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Stereoselective Synthesis of a,f-Dehydroamino Acid Esters Using

a-(Diphenylphosphono)glycinate and Its Application to Natural Product Synthesis

Yoko Yasuno

abstract

a,B-Dehydroamino acids (Dhaa) are often recognized as constitutes of biologically active natural
products and widely used as starting materials for the synthesis of natural and non-natural a-amino
acids. Dhaas are conformationally restricted non-proteiogenic amino acid analogues in which sp’
carbon atoms at the a- and (-positions of a-amino acids are unsaturated as a carbon-carbon double
bond. It has been reported that the introduction of Dhaas into peptides contributes to rigidifying
conformation, an enhancement in biological activity, and chemical stability toward enzymes.
Although much synthetic effort has been devoted to the synthesis of Dhaas focusing on their potential
utilities, these established methods provide dehydroalanine or Z-monosubstituted isomers that are
thermodynamically more stable than E-isomers due to the lack of efficient synthetic method for the
stereoselective synthesis of £-mono and p,B-disubstituted Dhaas. In this thesis, the author describes a
new method to access £-mono and disubstituted Dhaas using a-(diphenylphosphono)glycinate and its
application to biologically active natural product.

This thesis consists of 5 chapters. Chapter 1 describes the background of this research regarding
Dhaas, methyl a-(diphenylphosphono)glycinate. In chapter 2, stereoselective synthesis of E-Dhaa
esters is described using the phosphonoglycinate. This reaction is a new method to access a wide
variety of E-Dhaas with commercially available and easily prepared aldehydes by choosing three
reaction conditions (Nal-NaH or DBU, MgBr,*OEt,-DBU, and ZnCl,-DBU). Chapter 3 describes
stereocontrolled synthesis of f3,B-substituted Dhaa esters from E-monosubstituted Dhaa esters. The
geometry is constructed by secured stereochemically defined Z-selective iodination-Negishi coupling
reactions. In chapter 4, synthetic studies of phomopsin A, isolated form the fungus species Diaporthe
toxica as a potent microtubule depolymerization, are described. The stercoselective synthesis of the
tripeptide side chain which contains of two Dhaas (E-Alle and E-AAsp) was accomplished by
E-selective HWE reaction using a-(diphenylphosphono)glycinate. Chapter 5 describes the synthesis
and the neurobiological evaluation of kaitocephalin analogues for the structure-activity relationship

study of the natural product.
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Abu 2-aminobutyric acid

Ac acetyl

Ala alanine

AMPA a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
AQN anthraquinone

Ar aryl (substituted aromatic ring)

Arg, R arginine

Asp aspartic acid

AZADO 2-azaadamantane N-oxyl

Bn benzyl

Boc tert-butoxycarbonyl

br broad (spectral)

BOP (benzotriazol-1-yloxy)-tris(dimetylamino)phosphonium hexafluorophosphate
Bu butyl

Bz benzoyl

caled calculated

Cbz benzyloxycarbonyl

CI chemical ionization

COSY two-dimensional correlation spectroscopy
Cy cyclohexyl

A dehydro-

DABCO 1,4-diazabicyclo[2.2.2]octane

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

DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
de diastereomeric excess

DEAD diethyl azodicarboxylate

DHQ dihydroquinine

(DHQ),PHAL 1,4-bis(9-O-dihydroquininyl)phthalazine
DHQD dihydroquinidine

(DHQD),AQN 1,4-bis(9-0O-dihydroquinidinyl)anthraquinone

DIBAL diisobutylaluminium hydride



DIPT
DMAP
DME
DMF
DMP
DMSO
dppb
dppf
dr
EDC
EDCI
ECs
EI

eq.

esp

Et
FAB
FTIR
Glu, E
GluRs
Gly, G
HATU
HMBC
HMPA
HPLC
HRMS
HWE

i

ICs
iGluRs
Ile

J

KA

diisopropyl tartrate

4-(dimethylamino)pyridine
1,2-dimethoxyethane

N,N-dimethylformamide

Dess-Martin periodinane

dimethyl sulfoxide
1,4-bis(diphenylphosphino)butane
1,1'-bis(diphenylphosphino)ferrocene
diastereomeric ratio
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
half maximal effective concentration
electronic ionization

equivalent
a,o,0,0'-tetramethyl-1,3-benzenedipropionate
ethyl

fast atom bombardment

Fourier transform infrared spectroscopy
glutamic acid

glutamate receptors

glycine
O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate
heteronuclear multiple bond coherence
hexamethylphosphoramide

high-performance liquid chromatography
high-resolution mass spectrometry
Horner—Wadsworth—-Emmons

iso-

half maximal inhibitory concentration
ionotropic glutamate receptors

isoleucine

coupling constant (in NMR)

kainic acid



K-Selectride
LDA

Leu

LHMDS

MS 4A

nbd
NBS
NIS
NMDA
NMO
NMR
NOE
NOESY

OBO
Ph
Phe
PMB
Pr
Pro, P
quant.
Rs

rt

sec

potassium tri-sec-butylborohydride
lithium diisopropylamide

leucine

lithium hexamethyldisilazide
ligand

molar

meta-chroloperbenzoic acid
methyl

metabotropic glutamate receptors
melting point

methanesulfonyl, mesyl

mass spectrometry

molecular sieves 4A

normalized
bicyclo[2.2.1]hepta-2,5-diene
N-bromosuccinimide
N-iodosuccinimide
N-methyl-D-aspartate
N-methylmorpholine N-oxide
nuclear magnetic resonance

nuclear Overhauser effect

nuclear Overhauser and exchange spectroscopy

2-nitrobenzenesulfonyl, nosyl

4-methyl-2,6,7-trioxabicyclo[2.2.2] ortho

phenyl
phenylalanine
para-methoxybenzyl
propyl

proline

quantitative yield
receptors

room temperature

secondary



Ser, S serine

s.m. starting material

Su succinimide

t, tert tertiary

TBAF tetrabutylammonium fluoride
TBD 1,5,7-triazabicyclo[4.4.0]dec-5-ene
TBHP tert-butyl hydroperoxide

TBS tert-butyldimethylsilyl

temp. temperature

TEMPO 2,2,6,6-tetramethyl-1-piperidinyloxy, free radical
Teoc 2-trimethylsilylethoxycarbonyl
Tf trifluoromethanesulfonyl

TFA trifluoroacetic acid

THF tetrahydrofuran

Thr, T threonine

TLC thin-layer chromatography
T™MG N,N,N'.N'-tetramethylguanidine
TMS trimethylsilyl

Troc 2,2,2-trichloroethoxycarbonyl
Ts para-toluenesulfonyl

Tyr, Y tyrosine

Val valine

wt weight

2D two-dimension
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1-1 aB-7t a7 /8%

T, T EEDNVRRINEOW G OEREL TR OARILEM TH D, K
AT FREEE D M — R HF (kR LITFET Da-7 X /D Z & % L. RCH(NH,)COH O
WiExFFo, IO BEMAREEOT I VBRIV VU R=H)THD, TOMDOT I JEEIZRIZ
EHILEA L, TORFRLOSMBFICE Y LIKE DENFET D, —FH T, ap-TE R
7 2/ [#(Dhaa) X, 7 XV BEOfLEPIIC EHEADEASHIERE T I BTHL, T
BRI B REHR A REAe 0t L, ZEAEGOMFIEIC LY, T Re T I BRI
DEENEESNTODENRKEL B> TS, FHUTEVF e Fu7 I BRICiTERL
ET 2 KD cis OBARRICH D ZIKE . trans DEALRD E KD, — DM EMARNEET D
(Figure 1-1), £727 & ka7 IV BOBGE ., ZKRIZBENFOICLZERBEEETHY | EFRIIR
HERBEMAR L 2o TVD, ZORRIC, ZEFEGZRE, T P 7 I/ BEI7 I/ BEF
BotEzA+52 L. T LCEBENSFm EICEESND LW BEE2 B> Z b, 7
b Ra7 I @REXTF RPICHAAT Z L1C K D, SEARELE O [E BN K 3 il F& 129
BHHE DS, AEEEOR -2 Y ORI s TE Rz, ?

a-amino acid

PN -
HoN™ "COH  H,N" >CO,H H,N" >CO,H
Gly L-Phe D-Phe
a,p-dehydroamino acid (Dhaa) pd
| |
H,N~ "CO5H H,N™ "CO5H
Z-Dhaa E-Dhaa
|~

Figure 1-1. Structure of amino acid and o,-dehydroamino acid
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DEERRONDZ E0D, T Fa7 I BRITAIIEELTF FOMESERBEFED Y
—VELTHHAENTE 7, T Ra7 I BEENTF FRICHAAEND &, HIgH
(T a7 X BRAHERIL) & AR EH bR F-PREMO —HEGICLY a7+ 2
—varnklREns EFZ 2o, AFEREOEENS S, T KT I O BERTT
ROSIARERJERF R ¥ < IS T & T,

Blz X Z-7 e Ru 7 x2=/L7 7 =2 (Z-APhe) CiL. CI1-C2 MO EHEAE2 1.5 A, CI1=0 [#
1$1231A CTHDHZ ERFEREENDHHL TS, LL, TNENOE S1X Phe (23,
C1-C2 MIEF< (1.53 A), C1=0 liZ LT MITE(1.203 A), fliZ b N-C2, C3-C4 [ D FEEEH
FINZ &M D, Z-APhe 1X, “EMEAOHEGICE D EHOMICHEE LWL LD, TE R
272 BITFEEEZA LTV RWeD, BRERERITFTFASINATHRY, i ~TF
RHTHEAGA T & | DUFRIEFRFE D W7 F REHIZIB W T Z-APhe 23— D> TH VT T RIB-& —
UHEE (OB TR R L TKEREE AT I | o EEERTWILEANY v 7 R
ENEETH D Z LM, FEmmE &R O NMR #5775 5 7R S 300 % (Figure 1-2), Z3UiE
B UNTEDOZREEDT A BT, Tk R 7 I BEEOMBALDBAENTH S
AIREMEZ R THRER TH 5,

(a) (b) l
RN A

! c

Figure 1-2. (a) Structure of Z-APhe.; (b) Structure of type II B-turn. Double dashed line is hydrogen
bond.

LU, GERENEECHLZ L, ZTLTEOEK EIFIE ZHROAZESGD Z L3 H
Ko Lnb, ZORRBRASTF NOSAKRBEMEORNR L7278 Ru 7 I VI, 3EA
E N Z-APhe T 5, ITHEIZ 72 - TALeu, AAla, AAbu }2 (’AVal 2 W TZAFZER HA SN TR Y,
Z-ALeu DAL Z-APhe & K< BPllza v 7 4 A= 3 v &ZRTHOD AAla Tidfiy-2 — (.
DR T IR LR L CKER A A HOMIEZ Y . piEREOEIC L - Ta vy 7 A—
3 VOBEICHEE 252 LRI TN,



T b Re7 3 Boa e L 5

FRLOFE A FFOLSNCH, T Fe 7 2 BRI, MUNEREAHEFENEZAET 558 E7 Y
YA (1, BUESR)R~ A 237 7 ) TSR 5 HUEEME 2 F70 antrimycin A (2)Y, & M@
L i % B P ETE M 2 7R Yakuw’amide A (3)V72 &, AHEMESRTF RO T 3 / #
ELTEENTVDZ ERMBN TS (Figure 1-3), L TIX, ¥IOTE K7 IV BEHR
JEE L L. MARFELEM %273 dorsamin A NEEES L O _XTF RSO KIRE AL
AL RBENTND, E5IC, AFEKBHME "o~ A 7N, v 7 a7 a Ak,
[3-+2]BR LA, Diels-Alder [t 7 & D FE- IR FAEA TG 1910 L 2 I RKIT 2/ Wik
BRROFIAEE LTIAS HWLND Z EnD, ZOEMMFZEENERIZRINTE T,

CO,H
%EMG AP
MeHN  HN Os N
- ~X N COyH
SoNH | H ? 0 19 o\/ \«)k \/J\OH
HO' OM Et : N:E Me™ "Et HoN N/'}(N
eom( H : |

0 OH OH ﬂr«f\ N\

Phomopsin A (1 Antrimycin A (2)

Cl

*/ﬁ%% Kﬁwﬁfﬁ )\%H H Jtmr gikmfwkm( fINMeZ

Yaku'amide A (3)

Figure 1-3. Structure of natural product containing mono or disubstituted o,3-dehydroamino acid

OB LY, T Fery I 2 @E, BEEEKTE feT7 7=, 0= 0), £/
BAR(RIEBE D= 1), YEBARIBEOH= )0 ZFEIC B SN S, S BICE / BERE, ¥
BRITZENZENEMAMIC LY ZIRE ERICTOoNDS D, Gt CSHEEOTE Ky
X EENFAET D (Figure 1-4), LU G, T a7 2V BEKIEX, pii~7T 2 i 10
BRBESORPCHE G PG W% BE LTINE CICEA st S TE R, Z0% X EHELE R
LW T b Re 7 7=, BRI RER Z-E ) BREOAKIETH D, — T, E-E
BRSO VE SR O SRR A RRIEIL, D DI TR TH Y, 2T F R
TECOWVWTHRESENZ L STWVHIDORERTH D, LT, ZHETIIHRESNT E-E/
B DEHTE FaT X BFESEROERIEIZ DN T O 2R~ D
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AAla monosubstituted disubstituted

CO.R COR COR CO,R CO.R
/I\NHP /kNHP \/\NHP 7 NHP OWANHP

Z-isomer E-isomer Z-isomer E-isomer
j@%ﬁ% HELSNTND HEIHL 72
CLAna? sumEb Y JEH A D 7o

Figure 1-4. Comparison of five different types of o,p-dehydroamino acids in their syntheses and

application to peptide incorporation

1-2 E-E /@MW DE#HTE FaT I B 27 VERRIE

SEDOWE Y

Antrimycin 3O EEKMIEIZ T, EHI1T N-WLRFLo-T b FaT 2/ BREKMNCA) %
W=7 F RERERE LTV D (Scheme 1-1), 7 g4 & XDV AR A — b & OfEH
ICEVBR-VEHTE R T I VRS AL TS, RWTS ZERILSETNCA 6 ~E 4
L, NREgAL ST CRIGRNCT 2 /a2 Y Ry FTIHREGSESHZ & T, 7 R
R I BER M) RTFRT EBTND, 277 LRETIRENO, MiEE Ofia TR
% 508 EIZ W BMEROIRGH TH Y | TREIPETEOR=ELE: Z=3:2),

R R2
0 NHCbz Mewg\_/{o B
R% Cbz-NHy R1 SOCl, PHN™ ~CO,H
COH ——— COH —— HN O >
Me Me \[f P =Boc, Cbz
4 5 (R' = Me, Et) 6 O R2=Me, Et, n-Pr, i-Bu

Me~y O OH
R? Ser-OMe R? H O /E
PHN)\H/N ° PHN NfJ\N COyMe
g | H
o O R™Me
7

Scheme 1-1.



Wandless & O 10

Wandless HIEp-B R X7 I VBT AT V) D OSNARFE A 72 BER S IZ L - T, £/
BERBIOVEBRT E FeT7 I /B ATARVERERVICEOND Z E2REL TS
(Scheme 1-2), erythro 1K 8 1Zxf L. SOCL & HWTEMIRILEH 9 & L. KW TDBU & K& S
HHZ LT, 7o FRVTITF—BEENEIT L, E-7 8 Re 7 I BT 27 /110 A ERIYIC

HFoh=E 1), RiEEZDBU ZENCHWSZ LT, YoRy hTOAKRLARETH D,

SHIESIZ, Te FaaYyal vy OFRICOAREZEHA L TW5D, (25,3R)-11 IZFEERD
FMEZEMT DL, Z-Ale FER 13 PEFONTo, RIEZIVRET VDO U XTF Rl
FHOERLZ R LT 5 (X 2),

Cbz
CszN] ~COR" g0, ~CO.R! DBU ¢ CbzHN__CO,R’
——> 0=§ j

| (1)

HO™ R c:H2c3|2 R2 CHZCIz R2

8 10
R' = Me, Bn, R2 = Ph, Me

P
PHN 4\\002Bn SOC|2 /N ‘\\COZBI’] DBU PHN COan
l — % o0=5 | — | (2)
HO E’|t\/|e CH2C|2 (@) E'}:/Ie CH2C|2 Et Me
1 12 13

P = Boc, acyl, amino acid

Scheme 1-2.

Queiroz H DL

B-rNmTk KT I VBT AT NVIXT Dy 7V T EAWEGRELHREI N TS,
Queiroz HIXT T VWb ENT Z-T e Ka 7 X V= A7 /L 14,15 1Z% L, TFA & NBS %
B FE 213U Ry B TER &+, B-Br-AAla (R =H) 16 % 72 (Xp-Br-AAbu (R = Me) 17 & ~%&
L7, ZTOBE, 161X EROABPHELNTEY . TOHB L L TEHE DX Boc D& XIC
IO THDEHERL TS, HoNT E-16 BX W E/Z1T L _RUYFH T 2R VR
EDOBARE I TV I L OBALEBREAZEAL, T Re7 I JRT A7/ 18-23 73
H—D%MBMEARE L TH 5172 (Scheme 1-3), 7272 L, E-17 Z# W2 85A 13RI L 5 Bk
bR —EEIT L, E:Z=9:1 DIREMTHERY 23 BRELNTWD,




CO,Me CO,Me
1) TFA, NBS

Z>NBoc, —————= B¢ > NHBoc

R 2) EtsN &

14 (R = H) 16 (R = H) : E only

15 (R = Me) 17 (R=Me):E:Z=1:9
lTFA

CO,Me

1)NBS 16 (R=H): E only
Z~ "NHBoc > 17(R=Me):E:Z=1:

R
Qj CO,Me
NHB
\/B(OH)Z ¢ o
H), 18 (R H) 2vie
E-16 19 (R = Me) %Lg)\
E or Z-17 \ NHBoc
Pd(PPh3), S R
Na,CO3 or NaHCO;
COMe 22 (R =H)
g 2 23 (R = Me)
—
Z > NHBoc
R
20 (R =H)
21 (R = Me)
Scheme 1-3.

Sai, Joulli¢ & D5 >

SelZik ~7- Wandless & OHE TIX E KD ERIT erythro-B-t RrF 7 I BT 27 L)
WSz, Sai I threo-p-& Ra X7 I JEBET ATV 24 005 O E-=INM 72 Bk 5&
EWE LTS, PEDC & CuCl, & AV, INEVGEIE FIo CHF M CBd 5 2 L T EREE
AR E LTHTWD, LnLARRL, ROSRHAZIERT 2 & BIERSETT 5 2 L AR~
LN TVn5

F 72 EDC Z W 7B KB IZ WX, Joullié &3 X7 F K 25 (2%t L, EDC-Cu(OTf),
DEM T CRBROBKSIEDNEIT L, EROT & RuAa YaAf v k2 NMEonsd 2 &
Z & LTS (Scheme 1-4), !




Sai's report

H
R -OH EDC, CuCl, R
Lo —== o« ]
PHN H CO,Me toluene, 80 °C PHN~ ~CO,Me PHN™ ~CO,Me
threo-24 E-isomer Z-isomer

E:Z=67:33~98:2

Joullié's report

- H - H
N, _CO,Et EDC, Cu(OTf), N
B G A

ocC Boc
THF, 60 °C
OMe Et OMe

OH 0
25 3% 26

Scheme 1-4.

Nakamura & Q#5519

Fmoc-allo-Thr-OAllyl QTIZxf L, BV HTRY TFNAHRRAT 4L 28 HEHSED &
L/ Z—=F 30 NAEL, ZhEZmB KB TOUHET L2 TEL ) FH A F31 2B L
T syn-TLBENEST L, E-AAbu 23 SLAKIERINAIIZ A U 5 (Scheme 1-5), Z DFE, 4 U % 30 X threo
KTHY, FAF=T LAHMIK 29 126 L CRALICE Lo BAINT % SN2 BRI THEAT T

©/002t-8u
H

Do
COzt-BU
H SeCN 28 o Me H oo
Me.J -OH PBu; Ase’\_ 41 PBus
. o
FmocHN - CO,Allyl  Pyridine, -40 °C FmocHN 2> |
o OAllyl FmocHN i COLAllyl
Fmoc-allo-Thr-OAllyl (27) 29 30
N CO,t-Bu |
; M
H202 aqg. €
N — ve - se — |
THF, 0 °C ) FmocHN™ ~CO,Allyl
FmocHN |__| COLAllyl E-AAbu ester
- 31 -
Scheme 1-5.

CO,Et



AT HOHE >0

ARTFBIXE-TE FaT I VBT AT VONRBRRERIC, XV VT 2w
F¥E A A LTV (Scheme 1-6), PN-Boc-N-7 = / ¥ I )VR =L 7 % — k32 % LDA,
TNATE REREE®DHIETeis-AXH YUY /033 L L, RWTIEE O LHMDS CTALEL
T5HZ L TE3MPERNITHEOLNATND, TAT b FOE#HILE LT, TAFVESLHER
P TR<.023- A Y 7a VT 7V RAT AT ROX) Ie~T R &/ 7 VTt K
CHLHEAFRETHY, £/2. N KEATE Fu7 2V BEATF FOAGKITO VT HH
HINTWb,

Boc
B
OYNT/Cozme RCHO, LDA O:<NICOZM8 LHMDS CO.Me
JE— . R
Oph 0" g ZNHBoc
32 34

33
-
T
R = alkyl, aryl, ©\/\g /=( (}Lo
H BocN, N \/k‘rr

Scheme 1-6.

SO TIE= T A b 2 HWe Z@ROBRVEBRT e ey I BT 27 VA
IZOWTH G STV S (Scheme 1-7), Wa- L7 ) Uit k 35 ZfEx D= a7 L
71236 £ DBUFIE F TG SHED &, Ts OB X > TEL D4 I o HRICHT 25 =
FRT NI DOREKEE = N KORBBEEZRT Z-7 e a7 I VBT A7V 37 BAERKRT
Do T2 L, REBIXE/EHT E Fa 7 I BT AT VERICIEHR & ORIRPEZ R b
DD, PEHFINZ DN TIL 61~68%IVHE, E/Z EHIRNEIL 67:33~93:7 LHFREDFHER L -T
W5,



R2 CO,Et
Ts DBU

R%
* E——— NHP 12
PHNJ\COZEt OZN*R1 R' = j-Pr, Et, Me

R2 2 -
35 36 37 R®=Me
R2 R2
R2 o o
J\ + DBU ——> O\@)\ | > O\@J\ 1
1 NOR N7 R
02N R 1 |
0 (%
<TS PINSY %0 Et
P —| PN? “CO,Et| —> 2
N} ~COLEt RI<H g2

H H
C DBU <>DBU

Scheme 1-7.

Schmidt & D 17

Schmidt 1%, - AFNKRAKR ) Z7 VT F— 38 LT NTE RETLTFr bt L7
A MEEORIZE D L Z-E VBB DL WVITVEEBT E Fe 7 I BT 270 39 ZIRRICE 2
% Z & AWE LT 5 (Scheme 1-8), fiiff Ty W LREIME 2 BB D720, KEHAKIZE
LIFLIEAWSRD, WL Laenb, REUSIET AT e K& AWTZSA IS Z58iRE%
RTHOD, 7 b OEEITINE 53~97%., E:Z=50:50~37:63 &, HREE F CIAER
PRI T4 %,

Q o DBU CO,Me
(MeO)zPYNHP + k T . R
CO,Me R2 R', R2=H, Me, Et, Cy
38 39 P = Cbz, Boc-Ala, Boc-Leu
Scheme 1-8.
HES0#E ™

Yaku’amide )P EEICIHWTH EHIE, —Hk7T I FE =13 TR 42 OHfEEZ H
Wiz Csp)-N By 7V Ik > T E £721% Z-Alle DSRRIRAGA R Z ER L TV D
(Scheme 1-9), 421X, 7/LFx 2 40 ~DI —TF7— D 1AfHMEFE IaUvRICED VT v T



BT, 41 OBMBEMEZHIETS Z SICXVARENTZ, Csp)-N By 7V v 7Y 43
L8 7 v a— L O &R TAlle FFER A~ B I N7z, 40 ORIHEBRILLE V7 —F T — |

HIEDOTNLFNVEEANEZ L LX), EIZWREREZEL_TF REHE/HEL TWD,
R1 R R1

N R2,Culi; |
N OEt

40O 41 °
o moeEE gmw e
‘{/H\NHZ * I:I[V/OTBDPS IVl /ﬂ\”:ﬂ:v/OTBDPS .___>z{ﬂ\”j[:C02H
42 43 Z-isomer : R' = Me, R? = Et
E-isomer : R! = Et, RZ2 = Me
Scheme 1-9.

ED XS, THETICHEAR E-E /B, HDWVEIVEBRTE a7 I /B 271
BRIENRE SN TE T, LrLRR 6, B-BBEC X2 AT, RIBRIA D SRR 722 & Bk
DUETHY . TRERENPENT S, /o, oG ELRIREPTRRETH D, Flzidmiik
SefFE WD 210, KRG RRIZ I T 2 A BME s & R D JB o L QI A 3 N C
bbb, £Z T, BETHLOWMREME T THEITT 2, VKRRIRW 2T e FeT I VB AT
VA RIEDBR N LE LTV,

1-3 a-Y 7 2= )ViRAKR 7Y %— )

BEEDOT e Fua7 I )BT AT VEREOR THRICHERTELE LTHWLIRTWD D
23, Horner-Wadsworth—-Emmons (HWE) )i 2 Kl F L 7= Schmidt & o J5# T & 5 (Scheme 1-10),
7 Schmidt YL, YT AFARAKR ) U VR —hET T B RE DBU 7 & O HM M
TRTHIGEEEDHZ LT, BN LEe ZIRE —BEREThHZ 5,

AT, QT AFNVERAR ) 7Y Rr— RO ) L— T VT FEDT VR
=BG, @FFYRAT7 =2 O, OUAROMEIZLD ) VB A7 VO, O
SBR AR TEITT 5, MO T IV R—AISIEAHTHY . TAT e FOEKBNZEY =
OO HFHURBIFLET 5 (trans-IM1, cis-IM1), IR OV BERTEZ AT OT ADE U 5 72 OV
L0 T OBRMEN S OB & 722 H(IM1—IM2), etk OBBERISIZOT B & i 3 2%

(ZFEE RN BUER T D (AIM2=E ). AR DA FAMEIZ DN T, BEBEETH D
TEEBICRBUTDEBIREEEELET D L trans-TS2 & cis-TS2 D _ONEZ LD, T DFF,
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SEARBEE DD 72 trans-TS2 AR L 725720 FAIOSRAZE B L ZHRP G5 TL 5 L4t
EIND, ZIUT MR (a,p-REaflm 27 V% 5 2 ) HWE BURIZBW T, B FMICE
B E-A VT 4 (AT VI EPALEIIED trans DEAfR)E 52 DR E—FH LT 5

Schmidt's method 9 CO,Me
base 4
(MeObP\T/NHCbz + RCHO A~ NHCba
CO,Me R
@
formation of O@
0 oxa- MeQ| CO-M
0 L olVie
ICI) J O@ phosphetane ,Vle()/P\l elimination
MeO' P~ [FOMe —— JMQOMS.__*<§+. Z “NHCbz
MeO H CbzHN . R
aldol gacrion CbzHN R rate-determining R H o Q Z-isomer
)//( trans-IM1 step trans-IM2 O-P(OMe),
0] B (0] 7 B O 7
Il O O
MeO),P.©_NHCbz E I
(MeO), N MeojpquLOMe |\/|eo\lp‘\olLQ¥<e
CO,Me MeO WH MeO \S/
N CbzHN CbzHN
R ' H
RCHO L transTS2 L cisTS2
]
\ o O o MeO?
O P.O
P Ay MeO— P& CO,Me
MeO' P~ [OMe . Jo e R\/\
MeO R ‘OMe NHCbz
H CbzHN ., ' E-isomer
CozHN ™" ote_determining H 'R 0 some
cis-IM1 step cis-IM2 ©0-P(OMe),
Scheme 1-10.

—H. BESZo-YT V= NARAR ) BB ATV ER WD & KFEFT R T A E
IZDBU & 3 U kS FU T AL WS TLIRFIZRGEMF T T Z-op-REFT AT /(T 2T V& B
REEHIED cis DR Z 525 Z L 2 8% LT % (Scheme 1-11), 2O L300 FUSHERE D B
BRI ARLZER(ZOBE Z REEDIIE. TS2 2L E(L S8 TGO A2z
BWZ EBNmD, £ 2 CARMIGTIE, HWE RIED U VE 1 RICHBEfEOmW T = 7 o5&
R HE T CVORBIHEEZBERIETND, SDIZERITFA Y Na o diffsdsZ LT
KO, XV HRAT X ORI EEZ LT LTS, ZHUHDOMRICED, KISDOHE
WP I I D T IV R— Vi & 72 D trans-TS1° & cis-TS1’ Z LL#E 35 & | trans-TS1’ TiL VU
VERBAT & R & DRENCSIREE L U B 12012 cis-TSURNAR 2V E 720 | ARWITES) 1)
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WCARELER ZEPEOLNTLDLEEZLN TS,

Ando's method NaH
9 o CO,Et
DBU-Nal 2
ENORP + RCHO ————> R
CO,Et cis
M
o
PhO
O q
rate-determining 0 M3 o Pho-PO COE
step = ‘Jl . 0 %
PhO N OEt ------ > & ‘OEt Bt S
PhO H H 5 y R
4 R R ‘H Q trans
trans-IM1* trans-IM2" MO—iD(OPh)Z
Q ] M
(PhO)zF’ﬁ@ e}
CO,Et 0 /Jl?Et
N PhO" N TR
RCHO Ph-O
+ i '
metal additive - cis-TS1
0]
O-M Il
0 \\\ 0 Mgg PhQ] MO-P(OPh),
aldol reacrion B Jl g Pho-PQ CO,Et
.. S =
rate-determining  PhO R ® H OEt -
step H formation of H ""’R elimination cis
. ' oxa- : '
cis-IM1 phosphetane cis-IM2
Scheme. 1-11.

INLZOo0F VT 4 MNMUKIEESBZIC, E-T 8 RaT I VBT AT V(T AT )VH LB
BRI cis DBIR)E 52 DHMHWE REE L L Cla-V 7 2= /VhAK ) 7 ) 3 — R &%
FEL7o, ARV VEEMIC 7 = /X VAR L, SOICERBEOTFE T CHGEITY 2
& T SRDRERE & FERIT cis-TS1 Z % T, BIVFRINCARLER ERPFONTL 5 LEE
L 72(Scheme 1-12), FEEXZT LT K44 & N-T oMb E3nNi=45 DALV 7 ¢ bE 7oz &
ZAHE:Z=>95:5 OEWIAKRINMETEALD E-46 BNF LTI Y . FTEMEE TIIAK
gL Uiz, RIKHKTIIYIOA A2 F ¥ XABI T N5 I VSRR T 57 2 3=
AL, BA b7 7V OEEKEER L TV D (Scheme 1-13), 2
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0] base
x additive CO-M
(PhO)ZPYNHCbz + RCHO ———» R 2vie
COzMe E NHCbz
0 M9,
.. 1
rate-diz;grm/n/ng PhO* P~c v OMe
P PhO H
R
CbzHN
, trans-IM1"
Q i
(PhO)zP\G%NHCbz
COzMe
+ PhO
RCHO
" L cis-TS1"

metal additive
(0]

O-M I
0 o MS PhQj MO-P(OPh),
aldol reacrion E, \lo Pho-P Q COsMe
PhO' [~ | OMe 10 R
rate-determining ~ PhO R ’ | OMe NHCbz
step H @ CbzHN © E-i
CbzHN formation of R elimination Isomer
cis-IM1" 0xa- cis-IM2"
phosphetane
Scheme 1-12.
CO,M T
oVie BnO
OHC NHCbz H IIOID(OPh) DBU, Nal
N + >
Bog™ . cl Y ®  THF,-78t00°C
PAYULS
O CO,Me 83%
44 45
Cl Cl
BnO HO
H CO,Me “ CO,H
cl 2 N NHCbz —>_  Cl Ny NH.
O Coe BOS O Copi Hy
2Me "HG  co,Me 27 HO  CO.H
46 (E: Z=>95:5) kaitocephalin
Scheme 1-13.
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FD 45 w WA V7 4 AMUBORIE, SEICEREESNTT VT e FIZbEMATE, b
T —BEET. OB WNRERME A > T E-E /BT Fa T 2 VB AT VA 272,
ZZTRMLTHE, 0-V 7 2=V ARAKR Y 7 U3 — Mo E-RINRE /BT e 7 3
JEBRT AT VAR L ALEN T, Bx T B DN VERT E KT I VBT AT
IV DSLAREINA) B B~ D 2B & Fi 51 L 72 (Scheme 1-14),

BTV T 2= VRAKR S 7Y o r— b Wi E-RIRE /) E#T7 e e 7 I/
BT AT VEBIEIZOWTRRS, /o, FE-\ETITE-E/ERTE R I /B X7 L
%%wkﬁ%ER%B&V%@?EPETi/Mix?wAﬁ%®%% DNTIRAR D, Y
ETIE, O BRLOE —FEOREEA VT R 7 2V BEFXTF R, AT SV AD

a%ﬁn\%Eaf@@?tFDTi/%IX?Wé%%%&Ltﬁ4Fﬁ77UV7%
B 7 DE AR & S TE A BT ZEIC DWW TR D,

COoMe
1
RSZ > NHebz
RICHO Chapter 2 CO,Me Chapter 3
Z-isomer
+ > R1 -
0 \é’L\NHCbz
5 CO,Me
(PhO),P.__NHCbz E-isomer P
Y NHCbz
COzMe R1
E-isomer
Chapter 4
CO,H
Me . H @ JI o Chapter 5
MeHN/. HN S | N COH  HO ]
/ \< 3 NH : H H CO,H
HO O Et - Nij Me” "Et cl > NH,
Me/\[( 0] H ” p
°© 0 CoOH "W ‘co,H
Cl OH ) (-)-Kaitocephalin
Phomopsin A SAR study
Scheme 1-14.
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B EERME EHRTE Fo T S B AT VA RRIEDRSE

FB—ETEINETOT e FaT7 IV BROGKIEELETE, KQa-V 7 2=/LKAK /7
X = FOBARIZOWTIRAR-, KETIE, ooV 7 2= VKRR 7V R— 2 AW E-
BRI )BT E Fa 7 2 B AT )VOFHAERIEDORRE & BT —&IEIc o>\
%,

2-1 HE O AE-1

B—FICCE-TE RaT R VB AT VORI EE#E LA b7 70 v
DEE I DN TIR 7= (Scheme 1-13), HEICERE LINTT AT REDA L7 1 1k
. RO ENLREIRICHEIT LT 2 2B ET D L. RIMA LS OB IZH\ T
HIRLWVEANFARETH DL EEXDND, T2 CAMIEOEE —HitEzRaE+Ts2 L L Lz
(Table 2-1), -7 = =)L AR/ 7 ) F—k 47 1 ZEWH S X VST S5t DicTh
B U7z, BOGSAFEIE Pihko B3 L7, KFbF MV vatavfkF M) oAz HWD%
L HEOSICL > THEESNZZDBU & 3 Uk b U U AEAWLEEID 2% Az,
RURXT AT B KRR m-= b X X7 L7 b R NaH-Nal §0F F T @ IRMEZ2 R L
7= (entries 1 and 2), & (L5 AZ OB~ T B B HER T LT B RIZOWTH, IERITET
KTFT25H00, [REEOERM:Z R L= (entries 3 and 4), N-Boc-7"'17 U JF—/L 49 Tix, 82%
IR TR W EIRM 2 E > CTHTr E-48e &5z 7=(entry 5), &V LBk 50 22846,
NaH-Nal D 5fFTld E-48f [T ARRINMER SN0 D DRI T LR ON T, T 27 2 L 52 3
EAB & L TR LN (entry 6), 52 235 BV RIT, ESBIRMICA L7 1 AT LT
Bz, ML= AT N =" A= DR FHRNTRILLIEZ L2 RL TS, £2°T
X 0 M DIK DBU-Nal D&M TH L 7 4 bl 2 A, E-48f % T4%INRE : Z =
92 : )T THHD Z &ENHK - (entry 7)y — 7 T DFER LIIRRAIC, IBIIET VT R
ERHWESGA., ESBRMEEEY KT Lz, 3-7 2= 47 a4 7T b RCIREIERIC
THRDGT LTINS, EIZ EPEIL 72:28 EHRRECTH - =(entry 8), 4 VY 7 F /LT LT k&
ROA L7 ¢ kX, NaH-Nal & CTIEZELT 8 Re 7 I /R A7 /)L E-48h OfIZA ¥4
VU V54 53 BEIAERPQ26%)E LT BTz (entry 9), DBU-Nal Ot wA L= &
ZA. S3DAERITMA LN DD, E/ZERMEIL1:1IZIK T Lz(entry 10), 7& N7 V7
E FOBAE L RO EZ 5 2 7= (entry 11), o LICHEEEEEZ AT 57V LT LT E Nk
BRI R TF ATV AFHL— FTE, ZNENENETTE R 7 I VB AT ARG
Nz LINLARNS, 855 G SEABRIRPEIC SV TR FLE Ot 5T d - 7= (entries 12 and 13),
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Table 2-1. Horner—Wadsworth—Emmons olefination of various aldehydes with phosphonate 47

o NaH-Nal CO,Me
(PhO),P_NHCbz DBU-Nal COMe _
RCHO + g R\/\NHCbz + [ NHCbz
CO,Me THF
47 (1.1 eq.) -781t00°C, 3-4 h E-48a-k Z-48a-k
entry RCHO product  condition? yield E.z®°
1 Ph 48a NaH, Nal 93% 97:3

2 Q 48b  NaH,Nal  100%  97:3
O,N s
MeO

3 \©\ 48c  NaH,Nal  70%  96:4

=
4 | 48d NaH, Nal 75% 90:10
N
5 Q\; 48e NaH, Nal 82% 92:8
Boc
49
6 NHBoc ag NaH, Nal 29%> 92:8
TBSO_ -
7 N DBU, Nal 74%¢ 92:8
50
8 Ph_ -~ o 48g NaH, Nal 93% 72:28
9 )\ ash NaH, Nal 15%3 69 : 31
10 s DBU, Nal 77% 50 : 50
11 Me 438i NaH, Nal 100% 52:48
0
12 48j NaH, Nal 81% 67 :33
O\)\‘f; ] °
51
0
13 48k NaH, Nal 82% 81:19
Etok;

@NaH (1.2 eq.), Nal (1.1 eq.) or DBU (1.2 eq.), Nal (1.3 eq.).
b Byproduct 52 formed in 66% yield. ¢ Byproduct 52 formed in 21% yield.
d Byproduct 53 formed in 26% vyield.

