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Abbreviations

Ac acetyl

Aiha a-amino-B-[4’-2’-iminoimidazolidinyl]-B-hydroxypropionic acid
Ala alanine

Alloc allyloxycarbonyl

ag aqueous

atm atmosphere

Bn benzyl

Boc tert-butyloxycarbonyl

BOP benzotriazole-1-yl-oxy-tris-dimethylaminophosphonium hexafluorophosphate
Bt 1,2,3-benzotriazole

Bu butyl

Bz benzoyl

°C degrees Celsius

cat catalytic

Cbz benzyloxycarbonyl

COSY correlation spectrocopy

d  chemical shift in parts per million

dba dibenzylideneacetone

DDQ 2,3-dichloro-5,6-dicyano-p-benzoquinone
DEADdiethyl azodicarboxylate

DEBPT 3-(diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-one
DHP 3,4-dehydro-2H-pyran

DIAD diisopropyl azodicarboxylate

DIEA N,N-deisopropylethylamine

DMAP N,N-dimethyl-4-amino)pyridine

DMBA 1,3-dimethylbarbituric acid

DMF N,N -dimethylformamide

DMSO dimethyl sulfoxide

DTBP 2,6-di-tert-butylpyridine

EA ethyl acetate

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

Et ethyl

FDAA 1-fluoro-2,4-dinitrophenyl-5)-I-alaninamide



Fmoc 9-fluorenylmethyloxycarbonyl

g gram(s)

Gly glycine

GPC gel permeation chromatography

h  hour(s)

HATU 7-azabenzotriazole-1-yl-1,1,3,3-tetramethyluronium hexafluorophosphate
HMBC hetero-nuclear multiple-bond connectivity
HOAt 1-hydroxybenzotriazole

HPLC high-performance liguid chromatography
HSQC hetero-nuclear single quantum coherence
Hz hertz

IPA  isopropyl alcohol

J  coupling constant

KHMDS potassium hexamethyldisilazide

L liter(s)

Lev levulinoyl

LHMDS lithium hexamethyldisilazide

M moles per liter

m  milli

u micro

mCPBA m-chloroperoxybenzoic acid

Me methyl

MHz megahertz

min minute(s)

mol mole(s)

MRSA methicillin-resistant Staphylococcus aureus
MS molecular sieves or mass spectrometry

Ms mesyl (methansulfonyl)

n  normal

NBS N-bromosuccinimide

NIS N-iodosuccinimide

NMR nuclear magnetic resonance

NOE nuclear Overhauser effect

Nu nucleophile

ppmparts per million

PPTS pyridium p-toluenesulfonate



Ph phenyl
Phe phenylalanine
Pmc2,2,5,7,8-pentamethylchroman-6-sulfonyl
Py pyridine
PyBOP benzotriazole-1-yl-oxy-tris-pyrrolidini-phosphonium hexafluorophosphate
r.t. room temperature
Ser serine
solv solvent
Su succinimide
t tertiary
TBD triazabicyclodecene
TBDPS tert-butyldiphenylsilyl
TBStert-butyldimethylsilyl
TFAtrifluoroacetic acid
TFE2,2,2-trifluoroethanol
Tf trifluoromethanesulfonyl
THF tetrahydropyran
TLC thin layer chromatography
TMG 1,1,3,3,-tetramethylguanidine
TMS trimethylsilyl
TOCSY totally correlated spectroscopy
Trt trityl
Tyr tyrosine
UV ultra violet
Val valeryl

VRE vancomycin-resistant enterococci
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1-1 ABPEEMERRERIL S Y

HIERIZ A S LT b dsds L& 38-40 (B4, C ORI A2 B 7ok 2 7o W hs Hisk b
BT D TNODOEMIT, BRMAEZEEZ R OB ERERILEWE EERNTIEY L
TEio, RWEA IOz T, 2o OFELAWII S = RochiiE = H 354 V37 E,
g, B L W o T AR LR AL A RT CTE 220, R0 ZRei CRRAEEE A
THLOBREEL HHRIEEINDLZ L Linote D, Fio, BENERSTI26F L CTRRMIZ, 2o
SROICHEAER T2 Db L AHET D700, AIFERIFRIZHB W T HIEFICEHE R M 42 T
BV F EAGBRLOMAEBET SIS A OB BNT Y I LT E—
7L Lo REREW Y,

I OF HRABEE R OHIZITRKIN G DIFERR LN DO H %L, 2, KA
MmH+aREEMETE AW TH - Th, FiREGR AN L7ZBRICiX, (WPEMTE 56
FINRESNS Z & b0, REMFHAICE W TEARIIZE M) CEEREE SO T2,

BAMIEDIEL O T, Fr B i & Fr o RIRE L AT A A L F D3 B8k 2
AR L CE e, £ LT, R OS2 OB OMRIZE Y fHimfE T, < Df
M2 GG AL PR FIERAEL SN TE T, —filE LT, 1970 FRITITMD TEERD D58
NIRAERIEWEZ O T v R 7T oV PR OEBULFE OERER L 72 | 5 BER E
(Z O DI FF ORI & SIRRIRAYICHEEE T 5 24k 72 TR 23 BR%E S vz 9, 1970—80 4F 14X
2, =V Aa~A ORI, BNTPEIEEZ AT 5~ 7 0 T4 RERILY HRTOE
AL H ORFFRER & 220 . B~ 2 v 57 b ALFENRIE S Y, 1990 ERICIE, 7R
T2 RS RO OIS N Y IHENTH S T2 Z XV — R ER & 72D | 200 %18
IZHT 7 =TI X ) RSB S, BATR 8 BRAME T 284 R TIENHE S

- 6)
— o

prostaglandin E4 (1) erythromycin (2) taxol (3)

Figure 1-1
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I, ARSI FIEORBER 2B RIZ IV | TRERECCRFRE, Rx REE BT
= w&Dﬁﬁﬁﬁkwf%%%%®%ﬁﬁwiT%@%ﬁ&ﬁofw — T, ~T R
RN LTb Y. mistE e & 2R (L W2 B 9 121, %@Amiﬁmﬁ
SEIEF T TR B, T TRIEEOMNL LR TR L NS, RIZICEOERD #
WHDBFESL L TOW RN DB e, ZIVb OILEM E TG HIZELY #5 — i 72 Fikim o
HESTIZ KRR AR D3 B BV CTHieD CEEZRFRE L 72> T D,

1-2 AW LmERE O HER
1-2-1 HiEWE

A5 100 ERTO X, BUEDF531F & D 40 1R Th o7z, M Z 0 100 45T
RESMOTER & LT, EFERCEROZBRLESN T DD, ZOH T HIRGEDTEH
ZAREL LIZPUAEWE O AT, 20 iR KOEZ EORRLE VWb D, FUAEWENRER S
N LR, BARANDOIFERITFEAECMi A /e & OISYEN F72 5 7203, FUAEWE AR R S CLik
BEDSERIE, B IME R ORBD X 9 RIFEYYEDIRRA~EB Y Ebo72 7,

1928 4, Fleming {Z X U SR E I B2 B3 R S 4172 penicillin(4)iX, & O 4R HAL TV
Jiti 2% @féfikl%aﬁi T AGHEICHUETEE 2 G T 2{ba L L CiER &z, penicillin(4)
DIEFNZE Y | Z< OWIRHE D, A D 2 IRKEIPEW > b HIAWE 25 13 20982 B L
7o ﬁ%iﬁ%w)k LT, 1944 FEZU T AU BIZE BT 70 3y RRD streptomycin(5)
DI, Z D% D tetracycline(6)=° Yerythromycin(2) 07 & O F BavzEF 5% (Figure 1-2)

Y X

//\OH
penicillin (4)
HN
HZN\( >—NH2
NH
OH
CHO o
/O
OH O
HO,
HO NHMe
HO
streptomycin (5) erythromycin (2)

Figure 1-2
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PUAEWE (antibiotics) DEEWIL. 1941 FEloBA <y « U7 A< W [HAEMIC X > TED
. BEHOREERILT2WE] BNEFZETH DL, 4 H TIE [EDOFEHY B RO
R LR EBb bR TS Y,

A HPUEWE I A REER S D, T 7V av RR, v7ul KR, B-77 % L%,
TRIFAT VR, =a—F ) VVRBPERTHY . ZHDIE, 58I TIEWFIE AT fL
EHT L0 TRL BANBESCZ AL SE SN TH D, L LR, #H3Eo
FEE & HIZENDL OB, HEANMMERE OB MOMEL S 22 Lz, NEIZ, 20
MR & OB B W TEFEOFIHE DL BIT k> TR L TE =23, BED EOHiAEWE &
BT WEAIMMPERE O HBIN K X 2EE 72> TV 5,

1-2-2  TitEEE 2

AR DY | PLEHI OB & MHMEE OFBUT, NEHEME L DKL ORWERWTH DL, =
DX IR LOF, AF U UMtEE G 7 R 7EKE  (methicillin-resistant Staphylococcus
aureus : MRSA) O¥ELL, fE2MICRE 2 E 72 o7, MRSA 1L, penicillin it~
7 BRI A 2072 methicillin (2 U CliftE 2 45 L7287 RUEKE Th Y | 1961 412 5 [E TH
& ST, MRSA &, methicillin (2L 28R L7 7210 Tla <L bRkx 2B E S 2 S8 45
LTk, ZAIMMERE & L CEILZZET b0 b 28 HE I TW5D, \Ea7 Ny ERFEITEN
WZHAET D7 7 AGHEE Ch 5, WFITEETH DL, v M ORELIRMERBSCHHR, FEE
9. WUMAE, BEIRZE 70 k2 IR YEDIRR & 720 9 %, MRSA 1X &V DTG 13 o 1T
TR, BEROEGT RUKEEED LRV, L L, BB TR SRS, ik
DIBFE IR ERIENDPRT LIz A& 123 LT BUELRE LM DNBE R Eapl 22 L, v a
v ZHER, 2R AR THTT 25662 < BRI TOSRIIRESREE LD, Bl
FETIE, Rt SN2 AT R U EKEOK 60%5° MRSA &HESLTWVWD,

BIEH AT MRSA TRIEIEE L TRAISN TV OIHRAEWEIL., 7T/ XTF RO
arbekacin(7) (ABK)., 7'V =~X7F R%® vancomycin(8) (VCM) & teicoplanin(9) (TEIC)
EAXH YU T RD linezolid(10) (LZD) &EBRIR Y AR7F K% D daptomycin(1l) (DAP)
DEFETHL Y, ZOPTHVCM T —-FLANLNTEY . RO MEEOREBITIZ L
IMERDLNR o7, LL, 1980 FRIC D &Ny a~<w A 2 Ut ERE

(vancomycin-resistant enterococci :VRE) 72377Hff S41, OB EHIZIAE U BIE TITERIRFE
RETHBESNDNHEKED 5 B 20%7° VRE LHIE I TWD, VRE X, SENMET L7ZA
~OBENEG /e E 2B R LTI E 22> TV DA, ZBL BICR#E A2 O, VRE 23 VCM
ML B 54 2 i n+ vanA o vanB Z2-A L TWA Z L Th D, ZDEEHEMINEA T K7 ER
#<° MRSA IZEUWIAEND Z EIC L VRSA SHELL T L% 5 fERIENH 5, — %I vanA
K2 vanB 73 MRSA IZHR VA i 5 ATREMEIFFEE IRV E B 2 BTV D23, — & MRSA (2 vanA
RvanB 77 A I RBMBEEIS N, DT T A I RN T R UEREIZHEIG L CLEN LTEGA .



ROV AHE, VERT D ERMENE <720 VEM MEE O 2 5| X i 2 3 L R& S5, 2002
FEIZT AV A TVCM ZEHH#ES L COEESBIEE 25 VRSA Aot s iz, Zhidz o
A 2> 5 mecA Bis 1 & vanA BIE FOM T S 722 &6, MRSA IZ VRE 225 vanA
EHITITAI RBMEES R SRS T D B,

INHOHEEND, ENEFTOHRETHAEATHY, Zekho, TNETIEHINTHS
PUAME L3R D (EAEN & FF oA E ORI RO 5T 5 O, Ziud, s
BB LIZX 0 BEBRREZDMEA D= AL EZR2LFSoTWRNEEZZONLT-OTH D,

ZT
Iz

Iz

o}

H,C)gH3C N
(H2C)gH3 N

daptomycin (11)

Figure 1-3
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13 <= /) XRTFeA A
1-3-1 ~ 2 /) _XTF~A DA L EERE

~ ) NTF AT 0E, 1950 AFRITY IR Wyeth £ (B Pfizer #1) OBFEE HITL D
Streptomyces hygroscopicus LL-AC98 7> 538 L X du7z, L2>L7e B YDAl ¢l HEBEIS K
HThHo7-720, 1AW AC98 complex L4 ST bni-{bAmEE e L TRl &N, ACI8
complex 737 7 LGB IZRT U CRIWBITETEEZ RO Z L IXA BTV, IEFIZR A
TF VU UMPEEG T RUEKE (MRSA) <0 20 HAL&RIROFIAEME THDH /N a~ A 2 Ui
PZEE LT, Nrava U UmERE (VRE) I3 L CHIETEZ 8352 Enbnh, B
HEH &M=, £ LT, 2002 4£Z Haiyin He 512 X 0 AC98 complex 725 5 >D{bEM~ 2 )~
TF A 2 ae (12)~(16) 23 Hiff - iR E Sz P (Figure 1-8), ~ v/ T F~v A v
~¢ (12)~(16) OEEIL, BRATF FEREHI VBRI ) axXTTF RRILEMTH Y |
BIRAT T REBIKT 26007 X VDS LIOWERFET I VR THDH, 3>ORET I/ #
I B-methylphenylalanine & | AL\ MZ o fLDONLARILF3E D T AT LA~ —DOBHRICH 5 Aiha
(o-amino-B-[4°-2’°-iminoimidazolidinyl]-B-hydroxypropionic acid)-A & Aiha-B T& ¥ . Aiha-A 1 X
O Aiha-B I TR 2 BRIR 7 7 =V Ui 2/ LT D, F£72, Aiha-B O 77 =2 U EALIZIE
N fEAT~y ) —AERFEL, v~ ) XTF~A v BALIS D 4 DlF, Fu D7 =
VLS~ ) R R R L CWD, £lo, v/ Y RIHHE, v~y /XTI F~v A v v
a (12) BT OKEBIEDIEHEORETIEE L, v (14)~e (16)IXENENA VS L U VIR ERIT
Kimlo~ > ) —AD 2~4 fLKEEFIESE L7-ETH D, IEEDOR I, 4 fLI2A Y3
INEEA LT~y ) XTI TFw AT reW8) b mEm<, AFd>y>B>adAE 2 >TW D

18,19)
o

o He
OH OH OH
h OH o OR,
o)
HN NH Ry 'g/ o o OR
>_ ,4 OH 3
Aiha-B N HN _ YR
HN 3 OH ‘\NH Aiha-A OH 2
o o -
0 " a Ry=H, Rg=H, Ry=H
v ‘OH 2= L 3=, g
NH HN___O

B Ry=H
o,

N
H
OR, y Ry=COCH,CH(CHj),, Rs=H, R,=H
8 Ry=H, R;=COCH,CH(CHj),, R,=H
& Ry=H, Ry=H, R;=COCH,CH(CHj),
07 ™NH HN
H
N,
o

28,3S)-B-MePhe
o W { Y e>8>y>B>a

HO

Antibacterial Activity

Mannopeptimycin a~¢ (12)~(16)

~



Figure 1-4
1-3-2 <2 ) XTI F~A v OAEBEMER B

~ 2 ) XTI F A 2 ATHINBE R R E S X 0 A BRIEE AR BT A (LAY TTH D 2, MluEE
ARBREIC X 0 IEME L B WE. R D BN FE O MR BE~FF R IC/ER L. AR BREE
ZRBLT 5, MIBEDEK A HET 2 Z & T, MEITMREOREEDEOERK LD b —fix
FIZ BN T D < 70 o T AIIRAE 2 & DRI HIIE TIIAMIR & ORI 720> S fliE N~ 203 i
AL, W#ERZ LIRS 5 2,

MIRABE I TS ARTF R 27U B o & KT D HEREED(LEMIZ LV ES N TR Y, D
IS I IR & T F FEIC L W AR SR T\ 5, #faEES kI, Scheme 1-1 IR @Y | ~2
TF KTV I ERERT D B/NNEEO G RGBT E TN D E SR E DY RN H D 2,
ATE ISR O/ NRAEE lipid 11 EFET, ZHEE_TF R 7V a ) JIRESER L
MiEE A L TWD, BERRIIHEHEZ S N7 A7 Y 224k (transglycosilation) &~~~
F R Z SR T AT F RL (transpeptidation) DIBFEIZ X ST HLD,

HO— NurNAc —CI)
|

GicNAS — "NurNAG —
\ L-?Ia ‘E?Z 0\—. urI c (i)
! P W PO,
NurNAc —cI> D-'ISOQIH transglycosilation §_“‘NU,NAC’ L-Iala
L-%Ia PO, b Iyls (gly)5 Lala D-isogin
p-ala
p-isogin p-isogin Lilys ——(gly)s
Alys—(gl! p-ala pgla
Llys—(gly), L_,ys_(g,y)a_NH,-‘s=°
p-ala HN
p-ala \\
p-ala
p-ala
lipid 11
0—.— ‘ NurNAc —(IJ
\ |
t » oo o
ranspeptidation Lala p-isogln o
—_— ] L-lys = (gly), —_— peptideglycan
p-isogin 5
L-lys (gly)g—p-ala
p-ala
Scheme 1-1

BONCHE R Sz penicillin(d)iX, F T 2 AT F KWK Z 580X TF F Rl g

(transpeptidase) #PAET 5 = & THIMEBED TR 24 L CRIE 2L s 5 2, £7- 20 i
FodeIR & W biuiz vancomycin(9)i&., lipid Il @ D-7 5 =/L-D-7 F = UM 2 3Rk L THE S L.
N7 A7 a v ALDIE Z ABEOEIS RS (transglycosylase) ZFHE L C., EMEEZ 3BT
Do LU G, BRO@Y | JrAEME OENN 22 ST 578 & L EE 2 A E i,
R ST s 2,

< ) RXTF~ A V%, BRIV T, EREO vancomycin(9)<° mersacidine & Vo
FALEFRE Dipid SRS T 22 LICE D F T AT T RMEERET S 2, L LAanb,



Z OFEA LT vancomycin <> mersacidine & (X872 0 | lipid I ~OFEE N Z o bAW & 135
ALV ERDPSTND D, ZDZ L VRE IZK LT HIEMEZHERFT 2 BN & 72> T
HLEEZBNDN. EOFEMRAEETAL, AR W TIWELZHH I TR, v~
I RXRTTF A v OICFRIERRIEDRIEDN . EOMIHICHFET 5 LW T %,

1-3-3 <2 ) XTF~ A 2 OFERFLE

1-3-3-1 BEEH &S

~ 2 ) XTI F A R, 2002 T B BEERE O WE D e STy, BUEE TR
DWMEITRV, EDIZD, HEISILTWAIFIEIX, RARPHEONT~Y Y ) X T TF~v AT %
HAWEFEERARNIEEAETH D, v ) XTI T~ A VU HHOHEEIEDO R S ) —hE LA
Vﬂvvw%@ﬁﬁmibﬁﬁé:kﬁ®\%ﬁ%ﬁ®%%%%@%ﬂ%@@%é’ﬁ%ﬁ%
BEHEZ2TWDEHEME D, BT OLFEMO LG S b D | BLUTFICHR 2 RIS
WHEN IR STV D,

2003 &=, YHF Weith £ Sum H1E, v/ XTI F~ A ¥ DX I BEREFE~D L2 EA %
RATFER, 2L OBA, BREBRROAEBHA/NSECTCH 7 L2RELTHDE P, LirL
NG, L OREG~ v ) — A~DERMILFRETH S Z & & R L7z, Sum & I1345 b v - JEi%
EOFIEIGEMEZ RN T 5 2 & TIHMERBUCKEARIMZFE L, S 5782 BAF72IENE, ZENME
AT LHEROAIHEZ B E LT FOMEREA K EIT>7 % (Scheme 1-2),

‘Klimirwe
MeO OMe \Q
HN NH

ol .

HN_ %
““ MeO OMe 19a: R = 4-MeONap
o >
N “OH HCVEt,O/DMSO  NaCNBH,/TFA/DMF

3 19b: R = 4-BnOPh

o / NH HN o o oH

N

‘g/ﬁ o
o NH HN o (o)
H o O o OH \
[\ OH
* (@] OH OH R
OH

0 21a: R = 4-MeONap
21b: R = 4-BnOPh

mannopeptimysin o (12)

Scheme 1-2

—Q oH

o 3

OHL
R

20a: R = 4-MeONap
20b: R = 4-BnOPh

% 0
i%;ﬁH
OH
OH

22a: R = 4-MeONap
22b: R = 4-BnOPh



772> 5 mannopeptimycin o (12)12xF L C, BEMESRMET, DA TFATEXZ—1 17 $ L< I 18
ZEMEE T, WA TR LI~y ) —ARRICT B — V2B AL, o7 ts
—/LVOIREWNTH LT, NaCNBH; ZBEMESR(F T CTIEH S, 782 —VEBREBASE, HPLC
WCEOHBRST 52T, =—7 11922 21572, 2 b DILEWOHUETE MR 2 36 L7z &
ZAH ANIB I 6 i —T b S kR 21a, 21b, 22a, 22b (3T fbEW LD BT
FIETEAESR L, vancomycin & RIZENZ L EOIE 2/ RT 2 E 2 R LT,

728 B AL SR MER TIE e < BER SO & R O T B O &Sl b # A S Cu D (Scheme
1-3), %4F Weith £ Sutherland 513, o-~ >/ % —E% HU T, mannopeptimycin o (12)D
KD~ ) —ADIEGIWr U738 23, 2 YT L 7= mannopeptimycin B (13)& %% =
LT LT 5 9,

jack bean a-mannosidase
or jack bean meal

mannopeptimysin 3 (13)
HO HO, HO HO,
OH OH
OH OH
[0} —] o}
HN NH HN NH
>~N HN% almond a-mannosidase FN HN’<
3 NH or buffer soluble fraction HN 3 NH

HN_ 3 :
.“‘OHO R of almond meal, pH 5 .‘\‘OHO R
O, o, O, .
N Y ‘OH Y
H H H

mannopeptimysin o (12) 23

Scheme 1-3

F7z, Sum BIXFEIRRO FEZBRE L, £/, RO RIZE S iR ES#IfGFTE 5 447
BRGNSk BRI Z ——T U KIZ X VEA LT, 28 FIHOHERIA 24a-n, 25a-n &
AU, PETE TR 2 520 U7z 20, 2 ORGSR, WIfEE 0 ERIE & A & OBERIRN RIF e BIETE
MZ 7R L, 24a 1280 Tid, vancomycin & [FIZELL EOTEM 2R3 2 & & R L 72 (Scheme 1-4),

10
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R

HO HO
OH R o o <
OH /< E/ OH E/ O
HN 0 NH MeO OMe o (e} o) OH
= =
>\ OH OH

et % gea

L L@ W o ﬁ
Hor E/YP“E

Q 0 Q

KIF 1@ D

e

m n I

HN

mannopeptimysin o (12)

Scheme 1-4
1-3-3-2 T v AUHTEFER OELA

Sum i, Fu v AMIBEFERHAOBEMOME L T\ d, 77205 mannopeptlmycm B (13)
Z kS LT, Scheme 1-5 [Z/R @D Fa D7 = /) —/VHKERIE EOBER 2 22 &
U F XA L LW U TR R A 20 FEA R LT (Z5HA U 7= EAL % Scheme 1-3 “CjLI%L
T L) P, T7hbb, 1312% LT, KNOs ZEeMESE FTIEM ST, F 1o Ol
FEREE=bafbL, ZNEETTDHIEICEIDT=U 2 26 ~FFE Lz, ZHICX LT,
a7 VT e Rt T TERSE S 2 LI 0Bk 27ap 2, — 5T 26 ICF4—
VBN LT 28 ~EH L T- RIS R ETT AR LG AT 5 2 &1 X 0 %K 29a-d
EARLE P, £/, E6IT, 26 ICHLTA Y FA LT F— MEEZFOWEEZ RS SET,
IR 31 LA L D, 2 b OFERIRIC OV CTHEIGMEE F7E L2 f5 58, 27b, 27d, 27m,
29b @ 4 {bEiE. vancomycin R TixAaW b DD, TTOLEM X bIEMERE BT 52 &2 R
WL,
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/@,}—N o ,0Bz
P

“'OBz
OBz OBz
31
J %
% | HaCiMeoH o7 b
P A @ @E @ @
0
OBz 27d 27
BzO - /@ >_>_
BzO OBz
SCN 30 /©: ? Q OMe/@: >_Q
o 279 27h 27i
HO OBz
BzO / o)_)—Ph
HO g
OH BzO0 OBz /@ H/@ >_O V@ >_O
(0) OH 27j OTol 27|
N i) KNO;
S o= Os o <N v i Sver
N HN 2) Pd/C, H, onDDQ %
HN_ i LOH NH_ MeOH DME 27m 270
S tansSSade: tv)
0
OH N "OH kS

| H : 26 27p©. o
., NH HN___Q dJ
)/\ ‘OH
(@) NH HN OH
N
o o) 1,1-thiocarbonyldiimidazole
DMPU

O .
W Bz O, /—4-CiBz

Jersmees

DIEA czé‘ N 'ZL' N

0 RBr

mannopeptimysin  (13) >—SH — 29a 29b

% N )ij[ >—s s
%

N ‘z‘. N

29c 29d
Scheme 1-5

F72. Sum 5%, mannopeptimycin aglycon (32)iZxf L C., Scheme 1-5 Tilk-_7= D & [FAAR DK
JEEATH) ZEICE VR FT V=K 33 AR L ® . & 512, mannopeptimycin o (12)12 5%
LTavEHl, BLORFEAEZERNESELZLICLY, £/ I UHEE34a, 3 vHEb
K 34b, & 7 RFEM 34c O =AW E AR L= (Scheme 1-6), Z 45 OMEZKIAROHIETE
PERRBROFER., £/ 3 U RK 3da TIEHUEEENELR L, 2nlsho e 7 AUEOHUEE
MBI S ST ey, —F T, B 33 13HEEZ O E DL RV LD LT, 20
ﬁ@ﬂ%%(%mmm%ﬁ-wﬁ4mmm)#i%@%%ﬁ#é*kﬁ%%bko:m%®F
S'Eéi ~ ) XTI TF AT ORI T U S PIETE PRI LA TIE R WS & 2T iR T

D RAEBLBRTZR,
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I
I
z
Z
I

N
>~NH HN—% 1) KNO4/TFA >§
aN oH NH 2) Pd/C, Hy, MeOH k
0 3) PhCHO, DDQ, DMF
o)
N " ""OH
.. _NH HN_ _O HN. _O
HO” "~ HO™ " .
)—Pn
07 "NH HN 0% "NH HN N

o o
W A
mannopeptimysin aglycon (32) 33
HO HO,
OH
OH
(6]
HN NH
>\“N HN’{ I I
HN_ i OH NH
S & NIS or NBS or Br, O\Jr‘ O\j
o ) >
Ny o % NN
HO/lINH HN (0] OH 34a 34b
D Br
O o
OFNH N o ozH oo
o
H(N,,,, o OH
OH
o .. OH %
w 34c
mannopeptimysin o (12)
Scheme 1-6

1-3-3-3  #EE T O &

~ )N TF A OFEREERMRICBNT, Fu s UL, B X OSSN O IE S
ZEH U TR eI 3D T O 7 s, FREICR TN DO EN W EIZR I TV D

3 72 6, Dushin & (X Scheme 1-7 (275 9 i Y mannopeptimycin o (12) k IO}
desmethylhexahydro-mannopeptimycin (35) (Z D/LEIZHOWTOFE L WIREYEE OFLIR I3 E
FEDSCEGRA L72 R Y TIXRYS 7= 672200, BERGIHSCHE 29 @ supporting information H1iZ
fermentation (Z X V53515 & DR RFLEN R 6N 5,) ZEEEE LT, 1-3-3-1 Tk~ 7= K
~ V) — ASOIEMIEA BE LT, 11 B ORI 36a-h, 37b, 37d, 3Th &AM L= ?, =

NOERREOETEERBR AL Efm L& 2 A, i, R2RPEEEEZ R L, FrC. Bi%E
37h |X vancomycin Z BT 5 IEFITIROPLETIEMEZ R~ LT, el RMEAWIX AC98-6446 &
W) = R — A CTUREIEIE ., & 57 2 3 e PR TE MR £l S vz 2, ZORER.
AC98-6446 (37h)iL MRSA (Zxt3 % fie/INHAIEIREEAS 0.015-0.06 pg/mL., VRE (5492 BRI R EE
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HO HO,
OH

OH
HQ, e)
OH HN NH

S’ A
HN NH NS ~OHy SN
Y :l
HN : WOH f“NH dimethyl acetal or oy

O dimethyl ketal
o H* 2 OH
OH N “'OH £ o 0
| N o NH HN oH OR
OH o OR'
OH
OH

N... S \
h -
o 36a-hR = ,
37b, 37d, 37h R =
R group
mannopeptimysin o (12) R =
desMehexahydro-| mannopephmysm a(35)R= é m

’m@%@

Scheme 1-7

25 0.06-0.12 pg/mL, ==V g L o D BRI 69 5 e/ NBELIE JE EE 78 0.008 pg/mL & A
D CHWHEIEEZ R T 2 03000 | FHIE A Tﬁfﬁﬁft/—\%k L CTHIFfRR - Tnd, =
DFER NG B-methylphenylalanine FRALD A FVIIIHUETEEIZ M TIZRWNZ EAVRIB S L
TWb, £, Afflix~r / XTF~A //75&9?%%#-%%*%%6\%@7 v L— k& LT
DTRARRT v Ve T 52 LaRmTRZEITH S,

F 72, He 5% mannopeptimycin o (12) 2 W T, MR IO Y > O/KBEEEIC 7 FEEHO T v v
HEAEATLZLICL0FBEERAREZER L2, 2bb, maRELT7 v LAl DY &
EHIE L2 SRR T MEEITV, £/ T IVIKR 38 OR %/, L LAERLT vb
EDOALEIZ S WTIXHIEI T & 72> 72728, Scheme 1-8 THRIAA TR LT 4 EETOWT NN T
BRHHEIT LT 4 DOE ) T IMEZIREWME L TR TS, He HIXZ DRAWE A&
HPLC HEHRUC & 0 4pHE L, 488 2 kot NMR HITEIC K VIS AR E L7z, 1554172 26 M OH
{7 “//Mt@{ﬁ?ﬁﬁi A4 T x 73 OVEEOFEE D 7 FEEH =28 flH —2 =26 fHH (—2 fE
HITT7 o E LT g &b MITE IR, R RUCT VVEREA S NIZALA
Wy UosEMERER 2 S50 L TR 2 ®) HI DWW T, PLETEMERER 2 3556 L 7= fE R, BV o<
EHR PO~ ) = AT LTT b ST ERIRITIEEME T L, WIS AL, &0 biT
KD~ ) — A GNAKET BT IAITIERZ RS 5 2 EnbhoTz,
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HN_ i OH WNH  RCOClor (RCO),0 R?0
0 - pyridine, DMF
0
N “OH W
H
.,,,, NH HN o
OH
acylated mannopeptimysin 38

acyl group

mannopeptimysin a (12) .FK\[I/\/\/ W\ AS(\/O 4{[(\

ﬁ%w

Scheme 1-8

1-3-4 ~ 2 ) XTF~ A2 DERIGE

A Tl _7= Lk 912, = v ) XTF~ A 2 v OERIEAZEIEE DIF & A &N KIRY % 5
BtE LTEBSNTWD, LLAERL, v /XTI F~vA U ARNREL OMMEERERZ A
LCWb7es, BRERE, (ERRREMIINETH D | FEERIZ iR oWEIZ &N ER D
l%é{EfWELTﬁ%MKEW%@ THE ARSI E OREES B E 2 RSN TN D, Tz,
KRR &R LT E, B PEMTE 2EIBRON TR, ZHETDOE Z A, FESEML
PIAMZ B U C OREETE A BIMREINIL— 5B EIAN 2 R0 T (1-3-3-3 2R) <A THZRUWR
Th D,

FREORMEE R DI, AT 7 u—FIC X D HERAAIRII D CTERRER LR/ L
EZBND, BEICWL ODD I N—FIZE - T, w2 ) XTF <A 2 DERIHETE DOA R
TREH SN TWDHDT, BUFIZERR5
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1-3-4-1  BEEHERNL DA EAFSE

2008 £E., ladonisi |3~ ) XTF <A L DF 1L DRSS L OB A WG LT
W5 3D Scheme 1-9 127 TI@Y ., D-v v/ —ZAQBNZFEEE LT, 4 TROLHAZR T, Li#E
PEA AL, 2D S HIC3 TROEMEZRD Z LI2E) A I X — MEML ZER LT,
Bi(OTf); Z AV T A 2 &Z— hHE 41 Z7EMAL LT 40 & D7 U 3 o b 21TV, hF 42 245 7=,
BT, 2D Bz A I F— P43 ~ LW LTtk REOFEMALSMEEZ AW T, p—F 27 %
44 LESE LTz, 7088, 44 13 ladonisi 2RO T a Y =7 N TR L-HEME LA TH D,

F3C
HO OH 4 steps Allylo OBn 3 steps
WOH —_— ‘WOH p—r W
—>
OH OBn \"/\(
OH OBn
D-mannose (39) 40
Bi(OTf
o | Bi(OTf); |
OH ¢
HN
N

X0 OH

OEt 44
S:O;S %o
W BI(OTf)3 o OBn
‘yﬁ or oo
OBn \H/Y
OBn O

42: X = Allyl
2 steps 43: X= ;‘s CFs

45: R Bn
46: R=H

NPh

Scheme 1-9

F7-. O’Doherty &%, MEICEHI L7- Pd it 2 VWb F a7 = ) — VL ~D LA
) 48 OEfEIEE | FDOBOD T I u~Ft ) U OILTHERIIZ X D~ v ) — A D
HL TS ¥ (Scheme 1-10), T 7eb b, Fr 2 4712% LT, 48 % Pd filfil 2 VW Ch v 7
Vo7 LT, 507249 O F 2 NiREIRIIZETL L, b9 —ERKO FiLEEZHWT 48 &
HAETHZ LT 26 L. BLBOEREZRT, v/ RXTF~ AT ¢ OBMEINLTH
LT ReHEAR 51 AR LT,
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OBoc OBoc

o OTBS MeO o OTBS

MeO = o 0 = o
o)
48 CbzHN o 48
CbzHN OH 1) NaBH,
Pd,(dba);*CHCly e} OTBS MeOH, CH,Cl,
—_— SN

PPhg, CH,Cl, 5 2) Pdy(dba)z*CHCl,
49 PPh;, CH,Cl,

47

MeQ

o MeQO, o
HO O
CbzHN Q 0TBS CbzHN o) o
=4 = %
(o] —
— OH
o OTBS OH OH
= OH
50 o) 51
Scheme 1-10

1-3-4-2 WHEB X OGS ET 7 ) o SO RIS

1-3-4-3 TR RBENB, ~ 2 ) RXTF~<A 77Uzt Aiha-A B XD Aiha-B £EvH —HD
mEICERE LS, BEORFHLELORET I VAT 5120, %OD/—\Jﬂi iﬁ%f“
7o REAKANT—FIHHE TV, 207D, UIFICERRS L5110, ZiunRE
L BEANFRGRT I BICEE U SRS E ST

Wang 5id, #E T 2/ BR(2S,35)-p-MePhe, Aiha-A, Aiha-B % L-7 ==/ 7 7= D-B X
D L-7 X = TRA L, BEREREE AW EFERERETT>7- % (Scheme 1-11), 72
H AFESREE O TR TR C& 2t 5K 52, BIOWZHFK B 22T HE
L. AQOTf ZfEH L72ISMHA LG T/ ) av b5 2 LIk 2054 21572, fi\ T, F
13 RGER 55 & VT, NIS, TMSOTE 2] L 72i& M kStbc 7 ) av ikl Frivr
BoBEIAR 56 2GR L7z, 2D 56 Z HIWTCEEGRAZITo72, T7hbb, RSzt ) v 2H
ﬁbf:l*ﬁ?ﬁﬁi 57 I LT, TAX¥=2, 56, 7==AT7 F=2, U RIEKRER ET

HWAE L, BMESETTOY T ik Y, PABRAIEEA 58 2157, BOP ZiEaAlL L CTHW
Se/A=0 L N (AUNE /1 S #FT“C t-Bu %78 RS FTT VR RRE L, KB
TH o TFNT v H— NN EEANTDHZ LK BRI 59 D& %2R L7z, Wang 15
B ONTALAY 59 DFEIEENMII Th - T- 2 &b, &b AN EE: Aiha-A. Aiha-B DB
W T = AL HUETEE OB CHETH D EMEL TN 5,
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F
Fj i F
cl OAc
Wom /(\/ m
FmocHN
OAc

52 AgOTf
_ OAc —>
J/\/ W TMSOTf
mocC
0 OH W

— 54

NH, HN

o}
20% piperidine in DMF ®) N
Sequential coupling with: H i

t—BuO\ 1) Fmoc-D-arginine(Pmc) tBu O NH HN O o
* 2) Fmoc-L-arginine(Pmc)

OBz
fe) O OAc
O/ \n/\NHFmoc 3) 56, DIPEA BZ 0 OAc
0 4) Fmoc-L-phenylalanine /\n/
OAc
5) Fmoc-glycine OAc

57 Cleavage with AcCOH/TFE/CH,CI,

>\~NH2 HN

NH,
O
O
HO/""' NH HN (e} o OH
1) BOP, DIEA e} o
2) TFA 07 ™NH HN
OH O,
> y OH 0 o
3) K,CO3, MeOH/H,0 K 0 OH
4) adamantanone dimethyl OH
o
ketal, HCI
59
Scheme 1-11

F72. DUV Oberthir 5%, <°1Z 0. Aiha-A & Aiha-B DbV iIcAX 3 ) DU BEaE A
T57 3 BAYEA LIERER SR Z HE LTV 5 ®)(Scheme 1-12), 72 b, STHREEEI O KE
LG 60 &, Zhnd 2 TR THASICHI CX 2 /K 61 %, TR0 248 L72iHtE(ks
ECr YV av b 52 LIk 2862 2457, HiWVT, 2z A I X — ME63 ~ZEHL7-
%, BRI LAY XTI F K64 &7V ai ikt 52 L2k Y 65 2157, RICHE#ELE
FrE LT, DEBPT # W C~ 27/ mr 77 Z 2MbT 5 Z LIT K VB 66 25 L=, Oberthir
HIZEDWMEILT Y 2V AL TFEORRBICHEAZE N TH Y, bHEY 66 ODZDHOLER, I
K OPUETIEME ORI LR E S LTV,
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PhOS oBn clc

‘WOi-VaI ANH

i OBn
1) iVal-Cl OBn TH0
DMAP O ) OBn —
Et;N 60
2) mCPBA PhS OBn DTBP Oi- Val Oi-Val
0 OH

OBn
OBn 62 63

61

?,BS Q

AIIocHN/\"/
N Oi-Val
AIIocHN/\n/ o

o .
A\
OBn

0
wo OBn

OBn o .
OBn Oi-Val ﬁ\ ’k

o6 oo 0

63 OBn O, j NBoc

o)
o
o, NH
1) Pd(PPhs), morpholine  BnO™ ™
2) LiOH ag.
—_— NH
3) DEBPT, NaHCO; kﬂ/ Oi-val

66
Scheme 1-12

\NBoc

BF3oOEt2
65

1-3-4-3 Aiha-A B X O Aiha-B D& R 5e

Aiha-A B XY Aiha-B 1%, 7vX =%kl E L CBALOEE b, 77 =¥ AL OBRZAKIC
FOABGREN TS EFHIEND NP, CNHIERRT I VBT D KEDOHK 6 DL @ .
BHRLEBFEOLDOETE T SOFNEL , WO CTEEICERERL SN T\% (Figure 1-5)
7oy oy By YL SEEEARFTTLEA LTRY . &6k, Lo T iﬁz%i*%@mﬁ
WERERD — D TH DT T =V UM > T\ 5,
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EEICHERE LS, Z2LORFFLEL L, BN OBBEAMERLE THD Aha-A £
Aiha-B ® L 5 7t G TR CTART 2 — MM TIEOMENLIE B A I B W CRB O H 3
BEO— 2 ThDE VR D, BEICHLA LN DD I NV—F 1L >T, TRHERET X /R
DERPME SN TWEDT, T3,

HN NH

Aiha-B Aiha-A
Figure 1-5

2009 4=, Oberthir HIXZfi72 ATFTES 7% Z - E LT diacetone D-glucose (67)% FV T
Aiha-A 35 LN Aiha-B ~ZEHATRE/R T Y R 73 & T4 DA ZHE L7 % (Scheme 1-13), ¥
bbb, HIRFEEO 67 & 12 Bt A a2 % CHump ik 68 ~E X —HiX, 7Y R&®ET

1) H,, Pd/C
Boc,0

2) HN3, PPh3, DIAD
2 steps 85%

>< PMPO/Y\‘/\OTBS
O BocHN Nj

OBn

Q 12 steps 46% OBn
o H 69
T ), e PMPO/Y\/\OTBS OBn
“, = H
Ho” %, 9 N;  OH :
o)_ PMPO/Y\:/\OTBS
1) MsCl, Et;N BocHN N,
diacetone D-glucose 68 2) HCl aq. 70
(67) 3) CsOAc
4) K,CO3, MeOH
5) H,, Pd/C, Boc,0
6) TBSCI, DMAP
7) HNy
7 steps 56%
OH OBn OBn O
CbzHN W\OTBDPS CszWI\OH 73 (precursor of Aiha-A)
— NH N, — ? NH N3 22 stesp 16% from 67
CbzN CbzN
CbzHN 71 73
SMe 5 stesp 64% from 69 3 stesp 62% from 71
CbzN OH OBn 0Bn O
o W :
CbzHN Y OTBDPS CbzN Y OH  T4(precursor of Aiha-B)
—> H —> H 9
> NH N, > NH Ny 27 stesp 10% from 67
N N
Cbz| 72 Cbz 70
0,
5 stesp 63% from 70 3 stesp 64% from 72
Scheme 1-13
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LTBoc IZTHR#EL, EOICHEMIKEEEEZ T ¥ FEAEWRT 22 L2869 ~Ee, b9
— 71X 68 DOWEBEKER LD SR L F % WliE S TR ICIZIER — DERE ~DH 2 L2 XD 70 ~E
We, DRI AL FEROEWZ & 2 DILEWICHa L=, T 7bb, 7 7 EEZ2#»rv L LT
IT7T =V BALTNNBIOT2 26/ L, —HokiREZBEEA~ L AR L T T =D R
AHEE, RBICH VR BA~EBET D52 SIS K D HO 73, 74 AL TWD, KAV
— NI, MREEBEOINENBHTH D, TRENEL ., MO TEMENE BRED
BWT ALKFZEH WD RndERE L THIT b5,

7238, Oberthir & OAREME D K 912, Aiha-A <° Aiha-B & W o> 7= @mEICERRE LS, 72
BOOBREOARE R EHT HILEWDOERIZIBNT, KRR AFEG X 7 NVIEZFIRT 5
FIEXEIEO—2TH D, LNLARRL, Oberthir 5OAKD XL 512, ARG 72X 7 V%
HH OREIEIZZEWS DERICR VIR Z T 5 2 D7 < Ru,

ZAUZxF L 2010 45, Nieuwenhze &3 Garner’s aldehyde AiEF(AT, &V 206 3 TRETHK
T&5 759 AFWE LAY, Aiha-A 3 X O Aiha-B % 41 TR TA R Al g 7e T O BRIk
HL7=% (Scheme1-14), /e b, 75 &%t L T Garner’s aldehyde (238 & | Wittig S lC &
DHAIREE, 7T/ KAECHMN L LTI 7=V 2BALTT6 A Li-, JEERIGSEIET
TRILLTT77 & L7, BIRL T8 ~iFE LT, it T, AFVE FeXi kit ky =5
DRFREZHEANL, /T —h 80~ L7z, MeAmrEItEPliikesE LT, —FHix2 T
FEDIEMZ % T Aiha-A FIEEED 81 ~, & 9 —J513 3 THREDZEHLZ #% T Aiha-B FilR{AD 82 ~
52 LITRT LT,

CbzHN
SMe
o
o CbzN
Me
7
O/YJ\IIJ HgCl, HO/Y\ CbZN/ﬁ/\
%,N\ Me 4 steps 38% CbzN NH  DIAD, PhsP %NH 4 steps 40% CbzN
Boc — \I‘r ——» CbhzN }—N
—> AN
NCbz THF CbzN Tom
75%
75 76 77 1) NaN, 78
2) PPhy

Boc,O

2 steps 48%
CbzN
OH O OH O

2 : ——— }—N\ NHBOC
- Nos-Cl ' Tom
- oM ; oM CbzN
AD-mix o CbZN/Y\E)I\ © Eun csz/Y\E)J\ e
[ N —_— N
X OH N ONos OH O
8% CbzN Tom 71%  CbzN Tom :
79 80 CszWI\OM
1) KHMDS }’N\ OH
81 (precursor of Aiha-A) 2) NaN CbzN Tom
13 stesp 3% from 75 3) PPh; 82
82 (precursor of Aiha-B) Boc,O
14 steps 1% from 75 3 steps 16%
Scheme 1-14
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Nieuwenhze © @ FikI% Oberthir & O FIEIZHAR D & RIFIC TREENEME SN TE Y, Tk
EAE 6, 16, 17 TFEIZ & C Aiha-A 3 L O Aiha-B ORIBE KA Z ARFIRE TH 5, — 7T, %
BEEDICENHPRRE THH Z &b, RIENRD VIR 7o T D mndtkEm & LTS,

Nieuwenhze & D FEIZ— DT AREREFOAFTRS RAFWAE FWT, MK, SLH(by
DOREFEZBPENNAT > T FETH D, 1TV, Aiha-A X Aiha-B &\ - 7= & EICE AL
S, BRELOEBOARF R EZHT HILEWOEHKIZENT, HIEO—2Thbd, AFRS:
REWZEFANT, L E TR, SR T, —RIEEOAREF SR T 5 FERHNL TE UL
ZOFFHIZH L TOREREMNTEDL LD LEEZ NS,

1-3-4-4 YR O E DS RIS

MIFREOEFUL, BV U OETRETHM TEA27 4T K 83 ZARFE LTHY, 84
LORETIVR—IVEIGEE, i T AT LA ~—85, 86 M COBRILHEEDELFIH L=
FHEFHATDZ EICX Y Aiha-A 88 33 L TN Aiha-B 89 Z il I ARk d 5 /L — b ORESLIZHRE) L
T3 %9 (Scheme 1-15), §72bb, 7/AT b R 831k LT 84 ZREHI & L TR SE TR
BTNV K=V EiToT=L 2 A, WiFE@E Y Felkin-Ahn Hl41Z L 0 3 MLOSLARILF23(S) T, 2
MDA EINE IR D — DD T v K—/WREW 85, 86 WFbil-, &JRIT. —oDERYD
SARMEEFEDBEWVICTERN T4 X3V U O UBREREEDOZEEZFIH L. %jﬁ%mA% 87 %
XV LT, MEOWIEIZIIRERENRSY, VU AT NVH T AERIZ IR
GBI RE CH T, HONTZ 8 BLO8T ZHWTCIT T =V U BRIBIAITY) Z L1280,
HAM Z TREDOEIR TS Z LIS Lz, 2P, AW of s 3 SCiBEE L &% 88,
89~ ZNENFHHE L, NMR HIERHBRAZ T 5 Z LTk VR L T D, KA TIEIX
83 A AAIE LThT0 1 TRT, BEICERE LI, 2Eh> 3 2D m7§¢u%%
AW 85, 87 & —KIZHK. WEECE DO TEN-TIETH D, M7 V—TDERRIEE

HN

Ph NBn2
slow','L Ph
NBn, BnQ (S)-OH /
H B NBn, | —» 0 3
BnO _AF° H/)’S:N —< ““NHCbz
H o} ‘BuO
83 ) BN A N018u
— - = Aiha-A 88
+ / oBn [ _ HN
Ph
0 N= %W Ph fast NB”Z
Y\N=< t-BuQ
B0 ™| a0 P | L] 7 < OH 3
t-Bu ><
84 — -
NHCbz
Bn,N BuO

86 Aiha-B 89
Scheme 1-15
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ARTHINER, TEREKICERL TV D,

NIRRT FA T ) arDEIICEBOERREEZHET HILAMDOE IV T,
RAERL OWEY) OB, SIS SO 7RI D CHECTH D ¥, Frloml ity 7=y
T 2 v, KEEEEE B Alha-A R° Aiha-B IZOWTIERBESLDZ & Th D, &R L
Scheme 1-15 O FEITZNH B TENTZFETH L0, 2 2R EZIToTb 0D, 2F
i A FTREIC 3 20 U) 7o (R AL - BOC SR O A S DE 2 RO o 72720 fb 7 Aiha-A,
Aiha-B Z W=7 7'V a AR ST B iIcE - 72 9,

Z 2T, @JFRIE Aiha-A, Aiha-B ZEHEHEH T2 0 TlER< . ZORIBMADT I/ 7 v a—
NARER 90 BL B ZHNTT 7 araglaeikhle, $72bb, AihaeA B LU B DT
=V UM, BRIRART T MREERZICEAT LI L L, £, BY 01 & 90 A L
BoNEZYXTF RICBEMFATHZET, BHO N YT F K4 2457, 20 b )/\79"
R 94 & N UNTF R 95 e L TERILAEE 96 2 & LIz, kit T~2rn T 7 % MMezlT
W, BRARANT T R 97 & 3 BBEINER 57% CTAET S 2 &1k L7z (Scheme 1-16).

