P ANVT ¢ B EITS 2 &8 T& % (Figure 3-1-5)

> )
YOy OO
S\ N, T

Ll bUF AR L CARLETH D720, NI FAREETHT T 7 A b
ZAEE LB AT 5 Z LT TE RV, KA\ TIZT AT A &8 - &
RaX BoOFA—NOR#ERE L TR TFAVEEZBELTNDD, ZRHDOT T T A
VN EREGRIIBAEEN CTX 722 TR 5,

ZITAAFUBEERLEB - R Ui OMERILALETHZ LT .CRIEDOAZF
VIR LTI EBYESR I THAREZ 1T, ARG Z LT 2k e Lz, v &
TALETT=0 DT R EORH#ER L U ML TR TAE/: Fmoc A2NE
NThHhHEZEZLND, T LU TARAGHRKIKICEWNWTH o EbEHELRDLION ALY F U iHE
KO IVRF VIO ILOBRIR TH D, Z OFHEIEITRD 55 5M1%, Boc £ il
MR TH DR L Fmoe B4 RET HBEOGHEIEICK L TRETH Y o, BifR#EOEIZIX
Be. BRALANCK LARLER N Y FAFA—NVIRICHBEL 52 TR SR, £z, ik
HETIEZE e FrX UV EORBORNRHY . S oIHhFRICT AT 2R LT
%O CTHfKERETT L WD Z EI1XTE A\ (Figure 3-1-6)
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\\
BocHN-
x acid
NHFmoc x strong base
x oxidation
\_/ x hydrogenation
Figure 3-1-6

ZBEL ORIRIZR LA CTH HIRGERLZ SR LA R, EFIET VAR BIR LT,
T UV R T VT AR T, 99 EE CHRERTRETH Y N Y FAESLT L7 I
xF L% 5 2 720 E W TE . Boc £, Fmoc ZEDOMRFESRIFIZIIZETH D k%i%ﬂ’b
Do FEOBERELL LT Fux v VAR H 0N EMHEMIEL TV < BOME ST 4

I NMETHHLDOTE R IV NEREOIRIE THh > T HIBINAITHES ?ék%z%ﬂé
BALKISICBW T AZ F UFEEO e R U VENRKIE LEEAICAEL 08 - 7
JHALTHY, THLZLERIDVICKWKIGETHD E, ALz LTh~vrrT7 7 bk
DEMFTITHERAET L L EZONHDOT, WO ETHRIENEWEE X -,

PIEZF DD EREREEMII N ATV EET VAR THRE LAY T U FHEK 8
(XL, Boc IETY AT A UL 9 Zifi e, i< 77 =310 & B - B Fe B 113
Fmoc /5 CHis e L7246, BALEITH LW b DO TH D, BALSISIISIGIEE AR D=0
VANT 4 REEREI LTZH T 7 N ALEIT ) ikl HIZT 7 b AbE T2 % U A
VT 4 REBEIERT D2 FEOW G 2T 5 2 &2 Uiz, JREHE 705 A% F 3K 8IKIT
AFRGeN) UFEER12 LY, B - B Rr XU 1 EEBHEALE T LT e R1I3OR
BTN R—= VNS I G252 & & Lz (Figure 3-1-7)
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Figure 3-1-7

Ganesan 5 b [F UBHLA TOREKABRE L TWAN V. AL— MILVETETHY .
ABR T BN BRI EFT 5 2 & TRICERDEMRERICE D T4 77 U — 5
WXL TCh#EHEETHDL EEZBND,

3-1-3 B - B REXVEROAK

AENAAZT U ACEHEENTND B - B Fax Uil iMoo XREMIC L EEN TN D
72, BHIOGREINHRE SN TND, WTHOARBNZE W T HEREFHEERICHT 27
b R—= VR THEBEZIT > TWD N, —AIZ Z O ROSIISARERIRPE MR & iy ST
W5 DT DR ERIT S L OERIRED 7L B — U RSB T b BIFEIFZE 2 T b
NTCW5, BEOEGHENBNT bk~ 22 IR L0 @RI 7 7 L R — VRS & 4T
V. B - B FEFUEE 1 OAKEITo TV

1 Evans HIIAR T =/ T— b Z& AW SO XL AREE R iZMEEU\ EERHE LTINS Y,
OH
{&;l\ H/ Benolate i/\(
dr =52:48
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I, REINNC K o> TH LN AR % A RBICE 5 BRICITM i Fox=F v F 4

N —DHBINLEE IR D, REMEIC L 55 PR AFINER T HIIZIE RO DN
WARFG3 0GB v F A~ — D5 BEIREETH 5, Simon & O T3 7 REIEENH
TWBN, i Z AT 12D S TRBNLETHS ), 7 hORFRTLLEZ BNDHH,
BRIC HREAEAA L TV DD+ EIHTE D2 HIEILE ML S LTV,

— T, AEHTZ AL FEEFGEONIALEN T AT LA~ — L 725 O TEiR
PENRZME L THBEN AR CHIUTH AW E G L Z LN TE D, SREIOLH 1T+
IEPNED M D IRGEN WG AT ICARI TH D, LL, ERTHEY T AT LA~

SYBEDS R EE 2R G A IS b B a5 D Z E L < 72D, & T T Seebach (T
Lo TR SNEAFMI T 14 ICEB LY, ZORFEMIHTIZ2 207 == iaf L
TAXHV Y THY, T2 VEOBBICI D BWEREEZE LTS, ZOMEE

2 Simon & (& Carreira 52 & - TRA%E SN T-ARF ML AW CTEIGE, | o F 48Rt
TAREIT> TS,

D]
NE
le
cat. O OH 070
i + ?k/\/\ > O)J\*/\/\ OO /
BnO z STt 99% Bn Z STrt
>98%ee t-B
t-Bu

cat.

Janda X7 v a 7 FUFEERICKH L TT N R—VKIGEITH T & TSRS C
RISEAT -T2, Z7aalkzmEd s nsd HikxdloTnsg Y,

% J_ o % j\(‘/\/\
Cl (? DIEA

N

5 + WST
Bn

CH,Cl,

69%
90% de

Al Hg i u/\/\
C< N Trt
THF/HZO S

quant.

Ganesan 5|3 Nagao 5|2 & - THFE SN AFMB T2 MWD Z & THOVILEERETE
AT Tn5 Y,

3} o . J IS,

—Cmo,
78 °C )
84% “ dr=90:10
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ZRIA L X SR SRS AEATIC X 2 M LR LR OREIZ B b T3, TV R—u4g
Y DOBFERIC L DT AT VA= b R TH L EMESNTVD, £z, 7==
IVIEINBRN DO B VR =)V % REEHI OB B5F > TWDH DT, AR T B IENIEFIC
BETH D T2 DMK FEDOBEZ UIE LIXRIRE & 72 2 R BB 7 O3 b il S dv, B,
BRHOAES THLZ LN REICERT 2B AEMNTH S (Figure 3-1-8),

'S

NiR
5 :H @l" \ =
- DN

14
Figure 3-1-8

FTTNR—ARIEDFREE BT VT e K13 OEKEIT->T2, 77 8 LA A5kt
LNV FAFF—Na~A TAAINSET%, MiEO DMAP 2z W T~ r Ut/ =F
JLE 2T )L & D Knoevenagel M3 1T - 72 ., Z ORUG TIEEN 20N L E R AERM N A T
LOTT IV AT N TV AERELNDN, o, B - REEFMT AT V16 & B, v - AN
TAT N DIREWE LTHRON, UG ZES LTH IO DRITIE(LL 220>
oo LAL. 7ATE RIZEBT LT B v - RS o, B - NEIFOE & B
LTEDLOWERD 720 ), TOEEAMEED DL & Lic, 2AT VEKFELY
AVTFATNAI=TLIED T Va— L ~L&T L%, Swen BLICKk VD 75 e R
13~z BoneT7 AT e 131 a. B - REAFEOATH T, BEE LTE
EA Y FEHWE Wittig OSIZ L DG RARTZD, REORIZESMNE T 5720 FEE-O
Brom ANMRE L, B A 05 EES INEECdh > 72 (Figure 3-1-9),

0

EtOJWSTrt 1) DIBAL, CH,Cl,

0 1) TrtSH, Et;N 0
7 : ——— 0 lf L~
e 0 0 JL\/A\,/\ 2) (COCl),, DMSO, ~ STrt
2) HO* 0kt EtO X st EtN, CH,CL 13
cat. DMAP 2 steps 55%

2 steps72% ? 17
0 (PP, 0
—»
L\/”\STn L\¢¢*~/”‘3Tn
18 toluene

reflux 13
38%

Figure 3-1-9
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WIS SCHRFER D T IEICHENRF MBI T OB K EIT 12 ™, BBRIEEZE XS L D (Kik
DARFMPIF 2 ANZGE, APV, TReFE TATE RO 3 2OH LR
= VEER AT CANZmWE 6 BERWTTEEBIRIEE 7 /L CRISDIEIT LI2GG . s
MMeZEOLEFMNELND, —Ji. RT =)/ 77— OFRITFONIMEENFL SN D
EEZONDDT, LIKHROARFMB 03B/ %  (Figure 3-1-10)

oM g
N\foll I\_ NYO
/ \ W O / \ v O
— —

’ﬁ\/Q\H/\/\ X
N Z STrt Z STrt

Figure 3-1-10

ZI Tl FAY—E AR UERT A2 E LT, Boc-D- N 12 2 AF LT A
TMMELTE%R, 7=~ 3xvvbh7al FEEHESEL 2Ty =i % 2 DEA
L7z 37 a—nt L, 203 k73— Boc x50 FNEBALSICE D A
XV Y M4 EBBE LT, ST EFEEITD 2 & TPV R— VRSB 7R
777 A M &G (Figure 3-1-11), LIKIZBI L THFRERD A F— A THRE L 72,

1) Mel, KHCO; jt’ﬁ\
H NHBoc 2) PhMgBr NH #-BuLi, AcCl N

= —>» P —»Ph;_/

“ “
/\ 3) t-BuOK PH 7, THF PH 7.
3 steps 82% / 96% /
12 14 21

Figure 3-1-11
TN R=NISZEBWNTET BT — MZxt L n- 7TV FULEEHSESZ T

JI— AL, FxOL&BEEYINZ DI L TEER AR Z L, IR, EIRMEIZOW
TR L, MBI Emz 0w Forss ) 7—FEeDRIGTIET AT & RERER
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TS Z O T5GE, INEIT 89% L mINETH TR, VT AT LA~—HIL 77 : 23
EHRRETHo T, OGKHEMZ | FFERE LR LG IR, U7 A7 LA~ —%R
MEHIZHFE VB Lo T-, WiIZZ oo M)A YT aRd s F X o2 iRAlE LT
ZT2EZA, WRIZM ELZbDOD, U7 AT LA~ —RR XY FULOLGE L RIRE
Toh o7 (Figure 3-1-12),

OH
n-BuLi N z STrt
i (? addltlve =)
I\/\/\ Ph 'l// P
STrt THF +
/ﬁ\/(')i/\/\
21 N z STrt

PR o CA0 =77 - Ph .

. .addltl.ve. none, 89%, 19 :20=77:23 PH 2 20
additive: TiCl(O'Pr)s3, 94%, 19 : 20 =76 : 24 /

Figure 3-1-12

LK DOARFMIFE AN TFNART o) TF— & L, TV R=V RS & B Lz
DA, SEREIRMEIRIZ L A EHBLL 2 o 72 (Figure 3-1-13),

/ﬁ\/g\/\/\
n-Bu,BOTf
i (? DIEA
N ! I\/\/\
P 7 STrt (ngcb
PH 13 -78t0 0 °C
22

23:24=55:45
N / STrt
Ph

PH 24

Figure 3-1-13

AR DAEKISLIRAL T OPGENL L AR RO ARFMB) 2 v, VFouLxz ) F—hE L
TRISEEETHE N FERM A A FILT 2T AL LT-% BB Mosher iEIZ L W iT-727,
(RYIE, (S 7D MTPA = AT L Z A L, WiHD 'HNMR D7 I ALy 7 hD7#EAS &
HELZE 2 A, IEADIEN MTPA ZELIC0 0TV AD Z LD 25 (2xF LEk 2 Mosher
WA FTEETH D Z LB h 0Tz, TORFERE SN KL TBBIREET AN L T
a2 b LFE—ThHDZ & aMR L7Z (Figure 3-1-14),
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1) NaOH

j\/O'\H/\/\ i ow/\
o
N Z STrt e 4 STrt

P 3) (R)-MTPAor M
(S)-MTPA
PhH 24 EDCI, DMAP 25

STr
+0.09 +0.04 -0.14 -0.05

AS =3 (S-MTPA ester) - 5 (R-MTPA ester)
Figure 3-1-14

WHEN 2RI TR O W S SRRFWERG Do ol O EB R 1T - 72,
KT R=/VEORE D REROARFMB T2 HWEE, x> Vv o0 TEFVKE,
TOTE RO 3 DO VA= VIR TE TANZ AW 6 BERWITTEEBEBRIREET L TR
JISEATT 5 & BONAMEFOAERI PG ON D, ZDTDIZIE 3 DD H VR =)V
ERSEAM L, BELXZEET LI ENTELREBELIRNTHZENANEEILND

(Figure 3-1-15),

\R;/ \ < B
L AR
N z STrt
P ks
\\' P 7———

AQUIEAARVA Y SE /N i

Figure 3-1-15

FITCTTFH U LERBETCEVmBERE L OBFERENEEBE LI, DEEWVENMN T2FH LT
WwWahrvva wryvrul) ReEMziz, $56&, VT AT LA~—93:7 LEHEEFHERD
B R TV K= E LCIIEFICE OVEREZ RS Z LTk Lz, UL,
IWERIL 55% & FREETH -7z, RICHEEL OEWVENEZAETHIEBE LTI VX /AR
SR THLY~V ULIIER L, 7 nEFREFHE LA 26 126423 vk~ U v AI) & v
7= Reformatsky S & Mt L7z Y, 7245, Z O54 b ILRITHRLE TRIEIL Y F 7 L0F
AR EER WA Va7 al) REBZ L0 TIE erotz, £/, I Uik
P~ U U AI)IAERERE LTLELNT, BRI L THFERICARLETH LR

XNEECH -T2,
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ZzZTvNa ey r7a Y RERMULERT, ROGKRRL, BOSRE. B2 542
i 2 it LT AERITEAFT D & o7, WTILOFREIZEWTH 7 LT B RRERICIHE
énm\m\ ED, = 7= bEBFEIRSSEL L E L, 75 L 25 YEHAWE

ey IR 93% & @R TT /L R— VAR 2155 Z LN TE Tz, FRE7RDS 5L 85 :
15 LIRTFLEA, B - Redi@l 2+nEa 272 ZORETEREITIZ L L
L7- (Figure 3-1-16, Table 3-1-1) Flo, GFONTET I R—VAERMII U BTN T T N

o~ NJT7 4 — STEEIXFIRECTH o 7208, b b LZe o 7272 O FfEnIc K 2 K il
X CE ol

OH
N z STrt
/ﬁ\/ n-BuLi Pgh Y19
addltlve /
ﬁ)\/\/\ i

STt e i o OH

N

21 (X H) P A
26 (X =Br) 2

Figure 3-1-16

Table 3-1-1
Substrate condition Tem;zcj;a]ture Yield [%] Ratio (19 : 20)
21 n-BuLi, Cp,ZrCl, -78 t0 0 55 93 .7
26 Sml, -78 57 87:13
21 (2.5eq.) n-BuLi, Cp,ZrCl, -78 to 0 95 85:15

T K= VAR 2 KERIET B U O AKIRIRIZ L 0 Ik iE+T 52 TR -8 Ry
B2 11 24572, K3 OB B SONTBE SN T AT I REE 2 VT L7200 T,

AT XV EEIZEIRTE, A ¥ ) — /)L THREFT L7210 THAIHNARETHh - 7= (Figure
3-1-17),

- NaOH Q QH

, THF, MeOH, H,0

PH 7—- 19 76% 1
[a]Pp=-4.99 (c 1.55, CH,Cl,)
lit. [0]*°p = =5.0 (c 2.0, CH,Cl,)

Figure 3-1-17
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3-1-4  AXF UFHEIKROEK

AR F UHERIIATAE S Boc - D - N 12 08B AR LT, Boc-Db - /8NU 2 12 125%
L.CDI Z{EHS L Z L THAIFXYY RE LK, v R VBT AT NS TR T A
WEEASED Z L TIRIETHESNT. B -7 F= ATV 2T ~E BB LY, i< 7 b
DRI TIIKFENATETF N U LABERAISEIGE VT AT LA~ —REYBE LN

(dr=83:17, LCIZEWIRE), ZZTKRFMA VRNV U AEZ L ZAIZTEDLARL
YVIOHRBF BT, T AT NEIKRGE LT, FfEdEE2IT) 2 & TR 2 2 F 358
K29 2535 2 LN TE7 (Figure 3-1-18),

M
N ( Etoﬁ\io)g 9 NS
= CDI

OEt

BocHN" " oH — > BooiN Y Y
O 48% ©,,©
N~ N~
ﬂ BocHN A OEt ﬂ BocHN A Y OH
TH%%SOH 34 O TH71~‘5/;I)20 52H9 o)
= recrystallization

Figure 3-1-18

3-1-5  BRALAETBRIAD AR

WEIR T T 7 A v N ERETE 2O TRILAIBMEZ BT 2 X< MEEIToT2, AXF
VB K29 T VNV ATV E LTtk ERYESE T Boc ZEOMIRGE AT VERRIE L L, >~
AT A VHER 9 LOKEEEIT T, VAT A VIIHRAIGIZBWTIEFRIC T B I LR
FTWVWZEBRMOBN TS, T8 ITEML= AT L & 2o I REE TR ENTFET 5 L it
2TV, EE, ZORSIIBWTHREL ANDIEFEZEZX 5721 TT7 B I{boFE
FRELS B oz, RV AT A UFHEKR9 LHEAHl, HOBt ZMx TR E, 5L
TEHAE= AT AN TE D XD REBIC L TR &, &ZICHEEE AN CHERBE 4 LG
RS EESA. ARPITIEE | 1O T AT LA—RBEWThHo1-, Thbbz
DEBETIXV AT A VIHBERITERZTE I L TNl Ll b, RICVATA UiFE
K 9, HOBt, 7 X ViEfEEZMA C&, T 2IEZMxTHmLI%, v - 77 2 A
IbE<T=T ICHERAIZMZ D &) FiEE Lol b ZATEIRITIT LA LBIES
Niginole, £127 7 % LOER SRR S8 7- (Figure 3-1-19),
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-

BocHN—y S
NS ad Br Boc FmocHN N
= ,K,CO; OH 1) 4M HCI/EtOAc H OH
~ OH ———— P Trt
BocHN" Y DOME 0 2) EDCI-HCI, HOBt, DIEA o

OH O 91%
29
FmocH OH 30
s \ \
Trt

9
2 steps 84%

’ base base
FmocH —> FmocHN 4— FmocHN—<( 0/

Figure 3-1-19

VAT A UFEED Fmoc 22E V= FLT 2 U EER SR L%, T T = U iBEk
10 HEA L. VT Fmoe AOBifRF#E, B - B R @k 1l L OifEEaITd 2L T45%k
RTFRIZEEM LT, EDICT VNNEENRT DT AEFETEALRY VE2EHESES
ZETREL, Baig 7 AL, MG, T U AVEOBR#EOBRICREIRNIE X T, &
FREEIS N2 Cdo o 72 Z & B SRETE 7= (Figure 3-1-20)

> H
FmocH N \ 1) Et,NH H
>l O¥sTrt

NHFmoc 9)

2) EDCI*HCI, HOBt

FmocHN" O
\ 10° 34 \

2 steps 70%

Pd(PPhs),,
1) Et;NH p morpholine
> "' Trt e "" OMsTrt
2) PyBOP, DIEA STrt MeOH STrt
Cﬁvo\”AA
35 7

2 steps 65%
Figure 3-1-20

3-1-6 A NLTRXFL ADELK

Tafg 7 ATE O TRICKIROWE LT 72, T, ~7 157 b ALORFEST
St ¥2 BT NAUES TR AT 5 DB AREE T DI S 2 L 8%,
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WG Z AT 2REN LI L D, THE, A DICE s TRERN R~ rT 7 F ik
FOSHIBER SN TWEOT O 20kl HERE4 1 mM & L, MNBA, DMAP
DOEWIZKT L, HEOBWREHM I +5 2 kfﬁf%ﬁotofékémT IR TERAE
BEART D5 ENTE, KLbFR, P& TRIC T LA EFER LTz, K
S T BB AAT S TG BITH RfiR, BBV A5/ a~ NI 7 4 —I12 kD
AT ST FRENEThH T2, NG L HWLN TV IIATE & T HAETHRAE
DREHLMBDME Y 72 < IR TH - 72", 7 2 METHW S S HATU 2 V=8548

BRACAERMIIR DN 5Tz, S OIHEDORET RO LB EZ IO Lk 25,
B Z 2 RTIRE S 5 72 DMF OIRIA LI ThH o 7223, 1ZIZH A2 WU TERALIE N
507 (Figure 3-1-21, Table 3-1-2),

0 \
R
OH conditions HN STrt”
n, slow addition OH
h STrt ||||ﬁ o TrtS
STrt NH = o
)
)
7 36
Figure 3-1-21
Table 3-1-2
Condition solvent Temperature [1C] Yield [%]
MNBA, DMAP CH,Cl, (1 mM) r.t. 89
MNBA, DMAP CH,Cl, (1 mM) r.t. 62*
2,4,6-trichlorobenzoyl chloride,
toluene(1 mM) 80 40
DMAP
HATU, HOAt, DIEA CH,Cl, (1 mM) r.t. decomposed
MNBA, DMAP 10% DMEF/CH,Cl, (2 mM) r.t. 82

* Aqueous workup

OH

(I ’N PFe N N

Ly

NO, O O NO,

MNBA HATU

Figure 3-1-22

BEDTANT 4 REEGIZA L 7 —v, Y7 un 22 ARG Ca vREEE
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ERDHZETHODIEEEN A ENIARTF U ADERREERLT D LN TE",
BFEALY VT — R ITCRE & L—E AR L7 (Figure 3-1-23) 19,

0
—
HN N—
sTrtH OH L
ned O TrtS >
b MeOH, CH,Cl,
\ o © 98%
of
36

spiruchostatin A (1)

[a]*%p = -61.1 (c 0.965, MeOH)
lit. [0]*®p = —63.6 (c 0.14, MeOH)

Figure 3-1-23

EBIT, VALT 4 RiERIERE~Z7 0T 7 N ALDIARFF 2 AN 2 T-BitbiT - 72,
T afE 37137 O3 VRN I VRS IT/ONTN, @O 72 D HEEERNEETH - 72,
~ 7T 7 N AITHEREZRE L2y, BWIREDME < DMF OIS UHETH > 7o, i
MEIGEATST2b DD~ 27 v T 7 M AITET LR o7z, 2O &5 37 IFBRIGITAH]
Ay g A—varkbltoTnblEZLND (Figure 3-1-24),

ln,

D
HN
N

0 E\ ]
STrt '

HO oﬁ\fﬁ HO
OH OH

7 37

H
)

MNBA, DMAP
A\N

DMF, CH,Cl,

spiruchostatin A (1)
Figure 3- 1-24
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3-1-7 £&D

AFITIEAENLNTRAZTF 2 A DR TOEAEMRIZOVTIERZ, B - b RaX I @ix
Seebach ©IZ K > TR SN2 AFMBFEZHNTEAFT IV R— IV ISIZ L > TER LT,
ZOBRYNVva v rmnl) RefiL, =/ 77— FOYBEZHET L L THIE, &
SRBIRMECTT IV R—= VAR 2155 Z LTI L, 0%, AXFUakEkEd C R
EUERME EZIT> TN ZETRAEL AR F > A Ok a8z Gl Lz, © O
C RIBORHEIL L U ORI L ALy 077 ULV EZRIRT 5 2 & CRIR G
T ZERLSART DI ENTE L, BRILBUSIIMEATEIC K V@SR TIT S 2 &M TE T,
BBV AN T 4 FERETERT 2 2L TAELaRZF L A DROEER L, A
N7 4 B E~ 7T 7 NALDIEF 2 AVEZ T2ma, ~ 7 v T 7 b oABiTET L
Mole, SHRDOEMHERIZEDTAT TV =B TIIT AT A VN2 EXTLEM L&
T DTETHY, BT LETANLT 4 BRI LD BRE R LB TIIR, ZDTD[EM
ETHEAG L. AFELFARRIC I r T 7 b AbEITo 7tk LETHIUINRE, 2L
T4 RSB E W FIETITA 77 ) —GICEH & 5 LW/ TE 5,
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3-Tritylthiopropanal (18). To a solution of tritylthiol (25 g, 90.4 mmol) and triethylamine (19
mL, 136 mmol) in dichloromethane (150 mL) was added acrolein (15) (9.1 mL, 136 mmol). After being
stirred at room temperature for 30 min, the reaction mixture was concentrated in vacuo. The residue was
recrystallized from hexane/diethyl ether to give 3-tritylthiopropanal (18) (25.3g, 76.0 mmol, 84%) as
white solid. '"H NMR (270 MHz, CDCl;) § 9.56 (s, 1H, a), 7.44-7.19 (m, 15H, d), 2.50-2.37 (m, 4H, b, c);
C NMR (67.8 MHz, CDCl3) § 200.2, 144.5, 129.5, 127.9, 126.7, 66.9, 42.6, 24.4; IR (solid) 3065, 2968,
2935, 2889, 2840, 2742, 1960, 1728, 1687, 1594, 1490, 1445, 1386, 1346, 1321, 1036, 1008, 935, 886,
851, 744, 699, 677, 663, 621, 521, 507, 492 (cm™).

