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ABSTRACT

FACULTY OF ENGINEERING, SCIENCE AND MATHEMATICS

SCHOOL OF CHEMISTRY

Doctor of Philosophy

TOWARDS THE SYNTHESIS OF RP 66453

by Lana Nanson

This thesis details synthetic studies towards ote synthesis of RP 66453, a natural
product isolated from a strain of Actinomycetestbaa which is shown to bind to the

neurotensin antagonist of guinea pigs.

RP 66453 provides an attractive target as itsniasrocyclic core contains a biaryl
axis that displays atropisomerism. The naturalpidamer of RP 66453 is less stable
than its diastereoatropisomer. To date there haen mo reported syntheses of the

natural product, and just one reported synthesiseofinnatural atropisomer.

This thesis describes a new approach towardssynghesis of this challenging
natural product. Model studies are described tosvale formation of the biaryl
macrocyclic ring via a radical induced transannuilag contraction of a halogenated
benzyl aryl ether. Also described are model stuttiesrds the formation of the biaryl
linkage via phenanthrene formation, accessed im twom a radical induced
transannular ring contraction of a halogenatedbestié. Unfortunately, though short
synthetic routes to these macrocyclic precursone established, we were unable to

realize either of the key steps.

Synthesis of the second macrocycle (ether ring¥ w&chieved via any8r ring
closure. Coupling of this fragment to an advanceulapeptide intermediate was
achieved. Further macrocyclisation is needed t@aace this material to the natural

product.
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CHAPTER 1 - INTRODUCTION

1.1 RP 66453 — A neurotensin antagonist with a twis

The tridecapeptide neurotensin has received a desdtof attention due to its
interesting physiological effects both in the pbdp and the central nervous
system>%31n order to further understand its complex roléhwi the brain neurotensin
antagonists and agonists are needed. During amsiegeprogram for compounds that
displace neurotensin from its receptor Helymthkal. discovered RP 66453, a novel
secondary metabolite which bound very specificadlythe neurotensin receptor of

guinea pigs (16, 30 ug/mL).*

Production of this active compound from Streptonsys&rain A 9738 yielded
60 mg of the pure metabolite from which the physibemical properties were
collected. In depth NMR analysis was used to ehteidhe gross structure of RP
66453, identifying the four spin systems correspogdo three modified tyrosine
moieties and one isoleucine residue. However, bsolate configuration of the five
stereogenic carbon centres, as well as the possitdpisomerism of the biaryl axis,

remained unknown.

RP 66453 1.1

Herein the 15-membered biaryl macrocycle of RP 8648| also be referred
to as the A-B ring, whilst the 14-membered biarthee macrocycle will also be

referred to as the B-O-C ring.

Hemi-synthetic work on this molecule has led touwhle neurotensin
antagonists, envisioned uses of these compoundsdadreatment for psychosis,

Alzheimer’s and Parkinson’s diseases.



1.2 Related natural products

RP 66453 belongs to a large family of complex meycbc peptides, the
characteristic features of which can be sub-diviotd two groups. Firstly are those
natural products which contain a strained 14-megtbeyclophane subunit, and this
group includes the natural products piperazinomyleguvardin, deoxybouvardin and
RA-VII.

Piperazinomycirl.2 represents the simplest of the natural productoidain
the parent 14-membered para- and metacyclophang diaer subunif.In this case
the macrocycle contains a piperazine ring rathen #in amide linkage. Isolated from
the cultured broth of Sreptoverticillium olivoreticuli subsp. neoenacticus,
piperazinomycinl.2 displays activity as an antifungal antibiotic, iy inhibitory
activity against both fungus and yedsts.

OH

H
NN
H

Piperazinomycin 1.2

RA-VII 1.3 deoxybouvardinl.4 and bouvardinl.5 also include the highly
stained 14-membered ring containing a cycloisodgyre subunit. Although this
group of natural products contain an amide linkdgegach case the amide linkage
central to the 14-membered ring is reversed witipeet to that found in RP 66453.
Indeed RP 66453 appears to be unique in its amidentation within the 14-

membered cyclophane ring.

Deoxybouvardinl.4 and bouvardinl.5 are found in the stems, leaves and
flowers of Bouvardia ternifolia, a plant used by ancient Mexican Indians as argéne
remedy, and still used in Mexico as a treatmentimentery, hydrophobia and other
illnesse€ These two closely related compounds were fourtetoesponsible for the

therapeutic effect of the plant, with each als@ldiging high anti-tumour activity.



OR

,

RA-VIIR=R'=Me,R"=H 1.3
Deoxybouvardin R=R"=H, R'=Me 1.4
BouvardinR=H,R'=Me, R"=0H 15

RA-VIl 1.3 and its derivatives possess potent cytotoxic agtivExtensive
investigation on the site of action has revealeat they act as protein synthesis

inhibitors through binding to eukaryotic 80s riboses™®

These three closely related hexapeptides have llyhignusual structure
whereby the central amide bond of the highly-sedid4-membered macrocycle is in
the cis- conformation. Interestingly the natural productmntaining thiscis-amide
conformation are more potent than those contairttmg trans-amide* The 14-
membered cyclophane is crucial to the activityha$ group of compounds, since the
ring-opened analogue of deoxybouvardi® was found to lack the activity of the

cyclic parent compountf.



1.6

A second group of related natural products corttait theendo aryl-aryl and
endo aryl-aryl ether bonds. This group includes theuratproducts chloropeptih.?,
kistamicin 1.8 and vancomycirl.9. Produced by the soil actinomycelieeptomyces
sp. WK-3419, chloropeptin 1.7 has been found to possess anti-HIV activity,
inhibiting HIV replication in peripheral human lympcytes:

Cl
OH

Chloropeptin 1 1.7

Kistamicin A 1.8 isolated from the fermented broth Mficrotetraspora
parvosata subsp.kisthae subsp. nov., is one of the few natural productsndbto
possess antiviral activity. This antiviral antiliiohas shown inhibitory activity against
influenza type A and also moderate antibacteriaviag. *°



Kistamicin A 1.8

Vancomycinl.9 was discovered by Eli Lilly in 1958,and became acclaimed
due to its indispensable use against methicillgistantS. aureus (MRSA). Isolated
from the fermented broth of what is now nangdycolatopsis orentalis, vancomycin
showed extremely potent activity against Gram-pasibacteria. Side-effects were
reduced as the purity of the drug was improved, &mdcomycin became an
invaluable tool against drug-resistant bactétia.

OH
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0
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NH

Vancomycin 1.9

Cittilin A 1.1Q a pancreatic elastase inhibitbisolated from numerous strains
of Myxococcus xanthus, Yis the closest natural product to RP 66453. Astlye
absolute configuration of cittilin A has not beeubfished. Indeed Helyncét al.!
noted that RP 66453 is thought to be identical ittlic B, also isolated from
Myxococcus xanthus.
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Cittilin A 1.10

The acyclic tripeptide pulcherosiriel], found in a wide range of sources
including bacteria, plants, yeast and metazoana,tigmer of tyrosine with both the
biaryl and the biaryl ether bonds found in RP 66458 is also found in human
phagocytes, and may serve as markers specifigfosyl radical-mediated oxidative

damage observed in inflammatory conditiéhs.

H,N_CO,H
HO l
OH 1/NH2
_ O o/©/ CO,H
HO,C”~ “NH

2 2

Pulcherosine 1.11



1.3 Previous synthetic approaches towards RP 66453

i. The Zhu synthesis of the 15-membered A-B ring

In 2001, Zhuet al.?* were first to publish work towards the total sygsis of
RP 66453. The synthesis relied upon macrolactaiizab install the 15-membered
biaryl A-B ring system, followed by an intramoleaulSyAr reaction to assemble the
biaryl ether B-O-C ring. Tentatively assigning alymmetric carbon centres as e
configuration, a convergent approach was devisealléov easy modification should

the assignments be wrong.

In the early stages regioselective bromination afilNin 1.12 followed by a
two-step protecting group exchange and acetal foom@ave bromidd.14 (Scheme
1.1). Protection of the phenol as an isopropyl reties chosen to facilitate orthogonal
deprotection at a late stage of the synthesis umderconditions. Conversion to the
boronic acidl.15 using lithium-bromide exchange followed by additiof trimethyl
borate, facilitated the palladium-catalysed Suarkiss-coupling to methyl-N-Boc-
3-iodo-4-methoxyphenyl alanafel6to give biaryl1.17. Reduction of the aldehyde
with NaBH, was complicated by the ease of reduction of therewhich yielded the
diol as a major byproduct in MeOH at -78 °C. Thiasnovercome by switching the
reaction solvent from MeOH to THF, producing thesided benzyl alcohol in 80%
yield. Mesylation and Finkelstein bromination thiemnished benzyl bromidé&.18
which was used for the alkylation Bf(diphenylmethylene)glycingert-butyl esterin
the presence 0fO-(9)-allyl-N-(9-anthracenylmethyl)cinchonidinium bromide (0.1
equiv.)® The product, after chemoselective hydrolysis efithine function, was the
orthogonally protected biarylbisamino acidl9 Standard peptide coupling @f19
with (2539)-N-Cbz isoleucine with EDC and HOBt gave the dipeptld2Q The
methyl ester was then selectively deprotected headtid converted into an activated
esterl.23with pentafluorophenol. Transfer hydrogenation e used in a one-pot
reaction which both hydrolysed thW-Cbz protecting group and then induced
macrolactamization, affording the 15-membered biarscrocyclel.23in 70% yield
from the dipeptidel.2Q The use oftert-BuOH proved essential to avoid trans-

esterification.



OH OiPr Br oiPr OiPr
OMe Br OiPr (HO),B OiPr
i - iii iv Vv
—_— —_— —_—
BocHN
CHO CHO o] O CHO
1.12 1.13 — 1.15 CO Me
1.14
vi 1.16
OMe OiPr
OiPr
BocHN
COzMe 1.19 COZtBu COZMe 1.18 COZMe 1.17

OMe iPro QiPr

H
N N
: BocHN y N Tcogsu
COR tBuoC o °: o
i 1.20 R = Me 1.23
1.21R=H
xiv : 1.22 R = pentafluorophenyl XV' xvii
OMe RO OMe iPrO OiPr
xvm
H
N
BocHN BocHN
o Co,Me
1.24

xix, xvii [ igg E z i|:|r
Reagents/Conditionsi) Br,, acetic acid, 90%; ii) AlG| Py, CHCI,, 98%; iii) K,COs, iPrBr, DMSO,
83%; iv) ethylene glycol, benzenglsOH, Dean-Stark, 91%; v) a) BuLi, B(OMeYHF, -78 °C; b) 3
N HCI, 67%; vi) Pd(PP§)4, aq. NaCO;, DME, 90 °C, 85%; vii) NaBl THF, -78 °C, 80%; viii) MsCl,
Et;N, CHCl,; ix) LiBr, Me,CO, 69%; x) CsOH.FD, O-(9)-allyl-N-(9-anthracenyl-
methyl)cinchonidinium bromide, RPE=NCH,-CO,'Bu; xi) 15% aqueous citric acid, THF, Si@5%;
xii) EDC, HOBt, (Z5,39N-Cbz isoleucine, 90%; xiii) LiOH, THF-$D; xiv) EDC, GFsOH, CHCI;
xv) Pd/C, cyclohexenéBuOH, Hunig's base, 95 °C, 70%; xvi) TFA; xvii) Bay dioxane, aqueous
NaHCG;, 98%; xviii) EDC, HOBt,L-methyl 4-fluoro-3-nitrophenylalanate, 92%; xix) BC32%.

Scheme 1.1




With the 15-membered macrocycle?3 in hand, work began on assembling
the 14-membered B-O-C ring. Deprotection of tére-butyl ester ofl.23 with TFA
also liberated the amine functionality, which wasprotected with Ba©. The free
acid 1.24 was then coupled to-methyl 4-fluoro-3-nitrophenylalanate, mediatedhwit
EDC and HOBt, providing the tetrapeptide25 in 92% vyield. Removal of both
isopropyl ether groups with BE€gave catechal.26 with which to attempt the\&r
to close the 14-membered macrocycle. Cyclizatios atteempted under a wide range
of conditions, varying the base (NaH,®0O; K,COs/crown ether 18-C-6, CsF,
K,COy/CaCQ, DBU), the solvent (THF, DMF, DMSO), and the temgiare (0 to 40
°C) but under none of these conditions was there@dicyclic compound detected.
The failure of this final cyclization was tentatiyeattributed to the unfavourable
conformational properties of the precurdd26.

Though unsuccessful in the synthesis of RP 66458, dd achieve the first
synthesis of the A-B ring and, possibly more sigaifitly, discovered the difficulty in
closing the B-O-C ringsia nucleophilic aromatic substitution with the A-Bagi in
place. Zhu therefore planned to reverse the ordethe two macrocyclization
reactions by constructing the B-O-C ring first anillowing this by
macrolactamization to close the A-B ring and coripéethe total synthesis.



il. The Boger synthesis of the 14-membered B-O-C ring

In 2002 Bogeret al.* published the first synthesis of the 14-membared
cycloisodityrosine subunit of RP 66453. This steainbiaryl-ether ring is notably
different from similar rings contained in relateatural products such as RA-VII and
deoxybouvardin, as the cycloisodityrosine subuai khe orientation of the central
amide bond reversed. Nonetheless, using a simparoach to that used in the
synthesis of the deoxybouvardin series, Boger @dra close the ring by biaryl ether

formation.

Preparation of the B-O-C ring began with the tymesderivativel.27, with
subsequent bromination and methylation providih@8 (Scheme 1.2). Baeyer-
Villiger oxidation with trifluoroperacetic acid, flowed by cleavage of the resulting
acetate, and saponification of the methyl estar gave acid..29 Peptide coupling to
L-4-fluoro-3-nitrophenylalanine in the presence dd@® and HOAt furnished the
cyclization precursol.30 The intramolecular aromatic nucleophilic subsimin was
carried out under a range of conditions, with tlesthyield resulting from the use of
K,COs; in DMSO, leading to a 1:1 mixture of atropisomdr81 and 1.32 This
mixture was not separated as removal of the nitow via reduction to the aniline
and subsequent diazotisation and reduction, remdvisdstereoelement, furnishing
the single productl.33 X-Ray crystallography confirmed that both chicntres
were conserved as ttf&configuration and that no epimerisation occurreder the

conditions of the ring closing reaction.

1C



CbzHN Co,Me

CbzHN Co,Me CbzHN CO,H
1.27 1.28 1.29
Vi
NO,
Br F
m
H CO,Me
NHCbz CO,Me NHCbz CO,Me NHCbz
1.32 1.31 1.30

viii
OMe
Br (0]

NHCbz CO,Me
1.33

Reagents/Conditionsi) NBS, CHCN, 25 °C, 18 h, 99%; ii) ¥CO;, Mel, DMF, 25 °C, 5 h, 94%; iii)
CRCOsH, CH,Cl,, reflux, 2 d, 61%; iv) HCI, dioxane, 25 °C, 2 1898; v) LiOH, THF/HO, 0 °C, 90
min, 68%; vi) EDCI, HOAt,L-4-F-3-NQ-phenylalanine methyl ester, DMF, 25 °C, 18 h, 854,

K,COs, DMSO, 25 °C, 18 h, 58%; viii) Al-Hg, BD/EtOH/H,0, 25 °C, 1 h; HBE, t-BuONO, 0 °C, 10
min; HsPO,, 25 °C, 1 h, 40%.

Scheme 1.2

An alternative ring closing strategy was also itigeded, incorporating a
copper(ll) acetate promoted closure of boronic 4c# (Scheme 1.3). However, this
route led to a low yield of the biaryl eth&r33 (9%), with the side reactions of
oxidation and reduction of the boronic acid compgi@nd producing acyclic phenol

byproducts.

11



OMe OMe

Br OH B(OH), Br o)
[
0 - 0
N CO,Me N
H H
NHCbz NHCbz CO,Me
1.34 1.33

Reagents/Conditionsi) Cu(OAc), pyridine or collidine, 1 mM CkCl,, 25 °C, 5 d, 9%.
Scheme 1.3

Thus Boger had synthesised thie-cycloisodityrosine subunit of RP 66453 in
eight steps from the functionalised amino acig7 in an overall yield of 11.5%. This
constituted the first synthesis of the biaryl ethag of RP 66453 with its unique
reversed amide orientation, and showed how thelkasyl ether macrocyclization
could be achived using nucleophilic aromatic ststin or a closing of boronic acid
1.34

12



iii. Zhu's studies towards the total synthesis of RE586

Prompted by Boger’'s publication of the synthesighaf 14-membered biaryl
ether ring of RP 66453, Zhet al.”® published the first synthesis of the bicyclic A-B-
O-C ring system. As previously observed, macroegtion of the B-O-C ring with
the A-B ring already in place could not be realizédwever Zhu continued to
investigate the ring closure of the bicyclic preszurl.26 A wide range of reaction
conditions were screened, varying the bas€®, CsF, DBU, NaH), solvent (DMF,
DMSO, MeCN, THF), additives (18-crown ether, molecisieves) and temperature.
The only conditions found to yield the bicyclic grct1.35were KCO; in THF at 50
°C in the presence of molecular sieves, but the yeeld of around 15% made the

overall synthesis unsuitable for the total synthes$ithe natural product (Scheme 1.4).

BocHN

1.26 1.35

Reagents/Conditionsi) K,COs; (10 equiv.), THF (0.002 M), molecular sieves, 8) 4 d, 15%.
Scheme 1.4

Due to the difficulty of closing the B-O-C ring \Withe A-B ring in place, Zhu
proposed a new strategy in which the B-O-C ring w@sstructed first, followed by
macrocyclization of the biaryl A-B ring. From thedwn biarylbisamino acid.36
protection of the amine as tieallyloxycarbamate followed by deprotection of the
tert-butyl ester and reprotection of the Boc group gaesfree acid..37 (Scheme 1.5).
Cleavage of theert-butyl ester while leaving thil-tert-butyloxycarbamate in place
proved difficult, so a two-step procedure involvitmgatment with acid and restoration
of theN-Boc functionality was adopted as it provided e>adllyields of the required
bisamidel.37.

13



BocHN BocHN

F
iPrO OiPr iPro OiPr O.N
MeO,C MeO,C 2
) e TNy,
OMe OMe NH,
H,N CO,tBu AllocHN COH C::ONHMe
1.36 1.37 1.38
F F
NO, NO,
H H
N N
CONHMe (0] CONHMe

CONHMe

NHAlloc

1l4laR=Y=H,X=NO, 141b R=X=H,Y=NO,
1l.42aR=Me, X=NO,, Y=H; 1.42b R=Me, X=H, Y =NO,

Reagents/Conditions i) Alloc, K,COs;, dioxane-HO, RT, 96%; ii) TFA, RT; iii)) BogO, aqueous
NaHCGQ;, dioxane, 91% ; iv) EDC, HOBt, #, 85%; v) BC}, CH,CI,, -78 °C, then Bo©, THF,
NaHCG;, RT, 70%; vi) KCO;, DMF then Mel, 60%.

Scheme 1.5

Peptide coupling with methyl amide38in the presence of EDC, HOBt and
NEt; gave the tripeptidd.39 which then revealed catechbX0 upon treatment with
BCls. Unlike cyclization of1.26 treatment ofl.40 with K,CO; in DMF (0.002 M)
smoothly furnished the 14-membered B-O-C ring @& lamixture of atropisomers
1.41a and 1.41h Due to the instability of these phenolic produetsone-pot

cyclization/methylation was employed, reproducilgiving the cycloisodityrosine

14



1.42aand 1.42bin greater than 60% yield, thus proving the imaoce of cyclization
of the 14-membered B-O-C ring before closure ofthenembered A-B ring.

15



iv. The Boger synthesis of the 15-membered A-B ring

With the stereocentres of RP 66453 still undefinBdger looked to the
biphenomycins, a series of antibiotics also isdldtem Streptomycins, which contain
a similar ring system. The-carbons of the three biphenomycinlBl3 amino acids
were each found to possess fieonfiguration. With this precedent the synthesis o
the 15-memberedS(SS)-configured A-B ring was undertaken. Bogeral.?® also
planned to examine the efficiency of macrolactationeat different points of the A-B
ring, using an advanced intermediate through whidth options could be

investigated.

Biphenomycin B 1.43

Preparation of the A-B ring began with the protaetof the amine and phenol
groups of 3-ioda-tyrosine 1.44 as thetert-butyl carbamate and methyl ether
respectively (Scheme 1.6). With the free carboxgtic group preventing conversion
of the iodide to the boronic acid, the acid wastfreduced to alcohdl.45 and then
masked as a methoxymethyl ether. Sequential demattm of the carbamate,
magnesium-halogen exchange and treatment with titihborate then gave boronic
acid1.46

Synthesis of the bromo-tyrosine derivativ®2 began with bromination of the
known acetylated tyrosine derivatite47 usingN-bromosuccinimide to give peptide
1.48 (Scheme 1.6). Methylation of the phenol followedBgeyer-Villiger oxidation
gave acetaté.50 which was then cleaved in the presence of acgiv® phenoll.51
Protection of the phenol as a TBDMS ether affordemmo-tyrosinel.52 A Suzuki
coupling betweeri.52 and boronic acid..46 using of Pé(dba) and p-tolyl)sP gave

16



biaryldipeptide 1.53 the advanced intermediate from which the two edéht

macrolactamization routes could be examined.

OH OMe OMe
i -iii iv, v
I - I - B(OH), —
OH OMOM
H,N CO,H BocHN BocHN
1.45 1.46

1.44

(0]
HO MeO R MeO OTBDMS
. Br Brg
X vii X .
—_— —_— — Xl
CbzHN Co,Me CbzHN Co,Me

CbzHN Co,Me

[ L47X=H i 149 R =COCH 1.52
Vi VI 3
1.48X = Br x L 1.50 R = OCOCH,
1.51R=0OH

OMe OMe OTBDMS

OO

OMOM
BocHN CbzHN CO,Me

153

Reagents/Conditions i) Boc,0, NaHCQ, dioxane/HO, 25 °C, 18 h, 99%; ii) NaH, Mel, 5% DMF-
THF, 25 °C, 3 d, 78%,; iii) EtOCOCI, NaBHTHF/MeOH, 0 °C, 20 min, 82%; iv) MOMCI;Pr,NEt,
CH,Cl,, 25 °C, 8 h, 92%; v)-PrMgCl, t-BuLi, (MeO)B, THF, -78 to 25 °C, 1 h, 99%; vi) NBS,
CH,CN, 25 °C, 18 h, 99%; vii) ¥COs, Mel, DMF, 25 °C, 5 h, 94%; viii) CJEO;H, CH,Cl,, reflux, 2
d, 61%; ix) HCI, dioxane, 25 °C, 2 h, 97%; x) TBDE%, lutidine, THF, 25 °C, 4 h, 81%; xip{
tolyl)sP, Pd(dba), 1 M NaCO;, toluene/MeOH, 85 °C, 15 min, 95%.

Scheme 1.6
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Cleavage of the MOM ether @f53under acidic conditions also resulted in the
cleavage of the Boc protecting group, which wastreduced before oxidation of the
free alcohol to afford the carboxylic acidb4 (Scheme 1.7). Coupling of the free acid
to L-isoleucine benzyl ester gave the tripeptldg5 hydrogenolysis of both the Cbz
and benzyl protecting groups then gave the firstrolactamization precursdr.56
Several peptide coupling agents were then assessttdthe best yields resulting
from the use of EDCI and HOAt, with NaHG@s the base. Under conditions of high
dilution (1 mM) the A-B ringl.57was afforded in 53% yield.

In contrast hydrogenolysis of the Cbz protectingugr of 1.53followed by the
coupling of the free carboxylic acid to Chz-proggti-isoleucine afforded the
dipeptide1.58 (Scheme 1.7). Again cleavage of the MOM ether m phesence of
acid also removed the Boc protecting group whick veinstated as before. Oxidation
of the free alcoholl.59 with Jones reagent gave the carboxylic atidQ and
hydrogenolysis of the Cbz protected isoleucine tyoiefforded the second
macrocyclization precursdr.61 The same range of peptide coupling reagents were
examined, with the best yields in this instanceiltesy from the use of FDPP as the
coupling reagent under conditions of high dilutidnmM), furnishing the A-B ring
1.57in 64% yield.
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OMe OMe OTBDMS OMe OMe OTBDMS OMe OMe OTBDMS

O O i, i O O iii
—_— —_—
OMOM

BocHN CbzHN CO,Me BocHN CO,H CbzHN CO,Me BocHN

1.53 1.54 ROC._
H, |

156R' =R"=H

JV

OMe OMe OTBDMS OMe OMe OTBDMS MeO OTBDMS

. 1.55R'=Bn, R"=Cbz
iv '
‘ iv, vi

BocHN BocHN

1.57

i l: 1.58 R=MOM v l: 1.60 R = Cbhz

159R=H 161R=H

Reagents/Conditions i) 3 M HCI/EtOAc, -10 °C, 30 min then BgDo, NaHCQ, THF/H,O, 69%; ii)
cat. CrQ, HslOg, CH;CN/H,0, 0 °C, 1 h, 61%; iii) lle-OBn tosylate, EDCI, HGANaHCG DMF, 25
°C, 90%; iv) 1 atm K Pd/C, MeOH, 25 °C, 15 h, 99%; v) coupling reag&®¥F, 1 mM; vi) Cbz-lle,
EDCI, HOAt, DMF, 93%; vii) Jones reagent, acetat@mM, 0 °C, 1 h, 55%.

Scheme 1.7

Interestingly the proton NMR spectrum of the A-Baraycle 1.57 showed
two sets of peaks for a set of slowly interconvertisomers. Althouglbrtho-methoxy
groups do not generally hinder rotation about theryb axis, in this case Boger
reasoned that themeta-TBDMS group may be creating a buttressing effebictv
raises the energy barrier of free rotation, slowtmg interconversion to a rate which

can be seen on the NMR time-scale.

Global deprotection with AlBrin EtSH provided the 15-membered A-B ring

1.62which, in contrast to the protected macrocytkle7, shows a single set of peaks
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in the proton NMR spectrum (Scheme 1.8). Thus ah&gis of the 15-membered A-B
ring 1.62 was achieved, using a highly efficient Suzuki dmgpto install the biaryl
linkage. Identification of the optimal site of matactamization had been established,
with the resultant protected macrocyé&l®7 raising some interesting issues in respect

of interconverting isomers.

MeO OTBDMS
OMe

0 i
N
BocHN N CO,Me
H [ .HH
o .
1.57 1.62

Reagents/Conditionsi) AlBr3, EtSH.

Scheme 1.8
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V. Takeya's copper(ll) acetate-DMAP  mediated closurd a@,L-

cycloisodityrosines

Shortly after Boger's published closure of the B2O-ing via an
intramolecular coupling reaction of an arylboroaitid and a phenol,.34?* Takeya
et al.?” disclosed their route towards the cycloisoditymesiings of RA-VII and RP
66453. Their synthesis began with the peptidic bioracid1.63 synthesised from the
commercially available 3-iodo-tyrosine over 4 steps in 80% yield (Scheme 1.9).
Using the coupling reaction originally developed ®fan?® Evang® and Lant® 3!
Takeya treated the dipeptide boronic ati@4 with copper(ll) acetate in the presence
of DMAP, effecting the ring closure in 56% yieldak@ful selection of the amine used
increased the yield of the desired cyclic produatl aninimised production of the
protodeborylated acyclic side-product, a known selection when the boronic acid

possesses aortho-hetero atom and formed in just 6% yield under ¢heptimised

conditions.
OMe OH B(OH), MeQ
B(OH), OMe o}
i, ii ii
—_— —_—
0 0
COzMe
N Co,Me H

NHBoc NHBoc NHBoc CO,Me
1.63 1.64 1.65

Reagents/Conditionsi) 4 M HCl-dioxane, RT; ii) Boc-Tyr, EDC, HOBt, B3, CHCk, RT, 83% over
two steps; iii) Cu(OAg) DMAP, powdered 4 A MS, CiTl,, 0.013 M, 56%.

Scheme 1.9

In the same manner the dipeptide boronic dctb was also treated with
copper(ll) acetate in the presence of DMAP, in thigance giving the B-O-C ring of
RP 66453 in a moderate yield of 35% (Scheme 1.I@keyaet al. offer no
suggestion as to why the reversed orientation efgéptide in this latter example

results in such a dramatic reduction in yield.

21



OMe OMe

OMe
B(OH), B(OH), OH o
i, ii i
—_— —_—
0 0
co,Me
2 N~ ~co,Me N
H H

NHBoc NHBoc NHBoc CO,Me
1.63 1.66 1.67

Reagents/Conditions i) LIOH, THF-MeOH-H,0 (3:3:1), RT, 90%; ii) Tyr-OMe.HCI, EDC, HOBt,
NEts, CHCk, 85%; iii) Cu(OAc), DMAP, powdered 4 A MS, C}€l,, 0.013 M, 35%.
Scheme 1.10

Thus Takeyeet al. have synthesised theL-cycloisodityrosine rings of RA-
VIl and RP 66453 in 7 steps from the commerciallgikable 3-iodok-tyrosine. This
constitutes the shortest synthesis of the B-O-§ oinRP 66453, with an overall yield
of 21% from 3-ioda:-tyrosine.
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Vi, The Zhu total synthesis of an atropdiastereom&m656453

Building upon their previous efforts towards thatkesis of RP 66453, Zhal
al.*? began a revised approach to RP 66453. The stramdgyted was to first effect
formation of the strained 14-membered B-O-C ringfobe closing the biaryl A-B
macrocycle with an intramolecular Suzuki-Miyauraaagon. Again, arbitrarily
assigning all stereocentres as $heonfiguration, Zhu’'s convergent approach allowed
for easy alteration should any stereocentre neeé tthanged.

The synthesis began with the peptide couplingSpidppa methyl estet.68
and §9-N-Boc L-isoleucine, to afford the dipeptidd.69 (Scheme 1.11).
Saponification of the methyl ester then facilitatédrther coupling to the
hydrochloride salt of §-methyl 4-fluoro-3-nitrophenylalanate to give ttrgpeptide
1.7Q Intramolecular nucleophilic aromatic substitutiosing CsF in DMSO (0.0026
M) selectively formed the 14-membered B-O-C ringgmod yield. Treatment with
eitherN-iodosuccinimide oN-bromosuccinimide, followed by methylation in a ene
pot procedure, afforded the separable atropisorhétsa and 1.71h or 1.72a and
1.72brespectively. It was found necessary to effecogpahation prior to methylation
to achieve the correct regiochemistry. If reverdedogenation occurred in the

positionpara to the biaryl ether linkage.
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OH

OH
—>
COMe
CO,Me BocH BocHN CO,Me
A NH
NH,.HCI /Y\ﬂ/
O e}
1.68 1.69 1.70
iii, iv
or
iii, v
MeO
Co,Me + CO,Me
BocHN
1.71a X =1 1.71b X =1
1.72a X =Br 1.72b X = Br

Reagents/Conditions i) (S9-N-Boc isoleucine, EDC, HOBt, Bfi, CH,Cl,, RT, 94%; ii) LiOH,
THF/H,0, RT, then §-methyl 4-fluoro-3-nitrophenylalanate.HCI, EDC, BOQ E:,N, DMF, RT, 77%;
iii) CsF, DMSO (0.0026 M), RT, 2 h; iv) NIS, DMFhen KCOs;, Mel, 48% overall yield of..71aand
1.71bfrom 1.7GQ v) NBS, DMF then Mel, 62% overall yield &f72aand1.72bfrom 1.7Q

Scheme 1.11

Although later steps destroy the atropisomerisra, 9ynthesis was continued
with the atropisomerically pure compountl¥la and1.72a Removal of the Boc
protecting group facilitated coupling to arylboréma.74 (prepared in two steps from
(9-3-iodotyrosine1.73 to afford the tetrapeptide$.75 and 1.76 (Scheme 1.12).
Intramolecular Suzuki-Miyaura coupling of iodide75 reproducibly furnished the
bicyclic A-B-O-C rings1.77 as a single atropstereoisomer in around 40% yidlein
heated to 90 °C in toluene/@ in the presence of KO; and [PdCi(dppf)]. However
the same reaction with bromide76 was found to proceed in much lower yields of
around 5%. The choice of solvent was significanvaen conducted in DMF, DMSO,
toluene or MeOH a complex product mixture was giveamoval of the nitro group
then gave protected bicycle78 which was globally deprotected to afford the %ll-
configured A-B-O-C bicyclic compount 79
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O,N
OMe MeO o)
| OMe /O
i i "o i X 0
— L = —_— C|) (@] COZMe
_B N
(o) NH H

COzMe
COH NHBoc
NHBoc MeO /\(\{

. NH
NHBoc o) _
173 175X =1
1.74 1.76 X =Br
‘iv
oN

OR RO O

OMeMeO o)
(O— ) 5 e
COR'
o N 2 Q Cone
H H V, Vi 0 N
N NH - H H
R"HN N
H BocHN NH
0 H
o)
1.77

vii |: 1.78 R=R'=Me, R" = Boc
179R=R'=R"=H

Reagents/Conditions i) [PdChL(dppf)], bis(pinacolato)diboron, KOAc, DMSO, 80%i) iLiOH,
THF/H,O (1:1), RT, quantitative; iiil.71a 7% HCI in MeCN, RT, aqueous KHG@orkup, therl.74
EDC, HOBt, E{N, DMF, RT, 87%; iv) [PdG(dppf)], toluene/HO (30:1), KCO,, 90 °C, 40%:; V)
Pd/C, H, MeOH; vi) NaNQ, HsPOs, CwO, THF/HO (6:1), 42%; vii) AlBg, EtSH, 55%.

Scheme 1.12

Although the spectroscopic data recorded on thoslyet was in accord with
the structure of bicycld.79 (*H NMR, COSY, M/S) they did not match those
reported for RP 66453. The optical rotation was also found to différ749 +208
(c=1, MeOH); RP 66453: -181 (c=1, MeOH)). Further investigation showhdttRP
66453 andL.79varied only in their axial chirality, with RP 663%ontaining the al&
configured amino acid backbone 79 This was exemplified by taking a solution of
RP 66453 in DMSO and heating it to 150 °C (Schemis)1 After 3 h, complete
conversion of RP 66453 th.79 was observed with no apparent decomposition.
However whenl.79 was subjected to the same conditions it was fdarioe stable,
indicating thatl.79is the thermodynamically more stable atropison@mparably

when RP 66453 was protected to gi8Q treatment under analogous conditions
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resulted in the complete conversionlt@8 Examination of the spectroscopic data of
RP 664531 and 1.80 and alsol.78 and 1.80 showed that there was no major
conformational alteration occurring with the prdtex of any peripheral functional
group. Axial chirality was also shown to be unaféecduring the deprotection ©f78

to 1.79 with the activation energyef) of isomerization calculated to be 16.9 kcal

mol ™.

compound 1.80 > compound 1.78
ii iiil [ii
RP 66453 1 |~ compound 1.79

E, = 16.9 kcal mol*

Reagents/Conditions i) DMSO, 150 °C, 3 h, quantitative; ii) Bg@, MeOH, EiN, then CsF, DMF,
Mel, 50 °C, 80%; iii) AlBg, EtSH, CHCI,, 55%.
Scheme 1.13

The'H NMR spectra of RP 6645Band1.79both show a single set of peaks,
therefore implying that both exist as single stai@aformers at ambient temperature.
NOE studies deduced the axial chiralitylo8Q and therefore the axial chirality of RP
664531, as theaR (M) configuration. Although there were no corretai$ to prove
the axial chirality of1.78 as the previous experiments showed that8 is an

atropisomer ofL..8Q the configuratioraS (P) was assigned.

R"HN R"HN H NH
o]
aR(M),S,S,S,S,S as(P),S,S,S,S,S
1.80 R =R'=Me, R" = Boc 1.78 R=R'= Me, R" = Boc
1RP66453R=R'=R"=H 1.79R=R'=R"=H
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In conclusion, Zhuet al. completed the first total synthesis of the &l
configured diastereoisomer of RP 664539 In completing the total synthesis of
atropdiastereomet.79 they were able to determine the absolute cordigum of RP
664531 to be BRSSSSS and showed that RP 66453 was the thermodynamicall

less stable atropisomer of synthetiz9
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1.4 Previous synthetic approaches towards relatedatural products.

i Hutton’s synthesis of pulcherosine

In 2005, Huttonet al. published the first synthesis of pulcherosihél, an
acyclic tripeptide incorporating both the biaryldamiaryl ether linkages of RP
664533 Hutton envisaged that the biaryl bond could beaiied with a Suzuki
coupling of iodotyrosine and tyrosine boronic adetivatives, whilst the biaryl ether
could be formed by a copper(ll) catalysed coupbh@ tyrosine boronic acid and the

tyrosine phenolic group.

The synthesis of pulcherosine began with the faéomeof the biaryl ether, a
copper(ll) acetate catalysed coupling of boronid dc82 with the protected tyrosine
derivative1.83 gave the biaryl ether dipeptide84 in a poor yield of 33% (Scheme
1.14). The product of protodeborylation of the boccacid1.82was isolated in 15%
yield, once again demonstrating the complication®lved with copper(ll) catalysed

couplings of phenols and boronic acids which pasaesrtho heteroatom.