OBn

NBn
NBn, o N NBn, OBn
NH,+HCI :

Ho” BnO N OH . BnO A OH ~NBn,
Nan HO v~ “OH <0 -
O H
OMe NHBoc NHBoc ° N “oH
93 H H
~u, NH NH NH
. S, 2
PyBOP DIEA HO 1)4 MHClin 1,4-dioxane ~ HO™ ™
NHBoc

CHzClz 0~ “OMe 2) EDCI-HCI, HOAt, DIEA 07 NOMe
r.t., 3h DMF 94
94% 92 2 steps 83%
3) 4 M HCl in 1,4-dioxane
HO (0] OAIIyI
NBn2 OB NBn, OBn
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wNBn, WOH NBn,

BnO R
SOH N
© N “'OH
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OAIIyI1)LiOH Ho N HN. _O OAllyl
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3) HATU, DIEA . (o}
CH,Cl,
3 steps 57% o o
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Scheme 1-16
SEHIZEFIIAR LIRS F RO I T =D R BAT L L & LT, RH#EEA T

LT ~FE L%, FAULTEHN T T =V A28 AL T 99 2157, FD%EIR
TT =D UREE . WAR#ELZITW, v~ )X TTFv AT 7Y ar 31 O8KE B L7208,
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{CEW D+ 37T T, ~v /) _XTTF~A o7 7Y ar 31 OEREE &0 ChERR
T 5D - 7= (Scheme 1-17) 9,

NBn, OBn NHBn OBn
BnO A OH NBn, BnO A wOH «NHBn
- o at R O o
o o)
N v "OH N v~ “OH
/,,, NH HN o OAllyl -1, _NH HN o OTBDPS
HO™ ™ __JBOPSO
_>
NBoc
HN
BocHN_  NBoc NH
BocHN BnO \f NH HN-—(
HN WOH NH
wOR R
BocHN NBoc O .
N Y~ "OH

HN (o) OTBDPS | _.~., 0 H
AgOTf, NEta TBDPSO” . HO ©
----- »>
MeCN HN 07 "NH HN
ca. 73% H
N0 "o

929 mannopeptimycin aglycon 31

Scheme 1-17

BB Y |~ ) XTI TF~ A TR EM LA O T oL — e LT RART
YU NERLTED . ZHUXYEEEO Weith £L TOIAFL Ok I 2R3 Mg > T\ b, L
MU S, ABNEEORZIZEDLT 7Y a VEOGRIENRELTHDLZ &b, ZNET
DL D, HFAA R, BEETEMEFBIRIZE I E B ALIC RO N TEBY . 202 R~/
RTF~A Vol LT HRIBEMIE, OWVWTETZr I I A e o —DfEEL 72> T D,
V) RTF AT 7Y A OERIEORRBEIIMD TRERBEREFOLE VD,

1-4 77r=v
1-4-1 77 = OME

TT =V DIAEEIL, ZODRFE—EZBEENOLRDBETHY, AILEMOFTYH



FEFEITIRNE M2 FFOBEREE L L THONTWD, TOIKBTH LT T =T b 4D
pKa L 13.6 THYH, ZHI~ua BOEHEAT L (pKa=13) LK (pKa=15.7) OHV72
O TH 5 (Figure 1-6),

Rs Rs
\N \.N
| H Je
Ri Re - Ri N R

[ e S

Ry R, H* Ry Ry

Guanidine Guanidinium ion
pKa =13.6

Figure 1-6

FI2 T = VNEEE RO EMOR TIE, XY =AM AU EHZD pKa ZFFOH D
(superbase) ©%t% < f7£9 % (Figure 1-7) *,

NH N N
L, O
k Me,N NMe, N N
H\N‘ J “N/H < H,0 < T™MG TBDH
I!I ,L pKa =23.3 pKa = 25.96 > superbases
pKa = 13.6 pKa = 15.7 (\N/\>
strongly basic N/)\H (in MeCN)
pKa = 24.55 ~
Figure 1-7

77 =3 (102)1% 1861 4EIC Strecker 5 2LV, B U DSANGHEEL 22T =(100) %
R LT RIS S8 5 Z & THID TER S 7= (Scheme 1-18), 2009 4F|Z4f ¥ T Dronskowski 5
WLV 7T =D (102)BEAR T D X Bk s ST 2N i s S - 9,

100 100 102

Scheme 1-18
TT7 = OFEEENORIFILX S T =V T A A A0 Y B LR S R E ki &

AHDE 1972 F12 Gund HIC L VB ENTE Y, 02X F TR, I 7=V T AL F0TE
WTCIRSBH T A &N 3 DOERIFFDOINLE LR, §F 6n BN Y FRUZIERIE(L L.
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BB E SR WZEEEZRS L SN TW5D, T0%, HriuEFHREOES L L i,
a2 7 —12 k0 Y RIS OFEIZOWTHENM T2, 1990 412 Wiberg 513 ®, 27
T2V VINEOMBILEM THDL T uR A IR LT e I XD ERELDOES
WRIZEAEEDLRWZ & 72, C-NfEA DEEREEEN /NS < | INLE 732 LFEOIER
FALICSIEEFE LT RNWEEBEX LN 20D, 7T =V T AA F 2 OREMET IR
EDBVWKERMAICE DO LR T, DV /7= k0 b, 7 =V oHEER
THDITT =V LA T DI PKREBEIC L > TEOVREIEND 2D, FHgN T T =20
DA T EERT DR D Z N T T = itz L Tnbd & Lz, 72, 1993 4EiZ
IZ Frenking 573 9, BRFHEICLV V7 =V B OS T =V U A F L ORREREE K
iz & ZAFEERR planar B TIE R 7c Z D, 77 =V ORISR0 77 =y
AA A OBRCKEREARICHK T HEME L, LrLRRL, BEOLZA, ERIZY
R DL TEALREN B E SO TR, SBROMED S b2 ERAFATWDS, &
FLOEY |, BEHIIRTEHE L TWRWIRWTH LM, 77 =V 08 > ol iMit, 77
=V UEAILEH OV (BISIGOEIEDIRT) ZREEIZL T D ERO—D2>ThH D,

1-4-2 77 = DOREE

Baip 7T =V 0 BIORTT =U0 AA 40 OEEIL, £ OMAHSCETIOMEEZ M5 -
WIZHEBETHY, TNETELOWEDRRINTE L, T/ ERODLVITIVERS T =D
Wik, A8 T ORMEFERD 2 5O HERMEIKRNFEIET S, Figure 1-8 (T
N,N-diphenylguanidine Z & L CZF 5, 7 KR LT TH I DX ) R AEERIEENTFEES
LN, BEITT R MO G BREEMICAERITH Y, EERMEKIZI T T =V 0
AIEEREICR D Z 2132 W, IT7 =V EHOEA, LT AVX=0 DX 9T ) TRV
TT=DrTREAI M, £ )T VAT T =000, = haikv 7 ) B PoB TR
BRI O T =T, T 2R EAEMDB A LD,

guanidine
©\ IC Q ©\ Iy
——
A — A
lil fil N N
H H |!|
imino form amino form
urea
O30 =000
)I\ )\
N7 NN
H H |!|
keto form imino form
Figure 1-8
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1-4-3 77 = EHILAY
T7 =D VIR R UAOIEWVERER T, 7TAF = Ol & U CTABEEATF R

LEOMRRRBUCEE 2 I MEERTH Y, 2L OEKRLOEBE L oHEL LT, £
72 % < OAEBIEVEREMIC A S otEETH S (Figure 1-9)

OH S,
H )
0.__COOH HO
HO v | = . '’
H HN
OHy HN—/ NH 2 \}N,
A N—{
OHN\n/NHZ NN

N
HO
) H OH
NH NC OH
zanamivir (103) cemetidine (104) tetrodotoxin (TTX) (105)
Figure 1-9

Bl 21X, zanavimir (103) (Fgdnds U L) XU A NVABEFEY A 7 WVICHEDEESE TH S
AT I=F—BEEET S, cemetidine (104)IXH DRIEAZ M2 HH & LTI SN, #L
MAHIE LTOMRBIFSNTOWDILED TH D, £lo, WERRYMTHLT hr R hFv
> (TTX) (105)IE5<HmE LTHATHY ., F 7=V VBN E b OMBICEEST ST Y
U LA T DFBEINAHEET D T L THtE AT D,

1-4-4 77 = R FFAT K fidu
TT =T ST BT T =0 b, T DEOCIKEFESTERRED b AR A AR & LT

VAR AR &N TV % (Scheme 1-19) . i 2 IZ R A A HEfk A 106 1%, 1999 4E(C Corey & *7
WX ORRINTZ T T =V U RIREAREAEETH Y | Strecker ST W TEWT T F 4%

O-CO-0

Ph
106
b HN Ph
P{ cat (10 mol%)
N Ph - e )\
J + HCN toluene Ph CN
Ph”” 107 -40°C, 20 h 108
94% vyield, 86%ee
Ph Ph
N Ph cat (10 mol%) HN)\Ph
| + HCN ——————» .
toluene "'CN
-40°C, 22 h
109 110
95% yield, 84%ee
Scheme 1-19
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RMEEZ 5 %72 (Scheme 1-19) 3726, 77X IR Ve RILT U —/A I 107 &
RV PRI S T AR SE & 10 mol%dD 106 2 FAVN T, —40 °C T0 RIS S /=& 2 A,
V2R 94%, 86%ee T 108 #157=, 7 U —/LEMI DRI Dk 4 ¥R RICE L THEINER, &=
T F ARSI EITT D L 2dE L, EBREN L1277 Y — VL% t-Bu
FENTE M U7 FEE 109 &2 W CRIBRICIS 21T o T2 BRI, ZelT & L WO IREINMET, BIY
MU0 #5252 LR 0otz 2L, 7V —bA 22107 Z# BWTEE, 77 =2 filit 106
OT V=X Te RIAVENOFFOT U —/Liin-stacking 325 Z & THEHAEE S 1
% (Scheme 1-19 47 EX), UL, RUvk RIAT U —/bA I 2109 DEEITIE,
t-Bu RN EE W LD, IF L L FElfkr-stacking 75 & -7 FILILE ST = U ONAREE
MREL IR DT, MAREF 2T 2 M & Tl EE 45 (Scheme 1-19 45 F X)), Z#HUZ &
D WEDOSEFEDERIP TR OND EBEZ BN TVD,

FLEREDIX. D TFATIT T =V ROTF AT LT O OOFERRIENT I / BBHROSEIRD
¥ T )V AR — Y — T S U2 B RE RS A A 111 2 BR% LT\ 5 *® (Figure 1-10), Z D FH

()

N
Z
3 \n/ %N ,ir(’\)q/ \"/ 3
S Me H Me S
CF3 CF3

n=0or1
111

Figure 1-10

BEARIE 110 13, SREZHI & RE A Z ENZIUEH bS8 5 2 & ¢, EEMFELOEERIC L
O RS A IR S 5, FRCHEBRRWZ ST, fix O LA— IS TiE, A_—H—72 &
DESHEEAHRENRKEW (n=1) DFE2HWEIEI B, = FAERERm E+25 2 %
R U9 £ 072 53MRETOMIE T, RS 2 R BEORHEIC X v il o
T IVAR—H—FENEL L, MEBIREZ L S5 2 LR o7- (Scheme 1-20), 3
bbb, A3 112 L~ LBy A F LD Mannich SFUSICBW T, W22 S8 5721 T
—DODOF TV T o DA 111 7> 6 WS RAR AR 113 3@V o F AR TE TS
HNDHZEEREL TS,

(0] (0] (0] (0]
NHBocO NHBocO
NBoc H
MeO OMe MeO OMe

Ph OMe gf——-o— S Ph OMe
Ph H
toluene 112 MeCN
o) OMe (@) OMe
(+)-(S)-113 (->-(R-113
87~94% ee 80~89% ee
Scheme 1-20
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1-4-5 77 = DER

TR T =V UEANEMORRIIE TS, FT =V NHEOEBEANFIEICONWTRRS,
WEITKEL 72 77 = D NVHSE ANHBREEDB, MiE S TE e, 22 TikEoFoRFENeR
HICOWTIHINT B, P, TAT LT EHNES T = UL EALEE BN T 5, AFIEITR
LR ERIETH Y, ZNETIEE L OWERR S TS *Y (Scheme 1-21),

RZ R3
S i N g1 203 N7
CuSO,, SiO, C/, ~R R“R°NH ; ;
Rl J\ Rl —————— p — R &K R
SNT N7 base, THF RI—N" N7 N7
H H H
114 115
R2 = H, alkyl
R = aryl, alkyl ’
aryl, alky! R3 = H, alkyl
| X
ltl/ Cl
S T R _R?
JI\ CH, 117 N
Boc Boc [
SN N7 + R'R®NH Boc._ )% _Boc
H H solvent ” N
116 118
Rl R?
S SN
HgCl,, base )\
Boc JI\ R Boc =~ R
SNTNT + RIRINH ——» SNTTSNT
H H solvent H
116 119
Scheme 1-21

FAT LTI 114 13, ZHUTH U CHREERSA & >V I SV RIS TGS ED &L R
HCHNLNRTA I RERRT D, ZNETIVERSESELZ LT/ T7= 0 15550615,
AREEZFRT 22 LIl 0ikar ., = WUEHRT 7 = U2 ARTE S,

— 5, BEFREIMEEZFSOF AL TRE U ZAVE 7T =V Gk LT, mILEREE
117 Z 5 HiERR, HYCL 2 AWV 5 FIENA SN TS, [MLEE 117 2 V5 B51X. DMF
TR D CH.ClL IS NSO ) ENFLGAD B3, ZHUTRP CTHEIET D HNLART A IR
DEEICTET D120 TH D, HClL, AV 5 0573E1E, K ViRt TE< OB REENTE
ETHHTH, 3K 116 DR SHF 1721 28 RIIE L TE 2 H A2 FIETH D03, Kik%E
FAT 22 LIC L 2REAMOMBEN S, APIC L DIEH L LG STV 5,

Flo, FAULVLTNOA I TFAIUT ~NEFELIL, 7T =V ~ERT 5 5L ES
ALTUW% (Scheme 1-22), 4 VY F AU LT %< DA, T4 U L7 Ot L ARk R (Hg, Ag)
EROTOEMELZ LB LT 55, Novak b DRHE L-, 7/ 77 =Y 121 OD/RLTIE
TH ) — VIR L b L C 1,4-diazabicyclo-[2,2,2]octane Z W GRS TG ST D Z &
TEBIEHALAIR L TOT T =V AERER LTS,
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entry R R2 yield %
NC_
s NH,CN IN 1 Ph Ph 68
- = ; )\ 2 2 Ph Me 70
1 2
R\N)\\ ~R®1,4-diazabicyclo R\N N/R 3 Ph Allyl 77
H [2,2,2]octane H H 4 c-Hexyl Me 73
120 BuOH, reflux 121 5 c-Hexyl c-Hexyl 73
6 Bn Ph 67
Scheme 1-22

1998 4212 Goodman HIZ L VW FH LW 7T = L ALEAZETdH 5 triurethane-protected guanidinel22,
123 & triflyl-diurethane-protected guanidine 124, 125 23#%& Z417= (Scheme 1-23), 122, 123 i
KIEIENT LCHIER IS &ATH 2L Ty V72D METE5RETH S ¥, 124, 125 %, F
HAZSUSED @OV TH VIR RMET, —fh, 7 I EmIERTRIST 5, 124 13,
77 = AR 126 12 NaOH /KRR, Boc,0 % G SH % Z & T, diBoc £ 127 ~ & &%
L, VT CHCLIEMBER, THO R E LT NEG ZEFSE 52 L THITE 5,

NHBoc NHCbz NTf NTf
BocHN NHBoc CbzHN NHCbz BocHN NHBoc CbzHN NHCbz
122 123 124 125
triurethane-protected guanidines triflyl-diurethane-protected guanidines
NH-HCI  Boc,0 NH Tf,0 NTf
Errnal N

H,N NH, NaOHaq BocHN NHBoc CH:Clz - BocHN NHBoc
126 127 88% 124

entry Amine Product yield %
NBoc
98
1 H3C(CH2)NH2 i (CH,),HN” “NHBoc
NHBoc
2w N -
NBoc
/~\ /~\ NHBoc
3 O NH O N 86
\/ —  “NBoc
/N BocHN / NHBoc
4 HN NH »—N N 100
\/ BocN N/ NBoc
s o HN/\/OH
H N/\/ 100
2 BocHN'gNBoc
Scheme 1-23

BIz, XU M) TV EBEERICAE T A T =Y k#1129 B LN 130 AR TS,
AKRIEL, 7T ol T MEBEORVY NI T Y=L ERIGEEAZETELN, 129 B &
W10 DIRAEME L TR END, ZORKEFHT D Z EICEVIERRO T T =2 LV inE ik
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A[REIC 72 % (Scheme 1-24), FZFRIC Katritzky & %%, 129 & 130 DIRAMITHix 27 I VA K
ST, SER, UBERO ST =V R8T A2 LIS LTV,

NH
Bt‘JI\Bﬁ
N\\N BrCN 129 NHR'R2 NH NHRR? NH
2 / —_— —+ —_— /R1 R3 R1
N acetone NH THE Bt N > N7
NaOHaq I2 THF \
128 R heat R R2?
1 2
Bt' = benzotriazol-1-yl Bt 130 Bt 131 132
Bt? = benzotriazol-2-yl
entry R? R2 R3 R4 yield %
1 -(CH,),0(CH,),- Ph H 64
2 -(CH,),0(CHy),- 4-CH3CgH4 H 74
3 -(CH,),0(CH,),- Bn H 71
4 ~(CH32),0(CHy),- Ph CHj 85
5 -(CHy)4- Ph H 68
6 -(CHy)4- 4-CH3CgHy H 60
7 CH(CH3), CH(CH3), 4-CH3CgH, H 48

Scheme 1-24

1—5 AKEwmsLoE

LRI | v ) RTF~ A ¥ AR R R IC L0 B ehtEiEEZ R L. Al
LG E L CHORNBRART vy Ve G320, 207 7V 2 UENLOE RIED RN
Th D, R, BEEHEAEREMRANHEN TV D, ARSI TIX, 2 OMEE T
Bl R RO E D~y ) R_RTF~ AT ) ar O RIEHSLE BN E L CHFZRICE
F LT,

BT Tk, REMOEEIRIZBWT, ~T 0 HRERENEE LbA 2 &
L7e5E . OB REGIEDOMENLTE T Tl <L R - HOITEOMENL b RO BN DA, RIZ—HK
H 72 A R TR FEE T, RBOEERBE L 72> CTOWBBUREZGHA Lz, £/, BYYE L A
HOREFNZOW AL, FRICHHER OB RE 2B L 2> TV D 2 L AR,
ZOHEFOP T, MHEEICK L THMARPETEEZ kT o~ ) XTI F~ A RS
AU R, MERE . R b OFELRAIR, ZnE TORMMIZEIZOWTHBAL, v/
RIF= AT 7Y A DERIENKRELTHD ZENRERMEE > TWHZ L&
Nz, Flo, TRETHT 5100, FHERERIR S 7 =2 Ui A AT 2 55 7 X/ % Aiha-A
B Aiha-B OGRHIEDMHENL, 77 =2 U EAEMOIE « KR « HTIE DML EHEL T
bz LER KR REOERLE B EZHLNE Lz,

T, TAIha-A B LWV Aiha-B DAL Tid, v~/ XTF~A 0770 arOfk
BEIIZ DWW TR R B LT, <0 ) R F~ A ¥ U NICIEET 5 &I ERER L S FER SR
7 2 /[ Aiha-A, Aiha-B 12O\ T, RERLORERE, ARKONE, AR ORFiIcon
THBRRTWDE, BRICIE, REZOMAADEE LT, Figure 1-11 1R TV BEL, £ 0D
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5“??
it

Csz
NH

WOH CbZN

- oV \
3
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OMe
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Figure 1-11

T NOSARREE 2 =7 v
IZ& D 3SR b FEHIE L, 7

1 T,
ka7 v R— VGt

U R— VI it% . S TR T Aiha-A 3 L O Aiha-B ~DO 8 #i % Al fEICT 5 SRR Ot % B
L THEEIT o T2 RICHOW TR TV % (Scheme 1-25),
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Aiha-A 133 RNWO
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Scheme 1-25
i r7”F*”ﬁW%K77:VV%%$%?ééﬁiﬁj?ﬁ\%H%%ﬁ@éﬁﬁ
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CbzN
B Ph 7 NBn, NH
slow -&N_ ph| Bro A +OH CbzN_ i LOH
NBn, _ _ BnOQ  (s)__OH / o >
BnO H o NBn, > 3 N > o, vy > 1) .
N0 & X 2 N_< “NHBoc
H o BuO Ph oM
8 H BroN “o?>otu ¢
+ _ |- 85 - 86 Aiha-A 133
OBn _ - CbzN
o _m %\, Ph fast NBn, NH
N—< V N=< tBuO £ N—Ph BnO. CbzN_ %
BnO (S) O  Ph .‘
BuO Ph Ph OH .
' 3 -
t-BuO = 4 e
84 — - 4 O N P T
2 H
Bn,N BuO OMe
86 88 Aiha-B 134
Scheme 1-26

B e ) XTI T~ T ) a REBEOAK] TiE. B ECHEN. LTZRET
3 /i Aiha-A B L OV Aiha-B # IV T T 2 JBROMEE OBt 2B 270, ~ v /XTI F~ A v
VT 7 a ARBREE DA RKIZ DUV TIR T U 5 (Scheme 1-27),

Aiha-B 144

C> °
1) amidation
OH

oo _NH,

' Aiha-A 145
L-Ser 143
Mannopeptimycin 1) amidation o) OAllyl
Ho._0

aglycon (31) J/\/.
wo. %o [oo] D-Tyr 146 O
2) macrolactamization O H,N

NHAlloc) HN NHAlloc OH
o |:> 3) amidation

OH  HoN,,

WOH

© ) g o
o .. O 4) amidation,,-
W A
Gly 148
142

(2R,3S)-B-MePhe 147

Scheme 1-27

BNE [ ) XTFvA 0T 7 ) aroffiEilE] CEE =B\ vy /X7 F<
AT ) aryOREEBEIZRY N o0, BEOEEZHOMNITAH EEBIZ, ZFET
BAFE L 7c B BE DA HMEZ DD D T DFR G R ATV EOBE L [FIET DI - 7ofk
IZDOWTIRRTN 5,

R iG] Tl AR LT D,
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\QHN RO .
X NHR
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THODONL— R NEZ DD, Thbb, L—F A TEBRIRSTF REHBERIC/T T =V
NMEEANTS, —J5, b—F B TIETOERIR T =D U 28 A L TBWeT 2 B4 ks
THZEIWCEVERIRRTF REEKT D, /7 =V 3Fm b~y | BRSO
EIRIE DR FIZ X DALBW OB EER S BNRH D120, —F A DX I IZEROBY-TY
TV UM EEANTHZETINGDY AT HRAIRE TH D08, — 5T, BRIKATTF i
FEHROTREEMEZTLEY, &F1F, v— b AllXkbd~r /) T F~g 77 )aro
WEL B L), EBRIZRRASTF MERZO TEREOR I NG, 727 ) a2 BT 5 2
LIXTET, HESWICEI Y ZOFEEZMHRT LA TH o=, —FH T, /L— bk B T, 8K
RIF FMEEBO TRTEL Db 0D, V7 =0 R0 E 2 L T_7F R % i
BEREIROWED, RENTFRISND, EFEITSROBEOMALEEE X, +— B &%
ML I XTI FvA T 7V aroalzBiET 288 L, £lo. BUSHREPRE LR
DEE, (LAEMOREE - STEEFE AT T LICIVERRI T =V v 25T 5882 HW
TOBNRTORIE « - a2 FEBLL LD &R,

WICBRALALEIZ DWW TE 272 (Scheme 2-2), ZHNERETHICHIZYD, RO SEEER

fagtE L=,

1) 7V reZ2oWETHT I/ BOMERILRET S,

IO T X R E R T TS ERRIL A R 0 e B RBEE NS <
BRACN AL —RZHETT D LW TE 572D ThH D,

2) WURA 726 R 2 B3 2,

BUIR 7T =V v BETRE T 2 /R Aiha-A 1 KUY Aiha-B 1356k 0 0 & FER I~ O ¥R %
KFEEr8N003H Y, FRFOILAEMOBKER BHRERH D, MZ T, Zhb7 I/ #E
FZERELENTEY ., A E ISR ZTERELIEOT, T0D, ZnbT I/ BE
EGUHEEEZ AW OG TR E D72 T OB E LV EB XTI,

UTICE BICEHMCERT 5. £ 1) IZOWTTH DA, LU EOEM:Z2N 7~ B b SIT,
TV DT7TI LR COINVERFNIEOM EBRILA LT 5 /0— b B-1 (Scheme 2-2)
TV DIINHRF LI L B-MePhe DT X/ EDOMEBR(LA LT HNL—FB20D @Y BNE
26D, RIZ2) IZOWTTHDHA, /Lb— b B-1 DEIE. Ser-Aiha-B-Aiha-A 4 @ )~
F K&, Tyr-B-MePhe-Gly 5 O s U X7 F FEZnEnEm LT, 2z Aiha-A & Tyr O T
BT 5 FIEN R BRI TH Y . —J5. b— b B2 DAL, Gly-Ser-Aiha-B 6 O kU~
F K&, Aiha-A-Tyr-B-MePhe 7 @ + UV _X7F K& ZnZFN AL T, % Aiha-A & Aiha-B
DO THFET 52 FIENRBINEKEN TH D, B, v~ ) XTTF~A 0T 7Y a  ARiisiT
HRTTF FEMERCR BRI L 2 5 D13, SmEICERE LI TIRESE B RENLEEZZ S
L5 Aiha-A 753 & Aiha-B ZR O M O S TH 503, v— h B2 TlE, ZhEamEn D
D KYXRTF K6 &7 OEfE CERBEERIT LTI FOEBRIENEWEFRILZ, UL ED
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BMIZEY ., = BlAEH BRI E LTAERERFTHZ L & LY,

K U ~7F K Ser-Aiha-B-Aiha-A 8 33 X OY Tyr-B-MePhe-Gly 9 (%, %7 X / &% C Kl o
ERAEET 52 L THOND EEXT- (Scheme 2-3), 72k, BHROFMEIZI Y., ALY -
A& B i T DO IRFEEL D HOMIRGE 22 1IN FL LR TIT O <, w7 v T 7 & Mutk, IR
IO VRN E DB {8 72 K BUNBOE S TR TORERZBRETE D X 51T, L-Ser 10 DK
figdt & D-Tyrosine 13 O 7 = J — MK A R DVIETRET L L L Lz, £, 77
=V OEGERT, IR0 KBIINERSM T CRERRET, B Mgt s ko7 =
VUNRIRISEREZ ST E D ETRIMEOREIL L LT Chz EEEINTHZ L L LT, F
Tz, =7 Z 7 2 KT T, KIEROT X EE DNV NVEETERRCT 2B, Pd
it 2 D56, — TR T RICPR#ETE D L 9123 5729, L-Serine 10 D A1 /LR F
VI L Glycine 156 7 X/ HuEZh i Allyl 2. Alloc £ CHRi#ETHZ & L LT,

LWang HiE, v RTF A L UHREOER AR D (Scheme 1-11 ) 123\ THL
HaEt U o ENRKEEN NS NI ) UV OBICERE LT, £2, UMEELRH 7T
= UNAML 2 R T2 IR VBRI T TF RE I BV T, H%@%mﬁ% XE LT, EHL0Y
Ab~/uT 722U LTRBY, B 27 ) DR EBRILEICRET D DT
LrEZLND,
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NHAIlloc HN NHAlloc OH
H 3) amidation
N,, OH  HN,,
o .. O 4) amidation.-
v AN
Gly 15
9
(2R,3S)-p-MePhe 14
Scheme 2-3

2-2-2  Aiha-A B X O Aiha-B O-& Rk EE|

BT, v ) RTF~A VU RHEORE T 2 /W Aiha-A, Aiha-B O REEHEIZ OV TR
%, RMEAEMOEHIEL, YHFFEE TR E RO TG PNTH SRR 2 < 7 <, Fll 2 BlRE
EnFboo ) TEREOES S LIICRICEEZTE L T\ 5, &I Lz Aiha-A,
Aiha-B OB #5585 Y (Scheme 1-15 2R) X2 HRIER ICER - GRIETH Y, tho s
—TNHDORE L LT TR, INRELITER TS, LELARNRL, v ) _XTF~A
DX ICEEICHEREE LS NTALEY O ERERITB W TL, BRIBEO FiLiH & LT 5
o Tide <, BRREOHEHY RELOMAS DR L, 2D EHER DR VEY) 72 S
FMEORIEN D TEETH D, FALNLEFRITEEICERAEEINZ Aha-A BXLY
Aiha-B (T OWTEBFHIZHW D 72O D) e (R DM G o & BUSSRM 2 I ES 2121
ELRoT212, ki@ v Aiha-A 35 L O Aiha-B DR I 0 fEIAL S 7= RiBRIA Z
TEAMERIE L, £ L TARKETO Aiha N OEMIC TREZE L, KEWE2ERESYS
Fremmtsict EEotz,

Yo REsic, AZEOHMIE, Aiha-A, Aiha-B DGR TIEIC OV T, & BIZIRN RS
FRTFEDROINTOWTIRGET % & & b, EERICEEGRAAND Z LN TE D IREE DM
AbEEEZIEDHZELAMET D,

F. SAKEAEICEVZ LT Aiha-A. Aiha-B Off#EFEOFABR A hEIC oW T
ExT, U7 =D O U CITEEIC BROFHIZ LY Chz EABIRL TW5, £
T, B2 7 2 7 5, 3NLOKEEE, HIVR VBEORHERLDOM A DEIZONWTLLTD
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IR L7Z (Figure 2-1), +72bb, 73 VHOR#EL L LTid, XFF FERICBWTEK
H R IMRELTH D Boc FEAEIR L7-, ZHE, Cbz A7 5 Z & 7o < LLERAIRFI 72 R
PESAE T CHURERTRE T, Loy bR 2 WO CURE L2 A, ok, KSRy 2=
ETHORTEMECTCHIYEEOND O THDH, 2O it e bi) Aiha-A X Aiha-B
Lo mEmEICERE LS, MEEMHEREL AT OREEZ NN EMICB W TITEETH 5,
R HIE, 2D OB IXEMEICREE RO Z LN RUSKRIZT Y BTV T AER
BER ER BT D561, TOWRBRTAERYOBEZSIEEZTENDRHLTZDTH D, Kt
THNRUBRIIRIET DA TF AT AT VE LTHREL LD LB 272, 2, Chz 03 /KFET
INBOSERME T Ty Boe ZEBRMESRIEF T TOREEZEE L TV DHTD, Zb 2 b i
PESME T CHLREFTREZR T2 D T D, FRDKIBIEDORGEIZ OV T, Aiha-B 17 (2 2WTiEA
XYY TIHRE L, Aiha-A16 [ZHOW T KRR A \IRED LT E LT 50N KELE
Z 12, BFEOBWBEOREIZ L E, Aiha-B 17 OKBEZEHOF E TR v EfAET D L.
RIRISNEE 2 2 EMbhroTWnWd, £z, ®FIEAFY Y U OB TKBRELZREL T <
LR VRIRISHIHITCE, B VL OMEANARRIZR D Z s A RE L TWD, ZOMmA%E
T AETORKICEBNTH Aiha-B XA H Y I oo et L i B2, — T,
Aiha-A IZBA LTI, &FIIMEA 2 L TR LT, KEBEEZRET RENENITONTOH
Rix72v, b L Aiha-A OKBEIEZEREO £ EHOWTHREIKGZ G & Z v o Thiu,
ARG L LT < 2 LIRS N omfl, TRE O, FBEFEYOHINEOKR L 722 ) v
E3® 5, EERICYWFIEETIIB— VA DERKIZEBNT, 7V a v etz o4 — o

2 WSRO RIC LV . KEBIEERED Aiha-B # W CE Y L EHESTAET Y F
EAREIAET D EHME LTV,

CbzN

CbzN NH
NH CbzN_ 5 (OH CbzN

CbzN_ A HATU, DIEA o NH

OH
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1, NH, Bno” " .
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Scheme 2-4 (2 Aiha-A 16, Aiha-B 17 & kit HE 2 7~9, Aiha-A 35 X O Aiha-B 1% 2
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DEER S 22
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Plan B CbzN
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Scheme 2-4
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MDA EF N R DT AT LAY —ORRIZH Y | @FEDPRE L FEORAa 2T H
ThHhHr—EOKETHMY T AT LA~ —25 T, BLEEOZELFIM L Tl 2 0Bt 5 51k
THEFICHEREEZOND, 2T, Z0aryv 7 MELE LTRO ZODOA RG22 E
L7, 7725 PlanA B X O Plan B W HUICEBW T, Bk ARz 17 MIHEV, Aiha-A
BLOAiha-B D 27 & 3N DIRF-IRFEREG HAFT NV R—/ABORIC K VKT 5 (Plan A:
22+23 — 20+21, PlanB:28+29 — 25+27), ZOBE 3f&x HOMLKILFICHIEI L, 72
B2 2 DI FIT D S LT TITRAEMORETT IV F—= L 25T, TDHROTT A
T UVABEBRERLEONIC K Y (i 1-3-4-3 2R | BT EMER % 75 (Plan A: 18 vs 19, Plan
B:25vs26) 52 A HME LTS, 7235, PlanA & PlanB OiEWL, BRIK T T = 86
MEFREIETHE TV =R ZEIT 22> (PlanA), 7V R— VLR ZIT > THBEIR T
=V VN AT 50y (PlanB) T®H 5, PlanA O 7 )L K— V& (22+23 — 20+21) @
X, BRI T =V UL B BEEALIZR ST AT B K 22 12X 57 v K=V UG O AEFI1
WEIZEHIRR L PR RRETH L3, b LU ThiE, Hoh s R 20 &
21 13131F Aiha-A 16 38 LT Aiha-B 17 12432 L SN D R TOERELZIEICA L TWo o), &
TR CTHMM~LFEFRETH D, —J7, PlanB (RAFEITEAMICEROFE LR —T
b5) TIETWIZ, 7 F= IS B W TIEIRNEZH BB Db DD ARkt 25 & 26 726
Aiha-A 16 33 L OV Aiha-B 17 ~FFE T 2 BEIC Plan A IR TR W TREKZ 3 %, 705, PlanB
[ZOWTIE, &R0 ZNE TOMPREREZSEIC LT, Scheme 2-4 |27k L7218 D OO
HEbEERWE Y EE X,

2B Plan A lZOWTIHEE L R D RE TV K=V UGIZOWT & HIZ TR > O F 1 Plan
A-a & PlanA-b #% % 7= (Scheme 2-5), 372 b, PlanA-a IRk 7= 2 /535717
E R22077 =V BHEFT EOR#ERL R OSAREEZFT LT 3 MO bF 4 Hl4#E L X
2LTHT7Tn—FThDH FEIZLLIAHGE), Z077ra—FTIL, Plan A LFRIEEICS
Vo 29DEALIIV 7 2= A I RERELTBIET, 20, 2L TOYT AT LA
BN BRACEUSE Z Y | AR E RS oBErTRE & & 2 72, Plan A-b 1%, AL A S50

Plan A-a Plan A-b
- REERCIZIKEEE
77 FIRAU3ALO I R
CbzN i CbzN
STRFLA y
NR ; | NH
ol = ° CbzN ﬁ#ﬂﬁ‘]ﬁﬂ‘:}iﬁt\: cbzN G o CbzN
A e Y Dats
22 CbzN i OH ¢ ! 30 CbzN j WOH 4

—_— o K : — R ) E ~ D_Ed)éi
+ 3 \' ph | + 3 2) UF AT LA EiRH
Ph oo 2 ; O 2 FRY VYT UBRE
=< N=< H ___[ Organo NO,

OY_N " OR Ph i OY_NOZ catalysis OR

O'Bu 20 and 21 : OR 32
; 31

Scheme 2-5
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AEFRE L THOWT2MONAMRMEZEZHBE L L9 957 7 r—F GREIZL L ALFHI#H) <
HbH, ZOTTa—F T, BN EZT AT LUHRAME LTET, BAYOEE, =
M EZRm I L, T /) T a— L& @@imnn & LT T AT UARR R A ) OV
RIS ZAT O Z IRV EGIIHEECE b D EB 2T,

2-3  Aiha-A ¥ L O Aiha-B D&%
2-3-1 BRIRV T =V UAMEERICT IV R— RS EIT 9 & FEE (Plan A)
2-3-1-1 HEIZ X A5 AEH#E (Plan A-a)

FT. I =V U BRBIR T EORERIZ XD AFHIE A fEM L7z Plan A-a ORRFEHERIZOW
Tik~%, FRo@by, BRI T =2 o ZMBELICAT 57 L7 B R 22 (Scheme 2-5 )
Z W=7V K=V GO FNE 7R, — 7T Chemla &%, BEEficEn ) DU 2 >T7 5
b R &AW ARERSREMA NGRS L TRY, ZORETIE, Enl) ProEEET
BT TEEW R FAEAEA L TEHL 2 L TYEREZEORBENIIKII L TW5DY, ZoH
HEBEIZLT, EEDORIZBWTH, BIR/ T =V OBEFFF EIC M) FAEEZEALT
BLI LI TUMMEZERIBE T 20 TIEARVWNEHFHEL, 7AL7E R 38 2AMT52
& & L7= (Scheme 2-6. Table 2-1),

F7. L-E U (33)IC MeOH &I H . AcCl Z/EH =t 24 F¥fii] 50 °C TGS E 72, 64
TR DN T, AR ZITVERIT 5 2 L THM 34 ZUUR 90% T2, RIT, 34 12
1,4-dioxane/H,0 = 20:1 DIEATARET . Goodman 33 359 L L LT NEG 2B S5 Z &
IZEOVIER QBT 7T =V 36 2157, fit\w T, N F bR &1To7-, kAT L
R, NEt; & L < 1Z DMAP &5k & LTV, 50 °C TMELL 7254 (entry 1, 2) Tl
FOSHAEITHET, DMF IREEH T DMAP 25k L L TRV, 120 °C £ TRPEAICINEN L 7= 5t
T, RPN EMEE LT, ZORBRICONWT, 77 =V r BICSHRCE S < B oE TR
SIED Chz N —DEASINTND Z LKV ELMIGRTH D BRI T OISHENE T L
TWa EIZ, NI FAERMBD TEEWI EDRFRRTHL LB 2T,

* Chemla &%, N-tritylprolinal Z VTV 7 A5 LARIRANICT I ) TV a— L& 552 L
IR LTS Y,

\ngBr
N ; > N
| H Et,O te ' OH
Tt O -80 °C
76%
>98 : 2
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NTF NCbz

NH,HC! AcCl NHHCI o HiN“3a NHCDz , NEt, CozHN™ ~NH

HO OH > 1o OMe =  HO OMe
\/\n/ MeOH o \/\n/ 1,4-dioxane/H,0 \/\n/
o recryst. 90% 0 92% o
L-serine (33) 34 36
NCbz CbzN
TrCl CbzHN” “NTrt ~ ====oee- > NTrt
—_— T CbzN_ o}
conditions HO OMe > NN
24 h
37 © 38
Scheme 2-6
entry base solvent temp. result
1 NEt; CH,CI, 50 °C no reaction
2 DMAP CH,CI, 50 °C no reaction
3 DMAP DMF 120 °C complex mixture
Table 2-1

ZIZT, TORNITFAUREEBEALLKREEZHNWCT, BIRI T =V UV EKREITEY B X

(Scheme 2-7) T 72 H, L-& Y v AF LT X5 /L 34 12%F LT, CHCLEARET, TrtCl & ik
ELTNEG ZEA S, AWz Il 0T 2 22k, B 39 %I 95%
& EIHR TR, FV T, 39 12 CHClL it MsCl & HiJk & LT NEt; 2 /EH & & T 90%
THRINT DAL T — b 40 ~FFE L7-, KIZ, 40 (2% L C DMFIEEEF . NaN; Z1EF &8, 7
Y NMREAFTZ, 2T L MeOH BBt OKFRIRINEUG 2T WK T 57 I o~ LB LT,
fEN T, THF AT 3038 417 2/E1 &8, 12 B8 50 °C TRUSZAT 9 2 L2 L Z BRI R
2% T 42 & 43 DIREWZEST-, BFONIRAEME W T THNEILL 21T > 72, THF A
i IR T CRIGNEIT 1208, BUSEIT Lo 7272, e IZHR L, Befki&E it st
TN ZEIT>Te, ZOMFERNORLIK 44 13BN T, V7=V ORZR b AT LT
AT IND I VKR =N A~RIEHEE LT T 7 2 545 DG LT,
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THE \/\"/
and o (0]

80 °C o
)]\ 41 72h 44 (desired) 45 (undesired)
Bt Bt

Bt
NHTrt
3 steps 72% Y H d

3) THF, 50 °C, 12 h

Scheme 2-7

ZDT7 I Z LA F El M FAREERF BRI T TIERLS, EERWT IV UOERR
%733‘5}%1‘?% ELTEHWEZERFRETHDD, 7 IV D DOERF 1% Boc FEIZ L VIR

E L ChHOBALGZMETd 5 Z & & L= (Scheme 2-8, Table2-2), 972 b, HITEERML
f: 42 & 43 DIREWIZX LT CHCLIERE . Boc,O &tk & LT NEt; & filift & DMAP % {E
HEEEZ A, YV Boc k46 ZHIETHL, HWT, BRI 7=V 0Bk e BTz, 7
b, entry 1~4 (TR RMET 12 BEBIINEA U 7= 3G HEF T L2 v o 7=, = ZC, entry 5 1O0R
THRIFTE i~ A 7 a2 BE3 2 2 LI D IMEVL 7228, S IR ML LT, Bk

HNs__Bz
Y NHTrt

HN ~ OMe
BocN

42 0O BocN Bz NTrt
Boc,0, NEt;, DMAP Y NHTrt conditions H]
and ' B —_— BocN

CH.CI BocN X OMe \/\"/OMe
H,N_ _Bz HaCl, \/\n/
T NHTrt o o o)

N : OMe 46 47
43 O
Scheme 2-8
entry  base solvent temp. result
1 - THF 80 °C no reaction
2 - DMF 120 °C no reaction
3 py DMF 120 °C no reaction
4 DMAP DMF 120 °C no reaction
5 DMAP DMF 120 °C  complex mixture
Table 2-2
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T =D UHIBRAK 46 1BV T, SUSAATTIZ OO NARAIZ i  Boc B A SN TEH
. TUDBISHEDIKR FZBNTWD EFE X T,
Z 2 ORGSR OSIRBEE RIS 2 L2 B L L, Scheme 2-9 |27 X 92 / Boc
49 7 AW BR L UG EMRET L & 5 & B X 70, 37 b B3 41 @ CH,ClL IR IZ % L T, Boc,O
EHEHLE LT NEt; &l &> DMAP Z/EH S, I3 96% CT-E / Boc fb X u7= 53K 49 %7
ML=, ZNET 248 (RLEWIL Scheme 2-7 DILEYD 40 /0> 42 & 43 215D ZEkE DL
JSICRBWT, A ORISOERM THh 5H) O THF iRICk LT 12 K, 50 °C TIEH &
B2l A, WKW T L0 #1572, 5547250 2 W CERILRIG st L7228, it Hie
BOSIEEFTET, B2 R Lz, MO T\ b U FLI A B 0@ B 1 ORI IER 12
BKFLTWALONEKEEZ NS, ZDXHIZ, PlanA-a DIEDONKEEZEZFIHT 5K
FhENX, ZOREBIOFUNRETH DL Z bl T oI & LT,