Ethyl 5-tritylthio-2-pentenate (16). To a solution of monoethyl malonate (2.3 g, 17.4 mmol) and
DMAP (177 mg, 1.45 mmol) in DMF (70 mL) was added 3-tritylthiopropanal (18) (4.8 g, 14.5 mmol) at
room temperature. The reaction mixture was stirred at 100 °C for 2 h. The reaction mixture was poured
into 1 M HCI at 0 °C. The aqueous layer was extracted with diethyl ether. The combined organic layers
were washed with water, saturated aqueous NaHCO; solution and brine, dried over MgSO,, and
concentrated in vacuo. The residue was purified by chromatography on silica gel (5% ethyl acetate in
hexane) to give ethyl S5-tritylthio-2-pentenate (16) (5.0 g, 12.4 mmol, 86%) as a mixture with
B,y-unsaturated ester 17. This mixture was used in the next reaction without further purification.
o,B-unsaturated ester 16: "H NMR (400 MHz, CDCl;) ¢ 7.42-7.19 (m, 15H, g), 6.76 (dt, J = 15.5, 6.8 Hz,
1H, d), 5.69 (d, J=16.0 Hz, 1H, c), 4.15 (q, /= 6.8 Hz, 2H, b), 2.28 (dd, /= 8.2, 6.8 Hz, 2H, 1), 2.17 (dt,
J=1723, 6.8 Hz, 2H, ¢), 1.26 (t, J = 6.8 Hz, 3H, a); B,y-unsaturated ester 17: "H NMR (400 MHz, CDCl;) &
7.42-7.19 (m, 15H, g), 5.57 (dt, J=15.4, 6.8 Hz, 1H, e), 5.44 (dt, /= 15.5, 7.3 Hz, 1H, d), 4.10 (q, /= 7.2
Hz, 2H, b), 2.96 (d, J = 6.8 Hz, 2H, f), 2.80 (d, J= 7.2 Hz, 2H, ¢), 1.24 (t, J = 6.8 Hz, 3H, a); IR (neat)
3057, 3030, 2980, 2929, 1720, 1655, 1595, 1489, 1444, 1368, 1270, 1182, 1143, 1082, 1034, 968, 851,
743,700, 676, 622, 506 (cm™).
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5-Tritylthio-2-penten-1-o0l. To a solution of ethyl 5-tritylthio-2-pentenate (16) (560 mg, 1.39
mmol) in dichloromethane (7 mL) was added DIBAL (1.0 M in toluene, 3.1 mL, 3.06 mmol) at =78 °C

and allowed to warm to room temperature. The reaction mixture was quenched with 10% aqueous
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potassium sodium tartrate solution. The aqueous layer was extracted with ethyl acetate. The combined
organic layers were washed with 1 M HCI, saturated aqueous NaHCO; solution and brine, dried over
MgSO,, and concentrated in vacuo. The residue was purified by chromatography on silica gel (30% ethyl
acetate in hexane) to give S5-tritylthio-2-penten-1-ol (422 mg, 1.17 mmol, 84%) as a mixture with
B,y-unsaturated ester. This mixture was used in the next reaction without further purification. Allyl
alcohol: '"H NMR (400 MHz, CDCl;) § 7.42-7.18 (m, 15H, f), 5.55-5.43 (m, 2H, b, c), 4.03 (d, J= 3.9 Hz,
2H, a), 2.22 (m, 2H, ¢), 2.09 (m, 2H, d); Homoallyl alcohol: '"H NMR (400 MHz, CDCl3) & 7.42-7.18 (m,
15H, f), 5.55-5.43 (m, 2H, c, d), 3.58 (t, /= 6.3 Hz, 2H, a), 2.79 (d, ] = 4.9 Hz, 2H, e), 2.22 (m, 2H, b); IR
(neat) 3368, 3056, 3029, 2925, 1955, 1595, 1489, 1444, 1319, 1218, 1184, 1157, 1083, 1034, 1002, 969,
885, 851, 743, 700, 676, 622, 506 (cm™)
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5-Tritylthio-2-pentenal (13).

Route A

To a solution of oxalyl chloride (545 pL, 6.39 mmol) in dichloromethane (15 mL) was added
DMSO (910 pL, 12.8 mmol) dropwise at —78 °C. After being stirred at the same temperature for 30 min,
a solution of 5-tritylthio-2-penten-1-ol (1.92 g, 5.33 mmol) in dichloromethane (10 mL) was added
dropwise at —78 °C and stirred at the same temperature for an additional 30 min. triehtylamine (1.77 mL,
12.8 mmol) was added at —78 °C and allowed to warm to —30 °C. After being stirred for 3 h, the reaction
mixture was quenched with 1 M HCI at 0 °C. The aqueous layer was extracted with ethyl acetate. The
combined organic layers were washed with saturated aqueous NaHCO; solution and brine, dried over
MgSOy,, and concentrated in vacuo. The residue was purified by chromatography on silica gel (5% ethyl
acetate in hexane) and recrystallized from ethyl acetate/hexane to give 5-tritylthio-2-pentenal (13) (1.24 g,
3.45 mmol, 65%).

Route B

To a solution of 3-tritylthiopropanal (18) (5.80 g, 17.4 mmol) in toluene (50 mL) was added
triphenylphosphoranilidene acetaldehyde (5.31 g, 17.4 mmol) and stirred at reflux for 5 h. The reaction
mixture was concentrated in vacuo. Addition of ethyl acetate/hexane gave precipitation of
triphenylphosphineoxide. The mixture was filtered and filtrate was concentrated in vacuo. The residue
was purified by chromatography on silica gel (5% ethyl acetate in hexane) and recrystallized from ethyl
acetate/hexane to give S-tritylthio-2-pentenal (13) (2.38 g, 6.64 mmol, 38%).

'H NMR (400 MHz, CDCl;) § 9.43 (d, J = 7.7Hz, 1H, a), 7.43-7.20 (m, 15H, ), 6.63 (dt, J = 15.4,
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6.3 Hz, 1H, ¢), 5.98 (dd, J = 15.4, 7.7 Hz, 1H, b), 2.37-2.29 (m, 4H, d, ¢); *C NMR (67.8 MHz, CDCl;)
§193.7, 155.7, 144.6, 133.6, 129.5, 128.0, 127.7, 126.8, 67.0, 31.7, 30.0; IR (solid) 3062, 2931, 2830,
2755, 1964, 1686, 1634, 1592, 1486, 1440, 1396, 1317, 1246, 1208, 1181, 1154, 1112, 1081, 1035, 984,
959, 886, 840, 814, 763, 741, 699, 672, 628, 617, 571, 519, 507, 477, 458 (cm’™).

Ph

(R)-4-Isopropyl-5,5-diphenyl-2-oxazolidinone (14). To a solution of N-Boc-D-valine (12) (28.4
g, 131 mmol) and potassium hydrogencarbonate (26.2 g, 262 mmol) in DMF (150 mL) was added methyl
iodide (12.2 mL, 196 mmol) at room temperature. After being stirred at the same temperature, the
reaction mixture was quenched with water. The aqueous layer was extracted with ethyl acetate and hexane.
The combined organic layers were washed with water, 10 % aqueous Na,S,0; solution and brine, dried
over MgSQ,, and concentrated in vacuo. The crude N-Boc-D-valine methyl ester was used in next
reaction without further purification.
To a suspension of magnesium (8.31 g, 342 mmol) in THF (50 mL) was added bromobenzene (4
mL) at room temperature. After reaction was initiated, a solution of bromobenzen (32 mL, total 342
mmol) in THF (150 mL) was added at such a rate that gentle refluxing is maintained. After the addition
was completed, the reaction mixture was stirred at reflux for 1 h. the reaction mixture was cooled to 0 °C
and added a solution of N-Boc-D-valine methyl ester (crude 22.6 g) in THF (100 mL) at the same
temperature. After the addition was completed, the reaction mixture was allowed to warm to room
temperature and stirred for 15 h. The reaction mixture was poured into saturated aqueous ammonium
chloride solution. The aqueous layer was extracted with ethyl acetate. The combined organic layers were
washed with brine, dried over MgSO,, and concentrated in vacuo. The crude tert-butyl
(R)-[-1-(hydroxydiphenylmethyl)-2-methylpropyl]carbamate was used in next reaction without further
purification.
To a solution of tert-butyl (R)-[-1-(hydroxydiphenylmethyl)-2-methylpropyl]carbamate (crude
26.9 g) in THF (300 mL) was added potassium tert-butoxide (10.2 g, 90.9 mmol) at 0 °C in one portion. A
few minutes after a white solid was begun to precipitate. After being stirred at the same temperature for 2
h, the reaction mixture was poured into saturated aqueous ammonium chloride solution. The white solids
were collected and washed with water. Methanol was added to the solids and suspension was stirred at
reflux for 1 h. The mixture was allowed to cool to 0 °C and white solids were collected and washed with
methanol and dried in vacuo to give (R)-4-isopropyl-5,5-diphenyl-2-oxazolidinone (14) (19.6 g, 64.4
mmol, 25% in 3 steps). '"H NMR (270 MHz, CDCl;) § 7.56-7.22 (m, 10H, d), 6.60 (brs, 1H, NH), 4.36 (d,
J=3.6 Hz, 1H, ¢), 1.85 (m, 1H, b), 0.90 (d, J = 6.9 Hz, 3H, a), 0.69 (d, J = 6.6 Hz, 3H, a); "C NMR

124



(67.8 MHz, CDCl;) 8 158.7, 143.9, 139.2, 128.5, 128.2, 128.1, 127.7, 126.3, 125.7, 89.3, 65.8, 29.6, 20.8,
15.6; IR (solid) 3288, 2962, 1747, 1491, 1451, 1375, 1316, 1221, 1127, 1103, 1039, 1003, 944, 901, 849,
807, 767, 708, 640, 551, 524, 475 (cm™); [a]***p = +244.6 (c 0.510, CH,Cl,), [lit.* (enantiomer) [o]""p =
—244 (¢ 0.61, CH,Cl,)].

NH
Ph A
K a
. PH /b/
a

(R)-N-Acetyl-4-isopropyl-5,5-diphenyl-2-oxazolidinone  (21). To a suspension of
(R)-4-isopropyl-5,5-diphenyl-2-oxazolidinone (14) (5.0 g, 17.8 mmol) in THF (30 mL) was added n-BuLi
(1.6 M in hexane, 12.5 mL, 19.5 mmol) at 0 °C. After being stirred at the same temperature for 30 min,
acetyl chloride (1.5 mL, 21.4 mmol) was added and stirred for 1 h. The reaction mixture was poured into
saturated aqueous ammonium chloride solution. The aqueous layer was extracted with ethyl acetate. The
combined organic layers were washed with saturated aqueous NaHCO; solution and brine, dried over
MgSO,, and concentrated in vacuo. The residue was recrystallized ethyl acetate/hexane to give
(R)-N-acetyl-4-isopropyl-5,5-diphenyl-2-oxazolidinone (21) (5.53 g, 17.1 mmol, 96%). '"H NMR (270
MHz, CDCL;) & 7.49-7.26 (m, 10H, d), 5.37 (d, J= 3.6 Hz, c¢), 2.43 (s, 3H, ¢), 1.97 (m, 1H, ¢), 0.88 (d, J =
6.9 Hz, a), 0.76 (d, J = 6.9 Hz, a); °C NMR (67.8 MHz, CDCl;) & 170.0, 153.2, 142.3, 138.1, 128.9,
128.6, 128.4, 127.9, 125.9, 125.6, 89.3, 64.4, 29.9, 23.4, 21.7, 16.4; IR (solid) 2975, 1767, 1715, 1600,
1494, 1465, 1450, 1365, 1323, 1268, 1219, 1159, 1126, 1090, 1044, 994, 953, 928, 905, 846, 817, 772,
708, 693, 664, 645, 625, 614, 591, 561, 527, 476 (cm™); [o]**'p = +241.69 (¢ 1.165, CHCI5).

0
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(E)-(S)-3-Hydroxy-1-[(R)-4-isopropyl-5,5-diphenyl-2-oxazolidinone-3-yl]-7-tritylthiohept-
4-en-1-one (19).

Li enolate: To a solution of (R)-N-acetyl-4-isopropyl-5,5-diphenyl-2-oxazolidinone (21) (100 mg,

0.309 mmol) in THF (0.5 mL) was added n-BuLi (1.6 M in hexane, 218 uL, 0.340 mmol) at —78 °C. After

* Brenner, M.; Vecchia, L. L.; Leutert, T.; Seebach, D. Org. Synth. 2003, 80, 57.
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being stirred at the same temperature for 30 min, a solution of 5-tritylthio-2-pentenal (13) (122 mg, 0.340
mmol) in THF (1 mL) was added. After being stirred for 30 s, the reaction mixture was quenched with
saturated aqueous ammonium chloride solution at —78 °C. The aqueous layer was extracted with ethyl
acetate. The combined organic layers were washed with saturated aqueous NaHCO; solution and brine,
dried over MgSO,, and concentrated in vacuo. The residue was purified by chromatography on silica gel
(30% ethyl acetate in hexane) to give (E)-(S)-3-hydroxy-1-[(R)-4-isopropyl-5,5-diphenyl-2-
oxazolidinone-3-yl]-7-tritylthiohept-4-en-1-one (19) (181 mg, 0.266 mmol, 86%, dr = 78 : 22 determined
by '"H NMR).

Zr enolate: To a solution of (R)-N-acetyl-4-isopropyl-5,5-diphenyl-2-oxazolidinone (21) (226
mg, 0.697 mmol) in THF (1.5 mL) was added #-BuLi (1.6 M in hexane, 453 pL, 0.725 mmol) at —78 °C.
After being stirred for 30 min at the same temperature, a ziruconocene dichloride solution in THF (7 mL)
was added and stirred for another 30 min. The reaction mixture was allowed to warm to 0 °C and added a
solution of 5-tritylthio-2-pentenal (13) (100 mg, 0.279 mmol) in THF (1.5 mL) at the same temperature.
After being stirred for 1 h at the same temperature, the reaction mixture was quenched with saturated
aqueous ammonium chloride solution. The aqueous layer was extracted with ethyl acetate. The combined
organic layers were washed with saturated aqueous NaHCOs; solution and brine, dried over MgSO,, and
concentrated in vacuo. The residue was purified by chromatography on silica gel (30% ethyl acetate in
hexane) to give (E)-(S)-3-hydroxy-1-[(R)-4-isopropyl-5,5-diphenyl-2-oxazolidinone-3-yl]-7-
tritylthiohept-4-en-1-one (19) (177.6 mg, 0.260 mmol, 93% dr = 85 : 15 determined by 'H NMR).

'H NMR (400 MHz, CDCl3) & 7.45-7.15 (m, 25H, d, k), 5.49 (dt, J = 15.0, 6.8 Hz, 1H, h), 5.37
(m, 2H, c, g), 447 (m, 1H, f), 3.15 (dd, J = 16.9, 2.9 Hz, 1H, e), 2.82 (dd, J = 16.9, 8.2 Hz, 1H, ¢), 2.17
(dd, J= 7.7, 7.3 Hz, 2H, j), 2.00 (m, 3H, b, 1), 0.87 (d, J = 6.8 Hz, 3H, a), 0.74 (d, J = 6.8 Hz, 3H,a); °C
NMR (100 MHz, CDCls) & 171.6, 152.8, 144.8, 142.0, 137.9, 131.7, 129.9, 129.5, 128.8, 128.6, 128.3,
128.1, 127.9, 127.7, 126.4, 125.7, 125.4, 89.4, 68.4, 66.4, 64.4, 42.2, 31.3, 29.8, 21.7, 16.2; IR (neat)
3509, 3060, 3030, 2965, 2927, 2853, 1785, 1699, 1596, 1493, 1466, 1449, 1367, 1319, 1211, 1176, 1094,
1035, 1002, 986, 845, 701, 667, 617, 506 (cm™); [a]**p, = +85.4 (¢ 0.805, CHCl5).
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(E)-(S)-3-Hydroxy-7-tritylthio-4-heptenoic acid (11). To a solution of (E)-(S)-3-hydroxy-1-
[(R)-4-isopropyl-5,5-diphenyl-2-oxazolidinone-3-yl]-7-tritylthiohept-4-en-1-one  (19) (590 mg, 0.866
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mmol) in THF (1.5 mL) and methanol (1.5 mL) was added 1 M aqueous sodium hydroxide solution (1.73
mL, 1.73 mmol) at 0 °C. After being stirred for 1 h, reaction mixture was filtered and washed with 1 M
aqueous sodium hydroxide solution and methanol. The filtrate was quenched 3 M HCI at 0 °C. The
aqueous layer was extracted with ethyl acetate. The combined organic layers were washed with brine,
dried over MgSO,, and concentrated in vacuo. The residue was recrystallized from ethyl acetate/hexane to
give (E)-(S)-3-hydroxy-7-tritylthio-4-heptenoic acid (11) (275.8 mg, 0.659 mmol, 76%). '"H NMR (400
MHz, CDCls) & 7.41-7.19 (m, 15H, g), 5.59 (ddd, J=15.5, 6.8, 6.3 Hz, 1H, d), 5.42 (dd, /= 15.5, 6.3 Hz,
1H, c), 4.45 (m, 1H, b), 2.55 (m, 2H, a), 2.21 (m, 2H, f), 2.09 (m, 2H, ¢); "C NMR (100 MHz, CDClL;) &
176.5, 144.9, 131.6, 130.7, 129.6, 127.9, 126.6, 68.5, 66.6, 41.1, 31.4, 31.3; IR (neat) 3417, 3056, 3030,
2925, 1713, 1595, 1489, 1444, 1280, 1183, 1101, 1083, 1034, 1002, 972, 743, 700, 676, 621, 506 (cm™);
[a]***p = =4.99 (¢ 1.55, CH,CL) [lit.” [a]*p = —5.0 (¢ 2.0, CH,CL,)]; HRMS(ESI-TOF) calcd for
[C6H2603S+Na]" 441.1500, found 441.1495.