€ The E/Z ratio were determined by "H NMR (300 MHz, CDCl3 or CgDg).
o]

o ol
TBSO._{~"~NHCb N>\(
) ‘ Cbz
52 53
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2-2 WINFN O R & RE — &M OFRE-2

INA O fgES

-1 THAR7Z3 vk U U LAEAWLEREIE. WY EREZEENICEZDHDD,
FRZT V2 ANGH 2 2 T2 BB 2 SEAEPUE D <B0 : S20 I E D T &Moo Te,
ORI I 1T 2 S 2 R 5 720 &R IRINAI DS SRR VE I ZIE T2 Ric o0
TH~RD Z LT L= (Table 2-2), &RBFMANCIT, ERE 525G FMAEELZENLT D &
R, A AR E LG HEZE LS T2 RN/ WFTE, 2k E-RIRERR LT 5
DEMHE L, EFAEEL LT, 3-Tx= 70 F 77 R&EMW=, NaH-Nal T
D F(entry 1) & [FAE, DBU-Nal D5k THBIRMEITLLS . 2 1 BETH > (entry 2), £ Z
THIR A DBU ICEE L, WA Z 4 MEt L, TR VLA ERUET AV VEBRTHL Y
VAR FUATIXZENEERDTHY . BHO ERITIFE AL EH LR 5 7= (entries 3
and4), — 5T, R~ 22U LEHOTEHEITIER « BPWE L IR S & ORER99%, E
Z=87: 1) oniz(entry 5), B U H—T = AL R 2D ERIFUWEDOK TR S 7= (entry
6), HbHishE HW-HE S, BERER RO R -T2b DD, E/Z T4 1 L HigiE
VNBIRPEIZ T E RS S Tz (entry 7), Still ik3E & &7 b o & ORUE T Z-RINWIZ o, p- R A Fil—
AT NEG 2 DER - EHLORE YEBEIC, N-TF LY Pk Sn(0T), DE&MIZT
FLT 4 ACERBTZD, AR RS 2 5 DA Th o iz(entry 8), 7235, WIMAIZ N %
BROGET Z NN/ SN Z LS IRINFIOFFED E-RIREDREBUIIHNHATH
% Z L D353 T (entry 9),
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Table 2-2. Effect of metal additives for E-stereoselectivity

o base (1.0 eq.)
Ph (PhO),P__NHCbz additive (1.0 eq.) COzMe
~">cHo * Y > Ph =
CO,Me THF, 17 h NHCbz
47 (1.1 eq.) 48g
entry base additive temp. yield E:z8
1b NaH Nal -78t00°C  91% 72:28
2 DBU Nal -78°C 50% 69 : 31
3 DBU KI -78°C 84% 5:>95
4 DBU LiCl -78°C 59% 16: 84
5 DBU MgBr, - OEt, rt 99% 87 :13
6 DBU MgCl, rt n.d.c 60 : 40
7 DBU ZnCl, 27-62% 66: 34 to
(2.0 eq.) 80 : 20¢
N-ethyl Sn(OTf), rt trace n.d.
piperidine
9 DBU none rt 97% 4:96

a Determined by "H NMR after purification.
b The reaction was stirred for 3 h.
¢ not determined. ¢ not reproducible.

Table 2-1 3 LT Table 2-2 [Z/R L7 R 6 @RIMNAIONFITLL T D) H@ENTE &

Hod,

(1) EEENBENGAIT, ZHRE2RROICE 25,

Q) 7NH Y BROLETIE, 7 M) U AERRBENL T\, FICHEEERT VT E ROBE
IZBWT, TOMRPBEITRI N,

(3) 7NAY LEER, FFZ MgBr OEw 1E, 3-7 == A7 ntF T AT ROLH TV
FNAMEEET D7 T & Rkt L, E-&RMEZ R E S 220103580 biviz,

(4) ZnCL=° MgCLIZ b 2R DR T hy, BB ARSI MEIZ IV T, MgBr, - OEL 238
Tz,

B O IS

WA TR FAT S\ THAAS L 72(Table 2-3), 52 DBU-MgBr, - OEt, 5/ ., ffi 2 DOFRIHE
WZTH VT 4 bzl ATzl A, THF BICE-SCREIREE IR BWERE 5 272
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(entry 1), 7R AZ R0 MV HRTRIGEIT) &, E RPN TAERME L THELILEN,
HPE X FRE Cdh o 2 (entries 2 and 3), Y =TT —TFT )V EH WA, SCARRIEIL Z K
%52 5 524l L 7= (entry 4), DME % THF & [FI4£1Z E {K % 3841 1] ’51;{7‘:(E:Z:80:20,
entry 5), £72, T F=hMIUALZHAND LA LT ¢ AT L AT L7203, SEARERRE
121K F L 7= (entry 6),

Table 2-3. Solvent effect for E-stereoselectivity

o) DBU (1.0 eq.)
I COyM
(PhO),P._ _NHCbz MgBr,-OEt; (1.0 eq.) 2vie
"cho + b -~ Fh NHCbz
COsMe solv, rt, 17 h
47 (1.1 eq.) 489

entry solv. yield E:Zz8

1 THF 99% 87 :13

2 CH,Cl, 77% 69 : 31

3 toluene 85% 57 : 43

4 Et,O 85% 28:72

5 DME 84% 80:20

6 MeCN 88% 66 : 34

a Determined by "H NMR.

SRRV EVEBE O BRI ONWT, P FAL T —FLOBPEERE . FF—5(DN)R KX
WS, SEAREIRMEDS M) BT 2 R &z, FEmMEETHY R r—Ho/hsny s
nRAX RNV TITEZERBEZE1:1~2:1720|Z% L . DME (DN: 23.9)<°> THF (DN:
200D AL 41 L EDONRBIRIEZ BB L T D, R 83 K& WIRBLEA L 7 ¢ 1B
JRICB W T MM L T b 252 b5, 2% W THF 1, EFRICIZHR F T Mg™ nTHF

EREZTERR L, ENDRERREEZ BB ST TV EHELZ LT, £72. MgBr,- OBt OIRMM:
DA TIHENDIZK L, Y7 va XX NUIERICER L TNz, Mo il
Ty rsma A2 OB, SEERER R ELE B, — 5T, YT —T

WL ZZ8 IR R A 5 2 72, ZTHIERUSHEM A B2 UE, XV HRRAT7 =& OO
Ké&:Mgz*biE@ﬁL—?tﬂﬂ%fu\m\&ﬂ%ﬁiéﬂéo%@iﬁﬂac:ou\ﬁi%ﬂﬂiﬂﬁf‘&;érbiﬁdicf\
VT —T VT EBEEE TH D720 Mg L OFEKRIT THE OZ IR TH A XK
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L DD, EA~OBNLAET BT AREENR B Z B d,

S

R TCHESL L7-4MT&® D DBU-MgBr,- OEt,, THF IR CTHE DT 21T - 7=
(Scheme 2-1), ZEDBF T3 7 ==L a A 7 AF e REREEIC, 7ALFLEET
DAY TFNATNATE RRTE M7 AT E RIZH L THRSMAILE WIS « B Z R L
77o FFIZA VY T F AT AT v ROBA . NaH-Nal OFETH LN TEZRIARY 53 13, AKX
JEFRMETIT RS BEONT IR o7, — 7T LEED S T (DBU-Nal) TV Vs 2R L
7R AT T B KR N-Boc-7' 12 U F—/L 49 [ZxF L ClE, BINEKRCTEADOTE KT/
A= A7 )L 48a, e DGO, ZONAKBEIEITIR T T H55R & e o70, £7- 48 X 48k
D —ATIX, Blb~ 73200 ALY HEACHEHE 2 RINANC AW 523 IR & 7 i3
N BT 52 Engnol,
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(0]

base
(PhO),P_ _NHCbz additive CO;Me
RCHO + h = R SNHobz

CO,Me THF _

47 (1.1 eq.) yield (E : Z)

CO2M€ COzMe
Ph /k/K
\/\/\NHCbz Z > NHCbz

48g 48h

DBU, MgBr,-OEt, : 99% (87 : 13)
NaH, Nal : 93% (72 : 28)

DBU, MgBr,- OEt, : 100% (90 : 10) + 53 (0%)

NaH, Nal : 15% (69 : 31) + 53 (26%)

COzMe

Me - NHcbz

48i
DBU, MgBrjy:OEt, : 100% (78 : 22)
NaH, Nal : 100% (52 : 48)

COQMG
Ph
~7">NHCbz
48a
DBU, MgBr,-OEt, : 81% (74 : 26)
NaH, Nal : 93% (97 : 3)

\/Lo CO,Me

° Z > NHCbz
48]
DBU, MgBr,- OEt, : 97% (73 : 27)
DBU, ZnCl, (2.0 eq.) : 92% (90 : 10)

N~ NHCbz

Boc
48e

DBU, MgBr,- OEt, : 80% (58 : 42)

NaH, Nal : 82% (92 : 8)

O CO,Me

Et0” > “NHCbz
48k
DBU, MgBr,- OEt, : 37% (89 : 11)
DBU, ZnCl, (2.0 eq.) : 93% (88 : 12)

NaH, Nal : 81% (67 : 33) NaH, Nal : 82% (81 : 19)

Scheme 2-1.

U EDOFERITZROBEICE LD BND,
() FEREIZaICT 2 7 A2 FHSO7 LT e RIC LT, 7 MU 7 AZRINFNC
% 54 (NaH-Nal or DBU-Nal)iZ T E /K23 @ IE - @ ARSI E S5,
Q) TFIVEMEZFFOT LT £ R, MgBr,-OEtL & % 2 & T E-@&FUEN A L35,
() ofLIZFEERERXEZHF T H7 /L7 & RTIL, DBU-ZnCl, # W =55 10 IR F 721357
RIBIED =,
Thbb, TATE RZEo TRIMAIZEN 3T HZ LICkD ., #kxRT AT e Rinb E-7
ERe7 B AT VEAERTE:,
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23 N-Boc NIRN-T I NARHEY T 2= )VHR AR ) TV x— FDOEEKEF V7 1 M

I 2=V AR ) T v — FBERD A AL

Cbz LN DIR#EIEEZ T HY T 2= ViR AR ) 7Y 32— b0 ERERICHHTRE TH
BIMCOWTIHE L, Va2 v KT 2 BBRHEILOLW 2 B 512 47 D Cbz 2D
iR Z R Z A T I VR S IO CTRLETH Y  BHIHET D LB ahoTl,
FVRETEOENT = ) I VEERT LD 54 OV A OBBEENSET L2 2 &
SRERNZEBR L, ZOMITEBOFE Y% 5BI2, 47 ZHEEIEE T TO Chz KO
REIC RV AECET I VAR SS & LT, ZE(b s 7tk Bk E 72132 BERE L
HEHEDHZ E T, N-Ac 1k 56 1 L X N-Bz K 57 34 5 T & 72 (Scheme 2-2),

0) (e
11 1
H,, Pd/C acylation
(Pho)zp\(NHCbZ 2 . (PhO)ZP\(NHZ y decomposition
COyMe CO,Me
47 54
l a %
b (PhO),P. NHAc
(0] Y
I CO,Me
(PhO),P. NH,-HCI
\( 56
COsMe (0]
1l
55 c PhO),P. NHBz
( )2 Y
COzMe
57

Scheme 2-2. a) H,, Pd/C, HCI in MeOH, EtOAc; b) AcOH, EDCI, DMAP, CH,Cl,/DMF, 60% over 2
steps; ¢) PhCO,H, EDCI, DMAP, CH,Cl,/DMF, 60% over 2 steps.

— 5 C. WEERHE 55 12k % N-Boc {LIZ g % 5 2 7=, YEMIIRi&E. N-Boc 7Y v A F
NTATFAOaffiO 7T BTl fi Y VY 7 = = W2 L A KRB S1ZC N-Boc 1K 58 4
T D Z LT LTWS, QL L —EEBEH O 7 2B L OIRMEN 72012, BICRIT 45%
I EFEoTWe, ZZTERIAANAA— MERBTDHRERIEEZBRET LT-, Cbz K 47
® N-Boc fLIZE D BEAB NN A— K 59 L Uiz, KW CREBETIMEIESME T Coz K Pifri#
ZITHZE T, WREILS 8 EHFLZ LITHIILIE, ZDX T, HEEE 55 7212
NA=FS9 BT D LICE o T A RIRERE AT H0-V 7 == VIR AR 7T &%
— M 3E R K 72 (Scheme 2-3),
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(PhO),P(O)H O

NHBoc NBS, hv | Br<_ NHBoc DBU (PhO)ZE’ NHBoc
SO ey gl
CO,Me CO,Me 2 steps, 45% CO,Me
58
0 9  Bec
PhO),P._ _N
(PhO)ZPYNHCbz a (PhO), ~Meb:
COzMe COzMe
a7 59

Scheme 2-3. a) Boc,O, DMAP, CH,Cl,, 76%; b) H,, Pd/C, MeOH, 97%.

5658 DAL 7 4 ML

5658 NEKTE/LDT, RUXTATE RBIR3-To= A7 a4 707 b RICH
LCA LT ¢ b7 (Scheme 2-4), N-Boc K58 IZEHHLDOT /LT b Rk LT EIL
RGN ARERMETE-TE R 7 2 BT ATV 60, 63 % 5 2 7-(94-99%, E : Z=189 : 11~96 :
4), LU 5, N-Ac 1K 56 CTITEIRMENHRREICIKT Lz, & 5IZ N-Bz (K57 Tix, ~
YATNTE REDRIEDSGE, PRI L, b7 Fe7 I VBT 27V 6213 Z1K
INTEARME RS T(E:Z=42:58), ZDZEND, 0-P 7 =2 =/LiRAKR ) 7V F—hED
F U7 4 AR E, IS A= METIEERMER BB LT W—F T, 7RO E,
INRITEWNS ODORBRIENE T35 Z ENmholz,

56, 57 or 58 (1.1 eq.)

NaH (1.2 eq.)
Nal (1.1 eq.) CO;Me
PhCHO -  PhiN\wp

_ 0
THF, 7810 0°C 60 : P = Boc (94%, £: 7= 96 : 4)
61: P=Ac (72%, E: Z =68 : 32)
62: P=Bz(47%, E: Z=42:58)

56, 57 or 58 (1.1 eq.)

MgBry-OEt (1.0 66, foMe
gBry-OEt;, (1.0 eq.
\_ Ph
THF, 1t 63 : P =Boc (99%, E: Z =89 : 11)

64: P=Ac (95%, E:Z=67:33)
65: P =Bz (81%, E: Z =60 : 40)

Scheme 2-4.
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2-4  E/Z 3 M DOPE

E-7b Rr7T X BT AT /L 48, 60-65 ORI, T2 o RIEARD 'THNMR O
(2 L VR L7~ (Table 2-4), 48i, j, 61-63 (entries 9, 10, and 13-15)IZBEE D F — & @119 L ¢
Le#: T, 48c, g, h, 60 (entries 3, 7, 8 and 12)IZOWTIE, ~A F—EfW & BaD Z ko5 — 4%
TN LT DT, EAEMINERTHD LIRELTZ, £7-48b, e, f Tida-¥ A F /LKA
K27V = ERWTHIE ZEKEZAG/K L, SRS % i) D 7= (entries 2, 5 and 6), 48d, k
I, 7 R7 e by HKREREOERIZLY E{R-Z{K% X5 L 7-(entries 4 and 11), F
oL BoNEE2ToTe a7 2 VBT AT VIBWT, EROE =170 b AL Z kox
LY BIRBESICBR Sz, 2ozt 7 R r hAT o T, 5 FHRKER G 7
WEAIX E RO Z KXY bIREESG B s s Em A At &z, Zh s ofn ik
Mazukiewicz HIZ L > T Sn/iT—4% D& —H LT 5, 64 £ 6512200 TIE, ThbHd
i) & Fe 2 E AR - Z K% X 51 L 7= (entries 16 and 17),
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Table 2-4. Comparison of NMR data of £- and Z-o.,3-dehydroamino acid esters

CO,Me

R

= ll\lez
Ha Hb
E-isomer

Hb

“NCbz
R~

CO,Me

Ha

Z-isomer

E-Ha Z-Ha (8 : ppm)@ E-Hb Z-Hb (8 : ppm)2
entry Structures of Dhaas (olefinic proton) (N-H proton)
1 foeMe reb 7.66 7.340.7 6.97 6.437
Ph . . ’ . o
Ph\/\NHCbz Z>coMe
E-48a Z-48a’
COgMe NHCbz
7.33-7.26° 7.19 6.73
2 NHCbz COyMe
E-48b Z-48b
3 CO?MG NHCbz 7.328 6.93 6.34°
NHCbz CO,Me
E-48¢c Z-48¢8
4 COz'V'e NHCbz 7.38-7.310 6.28 7.00 11.3
NHCbz CO,Me
E-48d Z-48d
5 NHCbz CoMe 6.75 5.98 6.84 8.56
Boc
E-48e Z-48e
BocHN  CO,Me Bw%z
6 TBSO TBSO COo,Me  6.80 6.24 6.96 8.06
NHCbz
E-48f Z-48f
NHCbz
COzMe
Ph ¥z
7 Ph NHCbz \/\)\COzMe 6.90-6.80°  6.66° 6.90-6.80°  6.08°
E-48g Z-48g°
NHCbz
COzMe
8 )\%NHCbZ )\/\COZMe 6.73 6.47° 6.60 6.03°

E-48h

Z-48h°
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(Table continued)

E-Ha Z-Ha (8 : ppm)? E-Hb

Z-Hb (8 : ppm)?

entry Structures of Dhaas (olefinic proton) (N-H proton)
CO,Me NHCbz
10 10 10 10
9 Me. _~ NHCbz Me. .~ CO,Me 6.83 6.75 6.83 6.20
E-48i10 Z-48i10
#\o CO,Me #\o NHCbz
(0] 7.02"1 6.45M 6.9211 6.6711
10 A ooz O come
E-48j"" Z-48j"
O  co,Me O NHCbz
6.43 5.46 7.10 9.72
" Eo” > NHCbz EtOMCone
E-48k Z-48k
COMe NHBoc
2
12 Ph Ph\%\COZMQ 7.53 7.2512 6.71 6.169
NHBoc
E-60 Z-6012
Cone NHAc
13 7 94b, 13 13 13
13 LN Ph%COZMe 78713 7.63-7.21 7.58 7.12
E-6113 Z-6113
CO,Me NHBz 13 b, 13 13 d
14 8.05 7.56-7.41° 8.39 7.72
Ph-Z NHBz Ph\%\COZMe
E-6213 Z-6213
NHBoc
CO,M
T G P~ come 676" 6.581 6581  586™
NHBoc 2Ve
E-634 Z-6314
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(Table continued) E-Ha Z-Ha (8 : ppm)@ E-Hb Z-Hb (& : ppm)2

entry Structures of Dhaas (olefinic proton) (N-H proton)
CO,Me NHAc
b
16 PP~ giac Pho~Acome 7227160 671 7.37 6.63
E-64 Z-64
CO,Me NHBz
b b
17 P~ \uey Pho~Acome 7517400 680 817 7.327.19
E-65 Z-65

@ Superscript number is reference number. © Olefin protons overlap into aromatic protons. ¢ Ha and Hb are
observed at the same position. ¢ Hb of Z-60 and Z-62 has not been assigned in ref. 12 (for Z-60) and 13 (for Z-62).
The chemical shift values are picked up from our NMR data (in CDCl3 or CgDg, see experimental section).

2-5 A B =XKL

FOGA T = RN DOFMERRD 720K 13 DA L 7 ¢ ALK &7k P+ 72 (Scheme 2-5), £
RO, HIERIE 66V L 3-T 2= 1T u AT AT e REDKISICL Y, 3K 47 D-NHCbz
BRI RIET IR ET T, EORER, ap-REfA V7 ¢ 2 67 I3 )FHIINCLZER E
ERTFAEME LTEONT R 1, E:Z=86:14), ZDOFEFEI S, HWE R D o7 &k
DAFEPSLRTRIRMEIC B E 5.2 5 2 LRSI N T, £ 2 T OHOKIETIE, of 7@k
BT I RENSAFALRICLZ68'0L DAL T 4 U MERIEEAT T2, T5 EMERITIN 1 & F
KRIC, ZEIRE-69 % 81:19 DI TH XN 2), LED “ODfERNS, a-Y 7 = =LK A
BTV F—MCEDF LT 4 AMERIEICBN T, afiiD 7 2 FEHIEN ESBRPEO I
WCHETHDHZENHALMNI -T2, BBIC, VUVBEMNRATNZ ATV THDH 23 v
FEk#E 70'% vy, DBU-MgBr,OEt, &I TOA L 7 ¢ Ak Z R Tz, BEIKENZ L1270
TIXEZERL : 1 TTe FaT7 I R AT )V 48g WiEb, REERMEH 25 HIZy 7
R 3), v 2y FRSRICKTT 2 & BIRINBI O R E R PILIZNE TSR, 20D
HRITFETRANTRIC, M OBFERAT XY RA T =2 2 LV ORREME L= 47 E2 5
. BAFHLENE 5 2 2KRETHRBIRINAIN —EDORE KIET Z Ln3gnoiz,
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I Ph
> \/\/\COQEt (eq. 1)
CO,Et DBU, MgBr,- OEt,
66 THF, rt 67
75% E:Z=86:14
? M Ph_~ Me
(PhOhP\( ) LN Ph\//\<¢i\cogﬂ (eq. 2)
CO,Et DBU, MgBr,- OEt,
68 THF, rt 69
70% E:Z=81:19
Q Ph CO,Me
(MeQ),P. NHCbz ~"CHO
Y Ph ~
> NHCbz (eq. 3)
COzMe DBU, MgBr2'OEt2
70 THF, rt 48g
33% E:Z=45:55

Scheme 2-5.

o EHILZ K FLT L F VLI Lz HWE RIE Tl BN LEROA V7 ¢ PR FEAE
e LT, — 5 TLESIL, 66 1% DBU-Nal D Z:(t, 68 I% NaH % 5 512 C,
fEWi$E 7 w7 & R(n-C;H;sCHO) & @ HWE )i T Z-AREAFIT A 7 L &2 @RIRIZ 525 2 L &
WEL TS, VOROBRIILES ORRERELS AR LD, MZIE ) VEEE 21T A
FNTATNVEOHZZ O T I REEOEMLTND I ERHREINTZ, LLARR6,
TAT b ROFEIC L > THRIMBIOMFIZENR L SND Z &b, I Uk b U ASLHE
Liign 2 WG A B BRIEN R > TV D Z EREE SN, BEZOFHMZREST TH
Do L EORRIZ, RRISHEKRMETO ESEPPEOFBUIL, THFEE, VB X7V O 7 =
)X VEBLOAIOT I RE Z L TEBRMBAIONENEETHDL I ENRHLNE o7
(Scheme 2-6),

(PhOLP._ | NHCbz| [Na*, Mg?* or Zn2* CO,Me
RCHO + Y > R
CO,Me THF NHCbz

Scheme 2-6.
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UED XS, KRETIHa-V 7 == AVRAR 7Y vFx— e Wiz, ¥l E-7 ¢ Fr
TR BT AT VONERRII A REE B UTe, KA L7 0 ARSI BI 5 -8R,
WINANZ Lo TRELSELL, 72 TH Z2DOGEM(Nal-NaH or DBU, MgBr,*OEt,-DBU,
ZnCL-DBU)ZE W3 IT 5 Z LIk, Bix 2T VT RINL E-T e KueT7 X VR AT V%
BRHKD Z DB ghrole, o, ARIGSEMHTO E-#IPEOFRBLCIL, THF &I, U
TATNEHOT = ) FHE a7 I NEHE Z L T@BRINAINEETHL Z L 1HG
meipoiz,

(PhO) (|F?> NHCb additive-base COzMe
2 z -
RCHO + he - R
NHCb
COLMe THF E z
Nal-NaH or DBU MgBr, - OEt,-DBU ZnCl,-DBU
Ph. Ph
¢ i \jL—o
Rl | ~ )\ O\)\éf
1 - rej r(§
I
Me
Q\; b EO”
Boc
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General Information:

All reagents and solvents were purchased from either Aldrich Chemical Company, Inc.,
Kanto Kagaku Co., Inc., Merck & Co., Inc., Nacalai Tesque Company, Ltd., Peptide Institute, Tokyo
Kasei Kogyo Co., Ltd., or Wako Pure Chemical Industries, Ltd., and used without further purification
unless otherwise indicated. Dichloromethane (CH,Cl,) was distilled from phosphoric pentaoxide
(P,0Os). Methanol (MeOH) was distilled from magnesium turning and iodine. Dimethyl sulfoxide
(DMSO) was dried with MS 4A, then fractionally distilled under reduced pressure. Tetrahydrofuran
(THF), ethanol (EtOH), acetonitrile (MeCN), chloroform (CHCls), toluene, and dimethylformamide
(DMF) of anhydrous grade were used.

Optical rotations were taken on a JASCO P-1030 polarimeter with a sodium lamp (D line).
Melting points were determined with a Yanaco MP-21 melting point apparatus and were uncorrected.
FTIR spectra were measured on a JASCO FT/IR-6200 infrared spectrophotometer. 'H NMR spectra
were recorded on an either Bruker AVANCE 300 (300 MHz), JEOL JNM-LA 400 (400 MHz), or
Bruker AVANCE 600 (600 MHz) spectrometer. Chemical shifts of 'H NMR were reported in perts
per million (ppm, 8) relative to CHCl; (& = 7.26) in CDCl;3, C¢DsH (8 = 7.16) in C¢Dg, or HDO (8 =
4.79) in D,O. C NMR spectra were recorded on an either Bruker AVANCE 300 (75 MHz), JEOL
JNM-LA 400 (100 MHz), Varian Unity Plus 500 (125 MHz), or Bruker AVANCE 600 (150 MHz)
spectrometer. Chemical shifts of BC NMR were reported in ppm (d) relative to CHCl; (6 = 77.0) in
CDCl;, CH;0H (8 = 49.0) in D,0. Low resolution mass spectra (LRMS) and High resolution mass
spectra (HRMS) were obtained on an JEOL JMS-AX500 for fast atom bombardment ionization (FAB)
or chemical ionization (CI). All reactions were monitored by thin layer chromatography (TLC), which
was performed with precoated plates (silica gel 60 F-254, 0.25 mm thickness, manufactured by
Merck). TLC visualization was accompanied using UV lamp (254 nm) or a charring solution (ethanoic
phosphomolybdic acid, aqueous potassium permanganate and butanoic ninhydrin). Daisogel IR-60
1002W (40/63 mm) was used for flash column chromatography on silica gel. COSMOSIL”

140C,5-OPN was used for reversed-phase column chromatography.
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Experimental Section for Chapter 2

Methyl 2-acetamido-2-(diphenoxyphosphoryl)acetate (56)

(0] 0] 0]
I I I
(PhO),P._ _NHCbz (PhO),P__ _NH,-HCI (PhO),P._ _NHAC
2 Y 2 Y 2 2 \(
CO,Me CO,Me COoMe
47 55 56

To a solution of 47" (2.00 g, 4.39 mmol) in EtOAc (44 mL) was added methanolic HCI
(prepared from 15 mL of methanol and 2.4 mL of AcCl) and 10% Pd/C (200 mg, 10 wt%) at 0 °C.
The mixture was stirred under hydrogen for 4 h at room temperature. After filtration, the filtrate was
concentrated under reduced pressure to give amine hydrochloride salt 55 which was subjected to the
next acylation without further purification. Acetic acid (0.25 mL, 4.39 mmol), DMAP (269 mg, 2.20
mmol), and EDCI (926 mg, 4.83 mmol) were subsequently added to a solution of the residue 55 in
CH,Cl/DMF (2 : 1, 44 mL) at 0 “C under argon. The mixture was stirred for 17 h at room
temperature, quenched with sat. NH4Cl (45 mL), and extracted with EtOAc (45 mL x 3). The
combined organic layers were washed with brine (130 mL), dried over MgSQ,, and filtered. The
filtrate was concentrated under reduced pressure. The residue was purified by column chromatography
on silica gel (hexane/EtOAc =7 : 1 to 1 : 2) to give 56 (931 mg, 60% over 2 steps) as a colorless
sticky oil;
FTIR (neat) 3287, 3061, 2954, 1750, 1667, 1590, 1532, 1489, 1456, 1436, 1372, 1282, 1207, 1183,
1161, 1071, 1025, 1009 em™;
'H NMR (300 MHz, CDCls) § 7.35-7.28 (m, 4 H), 7.21-7.15 (m, 6 H), 6.77 (brd, J = 9.0 Hz, 1 H),
5.62 (dd, J=23.3,9.0 Hz, 1 H), 3.76 (s, 3 H), 1.98 (s, 3 H);
C NMR (75 MHz, CDCl3) & 170.0 (d, *Jcp = 6.3 Hz), 166.6 (d, *Jep = 3.5 Hz), 150.3 (d, 2Jep = 9.3
Hz), 150.2 (d, “Jep = 9.4 Hz), 129.9, 125.7, 120.41 (d, *Jep = 4.5 Hz), 120.35 (d, *Jcp = 4.3 Hz), 53.4,
51.0 (d, 'Jep = 153.4 Hz), 22.7;
HRMS (FAB) caled for Cj7H9NOGP m/z 364.0950 [M+H]", found 364.0950.