NBoc

BocN Bz
E‘Hm Bt 49 Bt NHTrt DMAP . l\_iTrt
HoN - OMe ——— O 3 OMe
2 V\"/ THF HN\/\n/OMe DMF \/\"/
° 120 °C
0 e 5 5
NH Boc,0, DMAP NBoc
Lo = A
Bt Bt CH,Cl, Bt Bt
0,
4 96% 49
Scheme 2-9

2-3-1-2 RHK|Z L A ARE I (Plan A-b)

e T LRI X B SEARHIENC HE S < Plan Ab IO W TRRFRTT 5 Z & & L7= (Scheme 2-10).,
JeRoEY , = br =27 31 ZREAIE LTHW, MabickWiliEshizrs 7 =Y U Ba
BRARIE 52212 L 0 | BRELICEBRIR 7 T =V v BT 5T VT B R 301k NIRRT L R
— WIS EATE Y EE 2T, 555 32 0= uikEE T L TT I /R~ EHE%, A5
VUV UREEGREOEEZFIH L, AR 19 L 53 ARG CE b0 EWIfF LT, 72
BT =V RIS LTI, Ma b2 b BFRFEREZBFTND Zo0F 7 FiEae b o0

> Ma HlE. TR 77 =V U RIERMIEZ W T, afflc PR T7 I ) EE o7 L
T RICHT 5= hr A X VOSBRI T L R— VRS A RE LTS 8,

H &
N
NBn2 } NBn2

10 wt% guanidine

H MeNO,
20 °C, 48 h 92%
24.1:1

No2
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CbzN_, 3 o
\/Y & %’\_‘H
o 7L CbzN_ i OH
e N
O----- HN — > 2
+ (0)
(e) N/ NH 52
Y_ \ NO,
IChha HN OR
OR > ..... ' 32
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_— o 2 + o 2), 2
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R NH
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19 53 SABED - H530BILILEN
Scheme 2-10

T =Y U 56 WD Z & & LTe, EOERUTSCERIZIEVEL T 018 D 1T - 72 (Scheme 2-11)
Tebb, 7uEt=kU/L55 LT I 54 & MeCN IFEEH TG S, W TELRZLE
D CH,CLIFRIZxE LT, NaH &2 E U THY, 2 B EIR TS S 72 & 2 AU 75%
THMOAHEAE 56 21572, e\ T, SO AL 56 2 W, ET V57 L= 1
BAX L EDT IV R—VEIGEIT> T2, T3R5, B Y VSR 57 12 CHCLIEME A, A%
UsvZzal) K, DMSO, NEt; Z {EH ST Swern FR{b 21T RS T 2 70T & R~ZEH# L7z,
ZOTNATE RIZ MV U = ha A 72 b AR 56 2 0.1 4 E/EH S, 8 K.
—40°C TG SHIZEZ A, BHEW 58 73 2 BEFEINER 91% T H iz, 728, 'THNMR A7
MUENT LD, T AT LA~—d 101 THDH Z L RbhoTz,

N 1) MeCN, reflux
| | 12 h

NH,
2 + Br 2) NaH CHZCIZ
O 2 steps 75%
54 55

NBn,
NBn, 1) Swern oxidation BnO. : OH
H _—
BnO OH
NN 2) MeNO, (10 eq.)
56 (0.1 eq.) NO,
57 toluene 58

-40 °C
2 steps 91% (d.r. 10: 1)

Scheme 2-11
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NTf
NCbz
CbzHN"35 NHCbz CbzN
NHeHCI NEt, CbzHN” “NH MsCl, NEt, NH
HO ; oBy T > HO 3 oBu — ¥ CbzN_ : O'Bu
\/\"/ CH2C|2 \/\[r CH2C|2 \/\[r
rt,12h rt,6h
o S50 0 82% 0
59 60 61
CbzN CbzN CbzN
1) TFA, CH,Cl, NH LiAIH, NH oxidation NH
= g T e e
2) Mel, K,COy CozN 5 _OMe  THF CoN |\ _OH NN
Mel, \/\n/ Ao \/\/ \/\/
2 steps 79% o) 63%
62 63 30
Scheme 2-12

ZOMWIBREIEREZZ T, AEITEREOEE CORGHNIEFTHZ e L, T7bb. 7
LT R 30 &k EME L7~ (Scheme 2-12), & U > 59 @ CH,Cl, & #& =% L CT. Goodman
PR LA L LT NEt 2B S, SRR T 12 BSOS S8, IUER 75% T 60 & 1537-, #t\ T,
60 |2 CHCL ¥, MsCl & HEdE & LT NEt; Z/FH] S TEIR T 6 FFHIRUG S, I 82%
TR T =V K61 #8572, -7 FNT AT N ERINT D AF LT AT )L 62 ~ L Bk,
INERIL L TT /b3 —/b 63 ~iFE L7, &I Swern Rt )3 L O Dess-Martin B2 b St
FMCE VT AT R EZRBLEE ZATLCHITICE Y B & b b AR v ka4
Ihic, Lol AMEEWTZEMER 53Tl <o EiR, USRI T T LRI LS E
B L THEBOILEY 2 52 2872 TLC ffTic kv Blgsns, £72. &, 77k N
L, TSI INE MW TARET IV F—=ABUG R ATz, K7 v =)V BUOSIHMEIR S T,
FRFE BSOS SRV &3 R REIRMEZ RIS < WA BRI T L = VOSSR Ric 7 vr
b R 30 NRALDINDOET N TLC T LV Bl sz, 7V7T e R30 DT =20 LDk
LA Chz DM OREE~EFT T A2 L2k  ZEEEN LSO AARERH S &
EZONDN, REOFHETHRARZEY , ~> ) XTI TF~A T 7Y aroefmiz BfEYT
T Cbz AN OLRFERE DMLY A7 BIEFITEm W& B R, RIEIT L D LRI & 51 L
72 PlanA-b IZOWTHiETHZ & & LT,

PLEARR7Z18Y | PlanA O FOEIR T T =V U B F =877 b REHW=ZT Vv F—IV K
IEE LT DERGEIENL, T AT FEEOPFHBOWE S | NEEMICHEN /MR & ol
T, T =V TV RS RIZIERCT % Plan B IZU) Y B 2 CTRGET 1T - 72,

2-3-2 TV R—VSRIC T T = VB AR T 55 F1E  (Plan B)
TV R—=IVRIZ T T = VB EMEE T 56 T1E (Plan B) (3R FE O IR LI T4
OWESL LT-FELRETH D, HEHHT S L (Scheme 2-13) | ) 22 (R E 2 > Aiha-A 16

L Aiha-B 17 1%, ZNENXIGT DV FEEHTHA I 2B e AXFH V260677
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B Ph 7] NBn, »—N_H
Slow -&N_ b | Bno.__A_WOH CozN_ i LOH
NBn, ~ ~ BnO (S)_-OH / L .
o i o NBn, . A N = O ey > 5
BnO Az 2 N—< “NHBoc
H o) 'BuO Ph oM
2 H BN o Ot-Bu ©
+ _ |+ - 25 Aiha-A 16
OBn CbzN
OY\N—_<Ph %\V a faSt NBn, NH
N=< t-BuO : B
. Y\ BnO ' " \© BnO w0 pp CbN e
BLO Ph oh OH >
t-BuO L . >< ><
29 - - 0 N PR "™ 0 N
H Boc
Bn,N BuO OMe
27 26 Aiha-B 17
Scheme 2-13

SN EERT A LICI VAR TE D EE LT, £225 L 261F, AT REKN28 &
U ARGER 29 Z W T )V R— U IROSIC R Dl & —RIcfG5 2 L & Lz, 20L& ZBAK
FEILDOSTIREIE, Felkin-Ahn E7 /UIZ XD HlfIZ HIE L, 747k R 28 O7 X o OfRi#E
ICEEmOWBNEE T OEATH L L LY, FS Y U RERI T F L AT 29 L L
THWLZEE L, ZHUE, 1) TV R—=IRICB T DEIBIED U A7 KBS, 2)
TN R—=VEISTIE DDV T AT LA~—25 & 2T ZIREME L TH-#%, VT AT LA~
—HTOAFY YV PUBRBEREEOELFAT L LRV ERIEA XY U 26 &
BIRA I 25 L LCEDZZEEHFLTCVDN, EEW T F AL ATV ERAND Z LTk
DR EEZ KEL TEDLLEBXZDTH DS,

IXUDICA I 25 LA XYY 26 DERKAEIT>T- (Scheme 2-14), kST 5 &
U L FBEAR 64 125 L. AcCl & MeOH % VT 70 °C T 12 BRI S D IVR Ui a A F )1
TATNANEEBL, FENTT ' = MUV BnBr LB Y 7 A& v, EIRIZT
24 WIS ATV, 72 /3 BIC oD RU DNV A B A L%, %2 THF IS8 LIAIH,
AEMEE2Z LIV AT AR IT L, BRI 93% CTT /L2 —)L 57 24572, 728,
SR OWEIT AR 10% BRI FEZ M) LS H, o7 a3 — /K57 12%F LT, CHyCl, i
th, %% VL7l K& DMSO & NEt, Z VT Swern i@k 21T7-72, b7 L5k R
8 WREETH-T120, BHEPICEDOEET N R IEE{ToT2, 7V 2 58K 29

® Molinski HIEFEEED 7' U ¥ ik E FWTAREK 7L R— LSS 21TV, SEERIZ 0T
HIOT AT VA —IFFxH VL LT, MEKHICIRATWA Y T AT LA~ —3A( I v
ELTHETHS Y,

(0]
o N Ph i
—< —_—
BuO Ph n-BulLi, (-)-sparteine
THF
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1) AcCl, MeOH
0°C 12h (COCI),, DMSO,
NH, 2) BnBr, K,CO; NBn, 2 £t NBn,
B”O\/'\H/OH MeCN BnO.__A_OH » BNO__A_.0
T ——
i CH,Cl, \/Y
© Doeein -78°C 0°C H
L-serine 64 ’ 57 oh ”
3 steps 93%
NBn, NBn,
o) ph BnO_~\.~OH BnO_~_..OH
Y\N_ﬁ'/ 3 3
Ph Ph
BuO Ph oo 2. oo 2.
"N=< — "N
29 -
t Ph 38% ) -
LHMDS BuO BUO
THE (25,3S) 25 o5 m
78°C,2h silica-gel SEES
' NBn, NBn,
BrO A0 BnO_A\..O_ Ph
2 Ph g X
N P N Ph
N 35% N
BuO Ph BuO
(2R 38) 27 2
Scheme 2-14

® THF HRICkE LT, —78°C T LHMDS Z/EH s, 1 RIS S TxIET 5=/ 7 —h
ERAESETH, TATE RIK28 O THRE R ZTH T Lz, 55 AbEIZ O TSR F
TOAFH VU PURERITBIE SR o T, KISK TR, YV TN 7 AR ETo 7
& A, AL ONARREE DD 720 (2R,3S)K 27 133V I AV DFRMEIC K 0 e A Y
VU UBREIRL T 26 5 %, —77., (2S,39) 1k 25 |1IBR{b &3 kA S v D F ETHLNT,
WD) BN T T AP TORFFFIIRE S B0 | BEICHBECE 72, TDORER,
A 2225 & T BRPEINER 38% T, AV Y UK 26 & TEEREICE 35% TRz,

/oA I 25577 =V 68 ~&EZEH# L7 (Scheme 2-15), A 2 25 (Z%f L. TFA
& EtSiH &/KZMZEIE T 6 REfESUG XTI AE L7-%., THF & KIEAIEEBET . Boc,0
ERIE ) U LEERSE, IR T 12 RIS SETT X/ K% Boc ICTRE LTz, #i T
A VAR P 65 O DMF #HRIZxE LT BnBr & fkliE U U bz S8, EIRT3RHISZIT 2
LICKVHIET HRU VN ATV 66 & 3 BEREINEE 74% T 72, 3Dy LRI 66
DETDON VNV KBRS RETHRET 2 2 L & Lie, ZORR, dRKFRINK
i dEE H-Cube 2 W TG A B Z 72 o 7=, H-Cube IZi5 K B &7z Pd filtt o 4
— MY UEBEEBNICELTEBY, Z20OH— ) vy UNEBRKRT D2 L TRINT D720, %A
HEENRE TH D, £7o. YRR TIXT =/ — KB EZ 25D, T U0 Aflgt L
PEIER LT W E B X BN DT % 2 OKRFEIRINBISIZIBNT H-Cube ZFIHT 22 L1k
B RE2E T D 19 LAY 66 1T ERERZ Z250EF . /3T V7 Al & O
Ha S D72, H-Cube OFIFITH 2D TN INE B 2 T2, BUSGRMAIT 40 KRJEDKFEF
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NBn; NBn, NBn,
BnO A wOH 1) TFA, Et;SiH, H,0 BnO. A_wOH BBr, K,CO, BnO A wOH

Ph » —_—

[e) = 2) Boc,0, K,CO5 [e) "UNHB DMF O B

oC oC

( THF / H,0 3 steps 74%

BUO Ph HO BnO

25 65 66

. |
< NTf

- s 1)

| ' J\ NCbz
A CbzHN"35 " NHCbz J\
¥ NH, i

N NEts, 1,4-dioxane / H,O CbzHN NH
H-Cube HO. H WOH 45°C, 12h HO : wOH
—_— - > K
40 bar, 40 °C o . 2) Mel, K,CO;, o .
5 mg/mL, 1 mL/min “’NHBoc DMF “’NHBoc
3 steps 56%
HO MeO
67 68
Scheme 2-15

DS T, 1R % 40 °C, ¥2E 5 mg/mL, i@ 1 mL/min (ZF%E L=, TOREE., BiFfHE 0 B0
67 /3 %’c%h?‘_o BoNTT I Tba—L 67 1Tk LT, FiETIZZ D F £ Goodman 73K &
NEt;, ¥4 E LT 1,4-dioxane &7k (20 : 1) DOIRAEEEZ A WTCRISEITW., 7T =V %8
A L7z, %\ T DMF A Mel & RIED U O L EZERSETHONVR A BE = X7 L,
AF VT AT )L 68 & = BeFEIUER 56% T/,

ZIT, ARLET V=L 68 EXETHA YT — hNEEBL, TT =V BRI

TSN ISIZ KV BRIR 7T =2 0 2488 L T Aiha-A 16 215 & 9 & L 72 (Scheme 2-16) ,
WA, ROSREE, R, KM 2 E Lo 34 Table 2-3 12”9, T OSSR, entry 1 OFMT
IX. MsCl & NEt; Z i) —40 °C TRIE SH 72 & 2 A, KEEED D A F VT AT )T R B
L7277 hr 69 nfgbivic, VT, entry 2 TIXIEIA pyridine ICE X7 L 2 A, MG IEE
SHET L2 o7e, T CRIGRES —15 C23H 0 C~EHRIELIZEZA, 77 MK 69
& 2MAKIRIED AT — BB INTALEM 70 RGO NT-, Fiz entry 4 TIIOBIERIGIZ &
DERIRT T =DV HMEE L K D & LI, RUNTHEIT L o7, entry 3 DEFETU AT T —
FNTOMMAERR LT Enn, 2BKBEZRETIVUIENORIGEITZ D LB R T,

NCbz

CbzN
CbzHN NH NH
: CbzN i
HO .“OH conditions z .“OH
------------ b
o, . CH,CI o, .
‘NHBoc 2v2 ‘NHBoc
MeO MeO
68 Aiha-A 16
Scheme 2-16
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entry reagent base temp. time product

1 MsClI NEt; -40 °C 6h 69
2 MsClI Py -40 °C 6h No Reaction
3 MsClI Py -15°Cto0°C 4h 69, 70
4 DEAD, PPh; rt. 24h No Reaction

NCbz NCbz

CszNJ\ CszNJ\
Q “NHBoc \;j “NHBoc
Table 2-3

Ak Aiha-A (2B L Cit, KERELEREOIRREECOMME A B L Q=728 (Figure 2-1) . /K&
L —UREE I TE R D IENTH D L 2 503, DL EORKREFE RS BAGED
F F TOMAGILREE & L. 66 2 WV CTRKBEDOIREXREFTT 5 Z & & L7z (Scheme 2-17,
Table 2-4), {Ri#EFKOMIE L LTI iﬁ%@ . AKRFBEIMEISKIFIZZETH Y | 2B
Boc M & RIRFIZFRETE D L DI KM CHRGE T DIRERDREIE LB 2 T2, DT,
MEM Z&. MOM JE &38R L 7=, entry 1 TIZIE D CH,CL E#ZIZ%F L C MEMCI & DIEA. TBAI
ZVER S E 7N UNMTEIT Lo o 72, entry 2 TIZ DMAP Z U L 72 3001d 0 SO FE T L
7o, entry 3 TIE, BTS2 M L7223 50k 66 OEENEIZ STz, £z, entry4 T
IZ. MOMCI %z VT 24 B LEFSAE T ChUS L7eay, BTG o R o7z, BUSHEST
L7aWBRE & U, AKEREEL ONAREE O BN RE RERTH D & 2T,

NBn, NBn,
BnO ‘ OH 5 BnO_ _A_ .OR
condition
E—
0, CH,CI O,
\Q “NHBoc 272 \Q “NHBoc
BnO BnO
66 71
Scheme 2-17
entry reagent base additive temp. time result
1 MEMCI DIEA TBAI r.t. 24 h no reaction
2 MEMCI DIEA, DMAP TBAI r.t. 24 h no reaction
3 MEMCI DIEA, DMAP TBAI reflux 12h decomposed
4 MOMCI DIEA, DMAP TBAI reflux 24 h decomposed
Table 2-4
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66 DIKERFEIZXT L CoH RIS L 0 RFERZEEEE AT 2 MaHIW& L, 7 /7 52
B0 E L THHATA2ZE T rRRINC XV IRET LI FEZRGTT o2 &L (Scheme
2-18), T 72 b Aiha-B TOKBILDIRGEL SE(IT Aiha-A THA XV U DB TOIRGE
ATz, Thbb, T/ 73—/ 66 12k L, CHCLIAEBH, Y7 rX=/L 2 %/I/:Lv—
T L PPTS Z/EA &V T, |IREICT 24 REE IS S 7=, FORE,. im0 IR 67% CH

OMe
NBn, NBn2 NBn2
BnO ~_ _OH
" - F’PTS J‘OH/Q
0 “NHB CH20I2 iIN” NOMe
oc . 24h Boc Boc
OBn 67% OBn
66 (Recycle 82%) 73
NCbz NCbz
CszN CszN
conditions HO. CszN NHCbz , NEt3 Mel, K2C03
—_—
dioxane/H,0
\Q Boc 45°C,12h \Q Boc \Q Boc
Scheme 2-18
entry reagent solvent atm temp. time product(3 steps)
1 H-cube 1 mL/min MeOH 60 50°C 3 cycle -Bnx1~3
2 Pd(OH)o/H; MeOH 2 rt. 24h decomposed
3 Pd(OH),/H, EA 2 rt. 24 h 37%
4 Pd(OH)z/H, EA 30 rt. 24h 64%
5 Pd/C/HCOOH MeOH 70°C 1h 46%
Table 2-4

BIOAXH Y VD0 72 24572, ek, RRIGTIE, REGOT I /7 va—ne6 L&, 7/
HIZOHA Y TaX= VATV —T VNS LT R 73 A E iz, £Z2T, o
T2 AR DIRE W % TG SH T2 & 2 AULE 82% T H W) 72 #1537=,

EWNT, EE 72 02 TOXRVUNVEERETHZ L L Lz (Table 2-4), SaRIE, BRI,
JE77, {REE, W2 MG L7=, Scheme 2-15 CTilk<7= o & [F4RIZ entry 1 Tix, H-Cube %\
TRISEAT S 7oy, BBRENZ LIZ=ZFED Y 4 7 VEEICH b 5, N D VR bR
EINTIFRS LM RO, B Z OfERIZOV\ T, Scheme 2-15 T“O)*ﬁﬁf“ﬁﬁb\fc
FE 66 & B0 | ARIOMETHWZIEE 72 13 BRIREE 2 F o720 BEHELR T o N IR
DRELRoTEY, OSEMETLTWASZ EBRFRKTHD EEZ TS, entry 2 “C“&Z]Z\
MeOH FIEH . PA(OH), & W CKBIIS ZIT > T2, KISOEITE & I /bA O EE
WHBIL, BHERIREWMIE LN, ZOREEZIT, LW 74 1TWIR T CREITHFETE
BRNbDETHILTZ, £ 2T, A 74 DR L2 WEREEZ IO TS 21T 2T XV o TR
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RWInEE 2T, Tb b, entry 3, 4 TR X DT 74 BEME L 72 \WEERE = F VIR T O
e R LTm, £ O, entry 3 TIX=EIR, 2XETRISEI T2 A, TORDITT =V
A, AF NV ZT AL 3 BeFEIERT 37%, entry 4 TlIA— 7 L—7 % W TR, 30
RIETERIGEAITV, ZEEBEINR 64% CHMD /T =V 76 2157, 2O O5METIE, Ak
W) T4 TR T TS T 5720, #HIfFF@E D BENPMZA b EF X TWD, entry 5 Tl
MIFRBESFENANTZM, 37005 PdIC & X% AV T 70°C, 1 RRIMIS &&5 5%
W23, T ORFIT ZEEREIER 46% CTHI D 77 = 0 76 #157= (Table 2-4),

T, I Aiha-A 77 DAk Z1T-> 7= (Scheme 2-19), 6N/ 7= 76 IZHF L,
CH.CL /A IEH . MsCl & NEt; Z{Ef &7z & Z AMIFRE Y SOSIFET L, BRIk 7 =20 77
Z U 88% TH53 72, Y #] Aiha-A 12 B L’Cliﬁkﬁ SRR DIRBE CO SR E BFE L TV 28,
FxRYV YD UDRETHRET DL LI BRIRT T =V MR TE L, DD, 22
TOHRDOHE L, fRi#fk L LT Aiha-A 75>1 Hashizbd T o, £FF. 2z AN,
WEIZBT DA ERAL Y LB X, ZOBRBECIIBR#E IR LRV & &L,

NCbz Csz
CbzHN”" “NH
vo. i MsCl, _MsCl NEts CbZN
0
CH,Cl,
O ""’N>< 88% "Eoc
Boc
OMe
76
Scheme 2-19

723, Aiha-A F XV U DR 77 & W TSTRBEEI LA 79 ~ & L B O LR b
TAKTE CWD R L=, 725 Aiha-A 77 (2% L C MeOH & #EH1 C Pd/C & H, Z1EM
SH T, Chz EAFREL, HVWT, CHLLEEEH T TFA & EtSIH Z#{FH ST, BRDT
J T3 —)v 78 w5, wEZIZT I 78 1% LT 1,4-dioxane & KIERETABEF . Chz-OSu &
NaHCO; ZEHl ST Cbhz LA HA L, TFA Z1EH S 5 2 & T 3 BeFEIE 68%IZ T SCHRBEAD
L& 79 2 457- (Scheme 2-20), &k L7 LE&# 79 D 'HNMR 227 L DF — 4 & CHRT
Wl anzT—% WIgBW—EE R L, AL Aiha-A 77 IZZ T i IME 22 AT 5 2 & A5EE
Bl =7z (Figure 2-2),
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CbzN HN TFA HN TFA
b 1) H,, Pd/C, MeOH 3 "H >\\N’H
p 2 » Me = E
co=N el rt, 12h HN WOH  CbzOsu NaHCO, ™ ~OH
—_— > >
O "’N>< 2) TFA, Et;SiH . dioxane/H,0 o, .
Boc CH,Cl, ‘NH, 0°Ctort,12h NHCbz
oM then TFA, MeOH oM
e OMe 3 steps 68% °
77 78 79
Scheme 2-20
1.
N TFA H-NMR (CD30D)
yl\_lH Reported Synthesized
HN : \OH 5 7.34 (5H, m, aromatic) 5 7.34 (5H, m, aromatic)
: 5.10 (2H, s, CH,Ph) 5.12 (2H, s, CH,Ph)
Ox -, 4.32 (1H, d, J = 5.9 Hz, ) 4.32 (1H, d, J = 6.4 Hz, &)
NHCbz 414 (1H,ddd, J=9.1,6.8,55Hz,7) 4.14 (1H, ddd, J = 9.8, 5.8, 5.8 Hz, 7)
OMe 3.86 (1H, dd, J = 5.9, 5.5 Hz, p) 3.86 (1H, dd, J = 5.4, 5.4 Hz, p)
. 3.75 (3H, s, OMe) 3.75 (3H, s, OMe)
Aiha-A 79 3.70 (2H, m, §) 3.70 (2H, m, &)

Figure 2-2

[FERE DA RIEZ VT Aiha-B 17 D& BT - 7= (Scheme 2-21), 7L R—/LUGSIC & 0 5
IV A XY P26 1% LT TFA & EtSiH &7k & vy, 6 REf S S Bk oz 17 -
7=t%. THF LKIBGEELH . Boc,O &RIED U U A EEH SH, | T 12 R RS 2170,
WEEfED 7 X > % Boc ST L7z, %V C. DMF EEEH, Mel CREH Y o AE{ERAESHT
FIR T 3RS 2TV, AR UEEE A TF LT AT L~L 2L 3 BYPSINE 81% T A F L
T AT )L 8l B 5Tm, AFIILT AT )L 8L IZ CHCLIBHH, 4V 7= AF)Lo—F L%
FAWTEIR, 24 KOG ST E 2 A, IUE W TA XY U U 82 2147, 72d5. Aiha-A
DOERFEL VIERENOFAFY VY D UBRERT 5 BEOBE IR ORI/ E
WehTHDEEZEZTWD, i\ T, HEE= T LERBEF . PA(OH), & V>, 30 &JEDKFE TR
KAF. |IRT 24 BB 21TV, 2 TORVIUNLVEERELE, &b, AT I0%2
#7220 & LT 14-dioxane &7k (20 : 1) %, Goodman #3E L NEt Z#1/EHSHE S Z &IT L
DI T7=U0%BAL, 83 2157, 56N/ T =Y 83 % CH,CLIERF T MsCl & NEt;
ZVEF SE TSR, 4RSS SE, Aiha-B D4 x4 U U1K 17 ZINR 88% CT1E7-,
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NBn, NBn, NBn,
1) TFA, Et3SiH, H,0
BnO. BnO. OH BnO. OH
n wO_ Ph  rt,6h n Mel, K;CO; 0"
—_—
0 2) Boc,0, K,CO o o,
N Ph ) Bocy0, K,CO4 DMF
H THF / H,0 NHBoc rt.3h NHBoc
'BuO rt,12h HO OMe
3 steps 81%
26 80 81
NCbz
OMe CbzN
/& ';anz 1) H27 Pd(OH)2 CbzHN r;lH '\_iH
. EtOAc i CbzN %
pprs B e rt. 24 h HO e MsCl, NEt, e
O, >< > O, >< CH,CI (o) ><
CH,Cl, N 2) Goodman's reagent N 2Cly N
rt,12h Boc NEt, Boc rt,4h Boc
OMe 1.4,-dioxane/H,0 MeO 88% MeO
88% 45°C, 12h
82 2 steps 73% 83 17
Scheme 2-21

Aiha-B OYARLFOWRE S Aiha-A OFF L FIERIZ, Aiha-B O A %4> U DAk 17 % SCERBE
LAY ~FETH 2 12 W iT>7~ (Scheme 2-22). T 725 Aiha-B 17 12x%f L C. MeOH

I Pd/IC & FV, K

FEPK F=RIR T 12 B SR 21TV, Cbhz A BRE Lz, T,

CH,CLIEEF . TFA & ELSIH Z{EA &8, 73/ 7 /ba—)L 85 #157-, #1%IC 1,4-dioxane
EIKDIREVEBEAF . Cbz-OSu & NaHCO; ZEH & C7 2 / HiZxt L C Chz JEAEA L, TFA

CbzN HN TFA HN TFA
N 1) Hyp, Pd/C, MeOH NH t
= 2 » Me B <
cozN 0 rt,12h HN ~OH " chz08u, NaHCO, " O
>  ————
O, >< 2) TFA, Et3SiH, CH,Cl, o] dioxane/H,0
Boc NH;  geCrort,12h NHCbz
OMe OMe then TFA, MeOH OMe
3 steps 68%
17 84 85
Scheme 2-22
HN TFA "H-NMR (CD50D)
\%l\_{H Reported Synthesized
HN ~_ OH 5 7.34 (5H, m, aromatic) 8 7.34 (5H, m, aromatic)
5.13 (2H, s, CH,Ph) 5.13 (2H, s, CH,Ph)
NHCbz 451 (1H,d, J=1.5Hz, a) 453 (1H,d, J=1.5Hz, o)
4.07 (1H, dd, J = 1.5, 5.7 Hz, B) 4.08 (1H, dd, J = 1.5, 5.7 Hz, B)
OMe 3.90 (1H, ddd, J = 5.7, 5.7, 5.7 Hz,y) 3.89 (1H, ddd, J = 6.3, 6.3, 6.3 Hz, y)
Aiha-B 86 3.76 (3H, s, OMe) 3.78 (3H, s, OMe)
3.68 (2H, d, J = 5.7 Hz, d) 3.69 (2H, d, J =5.7 Hz, 3)

ZESEL Z &KV 3 BRSINER 68% T SCHEER LG4 86 2157

Figure 2-3
(Scheme 2-22), &Rk L

AbED ' H NMR A2 MF—Z IR I s Sn-7—% D RBW—FHE2 R LT
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7=, AR LTZ Aiha-B 171X iR b2 A5 Z & 2GEEH Sz,
2-4 £+

ARETIE~ Y ) RXRTTF~A U WNITHAET HIERIRT 2/ & Aiha-A, Aiha-B (220 C Figure
-4 \ORTIR#ERLOMAEDEN, v~ ) XTF~ AT 7 ar ORI ThiiEp
MAEDOETHL LWL, 2L FIEOfELZ B E L TR ZITo 72,

Csz CbZN

Csz Csz

“
\Q NHBoc \Q\Boc

OMe OMe
Aiha-A 16 Aiha-B 17

Figure 2-4

BB, TOHBAL—RE LT, PORIKZ T =V &Fo7-7 0T b RICKVEEGENREN
EHERI SN D TV R—= VRS Z ATV B TR THMO Aiha-A, 3 LT Aiha-B ~ & 3554 5 Plan
AL BRIRZT =V ZFRWIREET, KVEBEEOEWT L F— VRIS ZITV, ZIZERIR
TT =V BT 5 PlanB O Y 25 2 7= (Scheme 2-23), F 7z, PlanAZ >\ Tk, 7
NTE RR2OERT T =V OEFRBEBHRE FICEESVRELR ZEALTRBE, ZICLD
SRR T LV R— VS & BFET Plan A-a (REIZ X2 REFIE) & AHERLELIZ I v 2k
R= a7/ =% BT PlanA-b GRUERIC X2 ARF6I#) o @ =52, Tz
NN — MZOWTEBICHES LT,
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Plan A
Csz Csz Csz NR,
RO _A_ _OR
Csz sz Csz \/\n/
'NHBoc ’N—< ::) “INR, Csz Guanidinylation
N S
Aiha-A 16 CbZN\NO
DB 22
Cyclization AldolReaction
Csz Csz Csz
NR2
CbZN Csz Csz o o
>< o 23
\Q‘Boc \;)\
Aiha-B 17
Plan B
CbzN
NH NBn, NBn,
CbzN_ = OH BnO _wOH BnO wOH Ph
’ Ph 3
O A+ m— —> o 2--.,N//<Ph NBn,
“NHBoc - B0 : "o
BuO ‘BuO Ej ~N\F
MeO »s
Aiha-A 16 25 25
TN
Guanidinylation ﬁﬁﬁﬁ'% AldolReaction +
Cyclization Ph
CbZN o /)\
NBn, NBn, N~ ~Ph
H H f
Csz O O Ph BnO wOH ﬁ BuO
3 29
X p
H
BuO BuO
Aiha-B 17 26 27
Scheme 2-23

Scheme 2-24 |Z Plan A-a DRFHERZRT, 77 =V VBROERERE LICESW Y F
NIEEFFOT AT E R 38 OEMEBH LT, 4 2O — R ZERFT LN, WIFho— kT
HHMESRD Z ENTEhnrote, 32bb, BV VBN 7 =036 #RRHE LT T
=V VOEREIZN)TFNEOBEANERATZE A, B ESRD Z LIZTEhote, £2
T, I N FAEEZNIOER EITEALTEE, B/KBEZEHID ELTT IV 42
BLOBERHE, Hi<BRILIS T T2V 2R LE ) E LENZR L BRMEES Z
LNTERI T, B, Z0D 4 ZH{IBETOBRIZ, 77 =V OEFEENLEDT AT LD
HIVIR =V FEADBEZ AL DB SN, £ T, J7 =V D%E%E L% Boc JETHREL-
46 ZHNWT 44 215 1 5 & L7z, RRIEY BRI E S 72 h o 72, 46 1T Boc FE8 DA S
NTNDZ LIZEDVREEN 44 2G5 NN EORERIFKDO—>LEE X, £/ Boc &
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ERS0 ZREHE LT, 4 215X H L L0 BMIIGE 6T, RIkI7 7= ki
o T b U FALEEE RS T L5 B R 38 OARITH & LT,

NCbz NCbz
NH2 HCI CbzHN NH Trcl CbzHN NTrt
HO\/\H/OH — \/\"/ ¢—f—» H \/\n/
(e}
L-serine (33) '\
HN Bt A
NHTrt HN

NH,+HCl HN\/:\n/OMe >‘NTrt
: HN,  : >"\—‘m
HO\/\n/OMe 4:ndo y \/\H/OMe _____ »  CbzN Wo
—®» HN_ B 7T 5 7 >

Bt

° —_—> \r NHTrt o
L-serine (34) Nl\/e\n/OMe 44 (desired) 38
43 O

BocN Bz
Y NHTH
BocN \/:\n/OMe _//

BocN Bz 46 O
NHTTt
—» HN\/’\n/owle ,//’
e}
50
Scheme 2-24

&Mmzam:WmAbmﬁﬁﬁﬁéﬁﬁ TT = AR 56 2 FVNCL 57 DRl
KIMZ LV EONDET NVIEDOARET IV R— VKIS E RS Lic & 2 A, BAFRIER, BRIRE

-

I;anz 1) Swern oxidation BnO OH
: _—

BnO OH

~ TN 2) MeNO, (10 eq.)

55(0.1eq.) NO,
57 toluene 58

-40 °C

2 steps 91% (d.r. 10 : 1)

NH,+HCI CbzN CbzN

HO O'Bu NH
—_—> T eeeeeeees »> %
\/\([)I/ —_— CbZN\/'\/OH CszWo
59 63 30
Scheme 2-25
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THIY 58 BF bz, ZORFHERZZIT T, EBEOMKISTHWOIRK I T=Y &/ 7
NT e RIOEZSTHOHHM LT, 7VT & R3VILTLCHEMNTIZ L W ZDAEREBLELIZH DD,
BOG R HCREFRFIICHREE L TS BRI STz, TRODOFREREZZIT T, Plan A ITX5
Aiha-A. Aiha-B O#t#G 2 W& L7z,

Plan B O #EE:PE DO FRFHhE F: % Scheme 2-26 (23, U 64 mBFEE LT /LT & K28 &
TV UFRER 29 OT NV RIS LEY 25 L 271 DIREWME G 2 SREF O I0n
(2R,3S)E 271X U A NV DEEPEIZ LD eI A XV Y DU AR L T 26 52, — .
(25,39) 1k 25 IFER LT, SHIRA I v DEE TH LN,

1) AcCl, MeOH
70°C.12h (cocly,, DMSO,
NH; 2) BnBr, K,CO; NBn, 2 Bt NBn,
BnO\/'\n/OH MeCN BnO_~_-OH » BNO : o
i CH,Cl, \/Y
0 3) LI;OMH4, THF anl % e [
0°C,1h
L-serine 64 57 oh ”
3 steps 93%
l;anz '}‘B“Z
Ph BnO ~ \OH BnO : OH
o) R .
N=( 3 3
‘BuO Ph [o) 2), Ph o 2 Ph
N . “N
29 N
t Ph 38% ) -
LHMDS BuO BUO
THE (25,38) 25 25 m
78°C,2h silica-gel JaN-"3~3 )
_ ‘ NBny NBn,
BnO. : “\OH BnO : o e
2 Ph 3 X
O 2 — o 2 o
N 35% N
BuO Ph BuO
(2R,3S) 27 26
Scheme 2-26

Bohic 25, 26 ICOWT, ZNEHIRBROLH, /7 =V U HOEA, Bik/ 7=
VAL OREEE AT S T LT, BEIO Aiha-AT7, Aiha-B 17 & Z 24 13 TH2 12%, 12 TF2 15%
TARTE7 (Scheme 2-27). —HUE. “HETICHE SN TVAARIE L T b A TR
IOULRIE N D, 72355, Aiha-A (2D W TS K BRI TERE DO IREE TOMHE A2 B L T2,
RS T = O B KRS % E S 21T 9 LRIBUS 251 ST 2 LW B
WZRolcled, XYY VDU DR THRET DI LICRY, BRI T =V 2BE L, T2
DHEROTE L. RS 7 =20 O ORI RS Shiz Aha-A B S =bl T
3. FFIEZD Aiha-A N T, REOKRHZRAD Z & & Lz,
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NBn, NBn, NBn,
BnO wOH 1) TFA, Et4SiH, H,0 B M e Kkco, OO wOH
Ph > >
O, - 2) Boc,0, K,CO4 0, ., DMFE o) “
‘N= THF / H,0 ‘NHBoc ‘NHBoc
tBUO Ph HO 3 steps 66% BnO
25 65 66
NCbz
Csz
OMe
NBn, 1) Pd(OH),, EA CbzHN NH I\JH
H 2) Goodman reagent T E
PPTS 0, >< NEt;, 1,4- dloxane/HZO .0 MsClI, NEt3 0
3) Mel, K,CO5, DMF . CH2<:|2 .
Cszilzh "N 3 steps 64% 'IN 8% ',EOC
67%
(Recycle 82%)
72 76 Aiha-A 77
NBn, 1) TFA, EtzSiH, H,0 NBn, NBn,
H rt,6h H :
- ’ : Mel, K.
BnO O  Ph g BnO wOH e,—zcos> BnO WOH
2) Boc,0, K,CO4
o ><Ph THF / H,0 r':t’Mgh o
H rt,12h NHBoc o NHBoc
‘BuO e} 3 steps 71% BnO
26 80 81
OMe NCbz
)I\ Csz
1) Hy, Pd(OH),
NB 2 2 HN NH
T 2 EtOAc cbz 3 ¥
PPTS BnO ~ o) rt,24h HO .0 MsCl, NEt3 Csz : 40
- "
CH,Cl, o 2) Goodman reagent o >< CH,Cl,
rt,12h N NEt, N rt,4h
Boc 1.4,-dioxane/H,0O Boc 91% BOC
88% OMe 45°C,12h MeO
2 steps 77% )
82 83 Aiha-B 17
Scheme 2-27
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General Information

NMR spectra were collected using a JEOL model EX-270, JEOL model ECP-400, or a Varian
NMR System 600 NB CL in the indicated solvent. Chemical shifts are reported in units of parts per
million (ppm) relative to the signal (0.00 ppm) for internal tetramethylsilane for solutions in CDCl;
(7.26 ppm for *H, 77.0 ppm for 3C), acetone-ds (7.26 ppm for *H, 29.8, 206.1 ppm for *C), or
DMSO-ds (2.49 ppm for 'H, 39.7 ppm for **C). Multiplicities are reported by using the following
abbreviations: s; singlet, d; doublet, t; triplet, q; quartet, m; multiplet, br; broad, J; coupling
constants in Hertz (Hz).

All reactions were monitored by thin-layer chromatography carried out on 0.25 mm E. Merck
silica gel plates (60F-254) with UV light, visualized by 10% ethanolic phosphomolybdic acid, ceric
sulfate aqueous solution, or 0.5% nynhydrin n-butanol solution. Dry CH,Cl,, dry THF, dry toluene,
and dry MeCN were obtained from Glasscontour solvent purification system. Dry DIEA was
distilled from CaH.

IR spectra were recorded on a Perkin-EImer Spectrum One FT-IR spectrophotometer.  Only the
strongest and/or structurally important absorption is reported as the IR data given in cm™

Optical rotations were measured on a JASCO P-1020 Polarimeter.

Column chromatograpy was performed on Merck silica gel 60N (0.063-0.200 mm)

ESI-TOF Mass spectra were measured with Waters LCT premier ™ XE.

Dry CH,CI,, dry THF, dry toluene, dry MeCN and dry NEt; were obtained from solvent

purification columns.
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Experimental Section
(S)-methyl 2-{2,3-bis[(benzyloxy)carbonyl]guanidine}-3-hydroxypropanoate (36)

NCbz
NHZ+HCI 1) AcCl, MeOH

HO\/\H/OH — t
ooaman reagen H

i NEt,, 1,4-dioxane/H,0 HO\/\H/O'V'e
33

36 O

-

® CbzHN” “NH

To a solution of AcCl (1.10 mL, 15.3 mmol, 3.00 equiv.) in MeOH (5.10 mL) was added
HO-L-Ser-NH, (33) (1.00 g, 5.10 mmol, 1.00 equiv.) at room temperature under argon. After being
stirred at reflux temperature for 6 h, the reaction mixture was concentrated in vacuo. The residue was
used for the next reaction without further purification.

To a solution of the residue in 1,4-dioxane (10.0 mL) and H,O (500 uL) was added Goodman’s
reagent (2.81 g, 6.12 mmol, 1.20 equiv.) and NEt; (3.56 mL, 25.5 mmol, 5.00 equiv.) at room
temperature under argon.  After being stirred at 45 "C for 12 h, the reaction mixture was poured into 2
M aqueous NaHSO, and the aqueous phase was extracted with CHCl;. The combined extract was
washed with H,O and brine, dried over Na,SO,, filtered, and concentrated in vacuo. The residue was
purified by column chromatography on silica gel (0% to 20% ethylacetate in hexane) to give (S)-methyl
2-{2,3-bis[(benzyloxy)carbonyl]guanidine}-3-hydroxypropanoate (36) (1.73 g, 4.11 mmol, 2 steps
82%) as a white solid.

'H NMR (400 MHz, CDCls) & 11.5 (s, 1H, NH), 8.54 (s, 1H, NH), 7.32-7.43 (m, 10H, aromatic), 4.52
(d, 1H, b, J = 12.1 Hz), 4.48 (d, 1H, b, J = 12.1 Hz), 3.90-3.95 (m, 1H, a), 3.70-3.76 (m, 1H, a), 3.68 (s,
3H, OMe), 3.10-3.15 (m, 1H, c).

3C NMR (100 MHz, CDCl5) 8 171.5, 156.7, 156.5, 150.2, 136.4, 128.9 x 4, 127.4 x 2, 127.1 x 4, 66.5,
65.7, 62.4,56.5, 52.1.

i
SEaae

(S)-methyl 3-[(methylsulfonyl)oxy]-2-(tritylamino)propanoate (40)
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NH,*HCI NHTrt

1) TrtCI, NEt;, CH,Cl,

HO OMe » MsO A OMe
\/\n/ 2) MsCl, NEty, CH,Cl, \/\n/

o (e]
34 40

To a solution of MeO-L-Ser-NH, (34) (1.00 g, 6.45 mmol, 1.00 equiv.) in CH,CI, (13.0 mL) was
added NEt; (2.62 mL, 19.4 mmol, 3.00 equiv.) and TrtCl (2.16 g, 7.74 mmol, 1.20 equiv.) at 0 ‘C under
argon. After being stirred at the room temperature for 2 h, the reaction mixture was poured into 2 M
aqueous NaHSO, and the aqueous phase was extracted with ethyl acetate. The combined extract was
washed with brine, dried over Na,SO,, filtered, and concentrated in vacuo. The residue was used for
the next reaction without further purification.

To a solution of residue in CH,Cl, (13.0 mL) was added NEt; (2.62 mL, 19.4 mmol, 3.00 equiv.) and
MsCI (0.753 mL, 7.74 mmol, 1.20 equiv.) at 0 'C under argon.  After being stirred at room temperature
for 5 h, the reaction mixture was poured into 2 M aqueous NaHSO, and the aqueous phase were
extracted with ethyl acetate. The combined extract was washed with brine, dried over Na,SO,, filtered
and concentrated in vacuo. The residue was purified by column chromatography on silica gel (0% to
10% acetone in toluene) to give (S)-methyl 3-[(methylsulfonyl)oxy]-2-(tritylamino)propanoate (40)
(2.45 g, 5.48 mmol, 2 steps 85%) as a white solid.

'H NMR (400 MHz, CDCl3) & 7.29-7.45 (m, 15H, aromatic), 4.14 (dd, 1H, b, J = 5.4, 12.1 Hz), 3.98
(dd, 1H, b, J = 5.4, 12.1 Hz), 3.72-3.78 (m, 1H, c), 3.62 (s, 3H, OMe), 3.15(s, 3H, a), 2.21 (d, 1H, NH,
J=7.2Hz).

3C NMR (100 MHz, CDCls) & 173.4, 144.8, 129.2, 128.7, 126.7, 75.6, 71.2, 63.8, 52.1, 36.8.

20

g O
Cl\s,o & o
XYY
\O

a o\
(S)-methyl 3-(1H-benzo[d][1,2,3]triazole-1-carboximidamido)-2-(tritylamino)propanoate (42) and

(S)-methyl 3-{[amino(1H-benzo[d][1,2,3]triazol-1-yl)methylene]amino}-2-(tritylamino)propanoate
(43)
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HN._ _B
NHTTt
HN_ _A_ _OMe
1) NaN3, DMF
NHTrt 2) Pd/C, MeOH 42 O
MSO\/\H/OMe 3)THF, 50 °C, 12h and
I NH
40 )]\ H,N_ Bt
Bt Bt \f NHTH
4 N ‘_OMe

To a solution of (S)-methyl 3-[(methylsulfonyl)oxy]-2-(tritylamino)propanoate (40) (200 mg, 0.460
mmol, 1.00 equiv.) in DMF (2.30 mL) was added sodium azido (74.0 mg, 1.15 mmol, 2.50 equiv.) at
0 'C under argon.  After being stirred at the room temperature for 2 h, the reaction mixture was poured
into saturated aqueous NaHCO; and the aqueous phase was extracted with ethyl acetate. The
combined extract was washed with 1 M HCI, H,0, saturated aqueous NaHCOgzand brine, dried over
Na,SO,, filtered, and concentrated in vacuo. The residue was used for the next reaction without
further purification.

To a solution of residue in MeOH (2.00 mL) was added Pd/C (10% on carbon, 20.0 mg) at room
temperature under argon.  After being stirred at the same temperature for 4 h under H, gas atmosphere,
the reaction mixture was filtered and concentrated in vacuo. The residue was used for the next
reaction without further purification.