Ethyl (R)-4-tert-butoxycarbonylamino-3-keto-5-methylhexanoate (27). To a solution of
N-Boc-D-valine (12) (7.68 g, 35.3 mmol) in THF (100 mL) was added CDI (6.90 g, 42.4 mmol). After
being stirred at room temperature for 1 h, magnesium ethyl malonate (12.1 g, 42.4 mmol) was added and
stitred for 12 h. The reaction mixture was poured into saturated aqueous ammonium chloride solution.
The aqueous layer was extracted with ethyl acetate. The combined organic layers were washed with
saturated aqueous NaHCO; solution and brine, dried over MgSOy,, and concentrated in vacuo. The residue
was purified by chromatography on silica gel (15% ethyl acetate in hexane) to give ethyl
(R)-4-tert-butoxycarbonylamino-3-keto-5-methylhexanoate (27) (4.90 g, 17.0 mmol, 48%). "H NMR (400
MHz, CDCL;) 6 5.07 (d, J = 8.7 Hz, NH), 4.34 (m, 1H, b), 4.20 (q, /= 7.3 Hz, 2H, 1), 3.54 (s, 2H, ¢), 2.24
(m, 1H, ¢), 1.45 (s, 9H, a), 1.28 (m, 3H, g), 1.03-0.82 (m, 6H, d); >C NMR (67.8 MHz, CDCl5) & 202.1,
166.6, 155.8, 79.8, 64.3, 61.4, 47.0, 29.4, 28.2, 19.7, 16.6, 14.0; IR (neat) 3363, 2976, 2935, 2877, 1719,
1655, 1500, 1392, 1368, 1313, 1247, 1164, 1095, 1033, 964, 928, 871, 807, 758, 594, 488, 477, 471, 459
(em™); [a]***, =—16.8 (¢ 2.71, CHCI;).
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® Li, K.W.; Wu, J.; Xing, W.; Simon, J. A. J. Am. Chem. Soc. 1996, 118, 7237.
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Ethyl (3S,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-methylhexanoate (28). To a solution
of (R)-4-tert-butoxycarbonylamino-3-keto-5-methylhexanoate (27) (4.90 g, 17.0 mmol) in methanol (100
mL) was added potassium borohydride (3.2 g, 59.6 mmol) at =78 °C. The reaction mixture was allowed to
warm to 0 °C slowly. The reaction mixture was quenched with acetic acid at 0 °C and concentrated in
vacuo. The residue was diluted with ethyl acetate and water. The organic layer was washed with 1 M HCI,
saturated aqueous NaHCO; solution and brine, dried over MgSOy,, and concentrated in vacuo. The residue
was purified by chromatography on silica gel (20% ethyl acetate in hexane) to give ethyl
(35,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-methylhexanoate (28) (4.12 g, 14.2 mmol, 84%,
diastereomer mixture). Major isomer: 'H NMR (400 MHz, CDCl3) § 4.47 (d, J = 10.2 Hz, 1H, NH), 4.17
(q, J=7.3 Hz, 2H, g), 3.93 (m, 1H, ¢), 3.38 (s, 1H, OH), 2.75-2.46 (m, 2H, f), 2.14 (m, 1H, c), 1.44 (s,
9H, a), 1.28 (t,J = 7.3 Hz, 3H, h), 0.94 (d, J = 6.8 Hz, 3H, d), 0.88 (d, J = 6.8 Hz, 3H, d); "C NMR (67.8
MHz, CDCly) 6 173.2, 156.3, 79.4, 69.1, 60.7, 58.7, 38.4, 28.3, 27.4, 20.1, 16.1, 14.1; IR (neat) 3370,
2966, 2875, 1693, 1522, 1466, 1368, 1249, 1171, 1068, 1039, 985, 868, 784, 755, 605, 463 (cm™); [a]p =
~10.3 (c 1.12, CHCI3, 25.8 °C). C3 epimer: 'H NMR (400 MHz, CDCl;) & 4.90 (d, J = 10.2 Hz, 1H, NH),
4.26 (d, J=8.2 Hz, 1H, b), 4.17 (q, J= 7.3, 2H, g), 3.38 (s, 1H, OH), 3.15 (m, 1H, ¢), 2.58-2.42 (m, 2H,
f), 1.44 (s, 9H, a), 1.28 (t, J = 7.3 Hz, 3H, h), 0.97 (dd, J = 6.8, 6.7 Hz, 6H, d); "C NMR (67.8 MHz,
CDCl;) 6 173.5, 156.4, 79.0, 67.0, 60.8, 59.6, 39.1, 30.3, 28.3, 19.7, 19.5, 14.1; IR (neat) 3448, 2977,
1718, 1691, 1508, 1368, 1247, 1174, 1023 (cm™); [a]***p = +48.2 (¢ 0.565, CHCI;).
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(3S,4R)-4-tert-Butoxycarbonylamino-3-hydroxy-5-methylhexanoic acid (29). To a solution of
ethyl (3S,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-methylhexanoate (28) (4.12 g, 14.2 mmol) in
THF (30 mL) was added lithium hydroxide mono hydrate (896 mg, 21.3 mmol) in water (30 mL) at 0 °C.
After being stirred at room temperature, the reaction mixture was quenched with 1 M HCI at 0 °C. The
aqueous layer was extracted with ethyl acetate. The combined organic layers were washed with brine,
dried over MgSO,, and concentrated in vacuo. The residue was recrystallized from ethyl acetate/hexane to
give (3S,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-methylhexanoic acid (29) (2.8 g, 10.7 mmol,
75%). '"H NMR (270 MHz, CDCl;) & 4.52 (d, J = 9.2 Hz, 1H, NH), 3.98 (m, 1H, b), 3.54 (m, 1H, ¢),
2.64-2.46 (m, 2H, f), 2.05 (m, 1H, c), 1.45 (s, 9H, a), 0.96 (d, /= 6.9 Hz, 3H, d), 0.91 (d, /= 6.9 Hz, 3H,
d); °C NMR (100 MHz, CDCl;) § 176.4, 156.8, 80.1, 69.1, 59.0, 37.8, 28.2, 27.6, 19.9, 16.5; IR (neat)
3220, 2960, 2674, 1689, 1509, 1428, 1390, 1365, 1298, 1248, 1171, 1065, 982, 886, 773, 746, 631, 557,
476 (cm™); [a]*®p =-9.02 (c 0.530, CHCI,).
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Allyl (35,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-methylhexanoate (8). To a solution of
(35,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-methylhexanoic acid (29) (6.80 g, 26.0 mmol) in DMF
was added potassium carbonate (2.16 g, 15.6 mmol) and allyl bromide (3.3 mL, 39.0 mmol). After being
stirred at room temperature for 3 h, the reaction mixture was poured into 1 M HCI at 0 °C. The aqueous
layer was extracted with ethyl acetate. The combined organic layers were washed with saturated aqueous
NaHCO; solution and brine, dried over MgSO,, and concentrated in vacuo. The residue was purified by
chromatography on  silica gel (20% ethyl acetate in hexane) to give allyl
(3S,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-methylhexanoate (8) (7.13 g, 23.6 mmol, 91%). 'H
NMR (400 MHz, CDCl;) 6 5.87 (m, 1H, b), 5.28 (d, /= 17.9 Hz, 1H, a), 5.20 (d, J = 10.2 Hz, 1H, a),
4.57 (d, J=5.8 Hz, 2H, ¢), 4.48 (d, /= 9.7 Hz, 1H, NH), 3.91 (brs, 1H, f), 3.49 (m, 1H, e), 3.40 (brs, 1H,
OH), 2.61-2.43 (m, 2H, d), 2.10 (m, 1H, g), 1.39 (s, 9H, i), 0.89 (d, /= 6.8 Hz, 3H, h), 0.83 (d, /= 6.8 Hz,
3H, h); "C NMR (100 MHz, CDCl;) § 172.7, 156.3, 131.8, 118.4, 79.4, 69.1, 65.3, 58.8, 38.5, 28.2, 27.4,
20.0, 16.1; IR (neat) 3374, 2964, 1719, 1693, 1524, 1367, 1251, 1172, 987 (cm™); [a]**p = —6.10 (¢ 1.21,
CHCL).
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Allyl (35,4R)-4-[(S)-2-(9H-fluoren-9-ylmethoxycarbonylamino)-3-tritylthiopropionylamino]-
3-hydroxy-5-methylhexanoate (30). Allyl (35,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-
methylhexanoate (8) (50.3 mg, 0.167 mmol) was treated with HCI (4 M in ethyl acetate, 1 mL) at 0 °C.
After being stirred at room temperature for 1 h, the solution was concentrated in vacuo. The crude amine
was dissolved in DMF (1 mL) and added Fmoc-D-Cys(Trt)-OH (9) (117 mg, 0.200 mmol), HOBt (34 mg,
0.250 mmol), DIEA (116 pL, 0.668 mmol) and EDCI- HCI (48 mg, 0.250 mmol) at 0 °C. The reaction
mixture was allowed to warm to room temperature and stirred for 1 h. The reaction mixture was quenched
with saturated aqueous ammonium chloride solution. The aqueous layer was extracted with ethyl acetate.
The organic layer was washed with 1 M HCI, saturated aqueous NaHCO; solution and brine, dried over
Na,S0,, and concentrated in vacuo. The residue was purified by chromatography on silica gel (25% ethyl
acetate in hexane) to give allyl (3S4R)-4-[(S)-2-(9H-fluoren-9-ylmethoxycarbonylamino)-3-
tritylthiopropionylamino]-3-hydroxy-5-methylhexanoate (30) (107.5 mg, 0.140 mmol, 84%). '"H NMR
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(400 MHz, CDCls) 8 7.74 (m, 2H, q), 7.54 (t,J = 7.7 Hz, 2H, n), 7.43-7.18 (m, 19H, k, o, p), 5.83 (m, 2H,
b, NH), 5.27 (d, J = 17.4 Hz, 1H, a), 5.19 (d, J = 10.2 Hz, 1H, a), 4.94 (m, 1H, NH), 4.54 (brs, 2H, c),
4.40 (m, 2H, 1), 4.17 (m, 1H, m), 3.88 (m, 1H, ¢), 3.78 (m, 1H, f), 3.70 (m, 1H, i), 3.27 (brs, 1H, OH),
2.65(d, J= 6.8 Hz, 2H, j), 2.54 (d, /= 16.4 Hz, 1H, d), 2.40 (dd, J = 16.4, 9.2 Hz, 1H, d), 2.08 (m, 1H, g),
0.81 (m, 6H, h); *C NMR (67.8 MHz, CDCL3) & 172.4, 170.7, 155.8, 144.1, 143.4, 143.3, 141.0, 131.6,
129.2, 127.8, 127.5, 126.8, 126.6, 124.7, 119.7, 118.1, 68.4, 67.0, 66.8, 65.1, 57.3, 53.9, 46.7, 38.3, 33.2,
27.1, 19.9, 16.0; IR (neat) 3315, 3061, 3010, 2961, 2928, 1718, 1664, 1595, 1528, 1464, 1448, 1370,
1318, 1260, 1179, 1116, 1033, 988, 935, 856, 803, 740, 702, 676, 665, 621, 505, 477, 470, 464, 454
(em™); [a]***p =+1.67 (¢ 0.555, CHCI;).

Allyl (3S,4R)-4-{(5)-2-[(R)-2-(9H-fluoren-9-ylmethoxycarbonylamino)propionylamino]-3-
tritylthiopropionylamino}-3-hydroxy-5-methylhexanoate (34). To a solution of allyl (3S,4R)-4-[(S)-
2-(9H-fluoren-9-ylmethoxycarbonylamino)-3-tritylthiopropionylamino]-3-hydroxy-5-methylhexanoate
(30) (107.5 mg, 0.140 mmol) in dichloromethane (7 mL) was added diethylamine (7 mL). After being
stirred at room temperature for 3 h, the solvent was removed. The crude amine was diluted with
chloroform and toluene and concentrated in vacuo. To a solution of crude amine in DMF (1 mL) was
added Fmoc-D-Ala-OH (10) (52 mg, 0.168 mmol), HOBt (28 mg, 0.210 mmol), EDCI- HCI (40 mg,
0.210 mmol) and stirred at room temperature for 1 h. The reaction mixture was quenched with saturated
aqueous ammonium chloride solution. The aqueous layer was extracted with chloroform. The organic
layer was washed with 1 M HCI, saturated aqueous NaHCOj; solution and brine, dried over Na,SO,, and
concentrated in vacuo. The residue was purified by chromatography on silica gel (30% ethyl acetate in
hexane) to give allyl (3S,4R)-4-{(S)-2-[(R)-2-(9H-fluoren-9-ylmethoxycarbonylamino)-propionylamino]-
3-tritylthiopropionylamino}-3-hydroxy-5-methylhexanoate (34) (82.1 mg, 0.0977 mmol, 70%). '"H NMR
(400 MHz, CDCl;) 6 7.76 (d, J=7.7 Hz, 2H, s), 7.51 (m, 2H, p), 7.42-7.12 (m, 19H, k, q, 1), 6.20 (m, 2H,
NH), 5.87 (m, 1H, b), 5.30 (d, J=18.3 Hz, 1H, a), 5.20 (d, J = 10.6 Hz, 1H, a), 5.08 (d, J = 5.3 Hz, 1H,
NH), 4.57 (d, J = 4.3 Hz, 2H, c), 4.37 (m, 2H, n), 4.15-3.99 (m, 4H, e, i, 1, 0), 3.84 (m, 1H, f), 2.94 (m,
1H, j), 2.60-2.39 (m, 3H, j, d), 2.12 (m, 1H, g), 1.27 (m, 3H, m), 0.89 (m, 6H, h); °C NMR (67.8 MHz,
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CDCly) 8 172.7, 172.2, 170.3, 156.0, 144.2, 143.7, 143.4, 141.20, 141.17, 131.8, 129.3, 128.0, 127.7,
127.0, 126.8, 124.9, 119.9, 118.2, 68.8, 67.1, 67.0, 65.2, 57.7, 52.5, 50.7, 46.9, 38.3, 32.9, 29.4, 20.1, 18.5,
16.5; IR (solid) 3300, 3059, 2963, 1702, 1646, 1534, 1447, 1220, 1175, 1113, 1077, 932, 876, 772, 740,
699, 675, 622, 543, 506 (cm™); [a]'*%p = +1. 554 (¢ 1.915, CHCI5).

Allyl (3S,4R)-4-[(S)-2-{(R)-2-[(E)-(S)-3-hydroxy-7-tritylthio-4-heptenoylamino]
propionylamino}-3-tritylthiopropionylamino]-3-hydroxy-5-methylhexanoate (35). To a solution of
allyl (35,4R)-4-{(S)-2-[(R)-2-(9H-fluoren-9-ylmethoxycarbonylamino)-propionylamino]-3-
tritylthiopropionylamino}-3-hydroxy-5-methylhexanoate (34) (138.7 mg, 0.165 mmol) in acetonitrile
(16.5 mL) was added diethylamine (826 uL). After being stirred at room temperature for 3 h, the solvent
was removed. The crude amine was diluted with chloroform and toluene and concentrated in vacuo. To a
solution of crude amine in dichloromethane (4.1 mL) and acetonitrile (4.1 mL) was added
(E)-(S)-3-hydroxy-7-tritylthio-4-heptenoic acid (11) (76 mg, 0.182 mmol), DIEA (87 pL, 0.496 mmol),
and PyBOP (129 mg, 0.248 mmol). After being stirred at room temperature for 3 h, the reaction mixture
was quenched with saturated aqueous ammonium chloride solution. The aqueous layer was extracted with
ethyl acetate. The combined organic layers were washed with brine, dried over Na,SO,, and concentrated
in vacuo. The residue was purified by chromatography on silica gel (2% methanol in chloroform) to give
allyl (3S,4R)-4-[(S)-2{(R)-2-[(E)-(S)-3-hydroxy-7-tritylthio-4-heptenoylamino]propionylamino} -3-
tritylthiopropionylamino]-3-hydroxy-5-methylhexanoate (35) (109.4 mg, 0.107 mmol, 65%). '"H NMR
(400 MHz, CDCl) 6 7.42-7.16 (m, 30H, k, t), 7.00 (d, J = 7.3 Hz, 1H, NH), 6.16 (m, 2H, NH), 5.85 (m,
1H, b), 5.42 (m, 1H, q), 5.34-5.18 (m, 3H, a, p), 4.56 (d, J = 4.4 Hz, 2H, c), 4.35-4.25 (m, 2H, |, o),
4.13-4.00 (m, 2H, e, 1), 3.80 (m, 1H, f), 2.71 (dd, J = 12.6, 7.3 Hz, 1H, j), 2.58 (d, J = 14.5 Hz, 1H, d),
2.48-2.40 (m, 2H, d, j), 2.30 (dd, /= 13.0, 2.4 Hz, 1H, n), 2.22-2.12 (m, 3H, n, s), 2.09-2.04 (m, 3H, g, 1),
1.33 (d, J = 7.3 Hz, 3H, m), 0.87 (d, J = 10.6 Hz, 6H, h); °C NMR (67.8 MHz, CDCl;) § 172.7, 172.2,
171.8, 170.6, 144.8, 144.2, 132.4, 131.9, 130.2, 129.5, 129.4, 128.1, 127.9, 126.9, 126.6, 118.3, 69.7, 68.7,
66.9, 66.6, 65.3, 58.0, 52.7, 49.9, 43.8, 38.1, 33.0, 31.3, 31.2, 27.7, 20.1, 17.5, 16.9; IR (solid) 3275, 3084,
3061, 3029, 2972, 2956, 2930, 1733, 1689, 1679, 1654, 1619, 1531, 1489, 1444, 1392, 1369, 1345, 1319,
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1295, 1220, 1183, 1167, 1119, 1076, 1034, 1001, 988, 931, 886, 865, 772, 700, 675, 622, 505, 487, 456
(em™); [0]***p = +18.8 (¢ 0.41, MeOH).

(3S,4R)-4-[(S)-2-{(R)-2-[(E)-(S)-3-Hydroxy-7-tritylthio-4-heptenoylamino] propionylamino}-3
-tritylthiopropionylamino]-3-hydroxy-5-methylhexanoic acid (7). To a solution of allyl
(3S,4R)-4-[(S)-2{(R)-2-[(E)-(S)-3-hydroxy-7-tritylthio-4-heptenoylamino]propionylamino} -3-
tritylthiopropionylamino]-3-hydroxy-5-methylhexanoate (35) (34 mg, 0.0333 mmol) in methanol (1 mL)
was added morpholine (6 pL, 0.0666 mmol) and tetrakistriphenylphosphinepalladium (3.8 mg, 0.00333
mmol). After being stirred at room temperature for 1 h, the reaction mixture was concentrated in vacuo.
The residue was purified by chromatography on silica gel (5% methanol in chloroform) to give
(3S,4R)-4-[(S)-2{(R)-2-[(E)-(S)-3-hydroxy-7-tritylthio-4-heptenoylamino]propionylamino} -3-
tritylthiopropionylamino]-3-hydroxy-5-methylhexanoic acid (7) (28.2 mg, 0.0288 mmol, 87%). '"H NMR
(400 MHz, CDCl;) & 7.42-7.16 (m, 30H, h, q), 6.48 (m, 2H, NH), 5.37 (m, 2H, m, n), 4.33 (m, 1H, 1),
4.26 (m, 1H, 1), 4.11 (m, 1H, f), 4.05 (m, 1H, b), 3.79 (m, 1H, ¢), 2.77 (m, 1H, g), 2.56-2.05 (m, 10H, a, d,
g, k, 0, p), 1.36 (brs, 3H, j), 0.90 (m, 6H, e); °C NMR (67.8 MHz, CDCl;) § 174.5, 172.9, 172.3, 171.1,
144.8, 144.1, 132.1, 130.7, 129.6, 129.3, 128.2, 127.9, 127.3, 127.0, 126.7, 69.9, 68.8, 67.0, 66.7, 58.7,
53.3, 50.4, 43.8, 37.4, 32.8, 31.3, 29.7, 27.8, 20.1, 17.5, 17.4; IR (neat) 3280, 3058, 2926, 1711, 1638,
1535, 1490, 1440, 1183, 1034, 751, 700, 622 (cm™); [0.]***p =-21.9 (¢ 0.295, CHCl;); HRMS(ESI-TOF)
caled for [CsgHg3N30,S,+H]" 978.4186, found 978.4199.
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(28,6R,98,12R,135)-12-Isopropyl-13-hydroxy-6-methyl-2-[( E)-4-tritylthiomethyl-2-butenyl]-
9-tritylthiomethyl-1-oxa-5,8,11-triaza-cyclopentadecane-4,7,11,15-tetraone (36). To a solution of
MNBA (10 mg, 0.0281 mmol) and DMAP (7 mg, 0.0562 mmol) in dichloromethane (5 mL) was added
(3S,4R)-4-[(S)-2{(R)-2-[(E)-(S)-3-hydroxy-7-tritylthio-4-heptenoylamino]propionylamino} -3-
tritylthiopropionylamino]-3-hydroxy-5-methylhexanoic acid (7) (22.9 mg, 0.0234 mmol) in
dichloromethane (20 mL) dropwise slowly. After being stirred at room temperature for 1 h, the reaction
mixture was concentrated in vacuo. The residue was purified by chromatography on silica gel (2%
methanol in chloroform) to give (2S,6R,95,12R,135)-12-isopropyl-13-hydroxy-6-methyl-2-[(E)-4-
tritylthiomethyl-2-butenyl]-9-tritylthiomethyl-1-oxa-5,8,11-triaza-cyclopentadecane-4,7,11,15-tetraone
(36) (20.1 mg, 0.0209 mmol, 89%). 'H NMR (400 MHz, CDCl5) § 7.42-7.19 (m, 30H, p, q), 5.65-5.58 (m,
2H, k, m), 5.31 (dd, J = 15.5, 6.8 Hz, 1H, 1), 4.23 (m, 2H, f, h), 3.74 (brs, 1H, c), 3.17 (m, 1H, b),
2.61-2.40 (m, 6H, a, j, g), 2.18 (t, J= 7.3 Hz, 2H, 0), 2.04 (m, 3H, d, n), 1.34 (d, /= 7.3 Hz, 3H, 1), 0.90
(d, J = 6.8 Hz, 3H, e), 0.84 (d, J = 6.8 Hz, 3H, e); "C NMR (100 MHz, CDCl;) § 173.5, 171.6, 170.7,
170.0, 144.8, 144.4, 137.3, 136.0, 132.6, 129.8, 129.5, 128.0, 127.8, 126.9, 126.8, 126.6, 121.7, 71.1, 68.1,
66.8, 66.6, 60.2,49.7,41.3,37.3,31.7, 31.3, 31.1, 28.6, 20.3, 19.3, 19.1, 18.0; IR (neat) 3289, 3059, 3017,
2963, 2929, 1728, 1666, 1542, 1490, 1445, 1371, 1217, 1182, 1035, 1001, 752, 701, 667, 622, 506 (cm™);
[a]**% = —20.8 (¢ 0.605, CHCl;); HRMS(ESI-TOF) calcd for [CssHeiN3O6S,+H]™ 960.4080, found
960.4084
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Spiruchostatin A (1). To a solution of iodine (106 mg, 0.417 mmol) in dichloromethane (108 mL)
and methanol (12 mL) was added (2S,6R,95,12R,135)-12-isopropyl-13-hydroxy-6-methyl-2-[(E)-4-
tritylthiomethyl-2-butenyl]-9-tritylthiomethyl-1-oxa-5,8,11-triaza-cyclopentadecane-4,7,11,15-tetraone
(36) (40 mg, 0.0417 mmol) in dichloromethane (36 mL) and methanol (4 mL) at room temperature
dropwise. After being stirred at room temperature for 30 min, the reaction mixture was quenched with
10% aqueous Na,SO; solution. The solvent was removed and diluted with dichloromethane. The aqueous
layer was extracted with dichloromethane. The combined organic layers were washed with brine, dried
over Na,SO,, and concentrated in vacuo. The residue was purified by chromatography on silica gel (1%
methanol in chloroform) to give spiruchostatin A (1) (19.3 mg, 0.0389 mmol, 98%). '"H NMR (400 MHz
CDCl;) 6 7.39 (d, J=7.3 Hz, 1H, NH), 6.72 (d, J=9.2 Hz, 1H, NH), 6.39 (m, 1H, m), 5.93 (brs, 1H, NH),
5.66 (d, J=15.5 Hz, 1H, 1), 5.50 (brs, 1H, k), 4.92 (dt,J=9.2, 3.8 Hz, 1H, f), 4.57 (m, 1H, b), 4.27 (dq, J
=7.3,3.9 Hz, 1H, h), 3.37 (m, 2H, j, 0), 3.23 (m, 1H, g), 3.15 (d, J=5.9 Hz, 1H, g), 2.77-2.69 (m, 5H, a,
¢, n, 0), 2.57 (d, J=13.1 Hz, 1H, j), 2.50-2.35 (m, 2H, d, n), 1.51 (d, /= 7.3 Hz, 3H, 1), 1.03 (d, J = 6.8
Hz, 3H, e), 0.93 (d, J= 6.8 Hz, 3H, e); °C NMR (100 MHz CDCl3) § 172.1, 171.2, 171.1, 169.3, 132.7,
129.6, 71.1, 68.7, 62.5, 56.1, 52.3, 40.9 X 2, 39.7, 39.3, 32.6, 29.9, 20.5, 19.8, 16.3; IR (neat) 3328, 2964,
2933, 1730, 1661, 1543, 1432, 1370, 1274, 1162, 1043, 985, 754, 666, 565 (cm™); [a]**°p = —61.1 (c
0.965, MeOH) [lit. [a]*p = —63.6 (¢ 0.14, MeOH), lit.? [a]*’p = —61.1 (¢ 0.14, MeOH)];
HRMS(ESI-TOF) calcd for [Ca0H31N306S,+Na]" 496.1552, found 496.1547.