Note: Some of *C-NMR signals of the Ph groups of 5659 are non-equivalent. The non-equivalency
of the Ph group of -P=0(OPh), was reported in the known phenyl phosphonates:
(PhO),P(=0)CH,CO,Et and (PhO),P(=0)CH(CH,CO,Et)CO,Et."¥ *C-NMR spectra of 56-59 are

depicted in appendix.
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Methyl 2-benzamido-2-(diphenoxyphosphoryl)acetate (57)

O O O
I 1] I
(PhO),P. NHCbz PhO),P. NH,-HCI PhO),P. NHBz
2 \( ( )2 Y 2 ( )2 Y
COzMe COzMe COzMe
47 55 57

To a solution of 47" (1.30 g, 2.85 mmol) in EtOAc (29 mL) was added methanolic HCI
(prepared from 9.5 mL of methanol and 1.5 mL of AcCl) and 10% Pd/C (130 mg, 10 wt%) at 0 °C.
The mixture was stirred under hydrogen for 4 h at room temperature. After filtration, the filtrate was
concentrated under reduced pressure to give amine hydrochloride salt 55 which was subjected to the
next acylation without further purification. Benzoic acid (349 mg, 2.85 mmol), DMAP (174 mg, 1.43
mmol), and EDCI (602 mg, 3.14 mmol) were subsequently added to a solution of the residue 55 in
CH,Cl/DMF (2 : 1, 30 mL) at 0 “C under argon. The mixture was stirred for 23 h at room
temperature, quenched with sat. NH4Cl (30 mL), and extracted with EtOAc (30 mL x 3). The
combined organic layers were washed with brine (90 mL), dried over MgSQy, and filtered. The filtrate
was concentrated under reduced pressure. The residue was purified by column chromatography on
silica gel (hexane/EtOAc =12 : 1 to 3 : 1) and recrystalized from hexane-EtOAc to give 57 (721 mg,
60% over 2 steps) as a white solid;
mp 96-97 C
FTIR (neat) 3290, 3062, 2954, 1742, 1660, 1590, 1530, 1488, 1456, 1437, 1313, 1267, 1204, 1183,
1161, 1071, 1025, 1009 em™;
'H NMR (300 MHz, CDCls) § 7.76-7.73 (m, 2H), 7.51 (m, 1H), 7.41-7.31 (m, 4H), 7.28-7.11 (m, 9H),
5.88 (dd, J=23.1, 9.3 Hz, 1H), 3.80 (s, 3H);
C NMR (75 MHz, CDCl3) & 166.9 (d, “Jcp = 6.1 Hz), 166.1 (d, *Jep = 4.6 Hz), 149.93 (d, “Jep = 9.4
Hz), 149.86 (d, *Jcp = 9.4 Hz), 132.6, 131.6, 129.46, 129.40, 128.0, 127.3, 125.23, 125.15, 120.1 (d,
3Jep = 4.5 Hz), 120.0 (d, *Jep = 4.5 Hz), 53.0, 50.9 (d, 'Jep = 157.0 Hz);
HRMS (FAB) caled for Cj7H9NOGP m/z 426.1106 [M+H]", found 426.1112.

N-Boc-N-Cbz-a-(diphenylphosphono)glycine methyl ester (59)
Boc

I |
PhO),P. _N
(PhO), 7 Cbz

CO,Me

To a solution 47" (126 mg, 278 umol) in CH,Cl, (2.8 mL) was added Boc,O (96 uL, 416
umol) and DMAP (17.0 mg, 139 umol) at 0 ‘C under argon, the mixture was stirred for 1 h at room
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temperature. The solution was quenched with sat. NH4Cl (10 mL) and extracted with EtOAc (10 mL x
3). The combined organic layers were washed with brine (30 mL), dried over MgSQ,, filtered, and
concentrated under reduced pressure. The residue was purified by flash column chromatography
(hexane/EtOAc =8 : 1to 6 : 1) to give 59 (118 mg, 76%) as a colorless sticky oil;

FTIR (neat) 3489, 3011, 1744, 1591, 1490, 1456, 1437, 1396, 1370, 1353, 1281, 1214, 1184, 1146,
1109, 1025, 1008 cm™;

'H NMR (300 MHz, CDCl;) & 7.39-7.25 (m, 9 H), 7.15 (t,J = 7.8 Hz, 6 H), 5.98 (d, J = 26.7 Hz, 1 H),
528 (d,J=12.0 Hz, 1 H), 5.19 (d, J=12.0 Hz, 1 H), 3.77 (s, 3 H), 1.41 (s, 9 H);

C NMR (75 MHz, CDCl3) & 165.2 (d, Jep = 6.3 Hz), 153.16, 153.14, 150.7, 150.5 (d, *Jcp = 9.7 Hz),
150.4 (d, *Jep = 9.0 Hz), 134.9, 129.8, 129.6, 128.5, 125.35, 125.28, 120.7 (d, *Jcp = 4.5 Hz), 120.5 (d,
*Jep = 4.5 Hz), 85.1, 69.5, 57.2 (d, 'Jep = 167.2 Hz), 53.1, 27.8;

HRMS (CI) caled for C,gH3;NOoP m/z 556.1736 [M+H]", found 556.1736.

Methyl 2-((zert-butoxycarbonyl)amino)-2-(diphenoxyphosphoryl)acetate (58)
O

(PhO)ZBY

COzMe

NHBoc

To a solution of 59 (449 mg, 809 umol) in MeOH (4.0 mL) was added 10% Pd/C (44.9 mg,
10 wt%), the mixture was stirred under hydrogen for 2.5 h at room temperature. After filtration, the
filtrate was concentrated under reduced pressure. The residue was purified by flash column
chromatography (hexane/EtOAc=7:1to 3 :1)to give 58 (332 mg, 97%) as a colorless sticky oil;
FTIR (neat) 3288, 2979, 1751, 1720, 1591, 1491, 1456, 1437, 1367, 1311, 1288, 1209, 1184, 1161,
1026, 1009 cm™;
'H NMR (400 MHz, CDCl;) § 7.34-7.29 (m, 4 H), 7.21-7.18 (m, 6 H), 5.55 (brd, J = 9.4 Hz, 1 H),
5.24(dd, J=23.6,9.4 Hz, 1 H), 3.78 (s, 3 H), 1.43 (s, 9 H);
C NMR (75 MHz, CDCl;) 8 166.9 (d, 2Jp = 4.3 Hz), 154.7 (d, *Jep = 8.8 Hz), 150.11 (d, 2Jp = 9.4
Hz), 150.06 (d, *Jep = 9.2 Hz), 129.9, 125.6, 120.40 (d, *Jcp = 4.1 Hz), 120.35 (d, *Jep = 4.2 Hz), 81.2,
53.4,52.5(d, 'Jep = 153.3 Hz), 28.2;
HRMS (FAB) caled for Cy0H»4NO-P m/z 422.1368 [M+H]", found 422.1376.
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General Procedure for Preparation of E-Dehydroamino Acid Esters

0
I NH
(PhO),P__NHCbz Cbz
RCHO + s R
COZMe COzMe
47 E-48a-k

1. NaH/Nal condition
To a solution of 47 (50.1 mg, 0.11 mmol) and Nal (16.5 mg, 0.11 mmol) in THF (1 mL)

was added NaH (4.8 mg, 0.12 mmol, 60% suspension in mineral oil) at 0 “C under argon. The
mixture was stirred for 10 min at 0 ‘C and cooled to =78 “C. Aldehyde (0.1 mmol) in THF (1 mL)
was added to the mixture. The mixture was stirred for 5 min at =78 “C, gradually warmed to 0 °C for
3 h, quenched with sat. NH4Cl (5 mL), and extracted with EtOAc (5 mL x 3). The combined organic
layers were washed with brine (15 mL), dried over MgSQ,, and filtered. The filtrate was concentrated
under reduced pressure. The residue was purified by flash column chromatography on silica gel to

give the corresponding dehydroamino acid derivatives.

2. DBU/Nal condition
To a solution of 47 (50.1 mg, 0.11 mmol) and Nal (19.5 mg, 0.13 mmol) in THF (1.3 mL)

was added DBU (17.9 uL, 0.12 mmol) at 0 ‘C under argon. The mixture was stirred for 10 min at
0 °C and cooled to =78 “C. Aldehyde (0.1 mmol) in THF (1 mL) was added to the mixture. The
mixture was gradually warmed to 0 ‘C with stirring for 3 h, quenched with sat. NH4C1 (5 mL), and
extracted with EtOAc (5 mL x 3). The combined organic layers were washed with brine (15 mL),
dried over MgSQy, and filtered. The filtrate was concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel to give the corresponding dehydroamino acid

derivatives.

3. DBU/MgBr,* OEt; condition

To a solution of 47 (50.1 mg, 0.11 mmol) and MgBr,* OEt; (25.8 mg, 0.1 mmol) in THF (1
mL) was added DBU (14.9 uL, 0.1 mmol) at 0 “C under argon. The mixture was stirred for 30 min at
0 °C. Aldehyde (0.1 mmol) in THF (1 mL) was added to the mixture. The mixture was stirred for 17 h
at room temperature, quenched with sat. NH4Cl (5 mL), and extracted with EtOAc (5 mL x 3). The
combined organic layers were washed with brine (15 mL), dried over MgSQy, and filtered. The filtrate
was concentrated under reduced pressure. The residue was purified by flash column chromatography

on silica gel to give the corresponding dehydroamino acid derivatives.
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4. DBU/ZnCl, condition

To a solution of 47 (50.1 mg, 0.11 mmol) and ZnCl, (200 uL in 1.0 M solution of Et,0, 0.2
mmol) in THF (1 mL) was added DBU (14.9 uL, 0.1 mmol) at 0 ‘C under argon. The mixture was
stirred for 30 min at 0 “C. Aldehyde (0.1 mmol) in THF (1 mL) was added to the mixture. The
mixture was stirred for 16 h at room temperature, quenched with sat. NH4Cl (5 mL), and extracted
with EtOAc (5 mL x 3). The combined organic layers were washed with brine (15 mL), dried over
MgSO,, and filtered. The filtrate was concentrated under reduced pressure. The residue was purified
by flash column chromatography on silica gel to give the corresponding dehydroamino acid

derivatives.

5. Syntheses of Z-2b, Z-2e, and Z-2f using Schmidt reagent 70

0]

Il NHCb
(MeO),P__NHCbz z
RCHO + Y — > R
Loe CO,Me
70 Z-48a—k

To a solution of 70'” (0.3 mmol) in THF (0.5 mL) was added TMG (0.3 mmol) at 0 °C
under argon. The mixture was stirred for 10 min at room temperature and stirred for 5 min at =78 C.
A solution of aldehyde (m-nitrobenzaldehyde for Z-48b, N-Boc-prolinal 49 for Z-48e, or
N-Boc-O-TBS-serinal 50 for Z-48f) (0.1 mmol) in THF (0.5 mL) was added to the mixture. The
mixture was stirred for 5 min at =78 °C, warmed to room temperature with stirring for 3h, quenched
with sat. NH4CI (5 mL), and extracted with EtOAc (5 mL x 3). The combined organic layers were
washed with brine (15 mL), dried over MgSQ,, and filtered. The filtrate was concentrated under
reduced pressure. The residue was purified by flash column chromatography on silica gel to give
novel Z-48b, Z-48e, and Z-48f in a highly stereoselective manner. These analytical data were identical

with those of Z-isomers obtained as a minor product from the HWE olefination reactions with 47.
Analytical Data of New Dhaas

Spectroscopic data of Z-48a,” Z-48¢c.”) 7-48g.” 7-48h,” E-48i,'" 7-48i,'" E-48j,'" 7-48j,'" Z-60,"”
61," 62, 63,' 67", and 69**2" were identical to those of reported data. Spectroscopic data of other

new E- or Z-48 were reported in this section.

(E)-Methyl 2-(((benzyloxy)carbonyl)amino)-3-phenylacrylate (E-48a)
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COsMe

Ph \)\NHCbz
Colorless oil;
FTIR (neat) 3317, 3030, 2952, 1728, 1639, 1520, 1439, 1381, 1225, 1055 cm';
'H NMR (400 MHz, CDCl3) & 7.66 (brs, 1 H), 7.41-6.99 (m, 10 H), 6.97 (brs, 1 H), 5.18 (s, 2 H), 3.62
(s, 3 H);
C NMR (75 MHz, CDCl;) § 164.9, 153.5, 135.9, 135.4, 128.8, 128.7, 128.5, 128.4, 127.9, 127.6,
125.7,124.6, 67.3, 52.3;

HRMS (FAB) calcd for CgH;7;NO, m/z 311.1158 [M " ]", found 311.1155.
(E)-Methyl 2-(((benzyloxy)carbonyl)amino)-3-(3-nitrophenyl)acrylate (E£-48b)

O,N Z > NHCbz

FTIR (neat) 3330, 3068, 3033, 2954, 1727, 1705, 1639, 1525, 1439, 1350, 1221, 1049 cm™;

Pale yellow oil;

'"H NMR (400 MHz, CDCl;) § 8.12-8.10 (m, 2 H), 7.82 (brs, 1 H), 7.54 (d, J= 8.0 Hz, 1 H), 7.47 (t, J
=7.8 Hz, 1 H), 7.41-7.35 (m, 5 H), 7.19 (brs, 1 H), 5.20 (s, 2 H), 3.64 (s, 3 H);

3C NMR (75 MHz, CDCls) 8 163.8, 153.3, 147.9, 137.5, 135.6, 134.9, 128.72, 128.70, 128.6, 128.4,
127.3,123.8, 122.1, 120.9, 67.5, 52.7;

HRMS (FAB) calcd for C;sH;N2Og m/z 357.1086 [M+H]", found 357.1087.

(Z)-Methyl 2-(((benzyloxy)carbonyl)amino)-3-(3-nitrophenyl)acrylate (Z-48b)
MCbz

O,N Z > co,Me
White solid, recrystallized from EtOAc-hexane;
mp 112 °C (dec.)
FTIR (neat) 3259, 3074, 2951, 1720, 1693, 1523, 1504, 1439, 1352, 1308, 1281, 1255, 1236, 1213,
1144, 1063 cm™;
'H NMR (400 MHz, CDCl;) & 8.31 (s, 1 H), 8.12 (d, J = 8.1 Hz, 1 H), 7.74 (d, J = 7.8 Hz, 1 H), 7.45
(dd,J=8.1,7.8 Hz, 1 H), 7.34-7.29 (m, 6 H), 6.74 (brs, 1 H), 5.07 (s, 2 H), 3.87 (s, 3 H);
C NMR (75 MHz, CDCl;) 8 165.1, 152.9, 148.2, 135.9, 135.5, 134.9, 129.3, 128.5, 128 4,

128.3,127.2,125.8, 124.0, 123.5, 67.9, 53.0;
HRMS (FAB) caled for CigH6N,Og m/z 357.1086 [M+H]", found 357.1086;
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Anal. caled for CigHsN,O¢: C, 60.67; H, 4.53; N, 7.86. found: C, 60.66; H, 4.48; N, 7.79.

(E)-Methyl 2-(((benzyloxy)carbonyl)amino)-3-(4-methoxyphenyl)acrylate (E-48c)
M
eO\Q\/iOZMe
Z > NHCbz

FTIR (neat) 3325, 3032, 2952, 2839, 1726, 1606, 1510, 1439, 1369, 1304, 1248, 1228, 1178, 1053

-1
cm’;

Colorless oil;

'"H NMR (400 MHz, CDCls) § 7.52 (brs, 1 H), 7.39-7.32 (m, 5 H), 7.23 (d, J = 8.7 Hz, 2 H), 6.93 (brs,
1 H), 6.84 (d, J= 8.7 Hz, 2 H), 5.17 (s, 2 H), 3.82 (s, 3 H), 3.66 (s, 3 H);

3C NMR (75 MHz, CDCls) 8 165.0, 159.3, 153.7, 136.0, 130.5, 128.7, 128.44, 128.35, 127.4, 125.6,
124.3, 113.4, 67.3, 55.3, 52.3;

HRMS (FAB) calcd for CjoH;oNOs m/z 341.1263 [M+H]', found 341.1261.

(E)-Methyl 2-(((benzyloxy)carbonyl)amino)-3-(pyridin-2-yl)acrylate (E£-48d)
SNT N NHCbz
FTIR (neat) 3307, 3033, 2951, 1730, 1639, 1527, 1471, 1437, 1387, 1221, 1057 cm’';

'"H NMR (400 MHz, CDCl;) 8 8.51 (d, J = 4.9 Hz, 1 H), 7.60 (m, 1 H), 7.38-7.31 (m, 6 H), 7.19 (d, J
= 7.8 Hz, 1 H), 7.10 (dd, J = 7.4, 4.9 Hz, 1 H), 7.00 (brs, 1 H), 5.17 (s, 2 H), 3.67 (s, 3 H);

Pale yellow oil;

C NMR (75 MHz, CDCly) § 165.5, 154.2, 153.1, 149.0, 136.0, 135.7, 129.8, 128.7, 128.5, 128.4,
123.6, 121.8, 118.5, 67.5, 52.5;

HRMS (FAB) calcd for C7H 6N,O4 m/z 313.1188 [M+H]", found 313.1185.

(Z)-Methyl 2-(((benzyloxy)carbonyl)amino)-3-(pyridin-2-yl)acrylate (Z-48d)

waz
SN S coMe

FTIR (neat) 3030, 2954, 1732, 1643, 1487, 1311, 1282, 1219, 1149, 1061 cm';

Pale yellow oil;

'"H NMR (400 MHz, CDCls) 8 11.26 (brs, 1 H), 8.57 (d, J = 4.4 Hz, 1 H), 7.68 (td, J= 7.8, 1.9 Hz, 1
H), 7.42-7.31 (m, 5 H), 7.22 (d, J= 8.0 Hz, 1 H), 7.16 (m, 1 H), 6.28 (s, 1 H), 5.19 (s, 2 H), 3.83 (s, 3
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H);

C NMR (75 MHz, CDCL;) & 165.7, 155.0, 153.8, 148.5, 136.9, 136.0, 134.1, 128.6, 128.5, 128.4,
125.2,122.0, 113.1, 67.7, 52.7;

HRMS (FAB) calcd for C17H¢N,O, m/z 313.1188 [M+H]", found 313.1193.

(S,E)-tert-Butyl
2-(2-(((benzyloxy)carbonyl)amino)-3-methoxy-3-oxoprop-1-en-1-yl)pyrrolidine-1-carboxylate
(E-48¢)

CO,Me
(P:(}%\NHCbz

As a mixture of rotamers (4 : 3), white amorphous solid. £/Z isomer was separated using PLC (silica
gel 60 F-254, 0.5 mm thickness, manufactured by Merck).
[a]p” =9.6 (¢ 0.92, CHCl;)
FTIR (neat) 3346, 2978, 2879, 1730, 1697, 1518, 1398, 1367, 1221, 1165, 1045 cm™;
'H NMR (400 MHz, CDCl;) § 7.37-7.28 (m, 5 H), 6.84 (brs, 1 H), 5.17-5.12 (m, 3 H), 3.81 (s, 12/7 H),
3.79 (s, 9/7 H), 2.23 (m, 1 H), 1.92-1.70 (m, 3 H), 1.42 (s, 27/7 H), 1.35 (s, 36/7 H);
C NMR (75 MHz, CDCL3) § 163.9, 154.5, 153.4, 136.1, 129.9, 128.7, 128.4, 128.3, 123.6, 123.5,
79.3,67.9, 67.0, 55.7, 55.3, 52.6, 46.9, 46.4, 33.6, 28.4, 24.5, 23.9;
HRMS (FAB) calcd for C,;HysN2Og m/z 405.2025 [M+H]", found 405.2041.

(S,Z)-tert-Butyl
2-(2-(((benzyloxy)carbonyl)amino)-3-methoxy-3-oxoprop-1-en-1-yl)pyrrolidine-1-carboxylate
(Z-48¢)
NHCbz

gi\/kCO2Me
Colorless oil;
[a]p®! +171 (¢ 1.6, CHCLy);
FTIR (neat) 3309, 2978, 2881, 1728, 1674, 1498, 1402, 1367, 1329, 1225, 1169, 1057 cm’’;
'H NMR (400 MHz, CDCl;) § 8.55 (brs, 1 H), 7.37-7.31 (m, 5 H), 5.97 (d, /= 9.8 Hz, 1 H), 5.20-5.14
(m, 2 H),4.52 (t,J=7.6 Hz, 1 H), 3.77 (s, 3 H), 3.43-3.27 (m, 2 H), 2.06-1.80 (m, 4 H), 1.43 (s, 9 H);
C NMR (75 MHz, CDCl;) § 165.4, 155.2, 154.6, 136.4, 130.3, 129.5, 128.5, 128.3, 128.1, 80.2, 67.1,
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53.2,52.4,46.6,31.2,28.5, 24.1;
HRMS (FAB) calcd for CyHysN>Og m/z 405.2025 [M+H]", found 405.2029.

(R,E)-Methyl
2-(((benzyloxy)carbonyl)amino)-4-((fert-butoxycarbonyl)amino)-5-((tert-butyldimethylsilyl)oxy)p
ent-2-enoate (E-48f)

BocHN  CO,Me

TBSO = NHCbz

Colorless oil;

[a]p* +12.8 (¢ 1.58, CHCl;)

FTIR (neat) 3406, 2956, 2931, 2858, 1712, 1518, 1365, 1221, 1169, 1103, 1043 cm™;

'H NMR (300 MHz, CDCl3) & 7.37-7.30 (m, 5 H), 6.96 (brs, 1 H), 6.81 (brd, J = 6.6 Hz, 1 H),
5.15-5.12 (m, 4 H), 3.83 (s, 3 H), 3.78-3.74 (dd, J = 10.1, 3.9 Hz, 1 H), 3.65 (dd, J = 10.1, 4.6 Hz, 1
H), 1.43 (s, 9 H), 0.9 (s, 3 H), 0.04 (s, 3 H);

C NMR (75 MHz, CDCl;) 8 163.8, 155.5, 153.2, 136.0, 128.7, 128.5, 128.4, 128.3, 125.4, 79.5, 67.0,
65.9,52.9, 50.7, 28.5, 26.0, 18.4, -5.33, -5.35;

HRMS (FAB) calcd for CasHsoN,05Si m/z 509.2683 [M+H]", found 509.2683.

(R,Z)-Methyl
2-(((benzyloxy)carbonyl)amino)-4-((fert-butoxycarbonyl)amino)-5-((tert-butyldimethylsilyl)oxy)p
ent-2-enoate (Z-48f)

BocHN  NHCbz

TBSO_ _~
Z>co,Me

Colorless oil;

[a]p™ +57.9 (¢ 1.5, CHCl;)

FTIR (neat) 3363, 2956, 2931, 2858, 1728, 1498, 1392, 1367, 1313, 1252, 1225, 1167, 1115, 1051
cm'l;
'H NMR (300 MHz, CDCl;) & 8.05 (brs, 1 H), 7.37-7.27 (m, 5 H), 6.24 (brd, J = 9.6 Hz, 1 H),
5.20-5.10 (m, 3 H), 4.36 (m, 1 H), 3.80-3.64 (m, 5 H), 1.42 (s, 9 H), 0.91 (s, 9 H), 0.08 (s, 6 H);

C NMR (75 MHz, CDCly) & 165.2, 156.3, 154.5, 136.3, 129.6, 128.5, 128.3, 128.2, 80.4, 67.3, 64.2,
52.5,49.1,28.4,259, 184, -5.01, -5.38;

HRMS (FAB) caled for C,5H4oN,0-Si m/z 509.2683 [M+H]", found 509.2682.
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(E)-Methyl 2-(((benzyloxy)carbonyl)amino)-5-phenylpent-2-enoate (E-48g)
CO,Me

eh Z > NHCbz

Colorless oil;

FTIR (neat) 3408, 3028, 2952, 1730, 1709, 1645, 1520, 1454, 1439, 1360, 1223, 1045 cm';

'H NMR (400 MHz, CDCl3) § 7.39-7.21 (m, 10 H), 6.90-6.80 (m, 2 H), 5.15 (s, 2 H), 3.79 (s, 3 H),

2.91-2.84 (m, 2 H), 2.80-2.76 (m, 2 H);

C NMR (75 MHz, CDCl3) § 164.4, 153.8, 141.5, 136.1, 130.1, 128.7, 128.5, 128.43, 128.37, 128.30,

126.1, 125.0, 67.0, 52.4, 35.9, 30.3;

HRMS (FAB) caled for Cy0Hy NOg4 m/z 340.1549 [M+H]", found 340.1551.

The E/Z ratio of E-48g/Z-48g was determined by "H NMR using C¢Dg.
"H NMR (300 MHz, C¢Dg) 6 7.20-7.02 (m, 11 H), 6.72 (brs, 1 H), 5.00 (s, 2 H), 3.15 (s, 3 H), 2.81 (q,
J=17.7Hz,2 H), 2.59 (t, /= 7.7 Hz, 2 H).

(Z)-Methyl 2-(((benzyloxy)carbonyl)amino)-5-phenylpent-2-enoate (Z-48g)9)
NHCbz
Ph Z > co,Me
The E/Z ratio of E-48g/Z-48g was determined by "H NMR using C¢Dg.
'H NMR (300 MHz, C¢Dg) & 7.15-6.97 (m, 10 H), 6.59 (t, J = 7.2 Hz, 1 H), 5.90 (brs, 1 H), 4.99 (s, 2

H), 3.25 (s, 3 H), 2.52-2.48 (m, 2 H), 2.43-2.38 (m, 2 H).

(E)-Methyl 2-(((benzyloxy)carbonyl)amino)-4-methylpent-2-enoate (£-48h)
Z > NHCbz

FTIR (neat) 3336, 2967, 1736, 1708, 1649, 1518, 1439, 1362, 1333, 1250, 1047 cm™;

'H NMR (300 MHz, CDCl3) & 7.38-7.30 (m, 5 H), 6.73 (brs, 1 H), 6.60 (brd, J = 9.9 Hz, 1 H), 5.13 (s,
2 H), 3.81 (s, 3 H), 3.34 (dq, J=9.9, 6.6 Hz, 1 H), 1.05 (d, J = 6.6 Hz, 6 H);

C NMR (75 MHz, CDCl;) & 164.6, 153.9, 138.4, 136.2, 128.7, 128.4, 128.3, 122.9, 70.0, 52.4, 27.5,
23.1;

HRMS (FAB) caled for C;5H9NOg4 m/z 278.1392 [M+H]", found 278.1392.

Colorless oil;
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4-Ethyl 1-methyl 2-(((benzyloxy)carbonyl)amino)maleate (E-48k)
COzMe
E0:C- A o

Colorless oil;

FTIR (neat) 3299, 3035, 2980, 2953, 1744, 1627, 1534, 1438, 1382, 1345, 1306, 1209, 1150, 1035
cm'l;

'H NMR (300 MHz, CDCl;) & 7.38-7.32 (m, 5 H), 7.10 (brs, 1 H), 6.43 (brs, 1 H), 5.14 (s, 2 H), 4.17
(q,J=7.1Hz, 2 H), 3.84 (s,3 H), 1.26 (t, /= 7.1 Hz, 3 H);

C NMR (75 MHz, CDCl;) & 166.1, 163.7, 152.1, 137.4, 135.0, 128.6, 128.4, 105.8, 67.9, 60.8, 53.2,
14.1;

HRMS (FAB) cald for C;sH sNOg m/z 308.1129 [M+H]", found 308.1135.

4-Ethyl 1-methyl 2-(((benzyloxy)carbonyl)amino)fumarate (Z-48k)
NHCbz

EtO,C._A CoMe

Colorless oil;

FTIR (neat) 3298, 2927, 2854, 1743, 1685, 1634, 1483, 1399, 1365, 1282, 1203, 1186, 1147, 1066,

1030 em™;

'H NMR (300 MHz, CDCl3) § 9.72 (brs, 1 H), 7.39-7.33 (m, 5 H), 5.46 (s, 1 H), 5.17 (s, 2 H), 4.19 (q,

J=7.1Hz,2H),3.84 (s,3 H), 1.28 (t, /= 7.1 Hz, 3 H);

C NMR (75 MHz, CDCl;) 8 167.7, 164.0, 152.3, 144.0, 135.0, 128.6, 128.5, 128.4, 100.7, 68.2, 60.8,

53.0, 14.1;

HRMS (FAB) cald for C;sH sNOg m/z 308.1129 [M+H]", found 308.1134.

(R)-tert-Butyl
3-(((benzyloxy)carbonyl)amino)-5-(((fert-butyldimethylsilyl)oxy)methyl)-2-0x0-2,5-dihydro-1H-p
yrrole-1-carboxylate (52)

O

BocN
TBSO ~ ~NHCbz

H

Colorless oil;
[a]p® +49.3 (¢ 3.4, CHCL;)
FTIR (neat) 3408, 3305, 2954, 2931, 2887, 2858, 1782, 1728, 1668, 1529, 1471, 1367, 1309, 1255,
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1213, 1157, 1115 cm™;

'"H NMR (400 MHz, CDCls) & 7.38-7.32 (m, 5 H), 7.03 (brs, 1 H), 6.94 (brs, 1 H), 5.20 (s, 2 H), 4.54
(m, 1 H), 4.09 (dd, J = 9.5, 3.2 Hz, 1 H), 3.75 (dd, J = 9.5, 6.4 Hz, 1 H), 1.56 (s, 9 H), 0.84 (s, 9 H),
0.02 (s, 6 H);

3C NMR (75 MHz, CDCL3) 8 165.2, 153.0, 149.1, 135.5, 129.8, 128.6, 128.5, 128.1, 120.9, 83.5, 67.5,
62.5,60.7,28.1,25.7, 18.1, -5.46, —5.50;

HRMS (FAB) calcd for Co4H3gN,0¢Si m/z 477.2421 [M+H]", found 477.2427.

Benzyl 2—isopropyl-4-(2-methylpropylidene)-5-oxooxazolidine-3-carboxylate (53)

Csz/?i

_ (0]
O

Colorless oil:
FTIR (neat) 2968, 1786, 1724, 1658, 1468, 1410, 1367, 1346, 1290, 1255, 1224, 1119, 1101 cm™;
'H NMR (400 MHz, CDCl3) 8 7.42-7.33 (m, 5 H), 6.49 (brs, 1 H), 5.66 (d, J=2.7 Hz, 1 H), 5.26 (d, J
= 12.2 Hz, 1 H), 5.22 (d, J = 12.2 Hz, 1 H), 3.81-3.70 (m, 1 H), 2.24 (m, 1 H), 1.06-1.02 (m, 9 H),
0.82 (d, J=6.8 Hz, 3 H);
C NMR (75 MHz, CDCl3) § 163.7, 135.3, 134.6, 128.8, 128.7, 128.3, 120.7, 91.2, 68.1, 33.0, 25.0,
23.2,23.1,17.5, 13.5;
HRMS (FAB) caled for CisH»3NOg4 m/z 318.1705 [M+H]", found 318.1703.

(E)-Methyl 2-((tert-butoxycarbonyl)amino)-3-phenylacrylate (E-60)
COsMe

IDh\)\NHBoc

Colorless oil;

FTIR (neat) 3330, 2979, 1711, 1637, 1512, 1491, 1437, 1242, 1157, 1057, 1025 cm’';

'H NMR (300 MHz, CDCl;) & 7.53 (brs, 1 H), 7.50-7.21 (m, 5 H), 6.71 (brs, 1 H), 3.63 (s, 3 H), 1.50

(s, 9 H);

C NMR (75 MHz, CDCl;) 8 165.3, 152.9, 135.6, 128.7, 127.9, 127.7, 127.4, 126.3, 123.4, 81.0, 52.2,

28.3;

HRMS (FAB) caled for CisH;oNO, m/z 277.1314 [M"]", found 277.1315, and C;sHyNO, m/z

278.1392 [M+H]", found 278.1379.
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Methyl 2-acetamido-5-phenylpent-2-enoate (64)
CO,Me

P S NHac
As a mixture of E- and Z-isomer (67 : 33), colorless oil;
The mixture was not separable on silica gel chromatography.
Z-isomer : '"H NMR (300 MHz, CDCl3) & 7.32-7.26 (m, 2 H), 7.22-7.18 (m, 3 H), 6.71 (t, J= 7.5 Hz, 1
H), 6.63 (brs, 1 H), 3.76 (s, 3 H), 2.79 (t, /= 7.5 Hz, 2 H), 2.48 (td, J = 15.0, 7.5 Hz, 2 H), 2.06 (s, 3
H);
E-isomer : 'H NMR (300 MHz, CDCl;) & 7.37 (brs, 1 H), 7.32-7.26 (m, 2 H), 7.22-7.16 (m, 4 H), 3.80
(s, 3 H),2.91-2.81 (m, 2 H), 2.80-2.74 (m, 2 H), 2.08 (s, 3 H).

(E)-Methyl 2-benzamido-5-phenylpent-2-enoate (E-65)
CO,Me

eh Z NHBz
Colorless needle;
mp 95-97 C
FTIR (neat) 3297, 3061, 3027, 2950, 2925, 2855, 1726, 1653, 1520, 1487, 1436, 1368, 1277, 1200,
1112 cm™;
'H NMR (300 MHz, CDCl3) & 8.17 (brs, 1 H), 7.81-7.78 (m, 2 H), 7.54-7.40 (m, 4 H), 7.31-7.15 (m, 5
H), 3.83 (s, 3 H), 2.97-2.89 (m, 2 H), 2.83-2.78 (m, 2 H)
C NMR (75 MHz, CDCl;) 8 165.7, 165.0, 141.4, 134.7, 131.82, 131.75, 128.7, 128.4, 128.3, 126.8,
126.0, 125.3, 52.5, 35.8, 30.5;

HRMS (FAB) calcd for CjHyoNOs m/z 310.1443 [M+H]', found 310.1446.

The E/Z ratio of E-65/Z-65 was determined by "H NMR using C¢Dg.
"H NMR (300 MHz, C¢Dg) 0 8.05 (brs, 1 H), 7.72-7.67 (m, 3 H), 7.14-7.07 (m, 4 H), 7.02-6.91 (m, 4
H), 3.17 (s, 3 H), 2.82 (q, J=7.7 Hz, 2 H), 2.60 (t, J= 7.7 Hz, 2 H).

(£)-Methyl 2-benzamido-5-phenylpent-2-enoate (Z-65)

NHBz

Ph
Z>co,Me

White solid;
mp 84-85 C;
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FTIR (neat) 3296, 3062, 3027, 2951, 2925, 2854, 1725, 1652, 1512, 1483, 1437, 1268, 1196, 1143,
1063 cm™;

'H NMR (300 MHz, CDCl3) & 7.80-7.77 (m, 2 H), 7.54 (m, 1 H), 7.48-7.42 (m, 2 H), 7.32-7.27 (m, 3
H), 7.23-7.19 (m, 3 H), 6.80 (t, J= 7.4 Hz, 1 H), 3.78 (s, 3 H), 2.84 (t, J = 7.5 Hz, 2 H), 2.57 (q, J =
7.5 Hz, 2 H);

C NMR (75 MHz, CDCl;) 8 165.5, 165.0, 141.0, 136.7, 133.7, 132.0, 128.6, 128.42, 128.41, 127.3,
126.1, 125.4, 52.4, 34.2, 30.9;

HRMS (FAB) calcd for CoH0NO5 m/z 310.1443 [M+H]", found 310.1442.

The E/Z ratio of E-65/Z-65 was determined by "H NMR using C¢Dg.