To a solution of residue in THF (2.00 mL) was added
bis(1H-benzo[d][1,2,3]triazol-1-yl)methanimine (130 mg, 0.550 mmol, 1.20 equiv.) (41) at 0 'C under
argon. After being stirred at room temperature for 3 h, the reaction mixture was poured into H,O and
the agueous phase were extracted with ethyl acetate. The combined extract was washed with brine,
dried over Na,SO,, filtered and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (0% to 10% acetone in toluene) to give (S)-methyl
3-(1H-benzo[d][1,2,3]triazole-1-carboximidamido)-2-(tritylamino)propanoate  (42) and (S)-methyl
3-{[amino(1H-benzo[d][1,2,3]triazol-1-yl)methylene]amino}-2-(tritylamino)propanoate (43) (163 mg,
0.323 mmol, 3 steps 71%) as a white solid.

'"H NMR (400 MHz, CDCl;) & 9.68 (s, 0.5H, NH), 6.85-8.13 (m, 19H, aromatic), 5.65 (s, 1.5H, NH),
3,79 (brs, 1H, b), 3,67-3.71 (m, 1H, a), 3.38-3.45 (m, 1H, a), 3.28 (s, 3H, OMe), 2.95 (brd, 1H, NH).

HoN

HN Bt Bt
Y NHTTt \m NHTrt
HN\/Eb\H/OMe and N\/’\n/owle
a

fo) [¢]

(S)-methyl-3-[N,N"-bis(tert-butoxycarbonyl)-2-oxo-2-phenylacetimidamido]-2-(tritylamino)propa
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noate (46)
HN._ _Bz
Y NHTrt
HN A OMe
\:\([)l/ BocN Bz
y Boc,O, NEts, DMAP Y NHTrt
an o H
BocN A OMe
CH,Cl,
HzNTBZ l;lHTrt 90% ol
N\/?\H/OMe
43 O
To a solution of (S)-methyl

3-(1H-benzo[d][1,2,3]triazole-1-carboximidamido)-2-(tritylamino)propanoate  (42) and (S)-methyl
3-{[amino(1H-benzo[d][1,2,3]triazol-1-yl)methylene]amino}-2-(tritylamino)propanoate (43) (80 mg,
0.160 mmol, 1.00 equiv..) in CH,CI; (1.00 mL) was added NEt; (66.9 uL, 0.480 mmol, 3.00 equiv.) and
TrtCl (2.16 g, 7.74 mmol, 1.20 equiv.) at 0 'C under argon.  After being stirred at the room temperature
for 2 h, the reaction mixture was poured into 2 M aqueous NaHSO, and the aqueous phase was
extracted with ethyl acetate. The combined extract was washed with brine, dried over Na,SO,, filtered,
and concentrated in vacuo. The residue was used for the next reaction without further purification.

To a solution of residue in CH,Cl; (13.0 mL) was added Boc,0O ( 60.0 mg, 0.240 mmol, 1.50 equiv.) and
NEt; (67.0 uL, 0.480 mmol, 3.00 equiv.) and DMAP (17 mg, 0.160 mmol, 1.00 equiv.) at room
temperature under argon. After being stirred at room temperature for 1 h, the reaction mixture was
poured into H,O and the aqueous phase were extracted with ethyl acetate. The combined extract was
washed with brine, dried over Na,SQ,, filtered and concentrated in vacuo. The residue was purified
by column chromatography on silica gel (0% to 7% ethylacetate in toluene) to give
(S)-methyl-3-[N,N'-bis(tert-butoxycarbonyl)-2-oxo-2-phenylacetimidamido]-2-(tritylamino)propanoate
(46) (102 mg, 0.147 mmol, 90%).

'H NMR (400 MHz, CDCl3) 8 7.15-8.45 (m, 19H, aromatic), 3.92-3.97 (m, 1H, a), 3.76-3.79 (m, 1H, a),
3.74-3.75 (m, 1H, b), 3.24 (s, 1H, OMe), 2.94-2.96 (brd, 1H, NH), 1.35 (s, 9H, tBu), 1.33(s, 9H, tBu).

BocN Bt
NHTrt

b

BocN OMe
\a/\n/

(¢}

(S)-methyl 3-[N’-(tert-butoxycarbonyl)-2-oxo-2-phenylacetimidamido]-2-(tritylamino)propanoate
(50)
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NHTt B, Bt BOCNYBZ NHTH
HN A OMe ——— 3=
> — HN\/\n/OMe
8o 50°C, 12 50

To a solution of (S)-methyl 3-amino-2-(tritylamino)propanoate (48) (100 mg, 0.278 mmol, 1.00 equiv.)
in THF (1.00 mL) was added (121 mg, 0.334 mmol, 1.20 equiv.) (49) at 0 'C under argon.  After being
stirred at room temperature for 3 h, the reaction mixture was poured into H,O and the aqueous phase
were extracted with ethyl acetate. The combined extract was washed with brine, dried over Na,SOy,
filtered and concentrated in vacuo. The residue was purified by column chromatography on silica gel
(0% to 10% acetone in toluene) to give (S)-methyl
3-[N'-(tert-butoxycarbonyl)-2-oxo-2-phenylacetimidamido]-2-(tritylamino)propanoate (50) (139 mg,
0.236 mmol, 85%) as a white solid.

'H NMR (400 MHz, CDCl3) & 7.14-8.42 (m, 19H, aromatic), 5,61 (brd, 1H, NH), 3.98-4.07 (m, 1H, a),
3.82-3.85 (m, 1H, b), 3.77-3.79 (m, 1H, a), 3.23 (s, 1H, OMe), 2.95-2.98 (brd, 1H, NH), 1.35 (s, 9H,
tBu).

BocN Bz
NHTrt

HN A OMe
\a/\n/

(S)-1-benzyl 4-methyl 2-{[(benzyloxy)carbonyl]imino}imidazolidine-1,4-dicarboxylate (62)

Goodman reagent, NEt; CbzN

MsClI, NEt, NH

1)
HO oB il - 3
\/\n/ u & CbzN j OMe
3) TFA, CH,Cl, \/\"/

o) 4) Mel, K,CO4, DMF
59 4 steps 49% 62 O

NH,HCI

To a solution of tBuO-L-Ser-NH»*HCI (59) (1.00 g, 5.07 mmol, 1.00 equiv.) in 1,4-dioxane (5.00
mL) and H,O (250 uL) was added Goodman’s reagent (2.79 g, 6.08 mmol, 1.20 equiv.) and NEt; (3.50
mL, 25.4 mmol, 5.00 equiv.) at room temperature under argon. After being stirred at 45 "C for 12 h,
the reaction mixture was poured into 2 M aqueous NaHSO, and the aqueous phase was extracted with
CHCI;. The combined extract was washed with H,O and brine, dried over Na,SO,, filtered, and
concentrated in vacuo. The residue was used for the next reaction without further purification.

To a solution of residue in CH,Cl, (15.0 mL) was added NEt; (2.12 mL, 15.2 mmol, 3.00 equiv.) and
MsCI (0.470 mL, 6.08 mmol, 1.20 equiv.) at 0 'C under argon.  After being stirred at room temperature
for 5 h, the reaction mixture was poured into 2 M aqueous NaHSO, and the aqueous phase were
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extracted with ethyl acetate. The combined extract was washed with brine, dried over Na,SO,, filtered
and concentrated in vacuo. The residue was used for the next reaction without further purification.

To a solution of residue in CH,Cl, (10.0 mL) was added TFA (1.00 mL) at room temperature. ~After
being stirred at the same temperature for 3 h, the reaction mixture was concentrated in vacuo. The
residue was used for the next reaction without further purification.

To a solution of the residue in DMF (3.00 mL) was added Mel (1.57 mL, 25.4 mmol, 5.00 equiv.)
and K,CO;(2.10 g, 15.2 mmol, 3.00 equiv.) at room temperature. After being stirred at the same
temperature for 1 h, the reaction mixture was poured into aqueous NaHSO, and the aqueous phase was
extracted with ethyl acetate. The combined extract was washed with H,O and brine, dried over
Na,SQ,, filtered, and concentrated in vacuo. The residue was purified by column chromatography on
silica gel (0% to 8% ethylacetate in hexane) to give (S)-1-benzyl 4-methyl
2-{[(benzyloxy)carbonyl]imino}imidazolidine-1,4-dicarboxylate (62) (1.02 g, 2.48 mmol, 4 steps
49%).

'H NMR (400 MHz, CDCl;) & 8.86 (brd, 1H, NH), 7.21-7.45 (m, 10H, aromatic), 5.26 (s, 2H, c), 5.12
(s, 2H, ¢), 3.97-4.06 (m, 1H, b), 3.75-3.79 (m, 1H, a), 3.55-3.62 (m, 1H, a), 3.28 (s, 1H, OMe).

3C NMR (100 MHz, CDCl;) & 171.4, 159.7, 154.3, 152.9, 136.1 x 2, 128.5 x 2, 128.4 x 2, 127.8 X 2,
127.5x 2, 68.0, 66.2, 64.8, 54.1, 51.9.

(R)-3-(Benzyloxy)-2-(dibenzylamino)propan-1-ol (57)

NH, 1) AcCl, MeOH NBn,
B”O\/:\H/OH 4‘2) Bnbr, KGO BnO\/='\/OH

3) LiAIH, THF
64 © 57

To a solution of AcCl (10.9 mL, 154 mmol, 3.00 equiv.) in MeOH (51.2 mL) was added
HO-L-Ser(OBn)-NH; (64) (10.0 g, 51.2 mmol, 1.00 equiv.) at room temperature under argon. After
being stirred at reflux temperature for 6 h, the reaction mixture was concentrated in vacuo. The
residue was used for the next reaction without further purification.

To a solution of the residue in MeCN (153 mL) was added BnBr (15.2 mL, 128 mmol, 2.50 equiv.)
and K,CO5(35.4 g, 256 mmol, 5.00 equiv.) at room temperature under argon. After being stirred at
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the same temperature for 24 h, the reaction mixture was poured into H,O and the aqueous phase was
extracted with ethyl acetate. The combined extract was washed with brine, dried over MgSO,, filtered,
and concentrated in vacuo. After short-pass silica-gel column chromatography, the residue was used
for the next reaction without further purification.

To a solution of LiAIH,(2.84 g, 75.0 mmol, 1.50 equiv.) in THF (40.0 mL) was slowly added a
solution of the residue in THF (210 mL) at 0 'C under argon. After being stirred at the same
temperature for 1 h. After complete disappearance of the starting material, the mixture was hydrolysed
with wet ether. The aqueous layer was extracted with ether, the organic phases combined, dried over
MgSO, and concentrated. The residue was purified by column chromatography on silica gel (0% to
20% ethyl acetate in hexane) to give (R)-3-(benzyloxy)-2-(dibenzylamino)propan-1-ol (57) (17.3 g,
47.8 mmol, 3 steps 93%) as a colorless oil.

[a]o?* +87.1 (c = 1.41, CHCIy).

'H NMR (270 MHz, CDCls) & 7.22-7.40 (m, 15H, aromatic), 4.55 (d, 1H, a, J = 12.1 Hz), 4.51 (d, 1H, a,
J=12.1Hz),3.87 (d, 2H, d, J = 13.1 Hz), 3.74 (dd, 1H, b or e, J = 6.3, 9.7 Hz), 3.60 (d, 2H, d, J = 13.1
Hz), 3.50-3.58 (m, 3H, b and ¢), 3.11-3.18 (m, 1H, c¢), 2.87 (s, 1H, OH).

3C NMR (100 MHz, CDCls) & 139.5, 138.2, 129.1, 128.5, 128.4, 127.8, 127.5, 127.2, 73.4, 68.0, 59.8,
58.3, 54.1.

FT-IR (neat) 2858, 1495, 1453, 1097, 1073, 1028, 733, 698 cm™.

HRMS (ESI-TOF) calcd for CosH;NO, [M+H]" 361.2042 found 362.2040.

(2S,3S,4S)-tert-Butyl-5-(benzyloxy)-4-(dibenzylamino)-2-(diphenylmethyleneamino)-3-hydroxype
ntanoate (25)

and
(4R,5R)-tert-butyl-5-[(S)-2-(benzyloxy)-1-(dibenzylamino)ethyl]-2,2-diphenyloxazolidine-4-carbox
ylate (26)
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NBn,
BnO. s \OH
Ph
() 'N=<
1) (COCI),, DMSO, NEts
l;anz CH,Cl, . ‘BuO Ph
BnO : OH -
N~ 2) LHMDS, THF +
o _ Ph
N NBn,
BuO Ph BnO. R 0 ph

To a solution of (COCI); (1.06 mL, 12.2 mmol, 2.00 equiv.) in CH,CI; (20.0 mL) was slowly added
DMSO (1.73 mL., 24.3 mmol, 4.00 equiv.) at -78 ‘C under argon. After being stirred at the same
temperature for 15 min, the reaction mixture was slowly added a solution of the alcohol (57) (2.20 g,
6.09 mmol, 1.00 equiv.) in CH,Cl,(10.0 mL). After being stirred at the same temperature for 30 min,
the reaction mixture was added NEt; (5.09 mL, 36.5 mmol, 6.00 equiv.) in one potion. After being
stirred at 0 "C for 30 min, the reaction mixture was poured into a saturated aqueous NaHCO; and the
aqueous phase was extracted with Et,O. The combined extract was washed with brine, dried over
MgSQ,, filtered and concentrated in vacuo. The residue was used for the next reaction without further
purification.

To a solution of LHMDS (1.0 M in THF, 8.71 mL, 8.71 mmol, 1.43 equiv.) was slowly added a
solution of glycine ester (2.70 g, 9.14 mmol, 1.50 equiv.) in THF (80.0 mL) at -78 "C under argon.
After being stirred at the same temperature for 45 min, to the reaction mixture was added a solution of
the residue in THF (10.0 mL) at -78 'C. After being stirred at the same temperature for 2 h, the
reaction mixture was poured into a saturated aqueous NaHCO; and the aqueous phase was extracted
with ethyl acetate. The combined extract was washed with brine, dried over Na,SQ,, filtered and
concentrated in vacuo. The residue was purified by column chromatography on silica gel (0% to 30%
ethyl acetate in hexane) to give semi-pure (2S,3S,45)-tert-butyl
5-(benzyloxy)-4-(dibenzylamino)-2-(diphenylmethyleneamino)-3-hydroxypentanoate (25) (1.51 g, 2.31
mmol, 2steps 38%) as a light yellow oil and semi-pure
(4R,5R)-tert-butyl-5-[(S)-2-(benzyloxy)-1-(dibenzylamino)ethyl]-2,2-diphenyloxazolidine-4-carboxylat
e (26) (1.39 g, 2.13 mmol, 2 steps 35%) as a light yellow oil.

(2S,3S,45)-tert-Butyl-5-(benzyloxy)-4-(dibenzylamino)-2-(diphenylmethyleneamino)-3-hydroxypentan
oate (25)

'H NMR (400 MHz, CDCl3) & 6.94-7.67 (m, 25H, aromatic), 4.58 (ddd, 1H, e, J= 5.9, 6.8, 7.7 Hz),
434 (d, 2H, a, J= 2.0 Hz), 4.16 (d, 1H, f, J = 7.7 Hz), 3.85 (d, 2H, d, J = 14.1 Hz), 3.80(d, 2H, d, J =
14.1 Hz), 3.64-3.72 (m, 1H, b), 3.56 (dd, 1H, b, J = 4.4, 5.9 Hz), 3.33 (d, 1H, OH, J = 5.9 Hz),
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3.04-3.11 (m, 1H, ¢), 1.39 (s, 9H, tBu)

¥C NMR (100 MHz, CDCl3) § 171.1, 170.7, 140.7, 139.5, 138.6, 136.4, 130.4, 129.4, 129.1 x 2, 129.0,
128.8 x 2, 128.6, 128.5, 128.4 X 2, 128.3 x 2, 128.1 x 3, 128.0 X 2, 127.5, 127.4 X 2, 127.2, 126.6 X 2,
81.9, 73.8, 73.6, 69.4, 68.9, 57.2, 55.3, 28.0.

HRMS (ESI-TOF) calcd for C43H.N,04 [M+H]* 655.3536 found 655.3546.

(4R,5R)-tert-Butyl-5-[(S)-2-(benzyloxy)-1-(dibenzylamino)ethyl]-2,2-diphenyloxazolidine-4-carboxylat
e (26)

'H NMR (400 MHz, CDCl3) & 7.22-7.55 (m, 25H, aromatic), 4.44-4.52 (m, 1H, €), 4.24 (d, 1H, a, J
=11.7 Hz), 4.13 (d, 1H, a, J = 11.7 Hz), 3.91-3.99 (m, 3H, d and f), 3.78 (d, 2H, d, J =14.1 Hz),
3.73-3.79 (m, 1H, b), 3.56-3.60 (m, 1H, b), 3.10-3.18 (m, 1H, c), 2.96-3.06 (m, 1H, NH), 1.22 (s, 9H,
tBu)

3C NMR (100 MHz, CDCl,) 8 170.5, 144.8, 144.5, 140.5, 138.7, 130.1, 128.9 x 2, 128.6 x 2, 128.2 X 6,
127.6 x 2, 127.3 x 2, 126.8 x 2, 126.7 x 4, 126.0 x 3, 100.7, 81.9, 81.3, 72.7, 67.7, 64.1, 58.6, 55.3,
27.8.

HRMS (ESI-TOF) calcd for Cy3H47N,04 [M+H]" 655.3536 found 655.3548.

(2S,3R,45)-Benzyl-5-(benzyloxy)-2-(tert-butoxycarbonylamino)-4-(dibenzylamino)-3-hydroxypent
anoate (66)

NBn,

NBn,
BnO wOH H

1) TFA, Et;SiH, H,0 BnO wOH
o Ph 2) Boc,0, KCO3, THF/H,0
""N=< - (@) y, NHB
oC
B oh 3) BnBr, K,CO3, DMF

BnO
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To a solution of semi-pure
(2S,35,45)-tert-butyl-5-(benzyloxy)-4-(dibenzylamino)-2-(diphenylmethyleneamino)-3-hydroxypentano
ate (25) (150 mg, 0.240 mmol, 1.00 equiv.) in Et;SiH (0.400 mL) and H,O (40.0 uL) was added TFA
(3.60 mL) at room temperature. After being stirred at the same temperature for 3 h, the reaction
mixture was concentrated in vacuo. The residue was used for the next reaction without further
purification.

To a solution of the residue in THF (2.00 mL) and H,O (2.00 mL) was added Boc,0O (67.0 mg, 0.310
mmol, 1.30 equiv.) and K,CO; (98.0 mg, 0.710 mmol, 3.00 equiv.) at room temperature. After being
stirred at the same temperature for 12 h, the reaction mixture was poured into 1 M HCI and the aqueous
phase was extracted with CHCI;. The combined extract was washed with brine, dried over Na,SO,,
filtered and concentrated in vacuo. The residue was used for the next reaction without further
purification.

To a solution of the residue in DMF (1.00 mL) was added BnBr (42.0 uL, 0.350 mmol, 1.50 equiv.)
and K,CO3(98.0 mg, 0.710 mmol, 3.00 equiv.) at room temperature. After being stirred at the same
temperature for 12 h, the reaction mixture was poured into H,O and the aqueous phase was extracted
with ethyl acetate. The combined extract was washed with brine, dried over Na,SO,, filtered and
concentrated in vacuo. The residue was purified by column chromatography on silica gel (0% to 30%
ethyl acetate in hexane) to give
(2S,3R,4S)-benzyl-5-(benzyloxy)-2-(tert-butoxycarbonylamino)-4-(dibenzylamino)-3-hydroxypentanoa
te (66) (110 mg, 0.178 mmol, 3 steps 74%) as a colorless oil.

[a]o®* +41.5 (c = 1.05, CHCIs).

'H NMR (400 MHz, CDCl5) 8 7.19-7.36 (m, 20H, aromatic), 5.32 (d, 1H, NH, J = 8.8 Hz), 4.96 (d, 1H,
g,J =12.2 Hz), 491 (d, 1H, g, J = 12.2 Hz), 4.68 (dd, 1H, f, J = 2.2, 8.8 Hz), 4.49 (s, 2H, a), 4.14-4.20
(m, 1H, e), 3.84 (d, 2H, d, J = 13.7 Hz), 3.77-3.84 (m, 2H, b), 3.55 (d, 2H, d, J = 13.7 Hz), 3.48 (d, 1H,
OH, J = 6.3 Hz), 3.17-3.25 (m, 1H, c), 1.40 (s, 9H, tBu).

3C NMR (100 MHz, CDCls) & 170.6, 155.9, 141.0, 139.4 x 2, 137.8, 135.5, 129.1, 128.5 x 4, 128.4 x 2,
128.3 x 2,128.2 x 2, 127.8 x 2, 127.7, 127.5, 127.1 x 2, 127.0 x 2, 79.8, 73.7, 73.5, 67.7, 66.9, 65.2,
58.2,57.1,55.1, 28.3.

FT-IR (neat) 3672, 2933, 1739, 1717, 1496, 1366, 1165, 699 cm™.

HRMS (ESI-TOF) calcd for CgH4sN,Og [M+H]* 625.3278 found 625.3295.
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(4S,5S)-4-Benzyl-3-tert-butyl-5-[(S)-2-(benzyloxy)-1-(dibenzylamino)ethyl]-2,2-dimethyloxazolidin
e-3,4-dicarboxylate (72)

NBn,

NBn,
BnO. WOH )I\ :
OMe , PPTS 0

BnO ~
oS, ey X
‘NHBoc CH,Cl, \O;jw,\,
Boc
BnO BnO

To a solution of
(2S,3R,45)-benzyl-5-(benzyloxy)-2-(tert-butoxycarbonylamino)-4-(dibenzylamino)-3-hydroxypentanoa
te (66) (250 mg, 0.390 mmol, 1.00 equiv.) in CH,CI, (2.00 mL) was added 2-methoxyprop-1-ene (750
uL, 20.0 mmol, 50.0 equiv.) and PPTS (50.0 mg, 0.200 mmol, 0.500 equiv.) at room temperature under
argon. After being stirred at the same temperature for 12 h, the reaction mixture was quenched with
NEt; and concentrated in vacuo. The residue was purified by column chromatography on silica gel (0%
to 10% ethyl acetate in hexane) to give
(4S,5S)-4-benzyl-3-tert-butyl-5-[(S)-2-(benzyloxy)-1-(dibenzylamino)ethyl]-2,2-dimethyloxazolidine-3,
4-dicarboxylate (72) (218 mg, 0.320 mmol, 82%) as a light yellow oil.

NMR spectra were observed as mixture of rotamers. NMR spectra of major rotamer were shown below:
[a]o?* +22.5 (c = 1.05, CHCI,)

'H NMR (400 MHz, CDClI;) 8 7.16-7.36 (m, 20H, aromatic), 4.92 (d, 2H, d, J = 12.1 Hz), 4.79 (d, 2H,

d, J=12.1 Hz), 4.45-4.52 (m, 2H, a), 4.42-4.48 (m, 1H, €), 4.30 (d, 1H, f, J = 6.3 Hz), 3.80-3.88 (m, 1H,

b), 3.61 (dd, 1H, b, J = 2.0, 11.1 Hz), 3.36-4.41 (m, 1H, c), 1.54 (s, 3H, h), 1.42 (s, 3H, h), 1.29 (s, 9H,

tBu).

3C NMR (100 MHz, CDCl5) & 169.7, 152.0, 140.0, 138.7, 135.4, 129.0, 128.5 x 2, 128.4 x 2, 128.3 x 2,

128.1, 127.5,126.8, 94.5, 80.3, 76.6, 73.2, 67.4, 66.7, 62.0, 57.6, 55.5, 28.2, 25.3, 24.1.

FT-IR (neat) 3437, 1748, 1707, 1637, 1376, 1255, 1185, 698 cm™.

HRMS (ESI-TOF) calcd for C43H49N,0 [M+H]* 665.3591 found 665.3583.

d :
@\/0 S e} h
e
2 i, ><
aN
Boc
(0]

<

(4S,5S)-3-tert-Butyl-4-methyl-5-{(S)-1-[2,3-bis(benzyloxycarbonyl)guanidine]-2-hydroxyethyl}-2,2

BnN
b
O,
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-dimethyloxazolidine-3,4-dicarboxylate (76)

NCbz
NBn;
H 1) Pd(OH),, H,, ethyl acetate CbzHN

BnO, .0 2) Goodman reagent, NEt; ’;‘H
>< dioxane/H,0 HO - 0
o) . -
N
Nc  3)Mel K,CO, o Jen, ><
BnO N
MeO

]

Boc

To a solution of
(4S,55)-4-benzyl-3-tert-butyl-5-[(S)-2-(benzyloxy)-1-(dibenzylamino)ethyl]-2,2-dimethyloxazolidine-3,
4-dicarboxylate (72) (350 mg, 0.526 mmol, 1.00 equiv.) in ethyl acetate (5.00 mL) was added Pd(OH),
(20% on carbon, 1.05 g) at room temperature under argon.  After being stirred at the same temperature
for 24 h under H; gas atmosphere, the reaction mixture was filtered and concentrated in vacuo. The
residue was used for the next reaction without further purification.

To a solution of the residue in 1,4-dioxane (5.00 mL) and H,O (250 pL) was added Goodman reagent
(363 mg, 0.790 mmol, 1.50 equiv.) and NEt; (0.730 mL, 5.26 mmol, 10.0 equiv.) at room temperature
under argon.  After being stirred at 45 "C for 12 h, the reaction mixture was poured into 2 M agqueous
NaHSO, and the aqueous phase was extracted with CHCIl;. The combined extract was washed with
H,O and brine, dried over Na,SO,, filtered, and concentrated in vacuo. The residue was used for the
next reaction without further purification.

To a solution of the residue in DMF (3.00 mL) was added Mel (164 pL, 2.63 mmol, 5.0 equiv.) and
K,CO; (218 mg, 1.58 mmol, 3.00 equiv.) at room temperature. After being stirred at the same
temperature for 1 h, the reaction mixture was poured into aqueous NaHSO, and the aqueous phase was
extracted with ethyl acetate. The combined extract was washed with H,O and brine, dried over
Na,SO,, filtered, and concentrated in vacuo. The residue was purified by column chromatography on
silica gel (0% to 8% acetone in toluene) to give
(4S,5S)-3-tert-butyl-4-methyl-5-{(S)-1-[2,3-bis(benzyloxycarbonyl)guanidine]-2-hydroxyethyl }-2,2-di
methyloxazolidine-3,4-dicarboxylate (76) (224 mg, 0.337 mmol, 3 steps 64%) as a white solid.

NMR spectra were observed as mixture of rotamers. NMR spectra of major rotamer were shown below:

[a]o®* +23.8 (c = 0.87, CHClIy).

'H NMR (400 MHz, CDCl,) 8 11.7 (s, 1H, d), 8.82 (s, 1H, c), 7.28-7.39 (m, 10H, aromatic), 5.23 (d,
2H, e, J = 14.2 Hz), 5.18 (d, 2H, e, J = 14.2 Hz), 4.46-4.52 (m, 1H, f), 4.40 (d, 1H, g, J = 6.28 Hz),
4.17-4.25 (m, 1H, b), 3.73-3.88 (M, 2H, a), 3.62 (s, 3H, OMe), 1.74 (s, 3H, h), 1.53 (s, 3H, h), 1.39 (s,
9H, tBu)

BC NMR (100 MHz, CDCl3) 6 170.4, 163.3, 156.2, 153.7, 151.0, 136.6, 134.5, 128.9, 128.8 x 2, 128.6
x2,128.5x2,128.3,128.2, 128.0, 95.5, 80.7, 75.3, 68.5, 67.3, 62.2, 61.5, 52.8, 52.5, 28.3, 25.4, 24.6.

FT-IR (neat) 3434, 1732, 1706, 1623, 1382, 1338, 1053, 754, 698 cm™.

78



?“di
it

HRMS (ESI-TOF) calcd for Ca;H43N4O10 [M+H]* 629.2823 found 629.2843.
NIJI\ /\©
CszN
(4S,5S)-3-tert-Butyl-4-methyl-5-[(S)-1-(benzyloxycarbonyl)-2-(benzyloxycarbonylimino)imidazoli
din-4-yl]-2,2-dimethyloxazolidine-3,4-dicarboxylate (77)

O

h

mz

0oC

HO( .0 MsCl, NEt3
o -.,,,N>< CHZCIZ
Boc Boc

To a solution of
(4S,5S)-3-tert-butyl-4-methyl-5-{(S)-1-[2,3-bis(benzyloxycarbonyl)guanidine]-2-hydroxyethyl }-2,2-di
methyloxazolidine-3,4-dicarboxylate (75) (30.0 mg, 47.7 umol, 1.00 equiv.) in CH,CI, (1.00 mL) was
added NEt; (33.3 uL, 239 umol, 5.00 equiv.) and MsCI (4.10 pL, 52.5 pmol, 1.20 equiv.) at 0 'C under
argon. After being stirred at the room temperature for 5 h, the reaction mixture was poured into 2 M
aqueous NaHSO, and the aqueous phase was extracted with ethyl acetate. The combined extract was
washed with brine, dried over Na,SQ,, filtered, and concentrated in vacuo. The residue was purified
by column chromatography on silica gel (0% to 10% acetone in toluene) to give
(4S,5S)-3-tert-butyl-4-methyl-5-[(S)-1-(benzyloxycarbonyl)-2-(benzyloxycarbonylimino)imidazolidin-4
-yl]-2,2-dimethyloxazolidine-3,4-dicarboxylate (77) (25.7 mg, 42.0 umol, 88%) as a white solid.

NMR spectra were observed as mixture of rotamers. NMR spectra of major rotamer were shown below:
[a]o” +19.1 (c = 0.77, CHCIy).

'H NMR (400 MHz, Acetone-ds) & 8.96 (brs, 1H, c), 7.29-7.56 (m, 10H, aromatic), 5.25 (s, 2H, d), 5.13

(s, 2H, d), 4.56-4.61 (m, 1H, f), 4.52-4.58 (m, 1H, e), 4.02-4.12 (m, 1H, a), 3.95-4.01 (m, 1H, b),

3.90-3.93 (m, 1H, a), 3.80 (s, 3H, OMe), 1.67 (s, 3H, g), 1.50 (s, 3H, g), 1.39 (s, 9H, tBu)

C NMR (100 MHz, CDCls) §170.2, 151.7, 150.8, 150.4, 136.4, 135.2, 128.6, 128.5, 128.4, 128.3,

128.3, 128.0, 127.9, 95.7, 95.0, 81.4, 77.6, 68.4, 67.4,61.3, 61.1, 52.7, 52.6, 28.3, 26.3, 25.4, 24.6.

FT-IR (solid) 3352, 1759, 1712, 1657, 1615, 1368, 1309, 1258, 1170 cm™.

HRMS (ESI-TOF) calcd for C3;H3N,Og [M+H]" 611.2717 found 611.2710.
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CbzN_  :b w0 g
\O@":,,NX
Boc
MeO
(2S,3S)-Methyl-2-(benzyloxycarbonylamino)-3-hydroxy-3-[(S)-2-iminoimidazolidin-4-yl]propanoa
te (79)

CbzN HN  *TFA

>~NH NH
= 1) Hp, Pd/C, MeOH HN
CobzN Rte) 2) TFA, Et;SiH _ WOH
o o >< 3) Cbz-OSu, NaHCO, o) .
goc dioxane/H,0 NHCbz
MeO MeO
To a solution of

(4S,5S)-3-tert-butyl-4-methyl-5-[(S,E)-1-(benzyloxycarbonyl)-2-(benzyloxycarbonylimino)imidazolidin
-4-yl]-2,2-dimethyloxazolidine-3,4-dicarboxylate (77) (4.5 mg, 7.5 umol, 1.00 equiv.) in MeOH (0.300
mL) was added Pd/C (10% on carbon, 9.00 mg) at room temperature under argon.  After being stirred
at the same temperature for 2 h under H, gas atmosphere, the reaction mixture was filtered and
concentrated in vacuo. The residue was used for the next reaction without further purification.

To a solution of the residue in CH,Cl, (1.40 mL) was added Et;SiH (30.0 uL) and TFA (0.750 mL) at
room temperature. After being stirred at the same temperature for 2 h, the reaction mixture was
concentrated in vacuo. The residue was used for the next reaction without further purification.

To a solution of the residue in 1,4-dioxane (1.20 mL) and H,O (1.20 mL) was added NaHCO; (1.86
mg, 22.2 umol, 3.00 equiv.) and Cbhz-OSu (1.9 mg, 7.7 pmol, 1.05 equiv.) at 0 'C under argon.  After
being stirred at the room temperature for 12 h, the reaction mixture was acidified with 5% TFA in
MeOH and concentrated in vacuo. The residue was purified by reverse phase column chromatography
(Bond Elut-C18: 0% to 50% MeOH in H,0) to give
(2S,3S)-methyl-2-(benzyloxycarbonylamino)-3-hydroxy-3-[(S)-2-iminoimidazolidin-4-yl]propanoate
(79) (TFA salt) (1.7 mg, 5.0 umol, 3 steps 67%) as a white solid.

'H NMR (400 MHz, CD;0D) & 7.30-7.36 (m, 5H, aromatic), 5.12 (s, 2H, e), 4.32 (d, 1H, d, J = 6.4 Hz),
4.14 (ddd, 1H, b, J=5.8, 5.8, 9.8 Hz), 3.86 (dd, 1H, ¢, J = 5.4, 5.4 Hz), 3.75 (s, 3H, OMe), 3.70 (m, 2H,
a).

HRMS (ESI-TOF) calcd for Cy7H2.N,Og [M+H]" 337.1512 found 337.1516.
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(2R,3R,4S)-Methyl-5-(benzyloxy)-2-[(tert-butoxycarbonyl)amino]-4-(dibenzylamino)-3-hydroxypentan
oate (81)

NBny NBn,
BnO «O_ Ph 1) TFA, E;SiH, H,0 BnO_A~\_.~OH
>< 2) Boc,0, K,COg THF/H,O
0 N Ph > o
H 3) Mel, K,CO3, DMF NHBoc
BuO MeO
To a solution of semi-pure

(4R,5R)-tert-butyl-5-[(S)-2-(benzyloxy)-1-(dibenzylamino)ethyl]-2,2-diphenyloxazolidine-4-carboxylat
e (26) (800 mg, 1.22 mmol, 1.00 equiv.) in Et;SiH (2.00 mL) and H,O (200 uL) was added TFA (18.0
mL) at room temperature. After being stirred at the same temperature for 3 h, the reaction mixture
was concentrated in vacuo. The residue was used for the next reaction without further purification.

To a solution of the residue in THF (10.0 mL) and H,O (10.0 mL) was added Boc,0O (347 mg, 1.59
mmol, 1.30 equiv.) and K,CO; (506 mg, 3.66 mmol, 3.00 equiv.) at room temperature. After being
stirred at the same temperature for 12 h, the reaction mixture was poured into 1 M HCI and the aqueous
phase was extracted with CHCIl;. The combined extract was washed with brine, dried over Na,SOy,
filtered and concentrated in vacuo. The residue was used for the next reaction without further
purification.

To a solution of the residue in DMF (5.00 mL) was added Mel (0.220 mL, 1.83 mmol, 1.50 equiv.)
and K,CO; (506 mg, 3.66 mmol, 3.00 equiv.) at room temperature. After being stirred at the same
temperature for 12 h, the reaction mixture was poured into H,O and the aqueous phase was extracted
with ethyl acetate. The extract was washed with brine, dried over Na,SO,, filtered, and concentrated
in vacuo. The residue was purified by column chromatography on silica gel (0% to 30% ethyl acetate in
hexane) to give (2R,3R,4S)-methyl
5-(benzyloxy)-2-[(tert-butoxycarbonyl)amino]-4-(dibenzylamino)-3-hydroxypentanoate  (81) (540 mg,
0.990 mmol, 3 steps 81%) as a colorless oil.

[a]o® +13.5 (¢ = 1.05, CHCIs;)
'H NMR (400 MHz, CDCls) & 7.19-7.43 (m, 15H, aromatic), 5.16 (d, 1H, NH, J = 9.2 Hz), 4.87 (d, 1H,
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f J=9.2 Hz), 4.55 (d, 1H, a, J = 11.6 Hz), 4.50 (d, 1H, a, J = 11.6 Hz), 4.46 (brs, 1H, f), 4.44 (brs, 1H,
OH), 3.94 (d, 2H, d, J = 14.0 Hz), 3.81-3.87 (m, 2H, b), 3.73 (s, 3H, OMe), 3.54 (d, 2H, d, J = 12.6 Hz),
3.01 (ddd, 1H, ¢, J = 4.9, 4.9, 9.8 Hz), 1.43 (s, 9H, tBu).

¥C NMR (100 MHz, CDCly) & 172.4, 156.3, 139.0, 137.3, 135.7, 129.1, 128.7 x 2, 128.6, 128.5 X 2,
128.4 x 3,128.2 x 2, 128.1 x 3, 128.0, 127.8 x 2, 127.7, 127.6, 127.1, 127.0, 79.6, 73.7, 72.5, 67.9, 67.0,
65.4, 57.3, 55.2, 55.0, 28.4.

FT-IR (neat) 3420, 2960, 1720, 1706, 1505, 1338, 1160, 685 cm™.

HRMS (ESI-TOF) calcd for CagHasN,0g [M+H]* 549.2964 found 549.2849.

(4R,5S)-3-tert-Butyl-4-methyl
5-[(S)-2-(benzyloxy)-1-(dibenzylamino)ethyl]-2,2-dimethyloxazolidine-3,4-dicarboxylate (82)

?an NBn,

OH )J\ BnO_ _~_ .0
OMe , PPTS ><
—_—
NHBoc CH,Cl, ° N

Boc

BnO

MeO MeO

To a solution of (2R,3R,4S)-methyl
5-(benzyloxy)-2-[(tert-butoxycarbonyl)amino]-4-(dibenzylamino)-3-hydroxypentanoate (81) (800 mg,
1.27 mmol, 1.00 eq) in CH,ClI, (10.0 mL) was added 2-methoxyprop-1-ene (2.38 mL, 25.4 mmol, 20.0
equiv.) and PPTS (105 mg, 0.410 mmol, 0.300 equiv.) at room temperature under argon. After being
stirred at the same temperature for 12 h, the reaction mixture was quenched with NEt; and concentrated
in vacuo. The residue was purified by column chromatography on silica gel (0% to 10% ethyl acetate in
hexane) to give (4R,5S)-3-tert-butyl 4-methyl
5-[(S)-2-(benzyloxy)-1-(dibenzylamino)ethyl]-2,2-dimethyloxazolidine-3,4-dicarboxylate (82) (765 mg,
1.12 mmol, 88%) as a light yellow oil.

NMR spectra were observed as mixture of rotamers. NMR spectra of major rotamer were shown below:

[a]o** +5.49 (c = 1.24, CHCIj)

'H NMR (400 MHz, CDCl3) major rotamer; & 7.17-7.39 (m, 15H, aromatic), 4.56 (s, 2H, a), 4.44 (d, 1H,
f, J = 4.9 Hz),4.36 (dd, 1H, e, J = 5.2, 5.8 Hz), 3.89 (d, 1H, b, J = 4.4 Hz), 3.85(d, 1H, b, J = 5.8 Hz),
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3.81(d, 2H, d, J = 13.1 Hz), 3.65(d, 2H, d, J = 13.7 Hz), 3.64 (s, 3H, OMe), 3.08 (ddd, 1H, e, J = 5.8,
5.8, 5.8 Hz), 1.58 (s, 3H, h), 1.45 (s, 3H, h), 1.39 (s, 9H, tBu).

13C NMR (100 MHz, CDCl) § 172.2, 151.3, 140.0 x 2, 138.6, 129.1 x 3, 128.3x3, 127.6, 127.0 X 2,
96.0, 80.2, 78.4, 73.5, 67.1, 62.3, 58.0, 55.1 x 2, 52.1, 28.3 x 3, 27.1, 25.0.

FT-IR (neat) 3434, 2980, 1756, 1710, 1378, 1247, 1202, 699 cm™.

HRMS (ESI-TOF) calcd for CaiHasN,0g [M+H]* 589.3278 found 589.3263.

d
!
\Q\Boc

(4R,5S)-3-tert-Butyl-4-methyl-5-{(S)-1-[2,3-bis(benzyloxycarbonyl)guanidine]-2-hydroxyethyl}-2,2
-dimethyloxazolidine-3,4-dicarboxylate (83)

NCbz
Nan

CbzHN NH
- 1) PA(OH),, Hy, ethyl acetate HO .0, ><
Boc 2) Goodman reagent, NEts >~ 0 N
dloxane/HZO Boc
MeO
To a solution of (4R,5S)-4-benzyl-3-tert-butyl

5-[(S)-1-(benzylamino)-2-(benzyloxy)ethyl]-2,2-dimethyloxazolidine-3,4-dicarboxylate (82) (1.00 g,
1.46 mmol, 1.00 equiv.) in ethyl acetate (10.0 mL) was added Pd(OH), (20% on carbon, 3.00 g) at room
temperature under argon. After being stirred at the same temperature for 24 h under H, gas
atmosphere, the reaction mixture filtered and concentrated in vacuo. The residue was used for the next
reaction without further purification.

To a solution of the residue in 1,4-dioxane (10.0 mL) and H,O (500 pL) was added Goodman reagent
(1.08 g, 2.18 mmol, 1.50 equiv.) and NEt; (2.03 mL, 14.6 mmol, 10.0 equiv.) at room temperature under
argon. After being stirred at 45 'C for 12 h, the reaction mixture was poured into 2 M aqueous
NaHSO, and the aqueous phase was extracted with CHCl;. The extract was washed with H,O and
brine, dried over Na,SO,, filtered and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (0% to 8% acetone in toluene) to give
(4R,5S)-3-tert-butyl-4-methyl-5-{(S)-1-[2,3-bis(benzyloxycarbonyl)guanidine]-2-hydroxyethyl }-2,2-di
methyloxazolidine-3,4-dicarboxylate (83) (707 mg, 1.06 mmol, 2 steps 73%) as a white solid.

NMR spectra were observed as mixture of rotamers. NMR spectra of major rotamer were shown below:
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[a]o?* +17.3 (c = 1.40, CHCI,).

'H NMR (400 MHz, CDCI;) major rotamer; & 11.7 (s, 1H, d), 8.88 (d, 1H, ¢, J = 7.8 Hz), 7.18-7.33 (m,
10H, aromatic), 5.19 (s, 2H, e), 5.11 (s, 2H, e), 4.35-4.39 (m, 1H, b), 4.32-4.37 (m, 1H, f), 4.29-4.33 (m,
1H, ), 3.92-3.97 (m, 1H, a), 3.72-3.77 (m, 1H, a), 3.57 (s, 3H, OMe), 1.65 (s, 3H, h), 1.47 (s, 3H, h),
1.37 (s, 9H, tBu).

3C NMR (100 MHz, CDCl,) & 171.4, 163.3, 156.4, 153.6, 136.4, 134.5, 129.3, 128.9, 128.7 x 2, 128.6,
128.5x2,128.2x2,121.1, 117.9, 96.4, 81.0, 77.6, 68.5, 67.4, 62.0, 61.3, 54.1, 52.6, 28.2, 26.5, 24.1.

FT-IR (neat) 3423, 1829, 1755, 1657, 1619, 1390, 1290, 1160 cm™.

HRMS (ESI-TOF) calcd for Cs3H,41N4O;50 [M+H]" 629.2826 found 629.2828.

(4R,5S)-3-tert-Butyl-4-methyl-5-[(S)-1-(benzyloxycarbonyl)-2-(benzyloxycarbonylimino)imidazoli
din-4-yl]-2,2-dimethyloxazolidine-3,4-dicarboxylate (17)

NCbz CbzN
CszN ChaN
MsCl, NEt3 ‘O><
CHZCIZ
Boc
Boc MeO
To a solution of

(4R,5S)-3-tert-butyl-4-methyl-5-{(S)-1-[2,3-bis(benzyloxycarbonyl)guanidine]-2-hydroxyethyl }-2,2-di
methyloxazolidine-3,4-dicarboxylate (83) (520 mg, 0.760 mmol, 1.00 equiv.) in CH,CI, (7.60 mL) was
added NEt; (0.530 mL, 3.80 mmol, 5.00 equiv.) and MsCl (71.0 uL, 0.910 mmol, 1.20 equiv.) at 0 'C
under argon. After being stirred at room temperature for 5 h, the reaction mixture was poured into 2
M agueous NaHSO, and the aqueous phase were extracted with ethyl acetate. The combined extract
was washed with brine, dried over Na,SO,, filtered and concentrated in vacuo. The residue was
purified by column chromatography on silica gel (0% to 10% acetone in toluene) to give
(4R,5S)-3-tert-butyl-4-methyl-5-[(S)-1-(benzyloxycarbonyl)-2-(benzyloxycarbonylimino)imidazolidin-
4-yl]-2,2-dimethyloxazolidine-3,4-dicarboxylate (17) (436 mg, 0.670 mmol, 88%) as a white solid.
NMR spectra were observed as mixture of rotamers. NMR spectra of major rotamer were shown below:
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[a]o?* +16.4 (c = 1.00, CHCIy).
'"H NMR (400 MHz, acetone-ds) major rotamer; & 8.96 (brs, 1H, c), 7.12-7.55 (m, 10H, aromatic), 5.26
(s, 2H, d), 5.12 (s, 2H, d), 4.31-4.35 (m, 1H, e), 4.29-4.33 (m, 1H, b), 4.37-4.30 (m, 1H, f), 4.11 (dd, 1H,
a,J =9.9, 10.3 Hz), 3.92-3.97 (m, 1H, a), 3.73 (s, 3H, OMe), 1.57 (s, 3H, g), 1.54 (s, 3H, g), 1.37 (s, 9H,
tBu).
3C NMR (100 MHz, CDCl3) § 170.7, 164.4, 159.5, 150.7, 150.5, 135.3, 128.7 x 2, 128.6, 128.5 X 2,
128.4,128.3 x 2, 127.9, 96.4, 81.2, 79.7, 68.5, 67.6, 62.3, 52.8, 46.2, 28.3, 26.4, 25.0.
FT-IR (neat) 3352, 1759, 1712, 1657, 1615, 1368, 1309, 1258, 1169 cm™.
HRMS (ESI-TOF) calcd for C3;H39N4Og [M+H]" 611.2717 found 611.2711.