BnO,C NHCbz
OBn OBn OH
| B(OH),
i, ii ii BnO
CO,Bn CO,Bn CO,Bn

NHCbz NHCbz NHCbz
1.81 1.82 1.83 CbzHN CO,Bn
1.84

Reagents/Conditionsi) [PdChL(dppf)], bis(pinacolato)diboron, KOAc, DMSO, 80 °iD); EtOAc/H,0,
92% over two steps; i) Cu(OAE)DMAP, 4A MS, 33%.
Scheme 1.14

In an effort to overcome this side-reaction thermi and boronic acid groups
were switched, thereby removing tloetho heteroatom from the boronic acid. A
similar coupling was previously reported by Jungl drazarov&® The phenolic

protecting group was also changed from the benmtiepting group used previously
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to ap-methoxybenzyl protecting group, therefore allowsedective deprotection at a

later stage of the synthesis.

OPMB OPMB OPMB B(OH),
| B(OH), OH
i, i iii
—_— —_— +
CO,Bn CO,Bn CO_Bn CO_Bn
NHCbz NHCbz NHCbz NHCbz
1.85 1.86 1.87 1.88
iv
BnO,C NHCbz BnO,C NHCbz BnO,C NHCbz
Br
HO vi HO v PMBO
- -
/(©/O /(©/O /(©/O
CbzHN CO,Bn CbzHN CO,Bn CbzHN CO,Bn
1.91 1.90 1.89

Reagents/Conditionsi) [PdChL(dppf)], bis(pinacolato)diboron, KOAc, DMSO, 80 °iD); EtOAc/H,0,
89% over two steps; iii) $D,, MeOH, 81%; iv) Cu(OAg) pyridine, 4A MS, 80%; v) DDQ, 78%; vi)
NBS, 70%.

Scheme 1.15

Treatment of the fully protected iodotyrosine dative 1.85 with
bis(pinacolato)diboron, followed by immediate hylgsis, afforded boronic acitl.86
in 89% vyield over two steps (Scheme 1.15). Subsgdueatment with one equivalent
of hydrogen peroxide smoothly furnished the pra&dadopa derivativd.87 in 81%
yield. Coupling with the phenylalanine-4-boronicicaderivative 1.88 synthesised
from 4-iodot-phenylalanine in 63% yield over 4 steps, was tfamilitated with
copper(ll) acetate in the presence of pyridine @Ad molecular sieves. On this
occasion, in the absence of artho heteroatom to the boronic acid, the copper(ll)
catalysed coupling proved much more efficient, witle desired biaryl ethet.89
formed in 80% vyield. Selective removal of the pHenprotecting group was then

required as 3,9,0-dialkyl protected dopa derivatives are known tdopanate
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selectively at the 6-position, whereas the greditecting ability of the unprotected 4-
phenolic group ensures selective halogenationed#sired 5-position. Removal of
the PMB protecting group was achieved in the preseof DDQ, furnishing the
phenol1.90in 78% vyield.

With the biaryl ethed.90in hand, selective iodination of the 5-positionswa
then investigated. All efforts to achieve this gsimdine and silver(l) salts were
unsuccessful. There appears to be no simple exparfar this lack of success when
regioselective iodination of closely related tyrsiderivatives appears facile. In
contrast, bromination of.90 with 1.5 equivalents oN-bromosuccinimide smoothly
afforded aryl bromidd.91in 70% yield.

Suzuki coupling of aryl bromidel.91 with the trifluoroborate saltl.92
quantitatively prepared by treatment of the bisfpoiato)diboronate with potassium
hydrogen fluoride according to the procedure of &edt al.>
(Scheme 1.16). In the presence afCK; and Pd(dppf)GICH,CI, in aqueous THF,

the coupled product was isolated in just 7% yieldh unreacted starting material and

was then investigated

protodeborylated side-products isolated in 67% 26/&b yield respectively. However
employing conditions developed by Molandral.,*> **with 6 equivalents of Nt
and an-PrOH/H,0O solvent mixture, the yield was raised to 32%.Halaleprotection

was then achieved through hydrogenolysis to affuidherosinel.11.

jE;:J/NHCbZ H N\/CO H
OH
CO,Bn /@/

NHCbz

CbzHN” ~CO,Bn 1.92 HOZC NH,
1.91 1.11

Reagents/Conditions i) [PdCh(dppf)], NE&, 'PrOH:H0 (2:1), A, 48 h, 32%; ii) H, Pd/C,

THF:MeOH:H,0 (5:5:1), quant.
Scheme 1.16
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Thus Hutton et al. have achieved the first synthesis of the trighpti
pulcherosinel.11 the acyclic trimer of tyrosine found within RP4S3. Interestingly,
their synthesis highlighted a problem with the madion of the mono-protected dopa
derivativel.9Q although bromination was successful.

ii. Svynthesis of the reversed amide B-O-C ring of RA-\Wouvardin,

deoxybouvardin and related products

Several approaches to the 14-membered isodityrasme with a reversed
amide link with respect to that of RP 66453, amtbin bouvardin, deoxybouvardin
and the RA-VII series, have been described. As with B-O-C ring of RP 66453,
nucleophilic aromatic substitution provides a papuand successful entry to the
strained 14-membered ring. A wide variety of otti&thods have also been described

to achieve the synthesis of this challenging praduc

The first published attempt to close the reversedda cyclophane ring
appeared eleven years before the discovery of RIBFIH6In their synthesis of
deoxybouvardin and RA-VII, Inabet al. relied upon an intramolecular oxidative
coupling of two phenolic tyrosine derivatives talite macrocyclizatiof. Utilizing
a procedure of Yamamugtal.,*® they treated tetra-bromo dityrosine derivative3a
with thallium trinitrate in methanol (Scheme 1.17%)ynfortunately under these
conditions the unwanted products95a and 1.95c were formed in 33% and 49%
yields respectively, with none of the desired magcte 1.94a detected. Modelling
suggested that the phenolic oxygen of the ‘leftosyne derivative can more easily
attack theortho-carbon of the ‘right’ tyrosine, as attack is impddy the steric clash
with the methoxycarbonyl group. Interestingly, witee bromine was substituted for
chlorine the ring closing proceeded in the opposi@nner, yielding the desired
macrocycles 1.94b and 1.94c in 5% and 14% vyields respectively, with no
contamination byl.95h This trend was confirmed as treatmentld3cwith TTN
proceeded to furnish the 14-membered rihg®d and1.94ein 9% and 16% yields
respectively.

31



[e) X Br (@) Y
Br
(e} (0] OMe

X or
1 )
N . SN 1
Meozc NCsze MeO C NCbzMe MeO,C NCbzMe
1.93a X=Br, R=Me 1.94a X=Y=Br, R=Me 1.95a X=Br, R=Me
b X=Cl, R=Me b X=Cl, Y=Br, R=Me b X=Cl, R=Me
¢ X=Cl, R=H ¢ X=Cl, Y=OMe, R=Me ¢ X=OMe, R=Me

d X=Cl, Y=Br, R=H
e X=Cl, Y=OMe, R=H

Reagents/Conditionsi) 3 eq. TTN, MeOH, RT.
Scheme 1.17

Treatment of macrocyclel.94b with zinc in 90% acetic acid at room
temperature resulted in the rearomatization 1186 which was immediately
methylated with diazomethane to vyield biaryl eth&r96b (Scheme 1.18).
Hydrogenolysis with Pd-C in methanol in the presenf potassium acetate then
effected the simultaneous amine deprotection antialdgenation, affording
isodityrosine1.96c in 43% vyield from1.94h Inaba then advanced this cyclophane
ring to both deoxybouvardin and RA-VII.

L

MeO C NCsze 0,C ‘NMeR"

1.94b 1.96a R=H, R'=Me, R"=Cbz, X=ClI, Y=Br
b R=Me, R'=Me, R"=Cbz, X=ClI, Y=Br
¢ R=R'=Me, R"=X=Y=H

Reagents/Conditionsi) Zn, 90% acetic acid, RT; ii) Cil,, ELO/MeOH; iii) 5% Pd-C, MeOH,
KOAc, 43% yield from1.94h

Scheme 1.18

Boger et al. subsequently reported an alternative approacmgusin
intramolecular Ullmann reaction to form the biargther linkage®® Optimum
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conditions to effect the ring closure involved treant of1.97 with CuBr-SMe under
conditions of high dilution (0.004 M in pyridinep¢heme 1.19). Racemisation was
suppressed by addition of collidine or dioxane.sTimtermediate was then used to

complete syntheses of both deoxybouvardin and RIA-VI

OMe | OMe
OH o
i Ei
_—
I\I/Ie o} l\llle O
—N 7 —N d

MeOZC: I:\lezMe Meozé f\lezMe

1.97 1.98
Reagents/Conditionsi) 2 eq. NaH, 10 eq. CuBr-SMecollidine, 130 °C, 8 h, 30%.
Scheme 1.19

Following the success of the intramolecular Ullmaeaction, Bogeset al.
utilized this methodology in a number of later ygges. In 2001 Boger’s synthesis of
N?°-desmethyl-RA-VII relied on the formation of the -idembered ring using an
intramolecular Ullmann reaction (Scheme 1.%DAgain, the optimised coupling

conditions were used, affording the cyclophane tid@0in 36% vyield.

OMe ! OMe
OH o
i Ei
.
H oo H O
N 7 N ?
MeO,C NMeBoc Me0,C NMeBoc

1.99 1.100

Reagents/Conditionsi) 2 eq. CHCu, collidine, 130 °C, 9 h, 36%.
Scheme 1.20

Boger’s later attempts to close the 14-membenegl of deoxybouvardin via

an intramolecular amide coupling proved unsuccés¢Bcheme 1.21f* With

macrolactamization proving challenging, Boger ne¢ar to the intramolecular
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Ullmann coupling strategy of.97, 1.97 1.102(Scheme 1.22%and 1.104 (Scheme
1.23)%

OH OH

1.101 Deoxybouvardin 1.4

Reagents/Conditionsi) 1.5 eq. DPPA, 5 eq. NaHGCDMF, 0 °C, 72 h.
Scheme 1.21

OMe

& NHBoc

1.102 1.103

Reagents/Conditionsi) 2 eq. NaH, 10 eq. CuBr-SMecollidine, 130 °C, 10 h, 34%.

Scheme 1.22
OMe ! OMe
OH 0
i
—_—
Me e
“0SitBuMe
N ~""0SsitBuMe, N / 2
Meo,C O  NMeBoc MeO,C O  NMeBoc
1.104 1.105

Reagents/Conditionsi) 1.1 eq. NaH, 10 eq. CuBr-SMe,6-lutidine, 130 °C, 9 h, 37%.
Scheme 1.23
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Bogeret al. were also first to report the use of an intramul&cnucleophilic
aromatic substitution to achieve macrocyclizatiOgclization of dipeptidel.106was
promoted in the presence of NaH in THF, affordifge tdesired 14-membered
macrocyclel.107in 50-55% yield (Scheme 1.2%)Unfortunately epimerisation was
observed adjacent to the ester centrel.i®8 and this proved to be an intractable
problem under the conditions investigated. The okd&,CO; in DMF was also
investigated, but this resulted in a lower yieldle# desired macrocycle and increased
epimerisation. Reduction to the aniline with hyd¥ogin the presence of Pd-C,
followed by diazotisation with HBFandt-BuONO and conversion to the phenol with
Cu(NG;).-Cw0, afforded the cycloisodityrosine in 47% yieldrfrd.107

NO, NO, NO,
o) o)
; ' ;
N N _
MeO,C O MeO,C o NHBoc yeoC o NHBoc
1.106 1.107 1.108
50-55% 15%

Reagents/Conditionsi) 3.3 eq. NaH, THF, 0-25 °C.
Scheme 1.24

In-depth studies on the intramolecular aromaticsstuiion reaction to close
the cycloisodityrosine ring established optimalditions to maximise the yield of the
desiredS S'macrocycle whilst minimising the epimerisationtbé centre adjacent to
the ester functionality (Scheme 1.28)The reaction conditions required careful
control as extended reaction times or excess NaHdencreasing amounts of the
undesired epimerised macrocycle. Interestinglyfooering the reaction under the
seemingly mild conditions of ¥COs; in DMF gave predominantly the undesired
epimerised product.108 Again reduction of the nitro group and conversiorthe
phenol afforded the cycloisodityrosine ring. Cyation of the benzyl protected amine
1.109b afforded marginally improved vyields of the macrcey with no detected

epimerisation using NaH as the mediator.
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NO, NO,
(0]
H
N
MeO,C O MeO,C o NRBoc
1.109a R=Me 1.110a R=Me
b R=Bn b R=Bn

Reagents/Conditionsi) 2.2 eq. NaH, THF, 0-25 °C, 2-6 h,110ain 50-61% vyield; ii) 2.2 eq. NaH,
20:1 THF:DMF, 0-25 °C, 4.5 1,.110bin 63% vyield.
Scheme 1.25

Subsequently, Zhet al. published their observations on macrocyclizatibn o
dipeptide1.109a* Like Boger, it was observed that treatment wittCR; in DMF
induced epimerisation while treatment with LiH ikF, NgCO; in DMF and CsF in
DMF all failed to induce the desired cyclizationjttwthe latter providing the
epimerised product after extending reaction tined% days. Treatment under the
more basic conditions of KH in THF resulted in & Inixture of the desired and
epimerised macrocycles, whilst the optimum condgiavere found to be NaH in THF
which gave in their hands the cyclophane ring if5deld, with 19% vyield of the

epimerised side-product.

Zhu et al. then published an intramolecular nucleophilicnaatic substitution
in which the nucleophilic phenolic group and thecgdophilic fluorine partner were
reversed (Scheme 1.26). Use of the L-dopa derivative with a 4-fluoro-3-
nitrophenylalanine moiety was expected to bringesalvadvantages. Firstly it would
allow the use of commercially availabledopa which does not require selective
protection of one phenolic group. Secondly 4-fluBraitrophenylalanine becomes
the electrophilic partner, with the effect of minging epimerisation seen when using
3-fluoro-4-nitrophenylalanine. Finally, later step®uld require the removal of the
nitro group rather than its conversion to a phegra@up, which is generally more

reliable on larger scale reactions.
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OR OR OR
NO,
0 0
+ O,N
H H
N _ N ,
: : NHBoc $ NHBoc
MeO,C O MeO,C o) MeO,C o)
1.111 R=H 1.113a R=H 1.113b R=H
1.112 R=Me 1.114a R=Me 1.114b R=Me

Reagents/Conditionsi) K,CO;, DMSO, 0.002 M, RT, 55-65% df.113aand1.113h 75% ofl.114a
andl1.114hb

Scheme 1.26

Optimal conditions for cyclization required polaratic solvents. Though no
reaction was observed with THF, in DMSO it procekdemoothly to furnish
diastereomerg4.113aand 1.113bin good yield (Scheme 1.26). Due to the instability
of the cyclophane rings towards flash chromatogyaph one-pot cyclization and
methylation of the phenolic group was developedalfy reduction of the nitro group
to an aniline group, followed by diazotization amelduction afforded the 14-
membered cycloisodityrosine ring. Most importanthis route demonstrates the
advantage of the wuse of 4-fluoro-3-nitrophenylaiani over 3-fluoro-4-
nitrophenylalanine, as epimerisation is more fafolethe latter. Zhiwet al. have also
shown that cyclization of the pre-protected dipdptl.112is more efficient still,

affording a mixture of cyclophandsl14aand1.114bin a combined yield of 75%.

Grecket al. have recently reported their use of the methotthénsynthesis of
bouvardin and RA-\*? Notably, their route required an additional pregechydroxy!
group next to the ester moiety, 115 (Scheme 1.27). However, when this substrate
was exposed to standard cyclization conditionsvelga of the TBDMS protecting
group was observed followed by a retro-Aldol reawctiyielding the acyclic aldehyde
1.116in 45% yield. Using the conditions establishedBngeret al.,*° and with the
addition of CaC@ to scavenge the fluoride, the nucleophilic aromatibstitution
reaction was successfully realised affording a ametof the two atropisomefis117a
and1.117bin 10% yield.
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OMe OMe NO,
(0]
i
—_—
H
CHO N 1),
TBDMSO 3 NHBoc
MeO,C O MeO,C O
1.115 1.116
OMe OMe
NO,
(0] (0]
ii
+ O,N
H H
N N
TBDMSO Y B TBDMSO Y B
Meozé o) NHBoc Meozé o) NHBoc
1.117a 1.117b

Reagents/Conditions i) 4 eq. KCOs;, 3A MS, DMSO, 0.01 M, RT, 1 h, 45%; i) CaGCODMSO,
0.002 M, RT, 10% of..117aand1.117b.

Scheme 1.27

In conclusion, closure of the 14-membered cycloghang poses a tough
synthetic challenge, highlighted by the frequert othe degradation of RA-VII as a
source of the macrocycié.® > *naba’s intramolecular oxidative coupling was the
first published route towards the cycloisodityr@sinng. Yields were poor and the
starting materials required numerous and low yngjditeps, however the strained 14-
membered ring was synthesised and used in totéhesws of both deoxybouvardin
and RA-VII. In comparison, the intramolecular Ullnmareaction shows considerable
advantages for closure of the 14-membered ringu@hgields are generally modest
the method allows the use of readily available @ranids, rather than dibromo- or
dichlorophenols which require lengthy synthesesalfy, intramolecular nucleophilic
aromatic substitution offers further advantageduiog the use of commercially
available amino acid starting materials, includingdopa, and vastly reduced

racemisation, making the synthesis of the macrecoth robust and reliable.
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CHAPTER 2 — RESEARCH AND DISCUSSION

2.1 Background

At the outset of this program, six papers had hmésished describing routes
towards RP 66453. Of these soutes two had succeeded in closing both macraxycli
rings, with just one route providing enough matet@acontinue with the synthesis.
With the stereocentres of the natural product atitbiguous, Zhu'’s total synthesis of
an atropisomer of RP 66453 defined not only theadity of all five stereocentres but
also the atropisomerism of the biaryl axis, essdhiiig the absolute configuration as
(M,SSSS9. Central to Zhu's strategy was the closure of &8 ring using a
palladium catalysed Suzuki cross-coupling reactionform the aryl-aryl bond,
however in doing so Zhu set the atropisomerismhasthermodynamically more
stable product, eventually yielding the atropisomieRP 66453 with theRiSS SS9
configuration. With this in mind we reasoned thatyathesis of RP 66453 could be

achieved if the biaryl linkage were formed undemditons of kinetic control.

Previous work within the Harrowven group demonsiilad cascade reaction
which resulted in the synthesis of biaryls from hgriodoaryl ethers> We envisaged
the application of this method, the addition ofsayl radical intermediate to an arene,
to establish the biaryl linkage. Crucially, radicgtlization reactions of this type are
known to be under kinetic control, and as a consege the stereochemical outcome
will be determined by the trajectory followed byethadical donor as it adds to the

acceptor arene, rather than the product stability.
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2.2 Radical formation of biaryls from benzy! iodoay!| ethers

Inspiration for the key step came from work pregigucarried out within the
Harrowven group, whereby treatment of benzyl ethdrwith tributyltin hydride
under standard radical forming conditions led t® fiormation of biaryl®.2 and2.3
and chromené.4 (Scheme 2.1%°

CN CN CN
: g g ()
| \/©/CN o O ' O ’ O
(0]
OH OMe (0]
2.1

2.2, 46% 2.3,6% 2.4,27%

Reagents/Conditionsi) BusSnH, AIBN, PhMe, 80 °C.
Scheme 2.1

The reaction is presumed to proceed by homolysthefcarbon iodine bond
leading to radical intermedia®5 (Scheme 2.2). Bxo-Trig cyclization, withipso-
attack leads to spirocycl2.6. Fragmentation t@.7 facilitates rearomatization, and
from this intermediate several pathways are posstydrogen atom abstraction from
the tributyltin hydride yields the methyl eth@r3 whilst a less obvious process,
possibly involving a redox reaction @f7 and a stannane, or trapping with molecular
oxygen, leads through to the phe@d Addition of the radical onto the arene in a 5-
exo-trig cyclization results in reformation of the s@iycle 2.6, whereas the slower 6-

endo/exo-trig leads to formation of benzgthromene2.8.
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CN CN CN
O
OH OMe o
21

2.2, 46% 2.3, 6% 2.4,27%

|

2.5 2.6 2.7 2.8

Reagents/Conditionsi) BusSnH, AIBN, PhMe, 80 °C.
Scheme 2.2

Several examples of the reaction have been accsimepli and from these
some general trends have emerteBor electron deficient arenes the phenol is the
major product. When the éhdo-trig cyclization pathway is blocked by the presenc
of ortho-methyl substituents as in 2,4,6-trimethylbenzyieet2.9, the methyl ether
2.10is the sole product (Scheme 2.3). Indeed when omgortho-methyl substituent
is present as in the-tolyl ether2.11, the methyl ether produ@t12is still the major
product, indicating that the intermediate methylesical akin ta2.7 first abstracts a
hydrogen atom from the proximal methyl group toegw tolyl radical which then
abstracts a hydrogen atom from tributyltin hydri@&heme 2.4). This method can
also be extended to include a tandem variant wigeaetascade sequence is applied to
diiodide 2.13 furnishing terpheny2.14in 67% yield (Scheme 2.5).

)ég()@;

2.10, 51%
Reagents/Conditionsi) BusSnH, AIBN, PhMe, 80 °C.
Scheme 2.3
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@D@L

2.11 2.12, 47%
Reagents/Conditionsi) BusSnH, AIBN, PhMe, 80 °C.
Scheme 2.4
OMe ‘
X C
—_—
O |
OMe
2.13 2.14,67%

Reagents/Conditionsi) BusSnH, AIBN, PhMe, 80 °C.
Scheme 2.5
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2.3 Our retrosynthesis of RP 66453

In a retrosynthetic sense, formation of the aryl-aond would result from a
radical induced transannular ring contraction af thalogenated macrocyc15
(Scheme 2.3). Formation of benzyl aryl etl@et5 results from a & nucleophilic
substitution of the benzyl chlorid2.16 which in turn is the product of a peptide
coupling between TBDMS protected benzyl alcobdl9 and the halogenated B-O-C
ring 2.18

R"HN

1.80 R=R'=Me, R"=Boc
1RP 66453 R=R'=R"=H

N
g N
o) H
2.15 X =1orBr
MeO
@C%Me
BocHN EE‘\
2.18 X=1lorBr

2.19 2.16 X =1orBr, X' =Cl
2.17 X =1orBr, X' = OTBDMS

OTBDMS
BocHN’ H \%‘\ >

CO,Me

Scheme 2.3

The calculated energy minimum for the radical teamailar ring contraction
precursor (Figure 1, hydrogen atoms omitted forityla suggests that the desirBd
face addition to the arene will be favoured. H throng atropisomer is formed, then
the radical acceptor and donor arenes can be <alitcthereby providing an
alternative strategy for the synthesis of the ratatropisomer of RP 66453 (Scheme
2.4).
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Figure 1.

COR'
p—
R"HN CO,Me
BocHN
1.80 R=R'=Me, R" = Boc ~
1RP 66453 R=R'=R"=H 2.20 X =1lorBr
OH X' OMe
TBDMSO o
X
(0]
(0]
COH H N
BocHN BocHN ) N e
H H
Co,Me (0]
= 2.23
224 X=1lorBr 221X =1 orBr. X' = O
2.22 X =1or Br, X'=0OTBDMS
Scheme 2.4

In order to verify the viability of our proposedute, model studies were

carried out.
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2.4 Modelling the formation of the biary! linkage

Our proposed route relies on a radical inducedstranular ring contraction,

and in order to test the viability of this routeftsm our vital biaryl linkage we chose

to carry out tests upon a simplified systéh25 Synthesis of the model system

requires macrocyclization of benzyl chloride6 which in turn can be accessed from
the benzyl alcohoR.27 (Scheme 2.5). Protection of the benzyl alcohoTB®MS
ether2.29is required to permit coupling to the halogendtedsine methyl este2.30Q

OMe
(6]
X
BocHN
O
(0] NH /
N
OMe
Wl om o H
(e}
225X =1lorBr

p—

OMe OH
X
O z
N
H
NHBoc (0] CO,Me
2.26 X=1orBr, X'=CI
2.27 X=1lor Br, X'=0H
2.28 X =1or Br, X'=0TBDMS
OMe OTBDMS OH
X
0 +
CO,Me
H
NHBoc NH,
2.29 2.30 X=1orBr
Scheme 2.5
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Synthesis of the protected benzyl alcoB@9 began with the formylation of
Boc-protectedL-tyrosine 2.31 using Reimer-Tiemann conditions (Scheme 2%).
Though successful, this route was low yielding aagricious, prompting us to find
an alternative route to install the aldehydarect formylation with SnGl and

paraformaldehyde was investigated, but failed ébdyany of the desired produ32

Reagents/Conditions i) NaOH, CHC}, H,O, 10-28%; ii) SnCl BwN, paraformaldehyde, toluene,
0%.
Scheme 2.6

As direct formylation proved troublesome, an algre strategy was devised
involving the protected bromityrosine derivative2.37 (Scheme 2.7). With the
halide installed at the 3-position, we envisioneg tise of this functionality to provide
a handle for further manipulation at this positidhus bromination of-tyrosine2.33

and global protection yielde2l37in four steps in 51% overall yield.

OH

CO,H

2.33

Reagents/Conditionsi) KBrOs;, KBr, 0.5 N HCI; ii) SOCJ, MeOH, 68% over two steps; iii) (Ba€),
NEts, dioxane/HO, 81%; iv) Mel, KkCOs;, DMF, 92%.
Scheme 2.7
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Subsequent halogen-lithium exchange, followed leyatidition of DMF failed
to install the aldehyde at the 3-position (Schen@.2A range of conditions were
investigated in an attempt to induce a Heck cogplvith styrene. A variety of
catalysts (Pd(OAg) Pd(dppf)C}.CH,Cl,), ligands (DPPP, PRhand solvents (DMF,
MeCN) were utilized, however in each case onlytstgrmaterial was recovered.
Similarly a range of conditions were examined fog Suzuki coupling of the bromo-
L-tyrosine derivative2.37 and trans-phenylvinylboronic acid, varying the catalyst
(PdChL, Pd(dppf)CL.CH.CI,), base (KPO;, NaCO; K,CO;) and solvent (DMF,
THF), however all attempts failed to yield the dedistilbene?.39

CO,Me
2.38

OMe

Co,Me

2.39

Reagents/Conditionsi) NaH, nBuLi, THF then DMF; ii) styrene, Pd catalyst, NE$olvent; iii)trans
phenylvinylboronic acid, Pd catalyst, RfPbase, solvent.

Scheme 2.8

With the 3-broma:-tyrosine 2.37 failing to promote the required
functionalisation, we considered whether the pnoblay with the reactivity of the
halide. With this in mind we reasoned that conwerdo the iodo-derivative should
enhance the reactivity of the 3-position, faciiitgt manipulation of this position.
Pleasingly conversion to the 3-iodo-derivatives g@icbve adequately reactive to

facilitate reaction at the 3-position.
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Thus commercially available 3-iodetyrosinel.44 was transformed into the

fully protected derivativel.73 in three steps and 60% overall yield (Scheme 2.9).
Suzuki coupling to trans-phenylvinylboronic acid then proceeded smoothly,
furnishing the stilben&.43 in 89% vyield. Saponification of the methyl estaen
allowed coupling ta.-isoleucine methyl ester to give the dipeptid5 Ozonolysis
next revealed aldehyd246 which was converted to the benzyl alcoBal7 by the
action of NaBH in 99% vyield. Protection of the benzyl alcoholwEBDMSCI and
saponification of the methyl ester then furnishesl dipeptide fragmer.29

OMe

2.43 2.44 i o
(0] (0]
2.45 2.46

OMe OMe

OTBDMS
viii X
—_— —_—
.~ NHBoc
HN (0] HN (@) HN (@)
H H H
OMe OMe OH
H\\\' H\\\' H\\\
o (0] O

2.47 2.48 2.29
Reagents/Conditions i) SOCh, MeOH, A, 71%; ii) BogO, NEg, dioxane/HO, 0 °C-RT, 84%; iii)
Mel, K,CO;, DMF, RT, 100%; ivitrans-phenylvinylboronic acid, KCOs, Pd(dppf)C}.CH,Cl,, DMSO,
80 °C, 89%; v) LIOH.HO, THF/H,O, RT, 100%; vi)L-isoleucine methyl ester, EDC, HOBt, NEt
DCM, RT, 94%; vii) Q, PPRh, DCM, -78 °C, 83%; viii) NaBl, MeOH, 0 °C, 99%; ix) TBDMSCI,
DMAP, NEt, DCM, RT, 89%; x) LIOH.HO, THF/H,0, RT, 99%.

Scheme 2.9
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Alternatively, coupling of the iodo-tyrosine deriixee 2.49 with L-isoleucine
methyl ester provided dipeptid250 (Scheme 2.10). Suzuki coupling of iodidé&0
with trans-phenylvinylboronic acid did yield the desired lstihe2.45 but yields were
greatly reduced to that achieved previously. Lilsayithe Stille coupling dt.50 with
tributylvinyltin furnished styren@.51, but yields were much poorer than the previous
Suzuki cross-coupling reaction. Ozonolysis of #tigene was comparable to that of
the stilbene, affording the aldehy@&l6in 83% vyield.

OMe OMe OMe

2.45

Reagents/Conditions i) L-isoleucine methyl ester, EDC, HOBt, NEtDCM, RT, 86%; ii)
tributylvinyltin, Pd(dppf)C}.CH,Cl,, DMF, RT, 37%; iii) Q, PPh, DCM, -78 °C, 83%; iv)trans-
phenylvinylboronic acid, KCOs, Pd(dppf)CJ.CH,Cl,, DMSO, 80 °C, 29%.

Scheme 2.10
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Coupling of the TBDMS protected benzyl alcoRa29with L-tyrosine methyl
ester was promoted with EDC and HOB, furnishing tifipeptide2.52in 70% vyield
(Scheme 2.11). Deprotection of the TBDMS protectgrgup with TBAF next
furnished benzyl alcohoR.53 in excellent yield (94%), as did the subsequent
bromination with NBS to the brominated benzyl aloloB.27 (82%). Alternatively
direct bromination and deprotection could be adiein one-pot by simply treating
the TBDMS protected alcohol with NBS. Howeversthave a yield of 74%, making
the two-step synthesis more efficient. Conversibrbenzyl alcohol2.27 to benzyl
chloride 2.26 was achieved with thionyl chloride in 93% vyieldy2Sdisplacement of
the benzyl chloride was then promoted by treatnvetit potassium carbonate and
potassium iodide at 50 °C, closing the ring anailring the precursor for our radical
induced transannular ring contracti@®5 Unfortunately, treatment a2.25 under
standard radical forming conditions failed to yieldy of the biaryl produc®.55
Indeed the only product isolated was that of theddihalide reductior?.54 though
this was in insufficient quantity to allow full crecterisation. A lack of material
prevented further attempts at the reaction andg decided to focus our attention on

an alternative strategy to form the biaryl linkage.
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OMe

OMe OH OMe OH OH

OTBDMS

H
(0]
2.29 iv
OH OMe OH
Br
Cl
iii v
—_— —_— O v,
H,| HH
. N
N
H
CO,Me NHBoc (0] COo,Me
2.26
OMe
(@]
vi X Vi
- —X—
BocHN
o NH BocHN
CO,Me
N
Wl oR o H
0o 255
2.25 X =Br
254 X=H

Reagents/Conditionsi) L-Tyrosine methyl ester, EDC, HOBt, NEDCM, RT, 70%; ii) TBAF, THF,
RT, 94%; iii) NBS, DMF, RT, 82%; iv) NBS, DMF, RT4%; v) SOCJ, DCM, 0 °C,93%; vi) K,COs,
Kl, DMF, 80 °C, 58%; vii) BgSnH, VAZO, PhMe, 110 °C, 0%.

Scheme 2.11
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2.5 Formation of biaryls from phenanthrenes

The formation of biaryl bonds using radical intediaes can also be realised
using halogenateds-stilbenes” *® **Previous work within the Harrowven group has
shown that phenanthrei2e59 can be formed in high yield from stilbeBe58 using a
radical cyclization methodology (Scheme 2.92Jhis method has many advantages
over the classical oxidative photocyclization af(btilbene)s which often suffer from
complex product mixtures arising from poor regicoiwal control and competitive
side reaction§! The formation of thecis-stilbene is controlled during the Wittig

reaction by utilizing cooperativartho-effects®?

PPh,Br CHO
MeO + i = O
—_—
MeO
OMe OMe
MeO | OMe
MeO
2.56 2.57 2.58

MeO
O OMe

MeO

Reagents/Conditionsi) KOtBu, THF, 0 °C, 99%Z/E ~ 90:1; ii) BuSnH, AIBN, PhMe, 90 °C, 74%.
Scheme 2.12

It should then be possible to selectively ozonolifme C9-C10 phenanthrene
bond, Clar’s rules state that the central ring leérmanthrenes is the least aromatic of
the three, therefore making it susceptible to cleammanipulation. Indeed many
previous papers have been published on the ozasabysphenanthrenes. In 1905
Harrieset al. reported the first ozonolysis of phenanthrentoaigh the ozonide was
identified by elemental analysis they were unaldeidentify the decomposition
products of this explosive intermedi&feHowever in 1955 Schmitt al. isolated not

only the ozonide but also the decomposition praguinfirming the attack of ozone
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at the central double bond of the phenanthrendtiegun the formation of a bis-
aldehydé®* Shortly after Baileyet al. published the first investigations into the ceurs
and mechanism of the reaction, demonstrating tregttrhent of phenanthrerge60
with ozone results in the formation of the dialdédy2.62 via a mono-ozonide
intermediate2.61 (Scheme 2.13)

0—oO o 0
\ /

OO0 16D )
2.60 2.61 2.62

Reagents/Conditionsi) Oz, MeOH, -20 °C — 0 °C then Nal, AcOH, 84%.
Scheme 2.13

Finally a double Baeyer-Villiger oxidation can bevisioned to convert the
bis-aldehyde into a biphen®t.®’ First utilized by Huangt al. in the synthesis of 6-
phenyl- and 8-phenyl tetrahydro-isoquinolines frdmoldine,®® the reaction is
exemplified by the oxidation of bis-aldehy@e3into biphenol2.64 as published by
Meyerset al. (Scheme 2.147

o 0

\ / OH HO
i
ooy o~ ooy Home
MeO MeO OMe OMe MeO MeO OMe OMe
2.63 2.64

Reagents/Conditionsi) mCPBA, NaHCQ, DCM, 83%.
Scheme 2.14
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2.6 The A-B ring — formation of the phenanthrene

Our alternative strategy for the formation of thar linkage centres upon the
formation and subsequent cleavage of phenantt2&TdScheme 2.15). Our plan was
to preparecis-stilbene2.68 and treat it under standard radical forming coadg to
form phenanthren€.67. Ozonolysis should then induce cleavage of thetrakn
carbon-carbon double bond, leading through to tiseallehyde2.66. From this
intermediate a double Baeyer-Villiger oxidation asaponification of the resultant

formate esters should furnish the requibesphenol2.65

R'HN

2.65 R =Me, R'=Boc 2.66
1RP66453R=R'=R"=H U

2.68 2.67
Scheme 2.15
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2.7 Formation of a model phenanthrene system

Key to our proposed route is the formation of ayilinkage through radical
induced transannular ring contraction to form anamthrene. To demonstrate the
viability of this approach we decided carry outtéegpon a simplified systerd.69
which mirrors the biaryl A-B ring of RP 66453 (Sohe 2.16). Synthesis of this-
phenol2.69requires the double Baeyer-Villiger oxidationbdé-aldehyde2.70 which
in turn is accessed by ozonolysis of phenanth&r& formed by a radical-induced

transannular ring contraction of stilbea&?2

o o
OH HO DG
o) : 0
H H
N N
BocHN N~ TCO,Me BocHN N~ TCO,Me
HH H H
o) o)
H H
2.69 2.70

Scheme 2.16
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Ouir first approach to the synthesis of thestilbene precursor began with the
coupling of triflate2.74 with trimethylsilylacetylene (Scheme 2.17). Renlosfithe
TMS group from the resulting arylacetylene thenvted 2.76 in quantitative yield.
Concomitantly, Cbz protection of-tyrosine tert-butyl ester2.77 gave tyrosine
derivative2.78which was then converted to trifla2e79in an excellent yield of 99%.
Alas, attempts to induce a Sonogashira couplingwéet triflate 2.79 and

phenylacetylen@.76returned only recovered starting materials.

SiMe,
OH OTf

iii
—_— —_— —_—
+~NHBoc +~NHBoc
N " +~NHBoc
~NHBoc "
CO,Me CO,Me B
CO,Me

2.73 2.74 Co,Me
2.76
2.75
OH OH oTf
iv v )
E—— —_— —XVi
wNH, wNHCbz wNHCbz
CO,tBu CO,tBu CO,tBu
2.77 2.78 2.79

tBUO  NHCbz

2.80

Reagents/Conditions i) Tf,O, pyridine, DCM, 93%; ii) trimethylsilylacetylend.,iCl, Pd(PPh),Cl,,
NEt;, DMF, 68%; iii) AgNG;, acetone/BD, 100%; iv) CbzCl, N&G;, ether/HO, 91%; v) T§O,
pyridine, DCM, 99%; vi) Pd(PRJCl, or Pd(OAc) or Pd(PP¥),, LiCl, NEts, CuCl, DMF.