"H NMR (300 MHz, C¢Dy) § 7.61-7.58 (m, 2 H), 7.10 (m, 1 H), 7.07-6.87 (m, 8 H), 6.71 (t,J= 7.1 Hz,
1 H), 3.21 (s, 3 H), 2.57-2.52 (m, 2 H), 2.49-2.42 (m, 2 H).
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Fow VEMTE FrT I BT AT OSLEERI AL

BRI, A OE N TIZ L D E-BIN 2T )BT e Ke T X VBT AT VO
RRIEEHEST LTy R CIE E/Z W% R ROMEY i &b, E- / BEIREZ UV T-6,p-
VIEHT e N7 2 BT AT VONARERRIERIZOW TS,

Te a7 I BOF T, BAICEBRLEY “OFTHBB-VEMRTE KT I @ik,
DERBIDFEZ D720, P TH T, AFOVEEZERILICFE ST sy A v
(Alle)l% phomopsin $H7¢ & D RIKH KO XTF FIZLIZLIZAROND 7T 7 A e b |
PERLF LORE ZOENNINT & HH O SRR G RIEIIENZ L, Lo TR
R DA AR ETEMEFR BT R OB S (BR-VEHT & Ry I/ BOSLARRRA G Rk
ORI EE R L /e o TV D, RIFFEA B LR R Tl BR-VEHRTE Ru T I/
Be, FrlZT & Ru A Y a A 2 ONERERIRZRE I, ap-Hafie= 27 icxt3 51k
ERTHEOLNDP-E Faxiof Y ad Y UFEER» L OBKRIG ), £y b valy
RRIE & O HWE SUS P2V BT E 7228, TN TR O BN E 72 13 PR O 7RI
PEWHIBERZRIL TV —ESM), F BT, a-V 7 2= /VRAKR S 7 V%
— MW ERINE VBT e Fa T 2 VB AT VEMIEITIREAY DT VT B RIZxL
TRV SLRRPUEZ IR L, ZEZT, BR-VEMT E Rr 7 I VBT AT LOAERK
ICARRIEZ N D Z LT, B/ EBHR & RIS LRI 72 B S ATRE Tl e Vi & B 2 72
(Scheme 3-1),
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Hydroxyamination-elimination

_____________________________________________

PHN_ .CO,R ! CO2R i
:k —— :R%7kmw !
COR VR T R o |
1 11 1
/[ e R | or (PhO),P NHP E
R2" “R! ! ——] :
PHN_ .CO,R ; CO,R COR
—> | RZ? !
Ho:k¢g — \fJ\NHP |
R! | R! :
required multisteps 77T TTTTTTTTTTTTTT T T s s )
T HWE olefination
o)
o MeO),P__NHP
oo+ (MeO), Y low E/Z selectivity
R R2
CO,R
Scheme 3-1.
32 A

i CHORE OBV VERTE FuT R VB AT LOAEMEBRNE L, £70-
VT2 NVEKRAKR ) TV TR —h 4T L b DA VT 4 AR K D EEN AR R A
oo LOALARBLZOHRE, GRENAIOFEICEL O TINIRET Lo, Lk
R TV — R AR/ FiET AT )R Still RE(EA(MY 7 A n = F L)k AR/ FER
TRATVDFETH 7 o E DRI, BIRMEE DR -7 | E-ap-FAfafim X 7 L)
BRICEONTZY LTWD, *P2nbid, 7ATE RICHRTY b ~OREEBEBENE 2
DIZKNWZ ENRZFDOHERE L TEZLI, KRGS EDORBITEIT L 2ol tHEE SN D,
FOSIRE %2 Fild ST A V7 0 AMEOEITIZRIEETH D L B b3, HW L= R /L¥
— %525 Z LICXHVEEREOKRTARESIN, £2C, ()T AT FEDF LT 4
A THE LN D E-& 7 BHIK 71 126 L, Z-BIRAIRp-3 U FLEUSIC L Dp-3 7 HEEK 72
~OEH, (72 DODORFEH v TV T L DPERREDOEAD " EEA R T UERT b
Ka 7 I e AT L 73 ~ & EHl % 37 C 72 (Scheme 3-2).
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0]

PhO),P. NHCbz R!
(PhO) e — \f7L\NHCbz
CO,Me R'=Ph or Et R2
47 RZ = Me 73
Negishi
R'CHO coupling
Z-Selective
COoM
COyMe p-iodination 2lie
SN : > RN SNob
NHCbz ’ | z
71 72

Scheme 3-2.

3-3 Tk RNaAgYvoaAg s rHE8RoSBingank

/) EHRTE Fa7 2 B AT ikt 51 7 A1k

322 THALVEBRT L FaT I VBT AT VERIEOHIE, —BEH OB-3 U FHbDNIK
BRMEICHD, E/EBETE R T I BT AT LICHT H-a AT i E Tlzn<
OMESN TS, > OPTHR-T B ik bR £ <. HlXIE Ammstrong B LT Y
VOrvERTHTE RaT I BT A7V 74 123 L, NBS Z{EH &5 & E-#IRIIZR-7
oAb HEITT S 2 L AHE LTV S (Scheme 3-3. X 1), *?—J T Coleman & Carpenter |3
76 & NBS Z S SHETA IV TT ELIEBICT I V2 MA5 2 LT, p-7 uElba#iTs
TW5, ZOK, 7 I 1 TMP Z HW iU HERRAERY Th 5 E-718 73, DABCO # Wi
ZBN LB T D 218 WEARY THOND Z LB TNH R 2), &,
DABCO # HW= 5551 A O 7 a ERI% E-78 725 Z-78 ~D RMAL D HETT 5 Z & 2
HasnTnd, LT N-FAAVINTE RRT I BT ATV 79 17 57 vEkix, 73
YIZEGN £ Db DABCO & HHWEIGES0, B EHESLCT= AT VERE S 2D &, Z-98R
PEDSE] B % Z & 28 Nunami 512 &> TRH ER7ZGEK 3), 728, Coleman & Carpenter O
#. ZL T Nunami H5OHEDELH G, FETHLE /BT E FrT I BT AT LD
LT AMEIZONWT, ERE ZEROELLZHWTHAERMO 7 0 BROIES E/Z- 3R]
EWIR N7,
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BzHN_ _CO,Et

| from Z-74:
RO, NBS 71%,E:Z=>95:<5
MMT ———— (1)
N CH,Cl, from E-74:

RO™ > 34%,E:Z=>95:<5

H

74 R = p-methoxybenzyl

MeOzCHN COzMe M602CN COzMe M602C NHCOzMe
| NBS amine |
BnO,, ——> BnO, —> BnO, (2)
| : Br ’ Br
R R R

76 . 7 amine E-78 : Z-78 8

R = Me, i-Pr
TMP 6.7~7.6:1
DABCO 1:6.5~>20
Et3N
NCHO CO,R?

NHCHO NBS R DABCO Rl

R , CO,R2| ——> NHcHo ()
COyR“ CCly or CHCI; Br

79

R' = Ph, alkyl E:Z=50:50~3:97

R2 = Me, Bn, t-Bu
Scheme 3-3.

PUloXsicse ka7 /B AT Lop-3 vEbIE, BEOT o bofins, JFk
DT RMEICEHD LT, ERIE Z BB EoNn5 L PHEND, —FTEEOMDLRY, 2
U FACROSIZ 3BT T IRNE D K D SOGPERSLAREIRME~ DB Z SOV TR A 7Bl 220,
6z, OIS T E R T X VB AT LVOMEICARFTRZGT 5. HDHD
IXERREEN RNV INVETHIFFRAAEEEZANCTEY, 3 vELMISTH RO %
B2 MoV TIEEERNE D, £ 2 TETIRP-I VELUSOEMEMFE2ITH> 2L & LTz,

Z-ERAIB- 3 7 FALSUS DS

FOSEEDOBRFHI&H 720 | FE & LT Boc fRFER 81 Z H V7= (Table 3-1), = 7 &I IE NIS
ZBIRLT7-, £7 EGN Z W, E/Z WEBMEBEMERICKH L TRICE ENENRAATZEZ A,
FINC ZIROB-a 7 FE K82 & AR & L TH X 7=(entries 1 and 2), L7 LHLBRZEANZ &
Z-81 |2 E81 O DTN LHD 7-82 #IHR LS HFEOLND Z ENGoT1-(Z + 49%, E
60%), L2>LWTHDBEAES ., BlIARY & L TRMEMEARD E-82 F / BEHK Z-81 2355
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Nz, £Zcho7aElbonitlz5s3I2, L L TDABCO %= H\ (entry 3), S 51T E-82
NG Z-82 ~FNEAC 2 AT S D T2 DIC USRI Z E R L7z & Z A(entry 4). Z KD IR D 1A) 1
MR BT AR % TLC TRIGZ B L TV & —BfEH T I U BRAER L TnD 2 &,
I HIZDABCO # A EHZ T8 ILERE ZERENZADK 1 1| OFIGTHEKLTWD
DI, FUSHEROIE RN Z R~ LTV 5D 2 &3 BlZ S, DABCO 12 K % B bk
JIENHERTE T2, 0 CHTITRMALOEITHEN S22, KINREZERICARIEDL Z
& T TT%IERIZ T Z-82 WG 6L, S BICEIEMPOERRZ MM Z 5D Z & B HK = (entry 5), [F
HOFRMEIZTT v (b2 To72 L 2A, BIMITETLELT, E83 BNV EROLNLFR L
2ol (entry 6), "PLEDRER LY, Fe FuT I 2 BICHT S I vERISIE. ZEKE ER
DELLORMBEMARZANEZEELRL Z-p-F VERNERT IO, E KE A=
HFICELOEFDPIERGEONDL Z LD, AEGICIX EEROE N L TWD Z &3l
LNE Rl

Table 3-1. Stereoselective synthesis of Z-halo-o,-dehydroamino acid 82 and 83.

" /COZMe NXS (12eq) | g COMe amine (2.0 eq.)
NHBoc ¢yl rt, 2h NBoc temp., time
81 X
Eorz CO,Me NHBoc CO,Me
Ehij\NHBoc + BN NcoMe + 2 NHBoc
X 782 (x=1) Xeg2a(x=n °' z81
Z-83 (X = Br) E-83 (X = Br)
81 yield (%)
entry EorZ X amine temp. time Z-82,83 E-82,83 Z-81
1 V4 | EtN 0°C  30min 49 18 1
2 E | EtN 0°C  30min 60 24 6
3 E | DABCO 0°C 30min 64 27 0
4 E | DABCO 0°C  19h 75 19 0
5 E |  DABCO rt 19 h 77 trace 0
6 E  Br DABCO rt 17h 68 13 0
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SR

81% FHW=B-3 v HELIE, NRIGEVWRROLNDILOD, EH 5 HZ-82%RINMNIZE 2
Teo ZDORISHEREIIRD L I ITEZ BN D, BITHRRTARIZ, FTNISIZ L VD 81D 3 ¥
FlEN, A I8N ERT D, F<BEELEOINICE - T, 84T I B THDP-a—
R7Fe a7 I VB AT 82~ & BAERMT D, PRIADS4IT, HEWEDO81DLIKL
2L ORI C DI D720, A8 SEAMMEZ TR T X 5 B BMAL D B g Tk
EDTbivD, ZORE, i L TDABCOZ W5 & ARk L 78212 %f 9~ % sREZAT -t e
OBENEC D720, E-82IXE 1IN ZE 72 Z2-82~ Bk L TU < (Scheme 3-4), ZIKN %
ETHHEALE LT, IUELAFILT AT LD IVER =V IEO R H3 30007 1812 1\ < SR
BLiE DN AR THLT-O EHERL TN D

o)
N

[ (0]

(COzMe COsMe COsMe
Et L"/\ _— Et ﬂ) Et =
NHBoc NBoc NHBoc

C | |

81 84 82

©
(@) OMe

COzMe |
I, \ Et.,
NHBoc =— NHBoc = ; NHBoc
N (\N

@a Ng)@

NHBoc CO,Me
Et
B oM Z > NHBoc
| |
E-82 Z-82
Scheme 3-4.
Nunami & 73Scheme 3-3, 3 3 OKINIZ T, AEBRMEALOBED N> DOEBKIKIEA-DDAMI

%ﬁ%ﬁokkzawﬁﬁ@%wﬁ@ﬁwum\z7m%m%5zém3ﬁmzw%~%
WCHEMTHY, £72R' = MeDEARITA, BEC, DE DT RV F—EAAH)BN/NEL R HFER%E
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B % 7= (Figure 3-1), Z OFERIT, ADS0IIZIRNRINMICHE LN TL 2 b DD, PALE HL
@k%éﬂ¢é<&hi%@¢%kﬂ IHEL 2 ERFERE LTS R'=iPrE: Z
=3:97, R :Me:E:Z:46:54)0

H R1 Br
,Cone - OzMe
/N— /N_
OHC™ " . OHC 5
Bf R H
A C
AAH = 0.0 kcal/mol AAH = 1.77 kcal/mol (R = j-Pr)

AAH = 1.32 kcal/mol (R! = Me)

H R' Br
OHC. /Cozl\/y OHC. %7602“7
N~<’ N
— :

Bf

B D
AAH = 0.14 kcal/mol (R! = i-Pr) AAH = 1.1 kcal/mol (R" = i-Pr)
AAH = 0.16 kcal/mol (R! = Me) AAH = 0.93 kcal/mol (R! = Me)

Figure 3-1. AM1 calculation of imine conformers reported by Nunami ez al.>®

L2 L7235, Coleman & Carpenter®77 (Scheme 3-3, X 2)%& 7=/ 7 I F5H Tl
FRMEFLN TV D, VS BICAEIOB-3 7 FLDOEE TIEPM I Melk DR ILTIZR LT
ZEPRPERFHL L TV D (R, Scheme 3-6), T & R 7T 2 /BT 27 )Wk 5p-3 vH#EL
OHNEZ N FE TRV DG SR TV DO ARIRIEIC D0 Tl L2 b D172 < L Al
DEBFER G, B-3 U RESISIZ BT 2 Z-8IRME1TeR O WG - — A > hDOKFEIZ L D
HDOEEERLTND,

F I AR D ORISIXER - ZIKIEE D 720 HIEME OSBRI X DR D ZE1T
—EBEH DA I 84D B THN T LR T E D, EBRIT, E-810A . NISE X 7o — I
LA BOSTRIR AR < ZAb T2 DIex L, Z-810 GO LIFE-81 L 0 HiE< | K IR
FETRISDET LTS Z EDNER I, A X U OERKICET D ISMEDENWDS BT 6
Too ZHUTZIEDN D TIEAY strainSE U B 120 ERN L ORENARITHD Z L THHATE 5
(Figure 3-2, Zfll), 72, ESUHI=F VHMEE = AT NI DRENGFET H I LD,
T AT VD F VIR =V IRIFREEIC AT L TROREEITIEWAAICMWTE Y | Z-81Z b=
U DOME me®fmﬁwﬂ&%§bt@®m322mm KRR OFEMIZAHATH S
R, ZOA I VROEEEDPINROZIT IS N EHERIL TV D
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CO,Me CO,Me HBoc
Et |
Et\/\NHBOC - Y&NBOC : Et faSt

E-81 A : oM
E8 Et
. NBoc
CO,Me | COMe | o !
| 2Me 84
Z "NHBoc — » Hi.\ NBoc /_<NHBoc slow
Et Et !
Z-81 E Z-81

Figure 3-2. Proposed B-iodination reaction mechanism

WED TV T

FWTIRED 7Y I LD ATFNVEOEANELRAART, B T Fey I /X7

VI 50 v 70 U IRSIE. BAR-EHZ 0 2y 7Y o 70N LA B RBROBARL,
WEH7 0 A v 7V v 7 AIPAE 2 AV - 2@ e 0 — L OAKRIBHE S TVD 28 R
Fh 7Y T ORENE I E TICHENY, 880674 T AT REDF LT 1 U MEK
JRIZ KV E/ZE88 : 12081 ARk L. T3S OB HMARZ BT 5 2 &7 < p-a v FE AR
HTe & T A, SUIRIZTZ8AEGD Z LRk, Z-82CxT MmN v 7V v 7%
Pd(PPhs)s, MexZn% HIWT23GH T A 5— RITHEAT L, 93%IZ TE-N-Boc-Alle-OMe (E-84)% Hi—
DR & L“C’q_-zf:(Scheme 3-5), 7ok, FHALER-T UEREKRZ82B LU v Y AR
Y E-84 0 (] BE IINOEF B X 0 #EFE L 7= (Figure 3-3), =T LI L A F L 27 L5
EDBEC, AFNELET IR a b EOMBEEKIC, TNENZIR, ERERE LT,

9 COzMe b COzMe c o COZMe
(PhO)2PYNHBoc Et. Et N yiBoc N B
NHBoc
CO,Me | Me
58 81 Z-82 E-84

Scheme 3-5. a) EtCHO, DBU, MgBr,-OEt,, THF, 91% (E : Z = 88 : 12); b) NIS, CH,Cl, then
DABCO, 85% (Z only); c) Pd(PPh;),, Me,Zn, THF, 93%.
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N\
Iz>:O
)v
4
Iz>:O
)T

- -~ : NOE

Z-82 E-84

Figure 3-3. NOE data of Z-82 and £-84

Alleih 31K D ST ARERIR 1) A Rk

p.50, SADFEBFER Z LT T8 FuA YA v U FER8TDE/Ziti BVEIR % 4 2 STRERIR Y
[ZA K L7=(Scheme 3-6), 47 7B B4 7 )L5 b K& DHWERIGE L OB-3 v H#E LT,
IRFEE D CozRFELE DS T b Ml - S LRI HEIT U, B2 D el RAMEIRE-85, Z-86 %
FAERME LTH X, Z-86ICK T HBED v 7Y U XD T NVIEZ- 20856 &1L
720 . PA(PPh3),Cly % il 12 FH N2 St Clie HUNHE L < 1T L. E-N-Cbz -Alle-OMe (E-87) % 5-
Zlze EBIT, AL T 4 MUIBICAWD T AT RET 2 M7 AT R, By 7V v
BOGDOHERIEZEGZnIZE 25 2 L T, Z8TERRICERT 5 Z L3k, 72720, R
T 7V T DEBETERGHR OGS LV & KIERIGEOIR TR 5 72(92%—46%), Z il
X UEPNIRITEZT TEASINRIAERD E L THONTATHD, RMEEBI N T A XS
MMEDTE, B-E R U FEBENETT 5 2 & THONZ EHER L, BUEZ ORIFIGEZ M2 5 K
ISR ERFR CH D, ZNICTEY ., T FaAg YA o U iFEROE/ZmS T RIER D S
RN RRIC X DHED 3T &k Lz, P OIIZE-87, Z-8TIZBEM DO PC NMR A2 kL
F—HYL Ol B LONOEHEIC X » TENFNARILZZIE LT,
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COzMe COzMe

COzMe b Et\%\ c Et _

E —_— > _— >
t\/\NHCbZ NHCbz NHCbz

| Me
85 86 E-87
]a

(@)
oO—

Q 0O
(PhOhP\T/NHCbz
CO,Me = N/Cbz = N/Cbz
47 H H
N4 —” ~:NOE
Jd E-87 7-87
COMe . CO,Me f CO,Me
M M
Me A beh: CSFSNHCbz — = '~ “NHCbz
_ | Et
48i 88 7-87

Scheme 3-6. a) EtCHO, DBU, MgBr,*OEt,, THF, 87% (£ : Z = 88 : 12); b) NIS, CH,Cl, then
DABCO, 86% (Z only); c) Pd(PPh;),Cl,, Me,Zn, THF, 92%; d) MeCHO, DBU, MgBr,* OEt,, THF,
100% (E : Z =78 : 22); e) NIS, CH,Cl, then DABCO, 63% (Z only); f) Pd(PPh;),Cl,, Et,Zn, THF,
46%.

FROFEENS, HWEKISIZEBT 2T AT e RE, By 7V U I KIGETOT VX Ve R
EEZDHETALEORMBNEZFFOBB-VEMT & R T I /BT AT VRERKR AR TH
LT EWIND, BROMRFZED IR, BED Y 7Y 72BN T =y I it 42 Fv
HZET, P2V EEBEAT LI LTI LE, REEFARNUVUNVERY 7 maF UL
EOBEANZHEMATE, Z-8NB-a VR ERFED v 7V T L DT 2 OBB-VIEHRT &
Fr7 I VBT ATAREKTE, ¥

BR-VIEMT E KT I )T AT LONMRANY b VT K 2 ] S5 O iR E

B-3 VRIS THLNT82, £ L TCTt KaAf Yaf v FHER87ICO>V\WT, £hE
NEIZDRATHRNE L TH NMRIZE T L%y 7 Som %2, = F K MgIckiot / BE#RR
811 bl L7= (Table3-2) ., FTMB EDOT VAN OT v hAZERT D L, PALERILEORH
HECHFESEICES D B 7, = F VAL & -NHBoc kM cisD BIRIZ & D (i SR D A trans D B4R
O BRI AR BRI BLR Sz (entries 1-3), T & R A Y A v U iFERSTOH IS
DIZBALIZATFNEEFT 5, ATFAEDOIFET 7 NHDIZOWTHREERIZ, AFLELT
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B HAEE & DAL E 25 cishiL [ O E-870 J5 I8 Z-87125%F L TRl 7 b Li=(entry 3), 7 /L%
WL OB-7 BET E FuT 2 R AT VT, TV AMIO T 8 b AIERD JTH
ZIEE D B ERBICR LN D Z LA Nunami HIZ & > TR SN TE D, SEOB-2 7 # K82
DE ] & —F L 7= (entries 2 and 4), £ 72 Z DN Z T, 7 = = /LI ZBALICEF290” DA
AF NI AT JV(HNZ DWW T, ZIKIZER XV & IRBESG I8 S v (entry 5), ZAUIEKRDO =
ATIWVENT = = VEORGHENREZ T TEBSRY 7 MLiizvtExbhbd, Zhb%
FEHDHE, T RT3 B A7 /LO'H NMR TOMEAIZHOWT, (DI 7 L F LKk
EHTHEA, M EOT UANGA) T 2 bk, 7 3 REHIE L cisod R & 5 8 Bk
KDTF @RS B SN D, QFEBEILEM 2 BICF>7T e Fa 7 I /BT A7 LTI,
AFNVERT VTG ER Lashil B2 D &S ITmdsy 7 b5,

Table 3-2. Comparison of NMR data of E- and Z-f3,3-disubstitued-o.,-dehydroamino acid esters

H CO,Me H NHP
Me/l\f7i\NHP Me/i\f7i\COQMe
R R
entry R 3 (ppm)? d (ppm)?
H CO,Me E H NHBoc
1 H 2.5410 ! 2.2410
Me)\/k NHBoc ; Me)\/kCOZMe
E-81 5 Z-81
H CO,Me E H NHBoc
2 | Me/Lw/i\NHBOC 2.70 | Me/L\r)\COZMe 2.66
I | I
Z-82 ! E-82
Ha COZMe E Ha NHCbz
3 Me M NHCb Ha: 2.52 M COM Ha:2.24
€ z Hb:1.86 @ ¢ 2vie Hb : 2.13
Hb ! Hb
E-87 ! Z-87
H CO,Me ] : H NHCHO ]
2.775 ! 2.55-2.785
4 Br Me)\/k NHCHO | Me)\(kCOZMe
Br | Br
Z-89 E E-89
0. _O._ _Hc !
v - Ha:258° | o ez Ha : 2.529
5 Ph P a:2 ! 0 a:2
e T NHCPE T hoisge0 Me/Ligf\fé He : 3.419
: O He
Z-90 ! E-90

@ Superscript number is the reference number.
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BRI 72B-2 ¥ FALSUGIZ DWW T, E / EHEO TR L o> TRINENR R Y | E KD
FRZEREDBARKSICIT#E L2 RETHDLZ o nEeoT-, £/2p-mT b K7
BT AT T ORED v ) o ZIFARIBHIOF TH Y . Pd E7213 Ni AlEE A
HZ LT OEBIEZEANT D ENHKE, ZNOORREEREIZ, a-T 7 = =LK AR
7V TF—= R ERAWTTE RaA Y aAf v ibElik 87 O E/Z M By RO &k & 2ak L
Too LU S, = F AEEOE NIRRT E - 72, BUE Z OREO MR ORE .
B L OYN K- C R & 288 U 72 BB ISR 2@ M OREZ1T > T\ D,

1) Z-selective 1 CO.Me
-iodinati R
» CO5,Me [B-iodination N Pz NHCbz
Z > NHCbz 2) Negishi coupling
X0 1 R2;2n
Q
(PhO)zPYNHCbz
COZMB
1) Z-selective CO,Me
R2CHO COyMe p-iodination _—
_ > NHCbz
NHCbz 5 Negishi coupling R

R12Zn
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Experimental Section for Chapter 3

Methyl 2-((tert-butoxycarbonyl)amino)pent-2-enoate (81)
CO,Me

Et S NHBoc
To a solution of 58 (1.42 g, 3.37 mmol) and MgBr,*OEt, (791 mg, 3.06 mmol) in THF (31
mL) was added DBU (458uL, 3.06 mmol) at 0 “C under argon. The mixture was stirred for 30 min at
0 °C, and then propionaldehyde (230 uL, 3.06 mmol) was added to the mixture. The mixture was
stirred for 12 h at room temperature, quenched with sat. NH4Cl (30 mL), and extracted with EtOAc
(30 mL x 3). The combined organic layers were washed with brine (90 mL), dried over MgSQ,, and
filtered. The filtrate was concentrated under reduced pressure. The residue was purified by flash
column chromatography on silica gel (hexane/EtOAc =30:1to 9 : 1) to give 81 (638 mg, 91%, E : Z
= 88 : 12) as a colorless oil. The spectroscopic data ('"H NMR) of E- and Z-81 was completely

identical to that reported'®.

(Z)-Methyl 2-((tert-butoxycarbonyl)amino)-3-iodopent-2-enoate (Z-82)
COzMe

Et
Z > NHBoc

I

To a solution of 81 (638 mg, 2.78 mmol, £ : Z=88 : 12) in CH,Cl, (14 mL) was added
NIS (751 mg, 3.34 mmol) at 0 “C under argon. The mixture was stirred at room temperature. After 3
h, complete consumption of Z-81 was observed by TLC analysis. DABCO (624 mg, 5.57 mmol) was
added in one portion at 0 “C, and the mixture was stirred for 11 h at room temperature. The reaction
was quenched with 1N NaHSO,4 (20 mL). The organic layer was separated and the aqueous layer was
extracted with EtOAc (20 mL x 2). The combined organic layers were washed with sat. Na,SO5 (50
mL) and brine (50 mL), dried over MgSQy, and filtered. The residue was purified by flash column
chromatography on silica gel (hexane/EtOAc=40:1t09 : 1) to give Z-82 (874 mg, 85%) as a white
solid;
mp 45-47 C;
FTIR (neat) 3348, 2977, 2934, 1722, 1621, 1469, 1434, 1367, 1302, 1240, 1198, 1153 cm';
'H NMR (300 MHz, CDCl5)  6.12 (brs, 1 H), 3.80 (s, 3 H), 2.70 (q, J = 7.3 Hz, 2 H), 1.44 (s, 9 H),
1.11 (t,J=7.3 Hz, 3 H);
C NMR (75 MHz, CDCl;) 8 161.8, 152.3, 131.0, 107.1, 81.4, 52.3, 33.6, 28.0, 14.8;
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HRMS (FAB) caled for C;1H9INOy m/z 356.0359 [M+H]", found 356.0354.

*Its NOESY spectrum was shown in appendix.

(E)-Methyl 2-((tert-butoxycarbonyl)amino)-3-iodopent-2-enoate (E-82)

NHBoc

Et
Z>co,Me

FTIR (neat) 3334, 2978, 2933, 1703, 1484, 1458, 1435, 1367, 1295, 1247, 1200, 1157 cm™;

'"H NMR (300 MHz, CDCL3) 8 6.05 (brs, 1 H), 3.82 (s, 3 H), 2.66 (q, J = 7.2 Hz, 2 H), 1.45 (s, 9 H),
1.10 (t, J= 7.2 Hz, 3 H);

3C NMR (125 MHz, CDCl3) 8 165.2, 152.4, 129.9, 102.9, 81.5, 52.3, 34.1, 28.1, 13.6.

(E)-Methyl 2-((tert-butoxycarbonyl)amino)-3-methylpent-2-enoate (E£-84)
CO,Me

Et
Z > NHBoc

Me

To a solution of Z-82 (840 mg, 2.36 mmol) and Pd(PPh;), (137 mg, 118 mmol) in THF (12
mL) was added Me,Zn (5.0 mL, 4.73 mmol, 0.95 M solution in hexane) at 0 “C under argon. The
mixture was stirred for 2 h at room temperature, quenched with sat. NH4CI (15 mL), and extracted
with EtOAc (15 mL x 3). The combined organic layers were washed with brine (45 mL), dried over
MgSO, and filtered. The filtrate was concentrated under reduced pressure. The residue was purified by
flash column chromatography on silica gel (hexane/EtOAc =40 : 1 to 9 : 1) to give £-84 (536 mg,
93%) as a white powder;
mp 105 C
FTIR (neat) 3346, 2980, 2960, 2941, 2872, 1719, 1687, 1497, 1463, 1435, 1390, 1365, 1308, 1283,
1247, 1213, 1195, 1158, 1102, 1054 cm™;
'H NMR (600 MHz, CDCl;) 8 5.78 and 5.70 (brs x 2, 1 H), 3.72 (s, 3 H), 2.45 (brq, J = 7.4 Hz, 2 H),
1.82 (s, 3 H), 1.43 (brs, 9 H), 1.07 (t, /= 7.4 Hz, 3 H);
C NMR (75 MHz, CDCl;) 8 165.3, 153.7, 148.5, 121.1, 80.0, 51.5, 28.1, 27.4, 19.2, 12.6;
HRMS (FAB) caled for C1,H»,NOg4 m/z 244.1549 [M+H]", found 244.1543.

*Its NOESY spectrum was shown in appendix.
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Methyl 2-(((benzyloxy)carbonyl)amino)pent-2-enoate (85)
CO2M€

Bl N NHebz

To a solution of 47 (502 mg, 1.10 mmol) and MgBr,*OEt, (150 mg, 1.00 mmol) in THF
(10 mL) was added DBU (150 uL, 1.00 mmol) at 0 ‘C under argon. The mixture was stirred for 30
min at 0 °C, and then propionaldehyde (76 uL, 1.00 mmol) was added to the mixture. The mixture
was stirred for 12 h at room temperature, quenched with sat. NH4Cl (10 mL), and extracted with
EtOAc (10 mL x 3). The combined organic layers were washed with brine (30 mL), dried over MgSOy,,
and filtered. The filtrate was concentrated under reduced pressure. The residue was purified by flash
column chromatography on silica gel (hexane/EtOAc=20:1to 7 : 1) to give 85 (229 mg, 87%, E : Z
= 88 : 12) as a colorless oil. The spectroscopic data ('"H NMR) of E- and Z-85 was completely

identical to that reported'".

(Z)-methyl 2-(((benzyloxy)carbonyl)amino)-3-iodopent-2-enoate (86)
CO,Me

E
' NHcbz

I

To a solution of 85 (229 mg, 870 umol, £ : Z= 88 : 12) in CH,Cl, (8.7 mL) was added NIS
(235 mg, 1.04 mmol) at 0 ‘C under argon. The mixture was stirred at room temperature. After 2 h,
complete consumption of Z-85 was observed by TLC analysis. DABCO (195 mg, 1.74 mmol) was
added in one portion at 0 “C, and the mixture was stirred for 16 h at room temperature. The reaction
was quenched with 1N NaHSO, (10 mL). The organic layer was separated and the aqueous layer was
extracted with EtOAc (10 mL x 2). The combined organic layers were washed with sat. Na,SO; (150
mL) and brine (30 mL), dried over MgSO,, and filtered. The residue was purified by flash column
chromatography on silica gel (hexane/EtOAc =15 : 1) to give 86 (292 mg, 86%) as a white solid;
mp 75-77 C
FTIR (neat) 3318, 2973, 2952, 1726, 1622, 1481, 1304, 1267, 1220, 1039 cm';
'H NMR (400 MHz, CDCl;) § 7.37-7.32 (m, 5 H), 6.41 (brs, 1 H), 5.14 (s, 2 H), 3.82 (brs, 3 H), 2.76
(brq, J=7.3Hz,2 H), 1.13 (t,J= 7.3 Hz, 3 H);
C NMR (100 MHz, CDCl3)  161.6, 153.2, 135.4, 130.6, 128.5, 128.3, 128.2, 109.3, 67.7, 52.5, 33.8,
14.8;
HRMS (FAB) caled for C14H7INO4 m/z 390.0202 [M+H]", found 390.0201.
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(E)-methyl 2-(((benzyloxy)carbonyl)amino)-3-methylpent-2-enoate (E-87)
CO,Me

Et
ZNHCbz

Me

To a solution of 86 (20.0 mg, 51.4 wmol) and Pd(PPh;),Cl, (1.7 mg, 2.4 wmol) in THF (0.4
mL) was added Me,Zn (100 uL, 103 wmol, 1.02 M solution in hexane) at 0 ‘C under argon. The
mixture was stirred for 13 h at room temperature, quenched with sat. NH4Cl (5 mL), and extracted
with EtOAc (5 mL x 3). The combined organic layers were washed with brine (15 mL), dried over
MgSO, and filtered. The filtrate was concentrated under reduced pressure. The residue was purified by
flash column chromatography on silica gel (hexane/EtOAc =12 : 1to 3 : 1) to give £-87 (13.2 mg,
92%, 7 : 2 mixture of rotamers) as a white solid. The spectroscopic data ("*C NMR) of E-87 was
completely identical to that reported”;
'H NMR (600 MHz, CDCl;) & 7.37-7.33 (m, 5 H), 5.95 (brs, 7/9H), 5.64 (brs, 2/9H), 5.14 (s, 2 H),
3.74 (brs, 3 x 7/9H), 3.53 (brs, 3 x 2/9H), 2.52 (q, J = 7.2 Hz, 2 H), 1.86 (s, 3 H), 1.10 (brt, /= 7.2 Hz,
3 H).

*Its NOESY spectrum was shown in appendix.

(Z)-methyl 2-(((benzyloxy)carbonyl)amino)-3-iodobut-2-enoate (88)

COzMe

M
®~F > NHCbz

I

To a solution of 48i (10.0 mg, 40.1 umol, £ : Z=78 : 22, see chapter 2) in CH,CI, (2.0 mL)
was added NIS (10.8 mg, 48.0 umol) at 0 “C under argon. The mixture was stirred at room
temperature. After 2 h, complete consumption of Z-48i was observed by TLC analysis. DABCO (8.97
mg, 80.0 umol) was added in one portion at 0 ‘C, and the mixture was stirred for 7 h at room
temperature. The reaction was quenched with 1N NaHSO, (5 mL) and extracted with EtOAc (5 mL x
3). The combined organic layers were washed with sat. Na,SO; (15 mL) and brine (15 mL), dried over
MgSO,, and filtered. The residue was purified by flash column chromatography on silica gel
(hexane/EtOAc =15:1to 3 : 1) to give 88 (9.5 mg, 63%) as a white solid;
FTIR (neat) 3324, 2952, 1724, 1626, 1483, 1305, 1229, 1049 cm™;
'H NMR (400 MHz, CDCl3) 8 7.36 (m, 5 H), 6.35 (brs, 1 H), 5.14 (s, 2 H), 3.81 (brs, 3 H), 2.76 (s, 3
H);
C NMR (100 MHz, CDCl3)  161.4, 153.4, 135.5, 131.2, 128.6, 128.4, 128.3, 101.1, 67.8, 52.6,
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29.1;
HRMS (EI) calcd for C;3H4INO, m/z 374.9968 [M']", found 374.9977.