>\_r©

e

CbzN i

& 0, g
a € ><
0 N
Boc

MeO

(2R,3S)-Methyl-2-(benzyloxycarbonylamino)-3-hydroxy-3-[(S)-2-iminoimidazolidin-4-yl]propano
ate (85)

CbzN N e
NH %
CbzN_ 1) Hp, Pd/C, MeOH NH
0 2) TFA, Et;SiH BN A OH
O >< 3) Cbz-OSu, NaHCO; o
Noc dioxane/H,0 NHCbz
MeO Med
To a solution of

(4R,5S)-3-tert-butyl-4-methyl-5-[(S)-1-(benzyloxycarbonyl)-2-(benzyloxycarbonylimino)imidazolidin-
4-yl]-2,2-dimethyloxazolidine-3,4-dicarboxylate (17) (9.00 mg, 14.9 pmol, 1.00 equiv.) in MeOH
(0.600 mL) was added Pd/C (10% on carbon, 18.0 mg) at room temperature under argon. After being
stirred at the same temperature for 2 h under H, gas atmosphere, the reaction mixture filtered and
concentrated in vacuo. The residue was used for the next reaction without further purification.

To a solution of the residue in CH,Cl, (2.80 mL) was added Et3SiH (60.0 uL) and TFA (0.750 mL) at
room temperature. After being stirred at the same temperature for 2 h, the reaction mixture was
concentrated in vacuo. The residue was used for the next reaction without further purification.

To a solution of the residue in 1,4-dioxane (1.50 mL) and H,O (1.50 mL) was added NaHCO; (3.80
mg, 45.0 umol, 3.00 equiv.) and Cbz-OSu (3.90 mg, 15.5 umol, 1.05 equiv.) at 0 ‘C under argon.
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After being stirred at the room temperature for 12 h, the reaction mixture was acidified with 5% TFA in
MeOH and concentrated in vacuo. The residue was purified by reverse phase column chromatography
(Bond Elut-C18: 0% to 50% MeOH in H,0) to give
(2R,3S)-methyl-2-(benzyloxycarbonylamino)-3-hydroxy-3-[(S)-2-iminoimidazolidin-4-yl]propanoate
(85) (TFA salt) (3.60 mg, 5.12 umol, 3 steps 70%) as a white solid.

'H NMR (400 MHz, CD;0D) & 7.30-7.40 (m, 5H, aromatic), 5.15 (s, 2H, €), 4.52 (d, 1H, d, J = 1.45
Hz), 4.08 (dd, 1H, ¢, J=1.5, 7.7 Hz), 3.86 (ddd, 1H, b, J =7.7, 7.7, 7.7 Hz), 3.78 (s, 3H, OMe), 3.69 (d,
2H,a,J=7.7 Hz).

HRMS (ESI-TOF) calcd for Cy;H,N4O [M+H]* 337.1512 found 337.1519.
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Aiha-A 79 (TFA salt)
HN ~ -TFA
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o 0, e,
v NHCbz
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3 U IRTFeAI T Y a iBERBEDERK
3-1 IZUBIT

FFi Tk R 7o K 5o~ ) R F~ A o v ORETEEMEBEMN, ~> ) X T F~ A oz
AT DRIBEMIIEIET 77U 3 UEOGMIERRMEL TH D Z LN REREE L 2>TND, &
NWERRRT DT, RETIE, # W CTHRMIEZMENL LT Aiha-A 38 L O Aiha-B & VT~
F REOME, ~7uT 7 2 M REt L, v~ ) RTFA T 7 arOERIEE ML
L72D T, ZOFERITHONTIRAR D,

32 v ) RFF2 AT Y a REEEDERK

3-2-1 AllylO-L-Ser(OBn)-Aiha-B-Aiha-A-NHBoc D& ik

AT CRML L729ERIRT X /R Aiha-B VW C, 3tV v L ofidsmat Lz, 372
b, Aiha-B1l % THF &K (5:1) DIRGEEH, Kk ) F o L% TR T 30 40 &
S THIKRE L, CHCLIEE T, feaAlE LTHATU, ¥k E LTDIEAZHW TR Y Vi
K2 LEFE TSNS ED Z LIC kv 2 BEPRIR 88% TV F K3 &%= (Scheme
3-1),

CbzN
CbzN NH

1) LiOH CbzN_
>~NH .
: THF/H,0 -~
CbzN rt 30 min o
N
>< 2) HATU, DIEA L Boc
Boc CH,Cl, BnO/""
MeO rt,6h
2 steps 88% o OAIM
. _NHyHCl y
Aiha-B 1 Bno”” ')/\ 2 3
0% oAl
2
Scheme 3-1

ZOVRTF R & S EIEREEMEH (CDCly, CD,Cl,, CD;OD. Acetone-ds) T NMR ]
ELTN, 77 a—R=r 7L, B0 oSO BMKOIREME LTHIlIE ., 1E
feIRERNECH -7, ZOHBELTUTO22F 17z, —2HF, BRI T =08
u&z‘ﬂﬂ“/)// ERAL D NIRRT D SRR OFETHY . —2BIF, 77 =

WCHER T 26 EMOEIEDIR T TH D, ZHuzxt L, A%V DUVBREARAT L &
Li@&@<k%@%ﬂ$%®%%im&b VI T NDIRBNEGTI8 D LR LT,

101



ZZ T, AFPY Y TP 3% 4 M HCI O 1,4-dioxane A1 CT=IR T 1 RIS S E T4~
EH L, =Dk, WEBEDT I % Boc 2 THRi# L7- (Scheme 3-2), 51 7/bE# 4 © NMR
NEA S ESE R EBLE (CDCl;, CD;OD, Acetone-ds) #HWTHiHE LI Z A, ETE I
VA AND Z L TY T ADRBINES IRE—EEW E L TNMR A7 FLABLHAIES 1
oo FTEBRIESNTZVXRXTTFRADOT 7T MIIDENELHEKE LT, KV y—TThHhoT,

CbzN CbaN
NH NH
CozN ‘ .0 CbzN p \OH
o N>< o
Boc 1) 4 M HCl in 1,4-dioxane NHBoc
1, ANH >
BnO 2) Boc,O, K,COs, CH,Cly sno” N1
2 steps 82% )/\
07 oAl 07 ony
3 4
Scheme 3-2

Z 2T, BEIC Aiha-B EfES SO E A VLT LS SI2 oW TR B FAE
LNz &b, 7T R 3 2A/HEO Aiha-B O X VLOFBEZOWTHIET 5 Z &
ELTe, T72b6, B2 & Alha-A A L (=8 A UARIZTITTEMEL T 5 VR il
Dof. THITT D, TD7H, b LA U ETT 5 & Aiha-B Dafiz O SR LS KRS
HZEED, AihaBDYUT AT LA~—Th5 Aiha-A L& U Ve LIz 7F Riz=x
E~v—CE—OfEE D), NMRUIETHZ &L L, £7, BIECTHAR LAY YUY
VERAEAT D Aiha-A 5 ICOWT FESITHWA T2 XA F L 2T )L DMK R ZMEt LT= 28,
Lo SOMEFTRE L . affdD T B X UAL=e Chz FLo Wi Blst S /- (Scheme 3-3), V7T A
T LA ~—"Th5s Aiha-B 1 TIIRIEZR Do 7oK G FEROG2Y Aiha-A 5 TIEEIT L7er-> 728
HIZHOWTLLFO@ Y oo+ Gt E %2 HnWTEg L= (Figure 3-1),

NCbz NCbz NCbz NH
Csz’( cm% HN//< Csz,/<
oNH WNH NH JNH
o . o . o o o
LiOH
MeO o T ® Ho “o + -, * o 2
v g7 %
= THF/H,0 HO (o] (o]
BocN7L BocN7L BocN—L BooN—l/
Aiha-A 5 6 (undesired) 7 (undesired) 8 (undesired)
Scheme 3-3
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el

Figure 3-1

Figure 3-1 {2 Aiha-A 5 D #c 22 B E 2 Macromodel Ver. 8.5, /3% & LT OPLS_2005 (KIEHE
) ZHWTEE LRIV TRT, RMEEWITIBN T, B THFA LI A F LT 2T
NDINVR =NV IENT—HFOHEPITED Boc FlZ k> T, &9 —HoOmIIERER I/ 7T =V, BX
OZEHRF T LD Chz B X » TEEICER STV D 2 L BAARFHERE RN SR ST, Boc
B BIRZ T =v 0 Chz N DNV AR = VESEFICER L TV D ERO—21E, x> U Y
VEROGIEILH D EEZ, TNERAETH L E LT,

NCbz NCbz NCbz
CbzN 1)4 MHCI CbzN CbzN
é\NH in 1,4-dioxane .\\NH ‘\\NH
o . 2) (Boc),0, K,CO4 o : 0 .
CH,Cl, LiOH
.‘ % ‘c ’ "
MeO v “ MeO v “ HO v “
s P 2 steps 96% - OH THF/H,0 : OH
BocN7L NHBoc NHBoc
Aiha-A 5 9 10
Scheme 3-4

T 7ebH, Aiha-A 5 % 4 M HCI @ 1,4-dioxane A& 1 TR T 1 R SOS S8 C 9 ~ L 4
L. ZO®%RIEREDT I % Boc TR L7z, ST, THF Lok (5: 1) IRGEEH, KEg
bV F 7 L% 0°C T 10 S S & A, MKSMREOGITHFFE D #IT L, WD v
AW 10 23S 547z (Scheme 3-4),

ARLIZ10 ZHWTEY U EEETHZLICL Y ORTTF N1 Z2@ECETHEEZ, LiEEs
L7 ~X7FF N4 (Scheme 3-2) @ NMR Z~X7 Rz~ —11 ICHkT 5> 7 F i
B SN2 o Te 2 & URXTF R 3OEMRFICT A VAGITHEIT L TWRWZ & 2R
Xi7= (Scheme 3-5),
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CbzN
CbzN >~r\__{H
>~NH 1) LiOH CbzN_ A OH
H THF/H,0
CbzN_ % B
‘ wOH 0°C, 10 min o)
—_— “NHBoc
2) HATU, DIEA
£/ il
‘NHBoc ' ch,cl, ano” N
MeO rt,6h
2 steps 80%
Allyl
. _n, _NHyHCI o™ “OAly
Aiha-A 9 BnO J/i
0% oAl
2
Scheme 3-5

BHNT, 7T REMEIZB W TEERE & 72 5 Aiha-A & Aiha-B OB TOMEE it Lz
(Scheme 3-6), ASUtNE, ZERERK (LI, VAKREELREWEEZLND T 2 /BRI LED

Csz NCbz

CbzN
NH Csz ‘- \OH NH

J
1 conditions, NEt R
CbzN \OH 3 o
CbzN e,
o . N7 YT o
“’NHBoc NH

IEJHBoc
CbzN - -
OH o BnO /I\
10 o oAllyl 13

CbzN

NH CI
BnO
12
o OAllyl
Scheme 3-6
entry reagent solvent time yield of
desired product
1 PyBOP DMF 12 h 75%
2 HATU CH,ClI, 12h 10~40%, + 14
3 PyBrop CH,ClI, 12h 20~42%, + 15
4 EDCI, HOAt CH,ClI, 12h 40%
5 PyBOP CH,Cl, 12 h 45%
6 PyBOP DMF 6h 23%
7 PyBOP DMF 24 h 62%
Csz NCbz
CbZN YNH Csz~</
Csz CbzN \ob
:l N :l oo G
. —m, NHBoc »>=NCbz
Bn o/’l BnO J; BocHN" "N
OAllyl OAllyl OH
14 (undesired) 15 (undesired)
Table 3-1
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HETHD R, E6607 X BEEAGEROKBELZA L TEBY ., ZhPRIKIGE 5] &
IRV OMSIRD DTG R E, 7l T OWFREK IR O % Fl xRt
L7, BRICERDICBREATRE e R OB NIIREECTH -7, BIE THIR7Z@wY, L LD
WERE KRN BISOE 25 &L 2 SO Thiud, TR - BEDOHIICE S L, B0
L DOE N IZ X D NAREEORE L 20 2 Ly bk SR £ F#f5IcHWD Z L& L
2o 2B, UNTF R 121% Scheme 3-2 [IZ/R L2 R_RTF R 315 4 ~D B DB & D
BRDO—BFE B DRISDER ThH O | HAERM E % D F £ROSZHWTWS, Table 3-1 1Z77R7
FRx e a Al WIEOMAE O BT LR R, entry 1127579 DMF I8t faaAl& LT
PyBOP % FIVWEEIR T 12 KIS S H7oRE, B U RTF N 13 % T5%DIRTHH Z LI
p%Zh L7= (Table 3-1),

entry 2 OZMT, MgaAlE LT HATU 2 VW =85813. BEAEY 1313 RIE CTHR LT
FHIMEICZ LS, £72 'H NMR T OFE RS BIERY 14 OAERMEI S iz, Ziudl
TR RS AR LT & & 272 (Scheme 3-7), T74xbb, £ FVXTFR12DT I/
N HATU O 7T =2 UL~ DOSREE L ENHEIT L e\ C 7 T = VLI KBRS D
REBENRL D Z LTS BRPIERL, HEICT IV EPLOETHEICED AT LT
CSBEET D 2 L T LA BNER LT EE 2T Y,

CbzN CbzN
NH NH
CbzN_ - ° z g
o PFG/N/@ / - > N/
NH, ’—-L\YN\ O N \
N
Bno”’ )/\ | P /N > o )/\NH
N
o OAIIyI P
HATU S © 14? A
\
res 4‘\O(H\ \N—‘ ,3; ,‘\O( N
N/<\ ltl. N
W OH N— W W
/®
Scheme 3-7
entry 3 TIIMEAAIE LT PyBrop & =& Z A, LCIMS fi#tric AT TR 12 1Z%f

L T4 ® Aiha-A 23385 L72{bG% 15 IS 57 \%i#éﬁ(ﬁﬂéhto i, BMO k
UNRTF R BAEME, U RTF NIAFET 2 IERKIEIE Aiha-A & S HICRIGLTT A
TNFREEER LTIZ b D EFZ X T,

entry 4 TIIMEAEAI & LTEDCI & HOAt Z W TR L7223, AR RIZE P E -7
9, BT entry 5~7 TIXRBEEC UG OMET 23 Z 72~ 7278, entry 1 & BRI AIRITE S
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holz, TRDG, entry 6 O 6 RO TIE, SUSB I EITES, B ERAF LT,
— 5T, entry 7 D 24 FFOFEAETHICEME T Lz, ZOEBIZHOWTIIRIBUSAEIT LT
HOThHEZEZTND,

WEIZ Aiha-A A SETEOT B X VLOEIT LG SITHOWTIHATFNIFEL V2
NG FURTF RI3ZEREED Aiha-A D= B X VL OFEEIZHOWTHEET 22 & & LT,
FURTF R 13D *H NMR AT MUVRERIEDIR S B0, v 7P An7m—RK=v7 L
TkV., ZORBPEEETH 72720, NMR T TlE72 < HPLC fffric L = X U koo f
WMEMRTHZ L L, T7bb, FUXTF | Ser-Aiha-B-Aiha-A 13 @ Aiha-A Oafir D7
AL EE LT b ) ~<7F K Ser-Aiha-B-Aiha-B 17 % A% L HPLC ORI % i+ 5 =
LT RA VO BELHE)IODH Z L L LTz (Scheme 3-8), ¥ X7'F R 12 & Aiha-A 10 % ifi
A L7z & FIRE. DMF EEEd . #ia7Al & L PyBOP, HiJke LT DIEA % VTR T 12 I
M. 12 £ 16 Z2 UG SE T MY AT F R 17 21572,

CbzN NCbz
CbzN CbzN >\NH Csz,{

>§NH ) 4 M HCI %NH CoaN Ao SNH
CbzN CbzN

OH .
., WOH .
in 1,4-dioxane 0 1) LIOH, THF/H,0 °

—_— “y

N OH
>< 2) (Boc),0, K,CO3  ©. NHBoc 2) PYBOP. DIEA H
BOC THF/HzO 0C 2 steps 42% /',,‘. NH NHBoc
OH CbzN BnO )/:
Aiha-B 1 16 s NH 0% oAyl 17

N b
cbz LwOH
® ©
0 NH;Cl

NH

BnO/ o
12
07 oalyl

Scheme 3-8
B LT BRI TF K17 & 13 @ HPLC-UV #TORE S, R UXTF K 13 0% 7Lz

FNYRTF R17 ER—ORFERFHOE— 7 38 ST, Y XTF R 1B OAKROEICTE
A VABIZEST LT e EfER-S 7= (Figure 3-2)
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CbzN NCbz T TR
wNH CbZN’Q Nookuma 110522 § R:!;?;‘;IV
CbzN_ 5.0 OANH ;
{ i}{
\;)'N " "OH / N
desired Bn O/,I NH H NHBoc t o /
OAllyl | .
Ak
Ser-Aiha-B-Aiha-A 13 o e oY PTTPTIT T T T T T T TP TT T T TP YT T s e e
P TR T T TR
CbzN NCbz Hesirumat 10422_3 . zmm
WeNH  CbzN-4 Y
CbzN_ X “o% NH A
epimer N "o o~
H 2 [\
BnO/IINH NHBoc i / ....\ - —
07 0Allyl o it
Ser-Aiha-B-Aiha-B 17 P R R R T A R R R T I
Hciramat 105224 - zg-:m
Csz NCbz Csz NCbz N o
NH CbzN-4 NH Csz—Q o NN
CbzN 0 CbzN 0 : [\ [\
'OH H 'OH 2 525 ’;‘ \J \ P
| / SN
B no"'/'; NHBoc Bn O//INH NHBoc ”i J
i TR = ——— e
OAll O OAly ™ T TR T T I -

Ser-Aiha-B-Aiha-A 13 Ser-Aiha-B-Aiha-B 17

Figure 3-2

¥, FUARTF R 13 O NMR JIEIC L D HEERE T~ et 2 Bl R, %ib
HANFH AT T R 3L OFEERE THWA FIEICLVITH) 2N TE 7z, 7725, Scheme 3-9
WA@Y . £ 1,4-dioxane £k (3: 1) JREWEF. Pd(PPhs), & DMBA Z#{EHI =& C7 U /v
FEERELE, H T, MeOH & THF Lk E X2 (8:8:2:1) DORAWREF, KFBEFEHR
TCPAOH), Z/EHSHER 2 LIL V., 6 DO DL REHIEEZRE LI, ZORE, B
PENR 81% CHAIM 18 2152 Z LTI LTz, f3bMiz b UR_TF R 182D\ TIL, YA
FIANKRF YV REEARTO NMRBIEIZ LD 7 F A DIRBBAIRER AT MV EHD Z
EMTET,

CbzN NCbz HN NH
NH CbzN %NH HN’(
\OHO 1) Pd(PPhs),, DMBA "‘OHO -
dioxane/H,0
le) - > O, 0,
N“ Y~ OH 2) Pd(OH),, Hy N OH
e, _NH NHBoc MeOH/THF/H,O/HCOOH v, _NH NHBoc
BnO /]/i 2 steps 81% HO /I/i
07 SoAlyl 17 0~ "OH 18
Scheme 3-9
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3-2-2  MeO-D-Tyr(OBn)-(2S,3S)-B-MePhe-Gly-NHAlloc D&%

NYXRTF K18 OEKREET LTZOT, HEWT KU XTF R 24 OEKIZEFT LTz, FUX
TF R 24 BAERT DT X JBIIETHRSN WA, Zb ZERMES Lo, HIEEE
T 5 HO-(2S,3S)-p-MePhe-NHBoc (19) & MeO-Tyr(OBn)-NH,*HCI (20) % CH.Cl, A fi e
A& LT PyBOP, #i%i& LT DIEA % W CEIR T 6 FFEIML SHE2 & 2 AR 93% T8
TF K21 BT, HWTELNZ YT F K 21IZ% L T4 M HCI @ 1,4-dioxane ¥k % {EH
SH T Boc A& FREL T 22 215721, CHCLIE ., #iA 7l & LT PyBOP, Mk L T DIEA
EAWTEIRT22 & 23 % R2FHISSESZ L2k, 2 BRI 91% T R U ~X7'F R 24
% 1%7- (Scheme 3-10),

OH c HH?N:/E/Q/ 1/@/

4 M HCI

PyBOP, DIEA in 1,4- dloxane

CH,Cl,
rt,6h
93%

19

MeO:/E()/@/OBn MeO. o OBn
HN PyBOP, DIEA m/

HN
CH,Cl, H o

91% AuocHN/\n/
rt, 12 h

2 steps 91% o w

OH
AIIocHN/\n/

O
22 23

24

Scheme 3-10
323 L ) NXTF AT arOERIIE (1)

FNUARTFRI3 L 24 DEWMEET LIEDOT, SENVTINGDON YTV 7 EBF LTz, b
U ~_T7F R 1312%F LT 4 MHCI @ 1,4-dioxane ¥k # {Ef & T Boc & FrE L CilElfiD 7 2
VoNEEW LT, — . PURTF R4 LTTHF £k (5: 1) ORAEE T, KEg{kV
F 7 LA EIRT 3MEMERN ST, WEEED VAR U EE~ZH L7~ (Scheme 3-11), #E& b %
BREOHMEAHZ HWTHRE L7z, entry 1~3 [Z/RTE Y | Mt L72fEAHl. HATU, PyBOP,
EDCI-HOAt ® 1T, entry 1 12777 HATU % W 7B Iem OICEE 5 %, 2 BeMEINER 80%
THHDOANF YV RTF K25 2552 LICkth Lz, £-entry 1, 4, 5 K0 SRR 2 HiEd
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% EIENME T L7 (Table 3-2),

CbzN NCbz
NH CbzN
CbzN_ ~_ .OH WNH
0 ’ Csz NCbz
0 N ~"on  4MHCI Csz’{

in 1,4-dioxane Csz

H z
. _NH NHBoc —_—
" D
07 oAl

13

conditions OBn
————
MeO. 0
OBn o OAllyl HN
H
L PN AIIocHN/\n’N"' o

N .
AIIocHN/\n/ N0 LioH | O

o .. THF/H,0
» 25
24
Scheme 3-11

entry reagent solvent time yield
1 HATU DMF 18 h 80%
2 PyBOP DMF 18 h 45%
3 EDCI, HOAt DMF 18 h 57%
4 HATU DMF 12h 62%
5 HATU DMF 6h 36%

Table 3-2

HATU 12 bV _7F R 13 24 L72K (Table 3-1) (2%, PXTFF 1207 3 ) 7 )ba—
L E DIZ KV 14 ZAERK LN, SENX RNV XTF R 2o LTI ) 7 ra—
V26 & RS LTIV 27 1355 2o 7=, 2L, BiiE Cib<7= Aiha-A. B O/ LIC
WTAFH YU D UBROERIEEN R 722 & HEPT2FBICGERT S & 2T (Scheme
3-12), T72bb, Aiha-A DT I ) T/ a—VEALA 5 BERZ KT 28D 575, Aiha-B 07
RTINS BREEKT D L R TAH O I— v a KR REWEB R, £
D=, BERNWAXT VY VBRIBEAHEIT LIZK K 2o TEY | HATU Z W 72 BRI @R
THHMES OO EHERI LT,
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CbzN NCbz

CbzN NCbz
>\~N_H Csz’{ >~NH Csz—<

CoaN_ o Moo

] . E CbzN K NH
Q\ I \o ) Q\
o . ® N—

0
BnO/INH e _/ Ng ------- > N
07 oAl

__ ';‘ BnO
N\
\ ’\{ S o OAllyl

Iz
\Z
Y3

\

26

7N

Scheme 3-12

ANFHRTF R 2B RERTEXDOT, 7177 % MU ThER#E 2 R LT,
Pd #3E & L C Pd(PPhs), Z 100wt% vy, 7'1 b RIC OV CAFERGT A2 L7z (Scheme 3-13),
ZOfER . entry 1~3 (TR TR TIX R BEMRIRG L 720 BRI A5 D IL7Rn > T2 entry
4 DT Rl LT DMBA Z iV 1,4-dioxane/H,O (3 : 1) {BSIEEG ., =R T2 W
IS LTz & 25, HIOBALATBEA 28 DA% LCIMS fEHTic & 0 fEs8 L 7= (Table 3-3)

CbzN NCbz
CbzN NCbz
NH CbzN
CbzN. : oH NH NH CbzN
) B CbzN : \OH SNH
g K
[e) N
N Y ‘OH O, .
H - N ~" "'OH
NH HN O OBn H z
Bno”” / NH HN o OBn
Pd(PPh3), BnO
—»
OAIIyI conditons

AIIocHN/\n’ /\[r

Scheme 3-13
@)
entry reagent solvent product N/
1 Et;SiH CH,Cl, decompose o N/go
2 Et,NH CH,ClI, decompose |
3 Et,NH dioxane/H,O decompose
4 DMBA dioxane/H,O 28 (desired) DMBA
Table 3-3
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Z OBALHIEEA 28 (ZIEE IZ@EBIETH Y NEFHDO LV A TN T T B a~ 7T T 4 —TD
WRIIIT 2 2o Tz, £2C, WO T L a~ NI 7 4 —IZ XM ERALTZ, BHW
MEWHESE DL ENTE e ole, ZITCHREMOEE~I/ R T 7 2 MURIGEIT T2

(Scheme 3-14), #& 58 % Table 3-4 (Z7x97, entry 1~6 THEAAL, &ML, SOSEEIC VW TS EX
FRRT L2 HIOBRTF K 29 1% LCIMS T L WIRMMEO AR A2 MR TE 57217 T,
HEfcx ooz,

H
N
(6]
29
Scheme 3-14

entry reagent solvent time product
1 HATU CH,Cl, 24 h trace
2 HATU CH,Cl, 72 h trace
3 HATU DMF 24 h trace
4 HATU DMF 72h trace
5 EDCI, HOAt CH,Cl, 24 h trace
6 PyBOP CH,Cl, 24 h trace

Table 3-4

ZOFH & U TR EDOBRICIE I LT 100wt% V2 Pd BERICx L ClFBE D T R R0
TV VR E R OBRALRIBRA 28 DMEEER L CLE V., BADO~ T 1T o & MEBN+5IHEF T
LMoz TIERNINEEB 2 T2, 2 TAFH T F K 25 0 BERALATBEIA 28 2 —28 I i fr
HEITLZLTbEOD, BREITZ D X0 BBEIIIHRET 2720 N T F K 25 OfR#ER
% Alloc Z£/ 5 Boc Fe~EEHTHZ L & LT,

32-4 <L ) RTF2A T arOLEMNE (2)
Scheme 3-10 TAL L= b U~XTFF K 24 @ 1,4-dioxane 7k (3:1) AW, Pd(PPhy), &
DMBA %\ Alloc JEAREL., HWT THF Lk (1:1) BEEEY . Boc,O & REEHD Y 7

LEHAWTBoc EAEAL, MUXTF K30 245 L7- (Scheme 3-15),
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MeOf/@/OBn
HN 1) Pd(PPh3),, DMBA
1,4-dioxane/H,0
———— > BocHN
2) Boc,0, K,CO4
THF/H,O
2 steps 82%

H

N
AIIocHN/\n/

o

W’

24

Scheme 3-15

FWT, NIXRTFRI8LI0E2N YTV T LT, T7hbb, PUXRTFR18IIRLT
4 M HCI @ 1,4-dioxane ISk #EFl S ¥ T Boc AR EL, WHEOT I v~ B LT, —H.
FUANTF RI0x LT THF &K (5: 1) IBAEEES, KRb) F ULz /FAIE T, =ik
T 3 MRS STl D ViR R~ LT, 15 DN N E N OME A BRIA A SeiZ & o
I bERE (Table 3-2) (22X, CHCL T, MiEAlIL LTHATU, #ifké L TDIEA %
FAWTERT 18 RS SETo L T A, 2 BRI 80% THRDA~FH T F | 31 215372
(Scheme 3-16) ,

CbzN NCbz
>\\r\_JH Cszf<
CbzN ) OH NH Csz NCbz
T 0 i 4 MHCI

Csz
o in 1,4-dioxane Csz

N o
NH O RHB
3 oC
B0~ ')/\
0% oAyl 13 HATU, DIEA m/OBn
-
DMF
MeO_ _o ft.18h o OAllyl HN
OBn 2 steps 80% H
BocHN/\Ir uB o)
y o N LiOH .

N el -
BocHN/\n/ ) THF/H,0

le) 31
\““

30

Scheme 3-16

ANFHFRTF R L IIAFELI T L CHREOIL G Th Y . S E S ERERE (CDCls,
CD,Cl,, CD;0D. Acetone-ds) ' C NMR HIE &R 7=, 7 FNLDIFENHE/R AT |
NEGD Z LIITE Mo T, & 2 CIIEOm L2 LT REEERE TS L L L,
Thbb, ~FHPXTF R3LICH LT, MeOH & THF Lk &g (8:8:2:1) DOIRAIREE
i, KB AFHL F T, PAOH), Z/EHEEDZ LT, 6 DOV ULV RR#ERLE T U LH
@f‘?f%ﬁi@?ff:o LosL7Ze2s e, W LRk 32 L o7 U= 27 007 V VIEE Yy

BILSNZ T m eV XT3 P AERR LT, Ziuh Aba 32 & 33 Dt iINEETH -
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7o7=% (Scheme 3-17), 7 DORGERL DO —EMEREL B S L, BEMICRET DI E L,

CbzN NCbz
NH CbzN
CbzN ;. AOH \\NH
. 0 .
(@) .
N ‘OH
H

.. _NH HN_ O OBn
0% oAl HN
H H

31

Thbb, 9. TV NLVEOKRELZH

W% 34 %157~ (Scheme 3-18) .

CbzN NCbz
NH CbzN

CbzN_ > OH NH

.‘\ O »“
o) .,
N Y ‘OH
H -

.. _NH HN_ O OB
BnO/Ii 1/@/
07 oAl HN
H H

N
BocHN/\n/

O

W

31

HN NH
>~NH HN—<
HN S OH ‘\NH
. o R
O,
N
Pd(OH),, H,
. NH
—_— HO/' [N
MeOH, THF
H,O, HCOOH o oH
H
N
BocHN/\n/
O \]
W
32 (desired)
HN + NH
%NH HN
HN b OH NH
. (6]
0 .
N Y ‘OH
H -
. NH HN O OH
HO/,;I/i LQ/
o o/\/ HN
H H
N
BocHN/\n/ o
o ..
33 (desired)
Scheme 3-17

CbzN NCbz

NH CbzN
CbzN_ OH NH

.“ O .‘\
o .
N Y ‘OH
H =
n -1, _NH HN (o} OBn
Pd(PPh;),, DMBA  BnO )/\ L@/
—_—
1 ,4—dioxane/H20 [e) OH HN
H H

84%
N
BocHN/\"/

o

W
34

Scheme 3-18
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FEWNT IR L 342X LT, MeOH & THF K& KR (8:8:2:1) DIRATABLF. /K
FEEHX T TPAOH), ZEASEDZ L2k, 6 DOXRUDIIVRIRELEZRE LT, T O
B, IFE 80% THMDILEWY 35 #1525 2 L 1ZEh L7z (Scheme 3-19), 55417z 35 (FWfifH
Thrav NTTT7 4 —IZXDERMNAEETH Y (5% to 30% MeCN in H,O, 0.02% TFA)., xt
I D TFA Y OWREETH LN HEMIL, Y A F LV ALERF Y RIEES To NMR #IEIC X
. YT FNDIRBNAREIR AR MV ESGD Z ENTE =, Zid#l-> T, Scheme 3-16 T
B LTIZAF T RTF R 3L O EEZ MR TE o2 Ll b, 2T\ T, ~F 7
F R3O~ T 77 Me~mTTliR#E 2R T o2 & LT,

CbzN NCbz HN NH
>\~N_H Csz—‘( >\~r\_1H HN—(
CbzN ) OH \\NH HN > OH ‘\NH
~OHO NG ~OHO N

)

PAOHL H,  HO™ INH

—_—
MeOH, THF sy

H,0, HCOOH

H H
80% N
BocHN/\n/

Scheme 3-19

ANFPATF R 3LITH LT, SEIE EMENL L5 (Scheme 3-18) Z# VT, 1,4-dioxane &
K (3:1) EAWKF. Pd(PPhs), & DMBA Z/EH S TT U VEABRE L, UL 84% CuliEhf
JVIR % 34 %457~ (Scheme 3-20), Z D 34 (%, B LT- 28 LixE ey | EMES U B
NHTGEr7av NTT77 4= ZLHBUNPRARETHD, NIV RTF VY ARELRETE
72 HEVNT 34 12%F LT 4 M HCI @ 1,4-dioxane I&iZ & EFl & C Boc £ &R LT, IRAEHELE
ICL VMM E R ET D Z & T, BILAIBRAE G-, B THLI~ I v T 7 ¥ MUKIEE
CH.CL VA, #gaAl L LT HATU, H#ikk& LT DIEA Z W CikAriz, iR T T 24 BrX
ST L 2 A 2 BRPEINER 68% TERIIRTF R 36 2455 Z L IZEh L7= (Scheme 3-20),
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CbzN NCbz CbzN NCbz
>\\N‘H Csz’{ >~NH Csz%
CbzN_ = OH NH CbzN_ ~ .OH NH
A X .
o . o .
N ‘OH N v~ "OH
H - H =

~n, NH HN O OBn -, NH HN O OBn
BnO Pd(PPha), BnO
DMBA
(@) OAllyl HN [ O OH HN
H H H

1,4-dioxane/H,0O
84%

O A3
o
31
CbzN NCbz
NH CbzN
ComN A \OH NH
o) .
N ‘OH
1) 4 M HCI Ho

in 1,4-dioxane 1, NH HN (0] OBn
—_—

2) HATU, DIEA ¢} NH HN

CH,Cl, kﬂ/

rt,24hnh
2 steps 68%

Scheme 3-20

212l T2 THERIRATTF R 36 ORI T D MIEDIKRE 226 NMR HIEIC LY
ST FNDIFIBINTRE R AT MV EGED Z X TE R -T2, —J. LCIMS fifr 41 - 7=
fE % Figure 3-3 127, HOMNIERERI D, ARRISIZ KV i) BAF 7o /i T HN T &O
{EEMINERENTZ £ Sz (Figure 3-3),

l:— S
»

KA TT K365 BT B = |
AUV REIC s E— -

[N = ..

16 " - BIRRTF 136

| L

i - - “- - L] L L - ..

Figure 3-3

BB AT F R 36126 LT MeOH & THF &k & X8 (8:8:2:1) DIRAIGEH . /K
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b

FEFPHKF T PA(OH), Z/EMH S TR T 24 BrlRIS S8 72, RISH, = AR —2 2
TR ZBREL, W T L7 a~ 757 40— (5% to 40% MeCN in H,O. 0.02% TFA) 2 X
D KEHL L7~ (Scheme 3-21), = DfEHE . UK 82% & B4 72UNRTHMWWY) 37 OERRICTKEI LT,

NH
HN
NH “TFA
" ""'0H
OBn HN 0 OH
Pd(OH),, Hi
MeOH, THF ) NH HN
H,0, HOOH N
rt, 24 h o
then TFA
O 82% O
36 37
Scheme 3-21
TH NMR
reported synthetic reported synthetic reported synthetic
Serine Aiha-A B-MePhe
a 4.31 4.22 NH a3 25 a 4.49 4.39
NH 7.93 8.00 B 362 364 NH 7.77 7.63
B 3.62,3.72 352,358 | 5.40 5.49 B 3.19 2.80
OH 5.15 4.99 , 3.42 377 B-Me 1.06 0.72
Aiha-B 5 3.22, 3.55 3.62 Aryl 7.14 (2H) 6.99 (2H)
NH 7.63,7.76 7.67,7.78 7AS(IH) - 742 (1H)
N°‘H 4.22 417 “eod 804 7.21(2H)  7.18 (2H)
B ggg 8.49 Tyrosine Glycine
OH 5.64 3.99 o 4.30 4.54 o 3.66 3.47, 3.50
384 5.58 NH 7.80 8.50 NH 8.21 7.79
v 358 3.83 B 2.41,2.65 2.64,2.93
N5H 210979, 7 7’;-5_‘{381 OH 9.20 9.12
“eo0 Ton Aryl 6.58 (2H) 6.63 (2H)
: . 6.83 (2H) 7.08 (2H)
13C NMR
reported synthetic reported synthetic reported synthetic
Serine Aiha-A B-MePhe
c=0 169.8 169.9 c=0 170.4 170.1 Cc=0 169.5 170.9
a 54.0 54.4 o 53.6 53.5 a 57.4 57.4
B 61.0 60.8 B 69.5 70.7 B 40.0 41.0
1 159.2 159.3 B-Me 16.3 191
. 3 55.8 56.3 1 143.0 143.2
Aiha-B & 42.2 428 26 1275 127.7
35 1279
c=0 169.1 169.3 Tyrosine ’y 126.2 Eg'l
o 55.7 56.3 c=0 170.1 171.0 .
4 70.5 704 a 54.3 54.4 Glycine
' 159.2 159.3
3 56.5 56.7 b, - o8 | c=0 1684 168.1
' . . o
4 43.9 43.6 2.6 129.9 130.4 428 42.2
3.5 114.7 115.0
4' 155.9 156.0
Table 3-5
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AR LT ALE O NMR JIE %, FEESANR A IEAT OB E — Bt RINEFR-ROW 1%
BTATol, L LR, WRICKVESNTWDL~ L ) RXTFv AT 7Y 2 /(37)
D TFAKED 'H NMR, BC NMR 22 "D F—2 & S LIz~ y ) R_RTPF~A 0T 7
U237 OTFAKOT — 2 13— L720> 7=, Table 3-5 124k L 72AL&4 37 D *H-'H COSY
HMBC (Figure 3-5). HSQC it NS4 7 IV DIRE 21T -4 R4 /~d, 7=, Figure
3-6 2 PfizertEO Heli £ LW AFLiz~r ) T F~A 077U arDHNMR A7 kL
&L ARIAEK LTAEA O 'THNMR 227 MV EIERORT, ST —2nh6, 2 TON%
BT X BIREKICHICT A I ARBHlI SIS Z EnbhoTo, £, Figure 3-5(C
A9 HMBC FHBA L D BRIRA T F FREEDBE TE TWD Z RIS 7,

HoN

F T, KIZ, TR BREARICTE X VB E RIS O WTEBET 5 2 L & LT,
BEIZ. Aiha-B, Aiha-A ([ZDOW TR, MEERFHICT B A UEDEST L TWRW T & 28l 2+ Th
by T T, ofLICEBRIELZ R0 oS, U v, Fui iy B-MePhe D7
IZOWTZE A VLD FEL Marfey 1EIC LV iERT 52L& LT,

9. B-MePhe Dofii D=t X VAL Z MR DT b U 7T K30 Z HWTLLFDOEREIT -
7z, Boc HFBLOBn KAFRE L%, IREBRAEHIETT I FEGLZUIW Lz, T,
Marfey’s reagent Z {EFH S ¥ 7=, 1§ OIS D HPLC fEHT 21T\, & OLRFFRE & il D
B-MePhe & Marfey’s reagent % it S H TR AR ORI & I L7 2 A, BV—%
R LTe, 2TOZEND, B-MePhe DB X U{LZE Z L TWRWIZ LRI, [FAEkO
FET, ~FHXTFRILEHNTTF e Dafir, BIRASTF RITEZHNTEY »DafiL
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B LT~y ) RXRTFF2 AT 7Y ardHNMR 227 L (600 MHz, DMSO-d6)

S S i i e s e e L T —r— — T —r———— 1

10 s 8 7 6 5 . 3 2 1 pom

Pfizer 1, He i - X W #2liTAVW 2, RIMIOWAEIZ LV S o~y ) RTTF~vA 0T 7Y
2D HNMR 27 /L (400 MHz, DMSO-d6)

- o wo(s(ujolTio|n] =) (=) e | |o| (v ~(soiomfo|oou @ ©||® o
: A W%OW%(‘% H F\)(OW A FF F,%/m‘:jmr (m\ (OWN (vﬁ
=3 o wioouiniuNIMVIOIM||w| O ~lel e miw|fo mo|s o ol -
-] = LA Bl K B S Bt I ead B b | S 1 B4 202112 bt bz B! B bt B w had | A =
=3 - B e R B =Y B 71 B BV S A B A oY) olle=||e |l =lo o || o~
T T T T REERRE S T T e T T
ppm 9 8 7 6 5 4 3 2 1

Figure 3-5
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DA VZHR LT, EBLODOELTHTE A UL E TWRWI LR ST,

MeO__O Y H N" ™
m B”O/I HN.£0 OBn o~ NH T HN_O OH

H
l\n,N, H HN
. O N
., N
0 . BocHN/\n’ 0O kﬂ’ e
o W (0] w
30 31 37

1) deprotection
2) con. HCI reflux
3) Marfey's reagent

SEELEED D7 )R
B-MePhe-FDDA  20.73min? (2S,3S)-B-MePhe-FDDA  20.73min?
Tyr-FDDA 12.07, 17.22min® | D-Tyr-FDDA 12.15, 17.37min?

L-Tyr-FDDA 11.90, 16.60min?
Ser-FDDA 8.57min® D-Ser-FDDA 8.80min®
L-Ser-FDDA 8.57min®
Gly-FDDA 15.27min?
Aiha-A and B giaTsEd

ODS column: 3um 4.6x250mm, linear gradient solvent:
a) 10~100% MeCN/H,0 with 0.1% HCOOH. flow rate: 1mL/min
b) 30~70% MeCN/H,0 with 0.1% HCOOH. flow rate: 1mL/min

Scheme 3-22

PLEDOFERE G, EF L. AROERICBWTIREBSED~ L ) XTI F~ AT 7 ) ayr
37 DA ER SN LFEHRDOT. B~y ) RTPF~A LT 7Y ay OIS ITIEEEE
TR D MM LT,

33 £&¥

AREETIL, 5 CHENL LT- B 7 2 /B8 Aiha-A 38 X OV Aiha-B # FiVWT 7 2/ BROKEA O
Btz B v, BE#ED~ Yy ) RTF AT T a O EER Lz, BRI
BWC, v ) XTTFv AT 7Y arOBRALRITNREE N D e S OSSO @\ 7Y 2 v
DT I LRI COANVEAERIVIEDORE L, £, DURZ2E KA LT, =20
NIXRTF 2Dy TV 7352 L TRALRIBMAZ G L S & & 270, £70, ENEhD R
RTF RIIET 2 B%E C R DIEXRMEE T 52 & THons EHEXT,
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ARE R EZHE,

ST F K12 & Aiha-A 10 % DMF 5 | fi5 4

?“di
!
it

MNURTFRIZ3ZEK LT, T7bb, B L Aiha-B & DOfisH T
A& LT PyBOP, H#ifkt LT DIEA %

FHWTRISSET, WK T5%T K XTFF K13 OERIZEE L7~ (Scheme 3-23),

CbzN

NH 1) LiOH, THF/H,O
0°C, 10 min
_—
2) PyBOP, NEt;, DMF
rt,12h
MeO 2 steps 75%
CbzN

NH

.+ 1OH
O NH,

NH

Bno”” '/I\
0% Noalyl 12

Scheme 3-23

CbzN

BWNT, NUANRTFRI3L0 2Ny TV T Llc, $7b6 U _TF 131
WREDT I v~ LI, T b
KLY F o DEAER ST,

HCI @ 1,4-dioxane i & 1EH ST Boc ZE&4BRE L.
UATFF R30Ik LT THE &K (5: 1) IBREERES,

CbzN

NCbz

0, .
‘OH

NH NHBoc

Iz

BnO/':]/i
(@) OAllyl 13

IXLT4AM

e D

HIVIR VR~ LT, SO N ENENOREERIEEA 2 JE1F & o b (Table 3-2) 12
HASX | CH.CLIAM T, #EAHE LT HATU, L LT DIEA 2V TKIGSET- L 2 A,
2 BRI R 80% C H A D ~FH~L7F K 31 2157~ (Scheme 3-24),

Csz NCbz
Csz
Csz
4 M HCI
in 1 ,4-dioxane
NHBoc
BnO /I/i
(@) OAllyl HATU, DIEA
MeO DMF
rt,18h
2 steps 80%
BocHN/\n/ LiOH
o - THF/H,0
N
30
Scheme 3-24
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KIZAFHARTF R 3L OT7 VLT AT AEBRELLE, FBEREBECL Y ST Dy nlt#s
FRr& . HiV T Boc A FRE L7k, CH.CLIEEEA ., #i5A Al HATU, i E L C DIEA W\ T
BRI 5 Z LT X 0 ZBRPEIV R 56% CTEIRX7"F K 36 DA & #ERk L7= (Scheme 3-25),

CbzN NCbz CbzN NCbz
}\NH Csz’( }\l\_JH Csz’(
CbzN i AOH ,\NH CbzN i AOH ‘\NH
SO NG SO NG
0 . o
N7 " "oH
NH

rt,1h

3) HATU, DIEA
CH,Cl,
rt,24h O .
3 steps 56%

H z
) NH HN O OBn1) Pd(PPhj3),, DMBA .
_———
o OAllyl H HHN 2) 4 M HCI/1,4-dioxane O I\QI/

36

31
Scheme 3-25

BT 6 DO VNV RIRHERL Z KBRS L0 —2812kZ%E L 7= (Scheme 3-26), L »»

LN SELNTAEAD NMR ALY N UE SRS D 22T WL L B7p 5 TN, iR

BRROVT AT LAY — DR RATIC L DA S T B X VARIEEST L TRV RS,

AEERT, BEEETHI I~ ) XTF AT ) a DB REERTELEE R,
Thbb, BEREITIEO~Y L ) XTTFe AT ) arv i, Benbo Lk L,

CbzN NCbz HN NH
>\'~r\_JH Csz—J( >~r\_JH HN«(
HN, - NH “TFA

CbzN i AOH ~\NH OH
. 0 . . 0
O (0]
N
H

N “OH
_-1, NH HN_ __O OBn -, NH
BnO )/: i@/ PA(OH),. Hy HO L
07 ™NH HN MeOH, THF 0% ™NH
H,0, HOOH N
o rt., 24 h

:then TFA
82% O

Scheme 3-26

i Clk Rl , v ) RXTF~A T 7V 3 N OREEIER RN Th > 72 2 &3,
INETY I RTTF<A v BERF O3 R, FIHZ A TEZ, AT Z ORIEIC
RUT, AR CTHIO CHMERERR Z R LT Wr D, —FH T, BEFEEORY N A0 -
=HDOD, REOMETIE~ L ) RXTF~A Vo DEOEEEZHLICT DITIEES o7z,
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b IREDWIZEICENT, A LR MHRTHOTRIE LT 7 a U HOMEFIELEHE L T, £
DAMMEELIRET 5 & & b2, BEOMEOHHIZ L) LD TR T %,
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AllylO-L-Ser(OBn)-Aiha-B-NHBoc (3)

Csz
CbzN

b LiOH, THF/H CbZN e}
CbzN_  * o ) Lo 20
Al -
>< 2) HATU, DIEA
O, N CH,Cl, Boc
Boc 1, NHy*HCI
MeO BnO /I/i Bno””
07 oAl o OAllyl
To a solution of

(4R,5S)-3-tert-butyl-4-methyl-5-[(S)-1-(benzyloxycarbonyl)-2-(benzyloxycarbonylimino)imidazolidin-
4-yl]-2,2-dimethyloxazolidine-3,4-dicarboxylate (1) (114 mg, 0.187 mmol, 1.00 equiv.) in THF (6.87
mL) and H,O (1.37 mL) was added LiOH (42.4 mg, 0.920 mmol, 4.90 equiv.) at room temperature.
After being stirred at the same temperature for 1 h, the reaction mixture was poured into ice-cooled 1 M
HCI and the aqueous phase was extracted with CHCIl;.  The combined extract was dried over Na,SOy,
filtered and concentrated in vacuo. The residue was used for the next reaction without further
purification.