Scheme 2.17
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This disappointing result led us to conclude that low reactivity of the aryl
triflate was responsible for failure of the Sondges coupling. We further reasoned
that the corresponding iodide would display incegaseactivity and might therefore
promote the desired coupling reaction. Thus iodimabf phenylalanin@.81and Cbz
protection of the free amine ga2e82 which was then coupled toeisoleucinetert-
butyl ester to yield the dipeptid8.83 (Scheme 2.18). Pleasingly, Sonogashira
coupling of iodide 2.83 to phenylacetylene2.76 successfully furnished the
disubstituted acetylen2.84 which we planned to reduce to this-alkene2.85 A
range of conditions were investigated to effectré@uction. H and Lindlar’s catalyst
were ineffective as the reaction was slow, requenggnded reaction times and gave a
myriad of over-reduced products that could not $®aited in a pure state. Other
classic conditions were investigated, includingmiiie reduction and transfer
hydrogenation. These, even under extended reaintn@s and elevated temperatures,
failed to reduce the alkyne. The use of zinc dumt a zinc/copper/silver amalgam
also proved ineffective, whilst the use of Ti€u led to degradation of the starting

material.
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«~NHBoc

CO,Me
2.81

2.76

OMe

2.85

tBuO

Reagents/Conditionsi) I,, AcOH, conc. HSQ,, NalO; then CbzCl, NaOH, kD/ether, RT, 43%; ii).-
isoleucine'Bu ester, EDC, HOBt, NEt DCM, RT, 74%; iii) Pd(PP{),Cl,, Cul, NE§, RT, 35%; iv)
Lindlar’s catalyst or Pd on BagQOqguinoline, EtOH or EtOAc or MeOH, or tosyl hydiee, NaOAc,
THF/H,O or formic acid, Pd/C, NEtor Zn/Cu/Ag amalgam or Zn dust, 1,2-dibromoethdt€H or
Ti(OiPr)4, "BuLi, THF or NaBH, HSCHCH,SH, FeCJEtOH.

Scheme 2.18

With the partial reduction of the alkyne to tbis-alkene proving unfeasible,
we began to consider other methods of forming tiealkene. Ring closing
metathesis provides a route to form the alkene atabe the macrocycle
simultaneously, and so with this in mind we beda synthesis of the model system
2.92
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Treatment of triflate2. 74 with tributylvinyltin gave styren.86 Deprotection
of the amine with TFA and peptide coupling with Bmotected L-isoleucine
furnished dipeptide2.87 (Scheme 2.19). The second coupling partner was also
prepared from.-tyrosine in this case. Conversion of the 3-brarrgrosine derivative
2.36to triflate 2.89 facilitated a Stille coupling with tributylvinyhi to yield styrene
2.9Q Pleasingly, at room temperature the coupling oecuexclusively through the
triflate, with no product resulting from Stille goling with the bromide. Temperature
was a critical factor in determining the coursehaf reaction as when heated to 80 °C

coupling through the bromide became the primariway.

Saponification of methyl est@.90gave the free acid.91which was coupled
to amine2.88 under standard peptide coupling conditions todytbe tripeptide?.92
the precursor for our key ring closing metathesection. Treatment of this dialkene
with Grubb’s second generation catalyst was attechph DCM and toluene, but
returned only starting material, with no evidendeaay cross metathesis having

occurred.
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oTf

OoTf

vii

2.36 2.89
Br —
DR, _ )
Viii
H (0] -
N
BocHN N CO,Me
H H
(0] H
H NHBoc (e} CO,Me
2.92
2.72

Reagents/Conditions i) tributylvinyltin, Pd(dppf)C}.CH,Cl,, DMF, 80 °C, 70%; ii) TFA, DCM then

Boc L-isoleucine, EDC, HOBt, NEtDCM, RT, 76%; iii) TFA, DCM, RT, quant.; iv) 3O, pyridine,

DCM, 0 °C, 96%; v) tributylvinyltin, Pd(dppf)GICH,Cl,, DMF, RT, 81%; vi) LiOH.HO, THF/HO0,

RT, 96%,; vii) EDC, HOBt, NEt DCM, RT, 75%; vii) Grubbs (Il) catalyst, toluene DCM, A.
Scheme 2.19

Disheartened by our unsuccessful attempts to faithese 2.72 by ring
closing metathesis we decided to focus on a massidal method of forming the
stilbene. Previous work within the Gilheany and fdaawven groups has shown that
Wittig reactions display cooperativertho-effects leading tocis-alkene? ° Our
system is a reasonable candidate with which tofiienem the effect as it has one,
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(rather than the optional two) halides or etherugsoon theortho-carbon centres of

the ylide or aryl aldehyde to affect this-selectivity.

Synthesis of the Wittig salt began from bromo-stgr@.90 (Scheme 2.20).
Ozonolysis of the alkene provided aldehyi83 which was then reduced to benzyl
alcohol 2.94 Conversion of the benzyl alcohol to the benzynhide 2.95 at first
proved challenging. Treatment with BBed to degradation of the starting material,
whilst treatment with bromine d¥-bromosuccinimide led to oxidation of the benzyl
alcohol, reforming aldehyd2.93 Eventually conditions were discovered that effdct
the transformation involving treatment of benzylcaddol 2.94 with N-
bromosuccinimide in the presence of triphenylphasphwhich furnished benzyl
bromide 2.95 in 80% vyield. This was then converted to the Wittalt 2.96 in

quantitative yield.

2.95 2.96
Reagents/Conditionsi) Os;, PPh, DCM, -78 °C, 84%; ii) NaBl MeOH, 0 °C, 90%,; iii) NBS, PRh

THF, RT, 80%; iv) PP} toluene, 90 °C, 100%.
Scheme 2.20

Meanwhile synthesis of the aldehyde fragment watemmay. Stille coupling

of triflate 2.97 gave styren€.98 which was then hydrolysed to the free a2i@9
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(Scheme 2.21). Peptide coupling teisoleucine tert-butyl ester furnished the
dipeptide2.100which, following ozonolysis, afforded the aldehy2i@01 The Wittig
reaction between aldehy@el0land Wittig sal2.96 was attempted under a variety of
reaction conditions, using alternative bases (jpoias tert-butoxide, sodium
methoxide) and solvents (THF, DCM). The only coiati$ that successfully yielded
the stilbene2.102 used a combination of potassium carbonate andrd8re6 in
DCM. Unfortunately thesis- andtrans-alkenes2.102and 2.103were formed in a 1:1
ratio. It should be possible to improve this seéléist by adding a sacrificial halide
ortho to the aldehyde i@.101, or using the 3,5-dibromo Wittig salt. Using thiAttig
salt, or alternatively employing the brominatededigide, would not affect the later
steps as the additional halide would be removettheénkey radical transannular ring
closing step. Disappointingly, treatment of this-stilbene 2.102 under standard
radical forming conditions failed to yield the plasthrene2.104 (Scheme 2.22),

leading instead to degradation of the starting rradte

62



'NHCbz

O 0 Hees H O
2.101 2.102 OtBu 2.103
o)
Reagents/Conditions i) tributylvinyltin, Pd(dppf)C}.CH,Cl,, DMF, RT, 73%; ii) LIOH.HO,
THF/H,0, RT, 86%; iii)L-isoleucin€Bu ester, EDC, HOBt, NEtDCM, RT, 87%; vi) Q, PPh, DCM,
-78 °C, 92%; V.96 K,CO;, 18-crown-6, DCM, RT, 46%2.102 38%2.103
Scheme 2.21

2.102 2.104
Reagents/Conditionsi) BusSnH, VAZO, PhMeA.
Scheme 2.22
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2.8 Synthesis of the B-O-C ring

Construction of the B-O-C ring requires the synihe$ unnatural amino acid
2.113 Previous syntheses of this amino acid have bekiewed by two routes. The
first was developed by Zhet al., with alkylation of Schollkopf’s bislactim etheiith
3-fluoro-4-nitrobenzyl bromide providing the enamterically pure product?
Alternatively the synthesis could be achieved bygyematic hydrolysis of a racemic
mixture of R,9-N-trifluoroacetyl 3-fluoro-4-nitro phenylalanine nhgt ester. The
use of Subtilisin is shown to selectively catalyise hydrolysis of the§)-enantiomer
whilst leaving the unreactedR)-enantiomer, thereby allowing easy separation ef th
two enantiomers? This route is particularly useful when both enamiérs are
required, but is extremely wasteful when a singlargiomer is necessary. For this
reason we chose the former route to accesshenfatural amino acid. The correct
stereochemistry is installed with the use of Sdugf's bislactim ether2.109
coupled with 3-fluoro-4-nitrobenzyl bromid2.111 via organocuprate formation
(Scheme 2.23). It was found that careful controltloé reaction temperature is
essential to reproducibly achieve the coupling iighhyields. Acid catalysed
hydrolysis of the masked amino acdl12 then reveals the unnatural amino acid
methyl este2.113 which was converted to Boc-protected free &id 5in two steps
by simple protecting group manipulation. Couplinghvw.-tyrosine methyl ester under
standard peptide coupling conditions then afforddigeptide 2.116 Finally,
nucleophilic aromatic substitution promoted withdison hydride at high dilution
furnished the desired 14-membered macrocgdé?
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2.105 2.106 ChzH 2108
2.107
v
F F N. O
X e L
+
NS
ON ON RGN
2.110 2111 2.109

2.112

NO, NO,
F OH o)
Xi
—_—
0 0
N~ ~co,Me N
H 2 H co,Me

NHBoc NHBoc
2.116 2.117

Reagents/Conditions i) CbzCl, 2 M NaOH, ether, RT, 93%; ii) glycineethyl ester, isobutyl
chloroformate N-methylmorpholine, THF, DMF, -5 °C - RT, 89%; ii},, Pd/C, DCM/MeOH then
toluene,A, 80%; iv) [MgO]'BF,, DCM, RT, 77%; v) NBS, DBPO, DCR, 70%; vi) CuCN,'BulLi,
THF, -78 °C, 59%; vii) 0.25 N HCI, RT, 97%; viii)d8,0, NE&, dioxane/HO, 0 °C - RT, 98%; ix)
LiOH.H,0O, THF/H0, RT, quant.; x).-tyrosine methyl ester, EDC, HOBt, NEDMF, RT, 80%; xi)
NaH, DMF, 0 °C - RT, 57%.

Scheme 2.23
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Despite the disappointing cyclization yield the thysis was continued with
the reduction of the nitro functionality, using Bind Pd/C to anilin@.118which was
obtained in 78% yield (Scheme 2.24). Conversiorth® phenol2.119 was then
accomplished in a two step sequence, with diazatizdollowed by hydrolysis of the

resultant diazonium salt, yielding the pheBdl19and the reduced by-produ12Q

OH
o)
o)
NH N
NO: 2 H Cco,Me
e) ] (0] NHBoc
i )
. " 2.119
(0] (0] +
N N o
CO.Me
NHBoc H CO,Me NHBoc H 2
2.117 2.118 O
N
CO_Me
NHBoc 2
2.120

Reagents/Conditions i) H,, Pd/C, MeOH, RT, 78%; ii) HBF 'BUONO, CuyO, Cu(NQ),.2.5H0,
THF, 0 °C - RT, 6692.119 21%2.12Q

Scheme 2.24

Attempts to halogenate the pherzol19appeared successful when monitored
by TLC, however upon work-up and purification theguct was found to degrade,
and no pure product was obtained (Scheme 2.25%. ifktability of the halogenated
macrocycle, which has previously been noted by &hal., prompted us to attempt a

one-pot halogenation A3 coupling sequence to the A fragment.
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OH OH

(6] X (0]
i
(o] —X— 0]
N N
CO_Me
NHBoc H CO,Me NHBoc H 2
2.119 2.121

Reagents/Conditionsi) NBS, DMF or NIS, DMF.
Scheme 2.25

Coupling of the A fragment at this stage requirghagonal protection of it's
amine and that in the B-O-C ring so that selectleprotection can be realised for
macrolactamization at a later stage. With this indnwe chose to prepate-Cbz /
tert-butyl ester2.129 which would allow simultaneous deprotection of tért-butyl

ester and Boc-protecting groups in the presendd-6f

2.9 Synthesis of the A fragment

From 3-iodot-tyrosinel.44the fully protected iodo-tyrosine derivati2el23
was obtained in 57% vyield over three steps (Sch2@@). Suzuki coupling ttrans-
phenylvinylboronic acid proceeded smoothly, providihe desired stilber2124in
84% yield. Saponification of the methyl ester falkd by coupling ta_-isoleucine
tert-butyl ester gave dipeptid2126 Ozonolysis of the stilbene revealed the aldehyde
2.127 which was then reduced to benzyl alcot2ol28 and converted to benzyl
chloride2.129
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OH OMe

wNHCbz
Co,Me CO,Me
2.122 2.123
OMe OMe
iv vi
—_— —_—
Co,Me COH
2.124 2.125
OMe OMe
~o cl
vii viii
—_— wNHCbz ——= - NHCbz
HN @] HN O HN (@)
H H H
OtBu OtBu OtBu
H H H
(@] (0] (@]
2.127 2.128 2.129

Reagents/Conditions i) SOCL, MeOH, 71%; ii) CbzCl, N&Os, H,O, 0 °C, 91%; iii) Mel, K,CO;,
DMF, 0 °C - RT, 88%; ivirans-phenylvinylboronic acid, KCOs, Pd(dppf)CJ.CH,Cl,, DMSO, 80 °C,
84%); v) LIOH.HO, THF/H,0, RT; vi) L-isoleucine'Bu ester, EDC, HOBt, NE{DCM, RT, 90% over
two steps; vii) @, PPh, DCM, -78 °C, 83%; viii) NaBl, MeOH, 0 °C, 90%; ix) SOGI DCM, 0 °C,
99%.

Scheme 2.26
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2.10 Coupling of the B-O-C ring and A fragment

Pleasingly the one-pot bromination §2Scoupling of the B-O-C rin@.119
and A fragment2.129 proceeded smoothly, furnishing the advanced irgeiate
2.130 (Scheme 2.27). Unfortunately the following macctdanization could not be
realised. Despite the double deprotection appeatongoe successful by TLC,
treatment of the resulting crude material with HABU EDC and HOBt with NEt

failed to yield the desired product, instead résgltin degradation of the starting

material.
O/
OH
0 CbzHN
fe) + NHCbZ —>
N Ycome HN e
NHBoc OtBu OtBu N
co,M
2.119 H NHBoc ! 2Me
o)
2.130
2.129
%ii
OMe
o) o)
Br
Q Cco,Me
N
9 H
CbzHN N
o HoH
2.131

Reagents/Conditionsi) 2.119 NBS, DMF ther2.129 K,COs, KI, DMF, 50 °C, 74%; ii) TFA, DCM
then HATU, DMF or EDC, HOBt, NEt DMF.
Scheme 2.27

With the macrolactamization proving difficult, wastead reverted to our
previous plan of coupling the B-O-C ri2gl19to the A fragmen®.29and closing the
A-B ring with the &2 displacement of the benzyl chloride with the piieri the B-O-
C ring. Thus, deprotection of the B-O-C rid.19was followed by peptide coupling
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with the dipeptide free acid.29 Alas we were again unable to affect the coupling,

obtaining only a complex mixture of unidentifiecdbducts (Scheme 2.28).

OH

Iz
Iz
(@)
O
<
]

Reagents/Conditionsi) TFA, DCM then2.29 EDC, HOBt, NE§, DCM.
Scheme 2.28

2.11 Conclusion and further work

With a route to the B-O-C ring.119in hand, and routes to the orthogonally
protected A fragment8.29 and2.129 established, prospects for the synthesis of RP
66453 in the near future appear promising. Worktioaes within the Harrowven
group towards the synthesis of this challengingir@tproduct. Current research into
the biaryl ether transannular ring contraction eagtaimed at exploring both different
reaction conditions and the possibility of switghihe aryl radical acceptor and donor
groups. Likewise further research into the fornmatiof the biaryl linkage via
phenanthrene formation continueSis-selectivity of the Wittig reaction may be
improved by using arortho-halogenated aldehyde as a coupling partner for the
phosphonium salt. Alternatively incorporation ofldgens at both the 3- and 5-
positions may favour formation of theés-stilbene, and also improve the yield of the

radical transannular ring contraction.

7C



CHAPTER 3 — EXPERIMENTAL

3.1 — General remarks

All air and/or moisture sensitive reactions wergied out under an inert atmosphere,
in oven-dried or flame-dried glassware. Diethyleztland THF were distilled from
sodium, with benzophenone as an internal indicatumediately before use. Toluene
was distilled from sodium. Chloroform and dichloretimane were distilled from
calcium hydride immediately prior to use. Where rappate all other solvents and
reagents were purified according to standard metfiddeactions were monitored by
TLC using aluminium-backed sheets coated withaitjel 60 containing a fluorescent
indicator active at 254 nm; the chromatograms wéseaalised under UV light (254
nm) and by staining with, most commonly, 10% agseddMnO, or 20%
phosphomolybdic acid in ethanol. Where flash chriogi@phy was undertaken,
Apollo silica gel (0.040-0.063 mm, 230-400 meshywaed, slurry packed and run at
low pressure. Infrared (IR) spectroscopy was peréat using a BioRad FT-IR
Goldengate spectrometer. Positions of absorptioximeare quoted in cth Letters
after give an indication of the relative strengthhe peak (w = weak, m = moderate, s
= strong, br. = broadYH and**C spectroscopy was performed on a Bruker Avance
300 or Bruker DPX 400 spectrometer at operatingueacies indicated in the text.
Chemical shiftsdy, 6¢c) are reported in parts per million relative toidesal CHCE (54

= 7.27 ppm,dc = 77.2 ppm). Coupling constants are reported agrobd and are
uncorrected. Multiplicities are reported using tbbowing notations: s = singlet, d =
doublet, t = triplet, g = quartet, quint. = quintet = multiplet, app. = apparent, br. =
broad, obs. = obscured. Electrospray (ES) masstregeopy was performed on a
Waters ZMD spectrometer. High resolution ESMS wadgsmed on a Bruker Apex
[Il spectrometer. Mass spectroscopic data are tepas values in atomic mass units
with peak intensities reported relative to the bpsak (100%). Melting points were
carried out using a Griffin melting point apparatasd are uncorrected. Optical
rotations were measured on a PolAAr 2001 polarimeperating at a wavelength of

589 nm with an external temperature of 24 °C.
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3.2 — Synthetic procedures

(9-2-tert-Butoxycarbonylamino-3-(3-formyl-4-hydroxy-phenyyopanoic acid.32

OH

NaOH, CHCI,, H,0

- 0,
NHBoc 10-28%

HO o

C14H1NOg
MW = 281

Prepared following the procedure of Schnicil.”*

To a suspension oRN-tert-butoxycarbonyl-L-tyrosine2.31 (563 mg, 2 mmol) in
CHCI; (9 mL) and HO (0.07 mL) was added NaOH (480 mg, 12 mmol). Eaetion
was stirred vigorously and heated at reflux for.6Additional NaOH (120 mg, 3
mmol) was added after 90 min and then again aftby &ater (20 mL) and ethyl
acetate (20 mL) were added and the aqueous adjtsted 1 with 2 M HCI. The
agueous phase was extracted with ethyl acetateA@ mL), the combined organic
layers were washed with brine (20 mL), dried (MgH@nd concentrateth vacuo.
Purification by column chromatography (Si0r% MeOH/CHC, 1% acetic acid)
afforded the produ@.32as a yellow oil (169 mg, 0.55 mmol, 28%).

Yields were found to vary between 10-28%.

FT-IR (vicm™) 2980 (br), 2287 (w), 2080 (w), 1712 (s), 1656 (10 (w),
1487 (w), 1394 (w), 1368 (w), 1265 (m), 1156 (W56 (w).

'H NMR 34 (300 MHz, CDCY): 10.55 (1H, br. s, 8), 9.85 (1 H, s,
CHO), 7.38 (1L H, s, At), 7.37 (1 H, dJ = 8.8 Hz, AH), 6.94
(1 H, d,J = 8.4 Hz, AH), 5.07 (1 H, d,J = 6.6 Hz, NH), 4.50
(1 H, m, G4), 3.20 (1 H, m, @H), 3.03 (1 H, m, CH}), 1.41,
(OH, s, 3 x Els).
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%c NMR Sc (75 MHz, CDC}): 196.6 CCHO), 177.4 C), 160.8 C),
155.4 C), 138.2 CH), 134.4 CH), 127.7 C), 120.6 C), 118.0
(CH), 80.6 C), 54.4 CH), 37.1 CHy), 28.4 (3 XCHs).

LRMS "/, (ES) 308 ([M—H], 18), 617 ([2M—H], 100%).
[a]o +31.3 (c = 0.5, CHG).

The data are consistent with the literattire.
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(9-2-Amino-3-(4-hydroxy-3-bromo-phenyl)-propionicidanethyl estef.35

OH OH

KBrO,, KBr SOcCl,

B —

«NH, 05 NHCI

B —

WNH,HCI  MeOH

COH COH 68% CO,Me
CgHuNO, CyHyoBrNO.HCI C1oH1,BrNO,.HCI
MW = 181 MW = 260 MW = 274

Prepared following the procedure of Juagl.”

To a stirred solution of-tyrosine2.33 (500 mg, 2.76 mmol) in 0.5 N HCI (28 mL)
was added KBr (548 mg, 4.60 mmol) and KBr@54 mg, 0.92 mmol) in #D (100
mL). The reaction was stirred at RT for 17 h thenaentratedn vacuo to afford the
crude produc?.34 as a pale yellow solidTo a solution of SOGI(0.24 mL, 3.31
mmol) in MeOH (10 mL) at -5 °C was added the crugieromodt-tyrosine
hydrochloride2.34 The reaction was heated at reflux for 30 mimnticooled and
stirred at RT for a further 2 h. Concentratiopnvacuo and recrystallisation from
MeOH/diethyl ether afforded.35as a pale beige solid (592 mg, 1.91 mmol, 68%).

m.p. 66-69 °C

FT-IR (v/icm™) 3346 (br), 2970 (m), 2925 (m), 2864 (w), 1682 ()96 (m),
1393 (m), 1367 (m), 1249 (m), 1155 (s), 1046 (n®23 (m),
817 (w).

H NMR dn (400 MHz, MeOD): 7.39 (1 H, d~=2.0 Hz, AH), 7.07 (1 H,

dd, J=8.5, 2.5 Hz, AH), 6.90 (1 H, dJ=8.5 Hz, AH), 4.28 (1
H, app. t,J=6.8 Hz, G1), 3.81 (3 H, s, €3), 3.17 (1 H, dd,
J=14.6, 6.0 Hz, €H), 3.09 (1 H, ddJ=14.6, 7.0 Hz, CH).

%C NMR 3¢ (100 MHz, MeOD): 170.5G), 155.4 C), 135.2 CH), 130.8

(CH), 127.7 C), 117.9 CH), 111.3 C), 55.4 CHs), 53.7 CH),
36.2 CHy).
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LRMS M/, (ES+) 296 ([M (°Br)+Na]J’, 95), 298 ([M {!Br)+Na]J’, 100).

[a]p +64.3 (c = 0.7, MeOH).

The data are consistent with the literat(ire.
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tert-Butoxycarbonylamino-3-bromb-tyrosine methyl estet.36

OH

(Boc),O, NEt,

B —

«NH,.HCI Dioxane/H,O

Co,Me 81% CO,Me
C,,H;,BrNO,.HCI C,5H,0BrNO4
MW =311 MW = 374

To a stirred solution of §-2-amino-3-(4-hydroxy-3-bromo-phenyl)-propionicicc
methyl ester2.35 (2.0 g, 6.43 mmol) and NEt(1.8 mL, 12.86 mmol) in 1,4-
dioxane:HO (10 mL:10 mL) at 0 °C was added (Bg2)(1.5 g, 7.07 mmol). The
reaction was stirred at 0 6r 1 h and then warmed to RT and stirred for ¢hierr 4 h.
The reaction was concentratiedvacuo and the residue diluted with,@8 (25 mL) and
ethyl acetate (25 mL). The aqueous phase was iecidid pH 1 with 2 M HCI and
extracted with ethyl acetate (3 x 50 mL). The aigaextracts were combined and
washed with brine (50 mL), dried (Mg$Cand concentrateoh vacuo. Purification
by column chromatography (Si01% MeOH/DCM) afforded.36 as a pale yellow
foam (1.95 g, 5.21 mmol, 81%).

FT-IR (v/cm‘l) 3262 (br), 2983 (w), 2937 (w), 1759 (s), 1687 E)04 (s),
1423 (w), 1364 (m), 1295 (w), 1215 (s), 1147 (H71 (m),
1026 (w), 824 (m).

H NMR Su (300 MHz, CDCY): 7.24 (1 H, dJ=1.5 Hz, AH), 6.98 (1 H,
dd, J=8.4, 1.8 Hz, AH), 6.93 (1 H, d,J=8.1 Hz, AH), 5.59 (1
H, br. s, GH), 5.01 (1 H, br. dJ=6.2 Hz, NH), 4.53 (1 H, br.
app. q,J=6.2 Hz, GANH), 3.73 (3 H, s, OH83), 3.06 (1 H, dd,
J=14.3, 6.2 Hz, €H), 2.95 (1 H, ddJ=13.9, 5.9 Hz, CH),
1.43 (9 H, s, 3 xHy).
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13C NMR

LRMS

8c (75 MHz, CDCh): 172.1 €), 155.0 C), 151.4 C), 132.6
(CH), 130.0 CH), 129.6 €), 116.1 CH), 110.1 C), 80.1 C),
54.4 CH), 52.3 CHs), 37.2 CHy), 28.3 (3 XCHa).

M/, (ES+) 396 ([M (*Br)+Na]’, 93), 398 ([M #Br)+Na]J", 100),
769 ([2M (°Br, "Br)+NaJ", 18), 771 ([2M {°Br, ®'Br)+NaJ",
32), 773 ([2M £'Br, ®'Br)+NaJ", 20).

M/, (ES+) Found [M Br)+Na]" 396.0420. Required 396.0417.

+58.7 (c = 1.0, CHG).
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(9-3-(3-Bromo-4-methoxy-phenyl)-&rt-butoxycarbonylaminopropionic acid

methyl estel.37

CO,Me 92% CO,Me
C15H50BNO; C16H,,BINO;
MW = 374 MW = 388

To a stirred solution ofert-butoxycarbonylamino-3-brompo-tyrosine methyl ester
2.36(1.24 g, 3.32 mmol) and KOs (459 mg, 3.32 mmol) in DMF (40 mL) at 0 °C
was added Mel (0.21 mL, 3.32 mmol). The reactiors \stirred at 0 °C for 1 h,
allowed to warm to RT and stirred for a further.5The reaction was quenched with
water (50 mL) and extracted with ethyl acetate 8DxmL). The organic extracts were
combined, washed with water (5 x 50 mL) and bris@ (L) then dried (MgSg).
Concentratiorin vacuo and purification by column chromatography (8i@0% ethyl

acetate/petroleum ether) afford2@7as a colourless oil (1.19 g, 3.05 mmol, 92%).

FT-IR (vicm™®) 3367 (w), 3015 (w), 3974 (m), 2925 (w), 2360, 1749, 1705
(s), 1497 (s), 1439 (w), 1365 (m), 1256 (m), 1180 1055 (s),
1019 (s), 751 (s).

'H NMR 3y (300 MHz, CDCY): 7.31 (1 H, dJ=1.8 Hz, AH), 7.04 (1 H,
dd, J=8.4, 2.2 Hz, AH), 6.83 (1 H, dJ=8.4 Hz, AH), 4.99 (1
H, br. d,J=7.0 Hz, NH), 4.53 (1 H, m, &NH), 3.88 (3 H, s,
OCH3), 3.73 (3 H, s, CECH3), 3.06 (1 H, ddJ=13.5, 5.5 Hz,
CHH), 2.96 (1 H, ddJ=13.2, 5.5 Hz, CH), 1.43 (9 H, s, 3 X
CH3).

3C NMR oc (75 MHz, CDC}): 171.8 C), 171.4 C), 154.7 C), 133.2
(CH), 129.4 ), 129.0 CH), 111.7 CH), 111.3 CBr), 79.8
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(C), 60.3 CHa), 54.2 CH), 52.0 CH3), 36.9 CH>), 28.0 (3 x
CHa).

LRMS M/, (ES+) 410 (M (°Br)+Na]’, 92), 412 (M #Br)+NaJ", 100),
797 ([2M (°Br, Br)+NaJ", 17), 799 ([2M {°Br, ®'Br)+NaJ",
31), 800 ([2M {'Br, #*Br)+Na]’, 18).

HRMS M/, (ES+) Found [M {®Br)+Na]" 410.0574. Required 410.0574.

[a]b +29.6 (c = 2.0, CHG).

The data are consistent with the literat{fre.
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(9-2-Amino-3-(4-hydroxy-3-iodo-phenyl)-propionic acinethyl estep.41

CoH,INO, CyoHy,INO, HCI
MW = 307 MW = 358

Prepared following the procedure of Whiteal.”’

To a stirred solution of SO€[(1.43 mL, 19.5 mmol) in MeOH (65 mL) at 0 °C was
added 3-ioda-tyrosine1.44 (5.00 g, 16.3 mmol). The reaction was heated faixe
for 30 min then cooled and stirred at RT for 16Quoncentrationin vacuo and
recrystallisation from MeOH/diethyl ether afford2dilas a beige solid (4.15 g, 11.6

mmol, 71%).

m.p. 174-176 °C

FT-IR (v/cm‘l) 3207 (m), 2946 (br. m), 2882 (s), 2627 (m), 2588, (1743 (s),
1515 (s), 1505 (s), 1416 (m), 1284 (m), 1247 (n®16L(m),
820 (w).

"H NMR dn (400MHz, CDC4): 7.51 (1 H, dJ=2.5 Hz, AH), 7.04 (1 H,

dd, J=8.3, 2.3 Hz, AH), 6.81 (1 H, d,J=8.0 Hz, AH), 4.09 (1
H, app. tJ=6.3 Hz, GH), 3.78 (3 H, s, B3), 3.10 (2 H, app. dd,
J=6.3, 2.8 Hz, €&IH and CHH).

13C NMR Sc (100 MHz, CDCJ): 169.5 C), 156.9 C), 140.2 CH), 131.0
(CH), 126.7 C), 115.7 CH), 84.9 Cl), 54.5 CH), 53.4 CHs),
35.3 CHy).

LRMS ", (ES) 322 ([M+H], 100), 344 ([M+Nal], 35).

8C



[a]o +16.3 (c = 0.4, CHG).

The data are consistent with the literat{ire.
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(9-2-tert-Butoxycarbonylamino-3-(3-iodo-4-hydroxy-phenylepionic _acid methyl
ester2.42

OH OH

(Boc),0, NEt,

—_—

w NHZ.HC| Dioxane/HZO w NHBoc

84%

MeO~ O MeO~ O
C,oHy,INO,.HCI C,5H,INO,
MW = 358 MW = 421

Prepared following the procedure of Whiteal.”’

To a solution of §-2-amino-3-(4-hydroxy-3-iodo-phenyl)-propionic danethyl ester
2.41(5.00 g, 14.0 mmol) and NE3.90 mL, 28.0 mmol) in 1,4-dioxane:water (45
mL:45 mL) at 0 °C was added (Bg©) (3.36 g, 15.4 mmol). The reaction was stirred
at 0 °C for 1 h, allowed to warm to RT and stirfeda further 16 h. The reaction was
concentratedn vacuo and the residues dissolved in water (25 mL) ahgl etcetate
(25 mL). The aqueous phase was acidified to pHth &iM HCI and extracted with
ethyl acetate (3 x 50 mL). The organic extractsewrrmbined, washed with brine (50
mL) and dried (MgS@). Concentrationin vacuo and purification by column
chromatography (Si§) 30% ethyl acetate/petroleum ether) affor@e4l as a white
foam (4.93 g, 11.7 mmol, 84%).

FT-IR (vicm™) 3331 (m), 1715 (m), 1685 (s), 1394 (m), 1290 (MBI (W),
1149 (m), 1125 (m), 1051 (w), 1002 (m).

'H NMR 34 (300 MHz, CDCY): 7.43 (1 H, dJ=1.5 Hz, AH), 6.99 (1 H,
dd, J=8.1, 1.8 Hz, AH), 6.85 (1 H, dJ=8.1 Hz, AH), 5.04 (1
H, br. d,J=6.6 Hz, NH), 4.51 (1 H, m, €&NH), 3.73 (3 H, s,
OCH3), 3.03 (1 H, ddJ=13.9, 5.9 Hz, €H), 2.92 (1 H, dd,
J=13.5, 5.5 Hz, CH), 1.43 (9 H, s, 3 x B3).

13C NMR 3¢ (75 MHz, CDCY): 172.1 C), 155.1 C), 154.2 C), 139.0
(CH), 130.9 CH), 129.9 C), 115.0 CH), 85.2 Cl), 80.2 C),

54.5 CH), 52.3 CHa), 37.0 CH>), 28.3 (3 XCHa).
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LRMS M, (ES+) 422 ([M+H], 38), 843 ([2M+H], 72), 865
([2M+NaJ’, 100).

[a]p +60.4 (c = 0.5, CHG).

The data are consistent with the literat{ire.
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(9-2-tert-Butoxycarbonylamino-3-(3-iodo-4-methoxy-phenylppionic_acid methyl
esterl.73

OH

MeO (e}
C,5Hy0INOg C,6H,,INO;
MW =421 MW = 435

Prepared following the procedure of Moeiral.”®

To a stirred solution ofJj-2-tert-butoxycarbonylamino-3-(3-iodo-4-hydroxy-phenyl)-
propionic acid methyl est&.42(1.00 g, 2.37 mmol) and K O; (328 mg, 2.37 mmol)
in DMF (30 mL) at O °C was added Mel (0.15 mL, 2:8mol). The reaction was
stirred at 0 °C for 1 h, allowed to warm to RT astdred for a further 5 h. The
reaction was quenched with water (50 mL) and etechavith ethyl acetate (4 x 50
mL). The organic extracts were combined, washet water (5 x 50 mL) and brine
(50 mL) then dried (MgS£). Concentrationin vacuo and purification by column
chromatography (Si) 20% ethyl acetate/petroleum ether) afforded@3 as a
colourless oil (1.03 g, 2.37 mmol, 100%).

FT-IR (vicm™®) 3382 (w), 2985 (w), 1741 (m), 1708 (s), 1489 (933 (w),
1365 (m), 1278 (m), 1251 (s), 1213 (m), 1159 (§48L(m),
1016 (m), 908 (w), 729 (m).

'H NMR Su (400 MHz, CDCY): 7.53 (1 H, br. s, Ad), 7.07 (1 H, dd,
J=8.3, 2.1 Hz, AH), 6.74 (1 H, dJ=8.4 Hz, AH), 5.00 (1 H,
br. d, J=6.7 Hz, NH), 4.52 (1 H, m, €&NH), 3.85 (3 H, s,
OCH3), 3.73 (3 H, s, C&CH3), 3.04 (1 H, ddJ=13.8, 5.5 Hz,
CHH), 2.94 (1 H, ddJ=13.4, 5.4 Hz, CH), 1.43 (9 H, s, 3 X
CHJ).
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13C NMR

LRMS

[a]o

Sc (100 MHz, CDCY): 172.1 C), 157.2 C), 154.9 C), 140.2
(CH), 130.2 CH), 110.8 CH and C), 85.9C), 80.0 C), 56.3
(CH3), 54.4 CH), 52.2 CHs), 36.9 CH,), 28.3 (3 XCHa).

", (ES+) 436 ([M+H], 48), 458 ([M+Nal], 39), 871 ([2M+H],
73), 893 ([2M+Nal], 100).

+51.3 (c = 0.5, CHG).
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(9-2-tert-Butoxycarbonylamino-3-[4-methoxy-3H]-styryl)-phenyl]-propionic _acid
methyl este.43

OMe

trans-phenylvinyl-

boronic acid, K,CO,

NHBoc  Pd(dppf)Cl,.CH,Cl,

DMSO, 89%

MeO™ ~O
C16H22|N()5 C24H29N05
MW = 435 MW = 412

To a stirred solution of g)-2-tert-butoxycarbonylamino-3-(3-iodo-4-methoxy-
phenyl)-propionic acid methyl esterl.73 (1.34 g, 3.07 mmol), trans-
phenylvinylboronic acid (0.50 g, 3.38 mmol) andd; (1.70 g, 12.29 mmol) in
DMSO (36 mL) was added Pd(dppfY@H,Cl, (75 mg, 0.09 mmol). The reaction
was heated to 80 °C for 18 h, and then quenched watter (40 mL). The aqueous
phase was extracted with ethyl acetate (3 x 50 nth&, organic extracts were
combined, washed with water (5 x 50 mL) and bris@ (L) then dried (MgSg).
Concentratiorin vacuo and purification by column chromatography (8i@0% ethyl
acetate/petroleum ether) afford2d3as a white solid (1.13 g, 2.74 mmol, 89%).

FT-IR (vicm™) 3376 (w), 2979 (w), 2944 (w), 1752 (m), 1682 (H12 (s),
1497 (s), 1439 (w), 1363 (m), 1248 (m), 1218 (n)52 (s),
1024 (m), 755 (w).

H NMR u (300 MHz, CDCJ): 7.54 (2 H, app. dd}=8.4, 1.1 Hz, 2 x
ArH), 7.45 (1 H, dJ=16.8 Hz, Gi1=CH), 7.40-7.31 (3 H, m, 3
x ArH), 7.25 (1 H, app. t)=7.3, 1.1 Hz, AH), 7.10 (1 H, d,
J=16.5 Hz, CH=@®), 7.01 (1 H, dd,)=8.4, 2.2 Hz, AH), 6.84
(1 H, d,J=8.4 Hz, AH), 5.02 (1 H, m, M), 459 (1 H, m,
CHNH), 3.88 (3 H, s, 083), 3.74 (3 H, s, C&H3), 3.11 (1 H,
dd,J=13.9, 5.9 Hz, €H), 3.07-2.94 (1 H, m, CHi), 1.44 (9 H,
s, 3 X (Hy).