¢ Masuoka, Y.; Nagai, A.; Shin-ya, K.; Furihata, K.; Nagai, K.; Suzuki, K.; Hayakawa, Y.; Seto, H.
Tetrahedron Lett. 2001, 42, 41.

d Yurek-George, A.; Habens, F.; Brimmell, M.; Packham, G;; Ganesan, A. J. Am. Chem. Soc. 2004, 126,
1030.
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3-2-1 I L®IC

AN AART > ADEENIH X7 BT D HDAC ITHIEN CIIEE D 7 R0 L8
BIRETERLT 5 2 & TIRMAL L, Yetafh oI5 LIERTRIE 2R )y 2o & 203
JBEBEREETZ LR HRRTRALIY ML, ST 5 2 L3 TENIL HDAC 3@ <
BR. 3725 DNA 725 RNA ~OEG 2 Wil 9~ 2B @) < 7 037 B % 4 TR [FE
THZENTED LW ENS, EESIIALER LZBEKEDOS ALY N/ 78—
LC-MS P AT L&MW DH Z LT, Bix 2 8 o N EEA RO 24T 25 KR 2 3
BHEAERAR Y NT— T T AT DEBR3E LTo, RUAT MIER L7052 7 ED 1
DE T THEEANLTEBE, TOX 7N TOMWEEFA LEARERER, HAKER#EE
WXV T T T A MR LTI-%, BE&OIICE VT, 7 — 4 —_X—AZ L HWBE%1T
DL THR S N VEDRIEZITI EWVWI D THD, ZOE, MY 7ot af
L= o RO BERESEDMLENHS (Figure 3-2-1) 2,

2

digestion § b g 535; LC-MS Database Search
—>

—_—

é 2, 5 Identification
%8,

antibody

Purification

protein cluster

Figure 3- 2-1

CHICH L. BEDH LS E LSRR T A D AT X BN TS X P4 T4
ALTZSANT m=T ZR, DB TE S LIS LT 2 TRAEREHY BT 7 S
ANAA A n = DOREZERATH 2 ENTEE, b EOMIERET S Z R (T
BOSA 27 TRIH TE 21O MIRREOE T X P8 TE 5720 Tl Ml
I L Db WRD LN TEDLEEXOND, T TEFTAMLEZAE L aRY
FUAR L, #TGTHEEATHZETTINNT m—T %G L, HDAC EAEKDE
h BT EBRET ST

3-22 A

BINFEEN LT INNT 0 =T e QRT BIIEY T F OB BN IS 5,
Fhbb, 47N TEEATS LI Ko TEERKDR T LES>TE, 7 IAALT B—
T L LUTHRIEL R\, D70 Z 73 FIEEICEE LW LEISEA LRI TR 6 72
W, FhL FDFODENIY AL ERELLLETH D,

AENARLF Y A FASF UHEREICEEOE KRS L B2 F LTS, ZOE
BB % S LIEASTEREIC B LT B0 20 CORITR SR TOAVE, EF. 2ol
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BICH T TREALFI AN T o —T L L THBETINE I NE2HsZ2E LT

(Figure 3-2-2) ,
0] \
51,
HN N—
" o
lllu(g
@)

08-S

WS 5 75T DEA

o)
spiruchostatin A (1)

Figure 3-2-2

AEFHWSZ 75T LCEERL DX LRI Exy N T — 7 fAHICB VT bbb
WBRTF RE T EHWSD Z L& L (Figure 3-2-3) Y, Z 0T F K& JERE 2 230
BEOL DEAITEE N KRS SETHOW TS, C fiiciEa ST TH iR X
VR END, TOEOEFORE, TRbHTF RZ 7D N Kl A /v a 22T
VA EBBESEErI AN Tu—T L, C KUK E L=y I WL Ta—T 28K L, &
WRBHLNE I PETRL L L L,

H,N3—TAG—-OH

spiruchostatin A & fi 5 spiruchostatin A & 54
~7'F K& 7 . KYKDDDDK
Figure 3-2-3

2D IHNTvu—T7 13X HDAC AR LA LITIREETH T F R 71Tk 2 huikic
L DHRIMTZ 72 TR B\, ZDTHORTF RE 7 LA LarxyZT v A ORI
HOREDOREDAR—=Y—RBUREIIRDLEZDOND, AXR—F—|ZALLaRZF
AEXRTFRET LN RERG TR EZDIRSZ LR DTZDRICMEDIKR TR RIAE
%o RERSGTRILZMET ARSIV OB INTWD A, AEILT 2 MMex Hwv
LHZlElLlz, ANDAN——L LTI PEG TR /A~ — 12-T3I /) KThv
fpAX—Y— 5-T I ) REUBAR—YP—FRINL, AXN—HF—DR I WMz LD
ENHDLMNE I DEFRDLZ L L LT,

7 2 METHG SEL720I2IE, T F RZ 7 OMBITE THRE L T iudze b
e, UL, MEEREEEZRHE L TR Z LT, BRDIAFHR TIT A A 72D R0 23
BIGWTIR D EWIND, W, AENVARZTF U AT LT RVLETHD L
IHRE/GTNDIZDFZ T T EBEALTEEZEOBIESRETHIINRELZITS 2 LN TE
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HEBEZBND, T TRTTF K 7 OMIBEOREFEIT S TERMESM TR ATREZ: Boc
B, t-TFNZ AT - TTFNAT—T Ll LT,

Pl 205 L48HEKTA7IINTa—TZAE LaxZF o A OO o
FIUNEERBNPDEL, A=Y —Z N L TXTTF RETE-EASLTELOTHS, £ L
T RTFRE T LOREAMEE RIGT X /Fe Lz Type A & K VAR g & L7- Type
B DERAEIT 9, Type A TILPEG AX—H—_12-7 I/ RTHUBEAR—H— 5-7 3
)RR NEAANL— Y —F A L, PEG AX—H—D b DI L TIEIRTF R & 7 KD
TR EREBEEO S DL AF NV AT VOO 2 FEE AT 5, Type B IZ PEG A~—
P—DbDEEKT D, ZHICLY, PEG A_—V—%2FT 57 I V7 o—7 11 RE
RERLDE D 3 A AT 5 2L T Imn7n—7L LTORMELF~N. Type A ICH
LTXAW%~®E§%£UW%%% HDIEWNZ KDL H~2% (Figure 3-2-4),

Type A

Type A Type B

OS’
I

Type B

i g % [~spacer— TAG
NH 2

'

ﬁw~¢&¢\g\¢&¢\g\¢&¢\d\¢i#ﬁ

Type A Linker "!,;H\/\/\/\/\/\iN}zk
H
_féiN/\/\iN}zl,

. H H y

Type B Linker 'a{ﬁ\/\O/\/O\/\O/\/O\/\O/\/O\/\H}ﬁ

Figure 3-2-4

3-2-3 RTFRETOER

T, XTF Y TOEKREIToTZ, kT 2-Z7uea NVFALY U h—52FTHHRY A
FL oLy, B Fmoc HEIC X VT T2,

2-7mu RYUFALTy IR L, 1 FEAO U S URERELREG S ET%, IHK,
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Fmoc 2D WRGE, 7 IV BOMAEIT 5 Z & TEFE RIC_TTF & 7 RiER 4 25 LT
(Figure 3-2-5),

O Fmoc-AA-OH R
Cl . DIEA
C O > FmocH N*'r
CH,Cl, o
quant.
3

—»
FmocH N—TAG—O—O

4

SPPS
1) 20% piperidine/DMF
2) Fmoc-AA-OH (4.0 eq.), DIC (4.0 eq.), HOBt (4.0 eq.), DMF, CH,Cl,

Figure 3-2-5
NRTF R 7O C R TG SED Type B 25T 2556 N KD PR A T eM 4

TECHiARA#ETE D L DT Boc HE~EEBT HMENH D DT, R#EIEONIT NI EIT,
BN GBI g2 & CRTF R JR#ER S AR L7z (Figure 3-28),

1) 20% piperidine
2) BOCzO, Et3N
FmocHN—TAG—O—O »  BocHN-TAG—OH
3) 1% TFA 5
4 12%
Figure 3-2-6

WIZ_TF RE 7D N R~ AR —H—DE A %47 - 7=, Fmoc H:& Fifti#k, Tn<
NDAR—Y—% 24 R G352 L CEHAL, BEM»HE0 Lz, HBonii 7T
RERERITE HIZ RSV AR VR OR#EEIT 72, PEG AX—H—D L DIZEH L TiE, A
FNLNIZATAU LT DE t- TFAZ AT ALY LTS DESK LT, 2SI DB
s, TNTNAF LT AT )V EGHED VR VEEDIREEIC R D, T Do A ~-—H—|Z
ODWTIHERDBEGRA TNV AT IR EZ G LT, 50T RiE~TF NIIEMHEAR TO
71T DKERLD, GPC IZ K DRERZAITH 2 & TAN—H =8 A S N7 o T RS DR
AT T REDEEEIT o T2 (Figure 3-2-7),
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1) 20% piperidine

H
2) Fmoc-R-OH, PyBOP, DIEA EmocHN N.
FmocHN—TAG—O—O > \/\o/\/o\/\o/\/o\/\o/\/o\/\,( TAG-OR
0

) 3) 1% TFA f<
4) CH)N, or 6: R =Me
7:R=1-Bu
S H
FinocHN™N NSNS NN ac-omte
0
8
H
FmocHN\/\/\n,N\_I_AG’_OMe
g ©
Figure 3-2-7

3-2-4  AENTRAXTF U AFHEEROEK

AENARZF L AFEOEETIET I MUIC LD X V0T OEAEITH Z &N TR
W7, Type A WCBAL CTlEBEO B Fa i ot LansZgaefia L, EBEo VR
feh BT D01 ~EEH LT, A LaxzTF o AQ)ITxt LEEK N7 g L DMAP % /EH]
SHLZETans@BiEaE10 x5 Lz, £72, Type B TIXAE /L a XX F 1 A Ol
Db RaFx I VHZxf LREO T 2 7 503 Boe 2 THRi# S 1172 PEG A_X—H—ZHEATEIC
LV ALY (Figure 3-2-8) 7,

(0]

H “}\
é i S (% e K
s H
I [IG %
CH Cl
10
NHBoc
HO\(\/O\/\O/\/
O MNBA, DMAP, CH,Cl,
65%
4 ~ e
H N O\/\O/\/O\/\
Va4
Ilu.éos—s Nzvo\‘(\/o\/\
NH & O 11
J (0]

Figure 3-2-8

3-2-5 IO Tua—T O
FIAINTa—TDEMITET PEG AN—H—DbDE A LTc, PEG AN—H—%FH
THRTF R TEH#ER 6, TICktL, P F AT I U EEHSE 5 Z & T Fmoe ££% iR
LT, ZOBRBHEZT I FAT IVERVBRS ZEBNRCThH 72, PFALT
RUMBERGETHEROIINVE R E OFERITBNWTYZT AT I RBER LT, EDD,
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WHHOMG 7 LE@T ZEICLD V= TFATIVERD BRI LERDH T,

WICAE N TAZ T A DIy BEESE10 2 HATU 2 W CHga Lz, 55 iz 2
ANT 0 —T DERGERIZNEA R TOBRO®%, WHHOMES B T Lzdd 2 & Tl e sl
REEBELT-. GPC IZX W REIGDRTF K& TIR#ER L BT 5 2 & CHEES 5 2
EMTETZ, AT 90%TFA /KIEATRIR TS5 Z & TRTOR#EREREL, 73D

N7ma—7 12, 13 25 L7z (Figure 3-2-9),
1) Et,NH
2) PyBOP, DIEA

HN—§ii N

||-<§OS‘ H OW(\XOH
NHg o O

O 10

3) TFA, H,0

H
FmocH N\/\O/\,O\/\O/\,O\/\O/\/O\/\n, Nw< TAG~OR
(0]

6: R=Me
7:R=1tBu

fg';vo\‘(\j' N\/\O/\/O\/\O/\/O\/\O/\/O\/\n/N\TAG_OR
12: R =Me

13: R = H (3 steps 6%)
Figure 3-2-9

WRIZType BO7 I hNT 0 —T7 %GR LTz, PEG AX—H—KiiD Boc M & FEMESRM T
Bt L7tk VR R DT T K5 7 5 LT X RIEEAT o o, WO S 71 7 2
GPC |2 L DK AZAT o 7212, 90%TFA KIBGEIL T 5 2 & TR T OMRESZ It

L, 77 e—7 14 45 LTz (Figure 3-2-10),

1) 4M HCI, dioxane
2) PyBOP, DIEA

BocHN—TAG—OH

L NHBoc 5
N

||-(§OS‘ " OW(VO‘/\O/\/ 3) TFA, H,0
NHg o O 1
d

P~ o’\/ “TAG—NH,

AN
oY
ﬁ :2‘%(\’
14 (3 steps 36%)

Figure 3-2-10
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MDOANR—=Y—2 T EH7I N T 0 —T HEEICAN——ZE A LTI F KT
IR L e e L7218 IBAER WiFHR . GPC 12 L B M itk 217 5 = & THAk L 7= (Figure
3-2-11),

Hw‘i §§ H
,“fﬁxr : OW(NVB\N/\v/\v”\/NV/\VﬁigMTAG-OMe
NHg o O

15 (6%)

A\
H 3 H H
|l'<2;§ 3 OMVNW\WN.TAG'OMG
NHg o O 0
@) 16

Figure 3-2-11

3-2-6 {EMERER & HDAC HAKRO# Y i

U EDXIIEKR LIz I a7 v —7 %M\ HDAC A RO EIFEBREZI1T- T2,
FPFIUTESL BB LA L a A2 F o A1) E a T BREZBA LI SR 10 D4
SRR T 72, EHEERBRIILV Y 727 —BT7 vEA Ik viThbhiz, vy
72T —PODNAZHMIIEA L BRHLIZAVY 7 =T —POiEME2REST 2 HETH 5,
HDAC MEFZH G T2 & TLY 7 =27 —EDOBGFRANEL S, WENCAPE S
Ny 7 =7 —B O RIEEE R 5 Z & T, HDAC AEAOEIZHEL TS
(Figure 3-34),
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—&— Spiruchostatin A
—&— Synthesized SpiA
—&— Synt.SpiA Succinate

AUAnOY 8selsjionT aAne|ey

O [ R u |

! Lol ! [N
1 10 100 1000
Concentration (nM)

Figure 3-2-12

A AR (Synthesized SpiA) DA BN AR KX F 1 A DIEVEITIRREE L nW—EE R LT,
a7 FEFEA R 10 (Synt.SpiA Succinate) DEFEIEIX 1ICHR100D 1 E7eo7208, Zh
R VAR e a BT D72 OIZAE L2 AEMOEET, HDAC & OHAEEMNTEL 2o
TWD L L=, ERICE L7 I A7 —7% M T HDAC HAKEDE Y FiFE
BRaiTo77,

EEEOERBIEIE R, FIEOLD 7 NL—F 2L 0iThhi-, £7 Type A D PEG A~X—
— RN AF N ATV THDL I HONTa—T 12 AT EIFEREZIT-7-, 1
P T NNCDE 4 BIOPE EAT - T fEFR, HDAC AR E L CHEIZ 21D X X0 s
RHTTAL =0 LT HZ LI L, TR T I T e —T7 2 HnTH
VORVBE T TAZ =% BT, R THIOTCOFITH D, B oo s Ry
BIXHDACI2 Z#Hila b LTe sy T AX — % 2O T, FEFICISHREINTZDHTH
H1ORTBREMOLEDTH T, 120, ZORRITIINETH L RIE - X2 X7 EBO
Xy NI —=TTIZHONONTWEE B OFEN, Ko7 a—72HW 4 o ~7 8
T AR —DIRNICEH TH D Z & ZFEH LR TH D (Figure 3-2-13, Table 3-2-1),
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—
\ H H
?@\(\j‘ NV\O/\/O\/\O/\,O\/\O/\IO\/\WN‘T AG—OMe
o O °

12

Figure 3-2-13

Table 3-2-1
bEW 12 12861 2850 RITFHRER
% )
Gene_Symbol No. Prot.Name s8R
iE
amine oxidase (flavin
AOF2 4 ALL 1 | HDAC EEHE & A DERMEF . HDACI, 2 L#EE,LSD1?
containing) domain 2
chromodomain helicase
CHD4 4; ALL 1| 28<FUUETUYEF Mi-28, HDACT, 2 L&, "
DNA binding protein 4
eukaryotic translation
EEF2 4: ALL 3 | elongation factor, p53 ED#E S (T &EH 5, ¥
elongation factor 2
GATA zinc finger
GATAD2B 3 2 | methyl CpG binding protein1 complex E D EER ILHE LY
domain containing 2B
HDACH1 4: ALL | histone deacetylase 1 -
HDAC2 4: ALL | histone deacetylase 2 -
histone deacetylase; 2
HDAC2|HDAC1 | 4: ALL -
or 1
HDACS8 4: ALL | histone deacetylase 8 -
HISTTH1E[HIST
histone 1; Hle or Hlc Yoh—ERRY, FIRM—2RICEBE? /99T IMI&Y
1H1C|HIST1H1 3 2
orH1d HAK12 D7 EFILELRILDET 0
D
high—-mobility group
HMG20A 4: ALL 2 | EEHIEEF
20A
proteasome (prosome,
SUPT6H (B%f SPT6 /R EDY) . HDAC2 LS., VAYFUEE
KIAA0182 4: ALL | macropain) activator 1
FIHERF (e
subunit 4
mesoderm induction
early response 1 E{IHIEF, Sp1, HDAC1 LE SRS, SANT KA/ (DNA
MIER1 4: ALL 1
homolog (Xenopus HEARAIY) ZEFT S, 'Y
laevis)
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metastasis associated

MTA2 4 ALL 1 | #%EEHHBE, HDAC1,2,SIN3A L4EA . SANT/ZNF-GATAR AL 12
1 family, member 2
metastasis associated #%EE 8. HDAC1,2,Methyl CpG binding domain protein 3 &#&
MTA2|MTA3 3 1
1 family, member; 2 or 3 & . SANT/ZNF-GATA/BAH KA 1¥
PRDX1 4: ALL | peroxiredoxin 1 3 | EICHREE. ZIZEWB, RILAFIA—1F,
retinoblastoma binding
RBBP4 4 ALL 1 | %BE. EEFI#EF. HDAC1-HDAC2-HDAC3 L& &
protein 4
retinoblastoma binding
RBBP4|RBBP7 | 4: ALL 1 | %BE. ESHI#HEF. HDACT1-HDAC2 L& &
protein; 4 or 7
RCOR1 4: ALL | REST corepressor 1 1 | REST corepressor, HDACT, 2 complex DI RLEF ¥
REST corepressor; 1 or
RCOR1|RCOR3 | 4: ALL 1 | REST corepressor, HDACT, 2 complex DI RLEF ¥
3
REST corepressor; 3 or
RCOR3|RCOR1 | 4: ALL 1 | REST corepressor, HDACT, 2 complex M RLEF ¥
1
transducin (beta)-like
TBL1XR1 4: ALL 1 | HDAC3-SMRT—N-CoR complex DR EF '¥
1X-linked receptor 1
Total Hit preys: 21

No. AI%E %K

FIEEE

1. HDAC LE#MB5 T H®RENH 5.

2. HDAC tBAE ¥ BrTHEMEE+2 5.

3. HDAC BRSS9 B ESAIETEA,

4. HDAC LEEEJ HAIREMIXIFEAEEL,

PEG AX—H—"T_XTFF RZ F DRGNP A VR EED 13, Type B D 14, A—H—)3
72516 IZOWTHRIRDERZIT T2, $90 RS Z o RIBEORICS VP OEITH D b
DDAT HDAC Z 3o X XV BT T AZ—%810 FiF 5 Z LN TE (Figure 3-2-14,
Table3-2-2, Table3-2-3, Table3-2-4),
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14

O
0
A= o,y
H OM' NN TAG-OMe
16
Figure 3-2-14
Table 3-2-2
LA 13 IZBIT 2890 ETHER
Gene_Symbol No. Prot.Name

AOF2 4: ALL" amine oxidase (flavin containing) domain 2

HDAC1 4: ALL" histone deacetylase 1

HDAC2 4: ALL" histone deacetylase 2
HDAC2|HDACT 4: ALL" histone deacetylase; 2 or 1

HDACS8 4: ALL" histone deacetylase 8

HMG20A 4: ALL! high—mobility group 20A
KIAA0182 4: ALL! proteasome (prosome, macropain) activator subunit 4
MIER] 4 ALY mesoderm induction early response 1 homolog (Xenopus
laevis)

RBBP4|RBBP7 4: ALL! retinoblastoma binding protein; 4 or 7

RCORT1 4: ALL! REST corepressor 1
RCOR1|RCOR3 4: ALL! REST corepressor; 1 or 3

RCOR3 4: ALL! REST corepressor 3
RCOR3|RCOR1 4: ALL! REST corepressor; 3 or 1

TBL1XR1|TBL1X|TB transducin (beta) —like; 1X-linked receptor 1 or 1X-linked or
L1y ’ 1Y-linked

Total Hit preys: 14
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Table 3-2-3

{bEW 14 128 T 5870 EiFfER

Gene_Symbol No. Prot.Name
AOF2 4: ALL" amine oxidase (flavin containing) domain 2
CHD3|CHD4|CHD5 | 4: ALL! chromodomain helicase DNA binding protein; 3 or 4 or 5
CHD4 4: ALL! chromodomain helicase DNA binding protein 4
GATAD2B 3 GATA zinc finger domain containing 2B
HDAC1 4: ALL" histone deacetylase 1
HDAC2 4: ALL" histone deacetylase 2
HDAC2|HDACT 4: ALL" histone deacetylase; 2 or 1
HDACS8 4: ALL" histone deacetylase 8
HMG20A 4: ALL! high—mobility group 20A
HMG20B 3 high—mobility group 20B
KIAA0182 4: ALL! proteasome (prosome, macropain) activator subunit 4
MTA2 4: ALL" metastasis associated 1 family, member 2
PAICS 3 phosphoribosylaminoimidazole carboxylase,
RBBP4|RBBP7 4: ALL! retinoblastoma binding protein; 4 or 7
RCORT1 4: ALL! REST corepressor 1
RCOR1|RCOR3 4: ALL! REST corepressor; 1 or 3
RCOR3 4: ALL! REST corepressor 3
RCOR3|RCOR1 4: ALL! REST corepressor; 3 or 1
Total Hit preys: 18
Table 3-2-4
EEW 16 IZB1T 2890 EITHER
Gene_Symbol No. Prot.Name
AOF2 4: ALL" amine oxidase (flavin containing) domain 2
HDAC1 4: ALL" histone deacetylase 1
HDAC2 4: ALL" histone deacetylase 2
HDAC2|HDACT 4: ALL" histone deacetylase; 2 or 1
HDACS8 4: ALL! histone deacetylase 8
MIER] 4 ALLY mesoderm induction early response 1 homolog (Xenopus
laevis)
PAICS 4: ALL" phosphoribosylaminoimidazole carboxylase,
RCORT1 4: ALL! REST corepressor 1
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RCOR1|RCOR3 4: ALL! REST corepressor; 1 or 3
RCOR3 4: ALL! REST corepressor 3
RCOR3|RCOR1 4: ALL! REST corepressor; 3 or 1
TBL1XR1 4: ALL" transducin (beta)-like 1X-linked receptor 1
TBL1XR1|TBL1X|TB 2 transducin (beta) —like; 1X-linked receptor 1 or 1X-linked or
L1y 1Y-linked

Total Hit preys: 13
ZORBRITIEMERNRFERLNAL ZENRTERVD, AR—Y =0T F RZ 7D
D EREIRIC L > T BT RIZENH DD ONTITRHARDL Z ENTERY, L

R i
L., X BETH-oTHLH VNI HEY TAZ—=RE0 BT HIUSIBIT S ATRETH 5728,
HOWD IS THALSTWE TR T T N T EfBEIEL28TCriinrn—>7
ELTHIHTE D EEZBND,

Lt T4 T 7V —HEKIC XV RIRK 7 HDAC FLEFIN AR CTENRIE, ZON I T
FRETEREE L, 7I VT a—T L3252 L THO HDAC Z&Te ¥ v XV BEAIRE
S0 B, Bl R EHEER R Y VU =R T A D LI TE 5, £, F
HERHTHAETH, TORK &5 2 X VEEAEREZSY BT 25 2 LN TEIUTRIEM
O LIA LI TE D EEZDLND, &I, AFIEIIMOEREEES 112 GG H ATHE
ThHhHEBEZLNDDT, 5%, ARG TETFIINTa—T L35 L THUNRIE
FMAERR Y U — 7 RN OEBERFIEICR D L HIfFCX 5,

3-2-7 F£&®

ZENARBF L A DIEMOE Ra X VEICkH L AR—Y—2 N L CRTF R 7%
EIELZETTIINT o —TDOEREToT, 2D I N7 1 —7 % T HDAC
BEEROEY EFEREIToTE 2 A, 21 FEOX VRITENOHRIND Y T AKX —%
$0 EiFszenTcE, HATHO TR 7 r—T 2HWTH U RIE T T AX—DfiF
MHCEh Lz, A=Y —DOR S, X7 F RY TORMBOBEREOEEIIIZEAL
RONTRTIF RETZEALLTVHE THAETHIETTa—T7{bnAlieTh D Z &
Woyinolz, Sk, FEERE T —TbT 52 L THIERZ L XTER Yy MU — 27 Ofiffr
DPITZ DD TRV EHIFETE D,
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Protected-FLAG-peptide (Fmoc-Asp(OfBu)-Tyr(OrBu)-Lys(Boc)-Asp(O7Bu)-Asp(O7Bu)-
Asp(OrBu)-Asp(OrBu)-Lys(Boc)-) on solid support (4).