To a solution of the residue in CH,Cl, (3.80 mL) was added HCI-H,N-L-Ser-OAllyl (2) (61.0 mg,
0.224 mmol, 1.20 equiv.) and DIEA (96.7 uL, 0.561 mmol, 3.00 equiv.) and HATU (100 mg, 0.262
mmol, 1.40 equiv.) at room temperature under argon. After being stirred at the same temperature for
12 h, the reaction mixture was concentrated in vacuo. The residue was purified by column
chromatography on silica gel (0% to 10% acetone in toluene) to give
AllylO-L-Ser(OBn)-Aiha-B-NHBoc (3) (124 mg, 0.165 mmol, 2 steps 88%) as a colorless oil: HRMS
(ESI-TOF) calcd for CyHsNsO1; [M+H]" 814.3663 found 814.3663. Assignment of signals in the
observed NMR spectra was difficult due to the presence of rotamers.

AllylO-L-Ser(OBn)-Aiha-B-NHBoc (4)

CbZN CbzN

NH
Csz CbzN s OH

Ko oY
>< y4M HCI in 1,4-dioxane \0;)\
NHBoc
B
¢ Boczo K,COj3, CH,Cly

NH

Bno”” /I/: BnO” ')/\
0% Noalyi 0% Noaiyi

To a solution of AllylO-L-Ser(OBn)-Aiha-B-NHBoc (3) (9.0 mg, 11 umol, 1.0 equiv.) was added a
solution of 4 M HCI in 1,4-dioxane (1.5 mL) and H,O (15 pL) at room temperature under argon. After
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being stirred at the same temperature for 1 h, the reaction mixture was concentrated in vacuo. The
residue was used for the next reaction without further purification.

To a solution of the residue in CH,CI, (0.500 mL) was added Boc,0O (4.1 mg, 17 umol, 1.5 equiv.)
and K,CO; (4.6 mg, 33 umol, 3.0 equiv.) at room temperature. After being stirred at the same
temperature for 12 h, the reaction mixture was poured into 2 M aqueous NaHSO, and the aqueous
phase were extracted with ethyl acetate. The combined extract was washed with brine, dried over
Na,SQ,, filtered, and concentrated in vacuo. The residue was purified by column chromatography on
silica gel (0% to 20% acetone in toluene) to give amino alcohol (4) (6.9 mg, 8.9 umol, 2 steps 82%) as
a colorless oil: [a]p® -38.9 (c = 0.45, CHCI;); *H NMR (400 MHz, acetone-dg) & 9.14 (brs, 1H), 8.10
(brs, 1H), 7.22-7.57 (m, 15H), 6.08 (brs, 1H), 5.90 (ddt, 1H, J = 5.3, 10.8, 17.6 Hz), 5.33 (dd, 1H, J =
3.4, 17.6 Hz), 5.26 (s, 2H), 5.19 (dd, 1H, J = 2.9, 10.8 Hz), 5.13 (s, 2H), 4.72-4.76 (m, 1H), 4.62-4.65
(m, 2H), 4.53-4.56 (m, 1H), 4.49 (d, 2H, J = 3.4 Hz), 4.20 (brs, 1H), 4.03 (brs, 1H), 3.98-4.01 (m, 1H),
3.92 (dd, 1H, J = 3.9, 9.8 Hz), 3.87 (brs, 1H), 3.74 (dd, 1H, J = 3.7 Hz, 9.8 Hz), 1.42 (s, 9H); *C NMR
(100 MHz, acetone-dg) 5 170.2 x 2, 156.9, 151.8, 138.9, 137.0, 132.6 x 2, 129.1 x 2, 129.0 x 4, 128.8 X
2,128.6,128.4 x 2, 128.3 x 4, 118.1, 80.2, 73.6, 70.4, 68.2 67.4, 66.2 X 2, 56.2, 54.2, 53.8, 47.1, 28.3;
FT-IR (neat) 3330, 2978, 1759, 1707, 1663, 1598, 1498, 1454, 1368, 1310, 1250, 1165, 1060, 1026, 768,
744, 698 cm™; HRMS (ESI-TOF) calcd for C4HsNsOy; [M+H]* 774.3356 found 774.3360.

d
O
o 7
HN
\
NHC
CozN_ Zb  oH

a €
f
NHBoc

[e]
j i
©/\O/";/’:\NH9
k
o OM m
|

(S)-Benzyl-2-(benzyloxycarbonylimino)-4-[(1S,2S)-2-(tert-butoxycarbonylamino)-1-hydroxy-3-me
thoxy-3-oxopropyl]limidazolidine-1-carboxylate (Aiha-A methyl ester) (9)

CbzN cbzN
NH A
CoaN Ao, JLAMHCdioxane - CbzN A .oH
o >< 2) Boc,0, K,CO3 Ie)
N THF/H,O ““NHBoc
Boc
MeO MeO

To
(4S,5S)-3-tert-butyl-4-methyl-5-[(S)-1-(benzyloxycarbonyl)-2-(benzyloxycarbonylimino)imidazolidin-4
-yl]-2,2-dimethyloxazolidine-3,4-dicarboxylate (5) (110 mg, 175 umol, 1.00 equiv.) was added a
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solution of 4 M HCI/1,4-dioxane (2.00 mL) and H,O (20 pL) at room temperature under argon. After
being stirred at the same temperature for 1 h, the reaction mixture was concentrated in vacuo. The
residue was used for the next reaction without further purification.

To a solution of the residue in CH,Cl, (2.00 mL) was added Boc,0 (220 mg, 0.875 mmol, 5.00
equiv.) and K,COs; (72.6 mg, 0.525 mmol, 3.00 equiv.) at room temperature.  After being stirred at the
same temperature for 12 h, the reaction mixture was poured into 2 M aqueous NaHSO, and the aqueous
phase were extracted with ethyl acetate. The combined extract was washed with brine, dried over
Na,SQ,, filtered, and concentrated in vacuo. The residue was purified by column chromatography on
silica gel (0% to 20% acetone in toluene) to give
(S)-benzyl-2-(benzyloxycarbonylimino)-4-[(1S,2S)-2-(tert-butoxycarbonylamino)-1-hydroxy-3-methox
y-3-oxopropyl]imidazolidine-1-carboxylate (9) (103 mg, 168 umol, 2 steps 96%) as a white solid.

[a]o?* +21.7 (c = 1.00, CHCIy).
'H NMR (400 MHz, acetone-dg) 8 8.84 (brs, 1H, c), 7.28-7.56 (m, 10H, aromatic), 6.28 (d, 1H, g, J =
7.7 Hz), 5.26 (s, 2H, d), 5.11 (s, 2H, d), 4.32-4.35 (m, 1H, f), 4.14-4.18 (m, 1H, b), 4.07-4.11 (m, 1H, e),
3.99-4.02 (m, 2H, a), 3.69 (s, 3H, OMe), 1.43 (s, 9H, tBu).
3C NMR (100 MHz, CDCl5) & 170.5, 151.8, 150.9, 150.5, 136.5, 135.2, 128.6, 128.5, 128.4, 128.3 x 2,
128.0, 127.9, 95.7, 95.0, 81.4, 77.6, 68.4, 67.4, 61.3, 61.1, 52.7, 28.3, 24.6.
FT-IR (neat) 3650, 1571, 1488, 1457, 897, 868, 840, 641 cm™.
HRMS (ESI-TOF) calcd for CpgH3sN4Og [M+H]* 571.2404 found 571.2413.
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AllylO-L-Ser(OBn)-Aiha-A-NHBoc (4°) (epimer) for confirmation of epimerization
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To a solution of (10) (60.0 mg, 0.105 mmol, 1.00 equiv.) in THF (4.30 mL) and H,O (0.859 mL) was
added LiOH (23.7 mg, 0.515 mmol, 4.90 equiv.) at 0°C. After being stirred at the same temperature for
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10 min, the reaction mixture was poured into ice-cooled 1 M HCI and the aqueous phase was extracted
with CHCl;. The combined extract was dried over Na,SO,, filtered and concentrated in vacuo. The
residue was used for the next reaction without further purification.

To a solution of the residue in CH,CI, (3.80 mL) was added HCI-H,N-L-Ser-OAllyl (2) (34.3 mg,
0.126 mmol, 1.20 equiv.) and DIEA (54.4 uL, 0.315 mmol, 3.00 equiv.) and HATU (55.9 mg, 0.147
mmol, 1.40 equiv.) at room temperature under argon. After being stirred at the same temperature for 12
h, the reaction mixture was concentrated in vacuo. The residue was purified by column chromatography
on silica gel (0% to 5% MeOH in CHCI5) to give AllylO-L-Ser(OBn)-Aiha-B-NHBoc (4°) (64.9 mg,
0.0840 mmol, 2 steps 80%) as a colorless oil:

[a]o? +16.6 (c = 1.00, CHCI5); *H NMR (400 MHz, acetone-ds) & 8.85 (brs, 1H), 8.03 (brs, 1H),
7.12-7.55 (m, 15H), 6.13 (brs, 1H), 5.90 (ddt, 1H, J = 5.4, 10.8, 17.2 Hz), 5.33 (dd, 1H, J = 3.4, 17.2
Hz), 5.26 (s, 2H), 5.18 (dd, 1H, J = 3.4, 10.8 Hz), 5.11 (s, 2H), 4.74-4.78 (m, 1H), 4.62-4.66 (m, 2H),
4.55 (d, 2H, J =12.2 Hz), 4.49 (d, 2H, J = 12.2 Hz), 3.95 (brs, 1H), 3.95 (dd, 1H, J = 3.4, 9.8 Hz), 3.76
(dd, 1H, J = 3.4, 9.8 Hz), 1.42 (s, 9H); *C NMR (100 MHz, acetone-ds) & 170.9, 170.6, 156.1, 152.8 x
2, 152,6, 138.9, 137.0, 133.0 x 2, 129.1 x 2, 129.0 x 6, 128.7 x 2, 128.6, 128.4 x 2, 128.2 x 2, 118.2,
79.9, 73.5, 70.3, 68.2 67.4, 66.3, 66.1, 56.4, 54.2, 53.9, 45.8, 28.4; FT-IR (neat) 3334, 3032, 2978, 1749,
1713, 1661, 1599, 1522, 1498, 1454, 1382, 1368, 1308, 1255, 1168, 1049, 1025, 769, 744, 698, 609
cmt; HRMS (ESI-TOF) calcd for CyHiNsO1 [M+H]" 774.3358 found 774.3365. From the
comparison of NMR spectra of (4) and (4°), no epimerization of Aiha-B residue was observed.
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AllylO-L-Ser(OBn)-Aiha-B-Aiha-A-NHBoc (13)
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To a solution of
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(S)-benzyl-2-(benzyloxycarbonylimino)-4-[(1S,2S)-2-(tert-butoxycarbonylamino)-1-hydroxy-3-methox
y-3-oxopropyl]imidazolidine-1-carboxylate (10) (8.0 mg, 13 umol, 1.0 equiv.) in THF (535 pL) and
H,O (107 uL) was added LiOH (3.0 mg, 64 ummol, 4.9 equiv.) at room temperature. After being stirred
at the same temperature for 1 h, the reaction mixture was poured into ice-cooled 1 M HCI and the
aqueous phase was extracted with CHCl;. The combined extract was dried over Na,SQO,, filtered and
concentrated in vacuo. The residue was used for the next reaction without further purification.

To a solution of the residue in CH,Cl, (0.300 mL) was added AllylO-L-Ser(OBn)-Aiha-B-NH,*HCl
(12) (11.7 mg, 14.4 umol, 1.10 equiv.) and DIEA (6.8 pL, 39 umol, 3.0 equiv.) and PyBOP (10.4 mg,
20 umol, 1.5 equiv.) at room temperature under argon. After being stirred at the same temperature for
12 h, the reaction mixture was concentrated in vacuo. The residue was purified by chromatography on
silica gel (0% to 5% MeOH in CHCIy) to give AllylO-L-Ser(OBn)-Aiha-B-Aiha-A-NHBoc (13) (11.9
mg, 9.83 umol, 2 steps 75%) as a colorless oil.

'H NMR (400 MHz, acetone-dg) & 8.80-9.15 (brs, 2H, ¢ and t), 8.05-8.21 (m, 2H, g and n), 7.19-7.53
(m, 25H, aromatic), 6.35 (brs, 1H, p), 5.85-4.91 (m, 1H, I), 5.30 (d, 1H, m, J = 17.6 Hz), 5.06-5.24 (m,
9H, d, u and m), 4.70-4.74 (m, 1H, h), 4.59-4.64 (m, 2H, k), 4.47 (d, 1H, j, J = 12.0 Hz), 4.40 (d, 1H, j,
J =120 Hz), 4.38-4.41 (m, 1H, f or 0), 4.09-4.22 (m, 4H, e, g, a or s, f or 0), 4.05 (brs, 1H, a or s),
3.81-3.95 (m, 5H, a, b, i, rand s), 3.70 (dd, 1H, i, J = 2.2, 9.3 Hz), 1.41 (s, 9H, tBu).

HRMS (ESI-TOF) calcd for CeoH7oNgO;7 [M+H]™ 1212.4890 found 1212.4893.

Inertsil® ODS-3 column: 4.6 x 250 mm, 3 um, linear gradient solvent: 10-100% MeCN/H,O with 0.1%
formic acid over 15 min, flow vrate: 1.0 mL/min. The retention times of
AllylO-L-Ser(OBn)-Aiha-B-Aiha-A-NHBoc are given in parentheses: (9.13 min).
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AllylO-L-Ser(OBn)-Aiha-B-Aiha-B-NHBoc (17)
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To (1) (30.0 mg, 49.2 umol, 1.00 equiv.) was added a solution of 4 M HCI in 1,4-dioxane (2.00 mL) and
H,O (20.0 uL) at room temperature under argon. After being stirred at the same temperature for 1 h, the
reaction mixture was concentrated in vacuo. The residue was used for the next reaction without further
purification.

To a solution of the residue in THF (1.00 mL) and H,O (0.500 mL) was added Boc,O (61.9 mg, 0.246
mmol, 5.00 equiv.) and K,CO;3 (20.4 mg, 0.148 mmol, 3.00 equiv.) at room temperature. After being stirred
at the same temperature for 12 h, the reaction mixture was poured into 2 M aqueous NaHSO,4 and the
aqueous phase were extracted with ethyl acetate. The combined extract was washed with brine, dried over
Na,SO,, filtered, and concentrated in vacuo. The residue was purified by short-pad column chromatography
on silica gel (0% to 20% acetone in toluene) to give crude amino alcohol (16) (20.8 mg) as a white solid.
HRMS (ESI-TOF) calcd for CgH3sN4Og [M+H]" 571.2395 found 571.2388. The compound was used for the
next reaction without further purification.

To a solution of
(4R,5S)-3-tert-butyl-4-methyl-5-[(S)-1-(benzyloxycarbonyl)-2-(benzyloxycarbonylimino)imidazolidin-
4-yl]-2,2-dimethyloxazolidine-3,4-dicarboxylate (16) (10.0 mg, 17 umol, 1.00 equiv.) in THF (600 pL)
and H,0O (120 pL) was added LiOH (4.0 mg, 86 ummol, 4.9 equiv.) at room temperature. After being
stirred at the same temperature for 1 h, the reaction mixture was poured into ice-cooled 1 M HCI and
the aqueous phase was extracted with CHCl;. The combined extract was dried over Na,SOy, filtered
and concentrated in vacuo. The residue was used for the next reaction without further purification.

To a solution of the residue in CH,Cl, (0.30 mL) was added AllylO-L-Ser(OBn)-Aiha-B-NH,*HCl
(12) (13.0 mg, 19.0 umol, 1.11 equiv.) and DIEA (11.0 uL, 51.0 umol, 3.00 equiv.) and HATU (9.7 mg,
26 umol, 1.5 equiv.) at room temperature under argon.  After being stirred at the same temperature for
12 h, the reaction mixture was concentrated in vacuo. The residue was purified by chromatography on
silica gel (0% to 5% MeOH in CHCIs) to give AllylO-L-Ser(OBn)-Aiha-B-Aiha-B-NHBoc (17) (8.5 mg,
7.0 umol, 4 steps 30%) as a colorless oil.

HRMS (ESI-TOF) calcd for Cs,H7oNgO47 [M+H]" 1212.4884 found 1212.4893.

Inertsil® ODS-3 column: 4.6 x 250 mm, 3 um, linear gradient solvent: 10-100% MeCN/H,0O with 0.1%
formic acid over 15 min, flow rate: 1.0 mL/min. The retention times of
AllylO-L-Ser(OBn)-Aiha-B-Aiha-A-NHBoc are given in parentheses: (9.00 min).

129



?“di
!
it

HO-L-Ser-Aiha-B-Aiha-A-NHBoc (18)

CbzN NCbz HN NH
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NI 2) PA(OH),, H, N Y
NH NHBoc MeOH/THF/H,0/HCOOH NH NHBoc

BnO/I HO/,:I/i
0% oAl 0% ™oH

To a solution of AllylO-L-Ser-Aiha-B-Aiha-A -NBoc (13) (10.0 mg, 8.26 umol, 1.00 equiv.) in
1,4-dioxane/H,0 = 3/1 (1.50 mL) was added Pd(PPhs), (9.56 mg, 8.26 umol, 100 mol%) and DMBA
(1.3 mg, 8.3 umol, 1.0 equiv.) at room temperature under argon. After being stirred at the same
temperature for 1 h, the reaction mixture was concentrated in vacuo. The residue was purified by
chromatography on silica gel (0% to 10% MeOH in CHCI).

To a solution of the residue in MeOH (0.500 mL), THF (0.500 mL), H,O (0.125 mL) and HCOOH
(65.0 uL) was added Pd(OH), (20% on carbon, 20.0 mg) at room temperature under argon. After
being stirred at the same temperature for 8 h under H, gas atmosphere, the reaction mixture filtered and
concentrated in vacuo. The residue was purified by reverse phase column chromatography (Bond
Elut-C18: 5% to 40% MeCN in H,0, 0.02% TFA) to give HO-L-Ser-Aiha-B-Aiha-A- NBoc (18) (TFA
salt) (3.6 mg, 6.7 umol, 2 steps 81%) as a white solid.

[a]p* +7.93 (c = 0.30, H,0/MeOH = 1/1).

'H NMR (600 MHz, DMSO-dg) & 8.27 (brd, 1H, g, J = 7.8 Hz), 8.09 (brs, 1H, p), 8.02 (brs, 1H, c), 7.98 (brd,
1H, r, J = 7.8 Hz), 7.93 (brs, 1H, p), 7.60 (brs, 1H, c), 7.12-7.16 (m, 1H, k), 5.73 (brs, 1H, q), 5.64 (brs, 1H,
f), 4.55 (brd, 1H, e, J = 7.8 Hz), 4.29-4.31 (m, 1H, h), 4.09-4.13 (m, 1H, j), 3.92-3.99 (m, 2H, d and n),
3.76-3.82 (m, 1H, b), 3.70-3.74 (m, 1H, m), 3.67-3.71 (m, 1H, i), 3.62-3.65 (m, 2H, i and 0), 3.50-3.56 (m,
3H, aand 0), 1.37 (s, 9H, I).

BC NMR (150 MHz, DMSO-dg) 6 171.9, 170.6, 169.1, 159.5, 159.3, 155.4, 79.0, 71.7, 71.4, 61.5, 56.4 X 2,
56.2,55.1,54.3,44.9, 43.7.

HRMS (ESI-TOF) calcd for CygH3sNgOg [M+H]" 546.2636 found 546.2640.
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MeO-D-Tyr(OBn)-(2S,3S)-p-MePhe-NHBoc (21)

PyBOP, DIEA

>

CH,Cl,
Meof/@/OBn
Cle*HH,N

To a solution of HO-(2S,3S)-B-MePhe-NHBoc (20) (150 mg, 0.537 mmol, 1.00 equiv.) in CH,Cl,
(5.40 mL) was added MeO-D-Tyr-NH,+HCI (19) (190 mg, 0.591 mmol, 1.10 equiv.) and DIEA (0.275
mL, 1.60 mmol, 3.00 equiv.) and PyBOP (363 mg, 0.699 mmol, 1.30 equiv.) at room temperature.
After being stirred at the same temperature for 12 h, the reaction mixture was poured into 3 M HCI and

the aqueous phase was extracted with ethyl acetate. The combined extract was washed with H,O and

aqueous NaHCO; and brine, dried over Na,SO,, filtered and concentrated in vacuo. The residue was

purified by column chromatography on silica gel (0% to 40% ethyl acetate in hexane) to give

MeO-D-Tyr(OBn)-(2S,3S)-B-MePhe-NHBoc (21) (272 mg, 0.499 mmol, 2 steps 93%) as a white solid.
[a]p? -3.10 (c = 1.19, CHCly).

'H NMR (400 MHz, CDCls) & 7.16-7.42 (m, 10H, aromatic), 6.96 (d, 2H, ¢, J = 8.70 Hz), 6.87 (d, 2H,

d, J=8.70 Hz), 6.18 (d, 1H, f, J = 6.70 Hz), 5.02 (s, 2H, €), 4.87 (d, 1H, j, J = 6.2 Hz), 4.77 (ddd, 1H, a,

J=6.3, 6.3, 6.7 Hz), 4.26-4.30 (m, 1H, g), 3.64 (s, 3H, OMe), 3.44-3.46 (m, 1H, h), 2.92-3.01 (m, 2H,

b), 1.38 (s, 9H, tBu), 1.25 (d, 3H, i, J = 7.20 Hz).

3C NMR (100 MHz, CDCl;) & 171.6, 170.6, 157.0, 155.5, 141.4, 137.0, 130.2, 128.6 x 2, 128.0, 127.9,

127.5x 2,127.0, 115.0, 80.0, 70.0, 60.0, 53.3, 52.2, 40.9, 37.2, 28.3, 17.0.

FT-IR (neat) 3683, 3421, 3019, 2400, 1689, 1511, 1217, 760 cm™.

HRMS (ESI-TOF) calcd for C5,HzgN,0 [M+H]* 547.2808 found 547.2816.

MeO-D-Tyr(OBnN)-(2S,3S)-B-MePhe-Gly-NHAlloc (24)
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To MeO-D-Tyr(OBn)-(2S,3S)-B-MePhe-NHBoc (21) (110 mg, 192 umol, 1.00 equiv.) was

added a solution of 4 M HCI/1,4-dioxane (4.00 mL) at room temperature under argon. After being
stirred at the same temperature for 1 h, the reaction mixture was concentrated in vacuo. The residue
was used for the next reaction without further purification.

To a solution of the residue in CH,Cl, (2.00 mL) and was added HO-Gly-NHAlloc (23) (36.6 mg,
0.230 mmol, 1.20 equiv.), DIEA (99.3 uL, 0.576 mmol, 3.00 equiv.), and PyBOP (150 mg, 0.288 mmol,
1.50 equiv.) at room temperature. After being stirred at the same temperature for 12 h, the reaction
mixture was poured into 3 M HCI and the aqueous phase was extracted with ethyl acetate. The
combined extract was washed with H,O, a saturated aqueous NaHCO; and brine, dried over Na,SO,,
filtered and concentrated in vacuo. The residue was purified by column chromatography on silica gel
(0% to 40% ethyl acetate in hexane) to give MeO-D-Tyr(OBn)-(2S,3S)-B-MePhe-Gly-NHAlloc (24)
(111 mg, 175 umol, 2 steps 91%) as a white solid.

[a]o? -6.18 (c = 1.00, CHCly).

'H NMR (400 MHz, CDCls) & 7.11-7.42 (m, 10H, aromatic), 6.99 (d, 2H, ¢, J = 8.7 Hz), 6.89 (d, 2H, d,
J=8.7 Hz), 6.43 (d, 1H, j, J = 8.2 Hz), 6.37 (d, 1H, f, J = 7.3 Hz), 6.02-6.04 (m, 1H, n), 5.20-5.31 (m,
3H, I and 0), 5.03 (s, 2H, €), 4.75 (ddd, 1H, a, J = 6.8, 6.8, 7.3 Hz), 4.58 (dd, 1H, g, J = 6.3, 8.2 Hz),
4.53 (d, 2H, m, J = 5.3 Hz), 3.64-3.77 (m, 5H, k and OMe), 3.39 (dd, 1H, h, J = 6.3, 6.8 Hz), 2.91-3.02
(m, 2H, b), 1.23 (d, 3H, i, J = 6.8 Hz).
3C NMR (100 MHz, CDCl;) &171.8, 170.3, 169.3, 158.0, 156.4, 141.2, 137.0, 132.5, 130.3, 128.6,
128.2,127.8, 126.8, 118.0, 115.1, 76.8, 70.5, 66.1, 58.6, 53.7, 52.4, 47.9, 44,5, 41.1, 37.1, 17.3, 17.3.
FT-IR (neat) 3411, 3300, 3017, 2400, 1735, 1654, 1510, 1214, 752 cm™.

HRMS (ESI-TOF) calcd for Cs3HasN;O; [M+H]* 588.2710 found 588.2710.
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AllylO-L-Ser-Aiha-B-Aiha-A-D-Tyr-(2S,3S)--MePhe-Gly-NHAlloc (25)
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To AllylO-L-Ser(OBn)-Aiha-B-Aiha-A-NHBoc (13) (9.0 mg, 7.4 umol, 1.0 equiv.) was added a
solution of 4 M HCI/1,4-dioxane (2.0 mL) at room temperature under argon.  After being stirred at the
same temperature for 1 h, the reaction mixture was concentrated in vacuo. The residue  (13°) was
used for the next reaction without further purification.

To a solution of MeO-D-Tyr(OBn)-(2S,3S)-3-MePhe-Gly-NHAIlloc (24) (7.0 mg, 11 umol, 1.5
equiv.) in THF (0.30 mL) and H,O (60 uL) was added LiOH (1.7 mg, 36 umol, 4.9 equiv.) at room
temperature. After being stirred at the same temperature for 2 h, the reaction mixture was poured into
ice-cooled 1 M HCI and the aqueous phase was extracted with CHCl;. The combined extract was
dried over Na,SO,, filtered and concentrated in vacuo. The residue (24°) was used for the next
reaction without further purification.

To a solution of the residue (13”) in CH,Cl, (0.25 mL) was added the residue (24”) and DIEA (5.1 uL,
30 pumol, 4.0 equiv.) and HATU (8.4 mg, 22 umol, 3.0 equiv.) at room temperature under argon.  After
being stirred at the same temperature for 12 h, the reaction mixture was concentrated in vacuo. The
residue was purified by column chromatography on silica gel (0% to 4% MeOH in CHCI3) to give
AllylO-L-Ser(OBn)-Aiha-B-Aiha-A-D-Tyr(OBn)-(2S,3S)-B-MePhe-Gly-NHAIlloc  (25) (9.9 mg, 5.9
umol, 2 steps 80%) as a white solid.

HLRMS (ESI-TOF) calcd for Cg;Hg,N1,0:5 [M+H]" 1667.74, found 1667.75.

MeO-D-Tyr(OBn)-(2S,3S)-B-MePhe-Gly-NHBoc (30)
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To a solution of MeO-D-Tyr(OBn)-(2S,3S)-p-MePhe-Gly-NAlloc (24) (30.0 mg, 47.5 umol, 1.00
equiv.) in 1,4-dioxane/H,O = 3/1 (1.00 mL) was added Pd(PPhs), (3.0 mg, 2.6 umol, 10 wt%) and
DMBA (7.4 mg, 47.5 umol, 1.0 equiv.) at room temperature under argon. After being stirred at the
same temperature for 1 h, the reaction mixture was concentrated in vacuo. The residue was used for
the next reaction without further purification.

To a solution of the residue in THF (1.40 mL) and H,O (0.700 mL) was added Boc,O (51.2 mg,
0.238 mmol, 5.00 equiv.) and K,COs3 (19.6 mg, 0.142 mmol, 3.00 equiv.) at room temperature. After
being stirred at the same temperature for 12 h, the reaction mixture was poured into 2 M aqueous
NaHSO, and the aqueous phase was extracted with ethyl acetate. The combined extract was washed
with saturated aqueous NaHCO; and brine, dried over Na,SO,, filtered and concentrated in vacuo.
The residue was purified by column chromatography on silica gel (0 % to 40 % ethyl acetate in hexane)
to give MeO-D-Tyr(OBn)-(2S,3S)-B-MePhe-Gly-NHBoc (30) (24.1 mg, 39.0 umol, 2 steps 82%) as a
white solid.

[a]p?-7.12 (c = 0.935, CHCl,).

'H NMR (400 MHz, CDCl,) & 7.11-7.42 (m, 10H, aromatic), 6.99 (d, 2H, ¢, J = 8.7 Hz), 6.88 (d, 2H, d,
J=8.7Hz),6.51(d, 1H, j, J = 8.2 Hz), 6.47 (d, 1H, f, J = 7.7 Hz), 5.03-5.07 (m, 1H, I), 5.03 (s, 2H, €),
4.73 (ddd, 1H, a, J = 6.8, 6.8, 7.7 Hz), 4.60 (dd, 1H, g, J = 6.3, 8.2 Hz), 3.62-3.70 (m, 5H, k and OMe),
3.39 (dd, 1H, h, J = 6.3, 7.2 Hz), 2.92-3.02 (m, 2H, b), 1.41 (s, 9H, tBu), 1.23 (d, 3H, i, J = 7.23 Hz).
3C NMR (100 MHz, CDCl;) & 171.7, 170.0, 169.4, 158.6, 141.2, 137.0, 130.2, 129.1, 128.7, 128.6,
128.2,128.0,127.8, 127.5, 127.2, 125.4, 115.1, 80.4, 70.0, 58.4, 53.6, 52.3, 44.3, 40.9, 37.1, 21.5, 17.0.
FT-IR (neat) 3291, 3017, 1743, 1649, 1511, 1367, 1245, 1175, 1026, 747 cm™.

HRMS (ESI-TOF) calcd for CasHaN3O; [M+H]* 604.3022 found 604.3024.
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AllylO-L-Ser(OBn)-Aiha-B-Aiha-A-Tyr(OBn)- (2S,3S)-B-MePhe-Gly-NBoc (31)

CbzN NCbz
NH CbzN
GO wOH NH
) . 1) 4M HClidioxane CbzN NCbz
‘, -]
N o NH CbzN
r, NH NHBoc CozN : A

Bno” /j\ “‘OHO 3

07 oAl ° o

Iz

1. _NH HN. O OBn
BnO '

3) HATU, DIEA /]/i L@/
—_

CH,Cl, 07 ™oAYl HN
MeO_ O OBn HH

HN O
N

2) LiOH, THF/H,O

To AllylO-L-Ser(OBn)-Aiha-B-Aiha-A-NHBoc (13) (9.0 mg, 7.4 umol, 1.0 equiv.) was added a
solution of 4 M HCI/1,4-dioxane (2.0 mL) at room temperature under argon.  After being stirred at the
same temperature for 1 h, the reaction mixture was concentrated in vacuo. The residue (13°) was used
for the next reaction without further purification.

To a solution of MeO-D-Tyr(OBn)-(2S,3S)-p-MePhe-Gly-NHBoc (30) (7.1 mg, 11 umol, 1.5 equiv.)
in THF (0.30 mL) and H,O (60 uL) was added LiOH (1.7 mg, 36 umol, 4.9 equiv.) at room temperature.
After being stirred at the same temperature for 2 h, the reaction mixture was poured into ice-cooled 1 M
HCI and the aqueous phase was extracted with CHCIl;.  The combined extract was dried over Na,SOy,
filtered and concentrated in vacuo. The residue (30°) was used for the next reaction without further
purification.

To a solution of the residue (13”) in CH,CI, (0.25 mL) was added the residue (30”) and DIEA (5.1 uL,
30 pumol, 4.0 equiv.) and HATU (8.4 mg, 22 umol, 3.0 equiv.) at room temperature under argon.  After
being stirred at the same temperature for 12 h, the reaction mixture was concentrated in vacuo. The
residue was purified by column chromatography on silica gel (0% to 4% MeOH in CHCI;) to give
AllylO-L-Ser(OBn)-Aiha-B-Aiha-A-D-Tyr(OBn)-(2S,3S)-B-MePhe-Gly-NBoc (31) (10.0 mg, 5.9 umol,
2 steps 80%) as a white solid.

HRMS (ESI-TOF) calcd for CgyHgoN1,0:5 [M+H]™ 1683.7048 found 1683.7085.
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HO-L-Ser(OBn)-Aiha-B-Aiha-A-Tyr(OBn)-(2S,3S)-B-MePhe-Gly-NBoc (35)

CbzN NCbz HN NH
>\I\_IH Csz’( >~N_H HN’<
CbzN ! \OH NH HN i \OH ‘\NH
R o W~ . o R
O, . O,

“‘OH

Iz

1) Pd(PPh3)4, DMBA

BnO/"" NH HN (0] OBn dioxane/H,0 - HO/"" NH
2) Pd(OH),, H,
(0] OAllyl H HHN MeOH/THF/H,O/HCOOH 9) OH

To a solution of AllylO-L-Ser-Aiha-B-Aiha-A-D-Tyr-(2S,3S)--MePhe-Gly-NBoc (31) (4.0 mg, 2.4
umol, 1.0 equiv.) in 1,4-dioxane/H,O = 3/1 (1.00 mL) was added Pd(PPhs), (0.4 mg, 0.35 umol, 10
wt%) and DMBA (0.4 mg, 2.4 umol, 1.0 equiv.) at room temperature under argon. After being stirred
at the same temperature for 1 h, the reaction mixture was concentrated in vacuo. The residue was used
for the next reaction without further purification.

To a solution of the residue in MeOH (0.500 mL), THF (0.500 mL), H,O (125 uL) and HCOOH
(62.5 pL) was added Pd(OH), (20% on carbon, 8.0 mg) at room temperature under argon.  After being
stirred at the same temperature for 24 h under H, gas atmosphere, the reaction mixture filtered and
concentrated in vacuo. The residue was purified by reverse phase column chromatography (Bond
Elut-C18: 0% to 40% MeOH in H,0, 0.02% TFA) to give
HO-L-Ser-Aiha-B-Aiha-A-Tyr-(2S,3S)-B-MePhe-Gly-NBoc (35) (TFA salt) (2.4 mg, 2.3 umol, 2 steps
67%) as a white solid. NMR spectra were observed as mixture of rotamers. NMR spectra of major rotamer
were shown below:

[a]o?® +38 (c = 0.090, H,O/MeOH = 1/1).

'H NMR (600 MHz, DMSO-ds) major rotamer: & 9.20 (brs, 1H, w), 8.66 (brs, 1H, ad), 8.41 (brs, 1H,
ae), 8.22 (brs, 1H, af), 8.18 (brs, 1H, ag), 7.60-8.10 (m, 6H, aa, and ab), 7.32 (brd, 1H, ag, J = 6.6 Hz),
7.13 (d, 2H, k, J = 8.4 Hz), 7.08-7.13 (m, 3H, f and g), 6.91-6.89 (m, 1H, ah), 6.80-6.83 (m, 2H, e),
6.65-6.68 (m, 2H, 1), 5.69 (brs, 2H, y and z), 4.56-4.58 (m, 1H, c), 4.52-4.55 (m, 1H, i), 4.50-4.53 (m,
1H, q), 4.40-4.42 (m, 1H, m), 4.23-4.25 (m, 1H, u), 3.90-3.92 (m, 1H, r), 3.84-3.86 (m, 1H, s),
3.64-3.70 (m, 3H, n, v, and 0), 3.57-3.63 (m, 2H, v and p), 3.52-3.54 (m, 2H, t), 3.46-4.49 (m, 1H, b),
3.37-3.42 (m, 1H, p), 3.35-3.39 (m, 1H, v), 3.33-3.35 (m, 1H, b), 2.87-2.90 (m, 1H, j), 2.82-2.85 (m, 1H,
d), 2.66-2.68 (m, 1H, j), 1.34 (s, 9H, a), 0.88 (brs, 3H, h).

BC NMR (150 MHz, DMSO-ds) major rotamer: 8 172.3, 171.8, 170.7, 170.3, 169.4, 169.1, 159.5,
159.3, 156.2, 155.9, 142.4, 130.5, 128.1, 127.9, 127.8, 126.4, 115.1, 78.4, 72.0, 70.8, 61.7, 57.1, 56.3 X
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2, 55.0, 54.7, 55.4, 55.3, 44.7, 43.4, 43.2, 42.0, 37.3, 28.3, 18.5; HRMS (ESI-TOF) calcd for
Cu1Hs9N1,053 [M+H]" 927.4324 found 927.4351.

H H
N
BocHN/b\”/
a ah
(0]

Macrolactam (36)

CbzN NCbz CbzN

N
>‘\l\_lH Csz’( >~NH Csz’{

CbzN_ OH NH CbzN_ OH NH
Wt O 0 W O B
o] . o) .
Y ‘OH H . ‘OH

H 1) Pd(PPh),;, DMBA

., _NH HN_ _O OBn ' dioxane/H,0 ... NH HN.__O OBn
Bno” 2 » Bn0” "
2) 5% TFA/CH,Cl,
07 oy HN 3) HATU,DIEA o

CH,Cl,

Iz

To a solution of AllylO-L-Ser-Aiha-B-Aiha-A-D-Tyr-(2S,3S)-B-MePhe-Gly-NHBoc (31) (10.4 mg,
6.2 umol, 1.00 equiv.) in 1,4-dioxane/H,O 3/1 (1.00 mL) was added Pd(PPhs), (1.0 mg, 0.90 umol, 10
wt%) and DMBA(1.0 mg, 6.2 umol, 1.0 equiv.) at room temperature under argon. After being stirred
at the same temperature for 1 h, the reaction mixture was concentrated in vacuo. The residue was used
for the next reaction without further purification.

To the residue in CH,Cl, (0.500 mL) was added TFA (25.0 uL,) at room temperature under argon.
After being stirred at the same temperature for 30 min, the reaction mixture was concentrated in vacuo.
The residue was used for the next reaction without further purification.

To a solution of the residue in CH,ClI, (3.09 mL) was added DIEA (4.3 uL, 25 umol, 4.0 equiv.) and
HATU (11.7 mg, 30.9 umol, 5.00 equiv.) at room temperature under argon. After being stirred at the
same temperature for 24 h, the reaction mixture was concentrated in vacuo. The residue was purified
by column chromatography on silica gel (0% to 5% MeOH in CHCI,) to give macrolactam (36) (6.4 mg,
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4.2 umol, 3 steps 68%) as a white solid.
HRMS (ESI-TOF) calcd for CgyHg;N1,018 [M+H]* 1525.6105 found 1525.6111.

Mannopeptimycin aglycone (37)

CbzN NCbz HN NH

>\\NH Csz% >\l\_lH HN//<
cbzN_ :_ OH NH HN. 3 OH NH CTFA
o W ! RS
SOH NG SOH NG
o . 0 .
N7 oH N7 “oH
H H Pd(OH),, Hy H H

o, NH HN o] OBn > A,
BnO /j/: LQ/ MeOH/THF/H,0/HCOoOH ~ HO /]/i
0% NH HN o

To a solution of macrolactam (36) (4.0 mg, 2.6 umol, 1.0 equiv.) in MeOH (0.50 mL), THF (0.50 mL),
H,O (130 pL) and HCOOH (63 uL) was added Pd(OH), (20% on carbon, 8.0 mg) at room temperature
under argon. After being stirred at the same temperature for 24 h under H, gas atmosphere then
filtered and concentrated in vacuo. The residue was purified by reverse phase column
chromatography (Bond Elut-C18: 0% to 40% MeOH in H,0, 0.02% TFA) to give mannopeptimycin
aglycone (37) (TFA salt) (2.0 mg, 2.1 umol, 82%) as a white solid.

[a]o? = -1.7 (c = 0.05, H,0).

'H NMR (600 MHz, DMSO-dg) & 9.12 (brs, 1H, ag), 8.50 (d, 1H, j, J = 9.0 Hz), 8.49, (d, 1H,t, J = 6.0
Hz, 8.04, (brs, 1H, ae), 8.00 (d, 1H, y, J = 7.8 Hz), 7.94 (brs, 1H, ¢), 7.82 (d, 1H, o, J = 9.0 Hz),
7.80-7.82 (m, 1H, ac), 7.79 (t, 1H, a, J = 6.0 Hz), 7.77-7.79 (m, 1H, ae), 7.73 (brs, 1H, ac or ae), 7.67
(brs, 1H, ac or ae), 7.63 (d, 1H, ¢, J = 9.1 Hz), 7.18 (dd, 2H, g, J = 7.2, 7.2 Hz), 7.12 (t, 1H, h, J = 7.2
Hz), 7.08 (d, 2H, m, J = 8.5 Hz), 6.99 (d, 2H, f, J = 7.2 Hz), 6.63 (d, 2H, n, J = 8.5 Hz), 5.58 (d, 1H, ad,
J=5.6 Hz), 5.49 (d, 1H, af, J = 5.9 Hz), 4.99 (t, 1H, ab, J = 5.3 Hz), 4.54-4.56 (m, 1H, p), 4.52-4.55 (m,
1H, k), 4.39 (dd, 1H, d, J = 9.1, 9.1 Hz), 4.22 (dd, 1H, z, J = 7.8, 13.8 Hz), 4.17 (dd, 1H, u, J = 6.0, 6.0
Hz), 3.90 (brdd, 1H, v, J = 5.6, 6.0 Hz), 3.81-3.84 (m, 1H, w), 3.76-3.78 (m, 1H, r), 3.63-3.65 (m, 1H,
g), 3.61-3.63 (m, 2H, s), 3.57-3.59 (m, 2H, x), 3.58 (brd, 1H, aa, J = 5.3 Hz), 3.52 (brdd, 1H, aa, J = 5.3,
13.8 Hz), 3.49-3.51 (m, 1H, b), 3.46-3.48 (m, 1H, b), 2.93 (dd, 1H, I, J = 4.4, 13.5 Hz), 2.80 (dd, 1H, e,
J=6.7,9.1 Hz), 2.64 (dd, 1H, 1, J = 10.6, 13.5 Hz), 0.72 (d, 3H, i, J = 6.7 Hz).

BC NMR (150 MHz, DMSO-dg) & 171.0, 170.9, 170.1, 169.9, 169.3, 168.1, 159.3 x 2, 156.0, 143.2,
130.4, 128.1 x 2, 127.7, 126.4, 115.0, 70.7, 70.4, 60.8, 57.4, 56.7, 56.3, 56.2, 54.4 x 2, 53.5, 43.6, 42.8,
42.2,41.0,35.8, 19.1.

HRMS (ESI-TOF) calcd for Cg;Hg,N1,0:5 [M+H]" 809.3694 found 809.3701.
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Confirmation of stereochemistry

LC/MS analysis of Marfey’s (FDAA) derivatives

Analysis for MeO-D-Tyr(OBn)-(2S, 3S)-p-MePhe-Gly-NHBoc (30)

To a solution of MeO-D-Tyr(OBn)-(2S, 3S)-B-MePhe-Gly-NHBoc (30) (1.0 mg) in MeOH (0.25 mL)
was added Pd(OH), (20% on carbon, 0.2 mg) at room temperature under argon. After being stirred at
the same temperature for 8 h under H, gas atmosphere, the reaction mixture was added THF (200 pL),
H,O (40 uL) and LiOH-H,O (0.3 mg, 8.0 umol, 4.9 equiv.) at room temperature under argon. After
being stirred at the same temperature for 2 h, the reaction mixture was poured into ice-cooled 1 M HCI
and the agueous phase was extracted with CHCI;. The combined extract was dried over Na,SOy, filtered
and concentrated in vacuo. The residue was used for the next reaction without further purification.

The residue was dissolved in degassed 6 N HCI (0.5 mL) in a sealed vial and heated at 100 °C for 16
h. The solvent and the acid were removed in vacuo and the residue was dissolved in H,O (0.1 mL) The
solution was then treated with 6.0% triethylamine (30 pupL) and 1.0% 1-fluoro-2,
4-dinitrophenyl-5-L-alanineamide (FDAA) in acetone (40 uL) at 40 °C for 1 h. The reaction mixture
was diluted with 1:1 acetonitrile/H,O (0.2 mL) and the resulting solution was analyzed by HPLC. The
mobile phase was monitored by both UV absorption and negative ESIMS.

Analysis for AllylO-L-Ser(OBn)-Aiha-B-Aiha-A-Tyr(OBn)-B-MePhe-Gly-NBoc (31)

To a solution of AllylO-L-Ser(OBn)-Aiha-B-Aiha-A-Tyr(OBn)-B-MePhe-Gly-NBoc (31) (1.0 mg) in
1,4-dioxane/H,O = 3/1 (200 pL) was added Pd(PPhs),; (0.1 mg) and DMBA (0.1 mg) at room
temperature under argon. After being stirred at the same temperature for 1 h, the reaction mixture was
added MeOH (0.400 mL), THF (0.400 mL), H,O (0.100 mL), HCOOH (50.0 uL) and Pd(OH), (20% on
carbon, 2.0 mg) at room temperature under argon. After being stirred at the same temperature for 24 h
under H, gas atmosphere, the reaction mixture was filtered and concentrated in vacuo. The residue was
purified by reverse phase column chromatography (Bond Elut-C18: 0% to 40% MeOH in H,0, 0.02%
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TFA).

The eluted compound was dissolved in degassed 6 N HCI (0.5 mL) in a sealed vial and heated at
100 °C for 16 h. The solvent and the acid were removed in vacuo and the residue was dissolved in H,O
(0.1 mL) The solution was then treated with 6.0% triethylamine (30 uL) and 1.0% 1-fluoro-2,
4-dinitrophenyl-5-L-alanineamide (FDAA) in acetone (40 uL) at 40 °C for 1 h. The reaction mixture
was diluted with 1:1 acetonitrile/H,O (0.2 mL) and the resulting solution was analyzed by HPLC. The
mobile phase was monitored by both UV absorption and negative ESIMS.

Analysis for Mannopeptimycin aglycone (37)

Mannopeptimycin aglycone (37) (0.3 mg) was dissolved in degassed 6 N HCI (0.5 mL) in a sealed
vial and heated at 100 °C for 16 h. The solvent and the acid were removed in vacuo and the residue was
dissolved in H,O (0.1 mL) The solution was then treated with 6.0% triethylamine (30 uL) and 1.0%
1-fluoro-2, 4-dinitrophenyl-5-L-alanineamide (FDAA) in acetone (40 uL) at 40 °C for 1 h. The reaction
mixture was diluted with 1:1 acetonitrile/H,O (0.2 mL) and the resulting solution was analyzed by
HPLC. The mobile phase was monitored by both UV absorption and negative ESIMS.