86



13C NMR

LRMS

HRMS

8¢ (75 MHz, CDC}): 172.4 C), 156.1 (br., 2 XC), 137.9 C),
129.3 (2 xCH and CH=CH), 128.6 CH), 128.1 (), 127.4
(CH), 127.3 CH), 126.5 (2 xCH and C), 123.4 (CH€H),
111.1 CH), 79.9 C), 55.6 (CCH3), 54.6 CH), 52.1 (CQCHs3),
37.7 CH,), 28.3 (3 xCHy).

M/, (ES+) 434 ([M+Nal, 54), 846 ([2M+Nal, 100).

™/, (ES+) Found [M+Na] 434.1939. Required 434.1938.

+52.2 (c = 1.9, CHG).
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(9-2-tert-Butoxycarbonylamino-3-[4-methoxy-3H]-styryl)-phenyl]-propionic _acid
2.44

Ca4H2NO5 Ca3HNOg
MW =412 MW = 398

To a stirred solution ofgj-2-tert-butoxycarbonylamino-3-[4-methoxy-3E)-styryl)-
phenyl]-propionic acid methyl est&2.43 (1.12 g, 2.72 mmol) in THF:#D (150
mL:150 mL) was added LIOH® (286 mg, 6.81 mmol). The reaction was stirred at
RT for 16 h and quenched with sat. M (100 mL). The aqueous phase was
extracted with ethyl acetate (4 x 50 mL), the ofgagxtracts combined and dried
(MgSQy). Concentrationn vacuo afforded2.44 as a beige solid (1.08 g, 2.72 mmol,
100%).

FT-IR (vicm™) 3341 (w), 3312 (w), 2973 (w), 2938 (w), 1683 (MmB5T (m),
1497 (m), 1392 (m), 1366 (m), 1245 (s), 1159 (9)18L(w),
1026 (m), 966 (m).

'H NMR 34 (300 MHz, MeOD): 7.55-7.36 (4 H, m, 3 x Hrand
CH=CH), 7.31 (2 H, app. =7.3 Hz, 2 x AH), 7.24-7.01 (3 H,
m, 2 x AH and CH=G), 6.85 (1 H, br. s, A), 4.38 (1 H, br.
s, CHNH), 3.84 (3 H, s, O83), 3.15 (1 H, br. s, BHAr), 2.93
(1 H, br. s, CH{Ar), 1.38 (9 H, s, 3 x B3).

3¢ NMR 8¢ (100 MHz, CDCY): 157.4 C), 139.6 C), 131.5 C), 131.0
(CH), 129.9 CH), 129.8 (2 xCH), 128.5 (2 xCH), 127.6 (2 x
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CH), 127.3 C), 124.6 CH), 112.2 CH), 80.4 C), 56.3
(OCHs), 49.4 CH), 38.9 CH»), 28.9 (3 XCHs).

Cannot see twdQd).

LRMS M/, (ES+) 420 ([M+Na], 100), 818 ([2M+H], 32).
HRMS ™/, (ES+) Found [M+N4&]420.1785. Required 420.1781.
[a]p +6.2 (c = 1.0, MeOH).
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(25,39)-2-[(9)-2-tert-Butoxycarbonylamino-3-(4-methoxy-&E)-styryl-phenyl)-

propionylamino]-3-methyl-pentanoic acid methyl egel5

L-isoleucine Me ester

EDC, HOBt
NEt,, DCM
94% H
OMe
H
o)
C23H27N05 C30H40N206
MW = 398 MW = 525

To a stirred solution ofg)-2-tert-butoxycarbonylamino-3-[4-methoxy-3H)-styryl)-
phenyl]-propionic acid2.44 (1.30 g, 3.28 mmol) in DCM (35 mL) was added
isoleucine methyl ester (0.54 g, 2.98 mmol), EDG&0mL, 3.28 mmol), HOBt (0.44

g, 3.28 mmol) and NE{0.83 mL, 5.96 mmol). The reaction was stirre®Ratfor 20

h and then quenched with sat. )}l (80 mL). The aqueous phase was extracted with
ethyl acetate (4 x 50 mL), the organic extractsewembined, washed with brine (50
mL) and dried (MgS@). Concentrationin vacuo and purification by column
chromatography (Si§) 1% MeOH/DCM) afforde®.45as a white solid (1.46 g, 2.79
mmol, 94%).

FT-IR (vicm™) 3341 (w), 3300 (w), 2961 (w), 1734 (m), 1685 (W§5D (s),
1515 (s), 1248 (s), 1162 (m), 1024 (m), 964 (w).

'H NMR dn (300 MHz, CDCY): 7.56 (2 H, app. dJ=7.3 Hz, 2 x AH),
7.45 (2 H, m, AH and GH=CH), 7.38 (2 H, app. 1=7.5 Hz, 2
x ArH), 7.31-7.22 (1 H, m, A), 7.19-7.07 (2 H, m, ArH and
CH=CH), 6.86 (1 H, d,J=8.4 Hz, AH), 6.40 (1 H, br. dJ=8.1
Hz, NH), 5.09 (1 H, br. s, N), 4.55 (1 H, ddJ=8.4, 4.8 Hz,
CHNH), 4.37 (1 H, br. app. g=7.0 Hz, GINH), 3.90 (3 H, s,
OCH3), 3.68 (3 H, s, C&CH3), 3.12 (1 H, ddJ=13.9, 6.6 Hz,
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13C NMR

LRMS

CHH), 3.04 (1 H, ddJ=13.9, 7.0 Hz, CH)), 1.93-1.77 (1 H, m,
CH(CH3)CH,CHs), 1.47 (9 H, s, 3 x Bg), 1.44-1.32 (1 H, m,
CHHCHg), 1.21-1.04 (1 H, m, CHCHj), 0.90 (3 H, tJ=7.3
Hz, CH,CH3), 0.86 (3 H, dJ=6.6 Hz, CHGs).

3¢ (75 MHz, CDCY): 171.7 C), 171.0 C), 156.1 C), 155.3
(C), 137.9 C), 129.4 CH), 128.6 (2 XCH), 128.5 C), 127.4
(CH), 127.3 CH), 127.2 CH), 126.6 C), 126.5 (2 XCH),
123.2 CH), 111.3 CH), 80.2 C), 56.6 (2 x CH), 55.6
(ArOCHs), 51.9 (CQCHy3), 38.0 CH), 37.4 CHy), 28.3 (3 x
CHa), 25.1 CHy), 15.3 CH3), 11.5 CHa).

", (ES+) 526 ([M+H], 100), 547 ([M+Na], 47), 1050
([2M+H]", 24), 1073 ([2M+Na), 13).

™/, (ES+) Found [M+Na]547.2788. Required 547.2779.

+13.1 (c = 1.5, CHG).
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(25,39)-2-[(9)-2-tert-Butoxycarbonylamino-3-(3-formyl-4-methoxy-phenyl)-

propionylamino]-3-methyl-pentanoic acid methyl estel6

OMe

A stirred solution of (8&39)-2-[(9-2-tert-butoxycarbonylamino-3-(4-methoxy-&E)-
styryl-phenyl)-propionylamino]-3-methyl-pentanoicié methyl esteR.45 (653 mg,
1.09 mmol) and sudan red (10 mg) in DCM (100 mL}kwaoled to -78 °C ands0O
(1—4% in @) bubbled through until the red colour disappeaf@dwas then bubbled
through the reaction for 20 min before RPH71 mg, 2.18 mmol) was added. The
reaction was stirred at -78 °C for 20 min and thtedlowed to warm to RT.
Concentrationin vacuo and purification by column chromatography (§i30% ethyl
acetate/petroleum ether) afford2d6as a yellow oil (472 mg, 0.90 mmol, 83%).

FT-IR (vicm™) 3308 (m), 3013 (w), 2968 (m), 2865 (w), 1740 (55 (S),
1496 (s), 1366 (m), 1252 (s), 1216 (m), 1161 @23L(m), 751
().

'H NMR 84 (300 MHz, CDCJ): 10.43 (1 H, s, ArE0), 7.63 (1 H, d,

J=2.2 Hz, AH), 7.43 (1 H, ddJ=8.8, 2.2 Hz, AH), 6.93 (1 H,
d, J=8.4 Hz, AH), 6.44 (1 H, br. dJ=8.4 Hz, NH), 5.03 (1 H,
m, NH), 4.52 (1 H, br. app. dd=8.6, 4.9 Hz, €INH), 4.31 (1
H, br. app. ddJ=13.9, 7.3 Hz, €INH), 3.92 (3 H, s, O83),
3.71 (3 H, s, C&CH3), 3.09 (1 H, ddJ=14.3, 6.6 Hz, EH),
2.99 (1 H, dd,J=13.9, 7.0 Hz, CH), 1.93-1.78 (1 H, m,
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CH(CH3)CH,CHs), 1.42 (9 H, s, 3 x Bs), 1.39-1.30 (1 H, m,
CHHCH), 1.22-1.02 (1 H, m, CHCH), 0.89 (3 H, tJ=7.3
Hz, CHCH3), 0.85 (3 H, dJ=7.0 Hz, CHGH3).

C NMR 8¢ (75 MHz, CDC4): 189.5 CHO), 171.8 C), 170.6 C), 160.8
(C), 155.7 C), 136.8 CH), 129.2 CH), 128.9 C), 124.6 (),
112.0 CH), 79.3 C), 56.5 (QCH3), 55.7 CHNH), 55.7
(CHNH), 52.1 (CQCH3), 37.9 CH), 37.0 CHy), 28.2 (3 x
CHs), 25.1 CH,), 15.3 CHa), 11.5 CHa).

LRMS ™/, (ES+) 473 ([M+Nal, 100), 924 ([2M+Na], 22).
HRMS ™/, (ES+) Found [M+Na] 473.2263. Required 473.2258.
[a]b +38.9 (c = 0.7, CHG).
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(25,39)-2-[(9)-2-tert-Butoxycarbonylamino-3-(3-hydroxymethyl-4-methoxlygmyl)-
propionylamino]-3-methyl-pentanoic acid methyl esel7

OMe OMe OH

Ca3H3N,0, CasHaeN07
MW =451 MW = 453

To a stirred solution of &39-2-[(9-2-tert-butoxycarbonylamino-3-(3-formyl-4-
methoxy-phenyl)-propionylamino]-3-methyl-pentanacid methyl estei2.46 (259
mg, 0.57 mmol) in MeOH (10 mL) at 0 °C was addedNa (26 mg, 0.69 mmaol).
The reaction was stirred at 0 °C for 2 h then gbhedcwith water (10 mL). The
agueous phase was extracted with ethyl acetatel(BmL), then the organic extracts
were combined, washed with brine (10 mL) and di{e$)SO,). Concentrationn
vacuo and purification by column chromatography (§i60% ethyl acetate/petroleum
ether) afforde@®.47as a yellow oil (255 mg, 0.56 mmol, 99%).

FT-IR (vicm™) 3308 (br), 2968 (m), 2877 (w), 1738 (m), 1659 (00 (s),
1366 (m), 1247 (s), 1165 (s), 1020 (s), 734 (s).

'H NMR 34 (300 MHz, CDCY): 7.18-7.08 (2 H, m, 2 x A), 6.81 (1 H,
d, J=8.8 Hz, AH), 6.29 (1 H, br. dJ=8.4 Hz, NH), 5.10 (1 H,
br., NH), 4.65 (2 H, br. dj=3.7 Hz, ArGH,0H), 4.49 (1 H, app.
dd, J=8.2, 4.9 Hz, GINH), 4.29 (1 H, br. app. g}=7.0 Hz,
CHNH), 3.85 (3 H, s, O8j), 3.70 (3 H, s, CECH3), 3.05 (1 H,
dd,J=13.9, 6.2 Hz, €H), 2.97 (1 H, ddJ=13.9, 7.3 Hz, CH),
2.51 (1 H, br., ®), 1.82 (1 H, m, € (CHs)CH,CHs), 1.43 (9 H,
s, 3 X G13), 1.40-1.30 (1 H, m, BHCHz), 1.18-1.00 (1 H, m,
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13C NMR

LRMS

HRMS

CHHCHj3), 0.88 (3 H, tJ=7.3 Hz, CHCH3), 0.83 (3 H, d,J=6.6
HZ, CHO‘|3)

8¢ (75 MHz, CDC}): 171.9 C), 170.9 C), 156.4 C), 155.7
(C), 129.7 CH), 129.5 CH), 129.3 C), 128.5 C), 110.4 CH),
80.0 C), 61.7 CH,), 56.5 (CGCH3), 56.0 CHNH), 55.4
(CHNH), 52.1 (CQCHa), 37.8 CH), 37.4 CH,), 28.3 (3 x
CHa), 25.1 CH,), 15.3 CHs), 11.5 CHa).

™/, (ES+) 475 ([M+Nal, 100), 927 ([2M+Na], 7).

™/, (ES+) Found [M+Na] 475.2409. Required 475.2415.

+13.3 (c = 0.5, CHG).
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(25,39)-2-[(9)-2-tert-Butoxycarbonylamino-3-[3tért-butyl-dimethyl-
silanyloxymethyl)-4-methoxy-phenyl]-propionylamin8}methyl-pentanoic acid
methyl estef.48

OMe OH

TBDMSCI, DMAP

«~NHBoc

NEt,, DCM
HN™ SO 89%
H H
OMe OMe
H\\\' H\\\‘
o) o)
C23H36N207 C29H50N207Si
MW = 453 MW = 567

To a stired solution of &39-2-[(9-2-tert-butoxycarbonylamino-3-(3-
hydroxymethyl-4-methoxy-phenyl)-propionylamino]-3sthyl-pentanoic acid methyl
ester2.47(230 mg, 0.51 mmol) in DCM (12 mL) was added TBD®M$154 mg, 1.02
mmol), DMAP (62 mg, 0.51 mmol) and NEt0.14 mL, 1.02 mmol). The reaction
was stirred at RT for 16 h then quenched with wgtrmL). The aqueous phase was
extracted with ethyl acetate (3 x 10 mL) and thgaaic extracts combined, washed
with brine (10 mL) and dried (MgS{ Concentratiorin vacuo and purification by
column chromatography (S050% ethyl acetate/petroleum ether) affor@etBas a
colourless oil (256 mg, 0.45 mmol, 89%).

FT-IR (vicm™) 3324 (w), 2957 (m), 2930 (m), 2856 (w), 1741 (1962 (s),
1500 (s), 1366 (m), 1249 (s), 1168 (s), 1081 B291(m), 836
(s), 775 (s), 733 (W).

H NMR 8u (300 MHz, CDCY): 7.29 (1 H, obs. d, At), 7.07 (1 H, br. d,
J=8.4 Hz, AH), 6.75 (1 H, dJ=8.4 Hz, AH), 6.44 (1 H, br. d,
J=7.3 Hz, NH), 4.97 (1 H, br. s, N), 472 (2 H, s, Ar€-0),
4.51 (1 H, app. dd]=8.4, 4.8 Hz, €EINH), 4.30 (1 H, br. app. q,
J=7.3 Hz, GINH), 3.80 (3 H, s, O83), 3.69 (3 H, s, C&CH3),
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3.03 (2 H, br. d,J=6.2 Hz, Gi,CH), 1.93-1.75 (1 H, m,
CH(CH3)CH,CHs), 1.42 (9 H, s, 3 x Bg), 1.40-1.28 (1 H, m,
CHHCH;y), 1.18-1.03 (1 H, m, CHCHa), 0.96 (9 H, s,
SiC(CH3)s), 0.89 (3 H, 1,J=7.3 Hz, CHCH3), 0.83 (3 H, d,
J=7.0 Hz, CHG13), 0.12 (6 H, s, Si(83),).

3¢ NMR 8¢ (75 MHz, CDCh): 171.7 C), 171.1 C), 155.4 €), 155.1
(C), 129.9 (2 xC), 128.2 CH), 127.9 CH), 109.8 CH), 80.1
(C), 60.1 CHy), 56.4 CHs), 55.9 CH), 55.1 CH), 51.9 CH3),
37.9 CH), 37.2 CH>), 28.2 (3 xCH3), 26.0 (3 xCHa), 25.1
(CHy), 18.4 C), 15.2 CH3), 11.5 CH3), -5.3 (2 XCHa).

LRMS ™/, (ES+) 590 ([M+Nal, 100), 1156 ([2M+N4] 2).
HRMS M/, (ES+) Found [M+Na]589.3272. Required 589.3279.
[a]p +74.7 (c = 1.2, CHG).
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(25,39)-2-[(9)-2-tert-Butoxycarbonylamino-3-[3tért-butyl-dimethyl-

silanyloxymethyl)-4-methoxy-phenyl]-propionylamin8}methyl-pentanoic acid.29

OMe OMe
OTBDMS OTBDMS
LiOH.H,0
_——
.NHB .NHB
o HE0C THF:H,0 o NHEOC
HN o] 99%
H
OMe
"
o}
C,oHgoN,0,Si C,gH4sN,O,Si
MW = 567 MW = 553

To a stirred solution of &39)-2-[(9-2-tert-butoxycarbonylamino-3-[3trt-butyl-
dimethyl-silanyloxymethyl)-4-methoxy-phenyl]-propiglamino]-3-methyl-pentanoic
acid methyl este?.48 (335 mg, 0.59 mmol) in THF3D (12 mL:12 mL) was added
LiOH.H,O (62 mg, 1.48 mmol). The reaction was stirredRat for 18 h then
guenched with sat. N¥€l (10 mL). The aqueous phase was extracted vihigl e
acetate (3 x 10 mL), then the organic extracts werabined, washed with brine (10
mL) and dried (MgSg). Concentrationn vacuo afforded2.29as a colourless oil (322
mg, 0.58 mmol, 99%).

FT-IR (v/icm™®) 3324 (br), 2963 (m), 2930 (m), 1660 (s), 1502 (63 (W),
1369 (w), 1249 (s), 1164 (s), 1037 (m), 856 (w)5 &®), 753
(s).

"H NMR 84 (300 MHz, CDGCJ): 7.20 (1 H, br. s, Ad), 7.10 (1 H, br. d,

J=8.4 Hz, AH), 6.75 (1 H, dJ=8.4 Hz, AH), 6.39 (1 H, br. d,
J=8.1 Hz, NH), 5.27 (1 H, br., M), 4.78 (1 H, dJ=13.5 Hz,
OCHH), 4.65 (1 H, dJ=13.2 Hz, OCHH), 4.47 (1 H, br. app.
dd, J=7.7, 6.2 Hz, €INH), 4.33 (1 H, br. app. g}=6.2 Hz,
CHNH), 3.78 (3 H, s, 0O83), 3.09-2.90 (2 H, mCH,CH),
1.90-1.76 (1 H, m, B(CH3)CH,CHs), 1.53-1.43 (1 H, m,
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CHHCHy), 1.41 (9 H, s, 3 x B, 1.22-1.04 (1 H, m,
CHHCH), 0.97 (9 H, s, OSiC(83)3), 0.94 (3 H, dJ=6.5 Hz,
CHCH3), 0.87 (3 H, t,J=6.2 Hz, CHCH3), 0.15 (3 H, s,
OSiCH3), 0.14 (6 H, s, OSi(83),).

13C NMR 3¢ (75 MHz, CDC}): 171.4 (2 xC), 155.6 C), 155.5 C),
128.8 (2 xCH), 128.1 C), 128.0 C), 110.1 CH), 79.7 C),
60.8 CH,), 56.8 CH), 56.1 CH), 55.1 (QCHs), 37.9 CHy),
37.3 CH), 28.2 (3 XCHa), 26.0 (3 XxCHs), 25.0 CHy), 18.5
(C), 15.2 CHa), 11.4 CHa), -5.3 (2 XCHa).

LRMS ™/, (ES-) 552 ([M—H]} 100).
HRMS ™/, (ES+) Found [M+N4&]575.3117. Required 575.3123.
[a]p +5.7 (c = 1.4, CHG).
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(2S, 39-2-[(9-2-tert-Butoxycarbonylamino-3-(3-iodo-4-methoxy-phenyl)-
propionylamino]-3-methyl-pentanoic acid methyl esté0

OMe
OMe L-isoleucine Me ester
EDC, HOBt
NEt;, DCM
86% H
OMe
H"
(0]
C15H20|NOS C22H33|N206
MW =421 MW = 548

To a solution of $-2-tert-butoxycarbonylamino-3-(3-iodo-4-methoxy-phenyl)-
propionic acid2.49 (4.14 g, 9.83 mmol) in DCM (85 mL) was addedsoleucine
methyl ester (1.39 g, 7.65 mmol), EDC (1.34 mL,57rémol), HOBt (1.03 g, 7.65
mmol) and NE$ (3.20 mL, 22.95 mmol). The reaction was stirre®@a for 12 h then
guenched with sat. Ni&€l (50 mL). The aqueous phase was extracted vihigl e
acetate (3 x 50 mL), the organic extracts were ¢oeay washed with brine (100 mL)
and dried (MgSQ@. Concentrationin vacuo and purification by column
chromatography (Si§) 30% ethyl acetate/petroleum ether) affor@es0 as a white
solid (3.61 g, 6.58 mmol, 86%).

m.p 123-125°C

FT-IR (v/icm™) 3327 (m), 3298 (m), 2962 (w), 2933 (w), 1733 (H83 (m),
1657 (s), 1524 (s), 1491 (m), 1253 (s), 1163 (NO¥G6L(m),
1021 (m).

H NMR dn (300 MHz, CDCJ): 7.61 (1 H, dJ=1.8 Hz, AH), 7.16 (1 H,

dd, J=8.4, 1.8 Hz, AH), 6.74 (1 H, dJ=8.4 Hz, AH), 6.40 (1
H, br. d,J=8.4 Hz, NH), 5.03 (1 H, m, W), 4.51 (1 H, app. dd,
J=8.6, 4.9 Hz, €INH), 4.28 (1 H, br. app. d=7.7 Hz, GiNH),
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3.86 (3 H, s, OBl3), 3.71 (3 H, s, CECH3), 3.10-2.86 (2 H, m,
CH,CH), 1.92-1.77 (1 H, m,€(CHs)CH,CHs), 1.43 (9 H, s, 3
X CHs), 1.40-1.29 (1 H, m, BHCHs), 1.20-1.02 (1 H, m,
CHHCH;), 0.90 (3 H, t,J=7.3 Hz, CHCH3), 0.84 (3 H, d,
J=7.0 Hz, CHGH,).

3¢ NMR 8¢ (75 MHz, CDCh): 171.7 C), 170.6 C), 157.1 C), 155.3
(C), 140.1 CH), 130.7 €), 130.3 CH), 110.9 CH), 86.0 C),
80.3 ), 56.5 CHNH), 56.3 (QCH3), 55.8 CHNH), 52.1
(OCHs), 37.9 CH), 36.6 CH>), 28.2 (3 xCHa3), 25.1 CH>),
15.3 CH3), 11.5 CHb).

LRMS ", (ES+) 571 ([M+Nal, 100), 1120 ([2M+Nd] 12).
HRMS M, (ES+) Found [M+Na]571.1278. Required 571.1276.
[a]b +52.3 (c = 2.0, CHG).
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(25,39)-2-[(§)-2-tert-Butoxycarbonylamino-3-(4-methoxy-3-vinyl-phenyl)-

propionylaminol]-3-methyl-pentanoic acid methyl egé1

OMe OMe

Tributylvinyltin

.NHBoc

Pd(dppf)Cl,.CH,CI,
HN O DMF, 37%

H H

OMe OMe
H\\" H\\‘\

(0] (@]
C22H33|N206 c24H36N206
MW =548 MW = 449

To a stirred solution of &39-2-[(9-2-tert-butoxycarbonylamino-3-(3-iodo-4-
methoxy-phenyl)-propionylamino]-3-methyl-pentanaitid methyl este2.50(1.47 g,
2.36 mmol) and tributylvinyltin (0.76 mL, 2.59 mmah DMF (50 mL) was added
Pd(dppf)C}.CH,CI, (96 mg, 0.12 mmol). The reaction was stirred afét 16 h then
guenched with water (50 mL). The aqueous phaseewtaacted with ethyl acetate (3
x 50 mL) and the organic extracts were combinedhed with water (5 x 50 mL) and
brine (50 mL), then dried (MgS{) Concentrationn vacuo and purification by
column chromatography (10% w/w.®O;s in Si0,, 30% ethyl acetate/petroleum ether)
afforded2.51as a yellow oil (387 mg, 0.86 mmol, 37%).

FT-IR (vicm™) 3304 (m), 2964 (m), 1743 (w), 1654 (s), 1522 (nM)93 (m),
1366 (w), 1250 (s), 1203 (w), 1167 (s), 1023 (w).

'H NMR 54 (300 MHz, CDCY): 7.28 (1 H, dJ=2.2 Hz, AH), 7.08 (1 H,
dd, J=8.2, 2.0 Hz, AH), 6.99 (1 H, dd,J=17.9, 11.3 Hz,
ArCH=CH,), 6.80 (1 H, dJ=8.4 Hz, AH), 6.38 (1 H, br. d,
J=8.4 Hz, ), 5.72 (1 H, ddJ=17.9, 1.5 Hz, ArCH=EH),
5.25 (1 H, ddJ=11.2, 1.3 Hz, ArCH=CH), 5.04 (1 H, m, ),
450 (1 H, ddJ=8.4, 5.1 Hz, GINH), 4.31 (1 H, br. app. g,
J=7.0 Hz, GINH), 3.83 (3 H, s, ArOEl3), 3.68 (3 H, s,
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13C NMR

LRMS

HRMS

CO,CH3), 3.13-291 (2 H, m, &), 1.88-1.76 (1 H, m,
CH(CH3)CH,CHs), 1.43 (9 H, s, 3 x Bg), 1.39-1.29 (1 H, m,
CHHCHg), 1.18-1.01 (1 H, m, CHCH;), 0.88 (3 H, tJ=7.3
Hz, CH,CH3), 0.82 (3 H, dJ=7.0 Hz, CHG3).

8¢ (75 MHz, CDC}): 171.7 C), 170.9 C), 155.8 C), 155.3
(C), 131.3 CH), 129.5 CH), 128.4 C), 127.4 CH), 126.8 C),
114.7 CHy), 111.1 CH), 80.2 ), 56.5 (QCH3), 55.9 CHNH),
55.5 CHNH), 52.0 (CQCHa3), 37.9 CH), 37.2 CH,), 28.2 (3
x CHs), 25.1 CHy), 15.2 CHs), 11.5 CHy).

™/, (ES+) 471 ([M+Nal, 100), 920 ([2M+Na], 10).

™/, (ES+) Found [M+Nd&]471.2467. Required 471.2466.

+14.1 (c = 1.4, CHG).
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(25,39)-2-[(9)-2-tert-Butoxycarbonylamino-3-(3-formyl-4-methoxy-phenyl)-

propionylamino]-3-methyl-pentanoic acid methyl estel6

OMe OMe

C24H36N,06 Ca3H34N,0
MW = 449 MW =451

A stirred solution of (839-2-[(§-2-tert-butoxycarbonylamino-3-(4-methoxy-3-
vinyl-phenyl)-propionylamino]-3-methyl-pentanoic idamethyl ester2.51 (370 mg,
0.83 mmol) and sudan red (10 mg) in DCM (100 mLpwaoled to -78 °C andzO
(1—4% in Q) bubbled through until the red colour disappear@lwas then bubbled
through for 20 min before PPI433 mg, 1.65 mmol) was added. The reaction was
stirred at -78 °C for 20 min then allowed to walwrRT. Concentratiomn vacuo and
purification by column chromatography (SiCB0% ethyl acetate/petroleum ether)
afforded2.46as a yellow oil (309 mg, 0.69 mmol, 83%).

The data matches that previously reported.
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(25,39)-2-[(§)-2-tert-Butoxycarbonylamino-3-(4-methoxy-3-styryl-phenyl)-

propionylamino]-3-methyl-pentanoic acid methyl egel5

OMe

trans-phenylvinyl-

boronic acid, K,CO4

Pd(dppf)Cl,.CH,CI,
DMSO, 29%
H H
OMe OMe
H H
o o
C22H33|N206 C30H40N206
MW =548 MW = 525

To a stirred solution of &39-2-[(9-2-tert-butoxycarbonylamino-3-(3-iodo-4-
methoxy-phenyl)-propionylamino]-3-methyl-pentanaitid methyl este?2.50(2.36 g,
3.78 mmol),trans-phenylvinylboronic acid (615 mg, 4.16 mmol) angd; (2.09 g,
15.1 mmol) in DMSO (45 mL) was added Pd(dppf)CH.Cl, (124 mg, 0.15 mmol).
The reaction was heated at 80 °C for 16 h, alloteecbol then quenched with water
(50 mL). The aqueous phase was extracted with ettgtiate (3 x 50 mL), the organic
extracts were combined, washed with water (5 x &pand brine (50 mL), then dried
(MgSQy). Concentrationin vacuo and purification by column chromatography (giO
30% ethyl acetate/petroleum ether) affor@etbas a yellow oil (653 mg, 1.09 mmol,
29%).

Data matches that previously reported.
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(9-2-(2-{(S)-2-tert-Butoxycarbonylamino-3-[3tért-butyl-dimethyl-
silanyloxymethyl)-4-methoxy-phenyl]-propionylamin@methyl-pentanoylamino)-

3-(4-hydroxy-phenyl)-propionic acid methyl esgeb2

OMe
OTBDMS | _Tyr Me ester OMe OH
EDC, HOBt OTBDMS
.NHBoc
0
NEt,, DCM H., HH
N
70% H

NHBoc (0] CO,Me

C,gH,gN,0,Si CagHggN;O,Si
MW = 553 MW =730

To a stirred solution of &39)-2-[(9-2-tert-butoxycarbonylamino-3-[3tért-butyl-
dimethyl-silanyloxymethyl)-4-methoxy-phenyl]-propiglamino]-3-methyl-pentanoic
acid 2.29 (223 mg, 0.40 mmol) in DCM (5 mL) was addedyrosine methyl ester
(187 mg, 0.81 mmol), EDC (0.14 mL, 0.81 mmol), HQB®9 mg, 0.81 mmol) and
NEt; (0.17 mL, 1.21 mmol). The reaction was stirredR@tfor 12 h then quenched
with sat. NHCI (10 mL). The aqueous phase was extracted wlityl acetate (3 x 10
mL) and the organic extracts combined, washed wWwiihe (10 mL), then dried
(MgSQy). Concentrationn vacuo and purification by column chromatography (&iO
2% MeOH/DCM) afforde®.52as a white foam (204 mg, 0.28 mmol, 70%).

FT-IR (vicm™) 3289 (br.), 2952 (m), 2926 (m), 2854 (w), 1748,(1§84 (w),
1647 (s), 1516 (s), 1507 (m), 1452 (w), 1361 (W51 (m),
1172 (m), 1081 (w), 837 (m).

'H NMR 5y (300 MHz, CDCY): 7.02 (1 H, ddJ=8.4, 1.8 Hz, AH),
6.93 (2 H, dJ=8.4 Hz, 2 x AH), 6.78 - 6.66 (3 H, m, 3 X AY),
6.58 (1 H, dJ=8.1 Hz, AH), 6.45 (1H, m, M), 5.07 (1H, m,
NH), 4.92 (1 H, dJ=7.7 Hz, NH), 4.81 (1 H, br. app. §=7.1
Hz, CHNH), 4.73 (2 H, br. s, 0By), 4.42 (1H, m, ®), 4.35 -
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4.20 (2 H, m, 2 x €NH), 3.77 (3 H, s, OH3), 3.71 (3 H, s,
CO,CHs), 3.12 - 2.89 (4 H, m, 2 x}&CH), 1.92 - 1.71 (1 H, m,
CH(CHs)CH;CHs), 1.41 (9 H, s, 3x B3), 1.36 - 1.23 (1L H, m,
CHHCH;), 1.10 - 0.99 (1 H, m, CHCHs), 0.96 (9 H, s,
OSiC(CH3)3), 0.86 - 0.75 (6 H, m, CHE; and CHCH3), 0.12
(6 H, s, OSi(Gl3)y).

13C NMR 3¢ (75 MHz, CDCY): 172.0 C), 171.7 C), 170.4 C), 155.7
(C), 155.5 C), 155.2 C), 130.3 (2 xCH), 129.7 C), 128.4
(CH), 128.1 CH), 128.0 C), 126.8 C), 115.7 (2 xCH), 110.0
(CH), 80.6 C), 60.2 CH,), 60.2 CH), 57.8 CHNH), 55.2
(OCH3), 53.1 CHNH), 52.3 (CQCHa), 37.0 (br. s, 2 5CHy),
36.8 CH), 28.2 (3 XCHg), 26.0 (3 XCHs), 24.5 CH,), 18.5
(C), 15.2 CHs), 11.3 CH3), -5.3 (2 XCHs).

LRMS M, (ES+) 752 ((M+Nal, 100).
HRMS ", (ES+) Found [M+Nad] 752.3907. Required 752.3913.
[a]o +36.7 (c = 0.3, CHG).



(9-2-{2S5,35-2-[( §-2-tert-Butoxycarbonylamino-3-(3-hydroxymethyl-4-methoxy-

phenyl]-propionylamino]-3-methyl-pentanoylamino}3-hydroxy-phenyl)-propionic
acid methyl este?.53

OMe OH
OTBDMS TBAE
_— >
T h, ] ow
H THF
N
H 94% H
NHBoc O CO,Me NHBoc O CO,Me
CSSHSQNSOQSi C32H45N309
MW =730 MW =616

To a stirred solution of §-2-(2-{(S-2-tert-butoxycarbonylamino-3-[3tért-butyl-
dimethyl-silanyloxymethyl)-4-methoxy-phenyl]-propiglamino}-3-methyl-
pentanoylamino)-3-(4-hydroxy-phenyl)-propionic aamgthyl este2.52 (56 mg, 0.08
mmol) in THF (5 mL) at 0 °C was added TBAF (1 MTinF, 0.08 mL, 0.08 mmol).
The reaction was stirred at RT for 3 h then quedcwi#h water (10 mL). The
agueous phase was extracted with ethyl acetatel(8 L) and the organic extracts
combined, washed with brine (10 mL), then dried 8@g. Concentratiorin vacuo
and purification by column chromatography (8i6% MeOH/DCM) afforde®.53as

a beige oil (44 mg, 0.07 mmol, 94%).

FT-IR (vicm™) 3308 (W), 2962 (W), 2926 (m), 2850 (w), 1740 (492 (m),
1638 (s), 1501 (m), 1477 (w), 1456 (w), 1439 (964 (W),
1247 (s), 1167 (s), 1043 (m).

'H NMR 34 (300 MHz, MeOD): 7.18 (1 H, s, At), 7.05 (1 H, dJ=8.4
Hz, ArH), 6.98 (2 H, dJ=7.0 Hz, 2 x AH), 6.76 (1 H, d,J=8.1
Hz, ArH), 6.70 (2 H, dJ=6.6 Hz, 2 x AH), 4.59 (3 H, br. s,
CHNH and GH,0H), 4.36 - 4.23 (1 H, m, I€NH), 4.20 (1 H,
br. app. dJ=7.7 Hz, GINH), 3.77 (3 H, s O83), 3.65 (3 H, s,
CO,CH3), 3.13 - 2.83 (3 H, m, IBH and CHH and GiH), 2.76
(1 H, dd, J=12.4, 10.2 Hz, CH), 1.84 - 1.66 (1 H, m,
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13C NMR

LRMS

HRMS

CH(CH3)CH,CHs), 1.36 (10 H, br. s, 3 xl&; and GHHCHy),
1.18 - 0.98 (1 H, m, CHCHa), 0.95 - 0.63 (6 H, m, CHd3
and CHCHy3).

3¢ (100 MHz, MeOD): 173.7Q), 173.1 C), 172.7 C), 157.0
(C), 156.9 (br. 2xC), 131.1 (2 xCH), 130.1 CH), 130.0 CH),
129.8 C), 128.0 C), 122.2 C), 116.2 (2 xCH), 111.0 CH),
80.7 C), 60.6 CH.), 58.5 CHNH), 57.1 CHNH), 55.8
(OCH3), 55.1 CHNH), 52.6 (QCHs), 38.0 CH), 37.5 CHy),
37.4 CHy), 28.7 (3 xCH3), 25.4 CHy), 15.7 CHa), 11.4 CHa).
"/, (ES+) 638 ([M+Nal, 100).

™/, (ES+) Found [M+Na] 638.3046. Required 638.3048.

+17.8 (c = 0.4, MeOH).
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(9-3-(3-Bromo-4-hydroxyphenyl)-2-{( 39)-2-[(S)-2-tert-butoxycarbonylamino-3-
(3-hydroxymethyl-4-methoxy-phenyl)-propionylamin8Jmethyl-pentanoylamino}-
propionic acid methyl est&.27

OMe OH OH OMe OH OH
Br
NBS
—
o Y, o Yy,
H.,| HH DMF H., | H H
N ’ N N ' N
H 82% H
NHBoc (e} CO,Me NHBoc (0] CO,Me
C32H45N309 C32H44BrN309
MW = 616 MW = 695

To a stirred solution of §-2-{2S3S}-2-[( S-2-tert-butoxycarbonylamino-3-(3-
hydroxymethyl-4-methoxy-phenyl]-propionylamino]-3ethyl-pentanoylamino}-3-
(4-hydroxy-phenyl)-propionic acid methyl es@&63 (45 mg, 0.07 mmol) in DMF (1
mL) was added NBS (14 mg, 0.08 mmol). The reactias stirred at RT for 16 h
then quenched with water (10 mL). The aqueous ehess extracted with ethyl
acetate (3 x 5 mL), the organic extracts were caetbiand washed with water (5 x 5
mL) and brine (5 mL), then dried (MgQO Concentratiorin vacuo and purification
by column chromatography (SiC2% MeOH/DCM) afforde®.27 as a colourless oil
(42 mg, 0.06 mmol, 82%).