Loading

To a suspension of 2-chloro-trytylchloride resin (2) (1 g, 1.25 mmol/g, 1.25 mmol) in
dichloromethane (9 mL) in a 20mL syringe-shaped vessel (Varian Reservoir) was added acetyl chloride (1
mL) at room temperature. After being shaken for 3 h, the resin was filtered and washed with dry
dichloromethane. To the resin was added Fmoc-Lys(Boc)-OH (2.34 g, 5.0 mmol) and DIEA (1.7 mL, 10
mmol) in dichloromethane (10 mL) at room temperature and the mixture was shaken for 12 h. The resin
was filtered and washed with dichloromethane X3, methanol X3 and dichloromethane X3 and dried
under reduced pressure to give Fmoc-Lys(Boc)-Trt(2-Cl) resin (3).

NHBoc

S

Elongation of peptide

To a Fmoc-Lys(Boc)-Trt(2-Cl) resin (3) was added piperidine (20% solution in DMF, 10 mL) and
shaken for 10 min X 3. The resin was filtered and washed with DMF X 5, dichloromethane X 5 and DMF
X 5. To the resin was added a solution of Fmoc-AA-OH (5.0 mmol), DIC (774 uL, 5.0 mmol) and HOBt
(677 mg, 5.0 mmol) in DMF (2 mL) and dichloromethane (8 mL) which was stirred for 5 min before
addition. After being shaken for 24 h, the resin was filtered and washed with DMF X 3, dichloromethane
X3.

This procedure was repeated seven times in order of Fmoc-Asp(OfBu)-OH (2.06 g),
Fmoc-Asp(OfBu)-OH, Fmoc-Asp(OfBu)-OH, Fmoc-Asp(OrBu)-OH, Fmoc-Lys(Boc)-OH (2.34 g),
Fmoc-Tyr(OfBu)-OH (2.30 g) and Fmoc-Asp(OfBu)-OH to give protected FLAG peptide attached resin
(4) (1.97 g).

t-Bu NHBoc
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Boc-FLAG(Bu)-OH (5). To a protected FLAG peptide attached resin (4) (100 mg) in a 3mL
syringe-shaped vessel (Varian Reservoir) was added piperidine (20% solution in DMF, 10 mL) and the
mixture was shaken for 10 min X 3. The resin was filtered and washed with DMF X 5, dichloromethane X
5 and DMF X 5. To the resin was added a solution of Boc,O (109 mg, 0.50 mmol) and triethylamine (69
pL, 0.50 mmol) in dichloromethane (1 mL). After being shaken for 24 h, the resin was filtered and
washed with DMF X 3, dichloromethane X 3.

To the resin was added TFA (1% in dichloromethane, 1 mL) and shaken for 2 min. The resin was
filtered and the filtrate was concentrated in vacuo. The cleavage reaction was repeated five times. The
residue was purified by solid phase extraction (VARIAN BOND ELUT" C18, eluting with 50% methanol
in water to 100% methanol) to give Boc-FLAG(tBu)-OH (5) (24.5 mg, 0.0148 mmol). "H NMR (400
MHz, CDCl5) see spectrum 1; *C NMR (100 MHz, CDCl5) see spectrum 2; IR (neat) 3326, 3006, 2979,
2934, 2870, 2481, 1811, 1728, 1661, 1530, 1508, 1479, 1455, 1415, 1393, 1368, 1254, 1160, 1042, 1018,
954, 924, 898, 847, 757, 666, 567, 523, 476, 464 (cm ); [a]*'®p = —28.9 (¢ 1.23, CHCl;); MS(ESI-TOF)
calcd for [CgoH 32N 190,6+2H]*" 825.47, found 825.47.

t-Bu NHBoc
CO,t-Bu O,t-Bu
O HO {HO {(H O
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21-(9H-Fluoren-9-ylmethoxycarbonylamino)-4,7,10,13,16,19-hexaoxahenicosanoyl-
FLAG(Bu)-OH (Fmoc-PEG-FLAG(rBu)-OH). To a protected FLAG peptide attached resin (200 mg)
in a 6mL syringe-shaped vessel (Varian Reservoir) was added piperidine (20% solution in DMF, 10 mL)
and the mixture was shaken for 10 min X 3. The resin was filtered and washed with DMF X 5,
dichloromethane X 5 and DMF X 5. To the resin was added a solution of
21-(9H-Fluoren-9-ylmethoxycarbonylamino)- 4,7,10,13,16,19-hexaoxaheneicosanoic acid (144 mg, 0.50
mmol), DIEA (262 pL, 1.5 mmol) and PyBOP (520 mg, mmol) in dichloromethane (2 mL). After being
shaken for 24 h, the resin was filtered and washed with dichloromethane X 5. To the resin was added TFA
(1% in dichloromethane, 1 mL) and shaken for 2 min. The resin was filtered and the filtrate was
concentrated in vacuo. The cleavage reaction was repeated five times. The crude

Fmoc-PEG-FLAG(#Bu)-OH (129.8 mg) was used without further purification.
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t-Bu NHBoc
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21-(9H-Fluoren-9-ylmethoxycarbonylamino)-4,7,10,13,16,19-hexaoxahenicosanoyl-

FLAG(fBu)-OMe (Fmoc-PEG-FLAG(rBu)-OMe) (6). The crude Fmoc-PEG-FLAG(Bu)-OH (27.2 mg,
0.0129 mmol) was diluted with small amount of chloroform and treated with excess amount of
diazomethane and concentrated in vacuo. The residue was purified by chromatography on silica gel (2%
methanol in chloroform) and GPC to give Fmoc-PEG-FLAG(fBu)-OMe (6) (12.8 mg, 0.00603 mmol,
47%). '"H NMR (400 MHz, CDCl;) see spectrum 3; >C NMR (100 MHz, CDCl;) see spectrum 4; IR
(neat) 3284, 2978, 2932, 1731, 1631, 1532, 1453, 1392, 1367, 1251, 1157, 899, 847, 750, 677 (cm ");
[a]*% = —16.7 (¢ 0.640, CHCls); MS(ESI-TOF) caled for [Cjo6HiesN;1053+2H]™" 1061.09, found
1061.13.

t-Bu NHBoc
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21-(9H-Fluoren-9-ylmethoxycarbonylamino)-4,7,10,13,16,19-hexaoxahenicosanoyl-

FLAG(/Bu)-OBu (Fmoc-PEG-FLAG(fBu)-O7Bu) (7). The crude Fmoc-PEG-FLAG(Bu)-OH (28.9 mg,
0.0137 mmol) was diluted with dichloromethane (1 mL) and added O-fert-butyl-N,N -diisopropylisourea
(104 uL, 0.434 mmol). After being stirred for 24 h, the reaction mixture was filtered and concentrated in
vacuo. The residue was purified by chromatography on silica gel (2% methanol in chloroform) and GPC
to give Fmoc-PEG-FLAG(7Bu)-O7Bu (7) (27.9 mg, 0.0132 mmol, 96%). 'H NMR (400 MHz, CDCL5) see
spectrum 5; °C NMR (100 MHz, CDCl;) see spectrum 6; IR (neat) 3289, 2979, 2933, 2871, 1846, 1794,
1731, 1661, 1631, 1539, 1478, 1457, 1393, 1368, 1252, 1159, 1040, 953, 924, 898, 847, 758, 666, 622,
562 (cm '); [a]**p = =19.9 (¢ 1.27, CHCI;); MS(ESI-TOF) caled for [CgoH;7;N;;053+Na]™ 2185.19,
found 2185.84.
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12-(9H-Fluoren-9-ylmethoxycarbonylamino)dodecanoyl-FLAG(fBu)-OMe (Fmoc-C12-
FLAG(Bu)-OMe) (8). To a protected FLAG peptide attached resin (4) (200 mg) in a 6mL
syringe-shaped vessel (Varian Reservoir) was added piperidine (20% solution in DMF, 10 mL) and the
mixture was shaken for 10 min X 3. The resin was filtered and washed with DMF X 5, dichloromethane X
5 and DMF X 5. To the resin was added a solution of 12-(9H-Fluoren-9-ylmethoxycarbonylamino)
dodecanoic acid (438 mg, 1.0 mmol), DIEA (262 uL, 1.5 mmol) and PyBOP (520 mg, 1.0 mmol) in
dichloromethane (2 mL) and DMF (2 mL). After being shaken for 24 h, the resin was filtered and washed
with dichloromethane X5.

To the resin was added TFA (1% in dichloromethane, 2 mL) and shaken for 2 min. The resin was
filtered and the filtrate was concentrated in vacuo. The cleavage reaction was repeated five times. The
residue was diluted with small amount of chloroform and treated with excess amount of diazomethane
and concentrated in vacuo. The residue was purified by chromatography on silica gel (2% methanol in
chloroform) and GPC to give Fmoc-C12-FLAG(fBu)-OMe (8) (16.4 mg, 0.00827 mmol). '"H NMR (400
MHz, CDCl;) see spectrum 7; *C NMR (100 MHz, CDCl5) see spectrum 8; IR (neat) 3310, 2978, 2931,
2859, 1729, 1656, 1534, 1453, 1392, 1367, 1251, 1159, 898, 846, 758, 667, 606, 566, 523, 479, 462 (cm
N; [a]**'p = =26.2 (¢ 1.03, CHCl;); MS(ESI-TOF) caled for [CiosH;5o0N1;O057+2H]* 992.08, found
992.18.
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5-(9H-Fluoren-9-ylmethoxycarbonylamino)pentanoyl-FLAG(sBu)-OMe (Fmoc-CS-

FLAG(fBu)-OMe) (9). To a protected FLAG peptide attached resin (4) (200 mg, 0.25 mmol) in a 6mL
syringe-shaped vessel (Varian Reservoir) was added piperidine (20% solution in DMF, 10 mL) and the
mixture was shaken for 10 min X 3. The resin was filtered and washed with DMF X 5, dichloromethane X
5 and DMF X 5. To the resin was added a solution of 5-(9H-Fluoren-9-ylmethoxycarbonylamino)
pentanoic acid (339 mg, 1.0 mmol), DIEA (262 pL, 1.5 mmol) and PyBOP (520 mg, 1.0 mmol) in
dichloromethane (2 mL) and DMF (2 mL). After being shaken for 24 h, the resin was filtered and washed
with dichloromethane X5.

To the resin was added TFA (1% in dichloromethane, 2 mL) and shaken for 2 min. The resin was
filtered and the filtrate was concentrated in vacuo. The cleavage reaction was repeated five times. The

residue was diluted with chloroform and treated with excess amount of diazomethane and concentrated in
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vacuo. The residue was purified by chromatography on silica gel (2% methanol in chloroform) and GPC
to give Fmoc-C5-FLAG(fBu)-OMe (9) (51 mg, 0.0271 mmol). "H NMR (400 MHz, CDCl;) see spectrum
9; ®C NMR (100 MHz, CDCl) see spectrum 10; IR (neat) 3290, 2978, 2934, 1730, 1657, 1533, 1453,
1393, 1367, 1252, 1158, 897, 847, 758, 666 (cm '); [a]*'"p = —29.4 (¢ 1.38, CHCl;); MS(ESI-TOF) calcd
for [CosH,45N;,0,,+H]" 1885.04, found 1885.33.
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O-succinated-spiruchostatin A (10). To a solution of spiruchostatin A (1) (28 mg, 0.0564 mmol)
in dichloromethane (1 mL) was added DMAP (10 mg, 0.0847 mmol) and succinic anhydride (8.5 mg,
0.0847 mmol) at room temperature. After being stirred at the same temperature for 24 h, the reaction
mixture was quenched with water and stirred for 1 h. The mixture was concentrated in vacuo. The residue
was purified by solid phase extraction (VARIAN BOND ELUT" C18, eluting with 30% methanol in
water) to give O-succinated-spiruchostatin A (10) (22 mg, 0.0383 mmol, 65%). '"H NMR (400 MHz,
CD;0D) & 7.97 (d, J= 6.8 Hz, 1H, NH), 7.01 (d, J= 8.7 Hz, 1H, NH), 6.02 (m, 1H, m), 5.92 (d, /= 15.5
Hz, 1H, 1), 5.64 (m, 1H, b), 5.57 (brs, 1H, k), 4.74 (m, 1H, 1), 4.10 (m, 1H, h), 3.50-2.98 (m, 4H, g, j, and
0), 2.79-2.57 (m, 10H, a, c, j, n, o, p, and q), 2.28-2.23 (m, 2H, d and n), 1.47 (d, J= 7.7 Hz, 3H, 1), 0.91
(dd, J= 6.3 Hz, 6H, ¢); "C NMR (67.8 MHz, CD;0D) & 175.9, 174.9, 174.2, 171.9, 171.8, 171.2, 133.6,
132.9, 73.1, 72.6, 61.5, 61.4, 57.9, 54.6, 43.5, 42.0, 38.6, 34.1, 31.7, 31.4, 30.6, 21.5, 20.9, 16.8; IR (neat)
3748, 3316, 2930, 1737, 1656, 1536, 1432, 1265, 1157, 753, 667 (cm '); [o]*"'p = —12.6 (¢ 1.37,
MeOH); HRMS(ESI-TOF) caled for [C,4H3sN30S,+Na]" 596.1712, found 596.1707.

OH

0-(21-t-Butoxycarbonylamino-4,7,10,13,16,19-hexaoxahenicosanoyl)spiruchostatin A (11). To
a solution of spiruchostatin A (1) (8.2 mg, 0.0165 mmol) in dichloromethane (I mL) was added
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21-tert-butoxycarbonylamino-4,7,10,13,16,19-hexaoxaheneicosanoic acid (7.5 mg, 0.0165 mmol),
DMAP (4.8 mg, 0.0396 mmol) and MNBA (6.8 mg, 0.0198 mmol) at room temperature. After being
stirred at the same temperature for 24 h, the reaction mixture was concentrated in vacuo. The residue was
purified by chromatography on silica gel (5% methanol in chloroform) and solid phase extraction
(VARIAN BOND ELUT® (18, eluting with 50% methanol in water) to give
O-(21-tert-butoxycarbonylamino-4,7,10,13,16,19-hexaoxaheneicosanoyl)spiruchostatin A (11) (9.7 mg,
0.0107 mmol, 65%). 'H NMR (400 MHz, CDCl3) § 7.42 (d, J = 6.8 Hz, 1H, NH), 6.67 (d,J=9.2 Hz, 1H,
NH), 6.16 (m, 2H, NH), 5.66 (m, 2H, b and m), 5.52 (brs, 1H, 1), 5.04 (brs, 1H, k), 4.88 (m, 1H, f), 4.20
(m, 1H, h), 3.71 (t, J = 6.3 Hz, 2H, q), 3.59-3.55 (m, 20H, r), 3.47 (t, /= 5.3 Hz, 2H, s), 3.24 (m, 2H, t),
3.23-2.96 (m, 5H, g, j, and o), 2.77 (dd, J = 14.5, 4.4 Hz, 1H, c), 2.65-2.56 (m, 6H, a, j, n, and p), 2.54 (m,
1H, n), 2.16 (m, 1H, d), 1.45 (d, J= 7.2 Hz, 3H, i), 1.37 (s, 9H, u), 0.84 (m, 6H, ¢); *C NMR (100 MHz,
CDCl;) 6 171.2, 171.0, 170.7, 169.1, 168.8, 156.1, 133.0, 129.1, 70.5, 70.4, 70.3, 69.8, 66.4, 59.4, 54.3,
52.3, 40.8, 40.4, 36.7, 35.4, 33.5, 29.8, 28.4, 20.2, 19.3, 16.6; IR (neat) 3382, 3325, 3006, 2961, 2922,
2875, 1740, 1685, 1658, 1535, 1454, 1433, 1366, 1273, 1162, 1107, 1037, 997, 952, 862, 803, 755, 667,
595, 552, 512 (cm '); [0]**p = —8.59 (¢ 0.20, CHCl;); HRMS(ESI-TOF) calcd for [Cy4oHesN4OysS,+H]"
909.4201, found 909.4221.
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Spiruchostatin A-PEG-FLAG(/Bu)-OMe. To a solution of Fmoc-PEG-FLAG(/Bu)-OMe (6)
(20.7 mg, 0.00976 mmol) in dichloromethane (1 mL) was added diethylamine (1 mL) and stirred for 12 h.
The reaction mixture was concentrated in vacuo and purified by solid phase extraction (VARIAN BOND
ELUT® C18, eluting with 100% water to 100% methanol). The residue was added a solution of
O-succinated-spiruchostatin A (10) (6.0 mg, 0.00976 mmol), HATU (19 mg, 0.0488 mmol), HOAt (6.6
mg, 0.0488 mmol), and DIEA (17 pL, 0.0976 mmol) in DMF (0.5 mL) and dichloromethane (0.5 mL).
After being stirred for 24 h, the reaction mixture was concentrated in vacuo. The residue was purified by
chromatography on silica gel (2% methanol in chloroform) and solid phase extraction (VARIAN BOND
ELUT® CI8, eluting with 50% methanol in water to 100% methanol) to give spiruchostatin
A-PEG-FLAG(#Bu)-OMe (5.0 mg). HRMS(ESI-TOF) calcd for [Cy;sH;g0N;4030S,+H]" 2454.2678, found
2454.2681.

164



t-Bu NHBoc

— CO,tBu CO,t-Bu
H N H R H AR
fogiﬁ NVAOAVOVAOAVOVAOAVOVAwNYRN N- N N: N N: N Me
" 5 Oj HOSHQ7HOTHDO
N o £Bu0,¢ t8u0,¢  tBuO,C

Spiruchostatin A-PEG-FLAG-OMe (12). To a spiruchostatin A-PEG-FLAG(#Bu)-OMe (5.0 mg,
0.00204 mmol) was added TFA (0.9 mL) and water (0.1 mL). After being stirred for 1 h, the reaction
mixture was concentrated in vacuo. The residue was purified by solid phase extraction (VARIAN BOND
ELUT® C18, eluting with 100% water to 50% methanol in water) and reverse phase HPLC to give
spiruchostatin A-PEG-FLAG-OMe (12) (ca. 1 mg). MS(ESI-TOF) calcd for [Cg1H124N14O3552+2H]2+
959.40, found 959.36.
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Spiruchostatin A-PEG-FLAG(fBu)-OfBu. To a solution of Fmoc-PEG-FLAG(/Bu)-OfBu (7)
(20.5 mg, 0.00966 mmol) in dichloromethane (1 mL) was added diethylamine (1 mL) and stirred for 12 h.
The reaction mixture was concentrated in vacuo. The residue was added a solution of
O-succinated-spiruchostatin A (10) (5.5 mg, 0.00966 mmol), PyBOP (10 mg, 0.0193 mmol), and DIEA (7
pL, 0.0386mmol) in DMF (0.5 mL) and dichloromethane (0.5 mL). After being stirred for 24 h, the
reaction mixture was concentrated in vacuo. The residue was purified by chromatography on silica gel
(2% methanol in chloroform) and solid phase extraction (VARIAN BOND ELUT® C18, eluting with 50%
methanol in water to 100% methanol) to give spiruchostatin A-PEG-FLAG(¢Bu)-O7Bu (9 mg, 0.00360
mmol, 37%). 'H NMR (400 MHz, CDCl;) see spectrum 17; MS(ESI-TOF) caled for
[C118H 04N 14030S,+H]" 2496.31, found 2496.30.
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Spiruchostatin A-PEG-FLAG-OH (13). To a spiruchostatin A-PEG-FLAG(/Bu)-O7Bu (9 mg,
0.00360 mmol) was added TFA (0.9 mL) and water (0.1 mL). After being stirred for 1 h, the reaction
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mixture was concentrated in vacuo. The residue was purified by solid phase extraction (VARIAN BOND
ELUT"® C18, eluting with 100% water to 50% methanol in water) and reverse phase HPLC to give
spiruchostatin A-PEG-FLAG-OH (13) (1.0 mg, 0.000525 mmol, 15%). '"H NMR (400 MHz, D,0) see
spectrum 14, 15; MS(ESI-TOF) calcd for [Cg;()H122N14O35Ser2H]2+ 952.39, found 952.99.
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Spiruchostatin  A-PEG-FLAG@#Bu)-NHBoc. To a  O-(21-fert-Butoxycarbonylamino-
4,7,10,13,16,19-hexaoxaheneicosanoyl)spiruchostatin A (11) (9.7 mg, 0.0107 mmol) was added HCI (4 M
in ethyl acetate, 1mL) and stirred for 1 h. The reaction mixture was concentrated in vacuo. The residue
was added a solution of Boc-FLAG(/Bu)-OH (5) (18 mg, 0.0107 mmol), PyBOP (8 mg, 0.0161 mmol),
and DIEA (3.7 pL, 0.0214 mmol) in dichloromethane (1 mL). After being stirred for 24 h, the reaction
mixture was concentrated in vacuo. The residue was purified by chromatography on silica gel (2%
methanol in chloroform) and solid phase extraction (VARIAN BOND ELUT" C18, eluting with 50%
methanol in water to 100% methanol) and GPC to give spiruchostatin A-PEG-FLAG(¢Bu)-NHBoc (10
mg, 0.0408 mmol, 38%). 'H NMR (400 MHz, CDCl;) see spectrum 16; MS(ESI-TOF) calcd for