HPLC method A

Inertsil® ODS-3 column: 4.6 x 250 mm, 3 um, linear gradient solvent: 10-100% MeCN/H,O with 0.1%
formic acid over 30 min, flow rate: 1.0 mL/min. The retention times and the negative ion, (M-H)’, of the
FDAA derivatives of the amino acids are given in parentheses: (2S, 3S)-B-MePhe (20.73 min, m/z 430),
standard sample (2S,3S)-B-MePhe (20.73 min, m/z 430). D-Tyr (12.07 min, m/z 432; 17.22 min, m/z 684) ,
standard sample D-Tyr (12.15 min, m/z 432; 17.37 min, m/z 684), standard sample L-Tyr (11.90 min, m/z
432; 16.60 min, m/z 684).

HPLC method B

Inertsil® ODS-3 column: 4.6 x 250 mm, 3 um, linear gradient solvent: 30-70% MeCN/H,0O with 0.1%
formic acid over 30 min, flow rate: 1.0 mL/min. The retention times and the negative ion, (M-H)’, of
the FDAA derivatives of the amino acids are given in parentheses: L-Ser (8.57 min, m/z 356), standard
sample L-Ser (8.57 min, m/z 356), standard sample D-Ser (8.80 min, m/z 356)
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NMR spectra
AllylO-L-Ser(OBn)-Aiha-B-NHBoc (4)
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AllylO-L-Ser(OBn)-Aiha-A-NHBoc (4°)
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Amino alcohol (9)
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HO-L-Ser-Aiha-B-Aiha-A-NHBoc (18) (TFA salt)
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MeO-D-Tyr(OBnN)-(2S,3S)-p-MePhe-NHBoc (21)
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MeO-D-Tyr(OBnN)-(2S,3S)-p-MePhe-Gly-NHAlloc (24)
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MeO-D-Tyr(OBnN)-(2S,3S)-p-MePhe-Gly-NHBoc (30)
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HO-L-Ser(OBn)-Aiha-B-Aiha-A-Tyr(OBn)-(2S,3S)-B-MePhe-Gly-NHBoc (35) (TFA salt)
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Proposed mannopeptimycin aglycone (37) (TFA salt)
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2. HPLC
mannopeptimysin a H
H2N\< 2 __COOCH; 2N\< 4 2 ,COOCH;
NHCbz NHCbz
Aiha-A Jy, g = 5.9 Hz Aiha-B Jy, g = 1.5 Hz

Scheme 4-1
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41LITRTFETRELTWD, Thbb, F '~/ X7 F~ A a% 6 M HCI T 100 °C
TR L CIGT DR T X JBE~E R LT, BT 2 BRIREWIZXT LT Marfey’s
reagent % SOt S8 2. WIS S T AT IVIRA M~ LB X | WiFH HPLC fi#TIC & 0 LB DR
PR AF B TNV T Z 8K, Fud I DR BV T LIETHD ERE
L7z B-AT AT == VT T =000 TE 260 & 3L ZDDORF R ZFOH, it4 >0
SRR E L TEZBNDD, WTNBIEEY T VO ANFITES TlERy, 22T
He OI3JcOBRMESM: TO I HPLC L L TR7B- AT LT = =T T =220
THNMR (FI AT T b BTV 78R EREREORERREEZ, WEoms e
W52 LIck Y, S bFE 2S, 35S THHEREL TS (Scheme 4-1), 7=, —H>D
Aiha LD R F-OPGEITILL T O V1T -7 (Scheme 4-1), F 720 B DIEMESITOR
WAT T R & fiR LTt HPLC HSHLZ 1TV, Aiha-A & Aiha-B DIREME13T-, ZDIREWY
IR LT ChzCl #EH S TY I/ 2R L, FEYHHPLC ICE VR L, 61266
AT T VIR BRI FE S T C Mel ZER S/ T fHET 2 A F A=A T A~FE L, FE
Wit HPLC Bz ML, 22T DD YT AT LA~—25 L=, Znbobawo H
NMR HIEAZER L, 247, 3.7 v hoDOh v 7Y 7 E# (Aiha-A: 5.9 Hz, Aiha-B: 1.5 Hz)
ZBEORE LT 52 LI X0 Y, Aiha-A O 2 {7, 3 (L OFERE LA 21T erythro, Aiha-B
DFEFUT threo TH D EHEE LTz, o, S HRIFFEMSNIMEFOWREEIT O <<, He Bl
N RXRTFA T 7Y arfio Aiha-A. B LT Aiha-B ENEIUZOWNWTOR T 1 kv
MIColy 7V v 7 ER, B3IONOE HET —# % tlc, AH, lHlzko Tt Sz
PALA D Karplus O RUTFES < FERISEM LRI EE Y2 FIAT 5 2 ik v’ 2, 3, 4AiD
FAXFSEAAAE 223 Figure 4-1 12" 95@ 0 THDH Z & #E L7 (Figure 4-1 4512 He HOMIE L 7=
Aiha-A & Aiha-B @ LRl BVERZ RS, 1122, 3ARFEM. 11X 3, 4(rRFEM ARG L Lz
Newman X Th %), £z, MXSLAR{LZEIZ DOV T He i, Figure 4-1 /212757 NOE FH B

DFERE | BRITER2D7 I BRI TRl Z T2, &AERIIC Aiha-A 13 2S, 3S, 4°S DArfk
FliE %A L, Aiha-B X 2R, 3S, 4'S ONLAELEEZ HT 5 L RE LTz,

TR WD, SR TICB W TUTIIRT =00 A B U REAERD B S LR ORE DT
Z5HZ k%%&ibﬂx\é SFE Y Newman M a2 HNTEER LI, qudh v 71U v
7&&#91mﬂkﬂﬁmik%w%émmu%ﬂ24sz%@%¢éb¢”\!i%mmwo)
OB D0 Hep « Uon DHBA B FBEO L —IT L 0 BUREA O SIRLS: 2 g ©
ERAR

SJum : 2Jem i 3Jcm

oy ﬁ%@ e

9-12Hz 2-4Hz 0- 2Hz -5--7THz . 6-8Hz 1-3Hz
Large Small Small Large Large Small
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Atha-A Aiha-B

(25,35)-Mephe

3.55,
g ' »QT:/
p o
J 'y
a5 H s (ZR,35,4'5)F-Aiha-B

NH: {D]
(2535,4'5)-Aiha-A (25,35,4'5)-Aiha- 4 (2R 35 4'S)-Aiha-B
(L)
X)X TF AT a DR 727U arfio Aiha-A, Aiha-B O H OB v 7Y o TEE

Figure 4-1

Fo, T BOMBENEFICE L UIROBEVRE LT, Thbb, Fry | B-AFNL7
T2 NTT=r, TV, BY D AERKOEENEFIZ OV TIE, NOE B X OYHMBC HIE
DFERPOBEET 27 X /L OMBERAZ LICRE Le, ZZ CHRBEE 725D Aiha-A B
XN Aiha-B OFEAIE/FCTH 5, He HIX, 77U a U EMIIZOWTT R REE EDOTm h b
B9 57 X Voo a O OB v ) U T EBNETEIHZEEEDEE L > T D
&L AT I BERAMIEHM T O NOE HHEA Bl S D 2 &6 | Figure 4-1 212 R T L 9D 1T
7 2 RAEAIE AT strans il % & > CEHEEN T 7V 7 HEEIC>TEB Y, 2 TOMENER T
TR L TR TN BLm L 72 Bl (Z OBELED Z & Z A TREEE L FES) 2L >TnD
HOE TR LT, Ghadiri HIZE VRO T I 7 BH LR S N HBRIRATF RIZBW T, D—
TI/BRE L7 2 VBAREICEE SN TWD L ERROREE LD 2 ERHAE ST
57‘:&)@ He Hlid~y /XTI F~A 77 ) a BT D7 e L—7 2 /@)
REICHBEINTWD EHERI Lz, ZOF5RMFEZ2ZT O, D fkoFa Az LT L Ko
(25,35,4’S)-Aiha-A, L KD+ U 2% LT D RD(2R,35,4°S)-Aiha-B 23#fE L 72#E DA TH D
Z b, Figure 4-1 22128 LTEIBFFICE LTz,

IR He 51T X 2SR E O, 36 X OEEDBIZE L2 EREAEMD NMR 27 L
EHREARART FLVOFEND BROTREENRB SN FRK E LTUT 2O EE 2 72,
1) Aiha-A & Aiha-B ODLrﬁ%lILEr“ WHTH 5,

2) B-AFNT 2= VT T =0 DAFNAIEDSAREENETH 5,

FPHEENE D) IOV TTH SR, He HITZOOEIZH-SWT Aiha-A & Aiha-B DS IE

FERE L, €O SO EIT
T IREREOTE NoLBET AT IV BOa T e N ORIOT v T T EEN
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ETHEBEOMEZ &V 7 I BEEEMEHH To NOE FHENBIRl s D Z &b, +
VIRTF AT T a AT EEEEE Lo TV D,
R I NRNT T AT 7Y a N IEEGERE (6 KL 06T T RT, Emfid
LoTWAHDT, 7 /BIZDIRE LIKNRZAITHERE L TWD,

IO DOIGEDEFIEIZOWT I BIZHET 72D, 22T, v /XTI FwA 0T 7)Y
IO XERTORBMEE 1 L. Aiha-A, Aiha-B # ANz H&EIK 2 2 Fhic> 0T
Macromodel Ver 8.5 % FVN CERERETHR 21T\, LZERLAE 4 bt L 72, Figure 4-2 12, J135& LT
OPLS_2005 (K¥EM:d) ZHWTEE L-BRORLZERIEZTT, TOME, He 5D ->H
OIGERY (DR E LIKDOT I /7 B3 22 HAZHERSE LTV 2128 1 CIREmEEZ & 5 DI
*f L. DRFEL, LIKELOT 2 BasEss L-idE s S0ERIK 2 TEB-A T V7 == 1T
ToURERIEEOT I RRsCisiliEZ &0, BB OXRTTF RERAFNB - ToExr L 52 &

RVIRTFRAIVPTY AVDRIBHEE Higik2
+ + + +
HoN NH, HzN NH,

>\\NH HN—f >\“NH HN—f
AN NH AN NH
Aiha-B =OR, - Aiha-A Aiha-A =OR, - Aiha-B
0, ‘o, 0, K ‘e,
N7 N N "
N™ Y "oH N OH

Ho/';[ NH HN_ O OH Ho/l NH HN.__O OH

NH HN NH HN
H H
N N,,'
(@] : (@]
o] o .
A W
I RIFIALUTH a0 DIRIBHEE sERA2
AG = +1.25 KJ/mol AG =0 KJ/mol
Figure 4-2
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MRBEENTZ, ZOZENDHHe bDO ZHOHDREILOWTIE~y ) RXIF~vA T 7Y a
VOBEREICBWTHLEETELI LD LB X, — T, #BH#HE LI W THEERIE 21
DNTHLT I REREOTa b LT LT I BOafi 7 e NURlOH v 7Y v T EET
THEAOHENDIZEFRFEOMHEE L DD L TSI, o, ISR OEREL IZIZF%ETH D
ZEWNRBRENT, B, RLTEEREO T XX —IZB L TR, e LARBHE 1 X0 b ER
K2 DHH L5KIMOl FRLETH D Z EWRBINTZ, ZNHDZ b —2HDREICZ D
TIHEHEMER AR+ THLIRANLR D D &5 2T,

EARIEEH DO HNMR BPCNMRIIEIC L VBIERSNHK L T FLDr Iy 7 R
SCHRER S & D75 % Figure 4-3 IZXRT 5, 728, AR TIE, 'H NMR JIEIZBW\T, D7
AT T FDFEN 0.3 ppm. BC NMR HIEIZBWT 1.0 ppm 22 5N BIE SN R %
L TR LTHD, Tlo, pHROBEDOZEICL WV EELZZITLTWN-HEBLOOH 7e h
TRENLBRI L TH D, ZORNL L0580 . Aiha-A #55D 'HNMR, ®C NMR A7
MDD I N7 MAUTKRERENBE I TEY . Aiha-A 3 LT Aiha-B OJIEFF 7315 D F]
BEMEITROIR Y BETCE RN EE T,

HN NH HN NH
SR, S
HN 2 oH WNH HN_ % oH WNH

SOH UG SOH N
o 035 o )12
N7 N ""oH N7 N "0H
Ho Hoo:

.. _NH HN. O OH .. _NH HN_ O OH
0% > NH HN 0% > NH HN
H H +1.4
Nh NI,
N0 NG
S g0z oo
W

-0.34 +2.8

chemical shift difference ('"H NMR) > 0.3 ppm chemical shift difference (3C NMR) > 1.0 ppm

Figure 4-3

WICATREME 2) IZOWTTH D, HEERED FIEIZHOWTIE, FrICEEENMED L 135
BN oT=b DO, Figure 4-3 IR LIZHEY | B-ATFINT = =)V T T = U IEIFERILAED
® NMR JIERE R & RERR L OEDRBBEFICBE SN, LD, AFALEBLIOZED
BEBEALIE 'H, °C NMR 227 ML FRO7 I WLy 7 RBRKRELS B THNDEZ Lk,
ZDNARMEER Y TH D ATREMIT H 2 Icdh D LB X T,

PLboBs Bl5, HEMBRENG, mTREME 1) 2) IOV THEBIC TRtk 2 & 3 ARk
L CHRGET AMER DD LB 2T,

- Aiha-A & Aiha-B O 7 X/ BBIIET 2 AV x 7o BifxiAk 2 (Figure 4-4 )
+ (2S,35)-B-metylphenylalanine % (2S,3R)-B-metylphenylalanine (22844 L 7= $8#% /K 3 (Figure 4-4 )
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ARRIEICE L CIERiEE CICHMNL L FIEEHWA Z L e L-, T72bb, b L2 bEEA
EBRICEENERE LT 7Y a URSSRENEN SR, IR L FEROGAt 2 EIFTX S
b LEZT,

Aiha-A Aiha-B
HN NH
>~N_H HN’<
HN LOH WNH
OH N
% oy K
Aiha-B Aiha-A N OH

.. _NH HN.___O OH
HN NH Ho”
>~N_H HN—%
HN_ X OH NH 07 "NH HN
KA O o H
N,,
0 “ ~¢” Yo
N “OH
0 .«
", O OH "
Ho™
k2
(@) NH HN NH

HN
>\I\!H HN’<
HN_ 3

OH oNH

(25,3S)-p-MePhe

1, NH HN (@] OH
XU RIFIALUTH )AL DIRIEHEE HO/lJ/i m/
(@) NH HN

EiRA3 (2S,3R)-B-MePhe

Figure 4-4

4-3 FEIFAK 2 DARL

YRR 2 DAL, “E TR A ERETEIZE -T2, T2 5, Figure 4-5 1R TIED | BR
iz 7V DT I HER) DOV RFUAEDOBTITO b DL L, TEREE LI
Aiha-A & Aiha-B Oiifit%, NURTFRAL 52 H TV TTH2 L LT, ERERLD

R URTF RIS T 57 2/ W% LLETREE Figure 4-5 124 Tk L CTART A Z & &
L. REEDOMAE OE S LHIFEREOMEA S D L LT,
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Aiha-A'7
NH

\
[ CbaN]

$ O
1) amidation
OH

o NH,

: H Ecg Aiha-B 8
- L-Ser 6
Mannopeptimycin 1) amidation o) OAllyl
aglycon 2 HO (0] M
[oe] D-Tyr 9 O
2) macrolactamization O

~OH
© 2) amidation O

“NH,  Ho

NH,

HoN

NHAlloc HN NHAII OH
H ‘/3) amidation
N, OH H,N,,
© )\ g ’ o
o O 4) amidation,.
W
Gly 11
5
(2R,3S)-B-MePhe 10
Figure 4-5

F7T. BEU 6L Aha-Al2 ZfiA LTz, ks, BRIMO D RTF N 13 1TH =—FEITHB W T,
UL AihaB 5725 VT F REGHEIHCT B 2 VLo A i3 5 B TREICA AL
L CW % (Scheme 3-5 &), it> T, LLRTA L L72Kf & [FA— D5 THA B L 72 (Scheme 4-2),

TN T EFONT 13 L TAMHCI % 14-UA4 X U Aagih CE &85 Z L 12X Y Boc
BERELT U4 25T,

CbzN CbzN
CbzN NH M

1) LIOH : cbeN E
yl\!H )TIH . CbzN OH \OH
CbzN_ S OH 0°C, 10 min 4 M HCI o ®0
—_———> ° “NHBoc——————— > ““NH, Cl
fe) 2) HATU, DIEA 1,4-dioxane

""NHBoc  CH,Cl,

., NH rt,1h o,
rt,6h BnO” 91% BnO” ™
OMe 2 steps 84%
O (6) OAllyl

o, NH,+HCI OAllyl

BnO .
12 J: 13 14
o) OAllyl
6

Scheme 4-2

URTF R 14 L Aiha-B 15 Ofa & A MiEt L7= (Scheme 4-3, Table 4-1), 7. fad&lE L
TlE, H =T Aiha-B & Aiha-A O TOH » 7'V U ZITB W TiE O % 5- 2 7= PyBOP
DI, BSOS & Z L7z HATU (Table 3-1 28) et L7=, Z#id, Aiha-B & #2720 |
Aiha-A OT X ) 7V a— L EALE HATU & ORIFS 2 Z S 720y (Scheme 3-11 &) Z & %
FEIZHTEDOMITIZB N TH LML TWA O TH D,
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CbzN NCbz
CbzN NH CbzN
yr\_m CbzN_ OH NH
H 0 =
CbzN ,\‘OH conditions, NEt; o
o N "*oH
NHBoc ~ CbzN / NH NHBoc
OH >§NH BnO
CbzN
15 OAIIyI 16
'NH3CI
BnO £
o OAllyl
Scheme 4-3
entry reagent solvent time yield of
desired product
1 HATU DMF 12h 69%
2 PyBOP DMF 12h 48%
3 HATU DMF 24 h 62%
4 HATU DMF 6h 42%
5 HATU CH,Cl, 12 h 48%
Table 4-1

oAl W, OCEMEZRE L& 2 A, HATU ZHEAA1 L LSRN L TR0 .. R
entry 1 (278 L7 DMF i8R 12 R SOS S D &EDRRE CTHH Z ENH BT o T,

RNURTF RI6OFAMNE T LIEOT,. 2NE NIRTF RITOA v 7Y T ERat LT,

(728, R URXTF R 17 OFEUZ STl Scheme 3-10, 3-15 28) R UXT7F RN 16 12x L
T 4 M HCI @ 1,4-dioxane ik Z/Ef ST Boc Bi2REL ClFEEO T S o~ EBHLT-, —
Fe FUARTF RITIZH UL TTHF &K (5:1) OEAEEEY, KEELY 70 L%2=HR T 35F
MVE &8 T, WD LR U EE~Z5H# L 7= (Scheme 4-4) .,

i & RO & B FEORME S A Z W TRRET Lo, ARUSIZEWTIE, AWIZEEW F Y XTF R
FEtDhy 7V 7 ThHo, RBho, FURTF K16 OO KIG AL Aiha-B TH 5, BiE
THAR72 Y | Aiha-B D7 I U & REAIE L, HATU ZHEAH &3 2 sOGI2B8 VW Cid, Aiha-B
DT XT3 —)LELE HATU & O CTORISIG RS S5 (Table 3-1 B /) , £ D72,
Table 4-2 D entry 1 B X2 IR Y . AIEOMRFIT, Aiha-B % REZA| & 32 KIRICEB W T
Rif7eib R % 5 % 72 PyBOP Z A& Al L L THWTRIGZIT 72,

L2rL7eA3 6, DMF, CHCl,, WD TE L 2B b IRITTRE Th 72, £ 2
T, MEEAIHATU 2 W E bR L TAHRD 2 & & L, ZORER, BRE 2 L IZIERD
M B L, HEENER 60% CHMONF YT F K18 21455 Z LIkt Lz, 72385, Al CHIs
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7=, Aiha-B O 7 2 7 7L a— LEL & HATU e LT- & b 2 Bl AEY O A Rl 8L

N7,
CbzN NCbz
%NH CbzN
CbzN ! <OH JNH
‘ CbzN NCbz
o) . .

“N “oH 4 M HCI >~§H CbzN

H in 1,4-dioxane CbzN ? OH NH
_~n, NH NHBoc ——] R R
BnO :
O OA||y| 16 H OH
conditions g . NH HNf/@/OBn
— " L
MeO. (o)
K/@OB” o7 oAyl HN
H
H HIN BocHN/\"’N"' o)
BocHN/\n/ ., o) LiOH (o] -
O THF/H,0 e
17
Scheme 4-4

entry reagent solvent time yield
1 PyBOP DMF 18 h 42%
2 PyBOP CH,Cl, 18 h 39%
3 HATU DMF 18h 60%
4 HATU DMF 12 h 51%

Table 4-2
ANFYRTF R 18 1T LT, ZF TN L= % W, 14-dioxane &7k (3:1) A

#<rfi. Pd(PPhg), & DMBA Z{EM SETT VLA FRE L, IR 80% TUEhED /LA vk 19 %
157- (Scheme 4-5), FiWNT~FH 27 F KD Boc fRi#A 19 1% LT 4 M HCI @ 1,4-dioxane
Vs A E &8 C Boe R & BRE Lo, IRMEEMEIC XV KM A ET 2 2 LT, BRALATRAZ
iz, ft\W T BB TH DL~ n T 7 ¥ MEUEZ CHCL B, it L LT HATU,

HiF & LT DIEA Z W Tk dz, IR T C 24 REFSUG S 72 & 2 A 2 BRI 50% CERIR
RTF R 20 2455 2 LIZEEh L7z (Scheme 4-5),
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CbzN NCbz CbzN NCbz
NH CbzN NH CbzN
CbzN i OH &N H CbzN j LOH .‘\N H
o o K o o K
O ‘o, o, O o, .'l
‘N ‘OH ‘N ‘OH

H H

~u, NH HN (¢] OBn _~m, NH HN (0} OBn
BnO Pd(PPhs), BnO
DMBA
O OAlly! HN —_— (@) OH HN
H H H

N 1,4-dioxane/H,0
BocHN/\"/ 82% BocHN/\”/
o . o)

ZT

18

1) 4 M HCI
in 1,4-dioxane
rt,1h

2) HATU, DIEA
CH,Cl,
rt,24h
2 steps 50%

Scheme 4-5

7272 LV BRIRAS T R 20 3R T ORE RIFER, #-HiEs 4 (CDCls, CD.Cl,, CD;0D, Acetone-ds)
Xt DIEFRIE DL E 205 NMRIEIZ LV > 7 A DR BN ATRE/R A7 MV EG5 Z LT
T&Elehholz, 22T, i REEORELAITOZEE LT, 77200, BRXTFR201C
%L TMeOH & THF LK EXFR (8:8:2:1) DOIRETABEA . KFEFHA T T Pd(OH), = 1E
A THERT 24 MBS S ETz, BUSE, AR L —F =2 W T ZRE L, WED
Thrn<w NI T 74— ZX R L7 (5% to 40% MeCN in H,0. 0.02% TFA) (Scheme 4-6),
ZDORER, 76% & BAFR IR THIIY) 2 DERRIZE Lz,
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NH CbzN >\~,\_,H HN’(
CbzN_ > OH R HN_ 2 .OH WNH TFA
o} 0
o] .
N <~ ""OH
" HN o OB
o, NH HN n
0 MeOH, THF
H,0, HOOH
rt,24h
then TFA
82%
Scheme 4-6

AR LT2EE Y 2 © 'HNMR JIE 2 32656 L, STk Y & bele L7- 28 —889°, Aiha-A. Aiha-B
ANNWEZT-HREK 21X, BEO~ ) XTF<A 0T 7 ) arCliEnn e ibwmoiT -,
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4-4 FHFAK 3 DAL
4-4-1 B-ATNT == VT T = U RRILOREEREFIEORE

UEOKFHZEY, B~y ) RXTIF~A T 7Y arofEx, B-AF L7 =T 7
= U DO A F VIO SRAL TR W ORI 3 THDHAEEMENE E o7z, 22T, B He
O DREIERTE D FIEZ DOV TR A L SR E O FIEIZRIEN BN E D DS I REET 5
ZEl LT, He HLDB-AFNT 2=V T T = VFREOBEREIZOWVWTFHE LIRS, He b
X, v/ XTF <A v rallx LT, 6 MHCI Z1EM ST, 16 Fff#], 100 °C TIE+ 2 =
EIZED, 2TOT I FEAZUBI L, xHET 57 2/ BBIREBIEOIREY %215 T 5 (Scheme
4-7) , —FE B @ TFA TRINABES 2 2 30/ HPLC RS RUC L 0 thoo 7 X/ BROHHEW) & 3B
L. ZJEHO TFA ZIN L 722 W EBESE COFE @i HPLC U LV BB OFEEER- A 7
NT 2=V T T =021 B TWD, He HIXZ OALAMD LIRS % KIEEBEF To 'H NMR
HIE . 3 LOBENERIER R A 1976 tED LA S DG LT 2 Z LITIVIREL TS,

HO HO
OH
OH  Aiha-A
HN NH 1st HPLC
S m—4  sMmHCl C18 MeCN/H,0
HN “_ .OH WNH 100 °C with 0.01%TFA
' 0 5 16 h

Aiha-B o ——®» Hydrolysate ———>

2nd HPLC
C18 MeCN/H,0

N7 N "oH
H i
Lo NH HN_ _O
/I\ K/Q/ W (2S,3S)-B-MePhe (21)
W TH NMR (300 MHz, D,0)
Ha = 3.94, Hb = 3.53
kﬂ/ B -MePhe

Jap =49 Hz, Jy e =73 Hz
[odp = -22° (¢ = 1.5, H,0)
LRMS (ESI) [M+H]* = 180.0

was detected
mannopeptimysin o

Scheme 4-7

Table 4-3 |2 He 52358 (BidE) BICHIE L7Z"THNMR ® 2fr, BX 37w hror
AN T R, 2, 371 k‘/ﬁiﬁ}: 3N, AFAET B N OA y7°U VI ERETRT, F
72, He B EIZ W2 ILARSZEIZ X 5 Bull. Chem. Soc. J.58 COMAE 2. Tetrahedron 35235
VT 1992 4E 7 2004 Ec:%h%h%&%ézhtm ®_ Scheme 4-8 @ﬁ{k‘f\ NeoMPS £ & 0 i
A L7 (BA19402) . (2S,3S)-Boc-B-methylphenylalanine (22) & v H HFR%L L 7-/b&4% 21-b 2 NMR
HIE LIS RICOWTH AR CTH#E Lz, 2k, MEHEIIEZEN RO, s pith Fikic
KT HrAREE LS D EBEXTZ LG, BEITEEFEIINICRE Lz,
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Hb 1) 4 M HCI Hb
Ha )7, dioxane Ha )7,
‘Me —_— ‘Me
NHBoc 2) Amberite IR 120 NH,
HO HO
22 21-b
Scheme 4-8
B-MePhe stereochemistry He et. al. BCSJ Tetrahedron Tetrahedron Synthesized
purified") reported® reported 17) reported 28
H NMR H NMR "H NMR H NMR "H NMR
(300 MHz, D,0) (60 MHz, D,0) (250 MHz, D,0) (300 MHz, D,0) (400 MHz, D,0)
21-a
erythro
(2R,3R)
H,=3.81 H, =3.50 H, = 3.66 H, =3.79
Hp =3.31 Hp, = 3.00-3.06 Hp =3.16 Hp =3.28
Jap=7.5Hz Jap=7.4Hz Jap=7.7Hz Jap =7.7Hz
Jpme =6.9 Hz Jpme=7.2Hz Jpme =72 Hz Jpme =73 Hz
21-b
(1RIB4EE) (AmberitelR120851&) (AmberitelR120851&) (propylene oxidefiii&) (AmberitelR120f5%18)
erythro
(2S5,3S)
21-c
threo
(2R,3S)
Ha =3.94 H, =3.94 H,=3.73 H, =3.82
Hb = 3.53 Hp = 3.55 Hp = 3.33 Hy = 3.42
Jop =49 Hz Jop=4.8Hz Jop =49 Hz Jop=4.8Hz
Jpme=7.3 Hz Jpme=72Hz Jpme =73 Hz Jpme =T7-5Hz
21d

(;’;’EOR ) GEFEH S LBE) (AmberitelR1208%15) (AmberitelR1208218) (propylene oxidefi&)

Table 4-3

Table 4-3 DHEFER S &7 I BT 7 MIHE SR, BIEREREBICRE RENA LR
TEY, WBEBRESTIE2WbOD, Iy 7V U T EEIZOWTLEDOSTHL, HIERRED
—EDMHMEZ R L TNDZ ERbhoTe, 77205, erythro & (21-a, 21-b) (Z-DW\ T,
200, BLO3N T by TV U TER Qap) BEOR3NLT 0 Fr & AFNET 0
NoEOH v TV v TEER Qome) DBOTHE 7.5 Hz (AT TR S LD oicxt L, threo &
(21-c. 21-d) TiE. Jap S 5Hz 9. Jome N 75 HZ B9 THEII S ND Z E RN o T,
ZZT, He LORERILTZB-A TNV T = =)L T T = L FFED NMR JIERERIT, threo A &
BW—8#%R L, LLRns, SCHMESCHIER REIC S B TE RV ERBIZE IN T
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BY. TP FIECHRKTDAREENH D LB X7, T b, He HIXSCHROHAE
D X I D SCERO S D KL 9 12 Amberite <> propylene oxide Z FHVN Tl L T\ 5 01T T
($72 < 2P HIZWiFE HPLC TR Z T 25720 THEL TV Z &b BER AR+ T,
He ©2HIE L7 bE#TERED 7 X 7B Cide <HEEEE S L <X TFA i CTh o 7= wlRENE
DD RN EFE 2 T2,

Z T, AEIEREOIRETCOT — X 2% LT (Table 4-4), HFEEOIRETIL, %
BEDARAEIZ L~ erythro (&, threo (KM TOBAfER ENBIE ST K oo Te, I NI T
MZBIL Tk, e, MEMEM TOENPRE S HBNRRETH TN, Iy TV U TE
BUTEEEDIRBIZ ETlI VWb o0, 013V erythro (KIZOWTIE, 247, BI O3 i7 0
NIy 7V TER (Qap) s BERINLT v v AFAETa Nofohy 7Y oo
EE (Jome) DDOTALH 7.5 Hz 945350 TELUHI S 402 DT L, threo R TIE, Jap DVT I
H L <IEM N 6~6.5 Hz FHTICEII S NS Z ERboo7-, He LOEBRFERIZELH & D
BEW—EX L2 oD, erythro (RIZEE~ 2% & threo (RKIZ L D imnW L 5 IcBbiiz, BLED
ERNG, v ) RTF AT TV ADR-AFINT 2 =)V T T =IO 24, 34T
DEDFX AR 1T threo (7205 28, 35S & L<IE 2R, 3R DWW Fhdy) D Tidawn
D& EFVIHER L 7=,

B-MePhe  stereochemistry He et. al. BCSJ Tetrahedron Synthesized
purified" reported® reported 28)
"HNMR "H NMR "HNMR "HNMR
(300 MHz, D,0) (60 MHz, D,0+DCl) (300 MHz, D,0) (400 MHz, D,0)

21-a
erythro
(2R,3R)
H, = 4.26 H, = 4.01 Hy=4.12
Hp = 3.49 Hp = 3.30 Hp = 3.41
Jap=T72Hz Jap=75Hz  J,p=73Hz
Jpe =74 Hz Iome=T72Hz  Jppye =73 Hz
21-b
(IRIBHEIE)
erythro
(2539) Ha =3.94
Hb =3.53
Jap=4.9Hz
Jpme = 7.3 Hz
21-c
threo (HHhH 5 LRI
(2R,3S)
H,=4.34 H, =4.09
Hp = 3.59 Hp = 3.42
Jop=6.0Hz Jop=6.4Hz
Jpme =75 Hz Jpme = 6.5 Hz
21-d
threo
(2S,3R)
Table 4-4
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RIZ He D ORISR DR TEIZ DWW TREA L7z, Table 4-5 (2 He 52 X 2 HIE, SCHk
TOWE, FEHORE, TNEITH LI E ORERIZONWTE LD TRT, 728,
% 2 OGO 515 Table 4-3 |Z/R L7e FiE L [RERCTH 5, LLIENEE O % i3 2 & erythro
RCIE, FEHEYERE OMERHME DS threo (RO Z AL & LERTRE L £z, HFHIE 2 MO AR E
NDREBELELETTA, SEHEREE~AT Ao TWD, BT HIEEE DR E & HaxHiE
T H L ENIC He BOHMBEBY , B-AF LT 2= VT T =KX
(2S,3S)-B-methylphenylalanine  (21-b)NEDO#EETH L EE X HiLD, 7272 L, Aiikd NMR
HIE OREERE R L . BT threo /& (21-¢ H L< 1% 21-d) TH D alREMENFEWEE X
S, o, WIELEOHFENLEZ D L, 2NONMBILFIEISEHEETHD EPRITE, =
NHETOFREBA LT, (2S,3R)-B-methylphenylalanine (21-d)2% (472 b, A FLEED
SEARFED R U T2 B iR IR DY) B OREIETH L rIRENEITRD TRV & & 2 7,

B-MePhe stereochemistry He et. al. BCSJ Tetrahedron Tetrahedron Synthesized
purified") reported® reported 17) reported 28
"H NMR "H NMR "H NMR "H NMR "H NMR

(300 MHz, D,0) (60 MHz, D,0) (250 MHz, D,0) (300 MHz, D,0) (400 MHz, D,0)

21-a

erythro [a]p = +28.4° [o]p = +21° [a]p = +27.2°
(2R,3R) (salt free) (salt free) (salt free)

21-b [o]p = +28.4°

(IRIEHEE) [olp=-30.6° [o]p = -26.7° [o]p = -29° (salt free)

erythro (salt free) (salt free) (salt free) lodp = -25°
(25.39) (HCl salt)

21-

thre(:) [a]p = +7.3° [o]p = +5.1° [a]p = +6.6°
(2R,3S) (salt free) (salt free) (salt free)

21-d

threo lodp = -22° [a]p = -7.5° [a]p =-5.3° [a]p =-7.5°
(2S,3R) (salt free) (salt free) (salt free) (salt free)

Table 4-5

4-4-2 HFIR 3 DAL

F 9%, (2S,3R)-B-metylphenylalanine (21-d) D&k & 17> 7=, HIFEJFEE (S)-3-phenylbutanoic
acid 23 & L. BE&niE % VW CTEaa L7- (Scheme 4-9),
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y 9 9
Pivaloylchloride Oél\N "Ph A Pmen w, pac
o) NEts, THF KHMDS, 25 0 "N Boc,0
S) then n-BulLi, o THF EA
o N 33% 81%
Y (S)
Ph
(0]
(S)-3-phenyl recryst., 86% 24
butanoic acid (23) 26
OH OH

22 _ 0 (e - 7 Eo

BocHN,, 4 MHCI HoN,,, [a]p?? =-10.2° (c= 0.20) ref6)[a] =-7.5

30%H,0,, LiOH in 1,4-dioxane H,= 3.83 Ho=3.94

— Hy= 3.43 Hy= 3.55
THF/H,0 then Jap=5.2 Hz Jap=4.8 Hz
90% AmberlitelR120 Jpme= 7.1 Hz Jpme=7-2 Hz

28 (2S,3R)-p-MePhe (21-d)
o) Q N
N\ /Cl N\ _Na
S NaNj; S,
0 EtOH/H,0
rt, 14 h
85%
Scheme 4-9

(S)-3-phenylbutanoic acid (23) THF IARIZXT LT, E2NUfigr7 e R, MY =F L7 I 0%
ERSE T, ST 27 v ) F~FFE LIk, RFMBIF D(S)-3-phenyloxazolidin-2-one % <
JEEETT I K24 2457, FVT, 7 K24 O THF FiRcxt L, #EH L LT KHMDS % {E
MAESET, 7oA 2RAESE%, BERRE L 25° 2RI L T, FREDIERND 2 A1
WCARRIAIZ T O REZ B AL, 2B, REFHT P FMERZE 25 [IBEHRICHE - T
2,4,6-triisopropylbenzenesulfonyl chloride 29 ® EtOH/H,O (1 : 1) IBAEE T, NaNy Z/EfH & &
TURMEBRTRINSEDL Z&ICL Y, BUFRICGR TR Lz, 55727 ¥ N 26 2KER
MBI EVBETL L CT I U ~EH L, 20T X % Boc J TR L7, RIZ, 27 ® THF/H,0

(1:1) IREWHIZH LT, 30%afa b AkHEAK, KLY F U LE2EHSHE, IR IO THRY
D7 I VD Boc PR 28 2157, ZZTHOLNIET X VN HRIONKIL 2 HT 5 0l
R H 7, Boc F:A&BRE L AmberlitelR120 TAHi T2 Z & TR L. 21-d ® 'HNMR, B X
OWESEFE OJTE 2 Fohits U7z, B S =& HEIEscmiE Y& B —8z s L,

S SRETHT Y RERIETH 5 25 1L Harmon H12 L 0 1973 EICfI% s h- 9, (REMNRRE TN
TYORMERECTHET IR RY 75— h EHART, BREMELS . BERORAS Th 5,
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OH Cl- HHZN:/E@/ :/E/Q/
(0]

H
BocHN 4 MHCI
PyBOP, DIEA > BochHN in 1,4-dioxane
CH,Cl,
rt,6h
92%
28 31
Meof/@/%n MeO_ _O OBn
HN PyBOP, DIEA HN:/I/\/Q/
H 3 H H
H,N CH,Cl, N
o 91% BocHN/\n/ o
rt,12h o
2 steps 96%
OH
BocHN/\n/
0
32 33 34
Scheme 4-10

A% L7-(2S,3R)-B-metylphenylalanine 28 Z W T, hUR_TFF R34 28T+ 52 L& L7
(Scheme 4-10), 3725 (2S,3R)-B-metylphenylalanine 28 & Tyrosine 30 @ CH,Cl, 7A#RIZ%} L
T, fEAAlE LT PyBOP, ¥tk LC DIEA Z/EA S CTE=RIE T 6 R L Sz & 2 AR
Q% T XTF N 3L 24570, N THRLNTEYXTTF R 3LIZx LT 4 M HCI @ 1,4-dioxane
WIRZER ST Boc & RE LT, RICURXTF K32 &7 330D CHLCLIERIZR L
T, MEAAlE LT PyBOP, ik & LT DIEA % VTR T 12 Rl UG S, 2 B REILER 96%
ThRIXRTF R ZHG, NIXRTF R DODERMTATEOT, FEETHEMR LT YT
7 | Ser-Aiha-B-Aiha-A35 (3-2-1 %) Ly 7V 74528 E Lz, NUXRTFRIBIC

CbzN NCbz

NH CbzN CbzN NCbz
CbzN s OH NH
~OH 4MHCI NH CbzN

CbzN

o . in 1,4-dioxane ' “‘OHO o
N7 OH ]
NH T feB ©
” oc
Bno” N“ Y on
HATU s, _NH HN__O OBn
o” Sony 3 DIEA BnO L 1/@/
—
DMF 07 NOoAlyl  HN

MeO 0 rt.,18h H
o)
. HN LiOH
BocHN/\n/ N THF/H,0 36
0
Scheme 4-11
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%L C4 M HCI @ 1,4-dioxane Z/EfH &¥ T Boc JLA2REL CHEHOT I o~ B LT-, —
F. BURTF R3MIZHLUTTHF &K (5: 1) ORGIEEEF, KEELY T 0 L%=RET 38
FMEMSE T, HEHO D NR BB LT, MEREIL. F2FTROBWERZ 5272
DMF ¥, HATU, DIEA OfiAf AW, =R T 18 FEHKG S ¥ & 2 A, I 88%
THRIONFH T F R 36 2155 2 LT L7z (Scheme 4-11),

AFPRTF R 361X NE TIZAR LTZA~FT T T REEE, SRS U TRt %
AL, SEIEREEME (CDCl;, CD,LCl,. CD0D, Acetone-ds) H'C NMR HIE 2727278
T FVDIRIBINFREIR AR NVEGD Z LI TERhoTe, 22T, BRi#ELZRETDHZ
Ll Lz, £, ~AFYLTF K36 1% LT 14dioxane &K (3:1) IRAEEMEF, Pd(PPhs),
L DMBA Z{EAESETT VA EZBREL THONRUBE~FE LT, FWTHRERIIK L
T, MeOH & THF Lk & Xz (8:8:2:1) DIRAEMT, KFEHRIHK T T Pd(OH), Z1/EH
SHLHZLIZLY, 6 DOV UNVRRELERE LT, TORE, WL 78% THHDOILEY
37 #15%7= (Scheme 4-12), 46N/ 37T IXWFEHI T L7 a~ N7 T 7 4 —IZ L0 R ATHE
&1 (5% to 30% MeCN in H,O, 0.02% TFA), %fjid" 5 TFA M OIRETE LN Z HINMIL, =
VAFINANVEREF Y REEHRTO NMR JIEIC LY | 7TV DIFENAIREIR AT ML a5
HIZEMTE, ZHZEY BHOANXY XTI TF ROILFAEEE R T H I ENTE T,

CbzN NCbz HN NH

>\'~I\_IH Csz’( >\NH HN/(
CbzN_ A OH NH HN_ A LOH NH
~ORg . ~OHg ;
o o
N ‘OH N v~ ""OH
NH HN o 0Bn 1) Pd(PPhy)s, DMBA -, NH HN.__O OH
BnO dioxane/H,0 HO '
—_—
OAIIyI H 2) Pd(OH),, MeOH/THF 0“ “OH HN
/H,O/HCOOH H oW
0,
BocHN/\"/ 2 steps 78% BocHN/\n/ o
o]
37
Scheme 4-11

N T, v~/ a7 7% MeEIToT2, ~FYTF K36 12x LT, 1,4-dioxane &K (3:1)

AT, PA(PPhs)s & DMBA A EM S T7 U LELAFRE L, IR 82% CiliehfE 1 /L 7R ik 38
Z157- (Scheme 4-12) , %\ T~FH X7 F KD Boc {52414 38 12 L T 4 M HCI @ 1,4-dioxane
IR 2 EH SH T Boc A FRE LT, IRMEEAEIC L 0 KM 2B LT 5 2 & T, RLATBR AL

iz, FEWNT, BB ThH D~ v T 7 ¥ MMEKGE CHClL IR+, #iA#l & LT HATU,
HH L LT DIEA Z W TR ATz, SR F T 24 RIS S 728 2 A 2 BRREIER 62% CERIR
NTFRI9&fGDH Z LIS LTz (Scheme 4-13).,
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CbzN NCbz CbzN NCbz

>\""J Csz NH CbzN
N CbzN_ % oH NH
SOH N
o ey
N OH
H o
0Bn NH HN o OBn
BnO Pd(PPhs), BnO
DMBA
o7 Soaiyl

1 ,4-dioxane/H,0
BocHN/\n/ 82% BocHN/\"/
(0]

36
CbzN NCbz
NH CbzN
CbzN_ % OH NH
oY o) .
o)
N Y ‘OH
1) 4 M HCI H H
in 1,4-dioxane ~, NH HN (0] OBn
— " £ K/@
—_—
2) HATU, DIEA o} NH HN
CH,Cl, ¥ H
rt,24h
2 steps 62%
o
39
Scheme 4-13

212l T2 THERIRATTF K 39 ORI T D RIEDIKE 225 NMR HIEIC
VT TFVDIRIBISAREIRANRY MV ESDS Z LI TE oz, £ T, Eﬂ{%é%ﬁb\am H
B 3 ~LFFE L, WMMEE T 52 ClREgT o2& L Lz, BRIRTF R 39Tk LT
MeOH & THF &7k & FEE (8:8:2:1) OIRAEEF, AKFFRHS T T PAOH), ZEH =+
TR T 24 BSOS S ¥, Rk, TR L—Z —Z AW TREEZBRE L, WD T L7

CbzN NCbz HN NH
>~NH Csz’( }\NH HN%
CbzN_ HN_ G NH o CTRA
R o R o R

-, NH HN__O OBn o, NH HN.__O OH
BnO J/: L@/ Pd(OH),, H, HO )/\ m/
—_—

0% ~NH MeOH, THF

H H H,0, HOOH H
Kﬂ/ N o rt,24h N
then TFA
o) 84%
39 3
Scheme 4-14
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o~ h/77 4—2X VR L= (5% to 40% MeCN in H,O. 0.02% TFA) (Scheme 4-14), %
DFER. IEE 84% & BAT/2 =R THIIW) 3 DAEFIZARP LT,

AR LTAEA Y 3 O 'H-'"H COSY, HMBC, HSQC iR b4y 7L oidEatr -7
FER, IR 3 DAY MAT —Z IR LR L T~y ) T F~ AT/ 3
YOENERW—EEIR LT, ZHUXT 7Y a3 EHRCT ST X B2, B-metylphenylalanine @
SREFELT2S, BRVIELWI EAERLTEY, SEOFERERICLY v ) T F~ A
U OBEOHEGEOMIICKE) Uiz, £72, EEDBRRE L-ARIETERESRICOAERATH D
Z LAV, Figure 4-6 12 Pfizer O He i L LW AF L=~y ) RPFwA 0T ) ay
D HNMR A7 fL b AEGHER LTALEH O 'HNMR A7 R L& CORT,

TH NMR
reported synthetic reported synthetic reported synthetic
Serine Aiha-A p-MePhe
o 4.31 4.30 o 4.39 4.37 a 4.49 4.48
NH 7.93 7.93 NH 8.12 8.12 NH 7.77 7.60-7.82
B 3.62 3.56-3.63 B 3.62 3.61-3.65 B 3.19 3.15-3.19
B 3.72 3.67-3.74 OH 5.40 5.39 B-Me 1.06 1.07
OH 5.15 5.13 Y 3.42 3.37-3.44 | Aryl 714 (2H) 7.19(2H)
Aiha-B S 3.22 3.18-3.23 7.15 (1H) 7.13-7.18 (1H)
s 3.55 3.52-3.56 7.21 (2H) 7.22 (2H)
a 4.22 4.24 NH  7.63,7.76  7.60-7.82
NBH o o 8.04 8.01
OH 5.64 5.62 Tyrosine Glycine
3.84 3.84 o 4.30 4.30 o 3.66 3.62-3.67
v ' : NH 7.80 7.77-7.80 | NH 8.21 8.18
5 3.58 3.54-3.59 241 2.65 241 2.64
NH 777,779, 760782 | P 41, 2. -4, 2.
8.00 707 OH 9.20 9.18
’ ’ Aryl 6.58 (2H) 6.58 (2H)
6.83 (2H) 6.82 (2H)
13C NMR
reported synthetic reported synthetic reported synthetic
Serine Aiha-A B-MePhe
Cc=0 169.8 170.1 Cc=0 170.4 170.6 Cc=0 169.5 169.8
o 54.0 54.2 o 53.6 53.8 o 57.4 57.6
B 61.0 61.2 B 69.5 70.0 B 40.0 40.2
1" 159.2 159.3 B-Me 16.3 16.6
3 55.8 56.0 1 143.0 143.2
Aiha-B 4' 42.2 42.4 2'.6' 127.5 127.8
c=0 169.1 169.3 Tyrosine 3.5’ 127.9 128.2
o 55.7 55.9 c=0 170.1 170.4 4 126.2 126.5
B 70.5 70.7 o 54.3 54.6 Glycine
1 159.2 159.3 B 36.1 36.3 C=0 168.4 168.7
3 56.5 56.8 1 127.3 127.5 a 42.8 43.0
4 43.9 44.2 2'6' 129.9 130.2
3,5 114.7 114.9
4' 155.9 156.1
Table 4-6
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BRI~y ) RXRTFv AT 7Y ardHNMR 222 kL (600 MHz, DMSO-dg)