FT-IR (vicm?) 3305 (W), 2962 (W), 2929 (w), 1740 (m), 1692 (38 (s),
1532 (w), 1477 (m), 1441 (m), 1413 (m), 1245 (m)73 (m),
1150 (m), 1043 (m).

H NMR u (400 MHz, MeOD): 7.34 (1H, s, A, 7.29 (1H, s, AH),
7.23 (1 H, s, AH), 7.08 (1 H, dJ=8.0 Hz, AH), 7.00 (1 H, d,
J=8.0 Hz, AH), 6.85 (1H, br. dJ=8.6 Hz, NH), 6.83 - 6.76 (2
H, m, A and NH), 6.64 (1H, br. dJ=8.4 Hz, NH), 4.59 (3 H,
br. s, GH,0H and GINH), 4.36 - 4.17 (2 H, m, 2 x KENH),
3.78 (3 H, s, O83), 3.67 (3 H, s, OH3), 3.07 - 2.95 (2 H, m,
CHH and CHH), 2.92 - 2.82 (1 H, m, IBH), 2.80 - 2.67 (1 H,
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13C NMR

LRMS

HRMS

m, CHH), 1.85 - 1.70 (1 H, m, K8), 1.56 - 1.43 (1 H, m,
CHHCHy), 1.37 (9 H, s, 3 x Bj), 1.20 - 1.05 (1 H, m,
CHHCH), 0.95 - 0.83 (6 H, m, 2 xIg).

3¢ (100 MHz, MeOD): 174.3Q), 173.5 C), 173.2 C), 157.8
(C), 157.4 C), 154.4 C), 134.8 CH), 134.2 CH), 132.3 C),
130.6 CH), 130.5 CH), 130.4 C), 130.4 C), 117.4 CH),
111.4 CH), 110.8 C), 80.8 C), 60.7 CH>), 59.0 CH), 57.6
(CH), 56.0 (QCH3), 55.4 CH), 52.8 (QCH3), 38.6 CH), 38.3
(CH,), 37.3 CHy), 28.8 (3 XCH3), 25.8 CH,), 15.8 CHs3),
11.5 CHs).

M, (ES+) 716 (M (°Br)+NaJ", 100), 718 (M {'Br)+NaJ", 93).
"/, (ES+) Found [M *Br)+Na]" 716.2140. Required 716.2153.

+21.5 (c = 2.0, MeOH).
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(9-3-(3-Bromo-4-hydroxyphenyl)-2-{(8 39)-2-[(S)-2-tert-butoxycarbonylamino-3-
(3-hydroxymethyl-4-methoxy-phenyl)-propionylamin®methyl-pentanoylamino}-

propionic acid methyl est&.27

OMe OH
74% jg;
NHBoc 2 Me NHBoc
C3gHgoN;O,Si C4,H,BrN;Og
MW =730 MW = 695

To a stirred solution of §-2-(2-{(9-2-tert-butoxycarbonylamino-3-[3t¢rt-butyl-
dimethyl-silanyloxymethyl)-4-methoxy-phenyl]-propiglamino}-3-methyl-
pentanoylamino)-3-(4-hydroxy-phenyl)-propionic aorthyl este2.52 (54 mg, 0.07
mmol) in DMF (1 mL) was added NBS (15 mg, 0.08 mmdlhe reaction was stirred
at RT for 16 h then quenched with water (10 mLhe Bqueous phase was extracted
with ethyl acetate (3 x 5 mL), the organic extrageze combined, washed with water
(5 x 5 mL) and brine (5 mL), then dried (MggOConcentrationin vacuo and
purification by column chromatography (SiQ@% MeOH/DCM) afforded®.27 as a
colourless oil (38 mg, 0.06 mmol, 74%).

Data matches that previously reported.
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(9-3-(3-Bromo-4-hydroxyphenyl)-2-{(8 39)-2-[(9-2-tert-butoxycarbonylamino-3-
(3-chloromethyl-4-methoxy-phenyl)-propionylaminoja®ethyl-pentanoylamino}-

propionic acid methyl est&.26

OMe OH OH OMe OH
Br SOCl, Br
Cl
—
(0] DCM O s
.| H I Hi | H
N 93% N
H H
NHBoc (e} CO,Me NHBoc (0] CO,Me
C4,H,,BrN;Oy C,,H,3BrCIN,Oq4
MW = 695 MW =713

To a stirred solution of §j-3-(3-bromo-4-hydroxyphenyl)-2-{@39-2-[(9-2-tert-
butoxycarbonylamino-3-(3-hydroxymethyl-4-methoxyeplyl)-propionylamino]-3-
methyl-pentanoylamino}-propionic acid methyl es&f7 (38 mg, 0.06 mmol) in
DCM (5 mL) at O °C was added SQQV mg, 0.06 mmol). The reaction was stirred
at 0 °C for 3 h then quenched with water (10 mLjie aqueous phase was extracted
with ethyl acetate (3 x 10 mL), the organic extsaobmbined, washed with brine (5
mL), then dried (MgSg). Concentrationin vacuo and purification by column
chromatography (Si§) 2% MeOH/DCM) afforded?.26 as a colourless oil (36 mg,
0.05 mmol, 93%).

FT-IR (vicm™) 3293 (br.), 2965 (w), 2931 (w), 1743 (w), 1638 ()04 (m),
1439 (m), 1367 (w), 1293 (w), 1258 (m), 1218 (mdE4 (m),
1029 (m), 754 (s).

'H NMR Sy (400 MHz, MeOD): 7.23 (1 H, d=2.0 Hz, AH), 7.16 (1 H,
d, J=2.0 Hz, AH), 7.09 (1 H, ddJ=8.5, 2.0 Hz, AH), 6.91 (1
H, dd,J=8.0, 1.5 Hz, AH), 6.82 - 6.72 (2 H, m, 2 x At), 4.61
(1 H, t,J=6.5 Hz, GINH), 4.57 (2 H, s, €,Cl), 4.28 - 4.20 (1
H, m, GHNH), 4.15 (1 H, br. app. d=8.0 Hz, GINH), 3.79 (3
H, s, OGH3), 3.65 (3 H, s, CECH3), 3.07 - 2.95 (1 H, m, I8H),
2.97 (1 H, ddJ=13.6, 6.0 Hz, CH), 2.87 (1 H, ddJ=14.1, 7.5
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13C NMR

LRMS

HRMS

Hz, CHH), 2.82 - 2.72 (1 H, m, CH), 1.80 - 1.68 (1 H, m,
CH(CH3)CH,CHj3), 1.34 (10 H, br. s, 3 x5 and GHHCHy),
1.11-0.97 (1 H, m, CHCHs), 0.89 - 0.71 (6 H, m, 2 x k).

8¢ (100 MHz, MeOD): 172.8Q), 172.4 C), 172.1 C), 156.9
(C), 156.6 C), 153.3 C), 134.0 CH), 132.0 CH), 131.3 CH),
129.8 CH), 129.5 C), 129.3 C), 126.3 C), 116.7 CH), 111.5
(CH), 110.2 CBr), 80.7 €), 58.2 CHNH), 56.9 CHNH),
56.0 (OCHs), 54.3 CHNH), 52.6 (QCH3), 41.9 CH,CI), 37.5
(CH), 37.4 CH>), 36.9 CH>), 28.5 (3 xCHa), 25.1 CHy), 15.5
(CH3), 11.3 CH3).

M/, (ES+) 734 (IM {Cl, "Br)+NaJ", 88), 736 (M {°Cl, &'Br
and®'Cl, Br)+Na]’, 100), 738 ([M {'Cl, ®'Br)+Na]", 40).

M, (ES+) Found [M {CI, Br)+Na]’ 734.1825. Required
734.1820.

+39.6 (c = 1.0, MeOH).
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(10S,139)-20-Bromo-10tert-butoxycarbonylamino-13-§-sec-butyl)-5-methoxy-
11,14-dioxo-2-oxa-12,15-diaza-tricyclo[16.2. % ftricosa-1(21)4,6,8(23),18(22),19-

hexaene-16-carboxylic aci®)tmethyl estep.25

OMe
OMe OH 0o
Br Br
cl K,COj,, KI
s~ BocH
o
H,| HH DMF
O
O NH /
N
OMe
H H
o

N
N
N
H 58%
NHBoc o CO,Me
H
C3,H43BrCIN;Og C3,Hy,BIN;Og
MW =713 MW =677

A stirred solution of $-3-(3-bromo-4-hydroxyphenyl)-2-{@39)-2-[(9-2-tert-
butoxycarbonylamino-3-(3-chloromethyl-4-methoxy-piB-propionylamino]-3-
methyl-pentanoylamino}-propionic acid methyl estr26 (37 mg, 0.05 mmol),
K2CGO; (10 mg, 0.07 mmol) and Kl (2 mg, 0.01 mmol) in DNB=mL) was heated at
80 °C for 16 h. The reaction was quenched with ngi@ mL) and the aqueous phase
was extracted with ethyl acetate (3 x 10 mL). Thgaoic extracts were combined,
washed with water (5 x 10 mL) and brine (5 mL),nthigied (MgSQ). Concentration
in vacuo and purification by column chromatography (8% MeOH/DCM)
afforded2.25as a colourless oil (20 mg, 0.03 mmol, 58%).

FT-IR (vicm™) 2962 (m), 2932 (M), 2869 (W), 2475 (W), 2389 (WJ42 (m),
1671 (s), 1492 (s), 1437 (m), 1408 (m), 1366 (V@9 (w),
1252 (m), 1163 (m), 1051 (w), 1029 (m), 731 (m).

'H NMR 34 (300 MHz, MeOD): 7.32 (1 H, d=1.8 Hz, AH), 7.11 (1 H,
dd, J=8.4, 1.8 Hz, AH), 6.93 (1 H, s, Af), 6.87 (1 H, dd,
J=8.4, 1.8 Hz, AH), 6.79 (1 H, dJ=8.4 Hz, AH), 6.60 (1 H, d,
J=8.4 Hz, AH), 5.37 (1 H, dJ=14.6 Hz, ArGHHOAr), 5.15 (1
H, d, J=14.6 Hz, ArcCHHOAr), 4.64 (1 H, dd,J=11.9, 3.8 Hz,
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13C NMR

LRMS

HRMS

CHNH), 4.16 (1 H, app. br. d=10.8 Hz, GiNH), 4.00 (1 H,
app. br. dJ=6.6 Hz, G(iNH), 3.83 (3 H, s, O83), 3.71 (3 H, s,
CO,CH3), 3.22 - 2.99 (2 H, m, BH and CHH), 2.70 - 2.55 (2
H, m, CHH and CHH), 1.74 - 1.61 (1 H, m, B(CH3)CHCHg),
1.42 9 H, s, 3x H3), 1.36 - 1.29 (1 H, m, GHCHy), 1.08 -
0.93 (1 H, m, CHICHs), 0.86 - 0.74 (6 H, m, 2 xT).

8¢ (75 MHz, MeOD): 172.5C), 171.7 C), 171.5 C), 156.6
(C), 156.4 C), 153.2 C), 134.5 CH and C), 130.6 CH),
129.5 CH andC), 129.0 CH), 124.6 C), 115.1 CH), 112.6
(C), 111.1 CH), 80.7 C), 65.8 (ACH,OAr), 57.4 CHNH),
55.9 (OCHj), 55.7 CHNH), 53.1 CHNH), 52.8 (CQCHb),
38.7 CH), 36.6 (2 XCHy), 28.7 (3 XxCHa), 24.6 CHy), 15.5
(CH3), 11.4 CHs).

M/, (ES+) 698 ([M (°Br)+NaJ", 91), 700 (M §*Br)+Na]", 100).
"/, (ES+) Found [M (Br)+Na]" 698.2063. Required 698.2047.

+31.2 (c = 0.5, MeOH).

11¢



(9-2-tert-Butoxycarbonyl-3-(4-trifluoromethanesulfonyloxy-@hyl)-propionic acid

methyl esteR.74

OH oTf

Tf,0, pyridine

—_—
«NHBoc DCM ~NHBoc
0,
CO,Me 93% CO,Me
C15H21NOS (:16H20F3NC)7S
MW = 295 MW = 427

Prepared following the procedure of Tilletyal.”

A stirred solution of §-2-tert-butoxycarbonylamino-3-(4-hydroxy-phenyl)-propionic
acid methyl esteR.73 (2.00 g, 6.77 mmol) and pyridine (1.64 mL, 20.3thah) in
DCM (40 mL) was cooled to 0 °C and,Of (1.20 mL, 7.11 mmol) was added
dropwise. The reaction was stirred at O °C fortBdn quenched with water (50 mL).
The aqueous phase was separated and the orgasi& \whahed with sat. NaHG(0
mL) and brine (50 mL), then dried (Mg@OConcentrationn vacuo and purification
by column chromatography (Si01% MeOH/DCM) afforded?.74 as a white solid
(2.70 g, 6.31 mmol, 93%).

m.p 45-48 °C

FT-IR (vicm?) 3376 (m), 2979 (w), 2952 (m), 1733 (s), 1689 (H16 (s),
1502 (m), 1426 (s), 1368 (w), 1302 (w), 1248 (NQ11 (s),
1196 (s), 1171 (s), 1140 (s), 1129 (s), 1049 (AR @m), 895
(s), 843 (m).

H NMR dn (300 MHz, CDCY): 7.22 (4 H, s, 4 x Adl), 5.03 (1 H, br. d,
J=7.3 Hz, NH), 4.60 (1 H, br. app. g=6.6 Hz, GINH), 3.72
(3 H, s, CQCH3y), 3.18 (1 H, ddJ=13.9, 5.9 Hz, €H), 3.04 (1
H, dd,J=13.9, 6.2 Hz, CH), 1.41 (9 H, s, 3 x B3).



3C NMR 5c (75 MHz, CDCH): 171.8 C), 154.9 C), 148.6 COTY),
136.9 C), 131.1 (2 xCH), 121.3 (2 xCH), 118.7 (qJ=322 Hz,
CF3), 80.2 C), 54.2 CHNH), 52.3 CHs), 37.9 CH,), 28.2 (3

X CHy).
LRMS M/, (ES+) 450 ([M+Nal, 100), 877 ([2M+Nd], 12).
HRMS ™/, (ES+) Found [M+Na] 450.0802. Required 450.0805.
[a]o +34.4 (c = 0.9, CHG).

The data are consistent with the literat{ire.
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(9-2-tert-Butoxycarbonylamino-3-(4-trimethylsilanylethynyhenyl)-propionic _ acid

methyl estel.75

SiMe,
oTf Trimethylsilylacetylene | |
LiCl, Pd(PPh,),Cl,
«NHBoc NEt;, DMF
NHBoc
CO,Me 68%
CO,Me
C16HaoFsNO;S C,oHNO,Si
MW = 427 MW = 376

A stirred solution of $-2-tert-butoxycarbonyl-3-(4-trifluoromethanesulfonyloxy-
phenyl)-propionic acid methyl ester2.74 (250 mg, 0.58 mmoal),
trimethylsilylacetylene (0.12 mL, 0.88 mmol), LiC{248 mg, 5.85 mmol),
Pd(PPh).Cl; (41 mg, 0.06 mmol) and NE(0.82 mL, 5.85 mmol) in DMF (5 mL)
was heated at 80 °C for 16 h. The reaction wasapezhwith water (10 mL) and the
agueous phase extracted with ethyl acetate (3 mll)) The organic extracts were
combined, washed with water (5 x 10 mL) and brib@ L), then dried (MgS§).
Concentratiorin vacuo and purification by column chromatography (§i@0% ethyl
acetate/petroleum ether) afford2@5as a yellow oil (149 mg, 0.40 mmol, 68%).

FT-IR (vicm™) 3376 (w), 2958 (m), 2158 (m), 1744 (s), 1713 (§04 (m),
1437 (w), 1366 (m), 1249 (m), 1216 (m), 1162 (95 (W),
1019 (w), 862 (s), 840 (s), 755 (S).

'H NMR 84 (300 MHz, CDCY): 7.40 (2 H, dJ=8.1 Hz, 2 x AH), 7.06
(2 H, d,J=8.1 Hz, 2 x AH), 4.96 (1 H, br. dJ=7.7 Hz, NH),
457 (1 H, m, G®NH), 3.70 (3 H, s, C&H3), 3.11 (1 H, dd,
J=13.9, 5.9 Hz, €H), 3.02 (1 H, ddJ=13.9, 6.2 Hz, CH),
1.42 (9 H, s, 3 x H3), 0.25 (9 H, s, Si(B3)a).

11¢



13C NMR

LRMS

HRMS

Sc (100 MHz, CDCY): 172.10 C), 155.00 C), 136.62 C),
132.11 (2 xCH), 129.18 (2 XCH), 121.85 C), 104.80 C=C),
94.33 (G=C), 80.03 (), 54.27 CH), 52.24 CHs), 38.28
(CH,), 28.29 (3 XCH3), -0.05 (3 XCHa).

", (ES+) 398 ([M+Nal, 100), 774 ([2M+Nad], 70).

"/, (ES+) Found [M+Na]398.1759. Required 398.1758.

+35.5 (c = 0.2, CHG).
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(9-2-tert-Butoxycarbonylamino-3-(4-ethynyl-phenyl)-propioniacid methyl ester
2.76

SiMe,
AgNO,
_—
Acetone/H,0
+~NHBoc
+~NHBoc B
" 100%
CO,Me
CO,Me
C,oHgNO,Si C,;H,;NO,
MW = 376 MW = 303

To a stirred solution ofgj-2-tert-butoxycarbonylamino-3-(4-trimethylsilanylethynyl-
phenyl)-propionic acid methyl estér75(21 mg, 0.046 mmol) in acetone (1 mL) was
added water (1 drop) and AgN@L. mg, 0.005 mmol). The reaction was stirred i th
dark for 16 h then quenched with water (10 mL). Blggieous phase was extracted
with ethyl acetate (3 x 5 mL), the organic extragese combined, washed with brine
(5 mL), then dried (MgS%). Concentrationin vacuo and purification by column
chromatography (Si§) 10% ethyl acetate/petroleum ether) afford2d6 as a
colourless oil (18 mg, 0.046 mmol, 100%).

FT-IR (v/icm™) 3281 (w), 2970 (w), 2380 (m), 1743 (s), 1716 @07 (m),
1437 (w), 1366 (m), 1217 (m), 1166 (m), 1058 (v)2Q (w).

'H NMR dn (300 MHz, CDCY): 7.42 (2 H, dJ=8.1 Hz, 2 x AH), 7.09
(2 H, d,J=8.1 Hz, 2 x AH), 4.99 (1 H, br. dJ=7.3 Hz, NH),
4.58 (1 H, br. app. g=7.7 Hz, G-INH), 3.71 (3 H, s, C&CH3),
3.13 (1 H, ddJ=13.9, 5.9 Hz, €H), 3.07 (1 H, s, €CH), 3.03
(1 H, dd,J=13.9, 7.7 Hz, CH), 1.42 (9 H, s, 3 x B3).

3C NMR 3¢ (75 MHz, CDCH): 172.0 C), 155.0 C), 137.0 C), 132.2 (2
x CH), 129.3 (2 xCH), 120.8 C-C=C), 83.3 C=CH), 80.0 C),
77.3 (CG=CH), 54.2 CH), 52.3 (CQCHs3), 38.3 CH>), 28.2 (3 X
CHa).
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LRMS ", (ES+) 326 ([M+Nal, 100), 630 ([2M+Nadl], 32).

HRMS "/, (ES+) Found [M+Nad]326.1362. Required 326.1363.

[a]p +18.6 (c = 0.5, CHG).

The data are consistent with the literatiire.
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(9-2-Benzyloxycarbonylamino-3-(4-hydroxy-phenyl)-pionic _acid tert-butyl ester
2.78

CbzCl
—_—

Na,CO;, H,0

91%

C13H19NO,
MW = 237

Prepared following the procedure of Moaetyal '

To a stirred solution of§)-2-amino-3-(4-hydroxy-phenyl)-propionic aciért-butyl
ester2.77(1.40 g, 5.91 mmol) in water (30 mL) and ether (25 was added N&O;
(2.88 g, 17.72 mmol) and CbzCl (0.84 mL, 5.91 mm®dhe reaction was stirred for
16 h then the agueous phase was separated anteddjupH 2 with conc. HCI. The
aqueous phase was extracted with ethyl acetaté&6mL), the organic extracts were
combined then washed with brine (50 mL) and dridty$0Os). Concentrationin
vacuo and purification by column chromatography (§i@% MeOH/DCM) afforded
the product as a colourless 2il78(2.00 g, 5.38 mmol, 91%).

FT-IR (vicm™) 3417 (br.), 3342 (br.), 3020 (w), 2975 (w), 2926,(1697 (s),
1615 (w), 1514 (s), 1455 (w), 1368 (w), 1216 (951 (s), 104
(w), 1056 (m), 843 (m), 749 (s), 696 (m).

'H NMR 84 (300 MHz, CDCY): 7.41 - 7.28 (5 H, m, 5 x A¥), 6.99 (2 H,
d, J=8.1 Hz, 2 x AH), 6.71 (2 H, d,J=8.1 Hz, 2 x AH), 5.88
(1 H, s, @), 5.29 (1 H, dJ=6.6 Hz, NH), 5.13 (1 H, dJ=12.5
Hz, OCHH), 5.08 (1 H, dJ=12.3 Hz, OGiH), 4.50 (1 H, app.
g, J=8.1 Hz, GINH), 3.00 (2 H, app. }=5.1 Hz, G,), 1.43 (9
H, s, 3 X Gi).

13C NMR 8¢ (75 MHz, CDC}): 170.8 C), 155.8 C), 155.0 C), 136.2
(C), 130.5 (2 xCH), 128.5 (2 xCH), 128.1 CH), 128.0 (2 x

123



CH), 127.6 C), 115.3 (2 xCH), 82.4 C), 67.0 (QCH,), 55.4
(CH), 37.6 CH,), 27.9 (3 XCHs3).

LRMS M/, (ES+) 394 ([M+Nal, 100), 766 ([2M+Nd], 64).
HRMS ™/, (ES+) Found [M+Na&] 394.1627. Required 394.1625.
[a]p +42.6 (c = 0.5, CHG).

The data are consistent with the literattire.
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(9-2-Benzyloxycarbonylamino-3-(4-trifluoromethandsulyloxy-phenyl)-propionic
acidtert-butyl ester2.79

OTf

Tf,0, pyridine

—_—
DCM
NHCbz
99%
tBuo” O
C21H25N05 C22H24F3NO7S
MW = 371 MW = 504

A stirred solution of $-2-benzyloxycarbonylamino-3-(4-hydroxy-phenyl)-pronic
acid tert-butyl ester2.78(0.92 g, 2.49 mmol) and pyridine (0.60 mL, 7.46 ohmn
DCM (20 mL) was cooled to 0 °C and,;O (0.44 mL, 2.61 mmol) added dropwise.
The reaction was stirred at 0 °C for 90 min theergined with water (30 mL). The
aqueous phase was separated then the organic whaseashed with sat. NaHGO
(30 mL) and brine (30 mL) and dried (MgQ0O Concentrationin vacuo and
purification by column chromatography (Si®.5% MeOH/DCM) afforde@.79as a
white solid (1.24 g, 2.46 mmol, 99%).

m.p 43-44 °C

FT-IR (v/icm™) 3334 (w), 2975 (w), 2930 (w), 1716 (s), 1500 (1320 (m),
1369 (w), 1249 (w), 1206 (s), 1135 (s), 1055 (n@y.8 (w), 885
(s), 844 (w).

H NMR on (300 MHz, CDCY): 7.42 - 7.30 (5 H, m, 5 x At), 7.25 (2 H,

d, J=8.8 Hz, 2 x AH), 7.17 (2 H, dJ=8.8 Hz, 2 x AH), 5.36
(1 H, br. d,J=7.7 Hz, NH), 5.14 (1 H, dJ=12.2 Hz, OGIH),
5.08 (1 H, dJ=12.3 Hz, OCHH), 4.54 (1 H, app. ¢J=6.2 Hz,
CHNH), 3.11 (2 H, dJ=5.9 Hz, G1,), 1.39 (9 H, s, 3 x B3).
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13C NMR

LRMS

HRMS

3¢ (75 MHz, CDCY): 170.0 C), 155.4 C), 148.5 C), 137.0
(C), 136.2 C), 131.2 (2 xCH), 128.5 (2 xCH), 128.2 CH),
128.1 (2 xCH), 121.2 (2 xCH), 118.7 (9J=322 Hz,CFs), 82.8
(C), 67.0 (QCH,), 55.0 CHNH), 37.9 CH,), 27.8 (3 XCHs3).
", (ES+) 526 ([M+Nal, 100), 1030 ([2M+N4] 9).

"/, (ES+) Found [M+Nd]526.1120. Required 526.1118.

+56.8 (C = 2.4, CHG).
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(9-2-Benzyloxycarbonylamino-3-(4-iodo-phenyl)-propio acid2.82

I,, ACOH, conc. H,SO,,

NalO, then
o NH, CbzCl, NaOH, H,0
o 43%
CoHNO, C,;H(INO,
MW = 165 MW = 425

To a stirred solution of-phenylalanine (10.0 g, 60.6 mmol) in AcOH (55 ndnd
conc. BSO, (135 mL) was added (6.2 g, 24.3 mmol) and Nak@2.5 g, 12.9 mmol).
The reaction was heated to 70 °C for 16 h, befdditianal NalQ (0.5 g, 2.5 mmol)
was added. The reaction was stirred for a furthéra&8 70 °C thernhe solvent was
removedn vacuo. The residue was then diluted with water (100 nalod the aqueous
phase was washed with ether (50 mhyd DCM (50 mL). The aqueous phase was
then neutralised with 2M NaOH to precipitate theder product which was collected
by filtration and washed with water (50 mL) andastbl (50 mL). Recrystallisation
from AcOH afforded 4-ioda-phenylalanine as a yellow solid. To a stirred 8otuof
4-iodo1-phenylalanine (2.3 g, 7.9 mmabh water (40 mL) and ether (30 mL) was
added NgCO; (2.5 g, 23.7 mmol) and CbzClI (1.1 mL, 7.9 mmoljeTreaction was
stirred for 18 h then the aqueous phase was sepaaad adjusted to pH 2 with 2M
HCI. The aqueous phase was extracted with ethytatec¢4 x 50 mL), the organic
extracts were combined then washed with brine (30 ®@ind dried (MgSQ).
Concentrationin vacuo and purification by column chromatography (§iQ%
MeOH/DCM) afforded the product as a pale yellow2082(1.4 g, 3.4 mmol, 43%).

FT-IR (vicm™) 3311 (m), 3093 (br.), 1715 (m), 1696 (s), 1530, (TA8L (W),
1399 (W), 1325 (m), 1259 (m), 1221 (s), 1058 (PR (w).

'H NMR 34 (400 MHz, MeOD): 7.53 (2 H, di=8.0 Hz, 2 x AH), 7.36 -
7.15 (5 H, m, 5 x Af), 6.90 (2 H, d,)=8.0 Hz, 2 x AH), 5.06
(1 H, d,J=11.5 Hz, GiH), 4.99 (1 H, dJ=12.0 Hz, CHH), 4.50



- 4.37 (1 H, obs. m, BNH), 3.12 (1 H, ddJ=13.8, 5.3 Hz,
CHH), 2.92 (1 H, ddJ=14.1, 7.5 Hz, CH).

3¢ NMR 8¢ (100 MHz, MeOD): 173.9), 157.0 C), 138.0 (2 xCH),
137.0 €C), 136.9 C), 131.9 (2 xCH), 129.0 (2 xCH), 128.6
(CH), 128.4 (2 xCH), 92.7 CI), 67.3 CH.), 55.3 CH), 37.8

(CHy).
LRMS M/, (ES+) 448 ([M+Na], 100).
HRMS ™/, (ES+) Found [M+N4d] 448.0012. Required 448.0016.
[a]p +12.4 (c = 0.5, CHG).
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(25,39)-2-[(9-2-Benzyloxycarbonylamino-3-(4-iodo-phenyl)-propidamino]-3-

methyl-pentanoic acitbrt-butyl ester2.83

NH, EDC, HOBt
H NHCbz
_— > o
+ > co,tBu ‘
~NHCbz H NEt,, DCM
C,,H,,NO HN H ©
101212 74%
HO” o MW = 187 WO@“
"
C17H16INO, (0]

MW = 425
C47H4s5IN,O5

MW = 594

To a stirred solution of§)-2-benzyloxycarbonylamino-3-(4-iodo-phenyl)-propio
acid 2.82 (6.36 g, 15.0 mmol) in DCM (50 mL) was addedsoleucinetert-butyl
ester (2.00 g, 10.7 mmol), EDC (2.63 mL, 15.0 mmidipBt (2.02 g, 15.0 mmol) and
NEt; (4.48 mL, 32.1 mmol). The reaction was stirredR@tfor 16 h then quenched
with sat. NHCI (50 mL). The aqueous phase was extracted wlityl acetate (3 x 50
mL) then the organic extracts were combined, wastigtd brine (50 mL) and dried
(MgSQy). Concentrationn vacuo and purification by column chromatography (§iO
50% ethyl acetate/petroleum ether) afford83 as a colourless oil (4.68 g, 7.88
mmol, 74%).

FT-IR (vicm™) 3425 (w), 3308 (m), 2967 (m), 2933 (m), 2873 (@29 (M),
1708 (s), 1661 (s), 1538 (m), 1452 (m), 1389 (n257L(m),
1231 (m), 1143 (m), 1058 (m), 1005 (m), 735 (mp 6).

H NMR 81 (400 MHz, CDCJ): 7.49 (2 H, dJ=8.0 Hz, 2 x AH), 7.34 -
7.16 (5 H, m, 5 x Al), 6.84 (2 H, dJ=8.0 Hz, 2 x AH), 6.36
(1 H, d,J=7.5 Hz, NH), 5.37 (1 H, br. dJ=8.5 Hz, NH), 5.02 (2
H, br. s, ), 4.44 - 4.35 (1 H, m, &), 4.33 (1 H, app. q,
J=4.5 Hz, G1), 3.03-2.83 (2H, m, B,), 1.74 (1 H, m, €),
1.43-1.36 (9 H, m, 3 x183), 1.36 - 1.25 (1 H, m, BH), 1.12 -
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0.95 (1 H, m, €H), 0.83 (3 H, tJ=7.5 Hz, Gd3), 0.76 (3 H, d,
J=7.0 Hz, GH5).

13C NMR 8¢ (100 MHz, CDC}): 170.3 €), 170.0 C), 155.8 C), 137.6 (2
x CH), 136.1 C), 131.3 (2 xCH), 128.6 C), 128.5 (2 XCH),
128.4 CH), 128.3 (2 xCH), 92.4 Cl), 82.1 C), 67.3 CHb),
56.8 CH), 55.8 CH), 38.0 CH), 37.9 CHy), 28.0 (3 XCHs3),
25.3 CHy), 15.2 CHa), 11.7 CHs).

LRMS ™/, (ES+) 617 ([M+Nal, 100).
HRMS ™/, (ES+) Found [M+N4&]617.1497. Required 617.1483.
[a]p +17.2 (c = 1.2, CHG).
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(25,39)-2-((9-2-Benzyloxycarbonylamino-3-{4-[4-8)-2-tert-butoxycarbonylamino-

2-methoxycarbonyl-ethyl)-phenylethynyl]-phenyl}-mionylamino)-3-methyl-

pentanoic acidert-butyl ester2.84

OMe

BoCHN!"

Pd(PPh,),Cl,, Cul

NEt,, 35%
«NHBoc
CO,Me
C27H35|N205 C17H21NO4
MW =594 MW = 303

To a stirred solution of @39)-2-[(9-2-benzyloxycarbonylamino-3-(4-iodo-phenyl)-
propionylamino]-3-methyl-pentanoic aciert-butyl ester2.83 (471 mg, 0.79 mmol),
(9-2-tert-butoxycarbonylamino-3-(4-ethynyl-phenyl)-propioniacid methyl ester
2.76 (200 mg, 0.66 mmol) and Cul (3 mg, 0.01 mmol) IBtN(10 mL) was added
Pd(PPB).Cl, (5 mg, 0.007 mmol). The reaction was stirred af&®T16 h then diluted
with water (20 mL) and extracted with ethyl acef@e 20 mL). The organic extracts
were combined, washed with water (3 x 50 mL) anitheéb(50 mL), then dried
(MgSQy). Concentrationn vacuo and purification by column chromatography (§iO
20-30% ethyl acetate/petroleum ether) affor@eg¥ as a beige solid (180 mg, 0.23

mmol, 35%).

FT-IR (vicm™) 3346 (w), 2978 (m), 1713 (vs), 1516 (m), 1366 (D50 (M),
1217 (m), 1155 (s), 1056 (m), 1020 (m), 751 (s).
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'H NMR

13C NMR

LRMS

HRMS

dn (300 MHz, CDCY): 7.45 (2 H, dJ=8.4 Hz, 2 x AH), 7.41
(2 H, d,J=8.4 Hz, 2 x AH), 7.38 - 7.29 (5 H, m, 5 x Al),
7.17 (2 H, dJ=8.1 Hz, 2 x AH), 7.12 (2 H, dJ=8.1 Hz, 2 x
ArH), 6.35 (1 H, dJ=8.1 Hz, NH), 5.39 (1 H, dJ=7.7 Hz,
NH), 5.10 (2 H, br. s, OB,), 5.02 (1 H, dJ=7.7 Hz, NH),
4.60 (1 H, m, €INH), 4.47 (1 H, br. app. §=7.0 Hz, GINH),
4.39 (1 H, m, GINH), 3.72 (3 H, s, C&CH3), 3.23 - 2.97 (4 H,
m, 2 x (HH), 1.88 - 1.76 (1 H, m, IB(CHs)CH,CHjs), 1.46 (9
H, s, 3x ®3), 1.43 (9 H, s, 3xH83, 1.39-133(1H, m,
CHHCHs), 1.19 - 1.03 (1 H, m, CHCHjs), 0.91 (3 H, tJ=7.3
Hz, CH,CH3), 0.83 (3 H, dJ=7.0 Hz, CH®3).

3¢ (75 MHz, CDCY): 172.1 C), 170.2 C), 170.0 C), 155.8
(C), 155.0 C), 136.6 C), 136.3 C), 136.1 ), 131.8 (2 XCH),
131.7 (2 XxCH), 129.4 (2 xCH), 129.3 (2 xCH), 128.5 (2 x
CH), 128.2 CH), 128.0 (2 XCH), 122.0 (2 xC-C=C), 89.3
(C=C), 89.2 (GC), 82.2 C(CHs)s), 80.0 C(CHs)s), 67.0
(OCH,), 56.8 CHNH), 56.0 CHNH), 54.3 CHNH), 52.3
(CO,CH3), 38.3 (2 XCH,CH), 38.1 CH(CH3)CH,CHs), 28.3
(3 X CHg), 28.0 (3 xCH3), 25.3 CH,CHs), 15.2 (CHCH), 11.7
(CH,CHb).

™/, (ES+) 793 ([M+Nal, 100).

™/, (ES+) Found [M+Na] 792.3840. Required 792.3831.

+26.8 (c = 1.0, CHG).

13z



(9-2-tert-Butoxycarbonylamino-3-(4-vinyl-phenyl)-propionicid methyl esteP.86

OTf

Tributylvinyltin, LiCl

Pd(dppf)Cl,.CH.Cl,, DMF
«NHBoc (dppNCl, CHCL,

70%

MeO (0]
C16H20':3NO7S C17H23NO4
MW = 427 MW = 305
To a stirred solution of §-2-tert-butoxycarbonylamino-3-(4-

trifluoromethanesulfonyloxy-phenyl)-propionic aaigethyl ester2.74 (674 mg, 1.58
mmol), tributylvinyltin (0.46 mL, 1.58 mmol) and Ci (201 mg, 4.73 mmol) in DMF
(35 mL) was added Pd(dppf)GTH.CIl, (64 mg, 0.08 mmol). The reaction was
heated at 80 °C for 15 h the quenched with watérnfh). The aqueous phase was
extracted with ethyl acetate (3 x 50 mL) and thgaarc extracts were combined,
washed with water (5 x 50 mL) and brine (50 mLgrthdried (MgS@). Concentration
in vacuo and purification by column chromatography (10% VWyCOs in Si0,, 10%
ethyl acetate/petroleum ether) afford2@6 as a colourless oil (338 mg, 1.11 mmol,
70%).

FT-IR (vicm?) 3353 (w), 3009 (W), 2977 (m), 2926 (w), 1740 (hjO1 (s),
1509 (m), 1366 (m), 1216 (m), 1163 (s), 1055 (W14 (W),
753 ().

H NMR Su (300 MHz, CDCJ): 7.34 (2 H, dJ=8.0 Hz, 2 x AH), 7.09

(2 H, d,J=8.0 Hz, 2 x AH), 6.69 (1 H, ddJ=17.6, 11.0 Hz,
ArCHCHy), 5.72 (1 H, dJ=17.6 Hz, ArCCHGH), 5.22 (1 H, d,
J=11.5 Hz, ArCHCHH), 4.99 (1 H, br. dJ=4.5 Hz, NH), 4.58
(1 H, br. app. dJ=5.5 Hz, GINH), 3.72 (3 H, s, CECH3),

3.11 (1 H, ddJ=13.6, 5.5 Hz, €H), 3.04 (1 H, m, CH), 1.42
(O H, s, 3x Els).