(Z)-methyl 2-(((benzyloxy)carbonyl)amino)-3-methylpent-2-enoate (Z-87)
CO,Me

M
®~F > NHCbz

Et

To a solution of 88 (17.7 mg, 47.2 wmol) and Pd(PPh;),Cl, (1.7 mg, 2.4 wmol) in THF (0.4
mL) was added Et,Zn (94 uL, 94 umol, 1.0 M solution in hexane) at 0 ‘C under argon. The mixture
was stirred for 13 h at room temperature, quenched with sat. NH4Cl (5 mL), and extracted with EtOAc
(5 mL x 3). The combined organic layers were washed with brine (15 mL), dried over MgSO,, and
filtered. The filtrate was concentrated under reduced pressure. The residue was purified by flash
column chromatography on silica gel (hexane/EtOAc =12:1to 3 : 1) to give Z-87 (6.0 mg, 46%, 3 : 1
mixture of rotamers) as a colorless sticky oil. The spectroscopic data (*C NMR) of Z-87 was
completely identical to that reported”;
'H NMR (600 MHz, CDCl;) & 7.37-7.33 (m, 5 H), 5.88 (brs, 3/4H), 5.65 (brs, 1/4H), 5.14 (s, 2 H),
3.74 (brs, 3 x 3/4H), 3.51 (brs, 3 x 1/4 H), 2.24 (q, J=7.6 Hz, 2 H), 2.12 (s, 3 H), 1.04 (brt, J = 7.6 Hz,
3 H).

*Its NOESY spectrum was shown in appendix.
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FE  REST A DL

RKETH, F_BERBIOE "= CAHLEZE-F / BRBLIOYEHRTE Fe T I /i
AT NERERGE L, T8 FaT7 X ) BERABEIEETTF R, ZETT U ADEEK
WFFED LY FLAAT DN TR S,

4-1 HRESV

RES v

RE TV UL B D —FE Diaporthe toxica(LLRIIX Phomopsis leptostromiformis & W31 TC
WI)DAREIEEY) & L CHEE- SR E SN~ A 2 F X2 Th 5 (Figure 4-1), Z DA B,
N—E (7 ARMEY), IANTADF U A EFEEREELLTND, FESV A B X
WNZDOT 7 aalkTHHHRET T B92)E, 1977 FlZ/—¥ L OFE 1725 Culvenor 51T X
> THEES N, "Culvenor HIXM¥]. RES L A OEELZ KBRIEAFHXTF R TH5H
EHREIE LT DAY, 1986 4RI X AR AS AT, FABMS, NMR 2X7 R L7 —Z B L
RIRW) DAL F BN G3E FRITC DRI 2 FAT 1~ L EUGET S, #aer ok k% b
B TIRE SN, VREF T2 D (93)1E. 1994 FEICF UL FEF-2 5 B, ~ 2 227 e
UV WU ER 1 &t 5 2 & THEBRES N TS, Y eicifshiiimz ey o
UV EDEENERETHE, FREEL SR ITILNALNTED, AETVIEZED
JFIRWE CTHDH(RET VU HE EMEIND), 7 v ML TIFEBAMEEZ RS, RET
Y ADYHRT v MTxT D LDso 1% 1.6 mg/kg b.w. (body weight)(BEFENTES), AT »~ b TlE
4.7-5.9 mg/kg bw.(JEHEN £ 7213 TSN TH 5, V2 OIEAREFEITB-T = —7 U IS E O
BBHFPEZ R L, BNEES 2R DICET 5, 9% DB, rhizoxin, dolastatin 3 & F4£IZ vinca
domain DF = —7V » EAREAEMT %, N — BRI EICRKEEE & LR S5,
KON Clide FORBBHELTHRIHAIN TS, LINLZDRES T A DEEOBEI NG,
BRI £ 5 2 A BI(ESFA) T B MK EITK T 2 BRBERIFIRY 2 <R FTHRETHDH LD
Rz R L TG, Y
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Me7/\ﬂ/ Phomopsin B (92) H ;\N
H

CO,H

R! OH
Phomopsin D (93) Cl J:
éi\” CO,H

Figure 4-1. Structures of phomopsin A, B, and D

RET VUL, REICRAL, BREE L SN IERREIAZ VT F N 28 b
DOEE L., ZON=Z>0D7T X/ fE(B-OH-N-Me-Tyr, f-OH-Ile, B,y-AVal)3 = —F /LA &N
L7213 BERZE L, 5% D = D(L-APro, E-o,p-AlLe, E-o,B-AAsp)IFHLRMIH & L T~ v T
A ABRICEFEL TS, T LTHRET VY UVEHOHPTH 1 IERLBRMEEINTZREBMTH 5,
INETORET LV VEOAERIL., RET TV BO)DREEN L ShTns, YHlgH
R~ T 7 ZLHMOEHMED N ODME SN TNDD, RET T OMKRT I /BN
ETHRET I VBTHHDOIT, ZORKITITIZEEEZELTVD, ?

Wandless H DALY

Wandless 5 (% 2007 FFIZ 92 OHIDORERREZER L TWD, T/ATE R 94 LAFHy—L
95 % Evans D ¥ 7 /L7 L ALK 96 & A= 7 v R— VB 'I2 K0 cis Bl B % R0 A
FHU 97 ~NEEHM LT, N-AF Ak, BIKS M, Kk ZBRZORELRT
B-OH-N-Me-Tyr . 2 L, Ac EOBREIZ LV 72 /) —1 98 L LTtk 7=/ — L
ML X BT VU P 99 DAL E I Z2BRER VA VT — T ARG Z TR L 100 & L7z,
Ns 5% Troc EICHNT A 7%, 7/LF¥ 2 DIEILIC L > TR-OHlle ZAEEE L, AU LR
el 7= /) —VOE#, BXOt-Bu T AT VOREHEEITV, VX7 F R 101 % 1572 (Scheme
4-1),
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Scheme 4-1.

101 & I8E R U <7 F K 102'2 (55—, Scheme 1-12 B R) & O#EA 35 L O Troe 4 Iify#
THZETTI103 ~LFHEL, By-AVal 104 & OFfFEA . HE< Alloc FL & 77V LI A —25(C
WL U BHLRTEA 105 2 AW LT, ~ 2 05 27 % MEENIKARETV, B-OH-Asp #3814
106 & L. etk ICHOKERREE FIZ A L TBS & Teoo BEOBREIT LD 92 DA AR A Mk
L 72(Scheme 4-2),
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4-2 A EEFE
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4-3 KU RXTF RHBEDO AR

WDIZ N U XTTF NMUEHO G ERETT 522 L & Lz, Ak LT, &7 I VxR~
IR EXRMES L TS FERRBEIETH D, LArL, ap-T & Fr 7 I BRIz T
VARG EBELTVDIED, < ObLDIFXT7 Y =T 2 02T D LB ONMKSBENES I
B2V, a7 NEZELTLE S, P2 TN RN LT e R 7 2 BRI & IEHESE
L TWL 3 237 T, Coz (R#E A AT % 47 Z Bii%# L (55). BE &1 N-Boc-L-APro-OH 114°*
OLEASEL L THWERE 1S L Le, 115 L 7u 4> T L5 e R4 L7 4 1k
%, # " CHENL L7- MgBr, OEGL-DBU b 2545 Z & T E-#IRIC BT b Mo
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T BT AT V16 & 5 ZT2(E: Z="74:26), Hit\ T DO BRMEKE SBET 5 2 &L
B-F U HEALSGE Tz, BEETHWEY 7 A X BT SRS T TS IE
WICEL, BRREHINT D & RAEHNCHIRD A I v Do fRE o To, & 2 TRIED Y &4
L. 7 aiV A S0CTRESE D I &K o TRISHEE &2 S 117 % 74%I03E
B4 e LTEHE X, £7eRK3 UbOG b5 =5 & [k, Z-116 [ZH~, E-116 725 D
BOSD 7R R < 117 235 B, JFUEFD (i S DE W X 2 228U S 4L72(E-116: 79%,
Z-116: 51%), tRED v 7V 7 TCERICKERZEZ LI 0D ER < #IT L,
L-APro-Alle-OMe 118 Z1§7-, AGHITI T F THEFE . 30%IR TR S 4L, wE O[O
B RIE(T-8 BB’ DI b~ BEFE LIS 5 Bh L 72 (Scheme 4-4),

Lo

CO,H 114
9 (”) Boc — H 9
(PhObRW/NHCbz a (PhOij/NHgHCI b - Ny N_ _P(OPh),
CO,Me CO,Me Boc 5 co,Me
47 55 115
ljil\ﬂ/ CO,Me ____).[Tix\ﬂ/ COMe —  » liik\ﬂ/ CO,Me
Boc \K I Boc
117 118

Scheme 4-4. a) H,, Pd/C, HCI in MeOH, EtOAc; b) 115, EDCI, DMAP, CH,Cl,/DMF, 55% over 2
steps; ¢) EtCHO, DBU, MgBr,-OEt,, THF, 91% (E : Z = 74 : 26); d) NIS, CHCl;, 50 ‘C then
DABCO, rt, 74% (Z only); ) Pd(PPhs)s, Me,Zn, THF, 82%.

118 (X, C KIGD E-AAsp FNLOEBEANIZWIT, T VLT AT )ILA~DT AT LEZHE(119, 120)
ET7 IR bUOREIZIY Y Boe 1K 121 ~FE L7z, 121 ©O7 UV L 27 VO AR #E T
Joullié & D HIE & VT W28, HBALFOEEE CEL DI LRk 122 DI ENEF L,
F7o0 T DERGBIERY & OSENRRNEETH 572, £ 2 TRIGHE 122 & 5 EREIC Tt
L. REMOFEFFa-V 7 2= VKRR 7D 3— FOEEE 55 LA SHEHZ & T 56%
IZCTRUNTF REID HWE 3K 123 #4525 2 L3k, &K, BETEREEZHT LT
T RICAERREACES ZRINAIE LTA L 7 4 ARG EITH 2 & T, EIZHH14.5 01
T9%ULRIZT R ANTF R 124 AR LTZ, ZHICKD, FETT U AD YT F RIAIEH
DR EERL T X 72 (Scheme 4-5),
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% cone_,O\( COH__~ OY COAllyl
B Boc Boc

oC

118 119 120
Q( COLAllyl OY COH __°
TR

1n

CO,Et
0 Ospy OPh)2 2

f oc /[
CO2Me COzMe
Boc O Boc
Et

Scheme 4-5. a) LiOH, THF/H,0, 50 °C; b) allyl bromide, Cs,CO3, DMF, 86% over 2 steps; ¢) Boc,0,
DMAP, CH,Cl,, quant.; d) Pd(PPhs),, morpholine, THF; e) 55, EDCI, DMAP, CH,Cl,/DMF, 56%
over 2 steps; f) EtOC(O)CHO, DBU, ZnCl,, THF, 79% (E : Z=ca.4.5: 1).

4-4 13 AR~ 0T 7 F LTOGEOBE

FURTF RMUBHO G ATET L72D T, fit\ T 13 BERIBO B OB &M Lz, 1hD
|ZB-OH-N-Me-Tyr #\z DA B & Mgt L7z,

route A

EFTVE FeXx bzl LGl a iAo, B-Aafid L7 4 131, 132 ODERREAT
5 7-(Scheme 4-6), NN TIR#ELZ5-T Y U FAT AT F 125705 @D k&
LT, XHRO FIEICHE > T7 rEh 1267, 12702 T E A LTz, 126 ICOW\ Tl TSB
THR#E L 128 & L7 .DMF, n-BuLi Z i CHRALIMETHZ ETT AT E R 129 2157,
127 IZOWTHEBRIZA VI MEEITH) ZE TP AT e R 130 & Lz, T % Wittig K
SRS 2 E THMO E-A L7 ¢ 2 131, 132 Z BRI 5 7=,
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MeOZC

e by

OBn
T ref.16
Br

129 (R = OTBS) 131 (R=0OTBS)
b
Br
ref.17 O
CHO - }
(e
OBn

130 (R =1,3- dloxane) 132 (R = 1,3-dioxane)
OBn

125

Scheme 4-6. a) TBSOTY, i-Pr,NEt, CH,Cl,, 67%; b) DMF, n-BuLi, THF, =78 “C, 89% for 129, 98%
for 130; ¢) Ph;P=CHCO,Me, toluene, 80 “C, 93% for 131, 99% for 132.

WIHIZ 131 (2%t L Sharpless KA Y b Ru ¥ itk z{T-7= & Z A, AD-mix aZz AW 7254
ITARILR T > 7225 NMO % LAl & L CHWD SRV MAT 5 2 & Teis VA —/1133
WEFBNTZ, 133 IIREHOEE N MEEITHI 2L T, a- bW R 135 ~Efa L7z, v
JUAKR 135 ~D NaN3 12 L D S\2 it lE, EADOT Y RIK137 25 23, WE D4R TBS i
DORARFENAE Tz, ZOBE, BIERDE L TLEDOT LT E F139 RELNTEE, AFA
WA XY 2B T D132 BREERIZ F A 136 ~FFE L, 7Y REOBEAZRLTZN, 2
LLDHELTATE K130 BEOLNDEDHTH-T2, ZNHORBRNSL, BENLOL K
77V R—URERIEFITR Z 0T\ 2 BHEE S, & 2 CRAIKEE DR A R A T
3. TBS HIZ X 2 R IR R T 72 1345 139, 140 B DN WEER E o772, Uk
Ra % o ki b OEFZEREEE OB AL L 72 (Scheme 4-7),
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MeOzC M602C MeOzC

“_)--IOH OTs
Qe "

OBn OBn OBn
131 (R = OTBS) 133 (R =0TBS) 135 (R = OTBS)
132 ( = 1,3-dioxane) 134 (R = 1,3-dioxane) 136 (R = 1,3-dioxane)
M602 MeOzC
10Ts OHC OHC
NaN3 O
OH
DMF, 80 °C O
OBn OBn 13908n 125’”
135 (R = OTBS) 137 (R = OTBS)
136 (R = 1,3-dioxane) 138 (R =1,3- dloxane)
MGOZ MeO2C
10Ts -10Ts
TBSOTf  TBSO'-
EtzN no react|on
CH2Cly, rt-reflux ow yield
OBn OBn
135 (R = OTBS) 139 (R = OTBS)
136 (R = 1,3-dioxane) 140 (R = 1,3-dioxane)

Scheme 4-7. a) K;,0s0,(OH),, (DHQ),PHAL, NMO, acetone/MeCN/H,0, not isolated for 133, 75%
for 134; b) TsCl, Et;N, CH,Cl,, 71% for 135 over 2 steps, 75% for 136.

% Z TIRIZ 131, 132 7> 5 @ Sharpless K57 2/ & Ko v b &7 7 7-(Scheme 4-8), 7
I/ FrFUboga ., MEREREDO FRITEEEE ShTWD 2, RET T U OMEKE
Td % ustiloxin D DAL 'VI2 30 TR-OH-Tyr #AL DL ARSIV H N TR Y | (i
B2 ERITRETH D L ERT, TOREEZSEIZ, U U FIZ(DHQD),AQN % VT
NyywﬁWA%~%kﬁm%ﬁok&:5\ulw%ém%ﬁ®&tFm%%w?i/@
PR 141 DRSO N TE T, VARV U EATH132 TH, T/ Fad il
IFREOINERNLEIT LIz, LALARDL AR LIC, E40 143 TlEz<a-b R
BXU-B-T R EEHER 1428, 43 1 OFAERHE L THONDIRRE H X, W{LEY
IXENENKEERZ 7 & T VI TR LT- 1410, 142723535 L, HMBC FERBHIZ & - THE &R E
% 4T o 7z (Figure 4-2), 132 IZx3 57/ KX ufkid, U # 2 K& L TDHQ),PHAL
ERWD L 144 (ent-142) 03— THEOLNTE -2 L b, O LR RITIE I X v iz

74



R 72 o 12 &I LT, = OFRRIC SV CHBIE b FBICH 525, Bl Y o K
LUA R L OSLRRFENE LT D A HEI L T B,

MeO,C BnOCONH, Heoa
/ K50s05(0OH), rcbz
(DHQD),AQN 1O
NaOH/t-BuOClI
OTBS " e

n-PrOH/H,0, rt

131 OBn (not isolated) 141 ©OBn

MeO,C BNOCONH, e e
/ K20s0,(0OH)4 o o
(DHQD),AQN  CbzHN "
O:> NaOH/t-BuOCl O:> + O:>
o n-PrOH/H,0, rt © °
OBn 56% OBn o
132 142 143
4.3 : !
MeO,C BNOCONH, MO, o
) K20s0,(OH)4
(BHQ), PHAL CbzHN! -
O:> NaOH/t-BuOCI O:>
0 n-PrOH/H,0, rt ©
OBn 72% o8n
132 144
>20: 1
Scheme 4-8.
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MeO,C MeO,C
Ac,0 NHCbz Ac,0 OAc
DMAP  ACO pmMap  CbZHN
14— > 2 — >
CH,Cly, rt OTBS CH,Cly, 1t ::>
14108"

4.72 (dd, J = 9.6, 3.8 Hz)
6.16 (d, J = 3.8 Hz)

5.26 (brs) 2106
S

5.40 (brd, J = 9.3 Hz) \
\NQOZC 1553 \N@ZC %
7~ X :HMBC J
(;) 4 H 6:85 (m) G:\, : E:Z\H762(d J=21Hz)
169.3 g o : o
H—""0 OTBS Ph—/ %40 N
2.07 (s) N
6.85 (m) o 0

OBn (brd, J = 7.8 Hz)

OBn

Figure 4-2. Synthetic scheme and NMR data of acetates 141 and 142’

FWT, B o7 141 225 D N- A F Ul &7k 72 7= (Scheme 4-9), 141 137 T LFERIC X 5 H
BENREECH - 72720, KEEEDOIR#EZFTV TBS K 145 & U CTHLEE L 72, 145 O N-* F L1k
X, 3 ATV EKRFT U T AR T TR KBEOBBENEL, T8 ka7 /R
TAT)V 146 & H 2 7, FEOSRICE-T- L BN 2 EMRIREME 5 2T-0OHTh -
7o BE DN 1 b2 OFEPERE DS B\ 2 DI NS o IT N EECH 5 &l L, oo
7 2 MEIC L > TAFNVEEEANT L 2L L Uiz, AKBIRMEIGIZE Y Cbz L Bn KD
BiR#EAIT VN7 = / —/L 147 & L., Konopelski & 238 L= N-A F AT 3 BeE kL V%R
i, Thbb, IR ZAT VT R, IRWTTERTATE REDETLHT I /bET
YRy FTITH 2L T148 & L, MESME N TIKFEDMRIC KL 28 IL %2179 2L TN-AF L
TR BT ATV 149 BNE AT, 149 (X Teoc ZATHRFE L, 150 & L CHEEL -, LvL
A6, 'HNMR Zf#HT3% & Bn # &R L7z 147-150 (3 TBS OB FEFICE 20 |
m-OTBS A & p-OTBS K234 1 : 1 D THOLNTWDL Z B LMNE o7z, ZTZTFETT,
AV — MEB-OH-Tyr DHEEI L O N-A FALICHOW TR TE 72, LML 5, TBS KD
ME SRR L DIRAY TH D720, Fen 7 oo O ERIR 2GS ANIINETH D &k L,
Jb— h BIZHY #Ee Z & & LTz,
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NHCbz NHCbz
HO a TBSO Mel, NaH complex
- - > mixture
OTBS OTBS THF. rt
141 OBN 145 OB"
MeO,C MeO,C MeO,C  Me
NHCbz NH, N
TBSO b TBSO . TBSO Bn
— —
OTBS OP! OP!
2 2
145 OBN 147 OF 148 OF
P=H, P2=TBS
and

P'=TBS,P2=H

MeO-C MeO,C Me
NHMe N
d TBSO e TBSO Teoc
—_— e
OP! OP!
2 2
149 OP 150 OP

Scheme 4-9. a) TBSOTT, Et;N, CH,Cl,, 64% over 2 steps from 131; b) H,, Pd/C, MeOH; ¢) PhCHO,
NaBH;CN, MeOH then (CH,O)n, NaBH;CN, 72% over 2 steps; d) H, (0.4 MPa), Pd(OH),/C, MeOH;
e) TeocOSu, NaHCO;, THF/H,0, 94% over 2 steps.

route B

JL— |k B Tlt, Bl O7 aEK 127,128 D a7 o—1) FAZHRD%, (R)-H—F—T LT
B R 113 ~REAMM S5, SEAREIRVE Felkin-Anh €7 M XY anti (KBMEHRT S, —J5
T, H—F—=TNATt RIZHTE7 V=N EOREMMT, & OSEARZRRPEIZR 2 & 23
BTN D, ETIEINBUEREITT 2008 9 DD D Z L & Uiz, 128 I n-BuLi Z %
UFAEE L, -78CFTT AT e K3 ZMMAT-& A, IR 151 23 30%I2 TR
(Table 4-1, entry 1), = DEPFERIATD 'TH NMR 2> B 42— U FFSH0 T0%FLE Lo T L
TWARNZ ENGo oD TRINRE Z-30°C £ THAR S TAZ, DERITDL T m B3
D DI T o Tz (entry 2), WAL LTEALY 7 A% MZ 550 V%M L CHn, BIL
AL ETEFTICT B ER 128 BRI SN, ZOHFEIE a7 - FAZZHRMPET LT
WEE X BT (entry 3), ARJSIZEBWT, A—F—7 /7t K13 [TV ERILSILDEDHRT
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Hote FEREVERHE LTV =L _EBENBEIINTNS, ZHHDOFRERENS ., KK
JolE. 7R 128 O BAbB X OV 151 26 O E U272 DITRIGE & v 9 #55R
TholmtEZTWAH,

Table 4-1. Addition reaction of aryl lithium to Garner aldehyde 113

X BOCNXO

BocN
Br Li o F/O -
n-BuLi OHC 13 HO
OTBS —0> OTBS — >
THF, —7?3 C conditions OTBS
OBn 30 min OBn
128 151 OBn

entry  additive temp. time yield
1 - -78°C 6 h 30%
2 --- -78t0-30°C 2.5h 34%
3 LiBr(5.0eq.) -78t0o-40°C 2h no reaction

— 5 T127 ZRAWEEGAIE, MOGIE-78°C TR THEAT L, ik 152 2 & B 5 2 7=
(Scheme 4-10), Z D7 27 L AEIRVEIZ 'THNMR KV ~82:18 & 720 | anti-152 DN TAERL
MThHDHEREINT(BIR), TREE CEREIEIHRETH 72D T, syn K5 anti IR
~OEBE AT, FIFE/ LN 152 % Swern BLIZE D 7 b 153 & L. anti- @R 72
BIGABRE L, P BIEH—F =7 VTt FIZHT 27 = =V EOMI-f L THier b
154 % K-Selectride TiEILT % & syn-HRAYIZ, AT DIBAL Z V5% & anti-IBRAYIC
RISS BB LD Z & 2WE LTV D PARKEE B 512153 O DIBALRETEAT 9 & anti-152
Ndr=~95:5 LIFFH—DAERME LTH LN, anti-152 IXFFEM % XOBRE is & i
2 X0 BALAKEEE DSLAR LSS SBLE T D Z & A3 FERE S Av7- (Figure 4-3).
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BocN' O BocN O
Br Li / ;
O a O OHC 113 Yo b
= Q| Ty
: o )
OBn OBn o)
127 152 OBn
(eq. 1)
154 syn-155 anti-155
syn : anti
NaBH,4, MeOH, rt 4.8:1

K-Selectride, THF, -70 °C 23:1
DIBAL, THF, 0 °C 1:40

Scheme 4-10. a) n-BuLi, THF, —78 “C then 113, quant. (dr = ~82 : 18); b) (COCl),, DMSO, Et;N,
CH,Cl,, =78 to 0 °C, 85%; ¢) DIBAL, THF, 0 ‘C, 89% (dr =~95 : 5).

79



anti-152 OB

Figure 4-3. ORTEP view of compound 152

F 72 153 % K-Selectride TIEITLT D & syn-152 B L RNV AFH U B PLRE I 7-156 2310 : 1
BAEWE LTH ST (Scheme 4-11), 152 O syn & L anti KD '"HNMR % g4 2% & 4.70
ppm (Z syn KOBALO T 0 h o DOE—7 BB Z &b ERROFMIINE)SF £ O DIBAL 1%
CBITDLVT AT UAAERIEZ O — 7 OSBRI LT (FEBIES KOS R,

4.70
(dd, J = 9.2, 2.0 Hz)

X

BocN O BocN
o) K-Selectride
0 -
> THF, 0 °C
0
153 OBn syn-152 OB“ 156 OBnN
Scheme 4-11.

13 BERIE O O Mt
anti-152 O/KFEIEZ TBS ZEIC CTR#E L 157 & L7z, KW & A% O SLRELE % FfOp-OH-Tyr
AR TZO T, FiVTR-OH-1le & & D5 IZHL Y fH A 72 (Scheme 4-12), TBS {157 O
F 2V ERNL DB INAK YR EZATWT VT & K 158 & L. Dakin B2{t(m-CPBA #t < DIBAL i#
T)YNZTT7 =2/ —159 L LT, 72U 20 110 ~DO A liZ Wandless & 728 iV 7= CuOAc, DBU
FETIE72 <L 2007 4RI Joullié 234 L7z, TBD WD &/F " &#MA L-E 25 91%
EEINETHEIT L, =T ARG B L OO OREEICHRE) Lz, ZORE, BIBROERONL
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RPERIBIH S BH—0Ap & L THINMR 160 2345 57z,

BocN BocN O
a TBSO- TBSO' c,d
anti-152 —— > - =
:> CHO
157 OBn 158 OBn
%
BocN' O Me Yy OTBS BocN
/ Ns 110 l l_\l Ns
TBSO! e TBSO' 7/\/OTBS
OH

159 OBn TBD =

Scheme 4-12. a) TBSOTf, Et;N, CH,Cl,, 97%; b) 2N HCI, THF, 60%; ¢) m-CPBA, CH,Cl,; d)
DIBAL, THF, 84% over 2 steps; ¢) 110, TBD, toluene, 91%.

7YY Y110 ONCEBR B QBB & LT, Joullié HIXLL FORRIZELE L TV 5,
110 OFEARHEIC KD | N-IURRFEM OGNS 59— D N-CREGITHXTEFELS L->T
50 WS THLZ ENHLMNE R ST, o, ZF =V E-C-ATFNLVEOKEA S —
W 72 DUk R 56 D R K E < 2D OER D BALRIINTIR A A - T 5 MUk IR &

T x )= ARRERES S D Rk D EEZ LR TG, W

160 O7 & b= KOBiR#EIL, —#k TBS =— T L3S FNICHFET D 2 &0 5 Lewis B %
W24t 2 Bt L7z (Table 4-2), CeCly*7TH,0 & 3 = VERIC X B ifRi#IX, STk Do Y& T
1798 BHOT N a—L 161 1TV ETLNELNT, [FRFIZ TBS A WIRE SNz A4 —
JV 162 234 Uz (entry 1), ZAVIS S & ERFIT TIT o722 & T, AR L7- 161 13 )GRH
DRI LD S 52 TBS OBR#EEZIT, 162 ~E B InN-7-dbThDHEEZT, 2T
BOGZ BRI TR T SEHHMTY 2 UBO Y EZ 10 mol%IZH° L2 & 2 A 161 DU
50% £ THIM L 7= (entry 2), HAL ()0t b B 2 < 2 % FW T2 3B A L RS EETT L7220,
LR D 53 FRE DI U 7= (entries 3 and 4), entry 2 DS{FICT 161 Z AR & L TH D Z LTk
DU, ZONCEIFIPRETH Y, BIEICERN LOZORFDPEITHTH 5,
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Table 4-2. Removal of TBS group

BocN' O BocHN  OH
‘ NHNs / [j| NHNs
: TBSO!- -

Mer—OTBS ; M ~OP
0 0

TBSO'

OBn 160 OBn 161 (P =TBS)
162 (P = H)

entry conditions results

CeClz-7H,0, (COOH), (5 mol%), MeCN, rt 161 (28%), 162 (48%)

—_—

2  CeCl3-7H,0, (COOH), (10 mol%), MeCN, rt 161 (50%), 162 (35%)
3 FeClz, CH,Cly, rt no reaction
4 BiCls, CH,Cly, rt decomposition

161 Z TEMPO F2{kIZT7 /L7 & R 163 & L. #t\ T Pinnick f#fk & A F /L= X7 A% AT
HZLTI164 2O LT, 22 TEDTEF LU DRITITI A, Wandless & DR A S E
12, Ns FOPLIRGE L Troc FE~DOHNTEZ 21T\ 165 ~EEH L7=, 5%, Tyr HALD N- A
FribeTEFLDEL, 7 unkOBEAEZITH, RETSV A ~NLBITFETHD
(Scheme 4-13),

BocHN BocHN  OMe
1Bson (O[] NHNs teso-( o [ NN
a " s b, c " -t
161 —> Mer otBs _ "~ _ MewOTBS
O
OBn 163 OBn 164
Me
BocHN ~ OMe Teoc—N  OMe
d TBSO ' ) I” NHTroo TBSO A O E oo
e Y S OTBS ----- Et - 3
Me> OTBS T Me Ot-Bu
0 O 0O
OBn 165 Cl OAllyl

Scheme 4-13. a) TEMPO, KBr, NaClO, 5% NaHCOj; aq., CH,Cl,, 0 “C, 75%; b) 2-methyl-2-butene,
NaH,PO,, NaClO,, +-BuOH/H,0; ¢) CH,N,, Et,0, 0 C, 94% over 2 steps; d) PhSH, Cs,CO;, DMF;
e) TrocCl, NaHCOs3, THF, 89% over 2 steps.
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UbaEebdrd, RETIZa-Y 72 VR AR 7)o x— MW= ES&8RKA L~
4 NS EBP-VEHT L Fu T 2 VBT ATILOEKRE#E L. T Ku7 2 BER
NRTF R, RETV U ADEEHMFICIAMATE, ZO_SORIGE V., RET D
BT B Ry I BEM A ST )T F NMH 124 OERA ER LT, 72 13 BRI
DOWTCIE, H—F =TTt FIZT257a0E7 ) —nLOfNINET VU P2 O EER
BAERIC L V. B-OH-Tyr & B-OH-lle ‘B & % £ 165 Z A ktiski=, 41 165 DE /R D28 L |
MEE 124 L DHEEERTHRE TS A DEEKRE BT TETH D,

s -0
— H @)

I
N_ _P(OPh),
@}m g N
O CO,Me M OTBS
€ N
116 N
BocHN OMe
o COH / | NHTroc
— ﬁoc /ﬂi TBSO! o) :  o7ES
N N~ CO,Me Mey™ >~
Boc o ' H (0]
Me Et
124 OBn 165
v CO,H
2
Me H 0 |
MeHN  HN Ox—N N~ > CO.H
| ?
HO! O OEt Me” "Et
M N
e
o o)
cl OH Phomopsin A
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Experimental Section for Chapter 4

(28)-tert-Butyl
2-((1-(diphenoxyphosphoryl)-2-methoxy-2-oxoethyl)carbamoyl)-2,5-dihydro-1H-pyrrole-1-carbo
xylate (115)

— O

H I
N N P(OPh),

Boc 5 co,Me

According to the experimental procedures of 56 and 57 (in chapter 2), to a solution of 47
(1.00 g, 2.20 mmol) in EtOAc (20 mL) was added methanolic HCI (prepared from 7.3 mL of methanol
and 1.2 mL of AcCl) and 10% Pd/C (100 mg, 10 wt%) at 0 “C. The mixture was stirred under
hydrogen for 3.5 h at room temperature. After filtration, the filtrate was concentrated under reduced
pressure to give amine hydrochloride salt S5 which was subjected to the next acylation without further
purification. 114719 (421 mg, 1.98 mmol), DMAP (134 mg, 1.10 mmol), and EDCI (463 mg, 2.42
mmol) were subsequently added to a solution of the residue 55 in CH,Cl/DMF (2 : 1,21 mL) at 0 C
under argon. The mixture was stirred for 13 h at room temperature, quenched with sat. NH4Cl1 (25 mL),
and extracted with EtOAc (25 mL x 3). The combined organic layers were washed with brine (75 mL),
dried over MgSQy, and filtered. The filtrate was concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel (hexane/EtOAc=5:1to 1 : 1) to give 115 (618 mg,
55% over 2 steps, dr =1 : 1) as a colorless amorphous solid;
FTIR (neat) 3278, 3064, 2978, 2931, 2869, 1750, 1696, 1590, 1524, 1149, 1456, 1436, 1401, 1366,
1311, 1281, 1205, 1181, 1162, 1119, 1025, 1009 cm™';
HRMS (FAB) caled for C,5H30N,OgP m/z 517.1740 [M+H]'", found 517.1746.
'H and C NMR spectra of 115 showed broad and complex signals because of a mixture of rotamers

and diastereomers, and *C-"'P coupling. 'H and *C NMR spectra are shown in appendix.

(S,E)-tert-Butyl
2-((1-methoxy-1-oxopent-2-en-2-yl)carbamoyl)-2,5-dihydro-1H-pyrrole-1-carboxylate (E-116)
(S,Z2)-tert-Butyl
2-((1-methoxy-1-oxopent-2-en-2-yl)carbamoyl)-2,5-dihydro-1H-pyrrole-1-carboxylate (Z-116)
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Ow/ CO,Me Ow/ CO,Me
Boc \[ J/

E-116 Z—116

To a solution of 115 (618 mg, 1.20 mmol) and MgBr,*OEt, (340 mg, 1.32 mmol) in THF
(13 mL) was added DBU (197 uL, 1.32 mmol) at 0 ‘C under argon. The mixture was stirred for 30
min at 0 “C. Propionaldehyde (99 uL, 1.32 mmol) was added to the mixture. The mixture was stirred
for 13 h at room temperature, quenched with sat. NH4Cl1 (20 mL), and extracted with EtOAc (20 mL x
3). The combined organic layers were washed with brine (45 mL), dried over MgSQO,, and filtered.
The filtrate was concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (hexane/EtOAc =7 :1to 1: 1) to give 116 (354 mg, 91%, E : Z= 74 :
26%*). Analytical samples of E- and Z-116 were separated using flash column chromatography on silica
gel (hexane/EtOAc);
E-116:
Colorless sticky oil, as 4 : 3 mixture of rotamers;
[a]p® =-111.7 (¢ 2.36, CHCL);
FTIR (neat) 3351, 2976, 2034, 2873, 1681, 1521, 1436, 1392, 1366, 1317, 1245, 1220, 1164, 1125
cm™;
C NMR (75 MHz, CDCly) & 168.7, 164.2, 154.7, 153.8, 134.7, 127.6, 126.1, 123.7, 80.7, 69.4, 68.4,
53.7,52.0, 28.0, 21.5, 13.8;
HRMS (FAB) caled for C;¢H,sN,Os m/z 325.1763 [M+H]", found 325.1752.
Z-116:
White solid, as 2 : 1 mixture of rotamers;
mp 44-45 C
[a]p®! = -205.2 (¢ 1.03, CHCL);
FTIR (neat) 3279, 2974, 2935, 2874, 1682, 1504, 1437, 1394, 1366, 1312, 1275, 1249, 1173, 1126,
1085 cm™;
C NMR (75 MHz, CDCL3)  168.7, 164.6, 154.9, 154.1, 140.4, 139.8, 127.7, 126.3, 126.0, 124.2,
123.4, 80.9, 69.0, 67.7, 53.9, 52.1, 28.0, 22.2, 21.9, 12.5;
HRMS (FAB) caled for C;¢H,sN,Os m/z 325.1763 [M+H]", found 325.1758.
'H NMR spectra of E-116 and Z-116 showed broad signals because of a mixture of rotamers. 'H NMR
spectra are shown in appendix.