[C115H190N14O3gsz+2H]2+ 122064, found 1220.64
NHBoc
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Spiruchostatin A-PEG-FLAG-NH, (14). To a spiruchostatin A-PEG-FLAG(#Bu)-NHBoc (10
mg, 0.00410 mmol) was added water (100 uL) and TFA (900 uL) and stirred for 1 h. The reaction
mixture was concentrated in vacuo. The residue was purified by solid phase extraction (VARIAN BOND
ELUT® Cl18, eluting with 100% water to 30% methanol in water) to give spiruchostatin
A-PEG-FLAG-NH, (14) (7 mg, 0.00388 mmol, 95%). "H NMR (400 MHz, D,0) see spectrum 17, 18;
MS(ESI-TOF) calcd for [Cr6H; 15N 1405,8,+3H]** 601.92, found 601.88.
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Spiruchostatin A-C12-FLAG(fBu)-OMe. To a solution of Fmoc-C12-FLAG(/Bu)-OMe (8)
(15.2 mg, 0.00766 mmol) in dichloromethane (1 mL) was added diethylamine (1 mL) and stirred for 12 h.
The reaction mixture was concentrated in vacuo and purified by solid phase extraction (VARIAN BOND
ELUT® C18, eluting with 100% water to 100% methanol). The residue was added a solution of
O-succinated-spiruchostatin A (10) (4.4 mg, 0.00766 mmol), HATU (5.8 mg, 0.0153 mmol), and DIEA (5
pL, 0.0306 mmol) in DMF (0.5 mL) and dichloromethane (0.5 mL). After being stirred for 24 h, the
reaction mixture was concentrated in vacuo. The residue was purified by chromatography on silica gel
(2% methanol in chloroform) and solid phase extraction (VARIAN BOND ELUT® C18, eluting with 50%
methanol in water to 100% methanol) and GPC to give spiruchostatin A-C12-FLAG(/Bu)-OMe (2.9 mg,
0.00125 mmol, 16%). "H NMR (400 MHz, CDCLy) see spectrum 19; IR (neat) 3315, 2929, 1735, 1655,
1535, 1367, 1255, 1158, 846, 756 (cm™); [a]***p = —28.4 (¢ 0.145, CHCI;); MS(ESI-TOF) calcd for
[C112Hi52N 140538, 72H]?" 1158.63, found 1158.75.
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Spiruchostatin A-C12-FLAG-OMe (15). To a spiruchostatin A-C12-FLAG(#Bu)-OMe (2.9 mg,
0.00125 mmol) was added TFA (0.9 mL) and water (0.1 mL). After being stirred for 1 h, the reaction
mixture was concentrated in vacuo. The residue was purified by solid phase extraction (VARIAN BOND
ELUT® CI18, eluting with 100% water to 50% methanol in water) to give spiruchostatin
A-C12-FLAG-OMe (15) (0.9 mg, 0.000506 mmol, 40%). 'H NMR (400 MHz, D,0) see spectrum 20, 21;
MS(ESI-TOF) calcd for [CrsH;1sN140208,+2H]*" 890.39, found 890.43.
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Spiruchostatin A-C5-FLAG(fBu)-OMe. To a solution of Fmoc-C5-FLAG(fBu)-OMe (9) (5.9
mg, 0.00313 mmol) in dichloromethane (1 mL) was added diethylamine (1 mL) and stirred for 12 h. The
reaction mixture was concentrated in vacuo and purified by solid phase extraction (VARIAN BOND
ELUT® C18, eluting with 100% water to 100% methanol). The residue was added a solution of
O-succinated-spiruchostatin A (10) (1.8 mg, 0.00313 mmol), PyBOP (16 mg, 0.0313 mmol), HOAt (4.3
mg, 0.0313 mmol), and DIEA (11 ul, 0.0626 mmol) in DMF (0.5 mL) and dichloromethane (0.5 mL).
After being stirred for 24 h, the reaction mixture was concentrated in vacuo. The residue was purified by
chromatography on silica gel (2% methanol in chloroform) and solid phase extraction (VARIAN BOND
ELUT® CI8, eluting with 50% methanol in water to 100% methanol) to give spiruchostatin
A-C5-FLAG(fBu)-OMe (5.0 mg). MS(ESI-TOF) calcd for [C105H168N14O33SZ+2H]2+ 1109.57, found
1109.57.
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Spiruchostatin A-C5-FLAG-OMe (16). To a spiruchostatin A-C5-FLAG(/Bu)-OMe (5.0 mg)
was added TFA (0.9 mL) and water (0.1 mL). After being stirred for 1 h, the reaction mixture was
concentrated in vacuo. The residue was purified by solid phase extraction (VARIAN BOND ELUT" C18,
eluting with 100% water to 50% methanol in water) and HPLC to give spiruchostatin A-C5-FLAG-OMe
(16) (ca. 1mg). MS(ESI-TOF) calcd for [C71H104N1402982+2H]2+ 841.33, found 841.31.

H NH,
\ - COOH. COOH
Hwﬁﬁ \ H HOYHQ (HQ {HO
1 = 2 = =
NHS Jg O O7jHOS HO/;HOTHO
g O HOOC HOOC HOOC
NH,
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Spectrum 9 (Fmoc-C5-FLAG(/Bu)-OMe)

177




:
[ |
Ee
3
o=
=
(-]
=
o]
3]
Ee
S 10€TTIT
[ S="gco0zz
P —6986°LT
~%9m"
F \$50L°8T
- = Drec
Lo T ELETSE
= S -—-80TT0p
3 B e
E " LFPDT
- :—g:/_,DEIZZ'IS
p— £ E RED'TS
= | eerrs
ES
4 L6199
= s
g
} 06£9°9L
. P ﬁgﬂ:
— = £
== P& ‘TizetLL
F o
FR
e
: "8
S
=
=
-
E BN
S 10z6611
3 ? 2 losorzn
) @ = | _TSELEPTT
z g —— ._msmzm
o P& “88T9°LeT
ZT = Fo
nﬁo% ES #S9TIFT
IS [~ ZIp6erT
N 3
@] og ~§
[an] -
C '\ _SERD9ST
=5 ZT & = e 1p01°95T
3 %‘H\ ._§ -£609°95T
ONIZ q“ Ee
o]e] £
@ [o 6SBETOLT
zTh — —————E [ Pmc-SEE9°0LT
o:g 3 ——— I -H-\LSI'IG'O[,T
M\_\m = POTONRLTETLY g
Ir=z I = i
° = FE o
o7 £.
| g ol ES |
a Iz = [3 E
< O% % i
z E2 i
3 LW -
£ = [
. R
o e 0T ox
(suoms) N

Spectrum 10 (Fmoc-C5-FLAG(fBu)-OMe)

178




=10

| o
i
2 / 268°0
i e - RO6'0
=, |2 “srz60
T658LT -
L U '
ﬂ =I5LtT
280L8°T [
B j  sopre
— z =2619T'T
e oy
—_— — = sl ﬁf;‘zg‘z
T T _3"”
g PPLT
— o _ __ O o \yeere
= 579L'T
— e =868z
PO \\g’z:g'c
b £
'“"9_-3 = \tspze
- — 000EE
POETO'T
\ ] -3 _fTeoy
Y} 0ETE
99950
L
— = =IrFLr
— c"“ﬁstsw
Ha
66866'T
== [ —dreos
ey — T
L9SL8°T BT jﬁggg
A e _S—-BIF6'S
5 [¢Tsswos
TLLLO'T
i
| i
\_ o o _ZIO0'L
______T_:\ [ gETwL
T
GETHO'L
o ' i z
W (. _6I96°L
“-“""—T_—'; F3=o6L6'L s,
I £
3 =
. L2 5
ZT o - g E_
o P -
\ 13
\ q
T ' =
Z-z/z N
T Y O F e
H =
R A L T A LR LARES Lt Al b ey LAt LSS LAl B nana b L L T =
08T 09T 0P 0ZZ 00T 0BT 091 OFL 0TI 00T 08 09 0t 0T 0
(suoIEA) =

Spectrum 11 (O-succinated-spiruchostatin A)

179




§vm‘nz

LTS6TY s SIS0
e PSS
[ o TSR0
690281 § [ .
A FRT'T
150258 e =gerzt
—SIEET = SPLE'T
PEESTF =89EF'T
— L — Yespr
_"S\ FTEL09°T
igeso] [

i __IzsT'T
mni'ﬁs [ =Zzgo1z
. L SIFS'T

25TPE'S - :
-b 55T
| A
TR, | Shect
LIEFD9 = | =TIeLT
_,.) oo HOITE
- Ce 8TTE
re— = =TYEETE
TLO9°T 917;:‘%
— SAO0LS'E
— ST =I8T8S'E
= PYBSE
< IERLY

o
L0

ST =5 | eeos
T - TLBLY'S
ZE188'T [
| L=
L | ¢ _sszr9
\ -
£I8P60
LISy
~ | 60899
]
-
&) |,
e =IpEPL
‘o E
Ta -
A, 3
. - £
)
0 £
\ g
I "
N ¥
z 2
— —T — T r—
008 00z 001 0

(uomp) El

Spectrum 12 (Spirucho-PEG-NHBoc)

180



I

SRR SRR T T T T L R R R R S R LR RER RS LR u

TT I"Z l]'t 61’ SII LT 91 ST ¢IL E’I ZI 'l 0L 60 80 L'C %0 S0 v0 £0

TP

0 T
(suon)

220.0 2100 2000 1%0.0 180.0 17

~10.0

S__L166°0

- 801991
g -
3 a—-qssro‘c

Ir6T 6l

L2 _erocor

T OLLLLOY

130 Il 120.0

qo 160.0, 150.0

SELTTS
LETY6S
/L9TH 90

——SFTL6TT

——SB00°EET

]

oy

—E680°95T

SRIREOL
“—IE9069T
‘““'-6901.‘0.{.[

X : parts per Million : 13C

Spectrum 13 (Spirucho-PEG-NHBoc)

181



7
e o
J -
= |
=.ﬁ
—
=3
3} el
- =-_> [
— |
.-—-—) 'o
—_-.‘_.____3 ‘(V;
R
oy T _
=
ZL&O -
ZT :
el By
I=z =~
8rog —
I —
ZT
2
0%, [
&r2
%(too
2 [
ZT !
o = [
W L
LS T ! 3
4
= [~}
/©/.22:I e
o7 N i
T Iz 5 [
%zoo L
I L
3 - ———— [
i L=
-
¢ J
3 L=
®
I=z
io .
A P -
ZT
r%\
£C=2% [
= -
-8
R N e e N s N R i o R e e e R R o e R e R e RN RAR RN & R
0PT 0T O°TT 01T 0°0T 0°6T O°BT O°LL 0°9T O°ST OFT FET OTT OTT 00T 06 O°'S O°L 09 OF OF 0E 0T OT 0
(suonn)

Specturm 14 (Spirucho-PEG-FLAG-OH 30 °C)
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Specturm 15 (Spirucho-PEG-FLAG-OH 65 °C)
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4-1 1ILOHIZ

B3 EICBW R TOAE LA AL F v A DEEMEER LTz, RETIIAE /LR
BF A7) =BT ET AL X ZF o ADEMARKIC L 528K E21TV,
Z D%, BRHEOFGEREZEMT DL T LIZEGMV— MR T4 77 U =8I b
MHREToH D0 L7,

4-2  AHGETE
WA CTORARITIAZ T UFEKRE B - FeXvmeoMaRIEE L, v~/ r7
7 hAb, VAT 4 REEBTERREIT) Z & TER LT (Figure 4-1) Y,

spiruchostatin A (1)

Figure 4-1

BFHHEMRIZED T4 77V —AKEB 256, ZEEDILEME DRI ERT DT
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(Figure 4-2) ,
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Figure 4-2
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Figure 4-3

BMHEGKEZIT) 99X TH O —DEERAN D LH, RHORERTIEIAZ T U FHEERD T
78 DMEEMA DT, 7 X FEOMRGEIL L U TSI THifRi#E T 2 Boc o RN L 72,
—Fh., ZOMOT I BBITEEESICARLE R MY FARKITEEL 5 X ) g
PESAECRGET 5 Fmoe fRiRZ o, @HE, BEH~TF RERTIET X /D Boc
TR RZ VN, BRIC L D RGE LTote, Mt &V K7 Boc IEIZ K 5 A& . Fmoce Rk
Ze I RV SR TR L 72 M 21T 9 Fmoc IEIZ L DB DO EL L E bivd,
Boc £ Tl AN — XA MRS TR B8 L 24T 5, —J7, Fmoc £ T
ISR B W CEMNAS DU L Z21T 9, DF V| Boc £ & Fmoc 15 TIIBIRE & B
DL OEGRHEDOBRICH D DT, ZNBIZHWLILD Y v — Tl Boc fRi#{A & Fmoc
RERM G2 D L9 REHL— MIEHTERY, T7hbb, ACLVaxZFr A OfF
FHERIC BN T, Fmoc IED U & J1 — Tl #]0 Boc EDBIRFEN TE 3, Boc iED Y
1 —"TIXT AT A VIR Fmoc DO BRHEN TE RV, Ko T, BHOXTF FEHIZH
WHb Y B —3EHTE AV (Figure 4-4),
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‘v I/
‘v I/

Linker for Boc strategy . 14 HoN N
N ST
i STrt H r
§~ 1) acid r —_— o
BocH \ N
OH  2) condensation < )

O
ac1d

Linker for Fmoc strategy

Figure 4-4

e, HILLH O DRMETHRIE TH DDA Y WE A THRE & B ~HE L
RTURR B 7ev, LinL, lﬁﬂ%@@ﬁ?%if%étfﬁﬁ@x#fﬁzé &M
YELW, ZOMKTMELEHbERE-7- 1 B —& LT Safty-catch U > I —R’dH 5,
Safty-catch U > 7 — |3l i 1 3R 2 7 FOGSRIFIZBW TR E Th D08 IEHEILEIT 9 2 & TF
ZICEOH L EITZD L9127 b, REMRLOELTALKYTI RV I—LE N7
DUV, ELLBIEMET D Z LIk o TT UIVENSREA] & B LT <
20, 7 MR AT LI ko TEMABE Y 5 X512k b ?, 20D, 45FH
(ZSRAZERALDS B AT FNBEEOSIC L B BRAEEI D L B A[RETH 5 (Figure 4-5) 7,

Sulfonamide linker

i~ A LD

or

0]
RCOX R/& alkylation . 2 Nu
& Q- A QD
” v
HoN H R
NO
0]

Hydrazine linker

,N
\©\'( RCOX R/& N oxidation R/& ZN Nu
QN Q"
u

Figure 4-5
L7=NoT, AV NLVaRAEZTF U A OEMEEEBIITEERM) vV h—Thb L2 5,

% Z T Safty-catch U ' I —% H W= AE /L3 22 F o A DEEARKR AT LT,
Safty-catch U & 71— % L CA X F AR ZEFH~EHEF L, BoclEIZ IV v AT A
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HER LG T D, KD D 2 BT Fmoc 15 TRiE G 21T o 1214, U v 1 —DIEMEAL, BRIkY)
WHLICK YV~ mT 7 horaffd, BBRIERETY ALY 4 REGTEREZITWAE L =
ABTF v ADBREREZERT DHEWVI AL — K TITH Z LI L7z (Figure 4-6),

1. Boc strategy

///’;;QF<F;T\\\\§?’ o\ _
H 2 S

F
BocH OH HN{L N—
, O Trt STrtH OH
O — I O TrtS
(0]

2. Fmoc strategy 0
S

NHFmoc

NH &
Trt N o
H 4. activation X 3
—— (X=S0, or NH)
OH 5. cyclative cleavage

3.Fmoc strategy

Z

CH,Cl,,
MeOH

spiruchostatin A (1)

Figure 4-6

4-3 ANKRCT I R U h—E AN ARL

FJ, Safty-catch U > 1 —& L Theh — KR AR T I RY U —IZ 20T LTz,
ANKT I R I—ZTNANINEATET V= NE A TR0 L 0 RIS DOITN
RTWVWTAFNANE AT 2EAND T LT L Y, HEFRSIZ A LR T 2 RISk 54 2 R
IbTH DD, BHEOT I MUEIZHAD R RIS FRERLETH D, £ T, Hkxe
MO S CTA X F U FHEIR 3 OBEFH~OHEF 2T LTz, IS T L7z E 9 2 Kaiser
FAMIEVRRD LN TEDLEOWERH 72725 ™, Fetaps B HEr S REETH - 72
TEDRTHY D HLEZT> THESN TV AR Lz, Fix OS5 CEE~OHEEEZ1T 5
e, a—FK7t b=rIAZHOTEEE, n- 7o ELT I Z2HNTEID L, o
%47~ 7= (Figure 4-7, Table 4-1),
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...<

BocHN Y OH
OH O
3 NS
gZ\/\)?\ O conditions = H\ S/O
N \ > BocHN” Y g
5 H OH O 2
4
ICH,CN, ~ N N
DIEA = N n-PINH, = H\/\
———— BociN" Y Y ———— BN Y Y
NMP OH O ©2 CH,Cl, OH O
5 6
Figure 4-7
Table 4-1
Conditions Reaction time [h] Yield [%]
DIC, N-Melm 24 <5
PyBOP, DIEA 8+8 ca. 30
Acid fluoride 7 3+9 ca. 10
PyBrop, DIEA 4+8 <5

4 FUERF EAT o T2 T o) LS TH B OIERITK) 72, Fiz2,
PyBOP & L<IFE 7 v{t# 7' V=54, RIAESYE LT Fas v bRz 27 1k
SN2 BIR O NGO, 2 BENMEOSNZFBIC oW T, RGO B T EM ~1
FaniEEoe Fax o Bicxt L, Sz AT uen#IT Lz, b LI, Yo H
U DBEFECREFHABEI D HENTT I R 6 BREKB L= ENBEX LD, (Figure

4-8),

Vg7 o AEIZL T O L I LT L Y,

N SN

CH,CN
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pyridine - BOCHN/\./\Ir
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H
BocHN" Y N\g’o ( \=/ ’ h
7 o . BocHN N
BocHN™ Y \:/ 0 O
oH O BocHN" Y
L OH O )
/ byproduct

H 9

Figure 4-8

ANR A I ROTEEAED A0 THD . 910 H LIS DOIEPMRWATREME S H D720,
B ATEMALSAE L L TR Z T Fa X DT L a—)L & AW TR S L D 7 v
UL B IRET L2 AIRICKR & 72251372 >~ 7= (Figure 4-9) 9,

F R
OH -
F F
N F \_/ -
= H DIAD, PPh;, ’:\/\n’ N
BocHN™ Y ~ — > BocHN™ =
/\B/H\'g Oz THE oH 0
4 10
~
n-PrNH, T H
—_— BocHN’\./\n’ ~N
CH2C12 6H O
6
Figure 4-9

WEDa -7 X /e AWeSya 3l UL & bRIBER SR TITATZZD,
AZTF UHERDEMENIME S BEHHA~OHENITE A EHEIT L TWRWZ ERETH
HEBZLND, TORKRD 1L LTE RaX v VEREHTHL ZENEBE2LN5,
L)L, &L ZOENICREL DT D72 51, Boc 2, Fmoc ZEDMIRFERFICIZZE T, 2
DEMANG LY HIANCAESD IIBRE TE D REETRITINER LRV, 2O K5 skt
Zefi 7o Y AR R AN R K, FEe, TREBHEAL Z LY U —EBETT 5 Z
Ll L,
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4-4 b RISV h—HHWEER
KiZE RS

4T L7 (Figure 4-10),

FmocHN” \©\K

Wiz R0V o —%Bat Lz, 2HOIIRMOBEENETDOT I KM o¥e)
SRWEDRGCASF UHEIR 3 ZEF~HEET A Z LN T2, 2
B0 USSR < T

. ZOBET
1) 20% piperidine/DMF \:/ H O
> ~ N<
2) DIC, HOBt BocHN™ ¥ N
OH O
T OH 12
BocHN/\_/\n/
3 OH O
NBS, ~ N ’
pyridine = n-PrNH, < N
E— BocHN/\/\n/ —_—— BocHN/\/\n’ ~N\
CH2C12 CHzclz OH O
13 6
Figure 4-10

L2l B RV =3RS K0 sk &
(RDNEMEALSRIEIC
ML,

P

1To728
B HL&EIT- TRz E ZAHEMERIR

WDY AT A L HE

; SR
Mz ONDENPRHETH D, T TYATA VHEEREEA~EHEEL,
REWME G 2 7=, EBIZ
THEE ZATV BN L 24T o Te N ED B IR 17 215 5 2 L1 T & 72 ) o 7= (Figure 4-11)
BocHN\/ﬁ\ ~N

. [EFHET 4 AR E
Z&iIT = (Fi
O 1) NBS, pyridine
e

B \/ﬁ\

ocHN N/\/
2) n-PrNH,

14

15
not observed
I’l:

0]
NBS, pyridine
STI’t

>
HN \
STnH

O Trts

//

OH
\\> I
16

o 0]
0]

17
Figure 4-11

4-5 2-7mnu RYFLY B —IT kDG
Safty-catch U > 71— % H\\ 7o Ak

RN TE o l=72, AXF k8K L LT Fmoc %
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K& HW, Fmoc MBI X DA AR LTz, Vo —I% Fmoc M CILHEN S 2- 7 |
VFNID o —%&ER LIz, 2-7vv U Ty o — 1 TEREMEICITLE T, 2Rk
ST, OB LMTA D, 612, FEFIINIENTEDTF REHEL TWERT
D NERTVUDOERIC K DEMENS OBBER I Z 5D, SEIOGITENTITA X
FUBBIROT I HEREREC R 5T BR DT 7 X MMEBIIZ BN D0 E D D —FORE
TdH 5 (Figure 4-12),

BifREIC L W BRAEDS & 5 2

Figure 4-12

Flo. BICRUSICE 28D HHLITTERW D, w7 v T2 bk, PALVT 4 BiES
DIEHUTHEATIT 5 Z L1272 %,

4-6 AENIARALTF U A DREHEE

AL T B EIRORHERL A Boc 205 Fmoc #2724, 2- 7o M) Fr
274 RLP 19 ~EHFF2IT o7, HEROSIV Y OBEEHI, BI O H L7z{k
EMOEENHIFIEERMICEIT LTS Z L 2R L7z (Figure 4-13),
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N ~
= oy 4MHOVEOAC = o
BocHN/\./\n’ - FmocHNW
OH O 2) Fmoc-OSu, E;N OH O
2 steps 93% 18
3 \
D
FmocHN—
cl OH
C
o182

DIEA 1% TFA

O e GO
CH,Cl, CH,Cl,
O quant.

’ Q

1.48 mmol/g
20

1.0 mmol/g
(loading quant.)