13:



13C NMR

LRMS

HRMS

Sc (75 MHz, CDC4): 172.2 C), 155.0 C), 136.4 C andCH),
135.6 C), 129.4 (2 XCH), 126.3 (2 XCH), 113.6 (C€H)),
79.9 C), 54.3 CHNH), 52.2 (CQCH3), 38.0 CH,), 28.3 (3 X
CHa).

"/, (ES+) 328 ((M+Nal, 100), 634 ([2M+Nd], 87).

"/, (ES+) Found [M+Nd]328.1521. Required 328.1519.

+35.5 (c = 0.4, CHG).
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(9-2-((25,39)-2-tert-Butoxycarbonylamino-3-methyl-pentanoylamino)-3vidyl-

phenyl)-propionic acid methyl est2r87

NHBoc EDC, HOBt
+ /Y\COZH -

NH,.TFA NEt;, DCM

C11H21N04
2 76%
Meo™ o MW = 231
C12H15N02'C2HF302 C23H34N205
MW = 319 MW = 419

To a stirred solution ofSj-2-amino-3-(4-vinyl-phenyl)-propionic acid methgkter
2.86 (354 mg, 1.11 mmol) in DCM (12 mL) was added Besoleucine (358 mg,
1.55 mmol), EDC (0.27 mL, 1.55 mmol), HOBt (210 Migh5 mmol) and NEt(0.31
mL, 2.22 mmol). The reaction was stirred at RT 1I6r h then quenched with sat.
NH4CI (10 mL). The aqueous phase was extracted wliyl acetate (3 x 10 mL), the
organic extracts were combined then washed witheb{l0 mL) and dried (MgS{
Concentrationin vacuo and purification by column chromatography (§iQ%
MeOH/DCM) afforded?2.87as a white foam (351 mg, 0.84 mmol, 76%).

FT-IR (vicm™) 3310 (m), 2966 (m), 1745 (m), 1686 (s), 1655 {&22 (m),
1367 (w), 1247 (w), 1213 (w), 1171 (s).

H NMR 81 (300 MHz, CDG}: 7.33 (2 H, dJ=8.1 Hz, 2 x AH), 7.08
(2 H, d,J=8.1 Hz, 2 x AH), 6.68 (1 H, ddJ=17.7, 10.8 Hz,
ArCH=CH,), 6.47 (1 H, dJ=7.7 Hz, NH), 5.72 (1 H, d,)=17.6
Hz, ArCH=CHH), 5.23 (1 H, d,J=11.0 Hz, ArCH=CHH), 5.10
(1 H, d,J=8.4 Hz, NH), 4.88 (1 H, app. ¢J=6.2 Hz, GINH),
3.95 (1 H, app. tJ=7.5 Hz, GINH), 3.73 (3 H, s, C&CH3),
3.16 (1 H, ddJ)=14.3, 6.2 Hz, €H), 3.08 (1 H, ddJ=13.9, 6.6
Hz, CHH), 1.89 - 1.76 (1 H, m, B(CHs)CH,CHs), 1.44 (9 H, s,
3 X CH3), 1.42 - 1.35 (1 H, m, BHCH;), 1.15 - 1.02 (1 H, m,

13t



CHHCHz), 0.96 (3 H, t,J=7.0 Hz, CHCH3), 0.89 (3 H, d,
J=6.6 Hz, CHG,).

13C NMR 3¢ (75 MHz, CDC}): 172.0 C), 171.4 C), 155.9 C), 136.5
(C), 136.3 CH=CH;,), 135.1 (), 129.4 (2 XCH), 126.4 (2 X
CH), 113.7 (CH€H,), 80.3 C), 59.3 CHNH), 53.2 CHNH),
52.4 (OCHs), 37.6 CHy), 36.9 CH), 28.2 (3 xCH3), 24.6
(CH,), 15.4 CH3), 11.2 CHa).

LRMS ™/, (ES+) 441 ([M+Nal, 100), 860 ([2M+Na], 15).
HRMS ™/, (ES+) Found [M+N4d] 441.2357. Required 441.2360.
[a]p + 27.2 (c = 0.8, CHG).

13¢



(9-2-((25,39)-2,3-Dimethyl-pentanoylamino)-3-(4-vinyl-phenyligpionic acid

methyl esteP.88

C,gH,,N,0,.C,HF,0,
MW =433

To a stirred solution of -2-((2S39)-2-tert-butoxycarbonylamino-3-methyl-
pentanoylamino)-3-(4-vinyl-phenyl)-propionic acidethyl ester2.87 (325 mg, 0.78
mmol) in DCM (4 mL) was added TFA (1 mL). The reantwas stirred at RT for 4 h
then concentrateich vacuo to afford2.88as a white foam (336 mg, 0.78 mmol, 100%).

FT-IR (vicm?) 3351 (m), 2963 (m), 2910 (m), 1738 (s), 1615 (SR5L(m),
1439 (w), 1347 (w), 1205 (w), 1219 (w), 1177 (§1Tw).

'H NMR 34 (400 MHz, MeOD): 7.35 (2 H, di=8.0 Hz, 2 x AH), 7.19
(2 H, d,J=8.0 Hz, 2 x AH), 6.69 (1 H, ddJ=17.6, 11.0 Hz,
CH=CHy), 5.72 (1 H, dJ=18.1 Hz, CH=EIH), 5.18 (1 H, d,
J=10.5 Hz, CHCHH), 4.73 (1 H, ddJ=8.5, 6.0 Hz, GINH),
3.75 (1 H, d,J=5.0 Hz, GINH,), 3.68 (3 H, s, OH3), 3.23 -
3.13 (L H, m, €H), 3.11 - 2.98 (1 H, m, CH), 1.61 - 1.49 (1
H, m, GH), 1.44 - 1.32 (1L H, m, BHCH), 1.24 - 1.13 (1 H, m,
CHHCH), 1.05 - 1.00 (3 H, s, i), 0.95 (3 H, tJ=7.3 Hz,
CH3).

3C NMR dc (75 MHz, CDC}): 172.9 C), 169.8 C), 139.5 C), 138.8
(C), 137.8 CH=CH,), 130.4 (2 xCH), 127.4 (2 xCH), 113.9



(CH=CH,), 58.9 CHNH), 55.5 CHNH), 52.8 (GCH3), 38.1
(CH,), 37.2 CH), 25.6 CHy), 15.1 CHs), 11.8 CHa).

LRMS M, (ES+) 319 ([M+Nal, 100), 433 ([M+TFA], 41).

[a]o +18.6 (c = 0.2, CHG).

13¢



(9-3-(3-Bromo-4-trifluoromethanesulfonyloxy-phenylitert-butoxycarbonylamino-

propionic acid methyl esté&.89

OH oTf

—_—
NHBoc DCM
96%
MeO (e}
C,5H,BrNOg C,¢H,4BrF;NO,S
MW = 374 MW =506

A stirred solution of $-3-(3-bromo-4-hydroxy-phenyl)-gert-butoxycarbonylamino-
propionic acid methyl este?.36 (2.49 g, 6.67 mmol) and pyridine (1.62 mL, 20.00
mmol) in DCM (40 mL) was cooled to 0 °C and,@f(1.22 mL, 7.00 mmol) added
dropwise. The reaction was stirred at 0 °C fortBdn quenched with water (50 mL).
The aqueous phase was separated and the orgasi& \whahed with sat. NaHG(0
mL) and brine (50 mL), then dried (Mg@OConcentrationn vacuo and purification
by column chromatography (Si01% MeOH/DCM) afforded®.89 as a pale yellow
solid (3.23 mg, 6.38 mmol, 96%).

m.p 61-63 °C

FT-IR (vicm™) 3361 (w), 2975 (w), 1743 (m), 1712 (m), 1502 (W32 (w),
1425 (m), 1366 (m), 1208 (s), 1166 (s), 1136 (8A11(w), 884
(m), 757 (w), 617 (m).

'H NMR 34 (300 MHz, CDCY): 7.48 (1 H, dJ=1.5 Hz, AH), 7.28 (1 H,
m, J=7.3 Hz, AH), 7.18 (1 H, ddJ=8.8, 2.2 Hz, AH), 5.07 (1
H, d,J=7.3 Hz, NH), 4.59 (1 H, app. gl=6.6 Hz, GINH), 3.74
(3 H, s, CQCH3), 3.18 (1 H, ddJ=13.5, 5.9 Hz, &H), 3.01 (1
H, dd,J=13.9, 6.6 Hz, CH), 1.43 (9 H, s, 3 x Bs).

13¢



13C NMR 3¢ (75 MHz, CDC}): 171.6 C), 146.0 C), 138.5 (), 135.1
(CH), 129.9 CH), 122.7 CH), 120.7 C), 118.6(q, J=321 Hz,
CFs), 115.8 CBr), 80.4 C), 54.1 CH), 52.5 CH3), 37.6 CHo),
28.2 (3 XCHa).

LRMS M/, (ES+) 528 (M (°Br)+Na]J’, 94), 530 ([M £'Br)+Na]’, 100).
HRMS M/, (ES+) Found [M {®Br)+Na]" 527.9917. Required 527.9910.
[a]o +49.5 (c = 0.8, CHG).

14C



(9-3-(3-Bromo-4-vinyl-phenyl)-Zert-butoxycarbonylamino-propionic acid methyl
ester2.90

OTf

Tributylvinyltin, LiCl

Pd(dppf)Cl,.CH,Cl,, DMF

81%

MeO” O
C,sHyBIF,NO.S C,,H,,BINO,
MW = 506 MW = 384

To a stirred solution ofg)-3-(3-bromo-4-trifluoromethanesulfonyloxy-phengert-
butoxycarbonylamino-propionic acid methyl est@r89 (2.25 g, 4.45 mmol),
tributylvinyltin (1.30 mL, 4.45 mmol) and LiCl (0409g, 22.24 mmol) in DMF (45 mL)
was added Pd(dppf)©CH,Cl, (0.18 g, 0.22 mmol). The reaction was stirredRat
for 16 h then quenched with water (50 mL). The agsephase was extracted with
ethyl acetate (3 x 50 mL), the organic extractsenmmbined, washed with water (5 x
50 mL) and brine (50 mL), then dried (Mg®O Concentrationin vacuo and
purification by column chromatography (10% w/w,QO; in Si0,, 10% ethyl

acetate/petroleum ether) afford2®0as a colourless oil (1.39 g, 3.62 mmol, 81%).

FT-IR (v/icm™®) 3353 (w), 2971 (w), 1742 (s), 1712 (s), 1501 (4985 (m),
1426 (m), 1366 (m), 1249 (m), 1212 (s), 1162 (939 (s),
1056 (m), 1043 (m), 1018 (m), 888 (m), 756 (m).

H NMR 81 (300 MHz, CDCY): 7.48 (1 H, dJ=8.1 Hz, AH), 7.33 (1 H,
s, AH), 7.06 (1 H, dJ=7.3 Hz, AH), 7.01 (1 H, ddJ=17.6,
11.0 Hz, ArGH=CH,), 5.68 (1 H, dJ=17.6 Hz, ArCH=GH),
5.34 (1 H, dJ=11.0 Hz, ArCH=CHH), 5.03 (1 H, dJ=7.3 Hz,
NH), 457 (1 H, app. 9J=7.0 Hz, GINH), 3.74 (3 H, s,
CO,CH3), 3.11 (1 H, ddJ=13.5, 5.5 Hz, €&H), 2.99 (1 H, dd,
J=13.5, 5.9 Hz, CH), 1.43 (9 H, s, 3 x B3).

141



13C NMR

LRMS

HRMS

[a]o

Sc (75 MHz, CDCh): 171.9 C), 154.9 C), 137.4 C), 136.1
(C), 135.3 CH), 133.6 CH), 128.4 CH), 126.7 CH), 123.5
(C), 116.5 CHy), 80.1 ), 54.2 CH), 52.3 CHa), 37.6 CH.),
28.2 (3 XCHa).

M/, (ES+) 406 (M (°Br)+Na]J’, 96), 408 ([M £'Br)+Na]’, 100).

M/, (ES+) Found [M {®Br)+Na]" 406.0627. Required 406.0624.

+36.8 (c = 1.0, CHG).

14z



(9-3-(3-Bromo-4-vinyl-phenyl)-2ert-butoxycarbonylamino-propionic acii91

C,;H,,BrNO, CygH,0BrNO,
MW = 384 MW = 370

To a stirred solution of &-3-(3-bromo-4-vinyl-phenyl)-2ert-butoxycarbonylamino-
propionic acid methyl este2.90(95 mg, 0.25 mmol) in THF:$O (5 mL:5 mL) was
added LiOH.HO (26 mg, 0.62 mmol). The reaction was stirred atf& 16 h then
guenched with sat. Ni@lI (10 mL). The aqueous phase was extracted witlyl et
acetate (4 x 10 mL) and the organic extracts coewirthen dried (MgSg).
Concentrationn vacuo afforded2.91as a yellow foam (89 mg, 0.24 mmol, 96%).

FT-IR (vicm™®) 3421 (w), 3342 (w), 2978 (w), 2933 (w), 1964 (E306 (m),
1394 (m), 1368 (m), 1249 (m), 1216 (m), 1162 (47 (W),
1027 (w), 755 (m).

'H NMR 54 (300 MHz, MeOD): 7.53 (1 H, d=8.1 Hz, AH), 7.45 (1 H,
s, AH), 7.20 (1 H, dJ=8.1 Hz, AH), 7.00 (1 H, dd]=17.6,
11.0 Hz, G1=CHy), 5.71 (1 H, dJ=17.6 Hz, CH=EIH), 5.31
(1 H, d,J=11.0 Hz, CH=CH), 4.34 (1 H, dd}=9.1, 4.8 Hz,
CHNH), 3.15 (1 H, ddJ=13.9, 4.8 Hz, &H), 2.86 (1 H, dd,
J=13.7, 9.3 Hz, CH), 1.38 (9 H, s, 3 X B3).

13C NMR 3¢ (75 MHz, MeOD): 175.0Q), 157.8 C), 140.6 C), 137.0
(C), 136.6 CH), 134.8 CH), 129.9 CH), 127.7 CH), 124.2
(C), 116.9 CH,), 80.7 C), 56.0 CH), 38.1 CHy), 28.8 (3 x
CHs).

14z



LRMS M/, (ES+) 392 ([M (°Br)+NaJ’, 57), 394 ([M #'Br)+Na]J’, 58),
761 ([2M (°Br, "°Br)+NaJ", 47), 763 ([2M {°Br, ®'Br)+NaJ",
100), 765 ([M £Br, ®'Br)+NaJ", 45).

HRMS "/, (ES+) Found [M+Nd]392.0463. Required 392.0468.

[a]b +11.8 (c = 1.0, MeOH).
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(9-2-{2-[(9-3-(3-Bromo-4-vinyl-phenyl)-Zert-butoxycarbonylamino]-

acetylamino}-3-(4-vinyl-phenyl)-propionic acid metrester2.92

= A
EDC, HOBt
T ————
H NEt,, DCM
NH,.TFA
75% H
° BocHN O CO,Me
C,Hp0BINO, C,5H,N,0,.C,HF,0, CayHagBIN,O;
MW = 370 MW = 433 MW = 671

To a stirred solution ofg)-3-(3-bromo-4-vinyl-phenyl)-2ert-butoxycarbonylamino-
propionic acid2.91 (89 mg, 0.24 mmol) in DCM (5 mL) was addeg-2-((2S,39)-
2,3-dimethyl-pentanoylamino)-3-(4-vinyl-phenyl)-pionic acid methyl estef.88
(92 mg, 0.29 mmol), EDC (0.05 mL, 0.29 mmol), HGB8% mg, 0.29 mmol) and Nt
(0.13 mL, 0.96 mmol). The reaction was stirre®atfor 14 h then quenched with sat.
NH4CI (10 mL). The aqueous phase was extracted \liyl acetate (3 x 10 mL) and
the organic extracts combined, washed with brin@ ifiL), then dried (MgS§).
Concentrationin vacuo and purification by column chromatography (8%
MeOH/DCM) afforded2.92as a white foam (331 mg, 0.79 mmol, 75%).

FT-IR (v/icm™®) 3274 (w), 3016 (m), 2970 (m), 1739 (s), 1643 (@521 (W),
1440 (w), 1366 (s), 1228 (s), 1217 (s), 1168 (V@9 w), 753
(s).

"H NMR 81 (400 MHz, CDCY): 7.46 (1 H, dJ=8.0 Hz, AH), 7.40 (1 H,

d, J=2.0 Hz, AH), 7.34 (2 H, dJ=8.0 Hz, 2 x AH), 7.09 -
7.15 (2 H, m, AH and NH), 7.07 (2 H, dJ=8.0 Hz, 2 x AH),

7.00 (1 H, ddJ=17.6, 11.0 Hz, 6=CHH), 6.67 (1 H, dd,
J=17.6, 11.0 Hz, 6=CHH), 6.34 (1H, dJ=7.5 Hz, NH), 5.72
(1 H, d,J=17.6 Hz, CH=G@IH), 5.66 (1 H, d,J=17.6 Hz,
CH=CHH), 5.33 (1 H, dJ=11.5 Hz, CH=CH}), 5.22 (1 H, d,

14=



13C NMR

LRMS

HRMS

J=11.0 Hz, CH=CHH), 5.01 (1 H, br. dJ=8.0 Hz, NH), 4.84 (1
H, app. qJ=6.5 Hz, GINH), 4.33 (1 H, m, &NH), 4.26 (1 H,
app. ddJ=8.0, 6.5 Hz, €EINH), 3.72 (3 H, s, €3), 3.19 - 2.94
(4H, m2x®H),1.90-1.74(1H, mg),1.41 (9H,s, 3x
CHj), 1.38 - 1.31 (1 H, m, BH), 1.15 - 0.96 (1 H, m, CH),
0.71-0.95 (6 H, m, 2 xId3).

8¢ (100 MHz, CDCY): 171.6 C), 170.8 C), 170.3 C), 155.4
(C), 138.1 C), 136.5 C), 136.3 CH=CHy), 136.0 C), 135.3
(CH=CHy), 135.2 C), 133.6 CH), 129.4 (2 xCH), 128.5
(CH), 126.8 CH), 126.5 (2 xCH), 123.6 CBr), 116.5
(CH=CH,), 113.8 (CH€H,), 80.5 C), 57.8 CH), 55.4 CH),
53.1 CHsg), 52.3 CH), 37.7 CH,), 37.6 CH,), 37.3 CH),
28.2 (3 XCHa), 24.7 CHy), 15.2 CHa), 11.3 CHa).

M/, (ES+) 692 ([M (°Br)+NaJ", 89), 694 (IM §'Br)+Na]", 100).
"/, (ES+) Found [M+Na]692.2321. Required 692.2306.

+37.5 (c = 2.0, CHG).

1l4¢



(9-3-(3-Bromo-4-formyl-phenyl)-2ert-butoxycarbonylamino-propionic_acid methyl
ester2.93

Cy7H,,BINO, C,sH0BINOg
MW = 384 MW = 386

A stirred solution of $-3-(3-bromo-4-vinyl-phenyl)-2ert-butoxycarbonylamino-
propionic acid methyl est&.90(3.06 g, 7.98 mmol) and sudan red (10 mg) in DCM
(100 mL) was cooled to -78 °C and @—4% in &) bubbled through until the red
colour disappeared. ;Qvas then bubbled through for 20 min before £&n19 g,
15.96 mmol) was added. The reaction was stirred@&fC for 20 min then allowed
to warm to RT. Concentratiom vacuo and purification by column chromatography
(SiO,, 20% ethyl acetate/petroleum ether) affordeédBas a pale orange foam (2.60 g,
6.74 mmol, 84%).

FT-IR (vicm™) 3367 (w), 2977 (W), 1742 (s), 1694 (s), 1598 (@507 (m),
1366 (m), 1250 (m), 1216 (m), 1163 (M), 1041 (nSH Tw).

'H NMR 8y (300 MHz, CDCY): 10.31 (1 H, s, Ar60), 7.84 (1 H, d,
J=8.1 Hz, AH), 7.44 (1 H, s, Afl), 7.21 (1 H, dJ=8.1 Hz,
ArH), 5.09 (1 H, dJ=7.3 Hz, NH), 4.60 (1 H, app. g}=5.9 Hz,
CHNH), 3.74 (3 H, s, CECH3), 3.21 (1 H, ddJ=13.5, 5.5 Hz,
CHH), 3.05 (1 H, ddJ=13.5, 6.2 Hz, CH), 1.42 (9 H, s, 3 X
CHs).



13C NMR

LRMS

HRMS

8¢ (75 MHz, CDCH): 191.4 CHO), 171.5 C), 154.8 C), 144.9
(C), 134.6 CH), 132.3 C), 129.8 CH), 128.9 CH), 127.0 C),
80.3 C), 54.0 CH), 52.5 CH3), 38.1 CHy), 28.2 (3 XCHs).
M/, (ES+) 408 ([M(°Br)+Na]’, 60), 410 (M{'Br)+Na]J’, 60).

"/, (ES+) Found [M{®Br)+Na]* 408.0417. Required 408.0417.

+30.8 (c = 0.2, CHG).
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(9-3-(3-Bromo-4-hydroxymethyl-phenyl)-&rt-butoxycarbonylamino-propionic acid

methyl esteR.94

NaBH,
B ——
MeOH
90%
C1H,0BINOg C1H,,BINOg
MW = 386 MW = 388

To a stirred solution of  §-3-(3-bromo-4-formyl-phenyl)-2ert-
butoxycarbonylamino-propionic acid methyl es@®©3 (378 mg, 0.98 mmol) in
MeOH (18 mL) at 0 °C was added NaB4 mg, 1.18 mmol). The reaction was
stirred at 0 °C for 3 h then quenched with watdr (2L). The aqueous phase was
extracted with ethyl acetate (3 x 20 mL), the orgaxtracts were combined, washed
with brine (20 mL) and dried (MgSd Concentratiorin vacuo and purification by
column chromatography (S240% ethyl acetate/petroleum ether) affor@e@¥ as a
yellow oil (342 mg, 0.88 mmol, 90%).

FT-IR (vicm™) 3367 (br), 2977 (m), 1740 (s), 1693 (s), 1507 (#4338 (m),
1366 (m), 1217 (m), 1165 (s), 1062 (m), 1032 (m).

H NMR Su (300 MHz, CDCY): 7.40 (1 H, dJ=7.7 Hz, AH), 7.32 (1 H,
s, AH), 7.09 (1 H, ddJ=7.7, 1.1 Hz, AH), 5.04 (1 H, dJ=7.3
Hz, NH), 4.70 (2 H, s, Ar€,0H), 4.55 (1 H, app. §)=6.2 Hz,
CHNH), 3.73 (3 H, s, C&CH3), 3.11 (1 H, ddJ=13.9, 5.9 Hz,
CHH), 3.00 (1 H, ddJ=13.5, 5.9 Hz, CHI), 2.29 (1 H, br. s,
OH), 1.42 (9 H, s, 3 x B3).

14¢



13C NMR

LRMS

HRMS

Sc (75 MHz, CDCh): 171.9 €), 155.0 C), 138.5 C), 137.4
(C), 133.3 CH), 128.8 CH), 128.5 CH), 122.4 C), 80.1 C),
64.6 CH,), 54.2 CH), 52.3 CHa), 37.5 CH>), 28.2 (3 XCH3).
M/, (ES+) 410 (M (°Br)+Na]J’, 100), 412 (IM ¥'Br)+NaJ", 92).

"/, (ES+) Found [M °Br)+Na]" 410.0567. Required 410.0571.

+11.8 (c = 0.8, CHG).

15C



(9-3-(3-Bromo-4-formyl-phenyl)-2ert-butoxycarbonylamino-propionic_acid methyl
ester2.93

C,6H,,BrNOg C,H,0BrNOg
MW = 388 MW = 386

To a stirred solution of g-3-(3-bromo-4-hydroxymethyl-phenyl){2¥t-
butoxycarbonylamino-propionic acid methyl es?e94 (250 mg, 0.64 mmol) in THF
(20 mL) was added NBS (114 mg, 0.64 mmol). Thetreaavas stirred at RT for 8 h
then SiQ added and concentrated vacuo. Purification by column chromatography
(SiO,, 40% ethyl acetate/petroleum ether) affor@e@Bas yellow foam (153 mg, 0.40
mmol, 62%).

The data matches that previously reported.
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(9-3-(3-Bromo-4-bromomethyl-phenyl){&rt-butoxycarbonylamino-propionic acid

methyl este.95

C,6H,,BINOg C,¢H,,Br,NO,
MW = 388 MW = 451

To a stired solution of §-3-(3-bromo-4-hydroxymethyl-phenyl){@rt-
butoxycarbonylamino-propionic acid methyl es?2e®4 (303 mg, 0.78 mmol) in THF
(15 mL) was added NBS (417 mg, 2.34 mmol) andsKBb5 mg, 2.34 mmol). The
reaction was stirred at RT for 3 h then Si@ded and concentrateéd vacuo.
Purification by column chromatography (Si(0% ethyl acetate/petroleum ether)
afforded2.95as white solid (281 mg, 0.62 mmol, 80%).

m.p 98-100 °C

FT-IR (v/icm™®) 3353 (w), 2979 (w), 2949 (w), 1741 (m), 1699 (HO1 (m),
1436 (w), 1365 (m), 1215 (m), 1160 (s), 1043 (M)B 6m).

H NMR 81 (400 MHz, CDCY): 7.39 (1 H, d,J=8.0 Hz, AH), 7.37 (1 H,
s, AH), 7.08 (1 H, dJ=7.5 Hz, AH), 5.03 (1 H, dJ=7.0 Hz,
NH), 4.58 (3 H, br. s, Ar8,Br and GINH), 3.74 (3 H, s,
CO.,CH3), 3.13 (1 H, ddJ=13.6, 5.5 Hz, EHCH), 2.99 (1 H,
dd,J=13.6, 6.0 Hz, CHCH), 1.43 (9 H, s, 3 x&3).

3C NMR 3¢ (100 MHz, CDC}): 171.8 C), 154.9 ), 138.8 (), 135.6

(C), 134.1 CH), 131.2 CH), 128.9 CH), 124.4 C), 80.2 C),
54.2 CH), 52.4 CHs), 37.7 CH,), 33.0 CH>), 28.3 (3 xCHa).

15z



e ", (ES+) 472 (M (Br, “Bry+Nal’, 53), 474 (M (B,
*'Br)+NaJ", 100), 476 (M {'Br, *'Br)+Na', 57).

HRMS M/, (ES+) Found [M ©Br, ™Br)+Na]’ 471.9734. Required
471.9730.
[a]o —66.0 (c = 0.2, CHG).
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(9)-3-{3-Bromo-4-[(triphenyl-lambd&phosphanyl)-methyl]-phenyl}-2ert-
butoxycarbonylamino-propionic acid methyl estembide 2.96

toluene

100%

C,6H,,BI,NO, C,,H,,BrNO,P.Br
MW = 451 MW = 715

A stirred solution of 9-3-(3-bromo-4-bromomethyl-phenyl){2rt-
butoxycarbonylamino-propionic acid methyl e2695 (284 mg, 0.63 mmol) and PPh
(181 mg, 0.69 mmol) in toluene (8 mL) was heate®@@fC for 16 h. The reaction
was cooled to RT and the resultant precipitateectdld by filtration and washed with
petroleum ether to affor8l.96as white solid (448 mg, 0.63 mmol, 100%).

m.p >250 °C

FT-IR (vicm™®) 2971 (w), 2843 (w), 1741 (m), 1699 (s), 1520 (M489 (w),
1437 (m), 1365 (w), 1251 (w), 1162 (s), 1110 (n®29s), 722
(s), 689 (m).

'H NMR oy (300 MHz, CDC)): 7.83 - 7.74 (3 H, m, 3 x At), 7.71 -

7.60 (9 H, m, 12 x Atl), 7.49 (1 H, ddJ=8.1, 2.6 Hz, AH),
7.22 (1 H, dJ=7.3 Hz, AH), 7.18 - 7.12 (3 H, m, 3 x At),
6.93 (1 H, d,J=8.1 Hz, AH), 5.70 (1 H, t,J=14.6 Hz,
ArCHHP), 5.51 (1 H, ddJ=15.4, 14.3 Hz, ArCHP), 5.02 (1
H, d,J=8.1 Hz, NH), 4.47 (1 H, dd,J=12.4, 6.2 Hz, EINH),
3.67 (3 H, s, C@CH3), 3.04 (1 H, ddJ=13.5, 5.1 Hz, EH),
2.91 (1 H, ddJ=13.5, 6.2 Hz, CH), 1.38 (9 H, s, 3 X Ba3).
NMR contaminated with traces of PPh
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13C NMR

LRMS

HRMS

8¢ (75 MHz, CDCH): 171.6 C), 154.9 C), 139.2 C), 135.2 (3
x CH), 134.4 (d,J=10 Hz, 6 XCH), 133.6 CH), 133.1 CH),
130.3 (d,J=12 Hz, 6 xCH), 128.2 CH), 127.2 CBr), 125.3
(C), 117.4 (d,J=86 Hz, 3 xC), 80.1 C), 54.5 CH), 52.4
(CHg), 37.7 CH,), 30.7 (d,J=50 Hz,CH,), 28.3 (3 XCHs).

M/, (ES+) 632 (M (°Br)+Na]J, 100), 634 ([M {'Br)+NaJ", 91).

M/, (ES+) Found [M Br)+Na]" 632.1555. Required 632.1560.

+4.2 (c = 3.1, CHG).
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(9-2-Benzyloxycarbonylamino-3-(4-vinyl-phenyl)-praiic acid methyl este?.98

OoTf

Tributylvinyltin, LiCl

Pd(dppf)Cl,.CH,Cl,, DMF

~NHCbz
73%
MeO” O
C19H18F3NO7S C20H21NO4
MW = 461 MW = 339

Prepared following the procedure of Yokomagsal .22

To a stirred solution of §)-2-benzyloxycarbonylamino-3-(4-
trifluoromethanesulfonyloxy-phenyl)-propionic acidethyl ester2.97 (1.84 g, 3.98
mmol), tributylvinyltin (1.28 mL, 4.38 mmol) and Ci (0.84 g, 19.90 mmol) in DMF
(80 mL) was added Pd(dppfyaCH.Cl, (162 mg, 0.20 mmol). The reaction was
stirred at RT for 16 h then quenched with water (8l0). The aqueous phase was
extracted with ethyl acetate (3 x 50 mL) and thgaaic extracts were combined then
washed with water (5 x 50 mL) and brine (50 mL) aneéd (MgSQ). Concentration
in vacuo and purification by column chromatography (10% WyCOs in Si0,, 10%
ethyl acetate/petroleum ether) afford2®8 as a colourless oil (0.99 g, 2.91 mmol,
73%).

FT-IR (v/icm™) 3338 (m), 3036 (w), 2952 (m), 1718 (vs), 1511 ()37 (w),
1349 (w), 1252 (m), 1211 (s), 1056 (m), 1027 (vO9 9w), 739
(w), 697 (m).

H NMR on (300 MHz, CDCY): 7.42 - 7.28 (7 H, m, 7 x At), 7.06 (2 H,

d, J=8.4 Hz, 2 x AH), 6.69 (1 H, dd,J=17.6, 11.0 Hz,
ArCH=CH,), 5.73 (1 H, dJ=17.6 Hz, ArCH=CG1H), 5.24 (2 H,
d, J=11.0 Hz, ArCH=CHH and NH), 5.11 (2 H, br. s, 08,),

4.67 (1 H, app. qJ=5.9 Hz, GINH), 3.73 (3 H, s, C&Ha),

3.15 (1 H, dd,J=13.9, 5.9 Hz, €H), 3.07 (1 H, ddJ=13.9, 6.2
Hz, CHH).
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13C NMR 3¢ (75 MHz, CDCY): 171.9 C), 155.6 C), 136.4 C), 136.3
(CH=CH;,), 136.2 ), 135.2 ), 129.4 (2 XCH), 128.5 (2 X
CH), 128.1 CH), 128.0 (2 xCH), 126.4 (2 XCH), 113.7
(CH=CH,), 66.9 (G@CH,), 54.7 CH), 52.3 CH3), 37.9 CHo).

LRMS ™/, (ES+) 362 ([M+Nal, 100), 701 ([2M+Na], 27).
HRMS ™/, (ES+) Found [M+N4d]362.1368. Required 362.1363.
[a]p + 20.8 (c = 0.8, CHG).

The data are consistent with the literattfre.



(S-2-Benzyloxycarbonylamino-3-(4-vinyl-phenyl)-prapic acid2.99

LIOH.H,0

—_—

+NHCbz THF/H,O

86%

MeO (e}
C20H21NO4 C19H19NO4
MW =339 MW = 325

A stirred solution of §-2-benzyloxycarbonylamino-3-(4-vinyl-phenyl)-propic acid
methyl este2.98 (419 mg, 1.24 mmol) and LIOH& (130 mg, 3.09 mmol) in THF
(23 mL) and water (23 mL) was stirred at RT forH.6The reaction was quenched
with sat. NHCI (50 mL) and the agueous phase was extractedetlityl acetate (3 x
50 mL). The organic extracts were combined, wastéd brine (50 mL) then dried
(MgSQy,). Concentrationn vacuo afforded2.99 as a colourless oil (360 mg, 1.07
mmol, 86%).

FT-IR (vicm™) 3414 (w), 3319 (w), 3085 (br), 3033 (W), 2955 (17 (vs),
1512 (s), 1408 (W), 1346 (w), 1215 (m), 1058 (n9)9 9w), 839
(W), 739 (W), 697 (m).

'H NMR 84 (300 MHz, MeOD): 7.39 - 7.24 (7 H, m, 7 XY, 7.18 (2 H,
d, J=8.4 Hz, 2 x AH), 6.70 (1 H, dd,J=17.6, 11.0 Hz,
ArCH=CH,), 5.73 (1 H, d,J=17.6 Hz, ArCH=GiH), 5.19 (1 H,
d, J=11.0 Hz, ArCH=CHH), 5.06 (1 H, d,J=12.4 Hz, OGiHAT),
4.99 (1 H, dJ=12.4 Hz, OCHHAr), 4.43 (1 H, app. ¢q}=4.9 Hz,
CHNH), 3.19 (1 H, ddJ=13.9, 5.1 Hz, ArGIHCH), 2.91 (1 H,
dd,J=13.9, 9.5 Hz, ArCHICH).

13C NMR 3¢ (75 MHz, MeOD): 175.2), 158.5 ), 138.4 (2 xC), 138.1
(CH), 137.7 C), 130.6 (2 XCH), 129.6 (2 XCH), 129.0 CH),
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128.8 (2 XCH), 127.4 (2 xCH), 113.9 CH,), 67.6 CH>), 56.8
(CH), 38.5 CH.,).

LRMS M/, (ES+) 348 ([M+Nal, 100), 674 ([2M+Nd], 11).
HRMS ™/, (ES+) Found [M+Na] 348.1209. Required 348.1206.
[a]p +12.1 (c = 0.8, MeOH).
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(25,39)-2-[(§-2-Benzyloxycarbonylamino-3-(4-vinyl-phenyl)-prampiylamino]-3-

methyl-pentanoic acitbrt-butyl ester2.100

NH,.HCI EDC, HOBt

+ />’/\COZIBU - -
~NHCbz H NEt;, DCM
87% H
o /%(OIBU
B
o)

CioH1oNO, CyoH;,NO,.HCI CaoHasN,05
MW = 325 MW = 224 MW = 495

HO

To a stirred solution ofg)-2-benzyloxycarbonylamino-3-(4-vinyl-phenyl)-propic
acid 2.99 (360 mg, 1.07 mmol) in DCM (10 mL) was addedsoleucine tert-butyl
ester (220 mg, 1.18 mmol), EDC (0.21 mL, 1.18 mmidpBt (159 mg, 1.18 mmol)
and NEg (0.45 mL, 3.20 mmol). The reaction was stirredrRat for 12 h then
guenched with sat. Ni€l (10 mL). The aqueous phase was extracted witigl e
acetate (3 x 10 mL), the organic extracts were d¢oetband washed with brine (10
mL), then dried (MgS@. Concentrationin vacuo and purification by column
chromatography (Si§) 1% MeOH/DCM) afforded2.100as a white foam (461 mg,
0.93 mmol, 87%).

FT-IR (vicm™) 3307 (m), 2967 (m), 2933 (m), 1729 (m), 1654 (§37 (M),
1512 (m), 1252 (m), 1217 (m), 1140 (s), 1046 (V05 w), 846
(W), 752 (s), 696 (m).

'H NMR 34 (400 MHz, CDCY): 7.39 - 7.29 (7 H, m, 7 x Ad), 7.15 (2
H, d, J=8.0 Hz, 2 x AH), 6.68 (1 H, ddJ=17.8, 10.8 Hz,
CH=CHH), 6.29 (1 H, br. dJ=8.0 Hz, NH), 5.71 (1 H, d,
J=17.6 Hz, CH=GiH), 5.29 (1 H, br. dJ=7.0 Hz, NH), 5.23 (1
H, d, J=10.5 Hz, CH=CHll), 5.12 (1 H, dJ=12.5 Hz, GiH),
5.09 (1 H, dJ=12.5 Hz, CHH), 4.49 - 4.41 (1 H, m, &), 4.39
(1 H, dd,J=8.0, 4.5 Hz, €l), 3.16 - 3.01 (2 H, m, I8H), 1.88 -
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1.75 (L H, m, ®), 1.45 (9 H, s, 3 x B), 1.42 - 1.33 (1 H, m,
CHH), 1.19 - 1.04 (1 H, m, CH), 0.91 (3 H, t,J=7.5 Hz,
CH,CH3), 0.82 (3 H, dJ=7.0 Hz, CH5).