* The E/Z ratio of 116 was determined by '"H NMR spectrum.
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(S,Z)-tert-Butyl
2-((3-iodo-1-methoxy-1-oxopent-2-en-2-yl)carbamoyl)-2,5-dihydro-1H-pyrrole-1-carboxylate

(117)
OY CoaMe
B

OCOI

To a solution of 116 (638 mg, 2.78 mmol, £ : Z= 74 : 26) in CHCI; (11 mL) was added
NIS (490 mg, 2.18 mmol) at 0 “C under argon. The mixture was stirred at 50 “C. After 3 h, complete
consumption of Z-116 was observed by TLC analysis. DABCO (611 mg, 5.45 mmol) was added to a
solution of resulting imine in one portion at room temperature, and the mixture was stirred for 11 h.
The reaction was quenched with 1N NaHSO, (15 mL). The organic layer was separated and the
aqueous layer was extracted with EtOAc (15 mL x 2). The combined organic layers were washed with
sat. Na,SOs (45 mL) and brine (45 mL), dried over MgSO,, and filtered. The residue was purified by
flash column chromatography on silica gel (hexane/EtOAc =5 :1to 3 : 1) to give 117 (364 mg, 74%,
2 : 1 mixture of rotamers) as a colorless amorphous solid;
[a]p'”=-117.3 (¢ 1.47, CHCLy);
FTIR (neat) 3278, 2976, 2933, 2871, 1730, 1697, 1621, 1480, 1433, 1395, 1366, 1293, 1258, 1220,
1166, 1124, 1082 cm’';
C NMR (75 MHz, CDCL3) 8 168.5, 161.4, 155.4, 154.0, 130.8, 130.0, 128.1, 127.6, 125.9, 109.7,
81.4, 68.8, 67.2,54.0, 52.5, 33.5, 28.2, 14.8;
HRMS (FAB) caled for Ci6H»4IN,Os5 m/z 451.0730 [M+H]", found 451.0729.
'"H NMR spectrum of 117 showed broad signals because of a mixture of rotamers. 'H NMR spectrum

is shown in appendix.

(S,E)-tert-Butyl
2-((1-methoxy-3-methyl-1-oxopent-2-en-2-yl)carbamoyl)-2,5-dihydro-1H-pyrrole-1-carboxylate

(118)
OY COuMe
B

OCO

To a solution of 117 (110 mg, 244 umol) and Pd(PPh;), (14.1 mg, 12.2 umol) in THF (2.4
mL) was added Me,Zn (510 uL, 488 umol, 0.95 M solution in hexane) at 0 ‘C under argon. The
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mixture was stirred for 21 h at room temperature, quenched with sat. NH4Cl (10 mL), and extracted
with EtOAc (10 mL x 3). The combined organic layers were wash with brine (30 mL), dried over
MgSO, and filtered. The filtrate was concentrated under reduced pressure. The residue was purified by
flash column chromatography on silica gel (hexane/EtOAc=5:1to 1 : 1) to give 118 (67.8 mg, 82%,
5 : 4 mixture of rotamers) as a colorless sticky oil;

[a]p'™ = -188.0 (¢ 1.0, CHCL,);

FTIR (neat) 3277, 2978, 2874, 1675, 1508, 1433, 1396, 1367, 1306, 1268, 1218, 1173, 1125, 1106
cm’™;

C NMR (75 MHz, CDCL3)  168.8, 164.6, 155.2, 154.4, 151.3, 147.7, 127.3, 126.7, 126.1, 120.7,
119.9, 81.1, 69.1, 67.3, 54.1, 51.6, 28.2, 27.5, 19.7, 19.1, 12.6;

HRMS (FAB) caled for C;7H»,N,O5s m/z 339.1920 [M+H]", found 339.1917.

'"H NMR spectrum of 118 showed broad signals because of a mixture of rotamers. 'H NMR spectrum

is shown in appendix.

(S,E)-tert-Butyl
2-((1-(allyloxy)-3-methyl-1-oxopent-2-en-2-yl)carbamoyl)-2,5-dihydro-1H-pyrrole-1-carboxylate

(120)
D\( COLAllyl
B

OCO

To a solution of 118 (169 mg, 501 umol) in THF/H,O (1 : 1, 5.0 mL) was added LiOH*
H,0 (107 mg, 2.50 wmol). The mixture was stirred for 14 h at 50 “C, quenched with 1N HCI1 (10 mL),
and extracted with EtOAc (10 mL x 3). The combined organic layers were dried over MgSQO,, and
filtered. The filtrate was concentrated under reduced pressure. The resulting carboxylic acid 119 was
subjected to the next esterification without further purification. To a solution of 119 in DMF (5.0 mL)
were added Cs,CO; (163 mg, 501 umol) and allyl bromide (51 uL, 601 umol) at 0 °C. The mixture
was stirred for 3.5 h at room temperature, quenched with H,O (10 mL), and extracted with
hexane/EtOAc (1 : 1, 10 mL x 3). The combined organic layers were washed with brine (30 mL),
dried over MgSQy, and filtered. The filtrate was concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel (hexane/EtOAc =7 : 1 to 3 : 1) to give 120
(156 mg, 86% over 2 steps, 5 : 4 mixture of rotamers) as a white solid;
mp 111-113 C
[a]p? = -2.7 (¢ 1.15, CHCLy);
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FTIR (neat) 3289, 2978, 2935, 2874, 1700, 1508, 1456, 1398, 1366, 1303, 1261, 1201, 1173, 1125,
1107 cm™;

C NMR (75 MHz, CDCls) 6 168.8, 163.8, 155.1, 154.4, 151.5, 148.1, 132.0, 127.3, 126.6, 126.1,
120.8,119.9,118.3,117.9, 81.1, 69.0, 67.3, 65.3, 54.0, 28.2, 27.5, 19.8, 19.1, 12.6;

HRMS (FAB) calcd for C19Hz9N,05 m/z 365.2076 [M+H]", found 365.2069.

'"H NMR spectrum of 120 showed broad and complex signals because of a mixture of rotamers. 'H

NMR spectrum is shown in appendix.

(S,E)-tert-Butyl
2-((1-(allyloxy)-3-methyl-1-oxopent-2-en-2-yl)(zert-butoxycarbonyl)carbamoyl)-2,5-dihydro-1H-

W COLAllyl
B

OCO

pyrrole-1-carboxylate (121)

To a solution of 120 (156 mg, 429 umol) in CH,Cl, (2.1 mL) were added Boc,O (200 uL,
858 umol) and DMAP (52.4 mg, 429 umol) at 0 “C. The mixture was stirred for 3 h at room
temperature and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (hexane/EtOAc =20 : 1 to 10 : 1) to give 121 (201 mg, quant.) as a
colorless sticky oil;
[a]p’! = -1.7 (¢ 1.09, CHCLy);
FTIR (neat) 3419, 3087, 2978, 2935, 2871, 1722, 1701, 1648, 1458, 1402, 1368, 1294, 1257, 1225,
1203, 1154, 1129, 1107, 1058 cm’';
HRMS (FAB) caled for C,4H3,N,0; m/z 465.2601 [M+H]", found 465.2586.
'H and *C NMR spectra of 121 showed broad and complex signals because of a mixture of rotamers.

'H and *C NMR spectra are shown in appendix.
(28)-tert-Butyl

2-((tert-butoxycarbonyl)((E)-1-((1-(diphenoxyphosphoryl)-2-methoxy-2-oxoethyl)amino)-3-meth
yl-1-oxopent-2-en-2-yl)carbamoyl)-2,5-dihydro-1H-pyrrole-1-carboxylate (123)
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To a solution of 121 (162 mg, 349 umol) in THF (3.5 mL) were added Pd(PPh;), (40.3 mg,
34.9 umol) and morpholine (300 uL, 3.49 mmol) at 0 “C. The mixture was stirred for 2 h at room
temperature, quenched with 1N HCI (10 mL), and extracted with EtOAc (10 mL x 3). The combined
organic layers were dried over MgSO, and filtered. The filtrate was concentrated under reduced
pressure to give carboxylic acid 122 which was subjected to the next reaction without further
purification. The residue 122 in CH,Cl, (2.4 mL), EDCI (110 mg, 575 umol), and DMAP (32.0 mg,
262 wmol) were subsequently added to a solution of a-(diphenylphosphono)glycinate hydrochloride
salt 55 in DMF (1.2 mL) (prepared form 47 (238.2 mg, 523 umol), 10% Pd/C (23.8 mg, 10 wt%),
AcCl (280 uL, 3.92 mmol), and MeOH (1.2 mL) in EtOAc (3.5 mL), see experimental section for
chapter 2) at 0 “‘C under argon. The mixture was stirred for 15 h at room temperature, quenched with
sat. NH4Cl (5 mL), and extracted with EtOAc (5 mL x 3). The combined organic layers were washed
with brine (15 mL), dried over MgSQO,, and filtered. The filtrate was concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel (hexane/EtOAc = 6 :
l1tol:1)to give 123 (143 mg, 56% over 2 steps, dr = 1 : 1) as a colorless sticky oil. The analytical
sample was isolated using PLC (silica gel 60 F-254, 0.5 mm thickness, manufactured by Merck);
FTIR (neat) 3320, 3009, 2979, 2934, 2871, 1739, 1681, 1591, 1489, 1405, 1369, 1288, 1256, 1209,
1181, 1153, 1059, 1026, 1009 cm;
HRMS (FAB) caled for C36Hg7N3O,P m/z 728.2948 [M+H]", found 728.2944.
'H and C NMR spectra of 123 showed broad and complex signals because of a mixture of rotamers

and diastereomers. 'H and *C NMR spectra are shown in appendix.
p pp

4-Ethyl 1-methyl
2-((E)-2-((S)-N,1-bis(tert-butoxycarbonyl)-2,5-dihydro-1H-pyrrole-2-carboxamido)-3-methylpen
t-2-enamido)but-2-enedioate (124)

CO,Et

fj\ /ECOzMe
Boc O
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To a solution of 123 (140 mg, 192 umol) and ZnCl, (384 uL, 384 umol, 1.0 M solution in
Et,0) in THF (1.9 mL) was added DBU (28.7 uL, 192 umol) at 0 ‘C under argon. The mixture was
stirred for 30 min at 0 “C. Ethyl glyoxalate (41 uL, 192 wmol) was added to the mixture. The mixture
was stirred for 15 h at room temperature, quenched with sat. NH4Cl (5 mL), and extracted with EtOAc
(5 mL x 3). The combined organic layers were washed with brine (15 mL), dried over MgSO,, and
filtered. The filtrate was concentrated under reduced pressure. The residue was purified by flash
column chromatography on silica gel (hexane/EtOAc=9:1to 5 : 1) to give 124 (88.5 mg, 79%, E : Z
=ca. 4.5 : 1) as a colorless amorphous solid;
FTIR (neat) 3294, 3018, 2980, 2936, 2873, 1739, 1716, 1671, 1623, 1520, 1420, 1370, 1288, 1258,
1218, 1143, 1098, 1063, 1038 cm’';
HRMS (CI) caled for C,gH4N3010 m/z 580.2870 [M+H]", found 580.2878.
'H and "°C NMR spectra of 124 showed broad and complex signals because of a mixture of rotamers

and E/Z isomers. 'H and *C NMR spectra are shown in appendix.
127 + 113—152

BocN O BocN

b —ap|= S

152 OBn

To a solution of 127 (2.30 g, 6.59 mmol) in THF (33 mL) was slowly added n-BuLi (2.7
mL, 7.24 mmol, 2.65 M solution in hexane) at —=78 “C. After 30 min at —78 °C with stirring, a
solution of 113 (755 mg, 3.29 mmol) in THF (11 mL) was added dropwise. The mixture was stirred
for 1 h, quenched with sat. NH4CI (50 mL), and extracted with EtOAc (50 mL x 3). The combined
organic layers were washed with brine (150 mL), dried over MgSQ,, and filtered. The filtrate was
concentrated under reduced pressure. The residue was purified by flash column chromatography on
silica gel (hexane/EtOAc =10 : 1 to 1 : 1) to give protonated 127 and 152 (1.14 g, quant., dr = ~82 :
18%*) as a colorless amorphous solid.

* The dr was determined by integrated value of syn-152 at 4.70 ppm. See appendix.

(R)-tert-Butyl
4-(4-(benzyloxy)-3-(1,3-dioxan-2-yl)benzoyl)-2,2-dimethyloxazolidine-3-carboxylate (153)
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To a solution of (COCI), (400 uL, 4.63 mmol) in CH,Cl, (15 mL) was added dropwise
DMSO (660 uL, 9.26 mmol) in CH,Cl, (2 mL) at =78 °C under argon. The mixture was stirred at
-78 “C for 15 min. 152 (1.54 g, 3.09 mmol) in CH,Cl, (12 mL) was added dropwise to the solution
and then rinsed with CH,Cl, (2 mL). The resulting cloudy white mixture was stirred for 1 h at =78 C.
Et;N (2.15 mL, 15.4 mmol) was added to the white mixture and the mixture was stirred for 15 min at
-78 “C and for 1 hat 0 “C. The mixture was quenched with sat. NaHCO; (40 mL) and extracted with
CH,Cl, (40 mL x 3). The combined organic layers were washed with brine (120 mL), dried over
MgSO,, and filtered. The filtrate was concentrated under reduced pressure. The residue was purified
by flash column chromatography on silica gel (hexane/EtOAc =15:1to 1: 1) to give 153 (1.30 g,
85%, 3 : 2 mixture of rotamers) as a white solid;
mp 154-157 C;
[a]p®” = +13.1 (¢ 1.55, CHCLy);
FTIR (neat) 3376, 2977, 2935, 2865, 1698, 1605, 1501, 1389, 1365, 1254, 1173, 1093, 1006 cm’';
'H NMR (300 MHz, CDCls) § 8.20 (m, 1 H), 7.95 (m, 1 H), 7.42-7.31 (m, 6 H), 7.00 (d, J = 8.7 Hz,
2/3H), 6.96 (d, J = 8.7 Hz, 1/3H), 5.89 (s, 2/3H), 5.87 (s, 1/3H), 5.49 (dd, J = 7.7, 3.8 Hz, 1/3H), 5.38
(dd, J=17.7, 3.8 Hz, 2/3H), 5.19 (s, 2 x 2/3H), 5.17 (s, 2 x 1/3H), 4.34-4.21 (m, 3 H), 4.04-3.88 (m, 3
H), 2.25 (m, 1 H), 1.75 (s, 3 x 2/3H), 1.72 (s, 3 x 1/3H), 1.60-1.49 (m, 7 H), 1.28 (s, 6 H);
C NMR (75 MHz, CDCl;) & 194.2, 193.5, 159.6, 159.5, 152.0, 151.3, 136.1, 130.8, 128.54, 128.51,
128.2, 128.02, 127.95, 127.85, 127.7, 127.5, 127.4, 126.9, 112.04, 111.99, 96.3, 95.0, 94.4, 80.4, 80.0,
70.22,70.16, 67.5, 67.41, 67.37, 66.2, 65.8, 61.5, 61.2, 28.3, 28.2, 25.73, 25.65, 25.3, 24.7, 24.6;
HRMS (FAB) calcd for CysH3NO; m/z 498.2492 [M+H]", found 498.2479, and C,sH3NO; m/z
496.2335 [M-H]", found 496.2326.

(R)-tert-Butyl

4-((S)-(4-(benzyloxy)-3-(1,3-dioxan-2-yl)phenyl)(hydroxy)methyl)-2,2-dimethyloxazolidine-3-car
boxylate (anti-152)
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To a solution of 153 (1.30 g, 2.61 mmol) in THF (13 mL) was slowly added DIBAL (7.7
mL, 7.84 mmol, 1.02 M solution in hexane) at 0 ‘C under argon. The mixture was stirred for 1 h and
quenched with sat. potassium sodium tartrate (25 mL) with vigorous stirring. The mixture was stirred
for additional 1 h at room temperature and extracted with EtOAc (15 mL x 3). The combined organic
layers were washed with brine (45 mL), dried over MgSQ,, and filtered. The filtrate was concentrated
under reduced pressure. The residue was purified by flash column chromatography on silica gel
(hexane/EtOAc=5:1to 1 : 1) to give anti-152 (1.17g, 89%, dr = ~95 : 5*) as a colorless amorphous
solid. The analytical sample for X-ray crystallography was recrystallized from EtOAc to give pure
anti-152 as a colorless crystal;
mp 140-141 C;
[a]p” = -4.8 (¢ 1.06, CHCLy);
FTIR (neat) 3469, 2978, 2934, 2862, 1690, 1391, 1367, 1254, 1220, 1149, 1095 cm™;
'H NMR (400 MHz, CDCl3) 8 7.66 (d, J = 2.0 Hz, 1 H), 7.44-7.29 (m, 6 H), 6.89 (d, J = 8.8 Hz, 1 H),
5.90 (s, 1 H), 5.09 (s, 3 H), 4.24-4.21 (m, 3 H), 4.00-3.94 (m, 3 H), 3.81 (m, 2 H), 2.18 (m, 1 H),
1.54-1.36 (m, 16 H);
HRMS (FAB) calcd for CysHisNO; m/z 500.2648 [M+H]", found 500.2658, and C,sH3NO; m/z
498.2492 [M-H]", found 498.2493.
C NMR spectrum of anti-152 showed broad signals because of a mixture of rotamers. 'H and "*C
NMR spectra are shown in appendix;

* The dr was determined by integrated value of syn-152 at 4.70 ppm. See appendix.

(R)-tert-Butyl
4-((R)-(4-(benzyloxy)-3-(1,3-dioxan-2-yl)phenyl)(hydroxy)methyl)-2,2-dimethyloxazolidine-3-car
boxylate (syn-152)

(R)-tert-Butyl
4-((R)-(4-(benzyloxy)-3-formylphenyl)(hydroxy)methyl)-2,2-dimethyloxazolidine-3-carboxylate
(156)
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To a solution of 153 (25.2 mg, 50.7 umol) in THF (1 mL) was added K-Selectride (203 pL,
203 wmol, 1.0 M solution in THF) at 0 “C. The mixture was stirred for 1.5 h, quenched with sat.
NH,4CI (5 mL), and extracted with EtOAc (5 mL x 3). The combined organic layers were washed with
brine (15 mL), dried over MgSQ,, and filtered. The filtrate was concentrated under reduced pressure.
The residue was purified by flash column chromatography on silica gel (hexane/EtOAc=6:1to1:1)
to give a mixture of syn-153 and 156 (20.1 mg) as a 10 : 1 mixture;
'H NMR spectra of a mixture of syn-153 and 156 is shown in appendix.

(R)-tert-Butyl
4-((S5)-(4-(benzyloxy)-3-(1,3-dioxan-2-yl)phenyl)((fert-butyldimethylsilyl)oxy)methyl)-2,2-dimeth
yloxazolidine-3-carboxylate (157)

BocN O

To a solution of anti-152 (1.17 g, 2.34 mmol) in CH,Cl, (12 mL) were added Et;N (1.63
mL, 11.7 mmol), TBSOTf (1.6 mL, 7.01 mmol) at 0 “C. The mixture was stirred for 1 h at room
temperature and quenched with sat. NH4C1 (15 mL). The organic layer was separated and the aqueous
layer was extracted with EtOAc (15 mL x 2). The combined organic layers were washed with brine
(45 mL), dried over MgSOys, and filtered. The filtrate was concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel (hexane/EtOAc=30:1to5: 1) to
give 157 (1.40 g, 97%, 3 : 2 mixture of rotamers) as a colorless sticky oil;
[a]p®” = +10.5 (¢ 1.37, CHCLy);
FTIR (neat) 2957, 2930, 2857, 1690, 1392, 1365, 1253, 1094, 1005 cm™;
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'"H NMR (300 MHz, CDCls) 8 7.66 (s, 3/5 H), 7.62 (s, 2/5 H), 7.46-7.28 (m, 6 H), 6.88 (d, J = 8.4 Hz,
1 H), 5.88 (s, 1 H), 5.45 (s, 3/5 H), 5.11 (s, 2/5 H), 5.09 (s, 2 x 2/5 H), 5.07 (s, 2 x 3/5 H), 4.25-4.08
(m, 3 H), 4.00-3.89 (m, 3 H), 3.66 (t, J = 8.1 Hz, 2/5 H), 3.59 (t, J = 8.1 Hz, 3/5 H), 2.20 (m, 1 H),
1.68 (s, 3 x 2/5 H), 1.59 (s, 3 x 3/5H), 1.51-1.46 (m, 13 H), 0.93 (s, 9 H), 0.05 (s, 3 H), -0.17 (s, 3 H);
3C NMR (75 MHz, CDCL3) & 154.7, 152.7, 152.3, 137.2, 134.8, 134.6, 128.3, 127.6, 127.3, 127.04,
126.95, 125.3, 118.3, 111.7, 96.9, 94.7, 94.3, 79.8, 79.7, 72.8, 70.5, 70.2, 63.7, 62.7, 62.1, 28.4, 26.3,
26.2,26.0,25.9,25.7,25.4, 23.1, 18.1, -4.9;

HRMS (FAB) calcd for C33HsoNO;Si m/z 612.3357 [M=-H]", found 612.3357.

(R)-tert-Butyl
4-((S)-(4-(benzyloxy)-3-formylphenyl)((tert-butyldimethylsilyl)oxy)methyl)-2,2-dimethyloxazolidi
ne-3-carboxylate (158)

BocN O
TBSO"
CHO

OBn

To a solution of 157 (3.81 g, 6.20 mmol) in THF (21 mL) was added 2N HCI (21 mL) at
0 °C. The mixture was stirred for 3 h at room temperature, quenched with sat. NaHCOs (40 mL), and
extracted with EtOAc (40 mL x 3). The combined organic layers were washed with brine (120 mL),
dried over MgSOy, and filtered. The filtrate was concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel (hexane/EtOAc =30:1to 15: 1) to give 158
(2.06 g, 60%, 3 : 2 mixture of rotamers) as a colorless sticky oil;
[a]p” =+13.8 (¢ 1.01, CHCLy);
FTIR (neat) 2955, 2930, 2858, 1685, 1608, 1493, 1463, 1364, 1251, 1163, 1108, 1071, 1007 cm’’;
'H NMR (300 MHz, CDCl3) § 10.54 (s, 2/5 H), 10.52 (s, 3/5 H), 7.82 (d, J = 2.1 Hz, 1 H), 7.61 (brd, J
= 8.3 Hz, 3/5 H), 7.49 (brd, J = 8.3 Hz, 2/5 Hz), 7.45-7.35 (m, 5 H), 7.03 (d, /= 8.3 Hz, 1 H), 5.17 (s,
2H+3/5H),4.89 (d,J=4.5Hz, 2/5 H), 4.12 (m, 1 H), 3.97 (m, 1 H), 3.75 (t, J= 7.7 Hz, 2/5 H), 3.69
(t,J=17.7Hz, 3/5 H), 1.68 (s, 3 x 2/5 H), 1.61 (s, 3 x 3/5 H), 1.48-1.30 (m, 12 H), 0.90 (s, 9 H), 0.05
(s, 3 H), -0.20 (s, 3 H);
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C NMR (75 MHz, CDCls) 6 189.4, 160.3, 152.6, 152.1, 136.0, 135.3, 135.1, 133.8, 128.6, 128.2,
127.2,126.5, 126.1, 124.7, 124.4, 112.7, 94.8, 94.2, 79.9, 79.7, 73.0, 70.5, 63.7, 63.4, 62.9, 28.2, 26.8,
25.9,25.1,23.1, 18.0, -4.8, -5.0;

HRMS (FAB) caled for C3;H46NOgSi m/z 556.3094 [M+H]", found 556.3094.

(R)-tert-Butyl
4-((S)-(4-(benzyloxy)-3-hydroxyphenyl)((zert-butyldimethylsilyl)oxy)methyl)-2,2-dimethyloxazoli
dine-3-carboxylate (159)

X

BocN O
TBSO
OH

OBn

To a solution of 158 (252 mg, 454 umol) in CH,Cl, (2.3 mL) was added m-CPBA (157 mg,
681 umol, contained with 25% water) at 0 ‘C under argon. The mixture was stirred for 16 h at room
temperature and quenched with sat. NaHCO; (5 mL), and extracted with EtOAc (5 mL x 3). The
combined organic layers were washed with brine (15 mL), dried over MgSQy, and filtered. The filtrate
was concentrated under reduced pressure. The resulting residue was subjected the next reaction
without further purification. To a solution of residue in THF (2.3 mL) was slowly added DIBAL (668
uL, 681 umol, 1.02 M solution in hexane) at 0 “C under argon. After the mixture was stirred for 2 h
at room temperature, added more DIBAL (223 uL, 227 umol). The reaction mixture was stirred for 1
h and quenched with sat. potassium sodium tartrate (10 mL) with vigorous stirring. The mixture was
stirred for additional 1 h at room temperature and extracted with EtOAc (10 mL x 3). The combined
organic layers were washed with brine (30 mL), dried over MgSQ,, and filtered. The filtrate was
concentrated under reduced pressure. The residue was purified by flash column chromatography on
silica gel (hexane/EtOAc =20 :1to 15: 1, 5 : 4 mixture of rotamers) to give 159 (208 mg, 84% over
2 steps) as a colorless amorphous solid;
[a]p®” =+10.9 (¢ 1.63, CHCLy);
FTIR (neat) 3402, 2955, 2931, 2858, 1693, 1509, 1379, 1366, 1255, 1172, 1122, 1097, 1071, 1010
cm'l;

HRMS (FAB) calcd for C3oHsgNOgSi m/z 544.3094 [M+H]", found 544.3091.
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'H and "*C NMR spectra of 159 showed broad and complex signals because of a mixture of rotamers.

'H and *C NMR spectra are shown in appendix.

(R)-tert-Butyl
4-((S)-(4-(benzyloxy)-3-(((3R,4R)-5-((tert-butyldimethylsilyl)oxy)-3-methyl-4-(2-nitrophenylsulfo
namido)pent-1-yn-3-yl)oxy)phenyl)((zert-butyldimethylsilyl)oxy)methyl)-2,2-dimethyloxazolidine
-3-carboxylate (160)

BocN O

TBSO- fj Hrine

Me 77\/OTBS
0

OBn

To a solution of 159 (208 mg, 383 umol) in toluene (3.8 mL) were added aziridine 110
(314 mg, 765 wmol) and TBD (109 mg, 765 umol) at room temperature. The mixture was stirred for
15 h, concentrated under reduced pressure. The residue was purified by flash column chromatography
on silica gel (hexane/EtOAc =20:1to 5 : 1) to give 160 (331 mg, 91%, 3 : 2 mixture of rotamers) as
a colorless amorphous solid and the recovered 110 (83.2 mg, 26%);
[a]p’ = -13.8 (¢ 1.83, CHCLy);
FTIR (neat) 3387, 3306, 2955, 2930, 2885, 2857, 1692, 1541, 1506, 1471, 1392, 1362, 1257, 1216,
1170, 1093, 1009 cm'';
'H NMR (300 MHz, CDCl3) § 8.04 (brd, J = 7.2 Hz, 1 H), 7.79 (d, J = 7.2 Hz, 1 H), 7.64-7.53 (m, 2
H), 7.44-7.20 (m, 6 H), 6.98 (m, 1 H), 6.84 (m, 1 H), 6.33 (m, 1 H), 5.24 (d, /= 2.9 Hz, 3/5 H), 5.06 (s,
2x2/5H),5.02(s,2x3/5H),4.95(d, J=2.9 Hz, 2/5 H), 4.13 (m, 1 H), 3.95-3.84 (m, 4 H), 3.70 (t, J
= 8.0 Hz, 2/5 H), 3.64 (t,J = 8.0 Hz, 3/5 H), 2.35 (s, 1 H), 1.64-1.57 (m, 6 H), 1.47 (s, 9 H), 1.40 (s, 3
H), 0.89 (s, 9 H), 0.79 (s, 9 H), 0.04 (s, 3 H), -0.90 (s, 6 H), —-0.18 (s, 3 H);
C NMR (75 MHz, CDCl3) § 152.7, 152.2, 151.4, 147.6, 143.5, 136.9, 136.0, 135.0, 132.6, 132.5,
130.5, 128.4, 127.8, 127.3, 125.0, 122.7, 122.5, 122.3, 113.5, 113.3, 94.8, 94.3, 82.8, 82.6, 79.9, 79.7,
78.8, 72.8, 70.8, 70.7, 63.8, 63.5, 63.1, 62.4, 62.2, 28.4, 26.5, 25.8, 25.4, 24.9, 24.8, 23.3, 18.2, 18.1,
-4.7, -4.86, -4.93, -5.6, -5.8;
HRMS (FAB) calcd for C4sH71N301;SS1, m/z 953.4348 [M'], found 953.4346.
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tert-Butyl
((1S,2R)-1-(4-(benzyloxy)-3-(((3R,4R)-5-((tert-butyldimethylsilyl)oxy)-3-methyl-4-(2-nitrophenyls
ulfonamido)pent-1-yn-3-yl)oxy)phenyl)-1-((tert-butyldimethylsilyl)oxy)-3-hydroxypropan-2-yl)ca
rbamate (161)

tert-Butyl
((1S,2R)-1-(4-(benzyloxy)-3-(((3R.,4R)-5-hydroxy-3-methyl-4-(2-nitrophenylsulfonamido)pent-1-y
n-3-yl)oxy)phenyl)-1-((¢ert-butyldimethylsilyl)oxy)-3-hydroxypropan-2-yl)carbamate (162)

BocN O BocHN OH
TBSO' ” NANs TBSO' I” NANs
7/\/OTBS ) 2 7/\/OP
OBn 160 Bn 161 (P =TBS)

162 (P = H)

To a solution of 160 (255 mg, 267 umol) in MeCN (1.3 mL) were added CeCl;*7H,0 (203
mg, 534 umol) and (COOH),*2H,0 (3.4 mg, 26.7 umol) at room temperature. The mixture was
stirred for 3.5 h, quenched with sat. NaHCO; (5 mL), and extracted with EtOAc (5 mL x 3). The
combined organic layers were washed with brine (15 mL), dried over MgSQy, and filtered. The filtrate
was concentrated under reduced pressure. The residue was purified by flash column chromatography
on silica gel (hexane/EtOAc =9 :1to 1 : 2) to give 161 (122 mg, 50%) as a colorless amorphous solid
and 162 (74.1 mg, 35%) as a colorless amorphous solid;

161:

[a]p” =-7.1 (¢ 1.0, CHCLy);

FTIR (neat) 3442, 3302, 2954, 2931, 2886, 2858, 1703, 1545, 1500, 1469, 1418, 1362, 1258, 1169,
1094, 1062 cm’™;

'H NMR (300 MHz, CDCl3) 8 8.05 (dd, J = 7.3, 2.1 Hz, 1 H), 7.79 (dd, J = 7.7, 1.6 Hz, 1 H),
7.62-7.55 (m, 2 H), 7.44-7.31 (m, 6 H), 7.00 (brd, /= 8.9 Hz, 1 H), 6.88 (d, /= 8.9 Hz, 1 H), 6.31 (d,
J=28.1 Hz, 1 H), 5.41 (brd, J= 7.8 Hz, 1 H), 5.68-5.04 (m, 3 H), 4.00-3.91 (m, 3 H), 3.83 (brd, J =
10.7 Hz, 1 H), 3.52 (m, 1 H), 3.40 (td, /= 10.7, 3.2 Hz, 1 H), 2.89 (brd, J=9.3 Hz, 1 H), 2.41 (s, 1 H),
1.60 (s, 3 H), 1.47 (s, 9 H), 0.91 (s, 9 H), 0.80 (s, 9 H), 0.07 (s, 3 H), =0.075 (s, 3 H), =0.077 (s, 3 H),
-0.09 (s, 3 H);

C NMR (75 MHz, CDCL3) § 155.4, 151.5, 147.4, 143.4, 136.6, 135.7, 133.4, 132.6, 132.4, 130.2,
128.3, 127.7, 127.2, 124.8, 122.4, 122.2, 113.3, 82.5, 79.2, 78.9, 76.1, 70.5, 63.2, 62.0, 61.0, 56.6,
28.2,25.63,25.60,24.7, 18.0, 17.8, -5.1, -5.6, -5.8, =5.9;
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HRMS (FAB) calcd for C45sHg7N30,,SSi, m/z 913.4035 [M'T, found 913.4042.
162:

[a]p®® =24.6 (¢ 1.0, CHCLy);

FTIR (neat) 3438, 3401, 2931, 2886, 2859, 1698, 1542, 1505, 1418, 1360, 1258, 1168, 1123, 1096
cm'l;
'H NMR (300 MHz, CDCl;) 8 8.07-8.04 (m, 2 H), 7.81-7.78 (m, 2 H), 7.63-7.56 (m, 2 H), 7.43-7.30
(m, 6 H), 7.01 (brd, J = 8.4 Hz, 1 H), 6.89 (d, J = 8.4 Hz, 1 H), 6.32 (d, J= 8.4 Hz, 1 H), 5.37 (brd, J =
8.1 Hz, 1 H), 5.04 (s, 2 H), 4.93 (s, 1 H), 3.97-3.94 (m, 3 H), 3.77-3.73 (m, 2 H), 3.56 (m, 1 H), 3.42
(brs, 1 H), 2.78 (brs, 1 H), 2.44 (s, 1 H), 1.62 (s, 3 H), 1.43 (s, 9 H), 0.79 (s, 9 H), =0.09 (s, 6 H);

C NMR (75 MHz, CDCL3)  156.0, 151.6, 147.4, 143.6, 136.7, 135.8, 133.5, 132.7, 132.6, 130.4,
128.4, 127.2, 125.0, 122.4, 122.1, 113.6, 82.5, 79.7, 79.0, 75.0, 70.6, 63.4, 62.1, 61.8, 56.3, 28.2, 25.7,
24.8,18.1, -5.7, -5.8;

HRMS (FAB) calcd for C30Hs3N30,,SSi m/z 799.3170 [M'T, found 799.3176.

tert-Butyl
((1S,25)-1-(4-(benzyloxy)-3-(((3R,4R)-5-((tert-butyldimethylsilyl)oxy)-3-methyl-4-(2-nitrophenyls
ulfonamido)pent-1-yn-3-yl)oxy)phenyl)-1-((fert-butyldimethylsilyl)oxy)-3-oxopropan-2-yl)carba

mate (163)
BocHN
TBSO oo INHNS
(0]
OBn

To a solution of 161 (665 mg, 727 umol) and TEMPO (5.7 mg, 36.3 umol) in CH,Cl, (6.0
mL) was added aq. KBr (150 mL, 72.7 umol, 0.5 M). To the mixture was added 1 : 1 mixture of
NaOCl solution and 5% NaHCOj; aq. at 0 ‘C with vigorous stirring until the starting material was
consumed (monitored by TLC). The organic solvent was separated and aqueous layer was extracted
with EtOAc (10 mL x 2). The combined organic layers were washed with brine (30 mL), dried over
MgSO., and filtered. The filtrate was concentrated under reduced pressure. The residue was purified
by flash column chromatography on silica gel (hexane/EtOAc =10 :1to 5 : 1) to give 163 (499 mg,
75%) as a colorless amorphous solid;
[a]p™ = +14.8 (¢ 0.98, CHCl);
FTIR (neat) 3434, 3304, 2954, 2930, 2858, 1711, 1543, 1503, 1360, 1258, 1169, 1125, 1097 cm’';
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'"H NMR (300 MHz, CDCL3) 6 9.44 (s, 1 H), 8.05 (dd, J= 7.5, 1.6 Hz, 1 H), 7.80 (dd, J= 7.5, 1.8 Hz,
1 H), 7.61 (td, J= 7.5, 1.8 Hz, 1 H), 7.56 (td, J= 7.5, 1.6 Hz, 1 H), 7.45-7.33 (m, 6 H), 7.15 (brd, J =
8.3 Hz, 1 H), 6.93 (d, J= 8.3 Hz, 1 H), 6.33 (d, J=8.1 Hz, 1 H), 5.48 (d, J = 6.2 Hz, 1 H), 5.16 (s, 1
H), 5.07 (s, 2 H), 4.41 (dd, J = 6.2, 2.9 Hz, 1 H), 4.00-3.91 (m, 3 H), 2.38 (s, 1 H), 1.62 (s, 3 H), 1.46
(s, 9 H), 0.87 (s, 9 H), 0.80 (s, 9 H), 0.03 (s, 3 H), —0.08 (s, 6 H), —0.09 (s, 3 H);

3C NMR (75 MHz, CDCls) 8 197.8, 155.1, 151.9, 147.6, 143.7, 136.7, 136.1, 132.6, 132.5, 130.5,
128.5, 127.9, 127.3, 125.0, 122.5, 122.2, 113.7, 82.7, 79.9, 79.2, 74.2, 70.7, 66.5, 63.4, 62.2, 28.3,
25.8,25.7,25.0, 18.2, 18.1, -4.9, —5.4, 5.6, -5.8;

HRMS (FAB) calcd for C4sHgsN3O1;SSis m/z 911.3878 [M']", found 911.3885.