Figure 4-13

A Fmoc H: & ifRF#ET 5726 20% Y 2 DMF A2 EF S 7=, B R& L
IZ Fmoc JERN 2L RE SN2 -T2, BF Do - 7 2 /B THIUTES THL R OIS
DHRE SN D, BRFFEIEH S CHRERICERIE ThH o7, TZTEVBITHD 2%
DBU, 2%E~U Y DMF R EZ Wz E ZA—BTIEd 20 NR#ETE 52 &350
=D ELICEHMCREF LIERER, LY a2 run A2 R0 A SRS 2 e
Eﬁf%é:&ﬁbﬂotoyamuf&yciDV//%HﬁéﬁIBUEﬁ Bpyih
R, FEY 7 aa A X2 A A0 % 5 BV K3 Z & C Fmoc % 1 EX7)
RETEDZ Ny oT, F. ;®%X&%/%%%@77&Am_iélﬁﬁ¢ﬂ
O OEEIIBIZE S o 7= (Figure 4-14),
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FmocH S
H 20% in DMF
N

H

’//I/
o O

Cl
O

: i 1) washed with CH,Cl, Q O 22
O O not observed
. 2) 2% DBU, Z%Q in DMF

H

Figure 4-14

Fmoc & D iR ﬁl%f%éﬁm_owfiﬁ®ﬂﬁ%@wﬂ v AR ATLD
AN EECTHDL Z 0D, BUKMEHAEER 2 EICEV2GREEZ L > TNDHDO TN
MEBEZ NS,

WIZV AT A NRERDREE AT T 2 A, VATA DT EIMENREZ 72, VA
%4Vﬁ%ﬁki%7»@hﬁfaﬁ TE T DDA I BN T HIEESLEL
Tholz, BEHEKRCIESREE DRI TEWZD XV EERLETHSL, £ T
i 5 S 0D F i M%ﬁoto@ﬁ®*#T/XT4/% B2 HE 1%, Fmoc JEDBLIEE,
G0 L ATV, LC-MS IZ X 29 &4T o7, ZOBE, WifHo LC | ié%ﬁ%ﬁot
Fmoc 5% ifRaE L | ﬁmﬁ%ﬁ@éﬁﬁﬂ%oko%%:iDMﬂ@ﬁéi@ oL
a3 AW ERFET, = fbEE T2 & <ITA 7, UI0 H LICIZES 1%TFA © 7
0 A X ARENHNGNDS, S R U FIED XD ITEEYESRMIC AR ZEE 72 AR E R AR
HINTLERNDR DD, £ 2T, X VIRMAREMESRMTEY H LAMT 2 5 30%HFIP ¥~
ryman AR R E AV Y (Figure 4-15, Table 4-2),

(-

S

H, 1) FmocHN

OH OH \_
23 STrt HoN N
Cl d O conditions H OH
O -
O
2) 2% DBU, 2%(Nj in DMF HJ
H 24

3) 30% HFIP in CH,Cl,

21

Figure 4-15
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Table 4-2

Substrate (4.0 eq.) Reagent (4.0 eq.) Solvent dr (24 : epimer)
DIC, HOBt
21 o CH,Cl, : DMF =1:1 >095:5
(pre-activation)
21 PyBOP, HOBt CH,CL,: DMF=4:1 87:13
Pfp ester 23 HOBt CH,Cl, 65:35
21 DIC, HOBt CH,CL,: DMF=4:1 77 :23

Fli 2 DFE A2 et L7k R, fMid Al LTDIC, WAl L CTHOBt Ziz, ¥7 1
1A% DMF 1% 1 OFEETS o, ETEEA G ST b= AT VA TER S
%, MEBEITH) Z LTI MEIRERRTIHTE 5 2 LRS- 722, MAHIHFE L
THWEDOENRERRY | Jib o THEMHILZITDRN o256, 17 OFETT7 Ik
W olz, RUFZTAFE T 2= LT 2T )0 2580% AW 5HA1E T & LS Z 5720
EHEINTNDN, WEEZFHRT DB TR OT 2 I{EREE T2 24 130T
AT LA~w—IRAEME L THE LT (Figure 4-16),

TFA
F
F F T
F
? F
FmOCHN\(u\OH pyridine FmocHN
- F
STr DMF o T
23 25

[a]**°p = -8.43 (c 1.00, CHCl;)
(L-Cys) lit. [a ]®p = +15.0 (¢ 1.00, CHCI;)

Figure 4-16
7 T = ARH#K 25 13 DBU IBIKIZ L 5 Fmoc DO MifE#%K ., > AT 4 LV OFEE T b LW

FERE G A TR THAEZITo T2, i<, B—E FrX @27 & OfiE 13 Fmoe K% Bilfx
#E L7=1% . PyBOP % N TATW, [EfH RlcE 2@z a7 5 2 &2k L= (Figure 4-17)
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FmocHN

1) 2% DBU, 2%0

N in DMF N_(ﬁ\
H Z Trt

2) DIC, HOBt

= > NHFmoc
FmocHN/\n’
7
28
26
\\
1) 2% DBU, 2% in DMF H N
N ,,Il O OH
H STrt
> STrt
2) PyBOP, DIEA
O OH
HOJW\/\STIT
29

AR B8 S HAERD ITEMETH Y
Az il P

2 X BDREFRIZAT - T2t O HBEICRIT, EH~OMHRFE S
7 hoAb, VAT 4 REESTERITIRE T4
LR EF A OREFEA

H

H
I’h

O™ sTrt

NH STrt
oj(\f/

30

o]

HN{LN

MNBA, DMAP STrtH
= |11 0o TrtS

CH,Cl, NH g

)
@)

17

Figure 4-17

UV T AT NT T T 44—

AHEL 56% ThHol, v r/nuT
AR & A Ui g TR <
Gk E KT A Z N TE7- (Figure 4-18),

E\ITL, A
N
HN N

OH 0% HFIP

30% I, SO\

CH,Cl, gsm

total 56%
OH h

o
MeOH, CH2C12

Figure 4-18

spiruchostatin A (1)
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4-7  FHEARE RG]

BEFEERICL DA LI REZT U A DEERPERTEZOT, 7477 U —&RKIZIH
J. ETAABOFEREGHKT D2 L TREMV— M FTRED DD D Z & IT LT,
BT HHERIIEHDTA T TV —EREEE L, VATA VA bE Ztmﬁ%L%
AIRWbDE LT, £ T, AZFUFHHEKITEE L. PANVT 4 FREEIC X D800G
WERRL 2o THBIEER S LN ERARDICD VAT A 2T 7= ‘/G”ﬁztm%{zﬁ PIRRSY

EWEMEL AT 04 U NIERTCHFEREGRT DL L L 3EERIIT I=00
FEOHLD, MOKRKYWD HDAC HFEANCEZ S ARoNLD 7 == 1T 7= L LcbD s
T D28 e Lic, 7 BONKCFHITBRICDOBEORIGHE, {EHEICEETHLEBZ XD
No, AEFAELVaZZF A LRIC, £Cb- 72 BeEROIEE, 5% ik
HZ bz, Ko, 25KEA, 3BREAZNEN 2EET SO 4 FEEE AL, 16
@ﬁﬁ BLROBUGHE, DPEIZOWTHMARDZ L& L, 4REBIZTALT 4 FEFAIC

RIGHEDN R RO T OF A —NIAIERHR AN T 4 R TIHRET L L L LT, &
[NA=: ﬂ?‘/ﬂ/%@iﬁiﬂﬁ% IRRIELR—DbEDEMAND Z L L L7=? (Figure 4-19),

o\

2 0

HN ”‘\\

H’

)Qgio ©

@)

%, § )—

HN H 9 /—l \‘

ln#o SH%O OSH OH
I35~ (T3

Figure 4-19

> Ganesan H1I B - & FuF UMD R LEEDSIRLENL D epi- A B AR F
AZBRML, EFEEMEEA LRV EERE LTS Y,

Lo

)

e
NH 3
pm 0

(6)
epi-spiruchostatin A
inactive
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4-8  FHERARL

FTABREAOB - & R UBOIEMHRY ANV T ¢ NE#EKRE AR LIz, U F R
HR29 16 L, IEEEAERE . 22 - DU DAY AL T 4 REERSE, | BTy oy
ANT 4 NRHER 2~ BRI D ENTERE, NI FALEEBRE LG, ATFAY
ZVT 4 RIE35 ~OEM L AA T, L, BRI MY FOEREBR#E LB, 74
— A, 2 ®b L7ALEY 34 35 i, 2 EiK 34 & B 33 & 5B K EE
THY, IREVMOFE EMA M EZRFT LTEN AT LA T ¢ RIK3S IHERIEET LGS
e o7z, One-pot s, —BEETOEME AL D NTILOSEMGELIRINETH > 72

(Figure 4-20) ,
N\
I Ao N

N™ S™2
g
oH AgNO; QH
% NF
H 2 STt MeOH, CH,CI, H s~ | S
77% 32 Z
iTFA Et;SiH
OH
H Z SH
33 MeSO,SMe OH
A —_— %
o/ﬁ\/gi/\/\ - H -
z 35
H Z $
HWS
O OH

Figure 4-20

HBRRLTZB - E REXU@Bor ) DL AN T ¢ RIR#EK 32 2 AWV CHEEA K& 1T-
7o BIENXERT 2FHEROENDI2NT-DRT VLB EIToT2, AX T UHEREH
FLIZLY 20 % 4 DOV Y U ORIOKRISEZRITT . £HEIUZ-DOV T Fmoce 2D ik
HaATole, TDOIHLOD2OIIK L, 7T = R#ER 2T AL, VD2 D1IZr AT
PRAEIR 36 A L7z, Fmoc ZDMRFELIT 7ok, 2FREBICT I =V 2/MA L2220
FIERED—HIZT 7=, b9 —FHZT7 2= VT 7=V EEA L, Ffkices v %
MWEL-bob—HIIT7T 7=, b9 —H 7 2=V T7 7= %MEE LTz, Fmoc 3% itk
L, SEIFILTORISEBIZH LB - E FaX I @Bor ) LY A7 ¢ NME#K 32 %
Mz, #Ea+ 52 & CHMEIC4FEO Y a4 005 47 AR L7- (Figure 4-21),
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H 1) 2% DBU, 2% piperidine

1) 2% DBU, 2% piperidine 2) DIC, HOBt

2)DIC, HOBt |
o
%, ? Z
NG o T
FmocHN FmocH
27 O 16

/,I/ﬁ\ é* >\/ ~
Z N
|_| |_| FmocHN H OH H |_| |_|
20 FmocH OH
(o]
1) 2% DBU, 2% piperidine
2) DIC, HOBt 38
H

®B) /1, (o]
1) 2% DBU, 2% piperidine @ NHFmoc
2) DIC, HOBt (A) (B)

HO 39
(A)
g
NHFmoc

27

|-| 1) 2% DBU, 2% piperidine
2) PyBOP, DIEA

Figrue 4-21

2L 3B IZT T = U EEA LIF B 44 2 [EM D HEI 0 H L 2R 48 21572,
~7uZ 7 hAbIZEalE 48 OMMERE . Y7 aa A X KT DEEEERNMEW T O
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DMF Z I L7 C, HEAIEIZ E 0 iTo72 P, |IBECIIRISIZIE E A LT L e o T
N, AOC~EAT 5 Z & THIRERIENEIT L, L L, EREICEZIT O E&RIBIK

NHE Ra S LR L7 bA 9 50 3 LC-MS 12 X 0 iR S 7z (Figure 4-22)

- ii \\§ - ii §§
HN \ HN \
1,
’ (KO 30% HFIP °
INH 0o —> NH
QH CH,Cl, QH
/ 22% from loading /
S N N
/3 /X
— —
44
_ N\
/:—i N Z S
HN \ HN \
MNBA, DMAP /=0 It (KO /
NH NH
C4132°CC12 \.\\\ W
crude yield 60%
purity 48%
N N
/X ] N
— —
\
byproduct
50
Figure 4-22

ZDOMOFERIZONTHEI D HLEITV, MSIZE 0 ER AR L7z (Figure 4-23),
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T
);Q
g
\?r

;i ~ §~
HN HN N \ HN \
(Eo OH o OH o
@(NHQ B g o @(NHQ
- o - -
/
S~ N N S~
AN A\ AN
51 // 52 // 53 //
Figure 4-23

BRGSO b &2 1T > TR Y | OFEEIZHOWT HIERERLRISE1T 5 FET
Hb,

LHDTA T TV —HEKOFEE LT, AX T UBEREAITT VS IO L0 &
BWAENLIRAZTF L B OFNEEETH D Z LDk IS ABRTT 2 /R H 5 &
Ezbnb, o, B3I E2HICBONTCE RV RICKRERY 7T E2EALTHE
D EFBITRIEZ E0D \*®ﬁ%i%r IREREBERFTSRNEEZLND, TD
T 2 BRICBI U CITRIEH, SREZOMA Br b b0 E AL, #EEIEMEHEREZ R~
BHWEIN B D k%z%ﬂéo

F72, 7477V —0OHH) 5 HDAC ’iﬁ“éi%%?ﬁﬁﬁﬁb\%@ BEEAETHHORE
BIpDIEMEEAT D LONBRRCTEIGA, FrIhrra—T7L L, ¥ o7 EHEIER
*y%7~7%ﬁ%ﬁ5:kfﬁt@ﬁﬁ@%%%%f%ék%ﬁf%éo

49 Fi&o

ARETEIAE VAT RAZ T ADBMBEGHIC &L 228 E L OFEREHIZ OV TR~
Safty-catch U > 1 —Z H W BRLEI D H LIC K B2 RE A RBRTZN, Lo Te, 22
T2-Z7uua TN h—% 0 Fmoc {EIZ LV M T2z Gk L, Uv H Lk,
~rm7 7 bl VALT 4 REERERREIT D 2 & THEMARIC L 526 Z ER LT,
AKERN— N2 HWT 4 @i“EOD HIRA R EIT o T, BALRIG DRSS Rt 3 5 2
ERHDLN, KAV — MRV FEREGMTE 5 2 E0RET, 4%, S HITKRHE
27477V —E~ b %T%ék%ﬁf%é
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Loading of (3S,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-methylhexanoic acid (3) to
4-sulfamylbutyryl resin (2).

DIC, N-methylimidazole: To a 4-sulfamylbutyryl resin (2) (200 mg, 0.90 mmol/g, 0.180 mmol)
in a 3 mL syringe-shaped vessel (Varian Reservoir) was added dichloromethane (2 mL) and the mixture
was shaken for 1 h and filtered. To the resin was added a solution of (3.5,4R)-4-tert-butoxycarbonylamino-
3-hydroxy-5-methylhexanoic acid (3) (188 mg, 0.72 mmol), N-methylimidazole (57 puL, 0.72 mmol), and
DIC (111 pL, 0.72 mmol) in DMF (0.4 mL) and dichloromethane (1.6 mL). After being shaken for 36 h,
the resin was filtered and washed with DMF X 3, methanol X 3 and dichloromethane X3 to give
(35,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-methylhexanoic acid attached resin (4).

Acid fluoride: To a solution of (35,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-
methylhexanoic acid (3) (200 mg, 0.765 mmol) in acetonitrile (4 mL) was added pyridine (62 pL, 0.765
mmol) and cyanuric fluoride (41 mg, 0.306 mmol) at room temperature. After being stirred at the same
temperature for 1 h, the reaction mixture was quenched with ice water. The aqueous layer was extracted
with ethyl acetate. The combined organic layers were dried over MgSQO,, and concentrated in vacuo. The
crude acid fluoride (7) (205 mg) was used without further purification.

To a 4-sulfamylbutyryl resin (2) (200 mg, 0.90 mmol/g, 0.180 mmol) in a 3 mL syringe-shaped
vessel (Varian Reservoir) was added dichloromethane (2 mL) and the mixture was shaken for 1 h and
filtered. To the resin was added a solution of the crude acid fluoride (205 mg) in dichloromethane (1 mL)
and DMAP (88 mg, 0.72 mmol). After being shaken for 3 h, the resin was filtered and washed with
methanol X 3 and dichloromethane X 3 to give (3S,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-
methylhexanoic acid attached resin (4).

PyBOP, DIEA: To a 4-sulfamylbutyryl resin (2) (100 mg, 0.90 mmol/g, 0.090 mmol) in a 3 mL
syringe-shaped vessel (Varian Reservoir) was added (3S,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-
methylhexanoic acid (3) (94 mg, 0.36 mmol), DIEA (126 uL, 0.72 mmol), and chloroform (1 mL). To the
mixture was added PyBOP (187 mg, 0.36 mmol) at —20 "C. After being shaken at the same temperature
for 8 h, the resin was filtered and washed with dichloromethane X 3, DMF X 3, dichloromethane X 3, and
methanol X3 to give (35,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5- methylhexanoic acid attached
resin (4).

PyBrop, DIEA: To a 4-sulfamylbutyryl resin (2) (50 mg, 0.90 mmol/g, 0.045 mmol) in a 3 mL
syringe-shaped vessel (Varian Reservoir)was added dichloromethane (1 mL) and the mixture was shaken
for 1 h and filtered. To the resin was added a solution of (3S,4R)-4-tert-butoxycarbonylamino-3-
hydroxy-5-methylhexanoic acid (3) (47 mg, 0.18 mmol), DIEA (63 pL, 0.36 mmol), and PyBrop (84 mg,
0.18 mmol) in dichloromethane (0.5 mL). After being shaken for 3 h, the resin was filtered and washed
with DMF X 3, methanol X3 and dichloromethane X 3. This procedure was repeated twice to give

(35,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-methylhexanoic acid attached resin (4).
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Activation and cleavage from 4-sulfamylbutyryl resin (4).

Activation by iodoacetonitrile: To a (3S,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-
methylhexanoic acid attached resin (4) (0.180 mmol) in a 3 mL syringe-shaped vessel (Varian Reservoir)
was added dichloromethane (1 mL) and the mixture was shaken for 1 h, filtered, and washed with NMP X
3. To the resin was added NMP (2 mL), DIEA (157 pL, 0.90 mmol), and iodoacetonitrile (filtered through
a plug of basic alumina, 65 pL, 0.90 mmol) and the mixture was shaken for 18 h. The resin was filtered
and washed with NMP X3 and methanol X5. To the resin was added dichloromethane (2 mL) and
n-propylamine (200 puL) and the mixture was shaken for 12 h. The resin was filtered and washed with
dichloromethane X 3 and methanol X 5. The filtrate was concentrated in vacuo and the crude
(35,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-methyl-N -propylhexanoylamide (6) was analyzed by
LC-MS.
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Activation by pentafluorobenzylalcohol: To a (35,4R)-4-tert-butoxycarbonylamino-3-
hydroxy-5-methylhexanoic acid attached resin (4) (0.090 mmol) in a 3 mL syringe-shaped vessel (Varian
Reservoir) was added THF (1 mL) and the mixture was shaken for 1 h and filtered. To the resin was
added triphenylphosphine (94 mg, 0.36 mmol), a solution of pentafluorobenzylalcohol (71 mg, 0.36
mmol) in THF (1 mL), and DIAD (71 pL, 0.36 mmol) and shaken for 18 h. The resin was filtered and
washed with THF X3 and dichloromethane X 3. To the resin was added dichloromethane (2 mL) and
n-propylamine (200 pL) and the mixture was shaken for 12 h. The resin was filtered and washed with
dichloromethane X 3 and methanol X 5. The filtrate was concentrated in vacuo and the crude
(35,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-methyl-N -propylhexanoylamide (6) was analyzed by
LC-MS.
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Loading of (3S,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-methylhexanoic acid (3) to
hydrazinobenzoyl resin. To a Fmoc-hydrazinobenzoyl resin (11) (100 mg, 0.56 mmol/g, 0.056 mmol) in
a 3 mL syringe-shaped vessel (Varian Reservoir) was added 20% piperidine in DMF (1 mL) and the
mixture was shaken for 5 min X 3. The resin was filtered and washed with DMF X 3 and dichloromethane
X 3. To the resin was added a solution of (3S,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-
methylhexanoic acid (3) (59 mg, 0.224 mmol), HOBt (30 mg, 0.224 mmol), and DIC (35 uL, 0.224
mmol) in dichloromethane (1 mL) and the mixture was shaken for 12 h. The resin was filtered and
washed with dichloromethane X 5 to give (3S,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-

methylhexanoic acid attached hydrazinobenzoyl resin (12).
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Activation and cleavage from hydrazinobenzoyl resin (12). To a (3S,4R)-4-tert-
butoxycarbonylamino-3-hydroxy-5-methylhexanoic acid attached hydrazinobenzoyl resin (12) (0.056
mmol) in a 3 mL syringe-shaped vessel (Varian Reservoir) was added dichloromethane (1 mL), pyridine
(45 pL, 0.56 mmol), and NBS (25 mg, 0.14 mmol) and the mixture was shaken for 10 min. The resin was
filtered and washed with dichloromethane X 3. To the resin was added dichloromethane (1 mL) and
n-propylamine (200 pL) and the mixture was shaken for 12 h. The resin was filtered, washed with
dichloromethane X 3, and the filtrate was concentrated in vacuo to give crude (3S,4R)-

4-tert-butoxycarbonylamino-3-hydroxy-5- methyl-N’-propylhexanoylamide (6) (19 mg).
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(3S,4R)-4-(9H-Fluoren-9-ylmethoxycarbonylamino)-3-hydroxy-5-methylhexanoic acid (18).
To a (3S,4R)-4-tert-butoxycarbonylamino-3-hydroxy-5-methylhexanoic acid (3) (2.00 g, 7.65 mmol) was
added HCI (4 M in ethyl acetate, 20 mL). After being stirred at room temperature for 1 h, the reaction
mixture was concentrated in vacuo. The crude amine was dissolved in water (15 mL) and added
triethylamine (2.3 mL, 16.8 mmol) and a solution of Fmoc-OSu (2.80 g, 8.42 mmol) in dimethoxyethane
(15 mL) at room temperature. After being stirred at the same temperature for 24 h, the reaction mixture

was quenched with 1 M HCI at 0 °C. The aqueous layer was extracted with ethyl acetate. The combined
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organic layers were washed with brine, dried over MgSO,, and concentrated in vacuo. The residue was
recrystallized from ethyl acetate/hexane to give (3S,4R)-4-(9H-fluoren-9-ylmethoxycarbonylamino)-3-
hydroxy-5-methylhexanoic acid (18) (2.74 g, 7.14 mmol, 93%). '"H NMR (400 MHz, CDCl;) § 7.76 (d, J
=7.7 Hz, 2H, k), 7.58 (d, /= 6.8 Hz, 2H, h), 7.42-7.22 (m, 4H, i and j) 4.63-4.47 (m, 3H, f and NH), 4.20
(m, 1H, g), 3.96 (brs, 1H, b), 3.57 (brs, 1H, ¢), 2.53-2.38 (m, 2H, a), 2.04 (m, 1H, d), 0.92 (d, J = 6.8 Hz,
3H, e), 0.88 (d, J = 6.8 Hz, 3H, e); °C NMR (67.8 MHz, CDCl;) § 176.4, 157.3, 143.6, 141.4, 127.7,
127.1, 124.9, 120.0, 88.1, 69.0, 66.6, 59.6, 47.4, 27.6, 20.1, 16.5; IR (neat) 3341, 2173, 2047, 1993, 1941,
1689, 1527, 1464, 1242, 1003, 759, 735 (cm™); [a]**°p = —8.89 (¢ 0.665, CHCI,).
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Loading of (35,4R)-4-(9H-Fluoren-9-ylmethoxycarbonylamino)-3-hydroxy-5-methylhexanoic
acid to 2-chlorotrityl resin (20). To a suspension of 2-chlorotritylchloride resin (250 mg, 1.48 mmol/g,
0.37 mmol) in dichloromethane (3 mL) in a 6 mL syringe-shaped vessel (Varian Reservoir) was added
acetyl chloride (0.3 mL) at room temperature. After being shaken for 3 h, the resin was filtered and
washed with dry dichloromethane X 5. To the resin was added (3S,4R)-4-9H-fluoren-9-
ylmethoxycarbonylamino-3-hydroxy-5-methylhexanoic acid (18) (567 mg, 1.48 mmol) and DIEA (517
pL, 2.96 mmol) in dichloromethane (3 mL) at room temperature and the mixture was shaken for 24 h.
The resin was filtered and washed with dichloromethane X3, methanol X3 and dichloromethane X 3 and
dried under reduced pressure to give (3S,4R)-4-(9H-fluoren-9-ylmethoxycarbonylamino)-3-hydroxy-5-
methylhexanoic acid attached 2-chlorotrityl resin (20) (373.5 mg, quant., 1.0 mmol/g based on resin

weight).
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Pentafluorophenyl  (S)-2-(9H-fluoren-9-ylmethoxycarbonylamino)-3-(tritylthio)propionate
(25). To a solution of Fmoc-D-Cys(Trt)-OH (23) (300 mg, 0.49 mmol) in DMF (1 mL) was added
pyridine (47 pL, 0.59 mmol) and pentafluorophenyl trifluoroacetate (93 pL, 0.54 mmol) at room
temperature. After being stirred at the same temperature for 1 h, the reaction mixture was diluted with
ethyl acetate. The organic layer was washed with 0.1 M HCI, saturated aqueous NaHCO; solution, brine,
dried over MgSO4, and concentrated in  vacuo. The crude  pentafluorophenyl
(8)-2-(9H-fluoren-9-ylmethoxycarbonylamino)-3-(tritylthio)propionate (25) was used without further
purification. [a]*’p = —8.43 (¢ 1.00, CHCI;) [(enantiomer) lit.* [o]*’p =+15.0 (¢ 1.00, CHCI5)].
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(3S,4R)-4-[(S)-2-(9H-Fluoren-9-ylmethoxycarbonylamino)-3-(tritylthio)propionylamino]-3-
hydroxy-5-methylhexanoic acid attached 2-chlorotrityl resin (26).