13C NMR 3¢ (100 MHz, CDCY): 169.9 C), 169.8 (), 155.5 C), 138.1
(C), 136.1 CH=CH,), 135.9 C), 135.5 ), 129.2 (2 xCH),
128.2 (2 XCH), 127.9 CH), 127.7 (2 XCH), 126.2 (2 xCH),
113.3 (CH€H,), 81.8 ), 66.7 CH>), 56.5 CH), 55.8 CH),
38.0 CH), 37.8 CH), 27.7 (3 XxCH3), 25.0 CH,), 14.8 CHa),

11.4 CHy).
LRMS M/, (ES+) 517 ([M+Nal, 100), 1012 ([2M+N4d] 88).
HRMS ™/, (ES+) Found [M+Na]517.2666. Required 517.2673.
[a]p +8.0 (c = 1.0, CHQG).
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(25,39)-2-[(9-2-Benzyloxycarbonylamino-3-(4-formyl-phenyl)-piopylamino]-3-

methyl-pentanoic acitbrt-butyl ester2.101

CagHasN,05 CaH36N;06
MW = 495 MW = 497

A stirred solution of (839-2-[(S-2-benzyloxycarbonylamino-3-(4-vinyl-phenyl)-
propionylamino]-3-methyl-pentanoic aciet-butyl ester2.100(413 mg, 0.82 mmol)
and sudan red (10 mg) in DCM (100 mL) was cooled/&°C and @(1—4% in Q)
bubbled through until the red colour disappeam®gdwas then bubbled through for 20
min before PPh(428 mg, 1.63 mmol) was added. The reaction wiagdtat -78 °C
for 20 min then allowed to warm to RT. Concentnatio vacuo and purification by
column chromatography (S¥030% ethyl acetate/petroleum ether) affor@etDlas a
yellow foam (383 mg, 0.75 mmol, 92%).

FT-IR (v/icm™) 3307 (m), 2968 (m), 2933 (m), 1729 (m), 1698 (655 (s),
1534 (m), 1455 (w), 1367 (w), 1254 (m), 1215 (m)41 (s),
1045 (w), 752 (S).

H NMR 8u (300 MHz, CDC}Y): 9.95 (1 H, s, €0), 7.76 (2 H, dJ=8.1
Hz, 2 x AH), 7.39 - 7.28 (7 H, m, 7 x A), 6.45 (1 H, d,
J=8.1 Hz, \H), 5.49 (1 H, dJ=8.1 Hz, NH), 5.08 (2 H, s,
OCHAr), 4.53 (1 H, app. gJ=6.2 Hz, GINH), 4.40 (1 H, app..
dd, J=8.2, 4.6 Hz, €INH), 3.20 (1 H, dd,J=13.5, 6.6 Hz,
CHH), 3.11 (1 H, ddJ=13.5, 7.0 Hz, CH)), 1.89 - 1.74 (1 H,
m, CH(CH3)CH,CH3), 1.44 (O H, s, 3 x B3), 1.41 - 1.30 (1 H,
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m, CHHCHs), 1.20 - 1.02 (1 H, m, CHCHs), 0.89 (3 H, t,
J=7.3 Hz, CHCHy3), 0.82 (3 H, dJ=7.0 Hz, CHG,).

13C NMR 3¢ (75 MHz, CDC4): 191.8 CHO), 170.3 C), 169.8 ), 155.8
(C), 143.6 C), 136.0 C), 135.2 ), 130.0 (2 xCH), 139.9 (2
x CH), 128.5 (2 xCH), 128.2 CH), 128.0 (2 xCH), 82.2 ©),
67.1 (OCH,), 56.8 CHNH), 55.7 CHNH), 38.6 CH,), 38.1
(CH), 28.0 (3 XCH3), 25.3 CHy), 15.2 CHa), 11.7 CHs).

LRMS ™/, (ES+) 519 ([M+Nal, 100), 1015 ([2M+N4d]} 10).
HRMS ™/, (ES+) Found [M+Nd], 519.2457. Required 519.2466.
[a]p +69.5 (c = 0.7, CHG).
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(25,39)-2-{[( §-2-Benzyloxycarbonylamino-3-[4Z§-2-{2-bromo-4-[2iert-
butoxycarbonylamino-2-8§-methoxycarbonyl)-eth{dphenyl}-vinyl)-phenyl]-

propionylamino}-3-methyl-pentanoic acigrt-butyl ester2.102 and (5,39)-2-{[(9-

2-benzyloxycarbonylamino-3-[4H§-2-{2-bromo-4-[2{ert-butoxycarbonylamino-2-

((§-methoxycarbonyl)-eth{dphenyl}-vinyl)-phenyl]-propionylamino}-3-methyl-

pentanoic acidert-butyl ester2.103

K,CO,

18-crown-6

B —"

DCM

CogH3eN,Og C3,4H3,BrNO,P.Br 2.102 46%
MW = 497 MW = 715 C,4HssBrN;O,
MW = 851
2.103 38%
CsH56BN3Og
MW = 851

To a stirred solution ofgj-3-{3-bromo-4-[(triphenyl-lambdaphosphanyl)-methyl]-
phenyl}-2tert-butoxycarbonylamino-propionic acid methyl esteorbide 2.96 (357
mg, 0.50 mmol) in DCM (5 mL) was added 18-crowri6 (ng). After 20 min at RT
(2539-2-[(9-2-benzyloxycarbonylamino-3-(4-formyl-phenyl)-piopylamino]-3-
methyl-pentanoic acidert-butyl ester2.101 (132 mg, 0.26 mmol) was added,
followed after 18 h by Si®(2 g). Concentratiom vacuo and purification by column
chromatography (Si§) 30% ethyl acetate/petroleum ether) affordedlyirsis-2.102
as a yellow oil (102 mg, 0.12 mmol, 46%) thieans-2.103as a yellow oil (89 mg,
0.10 mmol, 38%).
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Cis1.102

FT-IR (vicm™) 3015 (w), 2974 (w), 1712 (m), 1500(m), 1368 (w)152Am),
1160 (m), 1046 (w), 746 (s), 667 (m).

H NMR dn (400 MHz, CDCY): 7.39 (1 H, s, AH), 7.37-7.29 (5H, m, 5
x ArH), 7.11 (1 H, dJ=8.0 Hz, AH), 7.02 (4 H, ddJ=12.5, 7.0
Hz, 4 x AH), 6.86 (1 H, d,J=7.5 Hz, AH), 6.61 (1 H, d,
J=12.0 Hz, ®1=CH), 6.55 (1 H, dJ=12.0 Hz, CH=E1), 6.34 (1
H, d,J=6.0 Hz, NH), 5.32 (1 H, br. s, N), 5.15 - 5.00 (3 H, m,
OCH; and NH), 4.56 (1 H, br. dJ=5.5 Hz, GINH), 4.46 - 4.31
(2H, m, 2x ®INH), 3.71 (3 H, s, O83), 3.15-2.91 (4 H, m, 2
X CHH), 1.87 - 1.76 (1 H, m, 8(CH3)CH,CHs), 1.44 (9 H, s,
23 x (H3), 1.44 9 H, s, 3 x B3), 1.40 - 1.33 (1 H, m,
CHHCHj3), 1.19 - 1.04 (1 H, m, CHCHz), 0.90 (3 H, tJ=7.3
Hz, CH.CH3), 0.81 (3 H, dJ=6.0 Hz, CH®3).

3C NMR 3¢ (100 MHz, CDCY): 171.9 C), 170.2 C), 170.2 C), 155.8
(C), 154.9 C), 137.1 C), 136.5 C), 136.1 C), 135.5 C),
135.0 C), 133.4 CH), 130.9 CH), 130.7 CH), 129.2 (2 xCH),
129.1 (2 xCH), 129.0 CH), 128.5 (2 xCH), 128.1 CH), 128.0
(CH), 128.0 (2 xCH), 123.8 CBr), 82.1 €), 80.1 C), 67.0
(OCH,), 56.8 CHNH), 56.0 CHNH), 54.3 CHNH), 52.3
(OCH3), 38.1 CH), 37.7 (br. s, 2 XCH,), 28.3 (3 XCHs), 28.0
(3 XCHa), 25.3 CHy), 15.2 CHa), 11.7 CHa).

LRMS M/, (ES+) 873 ([M (°Br)+Na]J’, 93), 875 ([M {!Br)+Na]J’, 100).
HRMS M/, (ES+) Found [M {®Br)+Na]" 872.3080. Required 872.3092.
[a]p +17.5 (c = 0.4, CHG).
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Trans-1.103

FT-IR (vicm™)

'H NMR

13C NMR

LRMS

HRMS

[a]o

3015 (w), 2974 (w), 1712 (m), 1500(m), 1368 (w)152Am),
1160 (m), 1046 (w), 746 (s), 667 (m).

dn (400 MHz, CDCY): 7.57 (1 H, dJ=8.0 Hz, AH), 7.43 (2 H,
d, J=8.0 Hz, 2 x AH), 7.41 - 7.29 (7 H, m, 6 x Ar and
CH=CH), 7.19 (2 H, dJ=7.5 Hz, 2 x AH), 7.09 (1 H, dJ=8.0
Hz, ArH), 6.97 (1 H, d,J=16.1 Hz, CH=E{), 6.37 (1 H, d,
J=8.0 Hz, NH), 5.38 (1 H, dJ=7.0 Hz, NH), 5.09 - 5.01 (3 H, m,
OCH; and NH), 4.59 (1 H, br. dJ=6.5 Hz, GINH), 4.47 (1 H,
br. d,J=7.0 Hz, GINH), 4.40 (1 H, ddJ=8.5, 4.5 Hz, EINH),
3.75 (3 H, s, @Hg), 3.17 - 3.06 (3 H, m, I@H and CG4H), 3.01
(1 H, dd, J=13.6, 7.0 Hz, CH), 1.88 - 1.76 (1 H, m,
CH(CH3)CH,CHg), 1.45 (18 H, s, 2 x (3 x1d3)), 1.40 - 1.34 (1
H, m, CHHCHs), 1.19 - 1.06 (1 H, m, CHCHs), 0.91 (3 H, t,
J=7.3 Hz, CHCH3), 0.83 (3 H, dJ=6.5 Hz, CHC3).

3¢ (100 MHz, CDCY): 172.0 €), 170.2 C), 170.1 C), 155.8
(C), 155.0 C), 137.2 C), 136.2 (2 xC), 135.8 (2 xC), 133.8
(CH), 130.8 C), 129.7 (2 XCH), 128.5 (3 xCH), 128.2 CH),
128.0 (2 XCH), 127.1 (2 xCH), 126.8 CH), 126.5 CH), 124.0
(CBr), 82.1 C), 80.1 C), 67.0 CH,), 56.8 CHNH), 56.1
(CHNH), 54.3 CHNH), 52.3 (QCHs), 38.2 CH.), 38.1 CH),
37.6 CHy), 28.3 (3 XCHs), 28.0 (3 XCH3), 25.4 CHy), 15.2
(CHa), 11.7 CHa).

M/, (ES+) 873 (IM (°Br)+NaJ", 93), 875 (IM {'Br)+Na]", 100).
"/, (ES+) Found [M (®Br)+Na]" 872.3080. Required 872.3092.

+37.7 (c = 0.6, CHG).
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(R)-2-Benzyloxycarbonylamino-3-methyl-butyric a&dL06

o

oH Ox_OH
Xy Benzyl chloroformate jJ)\
H,N S
2 2 M NaOH, ether H

93%

CsHy,NO, Ci3H7NO,
MW =117 MW = 251

Prepared following the procedure of Aitkeral 2

To a stirred solution ab-Valine 2.105(6.0 g, 50 mmol) in 2 M NaOH (117 mL) and
ether (26 mL) at 0 °C was added benzyl chlorofoem@tl.7 mL, 80 mmol). The
reaction was warmed to RT after 17 h, the aquebasewas separated, adjusted to

pH 2 with conc. HCI and extracted with ethyl aceté4 x 50 mL). The organic

extracts were combined, washed with brine (50 mthen dried (MgSQ).

Concentrationin vacuo afforded the produc2.106 as a colourless oil (11.7 g, 46

mmol, 93%).

FT-IR (v/icm™)

'H NMR

13C NMR

LRMS

[a]o

3325 (br), 2965 (w), 2388 (br), 2282 (br), 2112),(4698 (s),
1519 (m), 1455 (w), 1414 (w), 1303 (w), 1213 ()25 (m),
911 (w), 735 (m), 696 (m).

Su (300 MHz, CDCJ): 7.45 - 7.29 (5 H, m, 5 x Af), 5.27 (1
H, d,J=8.8 Hz, NH), 5.14 (2 H, s, €,), 4.36 (1 H, dd,)=8.8,
4.4 Hz, GHICOH), 2.33 - 2.16 (1 H, m, IB(CHs)2), 1.02 (3 H,
d, J=6.6 Hz, G13), 0.95 (3 H, dJ=7.0 Hz, Gds).

3¢ (75 MHz, CDCH): 176.6 C), 156.4 C), 136.1 C), 128.5 (2
x CH), 128.2 CH), 128.1 (2 xCH), 67.2 CH>), 58.9 CHNH),
31.0 CH(CHa)2), 19.0 CHs), 17.3 CHa).

", (ES+) 274 ([M+Nal, 100), 525 ([2M+Nadl], 28).

+13.7 (c = 2.6, CHG).

The data are consistent with the literattire.
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((R)-2-Benzyloxycarbonylamino-3-methyl-butyrylaminaedic acid methyl ester
2.107

Isobutyl chloroformate Q
@) OH
Oy _-OMe N-methylmorpholine HJ\OMe
+ O _NH
CbzHN
HCLH,N THF, DMF
CbzHN
89%
C,3H7NO, C;H,NO,.HCI CHoN,04
MW = 251 MW =126 MW = 322

Prepared following the procedure of Resal

To a stirred solution ofR)-2-benzyloxycarbonylamino-3-methyl-butyric acd106
(44.4 g, 0.18 mol) in THF (400 mL) at -5 °C was edlti-methylmorpholine (19.5
mL, 0.18 mol) and isobutyl chloroformate (22.9 n.18 mol). After 10 min a
solution of glycine methyl ester (22.2 g, 0.18 mwl) DMF (65 mL) was added
followed by further N-methylmorpholine (19.5 mL, 0.18 mol). The reactiomas
warmed to RT and after 20 h was quenched with w@@® mL) and concentrated
vacuo to approx. 150 mL. The resultant precipitate wablected by filtration and
recrystallised from DCM/diethyl ether to affo&l107 as a white solid (50.6 g, 0.16
mol, 89%).

m.p. 162-163 °C

FT-IR (vicm™) 3287 (s), 2954 (W), 2349 (w), 1750 (m), 1687 (M52 (m),
1537 (s), 1208 (s), 1038 (s), 745 (m), 697 (S).

'H NMR 81 (300 MHz, CDCJ): 7.40 - 7.31 (5 H, m, 5 x At), 6.62 (1
H, br. s, NH), 5.45 (1 H, dJ=8.4 Hz, NH), 5.11 (2 H, dJ=2.6
Hz, CHZAr), 4.16 - 3.93 (3 H, m, B,NH and GINH), 3.75 (3
H, s, O®3), 2.24 - 2.08 (1 H, m, B(CHs),), 0.99 (3 H, d,
J=6.6 Hz, G43), 0.95 (3 H, dJ=7.0 Hz, tH3).
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3C NMR ¢ (75 MHz, CDCY): 171.6 C), 170.1 C), 156.4 C), 136.2
(C), 128.5 (2 xCH), 128.2 CH), 128.0 (2 xCH), 67.1 CH.Ar),
60.3 CHNH), 52.3 (@CH3), 41.1 CH,NH), 31.0 CH(CHa)),
19.1 CHs), 17.7 CHa).

LRMS ", (ES+) 345 ([M+Nal, 100), 667 ([2M+Nad], 30).

[a]b +46.8 (C = 2.0, CHG).

The data are consistent with the literattfre.
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(R)-3-Isopropyl-piperazine-2,5-dior2108

o]

HJ\ OMe i) H,, Pd/C, DCM / MeOH b5
O« _NH T
if) Toluene, 110 °C e} N
CbzHN H
80%
C16H22N2C)5 C7H12N202
MW = 322 MW = 156

Prepared following the procedure of Resal.®*

To a stirred solution of R)-2-benzyloxycarbonylamino-3-methyl-butyrylamino)-
acetic acid methyl estéx.107(4.42 g, 13.7 mmol) in MeOH (24 mL) and DCM (72
mL) was added 5% Pd/C (400 mg). The reaction wiaedtunder an atmosphere of
H, for 4 d, then filtered through celite and concaetgdin vacuo. The residue was
dissolved in toluene (70 mL) and heated at refan0 h. The reaction was cooled to
0 °C and the resulting precipitate was collectedilbation, then washed with diethyl
ether and recrystallised from water to aff@t@d08as a white solid (1.70 g, 10.9 mmol,
80%).

m.p. 215-217 °C

FT-IR (v/cm'l) 3193 (w), 3050 (w), 2963 (w), 2918 (w), 2875 (Wh63B (S),
1453 (s), 1344 (m), 1327 (m), 1101 (w), 852 (m)3 &), 807
(m).

'H NMR oy (300 MHz, DMS0)8.16 (1 H, br. s, N), 7.98 (1 H, br. s,

NH), 3.81 (1 H, dJ=17.9 Hz, GiH), 3.62 (1 H, ddJ=17.6, 2.9
Hz, CHH), 3.52 (1 H, app. tJ=3.3 Hz, GINH), 2.11 (1 H,
dsep,J=6.9, 4.1 Hz, G(CHs),), 0.92 (3 H, dJ=7.3 Hz, G13),
0.85 (3 H, d,J=7.0 Hz, GH).
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%c NMR 8¢ (75 MHz, DMS0):167.2 C), 166.0 C), 59.8 CHNH), 44.1
(CH,NH), 32.2 CH(CHy),), 18.5 CH3), 17.0 CHa).

[a]p +7.5(c=1.7, CHG).

The data are consistent with the literattfre.
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(R)-3-Isopropyl-2,5-dimethoxy-3,6-dihydropyrazi@el 09

H BE,
/iN o [Me;O]"BF, /E[N o
Y e X
DCM X
o o7 N

N
H

7%
C7H12N202 C9H16NZOZ
MW = 156 MW = 184

Prepared following the procedure of Daviesl.®®

To a stirred suspension oR)¢3-isopropyl-piperazine-2,5-dion2.108 (3.71 g, 23.8
mmol) in DCM (150 mL) was added trimethyloxoniumniraéluoroborate (10.56 g,
71.4 mmol). The reaction was stirred at RT for @rdl further trimethyloxonium
tetrafluoroborate (2.20 g, 15.0 mmol) was adde@ rBaction was stirred at RT for 10

d then quenched with a sat. NaH§@00 mL). The aqueous phase was extracted with
DCM (4 x 100 mL) then the organic phases were castbiand dried (MgSL.
Concentrationin vacuo and purification by column chromatography (8iQ@%
MeOH/DCM) afforded2.109as a pale yellow oil (3.37 g, 18.3 mmol, 77%).

FT-IR (vicm™) 2958 (m), 2938 (m), 2864 (m), 2844 (m), 2360 (¢4 2 (s),
1696 (s), 1454 (m), 1437 (m), 1234 (s), 1195 (n)Q2L(m),
1009 (m), 758 (m).

'H NMR Sy (300 MHz, CDCY): 4.03 - 3.96 (3 H, m, 8, and GiN),
3.71 (3 H, s, O3), 3.68 (3 H, s, O83), 2.22 (1 H, dJ=6.7,
3.2 Hz, G4(CHy)), 1.03 (3 H, dJ=7.0 Hz, G13), 0.75 (3 H, d,

J=7.0 Hz, G2).

3¢ NMR ¢ (75 MHz, CDCh): 165.0 C), 162.4 C), 61.2 CH), 53.1
(CHs), 52.6 CHs), 46.7 CHy), 32.6 CH(CHs)2), 19.1 CHa),
17.1 CHba).

LRMS M/, (ES+) 185 ([M+H], 100).

[a]o +24.9 (c = 2.0, CHG).

The data are consistent with the literattire.
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3-Fluoro-4-nitro-benzylbromid.111

F;@/ NBS, DBPO F;@/\
Br
—_—_—
O.N O.N

2 DCE 2

70%
C,HgFNO, C,HgBIFNO,

MW = 155 MW = 234

Prepared following the procedure of Zétual 5

A stirred solution of 3-fluoro-4-nitrotolueriz110(4.03 g, 26.0 mmol), DBPO (0.63 g,
2.6 mmol) andN-bromosuccinimide (4.63 g, 26.0 mmol) in 1,2-dicblethane (25
mL) was heated at reflux for 17 h, then alloweddol to RT and stirred for a further
3 d. Concentratiomn vacuo and purification by column chromatography (giG-
10% ethyl acetate/petroleum ether), then recrysaaibn from ethanol afforde2.111
as pale yellow crystals (4.28 g, 18.3 mmol, 70%).

m.p. 32-34 °C
FT-IR (vicm™) 3113 (m), 3089 (m), 3040 (m), 2856 (w), 2108 (WgP1 (s),
1527 (s), 1486 (m), 1429 (m), 1342 (s), 1317 (n28QL(m),

1209 (m), 964 (m), 839 (s).

'H NMR oy (300 MHz, CDCYJ): 8.06 (1 H, ddJ=8.6, 7.9 Hz, ©), 7.39 -
7.29(2H, m,2x €), 4.47 (2 H, s, €,Br).

13C NMR Sc (75 MHz, CDCY): 155.4 (d,J=266.5 Hz,CF), 146.2 (d,
J=7.7 Hz,C), 136.7 CNO,), 126.6 (d,J=2.2 Hz,CH), 124.9 (d,
J=3.3 Hz,CH), 118.9 (d,J=21.0 Hz,CH), 30.0 CH,Br).

LRMS ", (ES+) 234 ([M+H], 100).

The data are consistent with the literatifre.
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(255R)-2-(3'-Fluoro-4’-nitrobenzyl)-5-isopropyl-3,6-dintleoxy-2,5-dihydopyrazine
2.112

CuCN, "BuLi F
SN
e O I
|
59%

CyHgN,O, C,H;BrFNO, C 6H,0FN;O,
MW = 184 MW = 234 MW = 337

Prepared following the procedure of Beugelmetres.®’

To a stirred solution of R)-3-isopropyl-2,5-dimethoxy-3,6-dihydropyraziriz 109
(417 mg, 2.26 mmol) in THF (6 mL) at =78 °C waseditBuLi (1.0 mL, 2.26 mmol).
The reaction was stirred at —78 °C for 10 min, tialowed to warm to 0 °C and
added dropwise to a solution of CuCN (203 mg, 2r26ol) in THF (25 mL) at —78
°C. After 30 min a solution of 3-fluoro-4-nitrobgnzoromide 2.111 (530 mg, 2.26
mmol) in THF (3 mL) was added dropwise, followeteafl h by a saturated solution
of NH4CI:NH40OH (9 mL:1 mL). On warming to RT the aqueous phaas extracted
with ethyl acetate (4 x 50 mL). The organic extsaatere combined, washed with
water (50 mL), then dried (MgSP Concentrationin vacuo and purification by
column chromatography (S§00-10% ethyl acetate/petroleum ether) affordestlfir
2.112 as a yellow oil (445 mg, 1.32 mmol, 59%), thenorezed 3-fluoro-4-
nitrobenzyl bromide (154 mg, 0.66 mmol, 29%).

FT-IR (vicm™) 2962 (m), 2942 (m), 2876 (w), 2835 (w), 2360 (342 (s),
2088 (W), 1693 (s), 1601 (s), 1525 (s), 1435 (18}6L(s), 1238
(s), 1015 (m).

'H NMR 8w (300 MHz, CDCY): 7.94 (1 H, app. }=8.2 Hz, AH), 7.16
- 7.03 (2 H, m, 2 x Ad), 4.31 (1 H, ddJ=5.9, 4.2 Hz, &),
3.73 (3 H, s, OCH), 3.67 (3 H, s, OCH), 3.63 (1 H, app. t,
J=3.7 Hz, GICH(CHy)y), 3.22 (1 H, ddj=13.2, 4.4 Hz, €H),
3.12 (1 H, ddJ=13.2, 6.2 Hz, CH), 2.15 (1 H, dsep]=6.9,
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3.4 Hz, G4(CHs)), 0.98 (3 H, dJ=7.0 Hz, G13), 0.65 (3 H, d,
J=7.0 Hz, G13).

¥C NMR 8¢ (75 MHz, CDC}): 164.4 C), 161.6 C), 155.0 (d,J=264.3
Hz, CF), 147.8 (d,J=8.8 Hz,C), 137.9 CNO,), 125.9 (dJ=3.3
Hz, CH), 125.4 (d,J=2.2 Hz,CH), 119.6 (d,J=21.0 Hz,CH),
60.8 CHCH(CHs),), 55.8 CHCH,Ar), 52.4 (QCH3), 52.4
(OCHs), 39.7 CH,Ar), 31.8 CH(CHs),), 18.9 (CHCH3)CHa),
16.5 (CH(CH)CHy).

LRMS M/, (ES+) 338 ([M+H], 100%).

[o]o +18.6 (c = 1.0, CHG).

The data are consistent with the literattire.
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3-Fluoro-4-nitrot.-phenylalanine methyl est@rl113

F

/OY\N _—
| 97%

N (1]
ro/

CysHaoFN,O, C1oH1:FN,0,. HCI
MW = 337 MW = 279

0.25 N HCI

Prepared following the procedure of Beugelmetra.®’

A solution of (Z-5R)-2-(3'-fluoro-4’-nitrobenzyl)-5-isopropyl-3,6-dinteoxy-2,5-
2.112(741 mg, 2.20 mmol) in 0.28 HCI (18 mL) was stirred at RT for 30 h. Ether
(10 mL) was added and the aqueous phase separatezbacentrate¢h vacuo. The
residue was dissolved in water (10 mL), treatechvgiat. NaHC® (10 mL) and
extracted with ethyl acetate (4 x 20 mL). The orggrhases were then combined,
washed with water (20 mL) and brine (20 mL), aniédi(MgSQ). Concentrationn
vacuo and purification by column chromatography (§i@-5% MeOH/CHG)
afforded2.113as a yellow oil (515 mg, 2.13 mmol, 97%).

FT-IR (vicm™) 3354 (m), 2950 (m), 2909 (m), 2844 (w), 2353 (n832 (m),
1739 (s), 1614 (s), 1578 (m), 1525 (m), 1493 (430L (w),
1347 (s), 1271 (m), 1202 (s), 1177 (m), 1067 (WB {m).

'H NMR 34 (300 MHz, CDCY): 8.01 (1 H, ddJ=8.4 Hz, AH), 7.25 -
7.11 (2 H, m, 2 x Af), 3.82 - 3.69 (4 H, m, C&@H; and
CHNHy), 3.14 (1 H, ddJ=13.7, 5.3 Hz, €&H), 2.93 (1 H, dd,
J=13.9, 7.7 Hz, CH), 1.54 (2 H, br. s, Ny).

13C NMR 3¢ (75 MHz, CDCH): 174.7 C), 155.4 (d,J=265 Hz, CF),
147.2 (d,J=9 Hz, CNO,), 136.1 C), 126.1 (d,J=2 Hz, CH),
125.4 (d,J=3 Hz, CH), 119.1 (d,J=21 Hz, CH), 55.2 CH),
52.3 CHa3), 40.5 CHy).
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LRMS "/, (ES+) 280 ([2M+H], 100).

[a]p +11.4 (c = 0.5, CHG).

The data are consistent with the literattire.



2-tert-Butoxycarbonylamino-3-(3-fluoro-4-nitro-phenyl)amionic_acid methyl ester
2.114

(Boc),0, NEt,
_——

wNH,.HCl 1 4-dioxane/H,0 «NHBoc

98%

MeO (0] MeO (e}
C,oHy;,FN,0O,.HCI C,sH1gFN,Oq
MW = 279 MW = 342

To a stirred solution of 3-fluoro-4-nitrophenylalanine methyl est@113(177 mg,
0.73 mmol) and NEt(0.15 mL, 1.09 mmol) in 1,4-dioxane:water (2 miox2) at O
°C was added (Bog (175 mg, 0.80 mmol). The reaction was stirre@ &€ for 50
min then allowed to warm to RT. After 15 h the té@T was concentrateiash vacuo
and the residues partitioned between water (5 nnid) ethyl acetate (5 mL). The
aqueous phase was acidified to pH 1 with 2 M H@ntextracted with ethyl acetate
(3 x 10 mL). The organic extracts were combinedsiveal with brine (5 mL) then
dried (MgSQ). Concentrationn vacuo and purification by column chromatography
(SiO;, 5% MeOH/CHCY) afforded2.114as a yellow oil (244 mg, 0.71 mmol, 98%).

FT-IR (vicm™) 3363 (m), 2974 (m), 2929 (w), 2864 (w), 2357 (332 (m),
1742 (m), 1709 (s), 1603 (m), 1525 (s), 1347 ($p91(s), 1058
(m), 1017 (m), 841 (w), 751 (m).

'H NMR 34 (300 MHz, CDCY): 8.01 (1 H, app. t}=8.1 Hz, AH), 7.20 -
7.01 (2 H, m, 2 X Ar@), 5.11 (1 H, br. dJ=4.8 Hz, NH), 4.62
(1 H, br. app. dJ=5.5 Hz, GINH), 3.76 (3 H, s, CECH3),
3.26 (1 H, ddJ=13.5, 5.5 Hz, €H), 3.08 (1 H, ddJ=13.9, 6.6
Hz, CHH), 1.43 (9 H, s, 3 x Ba).

13C NMR 8¢ (75 MHz, CDCH): 171.4 C), 158.8 (d,J=258 Hz, CF),
154.9 C), 146.0 C), 131.5 CNOy), 126.3 CH), 125.6 CH),
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119.4 (d,J = 19.8 Hz,CH), 81.0 (C), 53.9CH), 52.8 CHs),
38.4 CHy), 28.4 (3 xCH3).

"/, (ES+) 365 ([M+Nal, 100).

+32.4 (c = 1.5, CHG).

17¢



(9-2-tert-Butoxycarbonylamino-3-(3-fluoro-4-nitro-phenyl)amionic acid2.115

LiOH.H,0

—_—

«NHBoc  THFE:H,O

100%

MeO~ ~O HO™ ~o
ClSHlQFN2OG C14Hl7FN206
MW = 342 MW = 328

Prepared following the procedure of Zétual.”?

To a stirred solution of fert-butoxycarbonylamino-3-(3-fluoro-4-nitro-phenyl)-
propionic acid methyl estet.114(577 mg, 1.69 mmol) in THF3D (75 mL:75 mL)
was added LiOH.bD (177 mg, 4.22 mmol). After 15 h the reaction waenched
with sat. NHCI (100 mL). The aqueous phase was extracted i acetate (4 x 50
mL) and the organic extracts combined and dried 8y Concentratiorin vacuo
afforded2.115as a yellow foam (554 mg, 1.69 mmol, 100%).

FT-IR (vicm™) 3420 (w), 2978 (W), 2925 (w), 2864 (W), 2360 (342 (S),
1705 (s), 1602 (m), 1525 (s), 1347 (s), 1158 &9, (B).

'H NMR 84 (300 MHz, CDCY): 9.00 (1H, br, ®), 8.01 (1 H, ddJ=8.1
Hz, ArH), 7.24 - 7.00 (2 H, m, 2 x At), 5.15 (1 H, br. s, N),
4.73 - 431 (1 H, m, BNH), 3.44 - 3.19 (1 H, m, ArgH),
3.19 - 2.98 (1 H, m, ArCH), 1.41 (9 H, s, 3 x Ba).

3C NMR dc (75 MHz, CDC}¥): 157.3 C). 155.3 (d,J=265 Hz, CF),
145.9 C), 136.4 CNO,), 126.3 CH), 125.8 CH), 119.4 (d,
J=19.8 Hz,CH), 81.2 C), 39.0 CH), 37.9 CHy), 28.3 CHj).
Cannot see on€.

LRMS "/, (ES+) 309 ([M—F], 100).
[o]o +14.9 (c = 0.5, CHG).

The data are consistent with the literat{fre.
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(95,129)-2-[2-tert-Butoxycarbonylamino-3-(3-fluoro-4-nitro phenyl)-

propionylaminol-3-(4-hydroxy-phenyl)-propionic aamwkethyl este.116

OH NO,
EDC, HOB, NEL, F OH
DMF 9
«NH,.HCI
| 80% H CO,Me
CO,Me NHBoc
C,,H,FN,O CyoH14NO,.HCI C,uH,6FNLO;
MW = 328 MW =233 MW = 505

Prepared following the procedure of Zétual.”

To a stirred solution of Bert-butoxycarbonylamino-3-(3-fluoro-4-nitro-phenyl)-
propionic acid2.115(1.42 g, 4.33 mmol) in DMF (70 mL) was addedyrosine
methyl ester hydrochloride (1.10 g, 4.76 mmol), E@3®34 mL, 4.76 mmol), HOBt
(0.64 g, 4.76 mmol) and NE€2.12 mL, 15.16 mmol). The reaction was stirre@Rat

for 16 h then quenched with sat. M (50 mL). The aqueous phase was extracted
with ethyl acetate (4 x 50 mL) then the organia@ots were combined, washed with
water (5 x 50 mL) and brine (50 mL), and dried (Mgp Concentrationn vacuo and
purification by column chromatography (Si@% MeOH/DCM) afforde®.116as a
yellow oil (1.75 g, 3.46 mmol, 80%).

FT-IR (vicm™) 3314 (br), 3011 (w), 2958 (w), 2921 (w), 2848 (®R60 (S),
2342 (s), 1683 (s), 1603 (m), 1517 (s), 1348 (8491(m), 1219
(m), 1163 (s).

H NMR 8n (300 MHz, MeOD)7.97 (1 H, app. t)=8.1 Hz, AH), 7.26 -
7.13 (2 H, m, 2 x Al), 6.98 (2 H, dJ=8.4 Hz, 2 x AH), 6.70
(2 H, d,J=8.4 Hz, 2 x AH), 4.62 (1 H, ddJ=7.3, 6.2 Hz,
CHNH), 4.35 (1 H, ddJ=7.9, 6.4 Hz, €INH), 3.66 (3 H, s,
OCH3), 3.13 (1 H, ddJ=13.7, 5.7 Hz, €&H), 3.02 (1 H, dd,
J=13.5, 5.5 Hz, €&H), 2.96 - 2.80 (2 H, m, 2 x G}, 1.36 (9
H, s, 3 x t3).
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13C NMR

LRMS

HRMS

3¢ (100 MHz, MeOD)172.6 C), 171.6 C), 156.5 C), 156.6
(d, J=14 Hz,C), 156.3 C), 155.8 (d,J=263 Hz,CF), 147.5 (d,
J=9 Hz,C), 136.4 (d,J=7 Hz,CH), 130.7 (2 xCH), 127.3 C),

126.3 (d,J=21 Hz, CH), 119.7 (d,J=20 Hz, CH), 115.9 (2 x
CH), 80.9 ©), 55.1 CH), 54.4 CH), 52.7 CHs), 38.6 CH),

37.3 CHy), 28.5 (3 XCH5).

", (ES+) 528 ([M+Nal, 100).

™/, (ES+) Found [M+Na] 528.1744. Required 528.1753.

+31.2 (C = 2.4, MeOH).
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(9S5,129-9-tert-Butoxycarbonylamino-4-nitro-10-oxo-2-oxa-11-aza-
tricyclo[12.2.2.#"Inonadeca-1(17),3,5,7(19),14(18),15-hexaene-12ecatis  acid
methyl estef.117

NO,
F
CO,Me
57% CO,Me

NHBoc NHBoc
C24H28FN308 C24HZ7N308
MW = 505 MW = 485

Prepared following the procedure of Bogeal.*®

A solution of 2-[2tert-butoxycarbonylamino-3-(3-fluoro-4-nitro-phenyl)-
propionylamino]-3-(4-hydroxy-phenyl)-propionic aciahethyl ester2.116 (94 mg,
0.19 mmol) in THF (1.3 mL) was added dropwise tsuapension of NaH (16.4 mg,
0.41 mmol) in THF (45 mL) at 0 °C. The reaction vaisred at 0 °C for 1 h then
warmed to RT. After 2.5 h water (3 mL) was addede dqueous phase was extracted
with ethyl acetate (4 x 20 mL), then the organitramts were combined, washed with
water (10 mL) and brine (15 mL), then dried (MgsCGConcentratiorin vacuo and
purification by column chromatography (Si®-5% MeOH/DCM) afforde@.117as

a yellow oil (53 mg, 0.11 mmol, 57%).

FT-IR (vicm™) 3015 (w), 2360 (s), 2341 (s), 1736 (m), 1699 (&H67 (m),
1520 (m), 1506 (m), 1348 (m), 1215 (s), 1160 (M§ ).

H NMR 81 (300 MHz, CDCY): 7.89 (1 H, dJ=8.4 Hz, AH), 7.51 (1 H,
dd, J=8.4, 1.8 Hz, AH), 7.25 (1 H, ddJ=8.4, 2.6 Hz, AH),
7.16 (1 H, ddJ=8.4, 2.2 Hz, AH), 6.90 (1 H, ddJ=8.2, 2.4 Hz,
ArH), 6.74 (2 H, m, Ald and NH), 5.10 - 4.98 (2 H, m, At
and NH), 4.51 (1 H, app. ddi=8.1, 7.0 Hz, €INH), 3.99 (1 H,
br. d,J=9.1 Hz, GINH), 3.82 (3 H, s, O83), 3.71 - 3.54 (2 H,
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13C NMR

LRMS

HRMS

m, CHH and CHH), 2.80 - 2.59 (2 H, m, l8H and CHH), 1.45
(O H, s, 3 X Ely).