(25,35)-Methyl
3-(4-(benzyloxy)-3-(((3R,4R)-5-((tert-butyldimethylsilyl)oxy)-3-methyl-4-(2-nitrophenylsulfonami
do)pent-1-yn-3-yl)oxy)phenyl)-2-((tert-butoxycarbonyl)amino)-3-((zer-butyldimethylsilyl)oxy)pr
opanoate (164)

BocHN OMe

TBSO O ” NS

Mes—~OTBS
of

OBn

To a solution of 163 (499 mg, 547 umol) in +-BuOH/H,O (6 : 1, 5.6 mL) were added
2-methyl-2-butene (0.58 mL, 5.47 mmol), NaH,PO,4 (197 mg, 1.64 mmol), and NaClO, (186 mg, 1.64
mmol, 80% purity) at 0 ‘C. The mixture was vigorously stirred for 1.5 h at room temperature, diluted
with H,O (10 mL), and extracted with EtOAc (10 mL x 3). The combined organic layers were dried
over MgSOy, and filtered. The filtrate was concentrated under reduced pressure to give carboxylic acid
which was subjected to the next reaction without further purification. To a solution of the residue in
Et,0 (2.8 mL) was added excess amount of CH,N; in Et,O (prepared from N-methyl-N-nitrosourea
and 40% KOH aq.) at 0 “C with stirring until the carboxylic acid was consumed (monitored by TLC).
The mixture was warmed to 40 C to remove residual CH,N, and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel (hexane/EtOAc =7 :
1to3:1)to give 164 (485 mg, 94% over 2 steps) as a colorless amorphous solid;

[a]p” =+12.4 (¢ 0.97, CHCL);
FTIR (neat) 3439, 3385, 3304, 2953, 2929, 2857, 1712, 1543, 1502, 1357, 1256, 1220, 1166, 1093

-1
cm’;
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'"H NMR (300 MHz, CDCls) § 8.04 (dd, J= 7.5, 1.8 Hz, 1 H), 7.79 (dd, J= 7.5, 1.8 Hz, 1 H), 7.61 (td,
J=15,1.8 Hz, 1 H), 7.56 (td, J= 7.5, 1.8 Hz, 1 H), 7.43-7.31 (m, 5 H), 7.24 (brs, 1 H), 6.93 (dd, J =
8.4, 1.8 Hz, 1 H), 6.85 (d, /= 8.4 Hz, 1 H), 6.32 (brd, J= 8.4 Hz, 1 H), 5.04 (brs, 3 H), 4.92 (d, J= 4.6
Hz, 1 H), 4.50 (dd, J = 8.4, 4.6 Hz, 1 H), 4.00-3.87 (m, 3 H), 3.63 (s, 3 H), 2.43 (s, 1 H), 1.60 (s, 3 H),
1.38 (s, 9 H), 0.86 (s, 9 H), 0.79 (s, 9 H), 0.04 (s, 3 H), 0.09 (s, 6 H), -0.14 (s, 3 H);

3C NMR (75 MHz, CDCL) & 170.6, 154.8, 151.9, 147.6, 143.6, 136.8, 136.1, 132.63, 132.58, 130.5,
128.5, 127.8, 127.3, 125.0, 122.7, 122.4, 113.4, 82.8, 79.8, 78.8, 74.5, 70.7, 63.5, 62.2, 60.6, 52.0,
28.3,25.8,25.6,24.7, 18.2, 18.0, -4.9, —5.4, 5.6, -5.8;

HRMS (FAB) calcd for C4gHgrN301,SSis m/z 941.3984 [M'T, found 941.3981.

(25,35)-Methyl
3-(4-(benzyloxy)-3-(((3R,4R)-5-((tert-butyldimethylsilyl)oxy)-3-methyl-4-(((2,2,2-trichloroethoxy)
carbonyl)amino)pent-1-yn-3-yl)oxy)phenyl)-2-((fert-butoxycarbonyl)amino)-3-((tert-butyldimeth
ylsilyl)oxy)propanoate (165)

BocHN OMe

NHTroc

TBSO o 7‘/\/OTBS

Me

OBn

To a solution of 164 (485 mg, 515 wmol) in DMF (2.6 mL) were added Cs,CO; (257 mg,
772 umol) at 0 “C. Thiophenol (110 uL, 1.03 mmol) was added dropwise and the mixture was stirred
for 4 h at room temperature under argon. Then the mixture was quenched with sat. NaHCO; (10 mL)
and extracted with Et,0 (10 mL x 3). The combined organic layers were washed with brine (30 mL),
dried over MgSQy, and filtered. The filtrate was concentrated under reduced pressure to give amine
which was subjected to the next reaction without further purification. NaHCO; (86.5 mg, 1.03 mmol)
and TrocCl (110 uL, 772 wmol) were added to a solution of amine in THF (2.6 mL) at 0 “C. The
mixture was stirred for 12 h at room temperature, quenched with sat, NH4Cl (10 mL), and extracted
with EtOAc (10 mL x 3). The combined organic layers were washed with brine (30 mL), dried over
MgSO,, and filtered. The filtrate was concentrated under reduced pressure. The residue was purified
by flash column chromatography on silica gel (hexane/EtOAc =30 : 1 to 10 : 1) to give 165 (427 mg,
89% over 2 steps) as a colorless amorphous solid;
[a]p™* = +22.0 (¢ 0.92, CHCl5);
FTIR (neat) 3440, 3306, 2954, 2930, 2857, 1739, 1716, 1504, 1366, 1256, 1216, 1164, 1098 cm’';
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'"H NMR (300 MHz, CDCls) § 7.43-7.29 (m, 6 H), 6.94 (brd, J = 8.3 Hz, 1 H), 6.84 (d, J= 8.3 Hz, 1
H), 6.09 (brd, J = 8.7 Hz, 1 H), 5.14 (s, 2 H), 5.06 (d, /= 8.3 Hz, 1 H), 4.94 (d, J = 4.5 Hz, 1 H), 4.74
(d, J=12.0 Hz, 1 H), 4.68 (d, J = 12.0 Hz, 1 H), 4.50 (dd, J = 8.3, 4.5 Hz, 1 H), 4.18-4.05 (m, 2 H),
3.85 (dd, J=9.6, 5.7 Hz, 1 H), 3.63 (s, 3 H), 2.50 (s, 1 H), 1.68 (s, 3 H), 1.39 (s, 9 H), 0.88 (s, 18 H),
0.05 (s, 6 H), 0.04 (s, 3 H), -0.13 (s, 3 H);

3C NMR (75 MHz, CDCls) 8 170.4, 154.5, 154.4, 151.5, 143.8, 136.6, 132.8, 128.3, 127.6, 126.9,
122.4, 121.9, 113.2, 95.5, 82.6, 79.4, 78.9, 76.4, 74.4, 74.3, 70.5, 61.5, 60.7, 60.4, 51.7, 28.1, 25.6,
25.5,24.9,17.9,17.8, -5.0, =5.5, 5.6, =5.7;

HRMS (FAB) calcd for C4HgyCLN,01Siz m/z 929.3165 [M-HJ, found 929.3179.
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N5, EAEFBE DORE CTIIMEEFR LT BE O 60% L1 12 MIEZEN 5D TWD, = OR}EE
DOFEIT, AR 72 & TR S OPAZENE U5 & 2 D Je DRt R~ DBEHE LR # (S
L2 — 2 YORAE R HAT O T RE M), B3 T= o —nr v ORI & 2 AR E 23
FIEEZEND, 2O E2PR L T MmN S & M5,

PR i HE L R R S0 DU i D BRI 72 & D% T IE & 1\ BB EE O QOL (Quality of Life) & 2 L
ARWEE 5, MFEAMEIET 2 &R MiaIE £ FREREE 1L L2 RRBIC 22 0 | 20 F s
I L2 AUTEESEICE S, Z O &K T2 & 5 aliPE O M ERAL % ischemic penumbra (<2
T2 T TVER & RS, BNFEZE DO ZAMEII(RIEN D 12 BE)DOIEETIZZ 0T U 7 T R K
DEZ—5y N ThY | PUMREEESRE, FrintesE, MORGEE M, IR IR 72 O 0 450 72
L. REmENMTbN D, P

MR A & 2 o0 3
EFROIAI OV, B g E PR A8 IR B A (A T 5 OICAT L. R
HES VTN s B MR ARIBEAC 5 5 45 TR SZI L 72 5 D T B,

R L A R AIIE & & 72 B A = R AD—o e LT, FAK I B AK(GluRs) &
I U B A RIS ST D, Z 4 3 VBRI, LI O AR RIC 51 TR IR B
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(B3 2 BUE MMM ZEME TH Y | GluRs IZFE T2 2 & THRIFHIZEZ 7%, GluRs
FA T F ¥ RNV ERNE L TeA T T v XA FIRGGIURs) & G-7 /37 &3 U 7o AU
T 52 R AR (mGluRs) D —FHIZ KB &4, iGluRs 12U H > Rigxt4 22 0@ NS,
NMDA (N-methyl-D-aspartic acid)®, AMPA (a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid)i!, KA (kainic acid)®ZZ 55RO =FEIZ 535l 415 (NMDARs, AMPARs, KARs), Hif{sE
DEITIZZ N Z X DN IGIuRS ICHERT 5 Z & TA A v F ¥ FANHA A 4 (Na', Ca®)
DWMAIZ E > TIRENJSE X TR T2 & THERDEESND, ZF I BITHENY
BThoHizblo, W, MIEHARO 72 I VBBEIX N7 VAR —IC X VR RN
TV, MEMARRRICHE D & ATP ORGERENS 2D b7 AR =2 —fREEDMET L,
JARIBR D 7V 2 3 ERIRFEDS LR %, BIBRICH Sz 7 v # X i3 iGluRs IZHE & L.
KA RV FTANICKED Ca® DI FEALIATe, Ca® WE D EF M~ DL T MMEAFIEREFR
ZiEM LS E, 7V =T P UNOFRAER E R THRAMIAESNEEDL LD DIV F X U Hk-
71V 7 IMRG)(Figure 5-1),
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4) Neuronal Cell Death

Figure 5-1. Neurotransmission of glutamate
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2001 FFIC AL ORMIRHER L L TEARBEINTZZHX TR L, 7V =T PN EHEEEL
L CM & ML E D SRS 2 EAr 269 5, 27 ) — 7 O h VMo HEE R b
S LU CEREMEEE S E R T ENMONTNDEN, TF TR L Z OIERME s
LT D, F2 2011 FITIET VY A ~ —FRAVE DRI & LT NMDA RS AR5 3K
ThDHLAZ T UBHTIKRIN TS, LoLens, HEEEKE L THWLA TS
DIFINEEZED THLDLTIEFITHY, £ TR UCE L LB AR E bR
FHR EORWERANRE SN TS, ZOROFT-eMREEROBBIIIRE R MHNFHFE S
nTna,

52 A bETZFUV

A b7 7~

A M7 7 U 166)iX, 1997 WA, FFE BT XV KR E Eupenicillium Shearii PF1191
OIHEY & U CHEE, M E Sz {EA% T H 5 (Figure 5-2), "AMPA/KA B2 KD 2
IV ==V TRICTRARBENTZT X T=A N THY, RZEEICHTLT X T=X MNE
Pz R bEm e L TEIARLAER RRP O RSN O TOBITH D, Eiohiflil/zo
T, B4 b7 7 U 1% NMDA B REICH L CRAICHET 2 Z L AR LN ERoTz, ¥
FeaR 3@ V) | M IR O AR AR AE I TR T D 7 L Z X RO iGluRs ~DFEAR N LIRE D 2 &
Mh, REZFREOT 2 T =2 MIEMEME BRI T 2 MER#EKE LTHiffFshTn
%, 166 (3CFE M 72 AMPARS/KARs 72 % T=Z F TdH 5 CNQX L RIEDIEMEZFHARN S
(166: ED50 0.68 uM, CNQX: 0.53 uM), FEEMEA R D T M\(166: >500 uM, CNQX: 20 uM)”
TEnD, Bl REREO Y — R e LTI STV D2, BUE CIRAER 23 AL e 2 15 1k
LTS 728, RO I L FARICHEH> TWDONERTH D, —FT166 1L N-7
JU-L-Ala, L-Pro, D-Ser 23 R FE-RFFEAEN L CHAE Lo, mEICEREMEShEEZH L
THRY ., BARAEEEEEHE > TRERMEDO X —F y N LTHKREED TE, bA
M7 7 U o B SR E A FEME O TSR IS O W T, AP EEIRSER O 1K,
DIFELFHIICE LD BN TND, LLFIC 2010 4ELEO I A b7 7 U OREREE, B
FORIEW BT/ o7z, AMPA RIS & OfEEHERIZ O N TR~ 5,
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Figure 5-2. Structure of kaitocephalin

2010 FELUBEDONA b7 7V L DAL
Ma 513 2001 FEICH A 7 7 Vv O DORERERE Lz, YL L ZhIdg ol L i
FBEDEAK Nk > THE S, Ma WA L7-DIE C2 MR TH D L kim0 b
77o F D% Ma 5132011 1272 > THE 166 DAL Z HE L TV 5 (Scheme 5-1), Y47
UNAAIBEZ FF> “E e 2 U 0167 O, (S)-H—FT—7 /7T k 168 £ DT )V F— /L GHIZ
FOFXRH V169 AR L, RO ERBHO AL 21T 72, CANLITT VI vtEe
ONARBEFIZ L 0§l S BT R KZRINMICE 2 TWD, LnL CIHICET YT AT
VABERMEIISED m< 72 < SRR 170 NET TS, 5407 169 (2% L Sharpless
RFVE Fax o bic K0 TV NVEOEBREIT TN, T AT LA~ —% o7z, Zh
RBREMDEE, VA —NO—fKEEIED D TBS ETOMRE, KEED XA Vb
BTITI ~EFEINTZ, ZORFELDOOR)-1T1 NERI 1.5 1 O~A F—ElkTh 7=
ZEDNDL, WHIXZDOVA— ALDSIRERPEIL, U T R TR EEREIC LD on
K TH - EHRL TV D, —#kKBREOR(L, 7Y REOEALETOR, HEET
VIR TEMBEZME L, 172 & L, REBIC BRI X D BR#E 4T 166 & CI AL
PR 173 DA A R L T2,
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H/“<C;>*~002Me e (/~\[j_>(\__<\:fﬁz [/A\lf_BSE?ZT:TL/
CO,Me LHMDS MeO,C nd
167
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1) TBAF
1) AD-mix f MsO_ 9 COzMe 2) Jones ox. then CH,N,
2) TBSOTf BocN 3) NaN3
169 ——— >
3) MsClI TBSO 4) Hy, Pd/IC

5) ArCO,H, HATU
(9R: 26%, 9S: 39%)

Cl
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H CO,Me
N 2 1) AICl3, Me,S
CI:©\”/ MNHBOC #) 166 + isgn/fer (173)
O CO,Me 2) KOH
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Scheme 5-1.

FoMILS S 2012 4R Rh i L% C-H 7 X /fbz ke Lz 166 DEA %k L T
W5 (Scheme 5-2), 2B 513 166 ICTFET D DD WV R LU EE 7 ==L v ralyF )
Y OBLIBIZRIZ L - T, C2 A& CI MO EFZFREML Z Rh(IDfEEZ AW =X DAL, 7
UNMLD C-H T I /fbIZ X > TEATLHZ & &FHE L7z, 93— RF= /2 174 {Z%f L, Luche
B ICIC CNLRRPFIIE T ATV SIERS & MK RIZ K D KEEFEDNIARIKERIZ KV trans

BLEZAT 5 175 & Lz, W TKBREORE, HfRELZRTT Va2 —1 176 ~FE L7,
C4 NEDSNIARILZRIZOW TR, 176 AR T2 177 L OWA-EHA v 7V 7 X D8R, B
KO 27— F 178 @ Overman #5512 L > TIH AR 0 2 SEARIRINICAESE L 72(179), 179 1T
AJVIR AR 180 I8 HA L, Rhy(OAc), Z W72 C-H 7 2 /b &iT-o72L 2 A, BEIMIER
FONEAREIRAICHA S 4L, 181 BNHE—DAERM L L TH LN, Er U UV BRIE. KFEE
TTONMRE EOEFRF T H ORI X VKRS -182), AHEHHO C-H 7 2 /
{BIX Rha(esp), & VD Z & C LFE & [FRRICER S 4L, 183 MG 67z, 183 IXHFHET v
HOBEANERET 184 ~LFHE L, Fi< RuO 1Z X DMALMIBIZITLEAL D b U HVR R 185
5270, BBITIKIfEE Boc FEOBUEEIZ LD 166 ~ & &, TR 21 BB, #
I 4% TG A R LTz,
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1 ) NaBHy, CeCI3 . 7H20

O 2) p-NO,CgH4CO,H OH OPMBM
I\TC%7 DEAD, PPhs I\TC§7 1) PMBMCI |\K:§7
—_—
5 3) NaOH agq. s 2) TBAF g
174 OTBS 475 OTBS 176 OH
Ph OTBS OPMBM Ph OR OPMEM
1) 177, Pd(dppf)Cl,
2) CI;CCN A
. _ . >
3) KoCO3 ko) HIN
xylene, reflux HN?< COCCl3
i 178 ccls | 179(R=TBS)-——]1)HF_IDy
180 (R = S(O,)NH,) < 2) C1SO2NH2
Os570 PMBM
Rhy(OAc  HN“S0 OPMBM o
Phl(OAc), Boc,O  BocHN
— Ph > e N
HN then Ph |
0 Cl o)
1) DDQ o~ 1)TFA  AcO y =4
2) ClsCC(O)NCO BocHN NH 2) ArCO,H N NBoc
- — s C
3) Rhy(esp), T 3) Boc,0 o Ph N
Phi(OAc), COCCl, COCCl;
183 184
hi
cl
AcO O NBoc Ph OTBS
RUC|3 H
NalO 1) KOH
abs - cl N KOH 66 Q)
o) H N co,H N TFA 177
COH coccls )
185
Scheme 5-2.

BT 2013 FFIT72 > TEBIA & 722D 166 DEARLH Kang S 12 K - THAF S 4172 (Scheme
5-3), AL ORHIT, CANMLOEEFNMRFEE N-Coz-2 ) J — /L DTS o FARIRA 72
FEXFMETREE L TV D Z & F 7 Z OO ORI K5 T C9 ML DO AR FF HL % 755
LTWDZERETOND, FAR=U LK 186 &V —F—7 /17 & K 113 O Wittig 5 Jiis.
KEEEED A TFITEY cis-TATr 187 L Lo-T X/~ X — M8 LA LUT =4
ERREHE, WNTTZATUVEBRTLTHIET I8 #A/K L7z, 189 OE J X/ A bk
F T A R 190 2RI T & U SIAREEAFAE TS TR S L. 90% de & W 9 @ WD AZARGEER
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PECE RV AIUR 191 B DTz, —#kT V3 — L Ok & B R EOGIZ TR DALz Rid
I AT 192 b o r U Y U BROEEIXmERN 72 Hg(D) DA & < ERBREE DK

R DBLSUR TR S L, BHD 193 % 82%, VT AT LAY —%& 4%INETH TV 5D,
FRgEHDOT X 7 7 ra— L OE AT T, £7 DIBAL #it L. m-CPBA F7-13% Sharpless
ARFTREACZAND Z & TURBIRAICTZRF T B 194 ~ L8, mRFIALTED
SOEMERANVTY 194 2 BIFRIURTH 272, IROMLERIR LT ¥ R EOREM X
BRSO L7z B(OMe); I8 L 5 trans-2,3-TRF 3 7 /b o — )L OB RN A 72 BB ”%ﬂ%u\

BERL S AL, 195 BHE—OERH L L TH LN TWD, ARMUSIE, KEEHE- R T 33K =R
XFUEOZENGFHNTEL— a3 L, “endo-E— R”CZBEMNBERT S LI, C2LT
TV REOMMBETT 2, S5I2194 DHE . CINITMEMRRFENEEE L TWDH 72, Sk
B E 2 BE LT 5 72 01T C2 PLD I TORMMAHEL Z - 7= & Kang HITHEER LTV 5, AR OF
BT b, CIMIKEEIEOIRE, —BAKBIEOBLELITN Y A —1 196 & L, TR
VEE~ORL L Coz OB 7 ¥ FEDOBRITIT LV | WHE 19 B, 4%I0EI2T 166 D4
AR A EER LT,
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TBDPSO/\/\PPh3Br N -
CHO 2) TBAF _ | 2)NaBH,
186 13 3) I, PPhs 187
01)4“/0
S
O 'NBoc CuCl,, 190 O NBoc Pr 190  ipr
OH  BzCl —OH 1)DMP
R —_— —_— A >
90% de 2) PhsP=CHCO,Et
1g9 CPZHN “—OH 194 CbzHN \—0Bz
Boc OBz
O NBoc COEt  Hg(TFA), N 1) DIBAL
N - >< N [ >
— \ then Et3B, LiBH, o Cbz 2) m-CPBA or
192 CbzHN \—OBz 193 COEt " (L)-DIPT, Ti(0i-Pr),
TBHP, MS 4A
B —

1)3MHClag. . Cl
Boc op,  2VACOH
N BOP
>< N N3 > Cl
o N 3) BzCl
HO OH 4) TBSOTf
195 5) K,CO3, MeOH

1) AZADO, Phl(OAc),
then 6 M HCI aq.
> 166

2) H,, Pd(OH),/C

Scheme 5-3.

£72195 MHETR L7 Ma H5ORERESEIC, XV VY U afkAE LI EBPEA K
N— M BT L TWD, 195 WS FIC TS5 &, Bz OB #EZ -T2V F—
197 BEBNT-, ol k. EREOGERT VA b 21TV, AZADO |2 X 5k L =&
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T 5T 198 ~EFE LT-, BBZICT Y FEOBITL, KGRI TRIL#EZITV. 166
EEM LT, 2H60— FTITEHE 17 B, 3%IE TRE DN # K S U 72(Scheme 5-4),

1) 3 M HCl aq.
EOC OBz NaH EQC OH 2) g‘rOCPOZH
>< N3 E— >< N3 -
0 Nz 0 N2 3) AZADO, PhI(OAC),
HO OH )0 OH 4) TMSCHN,
195 197 O
cl
BnO
4 CO,Me
Cl N N3 1) Hy, Pd(OH),/C
O  COMe %o CO,Me 2)2M NaOH aq.
198 O
Scheme 5-4.

AMPA WIS 5K & Dl B kR

2012 4F, AMPA BIZ KOV 72=> hTHD GluR2 £ A b7 7 U U OfEERD X
MBS NR A b, ZRKEOFBERARH LN ICENTZ, PENICEDE, A bt
T VAR NE I VEBEREG T A MICREALTVWDEZ L, RN HA b T 7Y DR
BREBAL O T3 BT I~/ NS <0 FEFERT VAEMLE & 37 B & OMAAER TR
KRN EWRB ST, £72 CLAL I VR F L VEEN Arg®™ ORI 7 7 =2 - T 0 7
T REE C2HLT 2 D Pro*t D B LR L v EE Gl ORI LR % 3L The™ ok
BRIt & TN ENMAEMREA L TWD Z LV Lz, Z DM, C4 MmN RF TV The® &
KT Z2M LT, COMLD AR HT Tyr™, Gly™! LHAE/EA L TR Y. C3 MAKEEIEIC
DUWTIE Ser®™ & DKFEREA M BT 72 - 7= (Figure 5-3), S HIZZ N &5 T, KARs 7
2=+ k KA2 X NMDARs 7 ==+ K NR1, NR2A L DFEEDET IV T #{T-oTED,
KARs TIE C3 fi/KEREES C2 17 X /7 FE & DRFREA N2 Z & NMDARs Tix AMPARs
& FAER DA BAE I 2 CHBEBINL & OKRBREESCHKMERR BEAERANH 5 Z & (i) 5,
A ST 7V OV TH A TRIEDRTH TEDL L INTWVD,
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Figure 5-3. Expanded view of the binding site for kaitocephalin. A water molecule is shown as blue

sphere.

5-3. A beT 7V ORESEIERR RIS

A LT 7V OF G & Z AL E T ORISR BT

EH DX, 2009 4EICHA b7 7 U OMRNEEEER L TV, DLLTICE O
%R~ % (Scheme 5-5), BEHIOD /LR R 199 M HFEE L7 A7 /L0200 &, &V OBO =
ATNERTLHTATE K201 EDOT IV R—VRSIZE YD | @SRRI 202 % 5-
712,202 O C3 NKEEFEDNLARICHE & = AT VARG & 6 CA RIS A A5 L 203 & L7z,
ERIEIZOWTIX, FETRRZ, 7AVT e R 44 LoV T 2=)VKAK/ 7Y F—h 45
EDEBRROA VT 4 MEKIGIZTE-T e KT X VBT AT V46 (E:Z=>95:5) &/ L.
Rh(DfRBEZ K D KFIRMBNC T EHEE AR LT HZ L TCIMDIAEER:S=6:94 &1\
IEWNLARIEIRME T A b7 7 U RFER 204 ~FFE L TV 5 (1% I0), %12 AICL; & Me,S
ERWTHRELEY —ZICBREL, 166 35 XN CY ML 2MEMER 173 25T\ 5,
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Scheme 5-5.

ARERITA 12 B, 9% IR TEM S, S HICRERETY 7 AR — /L COHRD W HE
Thbd, KEKEZTTHBMREETIINA M7 7V U OZHRE L OFREERAOMEIA % B
e U, iR L 0 ARATREZR A DB A M7 7 U T a7 205, 207-209°0F K O 5 H
PEA (ent-166)'Y, & SICHMBID B2 HT 5 210 OIUFED SRR DD G 21TV, FrE ik
REDONA M7 7V UH AR T TH L7 173,206 & P T iGluRs & OFE A&
REEAEIToCT&E T2, ZTOME, THETIZRIZRT)-Q)D =IOV TH LI, £
AMABROBERENIEFT L2 ENZTRRLOF-RITKLETH L EDORHIBHELIL
(Figure 5-4),

(1) FER LOEWIEDO Y A XIIREETEEICIZE A EEEL 5 220,
(2) AR O A TITTEMHIT R E KT 5,
(3) COMLANR P L OFHHERET LNVEMLIZLATH D,
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Figure 5-4. Structures of kaitocephalin analogs
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INETOFERDOIEERBROME L. Watkins 512 & o TERE S Z8AIRHCER
KL DFREBITIZ OO MEERLEL — o DHEEERENLATH L) 2EZET L L.
iGluRs & DFEEHANL CIAL I VAR F NI -C2AL7 2 /B -COM I NAR X NED =8 Th
L EHER Sz, L LERBRLED T = ) — A KR EOREIR, BEEL 7 I FENER
T HMBEMEZOWTUIRIEH LN > TR, £ 2 THER EOBEWIEA T RV N-
NV ANTFur 21, FEERET I NELOMICKREHEZHEAL Y Frr T Iy
Frr 202 BEEL, EHICRETEESRET L L, s nnoRa Rl kB L
TerrzmuaiiAf be7 700213 bHFETER L, A ZNEREOVLIEEZHEND D L &
L7z, 211, 212 13, ZNENIET DT VNV EERET H0-V 7 == VKRAK ) 7Y v F— b
57,214 ZHIRGHKT 5 2 & TREM L RARICAE KT 28 A Tz, £72213 1%, A4 bk
77 U (166)% B ILRMFICAT T 2 & — BB CTA R HI K D & B % 72 (Scheme 5-6),
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Scheme 5-6.
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BHEEROEGRIZHTZD . 7 200 OZROEIEOMNIZE T Liz, 200 [ZBEFOA
EICHIY N-Boe-D-B'm Z /L2 I UEEAF LT 2T 1215 L0 9 BEPETAR L T2y, @
— KL DORER OB T EZ A LT L U, EEBEENZEREICD 5 Z LT L HRINE
DIRTNEERTH o7, £ TREEXAOEITEZ L MEELE LRV, 22O LB 4 IrFr LTz
ARICE Y #A 72 (Scheme 5-7), 215 L0 “EBETHONDIBEMOT I F—/L 216K L,
AR AR L NE E, LA AR AW N U AVEOMINESTH 2 & T 217 & 56%
WRCTEZ, EEIAERY & LU CKBERIEN TMS =—T7 U4k L7z 218 284 U223, BRIk 55 fiE
AT 2 & THRMABIIC 217 OB Z2 BWICRTHE S 2 L AR, i TKEEE %2 TBS 2 TR
L 219 L L7z, = NUANDATFIVZRATIAOEBIL, BALEREORFFO 72 0 KF0 G
LB EW AT, Thbb, A&t 222 Ik 5= UV LDk DL ELET IR
220 O BocfLIZ LY 221 & L, WFZICTATALZHEITH Z L T20 25U, i
E 0 215 D EARRREE T 7 B T EHRE = U 20 200 & A RCHIR T,
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Scheme 5-7. a) TMSCN, BF;-OEt,, CH,Cl,, =78 ‘C, 56% for 217, 22% for 218; b) 2N HCI, THF,
0 °C, quant.; ¢) TBSCI, Et;N, DMAP, CH,Cl,, 74%; d) 222, H,0, EtOH, 80 °C; €¢) Boc,O, DMAP,
CH,Cl,, 85% over 2 steps; f) NaOMe, MeOH, reflux, 70%.

N-_ S ANT S a7 211 DAL

7T b K 44 & HWE 383K 57 (Scheme 2-2) & DAL 7 ¢ MEOSIC LY, T ka7 )
AT AT V223 A LTz, ZOWRF, SARKERIWEIZE: Z=82:18 &, Bl L7z 46 (2t~ T
KTFLTWDZ e yhol, V&8 HIC ZHEADERTIL, 224 % 16%INFETH X =b DD,
T AT UABRPEDR 1 IR T L72(dr =55 : 45), fe\CHiARG#E, HPLC |2 S HEAT
W N-XUY AT a7 211 & CY L BME(R 225 % 2 1L 114572 (Scheme 5-8),
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NHCbz — > NH, +  9R
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Scheme 5-8. a) DBU, Nal, THF, -78 to 0 ‘C, 67% (E : Z = 82 : 18); b) H, (1.0 MPa),
Rh(nbd)(dppb)BF,, MeOH, 76% (inseparable, dr = 55 : 45); c¢) AICl;, Me,S, 0 “C to rt then HPLC
separation, 23% for 211, 17% for 225.