DIC, HOBt: To a (35,4R)-4-(9H-fluoren-9-ylmethoxycarbonylamino)-3-hydroxy-5-
methylhexanoic acid attached 2-chlorotrytyl resin (20) (50 mg, 0.050 mmol) in a 3 mL syringe-shaped
vessel (Varian Reservoir) was added dichloromethane (1 mL) and the mixture was shaken for 1 h and
filtered. To this resin was added 2% DBU and 2% piperidine in DMF (1 mL). After being shaken for 10
min, the resin was washed with dichloromethane X 5. This deprotection procedure was repeated five times.
The resin was washed with dichloromethane X 5 and DMF X 5.

To a solution of Fmoc-D-Cys(Trt)-OH (23) (122 mg, 0.20 mmol) and HOBt (27 mg, 0.20 mmol)
in dichloromethane (0.5 mL) and DMF (0.5 mL) was added DIC (31 pL, 0.20 mmol) and the mixture was
stirred for 5 min. This solution was added to the resin and the mixture was shaken for 2 h. The resin was
filtered and washed with DMF X3 and dichloromethane X3 to give (3S,4R)-4-[(S)-2-(9H-fluoren-9-
ylmethoxycarbonylamino)-3-(tritylthio)propionylamino]-3-hydroxy-5-methylhexanoic  acid  attached
2-chlorotrytyl resin (26).

Pfp ester, DMAP: To a (35,4R)-4-(9H-fluoren-9-ylmethoxycarbonylamino)-3-hydroxy-5-
methylhexanoic acid attached 2-chlorotrytyl resin (20) (50 mg, 0.050 mmol) in a MicroKans™ was added

* Green, M.; Berman, J. Tetrahedron Lett. 1990, 31, 5851.
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dichloromethane (4 mL) and the mixture was shaken for 1 h and filtered. To this resin was added 2%
DBU and 2% piperidine in DMF (4 mL). After being shaken for 10 min, the resin was washed with
dichloromethane X 5. This deprotection procedure was repeated five times. The resin was washed with
dichloromethane X 5 and DMF X 5.

To the resin was added a solution of the crude pentafluorophenyl (S)-2-(9H-fluoren-9-
ylmethoxycarbonylamino)-3-(tritylthio)propionate (25) (150 mg) in dichloromethane (4 mL) and HOBt
(27 mg, 0.20 mmol) and the mixture was shaken for 24 h. The resin was filtered and washed with DMF X
3, dichloromethane X 3 and methanol X 3 to give (3S,4R)-4-[(S)-2-(9H-fluoren-9-
ylmethoxycarbonylamino)-3-(tritylthio)propionylamino]-3-hydroxy-5-methylhexanoic ~ acid  attached
2-chlorotrityl resin (26).

Analysis of racemization (general procedure). To a small amount of (3S,4R)-4-[(S)-2-
(9H-fluoren-9-ylmethoxycarbonylamino)-3-(tritylthio)propionylamino]-3-hydroxy-5-methylhexanoic
acid attached 2-chlorotrityl resin (26) (approximately 5 mg) was added 2% DBU and 2% piperidine in
DMF (0.5 mL) and the mixture was shaken for 1 minX3. The resin was washed with DMF X3 and
dichloromethane X 5. To the resin was added 30% HFIP in dichloromethane (1 mL) and the mixture was
shaken for 30 min. The resin was filtered and washed with dichloromethane X 5. The filtrate was

concentrated in vacuo and the crude peptide was analyzed by LC-MS.

(3S,4R)-4-{(S)-2-[(R)-2-(9H-Fluoren-9-ylmethoxycarbonylamino)propionylamino]-3-
(tritylthio)propionylamino}-3-hydroxy-5-methylhexanoic acid attached 2-chlorotrityl resin (28). To
a  (3S4R)-4-[(S)-2-(9H-fluoren-9-ylmethoxycarbonylamino)-3-(tritylthio)propionylamino]-3-hydroxy-5-
methylhexanoic acid attached 2-chlorotrityl resin (26) (0.050 mmol) in a 3 mL syringe-shaped vessel
(Varian Reservoir) was added 2% DBU and 2% piperidine in DMF (1 mL) and the mixture was shaken
for 1 min X 3. The resin was washed with DMF X5 and dichloromethane X 5.

To a solution of Fmoc-D-Ala-OH (27) (69 mg, 0.20 mmol) and HOBt (27 mg, 0.20 mmol) in
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dichloromethane (0.5 mL) and DMF (0.5 mL) was added DIC (31 pL, 0.20 mmol) and stirred for 5 min.
This solution was added to the resin and the mixture was shaken for 2 h. The resin was filtered and
washed with DMF X 3 and dichloromethane X 3 to give (3S,4R)-4-{(S)-2-[(R)-2-(9H-fluoren-9-
ylmethoxycarbonylamino)propionylamino]-3-(tritylthio)propionylamino}-3-hydroxy-5-methylhexanoic
acid attached 2-chlorotrityl resin (28).

(3S,4R)-4-[(:5)-2-{(R)-2-[(E)-(S)-3-Hydroxy-7-tritylthio-4-heptenoylamino] propionylamino}-3
-(tritylthio)propionylamino]-3-hydroxy-5-methylhexanoic acid (31). To a (3S,4R)-4-{(5)-2-[(R)-
2-(9H-fluoren-9-ylmethoxycarbonylamino)propionylamino]-3-(tritylthio)propionylamino}-3-hydroxy-5-
methylhexanoic acid attached 2-chlorotrityl resin (28) (0.05 mmol) was added 2% DBU and 2%
piperidine in DMF (1 mL) and the mixture was shaken for 1 min X 3. The resin was washed with DMF X
5 and dichloromethane X'5.

To the resin was added a solution of (E)-(S)-3-hydroxy-7-(tritylthio)-4-heptenoic acid (29) (84 mg,
0.20 mmol), DIEA (35 pL, 0.20 mmol) and PyBOP (104 mg, 0.20 mmol) in dichloromethane (1 mL) and
the mixture was shaken for 24 h. The resin was filtered and washed with dichloromethane X 3, methanol
X3, dichloromethane X 3. The resin was added 30% HFIP in dichloromethane (1 mL) and the mixture
was shaken for 30 min. The resin was filtered and washed with dichloromethane X5. The filtrate was
concentrated in vacuo. The residue was purified by chromatography on silica gel (5% methanol in
chloroform) to give  (3S,4R)-4-[(S)-2-{(R)-2-[(E)-(S)-3-hydroxy-7-(tritylthio)-4-heptenoylamino]
propionylamino}-3-(tritylthio)propionylamino]-3-hydroxy-5-methylhexanoic acid (31) (27.2 mg, 0.0278

mmol, 56%). Spectral data were identical to that described in chapter 3.
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(E)-(S)-3-Hydroxy-7-(2-pyridiyldithio)-4-heptenoic acid (32). To a solution of
(E)-(S)-3-hydroxy-7-tritylthio-4-heptenoic acid (29) (200 mg, 0.478 mmol) in methanol (4 mL) and
dichloromethane (8 mL) was added Aldrithiol-2™ (2,2’-dipyridyl disulfide) (211 mg, 0.956 mmol) and
silver nitrate (122 mg, 0.717 mmol). After being stirred at room temperature for 24 h, the reaction mixture
was filtered on celite. The filtrate was concentrated in vacuo. The residue was purified by solid phase
extraction (VARIAN BOND ELUT® C18, eluting with 20% methanol to 50% methanol in water) to give
(E)~(S)-3-hydroxy-7-(2-pyridiyldithio)-4-heptenoic acid (32) (105 mg, 0.367 mmol, 77%). "H NMR (400
MHz, CDCl;) 6 8.47 (d, J = 4.4 Hz, 1H, j), 7.74-7.65 (m, 2H, g, h), 7.12 (m, 1H, i), 5.76 (ddd, J = 15.5,
6.7, 6.3 Hz, 1H, d), 5.59 (dd, J = 15.5, 5.3 Hz, 1H, c), 4.53 (brs, 1H, b), 2.84 (t, J = 7.3 Hz, 2H, f), 2.60
(brs, 2H, a), 2.48-2.43 (m, 2H, e); "C NMR (67.8 MHz, CDCl;) § 176.2, 160.2, 149.2, 137.4, 132.7,
129.3, 120.9, 120.1, 68.5, 41.2, 38.0, 31.6; IR (neat) 3700-3000 (br), 2923, 1715, 1579, 1448, 1418, 1276,
1120, 971, 762 (cm™); [a]**®p = —-2.23 (¢ 1.00, CHCl5).
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General procedure for coupling with 2" amino acid to (3S,4R)-4-(9H-fluoren-9-
ylmethoxycarbonylamino)-3-hydroxy-5-methylhexanoic acid attached 2-chlorotrityl resin (37 and
38). To a (35,4R)-4-(9H-fluoren-9-ylmethoxycarbonylamino)-3-hydroxy-5-methylhexanoic acid attached
2-chlorotrityl resin (20) (50 mg, 0.050 mmol) was added dichloromethane (1 mL) and the mixture was
shaken for 1 h and filtered. To this resin was added 2% DBU and 2% piperidine in DMF (1 mL) and the
mixture was shaken for 10 min and washed with dichloromethane X 5. This deprotection procedure was
repeated five times. The resin was washed with dichloromethane X 5 and DMF X 5.

To a solution of Fmoc-D-AA-OH (27 or 36) (0.20 mmol) and HOBt (27 mg, 0.20 mmol) in
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dichloromethane (0.5 mL) and DMF (0.5 mL) was added DIC (31 uL, 0.20 mmol) and stirred for 5 min.
This solution was added to the resin and the mixture was shaken for 2 h. The resin was filtered and
washed with DMF X3 and dichloromethane X3 to give dipeptide attached 2-chlorotrityl resin (37 or
38).

General procedure for coupling with 3™ amino acid (40 to 43). To a dipeptide attached
2-chlorotrityl resin (37 or 38) (50 mg) was added 2% DBU and 2% piperidine in DMF (1 mL) and the
mixture was shaken for 1 min X 3. The resin was washed with DMF X 5 and dichloromethane X 5.

To a solution of Fmoc-D-AA-OH (27 or 39) (0.20 mmol) and HOBt (27 mg, 0.20 mmol) in
dichloromethane (0.5 mL) and DMF (0.5 mL) was added DIC (31 uL, 0.20 mmol) and stirred for 5 min.
This solution was added to the resin and the mixture was shaken for 2 h. The resin was filtered and
washed with DMF X3 and dichloromethane X 3 to give tripeptide acid attached 2-chlorotrityl resin (40,
41, 42, 43).
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40: R =Me, R'=Me
41: R=Me, R'=Bn

42: R
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General procedure for coupling with B-hydroxy acid and cleavage from solid support (48, 51,
52, 53). To a tripeptide attached 2-chlorotrityl resin (40) (0.040 mmol) was added 2% DBU and 2%
piperidine in DMF (1 mL) and the mixture was shaken for 1 min X3. The resin was washed with DMF X
5 and dichloromethane X'5.

To the resin was added a solution of (E)-(S)-3-hydroxy-7-(2-pyridyldithio)-4-heptenoic acid (32)
(34 mg, 0.12 mmol), DIEA (31 uL, 0.18 mmol) and PyBOP (62 mg, 0.11 mmol) in dichloromethane (0.5
mL) and DMF (0.5 mL) and the mixture was shaken for 24 h. The resin was filtered and washed with
DMF X 3, dichloromethane X 3, methanol X 3, dichloromethane X 3. To the resin was added 30% HFIP in
dichloromethane (1 mL) and the mixture was shaken for 30 min. The resin was filtered and washed with
dichloromethane X5. The filtrate was concentrated in vacuo. The residue was purified by solid phase
extraction (VARIAN BOND ELUT® C18, eluting with 20% methanol to 50% methanol in water) to give
seco acid (48, 51, 52, 53)

(35,4R)-4-[(R)-2-{(R)-2-[(E)-(S)-3-Hydroxy-7-(2-pyridyldithio)-4-heptenoylamino]
propionylamino}propionylamino]-3-hydroxy-5-methylhexanoic acid (48). (5.1 mg, 0.00894 mmol,
22%). "H NMR (400 MHz, CD;0D) & 8.39 (d, J = 4.4 Hz, 1H, s), 7.86-7.78 (m, 2H, p, q), 7.29 -7.20 (m,
2H, r, NH), 5.71 (dt, J=15.5, 5.8 Hz, 1H, m), 5.58 (dd, J=15.5, 6.8 Hz, 1H, 1), 4.46 (m, 1H, k), 4.25 (m,
2H, f, h), 4.07 (m, 1H, ¢), 3.76 (m, 1H, b), 2.86 (m, 2H, o), 2.58-2.16 (m, 7H, a, d, j, n), 1.34 (m, 6H, g, 1),
0.92 (d, J = 6.8 Hz, 3H, ¢), 0.88 (d, J = 6.8 Hz, 3H, ¢); °C NMR (67.8 MHz, CD;0D) § 175.8, 175.3,
174.3, 161.9, 150.6, 139.5, 130.3, 122.6, 121.5, 71.2, 69.7, 59.7, 51.5, 51.3, 45.1, 40.8, 39.5, 32.8, 29.4,
21.0, 18.1, 17.7, 17.0; IR (neat) 3294, 2927, 1721, 1655, 1542, 1448, 1418, 1260, 1178, 1119, 1045, 972,
800, 751, 719, 668, 483 (cm™); [a]?'p = +4.25 (¢ 0.255, MeOH); MS(ESI-TOF) caled for
[C,sH3sN,0;8,+H]" 571.22 found 571.23.
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(2S,6R,9R,12R,13S)-12-Isopropyl-13-hydroxy-6,9-dimethyl-2-[(E)-4-(2-pyridyldithio)-1-
butenyl]-1-0xa-5,8,11-triaza-cyclopentadecane-4,7,11,15-tetraone (49). To a solution of MNBA (31
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mg, 0.0902 mmol) and DMAP (22 mg, 0.180 mmol) in dichloromethane (1 mL) was added
(35,4R)-4-[(R)-2-{(R)-2-[(E)-(S)-3-hydroxy-7-(2-pyridyldithio)-4-heptenoylamino]propionylamino}
propionylamino]-3-hydroxy-5-methylhexanoic acid (48) (10.3 mg, 0.0180 mmol) in DMF (1.8 mL) and
dichloromethane (16.2 mL) dropwise slowly. After being stirred at room temperature for 24 h, the
reaction mixture was concentrated in vacuo. The residue was purified by solid phase extraction (VARIAN
BOND ELUT® CI8, eluting with 20% methanol to 50% methanol in water) to give
(2S,6R,9R,12R,13S)-12-isopropyl-13-hydroxy-6,9-dimethyl-2-[(E)-4-(2-pyridyldithio)-1-butenyl]-1-oxa-5
,8,11-triaza-cyclopentadecane-4,7,11,15-tetraone (49) (6.0 mg, 0.0109 mmol, 60%, purity 48%).
HRMS(ESI-TOF) calcd for [CysH3¢N4O6S,+H]" 553.2155 found 553.2153.

HN N OH
Hin o O
NH N
\\\\
P
@) = — N

(3S,4R)-4-[(R)-2-{(R)-2-[(E)-(S)-3-Hydroxy-7-(2-pyridyldithio)-4-heptenoylamino]
-3-phenylpropionylamino} propionylamino]-3-hydroxy-5-methylhexanoic acid (51). MS(ESI-TOF)
caled for [C3;H4oN,O;S,+H]" 647.26 found 647.12.

(3S,4R)-4-[(R)-2-{(R)-2-[(E)-(S)-3-Hydroxy-7-(2-pyridyldithio)-4-heptenoylamino]
propionylamino}-4-methylpentanoylamino]-3-hydroxy-5-methylhexanoic acid (52). MS(ESI-TOF)
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caled for [CogH44N,O;S,+H]" 613.27 found 613.15.
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(3S,4R)-4-[(R)-2-{(R)-2-[(E)-(S)-3-Hydroxy-7-(2-pyridyldithio)-4-heptenoylamino]
-3-phenylpropionylamino}-4-methylpentanoylamino]-3-hydroxy-5-methylhexanoic acid (53).
MS(ESI-TOF) caled for [C34HygN,O,S,+H]" 689.30 found 689.17
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KL (3T D0 A a O TOE R B LBUSIZ K D P ATF LT a L Ry A O
AR L OEHARIEEZ WAL IRAZTF U A DRERETI I, Fay
— L, VATFATaAF TR ADERERMEL L RAE /LaxgF 2 A DR,
BEAHEAR. FEAEARK, ACALaxXEZF L AzrI L7 a—7 L L= HDAC HAEKD
$0 EFICBE LTzt o TH D,

B % [FFim) Cld, AERBERE Sy 1 DA BT 3V T Target Oriented Synthesis (233 1F 5 H#
MRS E LTEER - 7 U ANT D0 LA FW 72 SOSIZ DWW Tk~ Diversity
Oriented Synthesis |23 DA CTHHa B F MU T AT I A MY — L ZDISHSE
THLTINNAAF BT —ZONTIHEN, KigXOHIEEREZHA LN LT,

H28E [x - 7T UANRT T AGERIZKT 50 FNT VT ARARIGE W2 A TF L
ruAFTRy A OREEMTE] TiX, SRR TR SN/ T7 DU LRI K 5 8E
A B BRERAEGE L HINTZ Y AF V7 v A AR A @ Target Oriented Synthesis (2D
Tak~7=,

2 FEDIE - Trost SUGIZ K0 SUROBRCATEMAZ SR L2, /3T U0 AMilliEA Fv 7o
REBRALSUSIZ LY — A B BRERZMET 5 2 LIS LTz, £ OROERRALHRIL
BHDNEF #FE 2 Et LTofER, TAr v a4y VA%, TLAVT e REZXd Y XA F
Lo~ ERBH L BEREBEREET D 2 L T Sha bic ko TGS NG RIE~LEL =
&R G A EN L. (Figure 5-1),

PhO,S<_-SO,Ph —
ZENsT2 B—" \—onc
AO OMPM  NaH, Pd(OAc),, PPhy PhO,S OMPM  \H.Pd(OAC),, PPh,
S THF > PhosS X >
8301 THF
o 96%
PhO,S
OMPM
PhO,S PA(OAG), PPhy PhO,S 722" owmpm PhO,S J22PN__omPM
NS —’> \ — \\\(
| AcOH N o
90 °C =
OAc 66%
SO,Ph o)
OMPM
PhO,S S 12 steps \ OMe 3 steps
— —_— X | —_—
) OMe (ref. 1)

Dimethyl Gloiosiphone A

Figure 5-1
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FIE [AENIRZT U ADBRERETIINAL AT —] TiE, F1H (AL
ARAZTFT U ADRER] BV THEERAGHRATRN LI A E VI XX T A DRENRE
BRI DN TR 7z

AENARZTF U A DEARRTIEB - B ReX k% Seebach OARFMHB) 14 H W oA
HT N R—=IBIRIC KD B LTc, ZOBERMAIE LTova s rnl) REz,
Vha=ghxr )7 — e LTRIGSEDHZ ET, BINE, 5TV T AT LAERETT L
R— AR Z GRS 2 Z EITakEh LTz,

)cj)\ J'cj)\ ngﬂkfle )Cj)\ j)\RZA&/\/\
Phj}—J L\/\/\STrt THF Phé;—4g ~ St
PH 7_— A:R;=OH,R,=H
B:R,=H,R,=0H

Figure 5-2
Table 5-1
Auxiliary [eq.] Additive Temp. ['C] Yield [%] Ratio (A: B)
25 Cp2ZrCl;> (2.7 eq.) -78t00 95 85:15
1.0 - -78 89 77 :23
1.0 TiCI(Oi-Pr)s —78to —40 94 76 :24
(3.0eq.)

1.0 Cp2ZrCl; (1.2 eq.) —78t0 0 55 93:7
1.0 ZrCly (1.2 €q.) —78t0 0 63 73:27

ABFUFERE B - B Rud U@l oMaRIiEE L, AZ T U8R E C Kihs
BEAT o1z, TOBE A2 F L FFERD I NVAR TR OGRGELEOBRIINEETH - 72,
L)L, xRN EZBEL, TUVNLVZAT L ETHZETRIKGERITZ Lk
BE DA RN RN Uiz, BRALRUSIIHEATEIC L 0 IR TH#AT L, |BICT ALV T 1 RiES

EHRT 52 TAE VAR T A DB EER LT,
0 \_ (

o ° \\

spiruchostatin A

H

Fui 1) MNBA, DMAP, CH,Cl,
|||- STrt >

OH 2) 1, MeOH, CH,Cl,
2 steps87%

o)

MNBA: E:I;o
O,N O O NO,

Figure 5-3
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FUALE T TEEE L I AN T o —T DA/ E F % V- HDAC EEED#Y
T ERICOW TR,

AENARZTF L A OWFEREOE Fax Aokt L, AX—F—2 N LTS F RE T
EREAESEIrI N T —T %288 LT, TnEHWTENY VR ETh D HDAC %
Ble X R EEGRO) EFEITo7z, TOREER, HDAC 25T 21 O X VR H
NORHEEEDHY EIFITII LTz, A—H—2 LB 22 D0 TF RE S DmE %
EZTbDOTHRERICEGERZEY BIF 52 LN TET,
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Figure 5-4

%4 E [FEHEGHRIEEZHWCAELaRZF o A OGBS LOFEERAHK] Tk, [
FIERIEIC L DALV a X ZTF o A OREREB LOE Z CTHSL SN HiEfma AW T-ihE
AN AR AN (Ve

A B TF SR %E Safty-catch U U —~HFFSE L 2 ETRABTIV I LICK S AL
ABF v ADFEMEEGMREFE Lz, LML, 2FEOY I —ZEt Lz, 2EAUITE
Wb Rhol, F2T2-7au U FNY v —% A= Fmoe 1512 & 5 B &2 A7,
1 7555 H © Fmoc ZEDOBREIFIH SN D5 TR KISDEIT Leh o 7ohy, R £z
D2 ETCRBIBRETEDRMEEZ AL, 70, TOBRE SN EE O BEMHEED 5
OB SN2 o T2, 2EBEED VAT A L OMAE OB T 2 ILBARE L e o 72
D, FUEBRFORER., Fo/MET D2 Ll Uiz, 37 H . 475 H OMA IR A RO
EREFERICHETT L, [BM ECEa@a a2 2 LIopEh Lz, 810 H L7z af@idmii
T, ZNUBEO BSOS THEA G RO B O CRIEZR S HEIT L, EHEEGMRICE 2 2 Y
VA RETF A DRGSR AER LT (Figure 5-5),
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Figure 5-5

£lo. KERTIEC LY 4 FHOFEMR S Z BT L7c (Figure 5-6)

=0 \ = 0O \ )\, (] \
iy N > N gy N
HN N HN N HN N
NH OH g o ©/ NH OH g o NH on ©/ NH OH g o
o 3 o] 3 o] 3

57SCN 575G\ N 575\ N
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Figure 5-6
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