; 1 T T
9 6 5 4 3 2 1
oot b Aphphyiyd oyt Yhed L. o itphhrd Lkl iy L L Wiyl bl bl L
- L6043 879 B 380 0 27 N 983,471 60 1 0.90 Los 4
E N 7 0 140 46224 2 30070 » . SRR 7

Pfizer L, He f& 1 X v #2tTEV 7=, RIRM DKL

chniEent~vr ) RTIFA T T
2D HNMR 227 /L (400 MHz, DMSO-ds)

. 1

Ll 1wl

ORI 1
ZANN/A AN AVAVARPZ/A VAN

)
0000 =
636\
008
827\
232\

——— N

|llo

T T ] Bl AL B o5 T T T N T
ppm 9 8 7 6 5

belgext g & LT, SEMEE A SR L7 'THNMR A7 R L b 3EFICI_ Tk <, (600 MHz,
DMSO-ds)
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4-5 £ L0

AECIIE =TS LI~ ) R_RTF~A DT 7 ) a L SIEZMEL . BT 7
Ua U iEOmAE B E UTHEAHEE LTz, T720bb, = TO AT hVEEIT OFER
BL O He b OWEOREERE FIEORAEAERN D, 77V arOBEOMEEM & LT 2 FE
DR ZBIR L, TOGRICED AT, TOME, EFNERE LIZAREIERR G R
BOWTHLAMARILAZFEIFTE, SBICHDO Y ) XTF~ AT 7 arotdEix, #2%8
115 & B-methylphenylalanine 7L DBNAL A F VLD SER LN B> TH Y, 2S, 3R NIELW
AN LT,

iﬁ“ Aiha-A, Aiha-B % AU 2 7230/ IR 2 lcB Wik, X7’ F K 14 & Aiha-B 15 Off

IZBWTC, FoECTOBISKERNOOEHELZEY . OXT7F RN 14 ND Aiha-AEREDOT 2/
7»:—»4&{4 (THE A HATU LRISOS A Z &7, RARIERTHRO Y XTF R 16 %

CbzN NCbz

CbzN >\l\‘lH Csz—<

NH CbzN_ i .OH WNH

CbzN_ ¢ e 3
z WOH HATU, DIEA o

. " oy

o DMF N OH
NHBoc 69% n,  _NH NHBoc

s,
OH CbzN BnO )/\
>~NH
15 E 07 “oallyl 16
Bno”
14
0% “OAllyl

CbzN_ OH NH
0 - CbzN NCbz
NN “aoy 4 MHCI 5 b Cbz”’(
H in 1,4-dioxane CbzN - “‘\OHO “\NH

. NH NHBoc
Bno” "
o) “
IN IOH
07 "OAlyl  4¢ HATU /,, NH HN o OBn
DIEA BnO
—

DMF OAIIyI
2 steps 60%
BocHN/\n/

BocHN/\"/ LiOH |

o . THF/H,0

W

Scheme 4-15
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BT HZ LTI LT, £, BIREWZ LI NI XTFR16 & 17Oy 7 720
TiE, R U AT F R 16 N Aiha-B &0 7 X 7 7L 20— )LEE LA A HATU 238 O % i
Z LA IIE LN, HEAH PyBOP Z WA I NG R THIDO~FFRTF R
18 #1555 Z L2k L7z (Scheme 4-15),
BONEATYRXTF 18 D~ 1T 7 % MMl #i< BRH#IC X 0 Rk 2 DA R EK
L7- (Scheme 4-16), L 7L 7228 BAHMKIK 2 O NMR i OfE R, AEEAEETEO~ > ) X7
FA T 7 ) arOE TN EAH LT,

CbZN NCbz
Csz

BnO

o OAllyl HN
H H

OBn

Pd(PPh3),
DMBA

1,4-dioxane/H,0
82%

18

CbzN NCbz
NH CbzN
CbzN_ A LOH NH
) X
o) -
N
1) 4 M HCI
in 1,4-dioxane ~u, NH
rt,1h BnO i
—_—_——
2) HATU, DIEA 07 "NH
CH,Cl,
rt,24h
3) Pd(OH),, MeOH/THF
/H,O/HCOOH 0

3 steps 41%

Scheme 4-16

VLT R/ £(2S,3R)-B-methylphenylalanine % £ XA 3 2 RIEED FIEIZ L 0 ARk LT,
BONTERIE 3 DAY MAT —=ZIIREIN SRR LTIc~ > ) RTF< A7 7 ) =
YOENERW—HER LI ENG BEOS Y ) XTI Fe AT 7 ) aroiEr b
\Z9 5 Z LA TE = (Scheme 4-17),
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CbzN NCbz
}‘NH CbzN
CbaN_ % OH N
o)
o) .
N Y~ "OH
... ~NH HN o
BnO/ .
OAIIyI

BocHN/\"/ ﬁ

OBn

Pd(PPh,),
DMBA

1,4- dloxane/Hzo
82%

1)4 M HCI
in 1,4—dioxane
rt,1h

2) HATU, DIEA
CH,Cl,
rt,24h

3) Pd(OH),, MeOH/THF

/H,O/HCOOH
3 steps 52%

Scheme 4-17
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NCbz
}‘N_H CbzN
CbzN 3 LOH NH
O, .
N " “OH
NH H H[éj O 0B
. n
BnO/ .
BocHN/\"/ ]l: ;
Csz NCbz
N Csz
CbzN 3

\g\ D "OH

SuEsdes
07 "NH HN
H H
H(N
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AllylO-L-Ser(OBn)-Aiha-A-Aiha-B-NHBoc (16)

CbzN NCbz
NCbz
oo ( NH CbzN
z CbzN_ i OH NH
\\NH oW o B
o N 1) LIOH, THF/H,0
- Ox A,
Ve "non 2) AllylO-L-Ser-Aiha-A-NH, (14) N ‘OH
HATU, DIEA o, NH NHBoc
NHBoc DMF BnO' J/i
15 o® Noay 16
To a solution of (S)-benzyl

2-{[(benzyloxy)carbonyl]imino}-4-{(1S,2R)-2-[(tert-butoxycarbonyl)amino]-1-hydroxy-3-methoxy-3-o
xopropyl}imidazolidine-1-carboxylate (15) (8.0 mg, 13 pumol, 1.0 equiv.) in THF (535 pL) and H,O
(107 uL) was added LiOH (3.0 mg, 64 umol, 4.9 equiv.) at room temperature. After being stirred at the
same temperature for 1 h, the reaction mixture was poured into ice-cooled 1 M HCI and the aqueous
phase was extracted with CHCl;. The combined extract was dried over Na,SO,, filtered and
concentrated in vacuo. The residue was used for the next reaction without further purification.

To a solution of the residue in CH,Cl, (0.300 mL) was added AllylO-L-Ser(OBn)-Aiha-A-NH,*HCl
(14) (11.7 mg, 14.4 umol, 1.10 equiv.) and DIEA (6.8 uL, 39 umol, 3.0 equiv.) and HATU (7.5 mg, 20
umol, 1.5 equiv.) at room temperature under argon. After being stirred at the same temperature for 12
h, the reaction mixture was concentrated in vacuo. The residue was purified by chromatography on
silica gel (0% to 5% MeOH in CHCI,) to give AllylO-L-Ser(OBn)-Aiha-A-Aiha-B-NHBoc (16) (10.9
mg, 9.0 umol, 2 steps 69%) as a colorless oil.

HRMS (ESI-TOF) calcd for CeoH7oNgO;7 [M+H]" 1212.4882 found 1212.4893.

AllylO-L-Ser-Aiha-A-Aiha-B-D-Tyr-(2S,3S)-B-MePhe-Gly-NHBoc (18)
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2) LiOH, THF/H,0O 18

To a solution of AllylO-L-Ser(OBn)-Aiha-A-Aiha-B-NHBoc (16) (9.0 mg, 7.4 umol, 1.0 equiv.) was
added a solution of 4 M HCI/1,4-dioxane (2.0 mL) at room temperature under argon. After being
stirred at the same temperature for 1 h, the reaction mixture was concentrated in vacuo. The residue
(16°) was used for the next reaction without further purification.

To a solution of MeO-D-Tyr(OBn)-(2S,3S)-3-MePhe-Gly-NHAIlloc (17) (7.0 mg, 11 umol, 1.5
equiv.) in THF (0.30 mL) and H,O (60 uL) was added LiOH (1.7 mg, 36 umol, 4.9 equiv.) at room
temperature. After being stirred at the same temperature for 2 h, the reaction mixture was poured into
ice-cooled 1 M HCI and the aqueous phase was extracted with CHCl;. The combined extract was
dried over Na,SO,, filtered and concentrated in vacuo. The residue (17°) was used for the next
reaction without further purification.

To a solution of the residue (16”) in CH,Cl, (0.25 mL) was added the residue (17”) and DIEA (5.1 uL,
30 umol, 4.0 equiv.) and HATU (8.4 mg, 22 umol, 3.0 equiv.) at room temperature under argon.  After
being stirred at the same temperature for 12 h, the reaction mixture was concentrated in vacuo. The
residue was purified by column chromatography on silica gel (0% to 4% MeOH in CHCI3) to give
AllylO-L-Ser(OBn)-Aiha-A-Aiha-B-D-Tyr(OBn)-(2S,3S)-B-MePhe-Gly-NHAlloc (18) (7.5 mg, 4.4
umol, 2 steps 60%) as a white solid.

HRMS (ESI-TOF) calcd for CgyHg;N1,015 [M+H]* 1683.7057 found 1683.7085.

Macrolactam (20)

177



&
=
it

o o &
o N on
H 1) Pd(PPhs),;, DMBA
_~n, NH HN (0] OBn 1,4-dioxane/H,0O
BnO ' >
2) 5% TFAICH,Cl,
o OAllyl H HHN 3) HATU,DIEA

CH,Cl,

To a solution of AllylO-L-Ser-Aiha-A-Aiha-B-D-Tyr-(2S,3S)-B-MePhe-Gly-NHBoc (18) (9.6 mg, 5.7
umol, 1.00 equiv.) in 1,4-dioxane/H,O = 3/1 (1.00 mL) was added Pd(PPhs), (1.0 mg, 0.87 umol, 10
wt%) and DMBA (0.9 mg, 5.7 umol, 1.0 equiv.) at room temperature under argon. After being stirred
at the same temperature for 1 h, the reaction mixture was concentrated in vacuo. The residue was used
for the next reaction without further purification.

To a solution of the residue in CH,Cl, (0.500 mL) was added TFA (25.0 uL,) at room temperature
under argon. After being stirred at the same temperature for 30 min, the reaction mixture was
concentrated in vacuo. The residue was used for the next reaction without further purification.

To a solution of the residue in CH,Cl, (3.0 mL) was added DIEA (4.0 uL, 23 umol, 4.0 equiv.) and
HATU (10.8 mg, 28.5 umol, 5.00 equiv.) at room temperature under argon. After being stirred at the
same temperature for 24 h, the reaction mixture was concentrated in vacuo. The residue was purified
by column chromatography on silica gel (0% to 5% MeOH in CHCI,) to give macrolactam (36) (4.4 mg,
2.9 umol, 3 steps 50%) as a white solid.

HRMS (ESI-TOF) calcd for CgyHg;N1,0:5 [M+H]* 1683.7057 found 1683.7085.

Mannopeptimycin aglycone (2)

Pd(OH),, H,

Y

MeOH/THF/H,O/HCOOH
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To a solution of macrolactam (20) (4.0 mg, 2.6 umol, 1.0 equiv.) in MeOH (0.50 mL), THF (0.50
mL), H,O (130 pL) and HCOOH (63 pL) was added Pd(OH), (20% on carbon, 8.0 mg) at room
temperature under argon. After being stirred at the same temperature for 24 h under H, gas
atmosphere then filtered and concentrated in vacuo. The residue was purified by reverse phase
column chromatography (Bond Elut-C18: 0% to 40% MeOH in H,O, 0.02% TFA) to give
mannopeptimycin aglycone (2) (TFA salt) (2.0 mg, 2.1 umol, 82%) as a white solid.

HRMS (ESI-TOF) calcd for Cg;Hg,N;,04 [M+H]* 809.3689 found 809.3701.

(S)-4-phenyl-3-[(S)-3-phenylbutyryl]-oxazolidin-2-one (24)

OH 0/>
Pivaloyichloride, NEt; __{__=Ph
o} THF S
r
: o
then n-BulLi,
24

o. H
T\N)—Ph
23

Triethylamine (1.30 mL, 9.10 mmol, 1.50 eq) was added to (S)-3-phenylbutyric acid (23) (1.0 g, 6.10
mmol) in THF (60.0 mL) at -78 °C followed by the dropwise addition of pivaloyl chloride (0.830 ml,
6.70 mmol, 1.10 eq) to give a white solid. The reaction was allowed to warm to room temperature for
10 min then cooled down to -78 °C. In a separate flask, n-butyllithium (4.60 mL, 11.6 mmol, 2.5 M in
hexanes) was added to (S)-(+)-4-phenyl-2-oxazolidinone (2.00 g, 12.2 mmol) in THF at -78 °C and
allowed to stir for 10 min. The lithiated oxazolidinone was transfered via cannula to the mixed
anhydride at -78 °C and being stirred for 2 h. The reaction was quenched by addition of water and
extracted with ethyl acetate. The combined extracts were washed with water, brine and dried over
Na,SO,4 The crude product was purified by chromatography on silica gel (0% to 50% etyl acetate in
hexane) and the resulting solid was recrystallized from ethyl acetate / hexanes to afford
(S)-4-phenyl-3-[(S)-3-phenylbutyryl]-oxazolidin-2-one (24) (1.63 g, 5.25 mmol, 86%) as a white solid.
'H NMR (400 MHz, CDClI3) & 7.15-7.39 (m, 10H, aromatic), 5.29 (dd, 1H, f, J = 3.4, 8.7 Hz), 4.54 (t,
1H, e, J = 8.7 Hz), 4.21 (dd, 1H, g, J = 3.4, 8.7 Hz), 3.40 (dd, 1H, ¢, J = 8.2, 15.9 Hz), 3.30-3.34 (m, 1H,
n), 5.20-5.31 (m, 3H, | and 0), 5.03 (s, 2H, €), 4.75 (ddd, 1H, a, J = 6.8, 6.8, 7.3 Hz), 4.57-4.60 (m, 1H,
b), 3.13 (dd, 1H, d, J = 5.8, 15.9 Hz), 1.25 (d, 3H, a, J = 6.8 Hz).

C NMR (100 MHz, CDCls3) & 171.4, 153.8, 145.7, 139.1, 129.2, 128.7, 128.4, 127.1, 126.4, 126.0,
70.0, 57.6, 43.3, 36.0, 22.3.
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(S)-3-[(2S, 3R)-2-azido-3-phenyl-butyryl]-4-phenyl-oxazolidin-2-one (26)
Pl

(S)

25

Potassium bis(trimethylsilyl)amide (2.00 mL, 1.80 mmol, 0.91 M in THF) was added to
(S)-4-phenyl-3-[(S)-3-phenyl-butyryl]-oxazolidin-2-one (24) (500 mg, 1.60 mmol, 1.00 eq.) in THF
(8.00 mL) at -78 °C and being stirred for 1 h. In a separate flask, a solution of
2,4,6-triisopropylbenzenesulphonyl azide (25) (625 mg, 2.00 mmol, 1.25 eq.) in THF (10.0 mL) at
-78 °C was added via cannula to the anion mixture at -78 °C and being stirring continued for 2 h. Acetic
acid (0.45 mL, 7.80 mmol, 4.90 eg.) was added to the reaction at -78 °C, the mixture was allowed to
warm to room temperature and being stirred overnight. The resultant mixture was poured into water and
extracted with ethyl acetate. The combined extracts were washed with brine and dried over Na,SO,.
The crude product was purified on silica gel (0% to 50% etyl acetate in hexane) to give (S)-3-[(2S,
3R)-2-azido-3-phenyl-butyryl]-4-phenyl-oxazolidin-2-one (26) (230 mg, 0.528 mmol, 33%) as a white
solid.

'H NMR (400 MHz, CDCls) & 7.15-7.39 (m, 10H, aromatic), 5.27 (d, 1H, ¢, J = 9.7 Hz), 4.91 (dd, 1H,
d,J=3.9, 7.7 Hz), 3.99-4.05 (m, 2H, e and f), 3.29 (qd, 1H, b, J = 6.8, 9.7 Hz), 1.25 (d, 3H, a8, J = 6.8
Hz).

3C NMR (100 MHz, CDCls) & 169.7, 152.8, 140.7, 138.1, 129.1, 128.7, 128.5, 127.8, 127.4, 125.5,
70.0, 63.9,57.6,42.4, 17.7.

FT-IR (neat) 3750, 2325, 1220, 772, 519 cm™.
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1) Hy, PIC, Boc,0, EA

2) H,0,, LIOH, THF/H,0

28

To a solution of the (S)-3-[(2S, 3R)-2-azido-3-phenyl-butyryl]-4-phenyl-oxazolidin-2-one (26) (595
mg, 1.70 mmol, 1.00 eq.) in ethyl acetate (25.0 mL) was added Boc,O (815 mg, 3.77 mmol, 2.20 eq.)
and palladium on carbon (90.0 mg, 15 wt%). The mixture was hydrogenated at room temperature
overnight atmospheric pressure. The mixture was filtered through celite and the solvent was removed.
The residue was used for the next reaction without further purification.

To a solution of the residue (27) in THF (18.0 mL) and water (4.00 ml) at 0 °C was added 30%
aqueous hydrogen peroxide (1.50 mL, 1.80 mmol, 1.05 eq.) and 1 M aqueous lithium hydroxide (4.50
mL, 4.50 mmol, 3.00 eq.). The mixture was stirred at room temperature overnight. The reaction was
quenched by addition of 2.0 M aqueous sodium hydrogen sulfite (15 mL, 30.1 mmol). After being
stirred for 1 h, dichlomethane was added. Impurities were extracted with dichlomethane and removed.
Then, the aqueous layer was acidified with 10% aqueous citric acid and extracted with ethyl acetate.
The combined ethyl acetate extracts were washed with water, brine and dried over MgSO, and
evaporated to give (2S,3R)-2-tert-butoxycarbonylamino-3-phenyl-butyric acid (28) (420 mg, 1.53 mmol
2 steps 73%) as a white solid.

[a]o?* +20.2 (c = 1.00, CH4CI).

'H NMR (400 MHz, CDCls) & 7.15-7.32 (m, 5H, aromatic), 5.14 (d, 1H, NH, J = 5.6 Hz), 4.41-4.45 (m,
1H, c), 3.30-3.32 (m, 1H, b), 1.43 (s, 9H, tBu), 1.24 (d, 3H, a, J = 6.8 Hz).

3C NMR (100 MHz, CDCls) § 176.2, 155.0, 141.3, 128.4, 127.7, 127.0, 80.1, 58.6, 42.1, 28.2, 16.1.
FT-IR (neat) 3220, 2969, 1728, 1659, 1410, 1371, 1269, 1167, 1068, 771 cm™.
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MeO-D-Tyr(OBn)-(2S,3R)-B-MePhe-NHBoc (34)

MeO (0] OBn
L@ MeO. @] OBn
OH ClsHH,N 30 L@/

H
BocHN o 1) PyBOP, DIEA, CH,CI,

HN
» H oK
2) 4 M HCl/dioxane
3) PyBOP, DIEA, CH,Cl, B°°HN/\[|/ 0o
OH 0
BocHN/\n/
28 33
0 34

To a solution of HO-(2S,3R)-f-MePhe-NHBoc (28) (150 mg, 0.537 mmol, 1.00 equiv.) in CH,Cl,
(5.40 mL) was added MeO-D-Tyr-NH,+HCI (30) (190 mg, 0.591 mmol, 1.10 equiv.) and DIEA (0.275
mL, 1.60 mmol, 3.00 equiv.) and PyBOP (363 mg, 0.699 mmol, 1.30 equiv.) at room temperature.

After being stirred at the same temperature for 12 h, the reaction mixture was poured into 3 M HCI and
the aqueous phase was extracted with ethyl acetate. The combined extract was washed with H,O and
aqueous NaHCO; and brine, dried over Na,SOy, filtered and concentrated in vacuo. The residue (31)
was used for the next reaction without further purification.

To a solution of the residue (31) was added a solution of 4 M HCI/1,4-dioxane (4.00 mL) at room
temperature under argon.  After being stirred at the same temperature for 1 h, the reaction mixture was
concentrated in vacuo. The residue (32) was used for the next reaction without further purification.

To a solution of the residue (32) in CH,CI, (4.0 mL) and was added HO-Gly-NHBoc (33) (102 mg,
0.644 mmol, 1.20 equiv.) DIEA (277 uL, 1.61 mmol, 3.00 equiv.) and PyBOP (363 mg, 0.699 mmol,
1.30 equiv.) at room temperature. After being stirred at the same temperature for 12 h, the reaction
mixture was poured into 3 M HCI and the aqueous phase was extracted with ethyl acetate. The
combined extract was washed with H,O, a saturated aqueous NaHCO; and brine, dried over Na,SO,,
filtered and concentrated in vacuo. The residue was purified by column chromatography on silica gel
(0% to 40% ethyl acetate in hexane) to give MeO-D-Tyr(OBn)- (2S,3R)-B-MePhe-Gly-NHBoc (34)
(286 mg, 0.473 umol, 3 steps 88%) as a white solid.

[0]o? -6.18 (¢ = 1.00, CHCIy).

'H NMR (400 MHz, CDCls) & 7.20-7.42 (m, 10H, aromatic), 6.83 (d, 1H, j, J = 9.3 Hz), 6.81 (d, 2H, ¢,
J=7.8Hz), 6.69 (d, 2H, d, J = 7.8 Hz), 6.36 (brd, 1H, f, J = 7.8 Hz), 5.21 (dd, 1H, I, J = 5.3, 5.8 Hz),
5.02 (s, 2H, e), 4.65 (dd, 1H, g, J = 9.3, 9.3 Hz), 4.61 (dt, 1H, a, J = 6.2, 7.8 Hz), 3.81 (dd, 1H, k, J =
5.8, 17.1 Hz), 3.73 (dd, 1H, k, J = 5.8 17.1 Hz), 3.58 (s, 3H), 3.20 (dt, 1H, h, J = 7.8, 7.8 Hz), 2.73 (dd,
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1H, b, J = 6.2, 14.1 Hz), 2.54-2.56 (m, 1H, b), 1.46 (s, 9H, tBu), 1.29 (d, 3H, i, J = 7.8 Hz)

¥C NMR (100 MHz, CDCly) & 171.8, 170.3, 169.3, 158.0, 156.4, 141.2, 137.0, 132.5, 130.3, 128.6,
128.2, 127.8, 126.8, 118.0, 115.1, 76.8, 70.5, 66.1, 58.6, 53.7, 52.4, 47.9, 44.5, 41.1, 37.1, 17.3, 17.3.
FT-IR (neat) 3411, 3300, 3017, 2400, 1735, 1654, 1510, 1214, 752 cm™.

HRMS (ESI-TOF) calcd for Ca,HaoN,05 [M+H]* 547.2813 found 547.2816.

AllylO-L-Ser(OBn)-Aiha-B-Aiha-A-Tyr(OBn)-(2S,3R)-B-MePhe-Gly-NBoc (36)

CbzN NCbz

NH CbzN
CbzN_ A OH NH

(0] I
o 1) 4 M HCl/dioxane CbzN NCbz

N" Y "oH %NH Csz//<

_-u, NH NHBoc CbzN 3 WOH NH
BnO /]/i wOH R
0% Noallyl O g

35 / NH HN o 0Bn
BnO
| 3) HATU, DIEA_

CH,Cl, OAllyl

MeO. O OBn
BocHN/\”/
2)LIOH, THFH,0 |
BocHN/\n/

To a solution of AllylO-L-Ser(OBn)-Aiha-B-Aiha-A-NHBoc (35) (10.0 mg, 8.25 umol, 1.00 equiv.)
was added a solution of 4 M HCI/1,4-dioxane (1.00 mL) at room temperature under argon. After

being stirred at the same temperature for 1 h, the reaction mixture was concentrated in vacuo. The
residue (35°) was used for the next reaction without further purification.

To a solution of MeO-D-Tyr(OBn)-(2S,3R)-p-MePhe-Gly-NHBoc (34) (7.6 mg, 12.4 umol, 1.50
equiv.) in THF (673 pL) and H,O (135 pL) was added LiOH (1.6 mg, 41 umol, 4.9 equiv.) at room
temperature. After being stirred at the same temperature for 2 h, the reaction mixture was poured into
ice-cooled 1 M HCI and the aqueous phase was extracted with CHCl;. The combined extract was
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dried over Na,SO,, filtered and concentrated in vacuo. The residue (34°) was used for the next
reaction without further purification.

To a solution of the residue (35°) in CH,Cl, (0.250 mL) was added the residue (34°) and DIEA (5.7
ul, 33.0 umol, 4.00 equiv.) and HATU (9.4 mg, 25 umol, 3.00 equiv.) at room temperature under argon.
After being stirred at the same temperature for 12 h, the reaction mixture was concentrated in vacuo.
The residue was purified by column chromatography on silica gel (0% to 4% MeOH in CHCI,) to give
AllylO-L-Ser(OBn)-Aiha-B-Aiha-A-D-Tyr(OBn)-(2S,3R)-B-MePhe-Gly-NBoc (36) (12.2 mg, 7.3 umol,
2 steps 88%) as a white solid.

HRMS (ESI-TOF) calcd for Cg;Hg,N;,0: [M+H]" 1683.7049 found 1683.7085.

HO-L-Ser(OBn)-Aiha-B-Aiha-A-Tyr(OBn)-(2S,3R)-p-MePhe-Gly-NHBoc (37)

CbzN NCbz HN NH
>‘N_H Csz’( >~[\=1H HN%
CbzN_  : WOH NH HN wOH oNH
o) N o o, N o
H H 1) Pd(PPhs),, DMBA H £
- / NH HN o OBn  1,4-dioxane/H,0 > H o~ NH HN O OH
2) Pd(OH),, H,
OAIIyI MeOH/THF/H,0/HCOOH

BocHN/\n/ i ; BocHN/\n/

To a solution of AllylO-L-Ser-Aiha-B-Aiha-A-D-Tyr-p-MePhe-Gly-NHBoc (36) (6.0 mg, 3.8 umol,
1.0 equiv.) in 1,4-dioxane/H,0O = 3/1 (1.0 mL) was added Pd(PPhs), (0.6 mg, 0.5 umol, 10 wt%) and
DMBA (0.6 mg, 4 umol, 1 equiv.) at room temperature under argon. After being stirred at the same
temperature for 1 h, the reaction mixture was concentrated in vacuo. The residue was used for the
next reaction without further purification.

To a solution of the residue in MeOH (0.50 mL), THF (0.50 mL), H,O (130 uL) and HCOOH (63
uL) was added Pd(OH), (20% on carbon, 12 mg) at room temperature under argon. After being
stirred at the same temperature for 24 h under H, gas atmosphere, the reaction mixture filtered and
concentrated in vacuo. The residue was purified by reverse phase column chromatography (Bond
Elut-C18: 0% to 40% MeCN in H,0, 0.02% TFA) to give
HO-L-Ser-Aiha-B-Aiha-A-Tyr-(2S,3R)-B-MePhe-Gly-NHBoc (37) (TFA salt) (3.1 mg, 3.0 umol, 2 steps
78%) as a white solid.

[a]o® +11.4 (c = 0.10, H,0/MeOH = 1/1).
'H NMR (600 MHz, DMSO-dg) & 9.16 (brs, 1H, w), 8.34 (d, 1H, ae, J = 8.4 Hz), 8.32 (d, 1H, af, J = 8.4
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Hz), 8.29 (d, 1H, ac, J = 7.2 Hz), 8.26 (d, 1H, ad, J = 9.0 Hz), 8.00 (brs, 1H, ab), 7.88 (brs, 1H, aa),
7.82 (brs, 1H, ab), 7.74 (brs, 1H, aa or ab), 7.69 (d, 1H, ag, J = 8.4 Hz), 7.64 (brs, 1H, aa or ab), 7.54
(brs, 1H, aa), 7.18 (dd, 1H, f, J =7.2, 7.2 Hz), 7.15 (d, 1H, e, J = 7.2 HZz), 7.12 (t, 1H, g, J = 7.2 H2),
6.96 (d, 2H, k, J = 8.4 Hz), 6.93 (t, 1H, ah, J = 5.4 Hz), 6.60 (d, 1H, I, J = 8.4 Hz), 5.61 (brd, 1H, z, J =
4.2 Hz), 5.45 (brs, 1H, y), 4.55-4.57 (m, 2H, c and q), 4.47-4.50 (m, 1H, i), 4.37 (dd, 1H, m, J=8.4, 8.4
Hz), 4.30-4.33 (m, 1H, u), 3.92 (brs, 1H, r), 3.82-3.84 (m, 1H, s), 3.69-3.71 (m, 1H, v), 3.61-3.65 (m,
4H, n, o, p and v), 3.53-4.55 (m, 1H, t), 3.51-3.53 (m, 1H, b), 3.45 (dd, 1H, b, J = 5.4, 16.2 Hz),
2.93-2.95 (m, 1H, d), 2.62 (dd, 1H, j, J = 8.4, 14.4 Hz), 2.37-2.39 (m, 1H, j), 1.36 (s, 9H, a), 0.88 (d, 1H,
h, J=6.6 Hz).

3C NMR (150 MHz, DMSO-dg) § 172.1, 171.4, 170.4, 170.2, 169.2, 169.0, 159.4, 159.2, 156.1, 156.0,
143.0, 130.2, 128.0 x 2, 127.6, 126.4, 115.0, 78.3, 72.0, 70.8, 61.5, 57.1, 56.3 x 2, 55.0, 54.6, 54.2 X 2,
44.7,43.3,42.9, 42.0, 37.4, 28.4, 15.6.

HRMS (ESI-TOF) calcd for C4HsgN1,013 [M+H]* 927.4319 found 927.4351.
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Macrolactam (39)
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To a solution of AllylO-L-Ser-Aiha-B-Aiha-A-D-Tyr-(2S,3R)- B-MePhe-Gly-NHBoc (36) (6.0 mg,
3.6 umol, 1.0 equiv.) in 1,4-dioxane/H,0 = 3/1 (1.0 mL) was added Pd(PPhs), (0.6 mg, 0.5 umol, 10
wt%) and DMBA (0.6 mg, 3.6 umol, 1 equiv.) at room temperature under argon. After being stirred at
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the same temperature for 1 h, the reaction mixture was concentrated in vacuo. The residue was used
for the next reaction without further purification.

To a solution of the residue in CH,CI, (0.50 mL) was added TFA (25 uL,) at room temperature under
argon. After being stirred the same temperature for 30 min, the reaction mixture was concentrated in
vacuo. The residue was used for the next reaction without further purification.

To a solution of the residue in CH,Cl, (3.6 mL) was added DIEA (2.5 uL, 14 umol, 4.0 equiv.) and
HATU (6.8 mg, 18 umol, 5.0 equiv.) at room temperature under argon. After being stirred at the same
temperature for 2 days, the reaction mixture was concentrated in vacuo. The residue was purified by
column chromatography on silica gel (0% to 5% MeOH in CHCI;) to give macrolactam (39) (2.8 mg,
1.8 umol, 3 steps 51%) as a white solid.

HRMS (ESI-TOF) calcd for CgyHg;N1,018 [M+H]* 1525.6099 found 1525.6111.

Mannopeptimycin aglycone (3)

Pd(OH),, H,

. _NH HN_ O 0Bn - . _NH HN_ O OH
Bno” > 07
MeOH/THF/H,O/HCOOH
0% > NH HN 0% > NH HN

To a solution of macrolactam (39) (4.0 mg, 2.6 umol, 1.0 equiv.) in MeOH (0.50 mL), THF (0.50 mL),
H,O (130 pL) and HCOOH (63 uL) was added Pd(OH), (20% on carbon, 12 mg) at room temperature
under argon. After being stirred at the same temperature for 24 h under H, gas atmosphere then
filtered and concentrated in vacuo. The residue was purified by reverse phase column
chromatography (Bond Elut-C18: 0% to 30% MeCN in H,0, 0.02% TFA) to give mannopeptimycin
aglycone (3) (TFA salt) (2.0 mg, 2.2 umol, 84%) as a white solid.

[a]o?* -3.9 (c = 0.05, H,0/MeOH = 1/1).

'H NMR (600 MHz, DMSO-dg) & 9.18 (brs, 1H, ag), 8.43 (d, 1H, t, J = 6.6 Hz), 8.18, (brs, 1H, a) 8.12
(d, 1H, 0, J = 8.4 Hz), 8.01 (brs, 1H, ae), 7.97 (brs, 1H, ac), 7.93 (brs, 1H, y), 7.70-7.82 (m, 6H, ¢, j, ac,
ae), 7.20-7.24 (m, 2H, @), 7.19 (d, 2H, f, J = 6.6 Hz), 7.13-7.18 (m, 1H, h), 6.82 (d, 2H, m, J = 7.8 Hz),
6.58 (d, 2H, n, J = 7.8 Hz), 5.62 (d, 1H, ad, J = 5.4 Hz), 5.39 (brs, 1H, af), 5.13 (brs, 1H, ab), 4.48 (dd,
1H,d,J=7.2, 7.8 Hz), 4.37 (dd, 1H, p, J = 8.4, 8.4 Hz), 4.29-4.31 (m, 2H, k and z), 4.24 (brs, 1H, u),
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3.94 (brs, 1H, v), 3.83-3.85 (m, 1H, w), 3.67-3.74 (m, 1H, aa), 3.62-3.67 (m, 2H, b), 3.61-3.65 (m, 1H,
q), 3.56-3.63 (M, 1H, aa), 3.54-3.59 (m, 1H, X), 3.52-3.56 (M, 1H, s), 3.37-3.44 (M, 1H, r), 3.18-3.23 (m,
1H, s), 3.15-3.19 (m, 1H, e), 2.63-2.65 (M, 1H, ), 2.40-2.42 (m, 1H, 1), 1.07 (d, 3H, i, J = 7.2 Hz).

¥C NMR (150 MHz, DMSO-dg) & 170.6, 170.4, 170.1, 169.8, 169.3, 168.7, 159.3 x 2, 156.1, 143.2,
130.2, 128.2, 127.8, 127.5, 126.5, 114.9, 70.7, 70.0, 61.2, 57.6, 56.8, 56.0, 55.9, 54.6, 54.2, 53.8, 44.2,
43.0, 42.4, 40.2, 36.3, 16.6.

HRMS (ESI-TOF) calcd for Cg;HgoN1,0:5 [M+H]* 809.3678 found 809.3701.

NH

HN
ac
y"-ﬂ"' ad HN’( “TFA

HN, 3 ‘Ob NHae
wyY' O N
X v q
Os Y .
\Q\N D 10H af
aa Hy
HO
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NMR spectra
MeO-D-Tyr(OBn)-(2S,3R)-p-MePhe-NHBoc (34)
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5 %

2

~ ) RXRTTF A IR RIERBTIC K 0 A R BiETE A R L, BIERERI LA L L
THRNDRRT vy VEHT DN, TOT 7Y 3 U EN OB RIEDNRHEL TH 72720,
AN, SISV L E N T E 7o, AP Tid, ZOMEE TR~ <, R
Wi~y ) RXTF~A T 7V arOERIEMNLZHIE L TIFEEZIT o 72,

H—E T Tk, REMOBERIFZRICHBNT, ~T B FRENEE LA iEr L
L7c5E . ZOEEEIEDOMENLTE T Tl <\ HR - HOITEDMHNL b RO BN DM, RIE—HK
W72 B TR IS T, RBEIOBEZFRMEE 2> CTOWDBURZFIA Lz, £72, BYYE L A
HORELIZ OV T, FRCHER OB LRI KR E R E 7o > TV D Z & Zik 7z,
ZOHEOHR T, MEREICK L CHMARTEEEEZRFFT o~ ) XTI F~ A U S
TR, RERE . RO OFERAIR, 2N E TOGHMFRICOVTHHL, v/
RIF~ AT 7V A OARIEPKRIELTHD Z ERRERMEE 2> TS Z L &R
R, Flo, INEFTHT DICIE, FHNRERIR 7 7T =V U A AT A ERE T X Bk Aiha-A
BELW Aiha-B OGHIEDHESL, 77 =Y U EAALEM ORI « K « WTE DML EEE T
b LER KR EOERLE BN EZHLNE Lz,

# % TAiha-A B L OV Aiha-B D&k Tk, v~/ X_XTF~A 2077V ar D&
Bz DWW TETIRR7 (Figure 5-1), T bbb, SREED DRI Y U5kl U R
OMZEBRILRE L, 7T =V EHbEMER > TREE KRB LT 5720, IR G
KA B L, PURTFR2 L35 TH52LIC LY EHMESGL S LetlE Lz, FYU X
TF RERHET 5T X AR C RN OHET 22 LRV BLZ L L L, FRERRY E L

@. Aiha-B 5

NH

WOH

4
)\‘\NH o V.
NH,
1) amidation
OH

"'l,o H ﬁ H2
. _NH,

H . Aiha-A 6
NH,
T
1) amidation O OAllyl
Ho__0
HO. o @ D-Tyr 7 O
O HoN
NHAlloc) HN NHAlloc OH
o I::> 3) amidation

v

H
I,,'
: 2
Mannopeptimycin
aglycon (1) © KOAHYI

2) macrolactamization

N, OH H,N,

(@] ~_ " (6]
O O 4) amidation,.
Gly 9
3
(2R,3S)-B-MePhe 8
Figure 5-1

195



&
=
it

O GREBRIEL E T TEDL RO ENT 7T ay 7 OREEZIRE LI, £/ &S
FREHEICEED & | Aiha-A 3 KUY Aiha-B OIRFERZIEE L, ZOERREKE LT, 1) Bk T
:y/%%%%:7wF~wﬁm%ﬁéémﬁ% 2) T R—LRISHICEIR S T =20 %
T DA O Y 2N B L, ZFNCIVE LT,

B (BRI T =V B AT T ROGMNIGE] TIE, BiEOERRRE., T7bbEkE
NLICBRIR 7 7 =2 2 b OT VT RI5ICE 27V F— ARG & #E &3 2 AL — b 2t
L7- (Scheme5-1),

CbzN RN RN NR,

>\NH >—-I\1P RO _A_ _OR
CbzN_ % f \/\ﬂ/

o) «nOH R ﬂ o 17
O vy N>< |:> uN_< |::> RN Guanidinylation
Boc >~NR

MeO RN _0

Aiha-A 10 12 DS AldolReaction 15

Csz RN RN o +
&—[\‘jp NP NHR

CbZN RN A .0 R Cyclization RN - WwOH R ﬁ RO 16

w 3
o X = o N//<R
Boc N R
H
RO RO
Aiha-B 11 14
Scheme 5-1

I, STV 0EFZ ICEESVRELEZ LS. TATE R2T OAKREBRSF L, T2

NCbz NCbz
NHz+HCI CozHN™ ~NH el CozHN™ NTrt
HO\/\H/OH — \/\n/ ¢4 —» H \/\n/
0
L-serine (18) .\
HN Bt T
NHTt HN

I;IH2°HCI HN\/:\n/OMe %NT“
HO\/E\”/OMe 21 U |—|N\/=--\n/o,\,|e ..... . Cbz,?\r\_ém .
5 — un__ &t — o 7 > A
e \f NHTrt 26 27

L-serine (19) N H OMe

22 O BocN Bz
| Y NHTr
BocN //
BocN Bz \/\n/
Y NHTrt 24 5
H //

Scheme 5-2
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bbb, ZOT LT ROR#EOSIEEEZFIH LT, 74 N—ABISORFHI#EEZ1TRH &
EzTz, L L7ens, Scheme 5-2 (2R TWTIOREIZE N TEH, bY FIVEDONAREE D
OB ISEITE T, BOT AT B RERRTE R oT,

F 72, Scheme 5-3 [T T A Z WD AF = b7 v F— G bRkA Ty, W 28

SHBLIETATE RICkB= b A&y DTV R VISR E 52T b OO, %
BED Aiha-A 35 XY Aiha-B OARICFIHTE 2707 & R 3B IXLEMEN 4T KIbhHK
CREIFRICHREE L T SERF MBI S e, ULEDRERING, 7T =2 U BRMEFRICT VR
—IVIOGZAT 9 B RS 2 W& LT,

g

cat 29 NBn2
NBn, 1) Swern oxidation OH
5 E— .
BnO OH
~ TN 2) MeNO, (10 eq.)
28 cat 29 (0.1 eq.) 30 NO,
toluene

-40 °C
2 steps 91% (d.r. 10 : 1)

NH,+HCI CbzN CbzN
Ho\/?\n/ofsu NH oxidation> >\~NH
_— > 2T eeeeeaaas %
— T CbzN_ : CbzN_ % _o
0 NN NNF
31 32 33
Scheme 5-3

B TV R=ARISHRIZZ T =Y VEREBET 2GR TFIEORE) T, SiFRERR
DEIRKEE BB, B VFEIR34 L7 ) VU SR 36 & WD NREIREY A T L R—b
RS ZGEE T DE BRI 2 MGt Lic, MatofER, —HORISIZOWTIEROYEEIZ KT L,
HIJD Aiha-A 10, Aiha-B 11 Z Z U Z AL FEEN 35 705 13 THE 10%., 12 TFE 14% TH AT
5 IS L= (Scheme 5-4),
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CbzN
NH
CbzN : w0
Boc
MeO
Aiha-A 10
CbzN
NH
CbzN : w0
o X
Boc
MeO
Aiha-B 11

B [~ ) RTF~ AT 7Y a AREEEDOARKR] TiE, F FECTHY LT-RET
3 /W Aiha-A B X OV Aiha-B # IV T T 2 JBROMEAE OBt 2B 2R, ~ v /XTI F~ A v
YT 7Y a3 ARRBREE DG A% R L 72 (Scheme 5-5),
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CobzN PyBOP, DIEA NCbz

NH DMF CbzN

CbzN H o 3 steps 75% NH
HATU, DIEA h Q

CH,Cl, 0 E (2) Ve oy

2 steps 88% oc

(1) Ol\/le11 10 NHBoc

MeO (6] OBn
.. _NH
Bno” 2 m/
H,N
07 > oAlyl , 40
OH PyBOP, DIEA
R=Allocg RHAN CH,Cl,

o I:R Boc 42 k[]/OH ) PN Ny 93%
= boc

(0]

\\““

PyBOP, DIEA

CbzN NCbz CH,Cl,

2 steps 91% 4“1
NH CbzN

CbzN_ A OH WNH
0 3 HN NH

0 yNH HN’«
N N ™oH H

NH H EIHB HATU, DIEA NG ,“\\OHO SNH
Bno” oc DMF
£ 43 3 steps 80% O, N “non
0% oAl (3) M
u, NH HN_ O OH
(4) MeO:/(O/©/OBn Pd(OH),, H 1O £ L@/
MeOH/THF/H,O/HCOOH O NH HN
HATU, DIEA ~BocHN -~ HN 82%
3 steps 57% N,
o
o)
w
a4

Scheme 5-5

LD LN BELNTALEMD NMR AT MVITSCERERE D AT ML & B 7p 5Tz,
IREERLCY T AT LA~ —DARK  fRITIC L W REA M T e X UARIEHEST LT b ik
WO, ARELT. BBBETHLI~Y L ) XTI T AT ) a v DRREERTE - &
EZl, Thbb, I#EHEIEO~ Yy ) RXTF AT T ar ik, B Lo L #E
Lo B TRy, ~2 /) XTI F~A 20T 7Y a A OREEFIEN RN TH 722
LD, INE Ty ) XTI F~A v UEER T ORE, FHLZHATE e, RUFERRIZZ O
MEEICRT LT, AR THID TR R AR LIzl Wi D, — T, #REMIEDFRY 28 A
ONHS T DD, REDMFETII~Y ) RTTF~A o OEOEEZHLIZT HIZITES 7
Nl

T (w2 ) XTTFv AT 7Y ar OERTE] IZHE STl LI~y ) XTI T~
AL DT 7Y arGREEREL T, BEOT 7V a GO %2 Hig L U CHFZE 2 fide L
T2 ThbbH, HE=TORANT NN OFEFE LV He & OWE ORISR E FIE OGRS
Kb, TV arOEOMEEREM & LT 2 BEOERKIKEZTIRL, TOAKICEY AT,
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ZOFER, EFDHFE LG BIETEREREGHRICBNTOAMR I L2 FRETE, EHIZ
N ) NRNTTF AT 7Y arOfEIL, FEPEREE & B-metylphenylalanine %*%%@BM% ?"/l/
FEDOSIRAC N2 > TE Y, 2S, 3RAELWI & #5722 L 7= (Scheme 5-6),

PyBOP, DIEA NCbz
NH DMF Csz

CbzN ;] 3 steps 75%
.“\\O
HATU, DIEA, (0] "
CHxCl, (2) MeO Y OH
2 steps 88% OMe NHBoc
(1) "

MeO O OBn
", NH
Bno/'I 2 m
o OAllyl
4 A/
Bocrl PyBOP, DIEA

OH (2!) BOCHN,,"' CH20|2

92%
PyBOP, DIEA
NCbZ/ CH,Cl, 45

2 steps 96%

NH
HN
HATU, DIEA ‘&NH
" DMF
3 steps 88%
“OH
o) OAllyl

A, NH HK‘ O OH
OB pyOH), Hy. MO
_—
NH HN

MeOH/THF/H,O/HCOOH ¢}

84% H H
O

o

4)
HATU, DIEA!
3 steps 51% BocHN

47

Scheme 5-6
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