223 TR HKRBN A b7 7V o Ds DERBEICETT 522513, Bon5ET
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FeRaT I BB Z R~ESIRIAT 5 2 RS TWa, V5T 223 12k 5
PEROMINEIE, A 77 U OEKBIN G, Scheme 5-9 IZR-T HKHpar 7 A—v
a rEAURX, ER-Z RIS A VT 4 D BT Boe T S AL T WD 72T il b i
T4 E2bn5, PPoF | E223 ~0Or YAt R REEROMIMIC LY ERT S
226 X, MEADEHAIZLY 22008 2> T A—a b L, BIBEIC Lo T Z-223 ~ 5L
YT D, & 2D BAKRFCIEAEIT TR, COMRMENEL D, WA T 7Y DY
AL OB DAL Boe 2 & WHEET SV & OSLRREEIC LV HIRS TV D D23, 226 T
ILEHLIL S A XN ES L BRDTEDITHEEREENE LT EBXLTND, ZORENS, HEER
o7 v e HLBnO KN KBIRINISICI T D ARRIRPEORBUCEHE CTh o 70 2 & D HES
X 4172 (Scheme 5-9),

MeOQC MeOZC

NBoc NBoc
«CHO,Me H NHBz
NHBz CO Me
E-223 7223
Tl H,, Rh (1) ,LT H,, Rh (1) l_Rth

@( i CO,Me
\. N

H R
O Co,Me Boc
(9R)-224

Py

- n
H
@(N CO2Me X NHCbz
\' N R - <

H
CO,Me Boc
(95)-224

Scheme 5-9.
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e Ry F T u s 212 DLk

Fed 211 DAL EFARIC, HWE BR3K 214(GERES )2 H W 23 L 7 0 U Ab & KRBT
G, foe < BARFEIC KD 212 & CO L IMEIR 230 25k LTz, ZDOBED E/Z HIZ DWW TR E
TH DN, 229 O CO MDA DV TIEBLARFE % O HPLC 0HTIC L Y dr=77:23 Lk
7E L 7=(Scheme 5-10),

COQMG
OHC NHCbz COMe
N + P(OPh — = NHCbz
Bocs Y
HO ~ COMe CO,Me COzMe 8% “co,Me
44 214 228
Et,NH
CO,Me H CO,H
N 9R
NHCbz — » : NH2 + .
B o) H‘ H \ Isomer
OQ N
Coz'\"e CO,Me COMH "Ho  couH
212 230

Scheme 5-10. a) DBU, Nal, THF, -78 to 0 “C, 66% (E/Z ratio was not determined); b) H, (1.0 MPa),
Rh(nbd)(dppb)BF,, MeOH, 79% (inseparable, dr = 77 : 23); ¢) AICl;, Me,S, 0 “C to rt then HPLC
separation, 18% for 212, 7.4% for 230.

FruouhA4 b7 7213 DA

OR:9S=3:7DHA hET7 7V 7 E=17 L1 166 % i-P,NEt £1E F. Hfih/k #3580
TozbTronEoBRECKSI L. TraalA re 7702213 BIXOZFD CY A7 RN
231 Z HPLC 70 BUZ LV . Z3E 4 36%, 18% U2 TH57=(Scheme 5-11),

m M @W COM 9R
NH = NH
M-( 2 YQ_( 2" isomer
CO,H HH H

2 O CO.H OH "Ho  coH
166 (9R: 9S =3 :7) 231

Scheme 5-11. a) H,, Pd/C, i-Pr,NEt, MeOH/H,0 then HPLC separation, 36% for 213, 18% for 231.

A A iE TSR & B

EFRETER LA D iGluRs & O & 15 MERER 21T > 72, NMDARs, AMPARs, KARs
BTEBB LT v M RIHKE®R > Z WV, SEIE0A 27 7 U U RRISEIRMICHES
T %5 NMDA BIZZ BRI OV TR 2 FE Y 7> R(CHICGP 39653) D& & B E % fEiE1C
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L TAT > 7= (Figure 5-5), € DFESR . WT I OFER S KAW(166) L 0 IEMEDIK TR STz,
LIRS, 77unlA4 b7 7 213 °N-XU Y AT a7 211 12DV TERAR
WMEVETFIRTTHRED, HBHROIEEZHERF L TWD Z RN 00 oTz, — )7 THRFEH
EEEAEVE Ry InT ey 212 OfEIEIRESIE T L, £7247Fr 70 C9
fEFVEIR 231, 225, 230 [IZOWVW T, ZHE TOREFRMAMBENZE & FEEIC TR ZEh 5~10
{EFEERMESNE T Lz,

Ki value (nM)
CO,H
NH2 7.8£0.8 L-Glu 103+19

COzH Mo CO,H
-)-Kaitocephalin (166)

HO
Q( COH @(“ COH
M_{‘HZ 2216 '(%"‘Hz 270468

CO,H o CoHH H
2 CO,H 20 'HO  CO,H
deCI-KC ( 213) 9-epi-deCI-KC (231)
CO,H ¥ CO,H
M—(NHZ 4948 ' ‘(Q_(NHz 27050
R 0] H H
COzH CO,H COH "Ho  copH
Bz-KC (211) 9-epi-Bz-KC (225)
=
NN
CO,H H CO,H
NH2 1300300 ‘ SON NHz  4100+£1300
0 H ¢
Coz o comH COH "Ho  com
DHC-KC (212) 9-epi-DHC-KC (230)

Figure 5-5. Binding assay of kaitocephalin analogs for NMDARs. Ki = ICsy/(1+[L]/Ky), [L] = 2 (nM),
Kq = 19 (nM) were used for ["HJCGP 39653. ICs, values were listed in experimental section. L-Glu =
L-glutamic acid, Bz-KC = N-benzoylkaitocephalin (211), 9-epi-Bz-KC = (9R)-N-benzoylkaitocephalin
(225), DHC-KC = dihydrocinnamylkaitocephalin (212), 9-epi-DHC-KC =
(9R)-dihydrocinnamylkaitocephalin (230), deCIl-KC = dechlorokaitocephalin (213), 9-epi-deCIl-KC =
(9R)-dechlorokaitocephalin (231).

NMDA BIZRIEDOY 7 Z 4 7 TdhH NRI BLURNR2A & DOEF VU 7 TliE. $IZ NR2A

ICBWTHEELET VINLICEET D 7 = /) — MK EED Glw’ & DKERHEL Arg®™? &
DOEAKMHEERAN RIS, 206D OO AE/ERAN., A 77 U 7 NMDA %%
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BRIC LV EACRES T HER TRV N E B Z LTV D, D211 OTEMED B RFF S,
212 TIHEREIEKFLIRER O D & 212 3R FBHEDNME L2 2 & THUKMEM AR 23K
bz, HDWVTEL D2 N7 E & DIRKIEN A LT e DITREGTEEME T LIz & %
bb, T raulA be7 7 Uy 213133 URBEBEK 207 [ZHASTHEESME T LT
HKi=11nM), ZOFERLY | A ZNEBRILIIHETIE WS OO, BEIENTFEE LN
TEPEIIRE SN D Z R LT o7, ZOBHE E L TR, A ZAEHRIEN RN LS ER
DY A APEFT/NESL 72D ETHHERENSEZ Vo3 /KX VI E & OMA
TERBRZ VI < oo WEEMEAHEER L TV D, A% SLRIEHELT, ZhHDOHEDL
NIFRAEZFIZ A 77 ) OMERMET e 7 Z2%5 L, BN IEEE RO B
NEIVEET A T=A NORAIRE HIET, 0 CRBBONT v —TbEITV, £
PRYEMERHM & IR T 2=y PO ZIT> TV FETH D,
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Experimental Section for Chapter S

Methyl 2-(diphenoxyphosphoryl)-2-(3-phenylpropanamido)acetate (214)

o9
N_ _P(OPh),
wﬁ( T

O CO,Me

Ph

According to the experimental procedures of 56 and 57 (in chapter 2), to a solution of 47
(1.02 g, 2.24 mmol) in EtOAc (22 mL) was added methanolic HCI (prepared from 7.5 mL of methanol
and 1.2 mL of AcCl) and 10% Pd/C (100 mg, 10 wt%) at 0 “C. The mixture was stirred under
hydrogen for 3 h at room temperature. After filtration, the filtrate was concentrated under reduced
pressure to give amine hydrochloride salt S5 which was subjected to the next acylation without further
purification. 3-Phenylpropionic acid (336 mg, 2.24 mmol), EDCI (472 mg, 2.46 mmol), and DMAP
(137 mg, 1.12 mmol) were subsequently added to a solution of the residue 55 in CH,Cl,/DMF (2 : 1,
21 mL) at 0 ‘C under argon. The mixture was stirred for 14 h at room temperature, quenched with sat.
NH4CI1 (30 mL), and extracted with EtOAc (30 mL x 3). The combined organic layers were washed
with brine (90 mL), dried over MgSQO,, and filtered. The filtrate was concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel (hexane/EtOAc =5 : 1 to
1:1)to give 214 (329 mg, 32% over 2 steps) as a white solid;
mp 114-115 C
FTIR (neat) 3278, 3062, 3029, 2953, 1751, 1683, 1590, 1531, 1489, 1455, 1277, 1206, 1184, 1162
cm'l;
'H NMR (300 MHz, CDCl;) § 7.36-7.28 (m, 5 H), 7.23-7.14 (m, 10 H), 6.33 (brd, 1 H), 5.61 (dd, J =
22.8,9.0 Hz, 1 H), 3.78 (s, 3 H), 2.92 (t, ] = 7.7 Hz, 2 H), 2.62-2.45 (m, 2 H);
C NMR (75 MHz, CDCl;) 8 171.8 (d, 2Jcp = 6.0 Hz), 166.6 (d, *Jep = 3.0 Hz), 150.02 (d, 2Jcp = 9.1
Hz), 149.97 (d, *Jep = 9.3 Hz), 140.3, 129.8, 128.4, 128.2, 126.2, 125.6, 120.25 (d. *Jep = 3.8 Hz),
120.19 (d, Jep = 4.5 Hz), 53.3, 50.7 (d, 'Jep = 153.2 Hz), 37.5, 31.0;
HRMS (FAB) caled for Cy4HysNOGP m/z 454.1419 [M+H]', found 454.1426.
C NMR spectrum of 214 was shown in appendix.

(S5R)-tert-Butyl 2-cyano-5-(hydroxymethyl)pyrrolidine-1-carboxylate (217)
(S5R)-tert-Butyl 2-cyano-5-(((trimethylsilyl)oxy)methyl)pyrrolidine-1-carboxylate (218)
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OH

OR

Boc Boc
216 217 (R=H)
218 (R =TMS)

Alcohol 216" (4.26 g, 18.4 mmol) was dissolved in CH,Cl, (92 mL), and the solution was
stirred for 20 min at =78 °C under argon. To the solution were added TMSCN (4.6 mL, 36.8 mmol)
and BF;*OEt, (2.7 mL, 22.1 mmol), and the mixture was stirred for 1.5 h and quenched with sat.
NaHCOs; (100 mL). The organic layer was separated and the aqueous layer was extracted with EtOAc
(100 mL x 2). The combined organic layers were washed with brine (300 mL), dried over MgSO,, and
filtered. The filtrate was concentrated under reduced pressure. The residue was purified by flash
column chromatography on silica gel (hexane/EtOAc=10:1to 1: 1) to give 218 (1.23 g, 22%) as a
colorless oil and 217 (2.31 g, 56%) as a colorless oil;

217:

FTIR (neat) 3447, 2978, 2883, 1698, 1477, 1457, 1384, 1367, 1256, 1220, 1164, 1125, 1089, 1049
cm™;

HRMS (FAB) caled for C;;H9N,O3 m/z 227.1396 [M+H]", found 227.1393.

218:

FTIR (neat) 2958, 2875, 1701, 1477, 1458, 1366, 1252, 1166, 1111, 1082, 1044 cm™;

HRMS (FAB) caled for C14H»,N,03Si m/z 299.1791 [M+H]", found 200.1801.

'H and "*C NMR spectra of 217 and 218 showed broad and complex signals because of a mixture of

rotamers and diastereomers. 'H and '>*C NMR spectra are shown in appendix.
p pp

218—217
OTMS OH
@4« E—— @4«
N CN N CN
Boc Boc

To a solution of 218 (1.31 g, 4.39 mmol) in THF (10 mL) was added 2N HCI (10 mL) at
0 °C. The mixture was stirred for 30 min, quenched with sat. NaHCO; (10 mL), and extracted with
EtOAc (10 mL x 3). The combined organic layers were washed with brine (50 mL), dried over MgSOy,,
and filtered. The filtrate was concentrated under reduced pressure. The residue was purified by flash

column chromatography on silica gel (hexane/EtOAc=5:1to2: 1) to give 217 (1.00 g, quant.).
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(2R)-tert-Butyl 2-(((tert-butyldimethylsilyl)oxy)methyl)-5-cyanopyrrolidine-1-carboxylate (219)
OTBS
Moo

To a solution of 217 (3.25 g, 14.4 mmol) in CH,Cl, (72 mL) were added Et;N (3.0 mL,
21.5 mmol), DMAP (175 mg, 1.44 mmol), and TBSCI (3.25 g, 21.5 mmol) at 0 ‘C under argon. The
mixture was stirred for 7 h at room temperature and quenched with sat. NH4CI (80 mL). The organic
layer was separated and the aqueous layer was extracted with EtOAc (80 mL x 2). The combined
organic layers were washed with brine (240 mL), dried over MgSQ,, and filtered. The filtrate was
concentrated under reduced pressure. The residue was purified by flash column chromatography on
silica gel (hexane/EtOAc =40 :1to 8 : 1) to give 219 (3.61 g, 74%) as a colorless oil;
FTIR (neat) 3517, 2955, 2930, 2884, 2858, 1702, 1472, 1462, 1367, 1254, 1167, 1110, 1045, 1009
cm'l;
HRMS (FAB) caled for C;7H33N,03Si m/z 341.2260 [M+H]", found 341.2238.
'H and "°C NMR spectra of 219 showed broad and complex signals because of a mixture of rotamers

and diastereomers. 'H and '*C NMR spectra are shown in appendix.
p pp

Biscarbamate 221

OTBS
NBoc
N
Boc o)

To a solution of 219 (11.0 g, 32.2. mmol) in EtOH/H,O (2 : 1, 40 mL) was added Pt
catalyst 222 (41.4 mg, 96.5 umol), and the mixture was stirred at 80 °C. After 3 h, the solvent was
removed under reduced pressure. The residue was diluted with CH,Cl,, dried over MgSO,, and filtered.
The filtrate was concentrated under reduced pressure to give amide 220 which was subjected to the
next reaction without further purification. Boc,O (22.2 mL, 96.5 mmol) and DMAP (3.93 g, 32.2
mmol) were subsequently added to a solution of the residue 220 in CH,Cl, (160 mL) at 0 ‘C under
argon. The mixture was stirred for 2.5 h at room temperature and concentrated under reduced pressure.
The residue was purified by flash column chromatography on silica gel (hexane/EtOAc=30:1to 10 :
1) to give 221 (15.3 g, 85%) as a white solid;

FTIR (neat) 2980, 2955, 2932, 2859, 1781, 1751, 1700, 1473, 1460, 1370, 1302, 1251, 1155, 1117
cm™;

HRMS (FAB) calced for C,7Hs;N,OgSi m/z 559.3415 [M+H]", found 559.3423.
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'H and "*C NMR spectra of 221 showed broad and complex signals because of a mixture of rotamers

and diastereomers. 'H and '*C NMR spectra are shown in appendix.
p pp

(5R)-1-tert-Butyl 2-methyl 5-(((fert-butyldimethylsilyl)oxy)methyl)pyrrolidine-1,2-dicarboxylate
(200)
OTBS
N CO,Me
Boc
To a solution of 221 (11.5 g, 20.6 mmol) in MeOH (206 mL) was added NaOMe (1.17 g,

20.6 mmol). The mixture was stirred for 22 h at reflux and concentrated under reduced pressure. The
residue was diluted with Et,O and filtered. The filtrate was concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel (hexane/EtOAc =30:1to 15: 1)
to give 200 (5.38 g, 70%) as a colorless oil. The spectroscopic data ("H NMR) of 200 was completely

identical to that reported'?).

(2R,5R)-1-tert-Butyl 2-methyl
5-((E)-2-benzamido-3-methoxy-3-oxoprop-1-en-1-yl)-2-((1S,2R)-2-(((benzyloxy)carbonyl)amino)-
1-hydroxy-3-methoxy-3-oxopropyl)pyrrolidine-1,2-dicarboxylate (223)

“ CO,Me
M(NHCbz
H \
O co,Me Bog

COQMG

To a solution of 57 (253 mg, 594 wmol) and Nal (102 mg, 683 umol) in THF (5.9 mL) was
added DBU (93 mL, 624 umol) at 0 “C under argon. The mixture was stirred for 10 min at 0 °C and
5 min at =78 “C. To the mixture was added a solution of 44 (151 mg, 297 wmol) in THF (1.5 mL).
The mixture was stirred for 10 min at =78 “C and gradually warmed up to 0 “C for 5 h. The mixture
was quenched with sat. NH4Cl1 (10 mL), and extracted with EtOAc (8 mL x 3). The combined organic
layers were washed with brine (24 mL), dried over MgSQ,, and filtered. The filtrate was concentrated
under reduced pressure. The residue was purified by flash column chromatography on silica gel
(hexane/EtOAc =9 : 1to 1 : 1) to give 223 (135 mg, 67%, E : Z = 82 : 18*”) as a colorless amorphous
solid;

FTIR (neat) 3340, 3064, 3033, 2978, 2953, 1724, 1671, 1516, 1488, 1437, 1386, 1368, 1254, 1199,
1163, 1055, 1026, 1016 cm’™;
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'"H NMR (300 MHz, CDCL) & 8.16 (s, 1 H), 7.82 (d, J = 6.9 Hz, 2 H), 7.74 (d, J = 8.7 Hz, 1 H),
7.57-7.44 (m, 3 H), 7.36-7.28 (m, 5 H), 6.19 (brd, J= 8.7 Hz, 1 H), 5.98 (d, /= 9.3 Hz, 1 H), 5.31 (td,
J=83,2.1Hz 1 H), 5.12 (s, 2 H), 4.56 (dd, J = 9.3, 4.1 Hz, 1 H), 4.39 (brd, J = 7.5 Hz, 1 H),
3.91-3.73 (m, 9 H), 2.51 (m, 1 H), 2.43-2.33 (m, 2 H), 1.78 (m, 1 H), 1.45 and 1.40 (s x 2, 9 H);

3C NMR (75 MHz, CDCLy) & 172.3, 170.2, 165.4, 164.2, 156.3, 155.8, 136.2, 136.0, 134.5, 133.4,
131.8, 128.7, 128.4, 128.0, 127.9, 126.8, 124.0, 82.0, 76.6, 72.9, 67.0, 59.8, 55.6, 53.0, 52.7, 52.2,
34.5,30.5 28.0;

HRMS (FAB) calcd for C33HuoN301, m/z 684.2768 [M+H]", found 684.2764.

(2R,5R)-1-tert-Butyl 2-methyl
5-((S)-2-benzamido-3-methoxy-3-oxopropyl)-2-((1S,2R)-2-(((benzyloxy)carbonyl)amino)-1-hydro
xy-3-methoxy-3-oxopropyl)pyrrolidine-1,2-dicarboxylate (224)

| N COzMe
N M_(NHCbz
H \
O Co,Me Bog:

HO CO,Me

223 (125 mg, 183 mmol) and Rh(nbd)(dppb)BF,4 (12.9 mg, 18.3 mmol) was dissolved in
degassed MeOH (1.5 mL). The degassed mixture was placed in a high-pressure hydrogen tube under
argon. The tube was sealed and cooled to =78 °“C. The tube was vacuumed and then hydrogen was
introduced into the tube. After repeating of the gas-exchange process for 4 times, the mixture was
stirred for 2 weeks at room temperature under 1.0 MPa of hydrogen atmosphere. The hydrogenation
was carefully leaked from the tube and the mixture was concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel (hexane/EtOAc=3:1to1:1) to
give 224 (94.7 mg, 76%, dr = 55 : 45%*) as a colorless amorphous solid;
FTIR (neat) 3336, 3065, 3010, 2979, 2054, 2853, 1743, 1667, 1531, 1490, 1455, 1437, 1392, 1369,
1331, 1255, 1219, 1163, 1017 cm’';
HRMS (FAB) caled for C34Hy4N3O1, m/z 686.2925 [M+H]", found 686.2918.
'H and "°C NMR spectra of 224 showed broad and complex signals because of a mixture of rotamers
and diastereomers. 'H and C NMR spectra are shown in appendix.
*The dr of 224 was determined by converting the crude product to 211, HPLC analysis of crude 211

indicated the ratio was 55 : 45.
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N-Benzoylkaitocephalin (211)

I K CO,H

A NH,
N
COMH "H3  coH
To a solution of 224 (94.7 mg, 138 wmol) in Me,S (2.8 mL) was added AICI; (368 mg, 2.76

@)

mmol) at 0 ‘C. The mixture was stirred for 17 h with gradually warming to room temperature, and
quenched with water (5 mL). The mixture was stirred for additional 1 h at room temperature and
concentrated under reduced pressure. The residue was purified by Dowex”™ 50W x 4 (elution with 1N
NH4OH) and reversed-phase column chromatography (elution with water) to give a mixture of
N-benzoylkaitocephalin (211) and (9R)-isomer (225) as an ammonium salt. The mixture was separated
by HPLC (COSMOSIL" 5C5-PAQ Packed column, ¢ 20 x 250 mm, eluted with 5% MeOH/20 mM
Et,NH-CO, buffer pH 7, 6.0 mL/min) to give N-benzoylkaitocephalin (211) diethylamine salt (15.5
mg, 23%) and (9R)-isomer (225) diethylamine salt (11.2 mg, 17%) as a colorless solid;

[a]p® = -24.3 (¢ 0.74, H,0);

'H NMR (300 MHz, D,0) § 7.75 (d, J = 7.3 Hz, 2 H), 7.55 (t, J = 7.3 Hz, 1 H), 7.46 (t,J = 7.3 Hz, 2
H), 4.45 (m, 2 H), 4.13 (brs, 1 H), 3.76 (m, 1 H), 2.48 (m, 1 H), 2.34 (m, 1 H), 2.18-2.08 (m, 3 H),
1.66 (m, 1 H);

C NMR (125 MHz, D,0) 8 177.3 x 2*, 174.5, 170.5, 133.5, 132.4, 128.9, 127.3, 76.4, 71.1, 59.0,
55.6, 53.6, 35.0, 32.0, 29.8;

HRMS (FAB) caled for C3H2N30g m/z 408.1407 [M-H]’, found 408.1408.

*The chemical shifts were determined by HMBC correlation (a lower figure). Its HMQC and HMBC

spectra were shown in appendix.

H

0]
7N\ :HMBC
(9R)-N-Benzoylkaitocephalin (225)
H, CO,H
) R N NH2
o H ol
COH "Ho  coH
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[a]p = -19.7 (¢ 0.58, H,0);

'H NMR (300 MHz, D,0) § 7.77 (d, J = 7.3 Hz, 2 H), 7.57 (t, J = 7.3 Hz, 1 H), 7.48 (t,J = 7.3 Hz, 2
H), 4.47-4.42 (m, 3 H), 4.14 (brs, 1 H), 3.73 (m, 1 H), 2.39-2.17 (m, 4 H), 2.09 (m, 1 H), 1.71 (m, 1
H);

C NMR (125 MHz, D,0) 8 177.4 x 2*, 174.4, 170.7, 133.4, 132.4, 128.9, 127.4, 76.6, 71.1, 58.6,
55.6,53.3,35.0,31.9,29.4;

HRMS (FAB) calcd for C;sH2,N30g m/z 408.1407 [M-H], found 408.1400.

*The chemical shifts were determined by HMBC correlation (a lower figure). Its HMQC and HMBC

spectra were shown in appendix.
777(d J=73H2) 530
H 447442 (m) H\OH 1744
H

H
N, ©
- NH2
170.7 (|
0O HO H- (0] 7\ :HMBC
177.4 1‘172'HO 174

(m)

(2R,5R)-1-tert-Butyl 2-methyl
2-((18,2R)-2-(((benzyloxy)carbonyl)amino)-1-hydroxy-3-methoxy-3-oxopropyl)-5-((E)-3-methox
y-3-0x0-2-(3-phenylpropanamido)prop-1-en-1-yl)pyrrolidine-1,2-dicarboxylate (228)

Ph
N CO,Me
2 N NHCbz
o)

H \
Boc:
COMe g ‘co,Me

To a solution of 214 (283 mg, 625 umol) and Nal (108 mg, 719 umol) in THF (6.2 mL)
was added DBU (98 mL, 656 umol) at 0 “C under argon. The mixture was stirred for 10 min at 0 C
and 5 min at -78 “C. To the mixture was added a solution of 44 (159 mg, 313 umol) in THF (1.6 mL).
The mixture was stirred for 10 min at =78 “C and gradually warmed up to 0 “C for 3 h. The mixture
was quenched with sat. NH4Cl (10 mL), and extracted with EtOAc (10 mL x 3). The combined
organic layers were washed with brine (30 mL), dried over MgSO,, and filtered. The filtrate was
concentrated under reduced pressure. The residue was purified by flash column chromatography on
silica gel (hexane/EtOAc=7:1to 1 : 1) to give 228 (148 mg, 66%) as a colorless amorphous solid;
FTIR (neat) 3335, 3063, 3028, 2979, 2953, 1722, 1671, 1515, 1454, 1436, 1385, 1368, 1251, 1216,
1200, 1165, 1048, 1015 em™;
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'"H NMR (300 MHz, CDCLy) 8 7.47 (d, J = 8.7 Hz, 1 H), 7.35-7.19 (m, 11 H), 6.18 (brd, J = 8.1 Hz, 1
H), 5.98 (d, J=9.3 Hz, 1 H), 5.21 (td, J = 8.4, 2.1 Hz, 1 H), 5.10 (s, 2 H), 4.53 (dd, J= 9.3, 4.1 Hz, 1
H), 4.36 (dd, J = 10.1, 3.2 Hz, 1 H), 3.85-3.71 (m, 9 H), 2.99 (dtd, J = 14.1, 14.1, 7.2 Hz, 2 H), 2.59 (t,
J=72Hz, 2 H),2.48 (m, 1 H), 2.30 (m, 2 H), 1.70 (m, 1 H), 1.36 (s, 9 H);

3C NMR (75 MHz, CDCLy) 8 172.1, 170.3, 170.2, 163.7, 156.1, 155.7, 140.3, 136.0, 133.0, 128.3,
128.2, 128.1, 127.9, 127.7, 126.0, 123.8, 81.8, 76.3, 72.8, 66.8, 59.5, 55.5, 52.7, 52.3, 52.0, 38.9, 34.2,
31.1,30.2, 27.8;

HRMS (FAB) calcd for C3gHy6N3O1, m/z 712.3081 [M+H]", found 712.3085.

(2R,5R)-1-tert-Butyl 2-methyl
2-((18,2R)-2-(((benzyloxy)carbonyl)amino)-1-hydroxy-3-methoxy-3-oxopropyl)-5-((S)-3-methoxy
-3-0x0-2-(3-phenylpropanamido)propyl)pyrrolidine-1,2-dicarboxylate (229)

H CO,Me
M_(NHCbz
PN

©  cojue W6 coMe

228 (148 mg, 208 wmol) and Rh(nbd)(dppb)BF, (14.7 mg, 20.8 wmol) was dissolved in
degasses MeOH (1.7 mL). The degassed mixture was placed in a high-pressure hydrogen tube under
argon. The tube was sealed and cooled -78 °C. The tube was vacuumed and then hydrogen was
introduced into the tube. After repeating of the gas-exchange process for 4 times, the mixture was
stirred for 2 weeks at room temperature under 1.0 MPa of hydrogen atmosphere. The hydrogenation
was carefully leaked from the tube and the mixture was concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel (hexane/EtOAc=5:1to 1:2) to
give 229 (117 mg, 79%, dr = 77 : 23*) as a colorless amorphous solid;
FTIR (neat) 3323, 3064, 3010, 2978, 2953, 2930, 2854, 1743, 1667, 1524, 1454, 1437, 1253, 1215,
1163, 1016 cm™;
HRMS (FAB) caled for C3¢HygN3O1, m/z 714.3238 [M+H]", found 714.3243.
'H and C NMR spectra of 229 showed broad and complex signals because of a mixture of rotamers
and diastereomers. 'H and C NMR spectra are shown in appendix.
* The dr of 229 was determined by converting the crude product to 212, HPLC analysis of crude 212

indicated the ratio was 77 : 23.
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Dihydrocinnamylkaitocephalin (212)

=

N
§ CO,H
mmz
° coH Mg oo

To a solution of 229 (117 mg, 164 umol) in Me,S (3.3 mL) was added AICl; (438 mg, 3.29
mmol) at 0 ‘C. The mixture was stirred for 12 h with gradually warming to room temperature, and
quenched with water (5 mL). The mixture was stirred for additional 1 h at room temperature and
concentrated under reduced pressure. The residue was purified by Dowex”™ 50W x 4 (elution with 1N
NH4OH) and reversed-phase column chromatography (elution with water) to give a mixture of
dihydrocinnamylkaitocephalin (212) and (9R)-isomer (230) as an ammonium salt. The mixture was
separated by HPLC (COSMOSIL® 5C;5-PAQ Packed column, ¢ 20 x 250 mm, eluted with 10%
MeOH/20 mM Et;NH-CO, buffer pH 7, 6.0 mL/min) to give dihydrocinnamylkaitocephalin (212)
diethylamine salt (14.7 mg, 18%) and (9R)-isomer (230) diethylamine salt (6.2 mg, 7.4%) as a
colorless solid;
[a]p = -36.7 (¢ 0.73, H,0);
'H NMR (300 MHz, D,0) 8§ 7.35-7.22 (m, 5 H), 7.25 (t, J = 7.2 Hz, 1 H), 4.47 (s, 1 H), 4.13-4.10 (m,
2 H), 3.28 (m, 1 H),2.92 (dd, J=11.1, 6.8 Hz, 2 H), 2.62 (t, /= 6.8 Hz, 2 H), 2.30-2.24 (m, 2 H), 1.94
(m, 1 H), 1.82-1.76 (m, 2 H), 1.41 (m, 1 H);
C NMR (125 MHz, D,0) § 175.2 x 2%, 174.2, 171.1*, 140.7, 128.8, 128.7, 126.6, 76.3, 70.9, 58.8,
55.5,52.9,37.2,35.0,32.0, 31.1, 29.4;
HRMS (FAB) caled for C,0H,sN30g m/z 438.1876 [M+H]", found 438.1865.
*The chemical shifts were determined by HMBC correlation (a lower figure). Its HMQC and HMBC

spectra were shown in appendix.

2.92
(dd, J=11.1,
6.8 Hz) 1.94 (m)
H 4.13-4.10 (m

262 t, = 6.8 Ha)
175.2 .
HO H-,)=0 /X : HMBC
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(9R)-Dihydrocinnamylkaitocephalin (230)

H/ CO,H
’/ S \ NH,
H \
O con H,

O CO.H
"H NMR (300 MHz, D,0) 8 7.37-7.23 (m, 5 H), 4.50 (s, 1 H), 4.11-4.05 (m, 2 H), 3.00-2.83 (m, 3 H),
2.65 (t,J = 6.9 Hz, 2 H), 2.32 (dd, J = 13.1, 6.5 Hz, 1 H), 2.19-1.98 (m, 2 H), 1.92-1.74 (m, 2 H), 1.43
(m, 1 H);
HRMS (FAB) calcd for CoHasN3Og m/z 438.1876 [M+H]", found 438.1873.

Dechlorokaitocephalin (213)

HO
H CO,H
Xy NH,
H \
O Cop

0 CO,H

To a solution of kaitocephalin ammonium salt 166 (41.4 mg, 81.0 umol) in MeOH/H,0O
(1:1,2mL) was added i-Pr,NEt (42 mL, 243 umol) and 10% Pd/C (16.6 mg, 40 wt%) at 0 °C. The
mixture was stirred for 3 h at room temperature under hydrogen using balloon (1 atm) and filtered.
The filtrate was concentrated under reduced pressure. The residue was purified by Dowex”™ 50W x 4
(elution with 1N NH4OH) and reversed-phase column chromatography (elution with water) to give a
mixture of dechrolokaitocephalin (213) and (9R)-isomer (231) as an ammonium salt. The mixture was
separated by HPLC (COSMOSIL® 5Cis-PAQ Packed column, ¢ 20 x 250 mm, eluted with 5%
MeOH/20 mM Et,NH-CO, buffer pH 7, 6.0 mL/min) to give dechrolokaitocephalin (213)
diethylamine salt (14.5 mg, 36%) and (9R)-isomer (231) diethylamine salt (7.2 mg, 18%) as a
colorless solid;

[a]p'’ = -36.5 (¢ 1.02, H,0);

'H NMR (300 MHz, D,0) 8 7.74 (d, J = 8.7 Hz, 2 H), 6.95 (d, J = 8.7 Hz, 2 H), 4.52 (s, 1 H), 4.48 (m,
1 H), 4.27 (s, 1 H), 3.82 (m, 1 H), 2.54 (m, 1 H), 2.39 (m, 1 H), 2.25-2.07 (m, 3 H), 1.73 (m, 1 H);

C NMR (75 MHz, D,0) § 177.5, 174.4, 170.7, 169.7, 129.6, 125.1, 115.5, 76.4, 70.7, 59.0, 55.5,
53.5,35.0, 32.0, 29.7;

HRMS (FAB) caled for CigH»4N3O9 m/z 426.1513 [M+H]", found 426.1517.
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(9R)-Dechlorokaitocephalin (231)

HO
H/ CO,H
: R NH2
H
O Con

N
H &
2 HO CO,H

[a]p’! = =27.2 (¢ 1.04, H,0);

'H NMR (300 MHz, D,0) & 7.74 (d, J = 8.4 Hz, 1 H), 6.94 (d, J = 8.4 Hz, 1 H), 4.51-4.45 (m, 2 H),
4.15 (brs, 1 H), 3.75 (m, 1 H), 2.44-2.22 (m, 4 H), 2.15 (m, 1 H), 1.73 (m, 1 H);

C NMR (75 MHz, D,0) § 177.6, 174.3, 170.7, 169.9, 159.5, 129.7, 125.1, 115.5, 76.7, 70.6, 58.6,
55.5,53.2,35.0,31.9, 29.3;

HRMS (FAB) calcd for CsH,4N300 m/z 426.1513 [M+H]", found 426.1511.
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Figure 5-6. Specific Binding of kaitocephalin analogs. Explanatory notes: Glu = L-glutamic acid,
Bz-KC = N-benzoylkaitocephalin (211), 9epi-Bz-KC = (9R)-N-benzoylkaitocephalin (225), DHC-KC
= dihydrocinnamylkaitocephalin (212), 9epi-DHC-KC = (9R)-dihydrocinnamylkaitocephalin (230),
deCI-KC = dechlorokaitocephalin (213), 9epi-deCI-KC = (9R)-dechlorokaitocephalin (231).

Table 5-1. IC5, value of kaitocephalin analogs for NMDARs

ICso (NM)
KC (166) 8
Bz-KC (211) 54
(9R)-Bz-KC (225) 300
DHC-KC (212) 1400
(9R)-DHC-KC (230) 4500
deCI-KC (213) 25
(9R)-deCI-KC (231) 290
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4.099 sec
2.901 sec

17

0.00 KHz
6.2 us

134300.0 Hz
7.26 ppm

0.12 Hz

32768
25.8 ¢

399.65 MHz
7993.6 Hz
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