3¢ (75 MHz, CDC}): 171.4 €), 170.4 C), 156.6 C), 156.5 (2
x C), 143.5 ), 137.0 C), 135.3 C), 133.6 CH), 130.9 CH),

126.0 CH), 125.0 CH), 123.2 CH), 122.4 CH), 118.2 CH),

81.5 C), 53.0 CH; and CH), 52.7 CH), 38.5 CH,), 33.6
(CHy), 28.2 (3 XCHs).

"/, (ES+) 508 ([M+Nal, 100), 994 ([2M+Nal], 17).

™/, (ES+) Found [M+Na] 508.1690. Required 508.1690.

+12.1 (c = 1.6, CHG).
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(95,129-4-Amino-94ert-butoxycarbonylamino-10-oxo-2-oxa-11-aza-
tricyclo[12.2.2.#"Inonadeca-1(17),3,5,7(19),14(18),15-hexaene-12ecatis  acid
methyl estef.118

Pd/C, H,
MeOH
CO,Me 78% CO,Me

NHBoc NHBoc
C24H27N308 C24H29N306
MW = 485 MW = 455

Prepared following the procedure of Bogeal.®®

To a stirred solution of §129)-9-tert-butoxycarbonylamino-4-nitro-10-oxo-2-oxa-
11-aza-tricyclo[12.2.231nonadeca-1(17),3,5,7(19),14(18),15-hexaene-12ecgt
acid methyl este2.117(43 mg, 0.089 mmol) in MeOH (5 mL) was added PdI€ (
mg). The reaction was stirred under an atmosphieire tor 1 h then filtered through
celite and concentrated vacuo. Purification by column chromatography (SiG0%
ethyl acetate/petroleum ether) afford2d 18 as a yellow oil (31 mg, 0.069 mmol,
78%).

FT-IR (vicm?) 3338 (W), 2975 (W), 2922 (w), 1737 (m), 1695 (E88 (W),
1519 (s), 1505 (s), 1347 (s), 1224 (m), 1194 (rhy11(s), 845
(W), 834 (w), 753 (m).

'H NMR 84 (300 MHz, CDCY): 7.43 (1 H, ddJ=8.2, 2.0 Hz, AH), 7.21
(1 H, dd,J=8.4, 2.6 Hz, AH), 7.08 (1 H, ddJ=8.1, 1.8 Hz,
ArH), 6.85 (1 H, ddJ=8.2, 2.4 Hz, AH), 6.61 (1 H, dJ=7.7
Hz, ArH), 6.57 - 6.50 (1 H, m, N), 6.46 (1 H, ddJ=7.9, 0.9
Hz, ArH), 5.01 (1 H, dddJ=12.1, 10.4, 4.9 Hz, l@NH), 4.72 (1
H, s, AH), 4.38 (1 H, tJ=7.7 Hz, GINH), 4.17 - 4.01 (1 H, m,
NH), 3.92 (2H, br. s, N, 3.79 (3 H, s, OH3), 3.64 - 3.50 (2
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H, m, CHH and CHH), 2.65 (1 H, app. t}=13.0 Hz, ,GiH),
2.50 (1 H, ddJ=15.4, 7.0 Hz, CH), 1.45 (9 H, s, 3 x Ba).

13C NMR 3¢ (75 MHz, CDC4): 171.7 €), 171.3 €), 158.1 C), 151.5 (),
134.2 (2 xC), 133.9 (), 133.3 CH), 129.8 CH andC), 125.5
(CH), 123.7 CH), 123.4 CH), 115.8 CH), 115.5 CH), 80.9
(C), 53.1 CH3), 52.5 (2 XCH), 38.3 CHy), 32.9 CHy), 28.2 (3

X CH3).
LRMS M/, (ES+) 478 ([M+Na], 100), 934 ([2M+Nd], 12).
[a]b +27.9 (c = 2.0, CHG).

18¢



(95 125)-9-tert-Butoxycarbonylamino-4-hydroxy-10-0x0-2-oxa-11-aza-
tricyclo[12.2.2.#lnonadeca-1(17),3,5,7(19),14(18),15-hexaene-12esgts  acid
methyl ester2.119 and ($5125)-9-tert-butoxycarbonylamino-10-oxo0-2-oxa-11-aza-
tricyclo[12.2.2.#Inonadeca-1(17),3,5,7(19).14(18)15-hexaene-12exatlc  acid
methyl este.120

HBF,, 'BUONO

NH, OH
0
0 o
Cu,0, Cu(NO,),.2.5H,0
+ o)
0 0
THF N
N N H co,Me
H H

CO_Me CO_Me NHBoc
NHBoc 2 NHBoc 2
2.119 66% 2.120 21%
C[\jé\l/'\_/'ZEI\LIESOSG C24H28NZO7 C24H28NZOS
- MW = 456 MW = 440

Prepared following the procedure of Bogeal.®®

To a stirred solution of §129)-4-amino-9tert-butoxycarbonylamino-10-oxo-2-oxa-
11-aza-tricyclo[12.2.231nonadeca-1(17),3,5,7(19),14(18),15-hexaene-12ecgtt
acid methyl este?.118(29 mg, 0.063 mmol) in THF (1.5 mL) at 0 °C was edd
HBF, (23 mg, 0.13 mmol). The reaction was stirred & dor 30 min, then allowed
to warm to RT and stirred for a further 1 h. Thact®n was cooled to 0 °C and
'BUONO (16 mg, 0.13 mmol) in THF (0.5 mL) was addEle reaction was stirred at
0 °C for 1 h and then concentratedvacuo at O °C. The residue was treated with a
solution of Cu(NQ@)2.2.5H0 (1.52 g, 6.28 mmol) and gD (45 mg, 0.31 mmol) in
water (14 mL) at O °C, then allowed to warm to Ril &tirred for 1 h. The reaction
was filtered through celite, then washed with w§8¢&r mL) and DCM (30 mL). The
agueous phase was extracted with DCM (3 x 10 mhpe ®rganic extracts were
combined, washed with sat. NEl (30 mL) and brine (30 mL), then dried (Mg30
Concentratiorin vacuo and purification by column chromatography (§i@0% ethyl
acetate/petroleum ether) afforded firsByi19as a yellow oil (19 mg, 0.042 mmaol,
66%) then the reduced side prodRct20as a colourless oil (6 mg, 0.013 mmol, 21%).



Phenol1.119

FT-IR (vicm™)

'H NMR

13C NMR

LRMS

HRMS

3417 (w), 3351 (m), 3017 (W), 2926 (m), 2843 (WJ3G (m),
1705 (m), 1667 (m), 1504 (s), 1436 (m), 1367 (nBL1L (m),
1159 (s), 1022 (m), 750 (S).

81 (300 MHz, CDCY): 7.45 (1 H, ddJ=8.3, 1.8 Hz, AH), 7.21
(1 H, dd,J=8.5, 2.5 Hz, AH), 7.09 (1 H, dJ=7.0 Hz, AH),
6.84 (1 H, ddJ=8.5, 2.5 Hz, AH), 6.81 (1 H, d,J=8.0 Hz,
ArH), 6.57 (1 H, br. s, N), 6.53 (1 H, ddJ=8.3, 1.3 Hz, AH),
5.85 (1 H, br. s, N), 5.02 (1 H, dddJ=12.0, 10.5, 5.0 Hz,
CHNH), 4.82 (1 H, s, Atl), 4.41 (1 H, app. t}=7.5 Hz, GINH),
4.01 (1 H, dJ=8.5 Hz, 1), 3.80 (3 H, s, OB3), 3.65 - 3.50 (2
H, m, (HH and CHH), 2.66 (1 H, app. tJ=13.1 Hz, GiH),
2.53 (1 H, ddJ=15.6, 6.5 Hz, CH), 1.45 (9 H, s, 3 x B3).

¢ (75 MHz, CDC}): 171.6 C), 171.2 C), 157.8 C), 155.9 (),
150.7 C), 143.5 C), 134.7 C), 133.5 CH), 129.9 CH), 127.4
(C), 125.5 CH), 124.0 CH), 123.2 CH), 115.9 CH), 115.6
(CH), 81.0 C), 53.1 CHs), 52.6 (2 xCH), 38.2 CHy), 33.1
(CH>), 28.2 (3 XxCH3).

m/z (ES+) 479 ([M+Na] 100), 936 ([2M+Nal], 18).

m/z (ES+) Found [M+N4&]479.1787. Required 479.1789.

+20.3 (c = 0.4, CHG).
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Reducedt.12Q

FT-IR (vicm™)

'H NMR

13C NMR

LRMS

HRMS

2975 (m), 2930 (w), 2359 (w), 1735 (s), 1683 (P& (m),
1372 (m), 1235 (s), 1161 (m), 1044 (s).

dn (400 MHz, CDCYJ): 7.45 (1 H, dd, J=8.5, 2.0 Hz, A}, 7.23
-7.14 (2 H, m, 2 x At), 7.11 (1 H, dd, J=8.3, 1.8 Hz, A},

7.03 (1 H, dd, J=8.5, 2.5 Hz, W}, 6.87 (1 H, dd, J=8.5, 2.5 Hz,
ArH), 6.64 (1 H, d, J=7.0 Hz, M), 6.60 - 6.50 (1 H, m, N),
5.02 (1 H, ddd, J=12.0, 10.5, 5.0 HH);4.83 (1H, s, AH),

4.45 (1 H, app. br. t, J=7.0, 7.0 HzZHIN 4.16 - 4.00 (1 H, m,
CH), 3.80 (3 H, s, B3), 3.58 (1 H, dd, J=13.3, 5.3 Hz, Gl
2.73-2.57 (3H, m, 2 xigH and CHH), 1.45 (9 H, s, 3 x B3).

8¢ (100 MHz, CDCY): 171.7 €), 171.0 C), 163.6 C), 157.8
(C), 155.9 C), 136.9 C), 134.3 ), 133.3 CH), 130.2 CH),
129.7 CH), 125.5 CH), 123.3 CH), 115.1 (2 xCH), 114.9
(CH), 81.0 C), 53.1 CHa), 52.6 CH), 52.4 CH), 38.3 CHy),
33.5 CHy), 28.2 (3 xCHs).

"/, (ES+) 463 ([M+Nal, 100), 904 ([2M+Nal], 99).

™/, (ES+) Found [M+Na] 463.1835. Required 463.1840.

+ 8.6 (c = 1.0, CHG).
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(9-2-Benzyloxycarbonylamino-3-(3-iodo-4-hydroxy-plyrpropionic _acid methyl
ester2.122

OH

CbzCl
—_—

WNH,HCI  Na,COj, H,0

91%

MeO~ O
C,oH,INO, HCI CygH16INO
MW = 358 MW = 455

Prepared following the procedure of Oreaal .2

To a stirred solution of 2-amino-3-(3-iodo-4-hydyephenyl)-propionic acid methyl
ester2.41(6.30 g, 19.6 mmol) and NaG; (6.24 g, 58.9 mmol) in water (100 mL)
and ether (80 mL) at 0 °C was added CbzCl (2.80 19L6 mmol). The reaction was
stirred at 0 °C for 3 h, then allowed to warm to. Rfter 12 h the agqueous phase was
separated, adjusted to pH 2 with conc. HCI, theraeted with ethyl acetate (4 x 50
mL). The organic extracts were combined and wastigdbrine (50 mL), then dried
(MgSQy). Concentrationn vacuo afforded the produ@.122as a colourless oil (8.12
g, 17.8 mmol, 91%).

FT-IR (v/cm‘l) 3334 (br), 3024 (w), 2949 (w), 1694 (s), 1505 (1337 (w),
1345 (m), 1254 (m), 1212 (s), 1178 (m), 1057 (n©18 (m),
748 (s), 696 (m).

H NMR Su (300 MHz, CDCY): 7.44 (2 H, br. s, 2 x At), 7.42 - 7.28 (6
H, m, 6 x AH), 5.82 (1 H, br. s, 8), 5.38 (1 H, br. dJ=8.1
Hz, NH), 5.15 (1 H, dJ=12.4 Hz, OGIHAr), 5.09 (1 H, d,
J=12.4 Hz, OCHH), 4.59 (1 H, app. q]=6.2 Hz, GINH), 3.74
(3H,s, OC®i3), 3.14 - 2.81 (2 H, m, CHaH).

13C NMR 8¢ (75 MHz, CDC}): 171.5 C), 155.5 C), 152.8 C), 139.8
(CH), 136.0 C), 131.8 C), 130.3 CH), 128.5 (2 xCH), 128.2

19C



(CH), 128.0 (2 xCH), 115.5 CH), 82.3 Cl), 67.1 (CCHy),
54.8 CH), 52.4 (Q@CH3), 36.3 CH,CH).

LRMS M/, (ES+) 478 ([M+H], 100),933 ([2M+NaJ, 22).
HRMS ™/, (ES+) Found [M+Na&]478.0125. Required 478.0122.
[a]p +54.7 (c = 1.0, CHG).

The data are consistent with the literattire.
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(S-2-Benzyloxycarbonylamino-3-(3-iodo-4-methoxy-plgBpropionic _acid methyl
ester2.123

OH OMe

Mel, K,CO,

MeO

C,gH15INOg
MW = 455

Prepared following the procedure of Hurgeal.*

To a stirred solution of§)-2-benzyloxycarbonylamino-3-(3-iodo-4-hydroxy-plyén
propionic acid methyl est&.122(2.41 g, 5.31 mmol) andJ&0O; (0.73 g, 5.31 mmol)
in DMF (50 mL) at 0 °C was added Mel (0.33 mL, 5:8inol). The reaction was
stirred at 0 °C for 3 h, the allowed to warm to Riter 5 h water (30 mL) was added.
The aqueous phase was extracted with ethyl ac&ates0 mL), the organic extracts
were combined, washed with water (5 x 50 mL) anithéb(50 mL), then dried
(MgSQy). Concentrationin vacuo and purification by column chromatography (giO
1% MeOH/DCM) afforde®.123as a colourless oil (2.20 g, 4.69 mmol, 88%).

FT-IR (viem™) 3009 (w), 2979 (w), 2926 (w), 1712 (s), 1490 (n353 (m),
1151 (m), 1049 (m), 1019 (w), 748 (S).

'H NMR Sn (400 MHz, CDCY): 7.53 (1 H, d,J=2.0 Hz, AH), 7.41 -
7.29 (5 H, m, 5 x Al), 7.05 (1 H, ddJ=8.5, 2.0 Hz, AH),
6.72 (1 H, dJ=8.5 Hz, AH), 5.29 - 5.18 (1 H, m, N), 5.14 (1
H, d,J=12.0 Hz, GiH), 5.09 (1 H, dJ=12.0 Hz, CHH), 4.62 (1
H, dd,J=13.1, 6.0 Hz, @), 3.86 (3 H, s, OH3), 3.74 (3 H, s,
OCH3), 3.06 (1 H, dJ=13.6, 5.5 Hz, €H), 2.99 (1 H, d,
J=14.1, 6.0 Hz, CH).

13C NMR ¢ (100 MHz, CDC¥): 171.7 C), 157.3 ), 155.5 C), 140.2
(CH), 136.2 C), 130.3 CH), 129.8 C), 128.6 (2 xCH), 128.2

19z



(CH), 128.1 (2 xCH), 110.8 CH), 86.0 Cl), 67.0 CH>), 56.3
(CH3), 54.8 CH), 52.4 CHs), 36.9 CH,).

LRMS M/, (ES+) 492 ([M+H], 100),961 ([2M+NaJ, 51).
HRMS ™/, (ES+) Found [M+Na&]492.0280. Required 492.0278.
[a]p +7.2 (c=1.4, CHG).

The data are consistent with the literatiire.
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(9-2-Benzyloxycarbonylamino-3-[4-methoxy-3FE)estyryl)-phenyl]-propionic

acid

methyl esteP.124

OMe trans-phenylvinyl-

boronic acid, K,CO,

«NHCbz Pd(dppf)Cl,.CH,CI,

DMSO, 84%
MeO (e}

C,oH5INOg
MW = 469

To a stirred solution ofgj-2-benzyloxycarbonylamino-3-(3-iodo-4-methoxy-phign

propionic acid methyl est&.123(2.20 g, 4.69 mmolYrans-phenylvinyl boronic acid
(0.76 g, 5.15 mmol) and X0Os (2.59 g, 18.74 mmol) in DMSO (55 mL) was added
Pd(dppf)C}.CH,CI, (153 mg, 0.19 mmol). The reaction was heated&Bfor 16 h

then cooled to RT and quenched with water (50 nill)e aqueous phase was

extracted with ethyl acetate (3 x 50 mL) and thgaaic extracts were combined,

washed with water (5 x 50 mL) and brine (50 mLgrthiried (MgS@). Concentration

in vacuo and purification by column chromatography (8i030% ethyl

acetate/petroleum ether) afford2d 24as a beige solid (1.75 g, 3.93 mmol, 84%).

FT-IR (vicm™)

IH NMR

3323 (w), 3299 (w), 3028 (w), 1949 (m), 1735 (5892 (s),
1532 (m), 1463 (m), 1433 (m), 1258 (s), 1214 (n@5QA (m),
996 (m), 959 (m), 740 (m), 691 (s).

dn (400 MHz, CDCYJ): 7.56 - 7.40 (4 H, m, 4 x Af), 7.39 -
7.19 (9 H, m, 7 x Ad and GH=CH and CH=C1), 7.11 - 6.98
(2H, m, 2xAH), 5.29 (1 H, br. app. §=6.3, 6.3 Hz, M),
5.11 (1 H, br. dJ=12.5 Hz, G1H), 5.06 (1 H, br. dJ=12.0 Hz,
CHH), 4.74 - 458 (1 H, m,B), 3.75 (3 H, s, B3), 3.72 (3 H,
S, (H3), 3.18 - 2.90 (2 H, m, i&,).
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13C NMR 5c (100 MHz, CDCY): 172.0 C), 156.4 ), 154.9 C), 140.5
(C), 138.9 C), 131.7 CH), 131.3 C), 130.2 CH), 128.7 (2 x
CH), 128.5 (2 xCH), 128.2 CH), 128.0 (2 xCH), 127.8 CH),
127.6 CH), 126.7 CH), 126.6 (2 XCH), 126.3 C), 122.8
(CH), 67.1 CHy), 62.0 CH), 54.9 CHs), 52.4 CHs), 38.0
(CHy).

NMR shows a mixture of rotomers, the major rotoner

reported.
LRMS M/, (ES+) 468 ([M+Nal], 100),914 ([2M+Na], 44).
HRMS ™/, (ES+) Found [M+N4d]468.1774. Required 468.1781.
[a]p +12.8 (c = 1.7, CHG).

19t



(25,39-2-{2-Benzyloxycarbonylamino-3-[4-methoxy-3H)-styry)-phenyl]-

propionylamino}-3-methyl-pentanoic aciert-butyl ester2.126

L-isoleucine 'Bu ester

EDC, HOB, NEt,

Cy7H;7NOs Ca6H25NO5 Ca6H4uN,0¢
MW = 456 MW =431 MW =601

To a stirred solution ofg)-2-benzyloxycarbonylamino-3-[4-methoxy-FEf¢styryl)-
phenyl]-propionic acid methyl est&t.124 (679 mg, 1.52 mmol) in THF# (40
mL:40 mL) was added LIOH.4D (160 mg, 3.81 mmol). After 16 h sat. MH (50
mL) was added. The aqueous phase was extractecethighacetate (4 x 20 mL) and
the organic extracts were combined and dried (MgSQGoncentrationin vacuo
afforded the crud@.125as a beige solid (622 mg, 1.44 mmol). To a stis@dtion of
crude -2-benzyloxycarbonylamino-3-[4-methoxy-Ej¢styryl)-phenyl]-propionic
acid 2.125(1.69 g, 3.93 mmol) in DCM (60 mL) was addedsoleucinetert-butyl
ester (0.81 g, 4.32 mmol), EDC (0.76 mL, 4.32 mmid(pBt (0.58 g, 4.32 mmol) and
NEt; (2.74 mL, 19.65 mmol). The reaction was stirredR@tfor 16 h then quenched
with sat. NHCI (50 mL). The aqueous phase was extracted wlityl acetate (3 x 50
mL) and the organic extracts were combined, wast#dd brine (50 mL), then dried
(MgSQy). Concentrationn vacuo and purification by column chromatography (§iO
30% ethyl acetate/petroleum ether) afford26 as a colourless oil (2.24 g, 3.73

mmol, 90% over two steps).
FT-IR (vicm™®) 3306 (m), 2965 (W), 2935 (w), 1731 (m), 1655 (F34 (m),

1499 (m), 1456 (w), 1367 (w), 1246 (s), 1144 (m)28 (m),
755 (m), 694 (w).

19¢



'H NMR

13C NMR

LRMS

HRMS

84 (300 MHz, CDCY): 7.53 (2 H, d,J=7.0 Hz, 2 X AH), 7.47 -
7.41 (2 H, m, 2 x Ad), 7.38 (1 H, dJ=4.8 Hz, AH), 7.36 -
7.29 (7 H, m, 6 x A and Gi=CH), 7.09 (1 H, dJ=16.5 Hz,
CH=CH), 7.08 (1 H, m, Ar), 6.81 (1 H, dJ=8.4 Hz, AH),
6.36 (1 H, dJ=8.1 Hz, NH), 5.35 (1 H, dJ=6.2 Hz, NH), 5.12
(2 H, s, OG1,Ar), 4.46 (1 H, app. qJ=5.9 Hz, GINH), 4.41 (1
H, dd,J=8.1, 4.4 Hz, €&INH), 3.86 (3 H, s, O83), 3.13 (1 H,
dd,J=13.5, 6.2 Hz, €H), 3.03 (1 H, ddJ=13.9, 7.0 Hz, CH),
1.89 - 1.74 (1 H, m, B(CH3)CH,CHs), 1.43 (9 H, s, 3 x B3),
1.40 - 1.31 (1 H, m, BHCHs), 1.17 - 1.00 (1 H, m, CHCHb),
0.89 (3 H, t,J=7.0 Hz, CHCH3), 0.80 (3 H, d,J=6.6 Hz,
CHCH3).

3¢ (75 MHz, CDC}): 170.3 C), 170.2 C), 156.0 C), 155.9
(C), 137.8 ), 136.1 (), 129.4 CH andC), 128.5 (3 XCH),
128.1 (2 xCH), 128.0 (3 xCH), 127.3 (2 xCH andC), 126.6
(2 x CH), 123.1 CH), 111.2 CH), 82.1 C), 67.0 CH,), 56.8
(CH), 56.3 CH), 55.5 CHs), 38.1 CHy), 37.7 CH), 28.0 (3 x
CHs), 25.4 CHy), 15.1 CH3), 11.7 CHa).

™/, (ES+) 624 ([M+H], 100).

™/, (ES+) Found [M+Na] 623.3078. Required 623.3092.

+24.5 (c = 2.0, CHG).



(25,39)-2-[(9)-2-tert-Benzyloxycarbonylamino-3-(3-formyl-4-methoxy-phdéay

propionylaminol]-3-methyl-pentanoic adet-butyl ester2.127

CasHuuN,0¢ CaoHggN, 0O,
MW = 601 MW = 527

A stirred solution of (839)-2-{2-benzyloxycarbonylamino-3-[4-methoxy-3&)
styryl)-phenyl]-propionylamino}-3-methyl-pentanoaxid tert-butyl ester2.126 (1.74

g, 2.90 mmol) and sudan red (10 mg) in DCM (100 mvh} cooled to —78 °C and; O
(1—4% in Q) was bubbled through until the red colour disappmkar€®, was then
bubbled through for 20 min before RRk.52 g, 5.79 mmol) was added. The reaction
was stirred at —78 °C for 20 min and then allowedvarm to RT. Concentratioim
vacuo and purification by column chromatography (§i@0% ethyl acetate/petroleum
ether) afforde®.127as a yellow oil (1.22 g, 2.32 mmol, 83%).

FT-IR (viem™) 3306 (m), 3009 (w), 2968 (M), 2926 (w), 2869 (Wj2& (M),
1681 (s), 1655 (s), 1611 (w), 1534 (m), 1496 (&56L (w),
1393 (w), 1368 (w), 1287 (w), 1252 (s), 1218 (m}41 (s),
1026 (m), 751 (s).

'H NMR 84 (300 MHz, CDCY): 10.39 (1 H, s, 60), 7.63 (1 H, dJ=2.2
Hz, ArH), 7.43 - 7.28 (6 H, m, 6 x At), 6.87 (1 H, d,J=8.4 Hz,
ArH), 6.50 (1 H, dJ=7.3 Hz, NH), 5.46 (1 H, d,J=8.4 Hz,
NH), 5.07 (2 H, s, O8)), 4.51 - 4.44 (1 H, m, BNH), 4.41 (1
H, dd,J=8.4, 4.4 Hz, GINH), 3.88 (3 H, s, OH3), 3.09 (1 H,
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3¢ NMR

LRMS

HRMS

dd,J=14.3, 6.6 Hz, €H), 3.00 (1 H, ddJ=13.5, 6.6 Hz, CH),
1.93 - 1.71 (1 H, m, B(CHs)CH,CHs), 1.44 (9 H, s, 3 x B3),
1.41-1.31 (1 H, m, BHCHs), 1.20 - 1.03 (1 H, m, CHCHb),
0.90 (3 H, t,J=7.3 Hz, CHCH3), 0.82 (3 H, d,J=7.0 Hz,
CHCH3).

5c (75 MHz, CDCY): 189.4 CHO), 170.3 C), 170.1 C),
160.8 C), 155.8 C), 136.7 CH), 136.1 C), 129.3 CH), 128.7
(C), 128.4 (2 xCH), 128.1 CH), 128.0 (2 xCH), 124.6
(CCHO), 112.0 CH), 82.1 C), 67.0 (GCH,), 56.8 CHNH),
55.9 CHNH), 55.6 (QCHs), 38.1 CH(CHs)CH,CHs), 37.4
(CHy), 28.0 (3 XCHs), 25.3 CH,CHs), 15.2 (CHCH3), 11.7
(CH,CHs).

"/, (ES+) 549 ([M + N, 100), 1076 ([2M + N&] 54).

"/, (ES+) Found [M+Nd]549.2581. Required 549.2571.

+18.8 (c = 0.5, CHG).
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(25,39)-2-[(9-2-Benzyloxycarbonylamino-3-(3-hydroxymethyl-4-rhexy-phenyl)-

propionylamino]-3-methyl-pentanoic adiert-butyl ester2.128

OMe OMe OH

CaoHasN,0 CagHaoN,0
MW = 527 MW =529

To a stirred solution of @39)-2-[(9-2-tert-benzyloxycarbonylamino-3-(3-formyl-4-
methoxy-phenyl)-propionylamino]-3-methyl-pentanoacid tert-butyl ester 2.127
(275 mg, 0.52 mmol) in MeOH (9 mL) at 0 °C was atitéaBH, (24 mg, 0.63 mmol).
The reaction was stirred at 0 °C for 2 h then ghedcwith water (10 mL). The
agueous phase was extracted with ethyl acetatel(BmL), then the organic extracts
were combined, washed with brine (10 mL), and d(EgSQ,). Concentrationn
vacuo and purification by column chromatography (§i60% ethyl acetate/petroleum
ether) afforde®.128as a yellow oil (246 mg, 0.47 mmol, 90%).

FT-IR (vicm™) 3305 (br), 2968, (m), 2934 (w), 2876 (w), 1728 55 (s),
1540 (m), 1501 (s), 1456 (w), 1368 (w), 1249 (D43 (s),
1041 (m), 753 (m).

'H NMR 84 (300 MHz, CDCY): 7.37 - 7.28 (5 H, m, 5 x Af), 7.14 (1 H,
s, AH), 7.11 (1 H, dJ=9.5 Hz, AH), 6.77 (1 H, dJ=8.1 Hz,
ArH), 6.31 (1 H, dJ=8.4 Hz, NH), 5.45 (1 H, d,J=7.0 Hz,
NH), 5.09 (2 H, s, O8,), 4.62 (2 H, s, €,0H), 4.47 - 4.41
(1 H, m, GNH), 4.38 (1 H, ddJ=8.2, 4.6 Hz, GINH), 3.82 (3
H, s, OGH3), 3.14 - 2.92 (2 H, m, BH), 2.56 (1 H, br. s, ),
1.87 - 1.73 (1 H, m, B(CH3)CH,CHs), 1.45 (9 H, s, 3 x B3),
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13C NMR

LRMS

HRMS

1.41 - 1.30 (1 H, m, BHCHs), 1.18 - 1.01 (1 H, m, CHCHs),
0.89 (3 H, t,J=7.3 Hz, CHCHs), 0.81 (3 H, d,J=7.0 Hz,
CHCH3).

8¢ (75 MHz, CDC}): 170.4 (2 xC), 156.3 ), 155.8 (),
136.2 C), 129.6 CH), 129.5 CH), 129.4 ), 128.5 (2 xCH),
128.2 C), 128.1 CH), 128.0 (2 xCH), 110.3 CH), 82.1 C),
66.9 (QCHAr), 61.6 CH,0OH), 56.8 CHNH), 56.3 CHNH),
55.3 (QCH3), 38.0 CH(CH3)CH,CHz), 37.7 CH>), 28.0 (3 x
CHs), 25.3 CH,CHz), 15.2 (CHCH3), 11.7 (CHCH).

™/, (ES+) 552 (M + Na], 100), 1080 ([2M + Nd] 51).

™/, (ES+) Found [M+Na]551.2728. Required 551.2728.

+20.2 (c = 0.5, CHG).
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(25,39)-2-[2-Benzyloxycarbonylamino-3-(3-chloromethyl-4ethoxy-phenyl)-

propionylamino]-3-methyl-pentanoic adiert-butyl ester2.129

OMe OH OMe

CaoHaoN,0; C,9H35CIN,Of
MW =529 MW = 547

To a stired solution of &39-2-[(9-2-benzyloxycarbonylamino-3-(3-
hydroxymethyl-4-methoxy-phenyl)-propionylamino]-3thyl-pentanoic acid tert-
butyl ester2.128(245 mg, 0.46 mmol) in DCM (5 mL) at 0 °C was ad&OC} (55
mg, 0.46 mmol). The reaction was stirred at 0 6CZX h then quenched with water
(10 mL). The aqueous phase was extracted withl ettgtate (3 x 10 mL), and the
organic extracts were combined, washed with brit@ rfiL), then dried (MgSg).
Concentrationn vacuo afforded2.129as a yellow oil (249 mg, 0.46 mmol, 99%).

FT-IR (vicm™) 3293 (w), 2967 (m), 2922 (w), 1733 (m), 1700 (1953 (s),
1540 (m), 1503 (m), 1456 (w), 1367 (w), 1257 (Y121 (m),
1140 (s), 1028 (m), 751 (s).

H NMR 81 (300 MHz, CDCY): 7.37 - 7.29 (5 H, m, 5 x At), 7.18 (1 H,
d, J=1.8 Hz, AH), 7.12 (1 H, ddJ=8.4, 1.8 Hz, AH), 6.78 (1
H, d,J=8.4 Hz, AH), 6.39 (1 H, dJ=8.1 Hz, NH), 5.38 (1 H, d,
J=7.0 Hz, NH), 5.10 (2 H, s, 6Ar), 4.58 (2 H, s, G,Cl),
449 - 441 (1 H, m, BNH), 4.40 (1 H, ddJ=8.4, 4.4 Hz,
CHNH), 3.84 (3 H, s, OH3), 3.03 (2 H, dJ=6.2 Hz, GHH),
1.93-1.72 (1 H, m, B(CH3)CH,CH3), 1.44 (9 H, s, 3 x By),
1.41-1.30 (1 H, m, BHCH), 1.21 - 1.02 (1 H, m, CHCHa),
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13C NMR

LRMS

HRMS

0.90 (3 H, t,J=7.3 Hz, CHCH3), 0.82 (3 H, d,J=7.0 Hz,
CHCH).

8¢ (75 MHz, CDC}): 170.2 (2 xC), 156.3 C), 155.8 C),
136.2 C), 131.5 CH), 130.8 CH), 128.5 (2 xCH), 128.3 (),
128.1 CH), 128.0 (2 xCH), 125.9 C), 110.9 CH), 82.1 C),
67.0 (OCH,), 56.8 CHNH), 56.1 CHNH), 55.5 (GCH3), 41.3
(CH,CI), 38.0 CH), 37.4 CHy), 28.0 (3 x CHy), 25.3
(CH,CHg), 15.2 (CHCH3), 11.7 (CHCHb).

"/, (ES+) 569 ([M + Na], 100), 1116 ([2M + N&] 38).

™/, (ES+) Found [M+Na] 569.2389. Required 569.2389.

+25.1 (c = 1.2, CHG).
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2-Methoxy-5-(2-benzyloxycarbonylamino-3-oxo-4-azadsbotert-butoxy-6-methyl-

octanyl)-benzyl Sert-butoxycarbonylamino-10-oxo-2-oxa-11-aza-12-carbibmey--

tricyclo[12.2.2.#Inonadeca-1(17),3,5,7(19),14(18),15-hexaene-4hdrét 130

OMe
OH .
i) NBS, DMF
o CbzHN o)
. Br (0]
o ii) K,CO,, KI, DMF o
' ™M 4% NH o
co,Me c R H
NHBoc OtBu N
«NHCbz o NHBoc 1 COMe
Ca4HagN,0 N X g Cs3HgsBrN,O, 5
MW = 456 - MW = 1046
®
(o]
C,oH3,CIN,O,
MW = 547

To a stirred solution of @129-9-tert-butoxycarbonylamino-4-hydroxy-10-0x0-2-
oxa-11-aza-tricyclo[12.2.2*TJnonadeca-1(17),3,5,7(19),14(18),15-hexaene-12-
carboxylic acid methyl est&2.119 (20 mg, 0.04 mmol) in DMF (1 mL) was added
NBS (9 mg, 0.05 mmol). The reaction was stirredR@tfor 16 h then (8 3S9)-2-[2-
benzyloxycarbonylamino-3-(3-chloromethyl-4-methgtyenyl)-propionylamino]-3-
methyl-pentanoic acitert-butyl ester2.129(48 mg, 0.09 mmol), ¥COs (9 mg, 0.07
mmol) and KI (2 mg, 0.01 mmol) were added. The tieacvas heated at 50 °C for 16
h then quenched with water (2 mL). The aqueous eghess extracted with ethyl
acetate (3 x 5 mL), and the organic extracts werakined, washed with brine (10
mL), then dried (MgS@). Concentrationin vacuo and purification by column
chromatography (Si§) 40% ethyl acetate/petroleum ether) affor@etB0as a yellow
oil (34 mg, 0.03 mmol, 74%).

FT-IR (v/icm™®) 3015 (m), 2970 (m), 1737 (s), 1504 (m), 1456 (vB64 (m),
1228 (m), 1217 (m), 1169 (m), 1028 (w).
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'H NMR

13C NMR

LRMS

dn (300 MHz, CDCY): 7.41 (1 H, dJ=8.4 Hz, AH), 7.38 -
7.30 (6 H, m, 6 x Ad), 7.13 (1 H, dJ=7.3 Hz, AH), 7.08 (2 H,
dd,J=8.2, 2.4 Hz, 2 x Ad), 6.86 - 6.69 (3 H, m, 3 x At), 6.59
(1 H, br. s, M), 6.50 (1 H, dJ=8.4 Hz, NH), 5.38 (1 H, d,
J=5.1 Hz, AH), 5.32 (1 H, dJ=11.7 Hz, ArGHHO), 5.22 (1 H,
d, J=11.7 Hz, ArCHHO), 5.15 - 5.07 (2 H, m, AlgHO), 5.06
-4.91 (1 H, m, M), 4.47 - 4.35 (3 H, m, 2 xlENH and NH),
427 (1 H, d,J=6.6 Hz, GINH), 4.12 (1 H, d,J=6.2 Hz,
CHNH), 3.81 (6 H, s, 2 x OB3), 3.65 - 3.42 (2 H, m, BH),
3.17-2.99 (2 H, m, BH), 2.67 - 2.44 (2 H, m, igH), 1.89 -
1.72 (1 H, m, ®(CHs)3), 1.46 (9 H, s, 3xB3), 1.44 (9 H, s, 3
X CH3), 1.38 - 1.28 (1 H, m, BHCH;), 1.19 - 1.01 (1 H, m,
CHHCHjg), 0.89 (3 H, t,J=7.3 Hz, CHCHj), 0.82 (3 H, d,
J=6.6 Hz, CH®3).

3¢ (75 MHz, CDCY): 171.5 C), 170.9 C), 170.4 C), 170.3
(C), 157.6 C), 157.1 C), 156.5 C), 155.8 C), 143.4 (2 xC),
136.2 C), 134.5 ), 133.4 CH), 132.1 ), 130.9 CH), 130.1
(2 x CH andC), 128.5 (2 xCH), 128.1 (2 xCH), 127.1 CH),
125.6 C), 125.2 CH), 123.0 (2 xCH), 118.1 CH andCBr),
110.4 CH), 81.9 (2 xC), 70.1 CH,), 67.0 CHy), 56.8 (QCH3),
55.5 (2 XCHNH), 53.1 (2 XCHNH), 52.6 (Q@CH3), 38.4 (2 x
CH,), 38.1 CH), 37.4 CHy), 28.2 (3 XCHs), 28.0 (3 XCHb),
25.3 CHy), 15.2 CH3), 11.7 CHa).

M/, (ES+) 1068 (M {°Br)+Na]’, 80), 1070 (M 'Br)+Na]’,
100).

+64.6 (c = 0.5, CHG).
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